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WELCOME
 

On behalf of CIMMYT, welcome to Mexico and El Bat~n. And, 
on behalf of the Maize stafr, in particular, we would like to express 
our appreciation for your attendance here at the Symposium on "World-
Wide Maize Improvement in the 1970's and the Role for CIMMYT." 

Our topic could scarcely be mnore current or relevant; during 
recent days we have all read, seen,or heard about--or witnessed first 
hand--some of the world's food production and distrihutlon problems. 
The United Nations, Government leaders--all of us--are reacting to 

the sharply increased demands of scarcity. lhopefully, during tills 
week, we can work jointly in alleviating soime of these problems as 
they relate to maize production. Our aim here is to achieve sys
tematic assessment, which is heavily dependent upon your responses. 
As an extension of our own process of examination and discovery, we 

seek your contributions- -information, perspectives, resources, and 
ideas--which have proved useful to you and which may give us specific 

leads, thoughts, and suggestions. 

Our discussions will center on three major topics: 

1. 	 Identification of critical production problems of maize 
technology for the 1970's, and thus better focus on 
CIMMYT's planning. 

2. 	 Assessment of progress in National maize production 
programs, especially their potential for increased 
maize production; and a clear definition of the services 

they may need.
 

3. 	 Suggestion of programs for Maize Improvement that 

merit attention in other institutions, including activities 
of scientists, policy makers, and educators. 

Our plan is to present some of CIMMYT's current philooophy 
and planning related to restraints in maize production. The maize staff 
and the discussants for each topic will analyze our research approach 
and how we hope to assist in world food needs. Discussion will cover 
our approach here at CIMMYT headquarters, our international involve
ment, and some of our views on strategies for national programs. 
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The discussants will perform a central role in the Symposiurr 
we urge you to participate freely and to help us develop a dynamic plan 
that CIMMYT might zonsider for its role during the remainder of the 
1970's and beyond. We feel that CIMMYT has already matured and 
gained immensely in the process of gathering together the people and 
information f(r this program. And, by the closing session of the 
Symposium, we hope that we will have arrived at a broad consensus 
regarding our three Symposium objectives, with additional input from 
each of you (see Sections 14 arid 15). 

These objectives, again: 

1. 	 To help focus CIMMYT's planning on the most critical 
maize production problems. 

2. 	 To assess national programs and define services needed 
in the developing countries. 

3. 	 To suggest additional ways t.hat our institutions and staff 
can work together. 

As we open up these options during the Symposium, it seems lik, 
that we will be reminded daily of the urgency, of our task--that of ex
panding the physical limits of the world's food production. 

The CIMMYT Maize Staff 

EDITOR'S NOTE: Each of the Symposium 
presentations and discussion has been 
edited to achieve some consistancy of style, 
with every effort given to retaining the 
original thoughts and philosophies of the 
individual contributors. However,precedence 
has 	been given to accuracy and speed of 
distribution, rather than to format considera
tions. Hopefully, quicker availability to 
users will offset any lack of formality in 
make-up. Quotes or reproduction of this 
material should be cleared with the specific 
author or discussant. 
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1.0 

THE ROLE OF MAIZE IN 
WORLD 	FOOD NEEDS TO 1980 

by 

Haldore Hanion 

1.1 INTRODUCTION 

My paper will discuss four topics that can help us plan a male 
program for the next five or ten years. These afi: 

(1) Population 	growth 

(2) Trends in 	food production 

(3) The protein problem 

(4) Fertilizer 	supplies 

At the end of the paper, I will suggest some guidelines for a malite im. 
provement program. 

Many other ideas could appropriately be included in this open. 
Ing paper. I hope the discusm~on period will enable our Lead 0lscustant, 
Dr. Paarlberg, and members 3f the audience to introduce additional Ideas, 

1.2 POPULATION GR OWTH 

I begin with population growth, and I shall do so with some 
history, dating back to the discovery of agriculture. Thl history Is 
relevant to our present Symposium, Some of the pressurei on popula.. 
tion growth today began at least 9,000 years ago, as you will see. 

One scientist at CIMMYT has suggested that it wais neolithid 
woman, not neolithic man, who discovered agriculture and this idleovery 
was sn impetus for later increases of peoples, The reasoning goes like 
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this. In the days of the hunting culture, the women gathered wild grain, 

berries, and roots. These women were very close to nature, and it was 

probably a woman who hit upon the idea of cultivating plants. Perhaps 

she saw some secrs she had dropped on the ground outside the cave 

germinating and growing. Possibly the idea of a kitchen garden came 

to her on a day when her husband the hunter, armed with a club or a 

rock, failed to bring home any meat. 

At any rate, the domestication of cereal grains took place
 

about 9,000 years ago, occurring independently for rice in Eastern
 

Asia; for wheat and barley in Western Asia; for sorghum in East Africa;
 

and for maize in Mexico and Guatemala.
 

If speculation is correct that agriculture owes its origin to a
 

woman, there must Ldve been several women who got the idea about the
 

same time, each for a different crop on a different continent. They left
 

no written record.
 

Demographers of our time believe that the world contained 

about ten million people at the time agriculture began. From that point 

onward, a more reliable food supply made life more secure, and people 

began to multiply more rapidly. As their food supply increased, so did 

the people. Eventually, the population began to doub!e and redouble in 
ever shorter periods. 

For example, at the time of Christ there were an estimated 

250 million people in the world. This population doubled in the following 

16 centuries, reaching 500 million people about the year 1650. Another 

doubling of population required only two centuries; thus, we find one bil

lion people by 1 850. 

Only 80 years were required for the next doubling and in 1930 

world population had reached two billion. Today, we have almost doubled 

that figure again. World population stands at 3. 8 billion. People con
tinue to increase at the rate of 2% a vear, and at this rate, we shall dou
ble the human race again in 38 years, or a little beyond 2000 A. D. The 

developing countries have an even higher average growth rate of 2.5%, 
and they will double their populations in 25 years or less. 

These figures suggest that 25 years from now, developing 
countries will consume twice their present food supply, just to maintain 

themselves on today's inadequate diet. 

Here at CIMMYT we speak of our work as a holding operation, 

a way to buy time while the world slows its population growth rate. A 
logical question is: What is the probability of lowering birth rates in the 

next two or three decades? 
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This Symposium is not the place to go into detail on popula

tion forecasts. But some reputable demographers are cautiously opti

mistic about slower growth rates. They cite the following evidence: 

(1) 	 Birth rates are already declining. They began falling 

during the 1960's in many developing countr;es. 

(2) 	 When birth rates decline in developing countries, the 

rate of decline seems to be more rapid than that found 

in North America and Europe, 100 years ago. In general, 

the higher the birth rate, the faster the rate of fall. 

(3) 	 The climate of opinion is more favorable today toward 

family planning, and the technology of contraception is 

better. 

Despite these encouraging factors, the problem of population 

continues to be the most severe problem confronting tne human race. 

No agricultural technology can keep pace for very long with a 2. 5% 

growth rate in developing countries. In the longer perspective, zero 

population growth is necessary; any indefinite rate of growth, no matter 

how small, will lead to disaster. 

For se.veral decades more, the plant breeders and the agron

omists can provide technology to stay ahead of population growth, pos

sibly to the end of the century. But time is running out. 

Our task in this Symposium is to discuss how the maize crop 

can make maximum contribution to world food needs while population 

doubles in the next 25 years. Our focus is primarily on the last half 

of the 1970's. Population growth will be a major concern in this Sym

posium. 

I turn now to the next topic: trends in food production. 

1.3 TRENDS IN FOOD PRODUCTION 

Over the ZO-year period from 1q54 to 1973, there has been an 

upward trend in the per capita production of food throughout most of the 

world. (Africa has been one exception.) 

In industrialized regions such as North America, Western 

Europe, Australia, etc., food prodction per person increased about 1. 5% 

annually, for 20 years. In the developing areas of Asia, Africa, and 

Latin America, the increase was slower: about 0. 5 % per person per 

year. 
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These gains are statce4 in rood per person. That means that 

farmers were producing enough o(,d Lo" ,t rising population, and there 

wac some left over to provide for bligltiv greater consumption. As a 

group, even the less developzd cnuntries were making progress. The 

average family in a developing co,:ntry in 1974--though still not well 

nourished by world standaris--has sAghtly more food on the table than 

did the families of ther fathers and ,grandfathers. 

These general trends do not tell us all that we want to know 

about differences between couni :i- ,,, -r 1 '!if:erences between social 

classes. There arc still poorly rouri. hed people in all parts of the 

world. These imbalances are caused by climate, by poverty, by in

and sc.- etimes by poor pubiic policies.adequate movement of food, 
Statistical food indices arc based upon general averages and tend to 

conceal special problems. 

(It is customary for speakers who generalize from statistics 

to protect themselves by recalling a joke. I am reminded of the fellow 

who placed one handor a hot stove and one foot in a refrigerator; he was 

very uncomfortable, but by statistical average, the temperature was 

fine. ) 

One circumstance conce.aled by the long-run averages is the 

impact of regional drought. For example, there was a severe drought 

in India and Pakistan in 1965-1966. And there was a temporary de

cline in world food production in 1972 when droughts occurred in the 

Soviet Union, China, SQuth and Southeast Asia, and Australia. We 

know, now, that the droughts of 1972 caused only a 4% decline in cer

eals production for the world as a whole. Yet, a fluctuation of this small 

size brought about massive shipments of food grains between continents, 

doubled the price of wheat, tripled the price of rice, and emptied much 

of the world's storage bins of grain available for sale. 

While we are observing the ups and downs of the weather, it 

is appropriate also to observe the ups and downs of the newspapers that 

write about food supply. The Indian drought of 1965-1966 was described 

in the newspapers as a disaster of such magnitude that it suggested the 

human race couild no longer feed itself. Three years later, the dwarf 
wheats from Mexico had made a good beginning in Asia, and the same 

newspapers swung 180 degrees, praising the Green Revolution as the 

answer to all food problems. Next, came the 1972 droughts, and the 

press declared that the Green Revolution was a lie, a fraud, and a pub

lic relations gimmick which had been invented by IRRI and CIMMYT. 

Now, in 1974, we are undergoing still another reappraisalb. 

food stocks are low, fertilizer is in short supply, and the press is spec
ulating on another disaster. 
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Obviously, those of us who work on agricultural technology
 
must generate our own emotional staL.Llity, place our confidence in
 
science, leave the weather to God, 
 and let the press follow its own
 
crystal ball.
 

Actually, food production in 1974 appears to be back on the 
long-run trend line, moving gradually upward as in the 1950's and 19601s. 
But that is small comfort to the peoples of sub-Sahara Africa whose 
cattle are dying in the fifth year of a regional drought. 

Now let us see what has been happening to maize, wheat, and 
rice, the three cereals which provide over one-half the total calories 
and over one-half the total proteins for all the peoples in developing 
countries. 

In total vorld production, wheat is the largest food crop, fol
lowed by maize and rice. 
 In the developing countries, the order is dif
ferent: rice is first, followed by wheat and maize, in other words, 
maize is the second ranking food crop in the world, and the third rank
ing food crop in the developing countries, as is shown in the table below: 

Production of Cereals--1972 

World Production, Developing Coun
(Millions of Metric tries (Millions of 

Cereal Tons) Metric Tons) 

Wheat 348 79 
Maize 301 62 
Rice 295 161 
Barley 152 19 
Sorghum-millet 90 . 42 

Source: FAO Production Yearbook 1972. 

The decade of the 1960's was a successful period for produc
tion of major cereals in Asia, Africa, and Latin America. Wheat pro
duction rose 50%. Maize production rose 50%. Rice production rose 
40%. All these gains compare to a 30% population growth in the same 
areas. This. confirms an earlier statement that the developing regions, 
as a group, were making progress. 

But, when we analyze how these gains of the 1960's were 
achieved, the results are not reassuring: about one-half of the gains 
are attributable to the use of more land, and about one-half to increases 
in yield per hectare. 
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Developing countries used 30 million additional hectares for 
cereals at the end of the 1960's, compared to the beginning of the same 
decade. Some of this additional land was taken away from legumes, some 
from oilseeds and pasture crops; it is possible that the strenuous effort 
to increase cereal grains actually lowered the quality of the diet for pro
teins and vegetable oils. 

The yields per hectare of the major cereal crops failed to 
keep pace with population growth, and here lies the implication for the 
1970's. Among the three leading cereals, only wheat yields advanced at 
a rate equal to population growth during the 1960's. 

By contrast, the average yield for maize in developing coun
tries rose only 10% in the 1960's, compared to a population growth of
 
30%. Rice yields also fell behind. The average yield of rice rose only
 
about 15% in the 1960's, against a 30% population increase.
 

If we look more closely at maize yields, country by country, 
the picture suggests even more problems for the 1970's. Economists 
at CIMMYT have made a study of 55 developing countries in which maize 
is a major food. The study shows the following dismal-facts about the 
decade of the 1960's: 

First, 45 of the 55 countries in which maize is a major food 
failed to increase their maize yields at a pace equal to their 
population growth in the 1960's. 

Second, 20 of the 55 countries were importing maize at the 
end of the 1960's. 

Third, only eight of the55 countries achieved average maize 
yields of 1, 500 kg/ha;, or higher, and the other 47 countries 
were below 1,500 kg. 

Obviously, here is evidence of the need for better technology. 

We need to agree on the importance of raising yields. Most 
developing countries have nearly exhausted the possibilities for additional 
cropland. The wo~id has few remaining major areas of underutilized land, 
and each of those areas poses its own problems. One such area is in 
tropical Africa, centered on the Congo basin, and two are in South Amer
ica, centered on the Amazon basin, and the llanos or high grasslando. 
These vast, underpopulated areas are lacking in roads and railroads; 
lacking in the amenities of cities, schools, and hospitals; lacking in agri
cultural services necessary for development. Production in these areas 
will require billions of dollars in new investment, and the time required 
for such investment will contribute little to food production in the 1970's. 
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If the developing countries are to produce more and better 
food in the near future, the food must come from higher yields. 

Before leaving this topic of long-run trends, we should take 
note of two excellent forecasts which are available on the world grain 
outlook to 1980. 

In 1971, FAO published a major two-volume set of agricul
tural projections for the period of 1970-1980 (FAO, 1). The study was 
published before the 1972 droughts and before the present fertilizer 
shortage. It concludes that by 1980, the average "shortage" of food will 
be somewhat less than at present; but, "the absolute number of people 
who are short of food may be much the same as today. " The study also 
finds that "diets would become more diversified in both high-income and 
developing countries. " 

Another set of projections for the period of 1970-1980 was 
published in 1971 by the U. S. Department of Agriculture (USDA, 2). 
The U.S. projections are still being revised. 

Like the FAO, the U. S. Department of Agriculture concludes 
that nutritional levels for the developing countries will improve during 
the 1970's, on a per capita basis. Assuming normal weather conditions, 
the projections are that the production of cereals will increase faster 
than consumption; thus, there will be a rebuilding of grain stocks, and 
a downward pressure of prices. These projections do not take into 
account unusually poor years, like 1972, or unusually good years, like 
the late 1960's. 

The U.S. Government analysts expect the world demand for 
coarse grains, including maize, to increase faster than the demand for 
wheat and rice, because of the increased use of grain for livestock and 
poultry feed. 

Developing countries will continue to import substantial quan
tities of wheat and feed grains, despite increases in their own production. 

I will leave further comments on long-range projections to 
Dr. Paarlberg, the Lead Discussant, who supervises research on this 
subject. 

1.4 THE PROTEIN PROBLEM -

We now turn to the next topic: What is happening to protein and 

to the quality of the human diet? 
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In the mid-1960's, it wa's fashionable to talk about a world 
protein shortage or protein gap. Now, we know there is no shortage in 
an absolute sense, only inadequate distribution. If all the dietary pro
tein consumed in the world today were distributed on a basis of need, 
there would be sufficient protein to provide a protein-adequate diet for 
everyone and to leave a surp]us of 70%. Put another way: there would 
be an oversupply of protein in the world today, if it were somehow dis
tributed according to bodily requirements. But several factors are 
skewing the distribution of protein. 

First, the industrialized countries are consuming 80% of the 
world's protein. These countries contain only 20% of the people. There 
is a high correlation between the level of individual income and the level 
of protein consumed. The average North American or European is eat
ing six times more protein than the average person in Asia, Africa, or 
Latin America. 

Second, within developing countries, the upper third of the 
income groups puts a much larger serving of protein foods on their dinner 
tables thandoes the lower third. In other words, those with higher incomes 
in Asia, Africa:, and Latin America show the same tendency to invest 
more income in protein foods--especially in meat. 

A third form of imbalance is less obvious: this is a problem 
that may occur within the family. Modern nutritional studies have estab
lished that children to age six, and nursing mothers, require a higher 
proportion of protein in their diet. But that is not how the typical family 
eats. At the family dinner table, it is the working adults who get the
 
largest protein share. And it is the youngest children and nursing mo
thers who find themselves at the foot of the table, both literally and fig
uratively.
 

A final imbalance of protein relates to those suffering from
 
disease. Medical researchers have found that people suffering from
 
intestinal diseases like diarrhea, and those recovering from severe
 
fevers like malaria, require a higher proportion of protein in the diet. 
These infections and fevers are most common in the humid tropics,
 
especially among the poorer people. Thus, we find a greater need for
 
protein among a population group that now has the leas t access to pro
tein. 

Now we ask ourselves: Can the agricultural scientist do 
something that will provide a better protein diet for peoples in develop
ing countries, including the lower income groups? 

Here at CIMMYT we believe the agricultural scientist can 
make a contributiorm Our reasoning begins with the present sources of 
protein. 
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-Today the world obtains about 50% of its dietary protein from 
cereals, about 20% from legumes, and about 30% from animal products. 

We should define the terms. Cereal protein comes from 
wheat, maize, rice, sorghum, barley, and a few other grains. Legume 
protein comes mainly from crops such as soybeans,dried peas, and 
dried beans. Animal protein comes from meat, eggs, milk, and fish. 

As already stated, for the world as a whole, cereals now pro
vide 50% of protein, legumes 20%, and animal products 30%. 

1If we narrow our interest only to the developing countries in 
Asia, Africa, and Latin America, animal products contribute only 10% 
of protein, and cereals over 70%. Thus, we see that rice eaters in 
Asia, wheat and barley eaters in the Near East, sorghum eaters in 
tropical Africa, and maize eaters in Latin America, are getting two
thirds of their protein from the cereals they eat. 

Animal protein takes more land to supply 100 people with an
 
adequate protein diet than do legumes. Scientists are working on better
 
ways to produce meat, milk, eggs, and fish; but so far there is no sign
 
of a breakthrough to produce animal protein, with less land.
 

Legumes are much lower in price than animal products. But 
the crop yields of legumes are relatively low, and farmers have actually 
been reducing the land devoted to legumes. 

That brings us back to cereals. Is there anything the scientist 
can do to improve cereal protein? 

You are familiar with the traditional or normal levels of pro
tein in the three major cereals: rice 7%, maize 9%, and wheat 12%. 
Those are rounded figures. One.hundred years of work on cereals breed
ing has not significantly changed the quantity of protein in these crops. 

But there are some new findings which affect the quality of pro
tein, and these findings can change the amount of protein which will be 
digested and retained by the human body. At the risk of oversimplifying, 
I will recount several recent developments. 

Nutritionists have krxon for more than 50 years that animal 
protein is more beneficial to the body than protein from legumes or 
cereals. But until the 1950's, scientists did not have the laboratory 
techniques to study the difference. 

Now we know the difference. Protein quality depends on the 
distribution of amino acids. There are 20 amino acids that make up 
protein. Eight of these are called "essential" because the body cannot 
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synthesize (or manutactl.c) then. Therefore, these eight must be ob

tained in the diet to peimil :'iczatn of protein. The other 12 ar.ino 
acids are called "ln'n-e.sential" because the body is able to manufac
ture them. The eight ".m.ien.ii1" amino acids must not only be present 
in the diet, but ra1lo ,,.7 be present in a certain ratio. If one 
essential amino ac.i, is !b:)ow it, proper ratio, the body can absorb only 
part of the available proteir. Tudged by this new standard, animal pro
tein can be said to hav a higher qaality, because a higher percentage 
of the protein can be ueed by the body. Cereal protein is said to have a 
lower quality. 

During the 1950'.1, new laboratory techniques for protein anal
ysis were developed, perritting more precise measurement of amino 
acids. It soon was fo, n,.h,'F the protein of cereals was relatively low 
in one essential amino acid, lysinc, when compared to meat, thus pro
viding a major reason for the lower utilization of cereal protein. 

Several new -Iz.ssification systems for protein were developed. 

One is called "Net Protein Utilization" or NPU. NPU shows the amount 
of protein in a food that the body will digest and retain. 

Measured by this new standard, the hen's egg is almost a per
fect protein food, bccause 'vcr 93% of its protein can be digested and 
retained in the body. Other foods are now rated by this same system, 
as shown in the follwing table: 

Relative Utilization of Protein from Different Sources 

Total Net Protein 
Food Source Protein % Utilization % (NPU) 

Eggs 12.8 93.5 
Casein from milk 99.0 79.6 
Beef 19.5 76.7 
Rice, whole 7.5 70.2 
Wheat, whole grain 12.2 65.2 
Maize, whole meal 9.2 51.1 
Soybeans, after oil removed 52.5 58.0 

Source: Inglett, Symposium: Seed Proteins, 1972. 

The development of new ways to classify protein started a new 
era of plant breeding. If 100 years of cereals research had achieved no 
significant change in the quantity of plant protein, was it now possible to 
raise significantly the quality of protein, and thus to increase the protein 

taken up by the body? 
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This brings ,is to opaque-2rnaize, the story of a mutant gene,
 
° ifich Tmiiny of you know.
 

In 1914, rerearchers in Connecticut put some laboratory rats 
on a strict diet of maize, and all the rats developed acute signs of mal
nqutrition. The scientists then added a little lysine and tryptophane to 
the diet, and the rats recovered quickly. This identified the two amino 
acids which were the source of protein trouble in maize, but laboratory 
techniques of that period did not permit the measurement of the amounts 
of lysine and tryptophane in maize. Hence, maize breeders could not 
yet breed for quality of protein. 

In 1935, a mutant gene was identified in maize which gave the 
kernels an opaque appearance. The protein significance of this opaque-2 
gene, as it was named, could not be identified; again because the lab
oratory techniques were not yet available. But the gene was used as a 
marker in breeding. b 

In 1963, a group of scientists at Purdue University learned
 
something much more important about opaque-2. Using an amino acid
 
analyzer, they found that maize carrying the opaque-2 gene also car
ries 70% more lysine and 100% more tryptophare than normal maize.
 
These were the two amino acids identified 50 years earlier as princi
pally responsible for the low efficiency of protein in maize.
 

Opaque-2 maize was tested as feed for animals and as food for 
humans. It was found that maize carrying the opaque-2 gene had a pro
tein utilization rate of 90 (that is, NPU 90), compared to the traditional 
maize which had a utilization rate of about 50 (NPU 50). 

The implications are exciting. If this opaque-2 gene could be 
transferred to a world maize crop of 300 million tons (1972), this crop 
would contain 27 million tons of protein (9% of 300 million tons), and 90% 
of that protein would be utilizable, instead of 50% in normal maize. This 
is like adding another ten million tons of protein to the world's supply, 
and it would cost nothing additional to grow the crop--nothing more to 
distribute the crop. 

I will end thisstory here. Other speakers are scheduled to 
talk about the difficulties of transferring this opaque-2 gene to better 
plant types, plus the difficulties of introducing to maize eaters a new 
quality of maize in which the higher nutritional value cannot be seen 
with the naked eye. 

My purpose in this discussion of protein was to emphasize that 
protein distribution is one of the most important food problems in the 
world today. Because the poorest countries and the poorest peoples 
are already receiving a large fraction of their protein in the form of 

: 1-I1 



cereals, cereal scientists have the opportunity to provide a major'change' 
in the world's protein distribution- -without changing the diet,, and at no 
increased cost to the customer. 

I will now turn to our next topic: fertilizer supplies. 

1.5 FERTILIZER SUPPLIES AND USE 

In 1973, the price of nitrogen and phosphate fertilizers dou
bled and even tripled in some parts of the world. Many fertilizer im
porting countries, such as India, have not been able to fill their ferti
izer orders in 1974.
 

The significance of fertilizer as a topic' at this Symposium is
 
obvious. The recent agricultural revolution was built upon new varie
ties of wheat and rice, and their recommended production practices.
 
These varieties are more efficient in their use of fertilizer. But with
out fertilizers, they are not much better than traditional varieties.
 

We know that one million tons of nitrogen fertilizer, nutrient 
weight, will produce an additional nine or ten million tons of grain, if 
properly applied to high yielding varieties. Therefore, a shortfall of 
one million tons of fertilizer can mean a drop in production of nine or 
ten million tons of grain.-

In this Symposium we need to formulate answers to three 
questions about fertilizer: How long will the present shortage last? 
Will the present high prices come down? Should we change our recom
mended technology which now is dependent upon chemical fertilizers ? 

I will suggest one set of answers to these questions, based 
upon information from the TVA, or Tennessee Valley Authority in the 
U. S.A. You know that TVA is a major research organization for fer
tilizer products and for design of fertilizer factories. TVA has served 
as consultant to 30 foreign governments regarding their fertilizer needs 
and production plans. TVA publishes a World Fertilizer Market Re
view, and the latest review was issued in April 1974 (T. V. A. , 3). The 
FAO, the World Bank, and other international institutions look to 
TVA and its Fertilizer Review as an important source of information 
about future markets for fertilizer. 

CIMMYT invited the Director of the TVA Fertilizer Service,, 
Dr. Don McCuge, to visit Mexico a few weeks ago to meet with the 
CIMMYT staff. I will offer you a picture of the fertilizer outlook, as 
it emerged from those talks. 
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First, the fertilizer industry is a cyclical industry, a boom
and-bust industry -- like agriculture itself. Aperiod of over
expansion in the world-wide fertilizer industry occurred in 
the mid-1960's, and about 1968, there was a substantial over
supply and a drop in prices. The industry reacted by building
almost no new factories for five years, starting in 1968, and 
some old factories were closed. 

Next, widespread drought occurred in 1972, causing a slight
drop in world food production, actually a drop of only 4% in 
world cereals. But this small change brought violent reac
tion in world grain trade. The price of wheat and maize dou
bled, and the price of rice and soybeans tripled. 

Next, governments were forced to draw down their food stocks 
after the 1972 drought. Naturally, they sought to rebuild their 
grain supplies the following year by importing more fertilizers. 
At the same time, farmers in the exporting countries, like the 
U. S.A. and Canada, also sought to take advantage of high food 
prices by buying more fertiiizer. This pushed the demand for 
fertilizer in 1973 to an historic peak, beyond the capacity of 
the industry. So prices of fertilizer products doubled and 
tripled. 

Now what is the outlook? 

TVA estimates that a fertilizer shortage will continue until
 
new factories are built, sufficient to meet the 
new level of demand. The 
shortage of phosphate fertilizers is expected to continue two more years, 
to 1976; the shortage of nitrogen fertilizers to continue four more years,
 
to 1978.
 

Meanwhile, some 30 or 40 new factories are under construc
tion or under negotiation, to operate in 
 Canada, the Caribbean, the Per
sian Gulf, Eastern Europe, 
 the Soviet Union, China, and Indonesia. As 
new factories come into production, the shortage of fertilizer will gradu
ally disappear. The next four years will be a period of privation, but the 
end of the shortage is in sight. 

The outlook for prices is not so good. TVA does not anticipate
fertilizer prices will ever again return to levels that existed before 1972. 
This is because the industry is drawing upon more expensive raw mater
ials, more expensive labor, and will operate in some developing coun
tries where efficiency of operation may not be as high. No one likes to 
predict future prices, but wo may be safe to plan on prices 50% higher 
than those before 1972. 
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Andwhat is the outlook Leyond the present shortage? 

Raw materials are adequate for nitrogen, phosphate, or potash 
fertilizer. The. world is still flaring (or destroying) more natural gas at 
the well head than it is using in the entire nitrogen industry. Raw mat
erials for phosphate and potash are plentiful, but new mines will need 
to be opened. 

It is quite possible that expansion in the industry, beginning
in 1974, will produce another glut by 1978, similar to the glut of 1968. 

Looking farther ahead, TVA seer no reason why the fertilizer 
industry cannot increase its product as rapidly as agriculture demands 
it, up to the year 2000 A.D. and beyond. If population doubles, and food 
production doubles, the fertilizer industry can double than douor more 

ble. The plans for food production can continue to relyupon chemical
 
fertilizer to 2000 A. D. and further.
 

But there is one limitation: the economics of fertilizer has
 
changed, perhaps permanently. Prices will remain higher than in the
 
1960's. National programs for maize production must reassess the 
re
commended levels of fertilizer. And research centers like CIMMYT 
must help to test more efficient fertilizer products, and search for more 
efficient fertilize-, practices which will increase plant utilization of nu
trients. 

Our scientists at CIMMYT have discussed the impact of the
 
fertilizer situation on maize production. Let me share with you some
 
premises about future fertilizer use, as CIMMYT sees them.
 

(1) Farmers are now wasting much of the nitrogen fertilizer' 
they apply. 

For example, in the temperate zone, the maize crop and other 
food crops now take up only 50% of the nitrogen applied in the form of. 
fertilizer. The other 50% is lost. In the tropics only 25% of the nitro

,,en applied to food crops is taken up, and the other 75% is lost. 

Much of the loss in the tropics is caused by farmers who broad
cast their fertilizer, instead of turning it under. 

Another waste is caused by farmers who do not control insects
 
and diseases. Plants that are fertilized, and then damaged by insects'
 
and diseases, 
 cannot pay back the cost of the fertilizer. 

Lack of weed control in the tropics is another fertilizer waste. 
The weeds sometimes take up more fertilizer than the crop. 
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Problem soils can cause fertilizer waste. Zinc deficiency in 
the soil, for example, inhibits the uptake of nitrogen by the plants. This 
can be corrected. 

Many steps to reduce waste of chemical fertilizer are well 
known. But, making these changes on the farmers' fields will require 
a large effort by national extension programs. If all these changes were 
possible, we might eliminate half the fertilizer losses; in other words, 
we might produce twice as much grain per hectare with today's fertilizer. 
This would help pay the higher costs. 

(2) 	 There are new fertilizer products and new ways of apply
ing fertilizer which may prove useful. 

For example, a pelleted fertilizer coated with sulphur is being 
tested in Asia. This is a slow-release product which makes the nitrogen 
available at approximately the time that the plant is ready to take up the 
nutrient. Planners of this product claim it will increase the uptake of 
nitrogen by 33%. 

Another experimental approach is a foliar spray for nitrogen. 
India is testing the application of urea as a spray on the crop leaves. 
Under some circumstances, this gives a greater response in grain than 
the same amount of urea applied to the root zone. 

Both the slow-release pellet and the foliar spray deserve more 
study, in order to make more efficient use of nitrogen. 

(3) 	 Some scientists advocate greater use of natural nitrogen. 
This could mean more legumes in the crop rotation, more 
composting, more use of house and barn manures on the 
fields. All these sources of natural nitrogen should be 
reassessed, in comparison with higher cost chemical fer
tilizer. 

But CIMMYT staff believe that organic agriculture, using nat
ural sources of nitrogen, can play only a marginal role in world-wide 
agriculture Natural nitrogen does not offer an effective alternative to 
chemical fertilizers In'the 1970's. 

(4) 	 "Radical research" may produce new sources of plant 
food by the end of the century. We will mention some 
radical solutions here only as options which could become 
important beyond the 1970's. 

Some legumes, we know, have the capacity to form an associ. 
ation between their roots and soil bacteria. The bacterium transform 
nitrogen from the air into ammonia and nitrates in the root zone. 
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'Qestion: Can this ability of the legume plant to feed'itsilf be trans
"':firred to other crops such as wheat or maize? -The-answei-'is beybrid 

today's horizon. " 

There are other plants which help produce their O'wn food. 
In'rice paddies, both algae and bacteria are able to fix nitr6gen froyim 
the air and deposit it in the root zone of the rice plant. In sugar cahe, 
bacterium feed upon the sugars in the roots, and in return, they deposit 
nitrogen products which are used to feed the sugar cane. Perhaps:the 
strangest example is the pine tree, which is able to grow in pure silica 
sand with no visible nutrients, because a fungus known as mycorrhiza 
lives upon the pine roots and fixes nitrogen from the air. 

No scientist has yet learned how to domesticate these nitro
gen-fixing processes and to transfer these benefits from one crop to
 
another. Perhaps we shall see this happen by the end of the century'
 

I now leave the subject of fertilizer and turn to my last topic: 
some guidelines for a maize program. 

1.6" SOME GUIDELINES FOR MAIZE IMPROVEMENT', -

The term "guideline" isused here to suggest a broad frime
work. The guidelines on my list are only those which emerge f--om the
topics we have just discussed; they are conclusiohs relating to pupula

tion, to food trends, to protein, and to fertilizer. I shall state ten 
guidelines, and your discussions will probably produce others.
 

(1) On Population Growth: The developing countries will 
double their population in the next 20 to 25 years. A 
stable world population cannot be expected in a shorter 
period. Thus, developing countries will require at least 
twice as much food before their populations level off. The 
demand for more food is already stropg in the 1970's, and 
rising at more than 3% a year. 

(2) On Trends in Food Production: During the 1960's, the
 
developing countries managed to increase their produc
tion of cereals at a rate above 3% a year. But half this 
increase was made possible by a shift of more land to 
the cereal crops; this cannot continue. More land avail
able for cereals is unlikely in most countries. Future 
food increases must come from more intensive use of 
existing crop land, and higher yields. That means better 
technology.
 



(3) 	 On Food Imports: Countries short of food cannot hope to 
solve their problem by imports alone. Food will continue 
to move from surplus areas like the U.S. A., Canada, and 
Australia to deficit areas; however, this alone will not 
solve a food problem of the magnitude that is now upon us. 
Foreign exchange will not be enough to buy the food. For
eign aid will not be enough to subsidize the food. Each 
country will need to produce its own food supply, to a large 
degree.
 

(4) 	 On Better Technology: The Green Revolution is not a fin
ished product that requires only to be marketed on a larger
 
scale. The new technology for food procuction is in its 
infancy. There are many unsolved problems in plant breed
ing, in plant physiology, in plant protection, in agronomy-

all topics for this Symposium. 

(5) 	 On Protein Supplies: Lower income groups of the world 
must rely--increasingly--upon cereal protein to balance 
their diet. But cereal protein, especially in maize, has 
been of poor quality due to a poor balance among amino 
acids. Thus, there is urgency to develop quality protein 
maize, and to spread its use. 

(6) 	 On Fertilizers: Present shortages should be ended by 
1978. Beyond then, it should be possible to produce enough 
fertilizer for world agriculture. But prices will remain 
high, and the economics of fertilizer will compel us to 
find more efficient ways to use fertilizer. Every national 
program will need to re-evaluate its recommendations on 
fertilizer. And research centers like CIMMYT must join 
in the study of ways to increase plant efficiency in the up
take 	of nutrients. 

(7) 	 On Cropping Intensity: As more food is required from each 
hectare, there will be wider use of multiple cropping, mixed 
cropping, relay cropping, and other ways to grow more 
crops each 12 months on the same land. National programs 
will give more study to farming systems. And a center like 
CIMMYT must contribute to the study of cropping intensity, 
especially through its outreach projects. 

(8) 	 On More National Programs: During the 1970's, there will 
be need for more national maize programs. As an arbitrary 
number, we estimate that every country which grows 100, 000 
ha. of maize will need a national program. These programs 

will require more trained scientists. 
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n9)"Radical Research": The "conventional" research
which we are now using--that is, crossing plants within
the same genus--may produce enough variability to keepcrop yields rising for another 25 years, until 2000 A.D.
But the staff at CIMMYT believes that if population cc,-i
tinues to grow beyond the end of the century, we shallneed some "radical" research- -crosses between genera-
to produce new kinds of variability. "Radical" research 
must begin now if it is to deliver new products to the farm
er and the dinner table, within 25 years. 

(10) On a "Network of Collaborators": Our plans for the future 
are so ambitious, and the range of problems so great, that 
success will come only through a network of scientists,
world-wide in scope. There will be hundreds of scientistsin national programs working, as the military say, in thefront lines. Only a small role can be played by an inter
national center like CIMMYT. 

We expect to collaborate w.'th governments, and in doing so,we must use methods that are persuasive to policy makers, yet politically acceptable. 
 We expect to collaborate with outside scientiests, and
in doing so, we must find methods of collaboration which are profession
ally rewarding to them. 

Successes will undoubtedly come; and credit for those successesmust be shared by all who participate. That is the basis of a successful 
network. 

1-18 



REFERENCES
 

(1) 	 FAO, Agricultural Projections 1970-1980, Two Volumes, 
Rome, 1971. 

(2) 	 U.S. D. A., World Demand Prospects for Grain in 1980, 
Washington, 1971. 

(3) 	 T.V.A., World Fertilizer Market Review, Muscle Shoals, 
1974. 



2.0 

WHAT LIMITS
 
WORLD MAIZE PRODUCTION?
 

by 

E. W. Sprague, CIMMYT 

Lead Discussant: 
Dr. Bill C. Wright 

Wheat Research'& Training Center 
Ankara. Turkey 



CONTENTS: 2.0 WHAT LIMITS WORLD MAIZE PRODUCTION? 

Page Topic 

2-1 2.1 INTRODUCTION 

2-1 2.1.1 MIZE: SOME PLUS AND MINUS FACTORS 
2-2 2.1.2 SOME BASIC QUESTIONS 

2-3 2.2 CRITICAL NEEDS 

2-6 2.3 CIMMYT'S MAIZE IMPROVEMENT PHILOSOPHY 
IN OPERATION 

2-6 2.3.1 IDENTIFYING PROBLEMS 
2-6 2.3.2 DESIGN OF NATIONAL PROGRAMS 
2-8 2.3.3 OVERALL RESEARCH AND PRODUCTION 

STRATEGY
 

2-11 2.4 DEVELOPING AGRICULTURAL PERSONNEL 

2-12 2.4.1 SOME BASIC CONCEPTS 
2-12 2.4.2 PREPARING YOUNG SCIENTISTS 
2-16 2.4.3 RECRUITING QUALIFIED STAFF 
2-17 2.4.4 ESTABLISHING INCENTIVES AND BUILDING 
: "ATTITUDES 

2-17 2.4.5 ESTABLISHING A SENSE OF RESPONSIBILITY 
AMONG SUBORDINATE STAFF 

2-19 1" i 2.4.6 PREVENTING PERSONNEL DRAIN 

2-21 2.5 FUTURE CONSIDERATIONS 



2.0 

WHAT LIMITS WORLD MAIZE PRODUCTION? 

by 
Ernest W. Sprague 

INTRODUCTION 

2;1, 1' MAIZE: SOME PLUS AND MINUS FACTORS 

Maize has a great deal going for it as a cereal crop. We 
need few reminders of its versatility as a crop and as a food. We 
know that maize grows over a wider geographical range and over a 
wider range of environments than any of the other cereals. Thus,
 
in a world-wide context, maize is exposed to more hazards and is
 
a higher risk crop in general than the other cereals.
 

We know that, under good management, maize produces 
yields equal to or superior to the other cereals. And with no manage
ment, it produces an average of about one ton per hectare, as does 
wheat or rice with the same level of management. 

Experimental yields vary from very high to satisfactory 
at sites throughput the world, and several countries have been ex
tremely successful maize producers, which suggests that maize has 
excellent adaptation and capability. Virtually every major maize pro
ducing country is reporting yields from micro plot data that are three 
to five times higher than the national average in these countries. 
Yet, national average yields have not changed very much in the last 
ten years, except in a very few countries. 

The present world food and fertilizer shortages have 
- pushed grain prices to record levels on the world market, a factor
 

of increasingly grave concern to national governments. Under pres
sure of mounting food needs, many governments are for the first
 
time asking serious questions about means of accelerating food pro
duction. Although the concern may appear to be fairly recent, the
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conditions limiting production have existed for years--centuries in 
some cases. 

In some of these countries, farmers are condemned for 
not adopting the new varieties and practices--the extension services 
are condemned for being ineffective. In turn, the farmers are very 
skeptical of government promises, and extension personnel are crit
ical of research. In this kind of loaded situation, the likelihood of 
irrational analysis and decision making very probably outweigh the 
probability of constructive, positive action. 

Against this background, then, What Limits World-

Wide Maize Production? Can we isolate some of these restrictions
 
and examine them? Having examined the barriers, can we adapt
 
some of our present technological and management know-:iow for
 
use in needful countries? A basic aim of this paper is to size up
 
the forces opposing maize production in hope of getting a step ahead
 
of some tricky opposition. Even half-stride gains are welcome in
 
the race against hunger.
 

.2.1.2 SOME BASIC QUESTIONS 

The remainder of this presentation- -and of this Sympo
sium--will highlight some of the questions asked daily by farmers,
 
maize researchers, production management people, and by national
 
agricultural policy makers. Thus, the Symposium deals with two
 
major topics: (1) the technological aspects of maize research and
 
production and (2) policy, organization and management. My paper
 
touches only briefly on technical subjects; dealing primarily with
 
problems of a management and staffing. Dr. Johnson's presentation
 
to follow (3.0) will set the stage for discussion of the more technical
 
aspects of the Maize Improvement process.
 

As a first step, then, we can seek to identify the problems 
as the farmer sees them and not just as the research personnel see 
the problems. Why are the superior varieties not adopted? Are they 
unreliable in large-scale production? Are they too early or too late 
to fit the farmer's cropping system? Do they require a level of man
agement beyond his capability or beyond the availability of inputs. 

Has research been overly concerned with looking for the 
variety that gives maximum yield under experiment station conditions? 
Has the real issue been nerlected--a dependable and stable perform
ing variety that fits the farmer's system at a management level he 
can provide and can double the yield of the farmer's present variety? 

The extension services around the world have often been 
less than successful. Have they had the right things to extend? Do 
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they have the necessary qualifications, if they had a successful pro
duction package to extend? Are the recommendations well founded by 
determination on farm field situations, or are they an attempt to 
translate experiment station responses to farm conditions? 

In many situations government policies do not support or 
encourage accelerated production. Policies on fertilizers, pesticides, 
and other inputs are clumsy and unsatisfactory. Policies on irriga
tion often work against, rather than for, increased production. 
Pricing and marketing of product and inputs are often a hindrance. 

There are, then, it seems, three basic issues: (1) setting 
up the technological know-how for farmers via maize research and 
production people, (2) the facilities and support for these operations, 
and (3) government policies and incentives that will encourage and 
promote maize production. As mentioned, my paper focuses on the latter. 

2.2 CRITICAL NEEDS 

The questions asked above about the technical factors lim
iting maize production usually focus on a few basic needs, most of 
which will be discussed thoroughly later in the Symposium. One of 
the clearest needs is that of getting improved production technology 
to the farmers. The local varieties (farmer variety) are often not 
very responsive to fertilizer and improved management. And, almost 
without exception, the improved varieties and hybrids developed by 
national research programs are much too tall and lodge badly under 
higher levels of management. It is most discouraging for farmers 
to labor through the process of growing a crop only to find at harvest 
an entanglement of plants with a considerable amount of grain loss 
from rodents and spoilage while it is lying on the ground. 

In addition to the lodging, most of these varieties and 
hybrids, although very responsive to fertilizer, are not efficient 
converters of fertilizer into grain. This is due in part to the low 
grain-to-stover ratio and to a high number of barren plants in the 
population. In other words, these varieties and hybrids do yield 
well under experiment station management, but yields do not hold 
up with reasonable management under farm conditions. 

Many of these varieties which seem to perform well 
only at the experiment station are substantially later in maturing 
than the local varieties. True, these later varieties mature within 
the time span required between harvest of one crop until the planting 
time of the next. But the extra week or two needed to mature the 
"improved" variety serves as a deterrant to farmers, as it adds 
substantial pres..ure to his timetable that he follows in his total 
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cropping system. Shouldn't such varieties be analyzed from the stand
point that maize is a rainfed crop? Under rainfed conditions the 
variety must fit the period of most favorable or reliable moisture 
conditions. If rains start early, 1variety is needed; if rains start 
later another variety is probably required. When maize is gj'own in 
association with other crops, are there additional limitations? 

Many of the varieties demonstrated to the farmer have
 
grain characteristics that differ from his local variety, 
 a factor 
which often deters adoption. This is particularly true in areas where 
a portion of the crop is marketed and the local marketing system
discounts the price offered for the slightly different grain type. 

Seed and seed distribution seems to be a continuous
 
problem to most countries. To a great extent, this is because the
 
national seed programs have seed
overly sophisticated certification
 
and seed production policies, but do not have adequately developed
 
storage and distribution systems. Often these national programs op
erate 
on the theory that systems of Europe, the United States, etc.
 
should be copied as a guarantee that the farmers will be getting

high quality seed. Such a rationale ignores the fact that for genera
tions the farmers have been 
saving their own seed from harvest to
 
the next planting. Rapid spread of outstanding wheat and rice vari
eties has occurred 
where the seed moved from farmer to farmer
and the farmers saved their new seed in the same way that they had
 
for generations.
 

Generally speaking, governments have discouraged the
private sector from entering into seed production and distribution.
 
Instead, such governments have involved themselves in the business
 
and laid down restrictions that would discourage even the most
 
venturesome people might interested seed
who be in the business 
as investors. All of this has been done with the good intent of pro
tecting the farmer from unscrupulous seed dealers.
 

It is difficult to know how successful the private sector 
might be in maize seed production and distribution. Systems in the 
United States and Europe would not necessarily be successful in 
most of the developing countries, as the volume of sales contacts 
would be extremely high as compared to the volume of seed sold.
Also, it would be very difficult and expensive to manage transporta
tion and storage adequately dispersed to reach the millions of farm
ers (most having no more than one hectare of maize). In other words, 
operational overhead for distributing and selling would be high. 

In most countries, little if any production agronomy re
search has been associated with the improved varieties and hybrids,
and for all practical purposes, absolutely no on-farm testing. Why, 
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then, should one expect the farmers to rush after a new variety that 
he has. not seen, has not been shown how to manage, and for which 
he probably could not get seed if he were interested in trying it? 

The questions of developing resistance to maize insects 
i and diseases, certainly one of the most vital, need only be mentioned 
'here. The implications of the work for maize improvement seem 
obvious. 

Pricing policy--or no policy--has often worked against 
the promotion of improved varieties and improved management. In 
many cases, the farmer does not have a guaranteed floor price, so 
at planting time maize prices are very high. At harvest, however, 
he is forced to sell his crop because he needs the cash and because 
he has inadequate storage. The result? His price is low and his 
extra yield is offset by the extra expense for inputs. He gains little 
for the greater risk that he took through higher investment. 

In other situations, the governments have subsidized ferti
lizer as an incentive for increased use. Such approaches have not 
worked well and will no doubt work less well for the next few years 
because of the chronic shortage of fertilizer in all countries. 

The objective in subsidizing fertilizer is to help keep 
costs down to the consumer. In the first place, this logic is ques
tionable when 70 to 80% of the consumers are also the producers. 
When fertilizer is subsidized, and in short supply, there is imme
diately an opportunity for black marketing. Fertilizer allocated for 
food crops is thus rerouted to sugar, tobacco, and other high value 
crops. Some of these situations are ideal for smuggling fertilizer 
from the subsidizing country to a neighboring country that does not 
subsidize. 

In a similar fashion, when the subsidies do work as 
intended, that is hold down prices of food graii.s, an ideal situation 
for smuggling food grains from the low-price country to the neigh
boring countries where food grain prices are higher merges. The 
irony of this is that the producing country then loses both ways: 
the fertilizer for food grain, and the food grain after it is produced. 

Basically, the impact of most national maize research 
programs has been disappointing. On the other hand, most nations 
that have developed superior varieties or hybrids have been able 
to plant 15 to 20% of their maize producing area with the superior 
yielding varieties. In these countries, the increased yields have 
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.2.3 	 CIMMYTS IAIZE IMPROVEMENT PHILOSOPHY
 
IN OPERATION
 

Having discussed some of the pros and cons of current 
maize production, this paper seeks to think through the production 
problems to see if we can't find ways of conducting more effective 
and relevant research and introduce some new thoughts and strat
egies. The emphasis here is on organization and management. 

2.3.1 IDENTIFYING PROBLEMS 

Technological needs can be met by research, and there 
is no qustion but that maize production can be greatly increased. 
Every country, however, including the most advanced, needs to 
reevaluate their research and production programs. They need to 
define these objectives and research must be sharply focused on 
those objectives. 

Less advantaged countries should not look at the more 
advantaged countries and feel a compulsion to pattern their range
of activities after those of the wealthier countries. In the first place, 
there is little to indicate that the advanced countries are using their 
applied research funds in the most efficient way, nor is there any
thing to argue that affluent countries should have the same approach 
to their objectives that the less affluent countries should have. 

In general, research and production programs are plagued 
with a chronic shortage of funds. By the same token, money per se 
is rarely the first limiting factor. Rather, management and choice 
of uses for the money (as viewed in its broadest sense) is usually 
an initial barrier. 

The need for determining priorities and efficiently operat
ing the programs goes all the way through the system. Therefore, 
every country should determine what type of research and production 
program will be required to genuinely meet the national requirements. 
Until this is done, duplication will continue on the one hand and gross 
neglect on the other, with needless waste of monetary and human re
sources and few benefits to the rural community or the nation. 

2.3.2 	 DESIGN OF NATIONAL PROGRAMS 

Basically, it seems fair to say that most developing coun
tries do not have suitable maize research and production set-ups. So 
the question becomes: Can we recommend a system for those coun
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tries to help them focus their maize production activities ? I believe 
that we can, bearing in mind that each country's needs will differ. 

In my opinion, national research and production programs
should be commodity oriented; that is, with staff representing a1l
 
disciplines working together as 
 a team. Each of the presentations 
at the Symposium is designed to give a thorough account of how the 
various disciplines can complement the others within such a program. 
Dr. Johnson's presentation, to follow next (3. 0), will discuss the 
maize improvement concept and breeding input more comprehensively.
My aim here is to provide only a general overview, with each suc
ceeding paper to provide its own disciplinary viewpoint. 

Breeding programs range from non-existent to grossly

over-involved to irrelevant to national needs. There 
are exceptions,
of course, and many nations--particularly during the last 18 months-
have begun to look for ways to structure an improvement program 
that will best meet their needs. 

As suggested previously, my opinion is that none of the
 
developing countries with small farm holdings should 
be working
with 'ybrid development. Fortunately, a number of countries with 
more advanced research programs abandoned their work on hybrids
and shifted to population improvement programs. This, however, 
brings up another problem of how to direct population improvement 
programs toward varieties. Unfortunately, few countries are actual
ly doing so, although their stated objective is to provide superior 
varieties to their farmers. 

These programs are not to be overly criticized. The 
vast majority of work at the population level has been done in the 
United States and was directed toward development of breeding
methodology and development superior varietiesnot for of for com
mercial production. Thus, the experience of the breeders and the 
research findings do not set examples for varietal development that 
can be followed by breeders in other national programs. It is not 
surprising that, in most cases, too many differerzt genetic materials 
are being studied--with inadequate testing and pr(!cision. Too much 
effort is going into combining ability--a hangover from hybrid work. 
The concept of gene transfer is either not well understood or not 
practiced; and the integration of breeding, plant protection, and 
production agronomy rarely exists. How, then, can these concepts 
be brought into closer working relationships? 
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2.3.3 OVERALL RESEARCH AND PRODUCTION STRATEGY 

Every national program, large or small, should be or
ganized in such a way that there is a flow system from one activ
ity or function to the next until a reliable production package reaches 
the farmer. 

From a planning standpoint, there are three basic cate
gories of countries:
 

Category One: where maize is an important crop over a 
large acreage. Such countries may be adequately staffed, 
or even over-staffed. However, there is in general a 
severe lack of competently trained staff. This is often 
overlooked because the staff academic record would sug
gest a high level of qualifications. 

Category Two: where maize production is an extremely 
important part of the national economy, but there are 
extreme limitations in terms of qualified personnel and 
resources.
 

Category Three: where maize remains important, but 
of a much lower priority than other food crops. 

2.3.3.1 Category One Countries 

With very few exceptions, all of the countries in this 
category need a staff of about 55 people. Four to six members of 
this staff should have Ph. D. -level training and education, about 16 
should have the equivalent of a M. S. degree, with the remainder 
having Bachelor-level experience. This staff would include breeders, 
entomologists, pathologists, production agronomists, and production 
economists, working as a team under the leadership of a coordinator 
or direutor of the maize research and production program. 

If a nation plans to move into an on-farm testing program, 
it will be essential that staff be especially trained for this function. 
This is essential because of the lack of agronomists, as well as a 
general lack of understanding of what effective on-farm testing is, 
or how to go about it. Funds (either internal or external) can usually 
be found to support training for a few production agronomists. But, 
to get the greatest impact, large numbers of extension staff must 
also be trained in maize production techniques. Because of time, 
money, and distance proble_,is, however, it is almost impossible to 
train these people outside their country. Thus, as soon as a national 
program has developed to sufficient depth, a national "in-service" 
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training program should be established for extension staff. 

There are several countries that have extension training 
centers. By and large, they have not had an impact on production 
because the training is developed around extension methods and the 
trainees are not knowledgable in production techniques. These pro
grams must be reorganized around production programs and con
ducted by expert production agronomists. 

Some countries need more experiment stations; however, 
there are many countries with far more experiment stations than 
are necessary. Unfortunately, there is a strong tendency for each 
station to work towards autonomy and independence, and thus dupli
cation. With the present critical food situation, it is doubtful if a 
country can afford the luxury of operating experiment stations 
because of local political pressures. Instead, national governments 
must come to grips with their genuine requirements. 

Rigorous decisions might mean closing stations, but 
would allow more adequate staffing and funding for those stations 
that are required. In the eyes of administrators, establishing an 
experiment station might seem ati answer to their problems, but a 
new station does not always offer a solution. Modern approaches to 
crop improvement and production require stations representing 
major climatic areas, not political regions. Research at the farm 
level, as will be discussed later, will do far more for agriculture 
than a large number of ill-managed experiment stations. 

Countries in Category One should usually have one 
national headquarters experiment station in a location where genetic 
materials from any environment in the country will grow and set 
seed successfully. They also should have a regional testing station 
in each of the major agroclimatic regions. 

The research program should generate families to be 
tested at the national headquarters, as well as at the regional 
stations. It is not important where progeny are generated; in fact, 
they can be generated anywhere that the genotype will grow. The 
location of the tests, however, is extremely important, as is the 
precision of the test for yield, disease, and insect reaction, etc. 

From the progeny testing, experimental varieties should 
be formed and likewise tested at all of the stations. This process, 
if properly conducted, will generate varieties that are adapted to 
all of the agroclimatic regions. Equally important, these varieties 
will be widely adapted and should demonstrate long-term stability or 
dependability of performance. 
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Research programs should also provide the progeny trials 
and experimental variety trials to the other nations cooperating on a 
regional basis. Further, they shculd test progeny and variety trials 
from the regions and other sources (international programs, etc.) 

After elite experimental varieties are identified, two years 
of data are available: first data on the families and second data on 
the experimental varieties formed from the progeny. The elite experi
mental varieties should then go to on-farm trials composed of two to 
five varieties and located over the regions that the experiment station 
represenms. Such trials will provide trustworthy data. Equally impor
tant, the extension staff and farmers will share in all aspects of the 
decision-making processes involved in the release and promotion of 
the variety. 

As we have said, for this system to work, the right type 
of genetic material must be selected for the breeding program at the 
outset. First, the variety must meet the farmer's needs. Obviously, 
satisfactory yield is of utmost importance, but by no means is yield 
the only significant criterion. Other essential aspects are: grain type, 
satisfactory levels of tolerance to disease and insects, maturity, 
standability, uniformity, and dependability. The population ciosen 
for improvement must then carry genes that will allow all of the char
acters to be built into the variety. 

Production agronomy work, so essential to the total process 
of developing an economically viable production package, is usually 
one of the weakest links in national research and production programs. 
In other words, a reliable network is not available for diffusing tech
nology to meet the farmer's needs. The traditional system of formu
lating recommendations from experiment station data and expecting 
the extension service and farmer to adopt has not proven successful 
in most countries. 

2.3.3.2 Category Two Countries 

These countries have the same need for accelerated maize 
production as the countries in Category One. They are, however, ex
tremely limited in qualified personnel, facilities, and resources. Their 
staffing pattern and experiment stations network should be similar to 
that described for Category One countries. 

Substantial time and cost is required to develop the staff 
and facility described and these countries cannot afford to wait. Thus, 
they should not attempt to generate progeny, but should be satisfied 
with testing progeny and experimental varieties coming from stronger 
national, regional, and international programs. If appropriate progeny 
and varietal trials are provided for testing in these countries, they 
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can very quickly determine varieties that will be substantially better 
than the locally grown varieties. It is important that all of their 
testing be done with a high degree of expertise. 

Like the countries in Category One, they must give high
priority to developing on-farm testing teams, if the superior vari
eties they identify are to have substantial impact on national produc
tion. 

2.3.3.3 Category Three Countries 

These countries should have relatively small staffs and 
should test only experimental varieties coming from national, region
al, and international programs. But, they must develop the on-farm 
testing system, with superior varieties and production techniques to 
use as rapidly as possible. If such countries devote a large effort to 
maize, they will misuse their total agricultural research and produc
tion resources. 

Unfortunately, most countries, regardless of size or 
stage of development, tend to believe that the first thing they need 
is a breeding program. The so-called "more mature" countries are 
devoting proportionally much more of their resources to breeding 
than to any other aspect of technological development. This costly 
effort is, in part, an historical hangover and reflects a lack of 
understanding of how to most effectively capitalize on modern breed
ing systems in cooperation with regional and international programs. 
Perhaps there is also the desire to develop their own varieties as 
a matter of national pride. 

Such problems often stem from the isolation of the na
tional research staff, who may not be adequately in touch with 
their colleagues from neighboring countries and the international 
network of maize research and production workers. Additional 
training and travel opportunities would help overcome these difficul
ties. 

DEVELOPING AGRICULTURAL PERSONNEL 

Previous discussions have touched very lightly on some 
of the technological needs, as well as organizational and policy 
problems that can affect maize production. This section shifts to a 
specific demand found within all categories of countries--the critical 
requisite for trained personnel. 

Looking ahead through the 70's and beyond, perhaps the 
development of well-trained, men and women is the single most es

2.4 
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sential factor in maize improvement and is certainly a slow and 
continuous process that cannot be overlooked. Thus, my discussion 
here seeks to provide both a rational and specific recommendations 
for fulfilling some of the current needs in agricultural education 
and training. CIMMYT's own training functions arc set aside for 
later presentations. 

2.4.1 SOME BASIC CONCEPTS 

We can say that our human development is conditioned 
by two main factors: our genetic capability and the opportunity we 
have to reach our full potential. The first we are born with and 
can be changed very little with current knowledge. The second-
oportunity--is usually related to the economic status within which 
the individual is born. Unfortunately, the economic status of the 
riral people, particularly in the developing countries, is generally 
below the level allowing a full opportunity for education. Thus, we 
are faced with the fact that most of the people who receive advanced 
education and training are drawn from urban centers--and this 
includes agricultural graduates. One of the basic questions then (and 
a major limitation in staffing) is: How do we go about developing 
people for service in agriculture who have had no association with 
agriculture during the first fifteen to twenty years of their lives, 
other than through the food they eat. Far too often, such a student's 
first association with agriculture occurs in a classroom; via a pro
fessor who may have had only an academic exposure to the problems 
of agriculture, with virtually no direct involvement in solving agricul
tural production problems. 

It seems to me that we now have two areas for discus
sion: First, how do we train the present generation? Secondly, how 
do we train the generation that follows? Obviously, the more urgent 
need today is the present generation; therefore, the paper focuses 
primarily on that issue. 

2.4.2 PREPARING YOUNG SCIENTISTS 

The development of young scientists is a costly and time 
.consuming process. For this discussion, I plan to start with the 
student's first year at an agricultural college. (However, in terms 
of motivation, prestige, career course, the process must begin much 
earlier) We can begin by asking: What does the student need, and 
how does he get it? 
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I think we all agree he needs a sound education in the 
basic sciences, the agricultural sciences, and considerable exposure 
to the social scienc%q. In addition, as a solid foundation from which 
to be able to develop, he will need to assimilate a good deal of 
practical field and laboratory experience. This sort of direct expe
rience is often called ar internship or apprenticeship. After such 
a basis has been acquired, he will be in a positidn to learn through 
personal experience; acquiring and gaining additional depth in a con
tinuing process throughout his career. 

On the surface, such a system of education seems quite 
simple. Most universities and colleges probably feel that they are 
providing the background a student needs. In general, however, I 
disagree. My experience suggests that most universities are simply 
not adequately preparing students to give the world what it needs in 
agricultural research and production. In far too many cases, stu
dents are being taught by professors who are poorly qualified. True, 
these professors may have the required academic degrees and years 
of teaching experience, but these per se are not an adequate mea
sure of qualifications. And let me add, quickly, that this dilemma 
is not unique to any part of the world. Perhaps it is best to fault 
the educational process, rather than any segment. 

Since an agricultural scientists is basically the product 
of his education and experience, we need to give much more at
tention to the undergraduate and graduate study programs. We must 
find ways to improve the educational system so that it will turn out 
better qualified young people. 

Here are some of the problems we must struggle with. 
In the first place, teachers and professors traditionally receive 
very low salaries. Thus, the educational system cannot often afford 
the best talent. Further, academic roles within a civil service 
system are usually fixed, with rigid salary scales and increments 
that prevent the possibility of promotions for merit. When the 
excellent, good, fair and poor members of the academic staff are 
treated identically, mediocrity is usually the product. 

In many institutions, agricultural teaching is done by 
professors who are not engaged in research; who have no access to 
modern libraries. As a result, they often teach from notes taken 
when they were students. For some of the basic courses this aspect 
is perhaps not too serious, if the professor took his course from 
a good teacher. In other words, the anatomy of a plant does not 
change; basic genetics at the undergraduate level has not changed 
much, etc. But advanced courses of the applied sciences do change, 
and they must be revised continually to be really effective. Courses 
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such as production agronomy, ,plant breeding, production economics, 
must use examples that fit the current local situation. Unfortunately, 

*this usually is not the case. The material and examples are out
dated and, even worse, are often related to an agriculture totally. 
different from that found in the student's native country. The prob
lems here involve: What information inputs are available? From 
whom? How translate for student? 

So, in preparing young people, we must first improve 
the teachers and their information. Incentives must be found to 
motivate teachers. They must be involved in dynamic research pro
grams. They must be thoroughly familiar with the problems of agri
cultural production, and should know farmers and the farmer prob
lems, if their teaching is to be relevant to a country's needs. Let 
me give an example or two to illustrate the present situation. For 
the most part, in the developing countries, agricultural research is 
conducted by the Ministry of Agriculture. Their colleges and univer
sities are doing very little, if any, agriculture research and almost 
no research of an applied nature. Often, however, young scientists 
and administrators from the Ministry of Agriculture have opportuni
ties to travel, or study as participants in in-service training pro
grams, etc. Such activities are directed towards improving the knowl
edge and experience of the individual. But, the classroom professor 
usually has far fewer chances to travel; and if he does, he general
ly visits another university having the same orientation as his own. 
Many universities have research responsibilities, of course, but 
frequently the research lacks relevant to the needs of the country. 
My suggestion is that professors and teachers be provided opportu
nities and motivated to travel and participate in dynamic research 
and production programs keeping them up to date on the latest in 
applied research. This concept also implies that research and field 
people should have some access to classroom and lab work, for a 
two-way flow of information. 

In addition, I believe we should develop teaching programs 
which require the student to think through and apply the new knowl
edge he has gained. His work should focus on the needs of his own 
country. Unfortunately, the system most commonly used today simply 
throws a series of "facts" at the student. If he can memorize the 
material and regurgitate this to the teacher, he will probably be 
"Number One" in his class. Within such a system, he receives no 
guidance or reward for recognizing the principles involved; or for 
his ability to marshall facts and data and translate them into a solu
tion of problems. In my opinion, such academic experiences limit 
the potential of both the student and his native country, 
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A student must acquire a practical education, plus on
 
the job training and experience, before he can be productive in
 
solving problems in his chosen field. 
 During his undergraduate
preparation, such problem-oriented training should involve applica
tion of his newly acquired knowledge, plus a strong motivation to 
acquire additional information through reading, discussion and think
ing. Such experiences demand precision on the part of the student 
in his thinking, in the implementation of the exercise, and in the 
interpretation and reporting of results. 

Students also should become thoroughly familiar with
 
experimental techniques. Since applied agricultural research must
 
be field-oriented to be effective, students should learn good field
 
techniques. Students could be given an opportunity to work as re
search assistants during the breaks in the academic 
 program. In
 
my opinion, such work experiences should be a requirement for
 
the degree. It is imperative that the student work with a scientist
 
who fully understands the importance of high quality field research;
that is, good seed bed preparation, good stands of plants, good 
water control, careful recording of data, etc. With such training,
the student soon learns that the best statistical analysis known will 
not improve poor data or foggy thinking. Such concepts can only be 
learned by direct participation on the part of the student. As an 
extra dividend, the student can learn much about experiment station 
management and operation via the same process. In my view, this
 
lack of direct experience is the weakest link in 
applied agricultural
research, and generally is given far too little attention by both the
 
researcher and the administrator.
 

Obviously, a Bachelor's degree does not, in itself, 
prepare an individual to serve as a research scientist. But if he has 
had the experience, basic courses, etc. described above, he is 
qualified to be a first rate assistant in a dynamic research and 
production program. will have of the andHe enough concepts skills 
to understand the why's and wherefore's of what he is doing, even 
though he will not be able to analyze all of the biological, economic 
and social implications. 

After the receipt of the basic academic degree, what 
then? When the young scientist starts out as an assistant he should 
be assigned a role with a well defined responsibility in the overall 
research and production program. But, he must also be given suf
ficient guidance to allow him to effectively perform the functions 
that are required. His education in conduct of research is just 
beginning. 

Much of CIMMYT's philosophy in regard to subsequent
educational training is presented by Dr. Violic (11-0), and time 
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permits only a brief mention of some of the other crucial aspects 
of education. 

It is very apparent to most of us that education and 
training cost considerable amounts of money. At present it is es
timated that graduate study costs on the average $ 7,500 U.S. 
equivalent per year. An M.S. program requires a minimum of two 
years and a Ph. D. program normally requires three and a half 
years. Thus, the total average cost for an M.S. and a Ph.D. degree
will be about $ 41,250. Such an expense must be considered care
fully. If the wrong scientist is chosen, or if he was a wise choice 
but is not subsequently placed in a position where his education can 
be exploited, the investment cannot yield the expected dividend. 

However, we must remember that even with the best 
education and training, people very quickly become isolated unless 
there is a system whereby they can keep abreast of new develop
ments. This is best done by maintaining ongoing contact with other 
scientists, both within their country and the world-wide network of 
scientists in their area of interest. Thus, opportunities to move 
out occasionally as visiting scientists to see and participate in 
foreign research and production programs is essential. It is also 
essential for foreign scientists to periodically visit the National 
program. 

2.4.3 RECRUITING QUALIFIED STAFF 

There are many different systems used for recruiting
 
young scientists. Unfortunately, the system usually is designed to
 
fit a governmental policy that often renders the system ineffective.
 

In addition, no matter how carefully the system screens
 
the candidate, mistakes will be made. Far too often such 
mistakes
 
are not rectified and the organization, over time, accumulates dead
 
wood. One system that I believe would avoid this problem would 
require that young staff working in research, production and admin
istration would work one year for the employing agency with no
 
commitment on their part or on the part of the institution for future
 
employment. At the end of the year the outstanding candidates would
 
be selected for the vacancies in the system. 

In many countries eager to rapidly staff programs it is 
found that there are insufficient qualified graduates to meet the 
needs. This leads to employing a number of people of less than 
desirable capability. After these people are on the payroll, in most 
systems, it is impossible to dismiss them. The real tragedy here 
lies in the fact that they are not only inadequately filling positions, 
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but that, with time they may be promoted into higher positions. There 
they not only are less and less productive themselves, but preclude
the development of effective 	 in the cadre belowleadership scientific 

their level.
 

I therefore 	 ask the question, Is it not time to remove
the agricultural research, production and administration personnel
from the traditional civil service system? It seems to me very
unfortunate that scientists are employed, promoted, etc. through
the same system used for the more routine clerical positions of 
government. 

If there are meansno for removing recruiting from the 
traditional 	civil service system, it is probable that there will be no
efficient way of guaranteeing that positions will be filled by the best
candidates. Can we, with the present and future world food problems,
afford to continue dealing with agriculture in the same inefficient 
bureaucratic way? 

2.4.4 	 ESTABLISHING INCENTIVES AND BUILDING ATTITUDES 

The attitude of the individual is often the difference
between success and failure. Although attitudes are individual qual
ities, changes of poor to good attitudes and the stimulation of good
attitudes is done through good leadership. Poor or indecisive leader
ship will most certainly dampen the spirit and attitude of the sub
ordinate staff. 

Energetic people must be fully occupied mentally and 
physically or they will become dissatisfied. They should have a
little more 	responsibility than that which they can comfortably handle. 
If they have leadership capability, they will respond favorably anto

overload. If, however, the young scientists are treated as second
 
class citizens they most certainly will lose or fail develop a
to 
positive attitude. This must be avoided at all cost and one mecha
nism that can overcome this problem is a built-in system of incen
tives. These incentives may take many forms; contrary to popular
opinion, money is only one such incentive and not necessarily the
 
most important.
 

2.4.5 	 ESTABLISHING A SENSE OF RESPONSIPILITY AMONG
 
SUBORDINATE STAFF
 

Mankind seems to respond to challenge by instinct, and
,hist, instinct can be either stimulated or dampened depending on 
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how a staff is handled. As with all aspects of human nature, the 
opportunities that people have and the leadership that they work" 
with are crucial. 

The responsibility for developing young people who will 
have a sense of pride, initiative and be able to provide leadership 
lies with the senior staff and administrative system of each partic
ular organization. As senior staff, we often criticize the failures 
of our subordinate staff without analyzing our role in such failures. 
If we are truthful, the problem often lies not with the young scien
tist or administrator, but with the senior people and the adminis
trative system. 

Many times the system provides a mechanism for punish
ment for mistakes, but few or no rewards for excellence. This is 
a reverse incentive. Imagine how frustrating it is to the young 
energetic scientist or administrator who works hard to fulfill his 
responsibility only to be punished for minor mistakes. 

To establish a sense of responsibility in subordinate 
staff, the senior research and administrative staff must provide 
adequate and timely leadership. Unfortunately, all too often, people 
with inadequate qualifications and capabilities have been promoted 
into the top positions. Most systems do not include a mechanism to 
release them or to reassign them to other positions where they 
could be effective. Such staff often have an inferiority complex and, 
through a natural instinct for survival, never let the talents of the 
younger staff emerge. This leads to a kind of institutional suicide. 

If a sense of total team effort is established among the 

subordinate research and administrative staff, they will automatical
ly be more productive. They will perform their duties with a zeal 
and integrity. Not only will they be more productive in their routine 
duties, but they will quickly develop the skill of discussion with 
their superiors and colleagues. 

When younger well trained staff have become capable of 
making decisions, they must not only be allowed to make them but 
encouraged to do so. In reality, most young (and too many senior) 
administrators are afraid to make decisions. Why? A no decision 
no punishment; wrong decision - severe punishment attitude prevails 
in many institutions. The art of procrastination seems to have 
reached a level of perfection in such administrative systems. Indi
vidual procrastination, plus the further stifling delays resulting from 
resorting to committees, is often the rule rather than the exception. 
It is just such a system that results in fertilizer being available two 
months after the crop is planted; in floor prices not being announced 
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, before planting, or not defended at harvest (as far as the farmers 

are concerned) because of delay in governmental decision making 

processes,
 

iJust such bottle necks have rendered most, if not all, 

public national seed corporations ineffective -- a liability to the na

tion and a hindrance to the supply of quality seed to the farmers. 

The same situation applies to many government fertilizer factories 

where delays in decision making and availability of money on time 

have resulted in government plants running at less than full capacity 

and at an efficiency far below standard--frequently 60-65% of rated 

capacity. This situation generally results in fertilizer priced sub

stantially above world market prices. 

facilities. Assum

2.4.6 PREVENTING PERSONNEL DRAIN 

The greatest deterrent to the "Brain Drain" existent in 

many developing countries is an opportunity to work freely and pro

ductively in a dynamic system which has adequate 
ing this requirement has been met, a reasonable salary within the 

income stratification of the society is normally acceptable. 

Different countries try different strategies. Few are 

totally effective if the above requirements are not met. In far too 
contracts,many situations young people are required to sign bonds, 

etc. to provide service to the country for a number of years equal 

to that they are sponsored for training. In my opinion, such an ap

does not set the stage for reupect and loyalty to a particularproach 
country, or dedication to solving the chronic problems of that na

tion. 

Clearly some people accept positions in other countries 
or in other institutions within a country simply for economic gain. 

I believe, however, that this group constitutes a very low percent

age. The majority leave their home institution because opportunities 

elsewhere provide a freer hand and more responsibility with better 

facilities. 

It must be recognized, however, that there are far too 

many countries where salaries (again tied up with civil service) 

are not adequate to maintain a scientist and his family. In such 

situations, one of two things inevitably occurs. Those who can find 
and those who cannot,employment outside will leave the country, 

or for personal reasons choose not to leave their country, will 

one job. Either situation is undesirable. Thework at more than 
first represents a complete loss to another nation, which often is 

not in desperate need of the talent. In the second situation, the 
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individual is not dedicating his major efforts to handling the respon
sibility for which the investment was made in training and education. 
Governments must come to grips with this problem, and it is an
other strong argument for removing agricultural research, produc
tion and administrative staff from the standard civil service system. 

If staff recruitment in such areas were to be removed 
from the general civil service system, real thought and effort would 
need to be given to designing a reliable and workable system. Some 
countries have separated their Government agricultural work from 
the remainder of Government employees, only to find in a few years 
that an equally undesirable bureaucratic system has evolved. This 
accomplishes little. 

Basically, developing people is not so complicated if all
 
of the pieces of the puzzle are put together. In my opinion, this
 
can be accomplished if a government firmly makes a decision to do
 
so. Further, I believe, that in the long run, progress would be
 
made at a more rapid rate than can possibly be expected with the
 
pattern of events that occur today. If a government were to decide
 
to make the necessary changes and launch a deliberate effort to
 
systematically develop its agricultural research and administrative
 
staff it must first make a thorough appraisal of present and long
range staff requirements. I do not know of a single so-called de
veloped or underdeveloped country in which adequate planning has
 
been done in this regard.
 

Some of the more advanced countries are, however, prime 
examples of over staffing, duplication of effort, and lack of coordi
nation. Under such conditions their accomplishments are the product 
of mass force and effort not of efficient management of human and 
monetary resources. 

Less developed countries, unfortunately, tend to look to 
one or more of the advanced countries for a pattern to emulate. The 
'world (not to mention some of the individual nations) cannot afford 
that luxury today. 

Other countries show other products of inadequate or non
realistic planning. In these countries, inadequately qualified people 
fill positions for which they are totally unsuited. Since they are not 
qualified, the task laid out by the planners is not accomplished. 
This leads to the appointment of still more unqualified people and 
the job is still not done. These nations are caught up in a numbers 
game with people and limited funds. The funds are limited because 
they are paying too many people to do a very poor job. 
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Political pressures have forced most governments to try 
to attack a wide range of problems within their country. No doubt 
this may be necessary politically, but it results in a dissipation of 
resources and human talents to the extent that very little is achieved 
in any one field. How much longer can the world afford the luxury 
of such political decisions? 

This brief discussion on the need to train and use our 
scientists and resources in the most efficient manner highlights the 
urgency for governments to develop staff development programs in 
an organized and systematic way, even if this means changing sys
tems, releasing senior people who are retarding factors, etc. The 
need is so great and the hour so late that these steps must be 
taken if each nation is to bear up under its responsibility for food 
production. 

2.5 FUTURE CONSIDERATIONS 

We have spent a considerable amount of time traveling 
and discussing with individual national programs their problems and 
how CIMMYT might organize its efforts to be most useful. My discus 
sion of factors limiting production and changes in program strategy 
required to overcome these restraints, reflects the attitude of most 
of the maize research and production staff that we have worked with 
over the last two years. 

The strategies and projections that will be discussed 
are a joint effort of the CIMMYT collaborators and staff--we be
lieve that this has evolved into a system of research and collabo
ration that can be extremely useful. 

The presentations to follow will describe our maize 
improvement program and how it is geared for boosting world-wide 
maize production. 
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Fig. 2-1 .Structure and working steps in CIMMYT's maize pioigram id Mexico and in 
collaborating network of regional and national programs. 
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3.0 

MAIZE IMPROVEMENT 

by 
Elmer Johnson 

3.1 INTRODUCTION 

The CIMMYT Maize staff works within a framework of inter
locking disciplines and procedures that might be called the "Maize 
Improvement" process. Maize Improvement is viewed as a global

concept that spans disciplines from breeding and genetics to training

and economics - all of the topics presented at this Symposium. Thus,
the Symposium is organized to show these compornnts in operation,
with examples of how their interdependent operations are expected to be 
used to increase the productivity of the maize species. 

As indicated by previous speakers, the maize improvement 
program attempts to focus on what harpens in the producers' fields. 

After all, it is in the fields of farmers where the problems of
production exist. The solutions to those problems must be utilized in

the producers' fields, if improved production is to result. The job of
 
research in maize improvement is to devise practical technological
packages of varieties and practices that can be delivered in useful,

workable form to the farms where they 
can be applied. Part of the

research job can be done on experiment stations, but results must be
 
verified on the farm to assure their applicability. 

3. 1. 1 MAIZE IMPROVEMENT: BREEDING 

Within the overall framework of maize improvement as defined 
for this symposium, oreeding is the component that deals with the 
development of varieties that are better suited to meeting man's food
needs. Maize improvement in the sense used here includes not only the
development of better varieties through breeding, but also the appro
priate technology for control of pests, diseases, and weeds, the efficient 
use of fertilizers and the integration of the crop into associations and 
sequences of crops that make most productive use of the land. Since 
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efficient production is a basic consideration, it follows that the farmer 
must incorporate a great deal of interrelated information into his 
farming practices. Research results must be translated into the 
simplest, most clear cut terms possible and put within reach of the 
farmer, if chey are to be useful to him. 

The implications of this translation into maize production 
in terms of national maize program organization, training of personnel, 
economic significance, extension activities, and related topics are cov
ered in other sections of the Symposium. This paper will deal primar
ily with two essentials related to varietal development: (1) varieties 
suitable for both the agronomic conditions and the grain utilization 
requirements encountered in the field, and (2) varieties that can be 
delivered quickly and easily to producers (Slide 3-1). 

3.1.2 OBJECTIVES: BREEDING 

A basic breeding objective is to develop materials with broad 
adaptation- -varieties or populations with adequate genetic variability 
to permit their production under a reasonable range of different envi
ronments. They must, however, be sufficiently uniform in plant size, 
maturity and kernel characteristics to be readily accepted as varieties 
for production. These varieties should have a minimum of variety
associated constraints to their rapid multiplication and distribution. 
Final specific selection for use as varieties is considered to be the 
responsibility of the local and national programs. 

Before the programs make their selections, they must take 
into account many mutually dependent factors. For example, the yield
potential or capacity of crop varieties to produce grain as measured 
in experimental tiials is generally much greater than actual production
obtained by farmers in most countries. Experimental maize yields in 
trials on experimental plots are often many times that realized by the 
farmer, and national maize production figures fall far short of those 
yields that would be projected on the basis of reported variety yield 
potentials. What, then, are the restraints that prevent the farmer from 
obtaining commercial production at levels closer to those reported for 
experimental yields ? 

Consideration must be given to such restraints in the devel
opments of improved varieties insofar as the characteristics of the 
varieties themselves may constitute limitations. Such characteristics 
can include not only the traits of the variety itself (in terms of manage
ment requirements and limitations), but in terms of seed production 
and distribution requirements, as well. For example, the yield advan
tage of classical maize hybrids as compared with the open pollinated 
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populations from which they are derived is well known and documented. 
But the practical problems of delivering hybrid seed every planting 
cycle to a large enough segment of the total number of producers in 
many countries are such that the hybrids make almost no impact on 
total national production. Thus, the essential aspects of adequate 
seed production and distribution systems for the hybrid seed becomes 
a limitation in the utilization of the hybrid and its potential production. 

