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Background

Before explaining how we try to incorporate
disease resistance in CIMMYT’s Maize Program
populations I will briefly describe the evolution
of our program in Mexico and how breeding for
disease resistance became an integral part of the
pathologists and breeders program.  The
maize program began in 1945 with the posting of
scientists from the Rockefeller Foundation at
the request of the Mexican Government. These
scientists and their Mexican colleagues collected
local varieties, improved them and, in time,
crossed them to exotic germplasm.  These
crosses underwent improvement for several
years and were tested for adaptation on a limited
scale in several countries. In 1966, CIMMYT
was founded and the process of limited testing on
an international scale continued until 1973. The
tests provided good information on adaptation
of most of the populations under improvement.
Therefore, we decided to give the program a
more dynamic approach by offering world wide
service to national programs and farmers. Most
of our maize materials are now grouped into
Advanced and Back-Up Units, based on their
relative adaptation uniformity.

The Advanced Unit

The most highly improved populations are
included in the Advanced Unit. Full-sibbed
progenies extracted from these populations arc
tested in the International Progeny Testing
Trial (IPTT). The IPTT’s are made up of 250
familics, replicated twice and evaluated at six
locations in a 16 x 16 simple lattice design, with
one location being at a CIMMYT station in
Mexico.  After data from test locations are
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received experimental varieties are formed from
reserve seed by intercrossing about 10 of the
best families. These varietics are then tested by
collaborators at 20-25 sites in the world.

Companion Nurseries

Simultancous to the yield evaluation of
families, the three following companion nurseries
are planted in Mexico: .

(a) High Density Nursery, where agronomists
evaluate the responsc of the families to plant
densities of 40-50,000 to 80,000 per hectare;

(b) Insect Nursery, where entomologists eva-
luate the reaction of the families to fall army
worm ( Spodoptera frugiperda) and the sugarcane
stem borer( Diatraea saccharalis) by mass-rearing
large quantities of these insects and aruificially
infesting the nurseries; and,

(c) Disease Nursery, where we artificially
inoculate all families with ear ( Diplodia maydis
and D. macrospora), and stalk( Fusariun rosewun,
F. moniliforme and Cephalosporium acremonium)
rotting pathogens.

The evaluation for the reaction to foliar di-
seases is made in the yield trials. The families
selected to regeneratc a population must pass the
tests in these three nurseries, as well as the inter-
national trials. Ways to more intensively use the
insect and diseasc nurseries are under considera-
tion.

Disease Resistance in the Back-Up Unit

Genetic variability is lowered after a few
cycles of recombination and improvement of
selected families in the Advanced Unit popula-
tions. The Back-Up Unit maintains and im-
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proves gene pools of various grain texture, color
and maturity. These gene pools can serve as
Advanced Unit populations when needed, but
are generally used to feed superior genetic varia-
tion into the advanced materials. They are
handled in a half-sib family structure in Mexico
and periodically the families are evaluated in
vield trials and companion nurserics, similar to
1IPTT’s. The full-sib families developed among
the best familics are then used to replace the poor
families in the advanced populations. Through
this process a continuous improvement program
is ensurcd. The Back-Up Unit pools are rou-
tinely tmproved for ear rot resistance by inocu-
lating half of cach femalc row with ear rot patho-
gens in the recombination block and sclection of
non-rotted cars produced on the most agrono-
mically desirable plants.

Major Diseases That Need Our Attention

There are some important diseases of wide
occurrence in addition to ear and stalk rots.
CIMMYT recognizes threc major diseases of
maize about which little can be done under
Mexican conditions because they either do not
exist or are too erratic and sporadic in nature.
These diseases are corn stunt, downy mildew
. {DM) and streak virus. Let us consider each of
" them independently.

Corn stunt is a major disease. It limits pro-
duction throughout the tropical lowlands of
Latin American countries and is most severe in
Central America. The disease is now known to
. be caused by a spiroplasma which is transmitted
by several species of Cicadellidae, perhaps the
most important being Dalbulus spp. The prob-
lem, first reported in Southern USA in 1945 (5),
is now present as far south as the lowlands of
Bolivia. In newly infested arcas “of-scason
plantings” may suffer 25-100 9/ yield losses (4).
Fortunately, a few sources of resistance against
corn stunt are already known, mainly materials
from Cuban and Dominican Republic. How-
ever, under very heavy infestations of the leaf-
hopper vectors this resistance breaks down.
Resistant sources that have been identified show
it to be polvgenic and additive in nature (6, 9).
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Since the causal agent is not seed transmitted
there is no concern of possible movement of the
disease to other continents.

