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THE IMPACT OF NEW VARIETIES OF RICE AND WHEAT I N  ASLA 

By Joseph W .  Wil le t t  

SUMMARY 

In the l a s t  two years the rapid spread of highly productive new var ie t ies  

of r i c e  and wheat i n  several of the  less-developed countries of Asia has helped 

t o  change the outlook f o r  the  race between food and population i n  favor of the 

former. These new var ie t ies  of grain, along with be t t e r  weather, more 

fertilizer, higher prices t o  farmers and other factors ,  have helped t o  bring 

about dramatic increases i n  grain production i n  India, Pakistan and the 

Philippines over the low leve ls  of two or  three years ago. 

ii. The new grain var ie t ies  which have spread most rapidly i n  recent years 

a r e  wheat, developed i n  the l a t e  1950's i n  Mexico and r i c e  var ie t ies  developed 

i n  the  ear ly  1960% a t  the  Iuternat ianal  Rice Research Ins t i t u t e  i n  the  

Philippines. The new var ie t ies  of both types of grains have short, s t i f f  

straw and a r e  able  t o  produce much higher yields of grain than t r ad i t i ona l  

var ie t ies  without lodging or  f a l l i ng  over. They a r e  adaptable t o  wide 

differences i n  la t i tude,  which has helped the i r  rapid spread. 

The new va r i e t i e s  can make be t t e r  use of l a rger  amounts of f e r t i u z e r  than 

can t rad i t iona l  var ie t ies ,  but  they must have adequate i r r i ga t ion  t o  do so. 

It appears t ha t  the  shortage of i r r iga t ion  systems with adequate water supplies 

may turn out t o  be the most c r i t i c a l  factor  l imiting the  fur ther  spread of the 

new grain var ie t ies .  

iv. The new var ie t ies  produce crops i n  shorter time periods than do t rad i t iona l  

var ie t ies ,  and thus sametimes make it possible t o  r a i s e  addi t ional  crops. 

iii. 



2. 

v. Wet gra in  has been a problem with the  new va r i e t i e s  and investment i n  

a r t i f i c i a l  drying equipment i s  sometimes necessary. The new grains  have been 

introduced rapidly with L i t t l e  t es t ing  o r  adaptive research, a r isky procedure, 

and pes t s  and diseases could turn  out t o  be serious drawbacks. Consumers do 

not  r a t e  the  new grains  highly, and they have sold a t  ccmsiderable discounts 

i n  the  markets. 

v1. The rapid spread of the  new va r i e t i e s  has generally been due t o  vigorous 

programs by t he  governments. United Sta tes  a i d  programs have ass i s ted  i n  a 

var ie ty  of ways. The rapid spread has c l ea r ly  demonstrated that farmers i n  

the  less-developed countries w i l l  rapidly adopt new pract ices  when the  inputs 

a r e  avai lable  and re turns  a r e  substant ia l .  

v i i .  The improved wheat i s  used on a l l  of Mexico's wheat areas .  Both t he  new 

wheat and new r i c e  va r i e t i e s  spread rapidly  i n  A s i a ,  and i n  1968169 they 

occupied about 7 percent of the  r i c e  land and about 16 percent of t he  wheat land 

i n  the  less-developed areas  of A s i a  (excluding Communist China). A rough 

estimate i s  that they w i l l  contribute an addi t ional  9 percent t o  r i c e  production 

and 20 percent t o  wheat production i n  the  area,  based on the  judgment t h a t  

t h e i r  y ie lds  a r e  from 30 t o  100 percent greater  than t r ad i t i ona l  va r i e t i e s  

ra ised under siml lar i r r i ga t ed  conditions . 
v i i i .  The future  spread and production of the  new va r i e t i e s  i s  uncertain. It 

w i l l  depend on pr ices  of gra in  and inputs, extension and improvement of 

i r r i g a t i o n  systems, and damage from pests,  among other fac tors .  

ix. 1 

The farmers i n  a posit ion t o  quickly adopt t he  new va r i e t i e s  can benef i t  

substant ia l ly .  Farmers not  i n  such a posit ion may be harmed by increased 

competition. The e f f ec t s  on farm labor a r e  uncertain. In swne s i tua t ions  they 

increase the  demand and thus ( a t  l e a s t  temporarily) may bring a r a i s e  i n  the  



3 

wages of fanu labor. However, mechanization i s  a l so  ptimulated and it may 

displace labor. 

X. The evaluation of the  e f fec t s  of the increases i n  production on consumers 

requires judgments a s  t o  whether o r  not the  increases w i l l  be ne t  additions t o  

supplies, w i l l  replace food aid ,  replace commercial imports, o r  perhaps, t o  

some extent, be exported. The ac tua l  s i tuat ions  w i l l  depend upon government 

decisions as  well a s  market forces. 

xi. World supplies of grain have been growing re la t ive  t o  demand. The high 

producer pr ices  which have been incentives t o  the rapid adoption of the new 

technology may be impossible t o  maintain. The poor countries generally cannot 

afford t o  subsidize the production of grain, e i t he r  t o  give t o  consumers a t  low 

prices o r  t o  export. Already some surplus problems have ar isen.  It seems 

possible t h a t  the less-developed countries of Asia can generally become s e l f -  

suf f ic ien t  i n  grain  before many years. However, a f t e r  reaching self-sufficiency, 

i f  supplies grow f a s t e r  than demand, prices w i l l  be depressed, unless 

internat ional  markets can absorb addit ional increases. 

x i i .  The longer-run outlook f o r  grain exporters does not look promising. 

Surpluses of, o r  surplus capacity t o  produce grain, expecially wheat, seem 

l lke ly  t o  grow. Government pol ic ies  i n  both the  developed and less-developed 

countries, with respect t o  domestic agr icu l tura l  programs, trade and aid ,  w i l l  

be very important i n  determining the economic framework i n  which fur ther  

increases i n  production of grain w i l l  take place. 
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I. ':lie Let t in& 

1. Less t::an tr.io years  ago conceni vas expressed j j r  a i imher 

of cormen t a t  o r s  t h a t  t he  world \]as los ing  tiie race  b e  tvieerz g o ~ u l a t i o n  

ana food ~ r o d u c t i o n .  'I'he evidence usual ly  c i t e u  v?as a comparison 

bemeen "recent  treads: '  i n  populat ion and food vroduction, s h i f t s  i n  

pattern-s of ? r a i n  t r a d e ,  and a dec l ine  i n  surp lus  g ra in  s tocks ,  

e s p e c i a l l y  those held 2:y t he  Cni tea  S ta t e s .  Tiiere were even a number 

of p rez i c t ions  of ii:ipending pass s t a r v a t i o n .  

2. Such apocalypt ic  p red ic t ions  a r e  s t i l l  t e i n ~  made, bu t  

iil t h e  p a s t  year  and a h a l f  views have 'been expressed t h a t  t he  world 

food s i t u a t i o n  and outlook :ias changed r a d i c a l l y .  Lvidence c i t e d  

t o  support t h e  vier; of a c?.anpeci world food outlook inc lude  f a l l i n g  

g r a i n  p r i c e s ,  increased gra in  s tocks ,  an6 the  rap id  spread of net? 

v a r i e t i e s  of g ra in  i n  Asia. 2ramatic increases  i n  the  production 

of g ra in  have occured i n  Ind ia ,  Pakistan and t h e  Phi l ippines .  

1/ Paper presented at The Sprin; Xeview of the  Agency f o r  I n t e r n a t i o n a l  - 
iievelopnlent , ~:'ashington, G.C. , L'ay 14, 1569. Tiiis paper t7as 

prepared a s  p a r t  of t h e  research done by tile 2conomic Tesearch 
Serv ice  under an agreement with the Agency f o r  I n t e r n a t i o n a l  
T3evelopmeiit on the  outlook f o r  t h e  demand f o r  a g r i c u l t u r a l  
products produced by the  less-developed count r ies .  

2 1  Oeputy Direc tor ,  Foreign Zcgional i'malysis Division. - 
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3. l.iuch a t t e n t i o n  has been focused on t h e  development and 

r ap id  spread of more productive v a r i e t i e s  of gra in .  I n  s e v e r a l  of 

t he  l e s s  developed count r ies  of k i n  new v a r i e t i e s  of r i c e  and iheat 

iiave becone important i n  a very shor t  t i n e .  'I'llis paper es t imates  

tile con t r ibu t ion  of t h e  new v a r i e t i e s  of r i c e  and wheat t o  the  production 

of g r a i n  i n  Asia i n  1968-69. The es t imate  i s  necessa r i ly  very rough 

and is presented as a broad range of p o s s i b i l i t i e s .  The paper includes 

a d iscuss ion  of various l i n d t i n g  f a c t o r s  which probably w i l l  tend 

t o  6 1 0 ~  the  spread of t h e  new v a r i e t i e s  i n  Asia and a l s o  comments on 

some of the  probable economic and s o c i a l  e f f e c t s  of t h e  use of these 

new v a r i e t i e s .  

4 .  For s e v e r a l  reasons i t  is not  poss ib l e  t o  e s t ima te  accura te ly  

e i t h e r  t h e  a c t u a l  acconlplis~iments thus f a r  o r  t h e  p o t e n t i a l  of tile 

new v a r i e t i e s .  I n  most l e s s  developed count r ies  s t a t i s t i c s  on acreage,  

production, and y i e l d s  of crops,  including g ra in ,  are not  r e l i a b l e .  

Tile term "new va r i e t i e s : '  is w e d  t o  inc lude  varying groups of v a r i e t i e s  

of gra ins .  The new g r a i n  v a r i e t i e s  have not  y e t  been widely t e s t e d  

i n  most coun t r i e s ,  and l i t t l e  information on farm experience i s  

avai lar i le .  i n  rQny of tile less  developed coun t r i e s  tile t~ea t l l e r  

causes l a r g e  year-to-year v a r i a t i o n s  i n  y i e l d ,  which complicates t h e  

a n a l y t i c a l  problem of i s o l a t i n g  the  e f f e c t s  of t h e  new v a r i e t i e s .  

