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Introduction 

The linprovement and Promotion of Quality Protein Maize 
in Selected Developing Countries: 2001 Annual Report 

Hugo Cordova* and Mike Listman ** 

Maize is a major food for millions of the poor in Africa and Latin America. During the last few decades, 
CIMMYT scientists have developed a "quality protein maize" (QPM) that looks and tastes like normal 
maize, yields as much or more, and shows equal or superior disease and pest resistance. But QPM 
contains nearly twice the lysine and tryptophan-amino acids essential for protein synthesis in humans 
and monogastric animals-plus a generally more balanced amino acid content that greatly enhances its 
nutritive value. Research suggests QPM can help reduce protein deficiencies, particularly in young 
children, in settings where maize dominates diets. In Colombia, Guatemala, and Peru, malnourished 
children have been restored to health on controlled diets using quality protein maize. Finally, repeated 
studies in several countries have shown that pigs or poultry raised on QPM-based feeds gain weight faster 
and produce more than animals raised on normal maize-based feeds. 

In the last five years, the Nippon Foundation has helped CIMMYT bring QPM within reach of millions of 
maize farmers and consumers in developing countries (Table 1 ). Through the Nippon-funded project "The 
Improvement and Promotion of Quality Protein Maize in Selected Developing Countries," CIMMYT and 
its partners have: 

• Developed stable, high-yielding, disease-resistant QPM hybrids and synthetic varieties for diverse 
production settings. 

• Tested QPM extensively on-farm and in demonstration trials. 
• Promoted QPM in countries where maize is a staple and where the probability of adoption and 

impacts is high. 
• Enhanced QPM seed production and distribution. 
• Provided training on QPM research and dissemination. 
• Conducted trials on the use of QPM in animal feed. 

• CIMMYT maize breeder. **CIMMYT science writer. 



Project Highlights 

EXP ANDED QPM AREA. After five years of continuous and intense work under the project "The 
Improvement and Promotion of Quality Protein Maize in Selected Developing Countries," funded by 
Nippon Foundation, quality protein maize (QPM) enjoys widespread adoption and recognition in 
developing countries where maize is a staple food. When work began in 1997, only 170,000 hectares in 
five countries (Bolivia, Brazil, China, Ghana, and South Africa) were planted each year to QPM cultivars. 
Now nearly 750,000 hectares are grown in Brazil, Burkina Faso, China, El Salvador, EJhiopia, Ghana, 
Guatemala, Honduras, India, Ivory Coast, Mali, Mexico, Mozambique, Nicaragua, South Africa, Togo, 
Uganda and Vietnam. 

FOCUS ON AFRICA. Interest in QPM continues growing in Africa during 2001. More than 100 trials 
in all were conducted in Angola, Congo, Ethiopia, Ghana, Kenya, Madagascar, Malawi, Mozambique, 
Rwanda, South Africa, Tanzania, Uganda, Zambia, and Zimbabwe. The best QPM hybrids were also 
comparable in yield to checks in their resistance to lodging and the fungal diseases gray leaf spot, rust, 
and blight to some commercial hybrids. The above clearly demonstrates the potential of QPM for helping 
to increase maize productivity and to alleviate malnutrition in sub-Saharan Africa, where maize is a major 
food. Endowing elite QPM lines with resistance to maize streak virus is a priority activity in southern 
Africa. 

FOCUS ON ASIA. QPM work was intensified in India, China and Vietnam, with hybrids released in all 
three countries and seed production activities upgraded. 

QPM FOR POOR FARMERS. New tropical QPM white and yellow endosperm synthetics1 are 
available for on-farm testing in 2001. They feature an attractive plant type, low and uniform ear 
placement, resistance to ear rot and root lodging, and grain that contains two times more tryptophan and 
lysine and 2.5% more protein than normal maize grain. Synthetics offer yields superior to those of normal 
OPVs but, as with all OPVs, seed from the previous harvest can be sown the following season without 
losing yield or desirable qualities. This is an advantage for poor farmers, who cannot afford to buy new 
seed year after year (a requirement in the case of hybrids, for example). 

QUALITY PROTEIN TRAIT PROVES DURABLE. Several years of field tests have shown that 
pollen contamination of QPM varieties from normal maize fields is far less than originally feared. 
Because the quality protein trait results from recessive genes, it was thought that pollen from normal 
maize would cause the loss of the trait in open pollinated QPM. In multi-location trials, however, protein 
quality in the grain of even the outermost rows was reduced only about 10% in QPM fields surrounded by 
normal maize. Further inside QPM plots, little or no protein quality was lost. This suggests that farmers 
harvesting QPM can be sure that nearly all their grain will have the full benefit of the quality protein trait; 
farmers choosing seed for future sowings can simply select from plants near the center of the plot. 

IMPROVED QPM RESEARCH CAPACITY. Training events on various aspects ofQPM research 
were conducted by CIMMYT staff in Africa, Asia, Latin America and at CIMMYT headquarters. 

1 "Synthetics" are open-pollinated varieties (OPVs) formed by inter-crossing several inbred lines known to produce 
excellent progeny in combination. 
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MORE SEED FOR TRIALS. To speed the dissemination of useful QPM varieties, the project allocated 
additional funds to produce basic seed of QPM for demonstration trials in Bolivia, China, Colombia, 
Ethiopia, Ghana, Guatemala, India, Nicaragua, Peru, Vietnam and Zimbabwe. 

ELITE LINES CONVERTED TO QPM. CIMMYT has finished developing QPM versions of its most 
important tropical inbred lines and is doing the same for highland lines. Inbred lines derived from 
recycling elite x elite, QPM x normal F2 populations are now in the second test-cross and new hybrids and 
progenitors will be available in 2002. 

MORE PROTEIN IN QPM. Some new QPM hybrids contain as much 13.5% protein-a third again as 
much as their normal maize counterparts. 
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Summary: Activities and achievements in QPM research, testing and promotion. 1997-2001. 

1997 1998 ,: 1999 . 2000 2001 
Dissemi- Brazil releases one yellow Releases in Benin, Burkina National programs release 12 National programs release a Public agricultural sector 
nation grain QPM hybrid and Ghana Faso, and Guinea by QPM hybrids and 4 open hybrid and OPVs in Guatemala released hybrids in India, 

two white grain QPM Sasakawa-Global 2000 and pollinated varieties in and Nicaragua, Mozambique and Vietnam, Honduras and 
hybrids. in Brazil. Mexico; 1 hybrid each in Uganda.* Produce basic seed of Ethiopia. Demonstration 

China, El Salvador and QPM for demonstrations in plots conducted in 
Guatemala. * CIMMYT China, Ethiopia, Ghana, India, Colombia, Venezuela, Peru 
ships seed to 29 countries in Nicaragua, Peru, Vietnam, and and Bolivia. New releases 
response to more than 180 Zimbabwe. are expected in 2002. 
requests. 

Testing Brazil, Ethiopia, Guatemala, Well underway in Brazil, Superior hybrids and open- More than 200 trials conducted More than 400 trials 
India, Mexico, Mozambique, Colombia, El Salvador, pollinated varieties of quality in Angola, Congo, Ethiopia, including the evaluation of 
Ghana, South Africa, and Ethiopia, Ghana, protein maize (QPM) Ghana, Kenya, Madagascar, 2,000 new QPM hybrids 
Thailand * Tropical and Guatemala, India, Mexico, evaluated in more than 30 Malawi, Mozambique, Rwanda, and synthetics were 
subtropical QPM hybrids in Mozambique, South nations often had a yield South Africa, Tanzania, Uganda, conducted in 40 countries in 
Mexico, India, Zimbabwe, Africa, Thailand, and advantage of one ton or more Zambia, and Zimbabwe. Yield Latin America, Africa and 
South Africa, and Zimbabwe. Begun in per hectare over the best and disease resistance at least Asia. New experimental, 
Mozambique significantly Bolivia, Honduras, normal maize hybrids. * comparable to the best African tropical, QPM hybrids yield 
out-yield commercial Malawi, Mali, Nicaragua, QPM hybrids have 70 to materials. * Field test results up to 11.0 tJha with 0.10% 
hybrids. Peru, the Philippines, and 100% more of the essential show that pollen contamination tryptophan, 0.5% lysine, and 

Uganda. * Tropical and amino acids-lysine and of QPM varieties from nonnal 12.5% protein. 
subtropical QPM hybrids tryptophan-than their maize is far less than originally 
again yield much more normal maize competitors. feared. * Lab tests show some 

., than commercial checks new QPM hybrids contain as 
and possess superior much 13.5% protein-at least 

i protein quality. 30% more than normal maize. 
Promotion .. Two field days in Mexico Gala ceremonies and field The award of the World Food Gala ceremonies and field 

attended by hundreds days in Mexico, El Salvador, Prize to the scientists who days in India, Vietnam, 
(farmers, agriculture and China; nearly 2,000 developed QPM at CIMMYT Ethiopia, Honduras with 

' secretaries, researchers and farmers, as well as during 1970-85 focuses global more than 1,500 farmers as 
directors, agricultural researchers and VIPs attention on QPM. well as researchers and VIPs 
industrialists, among (including CIMMYT DG and including Norman Borlaug 
others) result in Mexican Nippon representatives) and ministers of agriculture. 
plans to launch a major participate. * The CIMMYT Large coverage by press and 
QPM production and Annual Report features a TV, special publication on 
promotion program in major story on QPM. QPM at CIMMYT. A QPM 
early 1999. home page is up at 

www.cimmyt.cgiar.org/imtu 
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1997 1998 i 1999 2000 2001. 
Germplasm Increase seed ofbest 1991 Produce more seed of the Form more than 1,500 new, New tropical QPM synthetics offer Conversion of normal 
development, QPM lines for evaluation best tropical and experimental QPM hybrids. * yields superior to those of normal elite lines to QPM was 
formation, by national programs. * subtropical hybrids and Increase seed of 20 key varieties but allow seed to be completed in tropical 
and seed Improve resistance of QPM varieties for extensive synthetics and of 28 inbred saved and sown the following lines. Lysine and 
production lines to crop diseases. * evaluation at more than parents. * Produce 1 7.5 tons of season -an advantage for poor tryptophan contents 

Field-test 600 inbred lines 100 locations in 10 priority parental seed of the new QPM farmers who cannot afford to buy are double those of 
and develop hybrids. * countries during 1999. * hybrid, Zhongdan 9409, in hybrid seed. * CIMMYT develops normal counterparts 
Form 1,000 new inbred Produce seed of one SC China; distribute 67 tons of QPM versions of its most and protein 12.2%. 
lines. hybrid 9009 in China. hybrid seed in Guizhou important tropical and subtropical New hybrids yield 

Province. * CIMMYT delivers inbred lines and is doing the same similar to normal 
2.5 tons of hybrid progenitors for highland lines. counterparts. Basic and 
and single-cross hybrid seed to commercial seed 
Mexican agencies, which produced in 18 
produce 500 tons ofregistered developing countries. 
seed of hybrids and varieties. 

Laboratory Identify molecular markers Continue to identify Purchase lab equipment for Backcrossing assisted by ELISA equipment 
method- for protein quality and molecular markers for the enzyme linked, immunosorbent molecular markers to convert fully operational in 
ologies kernel hardness genes. genes associated with assay analysis (ELISA; a rapid normal, tropical white inbred lines China, India, Mexico 

protein quality and kernel way to test for protein quality (CML 264 and CML 273), to and Zimbabwe. Key in 
hardness. * Begin and a crucial component of QPM QPM. monitoring quality 
backcrosses to transfer breeding) for India and China, protein contents. 
QPM genes into train scientists in its use. 
outstanding conventional 
inbred lines. 

Training Two visiting scientists- Three visiting scientists -- Hold training course on seed Training events on various aspects QPM training 
one from Mexico and one one each from Mexico, production in Zimbabwe for of QPM research were conducted conducted in Mexico, 
from Ghana-worked on Ghana, and Ethiopia -- researchers from sub-Saharan by CIMMYT staff in Africa, Asia, Asia, Africa and Latin 
QPM at CIMMYT. participated for several Africa and Brazil. * The Project Latin America and at CIMMYT America. Focus on 

months in QPM research at helps support QPM research of a headquarters. laboratory analysis and 
CIMMYT. visiting scientist from Ethiopia. seed production. 



Progress Report for 2001 

Summary 

The adoption of quality protein maize (QPM) has significantly increased in the developing world: 
nearly 750,000 hectares are grown in 16 developing countries where maize is a staple food or 
major ingredient in animal feeds. This is partly as a result of the interest and progress generated 
through Nippon-supported activities, which helped capture the interest of decision makers and 
scientists. QPM research and dissemination took place in Latin America, Asia and Africa, 
including more than 400 trials in 21 nations, where new QPM hybrids performed as well as or 
better than leading commercial hybrids of normal maize. This clearly demonstrated the potential 
of QPM to increase maize productivity and help alleviate malnutrition in the developing world. 
Protein quality laboratory equipment for the enzyme-linked, amino-acid assay (ELISA), a rapid 
test for quality protein and a crucial component in QPM breeding, was purchased for Zimbabwe 
to serve countries in Southern Africa. Training events on various aspects of QPM research were 
conducted by CIMMYT staff in Africa, Asia, Latin America and at CIMMYT headquarters. To 
speed the dissemination of useful QPM varieties, the project allocated additional funds to produce 
basic seed of QPM for demonstration trials in Bolivia, China, Ethiopia, Ghana, India, Nicaragua, 
Peru, Vietnam, and Zimbabwe. CIMMYT finished developing QPM versions of its most 
important tropical inbred lines; highland inbred lines are in the process of conversion. Inbred 
lines derived from recycling elite x elite, QPM x normal F 2 populations are now in the advanced 
test-cross stage, and new hybrids and progenitors will be available in 2002. New tropical QPM 
synthetics were developed and are available for on-farm testing in 2002. These offer yields 
superior to those of normal OPVs but, as with all OPVs, seed from the previous harvest can be 
sown the following season without losing yield or desirable qualities, an advantage for poor 
farmers. Studies have shown that the quality protein trait is more durable than originally thought, 
even in open pollinated QPM fields grown side-by-side with normal maize plots. Communication 
with researchers in participating countries has been strengthened through visits of CIMMYT 
scientists from Mexico and the regions, visiting the experimental sites and discussing new 
strategies to promote the transfer of QPM technologies. Policy makers and senior CIMMYT 
authorities participated in the release of QPM hybrids in Ethiopia, Honduras, India, and Vietnam. 
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Breeding Activities 

QPM for the lowland tropics (all activities in Mexico) 
We planted 6,581 5-m rows of QPM lines at Cotaxtla in the 2001A season and 4,650 5-m rows at 
Agua Fria in 2001B. At Tlaltizapan, we planted 1,835 5-m rows in 2001B. These experiments 
involved the selection and advancement of populations to make hybrids and synthetics and to 
increase seed. The breeding strategy is as follows: 

QPM pedigree breeding selection 
80 QPM F2 populations (S 1 lines) were planted at Cotaxtla in cycle 2001 A. Each line was 
planted at two densities: high (84,333 plants per hectare) and low (41,000 plants per hectare). 
Selection in the former was performed at flowering and based on reduced anthesis-silking 
interval (ASI) and favorable ear placement; selected plants were selfed. In the low density 
plots, selection was done at harvest and the criteria used were low incidence of root lodging and 
resistance to ear rot. F2 populations susceptible to maydis leaf blight and ear rot were 
eliminated. In addition, 123 F1 QPM (So lines) were planted at Agua Fria in 2001B at a density 
of 64,333 plants per hectare. These were selfed and advanced to F2, after eliminating 
populations susceptible to ma yd is leaf blight, ear rot and root lodging. 

