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Purpose and Objectives of the Workshop

India is rich in plant genetic resources. It is the primary center of origin for pigeonpea
and a secondary or tertiary center of diversity for all other ICRISAT mandate crops.
The Genetic Resources Unit (GRU) of ICRISAT and the National Bureau of Plant
Genetic Resources (NBPGR) of ICAR are collaborating successfully in collection in
priority areas and in multilocational evaluation ofgermplasm. These concerted efforts
ensure the conservation of the invaluable diversity of our germplasm for present and
future utilization in crop improvement. So far, 11 expeditions have been launched
which helped us acquire 2202 samples of ICRISAT crops. Several thousand acces-
sions were also evaluated jointly. The collection program has helped increase the
number and diversity ofgermplasm in the world collections maintained at ICRISAT.
By bringing together scientists who have actively participated in germplasm collec-
tion, evaluation, and utilization, this workshop aims to:

- review the progress made so far,

- promote further collaboration,

- determine the use and impact of germplasm in national
crop improvement programs, and

- study and recommend future activities.
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Welcome Address

M. Goon

Acting Director General, ICRISAT, Patancheru, Andhra Pradesh

It is my rare pleasure to welcome all of you to ICRISAT @enas well as to the
ICRISAT/NBPGR (ICAR) workshop on Collaborative Gerngsim Exploration
and Evaluation in India. | am particularly pleased & ©r R.S. Paroda, Deputy
Director General, Crop SciencesCAR who will be offering the keynoteaddressat
the Workshop. As former director of the National Buredd®bant Genetic Resources
(NBPGR) and as the present Deputy Director General obpiSciences, he is
certainly the right choice to offer the keynote adkel am equally happy to see
several distinguished scientists and collaborators.

As | glance through the program, | see that it coverdfaImajor activities of genetic
resourcesand | sincerely hope that yowill be able to achieve the stated objectives.
With such a genuine collaborative effort, it should nottbe difficult to achieve your
goals.

As you all know, ICRISAT places much importance on tudlection, conserva-
tion, evaluation, and utilization of the germplasmitsf mandate crops. That is why
the Governing Board of ICRISAT has recognized the rofde CRISAT as a "world
repository for the genetic resources of these crops'es€hactivities are carried out in
close collaboration with the IBPGR and national prags like NBPGR. It is
therefore appropriate to express our heartfelt apprigon to these and several other
international, regional, and national organizatiorsatt cooperate and assist us to
achieve our present and future goals.

The 10-year Plan of ICRISAT states that the interoatl centers are in a unique
position not only to enrich their own programs but aleontake invaluable genetic
material available to scientists all over the worldo fmeet this objective, ICRISAT
established the Genetic Resources Program in Januaf®.1%he Unit has made
remarkable progress in the collection, evaluation, Wmentation, and conservation
of the vanishing germplasm of ICRISAT mandate crops.eTltimate purpose of
such activities is to improve the quantity and qualdfcrops that farmers grow in
SAT. That is where your united and dedicated effortsiddacontinue. In this regard,
the support and cooperation of NBPGR and other organezastiand universities in
India is highly appreciated. Therefore, not only do | Wwito welcome you to this
workshop, | also wish you a comfortable, successful, &ndtful stay here at ICR -
SAT Center.

ICRISAT (International Crops Research Institute for hemi-Arid Tropics), 1989. Collaboration on
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for the development of local landraces genetically distifrom those in their native
Africa.

Introduced crops such as maize and groundnut, whichredténdia during the 16th
century, preserve genetic variation in local landraclkeatthave become largely lost in
their native New World.

The major cereals and legumes grown under rainfed agrucalin India-sorghum,
pearl millet, pigeonpea, chickpea, and groundnut-are diops that ICRISAT has a
mandate to improve for cultivation across the semi-arrdptcs of the world. In
addition, our Genetic Resources Unit is responsible thog collection and conserva-
tion of six minor millets, all of which are important ge in India.

The value ofgenetic resources, and the need for their cwasi®n is well recognized
by scientists as well as politicians. Factors not alwéylly understood are:

« what needs to be collected,

« what is available in existing collections,

« where to collect material needed to complete gaps irstemg collections, and

« how available genetic resources can best be utilized apémprovement programs.

Use of available genetic resources in crop improvemenhéemost neglected part of
germplasm conservation. Germplasm resources are noiggbo be used if the infor-
mation needed by breeders cannot be supplied by germplhanks. Germplasm
collections need to be classified and useful traits idfe@d, to facilitate their use in
crop improvement programs. Collections need to be stddiand this demands
cooperation of germplasm botanists with pathologiststoenologists, physiologists,
breeders, and molecular biologists. Genetic resourcask® cannot function as iso-
lated research units. If divorced from crop improvem@mnbgrams, genetic resources
become a dead asset.

| am pleased to note that there is continuing interactiod @ooperation between
germplasm scientists and crop improvement scientistsGrRISAT in the areas of
germplasm evaluation and screening. However, more twmitative effort is needed in
the classification, identification, and promotion of @sletraits for use in crop
improvement.

| suggest that your discussions address strategic issfilesonservation, use, and
cooperation.

It is a pleasure for me to inaugurate this workshop. $hwyou successful and fruitful
deliberations.



Keynote Address:
Collaborative Efforts on Plant Genetic Resources
by ICRISAT and ICAR

R.S. Paroda

Deputy Director General (Crop Sciences), ICAR, Krishi BamyvNew Delhi

Success in plant breeding depends largely on the exdakgdnetic variability available
to a breeder. Therefore collection, evaluation, utilioat, and conservation of genetic
resources assume considerable significance, especialisiew of the rapid environ-
mental degradationand exploitation of the availableegec wealth all overthe world.
Considerable efforts are being made worldwide to conesdhe genetic resources of
important crop plants. The role played by the CGIAR systeithis regard is indeed
commendable. Enormous genetic wealth has been coldeabel preserved in the gene
banks of International Agricultural Research CentdrARC) and is available today
for use in the national programs. The success of thesetsfis largely dependent on
the effectiveness of linkages between IARCs and thears! programs.

India is one of the eight important gene centres oftheldo€onsiderable variabil-
ity exists for a large number of crops including the fivendate crops of ICRISAT
I.e., sorghum, pearl millet, chickpea, pigeonpea, andugmnut. More than 96000
accessions of these crops have been collected and oadsdy ICRISAT, most of
which are evaluated but yet to be utilized for crop impement programs all over
India. Also, gapsforcollectingadditional variabilibyust be identifiedandexplored.
A systematic effort forjoint collection, evaluation, andilization of the germplasm
was therefore considered necessary by both ICRISATdEMBPGR/ICAR. With this
in view, the first joint NBPGR(ICAR)/ICRISAT committee eeting on genetic
resources was held during 19/20 Dec 1985 under the ahanship of DrJ.S. Kanwar,
Director of Research, ICRISAT. It was considered delsliedo accelerate joint efforts
in germplasm collection, evaluation, and cataloguinggehetic resources and to
exchange information and material for mutual beneAitcordingly, a 5-year colla-
borative program on joint exploration, collection, aegaluation activities was
finalized. Priority areas forexploration were idené&ifl and modalities foroperating/
planning survey programs worked out.

A strategy was evolved for systematic multilocationabhbyation at some selected
locations representing different agroclimatic condiis involving the regional sta-
tions of both NBPGR and ICRISAT. Training needs of scigtistand technicians
were identified and areas ofcooperation relatinguarpantine activities were defined.
The philosophy behind this effort was to evolve a systef effective linkages and to

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings of a Joint ICRISAT/ NBPGR(ICAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988, ICRISAT Center, India. Patancheru, A.P. 502 324,
India: ICRISAT.



build a partnership to share expertise as well as genedalth to achieve national and
international benefits.

A brief account of some of the achievements made in this aipen since 1986 is
given here. Suggestions have also been made to strengthsncollaboration.

Exploration, Introduction, and Evaluation Activities

Thirteen explorations during 1986-88 resulted in 2000 ssions of sorghum, pearl
millet, chickpea, pigeonpea, groundnut, and minor milletigh emphasis on native
variability and wild species from tribal pockets andaglimatic zones in the northeast
peninsular region, northwestern and northern plains, amd northwestern Hima-
layas. In addition, through exchange activities, over 3HZessions have been
introduced: 1130 accessions ofpearl milletfrom CanmaroMali, Sudan, UK, USSR,
Venezuela; 1246 accessions of sorghum including wild isgefirom Australia, Italy,
Kenya, Nigeria, Philippines, Somalia, Sri Lanka, SudaanZania, Turkey, Uganda,
USA, USSR, Zimbabwe; 382 accessions of groundnut from Qame, Kenya,
Malawi, Mali, Republic of Korea, Tanzania, USA; 210 acdcess of chickpea from
Australia, Iran, Morocco, Pakistan, Syria, Tanzania, US&Rd 112 accessions of
pigeonpea, mainly from Kenya, Malawi, Tanzania, USA, andnbaa. Apart from
these, a considerable amount of material was introduecethe case of minor millets:
foxtail millet from Korea and USSR, finger millet and reddt specieqE. indica, E.
kigazensis) from Tanzania, UK, and USSR.

Joint evaluations were carried out at different NBPGR Regl Stations and
Agricultural Universities. The photoperiod-sensitive rgbum germplasm (2000
accessions) from ICRISAT were tested at two locationssaHilHAU) and NBPGR
Regional Station, Trichur. In forage sorghum, 1500 coliec$s were evaluated at four
locations-lssapur (NBPGR), Hisar(HAU), Jhansi (IGFRaphd Akola(NBPGR) in
1986 and selected accessions again grown in 1987. A numbdeis@dse-resistant lines
have been identified. During 1987, 4460 germplasm acoasscomprising 4105 of
Indian origin, 178 from Yemen Arab Republic, and 187 dualygose types were
grown at Issapur. Promising forage types have been ideadifi

Similarly, 2000 pearl millet accessions were evaluatédPane (AICPMIP) and
Jodhpur (NBPGR). Promising genotypes have been idertifer fodder and grain
types. Of the 1996 accessions grown at Issapurduring,l@%humber offodder, grain,
and early maturity types have been identified. In pigemmpextra-early and early
types (479) were evaluated at Issapur, and medium- and redtrity compact and
spreading types (353) at Akola in 1986. Some selected malteas grown during 1987
and early types have been identified. Besides, 200 perémpigeonpea types were
grown at Jorhat. In chickpea, 1200 accessions were evaduat Akola and Issapur.
Promising early maturing and bold-seeded types have baéentified. In groundnut,
2000 accessions were grown at Jodhpurin 1986. Another 0@ grown in 1987 at
Akola and Jodhpur, comprising 723 erect bunch types, 39ka&agpng bunch types,
and 386 runner bunch types. Promising high-yielding earpges have been identified.
Selected materials have been grown in multilocationall$réd 3 or4 locations and the
data is being compiled.



Conservation in the National Gene Bank

Though more than 25 000 accessions of several millets l@&gumes are stored in the
NBPGR gene bank, about 8000 accessions are ICRISAT daten crops. These
include sorghum (412), pearl millet (125), pigeonpea (20%hickpea (3101), and
groundnut (3000).

| need not emphasize the necessity to continue effortsadbieve our common
objectives. The Bureau has been given the global/ reglio@asponsibility by IBPGR to
hold the base collections of a large number of crops udchg pigeonpea and other
Asiatic pulse crops. The gene bank facilities are lgeexpanded, with more cold-
storagemodules beingnadeoperative soon. Shortly NBP GWRill have the capacity to
store more than 200000 seed samples. Further, under tBA IWD Project on genetic
resources, the infrastructural facilities for resdaend conservation are likely to be
strengthened tremendously. Obviously therefore, thopwsof our collaborative activi-
ties will increase.

Quarantine Activities

As per the memorandum of understanding between ICAR d€RISAT, the
NBPGR (then the Division of Plant Introduction of IARhas the responsibility for
plant quarantine. As NBPGR did not have a station at ¢hadad, this responsibility
was initially discharged by the Central Plant ProtectiTraining Institute (CPPTI).
The Plant Quarantine Regional Station at Hyderabad becaperational in 1986 and
started processing germplasm material being exchardgetdCRISAT for quarantine
clearance. During 1986 and 1987, this station preedsa total of 98 181 germplasm
samples which include 72327 meant for export and 25 8&kssions imported by
ICRISAT from various countries.

The imported material of all the mandate crops aftdrdieatory examination and
treatment is grown in the post-entry quarantine is¢oa area (PEQI A) and jointly
inspected by the staff of NBPGR and ICRISAT. Groundnut emegtl is grown in
insect-proof nethouses for detection of seed-borneisgs and only healthy seedlings
are planted in PEQI A. ELISA facilities of the Virologyaboratory of ICRISATare
being used for the detection of seed-borne groundnutiseis. A joint survey by
ICRISAT and NBPGR scientists has resulted in the ddtac of the peanut stripe
virus disease in groundnut in India and efforts are emmade to eradicate/check this
serious disease.

Training Needs

With the cooperation of the Genetic Resources Unit (QRUCRISAT, the Bureau

has considerably benefitted by having its technicaffstrained in the operational
handling of gene bank equipment/instruments. Moregveenior scientists have
visited the GRU and further enriched their experienchisTaspect, however, needs to
be accelerated for information and data managementutemntation, reprographic,
computerisation, cataloguing facilities, etc.



Future Collaboration

It is evident from the description given above that collaborative efforts between
ICRISAT and ICAR/NBPGR will help to strengthen the genetic resources ofthe five
mandate crops. Joint evaluation will enable the national programs to utilize desirable
genetic variability for crop improvement programs. Conservation and possible stor-
age of useful genetic variability in the national gene bank would also be useful for
immediate gains as well as for posterity. What is required now is to bring out catalogs
based onjoint evaluation at different locations and to disseminate this information to
concerned scientists in the national system. Joint explorations should be planned to
explore untapped areas not only within India but also in other countries having rich
variability for the five ICRISAT mandate crops. Both ICRISAT and NBPGR could,
in collaboration with IBPGR, play a leading role in imparting training in genetic
resources to scientists in the developing world. This could be designed as a regular
feature. Joint research publications based on collaborative efforts between the two
organizations would be desirable. It will also be necessary to establish crop advisory
committees for genetic resources to give proper direction to such efforts from time to
time. Involvement of the All India Coordinated network for crop improvement for
multilocational evaluation and utilization will be another important area worth
exploring.

Efforts made so far in joint collection, evaluation, and conservation of genetic
resources by ICRISAT and NBPGR are indeed quite encouraging and could serve as a
model for strengthening these activities involving a larger network of different coun-
tries, making use of the genetic wealth as well as expertise available at ICRISAT.
Obviously, to achieve this objective, we expect ICRISAT to play the role of catalyst.
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Status of the World Collection of Sorghum Germplasm
at ICRISAT

K.E. Prasada Rao and V. Gopal Reddy

Senior Botanist, and Research Associate, Genetic Resowiait, ICRISAT, Patancheru, Andhra Pradesh

Of the 16 138 sorghum accessions assembled by the Rockef&lbundation in the
Indian Agricultural Research Institute in the 1960s, 08861 could be transferred to
ICRISAT in 1974 by the AIll India Coordinated Sorghum pnovement Project
(AICSIP), Rajendranagar, India. By that time the remam 7177 had lost their
viability due to lack of propestorage.Special efforts weremadeby ICRISAT tofill
the gaps by obtaining duplicate sets from Purdue UnitgrsUSA, the National Seed
Storage Laboratory (NSSL), Fort Collins, USA, and froaviayaguez, Puerto Rico.
This yielded about 3000 of the missing accessions but depermanent gap of about
4000 accessions in the world collection presently consé in the ICRISAT gene
bank.

At present, ICRISAT is the major repository for the worldrghum germplasm
with a total collection of 31 030 accessions. The majondrs are AICSIP and Indian
Agricultural Universities (4645), Ethiopia (4464), Sam (2385), Cameroon (2241),
Nigeria (1436), and the NSSL, Fort Collins, Colorado, USI8&2). IS numbers were
assigned to 15 835 new accessions and the information been computerized.
Printouts are available on request for supply to sorghserentists.

Geographic and Taxonomic Diversity

The major diversity centers of sorghum are now relativelgll represented in the
world collection assembled at ICRISAT. Despite the relaty good progress made so
far in filling geographic and taxonomic gaps, there are seomentries which were not
adequately represented in the world collection, sush Adgeria, Angola, Burma,
Central African Republic, Congo, Guinea, hilly areasloflia, Ivory Coast, Libya,
Morocco, Mozambique, Nepal, Pakistan, People's RepuldicChina, northern
Syria, Tunisia, Turkey, and Yemen (PDR).

Taxonomicaliy, the collection is weak in some specitialtivated subraces, i.e.,
conspicuum, rigidum, kaoliang, membranaceum, decrued amtransplanted types.
Although we have assembled 345 accessions of 23 taxailaf welatives so far, they
form only 1.2% of our total collection. Special collectiomssions for wild sorghums
need to be organized before they become extinct.

ICRISAT (International Crops Research Institute for them$-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings ofa Joint ICRI/SYBPGR(ICAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988, ICRIB8enter, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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Distribution of Germplasm

Germplasm is distributed mainly for utilization in crop imgvement. If the world
collection is to serve a useful purpose, it should be rlgaavailable to all sorghum
scientists. The supply of seed material to scientists Wwwitde is one of ICRISAT's
major responsibilities. Seed material for export fromRCSAT must pass through the
National Bureau of Plant Genetic Resources (NBPGR) arid plassage is facilitated
by the Export Certification Quarantine Laboratory estabéd at ICRISAT Center.
However, seed supplies to Indian scientists are caroetdirectly and readily. This is
a clear advantage for Indian sorghum scientists.

Over the years a large number of seed samples were digerdbto various programs
within ICRISAT, and institutions in India and abroad (Tabl). A major portion of
our efforts and resources are spent on this importantvagt

Germplasm Diversity Available for Utilization

The range of genetic diversity available among the cudted sorghums and their wild
relatives assembled at ICRISAT Center is truly amazifige principal justification

for maintaining this enormous natural variability lies its utilization in broadening
the genetic base for present and future sorghum improvém@s a prerequisite to
efficient germplasm use, it has been evaluated usingdstech descriptors. Listed in
Table 2 are some of the useful materials in the world colllciof sorghum germplasm
identified at ICRISAT Center for use by sorghum scientists

Germplasm Enhancement

Conversion program. A major portion of the world collection consists of tall,
photoperiod-sensitive landraces that are of limiteedue in present crop improvement
programs. In order to augment the use of tropical somglgermplasm in breeding
programs, and to broaden the genetic base, we beganpacabconversion program
using the long-day rainy season and the short-day posyraeason at ICRISAT
Center. Over the past few years, eight Zerazera landrécess Ethiopia and Sudan
were converted into photoperiod-insensitive lines. tiok 6 years to convert the
Zerazeras to photoperiod-insensitivity and the finaheerted lines are in 3 maturity
and 3 plant-height backgrounds. All these lines arengaissigned ICRISAT Sorghum
Conversion (ICSc) numbers. Many of them have already bsemplied to sorghum
breeders in India and abroad.

Table 1. Recipients of sorghum germplasm seed samplesom ICRISAT Center.

Recipients No. of seed samples
ICRISAT Center programs 211 827
Institutions within India 74 032
Institutions abroad 105 900
Total 391 759

14



Table 2. Sources of useful traits identified from the sorghum germplasm maintained
at ICRISAT Center,

No. of
Trait accessions
Named cultivar collection 237
US temperate conversion lines 176
ICRISAT tropical conversion lines 249
Rainy season basic collection 1405
Postrainy season basic collection 1002
Promising lines for pest resistance
Shoot fly (Atherigona soccata) 60
Stem borer (Chilo partellus) 70
Midge {Contarinia sorghicola) 14
Head bug (Calocoris angustatus) 6
Promising lines for disease resistance
Grain mold 156
Anthracnose (Colletotrichum graminicola) 15
Rust (Puccinia  purpurea) 31
Downy mildew {Peronosclerospora sorghi) 155
Striga low-stimulant lines (laboratory screening) 645
Striga resistant lines (field screening) 24
Special purpose sorghums
Glossy 501
Pop sorghum 36
Sweet-stalk sorghum 76
Scented sorghum 17
Twin-seeded 131
Large-glume 71
Bloomless sorghum 207
Broomcorn sorghum 52
Cytoplasmic male-steriles and maintainers 240

Introgression. At ICRISAT Center, the available wild relatives of sorghum have
been screened for resistance to sorghum shoot fly and sorghum downy mildew.
Sources of resistance have been identified and are awaiting imaginative use by
breeders.

Since appreciable levels of resistance to shoot fly are not available in any cultivated
sorghums, it has already become necessary to search for resistance in wild species.
Crosses were made between resistant wild parasorghum species and adapted cultivars
by hand emasculation as well as by using genetic male sterility. The F3 progenies ofthe
crosses are being studied for their resistance to shoot fly under artificially inoculated
conditions.

15






Status of the World Collection of Minor Millets Germplasm
at ICRISAT

K.E. Prasada Rao and V. Gopal Reddy

Senior Botanist, and Research Associate, Genetic ResoegsdJnit, ICRISAT, Patancheru, Andhra Pradesh

Minor millets (small millets) are important crops in ti&emi-Arid Tropics. Presently
the total number of minor millets accessions assembled aonserved at the Interna-
tional Crops Research Institute for the Semi-Arid TropildCRISAT) is 6610 (Table
1).

Assembly and Conservation

A mission to Ethiopia, to collecEleusne germplasm, was organized in collaboration
with the Indian Council of Agricultural Research (ICAR). skientist from ICAR was
deputed for the purpose. Two hundred and seventeen sangfi&leusine were
collected which are yet to be received from Ethiopia.

Most of the minor millets germplasm was obtained by coroesjence. Some
accessions were collected during missions launched prilmafor other mandate
crops.

In 1986, a collaborative project between ICRISAT and NBPGRAR was
initiated. We received 466 new accessions of six crop sgetiom NBPGR Regional
Station, Akola, Maharashtra, India, which was a good additto our present
collection. We have transferred one complete set of amimillets germplasm from
ICRISAT to NBPGR for evaluation at Akola.

All the minor millets germplasm are conserved under mediemm storage condi-
tions at 4°C and 20% RH.

In accordance with the recommendation of the IBPGR Advys@ommittee on
Sorghum and Millets, ICRISAT has started assigning ado@ssnumbers to minor
millets (Table 1).

Maintenance

All minor millets germplasm accessions are planted for semdease normally in the
rainy season to meet seed requests from institutionsithid and abroad. Since all the
six minor millet crop species are reported to be mostly gaflinated, they are
maintained without any pollination control.

ICRISAT (International Crops Research Institute for tBemi-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings ofa Joint ICRISNBPGR(ICAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988,ICRA'B Center, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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Table 1. Minor (small) millets germplasm assembled and conserved at ICRISAT

Center.
No. of No. of

Suggested No. of access- access- No. of

accession coun- ions ions descrip-
Crop number tries assembled evaluated tors
Finger millet
(Eleusine coracana) IE 18 2848 1948 32
Foxtail millet
(Setaria italica) ISe 22 1404 1260 34
Proso millet
(Panicum miliaceum) IPm 26 831 753 37
Little millet
(Panicum sumatrense) IPmr 1 401 291 33
Barnyard millet
(Echinochloa spp) IEc 8 582 517 39
Kodo millet
(Paspalum scrobiculatum) IPs 2 544 308 38

Evaluation

IBPGR has assigned a special responsibility to ICRISAT by providing funds to
characterize the available germplasm at ICRISAT. Accordingly, several accessions
have been characterized for important morphoagronomic descriptors (Table 1). As
part of the evaluation exercise, the six minor millets species have been classified (Table
2) in collaboration with the Crop Evolution Laboratory, University of Illinois,
Urbana, USA.

Table 2. Classification of minor millets.

Number of

Crop Species Subspecies Races Subraces
Finger millet 1 2 6 10
Foxtail millet 2 2 3 10
Proso millet 1 1 5 -
Little millet 1 2 2 4
Barnyard millet 2 4 8
Kodo millet 1 - 3
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Documentation and Computerization of Evaluation Data

All the evaluation data have been documented and #ta df the following minor
millets have been computerizedusingthe IDMR S (ICRIBBata Managementand
Retrieval System) program:

Finger millet: IE 1 to |IE 3567

Foxtail millet: 1Se 1 to ISe 1409

Little millet: IPmr 1 to IPmr 852

Proso millet: IPm 1 to IPmr 2805

Barnyard millet: IEc 1 to IEc 566
Evaluation data of Kodo millet are yet to be computerized

Distribution of Germplasm

Since ICRISAT accepted the responsibility to be a majorhd repository for minor
millets germplasm, seed indents have increased fromitinsons both within and
outside India. So far, 28 831 seed samples have beenidided from the ICRISAT
gene bank. Theyearwisedistributiontoinstitutionsndiaand abroadis presentedin
Table 3.