Also t h e  exceptional ly high g ra in  p r i c e s  i n  recent  years  have been 

important i n  t h e  genera l ly  e n t h u s i a s t i c  recept ion  given tile new 

v a r i e t i e s .  



11. licw the  liaq Var i e t i e s  Were Developed 

5 .  The new g r a i n  v a r i e t i e s  ~ ~ I l i c h  have received t h e  most 

p u b l i c i t y  i n  t h e  l a s t  few yea r s ,  and which a r e  already making a 

s u j s t a n t i a l  con t r ibu t ion  t o  increased  production i n  Asia,  a r e  the  

so-cal led "llexican:' wheats, and r i c e  v a r i e t i e s  developed and 

disseminated by the  I n t e r n a t i o n a l  Pdce Researcl-I I n s t i t u t e  (1W.I) 

e s p e c i a l l y  those designated a s  IK-5 and IR-8. The development of 

t hese  gra ins  a r e  outstanding examples of e f f e c t i v e  research 

accoraplished i n  a reinarkably shor t  time. however, t he  breeders  

of the  new v a r i e t i e s  had much solidly-based e a r l i e r  work on which 

t o  draw. 

The "iiexican" wheat v a r i e t i e s  

6 .  I n  the  e a r l y  1940's a program was i n i t i a t e d  i n  ;;exico 

which concentrated f i r s t  on inproving v a r i e t i e s  and inc reas ing  

production of corn and wheat and vas  l a t e r  expandec, t o  cover o t h e r  

cormodities.  :?.ust had been a major f a c t o r  l i m i t i n g  t h e  y i e l d s  of 

wheat i n  Ilexico, and e a r l y  breeding e f f o r t s  were d i r e c t e d  t o  

developing r e s i s t a ~ t  v a r i e t i e s .  (2, p. 3, 2, p. 239) i a t e r  the  

breeders  concentrated on producing wheats wi th  s h o r t ,  s t i f f  strm 

and a high response t o  f e r t i l i z e r .  (2, p. 239) 

7. -:orin 10, a v a r i e t y  of wheat with s t i f f ,  s h o r t  s t raw,  

which was f i r s t  r e g i s t e r e d  i n  1335, was developed by t h e  Japanese 

by cross ing  two v a r i e t i e s  from tne  'United S t a t e s  with s e v e r a l  

1/ Znderscored numbers i n  parentheses r e f e r  t o  i tems i n  t h e  - 
Bibliogra?hy, p. . 
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Japanese v a r i e t i e s .  S. C. Salmon, xho had been working with tile 

Japanese a f t c r  i iorld liar I1 brought ;:orin 10 t o  t h e  United S t a t e s  

and is w a s  d i s t r i b u t e d  t o  ;\=lleat breeders  i n  t h i s  country i n  1!!47-48. 

i r r v i l l e  2;. Vogel, a LSD11 s c i e n t i s t  wor1:ing i n  t he  s t a t e  of :*ashington 

used . .or in 10 'Ln cicveloping tile Gaines vrllent v a r i e t y ,  \r;~icll has s e t  

vrorld y i e l d  records i n  t h e  L.S. -lortr!v:est. In 1453 ~ .o rnan  E, Borlaug, 

a 2oci:efcller s c i e n t i s t  working i n  - .exico obtained s0ol.e wheat v a r i e t i e s  

wi th  s h o r t  s t raw from Vogel. Norin 10 made a major con t r ibu t ion  of 

germ plasm t o  t h e  new iiexican wheats. (19, p. 236-238) 

The IXRI r i c e  v a r i e t i e s  

8. The new v a r i e t i e s  of r i c e  a r e  inciicas. Yne Irldicas have 

long been sredominant i n  t r o p i c a l  iisia, although t h e i r  y i e l d s  have 

been ~a~ucll lower tlran the  Japonicas of Japan and Taiwan. Lespi te  

t h e i r  h igher  y i e l d s ,  s e v e r a l  c h a r a c t e r i s  t i c s  of tile Japonicas  have 

prevented then; from spreading i n t o  the  t r o p i c a l  a reas .  They Iiave 

genera l ly  Seen more prone t o  d iseases  than the  n a t i v e  Indicas .  T 3 e  

Japonicas do not  have a 2er iod of dormancy of t n e  seed; in those  

a reas  where t h e  i iarvest  talces p l ace  during a r a iny  per iod ,  a dornlant 

per iod  a f t e r  ha rves t  is  necessary t o  prevent germination. Also t h e  

Japonicas do not  th resh  w e l l  using the  methods which a r e  common 

i n  t h e  Asian t rop ic s .  Furthermore, consumers i n  t r o p i c a l  Asia 

genera l ly  do not ca re  f o r  t h e  Japonica v a r i e t i e s .  (3, p. 17) 

g,  T!le I n t e r n a t i o n a l  Rice Research I i i s t i t u t e ,  which is 

supported by the  Ford and Koc~cefel ler  Foundations, was dedicated 

i n  1962. During 1962, i ts  r i c e  breeders  made a number of c rosses  

involving tal l ,  t r o p i c a l  Ind ica  v a r i e t i e s ,  t h e  Ponla i  Japonica 

- 4 -  
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v a r i e t y  from Taiwan and s e v e r a l  semi-dwarf Ind ica  v a r i e t i e s  from 

3,'aiwan. J3y 1965 IR-6 had been developed and given i t ' s  f i r s t  y i e l d  

tr ial .  12-8 w a s  obtained by cross ing  Pe ta ,  a  t a l l  r i c e  from Indonesia ,  

wi th  3ee-geo-woo-gen, a  s h o r t  r i c e  from China. (2, p. 252-253) 

111. Some C h a r a c t e r i s t i c s  of the  Xew V a r i e t i e s  

10. Because of t h e  gene t i c  c h a r a c t e r i s t i c s  which have been 

assembled by t h e  p l a n t  breeders  i n t o  t h e  new v a r i e t i e s  of r i c e  and 

wheat, under s u i t a b l e  condit ions they produce much h ighe r  y i e l d s  

than t r a d i t i o n a l  v a r i e t i e s .  Yne s h o r t e r ,  s t i f f  steris a r e  important 

i n  achieviny, t > e  increased  p roduc t iv i ty  under heavy = c r t i l i z a t i o n  

because t h e  ?lan:s do no t  lodge, o r  f a l l  over ,  when heavy app l i ca t ions  

of f e r t i l i z e r  produce a heavy seed head. Grain which has lodged, o r  

buckled over ,  does not  develop p r o ~ e r l y  and is  harder  t o  ha rves t  ; 

photosyntllesis is i n t e r f e r e d  wi th  and y i e l d s  a r e  reduced. Generally 

s h o r t  s t a t u r e  goes wi th  a  s h o r t e r  growing period. (2, p. 16) The 

new v a r i e t i e s  accomplish much more photosynthesis  during t h e  per iod  

when the  g r a i n  is produced; t h e  r a t i o  of g r a i n  t o  straw is  g r e a t l y  

increased  i n  comparison w i t i  o l d e r  v a r i e t i e s .  

11. In  developing IR-8, thus  f a r  t he  most important of t h e  

new r i c e  v a r i e t i e s ,  b reeders  reduced t h e  he ight  t o  100 cent imeters ,  

as cont ras ted  wit11 a  he ight  of perhaps 180 cent imeters  of t r a d i t i o n a l  

v a r i e t i e s .  Tile leaves of IK-6 a r e  s h o r t  and upr ight .  This  permits  

water  t o  run o f f  quickly and allows sun l igh t  t o  pene t r a t e  t o  t h e  

lower leaves .  Tile straw of t h e  p l a n t  is not  only reduced i n  length ,  
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bu t  i t  is a l s o  except iona l ly  s t i f f  because t h e  breeders  s e l e c t e d  

p l a n t s  vllich iiad t h i c k  stems wrapped wi th  l e a f  sheaves. (1, pp.254- 

255) The s h o r t ,  s t i f f  stems of t he  new v a r i e t i e s  may under some 

circumstances,  be a disadvantage. ;;or example, i n  East l 'akistan 

much of t he  r i c e  is p lan ted  on land which is flooded a f t e r  sonle growth, 

and t h e  n a t i v e  v a r i e t i e s  apparent ly  are L e t t e r  a b l e  t o  wi ths tand  such 

condi t ions .  

12. 'rile iiexican wheats,  and 12-8 have proved t o  be product ive  

i n  a r eas  : .~i th  wide v a r i a t i o n  i n  t he  length  of day, which is ciependent 

upon l a t i t u d e .  . (1, p. 255) This has  been important i n  t h e i r  rap id  

spread t o  regions of d i f f e r e n t  l a t i t u d e s .  (l9, p. 239) Tile breeders  

have a l s o  incorporated i n t o  the nev r i c e  v a r i e t i e s  t h e  a b i l i t y  t o  

produce rany stems on a s i n g l c  p l a n t  ( t i l l e r i n ~ )  (L, p. 252) vhich 

lowers seed requirements.  In add i t i on ,  t h e  new r i c e  v a r i e t i e s  

e s p e c i a l l y  have a s i g n i f i c a n t l y  s h o r t e r  growing season than t r a d i t i o n a l  

v a r i e t i e s ,  ;5iicli i nc reases  the  p o s s i b i l i t i e s  of producing Ifiore crops 

p e r  year .  (5, p. 692) 31e  net? v a r i e t i e s  of r i c e  r i pen  i n  i20 t o  

125 days r a t h e r  tila;? tile 1t;O days required. b y  t r ac i i t i ona l  v a r i e t i e s  

(22, ?. 2) 

13. T j~e  Ilew v a r i e t i e s  of r i c e ,  with t h e i r  s h o r t e r  growing 

pe r iozs ,  sometimes mature during t h e  wet season i n  t h e  t r o p i c s .  

