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Introduction
 

By the end cf the two-year period 
covered in this rcport, the maize 
breeding and international testing 
scheme Initiated by C!MMYT during 
the early 1970-W had been In 
operation for about a decade. That is 
not a very long period in the life of a 
breeding program, but it has given 
the Maize Program sufficient time to 
make good progress toward some of 
its key objectives, 

A primary concern of CIMMYT 
maize staff 10 years ago was to 
make available a wide array of 
broadly adapted, improved 
germplasm to breeders in developing 
countries. That goal has largely 
been accomplished through the 
development of gene pools and 
advanced populations, each of which 
is adapted to one of ilie Third 
World's approximately 15 1eiga-
environnicrjs(globally dispersed 
areas characterized by relative 
uniformitv in conditions, such as 
climate and length of growing 
season, that determine maize 
gerljplasm requirements). Progeny 
of the populations and experimental 
varieties developed from them have 
been distributed in hundreds of 
trials to scores of national programs, 
many of which have taken part in 
international maize testing, not only 
as recipients of the germplasm, but 
as participants in its improvement, 
National scientists are employing 
the products identified through the 
testing system by selecting them for 
adaptation to specific maize-growing 
environments and either releasing 
them directly as varieties or 
incorporating them into breeding 
programs. 

Good prog-t ss has been made in 
improving the performance of the 
products now being delivered to 
maize breeders in developing 
countries. As indicated by the 
results of evaluations described in 
this report, the yields of most of the 

populations have been raised 
signflcantly, and some Improvement 
has been brought about in their 
adaptation to low-yielding 
environments. In addition, projects 
vre underway at locations away 
from CIMMYT headquarters for 
development of disease-resistant 
materials that cannot be developed 
in Mexico. 

lIportant achievements have also 
been registered in the development 
of quality protein maize (QPM). 
Notable progress has been made in 
overcoming the deficiencies of the 
original opaque-2 materials with 
which the Center Initiated its work 
on this type of maize in the early 
1970s, and as with the normal 
germplasm, a wide arr-ay of QPM 
types have been made available to 
national programs. 

As the Maize Program's strategies 
for developing and delivering 
germplasm and other products 
began to take shape during the 
1970s, so did its approaches to 
improving the capacity of national 
maize programs to make effective 
use of these products. 

In a sense the development of those 
two functions-the creation of 
research products and support of 
research cooperators-followed 
parallel courses. For producing 
improved maize germplasm to meet 
tile diverse requirements of the 
Third World, the most logical 
approach found was to organize the 
gene pools and populations on the 
basis of mega-environments. 
Likewise, it was decided that the 
greatest number of national 
programs could be strengthened in 
the shortest time through extensive 
regional programs, each of which 

would provide a range of services In 
numerous countries. To establish a 
separate project for each Important 
maize-producing nation would have 
been no more practicable than 
developing improved maize varieties 
for every ecological niche in the 
Third World. Limited resources 
would not have permitted us to 
achieve either goal In a reasonable 
amount of time. 

Because it is attempting to satisfy 
global needs for germplasm and 
research support, the Maize 
Program's resources must obviously 
be spread very thin. That 
circumstance does not necessarily 
imply slower progress in the 
development of global maize 
research and production than could 
be achieved through more 
concentrated investment in fewer 
countries. On the contrary, we are 
convinced that broadly adapted 
germplasm and fairly modest levels 
of support offered on a regional 
basis encourage efficient use of the 
research resources available in 
developing countries. The 
germplasm distributed by CIMMYT 
constitutes vital raw material for 
national breeding efforts, and the 
Center's regional programs provide 
a framework for germplasm 
exchange and other forms of 
cooperation whose end result is to 
multiply the benefits of investment 
in research. Of course, both of those 
strategies assume considerable 
commitment from national 
programs, which has been very 
much in evidence in the Maize 
Program's germplasm development 
efforts and in the activities of Its 
regional networks. 



Germplasm Bank
 

The main functions of the bank are 
to r,.aintain landraces of maize and 
to supply useful germplasm to
scientists at CIMMYT and elsewhere 
in the world for maize improvement 
or other research. At the end of
1983, the bank held in storage just 
over 10,200 accessions of maize and 
its wild re.atives. During 1982-83 
bank staff responded to requests for 
a number of those accessions. 
distributing a quarter of a million 
seeds in 1,155 samples to 29 
countries. This germplasm vas 
requested for numer3us purposes,
ranging from breeding and 
evaluation to very basic research, 

Bank Accessions 
Materials in the bank are referred to 
as accessions and assigned a 
CIMMYT accession number only
after they have been successful'ly 
regenerated. About 94% of the 
accessions currently held arereenertions fro hedbankes 

regenerations from the bank's
original collections, and about 5% 

are groups formed during 1960-63 

by recombining two or more 

collections of similar morphology 

and geographic distribution. The 

remaining I% are composites
formed on the basis of various traits 
or racial criteria. One or more of the 
collections considered typical of a 
group or composite are maintained 

as individual accessions; the other 

component collections have been 

discarded. The majority of the 

accessions are of Zea mays from 

Mexico and Brazil, although 
materials from some 55 other 
countries are included as well (Table1). This germplasm is kept in two 
cold storage chambers, which have 
a combined volume of 244m 3 and 
are maintained at a temperature of 
00 to 30 C, with an aver-age relative 
humidity of 32%. 

Regeneration
of Accessions oAcesosTrinidad 

During 1982 and 1983, as in 
previous years, bank staff devoted 
most of their time to regenerating
and observing bank accessions. The 
longer the period between these
regenerations the better, since the 
accessc:-'- are likely to undergo
change,; in their character and 
genetic composition as a result of 

genetic drift if they are regenerated Table 1. Sources of accessions intoo 'requently. From time to time, the maize germplasm bank 
however, it is necessary to 
regenerate the accessions because of Number ofthe relatively low number of seeds Country accessions 
kept in storage for meeting seed 
requests and the poor germination Afghanistan
of seed that has been stored for a Angola 

19 
6long period. Antigua 10 

Austria7 
The results of germination tests British Virgin Islands 

93Argentina 
53indicate that in our present facilities Bahama 

seed of good quality can be kept Barbados 13 
I 

viable for longer than 20 years. Bolivia 76Thus, given thc total number of Brazil 2246accessions in the bank, Chile 63approximately 500 of them must be China 25regenerated each year in order for Costa Rica 387 
Colombiaeach accession to be regenerated Congo 121 

once every 20 to 22 years. The Cuba I 
Maize Program receives assistance I)ominican Republic 

171 

in meeting its annual goal from the Ecuador 
99 

Pioneer Seed Company in the USA. Egypt 
368 

1 
El Salvador

The accessions to be regenerated are Ethiopia 
79 

cFrench 29Guiana
chosen according to the age, quality,GemnWs6 

9 
and viability of the seed. When GrenadaGermany, West 216possible, those selected are Guadeloupe
regenerated by growing 256 plants 

21 
Guatemala 470in 16 rows 5 in long. Bulk half-sib Guyana

pollination is used, and selfing Is 
13 

Haiti 38avoided. In the process, some Honduras
125,000 hand-pollinations are done, 

118 
India 2and agronomic data are recorded. Israel 4Approximately the best 10% of the Jamaica 9

materials are selected for further Lebanon 7Malawievaluation and crossing with 58
5Mali 

appropriate gene pools in the Martinique 2breeding program. The best of those Mexico 3489materials are then selected for Nepal 212introgression into the Maize Nicaragua

Program's breeding materials. Nigeria 

73
 
1

Pakistan 2Long-Term Plans Panama 152
ParaguayIn 1983 we started regenerating Peru 99196 some accessions for the second time. Philippines 3In most cases there was an obvious Puerto Rico 31difference between percent Saint Croix 

germination and percent emergence 
13 

Saint Lucia 7 
in the field. This discrepancy Saint Vincent 16underscores the need for more basic Surinam 11 
research on bank materials to find Tobago 19 
better ways of managing. United States 

40 
26maintaining, and evaluating the Uganda

accessions. In fulfillment of its long- Uruguay 
4 

836
term commitment to the germplasm Venezuela 
bank, the Maize Program is planning Yemen 

270 
2 

to :ncrease its emphasis on some 
types of basic research (relating to Total 10,153
the regeneration and evaluation 
procedure) and to markedly improve 
the bank's facilities. 
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Gene Pool Development
 
and Improvement 

Handling of gene pools is the main 
task of the backup unit within the 
Maize Program. Traditionally, this 
unit has served two purposes: (1)
providing superior genotypes to the 
advanced unit, which is responsible
for the improvement of advanced 
populations, and (2) maintaining 
useful genetic diversity, a vital 
precondition of success in the 
Program's germplasm improvement 
efforts. 

Each gene pool is a broad-based 
germplasm complex formed through 
the genetic mixing of diverse 
varieties, varietal crosses, and 
hybrids having sihnilar climatic 
adaptation, maturity, grain color, 
and grain texture. Currently, the 
Program maintains 33 gene pools: 9
for the tropical highlands, 12 for
tropical lowlands. 8 for the 

subtropics, and 4 special gene pools 
for the temperate zone. An 
additional 13 quality protein maize 
(QPM) pools have been developed, 7 
for the tropics and 6 for the 
subtropics. (Detailed descriptions of 
the normal pools are given in 
Appendix 1,and work on QPM 
materials is discussed in another 
section of this publication.) 

Introduction Nurseries 
Although most of the efforts of the 
backup unit go into the development 
and improvement of gene pools, it 
also attends to the more preliminary 
work of maintaining introduction 
nurseries. These nurseries are the 
means by which new gemiplasm is 
regularly incorporated into the gene
pools to increase their genetic
diversity. 

The nursery entries, which are 
obtained from various sources 
around the world and also from the 
germplasm bank's regeneration 
plots, are planted at CIMMYT's 
experiment stations in Mexico. To 
avoid introducing any new diseases 
into the country, the introduction 
nurseries are planted in isolation, 
and plants showing disease 
symptoms are rogued. Each 
introduction occupies two rows 5 m 
long, Ten-row bulks of each pool are 
planted next iothe introduction 
nurserv. 

The materials are evaluated for 
various characteristics, such as 
maturity, disease and insect pest
reaction, height, grain color and 
texture, and yield potential.
Promising materials are crossed and 

Ear rot resistance is one of the main selection criteria in the ;nprovement of CIMMYT's tropical and subtropical
gene pools. Here Carlos De Leon demonstrates artificial infection of ear shoots with ear rot. 
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introgressed into the appropriate Tropical and family is planted in a 5-m row (withgene pools (Table 2). Superior Subtropical Pools plants 33 cm apart), which is laterprogeny are harvested and planted thinned to leave 16 plants perthe following season as female rows The tropical and subtropical pools family. All female rows and plantsin the corresponding pools. This are improved by means of a in pollinator rows that showprocedure prevents the introgression modified half-sib method of undesirable traits before floweringof untested materials into the pools selection. The 400 to 500 families are detasseled.
and makes it possible to compare that make up each pool (we havethe F1 progeny with the pool while found this number to be both Most pools are grown at more thanthey are being backcrossed. At manageable and sufficient for one of CIMMYT's experimentharvest ears from selected F1 maintaining genetic diversity) are stations in Mexico. At each locationprogeny either of crosses between planted in an isolated block in a superior families are selected by athe pools and introductions, or of ratio of two female rows to one male multidisciplinary team of scieptists,the backcrosses of the introductions row. All families are represented in who take into account yieldto pools, are included in the the female rows, and the pollinator potential, height, maturity,pollinator for the next cycle of rows are planted to a balanced seed uniformity, lodging, and reaction torecombination. mixture of selected families. Each disease3, insect pests, and other 

Table 2. Origin of new germplasm added to tropical and subtropical gene pools, 1981-83 

Number of entries added to particular pools15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 Total 

AfricaBurkina Faso 5 1 3 2 5 3 2 2 3 4 3 3 7 78 G 64South Africa 1 6 2 2 4 2 3 1 2 7 7 35Kenya 
2 2Mozambique I 1 1 4 

The Americas
Nicaragua
Dominican Rep. 4 

I I 
4Uruguay 12 
 6 3 10 5 11 4 3 11 19 8 23 
 39 40 42 236
Mexico 1 1 2 1 4 1 2 4 4 2 2 3 2 3 3 3 5 44
El Salvador 3

Panama 3
I I 1 1 4USA 3 10 13 14 6 11 8 18 1 12 6 18 9 10 11 25 8 12 20 34 249Colombia 1 1 2 1 1 2 2 2 2 2 2 2 1
Brazil 1 2 2 1 

1 1 23
2 1 2 
 2 5 4 22
Costa Rica 1 1 1 1 1 1 1Honduras 1 8

1 1Argentina 
1 1Peru 
7 6 6 19 

Asia
India 10 8 7 5 9 8 3 7 7 5 7 5 12 11 10 3 12 7 5 5 146Indonesia 1 8 J 2 1 1 1 1 1 2 1Philippines 133 6 1 5 2 1 3 2 1 2Thailand 3 2 2 3 3 1 313 3 1 2 2 2 1Pakdstan 5 2 1 1 2 3 1 

1 1 1 2 2 2 2 36
1 1 1 3 4 1 2 4 1 1 34China 1 2 1 2 3 2 1 1 2 4 
 2 3 1 4 7 7 8 51Nepal 3 1 4 1 4 4 1 3 4 7 4 2 1 
 7 7 7 7 67 

Australia 3 1 2 1 2 9 

Europe
Hungary 4 4 1 6 7 4 6 5 1 2 3 1 44France 1 1 1 1 1 1 1 1Switzerland 3 3 3 1 3 

1 2 2 13 
2 14

Germany, West
Yugoslavia i 1 1 2 1 6 
Total 
 57 42 45 46 39 74 34 53 
 24 46 37 63 68 54 28 34 73 
111 124 133 1185
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stresses at the appropriate stages of Selection pressure in the pools Is 
plant development. The best plants kept fairly mild to minimize the loss 
at each location are selected only of attributes or genes that are 
among those families that have needed for further advancement of 
performed well across all locations, the pools at a later stage.
At harvest the best ears are chosen Approximately 30% of the families 
from the selected plants for each are selected in each cycle. Selection 
pool at each site. within families is practiced during 

plant development. Good plants in 
The pools are subjected to pressures selected families are tagged, and at 

from various diseases occurring in harvest two to four ears (from

Mexico. Table 3 lists some of the tagged plants when possible) are 

disease complexes found at the collected from each selected family,

different locations where staff of the Those ears constitute the families 
backup unit plant the gene pools for the next cycle of selection. 
and select for disease resistance 
Pools that are highly susceptible to When the pools are considered to 
certain diseases are inoculated have adequate agronomic
artificially for resistance screening. characteristics and resistances, 

Table 3. Experiment sites and diseases for which selection for 
resistance is practiced 

Site Disease 

Toluca Common rust (Pucciniasorglhi)
2640 niasl Ear rot (Fusariungr-anincarum)
19"N latitude Stalk rot (F.graincirumi) 

El BatAn Common rust (Pucciria sorghi) 
2249 masl Ear rot (ftmariurn grumieartim)190 N latitude Stalk rot (F.grarnincarmn) 

Tlaltizap(ri Rainy season (May-September) 
940 masl Ear rot (F. monflifornc() 
191N latitude Stalk rot F. nioiliformc)

Brown spot (Phvsodcrinii maydis) 
Maize dwarf mosaic virus 
Stunt disease 

Off-season (October-March) 
Ear rot (F. rnoniliforIicn)
Stalk rot (F.moniliform.) 
Fine stripe virus 
Maize dwarf mosaic virus 
Stunt disease 

Poza Rica Rainy season (May-September) 
60 masl Ear rot (F. moniliforme)
211N latitude Stalk rot (F.nioniliforme)

Maydis leaf blight (telhninthosporium maydis)

Polysora rust [P. polysora) 

Stunt disease
 
Rayado fino virus 

Off-season (October-March) 
Turcicum leaf blight (f1. turcicum)

Maydis leaf blight (H. maydis) 

TFar spot (Phvilachorarnavdis) 

Stalk rot (F. mon fliforme 

Ear rot (F. mon ilformie) 


either new advanced populations are 
extracted from them or superior 
fractions of the pools are merged 
into existing populations that are 
undergoing improvement and 
international testing (Table 4). The 
following sections describe the work 
done during 1982-83 to bring the 
tropical and subtropical pools up to 
that level of refinement. 

Early maturity-in a.1 four early 
tropical pools and the four early 
subtropical pools, approximately 
1000 of the earliest silking plants 
are identified in the female rows. 
They are harvested soon after 
physiological maturity, and ears 
with good husk cover and the best 
rate of grain filling and drying are 
selected. Selection pressure for 
earliness is also applied by 
detasseling all male rows when 
approximately 70% of the feriale 
rows have silked, ensuring that late
flowering females do not receive 
pollen from late-flowering male 
plants. Since early maturing maize 
is generally more susceptible to 
stalk rots, greater emphasis has 
been placed recently on selecting
plants with the "stay green"
 

characteristic (that is, plants thatremain green after the ear has 

already become dry), which tend to 
be less susceptible to these diseases. 

Synchronization of pollen shed 
and silking- In all early pools. the 
male rows are planted at a density 
double that of the female rows. Thishas proven to be an efficient tool for 

improving synchronization of pollen 

Table 4. Materials introduced
from gene pools into advanced 
populations, 1981-83
 

Pool Population Number of 
number number families 

26 24 27 

25 27 41
 
26 28 44
 
33 33 24
 
22 36 29
 
34 45 33
 
32 47 30
 
30 48 50
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shed and silking on the same plant. 
All plants in the male rows that are 
lodged, diseased, or otherwise 
undesirable and those showing poor 
synchronization are detasseled. At 
harvest ears are selected only from 
female rows observed to be superior 
auring plant development. In 
addition to improving 

synchronization of flowering, this 
approach results in gradual 
improvement of the pools for 
performance under variable plant 
densities. 

Fall armyworm resistance-
Selection for resistance to fall 
arryworm (Spodopterafrugfiperda) 
is being practiced in two late 
tropical pools (24 and 26). All plants 
in the male rows and half of the 
plants in the female rows are 
artificially infested at the seedling
stage before thinning. Two to three 
weeks after infestation, the more 
susceptible of the two plants in each 
hill of the male rows is removed, a 
procedure that eliminates nearly50% of the susceptible plants in 

those rows before they tassel. The 

noninfested hal of all female 
rows isprotected with insecticide and serves 
as a check for gauging the effect of 
infestaticn on the agronomic
performance (that is. maturity, plant
height, and yield) of the family,. The 
plants that perform best in the 
selected families are identified at the 
flowering stage. At harvest ears 
showing desirable traits are selected 
from those selected plants. This
guideline cannot always be followed, 
however. In many cases the ears 
produced by plar:ts in the infested 
portion of the row do not develop to 

normal size, and yet the plants show 
a certain degrca of tolerance to the
damage caused by armyworm 
feeding. 

Sugarcane borer resistance-
Selection for resislance to this borer 
(Diatraeasaccharalls) is being
practiced in Pools 19 and 21, which 
are of intermediate maturity. Plants 
are artificially infested after thinning 
but before flowering. The 
infesLation, evaluation, and selection 
procedures are similar to thosefollowed for fall armyworm. 

Table 5. Progress per cycle In the improvement of gene pools 

Progress per cycle (%)a
Pool No. of Days Plant Disease 
number cyclesb Yield to silk height resistance 

15 11 3.26 -0.56 -0.90 -1.4416 11 4.36 -0.28 -0.43 -1.6717 5.65 -0.4218 1111 6.35 -0.57 -0.12-0.06 -2.00-2.15
20 15 1.16 -0.63 -0.77 -1.4622 16 1.05 -0.42 -0.53 -1.4323 15 0.23 -0.36 -1.02 -1.37
25 14 1.41 -0.39 -0.54 -3.02
29 11 0.09 -1.05 -0.63 -2.87 
30 11 2.93 -0.66 0.06 -1.8733 16 1.44 -0.67 -1.17 -2.27 

16 

Note: Pools 15, 


14 4.24 -0.73 -1.14 -3.27
16, 17, 18, 22. 23. and 30 were Inoculated with stalk rots and Pools 

20, 25. 29. 33, and 34 with ear rots. 
a rhe last cycles of selection were significantly different at the 0.05 level of

probability in most cases, the exceptions being yield In PooLs 23. 29,and 33;
plant height in Pools 16. 17, 18, 20, 25, 29, and 30: and dls-ase resistance In 
Pools 29 and 30.
 

) 
 )oes not Indicate the number of cycles of selection for spcific disease
resistances under artificial inoculation. 

Table 6. Results of an evaluation of cycles of selection in early
maturing tropical pools, Poza Rica, summer and winter cycles, 
 1982 

Yield Days to Plant Disease
(kgfha)a 50% silk height (cm) ratingb 

Pool 15 
CO 2698 b 65 a 172 a 3.8 a

C8 3687 a 64 a 
 157 b 3.3 bC11 3668 a 61 b 155 b 3.2 b
C.V.(% 14 2 5 6 

Pool 16 
CO 2943 c 65 a 170 a 3.8 a

C5 3824 b 
 65 c 161 a 3.5 aC8 4095 ab 64  162 a 3.1 bC 11 4354 a 63 bC.V.%) 8 162 a 3.1b1 5 7 

Pool 17
 
CO 2278 c 65 b 
 152 a 4.1 a
C5 3155 b 
 66 a 157 a 3.8 b
 
C8 3331 ab 64 c 
 147 b 3.6 bC 11 3695 a 62 d 150 ab 3.2 cC.V.(%) 11 2 3 7 
Pool 18
 
CO 2301 c 64 a 146 a 3.8 a
 
C5 
 3741 b 65 a 149 a 3.4 abC8 3484 b 64 a 147 a 3.2 bc
C11 3908 a 61 b 147 a 2.9 cC.V.(%) 8 2 5 7 

Note: Values followed by different ietters are significantly different at the 5% level of
probability. 
a At 15% moisture. 
b Stalk rot rated on a scale of 1-5, with I = no fungus development and 5 = 

complete destru-tion of tissue. 
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Ear and stalk rot resistance-
Tropical Pools 15, 16, 17, 18, 22, 
and 23 and subtropical Pool 30 are 
being improved primarily for stalk 
rot resistance and tropical Pools 20, 
and 25 as well as subtropical Pools 
29, 33 and 34 for resistale to ear 
rot. With both diseases (caused by
Fusarlurnrnonlliforme), one can 
expect progress to be slow since 
parental control of resistance is 
restricted to the female. Since the 
two diseases normally occur after 
flowering, selection of resistant 
plants in the male rows is 
impossible before or during pollen 
shed. 

When the silks are fully expanded, 
plants are inoculated with ear rot by
injecting 2 ml of inoculumn 

(containing 500,000 spores/ml) with 
a syringe into the ear shoots, 
Inoculation with sialk rot is done 
when the tassels appear, wooden 
toothpicks on which the fungus has 
been grown are inserted into an 
opening made in the center of the 
first elongated internode with a 
hand-drill having a 3/32-inch hit. 
Only half of the plants in each 
family are inoculated. In screening 
fbr eai rot resistance, only relatively 
clean cars are selected fror: plants 
showing good agronomic traits, and 
in selecting for resistance to stalk 
rot, all cars are rejected that coine 
from broken, rotten plants, show 
poorly filled tips, and/or have 
kernels that are not tight and 
compact, an indication that the stalk 
was infected, 

Table 7. Results of an evaluation of cycles of selection in two 

intermediate and two late-maturing tropical pools, Poza Rica, 

summer and winter cycles, 1982 


Yield Days to Plant Disease 
(kg/ha)a 50% silk height (cm) ratlngb 

Pool 20 (Interm.)

CO 3748 b 74 a 190 a 32 a 

C7 3593 b 70 a 169 a 26 a

CIO 3909 a 68 1 166 a 32 a

C15 4398 a 67 b 168 a 25 b

C.V.(%) 13 1 4 31 


Pool 22 (Interm.) 
CO 4634 b 74 a 199 a S.5 a
C7 4985 ab 70 ab 177 b 3.2 b 
C12 4934 ab 71 ab 177 b 3.1 b
C16 5414 a 69 b 182 b 2.7 c 
C.V.(%] 10 1 4 6 
Pool 23 (late)Pool 5065 alate) 722 
CO 5065 a 74 a 202 a 3.4 aCl 5010 a 70 b 169 c 2.9 bC15 5242 a 70 b 171 bc 2.7 b 
C.V.(%) 7 2 4 7 

Pool 25 (late) 

CO 3462 b 
 74 a 200 a 26 a 
C7 3347 b 73 ab 192 a 23 ab
C9 3666 ab 71 bc 183 a 2.. ab 
C14 4144 a 70 c 185 a 15 1)
C.V.(%) 12 2 7 36 

Note: Values followed by different letters are significantly difft.erent 'it the 5% level e.f 

probability. 

a At 15% moisture.

1) Stalk rot rated in Pools 22 and 23 on a scale of 1-5, with I = no fungus 

development and 5 = complete destnrction of tissue. Percentage of rotten 
kernels per car recorded for Pools 20 and 25. 

In the summer and winter of 1982, 
different cycles of selection in 
several pools were evaluated to 
detect gains made through selection 
for stalk rot resistance and other 
agronomic characters. Results given 
in Table 5 for the early tropical 
Pools 15, 16, 17, and 18 (which, as 
mentioned previously, are being 
improved for stalk rot resistance) 
indicate that their yields increased 
by an average for all four pools of 
4.9 1%per cycle. Pool 18 showed the 
maximum rate of gain per cycle 
(6.35%) and Pool 15 the lowest 
(3.26%). Even the lower rate of 
progress, though, is considered 
satisfactory for the system of 
improvement being used. As 
indicated by data given in Table 6, 
the last cycles o" all four pools were 
higher yielding and earlier in
 
maturity than the original cycles
 

Acros-. all tour pools evaluated, the 
gain in yield was accompanied by 
an average decrease per cycle of 
-0.46% in days to flowering and 
-0.35% in plant height ('Fable 5). As 
can be seen from the data in Table 
7, however, plant height was 
reduced significantly only in Pool 
15. The four pools registered 
significant improvement in stalk rot 
resistance as well. Reduction in 
disease rating per cycle averaged
-1.82% for all four pools (Table 5), 

and the resistance of the last cycle 
of each pool was significantly better 
than that of the original (Table 6). 

Results for tropical Pools 20 and 25 
(in which selection for ear rot 
resistance was practiced) and Pools 

arid 23 (improved for resistance 
to stalk rot) show that the last 
cycles of selection were significantly 
better than the original ones in 
yield, with the exception of Pool 23, 
and weie earlier in maturity (Table
7). Reduction in plant height was 
significant only in Pools 22 and 23. 
But in all four pools, significant 
progress was made In improving 
disease resistance; the average 
improvement per cycle for the four 

materials was -2.24% for ea.- rot and 
-1.40% for stalk rot (Table 5). 

Among the subtropical Pools 29, 30, 
33, and 34, only Pools 30 and 34 
showed significant gains 3n yield 
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(Table 8). All four, however, were 
earlier in maturity, while plant 
height in Pools 33 and 34 was lower 
in the last cycles than in the originalones. For all four materials, the 

average progress per cycle was 

2.18% for yield, -0.78% for reducing
time to maturity, and -0.72% for
plant height reduction (Table 5).
Pool 30, which had been inoculated 
with stalk rot, showed small 
progress per cycle in Improvement 
of resistance. In the other three 
subtropical pools, all inoculated with 
ear rot, the disease rating was 
decreased by an average of -2.92% 
per cycle. 

Resistance to turcicum leaf 
blight and common rust-The
Program's eight subtropical gene

pools show reasonable levels of 

resistance to leaf blight 

(Helmlnthosporiumturcicurn) and 

common rust (Puccinfasorghi) as 

well as to e- and stalk rots. To 
increase their levels of resistance tothe foliar diseases, the pools are 
artificially infected and screened in 

disease nurseries. Selection for 

turcicum leaf blight Is done in 
a 
nursery planted during November atthe Poza Rica station, where 

conditions for the disease are 

optimum. Plants are inoculated at
four-day intervals alternately with 

ground turcicum-infected leaves and 

5-ml doses of inoculum (adjusted to 

70,000 spores/mI), which are
 
produced in the laboratory and
 
placed or the whorl of three- to fourweek-old plants. in April-May the 

common 
rust nursery, consisting of 
half-sib recombination blocks, is
planted at the El Batfn station. 
When plants reach the knee-high 
stage, ail are artificially infected 
with 5 ml of inoculurn (adjusted to 
70,000 spores/mI), which is prepared 
from uredospores collected the 
previous year. During both seasonsin which the disease nurseries are 
being grown, the subt,-opica pools 
are also planted at the Tlaltizap~n
station to maintain their wide 
adaptation and to select for other 
agronomic characters. 

Table 8. Results of an evaluation of cycles of selection in two earlyand two intermediate-maturity subtropical pools, Tlaltizapin, 
summer and winter cycles, 1982 

Yield 
(kg/ha)a 

Days to 
5C% silk 

Plant 
height (cm) 

Disease 
ratingb 

Pool 29 (early)
CO 
C5C8 

C1I 
C.V.(%) 

3083 a 
3120a3097 a 
3114 a 

13 

69 a 
6363 abab 
61 b 

2 

158 a 
154 a157 a 
147 a 
10 

19 a 
20 a19a 
13 a 
15 

Pool 30 (early)
CO 
C5 
C8 
CIl 
C.V.(%) 

2399 b 
2817 a 
2886 a 
3173 a 

9 

69 b 
64 b 
65 b 
64 b 
3 

148 a 
154 a 
140 a 
149 a 
8 

3.4 a 
3.3 a 
3.1 ab 
2.7 b 
10 

Pool 33 (interm.)
Cl 
C7 
CIO 
C16 
C.V.(%) 

3156 a 
3904 a 
4131 a 
3883 a 
12 

75 a 
71 ab 
69 ab 
67 b 

2 

198 a 
175 b 
176 b 
161 b 
5 

22 a 
20 a 
19 a 
14 a 
34 

Pool 34 (bnterm.)
C7 
CO 
C16 
C.V.(%) 

4055 ab 
4114 ab 
4827 a 

16 

73 ab 
71 ab 
68 b 

2 

178 ab 
169 b 
165 b 
6 

18 ab 
14 ab 
10 b 
59 

Notes: Values followed by different letters are significantly different at the 5% level of
 
probability.
 
a At 15% moisture.
 
b Stalk rot rated in Pool 30 on a scale of 1-5, with 
 I = no fungus development and5 = complete destruction of tissie. Percentage of rotten kernels per ears recorded 

or Pools 29, 33. and 34 

Table 9. Incidence of turcicum leaf blight in eight subtropical pools,
Poza Rica, summe: cycle, 1984 

Pool Cycle of selection Poolnumber Initial Interm. Latest LSD (5%)= 0.398 
27 3.63 3.13 3.11 3.2928 3.36 3.37 3.55
29 3.98 3.95 3.48 

3.43 
3.80

30 3.52 3.23 3.11 3.29 

31 2.48 2.31 2.11 2.30
32 2.07 2.08 1.91 2.0233 3.12 2.84 2.75 2.9034 2.90 2.56 2.24 2.57 
Cycles 3.13 2.93 2.78 
LSD (5%) = 0.184 
LSD (5%) among means for cycles of same pool = 0.522 

Note: Disease incidence was rated on a scale of I to 5, witI 1 resistant and 
5 = susceptible. 
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in the wint.r of 1983, the various resistance to common rust, and a 
cycles of selection in the subtropical critical evaluation ;)f cycles of 
pools were evaluated for tuFcicum selection would probably show, as 
blight resistance at Poza Rica. The with turcicum, that no significant
tilals had a split-plot design, with progress in resistance has been 
pools as main plots and cycles of achieved. 
selection as subplots. The results of 
this evaluation (given in Table 9) Tar spot resistance-This foliar 
indicate that, with the exception of disease (caused mainly by
Pool 34, no signiticant gain in Phyflachorarqayds)creates 
turcicum resistance was made considerable problems at the Poza 
between the initial and latest cycle Rica station in Mexico and has also 
of selection. There was, however, a been reported recently in other 
significant difference in countries, where it is raising some 
susceptibility between early and concern among maize growers.
intermediate-maturity pools, tLe Several highly resistant families 
early ones being more susceptible. A have been identified in the 
preliminary evaluation of the population Selecci6n Precoz QPM.
subtropical pools for resistance to This character has no v been 
common rust showed that some incorporated into all tropical pools, 
progress had been made between and families selected at the BC2 
the original and advancd cycles of stage have been added as 
both the early and intermediate components of the male bulks. In 
pools (Figure 1). addition, studies are being 

conducted on the inheritance of 
Tne failure to improve turcicumn resistance to the disease,
resistrnce significantly over various 
c, cles of selection In a given pool Temperate Pools 
has resulted from the way in which Most maize materials cultivated in 
the mateitals are handled. The the USA and Europe have a narrow 
disease-resistant selections made at genetic base, which limits the 
Poza Rica are recombined with possibilities for further improvement
those made at TlaltizapAn, where and could make the materials highly
selection is carned out mainly for vulnerable to new problems. Under 
desirable agronomic characters in a cooperative arrangements with 
disease-free environment. This same maize researchers working in the 
approach is followed in selection for temperate zone, the Maize Program 

Figure 1. Common rust (Puccinia sorghl) infection in cycles of 
selection in subtropical pools, El Bat/n, 1982 

Early maturing Intermediate maturity 
5- -recombined 

4 .of 
X 

3- -in3-

2-.---- Pool 27 - Pool 31 
-- Pool 28 -- Pool 32 

1- - Pool 29 
30 

----Pool 33 
-.-. Pool 34 

I I -7 I I I I -71 
2 4 68 10 12 14 16 18 - 4 6 8 10 12 14 16 18 

Cycles of selection Cycles of selection 

11 = no disease and 5 = very heavy infection, 

has developed four temperate gene
 
pools that can be used by those
 
researchers to broaden the genetic
 
base of their germplasm and avert
 
problems arising from its lack of
 
vailability.
 

Ali four temperate pools (see the 
descriptions in Appendix 1) are 
handled by means of a shuttle 
breeding system. Selected entries 
are recombined in a winter nursery 
planted during November at 
Tlaltizap.n. Seed of selected families 
is sent to various countries for 
planting in May either as modified 
ear-to-row half-sib recombination 
blocks or as bulks of mLe selected 
families. Cooperators make plant-to
plant crosses or self-pollinate 
desirable plants. To maintain the 
broad adaptation of the pools. half
sib recombination blocks are also 
planted at El Batdn and Tlaltizap.n. 
At El BatAn all plants in the female 
and male rows are artificially
infected with common rust. After 
selected families are harvested at 
the various locations, seed is sent 
back to Mexico to be -lanted in a 
crossing block during the winter at 
TlaltizapAn for recombination of the 
selections made at all locations. 

What follows is a brief summary of 
details on recent work with the four 
temperate pools: 

* Pool 39 is for the southern 
temperate region and consists of 
approximately 40% tropical 
highland, 40% temperate, and 
20% subtropical germplasm. Until 
1980 it had only been 

and selected at El 
Bat6n and Tialtizap.An. During the 
summer of 1982 and 1983, seed 

families and/or their bulks were 
sent for selection to cooperators 

California, Texas, Mississippi,
and Tennessee, among other 
locations. 

* Pool 40 is for the intermediatetemperate regien and is made up 
mainly of gci-mplasm from 
Europe. Sets of selected families 
and/or their bulks were
 
distributed to cooperators in
 
Minnesota, Kansas, New York, 
southern France, and other 
locations for recombination, 
selection, and utilization. 
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* 	 Pool 41 is for the northern 
temperate region and is composed 
mainly of germplasm from the US 
Corn Belt arid of several materials 
Irom Asia. Sets of -lected 
families and/or their bulks wre. 
distributed to collaborators in 
France and other countries for 
recomblnaiion, selection, 
utilization. 

* 	 Pool 42, also for the northerni 
,mperate region, ws d(veloped 

l; putting together entries from 
the highlands of Mexico and 
South America and adding to 
them some US and Asian 
gcrmplasm. During the summer 

of 	1982 and 1983, selected 
families and/or their buiks were 
sent to cooperators h Fraoec, the 
Netherands, Switzerland, Webt 
Germany and other countries for 
reco-nbination, sclketiorl, alid 
utilization. 

Good progress has been made in 
selection for earliness, siandability. 
cold tolerance, and other desirable 
agrononic characters. Some of the 
pools are flreadv being used by
cooperators as 'ources of trcpical 
and subtropical germ plasm for 
transfer into Ictmperate materials. 

Highland Pools 
During the late 1970s and early 
1980s, eight g(n( pools 'differing in 
time to ntaturiLy, grain type, and 
grain color) were developed for the 
Andean highlands. These material, 
were formed hy intercrossing the 
main germplasrn comr;x.nents for a 
partictlar grain type with other 
donor lntrcl-s {For a detailed account 

of the esfablishment of these pools, 
see CIMA4iYT Report on Maize 
Improvement, 1980-81, pages 
81-82p. 

A shuttle breeding system for 
the Andean pools-Iniially, 
sel-ction pressure was fairly 
aiodcatc to allow genetic 
recombination among the entries. 
Currently, the pools are being 
iiproved by means of modified half-
sib recurrcnt selection within a 
shuttle breeding system in which 
:t Maizc Program cooperates with 
Ecuador's National Institute of 
Agriculturd and L.ivestock Research 
(INIAP). With Ihisi system. one cycle 
ofounltilocatlonal crossing and 
seloction is completed each year. 

Families of all highland pools are 
planted around the end of Marci at 
the Maiz,. Program's two highland 
stations in Mexico (El BatAn ar-d 
Toluca) and harvcsted in Septe-mber. 
At El Batd- a half row of each half-
sib family is artificially irfested with 
carworms. Hcliothiszeac, and at 
Toluca a half row of the same 
famliies is inoculated with car rot 
(Fusariumgrarminearuin).Th,)sc two 
pests are major problems of maize 
inthe Andean highlands. 

Seed of all pools is harvested in 
Mexico du:ing Septemoer-November 
and sent to the Santa Catalina 
Experiment Station in Ecudor for 
immediate planting. Selections made 
in one country are recombined with 
those of the other each year to take 
anvantagie of two differcnt growing 
seasons, one in the northern and the 
other in the :,outhern hemisphere. 

Each year the male composite is 
made up of a balanc-d mixture of 
seed from the male selections made 
at 	El Bat.n and Santa Catalina. 
That was not the case, however, for 
the 1982-83 plantings at Santa 
Catalina, since the crop grown at El 
Bat~n had been damaged by hail. 
Instead, for the plantings In 
Ecuador, we used only the selections 
made at Santa Catalina for the male 
composite and the selections made 
at 	El Bat.n as the female. Then, in 
1983 at El BatOn and Toluca, we 
planted the balanced male 
composite consisting of selections 
from Santa Catalina, El BatAn, and 
Toluca. 

