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A Success i n  improving corn production has been achieved when a l l  fac tors  

i n  t h e  Cereal Welfere Formula presented by M r .  E .  Rice have been avai lable .  

These f ac to r s  are:  (1) p lan t  breeding research, ( 2 )  agronomic research, (3)  

seed production, (4)  d i s t r i bu t ion  of seed, f e r t i l i z e r ,  and pes t ic ides ,  ( 5 )  
education and t r a in ing  of l o c a l  research and extension s t a f f ,  (6) a vigorous 

extension program, (7) adequate c r e d i t  f a c i l i t i e s ,  (8) a t ranspor ta t ion  network, 

(9)  z marketing organization with f a i r  p r ices ,  (10) s torage f a c i l i t i e s ,  and (11) 

o f f i c i a l  government support and strong pa r t i c ipa t ion .  

A f u l l  s ca l e  systems approach has not been used with corn as yet ;  but t h e  

development of a management system including these  f ec to r s  should be most useful .  

The analysis  of  f ac to r s  presen t ly  ava i lab le  and the  i den t i f i ca t i on  of those 

f ac to r s  l imi t ing  improvement could g rea t ly  increase t h e  e f f ic iency  of  fu ture  

corn improvement programs by AID.  

Many of these f ac to r s  can be provided most e f f i c i e n t l y  by the  p r iva t e  

s ec to r .  Encouragement ~ n d  s t imulat ion of  the  pr iva te  sec tor  would be most 

des i rab le .  

Thailand has 90$ of  t he  corn hectarage i n  improved v a r i e t i e s  with average 

y ie lds  i n  excess of 2.5 tons/ha. The development of var ie ty-cross  hybrids 

responsive t o  f e r t i l i z e r ,  seed production and d i s t r i bu t ion  of these  hybrid 

v a r i e t i e s  by a commercial company, and the  expansion of c r ed i t  t o  increase t h e  

use of f e r t i l i z e r  should r e s u l t  i n  even grea te r  corn improvement. 

A l l  l a rge  s ca l e  farms i n  Kenya (approximately half  a re  now owned by Kenyans) 

are  now using hybrid v a r i e t i e s  and improved c u l t u r a l  p rac t ices  with average y ie lds  

of  2.8 tons/ha. I n  some areas  as many as  one four th  of t h e  small-scale farmers 

a r e  using t h e  package program f o r  corn improvement. The expansion of c r ed i t  

f a c i l i t i e s  and more vigorous e f f o r t s  by t he  extension serv ice  are  required t o  
. extend t h i s  program t o  addi t iona l  farmers. 

I n  Mexico the  corn improvement has reached the  large-scale farmer b u t  not 

t h e  small scale-farmers who are  i n  t h e  vas t  majority.  Seed production and d i s t r i -  
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bution by the  p r iva t e  sec tor ,  increased extension a c t i v i t y ,  and c r ed i t  a r e  

required t o  improve corn production on these small  farms. 

The f i rs t  hybrids had not been selected fo r  response t o  improved c u l t u r a l  

p r ac t i ce s  and f e r t i l i z e r  i n  Brazi l ,  bu t  the  Breeding Research Program haa changed 

t h e i r  pol icy and has developed v a r i e t i e s  wi th  g rea t e r  responses. F e r t i l i z e r  was 

not i n  wide sce le  use because of  lack of c r ed i t  t o  t h e  farmers and the  smaller 

p r o f i t  r a t i o  due t o  unresponsive hybrids and high t ranspor ta t ion  cos t s .  These 

f ac to r s  a r e  being corrected and t h i s  was re f lec ted  i n  t he  1968 production when 

the  e f f e c t  of a severe drought on t o t a l  production i s  taken i n t o  account. 

E l  Salvador i s  probably a l so  on the  verge of l a rge  increases i n  production 

i f  c r ed i t  can be provided f o r  t h e  increased use of f e r t i l i z e r .  An extensive 

AID sponsored demonstration program by the  extension serv ice  has resul ted i n  

30$ of t he  hectarage being planted t o  hybrid v a r i e t i e s  i n  1968; but with a very 

small increase i n  t he  use of f e r t i l i z e r .  A l l  f a c to r s  except c r ed i t  seem t o  be 

present .  
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I. The Crop 

1. Although improvement i n  corn production has not made the  headlines as has 

t h e  improvement of  o ther  cerea ls ,  progress i s  being made and the  po t en t i a l  in -  

creases i n  average y ie lds  a re  probably even grea te r  than with t he  small  g ra in  

cerea ls .  Corn i s  t he  bas ic  food crop of Central  and South Anerice and much of 

Africa; and hence, it deserves considerable a t t en t ion .  Reliable estimates of 

t he  area devoted t o  corn production and average y ie lds  with t h e  unimproved and 

improved v a r i e t i e s  a re  very d i f f i c u l t  t o  obtein.  Some very crude estimates a re  

given i n  Table 1. The est imates  from the  la rge  sca le  farms i n  Kenya a re  probably 

t h e  most r e l i a b l e  f i gu re s  avai lable .  Although average y ie lds  have doubled with 

t h e  adoption of t h e  package improvement program including hybrid v a r i e t i e s ,  im-  

proved agronomic p rac t i ce s  and f e r k i l i z e r ,  t he re  i s  s t i l l  t he  po t en t i a l  f o r  a 

f u r t h e r  doubling of t he  yields  with more a t t en t ion  t o  t h e  same f ac to r s  as point-  

ed out  l a t e r  on i n  t he  paper. 

2. With t h e  maize improvement i n  Kenya, a r a the r  l a rge  surplus  has been dev- 

eloped i n  t he  l a s t  two years.  I n  order  t o  be eble  t o  s e l l  t h i s  surplus on t h e  

world market, t he  Kenya government has been forced t o  reduce the  p r i ce  of maize 

f o r  growers from $58.10 t o  $43.50 per  ton  i n  1968 and $38.60 i n  1969. This has 

encouraged the  large-scale  farmers t o  devote only t h e  b e t t e r  areas  t o  corn and go t o  

a l t e rna t ive  crops--mainly pastures  with increased l ives tock  production. Although 

the small-scale farmers have been producing a t  a somewhat lower yield l e v e l  with 

t h e  unimproved v a r i e t i e s ,  there  i s  evidence t o  ind ica te  t h a t  they have a l so  been 

able t o  double t h e i r  y ie lds  with t he  package dea l  f o r  corn improvement. The in- 

creased acreage planted t o  hybrids by the  small sca le  farmers i s  shown i n  Table 2. 

This leveled o f f  somewhat i n  1968 because of t h e  reduction i n  p r i ce  as  wel l  as 

c r e d i t  and d i s t r i b u t i o n  problems. Although only 16 of  the  Kenya hectarage i s  i n  

hybrids, much of t h e  t o t a l  area i s  marginal land unsuited t o  corn. I n  many of 

the  areas  where the hybrids a re  adapted, 25% of  the  corn acreage i s  planted t o  
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Table 1. Estimates of current maize production and production pr ior  t o  the ava i l ab i l i ty  of improved va r i e t i e s  
i n  the countries under review. 

Country 
Unimproved Variet ies  Improved Variet ies  Hybrid Variet ies  Totel 

ha (thousands ) Yield ha (thousands) Yield ha (thousands) Yield he (thousands ) 

Kenya 
Large Scale 

1958-63 
1967-68 

Small Scale 
1958-63 
1967-68 

Mexico 
1949-53 
1964-68 

Thailand 
195 0 
1966-68 

Brazil 
1945-49 4413 1.29 0 -- 0 -.. 
1966-68 45 97 1.29 o -- 4500 1.45 9,097 

4,413 

El  Salvador 
1950-50 2 8  -88 - - - 0 - - 
1968 13 8 .88 - - - 6 0 2.26 198 

* Yields are  given i n  Metric Tons per hectare * This i s  a very ea r ly  drought escaping var ie ty  (~atumani A )  i n  a subsistence area where hybrids are not feas ib le .  



Table 2. Hectares of maize hybrids grown i n  East Africa 

--- -- 
Kenya --. 

Large S c ~ l e  Small Scale 
Farms Farms Tot a 1  Tanzania Uganda Ethiopia 

(ha) (ha ) (ha (ha ) (ha (ha ) 

1963 156 lt 160 
1964 11,400 700 12,000 4 8 -- - 
1965 22,200 8,100 30,300 2,150 2 5 -- - 
1966 25,500 15,390 40,800 50 12  -- - 
1967 55,500 46,700 102,200 100 20 160 
1958 40,600 52,300 92, ?@O 6,050 270 270 
1959 ( e s t )  35,400 54,700 31,100 11,700 ? 1, 890 

Because of  t he  drought i n  Kenya i n  1965 and the  subsequent shortage of  seed, export o f  hybrid seed 
rras severely r e s t r i c t e d  from October l g 5  t o  January 1967. 

Estimated from s a l e  of hybrid seed assuming 22.4 kg. of seed are  used t o  p l an t  a hectare .  



hybrids with the  associated improved cu l tu ra l  p rac t ices .  Table 2a shows the  

influence of  t h i s  on the  corn handled by the  Maize and Produce Board. 

3. Whereas Kenya has been able t o  move the  package program f o r  corn improve- 

ment i n to  the  small sca le  areas very successfully,  Mexico has not succeeded i n  

extending t h e  use of hybrid seed and the associated improved prac t ices  t o  t h e  

farmers o ther  than the  large-scale operators.  This accounts fo r  roughly 10$ of 

t h e  t o t a l  hectares planted t o  corn. Stakman, e t  a l .  i n  Campafgns Against Hunger 

s t a t e  t h a t  approximately 36% of t h e  corn erea i s  planted t o  improved v a r i e t i e s  

and synthet ics  i n  addition t o  t h e  10% i n  hybrids. I have ass~lmed t h a t  the  re- 

maining farners  have not changed t h e i r  average yield and t h a t  t he  average yield 

of  t h e  improved v a r i e t i e s  i s  approximately half t h e  yield ~f t he  hybrids. Using 

these assumptions and the  t o t a l  production, I have estimated the  average yieids  

of 1.35 tons/ha and 2.72 tons/hn f o r  t h e  improved and the hybrid v a r i e t i e s .  

4. Corn has only recent ly become a commercial crop i n  Thailand with the  develop- 

ment of t h e  market f o r  l ivestock feed i n  Japan. Even though hybrid v a r i e t i e s  

have not  been avai lable  there ,  very grea t  improvement has been obtained i n  corn 

production by t h e i r  small-scale farmers. An improved va r i e ty  of  the  type pre- 

ferred by the  Japanese market was selected from among several  introduced from 

Guatemala and elsewhere. Coming from a s imilar  ecological area,  t h i s  mater ial  

was r e s i s t a n t  t o  t h e  diseeses and pes ts  and gave 20-40% increases i n  y i e ld .  Some 

f e r t i l i z e r  has been used, but m o s t  of the  improvement has come throlrgh improved 

egronoxriic prectf  ces as it has In Kenya and Mexico. The development of var iety-  

cross 'hybrids and the increased use of f e r t i l i z e r  coiild pmbtlbly give an addition- 

a i  50$ t o  100$ increase in yie ld .  

5 .  Some ezt-lmates of .the t o t a l  current  po ten t i a l  production a re  s:mm f z r  t he  

countries under review i n  Table 3. Where tke  package of corn improvement prac t ices  

has been used, it hes been possibie  t o  obtain averages of  near!.y 3 tons/hs.  Hence, 

these po ten t i a l  production f igures  have been based on t h i s  f igure .  

6. Although 1,000,000 hectares of cGrn are grown snnuslly i_n Kenya,, it is 

f e l t  t h a t  with improved production per  acre t h i s  could be reduced t o  ebout 600,0@0 * 

hecteres snd the  remainder devoted t o  l ivestock production and a l t e rna t ive  crops. 

Even tinis could proauce nearly four times the  present surplus .  These f i w r e s  

ind ica te  t h a t  i f  an extensive e f f o r t  i s  mzde t o  increase corn produetian, provi- 



Table 28. Source of Maize purchased by k i s c  and Produce Board. 

Year 

h r g e  l o c a l  Farms Smal l  l o c a l  hrms T o t a l  

Fectsre g r o w  av. Yicld Production Hectare grown Production Production 
Hybrid Tota l  a/ha ( tons)  Hybrid ( tons)  ( tons)  



Table 3 .  Estimates o f  t o t a l  current and po ten t i a l  production f o r  countr ies  under review. 