Thus t h e  customary method of drying,  by spreading r i c e  on t h e  road, 

may be inadequate  and a r t i f i c i a l  d ry ins  may be requi red ,  (A, p. 693) 
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14. Tlle new r i c e  v a r i e t i e s  have some c h a r a c t e r i s t i c s  which 

make then  r e l a t i v e l y  undes i rab le  f o r  processars  and consumers. Tiiey 

do not  m i l l  a s  s a t i s f a c t o r i l y  a s  o l d e r  v a r i e t i e s ,  a l s o ,  consumers 

genera l ly  do not  r a t e  them very higilly. Blt:lough ti iese c i l a r a c t e r i s t i c s  

r a t e d  undes i rab le  by consumers pro'oabl.3 cail be bred ou t ,  bo th  t h e  

ne1.7 r i c e  v a r i e t i e s  and tile neI< wheat v a r i e t i e s  of tel l  have solci a t  

cons iderable  discounts  from t h e  p r i c e s  oE t r a d i t i o n a l  gra ins .  ((3, p. 44) 

firea Planted t o  t h e  .\'ev7 Var i e t i e s  

15. The r a p i d i t y  of t h e  spread of t h e  new g ra in  v a r i e t i e s  i n  

the las t  few years  i n  some a reas  has  indeed 5gen ex t raord inary .  

\:here they have spread very r ap id ly  it has been due t o  a wel l -es tab l i shed  

i n s t i t u t i o n a l  base ( a s  i n  I n d i a ' s  In t ens ive  Agr i cu l tu ra l  i X s t r i c t s  

Program), vigorous Governriient ac t ion ,  and t h e  a v a i l a l ~ i l i t y  of a 

combination o r  "package" of i npu t s  which a r e  usua l ly  subs id ized  and 

provided a t  i ncen t ive  p r i c e s  i n  r e l a t i o n  t o  t he  farmer p r i c e  of gra in .  

The r o l e  of A10 i n  t he  programs has been s u b s t a n t i a l ,  bu t  has va r i ed  

according t o  t h e  circumstances i n  t h e  ind iv idua l  count r ies .  The rap id  

sp read  has c l e a r l y  demonstrated t h a t  farmers i n  less-developed coun t r i e s  

w i l l  quickly and e n t h u s i a s t i c a l l y  adopt new nethods i f  t h e  i npu t s  

a r e  a v a i l a b l e  and t h e  b e n e f i t s  a r e  s u b s t a n t i a l .  

1 G .  Tile improved wheat v a r i e t i e s  spread r ap id ly  on t h e  i r r i g a t e d  

acreage of t h e  wheat farmers of ilexico. (2, p. 3) A t  p re sen t  t h e  

improved seed is used i n  a l l  of ; bx ico ' s  wheat a r e a ,  of which nea r ly  

90 percent  is i r r i g a t e d  and pore than two-thirds is f e r t i l i z e r .  

(2, P* 14)  
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17. Tile :.Iexican wheats were introduced i n t o  Pakis tan  and I n d i a  

i n  small  q u a n t i t i e s  during 1963164. t: number of tests were made and 

i n  19G6 Ind ia  made a l a rge  p'urcllase of seed from ihxico .  The seed 

was p lanted  i n  the  f a l l  of t h a t  year .  I n  1967 Palcistan made an even 

l a r ~ e r  purchase. (5, p. 90) 

1 Despite t h e i r  r ap id  spread t h e  new v a r i e t i e s  were not 

p lan ted  on a l a r g e  enough sha re  of t h e  g ra in  acreage i n  Asia i n  1967168 

t o  have had a major inpac t  on production i n  the  less developed 

count r ies  as a whole, although they d id  a f f e c t  production i n  

c e r t a i n  regions and i n  c e r t a i n  count r ies .  As i nd ica t ed  i n  t a b l e  1, 

less than 3 percent  of t h e  r i c e  a r e a  i n  South and Southeast Asia 

w a s  p lan ted  t o  new v a r i e t i e s  i n  1967168. knleat occupies a f a r  

smal le r  share  of crop acreage than does r i c e  i n  the  l e s s  developed 

h i a n  count r ies ,  bu t  about 11 percent  of t h e  wheat a r e a  i n  West 

and Souti1 Asia was p lanted  t o  new v a r i e t i e s  i n  1967168. 'iile 

country-to-country v a r i a t i o n  i n  the r a t e  of adoption i s  great-- 

t he  sha re  of t he  t o t a l  wheat a rea  seeded t o  new v a r i e t i e s  i n  1967/08 

w a s  i n s i g n i f i c a n t  i n  Turlcey and Afghanistan b u t  amounted t o  about 

12  percent  i n  Paidstan and near ly  2d percent i n  India.  

13. I n  t h e  1968169 crop season the  new r i c e  v a r i e t i e s  were 

planted on perhaps 1 3  mi l l ion  ac res  o r  near ly  7 percent  of the t o t a l  

r i c e  land i n  South and Southeast Asia. The new wheat v a r i e t i e s  were 

scheduled f o r  p lan t ing  on 14-15 mi l l i on  acres  o r  about 16 percent  

of tile t o t a l  vheat a rea  i n  \.lest and South A s i a .  
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V. Yields and Production Increases 

Yields 

20. It is impossible a t  present  t o  walce r e l i a b l e  es t imates  of 

the impact of the  new v a r i e t i e s  on t o t a l  g ra in  a v a i l a b i l i t y  i n  L-sia 

because of a lack  of adequate da ta  t o  permit comparing y ie lds  of new 

and t r a d i t i o n a l  v a r i e t i e s  by region,  vrhile accounting f o r  the  inf luence  

of such f a c t o r s  as weather, acreage changes, f e r t i l i z e r ,  p r i ces ,  c r e d i t  

a v a i l a b i l i t y ,  i r r i g a t i o n ,  a v a i l a b i l i t y  of extension s e r v i c e s ,  e t c .  

Tile new v a r i e t i e s  a r e  general ly produced under the  b e s t  condit ions 

and the re fo re  i t  ~ o u l d  be misleading t o  compare t h e i r  y i e l d s  with 

average y ie lds  of t r a d i t i o n a l  v a r i e t i e s ,  and then assign a l l  the  

d i f ferences  t o  the genet ic  c h a r a c t e r i s t i c s .  

21. Some aspects  of tile problem of evaluat ion a r e  ind ica ted  

below : 

(1) Tile new v a r i e t i e s  were f i r s t  planted on s u b s t a n t i a l  acreages 

i n  Asia i n  1967/63, a year  of genera l ly  rood  eathe her i n  the  region. 

I n  Ind ia  and Pakistan,  the  l a r g e  increases  i n  a rea  planted t o  new 

v a r i e t i e s  i n  t h a t  year coincided with czcclleni;  weather, fo l lmi ing  

two years  of drought. I n  1967/68, about 5 percent  of India ' s  t o t a l  
It has been est imated t h a t  it 

g r a i n  a rea  was i n  high-yielding v a r i e t i e s  of grai-bdded about 6 percent  

t o  Ind ia ' s  t o t a l  g ra in  production i n  1967/68 r e l a t i v e  t o  average 

production during 1959/60-1961/62, and t h a t  good weather added about 

7 percent .  (2, p.  i)-20) During the  1967168 wheat growing season 

i n  itlest Pakistan,  average monthly r a i n f a l l  was 135 percent  above 

t h a t  of t h e  previous two seasons. Turkey a l s o  experienced 

good weather i n  1967/68. 
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Table  1.--Estimated area p l a n t e d  t o  new v a r i e t i e s  of rice and wheat i n  West, South and 
Southeas t  Asia, 1966167 - 1968169 11 

Country :- 

Turl~ey 

I r a n  

Afghanis t a n  .06 ( 5 . 8 )  

Eepal  

:+Jest Palcistan 

I n d i a  2.14 4 .41 (30.7) '3.32 1 .22 7.27 (36.3) 10.00 41 - 

Souti1 Vietnan ( 5.7) .ll 

E i i l i p p i n e s  .1S .59 ( 7.5) 1.11 

Lnaonesia (16.2) . 9 4  

'Total  above 
c o u n t r i e s  2.32 5.17(177.3) 12.93 

S t h e r  
c o u n t r i e s  

T o t a l  r i c e  area, 
South and Southeas t  Asia (131 ) 

T o t a l  !:ri-:eat erea, 
I d e s t  and South ' i s fa  

11 .:darted from Lima G. 3alr;rrnple1s, 1r;ports a i d  i . l an t i n f s  of ;:igh-yielclinz \ ; a r i e t i e s  - 
of Wheat and Sdce i n  t h e  Less Developed Nat ions  (unpublished) , U .S . Uept. hgr .  , IADS 
iecem1;er 17 ,  1965. 

21 :arget o r  p ro j ec t i on .  - 
31 P a r e n t h e t i c  f i g u r e s  are t o t a l  a r ea .  - 
41 Given as 6.5 i n  I n d i a  I'rogram ;.er~oranGurl, IT 1970, Sta teIAID,  Sept .  1968, p. 11-55, - 
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(2) 'I'he t o t a l  acreages planted ( inc luding  both new and 

t r a d i t i o n a l  v a r i e t i e s )  increased as follows i n  1967/68 : trheat i n  

Ind ia ,  10 percent ;  wheat i n  Pakistan,  almost 10 percent  ( i r r i g a t e d  

t h a t  acreage expanded 20 :lercent) (17);  - r i c e  i n  ' ,idcistan, almost 

10 percent.  J'ice acreage remained unchanged i n  I a d i a  and, perhaps, 

i n  the  ?i l i l ippines.  k/  Turlcey's wheat a r e a  d id  not  change. 

