





The range of yields within each location was not very large and a large proportion of the varieties
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 1974, as indicated in the table.

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

The earliest entries (Eto x Illinois and IDRN Cornell) took 70 days to 50 per cent silking at Poza
Rica, and 98 days in Tlaltizapan. The corresponding times for the Braquiticos, the latest entry, were 82 and
107 days. For the five opaque~2 varieties the tim= to silking was similar to that of most of the normal entries,
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 varieties the mean plant height was

194 cm 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 Tlaltizapan). La Posta C4 was the tallest
(229 cm at Poza Rica and 277 cm at Tlaltizapéan).

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 Tlaltizapan. Of the varieties 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 varieties at
Tlaltizapdn than in the normal varieties.

3.11215 Diseases: the incidence of disease was fairly low at all three sites and almost entirely absent at
Tlaltizapdn. 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 variety 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 a 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.

Table 3.11shows a summary of the yield data available. The mean 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 (Tuxpefio x La Posta [.V,) and No. 25 (Antigua x AED) Kitale, the varieties represent the ad-
vanced unit populations that were tested internationally in progeny trials in 1974, A description of the popula-
tions from which these progenies were generated can be found in the preliminary report of the progeny trials
(CIMMYT Feb. 1975), Of the thirty-six entries in each trial, six were check varieties chosen locally and,
they were, therefore, different at each 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 area. This
simultaneous 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 (See Table 3,12). Of these experi-
mental varieties, 84 are being formed on the basis of specific requests from individual sites, with an addi-
tional 9 varieties being formed on the basis of progeny performances over all sites at which they were tested,
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TABLE 3,1 7 Summary of performance of full sib families developed from Advanced
Data from International Progeny Testing Trials: 1974
(TLWD)

Unit populations.
TRQPICAL LATE WHITE DENT MATERIALS

Population

Tuxpefio 1

Mezcla
Tropical
Blanco

Tuxpefio

Caribe 2

Braquiticos

Tuxpeiio
Caribe 1

La Posta

AED x
Tuxpetio

IPTT
No.

21

22

29

32

43

44

Testing Site*

Gemiza (Egy)
Cuyuta (G)
Cotaxtla (M)
Poza Rica (M)

Poza Rica (M)
Cuyuta (G)

Cuyuta (G)
Poza Rica (M)
Cotaxtla (M)

Cotaxtla (M)
Obregon (M)
Poza Rica (M)

Obregon (M)
Tlaltizapan (M)
Poza Rica (M)
Managua (Nic)
Across

Sids (Egy)
Tlaltizapan (M)
Obregon (M)
Poza Rica (M)
Across

Sids (Egy)
Tlaltizapan (M)
Poza Rica (M)
Across

Mean
250
fam.

2,91
5,90
3.59
6.53

6.38
6.01
4.03

4.53
3.48
5.76

3.48
7.88
6.03
3.72
5.28

5.25
8.01
3.64
6.28
5.79

6.05
7.20
5.36
6.20

54
23
34
16

21
20

21
19
27

29
26
21

24
25
17
33

35
27
28
20

31
29
22

Mean
Sel.
fam.

3.48
6.45
3.78
6.98

7.06
6.49
4.13

4.83
4,07
6.61

3.98
8.71
6.59
4.51
5,95

6.14
9.15
4.19
6.94
6.60

6.78
7.98
5.93
6.89

Yield ton/ha,

Mean

Exp.
var.

[oo B RN B

< 3 PR RN g o -3

BT O3

~1 -3 ©

.67
.78
.93
.20

.29
.44

. 49
.69
.35

.49
.97
.37

.79
.09
.51
.80
.34

.76
.88
.95
.90
.76

.48
. 87
.27
.84

Best
Check

6.10
7.70
5.64
7.36

7.36
6.62
6.41

5.83
4,51
8.44

4.02
10.09
6.56
4,91
6.40

7.65
8.66
4.45
8.04
7,20

[c=IEN B = Ve]
[=ecJNS) I~ r]

Mean
250

195
195
132
210

226
235

221
226
163

160
182
199

205
234
231
180
212

318
257
235
263
268

299
225
239
254

Mean
Sel.
fam.

