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INTRODUCTION

This 1978-79 report on maize covers the research and training activities of CIMMYT scientists and
presents data from international testing program activities during these years. The progress we report is the
result of a collective effort involving scientists in more than 80 countries. Through the work of this frater-
nity of scientists, improved maize varieties continue to be developed which offer higher yield potential and
greater environmental stability for conditions in cooperating countries.

CIMMYT's efforts in maize improvement are directed toward the development and maintenance of
broad-based gene pools and populations. Toward this end we have designed and implemented a continuous
improvement system in which a wide range of materials to serve the major maize-producing areas of the
developing world are assembled into gene pools, which in turn are improved to the point that they are
genetically ready to contribute superior and new germ plasm to more advanced populations to meet specific
production objectives. Superior selections from these advance populations are, in turn, “fine-tuned’” to
produce high-yielding varieties which can provide farmers with materials capable of high and dependable
yield performance.

Testing plays a major role in this international and collaborative improvement system. Materials are
tested at several stages of development but only after a judgment is made that each material offers superior
germ plasm to cooperating countries and will serve national program needs. National collaborators play a
key partnership role in the development of these Advanced-Unit populations, which are recombined on the
basis of their progeny performance in replicated yield trials in the agroclimatic conditions where the popu-
lation will be used. These on-site selections form the basis of future experimental varieties for a particular
production situation; and across-site experimental varieties are also made, based on families with superior
performance across all sites in which a particular population is tested.

CIMMYT, with its mandate to assist national maize programs throughout the developing world,
emphasizes population improvement for a wide range of production circumstances and consumer preferences.
In this system, we emphasize open-pollinated varieties as the end product, given the circumstances of the
majority of maize farmers in the tropics and subtropics and because of weaknesses in the seed production
and distribution systems in most developing countries. CIMMYT populations have also proven beneficial to
national hybrid breeding efforts in those collaborating countries where the requisite infrastructure exists to
sustain more sophisticated hybrid development programs.

As our scientists complete the decade of the 1970s, we believe that we have a research and training
program that can (a) effectively serve the many different maize-growing countries around the world whose
research systems are at different stages of development; (b} permit the continuous development and im-
provement of maize germ plasm to meet current and future needs; (c) provide an efficient linkage system
to and from national programs; (d) meet the needs for exploratory and innovative maize research; and
(e) provide important backstopping in the manpower development activities of cooperating national maize
research programs.

As our staff looks towards the 1980s, we are confident that superior germ plasm is available to im-
prove vastly the maize production levels in most developing countries. At the same time, we are concerned
that many national research and production systems lack the necessary resources and organizational structure
to deliver improved technology to the farmer. While no blueprint can fit all circumstances, some key
elements can be identified. First, the circumstances of farmers must be clearly ascertained in areas targeted
for research attention. Interdisciplinary team work is a key ingredient for successful research and pro-
duction efforts. A strong production and farmer orientation within research and extention organizations is
essential to developing improved varieties and production practices. Scientists and extension workers
cannot have such an orientation without the means and mobility to interact with farmers on a continuing



basis. This mobility is being seriously impaired by the lack of transportation and fuel within many national
research and production programs. A successful seed industry is also essential to any national effort to
transform maize production. Without the ability to produce and distribute the seed of improved varieties to
farmers, the efforts of maize improvement researchers do not reach farmers.

Finally, without a set of policies and agricultural development strategies which stimulate increased
production, the efforts of researchers and extension agents cannot achieve their full impact. Discontinuity
in funding and staffing of integrated and well-targeted research and production programs continues to be a
major obstacle in most countries which are in desperate need of production increases.

As developing countries look toward the 1980s to devise strategies to feed their growing populations,
we believe that the maize crop possesses the greatest biological potential among cereals to substantially raise
food production in the developing world. Qur efforts during the 1980s will be directed toward the goal of
realizing the tremendous biological potential of maize for tropical and subtropical production conditions.
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BACK-UP UNIT

CIMMYT's maize Back-Up Unit continues to evaluate
and use promising maize materials {(introductions) identified
from around the world. A working germ plasm bank is
maintained and gene pools are created and improved for
specific maturities, grain colors, and textures. Superior
introductions and bank accessions are systematically
evaluated and added to the appropriate gene pools to
improve the pools and extend their genetic variability or
genetic base. The best performing materials of the gene
pools are identified and either transferred to the corre-
sponding Advanced Unit populations for use by collabora-
tors, or used to form new Advanced Unit populations.

MAIZE GERM PLASM BANK

The maize germ plasm bank now maintains more than
12,000 maize accessions, which represent the vast amount
of variation found within this species in the Americas and
parts of Asia.

Regeneration of Materials

Seed is frequently removed from the bank for use at
CIMMYT and elsewhere around the world, necessitating the
regeneration of an accession when the stored amount falls
below the level of 500 gm. In 978, 232 tropical and
temperate accessions were regenerated. In 1979, 224 acces-
sions were regenerated from the tropical and temperate
areas. To rejuvenate each material, 256 plants of an accession
are bulk pollinated.

Bank Observation Nurseries

The germ plasm bank’s major utility to maize im-
provement research is through the provision of new sources
of genetic variation. To use these materials efficiently,
multi-site observation nurseries are invaluable for identifying
promising materials. Materials are grown with suitable pools
as checks, and data. are taken at each site throughout the
growing season. Maturity, disease reactions, plant and ear
height, and other characteristics of each accession are
considered together with its yield. At harvest, accessions are
selected on the basis of their across-site performance. The
materials selected during 1977 were introduced into ap-
propriate gene pools in 1978.

Seed Shipments

Maize workers throughout the world request material
from the germ plasm bank and a quantity of seed sufficient
for evaluation and increase is sent in reply. The germ plasm
bank filled 103 seed requests in 1978 and 1979, sending !,89!
samples to 32 different countries (table 1). These accessions
have been used for studies in maize evolution, breeding,
chemotaxonomy, identification of chromosome knobs, and
disease resistance,

INTRODUCTION NURSERIES

Maize introductions from various national programs
are evaluated at several CIMMYT stations within Mexico in
one-row plots, five meters long. These materials are studied
for various agronomic attributes, including maturity,
height, yield potential, and reaction to insects and diseases.

During 1978-79, over 2,000 introductions from
tropical lowland areas, temperate areas, and tropical high-
lands were evaluated, with appropriate pools as checks,
and the promising materials were incorporated into the
appropriate gene pools (table 2). Materials with earlier
maturity and insect and disease resistance are of special
importance.

GENE POOLS

A gene pool is a mixture of diverse germ plasm
undergoing continuous recombination, from which materials
can be taken out or added to as required. CIMMYT is
developing gene pools for three broad ecological zones: the
tropical lowlands, subtropical-temperate areas, and the
tropical highlands. Within each of these zones, pools are
characterized in terms of general maturity range (early,
medium and late), grain colors {(white and yellow}, and grain
textures (flint, dent, and floury). (For more information on
the classification and composition of various gene pools,
refer to the C/IMMYT Report on Maize Improvement
7973.) There are 12 gene pools for the tropical-lowland
zone, eight for the subtropical-temperate zone (with the
omission of the late maturity group), and seven for the
tropical highland areas (table 3).

Two guidelines are followed in the recombination and
improvement of gene pools: (I) the selection intensity
applied to the within gene-pool component of improvement
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is maintained at a low level, and (2) provision is made for
the systematic introgression of additional new promising
germ plasm into the pool.

The half-sib method of selection is used, as modified
by CIMMYT. Approximately 500 half-sib families making
up a gene pool are planted in a structure of 2 female:l male.
All female rows and undesirable male plants are detasseled.
In the summer season, when each pool is grown at more
than one site, superior families are identified at each
location by a team of scientists from various disciplines.
Yield potential, plant height, maturity, lodging, disease
and insect reaction, and uniformity are taken into account
at appropriate stages of plant development. At each location,
the best plants are identified among those families that have
performed well at all locations. At harvest, the best ear(s)
is chosen from the selected plants from each pool at each
site. The individually-selected ears form the half-sib families
planted as female rows, and the balanced mixture of most
superior ears forms the male rows of the next cycle’s
planting.

In addition, those ears from plants which were su-
perior at only one site also are retained to provide superior
recombinants for the future. These are planted as female
rows only and their seed is not included in the male com-
posite. In a visual evaluation of the performance of male
and female selections in several pools in the winter of 1979,
the plant and ear height of the male selections were found
to be superior to those in the female selections. Pools
generally are planted in Mexico at only one site, in the
winter cycle, and the selection intensity is relatively mild,

Introductions and the additions from the germ plasm
bank are planted only as female rows. This avoids the
possibility of unproven materials contaminating the pool
and provides the opportunity for comparison of the in-
troductions being crossed to the pool. The superior progenies
are harvested and the seed from these progeny are again
planted as the female rows in the next cycle to obtain an
indication of the combining ability of the introdquction
with the pool. Promising introductions are thus identified
and incorporated in the next cycle, using either remnant
seed or seed of crosses with the pool.

Tropical Gene Pools

The tropical lowland gene pools were planted at Poza
Rica (lat. 210N; alt. 60m) during the summer and winter,
and at Obregon (lat. 280N; alt. 39 m) during the summers
of 1978 and 1979. Early tropical pools had completed six
cycles of improvement by the end of summer 1979. In these
pools, approximately 1,600 of the earliest silking plants
were identified in each season. At harvest, the best and
relatively drier ears were selected—the intent being to select
genotypes with faster rates of grain filling and drying down.
The male rows were completely detasseled, when 70 per
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cent of the females had silked, to ensure that selected fe-
male plants did not receive pouen from late male plants. In
addition, late female plants which produced no grain were
automatically eliminated by this system. Thus, if insufficient
ears were available from selected plants, more could be
selected from other plants without fear of retaining late
germ plasm in the pool.

Early materials should be planted at higher plant
densities to realize their true economic potential. However,
planting at high density can produce barrenness and increased
lodging. Thus, these early tropical materials require im-
provement for their tolerance to high plant density. In the
winter of 1979 at Poza Rica, and in the summer of the
same year at Ciudad Obregon, these pools were planted
with a ratio of 2 female: 1 male. The males, however, were
planted at double the density of the females, and tall, late,
lodged, diseased, or plants with poor synchronization of
pollen shed and silking were detasseled. At harvest, ears
were selected from only the agronomically superior plants
from the female rows.

In the summer of 1979, these earlier-maturing pools
were planted at a density of 53,000 plants/ha. Then, at
pollination time, agronomically superior plants with good
synchronization between pollen shed and silk emergence
were identified and bulk pollinated. Selection for tolerance
to high plant density is continuing in these pools. Some
plants with only fair synchronization also were pollinated,
but were later artificially inoculated with stalk rot-causing
pathogens. Stalk rot resistance is another useful character
to have in these early materials.

Tropical gene pools of intermediate and late maturity
had undergone ten cycles of improvement by the end of
1979, with the exception of Pool 22, which completed 11
cycles of improvement. In addition to improve these
pools for general agronomic characteristics and resistance to
various diseases, a program was initiated in the summer of
1978 to upgrade the level of resistance in each of these
pools to a specific disease or insect. The insect or disease
chosen for improvement in a pool is that most likely to
cause damage to that pool in the area of its adaptation. The
pests, and the procedures followed to improve resistance,
are discussed later in this report.

Subtropical-Temperate Gene Pools

The subtropical-temperate gene pools were planted at
Tlaltizapan (lat. I9©N; alt, 940 m} during the summer and
winter, and at Ciudad Obregon during the summer season.
Pools 27, 32, 33, and 34 had been improved through 11
cycles by the end of 1979; Pools 29, 30, and 31 through six
cycles; and Pool 28 through five cycles. The method for
handling these early pools was similar to that used for early
tropical pools. These pools also were planted at Poza Rica
during the winter of 1979 to broaden their adaptation.



CIMMYT’s Back-Up Unit creates and improves gene pools constituted on the basis of climatic adaptation, grain type,
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maturity characters, and grain colors and textures. Superior germ plasm in these pools is identified and transferred to

CIMMYT’s corresponding advanced maize populations.

Highland Gene Pools

A major portion of the world’s tropical highland
maize-growing area lies in the high altitudes of Ecuador,
Peru, Bolivia, and Colombia. Most of this area is grown to
large-seed floury types, with a small proportion to Morocho
{semi-hard) varieties. The maize types now grown are late in
maturity, and earlier varieties would offer more flexibility in
cropping patterns as well as reduce damage due to frost.

Taking the above considerations into account, the
highland maize program was reorganized in 1979 and the
following gene pools were formed: Highland Early White
Floury (Pool I}; Highland Late White Floury (Pool 2);
Highland Early Yellow Floury (Poo! 3); Highland Late
Yellow Floury (Poo! 4); Highland Early White Morocho
(Pool 5); Highland Early Yellow Morocho (Pool 6); High-
land Late White-Yellow Morocho (Pool 7).

Table 4 lists the materials constituting these pools,
which effectively serve the present needs of the tropical
highland maize-growing areas. However, more pools may
be constituted as needed.

The highland gene pools are being improved in
collaboration with the maize program of INIAP (Institu-

to Nacional de Investigacion Agropecuaria), Ecuador, and
the CIMMYT maize scientist posted there. Ear rot and ear
worms are two of the major maize pests in the Andean
highlands. The pools are grown once each year at El Batan
(lat. 200N; alt. 2249 m) and Toluca {lat. 20ON; alt. 2640
m), with planting during the last week of March and the
first week of April. At El Batan, half of each half-sib family
is artificially infested with ear worms (Heliothis zea), and at
Toluca half of the same families is artificially inoculated
with ear rot-causing pathogens.

The early pools are harvested in Mexico in September
and sent to Ecuador for planting. They are harvested in
March—April in Ecuador and sent back to Mexico for
immediate planting. Thus, under this program of muiti-
location recombination and selection, the highland materials
undergo two cycles of improvement each year.

The late gene pools also are infested and inoculated in
Mexico and planted in both Mexico and Ecuador as outlined
above, but their growing cycle is too long to obtain two
cycles a year. Thus, selections from one country are merged
with those of the other after a delay of approximately one
year (figure 1).



FIGURE 1. Handling of highland pools.*
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Promotion of Materials from the Back-Up Unit to the
Advanced Unit

A bulk mixture of corresponding Advanced-Unit
populations is planted as female rows in the pools and used
as a base for selection of superior families from the pool.
The selected families are further improved and evaluated in
IPTTs, alongside the families of the Advanced-Unit popula-
tions. The families identified as superior in these evalua-
tions are merged with the appropriate populations (table 5).

In addition to providing useful variation for the
existing Advanced-Unit populations, superior fractions of
the gene pools are also used to form new advanced-unit
populations {table 6). These linkages between the Back-Up
and Advanced Units allow CIMMYT to serve cooperators in
the international testing program more effectively.

Use of the Brachytic-2 Gene

The brachytic-2 dwarfing gene reduces plant height
by reducing the length of the lower internodes, but does
not change other major plant parts. This reduction in
plant height improves resistance to lodging, but causes
reduced vyield, late maturity, and increased barrenness
as compared with these characteristics in normal maize
counterparts. However, increased resistance to lodging

4

repectively,

in high-yielding materials would be useful in countries
where maize is grown under conditions of high winds (e.g.,
Colombia, Ecuador, Philippines, etc.).

Selection for improved plant morphology (smaller
and narrower leaves, better spatial arrangement of leaves
above the ear, greater angle between the stalk and the ear,
etc.) in a large brp population could overcome the negative
attributes of the gene, while retaining its positive attributes.
Fortunately, the brp materials have a tremendous amount
of genetic variation for these traits.

A brachytic-2 population with broad genetic base was
assembled in the summer of 1976, using the materials listed
in table 4. After a few cycles of initial recombination,
selection began for improved plant morphology. Plants with
desirable phenotypes were selected prior to pollination and
recombined through plant-to-plant crossing. Significant
progress has been made in reducing the negative attributes
of this gene, and considerable variation still remains in the
population to exploit for these morphological traits.

New Gene Pools

In the USA and Europe, where the major portion of
the world’s maize is produced each year, most maize
materials are based on a rather narrow genetic base. This



makes the crop more vulnerable to unforeseen problems
and also limits the scope for its improvement. Better
exchange of improved materials among the scientists and
introgression of exotic germ plasm into their breeding
materials would certainly alleviate some of the problems of
this narrow gene base.

These concerns were discussed by maize researchers
at the EUCARPIA meetings held in 1977 at Krasnodar
{US.S.R.}) and led CIMMYT toform three broad-based
gene pools: one for the Northern Temperate Region (NTR),
one for the Southern Temperate Region (STR), and one for
the Intermediate Temperate Region (ITR). Similar regions
in the southern hemisphere correspond to the northern
hemisphere, but in reverse order.

The gene pool for the NTR is based on materials from
the U.S. Corn Belt, the pool for the STR is comprised of
materials from the U.S. Corn Belt and the tropical lowland
and highlands, and the pool for the ITR ismade up primarily
of maize materials from Europe. Table 4 lists the materials
in these pools.

Plant-to-plant crosses among the entries making up a
pool were made at Tlaltizapan during both seasons of 1978,
with the aim of using every entry in the crosses. During
both seasons of 1979, the pools were handled in half-sib
recombination blocks at Tlaltizapan. At El Batan, plant-to-
plant crosses were made among the selected families in
1978, and half-sib blocks were used for recombination in
1979. The ITR pool also was planted by scientists of Cornell
University in 1978 and the selections made there were
merged in 1979 with CIMMYT selections. Bulks of these
pools were planted at Toluca and Ciudad Obregon in 1979,
Although no ears were harvested at Toluca, several selections
were made at Ciudad Obregon for inclusion in the respective
pools in 1980. After these pools have been thoroughly
recombined, they will be evaluated and selected at many
additional sites in the areas of their utilization. The multi-
location selection would broaden the adaptation of these
materials.

The CIMMYT-German Maize Exotic Gene Pool, with
the same objectives, was initiated in 1976 in a joint effort
with the University of Hohenheim. Table 4 lists the materials
in this pool.

During the summer of each year, this pool is evaluated
and recombined in various countries of Europe and at
several sites in Mexico, the USA, and Canada. Selections
are made at each site for several characters, including
earliness, standability, cold-tolerance, and vyield. These
selections are then recombined in the winter of each year at
Tlaltizapan. Excellent progress has been made in improving
traits of this pool during recent cycles and the material grows
successfully at every site tested. Such gene pools will serve
as new sources of variation for the temperate areas and
provide a mechanism for transfer of genes from tropical to
temperate germ plasm, and vice versa. These pools could
also be used as such by many cooperators in Asia and
Africa.

Insect and Disease Resistance in Pools

As noted, several pools were infested or inoculated
in 1978 and 1979. Artificial infestation or inoculation allows
for more uniform and timely applications of inoculum than
can be achieved under natural conditions. Using these
artificial methods, scientists can make more rapid progress
toward the development of more resistant materials. Pools
33 and 34 were chosen for improving resistance to ear rots,
and Poo! 32 for improving resistance to south-western corn
borer (SWCB), Diatraea grandiosella (Dyar.). Tropical Pools
22 and 23 were inoculated with stalk rot, and Pools 20 and
25 with ear rot pathogens. Pools 24 and 26 were infested
with fall armyworm (FAW), Spodoptera frugiperda (J.E.
Smith), and Pools 19 and 21 with sugarcane borer (SCB),
Diatraea saccharalis (F.), Figure 2 outlines the selection
scheme,

Half-sib selection, as modified by CIMMYT, permits
application of selection pressure in the male rows for all
characters that can be identified prior to flowering. This is
accomplished by detasseling the plants in male rows that
are considered undesirable. Pools infested with FAW,
SWCB, and SCB were handled with this procedure.

The FAW infestation was made at the seedling stage
in male rows, using two plants per hili. At thinning, two to
three weeks after infestation, the more susceptible plant
was removed from each hill. In this way, approximately 50
per cent of the susceptible plants were eliminated from the
male rows before the shedding of pollen. Half of each
female row (8 hills, 16 plants) also was infested. The pro-
tected half of the row served as a check for comparing the
effects of insect damage on agronomic characters such as
plant height, maturity, and yield within each family.

All infestations were made with newly-hatched larvae
(first instar), which were mixed with ground corn cobs as
an inert carrier and applied in the plant whorls with a
“bazooka.”” Applications were made at a rate of about 40
larvae per plant when the plant showed three to four leaves
fully extended. Split applications were made to achieve
better uniformity.

Approximately two weeks after infestation, visual
ratings for insect damage were made on a family basis and
the more susceptible families were eliminated. Within the
remaining superior families, plants that showed little or no
damage were tagged as resistant. At harvest, ears were
selected from both halves of the families (the protected as
well as infested). Selection of ears from superior plants
in the protected half of an otherwise susceptible family
reduces the chances of eroding the broad genetic base of
the pool, if a single character should be favored too strongly.
Emphasis was given to selecting ears from tagged plants, if
they were acceptable for other characters. However, ears
also were selected from non-tagged plants (those not
previously selected as more resistant) if ear size indicated
that the plant was able to tolerate the feeding damage.
Thus, selection among and within families included plants
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FIGURE 2. Breeding for insect and disease resistance in pools.*
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with both types of resistance: those which had less feeding
damage (antibiosis) and those which were able to recover
and produce well in spite of some damage (tolerance).

The borer infestation was made when the plants had
six to eight fully extended leaves—well past the thinning
stage. Thus, only one plant in each hill was infested with
about 30 larvae. The procedure for infestation was similar
to that used with FAW. Visual ratings for damage were
made three weeks after infestation and the criteria of
selection also were similar to those used with FAW. In
addition to selecting for less leaf-feeding by the borers,
leaves were stripped and the stalks split to allow selection
for less damage from stem tunneling, if the variation
encountered seemed to justify the effort.

Insect resistance work has been initiated more recently
in highland maize, where resistance to the corn ear worm
(CEW), Heliothis zea (Boddie), could be of great benefit
for farmers in the highlands of Central and South America.
The infestation technique for CEW was similar to that
described above. About 20 larvae were placed on the ears
after they had produced well-extended fresh silks. Because
CEW damage occurs after pollination, selection is done only
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in female rows. Again, only half of the plants in the female
rows were infested. At harvest, the less-damaged ears from
infested plants and the ears from agronomically superior
non-infested plants were saved for the next generation.
Pools |, 3, and 6 were infested and selected in this manner
in 1979,

In pools chosen for improving resistance to rot-
causing pathogens, half of each family (8 plants) was inocu-
lated. As the inoculations are carried out in the field where
environmental factors affecting rots cannot be controlied,
this eliminates the posssibility of drastic genetic erosion
in the pools as a result of complete or nearly complete
rotting of the plants inoculated.

The fungi Diplodia maydis (Berk.), Sacc. and D.
macrospora (Earle) were chosen as pathogens to induce ear
rot. The inoculum was raised on sterilized oat kernels in
one-liter jars, incubating both species in the same vessel, but
on opposite sites. Spore suspensions were prepared in water
supplemented with a few droplets of a detergent (Tween
80). Then, after adjusting the spore concentration to
50,000—150,000 spores/m| {according to the susceptibility
of the material to be inoculated), the plants were inoculated



In recent years, CIMMYT has placed emphasis in improving insect and disease resistance in pool materials. After artificially

a—~ s " N

inoculating this pool with disease-causing organisms, this CIMMYT scientist is screening material to select resistant families.

when the silks began to dry. The main ear of the plant was
inoculated using plastic spray bottles calibrated at two
mi/shot. One shot was applied on the silk, another between
the husk leaves.

Taking into account the variation in maturity and the
growth rate of the plants, inoculations were made at
appropriate intervals to ensure timely inoculation of the
ear. Plants were marked with different tags for each in-
oculation date to aid in recognition of variation in the
development of rot on different days, with dissimilarities
taken into consideration at harvest time. For determination
of those differences, a number of plants were inoculated in
male rows representing the mean of the populations. In
some cases, all plants of the male rows were inoculated with
the inoculum at concentrations equal to or higher than
those used in female rows. Clean ears selected from ag-
ronomically superior plants were added to the pool as
female entries in the following cycles. These additional
selections serve to upgrade the improvements for rot
resistance. In the female rows, only relatively clean ears
were retained from agronomically acceptable plants. The
ears from more susceptible progenies (as indicated by

family readings) were discarded, or were used as female
entries only in the following cycle. In the half-sib families
of Pool 33 that were evaluated under these inoculiation
conditions, the ear rot reaction was found to be normally
distributed. This suggests that the resistance is polygenic
and that it can be improved by using the available ino-
culation technique (figure 3).

A mixture of two fungi, Fusarium graminearum
(Schwabe). and F. maniliforme (Sheld.), was used for the
stalk rot inoculations. The two fungi were grown on tooth-
picks which were inserted into holes drilled into the first
elongated internode of the plant. Inoculations were made at
the same physiological stage of the plant as that used for
ear rot inoculations. Stalks were split at harvest, and as
many ears as possible were retained from agronomically
acceptable plants that were rot free. Otherwise, selections
were based on ear aspect. Ears were rejected that had
poorly-filled tips and loose kernels {an indication of stalk
rot infection).

All pools that complete three cycles of reliable
infestations or inoculations by the end of 1979 will be
tested in 1980 to measure effectiveness of selections in

7



FIGURE 3. Distribution of ear rot infection among the half-sib families of pool 33.
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improving for resistance, as well as the possible changes in
agronomic characters such as yield. Eight groups of families
identified in each of these pools will be intermated within
the group in the winter of 1980 and the resulting synthetics
evaluated that summer (figure 3).

Progress from Selection in Pools

All tropical and subtropical-temperate pools were
evaluated in both growing seasons of 1979 to determine
progress from selection. Table 7 lists the cycles compared in
various pools. A randomized complete block design with
eight or ten replications was used for each cycle. The cycles
of a pool were planted as female rows at the end of the
half-sib recombination block of the pool and detasseled.
Each plot consisted of 2 rows, 5m long, planted side-by-side.
Row-to-row spacing was 75 c¢cm, and plant-to-plant spacing
was 33 cm. Each plot was bordered by the male rows in the
pool. Earlier cycles were slightly later to silking than were
later cycles; hence, they were hand-pollinated in the
summer of 1979 to provide better comparisons.

The cycles in early tropical pools {Pools 15, 16,17, and
i18), and early subtropical-temperate pools. (Pools 27, 28,
29, and 30) were not compared during the summer, as these
pools had been planted in the breeding nursery with hand-
pollinations to improve synchronization in their pollen-shed
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and silking. Thus, the combined analysis data for these
pools are not reported.

No analysis was conducted for yield in Pools 25 and
26, as they lodged badly due to high winds that occurred
approximately a month after pollination in the winter, with
resultant low yields. However, these pools were analyzed
for silking and plant and ear height.