Table 3. Distribution of minor millets germplasm seed samples from ICRISAT
Center, 1978-88".

Indian Institutions
Year Institutes abroad Total
1978 2721 973 3 694
1979 4004 608 4612
1980 1345 1840 3185
1981 3 144 1791 4935
1982 2080 911 2991
1983 212 540 752
1984 - 200 200
1985 - 165 165
1986 2 138 427 2565
1987 1232 955 2187
1988 567 2978 3 545
Total 17443 11388 28 831

1. Up to September 1988.
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Future Work Plan

The importance of minor millets is increasing in SAT oéues. Since no other
international center is actively involved in the consation of the world collection of
minor millets, ICRISATwill continue its geneticesourcesactivitieswith thesecrops.
At present, the regions and countries tentatively ideati as priority areas for minor
millets germplasm collection are: China, central Afrjosastern Africa, India, Japan,
southern Africa, and WestAfrica. Suggestionsfor new areasof collection will be
appreciated.

Recently NBPGR/ ICAR accepted a proposal for collaboratigsearch with GRU,
ICRISAT, in collection and evaluation of minor milletsrgeplasm. More collection
missions should be organized in collaboration with NBR/ICAR in India and
national institutions in other countries.

ICRISAT will continue to distribute minor millets germmm to interested scient-
ists in India and other countries through NBPGR. The SnMilllets (minor millets)
Steering Committee, which met in Ethiopia in Octobe®Zunder the sponsorship of
IDRC, greatly appreciated the role of ICRISAT in the calion, conservation, and
exchange of small millets and proposed that ICRISAT dHoesontinue its activity as
an international collaborative network involving smatlillets germplasm.
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Status of the World Collection of Pearl Millet Germplasm
at ICRISAT

S. Appa Rao,C. Rajagopal Reddy, and Y. Saideswara Rao

Botanist, Research Associate, and Postdoctoral Felloane@c Resources Unit, ICRISAT, Patancheru,
Andhra Pradesh

Pearl millet(Pennisetum glaucum (L.) R. Br.) originated in a diffuse belt from Sudan
to Senegal. It is an important grain crop in Africa and Asiad a fodder crop
elsewhere. Millets are grown over an estimated 39.941 imnlhectares in the world,
producing 30.8 million metric tons of grain annually.

Assembly

Of the 3017 accessions of pearl millet germplasm assemiblgdhe Rockefeller
Foundationand ALAD, only 2141 are presently availabl€e@RISAT. The remain-
ing accessions had lost their genetic identity due to combation during maintenance
and rejuvenation. Besides this, the Genetic Resources UBRU) of ICRISAT, in
collaborationwith various national and internatiomaganizations, assembled 17 655
accessions (Table 1). The Institut francais de recheschentifigue pour le developpe-
ment en cooperation (ORSTOM) had collected 2337 accessibpsarl millet germ-
plasm from Benin, Burkina Faso, Cameroon, Central AfricRe@public, Guinea,
Mali, Niger, Senegal, and Togo, all of which, except Guiheere transferred to
ICRISAT.

The collection missions in Africa are launched in colladtbon with IBPGR,
national programs of the concerned countries, and othearmational organizations.
So far, ICRISAT has launched 10 germplasm collection noissito Botswana,
Cameroon, Ghana, Malawi, Nigeria, Tanzania, Zambia, anehlZabwe, and col-
lected 3266 samples. While collecting other ICRISAT matedcrops, 435 samples of
pearl millet germplasm were also collected from 13 coiwgdrin India, germplasmis
collected in collaboration with scientists from the Nated Bureau of Plant Genetic
Resources (NBPGR), All India Coordinated Pearl Milletgnovement Project
(AICPMIP), Agricultural Universities, and other ICAR Ititutes. The materials so
collected are shared by ICRISAT, AICPMIP/NBPGR, and Agtditaural Universi-
ties. So far, 18 missions have been launched in 11 Indidessaad 3777 samples have
been collected. Ofthe 19 796 accessions assembled at | @R IsD far, 2141 are from
the Rockefeller Foundation and ALAD, 4888 accessionsbaeeding material from
India, and 12 767 are collections and acquisitions fromioas other sources.

ICRISAT (International Crops Research Institute foe themi-Arid Tropics), 1989. Collaboration on

Genetic Resources: summary proceedings ofa Joint ICRI/SNBPGR(ICAR) Workshop on Germplasm

Exploration and Evaluation in India, 14-15 Nov 1988, ICRIB@8enter, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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Priority areas for pearl millet germplasm collection are Angola, Central African
Republic, Chad, Mauritania, Nigeria, Namibia, Pakistan, Uganda, and Zaire for
cultivated, and Mali, Niger, Nigeria and Senegal for wild Pennisetum species.

Table 1. Status of pearl millet germplasm assembled at ICRISAT Center.

Sources®
Country 1 2 3 4 5 6 Total
AFRICA
Benin - 46 - - - 46
Botswana - - - - } 65 65
Burkina Faso 23 - 313 - 285 39 660
Cameroon - - 170 2 - 750 922
Cape Verde - - - 2 - - 2
Central African
Republic - - 63 - - - 63
Chad 69 - 1 - - - 70
Congo - - - - - 8
Ethiopia - - - - - 1
Gambia - - - - - 15 15
Ghana 4 - - - - 280 284
Kenya 24 - - 25 49 - 98
Malawi 9 - - - - 289 298
Mali 51 - 729 - - 245 1025
Mauritania 2 - 1 - - - 3
Morocco - - - - - 4 4
Mozambique - - - - - 31 31
Niger 43 - 488 18 - 390 939
Nigeria 139 93 - 274 253 477 1236
Republic of
South Africa 21 14 - - 89 35 159
Senegal 56 - 283 10 - 53 402
Sierra Leone - - - - - 59 59
Somalia - - - - - 4 4
Sudan 6 - - - 140 443 589
Tanzania 17 - - - - 467 484
Togo - - 116 - 29 - 145
Uganda 36 - - 58 18 - 112
Zambia 3 - - - 58 z34 95
Zimbabwe 2 29 - 59 - 397 487

Continued.
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Table 1. Continued.

Sources’
Country 1 2 3 4 5 6 Total
ASIA
India 1014 25 - 5 8092 - 3833 106812
Lebanon 109 - - - - - 109
Pakistan 5 4 - - - - 9
Republic of Korea 1 - - - - - 1
Turkey - 2 - - - - 2
Yemen (AR) - - - - 17 44 61
EUROPE
Federal Republic
of Germany - - - 3 - - 3
U K - - - - 31 - 31
USSR - - - 13 - - 13
THE AMERICAS
Brazil - 2 - - - - 2
Mexico - - - 10 - - 10
USA 101 68 - - - - 169
AUSTRALIA 5 - - 2 - - 7
Unknown Origin 392 - - - - - 392
Total 2 141 237 2210 62857 969 7954 19 7962

1.1. Rockefeller and ALAD, 2. USA, 3. ORSTOM, 4. National Programs, 5. IBPGR, 6. ICRISAT.

2. 4888 are inbreds and breeding material.

Seed Increase and Rejuvenation

To minimize genetic drift during seed increase and rejuvenation, each accession is
considered as a population and a large sample size is used at every stage. For seed
increase, about 200 plants are raised foreach accession and the cluster bagging method
is used where 3-6 emerging spikes before stigma emergence are enclosed inalarge bag
to facilitate pollination among themselves. A nearly equal quantity of seed from each
spike is bulked to reconstitute the population. Inbreds are maintained by selfing and
male-sterile lines by hand pollinating A lines with B lines. Seed increase is done during
the postrainy season as even the photoperiod sensitive types flower under short-day
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conditions and rain-free days facilitate production oddséree from grain mold, and
suitable for exchange and storage.

Conservation

For germplasm conservation, healthy dry seeds are storeduminium cans fitted
with airtight screw lids. For each accession, about 400 graoh seed is kept in
medium-term storage where the temperature is maimddiat 4°C and 20% RH.
During storage, seed viability is monitored" regularlydathose accessions with less
than 85% viability are rejuvenated.

Evaluation

To facilitate meaningful exchange of information, intetromally accepted descrip-
tors and descriptor states were developed and publishedBBYGIR and ICRISAT.
For evaluation, each accession is planted in 2 rows of4mgth, 75 cm apart, and 10
cm withinarow. To realize the full potential ofthe acdess evaluation is done under
good management conditions.

All the available germplasm lines are evaluated at ICRIS@dnter, Patancheru
(17°27'N) during the rainy season. To compare the exprassifogermplasm lines
under different agroclimatic conditions, two sets of 348dal25 diverse landrace
accessions were evaluated at Bobo-dioulasso and Kamboins8urkina Faso,
Maradi in Niger, and Bhavanisagar, Jaipur, and Hisar in &ndWith a view to
evaluate germplasm at or near the place of origin, 200€essions from SADCC
countries were evaluated at Sebele in Botswana, Ngabu inaMal Hombolo in
Tanzania, Kaoma in Zambia, and Gwebi, Panmure, Aisleby, Metopos near
Bulawayo in Zimbabwe. All the 878 accessions from Camerowere evaluated at the
Institut de la recherche agronomique (IRA), Maroua in Caoos. In collaboration
with NBPGR, we are evaluating germplasm in batches 0028ccessions each year at
Jodhpur and Issapur, and at Pune with AICPMIP. Consideraldriation was
observed for all the characters studied.

Identification of New Traits

During the course ofevaluation and maintenance of geamml, we look for new and
novel traits not reported so far. Morphological variants aelfed and purified. For
the first time, we identified sweet-stalked pearl milletith 20% sugar content in the
stalks), glossy genes, midribless, and a variety of chpdndl-deficient mutants. The
new dwarfing genes, cytoplasmic male-sterile lines fromaG& and Botswana germ-
plasm, and early flowering germplasm are some of thetsraseful in millet improve-

ment. Sources of resistance to biotic and abiotic stfesdors are identified by

concerned specialists.
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Documentation

Evaluation data on morphological characters up to IP 3017Yewrublished in a
catalog by Murtyetal. in 1967 and subsequently by ALAD .dnrhation on passport
and evaluation data from IP 3018 to IP 12431 is already yameal and is being
processed for publication as a catalog. Data on IP 12432Ptdl5945 is being
computerized. This information is retrieved and sent glanth the seed tothose who
need it.

Seed Distribution

So far, we have sent 24 030 seed samples to scientists in $@HR, 36 026 samples
within India, and 25 402 samples to scientists in 68 coustaatside India.

Wild Relatives and their Exploitation

Of the 140 known species of the genBennisetum, we have assembled 371 accessions
of 20 species. The specidd. schweinfurthii is valued for its large grains and waxy
coating, P. purpureum for forage andP. clandestinum as pasture,P. setaceum and P.
villosum as ornamentals, and&. hohenackeri for thatching and rope makingPennise-
turn is a polybasic genus with x=5,7,8, and 9. Inthe x=5 type1®nwas observed iR.
ramosum only. In the x=7 type, 2n=14 was observed Rn glaucum, P. violaceum, P.
mollissmum, and P. schweinfurthii while 4x=28 was observed iR. purpureum. In the
X=8 type, 2x=16, and 4x=32 were observedRAnmezianum. In the x=9 type, 2x=18 and
3x=27 were observed ifP. hohenackeri and 3x=27 inP. setaceum. Tetraploid number
4x=36 was observed irP. mecrorum, P. divisum, P. cenchroides, P. clandestinum, P.
pedicellatum, and P. orientate, while 5x=45 was observed inP. villosum. The species
P. sguamulatum, and P. polystachyon showed 6x=54 chromosomes while the highest
chromosome number (68) was observed in the speBesnacrostachyum only.

Higher meiotic chromosome associations in the diploithpbement of. schwein-
furthii and P. mezanum, and the occurrence of species with x=5 B ramosum,
suggests that the chromosome complement of the geRemisstum must have
evolved from the basic chromosome number x=5. Rn hohenackeri (3x=27), 9
bivalents and 9 univalents were observed at metaphase lif s@s considered a
spontaneousallotriploid.
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Status of the World Collection of Chickpea Germplasm
at ICRISAT

R.P.S. Pundir and K.N. Reddy

Chickpea Botanist, and Research Associate, Genetic Resownit, ICRISAT, Patancheru,
Andhra Pradesh

Chickpea Cicer arietinum L.) is an ancient crop, its earliest record dating bazk250
BC, from the Middle East. The crop probably evolved in $@atstern Turkey. This
view is based on the fact that the three wild specieshefgenusCicer that are most
similar to cultivated chickpea occur naturally in this rey. Chickpea domestication
spread gradually, and itis now cultivated in over40riwies. The recentintroduction
of chickpea to Australia and USA has expanded the use artdngml of this crop.

The genetic resources of chickpea include primitivedi@ates, improved cultivars,
genetic stocks, mutants of. arietinum, and all other species of the gen@cer, A
total of 43 species are known to exist in this genus, of whoahy one (C.arietinum) is
cultivated, 8 are wild annuals, and the remaining 34 arbdwierennial species. The
wild species are rather limited in distribution, and weodined growing in countries
around the Mediterranean Sea, Soviet Union, Ethiopia, 8udad inthe Himalayan
Mountains.

Recently the Regional Pulse Improvement Project (RRIPjdia/lran, by an
extensive collection effort assembled and augmented geakcollections that existed
with various institutes. This resulted in the assemblyabbut 7000 chickpea acces-
sions. When the RPIP was phased out in 1970, part of thisectbn was deposited
with USDA, and the rest remained with several nationedearch programs in India
and lran. In 1972, after ICRISAT came into existence angsla®ed responsibility as
the world repository for genetic resources of chickpearious institutes, universities,
and research organizations donated most of their colast

ICRISAT started collecting germplasm in priority areas imetearly eighties.
Collection in other countries, such as in Ethiopia, Afghstan, Turkey, Nepal,
Bangladesh, Morocco, and Syria has helped to narrow ppaeent gaps in the world
collection. InIndia, 17 missions have been organizedjboymy ICRISAT, Agricultu-
ral Universities, and the National Bureau of Plant Gen®&esources (NBPGR). This
resulted in the collection of 1400 samples (Table 1). Ent¢ly the ICRISAT gene bank
holds 15 564 chickpea accessions representing 42 cowntBesides filling the geogra-
phical gaps, the above missions provided some very Uusehaterials, e.g.,
tuberculated-seed types, twin-podded, and extra-largeded desi materials from
Madhya Pradesh, very-large seeded desi from Tamil Nadackkeed coated, high-
anthocyanin types from Ethiopia, extra-large seeded kgliesi types of Middle East
origin, and twin-podded kabuli from Morocco and Syria.

ICRISAT (International Crops Research Institute for them$-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings ofa Joint ICRI/SNBPGR(ICAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988, ICRIB&enter, India. Patancheru, A.P. 502 324,

India: ICRISAT.
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Table 1. ICRISAT collection expeditions for chickpea and wild Cicer species, 1975-88.

No. of
Year Country accessions
1975 Afghanistan, India, Pakistan, Turkey 192
1976 Afghanistan, India 144
1977 Afghanistan, India (3)*, Turkey 227
1978 India (2), Pakistan 71
1979 Bangladesh, India (2), Nepal 234
1980 Burma, India (2), Nepal 250
1982 Ethiopia, India 251
1983 India 47
1984 Ethiopia 104
1985 Bangladesh, India 206
1986 India 197
1987 India, Morocco 279
1988 India, Syria 140

1.The figures in parentheses refer to the number of expesliin countries where there has been more
than one collection mission.

Germplasm evaluation helps us to notonly charactermmedocument diversity of
the germplasm, but also to identify and describe new aseful genetic traits. For
example, we have identified, over several years of aadilon, 86 erect types, 100
twin-podded types, 43 multi-seeded types. Ultimatethe value of the diverse germ-
plasm depends on the extent of its utilization in croyprovement programs. Cur-
rently the chickpea germplasmis evaluated for 25 mompdr@nomic characters. The
screening for resistance to various diseases andcingests is done by concerned
disciplines and several resistant sources have beentifded (Table 2). In order to
suitablydocument the information and distributédtusers, the passportand evalua-
tion data of most ofthe accessions have been computedanddubjected to statistical
analysis. The information has been summarized in ti@®2RISAT Chickpea Germ-
plasm Catalog*which will soon bedistributedto chickpea research worker3his
analysis has revealed very useful information, e.g.:

« Accessionsfrom Chile seemto be better sourcesforloggewthduration, higher
plant height, heavy seed mass, and semi-erect growbththa

« Accessions from Bangladesh appear to be better sodoecdsigh pod number and
resistance to fusarium wilt.

« Accessions from Nepal produce a high number of basal @iy branches and
seeds pod but they produce small pods, few apical secondary thas, and
exhibit shorter flowering duration.

Germplasm evaluation has now begun at several locatibmdndia, this work
continues at ICRISAT Center, Akola, Gwalior, and New Delin collaboration with
NBPGR.
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Table 2. Chickpea germplasm accessions with resistance tdiseases and insects,
evaluated at ICRISAT Center.

No. of
Disease/lnsect pest accessions
Fusarium wilt 166
Dry root rot 47
Stunt disease 11
Fusarium wilt and dry root rot 18
Fusarium wilt and black root rot 18
Fusarium wilt and botrytis gray mold 1
Fusarium wilt and ascochyta blight 1
Fusarium wilt and sclerotinia stem blight 8
Botrytis gray mold and ascochyta blight 2
Botrytis gray mold and colletotrichum blight 2
Ascochyta blight and stunt 3
Fusarium wilt, dry root rot, and black root rot 2
Pod borer 22

The potential users of the chickpea germplasm are chickpestssts throughout
the world. Every year, they test/utilize a large numbeaadfessions in their research
programs. A total of 157 824 chickpea seed samples have thegnibuted from the
Genetic Resources Unit (GRU) from 1974 to 1987. Besidesrthsa in crop improve-
ment programs, some elite materials have directly been toedultivation. In the last
10 years, some 26 chickpea germplasm lines were releasedhomercial cultivation.
Examples are chickpea cultivars Dhanush, Trishul, andHad Nepal; BDN 9-3 and
JyotiinIndia; Shendiin Sudan; and ILC482in Algeria, Moco¢ Syria, and Turkey.

The status of chickpea germplasm is reviewed periodicalyme of the main points
of future interest are the following:

e Some chickpeagrowing regions, viz., Burma, parts ofiepha and India, Malawi,
Tanzania, and Turkey are not yet well represented in thel@voollection. Germ-
plasm from these countries should be collected as earlgossible.

» Germplasmaccessionwsill have to be additionallgcreenedor responseo fertiliz-
ers, resistance to lodging, early seedling vigor, low-ligmterception, etc.

« Evaluating germplasm at more locatiowd| have to be continued, ifpossibhear
or in their original habitat.

29






Status of the World Collection of Pigeonpea Germplasm
at ICRISAT

R.P.S. Pundir, P. Remanandan, and D.V.S.S.R. Sastry

Chickpea Botanist, Pigeonpea Botanist, and Researchcidep Genetic Resources Unit, ICRISAT,
Patancheru, Andhra Pradesh

It is believed that pigeonpg&ajanus cajan(L.) Millsp.) originated in India. This view
IS based on archaeological finds of pigeonpea seeds at 8tdakn, Maharashtra which
presumably date back to the period 200 BC - 300 AD. It appdhed Atylosia
cajanifolia is the closest related species of pigeonpea followed Abylineata, A.
scarabaeoides, A. sericea, A. albicans, etc. The name ‘'pigeonpea’ originated in the
Americas where it reached during the 15th Century AD . s deeds were favored by
pigeons, the name 'pigeonpea' came to be used. Sevetahiw@al names have been
used for pigeonpea, but the latest and most accepte@ajanus cajan (L.) Millsp.

Pigeonpea belongs to the subtril@aaninae which encompasses a vast gene pool of
about 300 species belonging to 13 genera. There is somelaiity among these
species. Of this vast gene pool, pigeonpea is the onlyiated form. This was often
considered to be a monotypic genus, since all the otheaand Australian species
that were described and were similar to pigeonpea, weaasferred to the genus
Atylosia because of the presence of seed strophiole. van der dhasgggested merging
all species ofAtylosia, Rhynchosia acutifolia F.V. Muel. ex Benth, andDunbaria
heynet W. & A. into Caganus, thus recognizing 32 species in the genus.

Pigeonpea is cultivated on about 3 m ha all over the worldwelver, this appears to
be an underestimation, as it probably does not includeg@igea that is commonly
grown in small stands in backyards and on field bunds. égea is known to be
cultivated in over 50 countries, the most importantrfgeBurma, India, Dominican
Republic, Kenya, Malawi, Tanzania, and Uganda. Pigeonpesabeen gaining popu-
larity in Australia since its recent introduction.

In keeping with its role as the world repository of its miate crops ICRISAT
started to assemble the pigeonpea germplasm that alrexdsted with various
institutes. The initial collection consisted of the linassembled by the former
Regional Pulse Improvement Project (RPIP), ajoint podjof USDA, India, and
Iran. When the RPIP was phased out in 1970, sets of thisctidn remained with
various agricultural universities and institutes in ladIn 1973/74, the material from
these centers was donated to ICRISAT. RPIP had also stomedset of this material
with USDA. At ICRISAT's request, this material was semtPtuerto Rico and then to
ICRISAT. Some institutes made new efforts to colleetmplasm, and these materials
were also shared with ICRISAT. Simultaneously, ICRISAT,cimnsultation and
cooperation with otherinstitutes, started collectingrgptasm from priority areas. So

ICRISAT (International Crops Research Institute fbe tSemi-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings of a Joint ICRI/ISBPGR(ICAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988, ICRIB®8enter, India. Patancheru, A.P. 502 324,

India: ICRISAT.
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far 34 missions have been carried out in India and 19 abroad and more than 3500
germplasm samples collected (Table 1). With the addition of the new samples, the
pigeonpea germplasm collection now comprises 11 034 accessions representing 52
countries. The outstanding achievements were the collections from Kenya, Malawi,
and the Caribbean Islands which yielded samples with extra-tall plant height, purple
stem color, large seeds, and multiseeded pods. The last two characteristics are impor-
tant for vegetable-type pigeonpea.

During the germplasm collection efforts, particular attention was paid to survey
and collect the Cajaninae species that are apparently close to pigeonpea. This has
resulted in a collection of 271 accessions of 47 species belonging to 6 genera.

Systematic evaluation of the accessions is necessary to describe the material and to
identify desirable lines for utilization. Pigeonpea accessions were grown in batches at
ICRISAT Center and evaluated for 40 morphoagronomic traits. Several accessions
with desirable characteristics have been identified (Table 2). The concerned disciplines
screen germplasm for resistance to diseases and insect pests. The number of resistance
sources identified are listed in Table 3.

Recently, germplasm evaluation has begun at more locations. This work is done in
Kenya jointly with the National Dryland Farming Research Center. Similarly, in
India, ICRISAT and NBPGR are jointly conducting germplasm evaluations at
Akola, New Delhi, and Jorhat.

Table 1. Collection expeditions launched by ICRISAT for pigeonpea and its wild
relatives.

No. of

Year Area accessions
1974  India (2)* 134
1975 India (3) 331
1976 India (5), Kenya 426
1977 India (5) 241
1978 India (3) 195
1979 Australia, Bangladesh, India (4), Malawi, Nepal 345
1980 Burma, India (6), Nepal, Sri Lanka, Thailand, Zambia 272
1981 India (2), Mozambique, Philippines, Tanzania 399
1982 Kenya, South Africa, Zimbabwe 290
1983 India, Malawi 459
1985 Caribbean Islands, India 271
1986 Caribbean and Central American region, India 142
1987 India 52

Total (in 53 expeditions) 3557

1. Figures in parentheses refer to the number of expeditions, in places where there was more than one
mission.
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Table 2. Pigeonpea germplasm accessions identified with specific agronomic char-
acteristics, evaluated at ICRISAT Center.

No. of
Character accessions
Determinate growth habit 298
Short plant height (<1 m) 321
Short maturity duration (<120 days) 47
Heavy seed mass (100-seed mass >18 Q) 48
High seed protein (>27.6%) 14
Multiseeded (>6.0 seeds pod™*) 15

Table 3. Pigeonpea germplasm accessions with absolute resistance to diseases,
insects, and nematodes, evaluated at ICRISAT Center.

No. of
Disease/ Insect/ Nematodes accessions
Fusarium wilt 65
Sterility mosaic 326
Phytophthora blight 140
Two diseases 28
Three diseases 12
Three diseases and nematodes 2
Pod Dborer (Heliothis armigera) 18
Podfly {Melanagromyza obtusa) 15
Pod borer and podfly
Nematodes (complex of 8 species) 9

In order to suitably document the information, the passpaod evaluation data of
most of the accessions have been computerized and deljéc statistical analyses.
The results aregiven inthe ICRISAT Pigeonpea Catalbgol has been prepared in
two parts, and has already been distributed to users.

The main users ofthe germplasm are scientists at ICR | &Adrat various national
institutes in the semi-arid tropics. Scientists froncuntries have drawn pigeonpea
germplasm samples from the ICRISAT gene bank to ug¢itizem in their respective
research programs.