In each cycle no fewer than 400 
half-sib families from each gene pool 
were evaluated. By 1983 Pools 1, 2, 
and 4 had undergone three cycles of 
improvement, Pools 3 and 6 four 
cycles, and Pools 7 and 8 one cycle. 

Maturity time of Andean pools-
In 	Pools I to 4 and 6, this 
characteristic varied somewhat 
between 1982 and 1983 at Santa 
Catalina (Table 10), where the 
e:*perimental plots differ in 
topography and elevation (2650 to 
2850 m). In 1983 the mean number 
of days to flower for Pools 5, 7, and 
8 was lower than in 1982. Pcol 5 
flowered earlier perhaps because it 
was planted in a plot at a lower 
elevation than In 1982. The earlier 
flowering of Pools 7 and 8, on the 
average, probably resulted from 
incorporation of CIMMYT selections 
(largely flint and dent grain types).
Pool 2 remained intermediate In 

fable 10.Plant .zharacteristics of the Andean highland gene pools, Santa Catalina, Ecuador, 1982-83 

Plavnt 	 Ear Ear prolif-Pool Days to flower height (cm) height (cm) err-tion (%)a Tilleringnumber 1982 1983 1982 1983 1982 1983 1982 1983 (%)b,1983
 

1 88.9 9).7 206.6 196.7 I1i 103.9 29.4 29.6 12.72 101 3 103.1 218.1 243.9 122.,4 135.0 7.5 	 9.4
3 89.0 91.3 197.3 179.8 104.9 93.0 30.6 15.1 5.84 108.2 108.2 238.5 241.5 139.8 137.1 12.5 7.5
5 94.2 87.8 197.6 222.8 105.0 123.0 	
2.1 

15.6 21.5 10.4
6 85.6 88 6 198.4 193.5 102.3 101.9 18.8 15.1 4.3
7 105.7 101,5 199.4 214.5 
 113.6 120.3 
 5.9 11.3 3.5
8 109.4 102.3 2629 194.1 124.5 108.0 6.3 
 14.3 4.5
 

a Percentage of the ave-ag 
nurtt)cr of pktits showing ear proliferation ina row of 16 plants.
b Pereritage of the average ituniber of roants tillering ina 
row of 16 plants.
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waturity. With the exceptions of 
Pools 2 and 5, all the pools 
approached the maturity ti:.:.es for 
which we are aiming, 90 days to 
flowering for early materials and 
1tO days for late ones. 

Undesirable traits in Andean 
pools--Fa proliferation, considered 
an undesirable characteristic In 
these pools, was observed in all of 
the materials. It has varied in 
frequency from year to year at Santa 
Catalina but seems most 
p:'onounced in the early pools, 
which contain a greater share of the 
Mexican highland germplasm than 
do the other materials, 

The early pools also exhibit a 
greater tendency toward tillering. 
Selection against this trait and ear 
proliferation is being practiced in 
every cycle of selection. The main 
selection criteria, though, in all 
pools (both among and within 
families) are grain and plant 
characters. Thus, at flowering plants 
in the male rows that show foliar 
disease symptoms, undesirable 
tassel characters, excessive plant 
height, and tillering arc rogued. 
Then, at harvest visual selection is 
practiced among and within 
families, 

Experimental varieties for the 
Andean region-In 1981 the full-sib 
progeny of Populations 1, 3, and 4 
(developed from Andean gene pools) 
were tested at El Batdn. On the 
basis of the trial res ilts, 
experimental varieties (BatAn 8101, 
8103, and 8104) were formed during 
the 1981-82 season at Santa 
Catalina and during 1982-83 
underwent preliminary testing. The 
same full-sib progeny trials that had 
been grown at El BatAn were 
cor. ... ted at Santa Catalina as well. 
The in 1982 at El Batdn. all full-sib 
families of the three populations 
were planted to regenerate progeny 
for a new cycle of improvement. But 
these plantings were lost as a result 
of a hail storm shortly before 
flowering, so the progeny were 
regenerated at the Santa Catalina 
station during 1982-83. In 1983 the 
second cycle of full-sib progeny 
trials was conducted at El BatAn, 

and in 1983-84 the same trials were 
planted, each at two or three 
locations in the Andean region, 

In cooperatioa with INIAP at Santa 
Catalina, a new population, Amarillo 
Duro Tardio, was developed to meet 
the need of Ecuadorian farmers for 
widely adapted, yellow flint 
material. The population was formed 
on the basis of the results of a full-
sib progeny trial from the following 
materials: INIAP 176, INIAP 178. 
INIAP 176 x Pool 4B, ICAV 507, and 

IB 517 x ICAV 507. In 1983-84 an 
experimental variety (ADT 81) 
developed from this population was 
tested by INIAP. 

Cooperative testing of Andean 
materials-In cooperation with 
INIAP, some of the gene pools, plus 
experimental varieties from 
Populations 1. 3, and 4 (developed 
from the Andean gene pools). were 
tested in Ecuador during the 
1982-83 growing seasons. The trials 
had a randomized complete block 
design with four replications and a 
plant density of 50.000 plants/ha. In 
all trials the yields of both the pools 
and experimental varieties generally 
matched or exceeded that of the 
local check. Other resulis for the 
eight Andean pools are discussed 
below. 

* 	 Pool 1, in a trial conducted 
during 198K-83, showed a high 
percentage of root and stalk 
lodging. During that same cycle, 
however, floury grain segregates 
from Population 1 x INIAP 153 
were evaluated in female rows 
and could contribute the greater 
stalk strength of the local 
materials to Pool 1. 

* 	 Pool 2, in a 1983-84 trial, had the 
highest ear rot rating of all the 
materials tested. During the 
precious season, 500 selected 
male plants had been inoculated 
with fusarium ear rot (50,000 
spores per plant) and 50 ears 
from resistant plants selected at 
harvest for incorporation into the 
pool during 1983-84. 

* 	 Pool 3, a yellow floury material 
evaluated in 1982-83 and 1983-84 
trials, showed some segregation of 
white grains and morocho type 
kernels, wlch have a hard. 
crystalline layer surrounding a 

more or less soft endosperm. 
Tillering was considerably 
reduced in 1983 from the 
previous year. Grain size was 
small, on the average. Selection 
was practiced for stalk strength, 
larger leaf size, and good husk 
cover 

* 	 Pool 4, evaluated in 1983-84, 
showed good standab-lity, the 
desired range of maturity, and a 
good grain type. Selection for a 
more cylindrical type ear would 
be desirable, since conical chillo 
(an Ecuadorian race of maize) 
type ears seem to predominate in 
the pool. The male rows of the 
pool were inoculated with ear rot. 

* 	 Pool 5, tested in 1983-84, showed 
sori'e segregation of various grain 
types (morocho, flint, dent). Some 
families having the morocho type 
tended to be intermediate in 
maturity. Selected plants in male 
rows were evaluated for ear rot 
resistance. 

* 	 Pool 6 was considerably improved 
for plant type but in some 
families showed segregation of 
flint and dent grains. The male 
rows had been inoculated with 
ear rot in 1982-83. 

* 	 Pools 7 and 8 showed good yield 
potential in 1983-84 trials. 

A new pool for African 
highlavds-During the 1982-83 
cycle, improvement of Pool 9 was 
begun. This is a late-maturing, 
white dent pool with characteristics 
fitting the requirements of highland 
areas in Africa. The main 
components of the pool are SR-52, 
Kitale Synthetic II, Ecuador 573, 
Tuxpefho, Fiols 11 to 14 (highland 
pools developed by the program in 
1973), Montana Race, B 71, and 
Guatemalan c-lollos 4, 34, 48, and 
89. One drawback of the pool is its 
susceptibility to foliar diseases, 
particularly turcicum leaf blight, 
which is a serious problem in the 
African highlands. Selection is being 
practiced for resistance to this 
disease and for late maturity, 
appropriate kernel type, and high 
yield potential. The pool is planted 
in November-December, when 
turcicum leaf blight is present, and 
harvested in April. Two cycles of 
improvement have been completed 
at Poza Rica. 
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Population Improvement 

Once they have reached a certain advanced unit, such as population testing. One cycle of Improvement isstage of refinement, the gene pools. improvement and formation of completed in four seasons over twoas explained in the preceding experimental varieties. years (see Figure 2 in section onsection, are used to form new international testing), one seasonadvanced populations or, more A substantial part of this work is longer than would be required withlikely, their superior fraction is conducted outside Mexico. Scientists normal full-sib recurrent selection.merged into existing populations. in numerous countries around the Additional seasons are necessaryThat work and the tasks of further world test progenies of the because the Program's internationalimproving the populations and populations and send the results trials are grown both north andextracting experimental varieties back to Center headquarters, where south of the equator. Since the mainfrom them are carried out by the they are used in the continued growing season occurs at differentadvanced unit, which is currently improvement of the materials and in times in the two hemispheres, ithapdling 22 normal maize the formation of experimental takes two seasons for all the trials topopulations. (Detailed descriptions of varieties. Other population be grown and the data collected. Athose populations are given in improvement activities, particularly summary of populationAppendix 2. and work with QPM the development of resistance to improvement activities carried outmaterials is discussed in another diseases that do not commonly in Mexico during 1982-83 is given Insection of this publication.) occur in Mexico, are coordinated by Table 11. 
the Program's regional staff inThe populations, like the gene pools, cooperation with national and The steps in a cycle ofare classified according to zone of international maize researchers, improvement-For each cycle, 250adaptation and other distinguishing full-sib families are regenerated Incharacteristics. Even so, this section Improvement Mexico between October and April.describing work on the populations International Progeny Testing Trials

is divided, not by the materials' Activities in Mexico (IPTTs) made up of these families 
zones of adaptation (tropical, In improving the pcpulatlons, staff are then dispatched to test sites insubtropical, etc.), as was the case of the advanced unit employ a the northern hemisphere. During thewith the pool;;, but more by modified, full-sib, recurrent selection following season, while the trials areprocedures carried out by the scheme that involves international being grown at locations in the 

Table 11. Maize population improvement activities, 1982-83 

Population Cycles ofBreeding procedures selectionnumber Emphasis in selection Location 1982A 1982B 1983A 1983B completed 
21 Fall armyworm res. Poza Rica Self Bulk sib Rec. full sib IPTT 522 Downy mildew res. Farm Suwan Rec. full sib IPTT Self Bulk-sib 523 Better seed type Poza Rica Rec. full sib IPTT 24 Fall armyworm res. Poza Rica Rec. full sib IPTT Self Bulk sib 525 Better seed type Poza Rica - - Self Bulk sib 26 Ear rot res. Poza Rica Self Bulk sib Rec. full-sib IPTT 527 Sugarcane borer res. Poza Rica Rec. full sib IPTT Self Bulk sib28 Downy mildew res. Farm Suwan Self Bulk sib Rec. full sib 

5 
IPPT 529 Reduced plant height Poza Rica Within-fain. sib Bulk sib Rec. full sib IPTT 530 Better seed type Poza Rica Self Bulk sib Rec. full sib IPTT 231 Downy mildew res. Farm Suwan Self Bulk sib Rec. full sib IPTT 232 Res. to leaf diseases Poza Rica Rec. full sib IP'1" Self Bulk sib33 Ear rot res. Tlaltizapin Rec. full sib IPTT Self 

4 
Bulk sib 234 Better seed type Tlaltizapdn Self Bulk sib Rec. full sib IPTT 535 Standabllity Poza Rica Rec. full sib IPTT Self 36 Reduced plant height Poza Rica Within-faro. sib Bulk sib Rec. full sib IPTT 542 Better seed type TlaltizapAn Self Bulk sib Rec. full sib IPTT 443 Streak res. Ibadan Rec. fiull sib IPT Within fain. sib Bulk sib 544 Reduced plant height Tialtizaphn Rec. full sib IPTT Self Bulk sib 445 lK-duced plant height Tlaltizapdn Rec. full sib IPTT Self Bulk sib46 Stalk rot res. Tlaltlzapin Self Bulk sib Rec. full sib IPTT 

2 
47 S.W. corn borer res. Tlaltizapdn Rec. full sib IPTT Self Bulk sib 2 

1 
48 Stalk rot res. Tlaltizapdn/ Rec. full sib IPTT Self Bulk sib 4 

Turkey49 Increased yield without Poza Rica Self Bulk sib Rec. full sib IPTT 1
increased height
 
or maturity
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southern hemisphere, each group of 
250 families is planted in 1 1-rn-i rows 
(32 plants per row) in a breeding 
nursery at one of the Maize 
Program's stations in Mexico. 
Approximately 50% of the plants are 
selfed in each family. Then, based 
on data received from international 
test sites, a certain number of 
families are selected, and among 
them selections are made for a 
single major trait that is deficient in 
the population (in 1983 selection 
pressure among famil,es was greater 
than it had been previodsly, 50 
families compared to about 80 in the 
past). At harvest two to three cars 
arc chosen from each selected 
family. Every S1 ear is identified 
with its full-sib parental family and 
planted ear-to-row the next season, 

The better S 1 families are identified 
among the s-lected full-sib families, 
and approximately 50% of the 
plants within the S 1 families are 
selected and bulk pollinated. These 
selections are based, as in the 
preceding season, on a single major 
trait. At harvest two or three half-sib 
ears are selected from S Is of each 
selected full-sib family. 

During the following season, seeds 
from the half-sib ears are planted 
ear-to-row, giving 32 plants. 
Superior half-sib families In each 
full-sib family are Identified to 
ensure that the two half-sib families 
involved In a cross come from 
different full-sib families, and 
reciprocal plant-to-plant crosses are 
made among them. 

Germplasm introgression- From 
time to time, germplasm from the 
gene pools is introgrcssed into the 
populations during the course of an 
improvement cycle. While the 
progeny trials are being grown i,; 
the southern hemisphere, 
approximately 50 half-sib families of 
the corresponding gene pool are 
planted alongside the full-sib 
families of the population. During 
that and subsequent seasons, the 
families of the pool are handled in 
the same manner as those of the 
population. No crosses are made 
between the two groups of families, 
During the season when plant-to-
plant crosses are made, about 220 
full-sib families are selected from the 

population and another 30 from the 
gene pool to make up the 250 full.. 
sib families of the population. The 
families from the gene pools that are 
equal or superior in performance to 
the population mean are used along
with the families selected from the 
population in the next cycle of 
selection. 

Insect resistance-Selected 
populations were improved for 
Insect resistance under artificial 
infestation: Populations 21 
(Tuxpefio-1) and 24 (Antigua-
Veracruz 181), both lowland tropical 
materials, for resistance to fall 
arnyworm (Spodopterah-ugiverda); 
Population 27 (Amarillo 
Cristalino-1), also adapted to tropical 
lowlands, for resistance to sugarcane 
borer (Diatracasaccharalis):and the 
subtropical Population 47 (Templado 
Blanco Dentado-2) for resistance to 
southwestern corn borer (D. 
grandiosecha). 

The populations were artificially 
Infested, using larvae mixed with 
corn grits, at the selfing. bulk-
sibbing, and progeny regeneration 
stages. At the latter stage, duplicate 
plantings were infested. Visual 
ratings for insect damage were made 
at varicus growth stages. Families 
and plants showing less damage 
were used in pollinations. At harvest 
ears were selected from plants 
showing greater insect resistance, as 
well as from parts of the row that 
had been protected from insect 
attack. 

Disease resistance-At the Maize 
Program's stations in Mexico, 
resistance to ear and stalk rots and 
leaf diseases is being improved 
under artificial infection. 

The lowland tropical Population 26 
(Mezela Amarillal and the 
subtropical Population 33 (Amarillo 
Subtropical) were improved during 
1982-83 for resistance to ear rots. In 
the selfing and bulk-sibbing 
generations, half of the pollinated 
ears were inoculated approximately 
one week after pollination with 
spore suspensions containing a 
mixture of Fusarium spp. and 
Diplodia spp. Relatively clean ears 
were selected at harvest from the 

ones that had been inoculated: 
additional ears were selected from 
the uninoculated section of the row 
to give a total of three selected ears 
per row. 

The temperate Populations 46 
(Templado Amarillo Cristalino) and 
48 (Compuesto ne Hungria} were 
improved for stalk rot resistance. 
During the selfing generation at 
'Tlaltizap~n, about one week after 
pollination, the first extended 
internode of half of the plants 
pollinated was inoculated by means 
of toothpicks laden with stalk rot 
fungi (Fusariumspp. and Gibbereila 
spp.). Stalks were split at harvest to 
assess disease damage, and ears 
were retained only from the more 
resistant plants. This same 
procedure was carried out with 
Population 46 during the bulk
:;ibbing stage at Tlaltizap.n. 
Meanwhile, thre sets of each S1 ear 
of Population 48 were being grown
by Turkey's national maize 
program, one set at each of three 
locations under high natural 
infection with stalk rot. Bulk sibbing 
was done at only one site, but data 
from all three sites were used in 
selecting the S I families and half-sib 
ears. These were returned to Mexico 
to be used in developing the new set 
of 250 full-sib families. 

Turcicum leaf blight (Helmintho
sporium turcicum) and common 
rust (Pucciniasorghi) pose a serious 
threat to subtropical, whte maize 
populations grown in intdaltitude 
regions of Africa or during winter in 
many other parts of the world. 
Efforts were made to improve 
resistance to those diseases In 
Populations 34 (Blanco Subtropical), 
42 (ETO-Illinois), 44 (AED-Tuxpefio), 
and 47 (Templado Blanco 
Dentado-2). Those populations were 
grown during summer at El Bat n, 
where they were artifleiiiy 
inoculated with turcicum leaf blight. 
and in winter at Poza Rica, where 
they were inoculateu with both leaf 
diseases. Selection for resistance to 
those diseases required adjustments 
in the planting, pollination, and 
harvest of the materials to keep 
them in step with the various 
operations involved in international 
testing. 
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Selection for resistance to turcicum 
leaf blight was also practiced at 
Poza Rica in Population 32 (ETO 
Blanco) Because of the temperate 
germplasm contained in this 
population, it is particularly
susceptible to leaf diseases, 

Development of Streak 
Resistance in Nigeria 
Improvement of resistance to some 
major tropical diseases cannot oe 
carried out effectively at CIMMYT's 
research stations in Mexico. For that 
reason, a significant portion of the 
Maize Program's work on 
improvement of disease resistance in 
populations, as mentioned
previously, takes place in other 

countries under cooperative 

arrangements with national 
and 

international organizations. For 

example, to improve resistance to 

maize streak virus, a discase found 

only in Africa, Program staff are 

working at tile Interrational 

Institute of Tropical Agriculture 

(IITA) and in various African 

coun(rics. 


Several approaches are being taken 
in this work, including recurrent 
selection in a population, conversion 
of experimental varieties, and 
improvement of various pools. 
Although there are scpar-te sections 
in this report for each of those types 
of activities, all arc described here in 
a single section to give readers a 
complete picture of the Program's
total effort to develop streak 
resistance. The regional maize 
specialists carrying out this work 
are also engaged in a number of 

other ctivltles (described on pages
58-59). such as training and 
consultation with national scientists, 

Population 43 (La Posta)-During
1982. 250 full-sib families from this 
population were tested for yield, 
along with six local checks, In Costa 
Rica, Ivory Coast, Nicaragua. 
Nigeria, Thailand, and Zimbabwe.
The trials had a 16 x 16 simple

lattice design. The 10 best full-sib 

families at each site were 
selected 

for the formation of experimental 

varieties: the yields of selected 

fainilies are listed in Table 12. For 

some sites two varieties were 

formed, one based on visual 

selection by the trial cooperators
and the other according to data on 
yield and other agronomic 

characters. Another variety 
was 

formed on 
the basts of across-site
 
data. All of these varieties were 

developed from remnant seed at 

IITA and sent to CIMMYT for 

distribution by the international 

testing program (luring 1984. 


Two approaches were adopted for 

development of streak resistance 
in
Population 43. The first was to 
capitalize on the variability for 
streak resistance that has already
been detected in the population, as 
described in the CIMMYT Report on 
Maiz- Inprovement 1980-81. For 
that purpose, 250 full-sib families 
that wc:e distributed during 1982 in 
an International Progeny Testing 
Trial (IPTT) were screened during
the same season for streak 
resistance at IITA. Twelve families 
with a very high level of streak 
resistance were identified, and the 

resistant plants were selfed. Plants 
in 48 additional families were found 
to have intermediate to moderate 
resistance and were selfed. 

In the following season, the
 
progenies of those plants were
 
screened for streak resistance. 
Resistant progenies were either 
selfed or included in plant-to-plant 
crosses within each progeny. In
families that showed no streak
 
resistance, those 
same types of
 
pollinations were 
made in nurseries 
that were protected from streak. 
Based on the results of the IPTTs, 
78 families were selected for the 
next cycle of population
 
improvement. In 29 of those

families, plants with various levels
 
of streak resistance had been
 
identified.
 

The progenies of both the resistant 
and nonresistant plants represented
their original families in the half-sib 
recombination of the selected 
families. The half-sib families so 
generated were planted In streak 
and nonstreak nurseries during the 
1983 dry season (November to
April). In both those nurseries full
sib families were generated by 
means of reciprocal plant-to-plant 
crosses for International testing 
during 1984. Whenever possible, 
streak-resistant plants were used for
 
the generation of full-sibs.
 

The second approach was to 
incorporate streak resistance into 
Population 43 through backerossing. 
IITA's population TZSR-W-1 served 
as the streak-resistant donor, and a 
bulk of the families selected from 

Table 12. Grain yield in IPTT 43 (La Posta), 1982 

IvoryHonduras 
 Coast 
 Nicaragua Nigeria Thailand
(Catacame.s) (Ferke) Zimbabwe
(St. Rosa) (Ikenne) (Suwan) (Gwebe) Mean 

Selected 7.87 9.64 tiha6.25 7.09 8.56 9.15 7.45families 

Population 6.63 7.83 4.89 5.12 6.62 6.67 6.29 
Best check 5.51 9.31 5.40 5.44 7.2-5 12.35 7.54 
C.V. Mj 13.7 11.7 17.3 16.6 11.8 13.1 
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Population 43 was used as the superior in yield and other W. and early and late-maturing,

recurrent parent. Full-sib families agronomic characters to their white-grain backup pools. Pool 16,
 
were generated from streak-resistant recurrent parents (Table 13). The 
 an early maturing, white dent back
plants in the BC 2 (F2) generation. results of the trials grown without up pool developed by CIMMYT, has
Twenty of those families were streak pressure (Table 14) suggest performed well in the regional trials 
among the 250 full-sibs distributed that resistance was gained at no of the Semi-Arid Food Grains 
for international testing in 1984. cost in yield potential. Research and Development Project 

(SAFGRAD). It was therefore decidedConversion of experimental Other breeding populations-In to improve this pool for streak
varieties -Another approach heing addition to improving La Posta and resistance at IITA and to subject it
 
taken to meet the urgent need in incorporating streak resistance into to full-sib recurrent selection for
 
Africa for streak-resistant 
 EVs, CIMMYT's maize breeders at yield and other agronomic

germplasm is to convert 1TA had primary responsibility characters In cooperation with
 
experimental varieties from several during 1982-83 for Pool 16, TZESR- African national programs.

other populations besides La Posta
 
to streak resistance through
 
backcrossing. This project has
 
included EVs developed from nine Table 13. Comparison of streak-resistant conversions and nonstreak
populations in CIMMYT's resistant counterparts in EVT-LSR (W) and (Y) under artificial streak 
international maize testing program. pressure at Ibadan, Nigeria, 1983 
In 1983 EVs from three other
 
populations, two from CIMMYT and 
 Grain Plant Ear Streak one from IITA, were added to the yield Days height height rating
program. The parent materials of all Trial and variety (kg/ha) to silk (cm) (cm) (1-5)
the varieties now included in the
 
program are Populations 21, 22. 28. EVT-LSR(W)
 
29,30, 31, 35, 43, 44,49, and 62 as l'oza Rica 7822 901 132
63 74 5.0
well as TZB, an IITA population that Poza Rica 7822-SR 13C 2 7040 56 215 113 2.3 
is adapted to the lowland tropics, is 
late maturing, and has %%hiteflint Across 7729 1087 62 140 72 5.0 
grains. Across 7729-SR 7050 54 2, 2 107 2.3BC 2 

Poza Rica 78-3 1502 60 165 80 5.0The varieties are being converted to Poza Rica-SR BC2 7400 55 242 128 2.5 
streak resistance by means of a 
modified backcross proctedure, in EVT-LSR(Y)
which thc most recent promising EV A(ross 7728 857 61 113 76 4.8
from each population is used as the Across 7728-SR BC 2 6743 55 234 133 2.3 
recurrent parent. In 1983 five of the 
conversions were included in the "ocn ill 1835 1435 58 120 54 3.5
streak-resistant variety trials EVT- Tocurne (1) 7835-SR i3C2 5118 50 206 103 1.3 
LSR(W) and EVT-LSR(Y), which 
wcrc distribuicd from IITA to 
African national programs. 

Those five varieties, particularly Table 14. Comparison of streak-resistant conversions with normal 
Poza Rica 7822-SR BC2, Poza Rica counterparts of three late-maturing, white-grain varieties "ler 
7843-SR BC2. and Across 7728-R negligible streak incidence at Ikenne, Ilorin, and Samaru (Nigeria), 
BC2 showed much promise, 1983 ,
comparing favorably in yield and Grain Plant Ear 
other agronomic characters with yield Yield Days height height
national program checks and with Variety (kg/ha) Indexa to silk (cm)b (cm)b
other streak-resistant experimental
varieties. In trials conducted in IPoza Pica 7822 6572 100 56 229 116
Nigeria, with and without streak l'oza Rica 7822-SR 13C 6601 100 56 2262 119 
pressure, susceptible recurrent 
parents were included for Across 7729 5811 100 55 218 109 
comparison with the resistant Across 7729-SR BC 2 6195 112 55 220 110 
conversions. Under heavy and t'oza Rica 7813 6964 100 58 238 134 
uniform streak pressure, the streak- Poza Rica 7843-SR BC 6638 95 56 243 129 
resistant conversions were decidedly 

a Nonresistant varietv 100. 
1) Data from florin and &1Maru only. 
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During 1982 full-sib families from 
Pool 16 were tested at Kamboinse in 
Burkina Faso and at Gusau and 
Ikenne in Nigeria. Based on data 
collected and observations made at 
those locations, 84 families were 
selected and recombined twice in 
1983. During recombination, 
selection for kernel texture and 
uniform plant type was emphasized. 

A short-term goal achieved In tile 
work on Pool 16 was the 
development of a streak-resistant EV 
from the p(o)l through backcrossing. 
Uon completion of tile HC 4 
Pgeneration in 1983, this streak 

conversion, which has very good

resistance, was entered in a 

preliminary variety trial in Nigeria.
Moreover, 80 full-sib families were 
generated within this conversion for 
testing in an IPTT duritiu 1984. 
along with 170 families Iron Pool 

16 itself. 


In 1982 full-sib families of TZFSR-

W an early maturing. white flint. 

strcak-resistant population that is
being improved through full-sib 

recurrent selection, were evaluated 

at five locations in four countries: 

Cameroon, Nigeria, Tanzania, and 

Zaire. Site-specific and across-site 

EVs were formed during 1983 for 

future testing. On the basis of data 

from Gusau and Ikenn,. in Nigeria 

and Mayo Galke in Cameroon, 63 

full-sib families werc seleted for 

recombination in the first season of 

1983. Another recombination was 

done tn he second season, during 

which se,'ection for reduced plant 
height, stalk quality, and earliness 
was enphasize-d. In the third 
season, 250 full-sins were generated 
for the IPTT to be distributed in 
1984, 

Two broad-based, streak-resistant, 
white back-up pools, one late and 
the other early maturing, were 
formed by crossing streak-resistant 
sources with materials from 
CIMMYT, IITA, and African and 
Asian national programs. After 
thorough mixing, these pools will be 
improved by means of half-sib 
family selection for streak resistance 
and ag-onomic characters, 

Development of DM
Resistance in Asia 
Downy mildew (DM), caused by 
Peronosclerosporasorghi, is another 
disease that does not occur at 
CIMMYT's stations in Mexico and for 
which, therefore, the Maize Program 
is developing resistance at a site 
outside the country. This research, 
begun in 1981, is being conducted 
in cooperation with Thailand's 
Kasetsart University under the 
coordination of CIMMYT's Asian 

Regional Maize Program, with 

headquarters in Bangkok. 


Resistance to downy mildew, which 
is a major problem in Asia but also 
;)ccurs in parts of Africa and Latin 
America, is being improved in three 
advanced materials: Populations 22 
(Mezcla Tropical Blanca), 28 
(Amarillo Dentado}, and 31 (Amarillo 
C.ristalino-2). These materials are 
being handled by staff of the 
University's National Maize and 

Sorghum Program within CIMMYT's 
system of international progeny
testing, recycliiig of the best 

progeny for improvement, and 

formation of experimental varieties.
 
The populations have already shown 
good agronomic adaptation in the 
Asian region, and satisfactory 
progress is being made in their 
improvement. It is anticipated that 

within one or or two additional 

cycles they will generate varieties 

with good agronomic characters, 

high and stable yields, and DM 

resistance, 

Special Projects 
The Maize Program has for many 
years contained a research section 
that explores new Ideas or 
investigates new techniques, In the 
past a number of special projects
have involved the testing of 
hypotheses, many of which have a 
physiological basis, by setting up 
selection experiments In which 
single characters of interest have 
been selected. These have becn 
regarded as special projects whose 
results may not be known for 
several years, and which may, or 
may not. provide useful germplasm 
to the main breeding program. A 

have led to higher harvest Index, 
and hence higher efficiency in the 
use of available dry matter, have 
been the subject of previous reports. 
Others, such as selection for drought 
tolerance and earliness, are ongoing
projects that involve repeated cycles 
of selection followed by evaluation. 
There were extensive staff changes 
in the period reviewed, and no 
evaluations of these projects were 
carried out. 

Selection for drought tolerance-
In many maize-growing 
environments in the tropics, drought 
of varying severity occurs as a 
random event in the growing cycle
of the crop. It is thought that in 
marginal areas drought of sufficient 
marina areas a 40% yield
 
reduction may occur with 
a 
frequency of two years out of five. In 
the remaining three years. rainfall is 
adequate, or drought occurs at a 
time when grain yield Is little 
affected. If the frequency of drought 

increases, farmers normally will
 
change crops to more drought
tolerant species, such as sorghum
 
and millet.
 

Drought severity is amplified when
 
tile crop is grown on soils low in
 
organic matter or on coarse-textured
 
soils with low water-holding
 
capacity. When drought coincides
 
with the pollination period, the
 
decline in grain yield can be severe.
 
Another important time is during
 
crop establishment, when the rains
 
have begun but are sporadic and a
 
prolonged break in rainfall can lead 
to considerable stand reduction, In 
many, areas the effects of drought 
early in the growing season are 
minimized by altering planting date 
or by using early maturing varieties. 
But since those strategies normally
exact a cost in grain yield, the Maize 
Program opted for a recurrent 
selection program that exploits other 
mechanisms of drought tolerance. 
The project was initiated in 1976 
with the population Tuxpeflo 
Drought, which is a white dent 
lowland tropical material that has 
the capacity to produce a good yield 
across a wide range of conditions in 
many parts of the tropics. 

number of these projects, especially 
the ones relating to selections that 
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Selection has been carried out at 
Tilaltizapan in the rain-free winter 
cycle. The soil on the station is a 
heavy clay vertisol overlying a 
calcareous parent material at a 
depth of 1.5 to 2.0 m. Lateral 
movement of water across the 
limestone pan occasionally occurs, 
Because temperatures during the 
December-January period are quite
low (the average is approximately 
18'C). evapotranspiration is low, 
and stress takes a long time to 
develop, even when no irrigation 
water is applied after planting. 
Selection is carried out under three 
irrigation regimes: no stress (normal 
irrigation), medium stress (irrigation 
until two weeks prior to silking, 
then no more water applied), and 
severe stress (irrigation at planting, 
then no more water applied). In 
general, grain yields under the three 
regimes are, respectively, 6,4 and 
1.5 t/ha. Growth stages that are 
stressed are the grainfill period in 
the medium stress condition and the 
flowering and grainfill periods under 
the severe stress treatment, 

Full-sib recurrent selection has been 
used as the method of population 
improvement. In each cycle of 
selection (that is, C5 and C6 in 
1982-83), 250 full-sib families were 
evaluated with six checks in two 
replications per noisture stress 
treatment in a 16 x 16 simple lattice 
design. Plot size was a single row 
2.5 m in length, grown at a target 
density of 53,000 plants/ha. Three 
weeks prior to anthesis, relative leaf 
and stem extension rates (RLE) were 
determined by measuring the height 
of the tip of the youngest visible leaf 
in the whorl of four plants per plot 
in the irrigated and severely stressed 
treatments. The measurement was 
repeated one week later on the same 
plants. A second determine tion of 
RLE was made at the same time, 
using a different leaf, and the two 
estimates averaged. Inherent 
differences In elongation rate 
between families are taken into 
account in the RLE calculation, 

Counts of plants amithesed and silked 
were taken in each plot each day 
during the flowering period, and the 

interval between 50% anthesis and 
50% silking (ASI) was calculated, 
Canopy temperatures were 
measured near flowering time on 
two occasions, using an infrared 
thermometer. Approximately five 
weeks after flowering, each plot was 
scored for the rate of lower leaf 
death under severe, medium, and no 
drought stress. At harvest grain was 
dried at 801C for 72 hours before 
being hand-shelled and weighed, 

Correlations among these various 
characters associated with 
performance under drought have 
been reported previously in a 
CIMMYT technical bulletin entitled 
Breeding and Selection for Drought 
Resistance in Tropical Maize by K.S. 
Fischer, E.C. Johnson, and G.O. 
Edmeades. Selection was based on a 
consideration of all characters, 
although no formal selection index 
was used during the cycles under 
review. As with previous cycles, 
families were selected to maintain 
yield under irrigation wl'ile 
increasing yield under drought 
stress. At the same time, families 
showing high RLE, small ASI, low 
canopy temperatures, and prolonged 
leaf life under drought stress were 
included. Care was taken that 
selected families did not flower 
either later or earlier in the no stress 
treatment than in the bulk of the 
population. Selection thus favored 
families that could either tolerate 
low soil water potentials or that 
could send roots down to wetter 
regions of the soil. 

While the families were being tested 
under drought at TialtizapAn, they 
were also grown at Poza Rica for 
within-family improvement of plant 
type. Plants were selected under 
irrigation on the basis of height, 
small ASI. leaf angle, and disease 
resistance. Then, plant-to-plant 
crosses were made between selected 
plants within a family. At harvest 
the 50 to 60 families selected on the 
basis of performance under the 
stress levels at TlaltizapAn were 
harvested and sown for 
recombination in Poza Rica during 
the summer cycle. Recombination 
consisted of making reciprocal full-
sib families in all combinations 

among the selected families, and 
these new full-sib families were 
tested at Tlaltlzapn In the following 
cycle. 

A yield trial, conducted after three 
cycles of selection, showed (see 
previously cited report by Fischer et 
al.) that grain yield had increased 
under stress by about 9% per cycle, 
while the yield and flowering dates 
under irrigation remained 
unchanged. The changes due to 
selection (reduced barrenness, hence 
higher harvest index) reflected a 
better water status of the plants 
and/or an Improved capability of the 
flowering process to withstand 
internal water deficits. Further 
evaluation of this population is 
planned in 1983-84. 

Selection for early maturity-
Earlier maturing maize varieties are 
in constant demand in tropical and 
subtropical areas, since they provide 
a wider range of technological 
choices to farmers. For example, 
planting date of earlier varieties 
tinder rainfed conditions becomes 
less critical, anid a wider range of 
other crops can be planted before or 
after the maize crop. Early maturing 
varieties may also provide food at a 
time when no other is available, and 
thus shorten the "hunger period" 
between major food harvests. 

The sacrifice in yield per unit area 
(although not per unit time taken for 
the crop to mature) has long been 
recognized as a major problem in 
the development of early maturing 
varieties. Two alternative solutions 
to this problem were examined, 
beginning in 1975. The first 
involved the collection and 
compositing of a range of early 
maturing germplasm from lowland 
tropical sites in Indonesia, Pakistan, 
and Central America. These 
composites were selected for yield at 
Poza Rica, TlaltizapAn, and 
Obreg6n, while maintaining their 
early maturity. The second 
approach was to form a composite of 
elite genotypes of intcrmediate and 
late maturity (for details, see 
CIMMYT Report on Maize 
Improvement 1978-79), which was 
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named Cornpuesto Selecci6n Precoz 
(CSP). This composite has been 

selected in a modified half-sib 

recurrent scheme for earliness, while 
attempting to maintain yield per 
hectare and thereby increase yield 
per clay. 

Selection was commenced in 1976 
in all composites. It became clear by
1979 that the composites based on 
early landraces pwr se had limited 
variability for vield and generally 
poor agronomic type anld were 
susceptible to a number of diseas{s,
Bv that time CSP a- ih' %salunost 
early to 50% silking, though it was 
liter to matur( because of a longr. 

grainfill pcrkocl, which appeared to 
be associated with its higher yicld. 
From those observations it was 
Cotnltclded thal i ore rapid proress 
could be made n obtaining high-
yielding, early maturing gcrmplasm 
with a good level of disease 
resistance by selecting within elite, 
titrmnediate-mat uring gerrnpla sm 


rather than by selecting for yield 

aimong very earl',' landraces. Asr 


csequeCe, all corn posi othr 

than CSP were shelved. 


In the period under revicw, four 
cycles (C9 through C121 of selection 
for earliness were conpletecd in CSP 
at each of the two locations, Poza 
Rica and Tlaltizapmin. Five hmhndred 
half-sib families were pianted in a 
structure of iwo Icimale rows to one 

male row, where the male was 

composed of a balanced bulk of the 

superior fraction of selected families, 
Females were planted at 44,000 
plants/ha in a single 5-rn row per 
family, and fhe males were planted 
at twice that density. Males were 
selected for good synchronization of 
pollen shedding and silking, 
moderate height, and good lodging 
resistance. Undesirable plants in 
male rows were detasseled prior to 
anthesis, where possible. One 
thousand early silking plants in 
female rows were tagged with their 
silking date. When 70% of all female 
plants had silked, the male rows 
were completely detasseled, thus 
forcing the late-rmaturing plants to 
become barren. Harvest was 
conducted as early as possible, so 
that good dry ears from plants 
whose foliage was still green could 
be identified. At each of the two 

selection sites, approxinately 250 
ears were selected to serve as 
females in the next cycle. Ears from 
superior plants within elite families 
were chosen from the 250 selected 
to mal,_ up the male composite. 

Evaluations made previously 
indicate that it has been possible to 
select early flowering types without 
reducing grain yield, provided that 
selection pressure for earliness is not 
too severe. Yield trials have 
indicated that days to silk have been
reduced by about one day per cycle
(1.3%) in the winter season and by
the same relative amount in the 
sU!!mncr. Grain yield in CSP has 
apparmitly not bee, r'educed by 
selection for earliness, 

A further evaluation of changes due 
to selection it this population is 
planned for 1984-85, as well as an 
ii vcstigalion of !he genetic control 

of earliness in this material.
 

