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I. - INTRODUCTION 

The progress made in the various aspects of the UNDP-CIMl\!IYT 
Global Research Project "Research and training in the development of High 
Lysine Maize" during the period September 1976 to August 1977 is presented 
in this report. The major emphasis in CIMl\'IYT's high protein quality maize 
program has been to exploit genetic modifiers of 02 locus to remedy un
desirable kernel characteristics and improve the agronomic performance of 
opaque-2 C"!'!'r~ri:i::od maize. Good progress has been !.Q~de fo. this ':iir~".:ti')n. 
We now have maize opaque-2 materials that are very similar in kernel ap
pearance and performance to normal materials. A number of quality protein 
maize varieties exhibited performance in terms of yield and production that 
was equal or even superior to normal maize varieties or hybrids used as 
checks in these trials. 

Considerable progress has also been made in improving the stability 
of the hard endosperm o2 maize kernel in different environments. Wider 
scale testing of the superior quality protein varieties is necessary to know 
whether the levels of ear rot and insect resistance and stability of hard en
dosperm achieved to date will be sufficient to allow commercial production 
of these types. CIMl\lYT scientists are quite hopeful that newly developed 
opaque-2 materials will soon be able to fulfil the expectations to some extent 
that had been raised following the discovery of the biochemical and nutrition-· 
al effects of the opque -2 gene. 



n.-. GENETIC AND BREEDING RESEARCH 

A. INTRODUCTION 

Considerable interest exists all around the world to upgrade 
the quality of protein in maize and other major cereal crops to 
improve their nutritional value. In some crops such as maize, barley 

· and sorghum the quality of protein can be enhanced genetically by 
manipulation of known mutant genes while in other crops the search 
for such mutant genes is still underway. · 

In maize only half of the actual protein content present in the 
endosperm is of importance from the nutritional standpoint. This is 
so because roughly 50% of the protein of maize endosperm is consti
tuted by zein fraction which practically lacks lysine in its amino-acid 
profilie. The mutant genes that affect the quality of protein in maize 
can reduce the synthesis of zein in protein thereby resulting in 
increased proportion of other protein fractions that have good levels 
of lysine and tryptophan. This alteration in the proportion 
of different protein fractions in maize endosperm is thus responsible 
for giving a boost in protein quality in maize. 

Breeding for improved protein quality of maize endosperm through 
the use of different mutant genes is underway for the past thirteen 
years. Though several genes are known to increase the levels of lysine 
and tryptophan in protein to almost double, only opaque-2 gene has been 
used extensively to convert normal maize genotypes to opaque-2. 

It may be of interest to point out some of the developments and 
the progress that has taken place ever since the biochemical effects 
of opaque-2 gene were first discovered. Historically, the years 1963-
1964 generated considerable interest among maize breeders aU around 
the world to develop maize materials with superior protein quality of 
maize endosperm. Straight opaque-2 versions of normal open-pollinated 
varieties and the parental inbred lines involved in hybrid combination 
were obtained during the first 6-7 years of intensive research efforts. 
Some of these materials moved into commercial production in the early 
seventy's in different countries but by and large these materials failed 
to give comparable performance with their normal counterpart maize 
materials. 

Problems confronting opaque-2 maize are known for a long time 
but serious considerations that something must be done to solve these 
problems was realized much later. Also as soon as some of the opaque-2 
materials moved into corn.mercial production in some countries, the 
importance of problems associated with opaque-2 maize became still 
more evident. Some of the problems that need to be high-lighted 
include: 1) Reduced kcrr.e:l weight, 2) unacceptable kernel appearance, 
3) greater vulnerability to ear rot organisms, 4) more infestation by 
weevils during storage. 5) slower drying of grain following physiological 
maturity. 
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·~he research thrust to. solve the aforesaid problems is underway 
in many breeding programs. Though minor problems still exist, a 
major break-through in remedying some of these problems has already 
been made. Also a series of other developments have taken place in 
the last 5-6 years and as such I consider this period to be of tremendous 
significance in breeding of quality protein maize materials for the fol-
lowing reasons: 

1) Seed increase and commercial production of opaque-2 materials 
started in some countries during this period. 

2) The relative importance of different problems affecting opaque-2 
maize were further assessed. 

3) · Attempts to solve problems associated with quality protein maize 
were initiated. 

4) Basic information on the effects of opaque-2 gene was gathered 
in greater depth. 

· 5) Genetical and biochemical information of opaque-2 modifiers in 
modifying undesirable effects of opaque-2 gene was accumulated. 

6) Interaction of opaque-2 gene with other endospermic mutants was 
studied to solve problems confronting opaque-2 maize. 

7) Refinement in analytical techniques and new methods to· detect 
the presence of protein quality were devised. 

8) Biochemical laboratories were established in many national programs 
to support breeding programs to develop quality protein maize mate
rials. 

9) Biological tests on acceptable type opaque-2 materials. were continued 
and produced encouraging results that protein quality was being 
maintained and was of superior biological value. 

in breeding opaque-2 materials with acceptable· characteristics, one 
must consider in ·the first place as to what kinds of materials can be 
accepted in different countr-ies. Depending on the need, one must, there
fore, put emphasis on the following points: 

i) In areas where soft opaque-2 materials can be accepted without any 
problem, the major emphasis in the program should be placed on 
increased yield and greater resistance to ear rot organisms. 

ii) In countries where the interest lies mainly in the soft floury types. 
the breeding focus should primarily be on ear rot resistance. Use 
of Ninhydrin test to sort out quality protein segregates should be 
used extensively to accelerate the developn1ent of quality protein 
opaque-2 versions. 
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iii)· In areas where hard flints· and dents are preferred, the emphasis 
should be to develop hard endosperm opaque-2 materials compara
ble in performance to their normal counterparts. The merits and 
demerits of various breeding approaches should be considered 
before their use in the breeding program. 

·· The major emphasis in CIMMYT' s maize program has been to 
-exploit genetic modifiers of" opaque-2 locus to remedy undesirable 
kernel characteristics and the agronomic performance of opaque-2 con
verted materials. Considerable progress has already been made in 
developing quality protein materials that approach more nearly in kernel 
appearance and performance to normal materials. It is hoped that newly 
developed opaque-2 materials can once again revive the same enthusiam 
and interest that existed in the first few years following discovery of 
the biochemical effects of the opaque-2 gene. 

B. OBJECTIVES 

In the development of quality protein opaque-2 materials, the major 
emphasis was placed on the following aspects: 

i} Convert' all maize materials in CI1\t1MYT' s maize improv~ment 
program to opaque-2 as rapidly as possible. 

ii) Continue d~velopment and improvement of broadbased opaque-2 
source populations of tropical, temperate ·and highland origin. 

iii} Improve yield, agronomic characteristics and adaptation of advanced 
unit opaque-2 populations over a range of environments. 

iv} Continue emphasis on accumulation of favorable genetic modifiers 
in opaque-2 materials at all stages of maize improvement. 

v} Place major thrust in future on stabilizing modifier. genes over 
a range of environments through multilocation, progeny tests. 

vi) . Select for ear rot resistance and better stalk quality through 
artificial inoculation with ear and stalk rot organisms. 

Vii) Increase emphasis on the transfer of opaque-2 gene into fl.oury-1 
backgrounds to serve areas in the Andean region. 

viii) Develop and study the potential of sugary-2/opaque-2 composite 
for future use. 

ix) Develop stronger international cooperation in testing and evaluation 
of materials. 

x} Encourage germplasm distribution and utilization by the national 
programs. 
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A detailed account of the progress that has been made on the 
above mentioned aspects is discussed in the following sections: 

C. CONVERSION PROGRAM 

• Efforts to obtain opaque-2. versions_ of .all normal maize mat~ 
m the advanced and back-up units of maize improvement pr~ were 
continued. Also. some opaque-2 versions that had good kernel appearance 
were backcrossed to transfer improvements made in norm.al populations 
to the counterpart opaque-2 versions. Most of the conversions, in general, 
look fairly good with respect to kernel appearance and other agronomic 
characteristics. It is probably time now to concentrate and screen for 
those families that are rather stable for hard endosperm opaque-2 char
acter in different environments. The progress that has been made with 
respect to each material individually will be discussed in the following 
sub-sections. 

i) Conversion of advanced unit materials 

From the harvest of 1976A at Poza Rica and Tlaltizapan, 3594 
ears were saved from 19 different advanced unit materials of 
tropical and subtropical origin. The selected ears were shelled 
individually and the best looking vitreous segregates were· sorted 
out from each ear separately for planting during 1976B The mate
rials during this cycle ·were handled differently in different ways. 
Opaque-2 versions of subtropical type materials such as Amarii.lo 
Subtropical, Blanco subtropical, Eto x Illinois and Compuesto de 
Hungria were handled in a full sib manner. Attempt was made to 
cross plants from each family to as many other families as possible. 
Of the tropical conversions, four materials such as Tuxpeno-1 
H. E.o2 , Blanco Cristalino H. E. o 2 , Ant. x Republica Dorninicana 
H. E. o 2 , and Eto Blanco H. E. o2 were handled in a half sib recom
bination block, three materials namely La Posta H. E. o2 • Tuxpefio 
Caribe H. E. o2 and Amarillo Cristalino H. E. o 2 were subjected to 
selfing; and others were handled in a manner 1:0 generate new set 
of full sibs resulting from plant to plant crosses among families. 
The number of ears harvested from each population is given in 
Table No. 1. Only hard endosperm opaque-2 ears free of ear rots 
were selected from good type plants. As can be seen from the table 
a total of 2, 857 ears were saved from 1976B harvest. These cars 
were shelled individually and seed prepared exactly in the same 
maru1er as in 1976A for planting during 1977A. Ten kernel sample 
of each family from all the materials was sent to the laboratory 
for analyses. The data coming from the laboratory was used in 
rejecting families before pollination. 

The materials during 1977A were also handled in different ways. 
s

1 
lines developed from Tuxpeiio Caribc and La Posta were handled 

separately in two separate II. S. recombination blocks. Also two 
other materials nam.ely Tuxpeiio-1 and Eto Blanco H. E. o'> we.re hancaed 
in two separate half sib crossing blocks. nest of the advahce-'d unit opaquc-2 
conversions were handled in a full sib manner. Very intense selec
tion for plant and car type was practiced at harvest time. A total 
of 3, 47 4 cars were saved at h:?..rvest time to continue further selec
tion and improvement in these materials. 
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The harvest of 1977 A was really good and in fact very 
encouraging so far as the quality and appearance of ears was 
concerned. For the first time, it was noticed that in some of 
the materials there was not a single ear that was segregating 
for soft endosperm. It was felt that in many opaque-2 converted 
materials, opaque-2 modifiers have probably accumulated to a 
~,. highly frequency. It was, therefore, considered desirable 

to follow- a different strategy during 1977B to put a strong pres -
sure for screening families that have stable modifiers over a 
number of environment. So it was decided to plant hard endos
perm opaque-2 segregates from each family in at least two 
locations. The families from tropical materials were planted in 
Poza Rica and Obregon while those from subtropical materials 
were planted at Tlaltizapan and Obregon. At flowering time, 
the pollination will be made only in Poza Rica and Tlaltizapan. 
Reckprocal plant to plant pollinations will be made within each 
family to capitalize on plant and ear variation within each family . 
At harvest, the pollinated ears from only those families that 
show stability for kernel hardness will be saved for next season 
planting. This new strategy will help to achieve the following 
objectives: 

1) Planting same families in two or more locations will permit 
screening and selection of families that are stable for 

. vitreous endosperm. 

2) \Vill help in reducing the bulk C?f experimental material that 
has been built up in the last 4-5 years. 

3) While families for modified endosperm character are being 
identified reciprocal plant to plant sib pollinations within 
a family will be helpful in capitalizing within family variation 
for height, ear rots and kernel characteristics. 

· 4) This procedure will help in increasing area of adaptation of 
these materials to other environments. 

A number of opaque-2 versions of different advanced unit 
materials were also backcrossed to corresponding nornial pop
ulations. The number of backcrossed ears saved from each cross 
is given in Table 2. These backcrossed ears were planted on 
family basis next to hard endosper1n opaque-2 families from the 
same material. Bulk pollen from the latter was used to pollinate 
the BC1 families. At harvest good segregating ears were saved. 
In inosf of the selected ears there was no segregation for soft 
opaque-2 kernels. Selected ears were shelled separately and 
from each ear normal and modified opaque-2 kernels were sorted 
out. One hundred kernel weight of normals and modofied opaque-2 
kernels from each ear was recorded and compared. Based on this 
data, some families were rejected where the difference between 
opaques and noi·mals was over 10%. Kernel weight, volume and 
density comparisons of normal and hard endosperm opaque-2 
segregates recovered from segregating popmlations are given in 
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!!'ables 3 and 4. The number of families rejected on the basis of 
weight comparisons are given in Tables 5 and 6. In general it 
can be seen from tables 3 and 4 that opaque-2 segregates were 
lower in kernel weight, volume and density. Variation, however, 
exists and it will ,therefore, be advisable to select families from 
the higher kernel weight class where the differences between 
opaques and normals are the least. 

ii) Conversion of back-up materials 

Conversion of all tropical and temperate gene pools to hard 
endosperm opaque-2 is underi.vay. Some conversions have reached 
as far as F 4 or F 5 generation. All tropical opaque-2 conversions 
are being handled at Poza Rica. From "the harvest of 1976A, 
1 1 454 ears were saved. These ears were shelled individually and 
sorted out for good looking hard endosperm opaque-~ segregates. 
Selected segregates from each material were planted on family 
basis in 1976B. Four pools namely Pool 23 H. E. o

2
• Pool 22, 

Pool 24, and Pool 26 were handled in half sib recombination 
separate blocks while in the rest of the pools plant to plant 
crosses were made between different· families to generate full sibs. 

From the harvest of 1976B at Poza Rica, l, 209 good looking 
ears with modified endosperm were selected. The selected ears 
were planted on family basis in 1977A. ·Plant to plant crosses 
we.r·e made i>eiween selt:cied plants among selected ian1ilies. At 
harvest, l, 144 ears were saved. The selected ears will be planted 
at Poza Rica and Obr:egon to select for modified endosperm stable 
families during 1977B. 

F\J.ll sib ears saved from 1976A harvest at Tlaltizapan were 
planted on family basis during 1976B. Full sib crosses between 
selected plants among selected families were made. One hundred 
and ninety two selected ears were further advanced by one more 
generation in 1977A to continue improvement of kernel· hardness 
and other agronomic characteristics. At harvest 486 vitreous 
ears were selected. These were shelled and good vitreous segre
gates were sorted out from each f~r planting during 1977B. 

All the eight tropical pools were backcrossed during 1977A. 
The number of ears harvested from each backcross are indicated 
in Table 7. The BC

1 
families from each cross will be planted 

by the side of hard endosperm opaque-2 families of the same 
pool in 1977B. 'The pollinations will be done in the same manner 

·as indicated earlier for the advanced unit materials. 

Four t"ropical early pools and four temperate pools have been 
formed recently. One or more sources of opaque-2 donors were 

· crossed with these pools in 1976 or 1977. The number of ears 
saved from each cross are indicated in Table 8. The F 1 crosses 
with three temperate pools were advanced during 1977A. 209 F? 
segregating ears sa.ved from three pools were shelled and sorted 
out separately for normal and opaque-2 segregates. One hundred 
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kernel weight comparison of normals and opaques was also. made 
to eliminate families with differences of the order of more than lOo/o. 
F 1 or F?. families from these pools will be advanced to next 
generation in 1977B. · 

Conversion of highland gene pools to opaque-2 was continued. 
Excepting Pools 3 and 8, the emphasis in the highland materials 
has been to select for ·vitreous opaque-2 kernels. IVIost of the 
conversions from the highland pools so far do not have very good 
modifiers. A total of 2, 095 F 2 families were planted during 1976 
from different pools. Plant to plant crosses were made among 
different families. The number of ears selected from each pool 
is indicated in Table 9. Other than PoQl 3 and· Pool 8, intense 
selection was exerted on modified opaque-2 ears. In Pool 3 and 
Pool 8, the selection pressure was exerted on selecting ears 
with large kernels. The selected ears from 1976 harvest have 
been planted both at Batan and Toluca. 

iii) Conversions of ooulations that are bein selected for earliness, 
E: ant e iciency and anantation. 