A randomized complete block design was used in
analyzing individual site data, with a split-plot-in-time
format used for the combined analyses.

Table 8 shows the performance of various cycles of
the early tropical and subtropical-temperate pools that were
evaluated during the winter of 1979. These pools, except for
Pool 27, had undergone three to four cycles of recombina-
tion with only slight selection pressure. Mild selection
intensity during the early cycles of recombination is expected
to provide better recombination among the entries making
up a pool, with greater progress from selection in later
generations, Despite the very mild selection pressure,
significant progress was made in every pool in reducing
days-to-flowering and plant and ear height. The vyields
remained virtually unaffected, except for Pools 18 and 30,
which showed substantial yield increases. Pool 27, which
had undergone nine cycles of recombination and selection,
showed a reduction of 4.6 days in flowering; plant height



was reduced by 33.8 cm and ear height by 20.0 cm, Tables
7 and 8 show the performance of different pools by season.

The analysis of variance of the combined data revealed
that the two seasons differed significantly in their effects
on the traits studied. These differences could be the result
of differing hours of daylight and/or temperatures in the
two seasons. In the winter of 1979, a severe incidence of tar
spot (Phyllachora maydis) occurred at Poza Rica. This
could account for part of the highly significant seasonal
effects in the tropical pools. Only Pools 26 and 32 showed
highly significant interaction between cycles and seasons for
the characters studied. Otherwise, the interactions did not
seem to be associated with the expression of the traits.

In all pools where combined analysis was performed,
the yields of later cycles were significantly higher than
those of the initial cycles (table 9). This improvement in
yield was accompanied consistently by a substantial re-
duction in maturity and in plant and ear height. Pool 3| was
an exception in that days-to-silking and plant and ear height
were reduced, but yield remained unchanged. (This pool
had completed only the initial cycles of recombination at
the time of these evaluations.)

Table 10 shows that, on average, the later cycles had
16. per cent (595.8 kg/ha) higher yields; were 3.7 per cent
(2.7 days) earlier in 50 per cent silking; had 16.2 per cent
(20 cm) lower plant height; and 14.6 per cent (16.2 cm)
lower ear height. The greatest progress in the reduction
of plant height was obtained in Pool 32, while Pool 26
showed the greatest reduction in ear height. Pool 34 showed
the greatest yield improvement, with Pool 3| having the
lowest. In most pools, gains were also associated with
slightly lower weight per seed and higher number of
grains/m2.

The various cycles were evaluated at the same plant
density, although the optimum plant density for shorter
and earlier materials is considered to be greater than that
for taller and later materials. Therefore, the true progress
made in these materials is perhaps greater than evidenced
by the data.

In all pools, selections were made and new germ
plasm introduced as described previously; thus, progress
could be a result of both of these activities. However, the
new materials were generally not superior to the pools and
were introduced only to add new genetic variation to the
pools. Thus, it would seem likely that they played only an
indirect or limited role in the improvement of these pools.

These findings do not support the general notion
that selection for shorter and earlier plants in a population
will necessarily reduce yield per plant if selection is practiced
in a large and heterogeneous population for height, maturity,
and yield simultaneously. In fact, yield per plant can be
improved if proper selection for reducing other negative
characters is practiced.

Preliminary Evaluation Trials (PETs)
PETs were tested internationally during 1979 primarily

to evaluate the performance of promising materials that had
not been included in the international testing program.
These promising materials are at various stages of devel-
opment in Mexico and their evaluation in national programs
can help identify potential areas of adaptation, as well as to
help establish priorities for their improvement. Populations
being evaluated in the international testing program also
were included in these trials to better establish the cor-
respondence between such populations and their back-up
pools.

The three separate PETs tested were PET-l, consisting
of seven tropical early materials currently under improve-
ment; PET-2, 28 tropical medium-and-late-maturing entries;
and PET-3, |15 subtropical and temperate materials of
various maturities. There were three local checks in PET-I
and PET-3, and two local checks in PET-2. A randomized
complete block design with four replications was used,
having four-row plots with 75 cm between rows and 50 cm
between hills, The stand was thinned to two plants per hill.
Table 11 shows the distribution of trials. In Mexico, the
grain-filling period and rate of dry matter accumulation
were examined in every material. Yield-per-day also was
calculated to define the efficiency of various materials.

The method of collecting and analyzing data is similar
to that used in the EVTs of the international testing
program. Data for the trials that were sent in 1979 cannot
be compiled until late in 1980; thus, the detailed analysis
and interpretation of datawill be reported in 1981. However,
the data collected in Mexico can be discussed briefly.

The materials in PET-l are divided into two broad
groups: ‘‘early’’ and ‘‘very early’” materials. The “early”’
materials include Pools 15, 16,17, and I8, Antigua x Republica
Dominicana, Tropical Amarillo Cristalino-2, Antigua x Rep.
Dom. x Pairumani, and Seleccion Precoz. The ‘‘very early’’
materials include Indonesian Composite, Mata Hambre x
Guajira (Blanco), Compuesto Zapalote Chico, and Mata
Hambre x Guajira x Pakistan.

On average, the “early’’ materials yielded more and
were taller and later than the ‘‘very early’’ materials. The
“early’’ materials yielded 2280 kg/ha (90 per cent )} more;
were taller in plant height by 24 cm (11.8 per cent); were 17
cm (21.8 per cent) taller in ear height; and reached physio-
logical maturity five days later than did the ‘‘very early”
materials (table 12). Although Mata Hambre-Guajira (Blanco)
was much earlier than the materials in the "early’”’ group
during the winter cycle, it was nearly as late as the “‘early’’
materials during the summer cycle,

Table 13 shows duration of grain filling, yield per day,
and grain growth {mg/day) of the PET-| materials. While the
“'very early’’ materials required fewer days to reach physio-
logical maturity than did the “‘early” materials, they did
not differ in duration of grain filling. The “early’’ materials
yielded nearly twice as much per day as compared to “‘very
early’’ materials—based on number of days from planting to
physiological maturity (39.3 vs 21.6 kg/day), as well as on
number of days from flowering to physiological maturity
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(91.4 vs 48.0 kg/day). Of the “early’’ group, Antigua-Rep.
Dom.- Pairumani had the lowest yield per day, whereas
yields of other entries did not differ greatly.

Yield is a function of seed size (wt) and number of
kernels/m2, Size of seed is dependent upon the rate and
the duration of grain filling. Because there was little dif-
ference in the grain-filling period of the two groups of
materials, yield differences can be attributed to the dif-
ferences in the rate of grain filling and the number of
kernels/m2. While the “early’’ materials yielded nearly
twice as much as the ‘“very early’’ materials, their rate of
grain filling was only 24 per cent greater (4.67 vs 3.77
mg/day). Thus, 76 per cent of the yield differences can be
attributed to the difference in grain numbers/m2 of the two
groups, which in turn is confounded with the optimum
plant population for each material. The best yields from
early materials would be obtained at higher plant densities
than would be optimum for medium and late materials. In
the findings noted here, the two groups did not differ in
maturity during the summer cycle; thus, this consideration
is not important. However, evaluation of both groups at the
same plant density {50,000 plants/ha) probably put the
“very early’’ group at a slight disadvantage in the winter
cycle.

If grown in winter, the ‘“very early’’ materials would
require 10-12 days less to produce a crop than would the
“early’” materials. In the summer, the two groups would
be equal in their requirements of number of days to produce
a harvestable crop. While “‘very early’’ materials might be
the only alternative under certain situations, their yield of
only 50 per cent of that of ‘‘early’’ materials must be given
due consideration in any production program.

The PET-2 materials were classified into 4 groups
based on their grain color and texture. The white flint
group consisted of seven materials; the white dent group,
ten materials; the yellow flint group, four materials; and the
yellow dent group, seven materials. Of the white flint
group, Pool I9 was the earliest and did not differ significantly
in yield from Pool 23, which was the highest yielder. Both
materials were only slightly taller than ETO Blanco; the
materials in this group did not differ greatly in their yield
per day. ETO Blanco had the highest rate of grain growth
and Blanco Cristalino-l the lowest.

Among the white dent materials, La Posta was the
tallest and the latest; Tuxpefio Caribe was the highest
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yielder, followed closely by Mezcla Tropical Blanca. Pool
24, which yielded only slightly less than these two materials,
was shorter and earlier. Mezcla Tropical Blanca had the
highest yield per day and the highest grain growth rate,
whereas Tuxpefio P.B. C-5 had the lowest performance in
these two traits.

Pool 2| appeared to be the best performer among the
yellow flint group. It was the highest yielding, the earliest,
and was only one centimeter taller than the shortest entry
in the group. It also had the highest yield per day of all the
entries. Amarillo Cristalino-l had the fastest rate of grain
growth,

Pool 26 was the highest-yielding material in the group
of yellow dent materials. It also was one of shortest and the
earliest entries. Cogollero was the tallest and was exceeded
in days to maturity only by Amarillo Dentado {0.5 day),
which outyielded Cogollero by over 300 kg/ha. Amarillo
Dentado and Pool 26 seemed to be the best entries with
respect to yield per day. The T.Y.F.D. C3 (stunt resistant)
had the fastest rate of grain growth, and Antigua x Ver. I8!
the slowest (tables 14 and 15).

The PET-3 materials consisted of two maturity
groups—"‘early’’ (group 1) and “medium-to-late’’ (group 2).
Pools 27, 28, 29, 30, Indonesia Comp.—Corn Belt, and
Comp. de Hungary form Group 1. Group 2 is formed by
the rest of the materials in the trial (table 16).

Group 1, on the average, was six days earlier in
reaching physiological maturity and seven days earlier to
silking, as compared to Group 2. The grain-filling period for
Group 1 was one day longer than that of Group 2. Although
Group 1 was 16 cm shorter in plant height and 21 cm
shorter in ear height, it yielded 1711 kg/ha (35.9 per cent)
less than did the Group 2 materials.

Group 2 yielded 31.6 per cent more than did Group 1,
based on the number of days from planting to physiological
maturity; and 38.6 per cent more based on the number of
days from flowering to physiological maturity. Group 2
also had a rate of grain growth 16 per cent faster than that
of Group 1. Because the two groups of materials do not
differ in their duration of grain filling, and because rate of
grain growth accounts for only 16 per cent of the dif-
ferences in yield, the number of kernels/m2 must be the
major cause for the difference in the yields (84 per cent)
between the two groups (table 17).






Table 2. (Continued)

Pool 19: Honduras 46; El Salvador 52; Pool 19- Selections from

Colombia.
Pool 20: Guatemala 90; Hond. 58; El Salvador 46; El1 Salvador 59;

Honduras 54.

Pool 21: Costa Rica 47; St. Vincent 4, St. Vincent 6; St. Vincent
8; Cuba 9; Cuba 11; Guatemala 73; Guadalupe 6; Guadalu-
pe 16; Surinam 796; Uruguay 699; Pool 21- Selections
from Colombia.,

Pool 22: Puerto Rico 7; Brazil 1280; Rep. Dom. 119; Rep. Dom.
248; Brazil 3024; Rep. Dom, 245; Cuba 22; Rep. Dom.
45; Rep. Dom. 237; Rep. Dom. 238; Rep. Dom. 38;
Rep. Dom. 169; Rep. Dom. 241; Rep. Dom. 249.

Pool 23: Trinidad 34, White Flint segregates - Selections from
Colombia.

Pool 24: Guatemala 88; Guatemala 104; Pool 24- Selections from
Colombia.,

Pool 25: Costa Rica 71; Cuba 2; Cuba 3; Cuba 13; Cuba 65; Panama
64; Surinam 800; Cuba 16; Pool 25- Selections from Colom-
bia.

Pool 26: Puerto Rico 2; Trinidad 20; Cuba 25; Cuba 47; Cuba 56;

Cuba 85; Cuba 107; Cuba 121; Dom. Rep. 150; Dom. Rep.
206; Brazil 820; Cuba 33; Puerto Rico 9; Cuba 167; Haiti
30, St. Vincent 2; Pool 26- Selections from Colombia.

Pool 27: Pai Pao Mi; King Ting Tse; Shiao Sui Hua; Ki Tan 102-SC;
Ki Shun 83-DC; Ki Shun 107-DC; Ian Shan No. 6-TC; Pe
Rhe Su; Hsiao Pai Chi; NEMP-3, BK-FS (Early); NEMP-3,
BK-FS (Sel.); NEMP-2, BK-FS (Mount Lebanon); NEMP-2
BK-FS; NEMP-1, BK-FS (Bekaa 1); NEMP-1, BK; White
flint segregates (Argentina 565, Arg. 567, Guatemala 246,
Guat. 317, Guat. 313); Mex, Mix.; Super Mix.; Exotic
Gene Pool; BS-8; IDRN-Cornell; Pennsylvania Gene Pool;
USA 342; GR-9; PRMP-1; GR-8; GR-10; YB-~-8430; B-58;
YB-8431; CBC-T77; Pai Syn. 5; 71 SAPB-581; HIYF; Largo
del Dia; Am. Subtropical; 71 SA PB-579; Andaluz, Perla;
Local var. of Zala; Samsun 63; INRA 310; Queixale;
Tremesino; 63A; Yellow Dent of Mindszentpuszta; 61A;
65A; F.B. of Martonvasar; HMV 979; 71A; Bannu Yellow;
Blanco; Hembrilla Nortena; INRA 400; MV-MSC 342;
Kohat #1; 14A; Germany 504; Swabi White; Changez;

HMYV 833; 105A; Curia; Nortenio; Daxa; Enano Levantino;
12A; Basta; Avanyoson; ''F" early yellow dent; 108A;
MV-SC 429; MV-MSC 342; Rastrojero; MV-TC 281; 22A;
27A; MV-TC 610; MV-SC 620; Puenfeareas; HMV 979;
Fino; Grano de Trigo; Rosero; Germany SCQ; MV-TC 596;
Germany TC 182; Bierre; 191-13; Syn., Ct. Fd. 741;

GC 4; MK-1-2-1; MK-3, VSH; Micca; MK-1-2-2; German
Pool - White flint segregates.




Table 2. {(Continued)

!

Pool 28:

Pool 29:

Pool 30:

Pai Pao Mi, King Ting Tse; Shiao Sui Hua; Ki Tan 102-SC;
Ki Shun 83~-DC; Ki Shun 107-DC; lan Shan No. 6-TC; Pe
Rhe Su; Hsiao Pai Chi; NEMP-3, BK-FS (Early); NEMP-3,
BK-FS (Sel.); NEMP-2, BK-FS (Mount ILebanon); NEMP-2,
BK-FS (Sel.); NEMP-1, BK-FS-Sel.( Bekaa No. 1);
NEMP-1, BK; (Argentina 565; Guatemala 246; Guat. 317;
Guat. 313; Arg. 567; Mex. Mix.; Super Mix.) - White
Dent Selections; CBC; Gr-6; Minn. Syn. AS3; BS-8; GR-T;
GR-5; YB 8432; B-58; GR-9; YB 8431; Exotic Gene Pool;
YB 8429; Florida Syn.; GR-2; BS-7; Pennsylvania Gene
Pool; Illinois-high oil-protein; Hawaii 5; Westigua;

77: SJ-3300, 3374, 3286, 3271, 3718, 3533, 3702, 3443,
3207, 3422; BSUL-1; Funk's "F'; DDCAD1C-2; DDCHI1C-2;
DDCHI1C-1; DDCKZ1C~-1; Andaluz; Hembrilla; Vasco;

MVSC 370; INRA 402; INRA 310; MVMSC 291; Puenfeareas;
Fino; 16A; Gallego; Bannu Yellow; 59A; 45A; 105A; 106A;
108A; 121A; 53A; 40A; 63A; 76A; 81A; 102A; 12A; 105A;
1154; 118A; TA; Blanco; Rosero; Avanyoson Yellow Dent;
MVTC 540; MVSC 370; Queixale; Tremesino; HMV 719;
"F" Early Y-D; MVTC 540; Local Var. of Zala; MVDC 460;
Daxa; HMV 832; Dent of Szeged; AT 633; Kohat; Swabi
White; Changez; Perla; Molledo; F-2. F-1256; F-1615,
F-1772; 364; 9; 1307; Z.P.-SK 28T; Yuzp DC84; Pau 564;
3216/2-8; Zplt 193; Concorde 560; 1318; MV-21; 129-16;
165-17; 164-2; 138-1; USA Pool - White Dent segregates.

Pai Pao Mi; King Ting Tse; Shiao Sui Hua; Ki Tan 102-SC;
Ki Shun 83-DC; Ki Shun 107-DC; Ian Shan No.6-TC; Pe

Rhe Su; Hsiao Pai Chi; NEMP-3, BK-FS (Early); NEMP-3,
BK-FS (Sel.); NEMP-2, BK-FS (Mount Lebanon); NEMP-2,
BK-FS-Sel.; NEMP-1, BK-FS-Sel.( Bekaa 1); NEMP-1,BK;
Yellow Flint Segregates (Argentina 565, Arg. 567, Guate-
mala 246, Guat. 317, Guat. 313); Mex. Mix.; Super Mix.;
GR-5; GR-4; GR-8: GR=-11; GR=13; YB 8432; B-58; Exotic
Gene Pool; BS-8, YB 8430; Pennsylvania Gene Pool; Minn,
Syn. ASA; YB 8431; CBC 77; HEWF; Andaluz; Perla;

Local var. of Zala; HMV 719; MVDC 53; MVTC 281;

MV SC 587; MV MSC 342; MVTC 540; MVSC 429; MV SC
587; HMYV 978; 69A; 60A; 61A; 101A; 115A; 19A; 125A;

22A; Kohot; Queixale; Tremesino; AT 633; FB of Martonvasar;
Basto; Enano Levantino; INRA 188; Vasco; Cuna; Bannu
Yellow; Blanco; Perla; Dent of Szeged; Nortefo Largo;
Rosero; Hembrilla; "F" Early Yellow Dent; Swabi White;
Puenfeareas; Grano de Trigo; Yellow Dent of Mindszentpuszta;
German Pool - YEF segregates.

Compuesto Colorado Precoz de Argentina; Eta; Tau; Pai

Pao Mi; King Ting Tse; Shiao Sui Hua; Ki Tan 102-5C;

Ki Shun 83-DC; Ki Shun 107-DC; Ian Shan No.6-TC; Pe

Rhe Su; Hsiao Pai Chi; NEMP-3, BK-FS (Early); NEMP-3,
BK-FS (Sel.); NEMP-2, BK-FS (Mount Lebanon); NEMP-2,
BK-FS-Sel,; NEMP-1, BK-FS (Bekaa 1); NEMP-1, BK:
Yellow Dent segregates (Argentina 565, Arg. 567; Guatemala
246, Guat. 317, Guat. 313); Mex. Mix.; Super Mix.;

CBC 62A; -GR-4; GR-12; GR-3; GR-T7; GR-5; GR-8; GR-13;
YB 8429; YB 8430; CBC 77; Minn.Syn. AS3; Pennsylvania
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Table 2. ({(Continued)

Pool 31:

Pool 32:

Pool 33:

Pool 34:

Gene Pool; IDRN-Cornell; BSCB (R); USA 342; BS-7;

Exotic Gene Pool; Westigua; 77: SJ 3120, 3080, 3443, 3773;
Funks "D'"; DDCSR1C0; DDCHT2C2; Tremesino; Queixale;
71A; Kohat; Bannu Yellow; Andaluz; Dent of Szeged; Rosero;
Basto; MVMSC 342; MVSC 370; MVTC 635; MVSC 620;
47A; T4A; Gallego; Vasco; Puenfeareas; Blanco; "F'" Early
Yellow D; Red King; Samsun 63; INRA 240; Seg. from 4;
FB of Martonvasar; INRA 310; Hembrilla Nortena; Cuba;
Enano Norterio; AT 209; BT; AT 633; Local var. of Zala;
HMYV 424; Germany 504; USA Pool - YD segregates.

Hua Ma Ya; Kun Lung Pai; Ki Tan 101-SC; Lu Shan No.9-
TC; Lu Tan No. 31-SC; Lu Tan No. 33-SC; Lu Tan No.
34-SC; Liao Tan No. 2-SC; Shen Tan No. 1-SC; lan Shan
No. 10-TC; Cheng Tan No.1-SC; Huan-1-1; Wu 102;

Wu 105; Hsiang Yuan Huang; Ta Ba Tang; Liao Tung Pai;
Tun Liao Huang Ma Ya; Sha Ling Tse Pai Ma Ya; Huang
Hua Tsuo; NEMP-3, BK-FS (Early); NEMP-3, BK-FS-
Sel.; NEMP-2, BK-FS (Mount Lebanon); NEMP-2, BK-
FS-Sel.; NEMP-1, BK-FS (Bekaa 1); NEMP-1, BK;
Venezuela 568; Guatemala 143; Guat. 151; Guat. 232; Sono-
ra 141,

Compuesto Blanco Denfado de Argentina; Hua Ma Ya; Kun
Lung Pai; Ki Tan 101-SC; Lu Shan No. 9-TC; Lu Tan
No. 31-SC; Lu Tan No. 33-SC; Lu Tan No. 34-SC; Liao
Tan No. 2-SC; Shen Tan No. 1-SC; lan Shan No.10-TC;
Cheng Tan No.1-SC; Huan 1-1; Wu 105; Wu 102; Hsiang
Yuan Huang; Ta Ba Tang; Liao Tung Pai; Tun Liao Huang
Ma Ya; Sha Ling Tse; Pai Ma Ya; Pai Ma Ya; Huang
Huo Tsuo; NEMP-3, BK-FS (Early); NEMP-3, BK-FS
(Sel.); NEMP-2; BK-FS (Mount Leb.); NEMP-2, BK-FS
(Sel.); NEMP-1, BK-FS (Bekaz 1); NEMP, BK; (Guatemala
143; Guat. 151; Guat. 232; Sonora 141; Coahuila 12) -
White Dent Selections.

Hua Ma Ya; Kun Lung Pai; Ki Tan 101-SC; Lu Shan No.9-
TC; Lu Tan No. 31-35C; Lu Tan No. 33-SC; Lu Tan No.
34-SC; Liao Tan No.2-SC; Shen Tan No.1-SC; Ian Shan No.
10-TC; Cheng Tan No. 1-SC; Huan 1-~1; Wu 102; Wu 105;
Hsiang Yuan Huang; Ta Ba Tang; Liao Tung Pai; Tun Liao
Huang Ma Ya; Sha Ling Tse Fai Ma Ya; Pai Ma Ya; Huang
Huo Tsuo; NEMP-3, BK-FS (Early); NEMP-3, BK-FS (Sel.);
NEMP-2, BK-FS (Mount Lebanon); NEMP-2, BK-FS;
NEMP-1, BK-FS (Bekaa 1); NEMP-1, BK; Guatemala 242;
Honduras 49; Sonora 141; Venezuela 336; Guatemala 151.

Hua Ma Ya; Ku Kung Pai; Ki Tan 101-5C; Lu Shan No.9-
TC; Lu Tan No. 31-3C; Lu Tan No.33-5SC; Lu Tan No.34-
SC; Liao Tan No. 2-SC; Shen Tan No.1-SC; Ian Shan No.
10-TC; Cheng Tan No. 1-SC; Huan 1-1; Wu 105; Wu 102;
Hsiang Yuan Huang; Ta Ba Tang; Liao Tung Pai; Tun Liao
Huang Ma Ya; Sha Ling Tse Pai Ma Ya; Pai Ma Ya;
Huang Huo Tsuo; NEMP-3, BK-FS-(Early); NEMP-3,
BK-FS (Sel.); NEMP-2, BK-FS (Mount Lebanon); NEMP-2,
BK-FS (Sel.); NEMP-1, BK-FS (Bekaa 1); NEMP-1,

BK; Guatemala 143; Guat. 242; Honduras 49; Sonora 141;
Chile Z 30; Guat. 279.
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Tahle 4. Composition of pools formed during 1978 and 1979.

1l Highland Early White Floury (Pool 1)

2. Highland Late White Floury (Pool 2)

Blanco Harinoso Precoz Andino; Cacahuacintle; San Jerénima;
Kullu perico; Maiz Concebido; Huaraz Cuzquefio; Huaca Lurum;
Cuzco; Holandes; Cabana; Grupo Zona Andina Harinoso; Maiz
Ancho; Pisankalla; Shima; Mishea; Titicaca 1,4,5,6,7,8,9,10;
Parba Amarilla; Caraz Morado; Uchuquillo; Palta Waltace;
Amarillo Cochabamba; La Paz Cuzco; Huillcaparu - Ckara,
Paulla; Overo Chico; Holandes 1,2,3 & 4; Blando Arquile;
Amarillo Chico; Soleanera Blanco; Krug; EC 466; HM-1, 18;
Cun. 365; RV-7; Montana B-84; Syn., 4; V503; Narifio 373;
V553; Hickory King; H401, 402; Planta Corta Grano Morado,
Amarillo y Blanco, Amarillo Harinoso: Morocho Caraz; Cun.
431; Comp. floury o,; Pachia; Precoces de Bolivia; Comp.
Grano Grande; HEW].*Z; HEWD; HEYF; INIAP 101; Chuncula;
Puca Checchi; Paro I; Rabo de Zorro [; Pura Capuli; Amari-
1lo de Oro; Am. Ancash; PMC 631; PMV 661, 662; Omo o
Kosfii; Oque; Huamanpacpan; Chaque Sara; HEYD; Chupan
Huanta; Luricocha Huanta; Ayacucho; Huanta Bajo; Pampas
Huanca Velica; Ccasaccoha Huanta; Variedad Colecabamba;

Uripa; Paucalbamba; Churcampa Tayacaja; Mezcla de AndahaylasJ
Mezclas de Chincula Blanco y Amarillo; Am. Comun Churcampa
Tayacajas; Cajamarca Maiz Chochoca 8; Maiz Chochoca Variante
Hso. 4; Maiz Chochoca 6 y 5; Hualtaco Bolivia; Mamanaca
Tarata; Huilcaparu; Chincula; Blanco Morocho Bolivia; Tercio-
pelo; Huascaran 093 Comp. Choclero Carahuaz; PMV 461; High
alt. Og; Comp. I 6,; Pairumani Ancho; Sabanero; Grupe E;
Durango 201; 177; %78; 185; 27; Chihuahua - 209; 213; 212;

242; 243; 186; 191; 202; 165; 159; 174; Zacatecas - 175; 170;
Chihuahua 153.

