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Prejace

The spectrum of agricultural
research is a broad one, ranging
from basic to adaptive research,
from “‘new biology’s’* pursuit of
transgenosis to the refining of
existing technologies so as to meet
the needs of specific groups of
farmers. CIMMYT does little basic
research and not much morz that
can be classified as adaptive. The
bulk of our efforts lies between
those extremes, in the areas of
strategic and applied research.

This issue of CIMMYT Research
Highlights presents a selection of
the Center’s research activities.
Most of the articles contained in
this edition discuss research that is
part of the applied dimension of our
work. Some focus on activities
whose ultimate goal is the
development of research
procedures, and others deal with
adaptive research aimed specifically
at technology generation. One, the
article on the maize seed industry,
is derived from the Center's work in
commodity sector analysis. {A more
panoramic view of CIMMYT's
research is given in Appendix V of
the 1986 CIMMYT Annual Report,
which provides a listing of journal
articles, book chapters, and
conference presentations published
by the Center’s staff.)

The Center’s research agenda
reflects purposeful decision making
in response to a broad range of
client needs. Most of CIMMYT's
work is organized within the context
of five interrelated categories of
investigation. First, a high
proportion of our energies are
concentrated on research designed
to deliver products directly to

national program clients. Improved
germplasm is the primary example.
Our clients then refine and adapt
such products to their specific
circumstances. The articles about
bread wheat shutile reeding and
the development of Altar 84 durum
wheat exemplity this category of
research.

A second set of activities is one
step removed from the first and
actually serves to generate products
(germptasm and information) that
can be used as inputs into the
gernmplasm improvement research
found in category one. These efforts
are sometines refened to as
gernmnplasm "enhancement’” and
focus on the incorporation of
desirable traits into useful
agronomic types that can then
serve as source populations.
CIMMYT's work in intergeneric and
interspecific crosses (known
commonly as "‘wide crosses’’)
reflects this set of activities, and will
be featured n future publications.

The third category of CIMMYT
research is aimed at acquiring a
better understanding of underlying
mechanisms (e.g., crop physiology)
$0 as to improve the efficiency and
effectiveness of our work in
categories one and two. The three
ariicles on maize research contained
herein provide good examples of
these efforts. This class of work
frequently involves Ph.D. thesis
candidates, Postdoctcral Fellows,
and collaborative relationships with
institutions focusing on basic and
strategic research. The Center is
currently engaged in about 90 such
collaborative ventures (most divided
roughly evenly between European
and North American institutions).



A fourth category of work lies along
the frontier between research and
training, and involves plant
brecders, agronomists, and
economists working alongside
navonal program colleagues to
enhance the effectiveness of
research in their countries. The
reports in this year's Highlights that
focus on Indonesta, Ghana, and
Chile emerged from this kind of
work. Notice that two sorts of
products result from such efforts:
the research results themselves, ani
unproved skills of the participants

Finally, CIMMYT staff frequently
engage in joint research with
nationat program colleagues aimed,
N part, at deveioping rescarch
procedures that can be applied to
similar problems encountered
elsewhere. Such work comprises a
fifth category of research in
CIMMYT, and s illustrated by the
report discussing some of our
experiences n Hai,

since CIMMYT's strategic research
efforts are not really represented in
this year’s collection of highlights,
let me cornment briefly on them
here, particularly on our expanding
role in the area of biotechnology.
We currently use several standard
biotechnolegy tools, especially in
our work on wide crosses. Some of
these applications are made through
collaborative work, and some are
made in CIMMYT's own
laboratories. In the near tuture, we
expect to add facihties and staff
that will allow us to use some
specialized tools of a somewhat
more exolic nature (gene probes,
€.g., restiicted fragment length
polymorphisms). Through
collaborative research linkages, we

now have others apply these tools
for us and subsequently provide the
results; however, our plans call for
developing an in-house capacity.
We are adding that capacity to
reduce costs as well as to widen
our window on new possibilities in
biotechnology. In the arena of new
biological research techniques,
CIMMYT sees itself as a tool user
rather than a tool developer. We are
readying ourselves to apply
aporopriate new techniques
fashioned in basic research
laboratories and anticipate serving
as a conduit for theii wider use in
the developing world.

The articles contained in this iscue
of CIMMYT Research Highlights
represent but a portion of the broad
array of the Center’s investigative
work. Much of our research aims at
finding near-term solutions 1o
important problems. Some is
designed to develop more effective
research procedures (for use both
by national programs and by
CIMMYT), and some serves as a
vehicle for training. Bevond that, a
growing portion of our research is
oriented toward finding ways to
make our primary activities more
efficient

My colleagues join me in hoping
that you find CIMMYT Research
Highlights 1986 both nteresting and
informative. We welcome
comments and questions.

Donald L. Winkelmann
Director General
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Muarze Researdh

The Maize Program’s breeding
strategy differs in important ways
from that of other sizable maize
improvement programs, narticularly
ones m developed ccuntries that are
catering to national germplasm
needs and even some commercial
enterprses with significant
internatonal markets. In general,
those organizations develop
improved germplasm for specific
locations within a country and
efterwards investigate the possibility
that the superior materials might be
used more widely--in other regions
of the same country cr in different
countnes altogether.

CIMMY 15 own approach has to be
somewhat different because of its
global mission and the diverse
needs and circumstances of its
chents. In generat, the Center's
Maze: Program develops what we
refer to as mtermediate maize
germplasm producis and distributes
thera to national maize programs for
testing. Those products are fairly
rehined ehte materials but are still
sufticently variable that breeders
can setect within them to develop
final products for specific locations,
a process in which CIMMYT
scientists oiten assist. That
approach enables us 1o help attend
o the qermplasin needs of
rumerous Third World countries
and provides national maize
breeders with some of the means
for strengthening their crop
improvement capacily (see diagram
on the following page showing the
Maize Program’s structure)

This Year’s Highlights

The articles in this year's Resedrch
Highlights describe and give some
resuits of three major activities that

are central to the Maize Program’s
breeding strategy, namely 1) the
characterization of maize production
environments in Third World
countries, 2) development of
germplasm that performs well in
those environments, and 3)
provision of information about
gertaplasm products.

To carry out our breeding strategy
effectively, it is important that we
have as much detailed information
as possible about the types of
germplasm and particular
combinations of traits required for
maize production in the Third
World. Throughout much of the
Maize Program’s 20-year history,
such information was derived
informally from the expsrience of
Program staff and that of CIMMYT's
predecessor organization, a project
established by the Rockefeller
Foundation. Their first-hand
knowledge served the Program well
as a guide to the development of a
fairly complete array of maize
germplasm,

During 1985 we initiated a more
formal effort to auginent current
kncwledge about germplasm needs
with a study whose purpose is to
delineate and characterize the entire
range of maize production
environments in approximately 70
developing countries. In the first
article Hiep Ngoc Pham, breeder,
and Gregory Edmeades,
physiologist, present some of the
findings of that study and explain
how researchers can use them to
determine and adjust the priorities
of their maize improvement
programs.
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Our assessment of the maize
improvement situation in developing
countries is that a growing number
of national programs have the
capacity to provide, and that
farmers are much in need of, ehite
materials that possess high levels of
tolerance or resistance 10 various
abiotic and biotic stresses. One
contribution the CIMMYT Maize
Program can make ir. helping meet
that need is to provide readily
usable sources of stress tolerance
or resistance. As Gregory Edmeades
and H. Renee Lafitte, as.ociate
scientist, explain in the second
article, the increased emphasis on
stresses encountered in marginal
production environments implies
greater involvement by specialists
such as crop physiologists in maize
improvement.

Structure of the CIMMYT Maize Program

In addition to developing new
germplasm products, Maize
Program staff are increasingly
expected to provide information
about them, particularly as national
programs become more skilled at
employing these materals in more
complex ways. Much new data are
being generated bv our hybrid
program, which was established in
part to provide information on
hybrids for developing country
environments. In the third report,
Surinder K. Vasal. breeder; David L.
Beck, postdoctoral fellow: and José
Crossa, associate scientist,
summarize the results of a study
conducted over the last 2 years to
determine the potential utility of a
wide range of CIMMYT materials in
hybrid develorrnent.

Regional programs:

Andean teaqion
ASI

Fastern Alnea
Mexico, Central Ainenca,
and e Canbbean
Lhdddle EastNorth Africa
* Southein Aftca

Backup unit

1

Advanced unit

Support units:

¢ tntomology

® Germplasm bank
¢ Pathology

* Physiology

* \Wide crosses

1

Bilateral projects:

International testing
program

I

Special categories of
germplasm:

* Hightand maize
* Hybud maize

* OPM

* Ghang
* Pakistan
Training

At headguarters and
in-country

National
agricultural research
systems
(K ARS)

CIMMYT/ITA program:

¢ Develepment of streak
resistant germplasn at
ITA, Nigena

® Midaltitude Marze

Rescarch
Harare, Zunbabwe




Delineating Maize Production
Environments in Developing Countries

H.N. Pham and G.0. Edmeades

When the Maize Program first
began developing germiplasm tor
maize production environrents in
the Third World, it defined them
rather generally. Each environment
was characterized by a particular
comoination of factors that
deternune whether specific maize
gunotypes can perform adequately
and are likely to be adopted by
fatmers. One environmant, for
example, required genotypes with
tropical adaptation, late maturity,
and white dent grains.

The general definition sufficed for
many years, supplemented by
ohservations from our own staff and
other scientists in developing
countiies about details such as the
relative importance of major disease
preblems. On that basis the Maize
Program created a wide array of
gene pools and populations and
through various breeding
approaches improved these
matenals for resistances and other
traits that secemed necessary within
the various environments. In doing
so the Program assumed that some
improved indize germplasm should
be maric avallable for each of the
Third World’s important maize
production environments. By the
mid-1980s that goal had in large
part been accomplished, and the
s1zable number of materials
developed had undergone numerous
cycles of improvement.

1 Hiep Ngoc Pham and Gregory
Edmeades are breeder and
physiologist, respectively, in the
CIMMYT Maize Program.

As a next logical step in the
improvement program, it wes
decided that CIMMYT maize
scientists should begin assigning
pricrities to ‘he rraterials and taking
various steps to increase the ultility
of the mo<t important ones, chiefly
by raising thair levels of resistance
to diseases and rsecis and their
tolerance to abiotic stresses. Our
statf had already gathered
information about the relative
importance of the vatious pools and
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The Maize Program i defining with greater precision
than before the germplasm requiramsnts of maize-
aroduction environments throughout the Third World.
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populations from the lavel of
demand for them among plant
breeders ir, developing countries
and from the performance of the
materials in different environments.
But we lacked more detailed and
reliable information on which 1o
base decisions about the degree of
emphasis that cught to be placed
on particular cateqgaries of
germplasm and on the resistances
or tolerances required in these
matenals to make them better
adapted tn various production
conditions.

't was primarily this need for
information that gave rise to the
study ¢n what we have coine to
term rmega-environments, the
purpose of which was to delineate
and charactenze the entire range of
maize production envircnments in
approximately 70 developing
countries. We anticipate that this
effort is only the beginning of a
series of more narrowly focused
studies, the results of which will
give Us an even more complete
picture of future challenges in maize
germplasm developrnent. This
report describes why and how the
mitial study was undertaken, what
resulls have beer obtained so far,
and how they can be put to use. It
also speculatzs about additional
steps that can be taken toward
veritying and arnphfing the
mnformation collected so far

The Concept of
Mega-Environments

Our existing general definitions of
marze production regions were the
pomnt of departure tor the mega-
environmenits study, the aim of

which was t¢ determine the
approximate extent of the regions
and add several new elements to
their definitions. Thus, in addition to
specitying climatic adaptation,
length of growing scason, and grain
color and type, study cooperators
were asked te estimate the
frequency of water stress, incidence
of specific diseases and insects,
and importance of special soil
factors such as aluminum toxicity.
Having distinguished various regions
in their countries according to those
Criteria, study particicants estimated
the exter’ of each mega-
environment with respect to area
planted to maize. That information
was gathered through a survey of
national maize program swaff, who
reported their estimnates in the form
of tacles and country maps
indicating the rough boundaries of
each mega-environment and the
location of experiment stations
within them where maize is tested.

The mega-environments are not to
be confused with political
boundaries or with broad
geographical constructs (forest,
savanna, and so forth), although
they may correspond roughly to the
latter and have been delineated on
a country-by-couniry basis. Rather,
the mega-snvironments are intended
to be superimpused ¢n such
descriptions to obtain a quite
specific representation of maize
germplasm requirements in the
Third World.

It appears from the data we have so
far {from about 80% of the
countries surveyed) that the Third
World's total maize producing area
comprises some 20 different



regions. One of theose, for example,
comprising nearly 5 million ha of
matze, consists of lowland tropical
areas where late-maturing, white
dent maize 1s cultivated with only
occasional moisture stress hut some
messure from virus diseases,
borers, and armyworm. That and
the cther mega-environments are
each fairty uniform in their
germplasm requirements and may
be found on more than one
continent.

Those two characteristics —the
relative uniformity and wide
distribution-—of the mega-
environments have important
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Maize that performs well in the lowland tropics of Central America or Asia

!

implications for maize breeding.
They suggest that germplasm
developed at one location within a
mega-environment is likely to
perform well at others within the
same mega-environment, though
probably with minor modifications.
If a variety shows promise within a
particular mega-environment in
Central America, for example, it will
probably also perform well at
locations representing that same
mega-environment in West Africa,
given the addition of resistance to
maize streak virus. Likewise, the
varietv should perform well at
suitable locations in Southeast Asia,
assuming that downy miidew
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might also show promise within the same type of environment in Africa. To
prevent the outcomo shown in the foreground of this photograph, howaever,
resistance to maize streak virus would have to be incorporated into that

material.



resistance is incorporated into it.
The existence of fairly uniform
mega-environmants found on
various continents enables the
CIMMYT Maize Program to conduct
a global breeding program at a few
representative sites and provides a
firm basis for international exchange

of germplasm and test results.
Progyress made in Latin America or
Asia can thus benefit scientists in
Africa and vice versa.

In synthesizing the country reports
to show regional patterns in mega-
environments, we decided to

concentrate first on sub-Saharan

Table 1. Maga-environments of sub-Saharan Africa

Mega-environment

1 2 3 3A 4 5 6 7 8
Area (000 ha) 1461 1882 35878 1200 1925 1305 3624b 249 71
Ecology HT ST ST ST LT LT LT LT LT
Grain tvpe wD WD  WDI/IF WDIF WDIF WDIF  WDIF YD/IF  YDIF
Matunity LXL ] LXL L XEE | L E LC
Moisture A CD AB C CD gd Be c  ABf
Biotic stresses:
Helminthosporium
maydis 0.7 0. 0.4 0.7 1.3 2.2 1.9 1.4 1.4
H. turcicum 2.8 1.1 1.6 3.3 0.3 0.8 0.5 0.2 0.7
Puccinia sorghi 1.5 1.0 1.3 1.0 0.1 0.4 0.1 0.0 0.0
P. polysora 0.0 0.0 0.0 0.0 0.6 0.0 1.5 1.4 0.7
Streak 0.2 1.2 1.2 0.7 2.9 1.7 2.0 1.9 1.6
Stalk rot 0.5 0.3 01 0.7 1.0 0.8 1.8 0.6 0.7
Mildew 0.0 0.1 0.2 0.0 1.1 0.5 0.6 0.1 0.7
Ear rot 3.0 1.3 1.6 1.3 1.3 1.6 2.4 0.4 0.0
Borers 2.7 1.7 i.8 3.0 1.6 2.1 2.9 2.2 3.0
Armyworm 0.2 09 0.0 0.0 0.0 0.5 0.0 0.1 0.0
Rootworm 0.5 0.5 0.5 1.0 0.2 0.1 0.0 0.0 0.0
Termites 0.2 0.0 0.9 00 0.4 0.5 0.4 0.8 0.0
Striga 02 00 0.6 0.0 0.6 0.5 0.3 0.6 0.0

Note: Abtreviations used in the table are as follows. For ecology HT = highland tropics,

ST = subtropics, and LT = lowland tropics. For grain type W = white, Y = yellow, D = dent,
and F = flint. For maturity E = early, | = intermediate, L = late, and X = extra. For moisture
status A = rarely stressed, B = sornetimes stressed, C = frequently stressed, and D = usually
under some stress. Biotic stresses are rated on a scale of O to 5, in which 0 indicates that the
problem is not present and 5 that maize cannot be grown in the environment unless resistant
varietigs are available. Ratings listed in the tables are combined estimates for individual regions of
cach country, weighted by area.

8 Includes 520,000 ha of maize grown on acid soils.
Includes an estimated 200,000 ha on low oH soils.
Includes small areas of intermediate-maturity maize.
Includes small areas of moisture classes A and C.
Roughly 300,000 ha are in moisture classes A and C.
Includes 120,000 ha in moisture class C.
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Afiica since our data set for this
region is the most complete. Within
our classification scheme, the
continent has thre= principa types
of climatic condiuons—tropical,
subtropical {including midaltitude
envirorments in which subtropical
germplasm s adapted), and
highland--which together
£NCOMpass nineg mega-
environments, The salient features
of those environments (along with
therr estimated extent in sub-
Saharan Alfrica) are indicated in

ivory Coast  Ghana

Figure 1. Maize mega-environments of selected countries in Wost Africa (See Table

Table 1, and some of the
environments are shown on the
map of West Africa in Figure 1.

Application of

the Study Results

Much of the information gathered in
the course of this study is based on
researchers’ experience and
knowledge rather than quantitative
studies of the sort that cught to be
conducted in the future. Even so,
the data we have now are far more
detailed and comprehensive than

Nigeria

Cameroon

descriptions of mega-environm.nnts 3A-7).
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the previously available information,
they have enabled us to define
production environments more
precisely, and they are accurate
enough to serve as a guide to
priority setting in maize
irmprovement nrograms.

Various units in CIMMYT's own
maize program have already begun
using the information precisely for
that purpose. The backup unit, for
example, has drawn on study
results in determining top-priority
germplasm types for development

of new pools and in choosing traits
that need to be included in its
special-purpose pools. In addition to
creating those new materials, the
backup and advanced units have
retired a few others for which the
need in developing countries now
seems fairly minimal. The highland
maize program and physiology unit
have made similar decisions about
the importance of particular traits in
their germplasm development
efforts.

We expect that scientists in
developing countries will employ the
data in much the same way. It
should be apparent, for example,
from estimates oi the extent of the
mega-environments and incidence
of certain stresses whether there
are any discrepancies hetween the
current prionties of a breeding
program and the germplasim
requirements ot the main production
oreas it serves {too much or too
fittle attention being given to certain
germplasm types or characteristics).
Should 1t prove necessary to make
adjustiments in priorities, a national
program may then elect to modify
its requests for CIMMYT trials and
reallocate its research resources
accordingly.

Information collected through the
mega-envircnments study on the
incidence of various biotic and abiotic
stresses in developing countries
serves S d guide to the Maize
Program’s work on special-purpose
pecols. Shown here is the fall
armyworm {Spodoptera frugiperda)
resistance reaction in one of the
materials of which the multiple-borer
resiscance pool is composed.



Some national programs will also
find opportunities for more efficient
use of resources by examining
maps showing the mega-
environments in neighboring
countries. Suppose, for exarnple,
that a certain mega-environment is
relatively minor in country A but
quite extensive in several other
countries. Rather than carry out
extensive breeding and experiment
station testing of germplasm for that
mega-environment, the maize
program in country A could choose
the lower cost option of studying
e results of CIMMYT tnals
conducted within the mega-
environment in other countries,
requesting seed of germpiasm that
performed well in those similar
environments, possibly refining the
germplasm so that it would meet
farmers’ requirements more closely,
and introducing it into on-farm
testing

Refining the Definition

of Mega-Environments
Additional apolications of the mega-
environments concept (particularly
those calling for more precise and
accurate knowledge) will have to
awalt the results of more detailed
studies that we have already begun
ar nope to inttiate In the future.
Some of those studies are described
in the following paragraphs.

Maturity prediction and
environmental classification-- In
1987 we will begin a study on the
response of maize to photoperiod
and temperature. A better
understanding of that relationship
should enable us to fit maize
genotypes more closely to marginal

environments, which are frequently
characterized either by short rainy
seasons of variable length or by
cool temperatures in locations at
higher altitudes or latitudes.

There is some evidence from trials
conducted with landraces in Mexico
(see Research H.ghlights 1984,
pages 45-46) that the base and
optimum temperatures for
calculating heat units and perhaps
the slope of development rate
versus temperature vary with
genotype according to the
temperature regime of the
genotype’s area of origin. Little is
known, however, about the
interaction between temperature
and photoperiod in maize, especially
in tropical materials.

Over the next 3 or 4 years,
therefore, we will be examining the
phiotoperiod-temperatur( responses
of 30-50 synthetics, experimental
varieties, and hybrids representing
the mainstream of our improvement
program for highland, temperate,
midaltitude tropica!, and lowland
tropical germplasm For that
purpose a field facility has been
installed at Tlaltizapan, Mexico, that
allows artificial fengthening of
natural photoperiods in a plot
whose total area is 480 mZ and
which can be subdivided into three
photoperiod regimes. Data
generated in this study will be used
to verify phenology models
developed under controlled
environmental conditions at the
Plant Environment Laboratory,
University of Reading, UK.
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Classification of trial sites—In a
study being conducted in
cooperation with lowa State
University, USA, we are attempting
to identify environmental analegs
(groups of locations that are highly
uniform in climate and other
environmental conditions), with the
aim of improving the efficiency of
the Maize Program’s international
testing system.

The current approach in progeny
testing is to distribute trials widely
at the request of cooperators. The
testing environments and quality of
data received vary over the different
locations where any particular trial
is grown. Moreover, progeny from
subsequent cycles of improvement
of CIMMYT populations are
generally tested at different sets of
locations (in accerdance with
cooperators’ tnal requests during
any given year), making it difficult
10 compare perforrance over
cycles of selection. Aithough this
approach has proved to be effective
in disseminating germplasm to
maize breeders in developing
countnes (the testing network's
primary cbjective), it is not the most
efficient way of assessing progress
in our breeding program.

One alternative would be to employ
the same test sites year after year,
but 12 do so would place an unfair
burden on a few national programs.
A better option would be to classify
testing environments in such a way
that we can iest the progeny, not at
the same few sites, but at various
sites chosen from a group of

locations in the same rmega-
environment that have very similar
growing conditions. This scheme
would permit continued participation
by numerous naticnal programs in
the population improvement process
but would reduce considerably the
variation due to genotype x
environment interactions in the data
collected. That »utcome, in wrn,
should improve the quality ot
selections based on international
trial data

The first step in grouping test sites
was to distribute questionnaires to
key exoeriment stations throughout
the Third World soliciting long-term
average data on climatic and
agronomic conditions. When more
responses have been received (we
have 120 so far), the stations will
be grouped, using cluster analysis.
With those groupings we will be
better able to direct trials of
progeny from the population
improvement program 1o test
locations that accurately represent
therr respective mega-environments
and in which it is possible to
distinguish superior genotypes
consistently. In addition to resulting
in better products for national
programs, this grouping of test
locations will better enable themn to
use data from trial sites in other
countries (as described in the
example given above} where the
same mega-environments are
representerd.

Quantified definitions of
agricultural environments-- Other
studies that we hope to undertake
will be intended to overcome
limitations in our cusrent definitions
of the mega-environments. One of



those is that they are derived from
yeneral observations about
germplasm performance and lack a
solid quantitative basis. ldeally, our
defintions would be based on
means and standard deviations of
emperature, length of growing
season, rinfall, radiation, and sott
charactenstics. Without such data
we cannol distinguish among
locations within @ mega-
environment, or even hetween
mega-environments, with a high
degree of precision and certainty.

A reiated problem s that our
nformation on disease incidence 1s
subjective, being based on
esumates rather than on trials
conducted to assess crop loss in
particular regions. Moreover, some
of our estimates may not take into
account widespread use in some
regions of resistant maize
germplasm, which could mask the
true risk from certain discases.
Unless we can obtain a more
accurate assessment of the disease
threat through trials that include
susceptible checks, there will
always be some risk of introducing
susceptible germplasm into a region
wherg disease pressure is high.
Nucti the same task needs to be
performed for other important
parameters of the :nega-
environments, s.ch as insects and
various abiotic stiesses.

To compile a database comptising
disease incidence and many other
agroecological, crop performance,
and socioeconomic variabies would
be a large undertaking, requiring the
participation of specialists from
many disciplines and close
cooperation among various groups
that already have extensive
meteorological and land resource
databases. The costs, Foywever,
would be far outweighed by the
potential benefits of that effort,
which would place our attempts to
characterize maize production
¢nvironments at 4 higher level of
precision. Buildirg a quantitative
foundation for our definitions of
those environments would enable
us to perform tasks already
mentioned (setting prionities and
allocating resources for research)
with much greater accuracy and
would create some new
opportunities as well. 1t might even
pe possible to predict the outcome
of introducing technologies into
certain regions, resulting in a
considerable savings of scarce
funds for agricultural researckh.

