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Purpose and Objectives of the Workshop

I n d i a is r i ch in p lan t genetic resources. I t i s the p r i m a r y center o f o r i g i n f o r p igeonpea

and a secondary or te r t ia ry center o f d ivers i ty f o r a l l o ther I C R I S A T mandate crops.

The Genet ic Resources U n i t ( G R U ) o f I C R I S A T and the N a t i o n a l Bureau o f P lan t

Genet ic Resources ( N B P G R ) o f I C A R are co l l abo ra t i ng successful ly i n co l lec t ion i n

p r i o r i t y areas a n d in m u l t i l o c a t i o n a l eva lua t ion o f ge rmp lasm. These concer ted ef for ts

ensure the conserva t ion o f the inva luab le d ivers i ty o f o u r ge rmp lasm f o r present and

fu tu re u t i l i za t i on in c r o p imp rovemen t . So fa r , 11 exped i t ions have been launched

w h i c h helped us acqui re 2202 samples of I C R I S A T crops. Several thousand acces-

sions were also evaluated j o i n t l y . T h e co l lec t ion p r o g r a m has helped increase the

n u m b e r and d ivers i ty o f ge rmp lasm in the w o r l d col lect ions ma in ta ined a t I C R I S A T .

By b r i ng ing together scientists w h o have act ive ly par t i c ipa ted in ge rmp lasm col lec-

t i o n , eva lua t i on , a n d u t i l i z a t i o n , this w o r k s h o p aims to :

- rev iew the progress made so far ,

- p r o m o t e f u r t he r c o l l a b o r a t i o n ,

- de termine the use and impac t of ge rmp lasm in na t i ona l

c rop imp rovemen t p rog rams, and

- s tudy and recommend fu tu re act iv i t ies.
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Session I: Inauguration





Welcome Address

M . Goon

Acting Director General, ICR ISAT , Patancheru, Andhra Pradesh

I t i s my rare pleasure to welcome a l l o f y o u to I C R I S A T Center as we l l as to the
I C R I S A T / N B P G R ( I C A R ) wo rkshop o n Co l labora t i ve Germp lasm E x p l o r a t i o n
and Eva lua t ion in I nd ia . I am par t i cu la r l y pleased to see Dr R.S. Paroda, D e p u t y
D i rec to r General , C r o p Sciences, I C A R w h o w i l l  be of fer ing the keynote address at
the W o r k s h o p . As fo rmer d i rec tor o f the Na t i ona l Bureau of P lan t Genetic Resources
( N B P G R ) and as the present Depu ty D i rec to r General of C ro p Sciences, he is
cer ta in ly the r igh t choice to offer the keynote address. I am equal ly happy to see
several d ist inguished scientists and co l laborators .

As I glance t h rough the p rog ram, I see that i t covers a l l the major act iv i t ies of genetic
resources and I sincerely hope that y o u w i l l  be able to achieve the stated objectives.
W i t h such a genuine co l labora t ive ef for t , i t should not be too d i f f i cu l t to achieve you r
goals.

As y o u a l l k n o w , I C R I S A T places m u c h impor tance on the co l lec t ion , conserva-
t i o n , eva luat ion , and u t i l i za t i on o f the germplasm of its mandate crops. T h a t i s w h y
the Govern ing Board o f I C R I S A T has recognized the role o f I C R I S A T as a " w o r l d
reposi tory fo r the genetic resources of these crops". These act iv i t ies are carr ied ou t in
close co l l abora t ion w i t h the I B P G R and na t iona l programs l i ke N B P G R . I t i s
therefore appropr ia te to express ou r heartfel t apprecia t ion to these and several o ther
in te rna t iona l , reg ional , and na t iona l organizat ions that cooperate and assist us to
achieve ou r present and future goals.

The 10-year P lan of I C R I S A T states that the in te rna t iona l centers are in a un ique
pos i t i on not on ly to enr ich thei r o w n programs bu t also to make inva luable genetic
mater ia l avai lable to scientists a l l over the w o r l d . To meet this object ive, I C R I S A T
established the Genetic Resources P rog ram in January 1979. The U n i t has made
remarkab le progress in the co l lec t ion , eva luat ion , documenta t ion , and conservat ion
o f the vanish ing germplasm o f I C R I S A T mandate crops. The u l t imate purpose o f
such act iv i t ies is to imp rove the quan t i t y and qua l i t y o f crops that farmers g r o w in
S A T . T h a t is where you r un i ted and dedicated efforts shou ld cont inue. In this regard,
the suppor t and coopera t ion o f N B P G R and other organizat ions and universit ies in
I nd ia is h igh l y appreciated. Therefore, no t on l y do I w ish to welcome y o u to th is
wo rkshop , I also w ish y o u a comfor tab le , successful, and f r u i t f u l stay here at I C R I -
S A T Center.

I C R I S A T (International Crops Research Institute for the Semi-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings of a Joint I C R I S AT / N B P G R ( I C A R ) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988, I C RI S A T Center, India. Patancheru, A.P. 502 324,
India: ICR ISAT .
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f o r the development o f loca l landraces genetical ly d is t inc t f r o m those in the i r nat ive
A f r i ca .

In t roduced crops such as maize and g roundnu t , w h i c h entered I nd i a d u r i n g the 16th
century, preserve genetic va r i a t i on in loca l landraces that have become largely lost in
the i r nat ive N e w W o r l d .

The major cereals and legumes g r o w n under ra infed agr icu l ture in I n d i a - s o r g h u m ,
pear l m i l l e t , pigeonpea, chickpea, and g roundnu t -a re the crops that I C R I S A T has a 
mandate to imp rove fo r cu l t i va t i on across the semi-ar id tropics o f the w o r l d . In
add i t i on , ou r Genetic Resources U n i t is responsible fo r the co l lec t ion and conserva-
t i o n o f six m i n o r mi l le ts , a l l o f w h i c h are i m p o r t a n t crops i n I nd ia .

The value of genetic resources, and the need f o r thei r conservat ion is we l l recognized
by scientists as we l l as po l i t i c ians. Factors no t a lways fu l l y unders tood are:
• wha t needs to be col lected,
• wha t is avai lable in ex is t ing col lect ions,
• where to col lect mater ia l needed to complete gaps in ex is t ing col lect ions, and
• h o w avai lable genetic resources can best be ut i l i zed in c rop improvemen t programs.

Use of avai lable genetic resources in c rop improvemen t is the most neglected par t of
germplasm conservat ion. Germp lasm resources are no t going to be used i f the i n fo r -
m a t i o n needed by breeders cannot be suppl ied by germplasm banks. Germp lasm
col lect ions need to be classified and useful t ra i ts identi f ied, to faci l i tate the i r use in
c rop improvement programs. Col lect ions need to be studied, and this demands
coopera t ion o f germplasm botanists w i t h pathologists, entomologis ts , physiologists,
breeders, and molecu lar b io logists. Genetic resources banks cannot f unc t i on as iso-
lated research uni ts. I f d ivorced f r o m c rop improvement programs, genetic resources
become a dead asset.

I am pleased to note that there is con t i nu i ng in te rac t ion and coopera t ion between
germplasm scientists and c rop improvemen t scientists in I C R I S A T in the areas o f
germplasm eva lua t ion and screening. However , more co l labora t ive ef for t is needed in
the classi f icat ion, iden t i f i ca t ion , and p r o m o t i o n o f useful t ra i ts fo r use in c rop
improvement .

I suggest that y o u r discussions address strategic issues of conservat ion, use, and
coopera t ion .

I t is a pleasure fo r me to inaugurate this wo rkshop . I w ish y o u successful and f r u i t f u l
del iberat ions.
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Keynote Address:
Collaborative Efforts on Plant Genetic Resources

by I C R I S A T and I C A R

R.S. Paroda

Deputy Director General (Crop Sciences), I C A R , Krishi Bhavan, New Delhi

Success in p lant breeding depends largely on the extent of genetic va r iab i l i t y avai lable
to a breeder. Therefore co l lec t ion , eva luat ion , u t i l i za ti on , and conservat ion of genetic
resources assume considerable signif icance, especially in v iew of the rap id env i ron -
menta l degradat ion and exp lo i t a t i on o f the avai lable genetic weal th a l l over the w o r l d .
Considerable efforts are be ing made w o r l d w i d e to conserve the genetic resources of
impo r t an t c rop plants. The role played by the C G I A R system in this regard is indeed
commendable . Eno rmous genetic wea l th has been col lected and preserved in the gene
banks o f In te rna t iona l A g r i c u l t u r a l Research Centers (I A R C ) and is avai lable today
for use in the na t iona l p rograms. The success of these efforts is largely dependent on
the effectiveness of l inkages between l A R C s and the na tiona l programs.

Ind ia is one of the eight i m p o r t a n t gene centres of the w o rl d . Considerable va r i ab i l -
i t y exists fo r a large number o f crops i nc l ud ing the f ive mandate crops of I C R I S A T
i.e., so rghum, pear l m i l l e t , chickpea, pigeonpea, and g roundnu t . M o r e than 96000
accessions of these crops have been col lected and conserved by I C R I S A T , most o f
w h i c h are evaluated but yet to be u t i l i zed fo r c rop improvement programs a l l over
Ind ia . A l s o , gaps fo r co l lec t ing add i t i ona l va r iab i l i t y must be ident i f ied and exp lo red .
A systematic ef for t fo r j o i n t co l lec t ion , eva luat ion , and u t i l i za t i on of the germplasm
was therefore considered necessary by b o t h I C R I S A T and N B P G R / I C A R . W i t h this
in v iew, the f i rst j o i n t N B P G R ( I C A R ) / I C R I S A T commi t tee meet ing on genetic
resources was held d u r i n g 19/20 Dec 1985 under the cha i rmansh ip of Dr J.S. K a n w a r ,
D i rec to r o f Research, I C R I S A T . I t was considered desirable to accelerate j o i n t efforts
in germplasm co l lec t ion , eva lua t ion , and cata logu ing o f genetic resources and to
exchange i n f o r m a t i o n and mater ia l f o r m u t u a l benefit . Acco rd ing l y , a 5-year co l la-
borat ive p r o g r a m on j o i n t exp lo ra t i on , co l lec t ion , and eva lua t ion act iv i t ies was
f ina l ized. P r i o r i t y areas fo r exp lo ra t i on were ident i fied and modal i t ies fo r opera t ing /
p lann ing survey programs w o r k e d out .

A strategy was evolved fo r systematic mu l t i l oca t i ona l eva luat ion at some selected
locat ions represent ing d i f ferent agroc l imat ic cond i t ions i n v o l v i n g the reg ional sta-
t ions o f b o t h N B P G R and I C R I S A T . T r a i n i n g needs o f scientists and technicians
were ident i f ied and areas of coopera t ion re la t ing to quarant ine act iv i t ies were def ined.
The ph i l osophy beh ind this ef for t was to evolve a system of effective l inkages and to

I C R I S A T (International Crops Research Institute for the Semi-Arid Tropics), 1989. Collaboration on

Genetic Resources: summary proceedings of a Joint I C R I S A T / NBPGR( ICAR) Workshop on Germplasm

Exploration and Evaluation in India, 14-15 Nov 1988, I C R I S A T Center, India. Patancheru, A.P. 502 324,

India: ICRISAT.
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bu i l d a par tnership to share expert ise as we l l as genetic wea l th to achieve na t iona l and
in te rna t iona l benefits.

A b r ie f account of some of the achievements made in this d i rec t ion since 1986 is
g iven here. Suggestions have also been made to strengthen this co l l abo ra t ion .

E x p l o r a t i o n , I n t r o d u c t i o n , and Eva lua t i on Act iv i t ies

Thi r teen exp lora t ions d u r i n g 1986-88 resulted in 2000 accessions of so rghum, pearl
m i l le t , chickpea, pigeonpea, g roundnu t , and m i n o r mi l le ts w i t h emphasis on nat ive
var iab i l i t y and w i l d species f r o m t r i ba l pockets and agroc l imat ic zones in the northeast
peninsular reg ion, nor thwestern and no r the rn plains, and the nor thwestern H i m a -
layas. In add i t i on , t h r o u g h exchange act iv i t ies, over 3000 accessions have been
in t roduced: 1130 accessions o f pear l m i l l e t f r o m Cameroon , M a l i , Sudan, U K , U S S R ,
Venezuela; 1246 accessions of so rghum inc lud ing w i l d species f r o m Aus t ra l i a , I t a l y ,
Kenya, N iger ia , Ph i l ipp ines, Somal ia , S r i Lanka , Sudan, Tanzania , T u r k e y , Uganda,
U S A , U S S R , Z imbabwe ; 382 accessions o f g roundnu t f r o m Cameroon , Kenya,
M a l a w i , M a l i , Repub l ic o f Korea , Tanzania , U S A ; 210 accessions o f chickpea f r o m
Aust ra l ia , I r a n , M o r o c c o , Pak is tan, Syr ia , Tanzania , U S S R; and 112 accessions o f
pigeonpea, ma in l y f r o m Kenya, M a l a w i , Tanzan ia , U S A , and Z am b i a . A p a r t f r o m
these, a considerable a m o u n t of mater ia l was in t roduced in the case of m i n o r mi l lets:
f ox ta i l m i l l e t f r o m Korea and U S S R , f inger mi l le t and related species (E. indica, E.
kigazensis) f r o m Tanzania , U K , and U S S R .

Jo in t evaluat ions were carr ied out a t d i f ferent N B P G R Regiona l Stat ions and
A g r i c u l t u r a l Universi t ies. The photoper iod-sensi t ive sorghum germplasm (2000
accessions) f r o m I C R I S A T were tested a t t w o loca t ions- H isar ( H A U ) and N B P G R
Regiona l S ta t ion , T r i chu r . In forage sorghum, 1500 col lections were evaluated at f ou r
locat ions- Issapur ( N B P G R ) , H isar ( H A U ) , Jhansi ( I G F R I ) , and A k o l a ( N B P G R ) i n
1986 and selected accessions again g r o w n in 1987. A number of disease-resistant l ines
have been ident i f ied. D u r i n g 1987, 4460 germplasm accessions compr i s i ng 4105 of
I n d i a n o r i g i n , 178 f r o m Yemen A r a b Republ ic , and 187 dual-purpose types were
g r o w n at Issapur. P rom is ing forage types have been ident i f ied.

S im i l a r l y , 2000 pear l m i l l e t accessions were evaluated at Pune ( A I C P M I P ) and
J o d h p u r ( N B P G R ) . P rom is i ng genotypes have been ident i f ied fo r fodder and g ra in
types. Of the 1996 accessions g r o w n at Issapur d u r i n g 1987, a number of fodder, g ra in ,
and ear ly m a t u r i t y types have been ident i f ied. In pigeonpea, ext ra-ear ly and early
types (479) were evaluated at Issapur, and m e d i u m - and la te -matur i t y compact and
spreading types (353) at A k o l a in 1986. Some selected mater ia l was g r o w n d u r i n g 1987
and ear ly types have been ident i f ied. Besides, 200 perennial pigeonpea types were
g r o w n at Jorhat . In chickpea, 1200 accessions were evaluated at A k o l a and Issapur.
P rom is ing ear ly m a t u r i n g and bold-seeded types have been ident i f ied. In g roundnu t ,
2000 accessions were g r o w n at J o d h p u r in 1986. A n o t h e r 1500 were g r o w n in 1987 at
A k o l a and Jodhpur , compr i s i ng 723 erect bunch types, 391 spreading bunch types,
and 386 runner bunch types. P rom is i ng h igh-y ie ld ing ear ly types have been ident i f ied .
Selected mater ia ls have been g r o w n in mu l t i l o ca t i ona l t r ials at 3 or 4 locat ions and the
data is be ing comp i led .
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Conserva t ion in the N a t i o n a l Gene B a n k

T h o u g h more than 25 000 accessions of several mi l le ts and legumes are stored in the
N B P G R gene bank, about 8000 accessions are I C R I S A T mandate crops. These
inc lude sorghum (412), pear l m i l le t (125), pigeonpea (2054), chickpea (3101), and
g roundnu t (3000).

I need no t emphasize the necessity to cont inue efforts to achieve ou r c o m m o n
objectives. The Bureau has been g iven the g loba l / reg ional responsib i l i ty by I B P G R to
ho ld the base col lect ions of a large number of crops i nc lud ing pigeonpea and other
Asiat ic pulse crops. The gene bank faci l i t ies are being expanded, w i t h more c o l d -
storage modules being made operat ive soon. Sho r t l y N B P G R w i l l  have the capaci ty to
store more than 200000 seed samples. Fur ther , under the US A I D Project on genetic
resources, the in f ras t ruc tura l faci l i t ies fo r research and conservat ion are l i ke ly to be
strengthened t remendously. Obv ious l y therefore, the scope of our co l labora t ive ac t i v i -
ties w i l l increase.

Q u a r a n t i n e Act iv i t ies

As per the m e m o r a n d u m o f understanding between I C A R and I C R I S A T , the
N B P G R ( then the D i v i s i o n o f P lan t I n t r o d u c t i o n o f I A R I ) has the responsib i l i ty fo r
p lant quarant ine. As N B P G R d id not have a s tat ion at Hyderabad, this responsib i l i ty
was i n i t i a l l y discharged by the Cent ra l P lant Pro tec t ion T r a i n i n g Inst i tu te ( C P P T I ) .
The Plant Quaran t ine Regiona l S ta t ion at Hyderabad became opera t iona l in 1986 and
started processing germplasm mater ia l being exchanged by I C R I S A T fo r quarant ine
clearance. D u r i n g 1986 and 1987, this stat ion processed a to ta l of 98 181 germp lasm
samples wh ich inc lude 72327 meant fo r expor t and 25 854 accessions impo r ted by
I C R I S A T f r o m var ious countr ies.

The impo r ted mater ia l o f a l l the mandate crops after l abora to ry examina t i on and
treatment i s g r o w n in the post-entry quarant ine iso lat ion area ( P E Q I A) and j o i n t l y
inspected by the staff o f N B P G R and I C R I S A T . G r o u n d n u t mater ia l i s g r o w n in
insect-proof nethouses for detect ion of seed-borne viruses and on ly heal thy seedlings
are p lanted i n P E Q I A . E L I S A faci l i t ies o f the V i r o l o g y Labo ra to r y o f I C R I S A T a r e
being used fo r the detect ion of seed-borne g roundnu t viruses. A j o i n t survey by
I C R I S A T and N B P G R scientists has resulted in the detect ion o f the peanut str ipe
v i rus disease in g roundnu t in I nd ia and efforts are being made to eradicate/check this
serious disease.

T r a i n i n g Needs

W i t h the coopera t ion o f the Genetic Resources U n i t ( G R U) , I C R I S A T , the Bureau
has considerably benefi t ted by hav ing its technical staff t ra ined in the opera t iona l
hand l i ng of gene bank equ ipment / inst ruments. Moreover , senior scientists have
vis i ted the G R U and fur ther enr iched thei r experience. Th is aspect, however, needs to
be accelerated fo r i n f o r m a t i o n and data management, documenta t ion , reprograph ic ,
computer isa t ion , ca ta logu ing faci l i t ies, etc.
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F u t u r e C o l l a b o r a t i o n

I t i s ev ident f r o m the desc r ip t ion g iven above tha t co l labora t i ve ef for ts between

I C R I S A T and I C A R / N B P G R w i l l he lp t o st rengthen the genetic resources o f the f i ve

manda te crops. J o i n t eva lua t i on w i l l enable the na t i ona l p rog rams to ut i l ize desirable

genetic va r i ab i l i t y f o r c r o p i m p r o v e m e n t p rograms. Conserva t ion and possible s tor-

age o f usefu l genetic va r i ab i l i t y in the na t i ona l gene bank w o u l d also be usefu l f o r

immed ia te gains as we l l as f o r poster i ty . W h a t is requ i red n o w is to b r i n g ou t catalogs

based on j o i n t eva lua t i on a t d i f fe ren t locat ions and to disseminate this i n f o r m a t i o n to

concerned scientists in the na t i ona l system. J o i n t exp lo ra t ions shou ld be p lanned to

exp lo re un tapped areas n o t o n l y w i t h i n I n d i a bu t also in o ther count r ies hav ing r i ch

va r i ab i l i t y f o r the f i v e I C R I S A T manda te crops. B o t h I C R I S A T a n d N B P G R c o u l d ,

in co l l abo ra t i on w i t h I B P G R , p lay a lead ing ro le i n i m p a r t i n g t r a i n i n g in genetic

resources to scientists in the deve lop ing w o r l d . Th i s cou ld be designed as a regular

feature. J o i n t research pub l i ca t ions based on co l labora t ive ef for ts between the t w o

organ iza t ions w o u l d be desirable. I t w i l l also be necessary to establ ish c r o p adv isory

commi t tees f o r genetic resources to give p rope r d i rec t i on to such ef for ts f r o m t ime to

t ime. I nvo l vemen t o f the A l l I n d i a Coo rd i na ted ne two rk f o r c rop i m p r o v e m e n t f o r

m u l t i l o c a t i o n a l eva lua t ion and u t i l i za t i on w i l l be ano ther i m p o r t a n t area w o r t h

e x p l o r i n g .

E f fo r t s made so fa r i n j o i n t co l lec t ion , eva lua t i on , a n d conserva t ion o f genetic

resources by I C R I S A T and N B P G R are indeed qu i te encourag ing and cou ld serve as a 

m o d e l f o r s t rengthen ing these act iv i t ies i n v o l v i n g a larger n e t w o r k o f d i f fe rent c o u n -

t r ies, m a k i n g use of the genetic wea l th as we l l as expert ise ava i lab le at I C R I S A T .

Obv ious l y , to achieve th is ob ject ive, we expect I C R I S A T to p lay the ro le o f catalyst .
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Status of the World Collection of Sorghum Germplasm
at ICRISAT

K.E. Prasada Rao and V. Gopal Reddy

Senior Botanist, and Research Associate, Genetic Resources Unit , ICR ISAT , Patancheru, Andhra Pradesh

Of the 16 138 so rghum accessions assembled by the Rockefel ler F o u n d a t i o n in the
I n d i a n A g r i c u l t u r a l Research Ins t i tu te in the 1960s, on l y 8961 cou ld be transferred to
I C R I S A T i n 1974 by the A l l I nd i a Coord ina ted So rghum Improvemen t Project
( A I C S I P ) , Rajendranagar, I nd ia . By that t ime the remaining 7177 had lost the i r
v iab i l i t y due to lack o f p roper storage. Special efforts were made by I C R I S A T to f i l l
the gaps by ob ta in ing dupl icate sets f r o m Purdue Un ivers ity , U S A , the N a t i o n a l Seed
Storage L a b o r a t o r y ( N S S L ) , F o r t Co l l ins , U S A , and f r o m Mayaguez, Puer to R ico .
Th is y ie lded about 3000 of the missing accessions but left a permanent gap of about
4000 accessions in the w o r l d co l lec t ion presently conserved in the I C R I S A T gene
bank.

A t present, I C R I S A T is the ma jo r repos i tory fo r the w o r l d sorghum germplasm
w i t h a to ta l co l lec t ion of 31 030 accessions. The major donors are A l C S I P and I n d i a n
A g r i c u l t u r a l Universi t ies (4645), E th iop ia (4464), Sudan (2385), Cameroon (2241),
N iger ia (1436), and the N S S L , F o r t Co l l i ns , Co lo rado , U S A (1882). IS numbers were
assigned to 15 835 new accessions and the i n f o r m a t i o n has been computer ized.
Pr in tou ts are avai lable on request fo r supply to sorghum scientists.

Geograph ic a n d T a x o n o m i c D ivers i t y

The major d ivers i ty centers o f so rghum are n o w re lat ively we l l represented in the
w o r l d co l lec t ion assembled at I C R I S A T . Despite the re lat ively good progress made so
far in f i l l i ng geographic and t axonomic gaps, there are some countr ies w h i c h were no t
adequately represented in the w o r l d co l lec t ion , such as A lge r ia , A n g o l a , Bu rma ,
Cent ra l A f r i c a n Repub l ic , Congo , Guinea, h i l l y areas o f I nd ia , I v o r y Coast, L i b y a ,
M o r o c c o , M o z a m b i q u e , Nepa l , Pak is tan, People's Repub l i c o f Ch ina , no r the rn
Syr ia , Tun is ia , T u r k e y , and Yemen ( P D R ) .

T a x o n o m i c a l i y , the co l lec t ion is weak in some specific cu l t i va ted subraces, i.e.,
consp icuum, r i g i d u m , kao l iang , membranaceum, decrue, and in t ransplanted types.
A l t h o u g h we have assembled 345 accessions of 23 taxa of wi l d relatives so far, they
f o r m on l y 1.2% o f ou r t o ta l co l lec t ion . Special co l lec t ion missions fo r w i l d sorghums
need to be organized before they become ext inc t .

ICR ISAT (International Crops Research Institute for the Semi-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings of a Joint I C R I S AT / NBPGR( ICAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988, ICR ISAT Center, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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D i s t r i b u t i o n o f G e r m p l a s m

Germp lasm i s d is t r ibu ted m a i n l y f o r u t i l i za t i on i n c rop improvement . I f the w o r l d
co l lec t ion is to serve a useful purpose, i t should be readi ly avai lable to a l l so rghum
scientists. The supply o f seed mater ia l to scientists w o r ld w i d e is one of I C R I S A T ' s
majo r responsibi l i t ies. Seed mater ia l f o r expor t f r o m I CR I S A T must pass t h r o u g h the
N a t i o n a l Bureau of P lant Genetic Resources ( N B P G R ) and this passage is fac i l i ta ted
by the E x p o r t Cer t i f i ca t ion Quarant ine L a b o r a t o r y established a t I C R I S AT Center.
However , seed supplies to I n d i a n scientists are carr ied ou t d i rec t ly and readi ly . Th is is
a clear advantage fo r I n d i a n so rghum scientists.

Over the years a large number of seed samples were d is t r ibuted to var ious programs
w i t h i n I C R I S A T , and ins t i tu t ions in I nd ia and abroad (Table 1). A ma jo r p o r t i o n o f
our efforts and resources are spent on this impo r t an t ac ti v i t y .

G e r m p l a s m D ivers i t y Ava i l ab l e fo r U t i l i za t i on

The range o f genetic d ivers i ty avai lable a m o n g the cu l t i va ted sorghums and the i r w i l d
relatives assembled at I C R I S A T Center is t r u l y amazing. The p r i nc ipa l j us t i f i ca t i on
fo r ma in ta in ing this enormous na tu ra l va r i ab i l i t y lies in its u t i l i za t i on in b roaden ing
the genetic base fo r present and future so rghum improvement . As a prerequisi te to
eff icient germplasm use, i t has been evaluated using standard descr iptors. L is ted in
Tab le 2 are some of the useful mater ials in the w o r l d co l lec tion of so rghum germplasm
ident i f ied at I C R I S A T Center fo r use by so rghum scientists.

G e r m p l a s m Enhancemen t

Conversion program. A ma jo r p o r t i o n of the w o r l d co l lec t ion consists o f t a l l ,
photoper iod-sensi t ive landraces that are o f l im i t ed value in present c rop imp rovemen t
programs. In order to augment the use o f t rop ica l so rghum germplasm in breeding
programs, and to broaden the genetic base, we began a t rop ica l convers ion p r o g r a m
using the long-day ra iny season and the shor t -day post ra iny season at I C R I S A T
Center. Over the past few years, eight Zerazera landraces f r o m E th iop ia and Sudan
were converted i n t o photoper iod- insensi t ive lines. I t took 6 years to conver t the
Zerazeras to photoper iod- insens i t i v i ty and the f ina l converted lines are in 3 m a t u r i t y
and 3 p lant -he ight backgrounds. A l l these lines are being assigned I C R I S A T S o r g h u m
Convers ion ( ICSc ) numbers. M a n y o f them have already been suppl ied to so rghum
breeders in I nd i a and abroad.

Table 1. Recipients of sorghum germplasm seed samples from I C R I S A T Center.

Recipients

I C R I S A T Center p rograms
Ins t i tu t ions w i t h i n I nd ia
Ins t i tu t ions abroad

T o t a l

N o . of seed samples

211 827

74 032

105 900

391 759
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Table 2. Sources of useful traits identified f rom the sorghum germplasm maintained

at I C R I S A T Center,

T r a i t

Named cu l t i va r co l lec t ion

US temperate convers ion lines

I C R I S A T t rop ica l convers ion lines

R a i n y season basic co l lec t ion

Pos t ra iny season basic co l lec t ion

P r o m i s i n g lines f o r pest resistance

Shoo t f l y (Ather igona soccata) 

Stem borer (Chilo partellus) 

M i d g e {Contarinia sorghicola) 

Head bug (Calocoris angustatus) 

Prom is i ng lines f o r disease resistance

G r a i n m o l d

Anth racnose (Co l l e t o t r i chum graminicola) 

Rust (Puccinia purpurea) 

D o w n y m i ldew {Peronosclerospora sorghi) 

Striga l ow-s t imu lan t l ines ( l abo ra to r y screening)

Striga resistant l ines ( f ie ld screening)

Special purpose sorghums

Glossy

P o p s o r g h u m

Sweet-sta lk s o r g h u m

Scented s o r g h u m

Twin-seeded

Large-g lume

Bloomless so rghum

B r o o m c o r n s o r g h u m

Cy top lasm ic male-steri les and mainta iners

N o . o f

accessions

237

176

249

1405

1002

60

70

14

6

156

15

31

155

645

24

501

36

76

17

131

71

207

52

240

In t rog ress ion . A t I C R I S A T Center , the avai lab le w i l d relatives o f so rghum have

been screened f o r resistance to so rghum shoot f l y and so rghum d o w n y m i ldew.

Sources of resistance have been ident i f ied and are awa i t i ng imag ina t ive use by

breeders.

Since apprec iab le levels o f resistance to shoot f l y are no t ava i lab le in any cu l t i va ted

sorghums, i t has a l ready become necessary to search f o r resistance in w i l d species.

Crosses were made between resistant w i l d pa raso rghum species and adapted cu l t i vars

by hand emascu la t ion as we l l as by us ing genetic male s ter i l i ty . T h e F 3 progenies of the

crosses are be ing s tud ied f o r the i r resistance to shoot f ly under a r t i f i c i a l l y inocu la ted

cond i t i ons .
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Status of the World Collection of Minor Millets Germplasm
at ICRISAT

K.E. Prasada Rao and V. Gopal Reddy

Senior Botanist, and Research Associate, Genetic Resources Unit, ICRISAT, Patancheru, Andhra Pradesh

M i n o r mi l lets (smal l mi l lets) are impo r t an t crops in the S e m i - A r i d T rop ics . Presently

the to ta l number of m i n o r mi l le ts accessions assembled and conserved at the In terna-

t iona l Crops Research Inst i tu te fo r the S e m i - A r i d Trop ics ( I C R I S A T ) is 6610 (Tab le

1).

Assembly and Conserva t ion

A mission to E th iop ia , to col lect Eleusine germplasm, was organized in co l l abo ra t i on
w i t h the I nd i an Counc i l o f A g r i c u l t u r a l Research ( I C A R ) . A scientist f r o m I C A R was
deputed for the purpose. T w o hundred and seventeen samples of Eleusine were
collected wh ich are yet to be received f r o m Eth iop ia .

M o s t o f the m i n o r mi l lets germplasm was obta ined by correspondence. Some
accessions were col lected d u r i n g missions launched p r i m a ri l y fo r other mandate
crops.

In 1986, a co l laborat ive project between I C R I S A T and N B P G R /I C A R was
in i t ia ted . We received 466 new accessions of six c rop species f r o m N B P G R Reg iona l
S ta t ion , A k o l a , Maharasht ra , Ind ia , w h i c h was a good a d d i ti o n to ou r present
co l lec t ion . We have transferred one complete set o f m i no r mi l lets germplasm f r o m
I C R I S A T t o N B P G R fo r eva luat ion a t A k o l a .

A l l the m i n o r mi l lets germplasm are conserved under med ium- te rm storage cond i -
t ions at 4° C and 20% R H .

In accordance w i t h the recommendat ion o f the I B P G R A d v i s o ry Commi t t ee on
So rghum and M i l l e t s , I C R I S A T has started assigning accession numbers to m i n o r
mi l lets (Table 1).

M a i n t e n a n c e

A l l m i n o r mi l le ts germplasm accessions are p lanted for seed increase n o r m a l l y in the
ra iny season to meet seed requests f r o m inst i tu t ions in Ind ia and abroad. Since a l l the
six m i n o r mi l le t c rop species are repor ted to be most ly self po l l i na ted , they are
main ta ined w i t h o u t any p o l l i n a t i o n con t ro l .

ICR ISAT (International Crops Research Institute for the Semi-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings of a Joint ICR ISAT/ NBPGR( ICAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov I988, ICRISAT Center, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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Table 1. M i n o r (small) millets germplasm assembled and conserved at I C R I S A T

Center.

C r o p

F inger mi l le t

(Eleusine coracana) 

F o x t a i l m i l l e t

(Setaria italica) 

Proso mi l le t

(Pan i cum miliaceum) 

L i t t l e m i l l e t

(Pan icum sumatrense) 

Barnya rd mi l le t

(Echinochloa spp)

K o d o m i l l e t

(Paspalum scrobiculatum) 

Suggested

accession

number

I E

ISe

I P m

I P m r

IEc

IPs

N o . o f

c o u n -

tr ies

18

22

26

1

8

2

N o . o f

access-

ions

assembled

2848

1404

831

401

582

544

N o . o f

access-

ions

evaluated

1948

1260

753

291

517

308

N o . o f

descr ip-

tors

32

34

37

33

39

38

E v a l u a t i o n

I B P G R has assigned a special respons ib i l i t y to I C R I S A T by p r o v i d i n g funds to

character ize the avai lab le ge rmp lasm at I C R I S A T . A c c o r d i ng l y , several accessions

have been character ized f o r i m p o r t a n t m o r p h o a g r o n o m i c descr iptors (Tab le 1). As

par t of the eva lua t ion exercise, the six m i n o r mi l le ts species have been classif ied (Tab le

2 ) i n co l l abo ra t i on w i t h the C r o p E v o l u t i o n L a b o r a t o r y , Un ivers i t y o f I l l i no i s ,

U r b a n a , U S A .