QPM early generation nurseries S1 to S4 

1,504 tropical, intermediate-to-late maturing, white QPM lines were planted at Cotaxtla in 
2001A and 1,398 tropical, intermediate-to-late, yellow QPM lines were planted at Agua Fria in 
2001B. In each case, the lines were planted at two densities: high (84,333 plants per hectare) 
and low (41,000 plants per hectare). Selection in the former was performed at flowering and 
based on reduced anthesis-silking interval (ASI} and favorable ear placement; selected plants 
were selfed. Low density plots were inoculated with the pathogens for maydis leaf blight and 
ear rot. Selection was done at harvest and the criteria used were low incidence of root lodging 
and resistance to ear rot. All inbred lines susceptible to maydis leaf blight and ear rot were 
eliminated. 

QPM advanced generation nurseries S5 to S10 

716 QPM lines were planted at Cotaxtla in 2001A and 750 QPM lines at Agua Fria in 2001B. 
The lines came from tropical white and yellow heterotic groups A and B selected for their 
performance with testers. They were planted ear-to-row in five-meter plots at a density of 
66,666 plants per hectare. 20 advanced plants were selfed. The best lines will be designated as 
"elite." 

Conversion of elite, normal hybrid parents (lines) to QPM 
Conventional backcrossing assisted by molecular markers was used to convert two normal, 
tropical white inbred lines (CML 264 and CML 273), to QPM, using CML 176 as the QPM 
donor. The BC3 F2 cross was made in Cotaxtla during 2000A and the BC3 F3 was completed at 
Agua Fria in 2001B. We will increase lines at Tlaltizapan in 2002A. Table 1 shows the 
performance of the normal hybrid CML273 x CML264 vs hybrid CML273Q x CML264Q and 
the normal hybrid check Pioneer x l 490W. The QPM version outyielded both the normal 
version and the check and contained double the tryptophan in the grain. (See Appendix 2). 
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Table 1. Grain yield performance of (CML264 x CML273) vs (CML264Q x CML273Q) tropical white 

QPM h~brids across three locations in 2001. 
YD % ER OS EH EH 

t/ha bchk % da~s cm {1-5} 

CML264Q(BC3) x (CML 146xCLQ-6203)-33-1-1 8.43 113 2.5 55 112 1.7 

CML273Q(BC3) x (CLQ-6203xCML 159)-8-5-1 8.28 111 1.9 56 127 2.9 

CML264Q(BC3) x CML273Q(BC3) 8.44 113 3.6 57 123 2.0 

CML264 x CML273 7.53 101 5.1 57 122 2.0 

Pioneer=X1409 7.48 100 2.2 56 133 1.7 

YD=Grain Yield I/ha. % Over Best Commercial Check, ER=Ear Rot, DS=Days to Silk, EH=Ear Height, 

EH=Endosperm Hardness, EA=Ear Aspect (1-5), RL=Root Lodging, TRY=Tryptophan in the whole kernel 

(average of parents). 

QPM hybrid development and testing 

EA RL 

{1-5} % 

2.1 3.8 

2.9 0.0 

2.5 0.0 

2.7 0.0 

2.8 11.1 

Some 250 S3 white and 200 S3 yellow tropical, intermediate-to-late maturing QPM lines were 
crossed with two testers (CML 144, heterotic group B; and CML 159 heterotic group A; for the 
white lines (Table 2). CML 161; heterotic group B; and CML 165, heterotic group A; for the 
yellow lines.), in Cotaxtla during 2001A. In addition, 563 white and 248 yellow tropical QPM 
hybrids were formed for seed increase at Cotaxtla 2001A and Tlaltizapan during 2001B; all will 
be grown in local and international (CHTTWQ and CHTTYQ) yield trials. Sixteen different QPM 
yield trials involving white and yellow hybrids were evaluated in local and international trials 
during 2000B. Finally, 460 samples were analyzed using molecular markers. In 2001 B we 
started the development of early maturing lines for farmers planting maize in drought prone and 
marginal environments. 

Table 2. QPM breeding activities, CIMMYT 2001. 

Breeding material 
Recycling F 1 to F2 white 
Recycling F1 to F2 yellow 
S1 to S4 nurseries white 
S1 to S4 nurseries yellow 
Ss to S10 nurseries white 
Ss to S10 nurseries yellow 
CML, seed increase 
Backcrossing & MAS 
Hybrid formation 
EV synthetics white 
EV synthetics yellow 
CML to seed increase 
Seed increase of EV 
Formation of new synthetics 
Formation of F1 populations 
Trials 
Totals 

* Rows 5 m long. 

Cotaxtla* 
2001A,2001B 

88 
88 

1,014 
390 
436 
280 
528 
150 

2,360 
280 
164 
528 

61 
214 

2,064 
8,545 
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Tlaltizapan* 
20018 

144 
1,092 
178 
81 

340 

1,835 

Agua Fria* 
20018 

92 
31 
720 
678 
472 
257 
50 

224 

62 

4,650 

TRY 

% 

0.107 

0.080 

0.080 

0.055 

0.050 



Evaluation of QPM varieties in the developing world 
2001 marked the fifth year of the QPM project funded by Nippon Foundation and five years of 
continuous progress in QPM germplasm development, variety testing and promotion in the 
developing world. CIMMYT's international maize testing unit shipped 80 QPM trials-including 
25 white and yellow hybrids-that were grown at tropical, midaltitude, and subtropical sites in 
Latin America, Asia and Africa. Additional hybrid and OPV trials were planted at more than 180 
locations, both on-farm and on-station, in eastern and southern Africa. Preliminary, special 
selection trials were grown at 12 locations in the tropics and subtropics; 936 new hybrids were 
tested in the tropics and 700 subtropical hybrids were planted in subtropical environments. The 
evaluation of 1,500 new QPM cultivars in the developing world will providecexcellent 
information for promoting new cultivars in countries where QPM hybrids have been released. 

The evaluation of hybrids across years and environments provided an assessment of yield 
stability. The combined performance of common tropical white QPM hybrids tested across 47 
locations in Latin America and Asia is presented in Table 3. Hybrids (CML141x CML144) CML 
142, CML141 x CML144 and (CML142 x CML150) CML176 topped the trial (6.5 t/ha) and 
consistently outyielded the seed industry normal checks during 1999, 2000 and 2001, 
demonstrating yield stability and superior nutritional value (double tryptophan content). The 
QPM hybrids also showed better resistance to ear rot, standability and ears per plant than the seed 
industry checks. All the above suggest that the adoption of these hybrids by farmers could 
contribute to food and nutritional security. 

Table 3. Performance of superior tropical QPM hybrids, tested across 45 locations, 1999, 2000, 
and 2001. 

Yd2 Best% ER FF EH EH/ EnH RL SL TRY 

PEDIGREE t/ha check % days cm PH E/P 1_5 % % 

(CML-141 xCML-144) 6.39 107 5.5 55 126 0.56 1.06 1.6 18.2 8.0 .088 

(CML-141 x CML-144) x CML-142 6.26 104 6.1 55 132 0.57 1.10 1.7 18.5 4.2 .081 

(CML-142 x CML-150) 6.22 104 7.7 55 111 0.50 1.02 2.0 17.8 2.7 .089 

(CML-142 x CML-150) x CML-176 6.12 102 7.5 55 119 0.51 1.04 2.0 23.2 4.5 .086 

(CLQ-6203 x CML-150) 5.77 96 7.6 55 97 0.47 0.99 2.3 15.9 4.7 .090 

(CML-144 x CML-159) (RE) 5.85 98 5.8 56 111 0.49 0.94 1.8 19.5 4.8 .093 

LOCAL CHECK-1 5.99 100 7.2 55 115 0.52 0.96 1.7 16.4 5.0 .050 

CHECKS MEAN 5.92 6.5 56 113 0.51 0.95 1.8 17.9 4.9 .082 

GRAND MEAN 6.09 6.8 55 116 0.52 1.02 1.9 18.5 4.9 

LSD5% 0.51 1.2 0.3 6.1 0.0 0.0 0.3 2.1 0.9 

CV% 12.6 19.6 1.1 8.2 6.0 5.5 13.6 11.5 29.1 

During 2001, several trials were conducted to evaluate newly developed QPM hybrids with 
advanced and early generation lines derived from recycling normal x QPM elite lines, white and 
yellow endosperm. New 200 tropical white lines were crossed to elite QPM testers, heterotic 
groups "A" & "B" and evaluated across five locations in Mexico, Guatemala, Colombia and El 
Salvador, results from four locations are shown in Table 4. 
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The results are very exciting because some of the hybrid combinations outyielded the best seed 
industry checks Pioneer Xl409W with 19%. Hybrid (CLQ-6203 x CL04321)-B-7-l x CML159 
yielded 8.4 t/ha across locations and topped the trial at Cotaxtla with 11.4 t/ha. [(CLQ-
6203xCL0432 l )-B-241]xCMLl24 ranked first at Agua Fria with 8. 7 t/ha and (CMLI 76 x 
CL4374)-B-l 9-l x CML144 ranked first at Uxmal, Yucatan with 7.12 t/ha, 38% yield than the 
best seed industry check, data not shown. 

Superior hybrids demonstrated superior yield potential, standability, resistance to ear rot and 
foliar diseases than the hybrid check and double tryptophan content than Pioneer X-1409W 
normal checks. These outstanding results clearly demonstrate the progress accomplished after 
five years of hybrid development. The QPM hybrids will be tested in farmer's fields in Africa and 
Latin America within the next two years. 

Table 4. Performance of superior tropical late white QPM hybrids tested at four 
locations 2001. 

Yd2 Best ER FF EH EH/ EnH RL SL Try 

PEDIGREE t/ha check% % days cm PH E/P 1_5 % % % 

ICLQ-6203 x CL-04321)-B-21-1 x CML144 8.46 119 7.6 57 131 0.51 1.00 1.3 12.3 1.4 0.098 

(1.~LQ-6203 x CL-04321)-B-7-1 x CML159 8.35 118 8.7 57 128 0.52 0.99 1.7 3.8 2.7 0.088 

(CLQ-6203 x CL-04321)-B-7-1 x CML 144 7.84 111 2.9 56 125 0.50 0.95 1.4 1.9 0.8 0.092 

(CLQ-6203 x CL-04321)-B-10-1 x CML159 7.81 110 6.3 56 131 0.52 0.94 1.9 7.4 0.0 0.089 

(CLQ-6203 x CL-RCW01 )-B-43-3xCML144 7.40 104 5.0 56 124 0.53 0.99 1.9 7.9 0.0 0.093 

(CLQ-6203 x CL-RCW01)-B-36-2xCML144 7.36 104 5.0 55 114 0.51 0.96 1.7 3.8 2.1 0.095 

X1409 BW 7.09 100 13.5 57 140 0.56 0.93 1.3 13.7 1.4 0.050 

LOCAL CHECK H512 5.81 82 8.7 57 136 0.56 0.91 1.9 42.7 1.4 0.050 

LSD5% 0.54 4.9 0.4 3.7 0.01 0.03 0.2 20.8 1.1 

CV% 13.5 10.6 1.7 7.6 6.6 8.9 19.4 14.4 6.9 

Yd=Yield; ER=ear rot, FF days to female silk; EH =ear eight; EH/PH =ratio of EH:PH; E/P=number of ears per plant; EnH= 
endosperm hardness; RL,SL= root and stalk lodging; Try=tryptophan (average of parents) 

In 2001 150 newly-developed yellow late lines were also crossed to testers, heterotic Groups "A" 
& "B". The single crosses were tested at five locations in Mexico, Guatemala, and Colombia. 
Preliminary information from Mexico, shows that 30 hybrids outyielded Pioneer hybrid P-3018. 
Their yield potential and stability and endosperm hardness were confirmed across locations and at 
individual locations (CMLI 50 x CL38 l 0)-B-16-1 x CMLI 61 topped the trial across locations 
with 8.4 t/ha (Table 5) and ranked first at Agua Fria with a yield of 9.4 t/ha, fourth at Cotaxtla 
with a yield of9.l t/ha, and third at Uxmal with a yield of 6.6 t/ha (data not shown). P3018 
yielded 6.7, 4.6 and 3.7 t/ha respectively at the same 3 locations. [(CML150 x CL3618)-B-17-2] x 
CML161yielded10.3 t/ha at Cotaxtla and 8.6 t/ha at Agua Fria, 126 and 28% more yield than the 
normal seed industry check P3018 (data not shown). 

Table 5 shows the superior seven hybrids that outyielded Pioneer 3018 by levels ranging from 35 
to 66%. The new QPM yellow hybrids also showed resistance to ear rot, root lodging, and com 
stunt, as well as possessing hard endosperm, whereas the check was susceptible to these 
constraints. In addition, tryptophan content in the new hybrids was double that of the check. The 
new hybrids will be tested by farmers in Asia and Latin America during the next two years. 
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Table 5. Performance of superior tropical late yellow QPM hybrids late yellow tested at four 
locations, 2001. 