Number of hard endosperm opaque-2 families saved from 
each population during different seasons is given in Table 10. 
Most of these materials excepting selecci6n precoz look very good. 
The families from these materials have also been planted in 
Tlaltizapan ahd Obregon to exert more pressure for ·stability of 
genetic modifiers controlling kernel hardness in opaque-2 materials. 

iv) The protein content and quality of opaque-2 q:mverted materials. 

The ears selected in each generation further undergo 
selection for best vitreous segregates that are available in each 
ear. In general 10 seeds from each family are analyzed for 
protein and tryptophan content. The families that do not meet 
the minimum acceptable levels are eliminated before pollination. 
This means the pollinations are restricted among selected families 
The mean values of families analyzed in each population from 
different cycles for both protein content and quali:y are given in 
Tables 11, 12, 13 and 14. It can be seen from these tables that 
mean values for protein and tryptopha.n in protein oi hard endos
perm opaque-2 versions were in general fairly good. 

In some materials DBC analysis was made. The quality of 
protein in such materials has been indicated by quality index 
value which was calculated by dividing DBC value by % protein 
in the whole grain. Values above 3. 5 represent good quality of 
protein. In Table 13, · it can be seen that most of the materials 
analyzed by this method had good quality of protein. 
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D. DEVELOPMENT OF BROADBASED ILl\.RD ENDOSPERl\f OPAQUE-2 
SOURCE POPULATIONS AND OTHER OPAQUE-2 XIATERIALs AT 
l3ACK-OP STAGES OF DEvELOPSlENT. 

Intensive research efforts are underway for the last four years 
to develop hard endosperm opaque-2 materials with modifiers accu
mulated from a wide range of maize materials being grown in different 
areas of the world. The major emphasis in all such materials has ~ 
been to increase kernel vitreosity while maintaining the same protein-/ __ _ 
quality as that of soft opaque-2 materials. The pressure. in Hiese · 
materials has been ,somewhat mild for other characters in the initial 
cycles but as these materials have already got fairly good kernel 
type and acceptable appearance, considerable pressure is now being exertec 
for all important agronomic traits, in additio"n to improving kernel 
vitreosity and maintaining protein quality. Also in some materials 
where kernel appearance has reached a point of acceptance, it is 
proposed to exert more pressure on the stability qf opaque-2 modifiers 
responsible for changing soft endosperm to hard endosperm. A brief 
description and stage of development of some materials of tropical 
and temperate origin is given in Table 15. 

i) White opaque-2 back-up pool. 

This material has . white flint and dent grain type with appealing 
hard endosperm texture. Two more cycles _of genetic muang were 
achieved in a haii-sib crossing biock during 1876B and ll::l7'iA at 
Poza Rica. Following each cyle of recombination, half-sib ears 
with good appearance were selected from short disease-free plants. 
Selection of modified opaque-2 kernels from each ear separately 
for next planting, and elimination of families with low protein 
quantity and quality was continued like the previous cycles. 

This pool has been further broadened by the addition of some 
very good hard endosperm opaque-2 families identified from 
advanced and back-up conversions. These materials were added 
only as female rows in the recombination block of 1977A. The 
selected cars from these families will enter both as male and 
·ren1ale families in the next season recombination block. 

A number of good families from this pool were taken out 
and handled separately in the breeding nursery. In 1S76A, 250 
full sibs were developed in a reciprocal manner. These will 
be evaluated in progeny trials as described in a separate section. 

ii) Yellow opaque-2 back-up pool. 

This material is of yellow color with a mixture of flint and 
dent grain types. Two additional cycles of recombination were 
completed during 1976B and 1977A. The number of fa~ilics 
saved after each cycle o.f recombination is given in Table 15. 
The ears were shelled individually and sorted out for best modi~icd 
opaque-2 segregates from each ear separately for the next plantmg. 
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In addition to enhancing the frequency of favorable modifiers 
and maintaining the protein quality, a very intense selection 
pressure .was exerted for shorter P.lant type both in male and 
female rows. 

During the year 1977A, some additional hard endosperm 
opaque-2 materials were added into this pool only as female 
entries. The selected ears from these newly added materials 
~ enter into next year's recombination block in exactly the 

same way as half- sib ears from the core of the pool. 

A few outstanding families from yellow opaque-2 back-up pool 
after the third cycle of recom~inatioi:i _ w~re handled separa~ely 
in the breeding nursery. Full s1b pollmations were mage durmg 197 6A 
and 1976B and the ears saved in each generation are given in 
Table 15 • In 1977A, 108 full sib ears saved during 1976B 
were planted on family basis. Only short and disease-free plants 
in good families were self-pollinated. At harvest, a total of 82 
good looking S ears were saved for further selection in the 
next season. ~nee the harvested ears were fairly good, these 
have been planted at Poza Rica and Obregon during 1977B to 
put more pressure on the stability of modifiers. 

iii) Yellow flint H. E. og . 

This material has resulted from the recombination of 207 
hard endosperm. opaque-2 families from five different materials. 
The recombinations were made in a full sib mating system among 
families of different groups. At harvest, 237 full sib ears were 
saved that had very good endosperm hardness. The selected ears 
have been planted both at Poza Rica and Obregon to screen 
families that are stable in modified endosperm character. Recip
rocal plant to plant crosses within family will be made to exploit 
variation for plant and ear characteristics. 

iv) Late white dent H. E. oa 

White dent hard endosperm opaque-2 families from a number 
of materials were genetically inixed to form this population. 
From the harvest in 1976B, 176 full sib ears were saved. The 
selected ears were subjected to second cycle of recombination during 
1977A at Poza Rica. Following second cycle of recombination, 146 full 
sibs were selected which have been planted in Poza Rica and 

'Obregon for increasing the frequency of favorable modifiers 
stable over environments. 

v) PD(MS) 6 H. E. oa • 

In terms of kernel hardness and appealing grain type. this 
is one of the best materials in the program. Following four 
cycles of half-sib recombinations coupled with simultaneous 
selection for· n1odifiers and protein quality, 467 ears with good 
vitreous appearance were saved. These were pfantcd on family 
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.basis at Poza Rica during 1976A to develop 250 reciprocal full· 
sibs. These full sibs were tested in different locations within 
Mexico. Based on the perfor1nance of these families. the selected 
ones will give rise to IPTT-38. · · 

vi) crnMYT H.E.0:2. 

This is another one of the best looking materials in the 
quality protein program. Genetically this represents a combination 
of so many different hard endosperm opaque-2 material~. Also,, 
with respect to genetic modifiers this is probably more broadbased 
material in the program. Like PD(M:S)6, this material has under
gone four cycles of recombination to improve the frequency of 
favorable modifiers without sacrificing- protein quality. Development 
of full sibs and their evaluation in. progeny trial are discussed 
separately in population improvement section. This material may 
either give rise to new IPTT or may replace the old IPTT-39. 

vii) Temperate x Tropical H. E. o2 • 

In subtropical-temperate program, this is perhaps the most 
advanced opaque-2 population. This has excellent plant type. good 
yielding ability and acceptable ear and kernel characteristics. Two 
additional cycles of recombination were achieved in a half-sib 
crossing block during 1976B and 1977A. The number of half-sib 
ear~ sa.ved i.n each cvcle of recombination is given in Table 15. 
The harvested ears from 1977A cycle have been separated into 
flint and dent groups. These have ~een planted· into two separate 
recombination blocks during 1977B. Also, the half-sib families 
from fl.int and dent groups have been planted at Poia Rica and 
Obregon for observation to examine the stability of n1odifiers 
and reaction to some of the leaf diseases that normally do not 
occur at Tlaltizapan. 

Good families from this population are also being handled 
separately in a full sib selection scheme. This selected fraction 
of Te1nperate x tropical H. E. o2 population may give rise to new 
advanced unit population. · . 

viii) Highland opaque-2 materials in the back-up stages of the program. 

A number of highland composites and other highland opaque-2 
materials have been developed over the past few years. Three 
highland opaque-2 composites namely Composite I, High altitude 
opaque-2 Composite and Puebla opaque-2 Composite completed 
the fourth cycle of recombination during 1976. The number oi 
families involved in recombination in these materials is given 
in Table 16 . The half- sib cars selected from. the fourth cycle 
of recombination have been planted both at Ba tan and Toluca to 
undergo fifth cycle of genetic mixing and to increase adaptation 
of these materials. Further since two of the highland composites 
are very similar in plant type. maturity and ear characteristics, 
242 families of Composite I and 17 4 families of high altitude o2 
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-composite have been planted in the same recombination block to 
achieve the fifth cycle of mixing and selection. 

In addition to the above composites, a new composite namely 
highland modified opaque-2 composite was formed from F 2 hard 
endosperm opaque-2 families identified from the conversion of 
different highland pools to opaque-2. From the first cycle of re
combination in Batan, 205 ears completely modified or at least 
segregating for modified kernels were saved. The vitreous segre
gates were sorted out very carefully from each ear separately 
and these have been planted both in Batan and Toluca to undergo 
second cycle of mixing. 

For very high altitude areas above 2,500· meters, there is 
a need for some early opaque-2 materials. The cross of Puebla 
~ composite with Barraza was made with this obje_ctive in mind. 
The F 1 was advanced to F 2 at Toluca. From_ 200 selected segre
gating ears, opaque-2 kernels were sorted out and planted in a 
half-sib crossing block at Toluca during 1976. A total of 157 F 3 H. S. ears were selected which have been planted at Toluca in 
1977 to undergo another generation of mixing and selection for 
earliness and other agronomic characters. 

A number of modified hard endosperm opaque-2 families 
are also being handled from a number of materials by full sib 
crossing. The number of families planted ii1 each one of these 
·m.ateriais is given in Table 16. Sooner or later .• these·mater1ais 
·will be merged with other appropriate materials. 

ix) Protein content and quality of back-up opaque-2 materials. 

The number of families analyzed for protein and tryptophan 
in protein in several opaque-2 material~ at back-up stages of 
the program is given in Table 17. The mean values for protein 
and tryptophan in protein are also given in the above table. It 
can be seen from. this table that the mean of analyzed families 
had a protein content above 7% and tryptophan in protein . 70% 
and above in endosperm. 

E. POPULATION IMPROVEMENT PROGRA..1\II. 

During 1976A at Poza Rica, 250 full sib families were developed 
in four opaq~e-2 populatio~s namely TuA"Pefio opaque-2, PD{l\18)? H.E.o2 , 
CIMMYT H. E. o2 , and White opaque-2 back-up pool. The full s1bs plus 
six check entries were tested in a 16 x 16 simple lattice with 2 repli
cations at three locations within Mexico during 1976B {Table 1'1). The 
performance of 250 full-sibs from each of the four populations is pre-
sented in Table 19. · 

. .. 
i) PD{lVIS)6 H. E. o

3
• 

On the basis. of progeny trial data, 93 full sib families were 
selected. The mean of selected families showed· a superiority of 
8.17%, _9. 62%, 11. 37% and 9. D7% in Poza Rica, Tlaltizapan, Obre-
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gon, and across location data respectively. The mean of selected 
families was 1-2 ems. shorter and a day earlier than the mean 
of tested population. 

The selected families were planted in 1977A at Poza Rica 
to generate new set of 250 reciprocal full sibs. 250 full sibs 
along with six checks have been sent out to six different countries 
including one in Mexico as IPTT-38. 

ii) CIMMYT H.E.o~. 

Considering grain yield, plant height, kernel hardness and 
other agronomic characters, 96 full sib families were selected 
based on the data of three locations. The mean of selected fam
ilies showed selection differential of 8. 62%, 7. 56%, 12. 69% and 
9. 66% in Poza Rica, Tlaltizapan, Obregon and across location 
data respectively. With regards to plant height and days to flower, 
the mean of selected families was 2-3 ems. shorter and about 
one day earlier than the mean of tested families. 

The selected families were planted in Poza Rica during 
1977A to generate a new set of 250 full sibs. It was interesting 
to note at harvest that not a single ear in this population was 
segregating for soft endosperm. The new full sibs have been 
planted in progeny trials within Mexico at three locations {Table 
20j. Based on the progeny triai ciata, the selected iamiiies may 
replace old IPTT-39. 

iii} 'Vhite opaque-2 bake-up pool (full sibs). ·':· 

The mean of 250 tested families for yield and other characters 
is given in Table 19. Based on the perf.ormance of 250 families, 99 
full sibs were selected. The mean of selected farnilies showed grain 

·yield superiority of 7. 54%, 10. 92%, 8. 30% and 9.12% over the 
mean of tested families in Poza Rica, Tlaltizapan, .Obregon and 
across location data respectively. The selected families were also 
on the average about one centimeter shorter and a day earlier. 

The selected families were used to generate new 250 full 
sib fa1ni1ies in Poza Rica during 1977A. The families of this 
material have been sent out to six different locations in replace
ment of white hard endosperm opaque-2 (IPTT-40). The distribu
tion of progeny trials is given in Table 20. 

iv) Tuxpefi.o opaque-2. 

This is the only soft opaque-2 material in the tropical-lowland 
program. The full sib families generated in Poza Rica during 
1976A, \Vere tested at three locations within Mexico (Table 18). 
Based on the performance of 250 full sibs, 34 families were 
selected. These were planted in Poza Rica duriug 1977A to gen
erate a set of new 250 reciprocal full sibs. The new full sibs 
along with six check entries have been planted in progeny trials 
at Poza Rica and Tlaltizapan during 1977B. 



F. 

13 

v) Yellow H. E. oa (IPTT-39). 

During 1976, 250 full sib families from Yellow H. E. o were 
sent out in six different countries for evaluation. The distrfbution 
of progeny trial is given in Table 21. In the absence of results 
from some locations, the selection of families with good perfor
mance has not yet been finalized. Consequently.. the results will 
be reported in the next ·report • 

. ···-···· -·-

BIOCHEMICAL ANALYSES OF SOME PROMISING H...l\RD ENDOSPERM 
UPAQUE-2 i\IA1'ERL4:LS. 

Some of the best looking hard endosperm opaque-2 materials have 
been analyzed for Protein, Lysine and Try!>tophan content in the whole 
grain. The results are given in Table 22. It can be seen from the data, 
that all materials had acceptable levels of lysine and tryptophan in 
protein. -

. The same six materials were analyzed for different protein fractions 
in the endosperm. The results of the analysis are presented in Table 23. 
It can be seen from. the data that in general alcohol soluble fraction 
formed about one-third of the total protein in the endosperm. The other 
two fractions each also constituted about one-third of the total protein. 

A complete amino-acid analysis of some prorn,.i:sing materials was 
also. done. The l;'J»c:;1tlt~ are i:ri.ven in TabJe 24. 1t can be seen from the 

~ . - I -· . •· ~- .... 
table that the levels of lysine in all hard endosperm "Opaque.:.. 2 materials 
were considerably higher than the normal Tuxpefio. Also.. the hard 
endosperm opaque-2 materials had less glutamic acid compared to Tux
pe:n.o normal. 

G. DEVELOPMENT OF EXPERHv1ENTAL VARIETIES. 

On the basis of 1976 progeny trial data, four experimental varieties 
were developed from Yellow H. E. o?. The experirn.ental varieties are 
listed in Table 25. The table also ~hows the mean grain yield and other 
agronomic traits of experim.ental varieties developed by recombining the 
best 10 families on the basis of site-specific and across location data. 
Four experimental varieties developed from Yellow H. E. o2 showed 
superiority over the mean of the population and also over the mean of 
check entries. The superiority of experimental varieties in yield ranged 
from 60. 2% to 22. 3% over the mean of the population and 174. 6% to 
16. 5% over the mean of the checks. Regarding days to silk, the experi
mental varieties were either equal or one day earlier than the mean of 
the population. All the e:-..-perimental varieties were, however, taller by 
1-3 ems. over the population mean. The ear rot incidence in all the 
experimental varieties was less co1nparcd to n1can of 250 tested fam.ilies. 

The experimental varieties developed above will be included in 
EVT-15 during 1977. 

H. FLOURY OPAQUE-2 CO~\TERSION PROGTI.A.l\1. 

Conversion of soft floury types of materials to opaque-2 has 
received considerable emphasis in CI.iVll'v1Y'l" s quality protein maize 
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breeding program in the last three years. Though a wide range of 
materials varying in kernel color. maturity and cooking characteristics. 
are being grovm in different countries of the Andean region. the most 
prominent types are white and yellow large seeded floury varieties of 
different maturity range. The research efforts are. therefore. concen
trated in transferring opaque-2 gene into those genetic backgrounds 
that will have wider use. 