11
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Crop Physiology and Maize Improvement

G.0. Edmeades and H.R. Lafitte 1

During the approximately 15 years
since crop physiologists first
became directly involved in p'ant
breeding precgrams within the
international agricultural research
centers, their influence has waxed
and wared with shifts in opinion
about their disciphne’s potential
contribution to croy, improvement.
That it can he substantial is now a
widely shared opinion among most
of the centers that have crop
inprovement programs.

Physiologists petform a wide range
of tasks in the centers but are
especially active in research on
crops, such as sorghum and millet,
that are widely grown in difficult
marginal environmen's. In view of
the centers’ increasing emphasis on
such environments, it is important
to examine the involverment of crop
physiologists in developing
germplasm (not only of the above-
mentioned crops, but of others as
weil) that performs well under high
levels of abiotic stress. This report
examines the role of physiologists in
the CIMMYT Maize Program,
outlines their strategies for
developing sources of stress
tolerance, and describes some of
their current work.

The Role of Crop

Physiology at CIMMYT
CIMMYT phvsiologists became
involved in the improvement of
maize for stress tolerance during the
mid-1970s after having explored
several other avenues of research.
Among the most important of their

1 Gregory Edmeades and H. Rense
Lafitte are physiologist and associate
scientist, respectively, CIMMYT
Maize Program.

early efforts were studies of the
influence of radiation and
temperature on the growth of
highland and lowiand maize (5, 6),
which showed that the limited
productivity of tropical maize is
partly related to its low harvest
index and excessive leafiness. In
subsequent investigations various
ways of increasing harvest index
were identified (selection for
reduced plant height, tassel size,
and leaf area), resulting in more
efficient distribution of dry matter in
tropical maize (4, 8). This
fundamental alteration of the
structure of the tropical maize plant
was an impcrtant step toward
raising its potential productivity in
developing countries.

By the mid-1970s it was apparent
that other steps needed to be taken
as well before the greater efficiericy
of the improved maize genotypes
could be realized. One of those was
to come to terms with the wide
range of stresses under which
improved maize would be expected
to perform, especially in Africa. It
was recognized that development of
germplasim with stress tolerances
would require research on various
aspects of stress physiology.

Work on drought tolerance was
initiated during 1975 in a population
that was later designated Tuxpefio
Drought and led to several
important observations about
improvement of this trait.
Researchers found, for example,
that tolerance to drought stress is
increased significantly by reduced
tassel size and plant height and that
it is also associated with reduced
anthesis-to-silking delay under



$iress, a trait connected with
density tolerance (2}. The latter
finding suggests the existence cf a
comrmon mechanism tnat imparts

tolerance to reduced photosynthesis
per plant ansing from a whole range

of stresses. It also appears from
date gathered so far that, as Blum
{1} has suggested, unidentified
stress-adaptive alleles exist at
relatively high frequency in elite
matze populatons.

The current role of crop physiology,
which has grown out of the work
on drought tolerance and the
research that preceded it, s not to
geliver stress-tolerant germplasm in

finished form. Rather, it is to offer
guidance to breeders in obtaining
stress tolerance within their own
germplasm and to supply them with
sources of specific stress tolerance
for use in backcrossing programs.
The support provided by
physiologists takes several forms,
including rapid, accurate screening
tools that can augment selection for
yieid alone, stress-management
techniques that maximize
expression of genetic variability for
stress tolerance (but which create a
level of stress that corresponds to
conditions in developing country
production environments), and
conceptual models {ideotypes) of

Physiolagists in the Maize Program are attempting to determine whether it is
possibls to select for improved maize performance under N stress without
sacrificing responsiveness to high levels of N. Here associate scientist Renée
Lafitte uses a portable photometer to measure chloraphyli content, which is an
indicator of nitrogen status.
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stress-tolerant crops as well as
process-oriented models that
simulate crop behavior under stress.
Developing those products requires
investigation of the environmental
and genetic controls on crop
phenology and development and of
the effects exerted by inter- and
intraplant compctition on crop
performance. Those effects are
especially important when selections
are made under environmental
stress, which causes soil variability
to become more pronounced, yields
to fall, and heritabtity for yield to be
reduced. Additional services
provided by crop physiclogists arc
to catalog CIMMYT's maize
germplasm for particular traits, help
breeders fit genotynes 1o
environments with greater precision,
and assist in agroecological
zonation.

A Strategy tor

Developing Sources of
Specific Stress Tolerance
Within the last several years, the
Maize Frogram’s physiology unit
has devised and begun to

implement a five-step strategy for
developing sources of specitic stress
tolerance.

The first step is to determine the
distribution and importance of the
stresses that occur and types of
germplasm grown in developing
countries. We have made an initial
attempt at assessing the relative
importance of abiotic stresses,
based on results from a study
aimed at characterizing Third World
matze production environments
{descnbed in the tirst article of this
sectiont and on the experience of
CIMMYT stalff and other
researchers. The resulting inventory
Oi stresses given in Table 2 serves
as a guide to priorities in our
current program.

The second major step consists of
the following procedures: screen a
wide range of germplasm to
determine which populations, pools,
landraces, and other materials have
the highest levels of specific stress
tolerance, develop screening
technigues; identify secondary traits

Table 2. Abiotic stresses affecting tropical maize production

Stressos

(in order of Areas

importance) affected Commonts

1. Radiation Lowland High temperatures accelerate crop

tropics

development more than crop
growth rate, so that the radiation
interceptea per heat unit {or
quantity of photosynthate available
per growth stage} may be only 50%
of that at high-yielding locations in
the temperate zone,




Table 2. {continued)

Stresses
{in order of
importance)

Areas
affacted

Comments

2. Nutrient

3. Maisture

4. Aluminum
toxicity

5. Temperatured

6. Floodingd

Sub-Saharan
Africa

Sub-Saharan
Africa and
Central America

South America,
Asia, and
Central Africa

Lowland tropics
(high tempera-
ture) and high-
lands (low
temperature)

‘sia and the
Middle East

Deficiencies of N and sometimes

P are especially severe where soils
are overcropped, aged, or eroded or
when crops are weedy. S and Zn
are also deficient at many sites.

Drastic yield reductions can occur if
dry periods of 2-4 weeks coincide
with crop establishment or flower-
ing. Drought is more severe with
poor weed control and shallow
alfisols having low water-holding
capacity.

Approximately 1.8 million kmZ2 of
Brazil's high-rainfall soils are
affected by low pH and Al
saturation averaging 59% (twice
that reported as being sufficient to
reduce maize growth). Worldwide,
a totat of 10 million kmZ2 is reported
to be affected by Al toxicity (9).

High temperatures affect
establishment of maize at the onset
of rains and may damage tassels
and leaves. They are often
associated with drought in the
lowland tropics. Low temperatures
atfect establishment at the latter
part of grain filling in the: highiands
and teinperate zone.

Restricted root growth resulting
from anoxia in flooded soils causes
considerable but undocumented
losses in marginally drained and
irmgated land. Salinity commonly
occurs in arid, irrigated ateas.

@ Temperature and flooding stress are of roughly equal importance.
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that can serve as indicators of
tolerance to stresses; and devise a
selection index.

The third and fourth steps are to
initiate short- and long-term
breeding approaches aimed at
developing stress-tolerant
germplasm. The former involves
recurrent S1 or full-sib selection
with high selection intensity in
agronomically superior populations
to improve general or specific stress
tolerance. Selections are made in
such a way as to maintain yield
unoer favorable growing conditions
while improving performance under
stress. That approach should give
rapid progress in a short time,
although gains may then plateau as
variability for stress tolerance is
exhausted. The long-term approach
is 10 assemble ali known sources of
tolerance {materials from CIMMYT's
maize germplasm bank and other
breeding programs as well as local
varieties) to form a pool that
possesses unique stress tolerance
but that initially may have
undesirable agronomic
characteristics. Selections are made
under stress, and the puor
agronomic type of the pool is
gradually improved. Progress is
slow, but the pool’s genetic
variability for the trait being sought
should be greater than that of the
elite populations. The final step
{which, like the others, will be an
ongoing activity} is to supply
Pieeders in our Advanced Unit and
in national maize programs with
agronomically acceptable stress-
tolerant populations for direct use or
stress-tolerant pools for
backcrossing.

The Current Physiology
Research Program

Of the six stresses l'sted in Table 2,
the physiology unit is currently
focusing on two (drought and
nutrient deficiency), in addition to
improving germplasm for general
stress tolerance.

General stress tolerance-- Sources
of general stress tolerance are being
developed that should help plant
breeders establish a stronger base
on which to build specific stress
tolerances in elite materials. Plant
density, since it is easy to
manipulate, is the mechanism we
are using to induce stress. Under
different plant densities, we are
selecting for prolificacy, which,
according to some studies, is
associated with density tolerance
(10), although stalk strength is often
lessened when the second ears of
proi. ¢ plaiits deplete stern sugar
reserves.

During 1985 many lowland tropical
and subtropical materials were
screened for prolificacy at normal
plant densities, and 3-11% of the
families observed were selected.
Remnant secd was grown under
high and low densities, so that we
could evaluate the materials for
both prolificacy and density
tolerance, and families were
intercrossed in a hali-sib block.
Each half-sib family 1s being grown
at two denstities, one well below the
optimum to allow expression of
prolificacy and the other wel! above
to allow expression of barrenness
and lodging tolerance. Second ears
are selected at low density from the
same families that show, at high
density, good synchrony between
silking of first and second ears, little



harrenness, lodging resistance,
reduced tillering, and minimal stem
etiolation. Correlations between
those traits and number of second
ears show that yield and number of
second ears are positively
associated and that a reduced
interval between silking of first and
second ears is associated with
second ear formation (Table 3).

The germplasm has been stratified
to form two lowland tropical pools
with white grain (one late and the
other early maturing) and a
midaltitude tropical pool of
intermediate maturity. A fourth
rmaize pool has been formed from a
cross made between maize (B73) x
tripsacum {obtained from the USA).
That cross has a high level of
prolificacy but little resistance to
lodging and diseases and relatively
low vields. It has been bickcrossed
three times to lewland tropical
maize that has an above-average

level of prolificacy. As new sources
of prolificacy are identified, they will
be added to the appropriate pool.

Recurrent selection for drought
tolerance-—in the work on drough
tolerance, we are pursuing both the
short- and long-ierm breeding
apprnaches outlined above. Under
the former recurrent Sy or full-sib
selection is being carried out in four
elite populations (listed in Table 4)
at two locations over a 2-year
cycle Pool 16 is grown in Burkina
Faso before being sent to Mexico,
while 1000 Sq families of the other
populations are planted at Ciudad
Obregon, Mexico, both under
irngation and severe drought and
heat stress. The best 250 S
families are then grown in replicated
yield trials during the winter cycle at
our station in Tlaltizapan, Mexico,
under three irrigation regimes: 1)
normal irrigation to monitor yield
potential, 2) withdrawal of irrigation

Table 3. Correlations between number of second ears per plant at low
density and other traits of 327 half-sib families of Pool STDRSP,

Tlaltizapan, Mexico, 1987A

Moan Range Correlation

Second ears per plant 0.43 0.06-0.88 1.00
Silk delay (days)

Primary to secondary ear@ 2.6 0-8 -0.22**

Primary ear, low to high density 2.9 -3-12 NS
Lodging (percent)b 14.7 0-84 NS
Yield (t/ha)b 8.51 3.562-13.12 0.19"*
Total ears per plantd 1.00 0.55-140 0.30**

** Significant at the 1% probability level.

NS Not significant.

a8  Evaluated at low density (40,000 plants/ha).
b Evaluated at high density (106,000 plants/ha).
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2 weeks before flowering to create
grain-filling stress, and 3)
withdrawal of irrigation at tassel
initiation to induce flowering and
grain-filling stress. The trial design is
an alpha (0, 1) lattice (11} with two
replications, and individual plot size
is small because of restricted land
and seed supplies

Selections are made (with a
selection intensity of 5% in the Sy
scheme) for lines that have high
relative leaf and stem eiongation,
short anthesis-to-silking interval,
cool canopy temperatures (as
determined with an infrared
thermometer), slow rate of leaf
death, high grain yield under
drought, and a yield under irrigation
equal to the mean of the
population. We also consider lines
desirable that have low chlorophyll
photooxidation, small tassels, and a

low degree of leaf rolling under
drought stress. Selections for
drought tolerance were made
previously among full-sib families of
the population Tuxpefio Drought. It
appears that a qiven stress
treatment that was appropriate for
full-sib families in previous
selections is normaliy too severe for
S1 families and that the correlations
among selected traits differ
according tu the level of inbreeding
in the families being tested (Table
5). Correlations between grain yield
and other traits, with the exception
of anthesis-to-silking interval, are
weaker for Sq than for full-sib
families.

After three cycles of selection, a
major evaluation of the cycles will
be ccnducted. We anticipate that
much of the populations’ variability
for drought tolerance will have been

Table 4. Maize populations currently being selected for drought

tolerance at CIMMYT

Recurrent
Grain selection
Name Maturity type scheme
La Posta Late White S
Dent
Pool 26 Late Yellow S1
Flint/dent
Pool 16 Early White Full sib
Dent
Pool 18 Early Yellow S1
Flint/dent

Note: La Posta is streak resistant and Pool 16, which is handled in

conjunction with the Semi-Arid Food Grains Research and Development
(SAFGRAD) Project in Burkina Faso, is partially resistant to the disease.
All of the materials listed here have undergone one cycle of selection for
drought tolerance.



extracted, and it will then be
possible to identify new drought-
tolerant materials for improvement.

Creation of a drought-tolerant
pool—1In 1986 we initiated a longy-
term anproach to combating
drought stress by identifying
foundation components for a
drought-tolerant pool. in including
cycle 8 of Tuxpefio Drought as one
of the major compcnents, we have
capitalized on tha advances made in
this population through recurrent
selection. A US Corn Belt x latente
selection and the original source of
the latente character {Michoacan
21) were also used to form the
pool. {Latente is the term used to

describe the performance under
drought that is characteristic of a
collection of maize from the state of
Michoacan, Mexico, in which
developmental events can
apparently be deferred until drought
is lifted.) A fourth irmportant source
was the Thai hybrid KSX 2301,
which is characterized by slow,
carly teaf develcpmant. Those and
several less important components
have been crossed in a diallel and
sown in a half-sib recombination
block.

The pool will be maintained iri an
open structure, with additional
sources continually being
introgressed into it. Screening and

Table 5. Correlations between grain yields under drought stress and
other characters for which selections were made in fuli-sib families of
Tuxpeiio Drought (cycle 3) during 1979 and in Sq families of La Posta

(cycle 1) during 1986

Full-sib
families of S1 families Stress

Variable Tuxpefio Drought of La Posta lovel
Relative leaf and

stem extension rate 0.39*" NS
Anthesis-to-silking interval

Under stress -0.36** -0.60"* Interm.

Under irrigation NS -0.44*"
Leaf death score -0.48*° -0.20"" interm.
Cancpy temperature

during grain filling -0.65* -0.27** Severe

Source: (3)

Note. The full-sib family correlations were abserved under severe stress,
and tnose for Sq families were obtained under either intermediate or
severe stress. Both materials were grown at Tlaltizapan.

** Significant at the 1% probability
NS Not significant.

level.
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selection of new source ma. "7ials
will take place at Tlaltizapan each
winter cycle. They will include
entries in CIMMYT’s maize
germplasm bank that were collected
at arid locations, elite materials
supplied by Center outreach staff,
and entries from other breeding
programs that have concentrated on
maize performance under limited
water supply. Our criteria for
selecting sources of unique dreught
tolerance will include capacity to
adjust osmotically, aggressive
rooting behavior, high dawn leaf-
wate. potential, and low chlorophyll
photooxidation.

Nitrogen use efficiency—Maize
yield is very responsive to natural
variations in the supply of nitrogen.
This element 1s frequently deficient
in the tropics, where rmany
countries cannot import and
distribute enough fertilizers to exert
any significant effect on production.
Nevertheless, most plant breeding
institutions, CIMMYT included,
develop varieties under high levels
of N. Their strategy is based on the
assumption that, ii there is any N x
genotype interaction, it is not of the
crossover type; that is, a variety
found to be superior at high N
levels should continue to stand out
among other materials under low N
supply, though by a reduced
margin.

In 1985 the physiology unit
embarked on a study to test that
assumption. We hope o show
whether it is possible to select for
improved performance of maize
under N stress without sacrificing its
responsiveness to high levels of N.
In selecting for more efficient use of
N, one must consider the various
componenis of this trait:

s Total N uptake: A genotype's
overall efficiency in absorbing N
from a limited poo! of soil N,
whichh may be depleted by
leaching and volatilization

N/CHO ratio: Efficiency with
which a genotype utilizes
ahsorbed N to produce
carbohydrate

Nitrogen harvest index, grain
protein percentage, and grain
yield: Efficiency with which a
genotype transloca‘es N to grain.

It 15 also important in our judgment
that at the test site grain yield under
reduced N supply should be 50% or
less of that under high N. To meet
this requirement, we established a
permanent low-N block of land at
cur station in Poza Rica, Mexico,
and reduced the N supply in the
block by cutting and removing two
succeeding green crops of maize.

During 1986 a trial containing 18
genotypes of contrasting raturities
(12 late and 6 early) and levels ot
improvement (16 improved and 2
landraces) was grown with five
replications. At flowering and during
grain filling, chlarophyll
concentration (a trait that is highly
correlated with leaf N concentra-
tion) was measured with a
chlorophyll photometer (7}, which
distinguishes variatiors in greenness
that the eye cannot detect. Each
measurement takes only about 10
seconds to complete. Aithough
there was no relationship between
grain vield and leaf chlorophyll
concentration under high N, the
chlorophyll readings taken at
flowering on plants under N stress
did show differences bewween high-


http:transloca'.es

and low-yielding materials {Figure
2). The genotype x N level
interaction for grain vield was
significant at the 8% probability
level within maturity classes and
was statistically significant both for
total N recovered and for the weight
of gramn produced per unit of N
absorbed by the plant. Those results
indicate that selection under N
stress nught be justified

A selection index was developed
that comprises igh grain yield
under N stress and without N
stress, high ear-leaf chlorophyll
content during grain filling under N
stress, short anthesis-to-sitking
nterval under N stress, and large
ear-leaf area under N stress.
Corelations between grain yield
tnder N stress and the other traits
that make up the index show the

tight positive association between
chlorophyll content at flowering and
grain yield when both were
measured under limited N (Table 6).

To determine whether progress can
be made in seiecting for improved
performance under N stress without
sacriiicing responsiveness to high
levels of N, we are using the variety
that showed the highest level of N-
use efficiency in the exploratory trial
described above. Progeny of that
variety —Across 8328, a tropical,
late-maturing rnaterial with yellow
dent grains--are being grown under
two levels of N (0 and 200 kg/ha)
in plots consisting of single 5-m
rows. The trial has an alpha {0, 1)
lattice design with three
replicaticns. Selections are being
made according to the index
described previously, with a
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Figure 2. Relationship hetween

grain yield at harvest and ear leaf chlorophyll

concentation in 12 late-maturing genotypes grown under two nitrogen regimes,
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seiwction intensity of 20%. The
method of population improvement
being employed is full-sib recurrent
selection, in which a new set of
250 fuil-sib families is made in the
recombination step. In the first
cycle of selection, the correlations

between traits observed for the full-

sib families were similar to those
measured in the variety trial (Table
6). Families that yielded welt under
limited N also retained their fower
leaves in a functional state for a
longer time and had a shorter
anthesis-to-sitking interval.

Laboratory analyses are being :ept
to @ minimum, both because they
are time-consuming and becausc

we want the selection index to be

readily usable in developing country
maize programs, which often do not
have the necessary laboratory
facilities. In evaluating changes that
arise from selection, however, we
will rely heavily on laberatory
analyses.

Future Crop

Physiology Research

The work on general stress
tolerance, drought, and nitrogen use
efficiency will continue, and we
hope also to initiate research on
some of the other problers listed in
Table 2. Phosphorus deficiency, for
example, is common in the tropics
{though less problematic than
nitrogen), so it would be useful to

Table 6. Correlations between grain yield at low :4 and other variables
at low {-N} and high {4-N) levels of N in an evaluation of 11 late-
maturing varieties (1986A) and of 250 full-sib families of Across 8328

(19868)
Full-sib

Variable Varieties families
Grain yield (+ N) 0.25 0.46°"*
Chlorophyll at flowering (-N) 0.88"" 0.80**
Chlorophyll 3 weeks after

flowering (-N) 0.88"" 0.80*""
Ear leal area (-N) 0.75** 0.61"*
Anthesis-to-silking interval (-N) -0.67° -0.58**
Total plant N (-N)@ 0.79°* 0.74**
Nitrogen harvest index (-N)3 0.76** 0.74°°
Total biomass -N)a 097" 0.78**
Green leaves below the ear

69 days after planting (-N) + 0.75**

82 days after planting {-N) + 0.74**

a8  Measured on a subset of 73 full-sib families.
Significant at the 5% probability level.

Significant at the 1% probability level.

+ Not measured in the evaluation of varieties.



select for more efficient uptake and
use of this nutrient when it is in
short supply. We also plan to begin
selection for more efficient
conversion of intercepted radiaticn
into biomass and screening of lines
for tolerance to soil aluminum in
cooperation with CIMMYT staff
based at the International Center of
Tropical Agriculture (CIAT). Among
the other services we expect te
provide are rnaturity prediction and
environmental classification (a study
has already been started and is
discussed in the above-mentioned
report on maize production
environrnents) and evaluation of the
Maize Program’s germplasm for
torage qualities.
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Studies on the Combining

Ability of CIMMYT Maize Germplasm

S.K. Vasal, D.L. Beck, and J. Crossa

Qver the past 20 years, the
Center's Maize Program has
contrihuted substantially to the body
of maize garmplasm available by
developing and improving a large
number of gene pools, populations,
and expenimental varieties and
distnibuting thent to some 80
countries through an international
testing network. That germplasm is
currently being grown on 5-6 million
ha across the Third World largely in
the form of open-pollinated varieties
but also in various types of hybnds
developed by national programs and
private seed comipanies

Because of growing intarest among maize breedars
in the development of hybrids for Third World
countries, tha CIMMYT Maize Progran: has initiated
its own hvbnd program (undar the direction of
Surinder K. Vasal), which will provids various
products and services, including early generation
inbreds, nonconventional hybrids, information, and

training.
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During recent years use of hybrids
seems to have increased in
developing countries, particularly
the ones (such as Argenuna, Brazi,
China, bt Saivadur, Guaieimala,
Kenya, and Zimbabwe) thatl are
quite advanced in their rescarch and
seed production capabilities.
According to a study conducted by
the CIMMYT Economics Program in
1986 (surmimanized in the
Commodity and Policy Analysis
section of this Rescarcn Highlights),
hynrids now oceupy about 36% of
the Third World's total maize area,
if we count the three major
producers Argentina, Brazil, and
China, and about 12% if they are
excluded. In the various developing
countries where hybrids are being
adopted, their use is generally
concentrated in the more favorable
growirg areas where farmers are at
less nisk and have a bette. chance
of getung an adequate return from
their investment in seed and otier
INPULs

The growing number of farmers
whose circumstances permit them
to adopt hybrids has stimulated
greater interest in hybnd
development among certain national
maize programs. Since a number of
those programs have begun
devoting a significant share of their
resources to such work, the
CIMMYT Maize Program has
followed suit by initiating its own
hybrid program. The broad
obiectives of the program are to

1 Surinder K. Vasal, David L. Beck,
and José Crossa are breeder,
nostdoctoral fellow, and associate
scientist, respectively, in the
CIMMYT Maize Program.



develop new germplasm preducts
for hybrid development and to
accumulate and publish information
about the utility for hybrid
development of the tropical and
subtropical materials we already
have,

At its mception the program could
have given highest priority to any
number of urgent tasks. But we
decided that collecting data on the
combining ability of our tropical and
subtropical maize germplasm was
the most pressing task and the
most likely to be of immediate
benefit to national programs. Up to
that time little had been done at
CIMMYT or in other institutions to
characterze the combining ability of
the Center's germplasm, vet it was
an essential step toward enabling
plant breeders to tap this potentially
valuable resource for hybrid
development. The information was
also urgently needed as a guide 1o
our own hybrid program in its
germplasm work.