Restated, then, the objectives of the breeding program are 
as follows (Slide 3-2): 

(1) Development of varieties characterized by: 

(a) 	 Short plant height 

(b) 	 Good standability 

(c) 	 Efficient, high grain yields and high proportion of 
grain to total dry rn'tter 

(d) 	 Early maturity 

(e) 	 Broad adaptation, dependable production over range 
of varied environments 

(f) 	Tolerance to field hazards of insects and diseases 

(g) High quality protein in grain
 

(2), Distribution characteristics
 

(a) 	Open-pollinated varieties to avoid bottleneck of hy
brid seed requirements 

(b) 	 Sufficiently uniform to be used immediately as var
ieties 

(c) 	 Sufficiently variable to allow local selection modifi
cations 

3.2 FRAMEWORK FOR CIMMYTIS MAIZE BREEDING 

3.2.1 BREEDING WORK AREA 

The CIMMYT maize program is visualized in terms of its 

potential contribution to world grain production. More specific deft
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nition is required to provide a framework for organizing the breeding
pt'ogratn. In general terms, the area for which better varieties are 
sought lies roughly between the latitude boundaries of 300 north and
south of the Equator (10.5 to 14.5 hour day fluctuation at 300 Lat. ,
where effects of day lengths are comparatively unimportant (Table 3-1).
A wide range of micro-climates is included within these latitudes, 
varying in temperature and moisture regimes, as well as in the asso
ciated pests and pathogens of the species. Improved varieties must be
capable of performing satisfactorily under such conditions. Additionally,
utilization requirements must be met in terms of grain type, color, 
texture, and quality, etc. 

In practical terms, specific varieties suitable for each of
these many conditions cannot be developed. It follows that the im
proved materials generated in the breeding program must be capable
of performing satisfactorily over a range of environments, or in other 
words, be broadly adapted. To organize materials in a practical way,
arbitrary assignments have been made of the factors ihvolved in the 
environments combined with the characteristics of the crop. Within 
the latitudes of 300 north and south of the Equator, a 	second major
classification into highlands and lowlands is considered as dividing
the maize crop into two general categories for which varieties must 
be developed. This division is essentially one of temperature, in 
which highland types (cool conditions) are those grown under night
minimum temperatures (generally below 17 to 180 C), whereas those
of lowland types (hot conditions) do best at minimums above this figure 
(Table 3 - 1). 

Schematically, the basic maize types required can be shown as 
(Slide 3-3):

Environment Maturity Color Texture 

Highland Early White Flint 
and X Medium X and XK and 

Lowland Late Yellow Dent 

2 X 3 X 2 X 2 =24 types 

To this group should be added at least an early and medium 
floury type for highland areas plus two or more for temperate, or
higher latitude, conditions. Thus, a total of at least some 27 or 	more 
different types must be projected. 

3.2.2 	 STRUCTURE OF BREEDING 

-] di9 " L9The.: '.statement of objectives in terms. '. ':', 	 hf'elraetes ihit are:.', ts ,B [1, c ,ie,f.. j?, , itd(iO (4O~ 
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to be 	modified suggests that present materials are at least partially 
unsatisfactory. This is accepted as a point of departure. It is further 
accepted that, of the materials that are available, some are better for 
one trait, whereas others are superior for other traits. (If any one 
variety is sufficiently desirable for a series of traits, it should be 
chosen for immediate use until a superior one is identified or produced.) 

Having discussed the general framework for breeding operations, 
more specific points can be given for structuring the breeding, selection, 
and distribution mechanisms, including (Slide 3-4): 

(1) 	 Use of broadgenetic bases within which to conduct selec
tion as a prerequisite. 

(2) 	 Formation of basic breeding pools is guided by 
the identified specific attributes that are desired, rather 
than by racial or other classification. 

(3) 	 Recognition that the inclusion of certain components in 
the compositing of attributes also results in the dilution 
of gene frequency of those attributes in admixture with 
other varieties that do not contain them at similar fre
quencies, and subsequent selection must be performed 
to re-establish acceptable frequencies. 

'(4) 	 Assumption that most of the agronomic traits are multi
genic (and may be treated as quantitative, probably 
largely additive gene action). 

(5) 	 Use of large numbers of plants is necessary for ade
quate selection.
 

(6) 	 Assumption that practically any desired recombination
 
imaginable can be achieved of the genes that make up
 
the maize species.
 

(7) 	 Use of appropriately diverse environmental testing sites 
to identify as accurately as possible the superior geno
types which are to be recombined. Adaptation to diverse 
environmental conditions can be gradually achieved 
through successive recombinations of superior geno
types identified at each of a series of sites represent
ing the area for which adaptation is sought. The selec
tion process itself may be simultaneous at the series of 
sites (preferable) or by rotation through different sites. 

(8) 	 Selection and recombination in succesive cycles. 
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(9), 	 Measurement of progress in selection toward a goal 
should be in terms of time and effort required, rather 
than by percent gain attributable to a single cycle of 
a given procedure. 

(10) 	 Selection of plants based on progeny (Progeny: offspring. 
Progeny test: evaluation of performance of offspring as 
measure of breeding value of their parents) performances 
insofar possible. Selection based on progeny performance 
requires some form of family (Family: A group of indi
viduals bearing a certain genetic relationship to each other 
by virtue of common descent) structure arrangement of 
the population under selection: 

(a) 	 Full-sib (Full sibs: as used here describes a family 
of individuals having both parents in common; may 
result from either selfing or from crosses of two 
individual different plants ) continuous recurrent 
selection is preferred where recombinations are made 
from remnant seed. 

(b) 	 Mddified ear-to-row (half-sib) (Half sibs: as used 
here describes a family of individuals having one 
parent in common, i.e., the progeny from an open 
pollinated ear.) mass selection may be preferable 
where actual selected surviving plants produce the 
seed for the succeeding generation. 

(c) 	 To provide sufficient seed to enable the desired 
selection pressures at several simultaneous sites 
necessitates reciprocal full-sib crosses. 

(11) 	 Choosing of approximately 25 to 50% of the families under 
test in a given population for intercrossing to derive the 
subsequent set of families. Individual within family 
selection is exercised at two levels: 

(a) 	 Best plants at pollination time (three to five plants 
per family). 

(b) 	 Only the best of these plants saved at harvest (dis
carding less desirable plants and families so that 
approximately the same total number of families 
are generated and saved each cycle). 

Assuming the the eventual improved varieties should contain 
as many of the desired attributes as possible, the initial bveeding stage 
involves the assembly of these desired attributes into a broadly based 
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genetic "pool". The definition of such a pool as used in this discus

sion is essentially that given by Lonnquist (1). 

Formation of a germplasm pool should be the corn

positing of available material collections reasonably 
well adapted to the area for which improved popula

tions are sought. If endosperm types are an impor

tant consideration, only those varieties embodying 
desired types would be used. The compositing of a 

number of varieties would result in increasing the 

genetic variability and assure greater ultimate selec

tion potential. Opportunities for incorporation of ex

otic germplasm into the pool should not be overlooked. 
Population improvement is dependent upon the accur

acy with which the selected parent plants can be eval

uated, the sample size, and selection intensity. It is 

assumed that adequate genetic variability exists with

in the pcpulation for which improvement is sought. 

This can be assured through the development of com

posites comprising a range of diverse materials. 

This definition is expanded, however, to include the poten

tial of adding other materials with desirable attributes as they are 

The pool is thus considered as an open reidentified and developed. 

pository to receive new genes over an indefinite period, rather than
 

as a closed breeding unit population.
 

One such basic pool is contemplated for each of the 27 dif

ferent types that have been enumerated as being required as a mini

mum to meet the presently defined needs for different kinds of varie

ties in the world. Thus, it is expected that the number of pools will 

remain relatively the same, although new germplasm and selection 

for an array of characters will modify the pools continually. 

These basic pools now vary in stages of development from 

cases to relatively advanced development in;
early formation in some 
others. Unequal emphasis in their development relates partially to 

the greater importance of certain types as compared with others, and 

partially to the disparity of progress possible with lowland types with 

two growing cycles per year as compared to the highland types with 

only a single growing season. 

For purposes of systematic handling of breeding materials, 

regular sequence of steps has been established. The initial stagesa 
evaluation of bank collections, and theof introduction of materials, 

"Backformation and development of pools has been assigned the name 

up Unit" in the program (Fig. 3-1). This phase of preliminary mixing 

and selection supports the more refined and advanced materials, which 
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have been assigned the name "Advance Unit". The Advance Unit con
tains the populations (For convenience in identification within the
 
program, those materials which are sufficiently developed to be con
sidered as potentials for generating families that can be selected
 
to form varieties for production are being called "populations". This
 
term is applied to those materials in the advance unit under systematic 
progeny selection, and may be applied to back up materials as they are 
promoted to this category. In general practice, however, the terms 
"pools" and populations have tended to be used interchangeably; the 
definition as used in the program is an arbitrary one for convenience 
sake.) that are further refined through systematic progeny selection 
into the experimental varieties, some of which are graduated into the 
production field. 

3.3 BACK-UP GERMPLASM UNIT 

The backup unit is the source of materials which are to be 
funneled into the progeny testing procedure of the advanced unit. New 
materials, either previously unknown or those reported to contain 
specific desirable traits, are received and evaluated. Germplasm bank 
collections are evaluated. Advanced unit materials may be combined
 
with each other and with other newly identified attributes, and then
 
evaluated. (Slide 3-6)
 

Methodology employed in development of the pools will be that 
deemed most practical for handling the traits under consideration. 
Mixing Generations of germplasm will be mixed either in mass bulks 
or in modified ear-to-row mass selection ( 2 ). Large populations 
will be grown in handling quantitative traits, and selection will be con
ducted either alternately or simultaneously at more than one environ
mental site. At all stages of development, selection is a staff function 
involving all disciplines. For the most part, the back-up materials 
will be grown at CIMMYT stations in Mexico. 

3.4 ADVANCED UNIT 

The advance unit portion of the breeding program strategy has 
two very important purposes: (1) The selection of materials under 
diverse environmental conditions is focused directly toward the develop
ment of broadly adapted varieties and (2) The distribution of progeny 
trials to potential areas that might use these specific materials provides 
a mechanism for their systematic introdu,'tion, or availability, to those 
areas. The identification of superior families at each of a series of 
differing en-ironmental site conditions, followed by their systematic 
recombination over a period of successive cycles, is expected to be 
effective in making populations more widely adapted. (Slide 3-7) 
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Three separate phases are involved in the international testing 

Phase one: consists of variety testsand distribution of materials. 
to identify which varieties (or populations) are most suitable for a 

after the above identification, progenygiven location. Phase two: 
trials of the indicated materials are undertaken. Phase three: Se

lected superior progenies are then recombined as judgment indicates 
These are dedided in conjuncto provide the experimental varieties. 

tion with the local program that would use the variety for production. 

the AdvanceTo provide a standardized operational procedure, 
sets of approximatelyUnit materials are arbitrarily handled in progeny 

250 each. Thus, progeny trials are conducted in 16 x 16 lattice design 

trials and with the practical limitation of two replications at each of 

The six sites are chosen with one
six different environmental sites. 
at a CIMMYT station in Mexico and each of the other five in a different 

to conduct the progeny trials of a given popula
country. The intent is 

tion simultaneously in six different countries.
 

At the CIMMYT site in Mexico, two replications will be devoted 

to yield comparisons, and one replication each to disease nursery, 

and agronomy high density plantings. When possible,
insect nursery, 

all the materials will be artificially inoculated with leaf diseases,
 

Thus,

stalk rots, and ear rots--as well as infested with insects. the 

related supporting disciplines are involved in the routine of developing 

the improved populations as an integral part of the program. 

adequate seedIn order to conduct progeny trials of this type, 


must be provided. To do so, the progenies are generated by means
 
From 	25

of reciprocal hand pollinations of selected individual plants. 

to 50% of the families in progeny trial are selected, and the pollina

tions are made among families chosen in this way (replanted with 

remnant seed from the previous cycle). Several plants in each family 

are thus individually crossed to other plants in other families (each 

Seed from these pollinations is divided as
with a different family). 
follows: 

(1) 	 100-seed reserve (for emergencies and to combine 

into experimental varieties) 

25 seeds for next nursery planting(2) 

(3) 	 25 seeds for disease nursery 

(4) 	 25 seeds for insect nursery 

35 seeds for high density planting(5) 

(6) 	 Remainder of seed for yield trials at up to six dif

ferent sites in different countries. 
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Advanced materials have been assigned population numbers
 
21 through 48 inclusive. (Numbers 1 through 20 arc reserved for
 
experimental variety trials, bank entry evaluations, 
 etc.). At least 
in the beginning, progenies will be generated in Mexico during the 
winter (December-April) period and grown in progeny trials during the 
summer season, so that one cycle of selection is completed each year.
(Very likely a small number of materials will be handled in alternate 
seasons of the year to provide the same service to locations on the
 
other side of the Equator.) (Slide 3-8)
 

A few rows of an opaque counterpart is planted adjacent to each 
advance population. This is back-crossed to the parent population

during the progeny generating cycle. These crosses are sib-mated
 
during the progeny trial period in the summer, and the opaque-2
 
segregate kernels again planted adjacent to the recurrent parent for the 
next back-cross. In this way, each advanced population is simulta
neously converted to its opaque-2 equivalent. 

In 1973, 34 progeny lattice sets of 16 x 16 were sent to one or
 
more locations in countries other than Mexico. The number of sites
 
varied from one to six for each of these materials. Data available was 
used to select the families for intercrossing to produce the progenies 
to be uned in 1974 plantings at the several international sites. 

Thus, the advanced unit materials are not only those that are
 
relatively most uniform and homogeneous in characteristics (so that
 
they are suitable for immediate increase as varieties); they are also
 
systematically distributed to several countries simultaneously so that
 
they are widely and continuously available to national programs. 

The progeny and varietal testings are conducted in conjuction
with regional and national programs as cooperating sites. Such pro
grams thus get a detailed look at each set of progenies and have available 
a series of alternatives for utilization of the germplasm represented. 
Reserve seed is maintained in order to permit the following options: 

Option One is that the total array of families representing 
a population gives a broad picture of that population and its 
relative suitability for the site--or a direct utilization 
simply by bulking the families and multiplying as a variety. 

Option Two is that of choosing a few of the outstanding fam
ilies from the population with which to constitute an exper
imental variety, obtain reserve seed, and multiply this as 
a variety. An example of this in operation is shown in 
Annex 2. 
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(In those cases where the material is found suitable for pos
sible commercial use, experimental varieties are extracted 
from a 1pcpuiation. Potentially an experimental variety might
be derived from the ten best progenies as evaluated at each 
of the test locations, plus an additional one based on mean 
performance of progenies over all the test sites. Such a 
procedure has a potential of seven experimental varieties 
from a given populationi grown at six test sites. The first 
generation of experimental varieties derived in this manner 
is now being increased.) 

Option Three is that if one or more families are sufficiently
outstanding to be considered as possible hybrids for use,
they can immediately be developed from reserve seed of 
parental families. 

Option Four is found in those cases where more than one 
population is grown and superior families from each can be 
identified and used as hybrids per se, combined with families 
from other populations into experimental varieties or checked 
as possibilities for hybrids of families across populations. 

Option Five is that one or more of local program materials 
can be added to the set of potential combinations as variety 
crosses, selected family based composites, or hybrid com
binations. 

An additional level of evaluation of materials is contemplated
in further tests of the experimental varieties. As the experimental
varieties are developed, they in turn are organized into variety trials
that will be grown over a much larger range of sites than at present.
These are projected for about 25 sites with four row plots and four 
replications. Such testing allows an opportunity for more precise com
parisons of experimental varieties themselves, and also provides a 
means for the identification of the most suitable materials for indivi
dual sites. Based on such varietal evaluations, a given site might se
lect a different material than that which was originally used in progeny
testing; whereas other sites, without progeny trials, could choose the 
materials to be established as progeny trials from the varietal trials. 

Finally, the elite experimental varieties can be identified, 
both for use as commercial varieties at specific sites and for 
further study in relation to dependability of production over ranges of
varied environments. As quickly as elite experimental varieties are 
determined, on-farm trials should follow to verify the suitability 
for production. (Slide 3-9) 
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Any test site with the technical resources to generate pro
geny can fit those progeny into the procedure. Programs without the 
technical capacity to do their own breeding work can still grow the pro
geny sets that are developed elsewhere, and thus have available mater
ials under selection that otherwise would not be obtainable. The station 
generating progeides (C1MMYT, in mosl cases) should visit the pro
geny trials in progress to maintain continuous monitoring of the mat
erials and evaluate the validity of the trials. In the course of such 
regular visits, the suitability of materials can gradually be documented 
and new and desirable materials identified and channeled back into the 
base breeding program. This systematic two-way flow of materials 
should provide continuous testing and improvement of materials, as well 
as their immediate availability for cooperating maize programs wherever 
they may be located. 

3.5 SOME CONSIDERATIONS FOR THE FUTURE 

Remaining for conjecture and clarification are at least three
 
major areas of concern. These can be listed briefly, but could be
 
discussed at great length. They are:
 

1. The architecture, size arid grain-to-dry matter ratio 
found in tropical maize varieties. 

2. Disease problems such as streak virus, downy mildew 
and others that are certain to be encountered. 

3. The implications of restrictions on seed movement 
among scientists cooperating in breeding programs. 

There are other problems related to many other restrictions, 
such as marketing, fertilizer supplies and various political problems,
but the three points enumerated merit special attention from the 
breeding stand point. 

Rather than trying to make shorter and more manageable
varieties from the undesirable tropical maize types, why use suchnot 
more efficient plant types as are available in the temperate regions?
The "Corn Belt" maize is the prime example. For an immediate 
answer, anyone who has grown them can verify their susceptibility to 
the insects and diseases of the tropics. They are usually killed outright, 
or nearly so. 

3-12 



For a longer range answer, an attempt is under way to introduce 
enough tropical germplasm into the temperate materials to enable them 
to survive. The thought is that gradually a germplasm complex can be
built up with a different size and architecture (as well as physiology) of
plant. Preliminary results are encouraging. 

Downy mildew has been a serious problem for years in South
east Asia, and appears to be spreading in the area; reports from
Argentina, Central America, the United States, and Africa suggest

potential losses of huge magnitude can occur in the courtries un
less resistant materials are developed Streak virus has long been
 
a damaging disease inAfrica, and though it requires the appropriate
coincidence of inoculum source, vector, and susceptible material,

it can be very effective in ruining plantings. At the very least, it

severely limits times whe maize 
can be planted in many areas. 

In the case of both downy mildew and streak virus, it appears
that reasonable genetic resistance has been identified. In both cases,
it is suggested that improved levels of resistance be sought and that
resistance to both be incorporated into varieties as quickly as practi
cable. To do this will require cooperation of testing sites in the selec
tion of materials, and these sites of necessity should be in the areas 
where the diseases now occur. Ready interchange of materials among

cooperating scientists is 
most desirable. 

And this brings up the third major concern. To the extent that
restrictive barriers to the rapid interchange of seeds are imposed
in the form of quarantines and other prohibitions or delays; to that 
extent the breeding programs will be hampered. Certainly, there is 
no argument against realistic attempts to prevent the unnecessary
spread of pests and pathogens. On the other hand, it is hard to con
ceive that carefully treated, selected seeds in the hands of competent
scientists can be considered as major threats when compared to the 
benefits accruing from their in the form of improved varieties.
In many cases, the whole side of the house is left open to massive 
movements of commercial grains with little thought as to the spores
they may carry, while the mail box is barred to registered letters 
carrying experimental seeds. 
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Table 3 -1.
 

Rough estimates considered in classifying maize germplasm
 

CLMT Early 
MATURITY 

Medium 
RANGE 

Late 

Tropical - Subtropical 
Altitude (meters above sea level) 0-1600 0-1600 0-16007 
Latitude 1 30"N-S 300 N-S 300 N-S 
Temperature (Mean of growing season) 250 - 280 C 250 -280 C 250 -28- C 
Days t. silking (main season) '50 >50 460 >60 
Duration of crop growth (in days) ' 100 >100 I120 < 140 

High Land 
Altitude (meters above sea levelY 1600+ 1600+ 1600 
Latitude 30'N-S 30 0 N-S 30 0 N-S 
Temperature (Mean of growing-season) 15° - 17"C 150 -17* C 150- 17"C 
Days to silking 70 >70 95 >95 <120 
Duration of crop growth (in days) ( 130 < 190 < 240 

Temperate * 
Altitude (meters above sea level) 0-1600 0-1600 0-1600 
Latitude 300 -40 , N-S 300-40*N-S 30 - 40 N-S 
Temperature (Mean of growing season) 20°-22*C 200 -22 °C 200 - 22 C 
Days to silking <60 >60 Z75 >75 
Duration of crop growth (in days) z.(120 >120 (150 >156 -

C Less than 
~=Up to 

= More than 
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co Fig. 3-2. CIMMYT'S ADVANCED GERMPLASM UNIT 
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Fig. 3-3,Scheme for Making Parallel Improvement in Opaque-2 and "Normal" Advanced Populadion
Undergoing Full Sib Family Section. 

Advanced Population (Normal) Appropriate Hard Endosperm Opjqe-2 
Donor 

Off 
Season 

r Plant selected full sib (F S.) families 
calnd generate 250 new full sibs (recipro-

Scal). 4 
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opaque 2 donor to obtain Fl. 

ar 

Main 
Season 

[Progeny test the 250 F.S. at six sites.J Advance F1 to F2 

[Establish insect-disease and 
Idensity nurseries at one site. 

high plant 
I 

Ten F2 kernels from each ear, separaTely, 
for qUality protqin analysis. 

Off 
Season 

Plan 
Plant selected full sib (F.S.) families and

Igenurate 250 new full sibs (reciprocal) 

Feed best families also to indicated
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J bdlanced mixture )fs 'Icctedhigh qltahty
l opaque-2 sqregates Irom selected ears.I 

[Progeny test the 250 F.S. at six sites. Advance F1 to F2 
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Season 

SEstablish insect-diseaci and 
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I 

high plant I Ten F2 kernels from each ear, separaey
for quality protein analysis. 

I 
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Slide 3-1. 

MAIZE BREEDING 

Visualized in terms of Contribution 

to 

World Grain Production 

1. 	 Must develop more suitable varieties 
for agronomic and consumption con
ditions 

2. 	 Must fit into practicable procedures 
for making varieties available to 
producers
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Slide 3-2. 

OBJECTIVES 

A. Plant characteristics of variety 

1. Short plant 	height 

2. Good standability 

3. 	 Efficient - high grain yields and high proportion 

of grain to total dry matter 

4. Early maturity 

5. Broad adaptation - dependable production over 

range 	of varied environments 
6. Tolerance 	to field hazards of insects and diseases 

7. High quality protein in grain 

B. Distribution characteristics 

1. Open-pollinated varieties to avoid bottleneck 

of hybrid seed 	requirements 

2. Sufficiently uniform to be used immediately 

as varieties 

3. 	 Sufficiently variable to allow local selection 

modifications 

S 3"*
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Temperature Maturity Color Texture Total* 

Highland 
vs. 

Lowland 

2 X 

Early 
Intermediate 
Late 

3 X 

White 
vs. 

Yellow 

2 X 

Flint 
vs. 

Dent 

2 24 Types 

* Early Floury and Intermediate Floury Highland 

Temperate (or more) 

2 

1 

27 Types 
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Slide 3-4. 

A Basic Food Factory System 

Germplasm Resources o Breeding -4 Farm Production 

1. Present varieties 1. Evaluations 1. Farm Trials 

2. Bank collections 2. Selections 2. Production 

3. 	 Genetic stocks 3. Combinations 
(mutants) 

4. Miing 
4. New traits 

5. Recombination 
5. Related species 

61 	 Continuing
Selection 

Al For hifrther detail 
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- Breeding 

Germplasm 
Resources -

Preliminary 
Back-up Unit , 

Advanced /2 
Advance Unit' 2 

Production 

1. Introductions 1. Selected Populations 
2. Mixtures 2. Progeny Trials 
3. Pools 3.Addition of, 

Incorporation of replacement of, 
desired attributes Families and/or 
as components of populations 
eventual varieties 4. Experimental 

4. Preliminary varieties 
selection and 
designation as 
populations. Also 
identification of 
superior fanilies. 

/1 /2 For further detail 
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Components of 

Pool: 

1. Disease Res. 

2. Insect 	Res. 

3. Yield 

4. 	 Texture 

,re
5. Color/ 

6. Maturity tmove 

7. Etc. 

Slide 3-6. 

Back-up Unit 

Develop to Advance 

Population: Unit: 

1. Crossing 

2. Mixing 

3. Recombination 

4. Selection 

5. 	 Yield Trials - - Selected 
popul at ions 

a) Poza Rica 	 or familiesto 
b) Tlaltizapanmoet indicated 
c) Obregon Advance 

Unit 
d) Batan Material 
e) Toluca (Variety) 
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Advance Unit Seed Requirements
 

1. 	 5 locations outside of Mexico: 

2 reps. x 33 seed x 5 330 seed. 

2. Yield 	Trial CIMMYT 2 x 33 ,50 

3. Insect 	Trial 25-"* 

4. Disease Trial 	 25 -" 

5. Agronomy Trial 	 = 35,' 

6. Subsequent Nursery 	 25 " 

7. 	 Reserve (Emergency'+ Expt. Var. - 100 " 

Total 590 " 
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Slide 3-8. 

Advance Unit Time Schedule 

(Selection) 

Center Other Countries 

Planting Nov. -Dec. Different 
environments 

Harvest Mar. Apr. . 

Shipment April ) Planting May-June 

Harvest Sept. -Oct. 

Planting Noy ,.;Dec. Data Nov. -Dec. 

Pollinations Feb. (intercross only-selected progenies) 

Continuous process so long as indicated of recombination of 

selected genotypes. 
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SExpertznevzi ab~iivwe 

SCenter" 

Tuxpeo 1 -----

10 Prog. intercrc.'se6 - "---

,i.e (10 proey) 

t for.Farmr Tr 4 

Include in Variety Trial 
(of expt. varieties) 

Data ( 

To select elite varietuij .----.. 

9-Ot 

r ' 
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ANNEX 3-1 

In order to give a general perspective of how improved varieties 
can be developed and fed into national production programs, an example 
is provided in Annex 1. This letter, in essence, sums up the opera
tion of the system. The ten superior progenies in a set under selec
tion were identified in the area where the improved variety is to be 
grown. Reserve seed of those same progenies is then recombined 
to form an open pollinated variety for further trials on farms in the 
are and for distribution. A systematic interchange, evaluation and 
recombination of maize germplasm can provide a continuous flow of 
materials to cooperating programs, as exemplified by the letter 
(Annex 3-1) from Zaire. 

1-29 



PROGRAMME HATIONAL MAIS
 

B. P. 3673 -Station de Kisanga - LUBUMBASHI, R6p. du Zaire 

/R:,041,7 , Lub°sht z 20 .FebrLWry 19 74 

Dr* S. K. Vasal 
ClDr..IYT Co '- Dr. EaW. Sprague 

Apdo-'Pootal 6-"410 
Mexico 6, D.P. Dr. 2E., Johnson-IIl B %I a 0 - • 1 

Dear Dr. Vasal,
 

At Gandajika, Zaire, we tested 234 families of Lu-xrenoplanta baja 0 11, origin P11 73 A, 20 /. The ;ntorial provod to beThe 
which i, much rore t1a even the local hybrid produces. Itoreover, 

e..o Vit. rro.eeaiso yieldod up to ton and eleven tons per hal 

the Tuxpeno material was the only material which did not lodge after 
one heavy rain storm. 

It was decided to use the ten beat progeniesirmediately as a variety for the area. To have seed availablo 
already by September 1974, we will use the open-pollinated ears

harvested from the best Progenies and multiply these under
 
irrigation.
 

For September 1975 we would like to have a variety
based on the rerinant seed of the best pro:uonies. I suppose tlatthe pro ucnies could be recombined at CIII!PT. We would like to 
receive the rccobinod seed for multiplication in Za~ro not later
 
than Rovember 1974, if possible earlier. 

As soon as possible we hope to send the data shootsof the trials, conducted at Gandajika, to Mexico for analysis. 
Attached, please find the ist of selected Tuxpeno
 

progeies, 1(If 7! / 17q31 /J(D) /?yj~ /&V, /cp) L iqj a.2/ 

With beot re:ards, 

,Prans de Wolff 
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ANNEX 3-2 

Considering the problems of management of the typical tropical 
maize varieties, we arbitrarily decided to put high priority on develop
ing a range of materials with substantially reduced plant height as the 
first phase, of effort in the breeding program. In attempting to develop 
shorter plants, three different approaches were employed: 

(1) 	 Use of genetic dwarfs (major genes such as Brl, Br2, 
Br3, Pigmy, Tassel ear, Dwarf 1 short, Dwarf 1 tall, 
etc. for conversion to shorter types 

,(2), Employment of available short materials (which generally 
also were very early maturity and low yielding) to cross 
with 	taller productive types in hopes of recovering short 
plants with good yield 

(3) 	 Recurrent selection within tall materials to gradually 
reduce plant height over an extended period of selection. 
This assumed the existence of great genetic variability 
for the trait in the form of multigenic (quantitative) 
systems. 

All three approaches provided shorter plants, but were asso
ciated with different kinds of problems. In general, the genetic dwarfs 
also produce undesirable side effects, such as excessive leaf width, 
erratic height, uneven development and a tendency to delay maturity. 
In the case of the crosses of short with tall types, the resulting progenies 
tended to be intermediate in most characters, including yield. 

At this point, it appears that the recurrent selection within tall 
materials has resulted in the development of the most satisfactory plant 
types. A broad range of such reduced height germplasm has now been 
developed, one population of which is presented for more detailed com
parison in Tables A-1, A-2 and A-3. Table A-1 lists the performance 
of four such materials that have undergone selection for shorter plants. 
As can be seen in the table, height of both plant and ear was drastically 
reduced, maturity became somewhat earlier, lodging was reduced and 
yield was obviously maintained. In fact, yield appears to have been 
improved, although this may be, at least in part, a reflection of reduced 
losses, rather than improved productive capacity. 

In table A-2, the Tuxpeflo selection (in 7th cycle of selection) 
was compared in performance in El Salvador with the original tall variety, 
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a brachytic 2 dwarf conversion of the same and a local check. Again 
the short plant selection (planta baja) appears to be superior. Further 
confirmation is provided in data from farm field trials conducted in 
the Veracruz, Mexico, coastal area near Poza Rica, in 1973. Table 
A-3 shows the results of these farm trials, so far as yields are con
cerned. The short plant Tuxpeflo selection (Tuxpeflo 1) was the 
highest yielding at 75, 000 plants per hectare and still in second place. 
at 50, 000 plants per hectare. The commercial hybrid recommended 
at present for the area is H-507. 

Following the development of shorter materials, an effort was 
made to improve their yield. Table A-4 gives the results of two cycles 
of selection in three different populations, of which one i. a brachytic 2 
dwarf. Apparently, the same procedure utilized for shortening plant 
stature can be employed to subsequently improve yield in such popula
tions. 

The Tuxpeflo 1 material (previously called "planta baja" selec
tion) has thus been tested in a series of treatments on experiment 
station trials in Mexico and El Salvador and in on-farm trials in 
Mexico. It is the same one selected for immediate use in Zaire as 
a variety for increase there. The evidence suggests that the overall 
strategy is successful in developing improved materials. 

The data on which the experimental varieties are derived is 
shown for the 10 selected progenies in each of a white and a yellow 
population to complete the process of development of materials which 
has been outlined. From here we need to develop information on 
stability of performance, which is the most satisfactory way of consti
tuting experimental varieties, etc. No final decision has yet been 
made on what the eventual choice will be. 
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Table A-i. Short Plant Selections vs. Original (1972) 

H e i g h t Kg. /Ha. 
Material PI. Ear Flower Lodging Yield* 

Tuxpeflo CO 277 175 69 3.2 3739 

Tuxpefto C10l 212 112 64 1.6 4284 

ETO CO 244 136 67 2.3 3003 

E T O C9 212 99 63 1.4 3308 

Aix. 1-Col. 1) ETO CO 267. 157 67 2.. 33.'7 

(Mix. 1-Col. 1)ETO C7 213 102 63. 1.8 3969 

Me~cla Am. CO 239 130 64 2.4 3613 

Mezcla Am. C5 219 116 62 1.4 3858 

* of 3 l/c1tin 4 'zeps;/loc. 
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Table.A-2.. Performance of four maize varieties at four planting densities 
as shown by grain yields per plot at 15% moisture. San Andr6s, 
El Salvador, C.A. 1972. 1 

Dn s 	 V a ri e t i e s X ofTuxp. Tuxp. Tuxp. 	 Densities 

or.L2 P.B.L3 br2 /4 Taver6n
 

40,000 3.99 3.79 2.48 * 2.59 3.21
SI I,

65,000 4.55 :4.77 2.87- 3.08 3.82
II 

90,000 4.28 4.57 3.65 3.29 3.94
 

1 ,5000 5.06 5.13 3.94 3.434.39 

- of
 
Varieties 4.47 4.57 3.23 3.10 3.84
 

... .	 Comparison 5% level.
 

Comparison 1%level.
 

Plants per 	hectare. 

/1 Courtesy of'Ing. Roberto Vega Lara, Ministry of Agriculture, E.S.
 

/2 Original tall Tuxpeflo variety.
 

/3 Tuxpenlo Planta Baja (short plant selection, seventh cycle of selection).
 

/4 Tuxp. br2 - bachytic 2 genetic conversion.
 

/5 Taveron - local variety.
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TABLE A-3. On-farm trials held in kg/ha. of grain 15% moisture at four sites in Veracruz 1973B. 

Varieties 

Tuxpefto 1 (75000 pl/ha) 


Tuxpeflo 1 (50000 pl/ha) 


T 27 


Tuxpefo 1 x La Posta 02 


TC 17 


White hard endosperm 


H 507 


Criollo 


Localities 

LSDNS 

ce oA2 

La Coliieiia 

5290 


4338 


3799 


3965 


3841 


3199 


3386 


3981 


Rfo-Claro 

2656 


3172 


2383 


3142 


2542 


186.5 


1919 


2526 


NS 

24 


La Isla 

5701 


5587 


5874 


4265 


4059 


4118 


4563 


3588 


4719 


1522 


14 


Castillo de Teayo 

4285 


3463 


3793 


4171 


3973 


4410 


3334 


2552 


3747' 

NS 

32
 

X
 

4482
 

4152
 

396?
 

3885
 

3603
 

3398
 

3300
 

3070
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Table A-4 

Preliminary Results of Recurrent Full-Sib Selectior for 
Grain Yield in Three Populations. 1973. 

Height 
Variety Days Silk Ear Rot Kg/Ha 

Plant Ear 

SPB, CO 92 252 154 10 3771
 

Cl, 91 225 132 4 4947
 

C2' 91 219 132 6 5143
 

CRISI CO 95 264 164 6 3504 

,C192 2§2' ,148 4 4078 

C2 i<92 ' 262- '153 3 4698 

Br21 CO 94 160 80 14 3269
 

C1 94 165 88 10 3651
 

93 .165' 85 .7 4224
 
i i i i i i i i L~
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Table A-5. 

Expt. Var.: Selection of 10 Best Families 

Tlalt. Hond. P. Rica Obreg. X 
Family 
Total 

White 11,396 4,625 5,791 4,600 5,756 37 
Yellow 11,127 6,322 5,185 4,539 6,297 31 

From 256 total families: possible diff. 50 

Exp. Var. 1 2 3 4 5 
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4.0 

MAIZE GERMPLASM PRESERVATION 
AND UTILIZATION AT CIMMYT 

by 

Mario Guti6rrez G. 

4.1 INTRODUCTION 

The Interrelated problems of an exploding world population und 
dwincling food supplies have been weU documented in this Symposium. 
Brief mention has been made of some of the associated itnues, also, 
including the vulnerability of food crops, the 'r, mtn ot piant genetic 
resources, and the need to preserve them now. Thin prenentation 
focuses on CIMMYT' n work in ma!ze germpniarn pretiervation and use. 
After a brief ditcusion of purposte and need for the gerinpla n pre
servation program, a lihting is provided of the, current inventory and 
services performed by the Hank. Subsequent t, . tions outlite the 
Bank's origins and its maintenance program, and some projections 
for developments over the next six years. A final section discusties 
CIMMYT's recently initiated work in maize-Tripsacum crosses. 

4.1.1 PURPOSE 

CIMMYT's maize germplasm bank seeks to preserve some of 
the existing variability in the species Zea mays L. and related genera. 
It is essentially a service activity dispensing seeds and information 
not only to CIMMYT's own maize program, but to br~edera and re
search workers all over the world. 

Its functions involve (1) collecting and storing adequate supplies 
of seed under conditionvi favorabie for maintaining viability; (2) the 
renewal of seedstockti; (3) the documentation of accessions; and their 
evaluation for potential use in breeding; (4) the prepairation of catalogs; 
(5) the utilization of systems for rapid and efficient information re
trieval; (6) the distribution of seeds and information to interested 
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the addition of new accessions tobreeders and research workers; (7) 

augment the collection and increase its usefulness; and (8) the incor

poration into maize of useful traits available in related genera.
 

4.1.2 NEE) FOR BANK 

Improved cultivars developed by plant breeders are an esnsential 
component o modern agriculture and have played a key role in boast

ing yield lev, lt' throtighout the world. In the United States, for example, 

Sprague (17) ,rvport-i that rnaize producerts acifleved almost universal 

adoption of hybhid .ieetd by 1956. lHlii calculations, using five-year 

moving averages to in, ninuze the effectn ,,f weather and governmental 

1930-1960, how that rnalz e reroductioncontrol pol i, ien for the lwriod 

increasled 706, where.as raize acreage (iecreatied by 30"10. Sorghum 

and Hugar beet production reflect imilar achievenmnts. 

The developinenit of improved cultivarts hati been accomripanied 

by undetir a ble effetti, al if), icludiing the narrowilng of the genetic 

base for the crop grown, which has been intensfied by an undue em

phasis (,it (,p uniformnity both in bre,-ding and in c-rop huC'.')undry. Pure 

lines are , ned at; cultwiva r for tif-lfpollinated crols, whereas Cross

pollinating cropi vutih ;i,; ,naiz,. use single, thro'-way, and double

crosses. In ret''it yvat,r., world wheat prodtIctiori ham climbed rapidly, 
with near continnt-wiwid plantingst of ii few rplated, hut highly successful, 

varieties of wheat. 

'rTil narrow J'ellt cbas :lelnd Widelipread lult ivat Ior of a few 

genotypes him greatly favor'ed tii,. fel(ction and rapid multiplication of 

disease botypeni to which they are ui(e'pttblc. tExarnplet of the seled
tion process abound In the literature and only two will be mentioned here: 
involving (1) a self-pollinated crop and (2) a crowi-pollinator. 

Self-l9 lliinated (Cro;p: E'ighty per cent (f the .,t, acreage of oats 

planted in th. I.S.A. ii 1!I,1' wai; grown with d,-rivativui of the variety 

Victoria, whionr' reniotyl,, ,'minhin.ed the I'''-g gene fo- reUnittnce to crown 

rust andI ltI ( , loely I inil:,l lIrne f,,' :iti',, eptibililty to, IlelJ in inthoportum 

victori ,. .If 4.li1i . 'lo 1;hY . A tev '' ( ipihytotic ( ":1i:;,olby thiri 

pathogen thiit 'if '1' lt 1,,h i l , ''w:.#'; ,l rotillno,, of ! ;dind forced 

a 14hift ho I r ,,i l, ,,vfCIv , ,,. 

i I, jr;I yle I:, IIir lO'l lry the 1970fles, the IfIlerfi nI:,yrV ; 01 mi,, i:, 'w'f: 

oiitlbr' 'll ('1 r'we4 T 'i I l(* I III iti. i rom mCISv;tyd1,, Nun ul-_,odf f'j uy;ikv In 

the Jnited :;1!"e . PI, ('1!1 iv C:',it 'it xa:t ,m !l;(ile:teril, yloplbini 

We'e gpro il lIvItl yfil"r il 'if; loill] 0 ia ',e::, ,w t10'h, (d I1w totliu1 iize 

acreage--1ve'r ow1o trihl io planll" (4) wil! i igl, pkl;um;rtype(. An 
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epyphytotic caused by the race T of H. maydis decreased maize pro
duction by 15% on a national scale, with heavier losses in the southern 
eates. 

Harlan (9) has aptly used the term "genetics of disaster" to 

refer to the breeding of narrow genetic base cultivars and their planting 
over vast areas, with the concomitant dlsplacement and loss of gene 
pools represented by land races, and( weedy anid wild relatives of the 
cultivated plants. land ra('eH of . cult -L:evd (rcop are a product of 
plant domest icatlon, a lengthy ir)c(s, of Il,.al 'ielecthion and arti

ficial selection by man. They are c'haractcr i? d by genetic vari
ability and a dynamic equilibrium with thi'ir ' vtivir iln,,it , including 
parasites; thus. they are a val I b c ci*I)I " for hret ding the 
plants to mneett the denandl:u of a growizi' wjl'I l)(q, iluLti,). In
fortunately, ciultivat ion of land ram 4i uitr.i pilly falling off d11i. to re

placement with Improved cultivart, of hijh y ;)icd but narrowv'I ptntiall 

genetic bas., Ieavy po)ulat ion jiriThu rca *1)ution of old farming 
systems, etc. The r'epl' (-ienit o f the prt nilve cultivarn. by higher 

yielding strains of bett.r nutritive quality in ne:esisary to ir,crease 
food production- -but tiu(ch replacement doesi not wecensitate losses 

of either the primitive cultivars or their weedy and wild relatives. 

4. 1. 2. IParadoxical Succens 

Since progress in plant selection depends upon sources of 
ample genetic variability, plant breeders and researchers now seem 
to be confronted with a paradox of their own making--their successful 
cultivarn have been no widely accepted that they threaten to eliminate 
the very Hour'erii of varibil ity which generitted their genetic accom
plishments. 

hi inc et iig the 'hall nji,-1g (f thiti pars dix, it will be necessary 

to collect and preserve the land rat'(er of mir tult avated crupui . These 
land racesi, together with their weedy and wild forms, constitute a 
non-renewable resource--necessary for both plant breeding and basic 
research. 

Current calculations are that the world population will double 

between 1971 and the year 2008--from a level of 3.7 billion to 7.4 
billion people--and food supplies must grow at least at a parallel 
rate. At present, five cereals, two sugar I)lti, three root crops, 
three legumes, and two "tree crops" actually feed the world (11). 
And three of the cereals- -rice, wheat, and maize--produce over 
66% of the world's nieed crop. Plant breeding han been iumccessful 
in increasing production levels per unit area for these crops, but 
this addition has been achieved at the expense of reduced genetic 
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resources.variability and an intensified rate of erosion of the genetic 
depends on (1) "banking" of genetic

,Thus, continued breeding success 

resources still available and (2) widening of the genetic base of tolerance 

to diserse and other pest3 in the cultivars produced. 

4.2 CURRENT BANK OPERATIONS 

PRESENT INVENTORY4.2.1 CIMMYTIS 

A total of 10,3198 accewilonti are available in CIPAMYT's maize 

germplasm bank (Table 4-1)Over 901a of these are of American origin,
 

but a total of 46 countriems are represented in the collection.
 

of accessions are recognized: collections,Tlhree general typet 
' were formed by recombining two or 

groups, and crnpo(mites. coup 
distribution more collecti10t0 of Himil-r tiorpholoegy and geographic 


during the period 1j50-1963, in fn attenipt to decreasuc the number of
 

preiervtng the variability available. It

accessiont in the bank whil 


was assuned that collectionH sit-ilar in morphology and from the same
 
it was

region were likely to be airl)plf-ti of the tiameIp)ulat ion and that 


at; t;epa mrate ft it i e!. (On..n or o)re
 
not neceHuiEry to inoainttain tliei 


c on, lde rt-d a:n typical of the ine),. 1wri of ., given group were

collection 

remaining discontinued. Compoasfte
preserved as, iuidividual entitiet and the 


on loni biit;ti of traitU )r racial Criteria.
have been formed 

preiient inventory incl,(let 9,624 collectioli; 670 groupsCIMMYT'I 
America, Mexico, and the

involving accenwjionv i from lirazil, ('entral 

there are 78 collec1tions of
West Indies; and 94 compoiit(H . In addition, 

and a live Tripaacur garden is maintainedZea mexann., 4 oif Z.P~ii 
atTlaltizapfin, including all known species in this genus and involving 103 

clones. 

4.2.2 SERVICES RENDERED 

During the perlod May 1967 to December 1973, a total of 472 ship

ments involving 14, 7183 items was sent to 80 countries (Table 4-2). The 

largest number (131) of shipments (30.6%) and items (2,8!)3 (21.4%)) 

S. A., Mexico, Philippines, India, Pakistan, Nica
were sent to the I. 


ragua, an d Thail an d.
 

Fromn hlie seed provd(ed by ('IMMYT have come 	mourcen of re

20* 21) to ChUofor E' t Africs (1 8, 1P9,siHtanne to lFic('!iilm 1)(0Iyf ii)r 

Well alm par i;il rv[1i1Jt1r1('" to l)odoptora
partell iiim 'ak itil (1). 'i 


a111(1 in M ,x ico

frug iperda i1 Ii )jphl)_mi ni ift)MEiii the 11.. . A . (211);114 

lit ad(l ioni, ioopti]ti)tl supplied
(CIMM YT :N'o-w 2 (7-l): 3. 11)67.). 

ifully titlvd in ireeding programs
byt ieITh oh l' i v Ibren widely and succeo 


in (liffe.rent part, of the globe.
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4.2.3 PHYSICAL FACILITIES 

Facilities for the Bank at El Batin include two cold-storage 
chambers with a combined volume of 244 cubic meters in which tem
perature is maintained at 03C and relative humidity lowered to 45%. 
Seed dried to 10% moir;ture content is stored in rectangular base tin
can containers with ,ppre:eiure lid. ('an capacities are one-half or 
one gallon (U.S.). The open itorage rack,, uied .iro made of ranurated 

angle iron and mountcd on1rals * to f, in aislei .here desired. As 

presently arranged, thetie ch~lbe)r, allow the ,,torage of seed in 

10,440 one-half-galim and 15, 120 ()lIc-gallori containers3, plus 132 
drawers 41 46 cm. t ted ts -nvelope'i.x < III 11,7) ,iall I in 

4.3 ORIGINS AND MAIN'' NAN'I;E1, GIIMi'LASM I3ANK 

Having listed some of the ( urrent )pvrzatin,ns of the Bank, 

discussion now turns to a description of its fundamental structure and 
core elements. 

Sone tf the ittiall avatilable in ('IMMY'l': fiatite Rerm

plasm bank trace back to colle t 10)g made inl 9 193 by the ()fc ina de 
Estudios Espec ialet established by the Mexican G(overnment and The 
Rockefeller F'olmndation. 

by the IU.S. Nitt -lily of 
Sciences--Natiomal IRe'i'S l rch (',n 'llfrium 1951 to l OYto COlect, 

preserve, and study for fiture utie the ttrai of 

A project wasnti etitablitlie n al Acatn 

1(igi-tioll))l ,1)maize 
of the Amer:can hi(nt.,idw: e . 'l'htI pr, JC('t wia , di ,cted by a com
mittee conpoi d maize b derP tI' 1)tnlf ,f Iladi ,CC , lnetl(c'it.,, sta 
and admltimtrattw, andi wig finmir','l by the I ht ed StatC-a Department 
of State through the ()fficc of lr ei Agricult)Pa! IInlations, and 

later through the, Institute o)f Inter-Amvr ican Affa irs. Under an 
agreement with the 'Technical ('oop-raition Adm n iitration, maize 
collections were nade inall Arv)'rian countries over the three
year period, terminating om ltuneC 30, 1954. 

Seed Centers equipped with refrigerated seed storage facilities 
were establitled in Chapingo, Mexico, and in Medellfn, Colombia in 
cooperation with TIhe ockefelher Voundation. A third Center was 
established in iiracicaba, Brazil in cooperation with the University 
of Sao Paulo. The Plant Introduction Station of the U.S. Department 
of Agriculture at Ames, Iowa served as a fourth Center for the 
maintenance and storage of the collections originating in the U.S.A. 
and Canada.
 

44 



A total of 11,353 collections were made (5) during the life of 
the project,and 10, 922 of these were listed in a two-volume catalog 
(12, 13) entitled, "Original Strains of Corn, I and Il", published by 
the U.S. National Academy of Sciences--National Research Council in 
1954 and 1955. Of the collections listed in the catalog, 4,351 were stored 
in the Mexican Bank; 3,945 in the Colombian Bank; 2,380 in tile Brazilian 
Bank; and 246 in the Regional Plant Introduction Station at Ames, Iowa. 

)uplicate samples of the collections made in I atin America were 
placed in stand-by storage for four years at Glen )ale, Maryland under 
the care of the Plant Introduct ion Section of the tJ *S. )epartment of 
Agriculture. These were later transferred to the National Seed Storage 
Laboratory i Fort (ollins, Colora(h), but not officially accepted be
cause of v ariable germination, small seed lots, lack of agreement for 
rejuvenation of viability, and perhaps other reasons (24). 

h'le Mexican Mank w;i,; i-'esousrhle for the storage, maintenance, 

distribution, and ,;tudy of tih( collections fromn Mesoanerica and the West 
Indies, whereas thie (Colonbian IHank had a timn,'jr res1ponsibility for the 
collections froi the Andean countriest (lolivia, ('bile, Colombia, Ecua
dor, Perfi, and Venezuela). The 13razilian Bank's responsibilitiC ex
tended to the colle t,)Il¢s from Eastern South America (Argentina, Brazil, 
French Guiana, (;uyana, lPaiaguay, Surinan, and IJruguay). 

TheI 11. S. National Academy of Sciences--National :1esearch Council 
Project made pos!si)le tile study and classification of the variation in 
the Hpecies Zea_ my,_ i 1,. In the American Hemisphere. A total of 283 
races were (l-scribt'd Ietween 1957 ard 1963 in a series of eleven 
bulletins ( 2, 3, 7, 11, 10, 14, 15, 22, 23, 26, 27). The publication (25) 
that serv(d as a pattern for the'(, btilletinf, aprcared in Spanish in 1951 
as Folleto Tbci(wco 5 of the ofic ina (de lsttudi onspecales, Secretarfa 
de Agr!cultura y (anaderfa, M(xico, and was trantilated(, and published 
In English in 1952 (26i) by The lisuwy Inst itution of1 larva rd Iniversity. 

'llhet lroje( t provid(-d ()ily for' tih (' lecti),i ind stoira e of F(:ed 
samples, and dliregard.ed tie r,.)i' vfviut i:,), (.v;ilu)ut ill, ;,ind di;stribution 
of seedstock i. It %,,;x r , .i) iiiat l,r;i l pi rqlr.u o, l tin, ;e d (' it(r ,, 

over he y(vti-',;, iiit vil lpi() ), ,)i)'. ( h ii ;Ili( k i)I ( i i i mu ty ()i )bjectives
-and pol ,i (,:,, ( ltit,(,, ) pl,, .,) ), , lit (f,~ l), ) f rollf 11.cr,111(lim (quip 

m erit, po(w er," Il, m))i j , :m rl,I tl I,, , ,)i ( iv il (I, I) , w !im 11 b';|-l-ed 

personneli f mi i n ;, ,lil ,"' , ,w11. 'Iliii ll my :,lld (; ,() l ,ii (,".I) have 
recently I!,( ,I ll, it'r''ent ,ti itn f ,ne ( UI'(t ion,; under( tl rji),,' miande 

thit i e( t 

/\jri'n iwmi''Il 11' 
Agrfclal t,) , i4,;t( ' Mitin)uiI hrtltlit( fIr A1),;'i('u Itlw,'l He4:i(:arch. 
niftn'y d idi mi' w;w th ii hil ituito (if' Illvest If'a('iloriel 

h14-Nli 

All avitit ) ()i fir. ( )f' ini dh ',hitu(Jo; l', )('1'l45,, Includingf tile 11raize 
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germplasm bank and documents pertaining to it, were transferred to 
the newly created Institute. Duplicates of some, but not all, of the 
maize accessions in the Oficina de Estudios Especiales collection 
were obtained by t'-e Inter-American Maize Program and incorporated 
into its omn ger iplatini bank, which was eventually transferred to 
CIMMYT. 'IThcic collections constituted the initial Capital of CIMMYT's 
bank. In 1967, 7,629 of the duplicate samples on stand-by storage at 
the U.S Natiwnal Seed Storage Laboratory (corres: ponding mostly to 
materials krig'-aWtored in the Brazilian and Colombian Banks) were 
transferred to 'MMYT. Additions from Central America, Colombia, 
Ecuador, Mexico, Pera, and the West Indies have been made by direct 
collectbn in those areas. 

4.3.1 MAINTENANCE P1OGRAM 

A total of 8, 223 accessions have been grown for propagation,. 

purposes during the five-year period 1969-1973 (Table 4-3). 

Accessions originating at elevations higher than 1, 500 m. 

above sea level are grown in Mexico at El Bathn, and those from 
elevations lower than 1,500 m. or from non-tropical areas, are grown 
at Tlaltizapfin, Morelos. 

In general, plots of 4011 plants are used, and an many hand 
pollinations as possible are made by chain mating. This process, 
in addition to using as many staminate as pis-.tillate parents, fa
cilitates field operations by allowing the easy recognition of plants 

to be pollinated and of plants already pollinated, thus making detas
seling unnecessary to prevent the repeated use of the same plant as 
a pollinator. All individuals in the plot have an equal probability 
of being progenitors (no selection Is practiced), but diseased and 
off-type ears are discarded at harvest time. A maximum of 4.5 
gallons of seed of each acceiision t; placed in storage. Seed is 

dried artificially to 10% relative humidity, shelled in bulk, and 
run through a Boerner sampler twice to suib(livide it into fourtho 
(when the amount of seed produced islample). In turn, each of the 
fourths i uned to fill a one-gallon container and a small sample of 
each fourth is placed in one-half-gallon can. In this way, all con
tainers of a given accession have a random sample of the -ieed 
produced. The ticed is treated with an insecticide, weighed, in
ventoried, and titred in thv cold chamber. 

S f.I' 'Jti') ,1P1ii 12 t()o I1 etatres have been 1,rown annually 

and neirly 000, l,,dlimit 1t1 heen mhade every year. Tihe(IOU have 
vast majo 'ily )f III, I (Al'ctitont;i rowrn In 1969 corre.';pond to the 

dup'icat! ,od tjampitnl,: ttored in (;iv( l);&le, M.ryland, trawnferred 
to the 1. S. Nat ional ';ed .toragle iai)oratory, and tilin to CIMMYT 
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in 1967. These represented collections from the Brazilian Bank, which 
ceased to function in 1962 (but was recently reactivated). The seed was 
old, variable in viability, and in many cases, all that could h? done then 
was to rettor' the germination power for propagation in succeeding years. 

A cooperative ag r(: mernt was reached with the Programa Coopera
tivo de lnveatigacione.; en Maiz (IUniversidad Nacional Agraria) and put 
into effect in 1972 whereby Perh would propagate and increase 1,067 
accessions from Bolivia, Chile, Ecuador, arid Perf. 

The inventory unit is the see(] container. Computer listings in

clude: accesfion number; accesSion nayse; racial classification; popula

tion type (collection, group, or composite); location; year; crop and 
plot number in which the seed was produced; mating system followed to 
produce the seed; number ,ifearsi represented in the seedi stored; amount 
of seed nli the container; and country of origin of tie accesion. Con

tainers are uniquely designated with a letter and four pairs of digits which 
correspond, retpectively, to the storage chamber, rack, shelf, space 
between two vertical -,upport., (colurnn),aiid (an. It ii; unnecessary for 

all containers of a giv,,n entry to occupy contiguous positions in the storage 
chamber and no tipaces: are reserved for additions or changes. The only 
requirement is that till containers of a given accession be listed con
secutively and thc, I ftal amount of teed over- all containers recorded. 

As accesions are multiplied or rejuvenated, note', are taken on 
kernel and ear traits and agronomic characteristics. These. involve days 
to pollination, ear height, kernel color, endotiperm texture, per cent 

plants with two or more stalks, per cent plants with more than one grain
bearing ear per Htalk, ear length, and thicknets and number of ears tlmr
vested. For the past five yeari, lng. Efrain llernndez X. of the Na

tional School of Agriculture hat been examining tie pollinated ears of the 
propagated acceions and fitting thern into one or more of the described 
races of maize. These data, along with the information provided by the 
collector, by bank utsers, and by the evaluation activities presented in 
the next to the last tsection of this paper, reprei3ent tiellbulk of the docu
inentation available for the access,,On11 in the bank. 

The large nu n ber of ('(', l)I il ii 1 k tlarld tle bulk docu

mentation make electronAc 'tiriplitet'i iwindaitory in ii:nk management. 

Computerization it; nO(w,: 'r to 1) it wip,,4, ill ti, pl;iriiied inter

national network f infot ttj ,ti(jr t(11 r!, thit v~ill Ink iidividual scientists 

and Institutiont lhr(mili ii 1itL11 ,jl4 ; 14) ,tit m ll i.itiorwil ('mter (6). 

(C m inli h, w')i, v o,. :, iti ciilt u p d a t in g , 
prepa)[rationv ()f i,hi tl , ( ( m iiii' tlli ))J111fo[.l-1w i~timl Irornl 

lt i . i , : t t , y v )ry 
,U it: t ;in it. t 

C, M
differenrt r)J , ': ;it( i,,w Iv~ijlhjv. '111d lw'llUj, llt' d 1 I Y'[. H~ow

ii(h ;i,:; 

serioifily c(aiiiid(.rI(l to handle(preti('lit andi future n(,e'(hi. 
ever, the attr)j I 1A :1 iwli(rieiitatio? tiy:lzn Taxir" iti being 
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4.3.2 ADDITIONS PLANNED 

The maize collections made in 1951-1954 under the auspices 
of the U. S. National Academy of Sciences-National Research Council 
did not cover the whole area where rraize is grown in the Americas, 
nor did they Include any region outside this He-.pliere. Collections 
were generally restricted to the more easily accessible areas. A 
total of 2,380 accessions from Eastern South America were deposited 
in the Brazilian Bank at the expiratior of the project. However, it 
is not generally recognized that 9% of these wer-e collected in the 
four southernmost States of Brazil or that 63% originated in the States 
of Rio Grande do Sul and Sao Paulo. 

There is no question that gaps exii3t in the collcctioii, -- gaps 

that seem to widen when accessions lost )y all major maize Hanks in 
the American Hemisphere are considered. To fill such gaps the 
Maize Germplasm Resources Committee las recammended collecting 
expeditions to India's Northeastern Frontier and the Upper Amazon 
Basin. These expeditions are planned for 1974 and 1975, with financial 
help provided by The Rockefeller Foundation. 

4.3.3 PRINCIPAL WORLD COLLECTIONS 

A preliminary survey of maize germplasm banks was prepared 

by the Crop Ecology and Genetic Resources Unit of the Food and 
Agriculture Organization of the United Nations and published in 1972 
(16). The survey includes 145 institutions in 44 countries all over 
the world, having a total of 185, 687 samples of maize and 100 
teocintle collections under storage. There are a number of evident 
omissions in this list, plus some apparent duplications, and it is 
more than likely that the bulk of samples reported are breeding ma
terials rather than germplasm sources. 

Only 18 institutions maintain collections of 2,000 or more 
accessions and 14 of these have special seed storage facilities. Of 
the latter, eight are in the American Hemisphere, four in Asia, 
and two in Europe. All but one of these collections are in official 
or international organizations and no information is given on how 
many are actively engaged in germplasm distribution. 



4.3.4 RELATIONS WITH OTHER MAIZE BANKS 

CIMMYT maintains close working relationships with all maize 

germplasm banks in the American Hemisphere. In September 1973, 

CIMMYT convened a meeting of maize germplasm workers to study and 
readopt documentation systems compatible among the different banks 

presented and systems used by other international and national institu-

Fowirtecn participants representing Argentina, Colombia, Mexico,tions. 

Peri, and the United States attended.
 

In addition to regular seed exchanges, CIMMY'T has an agreement 

with the maize program of the Universidad Nacional Agraria in Lima, 

Perfi for the propagation of maize collections from the highlands of Bo

livia, Chile, Ecuador, and Peril. Part of the seed from these propa

gations will be brought to CIMMYT's headquarters; the rest will go to 

the germplasni bank of the Universidad Nacional Agraria. 

A total of 1, 785 maize collections from Colombia (received by 

CIMMYT from the U. S. National Seed Storage Laboratory at Fort Collins, 

Colorado in 1967) were transferred to the Maize Germplasm Bank of the 

Instituto Colombiano Agropecuario to replenish its seed stocks in late 

1973. 

are being providedSimilarly, collections from CIMMYT's bank 

to the Gene Bank for Economic Crops in Southeast Asia (University of 

the Philippines, College of Agriculture) for evaluation and eventual 

use in that area of the world. 

Arrangements were completed in 1973 through the Maize Germ

plasm Resources Committee to place duplicate samples of all maize 

accessions in the Latin American banks in long-term storage at the U.S. 

National Seed Storage Laboratory for insurance purposes. 

4.4 CIMMYT'S MAIZE PR(GRAM USE OF GERMPLASM COLLECTION 

4.4.1 ACCESSIONS AN) EVALUATION 

The effective utilization of the germplasm collections in the bank 

depends on an adequate body of information and the adoption of a system 

for its rapid and accurate retrieval. 

Accefl8 1ow; in the bank are bI)C ng documented as they are pro

voJIVn . a prolt{rainpagated and i ettd't( Iii aIhl i l i, a for their systematic 

evaluation iii replicatoid I wlll t0';tH at ''wVe'al location,'; in Mexico was 

initiated in 1973. A tota l f I, !()f accc,;;iontj of tropical origin (from,' 
are being grownelevationi. of 1, 000 nii. or lens) together with lb checks 
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at Poza Rica in the winter and summer of 1974 and at Rio Bravo, in 
summer, 1974. Replicates of these tests were sent to Argentina, 
Nigeria, Thailand, and Zaire tc obtain information on the reaction of 
the entries to downy mildew, Sei-ainh calamistis and streak virus. 
One replicate of these tests is being used by Plant Protection per
sonnel of our maize program to evaluate insect reactions under con
ditions of natural infestation. The remaining two replicates will be 
used to measure agronomic and yield performance and disease reaction 
will be determined in all three replicates. 

Similar tests involving 972 entries and 13 checks from high 
elevations have already been planted at El Bat~n and Toluca. Tab)e 4
4 summarizes the relevant data for this work. 

No results from these tests are as yet available; however, 
data obtained in 1972 illustrate the great genetic potential available 
in the germplasm bank. Comparisons were made of 499 accessions 
from low elevations using the checks Tuxpeflo Planta Baja, Composite 
301,and Chalqueflo A in two randomized complete blocks grown at 
Tlaltlzap~n. 

Table 4-5 summarizes the range in grain yield, days to silking, 
grain moisture at harvest, and percent root lodging of the 28 highest 
yielding entries, plus the best check in the test which was Tuxpeflo 
Plarnta Baja. Although the experimental entries in this test had not 
undergone any selection, a good number of them yielded as well or 
better and were of similar maturity to a check that has undergone 
several cycles of selection. 

Superior genotypes from the evaluations just described will 
be turned over to the back-upunit of the breeding program ior uti
lization in maize improvement. The information obtained will be 
incorporated in the data file to provide better services for bank 
users in the future. These materials could also be incorporated in 
the International Maize Adaptation Nurseries (IMAN) for testing on 
a wider scale. 

4.4.2 CIMMYT'S PROJECTED ACTIVITIES: 1974-1980 

CIMMYT will continue its progress with the maize germ
plasm bank: the rejuvenation and documentation of the available 
accessions; .he computerization of bank operations, including pre
paration of inventory listings, inventory updating, etc.; and the 
evaluation of accessions for their potential value in the institution's 
maize breeding program. By 1980, CIMMYT expects to have: 
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(1) seed less than 10 years old for all accessions presently 
available .n the bank 

(2) 	 established a documentation system compatible with those 
used by other institutions 

(3) 	 tested in replicated field tests all accessions adapted to. 
growing conditions in Mexico 

(4) 	 published an open-ended catalog with the documentation 
available about the accessions in the Bank 

(5) 	 placed in long-term storage duplicate samples of all 
accessions in the bank 

(6) 	 completed the collections in India's North Eastern Frontier 
and the Upper Amazon Basin recommended by the Maize 
Germplasm Resources Committee 

(7) 	 increased the number of collections of Zea mexicana of 
species of the genus Tripsacum and also to have added 
other members of the Maydeae Tribe 

Activities relating to the eighth function of the malze germplasm 
bank, i.e. the incorporation into maize of useful traits available in re
lated genera,are covered separately in section 5A of this Symposium. 
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Table 4-1, 

Accessions available in CIMMYT's maize Germplasm Bank arranged by 
broad geographic origin and population type 

Origin Number 

Collections Groups 

of 

Composites 

Sum 

U.'S. A. 9 3 12 

Mexico 2327 390 53 2770 

Central America 
and 

West Indies 1813 194 10 2017 

South America 5386 86 28 6500 

Africa " 46 46 

As.a I) I * 34 34 

Europe 9 9 

S u m 9624 670 94 10388 
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Table 4-2. 

Shipments made and number of maize populations distributed 

by CIMMYT's Germplasm Bank during the period 1967-1973. 

Number of 

Y e a r Shipments Populations Countries 

1967 * 69 1840 27
 

69 ,1968- 953 35'"
 

1969 102 2825 ! 32
 

01 VIA 6
 

1970 88 3337 34
 

1971 50 1279
 

P 2390 4jo0A
1972 50 


1973 44 2159 19
 

S u M 472 14783
 

* May 1st. - December 31st. 
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Table 4-3, 

Number of maize populations planted In M6xico for multiplication during 
the period 1969-1973 

0 r i g i n Number of populations planted in S u m 

'969 1970 1971 1972 1973
 

Asia 9 1 19 29. 

Africa 6' 7 31 44 

Caribbean Islands 138 4 137 279 

Central America 775 ' 51 42 49 187 1104 

Europe 5 5 

Mexico 395 1108 474 231 385 2593 

South America 2767 596 435 371 4169 

S u m 4090 1164 1280 746' 943 8223 
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Table 4-4. 

Summary of replicated field test involving lowland
tropical and highland maize populations from the 
germplasm bank that will be grown in Mexico in 1974 

Information Lowland Highland Sum 

Experimental 

Entries 1,904 972 2,876 

Checks 18- 13 31 

Tests -8 4 

Locations 3 2 5 

Total number 72 24 96 
of replicates 

Experimental 18,432 6,144 24,576 
plots 

Area, hectares 9.8 3.3 13.1, 
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Table 4-5. 

Range of grain yield, days to silking, moisture percent at harvest, 
ear height, and percent root lodging of the 28 highest yielding en
tries and the best check in replicated field test involving 496 acces
sions of the germplasm bank and three checks grown at Tlaltizap~n, 
Morelos in 1972. 

Range of 28 
Character Highest Yield- Check 

ing Entries 

Grain yield (kg/ha.) 8,479 - 6,087 5,989 

Days to silking 64 - 77 74 

Moisture % at harvest 14.34 - 22.38 19.74 

Ear height (m.) 1.38 - 1.96 1.31
 

Percent root lodging 31 - 87 37
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5.OA 

MAIZE-TRIPSACUM CROSSING AT CIMMYT 

by 
Marto Guti6rrez G. 

5. 1A INTRODUCTION 

CIMMYT's maize program is greatly concerned with the 
preservation and exploitation of the existing genetic variability; not 
only in the genus Zea, but also in the related genus Tripsacum 
that constitutes a vast reservoir of genes of potential value in maize 
improvement. As part of its germplasm collection, CIMMYT main
tains a garden, including all known species of this genus. 

Discussion in this section provides background informa
tion about Tripsacum, crossing techniques, and maize-Triisacum 
crosses including cytology of the hybrids, genetic transfer -roin 
Tripsacum to maize and routes to follow to accomplish such trans
fer. Some preliminary results of CIMMYT's recently initiated work 
in maize-Tripsacum crossing are presented, along with projected 
plans for future work. 

Hopefully, this discussion will provide a point of depar
ture for Dr. Bates' presentation in "Wide Crosses" to follow (5. OB). 

Zea mays L. is a highly variable species, and it is safe 

to assume that breeding needs in this crop for the immediate future 
can be met with the variation presently available. However, for the 

continued agronomic and nutritional improvement of the crop, it is 

advisable to pay attention now to the possible transfer of genes 
from other species and genera. All usable genes should be brought 

into play in meeting the food demands of an ever-increasing popula
tion. 

Crossing in nature, either at the interspecific, intergener

ic level,or both has played a role in the origin of field crops such 
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as wheat, oats, cotton, tobacco, and sugar cane. Wide crosses have 
been used successfully in the improvement of ornamentals, horti
cultural crops, to transfer diseases resistance to wheat, and in the 
development of Triticale: there is no a priori reason to anticipate 
that wide crosses could not be used in the improvement of corn, 
although it is realized that this is not an easy task. 

Methods to cross Tripsacum and maize as well as evidence 
that gene transfer between these two genera can be accomplished have 
been available for some time. Information has also accumulated on 
the genus Tripsacum, including taxonomy (13), cytology (6,2,3) breed
ing behavior of maize-Tripsacum Fls and backcross derivatives (3,4), 
as well as routes to follow for genetic transfer from Tripsacum to 
maize (9). 

5. 2A AMERICAN MAYDEAE 

Two genera of American origin are recognized in the 
Maydeae Tribe: Zea and Tripsacum. The first comprises three spec-es: 
corn, Z. mays L., and the annual and perennial forms of teocintle, 
Z. mays ssp. mrexicana (Schrad.) Iltis and Z. perennis (Hitch.) Kuntze. 
Annual Teocintle is distributed in Mexico, Guatemala, and Honduras. 
Maize and annual teocintle have 10 pairs of chromosomes, hybridize 
freely under natural conditions to produce fertile F 1 's, showing re
combination rates similar to those observed in pure maize. Peren
nial teocintle has 2n = 40 and approximately the same frequency of 
7-9 quadrivalents at meiosis as autotetraploid maize (12) and shows 
complete chromosome homology with the latter (15). All known col
lections of this species originated in a single colony found near Ciu
dad Cuzm6n, Jalisco in Mexico. 

Nine species of Tripsacum, all perennials with a dense 
compact rhizome system, are recognized: T. australe Cutler & 
Ander., T. dactyloides (L.) L., T. floridanum Porter ex Vasey, 
T. lanceolatum Rupr. ex Fourn., T. latifolium Hitch., T. laxum 
Nash, T. maizar Hem. & Rand., T. pilosum Scribn. & Merr., 
and T. zopilotense Hem. & Rand. (Three additional species (T. 
andersoni, T. bravum and T. spathiflorum) have been recently pro
posed by J. R. Gray (Jack R. Harlan, personal communication).) 
Seven of these are indigenous to Mexico and Guatemala (13); one 
(T. floridanum) is native to Florida and the Gulf Coast of Texas, 
and another (T. australe) is native to South America. The genus 
extends from the north central and northeastern United States south
ward into Mexico, Central America, the West Indies and South 
America to Bolivia and Paraguay (13). The center of variation for 
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Tripsacum is the western escarpmient of Central Mexico (17). The 
basic gametic chromosome number in the genus is 18 and forms 
with 2n = 36, 54, 64, and 72 have been reported. Soratic chromosome 
counts of 36, 45, 54, 72, 90,and 108 were recorded by Farquharson
(5,6) from different plants of predominantly tetraploid populations of 
U.S. T. dactyloides,and evidence presented that this unusual series
 
resulted from polyembriony, facultative the
apomixis, and occurrence 
of twin seedlings. 

Forms with 18 pairs of chromosomes behave like normal 
diploids and are commonly referred to as such in -he literature.
 
From the morphological similarities 
between the genera Manisuris
 
and Tripsacum and the fact that reduced chromosome number in the
 
former is 9, Randolph (12) proposed that Tripsacum forms with
 
n = 18 probably should be considered as natural tetraploids and
 
both genera placed in the same tribe, as suggested by Weatherwax 
(16). Consequently, with and 72 somaticforms 54 chromosomes 
would be hexaploids and octoploids, respectively. De Wet et al. have
used this nomenclature in some of their published work (3, 4) but 
since no Tripsacum with 9 pairs of chromosomes has been found so
far, and considering the diploid cytological behavior of forms with 
18 pairs of chromosomes, they will be referred to as diploids in 
this discussion. Forms with 54 and 72 somatic chromosomes will
 
be considered as triploids and tetraploids, respectively.
 

5. 3A CROSSING TECHNIQUES 

Mangelsdorf and Reeves (11) showed that diploid T.
 
dactyloides and maize could be hybridized using 
maize as the 
pistillate parent by shortening the silks and applying abundant 
amounts of Tripsacum pollen. This technique was successfully
modified by Randolph (12) by slitting longitudinally the husks of 
the ear shoots in two or three places from the tip downwards and 
opening the resulting segments sufficiently to sift a mixture of 
Tripsacum and maize pollen onto the maize silks near their attach
ment to the ovary. Glassine bags were wrapped around the husks 
and kept in position with rubber bands after pollination. The maize 
pollen applied carried endosperm and aleurone marker genes and 
it was used to produce a few normal maize seeds and stimulate 
cob development. 

The reciprocal cross was difficult to produce but 
Farquharson (7) was able to obtain hybrid plants that reached ma
turity when diploid and triploid T. dactyloides were pollinated with 
a corn stock from Puno, Perfi. It is now known that the major
incompatibility mechanism between Z. mays and Tripsacum is 
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gametophytic and that reciprocal crosses can be obtained, provided 
the proper genotypes are used. -

Artificial culture of the F 1 embryos has been used by, 
some researchers to obtain F 1 plants,but others claim to have-had 
satisfactory results without embryo culture. 

F1 plants are perennial and resemble the Tripsacum 
parent. 

5. 4A CYTOLOGY OF MAIZE, TRIPSACUM, AND THEIR F1 

A good knowledge of the cytology of species of the two 
genera, their Fl s, and backcross derivatives is indispensable to 
assess the possibilities of genetic transfer and to determine the 
most indicated route to follow for this purpose. 

Maize is a regular diploid with 20 somatic chromosomes 
and shows normal behavior during sporogenesis. 

Most of the Tripsacum chromosomes are shorter than 
maize's, having arm ratios of about 1:3 or 1:4,in comparison to 

1:1 or 1:2 for maize and mostly terminal knobs on the long arm 
while those of corn are mostly intercalary and when terminal are 
on the short arm. The nucleolus organizer in Tripsacum is near 
the centromere and occurs in two different chromosomes in various 
species of the genus, but in maize there is only a single terminal 
organizer on the short arm of chromosome 6. 

Galinat and co-workers (8) have identified the T. 
dactyloides chromosomes carrying dominant alleles to maize reces
sives and found that while a few of the maize and Tripsacum 
homeologs have retained a similar assemblage of common loci, at 
least in one chromosome arm, other homeologs have become highly 
differentiated. 

De Wet et al. (3) have reported on the cytology of diploid, 
triploid, and tetraploid T. dactyloides and their F1 with diploid maize 
involving combinations of 10 maize chromosomes and 18, 36, 54, and 
72 T. dactyloides chromosomes. The last two combinations were 
obtai-ned through the fertilization of unreduced eggs produced by 
triploid and tetraploid T. dactyloides. The following section is a 
brief summary of their cytological findings. 

Diploid T. dactyloides ( 2n = 36) shows bivalent formation 
at prophase I and regularly produces cytologically rednced gametes. 
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Triploid forms ( 2n = 54) have irregular meiosis showing uni- and 
multivalents at prophase I and loss of chromosomes in the daughter

nuclei at telophase I; they are partially sterile, and only unreduced
 
eggs are functional. In contrast, Anand and Leng (1) have reported

observing the formation of 27 bivalents in microsporocytes of a
 
54-chromosome clone of T. dactyloides from near Santa Claus,
 
Indiana obtained from Farquharson. 

Tetraploids (2n = 72) behave like segmental allotetraploids
with essentially normal bivalent formation in some collections and 
multivalent formation in others. The latter fall apart in late prophase,
and at metaphase the chromosomes are mostly present as bivalent 
in the equatorial plate. Balanced reduced gametes formed andare 

tetraploids are often fully 
 sexual. Partially apomictic tetraploids

frequently produce polyhaploids with diploid cytological behavior and
 
normal gamete formation. 

F1 hybrids between maize and diploid T. dactyloides

show little or no chromosome pairing, but one or two loose ZZ or
 
ZT associations are occasionally observed. These hybrids are
 
androsterile 
but partially gynofertile from rare unreduced megaspores. 

Hybrids with 46 chromosomes are characterized at meiosis 
mostly by 11 univalents, 16 bivalents, and one trivalent, but as many 
as four trivalents or 22 bivalents were observed in some cells by
de Wet and coworkers (3). Chromosome behavior of these hybrids
is reported to be determined by the cytological behavior of the
 
tetraploid parent. The 36 Tripsacum chromosomes in the hybrid

mostly synapse into bivalentsand the 10 maize chromosomes fre
quently pair among themselves when the Tripsacum parent has a 
regular meiosis. Hybrids whose Tripsacum parent behaved like an 
autoploid show tri-. and tetravalents involving chromosomes from 
both parents, and as many as four maize chromosomes sometimes 
compete successfully in synapsis with Tripsacum chromosomes. 
These hybrids are also androsterile but partially gynofertile through 
the functioning of unreduced megaspores. 

Hybrids with 64 chromosomes (54 T + 10 Z) are reported 
to be completely sterile, showing extremely irregular pairing and 
being difficult to analyze. 

In 82 chromosome hybrids (72 T + 10 Z), all 10 maize 
chromosomes often synapse into bivalents with Tripsacum chromo
somes. The maize chromosomes also pair autosyndetically or form 
multivalent associations with Tripsacum pairs that persist into meta
phase. Occasionally, all chromosomes are present as bivalents; such 
hybrids are reported to produce . 1% functional pollen and to be 
about 1% gynofertile. 
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"55A GENETIC TRANSFER FROM TRIPSACUM TO MAIZE 

Maguire (10) obtained a segmental interchange involving 

the distal half of the short arm of chromosome 2 of maize and a 

corresponding segment from a T. dactyloides chromosome bearing 
a conspicuous terminal knob derived from a chromosome half as 

long as maize chromosome 2, and having an arm ratio of 1:3.3. 

Plants normal for chromosome 2, heterozygous and homozygous 

for the segmental interchange were compared for a number of traits, 

and it was shown that a Tripsacum chromosome segment could be 
equal to about 3% ofsubstituted for a maize chromosome segment 

the total length of the maize genome. 

Reeves and Bockholt (14) compared the performance of 
the original and Ehree recovered lines obtained by four backcrosses 
to maize of an F 1 between maize and diploid T. dactyloides. The 
recovered lines were found to differ significantly from the original 
in nine or ten of the traits measured, including grain yield; with 
rare exceptions, the modifications were in the direction of Tripsacum 
and interpreted to be the result of genetic transfer from Tripsacum 
to maize. 

Harlan and de Wet (9) have recovered maize lines through 
backcrossing T. dactyloides-maize crosses to maize which showed 
great variability and some primitive characters that did not occur 
in the lines used as the recurrent parent, although the same can 
be found in maize. Among such traits were ears on which the 

earspedicillate spikelets are male and the sessile spikelets female, 
with male tips, plants with branching systems in the leaf axils like 
teocintle, up to six ears at a single node, high ears, etc. These 
authors point out that possibilities exist for restructuring the maize 
plant and some of the types isolated may have value as an entirely 
new kind of maize plant. 

Reeves and Bockholt (14) thought that the principal reason 

for the skepticism of the possible genetic transfer from Tripsacum 
to maize was due to the high genetic diversity of the maize parent 
used in most crosses. 

