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Introduction

Downy mildew on maize, caused by the
fungal pathogen Peronosclerospora sorghi
(Weston and Uppal) Shaw, has been widely
reported in Africa (Frederiksen and Renfro
1977) and has become a serious threat to
maize production in parts of Mozambique,
Nigeria, Uganda, and Zaire. It can be ef-
fectively and efficiently controlled by host
plant resistance.

Lepidopterous stem borers are among
the most important insect pests of maize in
Africa. In West Africa, Eldana saccharina
Walker (Pyralidae) and Sesamia calamistis
Hampson (Noctuidae) are the most dam-
aging and widespread stem borer species
(Bosque-Pérez and Mareck 1990a;
Shanower et al. 1991; Gounou et al. 1994).
Control of stem borers can only be achieved
through the integration of various control
practices, such as biological and cultural
control, as well as host plant resistance.
Resistance breeding has been an effective
approach for the control of insect pests in
other parts of the world (Gracen 1989;
Smith et al. 1989). Scientists at [ITA have
been conducting research on stem borers
and developing control practices for sev-
eral years. Screening and breeding for re-
sistance to E. saccharina and S. calamistis
are an integral part of these efforts.

Maize is the most important cereal in sub-Saharan Africa. Itis relatively inexpensive
and provides many families with much-needed nutrients. For the farmers, it
matures early and is a source of ready income. Maize production is being threatened
by some diseases and pests, among which are downy mildew and stem borers.
Serious yield losses often occur. This paper summarizes two studies that report
the efforts of lITA scientists to screen and breed maize varieties for resistance to

downy mildew and stem borers.

This paper describes and compares
methods for downy mildew inoculation
and artificial infestation with stem borers
which have been used in the maize breed-
ing program at IITA. Progress in develop-
ing resistant varieties adapted to the low-
land tropics of Africa is also reported.

Epidemiology of downy mildew

Symptoms of downy mildew include white,
powdery conidia on the underside of maize
leaves; half leaf chlorosis; narrow, stiff,
erect leaves; and malformations of both
male and female inflorescences referred to
as “crazy top” (Williams 1984).

In Nigeria, there appear to be two dis-
tinct strains of P. sorghi which infect maize:
a“sorghum” strain in the northern savanna
regions and a “maize” strain in some of the
more humid southern states. The latteris so
aggressive that infected plants produce no
grain. Incidence of downy mildew in sus-
ceptible maize varieties may be as high as
90% under natural conditions, resulting in
up to 90% yield loss in farmers’ fields. In
contrast, symptom remission of the sor-
ghum strain has been observed on maize
(Olanya and Fajemisin 1992). The sorghum
strain produces two types of spores: conidia
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and oospores. Oospores can withstand des-
iccation and can be seed transmitted. In the
south, where the maize strain occurs, the
more ephemeral conidia predominate,
which germinate and lose viability within
hours after sporulation. Maize seed that is
dried to less than 12% moisture content is
unlikely to transmit this strain of downy
mildew. It is thought to survive the dry sea-
son in hydromorphic areas, where maize is
produced throughout the year.

P. sorghi is an obligate parasite and,
therefore, cannot be cultured. For screen-
ing purposes, inoculum must be collected
and applied directly to test material. It
requires high relative humidity (RH)
(>85%) and cool temperatures (20-21 ©C)
to sporulate. Conidia are released at night
when the necessary combination of RH
and temperature normally occur. Although
spores can only be produced in the dark, at
least 1 hour of light is a prerequisite for
sporulation, which begins 7-8 h after the
light is removed.

To cause systemic infection, downy
mildew spores must germinate and pen-
etrate meristematic tissue. Since the maize
strain does not commonly produce
oospores, the earliest possible infection
under natural conditions occurs when the
seedling emerges from the ground and is
exposed to airborne conidia, which pen-
etrate leaves through open stomata. Prob-
ability of infection is greatest when the
temperature is dropping and there is con-
densation on leaf surfaces. By about 30
days after planting (DAP), depending on
the developmental stage of the plant, sys-
temic infection with DM is no longer pos-
sible.
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Damage due to stem borer
infestation

S. calamistis adults lay their eggs between
the leal sheaths of young maize plants
and. upon hatching, most larvae penetrate
the stem below the growing point. Larvae
may also penetrate the whorl, resulting in
leaf, tassel. and upper stem damage. Seri-
ous yield reduction from 8. calamistis oc-
curs as a result of deadhearts, stem tunnel-
ing, lodging. and direct damage to the
cars. Tunneling of the stem commonly
results in carly leaf senescence, reduced
translocation, and lodging (Bosque-Pérez
and Mareck 1990a. 1991). In contrast to 5.
calamistis. E. saccharina begins 1o infest
maize plants around flowering time. Di-
rect damage to the cars is also common.

