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Foreword/Executive Summary

Cooperation Saves Seed of Thousands of Latin
American Maize Landraces
Suketoshi Taba! and Steve Eberhart1Head,

Maize Genetic Resources, CIMMYT
2Director, NSSL, Fort Collins Colorado, USA

The tremendously varied terrain of Latin America -lowland tropical expanses
surrounding continent-long mountain ranges, with valleys and plateaus in between was cradle to domesticated maize and an enormous diversity of farmer-bred varieties
known as landraces. Efforts to apply scientific breeding to maize genetic resources in
the tropics, begun under a joint Mexico-Rockefeller Foundation endeavor in the 1940s,
initially involved extensive collecting and cataloguing of seed samples from this
treasure trove of biodiversity. At first seen simply as the raw material for plant
breeding, the landrace seed soon came to represent a priceless reserve against future
genetic erosion. The visionaries who organized these collections, though, foresaw every
type of danger to the seed -including replacement by improved varieties, and changing
land use patterns - except one: budgetary constraints in Latin America that would
eventually hamper efforts of genebank personnel to maintain their collections properly.
The germination capacity of seed samples in banks must be monitored periodically.
When it falls below a specified level, seeds which can still germinate must be grown out
according to scientific guidelines to provide fresh samples that represent as nearly as
possible the genetic diversity of the originals - a process known as "regeneration." For
lack of resources, however, germplasm bank curators in developing countries are too
often unable to regenerate their collections.
Latin American genebank representatives sounded the alarm about this situation
during a workshop at the International Maize and Wheat Improvement Center
(CIMMYT) in 1988 (CIMMYT 1988). Specifically, thousands of irreplaceable samples of
maize landraces - many no longer grown in farmers' fields - were in danger, and some
had already been lost (Goodman and Hernandez 1991). Faced with the dire prospect of
extinction for this maize diversity, CIMMYT organized another workshop with staff of
Latin American banks in 1991 to carefully assess the circumstances and plan a rescue
mission.
As a result, genetic resource staff from 14 nations in the region mounted a massive
effort over 1992-96 to regenerate endangered collections (Russell 1991; Salhuana et al.
1991). Under project Noah (Anonymous 1990), USDA provided US$320,000, and
additional funding came from the USDA-ARS National Seed Storage Laboratory
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(NSSL).l Contractual agreements were made between CIMMYT and cooperating
institutions, and each institution designated a principal investigator (see list of PIs and
project contacts below). Most contracts were signed in 1992, and participants were able
to plant the accessions (samples formally evaluated and registered in germplasm bank
records) during August-September that year. To minimize duplicate regeneration,
passport information on accessions preserved at CIMMYT, NSSL, and the cooperating
country banks was exchanged at the beginning of the project. Regeneration protocols
followed scientific standards as closely as possible, especially the recommended
minimum yield of 100 ears for a successful regeneration (i.e., one that embodies nearly
all the genetic diversity of the original accession).
As reported in the mid-term evaluation by the project's technical advisory committee in
April 1994, participants completed only one full cycle of planting, harvesting, and seed
shipping by early 1994, the year originally set for completion of the entire project
(Listman 1994). This was due to a range of unforeseen problems, including low
germination, lack of adaptation, insufficient labor, poor institutional support, and
difficult weather. Nonetheless, to ensure that project commitments were fully met,
CIMMYT requested and was granted a two-year, non-funded extension of the project
to September 1996 from USAID.
A total of 6,736 accessions were regenerated - nearly all the 7,100 originally targeted and back-up samples of the seed were sent to CIMMYT and NSSL for long-term
storage (Table 1). More than 15,000 regeneration plots were planted under the project.
Bolivia, Chile, Cuba, Ecuador, Paraguay all regenerated the expected numbers of
accessions, and Mexico regenerated one thousand more accessions than initially
planned. CIMMYT itself has regenerated 1,655 accessions since 1993 (Table 2) and
compiled a database on all regenerated samples. Copies of this inventory have been
sent to project participants, so they can reference their ID numbers against CIMMYT
accession numbers.
The maize germplasm holdings of national banks number about 26,000, as reported in
the mid-term review of this project (Listman 1994). Project efforts regenerated a little
over 25% of those accessions. In CIMMYT we registered 5,228 new accessions from the
project. (Some accessions identified for regeneration by the national banks are
duplicates of CIMMYT accessions.) Current CIMMYT holdings are on the order of
17,000, which indicates that about 9,000 unique samples are still preserved only in the
national banks.
To discuss project outcomes and plan future collaboration, CIMMYT organized an
end-of-project workshop in June, 1996, with generous support from the American Seed
Trade Association (ASTA). Participants comprised principle investigators,
J NSSL 'provided funds for regeneration and conservation and sent portable seed dryers to the national
maize banks of Argentina, Colombia, Guatemala, Mexico, and Venezuela. CIMMYT developed and
submitted the project proposals , workplans, and contracts; coordinated activities; furnished technical
guidance; reported to donors on progress; and organized a mid-term project evaluation workshop in 1994
and a final workshop in 1996.
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representatives of CIMMYT and NSSL, and several recognized international experts on
maize genetic resources. The following general conclusions emerged:
•

Ex-situ seed conservation requires a good seed storage facility, seed drying and
packaging, and documentation. Seed regeneration becomes necessary every 4-5
years unless seed is preserved in the recommended conditions. Without improved
storage conditions, the regeneration crisis that necessitated this project will repeat
itself.

•

Duplicate storage ensures the safety and availability of seed. Each country with a
national collection is encouraged to arrange duplicate storage with partners in the
maize network. Finally, documentation and seed storage go together. Information
exchange is improving among the partners in the network; this needs to continue.

•

We observed during the regeneration project that a few countries have strengthened
their genetic resources program. In the long run all countries will be concerned about
genetic resources as part of the natural resource heritage of their country. The
International Technical Conference on Plant Genetic Resources organized by FAO in
1996 has contributed significantly to knowledge on the status of plant genetic
resources. There are also regional genetic resource networks centered around the
Inter-American Insitute for Cooperation in Agriculture (IlCA) in Latin America, in
which CIMMYT cooperates on regeneration, seed storage and distribution, and
developing a core subset of all important maize races in Latin America. Information
networks will be built around the databases on accessions in individual banks.

•

The on-farm conservation of economically important local maize races may
complement ex-situ seed conservation. We intend to work with maize races grown
in the highlands and those still cultivated at middle and low altitudes. We will form
working populations in-situ based on farmer criteria. The populations will be
maintained through cultivation and evolution (including the introgression of useful
traits requested by farmers), as well as ex situ preservation.

•

NSSL and CIMMYT exchanged a memorandum of understanding regarding the ex
situ conservation of unique, Latin American maize germplasm. NSSL currently
preserves some accessions that CIMMYT does not yet hold. CIMMYT will make an
effort to regenerate and duplicate those accessions for ~se by research partners.
These include accessions (3,986) from Mexico, Colombia, and Peru, regenerated
under the coordination of North Carolina State University in 1980s (Goodman and
Hernandez 1991).

•

Germplasm banks with other endangered accessions will receive additional support
through USDA-NSSL during 1997-98, as well as CIMMYT assistance with
regeneration.

•

Accessions regenerated under the project need to be evaluated. Germplasm
evaluation projects such as the Latin American Maize Evaluation Project (LAMP)
will be planned (Salhuana et al. 1991). Research by CIMMYT to develop core
subsets of key collections has progressed with financial aid from USDA-NSSL; a
major focus is germplasm classification and ordination using evaluation data from
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CIMMYT trials and projects such as LAMP. Accessions which belong to seed types
that farmers grow for local consumption and sale may be evaluated in-situ to
develop breeding populations. This type of work will aim at enhancing maize crop
diversity in Latin America.
•

The maize conservation network for the Americas requires further strengthening
through the exchange of seed and information. The threat of genetic erosion makes
further collecting in Central America and the Caribbean more urgent than ever. Core
subsets of key races will be developed to promote genetic resource utilization. Here
again, in situ conservation will represent a viable alternative in the ca§e of certain
landraces.

In addition to confirming the above points, participants arrived at a number of specific
recommendations and agreements:

•

There is a need to consider in-situ conservation for specific landrace materials in the
Andes and other tropical regions.

•

Depending upon the ex-situ regeneration sites used, the cost of regeneration varied.
The more remote the site, the greater the cost of regeneration.

•

It is important to note that lost accessions can sometimes be recovered by
requesting samples from back-up collections in other banks.

•

Principal investigators agreed on the regeneration protocol of 100 or more ears
minimum yield per accession. However, we put an upper limit of two on attempted
regeneration plantings. As a result of difficulties in the plantings, in some cases
project participants obtained only 80-100 ears.

•

Characterization data from regeneration have not been used to develop a core
collection. More efficient use of the data for choosing future regeneration sites and
planting times and for grouping the accessions is recommended.

•

Except for banks in Argentina, Brasil, Colombia, and Chile, seed preservation
facilities do not seem adequate. Other countries need to improve short-to-mediumterm seed conservation. Seed drying facilities are needed in some cases.

•

Passport documentation requires constant updating.

•

The round-table discussions stated that information exchange is crucial to avoid
duplication of regeneration and evaluation efforts.

•

It was recommended that all passport information and characterization data from
participating banks be sent to CIMMYT, compiled there, and distributed .
throughout the network.

•

It was recommended that the regeneration project be extended for several years
more.

•

In-situ conservation should be vigorously implemented as funds become available.

•

A second germplasm evaluation project, LAMP II, was recommended by the
group.
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The urgent need to rescue Latin American maize germplasm accessions has been
known by maize scientistists and researchers for sometime. This project has done part
of the regeneration work necessary to reach that goal. Hopefully, the current
information on ex-situ conservation in national maize germplasm banks reported here
will help garner additional support for germplasm conservation in the future, both in
banks and through in-situ conservation for the cultivated indigenous landraces, as also
discussed herein. We welcome your comments and suggestions.
Table 1. Seed shipments to CIMMYT from the Latin American cooperative maize
regeneration project.
Country

Argentina
Bolivia
Brazil
Chile
Colombia
Cuba
Ecuador
Guatemala
Honduras
Mexico
Paraguay
Peru
Venezuela
TOTAL

No. of
Samples

No. of
Accessions

Duplicates
with
CIMMYT

CIMMYT
new
accessions

401
458
394
393
1209
101
444
304
42
3531
84
454
141
7956

329
380
390
297
1195
101
348
304
42
2714
84
422
130
6736

0
0
67
0
303
0
246
207

329
380
323
297
892
101
102
97
42
2103
84
370
108
5228

Note: CIMMYT accessions

611
52
22
1508

= Seed samples received - Duplicate samples.

Table 2. Regeneration of accessions at CIMMYT, 1993-1996.
Year

Accessions planted

Accessions regenerated

1993
1994
1995
1996

597
634
550
818
2599

365
452
391
447
1655

TOTAL

ix

REGENERA TlON OF LATIN AMERICAN MAIZE LANDRACES

References
Anonymous. 1990. United States Launches Project Noah: An International Rescue
Mission for Species Conservation. Diversity 6 (3&4): 38.
CIMMYT. 1988. RecentAdvances in the Conservation and Utilization of Genetic Resources:
Proceedings of the Global Maize Germplasm Workshop. Mexico, D.F.
FAO, 1996. Report of the international technical conference on plant genetic resources.
Leipzig, Germany, 17-23 June 1996.
Goodman, M.M. and J.M. Hernandez. 1991. Latin American Maize Collections: A Case
for Urgent Action. Diversity 7(1&2): 87-88.
Listman, G.M. 1994. Rescue of Latin American Maize Progresses, Lays Groundwork for
Future Collaborative Missions. Diversity 10 (4):26-27.
Russell, N. 1991. Una lniciativa Cooperativa Para Rescatar el Germoplasma de Maiz en
Perigro de Extinci6n en Latinoamerica. Diversity 7 (1&2): 48.
Salhuana W., J. Quentin, and R. Sevilla. 1991. The Latin American Maize Project:
Model for Rescue and Use of Irreplaceable Germplasm. Diversity 7(1&2): 40-42.

x

ARGENTINA

Argentina
Marcelo Edmundo Ferrer

Ex-situ Regeneration of Landraces
In Argentina there are 45 maize races distributed among the temperate, subtropical,
and highland regions of the country. Bank accessions can be regenerated at two
locations. Pergamino-Buenos Aires is used for temperate-zone races such as Cristalino
Colorado, Cristalino Amarillo, Cristalino Blanco, Dentado Amarillo, Dentado Blanco,
Pisingallo, Avati Moroti, Perlita, Blanco Ocho Hileras, Amarillo Ocho Hileras, Dulce,
Cristalino Amarillo Anaranjado, Camelia, Amargo, and Cravo; and some other races,
such as complejo Tropical, Cravo, Canario de Formosa, Venezolano, Tuson, Dentado
Blanco, Avati Moroti, Calchaqui, and Cristalino Amarillo will have adaptation
problems due to later or earlier maturity at Pergamino, but could be successfully
regenerated. On the experiment station at Cerillo, Salta, 1,260 meters above sea level
(masl), during cycle B we regenerate seed of the subtropical races Calchaqui, Pisingallo,
Perlita, Capia Blanco, Cristalino Blanco, and Chulpi. Highland races of Argentina such
as Culli, Marron, Cuzco, Altiplano, Capia Blanco, Capia Rosado, Capia Amarillo,
Capia Garrapata, and Capia Variegado have limited adaptation to experiment station
growing conditions.
The summary of plantings and regenerations of the accessions in Argentina is shown in
the tables below. The numbers of accessions planted (left columns) and those harvested
(right columns) are summarized by year and location.
Location
92/93
93/94
Pergamino
85 67
168 154
Salta
70 59
34 24
Tucuman
46
2
0
0
Total
201 128
202 178
* Numbers of the accessions by reporting date.

94/95
202 142
65 18
0 0
267160

95/96
140 86*
11 0
'0
0
151 86*

Total
595 449*
180 101
46
2
821 552

The number of accessions replanted and those planted first time in each year.
No. Accessions
planted
replanted
new accessions

92/93
201

o
201

93/94
202
77
125

94/95
267
133
134

95/96
151
54
97

Total
821
264
557

REGENERATION OF LA TIN AMERICAN MAIZE LANDRACES

Summary of seed shipments:
Accessions
1 st shipment
2 nd shipment
Pending*
Total
Total
57
134
124
315
Repeated
17
46
63
57
117
78
252
Unique (new)
* Accessions regenerated in 1994/95 and 1995/96 will soon be sent and are reported as
pending.

In Argentina adaptation and labor costs are the main constraints to regeneration.
Highland races must be grown at a considerable distance from the main station,
Pergamino in Yuto, Cerillos, and Tilcara in the province of Jujuy, at a cost per accession
of US$75. The three locations can cover from 500 to 2,500m subtropical altitude range,
and Andean races can be grown at one of the locations.
Another limitation is that seed of floury materials loses its germination capacity
quickly. To address this concern, a graduate student in Argentina is conducting thesis
research on embryo rescue for poorly germinating seed. Finally, it is possible to request
replacement seed from backup collections in centers like CIMMYT and NSSL.
'
We have regenerated 450 accessions adapted to conditions at the Pergamino station
and 101 accessions at Cerillos, the subtropical station. We will continue regeneration in
1996-97 of those accessions which are due according to regeneration project plans.
After the completion of the current project, there are about 350 more accessions to be
regenerated at Pergamino and 500 at subtropical and highland locations.
We consider 100 ears per regeneration as an adequate sample but, because of
difficulties, often need to repeat plantings two or three times to obtain this amount.