Current Production Po ten t i a l  Production Surplus 
Hectares Yield Total tons Hectares Yield T o t a l t o n s  Current Po ten t i a l  

(thousands) (tons/ha) (thousands) (thousands) (tons/ha) (thousands) (thousands of t ons )  

Kenya 1 , 000 1.15 1,150 600 3 , o  1,800 245 900 

Mexico 7 , 770 1.16 9,013 7,770 3 - 0  23,310 954 22,003 

Thailand 498 2.56 1,275 600 3 . O  1,800 1,175 1,700 

Braz i l  9,097 1 -37  12,460 10,000 3 - 0  30,000 815 18,355 
E l  Salvador 198 1.21 257 200 3 - 0  600 ( -20 120 



sions must be made f o r  t h e  use of t h e  surplus crop o r  e l s e  some of t h e  areas  

must be directed t o  t he  production of  a l t e rna t ive  crops. 

7 .  The extent  t o  which corn improvement has progressed in the  f i v e  countr ies  

under reviev va r i e s  considerably. Even though Mexico and Braz i l  have not  been 

as successful  i n  obtaining t h e  improved y ie lds  with small-scale farmers as 

Kenye and Thailand have, t he  production exceeds food requirements and r e s u l t s  

i n  a surplus .  

8. Although a f u l l  sca le  systems approach was not used f o r  t he  corn improve- 

ment i n  Kenya, t h e  necessary f ac to r s  were made ava i lab le  as required. The bas i c  

research had been conducted by the  Ministry of Agriculture with t h e  ass i s tance  

of t he  B r i t i s h  Ministry of Overseas Development and t h e  Rockefeller Foundation 

and more recent ly  by t h e  AID-ARS Major Cereals i n  Africa Project  so t h a t  improved 

hybrid v a r i e t i e s  were avai lable  from the  breeding program. The agronomic r e -  

search had provided the  information necessary t o  obtain maximum economic y ie lds  

from these  v a r i e t i e s .  The p r iva t e  en te rpr i se  sec tor  was very s t rong so t h a t  t h e  

hybrid seed was produced and d i s t r i bu t ed  t o  t he  farmers a t  a very low cos t ,  ade- 

quate supplies of f e r t i l i z e r  were made avai lable  t o  a l l  farmers with a small 

f e r t i l i z e r  subsidy from t h e  Kenya government and an e f f ec t i ve  extension service 

used demonstration p l o t s  grown by progressive farmers within walking dis tance of 

most farmers i n  t h e  major corn producing ereas.  The Maize Produce and Marketing 

Board provided a ready market a t  a subsidized p r i ce  t h a t  made it p ro f i t ab l e  t o  

increase production and assured the  farmer i n  being able  t o  s e l l  h i s  crop and 

repay h i s  loan o r  recover expenses incurred with addi t iona l  f e r t i l i z e r  and pest-  

i c ide .  The e f f e c t  of t h i s  maize improvement program on t h e  nat ion 's  economy 

can be seen i n  Table 4 i n  which t h e  area under hybrid maize i s  shown as wel l  

as  t h e  volumn of maize handled annually by t h e  Maize and Produce Board. Kenya 

has moved from a country with cyc l ic  surpluses and def ic ienc ies  of corn t o  one 

of a l a rge  s t a b l e  surplus.  Although the  large-scale European farmers provided 
# t h e  nucleus t o  get  t h i s  expansion s t a r t ed ,  t he  small-scale formers a re  joining 

i n  t h e  improvement program i n  increasing numbers every year.  

. 
9. A I D  has contributed extensively t o  t h i s  corn improvement through t h e  educ- 

a t ion  and extension i n s t i t u t i o n s .  Although the  leadership i n  t he  research pro- 

gram has been provided by expa t r io t  personnel, t he  bulk of t he  research has been 

conducted by l o c a l  Kenya personnel t ra ined  e i t h e r  a t  t h e  Egerton Agriculture 



T a b l e  4 .  M a i z e  h a n d l e d  by  t h e  M a i z e  and 
P roduce  B o a r d  a n n u a l l y  ( t h o u s a n d s  o f  m e t r i c  
t o n s )  

H y b r  i d 
M a i z e  

Year Grown Pu rchases  E x p o r t  I m p o r t  
( h a )  ( t o n s )  ( t o n s ]  

a 1 s) (~housands 
( t o n s )  
(~housand s 

1959/60 150.8 9.1 o 

1960/6 1 144.2 0 .2  17.0 
196 1 /62  149.3 9.1 64.8 
1962/63 203.0  87 .0  9 

1963/64 0.1 97.5  53.1 o 

1964/65 12.1 106.4 o 13.5 
1965/66 30.3 134.0 9 191.8 
1966/67 40.8 228 .0  63.  1 o 

1967/68 102.2 325.6  27 1.4 o 

1968/69 ( 9 2 . 9 )  ( 3 1 8 . 0 )  ( 2 1 8 . 0 )  9 

( e s t  



College o r  overseas on scholarships provided by AID and o ther  organizations.  

The extension service has benefited g rea t ly  from the  overseas and l o c a l  t r a i n -  

ing programs f o r  t h e i r  s t a f f  members provided with AID ass i s tance .  

10. Thailand has a l so  made very grea t  progress i n  corn improvement i n  t he  short  

time i n  which t h i s  program has been i n  operation; and a l l  f ac to r s  necessary f o r  

corn improvement appear t o  have been present .  A l a rge  number of v a r i e t i e s  end 

hybrids were introduced and t e s t ed  and a superior v a r i e t y  from a s imi la r  ecolog- 

i c e 1  s rea  i n  Guatemala was selected f o r  seed increase.  Agronomic research was 

conducted and su i t ab l e  recommendations developed and presented by the  extension 

service.  The p r iva t e  s ec to r  was ac t ive  i n  seed production and d i s t r i bu t ion ,  

provision of c r e d i t ,  d i s t r i bu t ion  of  f e r t i l i z e r  and pes t i c ides ,  and marketing 

and t rcnspor ta t ion .  Approximately 90$ of the  corn hectarage i s  planted t o  t he  

improved v a r i e t y  with recommended c u l t u r a l  p r ac t i ce s  (except f e r t i l i z e r ) .  

11. The Thailand Corn Report gives four  causes f o r  events which have contributed 

t o  t he  increase i n  corn production i n  Thailand: "(1) The introduction and rapid 

spread o f  Guatemalan corn v a r i e t i e s ,  (2) the  construct ion of the Friendship High- 

va:r with t h e  subsequent opening of  the upper regions o f  t h e  cen t r a l  p l a i n  and 

the  northeast ,  (3) the  r e l a t i v e l y  successful cont ro l  of  malaria,  and (4)  t he  

a v a i l a b i l i t y  of t he  Japenese merket f o r  the  export of corn a t  p r i ce s  which a l low 

production incent ives ."  Probably a f i f t h  f a c t o r  should be added t o  these .  The 

presence of  a p r iva t e  en te rpr i se  s ec to r  which maZe the  necessary inputs  r ead i ly  

avai lable  t o  t he  small farmer, which provided 6 l a rge  amount of  c r ed i t  t o  t h e  

farmer and a l so  provided e ready market for  h i s  crop a t  a p r ice  t h a t  gave him a 

grea t  incent ive t o  increase production. AID was involved i n  some manner i n  a l l  

of these aspects .  AD3 i s  8;so pa r t i c ipa t ing  i n  t he  severa l  t r a in ing  centers  

end un ive r s i t i e s  i n  Thailand a s  n e l l  as providing funds f o r  overseas t r a i n i c g  of 

research and extension s t a f f  workers. The Thailand report  s t a t e s  "it can bes t  

be said t h a t  t he  United S t a t e s  inputs  i n t o  the  corn program a t  t he  time were t h e  

r i g h t  c a t e l y s t i c  agents.  " 

12. A t  t he  present  time only about 55 of the  corn crop i n  Thailand i s  f e r t i l i z e d .  

The TVA study s t a t e s  t h a t  conservative estimates give an expected increase of 5076 

over present  y ie lds  f o r  approximately 30$ of the  acreage i f  proper f e r t i l i z a t i o n  

p rec t l ce s  m e  followed. This ind ica tes  an o v e r a l l  15% increase i n  yield on e x i s t -  

in5  acreeges i s  e a s i l y  obtainable which would mean a crop of approximately 1 .4  



t o  1.5 mil l ion metric tons.  The development of  hybrid v a r i e t i e s  would give even 

g rea t e r  responses t o  f e r t i l i z e r  and a t t en t ion  t o  f ac to r s  such as e a r l y  p lzn t ing  

and plant  populations would probably r e s u l t  i n  an even grea te r  increase i n  y ie ld .  

13. Although the  work i n  corn improvement has been going on f o r  more than 20 

years end has enabledMexico t o  produce a surplus above the  food requirements 

of t h e  country, the  number of Mexican farmers t h a t  have achieved increased pro- 

duction and a re  benefi t ing from the  extensive breeding and agronomic research 

programs conducted by the  Ministry of Agriculture and ClMMYT i s  extremely small. 

Tr~o major f ac to r s  seem t o  be inadequate--the extension program f o r  small-scale 

f ermers and a pr iva te  en t e rp r i s e  s ec to r  i n  seed production and the  d i s t r i bu t ion  

o f  seed, f e r t i l i z e r ,  and pes t ic ides .  

14. Stakman, e t  a l .  in Campaigns Against Hunger (p.  70 and 71) give the  follow- 

ing ststement,  "Hybrid corn, however, which has been avai lable  f o r  18 yeers,  has 

come t o  occupy only 14$ of  Mexico's corn acreage, and t h i s  i s  a r e a l  disappoint- 

ment when compared with t h e  progress i n  t he  United S t a t e s .  There, i n  a s imi la r  

18 year period, from 1933 t o  1951, hybrid corn expanded t o  80 percent  o f  t h e  

t o t a l  acreage, including even the  smallest  farms. But i n  t he  United S t a t e s  pro- 

gress  wzs stimulated by the  compebition of p r iva t e  en te rpr i se .  For various reasons 

t he  Mexican government preferred t o  maintain complete control  of production and 

d i s t r i bu t ion  o f  improved seed, and p r iva t e  en t e rp r i s e  was excluded. One conse- 

quence has been t h a t ,  once hybrid corn became establ ished on the  l a r g e r  farms 

managed by the  mre progressive farmers, expansion slowed down. Hybrid seed i s  

not yet reeching the  small farmer i n  Mexico i n  subs t an t i a l  amounts, and it pro- 

bably never w i l l  u n t i l  p r iva t e  en t e rp r i s e  i s  a l l o ~ ~ e d  a p a r t  in i t s  promotion." 

15. Since t he  wri t ing of t h i s  book, t h e  Mexican government has not enforced the  

po l i cy  of  a government monopoly i n  seed production as  s t rongly and p r iva t e  compan- 

i e s  are  nanaging t o  en t e r  t h i s  f i e l d  a t  t he  present  time. I f  they are  permitted 

t o  continue t o  provide t h i s  service it i s  expected t h a t  they may be able t o  

g r e a t l y  a s s i s t  i n  t he  fu r the r  expansion of  production i n  Mexico. 
I 

6 On page 207, Stakman, e t  a l .  a l so  pointed out t h a t  it was f a i r l y  easy t o  

reach a small c lass  of r e l a t i v e l y  a f f luen t  farmers vhich operate t he  l a rge r  high- 

l y  mechanized farms with good land much of which i s  under i r r i g a t i o n .  They a l so  

indicated t h a t  more e f f ec t i ve  extension e f f o r t s  a re  required t o  increase maize 

production on the  small farms. 



17. " A t  t he  other  extreme i s  the grea t  majority of the farmers-impoverished, 

i l l i t e r a t e ,  isolated,  suspicious of s t rangers .  Their farms generally are  small, 

the s o i l  poor and often worn out by centuries of mismanagement, the  farming meth- 

ods laborious, pr imit ive,  and t r a d i t i o n a l .  These farmers seldom t r a v e l  any d i s -  

tance away from home, so extension workers have t o  go t o  them. Because t h e i r  

resources are so limited, they cannot afford t o  experiment with new methods; f a i l -  

ure of the  experiment could mean no food a t  a l l .  They and t h e i r  famil ies  usually 

consume nost of the  crops produced, s e l l i ng  only a small surplus, should there 

be one, i n  order t o  buy the  few necess i t ies  they cannot produce themselves." 

