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| NTRODUCTI ON AND OBJECTI VES

Germplasm is the most i mportant raw material for any
crop improvement program, and yet the possible extinction of
this invaluable resource is a reality the world has to face
(10, 18). The origin and early domestication of sorghum
most probably took place in the northeast quadrant of Africa, in
the Ethiopia-Sudan border area extending westward to Chad (3, 8).
Ot her areas in West Africa and Asia are also important centers
of diversity. It is in these areas that original |andraces
still exist but are also endangered (6, 18). If man is to
avert food shortages and subsequent fami nes, he has to
accel erate crop i mprovement programs, starting with the collection
and conservation of the vanishing germplasm

One of the major objectives of ICRISAT is to collect, and
to serve as a major repository of the germplasm of its mandate
crops, and six minor millets. Sorghum is one of the mandate
crops of | CRI SAT.

The main purpose is to have in hand the important raw

mat erial required for crop i mprovement. In terms of germpl asm
utilization, the first beneficiaries of germplasm collection are
those countries where the collections are made. This is because
promi sing cultivars that may be developed from this germplasm are
likely to be well adapted in their original habitat.

Before the newly bred, high-yielding cultivars reach
the farmer, we must collect his centuries-old, traditiona

| andraces that will otherwi se be replaced and permanently | ost
(10). We cannot expect the farmer to wait for us because he
needs to grow high-yielding cultivars to produce more food, nor
canwe afford to let him abandon his | andraces. Ton years agé6
Harl an (9) stated that the danger to sorghum germplasm is not
nearly as great as that to wheat. Nowadays, several factors

such as availability of the various high yielding open-pollinated
cultivars and hybrids, and the Sahel drought of the 1970's, have
changed the situation. Sorghum germplasm is clearly endangered

in many areas. The only solution is therefore to accelerate
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our collection programs and conserve the invaluable germplasm
for immediate as well as future utilization. We have an urgent
task on hand.

Since its establishment in 1979, the Genetic Resources
Unit (GRU) of 1CRISAT has | aunched a number of sorghum
germpl asm coll ection mi ssions in several centers of diversity,
particularly in Africa and Asia. Several other organizations
such as the"Office de |la Recherche Scientifique et Technique
d' OQutre-Mer (ORSTOM)", the "lInstitut de Recherches Agronomi ques
Tropicales et des Cultures Vivrieres (IRAT)", the Internationa
Board for Plant Genetic Resources (IBPGR), the United States
Depart ment of Agriculture (USDA), the Indian Council of
Agricultural Research (I CAR), and other national and internationa
programs have also collected in Africa and Asi a. Wherever
possi ble, the gaps in the world collection are filled by
correspondence and through exchanges with other research centers
and gene banks.

So far, we have collected only once in several areas of

diversity. In order to carry out the work more completely,

further pointed and general collections must be made in the same
areas but at different times. This will ensure the collection

of different types of varying maturity periods. It will also help

to retrieve some of the germplasm that is inevitably | ost due to
adverse environmental and handling conditions in transit, as
well as those samples understandably rejected by quarantine

aut horities.

GERMPLASM ASSEMBLY

The world sorghum germplasm assembly work at | CRI SAT
started after the Institute was established in 1972. The
cereals improvement scientists who joined |ICRISAT in the early
1970's brought with them a wealth of experience and sorghum
germplasm mainly from East Africa, Wst Africa, I ndia, and the
Arid Land Agricultural Devel opment (ALAD) project. The nucl eus
of the present world collection was assembled by the
Rockefell er Foundation (12, 19, 21).

