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r1.0: Introduction
 

Scientists in 45 countries throughout the world now participate directly in CIMMYT's international maize 
progeny, experimental variety and elite experimental variety trials. And, in 1975, CIMMYT staff visited 
over 40 of these nations in maize improvement roles designed to encourage further systematic testing - as 
field level counselors, helping with the management and analysis of trials, and in liason between agencies 
and countries. 

Field reports from these visits around the world show a remarkable similarity in some observations. Many 
countries, for example, have now developed advanced technology and materials sufficient to meet 
immediate maize requirements. But a host of barriers remain - and in the recounting of these problems, the 
field reports form a sort of "composite" of viewpoints from the developing countries. 

In the paragraphs below, we have merged many of these observations into a single hypothetical critique. We 
intend it as more than an exercise -with the hope that dedicated scientists around the globe can make a 
concentrated and systematic examination of these common restraints to maize production. 

CIMMYT does not presume to have the answers for such questions; however, the success of our continuing 
work with national maize improvement programs often hinges on the development of effective strategies to 
meet these challenges. 

In spite of recent record cereal crop production, " remains a tood grain importing country. 

Average yield per acre in_ is low - about equal to most countries that consider tiemselves part of 
the Third World. There has been no real change in yield per acre for about &8 years. 

It is safe to assume that there are 30 to 40 percent more people to feedin_______ than.tere were 7U. 
years ago. Increasing the area under production has increased total nationalproduction, bu atherecan'be 
very little, if any, further increase in the area of production. 

What, then, will be the food situation in 10 years hence? On the basis of tie past 10 years 
history, the future looks grim. 

Does __ _have the potential to greatly increase food grain production? [he answer as to oe yes 
absolutely. - has the farmers, the resources, and the technology to double food grain production 
on the acreage now used for thatpurpose. 

If _ has this production potential, then what are the constraints? Why has production not gone 
up? In our view, the current system will defy all efforts to increase production. There is a real need to stop 
and look at this system; to look at what has happened - more Important,what has not happened. 

As an example, a floor price was set for maize, and the government said the maize price would not fall 
below that price. Yet, the prevailing market price is below the floor price and there are large stocks of 
maize from the last crop still with the farmers. They cannot move the surplus. Where are the agencies that 
are to procure these crops? Obviously, present agencies are not adequately equipped, or motivated, or 
both, to meet the country's grain marketing need& 

It is examples like this that turn the farmeroff. He cannot - will not - invest or take higher risks when he 
cannot depend on a reliable price and the profitable removal ofhis crop at harvest. 



Associated with the good crops and inadequatemarkets is complacency on the part of the non-agricultural 
sector of the society. !.et there be a food shortageand again food production will become a crisis issue in 
the eyes of the non-agriculturists 

Can the policy makers not see that there must be a steady, progressive, and continuous policy that will 
encourage production in every way? Only if there is such a policy can the nation expect to lift and sustain 
itselfabove the burdening food import status 

What are some of the factors that might be taken into consideration? Marketing and storage are iotally 
Ihadequate to handle the needs of that part of the society that are not food producers Further, if produc 
tion were to double, as it certainly could, there would have to be a mechanism to handle millions of tons 
more grain than is marketed today. What agency is capable of this task? Isany such agency in existence? It 
seems doubtful that the private sector will come forward with the investnent necessary to deal in these 
large quantities. 

In fact, If the marketing is to be done by the government, then it can be successful only if put into the 
hands of a marketing company with the talents and freedom to operate.. Traditional government agencies 
can never be successful marketing units if operated through traditional government systems. 

Now, without surpluses, what would a marketing company market? By the same token, without a market 
to take in and absorb production, we cannot expect production to greatly increase. The greatest market 
expanding factor is freedom to export. Exportation of food grains requires facilities and efficientmanage. 
mnt. 

Extension of Technology 

We have noted that hac the technology to double agricultural production. This is a correct state. 
ment; however, there is a tremendous task of transferring that technology - getting it used. 

Let's look at extension. In reality, it is fair to say that thereis no extension service in_. What the 
"extension service" really does is to act as a marke ting agent for government commodities such as fertilizer, 
insecticides, sprayers, etc. They are not people who have the time or the skills to do true extension work. 
The functions they perform are iMportant, but they are not extending technology; this fact should be 
recognized and accepted. 

One very capable production agronomist in each district, with mobility and freedom to operate, could be a 
far more effective agent ofchange (the extension role) than the dozens ofpeople at the district level on the 
"extension payroll." The agronomist would also be less costly. 

Development of Technology 

If- has the technology to double produiction, should, the guw...10, ,.iI GUMIICIu (upLi jur( 
agricultural research? Yes and no. If the government does not take the necessary steps to assure that the 
present technology is put into use, then developing new or more technology has only prestige or "snob" 
value to the country. If the necessary changes are made to implement the technology available, then it is 
urgent that agricultural research continue to be supported. 

It seems only logical that there is also a need to rethink what agricultural research is all about. There is a 
need to put a brake on wasteful operations and greatly accelerate others 

Some of the factors limiting the quality of agricultural research are: quality of the staff, quality of the 
*experimental stations, and limitations of mobility of staff for moving out and conducting much of the 
needed research at the farm level. 



Administration Effects 

:All functionsof agriculture at the government level are handled in the traditional civil service system. Yet 
this system is too slow and cumbersome to deal with the needs of agriculture. If agricultural research and 
related functions are to reach a degree of efficiency that the coun try needs, then revolutionary changgs.will 
have to be made in the administrative system. 

Another stifling situatio is the system of promotiol As long as the seniority system operates, it is difficult 
to put the best person on the job. Promotion shouldbe based on the quality of work that a person does and 
the impact that this work can have on production. 

Further, there should be a system where a person can be promoted without changing crops emphasis In 
other words, the present system of promotion that forces a person to move from Assistant Botanist Wheat 
to Botanist Millets, for example, greatly lessens the possibility of any stability or continuity in the system. 

The whole system of employment and promotion must be changed if it is to capitalize on the talents of its 
agricultural research and production personnel. 

Summary 

has the potential to double food cropproduction on existing lands. The technology ;s available, 
but the overall system greatly hinders the Implementation of the production technology. 

Many agencies supposedly are operating to service agricultural production. Few, if any, are efficient; most 
ae quite ineffective. Many of these agencies have been overhauled constantly over the years. Yet in 1976 
they still do not work. 

Is it not time for to stop, look, think, and reorganize the total agricultural r.,search, production 
and marketing system into an effective operation with freedom for invention and imapgnation to work? 

in the following pages, the findings reported from collaborating maize programs reflect asteady advance in 
the technological aspects of production. Perhaps our most crucial future task will be shoulder-to-shoulder 
work with national program colleagues as they assess their overall agricultural production systems and 
desion faster delivery mechanisms to put proven technology to work in farmers' fields. 



2.0, Overview.o Maize Imnrovement Process: 

C1VIMYT's maize improvement work stresses varieties and practices that can be used in 

farmers' lelds in the newly dev "ping countries -- such fields comprise most of the world's maize 
.area;. and their yields are gene., .lUy the lowest. 

We have described the system that carries the flow of materials from the germplasm bank 

and introductions: through the "funnel" of development and testing, to the naming of elite varieties 
and use by national programs in demonstration trials and release as new varieties. (See 1973 Maize 

This maize improvement concept is now delivering progeny, experimentalImprovement Report). 

variety, and elite variety trip-s to national maize programs throughout the world. A brief resume of
 

this process is shown in the Appendix (page 63). In cooperating with these programs, the aim is to 
as a joint venture -- so that the new varieties or practices are testeddevelop appropriate technology 

as an integral part of the process of development and delivery to the countries. 

CIMMYT's maize improvement operations are built around two closely related concepts: 
(1) developing improved technology and (2) delivering the technology at the farm level in many coun
tries. Our research program cooperates directly with national programs providing practical in-ser
vice training for their young scient,'sts, at CIMMYT. We now work with scores of national programs: 

'(1) with formally constituted progranis involving public agencies such as ministries of agriculture, 
universities, and other organizations; (2) with private intcrests, such as seed companies, with inde
pendent groups or associations; and (3) with groups that have no formal designation. Our training 

use of improved practices under conditionsstresses on-the-farm experience, with instruction and 
that are found in the trainees' home countries. 

As noted, CIMMYT scientists try to look at the development of improved varieties through 
the eyes of the farmer-producer, anticipating the risks and potential benefits as the farmer sees 
them in making his crop planting decisions, The variety development program at CIMMYT attempts 
to provide the range of maturities, grain types, textures, and colors, that are needed to meet both 
the highland and lowland ecological conditions of tropical areas of the world. A constant stream of 
germplasm flows into the basic complexes from the CIMMYT germplasm bank, as well as from 
other bank resources, national programs, and wherever other sources of valuable traits may be 
identified. 

For convenience in the general management of the maize improvement process, the opera

tions of the maize program have been divided into several stages, with the two major divisions cane 
the Back-up Unit and the Advanced Unit. The Back-up Unit involves new introductions, testing of 
combinations, and building population complexes. The Advanced Unit is primarily the delivery vehicle 
into national programs. the materials are much more homogeneous and thus nearer commercial use. 
Simultaneous progeny evaluation at several sites provides a great deal :of information in the gradual 
improvement of populations, so that the testing of varieties is an intrinsic part of the development 
process. Immediate multiplication of materials can be done at any stage of development, with knowl
edge of the performance accumulated during the selection of the progenies over previous cycles. 



93.1 

.Advanced Unit Operations: 1975
 

INTERNATIONAL TESTING AND DISTRIBUTION - 1975 

International testing and distribution of the maize materials in CIMMYT's program involves 
three closely linked steps: (1) tests to identify populations or varieties most suitable for a, 
given location; (2) progeny trials of the identified varieties, and (3) recombination of superior prog
enies to form the experimental varieties (decided upon in collaboration with local programs that 
would use the variety for production). 

Population Numbers 

Advanced materials have been rssigned population numbers 21 through 48, inclusive. 
(Numbers 1 through 20 are reserved for experimental variety trials, bank entry evaluations, etc.) 
Progenies are being generated in Mexico during the winter (December-April) and grown in progeny 
trials during the surmner season, so that one cycle of selection is completed each year.(A small 
number of materials probably will be handled in alternate season of the year to provide the same 
service to locations on the other side of the equator). 

High Quality Protein Conversion 

Each advance population is simultaneously converted to its opaque-2 equivalent during the 
above process. A few rows of an opaque counterpart are planted adjacent to each advanced popula
tion: to be backcrossed to the parent population during the progeny generating cycle. These crosses 
are sib-mated during the progeny trial period in the summer, and the opaque-2 segregate kernels 
again planted adjacent to the recurrent parent for the next backcross. 

Companion Nurseries 

In the Companion Nurseries, at the CIMMYT sites in Mexico, two replications are devoteu 
to yield comparisons, and one replication each to diseases, insects, and agronomy high density:?/ 
plantings. When possible, all the materials are artificially inoculated with leaf diseases, stalk rots, 
and ear rots -- as well as infested with insects. Thus, the related supporting disciplines are involved 
in the routine of developing the improved populations as an integral part of the program. 

Elite Experimental Varieties 

Aj the experimental varieties are developed, they will be involved in another level of eval
uation to form Elite Experimental Varieties (ELV). These ELV's will be evaluated for the first 
time in 1976. Such testing provides for more precise comparisons of experimental varieties them
selves, and also provides a means for the identification of the most suitable materials for individual 
sites. The ELV's can be identified -- for use as commercial varieties at specific sites and for 
further study of their dependability of production over ranges of varied environments. As the ELV's 
are identified, immediate dn-farm trials are made to assess production potential. 

The progeny and varietal testings are conducted in conjunction with regional and national 
programs at cooperating sites. Such programs thus get a detailed look at each set of progenies and 
have available a series of alternr.tives for utilization of the germplasm represented. Reserve seed 
is maintained in order to permit several options as a follow-up. 

3.1.1 EXPERIMENTAL VARIETY TRIALS: 1975 FINDINGS 

Based on evaluations of the 28 advanced populations in the 1974 IPTT's, 93 experimental 
varieties were formed for use in 1975. Reports were received from 154 different world-wide locations 
by the cutoff date (December 15, 1974), so that these 93 varieties could be assembled and distributed 
in 1975, as EVT's No. 11 through 17 (Table 3.1.1). Results arriving later (by July 1, 1975) provided 
a basis for 48 additional experimental varieties. 

CIMMYT published tbo preliminary results of the 1975 trials in December, 1975 -- permit
ting the national programs and CIMMYT to better plan their 1976 testing. Data were received from 
about one-third of the experimental variety trials. Delay in reporting of some trials is expected due 
to differences in planting dates in different climatic zones, abnormal weather, and occasional shipping 
problems. Trials which produce delayed results are still highly useful, enabling each collaborator to 
relate his local observation to the world data (Trial reports listed in Section 10). Because of seed 
limitations, plot size had to be reduced to two, 5-meter rows (instead of four, 5-meter rows). The 
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border effects would probably have been reduced greatly by, harvest of the two. center . rows in the 
larger' plot. 

3.1.4.1 	 EVT-11 General vaiety Trial (Table 3.1.2)
 
The varietal cross ETO x Tuxpeflo was one of te top yielders across all sites. This mate

rial was shorter than all local checks, except the Brachitic-2 included in Ivory Coast. Although poor

yields were obtained with Entry 21 (Antigua x Rep. Dominicana), this is a short, early variety and

competition could have masked its good yield potential. In the Lom6 (Togo) trial, this variety showed 
good yield performance, not significantly different from the best, yielding variety. 

3.1.1.2 	 EVT-12 Tropical Late White Dent Experimental Varieties (Table 3.1.3) 
Entry 4 (Exp. Var. Mdquina 7422) shows consistent good yields across all locations, except


in Taltizapan (Mexico), and Cuyuta (Guatemala), where it drops to a level not statistically different

from the 	poorest yielder at these locations. Similarly, Entry 5 (Exp. Var. Poza Rica 7422) does not 
differ significantly from the best yielders, across all locations. Entry 7: Honduras 7322, Entry 8: 
Obreg6n 7322, Entry 9: Tlaltizapan 7322, and Entry 10: Across 7322, were also good yielders in 
most locations (Except Entry 10 in Nyakpala, Ghana, where it was not statistically different from the 
poorest yielding variety). These varieties, in most cases, are shorter than the mean of the varieties 
in each location. 

