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The views and i n t e r p r e t a t i o n s  expressed i n  t h i s  r e p o r t  a re  those o f  t he  
authors and should n o t  be a t t r i b u t e d  t o  the Agency f o r  I n t e r n a t i o n a l  
Development. 



I n  October 1979, t h e  Adminis t ra tor  o f  t h e  Agency f o r  
I n t e r n a t i o n a l  Development requested t h a t ,  i n  p repa ra t ion  f o r  
an Agency-wide ex-post eva lua t ion  system, between twenty and 
t h i r t y  p r o j e c t s  be eva lua ted  du r ing  t h e  s u k e q u e n t  yea r ,  focusing 
on t h e  impact of t h e s e  p r o j e c t s  i n  s e v e r a l  r e p r e s e n t a t i v e  s e c t o r s  
o f  t h e  Agency's program. These impact eva lua t ions  are t o  be 
performed by  Agency personnel  and r e s u l t  i n  a  s e r i e s  of s t u d i e s  
which, hy v i r t u e  of t h e i r  comparabi l i ty  i n  scope, w i l l  ensure  
cumulative f i n d i n g s  of use  t o  t h e  Agency and t h e  l a r g e r  development 
community. This  s tudy of t h e  impact of t h e  K i t a l e  Maize r e sea rch  
i n  Kenya was undertaken Novemher - December 1979 a s  p a r t  of  t h i s  
e f f o r t .  A f i n a l  eva lua t ion  r e p o r t  w i l l  summarize and ana lyze  
t h e  r e s u l t s  of a l l  t h e  s t u d i e s  i n  each s e c t o r ,  and r e l a t e  them 
t o  program, po l i cy  and des ign  requirements .  
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AID first became involved with hybrid maize research in Kenya in 1963, through 
the Organization of African Unity and the East African Community, By 1970, 
the yield of the original hybrids had been successfully improved by 25 percent 
under research station conditions. The breeding program was continuously 
followed with similarly positive results until the EAC broke up in 1977. 
Other aspects of the AID program were leas rewarding. Research to improve 
maize protein quality and to develop varieties for low rainfall areas did 
not succeed. Nor did the attempt to train Kenyans and integrate them into 
the research operation succeed. When the last American scientist left 
almost 15 years after the first AID project began, the effort was not 
sustained by Kenya. 

In 1964, the first hybrid maize seeds were released for commercial production. 
Hybrids produced a remarkable 40 percent increase in yield over local seed 
and proved appropriate to the environment of the high potential areas of 
Kenya, with their fertile soils, abundant rainfall, and moderate temperatures. 
At the time, it was assumed that African farmers would continue to use 
the local improved variety rather than the new hybrid -- it was less prone 
to crop failure and it could be re-used year after year whereas hybrid seed 
had to be re-purchased each year. But the hybrid was clearly superior in 
yield, enjoyed the status of a crop used by large farmers, and small farmers 
soon demanded it. By 1977, the majority of smallholders in high potential 
Central, Rift Valley and Western Provinces grew hybrid maize and their 
production far surpassed large farmer output. 

An aggressive private firm, the Kenya Seed Company, reproduced the seed, 
distributed it, and promoted it throughout the country via a network of 
private shopkeepers. Extension agents demonstrated the use of improved 
cultivation techniques. The government-supported official prices and marketing 
system provided incentives, particularly for large farmers, to adopt and 
profit by the hybrid technology. 

Innovations are usually unfair in the sense they reward those who have 
the means to benefit from them. Consequently, it is not surprising that 
hybrid maize was of greater value to those farmers with sufficient land. 
labor and capital to fully utilize the innovation. More surprising is the 
large number of smallholders who did gain access to the hybrid maize 
technology and who have improved their food security as a result. The 
overall impact of the increased maize production attributable to the use of 
hybrid seed is that Kenya has continued to be more or less self-sufficient 
in maize, the country's staple food. As a result, Kenya has not had to 
face the food policy decidions which have confronted other developing 
countries, despite a very high rate of population growth. Without hybrid 
maize, population pressure would likely have led to a demand for more 
land for food crops and a reduction in less essential export crops. Hybrid 
maize helped to keep the price of food down in the cities, thus muting 
the pay demands of urban workers and keeping Kenya attractive for foreign 
investment. 
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There is a question, however, whether the government saw the increased 
production of maize as more of a problem than an opportunity. The govern- 
ment continued a pricing and marketing system more suited to dealing with 
the problems of scarcity than those of abundance. The Maize and Produce 
Marketing Board responded to an obvious need for increased storage capacity, 
for example, with too little, too late. Nor did the government take adequate 
measures to ensure the continued success of hybrids by guarding the flow of 
critical inputs, including sufficient credit and chemical fertilizers and 
being supportive of the research facilities which made the hybrids possible. 
The loss of the incremental benefits, which the AID project demonstrated 
were possible by improving hybrid seed year to year, cannot be calculated -- 
but based upon the benefits derived from the program in early years, the 
loss is substantial. 

Smallholders have not yet exerted policy influence on the government (as 
did the European-dominated large farm sector prior to Independence) by 
forming effective organizations of their own. If government policy' toward 
maize is to become more effective, it will require not only better long 
range planning but wider popular participation, especially among smallholders, 
in its formulation. 

From the experience of hybrid maize in Kenya and from the observations of 
Kenyan maize growers and consumers, an AID evaluation team drew seven key 
lessons : 

Simplicity and viability were the decisive factors in the 
success of hybrid maize. 

The private sector was crucial in the rapid diffusion of hybrid 
maize. 

Perfect equity cannot be expected even from the most 
successful technology. 

The long-term continuity of foreign experts was basic to the 
success of the breeding program. 

Foreign advisors and finance do not automatic all^ create 
institutional capacity to perform agricultural research. 

Pragmatism and skepticism should surround AID support for 
regionalism. 

Too many 1.essons should not be drawn from a unique experience in 
one African country. 



Corn is not usually the first thing that springs to peoples' minds 
when they think of Kenya. But beyond the tourist hotels and the 
game parks is a poor country where 90% of the people depend on 
maize for their staple food. The imuortance of efforts to increase 
corn production is significant given the dire predictions of large 
foodgrain shortages facing the world in the 1980s. 

There have been a number of evaluations of Kenya hybrid maize in 
the past. It was the subject of comprehensive treatment in 1969- 
70 as a part of AID's first Spring Review of the new cereal varieties 
and again in 1972, 1975, and 1978 when special teams were sent from 
the U.S. to examine progress under the succession of AID-financed 
projects which related to breeding maize. Yet, in all of these years 
no one within the Agency had taken a serious look at the impact of 
this new technology on people in Kenya. With the advantage of 
hindsight perhaps it would be possible to answer important questions 
concerning agricultural research, its applications, its impact on 
people, as well as AID's assistance in helping people feed themselves 
Why and how did hybrid maize spread so quickly in Kenya? Did it 
reach the poor majority and, if so, what difference did it make in 
their lives? How did it change the institutions, policies and 
economy of the country? What are the lessons for the future that 
can be learned from the Kenya experience and can they be replicated 
in other countries? These questions, and others which soon arose, 
more than justified the exercise. The members of the team hope 

' that the following answers have done justice to the importance of 
the questions. 

Many people in Kenya and here helped the effort. In Kitale, Messrs, 
Kusewa, Hazelden and Motanya set aside entire days to assist the 
team. In Nairobi the USAID Mission rendered valuable administrative 
support. Wilbur Scarborough helped guide the team for two weeks, 
while Harold Jones generously offered his experience and insights. 
Mrs. Ester Hbajah and Miss Annah Ngumbi gave outstanding clerical 
assistance. Back in Washington Twig Johnson backstopped the team 
from the Studies Division. Finally, we are grateful to numerous 
Kenyan farmers for their common sense views which they shared with 
us. 
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INTRODUCTION 

1964 was a good year for Kenya. Besides being Kenya's first full 
year of independence, 1964 saw the release of a hybrid maize labelled 
A611 for commercial production. There are two parts to the story 
of hybrid maize in Kenya. The first involves the research and 
development of the seed. The second is the spread and impact of 
the seed to the small farmers of the country. AID figures most 
prominently in the research and development component, but an 
evaluation of AID'S effort must include the telling of both parts 
of the story. 

The people of Kenya rely on agriculture. Even though agriculture 
has declined from some 40% of the Gross Domestic Product in 1964 
to just over 25% today, over 90% of the population derive their 
livelihood from agriculture. The major change in agriculture since 
independence has been the decline in large scale farming and the 
increasing importance of smallholder production? This has not only 
been the result of the subdivision and Africanization of most of 
the large European farms, but it also reflects an absolute errnth 
in production among smallholders to over 50% of the value of total 
marketed production -- up from some 20% in 1960. 
Maize is the primary staple food grown by smallholders. It accounts 
for over half of their land devoted to food crops and nearly all 
smallholders grow some variety of maize to eat and to market. 
Maize is such an important food that there is little attempt to 
substitute other staples even as the price of maize rises in the 
market; indeed, there is great resistance to changing the maize 
diet even when other foods are available. For example, a successful 
rice production scheme in Mwea, central Kenya, resulted in the 
farmers' selling as much of their rice as possible in order to buy 
maize for their own consumption. 

MAIZE RESEARCH AND AID 

AID has been for some 15 years involved in research to improve hybrid 
technology. The comercial introduction of hybrid maize in 1964 was 
a result of a lot of work and a little luck. The work started in 
the mid-1950's at the urging of large-scale European farmers. The 

Vhe Rovernment of Kenva defines smallholders as those who own eight 
hectares of land or less; however, 75% 6f all smallholders actually 
own less than two hectares. For the purpose of this impact evaluation 
the team has used the two hectare demarcation as our definition of 
the rural poor majority. The'focus of our inquiries about hybrid 
maize in Kenya is on this group. 



government, wi th  Rockefel ler  Foundation support ,  h i red  Michael Harr ison 
a s  a  maize breeder t o  work a t  K i t a l e  Research S ta t ion .  H i s  e a r l y  
work with l o c a l  v a r i e t i e s  had r e su l t ed  i n  only mixed success i n  
increas ing  y i e l d s .  Then following h i s  A I D  and Rockefeller-sponsored 
t r i p  t o  Mexico t o  c o l l e c t  new maize breeding l i n e s .  Harr i son ' s  luck 
changed. I n  e x p e r b e n t s  involving some 200 l i n e s ,  he  crossed a n  
Ecuadorian l i n e  with t h e  bes t  l o c a l  v a r i e t y ,  K i t a l e  Synthe t ic  11. 
The r e s u l t i n g  hybrid, H611, produced a remarkable 40% inc rease  i n  
y i e l d  and proved appropr ia te  t o  t h e  high p o t e n t i a l  a r e a s  of Kenya, 
with t h e i r  f e r t i l e  s o i l s ,  abundant f a i n f a l l  and moderate temperatures.  

A t  t h e  time i t  was assumed t h a t  t h e  African small  farmers would 
continue t o  use the  Local s y n t h e t i c  r a t h e r  than t h e  new hybrid seeds. 
The syn the t i c  had a  wider gene t i c  base than the  hybrid,  reducing 
t h e  chance of crop f a i l u r e ;  moreover, i t  was an open p o l l i n a t e d  
v a r i e t y ,  meaning farmers d id  not  have t o  buv new seed each year  a s  
they d id  wi th  hybrid seed. However, because the  hybrid was supe r io r  
i n  y i e l d  and enjoyed the  s t a t u s  of a  l a r g e  farm crop. small farmers 
demanded and purchased t h e  hybrid seed. It was s o  popular t h a t  
small  farmer hybrid maize production soon surpassed l a r g e  farmer 
output .  

A I D  f i r s t  became involved with hybrid maize i n  Kenya i n  1963. 
Over t h e  next 15 years  A I D  committed an est imated $1.5 m i l l i o n  i n  
p u r s u i t  of two primary objectives--one t o  develop a  breeding methodology 
t o  make r egu la r  improvements i n  hybrid maize; and t h e  o the r  t o  
c r e a t e  t h e  i n s t i t u t i o n a l  capaci ty  i n  East Afr ica  f o r  maize research .  
The f i r s t  was a  success,  t h e  second a f a i l u r e .  