Inoculation and infestation
methods

Downy mildew

Field inoculation and use of spreader
rows. Consistent. high levels of infection
in breeding trials are essential for progress
in breeding for downy mildew resistance
{DMR). To achieve a high level ol infec-
tion. plants are inoculated 10-14 DAP.
When spreader rows are utilized. test ma-
terials are planted about 10 days after in-
oculating the spreader rows. A mix of
susceptible varieties should be used for
the spreader rows to attain a consistent.
high level of spore production during the
period when test materials are susceptible
to systemic infection. Pool 16-SR and
TZESRW are recommended as varieties
which produce large quantities of spores,
beginning about 2 weeks after inoculation
and continuing for 3 weeks or more
(Cardwell et al. 1994). Test material can
be evaluated for percent downy mildew by
4 weeks after planting, when spreader rows
are utilized. For the maize strain of P.
sorghti, it is sufficient to record incidence
of DM, since infected plants produce no
grain. In other regions, it may be desirable
to obtain vield data to assess the severity
of the disease.

Spray inoculation methods. Until re-
cently, resistance breeding at the Interna-
tional Institute of Tropical Agriculture
(IITA) depended entirely on a nighttime
infestation method which utilizes the natu-
ral cycle of spore production (Siradhana et
2l 1976; Fajemisin 1988). The method
was adopted from procedures developed

in Thailand in 1968. To usc this technique.
large quantitics of infected leaves are col-
lected at 1700 hrs. The leaves are washed
to remove old spores and debris, and incu-
bated in large trash barrels with water al
the bottom. At about 0300 hrs. the leaves
arc washed in water to collect new conidia.
The spore suspension is transferred to back-
pack sprayers. carried to the field. and
spraved into the whorls of the plants. This
technique is labor intensive and costly in
terms of manhours. If there is rainfall
shortly after inoculation. the procedure
must be repeated. Dry conditions also re-
duce infection. Spreader rows need 1o be
inoculated up to three times to attain ac-
ceptable levels of infection (Fajemisin
1988).

In 1991, an incubator was purchased
and laboratory space was made available
at the Federal College of Agriculture in
Akure, in the endemic DM zone in south-
ern Nigeria. A daytime inoculation method
was adopted (Schmitt and Frevtag 1974).
which has been shown to provide levels of
infection as high as those for the nighttime
procedure (Cardwell et al. 1994),

Spray inoculation methods can be fur-
ther improved by using boiled or distilled
waler to make initial, concentrated sus-
pensions, which can be diluted to a con-
centration of 1 x 105 conidia ml-! imme-
diately before inoculation, and by keeping
the suspension al 4—6 “C to reduce the
germination rate of conidia and conse-
quent losses in viability in solution
(Cardwell et al. 1994).

Seedling inoculation method. To over-
come some of the limitations of spray
inoculation, a method for inoculating ger-
minating seeds has been developed. Craig
(1980) observed that incidence of downy
mildew was highest when maize was ex-
posed to conidia at the scedling stage.
That approach has been modified and sim-
plified at IITA for use in large-scale breed-
ing programs.

Maize seeds for spreader rows are ger-
minated in an incubator in the laboratory.
After 72 h, when the radical and coleoptile
have just emerged, infected leaves are
placed on a wire mesh above the seedlings
and allowed to sporulate overnight. Seed-
lings arc transplanted to the field the follow-
ing day and test rows are planted 10 days
later. High disease incidence has been ob-
tained in susceptible test rows with this
method, and requirements for labor and
inoculum have been greatly reduced. The

IITA Research

method mav be applied without an incuba-
tor, making it readily transferable to national
agricultural research systems (NARS).

Incubator screening method. A modi-
fied version of a system developed by
Craig (1987) for collecting spores and
inoculating 7-day old seedlings in an
incubator was adopted at HI'TA in 1992
(Cardwell ¢t al. 1994). It requires some
relatively expensive cquipment, which
may limit its use by NARS. The system
makes vear-round screening possible. Also.
less than 57 of susceptible plants escape
infection. Plants are scored 1-2 weeks
after inoculation. At this stage. symplom-
less plants can be transplanted to a
crossing block or isolated for selling or
recombination.

Stem borers

Work conducted by II'TA scientists in the
carly 1980s demonstrated that controlled,
uniform. artificial infestations are needed
to develop borer-resistant germplasm
(Bosque-Perez et al. 1989). Mass rearing
of stem borers is required to provide in-
sects for artificial infestation. Methods to
mass rear S. calamistis and L. saccharina
have been developed at II'TA and improved
over the vears. At present. our laboratory
produces 150,000 eggs ol S. calamistis or
500,000 of E. saccharina per week at the
pecak of the production cycle.