196
194
132
211

227
230

220
225
162

162
184
204

204
236
231
181
213

319
258
235
263
269

297
226
239
254

Plant Height cm.

Mean
Exp.
var,

207
201
1386
215

227
227

222
231
163

160
181
201

200
238
232
187
212

320
260
231
263
269

294
233
245
2569

Best
Check

196
221
178
230

222
218

209
232
200

195
197
221

224
240
228
208
225

324
265
255
275
280

331
205
268
268

M = Mexico; G = Guatemala; Nic. = Nicaragua; Egy = Egypt
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Because of late arrival of seed in certain cases, and of substantial variation in planting season
dates in others, data were not available to develop indicated specific experimental varieties for a number of
locations during the 1974-5 winter planting season in Mexico. Nevertheless, upon request, such varieties
will be developed for those locations as soon as feasible. Floods, drouths and other natural calamities also
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 CIMMYT on the
basis of the several sites so that the most suitable progenies are selected in terms of the needs of the national
programs. Thus, apparent yield, as well as plant height, maturity, grain texture, 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 system operates: Mezcla Amarilla (IPTT-26) was grown in identical progeny set trials in
Delhi (India), Managua (Nicaragua), Tocumen (Panam3d), Los Bafios (Philippines) and Poza Rica (Mexico). Each
location then selected the 10 superior progenies at that site. Reserve seed from the selected progenies was
planted in Mexico, and was later intercrossed and multiplied. Identity for the following year's experimental
variety trials was maintained as follows:

Variety Name Test L.ocation
Delhi 7426 Delhi, India
Managua 7426 Managua, Nicaragua
Tocumen 7426 Tocumen, Panama
Los Banos 7426 IL.os Bafios, Philippines
Poza Rica 7426 Poza Rica, Mexico
Across 7426 Across (mean) locations

The first word in the variety name describes the station where the progeny trial 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 varieties within national programs for their own use. National programs are urged
to use names appropriate to their own needs.

Tables 3.17 through 3.111 contain an abbreviated summary of the results of the nrogeny trials
(grouped by material type) for 1974 (Complete results have been reported in: Maize Program Preliminary
Report International Progeny Tests, 1974). These tables list the populations included in the brogeny trials,
the sites at which each was grown, plus statistics on yield 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 selected to be recombined to derive the next generation of progenies for the 1975 trials,
and the mean of the few (about 10) progenies chosen to develop the experimental variety for each site, and 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 severe attacks. Performance is
also tested in thick plantings.

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

In the disease-resistance nursery, one-half of each row is inoculated with stalk rot pathogens,
and the entire row inoculated with ear rot pathogens.

Insect and disease nurseries are planted before the yield trials and the high density nursery sothat

a high incidence of stunt disease can be obtained under natural conditions. These early plantings tend to attract
large numbers of insects that are vectors of stunt.
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TABLE 3.1.8 Summary of performance of full sib families developed from Advanced Unit

populations.

TROPICAL YELLOW FLINT/DENT MATERIALS

Data from International Progeny Testing Trials: 1974

Population

Amarillo
Cristalino

Amarillo
Dentado 2

Amarillo
Dentado 1

Cogollero

* M = Mexico;

IPTT
No.

28

30

36

Testing Site*

Cbregon (M)
Delhi (1)

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

Yousafwala (Pk)
Poza Rica (M)
Panama (Pa)

Yousafwala (Pk)
La Magquina (G)
Delhi (I)
Cbregon (M)
Across sites

Poza Rica (M)

Yield ton/ha.