Conversion of two floury pools in the highland program is under
way. Crosses of Pool 3 and Pool 8 with a number of soft opaque-2 
donors were advanced to F 2 in 1975. From the segregating ears, 
large kernels were selected and subjected to Ninhydrin test. The 
selected segregates having quality protein were planted either as bulks 
or on family basis at Ba tan during 197 6 ~ Plant to plant sib pollinations 
were made among families. At harvest only ears with large kernels 
were selected. Some other materials such as Cacahuacintle, Amarillo 
harinoso and some promising varieties from the Andean countries are 
being converted to opaque-2 in the same way. 

The number of ears saved collectively from opaque-2 versions 
of Pool 3 and Cacahuacintle is given in Table 26. From each of 
the 393 ears, large kernels were selected to plant in a half sib 
recombination block both at Batan and Toluca during 1977. The ·selected 
ears fr01n Pool 8 have been. planted in the same way as Pool 3. 

P.an-:..ilies \v"ith distinctly very large seeds· wen::· taken out separately 
during 1976 harvest. Fifty three such families have been planted at Batan 
for recombination during 1977. 

Recombination of half-sib families coupled with simultaneous selec
tion for plant and ear characteristics was continued in floury-opaque-2 
composite. At harvest and seed preparation time, considerable pressure 
is being exerted for large seeds of floury types. From the third cycle 
of recombination, 479 ears were saved during 1976. The selected half
sib ears have been planted at Batan and Toluca to undergo the fourth 
cycle of recombination and selection. 

A bulk sample of fl.oury-opaque-2 composite was analyzed for 
percent protein, different protein fractions and complete amino-acid 
analysis of protein. The results of such analyses are presented in 
Tables 27 and 28. It can be seen from the table that the alcohol 
soluble fraction (zein) formed 34. 3% of the protein. The other fractions 
such as acid soluble and glutenins constituted 28. 4% and 28. 3o/o of the 
protein respectively. 

Complete amino-acid analyses of endosperm and whole grain in 
floury-opaque-2 composite indicated that the levels of lysine and 
tryptophan in protein were fairly high. 



15 

I. SUGARY-2/0PAQUE-2 CONVERSION PROGRA..'l\'1 

Considering certain advantages of sugary~2 / opaque-2 double 
mutant combination pointed out by Purdu~ scientists. a conversion 
program was started in 1975. All important normal and opaque-2 
materials existing in CITv11\1YT's maize improvement program were 
crossed to sugary-2/ opaque-2 source in a half-sib crossing block. 
The resulting F crosses were harvested from both normal and 
opaque-2 materills. From this point onwards F 1 crosses of normal 
and opaque-2 materials were handled slightly different to recover 
sugary-2/opaque-2 segregates. 

From the crosses of normal and sugary,;.2/opaque-2, the double 
mutant segregates were recovered in a two-step program. The Fi' s 
were advanced to F 2 and then from segregating ears soft opaque-"2 
kernels were selected from each F ear separately. The recovered 
segregates were planted on family 5asis during the next season. A 
number of plants were selfed in each family. At harvest only those 
selfed ears were saved that were segregating for sugary-2 kernels .. 

In the second ·group that involved crosses between opaque-2 and 
sugary-2/opaque-2 m.aterials. the sugary-2/opaque-2 segregates were 
recovered in an easy fashion. From the F 1 crosses. hard endosperm 
opaque-2 segregates were sorted out on family basis in each material 
separately. These were planted next season and the pollinations were 
rrtade in a full cib m::::.nncr. P-t !1::::.:::-~.·cst, ~cc~ b()!-:~g i:2.~s ~eg!'egati~g 
for sugary-2 kernels were selected. The selected ears from each 
materials were shelled individually and then opaque-2 and sugary-2/ 
opaque-2 segregates were sorted. out. Detailed observations were 
recorded on several characters to compare opaque-2 segregates with 
sugary-2/opaque2. The conclusions drawn from this data are discussed 
in the following paragraphs. 

Comparisons of one-hundred kernel weight, volume in c. c .• and 
kernel density of opaques and sugary-2 I opaque-2 from- several materials 
are presented in Table 29. It can be seen that sugary-2/opaque-2 
segregates had, in general, lower kernel weight and reduced kernel 
volume compared to opaque-2 segregates .. The segregates of double 
mutant combination. however, registered a higher kernel density over 
the counterpart opaques. 

The two kinds of segregates from each material were also subjected 
to protein. lysine and DEC analyses of the whole grain. The results are 
given in Table 30. It can be seen from the table that two types of 
segregates, in general. did not differ very much fron1 each other. The 
same was true for lysine and DBC as well. In some materials. however. 
differences were apparent but no consistent trend could be noticed. 

· A complete amino-acid analysis in the whole grain of opaque-2 and 
sugary-2/opaque-2 segregates was performed in eight selected materials. 
The results are shown in Table 31. The results indicated that sugary-2/ 
opaque-2 segregates had somewhat higher protein content than the soft. opaque-2 
segregates. In some materials, however. the differences were of 
negligible order. The two important amino-acids namely lysine and 
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tryp~ophan did not differ very much in the two types of segregates. 
Some other amino-acids such as glutamic acid, leucine and tryosine 
were present in somewhat larger amounts in opaque-2 segregates 
over the sugary-2/opaque-2 segregates. 

Correlation coefficients (r} among several characters of opaque-2 
and sugary-2/opaque-2 segregates recovered from 27 segregating pop
ulations were worked out separately for each type of segregates. The 
results are presented in Table 32. It can be seen from the table that 
kernel weight and kernel volume were positively correlated while 
kernel volume. and density were negatively correlated in both types 
of segregates. The other correlation which was negative and significant 
was between protein and lysine levels in the endosperm. 

. The protein fractions in the endosperm of eight sugary-2/opaque-2 
materials were also determined. The results of such an analysis are 
presented in Table 33. It can be seen from the table that alcohol 
soluble, and acid soluble fractions each constituted about one-fourth 
of the total protein. The glutenin fraction was present in much higher 
amounts and farmed about one-half of the total protein. 

On the basis of data and observations made in the field, the fol
lowing general conclusions can be drawn about sugary-2/opaque-2 
segregates recovered from ~ifferent materials: · 

. i) Sueary-2 /o!'a'lue-2 segregates vary cc:!:zid~rab:!.y in !heir ph0n0typic 
appearance in different genetic backgrounds. 

ii) The segregates of double mutant combination exhibited variation 
in size. In general, they were smaller than their counterpart . 
opaques. Exceptions to this were, however, observed in many 
instances. 

iii) Sugary-2/opaque-2 segregates in dent backgrounds were dented 
but failed to show soft starch. in the dented portion. 

iv) The double mutant segregates have vitreous appearance but in 
many instances the inner soft endosperm characteristic of 
opaque-2 gene was still evident. 

v) In son1e backgrounds, the sugary-2/opaque-2 segregates had 
intensified color. 

vi) Mosaic phenotypic appearance in sugary-2/opaque-2 segregates 
was also observed in son1e segregates. 

vii) Earshomozygous for sugary-2/opaque-2 tended to shell easily. 

viii) Spaces between ancl within rows were clearly visible as a result 
of the failure of sugary-2/ opaque-2 segregates to attain normal 
grain size probably due to early curtailing of dry matter accunmla-
tion. · 
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ix) •The protein content and protein quality of sugary-2/opaque-2 

· segregates was· as good or even better than the soft opaqi..ie-2 
segregates. 

x) In developing , double mutant combination, it was felt that due 
con~i.deration should be paid to selecting segregates that have 

.. acceptable appearance and are comparable in size to the normal 

. : . count.erparts • 
. ~ 

' .. 
The sugari:..2/opaque-2 segregates of families originating from 

normal and _opaque-2 materials were recombined during 1977A at 
Tlaltizapan to result into sugary-2/opaque-2 composite. About 800 
families from several m.aterials were included in the first cycle of 
recombination. The ears selected from the .first cycle of recombina
tion have been planted at Tlaltizapan during 1977B to undergo the 
second cycle of recombination. Following additional one or more 
cycles of recombination, the potential of this combination for future 
work will be assessed. 

J. INTERNATIONAL TESTING - 1976 

During this year, CTh'IMYT. s international program with opaque-2 
materials consisted of three major aspects, namely: 

a) International progeny te stine- trials 

In the year 1976. the 23 advanced unit materials were 
split into two groups in an effort to make full and effective 
use of data from all the locations. Following this division, 
Yellow H. E. o2 will be handled in one group while the other 
two populations i.e. White H.E.o2 and Tuxpefio opaque-2 will 
form part of the other group. This grouping will permit the 
handling of opaque-2 materials in each group every other year. 

During the year 1976A, new set of full sib families were 
developed in Yellow H.E.o2 (IPTT-39). The resulting full sibs 
were sent out for evaluation in six different countries (Table 21). 

b) Experim.ental Variety Trial No. 15 · 

A total of 15 experimental varieties were developed on 
the basis of 197 5 IPTT data from three advanced unit populations. 
These EVT' s along with others developed on the basis of late 
arrival data form.ed EVT-15 which has been sent to 36 different 
locations as shown in Table 34. The trial consisted of 25 entries 
replicated four tiln~s. · 

The results of the trial are presented in Table 35. It is 
clear from the data that the experim.ental varieties derived fron1 
IPTT-37 were top perforrq.ers in many locations. 'I'he e~-peri
mental varieties derived from IPTT-39 in general <lid fairly well, 
the good yielders in the order of their perfor1nance were Across 
7539, La Maquina· 7539 and Cota::-..-tla 7"139. Of the experimental 
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varieties derived from: White H. E. o 2 , Across 7 440 and La Ma
quina 7540 were better performers. Amarillo Dentado H. E. o

2 and CTh'IMYT H. E. o 2 as populations also did fairly well. 

It can also been seen from the table that there were a . 
number of entries in each location that performed equal to or 
better than the local checks. •<·· 

. . . .... . .... ··-···· . . . 

c) Elite experimental variety trial {ELVT-19) 

Also on the basis of 1975 data of experimental variety 
trial 15, seven varieties were selected as elites. The seven 
elites plus three checks formed elite experimental variety trial 
(ELVT-19) which has been sent to· 60 -different locations in dif
ferent parts of the world. The trial consisted of 10 entries 
replicated four times and four row plots. 

The distribution of the trial is shown in Table 34 and the 
results are presented in Table 36. The results available from 
29 out of 60 locations indicate that experimental varieties 
derived from IPTT-37 were the top yielders and in many locations 
outyielded the local opaque-2 check entry. In some locations, 
however, the performance of these two varieties was either equal 
or better than the normal check entry. The performance of two 
elite experimental varieties from Yellow H. E. o2 was fairly similar 
though the super10rny oi one over tne other dinereci in ciif.ferent 
locations. The performance of Across 7441 {Composite K), San 
Andres 7 440 and Poza Rica 7 441 was also fairly good. It can 
also be seen from the data that in many locations, the opaque-2 
entries in the trial were either equal or at least comparable to 
both normal and check entries included in the trial. 

K. INTERNATIONAL TESTING - 1977 

The international testing during the year 1977 consists of the 
following trials: 

a) Progen:y trials 

During this year. 250 full sib families of three different 
opaque-2 materials have been sent out to different countries for 
evaluation. The names of the populations are PD(lVIS)6 H. E. o2 
(IPTT-38), White H. E. o?_ (IPTT-40} and Temperate x tropical 
H. E. o

2 
{IPTT-41 }. The Tirst and the third populations are new 

additions to the advanced unit. The distribution of the trials is 
shown in Table 20. 

b) . EVT-15 

This trial consists of 11 entries Thirty-eight sets of 
this trial have· been distributed to different countries. The dis
tribution of the trial is shown in '!'able 37. 
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c) ELVT-19 

·This trial consists of 10 entries and has been distributed 
to 55 sites for planting. The distribution of this trial is shm-.:.rn 
in Table 37. 

L. DISTRIBUTION OF OPAQUE-2 MATERIALS 

In addition to progeny and eiperimental variety trial seed ship
ments, opaque-2 maize samples in experimental quantities have been · 
shipped to different countries. During the period January to June 1976, 
84. 3 kilos of opaque-2 maize seed was shipped to 29 different countries. 
The distribution of materials to different countries is listed in Table 38 • . 

For the period July to December 1976, 352. 42 kilos of opaque-2 
maize seed was shipped to 24 different countries as shown in Table 39. 
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M. SUM:ivIARY 

During the year under report, the· major emphasis in CIMM~ 
quality protein maize program consisted in remedying some o(_the____, most 
important problems confronting opaque-2 maize. Genetic modffiers of 
opaque-2 locus were used as the principal approach to iniprove the 
undesirable characteristics of this type of maize. The progress and the 
status of presently existing materials in the program are discussed in 
the report. 

Conversion of advanced and back-up normal materials to opaque-2 
was continued. The ears saved from nineteen advanced unit populations 
during 1976A were subjected to further selection during 1976 and 1977. 
The number of families involved in planting during 1976B, 1977A and 
1977B were 3594, 2857 and 3474 respectively. The materials in each 
season were handled in different schemes of s1 • half-sib and full sib 
selection. In addition to selection for kernel hardness and maintenance 
of protein quality, intense selection pressure was exerted for plant and 
ear characteristics. Hard endosperm opaque-2 versions of most of the 
advanced unit materials look very good so far as quality and appearance 
of ears is concerned. Starting 1977B, a new strategy has been started 
in planting hard endosperm opaque-2 families in different locations to 
screen families stable for modified opaque-2 appearance. A number of 
opaque-2 versions were also backcrossed to corresponding normal mate
rials. The BC 1 crosses were advanced and a number of segregating HC1 
(F ?.) ears wer«:r rejected on the basis of kernel weight comparison of 
normal and opaque-2 segregates. 

In eight tropical pools, 1454, 1209 and 1144 hard endosperm 
opaque-2 families were handled during 1976B, 1977A and 1977B respec
tively. In four temperate pools, 192 and 486. families were involved in 
planting during 1977A and 1977B respectively. The improvement of kernel 
hardness without sacrificing protein quality was continued in all opaque-2 
versions of different gene pools. Hard endosperm opaque-~ families of 
different tropical pools have been planted at Poza Rica and Obregon to 
select for stable modified endosper1n opaque-2 families. The existing 
versions of all tropical pools ·were also backcrossed. These have been 
planted to advance to BC

1 
(~?.). The conversion prog.ram has also been 

. started in four tropical and rour te1nperate pools that have been forn1ed 
recently. 

Conversion of highland gene pools to opaque-2 was continued. A 
total of 2095 F?. families were planted during 1976. Except pools 3 and 8, 
the major emplfasis was placed on selection for modified opaque-2 
endosperm. 

Conversion program of special project populations for earliness, 
plant efficiency and adaptation was continued. A total of 916 ears were 
saved during 1977A. These have been planted at Tlaltizapan and Obregon 
during 1977B. 
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Research efforts for the development and improvement of broadbased 
hard endosperm opaque-2 populations were ·continued. Twelve tropical and 
temperate materials completed one or more additional cycles of recombina
tion and selection. Four materials from this program have been promoted 
to vanced unit. These materials are PD(l\18)6. H. E. o2 , CilVlMYT H. E. o2 • 
Tempe e x tropical H. E.o2 and full sib families from White opaque-2 
ba,ck-up po -·~ · 

Jn addition to tropical and temperate materials in the back-up 
stages of the program, twelve highland opaque-2 materials were subjected 
to further mixing and selection. Excepting five soft opaque-2 populations .. 
the major emphasis in these highland materials was placed on changing 
the endosperm from soft to hard endosperm. Most of. these materials are 
in different stages of development. 

Families from several opaque-2 materials were analyzed for protein 
and tryptophan in endosperm. The mean values for protein and tryptophan 
in protein in most opaque-2 materials were, in general, very good. 