Screening methods for Eldana sac-
charina. In order to increase the number
of breeding materials that can be screened
for resistance to E. saccharina, a new in-
festation method was developed (Bosque-
Pérez and Marcck 1990b). Strips of a sus-
ceptible maize variety are planted | month
prior to planting test materials, which are
then planted perpendicular to the strips,
using 3 m rows and | m alleys. Plants in
the spreader rows are infested at silking
with E. saccharina cgg masses (65-75
cggs per plant) obtained from the labora-
tory colony. Adults that emerge from the
spreader rows move to the test plants, re-
sulting in a natural infestation. Test mate-
rials are checked regularly to ensure thata
uniform level of infestation has been
achieved. The method has proven to be
efficient.

At maturity, the following assessments
are made: percent of plants with broken
stalks, car aspect (size, uniformity, free-
dom from diseases, etc.), and plant aspect
(plant and ear height, uniformity, freedom
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from diseases. etc.) using a 1-5 scale: ear
damage (an estimate of the percentage of
grain consumed or damaged by the borer
using a 1-5 scale: 1=0-5; 2 =6-25;3 =
26-50: 4 =51-75: and 5 = 76-100%); and
grain yield. Measurements of agronomic
characteristics (days to silk, plant and ear
height) are also taken. The relative weights
assigned to agronomic characteristics and
E. saccharina resistance traits for selec-
tion vary, depending on the population
and severity of infestation in a particular
year.

Screening methods for Sesamia cala-
mistis. The development of screening
methods and the selection of Sesamia-
resistant materials were enhanced by the
identification of resistant (TZi 4) and sus-
ceptible (TZi 19 or TZi 25) inbred line
checks (Mareck et al. 1989). To screen for
resistance to S. calamistis, 21-day old
plants are infested with 25-30 eggs (black
head stage) obtained from a laboratory
colony. Eggs are placed between the leaf
sheaths at the base of the plant. Damage
ratings are taken 2 and 6 weeks after infes-
tation, using a 1-9 rating scale (Bosque-
Pérez et al. 1989).

Screening and breeding for
resistance at IITA

Downy mildew

Development of downy mildew resistant
varieties for the lowland ecologies of West
and Central Africa has been a major prior-
ity in the breeding program at II'TA since the
early 1980s (Fajemisin et al. 1985; IITA
1987; Kim et al. 1990). DM resistance
breeding was initiated in Nigeria by the
national maize program in the late 1970s.
Collaborative activities with IITA were
soon initiated and continue presently with
the Institute of Agricultural Research and
Training (IAR&T), Ibadan and the Federal
College of Agriculture, Akure. The sources
of resistance used in the breeding program
were introduced from the national programs
in Thailand and the Philippines in the late
1970s. Resistance sources developed in
southeast Asia have been successfully de-
ployed and utilized to control DM through-
out the world, and generally appear to be
effective against different Peronos-
clerospora species. In addition, they are
stable undera wide range of environmental
conditions (Frederiksen and Renfro 1977;
Renfro 1985). Nonetheless, there are reports
of species and strain specificity, and geno-
type by location interactions for resistance
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(Williams 1984). which imply that we
should continue to incorporate additional
genes for resistance into improved materi-
als as they become available. Some new
introductions obtained from Thailand and
the Philippines have recently been
introgressed into some of our DMR popu-
lations.

Although results of studies on the mode
of inheritance of resistance to P. sorghi in
maize have varied depending on the mate-
rial used, experience has shown that the trait
is relatively easy to manipulate through
selection, provided that reliable screening
methods are available. Singburaudom and
Renfro (1982) determined that a polygenic
system was responsible for resistance in a
study of 10inbred lines under heavy disease
challenge in Thailand. Susceptibility was
dominant for 7 of the resistant lines and
incompletely dominant in one resistant line,
indicating additive gene action for P.sorghi.
The authors agreed with the conclusions of
Kaneko and Aday (1980) in studies with P.
philippinensis that downy mildew infection
is mediated by threshold conditions. Ex-
pression of the disease depends on the in-
oculum load, genetic background, condition
of the maize plant, and environmental fac-
tors. Experience in Nigeria has shown that

under mild disease pressure, resistance
appears to be dominant, whereas under
heavy infection, resistance is recessive.
Resistance is additive at intermediate lev-
els of infection (Fajemisin, unpublished
data).