Mean

250

fam. C.V.
2,79 25
4.24 39
5.22 19
5.62 17
4.64 27
No data
4.50 -
No data
5.49 20
5.90 24
No data
4,85 22
4,67 33
3.07 29
4,20 -
5.37 20

Mean
sel.
fam,

3.16
4,84
5.86
6.25
5.25

5,07

5.35
5.06
3.51
4.64

6.16

Mean

exp.
var.

3.84
6.05
6.38
6.96
6.60

5.31

= India; G = Guatemala; Pa s Panama; Pk = Pakistan

6.30
6.60
3.56
5.49

5.33

Mean
250

219
232
238
246
247

-

236

237
255

245
242
226
237

249

Mean
sel.
fam.

222
237
239
250
249

239

238
255

243
239
223
235

248

Plant Height cm.

Mean
exp.
var.

217
229
230
247
250

238
238
264
243
230
221
240

247

Best
Check

230
220
245
245
258

240
241
260
240
265
172
225

232

TABLE 3.1.9 Summary of performance of full sib families developed from Advanced Unit
populations. Data from International Progeny Testing Trials: 1874
TROPICAL INTERMEDIATE MATERIALS

Population

Blanco
Cristalino

Antigua
Gpo. 2 x
Ver. 181

Mix, 1 x
Col. Gpo.
i) ETO

Mezcla
Amarilla

IDRN

IPTT
No,

23

24

26

35

Testing Site*

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

Poza Rica (M)

Poza Rica (M)

Delhi (I)

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

Poza Rica (M)
Yousafwala (Pk)

Yield ton/ha.

Mean

250

fam C.V.
6.33 16
4.67 30
2.70 26
4.57 -
5.72 11
6.23 17
4.21 31
6.48 16
3.46 29
5.29 22
3.96 36
4.68 -
4.52 25
No data

Mean ! Mean

sel.
fam,

6.92
5.15
3.03
4.87

6.26

6.98

4.60
6.93
3.91
5.80
4.44
§5.13

5.30

exp.
var.

7.59
6.44
4.03
5.27

7.83

5.85
8.00
4.63

. 1.24

5.42
5.67

Best
Check

8.41

8.03

7.21
9.76
4.31
8.72
3.06
6.61

Mean
250

213
228
222
221

210

212

210
213
142
231
211
201

6.184 5.750 238

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
216
140
231
218
204

237

Plant Height cm.

Best
Check

220
246
234
233

209

224

265
234
175
260
223
231

223

* M = Mexico; Ph = Phillippines; Sal = Salvador; Nic = Nicaraguz; Pa = 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 developing the experimental variety.




TABLE 3.1.10 Summary of performance of full sib families developed from Advance Unit

populations.
OPAQUE MATERIALS

Data from International Testing Trials: 1974

IPTT

Population No,

Tuxpefio X
La Posta Oy 37

(Ver. 181 x
Ant. Gpo. 2)
Venez. 1 Oy 38

Yellow HE

Qz 39
White HE

Qg 40

Composite K
HE O,y 41

Testing Site*

Poza Rica (M)
Obregon (M)
Cotaxtla (M)
Gemiza (Egy)
Across sites

Poza Rica (M)
Delhi (I)
Rampur (Nep)

Poza Rica (M)
Cotaxtla (M)
Delhi (I)
Rampur (Nep)

Poza Rica (M)
El Salvador (Sal)

Poza Rica (M)
Cuyuta (G)
Across sites

Yield ton/ha.

Mean

250

fam, C.V.
4.83 22
3.19 26
3.28 36
1,47 86
3.14 -
4.48 24
2,93 38
No data
4.54 21
3.18 28
3.14 42
No data
4,83 18
1.85 30
4,66 20
4,31 22
4.48 -

Mean

sel.
fam.

w

W wwwow

1 W W

Mean

exp.
var.

[=>] LIS~ e 2] 1

w

W W YR

.08
.18

.03
.70
.79

.09
.66

.97
.58
.61

DU W R
S
[=]

29

23

I oo
©
©

[

.98

Mean
250

234
199
181
188
200

243
2086

245
214
231

254
237

237
233
235

* M = Mexico; Egy = Egypt; I = India; Nep = Nepal; Sal = Salvador; G = Guatemala

Mean
sel,
fam.