Table 2. Classification of minor millets.

C r o p

F inger m i l l e t

F o x t a i l m i l l e t

Proso mi l le t

L i t t l e m i l l e t

Ba rnya rd mi l le t

K o d o m i l l e t

N u m b e r o f

Species

1

2

1

1

2

1

Subspecies

2

2

1

2

4

-

Races

6

3

5

2

8

3

Subraces

10

10

-

4
-
-
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D o c u m e n t a t i o n and C o m p u t e r i z a t i o n o f Eva lua t i on D a t a

A l l the eva luat ion data have been documented and the data o f the f o l l o w i n g m i n o r
mi l lets have been computer ized using the I D M R S ( I C R I S AT D a t a Management and
Retr ieva l System) p rogram:

Finger mi l le t : IE 1 to IE 3567
F o x t a i l mi l le t : ISe 1 to ISe 1409
L i t t l e mi l le t : I P m r 1 to I P m r 852
Proso mi l le t : I P m 1 to I P m r 2805
Barnyard mi l le t : IEc 1 to IEc 566

Eva lua t ion data of K o d o mi l le t are yet to be computer ized.

D i s t r i b u t i o n o f G e r m p l a s m

Since I C R I S A T accepted the responsib i l i ty to be a major wo r l d reposi tory fo r m i n o r
mi l le ts germplasm, seed indents have increased f r o m inst i tu t ions b o t h w i t h i n and
outside Ind ia . So far, 28 831 seed samples have been d is tr ibu ted f r o m the I C R I S A T
gene bank. The yearwise d i s t r i bu t i on to ins t i tu t ions in I nd ia and abroad is presented in
Table 3.

Table 3. Distr ibution of minor millets germplasm seed samples f rom I C R I S A T

Center, 1978-881 .

Year

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

T o t a l

I n d i a n

Inst i tu tes

2721

4 0 0 4

1345

3 144

2080

212

-

-

2 138

1232

567

17443

Ins t i tu t ions

ab road

973

608

1840

1791

911

540

200

165

427

955

2978

11388

T o t a l

3 694

4 6 1 2

3185

4 9 3 5

2991

752

200

165

2565

2187

3 545

28 831

1. Up to September 1988.
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F u t u r e W o r k P l a n

The impor tance o f m i n o r mi l le ts i s increasing in S A T countr ies. Since no other
in te rna t iona l center is act ive ly invo lved in the conservat ion o f the w o r l d co l lec t ion o f
m i n o r mi l le ts , I C R I S A T w i l l  cont inue its genetic resources act iv i t ies w i t h these crops.
At present, the regions and countr ies tentat ive ly ident if ied as p r i o r i t y areas fo r m i n o r
mi l lets germplasm co l lec t ion are: Ch ina , centra l A f r i ca, eastern A f r i ca , I nd ia , Japan,
southern A f r i ca , and West A f r i c a . Suggestions for new areas o f co l lec t ion w i l l  be
appreciated.

Recent ly N B P G R / I C A R accepted a p roposa l for co l laborat ive research w i t h G R U ,
I C R I S A T , i n co l lec t ion and eva lua t ion o f m i n o r mi l lets germplasm. M o r e co l lec t ion
missions should be organized i n co l l abo ra t i on w i t h N B PG R / I C A R in I nd i a and
nat iona l ins t i tu t ions in other countr ies.

I C R I S A T w i l l cont inue to d is t r ibu te m i n o r mi l lets germplasm to interested scient-
ists in I nd ia and other countr ies t h rough N B P G R . The Sma ll M i l l e t s ( m i n o r mi l lets)
Steering Commi t tee , wh i ch met in E th iop ia in October 1987 under the sponsorship o f
I D R C , great ly appreciated the ro le o f I C R I S A T in the co l lec t ion , conservat ion, and
exchange of smal l mi l le ts and proposed that I C R I S A T should cont inue its ac t i v i t y as
an in te rna t iona l co l labora t ive ne two rk i n v o l v i n g smal l mi l lets germplasm.
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Status of the World Collection of Pearl Millet Germplasm
at ICRISAT

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

Botanist, Research Associate, and Postdoctoral Fellow, Genetic Resources Unit , ICR ISAT , Patancheru,

Andhra Pradesh

Pear l m i l l e t (Pennisetum glaucum ( L . ) R. Br . ) or ig inated in a diffuse belt f r o m Sudan
to Senegal. I t is an i m p o r t a n t g ra in c rop in A f r i ca and As ia and a fodder c rop
elsewhere. M i l l e t s are g r o w n over an est imated 39.941 m i l li o n hectares in the w o r l d ,
p roduc ing 30.8 m i l l i o n metr ic tons o f g ra in annual ly .

Assembly

Of the 3017 accessions of pear l m i l le t germplasm assembled by the Rockefel ler
F o u n d a t i o n and A L A D , on l y 2141 are presently avai lable a t I C R I S A T . The rema in -
i ng accessions had lost thei r genetic ident i t y due to con tamina t ion d u r i n g maintenance
and re juvenat ion. Besides this, the Genetic Resources U n i t ( G R U ) o f I C R I S A T , in
co l l abo ra t i on w i t h var ious na t iona l and in te rna t iona l organizat ions, assembled 17 655
accessions (Tab le 1). The Ins t i tu t francais de recherche scienti f ique pou r le developpe-
ment en coopera t ion ( O R S T O M ) had col lected 2337 accessions of pear l m i l l e t ge rm-
p lasm f r o m Ben in , B u r k i n a Faso, Cameroon , Cent ra l A f r i c a n Repub l ic , Guinea,
M a l i , N iger , Senegal, and T o g o , a l l o f wh i ch , except Guinea, were transferred to
I C R I S A T .

The co l lec t ion missions in A f r i ca are launched in co l l abora t ion w i t h I B P G R ,
na t iona l p rograms of the concerned countr ies, and other inte rna t iona l organizat ions.
So far, I C R I S A T has launched 10 germplasm co l lec t ion missions to Botswana,
Cameroon , Ghana, M a l a w i , N iger ia , Tanzania, Z a m b i a , and Z imbabwe , and co l -
lected 3266 samples. W h i l e co l lec t ing other I C R I S A T mandate crops, 435 samples of
pear l m i l l e t germplasm were also col lected f r o m 13 countries. In I nd ia , germplasm is
col lected in co l l abo ra t i on w i t h scientists f r o m the N a t i on a l Bureau o f P lant Genetic
Resources ( N B P G R ) , A l l I nd ia Coord ina ted Pear l M i l l e t Improvemen t Project
( A I C P M I P ) , A g r i c u l t u r a l Universi t ies, and other I C A R Inst i tutes. The mater ials so
col lected are shared by I C R I S A T , A I C P M I P / N B P G R , and A g r i c ul t u r a l Un ivers i -
ties. So far, 18 missions have been launched in 11 I n d i a n states and 3777 samples have
been col lected. Of the 19 796 accessions assembled at I C R I SA T so far, 2141 are f r o m
the Rockefel ler F o u n d a t i o n and A L A D , 4888 accessions are breeding mater ia l f r o m
Ind ia , and 12 767 are col lect ions and acquis i t ions f r o m var ious other sources.

I C R I S A T (International Crops Research Institute for the Semi-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings of a Joint I C R I S AT / NBPGR( ICAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988, I C R I S AT Center, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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P r i o r i t y areas f o r pear l m i l l e t ge rmp lasm co l lec t ion are A n g o l a , Cen t ra l A f r i c a n

Repub l i c , C h a d , M a u r i t a n i a , N ige r i a , N a m i b i a , Pak is tan , Ug a n d a , and Za i re f o r

cu l t i va ted , a n d M a l i , N ige r , N ige r i a and Senegal f o r w i l d Pennisetum species.

Tab le 1 . S ta tus o f pear l m i l l e t germp lasm assembled a t I C R I S A T Center .

C o u n t r y

A F R I C A

Ben in

Botswana

B u r k i n a Faso

C a m e r o o n

Cape Verde

Cen t ra l A f r i c a n

Repub l i c

C h a d

C o n g o

E t h i o p i a

G a m b i a

G h a n a

Kenya

M a l a w i

M a l i

M a u r i t a n i a

M o r o c c o

M o z a m b i q u e

Niger

N iger ia

Repub l i c o f

S o u t h A f r i c a

Senegal

Sier ra Leone

Soma l i a

Sudan

Tanzan ia

T o g o

Uganda

Z a m b i a

Z i m b a b w e

1

.

-

23
-

-

-

69

8

1

-

4

24

9

51

2

-

-

43

139

21

56

-

-

6

17

-

36

3

2

2

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

93

14

-

-

-

-

-

-

-

-

29

Sources1

3

46

-

313

170

-

63

1

-

-
-

-

-

-

729

1

-

-

488

-

-

283

-

-

-

-

116

-

-

-

4

-

-

-

2

2

-

-

-

-
-

-

25

-

-

-

-

-

18

274

-

10

-

-

-
-

-

58

-

59

5

-

-

285

-

-

-
-

-

-

-

-

49
-

-

-

-

-

-

253

89

-

-

-

140

-

29

18

58

-

6

-

65

39

750

-

-

-

-

-

15

280

-

289

245

-

4

31

390

477

35

53

59

4

443

467

-

-

z 3 4

397

T o t a l

46

65

660

922

2

63

70

8

1

15

284

98

298

1025

3

4

31

939

1236

159

402

59

4

589

484

145

112

95

487

Continued.
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Table 1. Continued. 

C o u n t r y

A S I A

I n d i a

L e b a n o n

P a k i s t a n

R e p u b l i c o f K o r e a

T u r k e y

Y e m e n ( A R )

E U R O P E

F e d e r a l R e p u b l i c

o f G e r m a n y

U K

U S S R

T H E A M E R I C A S

B r a z i l

M e x i c o

U S A

A U S T R A L I A

U n k n o w n O r i g i n

T o t a l

1

1 0 1 4

109

5

1

-

-

-

-

-

-

-

101

5

3 9 2

2 141

2

25

-

4

-

2

-

-

-

-

2

-

6 8

-

-

2 3 7

S o u r c e s 1

3

_

-

-

-

-

-

-

-

-

-

-

-

-

-

2 2 1 0

4

5 8 0 9 2

-

-

-

-

-

3

-

13

-

10

-

2

-

6 2 8 5 2

5

-

-

-

-

-

17

-

31

-

-

-

-

-

-

9 6 9

6

3 8 3 3

-

-

-

-

4 4

-

-

-

-

-

-

-

-

7 9 5 4

T o t a l

1 0 6 8 1 2

109

9

1

2

6 1

3

3 1

13

2

10

169

7

3 9 2

19 7 9 6 2

1 . 1 . Rockefeller and A L A D , 2. USA, 3. O R S T O M , 4. National Programs, 5. IBPGR, 6. ICR ISAT .

2. 4888 are inbreds and breeding material.

Seed Increase a n d R e j u v e n a t i o n

To m i n i m i z e genetic d r i f t d u r i n g seed increase and re juvena t ion , each accession is

considered as a p o p u l a t i o n and a large sample size is used at every stage. F o r seed

increase, abou t 200 p lants are raised f o r each accession a n d the cluster bagg ing m e t h o d

is used where 3-6 emerg ing spikes before s t igma emergence are enclosed in a large bag

to fac i l i ta te p o l l i n a t i o n a m o n g themselves. A near ly equa l q u a n t i t y o f seed f r o m each

spike is b u l k e d to reconst i tu te the p o p u l a t i o n . Inbreds are ma in ta ined by sel f ing and

male-ster i le l ines by hand p o l l i n a t i n g A l ines w i t h B l ines. Seed increase is done d u r i n g

the pos t ra iny season as even the p h o t o p e r i o d sensitive types f l owe r under shor t -day
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cond i t ions and rain-free days faci l i tate p roduc t i on o f seed free f r o m g ra in m o l d , and
suitable fo r exchange and storage.

Conserva t ion

F o r germplasm conservat ion, heal thy d r y seeds are stored in a l u m i n i u m cans f i t ted
w i t h a i r t i gh t screw l ids. F o r each accession, about 400 grams of seed is kept in
med ium- te rm storage where the temperature is main ta ined a t 4 ° C and 20% R H .
D u r i n g storage, seed v i ab i l i t y is moni tored" regu lar ly and those accessions w i t h less
than 85% v iab i l i t y are rejuvenated.

Eva lua t i on

To faci l i tate meaningfu l exchange o f i n f o r m a t i o n , in te rnat iona l l y accepted descrip-
tors and descr iptor states were developed and publ ished by IB P G R and I C R I S A T .
F o r eva luat ion , each accession is p lanted in 2 rows of 4 - m length, 75 cm apar t , and 10
cm w i t h i n a r ow . To realize the f u l l po ten t ia l o f the accession, eva luat ion is done under
good management cond i t ions .

A l l the avai lable germplasm lines are evaluated a t I C R I S A T Center, Patancheru
(17°27 'N) d u r i n g the ra iny season. To compare the expression o f germplasm lines
under d i f ferent agroc l imat ic cond i t ions , t w o sets of 343 and 125 diverse landrace
accessions were evaluated at Bobo-dioulasso and Kambo inse in B u r k i n a Faso,
M a r a d i in N iger , and Bhavanisagar, Ja ipur , and Hisar in Ind ia . W i t h a v iew to
evaluate germplasm at or near the place o f o r i g i n , 2000 accessions f r o m S A D C C
countr ies were evaluated a t Sebele in Botswana, N g a b u in M a la w i , H o m b o l o in
Tanzania, K a o m a in Z a m b i a , and Gweb i , Panmure, A is leby , and M a t o p o s near
Bu lawayo in Z i m b a b w e . A l l the 878 accessions f r o m Cameroon were evaluated a t the
Ins t i tu t de l a recherche ag ronomique ( I R A ) , M a r o u a i n Cameroon . I n co l l abo ra t i on
w i t h N B P G R , we are eva luat ing germplasm in batches of 2000 accessions each year at
J o d h p u r and Issapur, and a t Pune w i t h A I C P M I P . Considerable va r i a t i on was
observed fo r a l l the characters studied.

Iden t i f i ca t ion o f N e w T ra i t s

D u r i n g the course o f eva lua t ion and maintenance o f germplasm, we l o o k fo r new and
nove l t ra i ts n o t repor ted so far. M o r p h o l o g i c a l var iants are selfed and pu r i f i ed . F o r
the f i rs t t ime , we ident i f ied sweet-stalked pear l m i l l e t (w i t h 20% sugar content in the
stalks), glossy genes, midr ib less, and a var ie ty of ch lo rophy l l -de f ic ien t mutants . The
new d w a r f i n g genes, cy top lasmic male-steri le l ines f r o m Ghana and Botswana g e r m -
p lasm, and ear ly f lower ing germplasm are some o f the t ra its useful in m i l l e t i m p r o v e -
ment . Sources of resistance to b io t i c and ab io t i c stress factors are ident i f ied by
concerned specialists.
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D o c u m e n t a t i o n

Eva lua t ion data on morpho log i ca l characters up to IP 3017 were publ ished in a 
cata log by M u r t y e t a l . i n 1967 and subsequently by A L A D . I n fo r m a t i o n on passport
and eva luat ion data f r o m IP 3018 to IP 12431 is al ready analyzed and is being
processed fo r pub l i ca t ion as a catalog. Da ta on IP 12432 to IP 15945 is being
computer ized. Th is i n f o r m a t i o n is retr ieved and sent a long w i t h the seed to those w h o
need i t .

Seed D i s t r i b u t i o n

So far, we have sent 24 030 seed samples to scientists in I C RI S A T , 36 026 samples
w i t h i n I nd i a , and 25 402 samples to scientists in 68 countr ies outside Ind ia .

W i l d Relat ives and thei r E x p l o i t a t i o n

Of the 140 k n o w n species of the genus Pennisetum, we have assembled 371 accessions
of 20 species. The species P. schweinfurthii is valued for its large grains and w a x y
coat ing , P. purpureum fo r forage and P. clandestinum as pasture, P. setaceum and P.
villosum as ornamentals, and P. hohenackeri fo r tha tch ing and rope m a k i n g . Pennise-
turn is a polybasic genus w i t h x=5,7,8, and 9. In the x=5 type, 2n=10 was observed in P.
ramosum on ly . In the x=7 type, 2n=14 was observed in P. glaucum, P. violaceum, P.
mollissimum, and P. schweinfurthii wh i le 4x=28 was observed in P. purpureum. In the
x=8 type, 2x=16, and 4x=32 were observed in P. mezianum. In the x=9 type, 2x=18 and
3x=27 were observed in P. hohenackeri and 3x=27 in P. setaceum. Te t rap lo id number
4x=36 was observed in P. mecrorum, P. divisum, P. cenchroides, P. clandestinum, P.
pedicellatum, and P. orientate, wh i le 5x=45 was observed in P. villosum. The species
P. squamulatum, and P. polystachyon showed 6x=54 chromosomes wh i le the highest
chromosome number (68) was observed in the species P. macrostachyum on ly .

H igher meiot ic ch romosome associations in the d i p l o i d complement o f P . schwein-
furthii and P. mezianum, and the occurrence of species w i t h x=5 in P. ramosum, 
suggests that the chromosome complement of the genus Pennisetum must have
evolved f r o m the basic ch romosome number x=5. In P. hohenackeri (3x=27), 9 
bivalents and 9 univalents were observed at metaphase I , so i t was considered a 
spontaneous a l l o t r i p l o i d .
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Status of the World Collection of Chickpea Germplasm
at ICRISAT

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

Chickpea Botanist, and Research Associate, Genetic Resources Unit , ICR ISAT , Patancheru,
Andhra Pradesh

Chickpea (Cicer arietinum L . ) is an ancient c rop , its earliest record da t ing back to 6250
B C , f r o m the M i d d l e East. The c rop p robab ly evolved in southeastern Tu rkey . Th is
v iew is based on the fact that the three w i l d species of the genus Cicer that are most
s imi lar to cu l t iva ted chickpea occur na tu ra l l y in this region. Chickpea domest ica t ion
spread gradual ly , and i t is n o w cu l t ivated in over 40 countr ies. The recent i n t r o d u c t i o n
of chickpea to Aus t ra l i a and U S A has expanded the use and poten t ia l o f this c rop .

The genetic resources of chickpea inc lude p r im i t i ve landraces, imp roved cul t ivars,
genetic stocks, mutants of C. arietinum, and a l l o ther species of the genus Cicer, A 
to ta l of 43 species are k n o w n to exist in this genus, of w h i c h on ly one (C . arietinum) is
cu l t iva ted, 8 are w i l d annuals, and the remain ing 34 are w il d perennia l species. The
w i l d species are rather l im i ted in d i s t r i bu t i on , and were not iced g r o w i n g in countr ies
a round the Med i te r ranean Sea, Soviet U n i o n , E th iop ia , Sudan, and in the H i m a l a y a n
Moun ta ins .

Recent ly the Regiona l Pulse Improvemen t Project ( R P I P ), I n d i a / I r a n , by an
extensive co l lec t ion effort assembled and augmented chickpea col lect ions that existed
w i t h var ious inst i tutes. Th is resulted in the assembly of about 7000 chickpea acces-
sions. W h e n the R P I P was phased ou t in 1970, par t o f th is co llec t ion was deposited
w i t h U S D A , and the rest remained w i t h several na t iona l research programs in I nd ia
and I r a n . In 1972, after I C R I S A T came i n to existence and assumed responsib i l i ty as
the w o r l d repos i tory fo r genetic resources of chickpea, var ious inst i tutes, universit ies,
and research organizat ions donated most of thei r col lections.

I C R I S A T started co l lec t ing germplasm in p r i o r i t y areas in the early eighties.
Co l lec t ion in other countr ies, such as in E th iop ia , A fghan is tan , Tu rkey , Nepa l ,
Bangladesh, M o r o c c o , and Syr ia has helped to na r row the apparent gaps in the w o r l d
co l lec t ion. In I nd i a , 17 missions have been organized j o i n tl y by I C R I S A T , A g r i c u l t u -
ra l Univers i t ies, and the N a t i o n a l Bureau o f P lan t Genetic Resources ( N B P G R ) . Th is
resulted in the co l lec t ion of 1400 samples (Tab le 1). Presently the I C R I S A T gene bank
holds 15 564 chickpea accessions representing 42 countr ies. Besides f i l l i n g the geogra-
ph ica l gaps, the above missions p rov ided some very useful mater ia ls, e.g.,
tuberculated-seed types, tw in -podded , and extra- large seeded desi mater ia ls f r o m
M a d h y a Pradesh, very- large seeded desi f r o m T a m i l N a d u , b lack seed coated, h i gh -
an thocyan in types f r o m E th iop ia , extra- large seeded kabul i , desi types of M i d d l e East
o r i g i n , and tw in -podded k a b u l i f r o m M o r o c c o and Syr ia .

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

India: ICR ISAT .
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Table 1. I C R I S A T collection expeditions for chickpea and wild Cicer species, 1975-88.

Year

1975

1976

1977

1978

1979

1980

1982

1983

1984

1985

1986

1987

1988

C o u n t r y

A f g h a n i s t a n , I n d i a , Pak is tan , T u r k e y

A f g h a n i s t a n , I n d i a

A f g h a n i s t a n , I n d i a (3)1 , T u r k e y

Ind ia (2 ) , Pak is tan

Bangladesh, I n d i a (2) , Nepa l

B u r m a , I n d i a (2) , Nepa l

E t h i o p i a , I nd ia

I n d i a

E t h i o p i a

Bangladesh, I n d i a

I n d i a

I n d i a , M o r o c c o

I n d i a , Syr ia

N o . o f

accessions

192

144

227

71

234

250

251

47

104

206

197

279

140

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

Germp lasm eva luat ion helps us to no t on l y characterize and document d ivers i ty o f
the germplasm, bu t also to ident i fy and describe new and useful genetic t ra i ts . F o r
example, we have ident i f ied , over several years of eva luat ion , 86 erect types, 100
tw in -podded types, 43 mult i-seeded types. U l t ima te l y , the value of the diverse ge rm-
p lasm depends on the extent o f i ts u t i l i za t i on in c rop improvement programs. C u r -
rent ly the chickpea germplasm is evaluated for 25 mo rphoag ronom ic characters. The
screening f o r resistance to var ious diseases and insect pests is done by concerned
discipl ines and several resistant sources have been ident i f ied (Tab le 2). In o rder to
su i tab ly document the i n f o r m a t i o n and d is t r ibute i t to users, the passport and evalua-
t i o n data of most o f the accessions have been computer ized and subjected to stat ist ical
analysis. The i n f o r m a t i o n has been summar ized in the ' IC R I S A T Ch ickpea G e r m -
p lasm Catalog* w h i c h w i l l  soon be d is t r ibu ted to chickpea research workers . Th is
analysis has revealed very useful i n f o r m a t i o n , e.g.:

• Accessions f r o m Chi le seem to be better sources fo r longer g r o w t h d u r a t i o n , h igher
p lan t height , heavy seed mass, and semi-erect g r o w t h habi t .

• Accessions f r o m Bangladesh appear to be better sources fo r h i gh pod number and
resistance to fusar ium w i l t .

• Accessions f r o m Nepa l produce a h igh number of basal secondary branches and
seeds p o d- 1 bu t they produce smal l pods, few ap ica l secondary branches, and
exh ib i t shorter f l ower ing du ra t i on .

Germp lasm eva lua t ion has n o w begun a t several locat ions. In I nd ia , th is w o r k
cont inues a t I C R I S A T Center, A k o l a , G w a l i o r , and N e w D e lh i , i n co l l abo ra t i on w i t h
N B P G R .
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Table 2. Chickpea germplasm accessions with resistance to diseases and insects,
evaluated at I C R I S A T Center.

Disease/Insect pest

Fusar ium w i l t
D r y roo t ro t

Stunt disease
Fusar ium w i l t and d ry roo t ro t

Fusar ium w i l t and black roo t ro t
Fusa r ium w i l t and bot ry t is gray m o l d
Fusar ium w i l t and ascochyta b l igh t
Fusar ium w i l t and sclerot in ia stem b l igh t

Bot ry t is gray m o l d and ascochyta b l igh t
Bot ry t is gray m o l d and co l l e to t r i chum b l igh t
Ascochyta b l igh t and stunt
Fusar ium w i l t , d r y roo t ro t , and black root ro t
Pod borer

N o . o f

accessions

166
47
11
18

18
1
1
8

2
2
3
2

22

The potent ia l users of the chickpea germplasm are chickpea scientists t h roughou t
the w o r l d . Every year, they tes t /u t i l i ze a large number of accessions in the i r research
programs. A to ta l of 157 824 chickpea seed samples have been d is t r ibu ted f r o m the
Genetic Resources U n i t ( G R U ) f r o m 1974 to 1987. Besides their use in c rop imp rove -
ment programs, some elite mater ia ls have d i rect ly been used for cu l t i va t i on . In the last
10 years, some 26 chickpea germplasm lines were released for commerc ia l cu l t i va t i on .
Examples are chickpea cu l t ivars Dhanush , T r i s h u l , and Radha in Nepa l ; B D N 9-3 and
J y o t i i n Ind ia ; Shendi i n Sudan; and I L C 4 8 2 i n A lger ia , M o r o cc o , Syr ia , and Tu rkey .

The status of chickpea germplasm is reviewed per iod ica l ly . Some of the m a i n points
of fu ture interest are the f o l l ow ing :
• Some chickpea g r o w i n g regions, v iz . , Bu rma , parts o f E thiop ia and Ind ia , M a l a w i ,

Tanzania , and T u r k e y are not yet we l l represented in the w o rl d co l lec t ion . G e r m -
p lasm f r o m these countr ies shou ld be col lected as early as possible.

• Germp lasm accessions w i l l  have to be add i t i ona l l y screened fo r response to fer t i l i z -
ers, resistance to l odg ing , ear ly seedling v igor , l ow- l i ght in tercept ion, etc.

• Eva lua t ing germplasm at more locat ions w i l l  have to be cont inued, i f possible near
or in their o r i g ina l habi ta t .
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Status of the World Collection of Pigeonpea Germplasm
at ICRISAT

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

Chickpea Botanist, Pigeonpea Botanist, and Research Associate, Genetic Resources Unit, ICR ISAT ,
Patancheru, Andhra Pradesh

I t is believed that pigeonpea (Cajanus cajan(L.) M i l l sp . ) or ig inated in Ind ia . Th is v iew
is based on archaeological f inds of pigeonpea seeds at Bhoka rdan , Maharash t ra w h i c h
presumably date back to the per iod 200 BC - 300 A D . I t appears that Atylosia 
cajanifolia is the closest related species of pigeonpea fo l lowed by A. lineata, A.
scarabaeoides, A. sericea, A. albicans, etc. The name 'pigeonpea' or ig inated in the
Amer icas where i t reached d u r i n g the 15th Century A D . As the seeds were favored by
pigeons, the name 'pigeonpea' came to be used. Several botan ica l names have been
used for pigeonpea, but the latest and most accepted is Cajanus cajan ( L . ) M i l l s p .

Pigeonpea belongs to the subtr ibe Cajaninae w h i c h encompasses a vast gene p o o l of
about 300 species be long ing to 13 genera. There is some s im i la r i t y a m o n g these
species. Of this vast gene p o o l , pigeonpea is the on ly cu lt iva ted f o r m . Th is was often
considered to be a mono typ i c genus, since a l l the other Asian and Aus t ra l i an species
that were described and were s imi lar to pigeonpea, were transferred to the genus
Atylosia because of the presence of seed st rophio le. van der Maesen suggested merg ing
a l l species of Atylosia, Rhynchosia acutifolia F . V . M u e l . ex Benth, and Dunbaria 
heynei W. & A. i n to Cajanus, thus recogniz ing 32 species in the genus.

Pigeonpea is cu l t ivated on about 3 m ha a l l over the w o r l d . However , this appears to
be an underest imat ion, as i t p robab ly does not inc lude pigeonpea that is c o m m o n l y
g r o w n in smal l stands in backyards and on f ie ld bunds. Pigeonpea is k n o w n to be
cul t ivated in over 50 countr ies, the most impo r tan t being Bu rma , Ind ia , D o m i n i c a n
Republ ic , Kenya, M a l a w i , Tanzania , and Uganda. Pigeonpea has been ga in ing p o p u -
la r i t y in Aus t ra l i a since its recent i n t r oduc t i on .

In keeping w i t h its role as the w o r l d reposi tory o f its mandate crops I C R I S A T
started to assemble the pigeonpea germplasm that already existed w i t h var ious
inst i tutes. The i n i t i a l co l lec t ion consisted of the lines assembled by the fo rmer
Regiona l Pulse Imp rovemen t Project ( R P I P ) , a j o i n t project o f U S D A , Ind ia , and
I ran . W h e n the R P I P was phased ou t in 1970, sets o f this co l lec t ion remained w i t h
var ious agr i cu l tu ra l universit ies and inst i tutes in India . In 1973/74, the mater ia l f r o m
these centers was donated to I C R I S A T . R P I P had also stored one set of this mater ia l
w i t h U S D A . A t I C R I S A T ' s request, this mater ia l was sent to Puer to R i co and then to
I C R I S A T . Some inst i tutes made new efforts to col lect germplasm, and these mater ials
were also shared w i t h I C R I S A T . S imul taneously , I C R I S A T , i n consu l ta t ion and
coopera t ion w i t h other inst i tutes, started co l lect ing germplasm f r o m p r i o r i t y areas. So
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fa r 34 missions have been carr ied ou t in I nd i a and 19 ab road and more than 3500

germplasm samples col lected (Tab le 1). W i t h the a d d i t i o n of the new samples, the

pigeonpea germp lasm co l lec t ion n o w comprises 11 034 accessions represent ing 52

countr ies. The ou ts tand ing achievements were the col lect ions f r o m Kenya , M a l a w i ,

and the Car ibbean Is lands w h i c h y ie lded samples w i t h ex t ra - ta l l p lan t he ight , pu rp le

stem co lo r , large seeds, and mult iseeded pods. The last t w o character ist ics are i m p o r -

tant f o r vegetable-type pigeonpea.

D u r i n g the germp lasm co l lec t ion e f for ts , pa r t i cu la r a t ten t ion was paid to survey

and col lect the Cajaninae species that are apparen t l y close to pigeonpea. Th is has

resulted in a co l lec t ion of 271 accessions of 47 species be long ing to 6 genera.

Systemat ic eva lua t ion of the accessions is necessary to describe the mater ia l and to

ident i fy desirable lines f o r u t i l i za t i on . Pigeonpea accessions were g r o w n in batches at

I C R I S A T Center and evaluated f o r 40 m o r p h o a g r o n o m i c t ra i ts . Several accessions

w i t h desirable character ist ics have been ident i f ied (Tab le 2). The concerned discipl ines

screen germp lasm f o r resistance to diseases and insect pests. The number of resistance

sources ident i f ied are l isted in Tab le 3.

Recent ly , germplasm eva lua t ion has begun at more locat ions. Th is w o r k is done in

Kenya j o i n t l y w i t h the N a t i o n a l D r y l a n d F a r m i n g Research Center. S im i l a r l y , i n

I nd ia , I C R I S A T and N B P G R are j o i n t l y conduc t i ng germp lasm evaluat ions a t

A k o l a , N e w D e l h i , and Jo rha t .

Tab le 1 . Co l lec t ion exped i t ions launched by I C R I S A T f o r p igeonpea and its w i l d

relat ives.

Year

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1985

1986

1987

Area

Ind ia (2)1

I nd ia (3)

I n d i a (5) , Kenya

Ind ia (5)

I nd ia (3)

Aus t ra l i a , Bangladesh, Ind ia (4) , M a l a w i , Nepa l

B u r m a , Ind ia (6) , Nepa l , Sr i L a n k a , T h a i l a n d , Z a m b i a

I n d i a (2) , M o z a m b i q u e , Ph i l ipp ines , Tanzan ia

Kenya , S o u t h A f r i c a , Z i m b a b w e

I n d i a , M a l a w i

Car ibbean Is lands, I nd ia

Car ibbean and Cen t ra l A m e r i c a n reg ion , I nd ia

I n d i a

T o t a l ( i n 53 exped i t ions)

N o . o f

accessions

134

331

426

241

195

345

272

399

290

459

271

142

52

3557

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

acteristics, evaluated at I C R I S A T Center.

Character

De te rm ina te g r o w t h habi t

Sho r t p lan t height ( < 1 m)

Sho r t m a t u r i t y d u r a t i o n ( < 1 2 0 days)

Heavy seed mass (100-seed mass > 1 8 g)

H i g h seed p ro te in (>27 .6%)

Mul t iseeded ( > 6 . 0 seeds pod - 1 )

N o . o f

accessions

298

321

47

48

14

15

Table 3. Pigeonpea germplasm accessions with absolute resistance to diseases,

insects, and nematodes, evaluated at I C R I S A T Center.

Disease/ Insect/ Nematodes

Fusa r i um w i l t

S te r i l i t y mosaic

P h y t o p h t h o r a b l igh t

T w o diseases

Three diseases

Three diseases and nematodes

P o d borer (Heliothis armigera) 

P o d f l y {Melanagromyza obtusa) 

Pod borer and pod f l y

Nematodes (comp lex of 8 species)

N o . o f

accessions

65

326

140

28

12

2

18

15

4

9

In order to sui tably document the i n f o rma t i on , the passport and eva luat ion data o f
most of the accessions have been computer ized and subjected to stat ist ical analyses.
The results are given in the I C R I S A T Pigeonpea Cata log wh i ch has been prepared in
t w o parts, and has already been d is t r ibuted to users.

The ma in users of the germplasm are scientists at I C R I S A T and at var ious nat iona l
inst i tutes in the semi-ar id t ropics. Scientists f r o m 90 countr ies have d r a w n pigeonpea
germplasm samples f r o m the I C R I S A T gene bank to ut i l ize them in thei r respective
research programs.