18. "&tension work with these  farmers i s  much more expensive than with the 

prosperous ones because it must be intensive and thus requires  more extension 

agents per uni t  of farm area. Because most of these farmers cannot read, an 

' agent must v i s i t  them. Because they do not t r a v e l  f a r ,  demonstrations must be 

made in t h e i r  own neightborhoods; t h a t  i s ,  there  must be many demonstrations f o r  

r e l e t ive ly  small groups. Because they have had l i t t l e  o r  no schooling and are 

firmly bound by t rad i t ion ,  it may take  a long time t o  persuade them t o  t r y  new 

nethods and materials.  Because t h e i r  resources are limited and they usually 

l i v e  i n  the  more i so le ted  communities, supplying them with t h e  goods and services 

required by new prac t ices  tends t o  be both d i f f i c u l t  and expensive. And because 

each farm i s  small and produces but l i t t l e ,  the  ne t  increase t o  the  nat ional  

agr icu l tura l  product w i l l  likewise be small even a f t e r  a l l  the  above conditions 

have been met. In a country with limited resources, therefore,  e f f o r t s  t o  im-  

prove agriucl ture should not begin with t h i s  class  of  farmers, but ne i ther  should 

they cease u n t i l  these farmers have been serviced ef fec t ive ly .  The record shows 

t h a t  many individual small farmers have been helped by sk i l led  extension agents 

t o  make notable improvements. Such work can and should be done, but  it takes 

both t h e  and money." 

19. The r a t e  of progress in corn improvement i n  Brazi l  has also been slower 

than one might hope fo r .  The following information has been extracted from the  

Brazi l  report :  "Work on the  production of hybrid corn i n  Brazi l  began i n  the 

1950's. By 1955 hyhrid corn seed was being offered t o  farmers on a commercial 

scale,  and by 1958 approximately 40$ of the  corn planted i n  the more important 

areas (cent ra l  and Southern Rrazi l )  was e i the r  hybrid o r  synthet ic  va r i e t i e s .  

However, t h i s  increase i n  the use of hybrid seed has not resul ted in noticeable 



improvement i n  na t iona l  l e v e l s  of y ie ld  per  hectare." 

20. "By f a r  t he  most e f f ec t i ve  means of t he  d i s t r i bu t ion  of  hybrid seed corn 

i n  Braz i l  has been t h e  promotion campaigns of  t he  p r iva t e  company, Sementes 

Agroceres S .A. Programs of  government d i s t r i bu t ion  general ly  have been d is -  

continuous and seldom have been of su f f i c i en t  magnitude t o  meet po t en t i a l  needs. 

I n  some cases, government produced seed was offered t o  farmers a t  p r ices  lower 

than those preva i l ing  f o r  common corn. Usually the farmer regarded t h e  low p r i c e  

of  corn as being correspondingly low qua l i t y  and used it f o r  purposes o ther  than 

plant ing.  " 

21. "When y i e ld s  of hybrid corn and comon v a r i e t i e s  are  compared under farm 

conditions i n  t h e  semiarid northeast  Braz i l  t h e  b e t t e r  hybrids usually average 

about 105 g rea t e r  than common corn. I n  cont ras t ,  i n  areas of moderate f e r t i l i t y  

i n  sout'nern and cen t r a l  Brazi l ,  hybrid corn usual ly  produces about 20 t o  3@1 more 

than comon v a r i e t i e s .  Ra infa l l  i s  usually adequate f o r  corn production i n  these  

areas .  I n  cases where adequate f e r t i l i z e r  appl icat ions and appropriate cu l tu ra l  

p rac t ices  are  used i n  cen t r a l  Brazi l ,  the  b e t t e r  hybrids o f t en  y ie ld  twice common 

corn v a r i e t i e s .  Corn yields  above 100 bushels/acre (6.3 tons/ha) occur rou t ine ly  

i n  experimental f i e l d s  using hybrid seed." 

22. The p o t e n t i a l  f o r  increased y i e ld  l eve l s  from t h e  use of corn hybrids has 

not been rea l ized  on a large scale  i n  Braz i l  p r imar i ly  due t o  t he  lack  of adequate 

s o i l  f e r t i l i t y .  I n  o ther  words, t he  improved v a r i e t i e s  were introduced without 

t he  package dea l  involving the  improved c u l t u r a l  p r ac t i ce s  such a s  e a r l y  p lan t -  

ing, proper p l an t  population, and f e r t i l i z e r .  

23. The e a r l y  hybrids were developed t o  increase y i e ld s  under l o c a l  conditions 

and were not p a r t i c u l a r l y  responsive t o  f e r t i l i z e r .  The pol icy  of t h e  research 

department has changed so t h a t  t h e  newer hybrids have been selected f o r  a response 

t o  improved environmental conditions.  

24. llIn Braz i l  AID s t ra tegy  has been t o  a s s i s t  i n  developing, carrying out ,  and + 

f inancing a balanced t o t a l  ag r i cu l tu ra l  program. A s  such it par t ic ipa ted  ac t i ve ly  

i n  m s t  aspects of t h e  program. These included: (1) University and sub-university 

t r a i n i n g  of ag r i cu l tu ra l  people, (2)  pa r t i c ipan t  t r a i n i n g  of adminis t ra tors  a t  

a l l  l e v e l s  (3) a l a rge  sca le  research program aimed a t  solving key l imi t ing  f ac to r s  

t o  production expansion including crop v a r i e t i e s ,  f e r t i l i t y ,  nu t r i t i on ,  management, 

peqt control ,  and marketing, (4)  improvement i n  methods f o r  ge t t i ng  farmers t o  



adopt nm? p rac t i ce s ,  (5 )  development of improved p rac t i ce s  a f fec t ing  production, 

marketing fann supplies,  seeds, e t c . ,  and (6)  c r e d i t  expansion t o  meet development 

needs. The program was aimed a t  es tab l i sh ing  t h e  development needs, determining 

l o c a l  capaci ty  and f i l l i n g  i n  where t he re  were major missing elements of any kind." 

25. The expanded use of corn hybrids t h a t  has occurred i n  Brazi l  has been ac- 

complished pr imari ly  by t h e  p r iva t e  en t e rp r i s e  sect ion.  With increased avai l -  

a b i l i t y  of f e r t i l i z e r  *om a new p l an t  a t  Santos ( b u i l t  wi th  A I D  ass i s tance)  and 

o ther  sources it i s  expected t h a t  l a rge  quan t i t i e s  w i l l  be used on corn with t he  

r e su l t i ng  increase i n  production i f  t h e  extension serv ice  and p r iva t e  sec tor  w i l l  

promote t he  package deal .  Lack of c r ed i t  has a l so  l imited any expansion i n  t h e  

use of f e r t i l i z e r ,  but  a program t o  expand c r ed i t  i s  underway. 1968 production 

eoualled production i n  1966 and 1967 desp i te  a severe drought in 1968. 

26. A l l  f a c t o r s  leading t o  t h e  improved corn production i n  E l  Salvador were 

present  by 1964 except t h a t  extension a c t i v i t i e s  and c r ed i t  f a c i l i t i e s  needed 

strengthening. A mass f e r t i l i z e r  demonstration program under t h e  d i rec t ion  of 

D r .  B. J. B i rdsa l l  was sponsored by AID i n  1965-67. Demonstration p l o t s  of .04 

hectares  Tiere used i n  which hybrid seed and a l l  recommended c u l t u r a l  p r ac t i ce s  

were used. The method was e s s e n t i a l l y  t he  same as t h a t  used i n  Kenya, except t h a t  

t h e  inputs  were given t o  t he  farmer ra ther  than requir ing him t o  purchase them a t  

commercial r a t e s .  It i s  s t i l l  too e a r l y  t o  assess  t h e  e f fec t iveness  of t h i s  pro- 

@xi, but  the  s a l e  of hybrid seed has increased rap id ly  with 1009 tons being sold 

i n  1968 compared t o  1-00 tons i n  1963.  his i s  su f f i c i en t  seed t o  p l an t  approximate- 

l y  30$ of t h e  hectarage i n  E l  Salvador. The na t iona l  average y ie ld  has been going 

up slo%;ly, but t he re  was no sharp increase f o l l o ~ i i n g  t h i s  extensive program. A l -  

though t h e  use of hybrid seed has increased, t he  use of  f e r t i l i z e r  does not appear 

t o  be increasing accordingly. Credi t  i s  probably t h e  biggest  f a c t o r  involved i n  

t h i s  and now appears t o  be t h e  l imi t ing  f a c t o r  f o r  f u r t h e r  l a rge  increases i n  pro- 

duction. 

11. - Corn Improvement i n  Developing Countries (~anagement ) 

27. I n  a l l  instances  where grea t  increases i n  average corn y ie lds  have been ob- 

ta ined  with t he  use of  new hybrid o r  synthet ic  v a r i e t i e s ,  t h e  l a r g e s t  contr ibut ing 

f a c t o r  t o  these  increases i n  yield have been the  improved agronomic p rac t i ce s  and 

not t h e  improved v a r i e t y  i t s e l f .  Research workers i n  a l l  countr ies  have long 

real ized t h a t  it i s  t he  agronomic p rac t i ce s  t h a t  are  so extremely important, but  

it has been impossible t o  get  these p rac t i ce s  adopted without t h e  stimulus of 

an -improved va r i e ty .  The reluctance of t he  s m a l l  s ca l e  farmers t o  adopt t he se  

improved prac t ices  had lead t o  t h e  conclusion t h a t  corn improvement was not pos- 



s i b l e  f o r  these  small-scale farmers. Kenya and Thailand have shown t h a t  t h i s  

conclusion i s  f a l s e  f o r  corn, and several  other  countries have produced sim- 

i l a r  demonstrations with the  dwarf wheat and r i c e  v a r i e t i e s .  Where these i m -  

provements have been obtained, the  psychology used t o  ge t  t he  package program 

adopted and the  p r i ce  incentive seem t o  be the  most important aspects.  Each 

p a r t  o f  t he  package program produces only a very small improvement; and i f  t he  

farmer can not e a s i l y  see t h e  r e s u l t s  of t he  improved prac t ice ,  he i s  re luc tan t  

t o  adopt it. Hence, attempts t o  obtain imprwement with only one aspect such 

as  an improved va r i e ty  i s  probably a waste of time and funds. But when a l l  t h e  

des i rab le  prac t ices  a r e  combined i n  a package program, the sum of the  p a r t s  plus 

the  in te rac t ion  t h a t  of ten  r e s u l t s ,  produces such grea t  improvement t h a t  a fa r -  

mer can not help but be impressed i f  he i s  given the  opportunity t o  see the  re-  

s u l t s  on h i s  own farm o r  on a comparable neighbor's rarm. This pack~ge  program 

inevi tab ly  includes f e r t i l i z e r ,  improved seed, and pes t ic ides  which involve t h e  

expenditure of funds. Hence, t he re  must be an adequate p r o f i t  margin t o  induce 

him t o  spend funds t o  increase production. 

28. The inputs included in  the  formula f o r  cerea l  welfare by M r .  E. Rice s r e  

a l l  necessary f o r  t h i s  package dea l .  I would l i k e  t o  consider each aspect of 

these inputs as  they a f f ec t  maize improvement. I have assembled t ab l e s  and f ig-  

ures from several  sources and unfortunately the uni t s  of measurement a r e  not the  

same. For the most p a r t  metric un i t s  have been used where 1 quin ta l  ( q )  = 100 

kg = 0 . 1  ton. ~ b s / a c r e  and kg/ha a re  very s imi la r  ( 1  kg/ha = .892 lbs/acre)  f o r  

readers not fami l ia r  with the  metric system. 

REEXARCH 

29. A more useful breakdown from a research worker's point  of view would be 

Plant  Breeding Research and Agronomic Research. A sound research program in- 

cludes both bas ic  and adaptive pro jec ts .  But the  research i t s e l f  f a l l s  Fnto the  

category of breeding o r  agronomic prac t ices ,  each of which requires  a d i f fe ren t  . 
s t a f f  and project  or ien ta t ion .  

Breeding Research 

30. Breeding research i s  the  foundation of corn improvement. Although agronomic 

prac t ices  w i l l  usual ly  give g rea t e r  increases,  it i s  usually not possible  t o  ge t  

t h e  small-scale farmer t o  change h i s  agronomic prac t ices  unless you have some s o r t  

of lever .  An e f f ec t ive  extension program properly oriented can convince him t h a t ,  

l i k e  a new crop, t h i s  new v a r i e t y  can not be handled i n  the  t r a d i t i o n a l  fashion. 



31. Synthetic va r i e t i e s  and var ie ty  crosses produced from very divergent source 

materials have a wide range of adaptation and can often be used over wide areas 

within similar ecological zones. The factors  t h a t  seem t o  deternine adaptation 

i n  corn are a l t i tude ,  length of r a i n f a l l  season, daylength, and diseases and 
4 

pests .  Corn breeding centers should be operating i n  each of the  main ecological 

zones i n  Africa, Asia, and South America. Formerly the Rockefeller Foundation 

and now CIMMYT has a major Internat ional  Program of Maize Improvement centered 

i n  Mexico City with additional programs i n  Colombia, Thailand, Nigeria, and Kenya. 

Any expansion i n  maize breeding should be i n  close cooperation with CIMMYT u t i l -  

izing t h e i r  experience and resources. 