Population improvement program was carried out with five materials. 
250 full sib families from Tu}..."Pefio opaque-2, PD(MS)6 H. E~ o?, CTh1iVIYT 
H. E.o and White opaque-2 back-up pool were evaluated in three locations 
within ~exico. The selection differential in percent was of the order of 
10. 44, 9. 97, 9. 66 and 9. 12 in across location data of Tuxpefio opaque-2, 
PD(:MSl? H .. E. oi: Cllv.:~:; ~1!;~:_~~, .r~a~~, .yY~i~e ~r..ac:i_ue-~~ -~'ack-1:1!Jr °?o~l. , . 
::-cspe~.:.·t8l:J. T ................ c ......... ..., ... ""~ .... ""'-'"'"''"' ... a. ... .1..L.._ ... 1"'.:.· .1.n a...u. 1-1opu.La.1..1.0ns wa.b ~uor1.1::a 
and a day earlier than the mean of tested population. The full sibs fro1n 
Yellow H.E.o2(IPTT-39) were evaluated in six sites. However, in the 
absence of results from some locations, the selection of families with 
good performance has not yet been finalized. 

On the basis of 1976 progeny trial data, four experimental varieties 
were developed. These experimental varieties ·have been included in 
EVT--15 during the year 1977. 

In floury-opaque-2 conversion program, a number of floury-opaque-2 
materials have been developed. These materials are floury-opaque-2 
composite, opaque-2 versions of Pools 3 and 8, and some very large 
seeded opaque-2 fam.ilies selected from different materials. The emphasis 
in floury 1/opaque-2 materials was placed on selection for large kernels. 
A complete amino-acid analysis of endosperm and whole grain in floury

. : .. :·opaque-:-2 ·compo~it~ i~1dicated that the levels of lysine and tryptophan in 
pi"·otein were fairl! ·high. 

Sugary-2/opaque-2 conversion program is in very early stages. 
The double mutant segregates have been recovered from many normal 
and opaquc-2 genetic backgrounds. 800 sugary-2/opaquc-2 families 
originating from different materials entered in the first cycle of recom
bination during 1977A to form a sugary-2/opaque-2 composite. The 
selected ears have been planted to undergo second cycle of recombination. 
Biochemical analyses of sugary-2 /opaque-2 segregates indicated the 
presence of higher protein content than the soft opaque.:.2 segregates. The 
two essential amino-acids, hov;ever, did not differ very much in the two 
types of segregates. Differences in glutamic acid, leucinc and iryosine 
were observed in the two types of segregates. The glutcnin fraction of 
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the protein was present in much higher amounts in sugary-2/opaque-2 
segregates and it formed about one-half of the total protein. 

Biochemical analyses of many promising hard endosperm opaque-2 
materials indicated the presence of acceptable levels of lysine and 
tryptophan. An analysis of protein fraction showed that ?-lcohol soluble, ---
acid soluble, and alkali soluble fraction each constituted about one-third 
of total protein. The hard endosperm opaque-2 materials, in general. 
had less glutamic acid. · 

During 1976, EVT-15 and ELVT-19 were sent to 36 and 60 dif
ferent locations respectively. The results from EVT-15 showed that 
experimental varieties derived from IPTT-37, in general, performed 
very well in different locations. Across 7539; La Maquina 7539 and 
Cotaxtla 7 439 also did fairly well. From White H. E. o • across 7440, 
and La Maquina 7540 were better performers. Amarilfo Dentado H.E.o2 and CLvIMYT H. E. o 2 as populations also performed fairly well. In 
ELVT-19, the experimental varieties from IPTT-37 were top yielders. 
In many locations, the opaque-2 entries were either equal or at least 
comparable to both normal and opaque-2 check entries included in the 
trial. · 

The international testing program during the year 1977 consists 
of progeny trials, EVT-15 and ELVT-19. 250 full sibs from 3 different 
populations have been set out to different countries for. evaluation. EVT-15 
and ELVT:.19 have been sent out to So and 55 locations respectively. 
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TABLE 1 • Conversion oi Advanced Unit materials to opaque-2. 

Pedigree !PTT No. 
~ 

No. of hard endosoerm 02 ears saved 
WioA 1976B 1977-X-

~···~------------------------------

21 

22 
23 

24 

·25 

26 
27 

28 

29 

30 

31 

33 

34 

35 

36 

42 

43 

48 

-......__~-......__ 

Tuxpeno-1 

~ezcla tropical blanca 

Blanco Cristalino-1 

Ant. x Ver. 181 

:Mix. -1-Col. Gpo. 1 x Eto 

Mezcla amarilla 

Amarillo Cristalino-1 

Amarillo Dentado 

Tuxpeiio Caribc 

Blanco Cristalino-2 

Braqurticos 

Eto E!c.r..co 

Amarillo S:.ibt:::-onical 
~ 

Blanco Subtropical 

Ant. x Rep. Dominicana 

Cogollero 

Eto x Illinois 

La Posta 

Compucsto de Hungria 

* F 2 fam.ilics. 

. 93 

320 
256 

295 • 

160 
254 

399 
256 

336 

109 

271 
96 

199 

29 

216 

65 

211 

126 

361 
225 

'19 

19l: 
212 

144 
175 

·226 
' 56 

312 

90 

114 

42 

401 

154 
266 

233 

189 

162 

148 

228 

233 

49* 

243 

165 

209 

36* 

74 

288 

62 
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TABLE 2. - No. of segregating ears saved from_Acivanced generation 
of BC1 families in some advanced unit materials. 

IPTT No. Population 

21 Tuxpefio-1 

22 :Mezcla tropical blanca 

23 Blanco Cristalino-1 

24 Ant. x Ver. 181 

25 l\iix.1- Col. Gpo.1 x Eto 

26 Mezcla Amarilla 

27 Amarillo Cristalino 

28 Amarillo Dcntado 

29 Tuxpefic CariJ?e 

33 Amarillo Subtropical 

42 Eto x Illinois 

43 La Posta 

48 Compuesto de Hungria 

No. of BC1 ears 
saved durmg 

1976 

50 

64 

80 
50 

50 

44 

81 

50 

49 

37 

61 

45 

29 

Ears saved from 
advanced genera
tion of BC1 

61 

37 

91 

22 

65 

35 

62 

57 

18 

38 
·29 

44 



TABLE 3.- Kernel weight, volume and density comparisons of normal and hard endosperm 
opaque-2 segregates re: covered from segregating populations. 

~o. of 100 kernel weight in ogms. Volume in ml. Dcnsitv (i::ms/ml) 
Population Origin normal opac1ues diif. normal diff. normals 

t 

c:i ff. ears opaques opaques 
(%) (%) . (%) 

PR·77A 
Amarillo Dentado H. E. o2 308 62· 34.08 29. '10 

. 12. 51>:<* 27.12 25.29 6.38** 1.26 1.17 6. •16>:::.·c 

.Mix.1-Col. Gpo.1 x Eto H.E.o2 309 65 31.32 28. ·13 8.78** 25.53 24.34 4.18** 1.23 1.17 4. 59'"* 

Mezcla Amarilla H.E.o2 311 35 30.85 27. !)7 9,98** 23.89 23.21 2.06 1. 29 i.19 7. 98*::• 

Cogollero H. E. o2· 329 28 27.77 24. '77 10.27** 22.51 21.53 3. 9Pl<* 1.23 1.15 6. 45*'~ 

(Blanco Cristalino x Blanco 
Cristalino H. E. o2)·F2 330 49 31.79 26.92 15.15*•:< 25.76 23.71 7. 81•:<* 1.24 1.14 7. a 6 .!,n:c 

It) 

N' 
· Tuxpet\o 1 H.E. o2 

Lote 93 61 34.17 30 • .)2 10.54** 27.32 26.51 2.69** 1.25 1.15 7. 91 *':< 

Tuxpeno Caribe H. E.o2 Lote 94 57 35.61 32. '79 7.72** 29.00 28.03 3.10** 1.23 1. 17 4. 65*•:c 

•• Significant at l'/. level of probability. 
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TABLE 4. • Means of 100-kernel weight, volume, and density of normals and 
opaques from segregating ears of different populations. 

No.of 100-kernel weights in gr~ms Volume in ml. Density ,<cnns/ml.) • 
Population Origin ears normal opaques diff. normals opaques diff. normals opa.q·.Jes ~ih!". 

(%) (%) (%) 

TL-77A 
Pool 27 H.E.o2 1304 27 30.97 28.82 6.66** 25.96 · 25.04 3.28** 1.19 1.15 3.44'"* 

Pool 34H.E.o2 1305 12 34.02 31.63 6.90** 28,08 28.05 0.04 1.21 1.13 6.82'~* 

Dlanco subtropical H.E.o2 1312 96 35. 86 32. 02 10. 53*'lc 29. 29 28. 63 2.15** 1. 23 1.12 8. 52M 
• 

Hungarian CompositeH.E.o2 1316 44 31.91 29.62 7.02** 26.38 26.32 0.23 · 1.21 1.13 6.99':<* 

Pool 30 H.E.o2 1317 14 33.41 Sl.69 5.03':C* 28.04 27.91 0.47 1.19 1.14 4.53':<* 

Pool 33 H.E.o2 1318 31 32.60 30,27 6.96':<* 26.40 26.06 1.17 1.24 l.16 5,?Z':c':c 

C'1 Pool 29H.E.o2 1319. 34 29.79 27.84 6.50M 24.31 23.58 2.92** l.23 l.13 3.59"~* 

(Pool 31 xTemp.Trop.H.E.o2)F2 1320 66 33.38 30.10 9.68** 27.09 26.84 0.94 1.23 1;12 8.72** 

** Significant at the 1'9 level of probability. 
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TABLE 5 • - Number of families rejecte.d on the basis of kernel weight 
comparison of normals and opaques in different segregating 
populations. · 

Material Origin No. of segregating No.~f ears rejected , 
ears in each population* 

PR-77A 
Amarillo Dentado H.E.o2 308 .62 19 

Mix. 1-Col. Gpo. 1 x Eto 
H.E.o2 309 65 18 

.Mezcla An1arilla H.E.o2 311 35 11 

Cogollero H. E. o2 329 28 11 • 

(Blanco Cristalino-2 x 
Blanco Cristalino H. E. o2} 

-F
2 

· . 330 49 24 

Tuxpeiio 1 H. E.o.., 
~ 

Lote 93 61 22 

Tuxpefio Caribe H. E. o2 Lote 94 57 15 

* Kernel weight difference in normals and opaques 
more than 10%. 
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TABLE 6 • - No. of ears with more than 10% difference in 100-kernel 
weight between normals and opaques in segregating 
materials. 

Material 

Pool 27 H.E.o2 

.Pool 34 H. E. o2 

Blanco subtropical :H. E. o2 

Hungarian Comp. H. E. o2 

Pool 30 H.E.o2 

Pool 33 H. E.o2 

Pool 29H.E.o2 

(Pool 31 x Teinp. x Trop. 
H. E. o2 )-F 2 

Total No. No. of ears with more 
Origin of ears than 10% cliff. between 

· ···-·· ·- -····· ·····normals.and opaques 

TL-77A 
1304 27 6 

1305 12 2 

1312 96 40* 

1316 44 9 

1317 14 1 

·1318 31 6 
. 

1319 34 12 

1320 66 28* 

* Ears with more than 11 % difference between normals and 
opaques. 



TABLE 7. - Conversion of tropical and temperate gene pools to opaque-2. 

Pool No. Name 
No.of hard endosperm opaque-2 ears saved !-:o.of BCJ 
- cars save 
1976A 1976B 1977A during 1977A 

A) TROPICAL POOLS 

19 Tropical intermediate white flint 208 87 99 31 
20· Tropical intermediate white dent 157 92 [.16 26 

' 21 Tropical intermediate yellow fl.int 154 07 07 30 
22 ·Tropical intermediate yellow dent 211 178 145 30 
23 Tropical late wh~te flint '221 268 264 28 
24 Tropical late white dent 151 154 1G3 30 
25· Tropical late yellow flint 112 71 86 17 
26. Tropical late yellow dent 240 262 ·204 30 . 

O'> TOTAL 1454 1209 1144 222 
""' 

B) TEMPERATE POOLS 

27 Temperate early white fl.int 74 43 109 
28 Temperate early white dent - - . u,::c 
29 Temperate early yellow flint - 19>!c a1::o:c 
30 Temperate early yellow dent - 3o::c •17 :;;>;c 
31 Tch1pcratc intermediate white flint - 39* 101 ::o:C 

32 Tem!krate intermediate white dent 96 60 165 
33 Tem· crate intermediate yellow flint 21 24 86 
34 Temperate intermediate yellow dent 109 65 126 

TOTAL 300 280 709 

) 

* F .ears 
** .Fi ears 
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TABLE 8 • - Conversion of new gene pools to opaquc-2. 

Pool No. Name 
No.of o2 donors 

No. of F 1 ears 
saved in 1976 

No.of F 2 ears saved 
used or 1977 in 1977A 

15 Tropical early white flint 2 15 

16 Tropical early white dent 3. 31 

17 Tropical early yellow flint 2 9 

18 Tropical early yellow dent 2 15 

28 Temperate early white dent 1 14 

29 Temperate early yellow flint 1 19 61 

30 Temperate early yellow dent 1 30 47 

31 Temperate intermediate 
white flint 1 39 101 
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TABLE 9 • - Conversion of highland gene ·pools to opaque-2. 

Pool No. Name 
No. of ears selected for plantinrr ne}..1: year 

1975 1976 

1 Highland early white flint 147 68 

2 Highland early white dent 198 91 

3 Highland early white floury ·205 393 

4 Highland early yellow flint 270 226 
5 Highland early yellow dent 292 129 
7 Highland intermediate white dent 107 63 

8 Highland intermediate white floury 238 185 
9 Highland intermediate yellow flint 202 158 

10 Highland intermediate yellow dent 273 132 

11 Highland late white runt 24 9 

12 Highland late white dent 55 40 
13 Highland late yellow flint . '11 47 
14 Highland late yellow dent 13 54 

TOTAL 2095 1595 
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TABLE 10. - Conversions of populations that are being selected for 
earliness, plant efficiency and adaptation. 

Material No. of ears saved during-
... .. .. . .... · Ig'HlE 1976B 1g77:a 

Amarillo Bajio 408 . 190 280 

Amarillo · Bajio x varios templados 83 73 131 

Amarillo Bajio x l\1ezcla Tropical 63 88 144 

Mezcla A1narilla P. B, x Lin. Ill. 204 97 131 

Planta pcquefia maz~rca grande 21 21 30 

Amarillo Bajfo x l\1afces Argentina 41 51 92 

Selecci6n Precoz 42".< 41 28 

Makes Tropicales Sel. Batan. 40 45 80 

TOTAL 90~ 606 916 

* F 1 ears. 
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TABl.E 11 - Mean values for protein and tryptophan in endosperm 
of ·quality protein hard endosperm .opaque-2 materials. 

·No. of Mean values 
Pedigree Origin families Protein Tryptophan in 

Mezcla tropical blanca H .E. 02 
Ant. x Ver.181 H.E.02 
Mix. 1-Col. Gpo. 1 x Eto H.E.02 
Mezcla amarilla H. E. 02 
Amarillo Cristalino H. E. 02 
Tuxpeiio Caribe H. E. o2 
Eta Blanco H.E.o2 

·Ant. x Rep. Dominicana 

· La Pasta H .E.o2 
Amarillo subtropical H. E. o 

2 

Blanco subtropical H. E. o 2 
Eto x Illinois II. i:.;. 02 
Amarillo Pakistan H.E.02 
Blanco Pakistan 
Hungarian Composite H.E.o2 
Pool 19 H.E.o2 

Pool 
Pool 
Pool 
Pool 

20 H.E.o2 
21 H.E.o2 
25 H. E. o2 
27 H. E. o2 

Pool 34 H.E.o2 
Amarillo Bajfo H. E. o2 
Mezcla amarilla P. B. x Lin. Ill. 

H.E. 02 
Amarillo Bajfo x M.aices Argen

tina H.E.o2 

PR-76B 
825 
806 
827 
828 
807 El 

808 El 

837 
PR-76B 
Lote 99 

809 
TL-76B 

1811 
1812 
1813 
1814 
1815 
1816 

PR-76B 
813A 
814 
815 
816 

TL-76B 
1804 
1805 
1802 

1803 

1806 
Amarillo Bajfo x varios tcmpla-

dos II.E.o? 1807 
Amarillo Ba]fo x Mezcla tropi

cal II .E.o2 1808 
Amarillo Bajfo x Pl. pcq. maz. 

grandc H. E. o,) 1809 
Marz tropical selccci6n Bo.tan 

1810 

42 
178 

21 . 
29 

188 
144 

319 
85 

178 
86 
48 
6~ 
13 
42 

70 
92 
97 
52 

50 
65 

190 

97 

51 

73 

"25 

21. 