The combining ability studies were
initiated in 1986 with the division of
various pools and populations into
eight groups. Diallel crosses were
made within each group, and the
F1 progeny and parents evaluated
in 1985 and 1986. From the results
of those evaluations, we now have
a general idea as to which materials
combine well. This report presents a
summary of our findings, to be
followed by more detailed reports in
ihe near future

Uses of the Study Results
In conducting the eight combining
abiiity studies, we had various
objectives in mind, the overall one
being to dentify combinations of

materials that show heterosis. That
and other information generated by
the studies should provide national
programs and other groups with a
better basis for making decisions
about germplasm available from
CIMMYT. The information on
heterotic patterns shoukd be
partcularly useful to national
programs that are just now at the
point of selecting materials with
which to initiate hybrid breeding.
Those data will also facilitate
choices of appropriate noninbred
testers for further evatuating the
combining ability of the germplasm
and help in identifying good
candidates for interpopulation
improvement schemes designed to
further boost the combining ability
of the material and improve its
tolerance to inbreeding stress. In
addition, it should be apparent from
the study results which materials
are divergent and which similar {the
divergent ones giving the best
heterotic responses), and on the
basis o those patterns it will be
possible to further group the
materiais for more efficient handling
in hybrid development.

With other more specific objectives
in mind, we included particular
teatures in the dialle! studics.
Diallels 1 and 2, for example,
contained, in addition to subtropical
materials, a number of temperate
materials, the performance of which
will be of specia!l interest to public
and private sector breeding
programs in the USA and other
countries, whose work nmpinges on
that of CIMMYT and some national
maize programs in the Third World.
Both tropical and subtropical
germplasm was included in diallel 3
to give an indication of the potential
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heterosis of hybrid combinations
between these two types of
materials. Finally, for programs that
have a specific interest in quality
protein maize (QPM!, we included
diallels 7 and 8 among the studies
1o gather infermation on the stability
in crosses of the genetic modifiers
responsible for giving opaque-2
maize a more normal-looking
endosperm,

Formation of the Diallels
Grouping the germpiasm toc form
various diallels was made necessary
by two circumstances. First, the
cnly other possibility was to cross
each genotype with every other
genotype, which would have been a
monumental task considering the
size of CIMMYT's collection of
improved maize germplasm.
Second, many combinations
showing potential heterosis might
not have turried out to be very
useful in breeding programs
because of differences among the
materials in certain key
characteristics.

Four of those traits—climatic
adaptation, time to maturity, grain
celor, and protein guality—were our
primary criteria in grouping the
germplasm, although we also knew
from experience that there are
genelic similarities between certain
pools and populations and where
that was the case included the one
that best represented the
germplasm. Tropical and subtropical
materials were included in different
diallel studies, with the exception of
diallel 3, which, as mentioned
previously, was composed of both
types so that we could evaluate
hybrid combinations between them,
The diallels were further
distinguished by the germplasm’s
maturity. With respect to grain color
and texture, we followed ne hard
and fast rule. For soma categories
of germplasm, we placed white-
and yellow-grain materials in
ditferent diallels, while in other
cases we put them in the sarne
diallel. Taking all those factors into
account, we tormed eight groups of
poois and populations {their

Table 7. Composition of eight diallels developed in Mexico

and evaluated iriternationally

Parent

code ] 2 3 4
Pl Pop. 46 Pop. 33 Pop. 22 Pop. 27
P2 Pop. 48 Pop. 34 Pop. 43 Pop. 28
P3 Pool 27 Pop. 42 Pop. 25 Pop. 36
P4 Pool 28 Pop. 45 Pop. 27 Pop. 24
P5 Pool 30 Pop. 47 Pop. 28 Pool 25
P& Pool 40 Pool 31 Pop. 32 Pool 26
P7 Pool 42 Pool 34 Pop. 42 Suwan-1
P8 - Pool 39 Pop. 45 —

P9 — Pool 41 Pop. 44 —

P10 — — Pop. 47 —

P11 — - Pop. 34 -




composition is indicated in Table 7},
with diallels 1 and 2 consisting of
ali the subtropical germplasm (early
maturing materials in 1 and
intermediate maturity in 2, each
inctuding both white- and yellow-
grain types), diallels 4 and 5 the
tropical, late-maturing genotypes
(the yellow-grain materials in 4 the
white ones in ), and diallel 6 the
tropical, early and intermediate-
maturity materials of both grain
colors. Diallels 7 and 8 were made
up of QPM germplasm, the former
containing subtiopica! materials and
the latter tropical germplasm of
both grain colors.

All the diallels were developed
during the 1985A cycle at our
experiment stations in Mexico, the
tropical materials at Poza Rica and
the subtropical ones at Tlaltizapan.
Each dialiel cross was made in a
paired-plot system, reciprocal
crosses were made, and the ears
were bulked and shelled together as
one entry or cross. The parents in
each diallel were increased by sib
mating. [n diallel 3 crosses were

made only between tropical and
subtropical germplasm, using the
design-2 mating system,

Evaluation of the Diallels

The diallels were tested at locations
in Mexico, the USA, and various
countries in Central and South
America and Asia. Although most of
the aterials were evaluated at six
or more sites, some were tested
much more widely, specifically
diallels 1 and 2, which were of
special interest to US maize
breeders. In general, we received
enough data from trial cooperators
to interpret the results and draw
reiiable conclusions from them.
What follows are brie! summaries of
our conclusions about four major
categories of germplasm

Subtropical germplasm—Among
the subtropical, early maturing
genotypes of which diallel 1 was
cornposed, the two materials that
showed the best general combining
ability (GCA), or average
performance in the crosses, were
P2 (Population 48) and P5 (Pool

5 6 7 8
Pop. 21 Pop. 30 Pool 27QPM Pool 23QPM
Pop. 22 Pop. 31 Pool 29QPM Pool 24QPM
Pop. 25 Pop. 49 Pool 31QPM Pool 25QPM
Pop. 29 Pop. 23 Pool 32QPM Pool 26QPM
Pop. 32 Pop. 26 Pool 33QPM Pop. 62
Pop. 43 Pool 16 Pool 34QPM Pop. 63
Pool 24 Pool 18 Pop. 67 Pop. 64
— Pool 20 Pop. 68 Pop. 65
— Pool 21 Pop. 69 Pop. 66
— Pop. 70

Pool 22

PR 7737
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30i. as indicated in Table 8 there
we present data only on grain yield,
although we discuss results for
other traits; data on GCA for those
traits will be reported in subsequent
publications). Both P2 and P5,
which are based largely on
temperate germplasm, exhibited
positive and significant GCA effects.
Parents P6 (Pool 40) and P7 (Pool
42), which also contain temperate
germplasm, showed significant but
negative GCA effects for yield,
flowering, plant height, and ear
height. Those effects, with the
exception of the one for yield, can
be considered desirable since they
contribute to earlier maturity and
reduced plant and ear height.

In addition to determining the
general combining ability of t)e
parents in the diallels, we have
listed the five most heterotic
crosses. In diallel 1 the maximum
best-parent heterosis for those
crosses ranged from 102 to 104%

Table B. Estimates of general combinin
locations in seven diallels

{Table 9). Population 48 in
particular performed well in crosses
with Pools 27, 28, and 30 and with
Population 46. Pool 30 also
combined weli with Population 46.
Only two crosses, ho.xover, can be
considered of much practical
importance, namely Population 46 x
Pool 30 and Population 46 x
Population 48, since ail three of the
parents in these two flint x dent
crosses have the same grain color.
The former showed significant,
positive specific combining ability
(SCA) effects.

In diallel 2 {containing germplasm of
intermediate maturity), P3
{Population 42), p4 (Population 45},
P5 (Population 47), P7 (Pool 34),
and P9 (Pool 41) showed positive
GCA effects, but only those of
Population 42 were significant
(Table 8). The pattern changes
slightly, however, if we consider
results from the USA and Mexican
test locations separately (Table 8

g ability effects for grain vyield across

Parent

code 1 2 4 5 6 7 8
P1 -0.07 -0.06 -0.08 0.15 -0.26* -0.13 0.03
P2 C.39°*  ©o6 -0.07 0.09 -0.28"* -0.31° 0.05
F3 0.01 030" -0.13 0.22 017+ -0.03 0.31°"
P4 0.09 012 039 004 0.27+ 0.06 0.19*-
P5 0.31*- 013 0.29* 0.06 0.20"" -0.03 0.13"
P6 -0.31* 027 021 G.20" -0.36"" -0.05 0.27**
P7 043" C.03 0.39" -0.24* 041+ 0.05 0.08
P8 -0.20 - — 0.14* 0.17 -0.10
P9 - 0.07 - - 017+ 0.13 -0.14*
P10 - - — 0.37* 0.14 0.18+*

° Significant at the 5% probability level.
° Significant at the 1% probability level,
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gives only the across-location data).
A* the former only, P9 (Pool 41)
“ppeared to be a good combiner,
judging from its GCA effects for
yvield, but the pool had significant
negative efiects for yield at the
Mexican locations, as dis P8 (Pool
39). Those two materials showed
negative significant GCA effects for
other characters as well, while
those of P2, P3, and P5 were
POSIIve.

Of the five most heterotic crosses in
diallel 2, Population 42 and Pool 41
were involved in three and
Population 47 in two (Table 9).
Armong white-grain materials,
Population 42 x Population 47 and
Population 34 x Population 42
should prove to be useful.
Population 33 x Population 45 is the

only cross between yellow-grain
materials that will he of any interest
to breeders al non-US locations.

Tropical germplasm--In diaiiei 4,
which comprised the late-maturing,
vellow-grain genotypes, parents P4
{(Population 24) and P7 (Suwan-1)
showed highly significant positive
GCA effects for yield (Table 8). All
of the other parents exhibited
negative effects for yield, but these
were significant only in the cases of
P5 (Pool 25} and P6 (Pool 26).
Populatior. 24 also had significant,
positive GCA effects for flowering
time and plant and ear height,
which would contribute to later
maturity and increased height.
Parents P3 (Population 36) and Pool
25, on the other hand, showed
significant negative GCA effects for

Table 9. Most heterotic crosses in diallels of CIMMYT's subtropical maize

germplasm

Grain

yigld Best parent SCA effect Grain Grain

{t/ha) heterosis (%) {t/ha) color® textureb
Diallel 1 (early)
Pop. 48 x Pool 28 508 104 0.1 YXW DxD
Pop. 46 « Pool 30 4.95 103 0.22 Y xY FxD
Pop. 48 x Pop. 46 4 96 102 0.15 YxY DxF
Pop. 48 x Pool 27 .96 102 0.07 YxW DxF
Pop 48 x Pool 30 4.95 102 0.24° YxY DxD
Diallel 2 {intermediate)
Pop. 34 x Fool 47 1.76 119 0.28°" WxY FxD
Pop. 42 x Pool 41 4.94 114 0.1 W x Y DxD
Fop. 47 x Pool 41 4.88 114 0.22° WxY DxD
Pop. 42 x Pop. 47 4.86 113 0.00 WxW DxD
Pop. 42 x Pop. 45 5.03 111 0.15 Wx Y DxD
8 Y = yellow and W = white. * Significant at the 5% probability level.
b D= dentand F = flint. * Significant at the 1% probability level.
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all characters other than yield and
might therefore be useful for
acquiring early maturity and
reduced plant and ear height.

Of the ‘ive best crosses in Diallel 4,
the twu best were Population 27 x
Suwan-1 and Population 27 x Pooi
25, both of which involved only
flint-grain genotypes and exhibited
positive, though nonsignificant, SCA
effects (Table 10). Among the other
three crosses, all involving flint x
dent or dent x dent combinations,
Population 24 x Populaiion 36
showed highly significant, positive
SCA effects. Populations 24 and 27

occurred twice in the five most
heterotic crosses and Suwan-1
three times.

Four of the parents in diallel 5 (late
maturing, white-grain materials)—P1
(Tuxpefio-1), P2 (Fopulation 22), P5
(Population 32), and P& (Population
43)—had posilive GCA effects for
yield, but they were significant only
for Population 43 (Table 8). P3
{(Population 25) and P7 (Pool 24)
showed significant negative 3CA
effects for yield. Only the parents
P1, P8, and P7 exhibited positive
GCA effects for all the other
characters.

Table 10. Most heterotic crosses in diallels of CIMMYT's tropical maize germplasm

Grain

yield Best parant SCA effect Grain Grain

(t/ha} heterosis (%) (t/ha) color®  texturgh
Diallel 4 (late, yellow)
Pop. 27 x Suwan-1 6.55 113 0.13 - FxF
Pop. 27 x Pool 25 5.95 113 0.21 — FxF
Pop 36 x Pop. 24 6.78 112 0.42°* — DxD
Pop. 24 x Suwan-1 G.67 110 -0.21 -— DxF
Pool 26 x Suwan-1 6 29 109 0.00 — DxF
Diallel 5 (late, white)
Pop. 29 x Pop. 32 7.20 113 0.32 —_ DxF
Pop. 21 x Pop. 25 7.16 112 0.38** — DxF
Pop. 21 x Pap. 32 6.94 108 -0.13 — UxF
Pop. 22 x Pop. 32 7.33 107 0.32° — DxF
Pop. 32 x Pool 24 6.41 107 -0.26" — FxD
Diallel 6 (early-intermediate)
Pop. 49 x Pop. 26 6.14 110 0.12 WxY DxF
Pop. 49 x Pool 21 6.13 109 0.14 WxyY DxF
Pop. 23 x Pool 20 6.28 107 0.22* WxW FxD
Pop. 26 x Pool 21 6.05 107 0.02 YxY FFxF
Pop. 23 x Pop. 26 6.24 106 0.1 WxY FxF
d W = whiteand Y = yellow. ' Significant at the 5% probability level.
b F = fintand D = dent, ** Significant at the 1% probability level.
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Two striking features of the five
most heterotic crosses in diallel 5
were that four of them were flint x
dent combinations and that an
equal number contained Population
32 (Table 10). Only for three
crosses, however, were the SCA
effects significant and positive.

In diallel 6, which included yellow-
and white-grain genotypes of early
to intermediate maturity, the parents
showing significant, positive GCA
effects were P3 (Population 49), P4
(Population 23}, P5 (Population 263,
P8 (Pool 20), P9 (Pool 21), and
P10 (Pool 22), as indicated in Table
8. With the exception of Population
49, those materials also had
positive GCA effects for other
characters. The rest of the parents
exhibited regative effects for all
characters, including yield, except
Population 30, which had positive
effects for plant and ear height.

Of the five most heterotic crosses in
diallel 6, two--Population 26 x Pool
21 and Pcpulation 23 and Pool
20--can be considered of greatest
irnportance to breeders, since both

parents in the former are yellow-
grain materic!s and in the latter
white grain (Table 10}. The other
three crosses involve cornbinations
of yellow- with white-grain parents.
The only cross that showed
significant, positive SCA effects for
yield was Population 23 x Pool 20.

Tropical x subtropical
combinations --Population 44 was a
parent in four of the five highest
yielding crosses between these two
types of germplasm, the other
parents being Populations 32, 43,
27, and 25. The fifth cross—
Population 43 x Population 42 —also
gave a good heterotic response
(Table 11).

QPM germplasm-- All of the
subtropical QPM populations serving
as parents in dialtel 7—--P7
{Population 67), P8 (Population 68),
PY (Population 69}, and P10
(Population 70)--showed positive,
but nonsignificant, GCA effects for
yield (Table 8). Conversely, all of
the subtropical QPM pools, with the
exception of P4 (Pool 32 QPM), had

Table 11. Most heterotic crosses in diallel 3 (tropical x subtropical

maize populations)

Grain yield

Best parent Grain Grain

(t/ha)  heterosis (%) color® textureb
Pop. 32 x Pop. 44 6.65 113 Wx W FxD
Pop. 43 x Pop. 42 6.85 111 W x W DxD
Pop. 43 x Pop. 44 6.71 109 Wx W DxD
Pop. 27 x Pop. 44 6.33 107 Y x W FxD
Pop. 25 x Pop. 44 6.23 106 Wx W FxD

a W = white an
b F = flint and D
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negative effects for that trait, those
of the early maturing parent P2
(Pool 29 QPM) being the greatest
and significant. That and another
early maturing QPM pool (Pool 27
QPM) also exhibited significant
negative effects for days to silk and
for plant and ear height. They had
positive GCA effects for kernel
modification, however, implying that
they had an undesirable influence
on this trait in the crosses. Other
parents, P3 (Pool 31 QPM), P5
(Pool 33 QPM), and P9 (Population
69), showed negative GCA effects
for kernel modification and can be
considered favorable in their
influence on that trait. Populations
68 and 70 also had negative GCA
effects for kernel modification, but
they were nonsignificant. The worst
parent with respect to kerne!
modification {showing significant,

positive GCA effects) was P6 (Pool
34 QPM). Even so, that pool was a
parent in two of the four most
heterotic crosses in diallel /. the
other parents being Pool 33 (QPM)
and Populations 67, 69, and 70
{Table 12). Only three of the
crosses, though, had positive SCA
effects.

In diallel 8 no clearcut patterns
emerged in the heterotic responses
of the tropical, hard-endosperm
QPM genotypes. Moreover, none of
the three most heterotic crosses will
be of much interest to plant
breeders since all are combinations
of soft- with hard-endosperm
parents.

Conclusion _
From the results of the diallels, we

can draw some conclusions about
the GCA effects of the materials

Table 12. Most heteratic crosses in diallels of CIMMYT's quality protein maize

germplasm

Grain

yield Best parent SCA effect Grain Grain

(t/ha) heterosis (%) (t/ha) colord textureb
Diallel 7 (subtropical)
Fool 34 x Pop. 67 5.80 107 0.25" Y x W DxF
Pop. 69 x Pop. 70 5.81 106 0.00 YxY FxD
Pool 27 x Pop. 67 5.71 106 0.26* Wx W FxF
Pool 33 x Pop. 69 5.76 105 0.12 Y x W FxF
Diallel 8 (tropical)
Pop. 65 x PR 7737¢C 6.58 116 0.32°* Y x W FxD
Fool 23 x PR 7737 6.40 105 0.02 Wx W FxD
Pop 66 x PR 7737 6.26 105 0.05 Y x W DxD
Pop. 62 x Pop. 66 6.44 104 0.29*" WxY FxD
a Y = yellow and W = white. " Significant at the 5% probability level.
b D = dentand F = flint, " Significant at the 1% probability level.
€ Soft-endosperm material.
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included and about possible Diallel 6--Populations 23, 26, and
heterotic patterns between them. 49 and Pools 20, 21, and
The parents showing good GCA 22
effects for yield are as follows:

Diailel 7—Populations 67, 68, 69,
Diallet 1---Pool 30 and Population and 70

48

Diallet 8—PR 7737
Diallet 2-- Populations 42 and 47

Possible heterotic combinations are

Diallel 3-- Populations 43 and 44 listed in Table 13. That information
should be useful in identitying
Diallel 4---Population 24 and germplasm for interpopulation
Suwan-1 improvement programs, in addition
to indicating likely matches prim rily
Dialtet B --Population 43 between CIMMYT populations and

pools used in hybrid development.

Table 13. Possible heterotic combinations with CIMMYT populations

Population Diallel Possible heterotic partner

21 5 Pops. 32 and 25 and Pool 23
22 5,3 Pop. 32

23 6 Poo! 20

24 4 Pop. 36 and Suwan-1

25 5,3 Pop. 21

26 6 Pool 21

27 4,3 Pool 25, Suwan-1, and Pop. 44"
28 4 Pop. 24 and Suwan-1

29 5 Pop. 32

31 6 Pop. 49°

32 5,3 Pops. 21, 22, 29, and 44

33 2 Pop. 45

34 2 Pop. 42 and Pool 34°

36 4 Pop. 24

42 2,3 Pops. 34, 43, 45*, and 47

47 2,3 Pop. 42

43 5,3 Pcps 42 and 44

44 K Pops. 32, 25, 27*, and 43

45 2,3 Pop. 33 and Pcol 33

46 1 Pcp. 48 and Paol 30

48 1 Pop. 46 and Pools 27* and 28°
49 6 Pops. 26* and 31" and Pool 21°*

Indicates that the material is of a different grain color trom the
matching population in the column at far left.

33






Wheat Research

The research projects highlighted in
1986 are but a cross section of
some of the main thrusts in the
CIMMYT Wheat Program (See
diagram of the Program’s structure
on the following page). They
llustiate the Program’s involvement
in the two major enterprises of
CIMMY T - namely research {of
which wheat germplasm
improvement is an element) and
strengtheinng national programs (of
which giving assistance tc develop
technology is an clement).

The tirst two articles are on
germplasm improvernent. One
relates to a specific methodology
utifized within the Program and the
other discusses improvement in
general, where we see the fruits of
the breeding effort. The third article
discusses the Program’s
commitment to assist national
agneultural research systems
{NARS) in developing technclogies
which will help them increase
productivity as well as production.

Germplasm Improvement
A successful breeding
methodology — The first article
highlights a specific breeding
methodology, namely shuttle
breeding, that has proven to be
very successful and has had
tremendous impacl on wheat
germplasm development within
CIMMYT.

Some 30 years before this
methodology was coined '‘shuttle
breeding’’ in the late 1970s,
Norman E Borlaug and his
colleagues were already using the
concept within Mexico and reaping
germplasm improvement rewards.

International shuttle breeding has
been utilized in the last 10-15 years
and will receive a great deal more
emphasis in the future. Although
this methodology has become a key
element in our internationai disease
screening approach, Sanjaya
Rajaram, head of the bread wheat
improvement program, and two
Brazilian colleagues present an
article on one of our oldest--and
probably most successful—
international shuttie programs that
has to do with an abiotic stress—
namely aluminum toxicity in the
soil.

Shuttle breeding is a methodology
that will be receiving more attention
in the future as we attack other
specific problems. This is CIMMYT's
move towards developing wheats
with the basic characteristics, plus
more specific adaptation for
particular regions. Recently, we
have initiated preliminary shuttle
programs with Ethiopia (septoria
leaf blotch tolerance and stem rust
resistance for durum wheat), Nepal
(to enhance resistance to tan spot),
and Ecuador and Kenya (tc develop
wheat adapted to tropical highland
conditions). CIMMYT and China will
soon formalize a shuttle partnership
program to assist the Chinese in
developing more productive wheats
with better scab resistance. A
winter wheat shuttle is also being
planned between our program in
Turkey and Texas A&M and Kansas
State Universities in the US.
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Development of superior dururm
wheat germplasm - In the second
articte, Pedro Brajcich, head of the
durum wheat improvement
program, ard his colleagues
chromcle the development of
supenor germplasm. Altar 84 15 a
cultivar that is making a significant
nnpdct and that we suspect will
have an even greater impact in the
future as it s released by national
programs around the world. It s a
definite step in the nght direction
because t combines additional yield
potential with tigher quality. This 1s
important because the quahty has
becn increased significantly as yield
potential was increased- -which is
not an ecasy thing to do. It also
appears that because of Altar 84's
good adaptation, it should be

Structure ot the CIMMYT Wheat Program
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Developing Bread Wheats for
Acid Soils through Shuttle Breeding

S. Rajaram, R. Matzenbacher, and O. de Sousa Rosal

Shuttle breeding in Mexico -- the
driving force of CIMMYT's bread
wheat, durum wheat, and triticale
nmmprovernent programs--is a well
kniown success story. In this
scheme, the Foois grown in one
eovironment and seiected progeny
(F3) are planted in a different
location. Successive generations are
alternated (shuttled) hetween the
twa focations. The underlying
phiivsophy is to incorporate
adaptation and resistance to ail the
pathogens and stresses encountered
m wo distinet locations. It was in
the mid-1970s that the late Glenn
Anderson, associate director of the
CIMMY T wheat program at the
e, comed the werm “shuttle
breeding””, long after Norman E.
Borlaug began using the
methodelogy iself

f

[ the late 1940s, Borlaug began
Crossing, screcning, and selecting
germiplaso during winter and
sumimer cycles each year at two
dhverse locations, Cd. Obregon and
Toluca, Mexico. A breeding cycle
sull takes place at the Mexican
aosernment’s Northwestern
Agneultral Research Station
{CIANO) duning the winter
{November to May). This location is
anarmgated desert environment near
Cd. Obregon in the state of Sonora
at 27 .2°N lantude, 39 m elevation.
Seed harvested at CIANO is
“shuttled”” for May and June

! Sanjaya Rajaram is the head of
CIMMYT's bread wheat improvement
program at Bl Batan, Mexico, Ricardo
Matzenbacher is a wheat breeder for
FECOTRIGO at Cruz Alta, Brazi
Ottoni de Sousa Rosa 15 a wheat
brecder for EMBRAPA at Passo
Fundo, Brazil.

planting at the beginning of the
summer cycle at CIMMYT's
research station in the central
highlands near Toluca (elevation
2640 m and 19°N latitude) and at
El Batan (elevation 2240 m and
19°N latitude)

At Cd. Obregon, breeding materials
are crossed and resulting progenies
are evaluated for their yield potential
under high fertility and well watered
conditions. Progeny are also
screened for resistance to leaf and
stem rusts.