52. The AID-ARS major Cereals i n  Africa Project i s  an example where it has been 

necessary t o  supplement CIMMYT' s a c t i v i t i e s .  Although improved va r i e t i e s  and 

hybrids had been developed i n  Kenya pr ior  t o  the  i n i t i a t i o n  of t h i s  project ,  the  

AID-ARS research has increased the eff iciency of the previous program and ex- 

tended the  results throughout Eastern Africa. 

33. The t r ad i t iona l  inbreeding and hybridization method of corn improvement i n  

the  U.S. made large i n i t i a l  gains, but has made very l i t t l e  progress i n  more 

recent years. ' Basic quanti tat ive genetic s tudies i n  the U.S. have shown t h a t  

the development of corn populations (var ie t ies)  and population improvement 

through recurrent select ion must be the basis  of modern breeding programs. The 

project  i n  Kenya has been most useful in obtaining information on how t o  increase 

the eff iciency of recurrent selections and which methods are most ef fec t ive  under 

d i f ferent  conditions. This information has been disseminated throughout Eastern 

Af'rica and t o  Nigeria; and the breeders working i n  the national programs are 

making use of t h i s  information with a great increase i n  the  effectiveness of t h e i r  

breeding programs. Since corn is a major food crop i n  East Africa, most of the 

countries have national breeding programs with varying levels  of e-xperience and 

s ize  of projects .  Kenya was chosen as the location of the AID-ARS research act- 

i v i t i e s  because of the strong maize breeding program of the Kenya government 

assisted by the Rockefeller Foundation and the Rr i t i sh  Mini.stry of Overseas Dev- 

elopment. The contribution by AID has not only strengbhened Kenya1 s program; h r t  

as  mentioned above, has had a big influence on the programs of surrounding coun- 

t r i e s .  As Kenya has been able t o  provide her own maize breeders, the  former Kenya 



maize breeder, M r .  Harrison, has now been employed by CIMMYT a s  the  Regional 

Maize Coordinator. The success of t he  regional program has been due t o  the  

close cooperation of t he  AID-ARS and CIMMYT personnel. 
b 

34. A few of the  r e s u l t s  from the Kenya and Mexican breeding programs w i l l  

i l l u s t r a t e  t h a t  large improvement can be made i n  corn va r i e t i e s .  I n  most dev- 

eloping countries the  improvement has been even grea ter  than i n  Kenya where the  

large scale European farmers had done considerable va r i e ty  improvement on t h e i r  

own farms by mass selecU on p r io r  t o  the  i n i t i a t i o n  of the  breeding program by 

the  Kenya government i n  1955. The r e s u l t s  of t he  y ie lds  from the  nat ional  maize 

va r i e ty  t r i a l s  i n  1566 and 1567 are  sbwn i n  Table 5. Kitale  I1 was the  f i r s t  

synthet ic  var ie ty  developed and i n  previous t r i a l s  has proved t o  be 7' t o  8$ super- 

i o r  t o  the  bes t  farmers s t r a i n s  i n  use i n  European farming areas.  ~ 6 2 2  and ~ 6 3 2  

are a double cross and a three-way cross hybrid developed by the  t r a d i t i o n a l  in- 

breeding and hybridization method and they show the  usual 25-30$ super ior i ty  

over the  parenta l  v a r i e t i e s .  The va r i e ty  cross hybrids ~ 6 1 1 ~  and ~ 6 1 3 ~  show 

similar o r  even grea ter  superiori ty .  . A s  evidenced f romthe  experience i n  the  

U.S., and Rhodesia, it would be very d i f f i c u l t  by t r a d i t i o n a l  breeding methods 

t o  produce fu r the r  improvement over ~ 6 2 2  and ~ 6 3 2  by select ing new double crosses 

o r  three-way crosses from the  same breeding material.  However, a variety-cross 

hybrid can be used t o  make avai lable  t o  the  farmers the  improvement i n  t h e  par- 

e n t a l  v a r i e t i e s  obtained by recurrent  select ion.  The f i r s t  variety-cross hybrid, 

~ 6 1 1 ,  i s  t he  cross  of Kitale  I1 and Ec. 573. Ec. 573 i s  a race col lect ion f r o m  

Ecuador from t h e  race Monteno. Ec. 573 was improved by 1 cycle of se lec t ion  i n  

the  AID-ARS breeding method evaluation program t o  produce Ec. 573 ( ~ 1 )  C 1  and 

Kitale II lwas the  next cycle of select ion by Mr.  Harrison. Kitale  IIl x Ec. 573 

( ~ 1 )  C 1  (H6lJ.B) shows a 16 super ior i ty  over the  o r ig ina l  611. Figure 1 i l l u s -  

t r a t e s  the improvement t h a t  was made i n  the  AID-ARS reciprocal  recurrent  s e l -  

ect ion program. Since Ec. 573 was an unadapted var ie ty ,  very grea t  improvement 
L 

was made i n  the  f i r s t  cycle of select ion,  but l e s s  improvement is expected i n  

subsequent cycles. However, quanti ta t ive genetic theory indicates  t h a t  s imi lar  

Improvement can be made f o r  a r a the r  la rge  number of cycles. Hence, an ef fec t ive  

breeding program w i l l  produce even grea ter  genetic superiori ty  of synthet ics  and 

1::ihrj.d~ over the unimproved v a r i e t i e s  previously available t o  the  loca l  farmers. 



Tab le  5.  Y i e l d s  o f  t h e  N a t i o n a l  Maize  

V a r i e t y  T r i a l s  i n  Kenya ( q / h a )  

Var i e t y  Mean 
( 4 9 )  

$ of  
K i t .  11 



Cycles of Selection 

Figure 1. Improvement i n  Kitale 11, Ec.  573 and 611 by 1 cycle of 
recurrent select ion under average conditions a t  6100 f e e t .  



Similar progress has been made i n  V520C (~uxpeno ) i n  Mexico by mass se lec t ion  

as shown i n  Figure 2. But t h i s  improved va r i e ty  has not been u t i l i zed  i n  var- 

i e t y  cross hybrids as  ye t .  Thailand introduced an improved var ie ty ,  Tiquisate 

Golden F l i n t ,  developed a t  t he  Tropical Research Center i n  Antigua, Guatemala 

from a va r i e ty  cross--Cuban Yellow F l i n t  x Guatemalan Dent. Further improvement 

i n  yield and percentage f l i n t  kernels a re  being achieved by recurrent  se lec t ion  

i n  the  Thailand Research Program. The possible use of t h i s  mater ial  and other  

mater ial  i n  variety-cross hybrids i s  a l so  being invest igated.  

35. Figures 3 and 4 i l l u s t r a t e  the value of t he  basic  invest igat ions by the  

AID-ARS program. Under conditions t h a t  e x i s t  a t  Kitale  i n  which 3 seasons can 

be obtained i n  2 years with dry season i r r i ga t ion ,  S1 t e s t i n g  i s  considerably 

m r e  e f fec t ive  than fu l l - s ib  t e s t i ng .  However, i n  conditions t h a t  e x i s t  a t  

Mwanza, Tanzania, where they can ge t  2 seasons each year with i r r i g a t i o n ,  f u l l -  

s i b  se lec t ion  becomes much more e f f ec t ive  than S t e s t i n g .  
1 

36. The Comprehensive Breeding System proposed by Eberhart , Harrison, and Ogada 

( ~ e r  Zuchter 37: 169-174. 1967) gives f l e x i b i l i t y  i n  t h a t  both improved synthet ic  

v a r i e t i e s  and hybrids can be produced from the same breeding program. There i s  

considerable debate whether o r  not improved synthet ic  v a r i e t i e s  o r  hybrid var- 

i e t i e s  should be used i n  corn improvement programs. "In Kenya and i n  most countries 

where maize has been the t r a d i t i o n a l  food crop, very l i t t l e  improvement has been 

obtained i n  corn production u n t i l  t he  hybrids have been brought i n  as  a lever  t o  

stimulate improvement. I n  cont ras t  t o  t h i s  Thailand i s  now ge t t i ng  very good 

average yields  f r o m  the  introduced Guatemalan F l i n t  v a r i e t i e s .  But corn was not 

a basic  food crop i n  Thailand, and, consequently, t he re  was not t he  problem of  

changing the t r a d i t i o n a l  methods of production. Hence, as acreage of Guatemalan 

F l i n t  v a r i e t i e s  was expanded t o  meet the  new market f o r  l ivestock feed i n  Japan, 

t he  farmers could be encouraged t o  use improved cu l tu ra l  p rac t ices  i n  new areas .  

But t he re  is  now a major breeding program i n  Thailand under the  d i r ec t ion  of b. 
Ernest Sprauge of  CYMMIT and s t a f f  o f  several  l o c a l  Thailand research workers. 

The development of hybrids with a grea te r  response t o  improved cu l tu ra l  p rac t ices  

can r e s u l t  i n  even grea te r  increases i n  average production, i f  these a re  used 

as  a lever  t o  stimulate t he  fu r the r  use of f e r t i l i z e r  and higher p lan t  populations.  

37. When the  seed i s  e f f i c i e n t l y  produced by a p r iva t e  company, the  addi t ional  

cos t  per acre o f  hybrid seed over unimproved o r  improved seed from a neighboring 

farm i s  very small compared t o  the  t o t a l  cos t  of production with f e r t i l i z e r s .  



Cycles of selection 

Figure 2 . Improvement of V520C through 7 cycles of mass selection 
k.om evaluations with 20 replications in 1965, 1966, end 1967. 

Extracted from the 1967-68 C= Report 
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Figure 4. Expected annual gain in KCA with 2 seasons per year. 



I f  the  farmer has t o  spend money f o r  seed, he f e e l s  t h a t  t h i s  i s  a valuable crop 

which requires  considerable a t ten t ion :  i . e . ,  the  hybrid must go on h i s  be s t  land 

and have f e r t i l i z e r ,  it must be e a r l y  planted with t h e  proper p l an t  populations,  

clean weeded, e t c .  On the  o ther  hand, i f  he ge ts  h i s  seed from h i s  own f i e l d  o r  

from h i s  neighbors (even though it is an synthe t ic  v a r i e t y  with considerable pot- 

e n t i a l  when grown under t h e  same agronomic condi t ions)  there  i s  nothing spec i a l  

about it because it costs  l i t t l e  o r  nothing ex t ra  and he soon r eve r t s  t o  the  t rad-  

i t i o n a l  methods of production. This tendency t o  r eve r t  t o  t h e  t r a d i t i o n a l  meth- 

ods can be overcome t o  a c e r t a i n  extent  i f  the  improved synthet ic  v a r i e t y  has 

d i s t i c c t ~ ~ r e  morphological characters  such a s  dwarfness of  t h e  wheat and r i c e  var- 

i e t i e s  o r  as  t he  Katamani corn synthet ics  i n  Kenya. These Katamani synthet ics  

were much shor te r  ana e a r l i e r  and were very d i s t i n c t i v e  from t h e  previously 

grown l o c a l  v a r i e t i e s .  Hence, t h e  extension serv ice  was able  t o  e s t ab l i sh  t h i s  

as  a "new cropv t h a t  required d i f f e r en t  agronomic p rac t i ce s  than t h e  01-d v a r i e t i e s  

even though seed was saved from the  previous crop. 

38. Once hybrids have been introduced and they are  being u t i l i z ed ,  it i s  very 

simple t o  ge t  new improvements i n  t h e  hybrids t o  t h e  people. When the re  i s  an 

e f f ec t i ve  breeding program producing gene t ica l ly  superior var ie ty-cross  hybrids 

every one o r  two years t h i s  aspect becomes very important. Also hybrids make 

it very much e a s i e r  t o  produce mater ia l s  with improved n u t r i t i v e  value such as 

high lys ine  corn which w i l l  be avai lable  wi th  t he  opaque-2 and floury-2 hybrids. 

This i s  a l so  t r u e  with t h e  disease r e s i s t a n t  v a r i e t i e s  which a r e  developed t o  

combat the  spread of new diseases .  

39. The development and introduct ion of high lys ine  corn v a r i e t i e s  i s  an extremely 

important program f o r  Africa and South America where corn i s  t h e  bas ic  food crop. 

As soon as these new hybrids have been developed they can be used as  t he  lever  t o  

ge t  t h e  improved cu l tu ra l  p rac t ices  adopted. These v a r i e t i e s  w i l l  provide good 

promotional mater ia l  f o r  launching a corn improvement campaign. Care must be ex- 

e rc i sed ,  however, t o  make su re  t h a t  the  t a s t e  and tex ture  a re  acceptable and t h a t  

t he se  new v a r i e t i e s  a r e  t r u l y  adapted. 