Drawing on the cytological behavior of the F 1 hybrids 
between maize and various ploidy levels of T. dactyloides, Harlan 
and de Wet (9) have discussed three pathways for the genetic trans
fer from Tripsacum to Z. mays. The first of these, called the 28-
38 -- 20 pathway, involves both diploid Tripsacum and maize. Fls 
are androsterile but produce functional unreduced megaspores with 

28 chromosomes which upon backcrossing to maize give BC 1 's with 
38 chromosomes, and with repeated backcrossing to maize the 
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Tripsacum chromosomes are eliminated and maize is recovered. 
This pathway has been found on the whole to be conducive to very 
little genetic transfer, and it is not considered to be very promising. 

The 46 -- ) 56 -- > 38 -4 20 pathway involves tetra
ploid Tripsacum and diploid maize. Fls have 46 chromosomes 
(36 T + 10 Z),are androsterile,but produce unreduced eggs which 
upon fertilization by maize give rise to 56 chromosome plants in 
which all chromosomes have a partner and pairing is reported to 
be generally regular. BC 2 plants have mostly 38 chromosomes and 
from here on this and the previous pathway are similar. A slower 
rate of elimination of the Tripsacum chromosomes is reported in 
the 46 -- 56 --4 38 -- ) 20 than in the 28 --> 38 -- 20 pathway, 
and the most frequent kariotype of the backcrossed progenies of the 
38 chromosome plants is 20 maize plus 3 Tripsacum chromosomes 
and plants carrying from 4-7 Tripsacum chromosomes are common. 
The possibilities of genetic transfer by the second route are con
sidered to be higher. 

Irregular pathways use stabilized 46 chromosome lines 
(36 T + 10 Z) in which the 10 maize chromosomes in each succeed
ing backcross to maize are contributed by the pollen parent; 
nevertheless, the Tripsacum chromosomes become increasingly 
contaminated with maize material as evidenced by a higher number 
of multivalent formation involving chromosomes of both genera. 
Combinations involving a complete genome from each one of the 
two species are viable and a vast array of chromosome combinations 
are possible. 

Although the first two pathways presented above are 
designated as regular, it is evident from the published data on the 
cytology of backcross derivatives of maize-Tripsacum hybrids that 
such regularity does not exist, and it would seem that these pathways 
are mere idealizations of the real situation. 

Other pathways, besides those mentioned above, are 
available; they involve autoploid maize and the various ploidy levels 
in Tripsacum plus the alternative of recovering either diploid or 
autoploid maize. 

A less desirable route for the genetic transfer from 
Tripsacum to maize is the development of addition lines combining 
the full maize genome plus one or more Tripsacum pairs. Such 
lines tend to be cytologically unstable and the addition of whole 
chromosomes has the shortcoming of adding not only desirable 
genes but also deleterious ones. Galinat (8) claims to have developed 
a true breeding stock with 20 Z + 2 T chromosomes involving a 
homozygous Tripsacum pair. 
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OF 	SPECIES OF THE- GENUS TRIPSACUM',, CHARACTERS 

id..... OF POTENTIAL VALUE .....
 
S'5.*'A , 


Species of the genus Tripsacum show adaptation to a
 

wide range of environmental conditions and constitute a vast reser

voir. of genes of potential value in corn improvement. Among these,
 
it is possible to list the following, although it is anticipated that
 

not everybody will agree on their desirability or interest:
 

1, 	Exceptional tolerance to differences in day-length and extremes
 
of temperature found among species with widespread distribution
 
in both temperate and tropical areas. 

2. 	 Wide range in adaptation to various kinds of soils differing in 
composition, pH values, fertility levels and moisture-holding 
capacity, such as limestone out-crops, lava flows, sterile hill
sides, and rocky ledges, as well as agricultural lands well adapted 
to corn culture. 

3. 	 Cold tolerance in the adult plant and in the. seedling stage is 
J 	 available in species adapted to high altitudes in the tropics and 

to winter climates of the Temperate Zone. 

4. 	 A more adequate, essentially disease-free root system effectively 
supporting the plant in both light and heavy soils and under con
ditions of minimal to excessive rainfall, available among various 
Mexican species. 

5. 	 Resistance to most corn diseases may be assumed from the fact
 
that such diseases are rarely observed in Mexican Tripsacum
 
populations,even where they are located near corn fields. 

6' .Rapid post-fertilization seed maturity (about 3 weeks) is charac
teristic of all species.
 

7. 	 Exceptional hybrid vigor potential as seen among various Tripsacum 

species hybrids. 

5. 7A TRIPSACUM COLLECTION AT CIMMYT 

With the invaluable help and guidance of Dr. L. F. Randolph, 
Tripsacum species and clones representing some of the variation in 
the genus were collected in the States of Colima, Chiapas, Guanajuato, 
Guerrero, Jalisco, Mexico, Michoacn, Morelos, Nayarit, Oaxaca, 
Puebla and Veracruzin Mexico, and British Honduras during the sum
mer months of 1971, 1972,and 1973. Additions were obtained from The 
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Fairchild Tropical Garden through the kind courtesy, of Drs. Hugh 
Popenoe and L. 'F. Randolph. Dr. Jack R. Harlar. has kindly con
tributed several maize-Tripsacum FlS involving T, dactyloideso as 
well as Mexican species of the genus. 

All accessions are established in a clonal garden arranged
 
by species at the Tlaltizapfn Field Station. The collection includes
 
all known species in the genus represented by two or more clones,
 
as summarized in Table 5-1A.
 

5. 8A PRODUCTION OF TRIPSACUM-MAIZE F lS 

Since crossability is a function of the genotypes involved, 
an attempt was made durink the summer of 1973 to determine which 
of the genotypes in the Tripsacum garden at Tlaltizapdn cross more 
readily with maize. For this purpose, an A B P1 stock with Antigua 
Group 2 background and known to carry the Gals allele was planted 
between the Tripsacum rows to be used as a pollinator. All old 
Tripsacum inflorescences were eliminated when the pollinator reached 
anthesis, and as new inflorscences developed, they were emasculated 
by clipping the terminal staminate portion, pollinated with maize 
pollen as the silks appeared, and enclosed in a glassine bag. All 
clones blooming were pollinated and about 10,000 pollinations made 
over a six-week period. It has not been possible to process as yet 
all the pollinations made, but a preliminary summary is presented 
in Table 5-2A. No Fl.s were obtained when maize was crossed 
with T. latifolium, T. maizar, and T. zopilotense. Caryopses were 
obtained in combinations involving T. dactyloides, T. dactyloides ssp. 
hispidum, and T. pilosum. Frequency of putative caryopsesF 1 
ranged from 0-4. 96%. 

5. 9A ACTIVITIES PROJECTED FOR 1974-80 

Before stating what activities and accomplishments are ex
pected in this line of work during the period 1974-80, it is appro
priate to quote the words of caution used by Harlan and de Wet (9) 
to refer to the possibilities offered by crosses of maize with 
species of Tripsacum other than T. dactyloides: "The possibilities 
are enormous but totally unexplored at this time. We predict some 
exciting results in the future, but, after some 10 years cumulative 
experience at mllinois, we will not predict that the results will come 
quickly." 



1980, we hope that the following activities can be accomplished:By 

.~oh hve enarged the present Tripsacum collection. 

2...... know the karyotype of all entries in the collection.To 

:., To have 	produced a sizable number of maize-Tripsacum FLUS. 

obtained some recovered maize contaminated with4/,"To have 

Tripsacum.
 

5. 	 To have determined which genotypes in the collection cross 
more readily with maize and which of them give a higher 
rate of genetic transfer to maize. 

6. 	 ,Tohave assessed satisfactorily the possibilities of the 
program and to have gained enough decision elements to 
either enlarge or discontinue it. 
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Table -IA, 

''Number of hybrids and clones for different species of
 
Tripsacum available at the Tlaltizap&n garden. 1974
 

Species or hybrids Number of clones 

T. australe 6
 

T. dactyloides 39
 

T. dactyloides ssp. hispidum, 8
 

T. floridanum 2
 

T. lanceolatum 10
 

T. latifolium 9
 

T. laxum 4
 

T. maizar 9
 

T, pilosum 10
 

T. zopilotense 6
 

Tripsacum-maize F 1 's 28
 

Interspecific Tripsacum hybrids 6
 



Table 5-2A. 

Preliminary summary of crossability of Antigua Group 2 stock 
with five species of Tripsacum. Tlaltizap.n, Morelos. 1973, 

- - Species Number of Range in % 
Clones Pollinations Fruits Caryopses Crossability 

T. dactyloides 18 887 7002 140 0-4.96 

T. dactyloides ssp. hispidum 3 87 637 2 0-2.08 

T. latifolium 1 19 540 0 0 

T. maizar 2 73 3669 0' 0 

T. pilosum -.. 6 311 8883 40 0-1.97 

T. zopilotense 3- 73 377- 0 0 



ANNEX5-

CIMMYT'S POLICY'ON RADICAL RESEARCH 

CIMMYT staff prepared a policy statement on "'radical 

research and the role of CIMMYT, " which was approved by the 

CIMMYT Board of Trustees on April Z, 1974. The following is a 

summary of the policy statement. 

1. Nearly all maize and wheat breeding in the world today 

is of the "conventional type"--that is, two plants from within the same 

species are crossed sexually (pollen from one plant is applied to the 

emasculated flower of the other), giving variable progeny, and the 

breeder then selects among the progeny for desirable characteristics. 

Conventional breeding has been going on for more than a century. 

Such breeding gives variability for plant architecture, disease resis

tance, yield, nutritional quality, and other economic characteristics 

which can help the human food supply. Progress is still poisible. 

2. GIMMYT staff believe that the results of continued 

conventional breeding will permit the world's producers of maize 

and wheat to stay ahead of population growth for the next ZO to 30 
years. During that period, population will double and so will the 

production of maize and wheat. But CIMMYT staff have no confidence 

that conventional breeding efforts will enable the world to feed itself 

with today's crops after the next doubling of world population (say, 

beyond Z000 A. D. and beyond a population of 7. 0 bi~lions). 

3. To produce a further quantum leap in production of 

maize and wheat beyond 2000 A. D. will require some form of "radi

cal research".. . that is, something outside the limitations of conven

tional breeding. Two possibilities are for the plant breeder to intro

duce new variability into the existing crop species, or create com

pletely new crop species. Both can be achieved by crosses between 

plants from different cereal crop genera (for example, between wheat 

and barley), or between more widely differing cereals (wheat and 

maize), or between plants of different botanical families (for example, 

between a cereal like wheat and a legume like soybean). All these 

examples are called "Wide Crosses." 
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4. Success in Wide crosses is expected to be slow, pro
ceeding from plants which are near relatives to plants which are 
more -distantly related. As a guess, we can: pay Z5.years will be 
needed, minimum, to develop new wide cross, to-make hundreds or 
thousands of primary hybrids within that new cross, and then to trans
form those primary hybrids into a stable, usable commercial crop 
that is superior -in yield, or nutrition, or environmental adaptation, 
compared to present crops. A period of a quarter ,century suggests 
that research started in the mid-1970's would not benefit the world's 
population before Z000A.D., when the breeders may be approaching 
the end of variability in the genetic makeup of today's crops. 

5. Fortunately, new developments in plant breeding of 
recent years, and even during 1973, suggest that there are now better
 

prospects for success in wide crosses. New developments have in
cluded:
 

(a) Progress with triticale (a cross between wheat and 
rye) has shown that a wide cross that was little more 
than a curiosity can be turned into a commercial crop 
within a period of one or two decades. 

(b). 	 Chemicals are now undergoing trial which may neutral
,	ize the rejection factor, or incompatibility, whereby 
pollen from one species of plant has previously refused 
to germinate when placed upon the female organ of a 

-plant from another species. 

(c) 	 A new staining technique now makes possible the more 
rapid identification, under the microscope, of the num
bers of chromosomes in a wide cross hybrid, and tells 
us which parent contributed each chromosome. This 
identification can greatly speed up the breeder's work. 

6. 	 During 1973, CIMMYT had been associated with these 
-developments; opening the CIMMYT greenhouses, experimental plots, 

and laboratories to visiting scientists who are exploring new techniques, 
and CIMMYT scientists have shared in the exploration. We do not 
think, however, that this work should divert CIMMYT from its more 
immediate tasks of raising the world's food production by conventional 
breeding, year after year, at a rate at least as fast as population 
growth. 

7. Our staff discussed CIMMYT's role in radical research 
for thc next two years (1974-1976) and recommended to the Trustees 

the foilowing steps: 
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(a) 

(b) 

(c) 

(d) 

(e) 

should maintain an experimental pro-
That CIMMYT 
gram for wide crosses of maize and wheat at Head

quarters in Mexico, built around a common service 

laboratory which will specialize in embryo culture 

and cytogenetics; this laboratory to be manned by a 

collaborating insti
top-level visiting scientist f.eom a 

The maize and wheat programs at CIMMYTtution. 
full-time post-doctora-l fellow

should each employ one 

working on wide crosses. These fellows might be 

posted to CIMMYT by a university. 

encourage collaboration between
That CIMMYT should 

itself and a few outside research centers which have 

to be centers of excellence in this
proved themselves 

already developing between
work. Such collaboration is 


CIMMYT and Kansas State University (in the U. S. A.)
 

and with the Plant Breeding Institute, Cambridge, England.
 

should leave to outside institutions, as far
That CIMMYT 
as possible: the development of methodology on wide 

crosses are
crosses; the demonstration that specific 


feasible; and the multiplication of primary hybrids for
 

should normally beany feasible crosses. CIMMYT 


major participant when an experimental hybrid

come a 
is ready for transformation into a commercial crop. 

during the next two years (1974-1976), CIMMYTHowever, 
itself should undertake so'me of the above activitieb to 

collaborating institutions.stimulate interest and activity in 

work on radical researchFor the time being, CIMMYT's 


can be financed primarily by restricted or special
 

which are not expected to exceed $100,000 per
grants, 

two years 1974-1976.
year for the 

CIMMYT's Board of Trustees will be asked to review
 

and approve a role for CIMMYT in this work at the-next
 

meeting of the Trustees in April 1974.
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5.0 B 

WIDE CROSSES 

by 
Lynn Bates 

5.lIB , INTRODUCTION 

Dr. Gutierrez has introduced the subject of wide hybridiza
tion and has outlined CIMMYT's work with Zea mays 
x Tripsacum hy
brids and the Tripsacum garden. In this presentation, focus is shifted
from genetics to biochemical genetics, with some speculation and pre
dictions for both the near and distant future. Some current wide hybridi
zation techniques are discussed first, followed by a projection to 1,98Q 
and beyond.
 

5.2B PRESENT WIDE HYBRIDIZATION TECHNIQUES 

There are two basic approaches to wide hybridization:
(1) modified sexual fertilization and (2) somatic cell fusion. Each route
has its devoted advocates, and each is confronted by at least two formid
able problems. 

Modified Sexual Fertilization: The primary barrier for these
techniques is gametic incompatibility; more precisely, 
 the cross-incom
patibility facet of pre-fertilization events. Cross-incompatibility (used
in its broadest sense as in interspecific and intergeneric hybridization
prevention mechanism) is undoubtedly a primordial barrier system to 
promote specialization and speciation. Little is known about this barrier,
but a general class of stereospecific inhibition reactions (SIR) is believed 
to exist, analogous to immunochemical systems in animals (Bates and 
Deyoe, 1). 

Another crossability barrier is hybrid necrosis, a post-fer
tilization phenomenon. Hybrid necrosis is a breakdown of differentia
tion that can be caused by innumerable conditions, ranging from failure
of a single, non-functioning allele critically needed for seedling devel
opment to the more extreme conditions of failure of the total paternal 
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genome to be recognized or activated in the zygote. However, results 
of the breakdown are the same--death from an unknown cause. 

Both the above types of barriers have been tackled with a
 
modicum of success via phytohormones, embryo culture, mutagens,
 
or other methods to upset or modify sexual fertilization.
 

Somatic Cell Fusion: Advocates of this approach circumvent 
gametic incompatibility and minimize hybrid necrosis by asexually
combining two functional meristematic cells. The cell walls are dis
solved enzymatically and the naked protoplasts forced together by slow
speed centrifugation. The hybrid cells are encouraged to resynthesize
cell walls and to form calli on a special medium. Calli are stimulated 
to produce plantlets by additional transfers to hormone-laced media. 

Unfortunately, the nuclei remain separate when the cell con
tents fuse; thus, the resultant dikaryon or double nucleated cell has two 
control centers for growth and differentiation. True hybrid cells have 
been obtained only in cross-compatible interspecific crosses. The net 
result is "no gain. " Somatic cell fusion simply trades the difficulties
 
of modified fertilization techniques for the equally puzzling problems

of nuclei fusion, stimulation of hybrid callus differentiation, and sta
bilization of the callus cultures on 
the growth medium until plantlets
 
form.
 

5.2. 1B CHEMICAL CONTROL OF BARRIERS 

Since the trade-offs seem equally exasperating for both above 
approaches, our Kansas State University-CIMMYT project has explored 
another route: the complete chemical control of barriers to crossabil
ity. The objective is to chemically "set-up" a maternal plant to recog
nize and utilize unrelated or distantly related paternal genomes. Fer
tilization is accomplished via chemical and/or mechanical pre-treat
ment, followed by in vivo or in vitro pollination. It is assumed that 
maintenance of as much natural information as possible in the cultivar 
can minimize the shock of alien germplasm in building new species. 

Chemical control of SIR barriers provides the latitude to 
withdraw chemical agents at will and allow resynthesis of hybrid bar
riers. Thus, bioengineered species developed in the future will be 
protected from continual hybridization and contamination from their 
progenitors by resynthesis of the very barriers that were broken down 
to use the progenitors. 

Tests have begun on the SIR hypothesis and on the feasibility
of synthesizing new cereal species via simple biochemicals and corn-
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monly used' interspecific hybridization techiques inimall grains.'

Malze,', sorghum, Tripsacum, and teosintle have'a'fso been' studied.
 

5. 3B POSSIBILITIES OF MAIZE X SORGHUM CROSSES 

Maize x sorghum crosses have long interested plant breed
ers. 
 The crossing of two such similar species appears deceptively 

cross'easy, and the has probably been attempted many times during
the past dozen decades or so. However, few individuals have admitted, 
much less reported, their attempts or resilts. Garrish did find suf
ficient literature to review by 1967, but the findings reported were 
negative (Garrish, 2). 

In various studies using both detasseled maize and male
sterile sorghum as the maternal parents, some ovular stimulation has
 
been obtained; but most breeders believe that the seed set 
was due to
 
illegiti.--.ate fertilization, parthenogenesis, or a breakdown of male
 
sterility. Breeders have detected some effects from the 
crosses on
 
subsequent progeny in one or two cases, no were
but determinations 
made as to whether introgression or hybridization had actually occurred. 

Maize and sorghum crosses finally achieved legitimate sta
ture with the initiation of a formal project at Iowa State University,

directed by Dr. J. J. Mock. In three years, 1, 920 maize x sorghum

-and 1,499 male sterile sorghum x maize pollinations were completed, 
representing in excess of a million potential fertilizations. Numerous 
genotypes were used, totalling 389 different parental combinations.
 
All resulting progeny were 
found to be haploid, polyhaploid, or from
 
illegitimate fertilizations, and the conclusion that "a relatively
was 

complete incompatibility barrier exists between 
Zea and Sorghum"
 
(Mock and Loescher, 3).
 

-5 . 3.-IB KANSAS STATE UNIVERSITY-CIMMYT STUDIES 

Preliminary maize x sorghum crossing experiments were 
begun during the winter-spring 197Z-1973 season in an informal, coop
erative venture by Kansas State University and CIMMYT. At CIMMYT's 
Tlaltizapin research farm, maternal plants from 22 different maize 
genotypes were treated diily with 5 ml of e-amino caproic acid (EACA) 
at a concentration of 1 mg/ml. The solution was applied to the leaf 
axils for two weeks before pollination. Approximately 600 pollinations 
were made with pollen from 38 different sorghum genotypes, using
conventional bag techniques. Embryo weresacs examined at 21 days
post-pollination and were found to have abnormal green chlorophyll
development. Chloroplasts may have developed following ded'ifferen-
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tiationof the unfertilized eggs. Other seeds were harvested at matur
ity; however, these were presumed contaminants due to seed set fre
quency comparisons with controls. No somatic chromosome counts 
were made. Conclusions from the study were that: field treatment 
with chemicals could be done, but the EACA level was probably too 
low and pollinations probably should be more carefully controlled 
(possibly only in vitro pollinations would suffice). 

Findings from the above study and a new chemical treatment 
technique were incorporated in experiments performed at El Batan in 
summer 1973. Several concentrations of three chemicals- -EACA, 
acriflavin, and salicyclic acid--were applied to the tops of plants that 
had been cut off below the tassel. Large test tubes containing the solu
tions were sealed on the cut stalks, with a rubber dam, allowing con
tinuous contact of the chemicals with the plants' vascular system. 
After 17 days of treatment, ear shoots were removed. The shoots 
were then sterilized in 70% ethanol and 3% calcium hypochl rite in a 
laminar flow chamber and individual florets were excised, pollinated, 
and placed in culture medium. Pollinations were made via injection 
of pollen into the stylar canal or into the micropylar area, and by dust
ing pollen on shortened silks. Sections of treated ear shoots with short
ened silks also were dusted with pollen (under sterile conditions). Un
treated pollen from sorghum and Tripsacum was used in all cases. 

Microorganism contamination from unsterilized pollen was
 
a constant problem. Microbe growth in single floret cultures was con
trolled by resterilization and transfer to fresh medium, a process that 
is impractical for car shoot sections. Several florets with uncontrol
lable mold growth were sacrificed after two weeks. Untreated maize 
x sorghum control crosses had watery, but empty, embryo sacs, 
whereas the treated material had tissue growth resembling embryos. 
It could not be determined if a true embryo was developing, but there 
was evidence that at least a portion of the crossability barriers had 
been broken down. Other florets apparently developed into full seeds 
at a very slow rate, but eventually were lost to microorganism growth. 
Again, no positive determination could be made that true embryos had 
developed. 

5.3. ZB CONSIDERATIONS FOR THE FUTURE 

I 'The previous results are encouraging and suggest that a 
maize x sorghum hybrid should be achieved within the next two to five 
years. Although techniques are crude as yet, it now appears feasible 
in the near future to move germplasm freely among maize, sorghum, 
teocintle, Tripsacum, Coix, sugar cane, or any other similar species. 
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The potential has never been better for new sources of in
sact or'disease resistance and of environmental tolerance. Drought 
tolerance and root worm resistance transfers to maize can now be con
sidered. Perhaps the maize ear shoot(s) should be moved to the top of 
the plant for easier harvesting; or maybe the sorghum head should be 
enclosed in a bird-proof husk with low-tannin grain. Multiple energy 
sinks could become a reality; for example, the utility of maize or sor
ghum forage would be increased many-fold if sugar cane sweetness 
could be incorporated to complement the grain harvest. Additionally, 
if the growing season were long enough, five or six ear shoots might 
be encouraged to fill completely with seed. Another possibility would 
be a perennial plant type. The benefits resulting from these kinds of 
potential modifications are enormous, both nutritionally and economi
cally, for maize, sorghum, or in the form of new species. 

5.4B OUTLOOK FOR 1974-1980 

The ever-widening gap between food production and popula
tion needs, plus the present world-wide energy shortage, have limited 
our alternatives so sharply that simply increasing yields of present 
cultivars no longer seems an acceptable goal (that is, unless abject 
world-wide starvation leaves no other choice). Instead, the emphasis 
of plant breeding should be shifted toward increasing nutritional quality 
per unit of land cultivated. Since protein is the nutrient most limiting 
in the present world food supply, the essential questions at this point 
are (1) whether the aim should be to increase the yield or of high qua
lity protein per unit land already under cultivation, or (2) whether the 
high quality protein yield increases should be extended to presently 
uncultivated land. The mandate for protein, however, seems clear; 
few, if any, alternatives exist. 

Wide hybridization can be useful for any, or all, alternatives-, 
with time the limiting factor. At present, there seems no conceivable 
way a new hybrid could have any impact on production within the 1974
1980 period discussed at this Symposium. Maize is an efficient and 
widely adaptable plant, and alleles for improved protein quality are 
known--yet, the opaque-2 gene discoveries of ten years ago have hard
ly begun to influence world nutrition. It seems inconceivable that the 
characteristics most desired from intergeneric maize hybrids--com
plexly interrelated factors of cold and drought tolerance and disease 
and insect resistance- -could be stabilized and fully tested in time to 
make an impact in the next seven years, even if the hybrids were avail
able today. Thus, wide hybridization offers no simple panacea for 
maize improvement. 
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Perhaps the only foreseeable immediate impact from wide 
hybridization would be that gained by the KSU-CIMMYT chemical ap
proach, provided that unmasking of non-functional genes actually 
occurs and results in new phenotypic expressions of agronomic value. 
There have been suggestions of, but no proof of, gene unmasking in 
polyploids resulting in new recombinations, and there is less reason 
to believe it would occur in diploid maize. However, unmasking of 
many loci by stripping off histones or other proteinaceous material 
from the chromosomes seems conceivable and is included under the 
"speculative licease" for this Symposium topic. This approach would 
require several years of locating and testing newly recombined geno
types, and the modified cultivars would have only a minimal impact 
by 1980. Taking into account the above considerations, it seems pro
bable that wide hybrids will have little impact on agriculture for 15 
to 20 years, except for a stimulative effect on agronomic research. 

During this lag phase, efficient maize genotypes must be 
developed via introgression, along with new widely adapted intergen
eric hybrids. Future cultivars should be designed initially for pre
sent crop lands, but with an intergenerically broadened germplasm 
base. After the wide hybrid manipulative techniques are perfected, 
hybrids can be designed specifically for developing marginal land cul
tivation. Based on past patterns of adoption, a new hybrid species 
for marginal lands would require 20 to 30 years to produce a signi
ficant production impact--even if it were a phenomenal success. 

CIMMYT's role in wide hybridization over the next seven 
years can, perhaps, be best served as a leader and catalyst. Few 
international organizations are endowed with such extensive staff 
expertise in so many different disciplines. This talent should be in
vested in some basic research, as well as the applied production 
studies, to fill the time gaps between the advent of new ideas and their 
acceptance by governments or other funding agencies for more inten
sive basic research. CIMMYT's present policy limiting basic research 
to 5% of its effort seems adequate if such responsibilities are focused 
in key individuals or areas. In its catalytic role, CIMMYT could coor
dinate research and serve as an occasional wide hybrids forum for 
the world, in efforts such as this Symposium today. Linkage lines to 
centers of excellence for wide hybridization, such as that being built 
at Kansas State University, would be developed via liaison scientists 
to maintain and ensure the immediate translation of basic research 
into applied reality. 
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6.,0 

A:DAPTATION I MAIZE 

by 
Peter Goldsworthy 

6.1 INTRODUCTION 

Maize has spread from its geographical origin in Central
 
America to many countries around the world. This global spread,
 
along with the numerous locally adapted taxa and varietes that hz ve
 
evolved or been developed in the process, is strong evidence of the
 
genetic variability that exists in the species for adaptatiorn to a wide 
range of environments. It would, however, be prohibiti~vely expensive 
to attempt the scientific improvement of local mate ials for each of 
these environments. Fortunately there is little evidence to suggest
that this is necessary or desirable. There is fairly general concensus 
among breeders that it is both feasible and an efficient use of
 
resources to develop varieties that are idapted to a wide range of
 
environments.
 

At the international program level, this is believed to be the 
only practical approach; and the development and improvement of 
widely adapted varieties is a central part of the philosophy and 
objectives of internationa] institutes such as CIMMYT. The organiza
tion of trials that has been described for selccting progeny and 
testing experimental varieties across a number of environments is a 
central concept. These trials provide a means of using available 
genetic variation for the deliberate and systematic development of 
populations and varieties that are more productive and useful in a 
wider range of environments than those varieties developed in local or 
regional programs. 

Selection and breeding for disease resistance is an important
*	obiective of this series of trials. This aspect is covered in the next 
pdper by Ortega (7.0). The present paper attempts to summarize some 
of the methods available that may be helpful to the CIMMYT maize 
program in its effort to develop maize varieties that will perform well 
in seasonally variable climates and over a range of environments.
 
Flhal discussion centers on the application of these methods to the.
 
series of progeny and variety trials described earlier.
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6.2 DISTRIBUTION OF CROP AND CLIMATE 

The map (Fig. 6-1) shows the geographical distribution of 
maize production. . indicates the quantity produced, rather than the 
area cultivw.ted. It can be seen that maize is grown extensively as a 
crop from about 40°N to 400S of theEquator. In recent years it has 
spread to even higher latitudes, into Canada and Northern Europe (15). 

The second map (Fig. 6-2) shows the major climatic regions 
of the tropics and sub-tropics which cover most of the area between 
these latitudes. khe accompanying climatic diagrams (Fig. 6-3) 
illustrate the characteristics that distinguish these major climatic 
areas. Some of the most important features can be summarized as 
follows: 

1. Tropical 

Tropical wet: continuously hot; heavy precipitation all 
seasons.
 

Tropical savanna: hot summer, warm winter; moderate 
to heavy precipitation confined to the summer season. 

2. Sub-Tropical 

Sub-Tropical moist: warm summer, cool winter; moderate 
precipitation all seasons but with a summer maximum. 

"Sub-Tropical dry: hot summers, mild winters; moderate
' to light precipitation confined to winter season. 

3 Other Climates 

Highland: generally cooler than lowlands in the same 
latitude. 

Desert: continuously hot; negligible precipitation. (The 
irrigated land of the Nile Valley is the only area where 
maize is grown in the climate .) 

* * The map which shows the geographical distribution of maize 
production and the climatic zones (Fig. 6-2) indicates how production 
is distributed by climatic zones. The main points that emerge are: 

Half the area grown and over 65% of the grain produced 
comes from outside the tropics and sub-tropics, principally from the. 
U.S.A. and Eastern Europe. 
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The area grown in the tropics is almost twice as large as

in the sub-tropics, but the total production from the two regions is

similar because the yields in the tropics are low. 

Most of the tropical production comes from the savanna
 
with seasonal rainfall.
 

Highland areas of production are confined to Central
 
America, the Andes,and East Africa.
 

Ta.ble6-1gives a summary of the distribution of production in
 
the different climatic zones.
 

Most of the maize production within the tropics is in develop
ing countries where it is used directly as human food. Much of

CIMMYT's activity is concerned with these areas 
where, traditionally,
yields are low and the need for food is great. This is reflected in thedistribution of the maize trials, most of which are located in countries
in Central and South America, West and East Africaand in Asia and
Southeast Asia. Although most of those locations are within the
tropics and sub-tropics they represcnt a wide diversity of environments. 

6.3 ADAPTATION OF CROP TO CLIMATE 

The principal factors which determine the length of time
 
available for growing a crop are temperature and rainfall. 
 Lowtemperatures in the spring and autumn determined the growing season
for maize in temperate, highland,and sub-tropical climates. Tempera
ture 
 is not usually limiting in tropical climates. In tropical savanna

climates, however, 
 rainfall is the principal factor that determines

when the growing season begins and ends. 
 It is also the determining
factor in some dry, sub-tropical climates. 

Clearly, adapted varieties must have the ability to complete
the processes of germination, vegetative growth, flower production,
and grain filling in the growing season that is available. Since there 
are large varietal differences in time to maturity, this is one of the
primary factors governing the choice of material for a given environ
ment. 

Fig. 6-4 shows some atresults from studies being conducted 
CIMMYT's stations at different altitudes in Mexico, which can help to
illustrate varietal differences in maturity and how these are influenced 
by the environment. The results are from contrasting varieties; aTuxpeflo short-plant selection which produces 24 leaves, and China I
which only produces about 14 leaves. The time to anthesis is directly
related to the number of leaves produced. The evidence available 
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(Francis, 9; CIMMYT, 5) suggests that within tropical latitudes, 
and probably within latitudes 300N and 30 0 S, the number of leaves 

depends on the genetic material and is little affected by changes in 
daylength. At latitudes greater than 300 there is a response to the 

increase in daylength in a summer growing season and more leaves 

develop. Thus, when Tuxpeilo was grown at Purdue University 
(43ON latitude), the number of leaves produced increased to 34. 

The time to anthesis is, however, directly affected by the 

environment in another way. Fig. 6 -4 shows how the rate of appear
ance and expansion of leaves is slower at low temperatures. Thus, for 
a given number of leaves, it takes longer to reach anthesis at El Batfn 
(2,250 m elevation) than at Poza Rica (60 m elevation); the difference 
becomes larger as the number of leaves increases. 

Information of this kind has been collected for a number of 

materials from CIMMYT and elsewhere during the past two years, and 

is now being collected for all the materials in the advanced unit of the 

breeding program. The intention is to develop a basis for selecting 
materials likely to be suited to a given area in tropical latitudes, using 

these data combined with information on the length of the season for 

growing a crop and the average temperatures prevailing during that 
season. Such predictive analysis (based on centralized testing, rather 
than on empirical regional evaluation or the logistics of breeding 

programs) would have a valuable, practical application in the CIMMYT 
program. 

The differences between climatic regions indicated above and 

the seasonal variations that occur within them, are largely predictable. 
Allard and Bradshaw (1) distinguish these variations in environment 
from those that are unpredictable, for example, unpredictable fluctuations 
in weather (such as the amount and distribution of rainfall) as opposed 

to differences in climate. They stress that because year-to-year 
fluctuations are unpredictable, the implications for the breeder of 

variety x year interactions are very different from those of variety x 
location interactions. Finlay & Wilkinson (8) in their studies of barley 
also observed that seasonal variability was the principal factor in the 
environment. 

The relative importance of the variety x year, variety x 

location, and variety x year x location interactions varies substan

tially: both among major geographic regions and among crop species 
or populations within a species. Eltimatcs of these sources of variance 
may be made, and they serve as a guide in the design of test procedures. 
In many cases, however, the V x Y x L interaction has been substantial 

and this finding indicates that effective and meaningful evaluation must 
involve tests at a number of locations and over a series of years. This 

is more important than striving for precision at any one location. 
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10 :, The breederxs objective is to develop varieties with a
 
consistently good performance 
across environments; he is attempting
to:minimize the unfavorable effects of environments on yield. Allard
and Bradshaw (1) describe two forms of genetic buffering mechanism 

individual buffering and population buffering - - which minimize 
these effects and contribute to increased phenotypic stability of yield. 

However, in a large breeding program, the var'ations from
site to site and season to season are such that the conventional 
analysis of variance, into variety x locations, variety , season,and
variety x location x season does riot provide the breeder with an

adequate means 
of recognizing the characteristics of most interest.
That is, they do not provide information in a form suitable for use in
selection for adaptation reactions. This is not so much a function of
variation among years and locations, as of the number of genotypesthat are usually involved and of the inadequences of the :orin of
analysis of variance itself. Thus, several methods have been develop
ed in the past ten years to characterize genotype x environment inter
action in terms of parameters that are useful to the breeder in
manipulating adaptation reactions in selection. Some of these methods 
are described next. 

6.4 GENOTYPE x ENVIRONMENTINTERACTIONS 

6.4.1 CLASSIFICATION OF GENOTYPE - ENVIRONMENT INTER-
ACTION 

A two-way table is the basic data set for an analysis of
adaptation, or stability of yield, of a group of varieties over environ
ments (Table 6-2) . To illustrate the possible types of interactions

that may occur, Allard and Bradshaw (1) used an exnmple in which

they assumed there were two genotypes, A and 13, and two environ
ments,X and Y, 
 which gave yield (lifferences sm h that the four- geno
type-environm ent combinations 
can be placed in rank order one to
four. Six of the possible 24 interaction types are reproduced in Fig.
6-5. The points to mote about these interaction types are: whether 
genotype A does better than 1 in each environment (Fig. 6-5, type 1);
whether A is superior to B in one environment and inferior in the
other (as in type 1); and whether the change In envii onment affects the 
genotypes in opposite direct ions (as in type 1). In practice, the
situation is irn mi'nsely more complicated. With m = 10 genotypes and 
n = 10 environments, Allard and BIradshaw give tielepoible types of 
interaction as ( m n ) . n . or approx imately 10' . 

The illustration is used here to emphasize that the genotype 
x environment interactions in large breeding programs are immensely 

6-5 



complex; thus programs relying solely on the conventional analysis of 
variance with the variety x locations, variety x season,and VxLxY 
Inrteractions as measures of adaptability are making quite inefficient 
use of the data available. Such analyses provide an indication of the 
overall importance of genotype ,.,environment interactions, but they 
give no information on the phenotypic stability or adaptation responses 
of Individual entries. 

6.4.2 MEASURES OF YIELD STABILITY 

Approaches to partitioning the genotype-environment inter
action have been made on the basis of the contribution of particular
environments to the total G x E interaction (Homer & Frey, 12) and on 
the bases of the contribution of particular genotypes to the total G x E 
interaction (Plaisted & Peterson, 19; Baker 2). 

The regression analysis described by Finlay and Wilkinson 
(8) provides a more useful technique for partitioning genotype x
 
environmental interaction into meaningful parameters that describe
 
crop yield stabilily. The form of the model is given inTable 6-3. The 
analysis employs a regression, on a logarithmic scale, of variety 
mean yield on an environmental index. The environmental index was 
obtained as the logarithm of the mean yield of all varieties grown at 
the site, and it provides a simp.e and useful integration of the overall 
biological effects of the favorable and unfavorable factors of each 
environment. The adaptation of a variety is defined in terms of its 
mean yield and a regression coefficient ( s.). Figure 6-6 shows the 
population mean and the regression lines of four varieties given by
Finlay and Wilkinson to illustrate types of varietal response to environ
ment. 

The population mean by definition has a slope, 1. 0. Finlay 
and Wilkinson summarized the typest of response as follows: 

0 -1.0 indicates average s;tability (e. g., Atlas). When 
associates with low mean yiehls, the variety is poorly adapted to all 
environments (v.g.,fll 1239). 

(IP v.e.i
O> I . 0 l . varieties that are i entitive to environ
mental changie (have below average stability) and are ipecifically 
adapted to high y ielding environme(ntsi (e. g.,lProvost). 

(- 1. 0 il('icate, relative insensitivity to environmental 
change (ahove average "tability) and such varletles are specifically 
adapted to low yielditng envirom ents. 

SI- The model described by Eberhart and Russell (7) isessentially 
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siMilar except that it uses actual yield rather than logarithms. Theform of the model is shown in Table 6-4. It provides a ineais ofpartitioning the genotype x environment interaction into two parts:the variation due to the response of variety to varying environmental
index (SS due to regression) and the unexplained deviations fromregression. The analysis of variance is shown in Table 6 5 Withthis model, as with the Finlay and Wilkinson (8) model, various

definitions of a desirable adaptation 
on stability response can be made,and their relevance depends on the specific nature of the breedingprogram and the environmental regimes involved. For maize in
Midwest USA environments, 
 Eberhart & Russell (7) defined stabilityas =I. 0 and E62 0.0. Thus, a desirable cultivar would be onewith a high mean y id, a regression coefficient of tnity, and deviationsfrom regression as small as possible. Rather different definitions ofstability and desirability would be relevant in different environmental
circumstances and at different levels of plant improvement. Jowett(3) compared the two models in a study on sorghum and noted a

number of significant differences between them.
 

6,4.3 LIMITATIONS OF REGRESSION ANALYSIS 

Finlay and Wilkinson (8) observe that lack of a quantitative
integrating measure of complex environments, more than any othersingle factor, has held up the study and exploitation of adaptation in
plant breeding programs. Although the of - an average
use 
performance of a group of varieties has proved a useful oiethod of -evaluating and grading sites, Elberhart and Rus.,,ell (7) mnd linlay andWilkinson (8) note the limitations of an environmental index which is
not independent of the experimental varieties. 
 The most seriousobjection to an index of this kind is; that the yields of any one varietyare, unavoidably, partially correlated with the env ironmental indexagainst whlich they beingare tested. In add ition, the (i ittribution ofvarieties about the mean yield will depend on th( sample of varieties,
seasons and ites t, sed for the estlimati(n. '1'hti,, it Is very important
that estiflates of stal)ility parameters are based on results from anadequate numb er ) sites representing the full range (,f o,; sible
envirc i(, ntal ('I i tions , and on an adequat,' tiample of varleties.Freeman & l'erkins (10) ma.de several suggestionS to avoid this
statistical ,hepend(ency, 
 but they appear to have little practical
application for analys is. 

6.4.4 B1)M'VI'ICAI,- (;ENETICA , MODELS
 
An example of a 
rather different approach, based on models 

which specify the ('ontribution of genetic, environmental, and genotype 
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x enviropmental interactions, is provided by the work of Perkins and
 
Jinks (17, 18). They used the model shown in Table 6-6 to describe
 
the performance of multiple inbred lines. The corresponding data
 
specifications for f varieties in n environments is shown in Table 6-7 
The regression analysis is applied to the G x E interaction effects, so 
that the G x E interaction variance is partitioned into a regression 
component and deviations from regression. This gives coefficients B 
which center around zero, since environmental effects have been removed 
(see Fig. 6-7). 

An illustration of the form of the analysis of variance for the 
regression of the G x E interaction of a single entry over environments 
and the analysis of variance for a joint regression for a group of 
varieties over' environments is shown in Table 6-8. 

In the joini analysis Table 6-8 (2) both parts of the genotype
environment interaction (the heterogeneity between regression MS and 
the remainder MS) may be significant when compared with the pooled 
error G2 

e 

Perkins & Jinks (17) give the following summary for the 
interpretation of various situations from these analyses: 

1. 	 If either the heterogeneity between regression or the remaind
er MS is significant, genotype x environment interactions are 
present.
 

2. 	 If the heterogeneity MS is significant, it indicates that some of 
the 'S are significantly positive and others significantly 
negative, sine Y i 0. 
If this corn ponen+ alone is significant, then genotype x 
environment interactionh can be predicted from the linear 
regression of the environmental values. 

3. If the remainder MS alone is significant, there is either no 
relationship, or no sim)le relationship between the genotype 
environment interactions and the environmental values, so 
that no predict(i ions can be nad(. 

jonents significant, 
pre(lictioi; will depend on the relative magnitude of the two 
component,,;. Even if the heterogeneity of regression MS is 
not significanilly larger than the remainder MS, there is the 
possibility that the regression of (d i +gjijonc1 for some 
varieties individually may be significant. For t ese lines 
reliable predictions can still be made. 

4. 	 If both ('omp) are the practical value of 
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An examination of each of the varieties in turn, for the 
presence of genotype - environment interactions and for a linear
relationship between the latter and the additive environmental values
(environmental index) will show that they fall into one of the following
categories (see Perkins & Jinks (18) ): 

1. 	 Varieties which exhibit no genotype-environment inter
actions, i. e, the response of the variety to environmental 
variation does not differ from the average for all lines 
( a X 0.0). 

2. 	 The variety exhibits genotype - environment interactions, 
in which case it falls into one of the following classes: 

(a) The linear regression between this interaction and the 
additive environmental effects accounts for most or all 
of the interaction. 

(b) 	The remainder MS accounts for most of the interaction. 

(c) 	Both components are significant. 

Perkins and Jinks (17) used the mean performance and

regression coefficient to describe the sensitivity of a line to changing

environments. 
 With this model, a regression line of 8 = 0.0 with
 
zero deviations from regression would be classified 
as 	having average
stability, and would represent zero genotype x environment interaction. 
A genotype which is particularly sensitive to environmental change willhave a a value > zero. A genotype which is insensitive to environmen
tal change will have a a value which is significantly negative
 
(i.a,< zero).
 

6.4.5 A COMPARISON OF MODELS 

Removing the environmental effects as in the Perkins & Jinks
model overcomes some of the objections that apply to the analyses
which involve regression of mean yield and an environmental index 
(Finlay & Wilkinson, 8; Eberhart & Russell 7). 

A 	brief consideration of the differences between the two forms
of model will help to explain why. Fig. 6-8 illustrates the relationship
between the coefficients in the two types of model. 

From Fig. 6-8 (1) it can be seen that the regression coefi
cients of Finlay and Wilkinson and of Eberhart and Russell center
around 1. 0 and are equal to 0+1 since they involve the regression of, 
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Y 	 on c and IEn i=,, - ij, ez 

m
By including the additive genetic cortribition di of the ii

variety to give Y. == p + d ++ C1ij d I 1 'j 

the 	line is displaced vertically from the mean of all varieties, but its 
6-8 	(2) ).slope is not altered (Fig. 

Extension of the model to include the genotype-environment 
interaction term gij to give Yij = v + di + c. + gij 

causes the line to rotate about the variety mean, but it rotates about 

a = 1.0 (Fig. 6-8 (3) ). Finally, in the Perkins & Jinks (17) model, the 

additive environmental effects are removed. The genotype -envirorment 

interaction, is plotted against the environmental index so that we are 

testing the hypothesis that a part of the genotype-environment inter

action sum of squares is a linear function of the additive environmental 

values (environmental index). The coefficients so obtained are centered 

about zero. 

Table 6-9 illustrates the difference in the results obtained 
from an analysis using the Perkins & Jinks model and an analysis using 

index (data from 4 ththe environmentala regression of mean yield on 

ISWYN, Byth (4)) . The regression of mean yield differs from the 
analysis of the G x E interaction effects in the following ways: 

(a) 	For each variety the regression coefficient for mean yield 
is equal to regression coefficient for G x E interaction + 1. 0. 

(b) 	The regression mean square is much larger. 

(c) 	The mean square for deviations from regression is 
identical. 

(d) 	Since the regression mean square is larger and the mean 
square for deviat ons from regression is the same, the 
values of r and R are also larger. 

Thus, regression analysis of mean yield indicates that 
regression accounts for 80 tO 90% of the variation over environments, 
whereas regression analysis of GxE effects reveals that regression 

only accounts for between 0 and 30% of the variation over environments. 

Both models are valid, the difference in the result being a 

facsimile of the differences between the models. However, it does 

reveal the influence of the correlation between mean yield and environ
mental index on the tests of significance of regression. The models 
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* therefore demand different interpretation. Regressions involving mean 
yield express deviations from linearity in terms of overall yield 
response, and provide valid comparisons among varieties on this 
basis. In contrast, regressions involving the G x E interaction effects 
express deviations fror linearity in terms of the G x E interactions 
variance. That is, iley indicate the magnitude of linear and non-linear 
environmental responses of a genotype. These differences between the 
models suggest that regression of yield may provide a useful indication 
of stability of response, but it is relatively uninformative on the 
specifics of environmental response. Regression of the G x E inter
action effect provides equivalent information on the slope of the 
regression response, and it can provide much more information on 
the adaptation reactions (G x E interaction effects) of genotype. 

Both models described suffer from two main deficiencies: 
they assume a form of response against which actual responses are 
compared; secondly the deviations from the assumed response are 
pooled, so that the analyses give no information on specific forms of 
response that would be of help in trying to identify the environmental 
factors causing the response and the bases for differences in reaction. 
Consider, for examplethe situation shown in Fig. 6-9. The two 
varieties have exactly opposite responses to each environment, yet 
from a linear regression analysis, mean yield, and the deviations 
from regression are the , ame. Perkins and Jinks (18) examined the 
non-linear portion of the G x E interaction and found that it could be 
reduced by separating genotypes into groups on the basis of signifi
cant positive and negative correlations for the deviations from the 
linear regression, such that all the positive correlations occur 
between members of the same group and all the negative correlations 
between members of different groups. This effectively separates the 
two varieties in Fig. 6-9 and the groups to which they belong can then 
be examined separately. 

The regression coefficient is a useful parameter of yield 
stability if the deviations from regression are small; that is, if the 
assumed response form approaches validity for all the varieties tested. 
The meaning and value of 0 is reduced as the deviation mean square 
increases in relative magnitude, regardless of the significance of . 
Where large amounts of data are involved, as in CIMMYT's proposed 
maize progeny tests, it is probable that many of the responses will be 
non-linear and the deviations from regression will be large. In these 
circumstances other forms of analysis now being developed may prove 
more useful. 

e. 4.6 GROUPING ANALYSIS METHODS 

A new approach to the analysis of genotype-environment ,-li 



interaction, being developed at the University of Queensland may provide 
a more informative basis of examination for the plant breeder than the 
methods now generally available (Byth, 4). Some aspects of the 
procedures and results will be described briefly here, and additional 
information on parts of the analysis and an application were presented 
by Mungomery, Shorter, and Byth (16). 

The analysis involves the application of numeric classificatory 
(or cluster or pattern) analyses to the classification and interpretation 
of environmental responses. In brief, the procedures aim to reduce 
the immense complexity involved in the comparison of dynamic responses 
of varieties, by grouping those varieties which respond n a similar 
manner across environments. A limited number of relatively 
homogeneous groups of varieties can be derived in this way, and 
comparisons of the responses of these groups may then be made 
comparatively simply. 

Some of the main features can be summarized as follows: 

(1) 	No assumed distributions are involved, and the actual 
differences among responses of cultivars are studied. 

(2) 	 Groups of lines, which respond in a similar way across 
environment, are formed. 

(3) 	 The dynamic responses of these relatively homogeneous 
groups across environments can be compared, using 
simple graphical techniques. This information can be used 
directly in selection and breeding, and provides a basis 
for the physiological analysis of the response of populations 
to environments. 

(4) The usefulness of particular environments as test sites 
for the selection of specific response differences can be 
documented, and this may allow definition of more efficient 
testing procedures in breeding. 

(5) 	 Classification of environments can be done in order to 
identify groups of environments within which varietal 
response is similar. In association with (3) above, this 
allows the possibility of objective analysis of the environ
mental factors underlying response. 

This form of analysis has already been applied to data from 
ISWYN 4. Linear regression analysiB showed 91% of the G x E inter
action variance to be non-linearly related to the environmental index. 
Analysis of individual cultivars showed a maximum of 33% linearity. 
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Thus, linear regression analysis of adaptation responses resulted in
the pooling of most of the information on response as non-specific and 
relatively uninformative deviations from linearity. In contrast,
classificatory analysis allowed the identification of groups which 
accounted for 94% of the G x E variance. Discussions with CIMMYT
wheat breeding staff confirmed that their experience and knowledge of
these cultivars fromISWYN 4 validated much of the information
 
provided by this analysis of published data. They indicated that the

analysis also supplied additional or more precise information on
 
response of which they weire unaware. 
 The power of the procedure is 
shown by its accurate reflection of the known detailed responses of
 
cultivars, using only the published information of ISWYN 4. This
 
finding suggests that the method may be very useful in the breeding

and selection of populations of breeding lines. 

Some potential applications of parts of these procedures in
 
breeding, selection, and physiological analysis were discussed by

Mungomery, Shorter, and Byth (16).
 

6.5 	 APPLICATION OF ADAPTATION ANALYSIS IN THE CIMMYT 
MAIZE PROGRAM 

The maize testing program that CIMMYT is now sending to

the field consists of two main parts: progeny tests and experimental

variety trials. Discussion here focuses 
on how some of the presently
available methods of analysis can be applied to the results from this
series of trials and thus help the breeder develop varieties with a
 
consistently good performance.
 

6.5.1 	 PROGENY TESTS 

CIMMYT now has identified 28 advanced populations that will
be tested in an international series of progeny trials in 1974. The 
trials will be 16x16 simple lattice designs with two replications at
each site. There will be 250 progeny families in each trial with 6 check
varieties. The seed available from the 1973/ 74 winter season nursery
is sufficient to provide for up to 6 trials of this kind for each population
in addition to reserve seed and seed needed to establish the next nursery
(winter 1974/ 75). By March/April 1974, 157 of these trials will have 
been sent to 23 countries and will be grown at 32 different locations. 

From the results of these trials, about 50% of the progenies
will be oelected for the next generation. In addition, up to ten progenies
will be selected at each site and ten progenies will be selected on the 
basis of results across sites, for the formation of experimental 
varieties. 
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Clearly the task of selection from such large numbers of 
progenies io formidable and, if it is to be effective, a well-organized 
procedure of selection is needed. To be of any value, the results of 
the progeny trials have to ve available before crosses are made in the 
following nursery. The very limited time available, as shown in Fig. 
6 -10, makes the development of an efficient and rapid system of 
selection even more imperative. Winter nurseries will be shown in 
Mexico in November so that pollinations will have to be made in mid-
January. CIMMYT intends to plant all 250 progenies in the nurseries 
in November to extend the period available for the return, checking, 
and analysis of data. The decision on which of these progenies to use as 
parent materials will be made before mid-January (when pollinations 
have to be made), and will be based on the results of th- progeny tests. 
The present discussion is concerned primarily with how the data has to 
be assembled, analyzed, and presented to ensure that the breeder has the 
information he needs to make informed decisions. 

6.5.2 METHODS OF SELECTION 

Consider for example, the selection of progenies for the 
formation of experimental varieties. In the early stages of the testing 
program which CIMMYT is establishing this year, the breeder wishes 
to select up to ten of the "be 5t" progenies at each site and the ten 
"best" progenies over all si' s. This need has been accepted, since 
initially it is probable that o.ay a few of the progenies selected will be 
common to two or more sites. However, if selection for wider adapta
tion and stability of yield is effective, the expectation is that, over 
time' progressively more of the selected progenies will be found 
co: mon to several sites. Indeed, this will be one of the first indicators 
of whether the strategy is successful or needs to be modified. 

To proceed with our example, assume that, in the first 
instance, selection is based on yield. Table 6-10 shows the results of 
such a selection based on the analysis of individual experiments at 
each of four sites and of a combined analysis for the four sites.- It is 
interesting to note that two of the selections over sites (progeny No. 135 
and 178) were not among the best ten at any individual site. Apart from 
this, however, the incomplete table is uninformative and tells the 
breeder nothing about the difference in performance between his 
sclected progenies and the rest of the progenies at any one site: nor 
does it tell him anything about the performance of the selection from 
one site at other sites. 

If we complete the table, by adding the yields that are missing, 
some of these points become more apparent (Table 6-11). For example, 
four of the progenies selected at two low: yielding siteF. (progeny Nos. 77 
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and. 244 at Poza Rica; progeny Noe. 40 and 46 at Obreg6n) have average
yields well below the rest of the selected population. If we now lookat some of these yields graphically (Fig. 6-11), it can be seen that the mean yield of the selection is higher than the mean yield of the wholepopulation; mainly as a result of the performance of a few progenies(Nos. 108, 135, 16% and 178). The response of the group to favorableenvironments is probably similar to that of the overall population.
However, it also can be seen that, in addition to their low mean yield,the progenies selected at the low yielding site are less responsive tofavorable environments. This raises the question as to whether theirselection is justified by their better -than- average performance at one site, and whether they would have been selected if information ontheir performance at other sites had been available to the breeder in a readily assimilable form. This decision will of course also beinfluenced by the error variance of the observations at the site wherethe selection is made. The least significant differences shown on thegraph suggest that, in the example being considered, a decision on
whether the difference is real or -rpparent is in some 
cases marginal;in view of their performance across sites, the selections may be
 

questionable.
 

This example is given only because it seems to illustrate thedifficulties that face the breeder, and emphasizes the urgent need to
develop a system that will provide him with the information required

in a more complete and readily assimilated form.
 

Similar problems are faced by all breeders testing across

environments, but they are 
particularly formidable for the CIMMYT

maize program because of its sheer size and complexity. The
problem is further compounded by the fact that so many different
 
aspects of performance have 
to be taken into account in selection.This is necessary because the analytical methods used do not describe
clearly the specific adaptation reactions shown by lines 
across
environments; so a very complex combination of criteria have to beused. Part of the problem is that breeders and others have not beenable to define the precise forms of adaptation response desirable or 
necessary for particular situations. 

6.5.3 A SELECTION PROCEDURE 

To overcome at least some of these problems, the CIMMYTmaize program needs to develop selection procedure that will make
better use of the information that is available. 

6r15 
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However potentially useful they may be, the grouping analyses 

that have been described are not a present developed to the point where 

they are available to CIMMYT. Within the limitations of the other 
model of Perkins and Jinks (17)methods, the biometrical-genetical 

appears to offer some advantages. Therefore, for the purpose of 

illustrating how a selection procedure might be developed, the 
this model. Theassumption is made that CIMMYT will probably use 

selection of progenies for experimental varieties is used as an example 

of how the analysis would be applied. The illustration is not intended to 

be definitive but shows the steps which are likely to be involved 

(see Appendix). 

Stage 1: involves the analysis of the individual trials and the 

The results from individualformation of tables of means. 
as the input totrials are output to a file tape which will serve 

for all 28 populations.subsequent stages of the analys.s, 

Stage 2: Is the analysis of complete sets of trials (usually six). 
classificationIt includes the formation of data into a two way 

by entries and by environments in preparation for the analysis 

of adaptation and stability of yield. 

The output of this stage includes a tabulation summarizing the 

performance of each entry over environments, and a combined analysis 

of variance of the genotype-environment interaction for the 250 entries. 

but a similar analysisThe analyses would be made on yield, 
and summary could be made for any other chosen variable. 

Stage 3: Includes s-9veral aids to selection of progeny on the 

basis of the analysis completed in Stage 2. No attempt is made 

to illustrate a self-contained selection procedure though it is 
onepossible that a more self-contained system than the 

illustrated could be developed as information becomes available. 

The first aid consists of a division of the progenies into 

categories according to the type of interactions they exhibit. 

The results of this division may suggest another separation of 

the progenies into homogenous groups on the basis of 

correlations betweer '.he deviations from regression for pairs 

of progenies. 

Finally, selections based simply on mean performance over 

sites and performance at each site are tabulated so that the means-of
 
mean.
each group of selections can be compared with the population 
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6.5.4 EXPERIMENTAL VARIETY TRIALS 

There are already many examples of adaptation and yieldstability analyses applied to maize variety trials (Bolton & Scaife (3),Eberhart Penny and Harrison (6), Harrison (11),and Little (14)). 

The experimental varieties derived from the CIMMYT
 
progeny testing program will probably be tested in 6x6 sample lattice
trials. The trials will be stratified according to varieties and
climates, 
 but within anyone group of trials it is expected that thenumber of test sites will be large. To determine the extent and thelimits of adaptation of varieties a similar analysis to the one described
will have to be developed for these series of trials also. 

The evidence suggeststhat by a methodical analysis of information from these two series of trials (the progeny trials an theexperimental variety trials) CIMMYT can develop varieties which haveabove average mean performance across a range of environments. Tothis end it is important that the various populations undergoing
improvement are assessed at the outset for their mean performance
and sensitivity to environmental variations. It is also important thatthis sensitivity be measured over those environments where the
materials are ultimately to be grown. 
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TABLE 6-1. 

ESTIMATED 	PRODUCTION AND AREA OF MAIZE 
BY CLIMATE REGIONS 

REGIONS PRODUCTION AREA YIELD 
000's 000 s ha kg/ha 

Tropical Rainiorest 8,441 8,037 1050 

Tropical Savanna 47,842 40,851 1171 

Sub-tropical 44,254 23,715 1866 

Temperate 169,115 44,752 3779 

Total 261,175 f8,846 
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TABLE 6-2. 

DATA SET FOR ANALYSIS OF 

ADAPTATION AND YIELD STABILITY 

Environments. j = 1,n 

Variety E E E------- E 
1 2 3 

V Y Y Y ------- Y EY/n
1 11 12 13 In j j
 

V Y Y Y -- ------- Y EY j/n
2 21 22 2 3 In j /n 2 

V 

Vt Y£1- Yf2 Ytn jYt /-


The environmental index Ii at the jth environment is given by:
 

I ,,,,EYij/t- (EY,,,/tw), EIj 0.O
i aj 

V122 1 Ii f 



TABLE 6-3.
 

YIELD STABILITY MODEL
 

Finlay, Wilkinson (1963)
 

log aY = p + di + + ij 

where:
 
Yij = the yield of the ith variety in the jth environment
 

P - is the mean yield of all varieties at all sites 

di = yield deviation of ith variety 

Bi = the regression coefficient for the ith variety on I 

I = the environmental index at the jth environment 

J6i- the deviation from regression of the ith variety at 

the j th environment. 

6.24
 



TABLE 6-4.
 

YIELD STABILITY MODEL
 

Eberhart & Russell (1966) 

YiJ = Ii + 1IJ + 8ij 

where:
 

Yi = the yield of the ith variety in the jth environment 

Pi = the mean of the ith variety over all environments 

the regression coefficient that measures the 

response of the ith variety to varying environments 

= the deviation from regression of the ith variety at 

the jth environment 

- the environmental index at the jth environment, 

defined in terms of the deviation from the mean of 

all environmenis. 



TABLE 6-5. 

ANALYSIS OF VARIANCE OF ESTIMATES OF STABILITY PARAMETERS
 
(From: Eberhart & Russell (1966))
 

SOURCE
 

.
Total vn-1 EY F.
ij ij 

Varieties V-I Ly 2 CF. 

Within varieties v(n-1) UY.-EY2/n 
v
 

Regressions 

1 1 (EY1 I) 

2/z I 2
Regression Var 

ii J j J 

2 1 (EY2jij 2/Ei 2Var 


2 
Var v 1 (EYvjIj) 2 /EIj 

Deviations v(n-2) EP.

ij 13 

Var 1 n-2 (Ey2j-(Y 2 )) - (EYljI )2/EI 

Var 2 n-2 (EY,-Y2 2) -(EY 2jIj) 
2/EIJ 2
 

Var v n-2
 

2 

6.46 



TABLE 6-6. 

BIOMETRICAL-GENETICAL MODEL (Perkins & Jinks (1968)) 

The performance Yij of the ith line in the jth environment can-be.

written as:
 

+ C + +Yij + d gij ej 

-.where:
 

= grand mean over all entries and environments 

di = additive genetic contribution to the ith variety
 

C j= additive environmental contribution of the jth environment
 

-gij = genotype - environmental interaction of the ith line in
 

the jth environment
 

e.. = experimental error of estimate
 

di, C and gij are considered as fixed effects so that
 

~ ~-~<d.=O, Xs.=O and Eg =0 .
j :iii ii' 



TABLE 6-7. 

SPECIFICATION FOR £ ENTRIES IN n ENVIRONMENTS 

BIOMETRICAL-GENETICAL MODEL- '(Perkins & Jinks 

FOR 

(1968)" 

Entries 

1 

1 

p+d,+e,+g, y+d 

Environments 

2 

- -d 

(j=,n) 

n. 

ng+g-ii. -

Sum 

- -

Mean 

" 

2 lz +e 
*2 1 21 

' d1,---.e
2 2 

.,-i+d-
22 

- i 
2'f 

-
zfl2 

,-+g,. 
u 2 

q^. - 1+d" 
2 

2.~ t -n. t 

Sum 

Mean Y 

Y 

.1 

/t=u+-

.2 

y 

- .Y / 

y Y 

.+ 

e. 

d:, 

estimated from p+ej 

estimated-froP-i .d~ 

* 1 

'. A 

./n~l. 

=Y Zn 

-,J,~Y 

hence g' estimated as =Yi-d-C 



TABLE 6-8. 

BIOMETRICAL-GENETICAL MODEL (Perkins & Jinks (1968)).
 

1. Regression Analysis for the ith Variety:
 

Environments 

1 2 3 - - - - . .... 

(d +g-) . = d 

Source d.f. M.S.
 
Regression I )2
 

Remainder (n-2) (n-2)
 

2. Joint Regression Analysis for Z Varieties: 

Source d.f. M.S. 

Varieties t-i) nZ(d 

Environments (n-i) ZE(Ej) 2/ (n-1) 

" Lines x Envir. (-i) (n-i) 

Heterogeniety between , - . 
regression (Z-I) Z 2a (ej) 2 /(Z-l) 

Remainder Ct-i) (n-2) Z. /(-i) (n-1) 
Pooled error a2 

e 
NI

%.0 



Table 6-9"-. 

Estimates of stability parameters from the regression of mean:Yleld'W(Yi) and of the genotype-envlronment 
interaction (giEj) on the environmental index 

(data from 4 th ISWN. Byth (4)) 

EFFECT INVOLVED IN REGRESSION 

Groups mean Yield Yj G x E Ipteraction effect gi El
 
Groups Mean No. Total 
 Reg. reg. Dav. Total Reg. Reg. Dev.


of Yield in S.S. Coeff. NM.S. M.S. 
 r R2 S.S. Coeff. M.S. M.S. r R2 

Varieties Kg/ha groups x10-6 610x 10 x10-6 % x10-6 j x10-6 x10-6 % 

1 2.630 5 98.7 0.912 82.0 .274 .91 83 17.47 -.038 0.77 .274 -.21 4.3 
11 2.512 4 74.5 0.841 69.7 .078 .97 94 7.26 -.159 2.50 .078 -.59 34.4 

111 2.732 5 119.1 1.048 108.3 .177 .95 91 11.02 .048 0.23 .177 .14 2.0 
IV 2.398 4 112.8 0.989 96.5 .268 .92 86 16.36 -.011 0.01 .268 -.03 0.1 
V 1.960 3 67.9 0.617 37.5 .497 .74 55 44.84 -.383 14.49 .497 -.57 32.3 
VI 3.338 9 142.0 1.171 135.2 .111 .98 95 9.67 -171 2.88 .111 .54 29.8 
VII 3.518 3 189.8 1.304 167.7 .362 .94 88 30.98 .304 9.09 .362 .54 29.2 
VIII 3.077 5 107.0 0.968 92.5 .237 .93 86 14.51 -.032 0.10 .237 -.08 0.7 
IX 3.074 6 96.9 0.938 86.8 .164 .95 90 10.41 -.062 0.38 .164 -.19 3.6 
X 3.098 5 125.8 1.022 103.1 .373 .90 82 22.78 .022 0.05 .373 -.05 0.2 



TABLE 3-I 0. PROGENIES SELECTED AT EACH OF FOUR SITES AND ON MEAN YIELD OVER SITES
 
AS BASIS FOR FORMATION OF EXPERIMENTAL VARIETY 

(EXP No. 25 YELLOW GRAIN BASE 

POPULATION 1973) 

GRAIN YIELDS Kg/ha 

PROGENY No. TLALTIZAPAN PANAMA POZA RICA OBREGON MEAN OF 4 SITES 

"9 10,854 -

40- - - 4,273 
46 - - 4,420 
77- 4,999 -

90 11;.017 ..
103 6,276 - 4,480 
108 11,594 6, 292, 5, 053 - 6,756!.. 
118 - - 5,173 -
119 - 4,471 
129 - - .4,624 - -

134 11, 631'. , .' - -. 6,225.,. 
135 .... 6,035*
150 - 5,256 
162 11,303 - - - 6,254 
163 - 6,124 - 4,713 6,248 
165 10,862 6,197 4,402 6,515 
168 - 6, 932 5,184 -
170 6,299 - 4,912 5,657 
172 - 6,251 5, 299 - -
173 11,252 -
175 !0,982 - -

178 - 6.6,612* 
188 - 6,256 - -

193 - -- 4,621 
196 - 4,472 
205 - 6,351 5, 1394 6,072 
208 11,005 - -

217 - 6,243 5,638 6,337 
230 - - 4,975 -
242 10,2173 .-. 
244 - 5,138 

Site means 

*lo-- av. yleld seleced on 
mean over 4 sites 



TABLE 6-1i. PROGENIES SELECTED AT EACH OF FOUR SITES AND ON MEAN YIELD OVER SITES
AS BASIS FOR FORMATION OF EXPERIMENTAL VARIETY 

(EXP No. 25 YELLOW GRAIN BASE 
POPULATION 1973) 

GRAIN YIELDS Kg/ha 

PROGENY No. TLALTIZAPAN PANAMA 
 POZA RICA OBREGON MEAN OF 4 SITES 
9 10,854 4,381 4,795 3,765•40 5,9488,392 5,075 3,156

46 
4.273 5, 224 47,400 4,273 4,356 4,420 5, 112•77 6,657 4,406 4,999 2,578 4,65890 11,017 5, 226 4,373 3,501 6, 029,103 9,102 6,276 3,340 4,480 5,800

'1"08 11,594 6,292 5,053 4,084 6,7569,929 4,347 5,173 3,4081i9 9,351 5,148 4,267 4,471 
5.714 
5,809129 8,835 5,292 4,561 4,624134 11,631 5,869 
5, 828 

4,230 3,171 6,225135 10,153 4,202 4, 776 5,008 6,035 *150 7,527 5,657 5,256 3,174 5,404162 11,303 5,155 4,551 4,008 6,254163 9.737 60124 4,419 4,713 6,248165 10,862 6,197 4,599 4,402 6,515168 7,452 6,932 5,184 2,657170 5,5569,590 6.299 4,826 4,912 5,657172 9,756 6,251 5,299 2,904 6,053173 11,252 4,423 3,917 3,689 5,820175 10.982 5,664 3, 371 3,308 5, 831178 10,326 6,226 4,155 3,942 6,162188 9,564 6,256 3,196 3,690 5,677193 8,974 5,375 3,710 4,621 5,670196 8,259 5,379 4,120 4,472 5,558205 9,087 6,351 5,139 3,709 6,072208 11,005 5,671 4,131 2,711 5,880217 9,524 6,243 5,638 3,942 6,337230 8,716 4,612 4,975 3,025 5,332242 10, 773 4,993 3,872 2,562 5,550244 -7,566 4,849 5,138 2,913 5,117 4 

Site means 9,586 5,466 4,373 3,779 5,825.q.low. av. yield selected oxi 
mean over 4 sites 
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0% Fig. 6-1. Geographical distribution of maize production. 
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Fig. 6-2. Distribution of maize production by climate zones. 
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Fig. 6_3TROPICAL AND SUB-TROPICAL CLIMATES 
C mm mm mm30_1 TROPICAL WET " 30 HIGHLAND -300 30- DESERT -300 

0 ArAOS, BRAZIL MEXICO CITY CAIRO // 3510020 -200 20- / 200 20- 200
 

1653mm 100000% 580rmm / / 

10- ,-100 10- AV t10 10- t10 

" 

0 r . r'O0 0 "," ,. 
30" SAVANNA (NORTH) -300 30" SUB-TROPICAL MOIST (N) -300 30 SUB-TROPICAL DRY (N) 300 

- 0 S.CAROLINA- ALIERS 

20- SAUARU,NIGErIA 1021mm 

0 O .. # - 0 

"200 20 1206mm 200 20 64Om. 200
,oo/ \,,o ,/ /" /o
 

10 -100 10 Lw..o -100 10
, / 

- 100 

0-10 0 0 -m | 0 

30- SAVANNA (SOUTH) 
30 

-300 
3 0 30 3030- SUB-TROPICAL MOIST (S) 300 30 SUB-TROPICAL flRY (S) -300
 

RIO DE JANEIRO BUENOS AIRES I CAPETOWN 

20" -- 200 20- -200 20f % o 0200
1102mm 947mm %# 642mm 0 ,,,11-0°Iol 

100
 
l I;lVAMA'°,o~1111 ll. ,lF,°10-
 100 10 
 1 100 10 

0 .
J F M AIM J' JA 0 O...A.M0. M M,4 J-,,.-S 0 N .,.A F1. AS i0SO 0 .J!,FM 4s0MD-I . j \MJJAS 00 



Fig. 6-4. 

RELATION OF NUMBER OF LEAVES AND DAYS TO ANTHESIS 

WINTER AND SUMMER CROPS AT THREE SITES IN MEXICO 
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Fig. 6-. GRAPHICAL REPRESENTATION OF SOME GENOTYPE-

ENVIRONMENT INTERACTIONS. (Allard & Bradshaw 11964)) 
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Fig. 6-6. Regression !nes, showing the relationship of individual yields and 
four varieties and population mean of 277 varieties of barley grown 
at different sites and seasons. C. Clinton; M, Minlaton; W,Waite 
Institute. 58, 59, 60 represent 1958, 1959, 1960. 

(From Finlay & Wilkinson (1066)) 
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o 	 Fig. 6-7. REGRESSION OF GENOTYPE-ENVIRONMENT INTERACTION AND
 

ENVIRONMENTAL INDEX (Perkins & Jinks (1968))
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Fig. 6-8. RELATION BETWEEN REGRESSION COEFFICIENTS 
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Fig. 6-9. VARIETIES WITH OPPOSING RESPONSES AS 

DEVIATIONS FROM REGRESSION
 

91j 

genotype X environment 
interaction % % 

s 01"s' 

VAR 2 Dev I Dyw2 

TA 

(environmental index) 



Fig. 6-10. TIMETABLE FOR DATA MLYSIS JUD WIN 
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Fig. 6.11. 

PERFORMANCE OF SOME SELECTED PROGENY AT FOUR TEST SITMS 
(FROM XP. NO.I TSLLOWe0RAIN' SAIC POPJLATION. 3I) 
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ANNEX 6.0 

ANALYSIS AND SELECTION PROCEDURE 
FOR PROGENY TRIALS 

sage Topic 
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Analysis 
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of each experiment. 
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of progcniet. 
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6.45 



ANALY8IS AND SELECTION PROCEDURE
 

FOR PROGENY TRIALS
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7.1 

7.0 

MAIZE DISEASES AND INSECTS 

by
 
Alejandro Ortega
 

INTRODUCTION 

CIMMY'rs plant protection concept involves a complete inte
gration of plant pathology and entomology. We feel that this linkage is
 
necessary to cope more efficiently with the kinship that exists among
 
pathogens and insect pests.
 

'.articularly in the maize plant, there are several outstanding 
examples that support this need. We are concerned with maize streak 
in Africa which is disseminated by leafthoppers; corn stunt which is 
also spread by leafthoppers in Mexico, Central America; and South 
America; and the cosmopolitan sugarcane mosaic which is propagated 
by aphids. In the first two examples, the evolutionary processes have 
not as yet crossed th(e bridge from obligated parasitisi to symbiosis.
The etiological agents capable of multiplication within both hosts-the 
maize plant and the insect- still can affect seriously their 'normal' 
development, becoming of economic importance as far as the maize crop 
isconcerned.
 

There are less well defined, but still close associations in 
other maize-pathogen-insect relationships. Maize ear and stalk rots 
caused by Fusarium can become more prevalent when earworm and 
stalk borer larvae are abundant. 

In studying the above kinds of host plant and pest interrelations, 
our plant protection approach working jointly with breeding and agronomy 
staff, attempts to produce appropriate pest management practices to 
reduce pes. damage. 

This presentation discusses (a) the major objective of plant 
protection, providing a background of activities, (b) the relative 
importance of major diseases and insects, and (c) current plans and 
projections for the 70's. 
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7.2 MAJOR FUNCTIONS AND OBJECTIVES 

The core functions (Fig. 7-1) of Plant Protection contribute: 

First, to the improvement of (a) genetic resistance to major 
insects and diseases and (b) interrelated activities associ
ated with techniques for mass p duction of moculum and 
insect eggs, for irtificial inoculation and infestation, and 
for assessing damage. 

Second, to pest management within the context of production 
practices, V itli (a) development of ecologically selective 
chemical pest control (b) genetic resistance in combination 
with chemi( al control and (c) interaction among agronomic 
practices an(l pest incidenci'. 

In addition, the plant protection group is deeply in
volved in training activities, which are discussed 
in Section 11 of the Symposium. 

7.2.1 EVALUATION A ND SELECTION 

7.2.1.1 Genetic Resistance 

The search for genetic resistance was initiated with the aim 
of developing specific sources. For this purpose the reaction of 
several hundred bank accessions was eva!uated independently. That is, 
each was examined for a single specific character. We soon found that 
some materials resistant to one of the pests might be rather suscepti
ble to other pest problems. Because of this, our program has now 
shifted to encompass as many of the pest problems as possible. 

The program also has contributed to the development of broad
b:ased composites such as the Caribbean and the so-called World 
Composite, which can generate germplasm complexes to provide 
resistant sources among other attributes. 

Four populations have been generated (Table 7-1) by the 
above activities. Two of these populations, Cogollero and IDRN, have 
been promoted to the advanced unit and will enter the international 
progeny testing phase of the improvement program. In addition, they 
have also become components of several lowland tropical back-up 
pools. 

In Mexico the levels of resistance to foliar diseases, except 
to tar spot (Phyllachora maidis), are adequate. Also these two 
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populations and Planta Baja x Cogollro have good resistance to stalk
and ear rots. The Cogollero population was derived from the Caribbean 
Composite. Some of the Caribbean land varieties have consistently

Chown less damage by ear rots, budworm, stem borer, and corn stunt
 
when compared to germplasm sources from other areas.
 

The IDRN population was developed by recombining 36 maize 
collections previously identified a3 having been less damaged b- the
 
three borer species occurring in Mexico. Some collections, like those
 
from Antigua, in addition have shown to be somewhat tolerant to
 
budworm. Other materials, like Zapalote Chico, resistant to
are 
earworm. In addition, those materials carrying resistance to ear and
 
s,&lk rots, 
 leaf blignts and corn stunt were incorporated. The 36
 
entries represented equal proportions of early, intermediate and late
 
maturing types of tropical, sub-tropical and temperate origin.
 

Another dimension was added to the IDRN population when in
 
1972, over a thousand F 1 varietal crosses xere evaluated by Dr. V.

Gracen from Cornell University at their Aurora Experimental Station.
 
Out of these F 1 Is, 190 crosses showed resistance comparable to that 
of highly resistant European corn borer inbred lines from the United

States corn belt. During the off-season 1972-1973, 
 the materials were
 
evaluated and selected for corn stunt, budworm, 
 ear and stalk rots at
Tlaltizap~in in Mexico. In the summer of 1973, Et Cornell the resistant 
selections were crossed to European corn borei-resistant sources.
Presently, 287 highly resistant crosses are being evaluated at Tlaltiza
pfn under sugar cane borer artificial infestation. This pool has shown
 
remarkably wide adaptation, since it has been grown successfully at

both 420 and 180 North Latitude, and will be the material in which attempts
will be made to incorporate resistance to African and Asian borer 
species, along with other traits. 

Working closely with Dr. Vasal in the maize quality protein 
program, we have deternrined that in the converted opaque-2 materials
Fusarium ear rotting is significantly higher in tropical, subtropical,
and highland environments, as compared to their 'normal' counterparts

(Fig. 7-2). It seems that incidence of this ear rotting is also associated
 
to a higher earworm susceptibility (Fig. 7-3). Reaction to other foliar
 
diseases and insect pests seems to be similar to that observed in 
'normal' counterparts. 

Stored-grain insect studies have shown that in similar gene
tic backgrounds the 'normal' and modified (flinty) opaque-2 versions 
are comparatively less damaged than the soft endosperm opaque-2 
counterparts (Table 7-2). With regard to stored-grain fungi, no
differences in reaction were detected among 'normal' and opaque-2 
versions.
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7.2.1.2. Development of Techniques 

Techniques for mass production of inoculum for ear rots and 
stalkrots and inoculation techniques have evolved to the point that 
'ery progeny can be inoculated with several major pathogens. Spore 
dilution tests are permitting us to identify the spore concentration most 
suitable to assist in discriminating between susceptible and resistant 
maize families. 

For example, previous evaluations showed that injection of 
heavy spore suspensions or toothpick inoculation with Diplodia ear 
rots were too severe, Spraying silks with a spore suspension was not 
reliable either. The technique which has proved the most efficient so 
fPr is the injection of a diluted spore suspension about ten days after 
silking (Table 7-3). In addition, this latter technique has given enough 
sensitivity to the test to be useful in discriminating among diverse 
germplasm sources (Table 7-4). 

Field inoculation Techniques have been improved by reducing 
cbnsiderably the amount of time required to inoculate large numbers 
of progenies. Techniques have also been streamlined for inoculating 
with rusts, blights, _'nd corn stunt utilizing the insect vectors. 

Study has been made of the relative efficiency of injury 
rating techniques for both diseases and insects. For the most part, 
foliar diseases and stalk or ear rot reactions are being visually 
estimated in a rating scale of 1 : no incidence to 5 ' very high incidence. 
The sme visual rating scale of 1 to 5 has proved to be equally useful 
in determining damage by the budworm when compared to actual leaf 
area removed (Table 7-5). For foliar borer damage the rating scale 
used is from 1 to 9, and stem boring damage is estimated by 
determining the number of damaged internodes instead of using the more 
time-consuming technique of stalk splitting, since both: are highly 
correlated (Table 7-6). 