Development of 
Experimental Varieties 

Experimental varieties (EVs) are 
developed either on the basis of data 
from particular sites where progeny 
tests have been conducted (these are 
termed site-specific varieties) or 
according to data from all progeny 
test sites (across-sitevarieties). Each 
population has the potential to 
produce seven experimental 

varieties: six site specific and one 

across site. The former are 

designated by the name of the site 

at which the IPTT was conducted, 
along with four digits, the first two 
being the year of the test and the 
last two the number of the 
population (for example, Pirsabak 
7930). For the development of site-
specific varieties, 6 to 10 superior 
families are selected according to 
visual observations and/or on the 
basis of IPTT data. An EV 
designated Pirsabak (1) 7930, for 
example, would differ from Pirsabak 
7930 in that the selection of families 
for its development was based on 
visual observations, whereas 
selection for the latter was based on 
test data. Data from all sites at 
which a population was tested are 
used to select the 6 to 10 families 
from which an across-sit, variety 
(such as Across 8022) is developed, 

For the formation of EVs, selected 
families are planted in 11-m rows 
and diallel crosses made among 
them. At harvest ears from each 
family, products of crosses with 
other families, are saved and shelled 
in bulk. An equal quantity of seed Is 
takcn from each family bulk and 
mixed to form the F 1 bulk. This Is 
planted during the next season In 
approximately 100 rows 5 m long, 
giving a total of 1500 plants. About 
300 plants are selected at flowering 
and their pollen bulked to pollinate
all plants except the ones that are 
severely damaged by disease, 
lodged, or judged to be off-types. At 
harvest all desirable ears are saved 
and shelled in bulk to provide seed 
for Experimental Variety Trials 
(EVTs) and Elite Variety Trials 
(ELVTs). Trial design and results are 
covered In the section on 
international testing, beginning on 
page 30. 

In the process of improving the
 
populations, full-sib or S1 families
 
may be identified that are superior
 
in particular major traits, and EVs
 
can be developed specifically for
 
those traits. The traits currently

_mrphasized in the Maize Program 
Include resistance to various
 
diseases and insect pests, better
 
seed type. reduced plant height and
 
maturity, and improved husk cover. 
Nine experimental varieties were 
developed for those traits during the 
1983A season at Tlaltizapdn, using 
the full-sib or S 1 families. Specific
 
traits were heavily emphasized In
 
the selection of those families,
 
though their performance In the 
IPTTs was also taken into account
 
in the final selection of families that
 
would be Included In the varieties.
 
Those varieties were advanced to
 
the F 2 generation at Tlaltizapln
 
during the 1983B season.
 

Populations Added 

or Discarded 
Depending upon the needs of 
national maize programs, some 
populations are temporarily or 
permanently withdrawn from 
international testing and, when 
possible, replaced with more useful 
germplasm, generally from the gene 
pools. Superior half-sib families are 
extracted from the pools and 
handled in a combined S1. half-sib, 18 



or full-sib selection scheme for a few 
generations to reduce the frequency 
of undesirable recessive genes as 
well as to increase uniformity of 
plant and seed attributes. 

(Mix. 1 x Colima group 1) x ETO, a 
late, white flint population, wa% 
withdrawn from internati,., 1l testhg 
during 1980-81. Work was L lun in 
the 1982A season to replace it .. h 
the superior fraction of Pool 23 
(Tropical Late White Flint). The 
resulting new material, Population 
25 (i3lanco Cristalino-3) should be 
ready for international testing ii 
1984. 

Work was also begun during the 
1983A sewson at Poza Rica to 
replace Population 23 (3lanco 
Cristalino-1) with a higher yielding, 
tropical, white flint material of 
intermediate maturitv. The new 
version of the population is based on 
the superior fraction of Pool 19 
(Tropical Intermediate White Flint). 
It is being improved by means of the 
system ordinarily usedi for 
population improvement and will be 
evaluated in an IPTT for ihe first 
time during 1985. 

The subtropical Populations 42 
(ETO-Illinois). 44 (AED-Tuxpeflo). 
and 48 (Compuesto de HunLria). 
which had been withdrawn from 
international testing durir.g 1980-81, 
were brought back into the 
population improvement program in 
1982-83. It was felt that the first two 
populations would be very useful for 
midaltitude maize-growlng areas of 
Africa and for regions of the world 
where maize is grown during the 
winter season if their resistance to 
turcicum leaf blight and common 
rust were improved. Population 42 
also needed improvement in 
uniformity of kernel color andJ 
texture. Th" reason for resuming 
work on Population 48 was that. 
with better resistance to stalk rot, it 
might be useful in Turkey or other 
eountrles having similar growing 
conditions. These three populations 
were improved for the traits in 
which they are deficient and were 
evaluated in I s during 1982-83. 

Population 35 (Antigua x Repfiblica 
Dominicana), a yellow dent material 
of intermediate maturity, was 

withdrawn from the population 
improvement program. The 
consensus among Program staff at 
headquarters and in the regional 
programs was that demand for this 
population among national maize 
scientists around the world was not 
sufficient to warrant continued 
improvement of it. 

Progress in Population 

Improvement 
tPeriod!cally, the Maize Program 
rwo!itors the progress of its efforts 

to improve the mean performance 
and stability of the populations. The 

,
 

- ,
 

0 

4 

_ 
.

purpose of these evaluations is to 
ensure that national programs can 
profit from the germplasm they 
acquire from the Program ior use as 
source materials in the development 
of Improved varieties and hybrids. 
During 1982-83 three "cycles of 
selecton" trials were conducted to 
mcasu.-e the rate and amount of 
populat on Improvement, and two 
variety ;.r carried out toals were 
determine if that improvement was 
leading to better varieties. Since the 
trials were multilocational, it was 
also possible to monitor changes in 
the stability of the materials' 
performance. 

-


A 

During the period covered by this report, the advanced unit (under thedirection of Shivaji Pandey, center) conducted a major evalustion of the 
progress being achieved in population improvement and of t.he performance 
'if varieties being developed from the populations. 
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Trial design and d*,ta 
collection-All five trials had a 
split-plot design. In the trials 
evaluating various cycles of 
selection, populations were the main 
plots and cycles of selection the 
subplots. In the variety trials,populations were again the main 
plots and years in which the 
varieties were developed the 
subplots. The trials had fourreplications and were grown at 
different locations, using fresh seed 
of each entry. The plots consisted of 
four rows 5 m long, with 0.75-m 
spacing between rows; data wererecorded only for the two centralrorde 
rows. 

The trials were ovcrphntcd arid 
thinned to a uniform stand of about
53,000 plants/ha. All planting and 
harvesting were done by hand. 
Grain yield was calculated on the 
basis of ear weights adjusted to 85% 
shelling and 15% moisiure. The
number of days by which 50% of 
the plants had silks was recorded for 
each plot. Plant and ear height were 
measured in centimeters as the 
distance between the base of the 
plant and, for the former, the point
where tassel branching began and, 
for the latter, the base of the node 
bearing the tipper ear. Ear aspect 
was rated on a scale of one to five 
(with one indicating good and fivepoor) based on uniformity of ear 
size, kernel rows, kernel texture and 
color, and damage by ear rots and 
ear insects. The number of cars per 
plant was calculated by dividing the 
total number of ears harvested by
the number of plants in a plot. 
Progress per cycle was calculated 
according to the following equation: 

FPerf. of last cycle I 
-- -x ioo 

L, of initial cycle I No. of c.-cles 

Statistical analyses were performed 
using the methods for a split-plot
experiment, and LSD values for 
comparisons among treatments were 
calculated at the 5% level of 
probability. Stability analysis was 
conducted for grain yield, days to 
silk, and plant height according to
the Eberhart and Russell linear 
regression model. Sums of squares
resulting from entry x environment 
interactions were partitioried into 

individual entry regressions (b) on Late-maturing lowland tropicalenvironmental means (of all entries populations-Three cycles of
in each environment) and mean selection (CO, C2, and C4 or C5) in square deviations (s2 d) from Populations 21 (Tuxpeilo-1), 22
regressions. (Mezcla Tropical Blanca), 24 

Table 15. Mean performance of eight late-maturing tropical maize
populations evaluated over six locations for three cycles of full-sib 
iclection 

Cycles of 
selection 

Yield 
(kg/ha) 

Days 
to silk 

Plant 
ht. 

(cm) 

Ear 
ht. 

(cm) 

Ear 
aspect 

(1-5) 

Ears 
per 

plant 

Population 21COC2 
C5 

59756041 
6335 

65.665.3 
66.4 

212
208 
220 

112
110 
114 

3.8
3.8 
3.4 

0.96
0.97 
0.96 

Mean 6117 65.8 213 112 3.7 0.96 
Population 22 
CO 
C2 
C4 
Mean 
Population 24 
CO 
C2 
C5 
Mean 

6090 
6502 
6548 
6380 

5682 
5327 
5763 
5590 

67.6 
66.1 
65.3 
66.3 

66.8 
67.3 
66.0 
66.7 

226 
226 
220 
224 

226 
214 
214 
218 

127 
124 
119 
123 

127 
117 
117 
120 

3.7 
3.7 
3.5 
3.6 

3.5 
3.8 
3.5 
3,6 

0.94 
0.95 
0.97 
0.95 

0.96 
0.94 
0.96 
0.95 

Population 27 
CO 
C2C5 
Mean 

5267 
52755751 
5431 

67.5 
66.965.7 
66.7 

226 
'232220 
220 

120 
123117 
120 

3.6 
3.83.4 
3.6 

0.94 
0.941.00 
0.96 

Population 28 
CO 
C2 
C4 
Mean 

6021 
6028 
6386 
6145 

67.5 
66.0 
65.1 
66.2 

238 
226 
220 
228 

133 
126 
115 
125 

3.5 
3.6 
3.6 
3.6 

0.99 
0.96 
1.04 
1.00 

Population 29 
C2 
C5 
Mean 

6009 
6213 
6141 

66.3 
64.5 
65.8 

220 
207 
217 

122 
l1 
118 

3.9 
3.6 
3.7 

0.92 
0.95 
0.93 

Population 36
CO 
C2 
C5 
Mean 

5706 
5570 
6248 
5842 

66.1 
65.8 
63.2 
65.1 

234 
232 
213 
226 

136 
131 
114 
127 

4.1 
3.9 
3.4 
3.8 

0.93 
0.98 
0.99 
0.96 

Population 43 
C2 
C4 
Mean 

6262 
6578 
6322 

69.0 
67.0 
68.6 

244 
233 
241 

142 
130 
139 

3.6 
3.4 
3.5 

0.96 
0.98 
0.95 

LSD (5%)
between pops. 230 0.7 4 4 0.2 0.02 

LSD (5%) 
within pops. 314 0.8 6 5 0.2 0.04 
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(Antigua-Veracruz 181), 27 (Amarillo six environments: Poza Rica 
Cristalino-l), 28 (Amarillo Dentado), (summer and winter). Call 
29 (Tuxpefio Caribe), 36 (Cogollero), (Colombia), Ciudad Obreg6n 
and 43 (La Posta) were evaluated in (Mexico), Cuyuta (Guatemala), and 

Las Acacias (Honduras). 

Table 16. Progress per cycle through full-sib selection for six traits 
In eight late-maturing tropical maize populations 

-
Population Days Plant Ear Ear Ears per
number Yield to silk height height aspect plant 

Percent 

21 1.20 0.27 0.75 0.35 -2.10 0 
22 1.88 -0.85 -0.66 -1.57 -1.35 -0.79
24 0.28 -0.23 -1.06 -1.57 0 0
27 1.83 -0.53 -0.53 -0.50 -1.11 1.27 
28 1.53 -0.88 -1.89 -3.38 0.71 1.26
29 0.03 -0.65 -1.51 -1.50 -0.54 0.43
36 1.89 -0.87 -1.79 -3.23 -341 1.29 
43 1.85 .0.91 -1.51 -2.73 .1.38 1.92 

Table 17. Eberhart and Russeil's stability parameters for various 
traits of eight tropical maize populations after two and four or 
five cycles of full-sib selection 

Population
number 

Cycles of 
selection b 

Yield 
s 2 d x 104 

Days
b 

to silk 
s 2 d 

Plant ht. 
b s 2 d 

21 CO 1.00 2.64 0.99 0 0.94 9.65 
C2 
C5 

1.01 
0.99 

0 
10. 82 

0.9R 
1.02 

() 
0 

0.94 
1.02 

57.81 
0 

22 CO i.0i5 0 1.02 0 0.97 0 
C2 1.12 1.83 0.99 0.05 0.94 0 
C4 1.06 4.15 0.97 0 0.94 2:3.42 

24 CO 1.08 0 1.01 0 0.97 11.90 
C2 
C5 

0.93 
1.02 

0 
0.96 

0.99 
0.99 

1.26* 
0.53 

0.93 
0.85 

0.11 
0 

27 CO 0.78 35.6600 105 3.850 1.03 29.73 
C2 0.99 32.720 1.02 0 0.97 0 
C5 0.86 22.291 0.99 0 0.95 0 

28 CO 1.04 0 1.00 0 0.99 0 
C2 1.11 0 0.97 0 :34 1.14 11.59 
C4 0.92 34.23* 0.96 0 1.17 20.88 

29 CO 1.10 1.33 0.96 0 0.92 0 
C2 0.93 0 0.96 0 0.95 34.23 
C5 0.91 17.95' 0.96 0.25 0.90 16.99 

36 CO 1.1,4 11.34 0.98 0 1.06 88.52 ° " 

C2 089 36.16 "* 0.99 1.190* 1.20 6.18 
C5 092 2.5:3 0.94 0 1.02 66.28 

43 CO 1.11 11.00 1.08 0 1.12 114.02-
C2 1.06 10.33 1.07 0 1.12 56.121 
C5 0.97 3.21 1.06 0 0,96 0 

LSD (5%) cyclesin a pop. 0.29 0.66 0.26 

Data on the performance of each 
population and cycle, averaged over 
environments, is given in Table 15. 
Population 22 was the highest 
yielding, giving 6380 kg/ha, and 
Population 27 the lowest, with 5431 
kg/ha. Population 36 was
 
intermediate it, yield and
 
significantly different from other
 
materials. Population 43 was latest 
maturing (68.6 days to silk) and 
Population 36 earliest (65.1 days to 
silk). The plant and ear heights of 
Population 43 were significantly
greater than those of the other 
materials, while Population 21 had 
the lowest. Only the latter was 

" than Population 
significantly better 
36 in ear aspect. The other 
materials neither differed among 
themselves nor from those two
 
populations in ear aspect.
 
Population 28 had the highest
 
average number of ears per plant
 
(1.00), significantly more than the
 
other populations, and Population
 
29 the fewest (0.93).
 

Percentages of progress per cycle for 
six traits are given in Table 16. In
 
improvement of yield and ear
 
aspect, the greatest progress per

cycle was achieved with Population
 

36. Population 43 showed the most 
improvement per cycle in ears per 
plant and the largest decrease In 
days to silk. The greatest reduction 
per cycle in plant and ear heights 
was brought about in Population 28. 
No progress was made in improving 
the yield of Population 29, the ears 
per plant of Population 21, and the 
ear aspect and ears per plant of 
Population 24. Progress per cycle 

across all eight populations for yield, 
days to silk, plant height, ear height, 
ear aspect, and cars per plant 
averaged 1.3!, -0.59, -1.06, -1.77,
-1.15, and 0.87%, respectively. The 
ranges in improvement for those 
traits were 0.03 to 1.89, -0.93 to 
0.27. -1.89 to 0.75, -3.38 to 0.35,-3.41 1o00.71. and 0 to 1.92%. 

respective.y. 

Eberhart and Russell's stability 
parameters of the original and two 
other cycles of selection for yield,
days to silk, and plant height are 
given in "abl2 17. For most
populations and c.es, the b values 

* Significant at the 0 05 probability level. were generally close to 1.0 and the
Significant at the 0.01 probability level. 
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s 2 d values mostly not significant. 
Although the b values of the cycles 
did not differ significantly within 
any of the populations, the last 
cycles of sclection had lower b 

values than cycle 0 for all three 

traits in six of the populations. 
Those \'aics were accompanied by
higher yields, lower numbers of 
days to silk, and reduced plant
height. The b values for cVcles of 
selection in each population, though 
diflercnces between them were not 
significant, did indicate a decreasing
trend over cycles of selection. That 
itrnd suggests tha. as a resull of 

selection, the populations are 

tending to buconic better adat)ttd to 
low-yi,o-1cling environments 

haracerized by high stress. Th 


Iltcr cy('les of selection so 

p
I-ormed better ihain c'vclt 0 111 
i'igh-vilding atlid medihmi 
ii viron niti Is. 

Lowland tropical populations of 
intermediate maturlty--Three 
cles (CO, Cl or C2, and C-1 or C5)

of Populations 23 (l3hanco 

Cristalino-1). 26 (Mezdla Almarilla).

32 (ETO Blancoj, and 35 (Antigua x
RHcliblica Dominicana) were 

evaluated at 
tlhe following locations: 
Cidad Obreg6n (Mexico), Las 
Acacias (itonduras), Cuyuta 

(Guatenala). Farm Suwan
 
(Thailano). Call (Colombia), and

Poza Rica (Mexico, summer and 

winter). hi all four populations, yield

and number of ears pcr plant 

increased, 
while plant and ear 
height decreased (Table 18). Ear 
aspect was inproved in Populations
26 and 35 but did not change in 
Populations 23 and 32. Days to silk 
increased slightly in Population 35
but decreased in the other 
populations. The greatest 
improvement in yield and number of 
ears per plant was achieved with 
Population 32. Progress per cycleacross the four populations for yield. 
days to silk, plant height, ear height, 
ear aspect, and cars per plant
averaged 2.05. -0.30. -0.45, -0.84. 
-1.25. and 1.20% respectively. The 
ranges in improvement for thosetraits were 0.71 to 3.22. -0.95 to 
0.17, -0.58 to -0.35, -1.30 to -0.27,-2.50 to 0,and 0.42 to 2.27%.re p acil ey(
9 .26 

respectively (Table 191. 
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Eberhart and Russell's stability Moreover, although the b values ofparameters for yield, days to silk, the cycles did not differ significantly
and plant height in the original and from one another In any of thetwo subsequent cycles are given in populations, the Intermediate cyclesTable 20. As in the trial of late- of selection consistently had lower bmaturing materials discussed above, values than the original and later
b values were generally close to 1.0. cycles. 

Table 18. Mean performance of four Intermediate-maturity tropicalmaize populations evaluated over seven locations for three cycles of 
selection 

-

Plant Ear Ear Ears
Cycles of Yield Days ht. ht. aspect perselection (kg/ha) to silk (cm) (cmj (1-5) plant 

Population 23
 
(O 5106 6. 
 1 211 113 3.2 0.91C2 5636 61.8 201 103 2.7 0.98 
C5 
 5288 63.1 206 108 3.2 0.97Mean 5343 63.1 206 108 3.0 0.95 

Population 26 
CO 4968 62.9 208 108 3.2 0.96C2 4638 62.2 197 93 3.2 0.96
'5 5403 59.9 202 101 2.8 0.98Mean 5003 61.6 202 !01 3.1 0.97 

Population 32 
CO 4842 64.4 212 108 3.2 0.88Cl 5035 64.5 210 111 3.4 0.92
C4 5461 63.9 209 104 3.2 0.96Mean 5114 6-.3 210 108 3.3 0.92 

Population 35

CO 4659 58.8 192 
 94 3.0 0.95
C1 4539 59.3 183 87 2.9 0,92
C4 5128 59.2 189 93 2.7 0.98
Mean 4775 59.1 188 92 2.9 0.95 

LS[) (5%)
between pop. 204 0.5 3 3 0.2 0.02 

LSD (5%)

within pop. 284 0.7 5 
 5 0.2 0.04 

Table 19. Progress per cycle through full-sib selection for six traits
in four tropical maize populations of intermediate maturity 

Population Days Plant Ear Ear Earsnumber Yield to silk height height aspect per plant 

Percent 

23 0.71 -0.221.75 -0.47 -0.88 0-0.95 -0.58 -1.30 1.32-2.50 0.42
32 3.22 -0.19 -0.35 -0.93 0 2.27 
35 2.52 0.17 -0.39 -0.27 -2.50 0.79 



Subtropical populations-Three 
cycles of selection (CO, CI or C2, 
and C4 or C5) in Populations 34 
(Blanco Subtropical), 42 (ETO-
Illinois), 44 (AED-Tuxpefio), 45 
(Amarillo Bajio), and 48 (Compuesto 
de Hungria) were evaluated in three 
2nvironments: Tlaltizapdn (Mexico, 
summer and winter) and Ciudad 
Obreg6n (Mexico). Yield was 
Increased in four of the populations, 
showing a slight decrease cnly ir. 
Population 48 (Table 21). The 
greatest amount of progress was 
made with that population, however. 
in reducing maturity and height. 
Improvement in plant and ear 
height and in car aspect was 
brought about in all five 
populations. The greatest degree of 
progress in yield occurred in 
Population 34, although the time to 
maturity of this population also 
increased slightly. Progress per cycle 
acros,; the five populations for yield, 
days to silk, plant height, ear height. 
ear aspect, and ears per plant 
averaged 1.47,. 1.02, -1.97, -3.51, 
-3.78, and -0.37%, respectively. The 
ranges in improvement of those 
traits were -1.19 to 3.68, -1.90 to 
0.17, -2.86 to -0.58, -5.96 to -1.88, 
-5.88 to -1.56, and -1.57 to 0.74%, 

respectively (Table 22). Stability 
analyses were not performed for this 
trial because there were too few 
locations, 

Site-specific varieties-Varieties 
developed on the basis of data 
collected at Poza Rica for cycle 0 
and the most recent cycle of 
selection 4n ten populations were 
evaluated in four environments: 
Poza Rica (summer and winter- and 
Tlaltizapan (summer and wirdfr). 
The test materials were Population: 
21, 22, 24, 26, 27, 28, 32, 35, 36, 
and 43 (see descriptions in 
Appendix 2). 

In all ten populations, the varieties 
derived from the latter cycles of 
selection were higher yielding, 
carlier, and less barren than those 
from cycle 0. They were also 
significantly shorter, with the 
exception of varieties from 
Populations 21 and 43, and had 
better car aspect, except those from 
Populations 22 (Tables 23 and 24). 

Analyses of yield stability suggested 
that the more recently developed 
varieties were better adapted to low-
yielding environments than those 

Table 20. Eberhart and Russell's parameters for various traitsof 
four tropical maize populations of intermediate maturity 

Population 
number 

Cycles of 
selection b 

Yield 
s 2 d x1O4 

Days to silk 
b s 2 d 

Plant ht. 
b s 2 d 

23 CO 1.10 0 1.04 0.23 1.00 26.53 
C2 0.89 0 0.99 0 0.96 0 
C5 1.06 0 1.01 0 0.99 0 

26 CO 1.14 0.48 1.01 0.10 1.01 0 
C2 0.95 14.16* 0.98 0 1.02 14.06 
C5 1.09 5.71 0.97 0.67 0.95 20.68 

32 CO 1.06 19.19" * 0.97 0.68 1.02 12.25 
C 1 1.03 19.02" * 1.01 0 0.94 0 
C4 1.09 15.81 0.98 0.64 0.94 0 

35 CO 0.87 11.39" 0.99 0.11 1.06 0 
C1 0.79 1.45 1.03 0.48 1.09 50.25* 
C4 0.93 1.64 1.02 0.54 1.02 28.39 

LSD (5%) cycles 
In a pop. 0.27 0.07 0.19 

• Significant at the 0.05 probability level,
Significant at the 0.01 probability level. 

from cycle 0. For eight of the 
populations, varieties derived from 
the more recent cycle had lower b 
values than those from cycle 0 
(Table 25). Standard deviations from 
regression were significant only for 
three varieties, all of which were 
developed in the first cycle of 
improvement of three populations. 
Stability parameters for maturity 
and plant height indicated that the 
varieties were generally stable in 
those traits across the four 
environments. 

Across varieties-Varieties of this 
type, developed from the same 
cycles of selection in the same 10 
populations discussed in the 
preceding section, were evaluated in 
the same environments for progress 
in improvement. Varieties developed 
from the more recent cycles of 
selection were higher yielding and 
less barren than those from cycle 0 
in all 10 populations. They were 
also shorter, with the exception of 
those from Population 21 
(Tuxpefio-1), and earlier, except in 
the case cf materials from 
Populations 21 and 35 (Antigua x 
Repfiblica Dominicana) and had 
better car aspect, though not the 
varieties from Population 24 
(Antigua Veracruz-181) (Tables 26 
and 27). 

Analyses of yield stability indicated 
that the across varieties derived 
from the more recent cycles were 
better adapted to low-yielding 
environments than those from cycle
0 (Table 28). Regression values for 
the cycle 0 varieties averaged 1.11 
across the ten populations, 
compared to 0.89 for varieties from 
the more recent cycles of selection. 
For nine of the populations, the 
more recent varieties had lower b 
values than those developect earlier. 
Deviations from regression were 
significant only in the case of 
varieties from Populations 21 and 26
(Mezcla Amarilla) and for Across 
7936 and 7442. 

Regressions and deviations from 
regression for maturity and plant 
height indicate that the varieties 
were generally stable in those traits 
across the four environments. 
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Comparison of reference entries 
and EVs-Reference entries are 
included in the EVTs so that the 
EVs can be compared with varieties 
derive d from other cycles of the 
same population or from different 
populations. The same reference 
entries, generally the more stablevarieties that have been developed
by the Maize Program, are used in 
the trials over a period of several years. 

A comparison was made between 
the experimental varieties and
 
reference entries evaluated in

various EVTs during 1982. All the 
reference entries were across 
varieties. The across variety test 

additional cycle of selection in six 
populations and after two additional
cycles in another, yielded between 
95 and 115% of the yield of the 
appropriate reference entries, with 
an average of 102%. The EVs were
also earlier and shorter (Table 29). 

A similar comparison was made ofentries in EVTs conducted during 

1983. Again, only across varieties
 
were compared, and there was a
difference of two cycles of selection 
between the reference entries and 
the EVs. The EVs were superior in 
yield, which ranged from 101 to 
112% and averaged 107% of the
yield of the reference entries. There 
were no differences in maturity andheight between the EVs and appro-priate reference entries (Table 29). 

Summary of trials-The
population improvement scheme 
employed by the Maize Program has 
proven to be effective in raising the
yield of most of the populations, 
Selection has simultaneously
reduced height and maturity,
brought about a greater reduction in ear than in plant height, and 
decreased barrenness and ear 
aspect. Stability analyses indicatethat the populations have also been 
improved slightly for adaptation to 
low-yielding environments while
good performance in high-yielding 
and medium environments has beenma.ntaineu. 

Experimental varieties developed 
from the more recent cycles of 
selection in the populations are 

higher yielding, earlier, and shorter those varieties are better adapted tothan those from the original cycles, low-yielding environments than onesThe former are also mcre prolific from the original cycles and alsoand better in ear aspect. Stability perform better in high-yielding andanalyses indicate, moreover, that medium envircnments. 

Table 21. 1eanperformance of five subtropical maize populations
evaluated over three locations for three cycles of selection 

Plant Ear Ear Ears 
Cycles of Yield Days toselection (kglha) ht. ht. aspect persilk (cm) (cm) (1-5) plant 

Population 34
 
C0 6155 68.7 215 
 115 3.4 1.14C2 7412 72.! 225 
 129 3.7 1.19C5 7289 69.3 196 101 3.0 
 1.05Mean 6952 
 70.0 212 115 3.3 
 1.13 
Population 42
 
CO 7238 70.2 215 117 4.1 
 1.13C2 7555 70.4 223 118 3.7 
 1.05C4 8014 69.7 210 106 
 3.0 1.06Mean 7602 
 70.1 216 114 
 3.6 1.08 

Population 44

CO 7118 76.2 233 135 
 3.2 1.01C2 8165 74.0 227 128
C8. 7490 71.5 212 114 3.0 1.03

Mean 7591 3.0 1.0473.9 224 126 
 3.1 1.03 

Population 45
 
CO 6556 66.7 206 103 
 3.4 1.02Cl 6563 65.3 197 
 101 3.3 1.02C2 6670 64.5 196 
 96 3.0 1.02Mean 6596 65.5 200 
 100 3.2 1.02 

Population 48
 
C2 5631 63.3 194 97 2.8 
 0.98C4 4563 59.4 170 67 2.8
Mean 4995 1.0162.4 186 84 
 2.9 0.99 

LSD (5%)
between pops. 360 0.8 5 5 0.2 0.04
 

LSD (5%)
within pops. 502 1.3 8 7 0.3 0.66
 

Table 22. Progress per cycle through full-sib selection for six traits
in five subtropical populations 

Population Days Plant Ear Ear Ears pernumber Yield to silk height height Aspect Plant 

Percent 

34 3.6842 2.68 0.17 -1.76 -2.43 -2.35 -1.57-0.17 -0.58 -1.88 -6.70 -1.54
44 1.3045 0.86 -1.54 -2.25 -3.88 -1.56 0.74-1.64 -2.42 -3.39 -5.88 048 -1.19 -1.90 -2.86 -5.96 -2.41 0.50 
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Table 23. Performance of 20 site-specific varieties developed during
cycle 0 and the laot available cycle of selection, means for four 
locatiuns 

Varieties 
(Poza Rica) 

Yield 
(kglha 

Days 
to silk 

Plant 
ht. 

(cm) 

Ear 
ht. 
(cm) 

Ear 
aspect

(1-5) 

Sars 
per

plant 

7421 
8121 
Mean 

5069 
5196 
5132 

77.8 
77.6 
77.7 

181 
!860 
183 

91 
94* 
93 

2.7 
2.5 
2.6 

0.90 
0.92 
0.91 

7422 
8022 
Mean 

5231 
5604 
5418 

78.1 
764' 
77.2 

198 
187' 
193 

108 
95' 

)01 

2.8 
2.9 
2.8 

0.86 
0.90 
0.88 

7424 
8024 
Mean 

4739 
5243' 
4991 

78.1 
77.9 
78.0 

194 
194 
194 

107 
1010 
104 

2.9 
2.7 
2.8 

0.91 
0.93 
0.92 

7426 
7926 
Mean 

4535 
4838 
4687 

75.6 
71.9' 
73.8 

178 
172' 
175 

86 
82 
84 

3.2 
2.4' 
2.8 

0.94 
0.98 
0.96 

7427 
8027 
Mean 

4477 
4961 ° 

4719 

78.6 
76.1 * 
77.4 

204 
190* 
197 

107 
97' 

102 

2.7 
2.3' 
2.5 

0.89 
0.96 
0.92 

7428 
8128 
Mean 

4675 
5237' 
4956 

79.0 
75.4* 
77.2 

202 
190' 
196 

109 
97' 

103 

3.1 
2.9 
3.0 

0.90 
0.93 
0.92 

7532 
8032 
Mean 

4516 
4952 
4734 

78.8 
76.0' 
77.4 

187 
176' 
181 

98 
851 
92 

3.1 
2.6' 
2.8 

0.87 
0.94 
0. 1 

7535 
8035 
Mean 

4521 
4614 
4567 

73.6 
71.4' 
72.6 

169 
164' 
166 

80 
74* 
77 

2.9 
2.9 
2.9 

0.93 
0.95 
0.94 

7436 
7936 
Mean 

4665 
5306' 
4986 

78.4 
74.6' 
76.6 

211 
177' 
194 

121 
91' 

106 

3.1 
2.5' 
2.8 

0.92 
0.93 
0.92 

7443 
8043 
Mean 

4681 
53590 
5020 

80.9 
806 
80.8 

205 
210' 
208 

112 
119' 
115 

3.5 
2.4' 
2.9 

0.85 
0.90 
0.88 

LSD 15%)
between pops. 376 0.7 5 4 0.2 0.04 

LSD (5%)
within pops. 440 0.8 5 5 0.3 0.04 

Sgnilficani at the 0.05 level of probability. 
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Table 24. Percentage change in varieties developed rom later cycles of
selection compared to those developed from cycle 0 of 10 tropical
maize ppulations 

Varieties 
(Poza Rica 

No. of 
cycles Yield 

Days 
to 

allk 
Plant 
height 

Ear 
height 

Ear 
aspect 

Ears 
per

plant 

Percent 

7421 vs. 8121 
7422 vs. 8022 
7424 vs. 8024 
7426 vs. 7926 
7427 vs. 8027 
7428 vs. 8128 

4 
,4 
4 
3 
4 
4 

2.50 
7.13 

10.63 
6.68 

10.81 
12.02 

-0.25 
-2.17 
.0.25 
-4.89 
-3.18 
-4.55 

2.76 
-5.55 
0 
-3.37 
-6.86 
-5.94 

3.29 
-12.03 
-5.60 
-4.65 
-9.34 

-11.00 

-7.40 
3.57 

-6.89 
-25.00 
-14.81 
-6.45 

2.22 
4.65 
2.19 
4.25 
7.86 
3.33 

7532 vs. 8032 
7555 vs. 8035 
7436 vs. 736 
7443 vs. 8043 

3 
3 
3 
4 

9.65 
2.05 
13.74 
14.48 

-355 
-2.98 
-4.84 
-0.37 

-5.88 
-2.95 

-16.11 
2.43 

-13.26 
-7.50 

-24.79 
6.25 

-16.12 
0 

-19.35 
-31.42 

8.04 
2.15 
1.08 
5.88 

Note: Thu percentages were derived as follows:

LPerformance of' jat(-st variety - 1 x 100 
Perfornlan(-e of lirst variety I 

Table 25. Eberhart and Russell's stability parameters for varieties 
developed from cycle 0 and later cycles of selection in 10 tropical 
maize populations. 

Varieties Yield Days to Silk Plant ht.
(PozaRica) b s 2 d x I3'' b s2d b a2d 

7421 0.73 4.64** 0.99 0 0.89 6.35
8121 1.42 0 0.95 0 0.74 0
7422 1.19 0.16 0.99 0 1.10 6.86 
8022 1.09 0.56* 1.02 0 0.89 9.61 
7424 0.90 0 1.04 0 0.93 11.30
8024 0.87 0 1.08 0 0.97 0
7426 1.26 3.69* 0.99 0 1.02 0 
7926 0.95 0 0.93 0 1.02 7.17 
7427 0.76 0.24 1.02 0.15 1.01 0
8027 0.64 0.60* 0.98 0 1.21 0 
7428 1.18 0 *0.97 0.06 0.85 136.59
8128 0.94 0.68* 0.96 0 0.84 0
7532 1.14 0 0.96 0.47 1.18 160.78* 
8032 1.02 0 0.96 0.03 1.21 34.89*
7535 0.70 0 0.97 0 1.18 0 
8035 0.69 1.73 '3.92 0.45 1.13 4.81 
7436 0.92* 0.44 1.02 0 0.84 35.76* 
7936 0.98 0 0.97 0 1.13 14.88
7443 1.43 6.00** 1.16 0.37 0.90 486.79**
8043 1.15 0.59 1.09 0 0.93 16.78 

LSD within pops. 0.65 0.05 0.62 

• Significant at the 0.05 level of probability. 
•* Significant at the 0.01 level of probability. 
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Table 26. Performance of 20 across varieties developed during
cycle 0 and the last available cycle of selection, means for four 
locations 

Across 
varieties 

Yield 
(kg/ha) 

Days 
to 

silk 

Plant 
ht. 

(cm) 

Ear 
ht. 

