A World Survey of
Sorghum and Millets

Germplas,m |

_E. Acheampong, N. Murthi Anishetty & JLT. Wiliams

§ INTERNATIONAL BOARD FOR PLANT GENETIC RESOURCES
¢ FIRST DECADE OF SERVICE

1974-1984



A~PG:1BPGR/83/S
January 1984

A WORLD SURVEY OF SORGHUM AND MILLETS -GERMPLASM

E. Acheampong, N. Muirthi Anishetty & J.T. Williams

IBPGR Secretariat

Rome, 1984



The International Board for Plaat Genetic Resources (IBPGR) is an
autonomous, international, scicntific organization under the aegis
of the Consultative Group on International Agricultural Research
(CGTAR). The IBPGR, which was established by the CGIAR in 1974, is
composed of its Chairman and 16 members: its Executive Secrctariat
is provided by the Food and Agriculture Organization of the United
Nations. The basic function of the IBPGR is to promote and organize
an international network of genetic resources centres to tfurther the
collection, conservation, documentation, evaluation and use of plant
germplasm and thereby contribute to raisinz the standard of living
and welfare of people throughout the world. The Consultative Group
mobilizes financial support from its members to meet the budgetary
requirements of the Board.

The designations employed, and the presentation of material in this
report, and in maps which appear herein, do not imply the expression
of any opinion whatsoever on the part of the International Board for
Plant Genetic Resources (IBF3R) concerning the legal status of any
country, territory, city or area or of its authorities, or
concerning the delimitation of its frontiers or boundaries.

IBPGR Secretariat

Crop Genetic Resources Centre

Plant Production and Protection Division

Food and Agriculture Organization of the United Nations
Via delle Terme di Caracalla, 00100 Rome, Italy

C) International Board for Plant Genetic Resources, 1984



111,

CONTENTS

PREFACE
DEDICATION

THE BACKGROUND TO THIS REPORT
SORGHUM

PEARL MILLET
FINGER MILLET
FOXTAIL MILLET
PROSO MILLET
LITTLE MILLET
BARNYARD MILLETS
KODO MILLET
FONIO MILLETS
TEFF

REFERENCES

APPENDIXES
I. Some taxonomic treatments of genus Sorghum

II. Collections of sorghum germplasm

IV. Collections of pearl millet germplasm
V. Collections of finger millet

VI. Collections of minor millets

VII. Acronyms

Some taxonomic treatments of the genus Pennisetum

14
19
19
21
21
22
22
22
22

23

27
29
33
35
37
39
41



5

urt
la,

1b.

3.

ILLUSTRATIONS

The five basic spikelet types of cultivated sorghum
Head types of cultivated sorghum
The sorghum genepool

Distribution areas of cultivated and wild races of
sorghum in Africa

Distribution of wild, weedy and cultivated pearl

millet in Africa

TABLES

Major gaps in collections in 1974

Priority countries for collection in 1976

Priority countries and regions for collection in 1981
Sorghum collections in priority areas (1975-82)

Pear] millet collections in priority aress (1975-82)

Finger millet collections (1975-82)

16

Page

12
18
20



PREPACE

The International Board for Plant Cenetic Resources (IBPGR) has the major task of
organizing and providins a global network of genetic resources centres to safeguard and
make available permplaam of all major crop species for use in present and future
breeding programmes. This report surveys the existing collections of aorghum and
millets in order to ilentify gaps and inadequacies which exist in the collections and to
provide a hasis for the formulation of recommendations for further collecting.

The actual or potential 1oss of the indisencus variability of sarghum and millets
is due to numerous causes but a majsr one has heen the widegpread drought in the
SaheliAan zone of Africa where the greatest varinbility of sorrshum, pearl millet, finger
rillet, fonio and teff is to be founi. Drought coniitions ani the accompanying crop
failures have led to the disappearance of many lncnl cultivars. The wild and weedy
relatives are alao threatened with loas.

Breeders muat be asaured of a supply of diversity an? therefore it is important
that collections of sorghum and millets are properly conserved and that they should
include as much representative variability as posaible.
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DEDICATION

To Jack R. Marlan, in recognition of hir
achievements in the field of sorghum and
millets genetic resources.



THE BACKGROUND TO THIS REPORT

Sorg.um and millets are the most important cereals of the aemi-arid zones of the
world; for many millions of people in Africa and Asia they are staple crops - although
they do have other uses.

The urgent need to collect and conserve germplasm of sorghum and pearl millet in
particular, but also of Fleusine and other millets, was recognizad two decades ago
because of the then threat of loss of the primitive cultivars due to replacement by
high-yielding cultivars and hybrids.

The first major effort to assemhble world germplasm collections of sorghum and
pearl millet was initiated by the Rockefeller Foundation in association with the Indian
Agricultural Research Programme, (Harlan, 1971; ‘louse, 1980; Murty et al., 1967). An
assessment of the resultant collections by the Rockefeller Poundation‘s Committee on
Sorghum and Millet Germplasm noted conspicuous gaps in the world collections (Tahle 1).

In 1976, followirg the drought in the Sahsl, the Crop Ecology and Genetic
Resources Unit of the Food and Agriculture Organization of the UYnited Nations (FAO)
orgenized the collection of sorghum and millet in the Sahelian zone of Africa by
contracting to the Office de la recherche scientifique et technique outre-mer (ORSTCH)

and funding was provided by the United Nations Fnvironment Programme (UNEP).

With the establishment of the International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT) by the Connultative Group on International Agricultural
Research (CGIAR) in 1972, and the TIBPGR in 1974, action emerged to systematically
collect and conserve soighum and millets. The IBPGR and ICRISAT (which has a world
mandate for sorghum and millet germplasm) have been partners in carrying out the work.
Yhen the IBPGR listed its priorities for action on crops in 1975, both sorghum and
Pennisetum pearl millet were considered of highest global priority; other millets were
considered to merit a asomowhat lower priority. The IBPGR eetahblished jointly with
ICRISAT a Committee to advise on Sorghum and Millet Cermplasm and the first meeting was
held in October 1976 at ICRISAT in Hyderabad, India to formulate a world programme for
collection and conservation of sorghum and pearl millet. Priority ratings for
geographical regions for fiald collecting were determined (Table 2) el’hough, in
genoral, the geographical and species gaps identified by the Rockefeller Foundation in
1971 were still found to be valid and hence were reaffirmed (IBPGR, 1976).



Table 1. Major gaps in collection in 1971 (Rockefeller Ccmmittes)

Taxonomy Countries/Region:

1. No species other than 1. North Africa: Alperia, Egypt, Libya, Morocco, Tunisia

S. bicolor 2. West Africa: Centra. African Republic, Congo, Ivory Coast,
2. Very few wild races Ghana, Guinea, Sierra leone, Toro

3. Very few shattercanes 3. Southweat Africa: Anpola
4. Few cultivated grassy 4. Yast Africa: Mozambique, Somalia, Tanzania, Z%ambia,Zimbabwe

subraces 5. Near Fast: Tran, Iraq, Taranel, Jordan, Lebanon, Saudia
5. Very few kaoliangs Arabia, Syria
. Short on saome apecial f. Afphanistan, Pukistan

subraces (rigidum, 7. Hill countrv: India, Yenal, Sikkim

membranaceum, décrue 8. Southeast Asia: Rurmna, Tnionesia, Yampuchea, lLno,

and transplanted et Philippines, Viet Han

al.) Q, China

10. Japan, “orea
PENNISETUM MILLET

The material have not been clasaified, hut the reneral impression is that they should
he recollected and handled Aifferently.

ELEUSINE
Tha Indian collection may be adequate but the only African collection that could be
close to adequate is the 'eandan one. ¥ast Africa and South Africa should bhe
collected. Fleusine africana should be coilected as well as E. coracana.
SETARIA
The most obvious gap is China where the crop presumahly originated.
OTHER MILLETS
The collections are essentially TIndian although some of them are grown in Africa, the

Near FEast and Burope. Other sources should bhe ohtained. The Fchinochloa collection is
especially weak.

Table 2. Priority countries for collection in 1976
(IBPGR/ICRISAT Commi ttee)

SORGHUM
First Priority: Mali, Niger and Sudan
Second Priority: Botawana, Central African Republic, Chad, Malawi, ¥ozamhique,

Somalia, Tanzania and Zambia

Other Priorities: Burma, China, Indonesia, Malaysia, Philippines, Saudi Arabia,
northern Syria, Thailand, Turkey, AR Yer n and PDR Yemen

PENNISETUM XILLET

Firat Priority: Central African Republic, Chad, Mali, Mauritania, Namitia,
Niger, Nigeria, Senegal, Sierra Leone, Sudan, Togo and Upper
Volta

Other Priorities: Algeria, Angola, Fgypt, Ghana, Guinea, India, Ivory Coasat,

Kenya, Lesotho, Malawi, Morocco, Mozambique, Pakistan, Saudi
Arabia, South Africa, Spain, Tanzania, Tuvnisia, Uganda, A.R.
Yemen, PDR Yemen, Zaire and Zimbhabwe




By 1981 the Committee had reviewed the progress mude and revised priorities as
necessary (Table 3). The work initiated following the recommendations of the Zommittee
had led not only to field work but the descriptor lists for sorghum and pearl millets,
which were published jointly by IBPGR and ICRISAT in 1930 and 1981 and a directory of
germplasm collections listing those centres with major collections was issued (including
the types of samples held at each centre, the geographical representation of the
samples, storage conditions, location of duplicates and information on evaluation and
jocumentation).