The production of borer earworm and budworm eggs for 
artificial infestation is increasing rapidly. Adequate quantities will be 
available in coming cycles to determine the reaction of maize families, 
from the back-up pools and advanced populations. The diet can be used 
successfully to grow five different species: Diatraea saccharalis, 
Zeadiatraea lineolata, Z. grandiosella, Spodoptera frugiperda, and 
Heliothis zea (Table 7-7 gives the diet ingredients and procedure to 
prepare it). Techniques for artificial infestation are similar to those 
developed for the European corn borer in the corn belt of the USA. 
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7. 2.2. PEST MANAGEMENT 

7.2.2o1 Chemical Control 

In the chemical coritrol studies, a large number of 
insecticides have been tested. The aim has been to develop selective 
chemical control measures that complement the levels of resistance 
obtained in improved maize cultivars. Although maize production in 
the tropical belt has thus far made very little use of'pesticides, we
strongly feel that a judicious utilization of the new chemicals particularly
the systemic ones, can be adopted by the farmers. 

Timing, interval, and number of insecticide treatments have 
been worked out. Relative performance of liquid and granular
formulations has been studied. Soil, seed dressings, and plant treat
ments have been evaluated. Based on this information, it has been 
determined that: 

(a) Pesticide granular formulations are the most effective 
and provide a higher degree of selectivity as compared 
to sprays. 

(b) 	 It has been determined that economic insect control can 
be secured with two granular whorl applications with the 
most effective materials. 

(c) 	 Trials to estimate timing of whorl granular applications 
with effective materials indicate that the first application
is to be made two to three weeks after plant emergence
and 	the second five to six weeks after plant emergence. 

(d) Seed dressings or soil hill and soil band treatments with 
systemic insecticides have been another effective and 
selective procedure to control most insect pests for the 
first three weeks after plant emergence. Corn stunt in
cidence is also reduced considerably by these materials. 
These treatments in combination with one or two whorl 
applications of systemic or non-systemic materials seem 
to provide the most effective control that substantially 
reduces damage and contributes economically to increase 
production (Fig 7-4). 

(e) 	 Grain protectant trials have indicated that pesticides of 
low mammalian toxicity can provide effective control of 
the cosmopolitan granary weevil over a year in temper
ate, subtropical, and tropical environments when used 
at the rate of 7.5 to 15 ppm (Table 7-8). 

(f) 	 Several fungicides have been selected to assist in 
determining yield potential of otherwise susceptible 
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cultivars. This protection in the tested materials his ' 
almost doubled the grain production. 

7'.2.2.2. Interaction Among Agronomic Practices 

It should be recognized that increased production' will demand 
among other inpits, higher fertility levels and higher plant densities 
of short plants. There is very little information concerning the 
interaction of such practices and pest incidence in the tropical belt.
 
The general trend suggests that intensive management favors higher

levels of pathogens and insects in temperate environments (1, 2, 5, 7,
 
9,10,13).
 

Preliminary research initiated at CIMMYT on normal and
 
opaque populations indicates that budworm populations and stalk rots
 
were not influenced by nitrogen levels. 
 Ear rots in opaque-2 varieties
 
would seem to increase slightly at high nitrogen levels. 
 Also in these 
trials, it was found that ear rot incidence increased as plant density
 
was increased. Earworm damage increased only slightly (Tables 7-9
 
and 7-10). 

Although, the actual percentage of damaged plants due to 
budworm, earworm, and stalk rots is lower under higher plant densities;
the total number of damaged plants per hectare increases with increased 
plant population. However, some varieties reacted differently to this 
general tendency (Table 7-11). Now, I would like to briefly discuss 
which are the major pest complexes of widespread economic importance 
in maize production. 

7.3 MAJOR MAIZE PEST PROBLEMS 

A useful and informative review of the geographical distribu
bution and relative importance of major diseases of maize in temperate
and tropical environments, was recently presented by Renfro and Ullstrup 
(8). (Table 7-12). 

CIMMYT's maize program also produced some information 
on both diseases and insects in 1971, which was based on a written 
survey and personal experience of the maize staff (6). (Table 7-13). 

Both studies reveal that the most widespread and economically 
important diseases in the world are the northern and southern leaf 
blights, common and southern rusts, the downy mildew complex, maize 
streak, sugar cane mosaic, maize dwarf mosaic, corn stunt, stalk and 
ear rots. Other problems such as seedling blights, kernel rots, and 
nematodes, are usually of minor importance. 
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Among the foliar diseases, the downy mildews can be 
regarded as one of the most important maize disease complexes in 
the world. In addition to its major importance in Southeast Asia,
the endemic presence of sorghum downy mildew (Sclerospora sorghi) 
on sorghum and maize in several countries of East and West Africa 
and its dispersal in several countries in the American Continent 
(Argentina, Honduras, Mexico and the United States) poses a serious 
threat to maize production (4). The sorghum downy mildew seems 
to have spread and is becoming more prevalent in those areas where 
narrow genetic diversity of widely cultivated maize varieties is a 
common denominator. Also, the spread of the downy mildew seems 
to be associated with the considerable expansion of the area devoted 
to sorghum, at least in the northeastern part of Alexico, Southern 
United States of America and in some of the maize growing areas 
of Argentina. 

In addition to the downy mildew complex, other major
diseases which require attention are the maize streak virus 
disseminated by the leafhopper vector Cicadulina spp. in East and 
West Africa; the corn stunt, disseminated by Dalbulus spp. leafhoppers
in Mexico and Central America; and the cosmopolitan sugar cane 
mosaic viruis complex spread by several aphid species, mainly 
Rhopalosiphum maidis. 

With regard to insects, stem borers represented by different 
genera in tropical America, Africa and Asia, the Spodoptera budworms,
the Heliothis earworms and the stored-grain insects can be regarded 
as the most important. In addition to their direct damage, the borers 
and earworms favor the invasion of ear and stalk rotting organisms. 

We recognize that there are other pest problems which may
be more important than those mentioned above in some localized 
areas. For the most part, they will have to be tackled by the national 
or regional programs. Whenever possible, CIMMYT may assist in 
such problems. 

Pathogens causing disease and insect pests are more 
prevalent and more severe at altitudes below 1, 200 to 1, 500 m. 
elevation in the tropical belt. Under these conditions temperature and 
moisture and the prevalence of insect vectors influence the severity
of the pest complexes in time and space and seem to be the major 
agents regulating their geographical distribution. 

Quarantine regulations at the international level, have in 
some instances retarded the dispersal of economically important 
pests, but they are, as implemented now, serious obstacles to a 
systematic movement and evaluation of new germplasm and new sources 
of resistance that should be available for all programs. 
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If superior genetic diversity is to be recognized, it will be 
through the exposure of the maize germplasm in contrasting environ
ments in close association with national programs and regional net
works. Adequate support and an efficient systematic testing can pro
duce a continuous flow of genetically broad-based, superior progenies, 
with balanced genetic resistance. Such a process allows simultaneous 
monitoring of genetic shifts in the pest complexes. Therefore, it is 
important that governments review their policies concerning maize 
seed movements and not simply wait passively behind a weak fence of 
regulations for protection. There should be a positive attitude change, 
accompanied by all necessary precautions in seed desinfcction and 
treatment with suitable pesticides before shipment to the testing site. 

Again, only an aggressive worldwide germplasm testing 
program can yield superior, widely adapted materials with adequate 
levels of field resistance to pests. When coupled with efficient production 
practices and freely accepted by farmers, these materials could 
demonstrate their remarkable potential. 

7.4 CIMMYT'S STRATEGY FOR THE 1970'S 

Drs. Sprague and Johnson have illustrated and discussed the 
structure and interrelated functions in CIMMYT's maize program. Our 
overall effort has evolved toward a more dynamic and systematic 
approach to population improvement. A continuous flow of information 
and materials is sought, from row materials to superior progenies, 
experimental varieties and elite experimental varieties, with each 
step closely coordinated with national programs and regional networks. 

7.4.1 STRATEGY FOR HOST PLANT RESISTANCE 

Considerable attention continues to be given to genetic re
sistance of maize cultivars to pest complexes, particularly in the tem
perate regions of the world. However, highly efficient cultivars grown 
in these areas have a restricted genetic base. Thus, serious setbacks 
are sometimes caused by relatively sudden pest susceptibility. Because 
of the nature and genetic plasticity of pests, breeders and plant 
protectionists are engaged in a constant struggle to reduce losses 
caused by pest complexes. 

CIMMYT feels that the pest nursery is one of its most pow
erful tools to alter the susceptibility of the maize plant to pest com
plexes. These nurseries involve exactly the same germplasm bank 
accessions, or families being progeny tested for yield and other agro
nomic traits. The best performing entries are selected after evalu
ating their response under adequate levels of artificially supplemented 
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pathogens or insects. After careful judgement of the problem, prior
ities can be assigned. 

Although land varieties are individually susceptible to pests,particularly when transferred to a new environments, the geneticdiversity represented by the hund±-eds of narrowly adapted varieties
has prevented large-scale pest losses, particularly in che centers of
distribution in tropical America. 

Using the large genetic diversity available in the germplasm
banks, CIMMYT intends to systematically evaluate reaction to pestsin different parts of the world. Reference was made earlier (p. 7.2)

to such an activity whereby 
more than a thousand entries were
evaluated and some materials selected, based on their tolerance to
 
corn stunt, borers, ear rots, and budworms.
 

7.4.2 GERMPLASM BANK PEST NURSERIES 

The response of each lcwland tropical and subtropical, highland, and temperate accession .. om the bank will be evaluated for re
sistance to the attack of pests under natural incidence on their respec
tive environments. 

Briefly, this procedure consists of growing a five-meter row 
per accession, with about 33 plants, half of which are protected by hillsystemic insecticide soil treatment at planting time and whorl granularapplications later on. The unprotected half is used to estimate the re
sponse to insect pests and the protected half to evaluate disease 
reaction. 

Selected bank accessions which are to enter the back-up poolswill be determined by the information produced by the pest nursery,coupled with pest incidence data recorded in the yield trials, andinformation received from trials established by cooperating programs
in key sites in different parts of the world. 

7.4.3 BACK-UP POOLS PEST NURSERIES 

Aa indicated by Dr. Johnson, the back-up pools are developed
by recombining desirable materials for several cycles. A core of thepool is identified and then worked with as a Newfamily structure.
families are assimilated into the core from 'donors' after theirperformance has been raised to the desired standard. New donors
will be added constantly as new sources of variability to correctdeficiencies. The back-up pools pest nurseries will be established
along with progeny testing trials, with both using families from the 
core of a given pool. 
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Two nurseries are now planned: one for insect pests and 
the other one for diseases. Uniform levels of inoculum or insect 
eggs will be deposited at appropriate plant development stages. The 
disease nursery and half of the insect nursery will be protected with 
insecticides as indicated for the germplasm bank nursery. In each 
nursery, each progeny will be represented by about 33 plants in a 5-m 
row. These nurseries will be established in one or two locations. 
Back-up pool development and/or improvement will occur mainly in 
Mexico. The progeny tests established in several sites will add 
information concerning pest reaction. Thus, every cycle of 
recombination superior families selected on the basis of its pest 
resistance, yield, plant high and wide adaptability may be fed to 
the appropriate advanced populations, and will remain as components 
of the donating pool. 

7.4.4. ADVANCED POPULATIONS PEST NURSERIES 

The pest nurseries -- one for insects and one for diseases 
for the advanced populations -- will be established at only one location 
in Mexico. Essentially, the same general procedure will be followed 
as indicated for the back-up pools pest nurseries. At this stage in 
the improvement process, we enter the international progeny testing 
phase of the program, applying maximum selection prcssure for pest 
resistance in these steps for further refinement. The data from the 
international progeny testing trials will be essential in revealing where 
our weaknesses lie and what action is needed for correction. 

Our approach has a built-in mechanism - with multi-location 
testing of bank materials through all stages to the elite experimental 
varieties - for selecting for horizontal or generalized resistance. 
These tests should contribute to wide adaptation and yield stability, 
and allow for monitoring shifts in pest pathogenicity. 

Although research evidence is scanty, some findings suggest 
that resistance is controlled by several factors and is additive in nature 
particularly in the case of downy mildew and European corn borer (4,
11, 12). Therefore, breeding apDroaches that exploit the additive 
genetic variance such as full sibs or half sibs should allow pyramiding 
of genes for resistance. However, there is a need for additional 
efforts to understand inheritance of resistance to pests. Such studies 
might be developed as research problems for M. Sc. or Ph.D. 
candidates. 

Within the interrelated activities associated with raising the 
level of resistance in our pools and populations, there is a need for 
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mass production of inoculum and insect eggs for artificial infestation 
and inoculation. Procedures should be streamlined, particularly in 
mass insect rearing to produce the quantities of insect material to 
infest 4, 100 to 6, 000 families or 40, 000 to 60, 000 plants at 
appropriate stages of plant development. 

There also is a need for maintenance of high genetic varia
bility in the insect colonies and pathogen cultures, which can be done
 
by regularly introducing new material from the wild population.
 

As experience dictates, we shall also be improving our
 
procedures for infesting, inoculating and assessing the reaction of
 
the materials under improvement.
 

For example the approach for selection against stalk rot
 
resistance should be reviewed critically. All too often, severely
 
rotten stalks bear well-developed ears. Are these very efficient
 
genotypes? Just what factors are involved?
 

It is well known that there is a high negative correlation be
tween total sugar content in the stalk and rot susceptibility. And it 
has been observed, for example, that an otherwise susceptible plant 
from which the developing ear is removed becomes resistant to stalk 
rot. For selection purposes, perhaps we need to combine the tooth
pick method with actual sugar content determinations. We shall 
work closely with the physiology group to gain better understanding of 
how to proceed. Dr. Goldsworthy will discuss efficiency of tropical 
maize in a later presentation(9.0). Possible study questions are: Is 
the insidious nature of dalk rot organisms in any way preventing a 
higher grain-to-stover relationship? Stalk borers also tend to 
complicate the issues, not enly in reducing the 'plumbing system', 
but as well as agents that favor pathogen invasion. 

As resistant mate. ials are developed, joint efforts with other 
institutions will allow a more cr,3nprehensive -nalysis of resistance 
factors. For example, such a btudy is being corducted in collaboration 
with Dr. Gracen (Cornell University). It has been established that the 
DIMBOA content (the chemical substanceresponsible for resistance) 
in first generation European corn borer-resistant lines is about ten 
times greater than that found in susceptible lines. On the other hand,
his determinaLions show that the DIMBOA content in the IDRN-resistant 
families is low. This has suggested that there are other mechanisms 
that are involved in providing resistance to borers. Furthermore, 
DIMBOA seems to play a significant role in resistance to Helminthos
porium turcicum and also has been associated with resistance to the 
stalk rot caused by Diplodia zea (3). Again, the low levels of DIMBOA 
in IDRN, suggest other sources of resistance to these pathogens. 
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Also, as materials are generated by the wide cross project, 
studies will be conducted to assess their value as pest resistant sources, 
along with other traits. 

Other institutions such as the Southern Grain Insect Research 
Laboratory (USDA, ARS, ERD) ai e better equipped with staff and 
facilities for basic work in the field of insect physiology. Their valuable 
studies on insect hormones, pheromones, attractants, arrestants, 
repellents are leads that may prove useful in the future in insect pest 
management. We need to establish closer links with this and other 
centers 	of excellence, and our sister institutions. 

Ideally, 	 there should be service-oriented pest mass production 
facilities in key sites in different parts of world to cope with present 
and future problems that do not occur in M6xico. Thus, the inoculum 
and insect materials produced would be used to expose the progenies 
undergoing improvement from national and international programs. 
The overall aim is to raise the level of generalized resistance to pests. 

Finally, in addition to the pest nurseries, a high plant density
 
nursery managed by the agronomists includes the same sets of families
 
from each pool and population. This occurs in both the back-up unit
 
and advanced unit, providing an opportunity to monitor pest reaction
 
when the crop is grown at very high plant densities.
 

7.4.5 	 DEVELOPMENT OF DISEASE AND INSECT RESISTANT
 
POOLS
 

Four major pest problems require intensive and systematic 
work to compiement the efforts of national programs, regional 
networks, and sister institutions. They are: maize streak virus, corn 
stunt and its associated insect vectors, the downy mildew complex, and 
the borer complex. 

The first objective will be to develop populations for countries 
that have planting seasons differing widely from those in Mexico; a 
second objective is to build resistance to those pests that are limiting 
production. In addition (because we now cannot determine with any degree 
of certainty when these pest problems will invade new areas), we 
shall attempt to use these pools as donors to our back-up pools and 
appropriate advanced populations. 

During the summer of 1974, four pools with grain textures 
and colors fitted to needs of large specific areas will be crossed to 
resistant sources available in the program. When new sources are 
identified, they will be fed into the system. We hope to work out 
arrangements through which about 500 to 1, 000 F 1 families generated 
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from each pool will be simultaneously tested in Southeast Asia,

Central America and Africa, 
 in at least two key sites within every
region. At these sites, crosses among F1 plants from resistant
 
families if any, will be generated and their seed returned 
to CIMMYT.
These families will be then back-crossed to their respective pools
and may contribute to the pollen source. These steps will be repeated 
as long as is necessary. Another alternative or following step to the
above in case no resistance is found at the F1 level will be to advance 
the F 1 crosses to F 2 's and send them to the testing sites. This
 
segregating generation would be handled 
as suggested above. A third
possibility, perhaps less desirable, would be to test the F 2 generation
in the problem areas. Resistant families could be determined and
 
remnant seed back-crossed to the respective pool.
 

7.4.6 PRODUCTION AGRONOMY AND PEST MANAGEMENT 

Pesticides tests will continue with the aim of developing
ecologically selective techniques. Systemic insecticide seed dressings
and hill soil treatment at planting time have proved to be efficient 
during the first weeks of plant growth, contributing to the establishment 
of almost perfect stands. 

However, there is a need to identify appropriate coating

materials that (a) prevent dislodging of the insecticide seed dressing,

(b) do not affect viability if seed is to be stored for relatively long
periods of time, and (c) favor a slow release of the systemic insecti
cide to extend its protective action.
 

Working closely with the pesticide industry, we hope to con
tribute to the development and evaluation of gr.,,nular insecticides with

slow release properties. 
 These products need to be formulated with

inert materials whose particles 
are heavy enough to be retained or 
rolled back into the whorl as the plant grows. 

There is a need to determine the value of naturally occurring
biological control of maize insect pests; and to assess the impact of
production practices and selective chemical control measures in the
population of parasites, predators and other entomophagous agents. 

In closing, I would like to restate that to develop a successful 
pest management approach in the maize ajroecosystem, we need to
clearly understand the interactions among (a) maize cultivars when 
grown alone or in association with other crops (b) tillage practices,
(c) plant densities, (d) fertility levels, (e) penticide levels and (f)
other cultural practices that may influence pest incidence. 
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Each aspect of the above plant protection activities represents 
the joint efforts of the total plant protection staff at CIMMYT with Drs. 
Carlos De Le6n, Gonzalo Granados, and Richard Wedderburn as 
profescional participants. 
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-a Table 7-1. Sumxmry of grain yield data in kg/ha.I- during the season 1973B. at 15% moisture of half-sib families of four populations 

Popu'ati Locaion 

No. of families 

Tested Selected 

Tested families 

Ranges Means 

Selected families 

Selection 
Means Differential 

C H E C 

Tu-peflo-1 

K 

H-507 

V A R I 

Mix. 1-Col. 

Gpo. IxEto. 

E T I E 

Mezela 

Amarilla 

S, 

ETO 
C.V. S.D. 

(5%) 

3. 

4. 

1oza Rica 
Taltizapan 

Obregon 
Combined 

Poza Rica 

TlalUzapan 
Obregon 
Combined 

Planta Baja x CogolleroPoza Rica 
Tlaltizapan 

Combined 

World CompositePoza Rica 
Taltizapan 

Combined 

250 

250 
250 
.. 

250 

250 
250 
.. 

183 
183 
.. 

250 
250 
.. 

57 

57 
57 
.. 

52 

52 
52 
.. 

50 
50 
.. 

50 
50 
.. 

1789-5136 
3421-9600 
1275-3861 
.. .. 

1027-5274 

2514-9524 
1450-3931 
.. .. 

2191-5134 
1814-11015 
.. .. 

1443-5209 
1314-8274 
.. .. 

3650 

6346 
2514 
4170 

3346 

6363 
2557 
4088 

3651 
6306 
4978 

2809 
4956 
3882 

4304 

7040 
2594 
4646 

3996 

7386 
2689 
4690 

4005 
7943 
5974 

3418 
5944 
4681 

18 
11 

3 
11 

19 

16 
5 

15 

10 
26 
20 

21 
19 
20 

3784(114)* 
6248(113) 
1905(136) 
3979(117) 

2559(156)* 
5131(144) 
1237(217) 
2975(157) 

3286(122)* 
3136(253) 
3211(186) 

3058(112)* 
4354(136) 
3706(126) 

1464(294) 
2235(76) 
2561(101) 
4420(105) 

2814(104) 
9000(82) 
2005(134) 
4606(101) 

2525(158) 
4449(178) 
3487(171) 

2830(121) 
4669(127) 
3749(124) 

1765(244) 
6133(115) 
1148(226) 
3015(154) 

2205(181) 
5789(127) 
2584(104) 
3526(133) 

2104(190) 
5219(152) 
3661(163) 

3428(99) 
5572(107) 
4500(104) 

1966(219) 
5142(137) 
1961(132) 
3023(153) 

2925(135) 
4447(166) 
2288(117) 
3220(145) 

2657(151) 
3913(203) 
3285(183) 

3379(101) 
4139(144) 
3759(124) 

3785(114) 
6462(109) 
2674(97) 
4307(108) 

2631(152) 
5177(142) 
1306(206) 
3038(154) 

2850(140) 
4879(163) 
3864(154) 

3132(109) 
4437(134) 
3784(124) 

17 
16 
22 
. 

19 
22 
22 
.. 

21 
19 
.. 

25 
24 
.. 

1272 
2076 
1102 

. 

1258 
2737 
1138 
.. 

2429 
1310 
.. 

1406 
2359 
.. 

* Selected fanily mean as %of check In the respective locations. 



Table 7-2. 	 Percent emergence of maize weevils and angumois
grain moths, from Normal, Opaque and Modified 
endosperm versions of four maize populations. 
El Batdn, Mdxico. 1972 

WEEVIL, Sitophilus zeamais 

Maize 
Population 

Endosperm Version 
Normal Modified Opaque 

Maize 
Population 

Means 

Compuesto K 5 13 15 11.0 
Yellow Hard Endosperm
Composite 
Compuesto CIMMYT 

17 
8 

18 
19 

29 
56 

21.3 
27.6 

Ver. 181xAnt. 
Venz. 

Gp. 2x 
16 20 55 30.3 

Endosperm Version 
Means 11.5 17.5 38.7 

MOTH, Sitotroga cerealella 

Compuesto K 	 65 72 74 70.3,
Compuesto CIMMYT 70 66 79 71.7-I',
Yellow Hard Endosperm C. 83 60 74 72.4,C ,
Ver. 181 x Ant. Gp. 2 x Venz.69 87 93 83.0 

Endosperm Version , ,: 

Means 71.7 7i	 2 ,.80.0., 

Average of four replications 
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TABLE 7-3. 	 Efficiency of two Diplodia spp. artificial inoculation techniques and 
spore concentration in maize ear rots, when inoculated 10 days 
after silking. Poza Rica, Veracruz, 1973 A and B. 

Spores/ml. 	 Mean values of rotten ears 1/
Spray (arcsin %) Injection (%) 

Original (2.0x106 	 95 a -
1:10 	 76 b 68 a 
1:100 58 c 62 ab
 
1:1000 
 - - 58 bc 
1:10000 - - 50 cd 
1:100000 - - - 41 de 
Check (no spores) 	 33- d -. +..11-.f

1_ Differences at 1%level of significance 
Mean values of 3 replications 

TABLE 7-4. 	 Reaction of five maize varieties to Diplodia ear rot when spores are 
sprayed or injected 10 days after silking, and to stalk rotting 
organisms. Poza Rica, Veracruz 1973A and B. 

Mean values of rotten ears 	 Mean 1/
Spray(arcsin %) Injection(%) 	 index of 

stalk rots 

Cogollero .45 a 42 a 2.7 a 
Tropical Early Composite 49 a 50 b 3.3 c 
(Ver. 181 xAnt.Gpo.2) Ven. lopaque-2 52 " ab 54. b 2.9 b 
Tuxpeflo 1 65 be 0 b 2.8 ab 
Zapalote Chico (suscept. check) 77 c 63 c 2.9 b 

Differences at 1%level of significance .
 
Mean values from 3 replications
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TABLE 7-5. Means of budworm (Spodoptera frugiperda) damage to maize leaves rated with 
a visual scale 1-5 (l:no damage, 5:heavily damaged), and actual leaf area 
removed in percentage. Tlaltizapan, 1973A. 

Varieties 

1. 'uxpefo 1 x Cogollero 

2. Cogollero 

4 weeks 6 weeks 8 weeks " 
Jan. Feb. Feb. Middle All 

31/73 16/73 26/73 row rows 

2.46 1.67 1.45 1.76 1.81 


2.37 1.60 1.53 1.61 1.56 

3. MezclaAmar.P.B.xCogollero2.22 1.80 1.56 1.72 1.62 

4. 	 (Tuxpeflo br 2 x Ant. Gpo.2) 
x Cogollero 

5. Phil. DMR 5 x Cogoero 

LSD.05 

II." 

2.31 1.71 1.37 1.50 1.52 

2.03 1.67 1.70 2.04 1.89 

0.20 N.S. 0.26 0.22 0.24 

Leaf area 
rdmoved 

Leaf # 7 

0.535
 

0.438
 

0.488
 

0.335
 

0.770 

N.S. 
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TABLE 7-6. 	 CORRELATIONS (r) BETWEEN DIFFERENT METHODS OF' 

MEASURING CORN BORER DAMAGE. POZA RICA 1971B. 

ME T,-H.0 D S
 

Number of damaged internodes vs. number of holes' 0.7432 ** 

Number of damaged internodes vs. number of interr"al galler-ies 0.8068 **: 

Number of internal galleries vs. number of holes' 0. 7805 ** 

** Significant at i% level 



TABLE 7-7. 	 Ingredients and quantities used in preparing the diet for
 
mass 
rearing the sugar cane borer (Diatraea saccharalis)
and the budworm (Spodoptera frugiperda) at CIMMYT. 

Ingredient Amount 
in grams 

Dry 	soybean coarsely ground 50.00 
Dry opaque-2 	maize coarsely ground 
 96.00

Dry brewer's 	yeast 40.00
Ascorbic acid 4.00
Sorbic acid 1.25
Formaldehyde (40%) 2.50
Agar 16.00
Methyl parahydroxybenzoic acid 2.50
Vitamin complex 5.00
Choline chloride 2.00
Wheat germ 2.00
Water 1000.00 

Total 1220.75 grs. 

The 	procedure to prepare the diet is as follows: 

1. The agar 	is melted in 500 grams of warm water and cool for 15 minutes. 

2. The brewers yeast is placed in 100 grams of water and mixed for 2 
to 3 	minutes in a small stirrer. 

3. 	 The yeast suspension, opaque-2 maize and soybean flours are placed
in 400 grams of water and mixed for 10 minutes in a large mixer. 

4. 	 The melted agar is then added to ingredients in step 3, and mixed 
for 10 minutes. At the end of this period the temperature of the diet 
should be below 500 C. 

5. The remaining ingredients 	 Theare 	added and mixed for 10 minutes.
1.25 grams of sorbic acid need to be dissolved in 6 ml of ethyl
alcohol slightly heated. 

6. 	 The diet is then to be poured immediately in the rearing containers.
After half an hour it can be infested. 
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TABLE 7-8. Percent mortality of Sitophilus zeamais on corn grain treattd with three different dosages
of Malathion, Gardona and Baythion at El Batan, Mexico (high.altitude environment, temperate). 

041 after Dae Malathk4a Ger4ua 81ih.m 
V"Iatmei osteration ppm ppm ppm 

7.3 10. iS 7.5 10 is 75 10 Is 

Observed mertality It indicated doles 

6 S4. 1/69 100 100 100 72 81 74 100 100 100 
43 Oct. 13/69 99 t00 100 66 s0 71 100 100 100 
90 No. 24/69 26 25 100 21 31 27 100 100 100 
132 Jia. S/YO 2S 26 to 19 34 46 100 100 100 
174 Feb. 16/70 I0 19 20 12 24 22 100 100 100 
216 March 30/70 32 1? 74 49 77 93 100 100 100 
258 May 11/70 20 26 44 74 II as 100 100 100 
300 June 22/70 i II 22 45 65 79 100 100 100 
34 Awg. 5/70 6 17 31 39 52 75 100 100 100 
314 . Sept. 14/70 12 22 22 51 54 60 100 100 100 
426 Oct. 26/70 8 19 35 20 23 30 100 100 100 
46 Dec. 7/70 2 4 7 4 7 9 100 100 100 
572 March 22/71 0 1 2 8 3 2 100 10 100 
617 May 5/71 1 3 4 4 5 9 100 100 100 
652 Ju6e 10/71 9 2 3 .49 60 46 10 100 100 
703 Aug 4/71 5 $ 10 4 7 3 100 100 100 
769 Oct. 4/71 5 4 9 8 is 39 IC 100 100 
30& Nov. 10/71 6 0 10 4 4 19 91 98 

Subsamples transierrced from El .atan (temcerate) to Tlaiti:ap.n (subtropical) and Po:.a Rica (tropical). 

MaFatlion Grdnl sayll~on Malakh;an Gardons SaY1htion
fre i D ppm ppm ppm ppm pPM ppm
treatmen obsor-a..- 7.3 10 15 7.5 10 5 7.5 10 25 73 10 is 7-5 10 15 7-3 10 1S 

Obse.rd mortality at end;cattd dates Mortali.y on o~qrq.ng adult lItiscta 
1 satiJn - Tilisa1pan Balmn -- Tlallhrpan. 

421 Oct. 31/70 21 46 49 33 47 84 96 80 100 100 N N N N 100 N N N 
S03 Jan. 11/71 20 20 44 31 51 44 100 100 100 50 67 100 100 100 tO N N N 
1116 April21/71 54 58 64 37 64 94 200 t00 100 75 Ic0 100 100 ICO N N N 100 
43 Jlyl 10/71 0 0 0 1 a 100 100 100 53 91 1 s.10 3 66 N N N 
all W4 15/71 0 10 S 0 0 0 94 97 99 3 36 21 13 66 13 N N N 

31 satin - Pea Rice 1 Satin - Pots R.co 

431 Oct. 31/70 0 &S 35 63 71 36 100 99 Ic0 N N N N N N N 1GO N 
302 Jan. 11/71 4 S 13 7 a 16 1c0 100 100 100 Ic0 2c N N 10C-0 IW 100 100 
10 Apil 23/71 3 16 22 0 6 24 100 100 200 67 82 as 27 71 75 100 100 100 

483 Jul10/71 00 1 0 0 1 32 95 99 11 24 74 2 6 29 t00 100 N 
i11 Nov.15/71- 43 
 AS 62 ) 0 0 0 0 0 14 99 100 

Poza Rica, Mexico (wet, tropical environment). 

Days afte o of Meh;n Gardoena Baythion Malathion Gordon& Blythkip. 

Veatment observatoin ppm porn p)rn ppm ppm ppm
7.5 10 IS 7.5 10 5 7. 10 15 7.3 20 Is 735 10 Is 7. 10 1s 

Observed mortalty at irndicatd lati Mornlity on emerg,rq adult ;ns*cto 

94 Nov.28!69 99 99 t00 95 96 97 100 100 100 - -
179 Feb 21/70 13 24 88 24 37 97 100 10 100 87 10 73 70 39 67 N N N 

22'70 00 98 70 83 100"229 April 97 100 31 91 1c0 Ico 1100 100 92 70 79 100 100 
207 Juna29'70 4 27 35 26 26 71 93 99 100 
 74 73 s0 73 79 71 67 N N 
400 Spt.30/70 3 4 7 0 5 60 21[ 3 35 64 10 49 62 98 2 100 100 
44 Dec.7/70 D 3 S 0 2 0 51 76 83 0 1 10 D 0 1 96 75 100 
S64 Mar.1i70 0 0 - D 0 21 34 43 - D 0 D 0 92 100 100 
4132 June 9/71 - - -0232 7 - - - -35 51 35 
750 Sep. 1S71- 25 .27 - - - -52 33 9 
309 Now.13/71 --- --- 0 D 17- - - - - -0 S3 86 

Tlaltizapan, Mexico (subtropical environment). 

SMalathion Gordona Biathon Malathion Gardon. BiorlonDays after Dale of pom ppm Pp"m ptm ppm ppn 
Observation 7.Stment10 7.5 is 10 73 1s 10 7.S IS73 15 10 7.5 iS t0 75 15 10 

Observed mortality at indcated dates Morality an en.ergii adult intoctI 

81 mv.15/69 95 100 200 39 94 99 100 100 200 
142 Jan 1'570 19 27 45 62 75 3S 100 100 100 0 N N 100 86 N N N N 
207 Mar. 21!70 39 44 57 39 96 93 99 100 99 59 100 60 75 90 77 N N N 
174 Mar 27, 70 37 35 52 93 100 99 100 100 100 " 75 N N Ic0 100 ICO N 100 N 
375 Sept 5/70 20 23 23 14 95 98 97 100 100 73 1;0 100 N N N N N N 
431 0ct 31/70 24 32 39 55 71 3s 100 100 100 13 42 10:0 10 100 100 67 100 N 
J02 Jan Ii '71 It 14 2S 14 18 35 72 84 93 6 44 31 37 100 67 N 100 N 
410 April21/71 0 6 13 20 56 S3 119 93 100 2 26 $9 6S 72 100 100 N N 
613 July 10/71 D 0 0 0 0 0 70 90 95 I 35 31 64 7? 75 N N N 
Ill N61. 1/71 - - 0 0 0 I 42 5i 49 0 0 9 2 IS 21 54 84 100 

Di Grain destroyed by insect activity. 

Ni No emrgance took place. 

7-24 Data based on lair, roplicaft. 
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TABLE 7-9. 	 Ear rot incidence in three opaque-2 varieties grownat two nitrogen levels. Poza Rica, 	 Veracruz. 1973A. 

Nitrogen Ear rots* 
kg/ha scale 1-5 

Tuxpeflo 1 x La 	Posta 02 150 	 1.48 
300 	 1.41 

Compuesto 	K 150 	 1.28 
300 	 1.52 

(Ver. 181 x Ant. Gp. 2)Venz. 10 2 	 150 1.31 
300 1.38 

LSD 5% 0.01 

TABLE 7-10. 	 Ear rot and earworm incidence at three different
 
plant densities. Poza Rica, Veracruz. 1973A.
 

Nominal Plant Ear rots (trial 1)* Earworms (trial 2)*
Density/ha : scale 1-5 scale 1-5 

34700 1.46 1.39 

78000 
 1.72 
 1.40
 

113000 
 2.14 
 1.42
 

LSD 5% 0.10 0.05 

*1 : clean; 5 severely damaged 
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TABLE 7-1 .- Total number of budworm (Spodoptera frugiperda) damaged plants of Eto blanco x Tuxpeno I M
percentage based on nominal plant density. 
ad 

Poza Rica, Veracruz. 1973 A. 

budworm 
Nominal Plant stalk rotNo. damaged % No. damageddensity/ha % No. damagedplants/ha % No. damaged %plants/ha No. damaged %plants/ha plantas/ha plantas/ha 

1st. week 3rd.week 
 5th.week 
 (trial 1) (trial 2) 

43400 
 5989 
 14 16973 39 11750 
 27 32754 75 33032-
 76
78000 
 5397 
 7 26933 
 34' 15257 
 19 50622 
 65 44538 
 57

113000 
 9345 
 8 34126 
 30 17063 
 15" 63506 
 56 38872 
" 34
 

LSD 5% 
 NS 
 8 

12 
 29
 



Table 7-12. The relative Prevalence and Importance of Maize Diseases of the 
_world. (Source: Renfro and Ullstrup, 1973. See reference.) 

Disease Temperate Sub-tropi Tropical (within 23. 50 lat.) 
Disease (outside 340 cal (with Highland Lowland 

lat.) in 340 lat) 1000+ M Winter Summei 
1000(-)M 1000(-)M 

I. Foliar diseases 

1. Northern leaf blight +++ 3 ++ 1 +++ 3 ++ 2 +11 
2. Southern leaf blight +. 3 +++ 3 +1 1-- 2 +++ 3 
3. Helminthosporium leaf spot 

(H. carbonum) ++ 1 + 1 ++ 1 + 1 +1 
4. Bacterial wilt ++1 + 1 -0 -0 + 1 
5. Yellow leaf blight ++2 - 0 -0 - n -0 
6. Eyespot ++I - 0 -0 -0 -0 
7. Tarspot +0 + 1 +1 -0 +1 
8. Leaf shredding -0 + 1 -0 -0 ++1 
9. Curvularia leaf spot - 0 ++ 1 ++ 1 + 1 +++ 3 

10. Brown spot +1 -+ 2 +1 +1 ++1 
11. Banded leaf and sheath blight -0 + i -0 -0 ++I 
12. Zonate leaf spot -0 + 1 -0 -0 +1 

II. Smuts and rusts 

13. Head smut +1 ++ 2 ++1 +1 ++1 
14. Common smut +++ ++ 1 ++ +1 +1 
15. False smut -0 + 1 +1 ,7,0,; +1 
16. Common rust +++2 ++ 2 +++ 2 ,-,1 +1 
17. Southern rust -0 ++ 2 +1 +1 +++3 
18. Tropical rust -0 + 1 -0 +I +1 

III. Downy Mildews 

19. Sorghum (S. sorghi) +1 ++ 2 -0 +++ 3 
20. Java (S. maydis) - 0 - 0 - 0 ++,+3 +++3 
21. Philippine (S. philippinensis) -0 '+ 2 . ,0 +++3 •, 
22. Sugarcane (S. sacchari) -0 - ,+, 2 O0 +++3 3 
23. Graminicola (S. graminicola) +1 - 0 y 0 - 0 -

24. Spontanea (S. spontanea) -0 - 0 -0 +1 ++2 
25. Crazy top (S. macrospora) +1 + 1 -0 -' 
26. Brown stripe (S. rayssiae) -0 v ++23 -0 

IV. Virus and Mycoplasma - like entities 

27. Maize streak -0 ++ 2 +, ++2" 
28. Sugarcane and Maize dwarf mosaic+4 3 +++ 3 +1 ++2 
29. Wheat streak mosaic +1 - 0 -0 .0 -0 
30. Maize leaf fleck +1 - 00 - -
31. Bromegrass mosaic +1 - 0 -O "0 -

32. Cucumber mosaic +1 + 1 :0 0-O 
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Table 7-12 .Continued. 

Temperate Sub-tropi Tropical (within 23.50 lat.) 

Disease (outside 340 cal (with Highland Lowland 

lat.) in 340 lat) 1000 + M Winter Summer 
,,, ,, ,1000(-)M 	 1000(-)M 

33. Corn stripe -0 +-	 1, - 0 + 1 + 1 
-34, Maize rough dwarf 	 ++ 2 ++ 2 - 0 - 0 0 

35. Corn Stunt + 1 +++ 	 3 +1 +++ 33 

V. Stalk rots 	 ,,, 

36. Diplodia +++ 3... 	 V 1 '. 0 

37. 	 Gibberella +++ i-3 ++ 2 + 1 -.0, 0 
++1 ++1 + 238. 	 Fusarium +++2 +++ 2 

++ 1 ++ 1 +++2+++ 2 +++ 239. Charcoal rot 
40. Black bundle 	 ++ 1 '+++ 2 + 1 ++ 1 -+ 2 

41. Late wilt -0. +++ 	 3 - 0 +++ 3 ... 3 
42. Pythium ++ 1 "+++ 3 - '0 + 1 +++ 3 
43.Bacterial + 1 +++ 3 ';i + 1 +++ 3 

0 	 3*44. Anthracnose -0 + 	 1 - ++ 1 +++ 

VI. Ear and Kernel Diseases 

45. Diplodia 	 ++ 2 ..+ 2 + 1 . -0 0 
46. Gibberella +++ 2 ++ 	 1 + 1 0 0 
47. Diplodia macrospora 0 - ++ 	 1 - 0 -:0- +,1 

48. Rhizoctonia -0 ' + 	 1 - 0 'r,--0 .. +'I 

49. Botryodiplodia - 0 + 	 1 - 0 0++ 2 
+50. 	 Gray ear rot - 0 :' 1 - 0 - 0 

1 + 1 +1 + 151. Nigrospora 	 ++ 1 ++ 
+++ 2 + 2 ++42
52. Fusarium +++ 2 +++ 	 2 

53. Ergot -0 -	 0 + 1 -0 - 0 

VII. Seedling blights ++ 2 + 1 	 ++ 2 + 1 + 1 

(Mainly species of Pythium, Fusarium,
 
Cephalosporium, Rhizoctonia, Diplodia,
 
Nigrospora, Penicillium, Helmintho
sporium, and Curvularia).
 

VIII. Nematodes + 1 +--	 2 -1 +1+ 

(Mainly species of Pratylenchus, Heli
cotylenchus, Tylenchorhynchus, Tricho
dorus, Heterodera, and Belonolaimus). 2
 

IX.Striga (S. asiatica). - 0 + 	 1 - 0 ++ 1 ++ 1 

1/ Prevalence -_,____,_2/_Importance 
= Abundantly present 3 = Major importance 

++ = Commonly present 2 = Moderate importance 
+ a Occasionally present 1 = Minor import-nca 
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Table 7-13. Maize Insect Pests and Diseases 
and Asia. 19711/ 

in Tropical Africa, America 

DISEASES 

(L) = Low (M) = Moderate (S) = Sovere 

Africa 
VIRUS DISEASES 
Mosaic 

Egypt.
Maize streak disease 
South Africa, Nigeria. 


STALK ROTS 
SeTA m bOTio
Solerotium baaticola 


South Africa, Egypt.,

Diplodia maidis 

South Africa. 
Gibberella zeae 

South Africa. 
Pythium arrhenomanes 

South Africa. 
P. debaryanum 

Egypt, Nigeria. 

EAR ROTS 

Diplodla spp. 

South Africa, Nigeria. 
Gibberella zeae 

South Africa, Nigeria. 
Fusarium monlliforme 

South Africa, Nigeria. 
Rhizoctonia op. 

Nigeria. 

SMUTS 
Ustl/ago maids 

South Africa, Nigeria. 
0phacelotheca rellana 

South Africa. 

RUSTS 

Iucclnla sorgh/ 

South Africa, Egypt, Nigeria. 

(L) 


(M)(S) 


(L) (S) 

(S) 


(S) 

(L 


(L) 

(L)(M) (S) 
.

(M)(S)
 

(M)(S) 


(L)(M)(S) 

, 

6(M1'(S) 

, 

(L)(M) 

Puccinla polysora (L) (S) 
South Africa, Nigeria. 

LEAF BLIGHTS
 
Helminthosporium turcicum (M) (S)

South Africa, Egypt, Nigeria. 
H. maydis (L) (S)

South Africa, Egypt, Nigeria.
Piricularia oryzae, Curvularia spp.
Colletotrichum spp, Rhizoctonia spp. -(L)

Nigeria. 

DOWNY MILDEWS 
Sclerospora corghl (M)(S) 

South Africa, Egypt.
S. raysslae (L)

Egypt. 

BROWN SPOT 
Physoderma maidis (L) 

Nigeria. 

LATE WILT
 
Cephalosporium maidis (S)


South Africa, Egypt.
 
0(L)ROTS
 

Helminthosporium pedicellatum (S) 

South Africa. 
Fusarium monoliforme ".1(S)

South Africa. , 
Fusarlum. spp. 

South Africa. 
Asperg/llus flavus . (S)South Africa. 
Mycena root rot (L)(M) 

Egypt. 

L/ Compiled by Alejandro Ortega and Carlos De Le6n 



America 
VIRUS DISEASES 

Corn stunt (L) (S) 


Guatemala, M6xico, El Salvador, Costa 

Rica, Nicaraj:iu. Bolivia, Colombia. 

Uruguay, Brazil. 


Corn mnn:c 	 (M) 
Nicaragua, Brazil, Guatemala, M6xico. 

Streak mosaic V (L) 
Brazil. .. 

Maize Dwarf mosaic V (L) 
Brazil. 

Others, nonidentifled CL) 
Mexico, Argentina. 

STALK ROTS 


G/boerella zoae . (L)(S) 
Ecuador, Polivia, Colcmbia, PrrUruguay, Brazil, Argentina, Costa Rica. 

m l CUip/od y, azi Ar , a RCostaDiploda madi3 	 (L) (S) 

Bolivia, Colombia, Pert, Brazil, 
Argentina, Nicaragua. ""H. 

Sclerolum bataticola M'(L) (S) 

(L)Pyth/um but/en na 
Brazil, Argentina, Costa Rica, Guatemala.) 

B gM, l 

Rhizoctonia 3pp, 	 (M)


Argentina. 
Fusarium grarninearum 	 (M) (S) 

Chile. 
Pythium spp. 	 (L)(M) 

Mexico, Argentina. 
Xanthononas stewart 	 ., (L) 

MexiCo. 
Fusarlum moniiformn 	 (1)

Brazil, Argentina. 
. 

Helminthosporum spp. 	 ,(L) (M) 
A rgentina. 

Nigrospora, spp. 	 . - (L) 
Argentina. 

EAR ROTS 

Diplodia spp. 	 (L) (S) 
Guatemala, Mdxico, Costa Rica, Nicaragua, 

Brazil, Colombia, Perh, Uruguay, 

Argentina, Bolivia. 


Gibberella zeae (L) (S)
Guatemala, Costa Rica, Ecuador, Bolivia, 
Colombia, Uruguay, Brazil, Argentina, 
M6xico. 

Fusarium monliforme 	 (L) (S)
Guatemala, Costa Rica, Nicaragua, Bolivia, 

Colombia, PerO, Brazil, Argentina, Chile, 

ML Ico. 

Penicillum verdicatum 	 (L) 
Argentina. 

Aspergillus spp. 	 (L) 
Argentina. 

Fusarium gram;nearum 	 (L) 
Argentina. 

Cephlosporium acremonium .Basisporum
Argentina. 

P. oxalicum 	 .. (L) 
Argentina. 

Slerotium batatlcola (L) 
Mdxico. 

SMUTS
 
Ust/lago maidis (L) (M)
 

Guatemala, Mdxico, Costa Rica, Nicaragua, 
Ecuador, Bolivia, Argentina, Colombia, 
Brazil, PerO, Uruguay. 

Sphacelotheca reiliana 	 A) (M)
Costa Rica, Colombia, Brazil, Argentina, 
Guatemala, Mexico 

RUSTS 
Puccinia sorghl (L) (S) 

Costa Rica, Nicaragua, Ecuador, Bollvla- -
Colombia, Perh, Brazil, Argentina, 
Guatemala, M6xico. 

P. polisora 	 (L) (S) 
Costa 	Rica, Colombia, Uruguay, Argentina, 

Guatemala, M6xico. 
Physopella zeae 	 (M)(S)

Costa Rica Guatemala, Mdxico. 

LEAF BLIGHTS 
He/minthosporium lurci urn 	 (1) (5) 

Rica, Nicaracua. Ecuador, Colombia,Per0, Uruguay, Brazl, Argentina, : 

Guatemaa, Mdxico.
 
maldis ,(L)(S)
 

Costa Rica, Nicaragua. Bolivia, Colombia, . 
Uruguay, Brai., Argentina, Mexico. 

H. carbonum 	 (M) (L) 
Colombia, Argentina, M~xicc. 

Cercaspora maycis 	 (L)
Brazil, Mdxico. 

,
 
DOWNY MILDEWS 
ScIeroohthora macrospora (L) 

Colombia, MSco. 
Sclerospora sorghi 

MdxIco, Argentina. 
S. gram/nicole I?)

Brazil. 	 ()" 

; 	 I' 
RO R OT S 

ROOT ROTS 
BROWN SPOT 

Physoderma zeae. 	 . L)(M)( 
Porli, Brazil, M6xlco, Argentina, Guatemala. 

LATE WILT 
Cephalosporum maidis 	 (L) (M)

Nicaragua, Colombia, Brazil, Argenlina,' 
Mexico. 

OTHER DISEASES 
Physalospora 

Brazil. 
zeae 

" 

Phyllachore maidis (tar spot)
Colombia, M6xico. 

:., (S) 

Cladosporium hervarum ' ' ( L) (M) 
Brazil, Ecuador, Colombia. 

Septoria maydis 
Brazil, M6xico. ,r . V, 

,(L) 

Scolechotrichum graminis (L) 
Brazil. 

Phylosticta hispida (maids) . . . (L) 
Brazil, Mxio. 

Brazil, 
galarum (ear rot)

Colombia. 
'' 

Curvularla spp. (M) (L) 
Guatemala, M6xico. 

Nigrospora oryzac (ear-rot) (M) 
M6xlco. 
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Gieocercospoia zee (zonate leaf spot)
M6xico. 

Ustflaginoidea viens (false smut) 
M6xico. 

Asia 

VIRUS DISEASES
Thailand.Corn stunt

Suoar cane mosaic V (SCMV) 

Thailand. 


Corn stripe V 

Thailand. 


Maize mosaic (strain of SCMV) 

India. 


STALK ROTS 
Charcoal rot (Sclerotum batal/cola) 


India. 

DIplodia maids 

India. 

GibberellaThailand,zeae
India. 

Pyth/um aphanldermatum 
Thailand. 

ythum butler iaL 
Thailand, India. 

Pyth/um arrhenomanes 
Thailand. 

Colletofrichum graminicolum
Thailand. 

Botryodiplodia phasooli 
Thailand. 


Erwinia carotovora f. sp. zeee 

Thailand, India. 


Xanthomonas stewartli 
Thailand. 

Rhizoctonla zeae 
Thailand. 

Nigrospora oryzae 
Thailand. 

Ascochyta zecolaL) 
Thailand. 

Pseudornonas lapsa(L 
India. 

EAR ROTS 
Diplodia macros(pora 

India. 

Gibberefla zeae 
India. 

Fusarlum moniiforme 
Thailand, India. 

Cephalosporlum acremonum 
Thailand, India. 

Aspergillus spp. 
Thailand. 

Pen/cillum spp.
T hailand. 

Rhbropu3 app. 
Thailand. 

(L) (M) 

(L) 

(L) 

(L) 

() 

(L) (M) 

(L) 

L) 

(S) 

(L 

(L) 

L) (S) 

L) 

L) 

(L) 

(M) 

(M) (S) 

(L) 

(L)
,"India. 

(L) 

Helm/nthosporium carbonum (L)
Thailand. 

Botryodlplodia phaseoli (L)
Thailand. 

Fusidlum sp. (L)
Thailand. 

SMUTS 
Ust/lago malds 

, 

Thailand. India.
Sphacelotheca re/lana 

- (L)
Thailand Inda. 
ThiadIda 

RUSTS 
Pucc/nia sorgho (M) (S)

Thailand, India. 
Puccinla polysora (M) (S) 

Thailand. 

LEAF BLIGHTS 
Helm/nthosporium turcicum CM)(S)

Thailand India. 

H. iaydis
Thailand, India. (M) (S) 

H. carbonum L)
Curvularla lunata (M) (5)

Thailand.. .. 

Xanthomonas rubrilinoans (?) (L)Thailand, India. 
Helminthosporium rostratum 

India. (L) 

DOWNY MILDEWS 
Sclerospora sorghi (?) AM)


Thailand. 
S. philippinnensis (L) 

Thailand, India. 
S. sacchai -(L)

Thailan,. India. 
S. spontanee 

Thailand. 
Sc/erophthora, rayss/ae var. zeae (1) (S)

Thailand, India. 
Phvsoderma maids (brown spot) (L) (M)

Thailand, India.
 
LAEWT
 
LATE WILT 

Cephalosporium maydis (L)
Thailand, India. 

Cephalosporium acrerhonlum ,(M) (S)
India. 

OTHER DISEASES
 
Alternarla leaf spot (Alternarla tenule) 
 (L)

Thailand. 
Phaeosphaeria leaf spot "(L)

India. 
Gleocercospora sorgh/ (L) (M)

India. . "X 
Nematodes (4 genera involved) (L)(S) 

, 

False smut (Ust/iagino/dea v/rens) (1)
India. 
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INSECTS
 

(L)= Low (M) Moderato (S) = Severe 

Africa 
STEM BORERS 

.. ,Busseola lusca 
Nigeria, South Africa, Kenya, Tanzania, ,,. -
Uganda. 


Eldana sacharna 
Nigeria, Uganda, Tanzania. 

Conlesta Ignefusalis ., 
Nigeria. -, 

Chile partellus 
Egypt, Uganoa, Kenya, Tanzania. 

Ostrinia nubdahs . 
Egypt. 

Sesamla cretica 
Egypt. Kenya, Uganda.

S. calam/fis, S. poephaga
Nigeria, South Africa, Uganda, Tanzania, 
Kenya. 

S. pennisoti, S. nonagrlodes
Nigeria. 

Chilotraea argyrolepla 
East Africa. 

Marasmia spp 
East Africa. 

ARMYWORMS AND CUTWORMS 
Spodoptera literahs 

Egypt, Uganda, Kenya, Tanzania. 
S. exigua

Egypt, South Africa, Uganda, Tanzania. 
S. exempta 

Nigeria, South Africa, Kenya, Tanzania. 
Agrofs Ip~s/on 

Egypt, Kenya.
A. aegets 

South Africa, Kenya, Tanzania. 

EARWORMS 
Heliothls arm/gera 

Nigeria, Egypt, South Africa, Kenya, 
Tanzania, Uganda. 

Busseola tusca 
Nigeria Uganda. 

Se amia spp
Nigeria Uganda. 

Argyroploce leucotreta . 

Nigeria Uganda. 

SUCKING INSECTS 
Rhopalosiphum maid/s 

Nigeria, Egypt, South Africa, Uganda,
Kenya, Tanzania. 

Peregrinus maid/s 
Kenya, Tanzania, Uganda, Nigeria. 

Clcadulina app. 
Nigeria, Uganda, Tanzania, Kenya. 

Dysdercus supertit/osus 
Nigeria Uganda. 

ROOTWORMS 
Elaterdae 
Heteronychus app. 

South Africa, Kenya. 

(,,L) (S) 

(L) 

(M) 


(L) (S) 

(S) 


(S) 


(L) (S) 

(L) (S) 

(L) (S) 

(L) (S) 

(S) 


(L) (S) 

(L) (S) 

() 

(M) 

(L) (S) 

(L) (S) 

(L)(S) 


(L)(M) 

(L) (S) 

(L) (S) 

(L) (S) 

(L) (M) 

. 

(L) 
(L) (S) 

(L) (S)Astylus astromaculatusSouth Africa. ; 

Phyllophaga epp. (L) 
Egypt. 

Termites (L) (S) 
Kenya, Tanzania, Uganda. , , 

GRASSHOPPERS AND OTHER FOLIAGE FEEDERS 
Epilachna sp. ,'(L)(S)'
 

East Africa. 
Zonoceros varigatus (L) (S) 

Nigeria, Uganda. 
Locusta migratoria - (L) (S) 

Nigeia, Kenya. ' 

Schistocerca gregara (L)'(S) 
Kenya.
 

STORED-GRAIN PESTS
 
Ephestia cautella (L)(S)

Egypt, South Africa, Uganda, Kenya,-'
 
Tanzania.
 

Plodia Interpuntella (L)(S) 
Egypt, South Africa, Uganda, Kenya,
 
Tanzania.
 

Rhyzoperta dominica (L) (S) 
Egypt, South Africa, Uganda, Kenya, 
Tanzania. 

Sitophi/us granarius, S. oryzae and S. zeama/s (L) (S) 
Egypt, South Africa, Uqanda, Nigeria. Egypt, 
South Africa Kenya, Tanzania and Uganda, 

Tribolium spp (L) (S) 
Egypt, South Africa, Nigeria, Kenya, 
Tanzania, Uganda 

Sitotroga cerea/ella (L) (S) 
Kenya,UgandaTanzania, Egypt, South Africa, , ' 
U d 

Cathartus quadricollis (L) (S) 
Nigeria. . -

Mussidia nigrivenella (S)
Nigeria. 

.
 
America 

ic ....
 

STEM BORERS
 
Chilo piefadel/us iL)(M)


M6xlco. 
Nemophila noctuolla . (L) 

Brazil. 
D/atraea saccharalis (L) (S) 

Southern US A. to northern Argentina, 
including Caribbean area. 

Zeadiatraea lineclafa ,,,(L)(S) 
M6xico, Central America, Colombia,
 
Venezuela, Caribbean q
area. "," 

Z. grandiosella 
M6xico, U S A. 

(L) (M)Elasmopalpus lignosellus
Nicaragua, Pori, Brazil, Argentina, Chile, 
M6xlco, U.S.A. 

Ostrna nubial/s (L) (M) 
U.S.A., Canada. 
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ARMYWORMS AND CUTWORMS , 

"faruamla trapezals -. -

Pen. 
Prorachia dara 

M6xIco.
Prodenla arm/hegaIll, 

Costa Rica, Colombia. 
P. erldan/a, P. sun/a, P. lat/stascia 

Costa Rica, Colombia, Peru. 
Pseudaletla unlpucta, P. adultera 

Costa Rica, Argetina, U.S.A. 
Agratis ipsilon 

Costa Rica, Ecuador, Bolivia, Colombia,
 
Mdxico, PerO, Brazil, Argentina, Chile. 


Spodoptera trugiperda 
Southern U.S.A. to northern Argentina and 
Chile, Including the Caribbean area. 

Mocis lalipes, M. repanda 
Ecuador, Mdxico, Brazil. 

Dargida gramnivora, Feltia anexa 
Colombia. 

EARWORMS AND EAR MAGGOTS 
Heliothis zea 

Canada to Argentina and Chile, including 
the Caribbean area. 

Pyroderces sp.
Colombia. 

Pococrjra atramontalis 
PerO. 

Protoleucania albillnea 
Argentina. 

ROOTWOPMS 
Diabrt/ca spp. 

Cnctn Rica, Bolivia, Ecuador, Mdxlco, 
Colombia, Peri, Brazil, Argentina, U.S.A. 

Phyllophaga spp. 
Costa Rica, Nicaragua, M6xIco, U.S.A. 

Chaetocnema spp.
Per0i, Mdxico, U.S.A. 

Dysclnetus, Ligyrus, Eutheola 
Argentina. 

GRASSHOPPERS
elnoplus spp. 

U.S.A., Mdxlco. 
8chistocerca paranensis 

Bolivia, Colombia, Per}. 

S. Impleta
Colcmbia. 

SUCKING INSECTS 
Dalbulus app. 

Costa Rica, Nicaragua, Bolivia, Colombia, 
MdxIco, Brazil, U.S.A. 

Peregrlnus maldis 
Central America, Mdxico, U.S.A. 

Blissus leucopterus 
Costa Rlra, U.S.A. 

Rhopalosiphum maidls 
Nicaragua, Ecuador, Bolivia, Colombia, 
M6xico. Pr6, Brazil, Arger.tina, 
Chile, U.S.A. 

Hercothr/ps fasclatus 
Bolivia. 

Franklinella spp. 
M6xico, Colombia, Per, Chile. 

(M) 

(M) (S)
)

(L) (S) 

(M)(S) 

(M)(S) 

(M)(S) 

(M) (S) 

(L) (M) 

(M) 

(L)(S) 

(L) 

(S) 

(S) 

(L) (S) 

(L)(M) 

(L) (S) 

(M) (S) 

(L) 

(L) (S) 

CL) 

(L) (S) 

CL) 

(L)(S) 

. (M) 

(L) (Si 

STORED-GRAIN-INSECTS 
Stotroga cerealella 'S)

Costa Rica, Nicaragua, Ecuador, Bolivia, IS) 

M~xico, Colombia, Port), Brazil, 
Argentina, Chile, U.S.A. 

Sltophilus app. (M) (S)
Costa Rica, Nicaragua, Ecuador, Bolivia,
 
Mdxico, Colombia, PerO, Brazil,
 
Argentina, Chile, U.S.A. 

-

Carpophilus dimidiatus 
Costa Rica, Colombia, Per6, Mdxico,
 
Nicaragua.
 

p(M)Tribolium spp. t(L) (M) 
Nicaragua, Ecuador, Bolivia. M~xico,
 
Colombia, Peru, Brazil, Chile, U.S.A.
 

Cathartus quadriccllis (S) 
Costa Rica. 

Dinoderus spp (L) (M) 
M6xico, Colombia, PerO. 

Oryzaephilus surinamcnsts (L)(M)Mdxico. 

Plodia interpunctella (M) (S) 
Colombia, Mi xico, PerO, Brazil, Chile. 

Rhyzopertha dominica (L)(M) 
Colombia, Mdxico, Per6, Brazil, Chile. 

Anagasta kuehniella (M)
Colombia, Mdxico, U S.A. 

Pagiocerus frontahs (M) 
PerO. 

Araeocerus Iasciculatus (M)
Brazil. 

Asia 

STEM BORERS 

Ostrinia salentlalis (S)(M)
Thailand, Philippines, Malaya. 

Chil parteus (S) (M) 
India, Pakistan. 

Sesamla in/erens (L) (M) 
India. 

ARMYWORMS AND CUTWORMS 

Agrotis sp. (M) 
Marasmia trapezais M) 

India. 

Spodoptera exempta CS) CM)
Plusla chalcytes (M) 

Philippines.
Philippines. 

Prodenla li/ura(M 

Phiin la CS)CM)
Phihppines, Thailand. 

Pseuda/etla spp. (S) (M)
Thailand. 

My/locerus spp. (M)
India. 

Tanymecus Indicus (M)
India. 

EARWORMS 
Hellothis armlgera (S) (L) 

Philippines. 
Or/nla salentlalis CS)(M)

Philippines. 
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ROOTWORMS AND MAGGOTS 
India 

India. s an" e, pp 
Holotrichia consanguinea 

Odontotrmnes app. an Micro ermea app,. 
India. 

Leucopholis Irrorata . 

Phi;ippinos. . 

Atherigon lpp.
pM)
India, Pakistan, Indonesia, Philippines. 

SUCKING INSECTS 

Peregrinus maydis 
India. 

Cioadulina sp. 
India. 

Rhopelosiphum maydis 
Philippines. 

Aphis sacchari 

Philippines. 

Pyrilla perpuslila 
India. 

(M) 
, , (L) 

(L)(M) 

(6) (M) 

(S) 


(L) 

(L) 

(M) 


(M) 


(L) (M) 

GRASSHOPPERS
 
India.IHieroglyphus nigroreplefus 

Patanga succincta 
Thailand. 

Locusta mlgratorla 
Philippines 

STORED-GRAIN INSECTS 
Slo troga cerealefla 

India. 
Sitophilus oryzae 

Philippines, Thailand. 
Rhyzopertha dominica 

Philippines, Thailand. 
Tribollum castaneum 

Philipines, Thailand. 
Oryzaephilus surinamensis 

Philippines.
Carpophilus dimitatus 

Thailand.
 
Cryptolestes pusillus 

Thailand. 
Trogoderma granarlum 

India. 

(M) 
(S)(M) 

(S)(M) 

(L) (S) 

(L) (5) 

(L) (S) 

(L)(8) 

(L) (S) 

(L) (S) 

(L) (S) 

(L (S) 
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Table 7-14. Most important diseases nd insect pests affecting 'j
world maize productionl! 

World Wide Distribution
 

1. *Seedling blight, Pythium, Fusarium, & others 

2. *Southern leaf 	blight, Hlelminthosporium maydis 
3. *Northern leaf 	blight, Hlelminthosporium turcicum 
4. *Curvularia leaf spot, Curvularia spp. 
5. *Southern maize rust, Puccinia polysora 

6. *Common maize rust, P. Sorglg 
7. 	 *Stalk rots, - Diplodia maydis, Gibberella zeaca 

Fusariun noniliforme 

Pythi um apha nid ermatuni 
- Erwinia chrysanthemi 

Pseudomonas lansa 

Cephalosporium acremonium 

8. *Ear rots - Gibberella zeae, Diplodia maydis 

Fusarium monilifore 
9. *Maize mosaio, (Virus) 


*Corn plant hopper, Peregrinus maidis 


*Corn leaf aphid, Rhopalosiphum maidis 


10. European corn borer, Ostrinia nubilalls 


11. *Thrips, Frankliniella spp. 


North, Central and South America
 

12. *Corn stunt, (M1coplasma) 

*Leaf hopper, Dalbulus sap. (Stunt vector) 


13. *Borers, Zeadiatraea lineolata 


Zeadiatraea grandiosella 


Diatraea saccharalis 


Elasnopalpus lianosellus 


14. *Ear worm, Heliothis zea 

15. *Fall armywor, Spodoptera frugiperda 

16. *Armyworm, Pseudaletia unipuncta 

17. *Root worms, 	Diabrotica spp. 


(Temperate regions)
 

(Tropics)
 
(Temperate regions) 

(Tropics)
 
(Tropics, W. Africa) 

(Temperate regions) 
(Temperate regions)
 

(Tropics)
 

(Temperate regions
 

and tropics) 
(Tropics) 

(Tropics) 

(Tenperate & Tropics) 

(Temperate)
 

(Tropics)
 

(Tropical)
 
(Tropical)
 

(Tropical)
 

(Tropical)
 

(Tropical)
 

(Temperate & Tropical)
 

(Temperate & Tropical)
 

(Temperate 8 Tropical)
 

(Temperate & Tropical)
 

(Temperate & Tropical)
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Table 7-14. (Continued)
 

Africa and Middle 	East
 

18. Late wilt, Cephalosporium maydis (Egypt) 
 "(Tropical)
 
19. Maize streak, (Virus)
 

Leaf hopper, Cicadulina mbila (Naude)(Streak Vector) (Tropical)
 
20. 	Borers, Chilo partellus 


Sesamia cretica 


Busseola fusca 


Sesamia calamistis 


Sesamia nonagrioides botanephaga 

21. Armyworns, Spodoptera exempta 


S. exigua 


22. Earworms, Heliothis armigera 


Indian Sub-Continent & S.E. Asia
 

8. Late wilt, Cephalosporium mavdis 

2.3. 	 Downy mildews, Sclerospora spp. 


Sclerosphthora spp. 


24. Borers, h_ o partellus (India) 


Sesamia inferens 


Ostrinia furnacalis (S.E. Asia). 

25. Armyworm, Mythimna separata 


Spodoptera exempta 


(Tropical)
 

(Tropical & 	Mediterranean)
 

(Tropical & 	Temperate)
 

(Tropical)
 

(Tropical)
 

(Tropical)
 

(Tropical)
 

(Tropical)
 

(Tropical)
 

(Tropical)
 

(Tropical)
 

(Tropical)
 

(Tropical)
 

(Tropical)
 

(Tropical)
 

(Tropical)
 

*Present in Mexico 	at one of CIMMYT's research stations.
 

j/ Prepared for the International Symposium, '"World-Wide Maize

Improvement in the 1970's and the Role for CIMMYT" El Batcn-

Mexico, April 22-26, 1974, by W.R. Young, Rockefeller Foundationj

Bangkok, Thailand.
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Fig. 7-1 CIMMYT MAIZE IMPROVEMENT ROLE 
WORLDWIDE CONTEXT 

PLANT PROTECTION FUNCTIONS 

DETERMINING 
WORLD PEST 

DISEASES 

Stalk rots 
Ear rots 
Maize streak 
Corn stunt 
Sugarcane mosaic 
Maize dwarf mosaic 
Leaf blights 
Leaf rusts 
Downy mildews 

Participating in improving genetic 

resistance to pests 


Pest nurseries:
 
Germplasm bank accessions 

Back-up pools families
 
Advanced population families 

Interrelated activities: 
Mass production of pest agents 
for inoculation and infestation 
of pest nurseries 

Assessment of response to pest 
incidence in pest nurseries and 
all yield trials 

IMPORTANT 
COMPLEXES 

INSECTS 

Borers 
Earworms
 
Leafhoppers
 
Leafhoppers
 
Aphids
 
Aphids
 
Budworms
 
Stored-grain pests
 

Pest management within the 
context of production practices 

Selective chemical pest control 

_ 

Genetic resistance and level 
of chemical control required 

Production practices and their 
influence on pest incidence 

7-38 



FIGURE 7-2. 	 Percent ears damaged by Fusarium rnoniliforme in different maize populations and their
 
opaque-2 versions when planted 
in 4 different environments. 
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FIGURE 7-3. Fusarium ear-rot, Diplodia ear-rot, earworms damage, foliar stemborer and budwormdamage and average damage of these agents to normal, opaque and modified opaque endosperm
versions of four rr.aize populations. 

~~Fasariun AMD O~td 
 EARWORMF AAR EAR ROTS AND EDipioda.Fusarium EAR ROTS AND STEMBORER EAR DAMAGE
 
S 1972
TLALTIZAPAN 


POZARICA 1972
 
ZUMMOPi 

(TROPICAL) 

NORMAL OPAQUE MODIFIED NORMAL OPAQUE O MODIFIED 
-20-

o 

50-

S ii~ iL AWWORNL L0~~ EARRCT (ai EARRT0 EA 0U 01PAi ~F4SAWJViJE
STUUMNERA9 oftOOA FU0U10iSTOKAaMR"WPWOA L S TONOW1!AiUa
IZ
I 60 IOIIt
 

H. IO0FI[
fII 
00 

7,- ITvH IIl S'IIOII[ nil0 I . .0 

heh
 

0 
21-
 AVERAGE DAMAGED EARS ON FOUR MAIZE POPULATIONS EACH REPRE-

SENTED BY THE NORMALOPAQUE-2 AND MODIFIED VERSIONS 1972 
POZA RICA (972 60. 

!I CALI 
, 

TOAL
M OAQIED 

OQFE
NOORMAL 60O0PAQUE soACDFEDg 50-

C) 

A' 30I 

20-

RMU w 4 I D nO MSS R E I N R O D O M0D IPLO DIA FUSA 'IUM FUSA RIUM STEM B O R ER EAR W OR M PO3ZAPCZARICA RCA TLALTIZAPAN POZA RILA TLALTIZAPAN 



FIG.7-4.PERCENTAGE OF BUDWORM (Spodoptera frugiperda) DAMAGED PLANTS 

(MEANS OF THREE OPAQUE-2 VARIETIES), POZA RICA, VER., 1973A 
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8.0 

AGRONOMIC ASPECTS OF MAIZE IMPROVEMENT 

by 
A. F. E. Palmer 

8.1, : INTRODUCTION 

Good maize varieties and improved packages of practices
have been developed on experiment stations in many of the developing
nations. Their adoption at the farm level is, however, frequently
limited to a few pe.'cent of the maize acreage. Thus, one of the greatest
jobs still to be done is to convince the maize growers to adopt the new 
varieties and technology. Yield achievements on the experiment station 
are often suspect in the eyes of farmers. Therefore, the suitabiliiy
of varieties and practices must be demonstrated at the farm level;
only by on-farm trials and demonstrations in which they participate 
can farmers learn and be newconvinced thac the technology is both
 
applicable in their situation, and profitable for them. CIMMYT's
 
efforts in research and production agronomy form the basis of this
 
paper. 

Agronomic research objectives are: (1) to discover how to
 
use the best varieties available, 
 as well as those being developed, and
(2) to develop and transmit the technology needed to the farmer, 
working through regional and national programs. 

ORGANIZATION OF AGRONOMIC ACTIVITIES 

Fig. 8-1 is a flow chart of how new germplasm from thebreeding nurseries progresses to production trials. It illustrates the 
relationship brtween the breeding program and the agronomy trials 
that support it. The process includes the following: 

Source of New Materials: For the most part, the experi
mental and elite experimental varieties generated through the inter
national progeny testing trials will be the materials used in production 
agronomy trials. 

8-,! 
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Experimental Varieties: On the basis of progeny performance 
within and across sites, a series of experimental varieties will be gener
ated frorp each advanced population. These will be conr-jared with ex
perimental varieties derived from other populations in the advanced 
unit of the breeding program. At first, new materials are included 
in these trials only at selected sites. Those which show promise are 
then introduced into a larger, more widely distributed series of variety 
trials of the same type. The varieties included in these trials change 
progressively. Even at the selected sites, only a small proportion of 
the 	varieties are new. Other varieties might be included for several 
seasons, each as a more advanced selection from the breeding pro
gram in each cycle. 

The data obtained from these experiments over sites and
 
seasons can provide a measur,. of the progress in yield improvement
 
and of the extent and limits of varietal adaptation. Detailed descrip
tions of how these trials are or'ganized and how the information is used
 
are presented next.
 

Agronomy Tr:.ls: The best varieties available are selected 
for 	the production trials. These are of two kinds: (1) international 
and 	regional (confined mainly to exp.'riment station4 that develop and 
test the management needed to get the best performance from the best 
varieties; and (2) national and local (forming part of regional or na
tional production programs) with the aim of developing and transmitting 
the technulogy needed to obtain consisLently profitable grain yields from 
the best varieties available for a given region. These are planted in 
farmers' fields and distributed to cover the soils and ecological areas 
of importance. The treatments and designs are chosen so that esti
mates can be made of the input costs. This kind of trial is indispen
sable in the development of national or regional crop production pro
grams. 

Some Questions for Consideration: The following questions 
are presented for discussion in this session: 

1. 	 What kinds of trials and organization are needed to de
velop and test new varieties and the production practices 
that will help regional and national programs? 

2. 	 'Does the need for uniformity in the International series 
of trials conflict with the needs for regional and national 
programs? If so, is it possible to devise trials that 
serve both needs? 

3. 	 How could CIMMYT most effectively assist national 
maize agronomy programs? Are there aspects that 
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8.3 

have been omitted in which you would expect CIMMYT to 
provide services or support in agronomy? 

TESTING NEW MATERIALS 

As indicated by the flow chart (Fig. 8-1), a primary objec
tive is systematic evaluation of elite material from the population im
provement program. The ultimate aim is to provide national and re
gional programs with the best proven varieties, with background data 
on how to use them. Fig. 8-1 indicates where the agronomist begins
his contribution to this development. 

8.3.1 EXPERIMENTAL VARIETY TRIAL 

CIMMYT's population improvement program is responsible
for progeny testing; however, the agronomy section is participating

with that program in a 
series of tria's to test and compare the per
formance of the advanced unit populations. These trials, and the
 
progeny tests, provide initial data for defining varietal response to
 
environments.
 

The population improvement program will select families 
for recombination in the breeding nursery, on the basis of performance
in progeny tests at six locations. Reserve seed of the selected fam
ilies will be used to make up balanced composites from each popula
tion. The composites will be handled as "experimental varieties. 1'
 

An experimental variety may be made up of the best progeny
families tested in the country or region in the initial work to meet the

needs of national programs. 
 Thus, a number of experimental varieties 
may be derived from the same advanced population, each variety con-
Sisting of a different set of progenies. In addition, however, 
 one ex
perimental variety of each population would be made up by combining
families that performed well at a number of sites, combined with the
best family from each site. These experimental varieties will be in
cluded in the series of experimental variety trials; at first on a few

selected sites, 
 but ultimately in a widely distributed series of trials. 

In beginning this work, 49 populations were selected for
trials at Poza Rica, Obreg'n, and Tlaltizaph.n in 197313. Of these, 16 
are now included in the list of 28 advanced unit populations that will be
tested during 1974B. Twenty-five of the advanced unit populations were
placed in trials at Poza Rica and Tlaltizaptin during 1974A. It is ex
pected that from 100 to 150 of these trials will be completed in different 
parts of the world in the summer season of 1974. 
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Data accumulated over successive cycles of improvement
 
in these trials will provide comparisons among the populations in the
 
advanced unit and a measure of the progress being made in their im
provement. It will also provide the information for determining the
 
extent and the limits of adaptation of each population in the manner
 
discussed earlier.
 

8.4 INTERNATIONAL AND REGIONAL AGRONOMY TRIALS 

8.4.1 INTERNATIONAL TRIALS 

After the trials listed previously, the next step is to select 
the best varieties from the experimental variety trials for more in
tensive agronomic and management studies. About eight to ten var
ieties have been included in agronomic studies of this kind on CTMMYT 
experiment stations in Mexico, and in a series of international agro
nomy trials sent to 17 locations in 14 countries in 1972 and 1973. In 
these first trials, there was no background data on which to base the 
selection of varieties; however, the experimental variety trials will 
produce the data in the future. 

In the absence of an international network of maize variety 
trials, comparison of varieties formed a major component of the first 
CIMMYT international agronomy trials. The experimental variety 
trials now proposed by CIMMYT provide amuch better opportunity to 
(1) identify the best of the advanced populations from regional or 
CIMMYT breeding programs, and (2) determine the bases and the 
extent of their adaptation over a wide range of environments. Thus, 
they will replace the international agronomy trials in this function. 
Should an international cooperative agronomy trial be needed in the 
future, a new approach is indicated and some of the possible approaches 
were discussed at the maize workshop at CIMMYT in September 1973. 

Michael Harrison of IlTA suggested a series of multi-factor 
experiments distributed over sites representing a wide range of en
vironments. Th-. nethod would determine which factors of production 
are Important and distinguish factors that are of general importance 
across environmental areas or r."gions as opposed to factors that are 
location specific. A series of production agronomy trials conducted 
in Kenya and described by Alistair Allan provide an example of a suc
cessful application of this kind of approach. 

Discussions during the IACP meeting in Kuala Lumpur in 

December 1973, provide an example of another situation in which the 
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above approach may be useful. The discussion was prompted by . 

proposal from Dr. Samonte of UPCA, of Soils,Department stu ge,uI. 
that an effort be made to collect and summarize existing inforinati,,i 
on soils and soil fertility factors affecting production in IACP cun 
tries. While the project proposed by Dr. Samonte seemed worthwhile, 
it was felt that soil fertility represented only one factor of production. 
(Traditionally, it has been given weight in agronomy productio,3 pro
grams at the expense of other, probably equally important factors.) 
Thus, in the future, some means of determining the iniporta-ice of 
other factors in addition to soil fertility and fertilizers seen- t. bt , 
needed. 

Workshop participants indicated the need for more extensive
 
investigation of production problems. Yields of 5. 5 and 
6. 0 tons, na. 
were reported in several trials from Farm Suwan, compared with a 
national yield average of 2 or 2. 5 tons in Thailand. What factors account 
for this difference? 

Antonio Mercado reported trial yields of about 5 tons/ha.
 
with improved varieties in the Philippines, but national average yields
 
are 1 ton/ha, or less. He listed factors that contribute to this differ
ence, but his results emphasize the need for further investigations to
 
determine the relative importance of these factors and how to over
come them. It seems probable that a series of multi-factor trials of
 
the kind described could be an effective tool for this task in the Philip
pines, and throughout the maize-growing areas of Southeast Asia, Asia,
 
and probably in other regions.
 

The agronomist's choice of factors to be investigated is de
termined in part by experimental design limitations, particularly when 
some factors are to be included at three or more levels. He would be 
helped in thi. choice if he kncw (1) which factors were the most impor
tant; (2) which of these he could consider as equally important over 
the whole area he is studying; and (3) which he expects to be more im
portant at some locations than others. A series of trials of the kind 
suggested offers one means of providing this information. If coordi
nated over a wide area, these trials would have the additional impor
tant advantage of providing the agronomist with a basis for comparing 
his situation with that indicated by results from other parts of the same 
region or from other regions. 

A trial design with six factors, each at two levels (26), might 
be used in an investigation of this sort. By, confounding high order inter
actions, this design can be arranged in a square of 64 plots, giving in
formation on all main effects, two-factor interactions, and on 12 out 
of the ZO three-factor interactions. lowever, even this arrangement 
might be difficult to accommodate on a producer's field. Any other 
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arrangement of six factors would involve the sacrifice of a large part
of the information for a comparatively small saving in size. Since 
the value of the investigation would depend on its close relation to 
existing production problems, most of the trials would need to be 
planted on farmers' land. 

Some of the ways these trials might be done are: 

1. Rather than use a square, rows or columns of the square 
could be laid out as blocks of eight plots, singly or in 
groups, on different land around a village site. The 
data from separate blocks could then be analyzed as a 
randomized block and the analysis of the confounded 
degrees of freedom modified accordingly (degrees of 
freedom confounded with rows, or columns, of the 
square would be pooled with error). 

2. Alternate designs for five factors (25) or four factors 
(2 4 ) could be provided for situations where the six fac
tors could not be accommodated. The choice of factors 
to be retained could be made locally. 