Ex-situ Characterization
In Argentina two sites have been used for regeneration. Pergamino is located at 65
masl, 33:56 South latitude, 60:33 West longitude, with a precipitation of 930 mm
annually. It is a temperate location; planting occurs in September and harvesting in
March-June. The station has irrigation. Cerillos, Salta, is at 1,260 masl, 24:28 South ,
latitude, 65:28 West longitude, with an annual precipitation of 700 mm. It is in a
subtropical zone. Planting is in November and harvest in May-June. Basically we use
the same descriptors as the CIMMYT regeneration protoco1.
We incorporate the data from the regeneration project in the central database of INT A.
Recently we started to record protein and starch contents of the accessions. The
regeneration data is referenced to improve adaptation targeting over successive
regeneration s. We have not used it for making core collections as yet. We will have
more or less defined a core subset for the race Cristalino Colorado after we have
information on chemical properties, industrial quality, and other aspects.
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All bank entries have the respective passport data, characterization data, and
preliminary evaluation data in which racial classification is reported. We do not have a
major problem classifying landrace accessions into known races, and keep original race
samples as the reference for race classification.
Conclusions and recommendations
It is a priority to complete regeneration and characterization of bank accessions from
the Andean highlands of Argentina. Ongoing work to this end includes:

•

•

Chemical analysis on protein, oil, and starch. Since 1995 high performance liquid
chromatography (HPLC) analysis and protein electrophoresis are used for
characterization of some bank accessions, for race classification, and also to check
the efficiency of regeneration cycle after cycle and avoid genetic erosion.
Some races, such as Cristalino Colorado and Dentado Amarillo, are used for hybrid
breeding. A project of industrial quality of maize (PROCIM) characterizes
biochemical traits of all races. This may possibly increase use of bank accessions for
specific traits they contain.

Seed Preservation in the Bank
Short- and medium-term seed storage are currently available in four modular chambers
with a total capacity of about 20m3 - some 3,800 accessions of 1.5 kg each.
Temperatures can be set at -10°C (medium term) and +10°C (short term) and 50%RH.
However, at the moment they run at 7°C and 50%RH. For long-term conservation, a
seed storage room of 150m3 is being refurbished for the use by both the bank and
breeding program. Temperatures there can be set at -20°C and the chamber is being
insulated well. Storage capacity there will be 10,000 or more samples of 1.5 kg each.
Several other species besides maize are stored at our bank. For maize, our minimum
sample size is 300 g of each accession, after seed has been distributed to other sites,
such as CIMMYT, NSSL, and the base bank of Argentina, INTA Castelar.
A seed dryer was received as a donation from maize regeneration project with
CIMMYT/USDA-NSSL. It will be installed soon along with the new seed storage room.
Seed is stored in aluminum foil bags for long-term conservation. Paper bags are used
for drying the seed to 5-6% seed moisture. Every three years seed germination is
monitored. The seed stored during 1975-77 still has a germination capacity of more
than 80%. Every year, 1,700-2,500 germination determinations are made in the Bank.
Seed longevity seems to differ in different seed textures.
As of rnid-1996, a new seed storage room will become operational for medium- and
long-term storage at 5-6% moisture. The capacity will be large and there is an
opportunity to preserve more materials from other banks. Seed laboratory equipment is
now needed. The INT A network for genetic resources features a database on seed
storage information.
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Passport Documentation
Germplasm Bank at Pergamino Argentina has about 2,500 accessions of maize,
information for which is stored in a database that will soon be available on Internet. Of
these accessions, 2,350 are landrace samples and 39 are racial composites; the rest are
breeding lines, synthetics, gene pools, and varieties from the INTA maize breeding
program. The Pergamino bank gives priority to landrace collections from high altitude
regions of the Andes. At Pergamino, four modules are used for the active collection and
a new facility will serve for medium and long-term storage. INT A, Castelar, Buenos
Aires, also has a long-term seed storage facility. In the future, duplicate samples of our
materials will be preserved at CIMMYT and NSSL as back-ups. We will evaluate 500
temperate and subtropical accessions in LAMP II.
Our passport database is being continuously updated. In 1994, we collected maize
seed from highland regions of Argentina; such efforts should be continued before
genetic erosion takes place. There is interest in the Programa Cooperativo de
Investigaci6n Agricola del Cono Sur (PROCISUR) for supporting collection missions in
participating countries.

New Initiatives
Uses of Argentine races were described in a previous number of the CIMMYT Maize
Program Special Reports (Taba, S. 1995. Maize Genetic Resources. Maize Program Special
Report. Mexico, D.F.: CIMMYT). The few maize races involved in commercial hybrids
include Cristalino Colorado and Dentado Amarillo and, on a very minor scale,
Psingallo, Cristalino Blanco and Dentado Blanco. Research on maize industrial quality
could identify additional, potentially useful Andean highland races for breeding and
on-farm conservation. In the subtropics, Avati Moroti, Calchaqui, Canario de Formosa,
and others could be conserved on-farm.
Argentine breeding programs used Cristalino Cororado and Dentado Amarillo as .
primary germplasm initially, but with the introduction of yellow Com Belt dents, use of
local germplasm has been reduced to about 75% in new hybrids. Local maize in the
Pampa region of Argentina is being replaced by commercial hybrids or other crops such
as soybean. There is no exact information on the loss of local maize in other regions.
PROCISUR has a plan for collecting samples of maize landrace seed in the Southern
Cone of South America.
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Bolivia
Lorena Guzman V. and Gonzalo Avila L.

Ex-situ Regeneration of Landraces
All regeneation plantings were made at the Centro de Investgaciones Fitoecogeneticas
de Pairumani, Cochabamba. Pairumani Experiment Station is located at latitude
17°21'S and longitude 66°19'W, at 2,580 masI, with an annual precipitation of 664 mm.
Planting takes place from August through October and harvest from January through
March.
In the 1992-93 cycle, 208 accession entries were planted, 98 of which were selected as
part of LAMP. Seed shipments containing the 200 entries harvested during the year
were made to CIMMYT and NSSL in December 1993. Eight entries did not produce
enough seed. More than 100 ears per accession were obtained for 142 accessions.
Depending on the amount of the seed produced per accession, 15-50 seeds per ear were
composited for the CIMMYT and NSSL shipments.
For the 1993/1994 regeneration cycle, we sowed 200 accessions - 127 new ones and 73
from the previous cycle for which fewer than 100 ears were obtained. From the harvest
we sent 175 entries to CIMMYT and NSSL, 81 of which met the 100-ear requirement, 34
for which fewer ears were obtained, and 60 entries to replenish seed used for the
previous shipment. Ear rot was the major cause of loss of harvestable ears in race
accessions from temperate Andean valleys of Bolivia.
In the 1994-1995, 203 Bolivian accessions and 27 Chilean accessions sent by Dr.
Orlando Paratori, INIA, Chile, were planted. The Chilean accessions are not well
adapted to conditions on experiment stations in their home country, due to their origin
in the northern highlands of Chile. However, only partial seed increases (fewer than 100
ears) were obtained for 22 of these accessions. In 1995-1996 176 accessions were
planted, including 22 Chilean accessions and those which did not produce enough ears
in the previous years. As a result 20 Chilean accessions were regenerated. The summary
of the seed shipments are listed in Table 1. We have completed the promised 400
accessions for the regeneration project plus the additional Chilean accessions.
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Table 1. Accessions planted, regenerated, and sent to CIMMYf and NSSL.

Cycle

Location

1992/1993
1993/1994
1994/1995
1995/1996

Pairumani
Pairumani
Pairumani
Pairumani

N° of entries
planted
1st
2nd'"

No. of entries
regenerated

208
127 73
151 52
3 173

200
175
52
68

489

TOTAL

No. of Entries
Sent
>100 <100....

142
138
22
64#

366 + 34
total 400

* Cycle of regeneration planting.
** The number of accessions for which either 100 ears or more or fewer than 100 ears were
obtained.
MAccessions to be shipped.
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Table 2. Locations where landraces can be regenerated in Bolivia.
Location
Pairumani
Pairumani
Pairumani
Pairumani
Pairumani
Pairumani
Valle Alto
Pairumani
Valle Alto
Valle Alto
Valle Alto
Valle Alto
Valle Alto
Valle Alto
Valle Alto
Valle Alto
Valle Alto
Valle Alto
Valle Alto
Valle Alto
Valle Alto
Pairumani
Pairumani
Pairumani
Pairumani
Valle Alto
Pairumani
Pairumani
Chapare Tropical
Chapare Tropical
Chapare Tropical
Chapare Tropical
Paracti
Chapare Tropical
Chapare Tropical
Pairumani
Pairumani
Pairumani
Pairumani
Pairumani
Pairumani
Pairumani
Pairumani
Pairumani
Pairumani
Pairumani

Race
Pura
Pasanckalla
Pisanckalla
Purito
Huaca songo
Jampe tonga
Paru
Churi tongo
Kajbia
Chuspillo
Checchi
Harinoso de 8 hileras
Achuchema
Huillcaparu
Kellu Hillcaparu
Concebidefto
Tuimuru
Kulli
Aizuma
Oke
Colorado
Karapampa
Morochillo de Tarija
Morocho chico
Morocho 8 hileras
Kellu
Morocho grande
Morocho chalqueno
Duro beniano
Blando Amaz6nico
Duro Amaz6nico
Blando cruceno
Blanco yungueno
Bayo
Canario
Uchuquilla
Chake sara
Perla
Aperlado
Perola
Perla primitivo de los llanos
Perla amarillo
Morocho 14 hileras
Blanco mo jo
Cubano Amarillo (var. introducida)
Cordillera
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Code
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
B
B
B
b
B
B
B
A
A
A
A
A
A
A
A
A
A
A

REGENERATION OF LA TIN AMERICAN MAIZE LANDRACES

Table 2 indicates the locations where Bolivian landraces can be regenerated. However,
most bank accessions can be regenerated at Pairumani, except some subtropical races
of Blando Amaz6nico and Yunguefio and floury maize complex of the Valley.
Fusarium ear and stalk rots are the principal causes of losses at harvest. The project
protocol of regenerating 100 ears/per accession can be followed, though not easily.

Ex-situ Characterization
About 70% of the bank accessions have characterization data and pictures taken of the
ears. Part of the data is listed in the INTA-Pergamino, Argentina, catalog and LAMP
data. We plan to compile available data by race in the near future. For our part in the
regeneration project, we used the descriptors recommended. Racial core collections have
not yet been made using characterization data. Race classification is done without
much difficulty.

Seed Preservation in the Bank
Table 3 describes seed conservation at Pairumani Experiment Station. It is a short-term
facility . We have 1,100 entries in the bank with an initial deposit of about 2 kg each. At
this moment there is no seed dryer installed. Seed can currently maintain a germination
level of more than 80% for about 10 years. In Bolivia there is no long-term seed storage
bank.
Table 3. Seed storage conditions at Pairumani.
Characteristic

Details

Specification

Capacity
Temperature
Moisture

70 m 3

1 storage of 45 em" and another of 25m 3

5°C
60-70%

Thermic container

40mm

Kept under refrigeration
Dry season (8 months) -Rainy season (4
months)
Plastic foam

Dehumidifier

Seed moisture
Containers
Conservation

0.8 Its/day
13%
Plastic
Mid-term
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Passport Documentation
Passport data on the maize accessions are accessible in an electronic database. The
kinds of the materials preserved are sununarized in Table 4. Originallandrace
accessions comprise most of the collection. New accessions will be made of 20-25 ears
or equivalent seed amounts when they are donated to the bank. Racial composites are
also deposited, as well as introductions such as Cubano Amarillo and Blanco, and
popcorn and maize wild relatives. We plan to evaluate 400-500 accesions as part of
LAMP II. Passport information is also available in book form.
Table 4. Bank entries.
Type

Species

N o.of entries

In-situ and ex-situ varieties
Improved varieties
Racial crosses
Wild species

Zea mays
Zea mays
Zea mays
Tripsacum,
Z. mexicana,
Z. diploperenis

1059
30

TOTAL

8

3

1100

* Racial composites: Cubano amarillo, Huillcaparu, Hualtaco, Morocho, Chuncula,
Kellu, Blanco Mojo and Cubano blanco .
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New Initiatives
Bolivia has 41,000 ha of maize area planted with certified seed (IICA-PROCIANDINO,
1995) -15% of the national maize area. However, about 40% of this is planted to
improved maize and its desendents and 60% to locallandraces or introduced races.
Table 5 shows estimated contributions of major races to national maize production.
Table 6 indicates the distribution of cultivated races and their uses.
Table 5. Estimated contributions of landraces to national maize production in
Bolivia.
Tvpe
Amarillo Semidentado Tropical (Cubano, Suwan)
Amarillo Semiduro (Morocho, Kellu)
Blanco Harinoso (Hualtaco, Chuncula)
Blanco semiduro (Perla, Uchuquilla, Aperlado)
Marr6n Semidentado (Huillcaparu, Patillo)
Gris y [aspeado Harinoso (Checchi, Janka Sara)
Blandos Tropicales (Blando Amaz6nico, Canario, Bayo)
Negros (Kulli)
Special types (popcorn sweet com and hizhg altitude maize)
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Contribution
58%
18%
9%
6%

2%
2%
2%
2%
1%
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Table 6. Priority, geographic distribution and use of maize landraces in Bolivia.
Priority

Race

Geozraphic distribution

Use

1
1

Valles de Cochabamba
Valles

Chad 0, sopas humitas
Mote, chicha

1

Hualtaco
Morocho B
hileras
kellu

CJUcha, mote, sopas

2
2
2
2

Kajbia
Huillcaparu
Kellu Hillcaparu
Kulli

Valles de Chuquisaca, Cochabamba y
Tarija
Valles de Chuquisaca
Valles de Cochabamba
Valles de Cochabamba
Valles interandinos

2
2

Aizuma
Morocho grande

2
2
3

Uchuquilla
Aperlado
Paru

3
3
3
3
3
3
3

3

Chuspillo
Checchi
Tuimuru
Oke
Karapampa
Morocho chico
Morocho
chaqueno
Blando
amaz6nico
Blando cruceno

3
3
3

Chaque sara
Perla
Perola

4
4
4

Huaca songo
[ampe tonga
Harinoso de 8
hileras
Concebidefio
Colorado
Morochillo de
Tarija
Duro amaz6nico

3

4
4
4
4

Valles centrales templados
Valles bajos, valle inferior vertiente
onriental andina
Valles templados
Valles de Tarija
La Paz, Potosi, Chuquisaca y
Cochabamba
Valles templados
Valles templados
Valles altoandinos
Valles del Sur
Valles de Chuquisaca
Valles de Chuquisaca y Tarija
Valles de Chuquisaca y Santa Cruz
Beni, Pando, Vertiente oriental de la
Paz
Llanura de Santa Cruz