In relation to conservation, as per the recommendation of the Committee, the IBPGR
designated the following centres to host major base collections for long-term safety and
to make materials available to the relevant active collections.

SORGHUM
Cultivated and wild ICRISAT, NSSL
MILLETS
Cultivated and wild NSSL
Pennisetum spp. ICRISAT, PGR
Fleusine spp. ICRISAT, PGRC/F
Minor Indian millets ICAR
Fragrostis spp. PGRC/F,
Panicum miliaceum ICRISAT
Setaria italica ICRISAT

This report attempts to provide data on the work that has been accomplished so
far on sorghum and millets. It includes the most up-to-date information on existing
collections and makes suggestions for further work on collection, «onservation and
evaluation.

The species included in this report are: Sorghum bicolor, Pennisetum americanum,
Eleusine coracana, Setaria italica, Panicum miliaceum, P. suaatrense, Echinochloa
frumentacea, E. cruagalli, E. colona, Paupalq& scrobiculatum, Digitaria exilis, B.
iburua and Eragrostis tef.

Whilst identifying gaps in the collections attempts have been made to take into
account the evolutionary relationships between taxa and their distribution, the
importance of each taxon, the areas of greatest variability and the amount of material
that has been collected from those areas.

Because there are several taxonomic systems in use and there is a great deal of
synonymy in the documentation, a discussion of the taxonomy has been included where this
provides clarification. Synonyms and common names are given in Appendixes I and II.

SORGHUM

Sorghum [Sorghum bicolor (L.) Moench] is one of the four major food grains of the
world. As a source of human nutrition it is preceded by only wheat, rics and maize. It
is the staple food for millions of people in Africa and India. The estimated area under
cultivation in 1981 was 47.8 million ha with 16 million ha in India and 15.3 million ha
in Africa (PAO, 1981).

Domestication

Sorghum is believed to have been domesticated in the savannah zone of Africa and
all the close wild relatives of sorghum are confined to Africa. The first reliable



Table 3. Priority countries and regivns for collection
in 1981 (1BPGR/ICRISAT Co~mittee)

SORGHUM

Africa: Angola, Chad, Ghann, Madagnscar, Manritania, Mozambique, Namibia,
Rwanda, Sierra Leone, Somalia, Sudan, Tanzania and lUganda

Asia: China, uncollected arean of India, Yemen AR and PDR Yemen
PERNISETUM
Africa: Angola, Benin, Rurundi, Chad, Egypt, Fthiopia, Camhis, Ghana,

Ivory Coast, Mali, Rwanda, Sierra Leone, Uganda, Uppur Volta,
Z.aire, Zimbahwe

Finger millet China, Wthiopia, India, Xenya, Nepal, Somalia, Sri Lanka,
(Fleusine coracgﬂg) Sudan, Tanzania, Uganda, Zimhabwe

Foxtail millet China, India, Iran, Japan, Korean (DPR), USSR
(Setaria italica)

Proso millet Afghaniatan, China, Rurope, India, Iran, Mongolia, USA, USSR
(Panicum miliaceum)

Barnyard millet China, India, Japan, WUSA
(Echinochloa spp.)

Kodo millet Indina
(Paspalum

scrobiculatum)

Little millet China, India
(Panicum sumztrense)

Fonio West Africa

(pigitaria spp.)

archaeolopical record of sorghum is from Ahar, Rajasthan, India, dated ca. 1725 BC
(Doggett, 1976). Since the crop was introduced into India from Fast Africa, sorghum
domestication must have taken place well before 3000 BC.

The main area of variation lies in the Ethiopian region where diveraity of both
wild and cultivated sorghum is widespread. There is, however, a lack of botanical
diversity in the Fthiopian cultivated forms, many of which belong to races which are
highly developed (durra and durra-bicolor). Doggett (1976) proposed th-t the excellence
of these races had resulted in their being favoured to the exclusion of other forms.
Agriculture was brought to Ethiopia from the Near Eastern Centre by the Cushites, 4000
to 3000 BC. The Cushites hrought with them wheat and barley which thrived in the
Ethiopian highlands and they developed through domestication a range of local crops
including finger millet, teff and sorghum (Doggett, 1965; Murdock, 1959).

Morphological data correlated with present day distribution patterns seem to
suggest that sorghum was enobled in several independent centres in Africa from three
morphologically different prototypes (de Wet and Huckabay, 1967). Although different
cultivated forms are associated with different wild races, changes associated with
cultivation make it impossible to determine the exact prototypes. Guinea sorghums
are grown by the West African negroids; the distribution and morphological affinities
suggest that the crop was enobled in tropical West Africa through selection from members
of race arundinaceum. The kafir sorghums are grown primarily by the Bantus of
Southern Africa. The Bantus originated from the Cameroocn and Doggett (1976) propcsed



that they came into contact with sorghum at the southern edge of the Congo forest and
took it with them into the dry savannah country to the south. The distribution and
morphology of the kafir gsorghuma indicate close affinities with the wild race
verticilliflorum. Race caudatum is associated with the Nilotic ani Nilo-Hamitic
people in Yganda and western Kenya. Race dJurra was developed in Ethiopia and Sudan
and is nssociated with the Hamitic people and TIslamic culture (Doggett, 1976).
Comparative morphological studies seem to su; .st that race durra and race  caudatum
could have originated out of selections from  race kafir (De Wet, personal
communication). Bicolor sorghums are wides; i1 in Africa but their centre of
diversity is in Asia. The bicolor complex showi affinities with race aethiopicum of
the Sudan region and selection for particular purposes after intreiuction to Aaia would
have given rise to the wide variability rharacterizing this race.

Changes associated with domestication incluie the development of persistent sessile
apikelets on a tough rachis and a compact, highly oproductive head. Selection for
increased seed size (often to the utage where the grains asre extruded from short Faping
alumes) led to geeds being easily accessible to birds and selection agninat this
characteristic would have accompanied selection for hirh vield.

The ability of some sorghum cultivars to survive in disturbed habitats may indicate
some degree of primitiveness but weediness could also be associated with hybridization
between the crop and its wild relatives and does not necessarily indica*e a prototype of
the cultigen. (Harlan and Zohary, 1965; Harlan, de Wet and Price, 1973). Bicolor
sorghum have weedy characteristics and selection from umong theae may present some very
primitive relicts. Guinea sorghum have large seeds which indicate that the race has
been highly selected although some primitive relicts may be preserved in West Africa
because of the antiquity of the race there. Similarly, prinitive types of durra may
a8till be cultivated in parts of Asia.

Sorghum is believed to have spread from Enst Africa along a coastal route to India
at an early date; the crop was introduced to Arabia from Fast Africa also at an early
date and then spread through the Near East. The spread to Southeast Asia and China is
thought to have been later and in China the crop is believed to have introgressed with
Sorghum propinquum to produce the kaoliang and cane sorghums (Doggett, 1976). Grain
scrghum was introduced to the New World in the 19th century.

The Sorghum Genepool

The genus is subdivided into subgenera or sections. The cultivated forms fall
within Sect. Sorghum (Eu-Sorghum) which contains two polymorphic wild diploid complexes,
S. propinquum (Kunth.) Hitche. (Southeast Asia) and S. bicolor subap. arundinaceum Desv.
TAfricaj. There is also a tetraploid S. halepense iLinn.s Pers. which overlaps in
distribution of the two diploid species complexes amd is thought to be an autotetraploid
of S. propinquum (de Wet, personal communication). The wild and cultivaied grain forms
of sorghum are derived from S. bicolor. Sorghum halepense is a fodder form (Johnson
grass). Another species, S. almum i3 a tetraploid between cultivated diploids and S.
halepense and arose in Arg;ntin&. The kaoliang typea of sorghum of China derived from
hybrids between cultivated diploids and S. propinquum.

The cultivated and wild membera of the S. Dbicolor complex are interfertile and
introgression between these have given rise to a wide array of agro-ecotypea. A
taxonomic treatment of cultivated scrghums by Snowden included 31 species, 158 varieties
and 523 forus making a total of 712 taxa and as such, people working on the crop found
this classification unmanageable and over the years they have led to more simplified
classifications (Appendix I) related to the species complexes listed above.

Applying numerical taxonomic methods, de Wet and Huckabay (1967) divided S. bicolse
Moench into two sections: perennial rhizomatous gpecies were included 1in subsp.
halepense and annual cultivated, wild and weedy species were included in subsp.
bicolor. The wild species of bicolor were partitioned into three varieties, the weedy
species were recognized as “crop-weed hybrids" and the cultivated grain sorghums were
included as variety bicolor. The cultivated sorghums were further subdivided into four
races (bicolor, quinoa, kafir and durra).




A simplifiad classification for S. bicolor in which the cultivated grain sorghums
and their interfertile wild and weedy relatives were all recognized &s one species S.
bicolor was proposed by Harlan and de Wet (1972). The cultivated grain sorgnums were
included in subsp. bicolor and variations among the cultivated species were sectioned
into five basic races (characterized mainly by spikelet morphology) and 10 intermediate
races made up of all possible combinations of the basic races. The head types wore also
?ectiongd into nine groups which correlated in certain ways with sapikelet morphology
Fig. 1).