The c o n t r i b u t i o n of landraces as source mater ia l fo r improvement has been sub-
stant ia l . There are also examples of germplasm lines that have d i rec t ly been used fo r
commerc ia l p roduc t i on , e.g., U P A S 120, a shor t -dura t ion selection f r o m a germplasm
line that was released in no r the rn Ind ia in 1976 for cu l t i va t ion . In F i j i , the germplasm
accession I C P 7035, a f ie ld co l lec t ion f r o m M a d h y a Pradesh, Ind ia , has been released
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for cu l t i va t i on . Because of the h igh sugar content in its seeds, the l ine has been named
' K a m i c a ' wh i ch means sweet in F i j i an . Th is l ine combines resistance to fusar ium w i l t
and ster i l i ty mosaic w i t h good vegetable-type characteristics. Ano the r accession, I C P
8863, a f ie ld co l lec t ion f r o m U t ta r Pradesh, has been released in Karna taka under the
popu la r name ' M a r u t i ' . Recent ly the Government o f M a l a w i ident i f ied I C P 9145 as
suitable fo r cu l t i va t i on . Th is l ine is in fact a landrace collected in 1976 f r o m Kenya.

The status of the pigeonpea germplasm is reviewed per iod ica l ly . Some of the ma in
points of future interest are the fo l l ow ing :

• Germplasm f r o m the p r i o r i t y areas, i.e., Bu rma, Ind ia (Bihar , Orissa, and Ka rna t -
aka), Indonesia, Uganda, and Tha i l and should be col lected.

• In add i t i on to the 40 descriptors presently used, germplasm should be evaluated for
response to fer t i l izer, reduced f lower d rop , tolerance to rains d u r i n g ma tu r i t y , etc.

• The efforts should cont inue to evaluate germplasm at more locat ions.
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Status of the World Collection of Groundnut Germplasm
at ICRISAT

V. Ramanatha Rao and A.K. Sadasivan

Botanist, and Research Associate, Genetic Resources Unit, ICRISAT, Patancheru, Andhra Pradesh

Or ig i n and D i s t r i bu t i on

The genus Arachis p robab ly or ig inated in the area referred to as the Brazi l ian shield.
Cu l t i va ted g roundnu t {Arachis hypogaea L . ) or ig inated in Bo l i v ia and nor thwest
Argent ina on the eastern slopes of the Andes.

The natura l occurrence of the genus Arachis is conf ined to Sou th Amer i ca - in
Argent ina , Bo l i v ia , Braz i l , Paraguay, and Uruguay. In this reg ion, its d i s t r i bu t i on is
restricted to the area that is bounded by the A m a z o n r iver to the n o r t h , the la Plata
r iver to the south, the A t l an t i c to the east, and by the Andes to the west. However ,
more exp lorat ions for Arachis have to be made in many areas, and the d i s t r i bu t i on of
the genus may eventual ly be found to be much wider. The geocarpic habi t has largely
determined the evo lu t ion and d i s t r i bu t i on of the genus. Species be longing to a l l
sections of Arachis occur in Braz i l , and four sections, Ambinervosae, Caulorhizae, 
Extranervosae, and Triseminalae, are k n o w n to occur on ly in Braz i l . Species in
sections Arachis and Rhizomatosae occur in a l l five countr ies, but species in section
Erect aides are not k n o w n to occur in Uruguay. The cu l t ivated g roundnut gradua l ly
spread a l l over the w o r l d , especially du r i ng the immediate pos t -Co lumb ian per iod . I t
is now cul t ivated in more than 80 countr ies.

Col lect ion and Assembly

When I C R I S A T started g roundnu t germplasm w o r k in 1976, top p r i o r i t y was given to
acqu i r ing col lect ions f r o m other gene banks or research centers. Over 5066 accessions
were assembled f r o m var ious research centers in Ind ia , and 5297 accessions f r o m the
People's Republ ic o f Ch ina , Indonesia, Japan, M a l a w i , N iger ia , Senegal, Sou th
Af r i ca , Tanzania, U K , U S A , USSR, Zamb ia , and Z imbabwe .

I C R I S A T also carr ied out several co l lec t ion expedit ions in I nd ia and abroad in
cooperat ion w i t h nat iona l and in ternat iona l agencies, and col lected 857 samples in
Ind ia and 996 f r om outside Ind ia . D u r i n g these t r ips, besides co l lec t ion of germplasm,
i n fo rma t i on on cu l t i va t ion practices, and occurrence of pests and diseases was also
recorded.

I C R I S A T has a special interest in w i l d species of Arachis fo r cytogenetic and
resistance breeding w o r k . The present co l lec t ion of 201 accessions represents about 35

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings of a Joint ICRISAT/ NBPGR( ICAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988, CRISAT Center, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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species, descr ipt ions of some of wh ich are yet to be publ ished. M a n y more need to be
assembled.

The g roundnu t germplasm co l lec t ion at I C R I S A T presently totals 12 160 acces-
sions f r o m 89 countr ies (Table 1). A d d i t i o n a l germplasm is yet to be col lected f r o m the

Table 1. Groundnut germplasm collection status at I C R I SA T Center, October 1988.

O r i g i n

A F R I C A

A n g o l a
Benin

Botswana
Burk ina Faso
Cameroon
Cent ra l A f r i can Republ ic
Chad
Comoros
Congo
Cote d ' l vo i re
Egypt
Equa to r ia l Guinea
Gambia
Ghana
Guinea
Kenya

L iber ia
L i b y a
Malagasay Repub l ic
M a l a w i
M a l i
M a u r i t i u s
M o r o c c o
M o z a m b i q u e
Niger
Niger ia
Republ ic o f Sou th A f r i ca
Rwanda
Senegal
Sierra Leone

Somal ia
Sudan

N o . o f
accessions

3 496

7
15

1
62

6
2

15
1
6

81
17
13
32

53
22
50
12

1
49

148
187
27
21

149
25

343

146
1

262
24

9
223

O r i g i n

Swazi land
Tanzania
T o g o
Uganda
Zai re
Z a m b i a
Z i m b a b w e

A S I A

B u r m a
Ind ia
Indonesia
I ran
Israel
Japan
Kampuchea
Malays ia
Pakistan
People's Republ ic o f Ch ina
Republ ic o f Korea
Sr i Lanka
Syr ia
T a i w a n
Tha i land
The Phi l ipp ines
T u r k e y
V ie tnam
Yemen ( A R )

E U R O P E

Belg ium

N o . o f
accessions

8
396

11
171
116
226
558

3 820

21
3 050

139
11
88
47

I

53
1

215
74
23

1
48

6
29

7
4
1

112

3

Continued.
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O r i g i n

Bulgar ia

Cyprus

Greece

H u n g a r y

Por tuga l (Azores)

Spa in

U K

U S S R

T H E A M E R I C A S

Argen t ina

Barbados

Braz i l

Ch i le

C o l u m b i a

Costa Rica

Cuba

Ecuador

H o n d u r a s

Jamaica

M a r t i n i q u e

N o . o f

accessions

4

7

7

2

6

4

16

63

3 656

404

4

465

12

1

1

40

3

4

4

6

O r i g i n

M e x i c o

Paraguay

Peru

Puer to R i co

T r i n i d a d and T o b a g o

U r u g u a y

U S A

Venezuela

A U S T R A L I A A N D O C E A N I A

Aus t ra l i a

F i j i

U n k n o w n

T O T A L

N o . o f

accessions

21

184

317

21

5

40

1 828

9

59

57

2

1 017

12 160

Table 1. Continued. 

p r i o r i t y countr ies/areas ident i f ied in consu l ta t ion w i th the In te rna t iona l Board fo r
Plant Genetic Resources ( I B P G R ) , I C R I S A T scientists, and na t iona l scientists in the
germplasm resource areas.

Conserva t ion and M a i n t e n a n c e

At I C R I S A T , a l l the cu l t iva ted g roundnu t accessions and seed-producing w i l d species
are main ta ined by g r o w i n g in the f ie ld . The rh izomatous and nonseed-producing w i l d
species are main ta ined in concrete cyl inders. The legumes cytogenetics section at
I C R I S A T Center has been he lp ing G R U ma in ta in the rh izomatous w i l d species o f
g roundnu t .

General ly about 1 kg pods are stored in the med ium- te rm co ld storage ( 4 ° C and
approx ima te ly 40% R H ) . V i a b i l i t y o f accessions is mon ito red regu lar ly and rejuvena-
t i on is carr ied ou t when the seed quan t i t y is l o w or the v iab i l i t y fal ls be low the
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germina t ion standard (85%). Larger quant i t ies of seed for genetic stocks and acces-
sions for wh i ch demand is greater are also retained in the shor t - term storage at 18°C.
The long- te rm co ld storage fac i l i t y ( - 20°C) is being developed.

A l l possible care is taken to effectively ma in ta in and conserve heal thy and good-
qua l i t y seeds in the I C R I S A T gene bank. Reports on peanut str ipe v i rus ( P S t V ) have
become a major source of concern to I C R I S A T because of its role in germplasm
exchange. Enzyme- l inked immunosorbent-assay technique (E L I S A ) is used to detect
the presence of the v i rus in the seed. Virus-free seeds are then planted for seed increase
and pods f r o m such plants are conserved in our gene bank. Th is process w i l l  cont inue
un t i l a l l the g roundnu t accessions in our gene bank are checked, so that we can
ma in ta in and supply heal thy seeds. A d d i t i o n a l l y , whenever germplasm is g r o w n in the
f ie ld, ou r pathologists examine the plants, especially for v i ra l disease symptoms.

Eva lua t i on

The ' G r o u n d n u t Descr ip tors ' developed by I B P G R and I C R I S AT in 1981 f o r m the
basis fo r eva luat ion and character izat ion at I C R I S A T . Prel im inary evaluat ion for
morphoag ronomic characterist ics is carr ied out in bo th ra iny and post ra iny seasons.
Fur ther eva luat ion fo r pest and disease resistance, and phys io log ica l and b iochemical
characterist ics is carr ied out in co l labora t ion w i t h other discipl ines at I C R I S A T
Center.

Such eva luat ion exercises have resulted in the ident i f i cat ion of a number of useful
g roundnu t accessions wh ich are being ut i l ized extensively in g roundnu t improvement
at I C R I S A T and elsewhere. We presently have about 60 accessions resistant to late
leaf spot, about 12 p romis ing ones for early leaf spot, about 100 resistant sources for
rust, a few w i t h f ie ld tolerance to bud necrosis and peanut mot t le v i rus, resistance to
seed invas ion by Aspergillus flavus, and pod rots. We have about 100 accessions
resistant to thr ips , jassids, aphids, and Spodoptera spp. We have also in our gene bank
17 drought - to le rant accessions and some w i t h higher b io log ica l n i t rogen- f i x ing ab i l -
i t y . We have a few accessions w i t h higher o i l and pro te in content.

M u l t i l o c a t i o n a l eva luat ion o f g roundnu t germplasm in India i n co l l abora t ion w i t h
N B P G R is i n progress. W i t h the expansion o f I C R I S A T ' s o w n prog ram in southern
and West A f r i ca , more such mu l t i l oca t i ona l evaluat ions are needed to exp lo i t the
avai lable d ivers i ty fo r u t i l i za t i on in g roundnu t improvement . In future, germplasm
w i l l  be evaluated fo r more at t r ibutes such as o i l qua l i t y and sources o f resistance to
other pests and diseases.

D o c u m e n t a t i o n

' G r o u n d n u t Descr ip tors ' consist of 40 passport descriptors and 39 p re l im ina ry evalua-
t i o n descriptors. Descr ip to r states have also been p rov ided for a number of descriptors
fo r fur ther eva luat ion , the data on wh i ch are being suppl ied to G R U by other
g roundnu t scientists. The rev is ion of g roundnu t descriptors is in progress. A separate
l ist of descriptors fo r w i l d Arachis is also under preparat ion.
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Passport data have been computer ized for 12 160 I C R I S A T accessions. M o r p h o -
agronomic data are being computer ized. A computer p rog ram, I C R I S A T Da ta
Management and Retr ieval System ( I D M R S ) is being used for this purpose. The
computer f i le forms the base l ive catalog. Pub l ica t ion of g roundnu t germplasm
catalogs on passport data and evaluat ion data is p lanned.

Dis t r i bu t i on

Since 1976, 96 656 samples have been d is t r ibu ted, i nc lud ing 45 704 samples to I C R I -
S A T scientists, 26 536 to scientists in Ind ia and 24416 to scientists in 83 other
countr ies. General ly, g roundnu t germplasm is suppl ied as pods to scientists in Ind ia
and it is always suppl ied as seed to scientists outside Ind ia after comp le t ing a l l the
plant quarant ine requirements.
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World Germplasm Collections and Their Potential in Crop
Productivity

B.R. Murty and Melak H. Mengesha

INS A Senior Scientist/ Professor, Biotechnology Centre, IA R I , New Delhi; and
Leader, Genetic Resources Unit, ICRISAT, Patancheru, Andhra Pradesh

Concerted efforts d u r i n g the past 25 years by in ternat iona l and na t iona l organizat ions
have resulted in the co l lec t ion , eva luat ion, and some mobi l i za t i on of w o r l d genetic
resources ma in l y in cereals, legumes, and oilseeds, and to some extent in other food
crops, w i t h t ime ly prevent ion o f their e l im ina t ion by fast-spreading new cul t ivars.
I B P G R and I C R I S A T , w i t h their cooperators, have prepared standard descr iptor lists
and documenta t ion procedures. There is an on-go ing effort to make col lect ions in
p r i o r i t y crops and regions in spite of di f f icul t ies in the movement of mater ia l across
cont inents because o f quarant ine and other contro ls . The mob i l i za t i on o f w o r l d
col lect ions has great ly benefi t ted crops of the semi-arid t ropics wh i ch f o r m the staple
food in several deve lop ing countr ies. These crops are no rma l l y g r o w n under marg ina l
condi t ions and have h igh local adapta t ion . The So rghum Convers ion P rog ram in
Puerto R ico , fo r example, helped sorghum p roduc t i on in the U S A as much as in the
tropics o f As ia and A f r i ca , and extended the range of adapta t ion of the cul t ivars
g loba l ly .

D w a r f i n g Genes and Biomass P roduc t i on

The u t i l i za t ion o f genes for dwar f i ng and pho toper iod insensi t iv i ty f r o m loca l var ie-
ties, to restructure p lant type in the major cereals, has enormous ly imp roved thei r
p roduc t i v i t y and range of adapta t ion , and has added stabi l i ty to p roduc t i on , as is
evident in the nat iona l coord inated c rop improvement programs. The next q u a n t u m
j u m p in cereal y ie ld fo r the 21st century requires a greater d ivers i f icat ion of the genetic
base, i nc lud ing cytoplasmic d ivers i ty , since on ly a small f rac t ion of the w o r l d col lec-
t ions have actual ly entered the parentage of present-day advanced lines.

The Dee-gee-Woogen and N o r i n dwar f i ng genes in rice and wheat and s imi la r genes
in sorghum and mi l le t have complex funct ions, in f luencing a conste l la t ion of charac-
ters. These genes improve the pa r t i t i on ing of d r y matter wi t h o u t a s igni f icant increase
in the to ta l biomass p roduc t i on . Hence there is an urgent need to evaluate the w o r l d
col lect ions fo r h igher biomass to complement the super ior harvest index. Transfer of
al ternate sources o f dwar f i ng w i t h rap id biomass accumula t ion , trai ts f ound in some
win te r wheats, the Assam rice co l lec t ion, new dwar f i ng genes in mi l le t a t I C R I S A T ,
and in the sorghums of L a t i n Amer i ca , i n t o improved types, is essential.
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F o r a p lanned transfer of these genes i n to advanced cul tivars, basic studies are
needed on adapta t ion mechanisms of genotypes to moisture, disease, so i l , and c l imat ic
stresses, and on the b iochemica l basis of their resistance to such b io t ic and ab io t ic
factors. The adapt ive mechanisms of genotypes w i t h potent ia l l y h igh biomass under
these stress cond i t ions need special a t ten t ion .

N e w Too ls f r o m F ron t i e r Sciences

Fron t ie r sciences l ike b io techno logy n o w prov ide the tools for the transfer of specific
D N A s in to new cul t ivars. S im i l a r l y , protop last fusion can be ut i l ized to reconst i tute a 
new cytoplasmic base f r o m the ex is t ing diverse cytoplasms, to produce more produc-
t ive cytosteri les. The sequencing o f the D N A o f the diverse sources o f dwar f i ng , fo r
example, to d is t inguish c o m m o n and cont rast ing features, wi l l a id the i nco rpo ra t i on
of mu l t i p le sources of eff icient phys io log ica l mechanisms. Genetic analysis at the
molecu lar level, as is being done in soybean about the basic processes of nodu la t i on
using nonnodu la t i ng , supernodula t ing, and n o r m a l genotypes, can be appl ied to other
leguminous crops. The inh ib i to rs produced by the shoot in loca l iz ing nodu la t i on in
soybean helps us to better understand t ranscr ip t ion and t rans la t ion mechanisms in the
genetics of nodu la t i on . A s imi la r eva luat ion in chickpea, pigeonpea, and g roundnu t is
recommended.

A m o n g the d rought - to le ran t landraces, stage-specific resistance ( rather than resist-
ance over the ent i re g r o w t h per iod) is c o m m o n at the seedling, mid-season, or te rm ina l
stage, as in some of the up land rices in Ind ia . Since such stage-specific adaptat ions are
due to diverse phys io log ica l mechanisms, in tegrat ing those genes i n to one genotype to
face the r a n d o m d rough t in S A T countr ies requires b io technolog ica l expertise fo r
specific D N A transfer.

Landraces as Genet ic Componen ts of Stab i l i ty

An analysis o f the parentage o f the w ide ly adapted h igh-y ield ing cul t ivars indicates
that the poo l i ng of the diverse gene blocks fo r adapta t ion f r o m di f ferent landraces
have con t r ibu ted to thei r w ider adapta t ion to var ious stresses. Such examples are IR
60, IR 36 and IR 42 in rice; C 306, HD 2189, Chenab 70, Sholey and Bi j iga ye l low in
wheat; JG 62, BG 203, G 130 and K 850 in chickpea; C S H 5, C S H 9 and CS 3541 in
sorghum; BK 560, W C - C 75, Pusa 23 and I C M H 423 in mi l le t , to men t ion a few. There
is need fo r an indep th study of these mechanisms of adapta t ion .

Cytop lasmic const i tuent s tab i l i ty is evident in protop last fusion products and fo r
rec iprocal crosses i n v o l v i n g on l y female parent. The convers ion p rog ram needs to take
this i n t o cons iderat ion. The analysis o f the m t D N A isozyme pat tern i n landraces w i l l
be necessary to characterize these genetic stocks more precisely.

The genetics of characters associated w i t h adapta t ion in landraces needs to be
studied in crosses between landraces and h igh-y ie ld ing cul t ivars and the i n f o r m a t i o n
inc luded in the documenta t i on on the landraces. The sequencing o f D N A o f landraces
w i t h specific adapta t ion , e.g., salt and d rough t tolerance, w i l l be useful.
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The genetic d ivers i ty in na tura l popula t ions w i t h specific or wide adapta t ion can be
assessed by the M a r k o v process of est imat ing nucleot ide subst i tu t ion rates. General ly ,
natura l m u t a t i o n rates are very h igh under some specific ecological cond i t ions . Such
an analysis w o u l d be wo r t hwh i l e in the Rajasthan and Ghana col lect ions of pear l
mi l le t , the sorghums of Sudan and E th iop ia , and the chickpeas o f E th iop ia and Sou th
I ran , wh ich are a l l adapted to severe env i ronmenta l stress. S i m u l a t i o n studies using
avai lable data on specific isozyme loc i w i l l  be useful supplements i n analyz ing adapta-
t i o n in specific w o r l d col lect ions.

Genetic Analysis o f W o r l d Col lect ions

To understand the mechanisms of adapta t ion and evo lu t ion par t i cu la r ly in landraces,
more genetic i n f o rma t i on needs to be obta ined du r i ng the eva luat ion process. The
fo l l ow ing approaches must be considered.
• Use of R F L P as genetic markers and thei r p o l y m o r p h i s m analyzed fo r assessment

o f d ivers i ty between location-specif ic w ide ly adapted accessions w i l l  be o f use.
• Cytop lasmic d i f ferent ia t ion can be examined by ana lyz i ng organelle D N A w i t h

emphasis on m t D N A rather than c t D N A , and l o o k i n g fo r un ique types o f m t
D N A in indigenous races, as is being done in maize.

• S imple and complex probes in R F L P studies to trace the co n t r i b u t i o n of di f ferent
landraces to the germplasm used in the breeding p rog ram w i l l  be useful supple-
ments to o rgane l l e -DNA analysis.

• W o r k on protop last fusion to produce cybr ids f r o m diverse cytoplasms needs to be
strengthened. These cybr ids can be examined for mt D N A and c t D N A recombi -
nants. I f these cytoplasmic const i tuents are stable, i t is possible to ma in ta i n the
funct iona l d ivers i ty o f the protoplast fusion products w i t h o u t d i s rup t ing the adap-
tat ive gene blocks in mt D N A .

Divers i f ica t ion o f Genet ic Base in P lan t Breeding P rograms

The divers i ty in present-day advanced lines in regional tr ials indicates that the gains
already realized by the l im i ted use of genetic resources in the released cul t ivars can be
accelerated by a sustained ef fort for a w ider genetic base. A l t h o u g h several varieties
were released d u r i n g the past 15 years (322 in r ice, 167 in wheat, 46 in maize, 40 in
sorghum, 32 in pearl mi l le t , 68 in chickpea, and 65 in g roundnu t ) , on l y a few are
extensively g r o w n by farmers and a l l these are releases of a decade or longer. F o r
example, Sona l ika , released in 1965 is s t i l l the most popu la r wheat cu l t i var f o l l owed
b y H D 2285, H D 2329, H D 2189, and H D 2009 released d u r i ng 1974-79. A s imi la r
s i tuat ion exists in rice w i t h IR 36, I E T 1444, Mashoore , and IR 20 released d u r i n g
1966-81. Ratna, the up land rice released in 1970 is yet to be replaced by a better
var iety. In sorghum, C S H 5 and C S H 9 released in 1974 and 1981 are the r u l i n g
hybr ids . In pear l m i l le t , BK 560 released in 1975 is s t il l popu lar , fo l l owed by W C - C 7 5
of 1982. In maize, Ganga 5, and some others, released 10-15 years ago, are s t i l l
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extensively g r o w n . W h i l e the s tab i l i ty of such varieties over l ong periods is interest ing,
thei r adapta t ion mechanisms are no t adequately understood. The genetic archi tecture
of the subsequently released cul t ivars must be studied if they are to con t r ibu te to a 
diversi f ied genetic base. Some of the recent pearl m i l let hybr ids , e.g., Pusa 23, I C M H
451 , and I C M H 423, are the results of such a planned d ivers if icat ion based on studies
of adapta t ion under stress. U t i l i za t i on patterns of the large col lect ions already avai la-
ble, and the l im i ted and uneven f ie ld performance of varieties released in the last
decade must be careful ly studied. An analysis of the i r pedigree and selection metho-
do logy is necessary fo r the i n t r oduc t i on of new genes f ro m other sources in the w o r l d
co l lec t ion, to remedy the above s i tuat ion.

An examina t ion o f the parentage o f the advanced lines in the regional t r ia ls d u r i n g
1987-88 has indicated the genetic constraints l i m i t i n g thei r p roduc t i v i t y . Of 620 wheat
entries, a ma jo r i t y are based on four varieties, HD 2009, HD 2160, HD 2281, and
S-308, wh ich are themselves of a complex parentage. I t is necessary to fur ther w iden
the base i f the present y ie ld barr ier is to be broken. The use of more w in te r wheats or
intermediate forms in crossing is proposed. In rice t oo , a s imi lar s i tuat ion appears to
exist. I n the case o f sorghum and mi l le t , fur ther success w i l l  depend on the divers i f ica-
t i o n of the cytoplasmic base as the present convers ion of male steriles are restr icted to
one cytoplasmic source. The postrainy-season sorghum improvement is s t i l l to take
off. The w ide ly used mater ia l f r o m Sudan, E th iop ia , Cameroon , Yemen, and Niger ia
should be considered a long w i t h M a l d a n d i lines and Cent ra l I nd ian mater ials. I t is
necessary to characterize the impo r tan t genetic resource, i.e., cy top lasm, b iochemi -
cal ly and a t the molecular level by f rac t ionat ing m i tochond r i a l D N A for fur ther
man ipu la t i on o f p roduct ive cytosteri les.

Even among the legumes, e.g., chickpea, where considerable hyb r i d i za t i on has
taken place over the past 15 years, the advanced lines under test ing are most ly based on
five varieties: G 130, C 214, BG 203, K 850, and C 235. The best lines w i t h consistent
performance over the past 3 years are on ly two , W B L 12 and GZ 769. The y ie ld
difference in the Cent ra l Zone between the checks (1300-1500 kg ha- 1) and the
advanced lines (950-1665 kg ha- 1) is very smal l , much below the expectat ions based on
a wide crossing p rog ram. An analysis of their parental lines and in fus ion of other
genotypes f r o m the w o r l d co l lec t ion is cal led for .

I t is interest ing to compare the y ie ld advances made in sorghum and mi l l e t where
considerable effort was made to mobi l i ze w o r l d col lect ions w i t h those of up land rice
and rainfed wheat where large col lect ions are also avai lable. In the I E T t r i a l under
t ime ly sowing, o f 25 entries of d u r u m wheat, the con t ro l Meghdoo t y ie lded 1620 kg
ha- 1 as against the mean of 1530 kg of a l l the other entries. In the rainfed bread wheat
t r i a l in the Eastern Zone , C 306, the check released over 30 years ago y ie lded 1900 kg
ha- 1 compared to 1960 kg ha- 1, the mean of the six entries, the difference not be ing
signi f icant. The rainfed regional t r i a l revealed that NI 5439, a check, y ie lded 1600 kg
ha- 1 compared to 1200-1370 kg of the o ther best f ive entries. The y ie ld per formance in
the up land rice p rog ram was s imi la r to that of ra infed wheat. I t w o u l d appear tha t a 
greater ef for t in ra infed wheat and rice can be effective on ly i f the avai lable genetic
resources inc lud ing the new col lect ions are mob i l i zed as is be ing done in so rghum and
mi l le ts .
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Overcoming Some Constra ints in M o b i l i z i n g Genetic Resources

Greater a t ten t ion by bo th Na t i ona l and In te rna t iona l Genetic Resources organiza-
t ions may be considered on the f o l l o w i n g aspects of generation of mater ia l fo r regional
problems, testing in cont rast ing envi ronments, w i t h emphasis on feedback on the
evaluat ion o f w o r k i n g col lect ions in mu l t i l oca t i on testing.
• Evidence is accumula t ing that stress tolerance to b io tic and a b io t ic factors and h igh

yie ld potent ia l are l i ke ly to be due to independent mechanisms. Simul taneous
screening of w o r l d col lect ions for biomass, y ie ld potent ia l and stress tolerance in
specific stress env i ronments is needed.

• In termediate forms i nc lud ing natura l and man-made introgression products can be
treated as genetic stocks for evaluat ion as revealed by the u t i l i t y of such forms as
Pennisetum typhoides x P. violaceum in the sub-Saharan regions. These products
reta in their adapta t ion to stress and are far more useful to breeders than the
products of synthetic species hybr ids.

• Creat ion of complex hyb r id i za t i on products i nvo l v i ng several landraces and inter-
mediate forms of int rogression, and their supply to regional centres for selection in
local condi t ions w i l l  accelerate the mob i l i za t i on o f germplasm. Feedback o n this
testing can be incorpora ted in the documenta t ion .

• Creat ion of gene pools fo r groups of impor tan t characters in cross-pol l inated crops
w i l l  permi t easy management o f the genetic mater ia l and ava i lab i l i t y fo r ready use,
wh ich is d i f f i cu l t fo r i nd i v i dua l accessions. Diverse sources of cytoplasms (cytoste-
riles) can be used to create such gene pools in bo th sel f -and cross-pol l inated crops.
This w i l l also p romote recombina t ion on a wider scale.

• Regular exchange of i n f o r m a t i o n between users and genetic resources uni ts on
regional problems needing ident i f i ca t ion of suitable genotypes, decentra l izat ion of
generat ion o f mater ia l , and test ing o f core col lect ions in cont rast ing env i ronments
w i l l  accelerate the mob i l i za t i on o f the several useful stocks already ident i f ied.
Wh i l e logist ic di f f icul t ies exist in the eva luat ion of large col lect ions over several

locat ions, i t is desirable to evaluate representative core col lect ions in m u l t i -
env i ronmenta l test ing to understand the mechanisms of adapta t ion fo r a set of
impo r tan t variables l ike roo t ac t iv i ty , ma tu r i t y , g r o w th pat tern, du ra t i on o f f lower-
i n g / g r a i n f i l l i ng , disease and pest resistance, and related phys io log ica l parameters.
This is necessary if one is to comprehend the to ta l i t y of G * E interact ions of a l l these
variables taken together. Th is is possible using mu l t i va ria te procedures l i ke m u l t i d i -
mensional scaling and p r inc ipa l coordinates analysis combined w i t h regression ana-
lyses as was at tempted recently in maize. S imu la t i on studies using the ex is t ing data on
character combina t ions in the w o r l d col lect ions can be used to predict a p lant type
w i t h higher p roduc t i on po ten t ia l and adapta t ion , or to formula te a set of useful
ideotypes in t rop ica l legumes and oilseeds where the present efforts of rest ructur ing
the p lant type are meet ing w i t h on ly l im i ted success.

The impor tance of genetic resources for the future of m an k i n d cannot be m i n i -
mized, as i l lust rated above, par t i cu la r l y w i t h the f luc tuat ing p roduc t i on of f ood crops
in several semi-ar id t rop ica l regions, and even in U S A , where the recent d rough t
a t t r ibu ted to the greenhouse effect has been devastat ing. W i t h the ident i f i ca t ion of
specific genes and genotypes after c r i t i ca l eva luat ion of the w o r l d col lect ions, and the
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u t i l i za t ion of mode rn tools, i t is no t d i f f i cu l t to transfer several useful genes in to
present-day cul t ivars to achieve the next b reak th rough in the y ie ld barr ier . I t must
therefore be concluded that the avai lable w o r l d col lections offer genetic d ivers i ty of
great po tent ia l fo r increased and sustainable c rop p roduc t i v i t y .
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IBPGR's Objectives and Plan of Work in South and Southeast Asia

J . M . M . Engels

IBPGR Coordinator for South and Southeast Asia, c/o NBPGR, Pusa Campus, New Delhi

Past Achievements

The In te rna t iona l Board for Plant Genetic Resources ( IB P G R ) was fo rmed by the
Consul ta t ive G r o u p on In te rna t iona l A g r i c u l t u r a l Research ( C G I A R ) in 1974 to focus
on co l lect ing threatened germplasm and establ ishing facil i t ies and methods fo r l ong -
term conservat ion th rough a coord inated in ternat iona l ne twork . Some of its major
past achievements are:
• The development of a g loba l ne twork of gene banks to conserve this germplasm. At

present, the ne twork comprises over 50 effectively operat ing gene banks in develop-
ing and developed countr ies.

• The s t imu la t ion of other inst i tu t ions on nat iona l , regional , and in te rnat iona l levels
to assume the responsibi l i ty to col lect, characterize, and store p lant genetic resour-
ces. These gene banks now operate in over 100 countr ies and range f r o m emergent
nat iona l entit ies to h igh ly sophist icated centers in the C G I A R .

• The establishment of pr ior i t ies by species and regions for the col lect ion of threatened
germplasm. Over 400 col lect ion missions wor ldw ide were organized a n d / o r
supported.

• The support to t ra in some 1300 indiv iduals in a l l aspects of genetic resources
conservat ion and u t i l i za t ion .

• The standardizat ion of character izat ion and evaluat ion w o r k th rough the produc-
t i on of descr iptor lists for a l l major crop species.

• The pub l i ca t ion and disseminat ion of scientific reports, directories, and
newsletters.

I B P G R ' s Ex tended M a n d a t e

In 1986 the C G I A R approved an extended mandate to enable I B P G R to catalyze
whatever act ions were needed to suppor t and w iden the already ex is t ing g loba l genetic
resources ne twork . Th is mandate is:

" T o fur ther the study, co l lec t ion, preservat ion, documen-
ta t ion , eva luat ion, and u t i l i za t i on o f the genetic d ivers i ty
of useful plants fo r the benefit o f people t h roughou t the
w o r l d . I B P G R shall act as a catalyst bo th w i t h i n and
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outside the C G I A R system in s t imu la t ing the ac t ion

needed to sustain a viable ne twork of ins t i tu t ions f o r the

conservat ion of genetic resources fo r these p lan ts" .

A f t e r focussing f o r a decade or so on col lect ing p r i o r i t y crops and establ ishing a 

ne two rk of base col lect ions th rough direct technical and scienti f ic suppor t as wel l as

t ra in ing , I B P G R started reorgan iz ing its p r o g r a m and staf f ing to meet the new

requirements. The need fo r strategic and appropr ia te research in p lan t genetic resour-

ces conservat ion and u t i l i za t i on is being f u l l y recognized and this is reflected in the

establ ishment of a Research P r o g r a m .

Basic P r o g r a m Structure

The basic p r o g r a m components o f I B P G R are, f o r admin is t ra t i ve and management

reasons, organized in three m a j o r thrusts: adm in i s t r a t i on , f ie ld p r o g r a m , and

research. The nine components and thei r ma jo r elements are l isted below.

1. A d m i n i s t r a t i o n — s u p p o r t f o r a l l I B P G R act iv i t ies, operat ions, commit tees, etc.

2 . Technica l se rv ices—prov is ion o f technical suppor t and i n f o r m a t i o n to a l l s taf f and

the scient i f ic c o m m u n i t y ; pub l i c af fa i rs , pub l ica t ions , and l ib rary .

3. G loba l genetic resources n e t w o r k — d e v e l o p m e n t a l act iv i t ies w i t h the centres,

i nc lud ing fos ter ing base and act ive col lect ions, and data management and transfer.

4. Germp lasm acqu is i t ion — m o n i t o r i n g degree of genetic eros ion, co l lec t ing threat-

ened germp lasm, supp lement ing ex is t ing gaps in germplasm, and fac i l i t a t ing germ-

p lasm f l o w on a g loba l scale.

5. Germp lasm character iza t ion and eva luat ion — s tandard iza t ion of procedures to

process, store, and d is t r ibu te character izat ion and eva luat ion data. D a t a acquis i -

t i o n , data analysis, app l i ca t i on , and eva lua t ion strategy are the p r o g r a m elements.