Choclo, mote
CJUcha, mote, sopas
Chicha, mote
Chicha,api
(mazamorra)
Chicha, mote
Sopas, chicha y mote
Sopas, mote y choclo
Choclo, sopas
Mote, sopas
Chicha, tostado
Tostado, pita
Mote, sopas
Sopas, mote
Chicha, mote, sopas
Chicha, mote, sopas
Sopas, mote, choclo
Reposteria choclo-tamal
Reposteria, choclo
tarnal
Sopas, choclo
Sopas, mote
Sopas, choclo

Valles de Chuquisaca
Valles bajos de Santa Cruz
Santa Cruz, Tarija (Provincia Gran
Chaco)
Valles altoandinos
La Paz y Potosi
Valles templados

Tostado, sopas pita
Tostado, sopas
Choclo, mote

Valles de Cochabamba
Valles meridionales, Yungas
Valles de Tarija

Chicha, mote, sopas
Chicha, mote
Mazamorra

Beni, Pando
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4

Bayo

4

Canario

4

Morocho 14
hileras
Blanco mojo
Cordillera
Pura
Pasanckalla

4
5
5
5
5
5
5
5
5
5
5

Pisanckalla
Purito
Achuchema
Blanco
yungueno
Enano
Perla primitivo
de los llanos
Perla amarillo

Llanura amaz6nica incluye valles u
Yungas
Monteagudo (Depto. Chuquisaca)
Santa Cruz, Chuquisaca

Reposteria, choclotarnal
Reposteria, choclotarnal
Chicha, mote

Santa Cruz
Santa Cruz
Valles de Tarija
Valles altos de La Paz, zona dellago
Titicaca
Valles centrales interandinos
San Cruz, Beni, Chaco y Tarija
Area de transici6n de valle a ·llanura
Zona de Yungas

Chicha, mote
Chicha, mote
Tostado (palomitas)
Tostado (palomitas)

Pando
Santa Cruz (Prov. Thanes)

Reposteria
Chicha, refrescos

Region de clima templado, induye
Perla v Morocho

Chicha, refrescos

Tostado (palomitas)
Tostado (palomitas)
Tostado
Chodo, mote

Some inter-Andean races of the floury maize complex of the Valley such as Kajbia,
Chuspillo, Checchi, Harinos de 8 hileras, Hualtaco, Huillcaparu, Kellu Huillcaparu,
Concebidefio, Tuimuru, Kulli, Aizuma, Oke, race complex Harinoso Colorado and
Karapampa, and other races such as Blando Amaz6nico, Paru, Huaca songo and
[ampe tongo can be conserved for many years to come by farmers. However, there are
reports that Enano, Achuchema and Blanco yungueno have been lost. Some races have
been improved without loss of their characteristics: Hualtaco, Kulli, Cubano Amarillo.
Core collections have not been made of these races. Germplasm collections are being
made in the critical areas of the country.
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Brazil
Ramiro Vilela de Andrade

Ex-situ Regeneration of Landraces
Except for landrace collections of Amazonian regions, most race collections of Brazil
can be regenerated in the State of Minas Gerais (MG) and in the neighboring states.
Amazonian race collections grow tall, present higher lodging, poor pollen shed, larger
anthesis-silking interval, and small ear size when they are planted at ex-situ sites.
However, isolation block planting can facilite their regeneration by open pollination to
obtain enough ears. Some of them are floury type which can be damaged easily by
insects. The summary of the accessions regeneration in Brazil during 1992-1995 is
shown below.
Year
1992
1993
1994
1995
Total

Accessions planted at. ..
Ianauba
Sete Lazoas
143
70
136
74
142
74
136
59
557
277

Accessions sent to
CIMMYT

99
185
63
347

During the regeneration project 180 accessions were repeated to obtain more than 100
ears. 72 out of 180 repeated regenerations were successful and sent to CIMMYT.
Another 42 access ions are currently ready to ship to CIMMYT, and 73 more are to be
harvested. Some Amazonian accessions are not adapted well at the Sete Lagoas or
[anauba locations, where most of the bank regenerations are being done. In the next
three years 592 accessions will be regenerated at Sete Lagoas (261) and [anauba (261),
both in MG, and the Centro Nacional de Pesquisas Agrofldrestais da Amazonia
Oriental (CPATU, 134) in Belem, State of Para. The cost of regeneration at CPATU is
high, being a remote location of high rainfall and humidity. Additional support to
germplasm bank activities, such as the donation of computers and expert consultation
on races of maize in Brazil, would be helpful. Dr. Ernest Paterniani could advise on
race classification through his experience.
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Ex-situ Characterization
The CNPMS experiment station (Centro Nacional de Pesquisa de Milho e Sorgo) is
located at Sete Lagoas, MG, with soil classified as latssoils and aluvials eutrofics
characteristic of the savannas (called "cerrado") and at 732 masI, 19°28'5, 44°15'W,
with an average annual rainfall of 1,560 mm. Planting begins in August and ends in
March, with supplementary water irrigation as needed. The other experiment station is
at [anauba, MG, 500 km north of Sete Lagoas. The main soil classification is similar to
Sete Lagoas, at 516 masI, 43°18'W, 15°47'5, with an average annual rain fall of
900 mm. The characterization of bank accessions has been continuous since 1981, and
we have characterized over 1,900 accessions to date.
Total number of descriptors used at the Empresa Brasileira de Pesquisa Agropecuaria
(EMBRAPA) maize germplasm bank is 49. The main descriptors are: seedling
emergence, male and female flowering, tassel branching number, plant height, ear
height, stem diameter, root lodging, stalk breakage, plant architecture, total leaf
number, number of leaves above the first ear, physiological maturity of seeds, ear
diameter, ear number, ear length, number of kernels per row, number of kernel rows,
kernel arrangement in the ear, ear weight per plant, ear quality, kernel weight per plant,
1000 kernel weight, endosperm color, endosperm type, aleurone color, seed viability,
reaction to principal diseases and insects.
There is a cooperative project with Centro Nacional de Recursos Geneticos
(CENARGEN) to do a core collection of maize germplasm in Brazil. The main core
subset is not yet designated. The idea is to establish a core subset based on ecological
region of origin plus traits such as disease resistance, drought tolerance, aluminum
tolerance etc. Computerized characterization data are used to determine planting
season and site for the regeneration.

Seed Preservation in the Bank
The storage facilities at CNPMS are satisfactory for preservation of the entire collections
of maize, sorghum and millet germplasm. There are three cold storage rooms
maintained at 10°C and 30% relative humidity, with a total capacity of 215 m >,
Recently, we built a prefabricated storage room with the capacity of 120 m 3, and
maintain seed there at lOOC and relative humidity 30%. The storage conditions are
suitable for medium-term preservation, with seed losing approximately 2% viability in
the first 10 years, according to monitoring studies conducted every three years. At
CNPMS, the maximum and minimum amounts of seed stored per accession are 20 and
2 kg, respectively. Seed drying is conducted in a room without an forced air flow, and
without RH and temperature control, or the seed is directly exposed to the sun.
CERNAGEN has long-term seed storage responsibility in Brazil. The seed is stored at
-18°C and samples comprise 5,000 seeds per accession. Accessions for which
germination falls below 85% are regenerated.
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Passport Documentation
The current number of maize accessions in the bank is 2,280. They include landraces
and improved populations and some exotic genotypes. Wild relative accessions
comprise lea mexicana (3), lea diploperennis (3) and Tripsacum spp. (1). For the new
LAMP project, approximately 500 accessions are expected to be included in an
evaluation. There is insufficient seed of most of these, and they need to be regenerated.
The germplasm bank at EMBRAPA is equipped with a 486 PC and peripheries. A full time staff person works on documentation. All passport data were reorganized for
inclusion in an accession editor/query software system developed by CIMMYT and the
data is available in diskettes or in datasheets. In the CNPMS gerrnplasm bank,
passport data are not updated constantly, although characterization and evaluation
information are updated yearly. The germplasm is not separated for national or
international exchange and the current criteria for adding new materials to the bank are
suitable. Maize germplasm collecting nationwide is done in agreement with
CENARGEN, which is responsible for new introductions and collecting missions in
Brazil.
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New Initiatives
Brazil is a very large country - 8.5 million km2 - and it is impossible to obtain
information on all cultivated landraces. In the last decade, there was a great
introgression in most regions due to the introduction of hybrids and improved varieties.
One region, the Northeast of Brazil (this includes the northwest Sao Francisco river, the
western portions of the States of Pernambuco, Alagoas, Ceara, and the eastern parts of Goias,
Tocantins, Maranhao and Piaui), needs a collection expedition as soon as possible to save
maize germplasm in danger of extinction there. The cooperative maize regeneration
project was not totally successful in Brazil, because accessions from the Amazonian
region were poorly adapted to conditions at the regeneration sites, and a new proposal
regarding the regeneration "in situ" of those accessions is needed.
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Chile
Rodrigo Sbarbaro Hofer and Orlando Paratori

Ex-situ Regeneration of Landraces
Chile has 23 maize races, 13 of which are grown in the three northern provinces
(Table 1). The La Platina, Santiago, experiment station is located at 625 masl, 330 S and
70° W, with an annual precipitation of 350 mm. Planting there takes place in October
and harvest in April. The other location used to regenerate accessions from the northern
regions, with the collaboration of the University of Tarapaca, was Uuta valley, located
at 1,050 masl, 18° Sand 70° W, with an annual rainfall of 1 rnrn. Planting there takes
place in March and harvest in September. Both locations are irrigated.
In 1992 103 accessions collected in the northern regions of the country (regions 1, 2, 3)
were planted at Lluta. Field germination varied and 10 accessions did not succeed due
to the high salt concentration of the experimental plot. 93 accessions were harvested
and only 13 of them had more than 100 ears. Out of 93 accessions, sufficient seed was
obtained for 75 and various quantities sent to CIMMYT and NSSL.
In the 1992/1993 cycle at La Platina, 137 accessions were planted. Problems included a
short supply of seed or a germination less than 75%. Two accessions were difficult to
pollinate due to poor adaptation, and the others were harvested with varying success.
We obtained more than 100 ears for 62 accessions, and seed samples were sent to
CIMMYT and NSSL; the 75 accessions which yielded fewer ears were replanted in
1993/1994 cycle.
.
In 1993/1994, 110 accessions (35 new entries) were planted at La Platina. More than
100 ears were harvested for 87 accessions and samples sent to CIMMYT and NSSL.
Seed of the 28 northern accessions not adapted to conditions at La Platina were sent to
Dr. Avila, Cochabamba, Bolivia, for assistance in their regeneration. In 1995/1996, 58
accessions were planted at La Platina, including 35 new entries. They are harvested and
being processed for the next seed shipment.
We need more institutinal support in the conservation of maize germplasm. Lluta has
highly saline soils, leaf diseases, and insect and bird attacks. We may try Azapa valley,
a location near Uuta where soils are less saline. It is proposed that additional collecting
being conducted in northern Chile, since we do not have enough samples of races such
as Chulpi, Polulo, Ngrito Chileno, Marcame. We will continue to regenerate 50
accessions annually if the funding is available. To regenerate an accession with 100 ears
takes a fair amount of labour, seed, and money. CIMMYT can help with resourcing and
coordinating efforts among collaborators in the region.
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Table 1. Races of Chile and their distribution in the provincial regions.
Race
Hamoso Tarapaquefio
Limerio
c:hulpi
Polulo
Capio Chileno Grande
Capio Chileno Chico
Chutucuno
Morocho Amarillo
Negrito Chileno
Marcame
Curagua
Choclero
Morocho Blanco
Camelia
Diente de Caballo
Cristalino Chileno
Pisankalla
Semanero
Maiz de Rulo
Amarillo de Nuble
Ocho Corridas
Araucano
Amarillo de Malleco

Provincial regions
I, II
I
I
I
I, II
I, II
II
II
II, RM
I, II
I, II, V, RM, VII, VIII
I, II, III, IV, V, RM, VI, VII, VIII,
II, III, V, RM, VI, VII
III, IV, V, RM, VI, VII, VIII, IX, X
III, IV, V, RM, VI, VII, VIII, IX, X
III, IV, V, RM, VII, VIII
II, V, RM, VI, VII, VIII, IX
VI, VII
RM, VI, VII
VII, VIII, IX
II, V, VIII, IX, X
VIII, IX, X
IX

Region I: Arica, Iquique, Tarapaca; Region II: El Loa, Tocopilla, Antofagasta; Region III: Huasco,
Copiapo, Atacama; Region IV: Limari, Elqui, Choapa, Cochimbo; Region V: Petorca, Quillota,
San Felipe, Los Andes, Valparaiso, Aconcagua; Region VI: Cachapoal, Colchagua, Rancagua,
Ohiggins; Region VII: Curico, Linares, Taka, Maule, Cauquenes; Region VIII: Nuble, Bio Bio,
Arauco; Region IX: Mallelco, Cautin, Temuco, Valdivia, Bio BlO; Region X: Valdivia, Osomo,
Llanquihue; RM: central regions.
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Ex-situ Characterization
The descriptors used for the regeneration project are adapted for characterization.
LAMP data as well as the regeneration data are stored in adatabase. We did not have a
problem classifying the accessions into the races.

Seed Preservation in the Bank
Chile has active and base banks. The active bank is at the La Platina experiment
station, and is maintained at 10°C and 45% RH. The base bank is located in the Elqui
valley in region IV, has a capacity for 50,000 samples, and is maintained at -10 to 15°C and 30% RH. Seed of 939 access ions is kept in the active bank and 932 samples
are stored in the base bank. For base bank collections, we use 3 plastic containers
holding 300 g each per accession. The active bank has one plastic container which can
hold 3 kg per accession. Germination rates of accesions have been maintained over 80%
during more than 10 years. Every three years we test the germination of floury seed
types and, for dent and flint types, every four years. Seed drying is done in ambient
conditions (i.e., without a seed dryer) .

Passport Documentation
The current number of the accessions is 939, 823 of which are landraces belonging to 23
races; the remaining seed is from 34 introduced hybrids and 82 non-classified
materials. Passport data has been compiled and updated through 1994. Camelia, Ocho
Corridas, Diente de Caballo, Cristalino Chileno, and Choclero have been used in
breeding programs.

New Initiatives
Landraces grown in northern Chile are scheduled for evaluation in LAMP II; 103 bank
accessions and new collections in the regions will be included. In other initiatives, local
landraces such as Choclero and Diente de Caballo are used as green com and Camelia
and Curagua are produced for grain. (Food preparations from the landraces are choclo,
chuchoca, humitas, guisos, tostada, pop corn, depending upon the races.) The most
important races are Diente de Caballo, Choclero, and Curagua, of which Diente de
Caballo and Choclero are good candidates for on-farm conservation; both races are
being improved on station.
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COLOMBIA

Colombia
Carlos DiazAmaris

Ex-situ Regeneration of Landraces
The tables below show the Colombian maize races that can be regenerated at
CORPOICA experiment stations, those races that are difficult because of their specific
adaptation, and other relevant information relating to our activities as part of the
regeneration project. We plan to regenerate about 500 accessions per year for a few
more years. The regeneration protocol of the project (lOa-ear minimum) is sufficient to
maintain the genetic variation of the accession.