Al t hough duplicates of the 16,138 samples (IS numbers)
of the world sorghum germplasm collection assembled by the
Rockefeller Foundation have been left in the countries where
the material was originally collected, many of them unfortunately
| ost their viability before they were transferred to | CRI SAT.
For instance, out of the original world collection assembled in
the 1960's, and stored at Rajendranagar, Andhra Pradesh, I ndia,
only 8961 accessions could be transferred to |ICRISAT in 1974.
About 3000 samples of the mi ssing germplasm |lines were |ater
acquired by | CRISAT from Purdue University, the National Seed
St orage Laboratory (NSSL), Fort Collins, USA, and Mayaguez,
Puerto Rico (18). These acquisitions added rare and early
collections from different parts of the world.
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COLLECTI ON

The world sorghum germplasm collection work at | CRISAT

is currently devel oping at an accel erated pace. We al so
continue our search for the mi ssing accessions of the world
collection from other gene banks. In addition to the already

assembl ed world collection, 10,688 new accessions were
assembled from 79 countries by organizing collection
expeditions in priority areas, and by correspondence. W t h
these new additions, the sorghum germplasm collection at

| CRI SAT has reached a total of 22,466 accessions (Table 1).

In addition, 2697 new accessions recently obtained from 12
countries are under Plant Quarantine for release in 1983. When
these lines are released, the collection at |CRISAT will reach
25,163 accessions.

TABLE 1. Sorghum germplasm assembled at | CRISAT (January 1983)

Source No. of accessions assenbl ed by Tot al

Rockefeller | CRI SAT/ | BPGR/
Foundati on ORSTOM Nat i onal

Pr ogr ans

AFRI CA

Angol a 23 6 29
Benin 1 3 4
Bot swana 28 162 190
Camer oon 1753 82 1835
Central African Republic 37 2 39
Chad 125 13 138
Egypt 15 7 22
Et hi opi a 1446 2796 4242
Ghana 11 53 64
Ivory Coast 1 - 1
Kenya 313 448 761
Lesot ho — 8 8
Mal agasy Republic - 1 1
Mal awi 58 379 437
Mal i 95 16 111
Mor occo - 3 3
Mozambi que - 42 42
Nami bi a - 1 1
Ni ger 25 383 408
Ni geri a 897 276 1173
Senegambi a 12 282 294
Sierra Leone _ 3 3
Somal i a 5 120 125
South Africa 483 243 726
Sudan 855 1401 2256
Swazi |l and 18 1 19
Tanzani a 31 401 432
Uganda 471 141 612
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Source No. of accessions assenbl ed by Tot al
Rockefeller | CRI SAT/ | BPGR/
Foundati on ORSTON/ Nat i onal
Programs

Upper Volta 160 88 248
Zaire 24 - 24
Zambi a 3 207 210
Zi mbabwe 123 63 186
ASI A

Af ghani st an 5 1 6
Bangl adesh - 9 9
Bur ma 2 6 8
Chi na 24 44 68
I ndi a 2732 1406 4138
I ndonesi a 6 26 32
I ran 6 1 7
I raq 2 2 4
I srael 22 - 22
Japan 106 5 111
Lebanon - 360 360
Nepal 7 1 8
Paki st an 18 11 29
Phili ppi nes 1 4 5
Saudi Arabia - 1 1
Sout h Korea 2 - 2
Sri Lanka - 25 25
Syria - 4 4
Tai wan 12 1 13
Thai |l and 5 - 5
Tur key 1 50 51
Yemen - 216 216
Yemen D.R. - 1 1
USSR 5 64 69
EUROPE

Bel gi um - 1 1
Cyprus 1 — 1
France 5 — 5
Ger man D.R. - 4 4
Greece 1 - 1
Hungary - 26 26
Italy 8 - 8
Portugal - 6 6
Spain - 3 3
U. K. - 1 1
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TABLE 1. (cont'd)

Source No. of accessions assenbl ed by Tot al
Rockefeller | CRI SAT/ | BPGR/
Foundati on ORSTON/ Nati ona
Programs
AMERI CA
Argentina 2 14 16
Cuba 1 2 3
El Sal vador - 1 1
Guat emal a - 6 6
Hondur as - 1 1
Mexi co 207 27 234
Ni car agua — 1 1
Uruguay — 1 1
USA 1208 671 1879
Venezuel a - 1 1
West | ndies — 3 3

AUSTRALI A AND OCEANI A

Australia

(o2}
N
N
N
[o¢]

Papua New Gui nea — 1 1
UNKNOWN 370 27 397
TOTAL 11778 10688 22466

Types of Collections Maintained at | CRISAT

The various types of collections for maintenance have
been identified and described by various individuals, committees

and organizations (12). The Rockefeller Foundation and the All
India Coordinated Sorghum I mprovement Project have played

| eading roles in the initial stages (7, 21). Presently, | CRISAT
(18) has taken the responsibility of world collection, maintenance,

and conservation of sorghum germplasm

1. Accession Collection: This includes the avail able
(past and present) world collection and all the new accessions.
So far we have 22,466 accessions, each represented by a sample
of 500 g.