6 . T r a i n i n g — t h e deve lopment o f conceptua l , technical , and manager ia l ski l ls

t h r o u g h suppor t o f manpower t ra in ing . Th is involves postgraduate t r a i n i ng , spe-

cial ized short technical courses, i nd i v i dua l t ra in ing , and in te rn fe l lowships.

7. In v i t r o cu l tu re research — development of in v i t r o techniques f o r the co l lec t ion ,

conservat ion , and exchange of genotypes f o r " reca lc i t ran t " species, i nc lud ing

co l lec t ion and tissue cu l tu re technology, disease index ing and therapy , cryopreser-

v a t i o n , genetic s tab i l i ty , and a p i lo t s tudy f o r in v i t r o gene banks.

8 . Genetic d ivers i ty r esea rch—to enhance ou r unders tand ing o f the o r i g i n , evo lu t i on ,

and va r ia t i on patterns of c rop gene pools. Th is includes species m a p p i n g , ecogeo-

graphic studies, deve lopment o f b iochemica l methods o f descr ip t ion , and research

on w i l d relatives in p r i o r i t y c rop gene pools.

9. Seed conservat ion resea rch—to establ ish and imp lement standards f o r seed stor-

age. Th is e f for t includes study of phys io logy of stored seeds, the i r genetic s tab i l i t y ,

d o r m a n c y , regenerat ion, and genetic in tegr i ty , as we l l as nondest ruct ive disease

index ing .
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W o r k P l a n o f the I B P G R Off ice for Sou th and Southeast As ia

To enable I B P G R to func t ion more effectively, a series of offices a round the w o r l d
have been established. T w o new offices were opened in As ia in 1988, one in New D e l h i
for Sou th and Southeast As ia (replacing the previous office for Southeast As ia in
Bangkok ) , and the other one in Bei j ing for Ch ina and East As ia . Besides fac i l i ta t ing
and / o r coord ina t ing f ie ld act ivi t ies i n areas o f great genetic d iversi ty, these offices w i l l :
• Adv ise, assist, and st imulate nat iona l programs on plant genetic resources in their

endeavor to conserve and ut i l ize genetic resources.
• In i t ia te , coord inate a n d / o r catalyze regional act ivi ties, especially in the f ie ld of

co l lect ing and character iz ing germplasm.
• Part ic ipate in scientif ic w o r k to strengthen nat iona l efforts, i nc lud ing hands-on

demonstrat ions, maintenance o f I B P G R standards for germplasm conservat ion,
m o n i t o r i n g of genetic erosion, gather ing i n fo rma t i on , and per iodic assessment o f
act iv i t ies.

• Establ ish and update computer ized databases for p lant genetic resources activi t ies
in each coun t ry o f the region.

• Liaise w i t h the In te rna t iona l A g r i c u l t u r a l Research Centers ( I A R C s ) , F A O C o m -
mission, b i la tera l funded genetic resources projects, and relevant nongovernmenta l
organizat ions.

• Part ic ipate in a n d / o r coord inate regional meetings, workshops, t ra in ing courses,
etc., and assist in their organ izat ion.

• Prov ide a scientif ic eva luat ion of a l l f ie ld project proposals submi t ted f r o m the
region for I B P G R support .
The f o l l o w i n g specific act ivi t ies are planned by the I B P GR Office for Sou th and

Southeast As ia for the near future:
• Assist in the establishment of nat iona l p lant genetic resources programs in coun-

tries l ike Bhu tan , Kampuchea, Laos, and V ie tnam.
• Assist and advise recently established nat iona l gene banks to become fu l l y opera-

t i ona l ( i .e., S r i Lanka , Bu rma, Tha i l and , and Phi l ippines).
• Ana lyze past co l lect ion act iv i t ies, define ex is t ing "gaps" and col lect germplasm,

especially w i l d species a n d / o r landraces of p r i o r i t y crops accord ingly ( i .e. Vigna 
spp, aroids, a l l i u m , ok ra , eggplant, Brassica spp, Mangifera spp, Musa spp, Citrus 
spp, sugarcane, rice, and maize), but give also due emphasis to na t iona l / regional
pr ior i t ies and needs (i.e. m ino r crops).

• Assist and activate the development of a g loba l c rop ne twork in the region by
coord ina t ing g loba l co l lec t ion, conservat ion, and u t i l i za t ion act ivi t ies wh i ch
I B P G R w i l l  help to establish. P r i o r i t y w i l l  be given for the t ime being to banana,
groundnut , ok ra , sweet po ta to , and saff lower.

• Encourage and support the use of local ly adapted germplasm in the nat iona l
breeding programs.

• Organize regional t ra in ing courses on genetic resources management aspects wh ich
lack trained personnel.

• Coord inate genetic resources act ivi t ies w i t h the I A R C s in complement ing rather
than dup l i ca t ing thei r efforts.
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• Foster the free f l o w of germplasm between the member states of the region as we l l
as w i t h the rest of the w o r l d .

• Pub l ish regular ly (perhaps quar ter ly) a cont inenta l Asian Germplasm Bu l le t in ;
assist in the pub l i ca t ion of relevant na t iona l or regional scientif ic f indings in the
f ie ld o f germplasm conservat ion, evaluat ion and u t i l i zat ion .

• In i t ia te relevant appl ied research activi t ies and help bu i l d up loca l research
capabi l i t ies.

• Pursue the imp lementa t ion of the activi t ies la id d o w n in the M e m o r a n d u m of
Unders tand ing between the Government o f I nd ia and I B P G R .
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ICRISAT/NBPGR Collaborative Exploration Program

R.K. Arora, S. Appa Rao, and M . N . Koppar
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Ind ia is extremely r ich in p lant genetic resources. Th is subcont inent is a center of
d ivers i ty fo r the I C R I S A T mandate crops, among wh ich a great deal of va r iab i l i t y
occurs. The area is also k n o w n for its richness in w i l d species, par t i cu la r ly of p igeon-
pea. Consider ing the region's potent ia l as a gene center, N B P G R and I C R I S A T have
been operat ing for wel l over a decade in di f ferent areas of the count ry , to col lect nat ive
var iab i l i t y , p r im i t i ve cul t ivars, w i l d species, etc., so as to enhance the ex is t ing genetic
weal th . W i t h the c o m m o n objective o f tapp ing germplasm resources, specif ically o f
the I C R I S A T mandate crops wh ich are also o f nat iona l p r i o ri t y , G R U - I C R I S A T and
N B P G R - 1 C A R worked out a j o i n t strategy in 1985 for exp lo ra t ion and evaluat ion
w i t h i n Ind ia , and a 5-year p rog ram was framed. The effort made to col lect germplasm
dur i ng 1986-88 is discussed.

Pr io r i t y Areas for E x p l o r a t i o n

I C R I S A T and N B P G R have j o i n t l y worked out the areas fo r germplasm col lect ion
keeping in v iew the threat of genetic erosion, d i s t r i bu tion of native types, w i l d species,
etc. Some of these areas are cont iguous agroecological zones, others are more spo-
radic, ecological ly d iverse/exact ing habitats. M a j o r p ri o r i t y areas for exp lo ra t ion for
I C R I S A T mandate crops, thei r w i l d relatives, and related species are as fo l lows.

Sorghum (Sorghum bicolor ( L . ) Moench). Eastern U t ta r Pradesh, nor thern Bihar
and adjacent West Bengal, Ad i l abad and ad jo in ing areas in A n d h r a Pradesh and
Maharasht ra , the Jhabua dist r ic t in M a d h y a Pradesh and ad jo in ing h i l l y areas,
nor thwestern sub-H ima layan region, northeastern h i l l y regions, and the plains of
Assam.

Pearl millet (Pennisetum glaucum ( L . ) R .Br . ) . Western Rajasthan, Gujarat , M a d h y a
Pradesh, nor thern U t ta r Pradesh for cu l t ivated, and peninsular region, nor thwestern
sub-Himalayan region, Orissa, Bihar, West Bengal and Maharasht ra for w i l d species.

Chickpea (Cicer arietinum L . ) . Rajasthan (a round Ganganagar), nor thwestern
Himalayas ( w i l d types), Gujarat (Junagadh), B ihar (Sabor) , and Maharasht ra .
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Pigeonpea (Cajanus cajan ( L . ) Mi l lsp. ) .  Western Ghats, eastern/ northeastern hi l ls
( w i l d species), n o r t h B ihar and eastern U t ta r Pradesh, no r th Karna taka ( fo r garden
types) and eastern Maharasht ra , M a d h y a Pradesh, and Orissa.

Groundnut  (Arachis hypogaea L . ) . Haryana, Rajasthan, M a d h y a Pradesh, U t ta r
Pradesh, and B ihar (sporadic in central and southern peninsular t ract) .

Exp lo ra t ions U n d e r t a k e n and D ivers i ty Col lected

So far I C R I S A T and N B P G R have launched 11 expedit ions in 10 di f ferent states of
Ind ia and have collected 2202 samples of I C R I S A T mandate crops and their w i l d
relatives compr is ing sorghum (364), pearl mi l le t (913), pigeonpea (100), chickpea
(412), g roundnu t (200), and m i n o r mi l lets (213). These are detai led in Table 1 and are
discussed below.

Table 1 . Germplasm co l lec t ion missions launched j o i n t l y by I C R I S A T and N B P G R
and number o f samples col lected, 1986-88.

State(s)

Ra jas than and

Haryana

A n d h r a Pradesh,

B ihar , Orissa and

M a d h y a Pradesh

M a d h y a Pradesh

M a d h y a Pradesh

Ka rna taka

T a m i l N a d u and Kera la

T a m i l N a d u

T a m i l N a d u

Gu ja ra t

Coasta l A n d h r a Pradesh

Haryana

T o t a l

N u m b e r o f samples1

Year SG

1986

1986 177

1986

1987

1987 40(1)

1987

1987 18

1987 115(13)

1988

1988

1988

350(14)

P M

111

32

-

-

181(5)

4

270(8)

8

-

93

201

900(13)

C P P P G N

25

5 16 30

198 28(2) -

157 51(1) -

2 1 16

- 126

1

-

50

3

- - -

412 97(3) 200

M M T o t a l

-

88

-

-

18

2

46

16

-

43

-

213

136

348

228

209

264

132

343

152

50

139

201

2202

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

The exped i t ion to the p redominan t l y t r iba l - inhabi ted areas of A n d h r a Pradesh, B ihar ,
Orissa, and M a d h y a Pradesh in November 1986 resulted in the co l lect ion of 177
samples of sorghum, a ma jo r i t y belonging to the races "guinea" and " r o x b u r g h i i " .
They g row over 3 m ta l l w i t h o u t t i l lers and the inflorescences are large and loose w i t h
d roop ing branches. The clasping glumes expose the smal l white gra in . The Bastar area
appears to be a t rans i t iona l zone for the races roxbu rgh i i , guinea, and dur ra . Panicum 
sumatrense and Paspalum scrobiculatum are extensively g r o w n in the t r i ba l areas of
Orissa and Bihar. Pennisetum pedicellatum is found in most of the areas a long the
roadside and on the bunds. P. hohenackeri local ly called " u p i r i " a round Bastar is used
to make ropes. Other col lect ions made du r i ng this exp lo ra t ion inc luded pearl mi l le t
(32), pigeonpea (16), chickpea (5), g roundnu t (30), and 88 samples of m i n o r mi l lets.

The h i l l y / subhi l ly parts o f A n n a m a l a i in T a m i l N a d u were surveyed in December
1987 to collect w i l d relatives and p r im i t i ve cul t ivars of sorghum. Col lect ions include
115 samples of p r im i t i ve cul t ivars of sorghum belonging to races guinea, b ico lo r , and
dur ra , and 13 samples of w i l d sorghum wh ich inc luded a rare wi l d type, S. nitidum. 
Eight samples of pear l m i l le t and 16 of m i n o r mi l lets were also col lected.

Pearl Millet

The col lect ion mission to the d ry areas of the nor thern and eastern distr icts of
Karna taka du r i ng O c t / N o v 1987 yielded 264 samples of wh ich 181 are cu l t ivated pearl
mi l le t . I t i s g r o w n m ixed w i t h pigeonpea, g roundnu t , or m o t h bean. M o s t o f the pear l
mi l le t samples appear to be dual-purpose types g r o w n bo th for g ra in and fodder. The
incidence of d o w n y mi ldew and ergot on pearl mi l le t was sporadic. Other germplasm
collected include 40 sorghum, 2 chickpea, 1 pigeonpea, 16 g roundnut , and 18 m i n o r
mi l lets samples besides w i l d relatives of Pennisetum (5) and Sorghum (1).

A pear l mi l le t co l lect ion mission to T a m i l N a d u du r i ng December 1987 yielded 270
cul t ivated and 8 w i l d samples of Pennisetum, 18 sorghum, 1 pigeonpea, and 46 m i n o r
mi l lets samples.

A j o i n t exp lo ra t i on to the northeast coastal areas of A n d h ra Pradesh d u r i n g
September 1988 resulted in the co l lect ion of 93 early ma tu r ing pearl mi l le t and 43
finger mi l le t samples. Bo th pearl mi l le t and f inger mi l le t are t ransplanted in fur rows
opened by a wooden p lough . Farmers believe that raising a nursery of seedlings offers
better weed con t ro l , good c rop stand, and reduces crop du ra ti on in the m a i n f ie ld . The
early ma tu r i ng pearl mi l le t is cal led "p i t tagant i " .

Haryana, an impor tan t pear l m i l le t g row ing state was j o i n tl y exp lored d u r i n g
Sep/Oct 1988. P r im i t i ve cul t ivars are s t i l l g r o w n in isolated/ remote areas, especially
on sand dunes a round L o h a r u , Na rnau l , Ch i r i ya , and other areas. A p r im i t i ve type
called " b a j r i " grows to a height of about 125 cm, produces many very t h i n stems w i t h
sequential m a t u r i t y of spikes. The spikes are very smal l , th i n , seeds are loosely
arranged, and the glumes a lmost cover the smal l ova l gra in. A dual-purpose f o r m
called "dho lsa r i " is g r o w n a round Choudhar i - k i -Nanga l fo r g ra in and fodder. I t grows
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over 3 m t a l l , produces very th ick stems and dark green leaves. The spikes are th i ck and
med ium sized. Fur ther , some special forms wh ich produce spikes more than 40 cm
long were found a round Narnau l , P i lan i in Rajasthan, and in some isolated areas.
Smut was very c o m m o n , p robab ly due to heavy rains du r i ng f lower ing . Since
improved cul t ivars and loca l landraces are g r o w n in adjacent f ields, there is scope for
exchange of genes between the two forms. Recombinants w i t h desirable characters
cou ld be useful in mi l le t improvement .

Chickpea

In 1986, an exped i t ion was organized to western M a d h y a Pradesh d u r i n g wh ich 198
chickpea samples were col lected, representing large-seeded, gu lab i (suitable fo r parch-
ing) , kabu l i , tuberculated seed-surface types, and tw in -podded types. Some 28 p igeon-
pea and 2 Atylosia scarabaeoides samples were also col lected.

A survey of the eastern par t of M a d h y a Pradesh in 1987 in co l labora t ion w i t h
Jawahar la l Neh ru K r i s h i V iswa V idya laya ( J N K V V ) , Sehore, resulted in col lect ions
of 157 chickpea samples compr is ing tuberculated-seed (kati la ) , typ ica l desi, "peela
chana", gu lab i , tw in -podded ("do ghant i " ) , large-seeded desi (dabbo) , and kabu l i
types. Co l la r ro t was observed to be an impo r tan t disease of chickpea in M a d h y a
Pradesh. C rop losses due to Alternaria b l ight and excessive vegetative g r o w t h were
also seen a round Jabalpur . Diverse types of pigeonpea (51 samples) and a sample of
Atylosia scarabaeoides were also col lected.

In 1987, the Zanskar val ley in the L a d a k h region was surveyed to col lect genetic
divers i ty in Cicer microphyllum. Samples f r o m 14 dif ferent popu la t ions were co l -
lected. Col lect ions made represented var iab i l i t y in seed size ( m e d i u m b o l d / s m a l l
types), seed co lor (deep black to b rown) , and pod-bear ing potent ia l .

The coastal areas in Gujarat - Junagadh, A m r e l i , Bhavnagar and Ahmedabad
distr icts - were exp lored and 50 seed samples collected d u r i n g M a r c h 1988, in
co l labora t ion w i t h the N B P G R regional stat ion, Jodhpur and Gujarat A g r i c u l t u r a l
Univers i ty , Junagadh.

Pigeonpea

Pigeonpea germplasm was collected ma in l y f r o m M a d h y a Pradesh, d u r i n g exp lora-
t ions under taken to col lect chickpea in 1986-87. An effort was also made in Meghalaya
to locate Atylosia elongata d u r i n g 1987-88. Recently, this was located in its na tura l
habi ta t and co l lect ion o f r ipe pods, etc. w i l l  be made i n the future.

Groundnut

A co l lec t ion mission to the g roundnu t -g row ing areas of T a mi l N a d u and Kera la
d u r i n g Nov -Dec 1987 resulted in the co l lec t ion of 132 samples wh i ch inc luded 126
groundnu t , 4 sorghum and 2 f inger mi l le t .
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Geographic D ivers i ty and A d a p t a t i o n

Considerable d ivers i ty was observed in the germplasm collected w h i c h m igh t have
evolved to adapt to the diverse agroc l imat ic condi t ions in Ind ia . Fo r example, very
early ma tu r i ng types w i t h profuse noda l t i l l e r ing were g r o w n on the sand dunes of
Haryana and Rajasthan where soi l moisture is a l i m i t in g factor. In contrast, the
long-dura t ion types of sorghum and pearl m i l le t g r o w n in the t r i ba l areas of the Estern
Ghats escape gra in molds by ma tu r i ng after the rains cease.

F u t u r e Emphasis

The untapped/ underexplored and other p romis ing areas w i l l  be surveyed fo r germ-
plasm co l lec t ion. An exercise to this effect has already been in i t ia ted by N B P G R and
I C R I S A T . The co l lect ion o f w i l d species should be emphasized. Some areas o f
var iab i l i t y , par t i cu la r ly the sub-H ima layan h i l l y tracts in western/northeastern
regions, w o u l d need tho rough surveying. A n o t h e r p romis ing area for sorghum and
pigeonpea germplasm w o u l d be the I n d o - B u r m a border, in A runacha l Pradesh,
Nagaland, M a n i p u r , and T r i p u r a . N B P G R recently opened t w o more centres a t
Ranch i and Sr inagar and these stations w i l l  also undertake exp lo ra t ion . Thus, apart
f r o m the Headquarters E x p l o r a t i o n D i v i s i o n , 11 Stat ions w i l l undertake germplasm
col lect ion based on the p rogram for the 5-year per iod . Join t efforts by I C R I S A T and
N B P G R should prove reward ing in this t ime-bound venture.
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ICRISAT/NBPGR Joint Evaluation of Germplasm in India

T.A. Thomas, K.E. Prasada Rao and R.P.S. Pundir
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A j o i n t I C R I S A T / N B P G R p rog ram to evaluate the germplasm of I C R I S A T man-
date crops was started f r om the 1986 ra iny season. The tr ials were conducted at
N B P G R ' s Headquarters at New De lh i and its regional stations at A k o l a , Jodhpur ,
T r i chu r , and at other centers accord ing to the p lan. The details of i nd i v idua l crops fo r
each year are discussed below.

S o r g h u m

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

Evaluation for Photoperiod Sensitivity

T w o thousand accessions of photoperiod-sensit ive sorghum were g r o w n at H isa r (29°
10'N, 75° 44'E) and T r i chu r (10° 15'N, 76° 18'E) d u r i n g the 1986 ra iny season. At
T r i chu r , on ly 964 entries survived up to the f lower ing stage, whi le 110 entries f lowered
w i t h i n 120 days. In others, f lower ing ranged f r o m 126-180 days. Nineteen characters
were studied: early seedling v igor , days to 50% f lower ing , mean number of f l ower ing
stems (basal t i l lers), noda l t i l l e r ing , stem thickness, number of nodes, in ternoda l
exposure, phy l lo taxy , presence of st i l t roots, p lant height, head exsert ion, head
compactness and shape, head length, head w i d t h , number of leaves, p lant aspect score,
leaf w i d t h , gra in y ie ld per p lo t , and natura l incidence of diseases and insect pests. The
same accessions were again g r o w n du r i ng the 1987 ra iny season for eva luat ion of their
pho toper iod sensit ivi ty. A to ta l of 1957 col lect ions surv ived, of wh ich 156 d i d not
f lower under local condi t ions. They remained stunted and died before f lower ing .
F lower ing in others ranged f r o m 49-201 days. Plant height ranged f r o m 100-400 cm,
to ta l number of leaves var ied f r o m 7-35, inflorescence length ranged f r o m 5.1 -75.0 cm ,
inflorescence w i d t h f r o m 10-35 cm, and leaf w i d t h f r o m 1.1-13.0 cm. In general,
f lowering was delayed by at least 15 days as compared to I CR I S A T Center, and i t was
decided that H isar was not a suitable locat ion for evaluat ion of photoperiod-sensi t ive
germplasm.

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

59



Evaluation of Forage, Grain, and Dual-Purpose Types

One thousand and f ive hundred accessions of forage sorghum were evaluated for
fodder y ie ld and its components at fou r locat ions i.e., Issapur (near De lh i ) , Hisar ,
Jhansi , and A k o l a d u r i n g the 1986 ra iny season (Tab le 1). Th i r teen characters were
proposed fo r study: ear ly seedling v igor , days to 50% f lower ing, basal t i l l e r ing , c u l m
branching, c u l m thickness, number o f leaves, leaf length, leaf w i d t h , m i d r i b co lor ,
p lant height, stalk juiciness, ju ice qua l i t y , and forage y ie ld ( i n kg m row- 1) . Da ta were
recorded fo r a lmost a l l the characters at a l l the locat ions. Based on the data, 147
dual-purpose types were selected and were again tested at Issapur d u r i n g the 1987
ra iny season. Screening was also done against fo l ia r diseases ( inc lud ing gray leaf spot,
anthracnose and zonate leaf spot), g ra in m o l d , stem borer and shoot f l y . Under
na tura l cond i t ions, near ly 89 lines were found to be resistant to fo l ia r diseases, 50 lines
to g ra in m o l d , 181 to stem borer, and 212 to shoot f l y . I t was also observed that at these
locat ions, most o f the germplasm f r o m Ind ia and the Yemen A r a b Republ ic were
better fo r forage y ie ld compared to germplasm f r o m A f r ica . Hence i t was decided that
d u r i n g the 1987 ra iny season a l l the mater ia l o f I nd ian o r i g in and some more p romis -
ing mater ia l f r o m the Yemen A r a b Republ ic should be tested for forage y ie ld and its
components at Issapur.

Acco rd ing l y , du r i ng the 1987 ra iny season, 4430 germplasm accessions compr is ing
4105 f r o m Ind ia , 178 f r o m the Yemen A r a b Republ ic , and 147 dua l - purpose acces-
sions ident i f ied f r o m the 1986 mu l t i l oca t iona l evaluat ion tr ials were g r o w n at Issapur.
Some 320 accessions d i d not f lower, being pho toper iod sensitive. Ano the r 300 acces-
sions d i d not set seeds proper ly . A good amoun t of va r iab i li t y was observed for days to
50% f lower ing (49-175 days). IS 22092 was the earliest (49 days) to f lower whi le IS
1556 was very late (175 days). P lant height ranged f r o m 45 cm ( IS 21960) to 333 cm ( IS
4107). Stem diameter ranged f r o m 0.30 cm ( IS 3226) to 3.56 cm ( IS 4593). Number of
leaves per p lant ranged f r o m 7 ( IS 4505, 5267) to 36 ( IS4280) . Lea f length ranged f r o m
31.33 cm ( IS 5236, 1416) to 97.66 cm ( IS 5236, 1416). The leaf w i d t h ranged f r o m 2.55
cm ( IS 1572) to 11.56 cm ( IS 4164).

Table 1. Range of va r iab i l i t y exh ib i ted by 1500 forage so rghum accessions in mult i -

locational trials, ra iny season, 1986.

Characters

Days to 5 0 % f l ower i ng

P lan t height (cm)

N o . o f leaves

Lea f length (cm)

Lea f w i d t h (cm)

Stem thickness (cm)

Fodde r y ie ld ( k g m r o w - 1 )

Jhansi

37-191

11-438

8.0-85

16.0-152.2

1.7-10.8

0.5-9.8

0.15-9.8

Range

Hisar

35-90

69-330

5.0-20.0

15.0-98.0

2.0-10.9

-

-

A k o l a

59-1635

47-299

5.0-21.0

20.0-98.0

2.0-11.0

-

0.16-4.0

Issapur

48-122

60-392

6.5-50

41.2-105

2.9-9.4

1.6-4.8

-
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On the basis of overal l scor ing, 72 forage types were identi f ied. The most p romis ing
early f l ower ing lines were IS 4234, 4240, 5376, 5377, and 5481. In the med ium-
ma tu r i t y range types, 13 p romis ing accessions were ident if ied of wh i ch 6 accessions
were f r o m Ind ia ( IS 6001 to 6006). In the la te-matur ing types, 3 nonsenescing lines,
i.e., IS 3912, 3913, and 3914 were ident i f ied as promis ing . T h i r t y f ive accessions were
also ident i f ied as dual-purpose types. Some of the most p romis ing accessions were IS
24329, 24330, 24331, 6327, 6328, 6329, 5528, and 1560. Five p romis ing t i l l e r ing types
were also ident i f ied ( IS 4231, 4232, 4276, 6275, and 6270). A l l the accessions except IS
1087 had noda l t i l l e r ing . Based on f ie ld screening, about 50 lines for overal l leaf
diseases, 40 lines for gra in m o l d , and 60 lines for stem borer and shoot f l y infestat ion
were found resistant.

A set of p romis ing selections for forage was sent to the Na t i ona l Research Center fo r
So rghum ( N R C S ) , Rajendranagar for test ing and u t i l i za t ion in the breeding p rogram.

In co l labora t ion w i t h the A l l I nd ia Coord inated Sorghum Improvement Project
( A I C S I P ) the " K h a r i f Basic Co l lec t ion" of germplasm has been evaluated for g ra in at
five locat ions: Co imbato re ( T a m i l Nadu) , A k o l a (Maharashtra) , Indore ( M a d h y a
Pradesh), N R C S , Rajendranagar, and I C R I S A T Center, Patancheru. The most
p romis ing lines have been selected by sorghum breeders for fur ther test ing and use in
breeding programs.

Pear l M i l l e t

D u r i n g the 1986 ra iny season, 2000 pear l mi l le t germplasm accessions were g r o w n and
evaluated at Jodhpur and Pune. Fourteen characters were proposed fo r study: early
v igor , days to 50% f lower ing , green fodder-y ie ld potent ia l, number of product ive
t i l lers, p lant height, ear exsert ion, spike length, spike thickness, seed set, y ie ld poten-
t ia l , overal l p lant aspect, g ra in shape, gra in weight , and scor ing for prevalent diseases.
The data f r om Pune were not received by N B P G R . The germina tion at Jodhpur was
fa i r l y good. M a r k e d differences in vegetative g r o w t h were observed after 1 m o n t h of
sowing. The p lant height ranged f r o m 78-176 cm. Based on overal l t i l l e r ing , leafiness,
and vegetative bu l k , 12 accessions were judged as the best fodder types. M o s t of the
accessions f lowered between 41 to 65 days. On an average, 4-6 product ive t i l lers plant"1

were observed. The spike length var ied f r o m 16-32.2 cm w i th thickness ranging f r o m
14 to 22 m m . Va r i a t i on was also observed in seed shape and size. Twen ty accessions
w i t h bo ld seeds were ident i f ied. The average seed y ie ld p lant- 1 ranged f r o m 2-16 g, and
80 accessions were ident i f ied as the best g ra in yielders. Nine ty five accessions were
found h igh ly susceptible to leaf spot caused by Curvularia penniseti. 

D u r i n g the 1987 ra iny season, 1960 accessions, consist ing of col lect ions f r o m
Af r i ca , Aus t ra l ia , I nd ia , L a t i n Amer ica , M i d d l e East, and U S S R were g r o w n a t
Issapur, and data gathered accord ing to the decided descriptors. The germplasm at
Jodhpur cou ld not be sown due to lack of ra in . Some 250 good fodder types, 156 good
gra in types, 54 very early types were ident i f ied at Issapur. Ano the r 41 were ident i f ied
as p romis ing in terms of overal l p lant aspects. The materia l showed good range of
var ia t ion for days to 50% f lower ing (35-114 days), p lant height (50-377 cm) , number of
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t i l lers p lant- 1 (1-12), number of product ive t i l lers p lant- 1 (1-10), spike length (8-92 cm),
and spike thickness (0.5-4.5 cm).

Pigeonpea

Three sets of germplasm were evaluated. The extra-ear ly and early accessions were
evaluated at Issapur whereas the med ium and medium-late type accessions were
evaluated at A k o l a . The accessions were scored for 17 descriptors: seedling v igor ,
nodu la t i on , days to 50% f lower ing , days to 75% matu r i t y , base f lower co lor , f lower ing
pat tern , g r o w t h habi t , p lant height, number o f p r imary branches, number o f secon-
dary branches and racemes, number of seed pod- 1 , seed weight, p lant weight, shel l ing
ra t io , y ie ld p lant- 1, and p lant stand.

In 1986, a set of 479 accessions (128 extra early, and 351 early were evaluated at
Issapur and 18 p romis ing lines were ident i f ied. The pro te in content of 25 accessions
was analyzed, and found to vary f r o m 18.4-24.8%. At A k o l a , the f o l l ow ing ranges o f
va r iab i l i t y were observed for 353 germplasm accessions. Days to f lower ing: 102-157,
days to matu r i t y : 146- 209; p lant height: 76.5-197 cm; number of p r ima ry branches:
3.02-20.0; number of secondary branches: 2.6-28.6; raceme number: 2.3-24.0; number
of seeds p o d- 1 : 2.1-5.0; 100-seed weight: 6.0-18.18 g; b io log ica l y ie ld pl a n t- 1 : 13.3-
258.3 g; shel l ing rat io: 35.29-92.02%; and y ie ld plant"1: 2.3-94.08 g. The h igh-y ie ld ing
lines ident i f ied were I C P 6656, 7059, 7257, 8654, 8706, 9048,9285,10258, 12283, and
N P ( W R 15).

D u r i n g 1987, a set of 350 accessions compr is ing 126 extra-ear ly and 244 early types
were evaluated at Issapur. The germina t ion was very good, but the c rop suffered
severely due to d rought . However , 33 germplasm accessions per formed better of
wh ich 15 were good g ra in types, and 4 vegetable types. At A ko l a , 300 m e d i u m - and
m e d i u m la te-matur ing types were evaluated and 15 p romis ing types were ident i f ied.
T w o hundred accessions of long-dura t ion pigeonpea were also g r o w n at Jorhat fo r
evaluat ion d u r i n g 1987.

Chickpea

A set of shor t -dura t ion chickpea was sown at I C R I S A T Center and A k o l a whi le
another set of l ong-dura t ion types was sown at Gwa l io r , Issapur, and Jodhpur . These
lines were evaluated fo r 14 characteristics: seedling v igor , days to f lower ing , nodu la-
t i o n , p lant canopy height, g r o w t h habi t , biomass, score for diseases, days to matu r i t y ,
branching, number of pods p lant- 1, seeds pod- 1 , seed size, p lo t y ie ld , and p lant type.
Each germplasm set consisted of 1320 lines. D u r i n g 1986/87, at Jodhpur and Issapur,
the agronomic performance of the c rop was poor due to soi l factors and i t was decided
to evaluate the same set of germplasm du r i ng the 1987-88 post ra iny season. However ,
when the same set of accessions was sown at Gwa l io r , crop performance was very good
and most of the accessions cou ld be evaluated sat isfactor ily. F ive accessions ( I C C 148,
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327, 1034,1083, and 1341) yielded over 3250 kg ha-1 and this score was better than any
of the check cul t ivars inc luded.

At A k o l a the f o l l ow ing lines were found promis ing and h igh-y ie ld ing: I C C 5685,
5702, 5792, 7497, 8611, 8613, 8628, 10962, 10969, 10979, 11038, 11054, 11192, 12269,
12518, 12597, 12636, 12651, 12777, 12791, and 12797.

D u r i n g the 1987/88 post ra iny season at A k o l a , of the 1320 lines tested, the best 5 
accessions were I C C 5784, 6072, 10388, 11047, and 12241. The boldest seed was
observed in I C C 5769 (38.7 g 100 seeds-'), days to f lowering ranged f r om 42 ( I C C 4934)
to 106 days, p lant height 20.5 ( I C C 6042) to 62.7 cm ( I C C 12237), and days to ma tu r i t y
96 ( I C C 7498) to 146 days ( I C C 5760). D u r i n g bo th c rop seasons, the evaluat ion
experiments at I C R I S A T Center performed satisfactori ly and meaningful data were
obtained on most accessions.

G r o u n d n u t

T w o thousand accessions of g roundnu t were g r o w n at Jodhpur du r i ng the 1986 ra iny
season. Observat ions on 14 characters were recorded: days to emergence, days to 50%
flower ing, days to matu r i t y , g r o w t h habi t , stem branching pat tern, p lant w i d t h , leaf
color , number of seeds pod- 1 , seed color , spl i t testa, 100-seed weight, pod y ie ld , seed
yield and plant stand. Days to 50% f lower ing varied f r om 34-47 days. Some of the
high-y ie ld ing lines ident i f ied were: I C G 551, 606, 608, 609, 659, 724, 725, 817, 882, .883,
884 ,891 ,980 , 1084,4005,4021,4027,4047,4070,4087,4127, 4131,4137,4588,4589,
4682, 4683, 4712, 7389, 7843, 8351, 9594, 9597, and 10751.

D u r i n g the 1987 ra iny season, 1500 col lect ions inc lud ing 723 erect bunch types, 391
spreading bunch types, and 386 runner bunch types were evaluated at A k o l a and
Jodhpur . At Jodhpur , the exper iment was damaged due to drought .