45 

(°lo) protein (%) 

7. 9. 
8.6 
7. 7 
7.7 
8.5 
8.0 
8.1 

7.8 
7.8 

8."7 
8.7 
8.8 
9.0 
8.2 
·8. 7 

8.8 
8.4 
8.2 
8.3 

8.~ 
8.3 
8.8 

8.3 

8.6 

9.2 

9.1 

8.9· 

8.4 

0.78 
0.82 
0.82 
0.80 
0.77 
0.86 
0.77 

o. 80 
0.91 

0.73 
0.78 
-o. 76 
0.75 
0.80 
0. 7.6 

0.78 
0.80 
0.78 
0.78 

0.78 
0.82 
0.73 

0.74 

0.84 

0.74 

0.72 

0.72 

o. 71 
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"TABLE 12.- Mean values for protein and tryptophan in endosperm 
of some highland quality protein hard endosperm 
opaque-2 materials. 

. .......... -·· -- . ~ .......... 

Pedigree Origin . No.of Protein. I ryptophan in 
families (%) protein (%) 

-16 
Pool 1 H.E.o2 . 2601 42 10.0 0.80 

Pool 2 H. E. o2 2602 53 9.6 0.82 

Pool 4 H.E.o2 2603 132· 10.0 . 0.85 

Pool 5 H.E.o2 2604 33 10.4 0.78 

Pool 7 H.E.o2 2605 31 9.6 0.80 

Pool 9 I-I. E.o2 2606 60 10.3 0.81 

Pool 10 H. E. o2 2607 15 10.3 0.79 

Pool 11 H.E. o2 · 2608 13 9.6 0.92 

Pool 12 H.E.o2 2609 29 9.9 0.82. 

Pool 13 H. E. o2 2610 38 9.5 0.75 

Pool 14 H. E. o2 2611 12 9.4 0.94 

l\.fezcla ainarilla P. B. 
x Lin. Ill. H. E.o2 2613 52 9.7 0.83 

Mezcla amarilla P. B. 
x Lin. Ill. x prcco-
ces H. E. o2 2614 36 10.2 0.82 

Planta Peq. :rviaz. Grande 
H.E.o2 2615 56 9.9 0.80 
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TABLE 13. - Mean values for protein and quality index in some hard 
endosperm opaque-2 materials. 

Pedigree 

Mezcla tropical blanca 
H.E.o2 

Mix.1-Col. Gpo. 1 x Eto 
H.E.o2 

Mezcla amarilla H. E. o2 

Amarillo Dentado H. E. o~ 

White o2 B. u; Pool 

Yellow o2 B. U. Pool 

(Whole kernel analyses) 

Origin 

PR-76B 
803 

802 

805 

801 
PR-76B 
Lote 91 

Lote 92 

No. of · l\Iean values 
families Protein (%) Quality index 

134 9.8 4.0 

58 9.3 3.9 

162 9.8 3.6 

96 7.8 4.1 

443 7.0 3.7 

430 9.3 4.7 
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TABLE 14. - Mean values for protein and tryptophan in 'some hard 
endosperm op::i.que-2 materials of tropical and temperatE> 
origin (1977A harvest). . -

(Endosperm Analyses) 

Pedigree Origin No. of Pro_teur___,Tryptophan 
families (o/o) in protein(%) 

Mix. 1-Col. Gpo. 1 x Eto H.E. o 2 
Mezcla Amarilla H. E. o2 . 

Amarillo Den ta do H. E. o2 
Blanco Cristalino H. E. o2 
Pool 23 H. E. o2 

Amarillo Subtropical H. E. o
2 

Blanco Subtropical H. E. o2 
Eto x Ill. H. E. o 2 
Amarillo Pakistan H. E. 02 

Blanco Pakistan H. E. o., 
&.I 

Hungarian Comp:>site H. E. o2 
Pool 27 H.E.o2 
Pool 29 H. E. o 2 
Pool 30 H. E. o2 
Pool 33 H. E. o2 
Pool 34 H. E. o2 
Amarillo Bajio H. E. o2 
Mezcla Amarilla P. B. x Lin. Ill. , 

309 122 

311 125 

308 166 

316 266 

321 264 

TL-77A 
1311 243 

1312 69 

1313 74 

1314 55 

1315 12 

1316 

1304 

1319 

. 1317 

1318 

1305 

1302 

68 

61 

23 

14 
. 28 

75 

280 

H.E.o2 1303 131 

Amarillo Bajio x Maices Argcntinos 
H.E.o2 1306 92 

Amarnlo Bajio x varios templados 
H. ~· o2 1307 131 

Amarillo Bajio x lVIcz. Trop.Amari-
lla H. E. o2 1303 144 

· Amarillo Bajio x Pl. Pcq. l\laz. Gran-
de H. E. o2 1309 30 

Makes tropical sclccci6n Bato.n 
H.E.o2 1310 80 

8.1 

8.4 
8.0 

8.2 

8.0 

8.7 

8.7 

9.0 

8.5 

8.4 

9.3 

9.0 

8.7 

9.2 

9.4 

8.2 

9.0 

·9.1 

8.4 

8.7 

9.2 

9.5 

·a.6 

0.77 
0.78 

0.79 
o. 74. 

0.79 

0.72 

0.78 

0.70 

0.70 
0.80 

·o. 12 

0.66 
0.74 
o.-79 

0.71 
0.73 
0.71 

0.69 

0.77 

0.80 

0.77 

0.66 

0.69 
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* H.S. ears 
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TABLE :16. - Highland opaque-2 materials in the back-up stages of the program. 

Population 
Method of Cycle of No. of fam. involved 

recombination recombina in recombination 
tion -1976 1977 

Highland modified opaque-2 composite H.S. c2 205 288 

Floury opaque-2 composite a.s. C4 365 479 

Puebla opaque-2 composite H.S. C5 287 384 

Composite I H.S. C5 359 2.42 

Highland altitude opaque-2 composite H.S. cs. 234 174 

Puebla o2 x Barraza H.S. F3 200 157 

Mezcla Amarilla P. B. x Lin. Ill. H. E. o2 F. S. F3 57 79 

Mezcla Amarilla P. B. -Lin. Ill. x 
prccoces H. E. o2 F.S. Fa 42 53 

Planta pequefia mazorca grande H. E. o2 F.S. Fa 70 46 

Composite I H. E. o2 F.S. ~5 114 122 

Modified o2 families resulting from 
intercrosses among different fam. F. S. F2 58 77 

Highland 'White H. E. o2 families F.S. Fl 57 
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TABLE 17 .-.. Protein and tryptophan content of some opaque-2 materials 
in -the back-up stages of the program. 

Pedigree Origin 
No. of Protein Tryptophan in 
fam. (%) protein {%) 

Yellow o2 B. U. Pool {H. S.) c3 

White o
2 

B. U. Pool Pool (H~ S. )C3 

Late 'Vhite Dent H. E. o2 

811 

832 

810 

•108 

93 

133 

812 
TL-77A 

Temperate x tropical H. E. o2 1301 250 

Yellow flint H. E. o2 55 

Temperate x tropical H.E.o2 (flint) Lote 191 242 

Highland modified o2 .comp. 

Floury opaque-2 Con~posite 

* Quality index 

Lote lSl 
BA-76. 
Lote 295 ·312 

Lote 291 324 

7.7 

7.8 

7.9 

9.2 

8.7 

7.7 

7.5 

9.3 

8.9 

0.81 

0.78 

0.87 

0.74 

o. 70 

0.72 

o. iJ 

0.81 

4. 5>'.c 



TABLE 18. - Progeny trials conducted within Mexico during the year 1976 

Population No.of Type of Locations Total families families Poza Rica Tlaltizapan Obreg6n 

Tuxpeno opaque-2 250 Full sibs x x x 3 . 

PD(MS) 6 H.E. o
2 250 " :x x x 3 

• 
CIMMYT H.E.o2 250 II . x x. x 3 

0 
Full sibs from white o2 250 II .3 ~ back-up pool. x x x 



TABLE 19 • - Summary of performance of fJll-sib families from four different opaquc-2 populations. 

-
No. of families Mean yield in ton/ha Selection Pbnt height in ems. ~ to 11,)'::cr 

Population test site tested selected tested S1!lcctecr' differential c. v. L.S. D. tested selected tcsrnd s~lc:cl( 
(%) {. 05) 

Tuxpeno opaque-2 Poza H.ica 250 84 1958 2117 8.12 26.9 1051. 193 190 59 59 
· (IPTT-37) Tlaltizapan 250 84 3870 4373 13.00 27.0 2003 172 170 73 72 

Obreg6n 250 84 4372 4772 9.15 18.9 1647 220 216 63 63 
Across 250 84 3400 3755 10.44 - - 195 193 66 65 

PD(MS)6 H.E.0
81 

Pozn Rica 250 93 1677 1814' 8.17 27.1 915 200 107 57 56 
(IPTT-3 Tlaltizapan 250 93 3751 4112 9.62 23.3 1742 201 200 67 G6 

Obrcg6n 250 93 3174 3535 11. 37 20.9 1329 230 220 61 60 
Across 250 93 2868 3154 9.97 - - 211 209 62 61 

CIMMYT H. E. o2 _ Poza Rica 250 96 1832 1990 8.62 31. 7 1163 203 200 58 53 
Tlaltizapan 250 96 3942 4240 7.56 18.2 1429 213 210 68 67 
Obreg6n 250 96 3326 3748 12.69 17.8 1191 235 232 G2 61 
Across 250 96 3034 3327 9.66 - - 217 215 63 62 

:;;: White opaque-2 Poza Rica 250 99 2760 2968 7.54 26.5 1458 214 212 58 58 
Back-up Pool Tlaltizapan 250 99 4003 4440 10.92 26.7 2130 182 183 72 71 

Obreg6n 250 99 3867 4188 8.30 17.4 1348 226 223 63 63 
Across 250 99 3543 3866 9.12 - - 208 207 65 o4 
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TABLE 20 • - Distribution of progeny trials during the year 1977. 
(Quality protein materials). 

Population 

. . PD(MS)6 H. E. o2 . 

South America 

ro 
cd .,..; 

> 
;:I 
0 

P'.l 

.,..; 

~ o· 
r-C 
0 
t) 

Temperate x Tropical H.E.o2 
x· x 

White H.E.o2 

Tuxpcno opaque-2 

CIMMYT H. E. o2 

TOTAL 

Central America 

~ 
El 

"(LJ 

1iS 
t3 

cd s 
cd 
§ 
~ 

x x . 

Mexico 
cd i::: 

cd (.) P.. •.-4 i:: 
~ ro 

N '° •.-4 co 
cd ....... C.J 
N r-1 H m 0 ..-4 ..a 
~ t-i 0 

x x 

x 

x x x 

x x 

x x x 

Ag·ica Asia 
ti) U) 

Cil C.J 
0 ro ~ " t) 

..... ·&· ;:: Total i:: 
....... 

~ 
ro ..... ,... d 

~ 
N ~ ~ .:::- ..... 

H l""'4 ....... 
i::: ..... °'4 .,..,. '1 

0 ell " CJ ..c:: .-::: 
Ci! ~ ~ .5 z c... H 

x x 6 

x x x 6 

x x x 6 

2 

3 

23 
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TABLE 21. - 1976 !PTT distribution of quality protein materials 

Population No. of sets distributed Total 
"Peru Honauras Nicaragua 1V1exico(1~R) Ivory Coast Nigeria 

Yellow H. E. o2 1 1 1 l 1 1 6 
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TABLE 22. - Protein, lysine and tryptophan in the whole grain of 
some promising hard endosperm opaque-2 materials 

Material Protein Lystne in protein Tryptophan in 
(o/o) (o/o) protein (%) 

PD(MS)6 H. E. o2 10.8 3.4 0.83 

Amarillo dentado H. E. o2 11.2 3.5 0.88 

-CIM1V£YT H. E. o2 10.9 3.8 0.97 

White opaque-2 Back-up Pool 10.4 3.5 0.89 

Ant. x Ver. 181 H. E. o2 11.2 3.6 1.00 

Temperate x tropical H. E. o2 9.2 3.8 1.12 



' 
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TABLE 23. - Percent protein1 tryptophan and different protein fractions in 
the endosperm. 

"lo Protein % Tryptophan Protein fractions in endosperm protein 
Material in in protein in (%) 

endosperm en.do sperm Acid soluble Alcohol soluble Glutenin 

PD(MS)6 iI. E. o2 8.9 0.70 28.4 34.3 ~8.8 
• 

Amarnio dentado H. E. o2 8.7 0.77 31. 5 36.0 30.0 

CIM:MYT H. E. o2 8.8 0.73 29.4 34.8 30.6 

·'White opaque-2 back-up pool 8.4 0.83 30.3 29.8 28.8 

Temperate x tropical H.E.o2 8.0 0.88 32.2 33.7 31. 6 

Ant. x Ver.181 H. E. o2 8.4 0.83 32.0 37.4 30.2 



TABLE 24. - Complete amino-acid analysis of the endosperm in some promising hard endosperm opaquc-2 
materials. · 

PD(MS)6 Amarillo Dent. CIMMYT White opaque-2 Ant. x Vcr.181 Temp. x Trop. Tuxp<:fi::> 
Amino-~cid H.E.o2 H.E.o2 H.E.o2 Back-up pool H.E.o2 H. E. o2 Normal 

Lysine 2.98 '3.13 3.09 2.85 3.14 3.04 1. DO 
Histidine 4.15 4.19 4.30 3.94 4.66 ·3. 03 2.45 
Arginine 3.99 5.22 4.78 4.75 4.69 4.53 3.23 
A spartic acid 7.35 8.01 7.50 7.02 7~51 7.75 5.82 
Threonine .. 3.99 4.06 3.99 3.7G 4.03 3.04 3.15 
Serine 4.28 . 5.12 4.83 4.76 4.05 5.0G 3.-17 
Glntamic acid 20.03 20.12 19.64 18.10 . 20.22 18.0G 2-1.2D 
Praline 11. 70 13.0G 11.68 ·11. 23 11. 75 11. OG 11.21. 
Glycine 4.36 4.47 4 .. 42 4.25 4~51 4.29' 2.02 
Alanine 8.06 s. 13 7.89 7.18 8.0G 7. 4 !) 0.2G 
Cystine 2. 07 2.25 1. 94 2.14 2.17 2.01 0.7G 

'Valine 5.69 ·s.74 5.93 4.94 5.95 5.31 4.01 
col\1 cthionine 1. 70 1. 55 1. 35 1. 37 1. 51 1.40 1. 43 
~lsoluicine 3.82 3.91 3.94 3.19 4.02 3.46 3.17 

1 
Lcucinc 13.07 13.02 12.77 11. 39 13.05 11. GG 14.53 
'l'ryosinc 4.18 4.61 4.38 4.25 4.52 3.0G 4.15 
Phenylalanine. 4.91 5.33 5.02 4.71 5.33 4.56 5.17 
Tryptophan 0.70 0.77 0.73 0.83 0.83 0.88 
"lo Protein 8~9 8.7 8.8 8.4 8.4 s.o 9~2 
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TABLE 25. - Development of experimental varieties from Yellow H. E.o2 (IPTT-39) on the basis of 
1976 data • 

. Yellow H.E.o2 Santa Rosa 7639 4262 5634 2052 '32, 2. 174.6 56 55 209 211 

To cum en 7639 4293 5250 4507 22.3 16.5 55 55 209 210 

Poza Rica. 7639 1949 3123 1645 60.2 89.8 60 59 197 199 

·Across : 7639 3501 4298 2735 22.8 57.0 57 57 205 208 

30.0 20.2 

17.4 9.4 

2.5 2.1 
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TABLE 26. - Development of fioury-opaque-2 materials. 

. Population Selection Cycle or No. of fam. planted 
procedure ~eneration during 1977 

· . Floury-opaque-2 Composite H.S. C4 479 

Pool 3 (opaque-2)-#-11 H.S. c1 S93 

Pool 8 (opaque-2)-#-# H.S. c1 185 

Large seeded floury-opaque-2 
families F.S. cl 53 
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'TABLE 27. - Percent protein# tryptophan. and different protein fraction in 
the endosperm. 

Material 
Protein Trytophan 

(o/o) in protein 
(%) 

Protein fraction in endosperm protein (ii;o) 
Acid Alcohol Glutenin 
soluble soluble 

Floury 1-
opaque-2 Comp. 8. 9 0.70 28.4 34.3 28.3 
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TABLE 28. - Complete amino-acid analysis of Floury-opaque-2 Composite. 