40. A s  pa r t  of  t he  regional  maize corn improvement program, t he  CYMMIT reg iona l  

coordinator and the  AID-ARS maize gene t i c i s t  obtained t h e  cooperation of  a l l  corn 

research workers and establ ished the  Eastern African va r i e ty  t r i a l s  i n  1966. It 

has been expanded even fu r the r  i n  1967, 1968, and 1969. The r e s u l t s  from the  



1567 t r i a l  a re  shown i n  Table 6. Below 6,000 f e e t ,  the  Kenyan hybrid ~ 6 3 2  and 

the Zambian en t ry  SR52 (a  s ing le  cross developed by ~ h o d e s i a )  have given uniformly 

superior performance and have g rea t ly  out yielded a l l  l oca l  farmer's va r i e t i e s .  

SR52 i s  sold only i n  Rhodesia and Zambia, but t h e  Kenya Seed Company has been 

expanding t h e i r  sa les  e f f o r t  g rea t ly  and have been s e l l i n g  ~ 6 3 2  i n  Ethopia, Tan- 

zania, Uganda and even more recent ly have investigated t h e  p o s s i b i l i t y  of s e l l i n g  

seed i n  t he  Eastern Congo. Above 6,000 f e e t  the  Kenya va r i e ty  cross  hybrid 6 1 3 ~  

w i l l  give t h e  best  yields  and i s  recommended wherever t h e  r a i n f a l l  season i s  long 

enough. H511 was developed by t h e  AID-ARS maize gene t i c i s t  a t  Ki ta le  f o r  areas 

having a  shor te r  growing season than the  ~ 6 3 2  o r  ~ 6 1 3 ~  require .  This medium- 

maturity va r i e ty  cross hybrid was released i n  Central Kenya only 3  years a f t e r  

i n i t i a t i o n  of  the p ro j ec t .  Yields i n  t h e  East African va r i e ty  t r i a l  were very good 

fo r  t he  most p a r t ,  indicat ing t h a t  other  fac tors  such as l a t e  plant ing,  low p lan t  

populations and l eve l s  of f e r t i l i t y  were not l imi t ing  the  expression o f  t h e  pot- 

e n t i a l  o f  t he  improved va r i e ty .  The one exception t o  t h i s  i s  perhaps Uganda 

where addi t ional  agronomic research and more carefu l  a t ten t ion  t o  t he  yield t r i a l s  

i s  required t o  ge t  t h e  maximum po ten t i a l  from the  improved v a r i e t i e s .  

41. A s imi la r  regional  t r i a l  has been establ ished i n  West Africa by D r .  J. 

Craig a t  Ibadan with t h e  AID-ARS Major Cereals i n  Africa pro jec t .  Results from 

4  locat ions i n  1967 are  given i n  Table 7. No hybrids are  current ly avai lable  i n  

Western Africa and the  yield leve ls  a t  a l l  locat ions are  extremely poor indicat ing 

t h a t  other  agronomic prac t ices  are  also l imi t ing  y ie lds .  Considerable agronomic 

research i s  required t o  i den t i fy  these  l imi t ing  fac tors  and t o  f ind economic meth- 

ods of removing these l imi ta t ions .  The AID-ARS team a t  Samaru, Nigeria i s  making 

considerable progress i n  t h i s  area.  

42. Similar t r i a l s  are being conducted in Central America under CIIMYT coordin- 

a t ion.  Results from 15 locat ions i n  6 countries i n  1965-66 are  given i n  Table 

8. Yield leve ls  are  moderately high with considerable super ior i ty  over the l o c a l  

unimproved va r i e ty  f o r  a l l  maturity groups. 

Agronomic Research 

43. Most administrative and research personnel without experience i n  developing 

countries assume t h a t  the only requirements f o r  increased corn production a re  an 

improved var ie ty  and f e r t i l i z e r .  The e r ro r  i n  t h i s  assumption has been demonstrated 

3:. +he invest igat ions conducted by M r .  A .  Y. Allan on several  farms near Kl ta le ,  



* 
TaSlc 6 .  Yields (a/ha) from the Eastern hfrican Variety Tria l  in 1967. 

- 
Centr Western Western 

Ethiopia (3) Uganda (8) ' , Kenya g) Kenya (3 Kenya (4) Weighted 

m-of 
11200-1500m 1 1800-2100m irve r age 

Variety b c a l  mean Sg of mean $ of mean of mean 3 of 
b c a l  b c a  1 b c a l  b c a l  

m- 11 
SV 28 
b c e l  syn. 
b c a l  
Katumani 

37.9 80 
37.7 79 
50.5 106 
47.5 loo 
42.2 89 

4.0.0 l34 
37.5 129 
33.1 U 
29.1 loo 
31.0 107 

* 
Reconcended h y b r i d s  are under l ined .  SR 52 is not availdale in East Bfrica 



Table 7. Yields (lbs/acre) of 1967 West African uniform maize t r i a l  ent r ies  a t  
4 locations. 

Entry 
Upper 

Origin Senegal Dahomey Volta Nigeria Mean* 

Composite 
Jaune D' Ina 
Me s s a yomb a 
Aldiobla 
Mais Blanc 
NS 5 
NS 4 
NS 1 
Darsalam 
rn 10 
Jaune F l in t  
De Sar ia  

Dahomey 
Vpper Volta 

Upper Volta 
Nigeria 
Nigeria 
Nigeria 
Upper Volta 
Senegal 

Upper Volta 

- - -  

2750 a 
2678 ab 

2520 ab 
2432 ab 
2372 abc 
2233 abc 
2224 bc 
1890 cd 

1617 d 

23 02 

Weans tha t  do not have an alphabetical l e t t e r  i n  common are signif icantly 
different  a t  the 5% level .  Means tha t  have an alphabetical l e t t e r  in common 
are not signif icantly different  a t  the 5$ level.  



Table 8 . Results of regional t r i a l s  grown a t  15 locations i n  6 Central 
American countries. 

Variety 

- 

Origin 

- - - - - 

Yield Days t o  $ of 
~ o n s / h a  flower1 t e s t e r 2  

Late 

Hibrido semi-cristalino 
H-507 (check) 
H-1 Experimental 
Twrpeno Synthetic 
Diacol 154 
b e y  T-66 (yellow) 

Intermediate 

Composite E .S .1 
H- 5 
H-4 (check) 
Yellow Composite 
H-3 Experimental 
Nic a r i l l o    ello ow ) 
Composite E .S .2 

Early 

H-3 
H-1 (check) 
Early Composite 
Synthetic 2 
Local Variety 

Mexico 
Mexico 
Venezuela 
Honduras-Mex. 
Colombia 
b e y  Seed Co. 

El Salvador 
E l  Salvador 
E l  Salvador 
El  Salvador 
Honduras 
Nicaragua 
E l  Salvador 

E l  Salvador 
Nicaragua 
Honduras 
Nicaragua 
each country 

-- --- - - - 

1 Averages for f i r s t  planting cycle (spring) fo r  1965-1966. 

2 Averages within the  three groups of variet ies-- late,  intermediate and early.  

Ektracted from the 1966-67 CIMMYT report.  



6 Kenya. This was o. 2 f a c t o r i a l  t r i a l  involving: (1) hybrid va r i e ty  versus l o c a l  va r i e ty  

(2)  ea r ly  versus l a t e  plant ing,  (3) good stand versus poor stand, (4) c lean weed- 

ing versus 1 l a t e  weeding, (5)  56 kg/ha of P 0 versus none, and (6) 78 kg/ha of 
2 5 

nitrogen versus none. The r e s u l t s  are  given i n  Figure 5. Even though the low 

l eve l s  were chosen t o  simulate t he  farmer's conditions,  the  yield obtained i n  

the  s i x  t r i a l s  i n  1966 averaged 1.97 tons/ha compared t o  the  na t iona l  averege 

of approximately 1.1. ' The use of hybrid seed, ni t rogen,  and phosphorous f e r t i l i z e r  

only resu l ted  i n  an increase o f  1.3 tons/ha giving a net  p r o f i t  of $16.13 per  hec- 

t a r e .  I n  cont ras t ,  e a r l y  p lan t ing  with t he  proper p lan t  population and clean 

veeding (even with the  unimproved v a r i e t y )  resul ted i n  a yield increase of  2.92 

tons/ha and an addi t iona l  p r o f i t  o f  $117.00 per  hectare .  The b ig  i n t e r ac t i on  

f a c t o r  i s  seen in t h a t ,  once good agronomic prac t ices  have been adopted, t h e  use 

of hybrid seed and f e r t i l i z e r  gives 3.14 tons increase i n  yield compared t o  1.30 

with unimproved ag r i cu l tu ra l  p rac t ices .  The hard work required f o r  ea r ly  plant ing,  

good stands and clean weeding gives 2.92 tons/ha increase i n  yield f o r  t h e  un- 

improved v a r i e t y  and no f e r t i l i z e r ,  but 4.76 tons/ha with a hybrid v a r i e t y  and 

f e r t i l i z e r .  

44. The f u t i l i t y  of  using nitrogen f e r t i l i z e r  without ea r ly  p lan t ing  i s  shown 

i n  Figure 6 .  I f  plant ing i s  delayed 5 weeks a f t e r  t he  beginning of t h e  r a i n  

(as was o f t en  done i n  ~ e n y a ) ,  t he re  i s  no y ie ld  increase from the  nitrogen. I n  

cont ras t  t he re  i s  a very gree t  response t o  nitrogen with t h e  e a r l y  plant ing.  

Figure 7 shows e f f e c t  of time of plant ing on y ie lds  of the  unimproved va r i e ty  

Muratha e t  Ehbu i n  seasons of high and low r a i n f a l l .  Figure 8 shows the  res -  

ponse obtained from 511 t o  increasing p lan t  populations compared t o  no response 

i n  t he  Xuratha var ie ty .  Figure 9 i l l u s t r a t e s  the  increased response t o  nitrogen 

from the  hybrid va r i e ty  ( ~ ~ 5 2 )  over an unimproved v a r i e t y  i n  yield t r i a l s  con- 

ducted i n  Zambia. Figure 10 shows a s imi la r  response t o  p lan t  populations.  

Figure 11 shows the  grea te r  response obtained from hybrid compared t o  a l o c a l  

va r i e ty  over a wide range of environmental conditions i n  Tanzania. Super ior i ty  

of  ~ 6 2 2  i s  much grea te r  when the  average v a r i e t i e s  i n  t h e  t r i a l  are  yielding 60 

quin ta l s  compared t o  the super ior i ty  a t  16 quintals  pe r  hectare .  

45. To fu r the r  i l l u s t r a t e  t h e  importance of agronomic-entomological research 

a s  p a r t  o f  t he  package deal,  the  r e s u l t s  obtained by the AID-ARS en tomlog i s t  

and s o i l  s c i e n t i s t s  a t  Serere,  Uganda, with sorghum a re  shown i n  Figure 12. With 

z high l eve l  f o r  in fes ta t ion ,  there  was only a small uneconomic response t o  n i t -  



Unimproved Maize Pmduct ion 
(western Kenya) 

6 Figure 5. Extracted from a 2 Dis t r i c t  Husbandry t r i a l  gmwn a t  
6 locations near Kitale i n  1966. 

3.2'7 tons/ha 
a l l  4.89 tons/ha 

$56.55 extra return f acpors $127.02 extra return 
40.42 cost 
$i?Tj net 

.74 cost 
net \ w / 

Impmved Maize Product ion 
8.03 tons/ha 

$263.61 extra return 



F i g . 6  Response  t o  d e l a y  i n  p l a n t i n g  o f  
Kenya H y b r i d s  i n  1966 ( 2 )  a n d  i n  
1967 ( 4 )  n e a r  K i t a l e .  
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Weeks a f t e r  s t a r t  of r a ins  

Figure 7, Effec t  of time of planting on y ie lds  of Muratha 
at Embu 

Figure 8. Response of Muratha and H 511 t o  increasing plant 
populations at 6 locat ions in Central Frovhce in 
1967 
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Figme 9 . Response of va r i e t i e s  t o  N a t  Lundazi, 
I Zambia in 1966/67 

Thousands of Plants per hectare 

F'igure 10. Responsc of va r i e t i e s  t o  plant population 
a t  Lundqzi, Zambin in 1966/67 
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Figure 12. Response o f  a sorghum variety t o  f e r t i l i z e r  in the presence and 
absence o f  s t e l k  borers (chi10 partellus) at  Serere, Uganda i n  
1968. Results f r o m  t r i a l s  conducted by K .  Starkes and G.  Schumaker. 



mgen o r  phosphorous. I n  cont ras t ,  when t h e  borers  were control led t he re  was a 

very la rge  response. If a program of ce rea l  improvement were launched i n  t h i s  

area with a package dea l  of  a new introduced v a r i e t y  (without borer  res i s tance) ,  

f e r t i l i z e r ,  p l an t  populations,  e t c ;  and i n  t h a t  p a r t i c u l a r  year  there  was a heavy 

in fe s t a t i on  of s t a l k  borers ,  t h e r e  would be a very disasterous r e s u l t .  A t  Kano, 

Nigeria, a f e r t i l i z e r  f a c t o r i a l  t r i a l  was a complete f a i l u r e  i n  1967. I n  1968 
when lime was included, a response of 580$ was obtained from nitrogen and 1409 

from potassium; but  the  maximum yield was s t i l l  only 1 .9  tonslha.  A sound re- 

search program and adequate na t iona l  and regional  evaluat ion programs a r e  essent-  

i a l  t o  solve such problems and t o  develope the  recommendations f o r  t h e  package 

program. 