(cm) 

Ear 
aspect

(1-5) 

Ears 
per

plant 

7421 4969 76.4 179 85 2.8 0.85 
8121 5451* 77.8* 193* 100 2.7 0.90* 
Mean 5210 77.1 186 93 2.7 0.88 

7422 
8022 

5437 
5665 

78.2 
76.0* 

198 
187" 

105 
930 

3.0 
2.8 

0.88 
0.94* 

Mean 5551 77.1 193 99 2.9 0.91 

7424 4767 77.9 183 103 2.7 0.93 
3024 5209* 77.2* 182 97 2.8 0.94 
Mean 4988 77.6 182 100 2.7 0.94 

7426 4504 74.2 184 90 3.4 0.91 
7926 4608 68.91 164* 77 3.0' 0.97' 
Mean 4556 71.5 174 84 3.2 0.94 

7427 4690 78.9 213 115 2.7 0.86 
8027 5454' 77.6* 192' 99* 2.4' 0.97* 
Mean 5072 78.2 203 107 2.6 0.91 

7428 5097 78.2 207 115 2.9 0.91 
8128 5530* 75.8* 200 102* 2.8 0.95 
Mean 5313 77.0 204 108 2.8 0.93 

7532 4.207 79.1 211 112 2.8 0.75 
8032 5318' 77.1* 181' 88' 2.7 0.91' 
Mean 4763 78.1 196 100 2.7 0.83 

7535 4489 70.5 177 83 3.0 0.90 
8035 5027' 71.7' 173 79' 2.8 0.96' 
Mean 4758 71.1 175 81 2.9 0.93 

7436 4828 77.6 211 124 3.3 0.91 
7936 5492' 73.6* 185' 96* 2.5' 0.96* 
Mean 5160 75.6 198 110 2.9 0.93 

7443 5505 81.7 223 127 3.5 0.84 
8043 5563 80.9' 213' 116' 2.5' 0.85 
Mean 5534 81.3 218 122 3.0 0.85 

LSD (5%) 
between pops. 433 0.7 8 4 0.2 0.04 

LSD (5%) 
within pops. 425 0.7 8 4 0.3 0.05 

* Significant at the 0.05 level of probability. 
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Table 27. Percentage change in across varieties, developed from
cycles of selection, compared to those developed from cycle 0 
of 10 tropical maize populations 

Across 
varietiea 

No. of 
cycles Yield 

Days 
to silk 

Plant 
height 

Ear 
height 

Ear 
aspect 

Ears 
per

plant 

Percent 

7421 vs. 8121 
7422 vs. 8022 
7424 vs. 8024 
7426 vs. 7926 
7427 vs. 8027 
7428 vs. 8128 
7532 vs. 80: '2 
7535 vs. 8035 
7436 vs. 7936 
7443 vs. 8043 

4 
4 
4 
3 
4 
4 
3 
3 
3 
I 

9.70 
4.19 
9.27 
2.30 

16.28 
8.49 

26.40 
11.98 
13.75 

1.05 

1.83 
-2.81 
-0.89 
-7.14 
-1.64 
-3.06 
-2.52 
1.70 

-5.15 
-0.97 

7.82 
-5.55 
-0.54 

-10.86 
-9.85 
-3.38 

-14.21 
-2.25 

-12.32 
-4.48 

17.64 
-11.42 

-5.82 
-14.44 
-13.91 
-11.30 
-21.42 

-4.81 
-22.58 
-8.66 

-3.57 
-6.66 
3.70 

-11.76 
-11.11 
-3.44 
-3.57 
-6.66 

-24.24 
-28.57 

5.88 
6.81 
1.07 
6.59 

12.79 
4.39 

21.33 
6.66 
5.49 
1.19 

Note: The pe'ventages were derived as follows: 

Pcrformanec of latesi 1 0 
L'erformance of first variety J 10 

Table 28. Eberhart and Russell's stability parameters for acrossvarieties developed from cycle 0 and later cycles of selection in 10
tropical miaize populations 

Across Yield Days to silk Plant ht.varieties b s 2 b x 105 b s 2 d2 d b s
7421 1.0.". 4.250 0.95 0.07 0.77 32.88121 1.18 3.260 1.00 0 0.95 18.07422 0.94 0.19 1.02 0 1.00 08022 0.82 0 1.04 0 1.04 10.57424 0.88 0 1.07 0 1.43 164.308024 0.85 0 1.04 0.24 1.49 0
7426 1.36 5.46* 1.00 0 0.96 34.67926 
 0.81 10.6700 0.79 0.43 1.03 110.507427 0.94 2.49 1.03 0 0.93 38.68027 0.83 0.79 1.05 0 0.98 07428 1.42 0.31 1.04 0 0.91 164.808128 0.81 0 1.02 0 1.02 07532 1.38 1.62 0.92 0.42 1.56 545.3008032 0.97 0.34 0.99 0 0.78 16.07535 0.78 1.09 0.91 0.31 1.08 0
8035 0.73 0 0.94 0 1.11 07436 0.94 0 0.99 0.75 0.78 07936 0.66 3.670 0.95 0 0.82 07443 1.43 3.794 1.09 0.74 0.65 65.98043 1.25 2.16 1.11 0 0.72 46.2 

LDS (5%)
within pops. 0.92 0.05 0.69 

• Significant at the 0.05 level of probablilty. 
Significant at the 0.01 level of probability. 
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Table 29. Comparison of experimental varieties with appropriate reference entries in EVTS conducted 
during 1982 and 1983 

No. of 
locations 

Experimental Varieties (EVs)
Name Yield Plant Days to 

(Across) (kg/ha) ht. (cm) silk 
Name 

(Across) 

Reference Entries (RE) 
Yield Plant Days to 

(kg/ha) ht. (cm) silk 

(EV/RE) X 100 
Plant Days to 

Yield ht. silk 

19S2 Trial 
28 8022 5593 205 59 7622 5739 207 59 97 98 100 
28 
23 
28 
10 
15 
15 

7926 
7928 
7929 
793-1 
8045 
7918 

41502 
4580 
5531 

6271 
6115 
-4649 

182 
211 
205 
188 
191 
182 

54 
58 
59 
62 
62 
58 

7726 
7728 
7729 
7734 
7845 
77-18 

39,16G 
4644 
5433 
6624 
57t66 
4665 

187 
215 
206 
192 
195 
181 

56 
59 
60 
62 
6"3 
58 

115 
99 

102 
95 

106 
100 

98 
98 
99 
98 
98 
98 

96 
99 
98 
99 
94 
99 

1983 Trial 
2:1 
23 
19 

8027 
8128 
8035 

1525 
-1726 
46-3 

209 
213 
188 

55 
5-1 
53 

7627 
7728 
76,35 

.10-18 
-1427 

4601 

214 
209 
186 

55 
55 
52 

112 
107 
101 

98 
102 
101 

100 
99 

102 
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In 1982 a total of 66 IPTTs 25 to 30% of the families are chosen Most experimental varieties are
developed from 12 normal from each population and retained identified by test site, year, and
populations were sent to cooperators for within-family improvement, population, indicating where and 
in 26 countries (Table 31). Data recombination. and regeneration of when the progeny that form the 
were received for 50 of those trials new progeny for the next cycle of variety were tested. The variety
(76%). During 1983. 94 IPTTs from improvement. The second use of Iboperenda 8321, for example, was
11 normal (including three highland) progeny trial data is for the generated from the ten best families
populations and four quality protein development of experimental in a progeny I rial of Population 21
maize (QPM) populations were varieties (EVs). Most EVs are grown at lboperenda, Bolivia. during
distributed to 31 countries. Results generated from the 10 best families 1983. Varieties developed from the 
were returned for 86% of the total at a given test location; they are also best 10 families across all test sites 
number of trials sent. generated from the 10 best families receive names like Across 8321. 

acro.;s sites. In the formation of
The results, as mentioned in the tlio3e varieties, the selected families EVTs-In these trials EVs (grouped
section on population improvement, are crossed in all possible according to climatic adaptation, 
are used for two purposes. First, on combinations and advanced to the maturity, and giain color and type)
the basis of across-site data, 	the best F 2 stage by bulk pollination. are evaluated at 30 to 50 locations 

Table 30. Relationship between gene pools, populations, and variety trials in CIMMYT's normal 
maize improvement program 

Climatic 
adaptation Grain color Type Pools Populations EVT ELVT 

White Flint 23 ----- *25 

ropical. late 
mat uiringN 

Dent 24 *21, 22a. 29, 4 3h 12 

Yellow Flint 25 - 27 18A 
A 

13 
Dent 26 * 24, 28a ,36 

Yellow Flint 	 i7 0-3 la 
21 ------ 26 

Tropical. early andintermediate maturity Dent 18.22 
18B 

White Flint 	 15 - * 30 
19 23,32, 

14B 
Dent 16 -49 

20 

Yellow Flint 29 - * 46 
33 - - 33 

16A 
Dent 30 - * 48 

Subtropical, early and 34 - -45
intermediate maturity 20White Flint - 34 	 /731 


27 13/16B 
Dent 32 - -42. 44, 47

28 

a At Farm Suwan (Thailand) for improvement of downy mildew resistance. 
b At IITA (Nigeria) for improvement of streak resistance. 
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by cooperators in national research 
programs, who compare them with 
two local checks and two reference 
entries {the latter are CIMMYT 
materiah with which trial entries 
are compared over several years of 
testirigi. The trials have a 
randomized complete blox-k design
with our replications and are grown
in four-row plots ol approxinrately

216 m . They are overplanted by

33% and thinned to the desired 

plant density. which is determined 
by trial cooperators. In 1982-8K a 

total of 193 new eXr' rimeii td 

variclis we'r(' t'st('( in 17 diiIcfrcn 

EV 's. 

ELVI's-'Thc EVs th.,.t ixrorni lh..,t 
a;wross all ti EV! locations are. 
assi'nibld into EI'Ts. which ri,' 
widelY dis.tribucd,1 upon rn-qlr-,r to 
national programs throtghoii tic 
dcveloping world and carried otio iii 
nitich t: sane way as the EVI ,. In 
1982-83 a total of 25 ncw elite l'Vswe're evaluated inl three tliflrt'nt
werTs. These trial and the EV's 

ELV's.Thserik. tri te E~s

totaled 560 and 
wenc distributcd to
72 countriesfollowing ye:arin7"-31982: dtrir!hr 'lV1q sEV'i s and the 
folowin" r 73 idscn . 
were setri to 68 r ) tit 31)e~able-

Quality of
the Trial Data 
The ct-rrtit international maize 
testin( syst in has grown and 
imlproved in precision corisidterablv
since its inception in the early 
1970s. Likewise, the national 

programs involved in this system
have become ever more adept at 
developing their own breeding 
materials and in using germplasmi 
from CIMMYT more effectively to 
inet farmers' variety requirements. 
The continued development of those 
progiams is vital to the suiccess of 
the Center's maize improvement 
work. which depends to a large
degrce on evaluation of full-sib 
families by national cooperators, 
The more skill and precision they
bring to tht,- work of compiling data 
on the. yie l and agronornic traits of 
this material, tihIe greater will be the 
Prog.{ram's p)rogress in improving the 
popilat ions. 

To dect cmine he quality of yield 
dtta generated frorn the 1983 
I l's, the trials were analyzed on 
(tit' basis of coefficients of "ariation 

(CVs) and the relative efficiency (RE)
of the lattice design, compared to 
that of a randomized complete block 
design. The CV is not, of course, a 
very precise indicator of trial 
quality, bit it can give some idea of 
the amount of variability in a trial. 
CVs of 10% or less are considered 
excellent, 11 to 20% good, and 21 to 
25% acceptable. An RE of 100 
indicates that the statistical value of 
the lattice design is the same as that 
of a randomized complete block
design and values higher than 100 
that the lattice design is more 
efficient. An RE of 125 indicates 
that the lattice design offers a 
significant benefit. Of the 69 sets of1983 IPTT data, 49 were good or 
excellent. Judging "tom the CVs, and 
1:3 were acceptable. At eight of the 
test locations, the lattice design was 
of significant benefit (Table 32;. 

Table 31. Distribution of international maize trialsin 1982 and 1983 

ego IPTTs gVTs and ELVTs 
Region 1982 1983 1982 1983 
South America 16 26 75 94Mexic,. Central 

America, atnd the Calibbean 17 34 162 181Afri(a\sial 13 18 187 24020 16 122 205Othr 14 13 

I'otai no. of trials sent 66 94 560 733Tota; no. of countries participating 26 31 72 68 

Table 32. Distribution of coefficients of variation (CV) and relative efficicencies (RE) of thelattice design for grain yield of the 1983 International Progeny Testing Trials 

RE (%j 6-10 11-15 16-20 CV (%)21-25 26-30 31-35 Over 35 Total 
Less than 100 

- -
8 19 15 8 2 1 

-- 0 
116-125 1 54 
100-115 

- 2 1 2 2 -126-150 - 72 - I  -151-175 - I -- 2 
- 4 

-176-200 -
- 3 

- - -Over 200 0- - -- - 1 
Total 10 22 17 13 4 2 1 69 
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Performance of 
Experimental Varieties 
Another basis for judging the quality 
of the international trials is the, 
average yields achieved. As shown 
in Figure 3. average ,ields of 5 t/ha 
or greater were reported lor 55 of 
the 1983 IPTTs (86%). Such high
yields are an indication, not ony of 
the high quality of the gerrnplasra. 
but also of the excellent trial 
management provided by national 
cooperators. 

The performance of the gernplasm 
is also judged by comparison with 
reference entries and local checks, 
The former are elite varieties that 
have given high and stable yields 
and shown wide adaptation in 
previous trials. Comparing new EVs 
with those varieties is an important 
means of monitoring the progress of 
population improvement. The EVs 
are compared with local checks 
(which ace provided by trial 
cooperators and are the best 
materials avalable locally) to get an 
indication of their possible 
usefulness to national prefgi-ams and 
of their range of adaptation, 

Among tropical, late-maturing, white 
dent varieties, Across 8121, 
Gandajika 8022, Ferke 8129. Ilonga 

8043, and Santa Rosa 8073 were 

top performers at a number of 
locations in Asia, South America,
and Africa. The best yellow dent 
materials in the tropical, late group 
were Los Bafios 8027, Guarare (1) 
8128, and Los Baftos (1) 8136. Of 
the tropical, early to Intermediate
maturity varieties, Suwan 8126, 
Islamabad (1) 813!, Across 8035, 
Ilonga 8032, and Across 8149 gave 
high and stable yields across several 
locations. The subtropical varieties 
Guaira 8045 and Tlaltizaplin 8134 
consistently yielded more than the 
local checks at many test locations. 
Most of the varieties mentioned here 
were also earlier in maturity and 
had shorter plant height than the 
best checks at several locations. 

Many elite varieties tested during 
1983 in ELVTs were superior in 
yield to the locai checks and in most 
cases were shorter in plant height
and a few days earlier in days to 
ilower. 

Table 33 summarizes the perform-
ance of new EVs and elite varieties, 
by comparison with the reference 
entries, in various EVTs and ELVTs 
conducted during 1983 over a wide 
range of environments. In general, 
more varieties giving higher yields 
than the reference entries were 

Figure 3. Histogram of the mean yields of the 1983 International 
Progreny Trials. 
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found among the tropical materials 

of all maturity classes (tested In 
EVTs 12, 13, 14A, and 14B and 
ELVTs 18A and 1813) than among 
the QPM and subtropical varieties 
(tested in EVTs 15A, 15B, 16A, and 
i6B and ELVT 20). 

Overall summaries of variety yields 
and trial CVs during 1983 are given 
in the form of histograms in Figures 
4 and 5, respectively. As shown in 
Figure 4 the greatest percentage of 
trial sites for all 11 trial types falls 
into the yield category of 3 to 6 t/ha.
EVTs 12, 15B, and 16B and ELVT 
18A and 20 (which contain tropical 
full-season, subtropical QPM, and 
subtropical normal maize) are 
particularly noteworthy, since mean 
yields were 6 t/ha or greater at more 
than 20% of the sites at which these 
trials were conducted. Good grain 
yields in the trials can be attributed 
to a combination of factors,
including favorable weather, the 
high yield potential of the test 
materials, and careful trial 
management by cooperators in 
national programs. 

Use of CIMMYT
Germplasin 

Germplasm developed and 
distributed by the Maize Program is 
used in both the public and private 
sectors for two purposes: (1) maize 
research and (2) maize production.
The following sections describe how 
and to what extent the germplasm 
has been used for those purposes in 
recent years. Such information is 
not always easy to obtain, and the 
Maize Program has not expended 
too much effort in trying to do so. 
As a result, this account is far from 
complete. 

Maize research-National maize 
programs develop new populations 
from CIMMYT materials and 
introgress them Into existing 
populations and germplasm 
e m p lex es
 c ,which are improved 
according to various selection 
schemes and serve as sources of 
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new varieties -I lines. Germplasm Table 33. Comparison of experimental varieties (EVs) with referencefron the Centel ; also employed in entries (REs) from the same population, 1983 trialsvarious types of heoretical studies.The laItler use 1.expected to 
No. of No. ofincrease as national breeding 


EVs with EVs withprograms develop greater interest No. of
and expertise inthat type of work yield higher yields lowerTrial locations Pop. number and name tian REs than REs

and as better plant tylx s and
 
sources of resistalnce, (to diseases, 12 42 22 Mez(la Tropi,-al Blanca 0 1insect pests, ciel)aIre devClopd bv 
 29 Tuxpcrno (caribe 3 0
CIMMYT hrough pr minary-trait O8 
 46 27 Ainerillo Cristalino- 1 3 1
iIlitrovenit-iin illvarious iaize 28 Amarillo Dcrltado 9 1 
po)oulat ions,
 

14A 38 
 26 Mezc!a AniarillaThough itisdifficult to do(m) t 2 035 Antigua-Rep Dorninicana 1 1 
germ plasn ust in national
 
)rograns,we can stiely tylha 
 1413 35 3() Blanco Cristalino-2 3 1
 
practically all national rnaizu1
I)rogram's around th world, 15A 
 29 0 White QIM

including Illy ill developing 15B 1l 

4
 
41 Telinplado Antarilio QMIP 
 1


(ountrics, are tltpoying mnaterjals 
5
 

from ihe.Oeter illtheir g rixplasm 
 16A 19 45 Ararrillo 13ajio 0 1 en riclit1enit work. 
1B 20 34 Blanco Subtropical 0 6
Maize production-CIMyIYT


popitlaiions and cXperitttntal 18A 61 
 28 Amarillo Dentado 
 1 0varict tes, as well as maetrials tfih 29 Tuxpeflo Caribe 
 1 0v (tider'gonet
h not)I in(rational 181B 42 26 M-zcla Arnarilla 
 1 0esling, have ten released issuch. 
 30 Blanco Crlstalino-2 
 2 0 
or after itflew (Ytvles of,
improvement. )ya numtcr of 
 20 19 
 34 13lanco Subtropical 0
national progrrns. National 1 

18 Compuesto de tlungria 0 2 

Figure 4. Histogram of three yield classes for 11 international variety trials grown In 1983. 
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researchers have also used full-sib 
families of various populations to 
develop hybrids. In some cases the 
heterotie counterparts of those 
families have been germplasm 
developed and ii proved 1,y national 
breeding programis. 

To get fron the It FT stage to the 
point of releasing cultivars hased on 
a population generally takes up to 
live years. Families need to be 
selected 0ased on the results of 
piogeny tests; varieties have to )e
for.wd and tesit. ifl experiment 
Iat ioi and on-firi ir t:.-i, i v 

the i,quirements of varietal rclease 
connittees;; dit adequate quantities 
of seed have to 'e produced for 
release to farnieis. 

To date 35 national prog raios 
around the world have released 13 
materials that include CNIMYT 
maize gertnplasm (see Appendix 3 
for a list of the materials released). 
About 83% of iem have been 
varieties and the remaindcr hybrids, 
Population bulks have been released 
78% of the time as varieties, and 
22% of the time they have 

contributed to released hybrids, 
Experimental varieties have been 
released 95% of the time as 
varieties, and all families released 
have contributed to the formation of 
hybrids. 

Based on the results of IPTTs 
conducted through 1979, the 
Center's Maize Program has 
developed 533 experimental 
varieties. Of that total 42 have been 
released as such in 21 developing 
countries. In 29% of those cases, the 
variety was ileased in the same 
coonltry where the corresponding 
IPTT was conducted. Nineteen 
percent of the releases were across 
varieties and 8] % site specific. Int 
sincc the ratio of site-sox~cific to 
across varieties is about 4.5 to 1,it 
wotild appear trat Ilhe two types 
h ye been released in equal 
proportions. 

Of the approxinmately 70 million 
hectares of maize grown in 
developing countries, it is estima,:d 
that some 3 million (4.3%) are 
planted to varieties based on 
CIMMYT germplasm. The 

contribution to yield made by that 
germplasm is estinated to be about 
600,000 t annually, worth nearly 
US$100 million at current 
international prices. 

Thus, the benefits accruing to 
national research and production
from germplasm distributed through 
the international testing network 
have been fairly substantial. 
Another way in which national 
scientists have profittecd from their 
participation in the network, one 
which may be of even greater long
term importance. is that they have 
gained broader contact with their 
colleagues in other countries. 
Exchange of information among 
national c(operators has made them 
more fuily aware of the problems 
t lev have in cornomn and has 
Cnahlcd them to help one another in 
working toward soluticns to those 
problems. One indication of closer 
cooperation among national 
scientists is that they are currently 
releasing EVs developed with the 
help of colleagues almost 2.5 times 
as often as those based entirely on 
their own IFl'T data. 

Figure 5. Histogram of three classes of CVs for II international variety trials grown in 1983. 
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Quality Protein 
Maize Improvement 

The protein in mnaize is deficient in 
two essential amino acids, lysine 
and tryptophall. During 1970 the 
Maize Program initiated a research 
project, with financial assistance 
from the United Nations 
Developmoent Programme (UNDP). to 
lessen that deficiency and thus 
improve the quality of protein in 
maize. Several factors have 
contributed to the overall success of 
t project, the most illlpOrt;llnt 

being tlie Iesarebch strategy anld 

mnet todolog employed and the 

cfficiency of the Centers proteif 

(jtl]ity labt,,atory in carring 0uta
huge vt ti unv of litmical analyses in 
a tihely f.lshil . lhe 
interdisciplinar yv work of 

participants ir this CSctirch has
been cxemplary. Ilicv have also 
shilown creat iexibilitv in 
periodically revisit. their objectives
and mithedls akt.cor-iin4 to changing 
ci re 011151 :t-leo's. 

Early Work With 
Opaque-2 Maize 

The first citorts of this research wcre 
dirccled toward developing materials 
with the opaque-2 gene, which 
improved protein quality but also 

caused maiz( 
 grain to hecole soft 

arid chalky. This gune 
was
itrtdil(ed into a wide array of 


gtr1tnplhI~Lsrn, 'Ind sonc 
soft-g -ain 

op1Mqt-2 comlposites were form.d 

and handled using intrapot)ulation 

irnprvcnient schermes. 


By 1972 Program scicltists had 
acctmulated a toilsiderable amount 

of information about problems that 

could arise with 
those materials 

under commercial ioduction in 

farmers' fields. At about 
the same 
tine, similar drawbacks were 
observed by staff of other 
organizations deeply involved in 
work with the opaque-2 gene. The 
problems were serious enough o 

prompt researchers and funding
agencies to reconsider whether this 
research merited further investment 
of time and resources. By the 
following year, however, CIMMYT 
had accumulated substantial 
experimental evidence that it could 

overcome the major problems and 
develop quality protein maize (QPM) 
that would give acceptable yields 

and possess other desirable 

agronomic traits. After a 
 period of 
some uncertainty about the future of 
work on QPM, the Center received 

assUrances of further support for 

this research. Since then the project 
has been reviewed periocifcally, with 
tavorahlc results, and has continued 
to enjoy the financial backing of 
UNP.II 

lic first hopes for success were 
based on two research
 
developments: (1) the formation of 

QPM donor slocks possessing 

kernels with the characteristics of 

nornal grain and (2) 
 tie discovery
that those characteristics are 

genetically controlled and 
can be 

manipulated in germplasm

containing the opaque-2 
gene. These 
developments led the project to a 

turning point in when a
1973, major 
shift was made in the type of 

gerruplasin developed,hard-ncrdosperm from soft- iotypes. 

The methodology 1rrploy.d to 

develop hard-endosperm opaque-2

maize dealt vith two genetic 

svstems. one involving the opaque-2 
gent and the other genetic modifiersof he opaque-2 locus. This approach 
reqtiircd the use of two approaches 
in QPM development: one for 
converting normal maize to hard-
endospern opaque-2 types and 
anothr for the development of QPM 
gene pools. Over time numerous 
adjustments were made inboth 
programs to achievc breeding 
objectives more quickly iand 

versions of each material as similar 
to the recurrent parent as possible. 
In addition, care had to be taken not 
to permit dilution of the genetic 
modifiers that had been 
accumulated through tedious visual 
selection of modified kernels at each 
stage. Through this approach 
practically all the germplasm being 
worked actively in the Maize 
Program was converted to QPM. 
Most of the QPM versions of the 
different materials had no more than 
two to four backcrosses with the 
recurrent parent. 

The idea behind the second
 
approach. development of QPM
 
pools, was that, by working broad
based gene complexes in a

homnozygous opaque-2 background,
 
resca,'chers could make more rapid 
progress in accumulating genetic

modifiers, while maintaining
 
adequate genetic variability for
 
subsequent selection. The 
use of a
 
half-sib breeding method made it
 

possible to develop large pools andgenerate new recombinations (very
cycle and permitted selection for 
'everal traits. 

Through this dual approach, the 
Maize Program developed QPM 
gerroplasm that was adapted to some of the major maize-growing 
environments and that had 
satisfactory kernel characteristics, 
with a high frequency of genetic
modifiers. Progress was somewhat 
slower than it might have been with
other approaches, but the result has 
been more useful end products, a 
wide array of QPM germplasm that 

efficicntly, 

The copn "rsion program was an 
attempt to obtain QPM versions of 
most cf the Maize Program's pools 
and pop'zlations tirough backcross
crm-recurrent selection. Because of 
the compl,-xity of the problems
involved and the need to select 
simultaneously for several desirable 
attributes, while at the same time 
maintaining protein quality, each 
material in the conversion program 
had to be handled In a family 
structure. This scheme was modified 
in several ways to make the QFM 

can be employed in various ways as 
open-pollinated vzrietles and can 
serve as source germplasm for the 
development of QPM hybrids. 

Consolidation 

of QPM Germplasm 
By the early i980s, a substantial 
z:nount of QPM geimplasm had 
been developed, and researchers 
next considered how to further 
improve the mateiial in a systematic 
way. They carefully examined and 
reorganized it into 13 pools (7 
tropical and 6 subtropical) and 10 
advanced populations [6 tropical and 
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4 subtropical), which are described The Program's collection of QPM
in Appendices I and 2, respectively. germplasm will be reduced by at 
The relationship between the pools least 20% without sacrificing any
and populations is shown in Table major types of maize needed 
34. 	 around the world, 

The merging and reorganization of At least seven new populations 
QPM geruiplasm facilitates its are now undergoing international 
handling in the following ways: progeny testing. This permits 

more systematic improvement of 
QPM pools and populations will the materials through 
be handled uniformly in a multilocational evaluation, 
homozygous opaque-2 broadens their adaptation (they
background, accelerating the had not previously been improved
accumulation of genetic outside Mexico), allows selection 
modifiers, of stable modifiers that may 

interact differently with different
" 	As with the Maize Program's environments, and leads to fuller 

normal materials, it will be participation by national 
possible to extract families from programs in the selection and use 
backup QPM gene pools and of QPM germplasm. 
introgress them into the 

corresponding populations. 


Table 34. QPM gene pools and corresponding populations 

No. of No. of 
pool Name population Name 

15 QPM Tropical Early White Flint QPM
17 QPM Tropical Early Yellow Flint QPM 61 Early Yellow Flint QPM
18 QPM Tropical Early Yellow Dent QPM 

62 a23 QPM Tropical Late White Flint QPM White Flint QPM
24 QPM Tropical Late White Dent QPM 63. 64 Blanco Dentado-1 and 

Blanco Dentado-2 QPM 

25 QPM Tropical Late Yellow Flint QPM 65a Yellow Flint QPM 
26 QPM Tropical Late Yellow Dent QPM 66 Yellow Dent QPM 

27 QPM Subtropical Early White -
Flint QPM 

29 QPM Subtropical Early Yellow 
Flint QPM 

31 OPM Suhronival Interni-dinit -Whitp A7 	 . 

Greater emphasis will be placed 
on early and late-maturing 
materials, which in our 
experience with international 
testing appear to be in greater 
demand among national 
scientists. 

Impreing QPM Gene 
Pools and Populations 
Establishment of this new set of 
pools and populations was begun in 
1982. New QPM materials (the early
maturing pools, for example, which 
are being formed for the first time) 
will have to undergo genetic mixing
for a few cycles, the exact number 
depending on the quantity of the 
material involved. In the already 
existing pools, new materials will be 
introgressed either as bulks or as 
families. 

It 	is envi.aged that most of the QPM 
pools will be handled in a haff-sib 
mating system, with an inbreeding 
phase at least once every three 
years for improving the resistance of 
the materials to inbreeding stress 
and for eliminating deleterious 
genes. By the end of 1983, two 
cycles of half-sib selection had been 
completed in the newly formed early
matrin th em edaearly 

maturing pools, with emphasis on 
earliness and other important
agronomic characters. No data are 
available yet showing progress in 
those pools nor in the intermediate
maturity Pools 31 and 32 QPM. 

Additional cycles of selection were 
also completed in four tropical and 

two subtropical pools. During the 
1982A season, Pools 23 and 24 
QPM, both tropical materials, were 
hndled in n hnlf-ih QUvtPrn. J 



QPM populations, after they have New QPM populations will enter theundergone several cycles of genetic 
Once all the QPM populations areinternational progeny testing system included in the IPTT system, theymixing and refinement, will be at varying times following a few will be divided into two groups, withhandled in a full-sib recurrent cycles of recombination and one undergoing progeny testingselection scheme with improvement in kernelmultilocational progeny testing. The 
during odd ycars and the other incharacteristics. Two new eventhree populations that are years. As with the pools, somenow populations, 63 and 68, were added populations will be artificiallyincluded in the international testing to the IPTT system during 1983, infected with car rots.network will remain there but with though the latter was tested only innew numbers. In 1982 those Mexico. In the former, full-sibmaterials wece subjected On the basis of data received fromto within- Iamilies were generated for the first various countries, a number offamily improvement. Selfs were time. Populations 64, 66, and 70 experimental varieties were formedmade in each of 250 full-sibs, and 

an average of three to four of these 
will be improved through full-sib from QPM populations. Table 35family selection in Mexico and willselfs were gives data on the mean performancesaved from roughly 40% probably be ready for testing inof the fuill-sib families, based on 

of the 10 families constituting thoseIPTTs by 1984. Population 61 will varieties, comparedprogeny performance data. The selfs to that of thebe improved in Mexico for earliness base population. Before beingfrom selected families were and endosperm characteristics overrecominhed, and then during 1983A evaluated in EVTs, the varieties willat least the next two years before be advanced to the F2 stage by sibthe half-sib ears saved from each undergoing progeny testing. mating.population were used to generate a 
new set of full-sibs. 

Table 35. Mean grain yield and other agronomic traits of families used in the formation of experimentalvarieties oi. the 'asis of 1983 data 

Experimental variety 

Grain yield (kg/ha) 
Mean of 

0op. selected Check 
mean fam. mean 

%differencebetween mean of 
families and: 

Pop. Check 
mean mean 

Days to flower 
Mean of 

Pop. selected 
mean fanm 

Plant ht. (cm) 
Mean of 

Pop. selected 
mean faro. 

Population 62Los Baflos 8362 
Palmira 8362 
Kindia 8362 
Poza Rica 8362 

4900 
4212 
1483 
6348 

6038 
5609 
1853 
7390 

4712 
5293 
3957 
6498 

23.2 
33.2 
24.9 
16.4 

28.1 
5.9 

53.2 
13.7 

53 
65 
62 
56 

53 
65 
61 
57 

189 
198 
130 
200 

187 
205 
135 
201 

Population 63La Mdquina (1) 8363 
La M.Aquina 8363 
San Jer6nimo (1) 8363 
Las Acacias (1) p363
Poza Rica 8363 
Alajuela 8363 
Suwan 8363 
Across 8363 

5359 
5359 
7935 
6206 
6654 
6234 
5251 
6277 

6326 
6294 
9365 
7613 
7925 
7279 
7005 
7098 

4546 
4546 
7911 
5822 
7124 
5456 
5737 
6099 

18.0 
17.4 
18.0 
22.7 
19.1 
16.8 
33.4 
13.1 

39.1 
38.4 
18.4 
30.8 
11.2 
33.4 
22.1 
16.3 

50 
50 
62 
52 
57 
66 
50 
56 

53 
52 
64 
52 
56 
65 
49 
57 

211 
212 
245 
244 
204 
198 
204 
-

222 
220 
250 
238 
212 
201 
214 

Population 65Poza Rica 8365 
Vallecito 8365 
Palmira 8365 
La Molina 8365 
Guarare 8365 
Ilonga 8365 
Across 8365 

5554 
5844 
4154 
2653 
2347 
3054 
4117 

6630 
7098 
5733 
4523 
3182 
4078 
4713 

5608 
5172 
5048 
1708 
1615 
3020 
3830 

19.4 
21.4 
38.0 
70.5 
35.6 
33.5 
14.5 

18.2 
37.2 
13.6 

164.8 
97.0 
35.0 
23.0 

57 
61 
66 
72 
-
59 
64 

57 
61 
64 
73 
-
59 
64 

197 
154 
241 
146 
161 
176 
180 

201 
155 
244 
184 
173 
191 
183 

Population 69Tlaltizap.n 8369 3118 3793 3199 - - 58 57 197 203 

38 



Protein Quality and 
Biochemical Analysis 
Most of the pools and populations
formed during the reorganization of 
QPM germplasm were analyzed for 
protein, tryptophan, and lysine 
content in the whole grain. Results 
for the populations are given in 
Table 36. In most of those materials 
the percentage of protein was 9% or 
above. The proportion of tryptophan 
in protein ranged from 0.9 to 1. 1% 
and that of lysine from 3.8 to 4.5%. 
Most of the QPM materials appear to 
have good protein quality, and it has 
been maintained over cycles of 
selection, 

Cycles 0, 4, 8, and 10 of the white 
02 b.u. pool were analyzed for 
content of prctein, tryptophan, 
lysine. ind various protein fractions 
in the endosuerm. CIO had greater 

protein content than the original 
cyci, though there was a slight
decline in the values for lysine, 
tryptophan, and quality index (Table
37). Protein fractions I (albumins 
and globulins) and It (zein) also 
showed slight reductions in the 
advanced cycles, but fraction III 
(zeinlike) registered a gradual 
increase over cycles. Fraction IV 
(glutelinlike) remained almost 
unchanged, while fraction V 
(glutelins) showed a slight reduction. 

Protein fractionation was performed 
on three samples each of three 
versions of Tuxpefio germplasm: 
normal, soft opaque-2, and hard 
endosperm opaque-2. The 
percentage of fraction I in hard-
endosperm Tuxpefto was somewhat 
lower than in the soft version, but in 
both those materials, it was greater 
than In the normal version (Table 

Table 36. Protein, tryptophan, and lysine in the whole grain of QPM 
populations 

Percent Percent 
Population Percent tryptophan lyaine Quality
number protein in protein in protein index 

61 9.2 0.98 4.2 3.8 
62 9.9 0.92 3.9 4.4 
63 9.1 0.97 4.3 364 9.6 1.00 3.8 4.365 9.2 10 4,8 466 9.3 1.01 4.3 4.3 
67 9.9 1.04 3.9 4.8 
68 9.5 1.01 4.0 4.3 
69 10.0 0.98 4.2 4.4 
70 9.3 1.10 4.3 4.7 

38). Fraction It was drastically 
reduced in the soft- and hard
endosperm versions from that in the 
normal, and so was fraction Ill. The 
latter tended to increase, however, 
with selection for hard endosperm. 
In both the soft- and hard
endosperm versions, fractions IV 
and V were greater than in normal 
Tuxpefio, though selection for hard 
endosperm tended to reduce this 
fraction. 

Developing Early
Maturing Germplasm 
Increased emphasis is being given to 
the development of early maturing 
QPM materials, since this wrork has 
lagged behind that with 
intermediate- and late-maturing
germplasm. Most of the early 
material will be formed from QPM 
versions of existing early materials 
and from intermediate-maturity 
QPM germplasm that is already 
available in the Maize Program. 

The early maturing, tropical Pools15, 17, and 18 QPM and subtropical 

Pools 27 and 29 QPM were all 
developed in 1982 from the QPM 
versions of various materials. The 
source materials constituting those
pools were recombined in a half-sib 
system, during which process some 
selection among and within families 
was practiced for earliness. 
Afterwards. during two cycles of 
selection, at least 30% of the late
maturing plants were eliminated, 
and selection was also practiced for 

Table 37. Endosper..,i analyses for different cycles of selection in the white 02 b.u. pool 

Percent Percent
 
Percent tryptophan lysine Quality Protein fractions

Cycles protein in protein in protein index I II III IV V 

CO 7.4 0.89 3.39 3.2 15.8 12.8 20.9 15.6 36.0C4 8.1 0.79 3.02 3.0 12.6 9.6 25.3 16.7 35.8
C8 8.6 0.78 2.86 2.8 12.9 9.6 26.0 17.2 34.2
CIO 8.2 0.O 3.04 2.9 i2.3 10.6 27.8 16.2 33.2 
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yield and kernel characteristics. 
Male rows are being detasseled in 
each pool as soon as it has reached
70% silking to prevent late-maturing 
families and late plants within 
families from being pollinated. "The 
early maturing Population 61 was 
improved for kernel characteristics 
and other traits through full-sib 
family selection without 
multilocational progeny testing. It 
appears that further improvement 
will have to be made in this material 
before it is exaluated in IPTT (31.

Improvement of 


Highland Germplasm 
The two highland Pools I and 2 

QPM were brmcd in 1979 and
 
further recombine,1 during 1980 and1981. During the peri(x reported 
here. two cycles of selection werc 
completed, using a modified( car-to
row hall-sib system. Selection is

being practiced for largf floury 
kernels, car rot resistanc. and
reduced interval between )ollen

shedding and silking. 


In the QPM versions of Pools 3 and 
4. Sis wre developed during 1981, 
and selected plants in selected 
families were recombined during
1982. Among the selected ears, 
selection was practiced for larger,
yellow floury kernels. The selectedkerrels were planted on an ear-to-
row basis in 1983: full-sibs were 
made at pollination time; andyellow, floury cars were selected. 

Pools 5 and 6 QPM were handled ina full-sib recurrent selection scheme 
during 1982-83, without replicatedprogeny trials. In the improvement 

of these pools, emphasis is being 
placed on kernel modification, ear 
rot resistance, and yield. 

In a highland modified opaque-2 
composite, selfs were made during 
1982 and recombined during 1983
in a half-sib recombination block. 
Another material, Mezcla Amarilla 
P.B. x Lin. Ill. H.E.o 2 , is being
improved through full-sib recurrent 
selection, without replicated progeny 
evaluation. This material appears to 
be fairly resistant to leaf blight
(Helminthosporiumturclcurn) and 
rust (Pucciniasorghi)and has 
single-stalk plants. Kernel 
modification is also good but 
requires further improvement. 

Summary of Data From
International Trials 
During 1982 EVT 15A and one 
special QPM trial of subtropical 
materials (QPMT-11B) were 
distributed to 45 and 47 locations, 
respectively. The former consisted of 
15 entries, and the latter of 11 
entries, each with 3 checks and 2 
reference entries. In EVT 15A most 
entries yielded as well as or better 
than the normal reference entry.
Yields of entries in QPMT-11B were 
84 to 98% of that of the normal 
reference check, the best entries 
being La Platina 7941, Across 7941, 
and Pool 34 QPM (Table 39). 

Table 38. Protein fractionation of normal, soft opaque, and hard
endosperm opaque-2 version of Tuxpefio-1 

Fraction 
Tuxpefo 
NotMl 

Tuxpefio 
Soft Opaque-2 

Tuxpefo 

IT.E. 02 

I AltunliriS + Globulins 
I Zein 
ill Zein-like 
IV Glutelin-like 
V Glutelins 

6.2 
:39.2 
19.7 
13.6 
22.4 

Pei-cent 
20.6 

8.1 
10.7 
18.5 
42.5 

15.5 
10.4 
16.2 
21.4 
36.6 

Table 39. Results of QPMT-11B 

Entry 

Piracicaba 7941 
La Platina 7941Across 7941ETO x Illinois QPM (check) 
Pool 31 QPM (check) 
?ool 34 QPM (check) 
Across 774 1 (reference entry) 

1982 (means across 27 locations) 

Percentage ofGrain yield normal reference 
(kg/ha) entry yield 

4022 9i 
4234 964342 983956 90 
3715 84 
4261 97 
4051 92 

Across 7845 (normal reference entry) 4415 100 
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In 1983 EVTs 15A ard 15B were 
distributed to 67 and 45 locations, 
respectively. The first consisted of 
13 entries and the second of 7. each 
including 3 checks and 2 reference 
entries. Data from 25 locations 
indicate that. several QPM entries 3. 
EVT 15A yielded as well as the 
CIMMYT -eference entry iTable 40). 
The best of those entrics gave yields 
that were 95 to 97% of the yicld 
obtained from the best lo;al check. 
The top entries were from 

Population 40 (now designated 
Population 62, White Flint QPM); 
yields of varieties from Population 
39 (now Population 65, Yellow Flint 
QPMJ were 8 to 10% less than those 
of ntateriads from Population 40. In 
EVT 1513 two varieties (Tlaltizap'n 
8141 and Across 8141) yielded 
about the same as the normal 
reference entry across the eight 
locations for which data have been 
received (Table 40). 