The results of these smaller trials would be compatible
 
with the corresponding factors in the larger design. 
 The total series 
of experiments might thus consist of several components of different 
size: six-factor experimental trials laid out as squares where space
and facilities permitted; similar experiments but separated into blocks 
of eight plots; smaller experiments with only four or five of the six 
factors included. 

Experiments in the series might be analyzed individually
and then in groups. 'The structure of the groups could be determined 
from the distribution of the trials. An analysis of data Irom groups 
of trials would provide the means to distinguish factors that are of
 
importance across 
dites. (Factors that are important across sites 
would be expet ted to give large and significant effects in stch all 
analysis. Conversely, factors of variable importancte from site to 
site would be expected to give inconsistent and insignificant effects.) 

Proposals similar to tlw above have been senit to maize 
staff in Asia and Africa for diicutision, witli a r que, t for comments 
and suggestions. CIMMYT has considered an app~rIa( 1 of this kind 
to replace the international agronomy trials. Alternalively, it might
be adopted, with or without modification, by an exitiig regional pro
gram such as the IACIIwhere there in a well-enstablished (ooperative 
structure. CIMMYT could atstnt where appropriate, for example, by
providing designs lom trials, by analyzing data for regions or countries, 
and by making available results from one area to another. 
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8.4.2 OTHER ON-STATION AGRONOMY TRIALS 

Another group of trials being developed on CIMMYT's stations 

in Mexico forms part of the agronomy program, and also serves an 
important role in training young agronomists. 

During 197Z and 1973, 18 such trials were completed at 

Poza Rica and Tlaltizaphn. The trials included an examination of: 

Variety x planting densities 

Variety x planting densities x N levels x P 2 0 5 levels 

Variety x N levels x time of N application 

Variety x insecticide materials 

Insecticide x planting densities x N levels 

Herbicide x planting densities x N levels 

Variety x management represented the largest component of 

the trials. On-station trials such as these, uising the best varieties 

available, would form part of most national or regional maize produc

tion programs. It is here that the agronomist cain stndiy the potential 

of new varieties as they become available to him aind (omlare the re

sponse of new and older materials to intensive ITIa ,LdeTCnt. 

In all these trials, zero inariage factorslevels of the .nct 

under study were generally included in the treatnent detsign. The top 

level of each factor was at or above th,: level co i(Ictrc to be an eco

nomic level of m-inagement. All rmanage i: of fat t r,, o ther tlian those 

under study in a particular expe riment (rn, Imlilfg irligatioll) were car

ried out at the level recommended by the .satl i. Unri r the "e ( on

trolled conditions of intensive and ti.mely r.and; ewe t , a good indica
tion of the yield potential of the varie tie .,cati be obtailid. Water inan

agement, planting (late, and land prelaration inethods ar," ot 1wr fac.

tore thay may be included in the s ,'x reiue it 1tations.trialtin rp 

Many of the factors imentioiie above nieed to be initially In

vestigated under the controlled (ondition existing on,expe rine t sta
tions. The findings of the on -ftation trials nay then 1wi verified in 

relatively few trials on farrnerf ' land in the prim ipal maize growing 

areas of the country or region. Planting densities, insecticide mater

ials, and herbicide treatments would be factors falling into this category. 
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Other factors require more extensive testing on farmers' 

land, after the initial trials on experiment stations, in order to es

tablish the suitability of the findings for the existing farming system 

and to determine economic levels of inputs. Included in these trial 
categories would bc variety, fertilizer levels, and an overall insect 

control procedure. More will be said about these trials in section 
8.5. 

At CIMMYT, an added component of these on-station trials 
is related to CIMMYT's in-service training program. The trials are 
used to show the trainees a well-grown crop--maybe the first such 
crop they have seen in their careers. In addition, the trainees are 
involved in the design of the trials, in the planting and management 
through the growing season, in the data collection, and in the analy
sis and interpretation of the data. The experimental designs in use 
in the trials will be directly applicable for use in similar trials when 
the trainees return to their home countries. 

8.5 NATIONAL AND LOCAL AGRONOMY TRIALS 

The final step of the flow diagram shows the national and 
local coverage of trials, in which the newly developed varieties and 
practices are grown and evaluated in the farmer's field. 

Within a region served by the experimental variety trials, 
International agronomy trials, and a well-coordinated series of on
station agronomy trials, the agronomist who carries the production 
practices to the farmer already has a lot of background information 
to guide him on the performance of his varieties, their response to 
fertilizer, and the crop protection needed. 

8.5.1 CIMMYT'S ON-FARM TRIALS IN MEXICO 

As part of the training for young agronomists in the CIMMYT 
maize program, a steries of trials and demonstrations is being de
veloped in cooperation with the agricultural extension service in Mexico. 
They are situatd on farineWrs' land in the State of Veracruz, near 

ClMMYT's experiniint sitation at Poza Ilca. Trainee production 
agronomisti are r eipon ible for these trials and for organizing field 
days and discutis ons in which the niew varieties and technology are 
demonstrated to groiuptiof farmers. This activity provides a val
uable teaching ground to help the trainee understand the relationship 
between on-station trials and trials that are conducted on farmer's 
land, and how to decide what kind of trial is appropriate for each 
situation. 
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In most developing countries, research at the experiment 
stations is not sufficient to influence the farmers' adoption of techno
logical packages. Thus, a large gap exists between yields attainable 
on experiment stations and those obtained on farmers' fields in the 
same region. The main purpose of the off-station trials is to famil
iarize the trainees with the latest ideas on how this gap may be closed. 
Farmers' participation in the sowing, management, and harvesting of 
simple experiments permits then) to snake their own evaluation of the 
inputs such as improved varieties, fertilizers, and pesticides. Other 
factors of management are performed using whatever resources the 
farmer has. 

During each crop cycle, sets of simple experiments are es
tablished in four to eight new sites within the region represented by 
the Poza Rica station. A set of experiments consists of: 

1. 	 A simple variety trial with two rephtations comparing 
three or four new varieties with the farmer's, or local, 
variety. During 1973, the improved varieties were INIA 
hybrids, commercial seed company hybrids, or CIMMYT 
populations for lowland tropical conditions. 'I he local 
Tuxpefio varieties were much taller and tIe( to lodge 
more than the improved varieties, and generally produced 
lower yields than tie impro '.,l rar intic,,. Data fron 
these trials are presented in Tables 8-1 thirougl 8-3. 

2. 	 A simple 3 x 3, or 4 x 3, nitrogen x phosphate fertilizer 
trial with two replications. Thel evels (f iitrients were 
0, 50, 100, arid 150 kg N/ha. and 0, 40, aid 80 kg Po5/ ha. 

Yields in these trials during tHie two ( ro) (y( les in 1973 
showed large res ponses to adl ,( ndit ro ,ii buit no response 
to phosphate (see ,ig's. 8-! ,an1d 8- 3). '1lit trial dlemon
strated that large increascs iii y li (ji i, be ol)tained with 
relatively sni ll ,tiiioiiitt, ofl lit rii/efl, ril phopplate, and 
good mvnagenient in thi, pa rtio ia r area. 'I lie economic 
optimum nitrogen appli( ation ( (orrt .pondi nt to the point 
on the niti-oge rets oirise ( urve whi vrt, the slope of tie 
return from grain cquals the ,lope ot the (ost of nitrogen 
line) was estimated gr,thli illy ,t 100 kg N/ha. in tie 
1973A cycle, and 75 hg N/ha. in thi 1973B ( yo le. In the 
Poza lica area, tlh( A o yc!(- i,, th miajor t1iai'c-growing 

cycle. It is (ooler, with Jewer heavy 1111 ,11aid winid storms 
than during the 11 c yo le. Lo,(dging i3 greate r in the B cycle. 
The longer growing sicaton in the A , ycle and less lodging 
account for the response to more nitrogen in the A cycle. 
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3. A simple insecticide trial, 
treatments: 

which included the following 

a; Check--no insecticide. 

b. Granular Aldrin (20%), 1 kg active ingredient/ha. 

applied in the bottom of the furrow at planting time. 

c. Granular Aldrin applied as above, plus granular 

Birlane (2%) applied in the whorl, at dosages of 

0. Zg/plant, in two applications: two to three weeks 

after planting, and two weeks later. 

d. No soil treatment, but Birlane applied in the whorl 

as described above. 

Although budworm damage was clearly evident, 
ally in the treatments with no Birlane, this was 
nificantly reflected in yield at any location, nor 
number of plants per plot significantly affected. 

especi
not sig
was the 

4. A demonstraton containing four large plots (10 
30 m.) with the following treatments: 

rows x 

a. Farmer's variety+ farmer's technology 

h. Improved variety + farmer's technology 

c. Farmer's variety+ recommended technology 

d. Improved variety + recommended technology 

Data from these trials are presented in Figs. 
through 8-6 in the "Maize Diamond" format. 

8-4 

On the average, in ten such demonstrations carried out 

during the two crop cycles of 1973, the yields from 

treatments b, c, and d were 23, 64, and 75% greater than 
the yield from treatment a, respectively. At individual 

sites, the yield from treatment d was 35 to 421% greater 

than that from treatment a. 

Thus, although improved varieties are important for 
increased yield, important increases in grain production 

can be achieved with good agronomic management on 

existing varieties. The greatest benefit is realized by 

combining an improved variety and improved agronomic 
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-practices. With improved technology, the improved 
varieties outyielded the farmersI varieties, which were 
very susceptible to lodging. 

Participation in the execution of these trials by the farm
ers of the district has been an important element. This 
is important at all stages of crop growth, when impor
tant cultural operations are being performed, but it is 
especially important at the field days held at harvest 
time. In this way, the farmers decide which variety 
and practices best fit their situation and they convey 
their opinions to the production agronnn.ists and exten
sion agents. 

The enthusiastic participation in these demonstrations 
by the farmers in Veracruz is encouraging. We believe 
that the same degree of enthusiasm can be generated 
among farmers elsewhere in the world if the correct 
approach is used. 

8.5.2 	 ON-FARM TRIALS IN THE NORTHWEST FRONTIER
 
PROVINCE 01 PAKISTAN
 

The Northwest Frontier Province (NWFP) of Pakistan is an 
example of a national maize program, involving active participation by
CIMMYT Outreach staff, where a series of off-station trials is an inte
gral part of the program. 

The NWFP lies between latitudes 310 and 370 N. About 
325,000 ha. of maize are grown in the NWFP during the summer mon
soon season, with an average yield of 1 ton/ha. This is about one
half the maize acreage in Pakistan. Maize is grown under widely vary
ing conditions in the NWFP, ranging from the hot dry plains in thie 
south at about 300 m. elevation, up to an altitude of about 2, 500 m. in 
the Himalayan foothills to the north. Water regimes range from com
pletely rainfed, with far from adequate rainfall, to complete control of 
Irrigation. Under such variable ecological conditions, a wide network 
of on-farm testing is required. 

In 1974, the third year in which off-station trials have held 
a prominent place in the program, the following activities are being 
carried out at the farm level: 

1. 	 Varietal screening and progeny testing is an off-shoot 
of the breeding program, but the work is largely done 
by agronomy staff stationed around the province. Such 
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work ison farmers' land, because there isnot an ade

quate series of substations, particularly at the higher 
elevations. It is felt that four varieties, varying widely 
in maturity can serve the needs of the NWFP. Three of 
the 	four varieties presently recommended would not have 
survived if selections had been made on the basis of ex
periment otation data alone. This illustrates the impor
tance of this kind of on-farm selection work in this par
ticular situation. 

2. 	 Simple variety trials are conducted along inuch the same 
lines as those in Mexico. Such tests are being run at 
about 60 sites in the NWFP. The distribution of sites 
roughly corresponds to the acreage of maize in the dis
tricts of the province. The data from these trials for 
1972 and 1973 are presented in Tables 8-4 and 8-5. 

3. 	 Simple fertilizer trials are conducted on each of the 
above 60 sites adjacent to the variety trial. In 1972, 
these were 4 x 2 nitrogen x phosphate trials (N levels 
were 0, 56, 112, and 168 kg/ha. and P 2 0 5 levels were 
0 and 56kg/ha.). Because there was a small response 
to phosphate and no nitrogen x phosphate interaction in 
most of the province, the same levels of N at the upper 
rate of P2 0 5 were included in 1973 (see Figs. 8-4 and 
8-5). During 1974, the levels will be as in 1972. Con
sidering the prices for maize grain and fertilizer, and 
the data from these trials, a general fertilizer recom
mendation of 60-30-0 has been developed for maize in 
the NWFP. This is about one-half the previous recom
mendation, which is reserved for the better farmers in 
areas with better irrigation control. The 2:1 ratio of 
N to P2 O 5 is a long-standing recommendation for all 
cereals in Pakistan. Although there has been little re
sponse to phosphate, we do not want to repeat the ex
perience with wheat during the last five years in Pakistan, 
where a depression in yields was experienced due to 
inadequate phosphate supply, after a few years of heavy 
nitrogen applications on the high yielding varieties. 

4. At about 20 of the above 60 sites, two other trials will 
be conducted. The first will be a simple comparison 
of thp latest insecticide recommendation for control of 
stem borer versus a control plot. The second will be 
on experin.ental production plot, one-half ha. in size, 
where the latest recommended variety and production 
package will be tested under farmers' conditions. 
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All the above trials will be conducted by the staff of the 
Maize and Millets Research Institute (MMRI). Also, the
Rapid Soil Fertility Scheme of the Soil Chemistry De
partment will run more complex fertility trials and 
maximum potential trials on farmers' land. 

5. 	 A total of 640 extension demonstrations of the type de
scribed above under the program in Mexico will be con
ducted by the extension service of the Department of 
Agriculture. The four plots in each trial will occupy
about one-fifth of a hectare. These demonstrations will
be distributed throughout the maize-growing areas of the 
province. 

6. 	 The extension service will carry out about 450 seed mul
tiplication plots each one-half ha. in size. These plots
will be handled in the same manner as the experimental
production plots, and it is intended that they should serve 
as 	sources of seed of the new varieties for farmer-to
farmer seed sales. 

With the above series of trials and demonstrations, it is anticipated that the farmers will decide to adopt the improved varieties

and practices, 
 and that seed of the varieties will be available through.
out the province. Historically, the government system for procure.

ment, processing, and distribution of seed has been woefully inadequate. 

In 1974, for the first time, active cooperation is being soughtbetween the research and extension wings of the Department of Agriculture. It is hoped that such a program will continue, with new varieties entering t) e varietal pipeline and further refinements being madeto the cultural recommendations. It is intended that an individual farmer,
who cooperates in the on-farm variety and fertilizer trials or extensiondemonstration plots, will grow a seed multiplication plot the following
 
year.
 

OBJECTIVES AND METHODS TO 	1980 

The overall strategy behind CIMMYT's work in maize agronomy has been outlined. The work carried out in Mexico to test the
validity of this strategy, and to train agronomists, has been described.

The manner in which this strategy is 
 being applied in a national program has been outlined for the case of the Northwest Frcntier Province
of Pakistan. CIMMYT Outreach staff are directly involved in similarefforts in Zaire, Nepal, Egypt, and Tanzania. Many other countries 
are trying the same strategy as a result of their staff having ties withCIMMYT. The programs are at various stages of development. By1980, it is anticipated that the strategy will prove its effectiveness inraising national average maize yields above the dismal 1 ton/ha, so 
common all over the world today. 
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Of prime importance in this effort is the training of maize 

workers at all levels, including degree training and in-service train

ing at CIMMYT. Because of limitations in funding and the limited 

ability of the international centers to handle large numbers of trainees, 

more and more training must be carried out in domestic training pro

grams in many countries. Many production agronomists can be trained 

by this means using CIMMYT Outreach staff in the country concerned, 

our core and regional staff, and in-service trainee alumnae, as in

structors. 

One of the questions we address to participants at this 

meeting is: What more can and should CIMMYT agronomists do to 

help these programs? Our most direct contribution at present is in 

the scheme of testing outlined in this paper and at least as important, 

in training young agronomists to design, conduct, and interpret the 

kind of field experiments needed in large numbers in most national 
programs. 

ACKNOWLEDGMENT 

The work described in this paper and the preparation of.theI 

paper itself have been a joint effort by the CIMMYT Agronomy staff, . 

including Michael Colegrove, Peter Goldsworthy, and Alejandro Violit. 

8-14 



LIST OF TABLES 

Table Title 

8-1 Grain yield kg/ha. at six sites in Veracruz, 1973A 

8-2 Grain yield kg/ha. at four sites in Veracruz, 1973B 

8-3 Plant and ear height (cm) and percentage of root lodging 
of the varieties tested in cycle 1973A (6 locations and 
1973B (4 locations), Veracruz 

8-4 Yield of grain kg/ha. in on-farm varietal performance 
trials, NWFP, Pakistan, 1972 

8-5 Yield of grain kg/ha. in on-farm varietal performance 
trials, NWFP, Pakistan, 1973 

8-6 The yield response to nitrogen, value of the response, cost 
of nitrogen, and profit per hectare at 1973 prices for maize 
and urea and benefit cost ratios for total nitrogen applied 
(on-farm fertilizer trials, NWFP, Pakistan, 1972. No 
phosphate applied) 

8-15 



TABLE 8-1, Grain yield kglha at six sites in Veracruz 1973 A. 

Varieties Xuchil Copal 
Paises 
Bajos 

San 
Pablo 

Agua 
Dulce 

Paso 
Corieo: 

Variety 
mean 

H507 

H503 

T 27 

Tuxpefo 1 

Criollo 

3138 

2827 

2519 

2834 

2850 

1813 

2331 

2710 

2655 

5635 

4297 

4019 

5266 

3365 

1587 

2827 

1966 

2921 

6127 

5440 

4958 

3763 

4430 

45i6 

4301 

3559 

3128 

3831 

3975 

3584 

3225 

3438 

3570 

"Localities 

LSD 5% 

C.V. 

2263 

NS 

9 

2476 

NS 

25 

4516 

1377 

13 

2325 

NS 

51 

4944 

1326 

10 

3867 

1261 

13 



TABLE 8-2. Grain yield kg/ha at four sites in Veracruz 1973 B. 

Varieties 
La 

Colmena 
Rio 

Claro 
La 

Isla 
Castillo 

de Teayo 
Variety 
mean 

Tuxpetlo 1 (50000 pl/ha) 4338 3172 5587 3463 4152 

Tuxpeflo 1 La Posta o2 3965 3142 4265 4171 3885 

Tuxpeflo 1 (75000 pl/ha) 5290 2656 5701 4285 4482 

TC 17 3841 2542 4059 3973 3603 

White hard endosperm 3199 1865 4118 4410 3398 

T 27 3799 2383 5874 3793 3962 

H507 3386 1919 4563 3334 3300 

Criolo ---- ---- 3588 2552 3070 

X Localities 3981 2526 4719 3747 

LSD 5% NS NS 1622 NS 

C.V. 25 24 14 32 



TABLE 8-3. 

Varieties 
Cycle 1973 A 

H507 

H503 


T27 


Tuxpeflo 1 


Criollo 


Cycle 1973 B 

Plant and ear height (cm) and percentage of root 
lodging of the varieties tested in cycle 1973 A 
(6 locatidns) and 1973 B (4 locations),Veracruz. 

Tuxpeflo 1 (50000 pl/ha) 

Tuxpeflo 1 x La Postao 2 


Tuxperno 1 (75000 pl/ha) 


TC 17 


W.H.E.o 2 


T27 


H507 


Criollo 

P lant Ear Lodging 
height height 

cm cm 0 

268 169 8
 

264 167 13
 

246 140 15
 

216 127 6
 

315 203 30
 

249 145 9
 

253 153 7
 

256 156 ' 6
 

229 118 5
 

271 161 13
 

270 153 13
 

262 157 20
 

335 210 
 75
 

8. 18
 



Table 8-4. Yield of grain kg/ha. in on-farm varietal 
performance trials, NWFP, Pakistan, 1972 

District No. of Variety 
trials 

Zia Changez Khyber Local 

Peshawar 6 5000 5200 5600 3500 
Mardan 12 3900 4600 5300 4300 
Kohat 2 - 3000 4000 1606 
Bannu 4 - 5200 4100 4200 
Swat 5 - 7900 7900 6600 
Hazara 10 - 2100 3500 3700 
D.I. Khan 2 - 3400 4300 2200 
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Table 8-5. 	 Yield of grain kg/ha. in on-farm varietial 
performance trials, NWFP, Pakistan, 1973 

No. of 

District trials 

Shaheen Zia Changcz Khyber Local 

Peshawar 4 - 4100 4300 - 3900 
", 5 - - - 5100 4300 

Mardan 8 - 3900 3900 - 3600 
o 4 - - - 4600 3700 

Kohat 3 5900 5500 5700 - 2900 
Parachinar 1 4400 5300 5300 - 2200 
Upper Swat 6 7300 8500 8900 - 6700 
Lower Swat 3 - - - 6300 6800 
Hazara 10 - 3000 3800 - 3300 

3 - - - 4800 4200 
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Table 8-6. 

N Applied 
kg/ha. 

50 

100 

150 

The yield response to nitrogen, value of tile response,

cost of nitrogen, and profit per hectare at 1973 prices
 
for maize and urea,and benefit:cost rttios for total
 
nitrogen applied (on-farm fertilizer trials, NWrP,
 
Pakistan, 1972) No phosphate applid(
 

Response to N Value of Re- Cost of N Profit tenefit:Cost 
kg/ha. sponSL in $/ha. $iha. Ratio 

$ /ha. 

795 53.74 11.89 411.85 3.5:1 

1,290 87.20 23.78 63.42 2. 7:1 

1,590 107.48 35.67 71.81 2.0:1 
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9.1 

9.0 

MAIZE PHYSIOLOGY 

by 
Peter Goldsworthy 

INTRODUCTION 

CIMMYT's physiology program investigates genetic and en
vironmental factors that now limit maize grain yields. The identifica
tion and understanding of these factors provide a framework for devel

oping improved genetic research and selection practices. 

Fig.9-1 shows the relationships between breeding, physiology, 
and agronomy within the program. Because of the nature of the mea
surements involved, it is impractical to examine the limitations of 
more than a small fraction of the wide range of breeding materials; 
thus, materials must be selected carefully. It is expected that most 
future selections wiil be made on the basis of data from experimental 
variety trials that have been conducted over a broad range of environ
ments. The proposed structure for multi-location tcsling also will be 
used to ,omplement studies on plant responses to the environment. 
Since CIMMYT materials are selected under good management (well
watered) conditions, additional studies are planned to evaluate these 
materials under dry-land conditions. 

The program described next consists of three main parts: 
(1) studies of factors that determine productivity of maize grown under 
non-limiting cultural conditions, (2) studies of maize development in 
response to the environment, and (3) studies of maize response to water 
stress. An account will be given of some of the work that has been com
pleted in the first part of the program. In developing the other study 
areas, an attempt is made to indicate a probable order of priorities 
that will make best use of the limited resources available. 
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9.2 PRODUCTIVITY STUDIES 

9.2. 1 GRAIN YIELD IN THE TROPICS 

Estimates of the mean yield of maize grown in the three 

main climatic regions of the world are: (1) temperate regions, 

3.5 tons/ha. ; (2) subtropical regions, 1.8 tons/ha. ; and (3) tropical 

regions, 1.0 ton/ha. (World Production Figures (F.A.O., 9 )). 

For the temperate region, some of the highest yields re

ported are from the United States, with maximum values of 19 tons/ha. 

(Cuany et al. , 7) and yields of 10 tons/ha. are not uncommon (Frey, 12). 

In tropical latitudes, most of the high yields reported are 

confined to intermediate or high altitudes: 12 tons/ha. at Salisbury, 
Rhodesia, 18°S latitude at 1,500 m. elevation (Allison, 1); 10 tons/ha. 
at Kitale, Kenya, 2°N at 1, 890 m. elevation (Harrison, 15). 

Highland varieties in Mexico will yield from 5 to 9 tons/ha. 
with good management. The corresponding figures are about 2 to 
5 tons/ha, in the lowland tropics. 

9.2.2 CROPS AS SYSTEMS FOR PRODUCING GRAIN 

The economically useful part of a cereal crop is usually the 
grain. Because grain is a particular fraction of the whole plant, grain 
yield will depend on processes affecting (1) total plant productivity and 
(2) those determining the distribution of this material to, and storage 
as, grain. 

A sensible approach to increasing yield must be based on a 
knowledge of those factors which determine the capacities for storage 
and supply. Because these processes are dynamic and may be inter
dependent, information is required on what changes occur throughout 
the growth of the crop, how these changes respond to the environment, 
and how they are related to final yield. It is useful to consider the 
crop as a system to supply assimilates, the main source being the 
leaves, with a series of sinks where the assimilate is used initially 
for growth and later for storage as grain dry matter. 

The source (photosynthetic system) can be described in terms 
of: its size (leaf area index, L), duration (D, the integral of L over 
time), and its efficiency, which can be measured as net assimilation 
rate (E). Thus, L and D will depend on the initial plant population, the 
rate of leaf development (which is largely dependent on temperature), 
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and the incidence of leaf pathogens. The efficiency of L depends on its 
spatial distribution and arrangement and the radiation environment. 

The crop growth rate (C) is the rate of increase in dry weight
of the whole crop and is equal to the sum of the growth of all sinks. 
After anthesis, the major metabolic sinks are the developing grains; 
thus, the capacity for grain storage will be determined by their num
ber and potential size. The potential for grain storage, then, is de
pendent on the rate and duration of the development of spikelets and
 
the young fruit. Realization of this potential will depend oil the sup
ply of grain-filling assimilates.
 

An ideal crop would be one in which the size and distribution 
of L is such as to use all available light efficiently, with sufficient ac
tive sinks to use all the carbohydrate produced. The expenditure of 
dry weight on parts of this ideal plant, other than the grain, would be
 
no more than is needed to maintain an efficient canopy.
 

9. Z. 3 SOME RECENT CIMMYT STUDIES 

Some of the studies that have been carried out during the
 
past three years in the CIMMYT maize program are summarized here
 
to illustrate the methods being used and the results obtained. A more
 
detailed account will be available in two research reports that have
 
been prepared and submitted for publication (13, 14).
 

9.Z. 3. 1 The Growth and Yield of Highland Maize 

The first of the above reports (13) describes experiments in 
which the growth and yields of five highland varieties of maize grown 
at El Bathn, Mexico (2, 250 m. elevation), were examined and com
pared with those of a high-yielding hybrid (SR52) grown at a similar 
latitude, but south of the Equator (180S), at Salisbury, Rhodesia 
(1,500 m. elevation), as reported by Allison (1). 

Grain yields of the Mexican varieties were between 4. 7 and 
8.8 tons/ha, compared with 12 tons/ha, for SR52 (Table 9-,1). 

Total crop and grain dry matter accumulations over time for 
SR52 and for one of the Mexican highland materials (H. 28) are shown in 
Fig. 9-2. Total dry weight (23. 5 tons/ha.) was similar in the two crops 
and increased with increase in plant density in H. 28. Maximum dry 
weight was reached at harvest in SR52; in H. 28 it was reached before 
harvest. Fig. 9-3 shows crop growth rates (C) and grain growth rates, 
derived from the functions describing Phe dry weight changes of crop 
and grain, respectively. 
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In the Mexican varieties, crop growth rates (C) increased 

maximum of between 25 and 35 g/mZ/day at silking and then deto a 
clined. Grain growth rates (maximum, 21 g/m2/day) exceeded cur

rent C during most of the grain filling period. After silking, when C 

dry matter accumulated in the was in excess of grain growth rate, 
600 g/mZ. Later,stem and husk resilting in an increase of from 200 to 

as grain growth rate increased and exceeded current C, some of this 
stem weightaccumulated material was incorporated into the grain and 

decreased.
 

To estirnate the probable magnitude of the storage and re

was divided into threetranslocation involved, growth after silking 

of the dry weight changes that occurred in theperiods. Examples 
three periods are shown in Fig.9- 4 . In the first period, before dry 

weight increase in the grain began, assimilates accumulated in the 

stem and husk. During the second period, the crop dry weight in

increase in grain weight and the differencecrease was larger than the 
During the third period, therepresents further storage in the stems. 

in crop dry weight,increase in grain weight was larger than the increase 

and the difference provides an estimate of the probable contribution to 

grain from material that was retranslocated. 

The smaller grain yields of the five Mexican varieties, when 

compared with the Rhodesian hybrid SR52, were associated with smaller 

grain growth rates and a larger accumulation of dry weight after flower

ing in other parts of the plant, mainly the stem and husk. Direct mea

surement of the percentage sugar in the stems of some of these mater

ials in the field in 1973 indicates that much of this change in dry weight 

is due to the accumulation of soluble solids. 

Allison and Watson (2) have shown that when the grain sink 

is removed by preventing pollination, the dry matter that would have 

passed to the grain accumulates in the stem and husks. They also 

found that when the source of assimilate is restricted by removing 

leaves, stem weight decreases as previously stored dry matter moves 

to the grain. 

The pattern of growth and dry weight distribution observed 

in the tropical varieties described, and the accumulation of sugars in 

plant parts other than the grain during the grain filling period, strongly 

suggest that the capacity of the grain sink is limiting gr in production. 

Table 9-2 shows the proportion of the total dry weight of the 

crop that is partitioned into grain (harvest index). The values are 

based on the dry weight of the. crop at grain maturity. In most cases, 

maximum biological yield was attained prior to maturity (see Fig. 9-2). 

The harvest indices shown may thus be overestimates of the true par

titioning of the total biological mass. The mean value for the Mexican 
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material grown at two plant populations was 0. 35 compared with a value 
of 0.53 for the Rhodesian hybrid. 

9.2.3.2 The Growth and Yield of Lowland Maize 

The second report mentioned earlier (14) describes experi. 
ments in which three tropical varieties (TuxpcfIo, Tuxpefio x Eto, and 
Compuesto K) were studied at two sites (Tlaltizapdn, 940 m. and 
Poza Rica, 60 m. elevation). 

The grain yields of these three varieties are shown in Table9
2. Yields were larger at Tlaltizapain than at Poza Rica. At both sites, 
Tuxpefio yielded more than either of the other varieties. Yields in
creased with plant population up to 150,000 plants/ha. 

The accumulation of total crop and grain dry weight over time 
is shown in Fig. 9-5 for Tuxpefio and in Fig. 9-0 for 'I'uxpel'j x Eto. 
All of the varieties produced less total dry weight at Poza Rica than at 
Tlaltizap'an, and this difference was mainly in dry weight accumulated 
before flowering. Thus, at silking (94 days after sowing), the crop at 
Tlaltizapan had produced between 1,200 and 1,600 dry matter g/xn2 
(depending on plant population); the corresponding values (silking 78 
days) at Poza Rica were from 800 to 1, 200 g/mZ. The smaller dry 
weight at Poza Rica was due to a shorter growth period, since crop 
growth rates were similar (Figs.9-7 and 9-8). Maximum g:-owth rates 
of about 35 g/m2/day occurred 75 days after sowing at both sites (this 
coincided with silking at Poza Rica, but was 12 to 14 days before silk
ing at Tlaltizapan). 

Analysis of the dry weight changes after silking was made in 
the manner described for the highland varieties (data not shown). This 
analysis indicated that, immediately after silking and before grain
growth began, the accumulation of dry weight in the stems and husks 
ranged from 150 to 250 g/m2 at Poza Rica and from 200 to 350 g/m2 
at Tlaltizapan. As with the highland varieties, there was further, sub
stantial accumulation of dry weight, mainly in the stems after grain 
growth began. Only part of this stored material was eventually trans
located to the grain. Harvest indices for these materials ranged from 
0.26 to 0. 36. 

The patterns of growth and dry weight distribution observed 
in the tropical varieties studied so far strongly suggest that the capacity 
of the grain sink is limiting. This is further illustrated in a series of 
graphs prepared by Dr. W. Duncan in which he compares data from the 
trials at the three sites in Mexico (El Batan, Tlaltizapan, and Poza Rica) 
with that for a U.S. hybrid (Pioneer 3369A) grown at Wooster, Ohio (8). 
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1,3f I The graphs (Figs. 9-9 to 9-11) show dry matter accumulatelon 

plotted against accumulated degree days from planting. 

Ear growth and yield of the U.S. hybrid and of a highland 
material (Hlidalgo 8) grown at El Batan, wex,'r similar, but stem dry 
weight was much larger at flowering in the highland material and more 
dry weight accumulated in the stem after flowering (Fig.9-9). The lar
ger total dry weight at El Bathn was associated with high radiation. 
The evidence inlicates that potential yields at El Bathn are probably 
much higher than the yields actually attained and that yield is limited 
by the capacity of the grain sink. 

Stem weights of Tuxpefio at Poza Rica and of the U.S. hy
brid were similar, but ear growth rate and final weight of the ear was 
much smaller in Tuxpefio (Fig. 9-10). At Tlaltizapan, Tuxpefio had a 
lower rate of ear growth, as well as more dry weight in the stem 
(Fig. 9 -11). 

The evidence suggests that total dry matter production is 
not limiting, and that net photosynthetic production compares favorably 
with that of U. S. hybrids grown in temperate regions. Maximum crop 
growth rates (C) were approximately 35 g/m2/day at all three sites in 
Mexico, compared with peak growth rates of 49, 40, 32, and 28 g/m2/ 
day for maize grown in the U. S. A. , as reported in the literature (26). 
This represents an efficiency of conversion of visible radiation into 
dry matter (assume 4,000 cal/g dry matter, visible radiation 45% of 
total) of 5. 5,, for El Bat'n, 7.2% for Poza Rica, and 5. 1% for Tlalti
zapan, as compared with U.S. values of 4.6 to 6.4% (2 6). Thus, the 
process for the accumulation of total biological mass in the Mexican 
materials seems as efficient as those of the higher grain yielding U.S. 
types. 

9.2.3.3 Suggested Courses of Action 

CIMMYT's breeding program is using the information now 
available in an attempt to overcome the shortcomings of Itropical mat
erials in the following ways. 

(1) Sources of U.S. and tropical germplasm are being com
bined to determine whether the pattern of growth and distribution ob
served in high yielding U.S. materials is heritable and can be intro
duced into tropical material--and conversely, whether the disease and 
insect tolerance of tropical materials can be introduced into the U.S. 
germplasm. 

(2) Breeders are exploring more fully the potential for im
proving the yield of early trcp;cal varieties which exhibit a more fav
orable pattern of dry weight distribution than do the traditional, tall, 
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late, tropical materials. Since IM-se materials perform best at high 
plant densities, observations t high plant populations also art being 
incorporated into the sele.rici, procedure of fhe breeding progratnt. 

(3) The incidenz.',: of barren plantf, at high pcpuladons hae 
been identified in Ohe grc' t etudieti a'. ,Ln important factor 4,iting 
"sink" size of the crop, par,..-_,Iarly in re lowland tropics. Prepar. 
ation has begun for proge',y t'stnfg of t*,- advanced unitof the breed. 
ing program at high populat.ors a i e. rnea nb of identify"&g and .-,mjnat
ing families with a high frequec) of barren plan-.ts. 

(4) There is evidence tat there may bea -.aisal relatior-3hip 
between stalk-rot resistance and the -,ccumula'.IG of soluble auliel in 
the stem. Koehler (17) states that thiere is stong evidence that F'gUss.. 
ceptibility is associated with high yield potential (i. e. , plants th.A ap
pear to be more active in translocating sugars from the stalks to the 
ear). Since one index of storage limitation by th2 grain is an accumu
lation of sugars in the stem after flowering (Fig.9-9), there is a need 
to evaluate the effects on sink capacity of selection for re'istance to 
stalk rot. And, because there are other aspects of stalk rot resistance 
(biochemical), it may not be incompatible to select for both resistance 
and high yield potential. While a consideration of resistance and yield 
in selection procedures should obtain this information, there may be a 
need to develop a non-dectructive field technique which would deter
mine sugar accumulation as related to "sink" capacity. 

(5) Growth analysis studies are being continued and serve, 
in part, for the training of production officers. Trials currently being 
conducted by trainees address themselves to two questions: Are there 
differences in the growth and dry matter distribution in U. S. hybrid, 
U.S. varieties (open pollinated), and tropical materials grown under 
the same environment (free of pests and disease)? What has been the 
effect of selection for plant height in the tropical materials on the dry 
matter distribution pattern? 

(6) Continued study is planned for some of the current, elite 
experimental varieties of the program to evaluate the magnitude and 
direction of population improvement. 

(7) These current and future studies differ little in procedure 
from those already described. However, in the studies summarized, 
the analyses were of the crop and did not distinguish between producing 
and non-producing (barren) plants. Some of the increase~in stem dry 
matter, which has been used as evidence for a storage limiting process, 
is due to the presence of barren plants in the crop. For a better under
standing of processes occurring in the individual plant, fu~ture analysis 
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will separate changes in dry weight that occur in barren plants from 

those that occur in plants with ears. The soluble solid content of the 

stem, along with dry matter will also be measured. 

(8) 'lh results of' the ,S;rowth analysis indicate a need for 
of the fe inflormalefurther studies on the control and development 

escence (as the grain storage site). An understanding of the control 
asand developizir nt of the comfponents of yield (and thus the grain a 

the develmetabolic "stink') will initially in-volve studies to describe 

inflores ,eces. These will be followed by studies toopment of the 

ascertain the critical Hta;,es for this developmetlnt and how the environ

ment and regulate thr dimtrIbution of a.-,11mllatesinternal plant fCa tort 

to the developing inflorescence. 

(9) A macroicopic (length and dry 	weight) dea ription of 

the 	development of each of the side mer istem (potential ears) has 

be analyzed. A familiarizationbeen made, but the data has 	yet to 
his begun to do1 tIent the beginningwith microscopic techniques 

of apikelet primordia differentiation and the rate and termination of 

the laying down of spikelet prirnordia in the lateral meristems. 

(10) In conjunction with these descriptie analyses, studies 

have been designed to manipulate either the pkiet or its enviro-nrnt 

to provide differing amounts of assimilates at various plant develop

mental stages. The first two trials of this kind were completed during 

the year: one at Tlaltizapain. the other at Poza IHica. To study the 

effect of plant population on the components of grain yield, two varie

ties were grown at 33, 66, and 133 thousand plants/ha. Ears from 

plants grown at any two populations were compared at harvest "with 

from plants in stands which had been thinned from the higher toears 
the lower population, to determine how plant population affected the 

number of female flowers formed at initiation and the number that per

sisted at anthesis. Comparisons were made at three stages of growth: 

at initiation (30-35 days after sowing); 6Z days after sowing; and at an

thesis (95 days after sowing). Analysis of the data has not been com

pleted; however, preliminary results from trials indicate that grain 

size tended to decrease with increase in plant population- -although 

more than 80% of the differences in yield between plant populations 

were accounted for by differences 	in the number of grains per plant. 

The decrease in grain number with increase in plant population (from 

680 to 303 grains per plant in Tuxpefio-1 at Tlaltizapan) seems to be 

due to a decrease in the number of ears (from 1.5 to 0.87 ears per 

plant) and in the number of grains per ear. The tffect of the thinning 

treatments in these experiments suggest that plant population had little 

effect on the potential yield per plant up to 62 days after sowing. The 

yield per plant was similar, whether a stand of 33, 000 plants ha."1 was 

obtained by thinning from 66, 000 or 133, 000 plants ha;" 1 up to 62 days 

after sowing, or was established at this density. Competition in the 
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second hal of the period from initiation to anti- esis affected grain 
than in the first half of the periou.yields more 

attidies are being tarrled out at Tlaltizapin(11) Currrntly, 

to further manitilihc the plant- . virotiment during 11,,v deve' opmentall 

stage shown to be most rrapons in,'. Planth art, ,lig txpotcd perma

nently (thinning) nd te mpo r, l (tr,- isli, ti t t,,.h)(,-mg pl. s) to 
it, beinghigher radiation. Competktlio brtv t$,1 ds iceloping niv, htorlin 

altered by the aturgit al renio~al of either the mal- ailorra(t ,-lt v, or 

one or more ()I the, lateral iieriatt-,,m. tiv , fl,( I oI IliCbt" 	 i)dft,pula

t' will tetions on the raie of de'velopvm rnit .lild 31"e tif4elt olnpoie, 

measured. 

ioo 0gt.l4 ruit ahb)t 1.1ted with(H ) Morphological and ph v a 

high.densty 	tolerance to ba:rein,'u nt-,'d to be itsflifi te for tue am 

itiira r, . Attld r.lion H) 11.4h aselection Indices in the hilgh-deniitv ug. 

seated chara( ter of tanarl ,i/.e, milkitig etil.a , nndtlt-.tr. oi similar 

size at arthetts iand h'lli' 1gt.o t, thr., dlyN ,-i,hV.,ne)f'" h, .tntd Igj~h 

ear placr rnent to bc a hociat el wit), tl)erantt c. 1 1,4 1 Il.-, 1- o, tit mani

pulations of the n rcrltetfins on hoti,- of tlivie i h,rat t.-rh -ill Iw examited. 

There is a need to uittdermtaiel tht role 'it Ili .ptiil itm-rister. 

the numiber and rate of deviel|ip menit of late r.11 me rluterms.in determining 
Some parts of this researci should perhapts bv condcte'd by other re

search centers. 

9.3 MAIZE RESPONSES TO THE ENVIRONMENT 

CIMMYT is concerned with the development of widely adapted 

-iet the viri . l c lint- - requirements ofmaize varieties which will 


the world. To obtain ni ore information11 I ,w,-.iof maie
.he adapta. 

tion, a study is being made of the eff(-( t:, mit m.i/. devclol) ent of vari

ation in day length and temperatutre with ,tmi 11,idi ,itv. Most of the 

are being made at three main e'xI)wr i qtAttal()is i Mexobservations 

ico at approximately the same latitlde (abouit 20oN), but difring, in
 

altitude. Limited additional observations have bee, taken at sites 40 N
 

in Colombia in cooperation with CIAT, and at 40ON in cooperation with 

Purdue University. 

the intent is to describe how the developmentalSpecifically, 
and time to initiation, silkcharacteristics (leaf number, plant height, 


ing, and maturity (black layer)) are related to the environmental factors
 

(temperature, radiation, and photoperiod). Information of this kind has 

thebeen collected for a number of CIMMYT materials and others during 


past two years and is now being collected for all of the 28 populations in
 

of the data now availthe advanced unit of the breeding program. Some 


able was shown earlier in the Symposium (p. 6-4), with an indication
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be used to construct a predictive model thatof how we believe it can 
basis for selecting materials likely to be suitable to a

will provide a 

given arca.
 

will be made of the 	nu)mber ofAdditionally, ,bte'rvations 

rate and dization of spikelet differentiationlaterail meristerns and !he 
for a selected few of tLe materialti now in the phenoof the merinterra 

logy study. Sticii inforrnation will increase underl.tlding of the environ

mental effe(t., on tht- development of the grain etorage caplacity of the 

plants. 

vie development ')ft 	 4 mytite'-iitait a alhlyiiH ot , rietal adap. 

Idetilt .ttion of latcri.ilh, or groups oftation (see t.0) shoull 1eaid to 
to ernvironnientb,. Tlhe r -xt logicalmaterials with differing renl itieh 

wc dullbe to atleml npt to identify th" pcl( cnvironnientalef
development 

factors associated with the rrmpoiit*es aid to onderstanl thr Inorpho

whi h a re the base-tj of thr differentlogical anid physiologic all procesnse 

responses of the materialn. 

For the ptirpo eli of this 1i' d of tily. nomTel mmiritimi of 

h. net-de'd to nte, ribe the ,nvironmn'IIt ofmeteorologli, al data will 

each test site. At many of the lota;tont where CIMMYT tria;!n are now 

conducted, this mininouzni often in not av,tvmaill. RC mote nenning tech

niques (earth resnourcen satellite s) mriy I),-a noorce of this kind of in

formation in the futtire. 

We are only niow ieg ntili to devel)o the part of th" program 

that is described intlhini nection, th ti the nmeceniarily brief 1('Count. 

However, as the inte riiiional series of rlirgiy tenting ailii experlmen
ratal variety t entiig trials are estabi tshed, it in expe ted to dlevel op 

pidly and become one of the most important of CIMMYT'N maize phy . 

siology activities. 

9.4 MAIZE 	 RESPONSES TO WATER STRESS 

been asked: l)o GIMMYT materials, selectedThe question has 

under good management and well irrigated, withsltand water limitations 

as well as locally adapted materialst or materials developed under less 

favorable cond itionn ? 

Phrased another way , the question becom 'rs In there a loss 

of genetic potential for wide adaptability to dryland conditions due to our 

present breeding and cultural practices? 

In response to these questions CIMMYT plans to pursue two 

the first is concerned with obtaining mea.main lines of investigation; 
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sures of varietal adaptation to environments of limiting moisture; 
the second iF to study the morphological and physiological processes 
associated with differences in vari tal response to drought. 

Levitt (20) (ht crib.-d the rTechaui,niti by whit h )plaritts resist 

drought as droug ht escapi,, drought avoi(la( c, an(] ,lroutgh tolerance. 
Avoidance nw( haninis hWludc lnly riiaw.ki, of in ,titnaiainiti a hivh water 
-content ini tistkit', wh-ther by the .,tldlhy t, o htain l iori, water 
or by the .,bility to r'Iu( t, wat,.r l,,.l,. f)ru, tol r;an ' is ttil 
ability of the" tluti to . va+. <t, ,I , .tioou (,llh.,i, '.7). T1hi., termi -ii 
ology has bee.n adopt-d in the at ( ( lit h ii toll,'(,I.t 

9.4. 1 MEAS(UREM f*:NT OF"VAPIIETA l ADAPTATION TO
 
LIMli' ING MOISTRIE
 

Drou ght e w naayt bt otli ,)f hei m. t important mec hantsms 
of adaptation t,) Iitint la, rmobititry, t hat CINIMYT Nhoulud explore. In 
many tropth i tloti.ioi ( linaten, the probability of droulght incidence 
Is oft~ii g!reitehl -at the biJlgitiing and end (f tw m ,'am. "Improved" 
varieties that ,arc I.,ter ii.ttiiriig that he I,o .l, fraohitiorial variety, 

are ofteni il att , c-pt. l, 1o theic 1.rt1 - ! for thoP l-V.1ihol,. I heir loiger 
growing meation ineannt i that ther. i n la li m rrai, (I rihl' that OilN., rt 

the crop that foll(wo then,,xw ll hv .\Iot, (II' ight. aI',o1 to .tird other 

evidence nuggesit th;it moor,. Itort to ol,v, rititd t , ,var, varieties 
and the tnnan+;u t' wnt pra(tIft l tof vo,,()with th,-'.) ,Ilj hw ill 4 fft tive way 

of reduciig, ihl- lontseoi ca iNm('I by phm.p tll' It! i o(mimomn Norin of 
drought in n.my( of the t mijliltri')'n where (IMM Y F in wo rkini.,. 

1ff' dihifeont Tlofthourrok li miinp r'mou~tyjoo. x riv, irfmimi inter
actions to prove,! + r'titilitt t- t)f V,it ilto, ,ifldit.ItIlit %Yer, iha u('msed 

earlier (,,'e'I t p i (.0). ()Ill' .lji rot h to i1,, ,t* iriig *.il alt ioln to
drylanid ( o lditimim, ii, pivv.,, ljy lt (19). 114- mw, ] .i ril,rvr' ii+ni t 

tanalysis with ot(tft fr(imti Iil- ,x th I. S. ' '. I1, " t le lian.tt'r' hll,:#c sites 
that hadI irrigation, o)r ricvfrt, biologit , tl ilftio (Ataim,'.ooo., f',trene 
tem peratu ren). IHo' ,' o fI ,thit f l l.1-w I .I'Ill 'tifi, I . t 'ath of the 
ren itIring tiff's, ifO f' ive' (if %,if wf .e' rvp i ett' t ioliuimfiimT1J'lo fl 
genetic litmitation to yielI; anl thim wains t rt fHt ,'ll' i I indlicator 

of the rivirotimiiti lt il Iiimoih, tior,. I herov wa,, tst ro i, , i ikitui i bea ]. 
tweent mlaiXatwnum yield and . ''tt tioiial, rain all a I i,. . site,, 9l,$'jv tlnug 
that availability of w;ter w;ani 1 i,il pr liit,,itg fat tor. lie o,,liileld 
that the idapitation *tinlyiii (liciatr r,'gr' miloim) t)f this cl.tit ( ould pro
vide informna tio alot ti)4' i fi t Jatti)laIio to ft ry!;ti o t i ofiIot lO S. 

Whatever techniqle is ifted for t v ,tialysin of varietal re

sponse to environment, there is a iteed to characterize the environ. 
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to crop growth.ment in terms of water availability and to relate this 

used by Laing (19) is an extremely crude index.Season rainfall at 
to be nearly sufficient basic information inAlthough there appears 

21 ) tothe literature (Penman et al. , L2; Tanner, Z8; and Penman, 

to plants from soil and meteorologi.describe the availabillty of viater 

cal data, there a e few examples of studies wlhere tl,cre ctstiinates 

have been related to crop productivity. Van Bavol ( 4 ) and others 

have used rainfall and poteiitial eVa)otranispiration data estimated 

from temperatrre (Thorrrthwaite, 2)) as well as plant-available soil 

moisture holding ( apa( ity, to calo!tilate a wat.r budget and predict 

occursthe occurren(" (Aodrought htres day-,. (A dr,)ught tr(l, day 

when potent ial evapot ranspil ;ition tx'cC availa ie tol iI o ture). 

Sopher et :il. (?') examined the relationship betwen ''drought stress 

days" at fo ir ,evvlopmiental tit.1ge and mnai/. ), rain yield. 'I he poly

nomial regret (ions(ieh( ribiig Hts r.latloslhip for cacti growth stage 

were thei t t)o ., e i ''(roughtp.ll ide vv)htcd equ;tioni to t 

I hus, it it; featible to ( tar.rc tcrid:, the effectiveIndex" for the ( rop. 


water envirotitvieiit in terir s of a stinglc ( liineitit %,riahle froml a (.on

sideration of soil .tnd limited ineterologi( al d;italrom the: .,st site,
 

plus a knowledge of ttie ropm retiponts to limitin nioisturv At the var

ious developmental stage.
 

Some i-teorologic oil data will be W,.i,,d(l tW diet ribe thr test 

environments in te'rmsi of availability of ,noimiturc-, if CIMMYT is to 

use the data that ito f(,r ived frorm progeny atrid varilety trial:t as a Lource 

of information on 'arivtal ailatatio to eivironititint of limiting mois

ture. For tiouie titerii, good weather re ordt exii)t, huit there will often 

be problemn of lit( I (d iniformity or insi( ( esilnlity (oI data. For many 

other nitem, it maiiy beh ne.( euary to vit,|ibliih siimlple meteorological 

stationn to (i)li'n t ths- data neded. I) thit .evvnt, tliv studiesi described 

by Fitzpatri( 1, and te rn (II), iii whi( h they (.ornider the minimal instru

mentation ivled ed to 4 om)Lut- pote('ntial evapotranspiration, would pro

vide a unsful gu.ule. 

Approplriate tuieteorological data, in onjunction with results 

from studi s relating phenology to the environment, -an provide a basis 

for describing rnvironments in terms of drought. Similarly, reliable 

long-term weather data, when available, is basic information that can be 

used for the following ptirpotien: 

i. 	 To detertnine the feasibility of maizc production using 

present genotyipei for new areas. 

2. 	 To design new syi'temns to escape drought in traditional 

areas. 

3. 	 To aid the interpretation of results from regional and in. 

ternational trials 
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4. 	 To estimate the probability of reduced yields, and there. 
fore risk involved in production. 

9.4.2 	 PHYSIOLOGICAL PROCESSES ASSOCIATED WITH
 
ADAPTATION TO LIMITING MOISTURE
 

Studies of 	the physiological processes associated with plant 
response to water limitation ar1W curretntly beitr Cn,li('te(l to;- a limited 
number of the highlant stirl lowlanid tropical material". Anl miderstand
ing 	of tLe response. of a few nmaterials, conmon to all ,f thte multi
location tests will il the anialysis ill(itrtriiretati)i o (dLtai o1 ,adap
tation to drylatid (tmrditionri. "1he" |pre', t ,ti ie *l,o pi cr the oppor
tunity for 	CIMMYI' ,taff to be (onii. tirla liar with ll. \01 th will 
be used to 	ex.rnnie he-j"hyiol ,i(ail an(Id rorphol,,i al prot ,,ises 
which are 	associated with drylatid a(da tatiloi , it awtl w\ven difio-rent 
varietal responses are identified. As. d(ismcn-ied earlier-, the.s re
sponses car. be consid.red ati drotig hi avoidance or drotlght tolerance 
mechanisms. 

9.4.2. 1 )rought Avoidance 

Plant water stattliu is controlled by the soil water potential,
 
by the series of r'tsiitanten to water movement in the soil-plant.
 
atmosphere cateniary and, particularly by the evaporative power of the
 
atmosphere (Cowan, 6). Thus, plafit water potential (*) is described
 
by the function:
 

l plant f(*soil, €atmosphere, a soil-atmosphere) 

At constant soil and atrnospheric water potentials, differences in 
plant * between genotypen will refle( t diffe'renice in R, described 
here as drought avoidance ritichanisirin. 

CIMMYT will tlitpt to evaliate the rol, if sorne of tile 
various component resistance ( RHsol, Plpl;ra{i, lHitoilr-te) to water 
movement fron the oil to the atinotlherv. i tropical tai/e. The 
first experimnent in which thi tiWall ,tt.rnlpel d wa at 1i'1liat"In in the 
summer of 197 . The airn wan niairdly to d,.vlol 1e hiiirpie,-i, in pre. 
paration for c(ontinuirip the work at Tlaltiza)rn io ti followihg season. 
The preliminary resilts Fitigget 01o ir iet itri differem emi between 
varieties. A brief umnimary of nor-,, of thene requilij iii given below. 

Stonmatal I enisitatice (lri): The relattorfi lhips betweern water 
potential of the leaf (leaf W) and tstoniatal reni Stanc (Jls) for five geno
types grown at El Bathin are mhown in Vig.9-I2. In uinrg this kined of 
Information, it is necessary to consider what characteristics are de. 
sired. Thus, a genotype in which the stomata remain open (low resis. 
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tance) at low water potentials (higher negative values) may have an ad
vantage in a non-protracted perioud of drought stress. When stomata 
remain open, they allow for diffusion of CO for photosynthesis and per
mit cooling of the leaf (trar,piration), but this is at the expense of water 
use. The variety Zacatecas 58 behaved in this way, whereas the stomata 
of the Funk hvbrid (U. S. hybrid) c!osed sooner in response to an increase 
in leaf wateT stress. 

Plantl esi tan(, (Hp): Sedgly et al. (14) described a field
 

technique to ncasure the resistan(, e to water flow floil the sol to the
 
plant leaf (Rsoil + l1plant). At E Batain, ninasirc in tismade with the
 

soil at field capa( ity (lHsoil - 0), proviled call mates of Hplant for the
 
five varietieS lilt luded in tit- study (Table 9- i). Apain,th.rv is vidence
 
of varietal differe nce'. A high resistaticu to watcr iovemt e nt within
 

the plant is another nechlilalinsr by which the plant anll(ont rol trans
•piration. Thuma, Zat atet.as ') Gnht which mtoinata remanl'I I ope l at low 
water potentials) exhibits a high plant reti|stan e cotnlvertiely, the Funk 

hybrid exhibits a low re i stance. 

Soil Reaista, e (s)" As the tiol drt-i , the magnitude of 

resistances l soil + liplant increa se die largely to a cha .ge in Rsoil.
 
t
Rsoil will depend on the soil water po e ntial (soil * ) profile and the 

depth and proftunmest i of plant roots Meamarennentv of R ioil for var
ieties grown under tine S.ttii "oil water tonditions will r 11e- t varietal 
difference in root fuiatonality (with retilpet to watt, r uptak e). An be
fore, we tived to (onsider what (liara( teriti(., ar, d.csired. Under 
moderate drou.ht or inshort, sever,' drought, tihe proftlse root system 
may continue to provi(le' water to the shoot, whereas, in a protracted, 
severe drouglht, it iiiay exhatust the available moisture and succumb 
to drought (Sullivan, 17). 

9.4. Z. Drotght ' olerance 

l)rought tolerance includes the plants' ability to survive dur
ing drought, thei r ability to endure drought without injury (which im
plies the capa ity to rstiume growth, development, anti reproduction 
after relief of drou ght), and efficiency in use of watter. 

(NOTE: 'l'lim inechanismrns of drought tolerance relative to 
survival are not dealt with lere. 'I ie.P -ograrno ill concerned with only 

those properties that can enhance survival, without loss of production 
potential. In any event, where su rvival of the pCeCiHS becomes the 
relevant criterion, attention might best be given to alternative crop 
systems. ) 

The usefulness of the ability to endure drought without injury 
should be assessed in correct perspective, and this may best be seen 
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in terms of adaptability indices. Where the ratio of the yield under 
dry conditions to the yield under optimal conditiori of water supply is 
used as a criterion of this drought toleralce, the. relative magnitude 
of the optimum yield ib of importata i. J lhat is, lin thet dcfinition of 
adaptability, the genotype should flot only b. adtt)ti\,c , hut should also 
have high yield potential ""lcre iiiay be ' f'm ( ( ,tioi-, wlhtre the 

probability of drot) ,ht yc.r, I,, hiwh, ind .vh( ri, t)h'ra ,, '.- ( ()nI)i" 
risk factor such 'hat the piobabilitll of obitiiiirrg t y old it, airy, one year 
is paranOunt t,) l.),ximol 'iutt yiell In tin' lot., Itc tl). 

no i"Evaluatoion ')f g/let/.)t (Ilkl-i( h "a ]drou t'ht tolerance 

suggetted h}tle is auial(gou', to tIi, c.rlit-r tt ,t riptioii, if the response 

to drought or "dr r u lt, * i,C ( l,, ',y . " 'it, liii ', to \atl, it- the yield 
effects of low plaid wvat k r* patttial ,at varoi, rowthi .stag.s. Such an 

analysis will be ,,hotO, to 1),' an e',.ilalation I ' di might toler.'., e'', 

that is, independent of drought a.Voidan( e rnmechanistnb. (-I ht, earlier 

analysis of "drotiyht dayb" involves both inechanlitnis of tolt.r im e and 
avoidance. ) 

'he initial requi retint, then, is to dete rmint plant water 

potential. lowever, cell water potential will depend on both the os
motic potent,,al of the (ell andi its tuirgor potential. 'I tgor potential 
influences mnany girowthlprocssc.,. It m, d.sirable to mca'titlire not only 

plant or (ell water a)itertial, )'It alO onrn)oti( potential (and by dif
ference turgoil). z.: :,t,',.,tCl by thit fiju|a tii, lfor any one-day period, 

there could be a rang', of pltnt 4, , am d ti , uttuggo'sted that we 1,' 4' 

gfplant nmiinmuni, 1' plant .qulml. and the inte,rated 1P plant ((lty- 1 ) as 

indices of plant wat.r s 'tr-ts,. (Irndor a drying yt I,tIa d sir|ila- atmos
pheric evd-poratmc dla Al.ill tlheic itrailtvrs will dce rease (in

crease negative poltential)). 

'lhil, )pplroa(), v()l titti jindlm( 's, oIi plant water stressh r'ld ,a 

to yield for a lItimit.d niiihrlur of m,trotYp)" in vxpvrninu,ts coniduicted at 
CIMMYT ren, .11-( Ii ,tatian|n. p',t all bei e(hterm ied,p,)o,'tauttl in 

the field, by tli t' (, S(CliSlan(d r im -I-iire ( harniber and po',siblv by 
in situ psy(.Airuumetry (hlotfn|ian *oud loawlia;, 16#). Soil potenitial can be 

Ue' =crminvd by tenrti onieterti, reistamt|( e blot ., ,(aid the co'hination 
of neutron nioiiitiii'e mcter -mid 4,w'tua'e'-tenuniori a urve.. 

To allow a moinre iieatiin'l, il inrlerprettLtifm of the, effect of 
plant water titrev,,t; -it vtriom, dIvel()pmn ital staje', on j,,rain yield at 
maturity, CIMMY'I will ( onUid(r vi(ahal toi he dertirie,' d 1)y those pro

cesses which d .te.r imine iht ti)ip ity Ior storape (at, grain) atn d to sup
ply assimilates (for prain filling). 'liiai o-/ould appear desirable in light 

of the other physiological studies (liniitati ,n tL, yield) and their impli
cations discussed earlier. 
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Ignoring the probable interdependence of supply and storage
 

demand, supply could be measured by the following:
 

(1) 	 Leaf Area Development: Boyer (5) suggests for maize, 
development as determined by eiongat:,on of cells (rather 

than cell division) can be affected by laf W of -4 bar 

and less. This may be a temporary phenomenon, with 
adequate recovery after alleviation of stress. 

(Z) 	 Leaf Area Persistence (Firing)- Permanent loss o' ef
fective leaf area. The equilibrium leaf potential caus
ing 50% killing of the cells used by Sullivan (27) as an 

index to tolerance. 

(3) 	 Efficiency of Net Photosynthesis: The literature suggests 
that respiration may decrease more slowly than photo
synthesis and thus exceed the rate of photosynthesis dur
ing ilryinil (l,,tude, 113). 

CIMMYT choojets to use growth analysis to resolve leaf area 

Index (LAI) and net assimilation rate (E) (Crop growth rate (C) = LAI 

x E) to measure changes in tiupply. Pluotos y ut lie 1s will be impaired by 
increase stomatal re'siNtan('e to CO, difftisioti. 'I h" relationtship between 

. 

ally, examinations will he made of thr 1l,.( t of plant \%atvr potential 
on the components of storage capa( it,,. It is frequently stated that the 

tissues most injured are thosv growing the fastest at the time stress 

begins (Fischer,10). Maize has,b.el Lhown to have a critical period 

(a period particularly -iensitive to water tress) at tasseling and silk
ing (Robins and 1)oinrgo, 2.3 ) with th. nu mber of kernels being reduced. 

* leaf and ntomatal resifstance (lhs) a!o will be detern editie Addition

'Ile 	mwot prorrisitig and efle( tive strategy iii breeding for 

efficient water use would appear to be to inc rea e the pro portion of 
the 	total biological yield that is inc orporated into grain. As indicated 
already. CIMMY'I'H ria erials1 are limited by their (apacity to store 

dry 	matter as grain, with excess storage of (fry inatter in the stem. 
Research directed toward increasing the ,itorale capacity of the ear 
would benefit produ tion in both limiting and non-liriting water con

ditions. Only when the capacities to store and prodtice grain assimi

lates are in balance will there be the most efficient partitioning of 
biological yield into economic yield and thus the most efficient water 
use. 

CIMMYT does not now plan to employ techniques for the 

screening of young plants for drought tolerance. However, close 
contact will be maintained with those research groups that are de

veloping rapid indices for this purpose. 
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9.5 SUMMARY 

Productivity studies on lowland and highland tropical maize 

material have indicated that grain yield is limited by the capacity for 
storage by the plant. 

A numbez" of procedures within the main program (breeding) 
have been initiated in an attempt t,) reduce this limitation. Temperate 
germplasm, which is more efficieat in partitioning total biological 
yield to grain has been mixed with the less efficient but more resistant 
(disease and insects) tropical materials. 

High population (80, 000 plant' .a.-) nurseries will be in

corporated into the selection program, tU provide cultural conditions 

favorable to the smaller, earlier materials, and to ,elect those fam
ilies showing a reduced tendency for barren planth (more . rop storage) 
at high plant densities, 

Research continues at Mexico ,,ites to under tad the control 

and development of the storage conipocnt s ot the plant. Soin ot the 

basic information for this understanding will necessarily lia\o to come 
from other research institutions. 

The physiology program plans to use nm ich of the information 
obtained from multi-location testing of mater itls and the subsequent 
analysis of the data for varietal adaptation. Charz( tVrization of the 
environment (physically) for some sites and the identification of difier

ent responses by materials will provide the basis for understanding 

the morphoiogical and physiological processes associated with th.2 
response. Characters associated with the d-sirable response may be 

identified for use in the breeding program. 

In anticipation of the identificatmon of materiails worthy c.f 
further investigation, studies have begun on sonic of the lowland (tropi

cal) material to understand the influence of the environmental para
meters of temperature, photoperiod, and radiation on the deveopment 
of the yield components. The effect of drought stress on the yield and 
the physiological response to low water potentials also is being inves
tigated for three of these materials. 
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Table 9-1. GRAIN YIELDS AND HARVEST INDICES OF 
N 

Variety, 

C. I. P. A. 

HIDALGO 8 

ZACATECAS 58 

CRIOLLO BARAZA 

H 28 

SR 52 

HIGHLAND MIIZE EL BATAN 1972 

No. Plants 
mrn2 

4.6 

Grain 
Yield 

gin 

704 

Total D M. 
gn 

1879 

: 
-Harvest 

Index 

0.37 

8.9 874 2173 0.40 

4.5 1?61 2481, 0.31 

4.6 
9:*4 

14. O766 

4!.4 

531 
703 

473 

14392 
1798, 
1923, 

1485 

0.37 
0.39 
0.40 

0.32 

4.6 
9 7 

13.7 

-700 
886 
802 

2038 
2565 
2758 

0.34 
0.34 
0.29 

7.4 12'00 2275,05 



Table 9-2. GRAIN YIELDS OF LOWLAND TROPICAL MAIZE 

POZA RICA AND TLALTIZAPAN 1972 

POZA RICA TLALTIZAPAN 

VAR IE TY No. Plants Grain_jield No. Plants Grain Yield 
m 2 gm -2 gm-2 

TUXPEIRO 4.9 516 4.8 649 
9.6 543 9.3 769 

14.2 739 13.9 850 

TUXPERO x ETO 4.9, 466 4.8 653 
-9.6 532 9.3 812 
14.2 619 13.9 730 

COMPOSITE K 4.9 343 4.8 475 
9.3 500 
13; 9 742 

a 
tg 



TABLE 9-,3. RESISTANCE TO WATER MOVEMENT FROM THEROOT SURFACE TO THE UPPER LEAF (..). 

V a r i et y PLANT RESISTANCE (relative) 
"°Sample Date 1 * Sample Date 2 

7.8 -7.3Amarillo Bajfo 

7.3 ' 11.7Eto x Illinois 

H 28 14.0- -22.5 

- Zacatecas 58 -.. 3....3. - 21 .. 

7.5 10.1Funk Hybrid 

120 and 140 days from plantingSample dates 1 and 2. 

respectively.
 



Fig. 9-1. 	 CIMMYT miaze program organizational scheme 
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Fig. 9-z. DRY -WEIGHTS OF CROP AND GRAIN 
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Fig. 9-3. GROWTH RATES OF CROP AND GRAIN 
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Fig. 9-4. 	 THE ACCUMULATION AND DISTRIBUTION OF 

DRY WEIGHT IN MAIZE DURING THREE 

PERIODS AFTER SILKING. 
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Fig. 9.s.DRY WEIGHTS OF CROP AND GRAIN 
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Fig. 9.6. DRY WEIGHTS OF CROP AND GRAIN 
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Fig. 9-7. GROWTH RATES OF CROP AND GRAIN 
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10.0 

NUTRITIONAL QUALITY INMAIZE 

by 
S. K. Vasal 

10.1f .	 INTRODUCTION 

Maize is a 	vital element of human diets in developing coun
tries, accounting for 50 to 60% of the dietary protein. Of the total 
cereal protein production (approximately 106 million tons) in the world, 
maize ranks second in the order of production and accounts for rough
ly one-fourth of this total. 

Protein in 	maize is of poor nutritional value, because of the 
limiting concentrations of two important amino acids: lysine and tryp
tophane. 	 This imbalance in maize protein, coupled with insufficient 
caloric and protein intake, contributes to malnutrition problems among 
the low-income, maize-consuming families of the developing world. 
Though various approaches can be used to bridge this protein gap, the 
consensus among authorities is that the most feasible and economical 
solution will be to develop varieties and hybrids of maize that have higher 
protein content and elevated levels of essential amino acids. Thus, im
provements gained through genetic manipulation can provide the consumer 
with more nearly adequate amounts of nutritionally balanced protein-
without changing food habits of the people and without any additional food 
cost. 

10.1.1 	 MALNUTRITION PROBLEMS IN DEVELOPING 

COUNTRIES 

Protein-calorie malnutrition prevailing in many developing 
countries is a complex and challenging problem. It is roughly estimated 
that three out of every five people in the developing world do not receive 
balanced nutrition from the available food. Furthermore, the situation 
is more critical among vulnerable groups, especially preschool children, 
pregnant, and nursing mothers due to inadequate available food, priority 
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family, and-the lack of 
orderings in eating within the members of a 

knowledge about the special food needs of these individuals. It is well 

known that for growing children there is not only greater nitrogen re

quirements in relation to calories, but proportionately also higher re

quirements of essential amino acids than older children and adults. 

It is also well documented that a child's brain reaches nearly 90% of 

its structural development during the period starting from the last 

three months of pregnancy and the first two years after birth. During 

this critical period, malnutrition causes a high mortality among young 

children, limits physical growth, impairs and retards mental devel

opment of hundreds of millions that survive and in turn reduces their 

productivity as adults. 

There is no simple solution to overcome the protein crisis 

in the developing countries. Nevertheless, there is a strong heed to 

implement all possible alternative approaches and measures that are 

thought practical in any given country or region so as to benefit as 

many individuals as possible. Fortification of cereals or staple foods 

with essential amino acids, the manufacture of protein-enriched pro

cessed foods, and the feasibility of single-cell protein production have 

been tried to a limited extent in certain countries, but the impact of 

these products has resulted in only limited success, restricted to the 

urban and suburban areas. In the first place, these products would 

encounter distribution and cost problems and would hardly reach the 

poor, needy, and the low-income farming families. Second, even if 
these products are available, the low purchasing power, the traditional 

food habits and the lack of understanding about the nutritious value of 

foods would prohibit access of such enriched protein foods to the low
income farming and non-farming groups. Furthermore, many low

income farming families often consume only the foodstuffs produced 

on their small land holdings. If these disadvantaged and underprivi

leged farming communities are to benefit, the only practical and feas
ible way of upgrading the nutrition level of these individuals will be to 

improve the nutritional status of the basic food staples which they nor
mally consume. 

Cereals are by far the most important staple foods in the 

developing countries. About 95% of the population in such countries 
depend on these for necessary calories and the protein needs. It is 

estimated that about 57% of the caloric requirements of the individuals 
in the developing world are met by cereals. It therefore seems ob

vious that if masses that are malnourished are to benefit, it would be 

necessary to consider the improvement of crop varieties of different 

cereals for protein content and for protein quality. This will be the 

most economical and feasible solution under the present circumstances, 
because this will not involve any change in food habits and any additional 
food cost. 
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To what extent high quality protein maize can play a role in 
alleviating malnutrition problems in the developing world can be judged 
from the fact that maize ranks second among cereals in terms of total 
protein supply on a world-wide basis. The introduction and the expan
sion of production of high quality protein maize to upgrade nutrition 
will therefore be limited to only maize-eating people in the world; 
nevertheless, it can affect as many as 200 million people. The use 
of high quality protein maize will continue to provide the calories that 
people derive from this cereal, but they will have the additional advan
tage of getting a modified protein profile that has twice as much bio
logical value as the normal maize. It has been well demonstrated that 
protein quality of opaque-2 maize is about 90% of the skim milk when 
consumed 	by children (Bressani, 1 ) and that children suffering from 
various types of syndromes, such as Kwashiorkor, recovered on a diet 
in which high quality protein maize was the only source of protein 
(Pradilla and Harpstead, 5 ). This would mean that an ideal solution 
to eliminate protein deficiencies among low-income families that tra
ditionally 	consume maize in large quantities would be to shift from 
ordinary maize to high quality protein maize. A daily intake of 250 to 
350 g of high quality protein maize will satisfy the daily protein and 
essential amino acid requirements of young adults (Clark, 3 ). 

It is therefore obvious that if nutritional status of low-income, 
maize-growing and maize-consuming families is to be upgraded, there 
is need to expand and accelerate research efforts to produce suitable 
high quality protein maize varieties that will be readily accepted. 

The following sections list some of the specific barriers that 
are limiting production of these varieties. 

10. 	Z FACTORS AFFECTING LARGE-SCALE CULTIVATION 
OF QUALITY PROTEIN MAIZE 

The key discovery of the biochemical effects of the opaque-2 
gene demonstrated that protein quality in endosperm of normal maize 
can be altered favorably by enhancing the levels of two limiting essen
tial amino acids: lysine and tryptophane. This dramatic discovery in 
1963 generated a world-wide interest among maize breeders, who sought 
to produce opaque-2 versions of normal flint and dent maize varieties 
with better balanced protein quality. Subsequent nutritional experiments 
have shown that the higher concentrations of essential amino acids in 
opaque-2 maize contribute to the biological superiority of this maize 
over normal maize. The increased nutritional value of opaque-2 maize 
was first demonstrated in studies of weanling rats, and later shown in 
studies on children and swine. More recent reports indicate that opaque
2 maize may also have some advantages for ruminant animals. 
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Although 	the above nutritional advantages seem to have been 

opaque-Z materials have not made a far-reaching 
* 

well demonstrated, 
the past decade. Breeding workimpact on world-wide production in 

being done in most countries, but the commerwith opaque-Z maize is 
to Brazil, Colombia, and

cial use of opaque-2 maize has been limited 

the United States. 

Brazil has shown a steady increase in production of opaque-Z 
show that about 1,590maize hybrid seed: production figures for 197Z 

produced for distribution in 1973.tons of opaque-2 hybrid 	seed were 
sold about 64 tons of seed of two opaque-Z hy-Colombia produced and 


brids (ICA-H208 and ICA-H255) in 1972, for planting of about 14,160 ha.
 

No exact figures arc available for the United States, but it is estimated 

that less than 1% of total area under hybrid seed production was de-

By 1975, opaque-2 hybridvoted to opaque-Z maize hybrids in 1972. 


seed production in the United States is expected to reach somewhere
 

near 5, 250 tons of seed for planting about 240,000 ha.
 

Opaque-2 maize varieties and composites also have been 

released in some other countries for commercial production. No exact 

figures are available for these countries, but production is estimated 

to be negligible. 

The 	restricted use of presert opaque-2 maize reflects a num

ber of problems which severely limit commercial acceptance of these 

materials. These problems vary, however, in different parts of the 

world. 

Major limitations of the 	opaque-Z materials include: 

(1) 	 Reduced grain yield, about 10 to 15% less than normal 

maize. This decline in yield is attributed to loose pack

ing of starch granules in the endosperm and to low ker

nel 	density. 

(2) 	 Non-acceptability of the kernel phenotype of opaques bav

ing 	endosperms with soft, chalky, dull, and lusterless 
areasappearance. This acts as a major hurdle in those 

of the world where farmers are used to growing hard 

flint maize types with clean, shiny, and lustrous appear
however,ance. In certain regions of the Andean zone, 

where farmers are already growing floury types, the 

appearance of opaque-2 kernels does not seem to pose 

any problem so far as acceptance is concerned. 

(3) 	 Greater vulnerability to ear rot organisms. This pro

bably is due to slow drying of opaque-Z kernels after 

physiological maturity is complete. 
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01wo.'-!(4)',. Greater infestation by weevils, both in the field and in 

B'& A , '.,storage. This may result from the soft, floury endo

sperm of the opaque-Z maize. 

(5) 	 Opaque-2 maize presents dry milling problems. The 
absence of vitreous endosperm in opaque-2 maize makes 
it almost impossible to obtain flaking grits and coarse 
brewer's grits. Also, the yield of regular grits is 10% 
less than that of normal maize. Difficulties also are 

experienced in separating bran and germ. 

Some additional problems may be related to a specific area 

orfsl'iuation, such as germination problems under freezing tempera
-,tur'di'and losses due to cracking of grains during harvest by combines. 

10.3 CIMMYT'S QUALITY PROTEIN PROGRAM 

Opaque-2 versions of a very large number of normal varie

ties and composites, with varying grain types, have been obtained from 

the tropical, subtropical, temperate, and high altitude areas of differ

ent countries. In addition, by pooling of opaque-2 materials, CIMMYT 

has produced a number of opaque-2 composites for tropical and sub

tropical areas (Composite K, CIMMYT opaque-2 Composite, Thai 

Opaque-2 Composite); temperate areas (medium altitude and temperate 

opaque-2 composite); and high altitude areas (Composite i). Also, 

opaque-2 versions of short, agronomically desirable normal maize 

populations are being obtained through a parallel breeding improve
ment procedure, to be discussed later. 

Various breeding approaches have achieved some success 

in overcoming the barriers to the broader scale usages of opaque-2 
maize. 

10.3.1' OVERCOMING YIELD BARRIERS 

I ", Yield levels of opaque-Z materials have been raised by single 

/: ?approaches, or by combinations, including: 

(1) 	 Identifying superior genetic materials in which opaques 
have comparable yield performance to their normal 

counterparts (Table 10-I). It can be seen from the table 

that there are some genetic materials in which opaque-2 
segregants had 100 grain test weight very close to their 

normal counterparts. 

(2) 	 Intrapopulation selection schemes of full-sib and half-sib 

family selection have raised the yield level of some 

10-5 



opaque-2 materials (Table 10-2). This table shows 

-thatthere is considerable variation for yield in differ

ent families derived from different populations and that 

can lead to yield level inselection of superior families 


creases 
of opaque-Z materials. 

(3) 	 Changing soft endosperm texture of opaques to vitreous 

by capitalizing on genetic modifiers, followed by full

sib and half-sib family selection schemes of population 

Some of the hard endosperm opaque-Zimprovement. 
materials are undergoing selection and the data from the 

Table 10-3. Herelast cycle of selection is shown in 

the data suggest that there is variation in yieldagain, 
from family to family and that the yield levels of opaque

2 materials can be raised by identifying and recombin

ing superior performing families in each cycle of selec

tion. 

KERNELSlQ,3. .	 IMPROVING PHENOTYPE OF OPAQUE-Z 
FOR GREATER ACCEPTABILITY 

Factors preventing general acceptance of opaque-Z maize 

stem directly or indirectly from the soft, floury endosperm of this type 

CIMMYT feels that changing the phenotypic characteristicsof maize. 

of opaque-2 maize can resolve most of these problems speedily and
 

effectively.
 

Recent findings have provided means of altering the soft floury 

endosperm texture of opaques to provide an appearance more like nor

mal maize. Genetic manipulation of modifier genes produces vitreosity 

in opaque-type kernels, thus improving the appearance of opaque-2 

kernels and leading to greater consumer acceptance. 

Genetic manipulation of opaque-2 modifiers is complicated, 

because some modified opaque-Z kernels do not maintain protein quality 

as do completely opaque phenotype kernels. Thus, a back-up chemical 
screenlaboratory is needed, together with efficient, reliable, and rapid 

ing techniques. Breeding efficiency can be increased with quicker anal

ysis; thus, CIMMYT's protein laboratory is adequately equipped with 

facilities to provide the necessary service to meet present and future 

needs. 

Cpaque-2 materials with normal looking appearance and de

sired protein quality have been developed and are now available. They 

are being further improved for various agronomic characteristics, uni

formity in vitreousness, and for stability of modified phenotype under 

different climatic conditions. 
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Biological evaluation of newly developed hard endosperm 

opaque-2 materials is necessary so that results of satisfactory chemical 

analysis are supported by superior biological performance. One of 

CIMMYT's hard endosperm opaque-2 materials (Ver. 181-Ant. Gpo. 

2 x Ven. 1 opaco 2) that has been subjected to biological tests on rats, 

swine, and children shows results nearly comparable to completely 

soft opaque-type materials. 

In tests on rats at Purdue University, using CIMMYT mater

ials, normal and soft opaque-2 maize were compared with modified 

opaque-2 versions of Ver. 181-Ant. Gpo. 2 x Ven. 1 o. These tests 

indicated protein efficiency ratios of 1. 59 for the normal, 2. 83 for the 

soft opaque-2, and 2. 93 for the modified opaque-2 versions. The soft 

opaque-Z maize did not differ significantly from the modified versions; 

however, both were significantly superior to the normal maize. 

In tests conducted with children at the University of the Valley 

in Colombia, the hard endosperm opaque-2 version of Ver. 181-Ant. 