( The aimplified classification enatled the clearer underatanding of the genepool
Fig. 2).

The primary genepool of sorghum is made up of all the cultivated grain sorghums and
their interfertile wild .nl weedy relatives as well as S. propinquum. The secondary

genapool includes the tetraploids 3. halepense and the tertiary genepool is made up of
members of ihe other sections/subgenera of Sorghum.

Pertinent information about the entities in the geneponl are provided below (see

also Fig. 3). %

Bicolor Quinea Caudatum Durra Kafir

Figure 1{a). The five bagic spikelet types of cultivated sorghum

H
A

- ] 7

Figure 1(b). lnad types of cultivated sorghum
Type 1 Wild Sorghum races
Type 2, 7 & 4 Bicolor Guinea
Type 5, 6 & 7 Kafir and Durma
Type 8 Various cultivated races
Type 9 Bicolor

Caudatum apikelets are found on various head types
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Figure 3. Distribution areas of cultivated and wild races of sorghum in Africa: Subsp. bicolor and subsp. arundinaceum

(modified from de Wet et al., 19763 Harlan and Stemler, 1976)



Subspecies bicolor

i)

ii)

Race bicolor is based on subseries Bicolaria of Snowden (1936). It is
characterized by open inflorescences and long clasping glumes that usually
enclose an elongate seed at maturity. Bicolor sorghums although widely
distributed a3 a whole are low yielding. It occurs in all sorghum growing areas
of Africa, extending from southern Africa to eastern Asia but is never
extensively cultivated. 1In spite of the fact that this race has more primitive
characteristics than other cultivated races, many of the cultivars are highly
specialized in specific characters. Some cultivars sare grown for sweet stems,
but others grown for their bitter grains are usel to flavour sorghum heer.

Intermediate races involving race bicolor are of minor importance but
durra-bicolcr i3 grown extensively in the highlands of Fthiopia.

Race guinea hag open inflorescences and ia characterized by flattened ovate or
elliptic graina thnt are obliquely twisted between widely gaping glumes. Race
guinea is basically West African with a necondary centre in Malawi. This race
is adapted to high rainfall areas with as much as 3,000 mm p.a. but equally well
adapted to areas with a quarter as much rain {de Wet and Shechter, 1977). Some
cultivars are tolerant to flooding and are used in dérue agriculture (Harlan and
Pasquereau, 1969). Important intermeliate races involving pguinea include
guinea~caudatum which is a major race of MNigeria, Chad and Cudan and
gninea-kafir (S. roxburghii) which is a major race in India and is grown to some

— e—————Rrima
extent in East Africa.

Sorghum race guinea damaged by stem borer




iii)

iv)
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Race caudatum is characterized by turtle-backed grains that are flat on one
side and distinetly curved on the opposite side. The grains are usually exposed
between the shorter glumes at maturity. The inflorescences range from compact
to open; the more compact inflorescences are confined to the drier zones and
those with open inflorescences in the wetter regions. The caudatum race is
dominant in parta of the Sudan, Chad, Nigeria and most of Yganda {Stemler,
Harlan and de Wet, 1975). Tt ias also grown in Kthiopia ani in the Cameroon.
The most important intermedinte rnce involving race caudatum is kafir-caudatum
(most american hybrid grain sorghuma are of thia race).

Race ¥afir is characterized by spikelats that are broadly elliptical with the
glumes tightly clasping the wusually shorter grain. The infloresacence isa
somewhat open and often cylindrical in shape. Race kafir is extensively grown
in eastern and southern Africa. Adide from guinea-knfira of India and
kafir-caudatuns of the American sorghum belt, kafir-jurraz have been important
sources of breeiing materiala. The cytoplasmic rale saterile ayastem uned in
hybrid grain sorghum is from this race.

Race durra is characterizel by ecompact inflorcasance. It has flattened ovate
spikeleta with very wide plumes, the tip of which is a different texture from
the base and often with A transverse «rease Aacroas the middle. Tt is
essentially the only sorghum cultivated alonp the southern fringe of the 3ahara
across aril West Africa ani is the dominant rare in fOthiopia. Some cultivars
are adapted to flooding and are the dominant sorghuma in décrue agriculture in
Maii (Harlan and Pasquereau, 1369).

Subspecies arundinaceum

The wild sorghums closely related to 3. bicolor are included in subspecies

arundinaceum. These tuxa hybridize freely whenever they are sympatric and also cross
resdily with the cultivated types. Harlan and de Wet (1972) treated them wa races

rather

than varieties of subspacies srundinaceum.

It was mentioned earlier above that each major cultivated foru is related to a

wild annual race. These are arundinaceum, aethiopicum and verticilli.lorum.

1)

1)

1i1)

Race arundinaceum is a forsat graus of West Africa adapted to the wet tropics
well beyond the normal range of cultivated sorghum and should be unique for
improving sorghum adaptation for humid conditions. It should also ha a most
likely source of resistance to striga, shoot fly, smut and other diseases and
pests that thrive under high rainfall. Race arandinaceum can also carry out
photosynthesis efficiently under reduced light conditions and should be 2 most
valuable source for sorghum adaptation to more humid conditions.

Race aethiopicuz 1s a desert grass distributed across the Sahel from
Mauritania to Sudan. This race is thought to be on the verge of ext:nction
(Harlan, 1973) and as such, every effort should be made to collect reiresen-
tative samples before it is too late.

Race verticilliflorum is widespread savannah grass over all of Africa wund has
been introduced into India, tropical Australia and the New World. It has large
open inflorescences with spreading but not pendulous branches. The race has
weedy tendencies and is often found in sorghum fields with which it crosses to
produce a shattercane. It is believed to he on the decline because it occupies
habitats suitable for agriculture; as mors savannah ‘~ brought under cultiva-
tion, more stands of verticilliflorum will Adisappear. The race is morphologi-
cally highly variable by virtue of its wide distribution as it must have come
into genetic equilibrium witl various races of parasites and diseases and
should provide useful sources of resistance.
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Table 4. Sorghum collections in priority areas (1975-82)

Sanples Frim The
Cultivated wild Yeeds Mot Councﬁ Reld At
Country Total Sorghum Sorghym Sorghus 1gungitied !JOC. ¥2)
Fitse Priority
Mali 1,381 1,012 - - bl m
Niger ’ 333 333 - - - 408
Sudsn 469 3 22 - nl 2,2%
Secund Priority
Butavana 138 182 1 - - 190
Halawi 495 406 8 3 i 437
Mozambiqus 3 23 - - - 42
Somalit 110 - - - 110 123
Tanzania 236 13 20 [} 36 432
Zambia - - T - - B A4 210
Second Priovity (no IBPGR action 1973-82)
Central African Rep. - . . - . - - »
Chad - - - - - » .. 132
Other Peiorities . ‘ .
Nurth Afcica Algaria 1% 3 - - R | . . ’ 0
 Tunisia : ) - o0 . y - 0
Veat Africa senin Cotan s28 - P 4
Came roon 6) 63 - - - 1,83
Ghana AR . - - 1] (1)
Nigeria (Xorth) 233 28 I 1An
Senegal 398 % & - - m
Togo s .o 5 - - [
Upper Volta  ° %0 39 1 - - 216
East Africa Suruadi 102 11 4 - - -
Ethiopia 67 - - - 67 ) L.;lz
Southern Africa Zimbabwe 302 300 - - I : 186
Southwest Asia Yrmen A.R. 352 - - - - ’ ) 216
Southern Asia  Indie 2680 263+ - ] e 4,18
Other Priorities {no IBPCR sction 1975-82)
Noreh Africa Libyas - - - . - C. 0
Mauritania - . el .- - 0
Moracco - - .'\ T ‘-
West Africa Guinea - : ' & " - - - ' R -
Ivory Cosst - - - . - o : - 1

Siarra Leons © - T . R N .3



East Africa

Central Africa

Southern Africa

Sauthwest Asia

Southern Asia

Eastr .. Asia

Table. 4. Sorghum collections in priority areas (1975-82) (Contd.)

Mvandas
Uganda
Angola
Congo
Madagascar
Namibia
lran

Iraq

Jordan
Lebanon
Saudi Arabia
Syria (Nurth)
Turkey
Afghanistan
Pakistan
Aurma
Cambodia
Indonesia
lLaos
Philippines
Viet naz
China
Japan

Kores

Other Collections

Egypt

Ganbia

Kenya

Spaln

Sri Lanka
South Africa

- 13 -

Total

Cultivated

Sorghus

wild
Sorghus

Veady
Sorghun

Mot

Identitied

Saaples Prom The

Country 8ield At
ICRISATY (Dect82)

612
29

O » u = = O

e

68
m

22
37
"%

13
126
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PEARL MILLET

Pearl millet [Pennisetum americanum (L.) Schum.] is widely cultivated in the
semi-arid areas of Africa and Tndia. Although it i3 not a major crop in terms of wourld
production it has gqreat potential because of 1ts drought resistance and is grown at the
ext reme limits of agriculture e.g., the desert margins of Africa, India and Pakiatan.
In the Sahalian regiou, harvesta of pearl millets are obtained with as little as 250 mm
of annual rainfall and it can also pgrow on poor sandy soil.