The g roundnut evaluat ion at A k o l a was satisfactory. The fo l l ow ing spectrum of
variat ions were recorded: days to f lower ing: 23-35 days; matur i ty : 103-129 days, and
pod yield r o w1 : 1.5-43.5 g.

In a l l , 69 lines were found promis ing against leaf anthracnose {Colletotrichum 
dematium) and ' T i k k a ' disease (Cercospora sp), whi le 51 lines were found resistant to
g roundnut leaf miner (Stomopteryx sp).

Germp lasm under Eva lua t i on for 1988-89

The f o l l ow ing germplasm has been g r o w n for evaluat ion du ri ng the 1988 ra iny season.
Data co l lect ion is in progress.

Sorghum:

• 3000 accessions of forage and dual-purpose types at Issapur.
• 1500 gra in and dual-purpose types at A k o l a .
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• M u l t i l o c a t i o n a l t r i a l of 200 p romis ing and dual-purpose types at Issapur, A k o l a ,
Jhansi , and Hisar .

Pearl millet:

• 2000 accessions at Issapur and Jodhpur .
• M u l t i l o c a t i o n a l t r i a l o f 200 p romis ing varieties at Jodhpur , Issapur, A k o l a , Jhansi ,

and Hisar .

Groundnut:

• 1500 accessions at A k o l a .
• M u l t i l o c a t i o n a l t r i a l of 200 accessions at A k o l a , Jodhpur, and Gwa l i o r .

Pigeonpea:

• 150 extra-ear ly and ear ly -matur ing accessions at Issapur.
• 500 med ium and medium- la te varieties at A k o l a .
• 200 p romis ing la te-matur ing, vegetable-type accessions at Jorhat .

Chickpea:

• 1200 long-dura t ion accessions at Issapur.
• 1200 shor t -dura t ion accessions at I C R I S A T Center, and A ko l a .
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Conservation of World Germplasm Collections of ICRISAT
Mandate Crops

Melak H. Mengesha, P.P. Khanna, K.P.S. Chandel, and N. Kameswara Rao

Leader, Genetic Resources Unit, ICRISAT, Patancheru, Andhra Pradesh;
Head, Conservation Division, NBPGR, New Delhi;

Scientist-in-charge, Plant Tissue Culture Repository, NBPGR, New Delhi; and
Research Associate, Genetic Resources Unit, ICRISAT, Patancheru, Andhra Pradesh

In t rop ica l and subt rop ica l env i ronments, under ambient condi t ions, seeds lose v iab i l -
i t y very qu ick l y , necessitating their frequent re juvenation. This is expensive and
involves the danger of genetic con tamina t ion due to outcrossing, selection pressure,
mechanical m i x t u re , human error , etc. Loss of v iab i l i t y also leads to accumula t ion of
genetic damage in surv iv ing seeds, and more impor tan t , i t causes genetic dr i f ts in
heterogeneous germplasm accessions due to di f ferent ia l surv iva l of the const i tuent
genotypes and selection pressure. The most impor tan t part of conservat ion,
obv ious ly , is that seeds mainta ined in a gene bank should always produce plants wh i ch
show representative characteristics of each accession.

The gene bank at I C R I S A T , established in 1979, serves as the major reposi tory fo r
the w o r l d co l lec t ion of germplasm. I t cur rent ly holds 96 194 samples compr is ing
sorghum (31 030), pearl mi l le t (19 796), pigeonpea (11 034), chickpea (15 564),
g roundnu t (12 160), and six species of m i n o r (smal l ) mi l lets (6610). A m o n g the other
gene banks that conserve these crops wor ldw ide , the Na t i ona l Bureau of P lant Genetic
Resources ( N B P G R ) o f the Ind ian Counc i l o f Ag r i cu l t u ra l Research ( I C A R ) has
developed excellent faci l i t ies that are already operat ional . The to ta l number of acces-
sions presently conserved by I C R I S A T and N B P G R and the number o f countr ies
represented are shown in Table 1. A l l these crop species produce seeds wh i ch show
o r t h o d o x behavior, hence they are conserved by s tor ing the seeds.

It is established that temperature and moisture content of the seeds inf luence seed
deter io ra t ion d u r i n g storage, and longev i ty of o r t hodox seeds can be dramat ica l l y
improved by con t ro l l i ng these factors. In order to max imize longev i ty and preserve
genetic in tegr i ty , predr ied seeds are packed in mo is tu re-proo f containers and stored in
chambers w i t h cont ro l led env i ronment , under l o w temperature and l o w relat ive
h u m i d i t y .

ICR ISAT (International Crops Research Institute for the Semi-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings of a Joint ICRISAT/ NBPGR(ICAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988, ICR ISAT Center, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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Table 1 . Germp lasm accessions conserved a t I C R I S A T Center , Pa tancheru and

N B P G R , N e w D e l h i .

C r o p

S o r g h u m (Sorghum bicolor) 

Pear l m i l l e t (Pennisetum glaucum) 

Chickpea (Cicer arietinum) 

Pigeonpea (Cajanus cajan) 

G r o u n d n u t (Arachis hypogaea) 

Finger m i l l e t (Eleusine coracana) 

F o x t a i l mi l le t (Setaria italica) 

Proso mi l le t (Panicum miliaceum) 

L i t t l e mi l le t (Panicum sumatrense) 

Barnyard mi l le t (Echinochloa crusgalli) 

K o d o mi l le t (Paspalum scrobiculatum) 

T o t a l

A t I C R I S A T

Accessions

31 030

19 796

. 15 564

11 034

12 160

2 848

1 404

831

401

582

544

96 194

Count r ies

87

42

42

52

89

18

22

26

1

8

2

A t N B P G R

Accessions

412

125

3 101

2 054

3 000

-

-

-

-

-

-

8 692

Conservat ion Faci l i t ies a t I C R I S A T

A l l the germplasm is conserved under med ium- and long- te rm condi t ions that meet
the in te rna t iona l standards (Table 2) suggested by the In te rna t iona l Board for P lant
Genetic Resources ( I B P G R ) and others.

Short-term storage. Th is fac i l i ty is mainta ined at a temperature of 18°C and 30%
relat ive h u m i d i t y ( R H ) and is used to ho ld seeds temporari l y wh i le they are dr ied
s lowly and prepared for subsequent transfer to med ium- and long- te rm storage
faci l i t ies. The r o o m has a capaci ty of 680 m3 , has independent a i r cond i t i on ing and
relat ive h u m i d i t y con t ro l equipment , and its o w n air exhaust system fo r fumiga t ion .

Medium- term storage. F o u r rooms w i t h a capacity of 125 m3 each and t w o rooms
w i t h a capaci ty of 210 m3 enable us to store the active col lect ions. The rooms are
main ta ined a t 4 ° C and 20% R H (30% R H i n 210 m3 rooms).

Long-term storage. Three rooms are under test, each w i t h a capacity of 130 m3 ,
ma in ta ined at -20°C to store the base and dupl icate col lect ions of germplasm for
fu ture use.

The m e d i u m - a n d long- te rm storage chambers each have two independent refrigera-
t i o n and dehumid i f i ca t ion systems, one of wh i ch acts as a standby. The gene bank also
has a standby power generator set to cope w i t h longer periods of power fa i lure. The
m e d i u m - and long- term storage rooms are constructed on a modu la r pr inc ip le w i t h
prefabr icated panels. A l l storage rooms have mob i le shelving systems, each capable of
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Table 2 . Gene bank standards o f m a j o r impor tance .

Storage Cond i t i ons

1. L o n g - t e r m

a. Tempera tu re

b. M o i s t u r e content

2 . M e d i u m - t e r m

a. Tempera ture

b. Relat ive h u m i d i t y

Conta iners

Seed D r y i n g

Accession Size

Re juvenat ion

V iab i l i t y M o n i t o r i n g

M o i s t u r e Conten t and

G e r m i n a t i o n Test ing

Safety Precaut ion

Dup l i ca te Base

Conserva t ion

In te rna t iona l standards

( I B P G R and others)

-10 to -20°C

5%

0 to 10°C

15%

M e t a l cans

Lamina ted f o i l packets

Glass jars

10 to 15°C

10 to 15% R H

4000 seeds fo r self

po l l i na ted ; 12 000

seeds fo r cross-

po l l ina ted crops

1. 8 5 % v iab i l i t y

2. I f number of seeds

fal ls be low tha t requ i -

red fo r 3 regenerations

5 years in medium-term

10 years in long- te rm

I S T A recommendat ions

I n i t i a l ge rm ina t i on

tests on 400 seeds

T w o a i r -cond i t ioners ,

s tandby generators,

a l a rm system

H i g h l y recommended

Standards fo l l owed

a t I C R I S A T

-20°C

5%

+4°C

2 0 %

M e t a l cans w i t h screw

caps and rubber gaskets

(med ium- te rm) Lamina ted

f o i l packets ( long- te rm)

Plast ic bott les f o r

g roundnu t pods

15°C

15% R H

S o r g h u m 15 000 seeds

Pear l m i l le t 30 000 seeds

Chickpea 2000 seeds

Pigeonpea 4000 seeds

G r o u n d n u t 1 kg pods

M i n o r mi l lets 20 000 seeds

1. 8 5 % v iab i l i t y

2 . I f quan t i t y o f

seeds is reduced to 1/4

o f i n i t i a l l y stored

5 years fo r cereals and pulses

3 years f o r g roundnu t

I S T A recommendat ions

100-200 seeds tested

fo r ge rm ina t ion

T w o a i r -cond i t ioners ,

standby generator

a l a r m system

F o r t Co l l i ns , O t t a w a ,

I C A R D A , N e w D e l h i ,

B raz i l , E th i op ia , N iger ,

S A D C C , A rgen t i na
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accommodat ing 30 000 or more germplasm accessions. The temperature and relat ive
h u m i d i t y inside the storage rooms are mon i to red regular ly w i t h thermohygrographs.
A u d i b l e and visual electronic a la rm systems have been instal led to safeguard the seeds
f r o m any rise in temperature and relat ive h u m i d i t y and to help ma in ta in the desired
condi t ions.

Conservat ion Faci l i t ies a t N B P G R

The active col lect ions of germplasm of the mandate crops are n o w being stored under
med ium- te rm condi t ions, a t 10°C and 35% R H . F o u r modules procured f r o m W a t -
fo rd Refr igerat ion Co. ( U K ) , wh ich run at -20°C have been commissioned recently fo r
long- term conservat ion o f the base col lect ions. A l l r o o ms have mob i le shelv ing and an
effective a i r - lock system (anteroom), w i t h cont ro l led condi t ions (22-24°C and 35%
R H ) .

N B P G R recently established a nat iona l fac i l i ty for a p lant tissue cul ture reposi tory.
Th is fac i l i ty was sanctioned by the Depar tment of B io technology, M i n i s t r y of Science
and Technology, Government o f Ind ia . Th is development in N B P G R offers consider-
able scope for nat iona l and in ternat iona l cooperat ion in emerging b io technolog ica l
techniques appl icable to I C R I S A T mandate crops and their w i l d relatives.

Plans for a Na t i ona l Reposi tory have now been f inal ized. Th is extensive scientif ic
and physical expansion w i l l  strengthen the role o f N B P G R as an alternate, base
conservat ion center fo r the w o r l d co l lec t ion o f pigeonpea and i f possible, fo r other
mandate crops o f I C R I S A T .

Gene B a n k Operat ions

The seeds produced d u r i n g the post ra iny season are general ly of h igh qua l i t y , hence
are used for conservat ion. Thresh ing sorghum and mi l lets is done by hand, bu t in
chickpea and pigeonpea i t is usual ly done by machines. Groundnu ts are harvested
manua l ly and stored as pods, and studies at N B P G R have shown that remova l of shell ,
wh i le fac i l i ta t ing early germina t ion , reduces the storage life of the seeds. At I C R I S A T ,
the cleaned disease- and insect-free seeds/pods are brought to shor t - term storage
(18°C and 30% R H ) where they are prepared for med ium and long- term conservat ion.
Since the ambient relat ive h u m i d i t y at the t ime of harvest (Feb -Ap r ) is general ly l ow ,
the moisture content o f the harvested seed w i l l  also be l ow , e.g., 7-8% i n g roundnu t and
10-12% in other crops, wh ich is sufficient for med ium- te rm preservat ion. However , fo r
long- te rm preservat ion, the moisture content should be 5 ± 1 % , and convent iona l
techniques (sun-dry ing or heated air d ry ing) do not always achieve this level w i t h o u t
affect ing v iab i l i t y . A satisfactory d r y i ng system at 15° C and 15% RH is employed bo th
at I C R I S A T and N B P G R to d r y seeds o f most crops to the desired moisture levels fo r
long- te rm conservat ion.

The active germplasm col lect ions under med ium- te rm condi t ions a t I C R I S A T
Center are stored in a l u m i n i u m cans w i t h screw caps that have rubber gaskets inside to
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keep them moisture proof . Groundnuts are stored in plastic bott les to accommodate a 
sufficient quant i t y of pods. To min imize the frequency of re juvenat ion, a relat ively
large quant i t y of seed (300-400 g in sorghum, pearl mi l le t, chickpea, and pigeonpea,
70-80 g in m i n o r mi l lets, and 1 kg of pods in g roundnut ) is stored.

The base col lect ions under long- term condi t ions at I C R I S A T w i l l  be stored i n
sealed laminated a l u m i n i u m fo i l packets. The recommendat ions on the m i n i m u m
quant i t y o f seeds by the I B P G R Adv i so ry Commi t tee on Seed Storage w i l l  be fo l lowed
(4000 seeds in homogeneous and 12 000 seeds in heterogeneous germplasm
accessions).

At N B P G R , the entire germplasm bo th under long- and med ium- te rm is conserved
hermi t ica l ly sealed in three-layered specially-designed laminated a l u m i n i u m f o i l
pouches wh ich match the standards specified by I B P G R .

M o n i t o r i n g o f V iab i l i t y

The v iab i l i t y of the seeds is determined at the start of storage and at regular intervals
du r i ng storage (3-5 years in var ious crops) to predict the storage life and the t ime of
rejuvenat ion. V i a b i l i t y is mon i to red by conduct ing germina t ion tests f o l l ow ing recom-
mendat ions of the In te rna t iona l Seed Test ing Association ( I S T A ) fo r the var ious
crops. The seed b io logy labora tory at I C R I S A T Center is equipped w i t h germinators
wh ich prov ide o p t i m u m condi t ions for germinat ion . So rghum and pearl m i l l e t are
germinated usual ly a t 25°C or a t 20-30°C on top of paper (TP ) , wh i le g roundnu t ,
chickpea, and pigeonpea are germinated at 20 °C or 20-30° C by the ro l led towe l
method between papers (BP) or in sand (S). D o r m a n c y is a p rob lem often encountered
i n freshly harvested seeds o f sorghum, mi l lets, and g roundnut , and their w i l d relatives,
whi le hard seeds are c o m m o n i n chickpea, pigeonpea, and their w i l d species. A p p r o p -
riate procedures are fo l lowed to overcome these problems du r i ng the germina t ion
tests, e.g. prech i l l ing and storage of the seeds at 4 0 ° C before germina t ion as in
sorghum, use of a l ternat ing temperature regimes (20-30°C for 16h/8h) for germina-
t i on as in sorghum and pearl m i l le t , and af ter-r ipening in g roundnut . The results of the
per iodic tests on v iab i l i t y are stored in a mic rocomputer fo r easy retr ieval and
ident i f i ca t ion of the accessions that require re juvenat ion. A regenerat ion standard of
85% is adopted for a l l crops and accessions wh ich show germina t ion be low this level
are rejuvenated f o l l o w i n g the appropr ia te methods to minimize genetic d r i f t . G e r m i -
na t ion studies have revealed that a lmost a l l accessions are mainta ined at a reasonably
h igh level o f v iab i l i t y .
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Computerized Documentation and Retrieval Systems
for Genetic Resources Work at ICRISAT — Present and Future

J.W. Estes and V. Ramanatha Rao

Computer Services Officer, Computer Services; and Botanist, Genetic Resources Unit, ICRISAT,
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The I C R I S A T Da ta Management and Retr ieval System ( I D M R S ) has been deve-
loped p r i m a r i l y to meet the in fo rmat ion -hand l ing needs of I C R I S A T germplasm
scientists. The data being managed using I D M R S comprise sets of observations f r o m
different g row ing seasons and locat ions on several thousand germplasm lines of
sorghum, pearl mi l le t , chickpea, pigeonpea, and groundnut . Each set of observations
consists of a set of data descriptors, or at t r ibutes, wh ich represent qual i ta t ive, quant i t -
at ive, and classif icat ion i n f o rma t i on c o m m o n to each germplasm l ine w i t h i n a c rop.
These f o r m a static data base wh i ch requires the add i t i on of new i n fo rma t i on once or
twice a year and occasional updat ing to correct cler ical errors. De le t ion of records is a 
very u n c o m m o n requirement. Retr ieval no rma l l y demands the selection of data
records based on a comb ina t i on of characteristics, no t on a single key or a t t r ibute . The
entire system has been p rogrammed in the V A X - 1 1 B A S I C p rog ramming language
under the V M S operat ing system on a V A X - 1 1 / 7 8 0 computer system.

Dic t i ona ry and D a t a F i le Structures

The storage of data under I D M R S requires a data d ic t ionary f i le con ta in ing the
def in i t ions of the data descriptors to be used, and a data f i le to ho ld the data itself. A 
unique data f i le is required for each set of data, but a d ic t ionary f i le can be shared
among any number o f data f i les .

The data d ic t ionary contains general i n fo rma t i on about the data descriptors i t
defines in add i t i on to specific i n f o rma t i on about names, data type, etc., fo r each
ind i v idua l descriptor. The general i n f o rma t i on includes a one-l ine t i t le , the date of
d ic t ionary creat ion, the name of the person responsible fo r managing the d ic t ionary ,
and six lines of text of the data manager's choosing. The i nfo rma t i on requi red fo r each
data descr iptor de f in i t i on consists of a name, abbrev ia t ion, descr ipt ion, data type,
p r in t fo rmat , and range data depending on data type.

I D M R S supports funct ions for creat ing, ed i t ing, and updat ing bo th d ic t ionary and
data files. The ed i t ing funct ions are in i t ia ted th rough the use of a t w o - or three-letter
command and the ed i t ing funct ions are fur ther directed through a dialogue w i t h the
user.

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

There is one c o m m a n d and a smal l set of anc i l la ry programs w h i c h operate on the
I D M R S f i l e st ructure to help val idate the data in a data f i le . The C H E C K c o m m a n d
w i l l  test whether a selected subset o f numer ica l descr iptors fa l l w i t h i n the i r def ined
m i n i m a and m a x i m a . The a lphanumer ic descr iptors are cur ren t l y checked using a set
of p rograms w h i c h create an indexed l ist of the stored states in a special f i le .

D a t a U t i l i t y C o m m a n d s

There are f i ve data u t i l i t y commands i n I D M R S . The A P PE N D c o m m a n d i s used to
add a f i le to an ex is t ing f i le . The T E X T - F I L E o p t i o n permi ts the creat ion o f a f i le in
tex t f o rma t f r o m a n I D M R S f i l e o r a n I D M R S co l lec t ion . The S O R T c o m m a n d
permi ts the reorder ing of data and subsequent s tor ing of the reordered data as a new
data f i le. T h e S T O R E c o m m a n d a l lows the user to store a co l lec t ion of records as a 
separate data f i l e . The P R I N T c o m m a n d permi ts the o p t i o n o f sor t ing the data p r i o r
to p r i n t i n g .

D a t a R e t r i e v a l

Records may be selected f r o m I D M R S data f i les based on a log ica l c o m b i n a t i o n o f
cond i t ions on descr iptors stored in the f i le . The set of records selected can be saved in a 
co l lec t ion f i le . The general f o r m of the select ion opera tor is

S E L E C T [descr ip to r ] [ I N co l lec t ions] W I T H logical-expression

where the bracketed words are op t i ona l . The di f ferent sections of the expression are
exp la ined below:

[desc r ip to r ]

I f a descr ip tor abb rev ia t i on is inc luded after the w o r d S E L E C T , then its type must be

A , I , o r C.

[ I N co l lec t ions]

The search space can be restr icted to a prev ious ly def ined co l lec t ion or log ica l
c o m b i n a t i o n o f co l lect ions.

logical-expression

A " log ica l -express ion" comprises a set of s imul taneous cond i t ions to be imposed on
values o f descr iptors f o r the purpose o f data selection.

D a t a S u m m a r y C o m m a n d s

There are cur ren t l y t w o I D M R S commands avai lable f o r summar i z i ng the data stored
f o r descr iptors w i t h i n a f i le . The c o m m a n d C L A S S - C O U N T is used to coun t the
frequency o f numer i ca l values w i t h i n user-defined intervals. The c o m m a n d S T A T E -
C O U N T is used to generate a f requency d i s t r i b u t i o n o f the states o f an a lphanumer i c
descr ip tor w i t h a f in i te number o f states.
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H o w I D M R S i s Used b y G R U

The great vo lume o f the ex is t ing germplasm co l lec t ion a t I CR I S AT and the associated
i n f o r m a t i o n on var ious descr iptors, are ma jo r factors af fect ing the exchange of
i n f o r m a t i o n . A p p r o x i m a t e l y 95 000 accessions of 5 mandate crops and 6 m i n o r mi l le ts
are ma in ta ined and conserved a t I C R I S A T . However , p lan t breeders or o ther users o f
this germplasm w o u l d be interested, at any g iven t ime , in onl y a smal l par t o f this large
co l lec t ion . So i t is necessary to use cer ta in compute r techniques to store, sort , and
select f r o m these data to meet the i n f o r m a t i o n and germplasm seed needs of the users.

A l l the crops conserved a t I C R I S A T have descr iptor lists developed in co l labora -
t i o n w i t h c rop scientists and I B P G R . M a j o r classes o f descriptors are the passport
data, character izat ion and p re l im ina ry eva luat ion data, and fur ther eva lua t ion data.
In each class there are subclasses and descr iptors. Th is h ierarchica l c lassi f icat ion of
descr iptors makes them dynamic and amenable to easy man ipu la t i on .

As described, I D M R S is an integrated set o f procedures w h i ch can record, store,
process, and retr ieve i n f o r m a t i o n on the main f rame computer . There are t w o parts to
its design; one is the in te rna l process of i n f o r m a t i o n storage and ret r ieval ; the o ther is
the user interface. G R U staf f are m a i n l y concerned w i t h the lat ter. Var ious processes
that are used by G R U staf f are l isted below.
• Da ta ent ry and ed i t ing .
• P r i n t i n g a l l or a few of the descr iptors a n d / o r records.
• Re t r iev ing i n f o r m a t i o n on a few selected descr iptors - Th is is one of the most

i m p o r t a n t data ret r ieval act iv i t ies. Accessions can be ident i f ied w i t h va ry ing c o m b i -
nat ions of descr iptors. F o r example, we can select accessions that or ig inate in a 
g iven coun t ry , col lected at cer ta in a l t i tude, hav ing red seeds together w i t h resist-
ance to a par t i cu la r pest or disease, p rov ided such accessions are avai lab le in the
co l lec t ion .

• Re t r iev ing i n f o r m a t i o n on a specific set of accessions ei ther w i t h a l l the data on
these accessions or w i t h i n f o r m a t i o n on l y on a few descr iptors.

• Re t r iev ing i n f o r m a t i o n on the number of accessions be long ing to a par t i cu la r class
(quant i ta t i ve) or state (qua l i ta t i ve) , e.g., the number of sorghums in the gene bank
w h i c h are landraces, etc.

• M a n i p u l a t i o n of the stored data fo r stat ist ical analyses to examine patterns of
va r i a t i on .
Us ing the m ic rocompu te r , G R U has been s to r ing and re t r iev ing data on seed

despatches using the dBase I I I p r o g r a m . Th is helps us keep t rack o f the d i s t r i b u t i o n o f
seed samples to I C R I S A T scientists, scientists w i t h i n and outside I n d i a , and to f o l l o w
up on the u t i l i za t i on o f germp lasm thus d is t r ibu ted . Presently, we are in the process o f
i m p r o v i n g this so as to extend the system fo r use by a l l the other discip l ines in
I C R I S A T . We are also us ing dBase I I I to store and retr ieve seed v i a b i l i t y data in order
to faci l i tate rap id i den t i f i ca t i on o f mater ia l needing re juvenat ion, and to determine the
t ime f o r the next ge rm ina t i on test.

F u t u r e P lans

Since the deve lopment o f I D M R S , sophist icated database management systems have
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become avai lable w h i c h faci l i tate data storage and ret r ieval , and the cus tomiza t ion of
user interfaces. There are plans to m o d i f y I D M R S to take advantage o f one such
database system n o w avai lable a t I C R I S A T .

The p ro l i f e ra t i on o f m ic rocompute rs , and the increased load on ou r cent ra l c o m p u -
ter systems dictate tha t we l o o k at ways of d i s t r i bu t i ng the w o r k l o a d requi red fo r data
storage and ret r ieval between mic rocompute rs and large centra l compute r systems.
We p lan to exp lore the poss ib i l i ty o f us ing mic rocomputers fo r data ent ry and
va l i da t i on , and as a " f r on t -end " f o r queries posed against a centra l database on a large
computer .

The increased sophis t ica t ion of microcomputer -based database management sys-
tems n o w makes i t possible to consider the imp lemen ta t i on o f germplasm data
management and ret r ieva l systems on mic rocomputers . Th is, coupled w i t h the avai la-
b i l i t y o f compac t disc ( C D ) techno logy w h i c h can store large amounts o f data, w i l l
make i t possible to d is t r ibu te large amounts of germplasm data economica l ly . Such a 
system has al ready been developed by C I M M Y T in M e x i c o .
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Germplasm Exchange and Quarantine in India

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

Chief Plant Quarantine Officer, ICR ISAT , Patancheru, Andhra Pradesh; Head, Division of Germplasm
Exchange, NBPGR, New Delhi; Head, Division of Plant Quarantine, NBPGR, New Delhi; and Officer-in-
charge, NBPGR Plant Quarantine Regional Station, Hyderabad, Andhra Pradesh

I t is essential tha t each coun t r y has an eff icient quarant ine system to safeguard the
possible en t ry of new pests and diseases wh i le exchanging germplasm, seed, and
p lan t i ng mater ia l f o r c rop improvemen t programs.

In I nd i a , N B P G R is the p r i m a r y o rgan iza t ion wh i ch is responsible, in ter a l ia fo r the
exchange o f germplasm o f ag r i -ho r t i cu l t u ra l crops between Ind ia and other countr ies,
ensur ing that such exchanges are made under str ict phy tosan i ta ry cond i t ions in
accordance w i t h quarant ine regulat ions. The Bureau maintains exchange l inks w i t h
about 70 countr ies i nc lud ing in te rna t iona l inst i tutes.

Of the 3000 cu l t iva ted taxa representing g loba l genetic wea l th , on l y 160 species are
repor ted to occur in the I n d i a n gene center. D u r i n g the last 20 years, the i n t r o d u c t i o n
of germplasm and other p lant mater ia l has enr iched the var i ab i l i t y and helped
divers i fy the genetic base in the coun t ry . D u r i n g 1976-85,58 434 accessions of d i f ferent
ag r i ho r t i cu l t u ra l crops were in t roduced. D u r i n g 1976-87, 838 399 samples of p lan t
genetic resources were impo r ted and 53 312 expor ted t h rough N B P G R .

A p a r t f r o m N B P G R , other inst i tutes o f the I n d i a n C o u n c i l of A g r i c u l t u r a l
Research ( I C A R ) , coord ina ted projects o f di f ferent crops, ag r i cu l tu ra l universi t ies,
and some state depar tments of agr icu l ture also handle i m p or t a n t col lect ions of
var ious crops. I t is est imated that about 0.15 to 0.2 m i l l i on col lect ions are ma in ta ined
by di f ferent na t iona l agencies. Besides these, I C R I S AT mainta ins 95 886 accessions of
its mandate crops, i nc l ud ing m i n o r mi l le ts .

Plan t Q u a r a n t i n e i n I n d i a

In I nd ia , i m p o r t and expor t o f p lants and p lan t materials are governed by rules and
regulat ions f ramed under the Destruct ive Insects and Pests ( D I P ) A c t 1914. The A c t
has since been revised eight t imes by the Government of I n d ia ( G O I ) . The m a i n
object ive of this A c t is to prevent the i n t r o d u c t i o n in to the coun t ry , and the t ranspor t
f r o m one state to another , of any insect, fungus, or other pest w h i c h is or may be
destruct ive to crops. O r i g i na l l y seeds were no t inc luded in the D I P A c t , bu t in 1984,
the G O I passed the Plants, F ru i t s and Seeds (Regu la t i on o f I m p o r t s i n t o Ind ia ) Order ,

1CR1SAT (International Crops Research Institute for the Semi-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings of a Joint 1CR1SAT/NBPGR(1CAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988, I C R I S AT Center, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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w h i c h came i n t o effect in 1985. Th is new order st ipulates the cond i t ions o f i m p o r t f o r
17 i m p o r t a n t crops.

A u t h o r i z e d Q u a r a n t i n e Agencies

The D i rec to ra te o f P lan t P ro tec t ion , Quaran t ine and Storage, an at tached off ice o f
the M i n i s t r y o f A g r i c u l t u r e , G O I , implements the p lant quarant ine rules f ramed under
the D I P A c t . Th is o rgan iza t ion handles b u l k expor t and i mp o r t o f p lants and p lan t
mater ials f o r commerc ia l purposes t h r o u g h its 27 p lan t quarant ine and f um iga t i on
stat ions at d i f ferent seaports, a i rpor ts , and land f ront iers. The G O I has also approved
other agencies to act as p lan t quarant ine author i t ies for research. These inc lude the
N B P G R , N e w D e l h i , f o r ag r i ho r t i cu l t u ra l and s i l v i cu l tu ra l crops; the Forest Research
Ins t i tu te ( F R I ) , Deh ra D u n fo r forestry plants; and the Botan ica l Survey o f I nd i a
( B S I ) , Ca lcu t ta , f o r other p lants. In v iew o f the mandate to in t roduce and exchange
genetic mater ia l of ag r i ho r t i cu l t u ra l crops that shou ld be pest and disease free, the
quarant ine procedures a t N B P G R are fo l l owed r i g id l y . A b ou t 60 000 samples are
examined each year; and d u r i n g 1976-1985, about 0.6 m i l l i on samples were i m p o r t e d
t h r o u g h N B P G R .

Q u a r a n t i n e System a t I C R I S A T

As per the m e m o r a n d u m o f unders tanding, the G O I au thor ized I C R I S A T unres-
t r ic ted movement o f seeds and genetic mater ials o f its mandate crops i n to and ou t o f
I n d i a as requi red f o r co l labora t ive w o r k in any par t o f the w o r l d consistent w i t h the
appropr ia te quarant ine regulat ions p reva i l ing in the coun t ry . The G O I t o o k a number
o f steps to suppor t this p rov i s ion . The Cent ra l P lant P rotec t ion T r a i n i n g Ins t i tu te
( C P P T I ) , Hyderabad , was named the quarant ine a u t h o r i t y for clearance o f I C R I S A T
mandate crops; I C R I S A T was permi t ted to set up an E x p o r t Cer t i f i ca t ion Quaran t ine
L a b o r a t o r y i n 1978 a t the I C R I S A T Campus under the overa l l au tho r i t y o f C P P T I ;
and f i na l l y , N B P G R was au thor ized to act as the sole p lan t quarant ine a u t h o r i t y to
clear I C R I S A T mandate crops.

Q u a r a n t i n e Procedures fo r I m p o r t

The germplasm/seed mater ia l received at N B P G R , d u l y accompanied by a phy tosan i -
ta ry cert i f icate f r o m the N a t i o n a l P lan t Quaran t ine Services o f the e x p o r t i n g coun t r y ,
is fumiga ted , examined , and treated before i t is released to I C R I S A T to be g r o w n in
the Pos t -En t ry Quaran t ine I so la t i on Area ( P E Q I A ) fo r one generat ion. G roundnu t s
are g r o w n in a screenhouse, kept under observat ion, and heal thy seedlings free f r o m
viruses released fo r p l a n t i n g in the Q I A . Cut t ings of w i l d Arachis species are subjected
to in termediate quarant ine in a non -g roundnu t g r o w i n g coun t r y . Between 1973 and
1987, 157 678 samples o f I C R I S A T mandate crops were i m p or t e d f r o m 94 countr ies.
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Q u a r a n t i n e Procedure fo r E x p o r t

The quarant ine regulat ions fo r the expo r t o f seed mater ia l are based on the In te rna-
t i ona l P lant P ro tec t ion Conven t i on (1951), and are mod i f ied f r o m t ime to t ime
accord ing to specific requirements of the i m p o r t i n g countr ies. The procedure f o r seed
inspect ion, f um iga t i on , and t reatment are s im i la r as fo r impo r ted mater ia l prescr ibed
by the na t iona l p lan t quarant ine agency. A t I C R I S A T , the p lant quarant ine rules and
regulat ions o f d i f ferent countr ies are avai lable and are updated f r o m t ime to t ime.

F r o m 1974-1987, 704 547 samples of I C R I S A T mandate crops were expor ted to 143
countr ies. There has been no repor t of any pest or disease hav ing been in t roduced
t h r o u g h exchange o f I C R I S A T germplasm.

F u t u r e Perspectives a n d Suggestions

Germplasm Exchange

1. Var ious gene centers in the coun t r y h o l d a r i ch d ivers i ty of c rop mater ia ls, bu t more
specific germplasm of pulses, oilseeds, f ibre crops, and mi n o r mi l le ts are requ i red to
screen for disease and pest resistance, and qua l i t y in the c rop improvemen t p r o -
g ram fo r u t i l i za t ion under d i f ferent agroc l imat ic cond i t ions .

2. I t is necessary to comp i le c rop inventor ies of in t roduced genetic resources in
add i t i on to the ones ex is t ing a t N B P G R .

