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1.0 Introduction

CIMMYT's maize program--which in 1974 included 154 separate progeny trials in 22 countrics,
and 84 experimental variety trials in 35 countries--was begun as a coopcrative venture of the Government of
Mexico and the Rockefeller Foundation. Although program emphasis and geographical scope have evolved
progressively, the origins of many of today's trials reach back over 30 years to the work of the program
founders.

In the early years, hybrids were developed to meet the production needs of Mexico. l.ater, pro-
gram scientists began putting together some genetically diverse maize populations, or composites, to set the
stage for a concentrated effort on population improvement,

By 1970, there were many such populations in the CIMMYT program: ztill very heterogencous,
but excellent breeding populations, At that time, CIMMYT began to direct these populations (and others)
toward the major genotype requirements of the maize-growing countries of the world. We have often referred
to the program opcrations as a sort of funnel--with the germplasm bank serving as a source of genes to feed
into the top. These materials would sift down through funnel populations of more distinet identity, evolving
as cxperimental varicties that emerged as specific crosses directed at a farm-level use in a particular maize-
producing arca.

In 1973, CIMMYT decided that 28 populations have been defined well enough to move into an in-
ternational progeny testing program, and that the resultant experimental varicties could be used dircetly in
crosses, or for production in many countries. Our 1973 maize progress report detailed the various funce -
tions and systems that have carried the flow of materials from the germplasm bank and introductions,
through the "funncl” of development and testing, to the testing of clite experimental varieties, (A briel sum-
mary of this process is provided in the Appendix CIMMYT's funnel concept is now capable of
delivering progeny, experimental varicties, and elite experimental varicties to the many cooperating pro-
grams,

Thus, in 1974, reporting emphasis can be given to the results of the first year of systematic in-
ternational testing., The international cooperation that is so crucial to CIMMYT's operations is highlighted
first, with subsecquent sections devoted to the supporting activities that provide the basic structure for our
maize improvement work.

1.1 EDITORIAL NOTI:

Modifications in the content and format of the CIMMYT maize program report for 1974 stem
dircctly, from maize improvement progress and expension in recent years, These adaptations allow docu-
mentation of a program in action, with direct and detailed reporting from national programs and farmers’
fields throughout the world,

Specifically:

Data from the first complete year of international testing are highlighted in the lead section, Sub-
sequent sections reflect the progressive stages of the maize improvement progress that support these world«
wide trials, Primary focus is on research payolf for farm production,

Style, organization, and layout are designed for rcaders with a technical background, strongly
welghted for scicntists in national programs. The aim is for quicker delivery of results (n a straight-



forward, heavily tabular format --organized for field and reference use.

It is hoped that these adaptations will further streamline the travel of maize improvement results
tn--and from--collaborating scientists and farmers. As worldwide agricultural information networks become
operational, accommodations can be made rapidly to meet storage and retrieval demands, with report-year
r=sults keyed and indexed for smoother tracking of year-to-year progress.

Readers secking a general survey of CIMMYT's operations are referred to the: CIMMYT
REVIEW 1975, Reference data on other maize program technical reports for 1974 are found in Section 10)

.2 ABQUT TIIIS REPORT

Ll FILLOOD AT POZA RICA

A food at the Poza Rica station during September 1974 resulted in serious losses of material and
in damage to the station itself. The yield trials associated with the Advanced Unit Progenies were all har-
vested prior to the flood, as were the Back-Up Pools 15, 16, 17, 18, 22; the Amarillo Bajio population; plus
seed of Experimental Varieties from the previous cycle selections. Complete losses were recorded for:
plantings of 7 other Back-Up pools; all of the Back-Up yield trials; the germplasm bank trials; the high den-
sity plantings, the Opaque-2 nursery, the seed increase of Tuxpeno 1; 3 isolation plantings; and 3 materials
being advanced for south of the Iiquator locations. These plantings must be repeated from reserve seed;
thus there will be a setback of one growing scason in the development of the materials involved.

1,22 FROSTS AT TOLUCA AND EI BATAN

An unscasonal early frost in the highlands of Mexico killed the maize plan'ings at Toluca and
El Batdn in carly September, 1974, Those materials which were already mature (the very early types) were
unaffected, while the intermediate and later maturity types were progressively damaged, depending on their
stuges of maturity, This resulted in a delay of one year in the development of those materials which had not
formead grain, and in a relatively poor job of selection in those materials frozen with the grain only partially
filled. Major parts of these populations will need to be replanted in 1975,

CIMMYT's Maize Improve-
ment process now delivers
improved varietal material to
cooperators in most of the
tropical areas of the world,




2.0 Overview of Maize Improvement Process

CIMMYT's maizc improvemnnt operations arce buill around two clasely related concepts: (1) de-
veloping improved technology and (2) delivering the technology at the farm level in many countries., Our
rescarch program cooperates directly with national programs providing practical in-service training for
their young scientists, at CINWIYT, Ve now work with scores of national nrograms: (1) with formally con-
stituted programs involving public agencies such as ministries of agriculture, universities, and other orga-
nizations; (2) with private interests, such as sced companices or other independent groups or associations;
and (3) with groups that have no formal designation., Our materials and information are freely available to

all.

In cooperating with these programs, the aim is to develop appropriate technology as a joint
venture --so that the new varicties or practices are tested as an integral part of the process of development
and delivery to the countries.,

Our training stresses on-the-farm experience, with instruction and use of improved practices
under conditions that are found in the trainees' homa countrics.,

The organization and function of the maize improvement process were reported in detail in the
1973 Maize Improvement Report. A quick summary of the general flow of materials in this process--from
introduction to their delivery as improved varieties in national programs is shown in the Appendix,
The program is scen as a continuous flow, with operations occurring simultancously, rather than in a series
of rigid steps.

If the new varicties are to contribute substantially to total production, they must be accepted by
local farmers and placed in widespread use. Any characteristic or requirement that interferes with this ac-
ceptance and use is likely to limit the contribution of a new variety or practice.,

This reasoning has suggested that the major thrust of our variety developmeont program be toward
open pollinated varicties that do not require a sophisticated hybrid seed production and distribution facility
for their increasc. This decision recognizes that there is little prospect for massive use of hybrids in many
tropical arcas of the world, cven if greatly superior hvbrids were available.

Most maize-growing arcas are alfected by factors of o very practlical nature that tend to diminish
the advantages that a hybrid may have. IFor example, in many arcas where good hybrids are available, it is
the practice of a relatively large proportion of the farmers who do purchase hybrid sced to plant back the re-
sulting sced from one to several generations, These practices often produce the same net result as would
the use of open pollinated varicties,

Other limitations of hybrids include the complex and precise logistics of producing good seced and
getting them to the farmer.  Availability and costs of fertilizers and other inputs also must be considered
along with hazards of nature such as limited and erratic moisture supplies, floods, slorms, and uncertain
harvest returns.

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. Looked at in this way, the use of hybrids presumes a whole series of conditions that must
be met for effective contributions to a national program. IFurther, any long range hybrid development pro-
gram must be backed by a continuing population improvement program that will permit the derivation of pro-



eressively better hybrids, Ience, CIMMYT emphasizes popul

ation improvement in its breeding work, with
‘ne hvbrid spin-off intended for use by national programs or

other scientists in developing hybrids for local

The variety development program at CIMMY'T attempts to provide the r
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8, national programs, and wherever other

I‘or convenience in the general manageme
program have been divided into seve
dmeod Unit,

nt of the maize improvement process, the operations

ral stages, with the two major divisions called the Back=-up

Fhe Back-up Unit involves new introductions,
e Advanced Unit is primarily the delivery
e homogenceous and thus nearer commercial use
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vehicle into national programs; the materials are
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Immediate multiplication of materials can be done at
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The remainder of this report provides a documentation of this process in action during 1974,
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Young scientists from throughout the world participate in CIMMYT's operations in Mexica: in-

service training emphasizes
first-hand experience with practic.s that can be adapted for use in their home countries,
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3.0 Advanced Unit Operations: 1974

(| INTERNANTIONAL TESTING AND DISTIRIBLTION = 197
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The Advanced =1 pit materils aec arbatearily handled o peogeny ot ol apneos i) I
'bus, progeny trials are conducted i 16 s 10 Tatrice design teaals. warh the peactacad boooitat von o e -
cations at cach of six different environo: otal Stes,  The =05 sites= gee chosen vt one o CIARATY "
m Moesico and cach of the other five o ohifferent countesv, The oatent os Ser comchoe 8 e prevgens 1= o
iven population simualtancously i s dbitfforent countees

In the Companion Nurseries, of the CIVUNY T =i I N, P el
vl comparisons, and one 1':-[1l|r-;.||nu P W I RO ST RIS el s ptonge i) ' ‘
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tmproved populations as an integral part of the proorag
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In 1974, 3 proges (LRI 16 (B RRANEY et te ron (RO
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available to national programs.

The progery and varietal testings are conducted il‘l.cg)njunction\\'ilh regional and national programs
as cooperating sites,  Such programs thus get a detailed look at each set ol progenies and have available a
series ol alternatives for utilization of the germ plasm represented. Reserve seed is maintained in order
to permit several options as a lollow-up,

An additional level of evaluation of materials is contemplated in further tests of the experimen-
tal varieties, As the experimental variotics are developed, they in turn arce organized into variety trials that
will hes girown over o much larger range of sites than at present. These are projected for about 25 sites with
Tonr row plots and four replications,  Such testing allows an opportunity lor more precise comparisons of oy -
prrnnenial varieties themselves, and also provides a means for the identification of the most suitable mate-
crks tordhividual sites. Based on such varietal evaluations, a given site might sclect a different malerial
L that wineh was originally used in progeny testing; whereas other sites, without progeny trials, could
Crnece the materials to be established as progeny trials from the varictal trials.

Fhus, Flite Experimental Varicties can be identilied, both for use as commercial varieties al
pecibie sites and for turther study in relation Lo dependability of production over ranges of varied environ -

Viquickly as BEline Experimental Varictios apre determined, on-farm trials will follow to verifly their
vl ity for production,
L 11 ENPERINENTAL VARIETY TRINLS: 1974 FINDINGS
A S | Natwonal Peograms

\nareray of diverse germplasm in the form of a varicty vield trial can be a valuable adjunet Lo
national progeam s the performance of the varieties in these programs can be compared with other mate -
vlals, and, upon request, a choice of new germplasm can be made available to compivmaent the program's
miatermals, Vareiy tests provide Tirst=hand information abo.t the available populations and theipr suttability

fornattonal programs,

I EOT4, CINMANT distributed variony Irials representing a cross-scetion of the germplasm in the
more Advanced populations under selection Lo provide: (1) a general evaluation, and (2) a basis for selection
shereby andividual countries might select and request suitable types for subsequent progeny trials, Table
oD shows the st of varielies distributed, with a preliminary summary of pertormance for yield, maturity
and plant hagpht,

I'revions observations regarding the relative suitability of different lypes ol germplasm were

revoniienesl, Compuesto Hungeia is almost all 1, S, Corn Boelt Lype in origin and has been shown to he totally
tstable an low land tropical areas, and thus has fallen to the hottom of the list. Amarillos Pakistan and i
Blancos Pakistan also are composed largely of .5, Corn Belt germplasm, combined with the temperate lati- )
tde miterials feom Pakistan; whercas KTO « Hlinois contains one=half Corn Belt germplasm and onc=half
mternehinte altitude teopieal mateeial.  The (Ant, 2D x AED) Kitale composite from Egvpt is basced on the
Irtide T varwety from Kenva (fairly cool climate) and on the cross of Antigua 2-1) (Caribbean) with American
Farly Dent (Eeapt); o cssentially hehaved as a temperate elimate variety unsuited to lowland tropical arcas,
The several opaque=2 varieties tended to occupy the portion of the list just above that of the poorly
adipted types and helow that of most of the normal keenel types, regardless of relative maturity or plant
bt

Despite the inclusion of such o diverse array of materials in the trial, the mean vield of the trial
over B sites was 3567 kpefha, and the goneral precision of the trials was reasonably pood. Trials were orga-
b s 68 6 lattice desipens, with four replications, and included six local check varieties for cach sile,

lots comsasted of Tour row s however, only the two conter rows were harvested to reduce the effects ol dig -
e matueritie s and plant heights on adjaeent plots, Fven with this precaution, some of these offects wore
i ludied, sugpesting that temperate-type materinls should be roestrictod to non-=tropical regions in such trials,

VI of these materials tended to grow tall in Iigypt and Nepal, countries which probably should not
Bissafied as Iyving within tropical regions,  Plant herght varied widely in response to a scries of environ-
tal tactors (of whoeh day length has heen reported to he extreom :ly tmportant), Temperature also is of
Hieal importance in the development of the maize plant, The interaction of day length and sequences of

0O



TABLE 3,1.1 Preliminary Results of Experimental Variety Trial 1974,
Variety Mecans, Across 20 locations™,

Yield
Entry Pedigree Rank  kg/ha,
1 Tuxpeno 1 4 4274
2 Mezcla Tropical HBlanco 2 4469
3 Blanco Cristalino 12 1020
4 Antigua x Ver, 181 16 3677
5 (Mix, 1 x Col, Gipo, 1)ETO 10 4101
6 Braquiticos 15 3754
7 IDRN 14 3785
8 Cogollero 9 4103
9 Tuxpefo x La Posta o 23 3355
10 (Ver, 181 x Ant, Gpo, 2)Ven, 1 o9 26 2076
11 Y. H,E, 0g 22 3407
12 W. ..oy 21 3414
13 Compuesto K (ILE,) oy 25 3249
14 La Posta C, 3 4336
15 Mezcla Amarilla 17 35495
16 Amarillo Cristalino 1 13 3863
17 Amarillo Dentado 2 11 1068
18 Tuxpeno Caribe 2 [ 4220
19 Amarillo Dentado 1 5 4225
20 Tuxpeno Caribe 1 7 4145
21 Amarillo Subtropical 18 3590
22 Blanco Subtropical 20 3420
23 ETO x Olinois 24 3315
24 AED x Tuxpeno P,B, 19 3453
25 (Ant, 2D x AED) Kitale 27 2795
26 Amarillos Pakistan 28 2510
27 Blancos Pakistan 20 2305
28 Compuesto Hungria 30 1738
29 (Tuxp,x La Posta x Tuxp, Inv, Ver,) 1 4527
30 (Cuba x Rep, Dom, )x(Mez, Am, Ant, x 8 4118

Ver, 181) Iy

31 Checks 4387
32 " 4141
33 " 3877
34 " 4337
35 " 4007
36 " 3956

Days to
flower_

67

65
65
G4
6h
65
65

Plant
height
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237
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236

REM

Panamé (3), Barbades (2), Peru (1), Bolivia (1), Egvpt (1), Ghana (1),

Guatemala (1), Mexico (3), El Salvador (1), Thailand (1),

Nepal (2), Costa Rica (2),

Al‘é«\,

Ecuador (1),

Precise records of dates,
plots, and plants are essential
in the formation of experi-
mental varieties; superior
families selected from proge-
ny trials on the basis of their
performance are intercrossed
in this process.



TABLE 3.1.2 CIMMYT'S INTERNATIONAL MAIZE TESTING PROGRAM,1975
DISTRIBUTION OF EVT :

VARIETIES SouTH CENTRAL | 8 MEXICO AFRICA A S [ A ‘g .‘_Z‘
. GROUP OF EXPERMENTAL AMERICA AMERICA g § B
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17} HIGHLAND ' 12t 111 1l | - l | I5
TOTAL: 214619452(1486444(444/354525(14134433 | 164251217432321(1 180

TLWD. TROPICAL LATE WHITE DENT. TIYF . TROPICAL INTERMEDIATE YELLOW FLINT,
TLYD TROPICAL LATE YELLOW DENT.  TIWF: TROPICAL INTERMEDIATE WHITE FLINT,
TLYF © TROPICAL LATE YELLOW FLINT.  TIWD. TROPICAL INTERMEDIATE WHITE DENT.

{n the progeny trials, 250 reciprocal full-sib families, plus six checks, make up the trials that are tested simultaneously in 6
rantiies,



varying temperatures was not well defined, Maize varieties of lowland tropical origin, when planted at
Toluea, Mexico, (8,600 feet elevation) under very cool growing conditions, develop very slowly, have a semi-
chlorotic appecarance, and do not become very tall (never mature) so that temperature may be much more im-
portant than day length in many cases,

Table 3,11 indicates that the adapted materials are performing well over a wide range of condi-
tions, Twelve of the entries were above 4 tons/hectare, as measured as an average over the 20 sites; they
were fully equal to or better than the local checks,

An indication of the effect of the emphasis placed on short plant selection is reflected by Entry 1,
Tuxpeno 1 (Table 3.11), This varicty was only 8 centimeters taller than the Lrachytic 2 version of essentially
the same genetic background (Iintry 6, Braquiticos), It is being increased and distributed commercially in
several countries. (Mexico reports more than 2, 000 hectares of sced production to be ready for sale in 1475,

Preliminary results also show that among the types adapted to lowland tropical conduions, the
white dent variety calied "Tuxpeno 1 x La Posta & Inv, -Ver' performad well, This is o complex derived from
the Tuxpefo race that was originally selected as three different varieties: (1) La Posta. o synthetic formed
from 15 selected inbred lines; (2) Tuxpeno “Invierno=Verano', a mass sclection for vield version of Tuxpeno
Crema 15 and (3) Tuxpeno 1, a short plant (planta baja) selection from the original "Tuxpeno Crema 1, or
selected Tuxpeno Composite, The Tuxpeio Crema 1 and La Posta are both very tall-growing voricties, while
the Tuxpeno | (or planta beja) has been drastically reduced in plant height through recurrent sclection,  The
two tall varicties were crossed with the short plant selection, and the resulting cross carreied to Faand in-
creased for inclusion in the variety trial as one of the entries. The resulting variety is much shorter than the
two tall parents and only slightly taller than the short plant parent uscd in reducing plant height. It seems that
the use of quantitatively selected short plant populations can be a very useful device to reduce the plamt height
of other materials,

Because of the difficulties inherent in interpreting data from trials with diverse types of materials
the variety trials have been sub-divided into a series of different trials tor 1975, Tronical, temperate, high-
land and opaque materials will be handled in distinetly separate trials, as will materials with widely dirferent
maturitics. This will permit the inclusion of more homogeneous entries in particular trials, as well as the
distribution of materials that are in better accord with their areas of ecological adaptation, Proposed distri-
bution of the experimental variety trials for 1975 ts shown in Table 3,12, Reports are compiled as soon as
the data is computed. For 1974, variety trial data have been sum narized in a report titled Maize Program
Preliminary Report - International Foperimoenatal Variety Trials, 1974, and distributed to cooperators and
other interested scientists.  An example of the results from an individual site is given in Table 3,13 for La
Molina, Peru, and is provided in similar form for all sites to cach cooperator,  When results have been com -
pleted for the year, the addiional data recovered will he compiled in a supplement and similarly distributed,

3.112 Mexico Trials
3.1121 Experimental Variety Trials: 1974A

Twenty-five experimental varieties were compared at three sites in the winter scason 1973-74:
Poza Rica, Tlaltizapan, and Buena Vista, a site near Poza Rica. In addition, five opaque=-2 varicties were
compared in scparate (adjacent) trials at the same sites. The results of these two sets of trials are shown
in Tables 3,14 and 3.15,

Fourteen of the twenty-five normal varieties and all five of the opaque =2 varicties were subse-
quently included in the advanced unit populations that werc tested internationally in progeny trials and expe, i-
mental variety trials in 1474,

3.11211 Grain yields: were larger at Tlaltizapdn than at the other two sites. The mean yields over sites

of the individual varieties (from 3858 to 5290 kg/ha) do not deviate very widely from the overall
mean (4754 kgfha), indicating the similarity in the origin of most of these entries. A fairly clear cxception
is the lowest yielding entry, Eto x Illinois.

The opaque-2 varieties gave yiclds that were, on average, 670 kg/ha lower than the mean yleld of
the normal varicties at the same sites,



TABLE 31,3

VARIETY EXPERIMENTS:
STATION AND LOCATION: Programa Cooperativo de Investigaclones
en Malz --Universidad Naclonal Agraria-- La Molina, Perd

1974

COOPERATOR: I", Scheuch II,

No. .

