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Project Highlights

PROTEIN QUALITY Lab equipment for enzyme
linked, immunosorbent assay analysis (ELISA; a rapid
way to test for protein quality and a crucial component
of QPM breeding) was purchased for India and China,
and scientists were trained in its use. In nearly all the
trials covered in this report, the QPM hybrids had 70 to
100% more of the essential amino acids—lysine and
tryptophan—than their normal maize competitors.
PIPELINE MATERIALS At CIMMYT in Mexico,
more than 1,500 new, experimental QPM hybrids were
formed and seed of 20 key synthetics and of 28 inbred
parents was increased. CIMMYT’s international maize
testing unit received more than 180 requests for QPM
seed; shipments were made to 29 countries. Nineteen
different trials involving the evaluation of 822 hybrids
and synthetics with white and yellow QPM endosperm
were distributed to more than 30 countries. The
CIMMYT research station in Harare, Zimbabwe,
distributed nearly 1.5 tons of QPM seed for extensive
demonstrations and on-farm trials in southern Africa,
and conducted multiple trials involving QPM for
the region.
IN 2000 Superior QPM hybrids and open-pollinated
varieties identified during 1999 through multi-location
testing will be evaluated worldwide. CIMMYT will
offer training courses on breeding and seed production
in selected countries. More than 3,000 hectares of seed
production will be planted in Mexico, 60 hectares in
Guatemala, 100 hectares in El Salvador, and 1,000
hectares in China. Mexican officials expect that farmers
will sow more than 0.5 million hectares of QPM in the
country in 2000. DNA markers will be used to help
transfer quality protein genes from QPM to outstanding,
normal maize cultivars.

YIELD Superior hybrids and open-pollinated varieties of
quality protein maize (QPM) identified during 1998 through
multi-location testing were evaluated in more than 30
nations. Results were dramatic, particularly in yield, where
outstanding QPM hybrids often had a yield advantage of one
ton or more per hectare over the best normal maize hybrids.
DISSEMINATION Research and certification agencies in
several countries released QPM varieties for adoption by
farmers, including the following: 12 hybrids (6 subtropical
and 6 tropical) and 4 open pollinated varieties in Mexico; 1
hybrid each in China, El Salvador, Guatemala, and Peru. To
publicize the new cultivars and increase adoption of and
support for QPM, the releases were marked by gala
ceremonies and field days attended by researchers, VIPs,
and media representatives in Mexico, El Salvador, and
China—nearly 2,000 farmers participated in these events
(see attached photos). In China 30 ha were used to produce
17.5 tons of parental seed of the new QPM hybrid,
Zhongdan 9409. From this, 67 tons of hybrid seed was
distributed to farmers in Guizhou Province. In Mexico,
CIMMYT delivered 2.5 tons of hybrid progenitors and
single-cross hybrid seed to the Mexican National Institute of
Forestry, Agriculture, and Livestock Research (INIFAP) in
spring, 1999. Using the parental seed, INIFAP produced 500
tons of registered seed of hybrids and OPVs. In November
1999, INIFAP began planting 3,000 hectares with the goal of
producing 12,000 tons of commercial seed by May 2000.
More efficient QPM seed production strategies are being
tested and refined.
QPM IS FOR PEOPLE “The introduction of quality
protein maize in Guizhou Province around four years ago

has resulted in an almost miraculous turnaround in the lives
of the poorest people in the poorest province in China.”
(Professor Timothy G. Reeves, Director General, CIMMYT)
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Progress Report for 1999
During 1999, an important investment in laboratory
equipment for ELISA analysis for India and China was made.
Visiting scientists were trained in ELISA analysis in Mexico.
Superior hybrids and open-pollinated varieties of quality
protein maize (QPM) identified during 1998 through multi-
location testing were evaluated in Bolivia, Brazil, China,
Colombia, Costa Rica, Ecuador, El Salvador, Ethiopia,
France, Ghana, Guatemala, Haiti, Honduras, India, Mexico,
Nicaragua, Panama, Paraguay, Peru, Philippines, South
Africa, Spain, Suriname, Tanzania, Thailand, Turkey, Uganda,
USA, Venezuela, Vietnam, and Zimbabwe. Transfer of QPM
technology (i.e., new varietal releases) was conducted in
Mexico, El Salvador, Guatemala, India, Mozambique, and
Ethiopia, and strengthened in Ghana, Brazil and China.
QPM research issues were included as an integral part of
normal CIMMYT training courses offered at headquarters
and in the regions in breeding and seed production.
Resources were made available to national research systems
for large-scale seed multiplication of truly superior QPM
cultivars for more extensive testing during 2000, when
transfer of this technology will intensify. Relatively stronger
national systems, such as those of Mexico, Brazil, Ethiopia
and China, enhanced the introduction of QPM in their normal
elite lines and open-pollinated varieties. CIMMYT scientists
in the regions and in Mexico visited experimental sites and
got first-hand impressions of the performance of QPM in
each participating country and discussed future activities and
strategies with local researchers. Policy makers and senior
CIMMYT authorities participated in ceremonies to mark
the release of new QPM hybrids in China, Mexico,
Guatemala and El Salvador.

1. Training course on seed
production for African countries
A training course on seed production was held in Zimbabwe
(February 15-24, 1999) for researchers from priority countries
in sub-Saharan Africa and from Brazil. The venue was St.
Lucia Park near CIMMYT’s Maize Research Station at

Harare. There were 40 participants from 13 African
countries and institutions including national systems
(research, extension, foundation seed units, and seed
certification agencies), private companies (Seed Co-op,
National Tested Seed, Pioneer, Cargill), non-governmental
organizations (World Vision, SG2000, Action-Aid,
Africare), donor agencies (GTZ, Germany), and CGIAR
centers (IITA, CIMMYT).

The course covered numerous technical aspects of seed
production, including both field and post-harvest
management. Quality control was emphasized throughout.
An introduction to maize seed marketing, business
management, and policy issues were also presented.
The applications of most themes were toward both
conventional, formal, or larger scale maize seed production
and the non-conventional, informal, or small scale farmer
situations. Toward the latter part of the course, participants
were given the opportunity to share their own experiences
in maize seed production including their successes and
difficulties.