Cuzco Gigante - PMV 560; Choclero 1,2; Hualtaco; PMC 561;
Grano Grande; Cuzco-hijos; Maiz Blanco (Cuenca); Chincheros;
Blanco (Penipe); Huantabajo; Paraquilla Bolivia; Maiz Blanco
(Cuzco); Maiz Blanco (Saraguro); Maiz Blanco (Caiamarca);
Chochoca; Chochoca Variante Hijo-2; Blanco Imperial; Agricul-
tor 3; Sintetico B.W.I, Cubano; Olmos; Coleccitn Chillos #7;
Amaguano; Zona de San Pablo (blanco); Zona de Atfuntagui
(Blanco); San Luis (Blanco); Morocho Caraz; Cacahuacintle;
San Jerdnimo:; Amarillo Harinoso; Selecciones Tardias de
HEWIl, & HIW{l,; Materiales de Kenya; Blanco Mercado de
Otavalo; Loja Méiz Blanco; Loja Blanco Ligero; Zona de
Atuntagui Maiz Blanco; Zona de San Pablo Blanco; Zona de
Bolivar Blanco Tipo Chillo; Blanco Bolivar Ensayo de Inhery;
Amaguana Maiz Blanco; Chunchi Mezcla; Zona de Cayambe
Blanco; Penipe Blanco; Zona de Cayambe; Santa Rosa Flores
Blanco; San Isidro San Luis Blanco; Cebadas Blanco; Cecel
diron blancos; Blanco Huaraz Mercado; Comp. Amilaceo;

Sint. B.W. y Cubano; Olmos; Piscorunto E.E, Taray; Blanco

Urubamba E.E. Huayacari; Mamanaco Tarata; Chupan Huants;
Casaceoha; Uchunquilla; Maiz Pairumani Ancho; Pampas Huan-
cavelica; Chuncula; Paro 1; Rabo Zorro 1; Maiz Blanco; HEYD;
Cacahuacintle; Rojo Huaratambo 2; Chuta; Maiz Gris 1; Morocho
Rojo; Kapia; Maiz Pintado; Umutu; Colorado Ona; Checchi;
Cuenca Maiz Blanco; Parrogquia de Bolivar; Blanco Ligero Rojo;
INIAP 101; Blanco Harinoso Precoz.













Table 4.

(Continued)

10.

11.

12.

Gene

79 RF, 129-26, 164-2, 165-17, 191-1, 191-12, 191-13,
192-9, 194-1, 196-2, 200-2, 209-8, 164-2 x 138-1, 200-2 x
138-1, S72 HST x MK-8-2, S72 HST x 138-1); GIE-Pioneer-~
France (Flint Synt. x #, CB Synt. x #, CDS x ##); KWS-
Germany (Garbo, Ibo, Hit, Granat, Iso, Iris, Irha, Micca,
Massa, Forla, Garoche, Hausa, Erox, Miris, Moco, Ferro,
Edo, Gavott, Giga, Inka, Gabix, Ira, Perdux, Hai, Harpun,
I1lo); Kojic-Yugoslavia (Yuzp L. (3259/11, 3261/8-10, G-54/
1.14, 518-3-12, 2039-9-12, 1703/4-12, 3028, 3216/2-18),
Yuzp DC(94/1-77, 16/1-77, 269/1-77, 75/1-76, 42/1-77,Yuzp L3873
50/1-77, 44/1-77, 45/1-77), Yuzp TC 391/3-77,Yuzp DC 150/1-77
Yuzp BL-98-1, Yuzp L1-193/1, Yuzp BR-386 , Pollacsek=-France
(Massat, Bareilles, (F-2. F1256) (F1615. F1772); Bossuet-
France (GC (1-15), Primeur 170, Silac 233, Master 243,
Rega 246, Royal 255, Star 304, Visa 324, Major 560);
Majester-France (1190, 1198, 1218, 31H30, 364, 0005, 1307,
1318, 1323, Typhon 204, Beaufort 221, Survit 241, Cuzco 251,
Astron 252, P-362, P-365, Phoebus 365, Pau-564, Concorde
560, Synt. ct.f.d.79-1, Synth. Ryrale, Pop. 31, VSIH, Synth.
Flint 73, Syn Dent 73, Synth. Totale 73, Melange Lardony,
BKB, BKA); Kiss~France (20-14, 60-205, 60-206, 60-209,
60-215, 60-216, 60-226).

Pool for the Southern Temperate Region

CIMMYT Maize Gene FPools (HEWF, HEWD, HEYF, HEYD,
HIWD, HIYF, HIYD, HLWF, HLWD, HLYF, HLYD); ETO x
Illinois; Amarillo Bajio; Largo del Dfa; Blanco Subtropical;
Amarillo Subtropical Blanco Pakistan; Amarillo Pakistan;
Pairumani Syn. 5; Amarillo Bajlo x Varios Templados;
Pakistan Precoces; 71 S APB - 483, 231, 581, 495, 579,
487, 174, 313, 314, 346, 347, 491, 492, 582, 585, 199-228,
494, 474, 532, 505, 235, 344, 345, 525, 584, 540, 485, 336,
337, 539, 300-303, 366, 367, 534, 526, 527, 528, 573, 576,
577, 579, 521, 533, 340-342, 529, 538, 526, 588, 524, 625,
626, 350, 351, 493, 490, 359, 372, 373, 390, 399-403, 348,
349, 356, 496, 486, 506, 511, 472, 482, 481, T5 111.

CIMMYT-Germany Maize Exotic Gene Pool

Chihuahua Comp.; Precoz Titicaca; Largo del Dia; Morocho;
Corn Belt; Blanco Pakistan; Temp. x Trop. H.E.o,; Comp.
Hungary; Amarillo Pakistan; Temperate Early White Flint
(Pool 27); Precoz Pisankalla; Confite Pufiefio; Cornell Early;
Zac. 58; 2417 x 2421; Criollo Barraza; Pakistan Precoz;
UNCAC 242; Pairumani Synth.; Lineas Illinois; Shingrachuon
White Dent; Peking White Dent; Yellow Ken Chin; Highland
Materials from Mexico; Syn ,5; ILBA; TALAT.

Brachytic-2 material

Brachytic-2 Versions of Tuxpefio-1; TIWF (Pool 19); TIWD
(Pool 20); TIYF (Pool 21); TLWF (Pool 23); TLYF (Pool 25);
TLYD (Pool 26); and Brachytic-2 Versions of Yellow Flint
and White and Yellow Dent Materials from CIAT (Colombia).

For composition of existing pools, refer to "CIMMYT Report on Maize
Improvement 1973, "
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ADVANCED UNIT

CIMMYT’s improved maize germ plasm reaches col-
laborators in national programs through the Advanced
Unit, a multi-disciplinary team of scientists that focuses on
population improvement through international testing. In
1978/79 this team worked with 26 maize populations, each
designed to serve a tropical, sub-tropical, or temperate re-
gion. Before being sent out for international progeny
testing, each advanced population is grown for three genera-
tions in Mexico. Each population undergoes continuous
selection using mostly within-family variation and giving
special emphasis to traits such as shorter plant height, fewer
days to maturity, better standability, and better resistance
to diseases and insects. Each advanced population is tested
internationally in progeny trials once every two years at
six sites, worldwide. These international progeny trials serve
two purposes. First, about ten of the best progenies are
identified by each international collaborator, and these will
be used to form an experimental variety (selection pressure

approximately 4 per cent). Second, 30 to 40 per cent of the
best across-site progenies are selected to regenerate the next
cycle of the population.

Whereas the gene pools in the Back-Up Unit are
selected on the basis of visual observations across sites in
Mexico, the Advanced Unit populations are improved on
the basis of specific progeny performance in replicated
yield trials, using across-locations data from up to six sites
around the world. Thus, the major selection pressure ap-
plied to each of the Advanced Unit populations is in agro-
climatic conditions where the populations will be used.

MODIFIED POPULATION IMPROVEMENT SCHEME

The Advanced Unit population improvement program
was modified in 1978 with a combination of both among-
and within-family improvement procedures. This scheme
(illustrated in figure 1) is designed to make optimum use of
data retrieved from both north and south of the Equator.

FIGURE 1. Modified CIMMYT Maize Population Improvement Scheme.

STEP SEASON NO. OF FAMILIES

BREFEDING SYSTEM

Base Pop. + Pool

4D FS fams. are generated for IPTT#

INTERNATIONAL PROGENY TESTING TRIALS (IPTTs)

Simple lattice 16 x 16 at 6 different countries.

1 A +  MF.S.. "HOGENY REGENERATION
2 B 250 F.S
3 A 250 F.S. ++ 30 H.S.**

FAMILY INPROVEMENT, ALTERNATIVES

1) Within fauilly sibs in each group.
2) Within family sibs reciprocal,

1) S1

Based on acrnss sites performance about 32% ¢! families are
seleclud (3 ears irom each original family).

4 B + 80x3 ++20x 3 HA LF-SIB RECOMBINATION AMONG SELECTED FAMILIES
Bulk pollination among selected plants within each group.
1 A +240H.S. ++60H.S. " PROGENY REGENERATION

Plant to planl (direct-ruciprocal) crosses amony families within
group to yinerste a new set of 250 F.S. (+ 220 B.P. + + 10 Pool).
Repeat procedure.

A =0FF SEASON (Winter-Spriag)
B =MAIN SEASON (Sutnmier~Fall)

BP = BASE POPULATION
FS FULIL SIB
HS HALF SIB

0o

* Before 1978A progeny recombination and regeneration was done using the best F.S. families based
on across site mean performance in the previous cycle.

“+ Evaluation of elite pool families can be staried at steps 3or 1.
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This system also makes better use of the time between
international progeny testing cycles for additional im-
provement for desired traits in Mexico. This modification
allows breeders to capitalize on within-family variation to
improve the population further for specific characters (step
3 in figure 1). In addition, better recombination of the im-
proved families is accomplished in the additional generation
(step 4) in the modified scheme.

Table 1 lists the maize populations currently being
improved. Tables 2 and 3 list the traits being emphasized
in the improvement of each population during the family
improvement phase.

Development of Experimental Varieties (EV)

Figure 2 depicts the flow and time sequence of the
germ plasm improvement process from progeny regeneration,
International Progeny Testing Trials (IPTTs), through the
development and testing of Experimental Varieties (EV)
and Elite Experimental Varieties (ELV) to supply seed to
national programs for multiplication and trials in farmers’
fields.

A very high selection intensity is used in developing
site-specific and across-site experimental varieties. Usually
the “ten best” of the 250 families are selected and their
remnant seed is used for a balanced recombination to
constitute the corresponding EV. Seed of all EVs is increased
in the following season for further testing as ELVTs and for
use by cooperators.

As in previous years, the EVs are designated by the
name of the testing site (or across-sites), year, and population
number, in that order {e.g., Poza Rica 7822). Since 1978,
specific country requests to create an EV have been iden-
tified by placinga number in parenthesis foliowing the
testing site name (e.g., San Andres (1) 7823). When more

than one specific country request is received, it is identified
sequentially (e.g., San Andres {(2) 7823). EV designations
that do not have numbers in parenthesis are based on
statistically analyzed data collected through the inter-
national testing program.

Superior varieties are identified through muiti-
location Experimental Variety Trials (EVTs) and Elite
Experimental Variety Trials (ELVTs). Seed of each EV (or
ELV) is increased immediately and sufficient quantities are
maintained so that foundation seed can be made available
quickly for use by national programs or other cooperators.
The cooperators can use the experimental varieties and
improved populations for: (1) direct release after further
national testing, (2) further improvement and selection
under their conditions, and (3) use in their national breeding
program for improvement of their populations or develop-
ment of lines for hybrid programs.

ADVANCED UNIT OPERATIONS IN MEXICO

Tables 2 and 3 show the improvement sequence in
the Advanced Unit populations for the 1978A, 1978B,
1979A, and 1979B growing seasons.

Family improvement objectives included selection for
reduced plant height, standability, earliness, better resis-
tance to fall armyworm (FAW) and sugar cane borer (SCB),
better ear rot resistance, and better stalk quality.

Introgression of New Germ Plasm into Advanced Unit
Populations

Figure 1 shows the procedure used for adding new
germ plasm to Advanced Unit populations. Qutstanding
families from corresponding pools can enter the im-
provement scheme at either steps 1 or 3. Germ plasm
additions remain separate from the base population through

FIGURE 2. CIMMYT'’s International Maize Population Improvement and Utilization.

SEASON GERMPLASM IMPROVEMENT IMPROVED GERMPLASM UTILIZATION
A PROGENY REGENERATION NURSERY
TO PRODUCE 250 F.S. FAMS./POP,
B LOC. LOC., LOC. LOC. LOC. LOC. PROGENY TRIALS (IPTTS) (250 F. 8.+ 6
1 2 3 1 P CHECKS) SIMI'LE LATTICE 16 x 16,
A FAMILY IMPROVEMENT EXP. VAR. DEVELOPMENT WITH 10
BASE POP. + ORIGINATED FROM POOLS BEST FAMS. FROM EACH LOC. AND
10 BEST ACROSS LOCATIONS.
B FAMILY IMPROV. & RECOMBINA TION EXP. VAR. TRIALS ARE CONDUCTED
AT 30 TO 50 LOCATIONS. EXP. VARS.
SEED IS INCREASED
A PROGENY REGENERATION NURSERY ELITE EXP. VAR. TRIALS ARE
TO PRODUCE 250 FULL SIB FAMS. CONDUCTED AT 60 TO 80 LOCATIONS.
B LOC. LOC. LOC. LOC. LOC. LOC. PROGENY TRIALS. (IPTTs)

1 2 3 4

6

ELITE POOIL. FAMILIES CAN BE STARTED AT FIRST OR THIRD STEPS.
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In the course of the breeding activities, new techniques and apparatus are developed to improve and speed the work. One
such device is the bazooka used for larvae infestation. With the bazooka, 1,500 plants can be uniformly infested in one hour—
a 300 percent increase over former methods. CIMMYT is distributing bazookas to national collaborators.

the IPTT phase. Only progenies that demonstrate superior
agronomic performance across locations (and thus would
contribute positively to the base population) are merged
genetically during the next improvement cycle.

Table 4 lists the contributions of various pools to
Advanced Unit base populations in 1978 and 1979. The
amount of new germ plasm merged to the base populations
varied from 0O to 46 per cent.

New Populations and Discontinuation of Some Advanced
Unit Populations

Table 5 lists new populations in the Advanced Unit
and their origins (based on complete germ plasm substitu-
tion coming from Back-Up, Special Projects, and Quality
Protein Units). Changes included complete genetic replace-
ment of two populations (Populations 33 and 39, and
promotion of three new populations (Populations 30, 31,
45), The Populations 37 and 53 were discontinued. Details
of basic germ plasm constituting new populations are
described in the Back-Up, Special Projects, and Quality
Protein sections of this report.

Special Advanced Unit Trials

Results of Experimental Variety F4/F5 Trial

In 1979A and 19798, trials were conducted at Poza
Rica and Tlaltizapan to assess the differences in vyield
performance of Fq and Fo generations of ELVs. Fifteen
ELVs were chosen and the yields of the Fq and F5 gen-

erations of each ELV were compared. Each variety was
formed from 8 to 13 full-sib families. For each variety, the
F 1 generation consisted of a balanced genetic recombination
of all families (obtained by a balanced plant-to-plant
crossing among all families). The Fy generation was advanced
through bulk poliinations of Fq generations of each variety.

Yield depression from Fq to F9 of ELVs tested varied
from 0.3 to 17.3 per cent (table 6). The average depression
over environments and varieties was 7.2 per cent and was
significant. Yield depression (over environments) between
F1 and Fo generations was highly significant (6.9 to 12.7
per cent) for eight varieties, significant for two varieties
(5.6 to 5.8 per cent), and was not significant for the re-
maining five varieties (3.5 to 5.1 per cent).

Yield depression at different sites was quite variable
for most varieties, although the depression for five varieties
was more stable across sites. It would seem that some
varieties are more stable than others.

Progress in Advanced Unit Populations after Two to Three
Cycles of Improvement

Thirteen populations that had completed two to
three cycles of improvement were chosen to evaluate the
progress of selection in these populations.

The first trial was grown in 1978B at three locations
in Mexico, and the performance was determined in terms of
yield, plant height, and days to flowering for cycle 1 to
cycle 2 or 3 (table 7). Problems with seed and growing
conditions allowed only preliminary conclusionsto be
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drawn from this data. However, trends of progress clearly
demonstrated increased yields, shortened plant height, and
reduction in time to flowering.

To document progress more accurately, the trial was
repeated in 1979B. The same 13 tropical populations were
tested again to evaluate the improvement between cycle O
and the latest cycle (Co or C3) of selection. Table 8 shows
the across-site performance for days to silking, plant height,
and yield. The across-site performance showed a significant
yield increase over two to three cycles of improvement for
six of these populations. In four populations, days to
maturity were reduced significantly. Six populations
showed a significant reduction in plant height over the
cycles of improvement. All 13 populations showed some
increase in yield along with a decrease in days to silking and
plant height.

The highest gains in yield, along with a considerable
decrease in days to silking and plant height, were observed
in the populations Cogollero and La Posta. Two cycles
of selection in the population Cogollero resulted in a
yield increase of 20 per cent over CQ, a decrease of 2 days
to silking, and a reduction of 12 cm in plént height. La
Posta gained 16 per cent in yield after three cycles of im-
provement and was three days earlier to silking and 12
cm shorter in plant height. It'should be noted that in 1975,
after one cycle of improvement, the best fraction of popu-
lation IDRN was merged into Cogollero. This merging
might explain part of the 20 per cent yield gain over two
cycles of improvement. No germ plasm was added to the
population La Posta.

The populations Antigua-Veracruz 181 and Amarillo
Cristalino 1 also showed a highly significant increase in
yield (10.6 and 13.6 per cent} over three cycles of improve-
ment, while their maturity and plant height were only
slightly reduced. The populations Blanco Cristalino 1 and
Antigua-Replblica Dominicana showed a significant yield
increase, but only a moderate reduction in maturity and
plant height characters.

The populations {Mix.-Col.Gpo.)ETO and Mezcla
Amarilla were one day earlier to silking, showed slightly
reduced plant height, and showed only slight improvement
in yield,

Only moderate improvement was measured for
Populations 21, 22, 28, 29, and 32. This may be related to
the lack of adequate data from IPTT sites which prevented
selection of really superior progenies for population im-
provement. In the initial stages of improvement, the selec-
tion of the best families for the next cycle of improvement
was sometimes based on only two sites. This factor, plus
the poor quality of some of the IPTT data, may explain the
more modest progress made in improving these populations.

Despite these limitations, the results of these trials
clearly demonstrate the effectiveness of the full-sib popu-
lation improvement system used by CIMMYT since 1974.
Data from experimental trials at Ciudad Obregon (a heat
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and moisture stress environment) show that the latest cycle
of improvement had considerably better yield performance
than did cycle 0 {table 9). This could be an indication of
improved adaptability of the advanced populations to some
stress situations.

It is important to emphasize that these populations
were not subjected to intense selection pressure for yield
alone. Rather, a combined pressure for yield, reduction
in plant height, and earlier maturity was applied. There-
fore, the assessment of the relative values of yield improve-
ment for most of the populations also should include
considerations of the gains made in their maturity and plant
height characters.

Formation and Increase of Experimental Varieties

Table 10 provides information on EVs that were de-
veloped and increased during 1978-79. A total of 142 EVs
were developed from 30 populations. The(e was a total of
173 seed increases from Fq to Fo generations. This seed
was used to meet the demands for conducting the inter-
national EVTs and ELVTs and to fill cooperating country
seed requests for use in their breeding and production
programs.

DISTRIBUTION AND RESULTS OF INTERNATIONAL
TESTING

In 1978, international progeny testing included 13
Advanced Unit populations of Group 1 and in 1979, 13 of
the 14 populations of Group 2 (table 1). Populations 37,
42, and 53 were eliminated from the Advanced Unit program
at the end of 1978.

Advanced Unit trials conducted at CIMMYT experi-
mental stations in 1978-79 included 31 IPTTs (18 at Poza
Rica, 7 at Tlaltizapan, 4 at Ciudad Obregon, 1 at El Batan
and 1 at Toluca); 12 EVTs {8 at Poza Rica, 2 at Tlaltizapan,
1 at El Batan and 1 at Toluca); and six ELVTs (4 at Poza
Rica and 2 at Tlaltizapan). Details and results are given in

1978 and 1979 Maize International Testing Reports.
Distribution and data recovery percentages for the

IPTTs, EVTs, and ELVTs are given in table 11. In 1978, a
total of 76 IPTTs, 2956 EVTs, and 206 ELVTs were re-
aquested by 80 countries. In 1979, 76 IPTTs, 244 EVTs, and
233 ELVTs were sent to collaborators in 85 countries. Data
were recovered from 48 per cent of the total trials distribu-
ted in 1978. In 1979, data retrieval by July 1980 (72 per
cent) was very good for IPTTs, while the data returns were
less for EVTs and ELVTs (EVTs: 26 to 49 per cent; ELVTs:
24 to 36 per cent). Additional data are expected, but
cannot be included in this report.

Results from the 1978 and 1979 IPTTs are presented
in tables 12 to 15. The best performing varieties identified
in EVTs 12, 13, 14A, 14B, 15, 16, 17 and ELVTs 18, 19,
20 are listed in tables 16 to 25. Complete data for each
IPTT, EVT, and ELVT (for which results were returned)
have been presented in the 1978 and 1979 Maize Interna-
tional Testing Reports.



Results of International Progeny Testing Trials (IPTTs)

Results are reported from 54 of the 76 IPTTs for
1978. The remaining 27 IPTTs were either not planted or
were lost due to environmental problems such as floods and
droughts.

Table 12 shows: (1) mean vyield of selected families
(10 in most cases) for variety development and the mean
yield of all 250 progenies, as per cent of the mean of the
checks, (2) days to silk, as number of days earlier or later
than check means, and (3) plant height, as number of
centimeters taller or shorter than check means. In most
cases, the mean yield of progenies selected for EV formation
was considerably superior (up to 251 per cent) to that of
the mean of the checks. For about two-thirds of all 71
site-specific and across-site experimental varieties, the mean
performance of the seiected progenitors was superior to the
best check variety in yield. These were usually earlier and
shorter. EV progenitors superior to the best checks were
identified in the IPTTs grown in Mexico, Nicaragua, El
Salvador, Haiti, Colombia, Ecuador, Peru, Bolivia, Brazil,
Tanzania, Zaire, and Ghana. Most of the remaining EV
progenitors identified were equal to the best check in yield,
and were earlier and/or shorter.

Selection pressure applied to Group 1 populations in
improvement phases (table 13) ranged from 30 to 64 per
cent (average 44 per cent). For three populations {(pop. 39,
43, and 45), data were recovered from only two testing
sites before recombination time, thus a high selection
pressure was not applied. The selection differential for yield

CIMMYT’s Advanced Unit is
responsible for the refinement
and handling of those maize
materials which are ready for
international testing. In general,
improved Advanced Unit
materials are shorter in
height, more uniform, mature
earlier, and are agronomically
superior when compared to
the original cycles of selec-
tion,

of the families selected for the fourth cycle of population
improvement ranged from 4 to 13 per cent (mean 9 per
cent) over the population mean. With the exceptions of
populations 35 and 44, the mean vyield of the selected
families was superior to the check means. Differences
between the selected progeny mean and population mean
were negligible for maturity; variable, but slight, for plant
and ear height;and slightly improved for ear rots and lodging.

Poor data recovery in 1978 was one of the barriers to
better progress. Data were returned on average from only
three of six possible sites before recombination time. Data
recovery was 50 per cent or less for six populations. This
resuited in the application of relatively low selection
intensity, and will be reflected by slower genetic gains over
cycles of improvement for these populations.

Data recovery for the 1979 IPTTs {(Group 2) was
much better: 53 (70 per cent) out of 76 sites had returned
data before the recombination of the seiected families.
Superior progenies were selected to form 72 EVs for testing
in 1980.

Table 14 shows the selection pressure applied to
Group 2 populations, as well as the performance of selected
families for the next cycle as compared to the population
mean performance.

The selection differential for yield of all the popu-
Jations ranged from 5 to 13 per cent {mean 9 per cent) over
the population mean. Stronger selection was applied for ear
rot and husk cover. Selected families showed much better
performance for these characters than the mean of the
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population. For the other characters mentioned in Table
14, the performance of the selected families was equal to
that of the mean of the population.

IPTT results available by July, 1980, are summarized
in table 15. Included in this table are the mean perform-
ances of progenies selected for 1979 EV development and
their comparisons to the population, the mean of the checks,
and best check. These data indicate a trend similar to
the 1978 results. For most populations and testing sites, it
was possible to select ten progenies having a mean yield
equal or superior to that of the checks mean or best check,
which could be used to develop EVs with potential for
better yield and agronomic characteristics. Countries that
grew IPTTs and identified EV progenitors superior or equal
in mean vield to the best check variety (along with earlier
maturity and/or shorter plant height) included Mexico,
Guatemala, Costa Rica, Honduras, Panama, Venezuela,
Ecuador, Peru, Bolivia, Brazil, Chile, Pakistan, and Egypt.
For the intermediate maturity populations (Populations
26, 30, and 31) the best check varieties were, in most cases,
sufficiently late and tall to nullify comparison with EV
progenitors in terms of yield performance.

Test results for 1978 and 1979 showed that the best
checks often were hybrids. In many cases, a number of EV
progenitors competed favorably with these check hybrids in
terms of yield performance, and often were much shorter
and earlier in maturity.

Results of Experimental Variety Trials

EVT 12—-In 1978 and 1979, a total of 67 tropical late
white dent and flint EVs were tested in EVT 12. Eleven of
these EVs originated from population Tuxpefio 1, 11 from
Mezcla Tropical Blanca, 7 from Tuxpefio Caribe, 8 from
Braquiticos, 9 from La Posta, 5 from Blanco Cristalino 1,
3 from (Mix.- Col.Gpo.)ETO, 2 from ETO Blanco, and 11
from AED x Tuxpefio.

Table 16 shows the performance of the best EVs in
21 different countries. In Bolivia, Costa Rica, Honduras,
Guatemala, Mexico, Colombia, Ghana, Zaire, Saudi Arabia,
Tanzania, Nigeria, Malawi, Swaziland, Yemen A.R. and
Philippines, several EVs from various populations yielded
significantly more {up to 88 per cent) than the best local
check, and in most cases were earlier in maturity and shorter
in plant height. In other countries, EVs were equal in yield
to the best check (often a hybrid) but were much earlier
and/or shorter than the check. The best performing EVs
were derived from Mezcla Tropical Blanca, Tuxpeiio-
Caribe, and La Posta. Some EVs from Blanco Cristalino 1,
AED x Tuxpefio, Tuxpefio, Braquiticos, and (Mix.-Col.Gpo.)
ETO performed well in some countries. In EVT 12, the
outstanding EVs in 1978 across countries were Los Bafos
(3) 7622, Ferke (1) 7622, Poza Rica (E) 7729, Omonita
7643, Poza Rica 7643, and Across 7643. L.a Maquina 7721
and Palmira (2) 7631 also performed well.