Once a relatively high level of resis-
tance is attained, it is essential to have
high, uniform levels of infection in screen-
ing nurseries to make further progress in
selection and resistance breeding. Using a
combination of the inoculation methods
now available, levels of infection achieved
in susceptible checks in the population
improvement program have been consis-
tently high since 1992 (Table 1). The ma-
jor emphasis in the population improve-
ment program since 1989 has been to con-
vert four heterotic breeding populations,
which are being improved for general ad-
aptation through reciprocal recurrent se-
lection. These are TZE Comp. 3 (early,
flint), TZE Comp. 4 (early, dent), TZL
Comp. 3 (late, flint), and TZL Comp. 4
(late, dent). All open-pollinated varieties
and hybrids derived from these compos-
ites should then have acceptable levels of
DMR.

To assess the current status of DMR in
elite maize varieties available from IITA,

Table 1. Summary of downy mildew screening in the populations improvement

program, 1989-1993.
Susc.
Mean check
Year Season’ Material Entries Reps. %DM % DM
1989 A EV8443-DMRSR BC2 S 127 2 19.0 53.1
EV8443-DMRSR BC3 S3 148 2 32.8 57.4
1989 B DMR-LSRW §; 227 2 0.4 6.0
DMR-LSRY S, 188 2 0.4 6.0
DMR-ESRW §; 262 2 1.0 16.3
DMR-ESRY §; 146 2 0.1 26.0
Pop. 28-DMRSR S 238 2 0.3 9.0
1990 A TZL Comp. 3 C0 S 1023 1 o I |
Pop. 28-DMRSR S 79 1 1.9 20
Pop. 22-DMRSR BC4 S 182 1 6.5 30
1991 A TZE Comp. 4-DMRSR BC; §; 300 2 41.4 66
TZE Comp. 3 C1 S, 1125 2 11.2 52
DMR levels 15 6 28.9 67
1991 B DMR levels 15 6 8.7 26
1992 A TZL Comp. 4 CO S» 450 2 63.3 85
TZE Comp. 3C1 §; 900 2 22.2 86
DMR levels 20 8 39.8 84
1993 A Pop. 31-DMRSR S, 225 2 a5 94
Pop. 22-DMRSR §; 265 2 33.8 90
Acr. 90 DMR-LSRW S 200 2 12.4 89
Acr. 9028-DMRSR §; 200 2 15.4 85

t. A and B represent the first and second rainy seasons, respectively. in a bimodal pattern.

1. Data not collected due to low incidence of DM.
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Table 2. Summary of downy mildew
resistance level trials in Akure in 1991

and 1992.

Downy
Mildew %

Cultivar 1992 1991
Suwan 1-SR BC5 9.2 52
Suwan 2-SR BC4 94 11.2
Acr 89 DMR-ESRW  11.3 13.7
DMR-LSRW 175 20.5
DMR-LSRY 22.0 21.8
8644-27 (KU1414 x

TZi18) 10.1 223
DMR-ESRY 14.6 29.8
TZE Comp 3 Cl 28.3 30.1
Acr 9028-DMRSR - 320
Pop 22-DMRSR 20.7 321
Pop 31-DMRSR 21.5 334
TZ 9043-DMRSR 40.7 39.8
TZ 8843-DMRSR 35.6 40.0
TZL Comp 3 CO 29.5 41.2
8644-31 (KU1414 x

TZi25) 30.8 43.0
TZL Comp 4 CO 518 65.7
Funtua 88 TZSR-W-1  70.6 73.9
8321-18 (TZi3 x

TZil5) - 74.0
EV8443-SR - 82.0
Acr 88 Pool 16-SR 67.0 84.3
Mean 289 398
LSD (0.05) 13.1 124
Prob.> F 0.000 0.000
CV% 358 314

20 varieties, including susceptible checks,
were tested under artificial infestation of
downy mildew at Akure, Nigeria in 1991
and 1992 (Table 2). Three DMR varieties,
Suwan 1-SR (late, yellow, flint), Suwan 2-
SR (intermediate, yellow, flint), and Across
89 DMR-ESRW (early, white, flint/dent),
showed the highest levels of resistance.
The first two varieties were developed in
Thailand and were converted for resis-
tance to maize streak virus (MSV) at
IITAin 1990 (Eberhartetal. 1991). Two
late-maturing varieties, DMR-LSRW
(white) and DMR-LSRY (yellow), which
were developed at 1ITA, are still about
20% susceptible. Our goal is to bring the
level of resistance in existing DMR variet-
ies up to the 90-95% level.