Gpo. Z x Ven. 1 o2 had a biological value (BV) ranging from 71.4 to 

77.4. This compared with biological values for casein only of 75. 3 to 

84.3. 

on rats and pigs at CIAT suggestExperiments performed 


that a hard endosperm opaque-Z version of Ver. 181-Ant. Gpo. 2 x
 

Ven. 1 o 2 had a nutritive value very close to that of the soft opaque-Z
 

type of maize.
 

10.3.3' BASIC INFORMATION ON MODIFIERS 

strongly believes that genetic manipulationBecause CIMMYT 


of modifiers will aid greatly in solving most of the problems associated
 
accumuwith opaque-Z maize, basic information on modifiers has been 

lated that will accelerate the process of breeding for quality protein, 

materials. Some conclusions from CIMMYT'shard endosperm opaque-Z 

studies are: 

2(1) 	 Vitreousness in opaque- kernels is due to the action of 

modifying genes. 

(2) 	 Vitreous kernels, in general, have a higher percent pro

tein in endosperm. Percent tryptophane in protein de

clines somewhat; but exceptions to this occur in different 

genotypes (Table 10-4). 

(3) Hard and soft fractions of modified phenotype opaque-Z 

kernels differ in protein content and quality(Table 10-5). In 

some cases, however, negligible or no differences are 

observed.
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(4) = Protein fractions of different materials vary in the way, 
they are altered as a result of modifier selections 

*(Table 10-6). . 

(5) 	 selection for modifiers can help to increase vitreous
ness and kernel test weight (Table 10-7). 

(6) 	 Germ size seems to be under the influence of modifiers 
and is affected differently in different genotypes (Table.
10o.8). 

(7) 	 Modifiers are complexly inherited. Additive gene effects 
are more important than dominance in the expression of 

kernel vitreosity. 

(8) 	 Reciprocal differences have been observed in crosses be
tween opaques and modified materials, suggesting some 
degree of maternal influence in the expression of this 

character (Table 10-9). 

10.'4,, BREEDING STRATEGY: 1974-1980 

Although genetic improvement of protein content and quality 

in maize can only partially solve protein deficiency problems in the 

developing countries, many millions of malnourished families could 

be helped without radically changing their dietary habits. Research 

efforts during the next few years will be focused on the following 
breeding strategies to improve performance of opaque-2 maize mat
erials. 

10.4.1 DEVELOPING BETTER AGRONOMIC TYPES 

Because of specific preferences for different maize types 
in different regions of the world, opaque-Z materials are needed that 

will meet the following objectives. 

10.4. 1.1 Soft, Big-seeded Quality Protein Materials 

Development of opaque-2 versions of floury-I materials will 

be of greatest benefit in the Andean region, where introduction of 
opaque-2 materials can make a strong and direct impact as soon as 
suitable materials become available. After opaque-Z versions are de
veloped with big kernel type in floury-1 backgrounds, they can be di
rectly introduced in this region with few problems (phenotypic char
acteristics of the kernels and yield recovery of these materials will 
be more like that of non-opaque-2 floury-1 materials). 
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* Although a number of floury-1 populations are being converted
 
to opaque-2 types, it is difficult to differentiate opaque-2 kernels from
 

floury-i types. The dosage effect of the floury-i gene further compli

cates this conversion program. Genetic test-crossing, coupled with
 

chemical screening, can speed the identification of opaque-Z kernels in a
 

routine back-crossing program. Materials of this kind are now being
 

developed./
 

104. 1.2 High Yielding Soft Endosperm Type Opaque-2 Materials 

Soft endosperm materials are useful either as animal feed or 

where the consumer prefers this kernel phenotype. Materials of this type 

are available and will be further improved for plant type; disease and in

sect resistance; for for still higher levels of protein, tryptophane, and lysine. 

10.4. 1. 3 Hard Endosperm Opaque-2 Populations 

, Development of hard endosperm opaque-2 populations with vit

,reous kernels will continue to be emphasized in the maize breeding pro

gram. Changing the phenotype of opaque-2 kernels will assist in the 

problems of higher yields, kernel acceptability, ear rotting, and other 

minor problems of varying importance. Information about the behavior 

-of modifiers will contribute to the development and breeding of such 

,populations. 

Hard endosperm opaque-2 materials in the breeding program 

'ha've been developed through the following approaches: 

(1) 	 Recombination of hard endosperm opaque-- lines and 

:families 	into populations (yellow hard endosperm opaque
com22 composite and white hard endosperm opaque-2 

posite). After appropriate recombination, these mater

ials will be handled by full-sib family selection. 

(2) 	 Intrapopulation selection for hard endosperm in opaque-2 

populations through full-sib family selection (Ver. 181-

Ant. Gpo. 2 x Ven. 1 opaco 2; Composite K; and Thai 

opaque-2 Composite). 

(3) 	 Screening hard endosperm opaque-Z segregates from 

crosses between normal and hard endosperm opaque-2 

source.
 

In the materials handled by the first two approaches, much
 

emphasis has been given to building up the frequency of favorable modi

fiers without altering or sacrificing protein quality. Since gene action
 

controlling kernel vitreosity in modified kernels is additive, full-sib
 

family selection was found to be effective. These materials are being
 

improved for various agronomic characteristics, and for resistance
 

to disease and insect complexes. Future work will involve improve

10-9,
 



ment of these mater.'als through a systematic full-sib progeny test in 

different locations. These materials also will be used as source mat

erials for converting normal maize varieties to vitreous opaque-2. 

The third approach will be used more frequently in future 

work to obtain hard endosperm opaque-2 versions of normal materials 
in the Advanced and Back-up Units. Back-up materials, especially the 

pools that 	are being developed and handled in a half-sib family system, 

will be handled in the manner as shown in Fig. 10-1 . The system,in 

essence, resembles closely the back-crossing program, except that the 

recurrent 	parent used in each back-cross is of superior performance, 

as compared to the original or the last cycle of selection. This system 

permits having an opaque-Z version with more or less parallel level of 

performance to the normal counterpart population. 

Advanced Unit materials that have a family structure and are 

handled in a full-sib scheme are being converted to opaque-2, as shown 

in Fig. 10-4. Only selected families from the normal population based 

on multi-locational progeny testing will be used for crossing to opaque-Z 

donor every time. This system can be practiced with any given normal 

population undergoing population improvement through full-sib family selection. 

With the above approach, it will be possible to obtain opaque-2 

versions of all normal populations with less effort and with about the same 

level of improvement as the normal materials. 

10.4.2 	 ADDITIONAL APPROACHES FOR THE DEVELOPMENT OF HARD 
ENDOSPERM OPAQUE-Z MATERIALS 

Certain stocks of maize, with both opaque-2 and-sugary-2 
genes in a homozygous recessive condition, are characterized by a 
translucent endosperm of hard texture (Glover, 4). The kernel test 

weights reportedly compare favorably with normal stocks. 

Though this data is preliminary, it does suggest that inter

action of opaque-2 and sugary-Z genes in some genetic background6 

might produce a translucent segregant of high kernel weight. Lysine 

content of 	this combination was as high or higher than opaque-2. Some 

work on these lines has begun. 

10.4.3 	 INTERACTION OF MODIFIERS WITH ENVIRONMENT 

Do hard endosperm opaque-2 materials interact with environ

ment? The answer is yes. Results from CIMMYT's maize trials and 

reports received from other countries suggest that these hard endo

sperm opaque-2 materials tend to throw varying proportions of soft 

kernels. This effect is surely undesirable and suggests the need for 

bringing about stability for this character. The following approaches 

are being 	considered: 

(1) Systematic progeny testing in different locations and 

eventually recombining only those families that are rela-

I(,,,10 i0 tively stable for this character into new populations. 



(Z) 	 Building up broad-based source populations for modifiers 

from as many diverse sources as possible, followed by 

systematic progeny testing. 

(3) 	 Selecting translucent segregates from opaque-Z and 

sugary-Z combinations to test stability. if they prove 

more stable, this process may provide a new tool in de

veloping vitreous opaque-Z materials with better 	stability. 

10.t4.4, -FURTHER IMPROVEMENT IN PROTEIN, 

.:TRYPTOPHANE, AND LYSINE LEVELS 

Excellent opportunities exist for further improvement in the 

and lysine levels of opaque-2 materials. Conprotein, tryptophane, 
traits has been observed and can be exsiderable variation for these 

ploited within certain limits because of negative correlation between 

protein content and quality. The following approaches will be used to 

enhance the levels of protein, lysine, and tryptophane in opaque-Z 

materials: 

to up(1) 	 Exploiting variation within converted materials 

grade the levels of protein and essential amino acids. 

germ has high protein(2) 	 Increasing size of germ. Since 

content of superior quality, an increase in the size of 

germ 	will result in increased levels of protein, tryp
usetophane, and lysine. This approach will be quite 

ful if whole grain-is used for consumption. 

layer in seed. The(3) 	 increasing the number of aleurone 

seed aleurone is a protein-rich layer with good nutri

tional quality. This multiple aleurone character can be 
Ifcombined with opaque-Z to increase protein content. 

received from other institutions,encouraging reports are 


some work on these lines will be initiated.
 

(4) 	 Opaque-Z and sugary-Z gene combinations in certain 

backgrounds have lysine values that exceed the value of 

opaque-Z alone, providing another approach to be used 

if such gene combinations are found to be superior. 

:10.4.5 	 INTERACTION OF PROTEIN CONTENT AND QUALITY 

WITH THE ENVIRONMENT 

but 	there is littleEnvironment influences quantity of protein, 

information as to its effect on the quality of protein in the maize grain. 

If further increases in the levels of both quantity and quality of protein 

in opaque-Z materials are to be 	realized, the interaction of these chem

should be taken into consideration.ical traits with the environment 

this manner
Genetic improvement in chemical composition obtained in 

will survive interaction with the environment, thus providing nutritional 

and economic advantage to both the producer and consumer, no matter 

how the improved variety is produced or consumed. 



CIMMYT is considering the following: 

(1) Seed samples of progenies from two or three locations 
in each of the populations will be analyzed for protein 

and tryptophane content. 

(2) 	 Chemical data will be considered, together with yield 

and other attributes, to select families to be recon

stituted into a new population to start the next cyCle 
of selection. 

(3) 	 The influence of genotype and of differential nitrogen 

nutrition on the total protein content and quality of grain 

will also be studied. Such studies can determine the 
genotype-fertilizer interaction to decide which particu-, 

lar variety or varieties are better at optinal or high 
levels of fertilization (so far as these chemical traits 

are concerned). 

10.4.6 	 CONTAMINATION PROBLEMS AND THE NEED
 
FOR MARKERS IN OPAQUES
 

The contamination problem and the need for markers to dif
ferentiate opaques from normals will vary greatly under different sit
uations and may be considered from two different angles: (1) to main
tain purity of seed, and (2) to determine how contamination might lower
 
the quality of the product.
 

In regards to seed purity, the recessive nature of the opaque-Z 
gene and its associated phenotypic characteristics offer certain advan
tages only 	in areas where farmers generally grow hard flint type of 
normal maize varieties. In such regions, if farmers can be persuaded 
to grow opaque-2 maize, it is thought that they also can be taught to keep 

their varieties pure by planting only opaque kernels. Thus, in regions 
where farmers prefer soft opaque-2 kernels, maintaining the purity of 
seed will pose few problems. This should also be the case in regions 
where farmers may choose to plant modified phenotype opaque-2 mater
ials due to their preference for hard flint, shiny maize. Here again, 
vitreous opaque-2 materials with a small opaque fraction in the kernel 
base will be more acceptable. An opaque fraction at the base of kernels 
assures the presence of the opaque-2 gene in homozygous condition, and 
at the same time, also acts as a marker for differentiating opaque-2 
kernels from the contaminants. 

In Andean regions where farmers may choose to grow opaque
2 versions of floury-1 materials, there is no way to detect contaminant 
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seeds because of similar phenotype associated with opaque-Z and 

floury-1 kernels. Here, if purity of seed is to be maintained, an 

intensive campaign shouo, be made to introduce and expand the culti

vation of opaque-2 materials over the entire village level. Under such 
circumstances, the farmers can save seed from their harvest to plant 
next season's crop. 

The seriousness of the contamination problem in opaque-Z 

production plots for commercial use will vary greatly with the size of 
holdings, and with the proportion of farmers growing opaque-2 maize. 
If a farmer has a fairly big holding and plants the whole area with 
opaque-2 maize, the contamination will not be a serious factor, even 
if farmers in the neighboring areas grow normal maize. Although 
maize is a wind pollinated crop, the maize pollen is quite heavy; thus, 
contamination decreases very rapidly with distance from the source 
of contaminating pollen. 

Contamination can be a consideration, however, when farm
ers have very small holdings and are growing opaque-2 and normal 
maize side by side. In this situation, the farmer growing opaque-2 
maize would have varying amounts of contamination, depending upon 
wind direction at the time of flowering. Under these situations, all 
farmers in a given area might be persuaded to grow opaque-Z or to 
use time differentials in seeding. 

10.5 SOME SUMMARY RECOMMENDATIONS 

In previous discussions we have cited some of the more ob
vious problems which have hindered the commercial production of high 
quality protein maize varieties and hybrids, including: low grain yield, 
non-acceptability of soft floury kernel phenotype, storage problems, 

marketing problems, anxd unsuitability for milling and making certain 
preparations. These problems have been largely overcome, and there 

is every reason to believe that the commercial production of new hard 
endosperm high quality protein maize varieties will be speeded up con
siderably within the next few years. 

If acceptable varieties of high quality protein maize become 
generally available, strategies will be needed to introduce and expand 
production of high quality protein maize in the developing countries. 

In these countries, increased plantings of high quality pro
tein maize will replace normal maize varieties or hybrids. This can 
be achieved only if there is a considerabl: stimulus and support from 
the national governments. Undoubtedly, this will not happen until and 
unless the national governments become aware of the widespread mal
nutrition problems on an urgent and priority basis. In other words, a 
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high order of priority must be given to food and nutrition as part of 

planned development in national agricultural policies. The protein 

advisory group of the United Nations system has made a significant 
contribution in alerting national governments to the protein problem 

and in suggesting measures to avert a protein crisis. It is vitally 
important that governments should initiate and implement special 
programs to expand the production of high quality protein maize. 
After the governments are committed, the success of the program 
will depend upon the following factors: 

(1) 	 A suitable variety or varieties of high quality protein 
maize that can compete with normal maize varieties 
in yield, kernel acceptability, and in cooking charac
teristics; in a free market situation and without any 
price differential. 

(2) 	 Massive demonstration trials in the farmer's field to 
evaluate the performance of high quality protein varie
ties in comparison with normal varieties or hybrids 
that are being grown locally. 

(3) 	 Making the seed available to the farmers, with suffi
cient promotional campaign to obtain a rapid replace
ment of normal maize varieties. (All production and 
sale of seed of normal varieties or hybrids might be 
barred to speed the adoption of high quality protein 
maize.) 

(4) 	 Intensive educational campaigns to promote the produc
tion of high quality protein maize among small farmers 
for home consumption. (Promotion of high quality pro
tein maize using quality protein as the argument will 
probably not be successful unless prcceded by an edu
cational campaign through which consumers learn the 
importance of protein in the diet.) 

(5) 	 Demonstration of the nutritional quality of high quality 
protein maize, using farm animals such as pigs fed nor
mal versus high quality protein maize. Where farm 
animals cannot be used in promotional campaigns, the 
superior protein quality of opaque-2 maize should be 
promoted by equating it with other quality nutrition pro
ducts such as meat and milk, etc. 

(6) 	 Demonstration of cooking characteristics of high quality 
protein and ordinary maize, comparing and contrasting 
with local products using maize. Small samples of I kg 
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or more might be given to a number of families to find 

the acceptability of this type of maize for cooking dif

ferent kinds of dishes. In certain preparations where 

high quality protein maize cannot be used successfully, 

necessary changes in cooking methods be tried and sug

gested to obtain satisfactory results. 

(7) 	 Promotion among producers, consumers, and the mar

keting agencies. Governments must play a major role 

in this by providing mass media such as radio and tele

vision. Such campaigns may also be carried out by 

public agencies and private firms. 

(8) 	 Initiation of school lunch programs for children, using 

high quality protein products. 

Governments should also support private food industry in 

producing low-cost, processed baby foods and other products to help 

,eliminate malnutrition problems among especially vulnerable younger 

children. 

Mixtures of maize and grain legumes should be further de

veloped to provide maximum efficiency of protein quality. Some cur

rent research suggests that maize gives highest protein quality when 

combinid in a 50/50 protein ratio with beans and in a 60/40 protein 

ratio with soybeans (Bressani, 2). 

It is hoped that suitable high quality protein varieties that 

are being developed will go a long way in alleviating serious malnu

trition problems of maize-eating people in many developing countries 

of the world. 
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Table 10-1. 100 grain weight comparison of normal and 

opaque-2 kernels
 

Percent 

Pedigree 100 grain weight in ms. Difference decrease 
Normal Opaques in weight 

8.70
23.0 21.0 2.0 


Syn. 493 25.5 23.5 2.0 	 7.84 

Sn. Luis Potos! Gpo. 1 31.0 29.0 2.0 	 6.50 

2.0 7.50Tamaulipas Gpo. 1 	 26.5 24.5 

Cuba 11J 26.0 23.5 2.5 	 9.60 

2.0 7.41 
Columbia Cateto Compuesto 27.0 25.0 

7.7026.0 24.0 2'0
Perola Piracicaba 

Comp. lI (C3 ) 26.0 24.0 2.0 	 8.30 

3.70*27.0 26.C 1.0 
Comp. III (C 3 ) 

3.40*29.0 28.0 1.0
Comp. (IV) 

8.00
25.0 23.0 2.0 

Mex. 5 

1.0 4.00 * 26.0 24.0
Samaru Comp. I1 

0.0 0.00 * 26.0 26.0
Comp. Grano duro 

18.33
Mix. I-Col. Gpo. 1 x Eto Blarxx24.0 22.0 2.0 

2.0 7.41
Tuxp. PD(MS)6-Sel. Amar. 27.0 25.0 
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TABLE 10-2. Sumnnary of grain yield data in kglha at 15% moisture of full-sib families of different opaque-2 populations during the year 1973. 

No. of families Tested families Selected families C H E C K V A R I E T I E S 
Population Location SelectionTested Selected Range Mean Mean Differential Comp. K Ver. 181-Ant. Yellow H.E. White H.E. La Postax Tuxpefo-I C.V. L.S.D. 

% H.E. GpO. 2xVen. 10 2 02 02 Tuxpeno c2 (.05) 

Tuxpeflo x La Posta o2 

Poza Rica 250 85 2360-6401 4258 4685 10.0 3277(143)* 3984(019) 3865(121) 3464(135) 4189(112) 4083(94) 14.8 1232.6 
Tlaltizapan 250 85 1632-8860 5246 6152 17.3 6530(94) 6174(100) 6188(99) 5523(111) 5574(110) 6423(96) 23.1 2386 

Combined 250 85 --- 4752 5418 14.0 4908(110) 5061(107) 5026(108) 4493(121) 4881(111) 5703(95) 

Ctamyt opaqae-2 Composite 

Poza Rica 250 76 1960-5220 3710 4140 11.6 4300(96)* 4223(98) 3212(125) 3577(116) 3945(105) 4271(97) 14.9 1086.? 
Tlaltizapan 250 76 1001-8544 5409 6187 14.4 5748(108) 5176(120) 6286(98) 4584(135) 3737(166) 5725(108) 18.3 1941.7 

Combined 250 76 --- 4559 5163 13.2 50241(103) 4699(110) 4799(108) 4080(127) 3841(134) 4998(103) .. .. 

Composite K 

Poza Rica 250 78 2802-5523 3904 4624 9.2 4058(105)* 4128(103) 3954(108) 4142(103) 3887(110) 4523(94) 13.2 1014.2 
Tlaltizapan 250 78 1984-6517 4400 5128 16.5 5003(101) 3663(140) 4214(122) 3687(139) 4377(117) 3550(144) 22.2 1909.7 

Combined 250 78 --- 4152 4696 13.1 4575(103) 3895(121) 4084(115) 3914(120) 4132(114) 4041(116) - . 

* Selected family mean as %of check in the respective locations. 



- TABLE10-3. Summary of grain yield data in kg/ba at 155 moisture of full-sib families of different hard endosperm opaque-2 populations during the year 1973. 

No. of families Tested families Selected families C H E C K V A R I E T I E S 

Population/Lazation Selection 
Tested Selected Range Mean Mean Differential 

% 
Comp. K 

H.E. 
Ver. 181 Ant. 
Gpo. 2 xVcn. 102 

Yellow 
H. U. 02 

White 
H.E. 02 

La Posta 
Tuxp. 02 

Tuxp.P.B. 
Normal 

C.V. 
. 

L.S.D. 
.05 

Ver. 181-Ant. Gpo. 2xVe. 1o 

Poza Rica 250 79 1983-5106 3461 3918 13.2 3355(117)* 3874(101) 2952(133) 3192C123) 3953(99) 4750(83) 12.8 435.9 

Tlalti-apan 250 79 3025-11356 6471 7316 13.1 8017(92) 6975(105) 7690(95) 7704(95) 6748(108) 8266(89) 14.81887.3 

Combined -- -- --- 4966 5617 13.11 5686(99) 5424(104) 5321(106) 5448(103) 15353(105) 6508(86) -- 1161.6 

Co=VOsite K (H.E. 02) 

Poza Rica 250 90 1562-4965 3401 3774 11.0 3256(116) 3278(115) 3900(97) 3598(I0 4028(94) 6229(61) 20.6 688.7 

Tbaltizapan 250 90 1963-9715 5715 6524 14.2 5641(116) 4436(147) 6639(98) 5181(26) 5339(122) 7200(91) 16.71871.1 

Combined 250 90 -- 4558 5149 13.0 4448(116) 3861(133) 5269(98) 4398Q17) 4683(110) 6714(77) -- 1279.7 

White K.E.o2 

P za Rica 250 79 1851-4748 3477 3867 11.2 4021(96) 3200(121) 3329(116) 3482Q11) 3453(112) 4864(80) 19.8 1352.4 

TaltUzapan 250 79 2436-10503 6534 7346 12.4 6223(118) 6070(121) 7159(103) 8043(91) 6434(114) 8417(87) 13.9l";0.2 

Combined 250 79 --- 5005 5606 12.0 5122(109) 4635(121) 5244(107) 5762(97) 4943(113) 6V0(84) -- 15656.3 

Yellow H. E.o 2 
Poza Rica 250 120 1891-5409 3702 3973 7.3 3345(119) 2942(135) 4398(90) 4260(93) 3194(124) 4240(94) 15.71136.6 

Tlaltizapan 

Combined 

250 

250 

126 

120 

2681-9266 

---
6138 

4290 

6510 

5241 

6.1 

6.5 

5941(110) 

4643(113) 

6610(99) 

4776(110) 

7224(90) 

5811(90) 

5471C1ll 

4865108) 

5967(109) 

4580(11,4) 

6692(97) 

5466(96) 

14.41736.a 

. . 

* Selected family mean as %of check in the respective locations. 



Table 10-4. COMPARISON OF % PROTEIN AND % TRYPTOPHANE IN PROTEIN OF COMPLETELY OPAQUE 
AND MODIFIED PHENOTYPE OPAQUE-2 KERNELS SELECTED FROM DIFFERENT HALF SIB 

FAMILIES OF TROPICAL OPAQUE-2 COMPOSITE 

%6Protein in Endosperm lo Tryptophane in Protein 
Family No. Opaque Modified Difference(70) Opaque Modified Difference

(%) 

Half sib-63 9.88 9.75 + 1.33 0.89 0.86 3.49 
67 9.13 8.94 + 2.13 0.82 0.80 2.50 
69 9.00 9.75 - 8.33 0.84 0.66 27.27 
79 9.19 10.63 -15.67 0.89 0.66 34.85 

125 7.63 10.19 -33.55 1.05 .0.74 41.89 
144 7.00 7.56 - 8.00 0.96 0.99 - 3.12 
147 8.25 9.00 - 9.09 1.09 0.91 19.78 
151 7.75 8.13 - 4.90 0.90 0.87 3.45 
159 6.44 7.25 -12.58 0.98 0.87 12.64 
162 9.19 9.75 - 6.09 0.97 0.82 18.29 
164 8.88 9.38 - 5.63 0.72 0.69 4.35 
175 8.38 8.25 + 1.58 0.80 0.79 1.26 
196 8.50 9.25 - 8.82 1.01 0.90 12.22 
250 9.13 12.88 -41.07 0.72 0.53 35.84 
278 8.50 8.31 + 2.28 0.88 0.84 4.76 
279 8.38 11.38 -35.80 0.93 0.73 27.40 
292 11.25 11.50 - 2.22 0.63 0.60 5.00 
297 9.13 9.38 - 2.74 0.78 0.70 11.43 
118 10.38 11.13 - 7.22 0.84 0.74 13.51 
101 9.75 10.50 - 7.69 1.07 0.78 37.18 

Cr 

ae 



-------------------------------------------------------------------------------------------------------------------

CONTENT IN WHOLE ENDOSPERM AND IN HARD 
LYSINE AND TRYPTOPHANETABLE 10-5 PROTERI 

- MODIWIED PHENOTYPESEPARATELYAND SOFT FRACTIONS OF THE ENDOSPERM 

OPAQUE - 2 LINES 

.L. L n e 

%P R O T E I N % TRYPTOPHANE VN PROTEIN 59 LYSINE D_ PROTEV 

Whole Fr action Differ- Whole Fr a c t i onDiffer- Whole Fr a c t ion Differ 

Endosp. Hard Opaque ence Endosp.Opaque 'Hard. once Endosp. Opaque Hard: ence 

I ID(MS)6Eto-Cuba 11J  9.88 9.99 7.69 29.90 0.70 0.83 0.83 31.75 2.67 2.88 2.22 29.73 

2 

3 

Pob.Cirst. 1(A)-i-f-0 

PD(MS)6-Etd-Cuba 11J" 

Pob. Cris. t'-lvl -

Pob. Crlst. -11-1-1-

8.75 

9.42 

8.49 

10.21 

9.13 

8.43 

- 7.54 

21.11 

0.87 

0.73 

0.87 

0.72-

0.77 

0.55 

12.98 

30.91 

2., 

-

2.473. 

3.30 

3.36 

2.60 

2.43 -

26.92 

38.27 

4 (Tropical opaque-2 Comp. 10.92 11.57 11.25 2.84 0.76 0.85 0.63 34.92 2.87 3.65 2.98• 22.48 

163-6-1-11) 

-Fo-

z PD(MS)6-) 



------------------------------------------------------- 

TABLE 10-6. 1/6 PROTEIN FRACTIONS IN NORMAL, OPAQUFAND. MODIFIED PHENOTYPE OPAQUE-2 

SAMPLES OF TWO POPULATIONS 
------ ,----------------

P o.p u La t:.i o n 
Type 

of 
Sample 

Acid 
-Actual 

% Protein 
Soluble 
loofnormal 

fractions in endosperm 
Z e i n G 1 u t 

Actual Toofnormal Actual 
e 1 i n s 
0ofnormal 

1. ,Ver. 181-Ant.gpo. 

Venezuela 1 

2 x Normal 

Opaque 

Modif. 

27.0 

39.7 

35.0 

100.0 

147.0 

1'29.6 

42.3 

24.2 

26.3 

100.0 

57.2 

627 2 

19.8 

31.3 

29.3 

100.0 

158.1 

148.0 

2. White Composite Normal 

Opaque 

Modif. 

32.5 

35.0 

33.5 

100.0 

-107.7 

103.1 

45.2 

25.4 

26.7 

100.0 

56.2 

59.1 

19.0 

31.4 

28.5 

100.0 

65.3 

150.0 



Table 10-7. 

10 GRAIN TEST WEIGIIT OF OPAQUE AND MODIFIED PHENOTYPE OPAQUE-2 KERNELS SELECTED FROM 

0 DIFFERENT OPAQUE-2 CONVERTED MATERIALS 

S.No. Material family 
Ear # 

100 

Grain test weight in Gms.' 
Modified Opaque /0

Increase 

1 PD(MS)6-Eto-Cuball J-Pob.Cirst. 3 23.10 22.73 1.62 

2 4 30.30 30.00 1.00. 

3. 164-3 Cat. 1(ii)-2-1 2 29.00 27.83 4.20 

'4 

5 

La Pcsta-6-1 

Flint Comp. Amarillo-06 

1 

1 

20.00 

28.11 

18.92 

25.42 

5.70 

10.58 

6 

7" 

Nicarillo-#-# 

Composite K 

1 

514-

28.70 

25.71 

26.49 

25.45' : 

834 

1.02-

8 

9 " 

515 

517 

28.46 

23.04 

27.08 

22.07 

-5.09 

4.39 

10 518 27.30 .26.59 2.67 

1 I IMMYT 02 Composite - 28.89 28.68 0.13 



------------------------------------------------- -----------------------------------

EFFECT OF SELECTION FOR HARD ENDOSPERM ON THE CONTRIBUTION OF GERM TO THE
-TABLE 10-8. 

WHOLE KERNEL PROTEIN IN OPAQUE-2 CONVERTED MATERIALS 

S. tNo. 

1 

2 

3 


5 

6 

7 

8 

9 

10" 

11 

12 

13 

,14 

15-

16 


. o1
 

eL 

4M a ,t e 


-

Composite K 
Composite K 
Ver. 181-Ant. gpo. 2 x Venezuela 1 opaco-2 
PD (MS)6-Gr. Amar. -2#-l 
Thai Opaque-2 Composite-#16 
Nicarillo 
Flint Compuesto Amarillo 
Eto Blanco 
Composite K 
Composite K 
Ver.181-Ant. gpo. 2xVenezuela 1 opaco-2 


Nicarillo 

Antigua gpo. 2 

Ver.181-Ant.gpo.2 xVenezuelal opaco-2 
Thai Opaque-2 Composite 
Thai Opaque-2 Composite 

EaNo.or 
tar o. or 

Family No. 

118 

4 

8 


-1 


1 

Self I 


1 

1 

1 


101 

3 

1 

2 

4 

4 

2-


16 Contribution of germ to the whole 
grain protein 

0-p a q u e Modified Difference 

22.01 17.92 +4.09 
20.55 -14.41 + 6.14 
3A.37 26.13 + 7.24 
22.00 14.67 + 7.33 

-17.56 13.38 + 4.18 
24.75 18.01 + 6. 74
 
28.08 2 .38 +3. 70
 
24.17 18.37 + 5.80 
13.59 15.07 - 1.48 
28.21 32.10 - 3.89 
11.87 18.73 - 6.86 
25.99 33.55 - 7.56 

24.31 25.73 - 1.47 

15.54 17.85 - 2.31 
17.07 18.03 - 0.96 

16.41 17.31 - 0.90 



EARS WITH DIFFERENT PHENOTYPES INTABLE 10-9,FREQUENCY OF 

OPAQUE AND MODIFILDRECIPROCAL CROSSES BETWEEN 

PHENOTYPE OPAQUE-2 MATERLLS 
------------------ - --- eeeee-----n cece c- C 

% Frequency of ears with different phenotypes 

'S.No.. M a te r i a I Opaque Segregating Modified 

IP x P 2 56 	 40 I
 

70 30
P2 x PI 	 

94.4 5.6 	 2 P1 x P 3 


P3 x PI -	 63.2 .36.8 

8.3 58.3 	 33.3
SP1 x P4 

11.8 	 •88.2"
P 4 x P 1 

4P x P5 63.6 27.3 

PS x P. 	 21.4 78.6 

5 P6 x P 2 	 75.0 16.7 8.3 
" 75.0 25.0P2 xP 6 


69.4 30.6 	 6 P6 xP 3 
'P3x P6 38.5 46.2 15-4 

P6 x 	 42.1 57.89
P4 


P4 x P6 10.0 55.0 35.0
 

,8 P6 x P 5 	 '78.6 21.4
 
27.3
9.1 	 63.6
P5 x P6 


Ver.181 -Ant.gpo.2 x Venezuela 	I opaco-2 (opaque phenotype)PI -

P2 - Ver. 181 -Ant. gpo.2 x Venezuela I opaco-2 (Modified phenotype) 

,P3 - Thai Opacjue-2 (Modified phenotype) 
P4 " Composite K (Modified phenotype) 
P5 - P'M)('S6 - Gr.Amar. -116-9 (Modified phenotype) 

- Thai Opaque-2 (opaque phenotype)P 6 
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Fig. 10-1 Scheme for Making Parallel Improvement In Opaque-2 and "Normal" Backup" Pool Under. 
'going Half Sib Family S~lection.. 

Core Backup Pool (Normal) 	 Appropriate Donor (Opaque-2) 

Off i Plant under isolation in a resynthesis Include5-10rows (asfervales)ofoac""-2i 
Season I~block and obtain 250 half sib (H.S.) -Xdonor in resynthesis block to obtain 

*Lfamilies. 	 I F1 cross.I 

"Progeny test the 250 H.S. fafilies at 	 Advance F1 to F2 and sort from eari 
selected F2 ear, separately, hard endus-

Main four sites.I perm segregates.Season 

Establish insect-disease nursery at one ITen F2 kernels from each ear, separitely, 
or two sites. 	 Ifor quality protein analysis. 

F Plant under an isolation selected H.S. Balanced mixture of se!ected high quality 

6ff 
Season; 

families in a resynth .,sis block and obtain 
new set of 250 H.S. families. 

X foOpaque-2 scgregate 
in resynthesis iock 

r 5
to obtain 

10 fenale rows 
C. 

l Feed best families also to indicated 
*advanced populations. I 

* [Progeny test the 250 H.S. families at Advance F1 to F2 and sort from each 
Ifour sites. , Iselected F2 ear, separately, hard cndos

perm segregates.Main 
Season 

Establish insect-disease nursery at one 	 Ten F2 kernels from each ear, separate,] 
for quality Protein analysis.Ior two sites. 

Feed best families also to opaque-2 
advanced populations. 

II
 

Repeat ' Steps .	 Repeat Steps 

4,
 
Normal Backup Pool Improved Hard endosperm opaque-..'improved version 
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Fig.10-2 Scheme for Making Parallel Improvement in Opaque-2 and "Normal" Adwnced Population 
Undergoing Full Sib Family Section. 

Advanced Population (Normal) Appropriate Hard Endosperm Opaquo2 
Donor 

Off ri Plant selected full sib (F.S.) families Mfilake 100 crosses between normal and 
Season Lca,),and. generate 250 now full sibs (recipr baircp°. opaque-2donor to obtain FI 

I Prieny,' tt the 250 F.S. at six sites. I Advance Fl to F2 and sort from e.ch 
I selected F2 ear, separately, hard endos-, 

perm segregates.
Season 

S nand 	 high plant Ten F2 kernels from each ear, separately, 

density nrseries,at one site. 	 . for quality protein analysis.'1 	 4-
Plant -,Llectccl fuil sib (F.S.) families and IMake 100 crosses between normal and 
renerate 250 new full sibs (reciprocal). < balanced mixture of selected high quality 

opaque-2 segregates from selected ears.Off 
Season 

IFeed hest families also to indic;ated 

. xperiment.l varieties.. 

=Proaen test the 250 F.S. at six sites. 	 Advance F1 to F2 and sort from each 
selected F2 ear, separately, hard endos
perm segregates.Main 

Season 

Establish insect-disease and high plantI Ten F2 kernels from each ear, separately, 
Ldensity nurseries at onj site. for quality protein analysis.

I 	 I 
I 	 S 

Repeat I'Steps 	 Repeat StepsI 	 I 

Normal Improved Population Hard Endosperm Opaque-2 Improved 
Population 
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11.0 

CIMMYTIS MAIZE PROGRAM TRAINING 

by
 
Alejandro D. VioliE
 

11.1 INTRODUCTION 

CIMMYT's training activities provide an orientation and spe
cialization for agricultural scientists and technicians with a profes
sional interest in maize research or extension. A basic aim is to pro
vide the necessary technology for boosting maize production in their 
home countries. In most developing countries, research and produc
tion programs have severe limitations, including (1) few qualified re
search and production workers and (2) a lack of modern organization 
structures for generating technology and extending it rapidly to the 
farm production level. 

The program is designed to expand the experiences and acti
vities of the trainees within the framework of Production, Breeding, 
Plant Protection, and Protein Evaluation; the four fields of specializa
tion offered. Within this training concept, specialized and technical 
personnel can achieve an ample and profound knowledge of their spe
cialty, while learning enough about other specialties to confront and 
solve many problems that would normally be outside the realm of their 
specialized knowledge. 

11.2 TRAINING CATEGORIES 

Since 1966, training of scientists in several educational cat
egories has included: In-service Trainees, Master of Science Degree 
Candidates, l)octoral Candidates, Post-Doctoral Fellows, Visiting 
Senior Scientists, and Short-term Visitors. Several national and inter
national agencies grant scholarships for this training, and CIMMYT 
also offers a limited number. (Fig. I1 -I is a flow chart of the inter
relations among training activities. ) The training categories are de
fined as follows: 
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In-service Trainees: Young researchers and extension per
sonnel, mainly from national programs of developing countries, who 

spend six to eight months of direct participation in the program. Their 
goals are development of practical skill and knowledge in maize breed
ing, production, protection, and protein evaluation. Emphasis is on 
team work, research enthusiasm, technical knowledge, and an under
standing of agricultural development. Trainees are expected to work 
as tr;iiners when they return to their programs. 

Master's Degree Candidates: Fellowships are granted to 
professional individuals, mainly from national programs closely asso
ciated with the outreach activities. These trainees have normally 
completed a period of practical training with CIMMYT. Support is 
provided for further academic training if it is felt that such study will 
better equip the candidate to serve national accelerated production 
programs of his own country. 

Doctoral Candidates: Post-graduate Students who have com
pleted their course work and passed their preliminary examinations 
for the Ph. D. degree are accepted to conduct their thesis research 
under joint university and CIMMYT supervision. They are selected 
on the basis of their outstanding scientific promise for aiding national 
programs or for participation in international activities. 

Post-l)octoral Fellowships: Selected scientists who have 
recently completed their Ph. D. degree come to our program for one 
or two years to carry out applied research in collaboration with sci
entists from this Center. Most of them are engaged in national pro
grams from Asia, Africa, or Latin America; however, a few are from 
advanced countries, proparing for careers in international work. 

Visiting Senior Scientists: These scientists participate in 
Joint research in the program, generally for 4 to 12 months; some
times as a sabbatical for the individual. Those from developing coun
tries aid us in keeping its research oriented toward the needs of Asia, 
Africa, and Latin America. Scientists visiting from developed coun
tries are generally e'mployed by universities that hold joint research 
contracts with CIMMYT, and their visit is expected to contribute to 
the program goals. 

Short-term Visitors: New outreach staff, recent graduates, 
or policy-making officials from developing countries come for period@ 
of one week to three months to observe our research and production 
methods. New outreach staff may spend one full cropping season at 
CIMMYT for briefing. 
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Of these catefories, In-service Training involves more 

trainees, staff, and budget. It was initiated as a program category in 

July 1971, and in previous years (1966 to 1970), there was a total of 

only 27 In-service Trainees. However, in the last three years, a 

total of 124 trainees entered the program: 25 in 1971, 43 in 197Z, and 
56 in 1973 (Table 1I-1). 

Of the 151 individuals who have entered training in the Maize 

Program since 1966, 82 are citizens of Latin American countries, Z7 

are from Asia, and 42 are from Africa. Table 11 - 1 shows the 39 

countries involved and the trainees per country per year. The donors 

supporting this training from 1969 to 1973 are shown in Table 11-2. 

CIMMYT's capacity for In-service Training is probably 

about 50 trainees per year; in two groups of not more than 25 each, 

for seven-month training periods. The dates for the Breeding, Pro

duction, and Plant Protection phases are May 15 to November 30 and 

November 15 to May 30 each year. There is an overlap of two weeks 

at the beginning and at the end of the training period for each group. 

Trainees in Protein Evaluation start their training in accord with the 

physical capacity of the laboratories, and the training period depends 

upon each individual's background and capabilities. 

Some innovations have been introduced to the Program in 

order to make it more efficient and, at the same time, more attrac

tive for the trainees. Upon their arrival, the trainees spend a full 

three-day period in an Orientation Period. Staff members explain the 

overall CIMMYT approach and philoophy for the four areas of spe

cialized training, and for operation and management of experiment 

stations. The trainesi then becomc involved in the planiting of differ

ent experimentti at our Experimeiit Stations and with the farmers in 

their fields. For this purpose, trainces interested in Breeding are 

assigned in groups of two or three to vach member of fhi Breeding 

Staff. Similarly, those interested in Plant Protection arc assigned 

to work with Pathologists and Entomologists. 

The largest tra i et- group is Maiz P ro(duction. These 

trainees also are assigned resporisibilities at the experiment stations 

and in the field. Some of the results of these experiments are shown 

in the Production Agronomy Section of this report. 

After the initial expe rinients are planted, the trainees' acti

vitics are con( eitrate(d for three we(eks at El llatan. Staff members 

provide a prograin of A a(emic '1raiiing, consisting of Z4 hours of lec. 

turefs in Statistics and Experimental D)fxign and eight hours each in 

Maize Pathology, Maize Entomology, Genetics and Breeding, and 

Maize Production. This basic training is complemented later with 
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seminars and special topics presented by trainees and staff (including 

Agricultural Economics and Communications topics). 

Before completion of his training period in Mexico, each 

trainee is asked to write in detail what he expects to do upon return

ing to his country to help solve the most important problems facing 

maize production in the area where he works. Maize staff helps each 

trainee with ideas in developing the best approach to this task. 

The above training emphasizes the need to redefine research 

objectives, and perhaps more importantly, the need to redefine the 

relationship between research and extension. A central idea is to de

velop an approach that will take new practices and varieties to the 

farmer as quickly and efficiently as possible. The trainees learn 
that the researcher's responsbility begins with the generation of new 

technology and follows through with demonstrations of how this tech
nology can be used by the farmers. Thus, the researcher's work in

cludes farm tests in large plots to establish the reliability of recommen

dations from research. If a variety, or recommended practice, is to 
be released, it should be approved by the user: the farmer. 

0 

11.3 TRAINEES AND TRAINING PLANS 

CIMMYT's training assumes that there is a strong need for 
developing human resources at the national program level; that lack 

of qualified people is a major limitation on maize production of de
veloping countries. Thus, a logical question becomes: How many 

well-trained people are needed at the national level? This question is 

made more difficult by several factors. In one African country, for 
example, with about 700,000 ha. of cultivated maize and few differ

ences in environment throughout the country, has about 60 breeders. 
Other countries have no breeders, although technology in maize pro

duction is at its lowest level--or perhaps only one breeder, as in the 
case of another African country which plants about 500, 000 ha. of 

maize. 

This question has been discussed with staff members, visit
ing scientists, and trainees from different countries and has arrived 

at the following estimates (see Table 11-4): (1) Countries cultivating 
more than 30,000 and less than 100,000 ha. will need a team of 11 

trained technicians, including Breeders, Entomologists, Pathologists, 
Research Production Agronomists, Maize Extension Agronomists, and 
Protein Evaluation Specialist. (Z) Countries cultivating more than 

100, 000 and less than 500, 000 ha. will need 26 trained personnel. 

(3) Countries with more than 500,000 and less than 1,000,000 ha. 
need 55 such people. (4) And, for each additional increase of 
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1, 000,000 ha., 20 additional Maize Extension Agronomists would be 

needed. This latter group of Extension Agronomists would work direct

ly at the farmer level along with the general extension agents of the 

country to determine the most suitable treatments (varieties, fertili

zers, insecticides, etc.), using field days and other media for demon

stration purposes. 

Table 11-5 was prepared on the basis of maize acreages and 

a minimum of skilled personnel. It was assumed that 20 countries 

from America, 17 from Asia, 34 from Africa, and probably one Euro

pean country would have a total need for 2, 235 specialists. Countries 

with less than 30, 000 ha. of maize were omitted due to small acreages, 

but they also deserve training .-id. How many such specialists exist 

at present? How many need training? Only a very extensive survey 

could provide an adequate answer. 

If the overall totals from Table 11-5 are grouped according 

to specialty, it is seen that the most needed trained maize specialists 

are: Extension Maize Agronomists (59. 82%), followed by Breeders 

(15. 70%), Research Production Agronomists (9. 53%), Plant Path

ologists and Entomologists (5. 86% each), and finally, Protein Evalua

tion Specialists (3. 22%). 

Thus, given a training capacity of 50 trainees per year, and 

considering that the figure of 2,235 specialists needed is very conser

vative, maize training 'ould become an endless task. Obviously, more 

effort is needed, particularly at the national level. 

11. 3. 1 FUTURE APPROACHES 

Perhaps one solution might be to train "trainers" among the 

most promising and outstanding trainees who come to our program. As 

soon as these superior individuals are recognized, they should be given 

special training emphasis to accomplish the tasks listed above. These 

could perform well in their national programs, especially"trainers" 

if supported periodically by visits from our staff.
 

Some well-qualified professionals have recently been selected 

for this purpose and will work along with the Training Officer as a 

Training Assistant. They cbservc the procedures used in Maize Train

ing, selecting and adapting for use in their National Training Programs 

upon return to their home countries. 

Before the end of the 1970's, Maize Production Training will 

probably be devoted exclusively to training "trainers. " Regular train

ing will then be continued only for Breeders, Entomologists, Pathologists, 
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and Protein Evaluation Specialist3. In many cases, this training will 

be done in association with universities. 

In the long run, National Production Training promises to 

effective and less expensive. The effectiveness should comebe more 
from the fact that the production specialists will be trained under the 

use their knowledge and skill.same environment in which they will 
somewhat different system inThe reduced cost would stem from a 

training: the trainees would meet periodically at a training headquar 

ters (i. e., experiment station) in their own country during the ynaize 

rest of their time performing theirgrowing cycle, but would spend the 

production activities in their own localities. 

As an example, at the beginning of a training period, train

might be gathered at a training headquarters for three or fourees 
activities and discussion of different systems andweeks of academic 

approaches that could be used to increase productivity. Design and 

conduct of in-station experiments and off-station demonstrationplots 

could be analyzed thoroughly, since information obtained from such 

activities would be the basis for forming production packages. CIMMYT 

staff could assist local trainers during this period. 

After establishing in-station and off-station plots as part of 

the training activities, trainees would return to their posts and do the 

same experiments in their own regions. All trainees could meet at 

the training headquarters every two to three weeks for two or three 

days to observe progress of the experiments and demonstration plots. 
underMaintenance and observation of various treatments would be done 

the supervision of the trainer. 

At the proper stage of maize development, field days would 

be organized to show the trainees how to use the off-station plots to 

reach local farmers. 

Results obtained from the training experiments and demon

stration plots, plus those derived from experiments conducted by 

trainecs in their own areas, would be analyzed, interpreted, and used 

to show how to design production packages for different areas of the 

country. Our staff would participate in these training courses through 
in National Trainingwell-coordinated visits to the countries involved 

and would asist in work with local farmers.Programs, 

Anoth,:r approach might be for CIMMYT to expand its pre

sent capacity in Mexico. However, 25 trainees in two periods a year 

seems to represent a near-optimal condition, at present. Significant 

expansion of this number would entail less personal attention to the 

trainee's specific problems and desires; fewer opportunities for them 
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to carry out personal projects; a substantial increase in equipment, 

housing facilities, staff, transportation, etc. Perhaps most importantly, 

the trainees might find less professional pride and sense of accomp

lishment in a larger scale operation. 

It seems unlikely that university education alone can replace 

the practical and applied aspects of training. Thus, we must provide 

the minimum academic training needed by the individuals, if academic 

work is necessary to complete a solid preparation. It seems likely 

that college graduates should be trained only after having spent one or 

two years detecting and analyzing the restrictions on maize production 

in their own countries. 

11.3.1.1 Some Priorities 

Present priorities in training are: In-service Trainees 

first, followed by Post-Doctorals, Visiting Senior Scientists, Master's 

Degree Candidates, and finally, Pre-Doctoral Fellows. Short-term 

Visitors are considered on the basis of specific need. 

We emphasize teamwork; thus, it seems more efficient to 

train groups of three or four persons from a given national program, 

rather than single individuals from several different countries. The 

advantages of the team approach can be stressed by practical applica

tion of this principle in training. 

Training plans are to be based on projected needs of the 

developing countries, rather than on an arbitrary yearly basis. Pre

sent projections assume that the major limiting factors in production 

faced today are not likely to differ in these countries over the next six 

years. Thus, training stress will be upon topics such as grain quality, 

insect and disease resistance, and agronomic practices that lead to 

higher yieldo. 

Population pressures on food resources will probably call 

for additional accelerated grain production programs in developing 

countries. And it can be anticipated that additional land, although mar

ginal in some countries, will have to be used in order to increase over

all production; thus, training plarts should consider production prac

tices under such adverse conditions. 

Similarly, off-station research at CIMMYT should be stressed 

in order to face trainees with the raw realities of farm-level produc

tion. Each country has its own environment and presents different 

conditions; these facts cannot be overemphasized. The farmer, and 
rehis production conditions, must remain the primary target for all 

search and production packages, 
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11.3.2 SELECTION OF TRAINEES 

In selecting trainees, special attention is given to countries 

where production can be greatly improved by aggressive and reliable 

systems of breeding and use of adequate production practices. Prior

ity in selection and training is given to tropical and semitropical coun

tries where maize is considered a vital staple food and thus central to 

the nation's interests. 

Priorities for training should be given to countries in which 

there is a clear necessity to fill slots in the different areas of maize 

breeding and production, and also to countries in which maize produc

tion is not increasing fast enough due to lack of maize professional 
teams. 

Criteria for participants are that they be professional per

sons from 24 to 35 years of age for In-service Training, and perhaps 

ranging higher for the other categories. They should (1) be well mo

tivated, enthusiastic, and play a useful role in their home countries' 

maize production program; (2) demonstrate a thirst for more know

ledge, leadership capabilities, and a willingness for teamwork, matur

ity, good physical and mental health; and (3) be fluent in the English 

or Spanish language. 

English and Sp: .Ash are the working languages and trainees 

are taught in either language, using simultaneous-translation equip

ment when necessary. Recently, large numbers of French-speaking 
trainees have arrived from African countries; however, experience 
.. A shown that it takes only two months, without any special language 
aid, for French-speaking tiainees to obtain a good working knowledge 
of Spanish. Officials from French-speaking countries also have indi
cated the necessity for their trainees to learn English. Undoubtedly, 
an English language laboratory for these trainees would help a great 
deal. 

Trainees arriving from different countries show varying aca

demic backgrounds a factor which is clearly identified when they sub

mit a general written examination upon arriving. This examination is 
given (1) to determine the general level of the group and the particular 

background of each trainee, and (2) to evaluate the progress during and 
at the end of the training course. 

Before arrival, the trainees are exposed to the detailed con

tents of the maize training program, which includes both practical and 

theoretical subjects. It is expected that, all trainees should arrive on 

the appropriate beginning dates; however, considerition is given to the 

needs of national programs. Some countries, for example, cannot 
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afford to permit the absence of maize staff for more than one full grow

ing season. Thus, some trainees have been allowed to arrive weeks 
or months after the initiation of the courses. This type of flexibility 
should be maintained in order to perform a better service to the dif
ferent countries. 

CIMMYT's training allows some flexibility for special pro
grams such as Plant Pathology, Experiment Station Operation, Breed

ing for Quality, Mainteaiance of Germplasm Banks, etc. This varia
tion from the normal program causes few problems. 

11.3.3 OTHER TRAINING CATEGORIES 

A total of 83 M.S. Candidates, Ph.D. Candidates, Post-Doc
toral Fellows, Visiting Senior Scientists, and Short-term Visitors 
participated in the maize program during 1973. This total includes 
21 degree candidates, 8 Post-Dc_.oral Fellows, 14 Visiting Scientists, 
and 40 Short-term Visitors. 

Table 11-7 shows the number of individuals and countries
 
involved in each category.
 

Deserving trainees should be given opportunities to obtain 
advanced academic degrees, and there are many institutions that are 
able to cover the costs involved. Nevertheless, the selection of can

didates for advanced degrees from developing countries merits care
ful consideration. During CIMMYT's External Program Review Panel 
in 1972, serious doubts were expressed about the utility of Ph..D. 

training for research staff in developing countries--until such time as 
unusually well-motivated and scientifically talented young scientists 

are identified. Ph.D. training for scientists who are poorly motivated 
and lacking in vision can only contribute to mediocrity. According to 
Review Panel members, some of these less-qualified people have been 
trained in the past, then appointed as heads of programs where they 
can stifle progress for years. Advanced academic training can some
times contribute to neglect of field work; or alzernately, the transfer 
of the individual out of the research field for which he was trained. 
For the above reasons, we do not encourage Pre-Doctoral Fellows 
training, except for individuals who develop capabilities needed to ,ar
ticipate in international activities. The present plan is to train no 
more than two Pre-Doctoral Fellows per year. 

Post-Doctoral fellowships, however, will be given priority. 

Their participation in our activities in Mexico for a period of one or 
two years will enable them to become acquainted with the teamwork 
philosophy and with the advances and fulfillments of the different pro
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study at the univer
grams. After spending several years of academic 

can become directly involved in the farm
sity, Post-Doctoral Fellows 

solving such
er's production problems and the research related to 

call for six Post-Doctoral Maizeproblems. Thus, training plans 
staff members during each

Fellows to be participating as CIMMYT 

Aside from the practical and theoretical knowledge gained by
year. 

their work ideas and scientific contributions rein
the participants, 

forces our overall program.
 

Visiting Scientists and Short-term Visitors also are impor

tant categories of training for professionals who may be in charge of 

breeding and production work in their own countries, and for maize 

program directors. 

11.4 GRADUATE STUDENT EDUCATION 

CIMMYT's philosophy toward graduate-level education fol

lows the same pattern as that for previously mentioned categories of 

a functional-servicetraining and education: education should have 
social elevator for the student. Thus,

purpose and not be merely a 

in our view, a student's education should contribute to the improve -

This structured approachment of maize production in his country. 

are to succeed;
to education seems necessary if national programs 


cannot afford to have their scientists pursuing
developing countries 

research lines of purely individual interest. We view advanced edu

cation as simply another step in the development of human 
resources
 

to meet production needs, by no means representing an endpoint in
 

the scientist's development. 

In making advanced education meaningful, we are concerned 
the farmers, nationalwith the interaction of several components: 

and CIMMYT. Central programs, academic institutions, the student, 


focus is on the student.
 

The farmer and national program components are seen as 
stupace setters, determining the principal educational needs of the 

dent. The student, and other components, play a role in determining 

ion within the basic framework ofeducational needs, but must fun 


set by the farmers and national programs.
needs 

It must be emphasized that education is viewed in its broad

with both formal and informal experiences seen as essenest form, 
tial. The academic institutions, of course, play a major role in pro

viding the formal education, but work with farmers and national pro

grams is vital to the studentes educational process. 
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The national programs assume a primary responsibility for 
understanding and interpreting the farmers' needs in maize production, 
and these needs must be translated into trained manpower. Graduate
level education should be aimed at meeting these staffing needs. Stu
dents at this level should be very energetic and intelligent. They 
should be teamworkers dedicated to serving their national program 
and local farmers. These characteristics should bc given careful 
consideration, or advanced education may simply perpetuate national 
program problems. 

CIMMYT attempts to serve as a link between national pro
grams and academic institutions, since it has close relationships with 
both. In traditional academic programs, the student becomes accus
tomed to the concept of specialization and individual research. He 
often fails to see the larger picture, much less contemplate where he 
fits into it. Academic and thesis programs often do not equip students 
with the necessary tools to identify and solve relevant problems back 
home. In general, a strong feeling of "clear education purpose" is 
often missing. 

CIMMYT's strategy in collaboration with national programs 
and academic institutions is to expand upon the training of traditional 
academic programs and develop scientists capable of interdisciplinary 
teamwork. 

Working very closely with Kansas State University and Cor.. 
nell University, CIMMYT is helping develop interdisciplinary graduate 
student teams to solve maize production problems. 

The KSU team, for example, consists of four students repre
senting three countries (i. e. , Pakistan, Zaire, and Cameroon), and 
four disciplines (i. e. , Agronomy, Physiology, Breeding, and Plant 
Pathology). The students spent several months as trainees at CIMMYT, 
where the team was being formed and KSU approached regarding the 
project. The academic program and research was planned during a 
series of meetings at both CIMMYT and KSU--involving KSU faculty, 
the students, and our staff. 

As a key step, KSU assembled a team of professors to work 
with the student team. The thesis research is being done at selected 
sites in Mexico and Kansas and an ad-hoc committee has been formed 
to meet the students' needs while in Mexico. When possible, KSU pro
fessors accompany the students for their work in Mexico. 

At KSU, regular planning sessions are held once per week. 
During these meetings the advisor and students continue to map their 
reseaich course. A given graduate committee for one student includes 
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all three of the advisors for the other students, thus aiding the inter
disciplinary planning process. For such a project to function well, 
students must participate actively and academic institutions must be 
well aware of their needs. For this reason, the students have spent 
several months with us, and all professors have visited CIMMYT for 
preliminary discussions. 

We are convinced that team efforts similar to the KSU pro
ject can provide a worthwhile approach to graduate education. How
ever, more effort is required of both professors and students than
 
would be the case if a non-team approach were followed. The thesis
 
planning, plot layouts, sequence of data gathering, etc. require group
 
participation. This forces all individuals to have firm ideas of what
 
the others are doing. Modifications and compromises are the rule.
 

Although national programs have participated to some ex
tent in planning the KSU and Cornell projects; national programs should 
play a greater role in helping plan the student's program in future 
projects.
 

Means arc being explored whereby academic institutions 
and national programs can be more directly involved in a student's 
education. For example, thesis research could be done in the home 
country. In any event, our resident program does not have the capa
city to bring all graduate students from national programE to Mexico 
for their thesis work. 

We feel that it will be necessary to develop close working 
relationships with six to ten universities to meet the kinds of needs 
outlined above. Contacts have been made with U.S. universities and 
Graduate School of the National School of Agriculture (Mexico), and 
other possibilities are being explored. A diversity of universities 
woald permit a given national program to have personnvl trained at 
several institutions. 

We believe there are many opportunities for injecting imagi
nation and ingenuity into graduate programs at all levels and plans to 
continue its explorations and encouragement of new and different ap
proaches for the academic and practical experience that young scien
tists need to become leaders in their home countries and in world ag
ricultural production. 

CIMMYT will also work with government policy makers in 
an effort to obtain more structured staffing patterns in phased staff 
development programs. 
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11.5 RELATED STAFF AND FOLLOW-UP ACTIVITIES 

Quality of training depends on the number of staff members 
involved and the time that each can allow for training. On the average, 
it is expected that staff members, other than training officers, will 
spend 8 to 10% of their time in training activities, and make an effort 
to visit former trainees whenever they visit their count ries. 

Obviously, training is greatly improved wvheli individual 
trainees have the opportunity to work directl with t specialist. The 
Training Officer plans joint efforts with the sttlf and, if possible, de
signs a specific program for each trainee. This process is used as a 
model for all calegori.s of trainin,,. ''he Traiii L' fficer also must 
select the potential trainees anid eva!liatc their progress during the 
course of the program; organize lectiires arid ,wr iiinaries; and assist 
other staff members with training tech riie is. 

Our maize training has now )rodu1ced sufficient material to 
produce a maize training manual for use by trainees in Mexico and 
former trainees who are currently workirnig, ini their own countries. 

The staff also plans follow-up activities for the trainees in 

their own countries. This is important in reorienting tormer trainees 
and provides a means for evaluatinig CIMMYT's training ini Mexico. 

Follow-up work also assures the former trainee of CIMMYT B 
continued interest in their performance and post-traiiiing g i ance. 

Upon the completion of training, an In-service Trainee is 
scheduled to returi to his home country for one or two years before 
being considered for advaiced studies. This period provides both in
centive and background for fuiture study. 

Former trainees keep in touch with the program activities 
through correspondenceor a newsletter planned soon, and by personal 
visits of staff members who are able to provide on-the-spot advice. 

Periodic invitations to visit CIMMYT can provide motivation 
for former trainees to keep up with new developments. However, trans
portation costs may be a serious obstacle if this procedure is to be used 
with former trainees from distant continents. This problem can be over
come by inviting the most active former trainees to attend special meet
ings to be held in a country of their own continent every three or four 
years. Our staff seeks to build a bond or fraternal membership among 
the trainees. Hopefully, this common link can be extended across dis
tance and time. 
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11.6 OUTLOOK TO 1980 

Previously, we have made a very conservative estimate of 

Z,200 persons who should be trained for placement in 7Z developing 

countries. With this additional training, such staffs would be well 

prepared to undertake dynamic and well-oriented programs to rapidly 

increase maize production. 

Our overall cstima 8sare intended as working guides, not 

exact blueprints or perfect fits for every country. We did not consider 

those countries with less than 100,000 ha. in maize cultivation in mak

ing this estimate of more than Z, 200 potential trainces. Even so, con

sidering a capacity of 50 participants per year, CIMMYT could only 
train a total z'f approximately 300 professtinals by 1980. Thus, em

phasis in tr,iii ng nust be given to carefully u eleted program areas. 

l'rat ir,g of Breed,rs and spet lalists it PlIant Protection will 

require the suipport of a well -organized prog ran of maize improvement, 
with sufficient pertsioun l to cidu ct a ,,ld traifning program. Such 

training could befit be (lone in Mexico, taking advantage of CIMMYT's 

excellent physital anld hurrar reiources., available for the task. 

CIMMYT hould train annurlly Z) Breeders, Pathologists, 

and Entomologists s.elo cted from the coutrie,, that moSt urgently need 
well-qualified pwronnel. Sinc e the number of B reIers, Pathologists, 
and Entomologists that s hould re ceive traiing it, relatively less. -in 

comparison with the innmber of 1'rodu t ion H ,search and Extension 
Agronomists -- andi cont(1dering that natio .al pro grams should centralize 
their progrartjs of maime breeding, substantial contributions could be 

made to national maiz.e improvement programls. 

The ?5 remiaining positions available each year for CIMMYT 

training should bc filled by production specialists who could act as 
trainers of, return to their respective countries. Thus, these trainers 

could multiply the work of CIMMYT, with the aim of training about 1,500 
Production Reteart 1i and Extension Agrono'nists that are urgently needed 
in the developing countries. These trainers could count of) technical aid 

from CIMMYT in creating national programs (those that would not re
quire a special infrastructure, as is the case in facilities needed for 
training Breeders). In this way, CIMMYT could make a significant con
tribution to the development of maize production in the countrieg that 
most need it. 

In the case of training that includes M.Sc. degree candidates, 

Pre-Doctorals, Post-Doctorals, Senior Visiting Scientists, and Short
term Residents, we do not foresee significant changes in the policies that 

CIMMYT has now underway. 
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11.1 CVIMYT INSERVICE TRAINEES PER COUNTRY: 
TABLE 

1966 - 1973 * 

1967 1968 1969 1970 1971 1972 

Country 1966 


2 1
Af,hanistan 
Algeria 1 1 3

Argentia 

Bolivia 
Brazil 
Cam eroon 
Colombia 
Costa Rtica 
Chile1 

_ 1 2 

__,2 _Dominican I1p. 

- 5EcuadorEgypt 
13 1..2
1
EthiopiaE1 Salvador 

.....I
Ghana 
 1 4
2 1
Guatemala 1
3___ 
Guyana

Haiti 1 

3 
1 


londuras 

India 11 



1___2Ivory Coat 

,_"____
Japan 

_.__2Mexico 2 

Nepal 

1
Nicaragua .___' 3 

Nigeria 
 1
2
Panama 
Peru 


4 3 

Philippines 

Portugal (C.Vrdc) 5 

Tanzania 
 1
Thailand 
Tunisia 


'_"_ _
Turkey 

U ganda 

U ,__ 1
uuay 

3 

Veneztiela 


1 26
West Pakistan 
Zaire 

4 10 2 25 43

Totals per year 1 10 


• Arrived up to December 31, 1973. 
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1973 


1 

8 

2 

2 

1 


1 

1 


.1

-

1 

1 

2 

2 


1
6 


2 

2_1
 

1, 

56 


Totals/ 
Country 

3
 
1
 
13
 

2
 
2
 
1
 
3_I 
1
 
2
 
5
 
3
8
 

1
 

I,. 
11
 
1
 
3
 

7
 
2
 

2

3
 
4
 
4
 
5
 
2
 
7
 
1 ..
11_ 

3
 

-1
-' 2, 

1,. 

3
 
10
4
 

151
 



TABLE 11.2 	 SUMMARY OF IN-SERVICE TRAINEES PER 
CONTINENT * 

82
AMERICA 

27
ASIA 

42
AFRICA 

TOTAL : .151
 

* As of December 31, 1973. 
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TABLE 11. 3 INSTITUTIONS SPONSORING IN-WRVICE TRAINEES: 1969 - 1973 * 

INSTITUTIONS 1969 1970 
YEARS 

1971 1972 1973 TOTAL 

FORD FOUNDATION 

AID 

CIMMYT 

B ID 

CONACYT 

DIRECT 

UND P 

6 

2 

1 2I 

- 2 

3 

8 

1 

10 

3 

8 

14 

5 

14 

2 

7 

9 

15 

13 

! 

8 

4 

24 

35 

23 

37 

id 

-4 

T O T AL 10 2 25- 43 56 136, 

Arrived up to December 31, 1973. 



VABLE 11.4 AVERAGE MINIMUM RESEARCH & PRODUCTION STAFFING REQUIRED BY COUNTRY, ACCORDING 

WITH THE CORN ACREAGE. 

Number Of Ha. Planted Maize Plant Research Extension Protein 
To Corn Breeders Pathologists Entomologists Production Agronomists Evaluation Total/CountryAgronomists Specialists 

30,000-100,000 Ha. 3 1 1 2 3 1 11 

100, 001-500,000 Ha. "5 2 2 3 10 I 26
 

500,001-1,000,000 Ha. 8 3 3 5 • 20 1 55 

Each additional 1,000,000 Ha. 0 0 0 0 20 0 

,ID
 



TABLE 11.5 CALCULATED REQUIREMENTS FOR TRAINED PERSONNEL (B.Sc. & Up) IN DEVELOPING 
COUNTRTS WITH CORN PLANTED AREAS OF ABOVE 30,000 HA. 

0 

No. of Ha. Planted to Maize 	 Totals/ 

Staff ----------------------------------------------------------- Specialty] 
30,000 - 100,001 - 500,001 - Over Continent 

100,000 Ha. 500,000 Ha. 1,000,000 Ha. 1,000,000 Ha. 
rm Maize Breeders 15 50 24 16(1) 106 

o Plant Pathologists 	 5 20 9 6 	 40 
c Entomologists 5 20 9 6 40 

E o Res.Prod.Agronomists 10 30 15 10 65 
< U Ext.Agronomists (maize) 15 100 60 460 635 

oProtein Evaluation Sp. 5 10 3 2 	 20 

Maize Breeders 18 10 18 24(2) 	 70 
-I-Plant Pathologists 6 4 6 9 	 25 

c 	 Entomologists 6 4 6 9 25 
o 	 Res.Prod.Agronomists 12 6 6 15 39 

Ext. Agronomists (maize) 18 20 18 200 256 
-4 Protein Evaluation Sp. 6 2 6 3 17 

5 Maize Breeders 33 75 56 8 172 
ca Plant Pathologists 11 30 21 3 65 

-4 Entomologists 11 30 21 3 65 
0 Res.Prod.Agronomists 22 45 35 5 107 
U Ext.Agronomists (maize) 33 150 140 120 443 
" Protein EvaluationSp. 11 15 7 1 34 

.. Maize Breeders 3 -- 3 
m Plant Pathologists 1 - 1 
r- Entomologists 1 1 
0 Res.Prod.Agronomists 2 2 

O Ext.Agronomists (maize) 3 7 3 
- Protein Evaluation Sp. 1 .. .. 

TOTAL STAFF 2,235 

(1) Includes: Argentina & Brazil. 
(2) Includes: India, Indonesia & Philippines. 
(3) Includes: South Africa. 



TABLE 11.6 OVERALL 

Specialty 

Corn Breeders 

Plant Pathologists 

Corn Entomologists 

Research Production Agronomists 

Extension Maize Agronomists 

Protein Evaluation Specialists 

TOTALS FOR 

No. 

351 


131 


131 


213 


1,337 


72 


2,235 

SPECIALTY 

Percentage 

15.70 

5.86 

5.86 

9.53 

59.82 

3.22, 
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TABLE 11.7 	 PLACE OF STUDY, COUNTRY OF ORIGIN AND NUMBER OF 
VEGREE CANDIDATES, ?REDOCTORALS. POSTDOCTORALS, 
SENIOR VISITIGc SCIENTISTS AND SHORT TERM RESIDENTS 
DURING 1973. 

Country of Origin Number 

Dewte. Ca ldates 

Chapingo 	 Argentina 3 
Bolfvia I 
Colombia 4 
Mwxco 	 I 

IUruguar 
10' 

Kant a Sta" University Cameroon 1. 
,'akistan 2 
Zaire I 

Cornell University 	 Colombia 1 
Honduras 
Malaysia 
Uganda1 
U.S.A. 	 1 

Predoctorals 

CIMMYT Eapt 
Ivory Coast 

1 
1 

Postdoctorals 

CIMMYT Australia 

Barbados 
Chile 
India 
Thailand 
U.S.A. 

i'l 

I 
1 

1 
2 

Senior Visiting Scientists 

CIMMYT Colombia 
Erpt 
Guatemala 
India. 
Pakistan 

1 
1 
1 

Philippines 
Talwan 
Yugoslavia 

3 
1 
4 

Short-Term Residents 

CIMMYT 	 Argentina .. 
Camqoon 	 1 
Colombia 	 4 
Costa Rica 	 1 
Dominican Rep. 	 1 
El Salvador 	 1 
Guatemala 1 -

Haiti V 
Honduras I 
India I 
Indonesia 1 
Mwalco 2 
Nepal I 
Nicaragua I 
Nigeria 2 
Pakistan 2 
Panama 1 
Peru 2 
Spain I 
Thailand I 
U. 9.A. 	 II 
Zaire 	 240



TABLE 11.7 	 PLACE OF STUDY, COUNTRY OF OIGIN AND NUINIW OV 
DEGREE CANDIDATIES, PItEDOCTORALS. POSTD(-'TOItAI.S. 
SENIOR VISITING SCIENTISTS AND SHORT TERM RESIDENTS 
DURING 1973. 

Country of Origin Number 

tegree Candidates 

Chapingo 	 Argentina 3 
Bolivia 1 
Colombia 4 
M6xico 1 
Uruguay 1 

10 

Kansas State University 	 Cameroon 1 
Pakistan 2 
Zairo 	 1 

4 

Cornell University, 	 CoLombia 1 
Hondwras I 
Malaysia I 
Uganda 1 
U.S.A. 	 1 

Predoctorals 

CIMMYT Egypt 1
 
Ivory Cotst 1
 

2
 
Postdoctorals
 

CIMMYT 	 Australia I 
Barbados I 
Chile 1 
India 2 
Thailand I 
U.S.A. 	 2 

Senior Visiting Scientists 

CIMMYT 	 Colombia 1 
Egypt 	 1 
Guatemala 	 1 
India 2 
Pakistan 1 
Philippines 3 
Taiwan 1 
Yugoslavia 4 

Short-Term Residents 

CIMMYT Argentina 1 
Cameroon 1 
Colombia 4 
Costa Rica 1 
Dominican Rep. 
El Salvador 1 
Guatemala 1 
HIaiti 1

fHondur.s 
India 1 
Indonesia 1 
M6alco 2 
Nepal . 
Nicaragua t 
Nigeria 2 
Pakistan . 
Panama I 
Peru 2. 
Spain 1 
Thailand 1 
U.S.A. I1 
Zaire I"40



CIMMYT'S MAIZE TRAINING UNIT
 

In Service: 6 Months =1 1. Productton-Agronomy Visiting Scientists: 
2. Statistics-Exp. Design short term: 1-4 weeks
3. Breeding ILong term: 1year

I -.... 4. Plant Protection
Academic: 125 hours 5. Techniques Protein anal. [Post Doctorals: 2years
1070 of total 6. Communications____________ 

7. Agricultural Economics F
8. Exp. Sta. Devel.-Manag. Degree candidates, in 

* 9. Analysis-Data Interpreta.I Practical: 1125 hours 10. Seminars assocation withuniversities: 1-2 years
9%of total J11. Follow-Up Activities __L 

[Experimental Station Activities I L- Farmer's Fields Activities 
Production [ " 

Agronomy mPlpan 
r Barriers to increase productionA'... m v 

m 
m ntn]farmers |ct needs-preferences 

-1Communications procedures 
Fertility (F); plant Breeding approach:
 
density (D); variety Population improvement

(V); and pesticide for desirable agronomic 
 Cluster of Agronomytrials, (FXD);S(FXV); (FXVXD); traits and pest resistance Production Trials 

(PX F, D, V .). "e 
Production of Inoculum | l 

SPhenological and Insect Material 
Studies _henological._ _____ _ty 

Artificial Inoculation I 
- Physiological Infestation Techniques "[on varieties 

Studies RatingDamage Scales onpesticides 

Mechanized[Trials,-- Ion technological 

Experimental 

Sta. develop.
 
ment.
 

Fig. 11.1 
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12.0 

THE ROLE OF ECONOMICS IN INCREASING 
MAIZE PRODUCTION 

by 
Don Winkelmann 

12.1' INTRODUCTION 

In a-conference dedicated to maize improvement, one might
well ask how economics fits in, what functions it fulfills. Agronomists 
or breeders or entomologists and maize improvement. -these conbi
nations conjure 
up ready images of purpose and function. But, econo
mists? They're not quite standard fare. 

The title of this paper hints at the orientation to be taken. 
The emphasis is on how economists can best collaborate with other 
maize improvement workers to boost maize production. Collabora
tion of this kind--where agricultural scientists and economists 
 each
 
contribute their special knowledge and points of view--is not at all
 
common. 
 We do have some examples; e.g., the joint ventures into 
the formulation of profit maximizing recommendations, but not many. 

In such cooperation, we can say that the special contribution 
of the agricultural scientist is his knowledge of plants, their needs, 
and how they interact with the environment. The economist contributes 
procedures for identifying and organizing the elements impinging on a 
decision-maker who seeks to maximize something while subject to con
straints. Even so, such questions remain as to how these contribu
tions should be integrated and what problems can be treated fruitfully, 
Answers are not readily available. 

In the two years since CIMMYT began its collaborative ven
tures between biological scientists and economists, several problem 
areas have emerged. Their identification is a joint product of CIMMYT 
efforts and of soundings from national programs, from policy makers, 
researchers, and from farmers. 
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In the earliest days of CIMMYT's program in economics, 

work aimed at formulating profit maximizing recommendations was 

considered. It was quickly apparent, however, that the Center's ag

ricultural scientists were fully aware of what has to be done to iden

tify protit maximizing levels of inputs. With this fact established, 

attention was turned to the consideration of other pr-sblem areas. A 

description of the work now underway at CIMMYT io presented next. 

We don't claim to have identified all of the areas which warrant joint 

undertakings. Indeed, CIMMYT's list differs even from that U! its 

sister institutions. Our selection of activities is, we think, consis

tent with CIMMYT's mandate and with the Center's experiences. We 

look forward to your observations on how such collaboration could be 

made more useful to CIMMYT and to national programs. 

The following sections emphasize CIMMYT's experiences 

in fostering collaborative work among agro-scientists and economists. 

The first section sets the scene by juxtaposing the world grain situa

tion and the guidelines which orient CIMMYT's activities. The next 
section identifies critical points for collaboration among agricultural 

scientists and economists. In the third section, specific cooperative 

activities are discussed and exemplified. The final section is a sum

mary giving emphasis to the point of view which motivates CIMMYT's 
work in economics. 

1Z. 2 CEREALS PRODUCTION AND CIMMYT'S OPPORTUNITIES 

12. Z. 1 WORLD PROJECTIONS 

Before looking at CtMMYT's work in maize and economics, 
we can consider the argument for increasing production. Cereals are 

in short supply around the world at the moment. Prices started rising 
in late 1972, continued high through 1973, and promise to remain inter

mediate between the highs of 1973 and the levels of the early 1970's 
(see Table 12-1). The marked increase in the price of cereals (as com
pared with the price of production inputs and with the general price 

level), along with the notable reduction in stocks, offer testimony that 
grains are relatively scarce and seem destined to remain scarce. 

What about the rest of this decade, the period from 1975 to 
1984? Forecacts made by FAO and USAID indicate that on a world

wide basis, cereals, in general--coarse grains in particular--will not 
be in short supply. They show world production increases keeping 
pace with the world's increases in consumption through the 1980's and 
on to 1985. (see Table 12-2). 
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These projections were made at a time when grain and en
ergy prices were lower, when fertilizer was readily available. What 
do the recent changes imply for these world-wide projections? If 
grain prices stay higher relative to the general price level than they 
were in the 1960's and early 1970's, this will tend to shrink the use 
of grains, especially for animal products. At the same time, policies 
aimed at restricting production in certain countries will be relaxed, 
leading to increased output. Both reactions would reinforce the long
run projections. 

On the other hand, if energy remains relatively expensive,
 
costs of production will be higher, yields will be reduced, and pro
duction increases will be below those forecasted. If fertilizer stays
 
in short supply, production will obviously be limited. This latter,
 
however, seems unlikely. Industry forecasts indicate that adequate
 
fertilizers will be available to resume past trends in fertilizer use
 
within the next three to four years. Fertilizer prices will be higher,
 
of course, but it is not clear what will happen to the critical ratio re
lating grain prices to fertilizer prices.
 

We have, then, higher prices for grain reinforcing the USDA 
and FAO projections of world-wide abundance, while higher costs-
especially for energy and fertilizer- -would tend to counter the projec
tion s. 

On balance, what can be forecast? It appears that the best 
guess remains that found in the FAO and USDA projections--that world 
production of coarse grains will meet world needs at relative prices 
not much above those of the late 19601s. 

But is this enough? It might be, if the world had a system 
for f,'-ely transferring grain from those who have an excess to those 
who suffer deficits. The impressions of Dr. Pangloss'aside (a char
acter in Voltaire's Candide w'lo insisLeci, even when immersed in evi
dence to the contrary, that "All is for the best in this the best of all 
possible worlds. ") such a system does not now exist, nor is it in the 
offing. This makes it important to alter the focus of the discussion. 

12. 2.2 REGIONAL PROJECTIONS 

Look, now, at the world by regions and consider only coarse 
grains (see Table 12-2). Here we see that the projected increases in 
production originate in the developed countries. For developing coun
tries, on the other hand, production does not keep pace with consump
tion. They will import to supply their needs. Refining our view even 
more, USDA projection shows only four developing subregions export
ing coarse grains by 1980. These are Argentina, East South America, 
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East Africa, and Southeast Asia (see Table 12-3). The seven remain
ing developing subregions will be importing significant quantities of 
coarse grains. 

1Z. Z. 3 COUNTRIES WITH APPARENT SHORTAGES 

Seen differenly and in the terms of the Symposium's intro
ductory papers, for 45 of the 55 developing countries with at least
 
100,000 ha. of maize, population increases exceeded increases in
 
maize yields in the 196 0's.(see Table 12-4). Unless production is in
creased, this finding implies that net imports must be increased or
 
that domestic use must be reduced for those 45 countries.
 

The forecasted world sufficiencies, then, mask critical 
shortages of coarse grains--largely maize--in the developing coun
tries. Barring an apparatus for freely transferring grain to deficit 
areas, these projected shortages offer a stimulus for substantially 
increasing local production and, more importantly, human well-being. 
CIMMYT's work should focus precisely on means for overcoming these 
critical shortages. 

1Z. Z. 4 CIMMYT'S CONTRIBUTIONS 

CIMMYT's mandate calls for it to work with the national 
programs of developing countries to promote the production of maize 
and wheat. Thus, CIMMYT staff engage in research aimed at identi
fying critical problems in cereals production. (Mauy such problems 
related to maize were reviewed in earlier papers.) Beyond its re
search, CIMMYT engages in training staff members for national pro
grams. Center staff also consult with national policy makers on ways 
in which national programs can be made more effective. Each of these 
activities is aimed at increasing the production of maize and wheat in 
developing countries. Each, then, is aimed squarely at the kinds of 
contributions referred to above. 