The 1979 elite varieties (ELVs) identified from the
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1978 EVT 12 were La Maquina 7843, Poza Rica 7843,
Poza Rica 7822, Across 7622, Across 7729, Dholi 7622,
Guanacaste 7729, Kisanga 7729, Across 7721, and San
Andres (1) 7823.

EVT 13—A total of 37 tropical, late, yellow dent and flint
EVs were tested in EVT 13 in 1978 and 1979. Twelve EVs
were derived from the population Amarillo Cristalino 1,10
from Amarillo Dentado, 6 from Cogoliero, 2 from Antigua-
Veracruz 181, 3 from Mezcla Amarilla, and 4 from Antigua-
Republica Dominicana.

Table 17 shows the performance of the best EVs
from EVT 13 as compared to the best check for yield, days
to silking, and plant height. These EVs seem to have excel-
lent potential for use by national programs. In nearly all
countries, several EVs were equal to or out-yielded the best
check, and were earlier in maturity and significantly shorter
in plant height.

Experimental varieties from all populations in this
trial performed well. Several EVs derived from parent
population 28, Amarillo Dentado, showed very good
performance. Across 7728 and Poza Rica 7728 were the
highest yielders and showed stable performance over many
locations, Several EVs, derived from various parent popula-
tions, performed outstandingly {110 to 191 per cent of best
check yield) in Guatemala, Jamaica, Haiti, Honduras,
Mexico, Panama, Dominican Republic, Bolivia, Colombia,
Peru, Ghana, tvory Coast, Mali, Sierra Leone, Nigeria, Upper
Volta, Sudan, Yemen A.R., Saudi Arabia, Bangladesh,
Pakistan, Nepal, Burma, Sri Lanka, and the Philippines.

EVT 14A- This trial, which included tropical, intermediate,
yellow dent, and flint EVs, was distributed in 1978 only. It
included 13 varieties: 5 from population Antigua-Veracruz
181, 6 from Mezcla Amarilla, and 2 from Antigua-Reptblica
Dominicana. Table 18 lists the best performing EVs from
this trial grown in 24 countries. Experimental varieties
outyielded the best check in 13 countries, and, in many
countries, the varieties were either better than the checks in
maturity (earlier) or plant height {shorter), or both. Superior
varieties were Across 7624, Pichilingue 7726, and Ferke (2)
7635. These varieties performed well in Peru, Costa Rica,
Dominican Republic, Bolivia, Nigeria, Sudan, Sri Lanka,
Pakistan, Burma, the Philippines, and Bangladesh.

EVT 14B—Thirty-three tropical, intermediate-to-late, white
flint, and semi-flint EVs were tested in EVT 14B in 1978
only. Six EVs originated from Blanco Cristalino 1, 11 from
(Mix.-Colima Gpo.) ETO, 5 from the ‘‘old’’ population 30,
Blanco Cristalino, and 11 from ETO Blanco. Table 19
shows the performance of the best EVs in 20 countries.
In 13 countries, some varieties were superior to the best
local checks in terms of higher yield, earlier maturity, and
shorter plant height. Countries where several EVs per-
formed well {yield 109-192 per cent compared to best
check) included Bolivia, Guatemala, Mexico, Senegal,



Nigeria, Zaire, Nepal, and the Philippines.

Experimental varieties that were superior across
countries were Nyankpala 7623, Cali 7623, Maracay 7525,
lionga 7530, San Andres (2) 7530, San Andres {2) 7632,
and Los Bafios (3) 7632.

EVT 15—A total of 27 tropical and subtropical quality
protein maize {QPM) EVs (intermediate and late, white and
yellow, flint and dent) were tested in EVT 15 in 1978 and
1979. Four EVs originated from PD(MS)6 H.E.op, 1 from
Tuxpefio 09, 8 from Yellow H.E.o9, 9 from White H.E.09,
and 5 from Templado Amarilio H.E.09. Table 20 shows the
performance of the best EVs in 23 countries.

In 14 countries, yields of some QPM EVs were equal
to or superior to the best check varieties (in most cases
these were either normal hybrids, varieties, or both), and
were usually earlier and shorter. Some of the QPM EVs
evaluated in Bolivia, West Africa, Pakistan and South East
Asia (except Thailand) showed considerable promise. Al-
though ear rots are sometimes a severe probiem with QPM
materials, many of the QPM varieties tested were equal to or
showed less ear-rot incidence than did the check varieties.

The best QPM EVs identified in this trial in 1978
were Obregon 7740, Tlaltizapan 7740, Satipo (2) 7639, and
Tlaltizapan (E) 7741. In the 1979 trials, three varieties
(llonga 7740, Across 7740, and Laguna 7740) showed good
and stable performance.

EVT 16—Thirty-three temperate-subtropical late (white
and yellow, flint and dent) EVs were tested in EVT 16 in
1978 and 1979. Eight varieties were derived from the “‘old"’
population Amarillo-Subtropical, 9 from Blanco Sub-
tropical, 8 from ETO x Hiinois, 1 from AED x Tuxpefio,
2 from Amarillo Bajio, and 5 from Hungarian Composite.
Table 21 shows the performance of the best EVs in 24
countries.

With the exception of results from two countries in
southern Africa, the vield performance of several EVs was
equal to or superior to that of the best local checks. In
terms of comparative maturity and plant height, the
performance of the varieties was somewhat mixed—some-
times much later and taller, or earlier and shorter than the
local checks. This is probably due to the wide diversity of
the check varieties and to the environmental conditions
(subtropical and temperate) under which these EVs were
grown.

Across locations, the outstanding EVs from the
1978 trials were Tlaltizapan 7633, Tlaltizapan 7734, Sids
(1) 7734, Pantnagar 7734, Cali (2) 7642, Across 7642, and
Obregon 7748. On the basis of data from 14 sites in 1979,
the best performing EVs were Tlaltizapan 7842, Across
7734, Tialtizapan 7833, Tlaltizapan 7844, and Tlaltizapan
7845, Several of the EVs from this trial showed outstanding
performance in Mexico, Bolivia, Chile, Egypt, Lesotho,
Nigeria, Bangladesh, Pakistan, Irag, Burma, Afghanistan,
Yemen A.R., Jordan, Morocco, and Saudi Arabia.

EVT 17—Eight experimental highland maize varieties were
tested in EVT 17 in 1978. One EV originated from early
white dent materials, 1 from early white floury, 4 from
early yellow flint, 1 from early yellow dent, and 1 from
intermediate yellow dent populations. The performance of
the best EVs in five countries is shown in table 22. Some
of the EVs were much superior in yield to the best checks
in four of the five countries. Batan 7660, Toluca 7653, and
Batan 7652 were superior across locations. Batan 7660 was
the outstanding variety in Ethiopia, Lesotho, and Mexico.

Results of Elite Experimental Variety Trials (ELVTs)

After EVs have performed consistantly well (for yield
and other characters) across the locations in which they are
tested in EVTs, they are classified as ‘’Elite’’ varieties and
undergo wider testing in elite variety trials (ELVTs). This
testing is described below.

ELVT 18—This trial consisted of all EVs identified as elite
varieties from the EVTs 12, 13, 14A, and 14B grown in 1977
and 1978. It included 34 tropical ELVs of intermediate-to-
late maturity, and white and yellow flints and dents. This
trial was distributed to more than 100 locations in 85 coun-
tries in 1978 and 1979. Table 23 lists the performance of
the best ELVs compared to the best check varieties in 38

countries.
in most of the countries that grew this trial, ELVs

were identified that were equal or superior in yield to the
best local checks. In most cases, they were equal or earlier
in maturity, and in many instances, they were much shorter
(up to 78 cm) than the best local check. Several of the EVs
that demonstrated superiority and potential at the EVT
level of testing were confirmed as being outstanding and
stable performers in the ELVTs. With two years of stable
performance confirmed at several locations in a given
country, national programs can recommend use of such
varieties in their production or improvement programs with
some confidence.

Elite varieties have demonstrated their potential for
increased production in Bolivia, Peru, Venezuela, Panama,
Honduras, Nicaragua, Haiti, the Bahamas, Mexico, Upper
Volta, Senegal, lvory Coast, Ghana, Botswana, Tanzania,
and the Philippines.

The most outstanding ELVs across locations in 1978
were: Across 7522, Delhi (1) 7622, Across 7528, Ferke (1)
7529, and Across 7529. Based on 1979 data received from
24 countries, the outstanding ELVs were Poza Rica 7643
and Ferke (1) 7622, Poza Rica (E) 7729, and Tocumen
7728.

ELVT 19—This trial included the 12 QPM experimental var-
ieties identified as elite in EVT 15 trials conducted in 1977-
78. The QPM ELVs were of tropical and subtropical adapta-
tion, with late and intermediate characteristics, of yellow
and white grain color, and flint and dent types. Three were
derived from population Tuxpefio 09, 1 from PD{MS)6
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H.E.09, 4 from Yellow H.E.o9, 3 from White H.E.09,and 1
from Templado Amarilio H.E.o5.

Table 24 lists the performance of the best ELVs in
26 countries for 1978-79. The QPM ELVs were equal or
superior to the best local checks (in most cases normal
varieties) in fewer countries than observed with CIMMYT’s
normal ELVs. The yield performance of some of these
QPM ELVs was equal to or better than that of the best
checks in the following countries in 1978 and/or 1979:
Peru, Panama (1979), Mexico (1979), Senegal (1979),
Tanzania, Pakistan, Burma, and the Philippines.

However, the results from EVT 15 (Table 20) and
OMPT 11A and OMPT 11B (see QPM section) indicate that
some of the newer QPM experimental varieties are showing
better yield potential and may soon demonstrate equal
or superior agronomic performance as compared to normal
maize varieties and hybrids.

ELVT 20—-In 1978 and 1979, a total of 17 temperate-sub-
tropical varieties were tested in ELVT 20. These ELVs were
selected for testing based on their performance in EVT 16
in 1977 and 1978. Three were derived from the “‘old’’ pop-
ulation Amarillo Subtropical, 3 from Blanco Subtropical, 7
from ETO x lllinois, 3 from AED x Tuxpefio, and 1 from
Hungarian Composite. Table 25 shows the performance of
some of the best ELVs in 22 countries.

ELVs were equal to, or superior in yield to, the best
local checks in Argentina, Mexico, Bolivia, Surinam, Egypt,
Ethiopia, Somalia, Jordan, Saudi Arabia, Republic of South
Africa, Botswana, Zaire, Mali, Malawi, and Pakistan. In
several countries, they were as much as seven days earlier in
silking and 46 cm shorter when compared to the best local
checks. .

Across all locations, the best performing ELVs were
Ukiriguru 7542, Khumaltar (1) 7633, and Ukiriguru 7534
in 1978; and Tlaltizapan 7644, Gemeiza (2) 7644, Tlaltiza-
pan 7633, and Across 7642 in 1979.

Further Comments on International Testing in 1978-79

In total, more than 80 countries participated in the
international testing program in 1978 and 1979, Table 26
summarizes the contribution of these maize populations
through the performance of the population per se (IPTTs)
and through varieties derived from the populations (EVs
and ELVTs).
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In 1978-79, the populations distributed worldwide
included 21 lowland tropical maize populations, 7 sub-
tropical/temperate, and 5 tropical highland populations
(1978 only).

Table 26 shows that the best performing materials
were the lowland tropical populations Amarillo Dentado 1,
Cogollero 1, Amarillo Cristalino 1 (yellow), Mezcla Tropical
Blanca 1, and Tuxpefio Caribe 1 (white). They made excel-
lent contributions to national program efforts in more than
25 different countries around the world. Among the
subtropical/temperate materials, the populations ETO x
lllinois, Amarillo Subtropical, and Blanco Subtropical
performed well in more than 20 different countries.

The newly created populations Blanco Cristalino 2,
Amarillo Cristalino 2, and Amarillo Bajio have not been
tested sufficiently to verify the potential which these
earlier-maturing materials have.

Table 27 lists the countries in which experimental
maize populations outperformed the best local checks. In
54 of the countries that grew trials in 1978-79, EVs per-
formed as well as or better than the best check.

Detailed information about the performance of
CIMMYT'’s maize populations in EVTs and ELVTs is given
in tables 16 to 25. Very often the new EVs and ELVs are
compared against the best locally developed hybrid varieties.
The data in table 28 show the substantial superiority of
the EVs over the hybrids in low-to-medium yielding envi-
ronments, while the hybrids are superior under high-yielding
conditions {see also tables 16 to 25). Apparently, the EVs
with their broader genetic base have a much better buffering
capacity under stress conditions than do the genetically
narrower hybrids. This evidence suggests that open-pol-
linated varieties are more suitable for subsistance farming
conditions, where the short-term objective is to improve
very low yield levels that average between 1 and 3 t/ha.

Analysis of the across-location performance of the
EVs tested worldwide provides a clear view of the wide
adaptation capability of several of the new EVs. Among
these outstanding new varieties are Across 7728, Poza Rica
7643, and Ferke (1) 7622.

One of the future Advanced Unit activities will be
the development of earlier-maturity populations and
varieties for lowland tropical and subtropical-temperate
environments.



Table 1. List of CIMMYT maize populations in 1978-1979.

Internationally tested in even years.

(Group I) (Group II)
Internationally tested in odd years.

Pop. no. Population name Pop. no. Population name
22 Mezcla tropical blanca 21 Tuxperio-1
23 Blanco cristalino-1 25 (Mix. 1 - Col. Gpo. 1} ETO
24 Antigua-Veracruz 181 26 Mezcla amarilla
27 Amarillo cristalino-1 28 Amarillo dentado
32 ETO blanco 29 Tuxpefio caribe
33 Amarillo subtropical 30 Blanco cristalino-2
35 Antigua~Rep. Dom. 31 Amarillo cristalino-2
39 Yellow H.E. 0, 34 Blanco subtropical
42 ETO-Illinois 36 Cogollero
43 La Posta 37 Tuxpefio o
44 AED-Tuxpefio 38 PD (MS) 6 H.E, 0,
45 Amarillo del bajio 40 White H. E, 0y -1
47 Templado blanco dentado 41 Templado amarillo 0y
53% Highland early white floury 48 Compuesto de Hungria

* Populations 37 and 53 were discontinued in 1978,

Table 2. Seasonal sequence in the improvement of maize populations, 1978.

Group I

Pop. Breeding Procedurgs
no. Selection emphasis 1978A 1978B 1979A 1979B
- POZA RICA -
22 Reduced plant height Reciprocal sibs IPTT* Within family sibs Recombination of sibs
23 n n T n n n n " " n 1] "
24 Fall armyworm resistance " " " Selfing " " S;s
27 Sugar cane borer resistance " ! " " " oo
32 Earliness ! ! ! Within family sibs " " sibs
35 Standability ! " " Selfing ! " S;s
39 Reduced plant height " ! ' Within family " " sibs
reciprocal sibs
43 n " n n n n Within family Sibs n n tr
- TLALTIZAPAN -
33**  Uniformity: plant type, maturity " " " Among family sibs  Among family sibs
42 Reduced plant height " ! B i L T LR
44 Uniformity: plant type, maturity ! " Enl plalnhishinbe B ToTTTTTTTTTTTT
45 Reduced plant height " " " Within family sibs Recombination of sibs
47 Uniformity; plant type, maturit & o o Among " " Among family sibs
i e ¥ . EL BATAN & TOLUCA - S E b

53  smmmmmemec———c—e—eae- IPTT=* Discontinued = = = ~===------------
Note. In each season, selection pressure is applied for the primary characteristic. Other desirable traits are taken

into consideration to the extent possible. Recombination is accomplished by bulk pollination of selected plants.

Reciprocal sibs among families are made to regenerate the 250 full sib families for the following cycle of yield

testing.
X Mexico plus 5 other countries.
ok Population 33 was completely replaced by families from pool 33 in 19794,
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Table 12. Mean yield, days to silk and plant height of progenies for EV* development, population mean, best check and
check mean of Advanced Unit populations tested in IPTT during 1978.

= Yield (% to Check DS diff. to PH diff. to value of
No x)of: Check x of: Check x of: Cheek ¥
sl EV* Pop Best EV* Pop Best EV* Pop Best cv Name of
X Check x  Check _x Check {yvield) Best Check Y DS PH
Pop.22 Mez. Trop. Blanca
Mexico/Cotaxtla 144 107 140 -3 -3 +4 =19 -21  +11 19 f.ocal V. 4.5 37 254
Mexico/Poza Rica 165 129 129 -3 -2 [ -20 -26 - 8 16 Ropn 225G 1 4.2 62 218
Tanzania /{longa 148 125 113 -1 0 +1 -31 -24 -16 16 Ionga 7621 4.0 56 188
Bolivia /Chuquisaca(ly=* 150 120 120 =2 -1 0 -36 -36 -11 Br2 Pop. 22-C 2 5.9 55 246
(3 l.oc.) Across 143 121 129 -1 -1 +1 -23  -24 - 8 ) 4,2 58 220
Pop.23 Blanco Cristalino-1
Colombia/Cali 136 109 127 -4 -3 +1 + 2 -12 +11 15 Tocal V. 5.9 60 235
Costa Rica/Diamantes 107 82 123 -1 -1 3] -23 -36 -12 17 TICO VI Dol | DY 240
Salvador/S. Andres (1) 133 107 114 a2 +2 +6 -15 -15 + 3 16 Pop. 23-C 2 4.2 56 230
Nicaragua/S. Rosa 138 110 117 +1 0 +1 -15 -8 +7 17 Pop. 23-C 2 4.8 55 238
Mexico/Poza Rica 125 98 130 -1 -2 -1 -2 -19 -17 16 HORL B213-E B2 4.7 60 207
(5 Loc.) Across 114 100 122 -1 -1 +2 -14  -16 - 2 CE T R S e B 5.1 58 230
Pop.24 Antigua x Veracruz 181
Brasil~/Sete lagoas 151 106 128 - - - -20 -21 - 6 17 Pop. 24-C 2 4.7 -- 264
Ecuador /Pichilingue 138 106 135 0 0 0 -11 -13  +40 15 INIAP-515 4.8 56 272
Costa Rica/Guanacaste 112 86 124 0 0 +2 -7 -10 -13 23 TICO VI 4.9 52 222
Thailand /Suwan 120 77 146 +1 +3 +1 -1 =-10 - 6 27 local V. S O3 158
Mexico /Poza Rica 139 104 128 -3 -1 =2 -13 -14 - 8 16 Pool 22 4.6 62 198
(5 ILoc.) Across 10247 98 131 0 +1 0 - 4 -14  + 1 it 4.5 56 223
Pop.27 Amarillo Cristalino-1
Peru /Satipo (1) 190 155 160 -2 -2 -3 -12  -11 =20 24 Bop.| 25c€ 2 2.8 59 255
Ecuador /Pichilirgue 135 102 120 0 +1 -1 0 - 4  +16 15 INIAP-515 4.6 56 274
Costa Rica/Guanacaste 126 95 136 -1 +1 +1 -13 -8 -27 &7 X306B Hal - 91 233
Guatemala/l.a Mdquina 126 98 123 -1 +1 0 +4 oY 15 H-A 24 4.7 53 212
Mexico/Poza Rica 128 104 122 -2 [4] 0 -20 -13 - 9 14 Pop. 27-C 2 4.6 61 242
(4 Loc.) Across 118 102 125 +1 +1 0 -7 -4 -5 == ememeeee--o- 4.4 55 240
Pop.32 ETO Blanco
Venezuela /Maracay 128 105 126 == == == -4 0 +10 19 Maquina 7422 3.9 -- 243
Egypt /Sakha (1) 124 95 129 +2 +4 +2 -24 -27 34 22 vVC-80 8.0 64 278
Zaire /Gandajika 157 121 112 -3 -1 +2 +2 -3 +16 20 Salongo 4.2 61 211
Mexico /Poza Rica 131 106 125 -2 -1 -1 -22  -23 +1 13 Pool 23 4.8 62 217
(4 l.oc.) Across 127 1065 125 0 0 +1 -8 -13 +15 == | sSszsocsoooss 3.2 62 252
Pop.33 Amarillo Subtropical
Brasil/Rib. Preto 128 96 108 =3 -3 0 -10 -14 - 7 17 T.ocal V. 6.4 66 255
Nigeria/lkenne 152 107 144 -1 0 +2 -3 -5 19 19 TZB(B1)C 7 1.8 54 209
Mexico /Tlaltizapan 130 102 125 -2 -1 +1 -14  -12 +10 14 Across 7533 7.3 61 238
(3 Loc.) Across 124 101 122 ~1 ~1 +1 -10 -10 + 6 == e - Ee 5.9 60 234
Holivia /Chuquisaca (1) 150 117 125 -3 -2 0 -24 -24 -24 20 Tuxp. PB 5.9 62 264
Pop.35 Antigua x Rep. Dom.
Brasil/Bahia 111 94 142 +1 +1 0 -41 -36 +48 13 Centalmex 8.0 54 221
Ecuador /Pichilingue 107 83 136 -3 -3 12 ~25 -21 +35 16 INIAP 515 5.8 54 244
El Salvador /S.C . Por() 100 75 141 -4 =) +1 -19 -39 +27 21 ?EET HE-4 6.5 52 255
Panama/Tocumen (1) 90 59 124 -4 -5 -1 -23 -32 + 8 29 oc 1498 4.7 b5 202
Haiti/l.evy 156 113 131 =il 0 -1 -41 -456 -37 17 Pop. 35-C 2 4.0 53 217
Mexico/ Poza Rica 134 108 115 =3 = -2 -23  -25 -20 14 Pop. 35-C 2 4.4 59 210
(5 l.oc.) Across 103 85 131 -3 -3 -1 -33 -33 + 2 == mmrmeee---o- 5.1 55 226
Pop.39 Yellow H.E.Oq
Peru /Satipo (1) 251 177 167 -4 -H -1 -9 -21 -10 D Pop. 38-C 1 2.5 58 250
Pearu/Satipo (2) 208 177 167 =5 -5 -1 -14 -21 -10 Gy Pop. 39-C 1 2.5 58 250
Thailand /Suwan 131 89 191 -4 =2 0 +4 +2 +7 29 Suwan 1 (N) 2.5 54 157
Mexico/Poza Rica 148 127 136 = -3 -1 =l Sl = B 12 Pop. 39C 1 4.1 #0 219
(2 J.oc.) Across 145 112 155 -2 -2 -1 +4 -6 -1 B T 3.3 57 188
Bolivia/Chuquisaca (1) 135 108 130 -4 -4 -3 -16  -14  -11 18 Pop. 39 C 1 5.8 61 261
Pop.42 ETO x [llinois )
Bolivia /Chuquisaca 142 113 137 =) - -2 -40 -3¢  -21 17 RaprREEEN2: 7.1 63 266
Bolivia /Chuguisaca (1) 142 113 137 =2 =2 =2 -39 -34 -21 17 Pop. 42-C 2 7.1 63 266
Brasil/5an Paulo DI 86 117 -1 -1 (1] == == == 14 Pop. 42-C 2 6.2 64 ---
AMexico/Tlaltizapan 141 113 118 . -1 (1} =10 - 7 -1 13 PR. 7729 (E) 7.3 60 246
Eryot /Sakha (1) 104 76 106 =) 31 +7 -31 -23 +20 25 V(C-80 9.2 61 275
Zaire [Kisanga 192 119 167 =4 -6 -5 +11 4] ool 28 Pop. 42-C 2 2.5 73 171
(5 l.oc) Across 122 100 122 -2 -2 -1 -13  -18  +2 = mmmemeeeeoe- 6.5 64 24C
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QUALITY PROTEIN MAIZE
IMPROVEMENT

PARALLEL IMPROVEMENT

Since 1970, the dimensions of CIMMYT's maize
improvement program have included research on the
nutritional aspects of maize improvement. This work is a
parallel and integral part of the total program.

In developing quality protein maize (QPM) materials,
CIMMYT's principal strategy involves the accumulation of
genetic modifiers to maintain protein quality and the
stability of hard endosperm QPM families over environments.
A set of complex and interrelated problems has been
remedied through the exploitation of genetic modifiers of
the opaque-2 locus. This approach has shown that it is
genetically possible to combine high yield and high nutri-
tional quality, while removing most of the defects associated
with the opaque-2 gene that confers this nutritional advan-
tage. The maize program now has a number of high-yielding,
hard endosperm QPM (H.E.op) populations that look
and taste like normal maize, yet have twice the nutritiona!
quality of protein.

THE CONVERSION PROGRAM

Beginning in 1974, a program was initiated to convert
all of the major normal materials being worked in the
program into QPM versions. In converting this wide range
of materials to QPM, the major emphasis was on selection
for modified opaque-2 kernels to accumulate the frequency
of favorable modifiers. Laboratory analyses usually are per-
formed on all hard endosperm QPM families to eliminate
those whose protein quality may have been affected adversely
due to selection for vitreous endosperm.

QPM materials with good kernel characteristics and
with a high frequency of modifier genes are used in ad-
ditional backcrosses to the most advanced cycle of the
recurrent parent populations. Also, since most of the ma-
terials have gone through several cycles of selection for
genetic modifiers, the conversion scheme includes a pro-
cedure for screening the stability of hard endosperm QPM
families over environments. A backcrossing-cum-recurrent
selection scheme has been designed to meet this need.

In this strategy, one season is devoted to identifying
families that are stable over environments. Also, in the same
season, an effort is made to capitalize on within-family
variation for attributes such as plant height, ear height,
maturity, foliar diseases, ear rots,and kernel modification of

the QPM ears. In the following season, the stable families
are recombined (identified on the basis of data from at least
two locations).

Conversion of Advanced Unit Normal Populations

At the end of 1979, a total of 21 Advanced Unit
normal populations had undergone the conversion and
selection process. During the 1978A cycle 2,947 QPM
families were grown. Recombination among families
generated new full-sibs in each population. At harvest,
4,326 ears were selected and later planted in Poza Rica,
Tlaitizapan and Ciudad Obregon during 1978B. Of the
families planted in two locations,a total of 2,508 within-
family sibbed ears were selected from 2,556 stable families
for planting in 1979A. Plant-to-plant crosses were made
among families. At harvest, only 4,729 good, modified
QPM ears were selected for planting in 1979B. Of these,
2,524 QPM families were evaluated for stability {table 1).