There was never an A I D  p ro jec t  c a l l e d  "Ki ta le  Maize". There were, 
i n  f a c t ,  p a r t s  of some dozen p r o j e c t s  t h a t  had an impact on t h e  
phenonema c a l l e d  "Ki ta le  Maize". These began wi th  agreements 
between A I D ,  t h e  Organizat ion f o r  African Unity and East  African 
Community (EAC) t o  f inance  bas i c  research  i n  maize a t  K i t a l e  (and 
o the r  g r a i n s  elsewhere i n  Afr ica)  under t h e  Cereal- 
i n  Af r i ca  p ro jec t .  Building on what Michael Harrison a l r eady  had 
done, t h e  f i r s t  AID-financed breeder  began work i n  1964 t o  make annual 
improvements i n  t h e  hybrid maize l i n e s .  By 1970 t h e  breeding program 
had improved y i e l d s  by 25%, under research  s t a t i o n  condi t ions .  
A t  t h e  same time, A I D  posted f i e l d  t r i a l  o f f i c e r s  t o  Tanzania 
and Uganda t o  eva lua te  hybrid maize under commercial farming condi t ions  
i n  those  coun t r i e s .  Spinoffs  from t h e  K i t a l e  program included a 
USAID Kenya p ro jec t  designed t o  d i f f u s e  hybrids i n  densely populated 
Vihiga D i s t r i c t  and a seed m u l t i p l i c a t i o n  p ro jec t  i n  Tanzania. 

I n  1972 t h e  East African Community Food Crop Research p ro jec t  
formalized t h e  attempt t o  breed hybrids f o r  t h e  low a l t i t u d e ,  low 
r a i n f a l l  condi t ions  found i n  most of East  Africa. By 1975 t h e  
p r o j e c t  was redesigned t o  e s t a b l i s h  a  reg ional  P ro te in  Qual i ty  



Laboratory for research on high-protein maize and to emphasize work 
on breeding disease resistant maize. Breeding for marginal rainfall 
areas continued and was central to a new 1978 project, Dryland 
Cropping Systems Research, which came out of an evaluation in the 
same year. 

The themes of training and institution building began to be woven 
into two new projects. In 1969 AID sought to build within the 
East African Agriculture and Forestry Organization (EAAFRO) a 
capacity for maize breeding and for linking this research to neighboring 
countries. The projects were Animal - and Crop Production and Major 
Cereals and Legume Improvement. Research conferences were held in 
five East African countries and regular varietal trials of hybrid 
maize were undertaken throughout the region. 1972 saw an attempt 
to strengthen the insticution building objective with an AID offer 
to train 15 to 20 African scientists. The deterioration of the EAC 
and the withdrawal of U.S. assistance to Uganda in 1972 hampered the 
achievement of the objective, The offer of U.S. training for 
African scientists was renewed in 1975 along with a substantial 
increase in U.S. technicians. However, the collapse of the EAC in 
1977 and the termination of the breeding program at Kitale coincided; 
the third and last AID-financed maize breeder went home; and the 
project shifted from regional auspices to the USAID Mission in Kenya. 

After some 15 years of AID involvement in maize breeding, these are the 
results of the scientific effort1 1) most of the breeding 
program for the high potential areas was a success. Under €he 
direction of American scientists the original hybrid lines were 
regularly improved; 2) the research to improve maize protein 
quality has not worked out. The scientific research did not match 
the earlier hopes that maize would become a valuable source of 
protein for third world people; and 3) the efforts to develop 
varieties in low rainfall areas has notbeen successful. As 
one scientist remarked, 'The perfect maize for semi-arid areas is 
sorghum ." 
Nor did AID'S effort of much of this 15 year period to create a 
regional maize research capacity succeed. The breakup of the EAC 
destroyed the original concept of a regional institution. But 
even when regionalism was flourishing, the individual states preferred 
to keep their own scientists working on national programs. 

Yet the national research programs were not more successful in building 
their own research staffs. The Kenya Government failed to improve 
salaries and benefits for its maize breeders and so reduced the 
incentives for trained Kenyans to stay with the national program, 
AID played a fairly ineffective role --while in periodic evaluations 
it criticized the failure of projects tn train Africans, AID continued 



t h e  t r a i n i n g  r a t i o n a l e  t o  j u s t i f y  support Eor maize research  
under new pro jec t s .  When i n  1977 t h e  l a s t  American breeder,  
L. L. Darrah departed, h i s  African col leagues d id  not  ca r ry  
forward t h e  breeding program. Today i n  Kenya, a s  elsewhere i n  
East Afr ica ,  indigenous maize breeding capaci ty  remains very 
l imi ted .  

THE SPREAD OF HYBRID MAIZE SEED 

The reasons f o r  the  spread of hybrid maize seed a r e  both simple 
and complex. Simply pu t ,  hybrid maize seed produced more of an 
a l ready accepted product. While fanners  demanded t h e  seed because 
of i ts  increased y ie ld ,  consumers l iked  t h e  t a s t e ,  co lo r  and t e x t u r e  
of t h e  hybrid product. Beyond those  simple condi t ions .  Kenya had 
t h e  means t o  spread t h e  seed. The research s t a t i o n  kept turn ing  out  
v a r i e t i e s  adapted t o  the  d i f f e r e n t  regional  cl imates.  A p r i v a t e  
f i rm, t h e  Kenya Seed Company, reproduced, d i s t r i b u t e d  and promoted 
t h e  seed throughout t h e  country. Shopkeepers made money from i t ,  
fanners  recommended i t  t o  t h e i r  neighbors, and extension agents  
demonstrated how t o  use i t .  A l l  of these  groups took advantage of 
Kenya's well-developed t r anspor t a t ion  and marketing systems. As 
a r e s u l t .  by 1977.  t h e  hybrid seed spread from l a r g e  t o  small  farmers 
and t o  every region of Kenya a s  shown below. 

Percentage o f  Smallholders Growing Local 
and Hybrid Kaize by Province 

Province Local Maize Hybrid Maize 

Central  95 % 67 % 
Coast 94 19 
Eastern 99 30 
Nyanza 80 36 
R i f t  Va l l ey  59 92 
Western 74 73 

A l l  Kenya 86 50 

(Note: The t o t a l s  f o r  each Province exceed 100% because most farmers 
grow both l o c a l  and hybrid maize.) 

Source: In tegra ted  Rural Survey 



Other reasons why the seed spread are more complicated. For the 
poor majority of smallholders, increasing production is not the 
overriding goal. Their primary objective is to minimize the risk 
of crop failure. With this in mind, production is then maximized. 
New methods of production must clearly be demonstrated before 
these farmers will adopt them. Whene soil and climate are less 
than ideal, local varieties with a wide genetic base will produce 
some harvest while hybrid seed, less adapted to local conditions 
is more likely to fail completely. 

Poorer smallholders adopted hybrid maize later, and less completely. 
than their wealthier neighbors because of the risk involved, 
Those smallholders adopting hybrids had cash crops six times greater 
in value than those not adopting. These cash crops gave farmers 
money to purchase inputs needed for hybrids (i.e., fertilizers) and 
they provided a cash buffer to offset the risk of innovation. 
Larger smallholders adopted earlier and to a greater extent than 
smaller ones. In short, smallholders who adopted hybrid seed tended 
to have more land, grow more cash crops and earn higher cash incomes 
than those who did not. They were the better-off of the poor 
majority. 

The government's extension service generally got mked reviews in 
aiding the spread of hybrids. In the early years, extension agents 
were active and enthusiastic promoters of hybrids, setting up as 
many as 5,000 maize demonstration plots in one year. More recently, 
enthusiasm and effectiveness seem to have waned, perhaps because 
farmers came to believe they knew more about growing hybrid maize 
than did the agents. Many of the poorer farmers felt that the extension 
service consistently recommended practices beyond their means. A 
related example of this problem was found in a survey of farmers 
around the research station at Embu, central Kenya. The farmers 
who lived near the research station actually had rates of 
adoption of hybrid maize than those who lived 20 to 100 miles away. 
The nearby farmers apparently knew what kinds of inputs the station 
used to grow hybrid maize (fertilizers, insecticides, machines, etc.). 
and understandably figured that such methods were too expensive. 

THE IMPACT OF HYBRID MAIZE SEED 

The spread of hybrid maize had various effect€ on the economy, 
government and poor majority of Kenya. The larger smallholders 
benefited the most; the poorer smallholder benefited the least; all 
benefited to some extent. Government policy was the arena perhaps 
least changed by the spread of hybrids. The research effort was 



not maintained, the marketing system remained oriented to problems 
of shortages, and the government continued to pursue an inadequate 
pricing policy towards maize. 

Growth 

During the period of very rapid diffusion of hybrid maize and prior 
to the 1973-74 price explosion in fuels and fertilizers, the Kenyan 
economy achieved an impressive rate of growth. From 1964 to 1972 
the economy grew at 6.5% annually with a per capita increase of 
nearly 50% for the period. While the share of agriculture in gross 
domestic product fell, the value of production increased by 67%. 
At the same time the area planted to hybrid maize increased 22 times, 
raising the yield attributed to the new maize seed by nearly one 
million tons. The impact of this increase was summed up by an 
agronomist in 1973: "Without these 11 million extra bags, it is 
more than likely that Kenya would have had severe food shortages 
in the past decade."* 

The spread of hybrid maize thus paralleled the growth of the economy 
as a whole in the 1964-72 period and has remained a bright spot in 
the dull economic picture of 1973-79. 

Hybrid maize affected individual farmers' economic decisions. A 
new word was added to their vocabulary, "hybrid", that described 
a new plant completely different from the maize the farmer had 
previously grown. Hybrid maize seed was promoted as part of a 
package of improved practices and inputs, although technically. 
a simple substitution of the appropriate hybrid seed for local seed 
results in increased production. By applying improved plant 
husbandry practices, for example, it was demonstrated that a 217% 
increases in output per hectare could be achieved. While the 
same husbandry innovations used with local seed were estimated 
to return a 175% increase in yields, the research and extension 
services argued that it was easier to convince farmers to use new 
practices with new seeds than to change farmers' techniques with old 
seeds. They seem to have been right. Farmers did change their 
farming practices with the advent of the new hybrid maize seed. 
Surveys show that most hybrid-using farmers have not adopted the 
whole package of husbandry recommendations but have certainly 
incorporated some -- presumably with increases in yields. 

*Allan, Uhuru na Hybrids, p. 2. 



Furthermore, the small farmer's orientation to the market has been 
accelerated by the spread of hybrid maize. The importance of the 
commercial climate for maize production was vividly illustrated in 
1979, when a reduction in the official purchase price for maize and the 
cancellation of the major large-farm credit program happened simultaneously. 
The commercial farmers were expected to react strongly ---and they 
did. Maize hectarage, as estimated from seed sales, declined dramatically. 
What had not been anticipated, however, was the reaction of smallholders 
to the uncertain price situation. In the past, when the official 
purchase price at harvest was $120 per ton, many smallholders were 
only able to sell for $60 in the open market. This year's official 
reduction in the maize purchase price caused hybrid seed sales to small- 
holders to drop by nearly 15%. Many farmers were interviewed who had 
little confidence in future market conditions. They reported that they 
were still growing maize for home consumption but that they were not 
going to grow such substantial surpluses as they had in years past. 

Another strong impression given the team was that smallholders are 
now able to use more of their limited land for cash crops without 
reducing the food supply needed for household consumption. Survey 
data indicate that smallholders who grow hybrid maize produce no 
more than those who grow local maize, about 750 Kg. per holding on 
the average. Given the yield superiority of hybrid, this means 
that smallholders can meet all or part of their home consumption 
requirements while withdrawing land from maize production. This 
land can be planted to more profitable crops like vegetables, 
coffee and pyrethrum. The increased commercial activity of small- 
holders in these cash crops is, thus, partly attributable to the 
use of hybrid maize seed. 

For the economy as a whole, Kenya has been more or less self sufficient 
in maize for some time even though in any given year there may be a 
small surplus or deficit, This performance, which in large measure 
may be attributed to the successful diffusion of hybrid maize, sets 
Kenya apart from its neighbors who must import substantial quantities 
of food each year. 