13 shows 

Entry 35 (AED x Tuxpeflo), and experimental varieties derived from these populations. These Braquf
ticos are short varieties, and were in unfair competition when grown next to taller varieties. AED x

Tuxpenlo)a cross of temperate x tropical germplasm) yielded poorly as a result of poor adaptation to 
tropical condition (where most of the trials were planted). 

Table 3. 1 that poorest yields generally were obtained by Entry 32 (Biaqufticos and 

3.1 . 1.3 EVT-13 Tropical Late Yellow Flint/Dent Experimental Varieties (Table 3.1.4)

Entry 8 (Tocumen 7428), Entry 9 (Yousafwalla 7428), Entry 10 
 (Poza Rica 7428) and

Entry 14 (Obregon 7328), showed consistently high yields across sites; except Yousafwalla 7428, in
 
Bodies (Jamaica), and Palmira (Colombia), where it was relatively low in yield and did not differ
 
statistically from the lowest yielding variety, Entry 4 (Yousafwalla 7427). As in EVT-12, all of these

experimental varieties had consistently higher yields than the local adapted chcks. These higher
yields were not associated with an increase in plant height and days to silk. In Cuyuta (Guatemala),
Guaymas (Honduras), Palmira (Colombia), Delhi (India), Tlaltizapan and Poza Rica (Mexico), local
check ,,ields did not differ statistically from the poorest yielding experimental variety. However, in 
San Crist6bal (Rep. Dominicana), San Andr6s (El Salvador), and Bodles (Jamaica), local checks had 
higher yields than the best performing experimental varieties. 

Experimental variety gains can be found by comparing their yields with those of the
 
parent population from which the varieties were derived. Most of the 
 parent populations consistently

show yield levels statistically different from their experimental varieties.
 

3.1. 1.4 EVT-14 Tropical Intermediate Yelluw/White Flint/Dent Experimental Varieties(Table 3.1.5) 
The best performing experimental varieties were: Entry 13 (Yousafwalla 7435), Entry 14

,(Poza Rica), and Entry 21 (ETO x Tuxpeflo). The poorest varieties across locations were Entry 20
(ETO Blanco), Entry 22 (Antigua x Rep. Dominicana), and Entry 23 (Blanco Pfister x Varios). In
 
most cases, the best experimental varieties were shorter than the best lc"'n1 h', .L... . 1. 1 _
 
ra (Colombia), and Cuyuta (Guatemala).
 

3.1.1.5 	 EVT-15 Opaque-2 Experimental Varieties (Table 3.1.6) 
These data discussed in Section 3. 5. 

3.1.1.6 	 EVT-16 Temperate Experimental Varieties (Table 3.1.7) 
The most widely adapted, high yielding experimental varieties were: Entry 10 (Pirsabak

7442, Entry 11 (Obreg6n 7442), Entry 13 (Obregon 7446) and Entry 14 (Tlaltizapan 7446). Entries 
10, 11 and 14, in general, weret similar in height to the best local checks. In Portoviejo (Ecuador),
Gemiza (Egypt) and Tlaltizapan (Mdxico), the four best performing experimental varieties were shorter 
than t!'e local checks. 

Poorest performance was shown by Entry 19 (Pirsabak 7448), Entry 20 (Gbreg6n 7448), and
Entry 35, its base population, Compuesto de Hungary. The effect of selection from this base popula
tion in this material is demonstrated by Entry 18 (Adapazari 7448), which was a better yielder than 
the others. 

3.1.1.7 	 EVT-17 Highland Experimental Varieties 
Tests were made at 2 locations in Mexico. The best yielding materials were Entry 9 and

Entry 10 (Highland Intermediate White Floury); (Pools 8A and 8B respectively); Entry 2 (Highland
Early White Dent); and Entry 8 (Highland Intermediate White Dent). The poorest &older in both
locations, was Entry 16 (Mezcla'Amarilla x Lineas minois), a 'uross of tropical x temperate germplasms. 
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•31; 2 INTERNATIONAL PROGENY TRIALS (IPTT) 

A total of 137 "IPTT"t trials were distributed In a total of 16 countries1 plus 5 locations 
in Mexico, as shown in Table 3.1.8. Data obtained until February 15, 1976, are shown in Tables 
3. L9 to 3.1. 13. These tables allow companion of the means from 250 families tested during '1975 
with the mean of the new set of about 100 selected families to be used in the regeneration of the 
population. Also, comparisons can be made among Experimental Varieties and best checks. 

3*. 3 SEED INCREASES FOR DISTRIBUTION 
During summer 1975, all Experimental Varieties tested in EVT's were increased to meet 

demands of national programs for further testing. These seed increases are used to constitute future 
Elit& Experimental Variety Trials, and to have sufficient quantities for national program requests. 

3.2 NEW POPULATIONS AND MERGES 

3.2. 1 MERGING OF POPULATIONS 
During the 1975 testing cycle, several populations were merged on the basis of similiarities 

and backgrounds, as shown in Table 3.2.1,which lists the populations and number of families included 
from each. 

3.2.2 NEW POPULATIONS 
The best families of some of the Highland Pools were selected and 250 half
 

extracted for international evaluation in 1976. The IPTT numbers assigned were:
 

Source Pool A.U. Population Name 1976 IPTT No. 
2 Blanco Dentado Precoz de Altura 52 
3 Blanco Harinoso Precoz de Altura 53 
4 Amarillo Cristalino Precoz de Altura 54 
5 Amarillo Dentado Precoz de Altura 55 
8 Blanco Harinoso Intermedio de Altura 58 

10 Amarillo Dentado Intermedio de Altura 60 

In Mexico, the yield trials will be planted concurrently with a crossing block in isolation 
in modified ear-to-row selection. After information returns from collaborators, 5 ears from each 
of the 20% best families will be included in the next year's yield evaluation and recombination. 

3.3 TWO POPULATION GROUPS: NORTHERN AND SOUTHERN HEMISPHERES 

In general, planting dates South of the Equator differ from those in the North, thus, (1)
results returned from those areas are not used in the regeneration of families for the next cycle of
evaluation, and (2) the experimental varieties are extracted and tested one cycle behind the rest of 
the, locEitions. CIMMYT !-:, divided the Advanced unit populations into 2 groups to be evaluated in
locations that do not coincide with Mexico's main plaiting season. CIMMYT's Advanced unit popula
tions will be distributed as follows: 

POPULATIONS:GROUP 1 POPULATIONS: GROUP! 
IPTT No. Population Name IPTT No. Population Name 

22 Mezcla Tropical Blanco 21 Tuxpeflo 1 
23 Blanco Cristalino 1 25 (Mix. 1 x Col.Gpo. 1) ETO 
24 Antigua Gpo.2 x Veracruz 181 26 Mezcla Amarilla 
27 Amarillo Cristalino 1 28 Amarillo Dentado 
31 Braqufticos 29 Tuxpeflo Caribe 
32 ETO Blanco 30 Blanco Cristalino 
33 Amarillo Subtropical 34 Blanco Subtropical
35 Antigua x Rep. Dominicana 36 Cogollero
39 Yellow H.E.o 37 Tuxpeflo o 
42. ETO x 1linoil 38 PD(MS)6 if.E.o
43 La Posta 40 White H. E. o 2 
44 AED x Taxpeno 48 Comp. de HAgrfa
52 Blanco Dentado Precoz de Altura 
53 Blanco Harinoso Precoz de Altura 
54 Amarillo Cristalino Precoz de Alt. 
55 Amarillo Dentado Precoz de Alt. 
58 Blanco Harinoso Intermedo de Alt. 
60 Amarillo Dentado Intermedio de Alt. 

Populations in each group will be alternately yield tested and planted in nurseries in Mexico 
-or the development of families, thus fitting all planting dates with a different.set of populations jinj1
alternate years. 
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ProgenyTesting Trialm. 1976. 
TROPICAL LATVWIU FLINTIIDENT MATERIAL• +

'.'.i":' . & . "+ 'Yild ha i ea (' -, a tO fo , . .. ,'L+: . . '' 
. Sit e. Mle Men.- mO" 

f+;.:, N Variety lhl.fam.Exp.Var. Check 250 am. Sl, tam.Exp.Var.Check' 250 fm.Sol fam.Eap.YVar., CheciEp. 250im, C.V. 

Uroiufteo PobSa ica 7 1 6.6ll 1 6.56, 3.03 7.76 17. 16: 179' !203' 6S 63 03 63, 
;31 Obreg i 7531 4.50, 3 4.89 6.40.. . 066 207' 222 8 67 67 ' 66 

' " .i 7531 9.39 16 5.45 11.92 9.75 16 390 336 245 74- '62" 72 '72ltiuap 
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,.A1.a1 4 "3 i27 2.1 325 $,6 7 
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L~aPo",. Posalica' -542 6.46 20 ' 7.09 6.33 .N, 3257 354 351368 63 61., 62 685 
435' Obr4m ' 7543 5'.00' 33 5.39 6.95 5.98' -173. W6 114- So I 66S 6 64 70

5 59, 60 
Acraw Aeis 743 0.63 5.6 .6 ".4 32704142 2." 89 -03 2 

Coat<7643. 5.4":: a166.84 6.2 '5.67 no0 3I17 373! M4 06 
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Obreg6n._ 7524 .3.61 34 3.72 5.64 5.35 334 233 327 23-%63 62 41 3' 
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37 . 356 '56 56 56,'" 63'tuax San Andreg 1525 640 13 .4 757 1.5 3 
56 ' 63'Io~).n- Deli 7525 .3.0 33 3,39 3.15 3.42 144 143 17 160 581 57 

Pi- .5 PoziB I lica .. 415.33 '33' 44 7.36 6.94 30M1 .313, '233, 55 54- :55: 60. 

lliedeveloped from Advanced Unit Populations. Data, from IntemnationalIAWI LZ 3.1.1 t.- almary of'0rlfm ancq4at fll lnsib b,
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TROPIC" YE iAYW IDjT "MAtESALS. 
Phlnt lucm. Dawto flowerSite''

IP? No. /& i Wean. Me Moae MOa Men B 

Exp. Variety 20 &m.C.V. eflmaj Zl. Vor.Check 350 ftm.,Sl.fai.E lp.Var.Check 250 fam.SeLftm.Exp.Var. Check 

A r.T 	 7527 5.47 21, 5 49. .83 253 249. '256 - 248 58 58 58 57CEIAT 
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S,,DTOIPZCAL AND TEMPERATE MATEWAL, 
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i
 

alt 2 1 '1.06 . 71 8Ac6.15 . 41 2 2 245. 257 64 65 6 65 

TA ,lZ103. - fummary of performance of full sib families 4oveloped from Advanced Unit Popxilationa. Data from, International 
P1ogeny Testing Trials, 1975.
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3.4 	 COMPANION NURSERIES 

All families evaluated for yield performance, also are planted in Companion Nurseries to 
when: (1) 	 planted thickly, and (2) inoculated artificially and uniformlymeasure 	their potential value 

Insect and disease nurseries are planted a few weeks aheadwith pathogens and infested with insects. 
a trap crop to attract insect vectors under natural conditions.of the yield trials as 

In the insect nursery, half-rows in the field are not treated with insecticide and are eval
rows treated with insecticideuated for budworm and stemborer damage. The other half of these is 


and used for comparative evaluation of insect damage.
 

In the disease nursery, half-rows are inoculated with stalk rotting organisms, and the 

whole row inoculated with ear-rotting pathogens. At harvest time, stalks are split open and ear and 
stalk rots measured in the field. 

aThe high density nursery is planted simultaneously with the yield trial with plantings at 
density of 80,000 plants/ha. Yield trials are planted at densities of 53,000 plants/ha. 

Tables 3.4.1;" 3.4.2; and 3.4.3 summarize the results obtained in the 250 farilies from 
1 in the place where they were evaluated, Poza Rica or Tlaltizapan. Theeach population in Group 

mean of the new selected families used for the regeneration of families also is 	 included. 

3.5 	 PROTEIN QUALITY 

3.5.1 	 CONVERSION PROGRAM 

All maize materials in the Advanced and Back-up stages of miaize improvement program 
are included in the continuing program of conversion to high-quality protein varieties. During 1975, 
the work included: 

3.5.1.1 	 Conversion of Advanced unit materials 

At Poza Rica or Tlaltizapan, during the year 1974A, twenty-three normal materials were 
crossed with one or more sources of opaque-2 donors with hard endosperm texture. The F1 crosses 
were advanced to F during 1974B. The F hard endosperm opaque-2 families produced by each of 
the Advanced Unit raterials were planted 9n a family basis in 1975A. ntercrosses were made 
among F families that had satisfactory protein and tryptophan levels in the endosperm. At harvest 
time, on y ears with vitraous appearance were harvested. Table 3.5.1 shows the number of F ears 
harvested during 1975A. The ears were shelled individually, and the best-looking segregates ;Ath 
hard endosperm texture were sorted from each ear separately. The selected segregates from F 
ears were planted on family basis during 1975B. Intercrosses were made among selected familias 
and again at harvest; only hard endosperm opaque-2 ears were selected for further selection and 
for making the first backcross with the selected families of the corresponding normal Advanced Unit 

3.5. 1 lists the number of families saved from each population during 1975B.population. Table 

3.5. 1.2 	 Conversion of Back-up materials 

Pools now available are being converted to opaque-2. The F segregates selected from 
Pools 19 to 26 were planted on family basis in 1975A. Intercrosses wire made between families 

were selected atwithin each population. Modified endosperm type F ears with the best appearance 
13
harvest time. The F families were advanced to during 1975B. Table 3.5.2(A) shows the number 

of F and F familiet selected from each Pool. A~total of 1943 F4 families will be advanced further 
and ilso bacfcrossed to respective Pools during 1976A. 

Table 3.5.2(B) shows the number of F families from four temperate Pools. F crosses 
of Highland Pools 1 through 14 (except Pool 6) Jere advanced to F during 1975. Table .5.3 lists 
the number of segregating F. ears selected from each Pool. A tuthl of 2,095 segregating ears from 
different 	 Pools will be sorteg for opaque-2 segregants and planted on a family basis in 1976. 