In preparation for the course, Dr. Kevin Pixley and
colleagues at the CIMMYT office in Harare began in 1998
to plant isolation blocks, breeder seed maintenance and
production demonstrations for open pollinated varieties
(OPVs), and plots illustrating principles of hybrid seed
production and line maintenance. They also organized the
course, with support from staff of the CIMMYT Maize
Program in Mexico on technical content.

1.1 Evaluation of QPM hybrids
and OPVs in collaborating countries
Nineteen different types of trials involving the evaluation
of 822 hybrids and synthetics with white and yellow QPM
endosperm were distributed to Bolivia, Brazil, China,
Colombia, Costa Rica, Ecuador, El Salvador, Ethiopia,
France, Ghana, Guatemala, Haiti, Honduras, India, Mexico,
Nicaragua, Panama, Paraguay, Peru, Philippines, South
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Africa, Spain, Suriname, Tanzania, Thailand, Turkey, Uganda,
USA, Venezuela, Vietnam, and Zimbabwe during the winter of
1998-1999 and summer of 1999. Results from 19 locations in
Mexico are presented in Table 1. Superior tropical x subtropical
three-way cross hybrid (CML 142 x CML150) CML 176 yielded
8% more than the best normal hybrid check. QPM OPVs yielded
as much as the normal hybrid checks during winter 1999.

Tropical white QPM hybrids tested across 29 locations
in Latin America, Asia, and Africa during 1998-1999
showed very outstanding results. CML 142 x CML
146 yielded 6.7 t/ha, whereas the normal hybrid check
yielded 5.6 t/ha—a level similar to that of the best
QPM OPV (Poza Rica 8765, noteworthy because
maize hybrids normally outyield OPVs; Table 2).
Figure 1 shows the performance of QPM hybrids in
Africa during 1998-1999. The best hybrid outyielded
the normal seed industry hybrid by 1.5 t/ha. A hybrid
from the South African company Quality Seeds also
outyielded the normal checks. CML 144 x CML 159
continued to show impressive performance,
outyielding the normal seed industry hybrid checks
across 39 locations and 3 years. Its mean yield of
6.4 t/ha was 12% more than the non-QPM hybrid
check, and it showed superior resistance to diseases
and better agronomic traits than the checks. Tropical
white QPM hybrids contained 90% more tryptophan
than the non QPM seed industry checks (Table 3).
Yellow tropical QPM hybrids tested at 15 locations in
1998-1999 topped the trials across locations in Latin
America and Asia (Table 4).

Table 2. Performance of the best, tropical, white QPM hybrids across 29 test sites in Latin America, Asia, and Africa, 1998-99.

Yield Silk Ear ht Rlodg Slodg Erott Rust H. End Bhcov
Pedigree t/ha Date /Plt ht (%) (%) (%) (1-5) (1-5) (%)

CML 146 x CML-142 6.66 56 0.48 1.8 1.8 4.9 2.6 2.2 2.4
CML-159 x CML-144 6.33 57 0.46 5.8 3.2 5.9 1.3 1.7 3.9
CML-158 x CML-144 5.69 56 0.48 3.8 3.2 7.2 1.3 1.4 4.3
POZA RICA 8763 5.30 55 0.47 8.7 2.9 14.3 2.5 2.7 13.6

Local check* 5.66 56 0.53 7.1 2.9 9.0 3.0 8.2

Mean 5.93 56 0.48 5.4 2.8 8.3 2.2 6.5
LSD 0.05 0.20 3.0 0.1 2.5 0.9 1.2 0.4 1.8

CV (%) 12.51 19.1 11.9 2.3 2.8 1.4 35.9 1.9

* Best hybrid check non-QPM at each location: Try: Tryptophan % in the whole kernel
Rlodg and Slodg: Stalk and root lodging; Erott = ear rot; Bhcov = bad husk cover.

Table 1. Uniform yield trial with QPM cultivars tested across 19
locations in Mexico. Fall-Winter 1998-1999.

Hybrid Yield (t/ha) State OPV Yield (t/ha)

H 551 C 12.8 V 537 C 9.2
H 552 C 12.1 Sinaloa V 538 C 8.0
H 516 N 9.4

H 552 C 12.3 V 537 C 8.2
H 441 C 12.2 Nayarit V 538 C 7.3
H 516 N 9.3

H 553 C 10.8 V 537 C 8.8
H 552 C 10.8 Colima V 538 C 9.0
H 516 N 9.4

H 558 C 10.5 V 537 C 9.2
H 552 C 10.8 Guerrero V 538 C 8.2
H 516 N 9.2

H 367 C 11.2 V 537 C 9.3
H 441 C 11.1 Chiapas V 538 C 9.1
H 516 N 9.4
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Table 3. Performance of the best, tropical, white QPM hybrids across 39 test locations in Latin America, Africa, and
Asia, 1997-99.

Yield Silk Ear ht Rlodg Slodg Erott Try Rust Bhcov
Pedigree t/ha date /Plt ht (%) (%) (%) (%) (1-5) (%)

CML 146 x CML-142 6.66 56 0.48 1.8 1.8 4.9 2.6 2.2 2.4
CML-159 x CML-144 6.41 57 0.47 10.5 5.9 5.3 0.10 1.3 4.3
CML-158 x CML-144 5.90 56 0.50 5.2 5.8 6.6 0.11 1.4 4.3
POZA RICA 8763 5.52 55 0.48 11.5 4.8 12.5 0.09 2.2 12.0

Local check* 5.70 55 0.53 13.4 5.4 7.9 0.06 2.6 7.6

Mean 5.88 56 0.49 10.1 5.5 8.1 1.9 1.9 7.0
LSD 0.05 0.27 2.4 0.1 2.9 1.1 1.1 0.4 0.4 1.4

CV (%) 14.90 15.8 9.7 1.6 1.5 1.2 33.1 33.1 1.9

* Best hybrid check non-QPM at each location: Try: Tryptophan % in the whole kernel

Rlodg and Slodg: Stalk and root lodging; Erott = ear rot; Bhcov = bad husk cover.