Domestication

Pearl millet is believed to have originated in the drier regions of Weat Africa
where the greatest number of cultivated and related wild forms occur. Like many African
domeatinntes it has not “een possible to determine exactly the antiquity of pearl millet
because of the lack of nrehistoric and archaeolegical evidence.

The earliest archaeological recori concerning pearl millet noted impressions of
inflorescences on sherds at Ntereso in northern Ghana dated the late second millenium
BC, (Davies, 1968). Munson (1976) has reported pottery impressions of pearl millet in
the Dhar Tichitt region of souchwestern Mauritania dated 1100 to 1000 BC, indicating
that pearl.millet was almost certainly domesticated before 1000 BRC.

Numerous reports indicate that the Sahara region has undergone c¢limatic
fluctuations over the paat 30,000 yenrs. According tu Livingatone (1975), the climate
of the Sahara was wet between 12,000 and 3,000 years ago hut the region had a tranaitory
dry phase between 5000 and 3000 BC inferring that the Sahara was dry at the period
suggested for pearl millet domestication although there has besn a wet nnd dry phase
since. The present Ary phase started 3,000 years ago. ™any authors, however, believe
that the 1last wev periocd was between 7,000 and 4,000 years agn and as auch the area of
the headwaters of the Niger region shouli have been rain forest (Munson, 1976; Brunken
et al., 1977).

Pollen analysis suggests that the vegetation of the Saharda region was
Mediterranean during the 1last wet phase and most of the asemi-desert periphery was
shifted 100 to 200 kms inward. The central highlands of the Sshara were mesic areas
surrounded by drier lowlands (Brunken et al., 1977). Davies (1968) also pointed out
that even within the present day forest areas of West Africa, especially along the crast
of Gnana, Ivory Coast and Gabon, there are patches of savannah in regions where forest
should exist.

The greatest diversity of pearl millet today occurs in West Africa south of the
Sahara and iorth of the forest zone. Harlan (1971) suggested a diffused belt stretching
from weatern Sudan to Senegal, a "non-centre” for the origin of pearl millet. Fortéres
(1976) observed that patterns of racial variation oteerved within pearl millet had been
attributed to independent domestications or migratioral events very early in the history
of the crop. He recognized four distinct centres of pearl millet diversity in Africa;
(a) un extreme West African area limited on the east by the river Niger, and (b) a
central Weat African area between the lower Niger and Lake Chad which are ancient
palaso-Nigritic regions; (c) eastern file-Sudan area which is a Nilotic-Cushitic
region; and (d) Eaat African and Angrlan area extsnding from Kenya to Natal and from
Tanzania to Angola which is n Bantu region.

Brunken and co-workers (1977) believed that pearl millet was domesticated along
the southern margin of the central highlands of the Sahara at the beginning of the
present dry phase (probably between 3000-2000 BC).

Once domestication had occurred pearl millet was introduced throughout the
drought-plagued regions of the Sahara. The crop was also introduced through human
migration and trade to semi-arid tropical ritgiors beyond the Sahara. It was taken at an
early date (at least 3,000 years ago) to Eest African and thence to India where a
secondary centre of variability developed and improved cultivars were evolved
(Purseglove, 1976). Archaeological remains in the form of carbonized grains indicate
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that pesrl millet had reached the Gujarat coast of India by 1000 BC (Rao et al., 1963,
cited by Bruaken et al., 1977). A single grain uncovered in the Ngade “region of
northern Malawi indicates that the crop hai reached southern Africa by BOO or 900 AD
(Rabinson, 1966). Pearl millat was introduced to *hr santh of Spain from Morth Afiica
after the Moorish invasion in A AD fslmeiro, 18:E, quotaed by Rminken et al., 19777,

The Pernisstum genepool

Pennisetum Rich. is n pgenus of annnal and perennial srasses distributei throuphout
the tropics. The most extensive treatment of the menus was contributed by Stapf ani
Hubbari (19%) who Adivided the genus into five sectionn: Gymnothrix, Pennisetum
(Fu-pennisetum), Penizillaria, Yeterostachya and Brevivalvula. Cultivated pearl millet
and its wild and weedy relatives were included in section FPenicillaria whish {neluded 14
cultivated apecies. 6 wild speciea and 1% intermpediate apenies.

In n wore recent classificatinn of West Airrican representatives of the pgenas,
Clayton (1972) recoznizei 19 apecies ani section Pevicillaria inecluded 6 species.  All
forma of cultivated pearl mille*t were included in a 3ingle npecies P. arericanun.

Brunken (1977) further reduced the number of species in ssction Penicillaria to
two on morphnlogical and cytolapgical grounds: P. purpureum was maintained as a separnte
species because of its perenn-al life cycle and tetraploid chromosome number. All the
anrual 1iplaid apecies of the gection, including cultivated pearl millet and its rela-
tives, ware recognized by Brunken as A single species P. americanum because hybridiza-
tion axperimants indicatei no genetic harriers. All cultivated forms crossed readily
With aanh other as well 43 with their wild rolatives, several of which in general, occur
a3 weeds in the fields of pearl millet. Furthermore, numerical methods showed contin-
ucus variation except for the persistence of the involucre at maturity. P. americanum
was divided into three subapecies based upon their morphology #ni adaptive atrategiea to
domeaticatinon: the cultivated specier ns asubspecies americanum, the wili forms as sub-
species nonolii and the intermediate and weedy types aa auhspeciag stenostachyum. A
comparigson of the various classificatinng of the genus Pemnisetum ia given in Apperdix
1. The distribution of americanun, monodii and the wild peremninal purpureum is shown
in Fig. 4. G3nbspe-ies stenostachynm, ineluding all the weedy ani intermediate forms
between subsp. moncdii and subsp. americanum, often mimic the various races of pearl
millat in their morphology. Suabspecies stenostachyun occurs throughout much of the
pearl millet zrowing areas of Africa. They are especially common in western Senegal
whero ex- tensive hybrid swarma between this aubapecies and cultivated pearl millet
occur. There is a high frequency of hybrids in all areas of contact between pearl
millet and subap. monodii.

Brunken et al. (1977} suniivided asubap. americanun into races: typhoides,

nigritarum, glcbosum and leonis based on the shape of the caryopses.

i) Race typhoides is characterized by caryopses which are obvate in both
frontal and profile views and are obtuse and terete in cross-section. Thia
race is widely distributed throughout Africa and is the only race found
outside Africa.

i) Pace nigritarum has gzrains that are as obvate as those of typhoides but
axtremely angular in cross section with 3 to 6 facets on the grain. The
centre of nigritarum distribution is from western Sudan to northern Nigeria,

1i1) Race globoaum has grains that are characteristically spherical otherwise
te~ rete and obtuse. The race has been collected from western Sudan tn Upper
Volta.

iv) Race leonis has an acute oblanceolate terete caryopsis and is centred in
Sierra Lecne although it occurs infrequently as far north as southern
Mauritania.

The wild progenitor of pearl millet is believed to be P. amoricanum subsp. monodii
which occurs in disturbed habitats in the Sahel zome of Africa. The forms of P. americanum
all form the primary genepool, the perennial P. purpureum, the secondary genepool and other
species of Pennigsetum the tertiary genepool.
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Cultivated pearl millet is highly variable and in most fields in Wast Africa
mixtures of types are to be found. The crop is allogumous and only a few races are
found in any given area although these may show considerable variability. There are
early and late forms which xnre kept genetically separate by times of flowering. Times
of maturity in pearl millet vary from 60-180 days. Although allogamous, the crop is
markedly protogynous but when there is some overlap of male and female phases in the
inflorescences, some self-pollination can occur and this can be used for the production
of inbred lines.

Pennisetum collections

Table 5 shows the numbher of samples which have been collected during 1975-82 from
particular priority countries ani the numbers of samples heli in the world collection at
ICRISAT. Other collections are shown in Appendix IV.

The followins can be concluded:

i) Of countries with first priority status, Cameroon, Mali, Niger, Nigeria,
Senegal, Sudan, Togo and Upper Volta seem adequately covered for cultivars
but more wild/weedy/spontaneous material should he obtained from Miger, Sudan
and Upper Volta.

ii) Firgt priority countries requiring urgent attention remain Central African
Republic, Chad, Mauritania, Namibia and Sierra Leone.

iit) Of other priority countries in !“rica, Benin, Ghana and Tanzania do not
require urzent collection of cultivars.