Equity 

Small farmers benefited from this new technology despite the odds. 
Innovations generally reward those who have the means to benefit 
from them. By releasing constraints on productive resources, 
technology allows land, capital or labor to be more fully utilized. 
Those people who have more access to these resources will gain greater bene- 
fits than those who have limited access. Consequently, it should not be 
surprising that hybrid maize was of relatively greater value to those 
farmers with sufficient land, labor and capital to utilize fully the 
innovation. More surprising may be that large numbers of smallholders, 



including il s u b s t a n t i a l  number of t h e  poor major i ty ,  did have access 
t o  t h e  hybrid maize technology and t h a t  they have gained improved 
food s e c u r i t y  a s  a  r e s u l t .  

Hybrid maize was of g rea te r  benef i t  t o  people who l ived  i n  agr icul -  
t u r a l l y  favored regions.  Or ig inal ly  designed f o r  the requirements 
of the  high p o t e n t i a l  a reas ,  ch ie f ly  R i f t  Valley and Western Provinces. 
t h e  adoption of hybrid maize allowed smallholders there  t o  outpace 
smallholders elsewhere. A s  shown by t h e  t a b l e  below, provinces wi th  
high hybrid maize production a l s o  consumed more maize than provinces 
with low hybrid maize production. 

Average Hybrid and Local Maize Production and 
Consumption hong Kenyan Small holders, 1974-75 

Province 

Central 
Coast 
Eastern 
Nyanza 
Rift Valley 
Western 

Hybrid 
0 

Local Value of Home Produced Flaize Consumed 
(Kgs) as X of total consumption 

540 11.74 X 
420 12.55 
470 10.76 

1,730 20.60 
480 24.49 
160 17.55 

Source: Integrated Rural Suwey . 1974-75 

Beyond these  regional  d i f ferences ,  t h e r e  was a c l e a r  r e l a t i o n s h i p  
between production of hybrid maize and s i z e  of holdings: t h e  l a r g e r  
the  farm t h e  more l i k e l y  the smallholder was t o  grow hybrid maize. 
I n  addi t ion ,  i t  was t h e  l a rge r  farmers who adopted hybrid maize 
f i r s t .  This was not  thought t o  be p a r t i c u l a r l y  worrisome, so  long 
a s  small farmers followed s u i t  within a reasonable period of time. 
A delay i n  adoption only becomes a se r ious  problem i f  the  e a r l y  adopters  
a r e  a b l e  t o  prevent t h e  l a t e r  adoption of the  technologv by o the r s ,  
through land accumulation, cornering c r e d i t  o r  inputs ,  o r  o ther  means. 
There is no evidence t h a t  t h i s  happened i n  Kenya. 

Nevertheless a f t e r  1 5  years  of hybrid maize i n  Kenya, i t  seems 
reasonable t o  conclude t h a t  the re  a r e  r e a l  cons t ra in t s  on the  poor 
major i ty ' s  a b i l i t y  t o  p a r t i c i p a t e  f u l l y  i n  t h e  increased y i e l d  
p o t e n t i a l  of t h e  hybrid seed. Here again t h e  condit ion of those 
smallholders who c u l t i v a t e  two hectares  o r  less a r e  being addressed. 
V i s i t s  by team members t o  East Bunyore i n  Western Province and Embu 
i n  Eastern Province revealed t h a t  t h e  same f a c t o r s  t h a t  prevented 
small farmers from adopting hybrid maize technology i n  t h e  e a r l y  



1970s are preventing them from aaopting it today4 fear of crop 
failure and ah inability to mobilize cash for the timely purchase 
of inputs, particularly chemical fertilizers. The risk factor and 
the lack of cash frequently means that small fanners do not get the 
full benefits of hybrid maize. They are unhble to follow recommended 
farming practices such as early planting. They often cannot afford 
adequate amounts of fertilizer and insecticides. They attempt to 
reuse the hybrid seed rather than buy new stock, &d the7 prefer to 
use costly chemicals on cash crops rather than on a food crop like 
maize. As a result, the smallest farmers' benefits from hybrid 
maize production are probably less than the figures on hybrid seed 
adoption would indicate. 

Production o f  Hybrid and Local Efalze 
&no Small holders by Size o f  Holding 

Size o f  Holding (Ha.) 

Below .5 
.6 t o  .9 
1 t o  1.9 

4 t o  4.9 
5 t o  7.9 
8 plus 

X o f  Holdings i n  
Local Maize 

Z of  Holdings i n  
Hybrid Maize 

Source: Integrated Rural Survey, 1974-75 

Teem visits to densely populated smallholder areas confirm these 
impressions. Few farmers were planting hybrid seed. Some were returning 
to traditional varieties. others were attempting to use second generation 
hybrid seed despite their obvious lower yields. Whether this is a 
temporary phenomenon, reflecting recent unstable government price 
policy and uncertain market conditions, remains to be seen. 

Government Policy 

The development of hybrid maize technology was the result of govern- 
ment actions in research. The success of this technology has meant 
that Kenya has not faced the food policy decisions which have confronted 
other developing countries. In large part because of hybrid maize, 
Kenya could continue to feed itself despite a very high and apparently 
accelerating rate of population growth. This enabled it to pursue a 



course of rapid industrialization. Hybrids also allowed Kenya to earn 
foreign exchange by exporting cash crops like coffee and tea. It helped 
to keep the price of food down in the cities, thus muting the pay demands 
of urban workers and keeping Kenya attractive for foreign investment. 
Increased maize production helped dampen possible demands for income 
redistribution and the hard policy options that wou1.d have been forced 
on the government. In short, hybrid maize bought time. 

The success of hybrid maize did, however, confront the government with 
policy questions concerning pricing, marketing, storage and research. 
In general, the government viewed the increased production of maize 
more as a problem than as an opportunity. It continued an antiquated 
pricing and marketing system more suited to dealing with the problems 
of scarcity than those of abundance. The difference between what farmers 
received and what consumers paid increased. The government's official 
marketing arm, The Maize and Produce Board (MPB), incurred ever-increasing 
deficits through inefficient and reportedly corrupt operations. The 
MPB responded to the clear need for increased storage capacity with too 
little, too late. The government has given little support to establishing 
secondary industries based on maize. Nor did it take adequate measures 
to ensure the continued success of hybrids by guarding the flow of critical 
inputs, such as sufficient credit and chemical Fertilizers, and the 
research facilities which made the hybrids possible. 

This last point deserves special attention since AID'S involvement 
was, after all, directed to the support of agricultural research. The 
government started out with a policy of high priority and support for 
maize research. Now the signs of de-emphasis are everywhere: new 
positions for maize breeders have not been creabed, nor have salaries 
stayed competitive with similar positions in private industry and the 
university. Some 16 years of AID support of maize breeding, albeit on 
a regional level, produced only three Ph.D. level Kenyan breeders -- none 
of whom is now working in the country's maize research program. The 
comprehensive breeding improvement program installed by U.S. technicians 
is no longer operating. The loss of annual incremental benefits, 
improved yields, greater disease resistance, and better plant character- 
istics have been and will be substantial. 

Crisis policy-maxing mirrored the centralization of government control 
over agriculture and a decline in influence of the agriculture sector. 
Influence over policy by farmer organizations, such as the Kenya National 
Farmers Union and the Kenya Farmers Association, has diminished. 
Even the influence of the MPB may have weakened. Their decline has 
paralleled that of the European-dominated large farm sector which created 
and sustained them. Smallholders have not filled the gap with effective 
organizations or pressure groups of their own. Even Parliament seems 
ineffective in determining policy toward maize. If government policy toward 



maize is to become more appropriate, it will require not only better 
long range planning but wider popular patticipation from smallholders 
as well. 

These problems have not gone unnoticed. The goverment currently is 
investigating the moribund state of maize research and, it is hoped, 
recommendations ,and action will be forthcoming to correct the observed 
deficiencies. In the meantime, due to these erratic policies, especially 
over marketing and pricing, Kenya will likely have to import maize 
in 1980. 

LESSONS LEARNED 

1. Simplicity and viability were the decisive technical factors 
in the success of hybrid maize. Simplicity meant that farmers 
could substitute hybrid for local seed with no change in agricultural 
practices, even though improved husbandry was recommended. It also 
meant that hybrid maize easily replaced local maize in the market 
and in the diet; no change in consumer preferences was required. 
Viability meant that the hybrid maize yield increase (some 30 to 
40%) could be readily perceived by farmers. The large benefits 
from adopting hybrid seed and improved husbandry practices also allowed 
for inefficiencies elsewhere in the agricultural system, e.g., marketing, 
without diminishing the appeal of the new technology. 

2. The private sector was crucial in the rapid diffusion of hybrid 
maize. The key was the ability of the seed producer (the Kenya 
Seed Company) and the seed distributors (the vast network of small 
shopkeepkj to make a profit without excessive government interference. 
Conversely, the government's continuing regulation of maize marketing 
has probably hindered the realization of the full potential of hybrid 
maize -- probably in terms of production, almost certainly in 
terms of smallholder equity. 

3. Equity cannot be expected even from the most successful technology. 
While smallholders owning two hectares or less had access to the 
hybrid seed and large numbers adopted it, the benefits to them were 
relatively less than those gained by farmers with more land and 
more financial resources. At the same time larger smallholders did 
increase maize production and the nation as a whole increased its food 
security. While perfect equity was not achieved, neither were there 
any significant unfavorable consequences such as the alienation 
of the poorest farmers from the land, increased sharecropping or a 
radical skewing of income. This may set Kenya apart from other countries, 
e.g., Pakistan and India, where the "miracle seeds" have been 
introduced and, it appears, inequalities between wealthy and poor 
farmers have been accentuated. 



4. The long-term continuity of foreim experts was basic to the 
success of the breeding program. Three American maize breeders 
spent a total of 14 years at Kitale and this continuity ensured 
constant improvement in the research. 

5. Foreign advisors and finance do not automaticallv create an 
institutional capacity to perform agricultural research. Often the 
solution is the problem: successive generations of projects with 
foreign advisors and donor finance to keep the research going. 
Neither recipient governments nor AID seem to have any option when 
confronted by the failure to achieve the institution building goal 
and the deterioration of a breeding program but to once again 
employ foreign assistance. Both parties overlook the basic causes 
of failure: non-competitive salaries, alternative employment 
opportunities, and the dominance of foreigners in the research. 
The lesson for recipient governments is that its own team of 
administrator-scientists must be in charge of the research agenda 
and be responsible for its execution. The lesson for AID is that 
prerequisites for project assistance ought to include attractive 
terms of service for national scientists and technicians and a 
strong host government financial commitment to research operations. 

6. Pragmatism and skepticism should surround AID support for 
regionalism. Even in the heyday of the East African Community no 
partner countrv was sufficientlv committed to the creation of a 
regional research institution that they would assign their scarce 
scientific and technical talent to it. AID should support the 
development of national agricultural research institutions with 
strong linkages to neighboring national institutions and to inter- 
national centers. This is preferable to supporting regional insti- 
tutions which are intended to substitute for national capabilities. 

7. Too many lessons should not be drawn from the Kenyan experience. 
In most important aspects Kenya's experience with hybrid maize seed 
is not replicable, at least in Africa. The initial boost given by 
large-scale commercial farmers, the significant long term presence 
of foreign advisors, the aggressive private seed company, and a 
well-developed transportation infrastructure all mark ~en~a's 
success as unique. 

CONCLUSIONS 

The bottom line of the success of hybrid maize is that it allowed 
Kenya to feed itself and to industrialize rapidly at the same time 
in the face of a very rapid increase in population. Kenya has had 
to spend relatively little of its foreign exchange on food imports. 
Hybrid maize made it possible for the country to earn foreign 



exchange from t h e  export of cash crops by reducing t h e  demand f o r  
land f o r  food crops. Hybrid maize helped moderate food p r i ces ,  thus 
muting pay demands of workers. I n  shor t ,  hybrid maize helped Kenya 
avoid many of t h e  problems must o ther  African countr ies  face.  