And what do these contributions entail? In brief, the re
quirements are: (1) national programs capable of formulating and pro
moting new technologies which farmers will adopt and (2) policies which 
facilitate the diffusion of these technologies among farmers. This state
ment identifies the decision makers important to increasing maize pro
duction. It also marks the points at which collaboration among agricul
tural scientists and econoniists can be critical. Both Dr. Sprague's 
introductory comments and Dr. Finlay's discussion tofolloware elabor
ations of these requirements. 
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IZt3 DECISION MAKERS: FARMERS, RESEARCHERS 

POLICY MAKERS 

12.3. 1 DECISION MAKERS INTRODUCED 

There are three important groups of decision makers who 
are instrumental in shaping the production of maize. These are farm
ers, researchers, and policy makers. Each group has a set of ques
tions which deal with issues of special conccrn to economists. These 
issues orient the discussionwhich follows. 

Before going into the questions affecting these groups, con

sider the way in which these decision makers are related. If produc
tionis to be increased, then farmers must do something differently. 
Clearly, then, the central figure on the scene, the major protagonist 
of the drama, is the farmer. It is through him that the efforts of the 
researcher and the policy maker are manifested. Researchers can 
offer new technologies and policy makers can ensure that inputs are 
properly available, but the farmer is the vital link in the chain that 
binds the desire for more foodstuffs to its fruition in greater produc
tion. 

12.3.2 THE FARMER: GOALS AND CONSTRAINTS 

Look now at the farmer. In times past, it was argued that 
the farmers of developing countries resisted change because custom, 
tradition, superstition, or ignorance played dominant roles in orient
ing their behavior. Now it is widely held that the farmer's behavior 
is purposive, that he is sensitive to the nuances of his environment, 
and that he uses his limited resources efficiently. He is seen as moti
vated by certain goals, but constrained from achieving these goals by 
the existing technology and by the availability of inputs. To a lesser 

degree, it is held that he is restricted by ignorance of what is avail
able to him. 

With respect to goals, it is usually assumed that the domi
nant force motivating farmer behavior is the drive to achieve higher 
profits. Evidence is accumulating, however, that other factors also 

affect his behavior in a significant way. In particular, the farmer's 
aversion to risk is now regarded as a very important concern in de

cision making. A risk-averse, income-seeking farmer requires more 
income if he is to expose himself to situations in which he perceives 
more risk. 

Formally, risk-averse behavior follows from three assump

tions, each of which is intuitively appealing. First, it must be assumed 
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that the decision maker prefers more income to less income. Second, 

it must be assumed that the extra satisfaction derived from extra in

come decreases as income increases- -e.g., the change in satisfac

tion is greater from an extra dollar of income when total income is 

$1,000 than when total income is $100,000. Finally, given that farm

ers operate in an uncertain environment, it must be assumed that 

they take decisions in terms of expected returns. (This last assump

tion can be deduced from certain antecedent assumptions, each of 

which is intuitively appealing.) Informally, we seem quite ready to 

acknowledge that humans are inclined to avoid situations which are 

risky. 

The more the farmer is averse to risk and the more un

stable his natural environment, the less likely he is to adopt new tech

nology, even when the new technology promisei greater average pro

fits than the old technology. 

But is it really true that risk influences farmer decisions? 

After all, agriculture is always a risky business. Just so, but clear

ly some strategies open to a farmer are more risky than others. 

There are several ways to define risk. One way is in terms of the 

probability of ruin--that strategy which has a higher probability of 

ruin for a given farmer is said to have a greater risk for that farmer. 

A second way is in terms of the premium, in the form of additional 

average income he must be given in order to expose himself to a given 

uncertain situation. No farmer eliminates risk; rather, he seeks to 

keep it at what he perceives to be acceptable levels. Some direct evi

dence of risk aversion is available from small-scale surveys conducted 
in the Plan Puebla area. Indirect evidence is available from data 

on the adoption of new technology. 

Consider, for example, the data in Table 12-5. These show 

yields of the new wheat technology in Pakistan and yields for the new 

maize technology in Puebla. (The sources of the data are fully de
scribed in the footnotes of the table.) Notice that traditional yields 

are much the same for the two programs, that farmer yields with the 

new technology are much the same, and that experimental yields fa

vor Plan Puebla, but undoubtedly understate average performance in 
Pakistan. The increases in profit promised by the new technologies 
also compare favorably. 

For the Pakistan case, the adoption of the recommended 

wheats was rapid and pervasive. In Puebla, the rate of diffusion of 

new technology- -featuring more fertilizer and greatrr planting den

sities--has been appreciably slower (see Table 12-6 for more on this 

point). One major difference between the two environments is that 

Pakistan's Punjab is irrigated, while the Puebla area is rainfed. In 
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Pakistan, new wheats are a dominant strategy, almost certainly better 
than the old wheats when both are irrigated. In Puebla, however, with 
inadequate rainfall, new technology can produce incomes below those 
of the traditional strategy. (Efforts to demonstrate that risk-averting
farmers might prefer the traditional to the recommended strategy 
have not been notably successful. These efforts, however, are based 
on data from 1971 and 1972, years of good rainfall for the area.) 

This example does not prove that risk is dampening the re
sponse of Puebla farmers. Other possible explanations for their ap
parently anomalous behavior come to mind. The example is, however, 
consistent with risk-averting behavior and, hence, suggestive. The
 
data in Table 12-6 that show a continuing increase in planting densi
ties, could be the result of changes in farmers' perceptions of risk as 
experience accumulates. With this change in perception, adoption of 
recommended practices increases. 

Turning now from farmers' goals to the constraints which
 
impede their achievement, the farmers' 
access to inputs--which in
puts are relatively abundant and which 
are relatively scarce--must be 
analyzed. Constraints can arise from shortages in inputs owned by
the farmer (e. g. , labor, or power for land preparation), as well as
 
from shortages of these inputs which must be purchased (e. g. , ferti
lizers or insecticides). 

12. 3.3 COLLABORATION ON COMMON THEMES 

What does the above imply for the role of the economist as 
he' Collaborates with agricultural scientists? 

The most important contribution of the economist is in or
ganizing research which will identify the farmers' objectives and char
acteristics of his constraints. This assertion is based on the belief 
that research aimed at developing new technologies is most effective 
when it considers what motivates and what constrains farmer behavior. 

In a similar way, the economist can provide information 
about the farmer to the policy maker. Again, the idea is that policy
is most effective when it is based squarely on knowledge of the pri
mary forces shaping farmer behavior, coupled with knowledge of the 
potential change in technology available from agricultural research. 

In brief, then, the role of the economist is (1) to collaborate 
with agricultural scientists and policy makers by providing information 
and analysis on the critical elements that shape farmer behavior, so 
that (2) new technology will be consistent with farmer needs and poli
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;¢ies w'ill be helpful in its diffusion. It must be emphasized that this 

does not exhaust the set of activities engaged in by economists concern

ed with agriculture; many other themes could be treated under a broad

er rubric. This role is, however, a critical one in shaping and diffus

ing the new technologies which will lead to greater production. 

Against this background, the next section will describe re-

Lited lines of work which CIMMYT is now pursuing. 

WORK12.4 PROBLEM AREAS AND EXAMPLES OF CIMMYT'S 

The discussion of this section concentrates on problems 

that emerge after it has been decided to increase production among 

specific sets of farmers (e.g. , among all farmers, among irrigated 

farmers, among subsistence farmers, among farmers of a particu

lar region, etc.). It assumes that a substantial number of important 

questions have already been answered. In a rough way, these ques

tions can be subsumed under an assertion like the following: that in

troducing new maize technology to these farmers is an efficient way 

to achieve the broader goals of the government. 

12.4.1 TECHNOLOGY AND THE FARMER'S CIRCUMSTANCES 

The first issue of concern is the technology itself. It must 

be useful to farmers, which is to say that it must be consistent with 

their goals. The technology must also be consistent with farmer con

straints, or policy makers must agree that a program for ameliorat

ing constraints be launched with the program introducing the new tech

nology. There is ample evidence that farmers will not accept tech

nologies that do not fit their circumstances; no matter how these 

technologies are promoted, nor how many inputs are made available. 

These are certainly obvious conditions, but what might they 

imply for the recommendations and for their promotion? Consider 

first the objectives of farmers. Imagine a homogeneous area populated 

by farmers and assume an agronomist who seeks to formulate a set of 

to start, thatrecommendations for the area's farmers. Suppose, 


agro-climatic conditions and prices show little variability from year
 

to year and that farmers' circumstances are such that profits dominate
 

decision making, with risk having little influence.
 

In such a situation, recommendations can be framed in terms 

of profits and well-known procedures for their formulation can be fol

lowed. (This assertion is a bit strong in that we know that the response 

surface analysis necessary to finding maximum average profits can be a 

tricky business. It often occurs that there is little difference in statis
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tical measures, e.g., coefficients of correlation, between alterntive 
models applied to the same data. At the same time, profit maximizing 
recommendations from each model can be quite different from one an
other. This suggests that the researcher should be armed with a certain 
amount of skepticism as he goes from data to recommendations via i-c
sponse surfaces. ) Because he environment is stable, it is likely that 
recommendations can be based on relatively few experimental results. 
Finally, the recommendationq -- variety, fertilizer, planting rates, etc. 
-- can be made with substantial specificity. 

Now, let's turn to a second situation, one in which farmers' deci
sions are sensitive to risk- -better, to ttie farmer' perception of risk--as 
well as to income. Further, assume that agro-clim&Jcc conditions and prices 
can vary substantially from year to year. These two new elements -- risk a-V ert
ing behavior and an unstable environment-- can lead to significant changes in 
the way recommendations are made, in the way technology is diffused, and, as 
will be seen in subsequent paragraphs, even how experimental work aLmed at 
formulating recommendations is organized. 

Because both risk aversion and income are impor, mt goals, re
search and recommendations must somehow incorporate the .wo if they are to 
be consistent with the farmer's purposes. For example, a breeding program 
focused exclusively on raising yield potential to the exclusion of yield stability 
will not be consistent with the farmers ' purposes. Because farmers are con
cerned about yield stability as well as about yield potential, breeders must have 
the same concern. To focus on the latter and ignore stability is to jeopardize 
farmer acceptance of the new lines. 

So, too, for recommendations, those aimed only at profits will 
probably not be consistent with farmer circumstances, hence are likely to 
be rejected. Well and good, but each farmer can (probably will) have a 
different way of looking at profit and risk and it's just not feasible to tailor 
separate recommendations for each farmer. What can be done ? The re
searcher must be content with a rather untidy situation. The information 
he'd like to have can't be obtained. He knows only that he must present 
recommendations which are acceptable to risk averting profit seekers. 
What he will often discover, not always but often, is that he can only re
commend ranges -- e.g. from 37, 000 to 47, 000 plants per hectare. He 
can know that potential strategies outside the range are inferior to those 
inside but he cannot know which of those within the range is preferred by 
a given farmer. 

What is needed, then, are data which permit characterization 
of the unstable environment and a way to relate these characteristics to 
the production arising from alternative strategies. This might mean 
several years of experimental data or it might mean good data on the 
environment, a few years of experimantal data, and a sound knowledge 
of the interaction among weather. production strategies, and maize 
yields. The researcher also needs access to a mechanism for identify
ing acceptable strategies. 
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One of the first attempts to move from the theoretical Issues 

surrounding risk-averse behavior to a set of operational procedures 

for identifying agricultural strategies acceptable to risk averters is 

found in a manustcript by Dr. Jock Anderson, now under re, iew for 

publication by CIMMYT. 

As for proimoting new t-t.hnologi.-,, fiarmurs , utist not )nly 

become convinced (if tin,' r prt ltdbility, but I ust Iearil about thcir 

variability as well. 'I his rtquir s that (i.iInonstraLioI plots be main

tained lon g enotiuh ,.o that farmc r,.h' percepthI j o f risk will approxi

mate real risk. More.on cr, tnl'st,, one t rattgy itialways rinore pro

fitable (i. e. , alw:y,, giv.s more profit thdn .om|peting strategies in

dependent of how tlh" wa';Ath,.r or plant disvah, or prices behave), it 

will not be sufficient to (lmon.trate only the profit maximizing stra

tegy. Oth'r strategict, mutit be (Oc11onstrated. 

And now wht of the constranits, how might these influence 

the orientation of research on which recommendations are to be based? 

First, it must bhe recogjnized that, where farihers have access to cre

dit and to marke'ts, some constraints can he relaxed. If the farmer 

runs out of seed or fertilizer, he can acquire more. When family 
labor is exhausted, he can hire labor. When the hoe or mules cannot 
satisfy tillage requirements, he can turn to custom services. 

The question of the economist then ')ecomes which of the 
constraints are only apparent; which are real? Which constraints can 

be relaxed through policy (e. g. , by making cre(it and fertilizer avail

able?) Which constraints arise because of high opportunity costs (e.g. 
a longer season maize is not feasible because of double cropping)? 

Which constraints emanate from natural circumstances and cannot be 
evaded by the farmer (e. g., rainfall or the amounts and timing of 

canal water) ? 

The ;esearcher is obviously not working in a vacuum, iso
lated from knowledge of what happens in the surrounding countryside. 

There are, however, a wide variety of circumstances which might 
influence farmer reception of a new technology. Some are not obvious. 

They can be identified and their importance assessed through farm and 
market level research. 

12.4.2 CIRCUMSTANCES AND TECHNOLOGY: SOME EXAMPLES 

Three examples come to mind. In Zaire, field trials show 

a marked response to nitrogen. Nitrogen, however, is little used by 

farmers who grow maize, is not readily available in the markets fre
quented by farmers, and, where available, sells at relatively high 
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prices. This might suggest that the firrt version cf a new maize tech. 
nology should feature low level, of nitrogen and/or a cropping system
with maize and a legume interplanted. Subsequent versions could go 
on to higher levels of inpute. low quickly and by what route high yield.
ing strategies can he inttrodiUt ed d-tCIMw ft upon (,t:Ong utht r things) 
farmer wilitignt-s to at ( ept the per( rised riioks imp eI by usting ever 
more nitrogrn, on the- cpat ity of the distribulki(,ji bytem to deliver ni
trogeii, rl,'l on the.prk r in terms of 1m1Aize at which itroge'n call be 
delivered to the farme r. 

o rleA nond x icomea irom northern I urkey. There it 
Il not uncomuloii tor the lastr farmer to hate exce.llent tobiacto side 
by side withI| lov. yielding mito|ze. What tundrrlies thin appar ent atiomaly? 
Is it that thle 1ltv~i6 technolo)gy (tirreittly hieing r.-t mimiended in flawed 
and, if au, how? Does le recolimiin.ded ter alogV rerjuir- nubstan.ha 

tial iipts of 1idhuor it at tinw when ftruily labor it fully (offinitted to 
tobacco (or vr'getablve) 'A ,%nd, it no, what of the iiaii'I.t Air hired 
labor? Are the rinkn aNria( iatrd vith tohi.i( o jIrodl( !ion all that the 
farmer is willing to a( ( I 'l " 

Or, (onutider a third .x.miple ftio, Kenya. %r t of Ihe Hift 
Valley. Actording to a survey )t wii, hI(IMMYT (ollahorated with 
Kenya-based agetm iot., the. hybridn (el'vfeloped at Kital- Stationhave been 
widely accepte.d (ie- 'Table I Z 7). At thet' name time, the data indtcate 
that several othl-r di.meniont of 'ie recorn endations a.'e not as well 
received (see Talfl ie -). 

Notih, in particular, that roughly 40% of the interviewed 
farmers with leniii than 50 at ren of land inte rplant maize with other 
crops, contrary to the. re( omir'ndation i. Information on interplanting..
what crops, in what suibrtgionti, by what clanties of farmer,,--can be 
useful in orienting the re8(!arch work of agronomists, possibly even 
lea~ing to recommendations involking inter( ropping. 

, 12.4.3 CIRCUMSTANCES AND RESEARCI 

Intercropping is a common practice for the maize farmers of 
Latin America and Africa. Several factors, separately or jointly, seem 
to motivate it. While one of these might be risk, it seems more likely 
that other considerations contribute, such as: weed control (with the 
consequent reduction in the need for labor); complermentarities with re
spect to plant nutrients, as exemplified in the joint production of pole
beans with maize; or the potential for immediate utilization of available 
moisture where moisture is scarce and soils have little moisture carry
ing capacity. It neems likely that in much of Latin America, where 
maize is commonly grown with pole beans, that complementarities with 
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respect to plant nutrients motivates intercropping. In much of Africa," 

many crops are grown with maize. Here it is more likely that labor 

and moisture utilization motivate intercropping. 

In any case, reaerchers will do well to remember that 
the Ohio farner-while intercrpping is riot the bebt strategy for 

with hilgh labor aostr, r eady a¢w ess to fertlh .era, and deep soils--

It migh wkell I,' the bt'tt stritegy for largv numtbers of farmers in 

I. -tin Aintei i i. Carelul ,irnlration of the farmers' cir-Africa aind 

ra Atn (Jim( 4,ver wltthcr it is the beat ,tratgy or not. If
CUItaii 

(arm level in-. rnligatin ahows litert ropplnA to hv pateritially advan

tageous to fartne rta, then agrictiltural anientistu will do well to include 

it in their rt-e arch. 

Tt-re in a notlher, Ila, e-ly related, d(Ii enna ion -f the develop

ment of new technology w,hi h warrants c(inside ration. This has to do
 

with the tonservation of the- Gvernimnent'a tit ire- ri.ear( h rreources,
 

especiilly trained niipo xer.
 

In .t)t ss int i it( i rt- m rti, en. %v oo 'I,! firat top ( m'.irice our

selves tht tli- res-.ari It problem at hand in atn im m-,t rt t one', that its 

resolutioti han ,t high priority. On this isnne, bath th, agricultural 

scientist .nd the ercnoi at 4ant co perate in providin , inforination to 

policy makers. lhey will then de idr if a probl elni warrants attention, 
Riven the biIlget and tihe other pr, ble m, whili are t plpC g for solu

lion. 

Ow r the di't iiioti ift Tiafte to prIo -rd, the w,,rk ahould be 

done quickly and efficiet-tflv. Suilp~on, that the problet in to formulate 

recommendationn ,tneful to fatrmr. ()tie eletmenft of Ihv if-rcding 

discumnion--vi., lhat farrne,.rt, arc ra,! averae-- an li.tve tii,(rtant 

Conarquiieni t for how th- r ar'irI li effcirt iti tirgoizer,. If risk aver. 

sion pl.iytn ani iwp rtant rohl it )dr(I f sion m.ikinj,, t1111 it Iii nt1 possible 

to Wake Ecr. 4)1ln' idlld kotia that Live- a pr' , le.vel of each Input (spe. 

cific re- oiilationr.) *And th.t at- e-x.i( fly ( oniiitetit with e.( hi farm

er's prefe rero vs. Vvecoimietii'at ionti haried on rangenm (r.. p. , 60O to 110 

kilos of nitrogen, per lit( t.r.) might require lie'ani exp)- rimieritat ion than 

would mp-, ifi( reco- nletind.ttinii batied on profit ,uaxitnization (e. g. 

110 kilos of titrogen per hectare). It rnight be panible to develop range 

recommnrridations based on two or three ye.a r of expierir.nta li con

junction with a mirr ulialion noel ,arid time tierivia data on weather. If
 

simulation models are tind, the classes of dita collected mnight be in

fluenced (e. g. , toil moisfure at needing, critical to ainitlation models,
 

is not commonly recorded in agronomic experim mtiu).
 

In brief, the introduction of risk aversion can have implica

'tions for the way recommendations are formulated that could result in 

12-12 

http:farrne,.rt


the need for different experimental data. When less data is required 
to make use 'ul recommendations, less research resources need be 
committed. 

The preferetm e for inter( ropf.ing should als(o influence the 
orientation of rseart h. Where farnier follow thi.i praictice- -4orne_ 
times evenl whe: they do not- - intert ropjltrig shoul be (olsi(tr,.d by 
researchers. 'Ihis teent, et,prclmliy ,ipopr -l'tr- Ahen the crop) planted
with maize iti a I .terxt .. Vertili pri( I-, N rIl.i, Ier h IVc t otr recent 
lows and, bc ,ttihe of tli. htigher o)st of ",+rgy, it tiv( ima likely th.at 
they will stay aibove thitie lowti. With h, ghr pr( ,m o, t h,'inimcal f.-r
tilizer, higher v',lu.t, must be .attribotc to the niltrogen fixel' by plants,
making maize/leguiie ( onlni;ttloti rel, tively ut)ore pr(fltable than 
before. 

(One further iatie( t of the de,',I.,i of rtiar( h ,ini ed at formu. 
lating recomilelid.to tuit olfern opporturiitie for (oll.aboraItn, Mlmong

agricultural titeitlit ,. :i+iti e( (orioritit m. Ihi. ari 
 .e'sfrott) r ,ogml+tng
that experimentm, whether on ttsation or ontfarnwr,.' lls., offer far
 
more at ope 
for (ontrol o%4.r the t rop'n vtn%iroutiueit thail1 iierh ex. 
ercise over their t)wn fieldr., For ,xamriile, erxIriinet't moilro'op)nae 
to nltrogra are kept woe'4--Ire-, while faritbr n' fie.lds aire not. 14 the 
extent that thier, tontrolled 1finr le,:irleii ititera t in all iimpo rtanit .%iy

with the variables uind'r .tuly, re(omiiiiiei(latioii ihould ret'fl,' t tlit
 
interaction. 

Tile llge of ri-t onlm'lrdat ionn etle rging frortij lhe dint t1tl4ion 
on risk might he nsuffic ierit o for tlhi.t 1tet1 r.t. hoon. I1to olnpetinat 

any case, ()tilt w.ild wanit to be ( ti( imiil 
 of the Jliet(Jilmetiii il lormlo.
 
lating recomlnvliidation". 1o 
att ert.,im itn imrueprla.it e, flarir-level re.

search Involving agric lt ural <1iiillftt 4
no iv iti tfln" ail e(t o oi JlA ) eluseful. 

12.4.4 ClltCUMSTAN(C:ES AND) (()I..AMIMt A'I ION 

Up to thini pint, the distc uniion ha. fi(tu"rd onl collaboration
 
among agrlcultitiral n( ientint and V(ononits 
 aimied at formuslating

recornid(Intloi . ' ivpha.nin wat giveli to the tietl to
i orient rraearch
 
toward developing itra.teie- whit
1 Ih irr, oriniitrw't wit), farmer' goals
and with the ( omitramntri (0 their ,ttmilnlulent; whit h re((ogii e that ( er
tain Input tare rcl.itivi-ly .rt v or r'latively expensive, while otheris 
are relatively alitbii latit or relatively ituivxl,× e iive. 

v( l i iI 
dations In to (ontrihiuite (Lto, aii.ihyM 391 aiiiIed at identifying goals and tile 

The e'I'llOtiom 't 4 l-( role in fiormiiiiatm i ii(h rec-(ol lten

relative s(ar'it y of repiourcen. Although mu'h reffearch--from ques
tions to questionnaire to nanipling strategies to interviews with farmers 
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to data analysis.-will be executed by the economist, the agricultural 
scientist must assist in identifying the elements to which prodtiction 
and marketing are jenisitive. The agricultural scientist will then shape 
his own research in terms of what is discovered about farmers and mar
kets. Omtstiion of th('s, considerations reduccs the relevance of the re
search. 

Sometimes, an apparently perfectly adequate technology 
meets with less success than expected by researchers. El Salvador's 
experience with improved maize technology--hybrids, :nsecticides, 
and fertilizers-- is a case in point. Data taken from t! CIMMYT
sponsore(J survey in Fl Salvador iirovs that, aftter isornic y(earH of pro

glily ofmotion, ro o lhe ( otitry's farmers Ar, utiivt,, hybrids (see 
Table 12- H). A tic ,t tl (III,. n , ir i ()f tlio rc( o i r enderi'd alch inc is 

@ecticid ,t. I.,li. thtan ,% of tht- ,latm)letl faruiivr, rrplr trl sing in
sectividcti . (1:1 itlvtira. Iawvland tro)it ,A1 (ointr v. lei-,vy Infes
tatikins of fall rrttyq vrt )r ti (Ih) is-ve t ( lain..ge to 
 thv ij , i,-. (ri) p %,irtually 
every year.) hovt(r,'stingly, thf.ro- is little ((orr'laLtion )ctw.ecn use of 
hybrids aul tit . of illtt(tt ideiS. "'he'rvis titroig rildtinI between 
use of the ifipito oil the one li;til. ayid tgro-Clrml.itic /one ,III(] farm size 
on the other. 

(of 1,114 tto( te 

avenues miutst hr elo)b)red. 'I he pa( kage" In profit;able, lromiming eas-

Ily twice the in, oui,. per ie. tar- of the traolitional t( littology. Obvi.
 
ously solithm III i v kk. r~ing igit. identifying the probl.tI)F and
 
rectifying Ont,) ill reqtirt. the combined talents of agro-biologits,
 
economists, -artd I)oli( ' ,akrs.
 

If tle potent il new h v ;11 to hed, r ,li, new 

12.4. 5 PlcOLY MAKI,;S AND MARKETS 

Et owtminl ,t.InI als) tuintrilhte to increasing maize produc. 
jIlion by proivid ng itatot, tati antd ,ia ly ts to policy makers concerned 

bllfwith the rai)d (litsio of tiew t-( liniology. These policy makers will 
want to fi llital Ihe uipreatl o1 new t( linlology -antl to avolid su1rprises 
which cain arise fromI nimforesern tlinruptionms of the mystetst which link 
farmers to thot who provide Inputs and to those who a? ilize farm pro
ducts. 

The preceding di nciinsion ernl)haiized farm -level research, 
and the following flinctiniflon will accent market -level research. The 
two are oblv Imtlily reialt-d; inoreove*r, I)oti muSt tie of concern to the 
policy mnake.r. Nevertlilett, the points at which policy makers can 
most inflence the ao)ption of new technology is off the farm In the 
markets which serve farmers, 
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Two classes of markets must be considered. The first is 
the market for those inputs that the farmers will utilize in following
new technologies (e.g. , improved seeds, fertilizers, and insecticides). 
Obviously, if the ne-w technology calls for the,icf inputs, they m1ust be 
available to t h. farmer. Availability, of rt)tirtc, is )nly a necessary
condition to faLirl.r u.ie ,f the irl)utt aid tle- f( h1nology which they

form. Whether ()r not fairiiner- will evun want to use 
therm will depend 
on (among oth, r t} inti) whether they -uit their purposes -- the theme 
of the pre eri g dibctstion. 

With re'. ]w, t to intptt, the policy maker must be apprised
of ways in whit I dii ctribttion can be made less costly and more timely.
This requir.ti i.lflyhl!, of transport, storage., finaniing, credit, and
 
prices. 
 When te proet ti of dcffution implies iiicreailng uLhe of in
puts, the sybtei'Y ,lk ty to a (at0 ioitto. 
 ve.r larger tlowt must
 
be examined. Comitratintn on expanided 
d lli,. rct. ztitit be Id ntfied. 
These beconit- the pointtn -it whit Ih icvettint.it oidld li . em oiraged. 

Tie" to i o, th(, pr,.viom r;.ra1r.i)i t (i|O tllllbt¢ one,
that in, constraint o the, ac.tilability, vll bet. i tiolid ,111] they i an be 
alleviated. Supme,, thiti thevre ii tc relic tal(, (- (Ion the part of the
policy makcr, or other (e4,( it i , l toP makt, ntc-, estc ry in1ve t
ments. So .v ,vould rpute thit 
 Ii .crc tilttiral to ientitit tihoildl tailor 
new teclitni lo 'ielt- to fit the- (Oittiiits. 1'()r eN.mild ,, it fertili.t.rs
 
are not liktly to be , ,ailable 
 without a 114 ,- t.ftit ,l inlveattriwtt in nfra. 
structure, adrl if flint will not )' ur ir the ordiitry ootirnc of evelts,

then revs ar( h i lIte( ltnolopieni f-}jnld reIle.( t I, 
 ,. ()tit rt argitl tlat
 
the techinologill" 01i h c\e d Il
bi-il \ op ic11tpl rich (of t'(1 It ( mnci 11d4 ra
 
tions and that fl1, t.( ltuo]or', ittnti will I r'.ete . ultm 
 nd (or in tift,which putbll( or ) ivate (d1-c ilno) iI aioioi.-( will he (mlpell.cl to tlatisfy.

An intern 
 tlatt, l)Im iiin (liJe th It clc-.c I,,d eatrla .an* postiIbility
 
for Zairv) tam tAlt,, 
 he ,.c miel. It r(iit ccc' a ( oIIIIciititie t to deliver
 
increasing flow- it mpittti
i t, ifIte ret oinictil-,il It( inmology chi;inigem to
 
ever hi }er r;at. tof itilit ,ifii t li ' ,tc.
th()I n 

'I titc extent I) wh, It th. v~al1,i] li t V f itl) t ia} ;en the CVO.
 
lutlon of new fe- hinnologier, an-itIbe, related 
 to liter ally do/..e'f of tonsid.

erations. Ident ific ,|1nion atiic rencolticcni of the" ififimtn hillould involve the
 
combined 
effortis, of pIout y iiakerut, ,cgro-Ibiohogists, awil t ono inists. 

Atioon. Ow input-related tittat'egitn ofteni ,nemitloiced lor hasten. 
ing the spread of new tv linology a,'r offe-ritg, credit ;it subsidizcd inter. 
out rates and mtub itlii/inp: the prit 4. of tlitits. 

Tltce formie r titrategy has played a prominent role in the efforts 
of developnent a inhi t;itm v, agc nclon to p romot e agricultural development. 
There Is growing evidence, however, that Fi Irmidized credit often leads 
to results different from those being sought. 
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First, it is evident from experience in India and Pakistan 
that, if the technology being promoted is consistent with farmers' 
interests, then farmers will obtain inputs, either from internal finan
cing or from a variety of non-official sources of credit. 

Second, when thit technology is not consistent with farmer 
interests , thlin sub,,idiz.ed credit will make little differen' e in the tech
nology's diffusion . The cre(dit will be used, to be sure, but not in the 
manner that justified the subsidy. Rather (and th: s is doc uinented in 
many places) rationin , of thet( limited suppl ivc ,)f stubi,id izted credit will 
tend to be done in,terns of the power ntriicttire. Tho,,e who occupy 
positions of powe r and In]portarn e will get the criedit. 'I hiisit a wind
fall gain for them, a traiit,i r of wealth front other Vart' of the s(,ciety. 
Moreover, those who the bstidy ustally haveat toreccive uit a:ess credit 
through normal channels. 

Soine have tried a variant involving e'crdit given in kind ra
ther than in cash. This often leads to a transfer of |iputs to others at
 
low prices, atd thesev tierti are isially amnong tho,e who would have
 
employed the inputs without the subsidy.
 

When the tct hnology is right and aufficiett redit it)avail
able for all potential user , thei subsidiied credit Call be helpful. The 
latter condition it t tor ingi-tt one. 

So, with retilw( t to 5tidilizCd ( redfit, it is aipparciatly neither 
necessary nor stiffi( ieTni to the diffution of new te( hinology. Moreover, 
it is fully helpful only inder qulev strintgent conditionn. 

'[111-'1ill, now to umihsdied inputt, it slhould first be recog
nized that11tI, are,ti e,.-al ways it wliiclh intptstt (a be, subsidized. 
All involve ofterin , ilnl)imito ftrn rt. it prio e'ni lower thaun the fill 
cost of nial,in, thvem ,v,ilauhl.. The.tiv trite ,iii alsot stuffer from 
certain dlimadvauntat,u- . What nut I)e ;,Ft vrtaiied ip: wim) will finally 
use the inputs?, w}l) will finally benefit fromi int rvaien il production, 
at] who will finlt,,ly pay te witsfof the nublsfidy' 

li ,ene.r.i], the ar tiiiint .ee.m in) favor tunubsidized inputs. 
Each came, howe-ver, should l (onnidere.d on itti mneritn. ior example, 
a came for tubstit, ing inputs( .li bv ma;eIi,when It Is tlioluiiht that risks 
perceived by fartevrxt ,.od real riskts. 'I le effect of the subsidy is 
to reduce nec. vivei riiks, thereby encouraging use of the input. Ex
perience with the input can, iin turn, bring perceived risks in line with 
real risks. Thisl can lead to mnore use of the input even when its price 
is no longer subsidized. 
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The market for the final product is also important for policy 
makers and those promoting the diffusion of new technology. Few in 
developing countries have clear impressions of the characteristics of 
their product markets- -amounts marketed through various channels, 
marketing margins, or demands by final users. B,-yond this, especi

ally when increases ini prodluction, art cont.rn plated, kniowledge of the 

systems' capacity to absorb Oltl)ut increase, It, ( ritical. Failure to 

plan for adequate storage, transport, linianie ni, ,nd p)erlha)s drying 

facilities, could w.ll spell ,harp pri v det Imo-,.,Uidw ,listatitial waste. 

These conscquct -ch(an, in turn, leaid to oindc, or,iblh low levels of 

farm Antoine arid cai re train the -,prad of new, tecl,',nology. 

These are the cleinents which tio(''i re that an ex-imination 

of the marketing system must be undertaken while niew tec hoologies 
are being developed. Emphasis must be given to identifyiig constric

tions on the systemr'd capacity to accommodate increased flows of 
product. 

One strategy often mentioned as an essential ingredient in 

introducirg new technology is that of guaranteeing prices at levels 
acceptable to farmers. These programs can facilitate the diffusion 
process. They are not costless, however, and might retolve today's 
problems only to create new, and perhalpu morv formidable, problems 

for tomorrow. Wiet , - or not prio c ntipportt a.rc to hi. employed In 

an issie to be fa( ,d for %.,,h national prot'rar. 'Ahc r e( 4-diiig dis

cussion on ritik andl wilmtidi/.4d itiliuts tnght ;apph h, rv. A d1et ision 

on the issue will rest onu the answersi to ,unIuobir t jlluueuolls: What 
" 
are at t i-ptable prit en; for farners What do thru,, im1ply for other 

crops? What do they irrl)ly for tatilivation (d the prodtit9 Is there 
" an apparatus, for itriplern nting pri v supports O ( an the supports be 

made effectiye in tie t auntrydei , C-.'r th gl aranntvt.-n be changed as 

circurnstaiweig (hange'" Etc. 

lV'or thle )olj( y njakecr promoting rapid and pervasive adop

tion of ni.w t(.( hulogy, thel, th, ,t'On alt)imt should providh analysis 

of the mnarkett for inp)iut aiil production. 'Ilietie inv. t igations will 

accent the, hara terintics oif the dititribution sysitein--transport, 
treatment, itorag,, *inid finanCinlg--nid itS (al)at ity toM (,tom))o1Iate 
new derawiids. They will idlnt afy cotnintri( ltions in that flystein which 

are amenable to polio y (e. p. , th.,' ill()( Mimi of publi( inivetr m,ent). 
They will look to identifyi)g niew lornetitic or intcratiotial milarkets 

for the product. 

On( e the de(o isin i ntd. e to in r'af produn t loti anong a 

given set of farmers (ill farouc r n from a giveti npion) so an to achieve 

a g'ven set of cnls (increamed farm income, lower real food prices in 

urban areas, safe foreign balances), then policies designed to achieve 
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these ends can be implemented. Literally dozens of levers are avail

able to the policy maker. Which of these, if any, should be emloyed 

depends on how the ends of the policy maker combine v ith the circum

stances of the farmer, the characteristics of the markets, and the po

tential strategies offered by the agro-biologists. Relating these ele

ments, associating them with alternttive policies, and making a con

vincing presentation to the policy maker will require the combinied 

skills of the agr ictltural s( ientist and the vconomist. 

12.4.6 CIRCUMSlSTANCICS AND QUALITY POTEIN MAIZE 

Finally, what of analysis for quality protein maize? Under 
what circumstancem will a policy maker opt for a program featuring 
such maize? 

While qluiality 1,rottin maize has the obvious advantage of 

offering more lytiiie and mo re tryptophaine to its consumvrs, these 

gains are not ahicl e( without o(oit. "'here are some (osts in manag

ing such a progiraii, bitt thetie are iniguificarit as tomnp~ared with po

tential advartage . The predorninant (oit ; iln Ihe" delay in releasing 

new quality p)rot.in mav'" materilii ,in (oipared ,ith releaiiing new 

ordinary materialn. ''him delay , irt b( aus. it will take two to three 

cycles to incorpor,it the quality niaite with de.i rable kernel charac

teristics into. the( otherwise ready iaterial:4. 'Ihiii impliesi that a qual

ity protein mai le program is always some years behind a program 

based on ordilii.Lry rti .i lHow many depends reIl hi w nm1,1y y l s the 

breeder ( a fliijUH'1 y in a erar. 

W' h ,av , thou, marked ,dvtintagit from jiiality protein 

maize. Ag.int.i the ,,Iv,.intaje:, we imiis t et the' ofut of the lag in po

tentlal yields-L la)g of fromi (one to thre, years, depending on circum

stances -- when (mnparcd with ordinary maie. ]le're, a*gan, the agri

cultural scientiitt, the c onmiuit, auid 111, poll€ y nIakcr have an oppor

tunity to collaborat c. 

The criti al iliue in ( hoomng which tstrategy to follow-

ordinary maize or itiality protein maize--is the (ot of i)rotein foods 

(e. g. , chilck peat, le.ain , ct . ) ,il co(J liared with time coit of maize. 
(It seems quit, 11u11ilk.ely that differentiation betweeni the two will be pos

sible In the mariet, hence 1)t-l will sell for the same price.) The rela
tive cot will, in turn, h e Ifluen (*dI by agro-climatic factors, by acces 
to markets, by marketing marglhs, etc. In general, when protein foods 

are scarce or eXp(lifive, policy makers will opt for quality protein 

maize programs. 
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'12.4.7 ACHIEVING COILABOI ONA'I([N 

Tile preceeding sections have described collaboration among 
biological scientists and economists. The aim, of course, is to facili
tate the development and diffusion of new technology by national programs. 
Given this aim, it should be apparent that collaboration must occur in na
tional programs as well. 

('EIMYTieeks to pronote this kind of collaloration tlirough its 
maize and wheat programs by ( oop'..rating with economists from levelcp
ing countrie.,. (),r' adoption studies, involving economi;ts and agriclcl
tural sciceniist; from more than eight different countries, arc an example. 
III the f~t lire, 41 n.tIonal program; undertake ti)(evelop IoldintrOduce 
flew tecli)iholog iE:, (IMMYT will cooperate with IC(al economists In studies 
like thonse descrb above.ed 

Wiil! II (li rnodus operandi and the broad thenies will be similar, 
tile spec if'I(etIeStiowi an(d the :otur(:rs of data w€ill be deterinine(l I)y each 
country's circumstances. 'I'hiese will be worPhed out in conjunction with the 
agro-scientists, policy makers, merchants, farmers, and econointsts of 
each national program. 

12.5 SI'MMAIRY 

''he preceing discussion has developed a perspective on col
laboratlon among agricultural scientists, economists and policy makers 
aimed at increasing maize production. 1,mphasls was given to the need 
to make the actions of each consistent with the goals and relative access 
to Inputs of the farmer, the critical decision maker,in the pro,u( tion pro
ceIs° 

In particular, technologies must be made consistent with the 
circumstances of the farmer. These circumqtances are not only charac
terized by natural factors, but by other considerations as well. HI*.re the 
discussion accente(d farmer goals -- increasing income while keeping 
risk within tolerable levels -- and access to inputs -- from on the farm 
and through the ?o ir-ket. 

,ailure to identify the relative inportance ()f goal; and to as
sess tie, relative importance of constraints (,,',(olpardize technolo1 the 
gy's relevance to farmers' interests. l.armer,- will not adopt technolo
gies which run counter to their goals and con;traints. It was agued that 
collaborative research on farms and markets can help to make technolo
gies more consistent with the interests of farmers. This will stimiulate 
adoption and lead to greater p:'oduction. 
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Subsequent discussion focused on markets for inputs and for 
products. Here, again, collaborative research, incorporating the spe
cial perceptions of agro-scientists and economists, can play an impor
tant role. The purpose of such research is to help policy makers to 
avoid surprises arising from unforeseen disruptions in marketing sys
temsi by identifying constraints on these systems as demands on them 
increase. A second important purpose is to offer to policy miakers al
ternative strategies for eliminating constraints on the capacity to accorn
modate increased demands. 

The overriding theme of the discussion is easily summarized. 
We are all participants in a drama of immense importance. The pro
tagonist of that drarni is the farmer; we -- scientists , economists, and 
policy in ikers ind administrators -- are playing supporting role.-. The 
forces impinging on the farmer's behavior as he chooses among techno
logies are nvilli-acete(I and complex. 1,lnderstau(Iing and harnessing 
thi.se forces will require the combined skills of all of us. Not to under
stand them or to unlderstand only a few facets is almost certain to make 
us less :4fective than we night otherwise be. The opportunitiesi open to 
us are too important i ) run this risk. 

)ne final point. )evelopin~g and diffusing new maize technolo
gy adds io the welfare of c)nisu mers of inliz,- an(l can add to the imcomes 
of farmtrs. IHut, tli, indeitl:iking (an have another important conse
quelic . As lari4 - I ieunc' iore e ffe( tiVe managers of conile)ix pro
(dlictioli 'liatgie l. 1( alil . eiir willitigiucss to accept risk incr'leases, they 
will !'l , ioe more(lispo,(I to tdlill to other, higher valued ( rops. In tils 
way, niiw nitze teclinology can be the vehicle for introducing a catalytic 
elernint iito traditional agriculture, an element which can lead to self 
sustaining change and improvement for farmers and the consumers of their 
products, 
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TABLE 12-1 

Recent Maize Prices -- No. 3 Yellow, FOB Gulf Ports -- Dollars U. S. 
per Metric Ton (rounded to nearest dollar). 

i /
Monthly. 

Annuallyi / 1972 1973 1974 

1964/65 $ 56 Jul. 54 Jan. 77 Jul. Ill Jan. 123 
1965/66 55 Aug. 55 Feb. 79 Aug. 124 Feb. 129 
1966/67 59 Sep. 58 Mar. 80 Sep. 107 
1967/68 50 Oct. 57 Apr. 77 Oct. 105 
1968/69 49 Nov. 60 May 89 Nov. 110 
1969/70 54 Dec. 68 Jun. 101 Dec. 112 
1970/71 63 
1971/72 52 

i/ 	 Annual figures are computed from WorldGrain and Rice Situation and 
Outlook, IBRD, Sec. M73-395, June 28, 1973, Table 2, taken from 
Commodities and Export Projections Division, Economic Analysis and 
Projections Department. The 13RD data report on No. 2 yellow maize 
at Gulf Ports. USDA publication available present No. 3 yellow maize 
at Gulf Ports. For six comparable months in 1972, the average dif
ference (Price No. 2 less Price No. 3) was $ . 18 per ton. The annual 
data reported by IBRD for No. 2 maize were diminished by $ . 18 per 
ton to estimate the price of No. 3 yellow maize. 

ii/ 	 From "Guide to U.S. Commercial Sales". U.S. Department of Agri
cultural Services, Washington, D. C. 20250. 



TABLE 12-2 

FAO and USDA Projections to 1980 and to 1985 on World Production, 
Consumption, anid Trade of Coarse Grains (millions of metric tons). 

FAOV 
1980 

Implied Exports 

Class I (Developed Countries) 25.4 
Class II (Developing Countries) 13.9 
Class III (Centrally Planned Countries) 1. e 

World 41.1 

if From FAO Agricultural Commodity Projections 1970, 80, Vol. 1, 
Rome, 1971, p. 97. Assumes constant prices and continuing trends. 
No effort to balance trade. 

USDA 1 98 4/ 	 1985L/ 

Produc-
tion 

Consump- Net 
tion Exports 

Produc- Consump-
tion tion 

Net. 
Exports 

Developed Countries 
Centrally Planned Countr
Developing Counries 

340.6 
ies 199.9 

163.3 

335.7 
198.4 
169.0 

4.2 
L5 

-5.8 

395.8 
267.3 
178.6 

386.9 
269.3 
185.5 

8.9 
-2.0 
-6.9 

i/ 1980-	 From World Demand Prospects for Grain in 1980, Foreign Agricul
tural Economics Report No. 75, USDA, ERS, Washington 1971, p. 69, 
Set I. 

M/ 1985-	 From Anthony Rojko, "Future Prospects for Agricultural Exports", 
USDA, ERS, Aug. 1973. Data is from Table II, page 33. 

Detail in 1985 projections is not sufficient to permit judging whether all categories 
are comparable with 1980 data. 
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TABLE 12-3 

on NetImports"SDA:Projections tO1980 by Region for Developing Regions 
of Coarse Grains (millions of metric tons) 

Projections 

Set I Set II Set IIA Set IIB Set III 

.7 1.2 1.0 3.,1Central America/Mexico 2.2 
West South America 1.2 1.2 1.3 1.2 

2.3 ",3.YWestAfrica 2.8 2.2 2.4 
-;l1.'6
North Africa 10 .4 .6 .5 

West Asia 2.8 2.6 3.0 2.8' '' 3.0 
2.8 2.4 2.6 2.5 3.2South Asia 

" ' '18 5.2.East Asia/ Pac. Is. 3.7 1.3 .6, 

' Argentina -7.0j'i/ -8.4'' "-7.8 -8.2 .. -6.0 
East South America -1.0 -3.0 - .8 -1.8 

-3.3 "-2"7 -3.0 -East Africa -1.2 

-2.9 -2.8 .9
SoutheastAsia 16~ -2.7 

i/ From World Demand Prospects for Grain in 1980, Foreign Agricul

tural Economic Report No. 75, USDA, ERS, Washington, 1971, 
p. 69,,74.
 

ii/-, Set I assumes a continuation of late 1960 food and fiber policies, al

lowing for moderate gains in productivity in developing countries. 

Set II allows for higher growth in productivity and in the economic 
activity in developing countries. 

Set IIA has developed exporters maintaining earlier shares of the 
market. 

Set IIB has developed exporters following world priced s 'f r grain. 

Set ITprojects lower rates of growth in' productivityand redo6nid& k 

activity in developing countries. . t 

iii/ Minus sign indicates net exports. 



TABLE 12-4 
55 	Developing countries i / ii / 

with Annual Rates of Population Change- In

the 1960's and Annual Rate of Change in Maize Yields. 1962-4 vs 1967--i
 

Central America and Caribbean 

Yields Pop. 	 Yields Pop. 

Costa Rica* - . 1 3,3 Honduras 2.6 4. 1 
Cuba - .3 2.1 Mexico 2.0 3.5
 
EISalvador 5.3 3.7 Nicaragua .8 3;5
 
Guatemala 1.6 3.1 Panama 
 ,.2 3.3 
Haiti .4 2.0 

South America
 
Yields Pop. Yields Pop.
 

Argentina 4.0 1.5 Paraguay - .3 3.1
 
Bolivia 1.7 2.6 Peru 2.2 3.1
 
Brazil 1.3 2.9 Uruguay .8 1.3
 
Colombia .4 3.2 Venezuela .5 3.5
 
Ecuador .5 3.4
 

Asia
 
Yields PLO. Yields Pop.
 

Afghanistan - .1 2.0 Nepal -1.4 1.8 
Burma -1.0 2,1 Pakistan .9 2.7
 
India 1.9 2.9 Philippines 3.3 3.0
 
Indonesia - .3 2.0 Thailand 
 3.2 3.1
 
Khmer Rep. -2.0 3.2 Vietnam .6 2.6
 

Africa Yields 	 YieldsPop. 	 PoP. 

Angola 1.4 1.3 Morocco - .9 2.9
 
Burundi 1.1- 2.0' M6zambique 2.5 1.9
 
Cameroon 1.6 2.1 Nigeria 2.4 2.9
 
Dahomey .9 2.9 Rhodesia 1.7 3.2
 
Ethiopia 2.0 2.2 Somalia* 8.5 2.4 
Ghana 1.0 2.6 South Africa .4 3.0
 
Guinea* .3 2.6 Tanzania - .8 2.5
 
Ivory Coast 1.4 3.0 Togo -1.3 2.9
 
Kenya 3.7 3.1 Uganda .3 2.7
 
Lesotho -2.1 2.8 U.A.R. 4.8 2.5 
Madagascar -1.7 1.5 Upper Volta - .6 2.1 
Malaur 1.3 2.6 Zaire 1.8 2.8 
Mali -4.3 2.1 Zambia 5.1 2,5 

Near East Yields Population 

Turkey 	 1..7 2.5 

i/ 	 Countries included are all those developing countries with more than 
100, 000 hectares of land in maize or more than 1001 of total calories
 
in average diet from direct consumption of maize. Production data are
 
from FAO Production Yearbooks average area 1967-71. Dietary data
 
are from FAO Agricultural Commodity Projections, 1970-1980, Vol. I,
 
Table A, pp. 85-128 and apply to the years 1964-65-66.
 

6ii/The rate for yields is from the equation Y(l+r) Y* where Y* is a three 
year average centered on 1963 and Y9 is the three year average centered
 
on 1969. Yield data are from FAO Production Yearbooks. Solving such an
 
equation for 'r' for each country estimates the annual average rate of
 
change in yield for the period 1962 through 1970. 

iu/Rate of change in population is the annual compound rate implied by data 
on population in FAO Production Yearbooks for 1960 to 1969. For each 

=country, the r,.te is the solution for 'r' in the equation P69 (1+r) 9 P6 0 
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TABLE 12-5 

Yields Puebla and Pakistan: For Traditional Farmers, for Farmers 
Using 	New Technology, and for Experimenters. 

Plan Puebla 	 Punjab 

Experimental Yieldsy 6.64 4.50 
Adopters Yields i i / 2.80 2.50 
Traditional Yield ili 1.89 1.48 

i/ The Puebla yield is the average for 1968 and 1969 calculated from 
estimated response surfaces based onexperimental data using 
profit maximizing levels of fertilizer. 1 The Pakistan yield is the 
average of nine experiments seeded in November, 1968, atLyallpur 
Station. 2 All were in Mexipak, the then dominant variety of dwarf 
wheats. (It should be noted that wheat yields for this seeding were 
reduced somewhat by hot winds during the growing season). 

ii/ The Puebla yield is from f3, Discussion Paper No. 8, Table Iv". 
for 1969 (1968 is not representative as it involves only 103 farmers, 
all carefully monitored by Puebla staff). Pakistan is for all wheat 
seedings, 1968, as reported inF. p. 11]. 

ii/The Puebla yield is the average for 1968 and 1969 as reported in , 
Discussion Paper No. 8, Table IV]. While Pakistan is for fall seed
ings, 1968 as reported inE,p. 11]". 

* From Winkelmann, "Plan Puebla After Six Years", (Forthcoming). 

[1 	 Antonio Turrent, "Value of Agronomic Research in a Project to 
Rapidly Increase Crop Production," in Delbert Myren (Ed.) ' 
Strategies for Increasing Agricultural Production on Small Hold
ings, Centro Internacional de Mejoramiento de Mafz y Trigo, 
Mexico, D. F., 1970 pp. 40-41. 

[ 	 Fourth Annual Technical Report, Accelerated Wheat Improvement 
Program, West Pakistan, 1968-69, Lahore, September 1969, 
pp. 28-29. 

C3 	 CIMMYT Program Review, 1971, CIMMYT, Mexico. (Mimeo). 

[ 	 Jerry B. Eckert, "The Economics of Fertilizing Dwarf Wheats in 
Pakistan's Punjab, (Mimeo), July 1971. 
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TABLE 12-6-/ 

Percent of Sampled Puebla Farmers Planting Different Densities of Maize 
by Year 1968-1972 

1968 1969 1970 1971 1972
 

0-20,000 12.4 10.7 5.2 16.1 3.7 

29.2
,/ji.20, 001 - 30.000 38.4 39.5 38.8 23.5 

30,001 - 40,000 35.2 34.0 30.8 28.8 33.6 

Over - 40,000 14.0 15.8 24.9 25.9 39.2 

1/ Data are from "Reporte del Programa de Evaluaci6n" Plan Puebla 
1972, p. 15. 

TABLE 12-7 

Percent of Sample Farmers Adopting Hybrids and Percent With Maize 
Intercropped by Region and Farm Size - Kenya 1972 

Hybrid Maize 
31 2 


Smallest_/ 80 77 6
 

Largest i/ 6 79 23 ,
 

94Special 

Maize Intercropped 

1 2 3 

62Smallest ii 30 37 

Largest qi/ 46 22 75 

15
Special 

This
i/	Data are from a joint CIMMYT/Kitale Station survey in 1973. 
is a part of a larger study now underway in collaboration with John 
Gerhart. 

ii/Farmers were arrayed by size for each agro-climatic region. For 
each region, except Region 2, the 50% (roughly) with least area are 
in "Smallest". Special in Region 2 includes all farmers with more 
than 50 acres, usually former European farms. 
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-TABLE 12-8 Y 

Percents of Sample Farmers Adopting Hybrids and Percents using Insec

ticide by Region and Farm Size in El Salvador in 1972 

Hybrids 

Hillside Valley 

Smallest 17 36 

Largest ii/ 33 51 

Insecticide 

Hillside Valley 

Smallest 6 19 

Largest 31 50 

i/ 	 Data are from a C.IMMYT sponsored survey in 1973. They will form 
part of a more detailed study now underway by Jesus Cuti6. 

ii/ 	Farms were a r rayed by size for each agro-climatic region. For 

e-ach region the half (roughly) having the smallest area are in 'Smallest'. 
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13.0 

OUTREACH PROGRAM 

by 

Keith W. Finlay 

13. 1 INTRODUCTION 

GIMMYT coined the term "Outreach" to encompass activi

ties outside its program in Mexico; particularly those activities which 

assist and strengthen national maize and wheat programs in develop-

This paper seeks (1) to describe CIMMYT's philosophy,ing countries. 

materials, and institutions
and the complex networks of men, genetic 

that make up the total Outreach program; and (Z) to consolidate staff 

member ideas concerning the future trend in Outreach efforts. 

The Outreach concept has developed within two major divi

sions. Most of the present maize Outreach activities have been initi

ated since 1970, when Dr. Ernest W. Sprague was appointed as 

Director of the International Maize Program. In sharp contrast, the 

International Wheat Program's Outreach program has been developing 

since the 1950's, under the continuous direction of Dr. Norman E. 

Borlaug (first, as part of the Mexican Government-Rockefeller Foun

dation program, and since 1966, as part of CIMMYT's program). 

Occasional reference is made to the total CIMMYT Outreach program, 

or to the Outreach activities of the Wheat Program, when they provide 

a useful example. Central focus, however, is on the Maize Program. 

Although the various aspects of the Outreach and Resident 

Research activities are fully integrated to form the International Maize 

Program, they are discussed here separately as: (1) national maize 

programs, (2) network of genetic materials, (3) network of institutions, 

and (4) network of men. 
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13.2 MAIZE OUTREACH ACTIVITIES 

CIMMYT believes that it should apply its limited resources 
of facilities and manpower to help strengthen national maize and 
wheat programs of developing countries so that they can exploit more 
of their production potential. 

With the rapidly increasing world population, periods of 
food grain shortages can be expected more frequently and of greater
severity. 
As has been seen during the past 12 to 18 months, the de
veloping countries with deficit food production tend to suffer most in 
these periods of stress, largely because of the lack of sufficient for
eign currency to pay the greatly inflated world prices. 

Of the 55 developing countries in the Americas, Africa,
 
and Asia that plant more than 100,000 ha. of maize, only six coun
tries produce more 
than two tons per hectare and 17 countries pro
duce less than one ton per hectare.
 

13.2.1 NATIONAL MAIZE PROGRAMS 

13.2. 1. 1 The Approach 

Requests for CIMMYT's assistance are (1) received directly
from a government official, or (2) more commonly, channeled through 
or stimulated by an agency already cooperating with that government, 
for example, the United States Agency for International Development 
(USAID), the Ford Foundation, or other such organizations. 

The requests usually ask for "assistance to increase maize
 
production" or "help to make our 
country self-sufficient in maize pro
duction." A few 
requests seek increase of maize production for export. 

13. 2.1.2 The Response 

The CIMMYT staff tries to respond quickly to all requests. 
A small team of CIMMYT maize scientists visits the country to sur
vey the government's agricultural structure and the extent and level 
of production, and to discuss the problems of production with govern
ment scientists, university staff, farmers, seed producers, and 
relevant industry groups. 

I 

This survey provides a basis for discussion with the Director 
of Agriculture and the Minister of Agriculture. At this meeting, the 
team gains an impression of the degree of government commitment to 
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increasing crop production. Without such commitment, it seems un

likely that a sound and effective national program can be developed. 
If the government has a strong desire to move ahead and can furnish 

the 	necessary funds and people, a plan of action is proposed. 

13.2. 1.3 The Plan 

The requirements of each country are different, but CIMMYT 

staff have found it useful to approach the planning as follows. 

Few developing countries have an adequate number of trained 

scientists to staff a national crop program. For this reason, a staff

ing pattern is drawn up based on the size and ecological diversity of 

the country and the size of its production area. 

A headquarters research staff of breeders, agronomists, 

crop protection specialists, and quality technicians probably will be 

needed in most countries, with their number and level of training 

varying from country to country. 

This headquarters group will be supplemented by smaller 

regional research and production groups. Each of the main ecological 

areas of production will have one such group based on a strategically 

located experiment station. Crop selection and production with vigor

ous on-farm testing will be emphasized heavily by the groups. 

The staffing plan can be used as the focal point of a total 

phased national program development plan, and as such, has a num

ber of advantages: 

(1) 	 It can be laid out in a simple diagram that lists the 

names of existing staff along with future positions 

needed and the level of training desired for each posi

tion. This diagram can be easily understood by both 

scientific and policy-making staff. 

(2) 	 Each position has a job description which helps the 

staff understand exactly what their roles will be. 

(3) 	 The staffing plan is also a training plan. A time scale 

can be fitted to indicate (a) when particular staff will 
be away for training, (b) for how long, (c) function of 

training, and (d) very importantly, which position they 

will occupy when they return to the national program. 
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For most developing countries, it seems likely that the 

initial training plan will require 12 to 15 years (especi

'ally if it is necessary to allow for staff who will be pro

moted up to fill the voids that may exist in administra

tion, or who are transferred to other parts of the service. 

This type of manpower use does not really constitute 

wastage in terms of the total agricultural effort of the 

country. 

Training plans require an extensive budget. Thus, out

side support often is sought for this important part of 

the program, especially if most of the training has to be 

undertaken outside the country. 

(4) Job descriptions within the plan serve as a focal point 

in developing logical work plans with a time scale pro

jection. When projections are coupled with the training 

schedule, a total dynamic development plan is created. 

Often this planning is the first such experience for many 

research directors and policy makers in the logical de

velopment of a national program. 

(5) A monetary budget can be built around the plan at this 

point to indicate what financial support will be required 

for both present and future operations. Foreign cur

rency support requirements can be anticipated and kept 

small to stress the point that the planned program is a 

national effort, which can only be sustained by national 

resources of finance and manpower. 

(6) A dynamic plan will show in the long run that a national 

program can be initiated immediately on a small scale, 

then gradually built to an optimum level for a particu

lar country's needs. 

(7) Although the plan deals with only a single crop, it pro

vides invaluable experience in planning, initiating, and 

operating a national crop commodity research and pro

duction program. The experience can be applied to 

other crop programs by the national staff, serving as a 

model for training the local administrators and policy 

makers. 

(8) The plan also can be used to highlight some of the peri

pheral infrastructure needs that may be basic to improv
ing national production (for example, fertilizer supply 

and cost, floor price for the product, adequate seed 

supplies and markets, etc.). 
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CIMMYT's experience has been that this type of plan
ning is very well received and readily understood when 
'discussed at the time of the first survey of the national 
needs. 

13;2.-1.4 CIMMYT's Role 

Depending on the degree to which the government is willing
 
to commit itself, the size and complexity of the proposed program,

the size and sophistication of the existing research effort, 
 etc. , CIMMYT 
may offer some or all of the following services: 

(1) 	 Staff to assist the local staff to establish and operate 
a national maize program. 

(2) 	 Training opportunities at CIMMYT or at graduate 
schools for scientists, and observation tours for 
administrators and policy makers. 

(3) 	 Breeding or advanced populations of maize from which 
suitable varieties may be selected. 

(4) 	 Consulting visits of CIMMYT headquarters or regional
staff to assist with planning or particular research or 
production problems as they arise 

(Some of these services, particularly (1) and (2), would be
 
suoject to the availability of CIMMYT support funds.)
 

After a program has reached an appropriate stage of develop
ment, a laboratory technician could be trained to assist the breeders
 
in identifying quality protein maize selections. The necessary equip
ment for a small quality-protein laboratory also could be provided 
as
 
part of the UNDP/CIMMYT quality protein maize global research and
 
training program. 

During the past two years, the CIMMYT maize staff (some
times in collaboration with other agencies) has surveyed the national 
maize research and production needs of the following countries: 

Latin America and the Caribbean: Argentina, Belice, 
Colombia, Ecuador, Guatemala, Jamaica, and Venezuela. 

Africa: Ethiopia, Ghana, Ivory Coast, Kenya, Malawi, 
Ni geria, Tanzania, Zaire, and Zambia. 

13-5 



-, 	 Middle East: Egypt, Iran, and Turkey., 

L fr , Asia and Southeast Asia: India, Indonesia, Malasia, Nepal,
 
Pakistan, Philippines, Sri Lanka, and Thailand.
 

CIMMYT has assigned staff to assist the governments of
 
Egypt, Nepal, Paksitan, Tanzania, and Zaire (Tanzania and Zaire in
 
collaboration with the International Institute of Tropical Agriculture-,IITA). The maize programs 
of IITA in Nigeria and CIAT (International 
,Center for Tropical Agriculture) in Colombia collaborate with the 
CIMMYT international program. 

11 All CIMMYT Outreach country assistance programs are
 
presently funded by special grants in both the maize and wheat pro
grams. This type of funding has proved satisfactory. 

13. 2.1.5 Features of National Program Assistance 

GIMMYT staff members believe that some features of the
 
assistance plans are especially important as guiding principles:
 

(1) 	 Governments of developing countries recognize that 
CIMMYT does not represent a particular government, 
nor does it represent a formal regional or international 
agency. As such; it is providing advice with "no axe to 
grind." Honest, straightforward advice is given and 
accepted. Any funding arrangement that links, or appears 
to link CIMMYT to a donor nation or donor organization 
and to act as an agent of the sponsor, tends to weaken 
the neutral role of CIMMYT in the eyes of the govern
ment being assisted. 

(2) 	 Assistance should aim specifically at strengthening the 
national maize or wheat program. A strong national 
program can provide direct technical support to local 
rural development projects and other projects of an ag
ricultural nature. However, outside sponsorship to a 
localized project could lead to an undesirable congrega
tion of limited resources of trained manpower, finance, 
and equipment, often to the detriment of the national 
effort as a whole. 

(3) 	 National programs should be assisted to develop strong 
and functional linkage between research and extension; 
this linkage would extend from the central research sta
tion, through adaptive research on regional experiment 
stations, and out to farmers' fields. 
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It. iovitally,,important that research does not stop:at the 
experiment station gate. 

(4) Strategically placed experiment stations should be fully 
developed with proper land management and technical 
supervision. research resultsA " Their should be accurate 
enough for making recommendations for on-farm trials. 
Poor experiment station development and administra. 
tion is almost universal in developing countries. There 
is little value in training agricultural researchers if 
their experimental sites are so poor that no meaning
ful information can be obtained. To date, this is a fea
ture of assistance that has not received sufficient 
emphasis. 

(5) Too much emphasis has been given to breeding hybrids 
of maize with very high yield potential on the research 
station, but which do not fit the local farmers' require
ments for grain type or his farming system, or his ac
cess to reliable seed. Greater effort should be made 
to test the types suited to local needs on local 'arms 
and let the farner make the final selections. 

(7) On-farm testing and selection of open pollinated varie
ties can provide an adequate supply of seed to distribute 
to farmers in the region, Because on-farm testing is 
part of the total research effort, all of the latest advan
ced populations will be available for selection by farm
ers who can make their own choices. Desirable selec
tions will quickly be sold and distributed to neighbors, 
ensuring rapid upgrading of the production potential. 

(8) The complete reevaluation of the types of maize required 
- in developing cour, tries, as well as the methods of pro

ducing them, has led to the development of the breeding 
and germplasm handling procedures described earlier 
in the Symposium. 

CIMMYT scientists do not view the continued improvement of 
maize and wheat research in developing countries as an isolated pheno
menon, but as a process that benefits immeasurably by the interchange 
ofilmaterials, technology, and experiences on a regional and interna-,
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tional scale. The networks of genctic materials, institutions, and 
men to support this concept are now in operation. These operations
 
are discussed in more detail in the following sections.
 

13. 2.2 NETWORK OF GENETIC MATERIALS 

Previous speakers have provided accounts of how CIMMYT 
is distributing germplasm from the maize germplasm bank; the new 
varieties being bred in collaboration with scientists in every continent; 
the testing, selecting, and utilizing of these materials on a global 
basis. 

In 1973, approximately 1,500 sets of breeding materials
 
representing various stages of development of maize and wheat 
were
 
distributed by CIMMYT to collaborators in more than 85 different
 
countries. CIMMYT's efforts are greatly augmented by the inter
changes of breeding materials from nation to nation and within and 
between region , in collaboratior with FAO, the Arid Land Agricultur
al Development Program in Beirut, the Inter-Asian Corn Program 
headquartered in Thailand, the Central American Corn Program, IITA 
and the West African Maize Program, the corn program of tropical 
East Africa headquartered in Kenya, CIAT, and the Andean Corn Coop
erative programs--thus accounting for a further large quantity of 
germplasm. 

As never before in history, the varieties of maize or wheat 
in almost every cereal-growing area of the world have been influenced 
by this immense interchange of genetic material. The process is self
stimulating, with new cycles of data and elite selections returning 
from various parts of the world for re-introduction within the breed
ing gene pools. 

This elite genetic material is selected under every con
ceivable growing condition--hot, cold, wet, dry, good soil, poor soil,
 
at sea level, on mountain tops, at the Equator, at high latitude, short 
days, long days, and under attack from diseases and insect pests. 

All cooperation is voluntary and differences of political 
views, religions, and ethnic backgrounds--even wars--have not 
stopped the flow of improved germplasm between countries. 

Each national program cooperating within the network has 
access to all of the material and information from the entire network, 
program--a breeding program that could never be duplicated in any 
one place in the world. 

Because of the availability of these breeding materials, 
CIMMYT advises that many national programs limit their improve
ment work to selection from within that distributed, and not under



take a direct breeding program. As competent staff become available,
some programs will be encouraged to initiate a modest breeding program to incorporate valuable' characters from local varieties. 

13. 2. 3 NETWORK OF INSTITUTIONS 

CIMMYT has been building an increasingly diverse network
of collaborative links with institutions throughout the world. Mentionhas been made of tht= cooperation with agricultural research organiza.tions in more than 85 countries through the international breeding program. However, there are a number of other avenues for linkage.
financing, research cooperation, and training. 

13.2.3. 1 Financing 

CIMMYT initially was financed solely by the Rockefeller
Foundation, with assistance from the Mexican Government. Then theFord Foundation and the United States Agency for International Devel
opment contributed. 

With the formation in 1970 of the Consultative Group for theSupport of International Agricultural Research, the level of supportto CIMMYT and the other International Centers improved significantly.
CIMMYT received financial contributions from additional organizations:the Inter-American Development Bank; the United Nations Development
Program; the Canadian International Development Agency; the International Development Research Center of Canada; the World Bank;and
the governments of the Federal Republic of Germany, Denmark, the
 
United Kingdom, and Zaire.
 

Apart from the contribution of funds, many of the above organizations or governments have encouraged cooperation between

CIMMYT and other organizations supported by them. 
 This approachhas led to cooperation 6ctween CIMMYT and other institutions in areas
 
of research, production, and training.
 

13.2.3.2 Research and Production 

Agencies, such as UNDP, the Rockefeller Foundation (RF),
the Ford Foundation (FF), USAID, and IDRC, that assist the develop
ment of national, regional, or global programs of research and production have contracted with CIMMYT to assist with maize and wheat 
programs at: 

National Level in: Nepal (USAID), Pakistan (FF), Turkey
(RF), Egypt (FF), Tunisia (FF), Algeria (FF and IDRC), and Tan
zania (FF and USAID). 
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Regiorial Level: The Inter-Asian Corii'Pr6ram(RF) andf
 

the Arid Land Agricultural Development Programn,(ALAD : FF).
 

Global Level: (UNDP). 

Since 1966, the research program in Mexico for both maize 

and wheat has grown in both extent and complexity. The Outreach pro

gram also has grown considerably. The expansion and increasing com

plexity of these programs has created a need for more research of a 

'basic nature to ensure rapid and continued progress. 

CIMMYT scientists believe that their own research should 

continue to be "production oriented, " and that more basic research to 

support their work should be conducted in collaboration with scientists 
that are specificallyin universities and national research institutions 

equipped for this work. 

During the past few years, CIMMYT has entered into a num

ber of formal cooperative i esearch programs with research organiza

tions in the United States and Canada; including, Oregon State Univer

sity (bread wheat), University of California (*bread wheat), Purdue Uni

versity (maize), Cornell University (maize and Doctoral training), Kan
sas State University (wide crosses and Master's training), and Mani

toba University (Triticale). Funds are being provided to these coop

erating research groups by agencies who also support CIMMYT, such 

as USAID, the Rockefeller Foundation, CIDA, and IDRC. 

Apart from these formal arrangements, CIMMYT scien

tists have formed a considerable number of informal cooperative links 

with research institutions in many different countries, including: 

Australia, Canada, Colombia, Egypt, West Germany, East Germany, 
Hungary, Mexico, the Netherlands, Rumania, Sweden, the United 

Kingdom, the United States, and Yugoslavia. This cooperation is in 

the fields of genetics, cytology, breeding, physiology, pathology, 

entomology, biochemistry, and nutrition. 

These research links provide a valuable contribution to 

CIMMYT's resident and Outreach programs. More importantly, they 

offer a means of linking basic research into the network of national 

programs via CIMMYT--thus benefitting developing countries more 
rapidly and efficiently. 

The training component is extensive and diverse and willbe 

dealt with as part of the network of men. 
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13. Z. 4 ,NETWORK OF MEN 

CIMMYT has always emphasized that competent men are 

the key to vigorous, effective action and change. Money and equip
ment will have little effect on improving agricultural production with
out dedicated, vigorous, innovative men to use them effectively. Fot 
this reason, training in various forms is a key part of the CIMMYT 
approach to strengthening national programs. 

Another speaker has discussed the CIMMYT maize training 
program. Thus, this paper considers only one or two aspects of train
ing associated with the Outreach program, and those aspects will deal 
with the network of men, rather than training per se. 

CIMMYT staff believe that one of the greatest strengths in 
international work is a network of alumni from the training program 
that now numbers approximately 740 alumni from 60 countries. Group
ed under the title of "CIMMYT alumni" are the following, In-service 
Trainees, Pre-Doctoral students, Post-Doctoral Fellows, Visiting 

Scientists, and Visiting Policy Makers. 

When coupled with the 1, Z00 to 1, 500 cooperators (including 
some of the alumni) who have a kinship with CIMMYT through the 
cooperative nursery programs, there are few countries in the world 
where CIMMYT does not have direct personal contacts at a policy or 

operational level in government. These contacts have helped build 

recognition and credibility for CIMMYT which is of inestimable value. 

The contact between CIMMYT staff and the staff of funding 

and research organizations provides a further expansion of the network 
of men. These contacts increase the flow of new knowledge, ideas, 

and critical comments necessary for continuously improving planning, 
administration, and research at CIMMYT, and thus its service to the 
network as a whole. 

13.3 A LOOK TO THE FUTURE--OUTREACH IN THE 

BALANCE OF THE 1970'S 

If this expanding international network of men dedicated to 
.,improving the world food supply is going to be fully effective, it will 
need to have: (1) adequate financial support; (2) genetic materials with 
a large potential for improving yield and quality of grain; (3) the tech
nology to economically exploit the potential of the improved varieties; 
(4) an efficient communication system for the multi-directional flow of 
materials and information between needy national programs, collaborat
ing institutions, and CIMMYT; (5) most importantly, a means of increas
ing the number of trained national scientists; and (6) a means of creating 
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and maintaining an atmosphere of urgency, excitement, and a cor" 
lishment among cooperators throughout the entire network. 

What are CIMMYT's plans to improve the existing maize 
Outreach and supporting networks to provide a more effective se'rvice 

'to the national programs of developing countries during the balance of 
the 1970's? 

During the past few months, CIMMYT maize staff have or

ganized their resident research program in Mexico as described in the 
previous discussions. This organization is designed to provide (1) the 
improved maize populations suitable for use in the various climatic 
regions of the world; (2) the basic technology necessary to exploit the 
varietal potential; and (3) increased consultation time for senior ex

perienced maize staff in client countries. 

Drs. Elmer Johnson (maize breeding), Alejandro Ortega 

(plant protection), and Peter Goldsworthy (agronomy-production) will 

assist Dr. Ernest Sprague in this consulting work. This change in 

role of senior staff stems from the needs of many national programs 
for help in the design of their research programs, identification of 

pests and diseases, selection of material and methods for on-farm 

testing and seed increase, etc. 

During the two years 1972 and 1973, 22 maize staff made 

160 visits to 38 countries for a total of 1,375 days. That means about 

-four man-years of travel. Even with this amount of travel and the re
cent changes to step up senior staff consulting, CIMMYT believes that 
it is not possible to service the present and future client programs 
wholly from Mexico. 

With these facts as background, the maize staff have been 
planning collaborative research and a network of regional services 
for each of the major maize growing regions of the world. 

13.3.1 COLLABORATIVE RESEARCH 

There are some aspects of the CIMMYT research programs 

which -cannot be performed in Mexico, generally because the necessary 
5	6imate or diseases or insects do not occur in Mexico; for example, 

the breeding of maize populations resistant to maize stunt in Central 
America, maize streak in Africa, and downy mildew of maize in South
feast Asia 

CIMMYT staff believe that in future years this type of re
search should be considered part of its basic research program but 
carried out in collaboration with selected national programs. 
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This approach would ensure that the collaborative research 
projects could be initiated at the most opportune time to be integrated 
into.the total international research effort. 

CIMMYT proposes to initiate several of these collabora
tive research projects during the next three to four years, particularly the disease resistance breeding projects mentioned above. 

13.3.2 REGIONAL SERVICES 

Each region is seen as unique; therefore, the actual format 
for, the regional services will vary to some extent from region to re
gion. However, certain principles in planning that seem to apply to 
all 	regions include: 

(1) It is now proposed that CIMMYT assign staff to maize
producing and wheat-producing regions outside Mexico, 
to perform supplemental services for regional group
ings of national programs. These regional staffs would 
find their administrative "home" with a national or re
gional organization or would be employed by the regional 
organization, but 	with close technical links to CIMMYT. 

(2) 	 The regional service staff should devote most of their 
time to development of national programs. 

(3) To service national programs in the region, CIMMYT 
favors stationing at least two full-time specialists in 
the region to increase the consulting services. These 
specialists could be: 

(a) 	 Production agronomist: He would review each sea
son's maize production program of each client gov
ernment; consult oa national research, on-farm 
trials, seed multiplication; advise on targets, inputs
required, and policies; attend the annual extension 
and research meetings, etc. 

(b) 	 Agronomist-trainer: He 	would help national programs 
plan and carry out training programs for production 
agronomists, (This training proposal assumes that 
international centers like CIMMYT will be able to 
provide adequate training for national researchers, 
and for national trainers, but not for the large num
ber of extension workers.) 
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to national programs with the(4) 	 Other services provided 
assistance of the above two specialists would be: 

(a) 	 Distribution of advanced germplasm in the form of 

nurseries, with the nursery entries originating 

from the national breeding programs or from 

CIMMYT international breeding program. 

In order to assemble nurseries, the regional staff 

would require about 15 ha. of land for seed in

crease, followed by assembling of populations and 

distribution to national programs. 

(b) 	 Provide regular contact with former trainees in 

national programs. 

(c) 	 Assist national scientists to organize annual maize 

workshops. 

(d) 	 Assist in selecting new trainees for training outside 

the region, either in academic institutions or in in

ternational centers like CIMMYT. 

(e) 	 Keep national scientific staff up to date with new 

developments anywhere within the region by circu

lating a newsletter and arranging for occasional 

visits 	among programs by relevant staff, especially 
canwhen interesting or innovative features be inter

changed.
 

13.3.3 SUGGESTED REGIONS REQUIRING SERVICE 

CIMMYT maize staff have been studying the needs of the 
requirefollowing regions with respect to present services and future 

ments: Southeast Asia and South Asia, East Africa, West africa, Cen

tral America, Andean Region, and the Southern cone of Latin America. 

Each of these regions is presently receiving various types 

of regional services from different organizations in collaboration with 

CIMMYT: 

Southeast Asia and South Asia have been receiving assistance 

from the Inter-Asian Corn Program financed by the Rockefeller Foun
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dation.. ,Discbsuions are continuing for CIMMYT to"ri vide regional 
seryices to this region. 

it East and West Africa are being serviced collaboratively by
4ITA and CIMMYT. Discussions of the type of services, and colla
kborative arrangements, are proceeding with IITA. 

The five Central American countries and Panama have had 
a collaborative regional program for a number of years with assis
tance from CIMMYT, financed up until 1972 by the Rockefeller Foun
dation. Further assistance is being discussed with governments of 
the region and with the Inter-American Development Bank and the 
Rockefeller Foundation. 

CIAT has operated a regional assistance program for the 
Andean Region since 1969. Agreement between CIAT and CIMMYT 
was reached recently on the nature of this program in close cooper
ation with CIMMYT. 

No regional program has operated for the Southern cone of 
Latin America, although CIMMYT has provided assistance from Mex
ico. A proposal is cui'rently before the Inter-American Development 
Bank for support of regional services to be operated by the Instituto 
Interamericano de Ciencias Agricolas (IICA). Due to political uncer
tainties in this region, the proposal is held in abeyance. 

13.3.4 AN EXAMPLE 

The maize staff envisage regional services in the Asian and 
Southeast Asian regions. The host country or organization is not yet
 
specified.
 

Fig. 1 shows the various countries with maize programs:
India, Pakistan, Philippines, and Thailand with large national pro
grams; Nepal and Indonesia with smaller programs; and Taiwan, Sri 
Lanka (Ceylon), Laos, and Cambodia with small national programs. 

The regional staff would provide the services discussed pre
viously (13.3. 1). 

For the development of improved varieties within the region,
the CIMMYT maize staff believe that the following arrangement would 
be effective: 

Because it is felt that there are far too many populations 
being handled in national breeding programs, the entire 
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Size of circle indicates size of national maize program. 

Uncircied countries have lesser maize research capability. 

Fig. 1. National maize programs by country. 
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Asian region will require no rjore than 12 to 15 populations
suited to national programs. This is based on the follow
ing estimates: 

India- -four to eight populations (one or two populations
for each of four maize experiment stations) 

Pakistan--three populations (for three provinces) 

Thailand- -two populations 

Philippines -- three populations 

All other national programs should receive one of the above
12 to 15 populations, but should not try to create their own populations.
Thus, the Asian maize-growing countries can be divided into three 
groups: (a) five countries that generate special popul5 tions, (b) sev
eral countries that test special populations (Sri Lanka, Nepal), and 
(c) countries that receive experimental varieties (those least supplied 
with research resources). 

13.3.5 RELATIONAL AND REGIONAL SERVICES TO" 
CIMMYT SERVICES 

Does the regional service concept replace the services from 
CIMMYT? 

The regional services would provide a far greater volume 
of consulting contacts with national programs than CIMMYT has been 
able to supply in the past. 

CIMMYT headquarters staff would continue to travel--par.
ticularly the senior staff, although junior staff also would be provided
with opportunities to visit regional and national programs to build up
their experience. When travelling in a region, headquarters staff 
would be accompanied by a regional specialist whenever possible. And 
CIMMYT would continue to train researchers, laboratory technicians,
and experiment station managers in Mexico. CIMMYT staff also 
would attend workshops in the region, and would continue to hold 
some world-wide seminars at CIMMYT. 

In short, the regional service program would greatly expand
the services to national programs, with continued assistance from 
Mexico. 
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" FUTURE CIMMYT PERSONNEL, REQUIREMENTS,,13'3.6r
 
'FOR OUTREACH 

If CIMMYT proceeds to carry out a plan for six suggested
 

regional service programs for maize production over the next five or
 

this might require eight additional
eight years in regions listed above, 


regional staff capable of providing the listed services.
 