Countries requiring attention can be grouped as:

a) ‘*hose in the primary centre of diversity [other than those in (ii)]:
Niger and Sudan;

b) areas representing peripheral d4iversity or old introductions, e.g. the
oases of North Africa and Fthiopia; and

¥

Variation of Pennisetum in one field, Darfur Province, Sudan
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Table 5. Pearl millet collections in priority areas

Sasples From The

Cultivated Wild Weedy Nat Country Held At
Country Totsl Pearl millec  Pearl miller  Peorl miller Ydent{fied ICRISAT (Dec.'#2)
Firat Prioricy
Finapoon 150 144 & 2 - n
Central African
Republic 62 38 - - 4 58
Mali 1022 931 S 37 - [1:)
Higer 162 565 20 165 7 1,03 ()
Nigeria 278 1 b3 ] - 610
Senegal P 220 18 18 - 306
Sudan [BH 20+ ] - 106 m
Tugor 16% 150 N 13 - 8
Upper Volta 590 ah2 10 9 21 %
FPirat Priority (no IBPGR action 1915-82)
Uhong - - - - - (Y]
Maaritania {(Limited) - - - - - 1
Namibia - - - - - .
Sirrra Leone - - - - - -
Wont Al feaen 2 18) 1 » - 1
Cambia o - - - 1?7 17
Ghaiia s - - - 138 26
Guines n n - - - -
Noreh Africa Algeria - - - hd - -
Lrypt - - - - - -
Past M Buruads 1 - I - - -
Kenya 8 5 ) - - 3]
Tanzania 1 199 18 - ) - 138
Southern Africa Botswans 4 47 - - - 43
Malawi 241 208 8 1 o s
Mozambique 3] - - - . - 2
Suuth Africs ¥ - - - - 16
Lavhia v » - - - ”
ZLinhabve 129 [ ¥4] - - ‘. 5
eia tndta (TR LIRS » - ’ - 10,762
Yemen w0 19 - . - 3 -
Other Priorities (no IBPGR action 1975-82)
Wt Mras [ETR] - - - - - :
Llvory Coust - - - - - "
sorth Alrica Morocco - - - - - :
Tuninia - - N - - °
Lase Alrica Ithiopia - - N - ° )
Rwands - - - - - N
Uzands - LT - - - 1o
Central Alvica Angols ' -, - = - ' °
Zaire - - LT - h °
Southern Africa Lesotho - - e - - ' - )
Asia Surms : - - - - - A
Pakistan [ - - ’ - ‘ }
Yoman P.O.R. - - - = - °
- - / - -

‘Zurope Spain - R .- . o
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¢) others: Angola, Guinea, Ivory Coast, Kenya, Lesotho, Mozambique, Rwanda,
South Africa, Uganda, Zaire and Zimbatve.

iv) Of other priority countries in Asia, India has probably been sampled.
Priority could be given to Burma, Pakistan and PDR Yewen.

Spain should be collected.
FINGER MILLET
Finger or African millet [Eleusine coracana (L.) Gaertn.] is widely cultivated in
eastern Africa and in India. Seeds of Eleusine can be stored by farmers for ten years
or more without deterioration or weevil damage and can therefore be used as a resarve

food during a famine.

Domestication and origin

The cultivation and diversity of finger millet in North Africa and India led to
controversy over the time and place of domestication, and also of its progenitor. The
cultivated E. coracana is a tetraploid (2n = 36) and is morphologically allied to hoth
E. indica (L.) Gaertn. (2n = 18) and FE. africana O'Byrne (2n = 36). For many years it
was consilered to have originated from F. indica which is distributed from Africa
eastwards to Java (Hilu and de Wet, 1976). However, recenl cytogenetical and
morphological data indicate that PB. coracans and E. africana are genetically conspecific
anl gene-flow between them occurs in nature, suggesting that E. coracana could have
originated directly from E. africana through selection and further cultivation of a
large grain mutant (Chennaveeraimh and Hiremath, 1974; Hilu and de Wet, 1976).
Karyotvpe studies of crosses and studies of flavonoid patterns separate E. indica from
finger millet whereas subsp. africana displayed a very high affinity to the cultivated
form (Hilu et al., 1978).

Two main cultivars of finger millet are recognized: an African highland race and
an Afro-Asiatic lowland race (Purseglove, 1976). Hilu and de Wet (1976a) proposed that
the highland race was derived from F. africana under cultivation and that this race then
gave rise to the African lowland race which was later introduced into India. It is now
recognized that finger nmillet originated in the East African highiands and a recent
archaeological finding of finger millet from Ethiopia dated at about the third millenium
BC (Hilu et al. 1979) supports this. The crop spread southwaras and was cultivated as
far south as South Africa.

Genepool and sampling

Both the wild progenitor (E. africana) and the cultivated E. corocana (now
regarded as E. corocana subsp. africana and subsp. corocanu respectively) require
collection. In 1971 it was thought that the only adequate collections were from India
and Uganda (Table 1). Material collected since 1975 is listed in Table 6.

The weedy and wild forms have all been restricted to the closely related annual
subspecies. Virtually none of the secondary genepool (E- indica, E. floccifolia and E.
tristschza) have been collected. Nor have the species of the Eértisry genepool (E.
intermedin, E. jaegeri, E. kigeziensis, E. multiflora, E. semisterilis or E. compressa).

Of the priorities identified in 1981 there has been no action to collect in
Somalia, Sudan, Uganda and insufficient work done in China, Ethiopia, Nepal and Sri
Lanka.

Extant collections are listed in Appendix V. Over a thousand samples are held by
ICRISAT in the world collection. :

POXTAIL MILLET

Foxtail millet [Setaria italica (L.} Beauv.], is cultivated in both the 0ld and
New World for hay, pasture and as a cereal. It is {mportant in India, China and Japan. It
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Table 6. Finger millet collections (1975-82)

Country Cultivated Weedy ¥ild
Bhutan 14 - -
Burundi - - 3
Ethiopia 9 - -
India 228 - -
Kenya 252 5 6
Malawi 262 3 2
Mozambique 2 - -
Nepal 2 - -
Sri Lanka 31 - -
Tanzania 36 - -
Zambia 173 - -
Zimhabwe 286 - 6

Totals 1,415 8 17

is grown in North and South America, Australia and parts of Africa as a minor cereal.
Foxtail millet mnkes up 24% of all millets produced in the world (FAO, 1981). It can be
grown in regions of low rainfall and can tolerate a wide range of soil conditions.

Thia crop was formerly more important in many of itas areas of cultivation,
especially in Asia and Europe.

Origin and variation

The earliest archaeological record of the crop is from Pan p'o and saveral other
archacological sites in China. Jars filled with foxtail millet were daved at 4115 to
3635 BC, indicating that it was grown in Shaanxi (Shensi) soon after 5000 BC (de Wet et
al., 1979). “Voxtail millet was alsc common in Swiss lake Dwelling sites in Switzerland
and Austria (Werth, 1937). Foxtail millets recovered at southern European sites have
been dated to the third millenium BC.

Cenome analysis indicates that S. italica has the same gengme formula as the wild
S. viridis (L.) Beauv. 2n = 18 AL (%even and de Wet, 1982). The tetraploid S.
pallidifusca is believed to be an allotetraploid with S. italica as one of ita parents.
Thus foxtail millat was most probably derived from S. viridis in China an! ‘ntroduced
throughout Asia and Europe in prehistoric times. S. italica is not known i. the wild
state except as » weed which has escaped cultivation. Germplasm exchange between Europe
and Asia could have been taking place for at least two millenia and this has somewhr.t
masked the evolutionary history of the crop in its European and Asiatic centres of
variabiiity.

A number of species other than S. italica are harvested locally: S. phacelata
areas in the savannah region of Africa, S. pallidifuaca in Upper Volta, S. verticillata
around the oasis of Bilma (de Wet et al., 1979); other species are harvested by
Aborigines of Australia (Blumer, 1964) and in times of scarcity in India.

De Wet and co-workers recognized two races of foxtail millet on the basis of
panicle morphology. Race moharia is characterized by small (4-15 cm long) erect or
slightly nodding inflorescences with short (1-3 cm long) branches on which the spikelets
are arranged in clusters. This race is important in Czechoslovakia, Hungary,
southwestern USSR and Afghanistan. In Europe, moharia is grown as a feed for caged
birds. Race maxima i. characterized by large panicles up to 35 cm long and 8 cm wide
that become pendulous at maturity. The clustsrs of spikelets on the secondary branches
give the inflorescence a lobed appsarance. Racs maxima is variable and has been divided
into three complexes (Gritzenko, 1960):

i) The Manchurian complex characterized by relatively short inflorsscences that
nod at maturity: in Manchuria, eastern USSR and northeastern China;
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ii) The Mongolian complex is similar to the Manchurian complex but has
larger grains and better yields;

ii1) The Korean complex is characterized by robust plants with
pendulous panicles with high yields.

All three complexes are grown in 'I‘ranscapcasian USSR.

Primitive races of foxtail millet often resemble its close wild relative S.
viridis (L.) Beauv. and in Afghanistan the two species grade morphologically except for
the natural seed ahedding of the wild form at maturity. S. viridis is a native of tem-
perate Furasia but has been widely introduced as n weed in all warm temperate regions of
the world. S. viridis and S. italica cross to produce fertile hybrids and have there-

fore been regarded as subsp. of S. italica (Li, Pao & Li, 1942; de Wet et al., 1979).
Collections

Slightly 1less than 10,000 samples are present in collections (Appendix VI)
especially in China and India. However, theses are almost totally S. italica. The
materials from China need to be duplicated in the ICRISAT collection.

Only 65 samples have been collected by IGRISAT or IBPCR since 197%: Nepal (3),
Sri Lanka (16) and India (46). However, over 1,000 samples are held in the world
collection at ICRISAT.

PROSO MILLET

Proso or common millet (Panicum miliaceum L.) which is not known in the wild
state, is of ancient cultivation and is now groam mainly in central, southern and
eastern Asia, including Afghanistan, northern China, the USSR (Kazakstan Republi:),
Mongolia, Japan and India. It is also grown in parts of the Mediterranean region, the
Balkans, Caucasia and Turkey.

