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1. Introduction

Maize germplasm
The trials evaluated elite pre-release and released maize germplasm supplied by
CIMMYT, National Agricultural Research Programs, and private seed companies
from southern Africa. CIMMYT received the germplasm, grouped it according to
vigor and maturity, and formed five replicated trials:

EPOP05: early to intermediate maturing open-pollinated varieties (OPVs)
ILPOP05: intermediate to late maturing open-pollinated varieties (OPVs)
EIHYB05: early to intermediate maturing hybrids
ILHYB05: intermediate to late maturing hybrids
QHYB05: Quality Protein Maize (QPM) Hybrids

Each trial had an alpha (0,1) lattice design with three replicates.

Trial management

The trials were grown by CIMMYT, National Agricultural Research Programs, private
seed companies and non-governmental organizations in eastern and southern
Africa. Collaborators were encouraged to grow the trials under different types of
conditions:

Well-fertilized/rain-fed conditions: trials were grown using optimal site-specific
agronomic practices

Managed nitrogen stress: trials were grown in fields that had been depleted of
nitrogen by growing unfertilized, non-leguminous crops for several seasons and
removing the crop biomass after each season. Nitrogen fertilization to maize trials
was designed so that yields under managed N stress averaged 20-35% of the yield
of a well-fertilized maize crop at that site.

Managed drought stress: trials were grown during a rain-free period, with irrigation
applied at the beginning of the season to establish a good plant stand. Afterwards,
irrigation was withheld so that the crop suffered drought stress during flowering and
grain-filling, resulting in average yields of about 1-3 tlha.

Managed low pH stress: trials were grown in fields with high aluminum saturation
(desirably = 60%) and/or low amounts of plant-available phosphorus (desirably 3-4
ppm P; i.e. 20-25% of the recommended levels). The objective was to achieve maize
yields that were 50-65% below the optimal maize yield at the same site.

Artificial inoculation/infestation of biotic stress factors: trials were grown under
artificial inoculation/infestation of leaf diseases, stem borers, and maize grain
weevils.

A complete list of the sites can be found in Section 3.
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Data analysis

In each Table, entries are grouped by anthesis date and sorted according to the
average rank for yield across all sites. Within each maturity group, best ranking
entries are listed at the top.

For presenting grain yields, sites were grouped into some or all of the
following nine environments:
Mid Altitude Humid Warm (Zone A), Mid Altitude Humid Hot (Zone B), Mid Altitude
Dry (Zone C), Lowland Tropical Humid (Zone D), Lowland Tropical Dry (Zone E),
Highlands (Zone F), Midaltitudes in eastern Africa, Managed N stress, Low pH
stress. This grouping was done based on the location (for making the division
among rainfed/well fertilized sites, see Fig.1) and the management of the sites
(rainfed/well fertilized, managed drought stress, managed N stress, low pH),
maximum temperatures and seasonal precipitation. Please refer to Tables 1 and 2
for a detailed explanation of the characteristics of each zone.

Each trial is presented with two Summary Tables and individual site results.

Summary Tables

The Summary Tables present grain yields averaged across sites with significant
differences between entries, for each of the environments. Data on agronomic
performance such as anthesis date, plant and ear height, ear position, root and stem
lodging, husk cover, ear rot, leaf diseases, grain weevil and stem borer damage,
grain texture and grain moisture were averaged across all sites that provided results
with significant differences between entries. If no data are presented for these traits,
no trial data demonstrating significant differences for these traits was available.

Very Poor

Average

PoorCD

Within a maturity group,
colors that have no letter in
common are different by at
least one LSD. LSDs were
calculated from the mean
square error that was pooled
across sites.

Within each maturity group, grain yields, root and stem lodging husk cover, ear rot,
leaf diseases, weevil and borer damage traits were color-coded. Within a maturity
group, colors that have no letter in common in the legend are different by at least
one 'Least Significant Difference' (LSD, PsO.OS). LSDs were calculated from the
mean square error that was pooled across sites. Note: colors can only be used to
compare grain yields within a certain maturity group. For comparing grain yields
between maturity groups, use the LSD listed at the bottom of the Table.

ColorL

A description of all measurements can be found in Section 2.

Il,dividual site results

These Tables present grain yields for individual sites, grouped by environment. A
description of the sites can be found in Section 3.