233
296
180
220
200

245
210

242
211
228

251
234

236
233
234

Plant Height cm.

Mean
exp.
var.

237
194
178
220
209

248
207

243
208
235

251
239

238
230
237

Best
Check

264
210
195
236
2286

242
190

241
226
245

230
244

212
202
207

TABLE 3.1.11 Summary of performance of full sib families developed from Advance Unit

populations.

SUBTRCPICAL AND TEMPERATE MATERIALS

Data from International Progeny Testing Trials: 1974

Population  No.

Amarillo
Subtropical 33

Blanco
Subtropical 34

Eto x

Illinois 42
46
47

Compuesto

Hungary 48

M = Mexico; Nep = Nepal; Pk = Pakistan; Tk = Turkey

Testing Site*

Tlaltizapan (M)

Rampur (Nep)
Pirsabak (Pk)

Rampur (Nep).
Pirsabak (Pk)
Obregon (M)
Tlaltizapan (M)

Pirsabak (Pk)
Gemiza (Egy)
Adapazari (Tk)
Cbregon (M)

Pirsabak (Pk)
Tlaltizapan (M)
Obregon (M)

Pirsabak (Pk)
Tlaltizapan (M)
Cbregon (M)

Pirsabak (Pk)
Adapazari (Tk)
Obregon (M)

Yield ton/ha

Mean

250

fam. C.V.
5.89 43
No data
No data
No data
No data
2,55 35
6.56 27
No data
2.23 80
4.41 29
2.89 29
No data
4,49 42
2.30 29
No data
4,06 45
2,30 36
No data
5.34 25
1,60 45

Mean

sel.
fam.

6.

- w

o

[N

= o

w D

87

.01
.18

.53

.19

.52
.87

.96
.70

.87
.82

Mean

exp.
var.

8.

©

B> oy G

-1

88

.09
.08

.40
.13
.06

.10
.38

.49
.82

.31
.41

Best
Check

5.97

7.38

.18
.56

D>

Mean
250

204

212
234
203
217

208

192
205

177
195

221
174

Mean
sel.
fam.

202
217
205 -

196
205

178
193

219
173

Plant Height cm.

Mean
exp.
var.,

209

210
234

238

210
205
204
201
175
205

217
163

Best
Check

235
170

212

195
217

185
212

220
148
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The high-density nursery is planted at 80,000 plants ner hectare compared with 53, 300 olants
used in the yield trials.

Tables 3.21; 3.22; and 3.23 are summaries of the notes taken for disease and insect ratings at
Tlaltizapan and Poza Rica, as well as for some high density nursery nlantings grown at Tlaltizapan.

3.3 POPULATION CHANGES FOR 1975

In the imorovement of the Advanced Unit progeny populations, several materials were merged
{(combined) on the basis of data accumulated during 1974 (Table 3.31). Amarillo Dentado 1 (IPTT-30) and
Amarillo Dentado 2 (IPTT-28) were merged to form Amarillo Dentado as IPTT-28 for 1975. Similarly,
Tuxpefio Caribe 2 (IPTT-29) were merged to form IPTT-29. Amarillo Subtropical (IPTT-33) was combined
with Amarillo Pakistan (IPTT-36) to form Amarillo Subtropical IPTT-33. Banco Subtropical (IPTT-34) and
Blanco Pakistan (IPTT-47) were combined to form Blanco Subtropical (IPTT-34), IDRN (IPTT-35) and Cogo-
llero (IPTT -36) were combined into Cogollero (IPTT-36). The three opaque populations (Ver.181-Ant.Gpo.2)
Ven.l o2 (IPTT-38), Yellow Hard Endosperm og (IPTT=-39) and Composite K (IPTT-41) were merged to form
Yellow Hard Endosperm (IPTT -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: {Tuxpeao
x Nicarillo) Sint. 10 lines - 69 progenies; (Mix. 1-Col. Gpo.1) ETO-Sint. 10 lines ~ 36 progenies; and ETO
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 cereals. Traditional maize, whether grown in the tropoics or in the tem-
perate climates, contains 9-11% 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, as
compared to the normal maize types.