In the hybrid breeding program, in-
bred parents of elite hybrids are being
converted for DMR. A major achievement
has been the development of a DM resis-
tant single-cross hybrid, 8644-27, which
is marketed commercially by Pioneer Sceds
in Nigeria as “Oba Super 2.” One of the
parent lines is KU1414, a DMR inbred

10

from Thailand. The hybrid has about 22%
susceptibility under heavy disease pres-
sure (Table 2). By 1992, the other inbred
parent, TZil8, had been converted for
DMR and KU1414 had been converted for
resistance to MSV. Now both parents con-
fer resistance to DM and MSV. Crosses
between KU1414 from Thailand and
MIT2, a resistant inbred line from the
Philippines, have shown very high levels
of resistance. Incorporation of new sources
of resistance into the breeding program
can thus enhance the levels of DMR and
increase the durability of resistance.

Stem borers

Since 1985, a wide diversity of germplasm
has been screened for reaction to infesta-
tion by either S. calamistis or E. saccharina.
This includes the BR (borer resistant) popu-
lation of IITA (developed by screening for
8. calamistis under natural infestation),
CIMMYT’s MBR (multiple borer resis-
tant) and MBRT (multiple borer resistant
tropical) populations, a portion of the MIR
(maize inbred resistant) lines from Ha-
waii, and a wide range of germplasm from
North and South America which has shown
resistance to other species of maize stem
borers. Sources of resistance to §.
calamistis or E. saccharina have been
found among some of these germplasm
groups.

Three populations with moderate re-
sistance to S. calamistis were formed be-
tween 1987 and 1988 (Table 3). The popu-
lation TZBR Sesamia 2 was eventually
discontinued, as it did not show adequate
levels of resistance to this pest. The other
two populations, TZBR Sesamia 1 and 3,
are undergoing selection for resistance to
S. calamistis.

Screening for resistance to E. sac-
charina has received major emphasis. Af-
ter intensive screening from 1985 to 1987,
three populations with moderate resistance
to E. saccharina were formed between
1988 and 1989 (Table 3). In 1985, 102 ac-
cessions introduced mostly from CIMMYT
were screened for resistance as test crosses
with the hybrid 8338-1; superior materials
were selected and backcrossed to their
original introduction. TZBR (tropical zea
borer resistant) Eldana 1 was formed from
the best 14 of these backcrosses. Addition-
ally, inbred lines with tropical adaptation
were screened for resistance, and the best
five recombined to form the population
TZBR Eldana 2. Tropically adapted, early,
intermediate, and late-maturing open-pol-
linated populations were also screened for
resistance during 1988-89 (Fig. 1, Table 4).
S1 lines from the three most resistant late
populations (La Posta, DMR-LSRW, and
TZSR-W-1) were screened and superior
lines were selected and recombined to form
the TZBR Eldana 3 population. Because
TZBR Eldana 3 was developed from elite,
adapted populations, it may be transferred
to national programs for direct use by farm-
ers. Cycle 2 of this population performed
well in multilocational yield trials in Nige-
riaand Cote d’Ivoire in 1993, and it was ad-
vanced to international trials. TZBR Eldana
1 is derived from exotic germplasm and is
less adapted to the region. It is intended for
use as a source of E. saccharina resistance
by national breeding programs.

Among the early, tropically adapted
populations screened in 1988, two early
composites undergoing improvement at
IITA (TZE Comp. 3 and 4) and an experi-
mental variety from CIMMYT’s popula-
tion 30 (EV 8730-SR) showed the least ear
damage under E. saccharina infestation

Table 3. Genetic background of stem borer resistant populations.f

Population Genetic background

TZBR Eldana 177
TZBR Eldana 2
TZBR Eldana 3
TZBR Sesamia 1

14 testcrosses with hybrid 8338-1

TZi 2, 10, 12, 15, and ICAL 27

S1 lines from DMR-LSRW, La Posta, and TZSR-W-1
CM 116, INV 575, Cateto Grande Mil, Cateto Assis Brazil

RGS x IV, Costefio Mag. 350, and Cubano Cateto Ecuador 339 crossed

to TZi 4
TZBR Sesamia 3

29 lines, mostly from the CIMMYT MBR population, crossed to TZi 4.

F.  TZBR Eldana 3 has white grain; all others are of mixed grain color; all populations are late maturing

(115-120 days).

1. Fourteen entries used for testcrosses: MP496 x VG-ECB-24X; MP702 x ECB PI 3; PRMO x
PRMOSQB 87-4-1; PRMO2(S1) C6 88-3; PRM 02 (S1) C688-12; Pool 24 x (MP496 x MP706);
PRM 02 (S1) C6 752X-2; PRM 02 (S1) C6 x (MP496 x MP701); PRM 02 (S7) C6 752-1; 100-
5% 44-6 (2); PRM 02 (S1) C6 752X-4; MP701; MP68; and MP704.
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Figure 1. Resistance to Eldana saccharina in early germplasm, 1988.