3



Fig 1. Classification oflocations basedon SADeMaIze Mega-Environments.

Table I: Description of SADC Maize Mega-Environments.

Zone T~pical

E""ironmcnl"

Aq'ral!l'
:\'1axinlllfll His" of S(~;lson

Temperature Drought Precipitation
Area in SADe

111111 II<! Percelll;l!-!e
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Mid Altiludc Hllmid Hot 27-30 Lo\\ :> 700 ()(i.755.37? 2() ·1"';,

Mid Allillldc On 2-1-.lll High < 7110 -IX.:!\> 1.3·W I 'Jll""

LOII'laud TropIC11 Humid '>3ll L.O\I '> 7llll 17.1-I5.7X') h X";,

LOII'laud Tropical On III High < 70ll .IX.-IIJ3.-I5-1 I:' I "~,

Hi'h.l<lllds 2-1 7.X'J7.3')-I .31'\,
" T\ pied rcprcscnl<lli\c clll'ironlllcnl lor 1.011 ~ A 10 F' 101011 c\cr. 1.0lles l\ 10 F ;1I"C bcst described b\
cOllsldering the mel~lge ulil.'\illlUIll tClIlperalure. llsk of dl'Oughl and scasonal prccipit;lIioll gl\'clI in
Table I and illustrated ill Figure I
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Tabl!.' 2: P"oporlioll of area ill !.'tlch SAoe coulltry for each megtl-ellvi,·ollment.

ZOIIl' PI"()I'"rlion of an'a in each SADe l:Ollnll'~
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Hnw can the I .sults be used ..
. . IJy NatiollAI Agricultural Research Programs?
~ Request seed of the very best stress-tolerant, responsive OPVs and hybrids from

CIMMYT, other National Programs, and private seed companies, and further test
them in the National Maize Evaluation Trials,

~ Conduct National Maize Evaluation Trials not only under optimal conditions but
also under the most important stresses present in farmers' fields. Consider
performance under stress conditions and farmers' preferences when making
decisions on release of germplasm.

~ Request and use seed of best CIMMYT germplasm (inbred lines, OPVs) in your
breeding program and for registration .

... by Private Seed Companies?
~ Foster the distribution of cultivars that are not only high yielding under optimal

conditions but as well under the most important stresses present in farmers'
fields.

~ Continue to submit seed of your best germplasm for evaluation in Regional Trials
(to CIMMYT) and/or National Maize Evaluation Trials (to National Agricultural
Research Programs of individual countries).

~ Request and use seed of best CIMMYT germplasm (inbred lines, OPVs) in your
breeding program and for commercialization .

.... hV Seed-Distribl/ting Agencies?
~ Use data from Regional Trials (available from CIMMYT-Zimbabwe) and National

Maize Evaluation Trials (available from National Agricultural Research Programs
of individual countries) for making decisions on which seed to distribute to
farmers.

~ Distribute quality seed of the very best stress-tolerant, responsive hybrids and
OPVs that are currently available.

Conclusion: Foster the availability and distribution of quality seed
of tile very best maize cultivars . those that are not only high
yielding under optimal conditions but as well under the stresses
pre ent in farmers' fields.
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2. Descriptions of Traits Recorded

ReI. GY

Rank Avg.

Rank Stdev.

Grain yield

Anthesis date

Plant Height

Ear Height

Ear position

Root Lodging

Stem Lodging

Husk Cover

Ear Rot

GLS

P. sorghi

E. turcicum

H. maydis

OM

Relative grain yield expressed as percentage of the mean grain yield of the trial.
Values above 100% indicate above-average performance; values below 100%
indicate below-average performance.

Average rank for grain yield across all trials. Small values indicate superior
performance; large values indicate inferior performance.

Standard deviation of rank for grain yield across all trials. Small values indicate
stable performance; large values indicate variable performance.

Shelled grain weight per plot adjusted to 12.5% grain moisture and converted to
tons per hectare.

Measured as number of days after planting when 50% of the plants shed pollen.

Measured as height between the base of a plant to the insertion of the first
tassel branch of the same plant.

Measured as height between the base of a plant to the insertion of the top ear of
the same plant.

A ratio of ear height to plant height. Small values indicate low ear position; large
values indicate high ear position.