Amino Acid 

Lysine 
Histidine 
Arginine 
Aspartic acid 
Threonine 
Serine 
Glutanic acid 

. Proline 
Glysine 
Alanine 
Cystine 
Valine 
Methionine 
lsoluicine 
Leu cine 
Tryosine 
Phenvlalanine 
Tryptophan 
"/o Protein 

Whole grain 

4·.1 
2.9 
5.6 

10.2 
3.5 
4~ 6 . 

15.9 
8.0 
4.4 
6.8 
1.1 
5.0 

·1.5 
3.1 
8.6 
3.7 
4.2 
1.0 
9.7 

Endosperm 

3.5 
3.3 
4.9 

10.9 
3.9 
5.2 

18.9 
9.5 
4.3 
7.7 
1.6 
5.3 
1.7 
3.7 

11'. 2 
4.5 
5.0 
1.1 
7.2 



S.No. 

1 
2 
3 
4 
5 
6 
7 
8 

·9 

TABLE 29. • Kernel weight, volume and density comparison of opaques and sugary-2-opaque-2 segregates 
in different opaque-2 backgrounds. 

Pedigree 

(Vcr.181-Ant. Gpo. 2xVen. lo2x ~o2 )-# 
(Yellow II. E. o2 x 1 )-fl 
(White H. E. o x 11 )-# 
(Yellow o2 B.2u. Pool x 11 )-# 
(White o2 B. U. Pool x 11 )-# 
(Tcmpcratc-tropic:il H. E. o2 x 11 )-fl 
(Ant.xVcr.181 II.E.o x 11 )-# 
(Mczcla amarilla II. 2 o · x 11 )-II 
(Ama..rillo Crist:ilino H. E. o2 x 11 )-# 

No. of 100 kernel wt. in grammes Volume (C. C.) Den.sit;,·':' 
samples o

2
o

2 
$U

2
su

2
c.

2
o

2 
Difference o

2
o

2 
su

2
su

2
o

2
o

2 
Difference o-2-o-2-su-2-s-u~2-o-?o-2--n .... i .... f:~E.-r-c-n-ce-

. (o/o) (o/o) ~ (~',,} 

7.3 
5:7 
8.3. 
6.2 

10.6 1. 221 
1.232 
1. 2GO 
1. 2:14 
1. 2'1G 

3.6 
3.4 
3.8 
7.2 
3.3 
7.3 
S.6 
3.5 
9.3 
8.5 10 

11 
12 
13 
14 
15 

(Amarillo clcntado H. E. o2 x 11 
, )-# 

(Tuxpc!1o Caribc H. E. o . x 11 )-# 
· (1\'Iczcla tropical bl.anca2li.Eo2x " )-fl 
(Blanco Cristalino H.E.o2 ll: 11 )-1# 

56 
37 
27 
33 
24 
47 
27 
31 
35 
33 
36 
45 
26 
20 
37 
42 
27 
35 
32 
24 
36 
35 
14 
36 

28.8 
28.l 
29.0 
27.4 
20.3 
28.l 
28.4 
27.8 
26.3 
27.5 
30.5 
28.7 
28.5 
27.3 
27.3 
2D.5 
27.8 
28.D 
28.4 
28.0 
27.6 
28.8 
29.7 
29.1 

26.7 
26.5 
26.6 
25.7 
25.G 
26.2 
26.7 
25.9 
24. 7 
26.0 
28.6 
27.0 
26.5 
25.7 
25.4 
27.5 
25.4 
26.1 
25.7 
.26.1 
24.9 
26.0 
26.6 
26.5 

12.6 
6.8 
6.0 
6.8 
6.1 
5.5 
6.2 
5.9 
7.0 
5.9 
7.0 
6.8 
8,6 
9.7 
9.5 
6.8 
9.8 
9.7 

24.5 
23.6 
24.6 
23.4 
25.3 
24.0 
24.5 
23.8 
22.6 
24.l 
26.6 
24.8 
24.4 
22.5 
23.5 
25.4 
23,6 
24.0 
23.9 
24.4 
23.7 
24.3 
25.8 
2,4. 5 

21. 9 
21. 5 
21.1 
20.5 
20.6 
20.8 
21. 2 
20.4 
l!). 5 
21. 0 
22.7 
2l. 5 
21. G 
20.4 
20.1 
21. 8 
19.9 
20.5 
20.5 
20.7 
19.5 
21. l 
20.7 
21.1 

8.9 
14.2 
12.4 
18.6 
13.3 
13.5 
14.3 
13.7 
12.9 
14.7 
13.3 
11. 5 

1.179 
1.101 
1. 214 
1.170 
1. 206 
1. 170 
1.158 
1.168 
1. lGO 
1. 144 
1.143 
1.157 
1.167 
1. 214 
1.163 
1. 163 
1.178 
1. 170 
1. 155 
1.148 
1, lDD 
1.152 
1.154 
1.190 

'1. 255 
1. 253 
1. 2G7 
1. 2G3 
1. 241 
1. 263 
1. 2 3:3 
1.2~2 
1. 2G2 
l.2Gi 
1. 2G3 
1. 215 
1. 271 
1. 251 
1.256 
1. 230 
i. 2:rn 
1. 235 
1.257 

10.0 
8.3 
5.6 
3.9 
8.0 
8.6 
8.2 
S.G 
8.3 
9.4 
6.8 
7.5 

..... 16 
It) 17 

13 
I 19 

20 
21 
22 
23 
24 
25 

26 
27 

(La Pasta II. E. o2 x 11 )-# 
(Pool 21 II. E. o2 x 11 )-# 
(Pool 22 H. E. o2 x 11 )-# 
(Pool 23 II. E. o,, x " )-# 
(Pool 2·1 II.E.<r. x 11 )-# 
(Pool 25 II. E. o~ x 11 )-# 
(Pool 26 II. E. o x 11 )-# 
(PD(:\'!:s )G H. E. 82 x II )-# 
(Cll\'liVIYT H. E.o x 11 }-/# 
(TuxpcfioC -La 2i>osta H.E.x 11 )-# 
(Lincas Ell Jsalvador H. E. o2 x 11 )-# 
(Thai Comp. H l-PD(MS)6 
H. E. o? x 11 )-# 

(Amarino Dajio H. E. o2 x 11 }-# 
(Amarillo Bajio x Mezcla 

Tropical Am. II. E. o2 x " )-# 

AVERAGE** 

35 
. 20 

33 

27.1 
28.5 

27.3 

28.3 

25.2 
26.6 

25.3 

26.l 

• SP,ecific gravity with respect to water at room temperature. 

10.4 
8.9 

7.0 
6.7 

7.3 

7.8 

23.0 
24.4 

... 23. 0 

24.2 

** Average for 100 kernel weight. volumes and specific gravities of all materials. 

20.1 
21.1 

19. 8 . 

20.a 

9.3 
14.5 
H.2 
15.7 
14.6 
14.2 
15.2 
17.7 
13.2 
19.8 
13.9 

12.6 
13.5 

.. 13. 9 

14.0 

1.177 
1.167 

1.184 

1.172 

1. 252 
1. 259 

1.276 

1. 257 

11. 4 
5.6 

6.4 
7.9 

7.8 

7.3 



S.No. 

1 
2 
3 
4 
5 
G 
7 
8 
9 

10 
11 

N 12 Ill 
13 
14 
15 
16 
.17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

I TABLE 30. - Percent protein, lysine ar.d DBC values in the whole kernel of opaque-2 and sugary-2 
opaque-2 segregates recovered from different materials. 

Protein Lysine in protein DBC 
1"iaterial (%) (%) 

0202 su2su2o2o
2 0202 su2su2o2o2 0202 su2su2o2o2 

Ver. 181-Ant. Gpo. 2 x Ven. 1 o
2 11.8 10.8 3,"9 3.9 54 54 

Yellow II. E. o2 11'. l 11.1 4.4 3.8 5G 59 
White H. E.o 10.6 11. 1 4.0 3.4 51 57 
Yellow opaqut-2 back-up pool 10.8 11. 4 3.8 4.0 52 5!) 

White opaque-2 back-up pool 11. 5 11. 5 4.2 3.9 56 60 
Temperate x tropical H. E. o2 11. 4 11. 4 4.2 3.9 57 ()2 
Ant. x Ver.181 H. E. ot 11. 6 11. 3 4.0 4.1 57 GO 
l\'lczcla amarilla H. E •. 2 lLS 11. l 3.8 3.7 52 58 
Amarillo Cristalino - l H. E. o2 11. 3 11. 0 3.7 4.0 52 57 
Amarillo dcntado H. E. o2 11.1 10.9 3.6 4.0 54 59 
Tu:>.:pcilo Caribc H. E. o 10.6 10.6 4.6 4.2 53 57 
Mczcla tropical blanca2H.E.o2 11. 1 11. 8 4.0 3.8 52 53 

11. 0 11. 2 4.4 3.5 53 ~o Blanco Cristalino H.E.o
2 

:::i \I 

La Posta II. E. o2 11. 2 10.9 4.2 4.4 52 GG 
Pool 21 II.E.o2 11. 0 11. 2 3.9 4.1 52 GO 
Pool 22 H. E. o2 11. 0 10.9 4.1 4.3 52 62 
Pool 23 II. E. o2 10.6 10.8 4.2 4.4 50 64 
Pool 24 ILE. o2 11. 0 11.1 4.2 3.9 52 54 
Pool 25 H. E. o2 11. 0 11. 3 4.0 4.0 54 58 

11.1 11. 2 3.7 4.0 54 :: 0 Pool 26 II. E. o? vV 

PD(MS)G H. E. o2 11.1 11. 4 3.6 4.1 52 62 
Cil\.11\lYT H. E. o 10.5 11.4 3.7 4.1 50 60 
Tuxpe1'10 CM x La Posta H. E. o2 10.6 10.7 3.8 4.0 50 56 
Lineas El alvador H. E. o 10.8 10.3 4.2 4.2 51 57 
(Thai Composite II 1 x Pti<MS)6 H. E. o?)-11 11. 3 12.0 3.6 4.2 52 66 
Amarillo Baj!o H. E. o .. 11.S 11.2 - 4.1 53 61 
Amarillo Bajio x Mez~la tropical amarilla 10.5 . 10. 7 4.0 4.6 50 57 



Amino acid 

Lysine 

Histidine 
Arginine 
Aspartic acid 
Threonine 
Sedne 
Glutamic acid 
Pro line 

Glycine 
Alanine 
Cistine 
Valine 
Methionine 
Isoleucine 
Leu cine 

Tyrosine 
Phenylalanine 
Tryptophan 
fa Protein 

(') 
It) 

I 
TABLE 31. - Amino acid composition of the w:1ole grain in opaque-2 and sugary-2 opaque-2 

segregates recovered from diffe1 ent materials. 

Ver.181-Ant.Gpo. Yellow H.E.o2 Temperate x tropical Mczcla amarilla Amarillo dentado Tuxpetlo caribe Pool 24 PDC\lS) 6 
x Ven. 1 ?2 · H.E.o2 H.·E.o2 H.E.?2 II. E.o2 . H.E,o2 

o2o2 su2su2o2o2 o2o2 su2su2o2o2 o2o2 su2su2o2o2 ~!02 SU2SU20202 0202 SU2SU2<?202 0202 SU2SU20202 0202 su2su2 0202 s~.s~°i~ . 

3.7 3.8 4.0 3.8 3.7 3.9 3.7 3.9 3.8 3.7 4.0 3.9 3.5 3.8 3.7 3.8 

3.4 3.0 3.1 3.0 2.7 2.8 2.5 2.8 2.9 2 8 3.0 2.9 2.8 2.9 2.9 2 9 
6.0 6.2 6.2 6, J, 6.0 5.9 5 .. 6 5,6 6.1 5.6 6.4 5.9 5.7 5.8 6.0 5.8 
9.0 9.0 9,3 8.9 9.3 8.9 9.9 • 9.8 9.5 8.9 10.6 10.2 8.6 9.1 9.7 9.1 
3.7 3.6 3.7 7.3 3.7 3.6 3.3 3.5 3.6 3.5 3.7 3.6 3.5 3.5 3.4 3.5 
5.2 5.9 5.2 5.1 5.1 5.0 4.7 4.7 5.1 4.8 5.3 5.0 5.0 4.9 5.0 4.7 

16.6 15.4 16.0 16.0 16.8 15.3 15 2 15.2 16.6 14.8 17.2 15.5 15.5 14.7 16.7 14.9 
9.3 8.5 7.8 8•6 8.9 8.4 8.3 8.4 8.8 8.2 8.8 8.6 8.2 8.6 8.5 s.a 
4.9 4.6 4.8 4.7 4.5 4.6 4.4 4.6 4.8 4.6 4.8 4.7 4.5 4.7 4.7 4.5 
7.1 6.3 6.9 7.0 7 0 6.9 . 6 6 6.7 6.8 6.7 7.1 6.8 6.6 6.7 6.6 6.6 
1.7 1.6 1.9 2.0 1 7 1.6 1.7 . 1.3 1. 5 1.6 1.4 l. 7 1.4 1.5 1.4 1. 6 
3,9 3.7 3.9 3.8 3.8 3.7 3 4 . 4.0 3.8 3.7 • 3.9 3.8 3.7 3.6 3.6 3.6 

1.6 1. 6 1.4 1. 7• 1.7 1.6 1.6 1. 3 1.6 1.4 1.4 l. 6 1.4 1.5 1.4 l. 4 

2.4 2.2 2.5 2.3· 2.5 2.2 2.1. 2.5 2.3 2.2 2.4 2.2 2.1 2.1 2.1 2.2 

9.2 8.4 9.1 8.7. 9.3 8.3 8.2 7.9 8.7 8.3 9.0 8.5 8.3 8.1 s.1 8.3 

4.5 3.9 4.1 3.8 4.1 3.8 4.0 3.6 4.0 3.6 3.9 3.8 3.5 3.5 3.8 3.6 

5.1 4.2 4.7 4.4 4.7 4.4 4.5 4.0 4.3 4.0 4.5 4.3 4.2 4.1 4.2 4.1 

0.9 0.8 0.9 0.8· 0.9 0.9 1.0 0.9 0.9 0,9 1.0 0.9 0.9 o.a 1.1 o.a 
11.8 12.8 13.0 13.1 . 13.5 13.1 12. 1 13.0 12.6 12.9 12.4 12.8 12.5 12.9 2.1 13.4 
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4 
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TABLE 32. - Correlation coefficients (r) among several characters of opaquc-2 
and sugary-2 opaque-2 S•~gregates recovered from 27 segregating 
populations. 

Character 2 3 4 5 6 7 

100 kernel weight 0202' o. 940)!C>!< •O. 186 .!0.244 -0.207 0.190 0.047 

su2su2o2o2 o. 942** -o. 221 -0.181 -0.300 -0.172 0.001 

· Kernel volume 0202 -o. 504*)!< -0. 278 -0.190 0.217 0.106 

su2su2o2o2 -0.535** -0.164 -Q.190 -0.220 -0.052 

Kernel density ·0202 
. 0.180 o. 030. -0.153 -0.130 

su2su2o2o2 0.006 -o. 210 . 0.213 0.155 

Protein content of 0202 0.257 -o. 611 ** o. 077 
endosperm su2su2o2o2 0.188 -0.440* 0.168 

Protein content of · 0202 -0.192 -o. 448>!< 
whole kernel su2su2o2o2 -0.059 -0.242 

Lysine in protein 0202 0.266 
of endosperm su2su2o2o2 

0.050 

Lysine in protein 0202 
of whole kernel 

su2su2o2o2 

* Significant at O. 05 probability level. 
'** Significant at O. 01 probability level. 
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TABLE 33. - Percent protein. lysine· and different protein fractions in the 
endosperm of eight sugary-2/opaque-2 materials. 