(3)  There ilave been frequent  re ferences  t o  p l an t ing  t h e  b e s t  

land t o  new v a r i e t i e s .  I n  Turkey, iiexican wheat was d i s t r i b u t e d  

i n  "areas of low l a t i t u d e  and high r a i n f a l l . ' :  (24, p. 5) I n  t h e  

E i i l i p p i n e s ,  If,-8 was planted on the  "most productive r i c e  growing 

area.' '  (g, p. 4) A.11 of t he  nev wheat v a r i e t i e s  used i n  Pakistan 

were p lanted  on i r r i g a t e d  land,  and t5is apparent ly was a l s o  t h e  

case i n  India.  In  Ind ia  the  I:er:ican v,rIleats a r e  s a i d  t o  have been 

planted 5y better-than-average farmers. 

( 4 )  F e r t i l i z e r  consunption increased 50 percent  i n  I n d i a  and 

30 pcrcect  i n  P~Jc is tan  i n  196716C. It is  reasonable t o  assmiie t h a t  r!:ucl~ 

of t h a t  increment i n  f e r t i l i z e r  :?as used on nev v a r i e t i e s ,  bu t  

d e t a i 1 . d  informcition i s  not 2vai laLlz.  

22, .:it!l adequate and controllec; i r r i g a t i o n  and o t h e r  iinproved 

p r a c t i c e s  the  increased  response t o  E e r t i l i z e r  of t h e  new v a r i e t i e s  

c w  je l a rge .  'i''l-~e a c t u a l  y i e l d  advantage w i l l ,  of course,  depend 

u p o n t h e  l e v e l  of f e r t i l i - z a t i o n ,  vhich w i l l  depend upon the  farmers'  

i ncen t ives  t o  use f e r t i l i z e r ,  which i n  t u r n  w i l l  be a funct ion  of 

4 /  Estimates of 1967/68 Eni l ippine  r i c e  acreage vary by 1 G  percent.  - 
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t he  p r i c e  of f e r t i l i z e r  and the  p r i c e  of gra in .  The y i e l d  advantages 

of t h e  new v a r i e t i e s  genera l ly  seer; t o  be g r e a t e r  a t  high l e v e l s  

of f e r t i l i z e r  use. \ h e n  no f e r t i l i z e r  is used they seem t o  have 

l i t t l e  i f  any advantage over t r a d i t i o n a l  v a r i e t i e s .  X ~ u s ,  i t  

w i l l  be only when the  economic s i t u a t i o n  provides an incen t ive  

t o  use f e r t i l i z e r  t h a t  t h e  y ie ld  acivantay,cs of the  new v a r i e t i e s  

w i l l  be re levant .  For exanple, one ana lys i s  has concluded t h a t  wi th  the  

wheat v a r i e t i e s  used i n  Ind ia  i n  1563, f e r t i l i z e r  (with an "optimum': 

app l i ca t ion  of 58 !cilograms per hec tare)  holds a promise of only a 

50 percent  naximum y i e l d  inc rease ,  but  Sonora \Theat 63 can use more 

f e r t i l i z e r  e f f e c t i v e l y  (116 k i log ra r~e  per  hec tare)  and gives promise 

of a doubling of y i e lds .  Ti;us, i t  nay De s a i d  t h a t  Sonora 53 has 

a 30-35 percent  y i e l d  advantage over  the  t r a d i t i o n a l  1963 v a r i e t i e s  

(200 percent  divided by 150 pe rcen t ) .  i lm~ever ,  Sonora required twice 

the  f e r t i l i z e r  dosage appl ied  t o  the  1963 v a r i e t i e s  t o  achieve t h i s  

y ie ld .  (1, p. 635) Altl~ough t h e r e  have been a few farm management 

s t u d i e s  of cos ts  iind r e tu rns  t h e r e  is i n s u f f i c i e n t  b a s i s  t o  genera l ize  

t o  segregate supply funct ions which would p red ic t  t h e  o v e r a l l  

response of output t o  p r i c e  changes. (8, p. 45) 

23. Farmers ' y i e l d  experience v i t l . 1  tlle new g ra in  v a r i e t i e s  

has variec! g rea t ly .  ;lowever, a num'oer of experiments,  and one 

f a m e r  survey, suggest t h a t  average y ie ld  advantages of the  new 

r i c e  and wheat v a r i e t i e s  f a l l  genera l ly  i n  the  range of 30 t o  100 

percent ,  when planted under condit ions of adequate i r r i g a t i o n  

and a high l e v e l  of f e r t i l i z a t i o n  and compared wi th  t r a d i t i o n a l  

v a r i e t i e s  grown under s i m i l a r  condit ions.  
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24.  'L'djlc 2 c\sse~.:blcs socle r c su lc s  froia a ~lcud,er of e::pcri~~erits 

an6 fari:i :.crEori~a~~cc.. I;, ;?ach coi:?arisor* 'i;!c? l a s t  i ~ d i c a t e d  is a 

t r a d i t i o n a l  va r i e ty .  

-. ;,iarf h z i c a  
Local I zd ica  

Zoti-' a t  1 D G  kj. logrars of n i t r o ~ e n  ? c r  
k c t a r e  uilir'orc~ v a r i e t y  t r i a l s ,  l i i a r i f  
1YG6, Isidia. (&I.?, r). i,j 

5.1 ;',I1 n t  optimuril marzinal bene f i  t-cos t 
4.9 f e r t i l i z e r  app l i ca t ion ,  cxper inenta l ,  
2.7 r r e t  season 136G and 1967, I;'J:I Los ~ a r l o s ,  

T l.il.inpines. ( 4 ,  - n .  4) 

S Z T I ~  cond.itions a s  cbove , , a l i ~ a y a ,  
l i i i e s  (5, p. L.) 

3 Sam.e con2it ions a s  a.bove except  d ry  

7.1 season,  : ' a l i ~ a y a ,  Pt i i l ippines . (4, p. 4) 
4.0 

Sonora Cheat 63 . 

Local Var i e t i e s  .[A 

. ax ican  .?-eat 
Indim. .:?eat 

1;; ,.- ; showed 30 percent  y i e l d  advantage 

over Feta. (&> ~ 3 .  11) 

Yonora 63 has a 30-35 ae rccn t  y i e l d  
advcntage over  l o c a l  v a r i e t i e s ,  botn 
a t  optirlurr, l e v e l s  of f e r t i l i z a t i o n ,  
based on experircental r e s u l t s  i n  ... snaia.  (L, :I. 6 5 5 )  

' h e  1956/67 crop i n  Ludhiana Listrict , 
l'unjab S t a t e ,  India .  . ~ e x i c ~  lrheat 
was l:12nted on only 11 percent  of t he  
wheat a rea  i n  the  d i s t r i c t ,  probably 
by t h e  b e s t  farmers on t h e  b e s t  land. 
(LQ, F *  9 )  
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Variety Yield (:iT/Iia. ) 

Lerma Kojo 
\.?;eat 64 ,'L 3.7-5.0 
Local Var i e t i e s  1.9-2.5 

Semi-dv~arf i,21eat 2.G 
Local ,!arieties 1.6 

Var i e t i e s  1 .3  
Local 'var iet ies  1.0 

fl.cmariis 

'Zests and denons t ra t ions  , 136G/G7-- 
1367/63, India .  (2, p .  121) 

20th v a r i e t i e s  grovm on same farm, 
India .  (g) 

i io t l~  i r r i g a t e d ,  Xest L:d:istan. (2) 

Production increases  

25. A s  shmm i n  t a b l e  1, i n  1968/69 the  new r i c e  v a r i e t i e s  

12 9 occupied about 7 percent  (-A) of tile t o t a l  r i c e  a rea  i n  South 
19 1 

and Southeast Asia. As shown i n  t a b l e  2 ,  tile y i e l d  advantage of 

t h e  new v a r i e t i e s  s e e m  t o  f a l l  sr i thin the  v ide  range of 30 t o  1i)C 

percent .  Ilovever, t h i s  y i e ld  advantage is i n  r e l a t i o n  t o  r i c e  r a i s e d  

under sori:e of the  k t t e r  conditj-ons (Le t t e r  i r r i g a t i o n ,  farmer s l ; i l l s ,  

e t c . )  of t h e  region. -Iverage r i c e  y i e l u s  i n  the  region before  tile 

i n t roduc t ion  of t h e  new v a r i e t i e s  e e r e  about 1.6 me t r i c  tons per  

hec ta re .  ' iahle  2 suggests  t h a t  y i e l d s  under some of the  L e t t e r  

condit ions :cay have been m i c e  t h a t .  '2;ius ttre 7 percent  of  t h e  

a r e a  nay l a v e  already been producing 14 Fercent of the r i c e .  h 

doubling of y i e l d s  (100 percent  y i e l d  advantage) by use of new 

v a r i e t i e s  would add another 14 percent  t o  the  out?ut. the  o the r  

hand, a 30 yercent  y i e ld  advantage would add only 4.2 percent  

(30 percent  x 14 percent ) .  ,In average of t h i s  range would be 

l4 + 4, , a very rough es t imate  of the  add i t ion  about 9 percent ( 

t o  production. 



26. liileat is  a niuc!l l e s s  important crop than r i c e  i n  t h e  l e s s  

developed Asian coun t r i e s ,  out  a s  s!:own i n  t a b l e  1, about 16  percent  

(14.5/90) of t h e  a r e a  was scheduled t o  be p lan ted  t o  new v a r i e t i e s  

i n  19GS/69. !hea t  y i e l d s  i n  the  re::ion averaged about 1 met r i c  

ton  per  h e c t a r e  11efore t he  in t roduc t ion  of t h e  new v a r i e t i e s .  

Again, t a b l e  2 suFgests  t h a t  y i e l d s  under b e t t e r  condi t ions  nay 

have "een twice t h a t .  Usin? t h e  procedure followed above f o r  r i c e ,  

a rough e s t ima te  is  t h a t  t he  new v a r i e t i e s  would add from about 9.6 

t o  32 percent  t o   heat production i n  t he  r e ~ i o n  i n  1968/69 compared 

t o  what product ion would be \:ithout then. The average of t h i s  range 

is about 20 yercent .  