The opaque-2 mutant opened the way for improving the quality of protein in maize through genetic
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 biochemical enhancement of
lysine and tryptophan in all these mutants 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 albumins, globulins
and glutenins 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 combination in-
volving opaque -2 and sugary-2 has shown some promise and may be considered as another major research
achievement of the Purdue 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 varieties and hybrids have been obtained and are
available in many countries. Commercial production and utilization, however, are restricted (the U.S. A,
U.S.S.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 insect 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 better breeding approaches, (3)
better understanding of how to identify and deal with 09 maize problems, (4) expanded emphasis on opaque-2
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TABLE 3.2.1 Surmmary of performance of full sib fumilies developed from Advanced
Lnit populations.
PDISEASE NURSERY DATA: MEXICO, 1074 B

Testing Ear rots (rating 1-5)" Stalk rots (% infect) Stunt (% infect)

IPTT No. Site Pop. x  Sel. fam X Pop. X  Sel. fam ¥ Pop. X Sel. faom ¥
21 PR 3.72 3.69 66.5 65.9 23.5 22.8
22 PR 3.76 3.39 68.6 71.2 26.9 17.7
23 PR 2,869 2.90 72.5 73.2 11.9 10.7
24 PR 3.00 2.90 74.6 74.1 17.4 16.86
25 PR 3.29 3.40 57.5 60.7 16.3 15.6
26 PR 2,70 2.60 58.4 57.6 10.2 10.2
27 PR 3.17 3.18 41.0 42,0 20.5 14.9
23 PR 3.1%8 2.1 45.49 43.0 14.6 13.3
29 PR 3.22 3. 28 37.2 46.3 14.3 14.5
30 PR - = - = - -

31 PR 3.36 8.33 37.0 37.4 15.4 16. 86
32 PR 3.36 3.84 32.5 33.3 10.6 7.4
33 TL 3.68 3.66 64.2 61.8 - -

34 TL 3.98 +.04 61.3 59.6 -

35 TL 3.54 8. 28 B9.5 60.1 11.1 11.4
36 PR 3.40 3.30 45.3 41.5 11.7 11.4
37 PR 4,10 4.01 38.8 0.7 15.2 15.6
38 PR 3.04 3.04 60,2 57.7 257.3 27.2
sn R 3.16 3.18 57.7 55.2 22.3 23.3
10 PR 3.55 3.5 53.1 44.5 21.7 22,4
41 PR 3.585 3.40 51.7 47.0 11.7 11.8
42 i 3.89 4.10 65.6 63.8 - -

43 TL 3.498 3.99 59,2 86,3 - -

44 11 4.03 3.6 62.8 5.2 - -

15 - - - - N - -

46 I' 3.79 3.71 GN.3 68,0 - -

47 - - - - - - -

48 - - - - - - -

Hating 1 - no damage 5 = severely dymagoed
PROZ Povar B Mexico; T 2 Tlaltizupan, Mexico,

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 3.2.2 Summary of performance of full sib families developed from Advanced U nit
populations. (Families grown in 5m plot without replication, with natural
infestation only. No data from Tlaltizapan.)