At Toluca, breeding mate-ials are
also crossed and the germplasm is
screened for resistance to stem,
leaf, and stripe rusts as well as to
septoria tritici blotch, septoria
nodorum blotch, fusarium head
scab, bacteria such as
Xanthomonas campestris pv.
translucens, and barley yellow
dwarf virus (BYDV).

One generation a year at each of
these locations cnables the breeders
to eliminate daylength-sensitive
germplasm. Only materials that are
insensitive to the daylength variation
are selected.

in addition to Cd. Obregon, Toluca,
and Ei Batan, CIMMYT uses a
number of “‘off-station’’ sites in
Mexico to screen for resistance to
septoria tritici bloich, septoria
nodorum blotch, fusarium head
scab, helminthosporium leaf blotch,
stripe rust, and stem rust and
tolerance to heat and drought.
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The use of contrasting locations for
generation advancement and
selection of germplasm in Mexico
has resulted in many widely
adapted bread wheat cultivars with
high genetic yield potential. Broadly
adapted cultivars such as Siete
Cerros, Anza, Nacozari 76, Pavon
/6, and the Veery sibs were
produced in this fashion and have
been released in many countries.

Shuttle breeding has proven 1o be
very effective in Mexico and can
also work well on an international
basis. The best example is
CIMMYT's 13-year coliaboration
with Brazilian scientists. The goal in
this project has been to develop
high-yielding wheat cultivars with
tolerance to aluminum/acid soil
conditions. With shuttle breeding,
dramatic raesults have been derived
through the combination of the
early work of Brazilian organizations
(which developed aluminum-tolerant
wheat cultivars) and the work of
CIMMYT {which developed high-
yielding cultivars with better
agronomic type). A number of high-
yielding, aluminum-tolerant wheat
cultivars have been released or
recommended for release in several
Brazilian states, and promising
cultivars have been developed for
other countries with soil aluminum
problems. Tius article discusses
some historical background, what
has been accomplished, and plans
tor the future regarding the
development of bread wheats for
the problems associated with soils
that have toxic levels of aluminum.

The Acid Soil Problem

Soil acidity is a major growth
limiting factor for plants in many
parts of the world. Approximately
billion hectares in the tropics and
subtropics are acidic (6). This
includes large areas of irazil, the
Andes of South Americ: ., China,
Southeast Asia, the Hinalayas of
the Indian Subcontinent, and
Central Africa. Currently, many of
these areas are either undeveloped
for agriculture, or, where cultivated,
are of very low productivity. To
meet the rapidly growing demand
for food for the next century, these
problem soils musi be developed
and productivity on them improved.
This can he done by a combination
of plant improvement, corrective
chemical amelioration and
fertilization, and improved
managen:~nt practices.

—_

Growth limiting factors that have
been associated with the acid soil
complex include toxicities of
aluminurit and manganese and
deficiencies of calcium,
magnesiurr—and especially
phosphorus and molybdenum.
These acid soil factors may act
somewhat independeritly, or more
often together, to negatively affect
plant growth.

Aluminum and manganese toxicities
are the two most important factors
limiting the growth of crop plants in
many acid soils of the world.
Aluminum toxicity is particularly
severe below pH 5.5 Agronomists’
current approach to this problem 1s
to change the pH by adding lime to
the soil. This is not always
economically or physically feasible,
particularly in strongly acidic
subsoils.



Calcium has to be ieached into the
subsoil (4). The Ca ion cannot leach
alone. To maintain electro-
rieutrality, an ion must move with it.
The 1ate at which calcium is
leached is dependent on the
mobility of the accompanying anion.
The carbonate of the limed
treatment is neutralized by reaction
with acidity in the surface soill and
hence no anion is available to
accompany the calcium which is
almost entirely sorbed on the
exchange complex. Calcium added
as calctium chloride leaches most
rapidly and calcium sulphate
{gypsum) is intermediate. The
quantitias of gypsum necessary to

R ~ i)

reduce aluminum toxicity
throughout the soil profile can be
considerable hecause the lower the
pH, the higher the level of sulphate
sorption. This leads to the
conclusion that the pH in the
surface soil should be raised with
CaCO03 so that the gypsum added
later would be more easily leached
(4).

Aluminum toxicity severely inhibits
root growth by preventing cell
division in the root apical meristem.
The restricted root system makes
the plant vulnerable to moisture
stress and unable to utilize normal

Co-author Ricardo Matzenbacher, wheat
Experiment and Research, checks advanced lires in the aluminum screening plots
at Cruz Alta, Rio Grande do Sul. At left is CEP 8530, an aluminum tolerant line,

compared with Suzhoe F3 1} 1, a highly aluminum-susceptible line at lower right.
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levels of available essential plant
nutrients. Aluminum toxicity
symptoms are not easily identified
as the foliar symptoms often
resemble those of some nutrient
deficiencies.

Current Situation in Brazil
Even though Brazil is currently
producing significant amounts of
wheat {about half of the 5-6 million
tons it consumed in 1986}, wheat
production in the country still has
many problems. About 70% of the
2.83 million ha under wheat
cultivation in Brazil have a low pH
(between 4.0 and 5.5), high levels
of alurninum and manganese, and
tow levels of available phosphorus,
potassium, and other micro-
elements. Some areas ol Parana
and Sao Paulo states have been
cleared of forest only during the
past 20 years or so and have many
problems, including acidity with its

associated toxicities, infertility, and
shallowness of soil that is highly
subject to erosion from heavy
rainfall. Average Brazilian wheat
productivity has fluctuated between
300 and 1600 kg/ha between 1963
and 1986 (Figure 1). High regional
incidence of fungal, viral, and

bact :rial discases; drought; and
frosts are generally responsible for
the dips in producti y. It is
important to note th.t many millions
of additional hectares in the
Cerrados area which are otherwise
cuitable for wheat production also
have many of the problems listed
above (5).

The situation in Brazil exemplifies
some of the problems of moving
wheat production into the warmer
nontraditional areas, an objective of
a number of national programs
cooperating with the CIMMYT
Wheat Program. A long-term and
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Figure 1. Average Brazilian wheat productivity from 1963 to 1986.

Source: (5).



continuous research effort will be
necessary to develop crop
production methodologies to
stabilize production. Development of
cultivars better adapted to the acid
soils will continue to be a part of
the overall crop improvement
programs in Brazil and CIMMYT.,

Historical Background

of the Brazilian Acid Soil
Probiem

Brazilian scientists first observed
differences among wheat cultivars
planted m acid soils in the 1920s,
although it had not yet been
determined that the acid soils
themselves were causing these
differences. Due to the yellowing
and poor growth of the plants, the
problem was given the name
“‘crestamento,”’ which in
Portuguese means ‘'burning’’ or
“toasting.”" In 1925, crosses made
between the crestamento-tolerant
Alfredo Chaves cultivars and the
cultivar Polyssu gave rise to new
crestamento-tolerant Brazilian
cultivars, such as Fronteira,
Surpresa, Minuano, Jesuita, and
Guarany (5).

By 1942, Brazilian scientists were
able to attribute crestamento to the
high acidity present in the soil. Later
in the decade, they determined that
it was caused by the presence of
toxic levels of soil aluminum (1, 2).
In 1954, it was found that tolerance
10 aluminum was a heritable
characteristic (3). Brazilian studies
showed that tolerance was a
dominant ctiect and possibly
controlled by a pair of genes. In
1980, 1t was found that tolerance 1s
differentiated by two independent
gencs.

As the Brazilian breeding programs
developed, the cultivars Preludio
and Carazinho were released in
1956 and 1957. Because they
averaged 1 t/ha and showed
resistance to leaf rust and tolerance
1o aluminum toxicity, these cultivars
became very popular with farmers.
in the 1960s, cultivars such as IAS
20 showed a yield potential of up to
1.4 t/ha in soils with toxic
aluminum.

The increase in soybean production
starting in 1968 hrought about two
new practices (b). Lime was applied
to enhance soybean production and
as a result wheat production
increased also. In addition, because
of the new wheat-soybean
doublecrop system, late-maturing
wheat cultivars were abandoned
and only early-maturing cultivars
have been used since. Liming did
not eliminate the need to maintain
varietal tolerance to aluminum
toxicity. Because lime usually 1s
appiied only to the plow layer {top
20 cm of soil), susceptible cultivars
planted in limed soil develop their
root systems only in this superficial
layer, causing inadequate nutrient
uptake and vulnerability to moisture
stress.

Era of CIMMYT

Collaboration

By the late 1960s, although
Brazilian cultivars had been
unproved through the years, they
were still low-yielding, too tall, and
deficient in agronomic
characteristics such spike fertility
and straw strength. In 1969, John
W. Gibler, then technical director of
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the Federation of Wheat and Sova
Cooperatives for the state of Rio
Grande do Sul (FECOTRIGO), first
initiated genetic material exchange
with CIMMYT. The main objective
was to combine the Brazilian
wheats’ tolerance to toxic levels of
aluminum with the high yield
potential of the Mexican wheats.

By 1974 N.E. Borlaug had
informally arranged a shuttle
breeding program between

CIMMYT's Mexican bread wheat
program and FECOTRIGO's newly
organized Experiment and Research
Center (CEP) at Cruz Alta and the
Nationa!l Research Center for Wheat
(CNPT) of the Brazilian Agricultural
Research Corporation (EMBRAPA) at
Passo Fundo. By 1977 the shuttle
program was intensified and
expanded to include the
Organization of Cooperatives of the
State of Parana (OCEPAR) at
Cascavel. The Parang State
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Figure 2. Mexican and Braalian locations involved in the shuttle breeding scheme.

42



Agricultural Research Institute
({APAR) at Londrina, the Sao Paulo
Agriculturai Institute (IAC) at
Campinas, and the Agricultural
Research Center for the Cerrados
‘CPAC) of EMBRAPA at Brasilia also
rnow cooperate with CIMMYT to
various degrees although they are
not exactly involved in shuttle
breeding. See Figure 2 for the
Brazihan locations.

The exchange of genetic material
between Brazil and CIMMYT perrnits
the mtroduction of thousands of
hnes and segregating populations
for all the collaborating breeding
programs. The genetic combinations
of mgh-yielding Mexican wheats
with semidwarf chatacteristics and
Brazilian wheats with aluminum

tolerance are made in Cd. Obregon,
Toluca, Cascavel, Passo Fundo, and
Cruz Alta (Figure 2).

The laboratory screening procedure
adopted by CIMMYT for detecting
tolerance to soluble aluminum in the
segregating wheat populations
involves a visual evaluation of the
growth of the prirmary root in
seedlings (Figure 3) after exposudre
to an aluminum concentration cf 46
ppm. Seedling roots are then
immersed in a solution of
hematoxyiin, which stains the root
tips black. The seedling roots are
then placed in aerated distilled
water for 24 hours in which only
the roots of tolerant seedlings will
continue to grow (Figure 3).

Figure 3. The roots of the wheat seedling at right have continued to grow {new
growth beyond black-stained region) after being exposed to an aluminum
concentration of 46 ppm, indicating that the seedling is aluminum tolerant. The
roots of the seedling at left show no growth beyond the stained region, thus

the seedling is aluminum susceptible.
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Promising segregating materials
tdentified by the lab screening
procedure are sent to several
Brazilian states to be tested in acia
soils and te Toluca and Cd.
Obregon in Mexico for testing in
nonacid soils. In Mexico, selections
are made mainly for agronomic
charact 's and resistance to stem,
leal, and stnpe rusts. In Brazil,
besides selecting for aluminum
tolerance, selections are also made
for the local disease complex of leaf
rust, stem rust, helminthosporium
spot blotch, septoria tritici blotch,
septoria nodorum blotch, fusarium
head scab, barley yellow dwarf
virus, and bacterial stripe. In Brazil,
when plants reach the full tllering
stage (late August in Passo Fundo
and Cruz Alta), visual evaluations
are made for “'‘crestamento’
tolerance and the resuits are
immediately telexed to CIMMYT for
use during the selection process in
Toluca, Mexico.

Until the material breeds true to
type and becomes essentially
homozyotic, selection 1g done in
both Brazil and Mexico.

Results in Brazil

Much of the tested matenal is
discarded because of s
susceptibility to alurminum toxicity
and diseases. However, Brazilian
scientists are highly enthusiastic
about the gains in yield potential
that have been Incorporated into
their aluminum-tolerant wheat
germplasm.

In 1980, Alondra was released for
general cultivation in primarily
nonacid soils as a multiline cultivar
in Paran4 state. However, Alondra
also often vields well in acid soils
and yet it is susceptible to high

levels of soluble aluminum. Derived
from the cross DB301/Nainari
60//Weigue-Red Mace/3/Ciano-Chris
{CM11683), Alondra’s performance
in Brazil's acio soils may be partly
due to its ability 10 efficiently extract
and utilize phosphorus when
phosphorus is present in low levels.
Since acid soils 4lso tond to have
low levels ot available phosphorus,
iLis important that this
characteristic be meorporated into
germplasm evtended for such soils.
Braziiian scientists have identified
progeny from Alondra that have
higher levels of tolerance lu toxic
levels of aluminum and have been
using thera further in crossing
programs.

In recent years, a number of
culuvars obtained from the shuttle
breeding cooperation have been
recommended for cultivation in
several Bracilian states (Table 1)
Alondra 1s in the pedigree of several
of these new cultivars. in one of
these cuitivars, Thornbird (BR14),
increased phosphorus uptake
efficiency has been combined with
true tolerance to aluminum.
Although Thornbird is still
moderately all, it is the first of the
new generation of early, aluminum-
tolerant, and high-yielding wheats
emanating from this cooperative
shuttle breeding effort. Thornbird
and the other cultivars hsted in
Table 1 have increased yield
potential over the current
commercial Brazilian cultivars by at
least 25% In field experiments, the
new high-yielding, aluminum -
tolerant cultivars are producing
yields higher than 4 t/ha—in some
cases higher than 5 t/ha. Several
advanced lines are emerging from
the breeding pipeline with even
higher vield potential



In addition to high-yield potential, * Better agronormic type with

additional major specific traits regard to plant type, shorter and
improved in the Brazilian germplasm stronger straw, and larger, more
include: fertile spikes.

* Better heat and drought
* Disease resistance to leaf and tolerance.

stem rusts and powdery mildew.

Table 1. Cultivars obtained through alternate selection at Brazil and
Mexico and recommended for cultivation in several Brazilian states

Cultivar Pedigree
CEP 13-GUAIBA PAT 19/ALONDRA *'S"'/IGABOTO/LAGOA
VERMELHA

F11860 F500-900Y-312Z-0A-0Y

MG 1 IAS 64/ALDAN"'S"
CM 47207-16M-2Y-3F-704Y-700Y

OCEPAR 8-MACUCO IAS 64/"'S""
CM 47207-6M-103PR-2T-0T

OCEPAR9-PERDIZ IAS58/BJY*'S*"//BNQ
CM47871-A-4M-105PR-2T-0OT

OCEPAR 10-GARCA IAC 5/ALLDAN"'S"
CM 46961-16M-109PR-1T-0T

OCEPAR 11-JURITI IAC 5/ALDAN"'S"
CM 46561-16M-113PR-1T-0T

OCEPAR 12-MAITACA PF 71124/PAT 72162
B 13707-0A-0Z-0L-OM-1L-0OP

CCEPAR 13-ACAUA IAC 5/3/1AS 20/PATO B//BB/INIA
B 14402-0M-1T-2T-0T

TRIGO BR 14 IAS 63/ALONDRA"'S"'//GABOTO/LAGOA
VERMELHA

Mixture of the lines PF 79765, PF 79767,
PF 79780, vF 79782, and PF 79791

= THORNBIRD"'S"’
TRIGO BR 16- PF 70402/ALONDRA'S"[/IPAT
RIO VERDE 72160/ALONDRA"'S"

B 19789-H-508M-1Y-10F-701Y-1F-700Y
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Results at CIMMYT

and in Mexico

CIMMYT is equally enthusiastic
abou: the grins made by crossing
Mexican wheats with Brazilian
wheats and selecting under both
Mexican and Brazilian conditions.
These major gains in CIMMYT
germplasm include:

Aluminum tolerance.
Phosphorus uptake efficiency.

* Resistance or tolerance to the
leaf spotting diseases, such as
Septoria, Helminthosporium, and
Fusarium spp.

¢ Longer leaf duration (stay-green
effect).

In the high-altitude regions of
Mexico in the states of Michoacan
and Jalisco, soils are highly leached
and acidic with a high phosphaorus
fixation problem. In these soil3, the
aluminum-tolerant cultivars selected
through the Mexican/Brazilian
shuttle have shown a yield
advantage superior to the traditional
cultivars such as Anahuac 75 and
Pavon 76. A cultivar recently
released in Michoacan is Curinda
M-87 (1IAS58/4/KALIBB/ICJ/3/ALD

V'S CM50464-12Y-AM-1Y-1M-0Y).

Progress in Other Countries
CIMMYT assernbles outstanding
advanced lines emanating frorm this
shuttle project into the Aluminam
Tolerance Screening Nursery
{ATSN) and is currently sending this

nursery to 50 locations worldwide.
Thus, outstanding lines for yield,
aluminum toxicity tolerance, and
agronomic type are fed back into
the crossing program to further
pyramid favorable genes into better
cultivars.

The cooperative shuttle program
and distribution of the resulting
materials thiough the ATSN is
beginning to provide benefits to
other countries such as
Madagascar, Zambia, Rwanda,
Cameroon, and Ecuador. Shuttle
breeding with these countries may
commence in the near future as
well.

The Future

The Cooperative shuttle program
has provided tremendous benefits to
the CIMMYT and Brazilian bread
wheat breeding programs. CIMMYT
and Brazilian scientists agree that
the current cooperative effort should
be continued and enlarged to place
greater emphasis on some problems
currently under investigation and to
consider other problems as well.
These problems include:

* Bacteria (Xanthomonas spp.,
Pseudomonas spp., etc.).
Fusarium head scab.

Barley Yellow Dwarf and other
viruses, including vectors.
Greenbug (Schizaphis graminum).
Phosphorus uptake efficiency.
Sprouting.

Midterm drought and early heat
stress.

Maintaining the current level of
tolerance to aluminum toxicity.
¢ [mproving quality characteristics.



We see what has been
accomplished through 1986 as
Phase 1 ot this cooperative
program. We believe two more
phases of 5 years duration each are
needed to help solve the problems
listed above. Phase 2 would
emphasize the broadening of
disease resistance. Phase 3 would
emphasiZze increasing yield potential.
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Development of Superior

Durum Wheat Germplasm — Altar 84
P. Brajcich, J.M. Prescott, T.C. Barker, A. Amaya C., and J.R. Peiia B.1

The CIMMYT durum wheat
improvement program has
traditionally responded to the needs
of national breeding programs and
ultimately to farmers in cooperating
countries by providing high yielding,
stable, and widely adapted
germplasm. Advances made in
dururn wheat improvement in
Mexico dernonstrate not only steady
improvement in yicld potential, good
agronomic type, and disease
resistance, but also steady
improvement in yield stability and
good industrial quality.

The pasta industry in Mexico
basically uses bread wheats to
make semolina-type products.
However, in the early 1980s, the
industry became interested in using
durum wheats to improve the
quality of its pasta products. At the
same time, farmers were asking for
higher yielding durum wheat
cultivars. The cultivar Altar 84 was
released in 1984 by the National
Institute of Forestry, Agriculture and
Animal Science Research (INIFAP)
to meet the demands of industry
and farmers.

Development and

Attributes of Altar 84

Altar 84 was derived from the
pedigree shown in Figure 4 The
name “"Altar’” comes from a desert
ar2a in Sonora, Mexico, near Cd.
Obregon wherc: CIMMYT grows its
spring nurseries during the winter-
Spring season.

The cultivar Altar 84, formerly
known as the breeding line
Gallareta’’S"", was derived from the
cross RUFF"S"/FG"'S"" IIMEXICALI
75 and SHEARWATER"'S" made in
1976 {The "'S" refers to a sister

selection of a given breeding line
such as Ruff). Between 1977 and
1980, plants from this cross were
sclected in segregating generations
at Toluca station in the State of
Mexico and Cd. Obregon, based on
their disease resistance, plant type,
high tllering capacity, spike fertility,
good seed quality, and high
semolina quality.

In prelimiary yicld tests at the
CIANO station at Cd. Obregon in
1981, Gallareta’’S"" was found to
be one cf the highest vielding lines.
This superior yield potentia,
combined with other desirable traits,
such as rust resistance and
industrial quality, resulted in its
inclusion in the International Durum
Screening Nursery (IDSN), and
ultimately in elite yield nurseries.
This cultivar gave outstanding
performance in the 16th
International Durum Wheat Yield
Nursery {IDYN) and 14th Elite
Durunt Yield Trial (EDYT), sent o
more than 50 locations in 30
countries in 1983-84. In 1984,
Gallareta’'S"" was released as Altar
84 in Mexico. It is currently being
yield tested in Spain and Turkey.

Yield potential and adaptation—As
shown in Figure 5, the yield
potential of Altar 84 under the well
watered conditions of CIML)YT's
research site at Cd. Obregon is
approximately 8.2 t/ha. Other
locations where Altar 84 has had
high vield, approaching 10 t/ha,

V' Pedro Brajcich is head of CIMMYT's
durum wheat program. J. Michae!
Prescott is head of the Seed Health
Unit. Thomas C. Barker is a
postdoctoral fellow. Arnoldo Amaya
C. and Javier Peia B. are head and
associate scientist, Wheat Industrial
Quality Laboratory.



include Guanajuato, Mexico; conditions, Altar 84 yielded up to

Cordoba, Spain; and La Platina, 11 t/ha at Cd. Obregon.

Chile  Under high-input experimental (continued on page 52}
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Figure 4. Altar 84 Pedigree.
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Figure 5. Yield potential of the durum wheat varieties released in Mexico from 1960
to 1984. Three-year means obtained from the Agronomy program in trials conducted
at the CIANO station during the 1983-84, 1984-85, and 1985-86 crop cycles.
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History of Durum Wheat
Improvement at CIMMYT

in Mexico

Twenty years ago when CIMMYT's
durum wheat improvement program
was established, major goals were
to incorporate dwarfing genes,
photoperiod insensitivity, enhanced
spike fertility, and better disease
resistance. These goals have all
been accomplished. Today's
breeding strategy requires
developing high-yielding,
management-responsive, and input-
efficient gerrmplasm that is broadly
adapted, stable with good quality
traits, and resistant to biotic and
abiotic stresses.

In the 'ate 1950s, the first crosses
were made between tall durum
wheats and wheats bread carrying
the Rht1 and Rht2 dwarfing genas.
Through intensive backcrossing of
progenies to the tall durum wheats,
it was possible to select semidwarf
durum wheats.

To date, 10 improved durum wheat
cultivars have been released in
Mexico. The first of these,
Tehitacan 60, was named and
released hy the National Agricultural
Research Institute (INIA) in Mexico
in 1960. It is a tall cultivar with a
yield potential of about 3.3 t/ha
{Figure 5). Oviachic 65 was the first
semidwarf cultivar released in
Mexico. As shown in Figure 5, it
has « 'v'eld potential of about 4.6
tin., aimost 40% higher than the
yield of tall Tehuacan GO, released
5 years earlier.

By the 'ate 1960s, many
outstanding durum wheat advanced
lines had been identified with yield

potentials superior to that of
Oviachic 65. In 1967, the year after
CIMMYT was officially established,
Mexico released threv durum wheat
cultivars: Chapala 67, Tehuacan 67,
and Pabelion 67. These cultivars
further raised the yield potential to
about 4.9 t/ha.

1st IDYN

In 1969 an impcrtant event in the
history of durum wheat
improvement in Mexico and
worldwide occurred. The
Internationai Durum Yield Nursery
{IDYN) was assembled and
distributed for the fii_t time. The
first IDYN consisted of 12 entries,
from five countries, including four
advanced semidwarf lines from
CIMMYT. Inia 66, a semidwarf
bread wheat cultivar known to be
high yielding and widely adapted,
was included as a check. The
nursery was grown at 32 locations,
rnost of which were in the durum
wheat producing areas of North
Africa and the Middle East.

Results of the 1st IDYN provided
convincing evidence that the new
semidwarf, daylength-insensitive
durum wheats were quite widely
adapted and demonstrated
increased yield potential versus the
tail, daylength-sensitive durum
wheats grown by farmers at that
time.

Another important event in 1969
was the release by Mexico of the
cultivar Jori 89. The new semidwarf
durum wheats were now showing
that they could challenge and, at
times, exceed the yields of the
semidwarf bread wheats. For
example, Jori 69 vielded 10% more
than the bread wheat cultivar, Inia
66, in the 1st IDYN.



Advances during

the 1970s

In 1971, a CIMMYT-developed
dururn wheat advanced line was
named and released by Mexico as
Cocorit 71. This was the first durum
wheat cultivar released in which the
linkage between sterility and the
dwarfing genes was broken. This
higher spike fertility increased the
yield potential of the durum wheats
to 6.7 t/ha (Figure 5), 1.0 t/ha
higher than the yield of Jori 69,
Both cultivars tended to be
somewhat late in maturity and did
not have an acceptable level of
quality, but they had high vield
potential and wide adaptation.