3.5.1.3 	 Conversion of populations that are being selected for plant efficiency and adaptation 

families selected forTable 3.5.4 lists the number of F and F hard endosperm opaque-2 
plant efficiency and adaptation, from each of 4he populations. The selected segregates from each pop
ulation will be backcrossed to corresponding rormal populations during the year 1976. 

3.5.2 	 POPULATION IMPROVEMENT PROGRAM 

On the basis of 1974 data, five advanced opaque-2 populatioja were reduced to three: 
-- IPTT-37 and IPTT-40 remained unchanged; 
-- The two yellow opaque-2 populations (Ver. 181-Ant.Gpo.2 x Ven. 1 o and. 

Yellow H.E.o ) were merged and will continue as IPTT-39 under thi name 
of Yellow H A 0 
IPTT-41 was dropped from the list. 

16 



On the basis of 1974 data, a new set of 250 full sib families was generated during 1975A
 
at Poza Rica from each of the three populations. The progeny trials from these three populations
 
were sent to six different sites, including one in Mexico (Table 3.5.5).
 

Table 3.5.6 summarizes results obtained from 1975 data. The mean of selected families 
was greater than the mean of tested families in all three populations. Increases were 4.3% for Tu) 

.;peflo opaque-2, 1.5% for Yellow H.E.o 2 # and 6.5% for White H.E.o 2 . 

Major emphasis was on:yield and general performance over a range of environments, reduced 
ear rot incidence, satisfactory kernel hardness, and stability over environments. The data from 
disease-insect nursery also was consideredalong with yield and other agronomic trials, to select 
families to be used for the regeneration of new set of 250 full sib families. 

3.5.3 DEVELOPMENT OF EXPERIMENTAL VARIETIES 

The 1975 data provided a basis for developing a number of site specific and across-site
 
experimental varieties. A total of 11 experimental varieties were developed from three Advanced
 
Unit Opaque-2 populations (Table 3.5.7). Table 3.5.8 lists the mean grain yield and other agronomic
 
traits of experimental varieties developed by recombining the best ten families from three Advanced
 
Unit opaque 2 populations (on the basis of 1975 data). The mean of experimental varieties developed
 
from all three populations was greater than the mean of the population, and greater than the mean
 
of the checks. The means of the e-perimental varieties ranged from 10.3 to 62.1% greater than the 
mean of the population, and were 4. 5 to 40.9% greater than the mean of the checks. In days-to-flower, 
the experimental varieties equalled, or were one-two days earlier than, the mean of the population. 
Also, the mean height of the experimental varieties was 1-9 cms. shorter than the mean of the poe
 
ulation.
 

3.5.4 DEVELOPMENT OF BROAD-BASED GERMPLASM SOURCES 

Table 3.5.9 shows the broad-based germplasm sources that have been developed, which
 
are now at different stages of improvement.
 

3.5.4.1 PD(MS)6 H.E.o,: third and fourth cycles of recombination were achieved during 1975A and 
1975B, respectively. After the fourth cycle, 467 ears with good vitreous appearance were selected to 
be planted during the year 1976A on a family basis. Reciprocal plant-to-plant crosses will be made 
among families and the full sibs developed are scheduled to be evaluated during 1977. (This material 
closely resembles normal maize in appearance, the kernels look go, d and it shows no segregation 
for soft opaque-2 kernels). 

3.5.4.2 CIMMYT H.E.o6: has undergone four cycles of selection. The kernel type in this material 
also has improved consid'rably during the last two cycles. From the harvest of 1975B, 402 half-sib
 
ears were saved for planting on family basis during 1976A. Development of full sibs followed by
 
evaluation of progenies will be done as for PD(MS)6 H.E.o 2 .
 

3.5.4.3 Yellow opaque-2 Back-up Pool: the second and third cycles of recombination were completed 
in 1975, and 743 lal-sib ears saved from 1975B harvest will be shelled and sorted individually for 
best modified opaque-2 segregates. The selected segregates will be planted in the following season 
to obtain the fourth cycle of recombination. Emphasis continues on the enhancement of frequency of 
favorable modifiers and of protein quality. 

3.5.4.4 White opaque- 2 Back-up Pool: two additional cycles of recombination were completed in
 
19 7 5, 733 half-sib ears were selected from the third cycle of recombination. Modified opaque-2
 
kernels with greater hard fraction will be sorted on a glass screen and again planted in a half-sib
 
:recombination block to complete the fourth cycle of recombination. 

3.5.4.5 Temperate x Tropical H.E.o : has undergone three cycles of recombination. 381 ears
 
were 
 saved from third cycle. An addit~onal cycle of recombination will be achieved in this material
 
before extracting families for the development of full sibs. This material looks fairly good and has
 
good modified opaque-2 kernels, thus may be promoted to the Advanced Unit during 1976.
 

3.5.4.6 Highland Comnsites: four highland opaque-2 materials have achieved 3 cycles of recom
bination; an of these materials have soft endosperm texture. Table 3.5.9 shows the number of
 
families saved from each material cdring 1975.
 

3.5.4.7 A number of other materials also are being converted to opaque-2 as shown in Table 3.5.10. 
A total of 1046 F4 hard endosperm opaque-2 families with good kernel appearance were saved during
 
1975B. At a later stage, these materials will be merged with appropriate opaque-2 materials. Table
 
3.5.10 shows the number of families saved from each material. 

3.5.5 SELECTION FOR HARD ENDOSPERM 

Three major problems in opaques can be attributed directly or indirectly to the piesence
 
of soft endosperm. Major emphasis, therefore, is exerted on selection for kernel hardness at aU
 
stages of breeding for protein quality (in the conversion program, in development of germplasrn'
 



source popuizaon, ana m zne popumiaton improvement program). 

In converting Advanced Unii materials, gene pools, nud .... 
stages of maize improvement, appropriate opaque-2 materials are used as donors. Opaque-2 donori 
that possess vitreous endosperm and have an acceptable appearance are used, except In the floury-I
conversion program. Also, in many instances, hard endosperm opaque-2 populations that have genetic
modifiers 	accumulated from as many different sources as possible have been used as donors. To 
be on the 	safe side, more than one opaque-2 donor is used in converting any normal material. 

In converting advanced and back-up materials to hard endosperm opaque-2, modified 
opaque-2 segregates are sorted very carefully from any segregating generation. The type and quality
of hard endosperm opaque-2 segregants recovered in F determines: (1) whether to go ahead with 
the first backcross, or (2) wait to advance the F families to F (or later generations) till favorable 
riodifiers 'controlling kernel vitreousness have begn accumulated~to a high frequency. Also, hard 
,ndosperm opaque-2 families in any generation are analyzed for quality protein as a check on lysine
and tryptophan in protein. Only families that are acceptable from a quality-protein point of view are 
used in pollinations. 

The half-sib recombination system is usually used in the development of hard endosperm
opaque-2 source populations. The modified ears with good phenotypic appearance are selected fol
lowing each cycle of recombination. The selected ears are shelled individually followed by a selection 
of the best hard endosperm segregates from each ear for planting in the next season. 

In the Advanced Unit opaque-2 materials, the frequency of favorable modifiers is being
improved by: (1) selecting the best possible vitreous seed from each family for planting, and (2)
when new families are generated through reciprocal plant to plant crosses, selecting only those 
pairs with two modified ears for further selection. 

In the selection for hard endosperm, good progress has been made in all materials at dif 
ferent stages of the maize improvement program. Opaque-2 materials with very good modifiers and 
with more or less normal appearance have been developed for direct use and also as a good source 
of modifiers in converting new normal populations to hard endosperm opaque-2. 

3.5.6 	 STABILIZING MODIFIERS CONTROLLING KERNEL HARDNESS 
The full-sib families in each Advanced Unit opaque-2 population are studied at six different 

sites. This helps greatly in selecting only those families for recombination that are rather stable 
for hard endosperm opaque-2 character. Also, in the materials at the Back-up stages of the program,
families are extracted after the frequency of desirable modifiers has been enhanced considerably.
The families thus extracted are then subjected to systematic progeny testing trials over at least
 
three locations within Mexico.
 

3.5.7 	 REDUCING EAR ROT INCIDENCE 
Ear rot incidence in opaques can probably be reduced by selection for kernel hardness,

and by the artificial inoculation (with ear rot organism) of the families from the Advanced opaque-2
populations and from the materials of the Back-up program. The resistant families can be identified,
and through a continued selection process, resistance to ear rot organisms can be built up. 

A total of 250 full sib families from three Advanced Unit populations (Tuxpeflo Opaque-2, 
Yellow H.E.o and White H. E. o ) were inoculated artificially with ear rot organisms. The mean 
ear rot ratinib of the selected families was a little lower than the mean of the populations; the dif
ferences were very small. 

3.5.8 	 TRANSFER OF OPAQUE-2 GENE IN FLOURY-I BACKGROUNDS 
The opaque-2 gene is being transferred to a number of floury-i materials with big seeded 

kernel type from the Andean region. Crosses of 21 materials from different countries with opaque-2were advanced to F . In the segregating F materials, the opaque-2 segregates were identified by,
Ninhydrin test perf0Jmed on individual kerzfels. Selected kernels from these materials will be planted 
at Batan in 1976. 

Two floury I pools (Pool 3 and Pool 8) were crossed with opaque-2 and advanced to inF2
1975. Opaque-2 segregates will be identified by Ninhydrin test for planting during next year. 

The opaque-2/floury-I versions of different materials, provided a base for a composite
formed during 1974. The selected ears from this composite were shelled individually and big seeded 
kernels were sorted from each ear for planting during 1975 to obtain a second cycle of recombina
tion. About 300 ears were saved from the 1975 harvest to continue the tJtird cyc2e of recombination 
during 1976. 

3.5.9 	 SUGARY-2/OPAQUE-2 DOUBLE MUTANT 
Conversions of normal materials to the double mutant combination su~o are now underway

During 1975, 72 materials from the Advanced, Back-up and opaque-2 improven eA work were crosse 
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with sugary-2/opaque-2" source. The F1 crosses will be' advanced to F during 1976A at TIaltizapan.
Some highland materials, where suo segregates were recovered in 1,. will receive the first backcross. The segregates of the doubli hutant combination sugary-2/opaquA-2 have very different appearances in different genetic backgrounds. Considerable variation in kernel size 
has been 	found. Indeveloping this combination, considerable attention will be paid to selecting segregates that have arceptable appearance, with a kernel size comparable to that of the normal kernels. 

3.5.10 	 EXPERIMENTAL VARIETY TRIAL 
Trial No. 15 was formed from experimental Varieties developed from five Advanced Unit


opaque-2 populations (Tuxpeflo o , Ver. 181-Ant.Gpo.2 x Ven. l o , Yellow H.E.a, White H.E.o

and Composite K). This trial coisted of 25 entries to be evalulted in 5 x 5 siAple lattice witi
4 replications, and was sent to 27 different locations 
 in different countries of the world. Table3.5.11 shows the distribution of the trials and the results are shown in 	Table 3.5.12. 

The data in Table 3.5.12 indicate that:
 
The experimental varieties developed from five Advanced 
Unit opaque-2 populations
were in genei al superior to the corresponding base populations from which these 
derived.
 
,In Tuxpeflo o (IPTT-37), the across 7537 did very well in most of the locations.
The performance of other experimental varieties from this population (Poza Rica
7437, Gemiza 7437, and Obregon 7437) also was fairly good in many locations.
 
In Ver. 181-Ant. Gpo.2 x Ven. I o , the three selections (Delhi 7438, Poza Rica

7438 and 	Rampur 7438) were about 9qual.
 
In Yellow H.E.o both Delhi and Poza Rica selections did fairly well. The perfor
mance of these experimental varieties was somewhat better than the experimental

varieties developed from IPTT-38.
 
In White H.E o , the selection from El Salvador (San Andres 7440) was better than
 
the site- 8pecifi selections.
 
In Composite K, the across selection again was better than the site-specific selection.
Performance of the site-specific selections (Poza Rica 7441 and Cuyuta 7441) was
equal to or better than the across selection in some locations. .
 
Three other hard endosperm opaque-2 populations (Mezcla Amarilla, Mix. 1-Col.Gpo.1

x Eto and Amarillo Dentado) also compared fairly well with some of the experimental

varieties developed from the Advanced Unit populations. t ..
 
At each location the performance of one or more experimental varieties eitheril
 
equaled or bettered that of check entries.
 

3.6' 	 PHYSIOLOGY/PRODUCTION AGRONOMY 

3. 6.1 PHYSIOLOGY 
Increase in the capacity of the grain-to-stover dry matter continues to be an objective in,overcoming limitations to maize grain yields. Thus, as a part ot the progeny testing programming,

selection continues for materials with a low incidence of barren plants when grown at high populations. Emphasis is now being directed toward the identification of morphological characters that may further increase the storage capacity of the crop. 

The last of the current series of trials designed to understand the control and developmen'of grain storage of maize are described below. Sufficient data has now been collected from threesites in Mexico to evaluate how environmental factors control the number of ears per plant, grain
per ear, and grain size. This data is now being analyzed. 

3.6.1.1 	 Growth and Yield of Lowland Maize 
At present, no further analyses are being made of the patterns of accumulation and dis

tribution of dry matter in Tropical materials. Various materials currently undergoing special selection for morphological characters (see Special Projects) will be analyzed, when appropriate, tc 
assess the changes in dry matter distribution that may have occurred. 

3.6.1.2 	 Control and Developments of Grain Storage of the Crop 
A series of trials was conducted in the 1975A cycle at Taltizapan to study how yield (and

its components) would be affected by increased and decreased photosynthate supply during variousdevelopmental stages. Responses of tropical lowland material with a relatively low efficiency ofconversion of dry matter to grain were compared to that of a more efficient type (Temperate hybrid). 

Figure 3.6.1 shows how a 22-day period under 54 percent shade at various developmental
stages affected grain yields of a tropical synthetic variety (Tuxpeno-1, C ) and a temperate hybrid(Pioneer 	3369A). The period 10 days before and after flowering seemed AJhst sensitive to a reduction 
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In radiation iliput; the effect being more severe in the temperate material. The loss in grain drymatter w#as due to a reduction in grains per ear and ears per plant (increased barrenness). Table
3.61.L. 