INSECT NURSERY DATA: POZA RICA, MEXICOQO, 1974,

BUDWORM Spodoptera frugiperda STEMBORER AR INSIECTS
Foliar damage rating* Percent damaged Internodes  Ear damage rating*

IPTT No. Pop. % Sel. fam X Pop. % Sel. fam X Sel, fam %
21 6.3 6.4 26.6 26.4 5.7

22 6.3 6.1 20.6 19.9 5.8

23 6.1 6.1 22.6 22.4 4.5

24 6.1 6.0 21.8 20.9 4.1

25 6.5 6.5 21.3 22.4 5.4

26 6.6 6.6 14.6 15.1 5.8

27 6.7 6.8 20.8 20.6 6.0

28 5.6 5.3 23.6 24.6 6.0

29 5.4 5.2 20.6 20,8 6.2

30 No data - - - -

31 5.8 5.7 21.6 21.3 6.0

32 6.2 6.1 24.6 23.9 6.0

33 No data - - - -

34 No data - - - -

35 6.2 5.9 30.8 29.8 6.0

36 7.4 7.1 25.2 24.8 6.6

37 No data - - - -

38 6.7 6.7 20,5 18.4 5.0

39 6.1 6.1 22,0 21.7 5.1

490 6.2 5.9 16.0 15.5 4.9

41 5.9 6.0 23.2 22.0 4,9
42-48 No data - - - -

*®

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

O =

TABLE 3.2,3 Summary of performance of full sib families developed from Advanced Unit
populations. (High Density Nursery sown 80,000 plants/ha; IPTT sown
53,000 plants/ha. Poza Rica nursery not harvested.)
HIGH DENSITY NURSERY: TLALTIZAPAN, MEXICO, 1974

IPTT No. IPTT Tlaltizapan: Yield ton/ha High Density Nursery
P _ Sel. fam 3 Yield ton/ha Plant lodging % Ears per plant
op. X el. lam x Pop. & Sel. fam® Pop. & Sel. fam x Pop. ¥ Sel. fam X

33 5.89 6,87 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 9.15 7.29 7.93 7.5 6.3 0.79 0.81
44 7.20 7.98 6.71 6.83 18.8 17.1 0.85 0.85
46 4.49 5.52° 5.48 6.14 8.3 —7.6 0.92 0,97
47 4.06 4,96 5.14 5.98 12.8 10.5 0.97 0,98

20



TABLE 3.3.1 Changes in Advance Unit Populations: 1975

(Progeny Testing)

IPTT No.'s

1974 1975 Name
21 21 Tuxpefio 1
22 22 Mezcla Tropical Blanca
23 23 Blanco Cristalino 1
24 24 Ant, Gpo, 2 - Ver, 181
25 25 (Mix. 1 x Col. Gpo. 1) Eto
26 26 Mezcla Amarilla
27 27 Amarillo Cristalino 1
(28 & 30) 28 Amarillo Dentado 2
(29 & 32) 29 Tuxpeiio Caribe 2

30 Blanco Cristalino 2
31 31 Braquiticos

32 Eto Blanco (Advanced from back-up)

Tuxpenio Caribe 1

(33 & 46) 33 Amarillo Subtropical
(34 & 47) 34 Blanco Subtropical

35 Ant, Rep. Dominicana (Advanced from back-up)
(35 & 36) 36 Cogollero
37 37 Tuxperio {La Posta) O3

38 Open
(39 & 41) 39 Yellow Hard Endosperm O2 (Ver. 181 - Ant, 2)

Ven. O2

40 40 White Hard Endosperm

41 Open
42 42 FEto x Illinois
43 43 La Posta
44 44 AED x Tuxpefio
45 45 Discontinued in 1974 (Open)

46 Open

47 Open
48 48 Compuesto Hungary
1974 IPTT No.'s combined: IPTT No. for 1975
Amarillo Dentado 2 (28) & Amarillo Dentado 1 (30) 28
Tuxpeiio Caribe 2 (29) & Tuxpeiio 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. Og (39)
& Comp. K (41) 39
Additions:
Blanco Cristalino 2% 30
Eto Blanco from back=-up 32
Ant., Rep. Dominicana from back-up 35

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 lineas - 33 white progenies.
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maize research in.national programs, (5) advances . in services by chemical laboratories to handle opaque -2
work in selecting for hard endosperm phenotype; (6) additional trained personnel available to handle the spe-
cialized 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 as in floury-1 conversion program, or to detect 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 research efforts in different disciplines.