Yd2 Best% ER FF EH EH/ EnH RL SL 

PEDIGREE Uha check % days cm PH E/P 1_5 % % 

(CML150 x CL-03618)-8-16-1 x CML 161 8.41 166 5.4 56 143 0.56 0.89 1.9 3.7 0.0 

(CML 176 x CL-G2501)-8-43-2 x CLQ-6601 7.56 150 5.6 55 124 0.51 0.92 1.8 5.8 1.4 

(CLQ-6203 x CL-G2501)-8-18-2 x CLQ-6601 7.28 144 5.5 54 121 0.50 0.92 1.8 5.7 0.7 

(CLQ-6203 x CL-G2501)-8-5-2xCML165 7.23 143 6.8 55 117 0.52 0.93 1.7 0.0 0.0 

(CLQ-6203 x CL-G2501 )-8-2-1 x CLQ-6601 7.05 139 4.9 55 129 0.54 0.96 1.6 0.0 2.0 

(CML 161 x CLQ-6203)-8-21-1 x CLQ-6601 6.84 135 4.6 54 137 0.55 0.90 1.6 29.0 0.6 

CML-161 x CML-165 RE 6.67 132 4.7 55 128 0.56 0.99 1.5 2.4 0.8 

P-3018 5.05 100 11.5 56 119 0.50 0.88 1.7 69.3 3.4 

LSD5% 0.54 3.4 0.4 3.7 0.01 0.04 0.2 31.3 0.7 

CV% 15.8 10.8 1.6 8.2 6.8 8.4 16.4 17.0 6.7 

Yd=Yield; ER=ear rot, FF days to female silk; EH =ear eight; EH/PH =ratio of EH:PH; E/P= number of ears per plant; 
EnH=endosperm hardness; RL,SL=root and stalk lodging; Try=Tryptophan (average of parents) 

QPM for the Subtropics 
Ganesan Srinivasan (breeder, subtropical maize subprogram) 

2001 A Cycle (Nov 1999- May 2000) 
During 2001, the subtropical maize subprogram intensified its activities in QPM research. In 
Tlaltizapan, Morelos, Mexico, 3,349 5-m rows were planted with various QPM germplasm for 
seed increase, selection and advance from generation to generation, and for making hybrids and 
synthetics. About 700 S3 lines derived from recycling elite QPM x normal lines were advanced to 
the next generation. New QPM source germplasm was received from Zimbabwe, and the USA. 
Recycling was undertaken in one of the elite Texas QPM hybrids (TX 807 x TX 811). These lines 
and populations were evaluated and increased for introgression into subtropical QPM germplasm. 
White and yellow QPM hybrids were formed for evaluation in CHTSW and CHTSY 2001 trials. 

2001 B Cycle (June - Nov 2000) 
In Tlaltizapan, 3,260 nursery rows were planted. S3 white lines from Pool 27 c3 QPM were 
testcrossed to the tropical Pool 15 QPM and CML 173. S3 yellow lines from Pool 29 c9 QPM 
were testcrossed to synthetics from G 17Q and G 18Q. S3 white lines from TX 807 X TX 811 were 
testcrossed to the subtropical lines CML 175 and CML 176. These trials will be evaluated in 
2002. 

S2 lines from S99IYQ (E.t.) and S99IWQ (E.t.) were advanced to S3 by selfing. Similarly 
advanced white and yellow QPM lines from different sources were advanced by selfing. 

Four new synthetics, 3 white and 1 yellow were formed based on ELISA data. Promising lines 
with high GCA from the test cross evaluations in 2000 were evaluated further for there per-se 
performance. These are advanced lines in S6-S8 stage and some of them are ready for release as 
CMLs in the coming year. 
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Yield trials 
In 2001, we distributed two international trials, CHTSW and CHSY. In these normal trials five 
and seven QPM hybrids were included. In addition, the following 13 QPM trials involving single
cross hybrids formed using S3 lines x testers (QPM and normal) were conducted at several 
locations during 200 l. Eight of these trials were new 2001 QPM trials involving 445 S3 lines 
from the cross of elite subtropical lines x CML 176 ([Pop. 502cl# ... x CML 176], test-crossed to 
the subtropical CML 175 and CML 311, QPM and normal lines respectively. The purpose of 
these trials was to separate the normal from the QPM fraction. Of these trials, 252 S3 lines 
showed positive GCA and had intermediate-to-high yields (8 to IO t/ha). These 252 S3 lines were 
sent to the lab for ELISA analysis. Forty-three of the 252 S3 lines had an ELISA reading of at 
least 7, which is high and correlates with high protein and tryptophan content. Two new white 
QPM synthetics will be formed based on those results. The 1999 QPM trial #1 included 
CIMMYT x Texas lines. The 1999 QPM trial # 7 was from recycling Mo 17 and lines from 
Purdue University x CIMMYT lines. The other QPM trials were crosses between the best tropical 
and subtropical CIMMYT maize lines (CMLs). 

The above trials were evaluated at Tlaltizapan, Celaya, and Corralejo in Mexico. In addition to 
the above 13 trials, we also evaluated SSTWQ9948, an elite three-way and single-cross QPM 
hybrid trial with 36 entries. In preliminary results, several new QPM hybrids had higher yield 
potential than our existing QPM reference hybrids and will be evaluated further before including 
them in CIMMYT international hybrid trials CHTSW and CHTSY. 

Six yield trials were evaluated in 2001B at several locations in Mexico. These trials are formed 
by 124 S4 white QPM lines from the synthetic 91Sl WQ test-crossed to CMLs 175 and 176 
(SSCWQ0105 to SSCWQ0107), and 128 yellow QPM lines from the synthetic S91YQ test
crossed to CML 188 and G34Q c22MH135-4-2-B-B-4-B*4 (SSCY0108 to SSCYOl 10). Results 
have been collected recently. 

Highlights from 2000 QPM trials 
Hybrids formed from CIMMYT QPM and Texas lines continued to show promise. CML 149 x 
TX811 was the top yielder with 10.2 t /ha and outyielded the reference QPM three-way cross 
[CML 142 x CML 150] x CML 176 by 1.0 t/ha, with low levels of ear rot and stalk and root 
lodging. 

In the trial SSCWQ_0009, conducted at 10 locations in Mexico, China, and South Africa, the 
three-way QPM hybrid [CML 142 x CML 186] x CML 181 had the highest yields across 
environments (average 8.5 t/ha) and good endosperm hardness. 

In the trial SSTYQ_9910, conducted at nine locations in Mexico and China, the yellow hybrid 
[CML 161 x G26Qc18MH134-4-#-3-#-#-#-B-B-B] x D0940Y had the highest yield of 8.0 t/ha, 
good husk cover, an endosperm hardness of 2.2. The single hybrid CML 162 x CML 189 
(tropical x subtropical) outyielded CML 161 x CML164 (tropical x tropical) in 0.4 t/ha. Results 
from SSCYQ 9904 conducted in four locations in Mexico, China and Zimbabwe showed Entry 
57 [89G25Qc 1(STE)18S5/Mo 17 6 o2/o2 2-B-B)-B-4-4-2-6-1 x CML 193 as the highest yielder 
across environments with 8.1 t/ha and a GCA of 1.36 t/ha. 

Results from the international trial CHTSWQ-2000 (CIMMYT Subtropical White QPM Grain 
Trial) of CML and pre-CML combinations evaluated at 22 locations in Mexico showed promising 
results. Three QPM hybrids 6203Q-6-xB-5-3-B x CML 175, CLQ-63-6701 x (P3 X 
P4)/(A8363 l Os6/ A8363c l 9s4)-4-1-2-2-B, and [P63-12-2-1/P67-5-l-1 ]-1-2-xB-xB-2-2 x CML 
175 outyielded the normal reference check CML 78 x CML 321 by almost 1.0 t/ha. The hybrid 
6203Q-6-xB-5-3-B x CML 175 had good flowering synchrony and intermediate levels of stem 
and root lodging. 
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Figure 1. CHTSWQ-2000 across 6 locations 
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CJ4. CML 78 X CML 321 (Normal) 
116. Best Local Check 

Research on QPM will continue with increased vigor in 2002 and beyond. Molecular markers and 
ELISA assays will used to identify opaque-2 genotypes, in collaboration with CIMMYT's 
Applied Biotechnology Center (ABC). Research will also include the following activities: 

• Continued recycling of elite QPM lines. Nineteen elite populations of QPM x QPM, and 
normal x QPM were planted as a first step. 

• Advance S5 lines from 91IWQ and 91SIYQ to S6. 

• Advance S4 lines from 99SIWQ-E.t and 99SIYQ-E.t 

• Conduct yield trials of S3 lines from the early subtropical white Pool 27 c3 QPM testcrossed 
to the tropical Pool 15 and the subtropical CML 173; test-cross S3 lines from the early 
subtropical yellow Pool 29 c9 QPM to the S86G 17Q and S86G 18Q; test-cross S3 lines from 
TX807 x TX81 l to CMLs 176 and 159; and test-cross S3 lines from the recycling of QPM x 
normal to CMLs 186 and 149. 

• Derive new lines from the subtropical QPM pools and populations. 

• Based on ELISA results, three new white QPM synthetics will be formed. The lines are from 
the single cross of normal x QPM (CML 384 x CML 176). The two synthetics contain 
subtropical and tropical QPM CMLs. One yellow QPM synthetic will be formed. 

• Identify the elite test crosses from 2000 trials and increase seed of these hybrids for further 
testing. 

• Form new QPM x normal populations for recycling. Fifty-nine non-conventional QPM 
hybrids will be formed, crossing synthetic x synthetic, synthetic x inbred line, and synthetic x 
single cross in different combinations of tropical x subtropical germplasm. 

• Identify and release elite QPM lines as CMLs ( 4-6). 
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• Establish at least 5,000 rows of QPM nurseries and another 3,000 rows of QPM yield trials in 
2002. 

• Further evaluate elite QPM hybrids in India, China, and Mexico; support and promote on
farm testing and demonstrations; help advance the release of elite hybrids in these countries. 

• Train scientists from subtropical maize growing countries (India, Pakistan, China) in QPM 
breeding. 

• Publish the results from the last three years of QPM research in the subtropics. 

QPM for the Highlands 
D. Beck (breeder, highland maize subprogram) 

In 1998, CIMMYT began two efforts to develop highland QPM. The first involved converting 
elite highland CMLs to QPM, for which purpose seven highland CMLs (239, 242, 244, 246, 349, 
352, 354) were crossed to the elite, subtropical, QPM line CML 176. Through backcrossing and 
selfing, we are attempting to obtain elite highland QPM inbred lines. In all segregating 
generations molecular markers are being used to identify families with the opaque-2 allele. In 
2001A we formed both BC3F2s and BC3F1s with the seven populations that resulted from the 
original cross. The BC3F2s are currently being evaluated in the laboratory for lysine and trytophan 
contents. Superior genotypes from these assays will be used to form single-cross hybrids in 
winter season. The BC3F1s selected both for per se performance and, using molecular markers, 
the presence of opaque-2 will be sown in winter nurseries and backcrossed once more to their 
respective CML parent to form BC4F 1 s. 

A preliminary evaluation of the combining ability ofBC2F1 families from the conversion program 
allowed us to identify several hybrids with yields competitive with those of normal hybrid 
checks. Several hybrids out-yielded the best normal check by 10-15% and possessed similar 
agronomic characteristics (Table 6). These data suggest that, through this approach, we will soon 
be able to make elite highland QPM lines available to interested breeders. 

In a second highland QPM project we have made a series of crosses between subtropical, 
transition zone, and highland QPM and normal germplasm to develop white and yellow QPM 
source germplasm (including populations, synthetics, and inbred lines) for the highlands. Some 
300 white and 250 yellow grain S3 lines from these crosses possess good highland adaptation and 
will be advanced and top-crossed to elite, subtropical QPM testers in our winter nursery. 

Table 6. Combining ability evaluations of BC2F1 highland QPM families evaluated at El Batan, 
Mexico, 2001. 

Yield Male Plant Moisture 
Pedigree (Uha) flowering height (cm) (%) 

BC2F1-349 x BC2F1-246 8.9 86 223 24.7 
BC2F1-352 x BC2F1-349 8.8 85 213 24.7 
BC2F1-246 x BC2F1-352 8.4 88 215 21.0 
BC2F1-244 x BC2F1-246 8.2 89 173 24.9 
BC2F1-242 x BC2F1-244 8.0 89 152 25.2 

Checks 

CML244 x CML349 7.5 81 208 25.0 
CML246 x CML242 6.5 87 205 23.2 

MEAN 7.1 86 205 24.3 
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QPM for Africa 
K V. Pixley, Maize Breeder, CIMMYT, Zimbabwe 

Highlights for 2001 
• Using data from tests at 37 sites in eastern and southern Africa in 2000, we identified 

topcross hybrids CML182/CML175//0batanpa and CML144/CML159//0batanpa and three
way hybrid CML144/CML159//CML182 as superior among currently available QPM hybrids 
for Africa. 

• Through on-farm trials of QPM and normal hybrids at 22 sites in Malawi, we identified 
superb normal hybrids and found that the QPM hybrid CML144/CML159//CML176 was 
similar in performance to two commercial hybrid checks but inferior to the best commercial 
hybrid check. These trials did not include the best QPM hybrids identified in regional trials 
during 2000; the hybrid CML144/CML159//CML176 was below average in the 2000 
regional trial (Table 7). 

• Preliminary results ( 17 sites) of 2001 regional trials confirmed that 
CMLl 82/CMLl 75//0batanpa is best among available QPM hybrids. However, all QPM 
hybrids yielded below the mean of the trial, which included 16 CIMMYT experimental 
normal hybrids, and 14 commercial normal hybrids from 4 private companies (Table 8). 

• More than 6 tons of QPM hybrid seed and 2 tons of QPM OPV seed were produced during 
2001. Some 3.5 tons of QPM seed were distributed for on-farm trials, mainly in Malawi and 
Angola. 

• A QPM trial with 13 new hybrids, 5 of the best older hybrids, 1 OPV, and 2 normal maize 
hybrid checks (plus slots for 2 local checks, to be chosen by each collaborator growing the 
trial), will be distributed to about 60 locations during 2001/02. 

• Breeding work to develop maize streak virus (MSV) resistant QPM lines progressed with two 
main approaches: 1) crosses between the best MSV-susceptible QPM lines (CMLs 141, 144, 
159, 175, 176, 181, 182, and BO 155W and GQL5) and elite MSV-resistant donor lines were 
backcrossed to the respective QPM lines, and 2) line development by self-pollinating the best 
plants in MSV-resistant QPM open-pollinated varieties (PL15Q-SR and Obatanpa). 

• Breeding work to expand the QPM germplasm base adapted to African midaltitudes 
progressed with two main approaches: 1) crosses of 10 elite Harare lines with QPM donor 
lines were backcrossed to regionally-adapted Harare lines, and 2) crosses of 20 elite Harare 
lines with QPM donor lines were self-pollinated to develop new QPM lines. 

• Breeding work to improve the MSV resistance of the early-maturing, open-pollinated variety, 
'PL15Q-SR', resulted in the formation of a new version of this variety. This improved OPV 
will be included in regional trials for 2002. 

• Breeding work to improve the protein quality of the OPV 'S91SIWQ' was completed and 
resulted in the formation of' SO 1 SIWQ'. This new OPV will be included in regional trials for 
2002. 

• Breeding to improve the MSV resistance and protein quality of the open-pollinated variety 
Obatanpa has been slowed due to problems in determining protein quality in S1 lines. 
Although a new version of Obatanpa was formed in winter 2001, it seems this work will need 
to be repeated after confirming the protein quality of all S1 families with acceptable MSV 
resistance (Table 9). 