There were l i m i t s  t o  the  success. An indigenous, on-going maize 
research capacity has not  been created i n  Kenya. A s u b s t a n t i a l  
number of the  country 's  poor majori ty have probably not  been able  
t o  p a r t i c i p a t e  d i r e c t l y ,  o r  on a sustained bas i s ,  i n  achieving the  
increased y i e l d s  which hybrid maize allows. And t h e  p o l i c i e s  and 
i n s t i t u t i o n s  of t h e  government have not changed s u f f i c i e n t l y  t o  
allow the  f u l l  economic benef i t s  of the  technology t o  f i l t e r  through 
the  e x i s t i n g  marketing system t o  smallholders. Yet, it is an 
undeniable f a c t  t h a t  the  majori ty of a l l  smallholders and a l a rge  
number of the  poor majori ty of smallholders have had access t o ,  and 
benefi ted from the  hybrid maize technology. On t h i s  b a s i s  hybrid 
maize is r i g h t l y  regarded a s  a development success s t o r y  both by 
the  Government of Kenya and p r a c t i t i o n e r s  of the  development a r t  
a l ike .  

AID played a secondary r o l e  i n  the  success of hybrid maize. 
While supporting the  research e f f o r t  wi th  U.S. Department of Agricul- 
tu re  maize breeders,  the  Agency had nothing t o  do with o r i g i n a l  
genet ic  breakthrough and very l i t t l e  t o  do with t h e  successful  
d i f fus ion  of the  hybrid seed. A I D  shares  r e s p o n s i b i l i t y  f o r  the  
successful  d i f fus ion  of the  seed t o  neighboring countr ies  i n  Eastern 
Africa. The r e s u l t s  of the  t r a i n i n g  and i n s t i t u t i o n  bui ld ing aspects  
of the  AID-financed p ro jec t s  have been notable by t h e i r  absence. But 
i f  A I D  can claim only p a r t i a l  c r e d i t  f o r  the  success of hybrids i n  
Kenya, i t  perhaps has even l e s s  r e spons ib i l i ty  f o r  the  l i m i t s  of 
t h a t  success. 
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APPENDIX A 

A.I.D.'s ROLE 

The purpose of this appendix is to summarize A.I.D.'s 
role in supporting research on hybrid maize in Kenya. This 
summary is limited by the fact that the documentation of 
the early years is fragmentary at best. However, if we 
consider A.I.D.'s role in only one piece of the hybrid 
maize phenomenon--research at Kitale, Kenya--it will be 
seen that what began in 1963 has continued, almost without 
interruption, to the present day and is planned to continue 
until 1983. While this kind of continuity is somewhat 
unusual, especially after the fairly abrupt change in 
A.I.D.'s development philosophy occasioned by the "new 
directions" legislation of 1973, it will also be seen that 
support for basic agriculture research at Kitale has been 
justified under the auspices of a number of projects each 
of which had a slightly different purpose. 

A.I.D. was involved in Kenyan agriculture as early 
as 1957 with the arrival of the first U.S. technician, a 
soils chemist who was followed by a land classification 
specialist, a soils physicist and a soils mineralogist. 
In 1962 A.I.D. supplied a team of experts in extension 
and later assisted in the construction and development of 
fourteen farmer training centers throughout the country. 
By 1963 a rural youth advisor had helped to establish the 
farm youth program known as 4-K and later A.I.D. extended 
technical assistance to the cooperative m0vement.v 

A.I.D.'s interest in Kenyan maize originated in Washington 
as part of a world-wide research project on the major 
cereal grains. In Africa, A.I.D.'s interest centered on 
the staple food crops: maize, sorghum and millet. It is 
not clear whether these research interests were the result 
of a formal request from any African Government. In any 
event A.I.D. signed an agreement with the Scientific and 
Research Committee of the Orsanization of African Unitv in 
1964 to conduct research war< in both West and East ~f;ica 
under a project entitled M a j o r  Cereal Crops in Africa 
(No. 946-11-990-419). In addition, a separaG agreement 
was executed with the East African common Services Organi- 
zation (commonly referred to as the EAC for East African 
Community) to utilize existing research staff and facilities 
to achieve the following objectives: 
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a. to review the world collections of sorghum, millet 
and maize seeds for varieties that were resistant 
to disease, insects and other pests; 

b. to determine the soil management factors which 
contribute to maximum crop production; 

c. to develop high yielding, disease resistant varieties 
of these crops for different areas; 

d. to assist seed breeders in the multiplication and 
distribution of these high-yielding varieties; 

e. to arrange for uniform trials of promising varieties 
and hybrids in different parts of East Africa; and 

f. to facilitate the exchange of planting materials 
and information.?/ 

To implement these research programs A.I.D. signed an 
agreement with the Agriculture Research Service (ARS) of the 
U.S. Department of Agriculture (USDA). ARS agreed to provide 
one maize breeder for assignment at the Government of 
Kenya's research station at Kitale and an agronomist, sorq;~ 
breeder and entomologist for assignment to Serere, Uganda.- 
However, the maize breeder was not to be a part of the Kenya 
Government's research program. Within the East African 
Community the charter of the subsidiary East African 
Agriculture and Forestry Research Organization (EAAFRO) 
permitted each country to retain responsibility for any crop 
of its choice. Kenya had decided to retain responsibility 
for maize research within its national program. In fact 
beginning in 1955 Kenya had initiated work under the guidance 
of the grass breeder M. N. Harrison. Subsequent to an A.I.D. 
and Rockefeller Foundation study tour to the U.S. and Mexico 
in 1959 his work resulted in a very significant yield 
increase from the cross between maize varieties from Equador 
and Kenya in 1961.. This hybrid was put into commerical 
production as H611 in 1964. Kenya augmented this 
breeding program with the services of Mr. A. Y. Allan who, 
under a grant from the Rockefeller Foundation, began research 
work on appropriate agronomic practices to enhance the 
yields of the new hybrid maize. Kenya then requested A.I.D. 
assistance directly; this was not possible but EAAFRO made 
special arrangements with Kenya to support the maize research 
component of the Major Cereals project. The ARS maize 



breeder S. A. Eberhart arrived in July, 1964, to begin work 
on the development and evaluation of breeding methods to 
improve the hybrid maize lines. Local labor, materials and 
supplies to support Eberhart's work--ostensibly separate 
from the Kenya Government's work--were provided by Kenya 
at the Kitale Station and were reimbursed by A.I.D. through 
EAAFRO to Kenya. Although the personnel at Kitale were 
sponsored by different organizations, e.g., Kenya, the U.K., 
Rockefeller and A.I.D., the evidence suggests that they 
worked very well together. For example, details of the 
comprehensive maize breeding program were jointly authored 
by Eberhart, Harrison and F. Ogada in Der - Zuchter in 1967.g 

There was considerable activity in East Africa with 
ARS staff visiting Zaire, Ethiopia, Malawi, Tanzania and 
Uganda. Further contact with research workers was engendered 
through the Eastern African Cereal Research Conferences 
held in Kenya (1965 and 1967), Uganda (19671, Zambia 
and Malawi (1969) and Ethiopia (1971). In addition, regional 
maize variety trials were conducted and included the parti- 
cipation of Ethiopia, Kenya, Madagascar, Malawi, Nigeria, 
Tanzania, Uganda, Zaire and Zambia. The project provided 
foundation seed stocks of parents of recommended hybrids and 
composites to seed-producing facilities in partner states. 
The A.1.D.-financed buildings and cold storage facility at 
Kitale provided the means to maintain the germ plasm. 
Finally, under the comprehensive breeding program dramatic 
progress was made in improving the yields of the original 
comericially released hybrids. By 1970 improved versions 
of the original hybrids were recording yield ains of 26 21 percent for H 611C and 24 percent for H 613C.- 

In 1969, A.I.D. reassigned responsibility for the Major 
Cereals project from its central Office of Agriculture to 
the Africa Bureau and divided the Western and Eastern parts 
into separate projects. In East Africa A.I.D. support for 
agriculture research was further divided into two projects, 
Animal and Crop Production (No. 618-11-110-644) and Major 
Cereals - and Legume Improvement (No. 618-11-130-652). Under 
the former project the one element which had consequences 
for maize breeding was the recruitment, by ARS, of a plant 
pathologist to head the East African Plant Quarantine 
Service. Under the latter project the maize breeding 



activities at Kitale were continued. In addition, two A.I.D. 
field trial officers were posted to Tanzania (1970) and 
Uganda (1971) to evaluate regional research findings . /  
Launching these two projects closed the period when EAAFRO 
was simply a mechanism of convenience to support an AID/ARS 
determined research agenda. Thus, A.I.D.'s purpose changed 
from doing research per se to the explicit goal of creating 
a research capacity wlths EAAFRO to carry out appropriate 
research and to diffuse tne research findmgs in the region. 
Agreements were signed with EAAFRO reserving funds for U.S. 
academic training for EAAFRO staff and, for the first time, 
EAAFRO agreed to finance the local costs of ARS operations 
at Kitale and elsewhere.l/ 

On the basis of an in-depth evaluation by an A.I.D. 
Washington team, A.I.D. designed a new project in 1972, 
East African Community Food Crop Research (No. 618-11-110-657) - - 
to combine the principal elements of the terminating Major 
Cereals and Legume Improvement Project and the Animal and 
Crop Production project and to add some new elements as 
well. Briefly, the new project proposed to accomplish the 
following objectives: 

to maintain sorghum and millet research; 

to continue research on maize breeding improvement 
research at Kitale; 

to initiate an effort to develop maize suitable 
for low altitude conditions in Eastern Africa; 

to mount a new program for legume research; 

to initiate a new rice research program; and 

to introduce a new regional dimension into wheat 
research, which was already fairly advanced in 
Kenya with Canadian assistance. 

A.I.D. envisaged expanding the number of A.1.D.-financed 
technicians from nine (1971) to a total of about nineteen by 
1974. Further, since there were no African entomologists 
or soil scientists employed by EAAFRO, A.I.D. foresaw the 
need to provide more than 50 years of academic training so 



that by the end of the project, then planned for 1980, there 
would be a staff of at least 15 to 20 African scientists 
employed by the EAC, about equally divided between the Ph.D. 
and Master degree levels. However, the A.I.D. project 
proposal recognized the difficulty of reaching this objective: 

"To accomplish this change requires not only the 
recruiting and training of the requisite scientific 
personnel but also the creation of attractive terms 
of service both in terms of pay and in terms of oppor- 
tunity for rewarding professional accomplishment. 
The latter further requires adequate working facilities 
and supporting staff as well as decision making 
procedures which take account of the professional 
judgement of the staff in determining research 
priorities. The lack of each of these requisites 
has in the past contributed to the very slow develop- 

8 / ment of EAAFRO as an effective research organization."- 

The new A.I.D. project proposal also revealed the difei- 
culties of recruiting U.S. technicians who were both highly 
qualified and attuned to the need to upgrade the skills 
of their regional counterparts. Under the earlier projects 
USDA had provided eight of the eleven technicians while a 
private contractor, the Institute for International Education, 
provided the remainder. While IIE had done a good job 
recruiting personnel the A.I.D. regional office doubted 
that IIE would be able to mount a team of up to nineteen 
technicians and provide the required scientific backstopping. 
Another option, the use of a U.S. university, was put aside 
on the grounds that even a well established Faculty of 
Agriculture would be forced to recruit outside of its 
own staff to fill such a large and diversified team. While 
A.I.D. recognized that USDA had access to the largest pool 
of technicians with the required scientific skills, the 
regional office expressed the following reservation: 

"Despite our predeliction for the choice of USDA... 
we would not recommend that choice unless USDA is 
willing to accept the new prime purpose of the project 
to develop the institutional capability of EAAFRO 
to conduct food crop research. This means that train- 
ing Africans to do and make decisions about research 



temporarily take CG) precedence over research 
results. It also means that USDA technicians must 
live with, and when necessary seek remedial action 
within, EAAFRO-EAC channels rather than 
obviating (sic) the obstacles by Ithel uncontrolled 
use of AID funds. It will be a difficult adjustment 
from past USDA practices and attitudes in their 
conduct of research in East Africa. But if USDA is 
not willing to make that adjustment then the AID and 
EAC purpose in the project would be better s rved 