2. Basic Collection: A basic collection of 1245 accessions
was selected from the world collection with stratification based
on taxonom c race, geographical distribution, and ecol ogical
adaptation to the Patancheru | ocation. Sim |l ar basic collections
may have to be formed for other areas. The present material is
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being closely observed and used by sorghum breeders in | CRISAT
as well as in Cameroon, Guatemala, India, Japan, Mali, Uganda,
Upper Volta, and USA.

3. Spontaneous Coll ection: This consists of wild
relatives and weedy races of sorghum So far, we have been
able to maintain 278 accessions of 13 taxa.

4. Bulks Collection: We are now at the initial stage of
maki ng bul ks. The collection requires careful observation and
assessment before merging simlar material in a number of bul ks.
House (12) suggested that entries in one bulk should be simlar
in origin, height, maturity and adaptation. We are now
selecting different series of simlar material in the conversion

program to maintain them as bul ks.

5. Named Cultivar Collection: This collection presently
includes only 237 named and released cultivars.

6. Genetic Stock Collection: This material 1includes
germplasm with known genotypes that are of special value as
source for certain desirable characters such as resistance to

a specific disease. Each sample is maintained by selfing,
to obtain a stock of about 1 kg, except for the male sterile
lines that are maintained by hand pollination between
corresponding male sterile and maintainer |ines.

The genetic stocks maintained by the Genetic Resources

Unit, | CRISAT are listed bel ow:
Promi sing lines for shoot fly resistance 556
Prom sing lines for stem borer resistance 212
Promi sing lines for mi dge resistance 60
Promi sing lines for aphid resistance 9
Lines less susceptible to grain molds 515
Lines |less susceptible to |eaf blight 35
Lines |l ess susceptible to anthracnose 124
Lines |l ess susceptible to rust 43
Lines |l ess susceptible to downy mi | dew 95
Promi sing |lines for drought resistance 246
Gl ossy lines 501
Pop-sorghums 36
Sweet -stal k sorghums 41
Scented sorghum 17
Twi n-seeded |ines 131
Large-glume |ines 71
Cytoplasmc A & B lines 186
All resistant stocks are maintained as suggested by the

Ent omol gy, Pathology and Breeding disciplines and many are still
under further testing.

7. Conversion collection: Foll owing the 1976
recommendati on made by the |BPGR Advisory Committee on Sorghum
and Millets Germplasm (13), we have maintained 176 converted
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lines obtained from Texas and Puerto Rico, USA. The | CRI SAT
conversion program will soon produce additional converted lines
from tropical germplasm

8. Special collections: These collections are being given
special attention to mainly assemble and conserve certain
i mportant lines selected and devel oped for their special
qualities by various sorghum workers. So far, we have two such
collections maintained at | CRI SAT. We know there are many more
such valuable collections being kept by various, sorghum
i mprovement scientists and we hope to assemble and maintain
them at | CRI SAT.

Karper's Nursery: This nursery was devel oped by the
late Dr. R.E. Karper in Texas, USA, after the introduction of
yell ow endosperm, "kaura" germplasm from Northern Nigeria.
These lines are short, basically photoperiod insensitive. They

were assigned IS numbers and formed part of the world collection.

ALAD Nursery: This is the material assembled by the
Arid Land Agricultural Development (ALAD) Program formerly
based in Lebanon, developed by Dr. L.R. House and coll eagues at
Tel Amara Station, Lebanon. Some of the yell ow endosperm
"kauras" in the Karper's nursery formed the basic material for
this nursery. When Dr. L.R. House left Lebanon, this was sent
to | CRI SAT for mai ntenance. There are 1674 accessions in this
nursery.