31
33
32
20

23

21
32
1]
30
24
36

12

13
25
15
10
20
28
27

Variety
(Varledad)

Check
Check
Check

Tuxp., x La PPos, x Tuxp. 1. V. E

Check

Tuxpefio 1

La Posta C2

Check

Mezcla Tropical Blanco
(Mix, 1 x Col, Gpo. 1) Eto
Tuxpeno Caribe 1
Tuxpenio Caribe 2
Amarillo Dentado 1

Y. ILE, 02

Braquiticos

Lito x linois

Cogollero

Amarillo Dentado 2
Amarillo Subtropical
Blanco Subtropical
Amarillo Cristaline 1
(CxRD) (MaxAnt, x V 181)
ALD x Tuxpeno P, B,
Check

IDRN

Tuxpeno x L.a Posta 02
Antigua x Ver. 181
W.IL 15, 02

Blanco Cristalino
Compuesto K (I1,13,) 02
(Ant, 2 D x AED) Kitale
Mezcla Amarilla

(Ver. 181 x Ant, Gpo, 2) Ven. 1}

Amarillos Pakistan
Compuesto Hungria
Blancos Pakistan

Mecans %
LSD (DMS) .05
C. v'

Kg/Ha.

12875
11715
11677
11086
10978
10804
10618
10295
10266
10264
10096
10083
9689
0475
9373
9343
9340
0332
9203
0182
9178
0054
8932
8925
8815
8790
8759
8689
8597
7751
7697
7689
7617
5098
5786
5419

9266
1081
8.3

Days
Flower
(Dfas
flor.)

102
104
101
106
103
101
107
103
102
104
102
102
102
08
108
04
101
101
97
96
101
102
101
103
98
101
102
99
09
100
99
99
08 -
93
83
85

100

Plant
Ht.
(Alt,
plant.)

273
305
295
250
305
223
264
288
240
253
240
234
251
244
203
223
254
238
229
222
239
246
230
268
226
226
230
239
206
234
228
204
228
222
196
199

240

Ear
Ht,
(Alt,
mz.,)

170
173
159
125
165

98
140
154
114
125
118
109
122
120

86
102
129
111
114
110
111
123
122
143
112
104
119
116

91
117
117

90
118

99

78

o1

119

No.
Plts,
(No,
plants)

40,7
41,5
41.7
30.0
38,7
40,5
41.2
39.5
40,5
40.5
41,17
43.0
41.5
40,2
40,7
40,7
41.2
39.0
40.5
40,2
39.5
40.7
40.5
39.5
40,7
37.5
41,5
40,2
41.2
39.7
40,7
41,2
37.7
40,0
40,7
40,0

40,4

Ears/
Plant
(Mals
plant)
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TABLD 3.1.4 Grain yield of the 25 experimental varleties grown at Poza Rlca,
: . Buena Vista (Veracruz), and Tlaltizapan in the 1974 A cycle,

Grain Yield (Kg/ha.,)

) ; Varlety
Experimental Variety ~ Poza Rica  Buena Vista Tlaltizapan Mean
# 1  Tuxpeno Caribe 2 ‘ 3982 5184 6703 5290
% 2  La Posta C-4 4816 4635 6308 5253

3  Tuxpeiio PB x Sint, 10 lin, 4888 4464 6399 5250
* 4 Tuxpeiio - 1 4739 4474 6412 5208
5 Mezcla Amarilla x 8 Mat. . 4831 4586 6150 5189
1 6 Familias Selectas ' 4199 4455 6794 5149
# 7  Amarillo Dentado 2 4363 4971 5488 4941
1 8 Linecas E.S, x Varios 4700 5074 4978 4917
9 Tuxpeno PB x 19 Mat. 4458 4838 5442 4913
10  (Mix. 1 x Col. Gpo. 1) x Eto x Sint, 10 lin, 4615 4056 6037 49003
%11  Tuxpeiio Caribe 1 4131 4212 6231 4858
112 Cruz de FFamilias Selectas BL 4896 4255 5412 4854
13  Tuxpefio x Nic. x Sint., 10 lin. S.B, 4915 4553 5026 4831
* 14  Compuesto Blanco Cristalino 3662 4008 G486 4719
15 Eto PB, x Sint, 10 1lin, 4091 3994 5883 4656
* 16 IDRN 4532 3668 5626 4609
17 (Cuba x Rep. Pom.) x Ant. x Ver, 181 4129 4229 5464 4607
18 Amarillo del Bajio x Sint. 10 lin, 3654 4391 5688 4578
#1909  (Mix. 1 x Col. Gpo. 1) x Eto 3730 3938 6005 4558
%# 20  Amarillo Dentado 1 4285 4113 5245 4548
% 21  Mezcla Amarilla 3705 4046 5754 4502
#* 22  Amarillo Cristalino 1 3579 4455 5205 4413
* 23 Ant, x Ver. 181 3403 4059 4978 4177
* 24  Braquiticos 3509 4184 4580 4091
* 35  Iito x illinois 2687 3679 5200 3858
LSD .05 530 660 1267
C.V. 11.2% 11, 0% 15,8%
Mean of Location 4183 4341 5740
* Advanced Unit Population
1 Materials that were recombined to form '"Mezcla Tropical Blanco"
TABLE 3,1.5 Grain yield of 5 experimental Oy varieties grown at Poza Rica,
Buena Vista (Veracruz), and Tlaltizapan in the 1974 A cycle.
Grain Yield (Kg/ha,)
Variety
L‘xperlmental Varlety Poza Rica  Buena Vista Tlaltizapan Mean
. * 1 ~ Tuxpefio x La Posta 02 : ‘ 4461 3881 5550 4631
% 2  Compuestn K (II.I5,) 02 : 3469 3621 5116 4069
%3 W,ILE, 02 3597 3517 5075 4063
%4 Y, H.E, 02 3270 3532 5113 3072
%5  (Ver., 181 x Ant. Gpo. 2) X Ven. 102 3181 3165 4703 3683
LSD , 05 - 677 473 : 702
C.V. . 16,7% 9.6% 10,7%
Mean of Location .. 3596 3543 . 5111

% Advanced Unit Popﬂlfatl,:l‘o:tls.‘*fl




, The range of yields within each location was not very large and a large proportion of the variétiés
at each location gave yields that were not significantly different from one another. The close similarity of-
many of these materials justified combining some of them in 1874, as indicated in the table, SR

3.11212 Days to flowering: most of the varieties in this trial take a similar time from sowing ta silking,

The carlicst entries (Eto x llinois and IDRN Cornell) took 70 days to 50 per cent silking at Poza
Rica, and Y8 days in Tlaltizapdn, The corresponding times for the Braquiticos, the latest entry, were 82 and
107 days., For the five opaque-2 varicties the time to silking was similar to that of most of the normal entrics,
namely 74 days at Poza Rica and 99 days in Tlaltizapdn.

3.11213 Plant Height: for the 25 normal varieties and the 5 opaque-2 varicties the mean plant height was

194 c¢m in Poza Rica and 240 cm in Tlaltizapdn. Apart from the Braquiticos, Mezcla Amarilla is
the shortest variety in this set (167 cm at Poza Rica and 211 cm at Tlaltizapdn), La Posta C4 was the talleat
(228 ¢m at Poza Rica and 277 cm at Tlaltizapan).

3.11214 Lodging: more plants lodged at Tlaltizapdn (42 percent) than at the other sites (18 percent). This

was associated with the difference in plant height at the two locations,and strong winds in March
at ’Tlaltlzapén. Of the varicties that are now in the advanced unit only Amarillo Dentado 1 and Ant, x Ver.181
showed above average susceptibility to lodging., There was rather more lodging in the opaque-2 varicties at
Tlaltizapar than in the normal varieties.

3.11215 Discases: the incidence of disease was fairly low at all three sites and almost entirely ahsent at
Tlaltizapan. The only significant observation was a slightly higher incidence of ear rot in the five
opaque-2 varieties (index 2.1) than in the normal population (index 1, 3),

3.1122 Experimental Variety Trials: 1974B

The experimental varicty trials sent out in 1974 consisted of 6 x 6 lattice designs with four replica-
tions at each site. The results for fourteen of these trials were summarized in n preliminary report that was
- circulated to co-operators who conducted the trials (March 1975) A more complete analysis of the comhined
data is planned when results from an additional ten or twelve trials are available,

Table3,11shows a summary of the yield data available, The meoan yield over the twenty sites was
3626 kg/ha and the precision of the trials was, with a few exceptions, satisfactory., With the exception of
entries No. 29 (Tuxpeno x La Posta I, V.) and No, 25 (Antigua x AED) Kitale, the varictics represent the ad-
vanced unit populations that were tested internationally in progeny trials in 1974, A description of the popula -
tions from which thesec progenies were generated can be found in the preliminary report of the progeny trials
(CIMMYT Feb, 1975), OF the thirty-six entries in cach trial, six were check varicties chosen locally and
they were, therefore, different at cach site,

3.12 PROGENY TRIALS

3,121 National Programs

; Progeny trials were expanded in 1974, with systematic distribution to obtain: (1) quicker delivery
of materials to national programs, and (2) information on the performance of the several advanced materials
over a series of diverse environments. These trials are preceeded by comparative variety trials or other
observations that serve to identify the types of populations most suitable for the needs of a given arca. This
simultancous evaluation of a series of genotypes over differing production conditions increases the reliability
of the results as compared to single site trials.

A total of 154 "IPTT" trials were distributed from CIMMYT during 1974 as shown in Table 3.16
"International Progeny Testing Trials, 1974", Data were received from 70 of these trials in time to make
winter plantings and form experimental varieties from selected progenies, These experimental varieties are
being organized into "Experimental Variety Trials" in the spring of 1975 (Sce Table 3.12). Of these cxperi-
mental varieties, 84 are being formed on the basis of specific requests from individual sites, with an addi-
tional 0 varieties being formed on the basis of progeny performances over all sites at which they were tested;.

12.
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TABLE 316 CIMMYTS INTERNATIONAL MAIZE TESTING PROGRAM 1975
DISTRIBUTION OF IPTT

SOUTH A s 0
AMERICA CENTRAL AMERICA MEXICO AFRICA

e

E >
»
USA|-

'POPULATIONS

IPTT No
COLOMBIA
ECUADOR
COSTA RICA
EL SALVADOR
HONDURAS
NICARAGUA
PANAMA
REPLUBLICA
DOMINICANA

el et ] ] =]~ ]P0ozA RICA
TLALTIZAPAN
OBREGON
TANZANIA
KENYA
PHILIPPINES
THAILAND
NEPAL
INDONESIA
PAKISTAN
TURKEY
DELH!
HYDERABAD
LUDHIANA
CORNELL

= EGYPT
| PANTNAGAR

21 Tuxpefio 1

22 Mezcla Tropical Blanco
23 Blanco Cristalino L
24 An*igua x Ver. 184 1 1
25 (Nix.1xCot.Gpo.1)xETO 1 1
26 Mezcla Amarillo 111
27 Amarillo Cristalino 1 1
28 Amgarillo Dentado 2 i} 1
29 Tuxpefio Caribe 2 111 1114
30 Amarillo Dentado 1 1 1 1 1 1 1
31 Braquiticos 1
32 Tuxpefio Caribe 1 1 1111 1 1

=1+ | GUATEMALA
BATAN

| ] COTAXTLA

] [ NIGERIA

|-

ol
-

[

33 Amarillo Subtropical
34 Blanco Subtropical
35 1DRN

36 Cogollero

37 Tuxpefio x La Posta 0, 1
38 (Ver.181 xAnt.Gpo.2)x Venz.1 0,
39 Yellow H.E. 0,

40 White H.E. 0,

41 Composite K (H.E.} 0,

42 ETQ xIllinois 1 1 1 1 1|1
43 Lg Posta 1
44 AED x Tuxpedio

45 Amarillos Pokistan

46 Blancos Pakistan

47 Compuesto de Hungary

Total Distributed : 1413|212 16}5|313})2{20}7}|11
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{Of tne 154 trials distributed, 109 had been returned by July 1, 1975).


http:TABLE3.16

'1‘A131 ]* 3 1-7 Summary of performance of full sib families developed from Advanced
i - Unlt populations., Data from International Progeny Testing Trials: 1974
TROPICAL LATE WHITE DENT MATERIALS (TLWD)

Yield ton/ha, Plant Height cm,

Mean Mean Mean Mean Mean:
S 1PTT : 350 Sel, Exp. DBest Mean Sel. Exp, Best
‘Population No,  Testing Site* fam., C.V. fam. var, Check 250  fam. var, Check
Tuxpeno 1 21 Gemiza (Egy) 2.01 54 3,48 5,87 6.10 105 196 207 198
Cuyuta (G) 5,00 23 6.45 7.78 7.70 195 194 201 221 7
Cotaxtla (M) 3.50 34 3,78 4,93 5,64 132 132 * 188 178"
Poza Rica (M) 6.53 18 6.98 8.20 7.36 210 211 215 230
Mezcla
Tropleal ~ , , ) :
Blanco 22 Poza Rica (M) 6.59 21 7.26 8,20 6,98 226 227 227 222
Cuyuta (G) 5,98 20 6.52 7.44 17,04 235 230 227 218
Tuxpefio : ' ‘
Caribe 2 20 Cuyuta (G) 6.38 21 7.08 8.40 17.36 221 220 222 209
Poza Rica (M) 6.01 19 6,49 7.60 6,62 226 225 231 232
Cotaxtla (M) 4,03 27 4,13 5.35 6,41 163 162 163 200
: Bi'nqultlcos 31 Cotaxtla (M) 4,563 29 4,83 6.49 5,83 160 162 160 195
' : ' Obregon (M) 3.48 26 4,07 4,97 4,51 184 184 181 197
Poza Rica (M) 5,76 21 6.61 7.37 8.44 199 204 201 221
Tuxpefio :
Caribe 1 32 Obregon (M) 3.48 24 3.98 4,79 4,02 205 204 200 224
’ Tlaltizapan (M) 7.88 25 8,71 10,09 10,09 234 236 238 . 240
Poza Rica (M) 6.03 17 6.59 7.51 6,56 231 231 232 228
Managua (Nic) 3.72 33 4,51 4,80 4.91 180 181 187 208
Across 5,28 = 5.95 6.34 6.40 212 213 212 225
Lo Posta .- 43 Sids (Egy) 5.25 35 6.14 7.76 7.65 318 319 320 324
: ‘ Tlaltizapan (M) 8,01 27 9,15 10.86 8.66 257 258 260 265
Obregon (M) 3.64 28 4,19 4.95 4.45 235 235 231 255
Poza Rica (M) 6.28 20 6.94 7.90 8.04 263 263 263 275
Across 5,79 6.60 6.76 7,20 268 269 269 280
AED x
. 209 297 204 331

~Tuxpeno - 44 Slids (Egy) 6.05 31 6.78 8.48 9.6

: Tlaltizapan (M) 7.20 29 7.98 9.87 6.5 225 226 233 206
Poza Rica (M) 5.36 22 5.03 7.27 7.8 239 239 245 268
Across 6.20 - 6.89 7.84 8,0 254 264 258 268

* M= Mexico; G s Guatemala; Nic. = Nicaragua; Egy = LEgypt
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Because of late arrival of seed in certain cases, and of substantial variation in planting scason
dales in othars, data were not available to develop indicated gpecific experimantal varicties for a number of
locations during the 1974-5 winter planting scason in Mexico, Nevertheless, upon request, such varictics
will be developed for those locations as soon s feasible, FFloods, drouths and other naturnl culamitics nlso
took their toll, causing unavoidable losses of a number of plantings.

3.1211 Testing Operations: An Example

Data obtained at the test sites is evaluated jointly by the collaborators and by CINMYT on the
basis of the several sites so that the most suitable progenies are scelected in terms of the necds of (he national
programs. Thus, apparent yield, as well as plant height, maturity, grain testure, grain color and other traits,
are considered in the selection by the national program: the collaborator's participation is crucial. As an
example of how the svstem aperates: Mezela Amarilla (IPTT-26) was grown in identical progeny set trials in
Delhi (India), Managua (Nicaragua), Tocumen (Panami), Los Banos (Philippines) and Poza Rics (Mexico)., Each
location then selected the 10 superior progenies at that site,  Reserve seed from the selectoed progenies was
planted in Mexico, and was later intercrossed and multiplied.  Identity for the following vear's experimental
variety trials was maintained as follows:

Varicty Name Test Tocation
Delhi 7426 Delhi, India
Managua 7426 Managua, Nicaragua
Tocumen 7426 Tocumen, Panama
I.os Banos 7426 l.os Baaos, Philinpines
Poza Rica 7426 Poza Rica, Moxico
Across 7426 Acrass (mean) locations

The first word in the variety name describes the station where the progeny trinl was conducted;
the first two digits of the number indicate the year of test, while the last two digits represent the population
number (IPTT-26 in the example). This designation is for testing purposes only--it is not intended as a sub-
stitute for the naming of varictics within national programs for their own use. National programs are urgoed
to use names appropriate to their own needs,

Tables 3.17 through 3.111 contain an abbreviated summary of the results of the srogeny trials
(grouped by material type) for 1974 (Complete results have been veported in: Maize Program Preliminary
Report International Progeny Tests, 1974). Thesc tables list the populations included in the vrogeny trials,
the sites at which cach was grown, plus statistics on yvield performance (in tons-of-grain-per-hectare), and
plant height (in centimeters). For each site, the tables show the mean performance of all 250 progenies, the
mean of the progenies sclected to be recombined to derive the nest generation of progenies for the 1975 trials,
and the mean of the few {about 10) progenies chosen to develop the experimental varicty for cach site, aad the
best check.

3.2 ° COMPANION NURSERIES

The Companion Nurseries grown in Mexico provide a systematic evaluation of resistance to in-
sect and disease pathogens when materials are placed under uniform and severce attacks. Performance is
also tested in thick plantings.

In the inscct-resistance nurseries, budworms and stem borers are multiplicd in the laboratory;
then half of each row in the field is infested (first with budworms, followed by stem horers). The other half
of each of these rows is treated with insccticide. ach row represents one of the 250 families making up cach
advanced ponulation, and is rated for insect damage several times during cach growing scason.

In the discasc-resistance nursery, one-hwif of cach row is inoculated with stalk rot pathogens,
and the entire row inoculated with ear rot pathogens,

Insect and discase nurseries arc planted before the yield trials and the high densily nursery sothat
a high incidence of stunt discase can be oblained under natural conditions, These early plantings tend to attract

large numbers of-insects that are vectors of stunt,

15
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TABLE 3.1.8 Summary of performance of full alb families developed from Advanced Unit
populations, Data from International Progeny Testing Trlals: 1974
TROPICAL YELLOW FLINT/DENT MATERIALS

Pophlntlon

Amarillo
Criotalino

Amarillo
Dentauw 2

Amarlllo
Dentado 1

Cogollero

1PTT
No.

27

28

30

36

Testing Site¥

Obregon (M)
Delhi (1)

La Maquina (G)
Poza Rica (M)
Panama (Pa)
Yousafwala (Pk)
Across sites

Yousafwala (V’k)
Poza Rica (M)
Panama (P’a)

Yousafwala (Pk)
La Maquina (C})
Delhi (1)
Obregon (M)
Across sites

Poza Rica (M)

Yleld ton/ha,

Mean

250

fam. C.V,
2,79 25
4,24 39
5,22 19
5.82 17
4,64 27
No data
4,50 -
No data
5,49 20
5.00 24
No data
4,85 22
4,67 33
3.07 29
4,20 .
5.37 20

Mean Mean
sel, exp.
fam, var,
3.16 3.84
4,84 6.05
5,868 6,38
6.25 6,98
5,25 6.60
5.07 5,31
6,25 8.97
8.66 8.28
5,35 6,49
5,08 6,23
3.51 4,52
4,64 5.18
6.16 6,87

* M s Mexico; I = India; G = Guatemala; Pa = Panama; Pk = Pakistan

Best
Check

Mean
250

219
232
238
246
2417

236

237
255

245
242
226
237

249

Mean
sel,
fam,

222
237
239
260
249

230

238
255

243
239
223
235

248

Mean
exp.
var,

217
229
230
247
250

238
238
284
243
230
221
240

247

Plant llelght cm.

Best
Check

230
220
245
245
268

240
241
260
240
285
172
225

232

TABLE 3,1.9 Summary of performance of full sib families developed from Advanced Unit

populations,

TROPICAL INTERMEDIATE MATERIALS

Data from International Progeny Testing Trials: 1974

Population

Blanco
Cristalino

Antigua
Gpo. 2 x
Ver, 181

Mix, 1 x
Col, Gpa,
1) ETO

Mezcla
Amarilla

IDRN

1PTr
No.,

23

24

28

8%

Testing Site*

Poza Rica (M)
Los Bafnos (Ph)
El Salvador (Sal)
Across sites

Poza Rica (M)

Poza Rlca (M)

Delhi (1)

Poza Rica (M)
Managua (Nic)
Panama (Pa)
Los Bafios (Ph)
Across sites

Poza Rica (M)
Yousafwala (Pk)

Yield ton/ha.