45. The agronomic research inves t iga t ions  a t  Ki ta le  have now proceeded t o  t he  

s tage t h a t  a l l  of  t h e  c u l t u r a l  f a c t o r s  a f fec t ing  y ie ld  have been iden t i f i ed  and 

corrected and now a t t en t ion  i s  given t o  determining the  optimum l e v e l  of  f e r t i l -  

i z e r .  Only th ree  elements have shown t o  be e s sen t i a l :  nitrogen, phosphorous, and 

su l fu r .  I n  t h e  pas t ,  t h e  su l fu r  has been supplied as  p a r t  of  t he  s ing le  super- 

phosphate and amnium-sulphate  -n i t r a t e .  However, i n  1968 commercial companies 

had g rea t ly  expanded operat ions i n  Kenya and were s e l l i n g  mixed f e r t i l i z e r s  com- 

posed of  di-ammonium phosphate with calcium-amonium-nitrate applied as  a top 

dressing. Since s u l f u r  is not  included i n  these  f e r t i l i z e r s  t he re  have been 

some crop f a i l u r e s  on newly plowed land in Kenya i n  1968 even though generous 

l eve l s  of  N and P 0 were used. However, t he  agronomist promptly i den t i f i ed  t h e  
2 5 

source o f  the  t rouble  and gave recommendations t o  prevent t h i s  from happening 

again i n  1969 and even i n  time t o  save some f i e l d s  i n  1968. 

47. On the  c l ay  s o i l s  on 10 farmer's f i e l d s  near  M t .  Elgon, t he  na tu ra l  l eve l s  

of phosphorous seem t o  be adequate f o r  extremely high yields .  Hence, t h e  recomen- 

dat ion i s  only t o  replace phosphorous used by the  corn crop. The response t o  

varying r a t e s  of ni t rogen from 0 t o  220 lb s l ac re  a r e  shown i n  Figure 13. The 

optimum economic r a t e s  a re  shown when ni t rogen cos t s  a re  $ .126 and $ .098 per  l b .  

Kenya had been subsidizing phosphate f e r t i l i z e r s  previously bu t  with t h e  recent 

reduction i n  p r i ce  of corn f o r  the  farmers t o  251- pe r  bag ($38.60/ton) the 

government has increased the  f e r t i l i z e r  subsidy. The cost  of  ammonium sulphate- 

n i t r a t e  t o  t he  farmer i s  reduced from $74.73/ton t o  $67.45 by a 9.79 subsidy. 

Single superphosphate i s  reduced from $54.25 t o  $38.84 wi th  a 28.49 subsidy. An 

economic response t o  both N and P with an NP i n t e r ac t i on  was obtained on 18 



LBS MTROGEN TOPDRESSING PER ACRE 

FIG* 13 NITROGEN RESFQNSE ON 10 CLAY SOILS, ON OR NEAR MT . EIIION, KITAM, KENYA, 1 m .  



farmer1 s f i e l d s  i n  o ther  p a r t s  of Trans Nzoia with sandy red s o i l s .  The response 

surface i s  shown i n  Figure 14  and Table 9 gives information on economic l eve l s  

and po ten t i a l  p r o f i t .  These r e s u l t s  suggest t h a t  although average y ie lds  i n  t he  

Trans Nzoia are  only 2.8 tonslha,  these could e a s i l y  be doubled with carefu l  

a t t en t ion  t o  cu l tu ra l  p rac t i ce s  (as  was done i n  these  t r i a l s )  and m r e  generous 

appl icat ions o f  f e r t i l i z e r .  

48. Extensive t r i a l s  of a s imi l a r  nature have been conducted i n  Mexico by CIMMYT. 

Excellent responses t o  nitrogen were obtained f o r  s i t e s  with adequate r a i n f a l l  a s  

shown i n  Figure 15. Yields without nitrogen gave lower y ie lds  than i n  Kenya but  

maximum yie lds  were not as  high. 

Research-Extension Lieison 

49. I n  many countries t he  coordination between research and extension a c t i v i -  

t i e s  i s  not as close as  might be desired.  This i s  sometimes caused by the  f a c t  

t h a t  they are i n  completely d i f f e r en t  minis t r ies  o r  i n  d i f f e r en t  agencies within 

a ministry.  The AID-ARS Major Cereals Project  i s  planning t o  a s s i s t  i n  t h i s  area 

by assigning agronomists i n  ce r t a in  countries with r e spons ib i l i t i e s  i n  t h i s  area.  

Often t h e  research organization has adequate f a c i l i t i e s  f o r  t he  development o f  

improved v a r i e t i e s ,  but lacks the  means t o  obtain evaluations in the  major corn 

growing areas i n  t h e  country. This agronomist would be responsible f o r  making 

arrangements with the  Ministry of  Agriculture f o r  f a c i l i t i e s  t o  conduct these 

t r i a l s .  He would be responsible f o r  preparing the  t r i a l s  and summarizing the  

r e su l t s .  This would include t h e  evaluation of t he  improved v a r i e t i e s  and deter-  

mining optimum cu l tu ra l  p rac t ices  t o  obtain maximum economic y ie lds  from these  

improved v a r i e t i e s .  Once these  r e s u l t s  become avai lable  he would be expected t o  

present t he  information t o  the  extension personnel, t o  a s s i s t  i n  making the  re -  

commendations f o r  t h e  "package program" t h a t  would be used i n  t h e  demonstration 

p lo ts ,  and t o  a s s i s t  t he  exkension service i n  any way possible .  

OTHER PHYSICAL INPUTS - 
Seed, F e r t i l i z e r s  and Pes t ic ides  - 

50. Once the basic  research has progressed f a r  enought t o  have avai lable  an i m -  

proved hybrid corn va r i e ty  and information on agronomic research as  t o  t he  economic 

l eve l s  of each f ac to r  t h a t  are  required t o  obtain e f f i c i e n t  production, t h e  avai l -  

a b i l i t y  of  seed, f e r t i l i z e r ,  and pes t ic ides  becomes most important. I have t rans-  
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FIG, 14  NITROGEN AND PHOSPHATE BESPONSES ON 18 SANDY CLAY S O I L S  M THE T W  NZOIA, KITALF, KENU, in 1968. ;-1 - 



TABLE 9. FERTILIZER RESPONSES ON 10 CLAY SOILS, ON OR NEAR MT. ELGON 

- 

a )  N costs/70 ($.0g8) per l b .  and corn s e l l s  for  251-per bag ($38.60/ton o r  $.98/bu) 

Money available f o r  Recommended Bedicted yield Increase i n  gross Increased p rof i t  $ P m f i t  from 
nitrogen per acre. N increase return per acre. per acre. nitrogen usage 

Shs Dollars Lbslacre Kg/ha Bagslacre Tons/ha Shs Dollars Shs Dollars 

501 - ($7*00) 71 80 11 2.47 275 $38050 225 $31.50 450 
1001 -($14.00) 142 159 17 3.81 425 $59.50 325 $45.50 325 

Economic optimum 134 191 214 20 4.48 500 $70.00 366 $51.24 273 
($18.77) 

b ) Nitrogen costs/80 ($ .112) per  l b  . 

501 - ($7.14 . ! 63 71 10 2.24 250 $35.00 200 $28.00 400 
loo/- ($14.29 125 140 16 3.58 400 $56.00 300 $42.00 300 

Economic optimum 131 187 210 2 0 4.48 500 $70.00 369 $51.66 282 
($18.35 

c ) Nitrogen cost  6/90 ($ .I26) per l b  . 

501 - ($7014) 56 63 9 2.02 225 $31.50 175 $24.50 350 
1001- ($14.29) 111 I24 15 3 036 375 $52.50 275 $38.50 2-75 

Economic optimum l.27 182 204 19 4.26 475 $66.50 248 $48.72 274 
($17 79 

$1.00 = 7/14 Shs; 1 ton/ha = 4.464 bagsjacre; 1 kg/he = -893 lbs/ecre 

N.B. There were no signif icant  phosphate responses on these s o i l s  end therefore it i s  recommended tha t  phosphate be - 
applied a t  r a t e s  adequate t o  replace the phosphate removed i n  the crop. Suggested ra tes  are 20 lbs/acre P 0 where 

2 5 the expected f i e l d  i s  below 20 bags/ac*, and UP t o  40 lbs  P 0 per acre a t  hlgher gield levels .  Phosphate costs  ere = 
not included i n  the following table ;  the phosphate cost i s  rggzrded es  an "overhead cost here. 
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Figure 15. Response t o  N from 76 fer t i l i zer  t r i a l s  in  Central Mexico when 
the response was not limited by drought during 1962-1965. 

Extracted from the 1967-68 C m  Report. 



fe r red  seed t o  t h i s  sect ion from "Ins t i tu t ions"  f o r  Corn a s  pr iva te  en t e rp r i s e  

i s  required f o r  hybrid seed production. 

51. A l l  of these inputs  have been provided by commercial companies i n  Kenya i n  

a most e f f i c i e n t  manner. I n  Mexico and Brazi l ,  seed production has been under 

governmental cont ro l  with very l i t t l e  success. The production of hybrid seed 

i n  Kenya has been with a p r iva t e  company from t h e  beginning. The Kenya Seed 

Company had been establ ished previously by a group of l o c a l  large-scale Eur- 

opean farmers t o  make avai lable  the  improved grass  seed being produced by the  

Grasslands Research S ta t ion .  This company subsequently expanded t o  include sun- 

flower seed (grading and exporting) so t h a t  it was a simple matter t o  expand the  

operat ion fu r the r  i n  1963 t o  include hybrid corn seed. With t h e  rapid develop- 

ment of t h e  hybrid corn indus t ry  in Kenya, seed corn is  now t h e  l a r g e s t  depart-  

ment. m e n  though they were granted a monopoly by the  Kenya government t o  en- 

courage them t o  produce the  hybrid corn seed i n i t i a l l y ,  p r o f i t s  a re  held a t  a 

moderate l e v e l  by a jo in t  p r i ce  policy. Their  e f f ic iency  of operation i s  suf- 

f i c i e n t l y  grea t  so t h a t  they a re  ab le  t o  d i s t r i b u t e  hybrid seed a t  probably t he  

lowest p r i ce  avai lable  any place i n  t h e  world ($228.30/ton o r  $5.80/bu. ) . The 

seed i s  a l l  grovn by large-scale farmers (~u ropean  and ~ e n y a n )  on contract  under 

the  seed c e r t i f i c a t i o n  program control led by t h e  Kenya government. Marketing i s  

done through the Kenya Farmer1 s Association and Dalgetys, Inc. i n  Kenya and more 

recent ly  with Tanzania Farmer1 s Association i n  Tanzania and through the  Ethiopian 

Building Supplies and Technical Company i n  Ethiopia.  These same companies a l so  

s e l l  and d i s t r i bu t e  f e r t i l i z e r  and pes t ic ides  throughout these  countr ies  i n  addi t ion 

t o  severa l  addi t iona l  i n t e rna t iona l  f e r t i l i z e r  companies t h a t  have establ ished 

branch sa l e s  organizations i n  Kenya. They have arrangements with small shop 

keepers i n  the  r u r a l  areas  t o  stock and s e l l  t he  seed and f e r t i l i z e r .  

52. Thailand has chosen t o  use a synthet ic  v a r i e t y  i n  t h e i r  corn improvement 

program and have been successful  i n  organizing an e f f i c i e n t  seed production and 

c e r t i f i c a t i o n  program. Each year Breederls Seed from t h e i r  mass se lec t ion  . 
breeding programs i n  t h e  Research Department is  made avai lable  t o  qua l i f ied  

p r iva t e  seed producers. Those f i e l d s  meeting the  c e r t i f i c a t i o n  standards a re  

c e r t i f i e d  by the  government and the  growers are  permitted t o  s e l l  t h i s  c e r t i f i e d  

seed through p r iva t e  o r  government channels a t  116 of  t h e  regular  commercial 



pr i ce .  

5 3 .  With t h e  small-scale farmer one of  t he  biggest problems t h a t  must be solved 

before he w i l l  adopt the package dea l  f o r  corn improvement i s  t o  have the  inputs 

e a s i l y  avai lable  t o  him and a l so  t o  have a read i ly  avai lable  market f o r  surpluses.  