Yield Erott Silk EarHt Ear Hard Rust Rlodg Slodg

Pedigree t/ha (%) date PltHt asp End (1 - 5) (%) (%)

CML-172 x CLQ66061 5.70 4.5 54 0.47 2.3 2.2 2.3 8.0 2.9

CML-161 x CML-165 5.96 13.2 55 0.51 2.5 1.5 2.0 1.7 7.7

96HT91QPM 5.20 8.0 54 0.52 2.8 2.2 2.2 4.4 3.6

CML-164 x CML-161 5.29 9.9 53 0.54 2.6 1.9 2.3 3.2 5.6

95HT74QPM 5.23 12.3 55 0.51 2.8 1.9 1.8 5.4 3.8

CML-164 x CML-172 5.03 8.9 54 0.53 2.7 2.3 2.1 6.9 4.9

Across-8666 TLYD 4.07 15.3 54 0.51 3.2 3.0 2.2 4.7 7.2

Local check-1 5.47 8.8 56 0.54 2.3 2.0 1.5 2.0 3.7

Grand mean 4.60 12.3 54 0.52 2.9 2.3 2.1 6.2 5.0

LSD 0.05 0.24 3.9 0.5 0.0 0.2 0.2 0.4 3.2 2.3

CV (%) 12.51 9.9 2.1 6.9 13.4 17.4 22.5 10.8 9.3

Local checks: CB-HS-86M23, 97HS26QPM, DK-888, KH-510, CML-297XCL-02410, H-104, HA-50, HET-
9122

Table 4. Superior tropical QPM yellow endosperm hybrids tested across fifteen locations at Latin
America and Asia, 1998.
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Subtropical QPM trials were planted in China, India,
Mexico, Mozambique, South Africa, Tanzania, Uganda, and
Zimbabwe. Information obtained from 23 locations during
1997-99 is very exciting. The QPM white endosperm
hybrids CML142 x CML186 and CML176 x CML142
yielded 9.6 and 9.4 t/ha, respectively—1.0 t/ha more than
the normal hybrid seed industry check. Both QPM
genotypes had good endosperm stability, 66% more
tryptophan, resistance to ear rot and good husk cover,
whereas 16% of the ear tips of the hybrid check were
exposed (Table 5). 1

Table 6 shows the performance of new QPM hybrids tested
at seven locations in Asia and Latin America. A new QPM
single-cross hybrid (CML141 x CML144) topped the trial
with 8.4 t/ha—fully 1.0 t/ha more than the normal check and

1 Ear rot is a serious problem that affects maize throughout the developing world—in addition to reducing yields, the associated fungi
often produce toxins harmful for humans and farm animals that consume affected grain. Good husks help protect the maize ear from
attack by ear rot pathogens and insect pests, both in the field and in storage.

Table 5. Performance of superior subtropical QPM hybrids across 23 test locations in Latin Amercia, Asia, and Africa, 1997-99.

Yield Silk Ear ht Slodg Erott End Bhcov
Pedigree t/ha days /Plt ht (%) (%) hard (%) Try

CML142 x CML186 9.56 75 0.53 2.57 4.7 1.9 6 0.09
CML 176 x CML 142 9.36 80 0.55 6.6 4.9 1.7 4 0.09
CML 186 x CML 149 9.21 76 0.52 2.4 5.7 1.8 11 0.09
CML 173 x CML 142 8.99 74 0.49 1.9 4.9 1.8 9 0.10
S91SIWQ 7.10 71 0.51 7.8 7.7 2.2 12 0.08

Check* 8.51 78 0.52 1.9 5.8 2.0 16 0.06

Grand mean 7.95 74.5 0.50 3.90 6.1 2.00 12.3
LSD 0.05 0.36 1.4 0.01 1.16 0.47 0.08 1.7

CV (%) 11.09 4.6 4.1 19.4 12.7 9.4 6.7
Number of locations 23 22 22 19 20 14 18

* Best non QPM hybrid check: Try: Tryptophan % in the whole grain.

2.4 t/ha more than the best QPM OPV. The three-way cross
hybrid, (CML141 x CML144) CML142, yielded about as
much as the best single-cross hybrid check (noteworthy,
because three-way crosses are normally less productive than
single-crosses). This will reduce the price of seed, because it
will be harvested from a single cross parent (Table 6). All
QPM hybrids (yellow and white) showed 70 to 100% more
protein quality than the normal check.

1.2  Seed increase of QPM hybrids,
varieties, and inbred line parents
More than 6,000 5 m rows of QPM were planted during
winter 1998-1999 at CIMMYT’s Tlaltizapán and Poza Rica
stations in Mexico and at Harare, Zimbabwe, to increase
seed of synthetics, hybrids, and inbred parents and to form
new hybrids. This includes forming 822 hybrids, increasing
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seed of 20 key synthetics and elite varieties, forming new
synthetics, and increasing seed of 28 inbred parents of
subtropical, tropical, and midaltitude adaptation. Similar
activities were carried out in the summer of 1999. QPM seed
was increased in India, China, Ethiopia, Mozambique,
Mexico, Guatemala, El Salvador and Brazil during 1999.
The QPM project is also funding these activities in Harare,
and nearly 1.5 tons of QPM seed were distributed by
researchers there for use in extensive demonstrations and
on-farm trials during 1999-2000, primarily in Malawi,
Mozambique, Ethiopia and Zimbabwe.

1.3  Seed production
The CIMMYT-Nippon Foundation project supports genetic
and basic seed production to accelerate and strengthen the
use of seed with high quality protein in developing
countries. In 1999 the CIMMYT-Nippon Foundation project
helped fund the production of basic and genetic QPM seed
in China and Mexico. In China 30 ha were used to produce
17.5 tons of parental seed of the new QPM hybrid,
Zhongdan 9409. From this, 67 tons of hybrid seed was
distributed to farmers in Guizhou Province. In Mexico,

CIMMYT delivered 2.5 tons of hybrid progenitors and
single-cross hybrid seed to the Mexican National Institute of
Forestry, Agriculture, and Livestock Research (INIFAP) in
spring, 1999. Using the parental seed, INIFAP produced 500
tons of registered seed of hybrids and OPVs. In November
1999, INIFAP began planting 3,000 hectares with the goal of
producing 12,000 tons of commercial seed by May 2000.

In Africa, the South African company Quality Seeds will
produce 200 tons of seed of QPM hybrids for the 1999-2000
crop season. In Latin America, Guatemala and El Salvador
received funding to produce 1,000 kg of single crosses,
lines, and three-way crosses for validation trials, and genetic
seed of QPM hybrid progenitors has been sent to Peru and
Colombia. Finally, CIMMYT-Mexico shipped 10 and 25
packets of seed of single crosses and superior hybrid
progenitors to India and Ethiopia.