Mean

250

fam, C,V,
6,33 16
4,67 30
2,70 28
4.57 -
5,72 11
6.23 17
4,21 31
6.48 10
3.46 29
5.20 22
3.96 36
4,68
4,52 25
No data

Mean 1 Mean 2
sel, exp.
fam, var,
6,92 7.59
5.15 6.44
3.03 4,03
4,87 5,27
6.26 7.11
8,98 7.83
4,60 5,85
6,93 8,00
3.901 4,63
5,80 7.24
4.44 3.42
.13 5,67
5,30 6,184

Best
Check

8.41

5,750

Mean
250

212
228
222
221

210

212

210
213
142
231
211
201

238

Mean
sel,
fam,

213
230
223
223

209

211

210
213
145
231
212
202

232

Mean
exp.
var,

216
230
222
229

212

216

203
218
140
23
218
204

237

Plant Helght cm,

Best
Check

220
248
234
233

200

224

285
234
175
260
223
231

223

% M = Mexlco; Ph 2 Phillippines; Sal = Salvador; Nic » Nicaragug; Pa s Panama; Pk » Pakistan; I « India |

1 Mean of the progenies selected for deriving the next set of progenies,
2 Mean of the progenies selected for developlny the experimental variety,




TABLE 3,1,10 Summary of performance of full slb familles developed from Advance Unit
populations, Data from International Testing Trialas 1074
QPAQUE MATERIALS

Yield ton/ha, Plant Helght cm,
Mean Mean  Mean Mean Mean
1IPTT 250 sel, exp, Best Mean sel, exp, Hest
Population No. Testing Site* fam, C.V. fam, var, Check 250 fam, vor., Check
Tuxpefio x
La Posta Oy 37 Poza Rica (M) 4,83 22 65.24 8.10 6.55 234 233 237 204
Obregon (M) 3.10 26 3.57 4.44 3,70 199 206 194 210
Cotaxtla (M) 3.28 36 3.72 5,06 4.40 181 180 178 105
Gemiza (Egy) 1.47 86 3.85 3.5 5,67 188 230 220 236
Across sltes 3.14 - 3.57 3,04 5,08 200 200 200 226
{Ver, 181 x

Ant, Gpo, 3)
Venez, 1 0, 38 Poza Rica (M) 4,48 24 5,10 6.08 7.95 243 245 248 242

Delhl (1) 2,03 38 3.45 4,18 5,68 206 210 207 100
Rampur (Nep) No data - - - - - - -

Yellow HE

0, 89 Poza Rica (M) 4,54 21 4.906 8,03 5,20 245 242 243 241
Cotaxtla (M) 3.18 28 3.42 5,70 4,08 214 211 208 226
Delhl (1) 3.14 42 3.36 4,70 6,23 231 228 235 245
Rampur (Nep) No data - - - - - - -

White HE

O3 40 Poza Rica (M) 4,83 18 5,28 6.00 7,08 254 251 251 230
El Salvador (Sal) 1,85 30 2,11 2,66 1,98 237 234 239 244

Composite K

HE Qg 41 Poza Rica (M) 4,66 20 65.15 5.97 8,38 237 236 238 212
Cuyuta (G) 4,31 22 4,76 5,58 5,656 233 233 230 202
Across sites 4,48 - 4.96 §.81 7.01 235 234 287 207

% M = Mexico; Egy » Egypt; | 2 Indla; Nep = Nepal; Sal » Salvador; G » Guatemala

TABLE 3,1.11 Summary of performance of full sib families developed from Advance Unit
populations, Data from International Progeny Testing Trials: 1974
SUBTROPICAL AND TEMPERATE MATERIALS

Yield ton/ha Plant leight cm,
Mean Mean Mean Mean Mean
. IPTT 250 sel, exp. Best Mean sel. exp. DBest
 Population  No, Testing Site* fam, C.V. fam. var. Check 250 fam, var. Check
Amarillo
Subtroplical 33 Tlaltizapan (M) 5.80 43 6.87 8.88 5,97 204 - 209 237
Rampur (Nep) No data - - - - - - -
Pirsabak (Pk) No data - - - - - - -
Blanco
Subtropical 34 Rampur (Nep) No data - - - - - - -
. Pirsabak (k) No data - - - - - - -
QObregon (M) 2,85 35 3.01 4,00 4,39 212 209 210 182
Tlaltizapan (M) 6.56 27 7.18 0,08 7,31 234 220 234 105
. ‘Etox .
.-Minols . 42 Pirsabak (Pk) No data - - - - - - -
o L Gemiza (Egy) 2.23 60 2,63 5.40 5.71 203 202 238 235
Adapazarl {Tk) 4,41 29 4,83 8.13 5.56 217 217 210 170
Obregon (M) 2,80 20 3.19 4,06 4,56 208 205 208 212,
46 Plrsabak (Pk) No data - - - - - - -
Tlaltizapan (M} 4,49 42 6,62 7,10 7,90 102 108 204 105
Obregon (M) 2,30 29 2,67 3,36 4,48 205 205 201 217

47 Plrsabak (Pk) No data - ) - - - -,
Tlaltlzapan (M) 4,06 45 4,06 6.49 7,38 177 178 178 185
2

Qbregon (M) 2.30 36 ,70 ° 3.83 4,34 193 198 ' 208 212
Cémpueato
.7 Hungary 48 Pirsabak (Pk) No data - - - - - - -
o Adapazarl (Tk) 5.34 25 5.687 7,31 6,18 221 219 217 230
Obregon (M) 1,60 45 1,82 2,41 6.56 174 173 163 148

% M = Mexico; Nep » Nepal; Pk = Pakistan; Tk s Turkey




The high-density nursery is planted at 80,000 plants ner hectere compared with 53, 300 nlants
used in the yleld trials, : ‘ .

Tables 3.21; 3.22; and 3.23 are summarics of the notes taken for discese and Inscct ratings at

J.ab,

Tlaltlzopdn and Poza Rica, as well as for some high density nursery nlantings grown at Tlaltizapén,

3.3 POPULATION CHANGES IFOR 1975

In the imorovement of the Advanced Unit progeny ponulations, several moterials wore merged
“(combined) on the hasis of data sccumulated during 1974 (Table 3.31). Amarillo Dentado 1 (IPTT -30) and
Amarillo Destado 2 (IPT1-28) were merged to form Amarillo Dentado as IPTT-28 for 1975, Similarly,
Taxpeno Caribe 2 (17T°7-29) were moerged to form IPTT =29, Amarillo Subtropical (IPTT-13) was combined
with Amaorillo Pakistan (1P -36) to form Amarillo Subtropical IPTT-33. Banco Subtronical (1PTT-34) and
Blanco Palkastan (IPTT-47) were combined to form Blanco Subtropical (IPTT-34), IDRN (1PTT-35) and Cogo-
Hero (IPT°F-36) were combined into Cogollero (IPTT-36), The three opaque populations (Ver,181-Ant.Gpo, 2)
Vool os (1PTT-38), Yellow Hard Endosperm o2 (I"I'T'-39) and Composite K (IPTT-41) were merged to form
Yellow Hard Endosperm (1P -39),

Two populations from the Back-up Unit were advanced intact to form part of the Advanced Unit,
with ETO Blanco becoming IPTT-32 and Ant. Gpo.2 - Rep. Dominicana becoming IPTT-35. A third Ad-
vanced Unit population was formed from progenies generated from white flint segregants as follows: {Tuxpeno
x Nicarillo) Sint. 10 lines - 69 progenics; (Mix. 1-Col. Gpo.1l) ETO-Sint. 10 lines - 36 orogenies; and TO
Blanco Sint. 10 lines - 33 progenies. -

3.4 HIGH-QUALITY PROTEIN MAIZE

The amino acid balance in all cereals is below the optimum for efficient human nutrition and
growth. Lysine is the first limiting amino acid in all the cereals. The second limiting amino acid is tryptophan
in maize, and thereonine in most other cer-nlg, Traditional maize, whether grown in the tropics or in the tem-
perate climates, contains 9-119% protein in the whole grain. However, the balance of amino acid in the protein
is poor: ordinary maize contains 1,8-2, 3% lysine and about 0,3-0,4% tryptophan in protein. In 1963, however,
a Purdue University team discovered the importance of opaque-2 gene in enhancing the levels of two limiting
amino acids in the maize endosperm protein. The two amino acids register a two-fold increase in opaques, s
compared to the normal maize types,

The opaque-2 mutant opened the way for improving the quality of protein in maize through genectic
manipulation. A number of other mutants, such as floury-2 and opaque-7 also have been identified and have
resulted in an increase in the levels of lysine and tryptophan. The mechanism for hiochemical cnhancement of
lysine and tryptophan in all these rutants is the same: the boost in lysine and tryptophan levels is a result of a
reduction in zein fraction lacking in lysine; while increasing other fractions, such as the albuminsg, globulins
and glutening that are higher in lysine content,

Opaque-2 has been used much more extensively than the other mutant and its use in maize improve-
ment process continues in the same pattern. Use of the other mutants have been restricted to the experimental
stages and have shown no advantage over the opaque-2, Recently, however, a double mutant comhination in-
volving opaque-2 and sugary-2 has shown some promisc and may be considered as another major research
achievement of the Purduc group,

After a decade of opaque-2 maize breeding, it seems important to review and ask relevant ques-
tions about the findings. Opaque-2 versions of normal maize varicties and hybrids have been obtained and are
available in many countrics. Commercial production and utilization, however, are restricted (the U,S,A,,

'.8,8,R., Brazil and a few others) and the area devoted to quality protein materials in these few countries is
only a small fraction of total maize grown. A critical analysis results over the last ten years reveals that the
lack of widespread adoption of opaque=-2 maize stems from a set of complex and inter-related problems includ-
ing: comparative low yield, non-acceptability of kernel phenotype, and more vulnerability to ear rot organisms
and inscct damage during storage, The cumulative evidence suggests, however, that such problems can now
be overcome by: (1) materials that have now become available, (2) new and bhetter breeding approaches, (3)
better understanding of how to identify and deal with o9 maize problems, (4) expanded emphasis on opaque =2
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TABLE 3,2,1 Summary of performance of {u)l sib families developed from Advanced

Lnit populations,
DISEASE NURSERY DATA:

MEXICG, 1074 14

Testing ©+

Fae rots (rating 1-5)"

IPTT No,  Site Pop, x  Sel, far1 & Pop, X .
31 r 3,72 3,69 66G.5
23 i 3.78 3,59 68,6
23 'R 2.89 2,490 72,5
4 UL 3.00 2,90 74.6
25 PR 3.29 3.40 57.5
28 PR 4,70 2,60 58,4
1 it 3,17 3.18 41,0
48 P 3.18 3.10 45,9
49 P 3,22 3.28 47,2
30 (413 - - -

31 PR 3,38 3.33 7.0
32 (K1 3.36 3.84 32,5
33 TL 3.68 3.68 64,2
34 TL 3.08 4,04 61,3
36 TL 3.54 3,23 59,5
36 PR 3.40 3.30 45,3
37 P 4,10 4,01 38.6
k1] R 3.04 3.04 60,2
30 PR 3.16 3.19 57.7
40 PR 3.55 3,51 53.1
41 P 3,55 3.40 51.7
42 Tl 3.89 4,10 65,6
43 T1. 3,08 3.99 59,2
44 Tl 4,03 3.86 62,8
45 - - - -
40 Tk 3.70 3.71 69,3
47 - - - -
48 - - - -
Rating 1 = nodamane 5« severely daomaged
ol 2 Pova Bien Mexico, T2 Taltzapan, Mesico,

Stalk rots (%o infect)

Sel, fum ¥

3.0

Stunt ( v infect)
Pop, ¥ Sel, fam X

23.5
20,9
11,9
17.4
16.3

10,
20,
14
14

-li

\ -'::

<4

I

d!z.

In the Companion Nurseries,
an additional replication of
the progeny trials is planted
on CIMMYT experiment sta-
tions in Mexico; and innocu-
lated with stalk rot and ear
rot pathogens.
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TABLE 3.3,2 Summary of performance of full sib families developed from Advanced 1 nit
populations. (Families grown In 5m plot without replication, with natural
infestation only, No data from Tlaltizapan,)

INSECT NURSERY DATA: POZA RICA, MEXICQ, 1974,

BUDWORM Spodoptera frugiperda  STEMBORIER LAR INSKCTS
IFoliar damage rating* Percent damaged Internodes  Ear damage rating*

1T No, Pop, & Sel, fam X Pop, % Sel, fam % Sel, fam 8

21 6.3 6.4 26,6 26.4 5.7

22 6.3 6.1 20,8 10.9 5.8

23 6.1 6.1 22.8 22.4 4,5

24 6.1 6,0 21.8 20.9 4,1

b 6.5 6.6 21,3 22,4 5,4

26 6.6 6.6 14,8 15,1 5.8

a9 6,7 6.8 20.8 20,6 6,0

38 5,6 5.3 23.8 24.6 6,0

29 5.4 6.2 20,6 20.8 6,2

30 No data - - - -

31 5.8 §.7 21,6 21,3 6.0

32 6,2 6.1 24,8 23.9 6.0

33 No data - - - -

34 No data - - - -

35 6.2 5,0 30,8 20,8 8.0

36 7.4 7.1 25,2 24.8 6.6

37 No data - - - -

38 6.7 8.7 20,5 18,4 5.0

30 6.1 6.1 22,0 21.7 5.1

40 6.2 5.9 16,0 15,8 4.0

41 5.9 6.0 23,2 22,0 4,9
42.48 No data - - - -

* Damage rating on scale 1 to 9
1 No damage
9 Most severe damage

TABLE 3.2.3 Summary of performance of full sib families developed from Advanced Unlt
populations. (High Density Nursery sown 80,000 plants/ha; IPTT sown
53,000 slants/ha. Poza Rica nursery not harvested.)
HIGH DENSITY NURSERY: TLALTIZAPAN, MEXICO, 1974

IPTT No.  IPTT Tlaltizapan: Yield ton/ha High Denslity Nursery
- - Yleld ton/ha Plant lodging % Ears per plant
Pop. X Sel. fam % Pop. & Sel. famR® Pop. ® Scl, fam % Pop. & Sel, fam %

33 5.89 8,87 6.21 6.85 14,3 11,2 0.88 0,89

34 6.56 7.18 5,05 5.52 10.3 9.7 0.88 0,92

43 8,01 0.15 7.290 7.93 7.5 6.3 0,79 0.81

44 7.20 7.08 6.71 6.83 18.8 17.1 0.85 0.85

46 4.49 5,562 5.48 6.14 8.3 7.8 0.92 0,97

47 4.08 4.08 5.14 5,98 12,8 10.3 0,97 0.98
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TABLD 3.3.1 Changes in Advance Unlt Populatlons: 1975
: (Progeny Testlng) - AR St

. IPTT No.'s o
1074 1975 Name =
21 ' 21 Tuxpefio 1
22 22 Mezcla Tropical Blanca
23 23 Blanco Cristalino 1
124 24 Ant, Gpo. 2 - Ver, 181
25 25 (Mix. 1 x Col. Gpo, 1) Eto
26 26 Mezcla Amarilla
a7 27 Amarillo Cristalino 1
(28 & 30) 28 Amarillo Dentado 2
(29 & 32) 29 Tuxpeiin Caribe 2
‘ 30 Blanco Cristalino 2
31 31 Braquiticos .
' 32 Eto Blanco (Advanced from back-up)
: Tuxperio Caribe 1 .
(33 & 46) 33 Amarillo Subtropical o
(34 & 47) 34 Blanco Subtropical ‘
35 Ant., Rep. Dominicana (Advanced from back-up)
(35 & 36) 36 Cogollero e ,
37 37 Tuxpefio (La Posta) Og
38 Open RS
(30 & 41) 39 Yellow Hard Endosperm O2 (Ver. 181 - Ant. 2)
( Ven. Qg
40 40 White Hard Endosperm
e 41 Open
42 42 Eto x Illinois
43 43 La Posta
- 44 44 AED x Tuxpefio
45 45 Discontinued in 1974 (Open)
o 46 Open
o 47 Open .
48 48 Compuesto Hungary
1974 IPTT No.'s combined: IPTT No, for 197¢
Amarillo Dentado 2 (28) & Amarillo Dentado 1 (30) _ 28
Tuxpefio Caribe 2 (29) & Tuxpefio Caribe 1 (32) _ 29
Amarillo Subtropical (33) & Amarillo Pakistan (46) 33
Blanco Subtropical (34) & Blanco Pakistan (47) ‘ - 34
IDRN (35) & Cogollero (36) , 36
(Ver. 181 - Ant, 2) Ven., Oy (38), Y.H,E, Qg (39) B
& Comp. K (41) IR A |
Additions: B AT L R
Blanco Cristalino 2% PR ST 80
Eto Blanco from back=-up o : .82
Ant. Rep. Dominicana from back-up : o 86

* From: (Tuxpefio x Nicarillo) Sint, 10 lineas =
69 white progenies (Mix, 1 x Col. Gpo. 1) Eto
Sint, 10 lineas -« 36 white progenies. Eto Blanco =
Sint. 10 lincas - 33 whitc progenies.




malze research in national programs, (5) advances in services by chemical laboratories to handle opaque -2
work in 8clecting for hard endosperm phenotype; (6) additional trained personnel available to handle the spe-
clalized work; (7) greater international cooperation in exchange of germplasm and systematic evaluation of
materials at population or family level; and (8) new screening techniques--to detect the presence of opaque ~2
gene og In floury-1 conversion program, or to delect new mutants from normal materials. (The simple and
rapid Ninhydrin test has helped substantially in breeding of opaque~2 materials),

However, for additional gains in adoption, opaque -2 must become more comparable in perfor-
mance to normal maize types in yield, agronomic characteristics, pest resistance and kernel acceptability,
The problems are complex and inter-related--and their solution will depend on sustained interdisciplinary
and cooperative rescarch efforts in different disciplines, \

a0 H CONVERSION PROGRAM

FFor the last two years, major emphasis has been upon converting all maize materials in the Ad- o :
vanced and Back-up singes of maize improvement work, : )

»

3,411 Conversion ol Advanced Unit Materials

The Advanced Unit originally consisted of 28 maize populations, of which 23 were normal popula-
tions, along with 5 populations having the opaque-2 gene, The materials, in general, were of tropical-sub-
tropical and of temperate origin,

All 23 advanced stage normal materials are being converted to hard endosperm opaque-2 pheno-
type through the use of one or more appropriate opaque =2 donors in each population. The handling of opaque-2
donor is done through a hreeding scheme that permits parallel improvement in normal and opaque=-2 counter-
parts. Madifications of the scheme are used wherever needed,

It is highly desirable to use more than once type of opaque-2 donor to increase the probability of
getting hard endosperm opaque -2 segregates in Y9, The quality of hard endosperm opaque-2 segregates re-
coveraed in Iy determines whether the hard endosperm opaque-2 families will be crossed to the selected fami-
lies of narmal population every cyele or alternate eycle. If good modificrs are not found in the I'9 generation,
the segregates may be handled separately to I3 or I74 to increase the frequency of modifiers, hefore crossing
again to the sclected families of corresponding Advanced stage populations.