3.41 CONVERSION PROGRAM
For the last two years, major emphasis has been upon converting all maize materials in the Ad-

vanced and Back-up stages of maize improvement work.

3.411 Conversion of 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 breeding scheme that permits parallel improvement in normal and opaque-2 counter-
parts. Modifications of the schem= are used wherever needed.

It is highly desirable to use more than one type of opaque-2 donor to increase the probability of
getting hard endosperm opaque-2 segregates in Fg., The quality of hard endosperm opaque-2 segregates re-
covered in Fg determines whether the hard endosperm opaque-2 families will be crossed to the selected fami-
lies of normal population every cycle or alternate cycle. If good modifiers are not found in the Fg generation,
the segregates may be handled separately to F3 or Fy to increase the frequency of modifiers, before crossing
again to the selected families of corresponding Advanced stage populations.

In the year 1974A, over 1,500 F; crosses were developed among opaque-2 donors and different
Advanced stage populations. Fj crosses were advanced to Fg, resulting in over 1,200 Fg families. Fg's have
been advanced to F3, and we now have over 2,000 very good Fq families. While the parallel improvement con-
tinues if material looks good at any stage, it can be multiplied and tested in experimental variety trials. Also,
if a 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 number 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-
provement in normal and opaque -2 counterparts. The pools are managed so that the hard endosperm 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 Back-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 selected families may provide a new
Advanced stage opaque-2 population,
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Pools 16 to 26 were crossed to one or more sources of opaque-2 during 1974A, F, crosses were
advanced to Fg. From 60 to 100 ears segregating for hard endosperm opaque-~2 were selected and sorted out
for hard endosperm opaque-2 segregates. The selected segregates will be planted on family basis during the
year 1975A. Hard endosperm opaque-2 segregates were recovered from the following number of Fg families

Pool No. No. of Fg families
19 73
20 95
21 71
22 111
23 68
24 52
25 86
26 126
21 11
32 45
33 85
34 23

All thirteen highland pools were crossed during the year 1974 and will be advanced to F2 during
the year 1975,

3.413 Conversion of Populations Being Selected for Plant Efficiency and Adaptation

The number of Fy 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
Mafiz tropical seleccidn

Batan 31

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, whereas the fifth
has a soft kernel phenotype. The five materials are:

Tuxpeno x La Posta o9 IPTT-37

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

- Yellow H. E, o2 IPTT-39
White H. E, o9 IPTT-40
Composite K (H.E.) og IPTT-41

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

(a) Systematic 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 =ach family for planting.

When new families are generated through reciprocal full sib, only those families with two
vitreous ears are selected.
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(c) Testing of full sib families 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.

(d) Reducing incidence of ear rot organisms. Each family from each Advanced Unit population is
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.

3.43 DEVELOPMENT OF BROAD-BASED GERMPLASM SOURCES

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 - H.E.o09: 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 Fq
crosses of opaque-2 ''side-cars'' with different normal Advanced stage popula-
tions in the usual half-sib recombination blocks. Modified opaque-2 kernels
were selected from segregating Fo ears 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).

Temperate x tropical H.E. 02: Has achieved one cycle of recombination. The second cycle of
recombination involved over 600 families.

3.44 SELECTION FOR HARD ENDOSPERM

Emphasis has 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 ear or family are used in planting. Also, 10 seed from each ear are subjected to chemical analy-
ses, Only families with satisfactory chemical values are selected and used in recombination. Excellent
progress has 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.