In another experiment using Tuxpeflo-l, the radiation to individual plants was increased byremoving neighboring plants at various developmental stages. The effect of increased radiation fordiscrete developmental stages was measured by the differences in response between two successiveexposure tzeatments. Again, response was greatest to increased radiation, with around flowering, anincrease in the number of grain per ear and ears per plant. Exposure treatments during the grainfill period resulted in an increase in the individual size (dry weight) of grain by 13 to 16 percent. 
As shown in Figure 3.6.2. the development of the number of florets is completed approximately 15 days before silking in Tuxpeflo-1, and 5 days before silking in Pioneer 8369A. The longerduratimi "ofprimordial development in the temperate material resulted in a greater number of florets,and there was a greater loss due to shading. In both materials, the amount of photosynthate requiredfor new growth at this developmental stage is small, thus it is difficult to explain the changes(increases from exposure, decreases from shading) in yield solely due to changes in total amount ofcrop photosynthate. For Tuxpeflo-1, there would appear to be a reserve supply of soluble sugars inthe stem iFigure 3.6.3). The effects of the distribution of radiation to plant parts(both the quantityand quality and its effects on the control and development of grain sink)need further basic research.The finding that mean grain size was influenced by changes in the radiation environment 16 daysand more after silking also suggests further study of the mechanisms of transport to and storage in

the grain. 

In another trial, Tuxpeflo-I and Eta x Illinois populations were studied to determine howyields were affected by (1) tassel and partial leaf removal (reduction to half of leaf area by cuttingeach leaf longitudina l ly, (2) at two developmental stages (20 and 10 days, before flowering). Theseeffects were observed on plants at: (1) 80,000 plant/ha; and (2) without competition (thinning of planta
from 80,000 to 10,000 plant/ha at the time of treatment. 

Tassel removal effectively increased grain yield (24 percent increase) only in Tuxpeflo-l;when the plants were grown under competition (Table 3.6.2). Reduction in yield through early tasselremoval, particularly in Eto x Illinois, may have been due to damage to other growing tissues. 

Halving the total plant leaf area had no effect on the yield of Tuxpeflo-l grown undercompetition. However, there was a small (11%6), but consistent, yield loss in Eta x Illinois. 

These data suggest that, at least in the tropical germplasm (Tuxpeno-1), plant yieldmight be increased by selection for a reduced tassel size. Additional crop yield increases mightbe obtained by selections for reduced leaf area (thus enabling a higher density of planting). Changesin the distribution of light through the canopy may also be relevant in the improvement of the
development of grain storage sinks in the crop. 

Table 3.6.3 shows the variation among families (250) in three Advanced Unit Populations(Tuxpeflo-l (IPTT 21), Eto Blanco (IPTT 32) and Antigua x Dominican Republic (IPTT 35) forflowering delay (silking date minus date of pollen shed); "barrenness" (plants without ears); tasselbranch number; ear leaf length, width, number, area, and density (area per height) above the ear;as well as an index of grain yield per leaf area above the ear. 
Antigua x Dominican Republic showed greater production per unit leaf area (i.e. wasmore efficient) than either Tuxpeflo or Eta Blanco. This increase was associated with a smaller
leaf area and a lower leaf-area density above the ear, shortening of the interval between pollen


shed and silking, and more ears per plant (less barrenness).
 

As compared to Tuxpeflo-1 and Pioneer 3369A, the more efficient temperate material-'(Pioneer 3369A) showed a 20 percent reduction in leaf area above the ear; due mainly to 'a shorterleaf and a 34 percent reduction in density of leaf area (smaller leaves and a greater vertical sepa
ration between leaves). 

There seem to be sufficient variations in each of the components of leaf area in the IPTTpopulations measured to warrant a selection program to reduce leaf area and density above the ear,as a means of increasing yield efficiency (see Special Project page 46 ). 

Although tassel size, as measured by branch number (correlation coefficient of 0.71between tassel branch number and dry weights) ,s not associated with differences in yield performanceamong these three populations, tropical materials show greater numbers (25 percent more tasselbranches 'in Tuxpefio-l compared with Pioneer 3369A). This findingplus the evidence from the other.experiments, suggests that selection for reduced tassel size also might be worthwhile as a criteriato increase yield efficiency (see Special Project page 46). 

3.6. 1.3 Genotype Comparison Under Simulated Drought
 
In studies reported in 1974, the performance of a number of varieties was compared..
under simulated drought, and the findings suggest that there is little change in relative performance 
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among varietal genotypes over a wide range of water stress conditions. However, the potential and 
strategy for genetic improvement in drought avoidance and tolerance characteristics continues under 
dAiscussion and arialysis. In 1975, a trial was conducted at CIMMYT experiment stations in Mexico 
(at 1,000 m eleiation) during the dry season. A ropical maize genotype (Tuxperio-1) was chosen 
because of its broad use and adaptation to the Lowland Tropics; this maize had undergone 11 cycles 
of selection for reduction in height and improvement in yield and disease resistance (under rainfed 
and irrigated conditions in the Gulf coast lowlands of Mexico (Veracruz) . The population was struc
tured into fuil-sib families (total 85) as in a conventional breeding program. To economize on seed, 
plots for each family were 2.5 m x 0.75 m. Each family was grown under three levels of water 
management: non-limiting, medium, and severe stress. These main treatments were replicated three 
times. 

of 6.1 ton/ha (non-limitul ;The water management treatments resulted in grain yields 
4.4 ton/ha (medium stress), and 1.5 ton/ha (severe stress). For the medium stress (4.4 ton ha), 
the first water application following germination was 10 days after flowering. (The crop had shown 
visible stress during the three week period before flowering and through flowering that resulted in a 
2076 reduction in height and some tissue death). There was no subsequent irrigation in the severe , 

stress treatment (1.5 ton/ha),resulting in tissue and plant death during the grain-filling period. 

Statistical 'analysis of the data suggests that there is genetic variation in grain yield at all 
three levels of moisture stress, and that the relative performance of some families differs between 
water treatments. 

The overall level of reliabilit of data for the trial is reasonable (coefficient of variation 
of 23%) considering the limited plot size, but there is a large increase in experimental error as the 
stress level increases (coefficient of variation of 18, 19 and 45% for non-limited, medium and severL 
stress, respectively). This is an important factor in considering research effort necessary to' detect 
genetic variation under stress conditions. 

The implications of the data are best shown by Table 3.6.4, which lists probable perfor
mance of families selected under each of the drought treatments. The selection of the 10 best families 
based entirely on the information from the well-watered treatment (6.1 ton/ha) shows considerible 
selection differential in yield potential, with no change from the parent population at the intermediate 
and low yield levels. A selection of the 10 best families in yield based entirely on the information 
from the severe stress treatment indicates a large selection differential of (42%) over the mean, 
with little change at the other two environments. While the experimental error increases rapidly 
relative to the yield under severe stress, the performance of the selected 10 families would appear 
significantly better than the population mean. Thus, the data suggest that there are genetic differences 
In performance under limited moisture conditions. 

Further, some of those families selected under non-limiting conditions will perform poorly 
under medium or high stress conditions. In the selections given in Tables 3.6.4,approximately 30 
percent of the families selected under non-limiting conditions yielded significantly less than the mean 
of the parent population, with the selections performing around the mean under stress conditions. 

Conclusive data for genetic variation and interaction for water stress can be obtained from 
the testing of "synthetic varieties" made from the intercrossing of the families within each of the 
selected groups, and tested in non-limiting and stressed environments in subsequent years. 

3.6.2 AGRONOMY 

Agronomy trials were conducted at the. experiment stations and at off-station locations to' 
support the genetic improv'ement program and provide a vehicle for the training of production agron
omists. In the experiment station trials, varieties of different maturities and plant morphology weie 
grown at different planting densities as a guide to the management of populations undergoing improve
ment, and for selection of plant densities for further varietal testing. Trials designed to examine the 
levels of, and interaction between, management factors of variety, plant density, insecticide applica
tion and fertility level were conducted at reasonably uniform sites outside the experimental station. 
No new series of International Agronomy Trials are planned. Where applicable, the influence of soil 
nutrient status (nitrogen, pH, water) on varietal interaction will be analyzed from the data of the 
International Varietal Testing Program. 

3.6.2.1 Response of Highland Tropical Maize to Planting Density 

Two trials, one at El Batan (2,249 m elevation) the other at Atizapan (2,640 m elevation) 
were grown in the 1975 summer. Composites of those "Highland Pools" which were more advanced 
in their improvement and which represented a range in maturity and plant type were selected for 
study along with locally available improved and unimproved varieties. 

Table 3.6.5 shows the results of these trials. At El Batan, the HEWD yielded significantly 
more than the , .:er two earlier materials, and. was similar to HIYD, Puebla Opaque-2, anct Hidalgo 
x Mex. Gpo. L. (although earlier in maturity than the latter materials). The yield 'of Composite' I 
(opaque) was not significantly different from H28 (local hybrid check), which was the highest yielding 
entry. 



Yields incressed significantly with density increase, and no variety x density interaction
was noted. As in the Lowlands, the number of non-ear-bearing stalks contributed to a loss in crop 
efficiency. In these trials, there was insufficient data to precisely measure tiller contribution to 
yield. However, the ratio of ears to number of stalks (main stem plus tillers) per plants was 0.55 
and 0.44 at the low and medium densities. 

Data from this trial provide a predicted optimum density for yield of 65,000 plants/ha; a 
companion nursery to the IPTT Tropical Highland Advanced Unit will be grown at this density for 
selections for more efficient famllies. 

The trial at Atizapan was dzmaged by frost-level night ter-peratures during the grain filling 
stage; the effects were more severe on the later naturing materials. The grain yields of some 
CIMMYT materials were similar to the local variety (Crioflo Baraza) and were only a few days later. 
Yields of all materials increased with increasing plant density; predicted optimum planting density, 
wvas approx. 68.000 plants/ha. 
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Cay~No~ 

N.O, lat on ... 

21 , TUxpef.,o-
22:,: Mezcla tropical blanca 

'23,.: Blanco Crintlino-l 

24 Ant. x Ver. 181 
25 Mix.I- Col.Gpo.l x-Eto 

26 Mezela Amarilla 


27 Amarillo Cristalino - 1 


28. Amarillo Dentado 
.2 Tuxpeflo Caribe 
31 Braqufticoa 

32 : Eto Blanco*
 
33 Amarillo Subtropical 


34 Blanco subtropical 


35 " 'Ant. x Rep. Dominicdna 


36 Cogollero 


42 Eto x Illinois 


43 La Posta 

* New advanced unit materials 

19 
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98 
18 
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133 
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68 

129 

21 
33 
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STABLES 3. 5.2A,& B. -Conversion of Tropical and Temperate 

gene pools to opaque-2. 

No.x ears ro.or 17 ears7 
,Pool No.; Name 'save 

A) Tropical Pools

'19 Tropical interm~iate white flint 
'20 Tropical Interr tc.te white, dent 
21 Tropical. intermediate yellow flint 
22 Tropical intermediate yellow' dent 
.23 Tropical iato white flint 

24 Tropical late white dent 

25 Tropical' late yellow flint 

26' Tropical late yellow dent, 


.Tot a 

B) Temperate. Pools 

27'Te ipe'rate early white flint, . 
12 Temperate'. intermnediate 'white dent 

during saved during 
'1975A1975B3 

182 230 
148 230 
331 280 
254 280 
270 230 
144 185 
69 .258 

407 250,; 

2006. 19431. 

36 34. 
'22 

,33 Temperaite • Intermdiate .,yellow flint 73
.34" Temperate tetmWatey ellow deat 10 123, 

*T taia' 57-~ 

P~ 



xi~~7 w.u iui 
. !
+ +- / m ~map / : iii"iii


3 ~ ~ 479 

y.. so , T"." 
S lg4 Oialy Yello 4"n 3 '135 292. 

+2S m tnH ...a d in te i te white den , 4 . 61e++t4o4 1 

8 Highlw4d inter i whit. flouy 4 1860 23- 2 

0Higland. inte OAieddat& yellow, nb 5 ' 15 202-

00Highlandl nmer" t y d30. 9 2739 

Highadlt hieflt31 24, 

HiH~had late whitei dent, 4 40 '5 

* 3 HighlandAste' yellow flin 3.36 - 71 

a4 Highlad lite yeflqw'dept,161 

a,. . - + -
TOTAL 19 29 

LE3TAL3.5.4 Conversion of populatidb, that are being seected.' 
a..for. plt efficiency andA adaptation.

seorhal NO, materl tUeiIt 

mmtemplados"+1"... " 92b 90";
Ar.arillo 35:.. 34i4 

2'Amarilo- Bafo' cVaricm 
+ , Ai +ari1I.. xN' oFF goDhjo 

tropical amawifla 90 112 
'+
 

X + + +/+" F hJ +" ,.1 ++ " + 0 ' +""+ +1 *+ + P + +1 1 ++'1
 m 


doBatan~ 6 5 
+m+ + ".° .+.. ... , . .
 ... .. ++ ../r/.. •. . ... . . ... " 

5 Meacla Anarl1ua I.B. X 
Lbbe&s filinsola *"' " +4 + m + m leg6* 113*01., + V '":+"+•+.r'.. '4 T++.+q 

Plo JPLst --

.. .... .. . . , 



- -

- - -

*~- EXCVt 6'- 4OTA'IA<E~iLM~C AI ~FRICAK 
,.1'~4~-1, 2 S P7 8 9111213:1 15 1617 18 19 20 21 22 za23, 52 72 s~) 

L- e.. n I N D IAsP Fr MCIIN5 TO 

"
•1 
 Ii -,1 24 2&, 49I 

-M- --
XXX 

<TAIZ pe sib. families developed- firm Advan~ced.Uniit Populations.S6.-j~a rrance odf 'ft 

rm It.teriatinl Progeny Testing Tr ias.'1975.
 

mw
 
w 

Site ~Yield tr a Plant Height c.Iy1~
U. -, -lo" -. - o : - - -5:W-T I mea , - -.56 Best 3 'Mean-2 - UmMMU~ea :Mean -:6 - Mea MeajejMa -ar250ty - : ' : " C.V.qq Sel.Fm EpVar.i:- / Check 250 ftm. Sel. fam. Expt. Var. Check. 25tfam. &53 ft. V"t.- , 
 - """.- ....- - . 