In the year 1974A, over 1,500 I’y erosses were developed among opaque-2 donors and different
Advanced stage populations. Iy crosses were advanced to Fg, resulting in over 1,200 Fy families. Fg's have
been advanced to 1y, and we now have over 2,000 very good g families. While the parallel improvement con-
tinues il material looks good at any stage, it can be multiplied and tested in experimental variety trials. Also,
if @ material compares well with normal population, the normal population can be replaced by an opaque=~2
population,

3.412 Conversion of Back-up Materials

In the Back=-up Unit, there are now 29 gene pools. The pools represent three different ecological
zones, i.e. highland, tropical and temperate, Within each ecological zone there are a numher of pools that
have different maturity, grain color and type. At present, there are 12 tropical, 4 temperate and 13 highland
pools,

ALl of the above pools are being converted to opaque -2 through a scheme for making parallel im-
pravement in normal and opaque-2 counterparts, The pools are managed so that the hard cndosperm opaque -2
segregates can be crossed with the half-sib families of the pool every alternate cycle. (Modifications of the
scheme may be made whenever necessary). The opaque~2 families from Hack-up stages are worked separately;
then incorporated into opaque -2 Back=-up pools (white opaque=-2 Back-up pool or yellow opaque -2 Back~-up pool)
or other Back-up opaque -2 populations, if any, The families can be derived from pools once in every 2 or 3
years, and then subjected to systematic progeny testing., The selected opaque-2 families can either be merged
with appropriate Advanced stage population or, in some instances, the sclected families may provide a new
Mhvanead stage opagque -2 population,
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_ Pools 16 to 26 were crossed to one or more sources of opaque-2 during 1974A, F{ crosses wero
- advanced to Fa. From 60 to 100 ears segregating for hard endosperm opaque~2 were solected and sorted out
for hard endosperm opaque-2 segregates, The selected segregates will be planted on family basis during the
year 1875A . Ilard endosperm opaque-2 segregates were recovered from the following number of Iy familics

Pool No, No, of IF9 families
19 73
20 95
21 7
22 . i
23 . b ' : 68
24, 52

25 _— 4 86
26 . 126
a7y ' IR ¥
32 45
- 33 ' 85
34 23

L All thlrteen highland pools were crossed during the year 1974 and will be advanced to I'2 during
the year 1975

3413 Converslon of Populations Being Sclected for Plant Efficiency and Adaptation

The numbor of Fg families from some of the populations are given below:

Amarillo Bajio 42
Amarillo Bajio x Varios

Templados 27
Amarillo Bajio x Mezcla

Tropical Amarilla 32
Mafz tropical seleccidn

Batdn 3

3,42 POPULATION IMPROVEMENT PROGRAM

Five opaque-2 populations in the Advanced Unit are undergoing second cycle of full sib family
selection. Four of the five materials possess hard endosperm opaque-2 phenotype, whercas the fifth
has a soft kernel phenotype, The five materials are:

Tuxpeno x La Posta og IPTT-37

Ver.181-Ant,Gpo.2 x Ven,1 oy IPTT-38

Yellow H. E, o3 IPTT-39
White H, E, og . IPTT-40
Composite K (IL.E.) o ©IPTT-41

wwwww

Major emphasis in these 5 populations was placed on the following! :

(a) Systematlc progeny testing trials

(b) Accumulating frequency of favorable modifiers controlling kernel vitreousness in opaque -2
materials, This is done by selecting the best vitreous seed from each family for planting.
When new families are generated through reciprocal full sib, only those families with two
vitreous cars are sclected.




v (e} Testing of full aib familles over a range of environments helps to stabilize modifiers by se-
- lecting and recombining only those families that show stability for modified phenotype character
+~ over a number of locations, : : oo -

‘(d) Reducing Incidence of car rot organisms, Each family from each Advanced Unit popuiatl‘on,’lls ‘ .
subjected to artificial inoculation, both for ear rots and stalk rots. In the selection of families -
to generate new families, the disease data is given critical consideration. TR

343 DEVELOPMENT OF BROAD-BASED GERMPLASM SOURCES

P Several broad-based opaque-2 populations have been developed in the last two years, and are now ; .
- at-different stages of development, including: . :

PD(MS)6 - 11, E,09: Has undergone 3 cycles of recombination In a half-sib system. This material -
has excellent kernel type. Over 700 families were saved from the last cycle
of recombination,

- CIMMYT H.E.o09: Has undergone 3 cycles of recombination, plus selection for modifiers and
' : protein quality, Over 600 families were saved from last cycle of selection,

" Yellow opaque=-2 Back-up pool and White opaque-2 Back-up pool: Were formed by advancing Fy

S - crosses of opaque-2 "side-cars' with different normal Advanced stage popula-
tiona in the usual half-sib recombination blocks. Modified opaque-2 kernels
were selected from segregating Fg cars and again planted in a half-sib recom-
bination block to obtain the second cycle of selection (675 families in white
opaque-2 pool and 512 in yellow opaque-2 pool).

’I""et‘r‘)‘pérbte x tropical H.E. o3: Ilas achicved one cycle of recombination. The second cycle of
: S recombination involved over 600 families. '

3.44 SELECTION FOR HHARD ENDOSPERM

, Emphasis hag been placed on selection for kernel hardness at all stages of the conversion pro-
gram, population improvement program, and development of germplasm source population. Best kernels
from each car or family are used in planting. Also, 10 seed from each ear are subjected to chemical analy-
ges. Only families with satisfactory chemical values are selected and used in recombination, Excellent
progress hag been made in this process, and materials with very good modifiers are available in the program
and can be considered as good source of modifiers in converting new normal populations.

3.46 STABILITY OF MODIFIERS CONTROLLING KERNEL HARDNESS

This stability can be achieved only through multi-location progeny testing. In the Advanced Unit,
the families arc tested in 6 sites; whereas in the Back-up Unit the progeny tests are limited to 3 locations
within Mexico, Famllies exhibiting good modified phenotype across location are selected and used in recom-
bination. lLimited expericnce from trials in one year indicates that there is fairly high frequency of modified
phenotype families performing well across locations.

3.46 REDUCING EAR ROT INCIDENCE

IFamilies from bhoth the Advanced and Back-up Units that are suhjected to systematic progeny test~
ing also arc evaluated for ear rot organisms by artificlal inoculation with ear rots. Artificial inoculation
helps to identily reaistant familles during the selection process. Through continued selecticn and artificial
{noculation, it should be possible to build up resistant to ear rot organisms,

3.47 TRANSFER OF OPAQUE-2 GENE IN FLOURY -1 GENETIC BACKGROUND

. Considerable cmphésls has been placed on transfer of the opaque-2 gene to floury-1 materials for
Andean reglons and some progress has been made, Some opaque~2 versions {n floury-1 baclsgrounds are now
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. avallable, In addition, an opaque-2/floury-1 composite has been developed and I8 now undergoing a second
cycle of selection. P ‘

. The discovery of the Ninhydrin test by Dr. Mertz adds a new dimenslon as o screcnlng tool to
identify soft opaques from floury and {s a very simple and rapld test, B
3.48" SUGARY-2/OPAQUE-2 DOUBLE MUTANT

Developmunt of this double mutant combination has generated considerable interest in the last two
years., Some of the advantages of this combination are: good digestibility and superior biological value, good
kernel density, vitreousness in endosperm, good acceptability, less ear rots and less damage [rom storage
insects(and improved vitreousness is not accompanied by a decrease in protein quality,)

A disadvantage of this combination is its reduced seed size; thus lower yiclds,

CIMMYT has begun work on this combination and some materials are in Fg generations, The segre-.
gates are, in general, not appealing--but some seemed reasonably acceptable. It is expeccled that this combina -
tion in different genetic backgrounds may exhibit kernels of varying appecarance.

3.49 INTERNATIONAL TESTING

Progeny trial and experimental variety trials were sent to the locations shown in Table 3.16 .

Table 3.41 shows the performance of 5 opaques in relation to some of the best normal checks,

Seed samples of hard endosperm opaque-2 maize have heen sent to over 22 lpcations, The sced

samples ranged from 50 kernel samples to 50 kgs. lot,

3.5 PHYSIOLOGY - AGRONOMY - PRODUCTION

Maize agronomists provide assistance in trials by the germ plasm l)ank; and.in the Back-up and
Advanced Units. Agronomy trials in Mexico are conducted jointly with the training program, including variety
trials and comparisons of responses of improved and unimproved varieties to high and low levels of manage-
ment.

The physiologists study factors that limit yields, ways to manipulate grain storage in the plant,
adaptation to climate, drought stress, and crop water requirements, These studies help define selection cri-
teria in breeding improved plants for the future,

3.51 PHYSIOLOGY

Recent findings (1971 to 1973) have indicated that the capacity of the grain to store dry matter
limits grain yield in both lowland and highland tropical varieties, The numbers of grains per ear and the in-
cidence of barrenness at high plant population were both identified as important yield limiting components,
Thus, high density nurseries were introduced in 1974 as part of the progeny testing program, to select prog-
enies with a low incidence of barren plants. There was also a need for studies on the conirol and development
of the female inflorescence (as the grain storage site}), Measurements were taken during the year at Poza
Rica, Tlaltizapdn and Batdn, to determine how environmental lactors (temperature and radiation) before
anthesis affect storage capacity (the number of ears per plant and grains per car) and how factors after anthe-
sis affect the duration and rate of grain [lilling,

"

3.511 Growth and Yield of l.owland Maize

The patterns of accumulation and distribution of dry matter in Tropical Maize grown at three loca-

tions In Mexico, have been reported in CIMMYT Tech, Reps. (Sec.10). At one of these locations (Poza Rica -
elevation 100 m), an artificially severe infestation of the leal pathogen Phyllachora maydis caused a reduction
in leaf area after flowering, A subsequent trial showed that when the leal diseases are controlled chemically

3.
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TABLE3.41  RESULTS OF INTERNATIONAL EXPERIMENTAL VARIETY TRIALS - 1974,
g o : C - N B ] B -
El el - o | o1 B -
. - - O a @ w- B~
212121 s]¢ g sl s (s]el] |=21=2]|2% 9 | g
: - o @ ] g Q ] = - a e, ] b1 -
s E (5] 3 T 51 = o o Sgen @ @ a 2 =
15 s [E (58] <5 AR NEREEENE L
£ & |43 3 Sl dl9 (sl a3l =]8] &3
g 5 o - 8 53 R [ -~ A, - E s ﬁ o 5 @ o @
ok A ;e | 4 - - - - - NI O L - - A -
| ;18 2|2 afs]|z el 2| 8 || S| § el 3]s | E|&
5 g ||| 58| s1213|:]¢2]? £ B3| 5 |¢
& @ 5' o 3 4 5] & 5 3 o] E & & 3 <] = & g | <
1 | Yellow H.E.o, 3961 | 2424 | 2918 | 1256 | 1753 | 3534 | 3474 | 3727 [ 3715 [ 1745 | 4013 | 3621 [ 4520 | 0475 | 5260 | 3047 2610 | 2388 | 2924 | 3481
White H.E. o, 3975 |/3400 1 3706 | 1385 [ 2424 | 3001 | 2619 | 3845 | 3517 | 1331 | 4566 | 3822 | 3600 | 8680 | 5231 3066 | 3338 | 1916 | 2738 | 3487
Comp.K H.E.op | 3600 | 3932 | 3036 | 1363 | 2108 | 3054 | 2426 | 3674 | 4137 | 1525 | 4427 | 3834 | 3650 7751 | 4981 | 3415 | 2560 | 1951 | 2170 | 3358
Vet Go2 | 3054 | 443 | 2805 | 1118 | 1907 | 2771 | 2573 31601 2877 | 938 | 3701 | 3159 | 4310 [ 7617 | 4616 | 2003 | 2535 | 2332 | 2304 | 3085
2 R
Tuxpefio o, 2699 [ 4125 | 4154 | 965 | 2613 | 3081 | 3030 | 4053 | 3002 | 990 | 4796 | 3688 | 4754 [ 8790 | 40ss 3839 | 2585 | 1387 | 2841 | 3542
Tuxpefio-1 9180 [ 4070 | 5119 | 1219 | 4264 | 3730 | 4186 [ 5348 | 5233 y 1994 | 6322 | 4462 | 4615 | 10804 | se67 3722 | 2660 | 2426 | 3082 | 4437
Amarillo Dentado-2 | 5022 | 3100 | 3152 | 1879 | 2537 | 4755 | 3284 | 4577 | 4547 | 2651 | 6135 | 4785 | 4013 9332 | 5273 3201 | 2036 | 2670 | 3450 | 4137
Amarill Cristalino | 5266 | 3539 | 2636 | 1832 | 2926 | 4162 | 2405 | 4345 | 4550 | 2145 | s387 | 4407 [ 474 9178 | 5371 | 4207 | 2785 | 3292 | 2697 | 4013
e Mezcla Amarilla 5599 § 3583 § 3134 { 2355 | 2071 3729 1 3198 | 4036 | 3671 | 1889 5046 | 4639 | 4153 | 7689 | 5465 2902 | 2811 | 1469 | 3422 3729
10 | Ast. x Ver.181 4961 | 3893 [ 4035 | 925 [ 2080 | 3700 | 3284 | 4482 | 4708 | 1618 | 5027 | ese5 | qsz0 8759 | 5010 | 3217 | 2309 | 2360 | 3045 | 3855
1 | Flanco Cristalino | 5857 | 3847 | 3827 | 1551 [ 2212 | 4061 | 3213 | 5200 | 5720 | 2335 | 5854 | 4951 | asey 8597 | 6003 | 4083 | 3438 | 1908 | 3121 [ 4228
12 | Mean of checks 16058 | 3970 [ 4201 | 46 | 3279 | 3895 | 3360 | 5357 | 4205 | 1705 | 6005 | 5108 | 437 11077 | 5853 | 2521 | 2886 | 1565 | 2704 | 4167+
LSD .05 1908 [ 1452 | 1697 | 452 | 662 | 843 | 670 | 709 | o01 46 1201 | 891 | e6s | 1061 | soa 1553 | 1219 | 2006 | 885
% C.V. 19212071342 125.7 [ 18.0 [ 17.6 | 16.9 ] 11,7 [ 15.8 | 23.6 | 15.6 | 1401 [16.5 | s3] o5 30.9 | 28.56 | 70.8 | 22.7
* Checks varied with sites




(or hy breedlng). the capacity of the grain to store dry matter limits yleld in this environment (as has been
shown, also, in the higher yiclding environment at Tlaltizapdn) (Fig. 3.51, 3.52).

When Tropical materials were grown at Tlaltizapdn (clevation 900 m) under high radiation and low
incidence of leafl pathogens, 19% of the stem dry matter at flowering was in the form of soluble sugars, in-
creasing to 22% at grain maturity. This linding of a reserve of transportable assimilates in the stem (approx-
imately 1,2 tons/ha), in addition to previous evidence of increasing stem dry weight during grain filling, sug-
gests that the grain yield of Tropical materials is limited by the capacity for storage of dry weight in the grain,
Thus, there seems to be scope for improving yields in both kinds of environment; but to do so, storage capaci-
ty must be increased in some way.

3,512 Control and Development of Grain Storage of the Crop

The grain storage capacity of the crop is the product of the number of plants per unit area, the
number of cars per plant, the number of grains per ear, and grain size. Our findings suggest that grain yield
of short-plant selections increases with increase in plant density; however, the incidence of barren plants has
been identified as an important component limiting vield, Selection procedures are being used to measure the
performance of the 250 full-sib progenics trom cach of the Advanced stage populations of the CINMVY'T maize
program when grown at high plant density (80,000 plants/ha), Those progenies showing a resistance to lodging,
and having the ability to produce one car per plant consistently at high plant density, are being identified for
subsequent use in the crossing nursery,

In a study of temperate maize in the U,S,A,, Anderson et al showed that the tendency for
barrenness in high populations was associated with an increasc in the interval between tasseling and silking,
A similar study was made in one of the tropical materials (Tuxpeno-1) grown at 53, 000 and 80, 000 plants/ha
at Poza Rica, (The data for the high density was lost due to [looding of this site). At the lower density, there
was no significant association between grain yvield and flowering interval (the variance in grain yield and flow-
ering interval was partitionced between progeny families), However at the low density, there were few barren
plants, This study will be repeated in the summer cycle of 1975 in the hign density nurserices.,

Selected Tropical maize materials are being planted every two months at three locations in Mexico
to explore environmental and genctic control of the number of graing per car. ‘The development of floret num-
bers on the primary and secondary cars is being measured. Measurements are also being taken of the growth
of the tassel and stem and of the changes in dry weight in these plant parts, Figures 3.531, 3,532 and 3,533
show the development of floret numbers in the primary car for five varicties in the first of this series of
plantings at E1 Batdn (2,250 m), Tlaltizapan (900 m) and Poza Rica (90 m). In the two tropical lowland sites,
potential grain number was determined soon after initiation of the inflorescence made in all the materials,
For the carlier tropical varictics (Eto x Illinois, Amarillo Pakistan and \ezela Amarilla (Poza Rica only),
there was a greater loss of florets during the period preceeding pollination than in the later Tuxpeno material,
Thus, at Tlaltizapin (and to a lesser extent at Poza Rica), the number of grain per car for Tuxpeno-l was
limited by the number of spikelets differentiated--not by their subsequent loss,

At Poza Rica and Tlaltizapdn, the total number of florets were produced during a period of 15 to
20 days. At the Batdn site, the rate of differentiation of florets was much slower in the lowland tropical mate-
rials (particularly Tuxpeio-1 and Tuxpeno Co) than in the tropical highland material (1128) which is better
adapted to the lower temperatures. During this period of floret development, the stem and tasscel were rapidly
increasing in length and these organs may compete with and limit the differentiation and growth of the ear shoot.
Rapid dry matter increasc in the tassel and the ear occurred after differentiation of the florets (Fig. 3. 54).

For Tuxpeno-1 there was a similar number of florets initiated by both the primary and sccondary
ecarsbut in the latter, they failed to pollinate (Fig. 3.55).

The duration of the grain filling period and the rate of growth per grain may he important compo-
nents determining grain yicld. The increase in grain size (dry weight) with time after pollination is being mea~
sured in 28 of the CIMMYT advanced materials planted monthly at three locations in Mexico. Fig. 3,56 is an
example of the raw data (for two varicties and two locations only) to which suitable growth functions will he
fitted. The analysis will be aimed at understanding the genetic and environmental control on the rate of dura-

tion of grain growth,
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3',:5.18 ' -Genotykpe Comparison under Simulated Drought

; Seven maize genotypes were grown, under simulated drought conditions imposed. at three stages
of plant development and at two levels of intensity, during the winter (dry) season at Tlgltizapdn, Stress
treatments resulted in a 0 to 54% reduction in grain yield,

The data is presented in Fig. 3.57 and Table 3.51 in the form of a linear regression analysis of
variety yield on treatment mean yield. With the exception of ETO x Illinois, there were only small changes
in the relative performance of the higher yielding entries over the range of water stress treatments (Environ-
mental Index). For ETO x Illinois, the linear coefficient was less than unity, but this was associated more
with an inability to respond to a better water environment than an advantage under severe water stress,

A larger proportion of the dry weight is incorporated into the grain in the temperate hybrid than
in the tropical varieties. A comparison of the yields of Y, H, E. og and the temperate hybrid indicates that
the present efforts to improve grain yicld of tropical varieties by improving the proportion of dry weight that
is incorporated into the grain can be expected to result in more efficient water use, even at low levels of water

availability.

The Mexican hybrid H28, which contains Michoacan 21 germplasm (the source of "latente") was
developed for the rainfed areas of the Tropical Highlands. Its response in this experiment demonstrates its
overall poor adaptation to the higher temperatures at lower altitudes,

Measurcments of plant moisture stress with a pressure chambher,and of stomatal resislance, werc
made on three of the entries of this trial, A preliminary analysis of this data suggests that measurements of
leaf water potential mid-morning or mid-afternoon are more closely associated with yield elfects than are
mid-day values,

These studies are being continued with a similar number(but different set)of maize varieties in
1975,

3,52 AGRONOMY

The agronomy trials complement the physiology studies and are conducted on the experiment sta-
tions in cooperation with the training program. They serve both a research and teaching function. The
main input into the trials consists of the experimental varieties coming from the Advanced Stage populations,
These trials explore the range of maturities available in the experimental varieties; and examine interac-
tions of late, intecrmeaediate and early varieties with management practice, particularly plant densities,

CIMMYT's maize agronomists have also been involved in the international serics of experimental
variety trials that began in 1974, This series of trials is being extended in 1975 and will be the principal
gsource of information on the interactions between varicties and environments. Most of the maize physiology
carried out at CIMMYT is designed to aid the interpretation of this kind of trial by providing some basic in-
formation on plant responses to environment. This approach helps cnsure that the most promising varieties
reccive the widest possible use.