Panicum miliaceum has one of the lowest water requirements of any cereal and can
be grown on the poorest soils.

Archaeological records from China suggest that the crop was domesticated in
southern Shanxi (Shansi) province ehortly after 5000 RC (Ho, 1975 quoted by de Wet et
al., 1979). Proso millet remains, from Swiss Lake Dwelling sites in Switzerland and
Austria and other Furopean archaelogical sites indicate that the crop had become
cultivated in Europe during the third millenium BC. Proso millet was more important as
8 cereal in China until the introduction of wheat and barley (Li, 1970).

There are several diploid and tetraploid Asian Panicum species but a progenitor of
P. miliaceum is not known. P. spontaneum Lysev, a weedy type of the spoecies is thought
to be derived from P. miliaceum rather than a progenitor (Purseglove, 1972).

Small collections exist, largely in India (Appendix VI). No active field work has
been carried out by the IBPGR to date. ICRISAT holds 715 samples.

LITTLE MILLE?

Little millet (Panicum sumatrense) Roth ex Roem. & Schult. is grown throughout
India and sporadically by hill tribes in Southeastern Asia as a minor cereal crop.
Little millet has often been mistakenly called P. miliare Lam. It has potential as a
quick growing fodder as some types are reported to mature in 45 days. Little millet
will produce a crop even in famine years. Panicum sumatremse occurs wild in northern
India and Southeastern Asia. It is a close relative of P. psilopodium Trin. and is
thought to have evolved from it. Two hundred and forty-three samples are held in the
world collection at ICRISAT.
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BARNYARD MILLETS

Several FRchinochloa species (x = 9) including E. frumentacea (Roxb.) Link, E.
coloma (L.) Link, E. crusgalli (L.) Beauv., E. oryzicola Vasing And E. utilis Ohwi and
Yabuno are cultivated as fodder and cereals in Asia, includiing China, the Koreas, Japan,
the USSR and India. Some are nlso grown in the !SA, and in the Central African Republic.

In *sia the grains of Hchinochlon millets are eaten in times of scarcity and are
consumen, Jstly by the poorer classes. In China and Japan they are used as a substitute
for rice when the paddy fails. The youns shoota of Fchinochloa specles are used as
vegetables in Java.

The Echinochlna species are the qui-keat growing of ail millets: some species can
produce a crop in nbont six weeks.

The barnyarl millets nare believed to have all been domesticated in Asia, F.
frumentnacea in China, %. colona in India and E. »-wuspgalli in Japan. -

There are collections of E. frumentacea in India, of H. crusgalli in India (and a
amall collection in Japan) anl a small collecticn of E. utilis in Japan (Appendix VI).
Materinls have not actively been collected hy the TRPGR. ICRISAT holds 380 esamplea of
Echinochloa species in the wevld collection.

KCDO MILLET

Kodo millet (Paspalum scrobiculatum L.) is widely distributed in molst habitats
acroas the tropics and sub-tropics of the 011 World. The gpecies is known to have been
grown in western Indin for at least 3,000 years (Viechnu-Mittre, 1977). 1n West Africa,
varieties polystachyum and commersonit grow 13 weeds in rice fields and are commonly
harvested as wild cerenls. In parts of Guinea, they Aare under pseudo-cultivation
(Portéres, 1976). P. scrobiculatum is also prown it Chi-a, Japan and Australia.

A substantial coliection is held in 1ndia but -ollections from other parts of the
world have not been nmade (Appendix VI). The Commi .tee 4i1 not see any urgent need for
materisl to be collected outside India.

FONIO MILLETS

Fonio [Digitaria axilis (Kippist) Stﬂpf‘] is g own ns a cercal throughout the
savannah zone of West Africa from Senegal tn Cameroon o> is a staple crop in parts of
Guinea and Nigeria. It is grown widely in areas where ti» rainfall <does not exceed 400
mm. Fonio is a cultigen unique to Weat Africa and is belie-ed to have originated in the
central Niger delta in Mali (Portdres, 1976). It ia conside.~d %o be one of the oldest
indigenous West African cereals. Its greatest divecsity is in .- Fouts DJalon region
of Guinea and Mali. Dig.laria exilis resembles D. .ongiflora Pers. and may have been
derived from D. barbirodis Herr (Zeven and Zhukovsky, 1575).

Black fonio (Digitaria iburua, Stapf) is cultivat-1 in northern Nigeria and in the
Atakora Mountaina of Togo and Benin between altitudes of 400 m and 1,300 m. It is used
ns a cereal in Nigeria and Benin and for making beer in Togo. The closest wild species
is D. barbinodin and it may have been derived from it (Zeven and Zhukovsky, 1975).

Since 1975 the IBPGR has collected D. exilis in Mali, Togo and Upper Volta.
Virtually no other collectiona exist.

TEFF

Ethiopia is the only country that grows teff [Eragroutis tef (Zucc,) Trotter] as a
cereal crop. It forms the basic diet and it accounts for more than half{ the yearly
grain production. Teff is believed to have been domesticated in FEthiopia before
recorded history. Thers are two main types: one with white seeds which is preferred for
food and one with brown-seeds which produces superior hay. Teff is grown at altitudes
of 1,700-2,800 n {brown teff is usually grown above 2,500 m).

As might be expezted, the only collection is held by PGRC/E and 23 samplec were
collected in Ethiopia by PGRC/E and IBPGR in 1980-81.
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Snowden 1936

de Vet & Huckabay 1967

Harlan & de Wet 1972

de Wet 1978

Subsection Halepensia

Sorghua almum Parodi

$. controversum (Steud.) Snowden
S. halepense (L.) Pers.

5. miliaceum (Roxb.) Saowden

s. propinquum (Kunth) Hitche.

Subsection Arundinacea
Series Spontanea

S. aethiopicum (Hack.) Rupr.

S. virgatua (Hack.) Stapf

S. lance cum Scapf

S. arundinaceus (Desv.) Stapf

5. yogelianum (Piper) Stapt

S. brevicarinatum Snowden

S. custsosum Hubb et Saowden

S. eacrochseta Suoowden

5. panicoides Scapt

S. pugionifolium Snowden

8. somslienss Snowden

$. ussmbarense Snowden

S. verticilliflorum (Steud.) Stepf
S. stterimm Stapf

8. drummondii (Steud.) Milisp et Chase
8. eiliotii Scapf

S. beviscaii (Piper) Longley

S. niloticum (Piper) Soowdsn

$. nivens (Bussey et Pilger) Snowden
S. sudanense (Piper) Stapf

Series Sativa
S. bicolor (L.) Moench.
S. dochna (Forrek.) Saowden
S. pervosum Schult. (pro-parte)
S. nervosua (pro parts)
5. pervosum (pro-parte)
S. splendidum (Hack.) Snowden
extrtum Snowden
caudatum Stapf (pro parts)
cauvdatum
cavdatum

“

TP

- oigricans

. cernum Host.
—

(1]

tn

Sorgbum bicolor subsp. halepense

Sorghum bicolor subsp halepense
subsp. halepenie
subsp. halepense
subsp. halepense

bicolor subsp. bicelor
subsp. bicolor

sethiopicum
aezhiopicum
sethiopicum

arundioaceum

arundinaceum

verticilliflorum
verticilliflorum
verticilliflorum
verticilliflorun
verticilliflorua
verticilliflorum
verticitliflorum
verticilliflorus
weed-crop hybrid
wveed-crop hybrid
weed-crop hybrid

weed~crop hybrid
weed-crop hybrid
veed-crop hybrid
weed-crop hybrid

S. bicoloc subsp. bicolor var. bicelor

s.

Sorghum halcpense

5.
5.
s.
s.

halepensse

$. bicolor subsp.

haiepens.

halepense

halepense

race propinquua

S. bicolor

$. bicolor subsp. erundinaceum

arunZiniceus

Sorghum halepense

jwnlninn

halcpense
. halg

alepanse

- halepeate

propinauua

i

S. bicolor

*5. bicolor

subap. sTundivaceum

race
race
Tace
race
race
race
race
race
race
race
race
TaCe
Tace
race
race
Tace
race
race
Tace
Tace

bicolor subsp. bicolor

aethiopicum
virgatum
verticilliflorua
arundinaceum
arundinactum
verticilliflorus
verticilliflorua
verticilliflorum
verticilliflorum
verticilliflorus
verticilliflorua
verticilliflorum
verticilliflorum
shattercane
shattercane
shattercane
shattercane
shaccercane
shattercane
shattercane

pigricans(R. et P.)Snowdea (pro parte)

race bicolor
race bicolor
race bicolor
race bicolor
race bicolor
race bicotor
race guinea

race Ketir

race kafir
race kafir
race durra

Tace
race
race
race
race
race
race
race
race
Tace
race
race
race

bicolor

bicolor
bicolor
cauvdatum-bicolor
kafir-bicolor
bicolor

bicolor
caudatux
durca-caudatum
guinea caudaitua
caudstum
kafir-caudatus
durra

subep. arvadisaceus
subsp. atundinaceuva
subsp. srundinsceum
subap. arundinxceus
subsp. arundinaceum
subsp. arundinsceum
subsp. _-lgain-c-_
subap. arundinsceum
subsp. arvodinacevm
subsp. arundinaceum

subsp. srundinacaus -

subsp. stundinaceum

i. bicolor subsp. dr

S. bicolor sep. bieslor

Tace
crace

rece

race
Tace
race
TaCe

Tace
Tace
Tace

bicolor
bicolor
bicolor

kafir-bicolor
bicolor
bieclor
caudatum

caudatum

katir- caudatum
durra

. SOIIEua bicolor subsp. arundinaceum will probably cease and be changed to subsp. verticilliflorus (Steud.) Piper (de Vet pers. com.)
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de Wer & Huckabay 1967
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de Wet 1978
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.