• A small protein assay laboratory was set in operation at the CIMMYT research station in 
Harare. The lab allows use of ELISA to determine whether grain samples are homozygous for 
opaque-2. We are improving the laboratory protocol and expect the lab and approach to be of 
great use to regional QPM breeding programs in coming years. 
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• KPixley made an invited presentation about QPM at the Nigerian National Maize Workshop 
in September 2001. Interest is high to receive QPM germplasm for further testing in Nigeria. 
Plans were made with IITA to ensure increased evaluation ofCIMMYT's QPM germplasm 
in Nigeria. 

Table 7. Summary results of on-farm yield evaluations of three QPM, four normal, and three 
commercial (also normal) hybrids grown at 22 sites in Malawi during 2000/01. 

Relative grain yield 
Pedigree Across sites Across sites > 4t Across sites < 4t 

CML 141/CML 144//CML176 (QPM) 
CML 144/CML 159//CML 176 (QPM) 
CML 142/CML 176 (QPM) 
CML395/CML202//CML 197 /CML312 
CML206/CML312//CML 197 
CML395/CML202//CML 197 
CML395/CML216//CML312 
SC627 
SC621 
NSCM91 
Mean yield {t/ha) 

Research activities for 2002 

67 
96 
83 
120 
103 
113 
125 
113 
102 
79 

4.18 

-----------% of mean----------

73 
96 
85 
118 
106 
112 
121 
113 
99 
77 

4.89 

• Continue conversion of elite QPM lines to streak resistance. 

• Continue pedigree breeding projects of elite Harare lines x QPM lines. 

59 
95 
80 
124 
98 
114 
131 
111 
105 
83 

3.37 

• Evaluate testcross hybrid trials for new, early generation MSV-resistant QPM lines derived 
from the above-mentioned pedigree breeding projects. 

• Initiate several new QPM breeding projects using additional elite lines from Harare. 

• Repeat protein quality determinations for S1 families derived from Obatanpa, and form an 
improved version of this variety. 

• Produce several kg of seed for all inbred and single-cross parents involved in the most 
promising QPM hybrids. Sufficient seed must be available to supply the demand likely to be 
created by regional trials to be evaluated during 2002. 

• Continue to refine the protocol and increase the use of the ELISA lab for QPM work at 
CIMMYT, Harare. Provide access to this facility for evaluation of grain samples from other 
research programs in Africa. 

• Distribute QPM germplasm for testing and verification by NGOs, plus public and private 
sector researchers. 

• Evaluate new QPM germplasm from CIMMYT headquarters. 
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Table 8. 
ILHYB01: Preliminary results across 17 sites in southern Africa 

HybriQ wilh llllhNl• 11 '3 dlys 
963WH23 

Hybri~ with llllhNll 11 &He dlys 
SC627 

CML44-0ICML444//CML445 

CZL00031/CML395//CML312 

CML395/CML440//CML445 

SC621 

LOCAL CHECK 1 
CML 182/CML 175/IOBATANPA (QPM) 

CML175/CML176/IOBATANPA (QPM) 

Hybridt with llldhni• 1170-71 dlys 
CML395/CML444//CML443 

CZL00025/CML312//CML395/CML202 

CZL00025/CML312//CML444/CML395 

CML395/CML202//CML312 

SC633 

CML395/CML312//CML445 

PHBJOG97 

SC713 

DK6051 

CZL00031/CML395//CML 197/CML312 

LOCAL CHECK 2 
PAN5503 

PAN67 

CML 111/CML 175/ICML 17& (QPM) 

PAN6573 

1368/(9071xBABAMGOY0)-1//9091 

CML 144/CML 159/IOBATANPA (QPM) 

136619071//9091 

HybriQ with ~ut7H4dlys 
CML 197/CML444//CML443 

CML395/CML444//CML442 

CML395/CML202//CML 197/CML312 

CML197/CML395//CML443 

SC715 

CML395/CML216//CML312 

CML444/CML442 

CML395/CML202//CML 197 

SC709 

9071/(KU1403x1366)-2-1//1393 

PHBJOH83 

TZ904JDMRSR/9071 

10211368//9071 

PHB30H37 

PHB30R73 

CML141xCML144/ICML17& (QPM) 

CML 144xCML 159/ICML 176 (QPM) 

86 

107 

108 

104 

104 

101 

95 

13 

77 

127 

116 

118 

112 

112 

110 

103 

108 

96 

104 

103 

97 

95 

11 

63 

65 

12 

60 

130 

125 

122 

116 

116 

113 

117 

112 

93 

100 

69 

93 

90 

81 

79 

70 

69 

100 

Vha 

5.63 

7.18 

6.76 

6.69 

6.50 

6.67 

5.99 

5.33 

4.68 

8.51 

7.64 

7.56 

7.70 

7.71 

7.46 

7.37 

7.61 

6.28 

6.97 

6.39 

6.06 

6.57 

5.15 

5.11 

5.58 

5.17 

5.11 

8.34 

8.40 

8.03 

6.15 

8.21 

7.85 

7.88 

8.41 

6.66 

6.46 

6.23 

6.50 

6.07 

5.74 

5.59 

4.57 

4.77 

.. ., 

Rank 

34 

17 

19 

20 

24 

22 

32 

37 

43 

10 

14 

12 

11 

15 

16 

13 

28 

18 

27 

31 

23 

39 

40 

36 

31 

41 

21 

26 

29 

25 

30 

33 

35 

44 

42 

Vha 

1.63 

1.97 

2.39 

2.20 

2.55 

2.01 

1.86 

1.13 

1.72 

2.55 

2.43 

2.50 

2.13 

2.25 

2.12 

2.02 

1.94 

1.93 

1.60 

2.15 

2.23 

2.00 

1.19 

1.85 

1.81 

2.03 

1.83 

2.59 

2.52 

2.69 

2.41 

1.92 

1.64 

2.46 

1.86 

1.92 

2.47 

2.14 

1.83 

1.94 

1.60 

1.54 

1.72 

1.61 

Rank 

41 

23 

11 

14 

4 

21 

30 

36 

39 

17 

12 

18 

20 

24 

26 

38 

15 

13 

22 

29 

32 

37 

19 

35 

10 

27 

33 

31 

28 

16 

34 

25 

43 

44 

40 

42 

GLS= grey lelf apo~ P. sorga common rull, MSV• mlize llrlll< virus, Phao= Phaeosphaeria leaf spot 
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Vha 

1.09 

1.36 

1.31 

1.37 

1.17 

1.31 

1.25 

0.75 

1.13 

1.66 

1.32 

119 

1.33 

1.21 

1.16 

1.11 

1.29 

1.40 

1.19 

1.64 

1.13 

1.04 

1.07 

1.05 

0.96 

0.62 

0.86 

1.91 

1.39 

1.23 

1.35 

1.44 

1.45 

1.12 

1.05 

1.10 

0.94 

0.76 

0.66 

0.73 

1.16 

1.14 

0.51 

0.73 

Rank 

30 

14 

6 

21 

13 

16 

39 

26 

12 

20 

11 

18 

23 

28 

15 

6 

19 

25 

34 

31 

32 

35 

43 

37 

17 

10 

4 

27 

33 

29 

36 

38 

42 

40 

22 

24 

44 

41 

17.7 

18.8 

11.2 

11.6 

12.7 

7.4 

19.0 

21.7 

25.1 

5.6 

6.8 

6.8 

4.0 

6.7 

10.1 

9.9 

4.2 

13.0 

6.0 

13.8 

17.9 

10.3 

47.1 

18.9 

35.9 

19.5 

25.3 

1.3 

11.9 

4.2 

1.2 

1.9 

4.0 

14.1 

1.9 

9.9 

12.3 

28.1 

5.2 

12.7 

32.3 

41.8 

49.2 

43.5 

GLS 

1-5 

2.6 

·1.8 

2.6 

3.1 

2.8 

3.5 

3.1 

3.4 

3.6 

1.9 

2.7 

2.4 

2.7 

2.9 

2.6 

2.3 

2.0 

2.5 

2.9 

2.1 

2.1 

3.5 

3.1 

2.6 

2.6 

3.4 

2.4 

1.8 

2.5 

2.8 

2.1 

2.3 

2.5 

2.3 

2.5 

2.1 

2.4 

1.8 

2.5 

2.6 

2.1 

1.4 

2.9 

2.4 

P_... MSV 

1-5 

3.3 

2.7 

1.7 

1.5 

1.7 

2.0 

2.3 

2.1 

2.3 

1.0 

1.7 

2.0 

1.2 

2.8 

1.3 

1.7 

2.0 

2.3 

1.5 

2.2 

2.5 

2.0 

2.7 

2.7 

2.6 

2.5 

3.0 

1.0 

1.7 

1.5 

1.2 

1.6 

1.3 

2.0 

1.3 

2.5 

2.8 

2.5 

2.8 

3.0 

2.2 

2.0 

2.1 

3.0 

2.1 

1-5 

1.7 

2.0 

1.9 

2.1 

1.9 

1.6 

2.3 

2.1 

2.4 

1.6 

2.0 

2.1 

2.1 

1.9 

2.0 

2.3 

1.5 

2.9 

2.0 

2.0 

3.1 

1.6 

3.0 

3.1 

1.8 

2.5 

1.6 

1.8 

1.7 

1.6 

1.7 
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2.2 

1.9 

2.0 

3.2 

2.0 

3.1 

2.0 
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3.4 

3.0 

3.2 

3.3 

2.2 

1-5 

2.5 

2.5 

2.3 

2.2 

2.8 

3.2 

3.0 

2.5 

2.0 

2.5 

1.5 

1.8 

1.3 

2.5 

2.7 

2.2 

2.3 

2.0 

2.0 

1.5 

4.2 

2.3 

3.2 

3.7 

2.0 

u 
2.2 

2.2 
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1.7 

1.7 

1.8 

1.5 

2.3 

1.8 

3.0 

2.2 

1.5 

2.5 

2.5 

1.8 

1.7 

1.8 

1.7 



Table 9. Summary of QPM Breeding nurseries at CIMMYT, Zimbabwe, 2001. 

Description 

Summer 2000/01 
Sussuma S1 lines (Moz) 
SMOPM x PL 150 S 1 lines 
PL 150-SR S1 and S2 lines 
PL 150-SRc1 F1 HS's 
OPM-SR BCO F1 's 
Elite-a BCO F1's 
QPM-SR S1 lines 
QPM S2 lines (Moz) 
S91 SIWQv2 F1 Formation 

Winter 2001 
OPM lines 
QPM DC formation 
QPM 3X formation 
PL 150-SR S2 & S3 lines 

QPM-SR S2 lines 

DC testers 2 
PL 15Qc7-SR(Zimc1) F2 form 
Obatanpa S1 lines 
Elite x QPM BCOF2s 
S91SIWQc1 F2 form 
QPM to SR BCOF2s 

QPM for Ethiopia 
S. Twumasi Afriyie 

Number of entries Activities 

185 Infest MSV; ELISA test; Self-pollinate 
68 Infest MSV; ELISA test; Self-pollinate 

105 Infest MSV; ELISA test; Self-pollinate 
186 Infest MSV, ELISA test; Recombine 
67 Infest MSV, BC to QPM 
99 Self-pollinate & BC to elite 

252 Infest MSV; Self-pollinate 
167 Infest MSV; ELISA test; Self-pollinate 
28 Recombine 

16 Self-pollinate, make crosses 
6 Form crosses 

20 Form crosses 
54 Infest MSV; Self-pollinate; form test-crosses; 

evaluate drought tolerance 
86 Infest MSV; Self-pollinate; form test-crosses; 

evaluate drought tolerance 
Males for hybrid formation 

29 Recombine 
243 Infest MSV; Recombine 
40 Infest MSV; Self-pollinate 
37 Recombine 
27 Infest MSV; Self-pollinate, form BC 

Variety Release in Ethiopia in 2001 
The QPM 3-way hybrid (CML144 x CML159) x CMLl 76 is firmly on course for release as the 
first QPM variety in Ethiopia. This followed the fulfillment of the variety release requirements 
during the year, including lodging a completed "Variety Release Request Form" with the Ethiopia 
National Variety Release Committee (NVRC) on May 22, 2001. In addition, the required 
verification trials for variety inspection were planted at nine sites in the target zones proposed for 
the variety. The NVRC inspected the verifications in September/October and will soon convene 
the meeting to consider the formal release. 

Table 10. QPM variety proposed for release in Ethiopia in 2001. 

Experimental name 
(CML 144xCML159) x CML 176 

Variety type 
3-way QPM 
hybrid 
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Background/positive features 
CIMMYT experimental quality protein maize -
nutritionally improved. Tolerant to rust, turcicum and 
GLS. More than 20% higher yielding than local check 
(average over 18 environments). 



QPM breeding in Ethiopia 
CIMMYT in collaboration with Ethiopian Agricultural Research Organization (EARO) entered 
selected QPM hybrids in 8 different trials in the Regional Variety Trials conducted at 9 regional 
centers by the national maize program in 2001. To address the variety needs of Ethiopia's 
lowlands, a 1 Om x 1 Om strip test was planted at Gambela and Pawe with the varieties Obatanpa, 
(CML144 x CML159) x CMLl 76, GH132-28, and the normal maize hybrid check BH450. Based 
on previous years' QPM evaluation data, parental lines of the best performers were planted at 
Bako to generate the hybrids for further evaluation. 

About 60 highland lines (Pool 9A S4 lines) with high GCA and from opposing heterotic groups 
were crossed to CMLl 76 and CML144 at Ambo to initiate a program to generate base germplasm 
for the highland zones in eastern Africa. 

In September 2001 EARO and CIMMYT organized a monitoring and evaluation tour. Among 
other things, participants visited QPM verification trials and breeding activities at 7 research 
centers. The 30-member team included high level officials from EARO, the Ministry of 
Agriculture, the Ethiopia Seed Enterprise, the NVRC, SG2000, and a crew of Ethiopia TV and 
Radio. The team was very impressed with the advances in QPM improvement and highly 
endorsed the release of the proposed QPM hybrid. The QPM presentations were subsequently 
featured on both national radio and TV. 

Feed studies 
In anticipation of the release of QPM in Ethiopia, several studies conducted by EARO, 
CIMMYT, SG2000, the Addis Ababa University and the Ethiopia National Nutrition Center 
assessed the usefulness of QPM as a component in animal feeds and fodders. 