Lately sorghum downy mildew (SDM), caused
by the fungus Sclerospora sorghi, has caused
much concern to maize and sorghum breeders in
Latin American countrics.  The diseasc was
first reported in Northern Mexico and Southeast-
ern USA in 1964 (8) and is now causing appreci-
able damage in countries like Mexico, Guatema-
la, Honduras, Venezucla, Brazil and Northern
Argentina. SDM is also a major limiting fuctor
of maize and sorghum production in some
countries of Africa and Asia from where it seems
to have moved to the American Continent.

Fortunately, good sourccs of resistance are
available against SDM. The most stable resis-
tant sources are Philippine DMR 2, 4, 6 and
Comp.2 in white kerneled types, and Philippine
DMR 1, 3, 5 and Comp.1, and Thai DMR
Comp. # 1 in the yellow kernel types. However,
agronomic characters of most of these sources
warrant further improvement. There is concern
in the movement of sced from infected areas
because of the seed-borne nature of the fungus.
The concern is not completely justified as the
diseased plants either do not produce ears or
produce nubbins which arc not sclected for seed
purposes. Besides, drying of the kernels avoids
further possible dissemination. The case of mass
movement of commercial seed from a DM area
into a discase free country, however, is beyond
these considerations.

The maize streak disease is caused by the
virus of the same name. This discase has bcen
known in African countries for many years and
is of concern in maize-producing areas of that
Continent.  The virus is transmitted by the
leafhopper Cicadullina spp. and perhaps has
several strains (1). Reports from India also
indicate its presence in that country (10). Very
little information is available on this discase in
the literature and good sources of resistance have
not been developed. Resistance is reported to be
monogenic dominant to polygenic in diflerent
sources reported from Nigeria. Some known
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sources of resistance are TZB, TZY, SA-32 and
SA-37.

CIMMYT’s Program to Control These Discases

Since sclection for resistance to these threc
diseases cannot be effectively carried out in
Mexico, a Collaborative Rescarch Project was
launched in 1974 with the idea of using ficlds and
facilities of various national programs that have
been involved in selection for resistance to these
diseases. Sclection for DM could be done
effectively in Thailand and Philippines, stunt
resistance in Nicaragua and El Salvador, and
streak resistance in Zaire and Tanzania.

In 1974, three broad based populations were
developed which could fit the requirements of
grain type and maturity in several national pro-
grams oncc disease resistance was incorporated
in them. These populations are:

Population 1, a Tropical Late White Dent
(TLWD);

Population 2, a Tropical Intermediate White
Flint (TIWF); and,

Population 3, a Tropical Late/Intermediate
Yellow Flint/Dent (TYFD).

During 1974, a crossing block was established
where all pools and advanced materials were
crossed with the DMR sources within their own
kernels colors. In August 1975 all the above
crosses, the three base populations, and the
crosses of the populations with all known
sources of resistance to DM, stunt and streak
were sent for screening for DM to Thailand and
Philippines, for stunt to Nicaragua and El Salva-
dor and for streak virus to Nigeria and Tanzania.
The plantings in both collaborating African
countries were lost due to drought. In the other
countries, non-infected plants were selected and
self pollinated — in Thailand and Philippincs
after artificial inoculation with DM conidia and
in Nicaragua and El Salvador under natural in-
cidence of stunt. Sced of S, familics, that were
resistant to stunt both in Nicaragua and El
Salvador, were planted in a modificd ear-to-row
recombination block while seed of the DMR
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families from both Thailand and Philippines
were planted using sced from Thailand in the
same modified ear-to-row recombination block.
Female rows represented the independent
families ratcd good from at least two locations,
while the male rows were planted with a balanced
composite of all female entrics.  Concurrently,
the selected S, ears were planted in Thailand and
the DM data obtained were used for selection
purposes in the recombination block in Mexico.

Unfortunately, the modified ear-to-row meth-
od does not climinate the large amount of
pollen produced by susceptible plants. A
scheme based on full-sibs, S, development and
testing of these S, progenies is proposed in Fig. 1.
It is intended to develop sub-populations with
high levels of resistance independently to stunt.
DM and streak virus and, secondarily, to de-
velop sub-populations resistant to both stunt and
DM.

By this procedure, and in collaboration with
the program in Thailand, we were able to plant
DMR S, progenies and backcross them to our
advanced populations which were previously
crossed to DMR sources in 1975. The same
procedure for incorporating resistance to stunt
discase and streak virus in CIMMYT’s advanced
populations and Back-Up pools is envisioned.
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figure 1. Development of downy mildew, streak and stunt resistant populations in CIMMYT's
Collaborative Research Program

IN MEXICO:
Recombine sclfs, sibs and bulks in
HS recombination block.