Cooperative links have been established with national,
regional, and international seed companies in these
countries, facilitating the formation of small seed companies
and the release of progenitors.

Table 6. Performance of superior tropical white QPM cultivars tested across seven sites in Latin America and Asia, 1999.

Pedigree Yield t/ha Silk  days Ear Ht cm Ear rot Root lodging

CML141 x CML144 8.4 55 124 6.0 16
(CML141 x CML144) 142 8.1 56 134 4.1 10
CML146 x CML142 8.2 56 116 7.0 3
CML142 x CML144 8.0 56 126 3.3 7
CML150 x CML142 8.1 56 108 7.0 8
Poza Rica 8763 6.0 56 108 18.5 16

Check* 7.3 55 117 7.6 16
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1.4  Continuous process of analysis of
varieties and hybrids trials for quality traits
Results from the international trials mentioned above will be
entered in a database established by CIMMYT’s
international maize testing unit and analyzed by individual
site and across sites. Stability analysis will be performed for
yield, endosperm hardness, and ear rot. Superior hybrids and
synthetics were identified for on-farm validation trials.

1.5  Breeding activities
There were large-scale breeding activities during 1999,
including the production of more than 12,000 materials by
CIMMYT’s lowland tropical and subtropical subprograms
(see tables below). The breeding scheme combines the
use of two genetic systems to develop QPM: 1) a simple
system—use of the opaque-2 allele, and 2) a complex
system—genetic modifiers of the opaque-2 locus. The
breeding strategy features the following components:

1. Development and improvement of stable, elite, stress-
resistant inbred parents, through recycling of elite x elite
germplasm and simultaneous pedigree breeding selection.

2. Multilocation testing of early and advanced generation
lines for general and specific combining ability.

3. Conversion of elite normal hybrid parents to QPM
via conventional back-crossing, assisted by use of
molecular markers.

4. Evaluation of amino acid content in early generation
(S

1
to S

3
) lines, using conventional tryptophan analysis

and ELISA
5. Single- and three-way cross hybrids and

synthetic formation.

All five components of the strategy were implemented in
1999 at CIMMYT stations in Poza Rica and Tlaltizapán,
Mexico, and in Harare, Zimbabwe. See list of
activities below.

QPM breeding materials
Tropical Subprogram, 1999

Tlaltizapán* Poza Rica*

Breeding material 1999A 1999B 1999A 1999B

Recycling F
1
 to FX

2
460 700

S
1
 to S

4
 nurseries 600 850

S
5
 to S

10
 nurseries 200 800

Hybrids formation 4,000 300
EV synthetics 200 200 100 100
CML increases 100 100 400 200
Trials 340 400 40 300
Total 640 700 5,800 3,250

* Rows 5 m long.

QPM breeding materials
Subtropical Subprogram, 1999

Tlaltizapán* Poza Rica*

Breeding material 1999A 1999A

QPM recycling S
1

823
QPM lines S

1
505

QPM line conversion 148
Recycling F

1
 to F

2
173

Hybrid seed production 1,066
Parent seed increases 244
Synthetic formation 121
Total 1,752 1,328

* Rows 5 m long.
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QPM-related work accounts for nearly one-fifth of all
breeding activities of the CIMMYT Maize Program’s two
major sub-programs for the lowland tropical and subtropical
production ecologies. CIMMYT’s lowland tropical maize
subprogram used 10,390 rows of 5 m each at Tlaltizapán
and Poza Rica during 1999, representing 17% of the
subprogram’s planting activities. The subtropical maize
subprogram planted 3,080 rows in season A and a similar
number in cycle B, representing 20% of its activities.
In addition, some 3,000 rows were planted at Harare,
Zimbabwe, in nurseries and seed increases.

Our efforts at converting normal elite lines to QPM are
progressing using molecular markers with the support
of CIMMYT’s Applied Biotechnology Center. New F

2

populations are sampled using DNA analysis, reducing
the time and number of materials that need to be selected
in the field.

1.6  Breeding activities
at CIMMYT Zimbabwe
• Six QPM yield trials from CIMMYT, Mexico, were

grown at Harare to continue identifying materials suitable
for use in southern Africa.

• Two yield trials formed at CIMMYT (Zimbabwe) were
grown at Harare. One trial evaluated performance of
open-pollinated varieties in the presence and absence
of maize streak virus (MSV). None of the available
materials were very resistant to MSV, but both
‘Obatampa’ and ‘PL15Q-SR’ have low to moderate
resistance that can be improved through breeding.

• The second trial from CIMMYT (Zimbabwe) consisted
of testcrosses (single-cross) and three-way hybrids
developed using QPM lines that were previously
identified as agronomically suitable for the Harare
environment. Data from the trial were used to form

hybrids for regional testing in 1999-2000 and will be
used further to predict and form promising hybrids.

• A yield trial from the company Quality Seeds was
also evaluated at Harare. The purpose was to assist
with the identification of outstanding QPM hybrids
that can be useful regionally, beyond the immediate
target environment of Quality Seeds (i.e. to make use
of their best materials).

• A regional QPM trial prepared and distributed from
Mozambique was also grown at Harare. This was the
third year of participation in this regional testing
effort, which has identified materials for promotion,
particularly in Mozambique.

• 570 QPM nursery rows were evaluated at Harare.
Most lines were unsuitable due to susceptibility to
grey leaf spot (Cercospora zeae-maydis) or rust
(Puccinia sorghi), but about 10% were selected for
further work.

• Links were established with the Pig Industry Board
and University of Zimbabwe animal nutritionists.
Results of a preliminary experiment in which weaning
piglets were fed QPM and normal maize were
inconclusive, and the work will be expanded during
2000.

• Links were established with National Tested Seeds
and two of their seed production fields will be used
to produce ‘Obatampa’ and ‘S91SIWQ’, two open-
pollinated varieties, during summer 1999-2000. Other
seed companies have expressed interest and are
growing trials of QPM in 1999-2000.