ILRI and SG2000 planted 1 Oha of (CMLl 44 x CMLl 59) x CMLl 76 at the Debre Zeit research 
center for use in forage studies. This work was in anticipation of the release of the variety and to 
extend the usefulness of the variety as supplemental forage feed, thereby integrating crop and 
livestock farming. In Ethiopia crop residues are commonly used as animal feed. During the ILRI 
Annual Open Day at the Debre Zeit research center in October 2001, highlights included 
presentations on QPM by Twumasi and Doug Tanner at the QPM hybrid production field. The 
poster presentation, attended by several ambassadors and donor representatives, was well 
received and later featured on the Ethiopian national television. 

A pig-feeding experiment was carried out by ILRl/SG2000/CIMMYT from November 2000 to 
March 20001. The 24 piglets from different sows were divided into three groups and fed normal 
maize, QPM or tef at the Debre Zeit Swine Farm with supplementation of the same quantities of 
noug cake (legume protein supplement used at the farm). The experiment confirmed the 
superiority of QPM over normal maize. Tef, which has a lysine content similar to that of QPM 
was as effective. However, in terms of productivity and cost, QPM was the preferred (maize 
yields about three times as much as tef and costs a third). 

A QPM rat feeding study was conducted by EARO, CIMMYT, SG2000 and the Addis Ababa 
University. The growth performance of groups of five albino rats fed normal maize, QPM or Tef 
diets for four weeks in 2001 were assessed. The provisional results showed that QPM was 
superior to both tef and normal maize as rat feed (Table 9). 
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Table 9. Growth performance* of rats fed normal maize, quality protein maize or tef diets for four 
weeks in 2001. 
Source of protein Weight gain 

(g) 
Normal maize 21.5 
QPM** 48.6 
Tef*** 29.7 
Tef + 0.3% L-Lysine 79.2 
Casein + 0.3% L-Methionine 66.4 
*Average for 5 rats. ** (CML 144xCML159) x CML 176. 

Protein intake 
(g) 

18.8 
24.2 
21.1 
30.9 
23.5 

••• Tef (Eragrostis tef [Zucc]) is a major staple cereal in Ethiopia. 

QPM seed increase 

Protein efficiency 
ratio (per) 

1.14 
2.01 
1.41 
2.56 
2.83 

The three parental inbred lines of (CML144 x CML159) x CMLl 76 were planted at Melkassa for 
seed increase in anticipation of the release. Seed of the single-cross parent and the three-way 
cross was produced at Bako. 

Table 10. Seed production of QPM in Ethiopia. 
Material Location 
CML 176 Melkassa 
CML 144 Melkassa 
CML 159 Melkassa 
CML 144 x CML 159 Bako 
(CML 144xCML159) x CML 176 Bako 

QPM for Asia 
S.K. Vasa/ and F. Gonzalez 

Approximate area 
0.5ha 
0.25ha 
0.25ha 
0.5ha 
0.5ha 

Date planted 
June 2001 
June 2001 
June 2001 
May 2001 
May2001 

During 2000 and 2001, activities on the improvement and promotion of Quality Protein Maize 
(QPM) were conducted in four countries: Thailand, China, Vietnam, and India. A summary of 
work done in each is provided below. 

Thailand 
Most of the activities in Thailand pertained to research and development of QPM. Some of the 
activities attempted during this year are described below: 

• Released QPM inbreds CML 140 to CML 194 were planted for observation and seed 
increase. Ears could be saved from only 24 of 55 inbreds planted. The ear quality and 
modification of most of the inbreds was average. Modified kernels from selected inbreds 
were planted again and selfed for seed increase. 

• Six tropical QPM populations (61, 62, 63, 64, 65 and 66) were planted for seed increase. 
Harvested ears showed variation in kernel modification. Only good ears were saved from all 
except Population 66.The materials were further increased during 2000L plus some additional 
high oil QPM materials, and a few synthetics from P69 and P66. Also 15 synthetics 
representing populations 68, 69, 70, and Temp. x Trop. QPM (HO) were seed increased using 
sib pollination. The amount of seed saved ranged from 3-6 kg in different materials. 

• Parental QPM lines CML 161 and CML 165 were increased and an F 1 hybrid formed. Part of 
the seed of CML 161 and the F1 hybrid was supplied to Vietnam. Excellent quality ears were 
harvested from CML 161. CML 165 did not appear to be well adapted and so the ears were of 
average quality. Selection for better modified kernels will continue to improve the 
performance of CML 165 and to make it a better partner for CML 161. 

• Fifty-seven QPM S1 bulks introduced from China were planted at Suwan Farm during 2000E 
for observation and advancing to the next inbreeding generation. The bulks involved crosses 
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of Qi 205 (a line developed in Shandong) with CIMMYT QPM CML lines. A few crosses 
also involved Populations 67 and 68 as well as CAAS developed lines CA 375 and CA 339 
from Pool 33 QPM, improved for photoperiod insensitivity. Agronomically the materials 
looked good and were fairly tolerant to foliar diseases. Ears from 56 S2 bulks were saved and 
ears selected from each shelled as bulk. Modified kernels were selected from each bulk for 
planting in the late season at Farm Suwan. Selfs were made in each bulk to advance 
inbreeding generation. During 2001D, 49 SJ QPM lines were planted to advance to S4 • 

• Fifteen new promising QPM lines were received from CIMMYT-HQ Mexico. These have 
been planted for observation and seed increase. The lines represent Populations 62, 63, 66, 
G25Q and G26Q. In general we could harvest seed from most of the lines. 

• Conversion of normal lines to QPM has been initiated. The 30 most promising CIMMYT
ARMP normal lines -- including 9 early lines and CMLs -- were successfully crossed to CML 
161 during 2000E. Most normal lines under conversion are downy mildew tolerant and 
represent populations AMA TL, 345, 145 and some from commercial hybrids. A stable downy 
mildew tolerant line from DOA (Nei 9008) is also being converted to QPM. 

• Three-parent QPM populations have been developed involving CML 161 and CML 165 with 
some promising QPM single crosses from China, such as Zhongdan 9409, M-Zapan 201, and 
M-Ludan 4. Due to late harvesting these could not be planted during the next season. 

• Lines are also being developed from the cross CML 161 x CML 165.The F2 has been further 
advanced to F 3 bulk. 

• Two QPM synthetics involving 5 and 10 lines have been formed separately. The 5-line 
synthetic is yellow and the 10-line synthetic is white. These synthetics involve mostly 
CIMMYT CML lines. The five line synthetic involves lines from QPM pools 25, 26 and 
Population 66. The 10-line white synthetic involves 7 lines from QPM Population 62 and 3 
lines from QPM Population 63. Another synthetic population is being developed that involves 
22 entries mostly from China. The lines in this synthetic are Qi-205, CA-375, CA339 from 
China and lines 173-192 from CIMMYT HQ. 

• A few QPM hybrids from China have been planted for observation and will be used as source 
breeding material. Selfed ears were saved from all except QPM75. 

• During 1999 and 2000 a number of QPM hybrid trials from CIMMYT-headquarters were 
conducted in Thailand. In 1999, CHTTWQ was conducted at Tak Fa. Entries 9 (CMTQ 
983049), 11(CMSQ983013), 18 (CMSQ 983037) and 10 (CMTQ 983051) yielded 5.3, 5.1, 
5.2 and 5.1 t/ha respectively as against yield of 9.3 t/ha (check 1) and 7.4 t/ha (check 2). In 
2000, a QPM hybrid trial 2000 CHTTWQ was conducted at Suwan Farm. Some of the better 
performing entries in this trial were 8 (CMSQ 993003), 9 (CMSQ 993005), 19 (CMSQ 
993025), 20 (CMTQ 993027) and 22 (CMSQ 983007). 

• Several seed requests of QPM materials were met from CIMMYT-ARMP. 
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Vietnam 

A yellow QPM hybrid involving CML 161 x 165 performed very well in Vietnam last year. 
Based on this performance, seed increase of lines and hybrid has been taken up. Strip tests were 
conducted at four locations during 2000-2001 and an F 1 hybrid seed was produced on about 2 
hectares. The male and female rows in the seed production block were hand transplanted. Field 
days were planned for November 25th and 26th. Three CIMMYT staff visited these 
demonstrations along with staff from National Maize Research Institute and a few staff from the 
ministry of agriculture and seed certification department. At all sites the QPM hybrid looked 
quite good, with an ear size and quality matching those of the normal check, L VN-10. It was 
exciting to see the quality of the crop at all locations. The harvest of seed produqtion block has 
been completed, yielding approximately 4 tons of F1 seed ofHQ-2000. Several large-scale 
demonstrations were conducted in 2001, covering a total of some 100 hectares. Currently 60 
hectares have been planted for QPM hybrid seed increase. HQ2000 field day and two-day 
training course will be held in Hanoi, Ha Tay, during November 27-29. 

India 

Extensive testing of advanced QPM hybrids is underway in India. The Directorate of Maize 
Research (DMR) has put up two QPM hybrid trials, namely CIMMYT QPM-1 and CIMMYT 
QPM-2. Each trial has four replications and two row plots. 

CIMMYT QPM-1 has nine coded hybrids (DMR 3001--- DMR 3009). Twenty-five sets of this 
trial have been distributed to locations in zones 1, 2, 3, 4, and 5. In addition a set of each has been 
provided to the entomology and pathology units for evaluation against important biotic stresses. 
CIMMYT QPM-2 has 10 entries but has been distributed to only 10 locations, due limitations in 
the seed available. It contains coded hybrids numbering DMR 3010 to 3019. 

Big field demonstrations were planted in 2000-2001 with promising QPM hybrids for which 
sufficient seed was available. Cluster demonstrations of 10 acres each of QPM hybrids are 
planted in four tribal areas of Uttar Pradesh, Rajasthan, Bihar, and Gujarat. Hybrids for 
demonstrations involve mostly CIMMYT developed QPM lines. Two hybrids (SHAKTIMAN-1 
and SHAKTIMAN-2) were released during early 2001. Seed production of theses hybrids has 
also been taken up. 

China 

QPM activities in China have greatly expanded in several provinces. In CAAS Beijing, a 
vigorous QPM inbred line development program is underway. The source germplasm is mostly 
CIMMYT QPM pools 33 and 34, both of which have been improved by mass selection for 
photoperiod insensitivity. Ten newly developed QPM hybrids were tested in Beijing, Shanxi, 
Shandong, and Hebei provinces. Field demonstrations were conducted in Shanxi province. The 
demonstrations looked excellent. The Chinese government will support a QPM project for the 
next stage. Five hundred tons of seed of Zhongdan 9409 was produced last year. This year Wan 
Quan Seed Company has planted 1,350 hectares to produce 3,000-4,000 tons of seed of the QPM 
hybrid Zhongdan 9409. 

Shandong has developed 3 new QPM lines. These are Qi 209, Qi 210 and Qi 211. All three lines 
have some CIMMYT QPM germplasm. The institute in Shandong has also bred 3 new hybrids 
(Lu Dan 206, 207 and 807). The lysine content of Lu Dan 206 is 0.41 %. This hybrid has excellent 
agronomic traits and yields roughly 9.0 t/ha. The planted area of this hybrid has reached over 
1000 hectares. 

Sichaun AAS has developed a new QPM hybrid coded 2075. It has good potential of 6.7 tons ha. 
Lines developed from CIMMYT QPM populations are involved in this hybrid. 
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Yunnan Academy of Agricultural Sciences has released two QPM hybrids namely Yunyou 167 
yellow and Yanyou 19 white. CIMMYT lines CML 140 and 194 are involved in these hybrids. 
QPM field days have been conducted with these hybrids in several sites with yields of 700-800 
kg/mu (1 ha= 15 mu). Seed production efforts are underway in both hybrids with 50,000 mu 
planted to Yunyou 167 and 1,000 mu to Yanyou 19. Seed yield is expected to reach 450 kg/mu 
for Yunyou 167 and 350 kg/mu for Yanyou 19. Combining ability study of 6 CIMMYT lines 
(140, 147, 149, 154, 174 and 185) with four Y AAS lines (YML 12, 23, 29 and 102) has been 
completed. Three superior hybrid combinations (CML 147 x YML 23, CML 149 x YML 23, 
CML 154 x YML 23) have been identified which yield 13% more than Zhongdan 9409. 

In Guangxi province of China eight demonstrations of one hectare each were conducted with 
QPM hybrid CML16lx165, the seed of this material is also being increased. 

In Guizhou province, China, Dr.Chen Zehui has informed that the seed qualification committee 
has approved the release of QPM hybrid QIAN-2609. It is a single cross hybrid involving the 
CIMMYT QPM line CML 171 and another line from north temperate China. 

Seed increases of QPM hybrids, synthetics, and inbred lines 
We planted 15,000 5-meter rows at Cotaxtla and Tlaltizapan, cycles A and B, in Mexico; at 
Suwan Farm, Thailand; and at Harare, Zimbabwe, to increase seed of QPM synthetics, hybrids, 
and inbred progenitors and to form new hybrid combinations. These include the formation of 
1,600 hybrids and increasing seed of 13 synthetics and inbred progenitors. Seed of new QPM 
cultivars was also increased in China, El Salvador, Ethiopia, Guatemala, India, Mexico, 
Mozambique, Thailand, and Vietnam. In Zimbabwe we produced more than six tons of QPM 
seed. 

Seed production 

Seed of QPM maize cultivars was produced in winter 2000-2001 and summer 2001. In Mexico, 
El Salvador, Guatemala, Nicaragua, Ethiopia, Brazil, China, Ghana, India and in Zimbabwe for 
regional trials, strip tests, and on-farm demonstrations in eastern and southern Africa. 

Database of QPM results 
Results from more than 400 QPM trials are now available in a database developed by the 
CIMMYT Maize Program to assist national program partners in planning QPM breeding 
strategies. 

Technology Transfer Activities 

QPM technology transfer activities were implemented in several countries during 2000. In 
Mexico several activities were conducted to further enhance the transfer of QPM technology. The 
most important were: 

• Nearly 300 trials and more than 200 strip tests and demonstration plots were conducted in 
Mexico in the past four years in representative tropical and subtropical environments in north, 
central and southern Mexico. Field demonstrations were attended by policy makers, farmers 
and local authorities. 

• The highest hybrid grain yields were obtained in the northwest, north and central regions 
under irrigated conditions. Grain yields ranged from 9 to 13 t/ha with QPM hybrid H442C 
(CMLI 73 x CML142) (Ortega et al. March 2001). 
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• Dr. Alejandro Ortega, a member of the Nippon QPM project advisory committee and a 
scientist with the Mexican National Institute of Forestry, Agriculture, and Livestock Research 
(INIF AP), documented in a database four years' work on QPM cul ti vars in Mexico, produced 
technical reports on three years of studies of the performance of QPM in cultivars in 
northwest Mexico, released bulletins on QPM cultivars in Mexico, and conducted 
conferences on QPM. 