27. This  paper inc ludes  no fo recas t  of a d d i t i o n a l  i nc reases  

of ~ r o d u c t i o n  from t h e  new v a r i e t i e s .  The expansion of t h e i r  a r e a  

w i l l  slow as t h e  adequate ly- i r r iga ted  a r e a  is  more f u l l y  occupied 

by them. Lxpansion on poorer lana  w i l l  tend t o  lower y i e l d s ,  but  

experience should tend t o  r a i s e  them. Farmer p r i c e s  f o r  g r a i n s ,  

f o r  competing products and f o r  i npu t s  v i l l  a f f e c t  both acreage and 

y i e l d s ,  bu t  t h e i r  is l i t t l e  information a v a i l a b l e  f o r  making e s t ima te s .  

C? . l ~ u l t i p l e  Cropping 

23. Tile above es t imates  do not  inc lude  t h e  con t r ibu t ion  

from multiple-cropping. Pa i npo r t an t  c h a r a c t e r i s t i c  of t h e  new 

v a r i e t i e s  is t h e i r  s h o r t e r  growing period and consequent p o t e n t i a l  

f o r  ciultiylc-cro??i~',. -;owever, eve11 v i t h  good i r r i g a t i o n  s y s t e m ,  

multiple-croppin:. r equ i r e s  a high l e v e l  of managerial s k i l l  t o  co- 

o r d i n a t e  a s e r i e s  of complex a c t i v i t i e s ,  and i t  is un l ike ly  t h a t  i t  
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w i l l  spread quickly t o  a reas  where i t  i s  no t  a l ready prac t iced .  A/ 

According t o  a recent  survey, tile p o t e n t i a l  land f o r  double-cropping 

of r i c e  under e x i s t i n g  i r r i g a t i o n  is  l e s s  tlian 19 percent  of t he  t o t a l  

r i c e  a r e a  i n  South and Southeast Asia,  vrl~ere t h e  present  double-cropped 

a rea  amounts t o  5 percent  of t h e  land  i n  r i c e .  (2, p. 65) A s  

i r r i g a t i o n  systems a r e  improved and farmers gain experience,  t he  

a r e a  double-cropped could be expanded. 

29. I n  I n d i a ,  about 1 3  percent  (46 ~ ! d l l i o n  acres)  of t h e  n e t  

area so1.m t o  a l l  crops (342 mi l l i on  acres)  was double-cropped i n  

1967166. Bowever, t h e  bull: of t h e  double-cropped a r e a  (31  mi l l i on  

acres)  is  un i r r iga t ed  and thus unsui tab le  f o r  high-yielding g ra in  

v a r i e t i e s .  It is expected t h a t  the  i r r i g a t e d  double-cropped a r e a  

w i l l  i nc rease  by only about 5 c d l l i o n  acres--less than 2 percent  

of t h e  new smm area--by 19b'?/70. (23, p. 0-5, 3-23) 

VII. - Limitat ions t o  Spread i n  I ad iv idua l  Countries 

I r r i g a t i o n  

30. A shor tage  of good i r r i g a t i o n  appears t o  be the  nos t  

important input  l i m i t a t i o n  t o  the spread of t h e  new v a r i e t i e s .  

Ucless m t e r  can be ca re fu l ly  cont ro l led ,  t he  advantage of new 

v a r i e t i e s  decreases rapidly.  i h y  of t h e  i r r i g a t i o n  systems i n  South 

51 !ialaysia, a small  producer of r i c e ,  seems t o  be  an exception: 
~ e s g  than f i v e  years  ago, an i n s i g n i f i c a n t  a r e a  was double-cropped 
i n  Zialaysia. I n  the  1968169 season, 210,000 acres  were planted with 
a second crop of r i c e  conpared t o  100,300 ac res  two years  before.  
The area single-cropped t o  rice amounts t o  about 300,000 acres .  
'I'iius, nore than 20 percent  of t h e  r i c e  a r e a  is now double-cropped. 
(Kuala Lumpur, AGR-73, Cctober 1, 1968). 
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and Southeast Asia a r e  not of t h e  proper  type f o r  f u l l  r e a l i z a t i o n  

of t he  p o t e n t i a l  of t h e  new v a r i e t i e s .  I n  many e x i s t i n g  systems t h e  

water  flows by g rav i ty  from one f i e l d  t o  tile next and f e r t i l i z e r  

and p l a n t  p ro tec t ion  cl~emcials  a r e  c a r r i e d  o f f  i n  t h e  flowing 

water .  Also i t  soll~etimes is not  poss ib l e  t o  l e t  tile upper f i e l d s  

dry out  i n  time f o r  t h e  harves t  of t he  new v a r i e t i e s  a d  thus t h e  

p r o b l e ~  of .wet z r a i n  a t  harves t  is accentuated. 

31. As sI~ocm i n  t a b l e  3, oilly about S percent  of I n d i a ' s  

g r a i n  a r e a  was plannec? t o  Be under high-yielding v a r i e t i e s  i n  1SG8/69, 

and t i lerefore,  it ;,70uld seem t h a t  t he re  i s  ample room f o r  expansion. 

-- 
imqever, tile 22.6 i l l i l l ion acres  planned f o r  high-yielding v a r i e t i e s  

represents  27 percent of tile t o t a l  i r r i g a t e d  gra in  a r e a  and z very 

~ U U C ~ I  Iligher, a l t b o u ~ l ~  percent  of t h e  land wi th  r e l i a b l e  

w t c r  con t ro l  &r ing  t h e  dry season. T:ie d a t a  shorn i n  t a b l e  5 seen  

t o  support t k c  vier.: t h a t  inadequacy of the  i r r i g a t i o n  system is 

lirdtin,; ,  tlie spread of t;le nev v a r i e t i e s  i n  Ind ia ;  t he  l a s t  column 

s l ims  a1 almost q u a 1  increment i;: t he  planned acreage under i.li$~-- 

y i e ld ing  v a r i e t i e s  and the  plannec; incrzasc  i n  i r r i ~ - a t e 6  ;;rain 

acreare .  Ylie irri;,atec! a rea  projected f o r  t r a d i t i o n a l  v a r i e t i e s  

r eca ins  very l a r g e  z .d  v i r t u a l l y  sta!.>le, implyins t h a t  :.:ater con t ro l  

or. i l l i i ~  a rea  i.s ;lot r ,ufficj .ently r e l i a 5 i e  t o  risl; t he  iligh cash cos t s  

of f n r t i l i z e r  ~ x t l  i11secticide.s required 'Y.y t h e  new v a r i e t i e s .  ::;:ere 

is  ,lot sxpzctsG Lo ;:la a shortage of seed of t he  new v a r i e t i e s  o r  of 

f e r t i l i z e r  ( i n  f a c t  some of t h e  f e r t i l i z e r  requirement f o r  1969/70 

is  pro jec ted  f o r  use on t r a d i t i o n a l  v a r i e t i e s ) .  
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32. West Pakis tan  has a good environment f o r  the  new theat 

variet ies--adequate  i r r i g a t i o n ,  low r a i n f a l l ,  Iiigli s o l a r  energy, 

and few i n s e c t  !>roblens. (2, v. 34) ~ong- s t and ing  ~ r o b l e m  of 

poor drainage and s a l i n i t y  a r e  not: Leing a t tacked  e f f e c t i v e l y .  

( 6 ,  -- . 1 ,!bout 26 percent  of i7cst 2i; l , istants ;:heat l a i d  ??as 

planted  to  ilcI.7 v a r i e t i e s  i n  the  f a l l  of 1968. 

33. T:ie p o t e n t i a l  f o r  ne:7 v a r i e t i e s  of r i c e  i n  : '&istan is 

ii~ucii nore lir,:itei: than f o r  :-heat. I;i East  Pakis tan ,  ;rilere !-!C percent  

of >'d;is tan's r i c e  i s  ~r0~11, t h e  r e ~ u l a r  uilcontrolled f loodine  of 

iliost of 2le produciilg a r eas  l e s s e l ~ s  ti:e value of tile new shor t -  

stermed v a r i e t i e s  in t he  main spr ing  and sur~uner seasons. (2, p. 19) 

In add i t i on ,  i n s e c t  a d  d i sease  p rob le i ?~  conlplicatc the  zrm.:ing of 

fie[? v a r i e t i e s  i n  Xant l 'akis tan.  z e s t  Pakis tan ,  ?;hich has  a b e t t e r  

n a t u r a l  e n v i r o n ~ ~ e n t ,  produces basmati r i c e ,  an extra-long-grain 

va r i e ty .  s i g n i f i c a n t  sha re  of t i i i s  r i c e  is exported at premium 

p r i c e s ,  and the  Governnlcnt ilas increased  the  ctini~num 1)urchase p r i c e  

t o  d e t e r  basixati producers frorii shiftlri;; t o  o t l ~ c r  v a r i e t i e s .  (l8, 

. . p. 5) i:cn.Jcver, c : ~ o r t s  of basmati r i c e  have dec l ined  r ap id ly  i n  

t h e  l a s t  few years .  