Conversion of Gene Pools

The steps listed above also were used in converting
the tropical and temperate gene pools (tables 2 and 3). In
12 tropical pools, a total of 1,214, 1,266, 2,348, and |,I9]
QPM families were handled during I978A, 1978B, 1979A,
and 1979B, respectively. During 1978B, most QPM materials
were evaluated at two locations. In I1979B, however, only
the more advanced gene pools were evaluated for stable
performance as hard endosperm QPM families.

Conversion of Populations Being Selected for Earliness,
Plant Efficiency, and Adaptation

Most of the Special Project materials which have
been converted to QPM have demonstrated good kernel
modification that is fairly stable over environments. The
materials which have been converted to hard endosperm
QPM are listed in table 4. Most of these materials, except
for Seleccidén Precoz, have been worked continuously in
homozygous opaque-2 backgrounds, without backcrossing.
The families are grown at Tlaltizapan.and Ciudad Obregon
during the ‘‘B"" season, followed by recombination and
regeneration of new families in the “A’’ season. During “B”’
season, within-family variation for plant and kernel charac-
teristics is exploited.
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Table 4 shows that Planta Pequefia Mazorca Grande
H.E.0p was merged with Amarilio Bajio x Varios Templados
H.E.0op during 1978A. During 1979A, two other materials
(Mezcla Amarilla P.B. x Lin. Il H.E.op and Amarillo Bajio
x Varios Templados H.E.0p), also were merged with QPM
versions of Pool 34 and Amarillo Bajio x Maices Argentinos
respectively. Another population {(Maiz Tropical Seleccién
Batan H.E.02) was merged with Amarillo Bajio x Mezcla
Tropical H.E.o2 during I979A,

Two of the Special Project populations, Amarilio Bajio
and Seleccion Precoz, have been promoted to the Advanced
Unit as Populations 45 and 31, respectively. The equivalent
QPM versions of these materials now will be handled as part
of the Advanced Unit population conversion program using
the back-crossing-cum-reccurent selection procedure.

Conversion of Disease Resistant Materials to QPM

Three of CIMMYT’s normal maize populations
(tropical late white dent, intermediate white flint, and
yellow flint-dent) are being improved for levels of resistance
to downy mildew, corn stunt, and streak. The corresponding
hard endosperm QPM materials have been developed by
pooling the QPM versions of different components that
went into the genetic make-up of these normal populations.
This collaborative disease research on normal populations
now has been through several cycles of selection. Some
progress on resistance to downy mildew and corn stunt is
being shown. However, the quality protein versions still

lack resistance to these diseases.
Using existing hard endosperm QPM versions as

appropriate donors, three collaborative research populations
were crossed during I1978A at Poza Rica. The Fq families
were advanced to F2 during 1978B. The F2 families will be
further advanced for a few generations to accumulate
modifiers before being tested in “hot-spots” for the above
mentioned diseases. In addition to increasing the resistance
of susceptible hard endosperm QPM versions to these major
diseases, the materials are being continuously improved for
other agronomic traits and for characters of major interest
in quality protein breeding. The number of families handled
in each of these materials is indicated in table 5. All three
QPM populations now look very promising with respect to
yield and other agronomic characteristics, and have normal-
appearing endosperm with protein quality similar to soft
opaque-2 types.

Selection for Stability of Hard Endosperm in the Con-
version Process

The stable performance of the vitreous kernel pheno-
type is very important due to the value of this characteristic
in the market place. Greater attention is being given to
increasing this stability. Most QPM materials were planted
during 1978 and 1979 in two locations within Mexico to
screen for the stability of vitreous phenotype of the QPM
kernel. Several families within each material performed well
and seemed stable in the two environments. The mean
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endosperm hardness rating of most materials undergoing
conversion ranged from 2.4 to 2.84 (on a scale of 1 to 5;
1 highest, 5 lowest). Over different environments, only a
small percentage of families in each material differed by
more than one point in endosperm hardness rating (see
table 6). Analyses of bulk samples have shown that levels
of lysine in most materials ranged from 3.5 to 4.0 per cent
in protein. Also, acomparison of differentcycles of selection
shows that there has been a gradual improvement in
endosperm hardness over cycles.

In four tropical and three temperate QPM gene pools,
four additional cycles of recombination were completed.
Most of these pools have good kernel appearance and about
4.0 per cent lysine in the endosperm protein. Their
endosperm hardness ratings range from 2,26 to 2.61. These
pools, in their latest cycle, exhibited a reduced plant and
ear height, greater endosperm hardness, and earlier maturity.
The yield of these pools has not improved, except for two
tropical yellow QPM pools that have shown significant
improvements over the original cycle. The data also show
that the latest cycles have a higher frequency of modified
kernels with normal appearance. Also, the latest cycles show
a considerable reduction in number of soft endosperm
opaque-2 kernels.

Protein Content and Quality of QPM Materials

Hard endosperm QPM families from different mate-
rials are analyzed each season to discard those families in
which the protein quality might have been adversely affected
due to selection for vitreous endosperm. The selection
process has increased the frequency of favorable modifiers
that alter the phenotype of opaques from the soft endosperm
type to a more completely vitreous or normal type with
shiny appearance and with no adverse effect on protein
quality.

Apart from family analyses, the buik samples of
selected materials also are analyzed for protein, tryptophan,
and lysine in the endosperm and whole kernel. Table 7
shows the results of the analyses of tropical QPM conversions
and subtropical-temperate hard endosperm QPM materials.
Protein quality has been maintained similar to that of the
soft opaques, although the kernel phenotype has been
changed from a soft to a more normal-appearing endosperm.
Most of the materials have a lysine content of 3.5 per cent
and above in the whole kernel protein. Generally, the
protein level in these materials in the whole grain is above
10 per cent.

Progress in the QPM Versions of Advanced and Back-Up
Unit Materials

To evaluate the progress in the accumulation of
modifiers in different materials, three different cycles or
generations were included at the end of each plot of the
same material in each location. These different generations
were rated for endosperm hardness and most of the materials
have shown steady progress in the accumulation of modi-



fiers. The maturity has not changed greatly, although some
QPM materials have become earlier than the normal popu-
lations.

DEVELOPMENT OF HARD ENDOSPERM OPM GENE
POOLS

Hard endosperm QPM gene pools are being developed
to accumulate modifiers from as many different genetic
sources as possible. Such gene pools can be formed by the
genetic mixing of several diverse hard endosperm QPM var-
ieties, variety crosses, and hybrids with simitar climatic
adaptation, maturity, grain color, and type. Alternatively,
such pools can be created by crossing several normal
materials with available QPM donor stocks with vitreous
endosperm, For this purpose, a total of seven hard endo-
sperm QPM gene pools with tropical and temperate adapta-
tion are being maintained.

The major emphasis in all such QPM Back-Up Unit
gene pools has been to increase kernel vitreosity without
sacrificing protein quality. Kernel appearance is now
acceptable. The four tropical pools have completed ten
cycles of half-sib selection. Of the three temperate pools,
two have been through ten cycles of selection, whiie the
other has completed four cycles of selection.

Table 8 lists the values for protein, tryptophan,
and lysine in bulk samples of four tropical and three
temperate gene pools. Most of these materials have satis-
factory protein and lysine values. The lysine values in the

Through careful and systematic
selection for high yielding
materials with vitreous hard
endosperm kernels and high
lysine and tryptophane content,
CIMMYT scientists have shown
that it is genetically possible

to develop nutritionally superior
materials without the defects
normally associated with the
opaque-2 gene.

whole kernel are equal to those found in the soft opaque
materials.

During 1978B, various cycles of selection of some
QPM pools were planted next to each appropriate pool to
evaluate progress in the accumulation of modifiers (see
table 9}. In some QPM pools, these cycles were planted as
observational plots, while in others they were replicated.

The most significant change that has occurred in
these QPM materials is in the percentage of hard endosperm
ears. There has been steady progress from cycle to cycle
with respect to this character; however, the last few cycles
did not show wide differences. Some progress also was
evident in the incidence of ear rots, although differences
between cycles were not significant. The vield differences
between different cycles were negligible. This would be
expected because of the very mild selection intensity and
also because of several selection criteria that were of greater
importance than yield per se, in the initial cycles of selection
and recombination.

The trial evaluating cycles-of-selection was repeated
during 1979B with seven QPM gene pools (see table 10). in
most pools, the latest cycles were shorter in plant and ear
height, and had lower endosperm hardness ratings compared
to the Cp cycle. In some pools, there was progress in ear rot
resistance and a reduction in days to flower. The yield data
show that only two tropical yellow QPM pools had sig-
nificant yield increases as compared to the Cg cycle.
Table 11 shows the mean endosperm hardness rating of
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families grown in each pool across two locations. The
average rating of these pools ranged from 2.26 to 2.61 on
the basis of ear appearance.

In some pools, additional information was obtained
on variation for kernel phenotype in different cycles.
Approximately 500 kernels from each of eight replications
were classified in each cycle. Table 12 shows the frequency
distribution of different classes rated on a scale of | to b for
the Co and the latest cycle. The data clearly show an
increase in frequency of the more normal-appearing classes
with a rating of | and 2 in the latest cycle of each pool,
whereas there was a decrease in frequency of the softer
classes with a rating of 4 and 5. Thus, the mean endosperm
hardness ratings were progressively lower from cycle to
cycle, with a continuous increase in the frequency of
phenotypes with normal appearance.

As noted, the tropical white QPM gene pools are
being partially contaminated with pollen from normal
yellow materials to accumulate modifiers with better kernel
weight, In data obtained from oniy one season, the mean
difference in kernel weight between normals and opaques
was 4.3 per cent in the flint pool and 2.5 per cent in the
dent pool. However, kernel weight varied widely between
opaques and normals.

POPULATION IMPROVEMENT PROGRAM

The QPM population improvement program was
initiated during 1979B with six conversions of Advanced
Unit, Back-Up Unit, Special Project, and Collaborative Re-
search materials, including La Posta H.E.op; Late White
Dent H.E.op; Pool 23 H.E.op; Amarillo Subtropical H.E.o9;
Amarillo Bajio H.E.09, and Pool 34 H.E.op.

Although a mild selection intensity was used, the
selection differential for yield in the three tropical popu-
lations was 8.45 per cent for La Posta H.E.0p; 5.11 per
cent for Pool 23 H.E.05; and 8.95 per cent for Late White
Dent H.E.0p. The mean of selected families showed a slight
improvement in endosperm hardness and ear aspect, al-
though the differences were very small. There was only a
slight change in days-to-flower.

The selection differential for the three temperate-sub-
tropical populations was 8.5 per cent for Amarillo Sub-
tropical H.E.o9; 10.08 per cent for Amarilio Bajio H.E.09;
and 8.40 per cent for Pool 34 H.E.09. The other characters
showed only a slight improvement.

Four QPM populations in the Advanced Unit are now
being tested on a family basis in the international progeny
testing trials, These are: PD (MS)6 H.E.op (Population 38);
Yellow H.E.op (Population 39); White H.E.o9 (Population
40), and Templado Amarilio o9 {Popuiation 41). All four
popuiations have a vitreous kernel phenotype. Tables 13
and 14 show the distribution of progeny trials during 1978
and 1979, (The results of progeny trials and the develop-
ment of site-specific and across-site experimental varieties
are listed with the Advanced Unit data in this report.)
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HIGHLAND QPM CONVERSION PROGRAM
The three main activities of the highland QPM program
are outlined below,

Conversion of Non-Floury Highland Back-Up Gene Pools

All highland pools from | through 14 (except Pools 3
and 8) are being converted to hard endosperm QPM. These
materials remain unsatisfactory in terms of genetic modifers.
Additional generations are needed to improve the per-
formance of these materials. Emphasis is being placed on
the accumulation of modifiers in all pool conversions.

Good modified kernels from selected ears of the 1977
harvest were planted on a family basis at El Batan and
Toluca in 1978, with the Toluca nursery treated as an obser-
vational nursery. The ears from the 1978 harvest showed
considerable improvement in kernel modification.

In addition to highland non-floury gene pools, several
other highland materials are being converted to hard endo-
sperm QPM (see table 15). Development of vitreous endo-
sperm, with near normal kernel appearance, is a major re-
search priority. During 1979, white hard endosperm QPM
families from Pools I, 2, and 7 were merged to develop an
equivalent early white QPM version of the newly-created
Pool 5. Similarly, QPM families of Pools 4, 5, 9, and [0 were
merged to form an equivalent early-intermediate yellow
hard endosperm QPM version of the newly created Pool 6.
Also, the families from Mezcla Amarilla P.B. H.E.o and
Planta Pequefia H.E.0op were merged; they will continue as
Mezcla Amarilla P.B. x Lin. lli. H.E.0g.

Development and Improvement of Highland QPM
Composites

Table 15 shows the four composites grown during
1978. These are: Highland Modified Opaque-2 Composite;
Puebla Opaque-2 Composite; Composite |, and Puebla
Opaque-2 x Barraza. The latter three composites have a soft
kernel phenotype and have problems in farmer acceptance.

The Highland Modified QPM Composite has completed
three cycles of selection for vitreous kernel texture. This
material seems to perform very well and the frequency of
soft segregates or completely soft ears has been greatly
reduced. With additional cycles of selection, this material
might serve as a good donor source for converting highland
maize materials to QPM. It also could serve for direct use
by different national programs.

Floury-Opaque-2 Conversion Program

In the conversion of soft floury materials to opaque-2,
the main research thrust is on transferring the opaque-2
gene into those genetic backgrounds that will have wider
use in the Andean region.

Opaque-2 versions of Pools 3 and 8 have been obtai1ed;
however, these conversions have not been backcrossed to
the recurrent parent. The selected ears from 1978 in Pools 3
and 8 were merged to develop in 1979 a parallel early
white floury QPM version of the newly-formed Pool 1.
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Grain yields in some of CIMMYT’s best quality protein maize materials are now about equal to their normal counterparts.
In general these quality protein maize materials are also earlier maturing and shorter when compared to the original selection

cycle.

A floury opaque-2 composite also has been developed. This
composite has completed six cycles of recombination and
selection and has been grown in trials in the Andean region.
In general, it did fairly well, although it had a relatively
higher incidence of ear rots. A total of 483 half-sib families
in 1978 and 675 half-sib families in 1979 were grown at El
Batan and Toluca.

SUGARY-2/OPAQUE-2 DOUBLE MUTANT

A sugary-2/opaque-2 conversion program began in
1977. This combination was thought to have consider-
able potential for solving some of the problems associated
with opaque-2 maize. To assess this potential, many materials
were converted to sugary-2/opaque-2 (sup03).

Initial assessments of the supoo segregates suggested
that a straight sugary-2/opaque-2 conversion program
would not achieve the desired goals. A strong selection
pressure for kernel phenotype, size, and absence of spaces
between kernel rows is necessary to develop materials that
will be comparable in performance to normal maize. All
good families resulting from the conversion of sugop
program were pooled to form a sugary-2/opaque-2 com-
posite. A total of 672 half-sib families were handled in this
composite during [978A; 800 in 1978B; 490 in I1979A; and
418 in 1979B. Its plant type is excellent and the ear ap-
pearance has improved tremendously. The latest cycle
(Cq) of this composite has improved in yield (Cycle 4

yielded 5,133 kg/ha, as against 4,500 kg/ha of the original
cycle). This composite has improved phenotype and seed
size, and the spacing between the rows on the ears has been
reduced. Both protein content and quality are excellent. A
few additional cycles of selection should prove its potential.

ACCUMULATION OF DRY MATTER IN THE HARD
ENDOSPERM QPM MATERIALS

Three to four cycles or generations of some hard
endosperm QPM materials were studied along with their
normal counterparts to determine if the selection of genetic
modifiers alters the dry matter accumulation pattern of
hard endosperm QPM materials. Data from this study have
not been summarized; however, initial data from one of the
materials show that mean 100-kernel weight was improved
by selection from F4 to Fg. The differences in moisture
percentage between the two generations and their normal
counterparts were not clear-cut. It is hoped that data from
other populations will provide more information on this
aspect.

COMPARISON OF QPM AND NORMALS IN THE SAME
GENETIC BACKGROUND

During 1978, a trial was designed to compare |0 hard
endosperm QPM entries and their normal counterparts;
it was conducted at Poza Rica, Tlaltizapan, and Ciudad
Obregon (table 16).

83



The data from these sites clearly indicate that the
yield performance of QPM versions of Tuxpefio 1, Mix.1 Col.
Gpo. | x Eto, Mezcla Amarilla, Antigua-Republica Domini-
cana, and La Posta were fairly similar to their normal
counterparts. The QPM materials, in general, showed a
higher incidence of ear rots and some seemed to be some-
what earlier than their normal counterparts.

OFF-STATION TRIALS

During 1978B, two off-station QPM trials were
conducted in farmers’ fields. Five QPM entries were compared
with Tuxpefiito at Zapatolillo and at El Jardin in the State
of Veracruz (table 17). At Zapatolillo, Tuxpefiito produced
somewhat higher vields than did the QPM entries, but the
difference was not statistically significant.

At El Jardin, the three QPM entries (Mezcla Tropical
Blanca, Tuxpefio Caribe, and La Posta) performed as well
or better than did Tuxpefiito. The differences, however,
were not significant.

Another trial with 5 QPM entries and one normal
was conducted at two locations (Cafiada Rica and Aero-
puerto) during 1979A (table 18). All of the QPM entries
were equal to or better than the best normal check entry,

INTERNATIONAL TESTING 1978 AND 1979

CIMMYT's international testing program with QPM
maize materials had five major components in 1978-79:
IPTTs, OMPT-IIA, OMPT-IIB, EVT-I5, and ELVT-I9. Only
the OMPTs will be discussed here. The IPTT, EVT, and
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ELVT data on QPM materials are discussed under the
Advanced Unit section.

OMPT-ll, OMPT-IIA, and OMPT-IIB

On the basis of performance of hard endosperm
QPM families in Mexico, a number of good, stable, hard
endosperm QPM families were identified in several materials.
Using remnant seed, the families from each material were
recombined during I1978A at Poza Rica. The materials were
harvested separately as bulks to provide entries for the
opaque-2 maize population trial (OMPT-Il). Distribution is
shown in tables 13 and 14. Of 22 countries reporting data, 13
countries reported one or more QPM entries with perfor-
mance equal to or better than the best normal checks. Table
19 shows the performance of the best QPM entry as com-
pared to the best check in different countries. There were
at least one or more QPM entries in most of the locations
that had yield levels equal to, or better than, normal maize.
The seven entries with very good performance were: White
H.E.09; Late White Dent H.E.op; Mezcla Tropical Blanca
H.E.o2; Tuxpefio Caribe H.E.09; Blanco Cristalino H.E.02;
and Amarillo Cristalino H.E.02. Even when compared with
the best check for yield across locations, these entries
performed well, with yields of 90 per cent and above. In
other agronomic aspects, these materials were comparable
and in some cases better than the best check entry.

In 1979, two trials (OMPT-IIA and OMPT-IIB) were
sent to 44 and 17 countries, respectively (table 14). OMPT-IIA
had 25 entries while OMPT-IIB had 13 entries. Results will
be reported in 1980.



























COLLABORATIVE RESEARCH PROJECT
IN MAIZE DISEASES

Collaborative Disease Research was initiated in 1974
1o incorporate resistance to three important diseases in
three broad-based populations of maize,

The diseases are (1) downy mildew (DM), found
throughout the tropics and caused by different species of
fungi in the genus Peronosclerospora; (2) corn stunt (STT)
disease, widely distributed in the Americas and transmitted
mainly by leafhoppers of the genus Da/bulus; and (3) corn
streak (STK) virus, found in tropical Africa and transmitted
mainly by leafhoppers of the genus Cicadulina. Three
broad-based maize populations were chosen for this work:
Tropical Late White Dent (TLWD), Tropical Intermediate
White Fiint (TIWF), and Tropical Yeliow Flint Dent
(TYFD). The selection of material resistant to these diseases
cannot be done effectively at CIMMYT's facilities in
Mexico. Thus, CIMMYT collaborates with strong national
programs in countries where screening for resistance can be
done more efficiently. Initial selections were made for
downy mildew in Thailand and the Philippines, for corn
stunt in El Salvador and Nicaragua, and for corn streak in
Nigeria and Tanzania.

Selection for resistance to these diseases has continued
each year at the time of highest incidence of the disease in
the collaborating countries. This selection cycle is followed
by recombination of resistant families in Mexico. Selection
for disease resistance also involves simultaneous selection of
agronomically desirable characters. (See CIMMYT Report
on Maize Improvement, 1976-77.)

IMPROVEMENT OF CORN STUNT RESISTANT POPU-
LATIONS

During 1978 and 1979, the second and third cycles of
recombination (C2 and C3) were completed in populations
selected specifically for stunt-resistance with the collabora-
tion of El Salvador and Nicaragua (tables 1 and 2).

Full-sib families generated in Mexico were sent to the
two Central American countries and evaluated for’ disease
reaction under field conditions. The apparently-resistant
plants were self-pollinated. Seed from selected Sq ears was
planted in the two collaborating countries and also in
Mexico. Planting was delayed in Mexico to allow suf-
ficient time for collection of data from the Central American
region.

During 1978, all selected Sq families were artificially
inoculated in Mexico at Poza Rica. Ten 5-day-oid seedlings
of each family were inoculated with infectious leafhoppers
for 24 hours in the greenhouse, and then transplanted to
the field. For comparison, seed of the same S1 family was
planted next to the inoculated piants in the same row.

Using this information, along with the information on
performance of the S|'s planted in Central America, the
disease-resistant, agronomically desirable families were
cross-pollinated at Poza Rica, thus developing a new cycle
of improvement.

Stunt Disease Evaluation

In 1978, a preliminary trial was sent to Nicaragua and
El Salvador to evaluate several cycles of selection for
differences in resistance to stunt disease (table 3). Cycles
were included in a randomized complete block design
(RCBD) with four replications, 64 plants per replication. A
susceptible local check was added in all trials. In general,
cycles 2 and 3 of selection showed less stunt infection than
did Cg, C|, and local susceptible checks in both locations.
The per cent of infection of all cycles of selection of
population TYFD differed substantially from the susceptible
local checks.

Effects of Selection on Yield and Other Agronomic
Characters

In the summer of 1979, a trial was conducted at Poza
Rica to evaluate the effect of cycles of selection on yield
and other agronomic characters. All cycles of improvement
in the three populations were included in a RCBD, with
two replications, 48 plants per replication (table 4). The
latest cycles of the populations TIWF (STT) and TYFD
{DM) were superior (5 per cent level) in yield to their original
cycles. Yields of the latest cycles of selection in TLWD
(STT) or TLWD (DM) did not differ from those of the
original cycles. However, gains were evident in shortening
the plant.

To improve agronomic characteristics of the stunt-
resistant base populations, reciprocal plant-to-plant crosses
were made between selected S1 families. Seed from these
full-sib ears was sent to the collaborating countries for
screening, as well as for a yield trial. Ninety-five such
crosses from each base population, plus five checks, were
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included in alOx 10 simple lattice design with two replications.
Table 5 shows the number of S| families selected in C3 and
used in development of C4.

IMPROVEMENT OF DOWNY MILDEW RESISTANT
(DMR) POPULATIONS

Selection in Three Base Populations

Simultaneously with the evaluation and selection for
stunt resistance in Central America, the three populations
in this research project were screened for downy mildew
resistance in Thailand and the Philippines. Selection cycle
Co was obtained in 1978 and C3 in 1979 (tables 6 and 7).
Full-sib families generated in Mexico were sent to the
two Asian countries where they were inoculated artificlally
with downy mildew conidia. The apparently-resistant plants
were self-pollinated. Seed of the selected S1 ears was
handled by the methods described for the stunt disease
studies.

Downy Mildew Disease Evaluation

In 1978, a preliminary trial was sent to Thailand and
the Pkilippines to measure differences in resistance to
downy mildew between several cycles of selection. Pre-
liminary trials were managed and analyzed as described for
the stunt disease trials. Table 8 shows the progress achieved
in downy mildew resistance from selection in the three
populations.

in 1979, a new site at Rio Bravo, Mexico, was added
for downy mildew selection. Sorghum downy mildew (P.
sorghi) has been endemic for many vyears at that location.

Selected S1 families from Thailand, the Philippines,
and Rio Bravo were cross-pollinated at Poza Rica. To
improve agronomic characters of the downy mildew re-
sistant base populations, reciprocal plant-to-plant crosses
were made among the best S; families. Seed from these
full-sib ears was sent to the collaborating countries for
screening, as well as for a yield trial. These trials included a
total of 95 crosses from each population, plus five checks,
and were sent toseveral countries in Asia and Central and
South America. Table 9 describes the number of S| families
generated from C3 and utilized in the development of Cg.

Conversion of Five Advanced Unit Populations to Downy
Mildew Resistant (DMR)

In 1975, five Advanced Unit populations were selected
for conversion to downy mildew resistance. These popu-
lations could be used by national programs, provided the
levels of resistance were adequate. The selected advanced
populations were: Tuxpefio |, Mezcla Tropical Blanca, {Mix.|
x Col. Gp.l) x ETO, Amarillo Cristalino and Amarillo
Dentado. In 1974, these five populations were initially
crossed to Philippine DMR sources and are being improved
by backcrossing, using the scheme shown in figure 1.

in 1979, the BC3 was obtained in Thailand by pro-
tecting seeds of the susceptible recurrent parent with a
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fungicide (Ridomil) seed treatment. Table 10 provides a
summary of the resuits obtained in the different cycles of
improvement.

Development of Two Temperate DMR Gene Pools

Downy mildew has spread rapidly in temperate and
semi-tropical areas where the maize materials are susceptible
to the disease. Thus, CIMMYT decided to develop two
agronomically-desirable DMR populations, a white and a
vellow, that could be used in temperate areas where the
disease is a problem.

In 1978, temperate pools in the Back-Up Unit were
crossed with several DMR sources from Indonesia and the
Philippines. In 1979, F| or F2 seeds of these crosses were
planted at Rio Bravo and inoculated artificially with DM
conidia (table 11). Disease resistant plants in agronomically
desirable families were self pollinated.

Seed from selected ears in the yellow and white pools
will serve as basis for the respective DMR temperate pools.

POPULATIONS WITH COMBINED STUNT AND DOWNY
MILDEW RESISTANCE

Accurqulation of genes for resistance to stunt and
downy mildew in the three base populations has continued,
following the scheme described in the CIMMYT Report
on Maize Improvement, 1976-77.

Table 12 lists the percentages of downy mildew and
stunt infection in C2 of selection for all three populations.

Stunt and Downy Mildew Evaluation

In 1978, a preliminary trial was sent to collaborating
countries in Asia and Central America to measure differences
in resistance to stunt and downy mildew among populations
selected against the two diseases over several cycles. Pro-
cedures for this trial were similar to those used in the study
of stunt resistant populations. Table 13 shows, with the
exception of populations TYFD in Thailand and TIWF in
El Salvador, that the resistance of the various cycles of
selection did not differ from that of the susceptible local
checks.