*@ 81 by the choice of a new implementing agency. - 
The new project was overtaken by political developments, 
namely the cessation of U.S. economic assistance to Uganda 
in 1972. One major part of the project, sorghum and 
millet research, was curtailed. Furthermore, since the 
East African Community did not meet after 1972 no approval 
could be obtained for the new elements of the project. 
What remained was the continuation of the maize breeding 
methodology research at Kitale and three scientists for food 
technology, plant quarantine and field trials. When it 
became obvious that these activities were poorly coordinated 
A.I.D. conducted another in-depth evaluation in February, 
1975. The A.I.D. -financed team of U.S. university and 
USDA experts recommended that the project be redesigned to 
include the following elements: establishing a regional 
Protein Quality Laboratory (PQL); continuing work on maize 
breeding methodology; accelerating work on disease resistance 
in maize; developing cropping systems for marginal rainfall 
areas; undertaking sugar cane research; and continuing 
the work of the plant quarantine station.%/ The purpose 
of the protein quality breeding program was to enhance the 
lysine component in maize protein by incorporating the 
Opaque-2 (high lysine) gene in high yielding maize varieties 
and hybrids. The PQL was to perform chemical analyses 
and supply Opaque-2 germ plasm to the maize breeders at 
Kitale. The disease resistance work on maize was to be 
performed at Mugqga, where the initial focus was to be on 
virus diseases, particularly maize streak. Finally, the 
Plant Quarantine Station, also at Muguga, was to continue to 
protect Kenya and East Africa from the introduction of plant 
diseases and pests from outside the region. The recommended 



sub-projects included very ambitious objectives. For 
example, disease resistant maize germ plasm was to be available 
to national maize breeders by December, 1978; Opaque-2 was to 
be incorporated into the East Africa maize breeding program; 
and the basic research for maize in marginal r infall 
areas was to be completed by December, 1976.~7 To accomplish 
these objectives the project was to provide 45 years of 
U.S. technical expertise, 30 undergraduate scholarships 
in East African universities; and about 35 years of advanced 
academic training in the U.S. for EAAFRO staf f.z/ 

Meanwhile in Kenya the USAID Mission had assisted the 
Government of Kenya to extend the new hybrid maize seed to 
densely populated Vihiga District as one part of an inte- 
grated Rural Development project (no. 615-11-810-147). 
Among other things A.I.D. claimed that increases in maize 
production of up to 300 percent were possible due to the 
availability of the needed oduction credit, improved 
husbandry and hybrid seed.8 In Tanzania A. I .D. -had 
initiated a - Seed Multiplication project (No. 621-11-130-092) 
in 1970 to establish four seed farms, one in each of the 
major environmental zones, which would mult y seed for 
several staple food crops, including maize. @ 

With the collapse of the East African Community in 
July, 1977, the breeding methodology program at Kitale 
terminated and the Food Crops Research project shifted from 
A.I.D. regional auspices to the USAID Mission in Kenya. 
L. L. Darrah, the third and last ARS maize breeder, departed 
Kenya at this time. In 1978 an A.1.D.-financed team of 
USDA experts evaluated the project once again. Some elements 
of the defunct proiect were then incorporated in a new 
project entitle: ~Gyland Cropping systems Research (No. 615-0180) 
along with a particular emphasis on dryland agriculture 
in the Machakos and Kitui areas of Kenya. The components 
of the new project include the stationing of scientists 
and technicians (for maize breeding, agrometeorology, 
agronomy, plant pathology, soil physics and agricultural 
economics) at the Kenya Agriculture Research Stations at 
Kitale and Muguga and a significant training program for 
Kenya research staff (e +' about 14 Kenyans to be trained to t h  M.Sc. level and to the Ph.D. level in U.S. institu- 
tions). The project, which will collaborate with an FA0 



project in marginal rainfall areas, is expected to be 
completed in FY 1983.E/ In late 1978, L. L. Darrah 
returned to Kenya to review the state of maize research. 
At Kitale, he found that the three Ph.D. and one M.Sc. 
level staff had departed for better opportunities and that 
the remaining staff lacked the historical and scientific 
knowledge required to carry out the comprehensive breeding 
program. The facilities and equipment at Kitale were also 

16 deteriorating.-, 

While the diffusion of hybrid maize has had a profound 
impact on Kenya its impact has not been limited to only 
one country. The A.1.D.-planned and financed project 
activities discussed above have contributed to the diffusion 
of hybrid maize in East Africa and beyond. This diffusion 
is most clearly reflected in the estimates of hybrid and 
composite seed exports made by the Kenya Seed Company. 
On the basis of these export sales it is possible to make 
a very rough estimate of the area under hybrid or improved 
maize seed cultivation, i.e., one metric ton of seed will - 
plant approximately 42 hectares of land to the recommended 
high plant density. 

Estimated Area Planted to Hybrid Maize in 1978/79 from 
Kenya Seed Company Export Sales 

Country Estimated Area (Ha.) 

Tanzania 
Uganda 
Ethiopia 
Cameroon 
Zaire 
Mozambique 
Sudan 

In addition, hybrid maize based on the original 
cross is grown in Zambia, Malawi, Rhodesia and South 
The management of the Kenya Seed Company anticipates 
export sales of seed to Rwanda, Burundi, Somalia and 
Zaire. 

In the following section we have summarized the 

Kitale 
Africa . 
further 
Eastern 

fiscal - 

data for each of the A.I.D. assisted projects which relate 
to hybrid maize in Eastern Africa. However, it should 
be understood that most of these projects included financing 



f o r  a c t i v i t i e s  o t h e r  t h a n  b r e e d i n g  maize  and d i f f u s i n g  t h e  
technology;  t h e r e f o r e ,  t h e  sum o f  t h e  o b l i g a t i o n s  r e c o r d e d  
h e r e  i s  much g r e a t e r  t h a n  t h e  amount o f  money committed t o  
h y b r i d  maize t echno logy  per se. 

Country  

Worldwide 

Regional  

E. A f r i c a  

E. A f r i c a  

E. A f r i c a  

Kenya 

Kenya 

Kenya 

Kenya 

Kenya 

Kenya 

Kenya 

Tanzania 

Project P r o j e c t  
T i t l e  Number 

Major Cereal 946-11-990-419 
Dev. * 
Seed Seminars- 968-11-130-611 
N a i r o b i  

Animal & Crop 618-0644 
P r o d u c t i o n  

Major C e r e a l s  & 618-0652 
Legume Improv. 

E. A f r i c a  Food 618-0657 
Crop Research 

Crop & Live- 615-0101 
s t o c k  Ex tens ion  

Ag Coops & 615-11-140-103 
C r e d i t  

Marginal ,  Semi- 615-0164 
A r i d  Lands 

Ag System 615-0169 
Suppor t  P r o j .  

Marginal  Land 615-0172 
Development 

* * 
Food Crops  R e s .  615-0180 

R u r a l  Devel. 615-11-810-147 

Seed M u l t i p l i -  621-0092 
c a t i o n  

Years o f  Obl i -  
ga t i o n  A . I . D .  
I n i t i a l  F i n a l  ($000) 

1963 Unk. Not.Avai1. 

6/72 S t i l l  1 ,953 
A c t i v e  

8/78 S t i l l  5 ,573 g r a n t  
Active 20,000 l o a n  

1979 S t i l l  1 ,330 g r a n t  
Active 10,000 loan 

1979 S t i l l  1 ,300 
A c t i v e  

1971 1976 1 ,886  

1970 S t i l l  6 ,300 
A c t i v e  

*Also known as  Major Cereal Crops i n  A f r i c a ,  N o .  698-11-130-176. - 
**Also known as  Dryland Cropping Systems Research .  



Notes 

International Cooperation Administration, "Aid Level 
Submission", October 30, 1959, p. 10, concerning the 
Agricultural Investigation, Development and Training 
project (No. 615-11-008) and USAID Kenya. "Corn in 
Kenya, Spring Review - New Grain Varieties", May, 1969, 
pp. 26-27. 

A.I.D., "East African Regional Program", December, 1964, 
pp. 116-118. 

A.I.D., "East African Community Food Crop Research" 
project, No. 618-11-110-657, October 21, 1971, p.5. 

Litzeberger, S.C.,  et. al., "East African Major Cereals 
Project Evaluation", September, 1972, p.5. 

x,, pp. 7-8. 

Ibid., p.6. - 
Project 657, 9. - cit., p.6. 

Ibid., p.3. - 
Ibid., p.9. - 
RDOEA/Arusha, "Revision of the Non-Capital Project 
Paper, East African Food Crop Research", No. 618-110- 
10-657, April, 1975, pp. 1-4. 

Ibid., logical framework, p.36ff. - 
Ibid., p.3. - 
A.I.D., FY 1976 Congressional Presentation, May, 1976, p.57. 

Ibid., p. 93. - 
USAIDKenya, "Dryland Cropping Systems Research". 
Project Paper No. 615-0180 and FY 1980 Congressional 
Presentation, p.332 where the project is renamed 
"Food Crops Research" with the same number. 

L. L. Darrah, "Report of a Technical Consultation in 
Kenya", USDA, October, 1978. 



APPENDIX B 

A.1.D.-SUPPORTED MAIZE RESEARCH IN KENYA AND THE SMALL FARMER MANDATE 



APPENDIX B 

A. I.D. -supported Maize Research i n  Xenya and the Small Farmer Kmdate 

The series of projects subsumed under the t i t le  "Kitale Maize" 
originated a decade before the US Congress directed A.I.D. to address the 
needs of d l  farmers i n  the developing mrld.  Thus it is hardly surprising 
that the f i r s t  projects were not aimed explicitly a t  d l  farmers. Nwer- 
theless, the program did have a favorable inpact on certain categories of 
d l -sca le  Kenyan producers--which i l lus t ra tes  hclw tenwus the relationship 
m y  be between project design -1s and actual impact achieved. The project- 
by-project review which f o l l m  attempts to assess how well the Kenya 
projects respcnded to d l  farmer needs, and also attmpts to identify areas 
i n  which the projects could have done hetter. Before entering this dis- 
cussion one preliminary issue must be raised: what is a " d l  farmer" 
in the context of Kenya? 

'Ihe definition of a s~l lholder  forwarded by the Kenya Central Bureau 
of Sta t is t ics  (and accepted by the USAID) is any farmer with eight hectares 
of land or  less. This m y  seem reamnable, insofar a s  m y  Kenyan farmers 
possess farms hundreds of hectares i n  size, but in fact  75% of a l l  Kenyan 
d l h o l d e r s  possess two hectares of land or less. Clearly, production 
recarmendations fr- for d l h o l d e r s  with tho hectares of land w i l l  be 
different than recomnendations suited to those with much larger amunts of 
land. It is not d i f f icul t  to see how the "eight hectare" definition could 
lead to research and recarmendations inappropriate to the " p r  mjor i ty ,"  
i.e. b e  with less than two hectares of land. There is no scope here to 
resolve this definitional problem in the context of Kenya, but one p i n t  
should be remembered. A project that appears to respond to the d l  
farmer mandate when the definition includes those with eight hectares or 
less m y  seen canpletely irrelevant to d l  farmers when the definition 
is refined to include only those w i t h  two hectares or less. 
Questions of d l  farmer relevance are extrenely sensitive to such 
definitional variation, and care should be taken to insure that those 
w b  are asked to answer the questions do so with a realistic and relevant 
asses-t of what m a l l  farmers are in any particular country context. 