Table 4. Performance of elite, late, and intermediate germplasm under E. saccharina

infestation, Ibadan, Nigeria, 19891.

Days to Frass Ear Penetrometer
Cultivar midsilk rating? damage? reading (kg)?
La Posta C8 53.0 1.67 239 11.87
IK 83 TZSR-W-1 58.7 1.33 2.89 11.30
DMR-LSRW 54.2 2.17 2.61 9.27
LB 8227 55.8 217 2.67 8.87
EV 8725-SR 54.0 1.50 3.33 8.48
ACR 8224 55.3 2.00 3.86 8.38
PR 8536 54.7 233 3.34 8.22
LB 8232 55.5 2.67 3.39 7.49
PR 8326 51.2 2.33 317 6.42
Ferke 8223 538 2.00 3.06 6.31
8338-1 52.8 133 3.28 11.72
8329-15 54.8 233 2.28 9.54
Mean 54.5 1.99 3.02 8.99
LSD 5% 1.56 0.66 - 2.36
Prob. > F 0.000 0.001 0.139 0.000
CV% 25 289 30.3 227
1. RCBD with 6 replications.

2. Rating scale: 1 = resistant to 5 = susceptible.

3. Penetrometer readings were taken at the base of the stem at flowering; larger values indicate that
greater force was required to penetrate the stem.

(Fig. 1). An experimental variety derived
from CIMMYT population 49 (IK (1)
8149-SR) had very low stalk breakage. The
resistance of TZE Comp. 4 is probably
derived from the parental sources used in
forming the composite, populations 30 and
49. The parents of TZE Comp. 3 are
TZESR-W and DMR-ESRW, which are
more susceptible to ear damage than the
composite. In this case, there appears to
have been some indirect improvement in

E. saccharina resistance while selecting for
yield, ear aspect, and reduced lodging in
our normal breeding trials. Ear damage and
percent stalk breakage were significantly
correlated in this experiment (r=0.52, P <
0.05).

To evaluate levels of E. saccharina
resistance in tropically adapted intermedi-
ate and late populations (Table 4), ratings
of the amount of frass in the leaf axils and
extent of ear damage were recorded (1 =
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resistant to 5 = susceptible). Penetrometer
readings were taken at the base of the stem
at flowering; larger values indicate that
greater force was required to penetrate the
stem. There was a significant correlation
between the penetrometer reading and the
frass rating (r=-0.66, P <0.05). There
was some indication of a relationship
between ear damage and penetrometer
reading (r = —0.40, ns), but the estimate of
the correlation between frass and ear dam-
age rating was close to zero. This suggests
that different mechanisms may be involved
in determining E. saccharina resistance in
the stalks and ears.

Borer resistant populations are being
improved for adaptation and resistance lev-
els primarily through S; family testing.
Mass selection for resistance to maize
streak virus is carried out when individual
plants are selfed to make new S; families.

To evaluate the progress achieved in
selecting for resistance to E. saccharina,
cycles of selection trials are periodically
conducted. In 1991, Cycles 0to 4 of TZBR
Eldana 1 and CO to C2 of TZBR Eldana 3
were evaluated under infestation along with
a susceptible check and two hybrids. Rat-
ings for ear damage were significantly
lower (P < 0.05) for later cycles compared
to early ones, showing that increased lev-
els of resistance to this pest have been
obtained in these populations (Fig. 2). Time
to maturity has also increased in TZBR
Eldana 1. Use of a selection index should
prevent further inadvertent increases in
maturity in the future.

We had observed that plant vigor in-
fluences the plants’ reaction to S. calamistis
attack and were concerned that differences
in inbreeding depression among S; fami-
lies could mask resistance that would be
expressed in a noninbred background. A
split-plot experiment was conducted in the
screenhouse to simultaneously compare
the resistance performance of S; families
from TZBR Sesamia 1 C1 with test crosses
derived from the same families (TC). Al-
though inbreeding usually increases sus-
ceptibility to stem borers, there was no
difference in mean damage ratings be-
tween 176 S1 families and their TCs (Table
5). This may be because a highly suscep-
tible inbred was used as the tester, in order
to maximize expression of resistance
among the test crosses. Highly significant
differences were observed among families
for resistance, but the family X type (S; or
TC) interaction was not significant. Analy-
sis within types showed that genetic dif-
ferences were significant among the S1
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Table 5. Analysis of variance for S families and the related S, testcrosses? (TC)

in TZBR Sesamia 1 C1.