The maturity and quality problems
of Jori 69 and Cocorit 71 were
solved with the release of Mexicali
75 by Mexico in 1975. Its yield
potential is 7.5 t/ha, an increase of

¢ Al B TS B
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Farmer’s fisld of Altar 84 in the Yaqui

12.0% over Cocorit 71 (Figure 5).
Mexicali 75 also matures 7 days
earlier than Cocorit 71 and it has
good quality for semolina products.

There was a need in some areas for
a medium-maturing, high-yielding,
semidwarf durum wheat cultivar, so
the national program of Mexico
named and released Yavaros 79 in
1979. This cultivar is similar to
Mexicali 75 in yield potential and
with acceptable quality, but slightly
fater in maturity (similar to Cocorit
71). Yavaros 79 has proven to be
widely adapted and highly statle in
terms of yield potential across
environments and years. Thus
Yavaros 79 is currently used as the
long-term durum check in
CIMMYT's international nurseries.

By the time Yavaros 79 was
released, the development of Altar
84 was already in process.

Valley in northwestsrn Mexico.

51



52

More important to local breeders,
and ultimately farmers, is the
relative performance of a given line
vs. other lines tested at a particular
location. To evaluate the relative
yield potential of Altar 84, we
graphed the mean yield of Altar 84
vs. the mean yield of each other
entry of the 14th EDYT, 16ii» IDYN,
and the 1st National Dururmn Wheat
Yield Trial, Mexico (ENTDUR)

For example, Figure 6 shows the
yields of Altar 84 plotted against the
yields of Yavaros 79 for cach
location of the 16th IDYN. Each
point on the graph represents the
yield of Altar 84 vs. the yield of
Yavaros 79 at a specitic site. The
yield equality line shows where the
points would fall if the yield of Altar
84 exactly equaled the vield of
Yavaros 79 at € n site. Thus,
points lying above the equality line

11000+

~ 9000+

7000+

5000 e
[ ]
3 ] .y
>,
3 1
’ o‘/ 0 °

1000{ &

(xgih

ield of Altar 84

indicate Altar 84 to be higher
yielding, and points below the line
indicale Yavaros 79 superiority

Tne number of sites where Altar 84
was clearly superior {as shown in
the example of Figure 6) to the
compared entry (1.e., Altar 84
against entry 1, 2, 3,...30) is
tabulated in Table 2. Points falling
on the line were assessed in favor
of the compared entry such as
Yavaros 79. When analyzed over all
locations, 67% of the 1st ENTDUR,
71% of the 16th IDYN, and 56%
of the 14th EDYT favored Allar 84.
In other words, brecders evaluating
these nurseries would have selected
Altar 84 as superior yielding in 64%
of the comparisons against
competing entries. These competing
entries included the best CIMMYT
advanced lines and durum wheat
entries from cooperating breeders
as well as a local durum wheat

1000 3000 5000 ~ 7000 9000 ' 1000
Yield of Yavaros 79 (kg/ha)

Figure 6. Relative yield of Altar B4 vs. Yavaros 79 across all locations of the

16th IDYN.



check and bread wheat and triticale  An aiternative means of assessing

checks (Seri 82 and Alamos 84, yield potential and adaptability of
respectively). Thus, the yield genotypes across environments is
potential of Altar 84 is clearly high the ‘“stability analysis’ model

in many environments, and developed by Eberhart and Russell
compares well with many newer (1). Fifty-two locations of the 16th
CIMMYT advanced lines as well as IDYN and the 14th EDYT were
cultivars entered from cooperating classitied as stress or nonstress
brecders and check cultivars. environments according 1o 4-year

Table 2. Number of sites where Altar 84 was clearly superior to the
compared entry in 1st ENTDUR, 16th IDYN, and the 14th EDYT

14 sites 40 sites 39 sites
Entry 1st ENTDUR 16th IDYN 14th EDYT
1 14 25 23
2 12 28 19
3 11 33 26
4 9 23 19
5 13 29 16
6 10 31 19
7 1 31 17
8 10 26 17
9 6 33 17
10 6 39 2
11 12 38 21
12 8 32 26
13 1 36 23
14 1M 33 20
15 5 34 21
16 8 28 27
17 8 33 24
18 7 28 29
19 8 32 23
20 9 28 22
21 9 25 24
22 8 18 30
23 9 20 20
24 1 23 21
25 9 30 28
26 5 26 27
27 — — —
28 11 16 14
29 12 26 18
30 10 21 18

Total 273/406=67.2% 825/1160=71.1% 633/1131=56.0%
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mean rainfall averages recorded in
CIMMYT international nursery
reports. The 34 stress environments
received less than 400 mm of
rainfall during the growing season
and the 18 nonstress locations
received 100 mm or more of
precipitation during ihe growing
season or were under irrigation.

The results of pertorming Eberhart
ana Russell’s stability analysis on
Altar 84 across ail environments,
across the nonstress environments,
and across the stress environments
are summarized in Table 3. The
symbols b and SS denote the slope
of the regression line and the sum
of the square deviations from the
regression line, respectively. b is the
slope of the regression line of Altar
84 mean yields ogver the site mean
yields (Fig. 7). Sg is a measure of
the dispersion of the actual data
points around the estimated
regression line. The mean yield of
Altar 84 at a given site is the
average yield from three replicated
piots. The site mean vyield is the
overall average of all cultivars
entered in the trial at that site
{excluding the local check variety
which changes among sites). For

example, in Figure 7 the upper line
(b = 1.25} is the regression of
Altar 84 yield vs. the site mean
yield of all entries. This slope
represents the yield response
performance of Altar 84 across all
environments. The line through the
origin with a slope equal to 1.00 is
a hypothetical line of equality
between Altar 84 and the site
mean,

In the analysis of Figure 7, the
slope is equal to 1.25, which is
significantly greater than 1 (unit
slope). lf the scatter of points about
the regression line is small enough
to be considered stable, such as for
the 14th EDYT nonstress analysis in
Table 3, it is denoted by "'S"". The
Sf, value in Figure 7, however, 1s
0.53 which is statistically greater
than zero, indicating “"instability’" of
yield according to Eberhart and
Russell. However, a commor.
criticism of the linear regression
methods of studying yield stability 1s
the fact that a few extreme data
points may greally affect stability
parameters (2). For example, by
removing the four data points in
Figure 7 which lie well above the
regression line, the subsequent

Table 3. Performance of Altar 84 across all environments in the
14th EDYT and the 16th IDYN. Graph of overall site

analysis shown in Figure 7

‘o Over oil sites

ey

X a6
14th EDYT 4526 4811 1.01 0.35°" H
16th IDYN 4077 4840 1.26* 0.83"" H

X  Environment mean yield {kg/ha).
XA Mean yield of Altar 84 (kg/ha).

' Statistically significant at the 0.05 level of probabiliyy.



analysis showed a slope statistically  for deviations on the high vyield side
equal to 1.00 and was classified as  of 1 (unit slope), to differentiate

stable in the overall analysis, deviations in favor of high yield
nonstress analysis, and stress {which is desirable and an indication
analysis. Inspecting the position of of good adaptation) from deviations
deviations from regiession in Figure toward low vyield (which is
7.1t becomes apparent that the undes:rable and an indication of
large deviations Gin the areas of poor aaaptation). It Altar 84 had
3000 and 7500 kg/ha site mean been eliminated as an "'unstable"’
vield) are toward higher vield of line, ignoring the fact that four high-
Altar 84, We have designated this yield points heavily influenced the
type of deviation ""H’” in Table 3, deviation from regression
g ]

£ 90001 ® 1.00
& ]
r: .

7000+ ®
[5%) .2 _
5 . © 5 g = 0.53
I [ )
< 5000 °
© S [ (]
- 3000+

1000

1000 3000 5000 . 7000 | 9000 © 11000
Site mean yield (kg/ha)

Figure 7. Regression of Attar 84 mean vields over site mean yields for all
locations of the 16th IDYN.

Nonstress . Stress
- - P Sta- - — 2 Sta-
X Xa b6 S5 bility X XA b S5 bilty
6112 6319 1.06 0.09 S 3200 3620 1.10 0.73°* H
5388 6424 1.38° 0.44°* H 2866 3382 1.14 0.73"* H

** Statistically significant.at the 0.01 level of probability.
Note: For explanation of B, Sé . S, and H, see text.
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parameter, we would have
eliminated a cultivar which showed
4- to b-t yield potential in a 2.5-t
mean yield environment and 10-t
yield po.ential in a 7.5-t mean vyield
environment. Furthermore, stability
analysis by the Westcott Method (2)
showed Altar 84 to be stable in all
environments. Thus, broad
adaptation, in terms of high yield
potential and ability to respond to
improved management for Altar 84,
15 evident in both stress and
nonstress environments as shown in
Table 3.

Disease resistance—Compared to
its predecessors in Mexico, such as
Mexicali 75 and Yavaros 79, Altar
84 has excellent resistance to the
major rust diseases. As shown in
Table 4, the teve!l of resistance in
Altar 84, as measured by the
average coefficient of infection and
the average foliar index, is usually
equal to or better than that of
Yavaros 79 and Mexicali 75 for the
three rusis as well as for head
scab, saptoria tritici blotch and
septoria nodorum blotch, leaf spot,
bacterial leaf stripe, and barley
yellow dwarf. These data represent

Table 4. Summary of Disease Data from 16th IDYN

Strips Rust Leaf Stam’
Varlaty Leaf® Head® Rustd Rustd
Altar 84 2.0 8.0 2.0 18.0
Yavaros 79 6.0 23.0 15.0 22.0
Mexicali 75 8.0 3.0 40.0 15.0
Nursery Mean 7.2 12.3 23.1 24.3
No. of observations for each variable 15 5 7 13

a  AC! (Average Coefficient of Infection).

b AFl (Average Foliar Index).

Tabie 5. Industrial quality of durum wheat cultivars
Altar 84, Yavaros 79 and Mexicali 75

1000- R
graln  Yellow Semolina Semoiina

_ Test :
g weight weight Bewy  yield = protein-
Variety {kg/bl) (9) (%) (%) (%)
Altar 84 84.4 50.07 3.0 57.5 10.3
Yavaros 79 82.4 54.87 2.9 57.5 9.9
Mexicali 76 81.1 56.84 2.8 57.5 10.1

esidual, solids in water used to cook spaghetti {% based on uncooked spaghetti).

aR
br = regular; G = good.
CA

scale of 1-10, where 1 is the lowest quatty and 10 is the I.ighest.

vt



A wide range of environments and
pathogen virulence and support the
information available from artificially
iroculated experiments conducted
in Mexico prior to release by the
national program.

Quality - One of the primary
reasons for the reiease of Altar 84
n Mexico, and its consideration for
release in other countries, is its
excellent industrial quality. Grain
samples of Mexicali 76, Yavaros
79, and Altar 84 grown in Scnora,
Mexico, in 1985-86 were compared
for quality characteristics. Overall,

Aitar B4 was found to combine
better quality attributes than the
other two cultivars. The results are
shown in Table 5.

Altar 84 has a higher test weight
and lower 1000-grain weight than
Mexicali 75 and Yavaros 79 The
higher test weight of Aitar 84 is due
to its smaller grains. The presence
of yellow berry in durum wheat,
which increases the percentage of
grains with starchy areas and
subsequently decreases semolina
vield, can lower milling quality.
However, this appears to be a

Scab Powdery Septoria Septoria Heim. — Bacteilal = .
% Mildew triticl b nodorumb  sppb  ‘Stripeb BYDVD
40.0 2.0 5.0 4.0 2.0 5.0 2.0
70.0 4.0 3.0 3.0 2.0 4.0 4.0
70.0 2.0 6.0 4.0 4.0 6.0 3.0
62.7 3.3 4.1 2.9 3.5 4.8 3.8
1 10 10 3 3 3 8
. Pigments . Sedimantation DUl e e
Y (ppm) - - SDS(cc) . Cooklnfg.dqality R
Semo- -Ssmo-  Solidsd o
Grain  lina Pasta Grain lina (%) Consistencyb - - Gradec
5.9 6.0 4.8 9.5 8.0 6.8 G 8
5.6 5.4 4.1 8.0 7.5 6.8 G 8
59 6.6 5.6 8.0 7.0 6.5 R 6

57
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minor problem for these three
cultivars as their yellow berry
percentage (Table b) is quite low.
The three cultivars showed similar
semolina milling potential, under the
expeiimental milling conditions
used. However, it is likely that in
commercial milling, Altar 84 could
be slightly better since it has more
rounded grains which make it easier
to separate the bran from the
endosperm resulting in a greater
semolina vield. Spaghetti irom
Mexicali 75 showed some surface
stickiness and theretore its quality
was estimated as only fair. Altar 84
and Yavaros 79 have good
spaghetti cooking characteristics.

Future of Durum Wheat

in Mexico

Land area devoted to the production
of durum wheat is increasing in
Mexico, and the pioduction oi Altar
84 in such areas as the Yaqui
Valley of northwestern Mexico is

Figure 8. Aix"'S"’ Is an example of a promising

advanced line under consideration for rolease in
Mexico that, lika Altar 84, has superior yield
potential, wide adaptation, good disease
resistance, and acceptable industrial quality.
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growing at a tremendous rate. Part
of the increased planting in this
region is due to durum wheat's
inherent resistance to the discase
Karnal bunt which is a problem with
local bread wheat cultivars. While
this increase is a sign of success for
the Mexican and CIMMYT
cooperative durum research
programs, the breeders are aware
that large-scale planting of a single
genotype can result in genetic
vulnerability caused by pathogens.
In response, the CIMMYT durum
wheat program is producing many
advanced lines with even better
qualty than Altar 84, and with
different geneiic backgrounds.

Four promising advanced lines
under consideration for release in
Mexico are Aix"'S"" (Figure 8),
CARC"'S"IAUIL'S ™,
CHEN"'S"'/ALTAR 84, and
FG'S"/ATO"S""//HUI''S""I3/ROK
“§'". Like Altar 84, these advanced
lines have superior yield potential,
wide adaptation, good discase
resistance, and acceptable industrial
quality.

Soon farmers in Mexico and other
countries will have a nurnber of
durum wheat cultivars to choose
from that will enable them to supply
a high quality product that will meet
the standards of their countries’
pasta industries.
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Rotation of Wheat and

Viedicago spp. in Chile’s Secano Interior

M.A. McMahon and P. del Canto S.1

Most of Chile’s wheat is produced
under rainfed conditions. One of the
rainfed areas is known locally as the
Secano Interior. Historically, this
area was an 'mportant wheat
producer, but it 15 now regarded as
a depressed region compared to
other regions of the country. This 1s
generally believed to be due to a
lack of adequate crop production
technology.

The Secano Interior is very similar
to other subsistence farming areas
of the world. It has infertile soils,
poorly distributed rainfall, resource-
poor farmers, and a lack of applied
research. However, a well focused
research program replicated over a
4-year period has produced results
that can be transferred directly to
Chitean farmers and nut into
practice by them.

n the wheat-Medicago spp. {medic)
rotation study discussed in this
article, the research program was
carried out by personnel from poth
the Chilean National Institute of
Agricultural Research (INIA) and
CIMMYT. The work started with the
gathering of information from
farmers and with a crop survey.
When the information was analyzed
and the limiting factors determined,
the apparent relevant data from the
station research programs were
analyzed to design the trials aimed
al alleviating these limiting factors.
A Hlow of information between
farmers and researchers was
maintained all through the project
duration. As ting went on, new

T Matthev A McMahon 1s head of the
Wheat Agronormy Program. Pedro dol
Canto S is agronomist, ecology and
management, Quilamapu, Chillan,
Chile

problems were diagnosed (such as
sulfur and potassium deficiencies)
and addressed; this is a continuous
process of field experimentation. As
technology adoption and pasture
and wheat vields increase, new
problems will be identified and dealt
with

This article summarizes research
replicated over 4 years on the
rotation of wheat with a legume
forage plant (Medicago spp.)
conducted by INIA and CIMMYT.
The Information was generated in
the southern part of the Secano
Interior (Figure 9).

Description of the

Secano Interior

This area, located on the eastern
side of the coastal mountain range,
has no maritime influence (Figure
9). Within Regions VIl and VI,
there are 168,855 ha (15% of the
Secano interior’s total area) that are
suitable for wheat production.

The soils range from slightly sloping
to slopes of more than 20%. They
are derived from granite with
topsoils of sandy clay loams while
the subsoils are sandy clays. Due to
generations of cultivation and poor
management, most of the area is
highly eroded with a subsequent
loss of soil fertility. Soil analyses
show NO3-N levels to range from 2
to 8 ppm, Bray 1 p from 310 5
ppm, and exchangeable potassium
from 40 to 120 ppm. Organic
matter fluctuates between 1 and
2%, depending on the cropping
intensity; pH is generally in the
range of 5.8 to 6.0.

The area has a Mediterranean-type
climate. Seventy to eighty percent
of the rainfall (660 mm) occurs
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between May and August. The
coldest months are June and July
with average temperatures of 8 to
9°C. Occasional frosts occur. The
hottest moniths have average
temperatures of 20 to 21°C. The
October-April pericd is dry and soil
moisture reserves arc inadequate for
plant growth (Figure 10).

The present natural vegetation
consists of a brush layer where the
species Acacia caven dominates
and a lower layer composed mainly
of grasses and legumes.

Cropping in this area involves a very
iow level of technology and actual
yields are far below their potential.
Present wheat vyields fluctuate
retween 500 and 700 kg/ha. The
highe: yields are usually obtained
when spring rainfall is high. Cattle
production is entirely based on
natural pastures of extremely low
guality and are normally overgrazed.
These pastures are rotated with
wheat and grain legumes. These
crops are generally unfertilized and
cultivation ieads to further
degradation of the soi! resource.

Quintero

Valparaiso

Figure 9. Secano Interior, Chile.
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Traditional Pasture-

Wheat System

The traditional rotational system of
native pasture and wheat has been
practiced for generations in the
area. The productivity of this
system has deteriorated due (o
overgrazing and the exhaustion of
soit fertility through unfertilized
cropping. The best pastures are
found where an association of
brush {Acacia caven) and grass
have been maintained. As can be
seen in Table 6, native pasture
without fertilization vields an
extremeiy low 1.4 t of dry
matler/ha. Fertilization raises

~—— Rainfall
3001 .. Evaporation

. Moisture Deficit
==== Frost Free Period
=r=+== Maximum Temp. !
2009 mrerine Average Temp.’/ 5

- Absolute ¢
Minimum 4

100-

production to 2.4 t of dry
matter/ha. However, not even these
production levels are common in
the area and the brush layer is
normally absent due to wheat
cultivation.

In pastures that are established after
wheat, dry matter production is very
low but increases with time after
the wheat crop. For example, in the
first year after wheal there is little
Or no pasture production.

Production reaches its maximum
about 15 years after wheal
cuitivation. These low production
levels can be seen in Table 0,
where a successional pasture
without fertilizer yielded only 0.9
t/ha of dry matter; fertilization
increased yield to only 1.8 t/ha.

J F M A M

Figure 10. Climodiagram, Cauquenes, Chile (25 years).
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Medicago Spp. in Chile

The legume forage plants,
Medicago spp. (medic), are native
to the Mediterranean basin and
were probably brought to Chile as
forage by the early Spanish
colonizers. Today, there are at least
lwo naturalized species in Chile.
Medicago arabica and Medicago
polimorpha. Theyv are found from
Quintero to Chanco on the coastal
terraces and also in the Secano
Interior. M. arabica is mostly found
on the cecastal terraces. These
species have disappeared from most
fields due to deep plowing, but they
can be easily seen alorg roadsides,
and in orchards and vineyards
where fertility is adequate. Researci
results indicate that well managed
medics in rotation with wheat in
this area will increase wheat and
meat production by increasing soil
fertility and water holding capacity
of the scil, reducing weed
populations, and controliing erosion.

Wheat-Medic

Rotational System

Because of the low productivity of
the traditional system, INIA and
CIMMYT have been working on a
wheat-medicago rotation systern for
the area. Basically in the cropping
pattern, a farmer grows wheat 1
vear in a field and then medic the
next. In any given year, half the
farmer’s lard is in wheat and the
other half in medic. However, there
can be many variations to this basic
pattern. For example, there can be
several years of medic pasture to 1
year of wheat on a specific site. If
there is a sufficient amount of
medic seed reserve n the soil,
wheat can be grown more than 1
year in succession. Cereal leqgumes
such as lentils and chickpeas can
also be inserted into the rotation.

The crop year begins in autumn
(April-May in Chile) when the first
rains come. The land that was
previcusly in medic is sown to
wheat while on the land that was in

Table 6. Dry matter yield of different pastures in the Secano Interior@

‘Pasture ft

Phalaris 50- 75-50-S-BC 0]
Subterranean Clover 32-100-60-S-B .3
Phalaris + Subterranean 32-100-50-S-B .9
Clover + Ryegrass

Successional 90- 756- 0 1.8
Native 50- 75- 0 2.4

8 Source: Contreras, D.: Caviedes, E.; Ovalle, C.; Informe Técnico Area de

Produccidn Animal, E.E. Quilamapu.

Average values over 5 years (1979-1983).
€ Sulfur {S) and Boron (B in trace amounts,



wheat the previous year phosphorus
is broadcast. This is an important
step because the applied
phosphorus stimulates the medic
growth and assures adequate
aground coverage. During the year,
the medic s grazed and may be
eventually cut for hay. In any case,
the medic 15 grazed or cut close to
the grourd before the next season.

There are a number of key
management tools that have to be
used 1o ensure the success of the
system:

Hard seed--The hard seed of the
medic 1s the key to the whole
system. Medic varieties must
produce a high proportion of viable
seeds that are dormant for long
periods. Fortunately, this is a
charactenstic of the species
raturalized to Chile. The
impermeable seed coat becomes
permeable to moisture through the
acton of daily temperature changes
throughout the year. These
temperature changes cause the
seed coat to expand and contract
until it cracks exposing the embryo
to the moisture necessary for
grrmination.

Most of the seeds from a medic
crop must remain “"hard’’ from the
time they are shed in the spring,
through the long, hot and dry
summer, through the next wheat
crop and another summer, to the
following autumn when the rotation
enters into its pasture phase. The
perfect situation would be if 85 to
90% of the seed has that degree of
“hardness.”’

Phosphorus-—The application of
phosphorus throughout the rotation
is another key element. This is

especially wrue in the Secano Interior
of Chile where soil phosphorus
levels are low. Without an adequate
phosphorus level in the soil, medic
will not be aggressive and will lose
its dominance as a species in the
pasture phase. The application of
30 to 40 kg P20s/ha each year on
both medic and wheat is currently
recommended.

Shallow tillage—Deep tillage is the
greatest enemy of medic. If the
secd is buried too deeply then it is
lost to the system. This is the main
reason in Chile for the fow
population of medic in natural
pastures. Tillage for wheat should
be no deeper than 8 to 10 cm and
should be done in the autumn after
the first rains. Because the medic
improves soil structure and the
tillage 1s shallow, tha tand can be
prepared faster.

Grazing—It is difficult to give
blanket recommendations for
grazing because management of
this factor depends to a great extent
on the weather of a particular year.
However, some general principles
must be observed:

* During the establishment vyear,
grazing should be reduced during
flowering. If it is not, seed sel
will be reduced. Once the pods
have formed and begin falling on
the ground, grazing causes no
problem.

* The wheat stubble should be
grazed very closely to the
ground.

¢ Early-season grazing of medic
will eliminate weeds and leave
the medic without competition.
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* With proper stocking rates,
medic pastures will produce
more forage during the peak
season than the animals can cat.
Hay can then be cut and can be
used when there is little medic to
be grazed.

Results of the Study

The rotation of wheat and medic
was started in 1983 at Cauquenes
(Figure 9). The site selected for this
trial was a degraded pasture that
nas mecic {M. polimorpha) as a
constituent. A rotation of 4 years
was planned (3 years of medic and
1 year of wheat). The 4-ha area
was divided into four 1-ha treatment
plots. The first plot was sown with
wheat during the autumn of 1983
and the other three plots were sown
with wheat in the autumns of 1984,
1885, and 1986 respectively. The
annual fertilization of the medic
pasture was 36 kg P20g/ha. Wheat
was fertilized at the rate of

30-36-20 kg N-P-K/ha. A summary
of the results is presented in
Figure 11.

In the first year {1883-84) of the
experiment, the wheat cultivar
Lucero sown after the degraded
pasture yielded 3.50 t/ha. The
degraded medic fertilized with 36 kg
P20g/ha vielded 4 t dry matter/ha,
far more than the best natural or
artificial pastures recommended for
the area as shown in Table 6.