The f i r s t  project, Major Cereal Crops in Africa (946-11-990-419). 
provided a USLA maize geneticist wfio wrked a t  Kitale beqjnninq in 1964 
b develop and evaluate various m e w  of mize  breeding. 8% the USLAl 
perspective, the project was an experirrwt i n  breeding mthdology; a t  the 
same time (and this is the reason for Kenyan interest in the activity) 
each cycle of breeding generated new varieties of mize,  saw of which could 
be expcted to be of interest  to mmnercial growers. In fact  it was fore- 
seen that the project would lead to steady inpmvamts in the yield quality 
of the original Kitale hybrid, produced several years earlier by Michael 
Harrison for the Kenya gwermment. The breeding program was to prcduce 
new hybrids for use by large-scale (generally European) farmers, while less 
expensive ccmposite mize  varieties (generated a s  intem&iate p?xducts i n  
the hybridization program) were to be disseminated to d l -sca le  African 
farmers. -sites are less expensive than hybrids because they do not 
require the purchase of new seed for each planting. What actually happened 
was that an aggressive printelyawned seed nultiplication and m e e t i n g  
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enterprise (Keny Seed Ccrrpany) i n  mdcing hybrid seed available 
to snalhlders as well as large-scale farmers. It is often claimed that 
Kenyan 4 1  farmers here attracted to the expensive hybrid rather than the 
cheaper onposite varieties because of yield superiority and because the 
hybrid had high status as a "European" seed, ard this may be partly true; 
equally important, h3wwerr must be the circumstance that, for  mrketing 
reascns, relatively little long maturing c a p s i t e  seed was ever nrade 
available to snallholders i n  ccrrmercial guantities. 'BVJS rrost Kenyan 
d h l d e r s  were never offered a choice between a high-yielding hybrid 
and a high-yielding aanposite-the choice was rather betmen the hybrid and 
unkpmved local varieties. Whatever their mtivation, Kenyan dlholders 
began to plrchase hybrid seed in large amnmts sa3n af ter  it was intrxdwed; 
there is sane evidence that  by 1970 the d l h o l d e r  m k e t  for  hybrid seed 
was larger than the m k e t  anwng Large-scale farmers. 

The seccnd project, Major Cereals ard Irrprovement (618-11-130-652), 
began in 1969. It continued the maize txeedhq activi ty a t  Kitale and also 
p&ided bm f ie ld  trial officers to evaluate the p e r f o k  of inproved 
mize  varieties in Uganda and Tanzania. 

The earlier project had also prwided sane support for f i e ld  trials i n  
locations dispersed widely t h r p u g h t  East Africa, but the work was generally 
done by local researchers were slow to resprd to the information needs 
of the Kitale b-s. The new A.1.D.-financed field trials officers were 
mt to allwiate that problan. In al l  cases the f ield trials here carried 
out in plre stands on exper-tal plots; the investiqaticms m e  to assess 
the suitabil i ty of improved mize  varieties to varying soil, rainfall,  
tenperatwe, insect and disease regirnss, not to see hCHJ the maize varieties 
could amplarent or replace other cultigens within existing d l h l d e r  
fanning systens. Of course, it is important to recognize that these t m  
exprhtal goals need not conflict with each other. In the case of hybrid 
maize, for exmple, many s ~ l l h D l d e r s  experienced little difficulty in- 
corporating the new seed into existing cropping patterns, prwided that 
basic agro-climatic corditions here met. Thus detailed research into the 
role of maize i n  existing fanning systems would have contributed l i t t le 
to making the new maize varieties mre accessible to s~llholders. 011 the 
other hand, there is a significant n m k r  of Kenyan d l h o l d e r s  (mostly 
the "poor mjor i ty"  as defined abwe) who even today have not been able to 
benefit f m  the adoption of hybrid maize. None of the earlier projects 
were designed in a way t h a t m u l d  have all& the breeding research to 
respcnd to the needs of this disadvantaged category of snallhlders,  although 
the latest project i n  the series (Dryland Cropping Systaw Research) may 
do so. This is rather an q m r t a n t  issue, and deserves to be i n  
mre detai l .  

The A.I.D. funded breeding program was linked closely to the needs of 
large-scale farmers, m s t l y  because of the physical proximity of the Kenya 
govenmnent agricultural research station and the Kenya Seed Ccmpany; hoth 
of these institutions have mintah& close t i e s  w i t h  European (and later 
African) large-scale f m r s  frcm the late 1950s to the present day. nE 
breeding program was also linked, i f  mre tenuously, with the needs of 
"progressive" snallholders-partly through the Kenya Seed Canpany (which 
depends on the smallholder market for  a large proportion of its total seed 
sales) ,  and partly through the extension services of the Kenya Ministry of 
Agriculture. 'Ihe "mize tours" undertaken jointly by Kitale researchers, 



extension officials and persoaYlel of the Kenya Seed m y ,  for instance, 
allowed -ties for CCrmMication with the better-off category of 
Kenya d Iho1ders .  By cantrast there were no lhes of anmmication wint- 

between the plant breeders and poor mallblders-a cynic might note 
that neither the Kenya Seed m y  mr the extension service was motivated 
to identify and transmit the requirenwts of poor d l l m l d e r s  to the Kitale 
maize -s, the former because the financial r&warda muld have been 
limited and the latter because individual extension agents were presented 
w i t h  Little incentive tc work with poor farmers. In today's circumstances, 
of course, it is thought to be the task of a development assistance agency 
to create and maintain such lines of communication, but this was not 
generally conceded in the 1960s. 

In 1972 A.I.D. support for agricultural research a t  Kitale was mtinued 
u m k  a third pnject, East African Carrraarity Food Crap Feseamh (618-ll0-11- 
657). Swprt has now given to the develgment of highyielding varieties 
suited &law-altitude i . e . ,  medium poten-tial) areas; k1 the-previous 
heeding mrk, by contrast (as w e l l  as most of that which followel) was aimed 
a t  increasing the yields of long maturirg varieties adapted to corditions 
in the high patentiid areas of western Kenya. Eut during the preceeding 
seven years the Kenya govenment maize research program ~ ~ a t h g  with 
but distinct frnm the rn program supported by A.I.D.) had produced several 
maize varieties, b t h  hybrid and anpsite, suited to medium potential areas. 
lhis was a consequence of political pressure--Kenyan f-s and their 
elected representatives in the nredium potential areas were anxious to benefit 
£ran new maize varieties as f-s in high potential areas had been doing 
for saoe time. ?his Kerryan political developnent my have been reinforced 
by the desire of other E X  states to see the regional project berome mre 
relevant to their needs; i n  any event the outcam was that the new m i z e  
breeder a t  Kitale spentrmch time travelling to research stations e l h e  
in Kenya, a t m g  to spread the use of the efficient maize breeding mthod- 
ologies that had been developed a t  Kitale. It may be stretching a point to 
regard this developnent as a reqcmse to the needs of poor famers, but it 
does seem reasonable to co~~clude that explicit efforts were being made to 
spread the benefit of the breeding mtkdology program more widely amng 
Kenyan smllholders-*r indeed ammg East African mallholders generally. 
Vnforturately, the effort to produce maize varieties suited to the d m  
ptential areas has not acmnplished rmch, partly because the breeding 
program has bemne w e d  down in attgnpts to impnxre the protein content 
of maize, and partly due to difficulty in maintaining certain of the parent 
lines. 

In 1975 the ongoing regional project was redesigned. l'tm earlier sub- 

proj- .- inal areas cropping system and breeding for disease 
resistance m maize--received increased arphasis, and a new subproject was 
added--breeding for protein quality in maize. The basic breeding work at 
Kitale was continued, as were several other project activities. 

The nrarginal areas research, by an a g r d s t ,  an agnrneteor- 
ologist ax i  an agricultural econanist, was aimed a t  assessing the response 
of major food grains (including maize) to various water and soil  conditions 
enonmtered in the drier parts of East Africa. It was also foreseen that 
reamnended practices wmld reflect the views of the -st, h s e  job 
it was to develop farm mmagarmt -1s apprapriate tn marginal areas 
cropping patterns. Clearly, this was an at- to make plant research 



re@ to the needs of a relatively disadvantaged group of smllholders. 
vnfortunately, by mid-1978 relatively little had been accanplished by the 
technicians charged with conducting this program of research, which m y  
explain why it is now FAO, and not A.I.D.,that has the responsibility for 
conducting adaptive research in the cropping systems project. 

The new subproject to breed for disease resistance in maize initially 
identified tm problem areas: 1-to-durn altitude (medim potential) 
zones, where mize streak virus ( M N )  is a significant factor affecting 
maize yields; and high altltude (high potential) zones, especially Kitale, 
wfiere sugar-cane mosaic virus (SOW) is widespread. A decision was soon 
rmde to czxcentrate work on SOW rather than MSV, and extensive attempts to 
identify sources of resistance to SCW in ammrcially valuable germplasm 
w e  undertaken. Only rmniru31 progress was achieved in incorporating 
resistant germplasm into ongoing breeding efforts, perhaps largely because 
the E X  fell apart, and the Kitale effort with it, soon after the initial 
screening was done. 

Although there here smnd reasons for the decision to focus A.1.D.- 
assisted disease work on W in ccmnercial hybrids, it is appropriate to 
note that this research was considerably less relevant to the needs of poor 
snallholders than research into diseases e.., ' characteristic of the 
mdim ptential zones. Available dccunents make it clear that the Kenya 
Seed Ccmpany and the Kitale breeders, as well as the goverrrment of Kenya, 
influenced the plant pathologist's decision to work on diseases characteristic 
of the mre developed high potential zones. Once again we see the power of 
established lines of cumnmication and the disadvantage of being without these. 

The protein quality laboratory at Kitale was desired greatly by all 
of the EPL: n'mbzr states, as well as by USDA plant breeders, ADD and the 
Nairobi mission. In 1975 there was still a good deal of optimism about 
the potential for raising the protein quality of mize by incorporating 
the opaque-2 gene into high-yielding germplasm. W a y  high lysine mize 
finds sane place in the highly capitalized U.S. livestock feeding industry, 
but associated problems of poor storage quality and reduced yields appear 
to be insuperable abstacles preventing wider usage. In 1975 the protein 
quality lahorabry at Kitale could be viewed as an at- to address the 
needs of mize umsuners in developing countries; in 1980 this is no longer 
so. 'Ihere is wide agreement m n g  maize scientists that a gccd deal rrore 
basic research will have to be  DIE into the canbinlng qualities of high- 
lysine gemplasm before further practical advances can be made in mize 
protein quality. bbreover, there is a qwstion whether coll~uners in the 
developing mrld need high-lysine mize at all. Nutrition work done in 
Kenya revealed no protein-deficiency disease associated with maize 
camqkion, not even in the case of hybrid mize whlch has much less protein 
per gram than uninproved varieties. 'Ihis is because maize is ordinarily 
eaten in &ination with legunes that conpensate for protein deficiencies 
found in mize. In sm, there are good reasons for thinking the protein 
quality research is mind to the needs of mil f-rs and developing 
nations as these needs are currently perceived. 

As a footnote, we shauld not overlook the possibility that the 
unsuccessful search for ways to increase the protein quality of mize 
may have hampered b r e d q  work aha3 at releasing new inproved varieties 
to smallholders. Maize breeding by whatever metho3. is a time-cons~nning 



process, and limited fac i l i t i es  a t  Kitale and el- placed lxxlnds on 
the nmbm of maize qualities breeders could select for i n  their breeding 
popllations. 'Pb the extent that attention was directed a t  protein quality, 
other inportant lines of investigation were ignored. lbe Kenyan officer 
in charge of the Katunrani research station, for exanple, was explicit  i n  
h i s  observation that  concern for protein quality had hindered the production 
of new canposite maize varieties suited to medim p t e n t i a l  areas. 

The mst recent project i n  support of Kenyan agricultural research was 
funded in 1979. Dryland Cropping Systems %search (615-0180) expads A. I.D. 's 
interest in  analyzing problenrs of food grain production i n  Kenya's marginal 
areas, while IMintaining A.I.D. support for other act iv i t ies  funded i n  earlier 
projects. Wle it is far  too early in the l i f e  of the new project to make 
rmprehensive statfments about the extent to which it resp3nls to the d l  
famtx h t e ,  several ol.Jservations are in  order. First ,  this project is 
the f i r s t  i n  the series of projects reviewed here to regard the satisfaction 
of d l  f- needs as the primary objective of the research. Second, 
the project prwides personnel and work plans that are appropriate to a 
research effor t  airrrd a t  identifying soil ,  water and econrnic constraints 
to d l h o l d e r  proauction in marginal areas. Third, the project provides 
support for a facil i ty,  the protein quality laboratory, that  semis marginally 
relevant to the needs of poor Kenyan f-s. The special danger here, 
revealed i n  a close reading of the maize breeder job descriptions, is that 
the maize breeders hired for the new project, who (based a t  K i t a l e  and 
Miquga) are supposed to breed for m y  plant characteristics besides protein 
quality, w i l l  devote more time to this effor t  than is warranted. A s  noted 
abwe, breeding to -rove agronomic characteristics, yield quality and 
disease resistance m y  address needs of mll f-s; breeding to @ m e  
protein quality is unlikely to do so. 