Damage rating3 Vigor rating4
Source of variation MS Pol MS P :F
Type (S vs. TC) 11.34 0339 177.51 0.026
Error a 5.81 12.28
Family 1.88 0.007 2.65 0.063
Family x Type 1.46 0.281 2.05 0.495
Error b 1.36 2.06
Mean S 4.35 4.38
Mean TC 4.60 312
No. of families 176 112
L. Split-plot arrangement of treatments with two replications.
2. S1 families were crossed to the susceptible inbred tester TZi 28.
3. Rating scale: 1 = resistant to 5 = susceptible.
4. Rating scale: 1 = vigorous to 5 = weak plant growth.

12

families, but not among the TCs. More
replication would, therefore, be required
to make comparable progress from selec-
tion based on TC evaluation. Vigor ratings
(1 = very vigorous to 9 = not vigorous)
were obtained on a subset of 112 families.
Correlations between damage ratings and
vigor were obtained both for S1 families (r
=0.39, P < 0.01) and TCs (r = 0.51, P <
0.01), but the difference between the cor-
relations was not significant. These results
suggest that S1 family selection for S.
calamistis resistance will be more effec-
tive than TC selection. However, since the
correspondence between S1 families and
their TCs was very poor, we only carried
out one cycle of selection for each type of
family, to determine the actual progress
that can be obtained from the two selec-
tion methods.

Owing to the relationship between S.
calamistis resistance and plant vigor, hy-
brids tend to be more resistant than open-
pollinated varieties. Among the Sesamia
populations, TZBR Sesamia 3 CO appears
to have the greatest resistance, which was
comparable to that of hybrid 8321-18 in
one experiment (data not shown). When
the distribution of S1 families from this
population was observed (Fig. 3), aver-
aged over two replications, genotypes to
the left of the distribution were most re-
sistant. Twenty families had better ratings
than the resistant check, TZi 4. One limita-
tion of TZBR Sesamia 3 is that it is rela-
tively susceptible to Puccinia polysora-
Some attention will be given to agronomic
traits and disease resistance in the future,
while continuing to place the greatest em-
phasis on developing Sesamia resistant
source populations for national breeding
programs.

References

Bosque-Pérez, N.A., and J.H.. Mareck. 1990a.
Distribution and species composition of lepi-
dopterous maize borers in southern Nigeria.
Bulletin of Entomological Research 80: 363—
368.

Bosque-Pérez, N.A., and J.H. Mareck. 1990b.
Screening and breeding for resistance to the
maize stem borers Eldana saccharina and
Sesamia calamistis. Plant Resistance to Insects
Newsletter 16: 119-120.

Bosque-Pérez, N.A., and J.H. Mareck. 1991. Ef-
fect of the stem borer Eldana saccharina (Lepi-
doptera: Pyralidae) on the yield of maize. Bul-
letin of Entomological Research 81: 243-247.

Bosque-Pérez, N.A.,J.H. Mareck, Z.T. Dabrowski,
L. Everett, S.K. Kim, and Y. Efron. 1989.
Screening and breeding for resistance to

ITA Research  No. 14/15 September 1997



i e T e e AR T L. e ioeE o IR IR i e o M- Tl e e D e L

Sesamia calamistis and Eldana saccharina.
Pages 163—169 in Toward insect resistant maize
for the Third World. Proceedings, Interna-
tional Symposium on Methodologies for De-
veloping Resistance to Maize Insects.
CIMMYT, Mexico, D.F., Mexico.

Cardwell, K.F., C. Bock, O.F. Akinnuoye, D.
Onukwu, V.Adenle, and A.O. Adetoro. 1994,
Improving screening methods for resistance to
downy mildew of maize in Nigeria. Plant Health
Management Research Monograph No. 3. In-
ternational Institute of Tropical Agriculture,
Ibadan, Nigeria.

Craig, J. 1980. Comparative reaction of corn inbreds
to oospore and conidial inoculum of P. sorghi.
Phytopathology 70: 313-315.

Craig, J. 1987. Tiered temperature system for
producing and storing conidia of Pero-
nosclerospora sorghi. Plant Disease Reporter
71: 356-358.

Eberhart, S.A., S.K. Kim, J. Mareck, L.L. Darrah,
and M.M. Goodman. 1991. A comprehensive
breeding system for maize improvement in
Africa. Pages 175-193 in Crop genetic re-
sources of Africa Vol. Il. Proceedings of an
International Conference on Crop Genetic Re-
sources of Africa, 17-20 Oct 1988, edited by
N.Q. Ng. P. Perrino, F. Attere, and H. Zedan.
International Institute of Tropical Agriculture,
Ibadan, Nigeria.