Table 40. Results of EVT 15A and 15B, 1983 

Grain yield
Er ry Ikg/ha) 

EVT 15A (means. 25 [km'-tioin-,i 
San Jer6nimo 8039 4015 
Pichilinguc 8039 4048 
Across 8039 4077 
San ,cr6nino 81i10 ,1523 
San Jer6nilno 1it 814 1 4548 
Poza Rica 81-tO 4546 
Los Nafos 81.10 4394 
Across 81,40 

Ireferencc entry) 4443 
Across 7940 

Inrcrerice entry) 4626 
AcrosF 7726 (normal 

r.:ference entry) 4145 
Local check 4576 
Local check 4754 

EVT 15B (means, 8 locations) 
'I laltizapAn 8141 5195 
Islamabad 8141 4553 
Antalya 8141 4684 
Antalya (1) 81,1 4711 
Across 8141 4978 
Pool 34 QPM 4606 
Across 7941 

(reference entry) 4809 
Across 7f;,15 (normal 
reference entry) 4967 

Percentage of Percentage of 
normal reference yield of best 

entry yield check 

97 85 
98 85 
98 86 

109 95 
110 96 
110 96 
106 92 

107 94 

112 97 

100 87 
110 96 
115 100 

105 

92 

94 

95 


100 


93 

97 

100 

Exploratory Research 
The gernplasm development and 
improvement discussed in preceding 
sections are within the mainstream 
of QPM work. Apart from that 
research, there are two exploratory 
projects, one involving selection for 
high oil content and the other 
identification of a simply inherited 
system of mclifying genes. 

Selection for high oil content was 
continued during 1982-83 in two 
QPM populations, White Dent QPM 
and Temperate x Tropical QPM. In 
the former, four cycles were 
completed in a full-sib recurrent 
selection scheme without progeny 
testing. Families selected for high oil 
content were analyzed for protein
(luality. At pollination approximately 
20% of the families, those having
the best oil content and protein 

plit, were rccombined through 
plant-to-plant crosses among 
families. The same procedure was 
followed with the other population. 

Both materials have shown a steady 
increase in oil content, which in the 
seventh cycle was 5.6% for 
Iernperate x Tropical QPM and 
5.9% for White Dent QPM, 

compared to 4.0 aind 4.4%. 
respectively. in the original cycle, an 
increase of 1.6 and 1.5%. The effect 
of this Increase on yield and other 
agronomic traits will be determined 
in special trials conducted during 
1984. It appears already that the 
advanced cycles of selection for high 
oil content in both populations are 
shorter and earlier than the original 

ones. Protein quality, meanwhile, 
has remained much the same 
(compare Tables 41 amd 37). 

Table 4 1. Protein content and quality and oil content of high-oil QPM materials 

Percent Percent
 
Percent tryptophan lysine Quality Percent 
Protein in protein in protein index oil 

White Dent QIPM (ItO)C6 9.4 1.06 4.2 5.1 6.4 

Temperate x Tropical Dent 
QPM (id0C6 9.5 1.13 4.3 4.8 5.6 
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In the other special project, lines 
from Pools 23, 24. 25. and 26 QPM 
are being employed. Because of their 
reduced vigor and inahuit t 
withstand inbreeding, lines from 
each pool had to be intercrossed 
separately. The intercmssed 
materials will undergo further 
inbreeding, after which new lines 
will be extracted, 

Progress in Overcoming 
Problems With fPM 
The current and future usefulness of 
germplasm coming out of the QPM 
program depends very much upon
advances in solving problems that 
proved to be a stumbling block toacceptance of early opaque-2
materials. Marked progress has been 
achieved in overcoming the 
principal drawbacks of those
materials, as discussed in the 
lollowing sections. 

Kernel modification-Intense 
selection pressure for kernel 
modification has been applied in all 
10M materials and at all levels,
without sacrificing improved protein
quality. As a result, those materials 
are becoming more and more like 

normal maize in their kernel 

characteristics. The degree of 

modification that has been brought 

about is indicated in Figure 6. Class 
5 type kernels have completely 

disappeared in the more advancedcycles, and there has been a
corresponding increase in the 
frequency of modified kernels 
belonging to classes 1 and 2. The 
proportion of class 3 kernels appears 
to have remained unchanged.
Though much progress has been 
made in kernel modification, there is 
still considerable genetic variation 
for this trait, and additional cycles ofselection are needed to produce 
more normal-looking kernels, 

Grain yield-The grain yields of 
QPM materials have continued to 
show an upward trend as a result of 
several approaches, including
selection for kernel modification and 
higher kernel weight, discarding 
ears that have open spaces between 
kernel rows, arid various 
intrapopulation improvement
schemes (involving full-sib, half-sib, 
and S1 selection). Data from EVTs,
summarized above, suggest that 
some entries yield as much asnormal maize. Yield gains have also
been registered in some of the QPM
pools being handled in Mexico, 
along with Improvements in other 
desirable agronomic attributes. 

Scientists in several countries report
that QPM varieties are performing 
on a par with materials already 
under cultivation. In a Central
American regional trial conducted 
during 1983, for example, a QPM 

Figure 6. Kernel modification in tropical QPM pools over cycles of selection. 

80- White flint White dent Yellow flint Yellow dent 

60.
 

40
 

20 

0'-I I I I I I I III I [
 

Cycles of selection
 
*Endosperm hardness rated on a 
scale of 1-5 inwhich 5 = unmodified kernels and 1 = normal-looking kernels. 
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variety being prepared for release in 
Guaternala under the name Nutricta 
yielded similarly to commonly 
grown hybrids and cx)erimental 
varieties (Table 42). In China 
Tuxpefio-1 HI.E.oo has 1iven yields 
comparable to those of its normal 
counterpart Tuxpefio-1. The results 
of national variety trials in Mexico 
indicate that three Q1M materials 
(La Posta QPM. Obreg6in 7740, and 
Ttixpefmo-I QPM) perforin abou its 
well as 11507, 11510, and 1t524, all 
Of which, however, vicld-d les, than 
Poza Rica 7822 (Table 43. 

Ear rot resistance-QPM cnatcri;ls 
are gradually hcoming niore 
resistant to this diseasc pallv 
because of inp)roverment. in kerncl 
phenotype and better dry'ing of thm 
imore advanced ''l riais. Anoller 
change illthe QPM ge n pla.-,11i that 
has contribultd subslaillially to 
resistance is a reductiomi inthe 
fre(quency of t desirable gtcs 
responsible for pericarp split t ing, 
which leads to secondary infecti 

iy 	 (ar rots. Visutal selection against 
car rots has been practiced iii all 
QPNI pools and populations under 
natural intet ion. though insone of 
those materials (Pools 25. 26, 33. 
and 34 QPM and Populations 62 aid 
65), sc'letions havc ben made 
under arlificial infectioti. Work 
carried out at IPTT locaionus whcr, 
tlier' is a high tncidenc( of ear rots 

Table 42. Performance of 
Nutricta in a Central American 
regional trial, 1983 

Percentage

Yield of 

Variety (kg/ha) check yield 

ICTA-Bl I nioriall 5235 98 
Nutrica 5298 9 
CEN'IA H5 (chck)5397 100 
Dianant's 80.1:3 52.1, 97 
locuni'u- 7428 5(95 9.1 
[a 	Miq ina 7727 .780 88 
ICFA I1l0-83 6189 1-1 
(N'I', Ill-" 600820 	 ill 


has also been extremely helpful in 
improving resistance. Data from 
EVTs 15A and 15B show little or no 
difference in response to ear rots 
between the QPM entries and nor-
real checks, although incidence of 
tire disease was slightly higher in 
QPM materials at locations where 


tit, disease is severe (Table 44).
 

Use of QPM
Germplasm 


Progress in the development of QPM 
geriviplasm with acceptable kernel 
characteristics and good agronomic 
trails has caused a renewal of 
interest in this material among 
brceders in the private and pIutlblic 

sectors. The germplasin is now 

bcing uscd as a source of-various 

t yprs ot maa'rials: 


I.(; rmplasnllthat call tmcergo 
lurtlher improvemcnt in 
ad apntation and other agronomic 
liaracteristius in diverse 
tu
environfncutls around the world
 

2. 	Q PM donor stocks for conversion 
of normal populations and inbred 
lines 

3.Sitc-specilic and across-site 

experimental varieties formed on 

the basis of IPTT data 


-1.Inbred lines for the formation of 

-,ynlhetics and hybrids 


5. 	Combinations that can be used in 
a hybrid program and germnplasin 
for developing divergent 
populations representing different 
heterotic groups 

Table 43. Mean yields in a 
variety trial conducted at 27 
sites in Mexico 

Yield 
Variety (t/ha) 

'oza Rica 7822 5.2 
11507 4.7 
11510 4.4 
V-524 (Iuxpefcitoi 4.3 
l.a Plosa QlPM 4.4 
OIrv'gn 7740 QPM 4.4 
'ruxpc'fo-1 QPM 4.2 

/ 

In the near future, the greatest 
opportunities for use of QPM 
germplasm lie in the development of 
populations, experimental varieties, 
and synthetics. This is the approach 
being taken by most of the breeding 
programs whose QPM work is 
discussed below. 

Guatemalan scientists, for example, 
have extensively tested some locally 
developed QPM varieties and 
CIMMYT QPM populations and 
varieties at experiment stations and 
in 	farmers' fields. In the course of 
these evaluations, a QPM variety 
(Nutrita) consisting of Tuxpefto 
gerniplasm has shown much 
)ronise and will be released to 
tarmers soon. Currently this variety 
is 	undergoing further improvement 
for uniformity, husk cover, and yield 
potential. Gennplasm that has done 
woell in Guatemala also seems to be 
performing well in Honduras, where 
it is being inultiplied for testing in 
national trials. 

Rcsearchers inother Central 
American and Caribbean countries 
(including Costa Rica, Panama, and 
tie Dominican Republic) have 
demonstrated interest in the 
development of QPM hybrids. They 
are now extracting inbred lines from 
QPM pools and populations and 
have received some SI lines from 
CIMMYT populations. Brazil also has 
a 	fairly ambitious QPM hybrid 
program and has acquired 
practically all of the Center's QPM 
germplasm for conmbi i g ability 
studies and derivation of inbred 
lines for hybrids. 

In 	Venezuela, where flint is 
preferred to dent maize for the 
preparation of arepas, an EV from 
Population 62 (Across 7740) has 
shown superior yielding ability and 
kernel characteristics. Enough seed 
of that variety has been produced to 
cover some 800 ha. More recent 
selections from the same population 
should bueven better inkernel
 
shol e en bete i kern 
phenotype and have a harder flinty 
texture. Milling tests are being 
conducted to detennine the 
suitability of the material for 
preparing arepas. 
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Two varieties, Tuxpefho opaque-2
and Chiquisaca 7741, have 
performed reasonably well in Bolivia 
and are being produced on a small 
scale primarily for use as swine 
feed. Meanwhile, the country's
maize scientists continue evaluating 
new QPM germplasm to find 
superior materials that are better 
suited to growing conditions there. 

Several uses of QPM both for human
food and animal feed are being 
explored in Mexico, whose maize 
researchers are conducting national 
trials to evaluate CIMMYT's and 
their own QPM materials. Some 
highland materials of this type are 
already being used in the state of 
Michoacan, where farmers are 
growing them on a small scale. A 
few lowland tropical materials, such 
as Poza Rica 8140 and Tuxpeflo-I
QIPM, have also been increased for 
swine feeding trials. In addition, one 
of the country's largest bread 
companies has shown an interest inQPM and performed tests of QPM
materials in farmers' filds, 

Heightened interest in QPM is by no 
nicans limited to Latin America. The 
national maize program of Senegal,
for example. has ibund Obregon
7740 arid a temperate, white QPM 
pool to be promising and are 
subjecting them to further testing.
Seed of these materials is being
produced on a small scale. 

The country that probably has thegreatest potential for QPM. however, 
is China. After evaluating a wide 

array of germplasm, Chinese 

scientists have concluded that the 

population Tuxpeno QPM yields as 

much as its normal counterpart
Tuxpefo-1. which is currently 
grown on about 250,000 ha in 
southern China. They have -
designated the QPM material 
Tuxpeflo 102 and from the 1-kg
shipment received in 1983 have 
rapidly multiplied seed in Guangxi
province. CIMMYT staff visiting the 
country have brought back 
encouraging reports about this 
material, particularly its potential as 
livestock feed. Swine feeding trials 
have clearly demonstrated that pigs 
fed QPM are larger and have better 

appetites than those fed normal 
maize. Other possibilities for QPM 
have arisen in northern China,
where inbred lines are being
extracted from CIMMYT's tropical
and subtropical QPM germplasm.
The line 079, developed from Yellow 
HE. 02, is being used in an 
experimental hybrid, 

The Outlook for QPM
The development of a wide range of 
new QPM germplasm products 
coincides with the greater interest in 
this material that has been 
stimulated by the Maize Program's 
progress in eliminating the 
deficiencies of the original opaquc-2
maize. The addition of new 
populations to the international 
progeny testing system will offer 
maize researchers many more 
options in choosing materials for 
their own QPM programs. Their 
testing of the germplasm will also 
facilitate the accumulation of stable 
modifiers and improve the
adaptation of the populations, which 
have not previously undergone 
multilocattonal evaluat'on. 

The QPM program at CIMMYT will 
continue trying to monitor and meet 
the changing needs of those 
scientists. Some interest has been 
expressed in hard-endosperm QPM 
germplasm for temperate regions. In 
response the program will convert 
four special temperate pools into 
hard-endosperm opaque-2 types, 

using two or more subtropical QPM
pools and populations as donor 
stocks. The conversion process has 
already begun, and suitable QPM
versions of the temperate pools
should be available within two or 
three years. 

Over the past few years, several 
developing countries have become 
increasingly involved in work on 
normal and QPM hybrids. QPM
hybrids offer several advantages, 
including better maintenance of
seed purity, more stable modifiers 
further improvement of traits in 
which QPM has been deficient, and 
reduced dependence on laboratory
analysis. CIMMYT can assist in the 
development of those materials In a 

number of ways: by generating 
information on the combining ability
of QPM pools and populations,
suggesting procedures for inbred 
line development, and offering
germplasm products having different 
levels of homozygo!,ity/ 
heterozygosity that can be used in 
the formation of QPM hybrids. Some 
efforts have already been made to 
determine the combining ability and 
heterotic patterns of various QPM

materials, and the results will be
 
summarized and documented for
 
use by maize researchers.
 

As new materials and methods are 
employed in QPM work, we hope
that the Interest of national 
scientists in this maize will continue 
to grow and that greater funding
will be made available to programs
that are promoting commercial use 
of QPM germplasm. 

Table 44. Ear rot data from EVTs 
15A and 15B. 1982 and 1983 

Entry M 
(%)


EVT 15A, 1983 (22 locations)

Poza Rica 8140 15.2
 
San Jer6nimo (1) 8140 2.8
 
Across 7940 QPM

(reference entry) 13.5
 

Across 7926 (normal ref. entry) 15.1
 
Normal check 13.1
 
EVT 15B. 1983 (7 locations)

Tlaltizapan 8141 1.5 
Across 8141 1.4 
La Platina 7941 2.3 
Across 8045 (normal ref. entry) 2.7 
Normal check 1.2 
EVT 15A, 1982 (6 locations)*
Across 8039 28.3 
Across 770 QPM 

(reference entry) 22.0 
Across 7940 28.2 
Across 7926 (normal ref. entry) 24.2 
Normal check 18.6 

EVT IjA. 1983 (8 locations)* 
Poza Rica 8140 34.9 
San Jer6nmo (1 8140 33.3 

(reference entry) 33.0 
Across 7926 (normal ref. entry) 27.6 
Normal check 34.6 

Incidence of ear rots was high at

these locations.
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Wide Crosses
 

The goal of the wide-cross program 
for maize is to introduce variation 
for traits in which the germplasn 
base is currently lacking variation or 
not showing an acceptable response 
to selection. A wide cross with 
maize, as defined by the program, is 
one that involves other (alien) 
genera and produces F hybrids. 
Those hybrids should have tit 
chromosome conplenent of luth 
parents, be sclf-stcrilc (a normal 
characteristic in combinations of 
two sets of genctic information thai 
arc iot very closely related). and 
should possess a plhetiotype t lt is 
i.! least interilediate between t 
two parental phenotype.s. The 
internedlte p;hcnotype 
dcInollnstratts that ltlleast Soie f 
the alien genes can cx prcss when 
put together with ie n:itlze 
clironosoimes. Attempts are lhen 
made to achieve stccessive 
generations. using techniques suci 
as hackcrossing. to obtain maiaiz 
planis itilo which some beneficial 
ge.ctic material has been 
incorporated from the alicn genera. 

During 1982-83 research continued 
on the hybridization of maize with 
sorghum. Tripsacun, and millet, 
The aim of this research is fi-st to 
detei-mine the feasibility of 
intergeneric hybrids iavolving those 
species. The cytology of Hit-hvbrmis 
end subsequent geierations is then 
stu !,d to determine the best 
method of tranferrirg genes from 
the alien genera to maize. 

Maize x Sorghum
and Maize x M1illet 
More than 16.000 crosses were 
made between maize and sorghum 
in 1982-83. But in spite of the iarge 
number of crosscs and tie fact that 
stimulation was almost 5%. we were 
unable to produce any evidence of 
hybridization between the two 
crops. Efforts were made to 
hybridize over 100 different 
sorghum parents with maize 
(primarily frtiin two broadly based 
CIMMYT gene pools), and over 130 

plants were derived through embryo 
culture. All the recovered plants,
however, were determined 
cytologically to be of maize origin. 

It was determined finally that with 
the currently available techniques 
the probability of sexually 
hylridtizing maize and sorghum and 
recovering a hybrid plant is less 
than one in three million. Hence, 
furthcr attempts to make such a
hybrid at CIMMYT have ceased. 

Over 2000 crosses wei- Made 
between maize and millet following 
at report that millet pollen would 
germinate on maize silks (Reger and 
James 1982). But the results were 
vcry similar to those obtained from 
the ef"orts to hybridize maize and 
sorghum, so this line of research has 
also been discontinued at the 
Center 

e ize x Tripsacum 
Atienipts to hybridize maize and 
"ripsacum continued during 
1982-83. Our intenilon was to 
compare the results of such crosses 
with those obtained from the maize-
hy-sorghum Pnd maize-by-millet 
crosses. We also hoped to repeat the 
isolation of "classical" and 
"nonclassical- hybrids between 
inaize and Tripsacm;m (.James 
1979a. 1979b, 1981: CIMMYT 1981, 
1985). In addition, efforts were made 
t increase the number of 
Tripsaeiallpar'_mits In F1 
combinations with maize, 

Tripsacunm is a highly variable 
genus, having a wide tolerance to 
various soil and climatic conditiolns, 
!ogether with sources of re-istance 
to most common diseases and insect 
pests of maize. As such, it is of 
considerable interest to the wide-
cross progi-an as a source of gentic 
variation for desired traits not 
present in otaize or for which little 
progress is being made within the 
existingi germplasni base. 

Experimental hybridization of maize 
and Tripsacum is by no means new: 
see, for example, Mangelsdorf and 
Reeves (1931, 1939), Randolf (1950), 
Forquharson (1957), Anand and 
Leng (1964). Chaganti (1965), 
Galinat (1961, 1971), Petro et al. 
(1971), De Wet et al. (1972a, 1972b), 
arid James (1979). 

"Fhe results of work on the 
hybridization of maize and 
1-ipsacun in 1982-83 represent a 
considerable improvement over the 
Maize Program's previous attempts. 
Success rates for hybrid Isolation 
during that period averaged between 
seven and nine percent. In the 
1982A cycle, for example, 142 
hybrids between maize arid 
Tripsacrmv were isolated from only 
2008 crosses, whereas previously
only 36 hybrids had been Isolated 
from 32,000 crosses between the 
two species (James 1981). We were
unable, however, to isolate (and 
hence confirm reports of) 
nonclassical hybrids between maize 
arid Tripsacum. 

At tihe end of 1981, we were 
maintaining only three different 
Tripsacurn parents in combination 
with maize as F1 hybrids. As of the 
end ,1" 1983. we now have 129 
living F1 hybrids involving 16 
different Trlpsacuwi parents, which 
include both diploid and tetraploid
Tripsacum species. No successive 
generations have been derived from 
any of those hybrids. 

Preliminarv evaluations indicate 
that I'ripsartncontains high levels 
of resistance to insect pests. Our 
research plan for 1984-85 is to 
identify resistant Tripsacum parents 
and to advance the F 1 hybrids of 
those parents and maize to 
successive generations, with the 
long-et-TM goal of transferring the 
resistance to maize. 
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Tripsacoid Maize 
The wide-cross program at CIMMYT 
has recently accessioned a 
subsample of the tripsacoid maize 
populations developed at the 

University of Illinois in the USA andis combining this material with the 
Maize Program's Population 47 in 
an attempt to increase the 
population's level of resistance to 

southwestern corn 
 borer (Diatrava
grandiosell). 

Future Plans 
A detailed report on efforts to crossmaie by sreortom. e scrs 
Mize durg hem19 sAccle andbeing prepared for publicatiol. 
iResearch will be coltlinued .) 

rn- a z e - rnmaize-by-ripscmrip a c crosses.r o s e s AndAl (]
although unpromising results were 
obtained with sexual conibinmion ofmsaizrghuwit11 and mill t, 
otez with sorghum and milletRandolf,
other neans of incortx)rating
beneficial traits from these species
and of accelerating the incorporation 
of Trfpsac-m genes into will 
be evaluated. 
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Training
 

Training programs are an important equivalent degree and have been approach is employed to 
aspect of CIMMYT's effort to assist attended, since their initiation in demonstrate the links between the 
developing countries in meeting 1971, by 715 scientists from 79 activities of plant breeders, 
their maize production needs. A countries (Table 45). The courses production research agronomists,
sizeable share of the training are designed to impart skills laboratory personnel, technology
consists of in-service courses, which required in maize breeding, transfer specialists, and the farmers 
are intended largely for younger production research, and laboratory who receive and use products of 
researchers holding a B.Sc. or analyses. An interdisciplinary applied research, mainly in the form 

of improved varieties and 
appropriate practices. 

Table 45. Countries of origin of maize in-service trainees, 1982-83 The courses are of four types: 1) 
- production agronomy research, 2) 

Production Maize maize improvement, 3) experiment 
Region and country agronomy improvement Total station management, and 4) protein 

quality analysis. The first two last 
Africa five and a half months and are 
Egypt 2 2 4 conducted simultaneously, so that 
Ghana 5 1 6 participants from both courses can 
Nigeria 2 1 3 attend together lectures that are 
Uganda 2 0 2 relevant both to production andGuinea Bissau 1 0 1Kenya 2 2 4 breeding. In other lectures and inSenegal 0 1 1 most of the field and laboratoryMalawi 1 1 2 sessions, the two groups are 
Cameroon 3 0 3 separate. The experiment station 
Tanzania 3 0 3 course is of five months duration,
Zaire 1 0 1 and the course in protein quality
Zambia 3 0 3 analysis takes from a few weeks to 
Benin 0 1 1 two months. depending on the 
Congo 0 1 1 previous experience and needs of 
Mali 0 1 1 the participants.
Total 25 11 36 

The Americas and the Caribbean In addition to the in-service courses, 
Colombia 1 0 1 the Maize Program provides
Costa Rica 2 0 2 predootoral and postdoctoral
Mexico 4 0 4 fellowships for periods of one to two 
Nicaragua 3 0 3 years, during which participants
Panama 1 0 1 work in a specific area of the 
Dominican Republic 3 0 3 Center's maize research program.El Salvador 3 0 3Guatemala 1 1 2 Fellowships are available as well forParaguay 1 0 1 visiting scientists, who spend a fewPaiti 3 0 1 days to several months at CIMMYT. 
Cuba 1 1 2 
Ecuador 1 0 1 Apart from their work at 
Jamaica 1 0 1 headquarters, training staff assist 
Honduras 0 2 2 with in-country training courses and 
Peru 0 2 2 workshops initiated by outreach
Bolivia 0 1 i staff. During 1982-83 the trainingTotal 25 7 32 program at headquarters 

Asia participated in events held in Costa 
Bangladesh 2 2 4 Rica, Ghana, Kenya. Pakistan, 
Nepal 3 0 3 Panama, Turkey, Uruguay, and 
Philippines 3 1 4 Venezuela. By and large those 
Thailand 3 3 6 activities were designed for 
Vietnam 2 0 2 agronomists and dealt with on-farm 
Indonesia 1 0 1 research techniques. This assistance
Pakistan 2 5 7 is one of various ways in which 
Turkey 1 2 headquarters staff support the 
Syria 0 1 1 efforts of outreach programs in 
Nepal 0 1 
Total 17 15 32 strengthening national research 

capacities. 
Grand total 67 33 100 
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Regional Programs and Bilateral Projects
 

Fhe concept of regional )rograms 
was approved by the CIMMYT Board 
of T rustees In 1973. and their 
decision was endorsed in 1976 by o
review panel of the CGIAR's 
Technical Advisorv Committee. 'h(
Prst regional maize program was 
established in 1974 for Ceiural 

Am erica and the Car;bbean. Since 

then five inure have I)(-eeitnitiated, 

one each for lhe Ardean reg0ion
(1976), Asia (1976), the Middle Fast,
I 979j. East Africa (1980), and Vest

Atrica (198)). 

Thc objective of each rcional 
program is to sharpern ho skills ofnational r -searchers i ,'sciing 
priorities ~l-lllllatitlg4 resea1rch 
plans. a, I Ilillaging scalce 
,-srurct . effectively. Regional maize 
specialists work toward
ob)jectiv - through several 

that 
ritreais, the 

principal one being frequent and 
tiielv visits to their colleagues in 
national progranis. The specialists
Ire frequently p[t('etll. for example.
ati inportant research planning
meetings and arc full participanits ill build stronrger links betweenthe discussion. They also visit the
national programs' experimental
fields at critical times during the 
growing season to work and confer 
with researchers on the dav-to-dav 
inartagment of th-ir breeding antd 
agronomy res'arch programs. They
also monitor International l'rogeny
T'estig Trials MIPTIs, Experimental 
Variety Trials (EVTs), and Elite 

Variety Trials (ELVI's)distributed 

from CIMMYT headquarters. On-

farm inivestigation receives 
mich 
attention from the regional 
specialists as well, and they of"en 
accompany national researchers on 
visits to on-larm trials and on 
inlormation-gathering irips throug{h
maize production areas, 

During these visits reiional stafn tryto identify the most pressing needs 
of a national program and organize 
ways of meeting thew. If, for 
example, a breeding program is 
limited by lack of equipment, the 
regional specialists can sometimes 
supply the items needed or can 
locate another source of funding for 

logistical support. Even more of the 
regional specialists' effort is devoted 
to meting the universal demand 
within developing countries for 

technical training. Some of this 

demand they can 
satisfy through
(heir visits to national programs and 
the rest by more formal means. In 
1or ij tiir'ion with senio national 

researchers or administrators, 

regionlal 
 stall" identify candidatcs for 
t raining at CIM MYT headquarters in 
Mexico and plan iti-country training
ctivities such as courses and 

workshops. These in-country events,which are often region-widc, 
p ricloh cooperation am1ong national
scie' llists from differen t countries by 
t)roviding op)portlliities to exchange
id,;is 
 nd r(s rlir'h rssulls. 

iwr ii -comi i rv training or other 
r members in a
puipose-,, staff 
rgiollal J!ogram will inielllnc to 
line call upon he services of olherI 
(I1MMY " re, :,archers at 
hCadiuarters or in other regional 
programs. In this way the specialists 

national researchers and the 
CIMM'FT Maize Program (a link that 
is crtiCialIfor ensuring that tire 
prograr's research cont inures to be 
rcevan t to t he nceds of developing 
comrtrics) and make a wider rangei, 

(d services available to nat ional 

riitize programs. 


Each regional programi shares a 
omtunon purpose arrd is engaged to 
some degree in all of the activities 

described above. Even 
so. every 
program has its own unique 

chraracer, which 
 is reflected ir the 

pl)port ion 
 of time and resources the 
regional specialists choose to devote 
to each activity. This apportionment 
of resources in min is determined 
by,the size of he region, the nature 
of i~s maize production problems,
and the requirements of national 
maize research aimed at solving
those problems. The following 
reports demonstrate, not only Ihe
commonality of the regional 
programs, but their flexibility, in 
that various CIMMYT rese archers 
have shaped each regional program 
to suit a unique set of circumstances 
and needs. 


In bilateral projects Maize Program 
staff work side-Ly-side with 
colleagues for extended periods, 
generally in a single national 
program. CIMMYT invests fewer 
resources in those projects than in
the regional networks but continues 
to be receptive to them, since they
offer unique benefits and are an 
important complement of the 
iegional activities. I'he experience
gained from bilateral projects 
contributes much to our knowledge
about the developmeint of national 
research capabilities, about theperformance of true Maize Program's 
gem)plasm and other products, andat)Otit the appropriateness of its
 
SCrv'ices.
 

The Program was involvtjd in four 
bilateral projects during 1982-83.T%% o of those (one in Pakistan and 
tlhe other in Tanzania) were begun
in (lhe early to mid-1970s with 
funding from the US Agency for
 
International Development; 
 the 
latter carne to a close late in 1983. 
The third was Initiated In Ghana 
during 1979 with support from the
Canadian International Development
Agency (CIDA) and reached the end 
of its first phase in 1983. We report
in delail here on the breeding and 
agrono ny research of that project.

The fourth project, begun in
 
mid- 1983, Is a regional effort
 
affectin _ 13 countries In Central
 
America and the Caribbean and is

funded by the Swiss Development
 
Cooperation. U.ilike the regional 
programs, however, this project
focuses on a single task, namely the 
improvement of national seed 
production capabilities. For brief 
summaries of the objectives and 
activities of the bilateral projects, 
see recent issues of the CIMMYT 
annual report. 

Andean Region 
i'he Andean region, which includes 
Bolivia, Colombia, Ecuador, Peru,
and VenCzla, comprises three 
broad types of ecologies Jthe coastal 
plains, jungle, and highlands), each 
of which can be subdivided 
according to rainfall pattern, 
altitude, soil type, and so brth. 
There is thus wide variation in 
maize-growing conditions across the 
region and. consequently, in the 
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nature of the national programs 
served by staff of th.i Andean 
Regional Program. 

The work of the regional program is 
distinct, though related, to the 
activities of the CIMMYT maize 
breeder stationed in Ecuador. Since 
1977 be has been developing 
improved floury maize and morocho 
germplasm for national programs in 
the Andean region. Because that 
work is closely connected with the 
maize improvement program at 
CIMMYT headquarters and has 
centered upon the development and 
improvement of eight highland 
pools, detail,; on this research are 
given in the report of the backup 
unit (pages 10-11). 

Germplasm Improvement 
CIMMYT germiplasm has been 
employed by national programs in 
the region over the last 12 years. 
Not until the mid-1970s, however, 
did the amount of germplasm 
testing and utilization begin to 
approach its present high level. In 
1976-77 materials from national 
programs and the Center were 
evaluated in a set of trials conducted 
at nine locations in the region. The 
results of those trials indicated that 
the CIMMYT germplasm was more 
widely adapted than the local 
material. 

National researchers in the five 
countries of lhe region are now 
conducting a large number of IPTTs, 
E'Ts, and ELVTs, from which they 
are selecting materials for use as 
source germnplasm in their breeding 
programs or for release as varieties 
to farmers. Those materials are 
proving to be shorter, higher 
yielding, more disease resistant, and 
more broadly adapled tIhan most 
local germilasnl. 

White-grain rnaize--Psp,,aions 
21, 22, 29, 32, and 43 are beingt plut 
to various uses in tie breeding 
programs of Venezuela and 
Colombia, where white maize is 
preferred. Through full-sib selctIion 
iriPopulation 22, for example, 
Venezuelan researchers have 
devcioped tie variety La Maquina 
Guarahao and released it to farmprs. 
Quilte different work is being done 
with Populations 21 and 32, vhich 
serve as sources of ini)red lines tor 
the CENIAP-,'ONIAP (Center and 
Fund. resT)cctively, for Agricullural 
and Livestock Researeh) hybrid 
program in Venezuela. Al.nost all 
the materials are being mployed by 
The Polar Foundation, ;.private, 
nonprofit Venezuelan e-ganizatim, 
which is developing broad-based 
populations by recomiining 
experimental varietie- from 
Populations 22, 29. 32, and 43. 

Staff of the Colombian Institute of 
Agricultural and Livestock Research 
(ICA) have improved Population 21 
through mass selection for 
prolificacy and yield. One product of 
that work, ICA V 155. was released 
in 1981, and another, ICA V 156 
(developed for the Atlantic coastal 
area), wi!l be released in 1984. An 
important comporent of ICA's 
breeding prgram are MBs (basic 
materials). two of' which (MB 237 
anid MI1I233) are made up in large 
part of Populations 22 and 43, 
respectively. 

Yellow-grain maize-In Ecuador, 
Peru. and Bolivia, where yellow flint 
and dent maize are grown almost 
exclusively. Populations 24, 26, 27, 
28. and :36 have formed an 
inportant part of the germplasni 
complexes of national programs. 
Open-pollinated varieties from those 
populations have been released, and 
th( v have served as sources of 
fanilies and lines for hybridization. 

Germplasm for jungie areas-In 
Peru the Cooperative Program for 
Maize Research (PCIM) oI La Molina 
National Agricultural University has 
been responsible since 1975 for 
most maize breeding conducted for 
the jungle areas. Program 
researchers are currently improving 
Populations 24 and 28 through half-

Table 46. Results of variety trials conducted by INIPA in five departments of the high jungle of Peru, 
1982B 

Yield (t/ha)at 15% grain moisture 

Varieties 
Cajamarca
(Jaen) 

Junin 
(Pichanaqui) 

Ayacucho
(Sivia) 

Across 7728 
La Miquina 7928 
Ferke (1) 7928 
La Calera (1) 7728 
Sete Lagoas 7728 
Across 802' 
Across 7736 
Poza Rica 7926 
Across 7726 
Across 7835 

7.12 
6.61 
6.63 
7.38 
6.52 
5.86 
6.62 
6.42 
6.58 
5.28 

6.36 
5.83 
5.65 
5.08 
3.98 
4.90 
5.44 
2.82 
4.34 
2.80 

8.22 
7.99 
8.22 
7.66 
7.78 
7.48 
4.93 
6.46 
6.01 
6.61 

Check means 7.02 4.15 7.18 

Mean 6.55 4.67 7.14 

Cusco

Sahuayaco Pilcopata 

7.10 3.50 
6.77 3.87 
6.31 3.54 
5.77 3.27 
6.04 3.47 
4.95 3.62 
6.06 2.88 
4.88 3.66 
4.50 3.09 
3.18 4.20 

5.94 3.50 

5.59 3.50 

Madre de Dios
(Pto. Maldonado) 

Mean across 
locations 

2.64 
3.83 
2.19 
2.27 
2.60 
2.66 
3.32 
3.01 
2.18 
2.06 

5.82 
5.81 
5.42 
5.23 
5.06 
4.91 
4.87 
4.54 
4.45 
4.02 

3.55 5.38 

2.76 5.04 
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sib and full-sib selection. So far,
three experimental varieties have 
been developed from those 
populations (PMC 748 and PMC 7,49
from Population 28 and PIC 750 
from Popilatmn 24) and released to 
farmers. In 1979 La Molina initiated 

has a hybrid program for that zone 
and is currently accumulating 
information through testing of Alallel 
crosses generated with "across" 
varieties from Populaions 24, 26, 
27, 28. and 36. 

the north 'oa,,t breeding program. in Oermplasm for coastal areas-In 
which Popuiations 26 and :6 are 
being used for hbrid dc\veloplet.ll. 

Maize improvelient for tlhejungle 
zone is also being carried out al 
Tarapoto, Peru. by the recently 
bormed National IstitLIte for 
Agricultural and Livestock Research 
and Promotion (INIPA). in 1983, 
after a series of varietv trials 
('O(L octd tilroUghot t lie Peruvian 
jungle area (Table 46), INIPA 
researchers chose the experimenalt 
varietics Ferkc (1) 7928. Across 
7728, and 1.' M:',quina 7928 to forn 
thCir Jungle Complex, which is
ieing improved illa half-sib 
breeding scheme. The advanced 
generation of the cross between 
Ferke (1) 7928 and Across 7728, 
namled Marginal 28 "'ropicai, will bc 
released in 1984, becoming the first 
variety to be released by INIPA for 
tile jonglh zone. The institute also 

Colombia experimental varieties 
froni Populations 26. 27, and 35 
were recombined to form MB 115, 
frorm which the variety ICA V 109 
was derived. It will be released ill 
1984 for the Atlantic coast, 

In 1980 Ecuador's INIAP released 
INIAP 526, from the experimental 
variety San Andres (1) 7528, and a 
year later it was bteing planted along
the central coa.st on about 30,000 
ha, which is over half of that 
region's maize area. INIAP 
res'earchers have also extracted 
fanailies from Sani Andrs (1) 7528,
as veil as from Santa Rosa 7624, 
Ferke (1)7526, Suwan-l, and INIAP 
515, for use in a hybrid program. 
The best hybrid developed so far,
INIAP 550, made up of one familv 
from San \ndres (1) 7528 ard " 

another from INIAP 515, is sehcd-
tded for release in 1985 (Table 47). 

Consultation With
 
National Researchers
 
The contacts of regional staff with 
national scientists take several 
forms, two of the most important of 
which are participation in national 
research planning ;essions and 
attendance at regional workshops. 

Most of the national prograrns in the 
region hold planning sessions every 
year and invite regional staff. Work 
carried out during the previous year
is discussed and research planned 
flr the future. The main function of 
CIMMYT staff in these meetings is to 
contribute suggestions as to what 
germplasi and methods would be 
suitable for the research projects 
under consideration. During 1982-83 
regional staIf participated in seven 
planning sessions. 

TEvery two years a regioral maizeworkshop is held in one of the five 
Andean countries. In April 1982 the 
tenth workshop was held a: 'anta 
Cruz, Bolivia, Regional staff 
participated in the organization and 
financing of the workshop. This 
meeting and the PCCMCA kCentral 
American Cooperative Progiam for 

Table 47. Performance at various locations of the best ten out of 250 experimental family hybrids
developed by INIAP in Ecuador, 1982. 