1.7  Technology transfer activities
In 1999 some countries initiated activities oriented
toward the transfer of new products. The most important
accomplishments were the release of 12 hybrids (6
subtropical and 6 tropical) in Mexico, 1 hybrid each in
China, El Salvador, Guatemala, and Peru.
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1.7.1  Validation plots or strip tests2

Large strip test plots were planted in several countries (see
Workplan 1999). The most active countries in this regard
were China, El Salvador, Guatemala, and Mexico—more
than 300 validation tests were conducted in farmers’ fields.
Table 7 summarizes preliminary results from Mexico,
Guatemala, and El Salvador. In Mexico hybrid CML149 x
CML186 (H-468C) yielded 14 t/ha, whereas the normal
check A-791 yielded 13.6 t/ha.

In El Salvador more than 70 strip tests were conducted. In
results from 27 plots, the tropical, three-way cross, white
QPM hybrid, (CML144 x CML159) CML176 (HQ-61),
yielded 6.3 t/ha, whereas the best commercial non-QPM
hybrid check yielded 5.5 t/ha. The QPM hybrid also showed
more resistance to ear rot.

In Guatemala the performance of 2 QPM hybrids was
compared to that of the best seed industry check hybrid
check, H3-83, on 40 strip-test plots. In preliminary results,
HQ-61 yielded 5.5 t/ha and HB-83 yielded 5.3 t/ha.

In all cases mentioned above, grain from the QPM
hybrids had twice the amount of tryptophan as th
 non-QPM hybrid checks.

1.7.2 Field days
The strip test plots served as venues for conducting field
days with farmers in different countries. More than 20
field days were conducted in Mexico, with more than
1,000 farmers participating. In El Salvador, 10 field
days were held, with the participation of 600 farmers.
Guatemala had 5 field days with a total attendance of
more than 300 farmers. China conducted several field
days with the participation of several hundred farmers,
including one in Hebei (August 2, 1999), another in
Guizhou (August 4, 1999), and one in Henan
(September10, 1999).

1.7.3 Hybrid Releases
During 1999, the release of QPM hybrids received
extensive media coverage (radio, TV, and print—Fig. 2).

2 Tests in which the maize entries are planted in long rows that cut across the entire field, helping to minimize the effects of plot-level
variance in field conditions.

Table 7. Mean yield of QPM hybrids versus normal hybrids in strip tests, 1999.

Mexico* Guatemala* El Salvador*
Hybrid Pedigree Yield (t/ha) Hybrid Pedigree Yield (t/ha) Hybrid Pedigree Yield (t/ha)

H-468C CML149xCML186 14.4 HQ-60 CML146xCML142 5.3 HQ-60 CML146xCML142 5.8
H-469C CML176xCML186 13.6 HQ-61 CML144xCML159 5.6 HQ-61 CML144xCML138 6.3
A-791 Check 13.6 H3-83 Normal check 5.3 H-59 Normal check 5.5

* Mexico 6 locations, Guatemala 10 locations, El Salvador 27 locations.
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China: August 2-4, 1999
The ceremony to mark the release of QPM hybrid
Zhongdan 9409 was held at the Chinese Academy of
Agricultural Sciences (CAAS), Beijing, August 3.
Approximately 70 CIMMYT scientists, guests from the
Nippon Foundation, government officials, and media
representatives took part. The guests were invited to
tour a QPM field in Wanquan county, Hebei province,
on August 2, and then moved to Guizhou Province
on August 3 to visit the village of Maoli. Both the
ceremony and field day were successful (Fig. 1). In
a report to center staff on his visit to Maoli, entitled
“QPM Transforms Lives of the Poorest of the Poor in
China,” CIMMYT Director General Prof. Timothy
Reeves said:

For those even doubting the impacts of agricultural

research on food security, poverty alleviation and
natural resource protection, a visit to Guizhou Province
in southern China is essential. I have just returned from

there and feel compelled to share with you what I, and
many others—including Norman Borlaug and Yohei
Sasakawa—witnessed over the past couple of days.

The introduction of quality protein maize in Guizhou
Province around four years ago has resulted in an

almost miraculous turnaround in the lives of the poorest
people in the poorest province in China. Farmers in
Maoli Village, Guizhou Province, run farms of around

0.7 ha in steep, mountainous country where even access
is difficult. Until very recently, annual incomes were
below US$50 per capita. Worse, for around three

months every year, families had virtually no food.
Approximately 30 ethnic groups live in the region, and
by any standards these people have been among the

world’s poorest people.

The Technology. As part of a government hunger alleviation

program in Guizhou, QPM hybrid maize was introduced to
farmers in the region in 1994. QPM is higher in two essential
amino acids, lysine and tryptophan, that are vital to the

growth of children and non-ruminant livestock. The QPM
varieties used in Guizhou were developed through a long-
standing partnership between the Chinese Academy of

Agricultural Sciences (CAAS) and CIMMYT. The products of
this research—used in farmers’ fields today—are hybrids that
generally have one CIMMYT parent line and one Chinese

parent line.

The Results: Food Security and Higher Incomes. In the

village we visited, QPM is now grown on 15 ha. This area has
increased rapidly from year to year as more seed has been
available. QPM hybrids generally yield around 10% higher

than other hybrids in addition providing grain with enhanced
nutritional quality.

The Impacts. Life in Maoli Village has been transformed
through the introduction of QPM. A farmer I was privileged
to talk to said, “We have always worked hard, but this barely

kept us alive until QPM arrived. Than you for helping us.
Now my family is happy, I have a good house, good clothes,
and I can travel to the local town.” She was 78 years old and

had endured much hardship in her lifetime. In addition to the
families in Maoli Village, over 20,000 families in Guizhou
Province have experienced similar impacts.

Mexico, Nov.  15, 1999
On Nov. 15, 1999, Mexican authorities officially released 22
hybrids and 4 open pollinated varieties of QPM developed by
INIFAP in collaboration with CIMMYT. Ceremonies in the
field and at the INIFAP auditorium in Celaya, Guanajuato,
drew more than 100 persons from public and private entities,
including farmers, policy makers, scientists, seed producers,
and media representatives.
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Guatemala, Oct. 15, 1999
The Ministry of Agriculture through the Institute of Science
and Agricultural Technology (ICTA) in Guatemala released
a new maize QPM hybrid that contains 90% of the protein
level found in milk. Official data in Guatemala indicate that
46% of the population is undernourished, especially infants.
With use of quality protein maize, they expect to improve
local nutrition (Fig. 3).