In 1884-8% the wheat cultivar Onda
yielded 4.50 t/ha, while the
renovated (first year after wheat)
medic pasture yielded 5.16 t/ha of
dry matter (Fiqure 11). In 1985-86
Onda vyielded 3.60 t/ha, while the
renovated medic pasture (first vear
after wheat) vielded 5.24 t/ha. The
second-year medic also maintained
high levels of dry matter production
at 5.33 t/ha. In 1986-87 when the
cycle was completed, first-year

Plot
] Wheata {1 Medic 1st Year | | Medic 2nd Year | | Medic 3rd Year
350 Thha 5.16 T/ha 5.33 Tha 5.10 T/ha
Medic - Whéat? | | Medic st Year |_| Medic 2nd Year
2| 4.00 Tiha 4.50 T/ha - 5.24 Tiha 6.90 T/ha
3 [ Medic | || ’;»_TWhéé.tbi,n; 1 | Medic 1st Year
4.00 T/ha MedicC 360T/ha o 6.05 T/ha
4 Medic  |_ | Whestb,d
4.00 T/ha MedicC Medic® T 220TI
1983 1984 1985 1986

8 Cultivar Lucero. © No vyield data.
b Cultivar Onda.

d Yield low due to late planting.

Figure 11. Wheat-rnedic rotation, Cauquenes, Secano Interior, 1983-26.



medic yielded 6.05 t/ha, second-
year medic, 6.90 t/iba; and third-
year medic 5.10 t/ha. The wheat
cultivar Onda vieldad a low 2.20
t/ha due to late planting.

As can be seen from these data,
unproved medic pastures over the 4
years yiclded an average of 5.63
t/ha of dry matter, far above the
typrcal pasture of the area as shown
in Table 6. Wheat averaged 3.45
t/ha.

Conclusion

This 4-year oroject has shown that
a highly productive new system can
be introduced into a resource-poor
area and made to function. Some
farmers in the area have already
adopted the system.

The INIA has already initiated
further research on the pasture side
of the system. Because this system

g . £roNy C
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will lead to higher soil fertility, new
high-yielding wheat cultivars will
also be an important system
component. This has already
become obvious to area farmers
and they have notably increased
their adoption of high-yielding wheat
cutivars over the past 4 years.

The total success of this system will
depend on its integrated
management High yielding,
disease-resistant wheat cultivars
coupled with adequate fertilization
and proper management of the
pasture phase are the keys to
success. On-going rescarch on
these aspects will be the basis for
this management. This system
promises to be highly productive
and at the same tme will contribute
to the sustainability of production in
this resource-poor area.

Bk, Ly
R T N 1
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Medic pasture after wheat, Cauquenes, Chile, 1984, Such pastures pruduce dry
matter in quantitiss far above those of the traditional, unimproved pastures.
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Crop Menagement R esearch

In couperaton with colleagues from
national programs, CIMMYT
agronomists and economists focus
much of their attention on issues
related to technology generation in
maize and wheat production. They
participate in collaborative work to
develop and demonstrate
procedutes for on-farm research
(OFR}, in addition to offering
training in those procedures and
providing advisory services at the
national program level.
Responsihility for the actual
research hes with the collaborating
national programs.

Over the past decade, the collective
expertence of CIMMYT and national
program staff in OFR has been
valuable in formulating a
comprehensive set of research
procedures that may be used in
widely varying situations. That
methodology, its application, and its
results in two distinct study areas
are presented in this year's
Research Highlights.

Larry Harrington, CIMMYT outreach
cconomist based in Southeast Asia,
with colleagues in the Indonesian
national program and cooperators
from the Netherlands, describes the
early stages of developing and
testing recommendations for

farmers in East Java. Rob Tripp,
acting director of the CIMMYT
Economics Program, Michael Read,
outreach staffer for the CIMMYT
Maize Program’s bilateral program
in Ghana, and colleagues in the
Ghanaian national program focus on
a later stage in the research process
in their article abnut th2 adoption of
recommended maize groduction
practices in Ghana's Brong-Ahafo
region.

Both articles emphasize that OFR is
not a linear, assembly-line process
that moves from start to finish with
mechanical assurance. Instead, the
authors show how the planning of
each stage in OFR is influenced by
a careful consideration of farmers’
needs and interests, by possible
changes in farmars’ circumstances,
as well as by experimental results.
The results vbtained by the OFR
teams in East Java and Brong-Ahafo
certainly demonstrate the
practicability of the research
methods. But even more important,
they emphasize the inherent
advantages of strong cooperation
among researchers, farmers, and
extension agents working to
improve the productivity of small-
scale farmers.
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Maize Production Research in East Java, Indonesia

M. Dahian, Heriyanto, Sunarsedyeno, S. Wahyuni, C.E. Van Santen,
J.Ph. Van Staveren, and L.W. Harrington1

Indonesia’s leading province with
respect to maize production is East
Java, where annual production is
around 1 5 million tons, or about
40% of the national total. About
/0% of the maize grown in East
Java is used for dircct human
consumption, and for many farm
families it is a major staple food
that is more important than rice.

The crop is typically grown on very
small farms of less than i ha on a
variety of land types, both inigated
and rainfed. It is grown on the
slopes of volcanoes, in paddy fielas
alter rice, and on limestone hills in
the southern part of the province.
Although it is occasionally
monocropped, maize is more
commonly grown in complex
cropping patterns that may also
include cassava, upland rice,
soybean, and peanut.

Continucd givwwth in the productivity
of resources devoted to maize
production is essential for four
reasons:

* To provide food for the
expanding rural population.

* To meet rapidly growing demand
for maize . livestock feed.

* To increase farmers' incomes
and, indirectly, contribute to rural
development.

* To free scarce land and other
resources for alternative uses.

In view of these needs, the Malang
Agricultural Research Institute for
Food Crops (MARIF)—which has

primary responsibility for research
on palawifa crops (nonrice food
crops), including maize—and the
CIMMYT Economics and Maize
Programs initiated an on-farm
research (OFR) program in January
1984 (1), Another cooperator in this
venture is the ATA-272 project
(Agricultural Technical Cooperation
between Indonesia and the
Netherlands).

The OFR program started with two
major objectives. The first was to
try OFR procedures and ascertain
their proper role in MARIF's
activities. The second was to
develop recommendations that
could he rapidly adopted by farmers
in a single study area.

The OFR Study.

Malang District

The program's activities were
initially restricted to one study area
in Malang District, East Java, where
crop production systems are heavily
influenced hy land type, soil type.
and elevation (Table 1). Sawah
fields are bunded wetlands with
rice-based cropping systems, in
which palawija crops are generally
grown alter rice. Tegal fields are
rainfed, unbunded fields used for
the bulk of palawija production.

1 Marsum Dahlan, Heriyanto,
Sunarsedyono, and Sri Wahyuni are
connected with the Malang Research
Institute for Food Crops, Malang,
Indonesia. C.E. Van Santen and
J.Ph. Van Staveren are technical
cooperators from the Netherlands.
Larry W. Harrington is a Thailand-
based economist for the CIMMYT
Economics Program



Because it represented a relatively
simple production system, the tegal
system practiced on young volcanic
soil {Table 1) was chosen to define
the iist OFR study area. The area
covers 30,000 ha (H%) physical
area in Malang or roughly 60,000
ha of annual harvested area (since
two crops are grown), and includes
an estimatad 40,000 farms, each
operating ar - nd 0.8 ha of tegal
tarmland (Figure 1). The average
annual rainfalt is 2130 mm, with 5
to § wet months (over 200 mm
rainfali/month} and 2 to 4 dry
months (less than 100 mm
rainfall/month). The most common
cropping pattern in the study area is
maize-maize, though some farmers
grow upland rice-maize.

Farmers’ Practices

Production practices in the study
area are fairly intensive (Table 2),
vet maize grain yields are often
lower than 2 t/ha. Maize fields are
usually plowed two to four times,
using cattle for draft power, and
then harrowed and leveled. The
rainy season maize crop is planted
between September and November,
depending on the onset of the rains,
and harvested in December-
Febreary. Farmers normally like to
plant the post-rainy season crop
immediately afterwards, but excess
rain frequently forces some to delay
planting up to several weeks. About
half of the farmers in the study area
grow upland rice as the rainy
season crop and tend to plant post-
rainy season maize even later.

Table 1. Major crop production systems, Malang District

no.. “crops’
1 Maize,
cassava,
grain-
legumes
2 Tega! Young Maize, 400-700 37
volcanic upland rice
3 Sawah Alluvial Transplanted 400-700 15
and young rice, maize
volcanic
4 Tegal Young Maize and 400-1500 5
volcanic horticultural
and crops
volcanic
ash
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Relatively few farmers (23%) use
such recently released irmnproved
varieties as Arjuna; 48% use
traditional, unimproved varieties,
and the remainder use older
improved varieties such as Harapan.
A very small number are trying
commerctal hybrids. Farmers
indicated that vyield and tolerance to
insect damage and lodging are
important considerations in selecting
maize varieties.

Maize is grown at extraordinarily
high densities, with initial plant
stands of around 150,000 plants/ha
for unimproved varieties and
105,000-110,000 plantsiha for

irproved materials. Most farmers
manipulate their plant stands by
continuously removing spindly,
weak, diseased, or damaged plants.
At harvest, densities are often lower
than 40,000 plants/ha.

The maize fields in the study area
are rarely weedy, as might be
expected with very small farms.
Apart from the weed control they
gain through intensive tillage,
farmers normally conduct two
additional weedings in each crop
cycle.

Virtually all farmers in the study
area use nitrogen fertilizer (urea).
The average dose is over 160 kg

Sumatra

Indian Ocean

Malang District

Nusa Tenggara

(:9’%@‘ -

Dy

Irian Jaya
R}

o

l‘.'

Sulawesi

The Study Area

Figure 1. Map of Indonesia and East Java.
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N/ha, split in two applications that
coincide with the first and second
weedings. Few farmers apply more
than an insignificant amount of
nitrogen at planting, and few apply
phosphoarus or potassium. The high
nitrogen doses are a consequence
of urea’s ready availability and very
low (i.e., highly subsidized) farm-
level prnce.

{t should be noted that rainy season
maize (October planting) and post-
rainy season maize {February
planting) are managed in very
similar ways. The major exceptions

Table 2. Maize production practices in the study area

to this rule are that 1) land
preparation is usually more intensive
for the rainy season crop, and 2)
manure, when applied, is normally
spread before plowing for the rainy
season crop. Throughout the study
area, the rainy season crop is
planted by most farmers at about
the same time, with the onset of
the first rains. However, planting
time for the post-rainy season crop
is much more variable, and may
extend over a period of 6 weeks
between early and late plantings.

bt leon A At ) ‘3‘(3
PI;nt traditional, unimproved varieties 48
Plant older improved varieties 29
Plant new improved varieties 23
Use self-supplied seed 75
Take out bad plants 83
Applied manure last season 57
Applied nitrogen 100
Apply phosphate (only in specific villages) 30

Average
Density at seeding, unimproved varieties (seeds/ha) 150,000
Nitrogen dose (kg N/ha) 162
Maize vield (t/ha) 1.8

Source: MARIF (1985)
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(3513
A farmer examines the maize ssed he will plant
this rice crop is in the background).
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Diagnosis:

Problems and Causes

In the first stages of research, the
OFR team was faced with what
seemed to be a paradox. They
observed that in spite of intensive
management (adequate tillage, row
planting, adequate weeding
practices, and high nitrogen and

manure application rates) maize,
regardless of variety, had spindly
stalks and discolored leaves. Yields
were low, averaging 1.8 t/ha of
grain, even though research on the
experiment station indicated that 5
t/ha could easily be obtained from
the variety Arjuna.

The OFR team was able to resolve
this paradox by paying close
altention to the causes of various
productivity problems and their
respeclive interactions with farming
systems parameters. Three
factors--insect damage and poor
management of plant population
and fertilizer-—adversely affected
maize productivity.

Insect damage— Maize in the study
arca is often damaged during early
growth stages by shootfly (Fuxesta
spp.) and other insect pests. This is
particularly true for post-rainy
scason maize that is planted a bit
late, although rainy season maize
can also receive considerable
aamage. Late planting in the post-
rainy season can usually be
attributed to a previous upland rice
crop (rainy season upland rice is
harvested after rainy season maize)
or 1o a delay in tillage operations
due 10 excessive soil . isture.
Surveys of shootfly incidence
conducted in several research
cycles have found up to 80% of the
plants in each field infested with
that pest.

Plant population management—
Farmers in the Malang study
commonly overplant maize and then
progressively, systematically thin



out “'bad plants'’ —those damaged
by insects or diseases, or that
appear too spindly. High initial
densities lead to interplant
competition and, together with high
nitrogen doses, contribute to
lodaing

From the beginning, it was clear
that this prob'em could not be
effectively addressed without a
good understanding of its causes.
The selection of priority research
Issues depended heavily on which
of three hypotheses was most
accurate:

¢ Overplanting and thinning are
done to produce green fodder for
fivestock.

* Overplanting compensates for
poor seedling vigor and low
germination rates.

* Overplanting compensates for
expected iosses to shootfly and
other pests and diseases.

Farm surveys provided data that led
lo the rejection of the fodder
production hypothesis; many
farmers who thin their maize and
also own livestock do not bother to
use the thinnings as feed. The
second hypothesis—seed quality
and germination rates—has not yet
been rigorously tested, but is not
felt to be critical. The third
hypothesis, that farmers overplant
o compensate for damage hy
shootfly and other pests and
diseases, was judged most
accurate. Thus, research aimed at
improving population management
practices necded to address pest
control problems, but not seed
quality, seed storage, or fodder
availability.

Fertilizer management-— Farmers in
the study area use high levels of
nitrogen on their maize (an average
of 162 kg N/ha) but do not obtain
high vields. The efficiency of the
applied tertilizer is quite low-—at
times as low as 3 add;.ional
kilograms of maize produced per
additional kilogram of nitrogen
applied. Working hypotheses to
explain low fertilizer efficiency
included:

* Farmers’ plant population
management practices
foverplanting and thinning)
reduce fertilizer efficiency.

Farmers’ varieties do not respond
to fertilizer application (i.e., they
have low yield potential).

* Nutrient imbalances cause low
fertilizer efficiency. Soil test data
from the study area show
phosphorus and potassium
deficiencies. Perhaps fertilizer
efficiency could be increased by
substituting phosphorus for some
of the nitrogen.

* Fertilizer efficiency is low
because nitrogen is a1plied late.
Few farmers apply nitrogen at
planting time. Some have tried to
mix urea with seed, with
unfortunate results. Labor
scarcity at planting time does not
explain this problem; labor is
even more scarce at weeding
time, and the additicnal labor
input for applying fertilizer is low.
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Each of the hypotheses was found
to be fairly accurate, with the
possible exception of the hypothesis
on variety. Farmers’ varieties were
found to vyield quite well under
improved management (pest control
and better plant population and
fertilizer management).

Evidence from

On-Farm Experiments

The problems discussed in the
previous section were examined
from 1984 to 1986 in five cycles of
on-farm experimentation. Some
experiments served to furth.: riafine
problems, whereas others wiit:
aimed at finding possible solutions.
The results of the trials are fairly
consistent and tend tc support the
hypotheses proposed during the
diagnostic stage. It appears that
farmers’ rnaize vyields can be
doubled through simple
improvements in management
practices at 1 moderate increase in
cest.

The OFR team conducted 71 on-
farm trials in seven villages during
five crop cycles. Twenty-eight
farmers participated; some
cooperated with only one trial in
one seascon, and other farmers
participated during all cycles, but
they did not necessarily use the
same field each t'ime. The team is
currently conducting trial cycle 7.

tant protection—Evidence of
shootily incidence and yield losses
caused by insect attack early in the
growing season was obtained in a
number of ways, including
experiments and surveys. Insect

damage early in the growing season
mignt conceivably be reduced if
farmers could plant their maize
earlier, but rain,al' patterns and
intensive land use practices prevent
most farmers from doing so. A
simpler and more effective solution
is the use of an appropriate
insecticide.

Results of cycle 2 verification trials
(Table 3) illustrate the response to
plant protection that is often found
in the study area. The major insect
control treatment tested by
researchers was the application of
carbofuran 3% granules in the hole
at planting time, at the rate of 0.3
kg/ha active ingredient. The
economics of carbofuran treatment
appear quite favorable: additional
costs can be repaid by a yield
increment of less than 50 kg/ha
grain. (Carboturan is highly
subsidized, but even at unsubsidized
prices it would give very good
economic returns.) In villages where
OFR has been done, there is
evidence of farmers’ early and
spontaneous adoption of this plant
protection practice, along with
lower seed rates and changes in
plant population management.

Plant population—Farmers in the
study area overplant and thin largely
because they are concerned about
insect damage and perhaps because
of other factors such as seed quality
or the possible recurrence of downy
mildew. Virtually all farmers,
regardless of which variety they
use, remove damaged, diseased, or
spindly piants and haivest fewer
than 40,000 plants/ha. The
alternative plant population
management practice that was
tested consisted of using lower



plant densities (around 90,000
plants/ha) and not thinning (this
practice is feasible cnly in
conjunction with pest control
measures). A nurnber of OFR
studies generated data on plant
population, and results of cycle 1
exploratory trials illustrate the effect
ol lower initial plant stands on
maize grain yields {Table 4).

Fertilizer management-- It was
commonly observed during the
exploratory survey and production
survey done in 1984 that farmers’
maize yields were low despite high
levels of nitrogen chemical fertilizer

and the use of manure. Discolored
leaves during early growth, frequent
stem lodging, and spindly plants
were noted in field observations.
Several alternatives to farmers'’
fertilizer management were
examined (Table 5); during the
second cycle of experimentation in
the 1984-85 rainy season, an NPK
factorial trial was done at four
locations. In that trial, observations
on the timing of nitrogen application
were also made. Soil samples from
five locations in the study area were
used for chemical analysis and a
fertilizer experiment in the
greenhouse. During the fourth and

Table 3. Effect of plant protection on maize yield (kg/ha), verification

trials, third cycle (post-rainy season, 1985}, eight locations

Bambang 2049
Kamantri 1359
Argosari 2109
Randu Agung 1 2448
Randu Agung 2 2217
Pakisjajar 2716
Dengkol 3006
Sukoanyar 2666
Average 2321

=5 o

2295 246

2513 1154
3625 1516
3560 1112
2934 717
3095 379
2724 -282
4618 1952
3171 850

8 This is the completely unmodified farmer practice. Yield cuts were made
in nonexperimental parts of the trial fields (same harvested area and
harvesting technique as the experimental treatments).

b The only difference from the previous treatment is that carbofuran was
applied at planting. Planting and all management were done entirely by
farmers as in the *'no crop protection’’ treatment.
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fitth cycles (the 1985-86 rainy
season and 1986 post-rainy
season), the response of maize to
combinations of nitrogen,
phosphorus, and potassium was
studied over locations and seasons
and additional greenhouse studies
were done.

’

These studies generally supported
the hypotheses generated during
the diagnostic stage. No significant

yield response to nitrogen beyond
132 kg N/ha was found, but the
effects of phosphorus application
and earlier nitrogen application were
consistently large. Data from 15
verification trials from three cycles
{Table 6) provide the most dramatic
illustration of the effect ot improved
fertilizer management on maize
yields.

Table 4. Effect of plant population management on maize grain yields

(t/ha), exploratory trial, first cycle (post-rainy season, 1984}

' Farmer.

Location” population managamenta

BWN =
N0 0 =
= LW

8 The first treatment was the unmodified farmer practice, except that
the improved variety Arjuna was used.

b The second treatment also used Arjuna, and employed a lower density
{80,000 plants/ha). Plants were thinned to 60,000/ha at 3 weeks.
Thinning was dropped in later cycles as it led to excessively low
densities at harvest. Thus, these data underestimate the effect of
improved plant population management on yields.

Table 5. Alternatives to farmers’ fertilizer management practices

5 Factor - Fanﬁers pr ﬂ°ﬂ°53 : 3
N dose 162 kg/ha 92-136 kg/ha
N timing Y2 at 20 days 1/3 at planting
Y2 at 40 days 2/3 at 30 days
P dose (-0-) 60-90 kg/ha




The economics of improved fertilizer  lower nitrogen cost. The additional

managernent are very attractive. costs, including a reasonable return
Cost increases are very small, as on irvestrnent capital, are repaid
the increased expense for with a yield response of only

phosphorus is largely matched by a 80 kg/ha.

Vable 6. Effect of improved fertilizer management on maize yield (kg/ha),
verification trials

3

Sukoanyar 1 3 2570 4097 1627
Stukoanyar 2 3 1647 3587 1940
Dengkol 1 3 4795 4942 146
Dengkol 2 3 4007 5612 1604
Pakisjajar 1 3 2463 3493 1030
Pakisjajar 2 3 4772 5617 845
Pakisjaiar 3 3 1911 3887 1976
Randu Agung 1 3 3105 4433 1328
Randu Agung 2 3 3897 4860 963
Argosari 3 3933 3696 237
Kemantrin 3 2143 3671 1528
Pakisjajar 4 4405 5445 1040
Pakisjajar 1 5 2783 4002 1219
Pakisjajar 2 5 5283 4876 407
Sumbersekar 5 3504 41€5 551
Average 3415 © 4426 1011

a8 Cycle 3, 1985 post-rainy season; cycle 4, 1985-86 rainy season; cycle B,
1986 post-rainy sea.son.

b Farmer practice, plus Arjuna seed, improved plant population management,
and crop protection (carbofuran). The farmers' fertilizgr management practice
varied from location to location, but typically included high nitrogen doses (in
excess of 160 kg/ha) applied in two equal amounts. The first application
coincided with the first weeding at about 3 weeks after seeding (without any
phesphate) and the second was done about 6 weeks after seeding.

€ The improved fertilizer management practice was 46 kg/ha nitrogen and 92

kg/ha phosphate applied at seeding and an additional 90 kg/ha nitrogen
applied 30 days after seeding. Other piactices were the same.

77



78

Conclusion

The MARIF OFR program has been
operating for only a few vyears, yet
has accomplished a great deal.
Surveys have been conducted, a
diagnosis made, and a relevant set
of trials planted. The diagnosis is
recurrent, updated several times
cach year. Somg alternative
practices identified by researchers
have been spontaneously adopted
by farmers. The OFR procedures
first used by maize researchers have
been taken up by MARIF soybean
and cassava researchers, and
scientists from different disciplines
have found OFR a iruitful way to
cooperate.

For the near future, a formal
exercise in farmer assessment of
the new technology is planned, as
well as research on extrapolating
research results to other districts of

East Java. Diagnostic activities and
exploratory experiments have also
been initiated in a completely
different (and somewhat more
complex) study area.

Work continues and new research
is planned and implemented in an
evolutionary manner, as researchers
continuously improve their
understanding of farmers’
circumstances and problems
through OFR.
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Changing Maize Production

Practices of Small- Scale Farmers in Ghana
R. Tripp, ¥. Marfo, A.A. Dankyi, and M. Read

The Ghana Grains Developrnent
Project has been active in Ghana
since 1979, and involves the Grains
and Legumes Developrnent Board,
the Crops Research Institute, and
the Ministry of Agriculture in
developing methods 10 increase
marze and cowpea production. The
project, sponsored by the Canacian
Internaticnal Development Ageny,
roceives technical support from
CIMMYT and the International
Institute of Tropical Agriculture.

The project combines on-station
research with an extensive program
of on-farm experimentation
throughout the country. The resu'ts
of the experimental program are
used to formulate recommendations
for farmers, who receive information
about new practices through
“‘verification-demonstrations. "’
These demonstrations are planted
on farmers’ fields and compare
farmers’ practices with one or two
recommended alternatives.

As the verification-demonstrations
increased and it became evident
that farmers were accepting maize
production recommendations,
project personnel decided to asses:.
the degree of adoption and obtain
mformation that would be usefu! in
setting priortics for future work.
With support from CIMMYT's
Economics and Maize Programs, a
study to fulfill both of those

T Robert Tripp is acting director of the
CIMMYT Economics Program
K. Marfo is with the Crops Research
Institute, Ghana. A A, Dankyi is with
the Grains and Legumes
Development Board, Ghana. Michael
Read is with the CIMMYT Maize
Program hased in Ghana

objectives was undertaken in 1986
in the Brong-Ahafo Region, where
maize is an important commercial

crop and the extension program is
well established.

The Survey

The area selected to begin looking
at the adoption of new maize
production practices encompasses
parts of the Agricultural Districts of
Techiman, Nkoranza, Wenchi, and
Kintampo (Figure 2) and lies in
Ghana's transition zone between the
forest and the savanna. In tnis area
most of the maize is planted during
March and April, though a
substantial amount is also planted in
September during the minor rains.

The survey, dore iv, May 1986 in
eight villages in Brong-Ahafo, was
confined to farmers growing
between 0.2 and 8.0 ha of maize in
the major seascn of 1986: these
criteria account for the vast majority
ol maize gruwers in the area. The
farmers averaged about 2.2 ha of
maize.