'Ihe sixteen-year sequence of project activity outlined here presents 
an interesting pattern. The f i r s t  project was to support mize  breeding, 
and the dissemination of breeding materials and knowledge; the second 
project added to this provision for f ield trials; the third project included 
a rather ccmplex effor t  to assess the needs of marginal rainfal l  areas; the 
fourth project was even broader, seeking to an- new questions regarding 
disease resistance and protein quality; the f i f t h  (and la tes t )  project con- 
tinues a l l  of these earlier activities but - the nyrc~inal axeas 
ocmponent significantly. The caman thread uniting these projects into 
a coherent program has been support for  the basic breeding work done a t  
Kitale. Until recently, no elenwt in any project succeeded in creating 
any ht the most ten- links between this research activi ty and -11 
f- needs; a t  the sams time the relevance of the research effor t  to 
Kenyan s ~ l l h a l d e r s  has increased with each expansion in program activity. 
(Ignoring for the mment the protein quality laboratory.) Ws my seem 
a contradiction-hay can research kemm more relevant while m a l l  f- 
needs go unassessed? ?he answer is that certain kinds of research are of 
universal value: breeding for yield quality and disease resistance, for 
-1e, or  bredbg for lodge resistance, or breeding for abi l i ty  to with- 
stand misture stress. Such efforts  attack problans of plant gxwth that  
are relevant to a l l  maize grcuuers, large o r  d l ,  and these are the kinds 
of efforts  supported by A.I.D. i n  Kenya. 



There is of oDurse a whole range of other problems-not plant growth 
problems but fann production problems-that are of particular concern to 
d l ,  poorly-capitalized rmize growers, and the agricultural research 
s~ported by A.I.D. has never succeeded i n  identifying or respcnding to these 
problems. Only meager effor ts  have been made to assess the performance of 
maize varieties wfien interplanted with legme, for instaxe, and yet the 
majority of Kenyan s ~ l l h o l d e r s  plant maize no other way. Efforts to 
reduce the size of the hybrid plant, and, wraccmitantly, the drain on scarce 
soil nutrients, have not been central to the breeding program, and yet 
many poor f-rs are unable to grm hybrid precisely because it deMnds 
so rmch fmn  the soil. No hurk whatever has been done to breed for inproved 
performance during storage, yet pst-harvest grain losses on smallholder 
farms in Kenya have been estimated a t  25-40% of total yields. 

?his list of things mt done in the program of agricultural research 
could be expmded considerably, but the essential pint is that they were 
not done because no mechanim for introducing mall farrcer umcerns into 
the research agenda was ever established. The recent dryland cropping 
systans project goes further in this directim than any earl ier  project, 
but may not succeed i n  making m a l l  fanner needs known to the basic plant 
and soil scientists-this is because reqwmibi l i ty  for basic research 
rests with A.I.D., but responsibility for adaptive research is vested in 
FAO, while respnsibi l i ty  for  assessing socio-eoonanic constraints is given 
to yet a third party, the University of Naimbi .  

In sun, we find that  A D  support for  agricultural research in Kenya 
has indeed benefited m a l l  farmers. This is because the research was 
m t e d  to a basic food crop grown by d h l d e x s  werywkre in Kenya, 
and was designed to answer questions regarding plant gnwth that are of 
concern to all maize producers, regardless of size. Uttle i n  the R 1 . D .  
program, howwer, has been directed a t  the special and specific needs of 
s ~ l l  fanners. ?his is because rn links--planned or otherwi-e 
ever established to identify d l  fazwr needs and camavLicate these to 
the A.1.D.-supported researchers. The 1972 attempt to do so prwed abortive; 
the 1979 attempt has yet to be carried ttuuugh to canpletion. Ml farmer 
interests were addressed directly only when outside forces--Kenyan poli t ical  
d e v e l a p n e n t s a  this obligatory. 
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APPENDIX C 

A TECHNICAL NOTE ON M A I Z E  BREEDING 

I. In t roduc t ion  

I n  t h i s  n o t e  we w i l l  use  t h e  fol lowing terms i n  t h e  
d e s c r i p t i o n  of maize breeding and maize agronomy. 

Hybrid -- A s i n g l e ,  double o r  t r i p l e  c r o s s  of s e l e c t e d  
inbred l l n e s ,  normally with  wide v a r i a b i l i t y  i n  g e n e t i c  
background, t h a t  a t tempts  t o  enhance c e r t a i n  predetermined 
c h a r a c t e r i s t i c s  such a s  y i e l d ,  i n s e c t  o r  d i s e a s e  r e s i s t a n c e ,  
s t a l k  s t r e n g t h ,  e t c . ,  and a t t a i n  hybrid  v igo r  o r  h e t e r o s i s .  

Syn the t i c  -- This  is an open p o l l i n a t e d  v a r i e t y  de r ived  
from t h e  combination of a number of s e l e c t e d  self p o l l i n a t e d  
l i n e s ,  t h e  good combining a b i l i t y  of which has  been pre-  
determined by t e s t i n g  a l l  p o s s i b l e  f i r s t  gene ra t ion  (F1) 
combinations. 

Composite -- Composites a r e  open p o l l i n a t e d  v a r i e t i e s  
s e l e c t e d  from t h e  random combination of a l a r g e  number of 
recognized breeding l i n e s  t h a t  i n  theory have good combining 
q u a l i t y  and t h e  g e n e t i c  c h a r a c t e r i s t i c s  d e s i r e d  f o r  a s p e c i f i c  
l o c a t  ion.  

Synthetics and composites a r e  g e n e r a l l y  developed f o r  
adverse  o r  marginal  maize growing c o n d i t i o n s  o r  where demand 
f o r  maize seed is n o t  s u f f i c i e n t  t o  make hybrid  seed product ion 
v i a b l e .  

11. Maize Breeding 

The l a r g e  s c a l e  commercial farmers  i n  t h e  Western 
highlands of Kenya became i n t e r e s t e d  i n  hybrid maize i n  t h e  
e a r l y  1950s. The i r  r eques t  t o  t h e  Kenyan Government (GOK) 
r e s u l t e d  i n  t h e  employment of Michael Harr ison a s  maize 
breeder  i n  1954. Inbreeding and c r o s s i n g  of l o c a l  v a r i e t i e s  
d i d  n o t  r e s u l t  i n  hybr ids  of any p a r t i c u l a r  s u p e r i o r i t y .  
However, when t h e  inbred  l i n e s  were formed i n t o  s y n t h e t i c  
v a r i e t i e s  i n  1961, t h e  r e s u l t i n g  K i t a l e  Syn the t i c  I1 proved 
h igh ly  s u c c e s s f u l  and was t h e  most popular  v a r i e t y  u n t i l  a  
hybrid ,  H611 was r e l e a s e d  i n  1964. While a number of 
in t roduced l i n e s ,  c rossed  wi th  l o c a l  l i n e s ,  had been t r i e d  
i n  Kenya, it was an Ecuadorian l i n e ,  EC573, t h a t  c rossed  
wi th  t h e  K i t a l e  Syn the t i c  I1 t o  produce t h e  hybrid  v i g o r ,  
h igh  y i e l d ,  and d e s i r a b l e  agronomic c h a r a c t e r i s t i c  r equ i r ed  
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by the Kenya farmer. This high altitude Ecuadorian variety was 
acquired with a number of other Central and South American 
lines during Harrison's AID/Rockefeller-sponsored trip to the U.S. 
and Mexico to collect germ plasm and to observe maize breeding methods. 
The hybrid was superior under small farmer management practices in 
the Western Highlands and in times of favorable costjprice ratios 
he readily purchased the hybrid seed (see Table 1). 

TABLE 1 

AREA OF IMPROVED MAIZE GROWN IN KENYA 
1963 to 1979 
(in hectares) 

Year 

1963 
1964 
1965 

1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 

Source : 

Large Scale Farms 

F.M. Ndambuki 

Small Scale Farms Total 

162 
12,323 
30,247 

41,129 
102,143 
87,832 

103,791 
144,482 
213,649 
280,848 
318,069 
331,572 
402,750 
427,995 
488,959 
436,876 
367,696 

In this Table one can see the rapid expansion of small 
farmer improved maize production far exceeded large farmer 
production after 1968. 



I t  was n o t  u n t i l  t h e  unfavorable  p r i c e  and marketing 
s i t u a t i o n  of  l a t e  1977 and 1978 t h a t  hybr id  s a l e s  f o r  1978 
and 1979 dec l ined  from t h e  1977 peak. Even then  sma l l  
farmer s a l e s  were only  down 5 and 15 p e r c e n t  r e s p e c t i v e l y  
a s  compared t o  a 50 and 33 pe rcen t  dec rease  f o r  l a r g e  farmers .  

Breeding programs were developed a t  t h e  Katumani s t a t i o n  
i n  Machakos f o r  s h o r t  season,  low r a i n f a l l  v a r i e t i e s  i n  
1957; a t  t h e  Embu s t a t i o n  i n  1965 f o r  mid-season, medium 
r a i n f a l l  v a r i e t i e s ;  and i n  1975 a t  t h e  Coast s t a t i o n ,  
Kikambala, f o r  mid-season v a r i e t i e s  s u i t e d  t o  t h e  h o t ,  
humid, d i s e a s e  p r e v a l e n t  c o a s t a l  a r ea .  Open p o l l i n a t e d  
composite v a r i e t i e s  were s e l e c t e d  f o r  t h e  lower p o t e n t i a l ,  
d r y  and c o a s t a l  a r e a s  t o  meet t h e  needs o f  smal l  farmers  
f o r  low-risk c rops .  

TABLE 2 

M A I Z E  RECOMMENDED FOR GROWING 
I N  KENYA 

Hybrid o r  
v a r i e t y  

Coast  
Composite 

Katumani 
Composite B 

-- -- - 

Year of  f i r s t  Matur i ty  c l a s s i f i c a t i o n  
r e l e a s e  and remarks 

-- 120-150 days ,  
-- 0-1000m. above sei 

l e v e l  
-- 35 bags/ha. 

-- Ear ly  (100-200 
days)  -- 1000-1900m. 

-- Marginal R a i n f a l l  
two seasons  below 
c o f f e e  b e l t ,  d r y  
woodland and bush 
a r e a s .  

-- 25 bags/ha. 

-- Medium (150-180 
days)  -- 1000-1700m. 

-- 40 bags/ha. 
-- 20% h i g h e r  y i e l d i ~  

than  l o c a l  maize 
(Muratha 



Hybrid or 
v a r i e t y  

- 4 -  

TABLE 2. . .Continued 

Year o f  f i r s t  
r e l e a s e  

M a t u r i t y  c l a s s i f i c a t i o n  
and remarks 

-- Medium (150-180 
d a y s )  

-- 1200-1800m. 
-- 45 bags/ha.  
-- 25% h i g h e r  y i e l d i n g  

t h a n  local maize  
(Muratha) 

-- Coffee  a r e a s .  

-- L a t e  (180-240 d a y s )  
-- 1000-1700m. 
-- Double c r o s s  
-- 56 bags/ha.  

-- L a t e  (180-240 d a y s )  
-- 1000-1700m. 
-- Three-way cross 
-- 58 bags /ha .  

-- L a t e  (180-270 d a y s )  
-- 1500-2100m. 
-- S i n g l e  cross x 

V a r i e t y  
-- 6 5  bags /ha .  

-- L a t e  (180-270 d a y s )  
-- 1800-2400m. 
-- S y n t h e t i c  x V a r i e t k  
-- Tea and pyre thrum 

a r e a s  
-- 62 bags/ha.  



TABLE 2...Continued 

-- Late (180-270 days) -- 1500-2100m. 
-- Single cross x 

Variety 
-- 75 bags/ha. 