Table 1. Colombian maize races that can be regenerated at CORPOICA
experiment stations.

Name of race
Comun
Yucatan
Costefio
Negrito
Cariaco
Puya Grande
Andaqui
Clavo
Pira
Hso. Dentado
Dulce
Amagaceno
Pira Naranja
Montana
Capio
Imbricado
Cabuya
Pollo
Sabanero

Origin
Valle
Tolima
Cordoba
Atlantico
Cordoba
Santander
Caqueta
Tolima
Cundinamarca
Narifio
Narino
Antioquia
Narifio
Antioquia y Narifio
Antioquia
Narifio
Santanderes
Cundinamarca - Boyaca
Cundinamarca - Bovaca
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Planting cycle
B
B
B
B
B
B
B
B
A
B
B
A
B
A
A
B
A
A
A

Experiment
station
Turipana
Turipana
Turipana
Turipana
Turipana
Turipana
Turipana
Turipana
Tulio Ospina
Tulio Ospina
Tulio Ospina
Tulio Ospina
La Selva
La Selva
La Selva
Tibaitata
Tibaitata
Tibaitata
Tibaitata
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Table 2. Colombian races that are difficult to regenerate at experiment stations
due to their specific adaptation.
N arne of the race
Chococeno
Guirua
Puya
Cacao

Site of origin
Pacific region (Chaco)
Sierra Nevada (Magdalena)
Region Uraba (Antioquia)
Medium dry climate at
Santanderes

Planting cycle
A
B
A

B

Table 3. Accessions planted at CORPOICA experiment stations, 1992-1996.
Station
Turipana
Palmira
Tulia Ospina
La Selva
Tibaitata
TOTAL

1992
202
464
394
128
137
1,325

1993
201

1994
251
330
176
162
919

193
201
36
631

1995
301
488
145
206
1,140

1996
271*
339*
181
188
979

Total
1,226
464
1,714
831
729
4,964

* Only for A season.

Table 4. Accessions regenerated at CORPOICA experiment stations.
Station
Turipana
Palmira
Tulio Ospina
La Selva
Tibaitata
Total

1992
195
372
241
102
95
1,005

1993
178

1994
70
295
129
129
623

187
141
30
536

1995
270

1996
*

-

-

365
101
155
891

*
*
*
-

Total
643
372
1,088
473
409
2,985

* Not yet harvested.

Table 5. Accessions sent to CIMMYf and NSSL.
Shipment No.
1
2

3
4

Total

No. of accessions sent
213
207
509
300*
1,229

* Ready to be shipped
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Date of shipment to Mexico
September 1993
January 1995
August 1995
June 1996
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Ex-situ Characterization
The following CORPOICA experiment stations are used for regeneration.
Table 6. CORPOICA experiment stations at which regeneration is conducted.
Experiment
station
Turipana Tulio Ospina
La Selva
Tibaitata

Experiment
station
Turipana
Tulio Ospina
La Selva
Tibaitata

Site and
department
Cerete
C6rdoba
Bello
Antioquia
Rionegro
Antioquia
Mosquera

Natural
rezion
Caribe

Latitude
08° 51' N

Longitude
75° 49' W

Vegetable
zrowinz
bh-T

Andina

06° 19' N

75° 21' W

bh-PM

Andina

06° 11' N

75° 23' W

bh-MB

Andina

04° 41' N

74° 12' W

bs- M

Altitude

Temperature

Precipitation

(masl)

(oq

(nun)

15
1.450
2.120
2.650

28
21
18

1.200
1.500
1.800
800

13

Irrigation
Yes
No
No
Yes

Planting
month
February
April
April
Februarv

Harvesting
month
May
August
October
November

We use the following descriptors at the time of regeneration and characterization: plot
number, accession number, field germination %, male and female flowering, plant and
ear height, stalk and root lodging, number of plants pollinated, number of ears
harvested, grain type, grain color, ear rot, ear form, ear quality, race and race purity,
field weight, grain moisture at harvest and storage, germination % at storage, seed
weight at storage, kernel row number, ear length, ear diameter, 1000 grain weight, and
seed origin. All data for Colombian accessions are stored in a computer database and
still need revision. They are accessed according to the type of seed request. All
Colombian races are well classified but those of other countries are not.

Seed Conservation in the Bank
In Tulio Ospina three seed storage rooms are used for short-term conservation of maize
germplasm collections. Each cold storage room is described below for temperature, RH,
seed moisture, capacity.
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Table 7. Tulio Ospina station storage rooms.
No. of
collection
1
2
3

Temperature
(0C)

8
8
8

Relative
moisture (%)
60
60
60

Seed
moisture (%)
8 -10
8 -10
8 -10

Capacity
(m 3)
53
30
50

Table 8. Accessions currently preserved.
No. of
collection
1

2
3
Total.

No. of
accessions
2,219 (366*)
842 * *
2,020
5,081

Additional
space available
847 glass bottles
247 plastic cans
431 plastic cans

Stored seed
(kg)

2,669
2,115
3,103
7,887

* Race populations and racial mixture; * * improved populations.

We have a seed drying facility for maize and bean at 37°C and 70% RH for commercial
grades, which is not ideal for seed conservation. CIMMYT has donated a seed dryer.
There are three types of seed containers: glass bottles which hold 800 g of seed, plastic
cans which hold 4-5 kg seed, and metal cans of 10 kg capacity. The seed is germinated
every three years.

Passport Documentation
There are 5,081 accessions in the bank, which includes 366 improved populations.
Some of the original passport information for early collections from Colombia, Bolivia,
Ecuador, Peru, and Venezuela has been recovered. We will participate in LAMP II with
some 1,000 accessions.

New Initiatives
Cultivated landraces and those with specific uses in Colombia, as well as their
estimated grain production, are listed found below.
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Table 9. Landraces grown in Colombia.
Name
Polio
Pira
Pira Naranja
Clavo
Guirua
Cariaco
Andaqui
Sabanero
Montana
Amagacefio
Comun
Yucatan
Cacao
Costefio
Negrito
Puya
Chococefio

Geozranhic distribution
Cundinamarca, Boyaca
Cundinamarca
Narifio
Narifio, Toloma, Caldas
Magdalena (Sierra Nevada)
C6rdoba, Atlantico, Magdalena
Meta
Cundinamarca, Boyaca
Antioquia, Narifio
Antioquia, Narino
Valle, Cauca, Huila, Caldas, Quindio,
Risarald
Valle del Alto Magdalena
Santander, Norte de Santander
C6rdoba, Bolivar, Magdalena, Atlantico.
Atlantico, Magdalena, Guajira
Antioquia, Santander, Magdalena, Guajira
Choc6, Narifio, Valle, Cauca

Natural region
Andina
Andina
Andina
Interandinos
Andina
Caribe
Orinoquia
Andina
Andina
Andina
Interandinos
Interandinos
Andina
Caribe
Caribe
Caribe, Interandinos
Pacifica

Table 10. Landraces with specific food uses in Colombia.
Name
Puya
Sabanero
Costefio
Montana
Chococefio
Cariaco
Cacao
Amagacefio
Cornun
Nezrito

Typical food
Arepas, Mazamorra
Sopas, Ajiaco
Sancochos (pescado), Tarnal, Chicha
Sopas, Natilla, Mazorca asada.
Envueltos, Natilla, Mazamorra, Sopas
Maiz tostado con coco y miel
Sopas, Cafe de maiz, Chocolate de Maiz.
Sopas, Tamales, Empanadas
Sancocho (Gallina)
Envueltos de anzelitos, coladas.

Use
Grano
Choelo, Forraje
Grano, Chodo
Chodo, Grano
Grano, Chodo
Grano
Chodo, Grano
Grano, Chodo
Grano
Choclo
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Table 11. Estimated production statistics for Colombian maize landraces".
Production,
Natural
95B/96A
(t)
region
643,704
Caribe
177,402
Valles Interand.
251,490
Andina
116,262
Orinoquia
64,396
Amazonia
18,000
Pacifica
1,271,254
Total:

874,496

Traditional
maIZe
Improved
maize

423,758

Race
production
(t)
246,574
15,167
36, 650
174, 663
15,631
336,837
6,923
4,500
1,644
6,439

Percentage
19. 4
1. 2
2. 9
13.7
1.2
26. 5
0.5
0.4
O. 1
O. 5

Comun

10,120

0.8

Yucatan
Amagacefi
Total:

8,520
10,828
874,496

O. 7
O. 9

Race
Percentage
name
50. 6
Puya
Chococefio
14. 0
Montana
19. 8
Sabanero
2. 1
Cacao
5. 1
Costefio
1.4
Negrito
100.0
Cariaco
Guirua
68.8
Andaqui
31. 2

68. 8

* Reference source:
FENALCE, 1993. El Cerealista. Eficiencia y Presencia Politica en Defensor del Agro.
Nro. 59, p 18.
Torregroza, CM. 1977. Importancia del Maiz en la Zona Andina Colombiana, 35p.
. 1978. Estado Actual del Cultivo de Maiz en Colombia. 36p.
La Hoja Economica, Cerealista. Evaluaci6n y Pron6stico. Fenalce Santafe de Bogota.
1996 Nro. 39.
Table 12. Races considered suitable for in-situ conservation in Colombia.
Race
Chococefio
Guirua
Cacao
Montana
Puva
Sabanero

Natural Region
Pacifica
Caribe
Andina
Andina
Andina
Andina

Department
Choc6
Magdalena
Santander
Antioquia
Antioquia
Cundinamarca

Location
Zona Central v Sur.
Sierra Nevada de Santa Marta.
Barbosa
Oriente Antioqueno
Uraba
Altiplano Cundi-bovacense.

Races such as Capiro, Dulce, Harinoso Dentado, Imbricado, Yucatan, Cabuya,
Andaqui, and Negrito may be grown less now and disappear in the near future.
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Costa Rica
Carlos Caldel6n Guerrero

Future Initiative
In 1989-91 some 30 samples were collected in the Atlantic region and Brunca by
personnel of the Ministry of Agriculture. Some have been incorporated in improved
materials. Two were used in stratified mass selection to be delivered to local farmers in
1997. It is proposed that collecting be made in 1996 and 1997. The samples obtained
will be increased and characterized. The collection mission will cover the six agricultural
regions of the country. Maize germplasm conservation needs to be systematically
organized in the country.
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CUBA

Cuba
Cecilia Torres Martinez

Ex-situ Regeneration of Landraces
In Cuba all existing maize races can be regenerated anywhere and at any time of the
year, because all are of lowland tropical adaptation. The regenerations performed as
part of this project were done at El Tomeguin experiment station in 1994-1995 and
1996. The summary of plantings and seed shipments is shown below.

No. of accessions
planted
50
25
sub-total 75
27
subtotal 102
29
Total 131

Date of
planting
January /94
Feburary/94
December/9
4

No of accessions
regenerated
43
15
sub-total 58
23

Seed shipment
dates
October /94
October /94
October /94
October /95

sub-total 81
20
Total 101

August /96
September /96

February /96

Cuba has a total of 323 accessions. From 1996 onwards we have had to regenerate
about 25 accessions per year. We believe the regeneration protocol of 100 ears is good
and that using 100 ears to make a bulk to represent the cycle of regeneration is
adequate. In Cuba CIMMYT can collaborate through technical assistance, training,
financial help, and the provision of certain supplies and of a seed dryer for maize
germplasm conservation.

Ex-situ Characterization
EI Tomeguin experiment station is located at 50 masI, 22°53" N, 82°28" W, in the
province of Habana. The soil is Oxisol, irrigated, and managed according to the
specifications laid out in a technical bulletin of the Ministry of Agriculture (1992) .
Plantings take place during October-May and harvests during March-August. We use
the same descriptors of CIMMYT. We maintain regeneration data in fieldbooks and in a
computer database. There is no problem classifying accessions into Cuban races. We
need to develop a germplasm catalogue with characterization data.
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Seed Preservation in the Bank
Short-term seed storage is facilitated through use of a commercial refrigerator which
maintains temperatures at 8-12°C and 12-13% seed moisture. Samples of the 323
landrace accessions vary from 1.5 to 2.5 kg. We do not have a seed dryer; seed is sundried to 12-13% moisture and stored in a box containing 20-25 different samples. No
hermetic containers are used. After 3 years of storage germination tests are performed.
In general, samples under these conditions are expected to maintain a level of
germination of more than 80% for 5-6 years. Current short-term seed storage is good,
but medium-term storage is needed.

Passport Documentation
Passport information in the database requires updating and verification, but is at least
accessible. The regeneration project focused only on landrace accessions; there are no
plans to add more materials at the moment. It is important to maintain the materials
we have now. Cuba can include 50-60 accessions in LAMP II. We agree that passport
data should be updated regularly. There is an interest in a nationwide collection effort
to sample maize germplasm before its loss.

New Initiatives
The race Argentino can still be found in the western region. Farmers in the eastern region
grown Tus6n, Canilla, Chandelle, and Argentino. In the central region, one finds
Cubano amarillo, Argentino, Canilla, Coastal tropical flint. And occidental region
cultivates Cubano amarillo, Coastal tropical flint, Argentino, and Tus6n. Races which
can possibly be conserved on farm are Tus6n, Canilla or Chandelle, Cubano Amarillo,
and Argentina. It is not known if any local maize has been lost. We are planning a
exploration/ collection effort for local maize in 1996-97.
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Ecuador
Edison Silva and Raul Castillo

Ex-situ Regeneration of Landraces
Most highland maize races of Ecuador can be regenerated at the Santa Catalina
experiment station of INIAP, which is located at 2,700 masl. Some races collected in
the lower altitude sites (2,000-2,500 masl), such as Montana ecuatoriana, Cuzco
ecuatoriano, Clavito, Uchima and Kcello ecuatoriano are not well adapted on the Santa
Catalina station, but can be regenerated at the Chuquipata experiment station, located
in the lower altitudes. Cuzco ecuatoriano race types are more specifically adapted in
the provinces of Azuay and Canar and Bolivar. Those of the first two provinces are
mostly of the morocho grain type. In the province of Bolivar white floury types are
grown. The race types can best be regenerated in these provinces.
The numbers of accessions planted and harvested according to regeneration protocol in
1992-1996 are shown below. Some accessions were replanted two to three times to
obtain more than 100 ears. All plantings were made in Santa Catalina, Quito, Ecuador.

Cycle
1992 1993 1994 1995 -

1993
1994
1995
1996

No.
accessions
planted
121
195
225
100

1st
121
87
105

No. of times
planted
(repeat)
2nd
3rd
108
57

63
72
28
Total = 313

Accessions sent
Complete Incomplete
Total
90
3
87
167
59
108
185
104
81
283 accessions were regenerated

One problem that reduces the efficiency of regeneration in Ecuador is ear rot. Highland
floury and morocho maize types are susceptible to ear rot. In some cases new collecting
or planting at collection sites or in the vicinity can help multiply the accessions. The race
Montana ecuatoriana is now lost from its collection site, but maybe samples of other
races can be obtained before they disappear.
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There are not so many accessions left for regeneration for the moment. But there are
additional accessions from Ecuador which are preserved elsewhere but not by INIAP.
We would like to repatriate them through Regeneration in Ecuador. We have the
capacity to regenerate about 300 accessions, if the resources are available.