Future Areas of Collection: The priority areas for
future collection of sorghum germplasm are the following, as
listed by Mengesha and Rao (18).

- Asia: Nepal, Burma, I|Indonesia, |ndia, Pakistan.

- Eastern Africa: Et hi opia (isolated areas), southern
Sudan, Uganda, Kenya, Mozambi que, Zi mbabwe.

- West Africa: Sierra Leone, Ghana, Togo, Ilvory
Coast, Chad, Benin, Mauritania, Upper Volta.

- Ot her Areas: South & North Yemen, China, Turkey,
Syria, Central African Republic, Congo, Zaire,
Angol a, Morocco, Saudi Arabia.

The priority areas are identified in collaboration with
the FAO/ | BPGR, | CRISAT scientists, various other internationa

and national scientists in germplasm resource areas. New and
i mportant collection areas are identified annually based on
fresh information received about genetic erosion. Our
operational capability depends on several factors including

government cl earance, financial resources, collaboratin
nati onal organizations, environment, and other | ogistical
probl ems.
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EVALUATI ON AT | CRI SAT

More than 19000 accessions have been evaluated (15) for
i mportant morpho-agronomi c characters. The sorghum Descriptors
(15), recently published in collaboration with the |BPGR, will
promote a more systematic and uniform evaluation and exchange

of information around the worl d. The variation we have in sorghum
germplasmis summari ed in Table 2. This diversity, which is still
expanding, is considered the most i mportant aspect of germplasm
collection and utilization.

TABLE 2. Range of variation in the presently assembled world

sorghum germpl asm

Char acter Range

Days to 50% fl owering 36 199

Pl ant height (cm 55 655
Peduncl e exsertion (cm 0 55

Mi drib col or Whi t e Br own
Panicle length (cm 2.5 71
Panicle width (cm 1 29
Glume col or Straw Bl ack
Gl ume covering Exposed Covered
Grain color Whi t e Dark brown
Grain size (nm 1 7.5
100 grain weight (g) 0. 58 8. 56
Tillering (No.) 1 15
Stal k sugar content (% 12 38

Screening sorghum germplasm for insect, disease, Striga
and drought resistance, grain quality, and other characters is
being carried out in collaboration with other disciplines. The
results of the sorghum evaluation and screening work is shown
in Table 3.

TABLE 3. Results of sorghum germpl asm eval uation and screening
Screened for No. of No. of I dentified
accessi ons prom si ng and
l'ines descri bed by

1.1 nsect resi stance

Shoot fly 11287 556 Sorghum
Ent omol ogy
Stem borer 15724 212 -do-

M dge 5200 60 -do-
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TABLE 3. (cont'd)

Screened for No. of No. of Identified
Accessi ons prom sing and
lines descri bed by

2. Di sease resistance

Grain mol d 16209 515 Sorghum pat hol ogy
Leaf diseases
Leaf blight 8978 35 -do-
Ant hracnose 2317 124 -do-
Rust 602 43 -do-
Downy mil dew 2459 95 -do-
3. Drought resistance 1752 246 Sorghum Physi ol ogy

and Breeding

4. Ot her characters

Low stimul ant production 15754 645 Sorghum

for Striga germi nation Breedi ng

Gl ossy character 15260 501 Sorghum Physi ol ogy
& GRU

Poppi ng character 2694 36 Sorghum Breeding

Sweet -stal k character 7200 41 GRU, Biochemistry
& Sorghum
Physi ol ogy

REGI ONAL EVALUATI ON

Eval uati on of sorghum germplasm in the rainy season
(Kharif) at Patancheru cannot give complete information as most

of the tropical germplasm is photoperiod-sensitive. The problem
of photoperiod sensitivity of the tropical germplasm has been
recogni zed by several workers (2, 4, 18, 23). ' That is why much

i mportance is placed on multilocation evaluation of germplasm

at or close to their original habitat. This project will be

conducted at selected regional centers in collaboration with
nati onal programs.