About half of the fields were
prepared by hand (slash and burn)
and half by tractor. Maize planting
may be done by family labor, hired
labor, or both; only 15% of the
farmers relied exclusively on hired
labor, whereas 44% used only
family I=bor. Maize is planted by
hand in holes made with the tip of
a machete, and weeding is also
done manually. Fertilizer is available
locally and about half of the farmers
use it. Maize may be monocropped
or intercropped with some
combination of cassava, cocoyam,
and plantain. About one-third of the
maize fields were intercropped.
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The maize is harvested by hand and
may be stored for a variable period
of time before sale. Most of it is
sold, either to private buyers or to
the government Food Distribution
Corporation, as root crops are more
prominent than maize in the local
diet. About 80% of the farmers
reported maize to he their most
important source of income.

The Ministry of Agriculture sells
maize seed and fertihzer; the latter
is sold in the distict capitals but is
frequently unavailable. Sales in the
area for 1983-1985 averaged about
1200 t of compound tertilizer
{mostly 15:15:15) and about 270 t
of ammonium sulphate. In 1986

Grains and Legumes Development
Board personnel began selling maize
seed at the village level.

The Sample

The survey villages were chosen
because of the presence of either a
Ministry of Agriculture or Grains and
Legumes Development Board
representative who had perforrned a
verification-demonstration in 1985.
In each of the villages a sample of
five farmers was randomly drawn
from the list of people who had
attended the demonstration, and an
additionatl tive farmers were drawn
from the general population, using
lists developed by the extension
agents. This sampling method was

Nkoranza

Techiman

Brong-Ahafo Region boundary

m Survey Area

Area of Wenchi, Techiman,
Nkoranza, and Kintampo
Agricultural Districts

Burkina Faso

Togo

International
boundary

Gulf of Guinea

Figure < - ap of Ghana.
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chosen because vae of the original
objectives of the study was to
compare farmers who had attended
demonstrations with those who had
not. As it turned out, many farmers
in the general population had also
attended a demonstration in
previous years, and there were no
significant differences between
attendees and those who had never
attended. Thus the data from this
study fairly represent the practices
of maize farmers i villages in the

area where extension i1s rather active.

The Recommendations

The recommendations (Table 7)
whose adoption was measured in
this study were developed from
several years of on-farm
experirnents throughout Ghana and,
beginming in 1980, were included in
verification-demonstrations. A
verification-demonstration consists
of three plots: one represents the

farmers’ practice and the other iwg
represent recommended options.
Farmers were invited to the niots for
formal presentat »ns at planting,
mid-season, and harvest. At harvest
the yields of the plots were
calculated and discussed with the
farmers in conjunction with
information on the costs of the
various options.

Staff of the Grains and Legumes
Development Board and many
extension agents from the Ministry
of Agriculture were responsible for
using this method, initiated by the
Ghana Grains Development Project
in 1980, to extend maize
recommendations. But in this case
the verification-demonstrations were
more than a useful extension tool.
They became an important source
of information for refining the
recommendations becausa the
results were analyzed each vear.

Table 7. Recommended practices for maize production in the

study area

Practice -

Variety  Improved variety. La Posta or Dobidi (full season); Aburotia

{medium maturity).

Planting In rows 90 cm apart;@ 40 cm between hills in the row; 2

seeds/hill.

Fertilizer 2.5 bags of compound fertilizer {15:15:15) per hectare applied
on the surface 2 weeks after planting; 2.5 bags of ammonium
sulphate per hectare applied on the surface 5 to 6 weeks after
planting. Equivalent to 45-19-19 kg N:P205:K20.b

a8 75 cm for medium-maturity varieties.
b This recommendation depenc!s on soil fertility. Where soil fertility is very
low, twice these rates are recommended. If land is newly cleared, little

or no fertilizer may be necessary.
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The recommended practices for
variety, planting, and fertilization
were responsible for an increase of
approximately 1 tiha of maize over
the farmers’ practice (Table 8).
Economic analysis of these trials
has shown the recommendation to
give an acceptable marginal rate of
return (at least 100%) over the
farmers’ practice, except in 1984
when maize prices collapsed.

The performance of the individual
elements of the recommendation
can also be examined. A number of
experiments have shown the
improved varieties to be superior to
local varieties under virtually all
inanagement conditions, and good
evidence of fertilizer response over
a wide range of maize management
practices has been obtained as well.
Experimental evidence on plant
density and spatial arrangement is a
bit more problematic. Farmers used
to plant maize r ~domly, rather than
in rows, with  -ively large
distances betwear nills and a high
number of seeds per hill. Some
advantage to improved spacing and
a conccmitant reduction in the
number of seeds per hill has been
demonstrated. These changes in

planting practices are more likely to
give yield increases on fields with
adequate fertility.

Adoption Rates

The survey showed quite high rates
of adoption of the recommendations
for variety, planting method, and
fertilization (Table 9). The maize
cropping system had a strong
influence on adoption; farmers were
much more likely to follow the
recommendations in monocropped
than in intercropped maize fields
(Table 10). The gap in the use of
the recommended practices in
mono- and intercropped fields is
greatest for fertilizer and least for
variety. It should also be pointed
out that, although adoption rates
are above 60% for each of the
recommendations in monocropped
fields, in only 36% of these fields
were all three of the recommended
practices followed.

The survey results indicate that just
about 50% oi the maize area in the
study villages is planted o improved
maize varieties. The newly released
varieties Dobidi and Aburotia are
found already on many farmers’
fields, although the bulk of the

Table 8. Results of verification-demonstrations in transiticn zone

Farmer practice 1780 1880 1580 1950 1680
Recommendationd 31560 3200 2500 3050 3450
Difference 1370 1320 920 1100 1770
Number of sites 21 71 77 93 69

@ 2.5 bags/ha each of 15:15:15 and ammonium sulphate.



improved maize is still the vanety La
Posta, whicn has been available for
about a decade.

The object of the row planting
recommendation was to improve
the: spatal arrangement and
population of maize fields by
estabhshing a higher number of hills
but a lower number of seeds per
il When maize 1s planted in rows
1s also muzh easier to apply the
correct amount of fertiizer The
majonty of the farmers space their
rows adequately, but the spacing

between hills tends to be greater
than the recommendation. There is
good evidence that farmers who
monocrop maize achieve hetter
plant spacing and density when row
planting than when random
planting. Those who row plant have
a higher number of hills per hectare
and a lower number of seeds per
hill, and come meach closer to the
recommended practices than do
tarmers who random plant

The fertihzer recommendation asks
farmers to apply a iop dressing of
compound fertilizer followed by a

Table 9. Adoption of recommended practicesd

81.0 58.2b

Improved variety 88.6
Row planting 82.3 68.4 57.0
Fertilizer 83.5 46.8C 42.9C
a N=79.
Farmers who use an improved variety on at least half of their largest
maize field.
C N=77.

Table 10. Adoption of recommendations by cropping system {farmers
who followed recommendation on largest maize field, 1986)

Improved variety 70.4 32.0

Row planting 741 20.0
Fertilizer 60.4 4.2
(N) (54)@ (25)b

d N=53 for fertilizer.
b N=24 for fertilizer.
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side dressing of ammonium
sulphate. When farmers are able to
obtain both fertilizers, most make
two separate applications, although
some mix the two and apply them
at the same time. Farmers tend to
apply both fertilizers later than
recommended, and the rate of
application varies widely, as might
be expected. The amount of
fertuhzer appled will depend on the
availability of fertilizer, the farmer’s
cash resources, and the fertility of
the field. More compound fertilizer
1S used because it is much more
easily available than ammorium
sulphate

The Adoption Sequence

A number of studies have shown
that farmers are generally cautious
with recommendations, preferring to
test them out a bit at a time.
Although 53 farmers (67%) in the
sample have used improved maize
vanetes, row planting, and fertilizer,
they have not necessarlly adopted
an of these recommendations at the
same time. The evidence shows
that farmers prefer a step-by-step
approach to adoption

he survey data (Table 11) not only
illustrate this characteristic of
adoption behavior, but also provide
examples of its logic. About half of
the farmers be jan by adopling only
one of the recommendations. The
vast majority of them chose to
adopt either fertilizer or an improved
voriely. There is good evidence that
gither one of these simple changes
would provide a profitable return to
the farmers, even if they did
nothing else. This is less true for a
simple switch to row planting, and
only a few of the farmers began
their adoption of recommendations
in this way.

Of the fa mers who adopted two of
the recommendations in the same
year, the majority began with a
combination of row planting and
fertilization, which would enable
them to profit from the significant
interaction of improved population
with improved fertilization. A lower
number of farrers began with a
combination of the improved variety
and fertilization, where an
interaction might also be expected,
and none of the farmers adopted as
their first step a combination of
improved variety and row planting,
where an interacticn is probably the
least likely.

Finally, the survey showed that 13
of the farmers adopted all three of
the recommendations in the same
year. It is significant that this
represents only about one-fourtn of
the poputation that eventually
adopted the entire package, and
that the majority of farmers reached
this point through a series of steps.

Extension and the Farmers
One of the original purposes of the
survey was 1o test the effectiveness
of the verification-demonstrations by
corparing the adoption behavior of
farmers who had attended them
with that of farmers who did nct; as
it turned out, there is not much
difference between the practices of
either group. The lack of correlation
between attendance at a
verification-demonstration and
adoption is nol surprising, given
that verification-demonstrations are
only one part of a range of
extension activities carried out by
the project and by other agencies.
Pcople attend demonstrations out of
curiosity, interest, and at times to
reinforce knowledge that they have
already put into practice. When



farmers using the recommendations
were asked how they first learned
of them, their answers itlustrated
the importance of extension
activities in general for spreading
nvcnmation about new practices.

In certam cases, an extension effort
may not reach all of the farmers in
4noarea. Although women nlay an
Hportant part in agriculture,
extensior, sometimes s not directed
toward them. In this study,
however, the results indicate that
women adopted the recommenda-
tons on their maize fields to about
the saome extent as the men had. In
addiion, adoption rates were
canally high tor farmers with no
education as for educated farmers.

Farmer Circumstances
Another way of looking at adoption
pattermns s 1o consider the
relationship between each
recomimendation and farmer
circumstances--the socioeconomic
and natural features of the farm.
Recommendations stand a good

charce of adoption only if they are
compatible with the resources and
interests of the farm family and with
the soils, climate, and biological
conditions of the farm.

Variety —Aithough the vast majority
of the farmers now use improved
maize varieties to some extent,
adoption is certainly not complete.
One means of understanding this
situation is to study farmers’
opinions of the varieties. Farmers
rated the improved varieties superior
with respect to yield (with or
without fertilizer) and resistance to
lodging, which helps to explain their
high acceptance. In addition, there
were no complaints about the
quality of the seed.

Opinions of storage and cooking
quality, however were lower: local
maize was rated superior on both
counts. Farmers say that improved
maize is more easily infested with
weevils {perthaps because it tends to
have poorer husk cover than the
local maize). In the study area

Table 11. Adoption sequence for farmers who have used all three

recommendations

Fertihizer only
Variety only
Row planting only

Row planting and fertilizer

Variety and fertilizer

Variety and row planting

Variety, row planting, and fertilizer

Total

13

24.5
10 18.9
4 75
9 17.0
4 75
0 0.0
13 24.5
53 99.9
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farmers do not depend greatly on
maize as a staple food, and their
concerns about cooking quality may
be hinked to market prices. Private
traders sometimes express a
preference for local maize by buying
it first or paying a bit more for it.
This preference is said to be based
on the superiority of the local
maize, especially for making kenkey
(steamed fermented corn dough),
but this subject needs further
investigation.

In any case, for most farmers the
agronomic qualities of the improved
maize varieties would still appear to
outweigh any disadvantages in
storage, cooking, or marketing.

It has also been [ .ited out that the
improved varieties are less likely to
be planted in intercropped fields
(32.0%) than in monocropped fields
(70.4%). The reason ior this is not
immediately clear, as the evidence
indicates that the improved varieties
are supericr to the local varieties
under any conditions. It may be that
farmers prefer to use the improved
varieties on their more important
maize fields, but there is no
indication that farmers see any
necessary link between the
improved varieties and the other
recornmended practices.

Row planting— There is a strong
refationship between cropping
system and row planti.ig of maize.
Only 20% of intercropped fields are
row planted, whereas 72.2% of
monocropped fields are row
planted. This is understandable if
one considers the problems of row
planting maize with several other
crops, and the fact that
intercropped ficlds tend to be

planted on newly cleared land,
where stumps and other obstacles
make row planting more difficult.

Planting in rows takes more time
than random planting, if only
because more holes per hectare are
made, but farmers seem to manage
thiz method with little difficulty after
some practice. Nevertheless, one
indication of the importance of the
time element in row planting is the
fact that, for monocropped maize,
row-planted fields tend to be
smaller than random-planted fields.
The mean size of row-planted
monocropped maize fields is 1.52
ha, whereas the mean for random-
planted fields is 2.32 ha.

Fertilizer—Hardly any intercropped
maize receives fertilizer, and it is
not known if the response of the
intercrop to fertilizer would be
profitable for farmers. The fact that
intercropped fields have usually
been continuously cropped for less
time and are more fertile
complicates the comparison of
farmers’ fertilizer use on inter- and
monocropped fields. Sixty-four
percent of intercropped fields were
not planted the previous year, and
only 16% had been cropped for 2
or more years. Only 15% of
monocropped fields, on the other
hand, were not planted the previous
year, and 77% had been cropped
for two or more years. Cropping
history makes a big difference in «
farmer’s decision to use fertilizer: a
farmer is much more likely to
fertilize an older field than on: that
has been newly cleared.

Conclusion

The results of the study show that
farmers in increasing numbers are
taking up the recommendations. It
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is important to look at this adoption
process in scveral differert ways
because a single index of adoption
can be quite misleading. For
exarmple, almost all of the tarmers
in the study have used at least cne
of the recommendations, and the
vast maorty follow at least part nf
the recommended practices
However, only a minority use all of
the recommended practices nn all
of their fie’ds, and almost none
follow the recomriendations
perfectly (e g.. timing of fertilizer
application or planting distance?.
So, depending on one's criteria,
one could defend adoption rates
from close to zero to nearly 100%.

The logic of the adoption process is
evident from the survey resilts.
Farmers show an ability to test
recommendations on their own and
adap: them to their particular
circumstarces. At tirst they grow
new varieties on a small portion oi
their fields and often use oniy parlts
of a package of recoramended
practices. Those recommendations
that are used are compatible with
the farmer’s resources, marketing
practices, and agronomic
conJditions.

One of the most striking results of
he study is the d:fferentiai adoption
of the recommendations on
monocropped and intercropped
maize fields. The use of row
planting and fertilizer, in particular,
appears to be much iess comimon
on intercropped fizlds. In Ghana's
transition zone, which is the
country’s sing'e most important
maize production area, most maize
fields are monocropped. |t is
reasonable to believe that the high
rates of adoption found in this study
will be found in many other areas of

the transition zone. (loser to the
torest, however, intercropping
becomes much more prevalent, an
the adopticn of the recommended
practicas examined in this study will
almost certainly be lowe:

The recommended practices
cescribed in this study are
themselves candidates for further
work and refinesnent. Breeding
efforts continue to develop superior
maize varne ics, suited to various
environments. Cooking quality,
storage, and marketability have
been recognized as important
criteria for screening new varieties.
Planting methods may be further
refinea, not cnly for intercropping
maize. but to help farmers achieve
good siand establishment by
protecting the seed from the pests
that lower plant populations. Fertility
management will also continue to
receive attention <o that farmers
can be given mo'e [s12cise
recommendatio s for varying
conditions.

I'he increases in (naize production
already achieved tecause of the
adoption of the current
recommendations are an important
consequence of work br the Ghana
Grains Development Project. But at
least equally important is the
demonstration of a research
methodology that takes farmers’
interests and conditions into
account, an” an extension strategy
that allows recommendations to be
tested, debated, ard assessed by
farmers and extension agents.
Support for this active partnership
between farmers, extension
workers, and researchers will
contribute a great deal to Ghana's
future agricultural developmen..
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Commodity and Policy Analysis

To provide better information to
riational program decision makers
and otners, CIMMYT Econorrics
Program staff reguiarly colleci and
analyze data on the production,
utihzation, and trade of maize and
wheat. The resuits of these
analyses are reported in alteinate
vears in the Facts and Trends
seres. In 1986, CINIMYT economist
James L. Longmire prepared an
1issue of Maize Facts and Trends to
provide basic information on current
world maize production and
utilization. and to present a study of
the economics of maize seed
production. Results of that study,
summarized here, cover seed costs,
pricing, and performance. The
discussion underscores the great
scope far wider dissemination of
improved maize seed in developing
countries and presents some issues
that policymakers must face as they
try to promote the growth of
effective seed industries in their
countries.

The necessity of providing
policymakers and others with
accurate technical information is
reflected in this section’s second
articte, prepared by Michael Yates,
Gustavo E. Sain, and Juan Carlcs
Martinez, CIMMYT economists with
responsibilitics in the Central
America and Caribbean Region.
Some policies {on input delivery,
marketing systems, credit, or
extension, for example) influence
the potential acceptability of
technologies generated through on-
farm research. Using data obtained
from on-farm investigations,
researchers shouid be able to
supply administrators with
information to help them make
more effective policy decisions. One
example of that use of data is 2
case study of policies affecting the
availability of different types of
fertihzers in Les Cayes, Haiti. That
work is part of a series of studies
that apply findings from on-farm
investigations 10 the implementation
of policy at the local level.
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The Economics of Commercial Maize
Ezed Production in Developing Countries

J.L. Longmire

A viable seed industry is a key
element of any country’s attempi to
increase crop productivity,
especially for maize. As developing
countries seek to improve their seed
industries, a number of issues arise.
What balance of open-pollirated
varieties and hybrids is appropriate?
What types of hybrids are likely to
be most effective? What is the most
effective seed industry structure?
What levels of prices are needed to
provide incentives for seed
producers as well as value for
money for farmers planting the
commer<ial seed? What is the role
of governments in regulating the
seed industry? In 1986 staff ot
CIMMYT's Economics Program
conducted a study of the
economics of commercial maize
seed in developing countries to
address some of those issues (1}.

Initially, data were gathered on
recent use of maize seed
throughout the world to place in
perspective the challenge that lies
ahead for national maize research
programs, seed enterprises, and
other groups involved in the
development and marketing of
improved maize seed. Two
prominent features of maize seed
use were obsarved: the marked
contrast between regions, and the
relatively limited spread of improved
maize seed in the Third World.

During 1985-86 farmers planted
some 3.2 million t of maize secd
worldwide, about 1 million in
developed and the remainder in
developing countries, on almost
140 million ha Figure 1). At
prevailing prices and exchange

rates, the global value of that seed
{including the value assigned to
farmers’ own seed) ‘vas about
US$ 3.2 billion. The seed planted in
developed countries had a total
value of over US$ 2.4 billion
{because of the predominance of
high-value hybrid seed in North
America, Europe, the USSR, and
South Africal, whereas that sold in
the Third World was worth just
under US$S 800 million. Thus,
farmers in developing countries
planted almost 70% of the world's
maize seed on a tonnage basis, but
its US dollar value was less than a
quarter of the world total.

About half the maize planted in the
Third World during 1985-86 was
improved. Theie is, of course,
much regional variation in the
proportion planted to improved
maize. In Alrica, for example, only
one-third of the maize sown was
improved, compared with almost
60% in Asia and Latin America.
The overall percentage is much
reduced, however, if we exclude
large countries with sizable areas
planted to improved maize,
particularly Argentina, Brazil, and
China. In the remaining developing
countries, only about one-third of
the total maize area is planted to
improved materials.

Aside trom general patterns in
maize seed use, trends in the use of
particular seed types were
examined. Estimates of area
planted, planting rates, quantity of
sced planted, seed prices, and seed

v James L. Longmire is an economist
in the CIMMYT Economics Program.



value were compiled for three
categories of seed: 1) that grown
by farmers for their own use,
including the seed they traded
among themselves, 2} commercial
sced of open-pollinated varieties,
and 3) hybrid seed. The first
category includes all noncommercial
maize seed that farmers planted,
and the last twc all the commercial
seed they bought.

Generally speaking, hybrid maize is
concentrated in the more favorabje
(and thercfore less risky) growing
areas of developing countries. In
developing countries overall, hybrids
occupied about 389% of the total
maize area, commercial seed of
open-pollinated varieties another
7%, and farmers’ own seed the
remainder. Eliminating Argentina,
Brazil, and China, however, alters
the picture considerably, reducing
the area planted to hybrids to only
16%, and raising that occupied by

farmers’ own seed to almost three-
fourths in other countries of the
developing world.

In Thailand, Egypt, Guatemala, and
Ecuador, a large share of the maize
area is planted to commercial s:od
of open-pollinatad varieties. Tha
widespread adoption of cammercial
seed in those countries may he
accounted for by the successful
development of new open-pollinated
varieties by national maize research
programs and simultaneous growth
of viable seed industries. But that
combination of events is
uncommon, with the result that in
many regions of the world
commercial seed of open-pollinated
varieties is planted to less than one-
third cf the total maize area.

The Continuum of

Maize Seed Types

In studying the variable patterns of
seed use and the ~onditions that
shape them, we found it helpful to

Global maize area: Volume of Value of
138 miilion hectares maize used: maize sead:
3.2 million tons $US 3.2 billion

Developing countries

Developed countries

Figure 1. Third World countries’ estimated share of the area planted to maize,
tons of seed used, and value of seed worldwide.

91



92

describe the different seed types in
terms of a continuum or progression
from local varieties to improved
ones, followed by nonconventional
and then conventional hybrids.
(Conventional hybrids are formed
entirely from inbred lines created
through self-poliination for three or
four successive generations,
whereas nonconventional hybrds
are formed through crosses in
which at least one parent is not an
inbred line.} The continuum is seen
in the yield capability of the seed
types, in the technology employed
to produce them, and in relative
prices of different types of maize
seed.

Performance of Saed Types—
Farmers, like seed producers,
assess the vyields of different
varieties and hybrids and are
attuned to the differences in their
performance and in the risks
incurred by growing them. Of
course, the yields of hybrids and
other maize types vary ccnsiderably
according 1o environmental
conditions, management practices,
and the genetic makeup of the
commercial seed. Even so, the
evidence available suggests that,
across the whole spectrum of
growing conditions, the various
seed types show a general
progression in productivity, as
follows: local varieties, improved
varieties, nonconventional hybrids,
doubie cross hybrids, three-way
crosses, and single crosses.

This pattern is manifested most
distinctly (and hybrids are likely to
display their superiority most clearly)

when the seed is grown under
extremely good conditions. That
conclusion is evident in data from
US trials in which average vields
were siound 10 t/ha. From this
d-~«a and other information obtained
informally, it appears that under
very favorable exparimental
conditians single-cross hybrids show
a yielu advantage of about 30%
over improved varneties having the
game genetic base

The yield gap between those two
types of maize may nanow
substantially outside the temperate
zone. Yield data from experiments
conducted at 12 locations in Mexico
and Central America (representing a
number of different environments)
inaicate that the difterence i yield
between single-cross hybrids and
oper.-nollinated varieties was less
than half of what it was in the US
trials {Tavle 1). Data from those
sites may underrepresent the yield
potential of hybrids, though,
considering that less work has been
done to devclop hybrids for those
particular tropical and subtropical
locations than has been conducted
in the ternperate zone. Much the
same pattern was obsernved in
Thailand, where the average yield of
the best hybrid was 18% higher
than that of the improved variety in
a trial with average vields ranging
from 4 to 5 t/ha for various hybrids
and varieties.

The trials in Mexico and Central
America were done at experiment
stations under favorable growing
conditions. Under poorer crop
management and harsher environ-
mental conditions, the yield



advantage of hybrids is diminished
even further. In the tropics and
subtropics, where farmers’ average
yields often do not exceed 1.5 t/ha
and maize production is still in its
infancy, differences between the
yields of hybrids and improved
varieties are likely to be small. Even
if hybrids do maintain a sizable
percentage increase in yield over
improved varieties, the actual
difference in kilograms per hectare
may be so small in areas where
yields are generally low and variable
that farmers cannot readily perceive
1. In on-farm trials conducted in
several developing countries, it has
been observed that under difficult
growing conditions .here is little
perceptible difference between the
yields of hybrids and ‘mproved
varieties. This evidence is not
necessarnly conclusive, however,
since hybrids are not generally
iargeted for such harsh
environments.

The overall yield advantages of
hybrids and imprcved open-
pollinated varieties obviously vary
according to growing conditions,
farmers’ circumstances, and the

level of maize research that has
been ccenducted locally. Farmers in
many parts of the Third World are
not likely to adopt hybrids, or even
improved varieties, until further
improvements in growing conditions
and crop management practices
occur, and until they are convinced
that the extra yields will more than
compensate for the outlays on
improved seed.