The contribution of landraces as source material fornoyement has been sub-
stantial. There are also examples of germplasm linas blave directly been used for
commercial production, e.g., UPAS 120, a short-duoatselection from a germplasm
line that was released in northern India in 1976 for cudtion. In Fiji, the germplasm
accession ICP 7035, a field collectionfrom Madhya Psdgdndia, has been released
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for cultivation. Because of the high sugar content insieds, the line has been namec
‘Kamica' which means sweet in Fijian. This line combinesistance to fusarium wilt
and sterility mosaic with good vegetable-type charactiecs. Another accession, ICP
8863, a field collection from Uttar Pradesh, has beenasdd in Karnataka under the
popular name 'Maruti'. Recently the Government of Maladentified ICP 9145 as
suitable for cultivation. This line is in fact a landracellected in 1976 from Kenya.
The status of the pigeonpea germplasm is reviewed pecedthi. Some of the main
points of future interest are the following:
* Germplasm from the priority areas, i.e., Burma, Indiah®r, Orissa, and Karnat-
aka), Indonesia, Uganda, and Thailand should be collected.
 In addition to the 40 descriptors presently used, geaspl should be evaluated for
response to fertilizer, reduced flower drop, toleraneedins during maturity, etc.
» The efforts should continue to evaluate germplasm at mocations.
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Status of the World Collection of Groundnut Germplasm
at ICRISAT

V. Ramanatha Rao and A.K. Sadasivan

Botanist, and Research Associate, Genetic Resources, UBRISAT, Patancheru, Andhra Pradesh

Origin and Distribution

The genusArachis probably originated in the area referred to as the Bram shield.
Cultivated groundnut{Arachis hypogaea L.) originated in Bolivia and northwest
Argentina on the eastern slopes of the Andes.

The natural occurrence of the genésachis is confined to South America - in
Argentina, Bolivia, Brazil, Paraguay, and Uruguay. In thegion, its distributionis
restricted to the area that is bounded by the Amazon rigethe north, the la Plata
river to the south, the Atlantic to the east, and by the éstlbo the west. However,
more explorations foArachis have to be made in many areas, and the distribution o
the genus may eventually be found to be much wider. The @rgoc habit has largely
determined the evolution and distribution of the genusecés belonging to all
sections ofArachis occur in Brazil, and four sections, Ambinervosae,  Caulorhizae,
Extranervosae, and Triseminalae, are known to occur only in Brazil. Species in
sections Arachis and Rhizomatosae occur in all five countries, but species in section
Erect aides are not known to occur in Uruguay. The cultivated grountdguadually
spread all over the world, especially during the immediaest-Columbian period. It
is now cultivated in more than 80 countries.

Collection and Assembly

When ICRISAT started groundnutgermplasmwork in 197, poiority was given to
acquiring collections from other gene banks or researenters. Over 5066 accessions
were assembled from various research centers in Indid,5®#97 accessions from the
People's Republic of China, Indonesia, Japan, Malawi, eMi@, Senegal, South
Africa, Tanzania, UK, USA, USSR, Zambia, and Zimbabwe.

ICRISAT also carried out several collection expeditiomsindia and abroad in
cooperation with national and international agencies, aoldected 857 samples in
India and 996 from outside India. During these trips,idescollection of germplasm,
information on cultivation practices, and occurrence e$tp and diseases was also
recorded.

ICRISAT has a special interest in wild species Arfchis for cytogenetic and
resistance breeding work. The present collection of 2Gkssions represents about 35

ICRISAT (International Crops Research Institute for Semi-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings of a Joint ICRISNBPGR(ICAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988, CRIS@dnter, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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species, descriptions of some of which are yet to belishled. Many more need to be
assembled.

The groundnut germplasm collection at ICRISAT presenttats 12 160 acces-
sions from 89 countries (Table 1). Additional germplasméasto be collected from the

Table 1. Groundnut germplasm collection statusat ICRIR T Center, October 1988.

No. of No. of
Origin accessions Origin accessions
AFRICA 3 496 Swaziland 8

Tanzania 396
Angola 7 Togo 11
Benin 15 Uganda 171
Botswana 1 Zaire 116
Burkina Faso 62 Zambia 226
Cameroon 6 Zimbabwe 558
Central African Republic 2
Chad 15
Comoros 1 ASIA 3 820
Congo
Cote d'lvoire 81 Burma 21
Egypt 17 India 3 050
Equatorial Guinea 13 Indonesia 139
Gambia 32 Iran 11
Ghana 53 Israel 88
Guinea 22 Japan 47
Kenya 50 Kampuchea \
Liberia 12 Malaysia 53
Libya 1 Pakistan 1
Malagasay Republic 49 People's Republic of China 215
Malawi 148 Republic of Korea 74
Mali 187 Sri Lanka 23
Mauritius 27 Syria 1
Morocco 21 Taiwan 48
Mozambique 149 Thailand 6
Niger 25 The Philippines 29
Nigeria 343 Turkey 7
Republic of South Africa 146 Vietnam 4
Rwanda 1 Yemen (AR) 1
Senegal 262
Sierra Leone 24 EUROPE 112
Somalia 9
Sudan 223 Belgium 3
Continued.
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Table 1. Continued.

No. of No. of
Origin accessions  Origin accessions
Bulgaria 4 Mexico 21
Cyprus 7 Paraguay 184
Greece 7 Peru 317
Hungary 2 Puerto Rico 21
Portugal (Azores) 6 Trinidad and Tobago 5
Spain 4 Uruguay 40
UK 16 USA 1 828
USSR 63 Venezuela 9
THE AMERICAS 3 656
Argentina 404
Barbados 4 AUSTRALIA AND OCEANIA 59
Brazil 465
Chile 12 Australia 57
Columbia 1 Fiji 2
Costa Rica 1
Cuba 40
Ecuador 3 Unknown 1017
Honduras 4
Jamaica 4
Martinique 6 TOTAL 12 160

priority countries/areas identified in consultation Wwithe International Board for
Plant Genetic Resources (IBPGR), ICRISAT scientistd aational scientists in the
germplasm resource areas.

Conservation and Maintenance

At ICRISAT, all the cultivated groundnut accessions aeed-producing wild species
are maintained by growing in the field. The rhizomatous amcseed-producing wild
species are maintained in concrete cylinders. The legpugytogenetics section at
ICRISAT Center has been helping GRU maintain the omatous wild species of
groundnut.

Generally about 1 kg pods are stored in the mediunmteold storage (4°C and
approximately40% RH). Viability of accessionsis moaried regularly and rejuvena-
tion is carried out when the seed quantity is low or thahility falls below the
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germination standard (85%). Larger quantities of seedglmetic stocks and acces-
sions for which demand is greater are also retained in hloetsterm storage at 18°C.
The long-term cold storage facility (- 20°C) is being deoedd.

All possible care is taken to effectively maintain and cawg healthy and good-
quality seeds in the ICRISAT gene bank. Reports on peatrupe virus (PStV) have
become a major source of concern to ICRISAT because ofdte in germplasm
exchange. Enzyme-linked immunosorbent-assay technifule §A) is used to detect
the presence of the virus in the seed. Virus-free saegilsthen planted for seed increase
and podsfrom such plants are conserved in ogenebank. Thisprocesswill continue
until all the groundnut accessions in our gene bank are ldecso that we can
maintain and supply healthy seeds. Additionally, whenewymplasmisgrown in the
field, our pathologists examine the plants, especially voral disease symptoms.

Evaluation

The 'Groundnut Descriptors' developed by IBPGR and ICRTSIA 1981 form the
basis for evaluation and characterization at ICRISAT. IRmnenary evaluation for
morphoagronomic characteristics is carried out in bodimy and postrainy seasons.
Further evaluation for pest and disease resistance, arydiplogical and biochemical
characteristics is carried out in collaboration with atligsciplines at ICRISAT
Center.

Such evaluation exercises have resulted in the identifocaof a number of useful
groundnut accessions which are being utilized externgivegroundnut improvement
at ICRISAT and elsewhere. We presently have about 60 aowes resistant to late
leaf spot, about 12 promising ones for early leaf spot, abl0 resistant sources for
rust, a few with field tolerance to bud necrosis and peanattle virus, resistance to
seed invasion byAspergillusflawus, and pod rots. We have about 100 accessions
resistant to thrips, jassids, aphids, aBubdoptera spp. We have also in our gene bank
17 drought-tolerant accessions and some with higher lgi@l®l nitrogen-fixing abil-
ity. We have a few accessions with higher oil and proteinteat.

Multilocational evaluation ofgroundnutgermplasm in iadn collaboration with
NBPGR is in progress. With the expansion of ICRISAT'sowogram in southern
and West Africa, more such multilocational evaluaticare needed to exploit the
available diversity for utilization in groundnut improvemt. In future, germplasm
will be evaluated for more attributes such as oil qualityg spurcesof resistance to
other pests and diseases.

Documentation

‘Groundnut Descriptors' consist of 40 passport descrigptord 39 preliminary evalua-
tion descriptors. Descriptor states have also been prediftbr a number of descriptors
for further evaluation, the data on which are being supplie GRU by other
groundnut scientists. The revision of groundnut desanptis in progress. A separate
list of descriptors for wildArachis is also under preparation.
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Passport data have been computerized for 12 160 ICR | &écEssions. Morpho-
agronomic data are being computerized. A computer prograCRISAT Data
Management and Retrieval System (IDMRS) is being usedthes purpose. The
computer file forms the base live catalog. Publicatiohgooundnut germplasm
catalogs on passport data and evaluation data is planne

Distribution

Since 1976, 96 656 samples have been distributed, inclgidb 704 samples to ICR -
SAT scientists, 26 536 to scientists in India and 2@4tb scientists in 83 other
countries. Generally, groundnut germplasm is supplsdods to scientists in India
and it is always supplied as seed to scientists out$idda after completing all the

plant quarantine requirements.
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World Germplasm Collections and Their Potential in Crop
Productivity

B.R. Murty and Melak H. Mengesha

INS A Senior Scientist/ Professor, Biotechnology Cent&®RIl, New Delhi; and
Leader, Genetic Resources Unit, ICRISAT, Patancheru, Aad®radesh

Concerted efforts during the past 25 years by internadlamd national organizations
have resulted in the collection, evaluation, and some itipation of world genetic
resources mainly in cereals, legumes, and oilseedsd, tansome extent in other food
crops, with timely prevention of their elimination bwadt-spreading new cultivars.
IBPGR and ICRISAT, with their cooperators, have premastandard descriptor lists
and documentation procedures. There is an on-goingreffo make collections in
priority crops and regions in spite of difficulties ithe movement of material across
continents because of quarantine and other controls. Wuobilization of world
collections has greatly benefitted crops of the semddropics which form the staple
food in several developing countries. These crops aremadly grown under marginal
conditions and have high local adaptation. The Sorghuonw@rsion Program in
Puerto Rico, for example, helped sorghum production i@ thSA as much as in the
tropics of Asia and Africa, and extended the range of adapt of the cultivars
globally.

Dwarfing Genes and Biomass Production

The utilization of genes for dwarfing and photoperiousénsitivity from local varie-
ties, to restructure plant type in the major cereals, @dasrmously improved their
productivity and range of adaptation, and has addedititg to production, as is
evident in the national coordinated crop improvemenograms. The next quantum
jump in cereal yield for the 21st century requires a geediversification of the genetic
base, including cytoplasmic diversity, since only a sinfadction of the world collec-
tions have actually entered the parentage of presentalwanced lines.

The Dee-gee-Woogen and Norin dwarfing genes in riceé ameat and similar genes
in sorghum and millet have complex functions, influengia constellation of charac-
ters. These genes improve the partitioning of dry mattetheut a significant increase
in the total biomass production. Hence there is an urgesed to evaluate the world
collections for higher biomass to complement the supeharvest index. Transfer of
alternate sources of dwarfing with rapid biomass anatlation, traits found in some
winter wheats, the Assam rice collection, new dwarfingegem millet at ICRISAT,
and in the sorghums of Latin America, into improved types,essential.

ICRISAT (International Crops Research Institute foe tSemi-Arid Tropics), 1989. Collaboration on

Genetic Resources: summary proceedings ofa Joint ICRI/ISYBPGR(ICAR) Workshop on Germplasm

Exploration and Evaluation in India, 14-15 Nov 1988, ICRIB&enter, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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For a planned transfer of these genes into advancedivark, basic studies are
needed on adaptation mechanisms ofgenotypes to moisdisegse, soil, and climatic
stresses, and on the biochemical basis of their resistdn such biotic and abiotic
factors. The adaptive mechanisms of genotypes with ptoaély high biomass under
these stress conditions need special attention.

New Tools from Frontier Sciences

Frontier sciences like biotechnology now provide theltofor the transfer of specific
DNAs into new cultivars. Similarly, protoplast fusion cha utilized to reconstitute a
new cytoplasmic base from the existing diverse cytgpia, to produce more produc-
tive cytosteriles. The sequencing of the DN A of the dieesspurces of dwarfing, for
example, to distinguish common and contrasting featuras$l avd the incorporation
of multiple sources of efficient physiological mechansmGenetic analysis at the
molecular level, as is being done in soybean about théchascesses of nodulation
using nonnodulating, supernodulating, and normal genesyjgan be applied to other
leguminous crops. The inhibitors produced by the shoolbgalizing nodulation in
soybean helps us to better understand transcription antstadion mechanisms in the
genetics of nodulation. A similar evaluation in chickppé&geonpea, and groundnut is
recommended.

Among the drought-tolerant landraces, stage-specifiéstasce (rather than resist-
ance over the entire growth period) iscommon at the segdhmnd-season, orterminal
stage, as in some of the upland rices in India. Since stagesspecific adaptations are
due to diverse physiological mechanisms, integratingehgenes into one genotype to
face the random drought in SAT countries requires biotedbgical expertise for
specific DN A transfer.

Landraces as Genetic Components of Stability

An analysis of the parentage of the widely adapted highdjreg cultivars indicates
that the pooling of the diverse gene blocks for adaptatiom different landraces
have contributed to their wider adaptation to varioussstes. Such examples are IR
60, IR 36 and IR 42 in rice; C 306, HD 2189, Chenab 70, ShohalyRijiga yellow in
wheat; JG 62, BG 203, G 130 and K 850 in chickpea; CSH 5, CSHJ9CH1 3541 in
sorghum; BK 560, WC-C 75, Pusa23and ICMH423 in millet, tonten a few. There
is need for an indepth study of these mechanisms of stagt.

Cytoplasmic constituent stability is evident in protopidusion products and for
reciprocal crosses involving only female parent. The carsvon program needs to take
thisinto consideration. The analysis ofthe mt DN A isozyme pattin landracewill
be necessary to characterize these genetic stocks maesply.

The genetics of characters associated with adaptation maréeces needs to be
studied in crosses between landraces and high-yieldingwars and the information
included in the documentation on the landraces. The segjng of D N A oflandraces
with specific adaptation, e.g., salt and drought toleenwill be useful.
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The genetic diversity in natural populations with sipecor wide adaptation can be
assessed by the Markov process ofestimating nucleodidbstitution rates. Generally,
natural mutation rates are very high under some speeiéological conditions. Such
an analysis would be worthwhile in the Rajasthan a&lkana collections of pearl
millet, the sorghums of Sudan and Ethiopia, and thielgheas of Ethiopia and South
Iran, which are all adapted to severe environmentalsstr&imulation studies using
available data on specific isozymeci will be useful supplements in analyziagapta-
tion in specific world collections.

Genetic Analysis of World Collections

To understand the mechanisms of adaptation and evohupiarticularly in landraces,
more genetic information needs to be obtained during e¢lvaluation process. The
following approaches must be considered.

* Use of RFLP as genetic markers and their polymorphismlyzed for assessment
of diversity between location-specifiwidely adaptedaccessionsvill be of use.
 Cytoplasmic differentiation can be examined by ayw@ahg organelle DN A with
emphasis on mt DNA rather than ct DNA, and looking forique types of mt

DNA in indigenous races, as is being done in maize.

« Simple and complex probes in RFLP studies to trace twtobution of different
landraces to the germplasm used in the breeding prmgwal be useful supple-
ments to organelle-DNA analysis.

* Work on protoplast fusion to produce cybrids from dise cytoplasms needs to be
strengthened. These cybrids can be examined for mt DawA ct DN A recombi-
nants. If these cytoplasmic constituents are stalleis possible to maintain the
functional diversity of the protoplast fusion produatsthout disrupting the adap-
tative gene blocks in mt DNA.

Diversification of Genetic Base in Plant Breeding Progams

The diversity in present-day advanced lines in regiotrédls indicates that the gains
already realized by the limited use of genetic resesrin the released cultivars can be
accelerated by a sustained effort for a wider genetiseb Although several varieties
were released during the past 15 years (322 in ri&d, ih wheat, 46 in maize, 40 in
sorghum, 32 in pearl millet, 68 in chickpea, and 65 imgmdnut), only a few are
extensively grown by farmers and all these are relgeasf a decade or longer. For
example, Sonalika, released in 1965 is still the mospyar wheat cultivar followed
by HD 2285, HD 2329, HD 2189, and HD 2009 released dgri®74-79. A similar
situation exists in rice with IR 36, IET 1444, Mashegrand IR 20 released during
1966-81. Ratna, the upland rice released in 1970 itstgebe replaced by a better
variety. In sorghum, CSH 5 and CSH 9 released in 19@d 4981 are the ruling
hybrids. In pearl millet, BK 560 released in 1975 islispiopular, followed by WC-C75
of 1982. In maize, Ganga 5, and some others, released5 19ears ago, are still
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extensively grown. While the stability of such varietmaser long periods is interesting,
their adaptation mechanisms are not adequately undedstThe genetic architecture
of the subsequently released cultivars must be studfetthely are to contribute to a
diversified genetic base. Some of the recent pearl mihherids, e.g., Pusa 23, ICMH
451, and ICMH 423, are the results of such a planned diviestion based on studies
of adaptation under stress. Utilization patterns of theyé collections already availa-
ble, and the limited and uneven field performance of \aeie released in the last
decade must be carefully studied. An analysis of theirigree and selection metho-
dology is necessary for the introduction of new genesnfrother sources in the world
collection, to remedy the above situation.

An examination of the parentage of the advanced linethenregional trials during
1987-88 has indicated the genetic constraints limitihgit productivity. Of 620 wheat
entries, a majority are based on four varieties, HD 200®) 2460, HD 2281, and
S-308, which are themselves of a complex parentage. hecessary to further widen
the base if the present yield barrier is to be broken. Ui$eeof more winter wheats or
intermediate forms in crossing is proposed. In rice ta®gjmilar situation appears to
exist. In thecaseof sorghum andnillet, furthersucceswill depend on the diversifica-
tion of the cytoplasmic base as the present convergifomale steriles are restricted to
one cytoplasmic source. The postrainy-season sorghupromement is still to take
off. The widely used material from Sudan, Ethiopia, Camerodemen, and Nigeria
should be considered along with Maldandi lines and Centnalian materials. It is
necessary to characterize the important genetic resgur.e., cytoplasm, biochemi-
cally and at the molecular level by fractionating mitoclkloral D N A for further
manipulation of productive cytosteriles.

Even among the legumes, e.g., chickpea, where consiterapbridization has
taken place over the past 15 years, the advanced linesruasligng are mostly based on
five varieties: G 130, C 214, BG 203, K 850, and C 235. The less with consistent
performance over the past 3 years are only two, WBL 12 &Xd769. The yield
difference in the Central Zone between the checks (1B®OO kg ha') and the
advanced lines (950-1665 kg hris very small, much below the expectations based on
a wide crossing program. An analysis of their parentakdirand infusion of other
genotypes from the world collection is called for.

It is interesting to compare the yield advances made irgsom and millet where
considerable effort was made to mobilize world collecdomith those of upland rice
and rainfed wheat where large collections are also avélabn the IET trial under
timely sowing, of 25 entries of durum wheat, the controédhdoot yielded 1620 kg
ha' as against the mean of 1530 kg ofall the other entrinsthé rainfed bread wheat
trial in the Eastern Zone, C 306, the check released ovewrads ago yielded 1900 kg
ha' compared to 1960 kg g the mean of the six entries, the difference not being
significant. The rainfed regional trial revealed that MI39, a check, yielded 1600 kg
ha' compared to 1200-1370 kg of the other best five entridee yield performance in
the upland rice program was similar to that of rainfed whdawould appear that a
greater effort in rainfed wheat and rice can be effectinéyoif the available genetic
resources including the new collections are mobilizasdis being done in sorghum and
millets.
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Overcoming Some Constraints in Mobilizing Genetic Resarces

Greater attention by both National and International Gen&esources organiza-
tions may be considered on the following aspects of gen@madf material for regional
problems, testing in contrasting environments, with eagih on feedback on the
evaluation of working collections in multilocation tesgin

« Evidence is accumulating that stress tolerance toibiahd a biotic factors and high
yield potential are likely to be due to independent megbhms. Simultaneous
screening of world collections for biomass, yield potahtand stress tolerance in
specific stress environments is needed.

* Intermediate forms including natural and man-made igtession products can be
treated as genetic stocks for evaluation as revealed éwthlity of such forms as
Pennisetum typhoides x P. violaceum in the sub-Saharan regions. These products
retain their adaptation to stress and are far more usefubreeders than the
products of synthetic species hybrids.

 Creation ofcomplex hybridization products involving seal landraces and inter-
mediate forms of introgression, and their supply to re@giocentres for selection in
local conditionswill acceleratethe mobilization of germplasm. Feedback on this
testing can be incorporated in the documentation.

« Creation of gene pools for groups ofimportant chareciarcross-pollinated crops
will permit easymanagement of the genetic material aadailability for ready use,
which is difficult for individual accessions. Diversewoes of cytoplasms (cytoste-
riles) can be used to create such gene pools in both selfceoak-pollinated crops.
This will also promote recombination on a wider scale.

» Regular exchange of information between users and genetsources units on
regional problems needing identification of suitable gempes, decentralization of
generation of material, and testing of core collectiongontrasting environments
will acceleratethe mobilization of the several useful stocks alreadgntified.
While logistic difficulties exist in the evaluation oéidge collections over several

locations, it is desirable to evaluate representativeecaollections in multi-
environmental testing to understand the mechanisms ofptdaon for a set of
important variables like root activity, maturity, grolwpattern, duration of flower-
ing/grain filling, disease and pest resistance, andteglaphysiological parameters.
This is necessary if one is to comprehend the totalit of E interactions of all these
variables taken together. This is possible using multiate procedures like multidi-
mensional scaling and principal coordinates analysis loiovaed with regression ana-
lyses as was attempted recently in maize. Simulation ssudseng the existing data on
character combinations in the world collections can be usegredict a plant type
with higher production potential and adaptation, or toniolate a set of useful
ideotypes in tropical legumes and oilseeds where theemtesfforts of restructuring
the plant type are meeting with only limited success.

The importance of genetic resources for the future ohkiad cannot be mini-
mized, as illustrated above, particularly with the fluating production offood crops
in several semi-arid tropical regions, and even in USA, nghéhe recent drought
attributed to the greenhouse effect has been devastatigh the identification of
specific genes and genotypes after critical evaluatiothefworld collections, and the
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utilization of modern tools, it is not difficult to trafer several useful genes into
present-day cultivars to achieve the next breakthroumghhe yield barrier. It must
therefore be concluded that the available world coliec$ offer genetic diversity of
great potential for increased and sustainable cropdprdivity.
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IBPGR's Objectives and Plan of Work in South and Southast Asia

J.M.M. Engels

IBPGR Coordinator for South and Southeast Asia, c/o NBPB8&sa Campus, New Delhi

Past Achievements

The International Board for Plant Genetic ResourceBRGR) was formed by the
Consultative Group on International Agricultural Raseh (CGIAR) in 1974 to focus
on collecting threatened germplasm and establishiroglitees and methods for long-
term conservation through a coordinated internationatwork. Some of its major
past achievements are:

* The development of a global network ofgene banks tuseove this germplasm. At
present, the network comprises over 50 effectively opi@gagene banks in develop-
ing and developed countries.

» The stimulation of other institutions on nationaégional, and international levels
to assume the responsibility to collect, characterized atore plant genetic resour-
ces. These gene banks now operate in over 100 coamtand range from emergent
national entities to highly sophisticated centers e tCGIAR.

« The establishment of priorities by species and regifor the collection of threatened
germplasm. Over 400 collection missions worldwide werseganized and/or
supported.

* The support to train some 1300 individuals in all afpeof genetic resources
conservation and utilization.

« The standardization of characterization and evalomtivork through the produc-
tion of descriptor lists for all major crop species.

« The publication and dissemination of scientific oefs, directories, and
newsletters.