2, ta7637, 5.3 26. 5.52, 8.60 11.66 283 278 292 330 73 7272 ' 
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 , 50 
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 2..1
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,Poz* Rica 7540 5270 6511 4959 23.5 
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_________ ___ ___ 

,TABLEa4.io. Materlaipi h Bktptg* t~ 
to opque2 

Seof(44r a" .NOT aSerial No. Material savd di;kag jlaedtag 
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12 Intercrosses among hard endosperm 
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T 0 T A L 1216 1046 
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(i) SHADN G" 

(i) 30ag V.Pioneer 3369A: 87 . 1i -1E9r0. ant -. 389 mrEa2 3 Gra5 S13e.. 

S-24 103 -3 1.09 5 407 i3 234 
-12 7 -37 0.97 - 7 270 32- 7256' 0 
-1 4 0 -64 0.87 -17 1 57 270 5 
10. 9 -15 1.03 0 346 13261 
18 88 -19 1.01 -13 308 23 277 8 
30 87 -19 0.99 - 4 309 2 225 13 
41 102 - 4 1.09 5 379 .2 247 4 

-..Control 108 1.04 396 257 

-28 91 8 0.98 7 418. 221 0 
-15 73 -13 0.90 - 3 330 519 241 
- 4 3 -35 0.78 -16 301 *26, 234 5 

4 57 -32 0.81 -12 292 -28 243 8i t)i'i o-i,:iuxp 16s 60 -28 0.93 1 359 *12 214 .4 
27 72 -14 0.85 - 8 360 012 13 
38 79 -5 1.03 11 383 *6 203 9 

Control 84 0.92 405 .223 

'(B) -EXPOSURE 

19xr=91-1 
23 155 4 1.22 4 516 29, 
12' 152 20 1,19 4491 0 260 3, 
0. 134 25 1.15 .8 '493 17 253 -. 8 

10 112 17 1.07 10 419 2 271' 13 
32 97 8 0.97 0 .407 •7. 242 "16 

Control 89 ,097 . 435 '209, 

iTABLE 3.6 .- Effect 0ftasel and leaf removalat different growth stagei' 
.on thegrain yield-per plant (g) ofTuxpe10l-1 and'Eto ''' 
11inois grown at differen pateutls(atuaplan) 

;5anipu,,t ons Developmental stage of trea entsU"al before flowerlno 
10 20, 10,0 


('A:) Tuzpeno-1 . ... .. ., . .. . .
 

Contatil7. 88.1 4119 , 124.6, -Taeeelrem0n a 9G.5 100.2, 1121.2 115.8 
Leoifrenoval 87.3 87.3 115.1 127.4 

(B Eto a IIois 
Cnrl84.2 111,7ii~ 104.5 

S Tossl removal 67. 4 .'84.3 62.0 202.8 
SLeefiernmoval 71.0 79.4 15,89.0 
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.. 
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(Cm cm.8 

1.83 . 4.25 1.14 2..;
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TABLE1 3.6. 5.B. -. The performance of a number of Tr'opical Highland materials 'grown at three densities'; 

Yield N~ys to Plant Lod~ing Tillering No. Rotten 

" ;!" .. ":(ton/ha) 	 Silking Ht. " per, plant car 

a v3ety -o ** **3 **1 ** ** ** 

2 - IPTT 52) 4.D,(Pool 4.98 108 208 20 1.52 13 

RIEW i(Pool 3 -IPTT 53) L 18. 155.50 107 211 31 1.55 10 
I3F6 (P874 54) 5.30'IT 110 202 33 

'HIYD ,(Pool 60) 119 215 .25 1.31 2310 	 3.92-IPTT 

.b.3.851683 219 . 31 .68 18 
.!C bilqe' -. 0 3.65 135 223 34 '00 11 

I~idg 6,x Mex. Gps.10u 3.75 137 236 43 1. 96 4 

,11280 (Loal) 	 5.... 1 '7 ). 85' 8.5512 2114 
Crio0 o aras (local) 5.5s8 lO 102 0 37 1.251 8 

10 .08 2.0.k ,".: 	 " 5.0.27 	 3 

*rxia t-Va") 	 ** . N.S. N.S. ** . N S N. 
Y27,500 116 215 . 10 No1.67 93.89 

4.81 117 219 :45 .1.50 ' 14°"50.000 
2108 -60, .1.10o5 : ., 	.. 131~,/74,200, 	 ...5.31/.ha 1210 ' 
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Overations: 197540 -DBackun 

4.'1 -- :INTRODUCTION 

The Back-up unit brings together and develops germplasm complexes, or Pools, that meet 
the requirements of most to maturity (early,maize-growing areas in the world (Table 4.1. 1). Pools have been developed 

are classified according
tar Highland, Lowland, and Temperate regions, and 

intermediate, and late), grain texture (flint, dent, and floury), and color (white and yellow). Intro
duction nurseries of germplasm from throughout the world, along with observation nurseries and 
yield trials of CIMMYTIs germplasm bank accessions, are conducted each cycle in Mexico to identify 
materials for use in the Pools. After 3 to 4 cycles of recombination, Pools are evaluated to identify 
progenies for incorporation into the Advanced unit populations. Thus, there is a continuous flow of 
germplasm from the bank and national programs through the Back-up unit to the Advanced unit. 

4.1.1 GERMPLASM BANK 

In 1975, the maize germplasm bank continued the maintenance and evaluation of over 8,000 
accessions and fulfilled requests for 5,250 items. Table 4.1.2 shows the populations and amounts of 
seed held in the bank at the end of 1975. Table 4.1.3 summarizes the shipments made during the 
year. Of the 2,602 samples shipped'to the U.S.A. during the year, 2,032 were sent to the U.S. 
National Seed Storage Laboratory at Fort Collins, Colorado, for long term storage. The remaining 
were supplied to individual researchers upon request. 

In 1975, the remaining data for the Maize Germplasm Bank catalog was keypunched and a 
preliminary working catalog was produced in October by the GR/CIDS group at the University of 
Colorado. The catalog requires some final adjustments, and will be updated as new information is 
available from evaluation trials and as new accessions are added to the bank. This catalog and the 
bank inventory listing, will be held at both Colorado and CIMMYT, where computer facilities will 
allow rapid and easy access to all information. 

A total of 2,048 composites and groups were evaluated in four replicated trials at Poza 
Rica. Superior materials were improved further in the breeding nursery and will be included in the 
appropriate Lowland pools. 

4.2 POOLS 

During 1975, each of the 16 Lowland and Temperate pools was advanced through two more 
cycles of recombination and selection. The Highland pools complete only one cycle a year. Each 
pool consists of approximately 450 families planted in a half-sib recombination block. All of the 
family rows and substandard male plants are detasseled before pollen shed. At harvest, selection is 
made for plant height, and for high yield, early maturity, good standability, and increased insect 
and disease resistance. Initially, selection is on a family basis with a final selection of best plants 
within the selected families. Each selected ear is planted as a female row in the next cycle, but 
only the best selections are included in the next cycle's male composite. The present characteristics 
of the Pools are shown in Table 4.1.1. 

In 1974, Pools 4,5,8, and 10 were represented in two locations. They were merged in 
1975, but (like the other pools) they will continue to be tested at more than one location to maintain 
the wide adaptation. 

Considerable gains have been made in developing earliness and short plant type in the early 
Lowland pools (15 and 18), but progress has been slower in increasing yield and disease resistance. 
To overcome such problems, these pools were crossed with selected families from the Advanced 
unit populations and other materials (Table 4.1.4). After a few cycles of recombination, selection 
will be made for all desirable attributes in these pools. Progress has been made in the formation 
of a brachytic-2 pool designed for areas where lodging is prevalent. 

Pools 21 (TIYF), 22 (TIYD), 23 (TLWF), and 24 (TLWD) were tested in 1975 to identify 
families for use in the Advanced unit. Replicated yield trials were conducted at Poza Rica, Obregon 
and Tlaltizapan; with inoculated disease and insect trials at Poza Rica. The results are summarized 
in Table 4.1.5. The selected families from individual pools will be moved into appropriate Advancec 
unit populations in 1976.The broad range of climates and soils under which the yield trials were 
made. should ensure that the selected families are widely adapted. 
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4.33 FLOURY MAIZE 

The development of cooL cnmaxe tor mgn anztuuei Iuoury unuumnpWrI1 PVpULOLLUUB w ISILpsr

sized'in 1975. The only pools previously defined were: the early maturity white floury Pool 3, and 
basic germplasm complexes were assembled to makeintermediate maturity white floury Pool 8. Other 

areas. These complexescontributions to the production patterns in the higher mountain Andean Zone 
included yellow kernel floury endosperm, and additional crosses of opaque,2 into the floury maize 
types. 

Much of the soft endosperm floury maize grown in the Andean area is used directly as 
human food. A substantial part is eaten as green corn ( roasting ears, boiled corn, soups, etc.), 

where the maize is handled primarily as a perishable vegetable; rather than as a cereal grain. Pref

erences vary for kernel size, shape, colors and flavor. 

In 1975, work focused on providing yellow grain populations, and on enlarging the range of 

early maturity germplasm to be fed into the different preferred grain types. Since the crop is being 
of the varieties have relatively very long season maturities, theregrown as a perishable, and most 

is limited flexibility in marketing over an extended period of the year. Maize varieties with substan

tially shorter growing cycles (early maturities) should be helpful in modifying the marketing season 

of such corn, and in providing additional alternatives in cropping patterns. 

In seeking such varieties in 1975, the following materials were handled: 

- Composite of Cacahuacintle race from Mexico. 
- Broad mixture of the yellow kernels found in the floury 1 populations grown at 

Batan and Toluca during the last three years, including those from Mexico and 
the Andean Zone collections. 
Crosses of floury varieties with the very early maturity high altitude germplasm-
(examples: Precoz Titicaca-Bolivia. San Ger6nimo-Perfi. Group E Toluca 1974.
 
Floury collections - Chihuahua).
 
Large kernel varieties (including Hickory King from Zaire, Malz Ancho from
 
Morelos, Mexico, Cuzco and Chillos from the Andean Zone) were intercrossed
 
as a kernel size component.
 
Existing crosses of all the above materials with opaque-2 sources were advanced
 
and additional crosses were made.
 

- Approximately 2 ha. of these highland maizes were planted in collaboration with INIAPat 
the Santa Catalina Experiment Station, Ecuador, to begin selection for suitability in that area..,, 



5.0Collaborative Research for Pest Resistance:'.
 
a, Multicontinental Operation
 

Working in cooperation with national programs throughout the world, CIMMYT continues to 
uniru#vr plant resistance to maize pests of regional or world-wide importance. These pests include: 
Downy mildew (Sclerospora M.) in Southeast Asia, now becoming a serious threat in Africa and 
America; corn st if pirop1asm) disseminated by insect vectors (Dalbulus spp.) in Central America 
and the Caribbean Region; and maize streak (virus) alao disseminated by insect vectors (Ciccadulina 
Mp.), in Equatorial Africa. 

Corn stunt has been known and studied for relatively few years; however, it is known that 
many of the common maize varieties in the Dominican Republic are reasonably tolerant to the causal 
agent, whereas most of the materials in Mexico and Central America are susceptible. One interpreta
tion of this finding is that the disease has existed for a long time in the Dominican Republic, and 
natural selection has increased the levels of tolerance in the surviving materials. Similarly, downy 
mildew has existed for many years in the Philippines, and has forced the accumulation of genetic 
factors that provide sufficient field tolerance to permit continued cultivation of the varieties found 
there.
 

In both stunt and downy mildew, introduction of unselected, susceptible materials from 
other areas results in nearly complete loss of the materials. Studies made thus far suggest that a 
number of genes are involved in conferring resistance to both diseases. The downy mildew resistant 
Philippine sources, which have evolved for the most part under natural selection, have shown high 
levels of resistance to Scleospoa in many countries where they have been tested: however, 
agronomically,they require o erale improvement. 

Protection against maize streak virus in Africa usually has been obtained by planting the.. 
crop at dates that give lowest infection rates. It has been possible to utilize a form of natural escape 
phenomenon to continue growing the crop. Resistance to the virus has been reported; but as yet, 
little deliberate breeding for resistance has been done. Substantial restrictions exist in terms of 
times and areas of planting, as well as in direct yield loss as results of the disease. 

Resistance sources to the causal agents and to the insect vectors are being examined for 
both stunt and streak. Attempts to introduce germplasm from other areas (that may have better yield 
potential or other desirable attributes) into the areas affected with these diseases will require develop 
ment of acceptable levels of the appropriate disease resistance. After the genetic factors for the 
disease resistance and the other desired characters have been combined into a single population, 
recombination of the desired traits can be directed toward locating the individuals that carry all of 
the desired attributes. 

Among the factors to be taken into account are: (1) resistance to these diseases appears 
to be quantitative; however, monogenic resistance is reported (in Taiwan) for streak virus, and 
also for downy mildew; (2) recovery of an acceptable level of disease resistance will require several 
cycles of selection under conditions of appropriate occurrence of the disease in the plantings under 
selection; and (3) large numbers of plants must be employed to assure reasonable chances of recov
ery of recombinant individuals having all of the desired attributes. Thus, during the 1975A season, 
the tropical and subtropical populations, pools and other materials undergoing improvement in 
CIMMYT's program were crossed to the Philippines downy mildew resistant sources. In addition, 
three Lowland Tropical materials, designated as base populations for this program were crossed to 
downy mildew and stunt resistant donors (Table 5.1). The base materials include: (1) a white dent 
population; (2) a white flint population, and (3) a yellow flint-dent population. In the 1975B season 
(August-September sowing), the following studies were underway-

Downy mildew resistance was to be selected in cooperation with Kasetsart University, 
Thailand and the University of the Philippines. 

Resistance to corn stunt was being studied in cooperation %iithThe Centro Nacional do 
Tecnologfa Agropecuaria, El Salvador; and The Centro Experimental Agropecuario "La 
Calera", Nicaragua. 

Resistance to maize streak was being sought in cooperation with The International 
Institute of Tropical Agriculture, Nigeria and The Ilonga Agricultural Experiment 
Station, Tanzania. 
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Primary emphasis is being placed on the use of (apparently resistant) surviving plants 
from selected progenies. Selfed seeds are to be returned to Mexico for recombination (sowing in 
March) and development of the new set of progenies, which will be seeded at the several sites durinj 
August-September for the next cycle of selection. Initially, downy mildew and streak, and downy 
mildew and stunt combined resistant sources will be given special attention. As improved resistant 
sources are developed, they will be made available to national programs and will permeate all of 
CIMMYT's maize materials under improvement. Stunt and streak resistances will be sought under 
high natural incidence of the leaf hopper vectors. Artificial inoculations and spreader rows will be 
used to the extent possible in identifying downy mildew resistant plants. 