In the case of Ecuador's floury and morocho maize, we need to sow 400-500 plants to
harvest 100 ears in a single regeneration cycle, and this requires additional resources.
We hope CIMMYT will continue to provide the valuable support to regeneration work
in Ecuador that it has given to date. Other items we need to expedite the work include
materials to make seed shipments.

Ex-situ Characterization
All work has been done at Santa Catalina Experiment station which is located at 2,700
masl, 00°22" S, 78°33" W, with 1,200 mm annual rainfall. Plantings are made from
October through November and harvest conducted in June and July. No irrigation is
available. We take data on the descriptor lists provided by CIMMYT, except for 1000seed weight, which is not recorded.
Information from the regeneration project on the descriptors is not used to form core
collections, but is used to select the best accessions for breeding. The best accessions of
the races Huandango, Mishca, Blanco Blandito and Cuzco ecuatoriano are incorporated
into breeding populations. Race classification can be done rapidly, but it should be
taken as preliminary, since accessions usually comprise mixture of races. However it
serves the purpose of grouping and indicating the type of germplasm. All information
is in MSTATC. The database is used for identifying promising accessions. In the future,
core subsets will be designated within the collection.

Seed Preservation in the Bank
Seed storage is medium term, with samples maintained at -5°C, 35% RH, and 5-6%
seed moisture; storage capacity is 33 m 3 . A new seed storage facility will be
constructed for the base collection. An active collection storage room is available, with a
temperature of 13°C and 70% RH. Ecuador has been sending 2.5 kg of each sample to
CIMMYT and NSSL to insure the viability of the regenerated accessions. The INIAP
germplasm bank holds 2 sets of 656 seeds for long-term storage; the rest is kept in the
active storage facility of the maize program. A seed drying facility is available at 22°C.
No control measure is being made for relative humidity in the drying room. We use
aluminum foil bags to hold seed. Germination tests are performed every two years.
Seed is expected to have 80% germination after 20 years of storage.
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Passport Documentation
The INIAP germplasm bank holds about 10,000 accessions of all species, of which 400
are maize. Passport information is compiled in FOXBASE for Macintosh. To
incorporate new materials in the bank, we consider the origin where fewer samples are
represented, in the case of landraces. For improved materials we decide if they are
useful over the medium or long term. Most accessions (about 95%) are landraces. The
rest are improved populations, pools, and varieties from the INIAP breeding program.
We have one type of seed conservation available for medium-term storage. We will be
able to evaluate about 350 accessions in LAMP II, including the accessions regenerated
under the current project and some new accessions collected recently.
We regularly update passport data on the collection. Ecuador needs more new
collections, the repatriation of national germplasm held in banks outside the country,
and new introductions to complete a collection of all potentially useful germplasm.
Once this is accomplished, we can classify holdings for further utilization and
evaluation.
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New Initiatives
Maize germplasm documents compiled by CIMMYT in 1995 list correct information on
Ecuadorian maize races. We use the local highland landraces in the breeding program.
We need all the germplasm of Ecuador for breeding. Collections of some races are
available in other germplasm banks in the world, and we would like to have samples in
Ecuador in the future. Most important are Mishca, Huandango, Cuzco Ecuatoriano,
Blanco Blandito, Morochon, Sabanero, Chilios, Racimo de Uva, Chulpi, Cangil, Kcello
Ecuatoriano, Tusilla, Uchima, and Cubano.
The contribution of landraces to national maize production is more than 90% in the
Andean highlands (Sierra) and Amazonian lowlands (Oriente or Selva). Farmers in the
coastal lowland region grow improved maize on more than 70% of the area and local
cu1tivars on the rest. Farmers in the Los Rios province in the lowlands plant only
improved varieties and hybrids. Because of their importance in highland crop
production systems in Ecuador, maize landraces are well-suited for on-farm
conservation. The race Montana ecuatoriana, a parental population of the collection of
Ecuador 573, has now disappeared, having been replaced by earlier maturing materials
(Montana ecuatoriana needed 10-12 months to reach maturity). Currently two races,
Huandango and Cusco ecuatoriano, are improved through on-farm conservation, using
local germplasm as a base to maintain its characteristics. Farmers have expressed an
interest in applying this methodology to races such as Mishca and Blanco Blandito, and
work with this aim will start soon.

Reference
INIAP. 1993-95. Informes anuales 1993-95. Maize Program and Plant genetic resources
and biotechnology, Santa Catalina Experiment Station, Quito Ecuador.
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Guatemala
Jose Luis Queme

Ex-situ Regeneration of Landraces
The numbers of accessions planted and regenerated during 1992-1996 in Guatemala
are shown below.

Location

Chimaltenango 1992
Chimaltenango 1993
Cuyuta 1993/94
Cuyuta 1994-95
Chimaltenango 1994
Chimaltenanzo 1995

Accessions
planted
121
57
78
78
Not planted
Not planted

Accessions
regenerated
121
57
78
78
0
0
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Observations

Seed shipment made
Seed shipment made
Seed shipment made
Seed shipment made
Institutional reform
Institutional reform
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Ex-situ Characterization
Characterization data on the accessions planted in the project were taken.

Seed Preservation in the Bank
There is a cold room to store the seed without control of humidity. The temperature of
the room is maintained at 15°C. A seed dryer was donated by the project in 1995.

Passport Documentation
Passport documentation has not been updated in the new database.
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Honduras
Juan Jose Alan

Ex-situ Regeneration of Landraces
In the Spring of 1993,60 accessions were planted for regeneration. 80 accessions were
planted in 1994 at the Escuela Agricola Panamericana, EI Zamorano, southwest of
Tegucigalpa at 800 masl, 14 <N, 87 oW, with 1,200 rom annual precipitation and a well
defined rainfall pattern during June-November. Plant to plant crosses were made for
regeneration. Only 41 accessions from the two plantings produced more than 100 ears.
Some high altitude collections that were made at 1,200-1,850 masl cannot be
regenerated at EI Zamorano. These collections (56 of them) showed poor plant
establishment and seed set at EI Zamorano. They can be sent to CIMMYT for possible
regeneration at proper locations. In the second planting season of 1994 and in 1995
climatic conditions were not good, so no regeneration was attempted.

Ex-situ Characterization
More than 173 accessions have been characterized using 1991 IBPGR descriptors.

Seed Preservation in the Bank
Seed is dried to below 10% seed moisture using a home-made air dryer that produces a
heated (39OC) air flow . The seeds are preserved at 50C in air-tight containers, including
Mason jar and plastic containers (Seedburo). These conditions normally maintain seed
germination capacity at acceptable levels for more than 10 years.

Passport Documentation
The germplasm bank of La Escuela Agricola Panamericana had 80 maize accessions in
1990. In 1991, collection missions funded by IBPGR obtained 310 new samples from 16
departments of the country. Passport data includes collection information.
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Mexico
Francisco Cdrdenas

Ex-situ Regeneration of Landraces
For successful regeneration of the Mexican races INIFAP genetic resources program
lists the following experiment stations where the bank accessions can be regenerated
without major difficulty of adaptation.
Table 1. The names of Mexican races and their regeneration sites.
Regeneration sites of INIFAP
experiment stations
Chapingo
Chapingo
Celaya y /0 Iguala
Chapingo
Celaya
Iguala
Iguala
Iguala
Celaya
Celaya
Chapingo
Chapingo
Chapingo
Chapingo
Chapingo
Iguala
Iguala
Celaya
Celaya
Iguala
Celaya
Celaya
Iguala
Chapingo
Chapingo
Celaya
Celaya

Races of maize

Apachito
Azul
Ancho
Arrocillo amarillo
Bolita
Blandito
Blandito sonora
Bofo
Celaya
Complejo serrano de jalisco
Conico
Conieo norteno
Cristalino de chihu ah u a
Chalqueno
Cacahuacintle
Conejo
Chapalote
Comiteco
Coscomatepec
Dzit-bacal
Dulcillo del noroeste
Dulce
Elotes occidentales
Elotes conicos
Gordo
Harinoso de ocho
Tala
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Maiz dulce
Mushito
Nal-tel
Olotillo
Oloton
Onavefio
Palomero
Pepitilla
Reventador
Tabloncillo
Tabloncillo perla
Tuxpefio
Tuxpefio nortefio
Tehua
Tepecintle
Tamaulipeco
Tablilla
Tablilla de ocho
Vandefio
Zapalote chico
Zapalote grande
Zamorano

Celaya
Chapingo
Iguala y /0 Celaya
Iguala y /0 Celaya
Iguala y /0 Celaya
Iguala y /0 Celaya
Chapingo
Celaya y /0 Iguala
Iguala
Iguala y /0 Celaya
Iguala
Iguala
Iguala
Celaya
Celaya
Celaya
Iguala
Celaya
Iguala
Iguala
Iguala
Celaya

The accessions are planted at Chapingo and Celaya in the Spring each year, and those
at Iguala are planted in the end of November through the beginning of December. Most
of the Mexican accessions can be regenerated in INIF AP experiment stations.
Table 2. Accessions planted and sent to CIMMYT during 1992-1996.
I gua 1 a

Year
1992
1993
1994
1995
1996
Total

Accessions
planted
229
229
313
312

Accessions
sent
58
110
308
226

-

-

1,081

702

C e I ava
Accessions Accessions
planted
sent
302
260
247
282
312
356
289
305
290
1,535
1,108

--

Ch a
Accessions
planted
373
360
334
369
500
1,936

n go
Accessions
sent
297
305
320
334

p i

-1,256

There is no significant abiotic or biotic factors to limit regeneration of accessions in
Mexico. Human and economic resources, though, are needed to rescue the germplasm.
About 60% of the accessions of Mexico are duplicated either at CIMMYT or NC-7,
NSSL in USA. We can recuperate the accessions lost in the Mexican bank from these
sources. Otherwise, new collecting can still be done where the initial collection were
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made. Mexico needs to regenerate 900 accessions annually from 1996 on for about 5
years. We consider bulk samples of 80 regenerated ears per regeneration is adequate for
rescuing many more accessions in the bank in the limited time span we have.
CIMMYT can help by continuing its collaboration with regeneration and providing
support in resourcing this work.

Ex-situ Characterization
Three locations are used for regeneration in Mexico. Precipitation starts in May and
ends in October.
Table 3. Experiment stations where regeneration is conducted in Mexico.
Precipitation

Altitude
Location

(masl)

Latitude

Longitude

(mm)

Planting

Harvest

Irrigation

Chapingo
Celaya
Iguala

2, 250
1, 752
635

19:30
20:31
18:22

98:53
100:47
99:33

644.8
597.1
1086.3

April
April
December

Nov-Dec
Nov-Dec
Mav

Yes
Yes
Yes

The following descriptors are used to characterize accessions: plot number, collection
number, accession number, number of the seed planted, number of the seed
germinated, number of the plants matured, number of days to pollen, number of days
to silk, plant height, ear height, foliar diseases, insect damages, number of plants
lodged, number of plants broken, number of pollination made, number of effective
pollination, number of pollination not effective, number of ears harvested, ear rot
rating, ear form ". pith color, grain color, grain type, grain weight, grain moisture (%) *,
primary race, secondary race, kernel row number ", ear length ". ear diameter *, number
of regeneration *, seed origin ". number of rows planted ". location ", year ". The
descriptor with * are included for the last two years.
The characterization data obtained at regeneration is not used for designating core
collections. Maturity data are used for grouping accessions of the similar maturity for
planting. All data have been put in electronic form, given to' CIMMYT, and preserved in
the in-house database. Races are classified rapidly at time of characterizing the
accession. We have no particular problem with race identification.
Characterization data are being updated as they are taken. Current descriptors used in
the project do not permit us to group within-race diversity very well. We propose the
following descriptors be included in characterization data: % shelling, tassel length,
length of tassel branches, number of tassel branches, 1000 kernel weight and volume,
days to physiological maturity, leaf number, leaf width and length, plot ear weight and
number of plants harvested per plot.
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Seed Preservation in the Bank
The seed storage conditions in the Mexican bank are 0-5°C, 35-40% RH, storage
capacity 90 m 3, and medium-term storage. To date about 10,400 accessions are stored
and no more space is available for future additions. Mexico installed a seed dryer
about a year ago; it works at 150C and 25% RH. Seed is stored in glass bottles for most
accessions and recently some are stored in aluminum foil bags. Seed germination is
monitored about every 4 years. Seed normally lasts 20-25 years in the storage
conditions used.
The Chapingo seed storage facility has been operating for 40 years and is not in good
condition. The Zacatecas location, the long-term seed storage facility, is currently not
functioning due to teclmical problems. General improvement of seed storage facilities is
required in Mexico.
We record the following information for bank accessions: accession number, seed
storage location in the bank, introduction date, seed quantity and initial germination at
introduction, germination levels at different points in time, seed shipment record (to
whom, where, when, and for what purpose?), shipment follow-up record, and updated
seed quantity and germination during curation in the bank.
Passport Documentation
Maize accessions in the INIFAP bank currently number about 10,400. About 95% of
these have passport information in the database, which is accessible on request.
Improved materials comprise 2% of the total; the rest are landraces. Before accepting
new introductions we consider their passport data, especially regarding collection site,
since subsistence vs commercial farming is an important criterion.
All accessions will be stored in active/medium and long-term storage in the future. In
LAMP II, we need to evaluate about 2,000-2,500 accessions for which enough seed is
available. The distribution of races Tehua and Tepecintle (and possibly others) has
fallen precipitously in recent years, and samples should be collected.
New Initiatives
After reviewing the status of landlace use in Mexico, it appears that San Juan, Lady
Finger, Carmen, Maizon, Xmejenal, and Tunicata are not grown anymore. By priority,
Mexican maize races can be listed as below.
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Table 4. Maize races grown in Mexican communities.
Priority
1
2
3
4

5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

Race
Tuxpeno
Celaya
Conieo
Conieo Nortefio
Chalqueno
Elotes Conieos
Elotes Oecidentales
Olotillo
Tabloneillo
Reventador
Tabloneillo Perla
Bolita
Dzit-Baeal
Vandefio
Nal-Tel
Pepitilla
Maiz Dulce
Mushito
Caeahuaeintle
Harinoso de 8
Palomero
Tepeeintle
Arroeillo Amarillo
Dulcillo del Noroeste
Tuxpeno Nortefio
Bofo
Oloton
Aneho
Arrocillo
Azul
Blandito de Sonora
Conejo
Jala
Tuxpeno Nortefio
Zapalote Chico
Zapalote Grande
Onavefio
Blandito
Chapalote
Cristalino de Chihuahua
Cordo
Tehua
Tablilla de 8