During 1979, cycle C3 of recombination was completed
for the populations with combined stunt and downy mildew
resistance. Table 14 shows the performance of the selected
full-sib families in the different screening locations. Plants
in families apparently resistant to both stunt and downy
mildew were self-pollinated and the S1 seed obtained was
exchanged among the countries collaborating in the stunt
and downy mildew selection scheme. Table 15 shows
the across-location performance of selected Sq families.

In general, the families selected in these three base
populations performed poorly under both stunt and downy
mildew conditions. An alternative breeding strategy to
incorporate resistance to both stunt and downy mildew in
the three base populations will be adopted in 1980.



FIGURE 1. Conversion of five atdvanced populations to downy mildew resistant (DMR]),
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DEVELOPMENT OF STREAK RESISTANT POPU-
LATIONS

In 1975, all families from populations TLWD, TIWF,
and TYFD that had originally been sent to stunt and
downy mildew areas, also were sent to Tanzania and Nigeria
for screening against corn streak virus. Drought destroyed
plantings. in Tanzania and no information was returned
from Nigeria, thus delaying the development of streak re-
sistant populations by one cycle.

During 1978, half-sib families that had been selected
under stunt and downy mildew conditions were sent to
Tanzania. A new site in Zaire also was added. Plantings in
bath countries were made at the time of expected highest
incidence of leafhopper vectors under natural field con-
ditions. Apparently resistant plants were salf-pollinated.
Seed from selected S¢ ears was exchanged between Tanzania
and Zaire for evaluation, and seed also was sent to Mexico.
In Mexico, the planting in the winter season was delayed

sufficiently for collection of information on S| family per-
formance in the two African countries.

Streak-resistant, agronomically desirable 89 families
were crossed in the winter in Mexico and a new set of
full-sib families was developed for evaluation (C1).

Following this same scheme during 1978 and 1979, Co
and C3 of recombination were developed in Mexico. Tables
16 and 17 summarize the information obtained in the
various stages of the development of these populations.

In 1978, the International Institute for Tropical
Agriculture (IITA) sent to CIMMYT a total of 437 white
and 43 yellow S1 progenies for observation. Progenies were
obtained after artificial inoculation of their populations
TZSR (White) and TZSR (Yeilow). S progenies from TZSR
population were planted only in Tanzania, where streak re-
sistant, agronomically desirable families were cross-pol-
linated. In the planting that followed, 58 crosses were
selected from the TZSR (White) population and planted
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next to the TLWD-Co (streak resistant) population. Ap-
parently resistant plants were self-pollinated and 10 S1 ears
were saved.

Because of the irregularity observed in the incidence
of the disease, it was decided to discontinue the work on
selection for streak resistance. This could be continued
when sufficient facilities are developed in the areas where
the selection work is done. Primarily, the facilities needed
are insect-rearing cages for mass production of leafhopper
vectors.

DEVELOPMENT OF COMBINED STREAK AND DOWNY
MILDEW RESISTANT POPULATIONS

During 1978, selection was begun to incorporate
genetic resistance to both streak virus and downy mildew.

Seed from downy mildew-resistant (DMR) families in
populations TLWD, TIWF, and TYFD (C23) that had been
selected under downy mildew conditions was sent to
Tanzania and Zaire to be screened for streak resistance.
Table 18 shows the performance of these full-sib families.
Those plants in agronomically desirable families that were
apparently streak resistant were self-pollinated; selected
S1 ears were planted in Tanzania, Zaire, and Mexico.
Plantings in Mexico were delayed to allow time for col-
lection of information on performance of these S| families
planted in Africa.

Selection for resistance to these two diseases also will
be discontinued until additional facilities can be developed
in these countries.

DEVELOPMENT OF ARTIFICIAL INOCULATION
TECHNIQUES

The development of artificial inoculation techniques
has been underway in the program for several years. An
adequate artificial inoculation can produce a more uniform
distribution of the pathogen in higher concentrations than
would occur under natural conditions, thus reducing the
possibility of escapes while creating higher pressures for
selection in the improvement program.

The studies to improve inoculation techniques have
focused mainly on ear rots, stalk rots, foliar diseases, and
corn stunt.

Stunt Inoculation

In 1978, facilities to mass rear the corn stunt leafthop-
per vector Dalbulus spp. were developed at Poza Rica. In
this work, healthy maize plants are used to increase the
leafhopper. Later, the second or third nymphal instars are
allowed to feed on stunt-infected maize plants for 72 hours
to acquire the pathogen. Insects are then transferred to feed
on clean maize plants for 14 days to multiply the pathogen
in their bodies. They are then ready to transmit the disease
when allowed to feed on maize seedlings for 24 hours.
After such inoculation, seedlings are taken to the field
where they are transplanted and treated the same as in a
regular planting. Depending on the weather, stunt disease
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symptoms in susceptible genotypes may be conspicuous at
4 to 5 weeks after inoculation. This procedure has provided
100 per cent infection in susceptible varieties.

The possibility of mass releasing infectious insects in
the stunt breeding nursery has been considered. To test this
alternative and measure its efficiency, two trials were
designed as described below,

Trial 1: Dalbulus spp. are extremely active insects and
their hyperactivity is more noticeable in presence of light.
This trial investigated how light might affect the activity
of the insects and their capacity to transmit the stunt
disease.

Seed of a 100 per cent susceptible cultivar was
planted at Poza Rica. After six to seven days, seedlings were
infested with an average of five infectious leafthoppers per
seedling, using the ‘‘bazooka’’ technique. Insects were
placed in the whorl at 9 AM, 12 PM, and 6 PM during two
consecutive days. A check treatment was added, with no
infestation. The four treatments were arranged in a RCBD,
with three replications, one hundred plants in each repli-
cation. Table 19 shows that time of infestation produced
no observable effects in amounts of plants infected with
stunt, as compared to the nontreated check.

Trial 2: This trial investigated the possibility of using
C02 to decrease the activity of the leafhoppers during in-
festation. Treatments included: (I} infectious leafthoppers
released directly in maize seedling whorls, and {2) infectious
leathoppers treated with CO2 and placed on the whorls
using the bazooka method. A check with ne leafhoppers
was added. The trial was planted in a RCBD with 4 replica-
tions, 100 plants in each. Table 20 shows that treating the
leafhoppers with CO2 increased the number of infected
plants; however, a large number of plants escaped infection.
Similar experiments are being continued.

Ear Rot Inoculations

The ear-rotting organisms Diplodia spp. and Fusarium
spp. are distributed worldwide and cause severe damage, Ar-
tificial inoculations of these two organisms were studied.

Diplodia spp.—Work is primarily with two species of this
genus that have been isolated, D, maydis and D. macrospora,
the former being the most common.

In 1979, an experiment at Poza Rica examined the
reaction of different genetic backgrounds of quality protein
maize to varying levels of spore concentrations of Dip/odia
spp. Five populations were studied: Tuxpefio 02, Yellow
H.E.o2 (Hard Endosperm opaque-2), White H.E.o9,
Temperate x Tropical H.E.02, and Comp. Hungary, a normal
population. Spore concentrations were: 25x103, 50x103,
75x103, and 150x103per ml plus a non-inoculated check.
Treatments were distributed in a split-plot design. Varieties
were the main plot treatments and spore concentrations



were the sub-plot treatments, with four replications, 32
plants per replication. Silks were sprayed with the spore
concentrations about ten days after silking. Table 21 shows
the varieties differed in levels of susceptibility.

Comp. Hungary was the most susceptible population
to Diplodia ear-rot (figure 2). This population is adapted to
temperate conditions where it is also susceptible to ear rots,
Among all quality protein populations, no differences in
amount of rottina were observed as a result of concentrations
varying from 50x103 to 150x103spores per ml. Yellow
H.E.02, White H.E.02 and Temperate x Tropical H.E.02
had relatively lower degrees of ear rotting.

The effect of time of silking in inoculation of the ears
by injection also was tested using different spore con-
centrations. An experiment was set up using a split-plot
design. White H.E.02 was used in this experiment, where
main-plot treatments were days-after-silk and sub-plot
treatments were spore concentrations, The experiment
was planted and analyzed as in the trial described above.
Table 22 shows that there were no differences in ear-rotting
due to the spore concentrations tested. However, there
were differences in rottings when inoculating the ears at
different times after silking. Results indicate that the earlier
the time of injection, the heavier the damage.

Fusarium spp.—Fusarium has been found to be the most
widely distributed earsotting organism, Primarily, there are

two species of this fungus that have been identified as
damaging to maize: F. graminearum and F. moniliforme.
Three experiments were planted at different locations
during 1979 to select the inoculation technique that would
be most useful in screening and selection under the various
conditions in Mexico. The experiments were planted in the
highlands {El Batan) and lowlands (Poza Rica) with popu-
lations adapted to such conditions.

(1) The first experiment at El Batan was planned to
examine the inoculation techniques and their stability
over time. Twenty families in each of four highland popula-
tions were planted and inoculated using 12 different pro-
cedures. A total of 32 plants per technique were inoculated,
with no replications. Ears were collected from families that
appeared most resistant or susceptible to the most efficient
inoculation techniques. These ears will be inoculated in the
1980 planting to measure the efficiency of these techniques.

(2) A second experiment was designed to compare
the effectiveness of the various techniques. The 12 tech-
niques used in the first experiment (above) were tested in
four maize populations, using asplit-plot design, with
populations serving as main plot treatments and inoculation
techniques as the sub-plot treatments.

Table 23 shows that at El Batan there were differences
between varieties in amount of rotting, but no differences
between the inoculation methods tested. Higher percentages
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trainees.

of rotting were produced in Pool 3 (HEW-Floury) and
Lote 291 (Floury 1-09 Composite).

(3) A third experiment dealt only with the injection
technique. The effect of time of inoculation of three spore
concentrations in 4 different maize populations was analyzed.
The experiment used a split-split-plot design. There were
three times of silking as main plot treatments, three spore
concentrations as sub-plot treatments; and the populations
served as sub-sub-plot treatments, in four replications, with
32 plants per replication. Results from the highland location
in El Batan (table 24) indicates that level of ear rotting was
associated with time of silking for inoculation, with spore
concentrations, and with the populations used. The most
efficient time of inoculation was at silking time, or ten
days afterward, when silks began to dry after pollination.
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The inoculum concentrations tested were not an important
factor in determining degree of rotting when inoculations were
made at silk emergence. Successful inoculations were obtained
at ten days after silking only with high inoculum concentra-
tions. The least amount of ear rotting was found in Pool 2
(HEWD) and Highland modified opaque-2 composite.

Table 25 shows the resuits obtained in a similar trial
planted at Poza Rica. Differences in the amount of ear
rotting could be attributed to inoculum concentration and
the populations used. Higher concentrations produced
higher percentages of rotting, except with the late inocu-
lation. The least damaged population was Pool 23 (TLWF).

These techniques will be evaluated for consistency in
future experiments.












Table 8. Per cent downy mildew infection in three base populations after three cycles of selection for DM resistance.

Mean % infection

Population Thailand Philippines
2. TLWD (DMR) Co 28 89
C1 34 79.7
C2 17.2 73.2
C3 30 66.2
Susc. Check 55.2 98.2
LsD (5%) 18.3 23.h4
cv 36 18.7
5. TIWF (DMR) Co 11.5 88
C1 18.5 83.5
C, 13.5 70.5
C3 1.2 64
Susc. Check 23 92.2
LSD (5%) 15.8 1h.9
cv 75.8 12.1
8. TYFD (DMR) CO 21 83
C1 26.5 100
C, gr S 80
C3 53
Susc. Check 7.2 88
LSD (5%) 10.7 31.8
Ccv 53.6 25.5

Tabie 9. Per cent downy mildew infection in three base populations (C3—S1) (1979).

No. S] No
families % downy mildew (X) selected
Population screened Thailand Philippines Rio Bravo SI families
(Mexico)
2. TLWD (DMR) 385 27.6 21.1 8.8 101
5. TIWF (DMR) 413 27.3 25.5 3.6 124
8. TYFD (DMR) 410 37.4 45.0 13.9 119

102





















SPECIAL PROJECTS

Special Projects research explores new ideas and
investigates new techniques for improving specific charac-
teristics of the maize plant. Four such special studies are
now underway dealing with yield efficiency in tropical
maize, drought tolerance, early maturity, and adaptation
emphasizing day-length and temperature, These studies may
require many years for completion, but the findings can
ultimately be applied in the overall maize program.

YIELD EFFICIENCY

Tropical maize plants produce a relatively greater
proportion of their total dry matter in the form of leaves
and stems, and less in grain, as compared to maize varieties
grown in the temperate latitudes. One avenue for improving
yields of tropical maize would be the improvement of the
proportion of the total dry matter of the crop in the grain
(i.e., the harvest index}. This might be achieved by: (1)
selection within the tropical germ plasm, or {2) the intro-
duction of the trait from temperate germ plasm. Some of
the different approaches used to achieve these plant types
are discussed below.

Short Plants

Based on accumulated data of several years of testing,
both as varieties and in varietal crosses, a group of collections
and two improved varieties of the maize race Tuxpefio were
composited in 1965 to form a population called “Tuxpefio
Crema |,”” the best of the race that had been identified at
that time. These collections and varieties used were: Ver.
48, 143, 174; Mich. 137, 166; Colima Group |; Mix. | {Guat.);
V520C and La Posta. {Wellhausen, unpublished data).

Various selection studies of this material were made
to improve grain yield. By 1967, the problems of plant
height and associated lodging had so convincingly demon-
strated their importance in the agronomic management of
this population that efforts were begun to substantially
reduce its height.

In 1973, upon the designation of the maize program’s
Back-Up and Advanced Unit categories, the name Tuxpefio |
(Population 21) was assigned to Tuxpefio Crema | cycle 11
of the short plant selection as its identification in the
Advanced Unit. The Tuxpefio Crema | name has been
retained in the Special Projects selection procedure for
shorter plants over many cycles. The process of selection

for shorter plants has continued in Tuxpefio Crema | and
is now in the 18th cycle of selection.

Evaluation of Tuxpefio Crema 1-1978

Various cycles of selection for reduced plant height in
Tuxpefio Crema | were evaluated at three locations in
Mexico in summer, 1978. These trials measured the progress
in height reduction and documented changes that might
have occurred in other traits for which specific selection
had not been made. Such traits included grain yield, for
which there had been mild, visual selection. {In this selection,
short plant families that had been selected at flowering
were rejected if they appeared to be substantially lower in
yield at harvest.} It is possible that this simple visual selec-
tion for yield over a series of generations may exert an
influence on yield in addition to the direct effect on
reduced plant height.

Bulk remnant seed (representing Cycles 0, 6,9, 12, and
I5 for reduced plant height in Tuxpefio Crema I} was
increased in Poza Rica in 1978A for use in Trial AT-20l in
1978B. Seed of the check variety {(Tuxpefio | Population 2|
Co) was increased in Tlaltizapan in 1976B.

The entries in Trial AT-201 included:

Tuxpefio Crema | - Cq: the original composite prior
to initiation of selection for plant height.

Tuxpefio Crema | - Cg: six cycles of full-sib selection
for reduced plant height. The criteria for full sib selection
was a visual selection (using the “running average’” concept).
Crosses between selected families were made on a plant-to-
plant basis using approximately five plants per family, each
plant being crossed with a plant in one of the other selected
families. Two or three ears were saved from each selected
family at harvest to retain approximately the same total
number of families in each generation of selection.

Tuxpefio Crema | - Cg: three additional cycles of
full-sib selection based on criteria similar to Cg.

Tuxpefio Crema § - C12: three additional cycles of
full-sib selection based on criteria similar to Cg.

Tuxpefio Crema | - Ci5: having families that also were
evaluated for their performance under high population
density (104,000 plants/ha), with individual plants selected
for synchronization of pollen shed and silking under
density stress.
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Tuxpefio | - Population 21-C2: Tuxpeno Crema | Cq11
renamed as Tuxpeno-I (Population 21}, with two cycles of
selection in the Advanced Unit International Testing
Program.,

Previous to Trial AT-201, experience had shown that
the densities for optimum grain yield varied among the
selection cycles. To evaluate each cycle at its optimum, a
split-plot arrangement was used in the trial to allow for
three population densities selected to span the optimum
density. Two of these densities were common for each
entry inthe trial. Optimum plant densities and grain
yield of optimum density were calculated based on the
relationship between grain yield per plant and plant popu-
lation described by Duncan (1958. Ag.J. 50:82-84).

The most obvious and striking effect of the selection
has been the large and nearly linear reduction in plant
height (table 1, figure 1). This reduction has been achieved
through a change in both of the components of height—
total number of nodes and mean internode length (table
1). The total number of nodes is associated with maturity.
There has been no loss of yield (at optimum density)
with the reduction in maturity over cycles (table 2).

To compensate for a reduction in individual plant
size, population density must be increased for maximum

FIGURE 1. Relationship between plant height and cycles
of selection for reduced plant height in Tux-
penfo Crema | when grown at three locations
in Mexico (Poza Rica, Obregon, Tlaltizapan,
Summer 1978)
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grain yield (table 2). Thus, optimum densities for these
experimental conditions range from 48,000 p/ha for Cg and
66,000 for Cjg. When grown at optimum density, there
appears to be a linear increase in grain yield at an approxi-
mate rate of 3.8 per cent per cycle (base-mean yield) (fig. 2).

In the initial selections, reduction in lodging was an
important factor in improved response to density, and for
yield (table 1). In the later cycles, the reduction in the
percentage of barren plants at increasing density appears to
be of greater importance. For example, while leaf area
indices at optimum density for Cg and Cj5 are somewhat
similar (around 4.5}, the percentage of barren plants was {2
per cent for Cg and 2 per cent for C15 (data not shown).
The practice, from Cj2 onward, of selecting families for re-
generation when grown at both normal density {52,000
plants/hajand high density (104,000 plants/ha) may have
improved the density tolerance of the more recent selections.

When grown at optimum densities, the total dry
matter production at maturity was similar for the various
cycles (table 3). The increase in grain yield with reduced
plant height was associated with an increase in the harvest
index (proportion of total dry matter as grain).

Previous CIMMYT studies have shown that a reduction
in photosynthate around flowering is critical to yield. These

FIGURE 2. Relationship between grain yield and cycles of
selection for reduced plant height in Tuxpefio
Crema | when grown at Poza Rica ( @ ) Obre-
gon (&) and Tlaltizapan (<} (® Mean for all
locations, Summer 1978)
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findings suggest that there may be considerable competition
for substrate between plant parts, including stem, leaf,
tassel, and female inflorescence at this stage of plant devel-
opment. Reducing the demand for substrate by those parts
that are not essential for yield may provide proportionally
more of the dry matter for ear development. Data to
support this view are found in the comparison of cycles for
reduced plant height. After |5 cycles of short-plant selection,
the percentage of dry matter in the stem at flowering was
reduced from 59.5 per cent to 49.0 per cent of the total
crop dry weight (at flowering). The percentage in ear
weight was increased from 2.02 per cent for cycle 0 to 3.16
per cent for cycle 15. At optimum plant densities for
yields, there was progressively more ear dry matter (on an
area basis) at flowering in successive cycles of selection for
shorter plant height. This was associated with a higher grain
number (per unit area) at harvest (figure 3). This relation-
ship suggests that a 1 kg/ha increase of ear dry matter at
flowering would provide a 34 kg/ha increase in grain yield.

FIGURE 3. Relationship between ear dry matter at flow-
ering and grain number at maturity in various
cycles of selection for reduced plant height in
Tuxpefio Crema | (data are means of two

locations).
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This trial was repeated in 1979 at the same sites, but
included two additional entries—a later cycle of short plant
selection (Cycle 17) and a local variety of Tuxpefio germ
plasm (Criollo Alamo) from Alamo, Veracruz, Mexico.
(This later entry was used to provide a more recent col-
lection of Tuxpefio germ plasm for comparison with the
origina! cycle in this study.)

Results from 1979 trials are similar to those of 1978
and are shown in tables 4 and 5. The linear reduction in

plant height previously noted in Cg through C|5 appears to
continue through to Cy7 (table 4) and this reduction is
accompanied by a reduction in the days to flowering. Grain
yield at optimum density tends to increase with selection at
an approximate rate of 2.9 per cent per cycle up to C15
(table 5). With the exception of the Poza Rica site, C|7
yielded slightly more than did Cig and the across-site yield
increase between these two cycles was |.4 per cent per
cycle. This reduced rate of yield improvement may in
part be explained by a reduction in the duration of the
growing cycle. Again, there was an increase in the plant
population for optimum grain yield (table 5).

These data for 1978 and 1979 are being combined
with more detailed results to be pubiished in1980. However,
Table 6 shows the combined results for some traits from
the two vyears testing at three locations. There was a
substantial decrease in lodging between cycle 0 and cycle 6.
Yields increased at both normal density of 50,000 p/ha
and at optimum density as the plant height was reduced.

In winter 1979, full-sib families of C17 were planted
at Poza Rica for random recombination. Selection for
reduced plant height will continue on this material as a
Special Project. (A subset of the C47 recombinants was
transferred to the Advanced Unit and tentatively named
Bianco Dentado 2, population 49.)

In the Central American cooperative yield trials
(PCCMCA) in 1979, bulk seed of the Cj7 for short plant
selection was included as an entry (data not shown)}. Two
important points in evaluating the yield performance were
noted: (I} Tuxpefio PB C-I7 was the earliest to flower in the
group, and (2) it was by far the shortest in plant height
(1.80 meters) at all sites. Evaluations were made at 50,000
plants/ha. In such trials, where the entries differ in maturity,
optimum density requirement, and height, there should
be considerable care taken in the assessment of relative
yields. These are extremely important factors in assessing
relative yields of varieties. In the PCCMCA trial, both Tico
V-1 from Costa Rica and ICTA-B-1 from Guatemala, were
increases of C11 of the same population Tuxpefio Crema |
that was used in the plant height selection study.

Implications for Further Study—The substantial changes in
plant architecture resulting from the recurrent selection for
olant height, plus the increased optimum plant density for
achieving maximum grain vyields, highlight the need for
further investigation into appropriate management practices,
if the smaller and earlier plants are to be a commercial
success. The increased grain vyields in earlier maturing
varieties, along with the greatly reduced lodging, are cleariy
advantageous. On the other hand, the higher plant density
requires more seed and more labor input in planting, when
hand planted. Confirmation in commercial fields is necessary
to be sure that the experimental plot results also apply tc
wider-scale farm management conditions.

In 1980, some of these cycles of selection will be
grown in farmers’ fields to study agronomic implications of
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CIMMYT scientists, using the lowland tropical maize population Tuxpefio, have been recurrently selecting for shorter plant
height within successive cycles of this population. Plant height has now been reduced to approximately 50 percent of that
of the original material. The ratio between grain and stover in the total plant dry matter in the more recent selection cycles
is now 1 to 1, a ratio similar to the maize types grown in the U.S, Corn Belt.

planting densities and crop association possibilities. The
more efficient short plants offer opportunities as mecha-
nisms for intensification of production, both in intercrop-
ping combinations and in crop sequences. The smaller,
shorter maize plants allow greater light penetration to reach
associated plant species, and the shorter growing period
required should permit greater flexibility in adding another
crop, either before or after the maize. Of course, if the
associated crop is a weed, there may be a detrimental effect
on yield.

In addition to the agronomic considerations mentioned
above, there are other implications regarding breeding and
use of the short-plant type resulting from recurrent selection.

For example, these types could be used:

(1) As an open-pollinated variety for production

purposes, just as any other open-pollinated variety.

(2) In the formation of inbred lines and hybrids:
Short plant hybrids will result from combinations
within this type of population. Intermediate height
hybrids will result from crosses with other materials
having very different plant heights. The height of the
F1 hybrid of such crosses is almost exactly at the
mid-point of that of the parents. Thus, the additive
quantitative genetic behavior can be exploited to
produce intermediate height hybrids of the short
plants, using other materials as varietal crosses, as
crosses of inbreds, or as crosses of inbreds by varieties.

(3) As a source of shorter plant characteristics. Pre-
liminary observations of the advanced generations of
crosses between the short plants and tall materials
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suggest that selection in F2 and F3 generations can be
extremely effective in rapidly recovering a recom-
binant variety with almost the same height as the
short parent. Plants as tall as the original tall parent in
the segregating generations have not been observed in
the fairly small numbers of segregating plants, This
skewed distribution of plant height segregants s
probably due to the intermixing of large gene blocks
(linkages) that would tend to break up gradually in
succeeding generations of mixing. Growing of large
numbers of plants over several successive generations
should improve the chances of recovering individuals
similar to the tall parental type. Thus, it would seem
that early backcrosses could be made to the tall
parent to recover most of its genetic attributes, while
at the same time rapidly reducing its height by the
introgression of the short-plant gene blocks. Further
work will be done to confirm these observations, but
initial results are encouraging. The principal value of
the presently available short plant Tuxpefio selection
may well be in its contribution to shortening the
plant height of other tall materials by judicious
introgression,

The husk cover of the short Tuxpefio plant selection
population, as expressed under certain environmental
conditions, seems to have been modified unfavorably
during the shortening of the plants, so that ear tips
are less well covered. Under temperate conditions,
this change might even be desirable; but, in the
tropics, a good tight husk covering is needed to
prevent entry of insects and moisture to the maturing



grain on the ear. The selection procedures for shorter
plants have largely ignored husk cover; however, husk
cover improvement seems desirable as a commercial
consideration,

Reduced Foliage

Tropical maize has a lower grain number and grain
yield per unit leaf area of plant, and a higher density of leaf
area above the ear, when compared with temperate material
grown in a disease-free environment in the tropics. The
light environment of the crop around flowering has been
shown to influence grain number and yield per plant (Maize
Improvement Report, 1975). It is not clear to what extent
the light environment of specific leaves (particularly those
near the ear) is involved in this response. Data from trans-
location patterns in temperate maize, however, do indicate
that at flowering the leaf subtending the ear contributes a
greater proportion of its photosynthate to the ear than do
the leaves at other positions. Thus, it seems logical to select
for reduced foliage density above the ear leaf to improve
the illumination of the leaves close to the ear. Selection for
this trait is now underway in three populations: Tuxpefio-1,
ETO Blanco, and Antigua-Reputblica Dominicana.

Six cycles of recurrent selection for reduced foliage
have been made in Antigua-Republica Dominicana, and the
latest cycles were evaluated at three locations (Poza Rica,
Tlaltizapan, and Obregon) in Mexico during summer, 1979.
This trial also included the latest cycle of selection (Cg) for
reduced tassel size, and the F{ combination of reduced leaf
{Cg) and tassel (Cg). Compuesto Seleccion Precoz (Cg) was
included as a check because of its similar maturity.