The seed and f e r t i l i z e r  i s  o f t en  transported from the  small shop t o  t he  farmer's . 
home by means of bicycle,  wheelbarrow, t r a c t o r  with a farm t r a i l e r ,  and even on 

t h e  wife 's  back. Hence, t he  source of supply must be r e l a t i v e l y  close t o  the 

f armerl s f i e l d  . 
54. It i s  easy t o  devise a system on paper whereby these services  a re  provided 

by the  extension service equal ly  as wel l  as by pr iva te  en t e rp r i s e .  However, i n  

p rac t i ce  one seldom f inds  the  government employees w i l l i ng  t o  give such pro jec t s  

t h e  a t t en t ion  required fo r  t h e i r  success. On the  o ther  hand, t he  p r o f i t s  f o r  

the commercial companies and t h e i r  salesmen depend on t h e  volume of  f e r t i l i z e r  

and seed sold e spec i a l l y  where t he re  i s  competition between b o  o r  th ree  companies. 

Selesmen and promotional personnel employed by these companies may be much more 

e f f ec t i ve  i n  i n s t ruc t ing  the  farmers as t o  t h e  c u l t u r a l  p r ac t i ce s  required t o  

ge t  improved production with t h e  new v a r i e t i e s  and f e r t i l i z e r s  than t h e  extension 

s t a f f  employed by t h e  government. Some of t h e  best  extension s t a f f  and research 

personnel have already been hired by these commercial companies as salesmen with 

extension r e spons ib i l i t i e s  i n  Kenya. 

55. Tanzania has been working f o r  several  years now t ry ing  t o  ge t  a government 

seed production i n s t i t u t i o n  establ ished with l i t t l e  success. I n  cont ras t ,  t h e  

Kenya Seed Company is making very rapid advances i n  t h e i r  s a l e s  of  hybrid seed 

throughout Kenya and more recent ly  i n  Tanzania. They are  now planning t o  h i r e  

an addi t iona l  s t a f f  member t o  aid i n  t he  expansion of s a l e s  i n  Tanzania. 

. The p r iva t e  sec tor  has a l so  been responsible f o r  making avai lable  t h e  bulk 

of  the  cash inputs f o r  the  corn improvement program i n  Thailand. F e r t i l i z e r  and 

insec t ic ides  a re  avai lable  through the  l o c a l  d i s t r i bu to r s .  The l a rge r  d i s t r i b u t -  

o r s  are,  i n  addi t ion,  carrying on t r a in ing  programs f o r  dea le rs  and have developed 

through these dea le rs  a type of extension service f o r  t he  d i s t r i bu t ion  of t h e i r  

products. Seed i s  general ly  avai lable  in v i l l age  merchant s to res ,  from the  Minis- 

t r y  of Agriculture,  o r  is  saved f r o m  previous crops. 

$7. I n  many of t he  developing countr ies  p r iva t e  en t e rp r i s e  sometimes requires  

ass i s tance  i n  order t o  ge t  es tabl ished i n i t i a l l y .  The grant ing of  long-term loans 



and f i nanc i a l  guarantees t o  companies under ce r t a in  circumstances might be a much 

more economical and e f f i c i e n t  use of funds than giving grants  t o  governments i n  

order  t o  develop seed i n s t i t u t i o n s  i n  t he  Minis t r ies  of Agriculture t o  undertake 

seed production and d i s t r i bu t ions .  Kenya Seed Company and Zambia Seed Producers 

Association are  b i g  a s se t s  t o  Eastern Africa and can expand g rea t ly  i n  t he  fu tu re  , 

i n  t he  absence of t a x  o r  import r e s t r i c t i o n s  on t h e  p a r t  of other  East Afr ica  

countr ies .  Influence by A D  t o  discourage such r e s t r i c t i o n s  could be most helpful .  

The companies handling t h e  c o m e r c i a l  f e r t i l i z e r  a re  a l so  b ig  asse t s .  Phosphorous 

f e r t i l i z e r s  a re  manufactured l o c a l l y  by a p r iva t e  company i n  Uganda. Several com- 

panies have f e r t i l i z e r  sa les  organizations i n  Kenya, Tanzania, and Zambia and t o  

a l imited extent  i n  Ethiopia. These operations can e a s i l y  be expanded a s  the  

market develops f o r  addi t ional  f e r t i l i z e r .  With the  world surplus  of  ni t rogen a t  

the  present  time, it i s  much more economical f o r  these  countr ies  t o  import t he  

nitrogen f e r t i l i z e r  (perhaps with some subsidy t o  t h e  farmers) than it i s  f o r  

then  t o  t r y  t o  s e t  up l oca l  f e r t i l i z e r  p l an t s  a s  Kenya has only recent ly  discovered 

t o  t h e i r  f i nanc i a l  embarassment. 

58. I n  Vest Africa,  t he  s i t ua t i on  is completely d i f f e r en t .  There were not t he  

large-scale  European farmers present  t o  c r ea t e  the  demand t o  enable the  f e r t i l i z e r  

and machinery companies t o  e s t a b l i s h  s a l e s  and d i s t r i bu t ion  networks. Also a t  t he  

present  time, there  a re  no seed companies i n  West Afr ica  t h a t  could extend t h e i r  

operation t o  include t h e  production of hybrid corn o r  o ther  crops. Up u n t i l  now 

research has not been avai lable  t o  develop such improved corn v a r i e t i e s  nor t o  

determine t h e i r  agronomic requirements. However, t h e  AID-ARS Cereal Improvement 

Program (and i n  the  near fu tu re  t h e  Tropical Research I n s t i t u t e  i n  Ibadan) w i l l  

soon change t h i s  s i t ua t i on .  This deficiency i n  t he  p r iva t e  en t e rp r i s e  s ec to r  

must be corrected before t he re  is  hope f o r  ce rea l  improvement i n  West Afr ica .  

59. Most disease and insec t  pe s t s  of corn can bes t  be controlled by developing 

r e s i s t a n t  v a r i e t i e s  when an e f f i c i e n t  breeding program i s  being conducted by the  

research department. I n  some cases insec t ic ides  a re  required a s  a "stop gap" 
I 

measure u n t i l  r e s i s t a n t  v a r i e t i e s  can be developed. DIYT i s  being used cur ren t ly  

i n  Kenya t o  control  s t a l k  borers ( ~ u s s e o l a  fusca)  and i s  d i s t r ibu ted  by the  p r iva t e  

sec tor  along with t he  seed and f e r t i l i z e r .  I n  both Kenya and Brazi l ,  governmental 

programs t o  control  army worms and grasshoppers on a na t iona l  o r  i n t e rna t iona l  

ba s i s  are  required occasionally.  I n  E l  Salvador dusting with 5 s  Sevin o r  Dipterex 



was included i n  t he  package dea l  a s  we l l  as a 12" x 12" open weave c lo th  bag 

t o  apply t he  insec t ic ide .  

Machinery 

s 60. The small-scale farmer i s  benef i t ing  from the  package program without any 

change i n  farm machinery i n  many instances.  But t h e  use of t r a c t o r  plowing t o  

speed up land preparat ion would be useful  t o  ga in  the f u l l  benef i t s  from e a r l y  

plant ing.  The number of t r a c t o r s  i s  increasing i n  these small-scale farming areas  

i n  Kenya and Thailand mainly i n  t h e  p r iva t e  sec tor .  Farmers a re  buying them and 

of ten  recover the  cos t  through custom work. Shop keepers a re  a l so  en te r ing  t h i s  

contract ing business.  Tractor  imporb i n  Thailand were 3700 i n  1966 and 9400 i n  

1968. I n  g r a z i l  t he  number of farm t r a c t o r s  has increased from 62,000 i n  1962 

t o  100,000 i n  1968. The she l l ing  operation i s  l a rge ly  mechanized i n  Thailand and 

i s  gradually increasing i n  Kenya. 

Water 

61. Although great  increases  i n  y ie ld  can be obtained from corn with i r r i g a t i o n  

i n  many areas ,  t h i s  i s  a r a t h e r  expensive way t o  ob ta in  increased production a t  

t h e  present  time. There i s  much land su i tab le  t o  corn production i n  which the  

y i e ld s  can be doubled o r  even quadrupled with nothing m r e  than t h e  use of t he  

package program involving improved v a r i e t i e s ,  appropriate agronomic prac t ices ,  and 

f e r t i l i z e r .  I r r i g a t i o n  should have much lower p r i o r i t i e s  u n t i l  t he se  o ther  a reas  

a r e  exploi ted.  I n  many of t he  areas cur ren t ly  growing corn in which there  are  

drought periods o r  uncertainty i n  r a i n f a l l ,  sorghum and mi l l e t  should probably 

be subs t i tu ted .  A t  t h e  present  time there  a re  problems with these  l a t t e r  crops 

as  f a r  as  b i rds ,  pes t s ,  and acceptab i l i ty  of t he  food products by the l o c a l  people. 

Research t o  solve these problems and thus  t o  increase t he  use of sorghum and m i l l e t  

would be a much more economic proposi t ion than i r r i g a t i o n  with corn in many of 

these areas.  The AID-ARS Cereal Improvement Program i s  cur ren t ly  inves t iga t ing  

these problems f o r  Eastern Afr ica  with t he  research pro jec t  centered a t  Serere ,  

Uganda and a t  Samaru, Nigeria in Western Africa.  

62. Where i r r i g a t i o n  can be developed simply and economically; o r  i f  it must be 
L 

developed f o r  p o l i t i c a l  reasons, very high y ie lds  of  corn can usual ly  be obtained. 

However, t h i s  provides a spec i f ic  ecological  s i t u a t i o n  and both breeding and 

agronomic research w i l l  be required t o  develop the  improved hybrids and agronomic 

prac t ices  necessary t o  ge t  maximum economic y ie lds  under these  conditions.  



Extension 

63 .  The f ac to r  probably most l imi t i ng  maize improvement i n  Eastern Africa a t  

t h e  present  time i s  t h e  extension program. Suf f ic ien t  research has been under- 

taken by the  na t iona l  research organizations and coordinated by t h e  AD-ARS Cereal 1 

Improvement Program, t h a t  these  aspects of t he  package program are  ava i lab le  t o  

most of t h e  major maize growing a reas .  The Kenya Seed Company and commercial 

f e r t i l i z e r  organizations a re  operat ing i n  most of t he  m u n t r i e s  and can expand 

t h e i r  f a c i l i t i e s  t o  provide t he  f e r t i l i z e r  and t o  d i s t r i b u t e  both t he  f e r t i l i z e r s ,  

seed, and pes t i c ide  i f  a demand i s  created by the  extension s t a f f .  This i s  

p a r t i c u l e r l y  t r u e  i n  Tanzania and Zambia where adequate marketing organization 

e x i s t s  with gueranteed p r i ce s  so t h a t  t he  p r o f i t  incent ive i s  avai lable  t o  the  

64. The success of t he  maize programs i n  Kenya and E l  Salvador i s  due t o  a l a rge  

extent  t o  t he  e f f ec t i ve  program mounted by the  extension service.  A I D  had a b i g  

p a r t  t o  play i n  the  programs both through t h e  ass i s tance  t o  t h e  ag r i cu l tu ra l  

col leges  and the  provision of study opportuni t ies  i n  t h e  United S ta tes  f o r  members 

of t h e  extension s t a f f .  Egerton College, NJoro, Kenya, (which has received 

assis tance from t h e  West Virginia  University A I D  con t r ac t )  has provided a very 

la rge  number of capable extension o f f i c e r s  and a s s i s t an t  ag r i cu l tu ra l  research 

o f f i c e r s  involved i n  t he  maize work i n  Kenya. A s  mentioned previously many of  

these are  a l so  being hired by t h e  commercial companies where they  are  s t i l l  

providing a valuable service t o  Kenyan agr icu l ture .  Other members of t he  extension 

s t a f f  have been provided short  courses i n  t h e  U.S. i n  which they  are  given a 

chance t o  see how extension i s  functioning here.  The present Director  of Agricul- 

t u r e  i n  Kenya, M r .  P. S. Mirie, was given such a course severa l  yesrs  ago. The 

demonstration p l o t s  which have contributed so much t o  t h e  success of  hybrid corn 

i n  Kenya were i n i t i a t e d  and expanded by him as he moved up t o  t h e  Provincial  Ag- 

r i c u l t u r a l  Off icer  and then f i n a l l y  t he  Director  of Agriculture under which t h e  . 
Extension Service operates .  