Protein Lysine Protein fractions in protein (<1:~ \ 

s. No. Pedigree ('fc,) in pro- Acid Alcohol II' 
·tein (%) soluble soluble Gluten.in 

1 Ver.181-Ant. Gpo. 2x Ven. 9.3 3.7 28.6 26.6 44.5 . 
2 

1 02 
Yellow H.E.o2 9.4 3.6 28.7 28.4 42.8 

3 Temperate x ·Tropical 10.2 3.6 26.5 29.4 39.6 

4 
H.E.oA 

Mezcla marilla H.E.o2 9.4 4.3 28.3 26.8 44.4 

5 Amarillo Dentado H.E.o2 9.2 3.7 29.4 29.1 41.3 

6 Tuxpeiio Caribc H. E. o2 9.4 3.4 26.4 29.5 44.0 

7 Pool 24 H. E. o,.. 9.0 3.8 28.0 25.7 46.0 ,.. 

8 PD(lVIS)6 H. E. o2 9.5 3.5 26.5 28.9 44.4 



. co 
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I 

Trial No. 

EVT-15 

ELVT-19 

TABLE 34 ... Distribution of EVT-15 and ELVT 19 during the year 1076. 

No. of 
entries 

25 

10 

No. of sets distributed in different countries 
-s-o_u_t_h_A_m_e_r_i_· c_a_C_e_n_t_r_a_l_A-rn-~rica Caribe Mexico Africa Asia North A1ncrica 

6 8 4 3 9 6 

8 12 .. 6 5 . 12 16 1 

Total 

36 

. 60 
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l!:ntey 
No, 

1 
• 2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
ia 
19 
20 
21 
22 
23 
24 
25 

Populationa 

Guanacastc 7437 
Cot:ixtla 7437 
Sids 75S7 
Cotaxtla 7537 
Poza Hira 7537 
Arross 7537 
Pirhilinn,ue 7439 
Suwan ;·43() 
Cot:n.·tla 7439 
Acro;is 74:l::J 
La :'116quina 7539 
Ama;-il.lo Dcn.tado H,E,o2 CJ:\t .. llT II. E. o2 Across 7539 
Temp. x Trap. H,E,o2 Across 7-1-10 · 
La M:\quina 7540 
San Andres 7440 
Fcrkc 7'137/2 
Tuxpcno opaque-2 
Ycll1Jw u. E.o2 While H.E,~ 
PD(:\15)6 H, l!O, o

2 Check 1• 
Check a• 

Mean• 
LSD (.05) 

c.v. 

TABLE 35 ,. Results of Experimental Variety Trial No. 15 during the year 1976,(Gro.in yield in 
kgs/ha, at 15°1e moisture), 

5.., 
EHl 
::S II 

g~ 
£-<P. 

4429 
5240 
5278 
50!)1 
5473 
5070 
4654 
4007 
5029 
4·511 
4179 
4357 
4403 
5007 
4074 
4306 
5042 
3749 
53 Of> 
4916 
4307 
4178 
3U75 
3301 
4631 

4640 
638 

9.7 

al 

-.~ QI al ;; a 
0 11 
Ill ... 

5784 
4356 
50118 
5465 
475() 
5060 
5076 
4726 
4333 
'1:159 
4308 
4464 
5501 
4701 
3783 
5010 
4775 
4271 
5067 
5015 
4681 
4546 
4093 
4780 
5241 
4813 

969 

14.2 

·~~ 
r{li.i 

2625 
2B40 
2258· 
2201 
30115 
3302 
3129 
3317 
3361 
3Hl0 
3354 
3337 
3033 
3384 
2312 
3302 
3U36 
3H>7 
2400 
3012 
3467 
2881 
3770 
1722 
3395 

3052 

947 

21.9 

k 

i 
!: .!! 
al 'O 
p.,!i 

2303 
2331 
21171 
2422 
3083 
2379 
2538 
2·103 
2236 
2653· 
2:120 
2472 
2639 
2033 
2445 
2311 
2314 
2475 
2713 
2237 
2417 
2137 
2367 

775 
2491 

2480 

828 

23.6 

QI 

~k 
.... 0 
:::: 'CJ 
.d d 
u ::s ... u 

P.C<l 

5025 
4420 
4703 
4320 
5097 
47113 
5333 
4781 
4558 
4722 
4579 
3!ll7 
4168 
4469 
3·iG3 
4222 
411.Jl 
4074 
4673 
4142 
4546 
4311 
4338 
3293 
5979 

4534 

676 

10.5 

II 
al• .. 
"'.a ... e 

.§ .9 
al 0 
P.U 

4704 
4t07 
4361 
47!l4 
4019 
4C.!l6 
4446 

.3!J35 
3!l39 
4CJ77 
3015 
4·102 
2973 
31l34 
2:?41 
31130 
3i86 
3'~8 
3f. ~>1 
4!l53 
3813 
3317 
3f53 
2[-53 
5321 
4(72 

"71 
16.9 

Ill I< 
QI 0 
I< "O 

~~ 
~ 

~f;i. 

4079 
42!ll 
411l5 
4024 
4000 
3700 
3512 
3304 
3636 
3C19 
3949 
3339 
3624 
4039 
3164 
3321 
3Ci30 
3527 
3353 
3!l33 
34tl!l 
3497 
3330 
3912 
3970 

3730 
815 

15.4 

41 al 
.. u Ill .... 

~p:; 
<l al 

~ti ::s 0 
~u 

2060 
lBlll 
2207 
2089 
220!l 
2088 
1549 
1736 
11123 
1625 
1303 
1771 
1473 
185'1 

!)fl!) 

2038 
1570 
1654 
1086 
1607 
1353 
1526 
1756 

451 
1559 

1712 

642 

22.4 

..... 
d • .a e 
~8 
I< 
u·· • 0.. 

Jj~ 

3206 
3.012 
3476 
3003 
3612 
2649 
2GG7 
26!Jl 
27-16 
26f>2 
2fl32 
3279 
2673 
27115 
2079 
2646 
2676 
2403 
23·12 
2J03 
2342 
2776 
2570 
3288 
3146 

2836 

536 
13.4 

L1 
II <ii 
:! s... i::.g 
~ Q 

8~ 

2630 
2106· 
2273 
2061 
2!Hl7 
2G7!l 
2136 
24-12 
2230 
2042 
2-142 
2EM9 
2533 
27D4 
1H27 
1706 
2206 
2153 
2006 
2·124 
2036 
2032 
2173 
1391 
1576 

2260 

715 

22.4 

-;; § 
~Ui 
Ill .... 
M .!<: 

.... d p..p.. 

43..;5 
3751 
4276 
•1'164 
3904 
422!l 
3!i58 
3320 
3GGO 
3724 
3158 
3'106 . 
3006 
3122 
3214 
3411 
3G68 
3141 
3306 
2052 
3492 
3·143 
27"17 
2108 
2603 

3493 

912 

18.4 

'O 

Q § 
m~ 
:: rJ 
;:>·C: 
(I)!-< 

10511 
32f>ll 
27!ll 
1491 
2G55 
1613 
2712 
2-176 
30J3 
2553 
207!) 
3227 
2G:J6 
2.JG7 
2206 
3101 
2:i73 
31:i:i 
13fl7 
1G61 
1 G:l!J 
1900 
2321 
4315 
6573 

2G93 

832 

21.9 

• not the same check• at each location, 

d 
u 
ix: 0 

u 
l'I""' 
ll x 
o~ 
~?. 

1701 
1812 
1215 
2219 
14<10 
2241 
J.i53 
ll4G 
13:iG 
JGaO 
lfi'.JG 
1 !J.16 
14;J8 
J.IG8 

G!J2 
l i!i8 
lfll 4 
lOGG 
lGJ2 
1228 
17 ;,3 
1251 
1535 
1713 
2243 

1602 

6.(.2 

28.4 

Q '° 0 ti u 
(I•"' 
I. x 
.n"' 
o~ 

42!il 
44G2 
4G~·!i 
4.;;i5 
4'.127 
45:J2 
4032 
427!) 
.;:J05 
4277 
41 !)7 

4501 
3333 
4137 
3iG3 
4179 
3f!03 
3Gl3 
43!:'1 
4029 
4137 
3007 
3G!J3 
4307 
4:;03 

4167 

514 

3.7 

Q 
rl c. 

-~a 
,.I~ 
r; ci --~~ 

7103 
G·;37 
7 .,-_," 
63il6 
Gi·l3 
().;;5 
5G7!i 
5i0:J 
Gl·l3 
5G1-t 
Gl27 
6235 
5!137 
G:;.:9 
i:~o7 
G0l3 
f):07 
5~2'1 

Gi 5.1 
7113 
C°'.''I:) 
.J"V I 

512·: 
f.02J 
6131 
6732 

6148 

1008 

ll.6 

Means 

3756 / 
sen' 
3[)-12,. 
3iHi4 
3~Si / 
37H/ 
3~29 
3·1~7 
353-t 
3~27 
3512 
35~~ 
3301 
3555 
2113 
3 ·ltil 
33G3 
3lH 
3G22 
3 .-, .,, ... 
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~oO~ 
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Trial No. 

EVT-15 

ELVT-19 

TABLE 37 • - Distribution of EV'r-15 and ELVT-19 during the year 1977. 

No. of No. of sets dintributed 
Total entries South America Central America Caribe Mexico Africa Asia 

11 6 7 5 6 8 6 38 

10 . 9 10 7 6 12 11 55 



TABLE 3a,..Quantity of opaque-2 maize aeod shipped to diCCerent countries (January-June, 1976) 

Country Yellow White Comp,K Tuxpeno Ver, 18l-A11t, Comp.I Mat.o
2 

CIMMY'f PD(l\!S)6 Puebla M, Altitude Trop- l\Iiscelkncous 
U, E.o2 11. E,o2 H,E,o2 opaque 2 Gpo, 2xVen. Jo2 02 Comp, H,E.o2 Ii. E,o2 Comp. temperate ical x 

02 Temp.o2 

AS'ores C--\tlantic Is,) 0.500 0,500 0.500 O,!iOO 
Ba:icl:td<'Sh 0,75 0,75 0.75 o. 75 
Eii11cia 0, 15 0, 15 0.15 0.15 0.15 0,15 
l'ol,rn1liia 2,00 2.·100 },00 JO, 00 
D1'11:11ark o. j ili 
(;c·rmany - o. :;oo O.uJO 
1;i1ana 0,75 2.00 o.:iliO ___ 
G iliil'rt Ii<,(\\'. P, i 0.75 0,75 0.75 0.75 
Gru:c.c O,tiO O.Go O,liO ____()_.GO 
Gu:.itc:11Jla 5,00 
lhiti o.:rno o.:wo 0.500 
I11r1i:i. 0,500 0,500 j),500 o. 500. 0,500 
Jv,wy Coast 0,350 0,350 0,350 0,330 
l~·;t·ca 0.500 0.500 
.:\k,:ic:o 1,00 1 :i. 700 2.00 1. 150 5.00 5.00 0,G20 v. !•(iO 

~kar:1::-ua 2.500 
:\I~;·~. r 1; l o. i50 2.250 0.750 o.i;o 
:i\c1•: Zealand o. 75 o,;s 

0 1'1·ru o. 250. 0.250 0.250 o. 250 o. 150 o. 150 co 
l'ii:lin!1i1:~s o. 150 0.150 o. :ioo o. [,(l0 
p::;-:r: f;; i : i c 0 o.r.o o.r.o o.r.o 

-r;,>1:1ani.1 o. (iQ ___ O.~iO 
!'','.;\;·i1:·11d 0.500 0,500 0, GOO 

~rii:ai·.~~:\ o,:i'.!o 0, :1:!0 0.320 o.no 
--rr111!1!:1cl & Toba:-<o o. :·:cio 0,300 0,4;}0- o. :we 
____!: ;..'anda o,r;o 0,GO 0.60 o. GO 

t;, s. ,\, 1.00 1,00 0,310 0.300 o. :mo o. 2·10 3,60 o. t.:~(J 
\'cnczuda 0,75 
l'uro:.lavia 

---- --·- --- ·---

0,30 o. 100 

TOTAL~ KG, 7, 190 9. 605 C.810 18. 545 1. 990 o.500 2.075 0.165 12 .. 055 5.650 s.ooo 5. 320 15. 3!)5 

GRAND TOTAL OF OPAQUE-2 MAIZE SEED SHIPPED: 84.300 



TABLE 39. Quanlity ot opaque-2 maize seed shippecl to different countries (July-December, 1!176) 

Country .• Yellow White Comp. K Tuxpeno Vcr.161-Ant. Comp.I l\fat o2 CIMMY1' PD(l\tS)G Puebla M.l\ltidude Trop- :I.ti sc c- U:inrou.~ 
H.E.o2 U.E.o2 H.E.02 opaque 2 Gpo.2xVr.n.102 02 Comp. H.E.o2 H.F:,o2 Comr. temperate ic::il x 

02 02 Tern;>. oz 

Arr.i:nlina .500 ,!iOI) . I . <1vr1 
&>ii via .250 ---------
iimil .500 .500 .500 .50() .500 
FiJ~-;:;-:-- • (100 ,(;(JI) • £ir,o -~~----
0>t.J•11hia l.000 1.:;\io 
~,;:;r 10.000 f :-wl 
f:li iiC. · ·i:i ,500 .500 1.500 .500 .500 .5fJo .:iOO ------ -· 1. C·~;Q ~ .0,10 c: .. r::-.,rw 
--~---Gn·u.ida i \I.'.[,) 5.000 • 5.000 
(~m;1; 115 .ooo 11G.000 f.000 1. 000 l (). (;1._l{l 

lmli:i 1.000 1.000 l.000 1.000 --~·o~c~0 

Kn1·~a l" -• ~v 

:OIC'xTco .iOO .500 .200 .500 
----:~~;-;J7f ___ - ·---1-.. i:io----l'•· ru l.000 

1 •tii! i .. 1~~~! .... ~ 1.000 1.000 1.300 1.000 1.01)0 I. 1:00 ----~\~~~i·~==-= .... l'lu·rlil II it o .260 .260 .260 .:ifo .5:l0 . 'l!_~--- .:.::..:·~ -----co f;1·~'M-- .1 :;u -----~;11! \'!r.cr•1t(W.I.) .?.50 .2)0 .-2(;0 ____ -------- •.. -srCGJ;;-· .2GO .2li0 .·1.::) 

J}~~b:;;I 1.000 1.000 1.000 l.OOu 1. onu ·---;,~ ~-\,~lj _____ 

.D.:!:J· l:al 1.000 l.000 1. 000 ~ .i11~0------

rrt:l \I:"!\• 1.050 --"" 2.;JOO-- ----- . "; ... ) U.S.:\. 
Vr'1~7.lll'll\ .OoO . ~rr; 
7.o•lrt' .130 .130 .:.:v -
TOTAL lN KO. 10.470 118.890 5.590 121,390 4.00Q 12.500 4.SGO 13.0llO 3.020 .500 3.llO !:'-.l!uO 

GRAND TCYl'AL OF OPAQUE•2 MAIZE SEED SHIPPED ' 352.420 KG, 
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SCHEME FOR MAKING PARALLEL L\1PROVEl\lENT IN NORMAL AND 

OPAQUE-2 COU:NTJ::RPART POPULATION 

I : : : : : : :( Bu tk I I I I J I I J. r I I I I f I I I I I f I _ f I I I 
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III.- CHEMICAL RESEARCH AND ANALYTICAL SERVICE 

A. INTRODUCTION 

The protein quality laboratory has provided during the last year a 
continuous service to the breeding programs. In order to assist the breed-

. ers with the nutritional improvement of their materials. screening method:
ologies have been applied to thousands of samples from different experiment
al stations and cycles of selection. · · 

The genetic improvement of hard endosperm opaque-2 and fioury-1 
opaque-2 maize lines has been only possible wjth the aid of the chemical 
data provided by the laboratory. 

Biological experiments with the best promising maize materials 
are now underway in cooperative institutions like INIP (National Institute of 
Animal Nutrition) in Mexico City and the Agriculture Experiment Laboratory 
in Denmark. 

Great effort has been also directed into the training of young scientists 
from developing countries which return home at the end of a three n1onth period 
to establish a service laboratory for their agricultural national ·program. 

B. LABO RA TORY SERVICE 

The improvement of n1aize protein quality has been detected and 
followed up after each cycle of selection by using protein and tryptophan 
analysis of the endosperm of each genetic family. During the past year ap
proximately 14, 000 samples have been analyzed for these two parameters. 
Lysine content has been quantitatively determined only in selected promising 
lines either by the 2-chloro 3-5, dinitropyridine colorimetric ·method (Villegas, 
E. & lVIertz. E.T. • 19 71) or by ion_ exchange chromatography in a Be ck man 
120 G aminoacid analyzer especially in colored endosperm samples when pro
blems are encountered with the colorimetric procedure· (Spackman, D. et al, 
1958). Complete aminograms using the Beckman 117 aminoacid analyzer with 
the single column methodology (Benso:i, R. J .• 1972) were performed for the 
best advanced high quality materials with hard endosperm or floury opaque-2 
samples. 