Stem borers are another pest complex under consideration. In cooperation with Cornell 
University, CIMMYT is working to develop a maize population which carries resistance to Ostrinia 
nubilalis (European corn borer, a temperate species) and Diatraea saccharalis (sugar caneborer, a 
tropical species). During the summer, the progenies will Be evaluated and selected at Ithaca, N.Y. 
and Tlaltizapan, Mor. During the winter the selected progenies (sibbed or selfed) from each site 
are to be recombined at Tlaltizapan, Mor. In addition,a disease nursery established at Poza Rica 
during the summer contributes resistant selections to common foliar disease. Some of the results 
obtained at Cornell University are shown in Table 5.2. Some of the tropical entries (lower portion 
of the table) seem to carry as high a level of resistance to the first generation as do the resistant 
Corn Belt inbreds, and also a high level of resistance to the second generation. Other resistant 
mechanisms seem to be involved in the tropical sources (as compared to the temperate inbreds) in 
which high Dimboa 	 concentration restricts larval establishment. Presently this population is repre
sented by 266 families, and is a mixture of Corn Belt European corn borer materials and tropical 
sources that have been less damaged by borer in different localities in Mexico in past years. 
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6.0 Special .Projects
 

The Advanced Unit develops and delivers commercially improved varieties to national 

jL-us,1U.o; however, its routine procedures allow little time to follow up on what appear:to be new 

eads, r'on intriguing possibilities that may show up in the development of varieties. Three such 

ireas - - selections for yield efficiency, for early maturity, and for wide adaptation - - are now being, 
should serve to guide selection procedures in the,'3tudied in the Special Projects work. Findings 

,nain breeding programs. 

3.1 SELECTION FOR YIELD EFFICIENCY 

Tropical maize, generally is characterized by an almost uniform background of "too much 
roliage and too little grain' (when compared to maize types developed in temperate latitudes). One 

)fthe basic concerns of the Special Projects is to devise a means of producing more grain in pro

,ortion to total dry matter. 

Evidence is accumulaLing to describe various aspects of the fundamental problems. Many 

reports indicate the tendency of the tropical maizes to produce great amounts of total dry matter, 
in the sap and stalks ofwith a relatively small proportion of grain. Measurements of sugar content 

(1) levels of such sugars are far higher than ie the case with temperatetropical maize show that: 
zone maize types, and (2) that these sugars are not transferred so completely to the ears upon ma

turity. Why is this? Is this a measure of an inefficient genotype?.What can be done about it? (Are 
these measurements only a reflection of the enormously greater need for resistance to the many 

foliage and stalk diseases in tropical areas?) What are the real relationships among these several 

characteristics of tropical maize? As progress is made toward the development of a better grain-to 
sugar content in mature tropical maize plants, will there be a correspondinEstover ratio and lesser 


susceptibility to diseases and insect pests?
 

Modest studies continue to shed light on these questions. The systematic recurrent selec

tion for shorter plants is now a standard selection criterion in all the CIMMYT maize populations 
under development. The benefits of this are obvious in terms of better standability of the plants,and 
more dependable recovery of the harvest actually produced. Its implication is clear regarding the 
relative efficiency of smaller plants compared to larger ones. Yet this selection procedure is based 
on a visible morphological plant configuration and does not include measurements of sugar concen
trations, root development, or actual foliage determinations. 

A number of materials are undergoing special selections to determine the potential for 
improving yield efficiency by breeding; and the ultimate effects, both direct and indirectthat such se] 
tions may have on the performance of the crop. 

6.1.1 YIELD EFFICIENCY WITHIN TROPICAL GERMPLASM 

6.1.1.1 Short Plants 

The population - Tuxpefto Planta Baja has been chosen to determine the ultimate effects ol 
selection for extreme shortness of plant. The original composite population of selected varieties 
from within the race Tuxpenlo has now undergone 12 cycles of selection for shorter plants and has 
been released for commercial production in several countries{Mexico as V-524 "Tuxpefnito", Hondurai 
as Honduras Planta Baja; and Zaire as Salongo). 

This population still has far too much foliage relative to temperate type maize plant archi 
tecture, and very probably can be further reduced in plant height. It has been chosen for study in 
an intensified selection effort. Full sib families were generated in the first planting season at Poza 
Rica and planted for a second cycle of selection at the same station. During the second (summer). 
planting cycles, there was a heavy infection of sorghum downy mildew. Thus, shorter-plant selectio 
was possible only as mildew infection permitted (those families that had been heavily infected with 
mildew could not be used to generate progeny, as they did not produce any grain). Thus the short
plant selection procedure of continuous full sib mating among selected families was modified some
what, as dictated by the disease in the field: some of the very shortest families were not included. 
In spite of this, a reasonably good selection differential was obtained. 

This selection for shorter plant height will be continued to determine the total effects. 
(to see if roots also are reduced); sugar content;Measurements will be made of: root development 

yield; leaf number; maturity; disease reactions; etc. The information obtained should be valuable 



6.2 

guideline for selection criteria in the other CIMMYT populations.as a 

6 *1 *2 JCHARACTERS OTHER THAN YIELD 

selection has contributed to in-The evidence to date suggests that, although shorter plant 
creased crop yields (through a change in management practice), the efficiency of individual plants 

measured as harvest index has not changed considerably (for tall and short selections of Tuxpeflo). 
In view of this, and the evidence of the importance of morphological characters other than yield 
(see Agronomy/Physiology), two other projects are being initiated. 

6.1.2.1 Reduced Foliage 

The genetic variation in three of the Advanced unit populations (leaf length, width, number 
above the ear, foliage density above the ear, and yield per leaf area) has been reported (Section 3.6). 

leaf area will be the primary selection criteria.Three populations are being formed for which reduced 
Within the crossing block of the Advanced unit populations, Tuxpeflo-1 (IPTT-21), Eto Blanco 

(IPTT-32), and Antigua x Dominican Republic (IPTT-35), families will be selected with leaf areas 

equal to or below the mean of the respective population. These will be handled as full sibs, and a 

crossing block and an earlier planted observation nursery at high density will be grown each cycle 

at Poza Rica, Station. These populations represent a typical widely grown Tropical lowland material 
shorter tropical material with good combining ability and with a tendency to(Tuxpefio-1); moderately 

early, short, relatively efficient tropical materialbarrenness at higher densities (Eto Blanco); and an 
(Antigua x Dominican Rep.). 

6.1.2.2 Reduced Tassel Size 

The same populations (chosen-for the same reasons) are being selected for reduced tassel 
in the changes ofbranch sizes in the manner described for reduced foliage. After some progress 

both leaf area and tassel size, the special populations will be yield tested with the original popula

tion and their Advanced unit equivalent. On the basis of this evidence, the leaf area and tassel selec

tion might be merged, with concurrent selection of both to see what changes may occur. In view of 

the possible need to have small tassels combined with reduced leaf area and height (to obtain maxi-
Eto Blanco population will be managed to obtain a simultaneousmum changes in yield efficiency), the 


reduction in tassel branches and leaf area.
 

6.1 .3 YIELD EFFICIENCY IN TROPICAL x TEMPERATE GERMPLASM
 

produce relatively small ears
The descriptions of the tendencies of tropical maize types to 


(or low grain yields) in relation to the total dry matter production might suggest that the temperate
 

maize varieties should be moved to the tropics to replace the "inefficient" types. From a practical
 
because of the resulting disease and insect r' tcks. Temperate,standpoint, this is simply not possible, 


climate maize varieties are much too susceptible to a whole range of tropical disem id insects.
 

Thus, the temperate maize plant architecture is being combined with the appropriatt :,- and
 

disease tolerance from tropical types.
 

Several of these combinations are under mixing and selection in the CIMMYT program. A
 

combination from the Eto x Illinois lines has been assigned IPTT No. 42, and is in the routine selec
are being subjected to successive selection under drasticallytion program. Others of the combinations 


different environments. Thus far, only descriptive identifications for purposes of selection have been
 
or population number assignments (with the possible excepprovided, with no permanent variety name 

tion of "Amarillo Bajfo").. The selections were advanced in 1975 under the usual visual selection
 

procedure in different environments. It is expected that progress will be gradual and that extreme
 

selection pressure should not be exerted until thorough mixings have been achieved.
 

ADAPTATION 

The 1974 CIMMYT Annual Report included a brief section on the general subject of adapta

tion, with primary focus on how this characteristic might be achieved. Development of maize van

e that are superior over a reasonably broad range of conditions is an essential part of the
 

CIMMYT variety development effort. Obviously, it would be impossible to produce a specific genotyp
 

for each of the countless micro-climates in the tropics around the world. The native types that! have
 
that very different environ

been developed under extremes of temperature regimes provide evidence 

ments produce results that vary widely in predictability.
 

In light of the general behavior patterns and observations listed below, it is obvious that 
must be achieved to meet these varying requirements, if broadlysystematic recombination of genes 


adapted varieties are to result. For example:
 

Growth under cooler growing conditions (particularly during the early formative stage~s
 

3f the plant) tends o produce shorter plants.
 

arowth of lowland tropical types under cool highland mountain conditions produces very
 
formation (frost,
slow growth; abnormal, pale color of foliage; and little, if any, grain 

Lsually kills the plants before full maturity). The Corn Belt maize from the U.S. tend. 

same pattern, indicating that their temperature response more closelyto follow the 

A?.4 



.resembles that of tropical types than'that of lighland maizc 

.Lowland tropical maize is generally 'suscept-ble to the cool highland diseases (Puccinia 

sorahi and Helminthosporium turcicum, for example). 

Highland maize subjected to high temperatute' conditions of the lowlands usually grow 

much more rapidly to flowering than tt.,Iy do under the cool conditions, but begin, to 
d' ice of grain formation. Is the ability tocollapse at that time and rarely show ev ..

metabolic grow under cool conditions associated witb lor the same as) an excessive 

loss under high temperatures? 

Plants grown under cooler conditions tend to be stronger, with heavier stems (as well 
under higher temperatir;es.a1 shorter), than those g- -wn 

varying environments reflects the need toSystematic testing of the Advanced unit under 
like the above, to recombine the appropriate

identify genotypes that perform well under environments 
widely different environments 

genotypes (as progenies).- Continued selection and recombination under 	
genedel Dfa) is an attempt to gradually build the

(in what is being called "Estudio Reacci6n Largo 
to grow well over an extreme range 	 of conditions into a single population.frequencies required 

indicate the feasibility of this process (See 1974 Report).
Findings over the next few years should 

of growing season in higherCombinations of different germplasms are limited by the length 
cannot be used becauce of limited growing seasons.altitudes and higher latitudes; long season types 


Certain germplasms that are sensitive to photoperiod rppresent a special kind of problem. For
 
small in size and early to maturity. When these


example, L' Indonesia, maizes are generally very 
late maturing types. By followingare moved to higher latitudes, however, they behave as very tall, 

very early maturity northern temperate zone tyi's, it should be possibe to 
.the crosses of these to 

Earl-ess to flowering, photoassess the complexity of inheritance 	of such photoperiod responses. 
to be geneticallyperiod response, response to temperature and many other agronomic traits appear 


independent (separate from the day length). A series of the early maize types is now being studied
 

under different temperature and day length conditions.
 

6.3 EARLY MATURITY 

The characteristic of relative maturity is inextricably mixed with adaptation. Obviously, 
limited by length of season than are 	late maturitythe earlier maturity types are less likely to be 

types. Quite apart from this, is the 	well-known association between extreme earliness to maturity
 
tropical maize breeding has been directed at obtaining higher
and low yields. Most of the work in 

yields. Upon examining the results, it quickly becomes apparent that (for the most part) improved 
higher

yields obtained in these efforts are also associated with later maturity. Thus, the need for 

yields in truly early maturity types has never been met. 

As a matter of initial priority, the very early types were not given the same attention in 

the CIMMYT program as were intermediate and later maturity categories. However, the earliest 

available types were gradually being built up as broad-base populations. Recently, the program has 
yielding genotypes of later maturity,begun to intercross a series of what 	were considered better 

in this composite of types; rather than concentrating only onwith subsequent selection for earliness 
the composite of early maturity genotypes. The intent is to concentrate on the development of early 

and very early genotypes with good yield characteristics for hot tropical conditions. Two initial cycles 

of recombination were completed in 1975 with plantings at Poza Rica and at Obregon. Selection pres

sure for earliness will gradually be intensified as recombination cycles progress. At Obregon, a 

fairly heavy incidence of stunt virus permitted substantial selection for tolerance to this disease 
families planted. Modified mass selection (ear-to-row with selection amongamong the several hundred 

at the present stage of population development.and within half-sib families) is being used 

as related to maturity in this recently formed base populationThe potential level of yield 
is not known; the assumption is that relatively greater change can be achieved in maturity of the 

plants than in their production of grain. Along with the maturity change, a foliage reduction effect 

iE; expected; since the materials intercrossed not only are later and produce larger ears, but also 
have more and larger leaves. 

6.4 WIDE CROSSES 

and tripsacum in 1975, particular attentionIn the thousands of crosses made between maize 
was paid to the success of different populations and genotypes as male and/or female parents. More 

seed was obtained from tetraploid maize than from diploid populations; but no superior maternal 
genotype was identified in tripsacum. 

Successful pollinators of both maize and tripsacum were identified. The maize population 

Amarillo Bajfo stimulated seed set on all tripsacums pollinated (each of eight genotypes belonging to 

four different species). All seed development was followed by embryo breakdown beginning twelve 

days after pollination. In 1976, Amarillo Bajfn will be used on more species and genotypes of 

tripsacum to test the universality of the stimulation; and embryo culture will be used to obtain more 
hybrid. plants. 
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seed with maize were increased. Replicate 	 clonesPollinators of tripsacum that gave hybrid 
have been planted in the tripsacum garden at Tlaltizapan for more intensive use of

of these plants 

the successful genotypes in 1976.
 