At the same time, replacements will undoubtedly be needed
 

for some of the nine maize staff now assigned outside Mexico. Addi

tional national programs may require bilateral assistance- -such as for
 

the present request from Turkey. Thus, there could be a requirement
 

men during a six-year period.for recruitment of approximately 15 to 20 

of new staff is presently the Post-CIMMYT' s best source 
been expanded to five maize fellows

Doctoral program which has now 
a tempo of five new every two years, and we are working towards 


maize fellows every year.
 

In a six-year period, the Post-Doctoral program could 

men will be availabletrain 30-40 new maize men; not all of these 

should be made for a 50% "slippage"
for employment. Allowance 


either because the individuals come from
 
or rate of non-availability; 


they are expected to serve their 
owndeveloping countries (hence, 


national programs), or because the individuals prefer to engage in
 

some other kind of service after their CIMMYT training. To obtain
 

scientists in the international program,a total of 15 to 20 new maize 

to plan on about 30 to 40 maize Post-Doctoral
CIMMYT would have 

when combineda recruitment system,Fellows in six years. Such 


with personnel identified from other sources, should provide up to
 

20 new maize scientists for employment in Outreach activities.
 

13.3.7 FUTURE OF THE NETWORK 

CIMMYT foresees continued expansion of all its Outreach 
and men--if it is to keepnetworks--genetic materials, institutions, 


pace with the demand for services to national programs. Funds are
 

needed to finance the regional services and assistance to national 

programs. 

As activities widen into different environmental and ecolo

gical situations, added research support will be required: studies of
 

etc. The network of
drought resistance, root growth, insect pests, 


institutes will require additional linkages, as well as consolidation of
 

some of the ad hoc arrangements presently operating. 
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The whole program reflects the growing and strengtheningnetwork of men--the ultimate strength and hope of the program. 

An excellent start has been made, but there is an urgent anddifficult job ahead that will require all the goodwill and assistance thatcan be assembled throughout the world--the job is too big for any oneorganization. However, the building and strengthening of the worldwide networks of genetic materials, institutes, and men can perhapsshift the balance against major famine until mankind brings popula
tion growth under control. 
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14.0 

SYMPOSIUM DISCUSSIONS 

-14.0 INTRODUCTION 

In this section, each of the lead discussant's contributions is 

reported in abbreviated format, along with selected comments, ques

tions, and answers from the respective discussion sessions. Although 

the discussion has been condensed and edited for consistency of style, 

the Symposium Editorial Board has made every effort to retain each 
participant's emphasis and philosophy. 

To protect the participants who presented papers, and those 
who entered freely into discussions, we request that any quotes or other 
use of the material be cleared with the respective authors or discussants. 

14. 1 DISCUSSION TOPIC 1 

The Role of Maize in World Food Needs to 1980 
by Haldore Hanson, CIMMYT 

Lead Discussant: 	 Dr. Don Paarlberg, Director, Agricultural 
Economics, U.S. Dept. of Agriculture, 
Washington, D. C. 

The discussant said that he agreed with the cautious optimism 

of the Hanson paper. The discustiant observed that the world has suffered 

a series of shocks since 1972, and their consequences are still hazy. 

Nevertheless, some of the shocks can be regarded as temporary and 

others as likely to be important for some time. Among the passing 

phenomena are the poor crups of 1972--the weather cycle does not seem 

to have turned adverse, badly depleted food stocks (stocks will not 

reach levels of five years ago, however), and the fuel and fertilizer 

crisis (although fertilizer prices will be higher). The changes with more 

lasting influence, are: inflation- -prices of all commodities will continue 

to rise; the pressure of rising incomes on the demand for animal pro

ducts, and in turn on the grain supply to feed animals; and increased 
grain trade between Communist and non-Communist nations. 
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14.2 	 DISCUSSION TOPIC 2 

What Limits World Maize Production? 
by E. W. Sprague, CIMMYT 

Lead Discussant: 	 Dr. Bill C. Wright, Agricultural Project 
Leader, Wheat Research and Training 
Center, Ankara, Turkey 

In assessing the technical barriers to higher maize produc
tion, the discussant agreed that lodging, maturity, grain characteristics, 
diseases, and insects are major problems of maize improvement; point
ing out the 	additional problems of drainage and weed control. Maize, 
he said, is a high-risk crop in the tropics, much more so than wheat. 
Farmers are reluctant to invest in high-risk crops. In addition, where 
farmers are willing to try innovations, new varieties are slow to reach 
them because of exaggerated demands for testing in national programs-
often three additional years after the breeder has finished testing.. Fail
ure to deliver fertilizer to farmers on time is another common problem. 

The discussant supported the idea that national research pro
grants should be crop oriented, adding that extension programs should 
be also. Crop orientation allows a multi-disciplinary attack on crop 
improvement. Many national programs have too many breeding stations 
and not enough sites for testing varieties and for production agronomy 
trials. The scientists must be free to travel and have adequate funds 
to do so. They need close contactwith other national programs and 
international institutes to stay abreast cf mainline research. 

Motivated 	personnel are essential for a successful national 
,.program. Personnel become motivated if they have opportunities for
 
training and advanced degrees, adequate pay, freedom of action within
 
their own programs, opportunity to advance within their own discipline

(rather than by transfer to some unrelated area), adequate supporting
 

..services and institutions, and credit for their own work, the discussant 
: said. 

The most difficult problem is convincing political leaders to
 
devote sufficient energy and resources 
to increasing food production. : 

,The technical problems are far easier to solve. 

J141.1l SELECTED COMMENTS, QUESTIONS, AND ANSWERS 

Q. 	 ~Countries in Categories II and III are not supposed to gen
eratebreeding material. What do you propose doing witth
 
existing breeding programs in countries that do not have 55 
or so trained people? 
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A. (Sprague): There are opportunities for regional cooperation. 

Are university graduates the only ones adequate for reaching 
the farmer, or are some lower level personnel usable? 

"'A.' (Sprague): Because of a scarcity of personnel, sometimes
" .1 lower level personnel must be used. 

Q. 	 Do on-farm trials have to be replicated in order to generate 
data for the release of a variety? 

A. 	 (Sprague): On-farm testing means research in replicated and 
large plots. Data should be used to analyze performance. 
Extension personnel should be involved. 

Q. 	 Can most countries afford a separate extension service for
 
each crop?
 

A. 	 (Wright): No, but it is possible to pick out the most impor
tant crops and have extension specialists trained in these 
crops. 

Comment 	On-farm testing is a 50-year-old idea. Modern statistical 
methods now permit using micro-plot data to simulate farm 
tests. And this is much less costlr than farm testing. 

A. 	 (Sprague): In developing countries, simulating farm condi
tions lacks precision. Moreover, on-farm testing provides 
an opportunity to get farmers emotionally involved and this 
is an important by-product. 

Conment 	In West Africa, where maize is an introduced crop, the vari
ability of the maize population is very low. It is therefore 
important for us to have new introductions and to engage in 
testing populations that have variability and diverse genotypes 
from which to select materials that could prove useful to us. 
The CIMMYT breeding and international testing programs 
afford us such opportunity. This is especially so since CIMMYT 
has the largest collection of maize germplasm in the world. 

Now, I think the importance of this work should involve national 
programs 	in testing and selecting genetic material best suited 
to their needs. In this respect, I think national programs 
should be 	interested in these materials and their participation 
should not 	be limited only to testing. Furthermore, I do not 
think this 	work can be left to regional centers. 
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For example, no one knows the nature of resistance of CIMMYT 
materials included in the international trials against the maize 
borers (Sesamia and Busseola species), which are the major 
insect pests in Ghana. The (local) maize population is susceptible 
to this insect pest, and we would therefore be interested to test 
new genetic material from CIMMYT and select resistant lines to 
serve our purpose. 

14.3 DISCUSSION TOPIC 3 

Maize Improvement
 
by Elmer Johnson, CIMMYT
 

Lead Discussant: Dr. G. F. Sprague, Professor, Plant 
Breeding and Genetics, University of 
Illinois, Urbana, Illinois 

The discussant called for consideration of hybrid maize in
 
long-term breeding goals. He observed that while some people feel
 
that hybrids are unsuited for economies with low per capita incomes
 
or low yields, maize improvement 
in Kenya during the last decade was
 
based on hybrids and was immensely successful. Although many fac
tors supported the development and adoption of hybrids in Kenya, 
 none 
of the supporting factors existed before the hybrid program began-
they developed along with the demand for hybrid seed.
 

The discussant called for the use of recurrent selection 
techniques to give breeders the option of creating hybrids whenever 
conditions are appropriate. Basically, all that is required is to have 
a minimum of two populations, A and B, formed to possess variability

for the characteristics 
of interest and which exhibit considerable heter
osis at the F l hybrid level. The two populations may then be improved
individually by any one of the several recurrent selection schemes. " 

The emphasis on wide adaptability in the CIMMYT breeding 
program, the discussant suggested, may be sacrificing yield. The 
question should be settled quickly by using data from the Advanced 
Unit testing program, where a common set of genotypes are grown in 
replicated trials in six environments. If the interaction between geno
types and locations is high, "... selection differential at the family level 
may be drastically reduced if based on mean performance. 1 Under such 
circumstances, greater progress would be made by selection within 
national programs. 
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l4 . i5"SELECTED COMMENTS, QUESTIONS, AND ANSWERS 

Q. CIMMYT plans to send approximately 250 selected progenies
from each population to six locations in maize growing areas 
of the developing countries. Do we have any information of 
genotype x environment interaction of these populations or 
selected progenies? In case these are high, would it not be 
better to send the populations per se to these locations and 
select progenies there? 

A. (Johnson): The first step is to send the populations in trials 
as varieties to identify as well as possible which are most 
suitable for a given country. Not until reasonable certainty
exists that a particular population is suitable do we send the 
progeny trials. With selection at different sites on a progeny
basis, the recombination of superior progenies, and successive 
cycles of such selection and recombination, we would expect 
the environmental interaction to be reduced. 

Q. India has been producing hybrids and composites. 
experimental hybrids be given up totally? 

Should the 

A. (Johnson): The decision as to whether to develop hybrids or 
not depends on many factors. In most countries, I believe, 
the initial emphasis should be on improved open-pollinated
varieties, and hybrids might come later--when and if the seed 
production, distribution, etc., plus farm conditions, are 
judged suitable. 

Q. Regarding the differences in yield between tropical and tem
perate zone maize, don't you feel the superior yield of the 
latter is simply a function of the long period of selection which 
has gone into that type of maize? By comparison, tropical 
maize has received little attention. 

'A. 
41 

(Johnson): That is certainly, at least in part, a logical reason 
for the difference, but I wonder if the biological pressures
exerted in an evolutionary sense may not also be involved. 
Disease and insect attack pressures over the history of tropi
cal maize have perhaps forced the survival of more woody,
leafy, rapid growing types rather than those with high grain
proportion--a survival reaction. 

Q. Corn in many countries is being replaced in irrigated areas 
by cotton, soybeans, etc. , which bring in foreign exchange. 
Thus, shouldn't corn be bred for dryland and marginal condi
tions ? 
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A. 	 f ;(Johnson): We have not made any major effort to breeo for. 
dryland conditions. It is difficult to breed for a 10 or 15% 

increase at yield levels of 300 to 400 kg/ha. 

A0,1 	 (Sprague): This question has been avoided world-wide by re

searchers because of the difficulty in determining differences 

at those low yields. If someone found a simple, easily recog

nizable gene for drought tolerance, that would change the picture-

but that is not very likely. 

Comment 	 I think we haven't fully explored the possibility of improving 

maize for marginal rainfall areas. There is a big intermed
iate area where drought is an important factor, perhaps more 

so than insects and diseases. 

A. 	 (Goldsworthy): Although CIMMYT's testing program involves 

selection without water stress, much of the testing is at sites 
with stress. So the point may be to select varieties that fit 
the drought situation, rather than breeding for drought toler
ance. 

14.4 	 DISCUSSION TOPIC 4 

Maize Germplasm
 
by Mario Gutilrrez, CIMMYT
 

Lead Discussant: 	 Dr. William L. Brown, Executive Vice 
President, Director of Research, Pioneer 
Hi-Bred International, Des Moines, Iowa 

The organization of the CIMMYT maize germplasm bank has 

greatly improved in recent years and many collections that were almost 

lost have been salvaged, the discussant said. 

He deplored the tendency of maize breeders everywhere to use 
an increasingly narrow base of germplasm, even though they know this 

increases genetic vulnerability. This tendency results largely from the 
belief that 	known germplasm is superior to unknown germplasm and the 

speed with which improved populations can be developed from known 
germplasm relative to unknown germplasm. Yet, the discussant asked, 
if the usefulness of much of the world's maize germplasm has not yet 

been critically screened, how do we know that it is inferior to the materials 
breeders are now 	using? 

In addition to the work CIMMYT is already doing in the evalu

ation of exotic germplasm, the discussant recommended a system of 
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cross-performance testing be instituted to identify population crosses
 
which exhibit a maximum heterotic response. 
 He also recommended
 
that the evaluation be done by a breeder 
and that the work have high
priority in the breeding program. Collection, reproduction, documenta
tion, and distribution of germplasm constitute full-time work -or one 
man. 

14.5 DISCUSSION TOPIC 5 

A. 	 Maize-Tripsacum Crossing at CIMMYT
 
by Mario Gutierrez, CIMMYT
 

B. 	 Wide Crosses
 
by Dr. Lynn Bates, Kansas State University
 

Lead Discussant: 	 Dr. L. H. Shebeski, Dean, Faculty of 
Agriculture and Home Economics, The 
University of Manitoba, Winnipeg, Canada 

While advocating continued work on wide crosses, the dis
cussant cautioned against expecting rapid and spectacular results. Wide 
crosses, he said, will not be a cure-all for future world food needs;
improvement of existing cultivars should provide greater gains. Using
 
triticale as an example, he pointed out that even though a parent con
tains a gene for resistance to a disease, there is no assurance that that
 
gene will provide the same resistance in the recipient species.
 

The discussant reviewed the scientific and organizational

problems that accompanied the development of triticale. 
 Not the least
 
of the problems was finding financial support for the research. "it took
 
17 years to develop the kind of team that was requiied at the outset. "
 

The discussant recommended that whenever a new species is
 
synthesized and has potential, it should 
be made available to CIMMYT, 
which has the "confidence of funding agencies and resources to quickly 
exploit the potential. " 

14.5. 1 SELECTED COMMENTS, QUESTIONS, AND ANSWERS 

Comment I don't 	think we 	should write off somatic hybridization. The
successful tobacco example from Brookhaven depended on an 
effective system for recognizing that hybridization had occurred,
based on earlier work with a conventionally made hybrid in 
culture. But the field is still young, and other techniques 
(including viral transduction) offer real promise for somatic 
hybridization. 
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Also, the recent work of Knox and Heslop-Harrison on the 
recognition of proteins released by pollen on contact with 
the stigma suggests that these can be extracted from com
patible pollen and applied with incompatible pollen to make 
crossing effective. It has been successfully done with poplar 
trees and could offer considerable promise for wider crosses 
among the 	cereals. 

A. 	 (Bates): (1) I haven't written off somatic cell fusion com
pletelv, but have pointed out the equally difficult problems
 
of either route. I have simply chosen that approach where I
 
think more rapid progress can be made. 

(2) The approach of Knox et al. on protein recognition fac
tors is one of four possible approaches I have considered as 
proof of the SIR hypothesis and the obtaining of hybrids. It 
may well be that our respective research approaches will com
plement each other nicely. Again, the immunochemical sup
pressor route was simply our choice for approaching the 
problems at hand in making a practical, applied method for 
the plant breeder and the synthesis of a reasonably large 
hybrid breeding population. 

14.6 	 DISCUSSION TOPIC 6 

Adaptation in Maize
 
by Peter Goldsworthy, CIMMYT
 

Lead Discussant: 	 Dr. S. A. Eberhart, Research Geneticist, 
ARS, Iowa State University, Ames, Iowa 

The discussant observed that to use research resources effi
ciently, the breeder must define his area of responsibility in terms of 
ecological zones. To establish ecological zones, the interaction between 
maize genotypes and environment must be understood. "If varieties of 
different maturities are grown in a series of environments from very 
short to very long seasons, the genotype by environment interaction will 
be very large. " 

The discussant suggested physiological studies to establish 
indices of heat-unit accumulation, temperature, solar radiation, and 
drought stress for use in delineating ecological zones. Indices of sus
ceptibility to pests and pathogens also are needed. 
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He advised that CiMMYT's program of testing in a large number of 
the different countries is unlikely to be necessary or efficient. Maize studies in 
East Africa; in cooperation with breeders in national prograrms, "...provide 
data to indicate that general adaptation can be attained in maize without 
the extensive trials that CIMMYT is proposing, unless the large num
bers of progeny are used to increase selection intensity. " In East 
Africa, varieties with different maturities and suitability to different 
elevations were grown in trials from sea level to 2,400 m.,from Zambia 
to Ethiopia. "The results were analyzed within countries and then pooled 
across countries within altitudinal zones. The results showed no greater 
genotype by environment interaction from the pooled data than for each 
country separately. " 

CIMMYT's International Maize Adaptation Nursery results 
should be used to obtain information about genotype x environment in
teractions in different ecological zones. But "... entries should be 
carefully selected to include improved breeding populations available 
from participating breeders. The entries should exhibit a range of 
maturities and temperature responses." Based on population response 
to the various indices, the breeder could group similar varieties, the 
discussant said. "A breeder could determine the index for each eco
logical zone in his area of responsibility and then predict the yield of 
all breeding populations in the trials. This information would permit 
him to select the appropriate populations with great-cr reliability than 
in two or three locations per year or two or three years at one location. 
Depending on resources available and local disease and insect problems, 
he could decide whether to initiate a breeding program or whether to 
continue introducing improved versions as they become available if the 
population is under intensive improvement elsewhere. 

The discussant praised CIMMYT's switch from mass selec
tion to progeny, testing. But, he urged "comparative trials to determine" 
if full-sib and modified ear-to-row trials are really the most effective 
selection methods for all situations. Statistical genetic theory indicates 
that reciprocal recurrent selection, or S1S2 selection, can be as effec
tive as full-sib selection with half as much expense for yield trials and 
more opportunity for selection for disease resistance in the breeding 
nursery."
 

14.6. 1 	 SELECTED COMMENTS, QUESTIONS, AND ANSWERS 

Q. 	 Within your three altitudinal zones in the East Africa study, 
did you detect differences--yield stability from season to 
season--that would be of value, for example, if one wished to 
maximize the minimum yield seen over a given n-umber of 
seasons within each zone? 
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A.' 	 (Eberhart): The environmental responses and altitudinal re
sponse of varieties from the 1970-1971 East Africa Maize 
Variety Trial (EAMVT) were essentially the same as for the 
1968-1969 EAMVT, indicating that the environmental response 
is a function of stress factors that vary from year to year. 
In East Africa, within altitudinal zones, several locations in 
one year will rank varieties as well as fewer locations in 
several years. 

Are some systems to estimate stability more adequate to be 
applied to hybrids of corn and sorghum and others which are 
more efficient to be used on open-pollinated varieties or seg
regating populations of corn? 

A. 	 (Eberhart): The response to temperature, to solar radiation, 
to stress, etc. , can be measured by the same system for 
hybrids and open-pollinated varieties. Deviation from re
gression can be expected to differ among single cross-hybrids, 
but not among double crosses, variety crosses, or open
pollinated varieties. 

Given good information on mean yield and regression slope 
for a set of varieties across a set of environments, how do 
you select the best ones, especially considering that it seems 
the two things are often closely correlated to mean and slope? 

A. 	 (Eberhart): You select on mean yield alone over all locations 
of the progeny trials, and you pick the high yielding families 
that will respond to improved agriculture. During family 
formation, intensive mass selection should be practiced for 
prolific plants with good roots to develop varieties with tol
erance to stress conditions. 

14.7 	 DISCUSSION TOPIC 7 

Maize Insects and Diseases
 
by Alejandro Ortega, CIMMYT
 

Lead Discussant: 	 Dr. William R. Young, The Rockefeller 
Foundation, Bangkok, Thailand 

Although losses caused by insects and diseases are already a 
major factor, they 	will increase in importance as production levels rise, 
the discussant observed. He commended CIMMYT's approach of incor
porating host-plant resistance into superior, widely adapted germplasm, 
because host-plant resistance involves little cost 	to the farmer, has a 
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,Cumulative and persistent effect on pathogens and pests, and is com
patible with other means of control. Chemical control should have a 
lower priority since it can be handled by national programs. 

To make rapid progress in using host-plant resistance, a 
network of international testing is essential, the discussant said. The 
first step in a comprehensive testing program, the identification of the 
major problems, has already been made by the CIMMYT staff: downy
mildew in Asia; corn stunt in Latin America; maize streak in tropical
Africa; stalk and ear rots, leaf blights, late wilt in UAR and India;
maize mosaics; leaf rusts; stem borer complexes; armyworm com
plexes; ear worms; and stored product pests. 

The second step, he said, is development of regional centers 
of responsibility. Suggested assignments were: IACP (Thailand), downy
mildews; CIMMYT (UAR), late wilt; IITA (Nigeria), maize streak; 
CIMMYT (Mexico), corn stunt, stalk and ear rots, leaf blights, maize 
mosaics, maize rusts, ear worms, and storage pests. 

Stalk borers and armyworms could be studied at CIMMYT, 
CIAT, IITA, and*IACP, with CTMMYT acting as coordinating center. 

The discussant suggested that CIMMYT could help the network 
by developing techniques for mass ?roduction of pathogens and insect 
pests for use in raising the level of resistance of maize populations under 
improvement and for biological studies; by developing procedures for 
international trials and coordinating the trials; by training scientists 
from national programs and by organizing symposia or workshops for 
scientists involved in international testing and operating pest nurseries. 

To expand CIMMYT plant protection work in the way outlined 
would require an expansion of staff, the discussant said. 

14.7.1 	 SELECTED COMMENTS, QUESTIONS, AND ANSWERS 

Q. 	 Considering the great number of materials CIMMYT sends 
throughout the world, what precautions does CIMMYT take to 
avoid spreading diseases and insects with the seeds? 

Ab ... 	 (Ortega): Seed is moisture.dried to about 10% This should 
inactivate agents causing disease. In addition, seed is treated 
soon after harvest and during packaging with a fungicide
insecticide mixture. 

Comment 	 In regard to the report from India about downy mildew being 
seed-borne, the researchers found mycelium of downy mildew 
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fungus in seeds from severely affected plants when the seeds 
were freshly harvested. But the fungus was completely in
activated when the seeds were sun dried to 15% moisture or 
below. Drying the seeds to 12% moisture,which is the usual 
practice, leaves no chance of dissemination of the fungus 
with the seed. 

Q 	 Do you include biological control of insect pests in your
 
program ?
 

A. 	 (Ortega): We are concerned in maize pest management with 
natu'ally occurring biological control by entomophagous 
agents, that operate at low insect pest population densities. 
We hope to alter the resistance during the improvement of maize 
pools and advanced populations and to combine this with selective 
chemical control. We do not intend to become involved with 
manipulation of entornophagous agents since there are other 
institutes actively engaged in this activity. If possible, we 
will incorporate any useful results in our activities. 

14.8 	 DISCUSSION TOPIC 8 

Agronomic Aspects of Maize Improvement
 
by A. F. E. Palmer, CIMMYT
 

Lead Discussant: Dr. A. Y. Allan, Project Leader, Maize 
Research 	Station, Kitale, Kenya 

The discussant praised CIMMYT's development of improved 
genotypes as part of a technological package that farmers can use. He
 
warned, however, against excessive testing and refinement of the pack
ages. Most agronomists can design a package that will raise yields
 
substantially. The urgent necessity, the discussant said, is to get the 
package delivered and put into practice. In Kenya, he said, a major 
reason for the successful introduction of improved maize varieties can
 
be attributed 
to a private company that produced and distributed im
proved seed and made sure that it reached the farmers on time. 

Turning to the question of international agronomy trials, the 
diacussant said that such trials would be useful within a fairly uniform 
region, but that trials stretching over continents would be difficult to 
coordinate and would be unlikely to yield good 	results. 

In other words, he said, more emphasis should be given to 
package delivery and somewhat less to package development. The 
methods of package delivery are well known, e. g., fertility demonstra
tions, variety demonstrations, etc. The problem has been that such 

14-12 



,chemes have lacked continuity and follow-through. The discussant 
said that these demonstrations must be conducted by the local extension
staff, specially trained for maize work. In addition, the local extension 
staff should be responsible for making sure that the co-nponents of the 
package xeach the farmer on time, that the land is correctly prepared,
and that market facilities are developed. Their job does not end with 
the demonstration. 

14.8. 1 SELECTED COMMENTS, QUESTIONS, AND ANSWERS 

Q. 	 Are you doing any work on associated cropping? 

A. 	 (Palmer): CIMMYT is not carrying out agronomic work on 
maize in needed cropping systems. 

A. 	 (Allan): In the Kenya program, virtually nothing has been
 
done about intercropping maize and beans, 
 but slowly we 
have come around to the view that research on this is needed, 
since around 50% of maize farmers do it. 

Q. 
 Would you 	not agree that CIMMYT agronomy trials can set a
base line, or standard of performance, which can convince 
otherwise reluctant political leaders to establish the neces
sary installed capacity for "delivery" to producers, where 
no such capacity exists, or when there is ignorance about 
fertilizer requirements? 

A. 	 (Allan): I agree that CIMMYT, with its greater prestige and 
authority based on past work, may be able to coax otherwise 
reluctant politicians and policy makers to undertake research
 
work, whereas local scientists may tend to be ignored in their
 
own countries by these people. 

14.9 	 DISCUSSION TOPIC 9 

Maize Physiology
 
by Peter Goldsworthy, CIMMYT
 

Lead Discussant: 	 Dr. Lloyed T. Evans, Chief, Division of 
Plant Industry, CSIRO, Canberra, Australia 

The discussant observed that maximum yields of maize are
higher thanthose of any other cereal crop, even though far fewer crop
physiological studies have been made on maize than on wheat or rice. 
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The discussant compared the physiology of maize with that of 
,rice and wheat. He noted that-the C4 pathway of CO 2 fixation gives 
maize a photosynthetic advantage under conditions of high temperature 
and hig], light intensicy, and also confers greater water-use efficiency. 
He said that the maize ear is a stronger sink than the many smaller in
florescences in wheat and rice, but the maximum recorded rates of 
grain growth per unit area for maize is no b,.tter than that of several 
other crops. The long period from anthesis to maturity in maize (about 
50 nays) may be a key factor in high yields, he noted. The rate of growth 
per grain in maize must be far higher than that of wheat and rice, even 
though maize has no vascular tissue entering the ovule. 

The discussant urged an examination of the physiological basis 
of the great yield heterosis in maize by comparing inbreds with their 
hybrids. He cites several studies that indicated "that th.e yield increase 
in hybrids may be due to their differentiation of larger ears with poten
tially larger, and longer- and faster-growing grains. "' 

To raise maize yields, A coordinated increase in both source 
and sink will have to occur, the discussant said. "Cultivars whose yield 
is highly respo isive to site conditions may be those with ample poten
tial storage capacity. Those with high and stable yields probably have 
ample productive capacity. Crosses between these two types may 
therefore offer the best prospects of coordinate advance in both source 
and sink capacity, as Finlay has suggested." Although spare photo.. 
synthetic capacity, as indicated by the presence of sugar in the stem, 
may exist at the end of the life cycle, that does not necessarily mean 
that the photosynthetic rate was adequate during differentiation of the 
ear. For this reason, the discussant urged equal emphasis on studies 
of storage capacity and on photosynthetic capacity, 

Because its three experiment stations are at about the same 
latitude, but different altitudes, CIMMYT is in an unparalleled position. 
to study the effects of temperature separate from those of radiation, 
the discussant said. 

Studies of water-stress effects will be vital especially be
cause future crops of maize throughout the worid are likely to be in
creasingly grown without irrigation as water resources become scarcer. 
The discussant endorsed thc plan to assess adaptation to dr'yland con
ditions by yield comparisons of genotypes over many sites and years. 
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14. 9. 1 'SELECTED COMMENTS, QUESTIONS, AND ANSWERS 

..Comment 	At IITA we are finding that seedling tolerance to high soil 
temperature is one of the major limiting factors of maize 
yields. Most of the references about tolerance to high tem
peratures and drought resistance concern flowering time 
when temperatures in the tropics are no higher than in the 
Corn Belt. The Corn Belt plants emerge as soon as possible 
after the danger of killing frost is past. In the tropics, we 
plant at the end of the dry season when soil temperatures at 
Ibadan go over 400C. We have found cultural and genetical 
methods of overcoming this major limiting factor of high soil 
temperatures on seedling growth. 

A. 	 (Goldsworthy): We have begun to collect data on soil temper
ture at some of our experiment sites in Mexico. High soil 
temperatures in the seedling 3tage may be of general impor
tance where drought conditions occur at this stage in crop 
growth. 

Q. 	 Is the proposed work program for CIMMYT in the next five
 
years going to give the breeder a "handle" or guideline by
 
which to select in the field? Can w become predictive in
stead of continuing to be descriptive after the fact? 

A. 	 (Goldsworthy): The organiz'ation of the production studies is 
such that findings can influence the development of populations 
undergoing improvement. Several of the findings to date are 
being incorporated into the breeding program. To this extent 
we believe the program contributes more than explanation 
after the facts. 

Q., 	 One way of improving the ratio for grain to total dry matter 
is by using prolificacy. Have you considered this at CIMMYT? 
Prolificacy is also involved in stability of yield. A peasant 
farmer is not so much interested in maximum yield as in 
stability of yield. In a poor season of stress conditions, will 
he have enough food to feed his children? 

#A. 	 (Goldsworthy): A large part of the studies proposed and out
lined are concerned with the development of the lateral in
florescences and how this influences yield. One aspect of 
this is prolificacy. 



14. 10,:. DISCUSSION TOPIC 10. 

Nutritional Quality in Maize
 
by S. K. Vasal, CIMMYT
 

Lead Discussant: 	 Dr. Luis F. Fajardo, Asst. Professor, 
Faculty of Medicine, University of the 
Valley, Cali, Colombia 

The discussant recommended that CIMMYT closely associate 
itself with an outside organization for biological assays of selected maize 
materials from the quality improvement program, to confirm the 
nutritive value of the most promising varieties. 

The discussant observed that "traditional measures of pro
tein quality for humans have been inadequate for economic comparison 
of newly developed varieties. " Indices based on the nitrogen intake 
levels necessary to achieve a zero N balance allow economic compari
sons of protein value etween crops, as well as between varieties. 

4. 0 

14, 10.1 SELECTED COMMENTS, QUESTIONS, AND ANSWERS 

Comment I would 	like to attempt a clarification of the action of the 
opaque-2 gene and what to expect in the resulting protein 
synthesis. It is generally believed from the work of Dalby 
from Purdue and Alexander from the University of Illinois, 
{iat the opaque-Z gene produces an RNAse against zein 

messenger RNA. The zein message is thus destroyed early. 
Modifier genes may or may not affect the opaque-2 allele 
itself. The modifiers may affect closely linked genes asso
ciated with opaque-2. In any event, modifiers do appear to 
affect opaque-2 grain characteristics, but the zein concen
tration appears directly related to the opaque-Z gene. 

Opaque-Z maize protein synthesis reflects lowered zein syn
thesis, with the remaining protein synthe, s capacity being 
channeled into glutelin and albumin-globulin. Since glutelin 
is commonly believed to be a polymer, in some as yet unspe
cified form, of zein and water-soluble protein, the observed 
increases in water-soluble protein would be expected. The 
increased opaque-2 glutelin synthesis is not so easily explained. 
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1A 4:,I DISCUSSION TOPIC 11 

Training
 
by Alejandro Violit, CIMMYT
 

Lead Discussant: Dr. Dale Smeltzer, The Rockefeller 
Foundation, Bangkok, Thailand 
(Regional Training) 

Lead Discussant: Dr. P. L. Plaisted, Professor, Head, 
Dept. of Plant Breeding and Biometry, 
Cornell University, Ithica, New York 
(Academic Training) 

14. 11.1 REGIONAL TRAINING 

The discussant emphasized that if training is to make a con
tribution to national development there is need for commitment by the

national government, by the trainee I mself, 
and by the trainer. He

said that the national government must recognize 
the need for improv
ing staff capabilities to help achieve national goals. It must be committed 
to fully using the increased capability of an individual after his training. 

The trainee must be committed to increasing his contribution 
to national goals. He must be motivated. Salary is only one motivation. 
He must be aware of the importance of his role and of the reasons he
 
was selected for training. And someone 
must care whether or not he
 
does his job well.
 

The trainers should be aware of the role the trainee is expectedto fill in the national program. The training course should be shaped to 
the trainee's needs. When the trainee is back on the job, the trainers
should make follow-up visits to support the trainee and to get feedback
 
that will progressively improve the training program.
 

The discussant compared the Asian regional training programs
with the CIMMYT training program and cited four advantages of regional
training: it keeps the trainee in an environment where he can work with 
familiar materials and practices, it causes less cultural shock, it takes
place within a national program, and it is less expensive, The disad
vantages: fewer sites than the CIMMYT program, narrower scope, and
those involved in CIMMYT outreach programs have no opportunity to 
become familiar with CIMMYT staff and projects. 

International groups and national programs should each have 
a role in training. The national program should focus on individuals 
who are expected to perform a specific task such as conducting demon
strations to promote new technology. The technology may differ from 
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district to district, but the 	extension worker will handle only demon-

In addition, he must understand the localstrations for his district. 
In contrast,farmers well enough to select the best way to teach them. 

many of which area research technician has many tasks to perform, 
insect outbreaK maynot predictable in advance. Problems such as an 

arise during the course of an experiment requiring the of uranticiuse 

patecd skills. The research technician must have flexibility. Tne best 

such individuals is within abroad-based research prkgramtraining for 
where experienced specialists can guide trainees. Few nationai pro

grams have this capability, so the international centers should handle 

this type of training. 

on trainingThe discussant argued against major emphasis 
need for massivetrainers in regional or internationl programs. "The 


numbers of trained people will arise with location-specific activities.
 

These can best be 	taken care of within national programs where speci

can be placed high on the person iel priority list.fic training teams 

14.11.2 ACADEMIC TRAINING 

The discussant noted that the plant breeding department of 

Cornell University is increasingly relying on organizations such as 

CIMMYT, national programs, and foundations to help select foreign 
and hasstudents. This procedure has improved the quality of students 

helped assure that the students will find employment when they finish 

their degrees. 

Although the research and coursework should be directed to

ward areas that can be applied when the student returns home, that 

should not be at the sacrifice of the "individual nature of graduate edu

cation, " the discussant warned. The student must learn to think for 

himself and to gain confidence in his own judgment. 

On the question of thesis research in the student's home 

country, the discussant said that this is desirable, provided that a 

qualified group of scientistv exists in the home country to act as advisors 
conand that it is clearly understood that the student's primary job is to 

duct thesis research, not to help with research unrelated to his thesis. 

Doing thesis research at an institution like CIMMYT is quite acceptable. 

Not all students will benefit from research away from campus, 

Those with minimal research expericnce or thosethe discussant said. 
whose thesis is particularly adapted to the ctimate or facilities of a center 

like CIMMYT will benefit. But those who have had experience at CIMMYT 

benefit from extra time and extra classroomor in their home country may 
work on campus. 
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.... The discussant praised the concept of interdisciplinary teamsof graduate students who do two years of coursework at Cornell and then go to CIMMYT to jointly wurk on a thesis problem. 

14.12 DISCUSSION TOPIC 12 

The Rolc of the Economist in Increasing Maize Production 
by Don Winklemann, CIMMYT 

Lead Discussant: Dr. Vernon Ruttan, President, Agricultural 
Development Council, New York, New York 

The discussant examined the value of social science research(in particular, economic.4, by first identifying the source of derived demand for knowledge in the social sciences. The demand for knowledgein the social sciences, he said, is derived from demand ior imrprovements in efficiency in institutional performance and de(tand for Ilistitu=tional innovation. This hypothesis is not easy to test, bIt the-- limitedinvestment in, or even suppression of, social science research in
'societies in which the institutional system is 
 derived from ideologica1commitments which are believed, or decreed--not subject to evaluation" 
is perhaps the best evidence. 

The value of economics research, the discussant observed,has traditionally been measured by peer evaluation, by how many timesa paper is cited, etc. "I am not familiar with a single example in which a body of social science research has been evaluated in terms of Itscontribution to iris ti tit ional efficiency ii the sane way that the re ,iear-}Ileading to the inventition and diffusion of hybrid corn has ben evaluated. 

The (]I( uIS';anit Sluii,(,sted that new knowled ',,, in so( ial . ciencesshould be valued by incii/ring "the oenew irt 0in ,trcatni ladoe availableto society from te i isittitinnal iItitlv, tions rt.,iltlnu trmn the' 4.1)bodi.ment of the 
, 

new social ,ciem5 c knowledgc n inwitif uiiolstl illovatlont orin the efficieno y of institutional perlormn:iuce. " ),ilarly, reic archpriorities in ,,o( iil sciences might b,, 
d i ed )t th lh basis of the "potential value of the improvevrnt in institutional pcrforrnlncv th,t 
 will result
 
from the resear( 1i. "
 

This iippro.m( It, the li(I u118.t11t 'uaud, is equaIlly vAlid lot allocation of research rtsourcet by ministry of aLgri( uliirea or by ,in organization such as (IMMYT. ite proposed that fime o bj( tive )f rnaize research at CIMMYT ii to help dou)l, we rld ma i/ )roducltion duiring thenext two decadeu or t4o, and not sinply imniL'. im)l)ltve,,nt l'or thisi reason, the (i cuntsanit state(1, the ( uestiotn liniit i(f what 5rLiz,.duction must be answered quantitatively. Only ini this 
pro

way can we decidehow much it is worth to remove a constraint. "Whether It is a yield 
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ceiling; inadequate knowledge on the part of producers; tenure relations 
which reanove incentives to use existing technology; organization of 
credit, fertilizer, or product markets; or inadequate investment in 
irrigation or roads--failure to pose and answer the question in this way 
leads to the allocation of resources to the solution of problems that 
when solved contribute relatively little to the growth of production. " 
Only by allocating research resources to areas where the pay-off from 
removing a constraint is great "will agricultural research continue to 
return the high social dividends that we have come to expect of it. "1 

Moreover, the international agricultural research system 
is in trouble, the discussant stated. The diffusion of new varieties has 
slowed, national yields are not growing as fast as previously, produc
tion input prices have risen, and the system is under attack by those 
who are concerned that the new technology is leading tropical agricul
ture into a high-energy system that cannot be sustained and that the new 
technology is bcncfiting some segments of society to the disadvantage 
of others. Ilhe Idiscussant said he was "skeptical of the claims of both 
the 'distributioiial impa( W critics and the 'technological trap' critics. 
But my skepticism is not firmly grounded in empirical knowledge. And 
I am convinced that our resource allocation decisions must be made with 
much greater precision in the future than in the past." 

Turning to the role of the economist within a research insti
tute such as CIMMYT, the discussant cited the economist's potential 
contribution to allocating the institute's research resources. For 
example, the most comprehensive agronomic trials fail to account for 
more than , fraction of the difference between farm yields and experi
ments statlois' yields be(ause they do not reflect the economic, social, 
and politital i,'n i-ronmen' t in which the farmer lives, the discussant said. 
"The atlempt 1t) (jiarit ity the constraints on growth involves principally 
the Hkill, o)f th, ;ta,,roiiomnisl, the economist, and the statistician. " The 
discussaljit c,illedl for lthi priority on econonnic-agroniomic study of the 
Constraint:s to growth of ,aize production and the institutional and tech
nological ,tcp', Il ta(all b us e(d to overcome those constraints. In par
tictular, dr., where low production it due to lack of knowledge or lack 
of technology should b"t identified. 

A 'wk owil importatit role for the economist is helping inter
pret institut( tet hni( al and economic resetarch for planiv rs in the coun
tries in whi( h (CIMMYT works. "The economist working in an institute 
such as CIMMYT Iiais the uniique a(valitage of bcint lose to the source 
of scientifi( inmaginati)i." F'rom this vantagepoint, the economist "is in 
a posttioi to node! the inacro-economiic illiplicationu of technical change 
or this potent ial for techiiical thange, while the changes are still in the 
desigrn "tate, or in the initial stages of distribution, enabling planners 
and policy makers to employ policies that will contribute to more rapid 
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diffusion of new technology, to minimize distortions in availability of 
of the technology to different elements in the rural community, 
and to adjust to anticipated changes in commodity markets. 

14.13 	 DISCUSSION TOPIC 13 

CIMMYT's Outreach Program
 
by Keith W. Finlay, CIMMYT
 

Lead Discussant: 	 Dr. Gordon McLean, Team Leader, ALAD-
CAIRO, The Ford Foundation, Cairo, Egypt 

Two indispensable ingredients for a successful rep, onal pro
ject are a budget, preferably in foreign exchange, and vehicles for the 
scientists, the discussant said. Regional projects are particularly 
suited for areas where enough scientific knowledge exists, yet is not 
widely used. A regional project can start things moving faster than 
would be possible if a new research institute was established. 

The discus sant cited several advantages of regional projects: 
adaptive agronomic research can be conducted (k spcNIally for countries 
too small to do their own), training and workshops can be conducted in the 
the local language and under local conditions, regional re cords of dis
eases and insect outbreak, can be kept. In adoitioli, because the re
gional prograni is transnational, sced can be !Yjov(i around easily for 
regional nurseries, and funds call be ITNov.d to count i ic.s that ned them 
most. The drawbacks of a regional progran, ic ,,aid, arc that z, re
gional representative has less day-to -day knowlcdge of a national pro
gram than someone assigned directly to the national prograin, and that 
time-consuming protocol visits must be made by a regional man every 
time he enters a country. 
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REVIEW AND FOLLOW -THROUGHSYMPOSIUM 



15.0
 

SYMPOSIUM REVIEW AND FOLLOW-THROUGH
 

15.1 INTRODUCTION 

This paper mirrors Symposium presentations of the week 
and summarizes some maize program objectives. In capsule format, 
each of the presentations is analysed for its implications toward maize 
improvement for the 1970's. Similarly, discussant observations and 
comments from the participants are taken into account. 

In a final section, the maize staff responds to those issues 
raised at the Symposium that they felt might not have received adequate 
definition or treatment during the individual sessions. 

The summaries that follow should not be regarded as a 
statement of consensus, but as a necessary step toward consensus. 
Another pamphlet is being developed by the CIMMYT staff to comple
ment these Proceedings, to be entitled: "Maize in the 1970's", and sub
titled "CIMMYT Strategies to 1980". This proposed publication, 
drawing much from the presentations and observations made here this 
week, will more fully outline the Maize staff projections and initial 
plans and strategies for accomplishing their objectives. Sufficient 
flexibility will be built into these strategies, so that modifications can 
be made, if necessary, as a result of each year's research and field 
findings. 

15.2 SUMMARY OF MAIZE PROGRAM OBJECTIVES 

15.2.1 ROLE OF MAIZE 

In the lead-off presentation for this Symposium,Haldore 
Hanson talked about the role of maize. 

15-1 



He noted a world maize crop of 302 million tons (FAO, 1972) 
and a maize crop in developing countries of 62 million tons (FAO, 1972). 
Maize was then the second ranking cereal crop in the world (after wheat), 
and the third ranking cereal crop in developing countries (after rice and 
wheat). 

Hanson observed that population in developing countries is 
increasing at a rate of more than 2,5% a year, therefore the population 
of these countries will double in about 25 years. These countries will 
need twice as much food just to maintain their present levels of food in
take which are already at a low level. Very little future increase in 
food can come from new cropland. Most food increases must come from 
higher yields on present cropland. That requires better technology to 
achieve more intensive production. 

During the 1960's,the production of maize in developing 
countries rose at more than 3% a year, but over half this increase was 
achieved by using more land area, and less than half by increasing yields. 
In other words, while population grew more than 2.5% a year in the 19601s, 
the maize yields were rising less than 2. 0% a year. These developing 
countries must do better in the 1970's if maize is expected to provide its 
share of the food supply. 

The need for better protein also was documented by Hanson. 
Developing countries are dependent, more and more, on cereals for their 
protein supply. This places heavy emphasis on the development of high 
quality protein in cereals, including maize. 

Hanson provided data to show that fertilizer supplies will 
remain short for a few years in the mid-1970's, because of inadequate 
factory capacity, and that fertilizer prices will probably remain higher 
than in1972. 

15.2.2 WHAT LIMITS MAIZE PRODUCTION? 

E. W. Sprague discussed the present limitations to maize 
production under two headings: first, the limitations of technology which 
the scientist can help solve; second, the limitations of government and 
social institutions that the national policy maker can help solve. 

lie named six problems as technological barriers, with special 
attention to the tropics and sub- tropics, where most developing countries 
are located: 

(1) Tropical maize plants are too tall, and frequently lodge. 
Breeders must develop short, stiff straw, which will make a more 
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efficient plant, giving more grain per pound of fertilizer nutrients, and 
more grain per hectare. 

(2) Insects and diseases can be more destructive in the
 
tropics than in the temperate zone. , rieties that
Maize are genetical
ly resistant to a broad range of insects and (, e1.es must be developed. 

(3) In most maize growing countries the research station is
getting maize yields which are double the yields of the better farmers,
and four times the national average yield. Production practices which 
fit the needs of the average farmer and enable him to close part of this 
gap between the scientist and the farmer must b- developed. 

(4) Lack of "adaptation" is another technical limitation.
 
CIMMYT uses the term "adaptation" to describe the ability of some

maize varieties to produce satisfactory yields of grain, over a period

of years, and over a range of locations, under different conditions of
 
temperature, moisture, and pests. ("Adaptation" is another name for
 
stability of yield).
 

(5) Protein in traditional maize is low in quality. There is a poor balance among the amino acids, which prevents the maize eater
 
from digesting part of che protein. Breeders must develop a high

quality protein in maize that will compete in yield with normal maize.
 

(6) Maturity range of plants available to farmers is not
 
sufficiently broad. Farmers rainfed lands need
on a short season maize 
to fit a short rainy season, or to fit a rotation with other crops; they
should be able to get a variety which matures in 90 or 100 days. By
contrast, if the farmer is fortunate enough to have irrigation, and wants 
a full season maize, he should be offered a variety which matures in 
130-150 days or more. 

Sprague also listed some institutional limitations on maize
production which require solution by policy makers in developing
countries. He cited the restrictions imposed by inadequate service 
for research, extension, fertilizer, credit, seed and marketing. 

Unless attention is given to all of these needs, the produc
tion of maize is not likely to rise rapidly enough to keep pace with 
population growth. 

Vernon Ruttan, speaking later, urged that the constraints 
to production listed by Sprague should be given more precise quanti
tative measure, in order to establish priorities for CIMMYT's maize 
research.
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15. 2.3 , MAIZE IMPROVEMENT 

Elmer Johnson described the process by which germ plasm 
at CIMMYT now moves in a continuous flow of testing and recombination, 
from the Bank accessions, to the germ plasm pools in Mexico, to the 
advanced populations internationally tested, to the experimental varieties 
tested in foreign countries, and finally to the elite experimental varietes. 

This process will continue through the 1970's; two cycles a 
year -- one for testing, another for recombination. There will be 12 
more generations before the end of the decade. During that period, 
CIMMYT will send to collaborating governments outside Mexico, a few 
experimental varieties each year. If the expected progress is achieved, 
some of those experimental varieties will become elite varieties. After 
testing the elite varieties, some will be recommended to farmers by 
collaborating governments. (Release to farmers is a function of govern
ment, not of CIMMYT). 

The lead discussant, George F. Sprague, questioned the 
CIMMYT viewpoint that hybrid maize has only limited potential in nost 
developing countries at this time. He also suggested that wide adapta
tion may in'olve a sacrifice in yield potential. 

15.2.4 GERM PLASM BANK 

Mario Guti6rrez presented information about the CIMMYT 
germ plasm bank, Objectives for the bank are that by 1980: 

(1) All seed in the bank will be less than 10-years-old. That 
means the renovation of the collection will be completed and thereafter 
rejuvenation will continue only on a maintenance basis. 

(2) All Bank accessions which can be grown in Mexico will 
be tested in replicated trials for the following characters: yield, maturi
ty (days to anthesis), number of tillers, percentage of stalk breakage, 
ear height, length and thickness, prolificacy (average ears per plant), 
kernel color and endosperm texture, racial classification. 

(3) The Bank will publish an open-ended catalog, listing each 
accession and the location and elevation where collection was made; 
information supplied by the collector; observations from the rejuvenation 
cycle; and agronomic characters listed for the trials above. 

(4) The collection of historic land varieties should be almost 
completed. To reach that point, additional collecting will be needed during 
the 1970's in northeast India and in the Amazon basin -- two areas not 
adequately represented today. 
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(5) CIMMYT will increase the collection of three near 
-relatives 	of maize, Zea mexicana, Tripsacum, and members of the 
Maydeae tribe, all useful for a program of wide crosses with maize. 

Completion of the five year plan will make the CIMMYT 
germ plasm bank as useful a breeding tool as the germ plasm collection 
of-any other major food crop in the world. 

The lead discussant, William Brown, endorsed the work 
iplans for the bank, and added one proposal of his own: that testing for 
cross performance (heterosis) should be included in the CIMMYT Bank 
evaluations. 

15.2.5 WIDE CROSSES 

Mario Guti6rrez described the successful crossing at 
CIMMYT of maize x Tripsacum. Tripsacum is a near relative of maize. 

Lynn Bates summarized recent cooperative work between 
Kansas State University and CIMMYT, including attempts to cross 
maize x sorghum, using chemicals control of barriers to crossability. 

Looking ahead to 1980, CIMMYT expects this work to
 
continue with the following objectives:
 

(1) Maize staff members at CIMMYT will continue to make 
crosses between maize and its near relatives, such as "'ripsacum, to 
determine which genotypes cross most readily, and to assess whether 
this research route should be enlarged or discontinued. 

(2) In collaboration with Kansas State University, CIMMYT 
will continue to explore the maize x sorghum cross, and expects to 
achieve a successful hybrid within the 1970's. This hybrid should be 
carried to the point where techniques for overcoming Incompatibility 
are available and the F 1 's help to identify the plant characters which 
might be transferrable from sorghum to maize, and vice versa. 

(3) In collaboration with a center like the Plant Breeding 
Institute of Cambridge, England, CIMMYT will seek a better knowledge 
of the genetics and cytology involved in wide crosses of maize. 

(4) CIMMYT will play a catalyti2 -ole in promoting research 
on wide crosses, and the needed resources from donors. 

Under a policy approved by our Trustees, CIMMYT will 
provide leadership in the field of wide crosses for maize and wheat, 
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but it is expected that no more than 5% of our staff time and 5% of our 
budget will go to this work. We shall encourage other qualified institu
tions to do the exploratory work. CIMMYT plans to make a major 
investment only when a wide cross has proved feasible; after hundreds 
or thousands of primary crosses have been made. CIMMYT can then 
help convert this new hybrid into a commercial crop. That is the 
policy CIMMYT followed in the development of triticale, which is also 
a wide cross (wheat x rye). 

The lead discussant Dean Shebeski has been characterized 
as the father of triticale, and from his 20 yeal s of experience with triti
cale he offered several comments on other wine croF,3es. He noted 
that CIMMYT has made successful hybridization between maize and 
Tripsacum, but there is no report of the successful transfer of useful 
genes from Tripsacum to maize. He admired Bates' optimism in fore
casting a successful maize x sorghum hybrid within a few years. "But 
successful crosses do not necessarily mean useful crosses". 

Dean Shebeski said that he does not accept the view that wide 
crosses will provide an easy road to a larger food supply. Continued 
improvement of existing cultivars should provide greater gains in the 
next one or two decades. 

In conslusion, Dean Shebeski endorsed CIMMYT leadership 
in wide crosses. He expL-essed the belief that with improvement of 
techniques, man should be able to synthesize some new speciea of crops 
which can prove more productive and more nutritive. 

15.2.6 ADAPTATION IN MAIZE 

Peter Goldsworthy described the studies CIMMYT has made 
on adaptation, the analysis methods, and how these methods will now 
be applied to the experimental variety trials which CIMMYT is sending 
to a few countries outside Mexico, beginning in 1974. 

CIMMYT uses the term "adaptation" to describe the ability 
of some maize varieties to produce a satisfactory yield of grain, over 
a period of years and over a range of locations, under variations of 
temperature, moistrue and pest conditions. I 

Adaptation can produce stability of yield, and therefore 
adaptation is highly prized by farmers in developing countries who 
depend heavily on the maize crop for family subsistence and some'' 
cash income. 
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",,,,:,Two more reasons justify the importance of "adaptation" to 
world food production: 

Maize producing countries with a range of climates cannot 
afford the cost of developing a separate maize variety for each climatic 
zone. With wide adaptation, fewer varieties will serve the needs of a 
national program. 

The benefits of maize research in one climatic region of
 
the world cannot be transferred to maize growers in other climatic
 
regions, unless varieties with wide adaptation are employed.
 

The lead discussant, Steven Eberhart, responded with a 
carefully stated critique based upon his own int,!rtiational experience.
He included this comment: "The scientific approach used in Eastern 
Africa and Western Africa by the USAID/USDA Major Cereals in Africa 
Project, cooperating with breeders in national programs, provides data 
to indicate that general adaptation can be attained in maize without the
 
extensive trials that CIMMYT is 
 proposing" . 

15.2.7 MAIZE INSECTS AND DISEASES 

Alejandro Ortega listed objectives for CIMMYT"s plant
Dprotection unit during the remainder of the 1970's, including: 

(1) Completing streamlining of techniques for mass rearing
of insects to be used on experimental crops; mass production of inoculum 
to be used on experimental crops; determination of the most efficient 
methods for mass infestation and mass inoculation; and determination
 
of the most efficient way to read susceptibility or resistance in
 
experimental crops.
 

(2) Completing the evaluation of CIMMYT's germ plasm

Bank accessions for reaction to insects and diseases.
 

(3) Reading the disease and insect response in each cycle

of selection of all germ plasm in CIMMYT's 
Back-up and Advanced
 
units.
 

(4) Contributing to the evaluation of peRticides, their 
formulation, and procedures that provide ecological selectivity to
 
reduce ecological side-effects.
 

(5) Continuing the development of pest management approaches
within the context of efficient production practices. 
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,15.2o8_ , AGRONOMIC ASPECTS OF MAIZE IMPROVEMENT 

Frederick Palmer described the role of the CIMMYT agronomy 
staff in Mexico, where tests are organized both on experiment stations 
and in farmers' fields. He described his own work in Pakistan, organizing 
on-farm demonstrations, and training the Pakistani production agronomists. 

Objectives of the agronomists to 1980 include the following 
activities: 

(1) In Mexico, thq agronomist will participate in the germ 
plasm bank evaluations and share in the work associated with the Back-up 
and Advanced Units by helping identify the most efficient materials. 

(2) Agronomists assigned the national programs outside 
Mexico carry the central responsibility for organizing the progeny 
trials and the experimental variety trials, both on experiment stations 
and in farmers fields. 

(3) Training of extension agronomists in national program 
is becoming a central role for CIMMYT agronomists. 

Palmer stated that by 1980, he expects the work of the 
CIMMYT agronomists now located in Pakistan, Zaire, Egypt, Nepal and 
Tanzania to prove its effectiveness in raising national average yields. 
Similar work is needed in other national programs. 

The lead discussant, Alistair Allan of Kenya, followed 
Palmer with two challenges: (a) Is it really necessaryeto spend so much 
time and money developing agronomic packages the way CIMMYT 
describes? Isn't the urgent business to deliver the package to farmers? 
(b) Is there a role for international agronomy trials with multifactors? 

After participant discussion, it was clarified that inter 
national agronomy trials of 1972-73 have now been replaced by CIMMYT's 
experimental variety trials, and there is n.o need for a separate series 
of agronomy trials on an international scele. 

15.2.9 MAIZE PHYSIOLOGY STUDIES 

IPeter Goldsworthy's presentation on physiology described 
CIMMYT' s past studies on the tropical maize plant and why it places 
more of its dry matter in the stalk and leaves, whereas temperate zone 
maize places more of its dry matter in the grain. 
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, He,described two other studies in progress: the reaction
of maize to environment, as measured by climatic data in the international trials; and the adaptation of the maize plant to water stress. 

Objectives in the physiology work include: 

(1) Continued inquiries into factor, de-fining the limits ofstorage capacity in tropical varieties of maize. CIMMYT stations atdifferent elevations in Mexico offer opportInties to study the separate
contributions of temperature and radiatin to r ain filling. The effectsof light intensity and rate of photosynthsis at different stages of plantdevelopment will also be studied. Answers to 's( questions will helpguide the breeders in developing higher yielding varieties. 

(2) Continued studies of water stress in aize. In Mexico,
CIMMYT will investigite maize fealtures which eonfer lesi sensitivity
to water stress. The adaptation of naize to (Iivland conditions will
also be studied through yield comparisons of genotypes over 
many
 
sites and cycles.
 

L.T. Fvans of Australia, lead discussant, offered thefollowing critique: CIMMYT's maize physiology program has alreadycontributed substantially to our understanding of yield development

in maize. During the remainder of the 1970'- similar studies should

be completed on 
the effects of temperature, light intensity, and water 
stress.
 

Studies of water stress are at a less advanced stage. Theprogram proposed by Goldsworthy should result in a better definition
 
of the type of maize adapted to dryland production.
 

15.2.10 NUTRITIONAL QUALITY IN MAIZE 

S.K. Vasal's report on protein problems in maize indicatedthat the world is still receiving very little benefit from the opaque-2

gene, 
 10 years after the remarkable nutritional value of this gene was

discovered. CIMMYT's 
objectives to 1980 are: 

(1) To continue to develop better agronomic plant typescarrying the opaque-2 gene. Today the plant types are not yet fully
acceptable to farmers, because of slightly lower yield, and slightly
greater vulnerability to fusarium ear rot and stored grain weevils. 

(2) To continue to develop better grain type for opaque-2materials. Some varieties now carry grain which is acceptable tomaize eaters, but most varieties do not, and the grain must be made 
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fully competitive with normal grain before it can be widely accepted. 

(3) To study the interaction of the modifier genes to the
 
environment. We are not certain that the hard endosperm - opaque-2
 
character will remain stable in some climates.
 

(4) To continue to raise still higher the protein quantity and
 
quality in uur opaque-2 plants. There remains variability for total
 
protein, for lysine, and for tryptophan.
 

(5) To study the problem of contamination of opaque-2 
varieties in farmers' fields. When high lysine maize is grown in the 
same area with normal maize, we get a mixtureof pollen that may 
adversely affect the nutritional quality of the high lysine maize in 
succeeding generations. This pi oblen, must be dealt with by extension 
methods. 

(6) To help with the special problems which governments 
face when they promote opaque-2 maize (in which the superior nutritional 
value cannot be seen). Such ',romotion will require special government 
campaigns employing: gove .ment seed distribution, massive demonstrations 
in farmers fields, intensive educational campaigns among small farmers 
who use maize for home consumption, on-farm demonstrations of animal 
feeding with high lysine maize, and home demonstrations for the cooking 
quality of the new rriaize. 

The critical period for solving the problems of high lysine 
maize will probably occur during the last half of the 1970's. 

15.2.11 TRAINING 

Alejandro Violic described maize training at CIMMYT. 
Dale Smeltzer described regional training in Thailand. R. L. Plaisted 
discussed advanced degree training in universities, including a 
descripton of team research for the Ph .D., jointly organized by 
Cornell University and CIMMYT. 

If these presentations are translated into objectives for 1980, 
the projections are as follows: 

(1) CIMMYT will continue its in-service training programs 
at the present level of about 50 trainees a year. This will add 310 
alumni by 1980, which should more than double the number of such 
trained men employed in national programs. 
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(2) CIMMYT will receive predoctoral and pnstdoctoral 
fellows at a rate up to ten a year. Over the next six years, 40 to 50
 
more fellows should finish their training and become available for
 
employment in national programs, or in Centers like CIMMYT.
 

(3) Regional training, as describcd by Smeltzer should 
continue in regional programs, for southeast Asia, tropical Africa, 
and the Andean region. Precise numbers cannot be forecast, but 
training for production agronomists at regional centers should at 
least equal the quantity of training at CIMMYT. 

(4) Training within national progrrams. will continue. Some 
very impressive data was presented for such tr.,ining in India, Pakistan, 
and the Philippines. Probably 10 to 20 more countries will begin such 
training within their own institutions before 1980. 

Adding all these figures together, it ispowsiblc that 
twice as much training will be provided for maize scientisti in the last 
half of the 1970's, compared to the first half of ow,d,cad. 'The total 
training requirements as presented by Violic were an estimated 2, 200 
trained men for the national maize programs by the end of the 1970's. 

15.2.12 ROLE OF ECONOMICS IN MAIZI" IMI'II()VI'MENT 

Winkelmann described the work of the I.Economic;s Unit in 
support of maize production, which will continue through the 1970's. 
The objectives are: (1) Continued study of the constraints on the 
farmer, to learn why some farmers adopt new technology and others 
do not. The lessons will help guide CIMMYT ladership and the 
leadership of national programs; (2) Continued study of the kinds of 
data needed by policy makers in developing countries, in order to 
promote new technology; CIMMYT will assist in organizing research 
which produces that data. Actual field work will be done by social 
scientists resident in the producing countries. And (3) Continued 
development of research cooperation between agronomists and
 
economists, both in Mexico and in producing countries. We believe 
this collaboration will keep maize research relevant to the factors 
which limit production. 

Vernon Ruttan, the lead discussant, commended the plans 
for economics and reinforced several of the points. He said:
 

(a) The economist can add to the efficiency of his
 
institute by providing the research tools for better allocation of 
resources among the obstacles which limit farmers' production. 
The better the analysis on what limits production, and the more 
relevant the distribution of research funds, the greater the results 
CIMMYT should achieve in raising production. 
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(b) Therefore, over the next decade, the economist should
 
give high priority to a joint economic-agronomic research effort,
 
directed at an analysis of technical and institutional constraints to maize
 
production.
 

(c) The economist should also help interpret the research
 
results, obtained by his institute, to other economists and to adminis
trators who are working at the planning level. This should contribute
 
to the adoption of new technology.
 

By 1910, according to Winkelmann, there should be an 
effective network of social science researchers in maize-producing 
countries, a group trained to produce farm and market data needed 
by local policy makers. CIMMYT economists should share in the 
leadership of that network. And in return, the network should exercise 
great influence upon the future research plans selected by CIMMYT. 

15.2.13 OUTtF2ACIi PROGRAM 

K.W. Finlay described present outreach activities, and gave 
his judgment that the volume of services must be increased during this 
decade. Finlay's ideas can be translated to program objectives as 
follows: 

(1) More national programs will be created by 1980. There 
are now no more than 15 effective national maize programs; there may 
be 30 to 40 such programs by 1980. Each new program will add to the 
need for international training of staff, for international nurseries, for 
international consultants. Such an increase in production efforts will 
stretch present outreach services to the breaking point. 

(2) CIMMYT now has stationed nine of its maize staff for 
work in the national programs. That number will increase over the next 
few years, possibly to 15 or 20 by 1980. 

(3) The formation of new national programs will create, in 
addition, a demand for more consulting servies which can best be rendered -

not by expanding CIMMYT staff in Mexico -- but by strengthening the 
services within each producing region. Such regional services will be 
needed in six areas of the world, which Dr. Finlay listed as follows: 
South and southeast Asia, Tropical east Africa, Tropical wes%' Africa, 
Central America and the Caribbean, the Andean Region of South Ameri
ca, the Southern Cone of South America. 

Each region will require several consulting scientists 
assigned on a regional basis, perhaps two and possibly three scientists 
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per region. They will be responsible for increased circulation of germ 
plasm in the region, for training in the region, for annual workshops 
in the region, for consulting with governments in the region. These 
activities will supplement the services from Mexico. 

(4) CIMMYT does not expect to pr-,ide all these services. 
Other institutions will need to help, as William Young has advocated. 
But CIMMYT must find ways, acceptable to all, whereby these regional 
services will operate as a collaborative network, with coordinated 
leadership, so that all programs can reinforce each other. 

15.2.14 CIMMYT'S COLLABORATION W ITI OTHER RESEARCH 
INSTITUTIONS 

This maize symposium contained no paper on the subject 
of CIMMYT's growing dependence upon basic research conducted in 
other institutions. But for at least six of our presentations, it was 
necessary to refer to needs for more basic research. 

Some discussions on wide crosses referred to collaboration 
with other institutions to develop more basic information on incompati
bility between plants, and the means of overcoming these barriers. 

Advocates of varieties with wide adaptation called for help 
from universities and other centers of excellence in devising mathe
matical procedures for selection. 

In discussing insects and diseases, it wa, noted that there 
is need for more research on the genetic factors which control in
heritLnce of resistance, and more basic work on insect physiology. 

Discussions of maize physiology cited the value of 
parallel studies between cereals -- comparing physiology studies of 
rice, wheat and maize. This work can best be done outside of CIMMYT. 

It was observed that CIMMY'rs protein research is dependent 
to a considerable degree upon basic research by other institutions, 
especially on amino acids and modifier genes. 

Finally, CIMMYT's economic program looks to other 
centers for the development of research tools in a pioneering 
collaboration between the biological and social sciences. 

CIMMYT will continue to look for ouiside collaboration in 
all these fields, and will work with other institutes to help them obtain 
research funds that will develop the basic research needed by CIMMYT. 

15-13 



By 1980, CIMMYT should benefit from a continuous flow of basic 
scientific data, generated by centers of excellence in North America, 
Europe, Japan, Australia, and some of the developing countries. 

15.3 	 THREE SYMPOSIUM ISSUES 

During the Symposium there were at least three issues raised 
by our lead discussants that did not receive adequate response. The 
maize staff, in this post-Symposium review, offers a more comprehensive 
comment on these issues. 

15.3. 1 ISSUE No. 1: Is CIMMYT's maize breeding effort properly
 
oriented 9
 

Many breeding theories and modes of operation were 
suggested to us during the Symposium. lE"ach of these suggestions has 
an appropriate place, either in basic research or applied research. 
Our job at CIMMYVT is to find the most efficient means of handling the 
plant material and providing services for national programs, as out
lined in our mandate. It is our considered judgment that most developing 
countries have found great difficulty in producing and distributing hybrid 
seed. CIMMYT, therefore, has chosen the option for open-pollinated 
varieties. In our present estimation, this commitment to open-pollinated 
varieties will continue through the 1970's. This judgment does not preclude 
the use of ene or more types of hybrids as a CIMMYT activity in the future. 
Our present program of population improvement will contribute to the 
later development c. hybrid parents, if we should make that shift. 

Moreover, CIMMYT nurseries are nowgoing to several countries 
that have national programs with emphasis on hybrids, and these countries 
are using CIMMYT bredding materials at the present time to develop 
their hybrids. 

Ours is a pragmatic approach: whenever CIMMYT finds that 
a developing country will benefit from a change in our strategy, we are 
prepared to reconsider our views. Taking this into consideration, our 
appraisal remains that CIMMYT will continue with a stress upon open
pollinated varieties throughout the 1970's. 

15.3.2 	 ISSUE No. 2: What is CIMMYT's thinking about international 
agronomy? 

Because of our concern for increased production, agronomy 
trials on an international scale probably received more attention in the 
agronomy discussion than they deserved. It is true that in 1972 and 
1973 we had some trials that we called "international agronomy trials". 
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These trials formed a preliminary test of the principles that are now 
incorporated in our Advanced Unit Trials. 

It is also true that we discussed whether we would need any
 
kind of international agronomy trials, at our workshop at El Batdn in
 
September 1973 and at Kuala Lumpur in December 1973.
 

Discussions this week have prompted us to revise our
 
thinking on international agronomy trials, and any late- .onsideration
 
will depend on a year or two of experience with the new pattern of
 
international testing that we have described this week.
 

We do believe, however, that our agronomy program will 
contribute internationally by: (1) I)esigning production trials that are 
appropriate and meaningful for training production scientists that come 
to CIMMYT 	for training; (2) Assisting with production trial designs 
and layouts 	where the level of treatments will he chosen to suit local 
needs; and 	(3) Assisting in the anlysis and interpretation of the 
Experimental Variety Trials within the ecological areas of adaptation, 
for a better 	understanding of adaptation in the broadest sense. 

15.3.3 	 ISSUE No. 3: Is CIMMYT trying to play too large a role
 
on a world-wide basis"
 

We assure 	you that CIMMYT has no illusions that the task 
of maize improvement can he handled without a great deal of help from 
each of you 	and from many other institutions. To simplify, we will 
restate our 	thinking about cooperation of networks of scientists in the 
broadest possible terms. 

It is the concepts and functions that are important. For 
example, in Mexico,, CIMMYT should conduct only that work for which 
the operations in Mexico offer comparative advantage, and we should 
look for help from every other institution that can offer its own 
advantages. That is, we should look to national programs for those 
things they do best, and to regional programs for their strengths. 
We also should look to centers of excellence in Europe, North America, 
Australia, and elsewhere for their strongest basic research contributions. 

These aims are stated in perfectionist term, but we all 
know that neither institutions nor individuals are perfect. Putting the 
pieces of this program together is a learning process, and we at 
CIMMYT do not have all of the answers. We have no illusions. As 
stated previously, concepts and functions are most important, and 
there seem to be no real conflicts about meeting central needs and 
functions. 
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By 1980, we feel confident that the network for maize will be 
operating more efficiently than it is today. Certainly, the contribution 
of this Symposium will greatly assist us in meeting the responsibilities 
of the CIMMYT mandate. 

15-16
 



LIST OF SYMPOSIUM PARTICIPANTS 

. El Batdn, M6xico April 22-26, 1974 

416-1
 



N a m e 

Dr. W. K. Agble 
Director 
Crops Research Institute 
C. S. I.R. 
P.O. Box 3785 
Kumasi, Ghana 

Dr. Alexander Y. Allan 
Project Leader 
0.D.A. Maize Agronomy 

Res. Project 
Nat. Agric. Res. Station 
Box 450 
Kitale, Kenya 

Dr. Iermilo H. Angeles 
Arrieta 

Head Corn and Sorghum Dept. 
Instituto Nacional de 

Investigaciones Agrfcolas 
Apdo. Pcstal 6-882 
M6xico 6, D. F. 

Dr. Hassan Baghdadi 
General Supervisor of 

Agricultural Res. Center 
Ministry of Agriculture 
Orman, Giza, Egypt 

Dr. Lynn S. Bates 
Assistant Professor 
Department of Grain Science 

and Industr:, 
Kansas State University 
Manhattan, Kansas 66502 
U. S. A. 

Dr. William L. Brown 
Director of Research 
Pioneer HiBred International 
1206 Mulberry Street 
Des Moines, Iowa 50308 
U. S. A. 

Dr. Virgilio R. Carafigal 
Associate Professor and Deputy 

Executive Director 
National Food and Agriculture 

Council 
Dilimir Quezon City 
The Philippines 

Dr. Alberto Castillo Morales 
Profesor Investigador 
Colegio de Postgraduados 
Chapingo, Edo. de Mexico 

Dr. Michael Colegrove 
Maize Agronomist 
Ilonga Agriculture Research 

Institute 
Private Bag 
Kilosa, Tanzania 

Dr. Octavian Cosmin 
Chief of Maize Breeding Lab. 
Research Institute for Cereals 

and Technical Plants 
FUNDULEA 
Ilfov, Romania 

Ing. Hector Felix Daniele 
Vice Presidente de INTA 
Instituto Nacional de Tecnologfa 

Agropecuaria 
Rivadavia 1439 
Buenos Aires, Argentina 

Dr. Frans De Wolff 
Maize Breeder 
Programme National Maio 
B.P. 3673 
Lubumbashi, Zaire 

16-2
 



Dr. Steve A. Eberhart 
Maize Breeder 
Department of Agronomy 
Iowa State University 
Ames, Iowa 50010 
U. S. A. 

Dr. Hassan A. El-Tobgy 
Regional Agricultural Adviser 
Ford Foundation 
P.O. Box 2379 

Beirut, Lebanon 


Dr. L. T. Evans 
Chief, Division of Plant Industry 
P.O. Box 1600 
Canberra City 
ACT 2601 
Australia 

Dr. Luis Fajardo 
Assistant Professor 
Universidad del Valle 
Apdo. A~reo 2188
 
Cali, Colombia 

Dr. Charles A. Francis 
Programa de Mafz 
C.I.A.T. 
Apdo. A~reo 6713 
Cali, Colombia 

Dr. Rusli Hakim 
Associate Director 
Central Research Institute 

for Agriculture 
Merdeba 99 
Bogor, Indonecia 

Dr. Michael harrison 
Assistant Director 
Cereal Improvement 

Program 
1.1. T.A. 
P.M.B. 5320 
Ibadan, Nigeria 

Dr. Thomas G. Hart
 
CIMMYT Team Leader Zaire
 
B.P. 3673
 
Lubumbashi, Zaire
 

Dr. Takumi Izuno
 
Maize Breeder
 
P.O. Box 1043 
Islamabad, Pakistan 

Dr. Istvin K6vdcs 
Head of Plant Breeding Dept. 
Agricultural Res. Institute 
Hungarian Academy of Sciences 
Mortonvds.r, Hungary 

Dr. Jacques J. Kozub 
Chief, Agric. Economics Div. 
Inter-American Development 
Bank
 

808 17 th. Street N.W. 
Washington, D. C. 20577 
U. S.A. 

Dr. Bhakdi Lusanandana 
Director General 
Department of Agriculture 
Bangkok, Tahiland 

Dr. Uriel Maldonado Amaya 
Sub-Director 
Extension Agrfcola 
Chapingo, Edo. de Mexico 

Dr. Gordon W. McLean 
Team Leader ALAD-Cairo 
c/o Ford Foundation 
Box 2344 
Cairo, Egypt 

Ing. Pedro Montellano 
Jefe Secci6n Cultivos Bfisicos 
Extensi6n Agricola 
18 Sur 5904 
Puebla, Puebla 
M6xico 

16-3 



Dr. Manuel Navarro Franco 
Jefe del Servicio Nacional de 


Inspecci6n y Certificaci6n 

de Semillas 


S. A. G.
 
Balderas 94
 
Mexico 1, D. F. 


Dr. John L. Nickel 

Deputy Director General 

i. I. T.A. 
P.M.B. 5320 

Ibadan, Nigeria 


Dr. Chikwe Obihara 
Director of Agricultural Res. 
Federal Dept. 9 
Agric. Res. Moor Plantation 
Ibadan, Nigeria 

Dr. Murat Oktar 
Director 

Research Department 
Ministry of Agriculture 
P.O. Box 226 
Ankara, Turkey 

Dr. Don Paarlberg 
Director of Agric. Economics 
United States Department of 

Agriculture 
14th. and Jefferson Drive S.W. 
Washington, D.C. 
U. S. A. 

Dr. R. L. Paliwal 
Dean Agriculture 
G.B. Pant University of 

Agriculture and Technology 
Pantnagar, India 

Dr. A. F. E. Palmer 
Production Agronomist 
The Ford Foundation 
P.O. Box 1043 
lslamabad, Pakistan 

Dr. Mahesh'C. Pandeyl 
Plant Protectionist,:,, 
B.P. 3073
 
Lubumbashi, Zaire 

Dr. Robert L. Plaisted 
Professor and Head 
Department of Plant 

Breeding and Biometry 
Cornell University 
Ithaca, New York 14850 
U. S. A. 

Ing. Federico Poey Diago 
Director Investigaciones 
Semillas Poey, S. A. 
Liverpool No. 143-102 
M6xico 6, D. F. -

Dr. W. Gerhard Pollmer 
Professor of Plant Breeding 
University of Hohenheim 
P.O. Box 106 
D 7000 Stuttgart 70 
Federal Republic of Germany 

Dr. P. Robert Rowe 
Head, Dept. Breeding and 

Genetics 
International Potato Center 
Lima, Perdi 

Dr. Vernon W. Ruttan 
President 
Agricultural Development 

Council 
630 Fifth Avenue 
New York, N. Y. 10020 
U. S. A. 

Ing. H6ctor M. Salamanco 
Director Nacional de INTA 
Instituto Nac. de Tec. Agrop. 
Rivadavia 1439 
Buenos Aires, Argentina 

16-4 



Ing. Leopoldo F. Servin 
Jefe Depto. Cultivos y Forestales 
Direcci6n General de Extensi6n 

Agrfcola 

Chapingo, Edo. de Mexico 


Dr. Lon H. Shebeski 

Dean, £-culty of Agriculture
 
University of Manitoba 

Winnipeg, Canada 


Dr. Grigorij Shmaraev 
Prof. Chief of Corn Department 


of the All Union Institute of
 
Plant Industry 


Herzen str. 44 

Leningrad, U.S.S.R. 


Dr. Dale G. Smeltzer 

The Rockefeller Foundation
 
G.P.O. Box 2453 

Bangkok, Thailand 


Dr. DavidW. Sperling 
Maize Breeder 
Ilonga Agriculture Research 

Institute 
Private Bag 
Kilosa, Tanzania 

Dr. Janet L. Splitter 
Food Biochemist 
U.S.AID/Nepal Food Biochemist 
Kathmandu (ID) 
Department of State 
Washington, D.C. 20521 
U. S. A. 

Dr. Melvin V. Splitter 
CIMMYT Plant Breeder/Nepal 
U.S.AID/Kathmandu 
Department of State 
Washington, D.C. 20523 
U. S. A. 

Dr. G. F. Sprague 
Professor 
Genetics and Plant Breeding 
Agronomy Department 
University of Illinois 
Champaign, Illinois 
U. S. A. 

Dr. Steve Temple
 
Maize Coordinator
 
C.I.A.T.
 
Apdo. A6reo 6713
 
Cali, Colombia
 

Dr. Artemio Tijerina 
Director 
Productora Nac. de Semillas 
Progreso No. 3 
M6xico 21, D. F. 

Dr. Vladimir C. Trifunovi', 
Director 
Maize Research Institute 
P.O. Box 89 
11081 Beograd, Zemun 
Yugoslavia 

Dr. Robert Waugh 
Director Adjunto 
Instituto de Ciencia y 

Tecnologfa Agrfc.la 
5o. Piso Galerfas Espafla 
7a. Av. U-59, Zona 9 
Guatemala, Guatemala 

Dr. Bill C. Wright 
Agricultural Project Leader 
P.K. 226 
Ankara, Turkey 

Dr. William R. Young 
The Rockefeller Foundation 
G.P.O Box 2453 
Bangkok, Thailand 

http:Agrfc.la


CIMMYT
 

CENTRAL ADMINISTRATION
 

Mr. Haldore Hanson 
Dr. Robert D. Osler 
Dr. Keith W. Finlay 

MAIZE STAFIV WHEAT PROGRAM 

Dr. Alfredo Carballo Dr. Norman Borlaug 
Dr. Carlos De Le6n Dr. Armando Campos 
Dr. Peter Goldsworthy 
Dr. Gonzalo Granados 
Dr. Mario Gutierrez LABORATORIES 
Dr. Elmer C. Johnson 
Dr. Alejandro Ortega Dr. Reinald Bauer 
Dr. Ernest W. Sprague Dr. Kenneth W. Shepherd 
Dr. Surinder K. Vasal Dr. Evang~lina Villegas 
Dr. Willy Villena 
Dr. Alejandro Violi6 

ECONOMICS 
Post-Doctorals to the Maize 

Program Dr. Donald Winkelmann 

Dr. Robert Bird 
Dr. Kenneth Fischer COMMUNICATIONS 
Dr. Wayne Haag 
Dr. Shree P. Singh Mr. Steven Breth 
Dr. Roberto Soza Dr. Gregorio Martinez 
Dr. Richard Wedderburn Ing. Gil Olmos 

Graduate Students to the Maize 
Program 

Mr. N'Guetta Bosso 
Mr. Abdrabboh A. Ismail 

Visiting Scientists to the Maize Address: 
Program CIMMYT 

Londres 40-ler. Piso, 
Mr. Philip Dobie M6xico 6, D. F. 
Mr. Bhag Singh MEXICO 

16-6 