3,521 International Agronomy Trials 1073-1974

A serics of variety x fertilizer trials was conducted in 1973-74 as a forerunner to the current
program of experimental variety trials. There were two sets of trials: one set consisted of nine normal
varleties with three levels of nitrogen (0, 100, 200 kg/ha); the other set consisted of 5 opaque-2 varieties,
with three levels of nitrogen (as above), The set containing normal varieties was divided into a group of va~
rieties for lowland test sites and a group for intermediate altitude or subtropical sites. Summary analyses
of yield data from these trials are presented next,

3.5211 Normal Varicties

The differences in yield between varieties were significant at nine of the ten locations and there

. was a significant response to nitrogen at six of them (Table 3.52). The largest nitrogen effect was at one of
the sites in Kisanga in Zaire (a response of 5675 kg grain/ha to 200 kg N/ha), This clearly demonstrates
the capacity of the varictics to respond to fertilizer wher, as on this site, the level of fertility is comparable
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TABLE 3.5.1 Adaptation analysis for maize materials grown under

TABLE 3.5.3 Local varieties used in Interaz:....a. .t -

- T enomy
a number of different watering treatments (Tlaltizapan, Trials 1973/74.
Mexico) 1974. '
Local l Local 2
Mean grain Linear 2
Variety yield (kg/ha) Coefficient R Mexico - Poza Rica H 507 Criollo
Mexico - Tlaltizapan H 503 H 412
Tuxpefio = 1 4798 1.42 0.74 Mexico - Cbregon H 503 H 412
Eto x Nlinois 4816 0.92 0.83 Thailand -« Pak Chong Thai Composite Cuprico x Flint
Amarillo del Bajio 5115 1.28 0.83 No. 1C3 Comp. (F) C5
Pioneer Hybrid 336%A 6810 1.38 0.75 Zaire - Gandajika GPS 4 Nigerian Comp.
I.D.R.N. 4976 1.27 0.81 Ac1chz
Y.H.E. Oy 3990 1.25 0.88 Pakistan - Pirsabak Shaki Khyber
H-28 1057 0.49 0,22
TABLE 3.5.2 INTERNATIONAL AGRONOMY TRIALS
1973/1974
Grain Yields Kg/Ha. 9 Var. x 3 Levels N in 9 x 9 Quasi Latin Sq.
LOWLAND INTERMEDIATE
Mexico Thailand  Zaire Pakistan Nepal Z a ir e Highland &
P.Rica Tlaltizapan Obregon Pak Chong Gandajika Lowland Pirsabak Rampur Kisanga Gand. Fungarume Highland Lowland
Mean Mean Mean
Variety P Py e % * v Ex *k e NS e
1. Eto . 2118 7361 2780 3758 5543 4312 1. Eto 2615 42 9143 4088 3171 3889 4100
2. Tuxpefio x Eto 2843 9430 3958 4026 5842 5219 2. Tuxpefio x Eto 4687 1250 9244 4232 3727 4628 4923
3. Mezcla Amarilla 3001 8021 3795 3945 4993 4751 3. Mezc.Amarilla 2775 878 6500 3493 2366 3202 3976
4. (Mix. 1xCol.Gp. 1)Eio 2732 8280 3402 3488 5257 4631 4. (Mix. 1xCol.Gp.1) 3861 563 8975 4671 3197 4253 4442
Eto
5. Ant. x Dom. Rep. ) 2619 6120 2898 3131 4248 3803 5. Ant.xDom.Rep. 2707 330 5551 3194 1808 2858 3330
6. Tuxpefio 1 3405 9126 3511 3276 5613 4986 6. Amarillo Bajio 3506 627 5488 3273 1834 2945 - -
7. Tuxpefio brz 2680 7805 2805 3065 4789 4228 7. Eto x Illinois 3056 632 7971 3950 2473 3616 - -
8. Local 1 3032 - 8274 2939 4872 4394 4702 8. Local No. 1 4314 1612 8107 4374 2712 4223 - -
_ t . .
9. Local No. 2 1503 8707 3412 4345 4693 4532 9. Local No. 2 4122 1131 1n7To00 5002 3989 5188 - -
SE. 134 HNi7s *i7  *is3 Mi66 SE. ti1e5  Figz ta39 Hs2 tizs
Site mean yield 2659 8125 3278 3767 5041 Site mean yield 3516 894 8076 4031 2820
Levels of Nitrogen NS * NS bad b Levels of Nitrogen *#% NS NS Lad baad )
] 2671 7986 3284 3486 3621 4209 0 2779 564 7802 882 2268 2859 3534
100 2608 8029 3232 3974 5251 4619 100 3745 1075 8004 4654 2988 4093 4356
200 2699 8359 - 3319 3842 6252 4894 200 4023 1044 8421 6557 3203 4649 4771
SE. 11 i3 9 g 211 SE. fes s 53 Gzt
Var. x Nitrogen NS NS NS NS NS Var. x Nitrogen NS NS NS NS



_TABLE 3.5,6 GRAIN YIELDS KG/HA, OF OPAQUE-2 VARIETIES IN TRIALS AT POZA RICA
~ . . AND TLALTIZAPAN 1973/74. S

OPAQUE VARIETY TRIALS VARIETY x NITROGEN LEVEL x TIME

1974 A 1973A 10738 10738  1074A 1074A

T ‘ Poza Tlaltizapan Buena Poza Poza Tlalt. Poza Tlalt.

Cten s Rica Vista Rica _ Rica Rica

"1, Tuxpefio x La Posta 4461 5550 3881 4941 3539 6601 3324 6110

2, Compuesto K (H.E.) 3469 5116 3621 4113 - - - -
3. W.H.E.op . 3507 5076 - 3517 - 3102 5840 2000 5752 .

4, Y.H.E.0p 3270  s13 - 3532 - - - - -

5. (Ver.181xAnt.Gp.2) 3181 4703 3165 - 3851 3164 5413 2786 5360

/{/ » 5
II‘//;

H, 4

p
Eo

v

]

As new varieties are developed, they are subjected to specific management treatments (agronomy trials) to determine the
most suitable production techniques, in plots much larger than regular variety comparison trials,
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'I'ABLE 8 6 4 "',VINTERNATIONAL AGRONOMY“’I‘RIALS
NSRS 1973/74 BN

Grain Yiolds Kg/ia,

8 Opaque Var. x 3 Levels N in 5x3 Latin Square

Mex(co

Thailand Zaire Zaire Pakistan Nepal Colombia .
; P.Rlca -.Tlaltizapan Obregon Pak Chong Gandgjika - Kisanga Pirsahak Rampur C.,1,A.T. ~ MEA!
“Variety ) Chwe L e NS . . o NS ok
1. Compuesto Blance 2014 3506 - 2608's - 4204 4105 1903 4081 3235
2, Compuesto Amarillo 2162 5837 2420 2001 3311 2852 3676 1908 . 8111 3476
4. Compuesto K 3166 5502 ' . ..3170 3166 2025, . 3012, 3se8 2207 . -
v Tuxp. x Lo 'post‘a ‘ 2640 ',5615",. ..2801 . - 3031 k,4oss 4085 5020 .- '1803.
s Ver. 161 % Aty Gpo. 2 x Ven,1 3167 ', 0535 . ;._,zzsa'gj' 2730 3231 3408 M3oon  1gen
SH, ' & iz -106' . 3151' g8 faos  ius :
ot o : BN v DRI L S
Site mean yield o ~2445‘ 200733010 3678 4133 1009 C.C 4005
Levels of Nltroge‘n ' NS : (NS NS * 'nt" Coan ok : NS NS
0 2240 ,5147 ‘2087 2343 2080 3042 3407 1990 4740
100 219 5420 2342 3104 2867 3830 4158 1886 5103
200 2230 “7B169 - 2306 3274 3184 4162 4836, -, 2021 .- 4866
o o , . ' ' R B . . R
SE. Yoo .t t a4 ) Y38 iue C Eg 205
Var. x Nitrogen NS . NS NS NS . NS . NS NS
r‘ o 8 ' : ‘ R . P
* Varlety 1 was Thal opaque~2 - :
Composite {n the trial,
‘ ' TABLE 8.5.6 CYCLES OF SELECTION YIELD TRIAL
1974 B
TLALTIZAPAN POZA RICA
o Yield Daysto flower Plant Height % Lodging Yield Days to flower  Plant Height % Lbdging
Varleties kg/ha [ [ em kg /ha [ [ cm :
' » E1T) *hh * (1] ok L1l 5 N8
{Mix, ‘1 x Col, Gp. 1) Eto 6970 88,5  70.3 219 25 63.0 65,1 244 29
Elo 6178 69,6  71.3 225 - 13 64 67 231 L
Tuxpefio 8061  71.8  73.4 236 : @ 6 67 )
Cycles of Selectlon L f1T] wke 1T 4 E ‘ E) ET1
Original 6185 72,7 - 75.2 264 . 30 ¢ E 66.8 69,9
Intermediate 6875  60.4 . 70.7. . 209 ' B 0 e
Final 7088 67,8 60,0, 205 'g 63,4 63.8°
Plant Density » R s . NS
Low 6320 70,0 728, a4 é 84,3 60,4
Medium 22 70,0 8" B es sa.'l
High' 7266 68,0 70,7 IR T K S
Lo ) ; s S
: SE 2 288 0,46 0.48° g :
Interactlons g
‘Varl'l’ety x Cycle NS N§ . ) . ¥ :
.Variety x Denalty * N8 NS N8 .
Cycle x Density N8 - N8 NS N8
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to that found on most farmers' land. The responses were smaller at other sites in Zaire, Pakistan, Thailand
and Mexico, mainly because the trials were siled on experiment stations where, as a result of regulur use of
nitrogen fertilizer, the soil nitrogen status is higher than on farmoers' land.

The differences in yield between the five lowland sites were large compared with the differences
in yield between varietics., The mean yiclds of varieties varied from 5219 kg/ha for Tuxpeno x ETO, (o 3803
kg/ha for Antigua x Dominican Republic. Tuxpeno x ETO and Tuxpeno-1 gave the highest yields and showed a
slightly greater capacity than other variclics to respond to high vielding environments,  With the exception of
Antigua x Dominican Republic, the response of the varieties to differences in environment was similar,
Antigua x Dominican Republic gave the lowest mean yield and, although not significantly different from other
varieties in low-yiclding environments, it was significantly less responsive to the high-yielding environment
at Tlaltizapdn, Antigua x Dominican Republic is shorter and normally silks about 8 days carlicr than most of
the other varieties, but in these trials was grown at the same plant density, Thus, it seems probable that
it should perform relatively better at a higher density; experimoents arce being conducted in 1975 to examine
such performance, The mean yiclds of the remaining four varieties (entries 1, 3, 4 and 7) were not signifi-
cantly different from the overall mean.

Varieties number 8 and 9 were local checks and therefore different at cach site, If good local
varieties are available and arc well chosen for cach site, a high mean yield and a consistently good vield
would be expected when treated as a single variety across sites. llowever, in these experiments, the mean
ylelds of Tuxpefo x ETO and of Tuxpeno across siles were significuntly better than the mean yields of the lo-
cal checks; the yiclds of Mezcla Amarilla and of (Mix. 1 x Col, Gpo.1)ETO were cqual to those of the local
checks., The name of the local checks used in these trials, where known, is shown in Table 3,03, In most
instances these local checks were improved materials, though not necessarily the varieties that farmers
were using,

The first five entries in the trials at intermediate (subtropical) locations were the same as in the
lowland set (Table 3.52) but the remaining two entries, Amarillo del Bajio and ETO x llinois, replaced
Tuxpefo 1 and Tuxpeflo brachytic, respectively. Tuxpefo x ETO and (Mix.1 x Col, Gpo.1) KTO nad above
average yields at these intermediate sites, with good yields at the best site (Kisanga, Zaire), The average
yield of ETO was lower, mainly because it gave poor yiclds at the two low yielding sites (IPakistan and Nepal),
Antigua x Dominican Republic, Amarillo Bajio, Mezela Amarilla and ETO x Iilinois all had below average
yields at these locations, They are from six to ten days earlier to flowering than Tuxpeno x ETO or (Mix. 1
x Col, Gpo.1l) ETO. Of these five, Tuxpeno x ETO was the only one that gave consistently above average
yields across both lowland and intermediate sites (Mcan yield 4920 kig/ha). The mean yvield of the next best
variety, (Mix.1 x Col. Gpo.1)ETO was significantly lower and was below average at two sites (Thailand and
Nepal), Of the other varicties ETO gave yields which differed little from the average at lowland and inter-
mediate sites; Mezcla Amarilla gave better yields at lowland siles than at the intermediate sites, while the
low mean yield of Antigua x Dominican Republic was th2 result mainly of its inability to respond to high yicld-
ing environment,

There were large differences in plant height between localions, from a mean of 240 cm at Tlalti=-
zapdn to 150 cm at one location in Kisanga, Zaire. Inspection reveals no simple relationship between plant
helight and yiclds: the mean plant height was similar (246 cm) at Poza Rica where yields were lowest (2608
kg/ha), and at Tlaltizapdn where yields were highest (8359 kg/ha). In Thailand and at Kisanga, Zaire, wherce
plants were shortest (140 cm) the yiclds were between these extremes (3767 and 4031 kg/ha respectively).
Because of variety x environment interactions of this kind, CIMMYT is basing its progeny selections on the
results of yield trials at several different locations, It is also one of the main reasons for having the exten-
sive international scries of experimental variety trials that were begun in 1974, With the information pro-
vided from these trials and from complementary studies in Mexico on the response of varicties to different
environments, CIMMYT will be better able to direct variety improvement towards the needs of particular
types of environment,

3.5212 Opaque-2 varieties

The results for 5 opaque-2 varieties at 9 test sites are shown in Table 3.54. As in the other
trials, differences between locations were large compared to differences hetween varietics, Nevertheless
varlety differences were significant at 7 of the 9 test sites. There was a significant response to nilrogen
fertilizer at four locatlions; in Thailand, Zaire (Kisanga), Pakistan ond Nepal, As in the trinls with normal
varieties, there was no evidence of significant interactions hetween varieties and response o nitrogen fer-
tilizer,
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The difference in yield between varieties across sites was comparatively amall (mean yields of
grain from 3134 to 3717 kg/ha), Compuesto Amarillo, Compuesto K and (Ver.181 x Ant, Gpo.2) Ven, showed
a capacity to respond to favorable environments and gave the most consistent performance over sites,
Compuesto Blanco showed the least promise; its yields were equal to or below average at all sites, with the
exception of the yields at Kisanga in Zaire, The comparatively low mean yield of Tuxpeio x l.a Posta is
largely accounted for by the exceptionally low yield of this variety in the trial at CIAT, Colombia., This was
becnuse of very ltow plant counts, presumabley as a result of poor germination, Poor germination algso ac-
counted for the failure of Compucsto Blanco at Gandajika in Zaire and of (Ver, 181 x Ant, Gpo.2) Ven, In
Obregbn,

3.5213 Cycles ol Selection Yield Trial

sxperiments were begun in 1973-74 winter scason to examine the effectls of several cycles of se-
laction on the height, yield, and yicld components of Tuxpefo, An additional objective was to determine how
the changes which have occurred as a result of selection have influcnced the response of the varicties to plant
population and nitrogen fertilizer, Subsequently, in the 1974 summer and winter season, original, interme-
diate and recent cycles of selection of the following three varicties were compared:

(Mix, 1 x Col, Gpo.l)ETO Cycles Cg, Cg, Cy1o
ETO Cycles Cp, Cg, Cy
Tuxpefo Cycles Cp, Cq, C13

A separale technical report (Maize Agronomy Trials Kesults, 1975A) of these trials is being pre-
parcd; however a summary of some of the data is shown in Table 3,55 and Iigs., 3.58; 3.59; 3.510,

Fig, 3,58 shows that the recent cyeles of selection have a higher mean yield than the original va-
rieties, at populations from 130, 000 to 80,000 plants/ha, It shows also the difference in response of the sue-
cessive cycles of selection Lo increase in plant density. As plant population increased up to 70, 000 or 80, 000
plants/ha, the yield of the varicties derived from recent cycles of selection increased almost linearly, In
contrast, the yield of the original varieties of (Mix.1 x Col. Gpo.1)I3TO and Tuxpedo 1 decreased sharply at
dengities greater than 40, 000 plants/ha, mainly as a result of lodging,

The yields of E'TO were smaller than those of the other two varieties at low plant populations, but
they inereased more rapidly as plant density increased and were similar at populations of 70,000 to 80,000
plants per heelarce,

Plant height has been reduced by about 62 em (from 268 ¢m Lo 206 cm) from ‘he original to the
recent selections of (Mix, 1 x Col, Gpo,1)ETO and Tuxpeno 1, Plants of the original cvele of ETO were
ghorter (256 ¢m) than the originals of the other two varicties and consequently showed less tendeney to lodge;
which accounted for the better response of the original ETO to increase in plant population, [n the other two
varieties, the reduction in height was also associated with a significunt deercasce in the tendencey of plants to
lodge. ‘The relationship between the decrcase in plant height and susceptibility to lodging in the successive
cycles of selection is clearly illustrated in Fig, 3,59, Less lodging.probably as mach as any other factor,
accounts for the improved response of the recent eyeles of selection to inercase in plant population,

The varicties derived from recent selections flowered five 1o six davs carlier than the originals,
The results at Poza Rica  suggested that this change has been greater in BTO and Tuxpeno 1 (from 69 davs
to 63 days) than in (Mix, 1 x Col, Gpo.1)ETO (from 64 days to 62 days only),

It is also interesting to note that in bhoth these trials anthesis and silking were carlier at the high
plant population than at low population,

Larlicr growth analyses (CIMMYT Tech Report Sec.10) identificd the number of curs as un im -
portant yield limiting component at high deasity, Fig, 3,510 shows the relationship hetween the number of
plants and the number of ears at different plant populations for the three varicties, A 1:1 slope, which
would be observed if each plant had one car, is indicated in IFig, 5.5310. It can be seen that for {(Mix.1 x
Col, Gpo. )ETO Cq, there was a large proportion of barren plants at densitics greater than 40, 000 plums/hu.
which partly explaing the decrease In yield observed as plant density increased, In the more recent cyeles
of scelection there were fewer barren plants as density increased, [Fig, 3.510 shows similar differences
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; betweon cyclos of sclection in the other two varletles. .

" Beacause thoe trial in Poza Rica was lost in the flood.and the denslties attained with 'I‘uxpeno 1
- wore lower than those intended, the trials have heen repeated in the 1975 A cycle at both sltes.

© 83,5214 Response of Opaque-2 Varieties to Nitrogen

Experiments were repeated at Poza Rica and Tlaltizapdn to determine the effect of levels of ni-
trogen and times of application, on the grain yield of opaque-2 varieties,

The three varicties tested were VWhite Hard Endosperm Composite, Tuxpeno x l.a Posta and
(\'er' 181 x Ant, Gpo.2) Ven. o2, Nitrogen at 100 and 200 kg/ha was applied either as two equal doses (at
planting and about six weeks later) or in threc cqual parts (the last dressing. at anthesis),

' The yields of Tuxpefio x l.a PPosta o9 were larger than those ol the other two varicties at both lo-
cntions hut as in the previous trials, the nitrogen treatments had no significant effect on yield, This latter
fact is probably explained by the high residual fertility on the experiment stations.

The yiclds from these two trials, and from three carlier trials of the same kind are shown in
Mable 3.56 together with the yields from three simple opaque-2 variety trials conducted in Mexico, In these
and the Inicrnational Agronomy Trials (Table 3,54), Tuxpeno x La Posta has given consistently good yields
compared with other opaque-2 varieties.

The Ninhydrin test is a very
simple and rapid screening
device to identify opaque-2
genotypes in soft floury
endosperms. A section of the
endosperm is sliced off to
make this test, and the re-
mainder of the seed can be
planted.
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4.0 Back-up Unit Operations: 1¢

4.1 MAIZE GERM PLASM BANK: 1974 ACTIVITIES

The Maijze Germ plaqm bank continued to maintain and rejuvenale sccdqtockq to add new acces= .

slons to the bank inventory, to fill seed requests from breeders and research workers, and to evaluate bank

accesslons in'replicated ficld tests to select the more promising malterials for Incorporation in the Back-up
stages,
4,11 REJUVENATION OF SEEDSTOCKS

Two nurseries were planted at Tlaltizapdn in 1974 and one at El Batlén, to rejuvenate or multi-
ply accessions of the Bank. A tolal of 1,371 populations were grown on 16 hectares; with new acccqslon‘;
accounting for 388 of these populations,

During the year, seed from 284 accessions from Bolivia, Ecuador, and Peru (pronagated for
¢IMMYT by the Programa (‘ooperativo de Investigaciones en Mafz of ’eru) was received in Mexico and in-
corporated into the Bank's inventory,

11 Sced Shipments

Table 4,11 shows that 45 sced shipments involving 4,771 items were sent to 22 countries. e

Since May 1st,, 1967, the Bank has made 517 seed shipments involving 19,504 item.s.

TABLE4, 11 Destination of seed shipments sent by CIMMYT's maize
germplasm bank during 1974,

NUMBER OF

DESTINATION SHIPMENT S ITEMS
Argentina L1 15
Brasil 2 809
ftulgaria 1 2
Canarla 1 4.
Costa Rica 2 11
England 1 210,
Federal Republic of Germany 2 11
Haute Volta : B 20
lvory Coast i o 201
India 1 278
Ireland S 1
Japan -2 58
Kenyn B 60
l.ebanon 1.0 31
Mexico 2323
Pakistan B .42
Philippinés b B 500
Romania ED | 390
Talwan A e 00
USA AR s ¢ 1 181
LSSk o e 35
Yugoslavia S 1 62
Sum: o 4 4111
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4,12 EVALUATION OF BANK ACCESSIONS

A total of 1,891 accessions of tropical origin and from elevations lower than 1,000 m. above
sea level were tested in replicated field trials grown at the Poza Rica Station during the Winter Crop of
1974 along with eighteen checks, among which were some of the populations in the Advanced stages. Eight
adjacent 16 x 16 simple lattices were grown with a single set of two replicates. The single row plots were
five meters long, with two plants per hill, set .50 m, apart, Spacing between rows was .75 m., provid-
ing a density of 58, 674 plants per hectare,

The yield array in Table 4,12 is a partial summary of 36 Bank entries and the eightcen checks,
Bank entry ylelds have been adjusted to eliminate fertility differences between experiments (as indicated by
the performance of the checks),

Al Bank entries in this summary yielded as well, or better than, the highest yielding check.
These entries also were slightly later in silking, taller, and lodged more than the checks; but wore simi-
lar in ears harvested per plant, rotten ear index, and percent moisture at harvest. When interpreting the
performance of these Bank entries, it is necessary to take into account that they have not undergone any se-~
lection, whereas the checks have.