F progeny have been obtained from several combinations of maize and tripsacum. In each 
a low degree of 

case, maizi was the female parent. All hybrids were male sterile and had only 
all F plants examined had the gametic number

female fertility. Chromosome counts showed that 	 of 
tripsacum chromosomes were

maize chromosomes, as expected. However, it appearl that some 

lost before seed germination. The number of tripsacum chromosomes retained by the hybrid was not 
from the same cross.consistent, and differed even between progeny 

have been obtained.F plants were pollinated with maize pollen, and backcross progeny 
on two plantsbeen non-viable. Chromosome counts were 	 made

Unfortunatel, all such progeny have 
from both parents, but chromosome losseach plant had received chromosomesbefore they died; 

had occurred.
 

CIMMYT anticipates the production of
With intensive use of previously successful 	parents, 

a greater number of hybrids in succeeding 	cycles. These plants will be screened and selected for 

with maize for the production of good agronomic types.
desirable characteristics, and backcrossed 
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7.0 Maize Training Program
 

7.1 INTRODUCTION 

CIMMYT training program is designed to provide first-hand learning experiences for
 
breeders,* production agronomists, chemists, pathologists, entomologists, and experiment station
 
managei .". 

In 1975, a total of 56 in-service trainees began their training in Mexico. These trainees 
came from 22 countries: Belize, Bolivia, Costa Rica, Dominican Republic, Ecuador, Egypt, Guate
mnala, Haiti, Honduras, Ivory Coast, Kenya, Malawi, Mexico, Nepal, Nicaragua, Nigeria, Pakistan, 
Pert, Philippines, El Salvador, Yemen and Zaire. 

The fields of specialization represented were: 35 trainees in Maize Production, 18 in
 
Breedings, 2 in Protcin Evaluation, and 1 in Plant Protection. Training consists of a combination
 
of practical and theoretical sessions which are systematically provided specialized learning expe
riences. The field work is done at CIMMYT's stations in Meico and in farmers' fields.
 

Trainees were sponsored by A.I.D., B.I.D., CENTA/CIMMYT, CIMMYT, F.A.O., F.F., 
I.C.T.A., I.D.A., I.I.T.A., P.N.M. -Zaire and U.N.D.P. 

7.2 BREEDING 

Breeding trainees learn the procedures that are used in the formation of superior maize 
varieties, and at the same time become acquainted with germplasm that may later be of interest in 
their countries. These trainees work as part of the CMMYT team of geneticists, entomologists,
 
pathologists, agronomists, physiologists, etc. This team integrates efforts, knowledge, and expe
rience to select appropriate genotypes for different parts of the world. Through the application of
 
mitable seection systems (mainly full-sib and modified half-sib selection), the trainees are involve4 
directly in the maize improvement process -- in modifying the architecture of the maize plant for 
production of more efficient types that are resistant to pests, diseases, and lodging. 

7.3 MAIZE PRODUCTION 

Maize production training iv of particular importance, because transfer of "knowhow" and 
of improved varieties to the farmer to a crucial step. This training seeks to complement the profes
sional development of agricultural technicians dedicated to the production of maize, showing them the 
most appropriate technology to obtain optimum ecmomic yields under a wide range of environments. 
Such technology has changed greatly in recent yearw, due to a better knowledge of the environmental 
factors that affect maize development, the availability of more genotypes capable of producing high 
yields, advances in the understanding and use of fertilizers and pesticides,and the development of 
more efficient equipment and machinery. Trainees are shown a simple 4-step system of research 
trials and demonstrations that can be readily modified to develop and implement a package of recom
mendations in their own countries. 

Step one: is based on the experiment station work, and consists of variety development, 
preliminary screening of pesticides, and the identification of the major lImitings 
factors to production. 

Step two: involves intensified research station management techniques that have been 
transferred to a conveniently located site within a neighboring farmer's field. 

Step three:identifies the most important factors for continual study and these are examined 
in more detail at several locations in farmers' fields near the experimental 
station. These are simple trials, testing different levels of each factor and the 
interactions between factors. In this 3rd. stage the trainees actively participate 
with the farmers and extension agents with a 3-way exchange of problems and 
ideas. 

Step four: the trainees learn to manage the information obtained in the three preceding 
steps anddevelop a production package for the area based on sound economic 
principles. The trainees assist the extension agents in verifying these packages 
on 4 or 5 "diamond' plots at as many sites as possible, with the active participa
tion of large numbers of farmers throumout the cropping cycle. This 4th. stage 
may also include multiplication plots, each of about one hectare, where farmers 
can increase seed of the recommended variety, using the recommended manage
mert. 
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7.3 PLANT PROTECTION 

Training in Plant Protection adds to that given in Breeding. Experienci is gained in the identification and assessment of principal diseases and insects affecting maize, and in the techniques used
in artificial inoculAtion, infestation, and evaluation of materiaiq for resistance. 

7.4 PROTEIV EVALUATION 

In the Protein Quality Laboratory, trainees learn proven techniques for identifying genetic
materials with superior quality. 

7.5 ADDITIONAL TRAINING 

CIMMYT recognizes that the training capacity at the International Center in Mexico is insuf
ficient to cope with the demand for qualified maize production agronomists. For this reason, a verylimited number of potential trainers receive more comprehensive experience and knowledge that will
enable them,in turn,to train other agronomists within their countries, thus achieving a multiplication
effect. Three trainees from El Salvador and one from Pakistan were in this program in 1975. 

CIMMYT Training staff also collaborated directly in national training programs in Pakistanand Tanzania. In Pakistan, 90 agronomists from Punjab, N.W.F.P. and Sind attended a course in
maize and sorghum production given jointly by the Maize & Millets Research Institute, February 2 
to March 7, 1975. 

In August 1975, a CIMMYT maize training scientist organized and conducted a maize production course for 21 trainees from 13 regions on behalf of the Ministry of Agriculture of Tanzania. In 
turn, these trainees will train 540 agricultural officers of the new Tanzanian National Maize Produc
tion Project. 
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8.0 Regional Programs
 

8.1 CENTRAL AMERICA AND CARIBBEAN REGION 

8.1. 1 FINDINGS: 1975 TRIALS 

A total of 62 international progeny trials and experimental variety trials were grown success
fully in the Central Arrerican Region. Five of the experiments were lost due to severe drought and 
to a virulent infection of corn stunt (achaparramiento) in Honduras. The experiments were well con
ducted, and the data collected are highlyreliable. All experiments were visited several times by the 
Regional coordinators and other CIMMYT staff members. 

The process of harvesting trials has been systematized in all countries. The breeders have 
found that the experiments can be easily.harvested and more accurate data taken with a minimum of 
error, if the process is properly organized. For the first time, plant pathologists and breeders (and 
often the directors of Agronomy Departments) work together in the harvesting operation. 

Among problems that remain: some countries are unable to measure trial results on metric 
scales, and are using inadequate moisture-testing machines. The Regional Program will provide two 
scales (in kilograms) for each country. Moisture-testing machines can be bought with local funds or 
donations from other institutions. 

Experimental variety trials provided many valuable results. Several experimental varieties 
have shown performance superior to that of local varieties (and of some commercial hybrids). Exper
imental varieties have been requested in 15 kilogram lots by Guatemala, Honduras, Nicaragua, El 
Silvador, Costa Rica, and Panamd. This seed will be used for seed increase and distribution among 
the farmers. Honduras, Guatemala, Salvador and Nicaragua are increasing seed of Tuxpeflo-1 for
 
commercial use.
 

Although there is still a high rate of job transfer among breeders, disruption has been 
lessened,, because:
 

1. 	The local programs have gone through a process of systematization with very ciear ara: 
well defined. objectives.. 

2. 	 The regional coordinator for breeding helps in keeping the breeding program on track. 

8.1. 	1.1 Summary of Findings 

In 1975, no off-station trial results were received from Nicaragua, Panama and tue Uaribbean 
countries. Guatemala is analyzing results independently since their trials are somewhat different from 
the 	rest of the countries. 

Data 	from 87 trials (Fig. 8. 1; Table 8. 1) indicate: 

(1) 	 Improved variety was (on average) approximately 10% better than the local variety. In 
El Salvador, the local variety was not included in these trials, since most of the 
farmers are planting improved varieties. 

(2) 	 Grain yield produced from Complete Technology was (on average) 24% higher than thp+ 
obtained with the Farmer's Method; and Minimum Cost Technology produced only 4% 
more grain yield than Farmer's Method. The actual average yield of maize of the 
Central American Region is about 1,100 kg/ha , however, yields from Farmer's 
Method were far higher than this average. This seems due to several factors: off
station trials were planted in low risk areas during the first year. Many farmers 
considered these trials as a competition (with their production method competing witt 
other production technologies). These farmers took better. :care of their plots than 
they normally do on their commercial fields. 

(3) 	 Complete Technology showed the high grain yield (over 5,000 kg/ha) potential on the 
farmer's land. 
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8' 1*2 GENERAL COMMENTS ON THE PRODUCTION PROGRAM 
8.1.2.1 Quality Protein Maize 

CIMMYT's Opaque-2 Experimental Variety Trial has indicated several good opaque-2 vari
eties. The Central American countries will be increasing these for distribution. Honduras is in
creasing seed of PD(MS)6 H.E. opaque-2. A total of 40 kilograms of this variety was sent to San
Pedro Sula for seed increase. This high-quality protein maize will be used for human consumption,
 
as well as for hog feeding by farmers' cooperatives. Guatemala has developed two opaque-2 vari
eties from CIMIMYT materials. The national institution, ICTA, has a program for producing 200
 
tons of opaque-2 maize each year for human consumption. Guatemala and El Salvador are generating
opaque-2 progenies. The Guatevalan program is trying to complete three cycles of selection per 
year in tjils opaque population. 

8.1.2.2 Resistance to Stunt Virus 
El Salvador and Nicaragua have grown the first cycle of selection for resistance to corn 

stunt. This is part of CIMMYT's special project for developing disease and Insect resistance materials. 
Reasonably resistant materials have been identified among some Caribbean varieties and their crosses
mainly in the Dominican Republic and Cuban collections. The local programs have developed a system
that will permit two cycles of selection per year with relatively little effort. This system was devel
oped by the regional coordinator for breeding. varieties with resistance to corn stunt. Seventy kilo
grams of NA-2 from Nicaragua were sent to Panamd for seed increase. CIMMYT also sent to Pana
mA about 15 kilograms of Sint~tico de 10 lfneas; both are derived from PD(MS)6, a variety with 
good adaptation to Central America. This seed will be used commercially in Rio Hatos, an area in 
Panama where corn stunt appears to be endemic. 

8.1.2.3 Economic Studies 
A series of studies in economic aspects of maize production were initiated. Dr. Dick

Perrin visited El Salvador and Honduras at request of the Governments of these two countries. Dr.
Perrin talked to the breeders and maize production specialists and gave a series of recommendations 
to determine production cost of maize grown under different technological packages. El Salvador has
formed a group of 5 economists that will work at the national level in all economic aspects of maize
production. The directors of the local institutions have requested that economists of CIMM12T visit 
them and cooperate with them in the organization of these programs. 

8.1.2.4 Networks 
The breeding and production networks have been strengthened this year thanks to several 

regional meetings, and to the reciprocal short visits of scientists of Central America. 

8.1.2.5 Training Strategy 
CIMMYT's interest in training trainers has been welcomed by the Central American and

Caribbean, countries. El Salvador will be the first country to initiate national training programs.
CENTA, the national institution, haw requested CIMMIr to prepare a national training program,.
for maize production. Drs. Violid, Villena and Soza visited the country recently, to set up the basis 
for this program. 

PLANS FOR OFF-STATION RESEARCH TRIALS: 1976 

Regional plans for 1976 call for simple trials to be on duc .conducted 6private. farms.- P
tion technologies, elite varieties, fertilizer x density effects, and insecticidesw and heribicides'are 
among the variables to be studied. 

Central America No. of Trials 
Costa Rica Not defined 
El Salvador 400 
Guatemala 450 
Honduras 200 
Nicaragua . 250 
Panama Not defined 

Caribbean 
Dominican Republic 'Not defined 
Haiti 188 
Jamaica 6 

S. Field books are being prepared for these trials, for standardized andiiprovderdecrd nof data.s 1rstnarieta 



9.0 Inter - Center Collaboration
 

9.1 CIMMYT-IDRC HIGHLAND COLD-TOLERANT SORGHUM PROJECT 

Sorghum (Sorghum bicolor (L.) Moench) ranks among the five major cereals of the world in 
acreage and production. Over 95% of the crop is grown in relatively warm, humid, sub-humid, and 
sehi-arid tropical and sub-tropical parts of the world. However, a substantial amount of sorghum 
has been grown for centuries in highlands of some East African countries; this sorghum seems to 
possess a varying degree of tolerance to cold (but above freezing) temperatures. 

Millions of people use sorghum grain in various forms (injera in East Africa; chapati or 
roti in parts of Asia; tortilla en Latin America, etc.) as a staple food, as feed for animals, and 
as an industrial raw material. Also in some parts it is used for brewing, distilling, and prepara
tion of local drinks (chicha in Central America). Its stalk is used for fodder, fuel, shelter, syrup. 
sugar, and broom production. 

Grown for centuries in Africa and Asia, sorghum is an introduced crop (less than 200 year 
old) to the American continent. But its cultivation has been expanding rapidly for the past 15-20 
years, and now more than 50% world's total grain is produced in the Americas. The United States 
is by far the largest producer, but acreage and production is increasing in Mexico, El Salvador, 
Guatemala, Colombia, Argentina, Brazil and other Latin American countries. 

Although sorghum performs best under favorable moisture, temperature, and humidity con
ditions, it possesses a high degree of tolerance to drought conditions. Research is underway to 
incorporate an acceptable degree of cold-tolerance and relative insensitivity to photoperiod in the 
otherwise agronomically desirable sorghum cultivars and populations. This could help expand cultiva 
tion into high altitude and other areas of the world that are characterized by scarce and erratic 
rainfall. There are large tracts in Mexico, Central and South America, Tropical Africa, and 
Southern and Eastern Asia, where cold-tolerant sorghum could play an important role in increasing 
food supply. 