Yield (t/ha) at 15% grain moisture 
Percentage
Hda. El San Sta.
Hybrida Pichilingue Azucar Carlos 

Mean of che k
Barbara yield yield 0 

Faro.5 x Faro. 23(INIAP 550) 9.01 6.03 5,61 8.80 7.36
Fam. 12 x Fain. 20 127
7.77 6.98 6.37 7.19 7.08Farn. 5 x Faim. 12221 8.62 6.83 5.62 6.94 7.00Farn. 4 x Fam. 12 1208.73 6.28 6.25 6.13 6.85 118Fam.8 x Far. 25 9.17 6.51 6.69 5.04 6.85Farn. 4 x Fam. 23 1187.35 6.16 6.72 7.11 6.83Far. 4 x Fam. 22 9.46 5.49 5.25 
118 

7.07 6.82Far. 7 x Fam.23 8.09 5.53 118
6.07 7.46 6.78 117
Far. 13 x Fam.23 7.87 6.13 6.77 6.14 6.73 116Fam. 18 x Far. 21 7.77 6.26 5.07 7.80 6.72 116Far. 6 x Farn. 20 7.85 5.23 5.06 8.65 6.70 116Pioneer X-304C

(check) 
 7.46 4.73 5.04 5.93 5.79 100 
Mean 
 6.63 4.80 4.49 5.33C.V. (') 12.3 14.4 17.2 20.0LSD 1.60 1.35 1.50 2.07 
a Families 4 and 5 were extracted from San Andrds (1) 7528; 6, 7, and 8 from Santa Rosa 7624; 13 from Ferke (1) 7526;18 and 20 from Suwan-1; and 21, 22, 23. and 25 from INIAP 515. 
b Ninety-two of the family hybrids outylelded the check (Pioneer X-304C). 
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the Improvement of Food Crops) 
workshop are the only events that 
have been held with regularity over 
the years. They have proven to be 
extremely valuable opportunities for 
maize researchers to exchange 
ideas, discuss common problems, 
and present research findings, 

Training 
During 1982-83 in-service training 
courses at CIMMYT headquarters 
were attended by a total of eight 
person,, f-om the Andean rcion (sec 
Table 45 in the section on tr:iining). 
In addition, four on-farm resear(ch 
courses were begun or comileted 
during that period in various 
countries of the region. Two werc 
begun at Tarapoto and Cuzco. Petru, 
and will end in 1984. one was 
completed at Barquisimeto. 
Venezuela, in 1982 and another at 
Santa Cruz, Bolivia. in 1983. A total 
of 122 maize workers participated in 
the courses, which were based upon 
an approach referred to as the caol 
systern. With that approach course 
participants come together for 
periods of one to two weeks it key 
stages in the research cycle and 
then resume their normal duties 
during periods between those 
"calls." 

Asia 
The Maize Program has been 
cooperating with national programs 
in Asia for more than 15 years. For 
the first 10 years of hat period, the 
Center was involved with the Inter-
Asian Corn Program, which had its 
headquarters in Thailand under the 
sponsorship of the Rockefeller 
Foundation. Then, in 1976, with the 
Foundation's encouragment, 
CIMMYT established the Asian 
Regional Maize Program, which is 
currently staffed by a breeder/ 
pathologist and agronomist/
physiologist based at Kasetsart 
University in Thailand. In addition 
to carrying out regional program 
activities, those scientists participate 
in the Downy Mildew Resistance 
Collaborative Research Program, 
involving Thailand's National Maize 
and Sorghum Program and 
CIMMYT. 

Nine countries in Asia (Burma, 
China, India, Indonesia, Nepal, 
Pakistan, the Philippines, Thailand, 
and Vietnam) produce about 50% of 
the 154 million tons ol maize grown 
annually in the developing world. In 
such a large and diverse region, 
there is wide variation both within 
and among countries in the 
constraints to maize production and 
in other circumstances. It is 
important therefore that C1MMYT 
regional staff be familiar with local 
situations, as well as with the latest 
developments at CIMMYT 
headquarters, so as to provide 
national program scientists with 
assistance in gcrmplasm 
development, production agronomy 
research, plant protection, seed 
EroductioO, and training. Toward 

tlat end regional staff spent 131 
davs outside Thailand during 1983 
oii visits to various Asian countries. 

Germplasm Development 
Across Southeast Asia the 
germplasn requirements of farmers 
vary considerably as to maturity 
period and grain type. Ahost all 
maize farmers in the region, 
however, require resistance to the 
downy mildew (DM) disease in any
imlproved germplasm they adopl. So 
that national maize research 
programs can better satisfy those 
germplasm needs, regional staff are 
helping them broaden their breeding 
populations through the 
introduction of CIMMYT germplasm. 
An important part of that effort is 
the development of DM resistance in 
Thailand in three of the Center's 
advanced maize populations. This 
work is described on page 16 in the 
report on population improvement, 

T'?-e regional specialists also assist in 
the development of more efficient 
breeding and testing systems. Some 
of the end products of those 
systems-varieties that have. good 
agronomic type, give high, stable 
yields, and are resistant to DM-
have been adopted by Asian farmers 
and are now widely used in the 
region. Sonic released varieties have 
been derived from the broad range 
of materials evaluated by Asian 
national programs participating in 
CIMMYT's international maize 
testing network. Five varieties based 

on that germplasm have been 
released in Burma, three in China 
(where over 200,000 ha are being 
planted to Tuxpefio-1), two in India, 
one in Nepal, three in Pakistan, two 
in the Philippines, one in Taiwan, 
and one in Vietnam, 

The degree to which those varieties 
are adopted depends very much on 
the effectiveness of national seed 
production and distribution 
programs. In Thailand, for example, 
a joint venture involving public and 
private seed companies has resulted 
in th distrioution of improved seed 
over more than 80% of the 
country's maize growing area. 
Similar progress can no doubt be 
achieved in other countries as they 
improve their seed production 
systens. 

In a number of countries, the 
private sector has become active in 
research on both open-pollinated 
and hybrid maize and in marketing 
and distribution of improved seed. 
In Southeast Asia the largest area 
sown to hybrids (75,000 ha or about 
2.3% of the total) is in the 
Philippines, where these materials 
have been promoted by the 
government's Maisan Program. It Is 
expected that in Indonesia over 
1000 t of hybrid seed, enough to 
cover 50,000 ha, will be used, and 
seed sales in Thailand have reached 
a total of about 200 t, which is 
sufficient for 10,000 ha. About 11% 
of the summer maize and 70-80% of 
the winter maize crop is sown to 
hybrids in India, but probably less 
than 5% in Nepal. Most of the 
production (75%) in Taiwan, with 
the exception of that in monn
tainous areas, is hybrid maize. In 
China 90% of the maize area is 
planted to hybrids. 

The public research programs of 
those countries have devoted some 
of their resources to inbred line 
development, in some cases using 
CIMMYT populations improved 
thiough recurrent selection. 
Regional staff have given some 
guidance to those programs in 
developing breeding systems that 
are suitable for line development 
and population improvement. 
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There is renewed interest in Kuality 
protein maize (QPM) in . 
countries of the :-,&on. particularly
where maize is used for swine feed, 
)uring 1982 a team of nutritionists 

and staff from CIMMYT 
headquarters visited the region to
review the possibilities for QPM 
development in China. Taiwan, and 
Thailand. Chinese scientists have 
identified high-yielding QPM 
varieties {Tuxpefno-1 QPM. for 
exanplel for cultivation in Sooth 
China and anticipate that within a 
few y'.ars those varieties will replace
'uxipefio-1, currently grown on 

200.000 ha, and perhaps spread to 
an even largcr area. Taiwan is 
initiating a (PMI program, and Thai 
scientists are int cnsifyiig their 
bI-ce(ling and selection in one QPM 
population. Seed of that ;)opulation
has been increased and will bc 
grown and tested on a large scal, 
during 198- by a swine farmers' 
cooperative in Thailand. 

Production Research 
The opportunities and staff available 
for on-farm research vary within the 
region. The CIMMYT agronomist 
and economist have identified and 
are working with nnational 

irograms that show the most


promise for development of an 
on-

farm research capability, 


In Vietnam and Burma. for example,
pr(liminary testing and subsequent 
vcrification of varieties in large plots
have led to rapid acceptance of 
im)roved materials bv farmers. Tle 
new varieties are generally being
promoted as components of 
improved production technology 
packages. 

hi other countries regional staff arc 
assisting in research aimed at
developing a set of improved 
practices that would be acceptable 
to mainv farmers and could be 
adopted by them sequentially. Thai 

/A 

researchers and extension officers, 
for example, are emphasizing 
planting methods and chemical 
weed control (in conjunction with 
zero tillage) for both open-pollinated 
varieties and hybrids. 

In Pakistan researchers are focusing 
on improved varieties and methods 
of planting maize for both grain and 
forage production. Researchers in 
Nepal have helped farmers boost 
productivity through more intensive 
cropping, use of earlier maturing
varieties, and cultivation of winter 
maize under irrigation. In the 
upland terraced areas of the 
country, yield increases depend 
largely on accessibility of fertilizer 
arid proper mnanagement of the 
maize crop for both fodder and 
grain. National researchers have
addressed those issues by dividing
the upland areas into three different 
research zones and designing
appropriate on-farm trials for each. 

In 1982 a team of CIMMYT staff and other scientists visited China to review the prospects for production of qualityprotein maize. Here maize breeder LI Jingxlong (far right) and other staff of China'a maize research program conducta tour of experimental fields for CIMMYT staff Surinder Vasal (second from right), Eva Villegas (far left), andBobby Renfro (second from left), consultant Norman Borlaug (fourth from left), and animal nutritionistJim Maner (fifth from left) of the In. ernatlonal Agricultural Developraent Service. 
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In East Java, Indonesia, regional 
staff participated in an informal 
survey of maize growers. One 
purpose of the survey was to 
demonstrate the usefulness of this 
technique for delineating 
recommendation domains and 
identifying research opportunities. 
Recommendation domains are areas 
where farms and farmers' practices 
are similar enough that a set of 
recommcnded practices is applicable 
over the (-ntire area. National 
researchers and regional staff have 
designed a set of trials for 
developing recommendations on the 
use of late-maturing, high-yielding 
varieties, improvement of plant 
stand establishment, and more 
intensive cropping through 
shortening of the period between 
crops. 

Training 
In 1983, 22 maize workers from 
various countries in Asia 
participated in courses offered at 
CIMMYT headquarters, and 12 
visiting scientists worked within the 
research program in Mexico for 
periods of about one month (sec 
Table 45 in the section on training), 
Seven representatives of various 
countries in the region attended 
Presentation Week, an event held at 
headquarters that is intended to 
acquaint agricultural leaders with 
the Center's work. 

Eighteen national researchers 
accompanied regional staff on their 
visits to national programs during
1983 to promote regional 
cooperation and to assist in 
evaluation of trials. Two Nepalese 
scientists spent one crop season in 
Thailand to receive training in 
techniques of DM resistance 
breeding and to manage materials in 
a cooperative program, involving the 
national programs of Nepal and 
Thailand, for development of DM-
resistant varieties. 

In 1982 and 1983, the regional 
agronomist assisted in a two-week 
training program for production 
agronomists and extension workers 
in Pakistan. Afterwards, when maize 
experiments were in the field, the 
course content was reviewed iln a 
-travelling seminar." Regional staff 
have also attended a number of 

national maize workshops and given 
lectures and seminars on various 
aspects of maize research. 

Mexico, Central America 
and the Caribbean 
Thirteen countries are currently 
participating in the activities of this 
regional program: Barbados, Costa 
Rica, Dominica, the Dominican 
Republic, El Salvador, Guatemala, 
Haiti, Honduras, Jamaica, 
Nicaragua, Panama, Saint Kitts, and 
Trinidad and Tobago. Two 
important objectives of the program 
are to develop ties between 
participating national institutions 
and the CIMMYT Maize Program 
and to foster cooperation among 
maize researchers in the region. In 
pursuing those objectives, regional 
staff concentrate primarily on 
germplasm development and on-
farm research. 

In both areas national programs in 
the region have made considerable 
progress, replacing old varieties with 
improved varieties and hybrids 
(planted on 60'1 of the lowlands in 
Guatemala, for cvimple) and 
developing alternative production 
practices, which farmers are 
adopting at a high rate in the 
Dominican Rel,ublic, El Salvador, 
Honduras, and Panama. The impact 
of this work on maize production in 
the region has been substantial, 
Most countries are reducing
importation of maize: Guatemala 
and El Salvador are producing all 
the grain they need for local 
consumption; and Honduras is 
exporting increasing amounts of 
maize to other countries in the 
region. Even so, there is still much 
room for improvement, particularly 
in the development of more efficient 
commercial maize production and in 
the improvement of seed production 
systems. 

Germplasm Development 
Regional staff are working closely
with national scientists in designing 
appropriate breeding procedures and 
developing improved varieties or 
hybrids through more efficient use 
of the germplasm available. The aim 
of this work is to provide farmers 
with materials that have both high 
yield potential and yield stability,
The principal means of achieving 

that ,,jal is to use germplasm (such 
as CIMMYT maize populations) in 
which selection has been done for 
stable yields across locations and for 
tolerance to drought stress and 
resistance to diseases and insect 
pests, which contribute to yield 
stability. 

Use of CIMMYT germplasm-
Breeders in national programs and 
regional staff select outstanding full
sib families from IPTTs, and 
remnant seed of those selections is 
recombined at Center headquarters 
for variety formation. Regional staff 
also assist in conducting EVTs and 
ELVTs and in planning projects for 
development of such traits as 
drought tolerance and resistance to 
corn stunt and car rots. During 
1982-83 a number of IPTTs, EVTs, 
and ELVTs were conducted, as 
indicated in Table 31 in the section 
on international testing. 

Analysis of yield stability is 
regularly conducted for EVTs 
planted in the region. The 
information generated through this 
analysis is of great value to breeders 
since it enables them to select high
yielding, stable varieties on the basis 
of across-site data. Breeders in 
national programs request basic 
seed of such materials from 
CIMMYT, which they either use as 
improved varieties for further 
selecticn (to improve husk cover, for 
examp', or as source germplasm 
for their breeding programs. 

Regional maize testing-Every 
year various CLi.tral American and 
Caribbean countries conduct a 
regional PCCMCA trial, which 
includes commercial hybrids and 
varieties. The countries rotate 
responsibility for preparing and 
distributing the trials, with 
assistance from the regional 
program, which supplies field books, 
handles shipping of the trials, and 
analyzes the data. In 1983 the trials 
were prepared by ICTA in 
Guatemala. For the first time, a 
quality protein maize variety 
(Nutricta, developed by Guatemalan 
researchers) was tested in the 
regional trial: it performed as well as 
varieties having the normal grain 
type. 
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Regional germplasm exchange--
The regional trials, along with other 
exchanges of germplasm within the 
region and visits by national 
scientists to programs in 
neighboring countries. are all 
important ways of promoting
regional cooperation. Germplasm 
exchange is strongly supported bystaff of the regional program,
particularly in their travels from one 
country to another. 

During 1982-83 varieties, families, 
and lines selected for corn stunt
resistance were taken to Honduras,
while families selected in Honduras 
for resistance to downy mildew were 
shared with researchers in 

Guatemala and El Salvador. 

Cytoplasmic-genetic male sterile 

germplasm from Guatemala was 
made available to El Salvador. Seed 
of the population RPM x C17,
developed and selected for ear rot 
resistance in Costa Rica, was sent to 
Honduras. Commercial varieties 
developed in Guatemala (ICTA B-I, 
La MAquina 7422, and Nutricta)
have been made available to 
Honduras, Belize. and Nicaragua,
and the varieties Chanin, Don 
Marshall, Barcena 71, and 
Compuesto V301, developed for the 
Chimaltenango area of Guatemala 
(1500-1800 m above sea level), wre 
sent to Honduras and Costa Rica. At 
La Esperanza, Honduras, the 
performance of Barcena 71 was 

superior to that of local varieties. 


Hybrid research-Hybrid programs
have grown substantially in the
region. These are not new but have 

been maintained to varying degrees

in some countries since 1954. Early 

programs did not succeed because
 
the infrastructure necessary for
 
hybrid seed production was lacking.
Even so, researchers in El Sal-ador 
have been producing good hyl ridssince 1963. and now Costa Rica,
Guatemala, and Honduras havestrong hybrid programs as well. 

Among the new hybrids and 
varieties released in 1982-83 were 
Guaymas B-101 (La M.Aquina 7422),
Guaymas 150J. and Guayape B-102 
in Honduras. In trials conducted at 
23 sites from 1981 to 1983, these 
materials outylelded the local 

varieties. Guaymas (1) 8022 is now 
being evaluated extensively in 
farmers' fields. Three other new 
varieties (Honduras A-502. B-104,
and B-105) that perform well under 
conditions of low moisture have 
been r2leased. Two varietics that are 
resistant to downy mildew (DMR-1 
and DMR-4) are in the final stages oftesting and will be released in 1984. 
A double-cross hybrid, Honduras 
H-27. has given excellent perform. 
ance and will be released in 1986. 

In its hybrid program, ICTA InGuatemala employs full-sib families 
selected from IPTTs. Three hybrids
with yellow grain and five with 
white have been developed using
those materials. The quality protein
maize variety Nutricta has shown 
high yield potential arid wi!l be 
produced on a large scale. Two 
varieties (V-302 and V-304) have 
been developed for the 
Chimaltenango area of Guatemala,
and one (Toto Amarillo) has been 
selected for the highlands. A new 
hybrid (HB-83. which is a late
maturing, white dent material) has 

given excellent results, 


Haitia. researchers have found that
La MOquina 7827 and La Mdquina
7928 are superior to the local 
variety (Chicken Corn), even in low-
yielding environments under a low 
level of management. 

In the Dominican Republic,
CESDA-28 (Across 7728) has been
released for commercial seed 
production, and Poza Rica 7827 and
Across 7936 (CESDA 27 and CESDA 
36, respectively) have shown mucn 
promise. 

The National Research Center 
(CENTA) of El Salvador ha3 released 
CENTA M3-B for areas in the east
urn part of the country that receive 
limited rainfall and are subject to 
drought. At five test sites, this 
varilety gave higher grain yields than 
the local criollo varieties (Table 48). 

New varieties for Panama are 
Pichillngue 7928 and Guarare (1)
8128,. which will replace the 
commercial varieties Tocumen 7428 
and Across 7728. 

Seed production-In most
 
countries of the region, maize
 
researchers depend heavily upon

public sector organizations for seed 
production. Those organizations are 
subject to high staff tuinover, a 
situation that can result in poor
quality seed production. Guatemala 
and El Salvador have reasonably
good seed production systems,

however, and private seed
 
enterprises are being developed in
 
those countries.
 

In 1982 the regional program began
to make available equipment for 
basic seed production to Costa Rica,
the Dominican Republic, El 
Salvador, Guatemala, Honduras, 
Nicaragua, and Panama. Among the 
items provided have been seed 
dryers, special maize shellers for 
basic seed, cleaners and graders,
and seed treatment equipment. 

Production Research
Varieties selected or developed by
national programs undergo further
selection in trials conducted under 
farmers' conditions. On-farm 
experiments are even more 

Table 48. Mean grain yields of CENTA M3-B in validation plots, El 
Salvador, 1982 

Location Mean yield (t/ha)CENTA M3-B Criollo 
Jocoro 
 2.62 1.59Santa Rosa de Lima 2.47 1.70El Carmen 2.05 1.80Uluazapa 2.65 1.17Nueva Esparta 2.27 1.83Gctera 2.51 1.80 
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important as a means of developing 
appropriate technologies for specific 
maize-growing areas of a country. 
Although both on-f'arm and 
experiment station research are 
supported by the regional program, 
the formcr receives greater attention 
because it has been given high 
priority in various countries of the 
region. 

Production research generally 
increased across the region during 
1982-83. Much emphasis was placed 
on weed control and fertiiity level,. 
One of the results achieved by this 
research was effective control 
measures for Cypcrus rotundus and 
Roltbo."llia exaltata. In the 
Dominican Republic, a new 
production research program was 
developed in which experiment 
station work is complemented by
on-farm research. 

Conservation tillage continued to be 
an important technical innovation in 
maize production across the region, 
In El Salvador, for example, very 
interesting variations on that 
method, involving hand-planting, 
are being practiced on 4000 ha. 
Researchers in Nicaragua and 
Panama are making good progress 
in research on mechanized 
conservat'on tillage practices. 

Training 
Eleven persons from the region took 
part in courses at CIMMYT 
headquarters during 1982 and 12 in 
1983 (see Table 45 in the section on 
training). The regional program also 
-ponsored five master's degree 
candidates in 1982 and four in 
1983. 

The regional agronomist supported 
production research primarily 
through informal training and 
consultation with national scientists 
during visits to their experiment 
stations and on-farm research sites. 
More formal training was provided 
as well, principally by means of 
national workshops on specific
subjects in which national scientists 
had expressed an interest. There 
was also active participation in the
"call system" approach to teaching 
on-farm research methodologies and 
in the follow-up work entailed by 
that approach. 

East Africa 
This program was established in 
1982 and its work initiated with the 
arrival of a regional maize specialist 
late dur'ng that year. The start of 
the program, with headquarters at 
the International Laboratory for 
Research on Animal Diseases 
(ILRAD) in Nairobi, Kenya, is the 
most recent development in a 
lengthy history of scientific 
exchanges between CIMMYT and 
various countries in the region. 
Center staff have visited eastern and 
southern Africa fairly regularly,
variety trials have been distributed 
widely there, and from 1973 until 
1983 a Maize Program scientist was 
stationed in Tanzania as part of a 
bilateral project. In providing 
research support to the region, the 
maize specialist is concentrating. at 
least initially, on Burundi, Ethiopia, 
Kenya, Malawi, Rwanda, Tanzania, 
Zambia, and Zimbal' ;e. 

This report descrtl s regional 
activities of ihe in ize specialist 
duing 1983, muc of which he 
spent travelling in .heregion 
becoming familiar w.th the needs 
and circumstances of various 
national programs. 

Germplasm Improvement 
Breeding progranrs in East Africa 
are putting germplasra from Center 
headquarters or from CIMMYT and 
IITA breeders in Nige,-ia to various 
uses. In Kenya, for example, a 
number of varieties are showing 
promise, most notably a varietal 
hybrid developed by the Kenya Seed 
Company through a cross between 
Populations 49 and 32. This hybrid 
(Pwa!;8I is being tested in the coastal 
areat-." of the country. 

Scientists in Burundi have tested 
experimental varieties and found 
that three from Population 
43-Across 7643, Across 7843, and 
Ferke (1)7643--outyield all local 
entries. Remnant seed of these 
materials sent from Mexico has been 
multiplied for evaluation in on-farm 
trials. In addition, seed of the streak
resistant versions of experimental 
varieties from Populations 22, 28,
29, 35, and 44 has been obtained 
from Nigeria for screening. Families 

of the Center's highland Pool 9 are 
also being grown, among which a 
number of promising families have 
been identified. 

One of the varieties found to be 
superior in Burundi (Across 7843) is 
also doing well In northern Zambia. 
A maize breeder there is evaluating 
a number of other materials as well, 
including the experimental varieties 
San Andr~s 8043, Los Diamantes (1) 
8043, Cotaxtla 8043, Across 8043, 
Ilonga 8043, Kwanuaso 80,13. 
Across 7934, Across 7842, 
Chuquisaca (1) 7842. Gemmeiza 
8047, Across 8047, and Mexico 
8049 and Populations 10, 11, and 
12. Seed of Pirsabak (1) 7930, 
Pirsabak (2) 7930, Across 7844, and 
TL 9044 is being increased for 
further evaluation. 

A variety from Tanzania, EV 8076 
(made up of about 50% Tuxpefio 
germplasm) is doing well in Zambia. 
Scientists In the former country 
have just released three new 
varieties based entirely or partly on 
germplasm from CIMMYT: EV 8076 
(Staha) EV 8188 (Kilo), and EV 7992 
(Ilisua). The first and third contain 
50 and 10% Tuxpefio germplasm, 
respectively, and the second is made 
up entirely of germplasm from the 
Center. 

The maize program in Zimbabwe 
grew IPTTs 22, 43, and 44 during 
1982-83 and is conducting IPTTs 21 
and 49 in 1983-84. They have also 
requested EVTs 12, 13, 14B, 15A, 
15B, 16A, and 16B and ELVTs 18A., 
18B, and 20. This germplasm Is 
being screened to find materials 
suitable for the low veldt or 
grassland, where the popular hybrid 
SR52 Is not being grown. Population 
49 is showing promise both as a 
source of breeding material 
(specifically to reduce the plant 
height of tall hybrids) and for direct 
use as a variety. 
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Consultation With 
National Scientists 
While visiting maize scientists 
across the region, the maize 
specialist participates in their work 
in a variety of ways and provides 
different types of services,depending on the requirements of 
particular programs. In Kenya. for 
example, he and the country's 
senior maize breeder prepared a 
plan for the national maize 
improvement program, which is 
currently being reviewed by the 

[ 

Ministry of Agriculture. The maize 
specialist has ,also been appointed
by the director of agricultural 
research to serve on the national 
maize specialists committee and the 
varictv release committee. 

In Kenya and Rwanda, the regional
specialist has attended seminars on 
various re3earch issues, and in the 
latter country was part of a mission 
whose purpose was to evaluate a 
project for adaptive research on 
maize production. He has played a 

~meters. 

similar role in Zambia, where he 
helped evaluate an agricultural
research and extension project as a 
member of a three-man team at the 
request of the US Agency for
 
International Development.
 

Another broader purpose of visits 
like these is to identify the needs of 
national programs for equipment 
and supplies that they may have 
difficulty purchasing as a result of
budget limitations or lack of foreign
exchange. Almost all of the 
countries visited by the maize
 
specialist during 1983 obtained
 
various items, ranging from
pollinating bags and tape measures 
to knapsack sprayers and moisture 

On some visits CIMMYT staff are 
accompanied by representatives of
national programs, primarily as a 
means of keeping those scientists 
informed about research in 
neighboring countries and of thuspromoting regional cooperation. 
During trips to Malawi and Zambia, 
for example, the director of the 
Center's Maize Program and the 
regional maize specialist were joined
by Ethiopia's national maize 
research coordinator and the
director of the national agricultural 
research stations of Kenya. 

Training 
A substantial portion of the regional
specialist's time was devoted to 
making arrangements for in-service 
and in-country training. During
1983 a total of nine persons from 
the region participated In In-service 
courses In Mexico (see Table 45 inthe section on training). In addition,
three scientists from Zambia visited 
CIMMYT headquarters and 
Guatemala to gain a better
understanding of balanced programs
of population improvement and 
hybrid development. 

CIMMYT regional maize specialist Wayne Hang and maize breeder Murat
Bengi examihe entries in a variety trial at the Samsun station in northern
 
Turkey.
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Middle East 
Approximately 2.5 million ha are 
under maize cultivation in the 
countries that make il this region. 
The area planted to maize has 
increased only slight]% (7%) over ;he 
past decade, whereas increases in 
yield and production have been 
substantial at 21 and 30%, 
respectively. In spite of incrca:-cd 
produetion, however. inaizc iml)orts
have risen dramatically, rclecting a 
reenndous increase in demand 

f'uel{e,.I largely by rapidly ex)anding' 
poultry rn(iustrics. 

Nine couiltries ill the region 
participated in the Maize Progran's 
international inaize testing network 
during 1982-83, but the activities of 
the regional program were 
concentrated ill three of them. 
Egypt. Syria, arid Turkey. rleh-first 
and third are tihe region.s imajor 
producers of' maize, and Syria is 
making a v\igcirots effort 1,o expand 
its production. especially as a 
second crop following wheat. 

Germplasni Improvement 
The Egyptian program continued 
with its two-pronged approach to 
providing farmers with high-yielding 
germplasm that is resistant to late 
wilt disease (Ceph,dosporiun 
mavdis), one approach involving the 
development of open-pollinated 
varieties from populations and the 
other hybrids. 

A modification was matte in the 
recurrent selection methodology 
used in some populations, such that 
the Si method is now being used t, 
improve Composite-2 and 
Composite-5. Three new cxperimen-
tal varieties were formca during 
1982-83, EV-6 from Composite-2. 
EV-1 from Composite-5, and EV-1 
from Composite 4. In the production 
of foundation seed, Composite-2 
(EV-2) has been replaced by 
Composite-2 (EV-4), though the 
name Giza-2 has been retained. 

Several single-cross (including SC-8, 
SC-9, and SC-IO) and double-cross 
hybrids (such as DC-201, DC-2C2, 
and DC-203) were tested at 
experiment stations and In farmers' 
fields. The main efforts of the hybrid 

program were to improve tile 
matching of the American Early 
Dent and Tep.-5 single-cross parents 
tor production of douLle-eross 
hybrids. DC-202 currently appears 
if) he Ilie most promising hy'brid. 

Egyptian scicntists continued 
participating in tlie international 
maize testing network, rceviving 
several ll's. EVTs. and ELVTs. as 
indicated in Tablc 3 1 in ile sectioll 
on int rnlatiolal testing. The 
program contitni.s to show interest 
in the subtropical Populations 33, 
3-. 4-4 -15. and -17 (from which 
Egyptian scienlists regularly extrac( 
in bred lincs) and in lthe tropical 
mat,,rials "ux l---f1o ('17 and 
Geniinciza 7,121. 

Tire maize program in Turkey is 
improving thrice poi)tllations, TMP-1. 
TMP-2. and TMP-3 (forinerly 
designated Sarmslin-I. Sarmsun-2, 
and Adapazari-1, respcctively), 
stressing grain yield and resistance 
to stalk rot (Frusarimnspp.). No new 
va:icties werc de\'eloped trom those 
populations during 1982-83, though 
the i)reviously released varieties 
Ada. Sapianca. Arifiye. and 1(3/74 
continued to be dist ributd. 

Turkish scietrists are expanding 
their work on thr development and 
testing of hybrids, using gernplasm 
from the US Corn B~elt. During 
1982-83 three single-cross 
(TTM-812. TTM-813, and TTM-815) 
and two douhle-cross hybrids 
(TCM-811 and TCM-816) were 
released, 

Increased emphasis was given to the 
problem of borers (Ostrinianubilalis 
and Sesamia cretica), a task being 
supported by staff at CIMMYT 
through training, consultancies, and 
materials. The Turkish program also 
continued to cooperate with the 
Center by handling nurseries of 
Population 48 and Pool 30. 

Tile efforts of the Syrian national 
program arc directed toward the 
development of early maturing 
hybrids and varieties for regions 
where maize is cultivated as a 
second crop after wheat. For that 
purpose early lines from Agaiti-72 
were resynthesized to form Early 

Agaiti EV, work in which 
headquarters staff participated by 
growing winter nurseries. Other 
promising materials being handled 
by Syrian scientists are Syn-1 and 
Population-D, which should be able 
to compete with the currently grown
imported hybrid LG-11. 

Seed Production 
As improved varieties and hybrids 
are developed, demand for seed is 
increasing rapidly, and countries in 
the region are attempting to respond 
in various ways. In Egypt two local 
seed producers, the National Seed 
Company and the Egyptian Seed 
Company. were formed to help meet 
the rising demand for improved 
seed. During 1982-83 the two firms 
distributed approximately 2000 and 
3500 t. respectively, and in 1983 
about 1000 t of tile Pioneer hybrid 
P-514 were distributed. Seed 
l)roduction in Egypt during 1983 
was estimated to be 7000 t of 
Giza-2, 500 t of DC-202 and DC-203, 
and 400 t of P-514. Prospects are 
fairly good far distribution of tile 
entire 7000 t in 1984. 

In I'urkey considerable emphasis 
has been placed on the agronomy of 
seed production and on the 
a"ncimulation of sufficient quantities 
of breeder's and foundation seed to 
meet anticipated demand. All 
objectives in the production of 
foundation seed were met during 
1982-83, but major policy issues will 
have to be resolved before equal 
success can be achieved in large
scale production of certified seed of 
hybrids developed by tie naticnal 
program. 

Some of the country's demand was 
met during 1982-83 through 
importation of seed, the sale of 
which to farmers was subsidized by 
the government. Currently. 
government officials are encouraging 
joint ventures between international 
seed companies and Turkish 
investors. Though a considerable 
amount of seed was imported, seed 
of locally developed open-polinated 
varieties was distributed in modest 
amounts (200-300 t). 
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On-Farm Research 
On-farm evaluation has become an 
integral part of the Egyptian 
national program, and all materials 
emanating from the breeding 
program are adequately tested in 
farmers' fields before being released, 

In Turkey on-farm research has also
taken root, particularly in the 
northern part of the country along 
the Black Sea. With some assistance 
from CIMMYT headquarters staff. 
recommendation domains (areas in 
an agroclimatic zone where farms 
and farmers' practices are similar 
enough that a given recommended 
practice should be widely applicable)
have been delineated and a 

systematic research approach 

applied that involves surveys of 
farmers and on-farm experiments, 
The current focus of this research is 
stand establishment. 

Experiment 

Station Development 


This activity was given high priority
by al! three countries participatingin the regional program, but 

especially by Syria and Turkey. 
In 

the latter country, an experiment 

station was established at Antalya: 

land levelling was completed, drains 
installed, and fences, roads, and 

buildings constructed. Researchers 

are nxw planning to set up an 

insect-rearing laboratory at Antalva 
to support development of resistance 
to borers. In addition, various 
improvements were made in the 
research facilities at Adana, 
Adapazari, and Samsun, with strong 
support from CIMMYT headquarters 
in the form of consultancies, 
equipment, and supplies, 

The Turkish Program has been 
provided with other equipment and 
materials, not only to facilitate 
research, but to build the program's
capacity to document its work. 

Staff Developmerit 
Visiting scientists and in-service 
course participants from Egypt and 
Turkey travelled to Mexico for 
various types of training programs 

(see Table 45 In the section on 
training). In addition, Egyptian and 
Syrian researchers visited the 
Turkish maize program, following 
visits by Turkish scientists to Egypt. 
Staff of the Egyptian and Syrian 
programs attended a "travelling 
seminar" in Pakistan as part of an 
effort to increase contacts, not only
within regions, but between them. 

The need for stepped-up efforts in 
train!ng was underscored by the 
departure of some national program 
staff to positions in private seed 
companies, which are growing
steadily in the region. To safeguard 
the future development of national 
programs, departing staff will have 
to be replaced promptly, and higher
priority must be given to the 
improvement of human resources, 

West Africa 
West Africa contains several diverseagroecologic:al zones that extend 

across the region in horizontal 


bands. Differences between zones 

are determined mainly by variation
in rainfall, which generally 

decreases from the Atlantic coast 

northward. The five major 

vegetation zones of West Africa are 

the forest, derived savanna, Guinea 
savanna. Sudan savanna, and Sahel. 
Other zones include the narrow strip
of coastal savanna that cuts across 

Ghana and Togo and the 

midaltitude area in Cameroon 
that 

stretches into Nigeria and in which 

maize is an important crop. 

Germplasm Requirements 
Because the rainy season is of a 
different length in each vegetation 
zone, maize germplasm of various 
maturity groups is required to
the needs of the entire region. 

meet 

Farmers in zones having a long 
rainy season with bimodal 
distribution and those in the Guinea 
savanna, which has one long rainy 
season, must have full-season 
tropical materials. In the Sudan 
savanna, tropical and subtropical 
materials of intermediate maturity
have performed well. Early maturing 
varieties are needed in the northern 
Sudan savanna and Sahel, for the 

short rainy season of areas with 
bimodal rainfall distribution, and in 
the coastal savanna. Specially 
adapted materials are required for 
the midaltitude areas of the North 
and Northwest provinces of
 
Cameroon and for Nigeria's Jos
 
Plateau.
 

Most of the maize produced in West 
Africa is used as food. White grain is 
widely preferred, except in the 
Sudan savanna and Sahel. where 
farmers have traditionally grown 
yellow maize. The demand for 
yellow grain has increased during 
recent years as a result of expansion 
in the livestock industry. The 
biggest maize producer in the region
is Nigeria, followed by Ivory Coast, 
Cameroon, Benin, and Ghana. The 
major constraints to rn ze 
1-oduction In these countries are 
e. atic rainfall, low soil fertility, poor 
agronomic practices, and variousdiseases, among the most important 
of which are tropical rust and blight 

and maize streak virus. 

Most improved tropical germplasm 
used In the region's national 
breeding programs, though it has 
good resistance to tropical rust and 
blight, is susceptible to maize streak 
virus. Since that deficiency has 
reduced the yield stability of the 
improved material, the two CIMMYT 
maize breeders assigned to the West 
Africa Regional Program during
1982-83 concentrated much of their 
effort on the development of streak 
resistant germplasm. This work was 
carried out at the International 
Institute of Tropical Agriculture 
(IITA) near Ibadan, Nigeria, where 
the regional program is based. 

Several approaches are being taken 
to enhance the yield stability of 
improved germplasm that has been 
distributed by CIMMYT's 
international maize testing program 
and has performed well in Africa.
One approach is to improve 
Population 43 (La Postal for streak 
resistance, work that was begun at 
IITA in 1980. Another is to convert 
experimental varieties (EVs) from 
several other populations to streak 
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resistance through backcrossing. In 
addition, the Center's maize 
breeders at IITA had primary
responsibility during 1982-83 for 
Pool 16, TZESR-W, and early and 
late, white back-up pools. Details 
about the progress of the program's 
germ plasm work are given on pages
14-16. 

Consultation With 

Nationa! Researchers 

Much of the regional stairs time and 
resources were committed to 
assisting national programs across 
the region, from Senegal in the west 
to Camcroon in the e st. The 
regional staff visited -t i national 
maize programs in the region at 
iast once or twice a year to consult 
with national scientists an(d research 
administrators, to evaluate national 
andl international trials, and to 
participate in research planning. 

Monitoring of trials was especially 
important since a considerable 
number were conducted throughout 
the region. In addition to the various 
types of trials dispatched by 
CIMMYT to national programs 
across West Africa (see Table 31 in 
the section on international testing),
79 streak-resistant variety trials and 
progeny trials were distributed in 
the region by IITA. The regional 
maize staff tried to visit most of the 
national programs that received 
these trials to evaluate them with 
national maize researchers. EVs 
considered promising by national 
researchers were subjected to 
further selection under local growing
conditions or used in various other 
ways by the national breeding 
program. 

In consulting with national 
researchers, regional staff sought
opportunities for providing modest 
logistical support, which is often of 
great help to national programs that 
lack foreign exchange for 
purchasing ce'tain essential items 
abroad. Several programs were 
provided with equipment and 
supplies, such as shellers, balances. 
moisture testers, and pollination 
bags. 

Although regional staff devoted most 
of their consultation time to 
monitoring trials and attending to
other day-to-day concerns of 
national programs, they also looked 
into one fairly new area of research 
for the region. In 1983 a CIMMYT 
mission (consisting of two scientists 
from the Center's headquarters, a 
consulting animal nutritionist, and
the two regional staff members) 
visited several national programs in 
West Africa to explcre the 
possibilities for utilization of quality
protein maize. The group found 
considerable interest in some 
countries in using this type of maize 
for human food and animal feed. 

Training 
The regional staff helped select 
candidates from national programs 
for training at CIMMYT. were 
heavilv involved in IITA training 
activities, and organized additional 
training events for national 
scientists in the region. During 
1982-83. 19 national staff from the 
region participated in the two six-
month in-service training courses 
conducted at CIMMYT headquarters 
(see Table 45 in the section on 
trainling). Visiting scientists from the 
region also came to CIMMYT for 
periods of one week to three months 
to become acquainted with the 
Center's Maize Program. its breeding 
materials, and procedures. 