The Cost Continuum—Some of the
patterns just described are reflected
in the costs of maize seed produc-
tion and the prices farmers pay for
maize seed. Costs and prices vary
widely from one region to another,
but there is a general continuum of
costs and prices from improved
varieties to conventional hybrids.

At any given location, growing
commercial maize seed is a much
more costly proposition than
producing maize grain. Likewise, it
costs more per hectare to grow
hybrid seed than commercial seed
of improved varieties, since the
former require more complicated
field layout, planting, and
harvesting, a higher degree of

Table 1. Ranking of maize seed types used in this study

Open-pollinated varieties
Varietal or family hybrids
Double-cross hybrids
Three-way cross hybrids
Single-cross hybrids

Source: Calculated from Cordova (1986).
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management and supervision,
additional training of growers, extra
labor for detasseling and roguing,
and greater quality control. Variation
in the costs of growing different
maize seed types generally depends
on their relative seed yields.

To illustrate patterns in the prices of
different seed types, all maize seed
prices are presented as ratios of the
seed price to that of grain (Figure
2). This conversion allows for
differences in the price of maize
across countries and eliminates
having to convert local prices to

a standard currency. Retail prices
relative to the graimn price were
obtained for seed of improved
varieties, varietal and topcross
hybrids among the nonconventional

types, and double-cross, three-way,
and single-cross hybrids among
conventional types. When more
than one enterprise in a particular
country quoted a price for a certain
type of maize seed, the average of
the prices for that country was
taken. As seed and grain prices
fluctuate over time, obviously so
will tha ratio between them; the
ratios reported here are for
1985-86.

There was wide variation between
countries i the prices of different
seed types. In Colombia, for
example, the average price of single
crosses was less than 5 times the
price of grain, whereas in the USA
the figure was 30 times. Such large
discrepancies are explained to some

USA
30 ™
(’% 1
5 |
: i
5 . .
IS Highest Mexico
T 20 Average
(¢S]
= L Lowest
= Mexico  Philippines
3 —_
a
5 ¢
§ 10 4
— S Brazil Brazil
<] Nigeria ¢
9 [
@ - L Colombia
Guatemala India Pakistan Pakistan
Pakistan
Improved Varietal  Top-cross Double-  Three-way Single-
variety hybnd hybrid Cross cross cross
hyorid hybrid hybrid

Figure 2. Ratio of maize seed price to price of maize grain, by seed type. Note
the wide variation between countries in the prices of different seed types.
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extent by large differences in seed
enterprise input cests, such as
wagrs, interest rates, and retaileis’
marqins. Another consideration is
that in some countries seed prices
are kept artificially fow,

Notwithstanding the price variation
among countries, a distinct
progression in the price of various
seed types was observed. The prica
cf impreved varieties was cheaper
than that of hybrids. Among hybrids
the seed of single crosses was the
most expensive, followed by three-
way crosses, double crosses, and
improved varieties (Figure 3).

Surprisingly, the average price of
the nonconventional hybrids was
only around 20% higher than that
of seed of improved varieties, and
in general price margins hetween
various types of maize seed were
narrower than we had originally
anticipated.

These fairly small differences
between prices must oe seen
against the circumstances of Third
World farmers, many of whom face
difficult growing conditions and
severe input constraints. As a
result, when they switch from local
varieties to improved ones or to

30-
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Figure 3. Ratio of seed price to price of maize grain, by country. There i3 a
distinct progression in the price of various seed types, that of improved varieties

being lower than the price of hybrids.
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hybrids, the innovation does not
have as much of a discernible
impact on yields as it might under
more favorable conditions. In the
absence of a strong incentive to
change seed types, farmers will
tend to be very price conscious
when deciding whether to purchase

Processing maize seed in Indonesia.

seed and will not pay much of a
premium if they have doubts about
the quality of the seed or the
advantages it offers them. This
reluctance is reinforced by the
shortage ¢t cash and difficulty in
obtaining credit in developing
countries.



Another reason for the relatively
small difference in price between
open-pollinated varieties and hybrids
in developing countries is the fairly
tugh share of value added in seed
processing and marketing. The
value added for seed production
covers the cost of all production
activities up to, but not including,
transportation of the seed 10 a
processing facility. The value added
tor processing represents all costs
the seed enterprise incurs until it
delivers the seed to distributors, and
that added for retailing reflects all
axpenditures during the final stages
of seed marketing.

In view of their circumstances, it is
understandable that many farmers
in the Third World opt for the low-
cost alternative of planting seed of
local varieties. The average price of
local varieties traded among farmers
exceeded the price of grain by just
over 30%, a difference that reflects
storage costs, physical and financial
losses, and additional costs
associated with carrying and selling
small lots of seed. Generally, the
volume of seed traded in this
manner is much lower than the
arnount developing country farmers
grow themselves and retain for
planting their next crop.

Choosing the

Appropriate Seed Types

One of the first steps toward
developing a viable seed industry is
to identify the appropriate options
for farmers. Should seed enterprises
produce only hybrids, only improved
varieties, or some combination of
various seed types, including local
varieties? All of those possibilities
exist in developing countries, and
no single one is universally

applicable. The appropriate seed
types will be those that, under
prevailing maize production
conditions, offer farmers a clear-cut
economic advantage over other
alternatives and thus a strong
incentive to change seed types.

For lack of information about vyields,
the seed price ranges at which
tarmers are likely to switch from
one seed type to ancther could not
be estimated. But by simple
budgets it is possible to calculate
the yield increases that would give
farmers sufficient encouragement to
change seed types. The increase
was the extra maize needed to pay
for the extra seed cost, plus a
100% margin for risk and trie cost
of capital. The average seed prices
given m Figure 2 were used to
determine the yield increases;
average seeding rates in developing
countries were assumed to be 27
kg/ha for local varieties, 25 kg/ha
for improved varieties, and 22 kg/ha
for hybrids.

The magnitude of the yield increase
required to motivate farmers to
choose purchased seed of improved
varieties over their own seed of
local varieties depends very much
on the average vield of ihe local
variety. If that average is only about
1 t/ha, then the improved variety
would have to vyicld 8% more than
the local variety to compensate the
farmer for the extra cost of the seed
purchased, plus the margin for
capital costs and nsk. The vyield
difference drops to 3%, however, if
the average yield of the local variety
is 3 t/ha. The difference is smaller
because at this higher average
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yield, the extra cost of purchased
seed represents a smaller proportion
of the extra income per hectare that
is gained form the yield incr.ment.

We observed much the same
pattern ire yield increments in
considering the chnice between
various types of hybrid seed
purchase every year and that of
improved vasieties purchased every
4 years. Where the average yiela o’
the latter is only 1 t/ha, farmers
might be induced to purchase
single-cross hybrid seed if it shows
a 30% vield advantage over the
improved varieties. MHowever, this is
quite unlikely, according to the
maize specialists we consulted, with
such a low average vield. If, on the
other hand, the improved varieties’
average yield is as high as € t/ha,
farmers would probably purchase
single-cross hybrid seed since a
yield increment of only 2% would
meet the extra costs of seed,
capital, and nisk. The required yield
difference is also quite small, even
at low avernge yields, to make
nonconventional hybrids a more
attractive option to farmers than
imptoved varieties.

A Public or

Private Seed Sector?

Having idantified the appropriate
seed options for farmers,
agricultural decision makers will
have to confront a number of other
issues concerning the way in which
various seed types can he made
readily available to farmers One
central guestion is the extent to

which public organizations, private
enterprises, or both should be
permitted and even encouraged to
operate in developing countries.

In the Tnird World, wide differences
exist in the balance between public
and private seed enterprises. In
many developing ccuntries, the
public sector 1s quite deeply
involved in seed production. This
contrasts greatly with developed
countries, where privaie enterprise
predominates.

In deciding the extent of public and
private participatior, in a given
country’s seed operation, one
should consider the overall
performance of the two sectors.
Data we received from 35
develoning countries on the volume
of sales of hybrids and improved
varieties indicate that, in spite of the
public sector’'s close involvement in
seed production, the bulk of
commercial maize seed is produced
by private seed enterprises {Table
2). (Countries with centrally planned
economies were excluded from this
analysis, since all seed enterprises
in those nations are public.) It is not
surprising that the production of
hybrid seed is heavily concentrated
in the private sector. The more
striking circumstance is the private
sector’s large share {almost two-
thirds) of commercial seed of
improved varieties. Only 11 out of
34 courtries reported that public
seed enterprises provide at least
two-thirds of the commercial seed
of improved varieties sold.

Although private seed enterprises
performed much more effectively in
comparison with their public



counterparts, privatization is not the
only prerequisite for success. No
such simple formula can be applied
indiscririnately across the whole
range of diverse political, social,
and economic conditions in the
Third World. Alternatives that fall
short of privatization are open to
decision makers, and include
restiucturing incentives and
adjusting procedures in national
seed organizations, and giving play

to competition that would
ercourage seed industries 10 seek
efficiency in production and value
for money in pricing.

Conclusion

Creating effective seed industries
and maintaining high-quality seed
production would be more daunting
tasks than they are, were it not for
two important considerations. The
first is that very successful seed

Table 2. The private sector’s percentaga share of maize seed sales in

non-centrally planned economies, 1985-86

Eastern and southern Africa

4 45 96
West Africa 6 9 77
North Africa 1 73 100
Total, Africa 11 57 95
Middle East 2 0 45
South Asia 3 38 63
Southeast Asia and Pacific 4 69 36
East Asia, excluding China 2 69 38
Totally, non-centrally planned Asia 11 62 62
Mexico, Central America, and Caribbean 6 66 71
Andean region 4 65 91
Southern Cone of South America 3 81 98
Total, Latin America 13 70 96
Latin America, excluding Argentina and
Brazil 11 66 80
Non-centrally planned developing countries 35 65 92
Developed market economies 7 100 100
Total, all non-centrally planned economies 42 65 98
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Note: Total sales of commercial seed are the sum of sales by private and public

enterprises.
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enterprises have already been
established on every continent in
the Third World and can serve as
models for other developing
countries. The principles upon
which those enterprises are based
can be instituted elsewhere.

The second consideration is that
developing countries can choose
from a range of seed options, each
having different benefits and costs.
During the early phases of seed
industry development, the most
prudent course will general'y be to
encoviage seed producers to
concentrate on improved varieties,
especially in low-yielding
environments. As maize-growing
conditions and management
practices imprcve, farmers should
be able to perceive greater yield
differences between seed types,
and should gradually increase therr
use of hybrid maize. Naturally, there
will be much variation by region and
type of farmer in the adoption
pattern over time. As suggested by
the results of this stuay, farmers in
high-yielding environments will find
it economical to adopt hybrids
rapidly, whereas those in low-
yielding environments will not.
Maize research programs must take

into account those differences in
farmers’ circumstances as they
decide which seed types warrant
the greatest investment of
resources.

As Third Worid countries develop
and alter their maize seed strategies
accordingly, we expect that some
will opt for noncoriventional hybrids
as a useful irtermediate step in the
development of their seed
industries. Generally rmore
productive than improved varieties,
the nonconventional types are
simpter and cheaper to produce
than conventional hybrids and can
be identified more rapidly.

Gearing the pace of seed incustry
development to overall improvement
in maize cultivation will not be an
easy task but will require
considerable insight, judgment, and
patience on the part of the various
groups invelved in seed production
and distribution. We hope that the
results of this study will give them
new insights and a broader basis on
which to form judgments.
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A.ddressing Market Imperfections with Farm-based

Policy Research: Fertilizer Provision in Les Cayes, Haiti

M. Yates, G. Sain, and J.C. Martinez?

CINMMYT has developed a set of
cost-efficient procedures for
identifying improved, appropriate
agricultural *echnoiogies through on-
farm research (\OFR). These
procedures are now being
implemented by rational agricultural
research progiams in many parts of
the world, increasing their
capacities to generate appropriate
technologies that can be adopted by
target groups of farmers.

In the course of their work,
rescarchers in many OFR programs
have seen how policy-related
constraints can limit gains
assoclated with the introduction and
diffusion of new technologies.
Censequently, the Economics
Program has recognized the need to
develop procedures to identify,
where appropriate, such policy-
related constraints or opportunities
assoclated with the use of new
technologries and to effectively

1 Michael Yates (based in Haitil,
Gustavo E. Sain (based in Mexico),
and Juar Carlas Martinez \oased in
Mexico) are working in the Central
America and Caribbean Region for
the CIMMYT Economics Program.

N

This sumraary is based on Yates, M.,
J.C. Martinez, and G. Sain. 1987,
Fertilizer provision in Les Cayes,
Haiti: Addressing market
imperfections with Farm-based Policy
Research. CIMMYT. Mexico, D.F.
Unpublished draft

3 For more details see Martinez, J.C.,
G. Sain, M. Yates, and A. Hibon.
1986. Toward Farm-based Policy
Research. Learning from experience.
Paper presented at the Farming
Systerns Sympcsium, October 1986,
Kansas State Lniversity, Manhattan,
Kansas.

cnmmunicate this information 1o
policymakers to help them formulate
or implement improved agricultural
policy. This type of anawsis has
come to be called farm-based policy
research.

As this case of market imperfections
in fertilizer provision in Haiti
filustrates, there can be close links
between OFR and farm-based policy
research. In on-farm research,
socioeconomic circumstances —
including the current policy
environment--are assumed to be a
given. In farm-based policy
research, policy is seen as a
variable, and a case for modifying
poiicy constraints is buili by
applying microeconomic tools to
farm-level data that is supplied by
OFR programs.

Although the Economics Program is
just begirning to develop a set of
procedures for farm-based policy
research, initial work suggests that
the following sequence of steps3
can be helpful;

1) Identify the policy (or policies)
constraining gains from new
technologies.

2} Understand the rationale behind
the policy in question, and how
the policy affects relevant
sectors of society.

W

Identify the decision-makers
most directly linked to the
policy in question, to better
target results of the analysis.
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4} Identify solutions or policy
options, with relevant
performance measures that can
satisty the target audience
again taking into account he
petential impact of these
options on relevant sectors of
society.

Microlevel data from OFR can thus
serve 2 dual purpose. They can be
used to develop appropriate
technology as well as information
that can be applied by policymakers
to create an environment more
ronducive to positive technological
change.

The Haitian OFR Program

and the Study Area

Haitiar agricuiture faces serious
challenges. Low maize vields are
obtained on the country’s small
farms (typically iess than 1 ha), and
improved technologies are rare
Maize ‘s Haiti's most important
cereal. covering approximately 30%
of all cultivated land. During recent
years, production per capita has
declined, while population pressure
1s an estimated 470 persons per
square kilometer of cultivated land.
These conditions place great
demands on existing rescurces:
maize production has expanded
onto Haiti’'s most marginal lands
and problems with soil erosion have
accelerated. There is an nbvious
need to ide'.tify and encourage the
use of improved and appropriate
technologies to increase farrners’
productivity.

To help meet that need, the Haitian
Ministry of Ag-iculture {MARNDR)
decided to explore the potential
contribution of on-farm research

methodologies to the development
of appropriate maize technologies
for small-scale farmers. An area
specific OFR program for the Les
Cayes District in southwestern Haiti
(Figure 4) was designed to be
carried out by tne Ministry with
technical assistance from CIMMYT's
Economics and Mcize Programs.

One of the impostint research
opoortunities identified by the
program was nitungen fertilization.
In experiments conducted in the
fields of represantative farmers, the
application of 8C kg N/ha had a
highly consistent positive effect on
vield across sites and years (e.qg.,
20 of 22 experiments), with
increases averaging 850 kg/ha.4

However, important changes in the
ratio of maize to nitrogen grices
from vear to year (Table 3) and the
risk they implied for a potential
farmer recommendation made it
apparent that risk considerations
should be given priority when
determining an economically
appropriate rate of nitrogen
fertilization. Subsequent field trials
led to the identification of 40 kg
N/ha as the best rate to

4 The OFR program also obtained good
experimental resuits with some
CIMMYT maize varieties (La Maquina
7827, l.a Maquina 7928), though
other experimental variables, such as
phosphorus fertilization and higher
plant density, gave unpromising
results and were eventually
eliminated trom the research
program. For more details, see
CIMMYT. 1985. On-Farm Research
Methodologies at Work in Les Cavyes,
Haiti. In Research Highlights 1984.
CIMMYT: Mexico, D.F. Pp. 90-98.
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recommend. This level consistently
offered excellent rates of return, yet
called for only modest investments.

However, it was seen that two
elements strongly conuitioned the
econornic returns 1o nitrogen
ferdlization: land tenure and fertilizer
availabitity. Approximately half of
the farmers sharecrop some maize.
Typical arrangements compel
sharecroppers to give 50% of the
harvest to the landowner, though
fertilizer costs are generally not
shared. Under these circumstances,
the ecoromic returns to nitrogen
fertitization for sharecroppers and
landowners arz drarnatically
different.

The type of fertlizer available to
farmers was even more important
than difficulties arising from land
tenure arrangements. Nitrogzn
prices varied significantly according
to whether the source of nitrogen
was urea (46% N) or an N-P-K
blend (Table 3). (Experiments

generally showed no response to P
or K.) Rates of return to investment
capital were generally unsatisfactory
with MARNDR's fertilizer blends,
but they were excetlent with urea

(i e., well above the opportunity
cos!s of investment capital,
estimated to ve 60% for the crop
cyclel.

It was clear that the potential
demand for nitrogenous fertilizer
from local maize growers had two
distinct segments: 1) farmers who
owned their maize plots, and 2}
those who sharecropped maize. in
addition, it was apparent that the
recommendation to landowning
tarmers would be closely associated
with the availability of urea.

Despite the clearly assessed
profitability of nitrogen fertilization in
maize, area farrners were generally
not appiying any nitrogen to the
crep, though fertilizers were used
with other crops. Consequently,
while the on-farm experiments

e

Port-au-Prince
Les Cayes

Dominican
Republic

Figure 4. The Les Cayes study area capital, Haiti
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confirmed the nitrogen response
and fine-tuned a potential farmer
recommendation, the clear
association of this recommendation
with the availability of urea led to a
detailed supply-side analysis of the
local tertilizer market.

Cayes office of MARNDR, which in
that year sold 690 t of various
fertilizers. Four other concerns
provided srnaller amounts
exclusively to therr clients (rice,
tobacco, sugarcane, and tomato
growers). Although urea was clearly

the cheapest source of nitrogen, it
represented just 5% of the total
fertilizer provided by MARNDR to
Les Cayes. There were no private

Market Conditions

In 1981 there were five sources of
fertilizer in the Cayes Plain. By far
the most important was the lLes

Table 3. Average annual maize and nitrogen field prices (US$/kg), Les
Cayes, Haiti, 1981-85

Field prica of nhrogena» A

 Price ratio (e

Flald price . tbumr s e IR

of maizab “Urgs ~ Blends - -
Year US$/kg) {US3/kg) -~ (USS/kg) - Urea  Blends
1981 0.182 0.478 1.32 5.1 12.5
1982 0.130 0.930d 1.37€ 12.7 18.1
1983 0.205 0.860- 1.61 7.5 13.3
1984 0.165 0.770 1.61 8.4 16.6
1985 0.310 0.720 1.52 4.2 8.4

a8 Average field prices at planting time. Field price includes transportation
costs.

b Average post-harvest (peak sales period) field price of maize. Field price
includes all costs that farmers pay that are proportional to yield.

C The values of r were calculated as: r = {1+C) (Pn+L)/Pm, where C is
the cost of capital, L the cost of labor for the nitrogen application, Pn
the field price of nitrogen, and Pm that of maize.

d No urea was actually available locally for the 1982 planting season. This
estimate is based on the retail price for urea in the capital, Port au
Prince (200 km away), adjusted by transportation costs to Les Cayes.

€ Limited supplies of remaining MARNDR subsidized fertilizer.

Source: Yates, M., J.C. Martinez, and G. Sain. 1987. Fertilizer provision in

Les Cayes, Haiti: Addressing market imperfections with Farm-based Policy
Research. CIMMYT, Mexico. Unpublished draft.
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sector fertilizer distributors in Les
Cayes at that time, and if
representative maize farmers wished
to obtain urea, they had access
cnly to MARNDR's minimal

supplios

In 1982 and 1983 the market
situation was still quite restricted.
Nc urea was available from the
public sector, and supplies of
blends were down sharply. One
merchant in Les Cayes began selling
small quantties of fertilizer in 1982.

it was apparent to the OFR team
that the potential adoption of the
recommendation, and ccnsequent
gamns in area productivity and
Income, were threatened by the
scarcity of urea in the local market.
The Ministry’s fertilizer distribution
pelicy was certainly not in the best
interests of farmers growing maize
m the Les Cayes Plain. The team
concluded that a policy giving
prionty to increasing urea supplies
would be most beneticial for local
maize production.

Targeting Audiences and
Communicating Findings

Once the policy constraints were
identified, the OFR team targeted
two di‘ferent audiences for the
information it had assembled: the
public sector, represented in this
case by MARNDR, and the private
sector, represented by a few private
firms seliing inputs in the Les Cayes
area.

Representatives nf both sectors
were given regular reports and
prelirinary research findings.
Personal interviews confirmed that

the lack of relevant information
helped explain fertilizer distribution
patterns in Les Cayes.

The OFR team then estimated a set
of ""performance measures’’ to be
used in making the case for
changing fertilizer provision policies.
For the public sector, measures
stressing potential gains in area
production and farmers’ incomes
were emphasized. For the private
sector, potential demand was
emphasized (i.e., the amounts of
additiona! fertilizer that could be
sold to far. s if adequate
quantities of urea were available at
a reasonable price)

During 1963 and 1984, the OFR
team maintained ciose contact with
representatives of the public and
private sectors. In January 1984 a
final recommendation---the
application of 40 kg N/ha,
regardless of maize variety, with
urea as the source of nitrogen—was
made from the program to
landowning farmers through
MARNDR. With this
recommendation, MARNDR
acknowledged that the fertilizer
blends they offered did not provide
an economically appropriate source
of nitrogen for area maize farmers,
wherzas open-market urea did.

The OFR program in Les Cayes had
indeed developed a significant
reccmmendation tor farmers, and
long-term maize and urea price
trends augured well for increasing
adoption. In addtion, a potentially
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important recommendation had
been deveioped for policymakers in
the capital, emphasizing the need to
assure adequate supplies of urea for
the farmers of Les Cayes

Results: Changing

Patterns of Fertilizer Use

in Les Cayes

Even though the resuits of OFR may
have influenced regional demand for
urea, the complementary pohcy
analysis was targeted at increasing
the regional supply. Note that the
provision of urea did increase after
the recommendation was made to
policyrnakers, and the response
from the public sector was greatly
augmented by positive interventions
from the local private sector.

As noted earlier, MARNDR provided
only minimal supplies of urea in
1981, the year tne OFR program
was inaugurated. No urea was
available from the Ministry in 1982,
1983, or even 1984, the vear the
project offered its nitrogen
fertiization recornmendation. The
following year, however, MARNDR
did provide more than 90 t of urea

to Les Cayes, and this represented
fully 60% of the total fertilizer
distributed by the Ministry in the
region. There is some evidence
theretore of a shif{, consistent with
the project recommendation, in the
Ministry’s fertilizer provision
priofities for Les Cayes.

But an even more dynamic force for
change in the area has been the
private sector's increasing
importance in supplying fertilizer.
One store in Les Cayes began
selling fertilizers in late 1982, and
the amounts sold have increased
dramatically from year to year,
especially in the case of urea.

Those increases have been nothing
short of explosive, with an almost
ten-fold jump in urea sales from
1983 1o 1984 (Table 4). Sales
volume growth from 1984 to 1985
continued at a very impressive
174%, and although sales of mixed
blends also increased {from 112 to
270 and 521 t in that same period),
the changes with urea have been
tar more pronounced. Both the OFR
team and the private sector
estimate (based on timing of urea

Table 4. Totai urea sales, private sector, Les Cayes, Haiti

1983 1

1984 105
1885 289

Source: Yates, M., J.C. Martinez, and G. Sain. 1987. Fertilizer provision
in Les Cayes, Haiti: Addressing market imperfections with Farm-based
Policy Research. CIMMYT, Mexico. Unpublished draft.



sales, and on points of origin of
purchasers} that at least half this
urea is being applied to area maize
fields, and the private sector is
optimistic this program will
continue. In tact, two new
distnbtitors have Degun operating in
Les Cayes since 1985

{tis clear that the information
generated and communicated
through this analysis--building on
the results of the area-specific OFR
program —offered valuable
information to policymakers that
helped effect positive technological

change. It is equally certain that
researchers engaged in OFR, who
have acquired firsthard knowledge
of farming systems and biclogical
responses o alternative practices,
are in a special position to identify
policy constraints and promote
changes in policy to complement
technological change. As the case
of Les Cayes illustrates, this can
have important positive implications
for both the target group of farmers
and for the nation as a whole.
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