Distribution bv province and state
Exception 1, 27, 30
1,4,5, 6, 8, 9, 11, 12, 13, 14, 16, 18, 19, 21, 23, 28, 30
1,4, 5, 8, 9, 11, 12, 13, 14, 16, 18, 19, 21, 23, 27, 28, 30
1, 4, 6, 8, 9, 11, 12, 13, 14, 16, 17, 18, 19, 21, 23, 28, 30
1, 4, 8, 9, 11, 12, 13, 14, 15, 18, 19, 21, 23, 27, 28, 30
1, 9, 10, 11, 12, 13, 14, 18, 19, 21, 23, 27, 28, 30
5, 6, 8, 9, 10, 11, 12, 14, 16, 19, 23, 28, 30
5, 10, 11, 14, 15, 16, 18, 19, 20, 23, 25, 28, 29
4, 7, 8, 10, 12, 15, 16, 17, 22, 23, 24, 30
4, 7, 8, 9, 10, 12, 14, 16, 22, 24
2, 4, 5, 7, 8, 12, 16, 22, 24
4, 8, 11, 12, 13, 18, 19, 28, 30
3, 5, 11, 14, 20, 23, 26, 28, 29
5, 7, 10, 12, 14, 15, 16, 18, 25
3, 5, 10, 18, 20, 24, 25, 29, 28
8, 10, 12, 13, 14, 15, 19, 28
4, 9, 12, 14, 16, 22, 30
9, 10, 11, 14, 18, 19, 28
11, 13, 14, 19, 27, 28
4, 12, 16, 22, 23, 24
4, 13, 14, 19, 27, 28
5, 10, 18, 20, 28, 29
11, 13, 19, 27, 28
4, 8, 22, 24, 30
4, 6, 15
8, 16,21, 30
5, 11, 18, 28
10, 13, 15
11, 19, 27
4, 12, 13
8, 22, 24
10, 14, 18
7, 12, 16
4, 6, 15
5, 18, 29
5, 18, 25
21, 22, 24
4, 8
22, 24
4,8
4, 8
5, 6
16,17
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44
45
46
47
48
49

Zamorano
12, 14
Tablilla
8, 30
Apachito
4
Comiteco
5
Complejo Serrano de [alisco 12
Coscomatepec
28

State codes: Aguascalientes (1), Baja California (2), Campeche (3), Chihuahua (4), Chiapas (5),
.Coahuila (6), Colima (7), Durango (8), Guanajuato (9), Guerrero (10), Hidalgo (11), [alisco (12),
Mexico (13), Michoacan (14), Moleros (15), Nayarit (16), Nuevo Leon (17), Oaxaca (18), Puebla
(19), Quintana Roo (20), Queretaro (21), Sinaloa (22), San Luis Potosi (23), Sonora (24), Tabasco
(25), Tamaulipas (26), Tlaxcala (27), Veracruz (28), Yucatan (29), Zacatacas (30) .

There is no quantitative information on the use of the local races. However, we can
make estimation of the extent of cultivation of these races by listing where and what
conditions, and for what use they are cultivated.

Table 5. Regional specific use of maize races. :
Priority
1

Narne of the race
Cacahuacintle

2
3
4

Elotes eonieos
Elotes occidentales
Ancho
Zapalote chico
Bofo

5
6
7

8

Reventador chapalote
Palomero, Toluqueno,
Apachito arrocillo
Azul

Specific use
Bread, toasted and ground, green ears, pozoles,
memelas, gordas
Elotes, pozole, special dishes (tlacoyos)
Elotes, pozole
Pozole
Totopos
Toasted, in huacholes, uncooked maize soaked in
water
Popcorn, toasted, and in confections

Tamales, tortillas on special occasions
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Table 6. Maize races cultivated for their adaptation, productivity, and food
security.
Priority
1
2
3
4

5
6

7
8

Race name
Chalquefio
Conieo
Oloton
Cristalino de Chihuahua
Celaya, Tabloncillo Pepitilla,
Tuxpeno nortefio, Raton
Bolita, Conieo nortefio
Tuxpeno, Vandefio, Comiteco
Zapalote chico Nal-tel

Province and state, etc.
Central highlands, good rainfall
Central highlands, dry areas
Southern highlands, cloudy weather prevalent
Northwest highland areas
Midaltitudes (1,000-1,800 masl), good rainfall
Midaltitude (1,000-1,800 masl) dry areas
Lowlands (0-1000 masl), good rainfall
Lowland (0-1000 masl) dry areas

We think landraces that are grown for special uses and their adaptation to local
conditions will are likely to be conserved in situ by farmers. We believe that Mexico has
not lost any maize races for the last 40 years. However, the extent of certain races is
now much limited, including Tehua, Tepecintle, Apachito, Coscomatepec, Complejo
Serrano de [alisco, and Conejo. Races like Tuxpeno, Chalqueno, Conico, and Celaya
have been improved without much change in their racial characteristics.
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PARAGUAY

Paraguay
Manuel Santiago Paniagua

Ex-situ Regeneration of Landraces
Since 1995 the regional agricultural research station, CRIA, in Capitan Miranda,
Paraguay, has regenerated 100 accessions of maize races. They are Avati Moroti (35),
Sape Pyta (18), Tupi Moroti (15), Tupi Pyta (11), Avati Mita (5), Avati Ti (4), Sape
Moroti (2), Avati Guapy (1), others (9) . Seed shipment have been made. There are 275
accessions which were collected in 1987. They are to be regenerated next and sent to
CIMMYT for long-term storage, because they are not duplicated anywhere.

Seed Preservation in the Bank
There is a cold storage room for the crops CRIA manages with about 40% RH. No seed
dryer is available. There are a few refrigerators in which seed samples are stored. All
maize seed samples at Caacupe Experiment Station had been moved to CRIA, Capitan
Miranda. There is a need to improve seed storage condition at CRIA.

Passport Documentation
There is a need to compile all existing accessions in database.
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PERU

Peru
Ricardo Sevilla

Ex-situ Regeneration of Landraces
In Peru the Programa Cooperativo de Investigaciones en Maiz (PCIM) conserves maize
landraces. In the 1950s about 2,500 samples were collected and stored at PCIM and
Tulio Ospina, Colombia. Later 317 samples from the six highland deparments were
added from collecting missions in 1961 (northern highlands) and 1974-76. 710 samples
from the coastal region and 354 samples from the Selva region were also added to the
collection in 1979-80. In 1980 the collection inventory contained 3,680 samples and the
need to maintain seed viability reached critical proportions. A cooperative regeneration
project between PCIM and North Carolina State University (NCSU) was launched in
1984. Until then bank accessions were regenerated by the PCIM breeding program. At
the start of the current regeneration project, the accessions were compiled again
according to seed viability, and 609 samples were judged as lost. The project aimed to
regenerate 3000 samples, harvesting 100 ears or more for each, and to deposit back-up
samples at NSSL, USA. During seven years of work, PCIM regenerated 1,629
accessions with more than 100 harvested ears, through the planting of 5,161
regeneration field plots. Some accessions needed a few to several repeat plantings to
obtain the 100-ear minimum. In all, 1,006 accessions were not successfully regenerated
at the end of the project in 1992. PCIM entered the second phase of the regeneration
work with CIMMYT as of 1993. Despite the rescue effort the current bank accessions
number 3,023, 1,815 of which (1,685 from the NCSU regeneration project + 130 from
the current project since 1992) were regenerated and sent to NPGS (NC-7 or NSSL),
USA, and part to CIMMYT.
In 1992-93 145 accessions were planted at Cafiete (100 masl, 13 "S, 76 oW) and 225 at
Carhuaz (2,500 masl, 9 -S, 77 oW). Only 3 accessions at Carhuaz and 52 accessions at
Cafiete produced more than 100 ears. In 1993-94 156 accessions, including 56 repeats,
were planted at Cafiete and 413 at Chiquian (~,100 masl, 100 oS, 77 oW). At Cafiete
100 ears or more were obtained for 37 accessions. The rate of succesful regeneration is
very low for the first planting. Continued effort is needed to cover those more difficult
accessions, mostly due to their lack of adaptation to station conditions. Andean
highland materials, such as those of Huanuco, Huancavelica, Cuzco, and Cajamarca,
were lost much more than those of the other regions (La Selva and the coast). To make
a balanced seed composite for long-term storage, 50 kernels per ear were bulked after
drying at in a heated (38°C) air flow. Highlandraces produced fewer, larger grains per
ear and were often partially shelled during transport to the bank.
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Ex-situ Characterization
During LAMP we evaluated 2,000 accessions. We need to evaluate about 1,000 more
accessions. Photos are taken of accessions and kept at the bank. Characterization data
taken varied among the regeneration sites during the current project. At Cafiete 20
descriptors were used in 1993 and 1994 but at Chiquian in 1994 only six descriptors
were employed due to a lack of personnel.

Seed Conservation in the Bank
Seed storage at PCIM is done at 4-8"C, 40% RH. We use large and small glass jars and
tin cans. The current storage room has 375 m 3 space - sufficient to store more than
4,000 samples of the active collection.

Passport Documentation
PCIM maintains a passport catalogue on file. The current number of accessions is
3,023. The seed inventory file contains records of three regenerations per accession.
The bank data has not yet been computerized.

New Initiatives
Efforts have been made to form racial composites for the highlandraces. Improvement
per se and incorporation of the opaque-2 gene have been performed in the composites
to maintain the on-farm diversity of maize races. Races such as Alazan, Pagaradroga,
and Arizona can also be targeted for in-situ conservation by farmers. Improved racial
composites can be distributed to farmers through experiment stations, Universities,
NGOs, and rural development agencies.
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United States of America
s. A.

Eberhart

Ex-situ Regeneration of Landraces
Because maize (Zea mmJs L.) is a very important crop, ranking third, after rice and
wheat, among the world's cereals, increasing useful variability and minimizing genetic
vulnerability are extremely important. There is a great range of diversity in the Latin
American landrace varieties, and very little of this germplasm has been used to develop
modern hybrids. In order to ensure availability of this valuable germplasm, more than
26, 000 landrace collections have been made and preserved in Latin American gene
banks.
Many of these valuable Latin American landrace accessions have been regenerated in a
series of projects: 1) A joint Ll.S, Department of Agriculture (USDA)/North Carolina
State University (NCSU) cooperative project, coordinated by Dr. Major Goodman at
NCSU, which regenerated more than 5,400 landrace accessions from Colombia, Mexico,
and Peru. Most of the regenerated seed was retained in the country of origin, and a
duplicate sample was provided to the Ll.S. National Plant Germplasm System (NPGS),
but not to CIMMYT; 2) Dr. Wilfredo Salhuana, Pioneer Hi-Bred International, Inc.
regenerated almost 2,000 Latin American accessions from the CIMMYT collection, and
provided samples to both CIMMYT and the NPGS; 3) Dr. Suketoshi Taba, CIMMYT,
coordinated a project funded by the Ll.S. Agency for International Development
(USAID), the USDA/ ARS, and CIMMYT that regenerated more than 7,000 accessions
from 13 Latin American countries. Most of the regenerated seeds were retained by the
country of origin, but duplicate samples were provided to the CIMMYT active and base
collections, which are backed-up at the NSSL; 4) More than 900 Latin American maize
landrace accessions in the NPGS collection were regenerated by NCR PIS (North Central
Regional Plant Introduction Station at Iowa State University) and other NPGS
personnel in Puerto Rico or at the quarantine site at St. Croix, VI.

Seed Preservation in the Bank
CIMMYT participates in the acquisition, preservation, distribution, and utilization of
the Latin American maize collection in many ways, including maintaining base and
active collections; and CIMMYT has signed a MOU with ARS to provide long-term
duplicate backup storage at the National Seed Storage Laboratory. Although this MOU
allows ARS to enter these materials in the NPGS active and base collections, the NPGS
has decided that the most cost effective and practical policy will be to enter the core
subset, the elite 270 selections of the LAMP, most of the Caribbean flints, and certain
other germplasm requested by the maize CGC (Crop Germplasm Committee) in the
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NPGS base and active collections. The remaining landrace accessions in the Latin
American maize collection will be stored at NSSL as security backup materials. These
accessions are not distributed by NSSL, and requests for these materials are referred to
CIMMYT or the country of origin. Accessions from the USDA/NCSU project are in the
NPGS base and active collections; but because most of these are not in the CIMMYT
gene bank, CIMMYT is in the process of acquiring these accessions. The designation of a
core subset for Latin American maize landrace collections (about 10%) is underway by .
CIMMYT staff, using data from LAMP stage 1 and other information that is available.
The NSSL has been in operation since 1958. The physical facilities were modernized and
expanded fourfold in 1992. High security, long-term storage vaults provide protection
from natural disasters, including floods, tornados, fires, and earthquakes for nearly one
and a half million samples. The insulated walls, ceiling, and floor of the cold vault
environmental chambers are 15.2 cm (6") thick, and moveable shelves increase storage
capacity. The main seed vault is 1,420 cubic meters (14.5 x 32.6 x 3) . Walters et a1. (in
preparation) emphasize that energy requirements are much less with 15.2 cm insulation
and moveable shelves than with 10.2 em of insulation and non-movable shelves. We
have estimated that operating costs to maintain -18°C are about $.04 per sample at
NSSL, although maize samples will be slightly higher because of larger seed size.
The technologies for preserving orthodox seeds are well understood for the most part.
Seeds should be dried and stored at a low temperature (Justice and Bass, 1978; Roos,
1986, 1989) . Research by Justice and Bass (1978), Bass (1980), and Bass and
Stanwood (1978) showed that reducing the storage temperature from 5°C to sub-zero
temperatures increased seed longevity from less than 10 years for some species to
several decades for most species.
Although seed drying extends longevity, there are limits to the beneficial effects; and
the optimum moisture content varies with the chemical composition of the seed
(Vertucci and Roes, 1990, 1993; Vertucci et a1., 1994; Ellis et al., 1989, 1990). Drying
seeds beyond a critical moisture content can result in accelerated deterioration at above
zero temperatures. Using basic thermodynamic principles, scientists at the NSSL
(Vertucci, 1989; Vertucci and Roos, 1990, 1993; Vertucci et a1., 1994) have established
that, contrary to the viability equations (Ellis and Roberts, 1980; Ellis et a1., 1989), the
effects of storage temperature and water content of seeds are not independent.
Consequently, the optimum water content for seed storage varies both with the seed
species and with the temperature of storage. Clearly, there are insufficient funds to
determine the specific optimum moisture content for each of the 8, 000 species
represented in the NPGS collection. However, the thermodynamic principles used by
Vertucci and Roos (1990, 1993) and Vertucci et aI. (1994) can be used to predict
optimum moisture levels for all orthodox seeds at all storage temperatures. Based on
the finding that equilibration at 25% RH provides the optimum seed moisture for
storage at 5°C for all orthodox seeds studied, the optimum water content at any other
storage temperature can be calculated. This procedure has eliminated the requirement
of determining moisture contents for each accession and saves processing time.
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At NSSL, seed samples are dried initially to equilibrium at about 10°C and 30% RH to
obtain the optimum seed moisture for long-term storage. At this temperature, the
dehumidifier seldom runs to achieve 30% RH, whereas at 15°C the RH dropped below
the desired 35% for this temperature because of the naturally low RH of the outside air
at Fort Collins. Either of these combinations gives the same optimum seed moisture as
5°C and 25% RH for long term storage (Vertucci and Roos, 1993) . As the seed counts
and germination tests are being conducted, a final equilibration is done at about 5°C
and 25% RH (seed moisture will range from 6 to 8% depending on chemical
composition). Seed samples are packaged in moisture resistant aluminum-foil
containers and stored in the seed storage vault at about -18°e. Data for accessions in
the NPGS active and base collections are entered in GRIN.
When high quality seed is dried to the optimum moisture content and stored about18°C, a longevity of several decades can be expected. However, if seed quality is poor
and viability has started to decline prior to storage at sub-zero temperatures, longevity
may be much shorter. Table 1 shows actual results from NSSL for all maize seed
received 1958 through 1986 with original and last germination tests. Many of these
accessions have been subsequently regenerated in order to replace sub-standard
samples in the base collection. Viability is monitored periodically at NSSL depending
on initial viability (about every 10 years for the accessions with poorer initial quality) .
The NPGS active collection includes 9,004 Latin American accessions of which 4,412
accessions are backed up in the NSSL base collection. The status of 4,654 samples on
GRIN (including some transferred to the security backup) is shown in Table 2. Seventy
per cent of these samples showed 85 and above germination at the last test with 1,500
and above seed number. Many of the accessions with low seed numbers or low
germination are being regenerated in the cooperative Maize Regeneration Project. As
new seed is received, sub-standard samples will be replaced.
The origin by country of accessions included in Table 2 is shown in Table 3. Because
samples of the more than 5,400 landrace accessions from Colombia, Mexico, and Peru
regenerated in the USDAjNCSU project were sent to the active collection in Ames,
there are more accessions from these countries in the NPGS active and base collections
and fewer in the security backup.
More than 7,000 accessions have been received from the cooperative Maize Regeneration
Project during the last four years, and these are being placed in the NSSL security
backup. Accessions previously received and stored only at NSSL have also been
transferred to this security backup (these accessions remain on GRIN but are inactive in
the NPGS) . The security backup accessions are processed and stored under the same
conditions as the base collection except that they are entered in an NSSL local database
with the CIMMYT accession number as the primary identification number. Samples in
the NSSL security backup are available to scientists from CIMMYT or from the country
of origin, but not from the NPGS. The regenerated elite LAMP selections have been
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placed in the NPGS active and base collections. As the maize core subset is designated,
these accessions will also be transferred from NSSL security backup to the NPGS active
and base collections.
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Table 1. Viability of maize accessions deposited in long-term storage at NSSL
from 1958 through 1986.
Initial % germination
85 to 100