El Salvador, Nov. 8, 1999
On November 8, 1999, El Salvador released HQ-61 ((CML
144 x CML 159) x CML 176), its first hybrid of quality
protein maize (QPM). Some 400 people—farmers,
politicians, donors, scientists, seed producers, and media
representatives—participated in the special ceremonies
organized by the Centro Nacional de Tecnología
Agropecuaria (CENTA) and CIMMYT to mark this event.
Dignitaries included the President of El Salvador, the Vice
President of Nicaragua, Ministers of Agriculture, External
Affairs, and Finance from El Salvador, and ambassadors
from Japan and Nicaragua. CIMMYT representatives
included Norman E. Borlaug, Shivaji Pandey, Hugo
Córdova, Jorge Bolaños, Salvador Castellanos, Gustavo
Sain, and Monika Zurek.

HQ-61 yielded about 10% (6.3 t vs. 5.5 t) more than the
best commercial hybrids in on-farm trials and 70 large tests
conducted during 1999. It has twice as much tryptophan
and lysine—essential amino acids in human and animal
nutrition—as normal maize hybrids. A farmer reported
that his 14 pigs fed with HQ-61 gained 610 grams a day
compared to the 14 fed with normal maize (350 grams
a day). The new hybrid also required fewer applications
of insecticide to control fall armyworm—among the most
aggressive feeders in the lepidopteran order of maize
insect pests.

The Mexican Minister of Agriculture, Ing. Romárico Arroyo
Marroquín, INIFAP directors Jorge Kondo and Rodrigo
Aveldaño, and other senior officials from the Ministry, from
the tortilla dough supplier MASECA, and from the Mexican
seed production agency PRONASE, were among those
present. Professor Timothy Reeves and Drs. Norman
Borlaug and Hugo Córdova represented CIMMYT.

Some of the hybrids released have yielded as much as 14
tons per hectare—fully 1 ton per hectare more than the best
commercial hybrid check, in the plot harvested during the
field day. Some 50 strip tests were conducted during 1999.

Mexican officials project that farmers will sow more than
0.5 million hectares of QPM in the country in 2000 and 2.5
million hectares in a couple of years, making Mexico the
global leader in QPM area planted. In winter 1999-2000,
3,000 hectares will be used to produce QPM seed to meet
future demand.

Professor Reeves said the reactivation of QPM research was
one of his major priorities when he was appointed Director
General of CIMMYT in 1995, and expressed pleasure to see
that in a short time the release of new QPM varieties in
Mexico was a reality. He congratulated the Secretary of
Agriculture and INIFAP for launching QPM research and
development for the benefit of Mexico.

Dr. Borlaug referred to continued research in Ghana on
QPM and its benefits to nutrition and health. Dr. Antonio
Turrent of INIFAP and Dr. Córdova presented the results
of QPM research in Mexico and elsewhere. Plans for seed
production were presented by Alejandro Espinosa. In his
closing remarks, the Secretary of Agriculture congratulated
CIMMYT and INIFAP for their partnership to enhance
the productivity and nutritional value of Mexican
maize (Fig. 2).
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Salvadoran officials expect to have 200,000 hectares of
QPM sown by 2003. In his presentation, Dr. Borlaug
emphasized the role of agricultural research in feeding
people and preserving natural resources. Dr. Córdova
alluded to findings from Salvadoran economists that show
national savings of US$30 million in maize imports and 30
million hectares of land each year over recent decades, as a
result of collaborative research by CENTA and CIMMYT.
Drs. Borlaug and Córdova also gave television interviews
and were widely quoted in the printed press (Fig. 4).

1.8  The third annual meeting of
the project advisory committee (PAC)
The meeting was held at Sete Lagoas, Brasil, 25-26 August.
Particularly significant advances were made and important
information exchanged with regard to points 4, 5, 6, 7, and 8
of the agenda (see Annex 1). Workplans and budgets for
2000 were approved by the PAC members. Participants were
M. Lopez, H. Cordova, Zhang Shihuang, W. Haag, H.
Gevers, N.N. Singh, A. Ortega, P. Sallah, and K. Pixley.

1.9  Visiting and associate scientists
Dr. Benti Tolessa, National Maize Program Coordinator in
Ethiopia, worked as an associate scientist at CIMMYT, Mexico,
through December, 1999, in breeding activities (mainly QPM)
in the subtropical and highland maize subprograms. Part of the
cost of Dr. Tolessa’s stay was borne by the QPM project.

Chinese maize breeder Kang Jiwei participated actively in QPM
breeding activities under Drs. Hugo Córdova and Ganesan
Srinivasan at CIMMYT, Mexico, during February-July, 1999.
Kang also received training in ELISA procedures. Finally, Dr.
Narciso Vergara from Mexico is supported as a consultant to
CIMMYT’s lowland tropical maize subprogram.

1.10  ELISA analysis
ELISA equipment purchase was achieved early in 1999 and it
was sent to Dr. Zhang Shihuang at China, Dr. N.N. Singh in
India, and CIMMYT Mexico. Antibodies were sent to China
and India. The ELISA analysis procedure is already being used
in CIMMYT Mexico, and will be operating in China and India
by late 1999.

1.11  QPM Seed Shipments
During 1999, CIMMYT’s international maize testing unit
received more than 180 requests for QPM seed; shipments were
made to 29 countries.
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The Improvement and Promotion of Quality Protein Maize
in Selected Developing Countries

Tentative Work Plan for 2000

Introduction
Superior QPM hybrids and open-pollinated varieties
identified during 1999 through multi-location testing
will be evaluated in Bolivia, Brazil, China, Colombia,
Costa Rica, El Salvador, Ethiopia, Ghana, Guatemala,
Honduras, India, Mexico, Mozambique, Nicaragua,
Peru, South Africa, Tanzania, Thailand, Uganda,
Zimbabwe, and others. Transfer of QPM technology
(i.e., the release and dissemination of varieties) will be
strengthened in El Salvador, Guatemala, and Mexico,
and will begin in Colombia, Ethiopia, Honduras, India,
Mozambique, Nicaragua, Peru, and Venezuela.
CIMMYT will offer training courses on breeding and
seed production in selected participating countries.
Resources will be made available to national research
systems for large-scale seed multiplication of superior
QPM cultivars, to meet the demand for seed for
extensive testing and on-farm validation during 2000,
when technology transfer activities will intensify.
CIMMYT scientists in the regions and in Mexico will
visit experimental sites to get first-hand impressions of
the performance of QPM in each participating country
and to discuss future activities and strategies with local
researchers and research directors. Policy makers and
CIMMYT authorities will participate in release
ceremonies for new QPM hybrids in China, Colombia,
El Salvador, Ethiopia, Guatemala, India, Mexico, and
Peru. National and regional seed companies will be
encouraged to promote the use of QPM hybrids.