To evaluate each cycle at its optimum plant density, a
split-plot arrangement of three population densities (50, 80,
and 106 thousand plants/ha) was selected to span the range
of optimum density. Optimum plant densities and grain
yield at optimum density were calculated based on the
relationship between grain yield and plant population
described by Duncan (1958 Ag.J. 50:82-84}.

Table 7 shows the change in leaf length and width and
leaf area index of the crop (grown at 80,000 plants/ha)
after six cycles of selection, The 14 per cent reduction in
leaf area of the crop was due mainly to a reduction in leaf
width (approx. 10 per cent) and to the number of leaves per
plant (data not shown). This latter effect also was reflected
in a reduction in days to maturity and plant height.

Table 8 shows the grain yield at optimum plant
density and the optimum density for the various selections
when grown at the three sites. In the selection for reduced
leaf area, there was a significant increase in grain yield (1.8
per cent) across the three sites. However, there was no
change in yield at the Poza Rica site (which may be explained
by poor and abnormal growth of the crop in the early
stages of development that appeared to be associated with
unfavorable soil conditions at that site). At Ciudad Obregon,
the yield advantage of the reduced-leaf selection was about
30 per cent; this could be due to relative differences in the

soil-atmosphere-water status at the time of flowering for
each genotype, Conditions at this site during the summer
may cause temporary {midday) water stress in the plant,
which can be critical when it occurs at flowering. Timeliness
of irrigation (and rainfall) relative to the acute critical phase
of development of the crop may be an important factor in
the evaluation of materials. Although the mean male
flowering time was 2.5 days earlier in the reduced-leaf
selection, there was no evidence from theirrigation schedule
or rainfall to suggest that the vyield difference could be
attributed entirely to such differences. it is possible that
selections that produce more grain per unit {eaf area may
have an advantage under these conditions-—a consideration
that requires further study.

At Tlaltizapan, optimum vyield in the reduced-leaf
selection was obtained at considerably higher plant densities
(table 8). However, even at a plant density of 80,000
plants/ha that approximates the optimum for the original
cycles, grain yield was greater for the reduced-leaf selection,
This was attributed to an increase in the harvest index of
the crop, while totali dry matter production was similar
(table 9).

Along with this improvement for grain yield, there
was a reduction in the time to flowering. The original cycle
of Antigua-Republica Dominicana and the check entry
(Compuesto Seleccion Precoz Cb) had similar across-site
yield values, although the check was two days earlier to
male flowering. However, the yield of the reduced-leaf
selection was superior to that of the Compuesto Seleccion
Precoz population, although their maturity indexes were
similar. Selection for reduced foliage may be a useful means
for improving the yield per duration of crop growth for
those populations in which earliness is an important factor.
However, the resuiting plant type may require higher plant
densities for optimum performance and the desirability of
such densities requires further evaluation under farmer
conditions. Different conclusions might be obtained,
depending on whether the crop is grown in pure stands or
in association with other crop species.

The population ETQ Blanco has undergone six cycles
of selection for simultaneous reduction in leaf and tassel
size. Cycles 0, 2, 4, and 6 of this study, along with the most
recent cycle of selection of the IPTT program, ETO
Bianco- IPTT Population 32 (Cg), and Cj7 of the short
plant Tuxpeiio Crema | selection, were evaluated at Poza
Rica, Tlaltizapan, and Ciudad Obregon in summer, 1979.
The trial design was the same as that described for the
evaluation of foliar reduction in Antigua Republica
Dominicana.

Table 10 shows the change in plant leaf area and
tassel size. By Cg, there had been a 25 per cent reduction in
the leaf area per plant, a 30 per cent reduction in tassel
branch number, and a 20 per cent reduction in tassel
dry weight (per area) at flowering. There was a slight
reduction in plant height and Cg was approximately 2.0
days earlier to flowering.
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Table 11 shows grain yield at optimum plant density
at the three sites. There was a significant increase in grain
yield (6.9 per cent) for Cg across the three locations.
However, as in the experiment reported above, there was no
significant change in yield at the Poza Rica site, and again
the trial was affected by poor soil conditions. Optimum
yields for the later selections cycles were obtained at
considerably higher plant densities (table 11). At the
higher density of 80,000 plants/ha, total dry matter pro-
duction was not altered and the increase in grain yield
was due to the improvement in the harvest index (table
12).

The date of flowering for the second check entry
Tuxpefio Crema | - Selection Reduced Plant Height (C17)
was similar to that of the Cg selection of ETO, but had a
higher grain yield. This was due to a better harvest index;,
rather than to any difference in total dry matter production.

The populations of Tuxpeiio and ETO are known to
have good general combining ability and are the basis for
many commercial hybrids. The above findings suggest
further study of how the performance of this cross might
be improved by these morphological changes.

Antigua-Republica Dominicana and ETO Blanco
are each being recombined in a random mating generation
before continuing further selection cycles for the same
traits. These materials also will be evaluated again {(summer,

1980) in trials similar to those reported here.
A third population (Tuxpeiio-l) also is being used in

this study of effectiveness of reduced foliage, but has had
only four cycles of selection; it will be evaluated in a similar
manner after six selection cycles.

Reduced Tassel Size

Maize tassels have been shown to be considerably
larger than is required for their function as pollen sources.
lLarge tassels intercept and waste considerable incident
radiation during the flowering and grain-filling periods, and
may compete with the developing ear for nutrients during
the preflowering and flowering period. The effects of
reduced tassel size have been studied through selection for
this trait in three populations: Tuxpefio-l, Eto Blanco, and
Antigua-Republica Dominicana.

Six cycles of selection for reduced tassel size have
been made in the population Antigua-Republica Dominicana,
and Cycle 6 was included in the trial (reported earlier) that
evaluated changes in leaf foliage in this population.

The dry weight at flowering of the tassel was reduced
by 29 per cent and tassel branch number by 50 per cent.
There also was a reduction in plant height and days to
flower (table 7). Grain yield for the tassel selection averaged
over the three sites was significantly higher (6.4 per cent)
than that of the original cycles. Most of this increase was
due to the improved performance (I1.4 per cent) at the
Tlaltizapan site (table 8). As previously mentioned, the
trial at Poza Rica had adverse growing conditions.
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Optimum vyields in the reduced tassel selection were
obtained at considerably higher plant densities (table 8).
However, at Tlaltizapan, even at 80,000 plants/ha (which
approximates the optimum for the original cycle) grain
yield was greater for the reduced-tassel section. This was
attributed to an increase (12. per cent) in the harvest index
of the crops (table 9).

These selections will be evaluated again in the 1980
summer cycle. The population is presently being randomly
mated before continuing selection for this trait. Selection
also continues for a reduction in tassel size in Tuxpefio I,
and these cycles will be further evaluated.

Increasing Ear Size and Grain Number
In addition to research projects aimed at reducing
the weight of non-grain portions of the tropical maize
plant, one research project is underway to increase ear
size and grain number in one population while holding
plant size constant. This population, called Planta Pequeiia
Mazorca Grande (PPMG), is composed of the following
germ plasm:
1. Long Ear Composite-USA (Ear length)
2. Maiz Ancho-Mexico (Kernel size)
3. Toliman grueso C. Nortefio-Mexico (High row
number, deep kernel)
4. P. Rico 3, 16, 18,20 Gpo.5 Rep. Dom.-P. Rico and
Dom. Rep. (Ear size, tropical) )
5. St. Croix Long Ear 2, 3, Gpo 1-St. Croix Long
Ear Tropical
6. Amarillo Bajio grano grande blanco-Mexico {Large
deep kernel, includes 50 per cent Tuxpeiio).
This population has a sub-tropical adaptation. The
selection criteria is a visual assessment of the relative size
of the ear (or ears) compared to the total plant size.

YIELD EFFICIENCY IN TROPICAL X TEMPERATE
GERM PLASM

The problems of direct transfer of temperate region
germ plasm to tropical areas and the logical alternatives for
combinations between tropical and temperate germ plasm
have been mentioned briefly in previous CIMMYT reports.
As might be expected, the resulting plants are usually of an
intermediate type in terms of the response of the recom-
binants to the normal disease and insect prablems of
tropical areas. An intermediate response is also apparent
within the parameters of yield efficiency. Considerable
variation occurs in these parameters, and is apparently
related to the different sources of temperate and tropical
germ plasm used in the combination.

If temperate-type plant architecture and dry matter
partitioning are to be usefully recombined with disease
and insect resistance from tropical sources, it is expected
that systematic recombinations based on evaluations under
the appropriate environments will be required over a series
of generations.



Pertormance under tropical conditions is evaluated at
Poza Rica, and expressions of grain yield are obtained at
Tlaltizapan. Recurrent selection over a series of generations
is expected to gradually improve disease-resistance charac-
teristics, while retaining the architecture of the temperate-
type plant. Two populations are being used: Amarillo
Baj jol/and Antigua-Republica Dominicana- Corn Belt2/,

The Antigua-Republica Dominicana combination was
developed with the best material available for tolerance to
insects {Antigua) and to stunt (Repablica Dominicana), but
has undergone fewer generations of selection than Amarillo
Bajio.

While these materials were originally intended as
introgressions of temperate germ plasm for use in the
tropics, they might also be useful in the reverse direction
—as a vehicle for moving tropical germ plasm into the
temperate regions as source germ plasm for breeding
programs there.

The Amarilio Bajio population now has been included
in the Advance Unit series as Population 45,

ADAPTATION EMPHASIZING DAY LENGTH AND
TEMPERATURE

Many attempts have been made to use “‘exotic’’ germ
plasm in temperate regions to incorporate insect and
disease resistances from tropical maize, and in tropical
regions to incorporate the “efficient” plant type of temperate
zone maize types. One complication results from the very
different heat unit requirements of different genotypes,
which are reflected in their relative maturities. The tendency

1s to select so-called ““productive’’ varieties. However, those
varieties that are “productive’” types in tropical areas
require such a long growing period under temperate condi-
tions that they are not useful and eventually must be
abandoned. Photoperiod sensitivity provides another
formidable obstacle. Length of growing period is a major
consideration in limiting ‘‘adaptation.” The [onger the
growing period required, the fewer locations where a given
material may be grown satisfactorily. This factor is of
special importance in incorporating tropical germ plasm
into temperate areas. Thus, earliness per se seems to be
important in adaptation, and early maturity tropical types
seem to be a logical choice for use in temperate areas.

The basic procedure for achieving wider adaptation in
CIMMYT maize populations is the selection of the superior
genotypes under a series of different environments, followed
by their successive recombination through an indefinite
number of such selection cycles. In all such materials, the
aim is to include all possible appropriate germ plasm in the
formation of the base population. In most cases, germ
plasm is assembled from areas representing the extremes of
the range of conditions for which the population is being
developed. Then, after cycles of mixing, selection is done
under different environmental conditions. An extreme
example of this procedure has been applied with the
population called ‘‘Estudio Reaccion lLargo del Dia.”
It was first composited as a population in 1969.3/ Since
then it has been grown in many sites around the world, in
addition to five sites in Mexico. This range of latitudes and
altitudes provides sufficient variation in day length and

1/ A series of crosses were made over a period'of several years involving tropical maize germ plasm with U.S. Corn Belt type. The generat
objective was to try to combine the insect and disease tolerance of tropical maize with the earliness and yielding ability of temperate
maize for eventual use in tropical areas. Inbred lines from Dr. Ulistrup at Purdue, the single crosses of the hybrid U.S. 13, Pfister Hybrids
347, 381, 409, 418 and Ht. Xanth., the Corn Belt Composite from Nebraska, Stiff Stalk Synthetic from lowa and other Corn Belt
materials were used in the crosses which were principally with Tuxpefio from Mexico, Cuban flints, Puerto Rico mixtures and collections
from the Dominican Republic. Crosses were made at San Rafael, Veracruz, and Tepalcingo, Moreios during the year 1961 to 1965. One
bulk mixture derived from these crosses was grown for several years of mixing at Tepalcingo, Morelos, and EI Roque, Gto., with no
records kept of pedigree. When CIMMYT withdrew from working at El Roque Station this bulk mixture was referred to as ‘‘The Yellow
Mixture from the Bajio station (El Rogue), and the name has survived as “Amarillo Bajio"’.

Originally, only mixing was done for several years, and gradually mild selection pressure was initiated. In 1975 at Poza Rica Ver.,one
generation of selfingwas carried out to permit elimination of a small percentage at Texas M.S. Cytoplasm carried over from the original U.S.
hybrid. Selection pressure is primarily to maintain the Corn Belt plant type architecture with tropical disease resistance—a gradual change.

2/ Amaritlo Bajio, mazorca larga (longer ear composites from Nebraska and lowa), lllinois lines resistant to H. turcicum and P, sorghi, Alph
{lowa), Argentina Dent Composite, Hungarian Composite {Corn Belt Type) x Mezcla Amarilla (CIMMYT Tropical Composite), Early
Cornell Corn Belt Type x Mezcla Amarilla, BSSS(R)C-6 and BSCB(R)C-6, Alph x Mezcla Amarilla, and Bolivia Composite of Corn Belt
Type were all crossed to the Composite Ant.-Rep. Dom. to form this population using a minimum of 25 plants representing each of the
listed populations and a total of about 500 ears harvested. Ant. = a composite of the 8 collections of maize from Antigua (Caribbean) and
which have appeared to carry some insect resistance. Rep. Dom. = a composite of 39 collections from the Dominican Republic and which
appeared somewhat tolerant to stunt. The objective was to combine disease and insect resistance of tropical germ plasm with yield and
plant architecture of Corn Belt Types in a broad genetic base population.

3/ New England Flints: 213807, 213808, 213810, G8818, 214194, 214203, 214280, 217462, 223830, 245131, 255979, 255984, 255986,

255978, Peace River Early, Gaspé, Alaska Sweet Corn;

U.S. Corn Belt: Hybrids from Pfister, Pioneer, N. King, De Kalh and others. Lines CI21E, C-103, Ky 128, Hy49, Mo14W, and others.
Composite from Wisconsin, lowa, and Nebraska. Corn Belt Composite, Alph, Stiff Stalk Synthetic and others.
Mexico: One or more collections from each of 25 described races with several from race Tuxpefio (Yellow Tuxpeiig,Composite, V-520C,

SLP18, 23, 25, etc.);
Guatemala: Comiteco.

Caribbean: Dom. Republic Composite (39 collections), Cuba Composite (25 collections), Antigua Comp. (8 collections}, others.
S. America: Argentina Composite, Cuzco, Amarillo Calca, Blanco Urubamba, ETOBIanco, Chocleros, Uruguay Composite, Brazilian Yellow,

and many others.

In total, crosses among nearly 500 coilections were composited to form the original germ plasm of the population.
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A special project was initiated in 1977 to determine whether there might be sufficient variability within maize for drought
tolerance to merit more specific breeding attention, and whether a practical methodology could be developed to make
selections for this trait. Preliminary observations indicate that it is possible to select genotypes with improved yielding ability
under drought-stress conditions which do not lose their capacity to perform well under adequate moisture conditions, Here
a visiting CIMMYT scientist measures leaf stomatal resistance of maize plants,

temperature environments for selection of superior geno-
types that are then returned to Mexico to be included in the
recombination. This procedure has continued since 1969.

It has been observed that selections for early maturity
and short plant height made in Wisconsin and Germany
show no differences in these traits when grown in Mexico.
This finding suggests that the plants selected in the higher
latitudes were simply relatively photoperiod insensitive
genotypes, rather than earlier or shorter, per se. However,
while such variation for insensitivity exists within the
population, studies in South Africa (using artificial light to
provide short and long days) indicate that the population
remains somewhat photoperiod sensitive (Spencer, personal
communications). This population might be converted
relatively easily to photoperiod insensitivity, with the
resulting possibility of greatly enlarging the area of potential
use of such materials.

The Toluca station at 2,650 meters altitude has very
cool growing conditions, and it might be expected that
selections from there would be the very earliest to flowering.
Such an expectation is not borne out by the flowering dates
of the selections when grown under the warmer conditions
of Tlaltizapan—where they were actually slightly later to
flower than the selections made in the hot climates of Poza

Rica and Obregon. This suggests that earliness and the
ability to grow and produce seed under low temperatures
are independent attributes.

EARLY MATURITY

The sacrifice in grain yield associated with very early
maturing varieties has long been recognized as a major
problem in maize variety development. One of the natural
results has been that most breeding programs focus their
attention on longer-maturity varieties that will provide
good grain yields. However, CIMMYT continues to study
the relative importance of various aspects of early variety
development and performance to determine the potential
for improvement. These studies include different types of
germ plasm and the effects of selection for different plant
developmental characteristics.

In 1975, a broadbased population (referred to here as
Compuesto Seleccion Precoz) was formed from genotypes
of intermediate and late maturity,l/ The objective of this
work was to develop earlier maturity from later types,
while retaining relatively high yields. Two cycles of selection
each year have been conducted since 1976, with plantings at
Poza Rica, Tlaltizapan, and Ciudad Obregon. A half-sib
recurrent selection program is being used, with primary

1/ Blanco Cristalino IPTT-23; Ant. Ver.181 IPTT-24; (Mix.1-Col. Gpo.1) Eto Blanco IPTT-25; Amarillo Dentado 2 IPTT- 28; Tuxpefio
Caribe 2 IPTT-29; Amar. Crist. 1 IPTT-27; Mezcla Amarilla IPTT-26; Eto Bianco P.B.; Amarillo Dentado Misc.; (Tuxpefio x Nicarillo)
Sint. 10 lineas; /(Mix. 1-Col. Gpo.1)Eto/ Sint. 10 lineas; Amar. Bajio x Argentinos; Amar. Bajio x Misc.; Ant. Rep. Dom., and Thai

Comp. Early.
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selection for early flowering. Within this work, selection is
also based on high grain yield with low moisture content at
harvest. Although there has been no critical evaluation of
changes due to selection, table 13 shows the trends in
flowering and yield between cycles 0 and 5. Days to flower
has been reduced by about | day per cycle of selection, with
an accompanying 2.4 per cent loss in grain yield per cycle.
These data are from comparisons made at only one plant
density (50,000 plant/ha). It might be expected that with
selection for earlier and, to some extent, for smaller-statured
plant types, the optimum density for yield would be
higher for the latest cycle of selection. A trial comparing
various cycles of selection at a range of plant densities is
planned for 1980.

Data presented in the Maize /mprovement Report,
1976-77, suggested that it may be possible to genetically
modify the relative duration of the pre-flowering and
grain-filling stages of the crop and to determine their effects
on graim yield. A graduate student research project was
initiated in 1978 to develop four sub-groups within the
population Compuesto Selecciéon Precoz with varying
durations in these two phases of plant development. The
trends in maturity indices and vyield after two cycles of
fulisib selection are shown in table 14. A comparison of
Groups 1 and 3 {early flowering) shows that days to flow-
ering were essentially the same, yet the indices of grain
maturity (black layer and grain moisture content) indicate
that Group 3 had a longer post-flowering development
period. Yield for Group | is slightly lower than that for
Group 3.

Groups 2 and 4 (late flowering) had similar flowering
dates, but were later than Group | and 3. Both indices of
maturity were more advanced in Group 2 than Group 4,
and yield was slightly lower. This data showed a positive
trend for selection and the procedure is being continued for
further evaluation. It is anticipated that information
provided in this study will influence the selection criteria
used for the development of better yielding, early maturity
materials, based on the relative importance of the pre- or
post-flowering periods in determining grain yield.

Another method of developing very early maturing
tropical varieties consists of assembling the earliest maturity
genotypes from wherever they are found and improving
their yield and disease-resistance characteristics. Sources of
this material were listed in the Maize Improvement Report,
1976-77. After several cycles of recombination within
three major groups (Precoces Pakistan—Mata Hambre—
Guajira 314; Mata Hambre-Guajira 314 Blanco; and Mata
Hambre—Guajira 314 Amarillo), progeny trials were con-
ducted to identify the better families in each group (table
15). The better families from each group were recombined
to constitute a population referred to as Componente
Precoz, and these progenies were yield-tested in the summer
of 1979 at a population density of 100,000 plants/ha. Table
16 provides an indication of the potential for yield selection
within this population. There seems to be a substantial

yield improvement as compared to the original collection
(yieids of Mata-Hambre-Guajira Cg and Componente Precoz
were 3.23 and 3.72 ton/ha, respectively). This population
will continue to be improved through progeny yield evalua-
tion and recombination over several cycles.

The basic objective in both of the above approaches is
to provide relatively high yielding, early maturing germ
plasm. Tables 15 and 16 show the performance of Compuesto
Seleccion Precoz as compared with that of Componente
Precoz. (The data however, are not from the same trial and
are given only to provide an approximate comparison of
performance.) In winter, 1978, the best {00 family selection
from the Pakistan-Mata Hambre-Guajira population (Table
16) produced a yield-per-day (to harvest) of 48.56 kg/day,
compared with 50.0 kg/day for the best selection of
Compuesto Seleccion Precoz. In summer 1979, the yield-
per-day values were 47.9 ka/day for Components Precoz
and 52.7 kg/day for Compuesto Seleccion Precoz (Table
16). In a series of trials conducted in Guatemala that
included Compuesto Seleccion Precoz and Mata Hambre-
Guajira, Tillmans reported yields of 5.5 and 4.0 ton/ha,
with flowering dates of 56 and 49 days, respectively. This
represents a vield of 99 and 8l kg/ha/day (to flowering) for
Compuesto Seleccion Precoz and Mata Hambre-Guajira
respectively.

Other considerations appear to be at least as important
as earliness per se in eventually producing a superior
yielding early variety. The trend toward earliness in
Compuesto Seleccion Precoz is clearly evident (table 13).
However, there also seems to be a loss in yield, which may
be due to the smaller plant size. Further study is needed to
determine whether this yield loss per plant can be com-
pensated for by higher plant densities per unit of land area.

The effects of length of growing period can also be
analysed by comparing the yields obtained in the cool
winter season (table 13) with those obtained in the summer
season (table 16). Cycle 5 of Compuesto Seleccion Precoz
required 76.5 days to reach flowering in winter and yielded
7.3 ton/ha, whereas in the summer period, flowering
occurred at 55.5 days, with a grain yield of 5.8 ton/ha.
Thus, the grain yield per day was about the same for the
winter and summer cycles. The influence of temperature on
relative maturities is obvious, and the longer period to
absorb and convert solar energy in the field produces the
higher grain yields, just as is found with genetically later-
maturity types. Since grain yield per day in this material
tends to remain constant, it seems reasonable to expect that
genetically very early maturing varieties would be lower in
grain yield as a direct result of the shorter length of time to
convert solar energy.

DROUGHT TOLERANCE

Evidence presented in the Maize Improvement Report,
1976-77, suggested that there were genetic differences for
drought tolerance within the population Tuxpeiio-l.
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Based on this evidence and using the techniques
described in that report, a recurrent selection program for
improved performance under drought has continued, using
the Tuxpeiio-l population. Approximately 250 full-sib
families were evaluated in the winter {dry) cycle at Tlalti-
zapan under controlled non-stress and stress conditions.
The non-stress treatment was that of adequate irrigation for
normal growth. The stress treatment involved one irrigation
at planting, to aid in germination and to provide soil
moisture at field capacity. There was no further rain or
irrigation.

The soil moisture of this treatment at germination, at
flowering, and at final harvest is shown in table 17, During
the pre-flowering period, there appears to have been water
usage by the plants to a depth of approximately 90 cm,
With continued stress into the grain-filling period, there was
further depletion of water in this zone, and to a greater
depth. At the time of soil sampling at harvest, roots had
reached a depth of 150 cm.

The mean grain yield for the 250 progenies when
grown under non-stress and stress treatments was 6.3 and
1.6 ton/ha, respectively. Data on the mean performance of
the best twenty families selected on the basis of criteria for
non-stress conditions and for drought tolerance are shown
in table 18. As suggested previously, there appears to be an
interaction in the yield performance of progenies when
grown under non-stress and stress conditions. The coefficient
of correlation between yield under these two treatments
was low {r = 0.7 N = 250) (table 19), which is further
evidence of an interaction between stress and non-stress

conditions.
Table 19 shows the correlections between the param-

eters used for the evaluation of drought tolerance (relative
leaf elongation rate, interval between pollen shed and
silking, and leaf tissue death) and grain yieild under non-
stress and stress conditions. These three characters appear
to be reasonable indicators of ability to perform under
water stress.
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A selection index, incorporating these characters as
well as grain yield (non-stress and stress), was used to
identify 80 superior families, and remnant seed of these
selected families was planted in the summer cycle at Poza
Rica for progeny regeneration. The improved cycle {C2)
consisting of 250 full-sib families will be tested under
similar treatments in Tlaltizapan in winter 1980. This
sequence will be continued for a number of cycles before a
detailed evaluation of progress is made.

HETEROTIC EFFECTS

It is well established that the variety Eto Blanco
(from Estaciéon Tulio Ospino in Colombia) combines well
with the race Tuxpefio (from Mexico), and several hybrid
combinations are available commercially. Several countries
have expressed interest in different germ plasm complexes
for possible use as hybrid progenitors. However, relatively
little information is available about the combining abilities
of populations being developed in CIMMYT’s maize pro-
gram. To gather such information without causing major
dislocation of the present program activities, most materials
of both the Advanced Unit and Back-Up Unit were crossed
to Tuxpefio and to Eto Blanco. Cycle 17 of the Tuxpefio
selection for short plants and C2 of Eto Blanco IPTT 32
were chosen to represent the two materials. Most of the
crosses to both materials were made during the 19798
season, with the remaining combinations to be completed
during the I980A season. Yield trial evaluations will be
conducted during 1980 so that preliminary information on
the combining ability of the several populations in the
CIMMYT program should be available by the end of 1980.

Some of the CIMMYT tropical populations were used
in a series of inter-varietal crosses in Guatemala. Results of
trials of these crosses were presented at the annual meeting
of the Programa Cooperativo Centro Americano de Cultivos
Alimenticios (PCCMCA) in Tegucigalpa, Honduras in 1979.



























WIDE CROSSES

Wide cross research in the maize program is designed
to assess and exploit the potentially useful germ plasm in
two alien genera, Tripsacum and Sorghum.

In general, the aim is to produce a more environmen-
tally stable maize crop; for example, to confer to maize
better insect and disease resistance from 7ripsacum, and
more drought resistance and tolerance of waterlogging from
sorghum. Three basic objectives are to: (1) identify an
efficient and convenient method for producing usable
hybrids in quantities sufficient to generate the genetic
variation required for selection in plant breeding, (2)
estimate the practical use of the alien germ plasm in maize
improvement, and (3) use such germ plasm in the overall
improvement program, if found feasible.