The regional staff served, in 
addition, as resource persons for a 
three-month training course in 
maize production conducted by IITA 
in 1983. In another training 
program offered within the region, 
national scientists were brought to 
IITA to participate in the work on 
streak resistance. In 1982, three 
maize workers from Ghana 'spent 10 
days at IITA for that purpose, and in 
1983 two other workers (one each 
from Ghana a-ad Togo) were at the 
Institute for six weeks, becoming
familiar with the techniques of 
breeding for streak resistance, 

The Ghana Grains
Development Project 

The Ghana Grains Development 
Project (GGDP) was launched In 
1979 with a view to making the 
country self-sufficient in maize. The 
project is a bilateral venture 
between the Canadian International 
Development Agency (CIDA) and the 
government of Ghana that involves 
CIMMYT (as CIDA's executing 
agent), the Crops Research Institute 
(CRI, as Ghana's executing agent),
the Grains and Legumes 
Development Board (GLDB), and the 
Ministry of Agriculture (MOA). To 
assist the national program with 
meeting project objectives, CIMMYT 
has had an agronomist based at 
Kumasi, Ghana, since 1979. In 
addition to maize, the GGDP has a 
cowpea component, which is 
directed by staff of the International 
Institute of Ti'opical Agriculture
(IITA) in Nigeria. In this report only
maize-related activities will be 
considered. The project has divided 
its activities along institutional lines, 
with CRI emphasizing population 
improvement, back-up pool
development, germplasm screening,
and experiment station-based 
agronomy research, while the other 
Ghanaian organizations handle the 
economics, on-farm research, and 
extension activities. 

About Ghana 
Ghana Is in the lowland tropics of 
West Africa, lying between 40 and 
120 N latitude. It has an area of 
239,000 km2 and a population of 12 
million, 63% of whom are engaged
in agriculture in rural areas. Rainfall 
is divided between a major and a 
minor rainy season in the south, but 
falls in a single season in the north, 
The natural vegetation changes from 
savanna at the coast to rain forest, 
then to derived savanna (transition), 
before becoming full-fledged Guinea 
savanna in the northern third of the 
country. The principal food crops 
grown are plantains, yams, cassava, 
maize, sorghum, groundnuts, 
cowpeas. rice, and millet. Although 
maize Is the most Important cereal 
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grown, covering 400.000 ha, Ghana 
has exported maize only once in the 
past decade, and it has been more 
normal for about 50.000 t of maize 
to be imported each year. 

Small-farmer holdings (less than 2 
ha) account Ior an estimated 90% of 
national production. Traditionally,
land is prepared by slashing and 
burning vegetative cover without 
cultivation. Almost all weeding is 
cione manually. Plant densities are 
low, averaging 24,000 plantlha. The 
majority of maize is intercropped,
primarily xv.ifh cassava and cocoyani
in southern Ghana, and with 
sorghum, millet, groundnuts, and 
cowpeas in the Guinea savanna. 
After harvest maize is often stored 
unhusked in cribs, where insect 
damage may cause considerable 
losses prior to s, ie or consumption, 

Research Objectives 
The general objectives of the maize 
breeding program are: to increase 
grain yield and resistances to 
lodging, diseases, and insects; to 
develop varieties for particular 
Lrological zones and for the major
and minor rainy seasons; and to 
develop varieties with imoroved 
nutritional characteristics for 
humans and animals. Agronomic
research aims to develop suitable 
growing practices for improved
varieties that are tailored to the 
various ecological zones of Ghana 
and to the needs of small farmers. 
The end result of the research 
process is the development and 
promotion of extension information 
through the MOA and the GLDB. 

As an aid to identifying more 
specific research objectives, surveys
of farmers' circumstances were 
conducted by economists from 
GLDB and CIMMYT in four key
maize-producing regions in 1979-8 1. 
Data from these surveys, coupled
with analyses of on-farm tria! data 
over the same period and field 
observations by project staff, were 
crucial in identifying farmers' 
production problems that merited 
further agronomic research or that 
led to changes in breeding 

objectives. One result has been the 
following identification of varietal 
requirements for Ghana: 

1120-day white dont varieties for 
the forest and transition zones in 
the major rainy season and the 
Guinea savanna. These varieties 
meet about 60% of the national 
varietal requirement. 

* 	 105-day white dent varieties for 
the minor rainy season In the 
forest and transition areas, 
accounting for about 20% of 
maize grown. 
90-day yellow flint varieties for 
early plantings in the Guinea 
savanna, accounting for 5% of 
prcduction. 

* 	 90-day soft white dent varieties 
for use in the coastal and Guinea 
savanna, accounting for about 5% 
of production, 
110-day yellow dent varieties for 
use throughout Ghana. 
accounting for about 10% of 
maize varietal requirements. 

Another result of the surveys and 
other findings has been a consid-
erable emphasis upon on-farm 
research as an effective tool for 
developing grower recommen-
dations. Clear differences were 
observed between experiment
station conditions and those 
prevailing in farmers' fields. For 
example, the weed Cyperus 
rotundus was found to dominate 
most of the arable station land, but 

was rarely found in farmers' field, 

Fertilizer and cultivation histories 

are very different also. The 

experiment stations have a long 

history of continual maize 
cultivation, using hig" levels of 
chemical fertilizer and tractor-
powered cultivation methods. In 
contrast, the majority of farmers do 
not apply chemical fertilizer, they
rarely cultivate maize on a 
continuous basis, and about 50% 
prepare land for planting by slash 
and burn methods. For those 
reasons, the majority of agronomic
research was conducted in farmers' 
fields at sites widely scattered 
tnroughout the malze-growing
regions of Ghana. 

Although the majority of maize in 
Ghana is intercropped, the national 
maize program has chosen to focus 
much of its initial research on 
monocropped maize. As this simple 
system becomes better understood, 
then intercropping can be systema
ticallv added to the research agenda. 

Research Approach
Training staff from the CRI, GLDB, 
and MOA to conduct a maize 
breeding program or on-farm trials 
and extension demonstrations has 
been a key component of the 
research program. Some staff have 
gone for graduate training in 
Canada and the United States. and 6 
from CRI and the GLDB were each 
trained for six months in maize 
production or improvement at 
CIMMYT during 1982-83. Those 
trainees and the 15 previously sent 
for training at. CIMMYT form an
indispensable technical core within 
the national maize program. Each 
year a two-day in-service training 
program for all staff has been 
conducted, immediately prior to 
planting, at each of the seven 
regional headquarters. These 
interactive sessions are attended by
all persons who will actually 
conduct the trials or 
demonstrations. In a classroom 
session, each participant is given a 
summary of the previous year's
research results, an annually 
updated version of grower 
recommendations, and specific
instructions for conducting the 
coming year's field program. The 
remainder of the training program is 
field oriented: each person 
participates In laying out a trial,
calibrating and maintaining a 
sprayer, and applying fertilizer. In 
1982, 236 staff of the GLDB 
attended these sessions, and in 
1983, as more staff of the MOA were 
included, numbers rose to 398. 

CRI has nine experiment stations at 
which variety and progeny testing is 
carried out. These are (from north to 
south) Manga, Nyankpala, Damongo.
Ejura, Kwadaso, Fumesua, Kpeve,
Pokoase, and Ohawu. The breeding 
program is divided 'between the 
north (based at Nyankpala) and the 
south (based at Kwadaso), and 
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germplasm specific to either the 
Guinea savanna or the forest and 
derived savanna is nandled at each 
center. 

The on-farm trial program is 
coordinated from Kumasi, where the 
GLDB is headquartered. Field books, 
seed, fertilizer and all other trial 
imputs are distributed to each 
location prior to the onset of the 
rains. A local supervisor, in 
conjunction with a cooperating 
farmer, selects a site and sows the 
trial at the same time as the farmer 
sows the balance of the field, 
Research trials are usually 
replicated two to three times at each 
site, and as many sites are sown as 
possible. Normal practice is to sow 
six 5-ni-long rows per plot, with a 
target plant density of 50,000 
plants/ha, and a total plot number,."-, 
per site of less than 40. Verification 
demonstrations, part research and 
part delnonstration, are unreplicated 
at each site, and comprise three 
large plots, each 11 x 20 m. The 
currentiy recommended variety (La 
Postal is normally grown in 
agronomic trials, and seed is treated 
with Furadan to prevent stand 
reduction by birds. 

Soon after on-farm trials are sown, 
inspection by CIMMYT-trained staff 
begins, and soil samples from each 
site are taken where appropriate. 
Harvest is usually carried out on a 
carefully planned schedule by the 
same staff, and harvested produce 
remains the property of the farmer. 
The grain moisture content of each 
plot is determined at each site with 
a portable moisture tester, and 
shelling percentage is assumed to be 
80%. Following harvest, field books 
are brought to Kumasi for checking 
and analysis by microcomputer, 
using programs developed by project 
staff. Single-site analysis of all 
recorded variables is followed by 
across-site analysis of those sites 
whose data appear reliable. Sites are 
grouped by ecological zone and by 
cropping and fertilizer history,. 
w here a p p ropria te . 

Each year, several months prior to 
planting, a national maize workshop 
is held. At this three-day meeting of 

selected leaders in policy, research, maize growers' recommendations, 
and extension, results from the which form the basis of extension 
previous year's research are messages about the crop, are 
presented and discussed. Changes distributed to all extension officers. 
are made in maize-growing
recommendations when required, Maize Research Ilghlights
and in the light of current research Survey data from 1979-81 
information, plans for the research highlighted a number of production
and extension activities of the problems, which were the focus of 
coming year are drawn up and the on-farm research p~ogram in 
approved, those years. Trials were conducted 

on varieties. the relative importance
A full record of the activities of the of density, weed control, fertilizer 
GGDP is presented in an annual and variety, chemical and manual 
report, which is widely circulated weed control, factors affecting stand 
throughout Ghana. The current establishment, variety by plant!ng 
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Harvest of an on-farm variety trial in the Guinea savanna belt of northern 
Ghana. 
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density interactions, rates and times
of application o nitrogen and 
phosphorus fertilizers, and the 
relationship between nitrogen 
response and weed control. Planting
arrangements and the effects of 
ridging were examined, and in 
response to poor plant growth in 
parts of the Guinea savanna, a trial 
was conducted to observe the effects 
of applied zinc. 

Additional observations of farmers' 
fkld and the results of previous
trials prompted the trials conducted 
in 1982-83, which are reported
below. In 1982 rainfall was 
moderaie, although the minor 
season was unusualiy dry: but 1983 
was the oriest year in the last 40 at 
many locations, and average yields
of trials fell by 20%. 

Major-season variety trials-
Varieties included in these trials,
from CRI, CIMMYT, and IITA, had
previously undergone at least one 
year of testing on station. They were 
compared with the local variety
used by the cooperating farmer at 
each site. All varieties were grown at 
a realized density of 44,000 
plants/ha, and fertilizer was applied 
at a rate of 90-60-60 kg
N:P205:K20/ha. Weeds wcccontrolled by applying atrazine-

based heroicides or by h and-

weeding at three and six weeks afterplanting. Each trial consisted of
plnth icatin trialcnsitef
aachthree replications at each site. 
Usable results were received from 23 
sites in 1982 and 16 sites in 1983.In both years the trials were 

conducted throughout all ecological 

zones of Ghana. 


The results from 1982 (Table 49)

show the general superiority of La 

Posta and related varieties and were 

typical of results obtained from 

similar trials conducted in 1983 and 

in other years. La Posta-derived 

varieties have generally shown a i0 

to 12% yield advantage over locally
improved varieties. In addition. La 
Posta varieties lodged slightly less 
and yielded 30 to 50% more thanfarmers' varieties but were inferior 

to them in husk cover. Local 
varieties have smaller kernels with a 

softer texture. A decision was taken complete block design in which twoat the end of 1983 to release Ejura application times (at planting versus(1) 7843, a locally selected version of three weeks afterwards), twoCIMMYT's La Posta population, fertilizer placement methods (buriedVarieties from Population 22 (Mezcla 5 cm deep 7 cm to one side of theTropical Blanca) yield very well and seed or applied on the surface 7 cmare shorter and therefore more from the seed), and three forms ofresistant to lodging but possess a starter fertilizer were arranged in aharder grain than is readily 2 x 2 x 3 factorial in twoacceptable in Ghana. replications at each site. The forms 
of starter fertilizer were: 1)

Time of application and compound 15-15-15 applied atplacement of starter fertilizer- 60-60-60 kg N:P205:K20/ha, with aPresent maize-growing guidelines side-dressing of 30-0-0 at fourrecommend that phosphorus-bear:ng weeks; 2) triple superphosphatefertilizer be applied at planting in a applied at 0-60-0 and side-dressed2-em-deep holf and 5 cm away from with 90-0-0 at four weeks; and 3)the seed but that side-dressed ammonium sulphate applied atnitrogen be applied to the surface of 60-0-0 and side-dressed with 30-60-0the soil four weeks after planting. at four weeks. These forms ofThe farmers' practice Is to apply fertilizer added to a total 90-60-60compound fertilizer and side-dressed kg N:P20 5 :K2 0/iha for the first form
nitrogen to the soil surface several and to 90-60-0 for the other two.weeks after emergence, usually The variety was La Posta, grown atwhile weeding is in progress. This 45,000 plants/ha.
prevents the loss of fertilizer should 
crop establishment fail. Results (Table 50) varied slightly

between years, showing a signifeantThese factors were examined in a 5.3% advantage in applying startertrial conducted at 13 sites in 1982 fertilizer at planting in 1982 but noand at 13 different sites in 1983. effect due to time of applicatic-n inThe trt:.2 had a randomized the drier year, 1983. In neither year 

Table 49. Performance of maize varieties In different ecological

zone i n Gh an c e maz e a s no f 8 2
 

zones 
 in Ghana during the major season of 1982 
Grain yield (t/ha) at 15% moisture PlantTran- Guinea All heightVariety Forest sition savanna sites (cm) 

Poza Rica 7843 3.97 4.89 4.02 4.35 216EJura (1) 7843 3.97 4.73 4.09 4.31 218La Posta CRI 3.93 4.63 3.92 4.20 236
Poza Rica 7822 4.12 4.59 3.64 4.14 196Composite W EV80 3.77 4.87 3.55 4.12 246Giant Comp. 3.98Poza Rica 7721E 4.56 3.44 4.02 243La Posta CRI EV80 3.80 4.42 3.57 3.963.79 4.51 3.46 1783.96 223Golden Cryst. EV80 3.54 4.62 3.43 3.93 212Composite 4 EV80 3.34 4.53 3.65 3.91 228Tuxpef'o PB C16 3.27 4.04 3.49 3.65 171Local 2.75 3.54 2.96 3.13 248 

Mean 3.69 4.49 3.60 3.97 218Number of sites 6 9 8 23 22LSD (0.05)(%) 0.46 0.5015.0 0.25 6C. .19.0 0.36 24.5 19.1 7.5 
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did the different placement methods applied phosphorus found in other Response of maize to applied
have an effect on yields. These trials. The 6% yield !ncrease arising zinc and compound fertilizer
findings validate the farmers' from applied potassium was larger Observation trials conducted on soils 
practice of surface application of than that observed in trials of the Guinea savanna in 1981
fertilizer several weeks after conducted on alfisols in Ghana a showed that application of zinc
planting. The forms of fertilizer decade previously. The more recent sulphate alleviated many of the
showed variable effects. In 1982 finding may indicate that on some of micronutrient deficiency symptoms
phosphorus-bearing fertilizers gave a the well-used maize soils this present in maize grown on these
10% yield advantage over nutrient is becoming limiting; soil well-used soils. A simple trial was
ammonium sulphate, but in 1983 analyses confirm that supposition. devised to assess the scope and 
the advantage went to the magnitude of zinc deficiency in 
compound fertilizer, which was the None of the Interactions among Ghana and was distributed widely
only fertilizer used that contained main factors was statistically throughout the country. Since most 
potassium. Across both years the significant. The effect of heavy farmers do :iot use fertilizer, zinc 
response to phosphorus application rainfall during crop establishment response was determined in the 
at sowing, as opposed to three on surface-applied fertilizer has yet presence and absence of applied
weeks after sowing, was a 3% yield to be determined, but the findings fertilizer. The trial design was a
increase. This small response to reported here suggest that farmers' randomized complete block in which 
phosphorus made available during current practice is fully defensible six treatments were replicated twiceearly establishment is consistent and is a successful risk-aversion at each location. Among the 
with the relatively low response to strategy. treatments were 0, 4.2, 8.4, and 

Table 50. Influence of application time, placement, and form of fertilizer on grain yield in Ghana during
the major seasons of 1982 and 1983 

Treat-
ment 

Time of 
application 

Placement 
method 

Form of 
fertilizer 

Yield (t01a) at 
15% grain moisture 

1982 1983 Mean 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Planting 
Plan'ing 
Planting 
Planting 
Planting 
Planting 
3 weeks 
3 weeks 
3 weeks 
3 weeks 
3 weeks 
3 weeks 

Buried 
Buried 
Buried 
Surface 
Surface 
Surface 
Buried 
Buried 
Buried 
Surface 
Surface 
Surface 

15-15-15 
TSP 
Amm. sulph.
15-15-15 
TSP 
Amm. sulph. 
15-15-15 
TSP 
Amm. sulph. 
15-15-15 
TSP 
Amm. sulph. 

4.47 
4.09 
4.21 
4.45 
4.52 
3.94 
4.05 
4.17 
3.63 
4.34 
4.34 
4.01 

3.29 
2.96 
3.28 
2.34 
2.97 
3.23 
3.46 
2.98 
3.35 
3.60 
3.12 
2.75 

3.88 
3.53 
3.75 
3.90 
3.75 
3.59 
3.76 
3.58 
3.49 
3.97 
3.73 
3.38 

Main effects
Time of application: 

Difference significant (0.05)? 

At planting 
3 weeks 

4.31 
4.09 
Yes 

3.18 
3.21 
No 

3.75 
3.65 

Placement Buried 4.11 3.22 3.67 

Difference significant (0.0b)? 
Surface 4.30 

No 
3.17 
No 

3.74 

Form 15-15-15 
TSP 

4.33 
4.33 

3.42 
3.01 

3.88 
3.67 

Difference significant (0.05)? 
Amm. sulphate 3.95 

Yes 
3.15 
Yes 

3.55 

General mean 
Number of sites 
LSD (0.05)
C.V. %} 

4.20 
13 

0.41 
17.7 

3.19 
13 

0.39 
22.3 

3.70 
26 
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12.6 kg zinc/ha, applied as 
commercial grade zinc sulphate in
the fertilizer hole at planting time. 
At all four of those rates, zinc was
applied with 90-60-60 kg
N:P205:K20/ha. The remaining two 
treatments were 0 and 8.4 kg 
zinc/ha with no fertilizer added. Thevariety used was La Posta, grown at 
44.000 plants/ha. Soil samples were
collected as 20 cores from the top
15 cm of the soil profile at each trial
site midway through the season. 
These were sun dried, ground, and 

analyzed according to standard 

laboratory procedures, 


The largest response to zinc was 
obtained in the Guinea savanna(Table 51), where, with fertilizer,
plots receiving 4.2 kg zinc/ha
outyielded those with no zinc by d
statistica.lly significant 0.71 t/ha. or
by 20%. Higher rates of zinc applied
did not give significant increases In
yield. In the absence of fcrtilizer, the 

response to zinc was much smaller,
indicating that on these soils 
nitrogen was far more limiting than 
zinc. In a similar trial conducted in
1983, a significant response to zinc 
was not recorded on these soils,
suggesting that in this very dry 
year, water was more limiting thanzinc. The response to applied zinc 
appeared to decline at sites further 
south and became essentially zero, 
or even negative, in the forest zone.
When second-order polynomial
regressions of yield upon the rate of 
zinc applied were fitted to the 
response data from the different 
zones, it was observed that theoptimum rate of applied zinc 
increased as one moved from theforest zone to the Guinea savanna 
(Table 51). Soil organic matter was 
highly correlated with extractable 
soil zinc (r = 0.62 *, 50 df and 
with extractable soil boron (r = 
0.84 **, 50 do, and ali three 
parameters declined in roughly the 
same manner from the southern 

-orest to the northern Guinea 
savanna (Table 51). The response of
yield to applied zinc was 
significantly negatively correlated 
with percent organic matter (r = 
-0.50*, 50 do, and with extractable 
soil zinc (r = -0.43%, 50 do. 

One disturbing aspect of this study 
was the apparent decline in yield at
high levels of zinc application in the 
forest and transition zone (Table 51).
It was thought that induced copper
deficiency might have brought about 
the decline, but a subsequent series 
of trials conducted in 1983 under 
dry conditions did not confirmwhether that was indeed the cause. 

The addition of very small quantities
of zinc to compound fertilizer at the 
manufacturing plant seems to be a
highly cost effective method of 
addressing this major micronutrient. 
deficiency in the Guinea savanna 
and transition areas of West Africa. 

Table 5 1. Influence of zin. and compound fetilizer levels and of selected soil attributes in the top 15 cmin various ecological zones of Ghana during the major season of 1982 

Treatment 

Zinc Fertilizer Grain yield (t/ha) at 15% moisture)
(kg/ha) N:P 2 0 5 :K 2 0 CoastalForest Transition sav. Guineashv. All sites 
0 90-60-60
4.2 4.16 4.44 4.0790-60-60 4.48 3.59 3.974.54 3.818.4 4.3090-60 60 4.00 4.74 4.33 
12.6 4.32 4.3090-60-60 4.343.86 4.390 3.95 4.250-0-0 4.162.74 3.018.4 2.56 1.530-0-0 2.92 2.52 2.27

2.35 1.73 2.25
Mean 3.69 3.94 3.51 3.28Number of sites 3.5510 11LSD (0.05) 6 20 47 
C.V. (%) 

0.42 0.41 0.41 0.40 0.2217.9 17.3 11.0 27.3 20.6
Mean soil pH 6.2Mean % organic matter 

6.2 6.6 6.2 C'.51.7Zinc (micrograms/g) 
2.5 1.9 0.9 1.52.1 1.6Boron (micrograms/g) 2.1 0.5 1.10.4 0.3 0.4 0.2 0.3 

Predicted level ofzinc applied for
optimum yield (kg/ha) 3.8 6.4 7.3 8.5 7.2 

84 



Maize-cowpea intercropping 
trial-ntercropping of cereals and 
legumes in the savanna is 
commonly practiced as a means of 
diversification, protein production, 
weed control, and fertility 
maintenance. It is one approach 
toward establishing a stable 
agricultural system in a region 
where, because of annual burning 
and overcropping, nitrogen is 
acutely deficient. Earlier trials 
indicated that the spacing of maize 
and cowpea exerted considerable 
influence on the productivity of the 
intercropping system. In an effort to 
identify the planting arrangements 
of maize and cowpea that produced 
the most grain, a trial consisting of 
factorial combinations of four maize 
and four cowpea densities was 
planted at seven sites in the 
savanna during 1983. The 
experimental design was a 
randomized complete block in two 
replications at each site. An early 
variety of maize (Selecci6n Precoz) 

was sown in rows 100 cm wide, and 
maize density was varied within the 
row to give realized densities of 0, 
20,100, 35, 100, and 44,900 
plants/ha. A cowpea variety (TVx 
1843-IC) was sown in zero, one, 
two, or three rows between the rows 
of ma/ze to give realized cowpea 
densities of 0, 36,900, 63,300, and 
78,000 plants/ha. Normal insecticide 
protection of the cowpeas (consisting 
of two applications of Decis and two 
of endosulphan) was provided, and 
all plots received 90-60.60 kg 
N:P205:K20/ha. 

Yields of both crops were low (Table 
52) because of severe drought. Maize 
yields, in pure and intercropped 
stands, responded positively to 
increased density and were reduced 
significantly when an intercrop of 
cowpea was introduced. OZowpea 
yields also increased with increasing 
cowpea density in pure stands and 
intercropped stands. The land 
equivalent ratio (LER) was highest 
at the higher densities of maize and 

cowpeas (Table 52), indicating that 
land was being used with high 
efficiency under these circumstance. 

A crude estimate of protein and 
carbohydrate production was 
obtained by assuming that maize 
was 10% crude protein and cowpeas 
25% and that carbohydrate 
constituted the balance of harvested 
dry matter. Maximum protein 
production ocurred when maize was 
grown at 46,000 plants/ha and 
cowpeas at 61,000 plants/ha. 
Maximum carbohydrate production 
occurred at a similar maize density 
but at a lower (35,000 plants/ha) 
cowpea density. 

Lack of available soil moisture was 
the probable reason that maize was 
more affected by cowpeas as an 
intercrop than vice versa. Cowpea is 
known to be more drought tolerant 
than maize. In wet years maize yield 
is often unaffected by the presence 
of a cowpea intercrop. 

Table 52. Influence of plant spacing on maize and cowpea performance in the savanna zone of Ghana in 
1983 

Yield (t/ha) 	 Protein Carbohydrate
TreaF-,t!nt Maize (15% 
{densities) grain moiuture) 

Ml C2 
MI C3 
MI C4 	 -
M2 C1 2.06 
M2 C2 1.65 
M2 C3 1.36 
M2 C4 1.31 
M3 C1 2.58 
M3 C2 2.10 
M3 C3 1.92 
M3 C4 1.56 
M4 CI 2.32 
M4 C2 2.24 
M4 C3 2.04 
M4 C4 1.68 

Overall mean 1.90 
Number of sites 6 
LSD (0.05) 0.35 
C.V. (% 	 28.0 

Cowpea Land equiva- produced produced
(sun-dry) lent ratio (kg/ha) (kg/ha) 

1.17 	 - 293 8"78 
1.38 	 - 345 1035 
1.39 	 - 348 1035 
- -	 2 1854 

0.81 	 1.49 368 2093 
0.77 	 1,.12 329 1802 
1.10 1.43 406 2004 
- - 258 2322 

0.71 	 1.42 388 2423 
0.86 	 1.36 407 2373 
0.93 	 1.27 389 2102 
- - 232 2088 

0.78 	 1.63 419 2601 
0.91 	 1.54 432 2519 
0.83 	 1.32 376 2135 

0.97 	 - 346 1891 
7 -	 - 

0.26 	 
44.6 	 
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Verification demonstration 
trials- rhe objectives of these trials 
are to demonstrate to farmers two 
alternative technologies in 
comparison with the farmers' own, 
to verify under realistic conditions 
the recommended production
technology, and to collect data on
yields and costs of production. If the 
improved varieties show superior
performance, there should be an 
increase in disseminaticn of seed of 
those materials. 

Each trial consisted of three plots

each measuring 20 x 10.8 m. 
In plot
A seed of the recommended variety,
La Posta, was sown in rows (with 
two seeds planted per hill and not 
thinned), giving a density of 41,000
plants/ha. The crop received 
91-38-38 kg N:P205:K 2 0/ha and was 
hand-weeded twice during growth.
Plot B demonstrated an intermediate 
.. vel of inputs. The crop was 
planted in the same manner as plot
A; but the fertilizer application rate 
was reduced by half, and the plot 
was weeded only once. In plot C 
farmers were encouraged to growthe best crop of maize they could,

using their own variety and 

methods. Records of all practices 

performed on all plots were kept by
the trial supervisor, and two to three 
field days (at planting, silking, and 
harvest) were h. Id for local farmers 
at the trial. Grain yields from a57-m 2 subplot were weighed. and 

plot yields in bags per acre were
calculated by use of a simple 

formula that assumed 25% grain 

moisture and a shelling percentage
of 80. 

These unreplicated trials were 
distributed to 203 sites throughoutthe maize-growing regions of 
southern and central Ghana in 1982 
and to 222 sites in the maize-growing regions of the country in
1983. Yieids In 1983 (Table 53) were 
reduced by drought and by streak 
virus infestation (the seed in thesetrials was not treated with Furadan 
prior to sowing). The procedures
used for calculating variable costs, 
net benefits and marginal rates of 

return (the latter listed in Table 53) 
are th,-e described by Pen-in et al. 
(1979). In all ecological zones 
(except in the coastal savanna 
during 1983, when the sample of 
farmers was small) and in both 
years, adoption of the intermediate 
input level option (plot B) by farmers 
gave larger returns to capital
invested than did the next step in 
intensification, the adoption of 
production methods used in plot A. 
This outcome reflected an average
72% yield Increase of B ove "C, but 
an increase of only 16% of A over B. 
In 1983 the yield margin of B over C
fell from 1.48 to 1.07 t/ha, showing
that under moisture stress the 
response to factors other than water 
is reduced, 

An important factor in the adoption
of new practices is the riskiness, or
robustness, of the technology. When 
the proportion of verification! 
demonstrations in which farmers 
failed to recover their variable costs 

was examined, it was found that in 
the drought year of 1983 the two 
recommended technologies had 
similar failure rates (5.9%), while 
the farmers' own technology failed 
in 9% of cases. 

Marginal rates of return from 
investments made in options A and 
B are certain to fall in the future. 
During 1982-83, the price of 
fertilizer was extensively subsidized,
and the price of maize was very
high because of drought and the 
return of refugees from Nigeria.
Large changes in factor prices are 
expected in 1984-85 as subsidies are 
lifted. It is likely that the lower level 
of inputs represented by plot B will 
then be the only viable technology
option out of those presented to the 
farmer in the current verification 
demonstration. That will be
especially so for farmers who rent or 
sharecrop land. Approximately
6,000 farmers attended field days In 
each of the two yc.rs under review. 

Table f3. Maize yields and marginal rates of retuk-n (MRR) from
verification demonstrations conducted in different ecological 
 zonesof Ghana during the major seasons of 1982 and 1983 

Graiu. yield (t/ha) at 15% moisture 
Coastal Guinea Across

,"orest Transition savanna savanna zones 

1982
 
Yield, plot A 3.93 3.83 
 3.72 - 3.88Yield, plot B 3.48 3.20 3.20 - 338
Yield, plot C 1.93 1.88 1.70 - 1.90
 
MRR, from plot


B to plot A (%) 263 273 270 - 272
 
MRR, from plot
C to plot B (%) 583 327 401 - 381 

Number of sites 122 71 10 203 

Yieid, plot A 3.53 2.93Yield, plot B 3.03 4.45 2.00 3.202.50 3.33 1.65 2.70Yield, plot C 1.70 1.58 2.05 1.18 1.63 

MRR, plot B tc
plot A (%) 511 336 1727 123 430
MRR. plot C to 
plot B (% 675 496 1138 204 593Number of sites 104 77 15 26 222 
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Appendix 1: Maize Gene Pools
 

Normal Maize 
The normal gene pools being
improved by the CIMMYT Maize 
Program are described below, with 
emphasis on their components and 
primary features and on the traits 
for which selection is being
practiced. Data on the progress 
being made with these materials are 
reported in tie section of this report 
entitled "Gecie Pool Development
and Improvement." 

Pool 1 (Highland Early White 
Floury)-This pool is based 
primarily on the race Cacahuacintle 
of Mexico but also includes other 
germplasn from the highlands of 
Colombia, Bolivia, Peru, Ecuador,
and Mexico. A small proportion of 
the germplasm comes from 
temperate areas of the USA and 
Europe. Selection emphasis is for 
large floury seeds and resistance to 
ear rots and earworm. In 1983 half-
sib families of this pool were tested 
through the international progeny
testing system at Cocha Bamba 
(Bolivia). Santa Catalina (Ecuador). 
Andenes Cusco (Peru), and El BatAn 
(Mexico). 

Pool 2 (Highland Late White 
Floury)-This pool is based mainly 
on the races Cuzco Gigante of Peru 
and Hualtaco of Bolivia but also 
contains germplasm from Kenya 
and Cuba. Selection is being 
practiced for large floury seeds and 
resistance to ea.r rots and earworm. 

Pool 3 (Highland Early Yellow 
Floury)-This pool is based 
essentially on the same germplasm 
as i3 Pool 1, except that yellow 
floury kernels have been selected. 
Selection is being practiced for the 
same traits as in Pool 1. In 1983 
half-sib families of this pool were 
tested through the international 
progeny testing system at Cocha 
Bamba (Bolivia), Santa Catalina 
(Ecuador), Caja Marca (Peru), and El 
BatAn (Mexico). 

Pool 4 (Highland Late Yellow 
Floury)-This pool is based 
primaily on the race Chilo of 
Ecuador, but also contains other 
gcrmplasm from the Andean 

countries, Mexico, Africa. and the 
USA. It is being selected for large
floury seeds and resistance to ear 
rots and earworm. In 1983 half-sib 
families of this pool were tested 
through the international progeny
testing system at Santa Catalina 
(Ecuador), Caja Marca (Peru). and El 
Batin (Mexico). 

Pool 5 (Highland Early White 
Morocho-This gene pool is based 
on early white morocho (seed that 
has a hard flint texture outside and 
is soft inside) genotypes of Peru, 
Bolivia, Colombia, and Ecuador, 
with some germplasm from Mexico, 
the USA, and Europe. Selection is 
being practiced for large seed type
and resistance to earworm and ear 
rots. 

Pool 6 (Highland Early Yellow 
Morocho)-This gene pool is based 
on early yellow morocho genotypes 
from the same Andean countries as 
those mentioned in the description
of Pool 5. It also has germplasm 
from the highlands of Mexico and 
Africa, and from the USA, Europe, 
ana Indonesia. Selection is being 
practiced for the same traits as in 
Pool 5. 

Pool 7 (Highland Late White 
Morocht)-Orginally a mixture of 
late white and yellow morocho types
form the highland areas of the 
Andean countries, this material was 
changed to a white pool in 1982. 
Some of its components are from
the highlands of Mexico and Africa 
and from the USA. Selection is 
being practiced for better seed type
and resistance to ear rots and 
carworm. 

Pool 8 (Highland Late Yellow 
Morocho)-This pool was formed 
with the yellow segregates selected 
from Pool 7. 

Pool 9 (Highland Late White 
Dent-This pool was developed by 
crossing materials well adapted to 
the African highlands and includes 
materials from the Kenyan 
highlands, collections of races from 
Colombia, Ecuador, and Guatemala, 
and tropical lowland Tuxpefio from 
Mexico. It is late and tall. Selection 
is being practiced for resistance to 
foliar diseases. 

Pool 15 (Tropical Early White 
Flint)-Thls pool is based on 
crosses among a large number of 
early and late white flint materials 
from Mexico, the Cpribbean, Central 
and South Anerc-,. ind Asia. 
Selection is being practiced for early
maturity, better plant type, good
yield, and tolerance to high plant 
density and stalk rot. 

Pool 16 (Tropical Early White 
Dent)-The w.,hite dent materials 
used in forming this gene pool are 
from the same geographical areas as 
the materials that make up Pool 15. 
Selection is being practiced for early 
maturity, better plant type, good
yield, tolerance to high plant
density, and resistance to stalk rot. 

Pool 17 (Tropical Early Yellow 
Flint)-This pool is the same as 
Pool 15, except that yellow flint 
segregants were used in its 
formation. 

Pool 18 (Tropical Early Yellow 
Dent)-This pool is the same as 
Pool 17, except that yellow dent 
segregants were used in Its 
formation. 

Pool 19 (Tropical Intermediate 
White Flint)f-Nearly 30% of the 
germplasm in this pool is downy 
mildew resistant material from the 
Philippines. The pool also has 
materials from Cuba, Mexico, 
Argentina, Honduras, El Salvador, 
Colombia, Ecuador, India, and
central and southern USA. It is 
intermediate to late in maturity and 
has good plant type and yield
potential. Selection is being 
practiced for improved shelling 
percentage and resistance to the 
sugarcane borer. Dlatraea 
saccharalis(F.). 

Pool 20 (Tropical Intermediate 
White Dent)-Thls pool consists 
mainly of materials from the 
Philippines, India, and Southeast 
Asia. A small fraction of the 
component germplasm is from 
Mexico and various Central 
American counties. The pool is 
similar In plant type and yield to 
Poo, 19 and is being improved for 
car rot resistance. 
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Pool 21 (Tropical Intermediate 
Yellow Flint)-This gene pool is 
based on yellow flint materials from 
Mexico, Cuba, the Dominican 
Republic, Colombia, Argentina, 
Ecuador, Costa Rica. Uruguay, St. 
Vincent, Guatemala, Surinam, and 
India. It is relatively tolerant to 
stunt. Selection emphasis is on 
improved shelling percentage and 
resistance to sugarcane borer, 

Pool 22 (Tropical Intermediate 
Yellow Dent)-This pool is made 
up of materials from Mexico, Cuba. 
the Dominican Republic. Antigua. 
Brazil, Peru, Ecuador, Argentina, 
Colombia, India, Puerto Rico, and 
several Central American countries. 
It has good yield potential and plant 
type and is being improved for stalk 
rot resistance, 

Pool 23 (Tropical LaIte White 
Flint)-This pool is based on white 
flint selections from crosses among
materials from Mexico, Colombia, 
the Caribbean, Guatemala. Panama 
and other Central American 
countries, India, Thailand, and the 
Philippines. It is late maturing and 
has relatively short plants and 
excellent yield potential. Selection is 
being practiced for stalk rot 
resistance, 

Pool 24 (Tropical Late White 
DentJ-This gene pool is based 
mainly on Tuxpefio germplasm from 
Mexico but also contains some 
materials from Central America. It is 
being selected for increased 
resistance to fall armyworm 
(Spodopterafrugiperda J.E. Smith). 

Pool 25 (Tropical Late Yellow 
Fll-t!-This gcne pool, made up of 
materials from Mexico, Central 
America, the Caribbean, Ecuador, 
Colombia, and Argentina, is 
relatively tall and has good yield
potential. Selection is being 
practiced for ear rot resistance. 

Pool 26 (Tropical Late Yellow 
Dent)-This pool is made up mainly 
of materials from Central America,
Mexico, Asia, Colombia, and the 
Caribbean. It also contains a small 
amount of germplasm from the US 
Corn Belt. The pool is tall and 
relatively tolerant to stunt and has 
good yield potential. It is being
selected for fall armywonn 
resistance. 

Pool 27 (Temperate Early White 
Flint)-This subtropical pool is 
made up mainly of materials from 
Pakistan but also contains 
germplasm from the USA, China, 
Lebanon, and several European
countrip . It is variable in plant type 
and other agronomic characters but 
has good yield potential. Selection is 
being practiced for tolerance to high 
density and for resistance to ear and 
stalk rots and leaf diseases, 

Pool 28 (Subtropical Early White 
Dent)-This pool is based on white 
dent selections from crosses between 
white flint materials from Pakistan 
and yellow flint and dent materials 
from Europe, China, Lebanon, 
Mexico, Guatemala, and the US 
Corn Belt. Since it has undergone 
only a few cycles of selection, the 
pool is more variable than some 
older pools. It i3 early maturing and 
has good yield potential. Selection is 
being practiced for tolerance to high
density and fc. - resistance to ear and 
stalk rots and leaf diseases, 

Pool 29 (Temperate Early Yellow 
Fllnt)-This pool is based on 
materials from Europe, Lebanon, the 
US Corn Belt, China, Pakistan,
Indonesia, and South America. It 
has excellent plant type and yield 
potential and is being improved for 
tolerance to high density and for 
resistance to ear and stalk rots and 
leaf diseases. 

Pool 30 (Temperate Early Yellow 
Dcnt)-This prol consists of 
materials from Europe, China, 
Lebanon, Mexico, South America, 
and the US Corn Belt. It is early 
maturing and has good plant type 
and yield. The pool is being 
improved for tolerance to high 
density and for resistance to ear and 
stalk rots and leaf diseases. 