Last year, we successfully evaluated the entire Ethiopian
sorghum germpl asm of 5155 accessions at Nazareth and Arsi-Negelle,
Et hi opi a. The work was done in close collaboration with the
Et hi opi an Pl ant Genetic Resources Center (PGRC/E) and the
Et hi opi an Sorghum | mprovement Project, with the financial support
of GTZ, West Ger many.

DOCUMENTATI ON

Data tabul ated for 7114 1S numbers were computerized at
| S/ GR, Col orado, USA, using the EXIR program for easy retrieval.
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The same data were transferred to the | CRISAT computer through
magnetic tape and a computer printout was brought out in the
form of a catal ogue. Further to the data already computerized,
eval uation data for important descriptors with passport
information from IS 10051 onwards, have been tabul ated for
computerization. By the end of this year, all the sorghum
germpl asm eval uation data will be entered in the computer for
retrieval and diversity analysis.

REJUVENATI ON AND MAI NTENANCE

The samples that reach the critical |evel of quantity,
and/or fall below 85% viability are rejuvenated with maxi mum
care and, as much as possible, without altering the origina
genotype. However, |limted change is unavoidable with every
regeneration. The most practical and manageabl e method of
mai ntai ning the genetic purity of sorghum during regeneration
is achieved by selfing about 20 representative heads of each
line and mi xing the selfed seeds and storing a bulk of about
half to 1 kg of the freshly harvested and properly dried seed.
The need for frequent regeneration is mnimzed with
appropriate conservation practices.

CONSERVATI ON

Ger mpl asm conservation is as important as collection.

Once the germplasm is collected, it must be properly preserved
by appropriate techniques as detailed by the |IBPGR and many
ot her workers (14, 16). In general, the following points are

prerequisites for a sound germplasm conservation system

1. Seeds must be clean and free of foreign material.

2. Seeds must be dried in a drying room with cool

temperature and low relative hum dity. The recommended
standards for the drying roomare 15 C and 15% rel ative
humi dity (16). The temperature recommendati on may be too | ow
to be practical. Justice and Bass (17) have discussed severa

met hods for determi ning and reducing the moisture content of
seeds in storage and have stated that moisture content of seeds
pl ay most i mportant role in affecting their |ongevity. Seeds
should be thinly spread in trays while drying.

3. Initial viability or percentage of germi nation must
be recorded and continued with systematic monitoring for
viability during storage. This information is needed to decide

the extent and interval of rejuvenation.

4. A temperature of about +4 C and relative humdity
of about 30% is regarded safe for mediumterm storage and -18 C
for long-term storage (5). The moi sture content of sorghum
seeds falls (in equilibrium to about 6.4% when the relative
humi dity is about 15% (20).
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5. A sufficient quantity of seed must be stored to
ensure genotypic representation, monitoring of. viability, and
germplasm distribution. At | CRI SAT, we keep about 500 g of
each accession in mediumterm, active storage. The | BPGR
(16) has recommended storing about 12000 seeds of heterogeneous
mat eri al and about 4000 seeds of homogeneous material in
| ong-term, base storage.

6. Storage containers should be selected carefully. At
| CRI SAT, we are ordering alumi num cans with hermetic seals
for long-term and with airtight screw caps for medium-term

cold storage. Pl astic bottles with screw caps presently in
use will be replaced in due course.

7. Storage chambers: There are several types of
chambers used at different places. At | CRI SAT, we are
constructing modul ar rooms insulated with 10 cm polyurethane
walls, ceiling and floor. The floor is finished in heavy duty
gal vani sed sheet steel. The chambers are assembled in a |arge
room made of concrete walls, ceiling and floor. The

medi um-term cold storage chamber are kept at about 30% RH

with the use of a Rotair Model N.300 dehumi difier.

Compressors of 3 hp capacity and air cooled condensers are
mount ed outside the storage chamber to supply cold air, which
is constantly circul ated by means of propeller type fans. Each
chamber is equipped with a control panel for effective and
reliable manual or automatic operation.