Measured as percentage of plants that show root lodging, i.e. those stems that
are inclining by more than 45°.

Measured as percentage of plants that show stem lodging, i.e. those stems that
are broken below the ear.

Measured as percentage of plants with ears that are not completely covered by
the husks.

Percentage of ears that are rotten.

Score for the severity of gray leaf spot (Cercospora zeae-maydis) symptoms
rated on a scale from 1 (= clean, no infection) to 5 (= severely diseased).

Score for the severity of common rust (Puccinia sorghf) symptoms rated on a
scale from 1 (= clean, no infection) to 5 (= severely diseased).

Score for the severity of northern leaf blight (Exserohilum turcicum) symptoms
rated on a scale from 1 (= clean, no infection) to 5 (= severely diseased).

Score for the severity of maydis leaf blight (Helminthosporium maydis)
symptoms rated on a scale from 1 (= clean, no infection) to 5 (= severely
diseased).

Score for the severity of Downy Mildew (Pemosc/erospora sp.) symptoms rated
on a scale from 1 (= clean, no infection) to 5 (= severely diseased).
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PLS

Borer damage

Busseola larvae

Chilo

Leaf toughness

Grain weevil
(Total F1)

Grain weevil
(Wt loss)

Grain texture

Grain moisture

ASI

EPP

Leaf rolling

Senescence

QPM
Modification

Score for the severity of Phaeosphaeria leaf spot (Phaeosphaeria maydis)
symptoms rated on a scale from 1 (= clean, no infection) to 5 (= severely
diseased).

Score for the severity of stem borer (Busseola and Chilo) damage rated on a
scale from 1 (= clean, no damage) to 5 (= severe damage).

Count of the number of Busseola larvae. Higher the number indicates
susceptibility.

Score for the severity of Chilo partel/us leaf damage rated on a scale from 1 (=
no infestation) to 9 (= severely infested).

Force required to puncture leaves between veins as measured by the
penetrometer. Genotypes with lower numbers tend to be susceptible to borers.

Number of grain weevils hatching and emerging from an infested grain sample
within a given period. Large values indicate susceptibility to grain weevils, small
values indicate partial resistance to grain weevils.

Loss of weight of the grain samples caused by weevil feeding during a given
period of incubation. Large values indicate susceptibility to weevils.

Rated on a scale from 1 (= flint) to 5 (=dent).

Percent water content of grain as measured at harvest.

Anthesis-silking interval. Determined by (i) measuring the number of days after
planting when 50% of the plants shed pollen (anthesis date, AD) and show silks
(silking date, SO), respectively, and (ii) calculating: ASI = SO - AD. If measured
under drought or N stress, small or negative values indicate stress tolerance.

Number of ears per plant. Counted as number of ears with at least one fully
developed grain divided by the number of harvested plants. An EPP of below 1.0
indicates partial barreness, an EPP of above 1.0 indicates partial prolificacy. If
taken under drought or N stress, values of greater or equal to 1.0 indicate stress
tolerance.

Leaf rolling score measured under drought stress on a scale from 1 (unrolled,
turgid leaves, desirable) to 5 (severely rolled leaves, undesirable).

Leaf senescence score on a scale from 1 to 10. Taken during grain-filling by
estimating the percentage of dead leaf area and dividing it by 10. If taken under
drought or N stress, small scores indicate stress tolerance.

1 = 10% dead leaf area; 6 = 60% dead leaf area
2 = 20% dead leaf area; 7 = 70% dead leaf area
3 = 30% dead leaf area; 8 = 80% dead leaf area
4 = 40% dead leaf area; 9 = 90% dead leaf area
5 = 50% dead leaf area; 10 = 100% dead leaf area

Score for the extent of modification (ex1ent of opaqueness) of quality protein
maize (QPM) kernels rated on a scale from 1 (fully modified/normal looking
kernels) to 5 (unmodified/opaque kernels) as evaluated on a light table.
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Headquartered in Mexico, the Center works with agricultural research institutions
worldwide to improve the productiVity and sustainability of maize and wheat systems
for resource-poor farmers in developing countries. It is one of 16 similar centers
supported by the Consultative Group on International Agricultural Research
(CGIAR). The CGIAR comprises over 50 partner countries, international and regional
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