34.  '~:?ie riain obs tac les  t o  a r a p i d  inc rease  i n  t h e  product ion 

of fiieh y i e ld ing  r i c e  i n  t h e  Pfi i l ippines appear t o  be t h e  l ack  of 

good i r r i g a t i o n ,  a shor tage  of r ice-drying f a c i l i t i e s ,  and. problems 

of consumcr accep tab i l i t y .  The new v a r i e t i e s  mature e a r l y  during 

t h e  l a t t c r  p a r t  of t h e  v e t  season anci, i n  1367/68, many fanners  had 
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Table 3.--Grain Production and Inputs  i n  I n d i a ,  1967/68 - 1969/70 

S ra in  production (nd l l ion  tons)  : 100 / 3 8 12 3 +10 21 

Tota l  g ra in  a rea  ( n i l l i o n  acres  : 303 21 23 3 295 + 3 21 

I r r i z a t e d  p a i n  a rea  ( i - J l l ion  - - 
ncres) : 10.6 82.4 3C.6 +12 .o 

-igh y i e ld ing  v a r i e t i e s  of g ra in  : 
on i r r i g a t e d  land (mi l l ion  acres)  : 16.0 22.6 A/ 27.0 A/ ill. 0 

Trad i t iona l  v a r i e t i e s  of .grain on : 
i r r i g a t e d  land (mi l l ion  acres)  : 60.6 59.6 61.6 i 1.0  

T e r t i l i z e r  appl ied  t o  g ra in  
( v i l l i o n  n u t r i e n t  tons)  51 1.13 1.53 61 1.90 L/ + .72 - 

11 I r o j e c t i o n s .  - 
21 ";!orma1 xeatiler" es t imate  is 93.1 r i l l i o n  tons and 292 mi l l i on  acres. - 
31 %ela t ive  t o  ; . : ~ o r m l  ~ ~ e a t i l e r "  est isxi te .  - 
4/ Plan. - 
51 F e r t i l i z e r  appl ied  t o  Loth high-yielding and t r a d i t i o n a l  g r a i n  v a r i e t i e s .  - 
61  kequirenents . - 

Source: Ind ia  Program l :emorandurn, l?) 1970, S ta t e I i JD ,  September 1968, pp. L-2, 
9-16, 2-17', 0-20, 9-22, c-24, 1;-26, 0-55, C-1. 

t o  sell  new t y p e  r i c e  wet i n  t h e  f i e l d s  a t  a 20 percent  d iscount  because 

of a shor tage  of  drying f a c i l i t i e s  and t h e  i n f e r i o r  q u a l i t y  of t h e  r i c e .  
I 

(1, P* 31) 
3 

I n  Turkey, Mexican wheat seems t o  be we l l  adapted t o  t h e  

warmer c o a s t a l  areas, e s p e c i a l l y  on i r r i g a t e d  f i e l d s .  I n  1968/69, Mexican 

wheat was planted  on about 7 percent  o f  t h e  t o t a l  wheat l a n d  and it is 

l i k e l y  t h a t  wi th in  a few yea r s  t h e  Mexican seed w i l l  be 

success fu l ly  grown on much o f  t h e  southern and western c o a s t a l  
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wheat lands,  o r  on about 1 5  percent  of Turlrey's t o t a l  wheat acreage. 

The Turkish government has  a l s o  undertalcen a program t o  promote 

G . S .  wheat v a r i e t i e s  on t h e  dry c e n t r a l  p la teau .  

35. ,im dry-land wheat v a r i e t i e s  r ay  hold proinise f o r  in- 

creased y i e l d s  i n  Turkey. Var i e t i e s  are a v a i l a b l e  which, under t h e  

proper condit ions,  g r e a t l y  inc rease  production without  t h e  necess i ty  

of i r r i g a t i o n .  ilowever, e f f i c i e n t  dry-land wheat farming is  

con~pl ica ted  and requi res  cleclianization f o r  proper  t i l l a g e .  Tile. 

stubble-ruulcll system, 1.711icn has been developed i n  t h e  U.S. Great 

P la ins ,  requires.heavy equipment f o r  sub-surface plowing and deep 

p lant ing .  Tor such methods t o  L e  i ~ t r o d u c e d  i n  a reas  of peasant 

farining w i l l  r e q u i r e  the  development of i n s t i t u t i o n s  t o  ob ta in  

and coordinate  the  use of heavy equipnent. 

;'dsl=s of d iseases  and p e s t s  

36. T;ie n2sT v a r i e t i e s  of wheat and r i c e  a r e  e x o t i c  t o  iaost 

of the  regions vcliere they a r e  being introduced and, i n  t ime, may 

become suscep t ib l e  t o  l o c a l  d iseases  and i n s e c t  damage. I n  riost 

count r ies  l i t t l e  adaptive research and t e s t i n g  was done before  t h e  

new v a r i e t i e s  were introduced. It is  poss ib l e  t h a t  new micro- 

organisms, previously unimportant, w i l l  hecome major causes of 

d i sease  as f i e l d  n i c r o c l i n a t e s  a r e  a l t e r e d  by heavy f e r t i l i z a t i o n  

and t h e  denser p l an t  populat ion of the new v a r i e t i e s .  P l a n t  

p ro tec t ion  se rv ices ,  which r equ i re  a high l e v e l  of t ec imica l  s k i l l ,  

a r e  p r i n i t i v e  i n  many of t h e  less developed count r ies .  (2) Some 
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pro5lems wi th  d i seases  and p e s t s  have developed. I n  Ind ia  t he  new 

r i c e  v a r i e t i e s ,  wilicil have spread  much Illore slowly than t h e  new 

wheats have faced inore such problems than have the  new wheats. 

?rites and incen t ives  

37. Consumers eene ra l ly  do i ~ o t  g ive  the  new v a r i e t i e s  a high 

r a t i n g  and they s e l l  at s u b s t a n t i a l l y  lower p r i c e s  that1 do t r a d i t i o n a l  

v a r i e t i e s .  (2, p. 4 3 )  'file new r i c e  genera l ly  i s  considered i n f e r i o r  

t o  t r a d i t i o n a l  v a r i e t i e s  i n  l id l l ing  q u a l i t i e s  and t a s t e .  These 

c h a r a c t e r i s t i c s ,  however, may be  bred out  i n  a few more years .  

( 3 ,  - p. 31) As i n i i c a t e d  e a r l i e r ,  v e t  g ra in  rag  o f t e n  be a problem 

wi th  the  ilEV r i c e  v a r i e t i e s ,  but  presu '~ab1y can bc overcome 1:itl.l 

i n v e s t ~ e n t  i n  ciriers.  S t r a i n s  ::ill 5e  ~ u t  on f a c i l i t i e s  f o r  s to rage ,  

processing and t r anspor t e t ion  as output  increases .  

- r- Yi:e ner- v a r i e t i e s  a r e  except iona l ly  product ive only when 

corkiined ;:it:l f e r t i l i z e r  and ? e s t i c i d e s ,  r;l>ict nus t  be purckaset  by 

r- f e rne r s .  ,.:us, f a rxe r s  usin;, the;-. ;-ill of n e c e s s i t y  be i n t e g r a t e d  

i n t o  the  rcarkets a ~ ~ d ,  wiien p r i ce s  f o r  :;rain dec l ine ,  they w i l l  tend 

t o  Lu;r l e s s  ? e r t i l i z e r  aqd pest+-cides.  D F  course,  tLe prf  ccs of 

i i ~ p u t z  a r e  i r lportant ,  m i  the  cos t  of f c r t i l i z e r  has decl ined.  

:-micver, AS t'le i m , e d i a t e  food c r i s i s  cha t e s ,  p ressure  f o r  sovernclent 

i n v e s t i ~ e r t  i n  ;la: :rri!?ation and 1narl:etinf f a c i l i t i e s  ,lay l e s sen .  

- 
A n  some cases  tIie i , ~ a r ~ i n s  of p r i ce s  over cos t s  secn  t o  'Je s o  l a r z e  

t h a t  cor~sicfera5!.e ? r i c e  riec1i;les coule 5e absorbed r:ithout fo rc ing  

f a r n e r s  ou t  of production and perhaps without  even fo rc ing  much cut- 

back i n  f e r t i l i z a t i o n .  tiowever, these  e f f e c t s  \.rill depend on t h e  
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a l t e r n a t i v e s  ava i l ab le  t o  farnlers. Some w i l l  ufidoubtedly s h i f t  from 
, 
gra in  t o  t h e  production of otiier products i f  g ra in  p r i ces  decl ine.  

I t  is l i k e l y  t h a t  farmers located c lose  t o  rapid ly  growing c i t i e s  

w i l l  s h i f t  t o  the yroductioxi of f resh  f r u i t s  and vegetables. It 

a l s o  is poss ib le  t h a t  rmre low qua l i ty  r i c e  and rrl~eat w i l l  be fed 

i n  the  l e s s  developed countr ies ,  e spec ia l ly  t o  poultry.  

V I I I .  Zle Zencf ic iar ies  - the  2eople Left  iiehind 

Techno lo~ ica l  j.nnovations 

39. The development of inore ~ r o d u c t i v e  v a r i e t i e s  of g ra in  

is  a technological  change \:llicl~ permits input  f a c t o r s  t o  produce 

r a r e  p a i n ,  thus 1o:rering the  cos t s  of production and increas ing 

suppl ies  ava i l a5 le  t o  consumers. In ccononic terminology t h e  ilew 

v a r i e t i e s  cause a s h i f t  i n  the  supply function,  t h a t  is ,  a t  cach 

p r i c e  a g r e a t e r  amount of gra in  can 'be p ro f i t ab ly  produced and 

offered  f o r  s a l e  than f ornlerly . 'i'echnological innovat ions a r e  the  

hea r t  of the  economic developneilt , axd a r e  an inpor tant  reason why 

:klt!lus' predic t ions  a'sout populatiou have no t ,  and probably never 

w i l l ,  cone t rue .  On the o the r  hand, technological  developments 

o f t e n  c rea te  inajor econonic, s o c i a l ,  and p o l i t i c a l  problem of 

adjustment . 
40, Te&nological developments a f f e c t  both outputs  and inputs .  

The e f f e c t s  on outputs a r e  usually des i rab le ;  t h e  production of 

increased amounts of s o c i a l l y  des i rab le  goods and the  reduction i n  

cos t s  give r i s e  t o  the p o s s i b i l i t i e s  of increased welfare and a 
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lower cos t  of l i v ing .  l%e l a t t e r  r ay  be r e f l e c t e d  i n  lower labor  

cos t s  and thus have pervasive e f f e c t s  on o v e r a l l  economic development. 