8. Duplicate Conservation: For the sake of safety
and ease of handling, it is advisable to store the world
collection at least at two | ocations. Presently, severa
sorghum col lections are stored at different places. According
to Anishetty, et al (1), relatively large sorghum collections
are presently maintained at the places listed in Table 4:
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Country and
organi zati on

Type of
coll ection

Number of
accessi ons

Remar ks

Argentina, | NTA
Australia, CSIRO
Chi na, CAAS

Col umbi a, |CA

Et hi opi a

France, ORSTOM
France, | NRA

I ndi a, NBPGR

I ndi a, | CRISAT
Japan

Madagascar
Mal awi ,
Chitedze
Mexi co,

I NI'A
Romani a

Thai | and

USA, NSSL

USA, M ssissipi
USA, Puerto Rico

USSR, Vavil ov
I nstitute

Venezuel a

Yemen Arab Rep.

active
active
active

unspeci fied

| andraces &
cultivars

| andraces, wild
and weedy types

cultivar, dwarf,
forage and grain
| andr aces

world collection

| andraces and
cultivars
unspecified
| andraces &
wild type
introduced
cultivars

| andr aces,
and weedy
unspecified
| andr aces,
cultivars
and wild types
sweet sorghum
and others

| andraces and

wi | d

| andr aces,
cultivars &
wi | d

| andraces and
cultivars
Yemen &
introduced

2700
1000
3000

912
5000

2626

400

2000
22466

466

300
483

3000

4900

1500

15000

4610

4000

9615

494

4000

duplicate
at | CRI SAT

partly
transferred

to | CRI SAT

duplicate
at NSSL

duplicate
at | CRI SAT

duplicate
at | CRI SAT

Attempts are being made

various collections and to transfer

gene bank.

There is a plan
sorghum germplasm in two other

regions,

to obtain details of
the sampl es

to mai ntain and conserve
in addition

the

the | CRI SAT

the worl d

to the two
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at | CRI SAT and Fort Collins. The first new regional collection
may be maintained in Niger. The second one is proposed for
Central America. These regional conservations are justified

because it is becom ng gradually more difficult to transfer
germplasm from one region to another, mainly because of
guarantine |limitations.

| NTROGRESSI ON AND CONVERSI ON

Conversion is a useful tool for an effective and easy
flow of tropical germplasm into various sorghum i mprovement
programs (2, 4, 12, 22, 23). At present we are in the process
of converting "Zera-zera" |andraces from Sudan and Ethiopia,
which are highly prized for their superior agronom c characters
but are of restricted use because of their photoperiod sensiti-
vity and plant height. The F3 popul ations of these partially
converted "Zera-zeras" have recently produced promi sing
segregants, as is described bel ow:

1. The desirable Zera-zera head characteristic was
retained.

2. I mprovement of grain yield and quality was observed.

3. The tropical, photoperiod sensitive material was
successfully converted to insensitive background.

4. Plant height was reduced to about half that of the
original | andrace.

We have recently initiated an introgression program
by crossing S. propinguum and a promi sing sorghum cultivar 1|S
18758 (commonly known as E 35-1) from Gambell a, Ethiopia.
Prelim nary results of this work are promi sing.



103

LI TERATURE Cl TED

Ani shetty, N. Murthi, W G. Ayad and. J. Toll. 1981.
Directory of Germplasm collections, 3.Cereals,
I'V. Sorghum and mill ets. I nternational Board
for Plant Genetic Resources. AGP: | BPGR 181/ 55.

| BPGR Secretariat, Rome.

Dalton, L.G. 1970. The use of tropical germplasm in sorghum
i mprovement . 25t h Annual Corn and Sorghum
Research Conference - Proceedings, American Seed

Trade Associ ation, Washington, D.C. pp 21-27.

Doggett,H. 1970. Sorghum. Longmans Green & Co. Ltd., London,
pp 1-48.

Eber hart, S.A. 1970. Progress Report on the sorghum
conversions program in Puerto Rico and Plans for
the future. Proceedi ngs of the 28th Annual Corn
and Sorghum Research Conference, American Seed
Trade Associ ation, Washington, D.C. pp 4.1-54.