1976 - Recombination Phase

Sclect 500 HS ears
from families resistant
to both downy mildew
and stunt.
~

Select 500 HS cars
from stunt resistant
families.

from downy mildew
Select 500 HS ears
resistant families.

1976 (Sept. planting)
Screening Phase
THAILAND & PHILIPPINES
1. Evaluate for downy mildew
2. Inoculate artificially, sclf resistant
plants.

THAILAND, PHILIPPINES

NICARAGUA & SALVADOR
. Evaluate for downy mildew in

Asia and for stunt in Central

NICARAGUA - SALVADOR
. Evaluate for stunt.
. Self resistant plants, save 400
ears.

(&)

3. Save 400 ears. .o - America.
. . ZAIRE & TANZANIA . .
4. Evaluate also S;'s generated in . . 2. Seclf resistant plants in cach
1. Evaluate for streak. .
location.

Philippines (1975 data).

ZAIRE AND TANZANIA:
1. Evaluate all above for streak.

[

Sclf resistant plants, save
100-150 selfs.

w

Identify resistant families, and
seleet 100-150 cars in each
location.

ZAIRE - TANZANIA

. Evaluate for streak, save
300-400 selfed ears from
resistant plant.

1977 (April planting)
Recombination phase

THAILAND, PHILIPPINES

& MEXICO

1. Plant selfs from Thailand
and Philippines.

2. Inoculate artificially in
Thailand & Philippines.
Identify resistant families.

3. In Mexico recombine
resistant S,'s in full sib
manner to develop downy
mildew resistant sub
population.

NICARAGUA, SALVADOR,

MEXICO

1. Plant stunt resistant selfs

from Nicaragua & Salvador.

2. Evaluate under field
conditions, in Mexico
inoculate artificially.

. Identify resistantTamilies
on basis of information
from 3 locations in Mexico.

4. Recombine resistant

S,’s in full sib manner
to develop stunt resistant
sub population.

w

THAILAND, PHILIPPINES
NICARAGUA, SALVADOR,
MEXICO

1. Plant S’s in all sites.

2. ldentify resistant S,'s
to downy mildew and stunt
using information from
5 locations.

3. Recombine resistant S;’s
to both problems to
develop sub population
resistant to both stunt and
downy mildew.

MEXICO

Recombine streak
resistant S,'s todevelop
a streak sub population.

1977 (Sept. planting)
Screening phase.

THATLAND, PHILIPPINES
1. Evaluate 500 F.S from DM
resistant sub population.

2. Self resistant plants, select
400 5,’s ears in each

location.

NICARAGUA, SALVADOR
1. Evaluate 500 F.S from stunt
resistant sub populations.

2. Self resistant plants, select
400 S,’s cars in cach
location.

THAILAND, PHILIPPINES,

NICARAGUA, SALYADOR

1. Evaluate 500 F.S from DM
and stunt resistant sub popu-
lation, in Asia to DM, in
Central America for stunt.

. Self resistant plants, sclect
300 S,’s cars from cach
location,

N

ZAIRE, TANZANIA

. Evaluate 500 F.S from
streak resistant sub
population.

. Self resistant plants,
select 400 S;'s cars from
each location.

o

1978 (April planting)
Recombination phase.

THATLAND, PHILIPPINES.

MEXICO

I. Plant$ s from DM resistant
plants.

2. Artificially inoculate in
Thailand and Philippines.
Identify resistant familics.

3. In Mexico, recombine only
resistant §'s to form DS
resistant sub populution
(Cy).

4. Seleet 500 F.S cars and
continue 3rd cycle of
selection.

NICARAGUA, SALVADOR,

MEXICO

. Plant S}’s from stunt
resistant plants.

. Kentify resistant Si"s under
iield conditions. Artincially
inoculated in Mexico.

3. In Mexico recombine only
resistant S;'s to develop
stunt resistant sub
population,

4. Select 300 .S curs to
continue 3rd cycle of
selection,

[

{THAILAND. PHILIPPINES

NICARAGUA, SALVADOR,

MEXICO

. Plant S;'s from stunt and

DM resistant families.

. Identify resistant families to

both problems.

3. In Mexico, recombine
resistant S.'s in F.S and
develop a downy mildew
and stunt resistant sub
population.

4. Select 500 F.S cars to
continue 3rd cycle of

to

selection.

ZAIRE, TANZANIA

MEXICO

. Plant streak resistant
Sy’s.

. In Mexico recombine in
FF.S manner.

. Select 500 F.S ears to
continue 3rd cycle of

=)

Y

selection.
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