The increased  production a l s o  may s u b s t i t u t e  f o r  c o s t l y  imports. Zowever, 

i n  eva lua t ing  t h e  e f f e c t s  of t h e  new g ra in  v a r i e t i e s  i r r  t he  noor coun- 

t r i e s  even these  conclusions mst be qua l i f i ed .  One nus t  judge whether 

o r  i ~ o t  he expects the  increased  output t o  r e s u l t  i n  increased  t o t a l  

supp l i e s  t o  consm-ers o r  vrhether they may be a considerable ex ten  d is -  

? l ace  g ra in  obtained c!leaply under concessional arrangenents.  L? some 

count r ies  t h e  p r i c e s  of ::rains have Seen q u i t e  h i d l  and subs id i e s  

s u b s t a n t i a l ,  17!1f c i ~  m y  have s t imula ted  some hi$-cost , meconolnic 

production. 

Y:ie people l e f t  '5ehind - 
41. The e f f e c t s  on inputs  may no t  a l l  be des i r ab le .  The 

mers of some inputs  w i l l  f i n d  t h a t  the  demand f o r  t h e i r  s e r v i c e s  

a r e  lessened,  a t  l e a s t  i n  t h e i r  present  uses. 

42. The developr.lent of t he  IICW g r a i n  v a r i e t i e s  i n p l i e s  a 

s h i f t  i n  tiie comparative advantage be tween areas  producing gra in .  

The i r r i g a t e d  areas  zmst s u i t a b l e  f o r  these  new v a r i e t i e s  ga in  an 

a d v a n t a ~ e  r e l a t i v e  t o  o the r  s r a i n  producing a reas ,  and the  m e r s  

of s u i t a b l e  resources w i l l  be beneff i ted .  To a considerable e x t e n t ,  

un less  taxed atray, t h e  b e n e f i t s  of these  developments ! . r i l l  tend 

t o  go t o  mrners of i r r i g a t e d  land. Tinose farmers who a r e  e a r l y  users  

of t h e  r.a; process w i l l  tend t o  b e n e f i t  from increased  production 

and extra income u n t i l  competition lower p r o f i t s .  Thus, those fanners  

who a r e  i n  a pos i t i on  (because of i r r i g a t i o n ,  l o c a t i o n ,  c r e d i t  
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a v a i l a b i l i t i e s  , knowledge, e t c  . ) t o  t a k e  advantage of t h e  new 

oppor tun i t i e s  may do very w e l l .  Those farmers t h o  a r e  not  i n  such 

pos i t i ons  w i l l  f i n d  t h a t  t h e  increased  competit ion reduces t h e i r  

market oppor tun i t i e s  and thus  causes then1 a d d i t i o n a l  d i f f i c u l t i e s .  

43. Tile tendency f o r  c e r t a i n  groups t o  be e s p e c i a l l y  b e n e f i t t e d  

m y  be accentuated i n  t h e  adoption of ne57 v a r i e t i e s  i n  some coun t r i e s  

because under Sovernment programs rcsources are concentrated i n  

subs id ized  "?acl:ages. " Elere has  been a  tendency f o r  t h e  packazes 

t o  Le ~ a d e  a v a i l a b l e  t o  those  regions o r  farmers where t h e  product ion 

response i t  l i k e l y  t o  be   re ate st. 

44. Generally,  in t h e  l e s s  developed coun t r i e s ,  t h e r e  

probably a r e  not good a l t e r n a t i v e  oppor tun i t i e s  i n  a g r i c u l t u r e  t o  

1~11ic;l thc d i s a d v a n t a ~ e d  resources can turn .  Sucl~ cons idera t ions  

suggest  t h e  ~ l e c e s s i t y  f o r  research t o  i nc rease  t h e  ? roduc t iv i  t y  

of rcsources not  j u s t  on one, o r  a f e s  products ,  bu t  on ~ i r a ~ y  y o d u c t s .  

They a l s o  i n d i c a t e  t he  necessity of ? o l i c i e s  t o  improve t h e  

p roduc t iv i ty  of l abo r  and t h e  o?era t ion  of t h e  l abo r  narke t .  It 

is d n o s t  m i v e r s a l l y  t r u e  i n  the l e s s  developed coun t r i e s  t h a t  t h e  

nonfarm s e c t o r  is not  ~ r o ~ ~ i n g  r a p i d b  enouzh t o  a:lsorb n large 

i n f l u x  of displaced farr.1 labor .  

45.  Lu none areas  t h e  success  wi th  the  new g r a i n  v a r i e t i e s  

11as e l ready  s t i n u l a t e d  cons iderable  investr1:ent i n  machinery, bu t  a  

l a c k  of ~ a c h i n e r y ,  e s p e c i a l l y  d r i l l s ,  t ; ~ r e s h e r s  and t h e  land  l e v e l i n g  

equipment !las Iield dmm y ie lds .  , p. 13 ,  1 In most developing 

coun t r i e s  t he  l abo r  f o r c e  i n  a g r i c u l t u r e  w i l l  cont inue t o  i nc rease  
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f o r  some decades and thus  a s t r a t e g y  f o r  a g r i c u l t u r a l  development 

which w i l l  promote labor-absorbing a c t i v i t i e s  w i l l  11e important .  

It has been suggested t h a t  tile labor-usine. - capi ta l - sav ing  approach 
- -- 

t o  a g r i c u l t u r a l  development followed i n  Japan and Taiwan provides 

a nodel  v11ich should be s t u d i e d  i n  r e l a t i o n  t o  t h e  " s e e d - f e r t i l i z e r  

revolu t ion ."  (g, p. 2) 

46 .  Tile inipl icat ions of t h e  above arguments a r e  no t  t h a t  

t e c 1 ~ n o l o ~ ; i c a l  development is  undesirable .  Tiley a r e  r a t h e r  t h a t  a 

few, very l i m i t e d  technologica l  changes cannot be expected by 

t i lenselves t o  give a g r e a t  impetus t o  economic development, whi le  

a p a r t i c u l a r  tec!mological c ; ran~e  may Zenerate cons iderable  s o c i a l  

d i s l o c a t i o n  and even discord.  S o ~ e  such d i f f i c u l t i e s  have apparent ly  

a l ready  been =soc ia t ed  v i t b  t h e  use  of t h e  new g r a i n  v a r i e t i e s .  

(2, P. 12) 

47. Tile developeci coui i t r ies  11ow 1:ave s e r i o u s  problems a r i s i n g  

from t h e  displacement of farm people by technologica l  developments. 

iiowever, t h e  developed count r ies  have been a b l e  t o  a f f o r d  high wel- 

f a r e  cos t s  f o r  some of such people and iiave had r ap id  growth i n  t h e  

nonfarm s e c t o r s  t o  absorb most of then. Ylley have a l s o  iiad r e l a t i v e l y  

good labor  r1arl:ets and a high l e v e l  of educat ion which tends t o  ~ m k e  

l abo r  t r ans f  e r ab le .  Technolopica1 changes a r e  i n e v i t a b l e  and 

e s s e n t i a l  f o r  economic development. dor?ever, t h e  poor coun t r i e s  do 

n o t  ;lave sll t h e  opt ions  of t?.le developed coun t r i e s  t o  so lve  t h e  

problenls caused I;y t h e  uneven inpac t s  of technologica l  changes. 
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Research t o  eva lua te  these  problems and develop p o l i c i e s  t o  solve 

them should have a high p r i o r i t y .  

I X .  The Outloolc f o r  Vorld Supply and Demand 

Short-run outlook f o r  LDC g ra in  exports  

4 ~ .  Current world supp l i e s  of g ra in  a r e  l a r g e  r e l a t i v e  t o  

deirand. I n  the  s h o r t  run t h i s  r e l a t i o n s h i p  probably w i l l  continue, 

b a r r i n g  widespread drought o r  r a d i c a l  c l~anges i n  pol icy.  It seems 

l i k e l y  t h a t  a c t u a l  g ra in  surp luses  o r  surp lus  capaci ty  t o  produce 

g r a i n  w i l l  continue t o  bear  down on export p r i ces .  I n  many coun t r i e s ,  

producer p r i c e s , a r e  well above export  p r i c e s ;  t h e  developed coun t r i e s  

i n  t h i s  category a r e  moving g ra in  i n  world t r a d e  with t h e  a i d  of 

subs id ies .  Can t he  l e s s  aeveloped count r ies  of Asia e n t e r  i n t o  

la rge-sca le  con~pet i t ion  i n  t h i s  r a r k e t ?  

49. A t  p resent ,  Tiiailand s tands  a lnos t  alone among l e s s -  

developed Asian coun t r i e s  as a ~ l a j o r  world expor ter  of gra in .  i71e 

bulk of Thai land 's  g ra in  is produced a t  r e l a t i v e l y  l o b 7  cos t  with 

modest cash inputs  and, consequectly , is  exported without subsidy.  

On the  o t h e r  I~and, s e v e r a l  Asim count r ies  producing t h e  new g ra in  

v a r i e t i e s ,  v i t h  assoc ia ted  high cash cos t s  of i npu t s  and high producer 

p r i c e s  r e l a t i v e  t o  export  p r i c e s ,  have a l ready encountered surplus- 

d i sposa l  pro t  lens .  

59. Aelat ively iligh producer p r i ces  have been incen t ives  

t o  the  adoption of t h e  new g ra in  technology which, i n  t u r n ,  has been 

p a r t l y  respons ib le  Eor tile accuniulation of expor table  su rp luses  i n  
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s e v e r a l  , h i a n  countr ies .  An a l t e r n a t i v e  t o  d i s incen t ive  p r i c e s ,  %could 

be  t o  keep producer p r i c e s  r e l a t i v e l y  high and subs id i ze  exports .  