Fajemisin, J.M. 1988. Discase management for
tropical maize improvement at the Interna-
tional Institute of Tropical Agriculture (IITA).
IITA, Ibadan, Nigeria.

Fajemisin, .M., Y. Efron, S.K. Kim, F.H. Khadr,
Z.T. Dabrowski, J.H. Mareck, M. Bjarnason,
V. Parkinson, L.A. Everett, and A. Diallo.
1985. Population and varietal development in
maize for tropical Africa through resistance
breeding approach. Pages 385-407 in Breed-
ing strategies for maize production improve-
ment in the tropics, edited by A. Brandolini and

IITA Research

F. Salamini. FAO and Istituté Agronomico per
I’Oltremare, Firenze, Italy.

Frederiksen, R.A., and B.L. Renfro. 1977. Global
status of maize downy mildew. Annual Re-
view of Phytopathology 15: 249-275.

Gounou, S., F. Schulthess, T. Shanower, W.N.O.
Hammond, H. Braima, A.R. Cudjoe, R.
Adjakloe, and K.K. Antwi with 1. Olaleye.
1994. Stem and ear borers of maize in Ghana.
Plant Health Management Research Mono-
graph No. 4. International Institute of Tropical
Agriculture, Ibadan, Nigeria.

Gracen, V.E. 1989. Breeding for resistance to
European corn borer. Pages 203-206 in To-
ward insect resistant maize for the Third World.
Proceedings, International Symposium on
Methodologies for Developing Resistance to
Maize Insects. CIMMYT, Mexico, D.F.,
Mexico.

IITA (International Institute of Tropical Agricul-
ture). 1987. IITA Annual Report and Research
Highlights 1986. IITA, Ibadan, Nigeria.

Kaneko, K., and B.A. Aday. 1980. Inheritance of
resistance to Philippine downy mildew of
maize, Peronosclerospora philippinensis. Crop
Science 20: 590-594.

Kim, S.K., .H. Mareck, J. Iken, O.A. Obajimi,
O.M. Olanya, P. Oyekan, and J. Kling. 1990.
Control of downy mildew of maize through
development of resistant varicties. Pages 19—
24 in Proceedings, Workshop on Downy Mil-
dew Disease of Maize, College of Agriculture
(IAR&T), Akure, Ondo State, Nigeria.

Mareck, J.H., N.A. Bosque-Pérez, and M.S. Alam.
1989. Screening and breeding for resistance to
African maize borers. Plant Resistance to In-
sects Newsletter 15: 58-59.

Olanya, O.M., and J.M. Fajemisin. 1992. Remis-
sion of symptoms of maize plants infected with
downy mildew in northern Nigeria. Plant Dis-
ease 76: 753.

No. 14/15  September 1997

Renfro, B.L. 1985. Breeding for disease resistance
in tropical maize and its genetic control. Pages
341-365 in Breeding strategies for maize pro-
duction improvement in the tropics, edited by
A. Brandolini and F. Salamini. FAO and Istitutd
Agronomico per I'Oltremare, Firenze, Italy.

Schmitt, C.G., and R.E. Freytag. 1974. A quanti-
tative technique for inoculating corn and sor-
ghum with conidia of Sclerospora sorghi. Plant
Disease 58: 825-829.

Shanower, T., F. Schulthess, and S. Gounou. 1991.
Distribution and abundance of some stem and
cob borers in Benin. Plant Health Management
Research Monograph No. 1. International In-
stitute of Tropical Agriculture, Ibadan, Nige-
na.

Singburaudom, N., and B.L. Renfro. 1982. Herita-
bility of resistance in maize to sorghum downy
mildew (Peronosclerospora sorghi (Weston
and Uppal) C.G. Shaw). Crop Protection 1:
323-332.

Siradhana, B.S., S.R.S. Dange, R.S. Rathore, and
K.L. Jain. 1976. Conidial inoculation tech-
nique for evaluating maize germplasm against
sorghum downy mildew (Sclerospora sorghi)
of maize. Plant Disease 60: 603—605.

Smith, M.E., J.A. Mihm, and D.C. Jewell. 1989.
Breeding for multiple resistance to temperate,
subtropical, and tropical maize insect pests al
CIMMYT. Pages 222-234 in Toward insect
resistant maize for the Third World. Proceed-
ings, International Symposium on Methodolo-
gies for Developing Resistance to Maize In-
sects. CIMMYT, Mexico, D.F., Mexico.

Williams, R.J. 1984. Downy mildews of tropical
cereals. Advances in Plant Pathology 2: 1-87.

13



	1
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	30
	31
	32
	33
	29
	3