• In the Mexican state of Guanajuato (subtropical environment), 26 I-hectare QPM 
demonstration plots were grown in farmers' fields and a minimum of two field days were 
conducted at selected locations, with more than 100 farmers in attendance at each event and 
the local press at several. One QPM hybrid H-441 (CML142 x CML186) showed an 
advantage over the seed industry checks. 

• In the Mexican state of Veracruz (tropical environment) 70 I-hectare demonstrations block 
with QPM hybrid H519C were grown in farmer's fields. In several field days hundreds of 
farmers were able to observe the advantage of QPM H-519C over Monsanto and Pioneer 
hybrids Z-3440 and P30F94. 

• In Ethiopia 25 demonstration plots featured a newly-released QPM hybrid, Gabisa, which 
outperformed the local hybrid B-540. 

• One of the most important accomplishments was the release in India of two QPM hybrids, 
Shaktiman-1 and Shaktiman-2, that outyield normal seed industry checks. Several large 
demonstration blocks and validation strip tests were planted. Release ceremonies were 
attended by the Minister of Agriculture and Nobel Laureate Normal Borlaug. 

• The QPM hybrid HQ-31 was released in Honduras in a ceremony involving the Secretary of 
Agriculture and seed and milling industry representatives. 600 hectares of demonstration 
blocks were planted. 

• In Vietnam large demonstration plots were planted with QPM hybrid HQ-2000. The release 
ceremony was attended by high ranking authorities and several hundred farmers. 

• Field days to promote QPM hybrid technology were conducted in Vietnam, Colombia, 
Venezuela, Peru, Kenya, Uganda, Mozambique, Zimbabwe, Malawi and China. 

Validation plots or strip tests 
Large strip test plots were planted in several countries (see Workplan 2000). The most active 
countries in this regard were China, Colombia, El Salvador, Guatemala, Mexico, Ethiopia, 
Uganda, Venezuela, Malawi and Mozambique. Results in these countries are very encouraging. 
In all cases mentioned above, grain from the QPM hybrids had twice the amount of tryptophan as 
the non-QPM hybrid checks. 
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Field days 
The strip test plots served as venues for conducting field days with farmers in different countries. 
35 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 700 farmers. Guatemala had 6 field 
days attended by more than 350 farmers. China, Vietnam, Ethiopia and Southern Africa 
conducted several field days with the participation of several hundred farmers. 

Impact of the QPM maize technology 
As of2001, some 750,000 hectares ofQPM are sown in the developing world-up from the 
175,000 hectares sown five years ago when the present project began. Estimates by CIMMYT 
and Sasakawa Global 2000, based on national program projections, suggest that as much as 1.5 
million hectares of QPM could be grown by 2003. Internal politics in Mexico has slowed 
production of QPM seed, despite great high interest on the part of small seed companies. In 2001, 
18 countries released QPM cultivars. Peru, Venezuela, and Colombia are due to release QPM 
cultivars in 2002 (Table 11 ). 

Tropical yellow QPM hybrids were tested across 30 locations in Latin America, Africa and Asia 
in 2000 and 2001 with the exception of two locations, Argentina (temperate) and Mexico 0.4 
(Valle del Yaqui, subtropical) in 25 sites, CIMMYT QPM hybrids yielded similar or outyielded 
the best seed industry normal checks (Fig. 2).Tropical white quality protein maize hybrids were 
tested across 50 locations in Latin America, Africa and Asia in 2000-2001. With the exception of 
two sites -- Santa Rosa, Nicaragua, where QPM hybrids were affected by com stunt disease, and 
a site in Thailand where downy mildew reduced yields - across 48 locations CIMMYT QPM 
hybrids outyielded the best seed industry normal hybrid checks (Fig. 3).The performance of the 
QPM hybrids mentioned above is a clear indication of the impact that superior hybrids can 
contribute to enhance food security on nutrition in the developing world. Technology transfer and 
seed production should be reinforced in the near future. 

The fourth annual meeting of the Project Advisory Committee 
The fourth annual meeting of the PAC was held in Delhi, India, March 8-9, 2001, in connection 
with the release of hybrids Shaktiman-1 and Shaktiman-2 (See minutes in Appendix I). 

ELISA analysis 
ELISA equipment purchased for Zimbabwe in November 2000 is fully operational. Though based 
in Harare, the equipment is intended to cover the need for amino-acid analysis for all of southern 
Africa. Jaime Lopez Cesati, Mexican ELISA expert who has analyzed more than 2,000 grain 
samples, was sent to provide support for establishing a functional lab. The cost per sample using 
ELISA is 1 /8 that of tryptophan analysis. 

New QPM synthetics 
We have developed a range of new QPM synthetics, yellow and white for tropical and subtropical 
environments. These possess good yield potential, intermediate plant height, low ear placement 
and uniformity, tolerance to root lodging and foliar diseases, resistance to ear rot, semi-flint 
kernel texture, high milling percentage, and twice the lysine and tryptophan of normal maize. 
Since they are open pollinated varieties, the cost of seed is lower and farmers can save seed from 
progeny for planting in subsequent seasons. Some of the synthetics were developed with an eye 
for heterotic response, and can thus be used as parents in non-conventional hybrids. 
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Table 11. QPM varieties released since 1996. 

Name Type Pedigree Country 

HQ INTA- 993 Hybrid (CML 144 x CML 159) CML 176 Nicaragua 

NB- Nutrinta Open pollinated Poza Rica 8763 Nicaragua 

HB- PROTICTA Hybrid (CML 144xCML159) CML 176 Guatemala 

HQ- 61 Hybrid (CML 144 x CML 159) CML 176 El Salvador 

HQ- 31 Hybrid (CML 144 x CML 159) CML 176 Honduras 

Zhongdan 9409 Hybrid Pool 33 x Temp QPM China 

Zhongdan 3850 Hybrid China 

QUIAN2609 Hybrid Tai 19/ 02 x CML171 China 

Shaktiman-1 Hybrid (CML 142 x CML 150) CML 176 India 

Shaktiman-2 Hybrid CML 176xCML186 India 

ICA Hybrid (CML 144xCML159) CML 176 Colombia 

Susuma* Open pollinated Across 8363SR Mozambique 

Obatampa* Open pollinated Across 8363SR Mali 

Nalongo* Open pollinated Across 8663SR Uganda 

Obatampa* Open pollinated Across 8363SR Benin 

BR-473 Open pollinated Brazil 

BR-451 Open pollinated Brazil 

Assum Preto Open pollinated Brazil 

Obatampa* Open pollinated Across 8363SR Burkina Faso 

Obatampa* Open pollinated Across 8363SR Guinea 

QS- 7705 Hybrid South Africa 

GH- 132- 28* Hybrid P62,P63 Ghana 

Gabisa Hybrid (CML 144xCML159) CML 176 Etiopia 

INIA Hybrid CML161 x CML165 Peru 

FONAIAP Hybrid (CML 144 x CML 159) CML 176 Venezuela 

HQ- 2000 Hybrid CML 161 x CML165 Vietnam 

In Mexico, 21 hybrids and 5 open pollinated varieties including ... 

H- 441C Hybrid CML 186xCML142 Mexico 

H-367C Hybrid CML 142xCML150 Mexico 

H-553C Hybrid (CML 142 x CML 150) CML 176 Mexico 

H- 519C Hybrid (CML 144 x CML 159) CML 170 Mexico 

H-368C Hybrid CML 186xCML149 Mexico 

H-469C Hybrid CML 176xCML186 Mexico 

VS-537 C Open pollinated POZA RICA 8763 Mexico 

VS- 538 C Open pollinated ACROSS8762 Mexico 

*Sasakawa- Global 2000, a non- governmental organization dedicated to ending malnutrition and poverty 

in Africa and a leading promoter of QPM in the region, cooperated with national programs; and CIMMYT for 

the release of these varieties. 
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Appendix 1 

Minutes of the Program Advisory Committee (PAC) for the QPM project funded by 
Nippon Foundation 

I.A.R.I, New Delhi, India - March 8-9, 2001 

Members present: N.N. Singh (NNS}, Shivaji Pandey (SP}, Ganesan Srinivasan (GS), Hugo Cordova 
(HC}, Hans Gevers (HG}, Mauricio Lopez (ML}, Wayne Haag (WH), Zhang Shihuang (ZS), Peter Sallah 
(PS), S.K. Vasal (SKV), Alejandro Ortega (AO). Dr. Mangla Rai (MR}, DDG (Crops}, ICAR was present 
for the giving welcome and closing remarks. 

Apologies: Kevin Pixley 

The meeting started at 9:30 AM sharp. Dr. NN Singh, Director, Maize Directorate, IARI, India welcomed 
the PAC members and expressed his thanks for choosing India as the venue of the meeting. 

Welcome and introductory remarks: Mauricio Lopez, Chairman of PAC gave his introductory remarks, 
Briefed on the progress of QPM project during the last 4 years. He congratulated and complemented the 
work of Dr. Vasal and Villegas's and for receiving the World Food Prize for 2000 .. 

Approval of agenda and minutes of the last meetings: Agenda was approved with minor changes. 
Wayne suggested to add discussion on the next meeting in the agenda. Last meetings minutes was 
distributed for approval and was approved. 

Vasal suggested that CIMMYT should produce a small booklet describing the QPM germplasm alone just 
like the CML booklet. 

Hugo briefed on some of the key points from last PAC meeting. Talked about the tremendous political and 
scientific publicity during the last two years for QPM, release of several QPM varieties and hybrids, 
homepage on QPM, making contact with seed companies. HC commented that the meeting with big seed 
companies in Mexico regarding QPM seed production which could not be held last year, but certain 
contacts have been established with smaller seed companies. Wherever hybrids or varieties were released, 
seed production is going on. Eg.In Nicaragua, hybrid seed production is going on in 10 beet, not enough, 
but will be increased in the coming cycle. HC emphasized that releasing hybrids or varieties alone is not 
enough. This has to be followed up by seed production. NNS remarked how effective it is to tap into MNCs 
for seed production, and that it is better to focus on smaller indigenous seed companies. HG remarked on 
what the commercial seed companies are doing in Southern Africa. HC replied that MNCs need to be 
involved if we ultimately want this to take off. SKY suggested that at the Director's level centrally the 
MNCs should be contacted directly. AO remarked that there is enough information to show that there are 
common hybrids that come up on top and can be produced now. ZS remarked that in China , Pioneer and 
Monsanto refused to increase the QPM seeds in China. Some local and small companies produce the QPM , 
but one company that produces the hybrid has PVP rights and would not let others produce the seed. 

Hugo's presentation on Progress Report: 
• QPM varieties are grown from 4 countries in 1997 to 21 in 2000. 
• Molecular markers used on a routine basis - more than 20000 samples analyzed, costs less than I$ per 

sample compared to 7$ for lab analysis of samples for N and tryptophane. 
• Tropical x subtropical hybrids are doing well in all the QPM releases. 
• New hybrids are at least 20% higher than the normal checks 
• Low ear position in QPM hybrids - eg. CML 173 x TX 811 
• QPM hybrids outyield local check hybrids in almost every location 
• In Kenya QPM hybrids yielded 3t/ha more than the seed industry check 
• Venezuela -on-farm testing, 11 sites, QPM hybrid out yielded the normal in all but one site 
• 7000 tons of seed of newly released materials are produced last year 
• New synthetic varieties developed for QPM, has low ear placement, uniformity, excellent yields 
• From 2000 to 2003 the area under QPM expected to go up to 1.6 m hect. 
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PS asked whether tropical x subtropical hybrids are adapted in both tropical and subtropical areas. HC 
answered that the same hybrid released in Bihar is grown in subtropical areas, whereas Guatemala released 
it for tropical areas. 

PS remarked that yield advantage ofQPM hybrids over OPVs need to be 20-25% and in tropics, it is 
difficult to reach that target. Obatampa is still yielding very good in Ghana Hence it is difficult to convince 
the farmer to adopt hybrids. Need is for testing more materials to realize that yield advantage. 

HG commented that QPM vs normal comparison is unfair. One has to use isogenic comparisons. Lysine 
and tryptophane is not actually doubled , it is actually 60% higher at best. 

Resistance to diseases such as GLS, DM, rust etc .. need to be incorporated into the QPM germplasm .. Also 
for BLSB there are resistance in normal which need to be converted to QPM. SKV commented it is better 
to screen in the existing QPM germplasm itself. ML brought up the question of stability of endosperm 
hardness. International trial results shows that most of these hybrids are stable for endosperm hardness. 
Shelling % is a problem as well in QPM. HC agreed that this is something we have to work on. 

SP congratulated on the progress of the QPM project that in a span ofless than 4 years, the countries 
growing QPM has grown from 4 to 21 countries. WH expressed thanks on behalfofthe NF-donor to 
CIMMYT as well as to PAC members for the grand success of the project thus far. 

Progress report on QPM in Brazil: (ML): 
History of QPM in Brazil. Pop 64 was released in 1988. BR 451 QPM and BR4 73 QPM were released in 
1994 . A synthetic made of 6 QPM lines, yellow, semi-flint, used by the farmer supplement program. 

New variety BRS Addum Preto released recently . 

BR451- 30 t-1600 ha 
BR473 - 110 t- 5100 ha 
BRM Addum Preto 50 t -2800 ha 

For every hectare of seed sold annually it is assumed that 0.5 has is sown with farmer saved seed. So 
approximately 15,000 ha, 30% farmers do not have access to improved maize seed. For 2000/2001 it is 
estimated 67,000 ha will be under QPM maize seed. 

First QPM hybrid released in 1996 - BR 2121 is also slightly higher in oil content. 

QPM inbred line coversion, developing and patenting of a conversion procedure. Protocol INPI 9/14/2000 
- "PI 0004654-0". Guimaraes, Pacheco and Lopes 

Idea is to avoid backcrossing to normal recurrent parent and only to heterozygous parent. 

ML presented a transgenic maize developed by BARC - Brazilian Agricultural Research Corporation 
which has lysine and methionine enhanced. How it will affect yield is still a question. 

HG congratulated ML for a very stimulating and scientific presentation on QPM. HG does not do selfing in 
his conversion program. 

HC asked ifit is necessary to get to 97-98% recurrent background. WH asked if you are offering this as a 
service to private sector. ML replied that just now the patent is ontained and as of now this service is not 
offered to private sector. Need more information on cost analysis, Many questions that need to be answered 
before this can be offered as a routine service. - scanning with SSR-how much does it cost? should early or 
late selection be exercised. 

WH asked if there is a need for follow up of community based seed production. Can CIMMYT-
EMBRAP A do a collaborative study on the impact of the seed production. SP said to it is better to avoid 
using GMOs and transgenics when it comes to high methionine due to the bad publicity surrounding GMOs 
currently which might affect QPM if farmers get mixed up with this. SP asked why there is a feeling that 
Brazil has not taken up QPM seriously. For example - Why only 50000 ha of maize under QPM when there 
is more than 12 m hect. in maize in Brazil? 