IBPGR's Extended Mandate

In 1986 the CGIAR approved an extended mandate to lendBPGR to catalyze
whatever actions were needed to support and widen liteady existing global genetic
resources network. This mandate is:

“To further the study, collection, preservation, docume
tation, evaluation, and utilization ofthe genetic digity

of useful plants for the benefit of people throughdbe
world. IBPGR shall act as a catalyst both within and

ICRISAT (International Crops Research Institute for 8emi-Arid Tropics), 1989. Collaboration on

Genetic Resources: summary proceedings of a Joint BRI/ NBPGR(ICAR) Workshop on Germplasm

Exploration and Evaluation in India, 14-15 Nov 1988, ICRIB@enter, India. Patancheru, A.P, 502 324,
India: ICRISAT.
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outside the CGIAR system in stimulating the action
needed to sustain a viable network of institutions for the
conservation of genetic resources for these plants”.

After focussing for a decade or so on collecting priority crops and establishing a
network of base collections through direct technical and scientific support as well as
training, IBPGR started reorganizing its program and staffing to meet the new
requirements. The need for strategic and appropriate research in plant genetic resour-
ces conservation and utilization is being fully recognized and this is reflected in the
establishment of a Research Program.

Basic Program Structure

The basic program components of IBPGR are, for administrative and management
reasons, organized in three major thrusts: administration, field program, and
research. The nine components and their major elements are listed below.

1. Administration—support for all IBPGR activities, operations, committees, etc.

2. Technical services—provision of technical support and information to all staffand
the scientific community; public affairs, publications, and library.

3. Global genetic resources network—developmental activities with the centres,
including fostering base and active collections, and data management and transfer.

4. Germplasm acquisition — monitoring degree of genetic erosion, collecting threat-
ened germplasm, supplementing existing gaps in germplasm, and facilitating germ-
plasm flow on a global scale.

5. Germplasm characterization and evaluation — standardization of procedures to
process, store, and distribute characterization and evaluation data. Data acquisi-
tion, data analysis, application, and evaluation strategy are the program elements.

6. Training—the development of conceptual, technical, and managerial skills
through support of manpower training. This involves postgraduate training, spe-
cialized short technical courses, individual training, and intern fellowships.

7. In vitro culture research —development of in vitro techniques for the collection,
conservation, and exchange of genotypes for "recalcitrant" species, including
collection and tissue culture technology, disease indexing and therapy, cryopreser-
vation, genetic stability, and a pilot study for in vitro gene banks.

8. Genetic diversity research—to enhance our understanding ofthe origin, evolution,
and variation patterns of crop gene pools. This includes species mapping, ecogeo-
graphic studies, development of biochemical methods of description, and research
on wild relatives in priority crop gene pools.

9. Seed conservation research—to establish and implement standards for seed stor-
age. This effort includes study of physiology of stored seeds, their genetic stability,
dormancy, regeneration, and genetic integrity, as well as nondestructive disease
indexing.
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Work Plan of the IBPGR Office for South and SoutheastAsia

To enable IBPGR to function more effectively, a series ofce§ around the world
have been established. Two new offices were opened in AsiE9B8, one in New Delhi
for South and Southeast Asia (replacing the previous effior Southeast Asia in
Bangkok), and the other one in Beijing for China and EastaA Besides facilitating
and/ orcoordinatingield activities inareasofgreatgenetic diversity theseoffices will:

Advise, assist, and stimulate national programs on plgEnetic resources in their
endeavor to conserve and utilize genetic resources.

Initiate, coordinate and/or catalyze regional actiest especially in the field of
collecting and characterizing germplasm.

Participate in scientific work to strengthen nationdfoets, including hands-on
demonstrations, maintenance of IBPGR standards for géasm conservation,
monitoring of genetic erosion, gathering information,daperiodic assessment of
activities.

Establish and update computerized databases for plamétge resources activities
in each country of the region.

Liaise with the International Agricultural Research @as (IARCs), FAO Com-
mission, bilateral funded genetic resources projects] amlevant nongovernmental
organizations.

Participate in and/or coordinate regional meetings, ketiops, training courses,
etc., and assist in their organization.

Provide a scientific evaluation of all field project pasals submitted from the
region for IBPGR support.

The following specific activities are planned by the IBR®ffice for South and

Southeast Asia for the near future:

Assist in the establishment of national plant geneticoueses programs in coun-
tries like Bhutan, Kampuchea, Laos, and Vietnam.

Assist and advise recently established national genekddn become fully opera-
tional (i.e., Sri Lanka, Burma, Thailand, and Philippines)

Analyze past collection activities, define existing pgd and collect germplasm,
especially wild species and/or landraces of priority aragccordingly (i.e. Vigna
spp, aroids, allium, okra, eggplanBrassica spp, Mangifera spp, Musa spp, Citrus
spp, sugarcane, rice, and maize), but give also due enmgpliasnational/ regional
priorities and needs (i.e. minor crops).

Assist and activate the development of a global cropwoek in the region by
coordinating global collection, conservation, and utdizon activities which
IBPGR will help to establish. Prioritwill be given for the time being tbanana,
groundnut, okra, sweet potato, and safflower.

Encourage and support the use of locally adapted germplas the national
breeding programs.

Organize regional training courses on genetic resourcasagement aspects which
lack trained personnel.

Coordinate genetic resources activities with the IAR®@scomplementing rather
than duplicating their efforts.
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Foster the free flow of germplasm between the membatestof the region as well
as with the rest of the world.

Publish regularly (perhaps quarterly) a continentaligds Germplasm Bulletin;
assist in the publication of relevant national or re@bmscientific findings in the
field of germplasm conservation, evaluation and utikinan.

Initiate relevant applied research activities and hdipild up local research
capabilities.

Pursue the implementation of the activities laid down the Memorandum of
Understanding between the Government of India and IBPGR.
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ICRISAT/NBPGR Collaborative Exploration Program

R.K. Arora, S. Appa Rao, and M.N. Koppar

Officiating Director, NBPGR, Pusa Campus, New Delhi;
Botanist, Genetic Resources Unit, ICRISAT, Patanchémgdhra Pradesh; and
Acting Head, Plant Exploration Division, NBPGR, New Delhi

India is extremely rich in plant genetic resources. Thi®cantinent is a center of
diversity for the ICRISAT mandate crops, among which a gr@al of variability
occurs. The area is also known for its richness in wildcgse particularly of pigeon-
pea. Considering the region's potential as a gene ceMBPGR and ICRISAT have
been operating for well over a decade in different areat®tountry, to collect native
variability, primitive cultivars, wild species, etc., &8 to enhance the existing genetic
wealth. With the common objective of tapping germplasmorgces, specifically of
the ICRISAT mandate crops which are also of national pityorGRU-ICRISAT and
NBPGR-1CAR worked out a joint strategy in 1985 for explooatiand evaluation
within India, and a 5-year program was framed. The dffoade to collect germplasm
during 1986-88 is discussed.

Priority Areas for Exploration

ICRISAT and NBPGR have jointly worked out the areas formgekasm collection
keeping in view the threat of genetic erosion, distriilount of native types, wild species,
etc. Some of these areas are contiguous agroecologicelszmthers are more spo-
radic, ecologically diverse/exacting habitats. Majotiqxity areas for exploration for
ICRISAT mandate crops, their wild relatives, and relatgukcies are as follows.

Sorghum (Sorghum bicolor (L.) Moench). Eastern Uttar Pradesh, northern Bihar
and adjacent West Bengal, Adilabad and adjoining areasAndhra Pradesh and
Maharashtra, the Jhabua district in Madhya Pradesh aadgiming hilly areas,
northwestern sub-Himalayan region, northeastern hilégions, and the plains of
Assam.

Pearl millet (Pennisetum glaucum (L.) R.Br.). Western Rajasthan, Gujarat, Madhya
Pradesh, northern Uttar Pradesh for cultivated, and mpsular region, northwestern
sub-Himalayan region, Orissa, Bihar, West Bengal andhBlrashtra for wild species.

Chickpea (Cicer arietinum L.). Rajasthan (around Ganganagar), northwestern
Himalayas (wild types), Gujarat (Junagadh), Bihar (Sgb@and Maharashtra.

ICRISAT (International Crops Research Institute for ®emi-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings ofa Joint ICRIVISNBPGR(ICAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988, ICRIE&enter, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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Pigeonpea (Cajanus cajan (L.) Millsp.). Western Ghats, eastern/ northeastern hill
(wild species), north Bihar and eastern Uttar Pradesirtim Karnataka (for garden
types) and eastern Maharashtra, Madhya Pradesh, andaOriss

Groundnut (Arachis hypogaea L.). Haryana, Rajasthan, Madhya Pradesh, Utts
Pradesh, and Bihar (sporadic in central and southemnsalar tract).

Explorations Undertaken and Diversity Collected

SofarICRISATand NBPGR have launched 11 expeditions0rdifferent states of
India and have collected 2202 samples of ICRISAT mandaops and their wild
relatives comprising sorghum (364), pearl millet (91B8)geonpea (100), chickpea
(412), groundnut (200), and minor millets (213). Thesedetailed in Table 1 and are
discussed below.

Table 1. Germplasm collection missions launchedjoiniyyf CRISAT and NBPGR
and number of samples collected, 1986-88.

Number of samples’

State(s) Year SG PM CP PP GN MM Total

Rajasthan and
Haryana 1986 111 25 - 136

Andhra Pradesh,
Bihar, Orissa and

Madhya Pradesh 1986 177 32 5 16 30 88 348
Madhya Pradesh 1986 - 198 28(2) - - 228
Madhya Pradesh 1987 - 157 51(1) - - 209
Karnataka 1987 40(1) 181(5) 2 1 16 18 264
Tamil Nadu and Kerala 1987 4 - 126 2 132
Tamil Nadu 1987 18 270(8) 1 46 343
Tamil Nadu 1987 115(13) 8 - 16 152
Gujarat 1988 - 50 - 50
Coastal Andhra Pradesh 1988 93 3 43 139
Haryana 1988 201 - 201
Total 350(14) 900(13) 412 97(3) 200 213 2202

1. SG: sorghum, PM: pearl millet, CP: chickpea, PP: pigeonpea, GN: groundnut, and MM: minor millets.
2. Figures in parentheses refer to number of wild relatives.
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Sorghum

The expedition to the predominantly tribal-inhabitedesef Andhra Pradesh, Bihar,
Orissa, and Madhya Pradesh in November 1986 resulted incthkection of 177
samples of sorghum, a majority belonging to the races "gafinand "roxburghii".
They grow over 3 m tall without tillers and the inflorescen@ee large and loose with
drooping branches. The clasping glumes expose the smallewgriain. The Bastar area
appears to be a transitional zone for the races roxburghiineg, and durraPanicum
sumatrense and  Paspalum scrobiculatum are extensively grown in the tribal areas of
Orissa and Bihar. Pennisetum pedicellatum is found in most of the areas along the
roadside and on the bund$?. hohenackeri locally called "upiri” around Bastar is used
to make ropes. Other collections made during this explamtincluded pearl millet
(32), pigeonpea (16), chickpea (5), groundnut (30), ands&8Biples of minor millets.

The hilly/ subhilly parts of Annamalai in Tamil Nadu werargeyed in December
1987 to collect wild relatives and primitive cultivars ofrgfium. Collections include
115 samples of primitive cultivars of sorghum belonging &ces guinea, bicolor, and
durra, and 13 samples of wild sorghum which included a rarbdwype, S. nitidum.
Eight samples of pearl millet and 16 of minor millets wereoatollected.

Pearl Millet

The collection mission to the dry areas of the northern andteea districts of
Karnataka during Oct/Nov 1987 yielded 264 samples of whi8h &re cultivated pearl
millet. It is grown mixed with pigeonpea, groundnut, or mdidan. Most ofthe pearl
millet samples appear to be dual-purpose types grown bottgrfain and fodder. The
incidence of downy mildew and ergot on pearl millet was spgoraOther germplasm
collected include 40 sorghum, 2 chickpea, 1 pigeonpea, bagdnut, and 18 minor
millets samples besides wild relatives @&Ennisstum (5) and Sorghum (1).

A pearl millet collection mission to Tamil Nadu during Decleem 1987 yielded 270
cultivated and 8 wild samples d¢fennisestum, 18 sorghum, 1 pigeonpea, and 46 minor
millets samples.

A joint exploration to the northeast coastal areas of AmadhRradesh during
September 1988 resulted in the collection of 93 early matgrpearl millet and 43
finger millet samples. Both pearl millet and finger millate transplanted in furrows
opened by a wooden plough. Farmers believe that raising aemyrofseedlings offers
better weed control, good crop stand, and reduces crop duran the main field. The
early maturing pearl millet is called "pittaganti”.

Haryana, an important pearl millet growing state was joynexplored during
Sep/Oct 1988. Primitive cultivars are still grown in is@df remote areas, especially
on sand dunes around Loharu, Narnaul, Chiriya, and othexsarA primitive type
called "bajri" grows to a height of about 125 cm, produces ynaery thin stems with
sequential maturity of spikes. The spikes are very smallint seeds are loosely
arranged, and the glumes almost cover the small oval gré&indual-purpose form
called "dholsari" is grown around Choudhari-ki-Nangal §oain and fodder. It grows
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over 3 mtall, produces very thick stems and dark green leavies spikes are thick and
medium sized. Further, some special forms which producé&espimore than 40 cm
long were found around Narnaul, Pilani in Rajasthan, and ames isolated areas.
Smut was very common, probably due to heavy rains duringwélong. Since
improved cultivars and local landraces are grown in adjadexds, there is scope for
exchange of genes between the two forms. Recombinants wedirable characters
could be useful in millet improvement.

Chickpea

In 1986, an expedition was organized to western Madhya é&stadiuring which 198
chickpea samples were collected, representing largeeskeglulabi (suitable for parch-
ing), kabuli, tuberculated seed-surface types, and twomded types. Some 28 pigeon-
pea and 2 Atylosa scarabaecides samples were also collected.

A survey of the eastern part of Madhya Pradesh in 1987 in tolation with
Jawaharlal Nehru Krishi Viswa Vidyalaya (JNKVV), Sehoresulted in collections
of 157 chickpea samples comprising tuberculated-seedil@attypical desi, "peela
chana", gulabi, twin-podded ("do ghanti"), large-seed#esi (dabbo), and kabuli
types. Collar rot was observed to be an important diseasehickpea in Madhya
Pradesh. Crop losses due witernaria blight and excessive vegetative growth were
also seen around Jabalpur. Diverse types of pigeonpeasébiples) and a sample of
Atylosia scarabaeoides were also collected.

In 1987, the Zanskar valley in the Ladakh region was survetyedollect genetic
diversity in Cicer microphyllum. Samples from 14 different populations were col-
lected. Collections made represented variability in seem §medium bold/small
types), seed color (deep black to brown), and pod-bearintgrpoal.

The coastal areas in Gujarat - Junagadh, Amreli, Bhavnagar Ahmedabad
districts - were explored and0 seed samples collected during March 1988, in
collaboration with the NBPGR regional station, Jodhpur @udjarat Agricultural
University, Junagadh.

Pigeonpea

Pigeonpea germplasm was collected mainly from Madhya &hdduring explora-
tions undertaken to collect chickpea in 1986-87. An effwais also made in Meghalaya
to locate Atylosia elongata during 1987-88. Recently, this was located in its natura
habitat and collection of ripg@ods, etc. will be madein the future.

Groundnut

A collection mission to the groundnut-growing areas of TihrNadu and Kerala

during Nov-Dec 1987 resulted in the collection of 132 samphéhich included 126
groundnut, 4 sorghum and 2 finger millet.
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Geographic Diversity and Adaptation

Considerable diversity was observed in the germplasthected which might have
evolved to adapt to the diverse agroclimatic conditiomdndia. For example, very
early maturing types with profuse nodal tillering wegrown on the sand dunes of
Haryana and Rajasthan where soil moisture is a limgtifactor. In contrast, the
long-duration types of sorghum and pearl milletgrowmrthe tribal areas ofthe Estern
Ghats escape grain molds by maturing after the rainsecea

Future Emphasis

The untapped/ underexplored and other promisargaswill be surveyed for germ-
plasm collection. An exercise to this effect has alnebden initiated by NBPGR and
ICRISAT. The collection ofwild speciesshould be emphasized. Sonsmeasof
variability, particularly the sub-Himalayan hilly tcés in western/northeastern
regions, would need thorough surveying. Another promgsarea for sorghum and
pigeonpea germplasm would be the Indo-Burma border,Arunachal Pradesh,
Nagaland, Manipur, and Tripura. NBPGR recently opened more centres at
Ranchi and Srinagar anthesestationswill also undertake exploration. Thus, apart
from the Headquarters Exploration Division, 11 Statiawmidl undertake germplasm
collection based on the program for the 5-year periodntlefforts by ICRISAT and
NBPGR should prove rewarding in this time-bound vewtur
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ICRISAT/NBPGR Joint Evaluation of Germplasm in India

T.A. Thomas, K.E. Prasada Rao and R.P.S. Pundir

Head, Division of Germplasm Evaluation, NBPGR, New Delhi
Senior Botanist, and Botanist, Genetic Resources UniRIISAT, Patancheru, Andhra Pradesh

Ajoint ICRISAT/NBPGR program to evaluate the germplasim ©RISAT man-

date crops was started from the 1986 rainy season. Thestwalre conducted at
NBPGR's Headquarters at New Delhi and its regional statianAkola, Jodhpur,
Trichur, and at other centers according to the plan. Thaitketfindividual crops for
each year are discussed below.

Sorghum

Sorghum germplasm was evaluated for photoperiod sertgitforage, and for use as
a dual-purpose crop.

Evaluation for Photoperiod Sensitivity

Two thousand accessions of photoperiod-sensitive somglmere grown at Hisar(29°
10'N, 75° 44'E) and Trichur (10° 15'N, 76° 18'E) during tI886 rainy season. At
Trichur, only 964 entries survived up to the flowering staghile 110 entries flowered
within 120 days. In others, flowering ranged from 126-189da\ineteen characters
were studied: early seedling vigor, days to 50% floweringamnumber of flowering
stems (basal tillers), nodal tillering, stem thicknessmier of nodes, internodal
exposure, phyllotaxy, presence of stilt roots, plant he¢jghead exsertion, head
compactness and shape, head length, head width, numbeavefs, plant aspect score,
leaf width, grain yield per plot, and natural incidence igkdses and insect pests. The
same accessions were again grown during the 1987 rainyrséasevaluation oftheir
photoperiod sensitivity. A total of 1957 collections siumed, of which 156 did not
flower under local conditions. They remained stunted amelddbefore flowering.
Flowering in others ranged from 49-201 days. Plant herginged from 100-400 cm,
total number of leaves varied from 7-35, inflorescencglkémranged from 5.1 -75.0 cm,
inflorescence width from 10-35 cm, and leaf width from 1310 cm. In general,
flowering was delayed by at least 15 days as compared ®IIEAT Center, and it was
decided that Hisar was not a suitable location for eadilen of photoperiod-sensitive
germplasm.

ICRISAT (International Crops Research Institute for 8emi-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings of a Joint ICRINBPGR(ICAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988, ICRIB@enter, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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Evaluation of Forage, Grain, and Dual-Purpose Types

One thousand and five hundred accessions of forage hmongwere evaluated for
fodder yield and its components at four locations i.e.apag (near Delhi), Hisar,
Jhansi, and Akola during the 1986 rainy season (Tahlerhirteen characters were
proposed for study: early seedling vigor, days to 50%#&oing, basal tillering, culm
branching, culm thickness, number of leaves, leaf lend&af width, midrib color,
plant height, stalk juiciness, juice quality, and forageld (in kg m row?'). Data were
recorded for almost all the characters at all the locatioBased on the data, 147
dual-purpose types were selected and were again tedtéslsapur during the 1987
rainy season. Screening was also done against foliaasés (including gray leafspot,
anthracnose and zonate leaf spot), grain mold, stemrbane shoot fly. Under
natural conditions, nearly 89 lines were found toésistant to foliar diseases, 50 line:
tograinmold, 181 to stem borer,and 212 to shoot flyds$ also observed that at thes:
locations, most of the germplasm from India and the Yamaab Republic were
better forforage yield compared togermplasm from A&ri Hence it was decided that
during the 1987 rainy season all the material of Indoaigin and some more promis-
ing material from the Yemen Arab Republic should bstée for forage yield and its
components at Issapur.

Accordingly, during the 1987 rainy season, 4430 geraspmh accessionscomprising
4105 from India, 178 from the Yemen Arab Republic, and t4ial- purpose acces-
sions identified from the 1986 multilocational evatuen trials were grown at Issapur.
Some 320 accessions did not flower, being photoperiodisigr. Another 300 acces-
sionsdid not set seeds properly. Agood amount of variaypwas observed for days to
50% flowering (49-175 days). IS 22092 was the earlid8t days) to flower while IS
1556 was very late (175 days). Plantheightranged froomd6lS 21960) to 333 cm (IS
4107). Stem diameterranged from0.30 cm (1S 3226).56 8m (1S 4593). Number of
leaves per plantrangedfrom 7 (1S 4505, 5267) to 36 (199 2Beaflengthrangedfrom
31.33 cm (IS 5236, 1416) to 97.66 cm (IS 5236, 1416)e Teaf width ranged from 2.55
cm (IS 1572) to 11.56 cm (IS 4164).

Table 1. Range of variability exhibited by 1500 forage sorghum accessions in multi-
locational trials, rainy season, 1986.

Range

Characters Jhansi Hisar Akola Issapur
Days to 50% flowering 37-191 35-90 59-1635 48-122
Plant height (cm) 11-438 69-330 47-299 60-392
No. of leaves 8.0-85 5.0-20.0 5.0-21.0 6.5-50
Leaf length (cm) 16.0-152.2 15.0-98.0 20.0-98.0 41.2-105
Leaf width (cm) 1.7-10.8 2.0-10.9 2.0-11.0 2.9-9.4
Stem thickness (cm) 0.5-9.8 1.6-4.8
Fodder yield (kg m row™") 0.15-9.8 0.16-4.0 -




On the basis of overall scoring, 72 forage types were idead. The most promising
early flowering lines were IS 4234, 4240, 5376, 5377, an®154In the medium-
maturity range types, 13 promising accessions were idiexttiof which 6 accessions
were from India (IS 6001 to 6006). In the late-maturing t§/p& nonsenescing lines,
i.e., 1S 3912, 3913, and 3914 were identified as promisihlgirty five accessions were
also identified as dual-purpose types. Some of the mosmpsing accessions were IS
24329, 24330, 24331, 6327, 6328, 6329, 5528, and 1560.gHiemising tillering types
were also identified (IS 4231, 4232, 4276, 6275, and 62&0)the accessions except IS
1087 had nodal tillering. Based on field screening, aboutlib@s for overall leaf
diseases, 40 lines for grain mold, and 60 lines for steneband shoot fly infestation
were found resistant.

A set of promising selections for forage was sent toNla¢ional Research Center for
Sorghum (NRCS), Rajendranagar for testing and utilizaiiothe breeding program.

In collaboration with the All India Coordinated Sorghumprovement Project
(AICSIP) the "Kharif Basic Collection"” of germplasm haselm evaluated forgrain at
five locations: Coimbatore (Tamil Nadu), Akola (Maharash)t Indore (Madhya
Pradesh), NRCS, Rajendranagar, and ICRISAT Center, Ratn. The most
promising lines have been selected by sorghum breedertufoher testing and use in
breeding programs.

Pearl Millet

During the 1986 rainy season, 2000 pearl millet germplassessions were grown and
evaluated at Jodhpur and Pune. Fourteen characters wepog@ed for study: early
vigor, days to 50% flowering, green fodder-yield potentiaumber of productive
tillers, plant height, ear exsertion, spike length, spikiekness, seed set, yield poten-
tial, overall plant aspect, grain shape, grain weight, aoaring for prevalent diseases.
The data from Pune were not received by NBPGR. The germomadt Jodhpur was
fairly good. Marked differences in vegetative growth weteserved after 1 month of
sowing. The plant height ranged from 78-176 cm. Basedwarall tillering, leafiness,
and vegetative bulk, 12 accessions were judged as thefbéder types. Most of the
accessions flowered between 41 to 65 days. On an averagprddéictive tillers plant®
were observed. The spike length varied from 16-32.2 cmhwilnickness ranging from
14 to 22 mm. Variation was also observed in seed shape andTsikz@nty accessions
with bold seeds were identified. The average seed yieldtplaanged from 2-16 g, and
80 accessions were identified as the best grain yieldeisety five accessions were
found highly susceptible to leaf spot caused Ryrvularia penniseti.

During the 1987 rainy season, 1960 accessions, consistfngolbections from
Africa, Australia, India, Latin America, Middle East, aldiSSR were grown at
Issapur, and data gathered according to the decided igdecs. The germplasm at
Jodhpur could not be sown due to lack ofrain. Some 250 goodefotypes, 156 good
grain types, 54 very early types were identified at Issapunother 41 were identified
as promising in terms of overall plant aspects. The mateshowed good range of
variation for days to 50% flowering (35-114 days), plantgtai(50-377 cm), number of
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tillers plant* (1-12), number of productive tillers plan{1-10), spike length (8-92 cm),
and spike thickness (0.5-4.5 cm).