N

durra Stapf

conspicuum Snowden

gambicum Snowden

guineense Stapf

margaritiferum Stapf

caffrorum Beauv.

coriaceum Snowden

notabile Snowden (pro parte)
notabile Snowden (pro parte}
ankolib Stapf

rigidum Snowden .
subglabrescens Schweinf. et Aschecs .
dulcicaule Snowden

elegans (Koern.) Snowden (pro parte)

elegans

roxburghii Stapf

melaleycum Stapf

eellitum Suowden

basutorum 3tapf (pro parte)
milliforme (Hack.) Snowden (proparte)
simulans Snowden

mecbranaceum Chiov.

rare

race
race
race
race
race
race
race

race’

race
race
race
race

race

race

race
race
race

durra
guinea
puinea
guinea
guinea
kafir
kafir
bicelar
bicvolor
picolor
durra |
durra
kafir
bicolor
bicolor

guinea

bicolor

race

race
race

guinea

bicolor

bieolor

bicolor

race bicolor

rare
race
race
race
race
race
race
race
race
race
race
Tace
race
race
race
race
race
race
rare
race
race
race
race

durra

guinea

guinea

guinea

guinea

kafir

kafir
canddtum-bicolor
gulava-caudatum
durra-bhicoior
durra-biroler
durra=bicolor
puinea-caudatum
gﬁinea—caudatum
kafir-bicolar
guineca-durra
guin=a-kafir
guinea-bicolor
guingea-bicolor
kafir-bicolor
kafir-bicolor
kafir-bicolor
kafir-durra

races with large-glumes

Tace
race
rate
race
Tace
race
race

race

race
rice
racsae
race
race
race
race
race
race
rare
race
race
race

durs

aulr

guinea

guinca

guinca

kafir

bafir
gulnea-cauvdatum
durra-bicolar
durra-bicolor
durra-bicolor
cuinea-caudatum
guinea~caudatum
kafir-bicolor
guinea-durra
guinea-kafir
Juinea~bicolor
gulnea-hicolor
kafir-hicolor
kafir-bicolor
kafir-bicolor

(panutauo)
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Country

Mo. of Samples

Types of Material

Storage

Country of Origin

Algeria
Argentina
Australia
Brazil

China

Colombis

Echiopia

France (ORSTOM)

France (INRA)

Cerman Dem. Rep.

Garmany, Fed. Rep.

Ghana

Hungary

India (AlCSIP)

1India {NBPCR)

india (1CRISAT)

lrag

Sorghum Bicolor

ICRISAT & other stations

35

912

5,000 .

2,626

400

25 (includes
S. almum)

170

160 .

a2

2,000 o

21,26%

Landraces

Landraces o
introductions

Cultivars

+ Landraces and cultaivars

Landraces, wild and weedy

cultivars

Cultavary

Cultivated and waid

Landraces and cultivars

Unspecilied

Cultivated aund wild

Unspecified

Landraces

(S.halepense) * culvavars

wild and weedy

landraces, unapecalsed

Active collection
Active collection
Active collection
Active collection

Actasve collection

Medium-term

Long and medium-
term

Medium-term

Unspecaficd

Long and mecium-
term

Long and acdium-
term

Active collection

Long und medium-

term

Actave collection
Active cotlection

Medium-term

Mediuvm—term

Algeria

Unspeciticed
Unspecilied
Unsperif1ed

China and intro-

duztions
Unspecitied
Ethiopia,

Benin, Mali, Niger,
Nigerta, Senegal and
Togo

Unspecified

China & other
countries

Mostly A.R. Yemrn

Unspec1f1ed
‘arious countries

of Europc, Asia,
Africa SAustralia

wWorld wide
World wide

World collevtion

lraq

- 62 -
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Country

Duplicates at

No. of Samples

Types_ot material

Storage

Country of Origin

lealy

Japan

Xenya

Madagascar

 Malavt

Pakistan (ARC)

Pakistan (NSF)

Roments
fumalis
South Africs

Spain

Sri Lanks

Syris

Thailand

USSR (VIR)
USA (MSSL)
USA (SRPIS)

USA {SCFS)

Algeris, Tunisia, Spain

PGL, Japan

ICRISAT, NSSL

1CRISAT

South Africs

Bari, lraly; VIR, USSR

I1CRISAT

1CRISAT

ICRISAT, NSSL

Surghum bicolar

30

w6l

300

3,000

174

4,900
9%

170

1,500

9,613

15,000

3,610

&,610

Sorghum spp.

Landraces and cultivars

Landraces and cultivars

Landraces, wild and weedy

Unspecifed

Landraces and wild

Cultivars

Unspecified

Unspecified

Landraces, wild and weedy
Landraces
Landraces and cultivars

Cultivars

Landraces

Landraces

Unsperified

Landraces, cultivars
and wild types

Lardraces, cultivars
and wvild types

Landraces, cultivars,
wild rypes and hybrids

Lines

Long and wmedium-
term

Long and medium—

Medium-term

Actaive collection
Hediva-term
Medium-term

Hedim-term

Active collection

Active collection

Active collection

Long-term

tong and aedium
term

Active collection

Active and mrdium-
terem

Active colleciion
Long and medium-
term

Long-term

Hedium-term

Active collection

Algeria, Tunista
& Spain

Unspecified
Kenya, Uganda and
introductions
Unspecified
Halawi
Unspecified

Pakistan snd
introdwtions

Fakistan

Unspecified
Somatia
World wide

Unspecified

Sri Lanks

Syris

Unspecified

Unspecitied

Worid v de

dorid wide

Vorld wide

(panuyauo)
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Country

Duplicates ai

Bl

privs

frpve ot maserial

hiorape

Country of Urigin

USA (USDA)

Venezuelas
Yemen, AR

Yemen, PDR

Zambis

Zambia Unjve
NSSL -

sity,

Sotghur bticolor

4,000

494

4.000

.

Sorghin s

Lasdraces

Laadraces

etndeacen

Toandeaces

bamdraces

colt ivars

ang

and

and

nd

cultivars

Culriavrs

culcivars

intradused

Active callection

Active and medium-

tesm

Active enllectiun

Active collectron

Active collection
and medion-term

World wide

Yenezvels and in-
troduceicns

Temen and intro~
ductions

FIIR Yemer

© Zambia and in-

troductiors

-
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: . 'SOME TAXONOMIC TREATMENTS OF GENUS PENNISETUM : APPENDIX II1 -
(1) Stapf & Hubhard 19} . * Clayton 19728 Brunken 1977
Section Penicillaria . ' Section Penniserum
Pennisetum putpurewn  behum, P_cnuiutu: purpureun Pennisetum purpureum
r P.oalbicauda Scagf 8 Mubb. - Pennisetun americanum subsp. americanum
v Poaneytochaery  Suapl § ttubb. s rizaiim subsp. americdnum
. PLocincreum Stapf & Hobb. . 1. :mric;x,-!ﬂn . subsp. amcrivanum
TR echivuray  Scapf 8 walbb. - . subsp. americanum
©F. gambiente T Jvapl & Hubb P asericanue dubsp. americanum
Poostbbosur Srapfo g dilb. . P.dmericinum subsp. americanym
Pooleonis  Stapl 8 Hulb. Pooamericanna Nubsp. americanum
¥.ozava | Stapf’s Hubb. , r. lcanun Subsp. americanum .
P. malacochaete  Stapt o inbb, - ’ subsp. americanum N

grrtATum  Durrand 4 Schinz
pronusEochyam  Stapl & iuhb,
Kocrw B

£ Canuu ‘. subsp, americynum
aEpLad bl 1L LTLY
subap. americanum

AT Cdbium
= subsp. americanum
~euticanee

e

E‘_. typhaides Stapl & Muhb, .lr;'ru_z_u‘i; : subrp. amerivanum .
P darfurienm Stapl & Hobb. violaceum ¥. amoricanum Subsp. monudii
P fallax Stapl 8 Yubb. allae fuhsp. ronudii
PF.omoliissimum  Hochsc. viviaceum. - wubsp. monedii
gchrops  3tapf § Hubb. P Latlax subingp, menodi
2o FeRerd C Seapf & Hubb, ¢ vietacun subsp. manodii
P “Rich, P Violaccom subsp. monudi i
[ Stapf 8 Hubb. ¥. oviglacoum - Pooamericanum yubsp. stoBustachvum

e, ;h_g.;ua_liﬂ_l “Stapf & Uubh. - subsp. stenostachyum
; Stapl 8 Hubb. P.odatzielii . subsp. stenostactyum
Schum. - N subsp. stunostachyum