Quarantine System

In order to update the quarant ine system in the coun t ry , the f o l l o w i n g factors may be
considered:

1. use of enzyme- l inked immunoso rben t assay ( E L I S A ) technique, and di f ferent an t i
sera fo r detect ing v i rus and bacter ia l pathogens;

2. exp lo ra t i on of tissue cu l tu re techniques wherever possible fo r exchange of
germplasm;

3. upda t i ng the t reatment schedules and procedures under di f ferent env i ronmen ta l
cond i t ions ;

4 . c o m p i l a t i o n o f i n f o r m a t i o n on pests, diseases, and weeds o f p lan t quarant ine
signif icance, ar id outbreaks at the reg ional or g loba l level;

5 . avoidance o f b u l k expor t and i m p o r t o f germplasm to fac il i ta te t h o r o u g h
inspect ion;

6 . p repara t ion o f a p lant quarant ine manua l j o i n t l y by IC R I S A T and N B P G R to
guide countr ies invo lved in germplasm exchange;

7 . upgrada t ion o f greenhouse faci l i t ies to a l l o w close observat ion o f ge rmp lasm o f
h igh quarant ine r isk; and

8. c reat ion of offshore quarant ine faci l i t ies fo r postent ry studies on p l an ta t i on crops
l i ke coconut , banana, p ineapple, and other vegetat ively propagated mater ia ls .
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Biotechnology in Conservation of Plant Genetic Resources
(Background Paper)

V . L . Chopra and S.B. Narasimhulu

Professor of Eminence, and Scientist, Biotechnology Centre, I A R I , New Delhi

The t r ad i t i ona l landraces and w i l d relatives o f c rop plants w h i c h const i tu te a s igni f i -
cant p o o l o f genetic d ivers i ty are n o w g i v i ng way to genet ical ly homogenous strains.
Th is is because of the con t inued efforts of p lant breeders to develop new, h i g h -
y ie ld ing , and adaptable strains to meet the f ood requirements of the increasing
popu la t i on . W h i l e this has con t r i bu ted to an increase in p roduc t i v i t y , i t has at the same
t ime nar rowed the genetic base, m a k i n g crops more vu lnerable to fast -evolv ing
pathotypes. The rea l iza t ion o f the impor tance o f genetic va r iab i l i t y in c rop i m p r o v e -
ment and an awareness of the consequences of genetic erosion has led to an increased
in i t ia t i ve w o r l d w i d e fo r conservat ion o f germplasm and establ ishment o f gene banks
for the co l lec t ion , eva lua t ion , conservat ion, re juvenation, and re t r ieva l o f germplasm.

L im i t a t i ons o f Conven t i ona l G e r m p l a s m Conserva t ion M et h o d s

Gene banks a i m to col lect a w ide range of germplasm in the f o r m of seeds and
vegetative propagules of c rop plants and thei r related species. Germp lasm col lected
and stored in the conven t iona l manner loses v i ab i l i t y over a per iod of t ime and is
vulnerable to dest ruc t ion by pests and pathogens. Moreove r , the per iod ic assessment
fo r v i ab i l i t y and re juvenat ion o f new stocks entails enormous expendi ture .

R o l e o f Tissue a n d Ce l l C u l t u r e Techniques

The capaci ty of p lant somat ic tissues and cells to regenerate i n to who le plants has been
demonst ra ted in several ag r i cu l tu ra l l y i m p o r t a n t p lants. Th is demons t ra t i on has led
to the assessment o f feasib i l i ty o f b io techno log ica l too ls , e.g., in v i t r o storage, fo r
germplasm conservat ion. The advantages of b io techno logica l approaches are:
1. large numbers can be handled fo r storage in a l im i t ed space,
2. storage is possible in a pathogen-free state, and
3. i n te rna t iona l exchange of germplasm is great ly fac il i ta ted.

A ma jo r l i m i t a t i o n w i t h th is approach is the l i ke l i hood of genetic ins tab i l i t y in the
process of cu l tu re . However , this p r o b l e m can be overcome by a careful choice of
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exp lant . Shoot t ips and camb ia l tissues, fo r example, y ield genet ical ly stable cul tures.
E l i m i n a t i o n f r o m the cu l tu re m e d i u m o f g r o w t h regulators l i ke 2 ,4 -D also reduces the
r isk o f genetic ins tab i l i t y .

T w o di f ferent approaches have been adopted to conserve germplasm t h r o u g h in
v i t r o storage.

Storage b y G r o w t h L i m i t a t i o n

Conserva t ion o f germp lasm by this approach involves storage o f morphogen ic in v i t r o
cultures a t l o w temperatures va r y i ng between 1 and 9 ° C . L o w- temperature storage
affects cu r ta i lmen t in the rate o f cu l tu re g r o w t h and extends the subcul ture in te rva l
f r o m 6 mon ths to 1 year against a n o r m a l in te rva l of 3 weeks. Virus-free strawberr ies
have been stored fo r 6 years at 4 ° C . Grape plants have been stored fo r over 15 years at
9 ° C by year ly transfer to a fresh m e d i u m .

Sign i f icant i n h i b i t i o n o f the g r o w t h rate o f mer is tem is achieved by a l te rna t ing day
(12°C) and n igh t ( 6 ° C ) temperatures. A h igh sucrose content and an increase in the
cu l tu re vo lume s ign i f icant ly increased the surv iva l f requency of Solarium cul tures.
Osmot ic retardants ( m a n i t o l and sorb i to l ) , stress agents (abscisic acid) , pa r t i a l dehy-
d r a t i o n , maintenance o f cu l tu re a t l o w atmospher ic pressure and l o w oxygen tension,
over layer ing o f cul tures w i t h m ine ra l o i l , and use o f chemicals l ike cycocel are some o f
the methods by w h i c h long - te rm storage of germplasm has been a t tempted. Storage by
these methods requires on ly re f r igerat ion equ ipment . The imposed stress, however,
can result in degenerative processes. Th is r isk must be assessed before the approach
can be app l ied extensively.

Cryopreserva t ion

The development o f c ryopreservat ion methods fo r storage o f p lant germplasm is an
extension o f the s igni f icant advances made in freeze preservat ion o f a n i m a l ge rmp lasm
t h r o u g h storage o f sperm. Cryopreserva t ion involves freezing, and maintenance in
f rozen state, o f p lan t mater ia l a t temperatures o f l i q u i d ni t rogen (a round -196°C) . A t
this temperature, cells are in a state of metabo l ic i nac ti va t ion . There are t w o ma jo r
advantages w i t h this approach . F i r s t l y , i n h i b i t i o n o f cel l d i v i s ion a l lows storage o f
mate r ia l w i t h m i n i m a l r isk o f genetic ins tab i l i t y . Secondly, tissues can be stored
v i r t u a l l y indef in i te ly w i t h l o w labor costs. However , the p r o b l e m o f c r y o i n j u r y l im i t s
w ide r app l i ca t i on o f this technique. C r y o i n j u r y of ten occurs when the in t race l lu la r
water freezes and fo rms ice crystals, w h i c h rup tu re the inte rna l membranes. Cryopres-
e rva t ion can also lead to adverse effects i f the in t race llu la r solutes accumula te to a 
t ox i c level , o r i f v i t a l solutes leak d u r i n g freezing.

The use o f c ryoprotec tants such as l o w molecu lar weight compounds (g lycero l and
d i m e t h y l su lphox ide) w h i c h penetrate the cel l w i t h ease, and h igh mo lecu la r we ight
compounds ( l i ke p o l y v i n y l p y r r o l i d o ne and dex t ran ) w h i ch penetrate s low ly , can
reduce cryodamage s ign i f icant ly . C r y o p r o t e c t i o n by these compounds is a t t r i bu ted to
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the i r ab i l i t y to protect surface membranes by reduc ing g r ow t h rate and size of ice
crystals and by l owe r i ng the effective concent ra t ion o f solutes in e q u i l i b r i u m w i t h ice
inside and outside the cel l . Cryopro tec tants also help to increase membrane permea-

Tab le 1 . B r e a k d o w n o f conserva t ion act iv i t ies a n d avai lab le approaches.

A c t i v i t y

Co l l ec t i on

Conserva t ion

M u l t i p l i c a t i o n

Charac ter iza-

t i on

E v a l u a t i o n

D i s t r i b u t i o n ,

quaran t ine

M e d i u m

U t i l i z a t i o n

Scope

Na tu re o f new

v a r i a t i o n

C o n v e n t i o n a l

seed; vegetat ive

b u d w o o d ; tubers

seed; f i e l d ;

gene banks

n o r m a l sexual

cycle; vegetat ive

p r o p a g a t i o n

m o r p h o l o g y

f ie ld t r ia ls ;

to lerance

c u l t u r i n g

pathogens;

i n d e x i n g by

g ra f t i ng

seed; p lan ts ;

p lan t par ts

n o r m a l sexual

cross ing

p r i m a r y

gene p o o l

al lele

reassor tment

A p p r o a c h

Advanced

mer is tems; embryos ;

vegetat ive par ts

in v i t r o

in v i t r o cu l tures;

s low g r o w t h ;

c ryopreserva t ion

m i c r o p r o p a g a t i o n ;

subcu l tu r i ng

isozymes;

prote ins

range of

i n v i t r o

possibi l i t ies

E L I S A

plant le ts ;

cu l tures

wide hyb r id i za -

t i o n ( w i t h

e m b r y o rescue)

secondary a n d

ter t ia ry gene p o o l

al lele reassor tment ;

gene a d d i t i o n /

replacement ;

somac lona l v a r i a t i o n .

M o l e c u l a r

f i xed ma te r i a l ;

r aw D N A

r a w D N A : gene

l ibrar ies

p lasmids ;

bacter ia ;

v i r a l clones

R E L P s ; gene

sequencing

gene

iden t i f i ca t i on

D N A probes

bacter ia l

c lones;

raw D N A

gene t ransfer ;

ag robac te r i um ;

m i c r o i n j e c t i o n '

cel l f us ion

a l l source

o f D N A

gene a d d i t i o n
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b i l i t y w h i c h aids remova l o f water f r o m the cel l and faci l itates protect ive dehyd ra t i on
in the ear ly stages o f freezing.

Cul tures are f rozen by ei ther the s low-coo l ing or the rap id -coo l ing me thod . In the
s low-coo l ing me thod , the rate o f freezing is between 0.5 to 4 ° C m i n- 1 wh i l e in the
rap id -coo l i ng process the rate of freezing, before transfer to l i q u i d n i t rogen, is more
than 1000°C m i n- 1 . To lerance to freezing, as j udged by surv iva l o f freeze-thawed
cul tures, indicates that rap id coo l i ng is more effective. T h a w i n g of f rozen mate r ia l is
achieved by transfer to w a r m water a t 40° C. The o p t i m a l t hawing rate is one that
prevents ice f o r m a t i o n by recrysta l l izat ion in the process o f w a r m i n g . The recovery o f
freeze-thawed cul tures can be i m p r o v e d by nurs ing them t h r ou g h an i n i t i a l recovery
per iod i n v o l v i n g g radua l d i l u t i o n o f c ryoprotectants t h ro u g h several steps o f wash ing
and by keeping osmot ic d i s r u p t i o n to the m i n i m u m . Mo rphogen i c mater ia l , l i ke shoot
apices and embryos, w h i c h regenerate w i t h o u t any d i f f i cu l ty , are ideal f o r l ong - te rm
preservat ion of germplasm. Cal lus, cel l suspension, and protoplasts are more d i f f i cu l t
to cryopreserve.

The I B P G R has categorized the di f ferent conservat ion approaches as conven t iona l ,
advanced, and molecu la r (Tab le 1). Conservat ion by conven tiona l approaches i n v o l v -
i n g co l lec t ion , eva lua t ion , storage, and ret r ieval o f seed mater ia l has l im i ta t i ons in
terms o f space and h u m a n labor . T h o u g h advanced techniques o f conservat ion,
i n v o l v i n g the use of tissue and cel l cul tures can overcome the l im i ta t i ons of conven-
t i ona l ge rmp lasm conservat ion methods, there are several prob lems that need resolu-
t i o n . D i f f i c u l t y o f recons t i tu t ing the o r i g ina l genotype th r o u g h high-frequency
morphogenesis o f freeze-thawed cul tures and cu l ture- induced va r i ab i l i t y are the t w o
ma jo r p rob lems. An in teg ra t ion o f t ime-tested convent iona l conservat ion methods
and tissue and cel l cu l ture techniques seems to be the best o p t i o n . The molecu lar
approach is an emerg ing o p t i o n , bu t a clearcut slot is no t evident in any immedia te
conservat ion strategy.
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Use of Sorghum Germplasm and its Impact on Crop Improvement
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Director, NRCS, Rajendranagar; Project Coordinator, A ICSIP , Rajendranagar, Hyderabad; and
Plant Breeder, ICR1SAT, Patancheru, Andhra Pradesh

The t rad i t i ona l so rghum cul t ivars and landraces g r o w n in I n d i a over centuries have
been selected p r i m a r i l y fo r the i r ab i l i t y to survive under stress cond i t ions rather than
for h igh p roduc t i v i t y . They are characterized by ta l l stature, late m a t u r i t y , local ized
adapta t ion , and l o w harvest index.

G r a i n Y i e l d a n d A g r o n o m i c Des i rab i l i t y

In order to achieve a b reak th rough in p roduc t i v i t y and enhance sorghum p r o d u c t i o n
in the coun t ry , the I n d i a n Counc i l o f A g r i c u l t u r a l Research ( I C A R ) i n co l l abo ra t i on
w i t h the Rockefel ler F o u n d a t i o n in i t ia ted the h y b r i d sorghum development p rog ram
in the early 1960s. To meet the program's requirements temperate so rghum mater ia l
f r o m the U S A , and t rop ica l germplasm f r o m Ind ia and A f r ica were assembled.

Since the establ ishment o f the A l l I nd ia Coord ina ted Sorghum Imp rovemen t
Project ( A I C S I P ) in 1969, near ly 500 hybr ids and 1000 varieties f r o m var ious breeding
programs were tested and 45 cul t ivars were released in Ind ia . The f i rst so rghum h y b r i d
released in the coun t ry in 1964, C S H 1, has c lear ly demonstrated the poss ib i l i ty of
real iz ing average g ra in yields of the order of 2.5-3.0 t ha- 1 even under ra infed c o n d i -
t ions. M o r e impo r tan t , i t i n t roduced the concept o f genotypic a l te ra t ion to match the
env i ronment . Systematic breeding w i t h selected temperate and t rop ica l germplasm
has p rov ided mater ia l o f the appropr ia te height and m a t ur i t y for the development of
hybr ids and h igh-y ie ld ing varieties.

Since its establ ishment in 1972, I C R I S A T has made efforts to ( I ) d ivers i fy the
germplasm base to enhance y ie ld levels, and (2) to ident i fy resistance sources and use
them to develop varieties and seed parents. Th is con t r ibuted to the release of 2 
cu l t ivars in Bu rma , 2 in B u r k i n a Faso, 1 in E th iop ia , 3 in I nd ia , 12 in L a t i n A m e r i c a n
countr ies, 1 in the Sudan, 1 in Yemen, 1 in Z a m b i a , and 2 in Z i m b a b w e .

The ma jo r germplasm sources ut i l ized so far in var ie tal improvement inc lude
temperate lines f r o m U S A , Zerazera lines f r o m E th iop ia and Sudan, and some lines o f
I n d i a n o r i g i n . The male-steri le gene sources used were m ai n l y CK 60, 172,2219,3675,
3667, and 2947. These were fur ther d iversi f ied by using parents such as CS 3541, BT x 
623, popu la t i on der ivat ives ( B u l k - Y , I n d i a n Synthet ic , F L R , R s / B , U S / B , Serere,

I C R I S A T (International Crops Research Institute for the Semi-Arid Tropics), 1989. Collaboration on
Genetic Resources: summary proceedings of a Joint I C R I S A T / NBPGR( ICAR) Workshop on Germplasm
Exploration and Evaluation in India, 14-15 Nov 1988, I C R I S AT Center, India. Patancheru, A.P. 502 324,
India: ICRISAT.
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D i a l l e l , and W A E ) , IS 6248, IS 2225, IS 3443, IS 12611, IS 10927, IS 12645, IS 517, IS
1037, IS 19614, E 12-5, ET 2039, E 35-1 , L u l u 5, M 35 -1 , and Safra. In the development
of restorer parents and variet ies, the basic germplasm sources used were IS 84, IS 3691,
IS 3687, IS 3922, IS 3924, IS 3541 , IS 6928, ET 2039, Safra, E 12-5, E 35 -1 , E 36 -1 , and
IS 1054, IS 1055, IS 1122, IS 1082, IS 517, IS 19652, Ka rpe r 1593, IS 10927, IS 12645,
IS 12622, IS 19652, IS 18961, G P R 168, and IS 1151.

A l t h o u g h germplasm mater ia l f r o m di f ferent regions o f the w o r l d was used to
develop i m p r o v e d cu l t ivars , the number of l ines invo lved was rather smal l . Th is has
led to a p la teauing of yields in the rainy-season genotypes and o n l y marg ina l increases
in the postrainy-season genotypes. To break the plateau, efforts are be ing made to
invo lve recent ly col lected accessions f r o m E th iop ia , Yemen ( A R ) , Cameroon , and
Niger ia .

Resistance to B io t ic a n d Ab io t i c Stresses

The m a i n strategy' adopted f o r the c o n t r o l o f insect pests and pathogens i nc l ud ing
Striga has been i n c o r p o r a t i o n of resistance. In pursu i t o f this object ive, systematic
studies were in i t ia ted in 1964 to screen the germplasm mater ia l f o r sources of resist-
ance against key pests and diseases. Th is area of study was intensi f ied d u r i n g the past
decade in co l l abo ra t i on w i t h I C R I S A T . So far, the b u l k o f the germplasm and
breeding mater ia l has been screened fo r most of the i m p o r ta n t pests and diseases. Th is
has fac i l i ta ted the iden t i f i ca t ion of several sources of resistance to var ious pests and
diseases.

A m o n g the insect pests, the most exhaust ive screening was carr ied ou t fo r shoot f l y
and stem borer . M a n y o f the resistant sources were f ound to exh ib i t l o w in festat ion
under h igh pest pressure. The resistant sources ident i f ied are p redominan t l y o f I n d i a n
o r i g i n , wh i l e a few are f r o m E th iop ia , N iger ia , the Sudan, and U S A . The stable
resistant sources f o r shoot f l y and stem borer are IS 1082, IS 2205, IS 5604, IS 5470, IS
5480 ( I nd ia ) , IS 18577, IS 18554 (N iger ia ) , IS 2312 ( the Sudan) , IS 18551 (E th iop ia ) ,
IS 2122, IS 2134, and IS 2146 ( U S A ) . Some of these have been used b o t h in the I n d i a n
and I C R I S A T programs. Besides, o ther I n d i a n germplasm lines l i ke M 35-1 ( I S 1054),
BP 53 ( I S 18432), K a r a d L o c a l ( I S 18417), A i s p u r i ( IS 18425), etc. were used to i m p a r t
resistances.

Extensive screening o f the germplasm was also carr ied ou t fo r midge, and many
resistant sources ident i f ied . No tab le a m o n g these are DJ 6514 ( IS 18700), IS 18961,
S - G I R L - M R 1 ( I S 18699), T A M 2566 ( I S 18697), IS 3443, IS 12573C, and AF 28 ( I S
18698). T h e l ines DJ 6514 and IS 3443 were used a t I C R I S A T to develop an i m p r o v e d
midge-resistant var ie ty , I C S V 197 ( S P V 694).

Spectacular success was achieved in the iden t i f i ca t ion and u t i l i za t i on of disease-
resistant sources. H i g h l y stable resistant sources were ident i f ied fo r a l l f o l i a r diseases.
The tan-p igmented p lan t type was f ound to be associated w i th fol iage diseases.
G r a i n - m o l d resistance was f o u n d to be moderate in the wh i te-g ra in backg round . F o r
charcoal ro t , E 36 -1 , QL 101, QL 102, and QL 104 have been ident i f ied as the most
stable resistant types.
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A notable feature of disease resistance has been the ava ilab i l i t y of m u l t i p l e resis-
tance in some l ines. Based on m u l t i l o c a t i o n eva lua t ion over the years, the f o l l o w i n g
lines were f o u n d to have mu l t i p l e disease resistance: I C S V 1, I C S V 120, I C S V 138, IS
2058, IS 18758, and S P V 387 (anthracnose and rust); IS 3547 (g ra in mo lds , d o w n y
mi ldew , anthracnose and rust) ; IS 14332 (g ra in mo lds , d o wn y m i l dew , and rust) ; IS
17141 (g ra in mo lds and anthracnose); IS 2333 and IS 14387 (gra in mo lds and d o w n y
mi ldew) ; and IS 3413, IS 14390, and IS 21454 (g ra in molds and rust) . These lines are
cur ren t l y be ing used in the breeding programs.

Resistance to Striga has been repor ted in several indigenous sources. Based on
extensive labora to ry and f ie ld screening, I C R I S A T ident if ied many Striga-resistant
lines f r o m the germplasm. However , m a n y of these sources cou ld no t be used in the
breeding programs due to the i r undesirable agronomic base. Some germp lasm lines
used in Striga resistance breeding are IS 18331 (N 13), IS 87441 (F ram ida ) , IS 2221 , IS
4202, IS 5106, IS 7471, IS 9830, and IS 9951 . Some of the breeding lines l i ke 555, 168,
S P V 2 2 1 , S P V 103, etc. p roved to be useful resistant sources. The Striga-resistant
var ie ty S A R 1 developed at I C R I S A T f r o m the cross 555 x 168 was released fo r
cu l t i va t i on in Striga-endemic areas. Several other p rom is ing selections der ived f r o m
the ment ioned resistant sources, b o t h f r o m I C R I S A T and I nd i a n programs, have been
ident i f ied.

Near ly 1300 germplasm lines and 332 breeding l ines were screened fo r ear ly- and
mid-season d rough t stresses. The most p rom is ing fo r var ious droughts are:
• Early-season and t e rm ina l d rought : E 36 -1 , DJ 1195, D K V 17, D K V 3 , D K V 4 IS

12611, IS 6928, and D K V 18.
• Mid-season stress: D K V 1 , D K V 3 , D K V 7 , DJ 1195, I C S V 378, I C S V 572, I C S V

272, I C S V 273, and I C S V 8295.

Convers ion

T a l l , late and photoper iod-sensi t ive landraces are conver ted i n t o d w a r f and ear ly types
fo r use in breeding programs. The landraces invo lved are Zerazera(8 l ines), Guinnense
(3) , K a u r a (5), and D u r r a / C a u d a t u m (5) .

Popu la t ions fo r M u l t i p l e Resistances

Three popu la t ions are under deve lopment a t I C R I S A T . These are I C S P 1 B R / M F R
(resistance t o g ra in m o l d , stem bo re r / shoo t f l y , and midge), I C S P 2 B R / M F R (resist-
ance to g ra in m o l d and Striga, and i m p r o v e d stand establ ishment) b o t h w i t h ra iny -
season adap ta t ion , and I C S P 3 B R / M F R (resistance t o stem borer / shoot f l y and rust ,
and i m p r o v e d g ra in qua l i t y ) w i t h postrainy-season adap ta tion . Several resistance
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sources f r o m the germp lasm are transferred to these popu la t ions . The i r d i s t r ibu t ions ,
by reg ion and t ra i t are as fo l lows:

I C S P 1 B R / M F R and I C S P 2 B R / M F R ( ra iny season) popu la t ions:
• F r o m I n d i a (8 l ines), E th i op ia (3) , Sudan (2) , N iger ia (1), Z i m b a b w e (2), Egyp t (1) ,

U S A (9), and Aus t ra l i a (2) .
• Resistant to shoot f l y (3) , stem borer (6) , midge (5), g rain m o l d (1) , leaf diseases (3),

and Striga (1) ; good g ra in (3) , stand establ ishment (3) , and ear ly and d w a r f (13).

I C S P 3 B R / M F R (pos t ra iny season) popu la t ions:
• F r o m Ind ia (13), E th iop ia (27), N iger ia (12), Sudan (8), Botswana (8), Cameroon

(8) , Yemen(12 ) , M a l a w i ( l ) , Sou th A f r i c a ( 1 ) , E g y p t ( 1 ) , U S A (6) , M e x i c o ( I ) , a n d
Aus t ra l i a (3).

• B o l d g ra in (20); w i t h postrainy-season adap ta t ion and resistance to t e rm ina l
d rough t (29); photoper iod-sensi t ive (2) , temperature- insensi t ive (28); resistant to
shoot f l y / stem borer (4) and d o w n y m i l dew (1); stay-green (6); stand establ ishment
(3) , and ear ly and d w a r f (3) .

H i g h - L y s i n e So rghums

The high- lys ine so rghum l ines, IS 11167 and IS 11758 f r o m Eth iop ia were used in the
breeding p r o g r a m f o r t ransfer r ing the gene to a desirable ag ronomic background .
Some p rom is i ng high- lys ine der ivat ives w i t h shr ivel led and p l u m p g ra in have been
obta ined.

Sweet So rghums

Based on evaluation of the germplasm, several sweet-stalked sorghum lines were
selected. Notable among these are: IS 20963, IS 15428, IS 3572, IS 2266, IS 9890, IS
9639, IS 14790, IS 21100, IS 8157, and IS 15448. These materials, which were further
screened at some of the centers of the Sorghum Project, were found to be very
promising.

Forage S o r g h u m I m p r o v e m e n t

The forage so rghum germplasm was systemat ical ly evaluated over several years at
H isar Center f o r var ious y ie ld and qua l i t y t ra i ts , f o r w h i ch a w ide range o f va r i ab i l i t y
has been noted. T h e lines ident i f ied w i t h desirable forage at t r ibutes were IS 1044, IS
12308, IS 13200, IS 18577, IS 18578, and IS 18580. In respect of qua l i t y parameters IS
1059, IS 2944, IS 3247, IS 4776 and IS 6090 were selected for l o w H C N , and IS 3247
and PJ 7R fo r l o w t ann in content .

The need f o r fu r ther c r i t i ca l eva lua t ion o f germp lasm mater ia ls and the i r u t i l i z a t i o n
in forage so rghum i m p r o v e m e n t is keenly fel t . Th is w o r k is being strengthened in the
S o r g h u m Project and the N a t i o n a l Centre has in i t ia ted a p rog ram on forage so rghum
improvemen t .
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Use of Pearl Millet Germplasm and its Impact
on Crop Improvement in India

G. Harinarayana and K . N . Rai

Project Coordinator, A I C P M I P , College of Agriculture, Pune, Maharashtra; and
Mil let Breeder, Cereals Program, ICRISAT , Patancheru, Andhra Pradesh

Pear l m i l l e t (Pennisetum glaucum ( L . ) R. Br . ) is endowed w i t h enormous genetic
va r i ab i l i t y f o r y ie ld components , adapta t ion , and qua l i t y t ra i ts . Th is va r i ab i l i t y has
evolved as a result of na tu ra l selection f o r adap ta t ion to diverse agroecologica l
env i ronments coup led w i t h h u m a n selection fo r local preference. Pear l m i l l e t ge rm-
p lasm was col lected and ma in ta ined d u r i n g the 1920s and 1930s at Co imba to re and
N i p h a d , d u r i n g the 1960s at New D e l h i , and since 1970s has been assembled at
I C R I S A T Center, Patancheru. A large b u l k o f the va r i ab il i t y f o r numerous characters
is we l l represented in the 19 800 accessions ( f r o m 42 countr ies) ma in ta ined in the w o r l d
co l lec t ion at I C R I S A T . M o s t of these accessions have a l ready been evaluated at
I C R I S A T . They have also been extensively sampled and screened for stable sources of
disease resistance and some qua l i ta t ive t ra i ts .

Before the establ ishment o f the A l l I nd ia Coord ina ted M il l e t s Improvemen t Project
( A I C M I P ) in 1965, mass selection led to the development o f several varieties ( C O 2,
CO 3 , A K P 1 , A K P 2 , RSJ , R S K , N-28-15-1) f r o m Ind ian landraces and CO I and S 
530 f r o m A f r i c a n landraces. However , l o w g ra in yields and lateness prevented the i r
commerc ia l success. Pear l m i l l e t germplasm assembled at the I n d i a n A g r i c u l t u r a l
Research Ins t i tu te ( I A R I ) , N e w D e l h i , d u r i n g the 1960s led to the deve lopment o f
I m p r o v e d Ghana and Pusa M o t i by mass selection. R a n d o m ma t ing o f the S2

progenies f r o m A f r i c a n x A f r i c a n crosses produced V i j ay and V isakha. Lack of seed
p r o d u c t i o n and extens ion suppor t l i m i t e d the impac t o f these varieties.

The commerc ia l impac t o f an open-po l l ina ted var ie ty came w i t h the deve lopment
and release of W C - C 7 5 in 1982. Th is var ie ty was developed at IC R I S A T by intercross-
ing seven fu l l -s ib progenies o f the W o r l d Compos i te in t roduced f r o m Niger ia . In 5 
years o f A I C M I P t r ia ls , W C - C 7 5 produced 98% gra in y ie ld and 119% fodder y ie ld o f
the most popu la r and w ide ly g r o w n h y b r i d BJ 104. I ts h igh d o w ny m i l dew resistance
cont inues to h o l d even after 6 years of widespread cu l t i va t i on in the coun t ry . A n o t h e r
open-po l l ina ted var ie ty , I C M S 7703, was developed a t I C RI S A T by intercrossing
seven pa r t i a l inbreds der ived f r o m single-cross popu la t ions i n v o l v i n g mos t l y breeding
lines o f I n d i a n and A f r i c a n o r i g i n . I n 6 years o f A I C P M I P tr ia ls , I C M S 7703
produced 102% gra in y ie ld and 116% fodder y ie ld o f BJ 104. Th is var iety, released in
1985 and w ide ly cu l t i va ted in T a m i l N a d u , has also retained its h igh resistance to
d o w n y m i l dew.
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The success o f W C - C 7 5 and I C M S 7703 sparked o f f a cha in reaction lead ing to the
release of R C B 2 (hal f -s ib select ion f r o m I n d i a n landraces), PSB 8 (developed f r o m 60
inbreds o f I n d i a n x I n d i a n crosses), HC 4 (der ived f r o m 7 inbreds o f I n d i a n x A f r i c a n
crosses), M a l l i k a r j u n a (der ived f r o m 12 inbreds o f I n d i a n x A f r i c a n o r ig in ) , CO 7 and
Nagar juna (developed f r o m I n d i a n x A f r i c a n F1's), and Bala j i (developed f r o m S2

progenies o f A f r i c a n x A f r i c a n popu la t i on ) . None o f these, however, were commer-
c ia l l y s igni f icant . A l l these variet ies were produced f r o m enhanced germplasm. A 
commerc ia l l y successful open-po l l ina ted var ie ty d i rec t ly produced f r o m a landrace is
I C T P 8203, developed at I C R I S A T by intercrossing f ive S2 progenies f r o m a landrace
o r i g i na t i ng f r o m T o g o . Th is var ie ty , released by the Cent ral Va r ie t y Release C o m m i t -
tee on 11 October 1988 fo r c u l t i v a t i o n in Maharash t ra and A nd h r a Pradesh, yields as
m u c h as M B H 110, Mo reove r , i t is ear ly m a t u r i n g (75 days ) , has large seeds (12 g 
l000- 1) , tolerates d rough t , and has a h igh level of resistance to d ow n y m i l dew. A host
o f open-po l l ina ted variet ies o f diverse genetic base w h ic h have per fo rmed we l l in
A I C P M I P t r ia ls but have no t been able to compete w i t h the leading variet ies to make
i t to the farmers ' f ie lds have great ly broadened the genetic base of a l l m i l l e t p rograms.

The greatest impac t o f ge rmp lasm u t i l i za t i on on pear l m i l l et imp rovemen t i n I nd ia
has been on the h y b r i d f ron t . The pear l m i l l e t h y b r i d era in Ind ia started in 1962 w i t h
the i n t r o d u c t i o n o f the male-steri le l ine T i f t 2 3 A f r o m T if t o n , Georg ia , U S A . F ive
hyb r ids based on th is l ine were released d u r i n g 1965-69. Of these, HB 3 ( i n v o l v i n g J 
104 as a po l l en parent) , released in 1968, was the most popu la r and was extensively
cu l t i va ted u n t i l i t succumbed to d o w n y m i l d e w in 1974. J 104 was der ived f r o m the
I n d i a n germp lasm. Three hybr ids were released in 1977: t wo o f these ( B J 104 and BK
560) were based on male-steri le l ine 5141 A and one ( C J 104) was based on 5054 A.
B o t h BJ 104 and CJ 104 invo lve J 104 as po l len parent. The po llen parent o f BK 560 (K
560-230) was developed f r o m I n d i a n germplasm. The nuclear genome of 5141 A is
der ived f r o m I n d i a n germp lasm whereas that o f 5054 A involves A f r i c a n germplasm.
BJ 104 d o m i n a t e d in no r the rn I nd i a , BK 560 domina ted in cent ra l and southern I nd ia ,
and CJ 104 became popu la r in dr ie r parts o f Gujara t . D u r i ng 1981-84, another 10
hybr ids were released o f w h i c h on l y 3 were o f any signif icance. M B H 110 became
popu la r i n Maharash t ra , and G H B 27 and G H B 32 i n Gujara t . G HB 27 i s based on
5141 A and po l l en parent J 2002 and G H B 32 is based on 5141 A and po l len parent J 
1188. B o t h po l l en parents are der ived f r o m I n d i a n germplasm. M B H 110 is based on
parenta l l ines developed f r o m mater ia ls bred at the Serere Research s ta t ion, Uganda.