Answer (ML): Brazil national program has been quite actively involved with QPM. Several varieties were 
released. Some of them did not get popular. We realized it is not successful as we expect it to be. Maize in 
Brazil, is used mainly as feed, and you have to get the commercial sector involved ifQPM has to catch up. 

29 



If a real boost is needed, a good conversion program is needed. Difficult to get the companies establish a 
QPM program. Identity preservation is a problem. Contracting a set of growers will be a solution. 35% of 
Brazilian farmers still do not use improved seed. 

W H asked why public programs should even be working on normal maize. Why not work entirely on 
QPM. SP said that once we have the best materials and we are fully convinced we might incline more in 
that direction. Right now we are not ready yet for that step. 

SKV - commented that are varied options for conversion. Most private companies who produce QPM for 
feed have soft endosperm and are not keen on the kernel modfications. 

Progress report on QPM in Mexico: (AO) 
Talked about two hybrids that are becoming popular. Viz., H364C (141x144) 186 

H365C (142 x 150) 186 

There are problem with the production of some of these lines. 

Subtropical QPM lines CML 176 and 186 obviously has problems with rust. He suggested to cross them to 
144 and 159 to transfer rust resistance. 

Close to 300 t ofQPM seed in Mexico are available but this will only take care of 15,000 ha. 

AO emphasized again that private sector has to get involved in seed production. Otherwise, expansion of 
area under QPM is going to be a problem. WH asked if are small companies that are in Mexico are 
interested just like the Maharlika Genetics run by Catalino Flores . AO said that this company is more 
interested in yellow maize now. SP talked about the seed prdcution in Mexico. Previous administration was 
not interested in private sector involvement. The current new administration is more interested in getting 
private sector involved. Current estimate are for 250,000 ha under QPM by 2002-2003. Instead of2.5 m 
hectare. Bottleneck is getting the seed . 

Peter Sallah commented that INIF AP has released so many QPM hybrids and it is going to be difficult to 
maintain the parental seed of these combinations. AO said that only three hybrids will be popularly used. 

Progress report on QPM in Asia: (SKV) 
SKV covered the QPM activities in Thailand and in some other countries in Asia. Only 24 out of 55 QPM 
inbred lines received from HQ could be increased and seeds saved. He mentioned that Pop. 66 was difficult 
to maintain in Bangkok. 

In Vietnam, seed production of HQ 2000 (CML 161xCML165) looked good. Both male and female 
parents were transplanted. 4 tons of seed were harvested. More extensive testing is planned for 2001. 

In India, Shaktiman l and 2 being released in March 

In China, CML 194 and 140 involved in Yunyou 167 yellow and Yanyou 19 white. Inbred line evaluation 
nurseries for these lines are required. 

CML 161 has problem ofline crinkling and it has to be tested. Uniform inbred line testing for QPM lines 
needed to get good data. CML 161 x CML 165 is going to be released in Venezuela, Peru, Mexico, 
Vietnam. 

Wayne Haag - on behalf of SP asked which countries should we push QPM fast. SKV remarked - there is 
not much chance in Thailand. Vietnam, Nepal, Indonesia, China and India are the five countries to be 
followed up. In Pakistan it will take more testing and results before QPM can be pushed. ML asked why 
Vietnam transplants. One reason is to escape the cold, frost, etc and to save time. 

PS emphasized that CIMMYT should be pushing for QPM in three countries - Vietnam, India, China. 

Vasal suggested that CIMMYT should do some strategic thinking to do things differently. He suggested 
distributing S2, S3 bulks, recycled F populations, etc .. We have to provide more QPM germplasm to 
increase diversity of germplasm that is being used. 
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HC agreed with SKV that we have the collaboration of regional offices. We have new materials that are 
much better than what we have now. 

WH asked why countries like Pakistan and Philippines, have slowed down in maize research in general and 
QPM in particular. 

Progress report on QPM in India : (NNS) 
The QPM project in India is also supported by the NATP project. Two hybrids Shaktiman 1 and 2 were 
released n Bihar. In all zones they yielded higher than the check hybrid. 

Line evaluation is going on in several DMR centers, Kamal, Hyderabad, Dholi, New Delhi, Ludhiana 

Large quantities of seeds are produced in both inbred parents and hybrids. 

SKV asked what happened to the QPM 1 and 2 trial results .. Why CML 175 x CMLl 76 are not released. 
NNS replied that since CML 186 is common parent it was decided to release Shaktiman 1 and 2. But CML 
175 x CML 176 will be released soon. Although Shaktiman 1 and 2 were released in Bihar it can be 
released in other states as well, since it can be produced in other states also. ML asked if private sector will 
be involved in producing the seed of the two hybrids. NNS replied in the affirmative. 

WH asked ifthe new QPM synthetics will be available to farmers. HC said about Messina Beej that sells 
seed in Bihar should be involved in the QPM seed production. 

Progress report on QPM in China: (ZS) 
SH mentioned that one of the problem in China is that QPM seed production was assigned to one company 
which restricts other companies from producing seeds. In China sister lines are crossed to make synthetics 
for exchange within the provinces. Seed production in 1999 not very successful. Youngdaan 9409, under 
7000 hactare. Pop 69 and 70 are now under improvement. Last year, China initiated ELISA analysis. The 
person in charge of ELISA works in Hebei province, and has pathology background and every Feb he 
comes to Beijing and perform the ELISA studies. Last year, 400 lines were analyzed using ELISA. This 
year 500 lines will be screened using ELISA. Yunan province conducted CIMMYT QPM trials. Five 
combinations were good. We found that all the hybrid contained CML 142. In 2001 China will continue to 
test new hybrids in 5 provinces. In 2001 animal feeding trials will be done by providing funds to them. 

Sam suggested Dan 340 a good normal line to convert to QPM. 

SH wanted to introduce the tropical QPM CMLs to China. Need more information on using MAS for QPM. 
ML asked how many new hybrids in QPM are there. SH replied that there are 11 hybrids that are released. 
AO asked which donor lines are used. ZS replied- QI- Shandong lines and CA- Chinese Academy lines 

Progress report on QPM in Ghana: (PS) 
Emphasis in Ghans is on 60% OPV s and 40% on hybrids. There is an increasing demand in recent years for 
yellow QPM lines. Generally the yellows are low yielding in their conditions. Conevrting OBA TAMPA to 
yellow is an option that is being looked into. Breeders seed is produced by Ghana NARS but the 
commercial seed is produced by others. Although the region endorsed Obatampa for release and cultivation 
in the entire W. Africa, its spread is still wanting. Why? This needs more extension and commitment from 
the partner countries .. 

HC complemented, PS and Ghana for promoting Obatampa variety in other countries. Quality of Obatampa 
is of concern in many seed stocks. Is the new cycle of Obatampa seed is being analyzed for quality? PS 
replied that there is a lab for tryptophane analysis and we do test the cycle of selection. Since the lab results 
are not reliable this was suspended. Steps are being taken to rectify this situation. 

Progress report on QPM in S. Africa: (HG) 
Quality seed is a private program working on QPM. When CIMMYT closed its work, even S. Africa 
program suggested for closing the QPM research. Mostly local material are being used and now they are 
trying to introgress new QPM donors from Brazil, Ghana, and CIMMYT. 

31 



Currently about 110 ton of seed is produced and sold in QPM in S. Africa for 9000 ha. Expected to double 
in 2001/02. As a private company HG declined to tell the pedigree, but the introgression has helped in grain 
quality. Inclusion of an appropriate check is important. Over 80% of QPM seed in S. Africa is due to 
Agricol. NCD-Agri - a farmers coop is also an important player. Seedco Quality seeds have approached 
HG to convert some of their lines to QPM. 

ML asked: How do you maintain identity preservation. 

HG: No it is not avaiable. We rely on users to keep track. Clients are mainly commercial farmers who feed 
it to poultry or piggery. 

Progress report on QPM in Mozambique: (WH) 
SG 2000 is working with INIA and conducting trials of QPM. Obatampa is released as Sµsuma. Most of 
the seed is received thru SEMOC/SEED arrangement. About 10 beet. of Obatampa in the country. 0.5 beet 
of demo about 30-40 of such demos spread through out the country. Lab results need to be closely looked 
at. Lot of general interest among NGOs on QPM. "Food for the hungry" is pushing for Mozambique. 
Problem in Mozambique is extremely weak national program. Miloje Denic is converting Matuba , early 
semi-flint population into QPM. It has MSV resistance and DMR. RF in Nairobi is funding some aspect of 
his work. He has funds for ELISA and SG 2000 will put in some money (approx. $7000) to get this system 
running. Kevin is planning to set up the ELISA lab in April in Harare. WH suggested that a training course 
can be provided at the same time at least for the people in the region. ML asked if recurrent selection is 
going on in Obatampa. Milejeic and Kevin are involved in collaboration to improve Obatampa for 
Mozambique. 

ML asked if there is any possibility for material better than Obatampa in these countries. GH - Ghana 
Hybrid is a good one which has potential. HG asked if Obatampa was pure enough to maintain good 
quality. WH answered that theya r elooking at the seed quality and will be on top of it. If there is a problem 
then, we will go back to the family structure, and check the quality and monitor it and recombine the best 
families to bring the level back to the desired level. 

WH asked CIMMYT to send the new QPM synthetic to all the countries. ML alerted to the danger of 
relying on Obatampa too much in Africa. A dedicated recurrent selection in this avriety is needed to 
improve the quality and yield. 

PS said that they maintain HS structure for increasing the seed of Obatampa. HG commented that the 
problem in Obatampa is true of a heterozygous population, It is important to maintain pure representative 
genetic seed ofObatampa. HC supported this statement, PS suggested that Obatampa is improved from 
Across 8363. SP insisted that genetic stock of this seed has to be maintained in bank. SKV suggested to 
check the seed of each S 1 and not to depend on lab completely. By looking at the ear, you can identify the 
contamination by looking for normal and opaque. 

ML thanked Dr. Mangla Rai for making all the arrangements for this meeting. Suggested to use 
instrumentation, bioinformatics, and genomics in improving for quality. 

Progress report on QPM in Eastern and Southern Africa: (GS) 
GS presented the results from E and S. Africa in place of Kevin Pixley who could not attend the PAC 
meetings. 

The results from multi location trials in 25 sites are very promising. Three way hybrid ofCML 144/159 
with CML 181 and CML 182 were high yielding across locations. The topcross hybrid to Obatampa gave 
good yields and will be promoted due to ease in seed production and good performance. Three way 
topcross CML144/CML159 //Obatampa was highest yielder in 12 sites yielding 5.64 t/ha and will be 
recommended for further testing and demonstration during 2001. 

For 2001, it was proposed that QPM trials will be conducted in 50 sites in E and S. Africa. 3 way and 
double cross hybrids will be formed based on the prediction from the QPM diallel conducted in 2000. 

The ongoing population improvement are in Obatampa and Pl5Q-SR for streak resistance. The synthetic 
S91SIWQ is being improved for enhanced protein quality. 
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During 2000, Ethiopia tested five QPM hybrids from CIMMYT in multi location trials in 22 sites. During 
post-flowering stage a team of 11 scientists visited and ranked the materials. After taking into consideration 
all the triats the hybrid identified as most promising was CML144/CML159//CML176. This will be tested 
further in 2001 for release. GH132-28 and Obatampa need to be tested further in lower elevations. 

Other general discussions: 
On the QPM W eh page in CIMMYT home page, there was a recommendation to add logos of donors and 
participating countries in order to recognize other institutions. 

WH asked if Crows hybrid should be included in the trials. Since they are mostly of temperate background 
it will not serve much purpose. · 

SP remarked that Crows hybrids has been bought by someone. It appears that the new management is not 
interested in QPM. 

HC commented to a question that CIMMYT wont extend to population improvement unless we get 
additional resources. 

ML recommended to add N. Korea, Pakistan, and other countries in the next phase. 

WHaag asked about QPM in Egypt. Egypt has slowed down quite a bit with lsmae.s retirement. WH 
promised to help us with entering into Egypt in a big way. 

HC commented that in Colombia QPM hybrids are being released. First lady of Colombia is interested in 
releasing QPM germplasm. 

Training: (GS) 
Resources for training in QPM during 2001 is limited, but we should still explore various training options 
wherever needed. 

There will be a training course on use of ELISA in Zimbabwe. SG 2000 (Mozambique) will nominate at 
least two or three people. Ghana will send at least two people. WH will support. Ortega wants to send a 
person for ELISA training if held in Mexico. It was suggested that we should explore options to train 
people using internet. PS suggest for uniform standard for reporting ELISA. There was a suggestion to 
introduce a short one-week training course on QPM to be conducted regionally or in-country. WH referred 
to the need for training on QPM conversion and for sharing the procedures that are used by different 
breeders. GS will compile the various procedures used in the conversion of normal lines to QPM. 

Work plan for 2001 (HC): 
A work plan was circulated by HC. This was checked and modifications made. China will not have QPM 
strip tests in 2001 but will have releases this year. Mozambique, and Ghana agreed with what was proposed 
in the handout circulated by Hugo. Brazil will have field days, but no release 

On Table 4 in the work plan -
Thailand - no change. 
Vietnaam -HQ 2000 will be released. 
Philppines - no change 

Table 4. add nutritional studies. 
Table 3 - Brazil needs to be included. 

Scientific publication on QPM will be done and included in the CIMMYT web page. 
There was a question as to when the next International QPM symposium will be conducted and where. In 
Feb 2002 a meeting can be arranged in Kenya. 1-2 day workshop on QPM is possible. WH asked how 
much it would cost. Around $50,000 minimum for the workshop. 
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Budget for 2001 (SP) 
Nippon Foundation gives about $250 K annually for QPM. In addition $800K by CIMMYT and other 
donors are allotted for this activity. 

We submitted a new project for$ 1.4 m per year for 5 years to NF. We didn't get it approved this year. 
There are other donors interested in this activity: CIDA, Canada - top priority for 2002 

CIDA, African Hom Division - 2001 Went to Ethiopia in Jan. Include Kenya and Tanzania. For Eastern 
Africa, CIDA money will be available. 

Mathille Foundation: Corning to Mexico in April first week and QPM for Africa will be one of the projects 
proposed for funding. 

RF has expressed interest in introducing QPM in most widely grown varieties and hybrids for Eastern 
Africa. Good chance for this to be funded. Alpha Diallo to prepare the project proposal on this. 

USAID is interested in QPM for Africa. For Latin America and Asia there is less chance of funding. 
Nippon Foundation will be approached. Everyone should explore options for funding from national source. 

CIMMYT's QPM research will be maintained at least at the same level for the next several years with or 
without donor support. 