Last % germination
85 to 100
65 to 84
_45 to 64
25 to 44
1 to 24

No. of accessions
4, 535
7
1

a
a
a

a
65 to 84

85 to 100
65 to 84
45 to 64
25 to 44
1 to 24

47

682
41
4

a

a
· 45 to 64

85 to 100
65 to 84
45 to 64
25 to 44
1 to 24

1

2

20
241

15
4

a
25 to 44

1 to 24

85 to 100
65 to 84
45 to 64
25 to 44
1 to 24
85 to 100
65 to 84
45 to 64
25 to 44
1 to 24

a

3

a
2

11

136
16

a
a
a
10
98

20

Stored at about s oe and 35% RH from 1958 through 1986.
Stored at about -18°e in moisture-resistant containers from 1978 through present.
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Table 2. Status of Latin American maize accessions in NSSL.
%

Number
9, 004
Latin American Maize accessions in NPGS
Latin American Maize accessions in NSSL base collection 5, 878
Not tested for germination
1, 157
Low seed number
67
Backlog not processed
4, 654
Tested for germination

20
1
79

3, 282
368
269

70
8
6

65 to 84%; 1500 & above seeds
65 to 84%; 550 to 1499 seeds
65 to 84%; 1 to 549 seeds

320
36
90

7
1
2

45 to 64%; 1500 & above seeds
45 to 64%; 550 to 1499 seeds
45 to 64%; 1 to 549 seeds

58
7
66

1

1 to 44%; 1500 & above seeds
1 to 44%; 550 to 1499 seeds
1 to 44%; 1 to 549 seeds

46
8
94

0%; 1500 & above seeds
0%; 550 to 1499 seeds
0%; 1 to 549 seeds

0
0
10

Sub-total 85% and above
Sub-total 65 to 84 %
Sub-total 45 to 64%
Sub-total 1 to 44%
Sub-total 0%

3, 919
446
131
148
10

84
10
3
3

Sub-total 1500 & above seeds
Sub-total 550 to 1499 seeds
Sub-total 1 to 549 seeds

3, 706
419
1, 686

80
9
11

85% & above; 1500 & above seeds
85% & above; 550 to 1499 seeds
85% & above; 1 to 549 seeds
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Table 3. Number of Latin American maize accessions in the NPGS active and base collections.

Countrv of origin
Antigua and Barbados
Argentina
Belize
Bolivia
Brazil
Chile
Colombia
Costa Rica
Cuba
Dominican Republic
Ecuador
El Salvador
Grenada
Guadeloupe
Guatemala
Haiti
Honduras
Martinique
Mexico
Nicaragua
Paraguay
Peru
St. Vincent and Grenadines
Trinidad and Tobago
Uruguay
Venezuela
Virgin Islands

Base
NSSL
3
276
4
5
20
467
811
48
18
68
4
6
2
4
28
7
2
1
1,039
2
7
1,618
1
8
32
1
13

TOTAL

4,412

Active
NCRPIS
9
333
439
173
607
2,256
40
98
103
3
255
7
71
2
2,384
26
60
1,967
1
43
44

9,004
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URUGUAY

Uruguay
Tabare Abadie, Ana Berretta, Alberto Fassio, Horacio Ozer Ami, and Marcos Malosetti

Ex-situ Regeneration of Landraces
Regeneration has been conducted at the Alberto Boerger Experiment Station (la
Estanzuela Colonia), the Uruguay National Institute of Agricultural Research (INIA),
since 1995. It is located at 81 masl, 34°20' S. Plantings take place from October through
December and harvest during March-April. Average rainfall during the maize cycle is
567.2 mm. During 1995-96, 100 white dent and semident Rio Grande accessions were
regenerated in a joint project between the Agronomy Department of the University of
Uruguay and INIA, financed by the sub-program on genetic resources of the Programa
Cooperativo de Investigaci6n Agricola del Cono Sur (PROCISUR), Instituto
Interamericano de Cooperaci6n para la Agricultura (IlCA). Efforts were made to get
200 genotypes per accession with isolation pollination with a pollen composite of the
population. An average of 110 ears per population was harvested, and no less than 100
ears in any case . The regenerated accessions are preserved at the INIA Genetic
Resources Unit (La Estanzuela, Colonia) .
The constraints to regeneration under Uruguayan conditions are 1) the cost of hand
labor; 2) dry conditions; and 3) seed conservation and management. During 1996-97
approximately 100 accessions of the Moroti racial group will be regenerated via
pollination in chain crosses to increase the population. The balanced bulk of 100 ears or
more is considered an adequate standard. Recommended methods of pollination
(Crossa et al., 1994) will be used in those cases where the number of genotypes is less
than the standard. CIMMYT could assist by providing 1) seed of those accessions for
which an adequate number of genotypes is obtained (i.e., low germination); and 2)
financial support to accomplish the project objectives.

Seed Conservation in the Bank
Seed drying was performed in hermetic chambers or containers sealed with silicagel. For
seed conservation, we have used domestic type freezers. A long-term seed storage
facility is being built at the INIA genetic resources unit at La Estanzuela. It will have a
chamber of 60 m 3 to be kept at -18°C, a chamber for medium-term storage kept at 5°C
and 35% RH, and a drying chamber of 12 m 3kept at 15°C-25°C and 15% RH. Once
seed moisture is reduced to 6-7%/ seeds will be packed and sealed in envelopes of
paper-nylon aluminum for storage.
The genetic resources unit of INIA preserves 2/850 accessions of 35 species; there are
170 maize accessions. Once the above-mentioned construction is finished, there will be
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enough room for the remaining 650 maize accessions of Uruguay, now held in the
germplasm bank of INTA Castelar, Argentina .

Passport Documentation
Passport documentation has been compiled by Fernandez et al. (1983).

New Initiatives
As of 1995, when the grain production breeding programs were discontinued in favor
of research on fodder crops for the dairy industry, there has been a change in the
priorities of regeneration and utilization of maize races. More than 20% of the dairy
industry planting rotation comprises maize for silage and more than 40% maize for
grazing. The contribution of Uruguayan races to production systems is correspondingly
limited. Dente Blanco (racial composites made by the Agronomy Department in the
1980s) have reported high yields in silage production, indicating that this and other
racial groups may have a high potential yield for the dairy industry.
The priorities for research are 1) characterization and evaluation of the race Dente
Blanco for its silage production (dry matter and forage quality); 2) regeneration,
characterization, and evaluation of the races Moroti and Pisingallo for possible
utilization for tillering ability and long growing season, for use for sheep grazing.
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Venezuela
Elena Mazzani, Arnalda Bejarano, and Victor Segovia

Ex-situ Regeneration of Landraces
In general, the Venezuelan maize races Chirirnito, Araguito, Pollo, Canilla venezolano,
Pira, Cariaco, Guajibero, Sabanero, Huevito, Puya, Tus6n, Cuba Amarillo Duro,
Chandelle, Costefio, Puya Grande, Tuxpeno, Comun, Negrito, and Cacao can be
regenerated in the summer season under irrigation in the State of Aragua. Possible
exceptions are highland races, such as Pollo and Sabanero, and some recent collections
from the South of Orinoco, all of which can be regenerated better in-situ due to poor
adaptation in the other regions. The races Pailon and Canilla, collected south of the
Orinoco River, State of Bolivar, can best be regenerated in the San Francisco de la
Paragua region. The region south of the Orinoco River has materials which have been
introduced from Colombia and neighboring states.
Table 1. The results of regeneration plantings and harvests in Venezuela, 1992-96.

Year
1992
1993
1994
1995
1996
Total

No. of
accessions
planted
78
22
22
34
18
174

No. of
accessions
regenerated
59
a
22
14

No. of
accessions
sent
78
a
22
24

--

--

95

124

The main constraints to regeneration efforts in Venezuela are labor, budget, and trained
personnel. It is difficult to obtain the lOa-ear minimum, in the case of some early and
poorly adapted materials. Poor quality pollination bags which fall apart before harvest
also reduce the number of ears at harvest. Seed shipment is often delayed due to a lack
of institutional support. CIMMYT and the Colombian gene banks have duplicates of
old collections from Venezuela, allowing the possibility of recuperating lost accessions.
In addition, during 1987-1995 new collections were made for which duplicates were
stored at CIMMYT and NSSL, with support from the regeneration project. Collections
of the same materials can be obtained again.
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As of 1996, Venezuela has been able to regenerate 50 accessions per year. We could
increase this number to 100, if funds and specially hired labor were available. CIMMYT
can collaborate by providing financial assistance and possibly through computer
hardware and software for germplasm documentation.

Ex-situ Characterization
The experiment station of the Centro Nacional de Investigaciones Agropecuarias
(CENIAP), Maracay, Aragua State, is located at 455 masl, 10°15' N, 67°36' W. The
climate there is dry tropical forest. We use the following descriptors in Venezuela for
plant traits: number of days to 50% emergence, number of days to 50% pollen shed,
number of days to 50% silk, plant height, ear height,% stalk lodging, % root lodging,
foliar disease rating (1-10), yield per plot, and for ear and grain traits:% germination,
grain type, grain color, ear shape, ear quality, kernel row number, ear length, ear
diameter, ear rot, cob diameter. It is difficult to classify races because no typical race
collections are available, and in some cases there are apparent mixtures of different
races in an accession.

Seed Preservation in the Bank
Seed storage is short term, there is 46 m 3 of space, temperatures are maintained at 8100<:, with 50% RH, and the moisture content of stored seed is 12%. Short-term seed
storage is available but the space is limited for new accessions. Initial seed deposits are
in the range of 0.6-6.0 kg. The same storage room is used to preserve germplasm of
other crops. A seed dryer was donated by CIMMYT through the regeneration project in
1995 and should be in operation shortly. The seed is stored in metallic cans of 3 kg
capacity. We expect about 80% of germination after 10 years. We feel hard flint seed
maize can last longer than other types, which may maintain their capacity 5-10 years.
Germination tests are Every three years the sample seed is supposed to have a
germination test, conducted in cooperation with the Seed Department.
There is no long-term seed storage facility. We have a seed storage room of 30 m 3 at18°C temperature and 10 freezer chests. A new seed storage facility is being sought by
the Programa de Desarollo Tecnologico.

Passport Documentation
FONAIAP maize collections comprise 878 entries. CIMMYT accession editor software
is used for compiling passport data on 712 accessions. In addition, the CENIAP plant
genetic resources department uses dBASE III Plus and other software. There are 717
maize landrace accessions and 161 samples of improved materials, the latter
comprising introductions and seed from the breeding program. For adding new
materials, criteria include their being recent landrace collections, elite lines used for
hybrids, or improved exchange materials. There is one seed storage unit for active
collections. We can participate in LAMP II with 300 accessions. The passport database
is not frequently updated. The work plan for the Fondo Nacional de Investigaciones
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Agropecuarias (FONIAP) includes the collection, characterization, and conservation of
native plant cutivars. In 1995-96, 62 maize samples were collected in San Fernando de
Atabapo in the State of Amazonas and La Peninsula de Paria in the State of Sucre.
There are plans to collect in La Sierra de San Luis in the State of Falcon in 1996.