F o l l o w i n g the b r e a k d o w n of 5141 A and J 104 to d o w n y m i l dew , fou r hybr ids
( I C M H 4 5 1 , I C M H 5 0 1 , M H 182, H H B 30) were released i n 1986 and three others
( I C M H 423, M H 169, H H B 50) were released i n 1987. O f these, o n l y I C M H 451 has
been cu l t i va ted w ide l y . T h e hybr ids released in 1987 are s t il l in the seed-product ion
stages, a n d G H B 30 i s restr ic ted to Gujarat . The female parent o f I C M H 451 (81 A ) i s
related to T i f t 23 D2A 1, and its po l len parent ( I C M P 451) is a der ivat ive o f La te
Compos i te developed at I C R I S A T . G H B 30 is based on 5054 A and J 2002 (der ived
f r o m I n d i a n germplasm) . I C M H 423 i s based on 841 A (re lated to 5141 A ) and I C M P
423 (der ived f r o m E a r l y Compos i te ) developed a t I C R I S A T . MH 169 i s based on
841 A; i ts po l len parent is a d o w n y m i l d e w resistant select ion f r o m K 560- 230. H y b r i d
H H B 50 is based on 81 A and H 90/4-5 (an inb red der ived f r o m I n d ia n germplasm) .
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Ear ly efforts between 1961 and 1962 at Punjab A g r i c u l t u r a l Un ivers i ty , L u d h i a n a
led to the development o f t w o male-steri le lines (L 6 6 A , L 67 A) w h i c h later studies
showed to be of t w o di f ferent cy top lasmic systems as we l l as d i f ferent f r o m T i f t 23A1 .
The cy top lasm of L 66 A ( later named L 66 A2 ) was der ived f r o m a genetic stock IP 189
or ig ina t i ng f r o m M a l a w i . The cy top lasm of L 67 ( later named L 6 7 A3 ) was der ived
f r o m a popu la t i on of a na tu ra l cross i n v o l v i n g an A f r i c a n germplasm. A n o t h e r
male-steri le l ine ( P T 732A) developed a t T a m i l N a d u A g r i c ul t u r a l Un ivers i t y , C o i m -
batore, derives its cy top lasm f r o m a landrace mater ia l f r o m A n d h r a Pradesh and is
c la imed to be di f ferent f r o m T i f t 23A1 . None of these cytoplasms have yet been
commerc ia l l y exp lo i ted because of the i r unstable s ter il i ty .

Recent ly , several sources of cy top lasmic male-ster i l ity (cms) have been ident i f ied in
diverse germplasms. W o r k at A h m a d u Bel lo Un ivers i t y in N iger ia has ident i f ied a cms
source in E x - B o r n u . The I C R I S A T Cereals P r o g r a m has identi f ied cms sources in
Ear ly Gene P o o l and in a popu la t i on der ived f r o m A f r i c a n * Af r i c a n cross. The
I C R I S A T Genetic Resources U n i t has ident i f ied new cms sources in accessions f r o m
Ghana and Botswana, and O R S T O M scientists in France have ident i f ied a cms source
f r o m an accession of P . americanum ssp violaceum ( L a m . ) L. R i ch , o r i g ina t i ng f r o m
Senegal. O R S T O M w o r k showed this cy top lasmic system to be di f ferent f r o m T i f t 23
A , . Studies a t I C R I S A T , based on the po l len fe r t i l i t y restorat ion o f hybr ids made on
isonuclear lines ( i .e. , 81 B nuclear genome w i t h T i f t 23A1, and violaceum cy toplasms)
showed b o t h cy top lasmic systems to be s imi lar . Such studies, we believe, are essential
for rel iable classi f icat ion of the cytop lasmic systems. Nevertheless, several sources are
n o w avai lable w h i c h are being studied fo r their d ivers i ty .

I n d i a n landraces p rov ide excel lent sources o f ear ly m a tu r i t y , better t i l l e r i ng , and
shorter height. In contrast , A f r i c a n sources, par t i cu la r ly those f r o m the West A f r i c a n
region, p rov ide excellent sources of larger head vo lume and seed size, h igher degrees of
resistance to diseases, and better seed qua l i t y . West A f r i ca n germplasm accessions
prov ide far more genetic va r iab i l i t y than the I n d i a n germplasm. Increasing use of the
A f r i c a n germplasm a t I C R I S A T , and i n a lmost a l l I n d i a n N a ti o n a l p rograms (mos t l y
t h r o u g h the breeding mater ia ls generated at I C R I S A T ) , has substant ia l ly con t r i bu ted
to the d ivers i f i ca t ion o f the genetic base o f breeding programs. A b o u t 65% of the 694
inbred lines presently ma in ta ined in the act ive po l l i na to r co l lec t ion a t I C R I S A T were
der ived f r o m crosses i n v o l v i n g at least one parent (mos tl y a breeding l ine) o r i g i na t i ng
f r o m A f r i ca . A b o u t the same p r o p o r t i o n of the 344 B-lines n o w at the advanced stages
o f the i r eva lua t ion o r in backcrossing f o r A- l ines development, invo lve A f r i c a n
germplasm. T w o large-seeded male-steri le lines (863 A , I CM A 88004) w i t h h igh h y b r i d
y ie ld po ten t ia l and d o w n y m i l dew resistance were developed d i rec t ly f r o m a landrace
o r i g i na t i ng f r o m T o g o . B o t h these male-steri le lines are n o w being used f o r the
deve lopment o f exper imenta l hybr ids .

The w o r l d co l lec t ion o f germp lasm a t I A R I , N e w D e l h i was screened fo r resistance
to d o w n y m i l dew , smut , ergot , and rust under na tu ra l cond i tions . Deve lopment o f
effective f ie ld screening techniques at I C R I S A T led to the deve lopment / i den t i f i ca t ion
of excel lent sources o f resistance in the germplasm and breeding lines o r i g i na t i ng
most l y f r o m West A f r i c a . These are being w ide l y u t i l i zed in several breed ing
programs.
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Extensive efforts in search o f novel t ra i ts in the germplasm co l lec t ion a t I C R I S A T
have led to the iden t i f i ca t ion of genes that c o n t r o l dwar f i sm , earliness, glossiness,
trichomelessness, and wh i te seed co lor . L ines w i t h up to 20% stalk-sugar content and
> 1 5 % gra in -p ro te in content have also been ident i f ied in the I C R I S A T germp lasm
co l lec t ion . I t is h igh l y l i ke l y that sources w i l l  be ident i f ied fo r d rough t to lerance,
l odg ing resistance, better seedling emergence, increased seedling v igor , h igh g r o w t h
rates, and stay-green character, the u t i l i za t i on o f w h i c h i n breeding w i l l  help stabi l ize
the g ra i n y ie ld o f pear l m i l l e t a t h igher levels.
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Use of Groundnut Germplasm and its Impact
on Crop Improvement in India

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

Director, NRCG, Junagadh, Gujarat; and Head, Genetic Resources, NRCG, Junagadh, Gujarat; and
Groundnut Breeder, ICR ISAT , Patancheru, Andhra Pradesh

In I nd i a , vast col lect ions of g roundnu t (Arachis hypogaea) are assembled, m a i n -
ta ined, and ut i l ized by Research Centers under the A l l I ndia Coord ina ted Research
Project on Oilseeds ( A I C O R P O ) , var ious Universi t ies, the N a t i o n a l Research Centre
fo r G r o u n d n u t ( N R C G ) , and a t I C R I S A T Center.

A I C O R P O Centers

Fif teen A I C O R P O Centers and var ious A g r i c u l t u r a l Univers i t ies located in the ma jo r
g r o u n d n u t - g r o w i n g regions ma in ta i n need-based w o r k i n g col lect ions o f abou t 7900
accessions. The i n d i v i d u a l col lect ions range f r o m 250 to 2900 accessions w i t h abou t
30% dupl icate samples. These col lect ions, w h i c h are being ut i l i zed in several breeding
programs, have been evaluated fo r var ious agronomic trai ts such as earliness, fresh
seed dormancy , h igh shel l ing percentage, h igh o i l content , large seed size, synchronous
f lower ing , compact f r u i t i n g habi t , resistance/tolerance to d rough t , and to ma jo r
insect pests and diseases. Since reports on resistance/tolerance to var ious stress
factors are based on f ie ld observat ions at var ious locations, c o n f i r m a t i o n under
ep iphy to t i c cond i t ions is requi red.

N a t i o n a l Research Cen t re for G r o u n d n u t ( N R C G )

I t acts as a repos i tory of act ive germplasm and aims to describe each accession f o r
var ious mo rphoag ronom ic characterist ics. The w o r k i n g collect ions be long ing to Vir-
g in ia b u n c h / r u n n e r (2510), Spanish (2144), and Valencia (820) groups have been
screened fo r useful ag ronomic characters. B o t h mater ia l and eva luat ion catalogs were
shared w i t h workers in I nd ia . Several p rom is i ng accessions possessing h igh p o d y ie ld ,
o i l content and peg strength, tolerance to co ld and heat, and resistance to late leaf spot,
rust and Alternaria leaf spot were ident i f ied.

Some accessions w h i c h pe r fo rm better in summer under l im it ed i r r i ga t i on have also
been ident i f ied. The p rom is ing mater ia l was evaluated fo r pr o d u c t i v i t y and s imul tane-
ously u t i l i zed in the breeding p rog ram. B o t h segregating mater ia l and germp lasm
accessions were d is t r ibu ted to A I C O R P O Centers and other research inst i tutes f o r
in -s i tu select ion. A m o n g the p r o m i s i n g selections, N R G S ( E) - 2 and N R G S - 4 were
p r o m o t e d t o C V T under the A I C O R P O system.
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I C R I S A T Cente r

The Genetic Resources U n i t has so far assembled abou t 11 800 accessions of A.
hypogaea f r o m 89 countr ies and over 200 accessions of w i l d species.

The breeding p r o g r a m has so far u t i l i zed 729 germplasm accessions compr i s i ng
Vi rg in ia bunch (266), V i rg in ia runner (148), Spanish bunch (240), and Valencia (75)
types as donors f o r var ious stress factors and other desirable characters.

A f t e r extensive f ield screening of over 10 000 accessions, 78 genotypes resistant to
rust, 34 resistant to late leaf spot, and 31 genotypes w i t h comb ined resistances to b o t h
diseases have been ident i f ied . Recent ly another 50 lines were tentat ive ly ident i f ied as
rust a n d / o r late leaf spot resistant. Breeders have successfully incorpora ted rust and
late leaf spot resistances i n t o h igh-y ie ld ing backgrounds and developed 464 el i te l ines
using I C G 7013, I C G 1697, I C G 4747, I C G 2716, I C G 7882, and I CG 7884 as resistant
donors . Some of these lines are in var ious stages o f test ing in the na t iona l p r o g r a m .
I C G ( F D R S ) 4 and I C G ( F D R S ) 10 are in adapt ive t r ia ls and IC G ( F D R S ) 43 is in the
A I C O R P O 1988 rainy-season N a t i o n a l E l i te T r i a l ( N E T ) in the peninsular zone.

F ie ld screening of 3500 germplasm accessions fo r pod rots led to the iden t i f i ca t ion
of 11 genotypes w h i c h have shown s ign i f icant ly l ower incidence o f ro t ted pods than
the popu la r check cu l t ivars . D r y seed coat resistance to A. flavus in several genotypes
( I C G 1326, I C G 7633, I C G 4750, I C G 4749, I C G 3700, and I C G 2224) has been ei ther
ident i f ied or con f i rmed . These sources have been extensively used in the breeding
p r o g r a m and 365 el i te breeding lines have been developed and are being tested. In
a d d i t i o n , 500 germp lasm lines have been tested f o r levels of a f l a t ox i n p r o d u c t i o n by A.
flavus and t w o l ines, I C G 4681 and I C G 7101 have been ident i f ied as lo w t o x i n
producers. F ie ld tolerance to b u d necrosis disease was f ound in 20 accessions. T w o
lines, I C G 2716 and I C G 7013, d i d no t t ransmi t Peanut M o t t l e V i rus ( P M V ) t h rough
seeds and I C G 5043 was f o u n d to be to le rant to P M V .

Screening against insect pests has resulted in iden t i f i ca tion of resistant lines: 20 fo r
th r ips (Frankliniella schultzei), 25 fo r leaf hopper (Empoasca kerri), 18 fo r leaf m ine r
(Aproaerema modicella), 4 f o r aphids (Aphis craccivora), and 20 fo r termites (Odon-
totermes spp). A large n u m b e r of single and m u l t i p l e crosses have been made using
I C G 5040, I C G 5042, I C G 5043, I C G 5045, I C G 6764, I C G 2271 , etc., as insect-
resistant donors . T h e advanced breeding lines are in var ious stages of test ing.

T h i r t y one resistant sources were ident i f ied by I C R I S A T pathologists and A P A U
scientists after screening more than 1500 germplasm lines f o r a nematode disease
k n o w n as "Ka lahas t i M a l a d y " caused by Tylenchorhynchus bravilineatus. 

D r o u g h t screening of abou t 1000 accessions resulted in iden t i f i ca t ion of 18 to le ran t
accessions. F ive accessions, I C G 1697, I C G 3657, I C G 4728, IC G 4729, and I C G 4730
have been u t i l i zed in the breeding p r o g r a m and the h y b r i d der ivat ives are being
evaluated.

Screening f o r h igher b io log ica l n i t r ogen - f i x i ng ab i l i t y resulted in the iden t i f i ca t i on
o f one Spanish type, I C G 1561 and t w o V i rg in ia types, I C G 2405 and I C G 4969 w i t h
h igher ni trogenase ac t i v i t y . Progenies of crosses i n v o lv i n g these accessions were f o u n d
t o y ie ld better. S i x l ines, I C G 1175, I C G 3660, I C G 2405, I C G 3080, I C G 799, and I C G
476 were f o u n d to be p r o m i s i n g f o r p h o t o p e r i o d insensi t ivi ty . A b o u t 100 Spanish/ va-
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lencia germplasm accessions have been screened fo r i r o n def ic iency and p re l im ina ry
observat ions suggest that 7 accessions h o l d promise. We have ident i f ied seven ear ly-
m a t u r i n g (less than 90 days) germplasm accessions, I C G 476, I C G 4117, TG 2 E , Ah
316 /S , I C G 147, and I C G 3754. These lines have been extensively u t i l i zed as ear ly
m a t u r i t y donors in the breeding p rog ram and we have developed and are test ing abou t
529 el i te ear ly m a t u r i n g (90-100 days) advanced lines.

Seven germp lasm accessions w i t h large seed mass, U S A 47, U SA 54, I C G 720, I C G
5662, I C G 7360, I C G 3043, and I C G 6150 have been extensively ut i l i zed in the
confect ionery breeding p rog ram. We have developed more than 75 large-seeded,
h igh-y ie ld ing confect ionery l ines wh i ch are cur ren t l y being tested.

We have also ut i l ized more than 500 germplasm accessions to develop broad-based
breeding lines w i t h w ider adap tab i l i t y and h igh y ie ld po tent ia l . F r o m this ac t i v i t y , t w o
lines, I C G S 11 and I C G S 44 have been released for general cu l t i v a t i o n d u r i n g the
post ra iny season in I nd ia . A n o t h e r l ine, I C G S 37 has been recommended fo r adapt ive
tr ia ls and 5 l ines, I C G 87, I C G 103, I C G 105, I C G 84, and I C G 109 are in 1988/89
postrainy-season N E T . S i m i l a r l y t w o Vi rg in ia varieties, I C G S 65 and I C G S 76, and
the Spanish bunch cu l t i va r I C G S 44-1 are in the rainy-season t r ia ls . Several o ther
varieties are in i n i t i a l stages of test ing in var ious g roundnu t zones.

Research is in progress at I C R I S A T Center to incorporate useful genes i n t o the
cu l t i va ted g roundnu t f r o m the secondary gene poo l compr i s ing w i l d Arachis species.
Special breeding techniques i nc lud ing p l o i d y man ipu la t ions , ho rmone t reatment ,
men to r po l len , and t issue-culture techniques are being ut i l i zed to introgress genes
f r o m b o t h compat ib le and incompat ib le Arachis species. Several stable te t rap lo id
der ivat ives i n v o l v i n g compat ib le species, A. cardenasii, A. chacoense, and A. batizo-
coi have been developed. These lines possess very h i g h levels of resistance to rust and
leaf spots and some of them are even resistant to leaf m iner and b u d necrosis disease.
These lines are being u t i l i zed in the convent iona l breeding p r o g r a m fo r fu r ther
improvement .

I m p a c t o n C r o p I m p r o v e m e n t

The commerc ia l varieties in I nd i a were developed t h r o u gh selection w i t h i n and
between exot ic or loca l adapted accessions (37), hyb r i di za t i on (21), and m u t a t i o n (5)
and on l y 3 were d i rect i n t roduc t ions ( K a d i r i 2 , UF 70-103, Kuber ) . Per formance o f
i m p r o v e d commerc ia l variet ies in t roduced f r o m developed countr ies was no t encou-
raging. T w o secondary selections made f r o m the in t roduc t ions ( R o b u t 33-1 and JL 24)
were h igh l y successful in rep lac ing the l ow-y ie ld i ng o l d cu l t ivars . The area under these
t w o cu l t ivars has increased t h roughou t the coun t r y and they are be ing extensively
u t i l i zed in the na t iona l breeding programs.

G r o u n d n u t imp rovemen t p rograms are under taken a t A I C O R PO Centers, A g r i c u l -
t u r a l Univers i t ies, I C A R Inst i tu tes, and a t I C R I S A T . I m p ro v e d genotypes are entered
i n t o a l l - I nd ia t r ia ls under the A I C O R P O p rog ram. D u r i n g 1981-88 as many as 356
varieties developed t h r o u g h i n t r o d u c t i o n (2) , select ion (38), h y b r i d i z a t i o n (297),
m u t a t i o n (12), and interspecif ic hyb r i d i za t i on (7) were evaluated. In the deve lopment
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of these new varieties as many as 36 parents were invo lved in hyb r i d i za t i on bu t o n l y
R o b u t 33-1 (89 crosses), M 13 (53 crosses), JL 24 (43 crosses), and J 11 (26 crosses)
were f requent ly u t i l i zed . W h i l e 195 germplasm accessions were u t i l i zed in hybr id i za -
t i o n , on l y a few were f requent ly u t i l i zed w i t h specific objectives such as i nco rpo ra t i on
of earliness, disease and pest resistance. These were: I C F 476 (42 crosses), NC Ac
17090 ( I C G 1697) (26 crosses), M a n f r e d i (12 crosses), NC Ac 2821 ( I C G 2405) (11
crosses), G D M (11 crosses), As i r i ya mw i tunde , N C A c 2214 ( I C G 5040), N C A c
76446(292) ( I C G 2716), P I 259747 ( I C G 4747), N C A c 2232 (I C G 5042), D h 3-20, T G
18, and T G ( E ) 1. The other l ines appear to have been used as parents w i t h a v iew to
imp rove y ie ld .

Invo lvement of special-feature accessions w i t h specific breeding objectives led to the
deve lopment of varieties w i t h rust and late leaf spot resistance (40), bud necrosis
tolerance (11), ext ra-ear ly varieties (32) sui table fo r postrainy-season cu l t i va t i on , and
confect ionery (28) selections. Since 1985, these varieties are being tested fo r the i r y ie ld
po ten t ia l and some of them may be released w i t h i n the next 2-3 years. However , none
of the new confect ionery l ines were super ior to the c o n t r ol cu l t i va r , M 13. At least 13
selections resistant to fo l i a r diseases were der ived f r o m interspecif ic hyb r i d i za t i on
i n v o l v i n g A. cardenasii as one of the parents.

F o r c u l t i v a t i o n in pos t ra iny season abou t 112 i m p r o v e d varieties developed t h rough
select ion (15) and hyb r i d i za t i on (97) were tested d u r i n g 1981-88 by A I C O R P O
Centers. O n l y I C G S 11 , K a d i r i 3 , I C G S 44, UF 70-103, G 2 0 1 , CG C 3 , a n d R S H Y 1 
were f o u n d p rom is ing .

D u r i n g 1983-88, 9 Spanish variet ies, GG-2 , Jawan, CO 2, Dh 8, I C G S 11, SG 84,
V R I 1 , A L R 1 , and BG 3 ; G i r n a r - 1 ; 3 Vi rg in ia bunch varieties, Kausha l , I C G S 44, and
UF 70-103; and 3 V i rg in ia runner variet ies, Ch i t r a , G G - 1 1, and M 335 were released fo r
commerc ia l cu l t i va t i on . The area under the cul t ivars I C G S 11 and I C G S 44 m igh t
increase phenomenal ly in fu ture as large-scale I C A R - L E G OF T E N demonst ra t ions
have c lear ly shown the i r super io r i t y over the ex is t ing popu la r cu l t ivars in six states.
G i rna r -1 possesses mu l t i p l e resistance to fo l ia r diseases and insects and tolerance to
d rough t and cou ld be successfully cu l t iva ted in b o t h seasons. These varieties are
expected to revo lu t ion ize g r o u n d n u t cu l t i va t i on i f the seed p r o d u c t i o n p r o g r a m is
s imul taneously strengthened.
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Use of Minor (Small) Millets Germplasm and its Impact
on Crop Improvement in India

A. Seetharam and K.E. Prasada Rao

Project Coordinator (Small Millets), A I C S M I P , Gandhi Krishi Vidya Kendra, Bangalore, Karnataka;and
Senior Botanist, Genetic Resources Unit, ICRISAT, Patancheru, Andhra Pradesh

In many parts o f I nd ia , six species o f m i n o r (smal l ) mi l lets are cu l t ivated f o r g ra in and
fodder. These are: f inger m i l l e t (Eleusine coracana(L.) Gaertn.) , f o x t a i l m i l l e t (Setaria 
italica(L.) P. Beauv.), proso mi l le t (Panicum miliaceum L . ) , kodo mi l l e t (Paspalum
scrohiculatum L . ) , l i t t le m i l l e t {Panicum sumatrense R o t h , ex Roem. and S c h u l t ) ,
and barnyard mi l l e t (Echinochloa colona ( L . ) L i n k ) . In Ind ia , these are g r o w n as
rainfed crops in marg ina l and submarg ina l condi t ions o f soi l fe r t i l i t y and mois tu re . On
an average, app rox ima te l y 6 m ha are planted under these crop species of w h i c h f inger
mi l le t a lone occupies a round 2.5 m ha fo l lowed by kodo , l i t tle , f o x t a i l , proso, and
barnyard mi l le t , in that order.

Systematic improvement in smal l mi l lets was not at tempted un t i l recent ly in I nd ia .
Obv ious ly most of the cul t ivars are local landraces wh ich are products of ind i rec t
human and natura l selection over a per iod of t ime. Sma l l mi l lets are indispensable to
Ind ian agr icu l tu re , being the ma in l i fe-support species in the worst d rough t years. Of
late there has been an apprec ia t ion of the need to improve the p roduc t i v i t y of these
crops th rough modern methods o f breeding. Genetic improvement t h rough conven-
t iona l breeding approaches depends solely on the ava i lab il i t y of diverse germp lasm.
Germp lasm is the basic raw mater ia l and one has to bank upon a broad genetic base
for c rop improvement . Therefore, easy access to germplasm is necessary. Th i s is
especially t rue of smal l mi l le ts where on ly a smal l par t of the avai lable vast genetic
resources has been exp lored , studied, and ut i l ized.

Sma l l mi l le ts have always been of local and regional impor tance, and as a result
have at t racted l i t t le a t ten t ion f r o m nat iona l and in ternationa l organizat ions. They
have always received the lowest p r i o r i t y in terms of fund ing and manpower a l loca t ion .
In Ind ia , t hough c rop improvemen t w o r k on smal l mi l lets has been go ing on f o r
several years, these crops have received less a t ten t ion compared to other ma jo r f ood
crops. I t was on ly after 1969 that the mi l lets started receiving some at tent ion, w i t h the
launch ing o f the Coord ina ted M i l l e t s Improvement Project. Sma l l M i l le ts I m p r o v e -
ment received a boost d u r i n g 1978-79 w i t h the establ ishment of f ive crop-specif ic lead
research centers under I D R C assistance. The research on these crops was broadened
d u r i n g the Seventh P lan, w i t h the launch ing o f A l l I nd ia Coord ina ted Sma l l M i l l e t s
Improvemen t Project ( A I C S M I P ) a t Bangalore. One o f the major objectives o f the
project is the d ivers i f ica t ion of the var ieta l base by evolv ing h igh-y ie ld ing, disease-
resistant, and w ide ly adaptable varieties of var ious small mi l le ts .
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G e r m p l a s m Ava i l ab i l i t y

In the past, smal l mi l le ts scientists wo rked w i t h l im i ted p lant mater ia ls and a n a r r o w
genetic base col lected local ly . Coup led w i t h di f f icul t ies in a r t i f i c ia l hyb r i d i za t i on , this
b lun ted the oppor tun i t ies o f y ie ld improvement t h rough genetic man ipu la t i on . The
s i tua t ion was to some extent rect i f ied in the 1960s when the Rockefel ler F o u n d a t i o n of
U S A and the Ind ian Counc i l o f A g r i c u l t u r a l Research ( I CA R ) made the f i rst con-
certed ef for t in Ind ia to p o o l the col lect ions o f var ious smal l mi l lets to make them
avai lable to scientists w o r k i n g in di f ferent parts o f the count ry . One set o f this w o r l d
co l lec t ion has been rejuvenated by I C R I S A T in 1976 and was made avai lable to the
A l l I nd i a Coord ina ted M i l l e t s Improvemen t Project ( A I C M IP ) . The conservat ion
and supply act iv i t ies fur ther gained m o m e n t u m w i t h N B PG R , New D e l h i , p lay ing a 
key ro le in augment ing the smal l mi l le ts col lect ions. Recogniz ing the impor tance of
conservat ion and easy access to germplasm, the A I C M I P established a germplasm
un i t at Bangalore in 1979. The un i t has been m a k i n g efforts since 1980 to poo l the
avai lable germplasm of smal l mi l lets f r o m var ious sources and to make i t avai lable to
breeders.

At Bangalore, a to ta l of 8522 accessions of var ious small mi l le ts have been
assembled. These inc lude 4490 f inger mi l le t , 1300 f ox tai l m i l le t , 544 l i t t le m i l l e t , 577
proso mi l l e t , 646 barnyard mi l le t , and 965 accessions of k o d o mi l le t .

A p a r t f r o m the col lect ions main ta ined at Bangalore, I CR I S A T is assembling and
ma in ta in i ng one o f the most comprehensive w o r l d col lections o f smal l mi l le ts. The
gene bank at I C R I S A T has made efforts at the g loba l level in the last 6-8 years to
assemble and conserve germplasm, and to make i t avai lable to workers a l l over the
w o r l d . Th is has made possible easy access to diverse germplasm, thereby strengthen-
i ng the na t iona l breeding programs.

U t i l i z a t i o n o f G e r m p l a s m

The fu l l u t i l i za t i on o f germplasm depends upon t w o factors: (1) eva luat ion and
character izat ion, and (2) iden t i f i ca t ion of useful gene sources.

Character iza t ion, c lassi f icat ion, and cata logu ing of germplasm are s lowly ga in ing
m o m e n t u m . W h i l e fa i r l y large d ivers i ty has been achieved, we st i l l have a l ong way to
go in s tudy ing and assessing thei r breeding value. Germplasm eva luat ion has t w o
facets: character izat ion of germplasm by botanists and evaluat ion/screening by con-
cerned c rop improvement scientists/breeders. Germplasm characterized and docu-
mented solely by a botanis t may fa i l to depict the t rue wo r t h of the mater ia l fo r
select ion and u t i l i za t i on in cur rent breeding programs. Germp lasm screening f r o m the
breeder's angle fo r agronomic , phys io log ica l , pa tho log ica l , and qua l i t y characters
demands a great deal of t ime and resources. The breeding value of the mater ia l is best
j udged by s tudy ing the accessions in f ie ld t r ia ls , rather than depending solely on
documented data. An a t tempt was made i n this d i rec t ion by N B P G R by g r o w i n g smal l
mi l le ts germplasm f r o m the I n d i a n N a t i o n a l P r o g r a m and I C R I S A T a t A k o l a and
i n v i t i n g breeders fo r select ion. Th is type o f eva luat ion may be encouraged in fu ture.
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D u r i n g the last 5 years, a large number of selected germplasm accessions were
evaluated in the a l l - Ind ia test ing ne twork and a number of super ior genotypes have
been released fo r general cu l t i va t ion in dif ferent parts of the coun t ry . Of the 28
varieties of di f ferent smal l mi l lets released d u r i n g the last 5 years, 22 are selections
either d i rec t ly or ind i rec t ly f r o m the germplasm (Table 1). Th is indicates the i m p o r -
tance o f d i rect u t i l i za t i on o f germplasm in smal l mi l lets improvement .

In f inger mi l le t , hyb r id i za t i on w o r k was started as early as 1959 in Ka rna taka and so
far, 13 varieties have been released in Karnataka th rough recombina t ion breeding.
S im i la r l y , recomb ina t ion breeding in T a m i l N a d u has resulted in the release o f abou t
six varieties. The most s igni f icant aspect of f inger mi l let improvement has been the
extensive use of exot ic germplasm par t icu la r ly f r o m Af r ica , in the hyb r i d i za t i on
p rog ram. The A f r i can f inger mi l lets are characterized by th ick stems, robust g r o w t h ,
ear ly v igor , large ears, b road , da rk green leaves, and higher g ra in densi ty . These
characters are rarely seen in the I nd ian germplasm. I ndo -A f r i can crosses were f i rs t
at tempted in ear ly 1970s w i t h the ident i f i ca t ion of a few donor parents such as IE 927,
IE 929, IE 980-R, IE 810, and IE 902. The crossing o f these lines w i t h the loca l
agronomic base (Ho l lube le , K 1, Annapu rna , Purna, Cauvery, Shak t i , CO 7, CO 1,
and Hamsa) resulted in the generat ion of vast breeding mater ia l f o r subsequent
selection and release o f the I n d a f and HR series o f improved varieties. Some of the
most popu la r varieties developed f r o m Indo -A f r i can crosses are I n d a f 1, I n d a f 3, I n d a f
5, I nda f 8, I n d a f 9, and more recently HR 911 . Some of these varieties - I n d a f 5, I n d a f
8 , I n d a f 9 , a n d HR 911 - h a v e become extremely popu lar in Karna taka w i t h more t h a n
50% coverage in area. They have an y ie ld potent ia l of a round 6 t ha-1 under i r r iga ted
condi t ions.

In f inger mi l le t , breeding for blast resistance is one of the p r i o r i t y objectives. The
entire f inger mi l le t germplasm has been screened fo r blast disease and 40 accessions
w i t h stable sources of resistance have been ident i f ied. There appear to be more sources

Tab le 1 . N u m b e r o f variet ies o f smal l mi l le ts ident i f ied th rough di rect select ion a n d

h y b r i d i z a t i o n , 1982-87.

C r o p

F inger m i l l e t

F o x t a i l m i l l e t

L i t t l e m i l l e t

P roso mi l le t

Ba rnya rd mi l le t

K o d o m i l l e t

T o t a l

N o . o f varieties ident i f ied th rough

D i rec t select ion

f r o m germplasm

4

3

2

5

5

3

22

Hyb r i d i za t i on

6

6

T o t a l

10

3

2

5

5

3

28
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of blast resistance in A f r i c a n germplasm than in I n d i a n germplasm. Large-scale
hyb r i d i za t i on i n v o l v i n g blast-resistant lines and elite ag ronomic base has been under-
taken d u r i n g the last 5 years and a number of stabi l ized selections are undergo ing
large-scale y ie ld tests in di f ferent states.

Fur ther , many useful genetic stocks have been ident i f ied b o t h in f inger m i l l e t and
f o x t a i l m i l le t . Accessions possessing higher p ro te in , desirable phys io log ica l at t r ibutes
w i t h h igh carbon d iox ide f i x a t i o n and l o w leaf area suitable fo r ra infed cond i t ions ,
and genotypes wh ich can germinate w i t h l im i ted mois ture and in hard so i l crust have
been ident i f ied. L o n g g lume types w i t h h igh test weight w i l l  be o f special interest i n the
improvement of seed size in f inger m i l l e t .

In f o x t a i l m i l l e t new sources of dwa r f i ng con t ro l led by o l igo genes have been
ident i f ied. The p lant type of these accessions is very s imi la r to d w a r f wheat or rice and
so they f o r m very interest ing breeding mater ia l . The va r iabi l i t y avai lable fo r p ro te in
content (7.16-15.73%); and seed fat content (4.0-7.1%) in fo x t a i l m i l l e t is enormous.
Thus ident i f ied sources w i t h h igh pro te in and seed fat are avai lable b o t h fo r d i rect
exp lo i t a t i on and use in breeding.

As ment ioned already, the u t i l i za t i on o f germplasm in smal l mi l le ts is most i m p o r -
tant . So far, on ly a f rac t ion of the vast avai lable d iversi ty has been u t i l i zed and that t oo
on ly in f inger mi l le t . There is w ide scope to ut i l ize the d ivers i ty present in these crops
th rough a wel l p lanned hyb r id i za t i on p rog ram.
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Use of Chickpea and Pigeonpea Germplasm and their Impact
on Crop Improvement in India

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

Project Director; and Principal Investigator (Plant Breeding), Directorate of Pulses Research,
Kanpur, Uttar Pradesh; and Legumes Breeder, 1CR1SAT, Patancheru, Andhra Pradesh

The impor tan t pulse crops g r o w n in Ind ia are chickpea (Cicer arietinum L . ) , p igeon-
pea (Cajanus cajan ( L . ) M i l l sp . ) , mung bean (Vigna radiata ( L . ) Wi l czek) , u r d bean
(Vigna mungo ( L . ) Hepper) , lent i l {Lens culinaris Med i k . ) , f ieldpea (Pisum sativum 
L . ) , cowpea (Vigna unguiculata ( L . ) Wa lp . ) , m o t h bean (Vigna aconitifolia (Jacq.)
Marechal ) , horse g ram (Macrotyloma uniflorum ( Lam. ) Verdc.) , grass pea or khesar i
(Lathyrus sativus L . ) and d ry bean (Phaseolus vulgaris L . ) . Other pulses of m i n o r
impor tance g r o w n in restricted areas in Ind ia are faba bean (Vic ia faba L . ) , r ice bean
(Vigna umbellata (Thunb . ) O h w i and Ohashi) , lablab bean (Lablab purpureus ( L . )
Sweet), and winged bean (Psophocarpus tetragonolobus L . ) . A m o n g these, chickpea
and pigeonpea are the most impor tan t .