MAIZE X TRIPSACUM CROSSES

During 1978-79, approximately 14,000 crosses were
made between maize and Tripsacum, and IS hybrids were
identified (table 1). Of the 15, eleven were classical hybrids
that retained the expected gametic number of chromosomes
from both parents. These hybrids had a greater resemblance
to Tripsacurn than to maize (figure 1a) and are perennial;
to date, none has flowered.

The other four hybrids were non-classical, having 20
maize chromosomes and various numbers of Tripsacum
chromosomes in different root tip cells. As in similar
hybrids identified previously, the cells sampled from
younger plants had more alien chromosomes than did cells
sampled at later stages of growth. Chromosome loss was
erratic and progressive. Most of the cells examined of
each of these hybrids contained 20 maize chromosomes and
no tripsacum chromosomes; other cells contained 20 maize
chromosomes and up to ten chromosomes of Tripsacum. At
flowering, less than 2 per cent of the cells had one or more
alien chromosomes and, in some plants, no alien chromo-
somes were observed at this stage. These non-classical
hybrids were more maize-like and are annual; all reached
the stage of flowering within six months of germination
{except one, which required eight months). Individual
non-classical hybrids varied in their expression of floral
parts. One plant had neither a female nor a male flower
(figure 1d). Another plant produced a female and male
flower, both of which were sterile. Two plants produced

sterile male flowers, but these two plants set some seed on
backcrossing to maize, although fertility was low.

The identification of two types of hybrids confirms
previous CIMMYT findings. The c/assica/ hybrid seems to
be produced by a fusion of normal reduced gametes,
whereas the non-classical hybrid results from the fusion of
an unreduced or doubled egg celi with a normal male
gamete, followed by chromosome elimination. Previously,
these non-classical hybrids had been obtained from tissue
culture only. However, in 1978, two non-classical hybrids
were obtained from mature seed germination. Thus, the
cytological abnormalities characteristic of this type of
hybrid are not due to tissue culture.

Table 1. List of maize x tripsacum hybrids produced

1978-79.
T — I
Q No. Hybrids  Chromosomes:
Maize Tripsacum Produced Number Type

Pool 156 T. dactyloides 2 20-22 M

: 7214-3 20:25 M

Pool 33 T..dactyloides 1 46 c
‘ B65-1234

Pool 33 7. dactyloides 1 46 c
. 65-1234

Paol 33 T. dactyloides 1 48 C
‘ 65-1234

Pool 33 7. dactyloides 1 46 c
651234

Amarillo 7. dactyloides 1 46 C
Baiio 651234

Amarillo T. dactyloides 1 46 c
Bajio 65-1234

Amarillo 7. dactyloides 3 46 C
Bajio 65-1234

Amaritlo T. dactyloides 1 46 c
Bajio 65-1234

Pool 33 7. dactyloides ¥ 46 c
71306

Poot 33 T. dactyloides 4 20-30 M
65-1234

Pool 33 T. dactyloides 1 20:25 (Y]

7

C=classical hybrid
M= non-classical hybrid {mosaic cytology)
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Fig. 1. F1 hybrids of maize x Tripsacum

a—classical hybrid
b, ¢ +d—Non-classical hybrids

Progress of Hybrids from Previous Cycles

Of the 19 maize x Tripsacum hybrids produced in
previous cycles, none of the 14 classical progeny has produced
seed: three died without flowering, and the remaining 11
have been sterile. Of the 11 sterile progeny, three died after
flowering, two in 1978 and one in 1979. The eight remaining
sterile plants have been cloned by tillers, and replicate
clones have been planted in different environments in an
attempt to induce fertility, and for observation. Some of
these tillers also have been treated with colchicine in an
attempt to double the chromosome number and thus
induce fertility. In addition, tillers of these eight surviving
hybrids have been innoculated with corn stunt. The results
will be reported in 1980.

Of the five non-classical hybrids produced previously,
three have set seed. One fertile hybrid produced three seeds
and another produced five seeds; however, all eight seeds
collapsed and their embryos died in culture. The third
fertile hybrid produced six backcross progeny, five of
which appeared to be cytologically normal maize (although
three of them were completely sterile, having empty
anthers and no ears).
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One of the three fertile BCq progeny had the same
variable number of Tripsacum chromosomes as did the
female parent. The three fertile progeny were pollinated
with maize and the BC) progeny have been regenerated by
intra~fafnily pollinations. For the formation of subsequent
generations, selected ears were planted on an ear-to-row
basis. In addition, replicate rows of each of those selections
with sufficient seed were planted in trials in 1979 to test for
resistance to drought, insects, and disease.

The seven fertile hybrids produced in previous cycles
are now in various generations (G) derived from the original
hybrid (G1). As with similar maize x Tripsacum hybrids, Fq
plants are initially backcrossed to maize, with the following
generations formed by selfing or crossing of plants of the
same family. Selected ears of later generations are then
planted on an ear-to-row basis for further regeneration.

The first hybrid (produced in 1976) had progeny in
G7 in 1979. Those progenies with sufficient seed also were
planted in trials to test for drought, insect, and disease
resistance, and were placed in different environments for
observation.



MAIZE X SORGHUM CROSSES

During 1978-79, over 23,000 crosses were made
between maize and sorghum, with 9 hybrids identified
(Table 2). All nine hybrids were non-classical aneuploid
mosaics, as described above for maize x Tripsacum crosses.
Each cell examined had 20 maize chromosomes; some of
these cells also had as many as eight sorghum chromosomes.
Alien chromosome loss was erratic and progressive, but was
more complete than that of the maize x Tripsacum hybrids.
At flowering, less than 1 per cent of the cells of any one
hybrid contained only one or two alien chromosomes. In
most hybrids, no alien chromosomes were observed at this
stage.

Table 2. List of maize x sorghum hybrids produced 1978-79

No. Hybrids Chromosome

Maize Sorghum Produced No.
Amarillo Bajio Sl 1 20-23
Tuxpefio R12 2 20-22

20-23
Pool 34 R13 1 20-24
Tuxpefio S7B 1 20-28
Pool 4 02-18 2 20-25

20-24
Pool 21 R8 1 20-22
Tuxpefio R8 1 20-24

These plants were more maize-like in morphology,
and all flowered within seven months of germination. All
had reduced tassel size, with only one, or very few, branches.
One plant bore a tassel with a reduced number of florets
that were clustered in three apparently random areas; the
remainder of the tassel was bare stalk. The tassel of another
plant dried completely, immediately after emergence. No
hybrid had viable pollen, but six set some seed (| to 43) on
pollination with maize.

As with similar hybrids produced in maize x Tripsacum
crosses, these hybrids appear to result from a fusion of an
unreduced maize egg cell with a normally reduced sorghum
gamete. This may be the only successful fertilization in the
maize x sorghum crosses, as no classical hybrid has been
identified (that is, a hybrid produced by the fertilization of
normally reduced gametes and retaining the resultant
chromosome number).

INCREASING CROSSABILITY

With both tripsacum and sorghum, there are two
major barriers to hybrid production: (I) low seed set, and
(2) embryo breakdown.

To increase the number of effective crosses made
between maize and tripsacum, a garden was formed in 1976,

with replicate clones of each tripsacum genotype that had
produced hybrids with maize. Subsequently, more crosses
have been made with those successful genotypes. The
crossability of most of these genotypes has been repeated in
various cycles, whereas no hybrids have been produced with
different genotypes. However, there was great variation in
the production of hybrids with these successful tripsacums
over different cycles, even when crossed with the same
genotype of maize. Differences in environments between
cycles and in the condition of the parents are known to
affect crossability, and could account for the variations
found.

Crosses will continue with different genotypic com-
binations to identify additional genotypes of superior
crossability. When such genotypes are identified, they will
be replicated and used more intensively in the new garden.
Additional information on this work can be found in
James, J., “New Maize x Tripsacum Hybrids for Maize
Improvement,” {Euphytica) 28, 239-247.

Too few hybrids have been produced between maize
and sorghum, and results have been too variable to assess
any degree of superior crossability. Those genotypes that
have produced hybrids and new genotypic combinations are
crossed each cycle in an attempt to establish their degree of
crossability.

Increased efficiency in producing quantities of
hybrids will require a greater understanding of the total
system, and thus an input of basic research and specialist
skills, CIMMYT restricts its direct involvement in these
areas because it is felt that such work can be accomplished
more effectively by collaboration with others who have the
necessary expertise and facilities.

COLLABORATION WITH OTHER INSTITUTIONS

During 1978-79, CIMMYT’s principal coliaborative

efforts were with:

(1) Dr. C.E. Green, University of Minnesota. A
post-doctoral fellow was placed with Dr. Green
to work on in-vitro culture techniques for use in
the wide cross program. This research emphasized:
{a) culturing very young embryos, to salvage
as many viable embryos as possible (because
more embryos die over time}, and producing
viable plants from such cultures, and (b) prod-
ucing callus from plant explants, to be obtained
with minimum damage to the plant (non-destruc-
tive sampling), for regenerating replicate plants
of unique hybrid genotypes for experimentation.

{(2) Dr. T.B. Rice, Pfizer Genetics, Groton, Con-
necticut. Pfizer's interest in obtaining drought
tolerant materials led to their making of crosses
between maize and sorghum. Two main areas of
basic research related to this work are: (a} the
improvement of tissue culture techniques to
produce more hybrids. This work concentrates
on the production of callus from embryos to
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(3)

regenerate replicate plants directly from embryos,
and {b) the biochemical identification of hybrids.
Dr. B.J. Reger, United States Department of
Agriculture, Athens, Georgia. Dr. Reger is
interested primarily in producing hybrids between
millet and sorghum, but maize is also included in
her work. To increase the number of effective

crosses, collaboration was begun on: (a) observa-
tion of alien polien tube growth in millet, sorghum
and maize, and investigating the effect of chemi-
cals on this growth. (b) biochemical identification
of inhibition, or lack of stimulation in stylar
tissue before and after alien pollination, as
compared with compatible pollinations.



MAIZE TRAINING

INTRODUCTION

During 1978 and 1979, 134 trainees from 33 countries
gained new skills and experiences in CIMMYT’s maize train-
ing program (table 1). They specialized in one of four areas:
maize production research, maize improvement, exper-
iment station operations, and maize quality laboratory
techniques.

Table 1. In-Service Maize Trainees, 1978-1979

Cycle
COUNTRY 1978 1978 1979 1979
A B A B

Afghanistan 2 2 2
Bangladesh 2 2 1
Bolivia 1 1 1
Botswana
Colombia 1 1 1
Costa Rica 1 1 2 2
Dominican Rep. 2
Ecuador 2 2 1
Egypt 2 1
El Salvador 1 1
Ghana 1 1
Guatemala ] 1
Haiti 1 1 1 1
Honduras 1
India 4 1
Indonesia 3
Korea 1
Malaysia 1
Mexico 1 2 5
Nepal 5
Nicaragua 3 1 4
Pakistan 1 1 1
Panama 1 2 3
Peru 3 1 2 3
Philippines 1 1
Rwanda 1
Syria 1
Tanzania 3 6 4
Thailand 4 2
Turkey 2 1 2
Venezuela 1 1
Zaire 3 3 3
Zambia 1 1

30 36 32 36

Almost all of the maize trainees come from jobs in
some branch of their governments’ agricultural organizations,
usually research, extension, or credit institutions. Most have
reached at least the Bachelor degree level in their studies,
usually in an agricultural subject. They normally spend 3 to
6 months at CIMMYT.

This report provides a brief description of the training
categories, plus a detailed outline of some of their activities
in 1978 and 1979.

BASIC OBJECTIVES OF TRAINEE AREAS
OF SPECIALIZATION
Ten years ago, the majority of trainees came to study
maize improvement. Over the years, however, the number
of trainees has greatly expanded, and today about 8 out of
every |0 trainees specialize in maize production research.
All trainees have the same basic characteristics as
maize production research trainees. However, because the
other categories are fewer in number, they spend much of
their time at CIMMYT working alongside selected members
of CIMMYT'’s research staff. Most also spend a portion of
their time with the maize production research trainees.

Maize Production Research

The main thrust of the production research training
focuses on the strategy and development of a production
research program. The aim is to provide experiences in
planning and organization, plus considerable field experience
in the implementation of such a program. Agronomic
research is designed to identify and then investigate the
factors most likely to pay off in farmers’ fields. Maize
production research trainees also participate in on-station
research activities and obtain first hand experience in field
operations used in the CIMMYT breeding programs, in-
cluding seed preparation and treatment, as well as insect
infestation. Trainees also play a part in selection of maize
families that will continue in CIMMYT maize pools, or
populations, or for the generation of experimental varieties.

Maize Improvement

Maize improvement trainees spend field time with
CIMMYT maize breeders on CIMMYT’s experiment stations.
They obtain experience in all of the breeding techniques
and materials used at CIMMYT headquarters and in the
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global maize improvement network coordinated by
CIMMYT. The genetic background of these breeding
techniques also is provided.

Usually there are about five maize improvement
trainees per cycle, so that they can be accommodated
within the regular activities of the CIMMYT maize breeding
program. This field activity in the breeding program is
interspersed with participation in the production research
experiments and classwork more appropriate to their
specialization in maize improvement. They become fully
acquainted with the range of genetic materials and breeding
procedures used in CIMMYT's maize improvement program.
They also become conversant with the goals and methods
of CIMMYT’s global testing program. On their return home,
most improvement trainees form a part of this global
network.

Generally, the maize improvement trainees originate
from and return to their national maize breeding programs.
Their experience at CIMMYT exposes them to a greater
variety of germ plasm and procedures than is possible in
most national programs. Their awareness of the international
fraternity of maize breeders is greatly enhanced while at
CIMMYT. Their national programs should benefit from
greater cooperative efforts on a regional and giobal basis.

Experiment Station Operations
Trainees in experiment station operations spend
about 4 months at CIMMYT; they are frequently station
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The in-service training
courses for produc-
tion specialists are
central to CIMMYT's
efforts to assist
national programs to
strenghthen their
production research
activities. Trainees
are exposed to a
research methodology
which first seeks to
identify the agronomic
and economic factors
limiting maize pro-
duction in a particular
agroclimatic area

and then, on a priority
basis, to determine
more profitable
technological alterna-
tives for maize pro-
duction.

managers in their own countries. As they spend most of
their time with CIMMYT’s éxperiment station staff, they
deal constantly with the requirements of the research
program. They consider the design and development of
experiment stations, land leveling, irrigation systems
development, and all of the day-to-day operations of
the experiment station that serves a vigorous research
program. This work involves considerable hands-on expe-
rience with machinery for seed-bed preparation, seeding,
weed control, cultivation, harvesting, etc. Most trainees do
not come from monocrop stations in their own countries;
thus, they are exposed to experiment station operations
related to all crops grown on CIMMYT stations, including
maize, wheat, sorghum, barley, triticale, and potatoes.

Maize Quality Laboratory Technology

Trainees in maize quality laboratory technology
usually spend 3 months at CIMMYT; they either come from
an established laboratory in their country, or they will
return home to establish such a laboratory. The major
interest in maize grain quality is in the development of
varieties with improved nutritional quality. Such a breeding
program requires a support laboratory to give the required
amino acid readings quickly and accurately. CIMMYT has a
very efficient laboratory serving an extensive breeding
program for improved quality protein maize. Thus, these
trainees spend most of their time working through all
phases of the laboratory routines. They also spend some



time in the field with the breeders who are developing the
maize varieties with improved nutritional quality.

TRAINING PATTERN FOR MAIZE PRODUCTION
RESEARCH

Two groups each of 30 maize production research
trainees arrive during the year. They spend 5 to 6 months at
CIMMYT in one of the two training cycles that correspond
with the maize growing seasons in Mexico. Each group
contains representatives from 15 to 20 developing countries
of Africa, Asia, and Central and South America.

Production research trainees work within the prac-
tical framework of a strategy applicable at their national
program level—a strategy built around production research
experiments conducted in farmers’ fields. The research
program is organized into a multi-staged production research
system, which requires cooperation among several inter-
related institutions (see the Maize Improvement Report,
1976-77, for an organizational chart of this production
research system).

The system first seeks to identify the agronomic and
socio-economic factors limiting maize production in a
particular agroclimatic area; then, on a priority basis, it
determines the technology for profitable maize production.
This process involves both agronomic and socio-economic
decision making.

Sample Trainee Schedule (1978-1979)

On arrival at CIMMYT, production research and
improvement trainees spent one week in orientation at
CIMMYT headquarters. They were briefed on the production
research program that they would carry to the farmers’
fields. They then moved directly to such fields in the Poza
Rica-Tuxpan area of the Gulf Coast of Mexico.

The Poza Rica-Tuxpan area was selected for this
training program because it typifies the home areas of many
trainees from tropical lowlands. The major constraints to
production in this area are similar to those faced by the
trainees in their local environments.

The trainees were divided into 6 sub-groups, or teams,
all members of any one group spoke either English or
Spanish. The entire group was transported by bus to the
sites of the on-farm experiments. At each individual site,
each team laid out and planted one experiment.

The total group of production research trainees also
participated in one or two further experiments, plus an
experimental production plot of about 0.5 to | ha (which
also serves as a seed multiplication plot). The preparation
and marking of the experiments, as well as planting, fer-
tilizing, and spraying of one site, usually required a full day.
Excluding the experimental production plot, the area of the
experiments at a site was about 3/4 to | ha. Six sites could
normatly be planted in a two-week period, weather permit-
ting, with each team planting a different experiment at each
of the six sites. Table 2 lists the titles of the experiments
conducted during a typical cycle in 1978 and 1979.

Table 2. Experiments Conducted by Maize Production
Trainees at CIMMYT in 1979.

Experimental Variety Trial

Quality Protein Maize Variety Trial

Variety x Production Inputs Experiment (Variety x
Nitrogen x Insect Control x Density)

Basic Fertilizer Experiment (N x P x S x Zn)

Fertilizer Experiment (N x P)

Systems of Application of Fertilizer Experiment

Weed Controt Experiment

Nitrogen x Weed Control Experiment

Insect Control Experiment

Variety x Density Experiment

Nitrogen x Density Experiment

Density x Spatial Distribution Experiment

Verification Trial

Experimental Production Plot

Many of the above experiments were conducted using
zero tillage, as well as conventional tillage, to further
broaden the experience of the trainees.

During a single cycle, any one team could not conduct
all 14 experiments. However, each team was assigned a set
of about 6 experiments that would provide experience with
as many variables as possible. For example, in 1979, one
team of trainees (including a representative each from
Afghanistan, Ghana, Haiti, Thailand,and Zaire) participated
in the following experiments: a Variety x Production
Inputs Experiment; an Insect Control Experiment; a Basic
Fertilizer Experiment; a Systems of Fertilizer Application
Experiment; a Variety x Density Experiment; a Nitrogen
x Weed Control Experiment; and a Verification Trial. In
addition, this team worked with the entire group of trainees
in conducting an Experimental Variety Trial (of the type
CIMMYT distributes internationally) and planted a number
of seed multiplication plots, both on and off station.

After the planting phase, the trainees continued to
manage the field experiments, applying all further treat-
ments, taking notes, and finally harvesting and obtaining
yield data. This process involved frequent visits to the
on-farm locations. Interspersed with the on-farm work were
visits to CIMMYT's experiment stations to familiarize the
trainees with all facets of CIMMYT's core program and its
interaction with national programs around the world—
including, of course, their own country.

Thus, in conducting this wide range of experiments,
the trainees were exposed to various problems and variables
that might be encountered in their own countries. Each
trainee was responsible for every trial conducted by his
team, and each was expected to be completely familiar with
every experiment conducted during the season. They
frequently had opportunities to explain all phases of the
field program to visitors, including research administrators
and policy makers from their own countries.
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In the interval between flowering and harvest, trainees
used data from previous training cycles in the statistical
analysis, economic analysis, and agronomic interpretation
of experiments similar to their experiments.

Following the harvest of the field experiments, the
maize production research trainees spent their final weeks
in analyzing the agronomic and economic data. When
completed, the entire group met with the maize training
agronomists and other CIMMYT staff for further agronomic
and economic interpretation of the data.

As an exercise, recommendations for farmers of the
zone were drawn up and the trainees developed plans for
the production research experiments to be conducted in
the next crop cycle. This interpretation of the data and the
subsequent formulation of future plans was the final
comprehensive step of the production research training
process.

In addition to the contact with farmers whose land
was used in the experiments, the trainees obtained further
insight into the agriculture of the area by interviewing other
farmers in the zone. These interviews were guided by
CIMMYT's agricultural economists to demonstrate that a
knowledge of farmers’ circumstances is essential to the
planning, execution, and interpretation of a program of
on-farm experiments.

Although little machinery is employed in the field
training, production trainees received a short course in
mechanization provided in cooperation with a tractor
manufacturer.

Additional Learning Experiences

Although field work is the core of the training
program, the training has been designed to cover areas that
complement the field operations. CIMMYT seeks to develop
trainees with an ability to consider a gamut of appropriate
plans and strategies for their countries in the realm of
production research. Thus, building on the trainees’ previous
agronomic training, CIMMYT provided learning experiences
in a number of areas, including agronomy, breeding, pa-
thology, entomology, physiology, statistics and econom-
ics.

Because of the short duration of the production
course, and because all subjects must be taught in both
English and Spanish, the material cannot be too complicated
or all-encompassing. Teaching is restricted to background
material useful to the successful operation and interpretation
of a field production research program. In most training
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cycles, this task is complicated by the fact that the trainees
come from widely varied backgrounds of training and
experience,

Training Trainers

The maize production research training program
attempts to train ‘‘trainers’’ who can make production
research decisions and train others in their own country.
CIMMYT does not presume, however, to train all the maize
production agronomists needed in the developing world.

The training effort is designed to be multiplied by the
efforts of the trainee alumni in their own countries, and
help supply the world-wide needs for maize production
agronomists. In achieving this goal, CIMMYT training staff
have traveled to the home countries of a few former trainees
to assist them in the establishment of production training
programs for research and extension staff within their own
agricultural system. CIMMYT outreach staff also are
involved in these activities in their country or region.

This strategy for maize production research developed
by the CIMMYT maize training program has been adopted
by a number of countries for crops other than maize—even
for animal production research.

Contributions of Former Trainees

Most formér trainees are involved in some facet of
their national maize research, production, or extension
programs. Many have risen to senior positions in their
organizations. A small but steadily increasing number are
working as production agronomist/trainers in their coun-
tries, CIMMYT hopes to see this trend continue. The
development of production training programs is encouraged
at the national level by commitment of a proportion
of CIMMYT’s headquarters training staff time (as well as
that of its staff in national and regional programs) to active
participation in such programs. CIMMYT training staff
have participated in such programs in Ecuador, Panama,
Costa Rica, Tanzania, Pakistan, India, Nepal, Dominican
Republic, Nicaragua, Haiti, and Honduras.

Follow-up activities are sought with trainees in the
other areas as well. Continuing work with former trainees in
experiment station operations and maize quality laboratory
technology is frequently crucial to successful establishment
of a functioning experiment station or laboratory.

The trainees’ continuing links with CIMMYT and
other national programs are one of the major benefits of
the overall training program.



MAIZE COOPERATIVE PROJECTS

OUTSIDE

More than 80 maize-growing countries participated
in 1978-79 in a worldwide network which conducts maize
trials and exchanges data. Several individual countries in
the network have asked for staff assistance and CIMMYT
has received special funds to provide this collaboration.
Within this network. CIMMYT has established regional
programs and assigned staff to serve collaborating countries
in the major maize-producing areas of the developing
world. Fifteen staff members were assigned to these co-
operative projects during 1978-79, as described below,

NATIONAL PROGRAMS

A national maize program typically fulfills the
following purposes: (1} to conduct research in local ex-
periment stations, including participation in international
trials; (2) to test improved varieties on local farmers’ fields;
{3) to multiply seed; {4) to provide additional training for
maize scientists; and (5) to formulate national agricultural
policies which encourage greater food production. In certain
cases, at the request of collaborating countries and with
special project funding, CIMMYT will assign staff to a na-
tional program to share in these purposes, including the
testing of germplasm received from neighboring countries
and from Mexico, and in the feedback of information to
the network of scientists.

The following countries participated in cooperative
arrangements with CIMMYT during 1978-79: Pakistan,
Egypt, Nepal, Zaire, Tanzania, Ghana, and Guatemala (see
table 1). Eight maize scientists were assigned to these seven
programs. In late 1979, the CIMMYT scientist formerly

Table 1. Cooperative projects with national programs,

MEXICO

assigned to the Egypt National Program was reassigned to
the newly-created Mideast Regional Program, serving Egypt
and other countries, with headquarters in Turkey.

REGIONAL PROGRAMS

CIMMYT's regional maize programs serve as a major
link between regional groups of collaborators and CIMMYT,
In several parts of the world, on an informal basis, a great
deal of regional cooperation takes place among maize-
growing countries. These arrangements help improve
maize production through the open exchange of genetic
material and research information.

Regional maize programs generally comprise neigh-
boring countries in which maize is amajor crop, grown under
similar climatic conditions, exposed to similar diseases and
insects, and therefore benefiting from continuous exchange
of germ plasm and technology within the region.

Typically, a regional program will sponsor: (1)
periodic workshops among maize scientists to review one
vear’s research and plan the following vear; (2) maize
trials for the region; (3) visits of local scientists to neigh-
boring countries; (4} training within the region; and (5)
consultation by CIMMYT scientists.

In 1978-79, CIMMYT scientists shared in maize
improvement in the following regions: Central America
and Caribbean, South and Southeast Asia, and the Andean
countries of South America. In late 1979, the Mideast
Maize Regional Program was started, with one scientist
assigned to the area.

Table 2. Regional maize programs, 1978-79.

Approxi-

Region Number of 1979 CIMMYT mate Start of
1978-79. andhome cooperating population assigned maize CIMMYT
Start of 1979 CIMMYT Approxi- base countries  (millions) staff crop(tons) arrangement
CIMMYT  Population assigned mate maize Central
Country arrangement (millions) staff crop(tons) Americaand 13 37 2 2,450,000 1976-77
E 9 Caribbean 1977
gypt 1968 40 1 2,938,000 (Mexico)
Pakistan 1968 80 1 846,000 South and
Zai outh an
aire 1972 28 2 350000 o iheast 11 1,250 1 16,633,000 1976
Nepal 1972 13 1 800,000 Asia (India)
Tanzania 1973 17 2 900,000 Andean
Guatemala 1976 7 2 850,000 (Colombia 5 81 3 2,866,000 1976
Ghana 1979 11 1 380,000 and Ecuador)

Source: FAQ, 1979 Production Yearbook

Source: FAO, 1979 Production Yearbook
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