A single replicate of the above eight tests was planted at Farm Suwan in Thailand. Personnel
of the Inter-Asian Corn Program took readings for percent infection by Sclerospora spp. (Downy Mildew)
under conditions of heavy field infections, Among the 94 entries, including 4 of the checks, infections var-
ied between 17 and 50%, as shown in Table 4.13.

A total of 972 Bank accessions fram the highlands of Mexico were compared with 13 checks, in
four 18 x 16 triple lattices, with a single set of three replicates grown at El Batdn and Atizapén,

Unfortunately, an early killing frost (September Tth.) prevented the collection of yleld data at
Atizapdn, but the tests were completed at E] Batin. Table 4.14 summarizes the Atizapdn data, including
the 38 highest yielding Bank entries and the thirteen common checks, Yields of the Bank entries were ad-
justed on the basis of the thirteen checks for fertility differences between experiments.

Of the checks used in these tests, only Composite I and H 129 can be considered as improved
populations of economic importance., None of the Bank entries outyielded the highest yielding check, but
their mean (8.3 tons/ha.) closely approached that of Composite 1. At least twelve of the Bank entries re-
quired 100 or less days to reach silking, which is considered to be the maximum for materials grown under
natural rainfall conditions in the Mesa Central of Mexico. With the single exception of ear height, no dif~
ferences were found between the means of the selected Bank entries and Composite I for days to silking,

% root and stalk lodging, ears harvested per plant, and percent moisture at harvest. Composite I showed
a higher incidence of ear rots than the Bank entries.

4,13 MAIZE GERM PLASM BANK CATALOG

Keypunching Is nearly complete for all information available for the catalog. The bringing
.together of the many data sets representing the various kinds of information about the Bank is the respon-
sibility of the Genetic Resources Communication, Information and Documentation Systems Project (GR/CIDS)
at the University of Colorado. CRCIDS is part of the International Board for Plant Genetic Resources, and
has contact with the Food and Agriculture Organization. (It is expected that a preliminary printout of the
maln listing in the catalog will be available by mid-1975, with the printed version to be published near the
end of 1975). All Bank Increase Nursery field books, the 1974 Bank Evaluation, and the World Composite
Formation Nursery field book have now been keypunched, as have the original collection notes and most of
the NAS-NRC catalog of Latin American collections (1954), A number of books from pre-CIMMYT programs
have useful information about the collections, some of which are being incorporated,

All groups (geographical-morphological composites or collection mixtures with limited varia~-
tion) that were formed in Mexico and Brazil now have computer-ready pedigrees, and many other breeding
populations in the bank are well documented.

8



Table 4.12 Yleld, Adjusted for Experiment Effect, and Agronomlc Data of Selected Germplasm Bank Entrles and Checks
Tested in Field Trials Grown at Poza Rica in the Winter Crop of 1874.

Ears Rotten
Population Yield Days to Ear height % root % stalk harvested ears Moisture

Kilograms/Ha, silking, meters.  lodging. lodging. /plant, index. Percentage,

BANK ENTRIES

ebla 178 6,334.30 3.5  2.05 59.1 15,8 1,2 0.0 23,4
5::’}“:2 Potosf 100 5,767.45 78.0 1,40 20.5 23.4 1,0 1,0 16.5
Veracruz 118 5,487.28 87.5 1.74 32.7 46,4 1.0 1.0 18.3
Mix. 1 5,333.57 04,0 1,68 34,6 14,1 1,0 1.0 27,0
San Luis Potosf 127 5,115,22 88.5 1.87° 2.3 47,17 1.0 1.0 16.9
Veracruz 150 . 4,989.53 109.5  2.24 36.4 18,2 0.9 1.0 30:1
Hidalgo 51 4,980.06 81.0 1,57 13.8 50.0 1.2 1.0 21.5
Nayarit 154 4,816.14 88.5  1.63 27.3 27,9 1,0 0.5 22,6
Veracruz 179 . 4,764,586  102,0 1,77 40,8 16.6 1,0 1.5 26.3
Veracruz 39 4,726.24 91,5 1,73 25,0 18.2 1.0 1,0 18,1
Nayarit 155 4,723,46 87.0 1.66 15.9 27.3 1,0 0.0 19,5
Veracruz 195 4,690,73 94.0 1.74 36.4 38.6 1,0 0.5 ‘22.1
Veracruz 213 4,688,23 89,5 1.54 16,0 27.7 0.9 0.5 17.8
Colima 4 4,680,18 92.5 1,77 - 50,0 38,6 1.0 1.6 27.5
Tabasco Grupo 1 4,678,903 91.0 1,68 52,0 28,17 0.8 0,5 23.7
Nayarit 177 4,660.87 84.0 1.65 48.5 34,7 0.9 1.0 22,4
Veracruz Grupo 20 4,599,45 101,0 1,90 49,0 21.5 1,0 0.5 24.4
Sinaloa 21 4,594,38 86.0 1,60 23.3 44,4 1,0 0.5 16,3
Cuba 83 4,577.68 86,0 1.40 17.0 49,5 0.9 0.5 21.8
Guatemala 786 4,558,498 87.0 1.47 0.0 20,5 1,0 1,0 20,2
Nayarit 178 4,557,39 79.0 1,58 25,4 23.2 0.9 1,0 19,3
Saint Croix 6 4,535,684 72.0 0,98 8.1 4,5 1.1 1.0 26.9
San Luis Potosf 121 4,533.12 88.0 1,62 8,2 37.1 0.9 0.0 17.7
Oaxaca 244 4,525.94 7.0 1,53 22.7 43,2 1.1 - 1,6 15.4
Guatemala 794 4,524.29 88,0 1.64 35.1 21.0 1.1 0.5 23.9
Veracruz 176 4,520,65 89,0 1.50 2.4 41,8 1,0 0.5 17.5
Veracruz 117 4,472.34 93.5 1.97 50,0 24,1 1,0 0.5 18.4
Tabasco 2 4,462,286 87.5 1,59 18,0 28,6 0.8 0,5 20,3
Veracruz 215 4,416,186 91,0 1,92 54,5 40,8 0.8 1.0 22.6
Nayarit 174 4,442,28 87.0 1,59 25,0 27,3 1.1 1.0 20,8
Jalisco 286 4,439.63 81.5 1,49 31.0 31,0 0.9 1.0 21.0
Veracruz 141 4,415.82 91.0 1.68 18,2 27.3 0.9 1,0 17.0
Guadeloupe 18 4,402,093 85.5 1.31 2,6 77.8 0.6 1.0 20,7
Jalisco 279 4,388,08 1.5 1.48 0.0 40.9 1.0 1.0 17.8
Guatemala Grupo 21-11A 4,374,03 89,5 1.63 26.9 37.7 0.8 0.5 22,2
Guatemala Grupo 13-5A 4,370,58 88.5 1,54 43,2 31.8 1.1 1.0 24,0

CHECKS
Tuxpefio P,B, x 19 materiales 4,372.53 85.8 1,30 - 7.9 30.3 1.0 0.9 21,1
(Tuxp.x Nic.)SInt.10 B,C, etc. 4,300,21 83.1 1,24 12,3 37.0 1.0 0.4 20,6
{Mix.1 x Col,)ETO x Sintético , . :
10 lineas 4,040,313 83.1 1.17 . 7.8 28,6 1,0 0,6 20,1
ETO P.B, x Tuxpenio P.B,(C11) 3,981,04 82.0 1.10 5.3 34,2 1,0 0.9 20,4
Tuxpefio P.B. x Sintético 10 lneas 3,883.30 83,8 1.20 . 14,8 34,1 1.0 0.6 21,2
Tuxpefio P.B, (C-11) 3,676.18 85.4 0.89 3.3 21,5 0.9 0.9 21,0
Familias Seleccionadas Ensayo 512 3,627.76 86.4 1,24 6.8 33.0 1.0 0,9 . 21,8
Cuba x Rep.Dom.x Mezcla Amar.
P.B, Fy 3,522.76 84,9 1,23 14,0 32.6 1.0 0,7 20,2
Lfneas E.S, x Varios 3,4817.80 87.8 1,28 17.5 27.8 0.9 0.7 20,8
Antigua x Rep.Dom,Amar. 5.C.  3,487.32 76.68 0.99 8.5 9.8 1.0 0,5 22.1
Mezcla Amarilla P, B, 3,331.78 9.4 1.02 6.3 22,2 1.0 0,7 21.3
Blanco Cristalino Int, 3,247.16 9.8 1.09 5.5 23.5 0.9 0.8 10,6
Amarillo del Bajlo x Sint,10 Lin, 3,053.53 78.6 1.17 8.9 26.8 0.9 0.9 19.9
(Mix,1 x Colima Gpo,1)ETO P.B, 2,057.66 85.3 0.95 2.6 20,9 0.9 0.9 19,3
Antigua x Veracruz 181 2,826,189 87,6 1,17 9,8 30.1 0.9 0.5 21.2
ETO x Lineas Seleccionadas 2,736.00 76.4 1.17 2,0 10,9 0.9 1,6 23.0
Tuxpefio brg bry 2,622,858 81,0 0,91 4.9 17,2 0.9 1.4 24.8
ETO Blanco P. 1, 2,284,585 84,7 0,02 8.8 37.4 0.9 0,7 20,7




TABLI‘ 4,13 Reactlon to Sclerospora spp. of Malze Populations from CIMMY'T"s
o Germplasm Bank and Checks at I'arm Suwan in Thailand, 1974,

~ Number of

Number of
R w
o 8 8 o &
a8 Jaf a 8Bg2
E SE8 §OBES
o K Ea3 r EdE
.Population . Population DR
Bank entrles Bank entries
Tamaulipas 4 30 5 17 Chiapas 57 31 14 45
Surinam 796 34 6 18 Guatemala 242 33 15 45
QOaxaca 70 28 6 23 Guatemala 253 31 14 45
Saint Vincent 8 © 83 9 27 \Veracruz 117 33 15 45
Nicaragua 3385 32 9 28 Sonorali2 33 15 45
' Nuevo Leon 23 28 13 46
Sinaloa 71 29 8 28
Chiapas 56 21 6 29 Honduras 37 30 14 47
Chiapas 160 28 8 29 [llonduras 32 32 15 47
Guadeloupe 12 - 18 6 33 Guatemala Grupo 5-8A 30 14 47
El Salvador 68 3¢ 12 35 Nayarit9 19 9 47
Chlapas 62 31 11 35 Veracruz 92 30 14 47
British Virgin Islands 138 33 16 48
Colima 5 31 11 35
Sinaloa 21 28 10 36 Guyana 813 31 15 48
Colima 7 30 11 37 Tolima 378 31 15 -48
Guatemala 588 30 11 37 londuras 105 290 14 48
Chiapas 96 30 11 37 Panama 132 27 13 48
llonduras 133 31 15 48
Guatemala 231 32 12 38 Guatemala 748 21 10 48
Chlapas 99 32 12 38
Cauca 343 33 13 39 Guatemala 123 20 14 48
Nicaragua 81 31 12 39 College Yellow Flint 33 16 48
El Salvador 63 28 11 39 Nayarit 38 33 16 48
Nayarit 62 33 13 39 Veracruz 23 20 14 48
Mejores Variedades Amarillas 27 13 48
Chiapas Grupo 7 23 9 39
Cuba 120 30 12 40 British Virgin lslands 140 31 15 48
El Salvador 98 30 12 40 Tamaulipas 32 21 10 48
Guatemala 128 35 14 40 Cuba 88 32 16 50
Surinam 795 290 12 41 Brasil 61 28 14 50
Nicaragua 3380 32 13 41 Honduras 52 30 15 50
Costa Rica Grupo 25 32 13 41 El Salvador 51 34 17 50
Guatemala Grupo 7-1A 20 12 41 Guatemala 721 28 14 50
Veracruz 55 34 14 41 Chiapas 30 26 13 50
Jallsco 42 17 7 41 Guatemala 151 20 10 50
Guatemala Grupo 21-1A 31 13 42 Guatemala 120 34 17 50
QOaxaca 48 31 13 42 Guatemala 109 32 16 50
El Salvador 02 30 13 43 Chiapas 172 28 13 50
Honduras 86 30 13 43 Oaxaca 226 34 17 50
San Luls Potosl 54 21 9 43 San Luls Potosi 32 18 50
Honduras 47 28 12 43 Tamaulipas 37 30 15 50
Cuba 51 28 12 43 San Luis Potosi 97 38 10 50
Cuba 167 .32 14 4
L Checks
Diacol V 208 - 32 14 44
El Salvador 111 18 8 44 Blanco Cristalino Int, 30 11 37
Nayarit 170 18 8 44 Amarillo del Bajlo x
Nuevo l.econ 13 32 14 44 Sintetico 10 lineas 28 12 43
Cuba 99 9 4 44 Fto Pl x Tuxp. B (C11) 32 15 47
Diacol V 101 31 14 45 ‘Tuxp. x Nic, Sint, 10 B, C, etc, 31 156 48

4



Tablu4 14 Yield, Adjusted for Experiment Effect, and Agronomic Data of Selected Germplesm Bank Entrles and Checks
Tested In Field Trials Grown at El Batin, México In 1974,

Population Yield Days to Ear height % root % stalk Ears % rotten  Moisture
Kilograms/Ha, silking meters lodging lodging harvested/ ears Percentage
plant

BANK ENTRIES

Chalqueno Tardlo ‘ 10,146.6 110,3 1,82 10,5 8.8 1.9 22,6 29,3
Puebls 364 e 8,793,2 97,0 1,63 21,0 6,3 1.6 28.0 26,1
Puehla 359 9,430,3 94,3 1.32 9.8 11,2 1.4 10.3 25,8
NMéxico Grupo 12 : 9,400,7 107.0 1.66 16,3 2.0 1.8 10,5 32,2
Mévico 153 9,259,0 110.0 1,63 20,8 3,5 1,4 28,1 ~ 30,6
Chitushua 245 9,115.7 83.7 1,03 0,9 13.4 2.4 12,8 15,2
i xieo Grupo 10 9,077,9 111,0 1,59 3.0 3.2 1.5 1.4 27,7
irclalpo 7 . 8,990,2 108,3 1,79 8,2 8.2 1.5, 32,5 25,9
Michoaeln 317 ~ 8,790.3 124,0 2,14 11,7 3.4 1,5 23.6 36.8
inebla 388 8,7156.1 98,3 1,52 15,7 10.1 1,7 20,0 21.4
Zacatecns 102 8,687,2 113,7 1.65 4,6 5.3 2,8 25,5 32.8
Puebla 355 8,586,0 113.0 1,81 22,1 5.1 1.8 16.8 33.8
Zacatecas 7 8,438.8 113.0 1,75 5,7 3.9 3.1 17.8 27.4
Puebla 356 8,430,7 111,0 1.85 25,6 1.6 1,8 14,5 30,7
Durango 17 8,404,7 102,3 1.49 1.8 4,8 2.4 19,7 28,5
México 180 ' 8,344.8 109,3 1.61 23.2 8.3 1,8 18,0 28,3
Puebla 398 8,235.3 106.7 1.82 13.4 5,0 1,7 16,7 34,0
Puebla 360 8,167.1 96,0 1,51 14,9 7.5 1.4 37,1 27,2
Puebla Grupo 32 8,015.0 106,3 1,78 6,8 1.8 1,8 12,4 27.7
México 172 7,873.17 102,3 1,53 16,5 0.0 1.3 31,5 29,0
Puebla 374 7,968,3 107.0 1,75 15,3 3.5 1,2 26,8 34.4
Puebla 339 7,967.3 91,3 1.27 22,5 10,1 1.4 28,0 20,2
Chihuahua 244 7,893,6 84,0 1.01 2,0 16,1 2.4 20.3 18,0
Puebla 354 7,863,.2 108,0 1,75 14,1 4.8 1.5 10.4 29,8
Michoacéan 329 7,846,2 102,3 1,63 11,2 1,6 1.4 56,6 20,3
México 158 7,820.0 108,0 1,58 9.5 3.1 1,2 43,5 30.8
Puebla 504 7,729.7 101,17 1,44 0.0 1.6 1,6 6.3 25,2
Michoacén 322 - 7,697,9 97.7 1.50 8.0 1.5 1.4 32,5 24,5
Michoacén 353 7,669,1 108.7 1,64 9,3 6.0 1.7 50,4 21.8
Puebla 455 7,615,0 100,0 1,72 3.3 3.0 1,6 10,4 29.8
Michoacan 331 7,609.1 100.0 1,33 11,2 6.3 1,2 20,1 20,7
Puebla Grupo 61 , 7,605.8 115.0 1,98 10.4 3.7 2.6 53.0 31,1
Nuevo lL.eon 16 7,595,0 103.7 1,77 2,1 8,8 2.7 19,2 23.8
Puebla Grupo 49 7,540.7 107.7 1.7 11,1 1,8 1.3 17.4 33.8
Puebla 462 7,614.6 97,17 1.35 1.9 1.9 1.4 - 17,2 26,9
Puebla 465 7 .3 96,0 1.39 11,6 8,9 1.3 30,9 23.0
CHECKS

Chalquefio A 10,289,3 110.7 1.79 9,7 4.9 2.1 13.6 29,1
Composite | (0g09) 8,635.8 107.1 1,52 10.4 6,5 2.1 32,8 28,3
H - 129 7,183.9 108.1 1,61 12,2 4.5 2,2 18.1 28,8
Compuesto Intermedio de Altura 6,489.6 93,3 1.20 1.7 6.6 1.8 © 31,0 20,8
World Composite 8,185,8 114,2 1.62 10,2 3.0 2.1 29,1 32,1
Andean Zone Grapo H 6,060,7 104.9 1.47 4,17 3.3 1.7 50,2 20,5
Andean Zone Grupo | 5,789.9 113,7 1.7 10,1 5.0 1.7 50,3 32,1
Compiesto Hurinoso 5,693,5 97.3 1.30 8.6 8,7 1.0 44,0 24,9
Virdean x Temperate 5,480.8 106.7 1.40 5.4 2,6 1.8 55,0 28,3
napiesty muy Precoz de Altura 5,227.3 83,4 0.94 2.8 3.0 1.8 61,0 20,2
wiean Zone G (Granos Grandes) 4,226,7 00,2 1,05 8.1 2.8 1.3 75.6 21.6
ity Baraza 3,552,1 82.9 0,08 14,4 3,7 1.1 60.8 17.8
5.7 5.3 1,7 54,90 28,1

o loes Tropicales Seleccién Batén 3,279,2 118,17 1.19




4.14  MAIZE-TRIPSACUM CROSSES

. New crosses between maize snd Tripsacum were atltempled during the summer of 1974, uging
both genera as the pistillate parent, T'wo diplofd maizes and one tetruploid maize were used, os well as
all blooming I'rinsacum aceessions. I 's and BCy's bave heen recovered and are growing in the grecen-
house .,

Tuble 4.15 is o summary of data on the crossability of maize and 5 Tripsacum specics aad (wo
pulative U'ripsacum Yybrids when the lalter were used as pistillate parents obtained in 1973,

Percent crossability was cxpressed as the ratio of putative 1) caryopses recovered and Gie fruit
cases examined times 100, Crossability varied from 0-3,0% and was vicy low, under the hest of cireum -
stances, These results suggest the need for larger scale work to obtain a satisfactory number of aybhrid
offspring, as well as the necessity of develoning improved techniques (or greater crossability.

4.2 BACK-UP UNIT YIELD TRIAL 1974

Using data obtained in yiceld trials of materials under development, the population Antigus Gpo. 2.
Rep. Dominicana was moved into the Advanced stages, for the 1375 as an carly maturity, short plant vary-
ety, with good yicld and resistance to most common diseases. Grain type is yellow, semi-dent. Nlso
moved to the Advanced stages were: ETO Blanco, with white flint grain; and a slightly later maturing new
combination, also having white flint grain, made up from sclected progenies from crosses of Sintcrico 10
lineas PI(MS)6 with KETO Blanco, (Mix, 1 - Col, Gpo. 1) ETO and Tuxpeno x Nicarillo and to be called
Blanco Cristalino 2 (11" -30),

Summaries of the yield trials are shown in Table 4,21 and 4.22, Yields were higher at the
Tlaltizapan station, probably due to the longer period for achicving maturity. The planting at Ohregon,
however, was madc in carly June, so that the entire period of development was during the intense sum-
mer hcat, Maturity was reached much more rapidly, and yiclds were lower under these severe condi-
tions.