Pigeonpea

Three sets of germplasm were evaluated. The extra-eardly early accessions were
evaluated at Issapur whereas the medium and medium-lgpe accessions were
evaluated at Akola. The accessions were scored for 17 gdscs: seedling vigor,

nodulation, days to 50% flowering, daysto 75% maturityseodowercolor, flowering

pattern, growth habit, plant height, number of primamarches, number of secon-
dary branches and racemes, number of seed psted weight, plant weight, shelling
ratio, yield plant', and plant stand.

In 1986, a set of 479 accessions (128 extra early, and 35ly a@®re evaluated at
Issapur and 18 promising lines were identified. The protedntent of 25 accessions
was analyzed, and found to vary from 18.4-24.8%. At Akola, fibllowing ranges of
variability were observed for 353 germplasm accessionsyslia flowering: 102-157,
days to maturity: 146- 209; plant height: 76.5-197 cmminer of primary branches:
3.02-20.0; number of secondary branches: 2.6-28.6;macaumber: 2.3-24.0; number
of seeds pod': 2.1-5.0; 100-seed weight: 6.0-18.18 g; biological yielkhmt*: 13.3-
258.3 g: shelling ratio: 35.29-92.02%; and yield pldn®.3-94.08 g. The high-yielding
lines identified were ICP 6656, 7059, 7257, 8654, 8706,80285,10258, 12283, and
NP (WR 15).

During 1987, a set of 350 accessions comprising 126 exarhyeand 244 early types
were evaluated at Issapur. The germination was very goad, the crop suffered
severely due to drought. However, 33 germplasm accessi@réopned better of
which 15 were good grain types, and 4 vegetable types. Aalak 300 medium- and
medium late-maturing types were evaluated and 15 promgigypes were identified.
Two hundred accessions of long-duration pigeonpea wese gkown at Jorhat for
evaluation during 1987.

Chickpea

A set of short-duration chickpea was sown at ICRISAT Cerard Akola while

another set of long-duration types was sown at Gwaliosapsir, and Jodhpur. These
lines were evaluated for 14 characteristics: seedlingviglays to flowering, nodula-
tion, plant canopy height, growth habit, biomass, scoredfegases, days to maturity,
branching, number of pods plant seeds pod, seed size, plot yield, and plant type.
Each germplasm set consisted of 1320 lines. During 198648Jdodhpurand Issapur,
the agronomic performance ofthe crop was poordue to soibfa and it was decided
to evaluate the same set ofgermplasm during the 1987088rpiny season. However,
when the same set ofaccessions was sown at Gwalior, cgofppnance was very good
and most of the accessions could be evaluated satisfagtdtive accessions (ICC 148,
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327, 1034,1083, and 1341) yielded over 3250 ki ad this score was better than an
of the check cultivars included.

At Akola the following lines were found promising and highelding: ICC 5685,
5702, 5792, 7497, 8611, 8613, 8628, 10962, 10969, 1097881111054, 11192, 12269,
12518, 12597, 12636, 12651, 12777, 12791, and 12797.

During the 1987/88 postrainy season at Akola, of the 13@8slitested, the best 5
accessions were ICC 5784, 6072, 10388, 11047, and 12241.bohkest seed was
observed in ICC 5769 (38.7 g 100 seeds-'), days to floweramged from 42 (1CC 4934)
to 106 days, plant height 20.5 (ICC 6042) to 62.7 cm (1CC3¥22and days to maturity
96 (ICC 7498) to 146 days (ICC 5760). During both crop sessohe evaluation
experiments at ICRISAT Center performed satisfactorildaneaningful data were
obtained on most accessions.

Groundnut

Two thousand accessions of groundnut were grown at Joddpring the 1986 rainy
season. Observations on 14 characters were recorded:. tdagmergence, days to 50%
flowering, days to maturity, growth habit, stem branchiregtern, plant width, leaf
color, number of seeds po'd seed color, split testa, 100-seed weight, pod yield, se
yield and plant stand. Days to 50% flowering varied from J4dhys. Some of the
high-yielding lines identified were: ICG551,606,6089659, 724, 725,817,882, .883
884,891,980, 1084,4005,4021,4027,4047,4070,4087,44281,4137,4588,4589,
4682, 4683, 4712, 7389, 7843, 8351, 9594, 9597, and 10751.

During the 1987 rainy season, 1500 collections includifg @rect bunch types, 391
spreading bunch types, and 386 runner bunch types wereuatea at Akola and
Jodhpur. At Jodhpur, the experiment was damaged due owgirt.

The groundnut evaluation at Akola was satisfactory. TaHowing spectrum of
variations were recorded: days to flowering: 23-35 daysaturity: 103-129 days, and
pod yield row: 1.5-43.5 g.

In all, 69 lines were found promising against leaf antim@se {Colletotrichum
dematium) and 'Tikka' diseaséCercospora sp), while 51 lines were found resistant t
groundnut leaf miner(Stomopteryx sp).

Germplasm under Evaluation for 1988-89

The following germplasm has been grown for evaluationidgrthe 1988 rainy season.
Data collection is in progress.

Sorghum:

+ 3000 accessions of forage and dual-purpose types apuss
1500 grain and dual-purpose types at Akola.
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* Multilocational trial of 200 promising and dual-purposges at Issapur, Akola,
Jhansi, and Hisar.

Pearl millet:

« 2000 accessions at Issapur and Jodhpur.

* Multilocationaltrialof200promisingvarietiesat Joglur, Issapur, Akola, Jhansi,
and Hisar.

Groundnut:

1500 accessions at Akola.

 Multilocational trial of 200 accessions at Akola, Jodhpand Gwalior.

Pigeonpea:

« 150 extra-early and early-maturing accessions at Issapu

« 500 medium and medium-late varieties at Akola.

« 200 promising late-maturing, vegetable-type accessianJorhat.

Chickpea:

« 1200 long-duration accessions at Issapur.
e 1200 short-duration accessions at ICRISAT Center, anadlak
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Conservation of World Germplasm Collections of ICRISAT
Mandate Crops

Melak H. Mengesha, P.P. Khanna, K.P.S. Chandel, and N. Kam&ara Rao

Leader, Genetic Resources Unit, ICRISAT, PatancherujhkXa Pradesh;
Head, Conservation Division, NBPGR, New Delhi;
Scientist-in-charge, Plant Tissue Culture Repository,PXEBR, New Delhi; and
Research Associate, Genetic Resources Unit, ICRISATaneaeru, Andhra Pradesh

In tropical and subtropical environments, underambiemditions, seeds lose viabil-
ity very quickly, necessitating their frequent rejuveimat This is expensive and
involves the danger of genetic contamination due to ocadsing, selection pressure,
mechanical mixture, human error, etc. Loss ofviabilityoaleads to accumulation of
genetic damage in surviving seeds, and more important, usesagenetic drifts in
heterogeneous germplasm accessions due to differentialivval of the constituent
genotypes and selection pressure. The most important mdrtconservation,
obviously, is that seeds maintained in a gene bank showays produce plants which
show representative characteristics of each accession.

The gene bank at ICRISAT, established in 1979, servebasntajor repository for
the world collection of germplasm. It currently holds 9841samples comprising
sorghum (31 030), pearl millet (19 796), pigeonpea (11 Q03h)ckpea (15 564),
groundnut (12 160), and six species of minor (small) mdl@610). Among the other
gene banks that conserve these crops worldwide, the MatiBureau of Plant Genetic
Resources (NBPGR) of the Indian Council of AgriculturRésearch (ICAR) has
developed excellent facilities that are already operadil. The total number of acces-
sions presently conserved by ICRISAT and NBPGR and the rernoé countries
represented are shown in Table 1. All these crop speciedymre seeds which show
orthodox behavior, hence they are conserved by storingsteels.

It is established that temperature and moisture conterthefseeds influence seed
deterioration during storage, and longevity of orthodereds can be dramatically
improved by controlling these factors. In order to maximibngevity and preserve
genetic integrity, predried seeds are packed in moistur@of containers and stored in
chambers with controlled environment, under low temperatand low relative
humidity.

ICRISAT (International Crops Research Institute for 8emi-Arid Tropics), 1989. Collaboration on

Genetic Resources: summary proceedings of a Joint ICRIVSNBPGR (ICAR) Workshop on Germplasm

Exploration and Evaluationin India, 14-15 Nov 1988, I CRIB@enter, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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Table 1. Germplasm accessions conserved at ICRISAT Center, Patancheru and
NBPGR, New Delhi.

At ICRISAT At NBPGR
Crop Accessions Countries Accessions
Sorghum  (Sorghum  bicolor) 31 030 87 412
Pearl millet (Pennisetum glaucum) 19 796 42 125
Chickpea (Cicer arietinum) . 15 564 42 3 101
Pigeonpea (Cajanus cajan) 11 034 52 2 054
Groundnut (Arachis  hypogaea) 12 160 89 3 000
Finger millet (Eleusine coracana) 2 848 18 -
Foxtail millet (Setaria italica) 1 404 22 -
Proso millet (Panicum  miliaceum) 831 26 -
Little millet (Panicum sumatrense) 401 1 -
Barnyard millet (Echinochloa crusgalli) 582 8 -
Kodo millet (Paspalum  scrobiculatum) 544 2 -
Total 96 194 8 692

Conservation Facilitiesat ICRISAT

All the germplasm is conserved under medium- and long-teomditions that meet
the international standards (Table 2) suggested byinhernational Board for Plant
Genetic Resources (IBPGR) and others.

Short-term storage. This facility is maintained at a temperature of 18°C &89d0
relative humidity (RH) and is used to hold seeds tempidyawhile they are dried
slowly and prepared for subsequent transfer to mediumd dong-term storage
facilities. The room has a capacity of 68F nhas independent air conditioning and
relative humidity control equipment, and its own aihaxist system forfumigation.

Medium-term storage. Four rooms with a capacity of 125°mmach and two rooms
with a capacity of 210 thenable us to store the active collections. The roones ar
maintained at 4°C and 20% RH (30% RH in 216 nooms).

Long-term storage. Three rooms are under test, each with a capacity of 130 m
maintained at -20°C to store the base and duplicateectidns of germplasm for
future use.

The medium-and long-term storage chambers each have twapardent refrigera-
tion and dehumidification systems, one ofwhich actsstmadby. The gene bank also
has a standby power generator set to cope with longeogdsrof power failure. The
medium- and long-term storage rooms are constructed ondulag principle with
prefabricated panels. All storage rooms have mobikdgimg systems, each capable of
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Table 2.

Gene bank standards of major importance.

International standards

Standards followed

(IBPGR and others) at ICRISAT

Storage Conditions
1. Long-term

a. Temperature -10 to -20°C -20°C

b. Moisture content 5% 5%
2. Medium-term

a. Temperature 0 to 10°C +4°C

b. Relative humidity 15% 20%

Containers

Seed Drying

Accession Size

Rejuvenation

Viability Monitoring

Moisture Content and
Germination Testing

Safety Precaution

Duplicate Base
Conservation

Metal cans
Laminated foil packets
Glass jars

10 to 15°C
10 to 15% RH

4000 seeds for self
pollinated; 12 000
seeds for cross-
pollinated crops

1. 85% viability

2. If number of seeds

falls below that requi-
red for 3 regenerations

5 years in medium-term
10 years in long-term

ISTA
Initial germination

recommendations

tests on 400 seeds

Two air-conditioners,
standby generators,
alarm system

Highly recommended

Metal cans with screw
caps and rubber gaskets
(medium-term) Laminated
foil packets (long-term)
Plastic bottles for
groundnut pods

15°C

15% RH

Sorghum 15 000 seeds
Pearl millet 30 000 seeds
Chickpea 2000 seeds
Pigeonpea 4000 seeds
Groundnut 1 kg pods
Minor millets 20 000 seeds

1. 85% viability

2. If quantity of

seeds is reduced to 1/4
of initially stored

5 years for cereals and pulses
3 years for groundnut

ISTA recommendations
100-200 seeds tested
for germination

Two air-conditioners,
standby generator
alarm system

Fort Collins, Ottawa,

ICARDA, New Delhi,
Brazil, Ethiopia, Niger,
SADCC, Argentina
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accommodating 30 000 or more germplasm accessions.t&€mgerature and relative
humidity inside the storage rooms are monitored regylavith thermohygrographs.
Audible and visual electronic alarm systems have hesnalled to safeguard the seeds
from any rise in temperature and relative humidity amdhelp maintain the desired
conditions.

Conservation Facilities at NBPGR

The active collections of germplasm of the mandate cragsnow being stored under
medium-term conditions, at 10°C and 35% RH. Four modyescured from Wat-
ford Refrigeration Co. (UK), which run at-20°C haveebecommissioned recently for
long-term conservation of the base collections. Allrosimave mobile shelvingand an
effective air-lock system (anteroom), with controllednditions (22-24°C and 35%
RH).

NBPGR recently established a national facility for apt tissue culture repository.
This facility was sanctioned by the Department of Biotealogy, Ministry of Science
and Technology, Government of India. This development B'/P GR offers consider-
able scope for national and international cooperatioremmerging biotechnological
techniques applicable to ICRISAT mandate crops andirthvild relatives.

Plans for a National Repository have now been finalizelisTextensive scientific
and physical expansiowill strengthen the role of NBPGR as an alternabase
conservation center for the world collection of pigeonpead if possible, for other
mandate crops of ICRISAT.

Gene Bank Operations

The seeds produced during the postrainy season amergdy of high quality, hence
are used for conservation. Threshing sorghum and milistdone by hand, but in
chickpea and pigeonpea it is usually done by machinfesoundnuts are harvested
manually and stored as pods, and studies at NBPGR hawwrs that removal of shell,
while facilitating early germination, reduces thersige life ofthe seeds. At ICRISAT,
the cleaned disease- and insect-free seeds/pods aseght to short-term storage
(18°C and 30% RH) where they are prepared for mediumlang-term conservation.
Since the ambient relative humidity at the time of hat é®b-Apr) is generally low,
the moisture content ofthe harvestsdedwill also be low, e.g., 7-8% in groundnut and
10-12% in other crops, which is sufficient for medium-tepneservation. However, for
long-term preservation, the moisture content should 5l %, and conventional
techniques (sun-drying or heated air drying) do not gisvachieve this level without
affecting viability. A satisfactory drying system at°1G and 15% RH is employed both
at ICRISAT and NBPGR to dry seeds of most crops to therée moisture levels for
long-term conservation.
The active germplasm collections under medium-term dtinds at ICRISAT

Center are stored inaluminium cans with screw caps hilage rubber gaskets inside to
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keep them moisture proof. Groundnuts are stored in pddsattles to accommodate a
sufficient quantity of pods. To minimize the frequsnof rejuvenation, a relatively
large quantity of seed (300-400 g in sorghum, pearl mjlidtickpea, and pigeonpea,
70-80 g in minor millets, and 1 kg of pods in groundnug)sitored.

The basecollections under long-term conditions &CRISAT will be stored in
sealed laminated aluminium foil packets. The recomneighs on the minimum
guantity ofseedsby the IBP GRAdvisory Committee onSeedStoragewill befollowed
(4000 seeds in homogeneous and 12 000 seeds in heteoagermpermplasm
accessions).

At NBPGR, the entire germplasm both under long- aneldmum-term is conserved
hermitically sealed in three-layered specially-degdnlaminated aluminium foil
pouches which match the standards specified by IBPGR.

Monitoring of Viability

The viability of the seeds is determined at the starttofage and at regular intervals
during storage (3-5 years in various crops) to predhat storage life and the time of
rejuvenation. Viabilityis monitored by conductinggninationtestsfollowingrecom-
mendations of the International Seed Testing Assaorat(ISTA) for the various
crops. The seed biology laboratory at ICRISAT Centeeqsiipped with germinators
which provide optimum conditions for germination. Ségn and pearl millet are
germinated usually at 25°C or at 20-30°C on top of pa@e&?), while groundnut,
chickpea, and pigeonpea are germinated at 20°C or 2@3bB§y the rolled towel
method between papers (BP) or in sand (S). Dormancypisodblem often encountered
in freshly harvestedseedsofsorghum millets,and groundnut, and thewild relatives,
while hard seedsare common in chickpea, pigeonpea, and thweid speciesApprop-
riate procedures are followed to overcome these proBl@mring the germination
tests, e.g. prechilling and storage of the seeds at 40&fre germination as in
sorghum, use of alternating temperature regimes (20c3fbr 16h/8h) for germina-
tion as in sorghum and pearl millet, and after-ripenimgroundnut. The results ofthe
periodic tests on viability are stored in a microcomeu for easy retrieval and
identification of the accessions that require rejuvieoa. A regeneration standard of
85% is adopted for all crops and accessions which showngeation below this level
are rejuvenated following the appropriate methods toimize genetic drift. Germi-
nation studies have revealed that almost all accessao@smaintained at a reasonably
high level of viability.
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Computerized Documentation and Retrieval Systems
for Genetic Resources Work at ICRISAT — Present and Future

J.W. Estes and V. Ramanatha Rao

Computer Services Officer, Computer Services; and Bstaidenetic Resources Unit, ICRISAT,
Patancheru, Andhra Pradesh

The ICRISAT Data Management and Retrieval System (I1DMR&9 been deve-
loped primarily to meet the information-handling needsiGRISAT germplasm
scientists. The data being managed using IDMR S compéseof observations from
different growing seasons and locations on severalusamd germplasm lines of
sorghum, pearl millet, chickpea, pigeonpea, and growtdikach set of observations
consists of a set of data descriptors, orattributes, wheplhesent qualitative, quantit-
ative, and classification information common to eaetrgplasm line within a crop.
These form a static data base which requires the addidforew information once or
twice a year and occasional updating to correct clerecadrs. Deletion of records is a
very uncommon requirement. Retrieval normally demanke selection of data
records based on acombination ofcharacteristics, na@ ®ingle key or attribute. The
entire system has been programmed in the VAX-11 BASIGgamming language
under the VM S operating system on a VAX-11/780 computestesm.

Dictionary and Data File Structures

The storage of data under IDMRS requires a data dictiorfdeycontaining the
definitions of the data descriptors to be used, and a fiegdo hold the data itself. A
unique data file is required for each set of data, but&idnary file can be shared
among any number of data files.

The data dictionary contains general information abthd data descriptors it
defines in addition to specific information about nameatadtype, etc., for each
individual descriptor. The general information inclsda one-line title, the date of
dictionary creation, the name of the person respondibienanaging the dictionary,
and six lines oftext ofthe data manager's choosing. Therimation required for each
data descriptor definition consists of a name, abbrevwimtidescription, data type,
print format, and range data depending on data type.

IDMRS supports functions for creating, editing, angldating bothdictionaryand
data files. The editing functions are initiated throutfpk use ofa two- or three-letter
command and the editing functions are further directembtigh a dialogue with the
user.

ICRISAT (International Crops Research Institute for §&mi-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings ofaJoint ICRISMBP GR (ICAR) Workshop on Germplasm
Exploration and EvaluationinIndia, 14-15 Nov 1988, ICRIB@enter, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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Data Validation

There is one command and a small set of ancillary prograrnhsch operate on the
IDMRS file structure to help validate the data in a déta. The CHECK command
will test whether a selectedubsetof numerical descriptorsall within their defined

minima and maxima. The alphanumeric descriptors aneently checked using a set
of programs which create an indexed list of the stostates in a special file.

Data Utility Commands

There are five data utility commands in IDMRS. The ABRD command is used to
add a file to an existing file. The TEXT-FILE option permitise creation of a file in

text format from an IDMRS file or an IDMRS collection. E'lSORT command

permits the reordering of data and subsequent stonhtine reordered data as a nev
data file. The STORE command allows the user to storeldection of records as a
separate data file. The PRINT command permits the optobsorting the data prior
to printing.

Data Retrieval

Records may be selected from IDMR S data files based ¢mgacal combination of
conditions on descriptors stored in the file. The seteezibrds selected can be saved in
collection file. The general form of the selection op#tor is

SELECT [descriptor] [IN collections] WITH logical-gxession

where the bracketed words are optional. The differsattions of the expression are
explained below:

[descriptor]
Ifa descriptor abbreviation is included after the woS&LECT, then its type must be
A, 1l,orC.

[ Ncollections]
The search space can be restricted to a previouslyndd collection or logical
combination of collections.

logical-expression
A "logical-expression” comprises a set of simultaneowsicitions to be imposed on
values of descriptors for the purpose of data selection.

Data Summary Commands

There are currently two IDMR S commands available fomswarizing the data stored
for descriptors within a file. The command CLASS-COUNT used to count the
frequency of numerical values within user-defined invidls. The command STATE-
COUNT is used to generate a frequency distribution @f shates of an alphanumeric
descriptor with a finite number of states.
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How IDMRS is Used by GRU

The great volume ofthe existing germplasm collection aRIS AT and the associated
information on various descriptors, are major factorf§eating the exchange of
information. Approximately 95 000 accessions of 5 matedarops and 6 minor millets
are maintained and conserved at ICRISAT. However, plaa¢ters or other users of
this germplasm would be interested, at any giventime, ityarsmall part ofthis large
collection. So it is necessary to use certain computehrepes to store, sort, and
select from these data to meet the information and gernmplseed needs ofthe users

All the crops conserved at ICRISAT have descriptor listeveloped in collabora-
tion with crop scientists and IBPGR. Major classes of dgdors are the passport
data, characterization and preliminary evaluation dated &urther evaluation data.
In each class there are subclasses and descriptors. Aikrarchical classification of
descriptors makes them dynamic and amenable to easy pwaation.

As described, IDMRS is an integrated set of procedures Wwiti@n record, store,
process, and retrieve information on the mainframe computéere are two parts to
its design; one is the internal process ofinformatioorage and retrieval; the otheris
the user interface. GRU staffare mainly concerned withl&tteer. Various processes
that are used by GRU staff are listed below.

« Data entry and editing.

 Printing all or a few of the descriptors and/or records.

* Retrieving information on a few selected descriptor§his is one of the most
importantdataretrieval activities. Accessions candemitified with varyingcombi-
nations of descriptors. For example, we can select acmessihat originate in a
given country, collected at certain altitude, having reddsetogether with resist-
ance to a particular pest or disease, provided such aocssare available in the
collection.

« Retrieving information on a specific set of accessienther with all the data on
these accessions or with information only on a few desoriqt

 Retrieving information on the number of accessionsolmgling to a particular class
(quantitative) or state (qualitative), e.g., the numloésorghums in the gene bank
which are landraces, etc.

* Manipulation of the stored data for statistical ars®ly to examine patterns of
variation.

Using the microcomputer, GRU has been storing and retngvidata on seed
despatches using the dBase |11 program. This helplseep track ofthe distribution of
seed samples to ICRIS AT scientists, scientists withid antside India, and tofollow
up on the utilization of germplasm thus distributed. Rret$y, we are in the process of
improving this so as to extend the system for use by all ohleer disciplines in
ICRISAT. We are also usingdBase | |1 to store and retrigeeed viability datain order
to facilitate rapid identification of material needingu@gnation, and to determine the
time for the next germination test.

Future Plans

Since the development of IDMRS, sophisticated databaa@agement systems have
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become available which facilitate data storage and re#leand the customization of
user interfaces. There are plans to modify IDMRS to talgaamtage of one such
database system now available at ICRISAT.

The proliferation of microcomputers, and the increaseadon ourcentralcompu-
ter systems dictate that we look at ways ofdistributingworkload required for data
storage and retrieval between microcomputers and largdrak computer systems.
We plan to explore the possibility of using microcompuefior data entry and
validation, and as a "front-end" for queries posed agaancentral database on a largt«
computer.

The increased sophistication of microcomputer-based lbeg@a management sys-
tems now makes it possible to consider the implementatod germplasm data
management and retrieval systems on microcomputers.,Tdospled with the availa-
bility of compact disc (CD) technology which can storegeramounts of data, will
make it possible to distribute large amounts of germplakata economically. Such a
system has already been developed by CIMMY T in Mexico.
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Germplasm Exchange and Quarantine in India

N.C. Joshi, B.P. Singh, Ram Nath, and K.S. Varaprasad

Chief Plant Quarantine Officer, ICRISAT, Patancheru, AralRradesh; Head, Division of Germplasm
Exchange, NBPGR, New Delhi; Head, Division of Plant Quairesy NBPGR, New Delhi; and Officer-in-
charge, NBPGR Plant Quarantine Regional Station, Hgbad, Andhra Pradesh

It is essential that each country has an efficient quaranggstem to safeguard the
possible entry of new pests and diseases while exchangimghglasm, seed, and
planting material for crop improvement programs.

InIndia, NBPGR is the primary organization which is respithe, inter alia forthe
exchange of germplasm ofagri-horticultural crops bedwéndia and other countries,
ensuring that such exchanges are made under strict phyitesy conditions in
accordance with quarantine regulations. The Bureau manstaxchange links with
about 70 countries including international institutes.