Hybrid or 
variety 

-- Late (180-270 days) -- 1500-2100m. -- Single cross x 
Variety -- 75 bags/ha. 

Source: F.M. Ndambuki 

Year of first 
release 

In 1963 AID was requested by the Kenyan Government to 
evaluate and make recommendations for their maize breeding 
program. Dr. Steve Eberhart from Iowa State University 
performed the evaluation and subsequently was the first 
of three USDA contracted maize breeders to work at Kitale 
under an AID financed regional project. He served from 1964 
to 1968; Dr. Penney from 1968 to 1970; and Dr. Larry Darrah 
from 1970 to 1977. 

- 

Maturity classification 
and remarks 

The USDA breeders introduced several different breeding 
methodologies but eventually settled on the reciprocal re- 
current selection (RRS) method from which was developed the 
Kitale comprehensive breeding system. This involved the 
maintenance of two separate parent populations, i.e., the 
Kitale snythetic and the Ecuadorian 573, inbreeding the 
population, making selections for improvement then, either 
crossing with the other parent lines for hybrid, or 
inbreeding for another cycle to gain further improvement. 
At any point in the continuing cycles of improvement, hybrids 
synthetics or composites can be developed depending on needs 
for commercial production or selection criteria. The 
advantage of the RRS system is that there can be continued 
improvement of parent lines and the time frame for developing 
new hybrids is shortened. 



An area of maize breeding research which continues today 
and which is of questionable value is the work on opaque and 
other mutant genes to enhance the protein quality of maize. 
Though a great deal of research has been accomplished in this 
area, the trade off between increasing protein quality and 
decreasing yields has proven to be an intractable problem. 

111. Maize Agronomy 

To maximize the yields of hybrids or local varieties, 
it was necessary to develop a package of cultural practices 
suitable to the growing environment. While a number of single 
factor studies had been accomplished prior to the interest 
in hybrids, it was the potential for major yield gains of six 
and eight fold that convinced researchers to place emphasis 
and consequently resources on maize agronomy. 

In 1963 the Government of Kenya, with the assistance 
of Rockefeller Foundation and the British Government, hired 
A.Y. Allen to develop a systematic program of agronomic 
research. Working closely with the maize breeding program 
he conducted multifactorial trials to investigate 
a number of agronomic problems. The trials provided informa- 
tion on the benefit of individual practices, and on the 
cumulative effects resulting from the complementarity of 
practices used in combination (see Table 3). Even with local 
varieties, improved management provided a 3 to 4 fold potential 
increase. 1000 to 1200 Kg/Ha. was the average Kenya maize 
yield in 1963. Local maize with the best management yielded 
4000 Kg/Ha. in Kitale on a three-year average, 1964-1966. 
However, hybrids were capable of yielding 8000 Kg/Ha. under 
similar conditions. 



TABLE 3 

FACTORS AFFECTING 1966 YIELDS AT 
6  LOCATIONS I N  WESTERN KENYA 

F a c t o r  Leve l  Yie ld  Dif f  . I n c r e a s e d  Cash Prof  it 
(q/ha)  Return  O u t l a y  p e r  h a  

Time o f  
p l a n t i n g  

V a r i e t y  

P l a n t  
popula- 
t i o n  

Weed 
c o n t r o l  

Ni t rogen  
(N) 

E a r l y  

L a t e  

H613B 

Local  

36,000 

18,000 

Clean 

Once- 
l a t e  

56 kg. 

0  

79 kg. 

0  

$80.91 $ n i l  $80.91 

81. 78 4.17 77.61 

48.72 2.78 45.94 

42.63 6.96 35.67 

9.57 11.65 -2.08 

13.05 24.60 -11.55 

Source:  G.F. Sprague 

The f a c t o r s  t h a t  most i n f l u e n c e d  maize  p r o d u c t i o n  were: 
1) e a r l y  p l a n t i n g ;  2)  s e e d  rate;  3 )  s e e d  v a r i e t y ;  4)  weeding; 
5 )  f e r t i l i z e r ;  and 6 )  i n s e c t  c o n t r o l .  Of t h e s e ,  e a r l y  p l a n t i n g ,  
weeding and  seed rate  r e q u i r e d  low c a p i t a l  i n p u t s  and c o u l d  b e  
accomplished even by s u b s i s t e n c e  f a r m e r s .  The r e l a t i v e  i n f l u e n c e  
o f  v a r i o u s  c u l t u r a l  p r a c t i c e s  are d e p i c t e d  i n  F i g u r e  1. 



I 
80 .3 ¶/ha.  

$263.61 E x t r a  Re tu rn  

\ L o c a l  Seed  w i t h  
improved p r o d u c t i o n  

o f  e a r l y  
p l a n t i n g ,  p r o p e r  
s t a n d ,  c l e a n  weeding,  
no f e r t i l i z e r  

$127.02 E x t r a  R e t u r n  
9.74 C o s t  

$117.28 N e t  

Hybrid* w/improved 
p r o d u c t i o n  p r a c t i c e s ,  
n o  f e r t i l i z e r  

Hybr id  Seed w i t h o u t '  
improved p r o d u c t i o n  
p r a c t i c e s - p l u s  ph sp -  
h a t e  a n d  n i t r o g e n  I 

$56.55 E x t r a  Re tu rn  
40.42 C o s t  

$16.13 N e t  

A l l  Improvement F a c t o r s :  
Hybr ids ,  F e r t i l i z e r ,  
d u c t i o n  P r a c t i c e s  l P r O -  

1 50.16 C o s t  13 .91  C o s t  

1 $213.45 N e t  I 1 $176.62 N e t  

*30% i n c r e a s e d  y i e l d  
f o r  h y b r i d  o v e r  local 
maize  

FIGURE 1. Comparisons i n v o l v i n g  h y b r i d  s e e d ,  f e r t i l i z e r s ,  
and  improved p r o d u c t i o n  p r a c t i c e s  i n  Kenya. 

Source :  A.Y. A l l a n  a s  p r e s e n t e d  by G . F .  Sprague  and m o d i f i e d  
by K.  Byergo. 



Taking the research findings from the station to the 
farmer was the next task. Research teams established classes 
and training programs for extension staff. This started in 
the Kitale area and eventually spread to most of the maize 
growing areas of the country. The Kenya Seed Company was also 
involved in extension activities. The literature and promotional 
activities with small shopkeers helped to inform farmers. 
Demonstration plots, established by both extension staff and 
progressive farmers, also helped to spread the hybrid seed. 
In the early years hybrids were also promoted by the news media 
and government information services. These elements in the 
diffusion process are summarized in the following Table. 

TABLE 4 

"FROM WHOM DID YOU FIRST HEAR ABOUT 
HYBRID MAIZE?" 

(All answers in percentages) 

Zones in order of decreasing agricultural potential Weighted 
Source Zone 1 Zone 2 Zone 3 Zone 4 Average 

Extension agent 30.5 
Dealer/stockist 15.8 
Friend/neighbor 42.1 
Employer 3.2 
Agricultural 
show/field day 0 
Newspaper 2.1 
Can't recall ,other 6.3 

100.0 

Source: J. Gerhart (*Note that Zone 4 totals 85.7%. The error appears 
to be in the line "Friend/neighborM.) 

As shown in Table 1 the area planted to hybrid seed declined 
in both 1978 and 1979; however, the adoption of recommended 
practices appears to have been maintained or perhaps increased 
in some areas. These trends are shown in Table 5. 



TABLE 5 

DISTRIBUTION OF INPUTS AND HUSBANDRY 
I N  DIFFERENT MAIZE ZONES, PERCENT 

FACTOR 
ZONE 

1 2  3  4  5 6  7  8  9  A l l  Z o n e s  

Used H y b r i d  1 9 7 5  8 5  8 2  3 5  28  5 7  2 1  99  7 2  7  6 0  
1 9 7 7  9 3  8 6  4 8  4 3  79  40  98 8 1  15  7 8  
1 9 7 8  1 0 0  9 2  74 62  8 9  24 9 5  6 4  1 8  8 0  

T r a c t o r  or  1 9 7 5  7 1  7 1  5 8  2 8  1 0  47 9  2  44 1 2  5  3  
Oxen 1 9 7 7  9 1  64 76  4 3  2  7 7  9 6  4 5  1 5  7 1  

1 9 7 8  96 79  8 5  34  3 0  8 2  9 3  62  -- 7 5  

Mech P l a n t e r  1 9  15 1 -- -- -- -- -- 5 7  3  -- 9  
1 9 7 7  2  1 -- 7  -- -- 4  8  3 -- 1 7  
1 9 7 8  1 0  6  -- - - - - 4  47  -- -- 2  2  

P l a n t e d  E a r l y  1 9 7 5  1 5  7  11 4 2  44 58 2  6  44  1 7  2 7  
1 9 7 7  1 4  1 3  1 9  36  2 8  29 2 2  32  5  2 1 
1 9 7 8  8  2 5  -- 1 0  1 9  20  20 26 27 1 9  

P l a n t e d  Rows 1 9 7 5  77  72  4  5  6 9  9 4  7 6  1 0 0  9 1 / 7  2  
1 9 7 7  1 0 0  8 1  7 2  79  1 0 0  7 4  1 0 0  1 0 0  2 5  8  8  
1 9 7 8  1 0 0  9 0  7 8  1 0 0  1 0 0  84 1 0 0  1 0 0  -- 8  7  

Used 1 9  15 64 20 4  2  7  60  1 3  9 0  44  2  4  1 
F e r t i l i z e r  1 9 7 7  7 5  2 2  7  3 6  6 6  2 3  90  3 5  5 52  

1 9 7 8  7 6  3 5  1 9  4 3  44  1 2  8 7  4 8  -- 4 8  

Used 1 9 7 5  2 5  4  5  2 3  3 6  8  57 4  1 -- 24 
Insecticide 1 9 7 7  1 6  2  1 29 3 2  11 6 0  26  -- 2 8  

1 9 7 8  30 1 0  4  24 3 3  1 2  5 5  2 9  -- 2 5  

T h i n n e d  1 9 7 5  62  47 54  7 2  5 1  47  47  7 8  2 3  56  
1 9 7 7  7 5  6 8  8 0  64  6 2  66 7 3  6 5  1 0  6  9  
1 9 7 8  8 0  8 3  7 8  7 6  9 3  7 2  7 1  79  8 2  8  1 

C l e a n w e e d e d  1 9 7 5  5 5  7 1  7 3  7 9  7 8  8 7  6 5  7 5  6 0  7 0  
1 9 7 7  8 4  9 2  9 3  1 0 0  9 8  1 0 0  98 1 0 0  90  9  5 
1 9 7 8  9 0  1 0 0  9 3  90  1 0 0  9 2  94  1 0 0  9 1  9  3  

I n t e r p l a n t e d  1 9 7 5  3 5  4 8  54 7 9  5 5  68 1 9  3 8  8 2  5 3  
1 9 7 7  38 44 64  7 1  64 8 0  1 9  5 8  60  44  
1 9 7 8  4 0  27 5 2  4 3  5 2  40 3 2  3 8  5 5  4  5  

S o u r c e :  M P B Yield S u r v e y s  1 9 7 5  - 1 9 7 8 .  



D e f i n i t i o n  of  zones: 

Area A l t i t u d e  (m) R a i n f a l l  (mm) 

Bungoma, Kakamega, K i s i i ,  
Kericho, Nandi 
Bungoma, K i s i i ,  Kakamega 
(lower a r e a s )  
Nyanza (excluding K i s i i )  
Lower Meru, Embu, Muranga, 
Kir inyaga,  Kiambu 
Upper Nyeri and d i s t r i c t s  i n  
zone 4 
Machakos, K i t u i  
Trans-Zoia, Uasin Gishu, 
Nakuru ( l a r g e  s c a l e )  
Highlands i n  Nyandarua 
Coas t a l  B e l t  

A = high p o t e n t i a l  a r e a  
B = medium p o t e n t i a l  a r e a  
C = low p o t e n t i a l  a r e a  

Above 1500 

Above 1000 
800 - 1200 
900 - 1200 

Source: Njogu Njeru 
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