2.1 Training
Training activities will take place in Mexico and
in the regions.

2.2 Evaluation of QPM hybrids
and OPVs in collaborating countries
Twenty-four different types of trials involving 1,573 QPM
hybrids and synthetics of white and yellow endosperm will
be distributed in 290 trials to 31 countries during winter
1999-2000 and summer 2000 (Table 3). Confirmation from
national programs is pending.

2.3 Seed increase of QPM hybrids,
varieties, and inbred line parents
More than 4,000 rows of 5 m length will be planted in winter
1999-2000 at the Tlaltizapán and Cotaxtla research stations
in Mexico and at Harare, Zimbabwe, to increase seed of
synthetics, hybrids, and inbred parents, and to form new
hybrid combinations. This will include forming 1,573
hybrids, forming new synthetics, and increasing seed of 22
key synthetics, of experimental varieties, and of 25 new
inbred parents of tropical, subtropical, and midaltitude
adaptation. Seed increases will take place in Brazil, El
Salvador, Ethiopia, Guatemala, India, Mexico, and
Mozambique, during winter 1999. More than 3,000 hectares
of seed production will be planted in Mexico, 60 hectares in
Guatemala, 100 hectares in El Salvador, and 1000 hectares in
China. Colombia may also begin large-scale QPM seed
production.

2.4 Analysis of varieties and
hybrids trials for quality traits
Data from the international trials mentioned above will be
put into the database of the CIMMYT international maize
testing unit and analyzed by sites and across locations.
Stability analysis will be performed for yield, endosperm
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hardness, and ear rot. Superior hybrids and synthetics will
be identified for on-farm validation trials in 2000. Inbred
parents showing stability for yield and endosperm hardness
in hybrid combinations will be included in crossing blocks
for pedigree breeding and recycling activities.

2.5 Breeding activities
The breeding strategy includes five components:

1. Development and improvement of stable, elite, inbred
parents that are resistant to biotic and abiotic stresses,
through recycling of elite x elite germplasm and
simultaneous pedigree breeding selection. The emphasis
is on pedigree selection with germplasm sources from
elite x elite QPM inbred lines and elite x elite, normal x
QPM, pedigree F

2
 populations. At each generation of

inbreeding, early generation lines are selected under
inoculation, disease and insect infestation, low N
conditions, drought, and high plant density (the latter to
select against poor roots and for resistance to stalk
lodging). Tables 1 and 2 list nurseries planned for 2000,
the enhancement of QPM germplasm is a continuous
process.

2. Multilocation testing of early and advanced generation
lines for general and specific combining abilities. Test
cross evaluation is conducted under biotic and abiotic
stresses at key sites.

3. Conversion of elite, normal hybrid parents to QPM via
conventional back-crossing, assisted by molecular
markers. The aim is to identify inbred lines with fixed
opaque-2.

4. Amino acid assessment in early generation lines
(S

1
to S

3
), using conventional tryptophan analysis

and enzyme-linked, immunosorbent assay (ELISA).
5. Single and three-way cross hybrids and

synthetic formation.

All five components of the strategy will be implemented in
2000 at CIMMYT stations in Poza Rica and Tlaltizapán,
Mexico; and at Harare, Zimbabwe.

Summary: QPM Breeding activities (Mexico, Zimbabwe)
• Convert normal elite lines to QPM
• Use molecular markers
• Form BC

2

• Form F
1
 and F

2
 populations

• Conduct pedigree breeding

Twenty-one F
2 
QPM populations involving QPM and normal

elite lines have been developed and S
1 
lines will be advanced

to S
2
. Some F

2
 crosses involved elite QPM lines from the

tropics and subtropics. All S
1
-S

2
 lines are selected under

biotic and abiotic stress. Tables 1 and 2 list breeding
nurseries scheduled for 2000.

The CIMMYT lowland tropical maize subprogram will sow
8,390 5 m rows  at Tlaltizapán and Cotaxtla in Mexico,
representing 17% of its total maize plantings. The
subtropical subprogram will plant 3,600 rows in season A
and a similar amount in cycle B, representing 20% of its
plantings. In addition, about 3,000 rows will be planted at
Harare, Zimbabwe, in nurseries and seed increases.

2.6 Breeding activities, CIMMYT-Zimbabwe

2.6.1 QPM line development
A diallel among nine QPM lines was formed during winter
1999. Lines included are the most promising among those
evaluated at Harare during the past two years. The 36-entry
trial will be grown at 10-12 locations—six in Zimbabwe,
and others in Malawi, Ethiopia, India, Mexico and possibly
Brazil. Results will greatly improve our ability to form good
QPM hybrids for eastern and southern Africa.
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A QPM trial involving 22 experimental hybrids is being
distributed to more than 60 sites during 1999-2000. Several
of the hybrids are three-way topcrosses, using a
conventional single-cross as the female and an open-
pollinated variety as the male. This is a particularly good
approach for QPM in Malawi, Mozambique, Zimbabwe, and
other countries where seed costs limit adoption and where
farmers often save grain for use as seed in subsequent years.
This may also be a quick way to develop QPM hybrids with
resistance to maize streak virus, because two of the OPVs
used as males for the topcrosses already have some
resistance, and this can be further improved fairly quickly
through selection.

2.7 Technology transfer activities
Table 4 summarizes planned activities, pending of
confirmation with the national system partners and results
from 1999. Mexico will conduct large-scale planting of
demonstration plots.

Table 1. QPM breeding, lowland tropical maize
subprogram, CIMMYT, 2000.

Tlaltizapán* Cotaxtla*

Breeding material 2000A 2000B 2000A 2000B

Recycling F
1
 to F

2
460 700

S
1
 to S

4
 nurseries 600 850

S
5
 to S

10
 nurseries 200 800

Hybrid formation 0 300
EV synthetics 200 200 100 100
CML increases 100 100 400 200
Trials 340 400 40 300
Total 640 700 3,800 3,250

*Rows 5 m long.