Of the 3000 cultivated taxa representing global genetialwe, only 160 species are
reported to occur in the Indian gene center. During thed@sgears, the introduction
of germplasm and other plant material has enriched theiamality and helped
diversify the genetic base in the country. During 197658534 accessions ofdifferent
agrihorticultural crops were introduced. During 1976-838 399 samples of plant
genetic resources were imported and 53 312 exported thhoNBP GR.

Apart from NBPGR, other institutes of the Indian Councit Agricultural
Research (ICAR), coordinated projects of different croagricultural universities,
and some state departments of agriculture also handle rbamaé collections of
various crops. It is estimated that about 0.15 to 0.2 mihlcellections are maintained
by different national agencies. Besides these, ICRIS Adimtains 95 886 accessions of
its mandate crops, including minor millets.

Plant Quarantine in India

In India, import and export of plants and plant materials governed by rules and
regulations framed under the Destructive Insects anstsReDIP) Act 1914. The Act
has since been revised eight times by the Government ofa{&OIl). The main
objective of this Act is to prevent the introduction into theuntry, and the transport
from one state to another, of any insect, fungus, or ofhest which is or may be
destructive to crops. Originally seeds were not includedhie DIP Act, butin 1984,
the GOI passed the Plants, Fruits and Seeds (Regulatibmpmdrts into India) Order,

1CR1SAT (International Crops Research Institute for $eeni-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings ofa Joint L@RII$BPGR(1CAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988, ICRIB8enter, India. Patancheru, A.P. 502 324
India: ICRISAT.
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which came into effectin 1985. This new order stipulates conditions ofimport for
17 important crops.

Authorized Quarantine Agencies

The Directorate of Plant Protection, Quarantine and Sjeraan attached office of

the Ministry of Agriculture, GOI, implements the plantanantine rules framed under
the DIP Act. This organization handles bulk export andoiomt of plants and plant

materials for commercial purposes through its 27 planamantine and fumigation

stations at different seaports, airports, and land fromstidhe GO1 has also approved
other agencies to act as plant quarantine authoritigsrésearch. These include the
NBPGR, New Delhi, foragrihorticulturaland silviculturadops; the Forest Research
Institute (FRI), Dehra Dun for forestry plants; and thetBmical Survey of India

(BSI), Calcutta, for other plants. In view of the mandate noroduce and exchange
genetic material of agrihorticultural crops that should pest and disease free, the
quarantine procedures at NBPGR are followed rigidly. Alb&®0 000 samples are
examined each year; and during 1976-1985, about 0.6 mnle@amples were imported
through NBPGR.

Quarantine System at ICRISAT

As per the memorandum of understanding, the GOI authorik€&RISAT unres-

tricted movement of seeds and genetic materials of isdate crops into and out of
India as required for collaborative work in any part of therld consistent with the
appropriate quarantine regulations prevailing in theetoy. The GOl took a number
of steps to support this provision. The Central PlanttBcoion Training Institute

(CPPTI), Hyderabad, was named the quarantine authoritgliearance of ICRISAT

mandate crops; ICRISAT was permitted to set up an Expenti€ication Quarantine

Laboratory in 1978 at the ICRISAT Campus under the oveaalthority of CPPTI;

and finally, NBPGR was authorized to act as the sole plkpudrantine authority to
clear ICRISAT mandate crops.

Quarantine Procedures for Import

The germplasm/seed material received at NBPGR, duly aceoneg by a phytosani-
tary certificate from the National Plant Quarantine\Bees ofthe exporting country,
is fumigated, examined, and treated before it is reledsedlCRISAT to be grown in
the Post-Entry Quarantine Isolation Area (PEQIA) for omegration. Groundnuts
are grown in a screenhouse, kept under observation, antthyeseedlings free from
viruses released for planting in the QIA. Cuttings of wikdachis species are subjected
to intermediate quarantine in a non-groundnut growingmrioy. Between 1973 and
1987, 157 678 samples of ICRISAT mandate crops were imhga from 94 countries.
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Quarantine Procedure for Export

The quarantine regulations for the export of seed matleare based on the Interna-
tional Plant Protection Convention (1951), and are moadfifrom time to time
according to specific requirements of the importing coues. The procedure for seed
inspection, fumigation, and treatment are similar asifoported material prescribed
by the national plant quarantine agency. At ICRISAT, tharglquarantine rules and
regulations of different countries are available and apelated from time to time.

From 1974-1987, 704 547 samples of ICRISAT mandate cropewxported to 143
countries. There has been no report of any pest or diseagendnadbeen introduced
through exchange of ICRISAT germplasm.

Future Perspectives and Suggestions
Germplasm Exchange

1. Various gene centers in the country hold arich diversitcrop materials, but more
specific germplasm of pulses, oilseeds, fibre crops, amdanmillets are required to
screen for disease and pest resistance, and quality irctbp improvement pro-
gram for utilization under different agroclimatic conditis.

2. It is necessary to compile crop inventories of introddicgenetic resources in
addition to the ones existing at NBPGR.

Quarantine System

In order to update the quarantine system in the countrg,feHlowing factors may be

considered:

1. use of enzyme-linked immunosorbent assay (ELISA) teghej and different anti
sera for detecting virus and bacterial pathogens;

2. exploration of tissue culture techniques wherever spoe for exchange of
germplasm;

3. updating the treatment schedules and procedures unidiEreint environmental
conditions;

4. compilation of information on pests, diseases, and weedglant quarantine
significance, arid outbreaks at the regional or global lgve

5. avoidance of bulk export and import of germplasm to fiagaie thorough
inspection;

6. preparation of a plant quarantine manual jointly &@RISAT and NBPGR to
guide countries involved in germplasm exchange;

7. upgradation of greenhouse facilities to allow closesetvation of germplasm of
high quarantine risk; and

8. creation of offshore quarantine facilities for postgnstudies on plantation crops
like coconut, banana, pineapple, and other vegetativelyppgated materials.
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Biotechnology in Conservation of Plant Genetic Resources
(Background Paper)

V.L. Chopra and S.B. Narasimhulu

Professor of Eminence, and Scientist, Biotechnology GentAR 1, New Delhi

The traditional landraces and wild relatives of crolamts which constitute a signifi-
cant pool of genetic diversity are now giving way tengtically homogenous strains,
This is because of the continued efforts of plant bregeder develop new, high-
yielding, and adaptable strains to meet the food regments of the increasing
population. While this has contributed to an increas@ioductivity, it has atthe same
time narrowed the genetic base, making crops more walhle to fast-evolving
pathotypes. The realization of the importance of gemeariability in crop improve-
ment and an awareness of the consequences of geneticoarbas led to an increased
initiative worldwide for conservation of germplasmdestablishment of gene bank:
for the collection, evaluation, conservation, rejuveioat and retrieval ofgermplasm.

Limitations of Conventional Germplasm Conservation Mdahods

Gene banks aim to collect a wide range of germplasm he torm of seeds and
vegetative propagules of crop plants and their relatpelcies. Germplasm collected
and stored in the conventional manner loses viabilitgroa period of time and is
vulnerable to destruction by pests and pathogens. Moeepvhe periodic assessmen
for viability and rejuvenation of new stocks entailsoemous expenditure.

Role of Tissue and Cell Culture Techniques

The capacity of plant somatic tissues and cells to regereinto whole plants has beer
demonstrated in several agriculturally important plani®©is demonstration has led
to the assessment of feasibility of biotechnologicabley e.g., in vitro storage, for
germplasm conservation. The advantages of biotechnicldgapproaches are:
1. large numbers can be handled for storage in a limispdce,
2. storage is possible in a pathogen-free state, and
3. international exchange of germplasm is greatly faated.

A major limitation with this approach is the likelihdoof genetic instability in the
process of culture. However, this problem can be overcdomen careful choice of

ICRISAT (International Crops Research Institute for then&érid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings ofa Joint ICRISVBPGR(ICAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988. ICRIE £enter, India. Patancheru, A.P. 502 324
India: ICRISAT.
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explant. Shoot tips and cambial tissues, for example|dygenetically stable cultures.
Elimination from the culture medium ofgrowth regulasolike 2,4-D also reduces the
risk of genetic instability.

Two different approaches have been adopted to conservenglasm through in
vitro storage.

Storage by Growth Limitation

Conservation of germplasm by this approach involves st®mafgnorphogenic in vitro
cultures at low temperatures varying between 1 and 9°C. Ltemperature storage
affects curtailment in the rate of culture growth andesds the subculture interval
from 6 months to 1 year againsta normal interval of 3 wedksus-free strawberries
have been stored for 6 years at 4°C. Grape plants have fteeed for over 15 years at
9°C by yearly transfer to a fresh medium.

Significant inhibition ofthe growth rate of meristerm achieved by alternating day
(12°C) and night (6°C) temperatures. A high sucrose cothtend an increase in the
culture volume significantly increased the survival fueqcy of Solarium cultures.
Osmotic retardants (manitol and sorbitol), stress ageabbsdisic acid), partial dehy-
dration, maintenance of culture at low atmospheriesgure and low oxygen tension
overlayering of cultures with mineral oil, and use of cheais like cycocel are some of
the methods by which long-term storage ofgermplasmbeen attempted. Storage by
these methods requires only refrigeration equipment. Trhposed stress, however,
can result in degenerative processes. This risk must bessesd before the approact
can be applied extensively.

Cryopreservation

The development of cryopreservation methods for storag@lant germplasm is an
extension ofthe significant advances made in freezes@mneation ofanimal germplasm
through storage of sperm. Cryopreservation involves Zreg, and maintenance in
frozen state, of plant material at temperatures of liquittagen (around -196°C). At

this temperature, cells are in a state of metabolic inedtion. There are two major
advantages with this approach. Firstly, inhibition of célvision allows storage of
material with minimal risk of genetic instability. Secdgd tissues can be stored
virtually indefinitely with low labor costs. However, ¢problem ofcryoinjury limits

wider application of this technique. Cryoinjury often acs when the intracellular
water freezes and forms ice crystals, which rupture thernmal membranes. Cryopres-
ervation can also lead to adverse effects if the intreidal solutes accumulate to a
toxic level, or if vital solutes leak during freezing.

The use ofcryoprotectants such as low molecular weighgounds (glycerol and
dimethyl sulphoxide) which penetrate the cell with eamsed high molecular weight
compounds (like polyvinyl pyrrolidone and dextran) whipenetrate slowly, can
reduce cryodamage significantly. Cryoprotection by theesmpounds is attributed to
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their ability to protect surface membranes by reducingwtio rate and size of ice
crystals and by lowering the effective concentration dbs®s in equilibrium with ice
inside and outside the cell. Cryoprotectants also helmtrease membrane permea

Table 1. Breakdown of conservation activities and available approaches.

Approach
Activity Conventional Advanced Molecular
Collection seed; vegetative meristems; embryos; fixed material;

Conservation

Multiplication

Characteriza-
tion

Evaluation

Distribution,
guarantine

Medium

Utilization

Scope

Nature of new
variation

budwood; tubers

seed; field;
gene banks

normal sexual
cycle; vegetative
propagation

morphology

field trials;
tolerance

culturing
pathogens;
indexing by
grafting

seed; plants;
plant parts

normal sexual
crossing

primary
gene pool

allele
reassortment

vegetative parts
in vitro

in vitro cultures;
slow growth;
cryopreservation

micropropagation;

subculturing

isozymes;
proteins

range of
in vitro
possibilities

ELISA

plantlets;
cultures

wide hybridiza-
tion (with
embryo rescue)

secondary and
tertiary gene pool

allele reassortment;

gene addition/
replacement;

somaclonal variation.

raw DNA

raw DNA: gene
libraries

plasmids;
bacteria;
viral clones

RELPs; gene
sequencing

gene
identification

DNA probes

bacterial
clones;
raw DNA

gene transfer;
agrobacterium;
microinjection'
cell fusion

all source
of DNA

gene addition
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bility which aids removal of waterfrom the cell and fatalies protective dehydration
in the early stages of freezing.

Cultures are frozen by either the slow-cooling or the thpboling method. In the
slow-cooling method, the rate of freezing is between 0.3t€ min ! while in the
rapid-cooling process the rate of freezing, before tfanso liquid nitrogen, is more
than 1000°C min'. Tolerance to freezing, as judged by survival of freezewith
cultures, indicates that rapid cooling is more effectiVé.awing of frozen material is
achieved by transfer to warm water at 40°C. The optimal timgwrate is one that
prevents ice formation by recrystallization in the praceswarming. The recovery of
freeze-thawed cultures can be improved by nursing themughoan initial recovery
period involving gradual dilution ofcryoprotectants thugh several steps ofwashing
and by keeping osmoticdisruptiontothe minimum. Morphogematerial, like shoot
apices and embryos, which regenerate without any diffiguétre ideal for long-term
preservation ofgermplasm. Callus, cell suspension, ardgpiasts are more difficult
to cryopreserve.

The IBPGR has categorized the different conservation apphes as conventional,
advanced, and molecular (Table 1). Conservation by conwerati approaches involv-
ing collection, evaluation, storage, and retrieval ofdseeaterial has limitations in
terms of space and human labor. Though advanced technigfiesonservation,
involving the use of tissue and cell cultures can overcdhelimitations of conven-
tional germplasm conservation methods, there are severdilpms that need resolu-
tion. Difficulty of reconstituting the original genotypehtough high-frequency
morphogenesis of freeze-thawed cultures and culture-¢ceduvariability are the two
major problems. An integration of time-tested conventabronservation methods
and tissue and cell culture techniques seems to be the dmson. The molecular
approach is an emerging option, but a clearcut slot is wodent in any immediate
conservation strategy.
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Use of Sorghum Germplasm and its Impact on Crop Improvement
in India

R.V. Vidyabhushanam, B.S. Rana, and Belum V.S. Reddy

Director, NRCS, Rajendranagar; Project CoordinatorCAIP, Rajendranagar, Hyderabad; and
Plant Breeder, ICR1SAT, Patancheru, Andhra Pradesh

The traditional sorghum cultivars and landraces grownindia over centuries have
been selected primarily for their ability to survivader stress conditions rather than
for high productivity. They are characterized by talltst®, late maturity, localized

adaptation, and low harvest index.

Grain Yield and Agronomic Desirability

In order to achieve a breakthrough in productivity amhance sorghum production
in the country, the Indian Council of Agricultural Resela(¢ CAR) in collaboration
with the Rockefeller Foundation initiated the hybridrghum development program
in the early 1960s. To meet the program's requireméabsperate sorghum material
from the USA, and tropical germplasm from India and Afaiwere assembled.

Since the establishment of the AIll India Coordinatedr@oum Improvement
Project (AICSIP) in 1969, nearly 500 hybrids and 100@ietes from various breeding
programs were tested and 45 cultivars were releaséddnma. The first sorghum hybrid
released in the country in 1964, CSH 1, has clearly destraited the possibility of
realizing average grain yields of the order of 2.5-8.@a’ even under rainfed condi-
tions. More important, it introduced the concept of ggypic alteration to match the
environment. Systematic breeding with selected terape and tropical germplasm
has provided material of the appropriate height and midyufor the development of
hybrids and high-yielding varieties.

Since its establishment in 1972, ICRISAT has made m$fao (1) diversify the
germplasm base to enhance yield levels, and (2) to idgnt$istance sources and use
them to develop varieties and seed parents. This conteidbuto the release of 2
cultivars in Burma, 2 in Burkina Faso, 1 in Ethiopia,m8India, 12 in Latin American
countries, 1 in the Sudan, 1 in Yemen, 1 in Zambia, and Zimbabwe.

The major germplasm sources utilized so far in varietmaprovement include
temperate lines from USA, Zerazera lines from Ethiopna &udan, and some lines of
Indian origin. The male-sterile gene sources used werenhyaCK 60, 172,2219,3675,
3667, and 2947. These were further diversified by usingepts such as CS 3541, BT x
623, population derivatives (Bulk-Y, Indian SynthetiELR, Rs/B, US/B, Serere,

ICRISAT (International Crops Research Institute for 8emi-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings ofa Joint ICRISNBIFGR(ICAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988, ICRIB@enter, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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Diallel,and WAE), 1S 6248, 1S 2225, 1S 3443,1S 12611, 1S 1098 12645,1S517,1S
1037, 1S 19614, E 12-5, ET 2039, E35-1, Lulu5, M 35-1, and&dfrthe development
ofrestorer parents and varieties, the basic germplasmceswsed were IS 84, IS 3691,
IS 3687, 1S 3922, 1S 3924, 1S 3541,1S 6928, ET 2039, Safr&-&, E 35-1, E36-1, and
IS 1054, 1S 1055, IS 1122, 1S 1082, 1S 517, 1S 19652, KarpeB 110927, IS 12645,
IS 12622, IS 19652, IS 18961, GPR 168, and IS 1151.

Although germplasm material from different regions aetworld was used to
develop improved cultivars, the number of lines involweds rather small. This has
led to a plateauing of yields in the rainy-season genodygred only marginal increases
in the postrainy-season genotypes. To break the platedortefare being made to
involve recently collected accessions from Ethiopia, Yan{AR), Cameroon, and
Nigeria.

Resistance to Biotic and Abiotic Stresses

The main strategy' adopted for the control of insect p@std pathogens including
Sriga has been incorporation of resistance. In pursuit of thhgeotive, systematic
studies were initiated in 1964 to screen the germplasmemal for sources of resist-
ance against key pests and diseases. This area of studinteassified during the past
decade in collaboration with ICRISAT. So far, the bulk oetgermplasm and
breeding material has been screened for most of the ingpdrpests and diseases. This
has facilitated the identification of several sourcegedistance to various pests and
diseases.

Among the insect pests, the most exhaustive screeningcaased out for shoot fly
and stem borer. Many of the resistant sources were foundkhaobet low infestation
under high pest pressure. The resistant sources idedtédie predominantly of Indian
origin, while a few are from Ethiopia, Nigeria, the Sudamd USA. The stable
resistant sources for shoot fly and stem borerare IS 182205, IS 5604, 1S 5470, IS
5480 (India), IS 18577, IS 18554 (Nigeria), IS 2312 (the&m), IS 18551 (Ethiopia),
IS 2122, 1S 2134, and IS 2146 (USA). Some ofthese have beshhusth in the Indian
and ICRISATprograms. Besides, otherIndiangermplasmdilike M 35-1 (IS 1054),
BP 53 (IS 18432), Karad Local (IS 18417), Aispuri(lS 18425F. were usedtoimpart
resistances.

Extensive screening of the germplasm was also carried outnfidge, and many
resistant sources identified. Notable among these are 04 665 18700), IS 18961,
S-GIRL-MR 1 (1S 18699), T AM 2566 (IS 18697), IS 3443,1S 13&7and AF28 (IS
18698). The lines DJ 6514 and IS 3443 were used at | CR | $cAdevelop animproved
midge-resistant variety, ICSV 197 (SPV 694).

Spectacular success was achieved in the identification wnldzation of disease-
resistant sources. Highly stable resistant sources waeatified for all foliar diseases.
The tan-pigmented plant type was found to be associatedh ieliage diseases.
Grain-mold resistance was found to be moderate in the whrigen background. For
charcoal rot, E 36-1, QL 101, QL 102, and QL 104 have beentified as the most
stable resistant types.
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A notable feature of disease resistance has been thdabidity of multiple resis-
tance in some lines. Based on multilocation evaluation dlieryears, the following
lines were found to have multiple disease resistan€SV 1, ICSV 120, ICSV 138, IS
2058, IS 18758, and SPV 387 (anthracnose and rust); IS 3%dxin{ molds, downy
mildew, anthracnose and rust); IS 14332 (grain molds, dpwildew, and rust); IS
17141 (grain molds and anthracnose); IS 2333 and IS 1438¥ifgnolds and downy
mildew); and IS 3413, IS 14390, and IS 21454 (grain moldsausd). These lines are
currently being used in the breeding programs.

Resistance toSriga has been reported in several indigenous sources. Based
extensive laboratory and field screening, ICRISAT idéretd manyStriga-resistant
lines from the germplasm. However, many of these sourcedccmot be used in the
breeding programs due to their undesirable agronomic.b8sene germplasm lines
used inSriga resistance breeding are IS 18331 (N 13), 1S 87441 (FramitS 2221, IS
4202, 1S 5106, 1S 7471, 1S 9830, and IS 9951. Some ofthe bmgdthes like 555, 168,
SPV 221, SPV 103, etc. proved to be useful resistant ssurtae Striga-resistant
variety SAR 1 developed at ICRISAT from the cross 555 8 16as released for
cultivation in Sriga-endemic areas. Several other promising selections derived fro
the mentioned resistant sources, bothfrom ICRISAT andiiam programs, have been
identified.

Nearly 1300 germplasm lines and 332 breeding lines wereesied for early- and
mid-season drought stresses. The most promising for waridroughts are:
 Early-season and terminal drought: E 36-1, DJ 1195, DKADKV 3, DKV 41S

12611, 1S 6928, and DKV 18.

* Mid-season stress: DKV 1, DKV 3, DKV 7,DJ 1195, ICSV3T8SV572,ICSV

272, ICSV 273, and ICSV 8295.

Conversion

Tall, late and photoperiod-sensitive landraces arevested into dwarfand early types
for use in breeding programs. The landraces involved araZexa(8 lines), Guinnense
(3), Kaura (5), and Durra/Caudatum (5).

Populations for Multiple Resistances

Three populations are under development at ICRISAT .séhare ICSP 1BR/MFR
(resistance to grain mold, stem borer/shootfly,and m)iddCSP 2BR/ MF R (resist-
ance to grain mold andriga, and improved stand establishment) both with rainy
season adaptation, and ICSP 3BR/ M FR (resistance to stesrbshootfly and rust,
and improved grain quality) with postrainy-season adaiptat Several resistance
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sources from the germplasm are transferred to these @mapads. Their distributions,
by region and trait are as follows:

ICSP 1BR/MFR and ICSP 2BR/MFR (rainy season) populations

* FromIndia (8 lines), Ethiopia (3), Sudan (2), Nigerig,(Zimbabwe (2), Egypt(1),
USA (9), and Australia (2).

* Resistant to shoot fly (3), stem borer (6), midge (5),igmaold (1), leaf diseases (3),
and Sriga (1); good grain (3), stand establishment (3), and earlg dwarf (13).

ICSP 3BR/MFR (postrainy season) populations:

e From India (13), Ethiopia (27), Nigeria (12), Sudan (8gptswana (8), Cameroon
(8), Yemen(12), Malawi(l), South Africa(1), Egypt(1),US8), Mexico(l),and
Australia (3).

« Bold grain (20); with postrainy-season adaptation andistaace to terminal
drought (29); photoperiod-sensitive (2), temperaturseimsitive (28); resistant to
shoot fly/ stem borer (4) and downy mildew (1); stay-gréé); stand establishment
(3), and early and dwarf (3).

High-Lysine Sorghums

The high-lysine sorghum lines, IS 11167 and IS 11758 frothi&pia were used in the
breeding program for transferring the gene to a desirageonomic background.
Some promising high-lysine derivatives with shrivelleddaplump grain have been
obtained.

Sweet Sorghums

Based on evaluation of the germplasm, several sweetestalorghum lines were
selected. Notable among these are: IS 20963, IS 154285713, 3S 2266, IS 9890, IS
9639, IS 14790, IS 21100, IS 8157, and IS 15448. These rabltewhich were further
screened at some of the centers of the Sorghum Projemte Wwound to be very
promising.

Forage Sorghum Improvement

The forage sorghum germplasm was systematically evaliaiver several years at
Hisar Center for various yield and quality traits, for whia wide range of variability
has been noted. The lines identified with desirable forageibutes were IS 1044, IS
12308, IS 13200, IS 18577, IS 18578, and IS 18580. In respfapuality parameters IS
1059, IS 2944, 1S 3247, 1S 4776 and IS 6090 were selectetofi®@ HCN, and IS 3247
and PJ 7R for low tannin content.

The need for further critical evaluation of germplasraterials and their utilization
in forage sorghumimprovement is keenly felt. This work ignlgestrengthened in the
Sorghum Project and the National Centre has initiategr@agram on forage sorghum
improvement.
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Use of Pearl Millet Germplasm and its Impact
on Crop Improvement in India

G. Harinarayana and K.N. Rai

Project Coordinator, AICPMIP, College of Agriculture, iy Maharashtra; and
Millet Breeder, Cereals Program, ICRISAT, Patancheru, WradPradesh

Pearl millet (Pennisestum glaucum (L.) R. Br.) is endowed with enormous genetic
variability for yield components, adaptation, and qualitgits. This variability has

evolved as a result of natural selection for adaptationdiwerse agroecological

environments coupled with human selection for local prefiee. Pearl millet germ-

plasm was collected and maintained during the 1920s ar@Dslft Coimbatore and

Niphad, during the 1960s at New Delhi, and since 1970s haen assembled at
ICRISAT Center, Patancheru. A large bulk ofthe varilatyifor numerous characters
is well represented in the 19 800 accessions (from 42 aoas)t maintained in the world

collection at ICRISAT. Most of these accessions haveeatly been evaluated at
ICRISAT. They have also been extensively sampled and sexkéor stable sources of
disease resistance and some qualitative traits.