The dye binding capacity method (DBC) (Niossberg. R., 1969) along 
with the protein analysis have been used in screening for protein quality in 
whole kernel maize san1ples. The quality index (Q. I. ) obtained for each 
sample is really the value of DBC per gram of protein. This Q. I. correlates 
well with % of lysine in protein of the materials. The whole kernel samples 
are ground in a Udy cyclone mill with a 0. 5 mm screen in order to obtain a 
fine and homogeneous flour. The ground materials are not required to be 
deffatcd as in the case of tryptophan analysis. This allows us to save great 
time and to have a better continuous system. 
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Different methodologies have been studied for the quick identifica
tion of materials with high protein quality using the ninhydrin test (Mertz, 
E.T., et al, 1974). We have observed that more reliable results can be 
obtained for the qualitative identification of materials that carry on the 
opaque-2 gene either on single kernel without destruction of the germ or 
ground sample of genetic family, by performing the test without any heating 
for color development during the reaction of the free aminoacids with the 
ninhydrin reagent. Out of 397 genetic families; 45 kernels of each were 
tested for the presence of the opaque-2 gene. The percentage 9f kernels 
with positive re!'lction varied from genotype to genotype. These selected 
seeds were returned to the breeders for their propagation. 

We have been testing successfully· a new method for protein hydro!- - -
ysis (Liu, T. Y. and Chang, Y .I-I., 1971). This technique utilizes an 
organic acid (p-toluene-sulfonic) instead of hydrochloric acid with the advant
age that we don't have to evaporate the excess of acid as it's normally dohe 
when HCl is used. Accuracy and reproducibility is adequate and time is 
greatly saved. This has been valuable to us when lysine analysis of a large 
number of samples must be reported to the breeders in a short time period. 

The best promising hard endosperm opaque-2 materials as· well as 
some sugary-2 - opaque-2 lines were subjected to fractionation of their en
dosperm proteins. Three fractions were separated on the basis of protein 
solubility (Mertz, E.T. and Bressani R., 1957). Four opaque-2 samples 
were fractionated into five fractions by a m~re recent method {Landry, J. and 
T. Moureaux, 1970). A comparison between both methodologies was made in 
basis of the results obtained. 

In all the high quality samples fractionated, the decrease in the pro
lamine fraction was observed (Table 1) with the concomitant increase in the 
other protein fractions with the consequent increase in the lysine content of 
the total endosperm protein. 

Data of analysis of most materials has been pr:esented in the breed
ing section. 

The Plant Nutrition Laboratory analyzed approximately 2. 000 samples 
which include grain, stems, leaves and corn cob for nitrogen content. 

The main objectives are to explore the genetic variability in maize 
for ability to take up nitrogen from soil and to determine the proportion of the 
nitrogen taken up that is moved into the grain. 

In addition 300 stem samples were analyzed for total sugar content 
as a guide to the potential for yield increase. 
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C. BIOLOGICAL EVALUATION 

At present time CIMl\ITT with the collaboration of the!NIP and the 
Agricultural Experiment Laboratory (Denmark) has evaluated biologically 
the most promising advanced materials that were previously selected through 
chemical analysis. The animal test used for this evaluation was the white 
rat. 

The material evaluated is identified as follows: 

Sample No. IDE~T~FICATION 

1 
2 
3 
4 
5 
6 
7 

HE 02 1 PR-76 B, Bh-101 
PD (MS) 6 HE 02 1 IPTT-38 
Yellow HE 0 2 , IPTT-39 
Tuxpefio 02 (soft) PR-76 A # (IPTT-37) 
Amarillo Dentado HE o2 PR 76-13, 801 
Ant. x Ver. 181 HE o2 , 806 # 
Ant. x Rep. Dom. HE 02, Lot_e 9.9 

Note: Samples 1 to 3 and 5 to 7 = hard endosperm types. 
Q----p''"' " - ......... ~ .. en...:ios~,,,-- "'"··-~. · 
....,Mo.&..&..&. Ji.""" -'j;: .:.:>'-".&.*- J.""' t-''"""" .1..&.J. *-J J:"''"' • 

The grain samples were analyzed for nutrients (Table 2) as well as 
for aminoacid composition (Table 3). In table 4 are shown t:i}e results of the 
nutrition studies. 

The response criteria are: True Digestibility (TD), Biological Value 
(BV) and Net Protein Ut.ilization ( NPU), where: 

TD is the percentage of nitrogen intake which is absorbed by the 
organism (nitrogen intake minus fecal nitrogen of dietary origin). 

BV expresses the percentage of the absorbed nitrogen that is retained 
in the body (digested nitrogen minus nitrogen eliminated in the urine). 

NPU indicates the actual nitrogen retention in the organism. It is 
thethe product of TD and BV expressed in percent. 

The TD of cereal grain protein in general .. is knov;rn to be between 
80 and 90%. The CHvlMYT maize samples instead show higher values ( 95. 3 
to 96. 6o/o). Less than 5% of the dietary nitrogen was not absorbed by the rats. 

Since the Biological Value (EV) is the part of absorbed nitrogen which 
is retained in the organism, it indicated protein quality. ·.The respective 
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values are fairly high between 72 and 78%, the BV values agree very well 
with the lysine values of the respective samples; samples 4, 5 and 6, which 
show the highest BV (77.6, 74.5 and 76.2% respectively) are also at the top 
in lysine content (higher than 4%). It has to be mentioned, that in the group 
of these three top samples, one is a soft endosperm type, the others are hard 
endosperm types. The samples 1, 2, 3, and 7 also performed well, they are 
placed fairly closed behind. It is satisfying to see that the nutritional quality 
of the hard endosperm types is as good as the quality of the soft type. This 
was already observed in previous experiments. 

Since there is almost no variation between TD values, the differences 
in NPU values agree with the respective BV va1ues. 

Dr. Eggum fromAgricultural. Experiment Laboratory (Copenhagen, 
Denmark) is preparing a more detailed report on his evaluation with the com
parison of the data obtained with normal, opaque-2 hard and soft endosperm. 
We wish to acknowledge Dr. Eggum for his desinterested and helpful cooperation 

. in the evaluation of these materials. 

At !NIP laborato~y the same samples are now under evaluation using 
rats and Tribolium castaneum. The results of these assays will .be included 
in the next year report. 
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TABLE 1. 

% TOTAL PROTEIN 

Tmcpefio .CIMMYT TEMP. XTROP..__..HE ~ 
Protein Fraction Normal 02 Modified x -~-2°2-(hard) x su2o 2(soft) 

.- -· seg. seg. 

-- I 21 - 25 31 - 35 32.2 26.5 28.6 a 
Ul . 
Ul 
<L> 
J.t II 45 - 55 26 - 30 33.7 29.4 39.2 J:Q 
I 
N ...... 
H 
<L> III 16 - 20 31 - 35 31. 6 39.6 31. 1 ~ -

% TOTAL NITROGEN 

CIMMYT TEMP. X TROP. HEO? 
Protein Fraction 02 Modified x su2o2 (hard) · x su202 (soft) 

I 18.6 11. 7 20. 0 . 20.6 

-~ II 11. 2 15.5 16. 6 19.5 
Cl1 
<!.> a 

14. 7 20.7 14.4 18.2 0 III 
~ . 
I 

>, IV 16.1 17.8 14. 8 11. 8 
S-c 

"O 

fii 
...:t v 39.2 34.0 34. 0 29.7 -
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~~ENT CONTENT OF MAIZE SAMPLES USED IN NUTRITION 
STUD~ . _ 

s A M p LE N u M B E R 
Nutrient% 1 2 3 4 5 6 7 

Dry matter 88.8 88.8 89.1 88.4 89. 0 89.3 89.0 

Nitrogen 1.58 1.69 1.73 1. 50 1.67 1. 76 1. 79 

Ash 1.58 1. 27 1.61 1.60 1. 60 1. 60 1. 64 

Fat A OA 
-:t. U"'% ~.55 4.~4 4.79 5.43 5.21 5.12 

Starch 63.07 64.14 64.44 . 64. 76 62.69 63.69 62.52 

Crude Fibre 2. 25 2. 43 2.38 2.32 2.56 2.47 2.61 

* Data obtained by Dr. B. 0. Eggum. Denmark 
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TABLE 3. - AMINO ACID COl\iPOSITION OF MAIZE SAMPLES USED rN NUTRITION 
.STUDIES* 

s A M p LE N u M B E R 
1 2 3 4 5 6 

A M I N 0 A c I D s ( g I 16 g N I T R 0 G E N ) 

7 

Aspartic Acid 7.04 6.98 7.57 7.82 7.71 --'1-.44 -~ 

Threonine 3.45 3.47 3.66 3.63 3.76 3.56 3.50 

Serine 3.94 3.98 4.27 4.24 4.40 4.13 4.05 

Glutamic Ac id 16.59 17.70 17.06 16.82 17.41 17.19 17. 5.8 

Proline 9.25 9.95 9.34 8.72 9.82 9.74 9.59 

Glycine 4.48 4.39 4.78 4.82 4.87 4.80 4.57 

Alanine 5.66 ·5. 06 5.99 5.96 6.10 5.92 6.02 

Valine 5.08 5.15 5.26 5.22 5.39 5.33 5.22 

Isoleucine 3. 08 3.25 3.23 3.29 3, 29 3.25 3.25 

Leucine 8.45 9.58 8.84 8.63 9.02 8.74 9.32 

Tyrosine 3.40 3.56 3.54 3.55 3.62 3.47 3.56 

Phenylalanine 3.80 4. 01 4.02 3.99 4.11 3.99 4. 05 

Lysine 3.79 3.54 3.98 4.18 4.09 4.04 3.76 

Histidine 3.67 3.75 3.81 3.58 3.89 3.82 3.70 

Arginine 6.46 6.18 7.00 6 .. 86 7.10 7. 19. 6.69 

Methionine 1.65 1. 78 1. 79 1. 88 1. 82 1. 76 1. 70 

Cystine 2.54 2. 73 2.65 2.56 2.75 2.67 2.59 

Tryptophan 0.91 0.95 1.35 0.96 1.16 1. 03 0.92 

* Data obtained by Dr. B. 0. Eggum, Denmark. 
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TABLE 4. - TRUE DIGESTIBILITY (TD), BIOLOGICAL VALUE (BV) 
AND NET PROTEIN UTILIZATION (NPU) FOR SEVEN 
MAIZE TYPES':c 

. -=::::::::::::_ 
Sample 
Ntunber 

1 

2 

3 

4 

5 

6 

7 

i 

R E ·s P 0 N S E 
T D B 

% (s) % 

95.6 0.4 73.5 

95.7 0.5 71. 8 

95.3 1. 0 74.0 

96.0 1. 8 77.6 

95.8 1. 4 74.5 

96.6 1. 1 76.2 

95.5 o. 9 74.3 

CRITERIA 
V NPU-
(s) % (s) 

.a 70. 2 .9 

1.4 68.7 1. 3 

1. 4 70.5 1. 9 

2.1 74.5 1. 3 

0.8 71. 4 1. 4 

1.5 73.6 1. 2 

1. 0 71. 0 o. 9 

* Data obtained by Dr. B. O. Eggum, Denmark. 
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IV. - TRAINING 

A. TRAINING AND GUIDANCE IN PROTEIN QUALITY ANALYSIS 

Continuous support of technical advisement and laboratory equip
ment has been provided to service protein quality laboratories of national 
agricultural programs, among which must. be mentioned the following 
countries: Brazil, Colombia, Ecuador, Egypt, Guatemala, India, Pakistan, 
Peru, Philippines, Romania and Thailand. The CIMl\ifYT laboratory staff 
visited some former trainees and generally wQrked with them for a few days 
looking out at specific problems. 

During the period under report the following persoris have received 
training in our laboratory: 

NAME 

Mr. Luis Humberto Andrade Badillo 
Mr. Sabir Hussain Shah 
Miss Ratana Punsawat 
Miss Redia N. Gicana 
Mrs. Rosario Montenegro de Nevado 

COUNTRY 

Ecuador 
Pakistan 
Thailand 
Philippines 
Peru 

B. TRAINING IN lVIAIZE IMPROVEMENT AND PRODUCTION 

During the period under report (September 1976 to August 1977) 
74 trainees received training in maize production and improvement at CIMTvIYT. 
5 7 in maize production and 1 7 in maize improvement. Of these 18 trainees 
were funded by UNDP. The names of the in-service trainees, country of 
origin and the field of specialisation are listed in the attached table. 

We consider training as a very important factor i.n developing strong 
national programs with adequately trained young scientists to exploit the new 
technology and materials coming out of the quality protein maize international 
breeding program. This ever-expanding group of highly motivated young 
scientists is necessary to accelerate maize production at a rate necessary to 
significantly influence the food production in many of the developing countries. 
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. Country __ Name··-~····-·- ---·--- _Country 

Bolivia 

Costa Rica 

D·om. Rep. 

Dominica 

Ecuador 

El Salvador 

Ethiopia 

Grenada 

Haiti 

1 ~ Honduras 

Mexico 

Nepal 

Nicaragua 

Florian Rodr1guez 

Jorge Luis Ulate Murillo 

Adelina Montolfo Barranco 
Antonio Calder6n Reyes 
Pedro Rodriguez Alvarez 

Derrick Zamore 

Galo Joaquin Bruque Chiriboga 
Santiago B. Crespo Orellana 

Jose Ernesto Portillo 

Tassew Gob.ezayehu 

Kenneth Rush 

Eddy Salador 
Claude Philogene Wroy 
Joseph Saint Phard 

Diego Alvarado Sevilla 
Ricardo Cerrato 
Jose l\/lanuel Aguilar Maradiaga 
Ram6n Osorio Rodr1guez · 
Wilfredo C6rdova Escoto 

Antonio Castillo Guillen 
Celso Gutierrez Macfas 
Jose Luis M.olano 
Leoncio Quintanilla Cobian 
Isidoro Oscar Gonzalez Enciso 
Jose David Michel Padilla 
Gerardo Salgado Sotelo 

Bimal Kumar Baniya 
Krishna Lall R auniyar 
Prakash ~,hrestha 

!' , 

Wilfredo Mendez 

Pakistan 

Panama 

Papua 

·Peru 

Tanzania 

Thailand 

Tunisia 

Yemen 

Zambia 

Tot al 

Name 

Ata- Ur-Rahman 
Ahmad Nawaz 
Gulfam Khan Jahangire 

Andres Eloy Gonzalez 

Kado Wudrag 

Roberto Julio Contreras Milaga 

Ross Francis Mawkyoma· 
Timothy M.aembe 
Dudley Lamcck 
Seraphin Fulko Antn.pa 
Sharif Nurdin Kntuli 
Esther Elisafisha Lyimo 
Gabriel Nick Lyimo 
Joseph Mwangc:1i Gallus 
David l\llfaumc Mwanjali 
Harold Zephaniah Ngowi 
Awon Honsia Ngowo 
Stanely Gondwe 
Abbas Hussein 
Samuel E. Munuo 
Yahy~ A. Sudi 

Teerasak Manupeerapunt 
Sakol Petchmanee 

Mohamed Kraoua 
Mustapha Limame 

Ismail Al-Haddad 

Mulele Russell Mulele 

57 trainees 



MAIZE IMPROVEMENT TH.AINEES 

Country Name· Country Name 

Colombia Jose Evers Vargas Sanchez Pakistan " Mohammad Aslam 

Egypt Boshra Nagib Ayad Peru V:lctor de la Colina Kalinowski 
Sadek El-Shahat Sadek Luis Narro Le6n 

Guatemala Fidel Rangel Philippines Emmanuel M. Serrano 
• 

Honduras Jose Antonio Marquez Figuer9a Tanzania Hugh Banjamin Sonje 
Antonio E. Osorio Barcenas 

Thailand Bunponte Tasanasuwan 
Korea • Seok Dong Kim Nipon Iamsupasit 

I 
NOpal Leashab Prasad Shrestha Venezuela Jesus Ma. Llavaneras Torres 

('t) 

Yemen Fadil A. Mafiahi to-

Tot al . 17 trainees 