The major movements of progenies from the Back-up Stage to Advanced Stage populations
and into the Back-up Pools are shown in the summary Table 4.23. These are phases of the continuing
recombination process in which the Back-up stage develops new materials,

Table 4,15 Summary of poilinativns of different Tripsacum specles by malze at Tlaltizapan,
Mourelos, 1073,

Number of Range in %
Species or lybrids Clones Propagules ollinations Irult Cases Caryopses Crossahility
Tripsacum dactyloides 26 88 3,660 30.017 208 0-3.0
Tripsacum dactyloides
85p. hispidum 5 16 238 1,701 3 0.1,2
Lyipsacum latifolium 1 4 50 1,323 1 .08
Tripsacum maizar 3 6 104 4,849 0 0
Tripsacum pilosum 8 23 833 28,396 41 0. .3
Tripsacum zoptlotense 4 13 148 702 0 0
Tripsacum maizar-dactuloldes 2 2 4 168 0 0
Tripsacum pilosume=maizar 1 3 131 4,143 1 ,02
Sum 60 155 5,168 68,4400 344




TABLE 421 Comparative Performance of Back-Up materials tested at Two Locations in Mexico. 1974 Winter Season
TLALTIZAPAN POZA RICA
* .
Yield Days to Flower Plant Height cm Yield Days to Flower Plant Height cm
BU No, PEIXGREE Grain X  Highest Range x Sel. «x x x  Highest Range X Sel x x NoSel,
Type Pop. Check Fam, Pop. Pop Pop. Check Fam, Pop, Pop. Fam,
1 Ant, Gpo.2 x Rep. Dominicana YD 5718 7513 1185 6670 87 183 3063 4378 914 3368 77 1.70 105
8924 5384 :
2 Comp. Blanco Pfister USA x Var, WF 6257 8190 364 7224 90.6 205 3191 4553 1709 3594 80 1.99 ) 42
Trop. 9800 4687 e R
3 Ant.Gpo.2 Blanco x Eto Blanco WF 6072 8305 3154 6639 95 178 2520 3506 1122 2711 81 . 1L
CG 8293 3847 o s
4 Sint. 10 Lin, PD(MS) Cuba, Rep, YF 6435 8568 3461 6966 94 193 2931 3576 1802 3360
Dom, Nicarillo x Mez.Am.P.B. 9062 4743
S Sint. 10 Lin, PD(MS)6, Rep. Dom., YF 6304 7739 4196 6960 9 210 2380 3266 1634 3258
Nicarillo, Ant.Gpo.2 x Ver.181 &D 9112 5112 )
& Am. Bajio x Tuxp, P.B. Y&W 6646 7706 3459 7180 98 210 2662 4200 855 3083 ‘82
D 9467 4225 BRI
1 Am_ Bajio x Eto, P,B, Y&W 7715 8655 3014 8559 88 241 2109 3712 530 2428 75 i
D&F 10814 1372 T
3 Comp. Ecv=' or, México, Arg.,India Y&W 7179 8699 4450 7848 92 222 2774 2886 1794 3234 .
D&F 10562 - 4392 :
9 Comp. Blanco Tipo Caribe WD&F 6472 7735 3111 7236 96 227 2526 3588 1308 2825 827
9655 3816 n
10 Comp. Ecuador, Mexico, Arg., Y&W 7015 7673 4763 7871 o4 217 3164 4276 1608 3381 7§‘7, .
F&D 10114 . 4411 c
11 Comp. Caribe Sel, Blanca WF 6997 8132 3878 7580 9 251 2434 3159 1074 2958 : 78.
10648 : 4341 B

* Kg/ha, 15% moist,




TABL£4.21 Comparative Performance of Back-Up materials tested at two Locations in Mexico, 1974 Summer Seasonh e

TLALTIZAPAN OBREGON
’ * : ST
Yield Days to Flower Plant Height cm Yield Days to Flower Plant Height cm -
BU No. PEDIGREE Grain  Highest Range XSel. x X ¥ Highest.Range X Sel. X - ¥ No.Sel.
Type Pop, Check Fam, Pop. Pop. Pop. Check Fam. Pop. “Pop, - Fam, .
100 Eto Blanco P.B. WF 7422 10301 1934 8747 67.1 216 2574 3773 195 3037 64.5 - 198,6  ~ 117
12462 4688 . ‘ . o :
101 Mix, 3 x Col. Gpo. 1 WD 7924 10116 2047 9846 69 229 1855 3251 99 2597 67 209 st
14582 3702 : [T S
102 Am, Dentado Sel, Misc. P.B. YD 7941 10212 3412 9187 66 ' ‘232 2401 4432 574 3054 64
11633 4942 :
103 Am, Dentado Sel. Misc,P.B. YD 7729 9157 3168 9405 66 237 - 2851 4429 408 ? 65
10875 4908 B
104 {Tuxp. x Nicarillo)Sint. 10 YW 7856 8617 3437 8496 66 257 2280 2952 493 2640 BSA‘;
Lineas D&F 11235 3532 v
108 Mix. 1 x Col, Gpo.1XEto x Y&W 8127 10060 3670 9632 65 261 . 3235 4047 1361 3645 o 64' X
Sint, 10 Lin,) D&F 10512 : : 5275 : L
106 Eto Blanco x Sint, 10 Lineas Y&W 6299 6096 1751 7220 72 m k 2 ‘ No data from Obregor
D&F 10456 - o ) : o

&

e

* Kglta, 15% moist.



TABLE 4,23, - Summary of MaJor Progeny Transfers in ‘Bzyack-Up Unit, _1974;' :

198

Trial by Test  No,of Progenies S
No, " Material seagson Tested Selected Remarks:
1974A s e
1 Ant, Gpo. 2-Rep, Dominicana TL&PR 250 105 To Advanced Unit(Y)*
2 Composite U, S, A, -Tropical _ o '
(Pfister) TL&PR 250 Pending (W)
3 ‘Ant, Sel, B, -ETO Bl, C-6 TL&PR 250 ; " (W)
4 Mezcela Am, -Sint, 10 lineas, ‘
Cuba-R. D, Etc, TL&PR 250 e ()
5. Ani, -Ver, 181-Sint, 10 lineas, ,
Cuoa-R, D, ctc, TL&PR 250 " (Y)
6 Amarillo Bajio-Tuxpeno P,B. TL&PR 250 " (Y&W)
7 Amarillo Bajio-ETO P, B. TL&PR 250 " (Y&W)
8 Comp, Ecuad. r, Mex, , Arg, ,
India TL&PR 250 " (W)
9  Comp, Blanco Tipo Caribe TL&PR 190 " (W)
10 Comp, Ec,, Mex.,Arg,,India TL&PR 100 " (Y)
11 Comp, Caribe Sel, Blanca TL&PR 144 " (W)
' 19748
100 Eto Blancy P,B. TL&OB 250 117 To Advanced Unit(W)
101 Mix, 1 - Col, Gpo.1 TL&OB 250 51 To IPTT-43 & Pool
24 (W)
102 Amar, Misc, 1 Dentado TL&OB 250 51 To IPTT-36 & Pool
26 (Y)
103 Amar, Misc, 2 Dentado TL&OB 250 51 - To IPTT-36 & Pool
) < 26 (Y)
104 (Tuxpefio-Nicarillo) Sint, 10 TL&OB 250 69(W)To IPTT-30 &
Lineas Pool 23(W)
78(Y) To IPTT-27 & Pools
, ‘ 25 & 21 (Y)
105  (Mix, 1-Col, 'Gpo,1) Sint, 10 TL&OB 250 36(W) To IPTT-25 & 30
Lineas P & Pool 23 (W)
49(Y) To IPTT-27 &
. SEE R Pool 25 (Y)
106 Eto Blanco - Sint, 10 lineas - TL&OB 250 33(W) To IPTT-30 & 32

N

& Pool 19 (W)
34(Y) To IPTT-27 &
Pool 21 (Y)

* (YY) = Yellow. & | (Wir;ém: :,i,te:é'ifain.k,
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Table 4,24

1974 BACK-UP STAGE : POOLS*
Approx,
Abbre- No.,of cycleof Days to
No. Name viation families mixing 50% silk Location
Highland
1 Early White Flint (HEWI) 287 3 84 Batan & Tolucn
2 Early White Dent (HEWD) 1178 3 84 Batan & Toliuca
3 Early White Floury (HEWF1,) 448 3 90 Batan & Tolue
4A Early Yellow Flint (HEYF) 333 3 86 Batan & 'Toluc..
4B Early Yellow Flint (HEYF) 465 3 86 Batan & Tolu o
5A Early Yellow Dent (HEYD) 553 3 82 Batan & Toluca
5B Early Yellow Dent (HEYD) 390 3 83 Batan & Totuc:
6 Intermediate White Flint (HIWT) Not formed yet
7 Intermediate White Dent (HIWD) 1469 3 05 Batan & Toluca
8A Intermediate White Floury (HIWFl,) 369 3 92 Batan & Toluca
8B Intermecdiate White Floury (HIWF1,) 1786 3 06 Batan & Toluca
9 Intermediate Yellow Flint (IHYF) 553 3 08 Batan & Toluca
10A Intermediate Yellow Dent (HIYD) 4003 3 ]3] Batan & Toluca
10B Intermediate Yellow Dent (HIYD) 1562 3 91 Batan & ‘l'oluca
11 Late White Flint (HLWF) Frosted 2 Batan
12 Late White Dent (HLWD) Frosted 2 Batan
13 Late Yellow Flint ({HILYF) Frosted 2 Batan
14 Late Yellow Dent (HLLYD) Frosted 2 Batan
Tropical
15 Early White Flint (TEWF) 768 6 54 Poza Rica
16 Early White Dent (TEWD) 192 6 54 Poza Rica
17 Early Yellow Flint (TEYF) 348 6 657 Poza Rica
18 Early Yellow Dent (TEYD) 140 6 656 Poza Rica
1 Intermediate White I'lint (TIWF)  Flooded 3 Poza Rica
20 Intermediate White Dent (TIWD)  Flooded 3 Poza Rica
21 Intermediate Yellow Flin{TIYF) Flooded 3 Poza Rica
22 Intermediate Yellow Flinf{TIYD) 342 4 60 Poza Rica
23 Late White I'lint (TIWF)  IFlooded 3 Poza Rica
24 Late White Dent (TLWD) Flooded 3 Poza Rica
25 Late Yellow Flint (TLYY) Flooded 3 Poza Rica
26 Late Yellow Dent (TLYD) VFlooded 3 Pozsa Iica
Temperate
27 Early White Flint (TmEWF) 403 3 61 Tlaltizapan
32 Intermediate White Dent (TmIWD) 508 3 68 Tlaltizapan
33 Intermediate Yellow Rint(TmIYF) 992 3 66 Tlaltizapan
34 Intermediate Yellow Dent(TmlIYD) 787 3 67 Tlaltizapan

% Sce 1073 Annual Report Appendix for original germplasm used,
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5.0 Training

Maize rescarch and its associated training attempt to produce varicties and technology that are
practical for the widest range of farm conditions., Training activitics link with rescarch to combine those
aspacts best done under cxperiment station conditions with a continuing confirmation procedurce under farm
conditions,  Thus: vareties and cultural practices developed on stations are verified by on-the-farm use,
and (2) the process of continnous farm cheeking helps reduce the tim.: required from development ol a prac-
tiee to its widespread faroy ase . (Sec 1973 Aanual Report Tor Training objectives, philosophy, and prac-
tices),

CIVVIS T capacity Tor m-service traming in maize is limited to about 50 trainees per vear,
thus can provide only aorelativelv fev trained people, However, the worldwide needs for trea ined personnel
are cooroaons, and the necd to teansant and omdtiply the training is obvions, It is hoped that CINVIAYT
trameeswll tunction upon return to their coumiries, as trainers i the preparation of others, and the
tranmye proseanc s o nereasinely orrented to that tash,  In the tong run, the critical traiming job must he

done wathin the conntrie=" oun gational procrams,  Four of the 1974 tramees are cxpected to be operating

therr own country teamnge propram m 197,

B Lid o total o BT trimecs anitimted their meseryiee teainmg at CIVANYT, 21 hegimning in
MViav, and 2 0 Noverdbar s Phe tramee s come Trom 20 countries: Belize (2), Bolivia (2), Brazil (1),
Colomba (), Doonanmean Hepnblhe (1), Eevpt (3), Fthiopia (1), Eeuador (3), Ghana (N, Hondaras (2), India
(1, Ivory Coat (1), 2 o (), Nepad (), Nveria (D), Peru (1), Phalippines (1}, Pakistan (1), Tanvana
(O, L salbvador (1), Vencoela (1), and Zaare ().

Fhe e Dieta ot Sspecudization were Maze Preaduction (33, Brecdmp (6), P'rotection (3), and
Prectea Paabinon ()0 Fhietramme wass sponsored by Baneo oteran eieano de Desarrollo, Belize Governe-
et bort b onndation, DSE (Deatwche Stetnne 10e Internntonal Pare wehinag), POREYINL (Venezucla), 1A
(vt enationnd bentare o Bropreal Npecnlooee, ENDE (U nited Nations Doy lopeny Preosran,me), 1SN
(1 are ot St Veeney tor Iaternational Development, AN (Zavre Aaze Natonal Program) and CIVVY T,

Sence TUGG L CIVNEY T has traned o tota] of 198 augronomsts 100 teom ot N ruen
Voo and 65 from Mewea,

e r
, oo

N portion ot the trming proseam is condueted i cooperaton wath the Alwesn Ypricaltural Fxe-
tetsaon Service an the State of N ortioras, Phe triinees production dgronomists are responsable Tope conduetimg
traalcora e elds, and for the orpan it on ol el davs and thecgsaons pelated to s by teavals, Fhas
e bty |i|'u\ult‘:~ practical teiomm g, under the conditions thiat eyrst mothe arca, a5 o part of the Vesican na-
Comnl o program, Pechnolopieal advandes amdieated b Ceperiment sStation cork are carried to the aene ek for

cothieation o theae el e nlte o the teands aee analyzed, and the iformation obtamed becomes the by -
ot the technologieal pachaee that o to be recommended for the apen,

Phe tuvor e D osn resourer s aree anbized i the progeiaro o that the farm s can pake these own

At oo therr ower Bined, They partiegate i the os g, meinagement e harvveso ol somnle expepis

s aselving specitied terthizers, vareties and pesticrdes . Tarpe plot demonstrations compiare lonp
Peecatriencs (1) the Garaears' variety swoith Toeal L hnology, (2) on vaproved variets with Toeal techuolops, (1)
the o s varsety with recom nended teehnology and (1) an prosed varicty with recom nemded technology,
(O the cveraee, e improved varwtes under Toeal techinology i provided o sicld nereasie of 247 while
recoaimended teomalogy with the fmprosed sarety saerensod yield by 7570 Althongh voany conmmtewes do not
Mtempt production nmprovement programs anbess an tmprosed vapwety is avadable, it hias been shown that fme

povtant ncreares can be achicved through use of hetter cultural praciices with the vaprielons slready available,



6.0 Collaborative Research

Certain Kinds of problems involving special environmental conditions or perhaps g omey il
staff not available in CIMMY'T are being considered for action ot locations other than CIVINEY T Lo sy
gituations in which preliminary agreements have been made are (1) Downy Mildew selbection i ot o aan
with the University of the Philippines at Los Banos, Philippines, and (2) Stunt disease wath the e
Agriculture of Kl Salvador at Santa Cruz Porrillo, X Salvador,

These two cases represent tuwo very serious dicases of the corn plant and are oo ol S
the most appropriate arcas in which they occur and where a collaborating mmstiution exists wat'y
to undertake such work, Intensification of selection for genetic pest=stanee to These disenses 1s e oo ot
urgent in view of the threat to major arveas of production posed hy the pathogens msolved

The fiest Vield plantmgs will he nade i 1970,

Seed for the Advanced Unit progeny trials is shelled, cleaned, treated with insecticides and fungicides, and counted into
progeny trials that will be shipped to cooperating countries.
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7.0 Regional Programs:

Central America and Caribbean

Two CIMMY'I" scientists, a breeder and an agronomist-trainer, have been assigned for full time
work monaize improvement in Central Amerien and the Caribbean arca. Financed by BID (Banco Interame-
ricano de Desarrollo), This protlotype program was begun in late 1974, with an initial work basc in nine
conntries: Costa Rica, El Salvador, Guatemala, Monduras, Nicaragua, Panama, Haiti, Jamaica and the
Dominican Republic,

As an expansion of CIMMYT's autreach activities, the basic aim is to post CIMMYT scientists
for work with local maize scientists and national programs in specific geographic regions, supplementing
the services now provided from Mexico, Negotiations are underway for similar programs in the Andean
Hegion of South America and in Asia, with financing to be provided by the UNDP,

CIMMYT 'S regional program cooperation consists of action in three major areas: maize rescarch,
maize production, anod training of technical personnel,

7.1 MATZE RESEARCH

Working alongside local national program technical personnel, the CIMMY'T staff helps study,
identify and evatuate maizoe production harriers, Emphasis is upon:

aprovenient of Vaize \laterinls: working with the national breeding programs and providing
guudelines for improving breeding methods to tmprove yiclds, adaptability, plant and grain characteristics,
and nutritional qualiy,

Fxchange of Genetie Maize Materials. developing improved varieties by exchange of materials
within the region,

Apronomic Practices: pe ining the technological packages used in cach country, including expoeri-
ments on date of plannimg, soil preparation, fertilizers, inscets and disease control, plant density and weed
control, ‘These factors will he testing usting the varieties he adapted for the arca,

Technical visits und workshops: organizing visits hy technical personnel of national programs to

countries within the repion and to CIVAIY T operations ‘n Mexica, Yearly workshops are plunned to discuss
the developmont of each participating country,

7.2 MAMZE PRODUCTION

"Ih-;,:muuli/:ninn", the process of sub=dividing the total sgricultural surfoce of a country into pro-
THCton arcas, s underway in many of these countries. A major aim of  outreach work is to implement pro-
s sach regions, In the initial stages, such programs will focus on the selection of some more favope
production areas, afterwards to he extended throughout a country.  Participation hy g number of techni-
Tppeinted by each country is a kev eloment of the production sctivities, Numarous (over 100) small and
demonsteation tranls in farmors! fields can demonstrate the benefits of upplving hetrer production prac-
rad superior varietios,

Technicians appointed by the agricultural suthoritios are directly responsible for these trials,
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including the evaluation of data, field day organization, promotion of attendance, and reporting of results,
A few large demonstration plots--planted in Tields owned by selected cooperating farmers--can demonsteate
the increasad production possibilities of more extensive holdings,

7.3 TRAINING OF IN-SERVICE TECHNICAT, PHERSONNEL

Development of National ‘Fraining Programs is being encouraged in each participnting coamtry
A team of three or four selected "Ingenicros Agronomos' (agricultural school graduates) will he tramed 1
the CINMMYT Maize Training Program in Mexico, It is intended that this team form the nucleus of thear
homa country National Training Program,

Ina farmer's field in the Chiriqui Province, Panama, Robert Soza assists in setting up a production trial — one of his roles as
production agronomist in CIMMYT’s Regional Program in Central America.
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3.0 Inter - Center Collaboration

.l SORGHIT A

Sorghum occupics over 42 million hectares world=wide and is used as a source of food, feed,
and industeial aw omaterial, 10 is grown in the warm, subhumid, and rainfed semiarid regions of all con-
tinents, The crop requires 120 or more frost free days and temperature above 20C during the scason.
The major arcas of production are Africa, Asia, Argentina, and United States of America.