ElIlis, R.H , E.H. Roberts and J. Whitehead. 1980. A new,
more economi ¢ and accurate approach to monitoring
the viability of accessions during storage in
seed banks. Pl ant Genetic Resources Newletter.
AGP. PGR/ 41. | BPGR Secretariat, Rome.

Frankel, O.H. 1975. Genetic resources survey as basis for
expl oration. Pp 99-109 in Crop genetic resources
for today and tomorrow. Eds. O.H. Frankel and
J. G Hawkes. Cambri dge University Press,

Cambri dge.

Ganga Prasada Rao, N. 1972. Sorghum breeding in I ndia:
recent devel opment. Pp. 101-142 in Sorghum in
the Seventies. Eds. Ganga Prasada Rao, N. and
L. R. House. Oxford and | BH Publishing Co., New
Del hi, I ndia.

Harl an, J. R 1971. Agricultural Origins: Centers and
Noncenters. Science 174: 468-474.

Harlan, J. R 1972. Genetic Resources in Sorghum Pp. 1-13

in Sorghum in the Seventies. Eds. Ganga Prasada
Rao, N. and L.R. House. Oxford & | BH Publishing
Co. New Del hi, India.

Harl an, J.R. 1975. Our Vani shing Genetic Resources.

Science 188: 618-621.

Harl an, J.R. and A. Steml er. 1976. The Races of Sorghum
in Africa. pp. 465-478 in Origin of African Pl ant
Domestication. ed. Sal Tax, Mouton Publishers,

The Hague, Paris.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

104

House, L.R. 1981. A. Guide to Sorghum Breeding. Internationa
Crops Research Institute for the Sem -Arid Tropics,

| CRI SAT, Patancheru P.O., A.P., India. pp 101.

| BPGR (I nternational Board for Plant Genetic Resources). 1976.
Report of the first meeting of the Advisary
Committee on Sorghum and M|l ets Germplasm. AGPE:

| BPGR/ 76/ 17. | BPGR Secretariat, Rome.

| BPGR {International Board for Plant Genetic Resources). 1979
Seed Technol ogy for Gene banks. AGP: | BPGR/ 79/ 41.
| BPGR, Secretariat, Rome.

| BPGR and | CRI SAT (lnternational Board for Plant Genetic
Resources and International Crops Research

Institute for the Sem -Arid Tropics). 1930.
Sorghum Descri ptors. AGP:.IBPGR/80/1. |BPGR,
Secretariat, Rome.

| BPGR (International Board for Plant Genetic Resources). 1982.
| BPGR Ad Hoc Advisory Committee on Seed Storage,
Report of the first meeting. AGP: | BPGR 81/ 73.

| BPGR Secretariat, Rome.

Justice, O.L. and L.N. Bass.. 1978. Principles and Practices
of seed storage. Pp 21-56 in USDA- Agricultura
Handbook no. 506. U.S. Government Printing
Of fice, Washington, D.C.

Mengesha, M H. and K.E. Prasada RAO. 1981. Current
situation and future of sorghum germplasm Pp.
323-333 in Sorghum in the Eighties: Proceeding of

the International symposium on Sorghum, 2-7 November

1981, | CRI SAT, Patancheru, A.P., India

Murty, B.R., V. Arunachalam and M B.L. Saxena. 1967.
Classification and catalogue of a world collection
of sorghum. Indian Journal of Genetics and Pl ant
Breeding 27 (Special Number): 1-3.12.

Roberts, E.H 1974. Viability of seeds. Chapman and Hall Ltd.
London pp 424-437.

Rockefell er Foundation. 1970. World collections of sorghums,
list of pedigrees and origins. Rockefeller
Foundati on, |Indian Agricultural Program,, New Del hi,
I ndi a.

Stephens, J.C., F.R. M ller and D.T. Rosenow. 1967.
Conversion of alien sorghums to early combine
genotypes, Crop Science 7: 396.

Webster, O.J. 1975. Use of tropical germplasmin a sorghum
breedi ng program for both tropical and temperate
areas. Pp 1-12 in Proceedings of the 30th Annual
Corn and Sorghum Research Conference, American
Seed Trade Association, Washington, D.C.