Table 2. QPM breeding subtropical maize subprogram,
CIMMYT, 2000.

Tlaltizapán*

Breeding material 2000 (A&B)

QPM recycling S
4

300
QPM lines S

3
400

Advanced germplasm lines 300
Hybrid seed production 800
Parental seed increases 300
QPM-CML increases 200
Synthetic formation 1,000
MAS for opaque-2 300
Total 3,600

*Rows 5 m long.
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Country

On farm Strip Field Variety

trials tests days releases

Mexico * * * *

Guatemala * * *

El Salvador * * *

Honduras * *

Nicaragua *

Brazil * *

Venezuela * * *

Peru * * * *

Colombia * * *

Ethiopia * * * *

Mozambique * * * *

Malawi * * *

Ghana * *

South Africa * * *

China * * * *

India * * * *

Thailand * * * *

Vietnam * * * *

Philippines * * * *

Nepal * * * *

Type of activity

Table 4.  Plan for on farm research in QPM 2000

Type of trial GU MX ES H O NI PA HT BR PE CL BO CR VZ US SN PG EC KY ET SA UG GH MZ ZM VI T K CH BT TH PH IN Total

TSCWQ0001 1 3 1 1 1 1 8

TSCWQ0002 1 3 1 1 1 1 8

TSCWQ0003 1 3 1 1 1 1 8

TSCWQ0004 1 3 1 1 1 1 8

TSCWQ0005 1 3 1 1 1 1 8

TSCWQ0006 1 3 1 1 1 1 8

TSCWQ0007 1 3 1 1 1 1 8

TTWCWQ008 1 3 1 1 1 1 8

HWONQ0009 1 3 1 1 1 1 8

TSCYQ0010 1 3 1 1 1 1 1 1 1 11

TSCYQ0011 1 3 1 1 1 1 1 1 1 11

TSCYQ0012 1 3 1 1 1 1 1 1 1 11

TSCYQ0013 1 3 1 1 1 1 1 1 1 11

TTWCYQ0014 1 3 1 1 1 1 1 1 1 11

CHTTWQ00 2 10 2 2 1 3 2 3 1 2 2 1 1 2 34

CHTTYQ00 2 5 1 1 1 1 1 1 1 2 2 1 2 1 1 1 4 28

SSCWQ0001 4 1 1 1 1 1 9

SSCWQ0002 4 1 1 1 1 1 9

SSCWQ0003 4 1 1 1 1 1 9

SSCYQ0004 4 1 1 1 1 1 9

SSCYQ0005 4 1 1 1 1 1 9

CHTSWQ00 10 3 2 2 2 1 1 3 3 27

T o t a l 18 87 3 12 1 6 1 6 6 21 7 2 5 0 1 2 1 10 7 3 2 2 4 6 2 0 9 2 14 2 19 261

UG: Uganda, GH: Ghana, MZ: Mozambique, ZM: Zimbabwe, VI: Vietnam, TK: Turkey, CH: China,  BT: Buthan, TH: Thailand, PH: Philippines, IN:  India.

Trials / Country

Table 3.  Work plan for planting subtropical and tropical QPM trials 2000

GU: Guatemala, MX: Mexico,  ES: El Salvador, HO: Honduras, NI: Nicaragua, PA: Panama, HT: Haiti, BR: Brazil, PE: Peru, CL: Colombia, BO: Bolivia,
CR: Co sta Rica, VZ:Venezuela, US: United States of America, SN: Suriname, PG: Paraguay, EC:  Ecuador, KY: Kenya,  ET: Ethiopia, SA: South Africa,
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Figure 1.  Prof. T. Reeves
talks to a lady farmer
during the release of QPM
hybrid Zhongdan9409 in
Guizhou Province, China.
August 2, 1999.

Figure  2. President
Ernesto Zedillo tries
QPM tortillas during
the presentation of
new QPM Hybrid in
Obregon, Sonora,
Mexico.  Sept. 19,
1999, with INIFAP
Director Jorge Kondo.
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Annex 1

Agenda: Third (Mid-term) Meeting of the “Project Advisory Committee” (PAC),
For the project “The Improvement and Promotion of Quality Protein Maize (QPM)

in Selected Developing Countries”,
August 25 - 26, 1999, CNPMS, Sete Lagoas, Brazil

Chairman:      Dr. Mauricio Lopes

1. Welcome and introduction to participants Chairman
2. Progress report H.Córdova
3. Approval of the minutes of the second PAC meeting Chairman /All
4. Collaboration with SG2000 in research and technology transfer in Africa W.Haag
5. Progress report and future of QPM (10 minutes each member)

Brazil M.Lopes
China Z.Shihuang
East Africa K.Pixley
Ghana P.Sallah
India N.N.Singh
Mexico A.Ortega
South Africa H.Gevers

6. Training activities during 2000 K.Pixley/All
7. Transfer of QPM technology to farmer: the next step H.Córdova/ All
8. Brief description of the work plan for 2000 H.Córdova
9. Discussion of QPM budget for 2000 year H.Córdova/M.Lopes
10. Seed industry interest on QPM H.Gevers/All
11. Date and place for the next PAC meeting All
12. Others All

Participants:
Dr. Mauricio Lopes Brazil
Dr. Alejandro Ortega Mexico
Dr. Hans Gevers South Africa
Dr. N.N. Singh India
Dr. Peter Sallah Ghana
Dr. Wayne Haag Mozambique
Dr. Zhang Shihuang China
Dr. Kevin Pixley Zimbabwe
Dr. Hugo Córdova Mexico
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Figure 4. El Salvador
Minister of Agriculture,
Salvador Urrutia,
Dr. Norman Borlaug,
Nobel Peace Laureate,
the Ambassador of
Japan, and Dr. Shivaji
Pandey attended the
release of QPM hybrid
HQ-61 in Flor
Amarilla, El Salvador,
November 8, 1999.

Figure 3. Guatemala Minister of
Agriculture Mariano Ventura
presents the new QPM hybrid
HQ-60 to the Vice-President
Luis Fores Asturias, during the
celebration of World Food Day,
October 15, 1999 in Guatemala.
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Headlines in Mexican
newspaper describe
the potential of new
QPM hybrids.