Pool 31 (Temperate Intermediate
White Flint)-This pool is based on 
white flint segregates from crosses 
among materials from Mexico, the 
US Corn Belt, Brazil, Uruguay, 
Argentina, China, Pakistan, 
Yugoslavia, Lebanon, Guatemala. 
Venezuela, Peru, Cuba, Antigua. and 
the Dominican Republic. It is
 
relatively uniform in plant height
 
and maturity and has good yield
 
potential. It is being improved for
 
resistance to leaf diseases and ear
 
and stalk rots.
 

Pool 32 (Tem-perate Intermediate 
White Dent)-This pool has the
 
same gene base as Pool 31 but is
 
better in plant type and yield and
 
has deep white dent Kernels. It is
 
being selected for resistance to the
 
southwestern 
corn borer, Dlatraea
 
grandiosella (Dyar).
 

Pool 33 (Temperate Intermediate 
Yellow Flint)-This pool is 
essentially the same as Pool 31,
 
except that t has yellow-orange flint
 
kernels. The pool is being selected
 
for resistance to ear rot, stalk rot,
 
and leaf diseases.
 

Pool .14 (Temperate Intermediate 
Yellow Dent)-This pool is made 
up of crosses among Mexican 
lowland and highland materials and 
germplasm from the US Corn Belt, 
southern USA, Yugoslavia, Hungary. 
China, Lebanon, Guatemala, 
Honduras, Chile, Antigua, Cuba, the 
Dominican Republic, Peru, and 
Pakistan. It has a short plant type, 

well-placed ears, and good yield 
potential. Selection is being 
practiced for resistance to ear and 
stalk rots and leaf diseases. 
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Pool 39 (STR, southern 
temperate region)-This pool is 
based on germplasm from tropical 
(both lowland and highland), 
subtropical, and temperate areas of 
Mexico, Pakistan, the USA, Africa, 
Central America, the Caribbean. and 
Bolivia. It is designed to serve 
winter maize-growing areas in the 
tropics and subtropics and low-
latitude temperate areas (340 to 400 
N and S). Selection is being 
practiced for earliness and 
resistance to leaf diseases and ear 
and stalk rots. 

Pool 40 (ITR, intermediate 
temperate region)-Based on 
materials from Bulgaria, Spain, 
Hungary. France, Turkey, 
Yugoslavia, Pa)-istan, Poland, and 
West Germany, this pool is designed 
to serve maize growing areas in the 
intermediate temperate range (400 
to 461 N and S latitude) and the 
winter maize-growing areas of the 
tropics and subtropics. Selection is 
practiced for the same traits as in 
Pool 41. 

Pool 41 (NTR-1, northern 
temperate region)-This pool is 
based primarily on US germplasm 
but also includes materials from 
China, Korea, and Lebanon. It is 
designed to serve maize-growing 
areas 461 to 520 N and S of the 
equator and may also be useful in 
winter maize-growing areas of lower 
latitudes. Selection is being 
practiced for early maturity, cold 
tolerance, and resistance to leaf 
diseases and ear and stalk rots. 

Pool 42 (NTR-2, northern 
temperate region)-This gene pool 
is the result of an effort to introduce 
tropical germplasm into temperate 
areas. The pool is being handled in 
cooperation with the University of 
Hohenheim, West Germany. It is 
based on germplasm from Mexico, 
Peru, Bolivia, Pakistan, China, 
Hungary, the USA, and Yemen. 
Selection is being practiced for 
earliness, standability, cold 
tolerance, and resistance to leaf 
diseases. 

Quality Protein Maize 
The quality protein maize (QPM) 
gene pools being improved by the 
CIMMYT Maize Program are listed 
below along with the components of 
each pool. For comments on the 
improvement of these materials, see 
the section of this report entitled 
'Quality Protein Maize 
Improvement." 

Pool 15 QPM (Tropical Early 
Wblte Flint QPM)-Early maturing 
families from the populations 
Tuxpefio-I QPM, Mezela Tropical 
Blanca QPM, Blanco Cristalino-I 
QPM, (Mix. I x Colima group 1) x 
ETO QPM, Tuxpefio Caribe 9PM, 
and La Posta QPM plus Blanco 
Cristalino-2 QPM, Poo! 16 QPM, and 
Pool 20 QPM. 

Pool 17 9PM (Tropical Early 
Yellow Flint QPM)-Amarillo 
Cristalino-2 9PM, flint families from 
Antigua x Repfiblica Dominicana 
9PM, Mezcla Amarilla QPM, and 
phyllacora-resistant selections from 
Amarillo Cristalino-2 QPM. 

Pool 18 QPM (Tropical Early 
Yellow Dent QPM)-Antigua x 
Repfiblica Dominicana QPM; early 
maturing, dent families from 
Amarillo Cristalino-2 9PM; Mezcla 
Amarilla 9PM; and Amarillo 
Dentado 9PM. 

Pool 23 QPM (Tropical Late 
White Flint QPM)-White flint 
9PM pool; white flint QPM families 
from the populations Tuxpefio-l 
QPM, Mezcla Tropical Blanca QPM, 
Tuxpefto Caribe QPM, and La Posta 
QPM: Pool 23 9PM; and phyllacora
resistant families from White Flint 
QPM pool. 

Pool 24 QPM (Tropical Late 
White Dent QPM)-Tropical White 
Dent QPM pool, dent QPM families 
from Pool 23 QPM, and phyllacora
res!stant families from Tropical 
White Dent QPM pool. 

Pool 25 QPM (Tropical Late 
Yellow Flint QPM)-Tropical 
Yellow Flint QPM pool, Amarillo 
Cristalino-1 QPM, and phyllacora
resistant families from Tropical 
Yellow Flint QPM pool. 

Pool 26 QPM (Tropical Late
 
Yellow Dent QPM)-Tropical
 
Yellow Dent QPM pool, Amarillo
 
Dentado QPM, and phyllacora
resistant families from Tropical
 
Yellow Dent QPM pool.
 

Pool 27 QPM (Subtropical Early 
White Flint APM)-Pool 27 QPM
 
and early maturing, white flint
 
families from Blanco Subtropical
 
QPM and Pool 31 QPM.
 

Pool 29 QPM (Subtropical Early 
Yellow Flint QPM)-Templado 
Amarillo Cristalino-2 9PM and early 
maturing, yellow flint families from 
Amarillo Subtropical 9PM, Amarillo 
Bajio QPM, Pool 33 QPM, and 
Compuesto de Hungria QPM. 

Pool 31 QPM (Subtropical
 
Intermediate White Flint QPM)-

Flint families from Temperate White 
QPM. 

?ool 32 QPM (Subtropical
 
Intermediate White Dent QPM)-

Dent families from Temperate White 
9PM and Blanco Subtropical QPM 
and Pool 31 QPM. 

Pool 33 QPM (Subtropical 
Intermediate Yellow Flint 
QPM)-Flint families from 
Temperate x Tropical QPM, Amarillo 
Bajfo 9PM. and Pool 34 QPM. 

Pool 34 QPM (Subtropical 
Intermediate Yellow Dent 
QPM)-Dent families from 
Temperate x Tropical QPM and Pool 
33 QPM; Amarillo Subtropical QPM; 
and ETO x Illinois QPM. 
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Appendix 2: Maize Populations
 

The normal and quality protein 

maize (QPM) populations being

improved at CIMMYT are 
listed 
below, with information about their 
components and principal features. 
For further information on the 
improvement and testing of these 
materials, refer to the sections of 
this report entitled "Population 
Improvement" and "Quality Protein 
Maize Improvement" and to the 
reports of the Center's international 
maize testing program. 

Population 21 (Tuxpefio-1)
Components-Tuxpeho race 

collections Veracruz 48, Veracruz 

143, Veracruz 174, Michoacan 137,
Michoacan 166, V-520C, and Colima 
group 1 x Mix. 1 and 16 families 

from Pool 24. 


Description-This tropical lowland,
late-maturing, white dent population
has excellent standability and a 
relatively short plant type. It is fairly
tolerant to most foliar diseases and 
performs well in many areas of the
lowland tropics. Since 1977 it has 

been undergoing improvement for 

resistance to fall armyworm. 


Countries where progeny tests were 

conducted: 


1 9 8 3-boperenda (Bolivia), Poza 
Rica (Mexico), and Rattray-Arnold
(Zimbabwe). 

Population 22 
(Mezcla Tropical Blanco)
Components-Tuxpefio, ETO 
blanco (Experimental Tulio Ospina,
Medellin, Colombia), Antigua group
2 white selection, (Colima group 1 x 
Mix. 1) x ETO, Pflster hybrids, 
Compuesto Centro Americano, 
Lineas de El Salvador, V-520C, 
Nicarillo selecci6n blanca, and 13 
families from Pool 24. 

Description-This tropical lowland, 
late-maturing, white dent-semident 
population has a very broad genetic 
base and has performed well in the 
tropial regions of Mexico, Central 
America, northern South America, 
East and West Africa, and India. 
Since 1980 it has been selected for 
downy mildew resistance by 
Thailand's national program under 
the coordination of CIMMYT's Asia 
maize regional program. 

Countries where progeny tests were 
conducted: 

1982-U.P. Los Bafios (the 
Philippines), Maracay (Venezuela),
Alajuela (Costa Rica), Los Diamantes 
(Costa Rica), Rattray-Arnold 
(Zimbabwe), and Suwan (Thailand). 

Population 23

(Blanco Cristalino-1) 

Components-White segregates

from Mezcla Amarilla, Antigua x 

Tipos Cubanos, and Antigua 
x 
Cupurico plus Poblaci6n Cristalina x
Tuxpefto, Cuba 20, Granada 9D,
CWF, Nicaragua syn. II, Harinoso de 
Ocho, and seven families from Pool 
23. 

Description-This tropical lowland, 
intermediate-maturity, whitesemflint population has relatively 
short plant height and less foliage
than many tropical materials. It is 
suitable for the lowland tropics ofMexico, Central America, northern 
South America, West Africa, and
Southeast Asia. It is being improved 
for resistance to sugarcane borer. 

Countries where progeny tests were 
conducted: 

1 9 82-Palmira (Colombia), Poza 
Rica (Mexico), Bouake (Ivory Coast). 

Popuiation 24
 
(Antigua-Veracruz 181)

Components-Tuxpeflo race
 
collection Veracruz 
181 and Antigua
Group 2 (Antigua collections ID to 
8D). Description-This lowland 
tropical, late-maturing, yellow 
semident population is medium in 
plant height and has performed well 
in the lowland tropics of South 
America, Central America, Mexico,
southern Africa, and Southeast Asia. 
It is being improved for resistance to 
fall armyworm. 

Countries where progeny tests were 
conducted: 

1 9 8 2 -Capinopolis (Brazil),
Pichilingue (Ecuador), Piura (Peru),
Poza Rica (Mexico), Guarare 
(Panama), and Suwan (Thailand). 

Population 25
 
(Blanco Cristallno-3)
 
Components-One hundred families 
from cycle 14 of Pool 23. 

D. cription-This tropical lowland,
late-maturing, white flint population
is medium in plant height. During
 
selection emphasis is placed 
on stalk
rot resistance and uniformity of
 
plant type.
 

Population 26 (Mezcla AmariDa) 
Components-Tuxpeflo Cuban
 
flints, Antigua, ETO amarillo, some
 
Corn Belt x Tupefto crosses, and22 families from Pool 21. 

Description-This tropical lowland, 
intermediate-maturity, yelirw
semiflint population has relatively
short plants and has performed well 
in the tropical lowlands of South 
America and parts of Asia. In 
selection emphasis is placed on 
earliness and ear rot resistance. 
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Countries where progeny tests were 
conducted: 

1983-Iboperenda (Bolivia), Piura 
(Peru). Guanacaste (Costa Rica), 
Poza Rica (Mexico), and 
Ferkessedougou (Ivory Coast). 

Population 27 
(Amarillo Cristalino-1) 
Components-Tuxpeflo, Cuban 
flints, ETO amarillo, und 15 families 
from Pool 25 

Description-This tropical lowland. 
intermediate- to late-maturing, 
yellow flint is medium in plant 
height and has performed well in 
the lowland tropics of South 
America, the Caribbean, India, and 
Southeast Asia. It is being improved 
for borer resistance. 

Countries where progeny tests were 
conducted: 

1982-U.P. Los Banos (the 
Philippines), Jardinopolis (Brazil), 
Pichilingue (Ecuador), Alajuela 
(Costa Rica), Poza Rica (Mexico), and 
Coimbatore (India). 

Population 28 (Amarillo Dentado) 
Components-Tuxpeflo, Caribbean 
and Brazilian germplasm, ETO 
amarillo, and iiine families from 
Pool 26. 

Description-This tropical lowland, 
late-maturing, yellow dent 
population has relatively tall plants 
and high yield potential. It has 
performed well in the tropical 
lowlands of Mexico, Central 
America, South America, and parts 
of Asia. The population has 
undergone four cycles of 
improvement with international 
progeny testing, during which 

special attention has been given to 
reduction in plant height. Since 
1980-81 it has been undergoing
improvement for downy mildew 
resistance by Thailand's national 
program under the coordination of 
CIMMYT's Asia regional maize 
program. 

Countries where progeny tests were 
conducted: 

1983-boperenda (Bolivia), Guarare 
(Panama), San Cristobal (Dominican
Republic), Farako-Ba (Burkina Faso).
and Suwan (Thailand). 

Population 29 (Tuxpefio Caribe) 
Components-Tuxpeflo, Cuban 
flints, and ETO. 

Description-The high yield 
potential of this tropical lowland,
late-maturing, white dent population 
has been demonstrated in Mexico, 
Central America, Egypt, and parts of 
Africa and Asia. In selection 
emphasis has been placed on 
reduced plant height. 

Countries where progeny tests were 
conducted: 

1983-Capinopolis (Brazil), Maracay
(Venezuela), Alajuela (Costa Rica). 
Poza Rica (Mexico), and Kaniama 
(Zaire). 

Population 30 
(Blanco Cristalino-2) 
Components-Thrty-six families 
from cycle 8 of Cornpuesto Selecci6n 
Precoz (derived from the early 
fraction of all of CIMMYT's tropical, 
late-maturing populations), crosses 
of tropical x temperate materials, 
and 49 families from cycle 6 of Pool 
15. 

Description-This tropical/sub
tropical. eat-ly maturing, white flint 
population has relatively short 
plants and is being improved for 
earliness and ear rot resistance. 

Countries where progeny tests were 
conducted: 

19S3-Poza Rica (Mexico). Santa 
Rosa (Nicaragua), Sanguere 
(Cameroon), and Baka (Malawi). 

Population 31 
(Amarillo Cristalino-2) 
Components-Ninety-six families 
from cycle 8 of Compuesto Selecci6n 
Precoz (derived from the early 
fraction of all of CIMMYT's tropical,
late-maturing populations), crosses 
of tropical x temperate materials, 
and four families from cycle 6 of 
Pool 17. 

Description-This tropical/sub
tropical, early maturing, yellow flint 
to semiflint population has relatively
short plants. Since 1980 it has been 
undergoing selection for downy 
mildew resistance by Thailand's 
national maize program under the 
coordination of CIMMYT's Asia 
regional maize program. 

Countries where progeny tests were 
conducted: 

1983-Piura (Peru), Tocumen 
(Panama), Pirsabak (Pakistan), 
Muneng (Indonesia), and Suwan 
(Thailand). 
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Population 32 (ETO Blanco) 

Components-
 Eleven ears selected 
in Colombia from advanced crosses 
of Colombia 1 (Blanco Comun and 
Blanco de Urrao) and Venezuela 1 
(Cuban yellow flints) with 
germplasm from Argentina, Brazil,
Cuba, Mexico, Puerto Rico, the USA,
and Venezuela. The white 

segregates originated from ETO 

Blanco (or Diacol V-35 1). 


Description-This subtropical,

intermedisite-maturity, white flint 

population has a short plant type. It 
has been grown successfully in theAndean region (at elevations below 
1500 m asl), parts of West Africa,
Egypt, India, and Southeast Asia. Its 
performance in the lowland tropics 

has been improved considerably,

and it is currently being selected for 
ear rot resistance. Its excellent 
combining ability with Tuxpefio has 
long been recognized. 

Countries where progeny tests were 

conducted: 


1982-U.p. Los Bafios (the
Philippines), San Jer6nimo 
(Guatemala). Poza Rica (Mexico),
and Mandya (India). 

Population 33 
(Amarillo Subtropical) 
Components-Two hundred 
seventy-five half-sib families selected 
from cycle eight of recurrent 
selection in Pool 33 and yellow 
segregates from crosses of 
germplasm from Mexico, the US 
Corn Belt, Brazil, Uruguay,Argentina, China, Pakistan, 
Yugoslavia, Lebanon, Guatemala, 
Venezuela, Peru, Cuba, Antigua, andthe Dominican Republic. 

Description-This subtropical-
temperate, Intermediate-maturity, 
yellow flint population has a broad 
genetic base and medium to short 
plants. It is being improved for ear 
rot resistance. 

Countries whore progeny tests were 
conducted: 

1 9 8 2 -Chuquisaca (Bolivia), Ribeiro 
Preto (Brazil), Tialtizapan (Mexico),
Antalya (Turkey), and Potchefstroom
(South Africa). 

Population 34
(Blanco Subtropical) 
Components-Palu ng Valley white,
Synthetic 66, Pando. ETO blanco, 

Dwarf 1 tall, Poblac16n Cristalina, 

Tuxpefio Crema 
1, Dwarf 1 short,
PD(MS)6, Amarillo Peru, Sintdtico de 
10 lineas. 

Description-This subtropical, late-
maturing, white semident 
population has a broad genetic base 
and relatively tall plants. Its high 
yield potential has been 
demonstrated in Pakistan, parts of

India, southern Brazil, and 

subtropical regions of Mexico. 
It has 
undergone four cycles of selection 
with international progeny testing,

during which emphasis has been 

placed on reduction of plant height. 

Countries where progeny tests were 
conducted: 

198 3 -Tlaltzapin (Mexico), Sakha 
(Egypt), and Babungo (Cameroon). 

Population 35 
(Antigua-Repfiblica Dominicana) 
Components--Republica
Dominicana groups 2, 3, 7, 8, 9, and 
15 crossed with Antigua group 2 
(Antigua collections ID to 8D). 

Description-This tropical lowland, 
intermediate-maturity, yellow dent 
population has a short plant type
and is tolerant to corn stunt. It 
performs well in Me7:ico, Central 
America, the Caribbean, and 
lowland tropical regions of South 
America, West Africa, parts of South 
Africa, Pakistan, India, and southern 
Africa. Currently, the population is 
being improved for stalk quality and 
standability. 

Countries where progeny tests were 
conducted: 

1 9 8 2 -Capinopolis (Brazil), Piura 
(Peru), Poza Rica (Mexico), Tocumen 
(Panama), Bouake (Ivory Coast), and 
Muneng (Indonesia). 

Population 36 (Cogollero) 
Components-Caribbean Composite
involving 165 accessions from the 
Caribbean islands, about 50 families 
from IDRN population, 20 families
from Pool 22 (Tropical Intermediate 
Yellow Dent), and 26 families from 
Pool 26. 

Description-This lowland tropical,
intermediate- to late-maturing,
yellow semident population has tall 
plants and a broad genetic base. It
has performed well In Central 
America, the lowland tropics of 
South America, and parts of Africa. 
It has undergone four cycles of 
Improvement with international 
progeny testing, and emphasis has 
been placed oii reduction of plant
height during selection. 

Countries where progeny tests were 
conducted: 

1 9 8 3-Jardnopolis (Brazil), Plura 
(Peru), Poza Rica (Mexico), Tocumen 
(Panama), and Ferkessedougou 
(Ivory Coast). 
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Population 42 (ETO-Illinols) 
Components-Population 32 plus 7 
US Corn Belt Inbred lines resistant 
to common rusi. (Pucciniasorghi) 
and 18 US Corn Belt lines resistant 
to turcicuin leaf blight 
(Helininthospopriumturcicutn) used 
as differentials in worldwide 
evaluations, 

Description-This lae-nmaturing, 
white semldent population is 
adapted to subtropical to cooler 
areas, possesses resistance (major 
genes) to P. sorghi and H. turcicuin, 
and has performed well in the 
highlands of Africa. In selection 
emphasis is placed on reduced plant 
height and uniformity for white 
grain. 

Countries wherc progeny lests were 
conducted: 

1983-Ibopereinda (Bolivia), Ponta 
Grossa (Brazil), Tlaltizapin (Mexico),
Lambo (Tanzania), and Delhi (India). 

Population 43 (La Posta) 
Components-Tuxpefio synthetic 
composed of 16 inbred lines. 
Description-This tropical lowland, 
late-maturing, white dent population 
has tall plants and has shown high 
yield potential in lowland areas of 
South America, Central America, 
and Mexico, in the humid tropics of 
West and Central Africa, and in 
parts of East Africa. It is being 
selected for reduced plant height 
and streak resistance in Nigeria 
under an IITA/CIMMYT cooperative 
program. 

Countries where progeny tests were 
conducted: 

1982-Catacamas (Honduras), 
Ciudad Obreg6n (Mexico), Santa 
Rosa (Nicaragua), Bouake (Ivory 
Coast), Ikenne (Nigeria), Rattray-
Arnold (Zimbabwe), and Suwan 
(Thailand). 

Population 44 (AED-Tuxpefmo) 
Components-American Early Dent 
(obtained from Egypt) and Tuxpefio 
(see components of Population 21). 

Description-This late-maturing, 
white dent population has fairly tall 
plants and is capable of very high 
yields under favorable conditions. It 
has performed well in Egypt,
Turkey. the highlands of Africa, and 
during the winter in India and 
Pakistan. In selection emphasis is 
placed on reduced plant height. 

Countries where progeny tests were 
conducted: 

1982-Tlaltizaprin (Mexico), Sids 
(Egypt), Chited7e (Malawi), and 
Rattray-Arnold (Zimbabwe). 

Population 45 (Amarillo Bajio) 
Components-Inbred lines from 
Purdue University (USA); USl3: 
Pfizer hybrids 347, 381, 383, 409, 
and 418: Hixanth; CBC Nebraska; 
Iowa stiff stalk synthetic; Tuxpeflo: 
Cuban flints: Puerto Rico composite: 
and collections from the Dominican 
Republic. 

Description-This subtropical-
temperate, intermediate-maturity, 
yellow dent population has a broad 
germplasm base. In selection 
emphasis is placed on reduction of 
plant height. 

Countries where progeny tests were 
conducted: 

1982-Chuquisaca (Bolivia), 
Capinopolis (Brazil), Tlaltlzap.n 
(Mexico), Sids (Egypt), Hyderabad 
(India), and Islamabad (Pakistan). 

Population 46 (Templado 
Amarillo Cristalino) 
Components-Two hundred forty 
half-sib families from the fourth 
cycle of selection in Pool 29. 

Description-This subtropical. 
temperate, early maturing, yellow 
flint population has a broad genetic 
base and has performed well in Asia 
and South America. It is being 
improved for uniformity of plant 
type and maturity. Emphasis is also 
placed on stalk rot resistance during 
selection. 

Countries where progeny tests were 
conducted: 

1983-boperenda (Bolivia), Cruz 
Alta (Brazil), Tlaltizap.n (Mexico), 
Delhi (India), and Islamabad 
(Pakistan). 

Population 47 
(Templado Blanco Dentado-2) 
Components-Two hundred 
seventy-six half-sib families from the 
eighth cycle of selection in Pool 32 
(Temperate Intermediate White 
Dent). 

Description-This temperate
subtropical, intermediate-maturity, 
white dent population has a short 
plant type and high yield potential. 
It has performed well in Asia and 
Africa and is being selected for 
resistance to southwestern corn 
borer. 

Countries where progeny tests were 
conducted: 

1982--Tlaltizapan (Mexico), 
Potchefstroom (South Africa), and 
Udaipur (India). 

Population 48 
(Compuesto de Hungria) 
Components-Materials from the 
US Corn Belt and southern Europe 
and 54 half-sib families from Pool 
30. 
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Description-This early maturing,
yellow dent material has shown 
good yield potential in temperate
regions, such as the Black Sea coast 
of Turkey, and has performed well 
as a winter crop in other areas. In 
selection emphasis is placed on 
resistance to leaf diseases and ear 
rots. 

Countries where progeny tests were 
condticted: 

1 9 8 2-Ponta Grossa (Brazil),
Tlaltizapdn (Mexico), Adapazari 

(Turkey), and Pirsabak (Pakistan). 


Population 49 (Blanco Dentado-2)
Components-nitial selection of
240 full-sib families from cycle 17 of 
Tuxpefio Crema I (see components
of Population 21). 

Description-The plant height of 

this lowland tropical-subtropical, 

intermediate-maturity, white dent 

population, has been considerably
reduced, and it has been made 

earlier than the genetically related 

Population 21. 


Countries where progeny tests were 

conducted: 

1 983-Poza Rica (Mexico), Masaya

(Nicaragua), Sekou (Benin), Fumesua

(Ghana), Ilonga (Tanzania), and 

Rattray-Arnold (Zimbabwe). 


Population 61 

(Early Yello--v Flint QPM)
Components-Selecci6n 
 Precoz
QPM, Pool 17 OPM, and Amarillo 
Cristalino-2 QPM. 

Description-Tropical, early
maturing, yellow flint. 

Population 62 (White Flint QPM)
Components-White QPM (old QPM
Population 40). 

Description-Tropical, late

maturing, white fllnt-semiflint. 


Countries where progeny tests were 
conducted: 

1983-U.P. Los Baflos (the

Philippines), Palmira (Colombia), 

Poza Rica (Mexico), and Kindia

(Guinea). 

Population 63 
(Blanco Dentado-L QPM)

Components-Tuxpefio-I 
 QPM, La
Posta QPM, and Pool 24 QPM

(Tropical Late White Dent QPM). 


Description-Tropical, late 

maturing, white dent. 


Countries where progeny tests were 
conducted: 


19 8 3-Alajuela (Costa Rica), La 

M.qulna (Guatemala), San Jer6nimo 

(Guatemala), Las Acacias
 
(Honduras), Poza Rica (Mexico), and
Suwan (Thailand). 


Population 64 

(Blanco Dentado-2 QPM) 

Components-Tuxpeho Caribe QPM

and Mezcla Tropical Blanca QPM. 


Description-Tropical, late
 
maturing, white dent. 


Population 65 (Yellow Flint QPM)

Components-QpM families from 

Yellow Flint QPM pool, along with
 
Yellow QPM (old QPM Population

39). 

Description-Tropical, late 
maturing, yellow flint. 

Countries where progeny tests were 
conducted: 

1983-El Vallecito (Bolivia), Palmira 
(Colombia), La Molina (Peru), Poza 
Rica (Mexico), Guarare (Panama),
and Ilonga (Tanzania). 

Population 66 (Yellow Dent QPM)
Components-QPM families from

Yellow Dent QPM pool, along with
 
Amarillo Dentado QPM.
 

Descriptlon-Trop;cal, late maturing,
yellow dent. 

Population 67
 
(Templado Blanco Cristali..:o QPM)

Components-Pool 31 QPM and
 
Blanco Subtropical QPM.
 

Description -Subtropical,
intermediate r -.urity, white flint. 

Population 68
 
(Templado Blanco Dentado QPM)

Components-Templado Blanco
 
Dentado QPM and Temperate White
 
QPM.
 

Description-Subtropical,
 
intermediate maturity, white dent.
 

Population 69
(Templado Amarillo QPM) 
Components-Templado AmarilloQPM (old Population 41) and Pool 33
QPM. 

Description-Subtropical, 
intermediate maturity, yellow flint. 

Countries where progeny tests were 
conducted: 

19 8S-Tlaltizap.n (Mexico). 

Population 70 (Templado
Amarillo Dentado QPM)
Components-Pool 34 QPM and 
QPM families from Temperate x 
Tropical QPM (HO) C4. 

Description-Subtropical, 
intermediate maturity, yellow dent. 
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Appendix 3: Use of CIMMYT Maize Germplasm by

National Programs (as of 1983)
 

Information about the use of CIMMYT germplasm in national maize research programs is not always easy toobtain, and the Maize Program does not expend a great deal of effort in trying to do so. For those reasons, the
following list is not an exhaustive one. 

Basic germplasm Specific material Name given by
national program 

Benin 
La Posta Poza Rica 7843 (SR) Poza Rica 7843 (SR) 

Bolivia 
Amarillo Dentado Poza Rica 7528 CIAT V105
Tuxpefio 02 Tuxpefio 02 
Suwan 1 DMR Suwan Saavedra Suwan Saavedra 

Brazil 
Amarillo Bajio-Varios Templados EMPASC 151-CONDASuwan-1 DMR EMPASC 152 Oeste 

Burma 
Mezcla Tropical Blan~a TlaltizapAn 7322
Amarillo Cristalino-1 Satipo (1) 7627 Golden Yellow 3Amarillo Dentado La Calera (1) 7728 Golden Yellow 1Cogollero Petrolina 7736 Golden Yellow 2Indonesia Early x Suwan I Shewewe 4Antigua-Republica Dominicana Across 7835 Shewewe 8Amarillo Cristalino-2 Pi hilinguc 7931 Shewewe 9 

Cameroon 
Tuxpeflo C7 Tuxpeflo C7 TZPB 

China 
Tuxpeifio- 1 Tuxpeho- I Mexican white-94
 
Tuxpefio.1 Tuxpeflo Planta Baja C15 
 Mexican white-1 

Colombia 
Tuxpefio- 1 Tuxpefio C15 ICA V155Tuxpefio- I Tuxpeho C14 ICA V156Tuxpefio Plapta Baja x ETO BI - ICA H353
Braquitico Braquiticos ICA V258La Posta La Posta PATIA-1
Mix (EVTL3 1979) Varios ICA V-109 
Cacahuacintle 431 x 
Cundinamarca 431 ICA H556 

Costa Rica 
Tuxpefto- I Tuxpefto- 1 Tico V-IMezela Amarilla Mezcla Amarilla Tico V-2 (Amarillo)Mezcla Amarilla Mezcla Amarilla x Tuxpefho Planta Baja To be givenMezcla Amarilla Mezcla Amarilla Tico V-5 (Blanca) 

Dominican Republic
Amarillo Cristalino-I La Mdquina 7827 CESDA 27Amarillo Dentado Across 7728 CESDA 28Cogollero Across 7736 CESDA 36 

Ecuador
 
Antigua-Veracruz 181 Santa Rosa 7624 INIAP-527
Amarillo Dentado San Andrcs 7528 INIAP-526Pool I Compuesto Caca-huacintle INIAP-101Highland Population 4 BA 8104 INIAP-130 
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Basic germplasm 

Egypt
Tuxpefio-I and La Posta 

El Salvador 
Tuxpeio- 1 

Tuxpefio-I 

La Posta 


Ghana 
Amarillo Cristalino-2 

La Posta 


Guatemala 
Tuxpefio-1 

Tuxpefio- 1 

Mezcla Tropical Blanca 

Amarilo Dentado 

Blanco Cristalino-2 

Amarillo Cristalino-2 

Tuxpefio-1 x ETO Blanco 

Mezcla Tropical Blanca and 

Tuxpeho Caribe 


Tuxpefio Caribe, 

Blanco Cristalino-1, and 

La Posta 


Mezcla Tropical Blanca and 

Tuxpefio- 1 


Mezcla Tropical Blanca 

Blanco Cristalino-1 (male) x 

ICTA B-I x ETO Blanco (female) 

ICTA A-2 x Amarillo Cristalino-! 
(male) x Amarillo Dentado (female) 

Pool 21 x Antigua-Veracruz 181 

(femaic) x Mezcla Amarilla (male)


La Posta 


Haiti 
Amarillo Cristalino-I 
Amarillo Cristalino-I 
Amarillo Dentado 

Honduras

Tuxpefio-1 
Tuxpefno- I 

Mezcla Tropical Blanca 
Amarillo Dentado 
Blanco Cristalino-2 
Amarillo Cristalino-2 
La Posta 

Specific material 

CIMMYT populations x 
Egyptian local materials 

Tuxpeflo- I 

ICTA B3 

La Posta 


Tocuman (1) 7931
 
Ejura (1) 7843
 

Tuxpefio-1 

Tuxpefto- 1 

La Mdquina 7422 

La M.quina 7928 

Blanco Cristalino-2 

Amarillo Cristalino-2 

Tuxpefio-1 x ETO Blanco 

Family 100 of Population 22 
Family 5 of Population 29 
Family of Population
 
Family of Population

Family of Population 

Family of Population 

Family of Population 

Family of Population
 

Family of Population
 
Family of Population

Pool 21
 
Mezcla Amarilla 

La Mdquina 7843 


Poza Rica 7427 
La Mdquina 7827 
Tocumen 7428 

Tuxpefio-1 C17 
Tuxpeflo- 1 
Tuxpefio (several)
La MAquina 7422 
Tocumen 7428 
Blanco Cristalino-2 
Amarillo Cristalino-2 
Tlaltizap~n 7443 

Name given by
national program 

Geiza 2 EV 2 

H-8 (female parent)
 
CENTA M3-B
 
CENTA MI-B
 

ICTA B-I
 
ICTA B-3
 
La Mquina
 
ICTA A-6
 
ICTA B-5 (Blanca)
 
ICTA A-4 (Amarillo)
 
ICTA T-101
 

HB67 

HB-33, HB69, and HB65 

HB- 11 (male)
 
H-10 (male)
 

HB-19 

HA-28 

HA-44
 
La Mdquina
 

Carolina 
La Mdquina 7827 
Tocumen 7428 

Hondurefto Planta Baja 
Honduras B-104 
Sintctlco Tuxpefio Hondurefio 
Guaymas B-101 
Guaymas A-501 
Honduras B-103 (Blanca)
 
Honduras A-502 (Amarilla) 
Guayape B-102 
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Basic germplasm 

India 
Tuxpefio-1 

AED-Tuxpefio 


Ivory Coast
 
Tuxpeflo- 1 

Mezcla Tropical Blanca 

Tilxpefio-Caribe 

Antigua Repfiblica Dominicana 
Tuxpeflo-Caribe 

Tuxpefio 

Lesotho
 
Pool4 

Pools 1, 2, and 9 


Mexiro 
Tuxpefio- 1 

Mezcla Tropical Blanca 

Tuxpefio-Caribe 

La Posta 

Blanco Dentado-2 

Pool 19 

La Posta 


Nepal

Blanco Subtropical 

UNCAC 242 x Pichilingue 


Nicaragua 
Tuxpefio- 1 

Mezcla Tropical Blanca 

Mezcla Tropical Blanca 

Blanco Cristalino-2 
La Posta 

Nigeria 
Tuxpefto-C7 

Pakistan 
Blanco Subtropical 
Amarillo Bajio 

Panama 
Amarillo Dentado 
Amarillo Dentado 

Specific material 

Tuxpefio-1 

Sids 7444 


Tuxpefio- 1 

La Maquina 7422 

Poza Rica 7529 

Ferke (1) 7635 

Poza Rica 7429 x
 
(M162W x M164W)


Tuxpeflo Brachytic 2 x 

(M162 W x M164W)
 

Highland early yellow flint 

Tuxpefio- 1 

Poza Rica 7822 

Tuxpeflo-Caribe 

La Posta 

Blanco Dent-do-2 

Tropical Ir .rmediate White Flint 

Poza Rica 7843 


Rampur 7434 

DMR-Amarillo 59 


Tuxpefio- 1 

La Mdquina 7422 

Poza Rica 7822 

Jutiali. 7930 

La MAquina 7843 


Tuxpeflo-C7 

Pirsabak 7734 

Yousafwala 7845 


Tocumen 7428 

Acros 7728 


Name given by 
nationel program 

Pathari Makka (male) 
Lakshami 

Tuxpefio- 1
 
La Miquina 7422
 
Poza Rica 7529
 
Ferke (1) 7635
 

[RAT 178
 
IRAT 81
 

Pool4 
Pools 1, 2, and 9
 

V 524
 
V 455
 
V 454
 
VS 525
 
V 424
 
V 425
 
V 526
 

Janaki 
ARUN 2
 

NB-I
 
NB-3
 
NB-4
 
NB-100
 
NB-5
 

TZPB 

Kashmir Muniya 
Kashmir Gold 

Tocumen 7428
 
Across 7728
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Basic germplasm 

Peru
Amarillo Dentado 

Amarillo Dentado 

Amarillo Dentado 

Tuxpefto-Caribe Yellow 

Mezc!a Amarilla x Cogollero

Highland Early White Floury 

Highland Early White Floury

Highland Early White Floury

Highland Early White Floury 

Highland Early Yellow Floury x
 

X'arios 

Highland Late Yellow Floury x
Varios 

Highland Early Yellow Morocho x
Varios 

Philippines
Amarillo Dentado 

Cogollero 


Senegal

Antigua Reptiblica Dominicana 

Swaziland 
La Posta 


Tanzania
Tuxpefto- 1 

Tuxpeflo (50%) 

Blanco Cristalino-1 

Tuxpefto 

Turkey

Compuesto de Hungria 

Burkina Faso
Tropical Early White Dent 

Venezuela
Blanco Cristalino-1 

(Mix. 1 x Colima group 1) x ETO 

White H.E. 02 

Mezcla Tropical Blanca 

Amarillo Dentado 

La Posta 


Vie'nam
Tuxpefto C7 

Zaire
Tuxpefio- 1 CII 

Tuxpefio-1, (Mix. I x Cclima group


1). and ETO 
Tuxpefo-1 and ETO Blanco 
Tuxpeflo-1 and ETO Blanco 

Specific material 

Sete Lagoas 7728 

Across 7728 

Across 7728 and Ferke (1) 7928 

-
-
-

-

-


-

-Choclero 

EV from Population 28 x Suwan 1 

EV from Population 36 x Suwan 1 


Tocumen (1) 7835 


Across 7843
 

Tuxpefio-1 

EV 8076 

EV 8188 

EV 7992 


Across 7523 

Across 7425 

Across 7740 

Across 7822 

Obreg6n 7328 

Across 7V43 


Tuxperio-1 
Cross of these three populations with
Shaba Safi 
Tuxpeflo-1 x ETO 
(Tuxpefo.1I x ETO) x Shaba Sail 

Name given bynational program 

PMV 748
 
PMV 749
 
Marginal 28
 
PMC747
 
H 102
 
Cajamarca 101
 
Cuzco 101
 
Santa Ana 101
 
Mal Pao 101
 

301
 

Choclero 401
 

Morocho 501
 

SMC 101
 
SMC 102
 

Camara I
 

Tuxpefto
 
Staha
 
Kito
 
Ilisua
 

ADA 

Safita-2 

FUNIT 3
 
FOREMAIZ-2
 
FUNIT 2
 
FUNIT 5
 
FUNIT I
 
FUNIT 4
 

VM1 

Salongo II
 

PNM I
 
Kasai I
 
Shaba I
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