Stapf & Habh, . L. stenustachyum subsp., sienostachyum

Stapf & Wubsh . - subsp. :lenolu:hzu-

PEXTOLLCTIL Schom, . vubsp. stenastachyum
peespeciosum  Stapt a ltahb, subsp. stynostachyum
Tubustus  Seapf § Hubb, . subup. stenastachyum
admgsouii Stapf 8 diubb. I ntenustachynm subsp. atenustaciyun
Pooactieractadum Stapf & lukh, . . .« tenostachyum ) wubsp. stenustachyum
Uoosieberianum Seapf & Hubb, : tubsp. stenostachyum
E. mnuclxxum Stapl & Wuhb. b, stenostachvon
Poovalpongm Stapl $ llabb, stemvstas hyun

Section Heterostachy,

Pooprosdimum  Lecke
fvosthueenfurthat  Pilger
¥, squamulatun fresen

Yevtion Hrevivalvola

Pooatrachum  Seapl § nuhd,
. hotdeusdes  Stead,

P.opedicellatum  Trin, pediceliatum
v |m|v:(.lv:hzuu Schult, .pelystachyon
b.osubangustum  Stapt & Huhb, I, subangustum

atrichum
hordeuides

Sevtion Gymnothris

subsection I"lenrostigma

Puanisetum beckeroides leeke
P. glavcifolium Rich,
P tasum (Evgl.)  Leeke

P. trachyphyllum Pilger . B trachypbyl tum

P.orrisetum  Leeko

subsection Acrostigna

ddoense Steud.

angolen Rendle

catabasis  Stapf & Hubb. '
dsvyi Stapf & Hubb,

dichotomum ‘Delile

dowsonii Scapf & Hubb, N

exile Sctapf & Hubb.

franchatianum Stapf § Hubb.

gigsnteum Rich. r. gigantewn

ItV VIV

——
2 Include West African pennisetums only, .
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APPENDIX 111

Stapf & Hubbard 1934

Claytan 19Y72%

Brunken 1977

subsection Agnostigma (cont'd.)

P. glabrum Steud.

P. glaucecladum Stapt & Hubb.
P. gossweileri Stapf & Hubb,
p. glandiflorum Stup{ & Hubb.
P. hacreri Stapfl & Hubb,

P. humile Rich.

P. lendemanii Mez

P. macropopon Stap{ & Hubb.
P. massaicum Stapt

P. mezianum Lecke

mildbraedii Mez

. monostigma Pilger

nodiflorum Fraunch.

1=l

pumi lum Engl.

quartinianum Rich.

jeimiT

ramosum  Schweinf .
riparium Rich.
riparoides Rieli.
salifex FEdwards
ri  Rick.
stamineum Peter

schimpe

. storzii  Mex
:hunbcrE££ Kunth.
togoensy ey
uliginosum lack

leimiei=izTIziz

valicdum Mez
Section Eu-Pennisetum’

clandestinum Chiov.
. erythracun Chiav.
foermecianum Lecke

gracilescens Hochst.

longistylum Rich.
pappianuym Chiov.
setaceum Chiov.

Fresen,

tofmlmIsivsi =T

<
-
—
P
=}
o
c
3
~
w
=
—
~
—

stenorrhachis  Srapf 3 Hubb.

P, glabrum

P. monostiyma
e MunOSTIata

P, giganteum

P, clandestinum

*P. setaceum
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Country

Duplicates at

No. of Samples

Types vl Matertal

Storage

Country of Origin

Canads

Eehiopia

France (ORSTOM)

India (1CRISAT)

Italy

Halawi
Pakistan
Poland
Tunisis

usse

usa (CPs)

USA {NSSL)

USA (SRPIS)

Zanbia

Pennisetum americanum

Peanisetum spp.

1CRISAT

ICRISAT

Various places

Tunisia

ICRISAT, PGRC/E

Bari, Italy

1CRISAT, PGRC/E, NSSL

300

14,340

2

32

91

36

-

32

24

(13,892 millets) ~

Lundraces, wild and weedy

Landraces

Landraces, wild and wveedy

Landraces, cultivars and
lines

Landraces

Landraces, wild and weedy
Lines

Landraces and wild
Landraces

Landraces, cultivars, wild
and weedy

Landraces, cultivars, wild
and weedy

Landraces, cultivated, wild
and weedy

Unspecificd

Landraces

Long-term

Laong and medium-
term

Medium-term

Medium-term

Lang and medium-
term

Medium-term
Active collection
Active collection
Active collection

Long and medium-tera

Medium-term

Lang-term

Long-term

Active collection
and medium-tcrm

Botswana, Kenya,
Halawi, Nigeria,
Yermen, (AR) and
Zambia

Erhiopia

Benin, Camerocon,
Central African
Republic, Mals:,
Niger, Nigeria,
Senegal, Togo,

Upper Volta

World collection

Tunisia

Malawi
Pakistan
Unspecified
Tunisia

World-wide

Africs and Asia

Unspecified

Unspecified

Zambia

HSYIdWYID IATIIH VA4 30 SNOILD3T10D
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Nuntg ebog snojasig

Cuuntry Duplicates at Type o! Materual Type of Starage Country o! Origin
Elcusine coracana Elcusine spp.
Czechoslovakia . « {E. 1ndica) Unspecalicd Long & medium-term Czechoslovakia &
other countries
Ethiopia - 3. . Landraces Lung & medium-term Ethiopia
German, D.R. - + {264 minar - Landraces, cultivars Long & medium-term Unspecificd
millets) Wild and wecedy
India (NBPGR) - . - E. Unspeciticed Active collection Unspecificd
Iadia (ICRISAT) Various places 1,241 106 fE. Landraces, cultivars Medium-term World colizction
wild and wecdy
1ndia (AlCMIP) Other centres in 2,944 - Unspecificd Active collection Africa, China,
Maharashcrs India USSR. India and
other countries of
South Asia
India (AICAIP) 2,960 - Unspecified Unspecified Africa, China,
Bangalore USSR, Sri1 Lanka
Japan (NIAS) Japan PCl n - Landraces Long & medium-term Japan, China,
Korea, USSR,
Bhutan, india,
Nepal, Sri Lankz
Japan (PGI) Japan NIAS 58 - Landraces Active collection, Unspecified
Medium-term
Kenya ICRISAT, NSSL 252 1" Landraces. wild ? Kenya
and weedy
Malawi 1CRISAT, NBPGR, PGRC 217 . © 12 (E. Landraces, wild Hedium-term HMalawi
) and weedy
Nepal ICRISAT 2 - Landraces ? Nepal
Sri Lanka ICRISAT n - Unspecified Active collection Sr1 Lanka
USSR - . - Landraces, cultivars Long & medium-term World wide
USA (NSSL) - ca. 100 - Landraces, cultivars, Long-term Unspecilied
wild and weedy
USA (SKP1S) - 43 % Unspecifaed Medium-term World wvide
Zanbia PGRC 17} - landraces Medium—term

fetive collect von

Zambia
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COLLECTION OF MINOR MILLETS APPENDIX VI
L
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¢ R EEREEEEERE i f o3 @
& I I - I - I 108 23
ORIGH alowe & oo &8l ow w ow e o oal & a4
Countrv Total
Alghanistan 18 18
China 3,206 . 31,2264
Czrclu‘»slnvnkl.n . . . . R
Ethiopira . A
Frante (OHSTOM} 2 215
German pr:n. Rep. . ' - . » ' + .
Hungary 2 53 ? »
fndia (NDPGRY . ' . . .
inthia (ATCHIE) 1,588 552 218 83 1,605 6,346
{Maharashera)
India tateMie) 1,629 5% 262 199 842 1,266
Sengatore) .
tadia (1CRISAT) 1,160 ns 243 ELIY] 300 2,198
Japan (N1AS) 182 -2 50 25)
Japan (PCL) 274 62 65 W)
Halaw [ 9 2 17
Nepal 3 8 1
Poland ?
Sri Lanka e H [}
Tanzania ?
Togoe 62 62
USSR . . . . .
USA (SRPIS) : 16 .8 2 2 s 12 4 1 72
Upper Volta 1 21 21 .
TOTALY 9,880 1+ 6 1,975 703 184 793 454 S¢ 65 4 2,561 4 2+ 299 + 16,707

* Totals include replicates

+ Informstion on the number of samples not available
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AICMIP

AICSIP

CGIAR
CcPS

FAO
IBPGR
1CAR
ICRISAT
INRA
NBPGR
NIAS
NSSL
ORSTOM
PGI

PGR
PGRC/E
SRPIS
UNEP
USDA

VIR
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APPENDIX VIT

ACRONYMS

All-India Coordinated Millets Improvement Project (India)
All-India Coordinated Sorghum Improvement Project (India)
Consultative Group on International Agricultural Research
Coastal Plain Station (Georgia, USA)

Food and Agriculture Organization of the United * tions

‘International Board for Plant Genetic Resources

Indian Council of Agricultural Research

International Crops Research Institute for thg Semi-Arid Tropics (India)
Institut national de la recherche agronomique (France)

National Bureau of . .ant Genetic Resources (India)

National Institute of Agricultural Sciences (Japan)

National Seed Storage Laboratory (USA)

Office de la recherche scientifique et technique outre mer (France)
Plant Germplasm Institute (Japan)

Plant Gene Resources (Canada)

'Plant Genetic Resources Centre (Ethiopia)

Southern Regional Plant Introduction Station (Georgia, USA)
United Nations Environment Programme
United States Department of Agriculture

N.I. Vavilov Institute of Plant Industry (USSR)
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