New Initiatives
Tuxpefio is used extensively to develop cultivars used for the production of precooked
flour. The extent of use of local varieties has not been estimated. Many recently
collected races can be conserved on-farm.
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CONTACT INFORMATION

Maize Regeneration Project
and LAMP Principal Investigators
As of February 25, 1997
Dr. Manoel Xaviar Dos Santos
Centro Nacional de Pesquisa de Milho e
Sorgo, EMBRAPA - CP. 151
35.700 Sete Lagoas-MG-Brazil
TEL: (031) 7735644
TELEX: (391) 31-2099 EBPA BR
FAX: (031) 773-9252
Email: xavier@cnpms.embrapa.br

ARGENTINA
lng. Marcelo Edmundo Ferrer
INT A E.E.A. Pergamino
CC 312700 Pergamino
Argentina
TEL: 54-477-31250
FAX:54-477-32553
Email: pergami@intact.edu.ar
For seed shipments:
Ing . Marcelo Edmundo Ferrer
INTA Sede Central (E.E.A. Pergamino)
Rivadavia 1439
1033 Buenos Aires

Dr . Jose Ronaldo Magalhaes
Curator of Maize Germplasm
CENARGEN / EMBRAPA-SAIN
70.770.900, Brasilia DF, Brasil
FAX: (061) 340 3624
TEL: (061) 340 3549
Email: josemag@cenargen.embrapa.br

BOLIVIA
Dr. Gonzalo Avila L.
Centro de Investigaciones Fitotecnicas
y Ecogeneticas de Pairumani
Casilla 128
Cochabamba, Bolivia
ITX: 355-6273 PORT ALES BV
TEL:AND FAX (591-42) 600-83

COLOMBIA
Dr. Carlos Diaz
CORPOICA
Recursos Geneticos Vegetales
Apdo. Aereo 51764
Medellin, Colombia
TEL: (574) 461-1700
(Directo) 461-1604
FAX: (57-4) 4612082 Medellin,
Colombia

BRAZIL
Dr. Ramiro Vilela de Andrade
Responsavel Bagmilho/ CNPMS
EMBRAPA
Rod . MG 424-Krn. 65
Caixa Postal 151, Sete Lagoas-MG,
Brasil
TEL: (031) 7735644
TELEX: (391) 31-2099 EBPA BR
FAX: (031) 773-9252
Email: ramiro@cnpms.embrapa.br

COSTA RICA
Ing. Carlos Calder6n Guerrero
Investigador en Maiz
Ministerio de Agricultura y Ganaderia
Estaci6n Exp . Los Diamantes
Guapiles, Limon, Costa Rica
TEL: 710-78-51
FAX: 710-78-54
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GUATEMALA
Ing. Jose Luis Queme
lCTA
Km. 21.5 Carretera Amatitlan
Barcenas Villa Nueva, Guatemala
Guatemala, Guatemala
TEL: 9312008, 9312009
FAX: 98-502-6312002
Email: CBM: 157:CG1080

CUBA
Ing. Cecilio Torres Martinez
Coordinador Programa de Maiz
Ministerio de la Agricultura
Ciudad de la Habana, Cuba
TEL.: 820753, 845455
TELEX: 511966 MlNAG CD
FAX: (537) 335-086
CHILE
Ing. Rodrigo Sbarbaro Hofer/
Ing. Orlando Paratori
Instituto de Investigaciones
Agropecuarias
(INIA)
Centro Regional de Investigaciones
(CRI)
Santa Rosa 11610-Paradero 33
La Pintana, Santiago de Chile, Chile
lTX 352-242207 (lNIA CL)
FAX Directo: (56-02) 541 7667
Cable: AGROPECDARlAS
TEL: (02) 541 72 23
Email: platina@reuns.cl

HONDURAS
Dr. Juan Jose Alan
Escuela Agricola Panamericana
EI Zamorano
P.O. Box 93
Tegucigalpa, Honduras
TEL: 76 61 40/76 61 50
FAX: (504) 76 62 49
MEXICO
Dr. Francisco Cardenas
Rec. Geneticos de Maiz
Apartado Postal No. 10
56230 Chapingo Edo. de Mexico,
Mexico
TEL: 424-99 (CIAMEC) /428 77
FAX: (595) 465 28

ECUADOR
Dr. Raul O. Castillo,
Head Genetic ResourceslJefe de
Recursos Geneticos
FAX: (593-2) 69-09-91/ (593-2-50-4240
Ing. Edison Silva C.
Jefe Programa de Maiz Santa Catalina
lNlAP
Av. Eloy Alfaro y Amazonas
Edit. MAG (4to. Piso)
Apdo.2600
Quito, Ecuador
TEL: 690-691 al 694
TELEX: (393) -2532 IINIAP-ED
FAX: 593-2-690-991
Email: silva@ganado.sc.iniap.gov.ec

Dr. Suketoshi Taba

CIMMYT
Lisboa 27
Col. Juarez, Apdo. Postal 6-641
06600 Mexico, D.F.
TEL: (905) 726 90 91 Ext. 1129
FAX: (595) 544 25
Email:
(Internet)
STABA@ALPHAC.CIMMYT.MX
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UNITED STATES OF AMERICA
Dr. Linda Pollak
Field Crop Research Unit
USDA, ARS
Department of Agronomy
Iowa State University
Ames lA 50011
TEL: 515-294-7831
FAX: (515) 294-8469
Email: Impollak@iastate.edu

PARAGUAY
Ing. Agr. Manuel Santiago Paniagua/
Ing Veronica Machado
Centro Regional de Invest. Agricola
(CRIA)
Ministerio de Agricultura y Ganaderia
Capitan Miranda, Paraguay
TEL: (595) 071 37 99
FAX: (595) 71 33 19
PERU
lng. Ricardo Sevilla
Universidad Nacional Agraria La
Molina
Alcanfores 832
Apdo.456
Lima 18, Peru
TEL: (5114) 35-20-35
FAX: (5114) 33-11-30/62 83 31
lTX: (394) 21002 (PEPB HCSAR)
TEL. CASA: (5114) 446-2458

Dr. Steve Eberhart
National Seed Storage Lab. USDA-ARS
1111 South Mason St.
Fort Collins, CO 80521-4500
TEL: (970) 495-3212
FAX: (970) 221-1427
Email; nsslse@sun.ars-grin.gov
Dr. Wilfredo Salhuana
PIONEER HI-BRED INT .
9010 S.W. 137 Ave.
Suite 101
Miami, Florida 33186
TEL: (305) 380 6034
fax: (305) 387 4751
Email: salhuana@phibred.com

Ing. Hugo Sanchez
Programa Cooperativo de Invest.
en Maiz (PClM)
Univ. Nal. Agraria La Molina
Apdo. 456
La Molina Lima, Peru

VENEZUELA
Ing. Elena Mazzani/Dr. Arnoldo
Bejarano
CENIAP
Ave. Principal ElLilnon
Frente a ORE
Apdo. Postal 4653
Maracay 2101, Venezuela
FAX: (58-43) 830021

URUGUAY
Dr. Tabare Abadie
Universidad de la Republica
Facultad de Agronomia
Ave. Garzon 780
Montevideo, Uruguay
TEL: (5982) 37 92 01
FAX: (598) 2393004
Email: tabadie@biargro.edu.uy
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Appendices
Provisional Agenda for Meeting
May 30, 1996

TO: LAMP and Regeneration Projects Principal Investigators
FROM: Dr. Suketoshi Taba, Regeneration Project Coordinator, CIMMYT
SUBJECT: Tentative Agenda for June 4-6 Meeting at CIMMYT.

Dear:
I would like to send a provisional agenda of the June 4-6 meeting to you for your
consideration and preparation.
Some of you should have received an E-mail from Dr. Steve Eberhart on March 21,
requesting the final report on LAMP in the format that will facilitate us to compile
them before the meeting. I would like to request each Regeneration Project PI also to
prepare the progress report and send it to me by May 9. I have prepared the
questionnaire for you to fill out or write your observations on the topics. I need your
special cooperation to expedite our report to the donors and to follow up on potential
new projects for Latin American maize germplasm conservation and utilization.
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Cooperative Project to Regenerate Maize Germplasm Collections in Latin America and
Latin American Maize Program (LAMP) Meeting, June 4-6, 1996 at CIMMYT
The meeting will take place in Sasakawa conference room.
Tuesday, Tune 4:

07:00-08:00
8:00-8:10
8:10-8:25
8:25-10:25

10 :25-10 :40
10:40-12:40
12:40-13:40
13 :40-14:40
14 :40-15 :20
15:20-15:35
15:35-16 :55
16 :55-16 :15
16 :15-17:30

Moderator: S. Taba
Progress report on Regeneration Project
Registration outside the Sasakawa conference room.
Opening of the meeting by Dr. R.Rowe, Deputy Director
General of Research CIMMYT.
Discussion on agenda and announcement.
Report on ex-situ regeneration: (each country PI will make a
report 10minutes presentation and 10 minutes discussion) .
Mexico, Guatemala, Honduras, Costa Rica, Cuba,
Colombia.
Coffee break and Group picture in front of the main building.
Report on ex-situ regeneration: Ecuador, Venezuela, Peru,
Bolivia, Paraguay, Brazil.
Lunch in the cafeteria
A tour of CIMMYT new germplasm bank facility
Report on ex-situ regeneration: Chile, Argentina.
Coffee break
Report on seed preservation at CIMMYT: S.Taba
Report on seed preservation at NSSL: S. Eberhart
Conclusions and Recommendations:
Moderator: Ing. Marcelo Ferrer, Argentina
Rapporteur: Ing. Edison Silva, Ecuador, (to prepare a written
report to distribute it on June 6) LAMP final meeting (please
see tentative schedule sent by DrS. Eberhart) .

Wednesday, Tune 5: Moderator: R.Sevilla.
8:00-10:15
10:15-10:30
10:30-12:30
12:30-13:30
13:30-16:00
16 :00-16:15
16:15-17:15
18:30

Report of Homologous Area 5: Argentina, Chile, Uruguay,
United States
Coffee break
Report of Homologous Areas I, 2, 3, 4: Bolivia, Brazil,
Colombia, Guatemala
Lunch in the cafeteria
Report of Homologous Areas I, 2, 3,4: Mexico, Paraguay,
Peru, Venezuela, United States.
Coffee break
US. Germplasm Enhancement Project: L. Pollak
Cocktail and Dinner in the Restaurant "EI Panal", Texcoco
(transport will depart in front of the Housing area)
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Thursday, Tune 6:

Moderator: S. Taba
Joint meeting of LAMP and Regeneration Projects.
(I would like to propose to include the reporter report of
conclusions and recommendations on Regeneration
Project) .

8:00
9:00
9:30
10:30
10:45

9:00
9:30
10:30
10:45
12:45

12 :45 13:00

Cooperative Research to Utilize LAMP: W.5alhuana
Report of the reporter on Regeneration Project: E.Silva
The maize Core Subset: J Crossa
Coffee Break
LAMP II and General Discussion on Latin American Maize
Germplasm Conservation and Utilization.
Moderator: S.Eberhart
Reporter: F. Cardenas, Mexico. (summary report on
conclusions and recommendations before the end of the
discussion) .
Closing the Meeting:
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Questionnaire for Report on Regeneration Project
Please write your observations or provide the figures as requested. You are expected to
use the format in your presentation at the meeting.
I.

Ex-situ regeneration of Iandraces:

1 . From your experience please provide the data on the name of the maize race and
the location and the season where it can be regenerated. This is to have an idea of
where each of the maize races of Latin America can be planted for a successful
regeneration. And we can identify the races that can not be regenerated at an
available ex-situ site of the institution. For example: Tuxpeno, Vandeno, Celaya, at
Tlaltizapan A cycle. Conico, Cacahuacintle at El Batan.
2. In addition, some races are so specifically adapted to the collection site
environments that you might not have proper growing conditions within your reach
to regenerate them. Please identify the races or collection name/number with the
locality where the races are grown in your country.
3. Please report the numbers of the accessions that you planted and regenerated at
each location and each year, and also report the numbers of the accessions that have
been sent in each shipment each year and will be sent soon to CIMMYT/ NSSL since
1992. Please summarize the figures in the tables. It is important to show not only
the numbers of the regenerated accessions but the extent of field plantings done
under the Project.
4. Write your conclusions and recommendations on ex-situ regeneration by answering
the following questions: a) what are the most important factors that limit the
regeneration in ex-situ in the country? and what is your recommendation to deal
with them? (some of the limiting factors are adaptation, insects and diseases,
supplies, labor, seed germination, seed shipment and conservation, and
management) . b) what is a possibility to recollect the accessions which have been
lost? c) how many more accessions are to be regenerated from your bank
collection as of June 1996? d) do you feel that the regeneration standard of making
a balanced bulk of 100 ears is working well? e) how can CIMMYT assist more in the
regeneration of the bank accessions?
II. EX-Situ Characterization
1. Please report the description of each location that you planted bank accessions for
regeneration. It includes the name of the location, altitude, latitude, longitude,
rainfall, irrigation, planting months, harvesting months. This data will be collated
with question 1 of ex-situ regeneration.
2. Please list the descriptors that you use to characterize the accessions.
3. Do you use the data to group the accessions to make core subset? Do you
constantly use the existing characterization data to determine planting season and
site for the next seed regeneration? Do you maintain all the characterization data in
a file or database in the computer?
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4. Do you think classification of primarily race and secondary race are easily done by
your observation for the characterization purpose? If you have problems to classify
the accessions into local races what are they?
5. Please write your conclusions and recommendations on ex-situ characterization.
You may use the following questions: a) what is the status of compiling the
characterization data in your bank? b) what is your idea for using the
characterization data?
III. Seed Preservation in the Bank
1. Please report the seed storage conditions of each cold room where you store the
seed. Please indicate temperature, relative humidity, seed moisture, storage
capacity in cubic meters, and storage category (active, medium, long term) for each
cold storage room.
2. Please report the number of accessions which are stored in each cold room and the
additional space available (by a number of accessions) . What is the initial amount
of the seed deposited for each accession in kg?
3. If you have a seed dryer what is the operating temperature and relative humidity?
4. Please indicate the type of container (s) used for each storage room.
5. From your experience how many years the seed stored in your bank maintains
germination more than 80%? How often do you monitor seed germination?
6. Please write your conclusions and recommendations on the seed preservation. You
may use the following questions: a) do you think your current storage facility is
adequate for seed storage in the country? b) what is your recommendation on
documentation of the seed storage address, seed germination, seed amount
available, and seed distribution?
IV. Passport Documentation
1. What is the current number of accessions in the bank?
2. Do you maintain the passport database? and is it readily available?
3. Does it include landraces and improved materials? How many of them are
landraces and how many of them are improved populations or lines?
4. What is your criteria for adding new materials to the bank?
5. Do you separate the accessions into different collections in the bank such as long
term storage and short term storage, or other categories?
How many accessions do you think you have to evaluate in LAMP II if we organize
another evaluation project, based on the passport data and the
6. Please write your conclusions and recommendations on passport documentation.
You may use the following questions: a) do you think the bank passport is updated
constantly? b) do you agree with the current criteria for adding new materials to the
bank? c) do you plan to make a separate collection for international maize network?
d) do you have a plan to recollect the races for which you do not have enough
samples in the bank in order to conserve maize biodiversity in the country?
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V. New Initiatives
1. Last year some of you provided the information on the races used for specific food
preparations, for breeding, and for grain production through adaptation. And I
have compiled it in the Maize Program Special Report (see Maize Germplasm: Its
Spread, Use, and Strategies for Conservation, PP. 32-56) . I would like to ask you
to review the information, in case for any changes. If you have not reported the
information to me you may take an opportunity this time. The information on the
use of the landraces by their traits is very important to develop new initiatives for
maize biodiversity conservation.
2. Please prioritize the races grown in the country in question 1.
3. Please report the estimated contribution (%) of the landraces to national maize
production. Please indicate the reference source of your information if available.
4. Please indicate the races with a higher probability of being conserved by the farmers
in the foreseeable future in the country.
5. If you know any races that have been lost please indicate their names.
6. If you know any races that have been substantially improved with introgression of
other germplasms without loss of the racial traits of preference of the farmers
please indicate the race names.
7. Please list the current research projects and new research proposals that you plan to
make apart from Regeneration and LAMP Projects. You may like to specify their
titles, objectives, work plans, and budgets. This is to find out what are new research
initiatives for maize germplasm conservation and utilization in Latin America and
to discuss possible cooperative projects in the environment of Biological Diversity
Convention (CBD) .
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