Before the establishment ofthe All India Coordinatedlidts Improvement Project
(AICMIP) in 1965, mass selection led to the developmensenferal varieties (CO 2,
CO 3, AKP1, AKP2, RSJ, RSK, N-28-15-1) from Indian landra@d CO | and S
530 from African landraces. However, low grain yields anten@ss prevented their
commercial success. Pearl millet germplasm assemblethatindian Agricultural
Research Institute (IARI), New Delhi, during the 196@sl Ito the development of
Improved Ghana and Pusa Moti by mass selection. Random ngatif the $
progenies from African African crosses produced Vijay and Visakha. Lack of seel
production and extension support limited the impact ledse varieties.

The commercial impact of an open-pollinated variety cami¢h the development
and release of WC-C75 in 1982. This variety was developed®RISAT by intercross-
ing seven full-sib progenies of the World Composite oduced from Nigeria. In 5
years of AICMIP trials, WC-C75 produced 98% grain yield ahiP% fodder yield of
the most popular and widely grown hybrid BJ 104. Its high dgwmldew resistance
continues to hold even after 6 years of widespread cualtiion in the country. Another
open-pollinated variety, ICMS 7703, was developed at IGRT by intercrossing
seven partial inbreds derived from single-cross popwasiinvolving mostly breeding
lines of Indian and African origin. In 6 years of AICPMIPRidls, ICMS 7703
produced 102% grain yield and 116% fodder yield of BJ 104isTvariety, released in
1985 and widely cultivated in Tamil Nadu, has also retainedhiigh resistance to
downy mildew.

ICRISAT (International Crops Research Institute for ®emi-Arid Tropics), 1989. Collaboration on

Genetic Resources: summary proceedings ofa Joint ICRISMBPGR<ICAR) Workshop on Germplasm

Exploration and Evaluation in India, 14-15 Nov 1988. | CRIB@enter, India, Patancheru, A.P. 502 324,
India: ICRISAT.
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The success of WC-C75 and ICMS 7703 sparked offa chain read¢éading to the
release of RCB 2 (half-sib selection from Indian landrac®S3B 8 (developed from 60
inbreds of Indian‘ Indian crosses), HC 4 (derived from 7 inbreds of Ind{aAfrican
crosses), Mallikarjuna (derived from 12 inbreds of IndiaAfrican origin), CO 7 and
Nagarjuna (developed from Indiah African F;'s), and Balaji (developed from,S
progenies of African® African population). None of these, however, were comme
cially significant. All these varieties were produced freamhanced germplasm. A
commercially successful open-pollinated variety dirggifoduced from a landrace is
ICTP 8203, developed at ICRISAT by intercrossing fivepogenies from a landrace
originatingfrom Togo. This variety, released by the CehWariety Release Commit-
tee on 11 October 1988 for cultivation in Maharashtra andlAma Pradesh, yields as
much as MBH 110, Moreover, it is early maturing (75 days ), llaage seeds (12 ¢
1000'1), tolerates drought, and has a high level of resistance tondomildew. A host
of open-pollinated varieties of diverse genetic base eshhhave performed well in
AICPMIP trials but have not been able to compete with thalieg varieties to make
it to the farmers' fields have greatly broadened the genedse ofall millet programs.

The greatest impact ofgermplasm utilization on pearl ntilheprovement in India
has been on the hybrid front. The pearl millet hybrid erandih started in 1962 with
the introduction of the male-sterile line Tift 23A from fion, Georgia, USA. Five
hybrids based on this line were released during 1965-6%hé&de, HB 3 (involving J
104 as a pollen parent), released in 1968, was the most po@nd was extensively
cultivated until it succumbed to downy mildew in 1974. J 10ds derived from the
Indian germplasm. Three hybrids were released in 19774 oWwthese (BJ 104 and BK
560) were based on male-sterile line 5141 A and one (CJ W@4) based on 5054 A.
Both BJ 104 and CJ 104 involve J 104 as pollen parent. Thiepglarent of BK 560 (K
560-230) was developed from Indian germplasm. The nuctgarome of 5141 A is
derived from Indian germplasm whereas that of5054 A ineslAfrican germplasm.
BJ 104 dominated in northern India, BK 560 dominated in calhdnd southern India,
and CJ 104 became popular in drier parts of Gujarat. Dgri®®81-84, another 10
hybrids were released of which only 3 were of any signifieanM BH 110 became
popular in Maharashtra, and GHB 27 and GHB 32 in Gujarat.B52¥ is based on
5141 A and pollen parent J 2002 and GHB 32 is based on 5141 ApaHdn parent J
1188. Both pollen parents are derived from Indian germsplaM B H 110 is based on
parental lines developed from materials bred at the 8eRmsearch station, Uganda.

Following the breakdown of 5141 A and J 104 to downy mildewurfdwybrids
(ICMH 451, ICMH 501, MH 182, HHB 30) were released in 198&lahree others
(ICMH 423, MH 169, HH B 50) were released in 1987. Ofthesely | C M H 451 has
been cultivated widely. The hybrids released in 1987 arH stithe seed-production
stages, and GHB 30 is restricted to Gujarat. The femalermqiaosbl CM H 451 (81 A) is
related to Tift 23 DA, and its pollen parent (ICMP 451) is a derivative of Lat
Composite developed at ICRISAT. GHB 30 is based on 5054 ARh@A602 (derived
from Indian germplasm). ICMH 423 is based on 841 A (relat@8141 A) and ICMP
423 (derived from Early Composite) developed at ICRISATHMG69 is based on
841 A;its pollen parentisadowny mildew resistant selecfimm K 560- 230. Hybrid
HHB 50 is based on 81 A and H 90/4-5 (an inbred derived from amdgermplasm).
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Early efforts between 1961 and 1962 at Punjab Agriculturaivérsity, Ludhiana
led to the development of two male-sterile lines (L 66A, L AYwhich later studies
showed to be oftwo different cytoplasmic systems as welifferent from Tift 23A;.
The cytoplasm of L 66 A (later named L 66, Awas derived from a genetic stock IP 18
originating from Malawi. The cytoplasm of L 67 (latermad L 67A;) was derived
from a population of a natural cross involving an Africgermplasm. Another
male-sterile line (PT 732A) developed at Tamil Nadu Agrlitaaral University, Coim-
batore, derives its cytoplasm from a landrace material frAamdhra Pradesh and is
claimed to be different from Tift 23A None of these cytoplasms have yet bec¢
commercially exploited because of their unstable dtbyi

Recently, several sources of cytoplasmic male-steyi{fcms) have been identified in
diverse germplasms. Work at Ahmadu Bello University in Niigehas identified acms
source in Ex-Bornu. The ICRISAT Cereals Program has idesd cms sources in
Early Gene Pool and in a population derived from African frikan cross. The
ICRISAT Genetic Resources Unit has identified new cmsrees in accessions from
Ghana and Botswana, and ORSTOM scientists in France tiesetified a cms source
from an accession oP. americanum ssp violaceum (Lam.) L. Rich, originating from
Senegal. ORSTOM work showed this cytoplasmic system tdibferent from Tift23
A,. Studies at ICRISAT, based on the pollen fertility restoon of hybrids made on
isonuclear lines (i.e., 81 B nuclear genome with Tift 23And violaceum cytoplasms)
showed both cytoplasmic systems to be similar. Such sydive believe, are essentia
for reliable classification of the cytoplasmic systemsevlrtheless, several sources al
now available which are being studied for their diversity.

Indian landraces provide excellent sources of early uméy, better tillering, and
shorter height. In contrast, African sources, particuyaHose from the West African
region, provide excellent sources of larger head volwameé seed size, higher degrees ¢
resistance to diseases, and better seed quality. West Afrigermplasm accession:
provide far more genetic variability than the Indian ggdasm. Increasing use of the
African germplasm at ICRISAT, and in almost all Indian Natal programs (mostly
through the breeding materials generated at ICRISAT), héstantially contributed
to the diversification of the genetic base of breedimggrams. About 65% of the 694
inbred lines presently maintained in the active pollimat¢ollection at ICRISAT were
derived from crosses involving at least one parent (rmyatbreeding line) originating
from Africa. About the same proportion ofthe 344 B-limesw at the advanced stage
of their evaluation or in backcrossing for A-lines develognt, involve African
germplasm. Two large-seeded male-sterile lines (863 AMIAL88004) with high hybrid
yield potential and downy mildew resistance were devebbpirectly from a landrace
originating from Togo. Both these male-sterile linese atow being used for the
development of experimental hybrids.

The world collection ofgermplasm at IAR1, New Delhi wasesened for resistance
to downy mildew, smut, ergot, and rust under natural coimcis. Development of
effective field screening techniques at ICRISAT led to dewelopment/identification
of excellent sources of resistance in the germplasm anseding lines originating
mostly from West Africa. These are being widely utilizad several breeding
programs.
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Extensive efforts in search of novel traits in the geragrh collection at ICRISAT
have led to the identification of genes that control dwamfjsearliness, glossiness,
trichomelessness, and white seed color. Lines with up to 8te#k-sugar content and
>15% grain-protein content have also been identified i@ EERRISAT germplasm
collection. It ishighly likely that sourceswill be identified for drought tolerance,
lodging resistance, better seedling emergence, incceasedling vigor, high growth
rates, and stay-green character, théization of which in breedingwill help stabilize
the grain yield of pearl millet at higher levels.
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Use of Groundnut Germplasm and its Impact
on Crop Improvement in India

P.S. Reddy, N.R. Bhagat, and L.J. Reddy

Director, NRCG, Junagadh, Gujarat; and Head, GenetiolRess, NRCG, Junagadh, Gujarat; and
Groundnut Breeder, ICRISAT, Patancheru, Andhra Pradesh

In India, vast collections of groundnu(Arachis hypogaea) are assembled, main-
tained, and utilized by Research Centers under the Allidn@oordinated Research
Project on Oilseeds (AICORPO), various Universities, Netional Research Centre
for Groundnut (NRCG), and at ICRISAT Center.

AICORPO Centers

Fifteen AICORPO Centers and various Agricultural Umsiies located inthe major
groundnut-growing regions maintain need-based workinigexdions ofabout 7900
accessions. The individual collections range from 25@360 accessions with about
30% duplicate samples. These collections, which are beiriiged in several breeding
programs, have been evaluated for various agronomicsrauich as earliness, frest
seed dormancy, high shelling percentage, high oil contlange seed size, synchronou:
flowering, compact fruiting habit, resistance/toleranto drought, and to major
insect pests and diseases. Since reports on resistaneebale to various stress
factors are based on field observations at various lieoast confirmation under
epiphytotic conditions is required.

National Research Centre for Groundnut (NRCG)

It acts as a repository of active germplasm and aims to desaach accession for
various morphoagronomic characteristics. The workindeatlions belongingto Vir-
ginia bunch/runner (2510), Spanish (2144), and Valencia0J8groups have been
screened for useful agronomic characters. Both matemalevaluation catalogs were
shared with workers in India. Several promising accessfmossessing high podyield.
oil contentand peg strength, tolerance to cold and heak rasistance to late leafspot
rust and Alternaria leaf spot were identified.

Some accessions which perform better in summer undertBdirrigation have also
been identified. The promising material was evaluated foductivityand simultane-
ously utilized in the breeding program. Both segregatingemnial and germplasm
accessions were distributed to AICORPO Centers and otégearch institutes for
in-situ selection. Among the promising selections, NRGE@Eand NRGS-4 were
promoted to CVT under the AICORPO system.

ICRISAT (International Crops Research Institute for theam$-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings of a Joint ICRIVSIBPGR(ICAR) Workshop on Germplasm
Exploration and Evaluationin India, 14-15 Nov 1988, ICRIB®enter, India. Patancheru, A.P. 502 324
India: ICRISAT.
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ICRISAT Center

The Genetic Resources Unit has so far assembled about 11a86&ssions ofA.
hypogaea from 89 countries and over 200 accessions of wild species.

The breeding program has so far utilized 729 germplasmssct@es comprising
Virginia bunch (266), Virginia runner (148), Spanish hn(240), and Valencia (75)
types as donors for various stress factors and otherralel® characters.

After extensive field screening of over 10 000 accessiofts genotypes resistant to
rust, 34 resistant to late leaf spot, and 31 genotypes waottnbined resistances to both
diseases have been identified. Recently another 50 Wwege tentatively identified as
rust and/or late leaf spot resistant. Breeders have essfally incorporated rust and
late leaf spot resistances into high-yielding backgroundd developed 464 elite lines
using ICG 7013, ICG 1697, ICG 4747, 1CG 2716, ICG 7882, an®G 11884 as resistant
donors. Some of these lines are in various stages of tgstinthe national program.
ICG(FDRS)4and ICG(FDRS) 10 are in adaptive trials aRdGI(FDRS) 43 is in the
AICORPO 1988 rainy-season National Elite Trial (NET) inetheninsular zone.

Field screening of 3500 germplasm accessions for pod leatdo the identification
of 11 genotypes which have shown significantly lower iremde of rotted pods than
the popular check cultivars. Dry seed coat resistancé\.tibavus in several genotypes
(ICG 1326, ICG 7633, ICG 4750, ICG 4749, ICG 3700, and 1C G4 2tas been either
identified or confirmed. These sources have been extetgiwsed in the breeding
program and 365 elite breeding lines have been developetl aae being tested. In
addition, 500 germplasm lines have been tested for seg€laflatoxin production bw.
flawus and two lines, ICG 4681 and ICG 7101 have been identified as foxin
producers. Field tolerance to bud necrosis disease wasdoan 20 accessions. Two
lines, ICG 2716 and ICG 7013, did not transmit Peanut MoMieus (PMV) through
seeds and I1CG 5043 was found to be tolerant to PMV.

Screening against insect pests has resulted in identifocadf resistant lines: 20 for
thrips (Frankliniella schultzel), 25 for leaf hopper(Empoasca kerri), 18 for leaf miner
(Aproaerema modicella), 4 for aphids (Aphis craccivora), and 20 for termites(Odon-
totermes spp). A large number of single and multiple crossevehdeen made using
ICG 5040, ICG 5042, ICG 5043, ICG 5045, ICG 6764, ICG 227Xk,,eas insect-
resistant donors. The advanced breeding lines are inowuaristages of testing.

Thirty one resistant sources were identified by ICRISAThmdogists and APAU
scientists after screening more than 1500 germplasmslifer a nematode disease
known as "Kalahasti Malady" caused byTylenchorhynchus bravilineatus.

Drought screening ofabout 1000 accessions resulted emtidication of 18 tolerant
accessions. Five accessions, ICG 1697, ICG 3657, ICG 47@& 4729, and ICG 4730
have been utilized in the breeding program and the hybridivdéives are being
evaluated.

Screening for higher biological nitrogen-fixing abilitgsulted in the identification
of one Spanish type, ICG 1561 and two Virginia types, ICG 2408 ICG 4969 with
higher nitrogenase activity. Progenies ofcrosses inwong these accessions were fount
toyield better. Sixlines, ICG 1175, 1CG 3660, ICG 2405, I18@B0, ICG 799,and ICG
476 were found to be promising for photoperiod insenstiivAbout 100 Spanish/va-
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lencia germplasm accessions have been screened for dediciency and preliminary

observations suggest that 7 accessions hold promise.h¥i® identified seven early-
maturing (less than 90 days) germplasm accessions, ICG #C& 4117, TG 2E, Ah

316/S, ICG 147, and ICG 3754. These lines have been eitelysutilized as early

maturity donors in the breeding program and we have dgved and are testing about
529 elite early maturing (90-100 days) advanced lines.

Seven germplasm accessions with large seed mass, USA4A 84SI1ICG 720, ICG
5662, ICG 7360, ICG 3043, and ICG 6150 have been extensiveilyzad in the
confectionery breeding program. We have developed mtran 75 large-seeded,
high-yielding confectionery lines which are currentlgibg tested.

We have also utilized more than 500 germplasm accesdiordevelop broad-based
breeding lines with wider adaptabilityand highyield potieh. From this activity, two
lines, ICGS 11 and ICGS 44 have been released for generidivation during the
postrainy season in India. Another line, ICGS 37 has beemmmended for adaptive
trials and 5 lines, ICG 87, ICG 103, ICG 105, ICG 84, and ICG 4 in 1988/89
postrainy-season NET. Similarly two Virginia varietielsCGS 65 and ICGS 76, and
the Spanish bunch cultivar ICGS 44-1 are in the rainysseatrials. Several other
varieties are in initial stages of testing in various gnanut zones.

Research is in progress at ICRISAT Center to incorporaseful genes into the
cultivated groundnut from the secondary gene pool coisimg wild Arachis species.
Special breeding techniques including ploidy manipulasp hormone treatment,
mentor pollen, and tissue-culture techniques are beinigized to introgress genes
from both compatible and incompatibléArachis species. Several stable tetraploic
derivatives involving compatible speciesA. cardenasii, A. chacoense, and A. batizo-
coi have been developed. These lines possess very highsledelesistance to rust and
leaf spots and some of them are even resistant to leaf mand bud necrosis disease.
These lines are being utilized in the conventional bregdprogram for further
improvement.

Impact on Crop Improvement

The commercial varieties in India were developed thrbugelection within and

between exotic or local adapted accessions (37), hyiaatdon (21), and mutation (5)
and only 3 were direct introductions (Kadiri 2, UF 70-108uber). Performance of
improved commercial varieties introduced from developadintries was not encou-
raging. Two secondary selections made from the intrtdans (Robut 33-1 and JL 24)
were highly successful in replacing the low-yielding aldltivars. The area under these
two cultivars has increased throughout the country andy thee being extensively
utilized in the national breeding programs.

Groundnut improvement programs are undertaken at A1 C @R®enters, Agricul-
tural Universities, ICAR Institutes, and at ICRISAT. Ingmed genotypes are entered
into all-India trials under the AICORPO program. During81-88 as many as 356
varieties developed through introduction (2), selecti®8)( hybridization (297),
mutation (12), and interspecific hybridization (7) wereatwated. In the development
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of these new varieties as many as 36 parents were involvddybridization but only

Robut 33-1 (89 crosses), M 13 (53 crosses), JL 24 (43 crgsaes) J 11 (26 crosses)
were frequently utilized. While 195 germplasm accessioesemtilized in hybridiza-

tion, only a few were frequently utilized with specificjebtives such asincorporation
of earliness, disease and pest resistance. These WErEe:476 (42 crosses), NC Ac
17090 (ICG 1697) (26 crosses), Manfredi (12 crosses), NC2821 (ICG 2405) (11

crosses), GDM (11 crosses), Asiriya mwitunde, NC Ac 2Z1€ G 5040), NC Ac

76446(292) (1ICG 2716), PI1 259747 (1CG 4747), NC Ac 2282 G 5042), Dh 3-20, TG

18, and TG(E) 1. The other lines appear to have been usgmaeents with a view to
improve yield.

Involvement of special-feature accessions with spechfieeding objectives led to the
development of varieties with rust and late leaf spot tasise (40), bud necrosis
tolerance (11), extra-early varieties (32) suitable postrainy-season cultivation, and
confectionery (28) selections. Since 1985, these \‘mseare being tested for their yield
potential and some of them may be released within thet 2eX years. However, none
of the new confectionery lines were superior to the cohtndtivar, M 13. At least 13
selections resistant to foliar diseases were derived frioterspecific hybridization
involving A. cardenasi as one of the parents.

Forcultivation in postrainy season about 112 improvedetés developed through
selection (15) and hybridization (97) were tested durih981-88 by AICORPO
Centers. Only ICGS 11, Kadiri 3, ICGS 44, UF 70-103, G20G&3,and RSHY 1
were found promising.

During 1983-88, 9 Spanish varieties, GG-2, Jawan, CO 2, PhC&S 11, SG 84,
VRI1,ALR 1,and BG 3; Girnar-1; 3 Virginia bunch varieti&gushal, ICGS 44, and
UF 70-103; and 3 Virginia runner varieties, Chitra, GG; hhd M 335 were released for
commercial cultivation. The area under the cultivars ICGS and ICGS 44 might
increase phenomenally in future as large-scale ICAR-LERIEN demonstrations
have clearly shown their superiority over the existingpplar cultivars in six states.
Girnar-1 possesses multiple resistance to foliar diseaand insects and tolerance tc
drought and could be successfully cultivated in both seasd hese varieties are
expected to revolutionize groundnut cultivation if tekeed production program is
simultaneously strengthened.
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Use of Minor (Small) Millets Germplasm and its Impact
on Crop Improvement in India

A. Seetharam and K.E. Prasada Rao

Project Coordinator (Small Millets), AICSMIP, Gandhi KnisvVidya Kendra, Bangalore, Karnataka;and
Senior Botanist, Genetic Resources Unit, ICRISAT, Patant, Andhra Pradesh

In many parts of India, six species of minor (small) mislare cultivated for grain and
fodder. These are: finger millgEleusine coracana(L.) Gaertn.), foxtail millet(Setaria
italica(L.) P. Beauv.), proso mille{Panicum miliaceum L.), kodo millet (Paspalum
scrohiculatum L.), little millet {Panicum sumatrense Roth, ex Roem. and Schult),
and barnyard millet(Echinochloa colona (L.) Link). In India, these are grown as
rainfed crops in marginal and submarginal conditions olfsartility and moisture. On
an average, approximately 6 m ha are planted under tvege species of which finger
millet alone occupies around 2.5 m ha followed by kodo,léittfoxtail, proso, and
barnyard millet, in that order.

Systematic improvement in small millets was not attemptadilurecently in India.
Obviously most of the cultivars are local landraces wherk products of indirect
human and natural selection over a period of time. Smallets are indispensable to
Indian agriculture, being the main life-support spedieshe worst drought years. Of
late there has been an appreciation of the need to imptbgeroductivity of these
crops through modern methods of breeding. Genetic impnoent through conven-
tional breeding approaches depends solely on the avditgbof diverse germplasm.
Germplasm is the basic raw material and one has to banlk @plroad genetic base
for crop improvement. Therefore, easy access to germplasmmecessary. This is
especially true of small millets where only a small parttlod available vast genetic
resources has been explored, studied, and utilized.

Small millets have always been of local and regional empnce, and as a result
have attracted little attention from national and inteinatl organizations. They
have always received the lowest priority in terms of fumgland manpower allocation.
In India, though crop improvement work on small millets haerb going on for
several years, these crops have received less atterctoompared to other major food
crops. It was only after 1969 that the millets started reicej some attention, with the
launching of the Coordinated Millets Improvement ProjeStmall Millets Improve-
ment received a boost during 1978-79 with the establishnoéhive crop-specific lead
research centers under IDRC assistance. The researdhese crops was broadenec
during the Seventh Plan, with the launching of All Indiad@dinated Small Millets
Improvement Project (AICSMIP) at Bangalore. One of thajor objectives of the
project is the diversification of the varietal base by baing high-yielding, disease-
resistant, and widely adaptable varieties of various $mallets.

ICRISAT (International Crops Research Institute for ®emi-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings of a Joint ICRISNBPGR(ICAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988, ICRIB@&enter, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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Germplasm Availability

In the past, small millets scientists worked with limdtelant materials and a narrow
genetic base collected locally. Coupled with difficel$iin artificial hybridization, this
blunted the opportunities of yield improvement througénetic manipulation. The
situation was to some extent rectified in the 1960s whee Rockefeller Foundation of
USA and the Indian Council of Agricultural Research (AB) made the first con-
certed effort in India to pool the collections of vareogsmall millets to make them
available to scientists working in different parts dktcountry. One set of this world
collection has been rejuvenated by ICRISAT in 1976l amas made available to the
All India Coordinated Millets Improvement Project (AICNPI). The conservation
and supply activities further gained momentum with NBR, New Delhi, playing a
key role in augmenting the small millets collections.cRgnizing the importance of
conservation and easy access to germplasm, the AlIC Ms$Rblished a germplasm
unit at Bangalore in 1979. The unit has been making é$feince 1980 to pool the
available germplasm of small millets from various steg and to make it available to
breeders.

At Bangalore, a total of 8522 accessions of various $nmailllets have been
assembled. These include 4490 finger millet, 1300 fokbaillet, 544 little millet, 577
proso millet, 646 barnyard millet, and 965 accessiofika@do millet.

Apart from the collections maintained at Bangalore,RCSAT is assembling and
maintaining one of the most comprehensive world coliecs of small millets. The
gene bank at ICRISAT has made efforts at the global llemethe last 6-8 years to
assemble and conserve germplasm, and to make it availebworkers all over the
world. This has made possible easy access to diveesenglasm, thereby strengthen-
ing the national breeding programs.

Utilization of Germplasm

The full utilization of germplasmdependsupon two factors: (1) evaluation and
characterization, and (2) identification of usefulngesources.