WH promised to push hard in promoting the QPM project with NF. ML suggested that private sector has to 
be involved actively in promoting QPM, increase profits, and also contribute to this project. SG 2000 is 
working with Monsanto in promoting the technologies. SP commented that it is not just QPM but also 
normal, that private sector has to be involved. 

HC requested that everyone send to him a request for funds for this year. We would like to see more 
resources spent on on-farm demo plots, strip tests and seed production to accelerate the adoption. 

HC requested that this request be sent in the next few weeks. WH mentioned that GTZ is more sympathetic 
now to Ghana's needs on seed effort. 

Seed industry interest in QPM - Hans Gevers 
HG briefed on the industry involvement in QPM seed production in S. Africa. Seedco is interested in 
conversion of lines for them. Talking with Novartis regarding this in a couple of weeks. It is a golden 
opportunity to push it with Seedco. 

Also involved with National Seed Co and Agrico who sell more QPM seed than any local company in S. 
Africa. HC mentioned that Christiani Buckhardt is interested in producing QPM hybrid in C. America. In 
El Salvador also private sector is releasing and producing seed ofQPM hybrids. In India we should go with 
Messina Beej company. In Venezuela, there are lot of small seed companies who will produce the seed of 
QPM 

HG asked if the MNCs are aware of the developments ofQPM. Not much interest so far. SP mentioned that 
maize program is under pressure from its board, not to give our germplasm free to private sector. We are 
resisting the temptation, but at some stage, we have to differentiate the MNCs and tell them that we need 
some arrangements with them financially. We might follow the CPMS model ofEMBRAPA to get some 
funds. 

PS commented that this issue of pvt sector is similar in Ghana. Ghana public NARS are told not to give 
away germplasm free. 

ML commented on including conversion as the entry point for private sector. Nigeria is moving fast with 
QPM hybrids with a company called "Balancia." PS - Nigeria has to get its act together with regard to seed 
production. They were supposed to release Obatampa but nothing is happening so far. Needs to be pursued 
in Nigeria seriously. 
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Lab-related issues: 
a. Chemical analysis -
b. ELISA-
In CIMMYT's QPM breeding program molecular markers are used in the F2 stage. Then at a later stage at 
S3 or S4 ELISA is used. At the final stage we use biochemical analysis. High correlation noticed between 
ELISA and lab results. Also important to maintain the level of protein at a level that is at least 9% or 
higher. The DNA analysis can be done for upto 10000 samples at 0.50/sample and it is reliable. In ELISA , 
it is $1.50 per analysis. For chemical analysis it costs around $6 I sample. 

ELISA labs are set up in India, China, Harare (May 2001). 

How to report this data?% in total grain, endosperm,% of protein, indices. What is tl}e best method? It is 
easier to do for the whole grain completely. 

SKY: Analysis should be done only when it is needed. For segregating populations, no need to be do lab 
analysis, because at harvest, we are going to see them in the kernel modifications any way. Phenotypic 
appearance of segregation of F2 population at harvest is very important. 

Endosperm vs. whole grain. All the modifications happens in the endosperm because the modifications 
happens only in endosperm and the germ size will affect the analysis result. 

ML - At the very final stages of the breeding program it is better to go for the whole grain instead of 
endosperm. 

SKY - agree - final stages whole grain analysis recommended. 

HG - Complete different system for analysis. I use Lysine, Isoleucine, Leucine and protein. Relationship 
between Lysine and tryptophan are high so. Either one is enough. Protein content is not just an easy thing 
to do by analysis. It can change from 12% to 6% from one cycle to another due to environment. 
Relationship of endosperm size vs. embryo size is critical also. Best criteria used in S. Africa is Lysine as 
% of sample to the feed industry. 

AO - How are you going to check it in the grain in the market?. 

ZS - In the future we can use ELISA for endosperm. We should develop a new method for whole grain 
analysis. 

HC - will develop a standard check and send to others. 

WH - Send samples to CIMMYT for checking the lysine content. 

Date and place for the next PAC meeting: 
HC remarked that we will wait for the funds to be approved until we decide on the next PAC meeting. SP 
suggested that the PAC members need to assess the contribution of each members to this project and should 
decide whether they wish to continue. 
SP thanked the PAC members and the chairman for an excellent job. Thanked the host - NN Singh and 
others. QPM will continue to receive top priority and CIMMYT remains committed to QPM research. 
Resources will be scarce, but we will find whatever is needed to do the most important tasks. Although 
hybrids are important, still we should bring synthetic and OPY s in balance. Thanks to NF for their support 
and we hope they will continue to support the program. 
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Appendix 2 

Possible protocol for conversion of an elite maize inbred line to QPM using MAS. 

Season I I Objectives I Material• to plant I Instructions 

TL96A Fann F1 Plant 5 rows (100 plants) from each of the Make bulk pollen from plants of the recurrent parent (CML264) and pollinate 

1 progenitors: donor (CML 176 Q ), and recurrent all plants in the donor parent (CML 176 Q), to form F,. Detassel all plants 
(CML264). used in the bulk pollen to avoid using the plants two limes. 

At harvest, select only ears resistant to ear rot. Make a balanced composite 
with the same number of seed from each ear. Save remnant seed to 
represent the F 1 population. 

TL96B Advance to F, Plant 10 rows (260 plants) from the F, balanced Select healthy plants resistant to diseases and other desirable agronomic 
2 composite. traits. Self all selected F, plants to advance to F,. Pollinate at least 160 

At harvest, select at least 100 healthy ears, shell ear x envelope if recycling 
selection is needed. Make a balanced composite with the same number of 
seeds from each ear and save remnant seed to represent the F2 population. 

Use a light table to check the F, composite selecting only modified kernels, 
grades 2 or 3 in the scale of 1 to 5, where 1 is normal and 5 is totally opaque. 
The objective of this work is to increase the frequency of modifled kernels. 

TL99A Form BC1F1 Plant 20 rows (520 plants) of the F, balanced Tag all plants, take a leaf sample of individual plants to extract DNA and use 

3 
composite. molecular markers to identify homozigous plants with the recessive gene 

opaque-2 (o2o2). Select plants plants resistant to diseases and other 
desirable agronomic traits. 

Plant 10 rows (260 plants) of the recurrent parent Make a bulk pollen using 75 plants of the recurrent parent CML264 and 
(CML264). pollinate only the F2 plants iden@ed with the opaque-2 gene, fixed to form 

BC1F1. Detassel all plants used in the bulk pollen to avoid using them twice. 

At harvest, select 180 healthy ears. Make a balanced compos~e and save 
remnant seed to represent BC 1 F ,_ 

Use a light table lo check the F, composite selecting only modified kernels, 
grades 2 or 3 in the scale of 1 to 5, where 1 is normal and 5 is totally opaque. 
The objective of this work is to increase the frequency of modified kernels. 

PR99B Advance to BC1F2 Plant 10 rows (210 plants) of the BC1F1 balanced Select vigorous plants, resistant lo lodging and diseases and other desirable 

4 composite. agronomic traits. Self all selected plants to advance to BC1F2. Pollinate at 
least 150 plants with the purpose of Increasing the frequency of modifiers. 

At harvest, select at least 100 ears resistant to ear rot and shefl ear x 
envelope. Make a balanced composite lo represent BC1F2. Each individual 
ear BC1 F2 must be selected under the light table selecting modified kernels 

Take a sample of 20 kernels from each individual ear BC1F2 and send to lhe 
Lab lo analyse for protein, lysine and tryptophan. Eliminate low QP ears or 
use ELISA 

5 
CO TOA Form BC2F, Plant ear to row (26 plants) of each family BC1 F2. Select plants resistant to lodging and diseases with low ear placement, similar 

lo the recurrent parent. 
Plant 10 rows (260 plants) of the recurrent parent Make a bulk pollen using 75 plants of the recurrent parent CML264 and 
(CML264) pollinate all plants selected in family rows BC1F2 to form BC2F, Detassel all 

plants used to avoid using them twice. 

Al harvest, select al least the 10 best ears resistant lo ear rol in each family 
BC1F2. Make a balanced composite with the same number of kernels from 
the ears selected in each family lo represent BC2F, 

Use a light table to check the F, composite selecting only modified kernels, 
grades 2 or 3 in the scale of 1 to 5, where 1 is normal and 5 is totally opaque 
The objective of this work is to increase lhe frequency of modified kernels. 
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Season Objectives Materials to plant Instructions 

AFOB Form BC3F, Plant 5 rows (100 plants) from each balanced Select plants resistant to lodging and diseases with low ear placement. similar 
6 composite of the BC2F,. to the recurrent parent. 

Plant 5 rows of the recurrent parent CML264 and Make a bulk pollen using 75 plants of the recurrent parent CML264 and 

interplant them every 5 families. pollinate all plants selected in family rows BC2F, to form BC3F,. Detassel all 

plants used to avoid using them twice. Compare agronomicalty each BC2F1 

with the recurrent parent and only pollinate the best families that look like the 
recurrent parent CML264. 

At harvest, select at least 50 ears from each family. Make a balanced 
composite using all ears selected in each family BC2F1 to represent BC3F,. 

Each composite BC3F 1 should be checked under the Ilg ht table, selecting 

only kernels grades 2 and 3. 

COT01A Advance to BC3F2 Plant 4 rows (84 plants) from each of the balanced Select plants resistant to diseases and other desirable agronomic traits and 

composite BC3F,. low ear placement. Self all selected plants in each family BC3F, to advance 
7 to BC3F 2. Compare agronomically each family with the recurrent parent and 

self the best families which are similar to CML264. 

lnterplant 4 rows of the recurrent parent CML264 At harvest, select the best 20 ears resistant to ear rot in each family BC3F1 

every 10 families. and shell ear x envelope. Every ear BC3F2 should be selected under the light 

table, selecting only kernels with high frequency of modified 2 and 3 grades. 
Ears with no modified kernels should be discarded. 

Analyse for protein lysine and tryptophan content every ear selected In 
rlr" ....... 

AF01B Identification of the Plant ear to row (26 plants) each family BC3F2. Select only families with a high protein, lysine and tryptophan content. Self 8 

converted line and best plants in BC3F, to advance to BC3F,. At harvest, select ears resistant to 
8 confirmation of the OP. ear rot. 

lnterplant 1 row of the recurrent parent CML264 Compare agronomically each BC3F, with the recurrent parent CML264 and 
every 1 O families. select the best family with high protein, lysine and tryptophan content. 

,_ ,,.,. ~ ... ft .. -···--·-
Plant height 1.25 '20 
Ear height 044 0.40 

Days lo silk 61 60 
Days lo pollen 60 59 
ASI 1 1 
Stalk color Green Green 

Tassel type: Open Open 

Tassel size L..-ge Laroe 
Glumescolor Purple Purple 

Anther color Yellow Yellow 

Silk color Pink Pink 

No ofleaves 14 12 
No. of leaves above the ear 7erecl 6 erect 

No. of leaves below the ea-· 6 lax 6 lax 
Leaf type. Semi-broad and rugged Semt-broad and rugged 

Protein 10.0 13.72 

Lysine 0230 0455 
Truntnnkan· 0.058 0.106 
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MAIZE LINE CONVERSION TO QPM USING MAS 

A= CML 176 QPM LINE (DONOR PARENT) 
B= CML264 NORMAL LINE (RECURREN PARENT) 

A B 

(AxB) F1 

(AxB) F2 

(AxB)F2 B 

Plants o2o2 

(AxB)xB BC1F1 

0 

(AxB)XBF2 BC1 F2 
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((AxB)xB) BC1F2 

(((AxB)xB)xB BC2F1 

(((AxB)xB)xB BC2F1 

(((AxB)xB)xB)xB BC3F1 

(((AxB)xB)xB)xB BC3F1 

B 

(((AxB)xB)xB)xB)) BC3F2 = CML264Q 

B 

(((AxB)xB)xB)xB)) RC3F3 = CML264Q seed increase 
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More on conversion of normal maize elite lines to QPM: 

l) Molecular markers are only another tool that you can use in the process of conversion, you can 
also be supported by regular lab analysis for lysine, tryptophan, and protein content and/or by 
ELISA to guarantee the presence ofQP components. 

2) Be sure that the selection of modifiers is properly executed in the identification of kernels that 
carry on hard structure in the endosperm. Select 2 and 3 and discard 1 and 5. If the frequency of 
modifiers is low select also 4 in the scale l to 5, where l is normal and 5 is soft. This suggestion is 
a key in the process of conversion. 

3) Expression of kernel modification does not guarantee high quality protein (lysine and tryptophan 
content), it is an indication of the presence of opaque -2 gene but not of high quality. Let's 
consider the case of CML 264 conversion. We had several families with high QP and outstanding 
kernel modification in BC1F2 and BC2Fl we did not advance to F2, and we advanced to BC3 to 
shorten the time of conversion, we only selected the modifiers under the light table and advanced 
the BC3 Fl to F2, several families selected in BC1F2 did not maintain the high lysine and 
tryptophan content. 

4) Genotypes respond differently to the conversion. Some genotypes will recover immediately the 
phenotypic expression of the recurrent parent making easy the process of conversion, this was the 
case ofCML264, where in BCl the appearance of the line showed immediately but in CML 273 it 
was the opposite the line appeared very tall and leafy totally different than CML273, only in 
BC3F2 the appearance ofCML 273 was present. The situation is similar in the case of modifiers 
and high quality protFin. In this case the use of larger rn1111ber of plants is strongly recommended. 

5) Reducing the timing ot conversion. The necessary time for converting a normal elite line to QPM 
can be reduced by: l) Advancing to F2 only once after the original Fl and 2) Making two 
consecutive back crosses and self the BC2Fl to advance to BC2F2, or F5, then you will have a 
converted QPM line with 87.5% of the recovered recurrent parent, ifthe donor parent is good the 
remaining 12.5 % can be a plus for your new QPM line but with a larger amount of the recurrent 
parent characteristic. 2.5 years is not a bad time for converting a line, if you have access to the use 
of molecular markers you can reduce the population size, if not a larger population size is 
suggested but follow the recommendations contained in the protocol. 

6) The normal lines that you would like to convert are elite line parents of your best hybrid with high 
yield potential, therefore, belonging to opposite heterotic groups A & B. Use also two lines as 
donor parents to maintain the heterotic response while in the process of conversion. For example: 
Let's consider the case ofCML395xCML312 use CML175 as donor for CML312 and CML176 as 
donor for CML395. In the case of tropical pattern: CML 247xCML254 use CLQ 06203 for CML 
247 and CML150 as donor for CML254. 

Combining Recycling and Conversion. You certainly can combine and develop new QPM inbred lines 
and convert your elite normal lines to QPM lines by recycling or self in the Fl elite normal x elite QPM 
and forming the F2 pedigree population, for this you will need at least 600 plants in the F2, to save a 
minimum of l 00 ears with the opaque -2 gene fixed. 
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