3 u t  i t  appears t h a t  the present  Lap Letween producer and cxport  

p r i c e s  i n  rrany A s i a  count r ies  is 30 l a r ~ e  t h a t  cven some lowering 

oE .)roZucer ! ~ r i c e s  would s t i l l  r equ i re  l a rge  out lays  f o r  export  

su;>sidics. :;ere, tile e~rper ience  i n  Xexico may be re levant .  Tile 1968 

support  p r i c e s  f o r  wheat i n  Ind ia ,  Pakistan,  and Turlcey were sub- 

s t a n t i a l l y  above the  1959-65 support p r i c e  of d ~ e a t  i n  Ilexico, 

tdlicll renmined s t a b l e  a t  about $73 :>er me t r i c  t on  during t h a t  neriod,  

51. :ex ico  ::as the  :;ioneer i n  adoption of the vheat  v a r i e t i e s  

now beln; introduced i n  Asia and i n  1963/64 became a s u b s t a n t i a l  n e t  

e m o r t e r  of ~ ~ h l a a t .  l i l  1963/G4, vo-rld  hest st p r i ces  were at a. peak 

Lecause of the s h o r t  cron i n  the LiSS ?, and tile f .o.b. export  p r i ce  

of .kx ican  :rileat :?as only ai;out 5 percent  ?elox? tile : exican producer 

p r i ce .  i-;r subseque~lt  years ,  :?owever, t h e  zap widened s u j s t a n t i a l l y  

as m v o r t  p r i ces  f e l l  ancl _'e;iico vas turdened ~ r i t h  a l a rge  export  

subsidy. Since 1966, t :~e  Govern-xent :.as a l t e r e d  i t s  p r i c e  pol icy  

t o  favor a s h i f t  i n  acreage from s u r ~ l u s  wheat t o  those crops i n  

s h o r t  supply (such as s o r ~ h m  and oil.sceda) . rzmlcver, the  1966 

reduct ion i n  r~ ; .~ea t  support was not s u f f i c i e n t  t o  nmke expor ts  economic. 

Demand - self--suf  f  ic iency  

52. Several  recent  s t u d i e s  sugzes t  t h a t  production of food 

gra ins  i n  the  coun t r i e s  considered i n  t h i s  r epor t  m y  increase  a t  

a r a t e  of 4. t o  G percent  p e r  year.  (9, p .  13, 23, 27-23; $2, p. 13) 

On the o thc r  '?and, i t  is unl ike ly  t h a t  e f f e c t i v e  economic ciemand 

- 27 - 

BEST AVAILABLE COPY 



f o r  g r a i n  i n  m y  of  t hese  count r ies  w i l l  i nc rease  f a s t e r  than 4 percent  

p e r  year .  (Less than  3 percent  f o r  populat ion growth and perllaps 

1 percent  from r i s i n g  pe r  c a p i t a  incomes.) 

53. i nc rease  i n  e f f e c t i v e  derand is an e s s e n t i a l  s t imu lan t  

f o r  increased  supp l i e s .  Tl~us , a f t e r  reaching s e l f - s u f f i c i e n c y ,  i f  

supp l i e s  of g ra in  i n  t h e  poor coun t r i e s  grow f e s t e r  than domestic 

aerrand p r i ce s  v i l l  b e  depressed, unless  t he  i n t e r n a t i o n a l  market 

can absorb a d d i t i o n a l  increases .  It lras been suggested t h a t ,  because 

of t he  i n t e r r e l a t i o n s  between a g r i c u l t u r a l  ou tput ,  income and demand, 

!'. . . i n  e a r l y . s t a g e s  of development i nc reas ing  a g r i c u l t u r a l  product ion 

r ~ i l l  not  have a s t r o n g  e f f e c t  upon prices" .  I., . 76) This  

conclusion may n o t  b e  c o r r e c t  i n  tile case of l a r g e  inc reases  of 

p a r t i c u l a r  products i n  concentrated a reas  i n  poorly-organized 

markets,  d l i c h  desc r ip t ion  f i t s  many of t h e  s i t u a t i o n s  wherein t h e  

inc reases  of the  new v a r i e t i e s  have occured. Already t h e r e  have been 

p r i c e  dec l ines  tfhich i n  some cases  have been countered by government 

purchases. (2, p. 44-45) 

54. As a percent  of t o t a l  consumption, imports of g r a i n  i n  

most less developed count r ies  a r e  r e l a t i v e l y  s m a l l .  Suppl ies  growing 

f a s t e r  than demand cduld soon e l imina te  t he  need f o r  imports.  It 

s e e m  poss ib l e  t h a t  t he  l e s s  developed coun t r i e s  of Asia  can gene ra l ly  

becone s e l f - s u f f i c i e n t  i n  g r a i n  before  t oo  many years .  Turkey and I 

the  Ph i l i pp ines  a r e  nea r ly  s e l f - s u f f i c i e n t  i n  food gra ins .  Both 
'I 

Pakis tan  and I n d i a  p lan  t o  be  s e l f - s u f f i c i e n t  w i th in  a very few years .  
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Sel f -suf f ic iency  i s  not  necessa r i ly  a wise economic goal ,  however, 

t o  the ex ten t  t h a t  inlports of gra in  a r e  paid f o r  with sca rce  fore ign  

exc!r.2:l1::e, 'Iie concern f o r  s e l f - su f f i c i ency  is understandable. O f  

course,  most of tile imports of gra in  by these  countr ies  have been 

rnade a s  food a i d  with l a r g e  p r i c e  ~ ~ S C O U ~ ~ S .  S t i l l ,  t h e i r  nay be a 

d e s i r e  t o  ke f r e e  from the  uncer ta in ty  and r e s t r i c t i o n s  of l a r g e  

inlports of food a id .  ':he t i g h t e n i n s  of thc condit ions under which 

3.S. food a i d  is given undouhtedly provides an add i t iona l  s t imulus 

t o  the  r e c i p i e n t s  t o  decrease i t .  

The outlook f o r  i n t e r n a t i o n a l  ;;rain rlaricets 

55. The h igher  p r i ces  which held i n  tile i n t e r n a t i o n a l  r i c e  

u a r l ~ e t  i n  1357-6C may w e l l  things of t h e  pas t ,  and i t  s e e r s  l i k e l y  

t h a t  a c t u a l  surp luses  of vhea t ,  o r  surp lus  capaci ty t o  produce vhea t ,  

: . r i l l  Le bearing ~OV-LI on p r i ces  f o r  sonle time t o  come. Iri world 

marlrets, food ;<rains ?rave tended t o  be  a t  higher  I ) r ices  than feed 

g ra ins ,  p a r t l y  :~ecause  of govems~ieilt !lro:raxls s p e c i f i c a l l y  designed 

t o  Lc:~ef i t  food ;;rains. iilcreased , ;uppl ies  of food g ra ins  coming 

fror: tile ne:: developmei~ts . r i l l  iricrense the  prcssure on p r i ces  of 

food ;;rains rela ' i ive t o  feed :,rains. 

56. Tilere a re  nany unce r t a in t i e s  i n  t r y i n g  t o  look very f a r  

i n t o  the  f u t u r e  of world gra in  markets but  t h e r e  is  evidence t o  

suggest t h a t  even f o r  r i c e  and feed z ra ins  t h e  su rp lus  problen, 

although l e s s  acute  than f o r  wheat, m y  a l s o  prow. Thus, market 

pressures  v i l l  tend t o  depress the p r i ces  of g ra ins  ( e spec ia l ly  
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t h e a t )  from recent  l e v e l s  unless  o f f s e t  hy government ac t ions .  T!ie 

a c t u a l  balancing of supply and denand may be nade by var ious  coni-- 

b ina t ions  of ,qoverni,~ent program and market forces .  

57. Standards of l i v i r , ~  and consunption of 2raj.n probably 

v i l l  r i s e  throughout most of tile world includinf; uiost of tile l e s s -  

developed c o u ~ t r i e s .  1r1 the  l a t t e r ,  the  Der c a p i t a  gro:.:tii of con- 

sumption i n  ?enera l ,  and, of gra ins  i n  ? a r t i c u l a r ,  ~ 7 1 1 1  be slow, 

5 u t  t h e r e  i s  l i t t l e  evidence t o  support the  view t h a t  i n  the  next 

decade, apa r t  from poss ib l e  n a t u r a l  d i s a s t e r ,  t l iere  w i l l  be 

tendencies f o r  ~ .~orsening  food s i t u a t i o n s .  On t h e  o the r  hand, t h e r e  

w i l l  s t i l l  Pe m n y  undernourished people i n  the  v o r l d ,  people ~ h o  

are too poor t o  pay f o r  adequate n u t r i t i o n .  

58. A r a j o r  d j - f f i cu l ty  i n  fo recas t ing  f u t u r e  world g ra in  

marlcets is t':l.at t he  p o l i c i e s  of govenlmznts a f f e c t  t h e  ~ 7 o r l d  g ra in  

econony i n  nany and complex ways tiirougll p r i c e  support program , 

subs id i e s ,  taxes ,  t r a d e  agreements, food a i d ,  etc. Such government 

p o l i c i e s  !lave major e f f e c t s  on ~ r o d u c t i o n ,  u t i l i z a t i o n  and t r a d e  

i n  z ra ins .  !~ l t ? lou~h  t h e o r e t i c a l l y  t h e  e f f e c t s  of changing p o l i c i e s  

nay be analyzed by economic nodels ,  tile changes i n  p o l i c i e s  t h e ~ s e l v e s  

cannot 3e  predic ted  by cconomic anapjs i s .  The e c o n o d s t  must f a l l  

back on "asstnnptions':, 1.rhich o f t en  are of very  doubt fu l  v a l i d i t y .  

As t h e  world 's  b igges t  g ra in  producer and g r a i n  expor t e r ,  and t h e  
\ 

l a r g e s t  g i v e r  of food a i d  an3 o t h e r  kinds of a i d ,  t h e  pol icy  dec is ions  

of t h e  United S t a t e s  w i l l  be important i n  determining how world g ra in  

t r a d e  w i l l  a c t u a l l y  develop. 
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