Most Latin American countries do not have a national sorghum program at present and/c 
do not have qualified personnel working on sorghum improvement. Their access to a wider range of 
useful germplasm also is very limited. Thus, there is an urgent need for a regional sorghum pro
gram to assist these countries with improved germplasm and technology of production. Cold tolerant 
(CT) sorghums being developed at CIMMYT should make significant contribution to agricultural pro
duction in highlands and temperate zones -- not only in Latin America, but in other parts of the world 
where rainfall is erratic and scant. These also seem to be adapted to lowland areas as well. At 
present, cultivation of cold tolerant sorghum is limited to highlands of Ethiopia, Uganda, Kenya, and 
the Yemen Arab Republic. When local varieties introduced from these .;ountries are grown on the Amer 
ican continent, they are usually tall, photoperiod sensitive, and require longer to grow. But by 
judicious breeding efforts, these lines are being utilized in development of sorghums adapted to 
highlands of Mexico and other parts of the world. (See 1974 CIMMYT Report). 

9.1.1 SOME ADVANTAGES OF COLD TOLERANT SORGHUM 

Sorghum outperforms other major cereals in its ability to withstand moderate drought and 
perform better in marginal areas, because of its deep fibrous root system and xerophytic leaf. 
Addin, cold tolerance to sorghum cultivars will: 

Extend sorghum adaptation to highland and temperate zones to intensify land usage, and 
bring millions of hectares of new arable land under cultivation. 

Stabilize grain sorghum production in fringe areas where severe losses occur due to 
occasional low temperatures during growing season. 

Serve as an alternative crop in frost-free mild winter areas, especially in the tropics. 

Be suitable for early spring plantings,. where low soil temperature limits good germina
tion and stand. 
Serve as mediator component in development of widely-adapted, broad-base germplasm 
and source populations. 



9.1A 	 MAJOR OBJECTIVES 
The highland sorghum program was reorganized around the following objectives in January
 

1974;
 

9.1.2. 1 	 Short Term Objectives 

Selection and use of CT lines irom me existing pool.
 
Improvement of CT lines for grain type, grain yield. vrotein aualitv.T disease nd insect
 
resistance, etc.
 

9.1.2.2 	Long Term Objectives 

Search for and use of new and better sources of cold tolerance,
 

Study of cold tolerance inheritance.
 
Ascertain possible development differences between cold tolerant and susceptible .'groups of 
genotypes under comparable environments. 

P.1.3 	 SELECTION AND USE OF CT LINES 
Figure 9.1.1 shows a general overview of higniana sorgnum improvement program underway


at CIMMYT. Approximately 1,500 individual plants were visually selected from the cold tolerant pool

at El Batan (2,200 m) during summer of 1974. Their progenies were evaluated at Poza Rica (50 m)
and Tlaltizapan (1,000 m) the following season. Some 380 promising selections were included into
 
the first International Cold Tolerance Sorghum Adaptation Nursery (ICTSAN). They were grown 
at 
four locations in Mexico last summer. Also complete or partial sets had been distributed to 25 loca
tions outside of Mexico (Table 9. 1) for evaluation. So far, outside data have been received from
 
only three locations. These nurseries also were observed during the growing season in Canada, the
 
U.S.A., and in the highlands of Ethiopia, Honduras, and Guatemala. Cold tolerant selections from
 
Mexico, in general, seem to be performing well in varying environments from tropical lowland (sea

level) to highland 	 (2,300 meters) and temperate zones (>45°N latitude) in different countries. Based 
on ICTSAN data, approximately 100 lines will be selected for yield trial (ICTSYT) next year. 

9.1.4 IMPROVEMENT OF COLD TOLERANT LINES
 
is bn Each season at Poza Rica, a wide range of germplasm selected for various desirable traits
 
is being hybridized with elite cold tolerant lines. Nearly 3,000 hand crosses are made between cold
 
tolerant 	and susceptible groups, and among cold tolerant groups. 

9. 1.4.1 	 Disease Resistance
Among sorghum diseases, Foma and bacterial spot (both tentative identification) 'have been 

found in 	Mexican highlands (El Bata-n---uamantla, and Toluca). But many other diseases are found
in the highlands of East African countries, where sorghum has grown for centuries. Therefore,

emphasis on breeding for disease resistance continues as a means of coping with possible future
 
hazards. The entire breeding nursery is evaluated for all naturally occurring pathogens at Poza Rica

in both seasons each year. The diseases found at the Poza Rica experiment station so far are: gray

leaf spot (Cercospora sorghi); leaf rust (Puccinia purpurea), an unknown leaf spot caused by an im
perfect fngus similar to Diplodia;zonate leaf spot MGe-ocercospora sorghi); leaf blight (Helmin
thosporium turcicum) sorgh aJowny mildew (Sclerospora r );baterial stripe (Pseudom nas
andropagan); maize dwarf mosaic virus; seed maldsusarium stal rot; fusarium head blight; and 
anthracnose (Colletotrichum graminicolum). However, only the first three have been of any economic
significance. Considerable tolerance or resistance for each of these diseases exists in both cold 
tolerant and susceptible materials. Also, attempts are being made to introduce additional sources of 
resistance. CIMMYT works closely with Texas A&M University in evaluating their International 
Disease Nursery. In 1976, cold tolerant selections will be sent to Texas for screening against
anthracnose, downy mildew, and head smut. 

9.1.4.2 	Insect Resistance 
Corn leaf aphid (Rhopalosiphum madis) has been seen occasionally on sorghum at El Batan 

and Toluca. However, at Poza Rica, midge(Catarinia sorghicola) and fall armyworm (Spodoptera
frugiperda) cause substantial damage. Lines and populations resistant to midge and green bug(Schizaphis
graminum) recently have been obtained from Texas and the resistance is being incorporated into cold 
tolerant 	germplasm. 

9.1.4.3 	Protein Quality 
Protein quality improvement in sorghum began in January 1974.- Seed of six high-lysine lines 

were supplied by Dr. J.D. Axtell of Purdue University. These lines were tall, photoperiod sen
sitive, and had dented grains. He also furnished seed of the opaque mutant "P721" in February, 1975. 

been 	 Because of the apparent drawbacks of high-lysine lines, CIMMYT's primary objective hasbeen to 	cross them with selected early, dwarf, normal endosperm lines. Sixteen such crosses were 
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made at Poza Rica, Mexico during the 1974 winter season. The resulting F1 hybrids were grown at 
Tlaltizapan, Mexico the following season. All of the hybrids were nearly as tall and late as their 
high-lysine parents. At harvest of the F1 hybrids, selection for grain types was easily done by 
visual inspection of unthreshed heads. A few heads had been damaged by webworm (Celama sp.). 

After threshing, four grain types -- opaque dented, opaque plump, normal vitreous and mod
ified -- were separated on a glass screen over a fluorescent lamp. Light did not pass through dented 
and plump opaque grains, and passed differentially through modified types (i.e. a portion of each 
modified grain was opaque and the rest translucent). Normal grains were completely translucent. Dis
section with a fine blade revealed that opaque dented and plump grains had floury endosperm, and 
normal translucent kernels had vitreous endosperm. The translucent fractions of modified grains were 
vitreous and the opaque fractions were floury. 

All selected F segregates of each cross were planted at two locations, Poza Rica and 
Tlaltizapan, during 1974?1975 winter season. Relatively short and early plants were harvested and 
threshed individually. Laterexcept for a few homozygous opaque plump and dented types, only seed 
from plants with modified types was saved and sorted over a fluorescent glass screen. Approximately 
8 to 10 grams of seed of each selection was sent to the laboratory for protein and lysine determina
tions. Data for some samples are presented in Table 9.2. The results suggest that good quality pro
tein exists in the modified types, although a relatively lower protein content can be expected in early 
stages of the breeding program. 

Some crosses had more numerous modified segregates than others, and some produced 
none at all. The degree of modification of grain vitreosity varied. Since not all modified selections 
have good quality protein, chemical analyses will be essential in any protein quality improvement 
program. 

The F, progenies of selected plants have been planted at Taltizapan and Poza Rica. Also 
new crosses hae been made between selected cold tolerant lines and P721. CIMMYT discontinued 
use of Ethiopian -high lysine lines in its crossing program. 

Main objectives in protein quality for the future are: 

Further selecting and improvement of cool temperature tolerant. modified grain'types 
with good 	quality protein. 
Obtaining 	 information regarding genetic nature of grain modification inordeF, to adapt' 
more efficient and effective breeding procedure. 
Studying the usefulness of opaque mutant P721. 

Studying theusefulness of "opaque" and high lysine gene combinations. 

9.1.5 	 BREEDING FOR COLD TOLERANCE 
Addition of new sources of genetic variability for grain color, type and yield, proteinquality,,:

diseases and insect resistance, etc., simultaneously reintroduces the lack of tolerance to cool tem-rn 
perature and, therefore, warrants selection under appropriate conditions to recover the desired -
combinants. The following two breeding methods are used. 

Q-.1.5.1 	 Pedigree system 
All crosses are made at Poza Rica where both cold tolerant and susceptible lines grow 

successfully. Each season nearly 1,500 crosses are made between selected parents. The F hybrids 
are also evaluated at Poza Rica. From the first set of crosses made in 1974, 178 F and too F 
families were grown at El Batan and Huamantla. Although frequency of cold tolerant legregates 'Aried 
between families but in general it was low (<5%). Moreover, a large proportion of families did not 
have any CT segregates. Over 150 individual plant selections were made for further evaluation. 

9.1.5.2 	 Population Improvement 
To bring a large range of genetic variability together and facilitate recombination, CIMMYT 

recently started using genetic male sterility to form intermating populations. Cold tolerance (BP ) 
and disease resistance (BP ) populations were formed during winter of 1974/75. Their F crossis 
were grown at Poza Rica list season. Hopefully, one population each for insect resistange and 
drought tolerance will be formed early next year. Each of these populations will be recombined for 
4 to 5 cycles before starting selection. 

D.1.6 	 NEW SOURCES OF COLD TOLERANCE 
Present sources of cold tolerance trace back to East Africa, and little is known about their 

inheritance. To improve upon available sources of cold tolerance and also to avoid any inherent danger 
)fgenetic vulnerability, it is believed that all possible sources of cold tolerance from highlands of 
.kfrica and other parts of the world should be screened. Of four lines brought from Ethiopia in 1973, 
it least one seems to possess cold tolerance. This is probably a local variety from the Harar region;
It has a small, compact, goose neck type head with large white grains. In the past 1-1/2 years 
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that 77 of these lines from highlandsCIMMYT has introduced 106 sorghum lines. Table 9.3 shows 
of Ethiopia have potential no sources of cold tolerance. But all lines are tall and photoperiod sensi
tive, and would not fit in the normal growing season of El Batan or similar areas in Mexico. There

fore, a conversion program (Figure 9.1) was begun this last season at Poza Rica, to shorten the' 

height and maturity period of these Ethiopian lines. 
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10.0 Related Maize Improvement Information
 
Bulletins 

Maize diseases, 1974 (IB 11).
 

ClD 4YT Annual Report 1966-67; 1967-681 1972; 1974.
 

CIMMYT Review 1976.
 

Proceed±rds-world wide maize improvement in the 70's and the role for CIMMYT, 1974.
 

Research and training in the development of high lysine maize, 1973 (Published by UNDP),
 

Statistical genetic theory and procedures useful in studying varieties and inter-varietaL
 
crosses in maize. C.O. Gardner and J.H. Lonquist, 1966 (RB 2).
 

The Puebla Project, seven years of experience 1967-73.
 

Bibliographies (available to libraries only)
 

Bibliography of corn, Vol. I, II, III, 1971.
 

Nurseries
 

International opaque- 2 maize trials **3rd,... lI",E
1972-73 B 13).
 

International maize adaptation nursery lst,-1970 41 (IB 7).
 
•
 

Preliminary report, International experimental variety 
trials,1975. 


Preliminary report, International progeny,-trials,,1975..
 

Supplementary report, International progeny: trials, 197!
 

Translations and zeprints"
 

12. Some ways international'research,programs !can-assist advanced nations- E.W. Sprague,'
 
1975.: 

13. National production programs,for introducing.high-quality protein maize in developinc
 
countries, C.R. Pomeroy, 1975.,",
 

14. A,comparison of maize diseases in temperate aidin tropical environments, B.L. Renfr( 
and A.Ji Ullatrup, 1975. - 

15. The field support functions of the agricultural experiment station in the developing 
countries, C.R. Pcmeroy, 1975. 

17.. Developing rgricultural research personnel,, E-W Sprague, 1975.1
 

19. 	 Current status of plant resourcesIand utilization, EW. Sprague, K.W., Finlay, 1976.
 

4arihta1 traits limiting. the grain yield,of tropical'maize, I, I, JI.I IV, J.:Yamaguchi,
 
1974, 	 -- --

Ca's- Study: The Rockefeller Foundation program in corn. d wheat in .Mexic,D.T.; My"renl,
 
1969.
 

Publications in Francaii
 

Brochure de recherche No. 20. Methodes chimiqies employees par CIMMYT dans la determinat:
 
et l'evaluation de la proteine du male. E. Villegas and E.T. Mertz, 1971.
 

Recherche et formation en vue de la mise au point de mals a haute teneur en lysine, 1973.
 
(publid par PNUD).
 

Le potentiel de developpement de la production c6r~alire et de l'Clevage en AlgirIe, E'.D
 

Carter, 1975.
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APPENDIX
 

Based on trials in famres fields and on international trials in competition 
with their best local varieties, national agenks releas new varieties. 

field 

tr/is 

* In the advanced unit, all families in all populations (250 families per 
population) are grown In the International Progny Toting Trials in 

Elitexprmntl 	 \Mexico and five other locations. Ten superior families from each 
Varetv population become experimental varieties. About 100 best performingtria s 

families in each population are intercrossed and regenerated to form 
the 250 families in each population in the next IPTT. In addition, any

mprir tal Varietyfamilies advanced from the back-up pools are integrated at this time.trials The experimental varieties are tested at 25 to 30 locations and the best 
one or two varieties in each population become elite experimental 

nwpnltWW, oogny varieties. Elite experimental varieties are tested at 100 to 125 locations. 
tauinge, The best performing elites in each country are moved into national(.demonstration trials and considered for possible national release. 

/ "In the back-up unit materials are classified Into 34 pools. There are 14 
pools for the highland tropics, 12 pools for the lowland tropics and 8 
pools for the temperate zone. Two cycles are grown a year. Superior 
families move to the advanced unit. 

The germ plum bank contains 12,000 accessions (varieties, line:, wild 
types) which are being classified according to economic characteristics. 

GOOm,m imsion 	 The best accessions are integrated into the appropriate back.up pools 

Ited r o , . IIntroductions from other countries move directly to the back.up pools. 
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