6 .  E l r .  YiLrie real ized t h a t  t he  small farmer i s  not convinced by demonstration 

p l o t s  and t r i a l s  grown on government s t a t i ons .  Most of these s t a t i ons  are  mech- 

anized and have government f&ds avai lable  t o  them. I n  corrtrast, t h e  same demon- 

s t r a t i o n  p l o t s  conducted on t y p i c a l  farmer's f i e l d s  by t h e  farmer himself, but 



with supervision by the  extension personnel, can be very e f f ec t ive  i n  ge t t i ng  

the  message t o  the farmer and t o  h i s  neighbors t h a t  they can obtain s imi la r  

r e s u l t s  on t h e i r  own farms if they w i l l  adopt t h e  package program. It i s  much 

b e t t e r  t o  expand such a program slowly t o  see t h a t  a l l  demonstration p l o t s  a r e  
1 done properly ra ther  than t o  t r y  t o  launch too  extensive a program and thereby 

f o i l  in the supervision of  some of these p lo ts .  The goal of  Kenya was t o  have 

a one ncre demonstration p l o t  v i t h  a l l  p rac t ices  done on a farmer's f i e l d  u i t h i n  

walking distance of every farmer. I n  1966 two thousand of these demonstration 

p lo t s  were grown with varying l eve l s  of success. Once t h i s  program was under 

way and the leading progressive farmers In each area had obtained the  informotion, 

t h e i r  f i e l d s  of ten  provided a b e t t e r  demonstration than t h o a  under government 

supervision where sometimes the re  was delay i n  plant ing due t o  l a t e  a r r i v a l  of 

seed o r  f e r t i l i z e r  o r  t he  f a c t  t h a t  t he  extension o f f i c e r  was busy with some 

o ther  t a sk  and did not give proper supervision. The expansion of tihe area de- 

voted t o  hybrid corn i n  Table 2 suggest t h a t  most of the progressive farmers in 

Kenya have now adopted the  package program and fu r the r  expansion w i l l  r equi re  a 

more extensive e f f o r t  on the p a r t  of  the extension s t a f f .  Such a program i s  be- 

ing  launched i n  1969 with the  cooperation of  FAO. 

66. Zambia has been obtaining very high y ie lds  on the  large-scale  European 

farms with hybrid v a r i e t i e s  f o r  several  years now. But p r i o r  t o  independ- 

ence, no e f f o r t  was made t o  extend t h i s  t o  the small scale  farmers. During t h e  

pas t  two o r  th ree  years en extensive e f f o r t  has been put f o r t h  by the  extension 

s t a f f  t o  ge t  t h e  small-scale farmers t o  adopt these prac t ices  a s  well .  

67. Malawi has a l so  been working very s t rongly i n  t h i s  area. Although hybrid 

v a r i e t i e s  have been developed by the  breeding research program, the  seed production 

has not been developed t o  make these avai lable  t o  the  farmers. Hence, they have 

f e l t  it desirable  t o  proceed with improved synthet ic  va r i e t i e s .  With an open- 

pol l inated crop such a s  corn, t h i s  can only be done e f f ec t ive ly  i f  the whole d i s -  

t r i c t  adopts the  va r i e ty  and improved agronomic prac t ices  a t  the same time. Other- 

wise improved v a r i e t i e s  are soon contaminated and the genetic super ior i ty  l o s t .  

If t h i s  e f f o r t  i s  successful, it w i l l  be extended throughout Malawi. On the o ther  
L 

hand the  Zambia Seed Producers Association o r  t he  Kenya Seed Company could probably 

very e a s i l y  produce the  hybrid seed required by M a l a ~ ~ i  and the  use of hybrid seed 

might Fncrease the e f f ic iency  of t he  maize improvement program i n  Malawi. 



Cred i t  

68. When i n p u t s  a r e  required such a s  f e r t i l i z e r ,  hybrid seed,  and p e s t i c i d e s  t h a t  

incur  an expenditure o f  cash by t h e  small-scale fanner ,  one of  t h e  b i g  problems 

becomes c r e d i t .  Family r e l a t i o n s h i p s  a r e  extremely c lose  w i t h i n  many o f  t h e  

developing coun t r i e s  i n  Afr ica  and Asia. If a c e r t a i n  p ropor t ion  o f  t h e  pop- 

u l a t i o n  i s  employed by t h e  government, indus t ry ,  e t c . ,  . i t  i s  s u r p r i s i n g  how much 

o f  t h i s  money becomes a v a i l a b l e  t o  t h e  r e l a t i v e  back on t h e  farm f o r  t h e  pro- 

curement of t h e s e  inpu t s .  When t h e s e  sources o f  funds a r e  no t  a v a i l a b l e ,  it 

becomes r a t h e r  d i f f i c u l t  t o  provide c r e d i t  f o r  a crop such a s  corn i n  which such 

a smal l  p ropor t ion  i s  sold  through con t ro l l ed  markets. For cash crops such a s  

c o t t o n  and c o f f e e  t h e r e  i s  u s u a l l y  a s i n g l e  marketing o rgan iza t ion  t o  which t h e  

farmer must s e l l  h i s  crop,  and it is  easy t o  c o l l e c t  t h e  money t h a t  has been loan- 

ed when t h e  crop i s  s o l d .  I n  c o n t r a s t ,  i f  t h e  crop can be sold  t o  neighbors o r  

through o t h e r  channels no t  under con t ro l ,  it sometimes becomes ve ry  d i f f i c u l t  t o  

r ega in  money from t h e  loans .  This  c r e d i t  has been provided ve ry  e f f e c t i v e l y  i n  

Western Kenya t o  those  farmers belonging t o  cof fee  cooperat ives  because t h e  co- 

opera t ive  could advance enough money f o r  seed and f e r t i l i z e r  f o r  corn a s  w e l l  a s  

expenses f o r  co f fee  and t h e  money could e a s i l y  be co l l ec ted  when t h e  cof fee  was 

so ld .  S i m i l a r l y  t h e r e  a r e  two p i l o t  p r o j e c t s  underway i n  t h e  Eastern  Congo-- 

one i n  which tobacco i s  t h e  cash  crop and corn i s  t h e  food crop,  and t h e  o t h e r  

i n  which co t ton  i s  t h e  cash crop.  I n  both of  t h e s e  p r o j e c t s  it should be ve ry  

easy t o  provide c r e d i t  f o r  t h e  corn a s  w e l l  a s  t h e  cash crop and tnen t o  deduct 

t h e s e  loans  from t h e  s a l e  o f  t h e  cash crop.  

59. I n  Thailand i n  s p i t e  o f  va r ious  p lans  t o  organize  a g r i c u l t u r e  c r e d i t  both  

through government sources and t o  encourage p r i v a t e  lending through loan guarantees ,  

the  bulk of t h e  c r e d i t  t o  t h e  corn farmer comes through t r a d i t i o n a l  sources.  

Kase t sa r t  Univers i ty  s t u d i e s  i n d i c a t e  t h a t  corn merchants and r e l a t i v e s  a r e  p r i n -  

c i p l e  sources of c r e d i t .  The d e t a i l e d  breakdown fol lows:  corn merchants 43$, 
r e l a t i v e s  23% grocers  14$, cooperat ives  7&, neighbors 6$, banks 4$, o t h e r s  3%. 

70. C r e d i t  was apparen t ly  l i m i t i n g  corn improvement i n  B r a z i l  u n t i l  t h i s  s e r v i c e  

was provided i n  1967-68. With 40& of  t h e  hectarage a l r e a d y  planted t o  hybrid . 
corn,  a v a i l a b i l i t y  o f  c r e d i t  and f e r t i l i z e r  should r e s u l t  i n  g r e a t l y  increased 

product ion.  Since a l l  f a c t o r s  except c r e d i t  seem t o  be a v a i l a b l e  i n  E l  Salvador,  

r e t u r n s  from t h e  p rov i s ion  of t h i s  s e r v i c e  should be v e r y  g r e a t .  A t  t h e  p resen t  

t ime,  c r e d i t  f o r  farmers wi th  l e s s  t h a n  6 hec ta res  i s  almost impossible t o  o b t a i n  



i n  Kenya. Providing c r ed i t  might be much more e f f ec t i ve  than increasing ex- 

tension a c t i v i t i e s  alone. 

MArnTING 

I 
71. Another aspect t h a t  i s  extremely important i n  ge t t i ng  t he  small-scale farmer 

t o  adopt t h e  improved package i s  t he  p m f i t  motive. Before a farmer w i l l  be 

wi l l ing  t o  spend money f o r  seed and f e r t i l i z e r ,  he must be assured t h a t  a t  har- 

ves t  time he can s e l l  h i s  crop a t  a f a i r  p r i ce  t o  e i t h e r  repay h i s  loan o r  have 

money avai lable  t o  buy seed and f e r t i l i z e r  f o r  the  following year.  When a s t a b l e  

market does not e x i s t ,  it would probably be a waste of  time t o  attempt corn i m -  

provement. This i s  t he  s i t ua t i on  i n  Uganda a t  t he  present time f o r  corn, sorghum, 

and mi l l e t .  The market i s  s t r i c t l y  a supply and demand s i t u a t i o n  which f l uc tua t e s  

g rea t ly  from season t o  season within a year and from year t o  year. It i s  d i f f i c u l t  

t o  see how any impmvement i s  going t o  occur u n t i l  t h i s  s i t u a t i o n  has been cor- 

rected. 

72. Not only must a market with a f a i r  p r i ce  be avai lable ,  but t h i s  must be 

accessible  t o  the  farmer. This becomes espec ia l ly  important t o  t h e  small-scale 

farmer as he has very few t ranspor ta t ion  f a c i l i t i e s  of h i s  own. There must be 

co l lec t ion  centers  close enough so t h a t  he can reach them by primative transpor- 

t a t i on .  Another aspect,  of course, which i s  important i s  f o r  t h e  government t o  

develop farm-to-market roads t o  a s s i s t  t h i s  process. This w i l l  be one of the 

biggest problems i n  Ethiopia as the  road network i s  extremely poor. 

73. The major t ranspor ta t ion  f a c i l i t i e s  a l so  become extremely important once t h e  

program has become successful enough t o  produce an exportable surplus .  I n  Kenya, 

the  t ranspor ta t ion  system i s  so i n e f f i c i e n t  t h a t  it costs  near ly  a s  much t o  

t ranspor t  corn from the  maize corn growing centers t o  t h e  por t  and t o  load it on 

the  ship ($23.10/ton) as t he  farmer receives fo r  h i s  crop i n i t i a l l y  ($38.60). A 

recent study has indicated t h a t  the  current  t ranspor ta t ion  and handling cost of  

$23 . l o  could be reduced by $9.00/ton with an e f f i c i e n t  bulk handling system. . 
Providing long-term loans f o r  l o c a l  storage f a c i l i t i e s  and f o r  t he  updating of 

t ranspor ta t ion  f a c i l i t i e s  could be a r e a l  contribution by AID i n  many of these - countries.  Assistance by providing storage and t ranspor ta t ion  experts  t o  give 

advice on the  most e f f i c i e n t  systems would be another most worthwhile service.  

The establishment of  s t r a t e g i c  storage i n  Kenya through the  use of t h e  "Cyprus 

Bins" was a very worthwhile p ro j ec t .  On the  o ther  hand, one can ser ious ly  question 



whether such s t r uc tu r e s  a r e  t h e  most e f f i c i e n t  when year  t o  year  s to rage  i s  

considered i n  add i t ion  t o  t h e  longer term s t r a t e g i c  s to rage .  

LAND TENURE 

74. A very important aspect o f  t h e  p r o f i t  incent ive  i s  t h e  land tenure  system. 

When a farmer owns h i s  land, he w i l l  b ene f i t  from long-term land improvement 

programs and he w i l l  receive t h e  p r o f i t s  from t h e  corn improvement obtained by 

t h e  package d e a l .  I n  count r ies  w i th  t r i b a l  ownership i f  no assurance of  con- 

t inued use of a farm is given, corn improvement w i l l  be d i f f i c u l t .  This is 

a l so  t r u e  of count r ies  such as  Ethiopia  on t h e  l a r g e  land holdings where t he  

t enan t  does not  p r o f i t  by increased production.  

VTILIZATION 

T j .  As more and more developing count r ies  g ive  a t t e n t i o n  t o  food production wi th  

t h e  success t h a t  can be achieved as  demonstrated by Kenya and Thailand, a t t e n t i o n  

must be given t o  bhe second generat ion problems created by these  surp luses .  The 

increased use of c e r ea l s  f o r  l ives tock  feed i s  probably one of  t h e  bes t  uses t h a t  

can be made of t he se  surpluses .  However, i n  many o f  t he se  developing count r ies  

a complete program f o r  l ives tock  improvement must be conducted s i m i l a r l y  t o  t he  

ce r ea l  improvement program. The o ther  area i s  food process ing and f ind ing  ad- 

d i t i o n a l  ways t o  u t i l i z e  corn products wi thin  t h e  developing count r ies .  These 

can include commercial food prepara t ions  as  u e l l  as  corn s t a r c h  and corn o i l .  