Characterization, classification, and cataloguing efmplasm are slowly gaining
momentum. While fairly large diversity has been achigvee still have a long way to
go in studying and assessing their breeding value. Géasyp evaluation has two
facets: characterization of germplasm by botanists awnalweation/screening by con-
cerned crop improvement scientists/breeders. Germplabaracterized and docu-
mented solely by a botanist may fail to depict the truerth of the material for
selection and utilization in current breeding programesermplasm screening from the
breeder's angle for agronomic, physiological, patlgpbtal, and quality characters
demands a great deal of time and resources. The breedihuge of the material is best
judged by studying the accessions in field trials,heat than depending solely on
documented data. An attempt was made in thisdirecip NBPGR by growing small
millets germplasm from the Indian National Program a@RISAT at Akola and
inviting breeders for selection. This type of evaluatimay be encouraged in future.
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During the last 5 years, a large number of selected geramplaccessions were
evaluated in the all-India testing network and a numbesugferior genotypes have
been released for general cultivation in different pasfsthe country. Of the 28
varieties of different small millets released durin@thlast 5 years, 22 are selections
either directly or indirectly from the germplasm (Tablg. This indicates the impor-
tance of direct utilization ofgermplasm in small mildetmprovement.

In finger millet, hybridization work was started as gaak 1959 in Karnataka and so
far, 13 varieties have been released in Karnataka thhonegombination breeding.
Similarly, recombination breedingin Tamil Nadu hasubed inthe release of about
six varieties. The most significant aspect of finger mililmprovement has been the
extensive use of exotic germplasm particularly from Afj in the hybridization
program. The African finger millets are characterizedthick stems, robust growth,
early vigor, large ears, broad, dark green leaves, antharigrain density. These
characters are rarely seen in the Indian germplasmoi{Adrican crosses were first
attempted in early 1970s with the identification ofa femndr parents suchas |E 927,
IE 929, IE 980-R, IE 810, and IE 902. The crossing of¢hbBees with the local
agronomic base (Hollubele, K1, Annapurna, Purna, Cayv8hakti, CO 7, CO 1,
and Hamsa) resulted in the generation of vast breediagerial for subsequent
selection and release of the Indaf and HR series ofrowpd varieties. Some ofthe
most popular varieties developed from Indo-Africapnsges are Indaf 1, Indaf3, Indaf
5, Indaf8, Indaf9,and more recently HR 911. Somthes$e varieties - Indaf5, Indaf
8, Indaf9,and HR 911 -have become extremely popularanfatakawith morethan
50% coverage in area. They have an yield potential ofiad 6 t ha underirrigated
conditions.

In finger millet, breeding for blast resistance is oneh# priority objectives. The
entire finger millet germplasm has been screened fostbdésease and 40 accessions
with stable sources of resistance have been identififédtre appear to be more sources

Table 1. Number of varieties of small millets identified through direct selection and
hybridization, 1982-87.

No. of varieties identified through

Direct selection

Crop from germplasm Hybridization Total
Finger millet 4 6 10
Foxtail millet 3 3
Little millet 2 2
Proso millet 5 5
Barnyard millet 5 5
Kodo millet 3 3
Total 22 6 28

99



of blast resistance in African germplasm than in Indianngglasm. Large-scale
hybridizationinvolving blast-resistant lines and elitgranomic base has been under
taken during the last 5 years and a number of stabilizedcsi®eins are undergoing
large-scale yield tests in different states.

Further, many useful genetic stocks have been identifieth in finger millet and
foxtail millet. Accessions possessing higher proteiasidable physiological attributes
with high carbon dioxide fixation and low leaf area suitabde rainfed conditions,
and genotypes which can germinate with limited moisturé anhard soil crust have
beenidentified. Longglume typeswith hightest weighwill be ofspecial interestin the
improvement of seed size in finger millet.

In foxtail millet new sources of dwarfing controlled by obtiggenes have been
identified. The plant type of these accessions is veryiklimo dwarfwheat or rice and
so they form very interesting breeding material. The vatrlidp available for protein
content (7.16-15.73%); and seed fat content (4.0-7.1%)oxtdil millet is enormous.
Thus identified sources with high protein and seed fat ar&ilable both for direct
exploitation and use in breeding.

As mentioned already, the utilization ofgermplasm in $inmallets is mostimpor-
tant. So far, only afraction ofthe vast available divieg$ias been utilized and that toc
only in finger millet. There is wide scope to utilize thevdisity present in these crops
through a well planned hybridization program.
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Use of Chickpea and Pigeonpea Germplasm and their Impact
on Crop Improvement in India

S. Lal, A.N. Asthana, and C.L.L. Gowda

Project Director; and Principal Investigator (Plant &tig), Directorate of Pulses Research,
Kanpur, Uttar Pradesh; and Legumes Breeder, 1CR1SATanPhéru, Andhra Pradesh

The important pulse crops grown in India are chickp€acér arietinum L.), pigeon-
pea (Caanus cajan (L.) Millsp.), mung bean Yigna radiata (L.) Wilczek), urd bean
(Vigna mungo (L.) Hepper), lentil{Lens culinaris Medik.), fieldpea (Pisum sativum
L.), cowpea (Vigna unguiculata (L.) Walp.), moth bean(Vigna aconitifolia (Jacq.)
Marechal), horse gran{Macrotyloma uniflorum (Lam.) Verdc.), grass pea or khesari
(Lathyrus sativus L.) and dry bean(Phaseolus wulgaris L.). Other pulses of minor
importance grown in restricted areas in India are fabanb@/icia faba L.), rice bean
(Vigna umbellata (Thunb.) Ohwi and Ohashi), lablab bedhbablab purpureus (L.)
Sweet), and winged bealPsophocarpus tetragonolobus L.). Among these, chickpea
and pigeonpea are the most important.

Many of these pulses have been cultivated since time emmrial under diverse
agroclimatic and management conditions which favoredegie diversity in these
crops. Efforts have been made from time to time to collesgluate and utilize the
germplasm of these pulses, particularly pigeonpea andkp®a. However, these
efforts have been localized and scattered over differensg@rowing states. Germ-
plasm collections were also made under the Rockefelleunelation's Regional Pulse
Improvement Project. All these collections were latantsferred to ICRISAT. Since
the establishment of the National Bureau of Plant Gen&gsources (NBPGR) Joint
missions involving scientists from NBPGR, Agriculturahlyersities, and ICRISAT
have been collecting germplasm in the country.

Available Germplasm Resources

The gene bank at ICRISAT has 15 564 chickpea accessiovshodh 5863 lines are

from India. In pigeonpea, there are 11 034 accessions of w984 are of Indian

origin. Part of these collections are maintained untlee All India Coordinated

Pulses Improvement Project (AICPIP). Working collectsomre maintained at var-
ious centres. Among the various pulse crops, chickpea@gdonpea are at the top of
the list with respect to the number of germplasm lines.

ICRISAT (International Crops Research Institute for emi-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings of a Joint ICRISMBPGR(ICAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988, ICRIB@&enter, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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Germplasm Distribution

As a world repository ofchickpea and pigeonpea germmlathe ICRISAT gene bank
supplies germplasm to scientists working on these srdprom 1974 to 1988, a total of
33 020 samples of chickpea and 20 502 samples of pigeonpeve been sent to
different programs and scientists in India. Under ARP, 11 centers have been
assigned the responsibility to assemble and evaluadeesting germplasm, and make
it available to workers in the country.

The germplasm accessions available at ICRISAT havenbeealuated for 25
characters in chickpea and for 40 characters in pngpe@. Some of these accession
have been evaluated at different locations in India—A&oGwalior, Issapur, and
Hisar—in collaboration with NBPGR, to characterizeeth in different agroecologi-
cal zones.

Uses of Germplasm Lines

Chickpea and pigeonpea germplasm has been used in thetgoin the following

manner:

« direct use as released varieties for cultivation,

 sources of resistance to biotic stresses like desasnd insect pests,

* sources of tolerance to abiotic stresses like maistaeficit/excess, high/low
temperature, soil salinity, etc.,

+ parental material for hybridization for improvement agronomic traits,

* base material for polyploidy and mutation breeding,

* sources of new plant types to study physiological amdomomic adaptation,

 material for basic studies on phylogenic and cytogeneelationships, and

« material for genetic studies on the mode of inheritgnoestudy the expression ofa
gene or group of genes under different genetic backgrounds.

Impact on Crop Improvement

Many germplasm lines have been directly released agtias. In India, germplasm
lines account for about 63% of the varieties of pulseleased so far. Of the 291
varieties released in 13 pulse crops, 175 are direct detectfrom the germplasm. Of
the remaining, 6 are pure line selections, 96 throughbrhgization, and 14 through
mutation breeding. Recent examples include ICP 8863 ige@npea, released as
Maruti in Karnataka; and ICC 8933 of chickpea, releasesi JG 315 in Madhya
Pradesh.

A large number of germplasm lines have been used ascssufor transferring
resistance to diseases. These include pigeonpea lgsistant to fusarium wilt, sterility
mosaic, phytophthora blight, and chickpea lines resisto fusarium wilt, ascochyta
blight, and stunt. Most of the lines in the AICPIP Dised$urseries that are tested at
different locations are germplasm lines. Some of these resistant to more than one
isolate/strain, and also to more than one disease.
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Compared to disease resistance, there are very fewtaasisources for insect pests,
and the level of resistance is also not high. Some lines Hmen identified with
resistance toHeliothis pod borer in chickpea, and resistance to pod borer and yodfl
in pigeonpea. These are now being used in breeding program

Many lines with desirable agronomic characters such adiness (in breeding
extra-early pigeonpeas), seed size, and color (in breetiwlg-seeded and kabuli
chickpeas) have been used in hybridization programs telkbgvvarieties with high
yield and desirable plant type. Germplasm has contreldusignificantly in these
programs.

The use of pigeonpea germplasm lines with the genetic mi@ele gene has opened
up possibilities for hybrid pigeonpeas in India. Many iimgtions are now using the
original or converted germplasm lines in their hybrid gogpea programs.

Germplasm lines have been used to generate informationhenirtheritance of
characters, and also to elucidate cytogenetic and phylegenformation.

Future Emphasis

1. The areas which have not been explored so far should lveyaa for collection of
germplasm.

2. The existing germplasm available at different centdreuld be pooled and evalu-
ated so as to discard duplicates and to identify desirappes.

3. Germplasm accessions should be evaluated under diffagoclimatic situations
and growing conditions in order to characterize them, amdest the stability of
characters; the entire germplasm collection should Dbearacterized and
catalogued.

4. All the information related to germplasm should be cotegized.

5. One set of germplasm should be kept at NBPGR in long-tedomage, for future
use.

6. Facilities to screen the germplasm against viralatiss should be strengthened and
techniques for quick screening should be devised.
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Highlights of Discussions

Discussions were held at the end of each session of thikshmp. Presented here are
the salient points arising from these discussions.

World Germplasm Collections; Status Reports and Potentibks

. The assembly and availability of world collections of gpgilasm of ICRISAT
mandate crops and six small millets was appreciated.nktbe point of view of
genetic resources, the overall number of germplasmsstoes assembled at ICR | -
SAT Center was considered to be relatively small compdoatie world collections
of other major crops such as wheat, rice, maize, and barSmme concern was
expressed on the relatively low number of germplasm a&tors that have so far
been utilized in breeding programs. More interaction bedw plant breeders and
germplasm scientists during evaluation and identifioatof new and useful traits
should enhance germplasm utilization.

. Breeders should diversify the genetic base oftheirenial by using more landraces
including wild and intermediate forms. Particular refezenvas made to the limited
germplasm that has been used for improvement of rabi t(posy-season)
sorghum. Fortunately, ICRISAT has recently obtained emegtl from Cameroon
and Ethiopia, which are from similar environments. Mortoetfs should be made
to collect similar material from Mali, Nigeria, Chad, apdrts ofIndia. Itwas also
proposed to collect sorghum landraces from low-temperea and high-elevation
areas of China, India, and African countries.

. The continuing effort to combine resistance to biotid abiotic stresses with high
yield components was discussed. Although there were scases where resistance
to stresses like drought were associated with low yielémbers generally agreed
that there was potential for using stress-tolerant tands in the development of
new, high-yielding cultivars.

. The need for obtaining more agroclimatic data duriegngplasm collection mis-
sions was stressed. It was pointed out that all germplasihections undertaken by
ICRISAT scientists include basic agroclimatic data. Hoamr, many donated
germplasm accessions do not have passport and climati. dst any rate, it was
proposed that germplasm scientists should extract amauthent whatever infor-
mation they can on the environment of existing collecticarsd relate thatinforma-
tion with the landraces prevalent in different and diseragroclimatic zones. As
the main responsibility of germplasm scientists is toleol and salvage germplasm
from extinction, the help of agroclimatologists should $@®ught to achieve this
important task.

. A gquestion was raised on the disparity between the latgeber of germplasm lines
with resistance to major pests and diseases and the ladlkldésresistance to some
of the same diseases and pests in breeding materials. Amgbe of this isHetiothis
in chickpea and pigeonpea which remains a major consttaimigher production

105



even though several resistance sources are identifiedeinmplasm lines. It was
suggested that these sources, which have been identidiftelr several years of
intensive germplasm screening, should be more effecyiwdllized.

Germplasm Exploration/Collection, Evaluation, Documenttion,
Exchange and Quarantine, and Conservation

1. Participants recognized the success of joint explimm@amissions by ICRISAT and
NBPGR. It was suggested that future collection programeer unexplored and
underexploredareaswith more emphasis omwild species.

2. Clarifications were sought on the rationale of collagtigroundnut germplasm in
the northeastern hills of India and in the state of KaraSpecific areas like the
Indo-Burma border area for new types, and parts of Kefalaold landraces were
suggested for further exploration.

3. Theextensive NBPGR/ICRISAT jointandpreliminary ewvalion programs were
presented and discussed in detail. To facilitate evaluratof thousands of acces-
sions, an improved and a local check are repeated at frecuredh regular intervals
in an augmented block design. The program was launcheddble crop improve-
ment scientists to evaluate the germplasm lines in thein ogegions and to select
desirable types for further testing, and subsequent oserop improvement pro-
grams. Questions were raised on the reliability of tla¢adgenerated for pest and
disease resistances. NBPGR scientists clarified that pest disease resistance
evaluation was a preliminary program done by NBPGR plant@ction scientists,
which could be further assessed by AICCIP scientists. d6 wlso suggested that
increased participation of AICCIP scientists would beeadmal in all multiloca-
tional evaluation of germplasm in India.

4. A clarification was given on the type and nature ofgpkasm evaluation programs
that are undertaken by genetic resources scientists. Itstated that germplasm
scientists deal with the characterization and prelimyna@valuation of the collected
material with an attempt to classify and document germplaswersity. Subse-
gquent evaluations of germplasm for detailed studies,easgmg, selection, and
utilization are usuallydone under the responsibilifyhee concerned crop improve-
ment scientists.

5. It was suggested that NBPGR serve as the alternate dmsservation center for at
least the world collections of pigeonpea and minor (Hmmillets germplasm.

6. Computer-based germplasm data documentation and egehwas discussed and
considered highly desirable. The use of compact disesdfata storage, processing,
and exchange was demonstrated.

7. The collaborative plant quarantine procedures agplio both importand export
of germplasm, and the timely, safe, and orderly methodismi®diring national and
international germplasm exchanges were appreciatedvak also suggested that a
joint ICRISAT/NBPGR manual be prepared on plant quaraetsystems and
practices applicable to ICRISAT mandate crops and smallets.
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8. Participants from ICAR, NBPGR, and AICCIP greatly appiated the role of
GRU, ICRISAT, in mobilizing genetic resources in theuexry. On their part, the
ICRISAT scientists noted that they had received tredwus cooperation from
NBPGR, ICAR, and other Indian national programs. PapantsfromICRISAT
and others particularly noted Dr Paroda's effortserthance this collaboration.

Use and Impact of Germplasm on Crop Improvement in India

1. Differences were observed on the extent of use anpaict of germplasm among
ICRISAT mandate crops.

2. Landraces are generally known to possess local adiaptaand stability, while
improved cultivars with broad genetic base are mokely to have wider adapta-
tion for productivity. Judicious selection and utilizan ofgermplasm have had a
visible impact on crop production, as shown by AICCbPsorghum, pearl millet,
pigeonpea, and small millets.

3. The criteria used to identify the usefulness of gekasm and its utilization need to
be re-examined. Those lines which did not produce nhguired end product or
cultivar should not be rejected.

4. Some landraces of chickpea (ICC 8933), pigeonp&aP(8863), and several small
millets were reported to have been released as highding cultivars. Other landra-
ces like the Togo material in pearl millet, Zerazerasorghum, ICC 12237 from
India in chickpea, multiple disease-resistant materralpigeonpea, and Peruvian
accessions in groundnut have been extensively usdareeding programs and have
made substantial contributions towards the developnudrtigh-yielding varieties
or hybrids.

5. It was considered desirable to assess the relatigedyperformance of small millets
and pearl millet under high temperatures and dry cormchisi

6. The constitution ofgene pools for specific chaeastwas regarded as a priority task
for all crops. This task is to be undertaken by GRU RIGAT, in close collabora-
tion with plant breeders.

7. Training for specific requirements and the develepmof human resources were
recognized as vital for sustainable crop production.

8. To increase the impact of germplasm on crop produttisuggestions were made
to:

* Evaluate the entire germplasm in batches in colladon with crop improve-
ment scientists, wherever possible in "hot spots”, tentify new sources of
resistance to biotic and abiotic stresses;

 Produce classified and simple germplasm catalogs laracters of major eco-
nomic importance; and

» Utilize new biotechnology methodsforhybridizatianmolvingcultivated orwild
relatives, and their intermediate forms, and also eate new sources ofvariabil-
ity through various in vitro techniques.
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Recommendations

Several recommendations were made by the technical woygroup ofthe workshop
which was composed of 20 members representing differggamizations, crops, and
disciplines. The following are the major recommendato

1. A single, more comprehensive, and effective collabomatprogram should be

envisaged for germplasm exploration, evaluation, andseghent utilization in

crop improvement. The collaborative program should:

* Involve NBPGR (ICAR), National Agricultural Researchgamizations like the
All India Coordinated Crop Improvement Projects and Agrliteural Universi-
ties, GRU and other crop improvement scientists in ICRISAdhd IBPGR.

* Be time bound with regular and annual meetings.

* Recognize and give due credit to all collaborating induals and centers.

. Wherever possible, depending on availability of fundsgp improvement scientists

should participate in some specific areas of germplasmiection in order to

observe and obtain more comprehensive data on biotic andti@ stresses under
which the landraces have evolved and are being cultivated

. It was stressed that the nutritional value of minor (sinalillets should be kept in

mind while breeding for higher yield. It was suggestedattitgrain quality of

improved cultivars of small millets be assessed at |CRTSCenter.

. Participants felt that further efforts must be madelERISAT, NBPGR, and

IBPGR to train scientists in various genetic resourcetvaties.

. The collective name of the six minor millets should ¢thanged to small millets, a

term that has been adopted by the International Small Msl&teering Committee.

. The following were identified as priority areas of cadtion for the various crops.

Sorghum. Bihar (early grain and fodder types); Madhya Pradesh (Maplateau
and Hoshangabad area); Assam, Madhya Pradesh, and (QKssaput area) for
fodder types; South Gujarat; Uttar Pradesh (Bundelkhaneh)ar Northeastern
hilly regions; and Maharashtra and Karnataka (for rabrghums).

Pearl millet Maharashtra (Western Ghats); Orissa (Eastern Ghats); t&ves
Madhya Pradesh; Gujarat (Kutch); North Uttar Pradesh; aBdjan (during
drought); and Bihar, Bengal, and northeastern regionwolrd species.

Chickpea. Rajasthan (Northwest, Ganganagar, Pali and Jodhpugdia Pra-
desh; Southern Bihar; Eastern Uttar Pradesh; Eastern Mslhdra and Andhra

Pradesh; and Haryana (Mahendergarh).

Pigeonpea. Unexplored areas in the Northeast, Bihar, Orissa, arafnataka;
and Rajasthan (Alwar district).

Groundnut. Northeastern area of Andhra Pradesh; Haryana; Northweaste
parts of Rajasthan; Uttar Pradesh; and Bihar.
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Minor millets. Western Ghats of Maharashtra; South and North Bihar; Hill
areasin Uttar Pradesh;Northeasthill areas;Madhya Pradesh;and Tamil Nadu.

A collaborative multilocational germplasm evaluation India was recommended
for implementation starting the next growing season. Tlhélaborating agencies
will be NBPGR (ICAR), all-India crop improvement scietsof ICAR, Agricul-
tural Universities, GRU, and crop improvement scientist$ CRISAT.The crops,
number ofsamples,and areasof evaluation that are listed belowill be reviewed
annually. Theseedsamplesrequired for the evaluation prograwill be supplied by
GRU, ICRISAT. Thefield datawill be compiled by NBPGR and forwarded to
GRU, ICRISAT, for documentation and analysis with the phelf the computer.
The datawill be usedto expand the germplasmatabaseofthe world collections,
for utilization in crop improvement programs, and to prepand publish joint
NBPGR/GRU germplasm catalogs.

Sorghum. Forage: Every year about 1000 accessions at Jhansiapuss and
Rajendranagar (NRCS).

Grain: Every year about 1000 accessions at Akola, Coimbat and Rajendra-
nagar (NRCS).

Rabi (postrainy-season) sorghums: Every year about &@6essions at Rahuri,
Bijapur, and ICRISAT Center, Patancheru.

Pearl millet. Every year about 2000 accessions at Jodhpur, Coimbatard
Pune.

Chickpea. Long duration: Every year about 1000 accessions at KanpHisar,
and Gwalior.
Short duration: Every year about 1000 accessions at Akolh BE@RISAT Center,
Patancheru.

Pigeonpea. Long duration: Every year about 1000 accessions at Kangnd
Varanasi.

Medium and medium-long duration: Every year about 1000 ssioms at Akola,
Kanpur, and ICRISAT Center, Patancheru.

Short-duration(New germplasm): Gwalior.

Groundnut. Kharif (rainy season): Every year 1000 accessions &tRISAT
Center, Patancheru, Junagadh, and Akola.

Rabi (postrainy-season):. Every year 500 accessions atgash and ICRISAT
Center, Patancheru.

Minor millets (small millets). Every year around 1000 or available number of
accessionswill be evaluated for thdollowing crops at the locations mentioned
below:

Finger millet: Bhowali, Akola, Bangalore, and Coimbatore.
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Foxtail millet: Nandyal, Bangalore, and Bhowali.

Proso millet: Akola, Ranichori, Bangalore, and Dholiogirainy season).
Little millet: Rewa/Dindori; Ranchi, Bangalore, and Singuda.
Barnyard millet: Almora, Coimbatore, and Bangalore.

Kodo millet: Dindori/ Rewa, Coimbatore, and Bangalore.

It was recommended that agroclimatic data be collectedirdy the period of crop
growth for all locations.
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Acronyms and Abbreviations

AICCIP All India Coordinated Crop Improvement Project
AICPMIP All India Coordinated Pearl Millet Improvemetroject
AICPIP All India Coordinated Pulses Improvement Project
AICORPO AIll India Coordinated Research Project on Oalde
AICSIP All India Coordinated Sorghum Improvement Proje
AICSMIP All India Coordinated Small Millets ImprovemerProject

AGLN Asian Grain Legumes Network

ALAD Arid Lands Agricultural Development (Program)
CCRN Cooperative Cereals Research Network

CGIAR Consultative Group on International AgricultdrResearch
cms cytoplasmic male sterile

CPPTI Central Plant Protection Training Institute, (ladl
ct DNA cytoplasmic DNA

DPR Directorate of Pulses Research

ELISA Enzyme-linked Immunosorbent Assay

GOl Government of India

GRU Genetic Resources Unit

HAU Haryana Agricultural University (India)

AR Indian Agricultural Research Institute

IARC International Agricultural Research Center
IBPGR International Board for Plant Genetic Resources
ICAR Indian Council of Agricultural Research

ICARDA International Center for Agricultural Research Dry Areas
IDMRS ICRISAT Data Management and Retrieval System
IGFRI Indian Grassland and Fodder Research Institute

ISTA International Seed Testing Association

JNKVV Jawaharlal Nehru Krishi Vishwa Vidyalaya, (India)

mt DNA mitochondrial DN A

NBPGR National Board for Plant Genetic Resourcesd(k)

NRCG National Research Centre for Groundnut
NRCS National Research Centre for Sorghum
NSSL National Seed Storage Laboratory

ORSTOM Institut francais de recherche scientifiqueupde
developpement en cooperation (France)

PEQIA Post-Entry Quarantine Isolation Area
PMV Peanut Mottle Virus

PStV Peanut Stripe virus

RH Relative Humidity

RPIP Regional Pulse Improvement Project

SADCC Southern African Development Coordination Comrfece (Botswana)
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NBPGR
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c/o NBPGR
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NBPGR
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NBPGR

New Delhi 110 012

S. Lal

Project Director
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Biotechnology Centre
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Deputy Director General (Crop Sciences
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NBPGR
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NBPGR
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