Sorghum possesses a high degree of tolerance to drought conditions because of its extensive
Hibirous root system and xerophytic nature of leaf, The incorporation of an acceptable degree of cool tem-
perature tolerance might permit the extension of its cultivation into high altitude arcas of the world that
are characterized by searce and creatie rainfall, Thousands ol hectares of such arcas exist in the Amoer; -
can continent, Furope, Asia, and Alrvica, where cool temperature tolerant sorghum can play an imnortant
role in hoth human and animal dicts,

g.11 SORGIUN BREEDING

The tnitial suceess jndeveloping a cool temperature tolerant sorghum germ plasm pool that
grows well m the valley of Mexico (2,250 moters elevation),and its potential usefulness i sunilar arcas
of the world which are characterized by searce and erratic rainfall, has led to an expansion of the effort,
This expansion has neluded the introduction of new sources of genetie ariability for different agronomic
types, discase and inseet resistance, higher nutritional quality, lerge seed sizes,and white and yellow
seed color, This addition of genctic variability for desirable characters gimultancously reintroduces the
lack of tolerance Lo cool temperatures; therefore selection must be continued under appropriate conditions
to recover the desived recombination types,

The major breeding objectives in developing cool temperature tolerant cultivars and popula -
tions are: (1) higher yields; (2) wide adaptation, giving stahility of production; (3) different agronomic and
grain color types;(1) field resistance to important discases and insect pests; () carly maturity,(6) higher
protein quantity and quality;(7) tolerance to bird damage; and(8) a continued scarch for and use of new
sources ol cool temperature tolerance,

To achicve the desired crosses, it will be necessary to work under higher temperature condi-
tions, such as those available at Poza Rica and Tlaltizapdan, where both cool temperature tolerant and
non-tolerant materials can be grown together, Over 2, 300 controlled single, double, and three-way
crosses were made during 1974, Unfortunately, two=thirds of these were lost in the flood at Poza i a.

4,111 Breeding Procedures

Several breeding procedures are being utilized, as briefly deseribed below,

Modificd pedigree system with selective matings within and among families in carly segroe=
gating generations:  ‘This procedure handles single, double, and multiple crosses that appear to be agrono-
mically desirable and free from certain discases and/or insect pests, Grain yields and its components are
the main criteria of selection, along with the required degree of cool temperature tolerance,

P’opulation development uging genetic male sterility: Nebraska population "NP1OBR'" and Purdue
population "I'P23" are being used as sources of genetic male sterility (ms3), Two additional ponulations

==




KI'6BR (from Kansas) and PRIBR (from Puerto Rico) have recently been obtained for the same pueposic
The major objective of this approach is to incorporate a wide range ol perm plasm ==with diftereat soneees
ol resistance to discases and insect pests, wide adaptation, and cool temperature tolevance = <mto o liree
mtermating gene pool, After several eyeles of recomhination, half=sib, full=sib, and Sp=teshing prowe -
dures will he used to imobrove the base population and 1o generate elite Tnes, Work s aloo tider oo 10
develop a "Cool Temperature Tolerant Ihigh Protein' pool with use of penctic male sterility

Dackeross methods: This moethod is used for conversion of tall, late maturinge, aod pheo

period=sensitive lines into their dwarf-carly counterparts and also (o Lprove protein quantioey aod gl
As auronomically desirable cool temperature tolerant recombinants are developed, sonple Da oo
populations will be carried to simultancously improve their nuteitional quality .,

Six locations in Mexico (Table 8.1) provide environments for selection ander ol oo
conditions of so0il types, temperature, moisture, solar radiation, discases and insect pesta, o
tion at cach of these stations permits identitication of genotypes that do well at two or more ol
tions, and is a means of gradually building penotvpes with increasingly wide adaptation,  Ohsery ol
latitudes (U,5,0,, Canada, Furope, ete,) also is contemplated to identify eelatively das =neatenl T

H.112 Cool temnerature tolerinee

M the end of 1973, 1510 fanilies were soleetod Freomn thee iz cool temperabinee tole vt e
plasim pool that consists of over 4, 500 familwes, Duplicate sers ol cach famaly were pos pared, 0
el ol 1al0 tamilies was planted at B Batdn and the others ot Nzapin (Valley of Tolucea) on Npeal 0 0y

Fhe entiee Atizapin nursery was lost due to killing frost in acptember . Somdlare feost daomape o L Faoa

.ur'I-.' 15 1 wtl

imdividual plants from Iate fannlies, These will e sercoened Phovronre by Tor comnraon dhisea e ol i

was about 20-20% 0 However, at B Batdo, G664 iy idual plants were selectod fromn

pests for 1975,
Tooadentity new sources of anl len perature tolerance, U sorghum T W e gl e
thlands of Ethiopia. One complete set ol this materm] wos planted at tour of the IS T oy
stations, The cotee ser was lost o the flood at Poza Rica and at B Matdo ond Mrzapan due to carly tro
Freom the Tlaltizamin crop, 1 appeared that oll bat one entey s vers tall, Tate aatae g and obeolonee ol
seasitive, Thus, to sereen these entries tor cool temperature toleranee, emeh st DiEst bne oo e et
therr carly=duar! counterparts so as 1o G the short growing season of 1 Batan and Nzapan . (TR

verston progream will beging an 1975,

N set of AT coal tolerant selections with Feonteols was scenl out to Ly abiflorent Lovaton O

the world as an observation nuesery,  So far, information receied (rom these 8 not o et

(4 e W I | IDiseanse and pnsect Pesistanes

Common discasces which have heen adeotaiCud o CEINAY T gueseries are: Pernant b o g |4

Il gt {u turcicum), leat rast (puceinia purpitea), zonote leal spot {i:l_nlun creospora sorphic), sorging
lowny mildew (Seleprospora sorghi), maize dwarel mosaie i ot e modds, Thas fae, the Jatege o
have hecn of mianor sigmificance, but thear e idence hias heen e red O Feon Season to seison Ve
ments tor artificid moculations woere made for Helmanthosporan Teat bloghts and zongte loal o |
Incadenee of Teal rust an the nuesery o Pozo itien ool Flaltizapin wa o severe that artif ol o gl
wol Tell unnecessary,  Sogreos of pes) ance for these diseases base boen doent i) anl st vl i
arc repularly added from the  International Soeghum Al =D isons0 Napesery conthue e tharonphy P A

L niversity,

Sorghum midge (Cantarimin 4O e aln), Tall arms waorm ':;:]2'_.!_“.1_’.." i r-'.""'J'_';'_'.l'_'j' vorn h

(Rbopalosiphum mavilisg), ereen bug (S hzaphos preaomum), and webwopm (i sorghiella, o ten

identitication) are comamon Pests ['- Wh hee vl oned Tl armivvorim cansing Rreatos! oo en) sl

Tow Tevels of tolerance 1o fall armysoron appeared 1o esast in the materinds,  Resistan! maler s Lo s
chum madge and groen bug have eecently beon obitaimaed from | SO ANttenpts will B el oy g o Tl

these and othere avotlable sources of pesistance it coal Lemperature toleerant goray plosng
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114 Nutritional Quality

This program was started in Janue

mituring, photoperiod =sensitive and tall grow

iy, 1094,

tram the Murdue University collections from Fthiopia,

Secd ol six high Ivsine sorghum lines was abtained
These original lines have shriveled grains, are late

g, Sixteen crosses were made hetween these and dwarl-carly
14

Lines, The I"g secds harvested from aoeh 11 cross were elassilicd into three groups: Normal, VModified,

and Shewveled, Protein and lysine analyses were done for 8 families,
which appear to be of great potential significance inasmuch os they

Moditicd cecombinants were detectod
are ol normal grain appearance with a

lnrge proportion of hard codosperm and a protein pereentapge rangimg from 1h to 187, However, the Ivsine

content o these appeared to be normal (1,8 (o

do not contain the genes fore hagh lysine lovels.,

200M), and it s quite possible that the modhified pecombinant s

Fhere as still a great deal to be learncd shon these  modilied

Pvpesiand i turther ymprovement, The significant point appears to bhe that of high protem level combined

Citheoi novmal, non=shreiveled soed,

&2 FRAITNING

Fhic Tiest tramee spoent sis onths m the sorghum progeam.,
corphi bireedimge and production and assisting with the program,
it ade over 200 crosses betweon Lhose ol promising CIMAMYT sorpghum linos,
cere dost an the tooild, He peturned to s countey i the mddle of Noveher and e

b el perop eanm

Table 8,1 Ixperiment stations where CIMMYT sorghum research is

conducted in Mexico.

Name of station

1. I Batan, State of Mexico

2, Atizapan, State of Mexico
d. Ubregon, State of Sonora

4. lHuamantla, State of Tlaxe-
caln

5, Tlaltizapan, State of
Morelos

6. Poza Rica, Veracruz

Altitude
(meters)

Nature of work

Screening for cool
tolerance and yield
tirial,

Screening for drought
and cool tolerance

Yield trial and seed
increase,

Breeding nursery, yield
trial, and selection for
resistance to diseases
and inscct pests,

Whilie Tearmimg vorions aspects of

e ovaluated s materials Ceome B Salvador
Enfortunately s crosses
sumesd s duties with the

Crops/
year
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9.0 Special Projects

Vs deseribed in the preceding pages, the contral Vaize Biprovement progen fo
development of commercially usable varictics, within o relatively steactured voutine ., Spoc ol e,

however, have heen designed into the Tonger range tmprovement work as o series of corollars o
tions, These Projects pursue rescarch leads uncovered in the continuing progeang, with roqntor 1 )

exploration of findings that scem particularly promising,

u, 1 TUNPESO PLANTEAN BAJA

Fhe recurrent sclection progrion i Tuxpeno Creema 1==using the cone ptoob o sl e, quan
titative additive genetic system for controlling plant height ==has been S0 Sucees dul e oreducimg plant b e
that essentially the same idea has beon extended to imelude all materials o the CINVY T varein] RNy

ment program., The shortened version of this material hos been re=named "I'|1\|n-|1n-l Loand s nae Dieanp

sedin several countries,

commercially inere:

The accumulated "genes for shor height™, also have heon mcorporated mto a nusaber ol ot e

matermls by intercrossing,  This includes the developing pools in the Back=Up U,

Fhe ultimate effeet of conducting this type of selection for an extended period 15 not vot ooy,
\pparently, a great deal of genetie variability for further height reduction remains in this population, -
ther investigations are being made to determine sueh additional effects,

With extreme solection for height, we need to knoyw what happens to yvield, leaf area, oot e
opment, maturity, ete, The question ariscs: At what point do undesirable side offoets (il anediosed thieess
came of importance) begin to make further selecetion counter=productive,  Woe think this sould e e
a5 a pguide to the handling of materials generally, It is already obvious that cnormous changes con b
in the architecture of the maize plant, with the consequent implidations for agronomice practices, thpe n
5 Lo push as far as possible with this one material to determine the conscquences ol continmed, oy i

lection for increasingly shorter plants,

.2 TROPICAL VERSUS TEMPERANTE TY 1L GERMIPTASN

In gencral, tropical maize planty gros tuller, have more leaves, and produce relative]y i
card than do maize types ovolved in temperate elimates. These characteristios produce a comparativel
poor grain-to-stover ratio for tropical maize, Since clficiency of grain production is an tmportant basic o

cept, there are several complex and related considerations:

Heavy foliage canopy results in inter=plant competition and the tendency Lo produce harpen plant
when higher plant densitios are grown.,

In other species, such as wheat, rice, sorghum, there appears to be relatively more griaim to o -
tal drey matter in the smaller, carlior Iypes, as compared to longer=scason large plants .

It 18 not known to what extent luxury foliage development is essential to the ability Lo sustiain ray -

ages of foliage diseases and pests und still produce an acceptable yvield,
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Ohservations of maize grown under stress conditions that cause less than normal folinge devel-
opment sugpest that the maize plant produces far more foliage than is necessary for the gram
that is normally produced,

Fhe high sugar content found in mature plants (after maturation of the cars undep protected con-
ditions) indicates that some mechanism is limiting grain accumulation in tropical maize to n
vrodter degree than in temperate materials,

Larious germ plasm combinations are being made to combine the discase and insect tolerance of
tropieal corns with the better grain-to-stover characteristics of temperate tvpes, Among theso
imvolves a visual selection process that systematically recombines segregates with an obviously
wod grain=to=stover ratio == either very large cars or multiple cars, ‘T'his combination is heing
colled planta pequena = mazorea grande (small plant -large ear), and is being conducted with high-
v hetercgencous germ plasm mixtures,

ADNTYTNTTON

There are gt least two kinds of environmental factors that combine to determine how a plant per-
toroes (1) the physical factors of light, temperature, daylength, ete, through which the complex chemistry of
thio oy plant penereiates the products that constitute the plant itsell and its "viulri", and (2) the hiological
Factor, ancluding the diseases and pests that Impede or damage the developing plant, Doth factors arc im-
portant i determining "N daptation”,

Development ol resistance to pests and discases at a practical field level is a daily concern of
rost hreeding work in most crops,

However, "adaptation' as related to the physical factors described above, is somewhat more dif=-
feult to comprehend ==and to do something about, There are a number of over=simplificd examples that may
help to dllustrate at least part of the problem, "Tender" plants such as beans, maize, cte, are damaged or
Killed when subjeeted to freezing temperatures, Under less extreme conditions, we find wide differences in
the ability of different maize varioties to grow under different temperature regimes, For example, tropical
Jowland types prow very slow ly, are pale and chlorotic, cte,, when grown under very cool conditions at
Faluea, VMexico, Their chemistry is adjusted to o different range of temperatures than the so-called native
corns ab Toluea that grow normally ==although fairly slowly--with good color and good vields, Obviously,
dilferent genes are carvied!  an extremely complex set of enzymes and chemical processes is involved, which
hars its bagis in the genotic complement of these types, The question arises as to whether these two types of
temperature responses can he combined in a single genotype, I the genes are non=allelic, it may he possible
Lo put together combinations that will do well over much wider ranges of temperature conditions than do our
present maize varietios that generally appear to have evolved at specilie sites,

An illustrative example is provided by the potato, which docs well in cool elimates, When it is
prown under high temperature regimes, there is little or no tuber formation, Apparently, the products of
photosynthesis are hurned up in the metabolinm of the plant at high temperatures, with no resulting accumu-
Lation or yvield, Somcething akin to this appears to happen to cool elimate maize varicties when they are grown
under lowland tropical condition,

CIVAINTT s developing two kinds of procedures to explore "adaptation':

(1) We use the term day length studies to describe the Stepwise mixture of germ plaso that has
been built up using representatives (in about equal proportions) from all latitudes and alti-
tudes in the Western hemisphere from Alaska to Argentina, It includes the Now England
Flints, Corn Helt Dent, Vexican highlands and lowlands, Caribbean, cte, These materials
have been intercrossed in stepwise fashion and then mixed through several generations.

Identical "sets' of 132 families are prown in recombination blocks at as many sites as pos =
sible,  Bach site selects thoge plants that secm hest suited at that site, l'qrrinclu‘ﬂ]]}'. all
these selections are brought back to a central location and recombined, We are growing
this mixture at El Batdn, T'oluca, Obregdn, ’oza Rica and Tlaltizapin in Mexico, Other
locations include Canada, the U.85,, Colombia, Thailand, South Aflrica, Hungary and Iran,
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This is o long=range attempt and no immediate commercial vesult as anticipated, althouph
cooperators are welcome to use whatever they wish,
adapted complex should result,

It 15 hoped that Tonger vange o broadly

(2) N small=scale attempt 8 being made to jdentify existing types of matze thit doowell over o
range of conditions and to identity tyvpes that peeform in totally different wiavs soothat oo -
nations can be made among these to study the imheritances of these dilferences,  Fosos vl
lines from Hlinois, when erosscd to Mezela Ymareilla (0 tropical tvpe), prodoce o tertriald
that does woll at B1 Batdn and Toluca, ‘The parents do not produce wel! by thegselve o, o
apparently they contain complementary genes for adaptation to cool clinates,

The Indonesian corns are voery small and carly matueity tvpes, Yot at Obpregon they e
very tall and do not matuee at an carely date, Thus, they appear to he vers gensibi
length, Perhaps we can set up a selection procedure to control these types ol eeuc g
0,4 EARLY MATLRITY
This work is i carly stages vet, but the idea has heen put forth that recurrent selection

producing very carly genotypes from dater matueiy, higher vielding types, should eventually o
vielding, carlicr materials than any ol those now available,
intercrosscd prelinmary to mitiate such an cffort,

[} el

An array of carly and Tater tvpes hiave hoeen
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APPENDIX

Based on trials in farmers fields and on international trials in competition
with their best local varieties, nationat agencies release new varisties.

Advanced
populations

In the advanced unit, all families in all populations (250 tamilies per
population) are grown in the International Progeny Testing Trials in
Mexico and five other locations. Ten superior families from each
poputation become experimental varieties About 100 best performing
tamilies in each population are intercrossed and regenerated to form
the 260 families in each population in the next IPTT. in addition, any
famities advanced from the back-up paols are integrated at this time.
The experimental varieties are tested at 25 to 30 locations and the best
one ar two varieties in each population become slite experimental
varieties. Elite experimental varieties are tested at 100 to 125 locations.
The best performing elites in each country are moved into national
demonstration trials and considered for possible national release.

Elite experimental
vatiely 1naly

yAN

Experumental variety
traly

Internotional progeny
1sting tnaly

Back-up pools in Mexico

TR

Gaem plasm benk in Mexico
| ions from other

In the back-up unit materials are classified into 34 pools. There are 14
R 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 plasm bank contains 12,000 accessions (varieties, lines, wild
types) which are being classified according to economic characteristics.
The best accessions are integrated into the appropriate back-up pools.

Intioductions from other countries move directly to the back-up pools.

Stages in the development of maize varieties at CIMMYT.

Agro-climatic characteristics considered in classifying maize gene pools.

Duration of

Maturity Altitude Days to crop growth
range meters Latitude Temperature @ silking days

oTropica/-Subrropical I%wland
early 0-1600 O-SOON -8 26-280(2 Up to 60 90-100
medium 0-1600 0-30°N -5 25-2800 60-60 100-110
late 0-1600 0-30°N-5 25-28°C 60 + 110-120

o Tropical highlang
early 1600 + 0-30 N-S 15-17 C Up to 70 Less than 130
medium 1600 + 0-30°N -S 15-17°C 70-95 130-180
late 1600 + 0-30 N-S 16.17°C 95.120 190-240

o Temperate o
early 0-1600 30-40°N -5 20-22°C Up to 60 100-120 -
madium 0-1600 30-400N -S 20~22°C 60-76 120-160
late 0-1600 30-40' N-S 20-22°C 76 + 160 +

#/ Maan of main growing season,
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CIMMYT‘'S BACKUP GEIMPLASM UNIT

CORE BACKUP POOLS « SELECTED ACCESSIGNS FROM BANK, INTRODUCTION
NURSERY, INSECT/DISEASE RESISTANT SOURCES, OPAQUE-2

1

INSECT NDISEASF NURSERY

[HIGH DENSITY NURSERY
[Hicioensiry useny |

BLLLGTED
FAMILIES

HECOM
BINATION

I|~2 locations In Mexico

s Tropical Subtropical Pools ] High Land Pools Temperote Pools
ey Type [ LATE MEDIUM <ARLY LATE | MEDIUM EARLY MEDIUM | ~ EARLY
wn Color and | WF WD YF YDO[WF WD YF YDWF WD YF YD WF WD YF VDlWF WD WFI YF YD|WF WD WFI YF YDJ WF WD YF YDIWF WO YF YD
!
JACYCLES OF
|desmsion ] [recssoia s
Y
[PROGENY TEST CORE PODL
240 HALF SIB FAMILIE
o g B FAMILIES 14 incations In Mexico SAME SAME
DISEASE NURSERY

BEST
FAMILIES

APPROPIATE
ADVANCED
POPULATION{s)

CIMMYT'S ADVANCED GERMPLASM UNIT

” N\

WF= White Flint
WO White Dent
YE= Yoliow Fling
YD= Yeltow Dent
WFie White Fiowry

L

l

Tropicz! Sthtropical

Populations

SELECTED FAMILIES FROM BACK UP POOLS AND ALV /HCED POPULATIONS
+ OPAQUE-2 AND OTHER DESIRABLE DO 'ORS

~

]

High Land Populat;;:: T Temperate Populations
LATE MEDIUM EARLY LATE MEDIUM EARLY ME Dl_LiM EARLY
WF WD YF YDIWF WD YF YD|WF WD YF YD WF WD YF YD|WF WD WFI YF YD|WF WD WFI YF YD WF WD YF YOWF WD YF YD

TN

L IPTT®
250 RECIPROCAL

FULL StB FAMILIES

6 focations

ESE ASE NURSERY

=

-+ WSECT NURSEAY

Resident Program
j 1 location

L[ H1gH DENSITY NURSERY)

SAME

SAME

SELECTED FULL SIB FAMILIES |

Recomb, / \
~

Developing of
s cross ~a] Experimental
ing Block Varieties
s Donors
= International Progeny Testing Trials




So dlo término u la Impresion de este libro el 19 de diclembre de 1975 en los talleres de Ediclones Las
Américas.  Tiro: 2,000 cjemplares.  Impreso en México,