3.45 STABILITY OF MODIFIERS CONTROLLING KERNEL HARDNESS

This stability can be achieved only through multi-location progeny testing. In the Advanced Unit,
the families are tested in 6 sites; whereas in the Back-up Unit the progeny tests are limited to 3 locations
within Mexico. Families exhibiting good modified phenotype across location are selected and used in recom-
bination. Limited experience 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

Families from both the Advanced and Back-up Units that are subjected to systematic progeny test-
ing also are evaluated for ear rot organisms by artificial inoculation with ear rots. Artificial inoculation
helps to identify resistant families during the selection process. Through continued selection and artificial
inoculation, 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 emphasis has been placed on transfer of the opaque-2 gene to floury-1 materials for
Andean regions and some progress has been made. Some opaque-2 versions in floury-1 backgrounds are now
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available. In addition, an opaque-2/floury-1 composite has been developed and is now undergoing a second
cycle of selection.

The discovery of the Ninhydrin test by Dr. Mertz adds a new dimension as a screening tool to
identify soft opaques from floury and is a very simple and rapid test.
3.48 SUGARY -2/OPAQUE-2 DOUBLE MUTANT

Development 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 from 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 yields.

CIMMYT has begun work on this combination and some materials are in F3 generations. The segre-

gates are, in general, not appealing--but some seemed reasonably acceptable. It is expected that this combina-
tion in different genetic backgrounds may exhibit kernels of varying appearance.

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 been sent to over 22 locations. The seed

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 bank, 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 pjlant,
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 control and development
of the female inflorescence (as the grain storage site). Measurements wére taken during the year at Poza
Rica, Tlaltizapan and Batdn, to determine how environmental factors (temperature and radiation) before
anthesis affect storage capacity (the number of ears per plant and grains per ear) and how factors after anthe~
sis affect the duration and rate of grain filling. )

3.511 Growth and Yield of Lowland 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 artificiaylly severe infestation of the leaf pathogen Phyllachora maydis caused a reduction
in leaf area after flowering. A subsequent trial showed that when the leaf diseases are controlled chemically
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(or by breeding), the capacity of the grain to store dry matter limits yield in this environment (as has been
shown, also, in the higher vielding environment at Tlaltizapan) (Fig. 3.51, 3.52).

When Tropical materials were grown at Tlaltizapan (elevation 900 m) under high radiation and low
incidence of leaf pathogens, 19% of the stem dry matter at flowering was in the form of soluble sugars, in-
creasing to 22% at grain maturity. This finding 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 ears 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 yield., Selection procedures are being used to measure the
performance of the 250 full-sib progenies from each of the Advanced stage populations of the CIMMYT 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 ear 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 increase in the interval between tasseling and silking.
A similar study was made in one of the tropical materials (Tuxpefio-1) grown at 53,000 and 80, 000 plants/ha
at Poza Rica. (The data for the high density was lost due to flooding of this site). At the lower density, there
was no significant association between grain yield and flowering interval (the variance in grain yield and flow-
ering interval was partitioned 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 high density nurseries.

Selected Tropical maize materials are being planted every two months at three locations in Mexico
to explore environmental and genetic control of the number of grains per ear. The development of floret num-
bers on the primary and secondary ears 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 varieties in the first of this series of
plantings at E1 Batdn (2,250 m), Tlaltizapdn (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 earlier tropical varieties (Eto x Illinois, Amarillo Pakistan and Mezcla Amarilla (Poza Rica only),
there was a greater loss of florets during the period preceeding pollination than in the later Tuxpefio material.
Thus, at Tlaltizapdn (and to a lesser extent at Poza Rica), the number of grain per ear for Tuxpefio-1 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 Batén site, the rate of differentiation of florets was much slower in the lowland tropical mate-
rials (particularly Tuxpefio~1 and Tuxpefio Co) than in the tropical highland material (H28) which is better
adapted to the lower temperatures. During this period of floret development, the stem and tassel were rapidly
increasing in length and these organs may compete with and limit the differentiation and growth of the ear shoot.
Rapid dry matter increase 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 secondary
ear; but 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 be important compo-
nents determining grain yield. 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 varieties and two locations only) to which suitable growth functions will be
fitted. The analysis will be aimed at understanding the genetic and environmental control on the rate of dura-
tion of grain growth.

27