M a n y of these pulses have been cul t ivated since t ime i m me m o r i a l under diverse
agroc l imat ic and management condi t ions wh ich favored genetic d ivers i ty in these
crops. Efforts have been made f r om t ime to t ime to col lect, evaluate and ut i l i ze the
germplasm of these pulses, par t icu lar ly pigeonpea and chickpea. However , these
efforts have been localized and scattered over dif ferent pulse-growing states. G e r m -
plasm col lect ions were also made under the Rockefel ler Foundat ion 's Reg iona l Pulse
Improvement Project. A l l these col lect ions were later transferred to I C R I S A T . Since
the establishment o f the Na t iona l Bureau of Plant Genetic Resources ( N B P G R ) J o i n t
missions i nvo l v ing scientists f r o m N B P G R , A g r i c u l t u r a l Universi t ies, and I C R I S A T
have been col lect ing germplasm in the count ry .

Ava i l ab le Germp lasm Resources

The gene bank at I C R I S A T has 15 564 chickpea accessions of wh i ch 5863 lines are
f r o m Ind ia . In pigeonpea, there are 11 034 accessions of wh ich 9084 are of I n d i a n
o r i g in . Part o f these col lect ions are mainta ined under the A l l I nd ia Coord ina ted
Pulses Improvement Project ( A I C P I P ) . W o r k i n g col lect ions are main ta ined at var -
ious centres. A m o n g the var ious pulse crops, chickpea and pigeonpea are at the t op of
the l ist w i t h respect to the number of germplasm lines.
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G e r m p l a s m D i s t r i b u t i o n

As a w o r l d repos i tory o f chickpea and pigeonpea germplasm, the I C R I S A T gene bank
supplies germplasm to scientists w o r k i n g on these crops. F r o m 1974 to 1988, a to ta l of
33 020 samples of chickpea and 20 502 samples of pigeonpea have been sent to
di f ferent programs and scientists in Ind ia . Under A I CP I P , 11 centers have been
assigned the responsib i l i ty to assemble and evaluate the ex is t ing germplasm, and make
i t avai lable to workers in the coun t ry .

The germplasm accessions avai lable at I C R I S A T have been evaluated fo r 25
characters in chickpea and fo r 40 characters in pigeonpea. Some of these accessions
have been evaluated at di f ferent locat ions in I n d i a — A k ol a , Gwa l i o r , Issapur, and
H i s a r — i n co l l abora t ion w i t h N B P G R , to characterize them in di f ferent agroecolog i -
cal zones.

Uses o f G e r m p l a s m L ines

Chickpea and pigeonpea germplasm has been used in the coun t r y in the f o l l o w i n g
manner:
• d i rect use as released varieties fo r cu l t i va t i on ,
• sources of resistance to b io t i c stresses l ike diseases and insect pests,
• sources of tolerance to ab io t ic stresses l i ke mois ture defici t /excess, h i g h / l o w

temperature, soi l sa l in i ty , etc.,

• parenta l mater ia l fo r hyb r i d i za t i on fo r improvement o f ag ronomic t ra i ts,
• base mater ia l fo r p o l y p l o i d y and m u t a t i o n breeding,
• sources of new p lant types to study phys io log ica l and agronomic adapta t ion ,
• mater ia l f o r basic studies on phylogenic and cytogenetic relat ionships, and
• mater ia l fo r genetic studies on the mode of inher i tance, to study the expression of a 

gene or g roup of genes under di f ferent genetic backgrounds.

I m p a c t o n C r o p I m p r o v e m e n t

M a n y germplasm lines have been d i rec t ly released as varieties. In Ind ia , germplasm
lines account f o r about 63% of the varieties of pulses released so far. Of the 291
varieties released in 13 pulse crops, 175 are direct selections f r o m the germplasm. Of
the remain ing , 6 are pure l ine selections, 96 t h rough hyb r i d i za t i on , and 14 t h r o u g h
m u t a t i o n breeding. Recent examples inc lude I C P 8863 of pigeonpea, released as
M a r u t i in Karna taka ; and I C C 8933 o f chickpea, released as JG 315 in M a d h y a
Pradesh.

A large number of germplasm lines have been used as sources for t ransfer r ing
resistance to diseases. These inc lude pigeonpea lines resistant to fusar ium w i l t , s ter i l i ty
mosaic, phy toph tho ra b l i gh t , and chickpea lines resistant to fusar ium w i l t , ascochyta
b l igh t , and stunt. M o s t of the lines in the A I C P I P Disease Nurseries that are tested at
di f ferent locat ions are germplasm lines. Some of these are resistant to more than one
iso la te /s t ra in , and also to more than one disease.
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Compared to disease resistance, there are very few resistant sources fo r insect pests,
and the level of resistance is also not h igh. Some lines have been ident i f ied w i t h
resistance to Heliothis pod borer in chickpea, and resistance to pod borer and p o d f ly
in pigeonpea. These are n o w being used in breeding programs.

M a n y lines w i t h desirable agronomic characters such as earliness ( i n breeding
extra-ear ly pigeonpeas), seed size, and co lor ( i n breeding bold-seeded and k a b u l i
chickpeas) have been used in hybr id i za t ion programs to develop varieties w i t h h igh
yie ld and desirable p lant type. Germplasm has cont r ibuted s igni f icant ly in these
programs.

The use of pigeonpea germplasm lines w i t h the genetic male sterile gene has opened
up possibi l i t ies fo r hyb r i d pigeonpeas in Ind ia . M a n y insti tu t ions are n o w using the
or ig ina l or converted germplasm lines in their hyb r id pigeonpea programs.

Germplasm lines have been used to generate i n fo rma t ion on the inher i tance of
characters, and also to elucidate cytogenetic and phylogenic i n fo rma t i on .

F u t u r e Emphas is

1. The areas wh ich have not been explored so far should be surveyed fo r co l lec t ion of
germplasm.

2. The ex is t ing germplasm avai lable at di f ferent centers should be pooled and eva lu -
ated so as to discard dupl icates and to ident i fy desirable types.

3. Germp lasm accessions should be evaluated under dif ferent agroc l imat ic s i tuat ions
and g r o w i n g condi t ions in order to characterize them, and to test the s tab i l i t y o f
characters; the entire germplasm col lect ion should be characterized and
catalogued.

4. A l l the i n f o rma t i on related to germplasm should be computer ized.
5. One set of germplasm should be kept at N B P G R in long- term storage, fo r fu tu re

use.
6. Faci l i t ies to screen the germplasm against v i ra l diseases should be strengthened and

techniques fo r qu ick screening should be devised.
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Highl ights of Discussions

Discussions were held at the end of each session of the workshop . Presented here are
the salient po in ts ar is ing f r o m these discussions.

W o r l d G e r m p l a s m Collect ions; Status Repor ts and Potent ials

1 . The assembly and ava i lab i l i t y o f w o r l d col lections o f germplasm o f I C R I S A T
mandate crops and six smal l mi l lets was appreciated. F r om the p o i n t o f v iew o f
genetic resources, the overal l number of germplasm accessions assembled at I C R I -
S A T Center was considered to be relat ively smal l compared to the w o r l d col lect ions
of other major crops such as wheat, rice, maize, and barley. Some concern was
expressed on the relat ively l ow number of germplasm accessions that have so far
been ut i l i zed in breeding programs. M o r e in teract ion between p lant breeders and
germplasm scientists du r i ng evaluat ion and ident i f ica t ion of new and useful t ra i ts
should enhance germplasm u t i l i za t ion .

2. Breeders should diversi fy the genetic base of their mater ia l by using more landraces
inc lud ing w i l d and intermediate forms. Par t icu lar reference was made to the l i m i t e d
germplasm that has been used for improvement of rab i (postrainy-season)
sorghum. For tunate ly , I C R I S A T has recently obtained mater ia l f r o m C a m e r o o n
and E th iop ia , wh i ch are f r o m s imi lar envi ronments. M o r e efforts shou ld be made
to col lect s im i la r mater ia l f r o m M a l i , N iger ia , Chad, and parts o f I n d i a . I t was also
proposed to col lect sorghum landraces f r o m low-temperature and h igh-e levat ion
areas o f Ch ina , Ind ia , and A f r i can countr ies.

3. The con t i nu ing ef fort to combine resistance to b io t ic and abiot ic stresses w i t h h i g h
y ie ld components was discussed. A l t h o u g h there were some cases where resistance
to stresses l i ke d rough t were associated w i t h l o w y ie ld , members general ly agreed
that there was potent ia l fo r using stress-tolerant landraces in the deve lopment of
new, h igh-y ie ld ing cul t ivars.

4 . The need for ob ta in ing more agroc l imat ic data d u r i n g germplasm co l lec t ion mis-
sions was stressed. I t was po in ted ou t that a l l germplasm col lect ions under taken by
I C R I S A T scientists include basic agroc l imat ic data. However , many dona ted
germplasm accessions do not have passport and c l imat ic data. At any rate, i t was
proposed that germplasm scientists should extract and document whatever i n f o r -
m a t i o n they can on the env i ronment o f ex is t ing col lect ions, and relate tha t i n f o r m a -
t i o n w i t h the landraces prevalent in di f ferent and discrete agroc l imat ic zones. As
the m a i n responsib i l i ty of germplasm scientists is to collect and salvage germp lasm
f r o m ex t i nc t i on , the help of agrocl imatologists shou ld be sought to achieve th is
i m p o r t a n t task.

5. A quest ion was raised on the d ispar i ty between the large number of germplasm l ines
w i t h resistance to major pests and diseases and the lack of stable resistance to some
of the same diseases and pests in breeding materials. An example of this is Hetiothis 
in chickpea and pigeonpea wh i ch remains a major constra int to higher p r o d u c t i o n
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even though several resistance sources are ident i f ied in germplasm lines. I t was
suggested that these sources, w h i c h have been ident i f ied after several years of
intensive germplasm screening, should be more effectively u t i l i zed.

G e r m p l a s m E x p l o r a t i o n / C o l l e c t i o n , E v a l u a t i o n , D o c u m e n ta t i o n ,

Exchange a n d Q u a r a n t i n e , a n d Conserva t ion

1. Par t ic ipants recognized the success o f j o i n t exp lo rat i on missions by I C R I S A T and
N B P G R . I t was suggested that fu ture co l lec t ion programs cover unexp lo red and
underexp lored areas w i t h more emphasis on w i l d species.

2 . Clar i f icat ions were sought on the rat ionale o f co l lect ing g roundnu t germplasm in
the northeastern hi l ls o f I nd ia and in the state of Kerala . Specif ic areas l i ke the
I n d o - B u r m a border area fo r new types, and parts of Kera la fo r o ld landraces were
suggested for fur ther exp lo ra t i on .

3 . The extensive N B P G R / I C R I S A T j o i n t and p re l im ina ry eva luat ion programs were
presented and discussed in deta i l . To faci l i tate eva luat ion o f thousands o f acces-
sions, an improved and a loca l check are repeated at frequent and regular intervals
in an augmented b lock design. The p r o g r a m was launched to enable c rop i m p r o v e -
ment scientists to evaluate the germplasm lines in the i r o wn regions and to select
desirable types fo r fur ther test ing, and subsequent use in c rop improvement p r o -
grams. Questions were raised on the re l i ab i l i t y of the data generated fo r pest and
disease resistances. N B P G R scientists c lar i f ied that pest and disease resistance
evaluat ion was a p re l im ina ry p rog ram done by N B P G R p lan t protec t ion scientists,
wh i ch cou ld be fur ther assessed by A I C C I P scientists. I t was also suggested that
increased pa r t i c ipa t i on o f A I C C I P scientists w o u l d be essential in a l l mu l t i l oca -
t i ona l eva lua t ion o f germplasm in Ind ia .

4. A c la r i f i ca t ion was g iven on the type and nature of germplasm evaluat ion programs
that are under taken by genetic resources scientists. I t was stated that germplasm
scientists deal w i t h the character izat ion and p re l im ina ry eva luat ion of the col lected
mater ia l w i t h an a t tempt to classify and document germplasm divers i ty . Subse-
quent evaluat ions of germplasm fo r detai led studies, screening, selection, and
u t i l i za t i on are usual ly done under the responsib i l i ty of the concerned c rop i m p r o v e -
ment scientists.

5. I t was suggested that N B P G R serve as the al ternate base conservat ion center fo r at
least the w o r l d col lect ions o f pigeonpea and m i n o r (smal l ) mi l le ts germplasm.

6. Computer-based germplasm data documenta t ion and exchange was discussed and
considered h igh l y desirable. The use of compact discs fo r data storage, processing,
and exchange was demonstra ted.

7 . The co l labora t ive p lan t quarant ine procedures appl ied to b o t h i m p o r t and expor t
o f germplasm, and the t ime ly , safe, and o rder l y methods o f insur ing na t i ona l and
in te rna t iona l germplasm exchanges were appreciated. I t was also suggested that a 
j o i n t I C R I S A T / N B P G R manua l be prepared on p lan t quarant ine systems and
practices appl icable to I C R I S A T mandate crops and smal l mi l le ts .
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8 . Part ic ipants f r o m I C A R , N B P G R , and A I C C I P great ly appreciated the ro le o f
G R U , I C R I S A T , i n mob i l i z i ng genetic resources in the count ry . On thei r par t , the
I C R I S A T scientists noted that they had received tremendous coopera t ion f r o m
N B P G R , I C A R , and other I nd ian nat iona l programs. Part icipants f r o m I C R I S A T
and others par t i cu la r ly noted Dr Paroda's efforts to enhance this co l l abo ra t i on .

Use a n d I m p a c t o f Ge rmp lasm on C r o p Imp rovemen t i n I n d i a

1. Differences were observed on the extent of use and impact of germplasm a m o n g
I C R I S A T mandate crops.

2. Landraces are general ly k n o w n to possess local adaptat ion and s tab i l i ty , wh i le
improved cul t ivars w i t h broad genetic base are more l ike ly to have w ider adapta-
t i o n for p roduc t i v i t y . Judic ious selection and u t i l i zat ion of germplasm have had a 
visible impact on c rop p roduc t ion , as shown by A I C C I P for sorghum, pear l m i l l e t ,
pigeonpea, and smal l mi l le ts.

3. The cr i ter ia used to ident i fy the usefulness of germplasm and its u t i l i za t i on need to
be re-examined. Those lines wh ich d i d not produce the required end p roduc t or
cu l t i va r should not be rejected.

4. Some landraces of chickpea ( I C C 8933), pigeonpea (I C P 8863), and several sma l l
mi l lets were reported to have been released as h igh-y ield ing cul t ivars. Other landra-
ces l ike the T o g o mater ia l in pearl mi l le t , Zerazera in sorghum, I C C 12237 f r o m
Ind ia in chickpea, mu l t ip le disease-resistant mater ia l in pigeonpea, and Peruv ian
accessions in g roundnu t have been extensively used in breeding programs and have
made substant ial cont r ibu t ions towards the development of h igh-y ie ld ing variet ies
or hybr ids.

5. I t was considered desirable to assess the relative y ie ld performance of smal l mi l le ts
and pearl m i l le t under h igh temperatures and d ry condi t ions.

6. The cons t i tu t ion of gene pools fo r specific characters was regarded as a p r i o r i t y task
for a l l crops. Th is task is to be under taken by G R U , I CR I S A T , in close co l labora -
t i o n w i t h p lant breeders.

7. T r a i n i n g for specific requirements and the development of human resources were
recognized as v i t a l fo r sustainable c rop p roduc t ion .

8. To increase the impact o f germplasm on crop p roduc t ion , suggestions were made
to:
• Evaluate the entire germplasm in batches in co l labora t ion w i t h c rop i m p r o v e -

ment scientists, wherever possible in "ho t spots", to ident i fy new sources of
resistance to b io t ic and ab io t ic stresses;

• Produce classified and simple germplasm catalogs on characters of ma jo r eco-
nomic impor tance; and

• U t i l i ze new b io technology methods for hybr id iza t ion invo l v i ng cu l t iva ted or w i l d
relatives, and thei r in termediate forms, and also to create new sources of v a r i a b i l -
i t y t h rough var ious in v i t r o techniques.

107



R e c o m m e n d a t i o n s

Several recommendat ions were made by the technical w o r ki n g g r o u p of the w o r k s h o p
w h i c h was composed of 20 members representing di f ferent organizat ions, crops, and
discipl ines. The f o l l o w i n g are the major recommendat ions.

1. A single, more comprehensive, and effective co l laborative p r o g r a m shou ld be
envisaged for germplasm exp lo ra t i on , eva luat ion, and subsequent u t i l i za t i on in
c rop improvement . The co l laborat ive p rog ram should:

• I nvo l ve N B P G R ( I C A R ) , Na t i ona l A g r i c u l t u r a l Research Organ iza t ions l i ke the
A l l I n d i a Coord ina ted C r o p Improvement Projects and A g r i c ul t u r a l Un ivers i -
ties, G R U and other c rop improvement scientists i n I C R I S A T, and I B P G R .

• Be t ime b o u n d w i t h regular and annual meetings.
• Recognize and give due credi t to a l l co l labora t ing ind ividua ls and centers.

2. Wherever possible, depending on ava i lab i l i t y o f funds, c rop imp rovemen t scientists
should par t ic ipate in some specific areas o f germplasm co l lec t ion in order to
observe and ob ta in more comprehensive data on b io t i c and ab io t ic stresses under
w h i c h the landraces have evolved and are being cu l t i va ted.

3. I t was stressed that the nu t r i t i ona l value of m i n o r (smal l) mi l le ts should be kept in
m i n d wh i le breeding for higher y ie ld . I t was suggested that g ra in qua l i t y o f
improved cu l t ivars of smal l mi l le ts be assessed at I C R I SA T Center.

4 . Par t ic ipants felt that fur ther efforts must be made by I C R I S A T , N B P G R , and
I B P G R to t r a i n scientists in var ious genetic resources act iv i t ies.

5. The col lect ive name of the six m i n o r mi l lets shou ld be changed to smal l mi l le ts , a 
t e rm that has been adopted by the In te rna t iona l Sma l l M i l l et s Steer ing C o m m i t t e e .

6. The f o l l o w i n g were ident i f ied as p r i o r i t y areas of co l lec t ion for the var ious crops.

Sorghum. B iha r (ear ly g ra in and fodder types); M a d h y a Pradesh ( M a lw a p la teau
and Hoshangabad area); Assam, M a d h y a Pradesh, and Orissa ( K o r a p u t area) f o r
fodder types; Sou th Gujarat ; U t t a r Pradesh (Bunde lkhand area); Nor theastern
h i l l y regions; and Maharash t ra and Ka rna taka ( fo r rab i sorghums).

Pearl m i l l e t Maharash t ra (Western Ghats); Orissa (Eastern Ghats); Western
M a d h y a Pradesh; Gujarat ( K u t c h ) ; N o r t h U t t a r Pradesh; Rajasthan ( d u r i n g
drough t ) ; and B ihar , Bengal, and northeastern region fo r w i l d species.

Chickpea. Rajasthan (Nor thwes t , Ganganagar, Pa l i and Jodhpur ) ; Ma d h y a Pra-

desh; Southern Bihar ; Eastern U t t a r Pradesh; Eastern Maharasht ra and A n d h r a

Pradesh; and Haryana (Mahendergarh) .

Pigeonpea. Unexp lo red areas in the Northeast , B ihar , Orissa, and Ka rna taka ;

and Rajasthan ( A l w a r d is t r ic t ) .

Groundnut. Nor theastern area o f A n d h r a Pradesh; Haryana ; Nor thwes tern

parts o f Rajasthan; U t t a r Pradesh; and B ihar .
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M i n o r millets.  Western Ghats o f Maharash t ra ; Sou th and N o r t h B ihar ; H i l ly

areas i n U t t a r Pradesh; Nor theast h i l l areas; M a d h y a Pradesh; and T a m i l N a d u .

7. A co l labora t ive mu l t i l o ca t i ona l germplasm eva lua t ion in I nd ia was recommended
fo r imp lemen ta t i on s tar t ing the next g r o w i n g season. The co l l abo ra t i ng agencies
w i l l b e N B P G R ( I C A R ) , a l l - I nd ia c rop improvement scientists o f I C A R , A g r i c u l -
t u ra l Universi t ies, G R U , and c rop improvement scientists o f I C R I S A T . The crops,
number o f samples, and areas o f eva luat ion that are l isted be low w i l l  be reviewed
annua l ly . The seed samples requi red for the eva luat ion p r o g r a m w i l l  be suppl ied by
G R U , I C R I S A T . The f ie ld data w i l l  be compi led by N B P G R and fo rwarded to
G R U , I C R I S A T , fo r documen ta t i on and analysis w i t h the help o f the computer .
The data w i l l  be used to expand the germplasm database o f the w o r l d co l lect ions,
fo r u t i l i za t i on in c rop improvemen t programs, and to prepare and pub l i sh j o i n t
N B P G R / G R U germp lasm catalogs.

Sorghum. Forage: Every year about 1000 accessions at Jhansi , Issapur, and

Rajendranagar ( N R C S ) .

Gra in : Every year abou t 1000 accessions at A k o l a , Co imba to re , and Rajendra-

nagar ( N R C S ) .
R a b i (postrainy-season) sorghums: Every year about 500 accessions at R a h u r i ,
B i japur , and I C R I S A T Center, Patancheru.

Pearl mil let. Every year about 2000 accessions at Jodhpur , Co imba to re, and

Pune.

Chickpea. L o n g du ra t i on : Every year about 1000 accessions at K a n p ur , Hisar ,

and Gwa l i o r .

Shor t du ra t i on : Every year abou t 1000 accessions a t A k o l a and I C R I S A T Center,

Patancheru.

Pigeonpea. L o n g du ra t i on : Every year abou t 1000 accessions at K a n pu r and

Varanasi .
M e d i u m and med ium- l ong du ra t i on : Every year abou t 1000 accessions a t A k o l a ,

K a n p u r , and I C R I S A T Center, Patancheru.

Sho r t -du ra t i on (New germplasm): G w a l i o r .

Groundnut . K h a r i f ( r a i ny season): Every year 1000 accessions at IC R I S A T

Center, Patancheru, Junagadh, and A k o l a .

R a b i (postrainy-season): Every year 500 accessions a t Junagadh and I C R I S A T

Center, Patancheru.

M i n o r millets (small millets). Every year a round 1000 or avai lab le n u m b e r of

accessions w i l l  be evaluated for the f o l l o w i n g crops at the locat ions ment ioned

below:

Finger mi l le t : B h o w a l i , A k o l a , Bangalore, and Co imba to re .
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F o x t a i l mi l le t : N a n d y a l , Bangalore, and Bhowa l i .
Proso mi l le t : A k o l a , Ran icho r i , Bangalore, and D h o l i (post ra iny season).
L i t t l e mi l le t : R e w a / D i n d o r i ; Ranch i , Bangalore, and S imi l iguda .
Barnyard mi l le t : A l m o r a , Co imbato re , and Bangalore.
K o d o mi l le t : D i n d o r i / Rewa, Co imbato re , and Bangalore.

I t was recommended that agroc l imat ic data be collected d ur i n g the per iod of c rop
g r o w t h for a l l locat ions.
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Acronyms and Abbrev ia t ions

A I C C I P A l l I n d i a Coord ina ted C r o p Improvemen t Project
A I C P M I P A l l I n d i a Coo rd ina ted Pear l M i l l e t I m p r o v e m e n t Pro ject
A I C P I P A l l I nd ia Coord ina ted Pulses Imp rovemen t Project
A I C O R P O A l l I nd i a Coord ina ted Research Project on Oilseeds
A I C S I P A l l I n d i a Coord ina ted S o r g h u m I m p r o v e m e n t Project
A I C S M I P A l l I n d i a Coo rd ina ted Sma l l M i l l e t s Imp rovement Project
A G L N A s i a n G r a i n Legumes N e t w o r k
A L A D A r i d Lands A g r i c u l t u r a l Deve lopment (P rog ram)
C C R N Cooperat ive Cereals Research N e t w o r k
C G I A R Consu l ta t ive G r o u p o n In te rna t i ona l A g r i c u l t u r al Research
cms cy top lasmic male steri le
C P P T I Cent ra l P lan t P ro tec t i on T r a i n i n g Ins t i tu te , ( I n di a )
c t D N A cy top lasmic D N A
D P R Di rec to ra te o f Pulses Research

E L I S A Enzyme- l inked Immunoso rben t Assay
G O I Governmen t o f I n d i a
G R U Genet ic Resources U n i t
H A U Haryana A g r i c u l t u r a l Un ive rs i t y ( I nd ia )
I A R I I n d i a n A g r i c u l t u r a l Research Ins t i tu te
I A R C In te rna t i ona l A g r i c u l t u r a l Research Center
I B P G R In te rna t i ona l Boa rd fo r P lant Genet ic Resources

I C A R I n d i a n C o u n c i l o f A g r i c u l t u r a l Research
I C A R D A In te rna t i ona l Center fo r A g r i c u l t u r a l Research i n D r y Areas
I D M R S I C R I S A T D a t a Management and Ret r ieva l System
I G F R I I n d i a n Grassland and Fodder Research Ins t i tu te
I S T A In te rna t i ona l Seed Test ing Assoc ia t ion
J N K V V Jawahar la l N e h r u K r i s h i V i shwa V idya laya , ( I n d i a )

m t D N A m i t o c h o n d r i a l D N A
N B P G R N a t i o n a l B o a r d fo r P lan t Genet ic Resources ( I nd ia )
N R C G N a t i o n a l Research Centre fo r G r o u n d n u t
N R C S N a t i o n a l Research Centre fo r S o r g h u m
N S S L N a t i o n a l Seed Storage L a b o r a t o r y
O R S T O M Ins t i t u t francais de recherche scient i f ique p ou r le

developpement en coopera t ion (France)

P E Q I A Pos t -En t ry Quaran t ine I so la t i on A rea
P M V Peanut M o t t l e V i r us
P S t V Peanut St r ipe v i rus

R H Relat ive H u m i d i t y

R P I P Reg iona l Pulse I m p r o v e m e n t Pro ject

S A D C C Sou thern A f r i c a n Deve lopment C o o r d i n a t i o n Conference (Botswana)

112



Participants



P
a

rt
ic

ip
a

n
ts

 a
t 

th
e 

w
o

rk
sh

o
p

. 
S

ea
te

d 
(l

e
ft

 t
o 

ri
g

h
t)

: 
J.

P
. 

M
o

ss
, 

J
.M

.M
. 

E
n

g
e

ls
, 

R
.K

. 
A

ro
ra

, 
M

.H
. 

M
e

n
g

e
sh

a
, 

R
.S

. 
P

a
ro

d
a

, 
M

. 
G

o
o

n
,

J
.L

. 
M

o
n

ti
e

th
, 

J
.M

.J
. 

d
e 

W
e

t,
 B

.R
. 

M
u

rt
y

, 
G

. 
H

a
ri

n
a

ra
ya

n
a

, 
R

.V
. 

V
id

ya
b

h
u

sh
a

n
a

m
, 

N
.C

. 
Jo

sh
i, 

U
. 

R
a

m
a

n
, 

S
. 

A
p

p
a 

R
a

o
.

S
ta

n
d

in
g 

(l
e

ft
 t

o 
ri

g
h

t)
: 

B
.S

. 
R

a
n

a
, 

J.
W

. 
E

st
es

, 
V

. 
R

a
m

a
n

a
th

a 
R

a
o

, 
D

.V
.S

.S
.R

. 
S

a
st

ry
, 

N
.R

. 
B

h
a

g
a

t,
 K

.N
. 

R
e

d
d

y,
 T

. A
. 

T
h

o
m

a
s.

 R
a

m
 N

a
th

,
P

.P
. 

K
h

a
n

n
a

, 
C

. 
R

a
ja

g
o

p
a

l 
R

e
d

d
y,

 
M

.N
. 

K
o

p
p

a
r,

 
R

.P
.S

. 
P

u
n

d
ir

, 
A

.K
. 

S
a

d
a

si
va

n
, 

K
.N

. 
R

a
i, 

V
. 

G
o

p
a

l 
R

e
d

d
y,

 
K

.P
.S

. 
C

h
a

n
d

e
l,

J
.M

. 
P

e
a

co
ck

, 
B

.P
. 

S
in

g
h

, 
S

.B
. 

K
in

g
, 

K
.E

. 
P

ra
sa

d
a 

R
a

o
, 

B
.L

. 
A

g
ra

w
a

l,
 

L
.J

. 
R

e
d

d
y.

 
K

.S
. 

V
a

ra
p

ra
sa

d
, 

A
. 

S
e

e
th

a
ra

m
, 

Y
.S

. 
R

a
o

,
C

M
. 

P
a

tt
a

n
a

ya
k,

 N
.C

. 
S

u
b

ra
h

m
a

n
ya

m
, 

D
.G

. 
F

a
ri

s,
 

H
A

. 
va

n 
R

h
e

e
n

e
n

, 
M

.J
. 

V
a

su
d

e
va

 R
a

o
, 

D
.L

. 
O

sw
a

lt
, 

T
.R

.K
. 

S
a

ty
a

n
a

ra
ya

n
a

.



Participants

R . K . A r o r a
Of f i c ia t ing D i rec to r
N B P G R
N e w De lh i 110 012

N . R . Bhagat
Germp lasm Botanist
N R C G
T i m b a w a d i
Junagadh 362 105

K.P.S . Chandel
Scientist- in-charge
Plant Tissue Cu l tu re Reposi tory
N B P G R
New De lh i 110 012

J . M . M . Engels
I B P G R Coo rd i na to r
(Sou th and Southeast Asia)
c / o N B P G R
New De lh i 110 012

S. Lal 

Project D i rec to r
Directorate of Pulses Research
Kanpu r 208 024

B.R. M u r t y
I N S A Senior Scient ist /Professor

Biotechnology Centre
1AR1
New De lh i 110 012

R.S. Paroda
Deputy D i rec to r General ( C r o p Sciences)
I C A R
Kr i sh i Bhavan
New De lh i 110 011

R a m Na th

Head
Plant Quarant ine D i v i s i o n
N B P G R
New De lh i 110 012

G. Har inarayana
Project Coo rd i na to r (Pear l M i l l e t )
A I C P M I P
Pune 411 005

P.P. Khanna
Head
Conserva t ion
N B P G R
New De lh i 110 012

M . N . K o p p a r

A c t i n g Head
Plant E x p l o r a t i o n D i v i s i o n
N B P G R
New D e l h i 110 012

B.S. Rana
Project Coo rd ina to r (So rghum)
A I C S 1 P
Rajendranagar
Hyderabad 500 030

A . Seetharam
Project Coo rd ina to r (Sma l l M i l l e t s )
A I C S M I P

U A S
Bangalore 560 065

B.P. S ingh

Head
D i v i s i o n o f Germp lasm Exchange

N B P G R
New De lh i 110 012

115



N . C . Sub rahmanyam K .S . Varaprasad
Professor Off icer- in-charge
Schoo l o f L i fe Sciences N B P G R Plant Quaran t ine Reg iona l S ta t ion
Univers i ty o f Hyderabad Rajendranagar
Hyderabad 500 134 Hyderabad 500 030

T . A . Thomas R . V . V idyabhushanam
Head D i rec to r
Eva lua t i on D i v i s i o n N R C S
N B P G R Rajendranagar
N e w D e l h i 110 012 Hyderabad 500 030

I C R I S A T Participants

B . L . A g r a w a l , P lant Breeder ( S o r g h u m )

S, A p p a Rao , Botanis t , Pear l M i l l e t Germp lasm
F.R. B id inger , P r inc ipa l P lant Physio logis t (Pear l M i l le t )
J . M . J . de Wet , D i rec to r , Cereals
J . W . Estes, Compu te r Services Off icer
D . G . Faris, P r inc ipa l C o o r d i n a t o r ( A G L N )

M . G o o n , A c t i n g D i rec to r General , and Assistant D i rec tor General
( A d m i n i s t r a t i o n )

V . G o p a l Reddy, Research Associate, S o r g h u m Germp lasm
B . C . G . Gunasekera, A d v i s o r to the D i rec to r General
fo r D o n o r Relat ions

R. Jambuna than , P r inc ipa l B iochemist and P rog ram Leader
N . C . Josh i , Ch ie f P lant Quaran t ine Off icer
S.B. K i n g , P r inc ipa l P lant Patho log is t (Pear l M i l l e t )
L a x m a n S ingh , P r inc ipa l P lant Breeder (Pigeonpea)
D . M c D o n a l d , P r inc ipa l G r o u n d n u t Patho log is t
M . H . Mengesha, P rog ram Leader, Genetic Resources U n i t
J . L . M o n t e i t h , A c t i n g D e p u t y D i rec to r General and D i rec to r ,

Resource Management P rog ram
J.P. Moss, P r i nc ipa l Cytogenet ic ist
Y . L . Nene, D i r ec to r , Legumes P r o g r a m
K . F . Nwanze, P r inc ipa l S o r g h u m En tomo log i s t
D . L . Oswal t , P r i nc ipa l T r a i n i n g Off icer and P r o g r a m Leader,

Fe l lowships and T r a i n i n g
C . M . Pat tanayak, P r inc ipa l C o o r d i n a t o r ( C C R N )
J . M . Peacock, P r inc ipa l P lant Physio log is t (So rghum)
K . E . Prasada Rao, Senior Botanis t , S o r g h u m and M i n o r M i l le t s Ge rmp lasm

116



R.P.S. Pund i r , Botanis t , Chickpea and Pigeonpea Germplasm
K . N . R a i , P lan t Breeder (Pear l M i l l e t )
C. Rajagopal Reddy, Research Associate, M i l l e t Germplasm
V. Ramanatha Rao , Botanist , G r o u n d n u t Germplasm
L . J . Reddy, P lan t Breeder (G roundnu t )
K . N . Reddy, Research Associate, Chickpea Germplasm
A . K . Sadasivan, Research Associate, G roundnu t Germplasm
Y. Saideswara Rao , Pos tdoc tora l Fe l low
D.V .S .S .R . Sastry, Research Associate, Pigeonpea Germplasm
K . B . Saxena, P lant Breeder (Pigeonpea)
H . A . van Rheenen, P r inc ipa l P lant Breeder (Chickpea)
M . J . Vasudeva Rao, P lant Breeder (Groundnu t )
T .S. Wa lke r , P r i nc i pa l Economist , Resource Management
J . H . W i l l i a m s , P r i nc ipa l P lant Physiologist (G roundnu t )

117



RA-00135



ICRISAT

International Crops Research Institute for the Semi-Arid Tropics

Patancheru, Andhra Pradesh 502 324, India

ISBN 92-9066-170-4 ICR 88-0056




