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4""- 
GERMPLASM ASSEMBLY, CONSER\'ATlON, AND 

DIVERSITY OF JCRJSAT MANDATE CROPS 

One of ICRISAT's major objectibes is to act as a world repository 
for the genetic resources of its mandate crops namely, sorghum (Sorglrnnr 
bicolor). pearl millet (Ptlnnisetum americani~r~l), pigeon pea (Cajmirs cuja~z), 
chickpea (Cicvr arirtittfrnl), and groundnut (..lrachis hjyogarn). The 
Institute also collects and conserves the germplasm of six minor millets : 
1. finger millet (Elcusitzc coracana). 2. foxtail millet (Sctaria itulicn). 3. 
proso millet (Pot~icz/!)z n?iliac.elcn~)~ 4. little millet (Panicum sirrrratre~sc), 
5. barnyard millet (EcI~inockloa cnr.rgalli). and 6. kodo millet (Pa.~olrrr~r 
scrobinilutrrr~~). 

O R ~ G I N  A N D  DISTRIBUI.ION 

Sorghum originated in the Sudan-Ethiopian border region and has 
since spread to all parts of the world (Harlan, 1975; dc Wet, 1978). It 
reached India some 3000 years ago and is now cultivated almost throuph- 
out the country. Distribution of diffeient races, their assembly, evalua- 
tion, and utilisation of Sorghum permplasm are described by Prasada Rao 
and Mengesha (1987). Pearl millet originated in West Africa in a diffuse 
belt from Sudan to Senegal (Brunken et al., 1977). It reached India 
some 3000 years ago through Gujarat state. The diversity of pearl millet 
germplasm and its utilisation are described by Harinarayan et 01. (1 987). 
Pigeon pea, an important source of protein in Asia, originated in India 
(De, 1974; Maesen. 1980). Chickpea, an important crop in the lndian 
sub-continent, Ethiopia and in the countries a r o ~ n d  the Mediterranean, 
originated in Turkey (Ladizinsky, 1975). Groundnut originated in South 
America (Gregory et a!., 1973). 

To avert food shortages and subsequent famines, we need to acce- 
lerate crop improvement programmes, starting with collection and conser- 

\31ion of the vanishing germplasm. Enormous diversit)still exists in c rop ,  
c,.cn though it  is gradually dwindling. Thc time to collect the traditional 
Idndrac;s is now, before they are replaced by newly bred. high-)ielding 
sul!i\ arr (Harlan, 1975; Haw kes. 1981). In some caw\ i t  i alrcadj too 
1 3 1 ~  (Mcngesha and Prasada Rao, 198 1). It is w i t h  this knowledge that 
)cR?SAT started an extensive germplasm collection and assembly 
propramme in the mid seventies. It murt be empha\ised that the genetic 
re.ource material assembled at ICRISAT i h  for the benefit of all worker\ 
in any country that need to use it. 

Under the leadership of Dr. H. B. Singh, the then Head of 
Plant Introduction Division, Indian Agricultural Research Institute (IARI). 
that nou has grown to form the present National Bureau of Plant Genetic 
Rc,ources (NBPGR). Jndia became one of the pioneering countrie,, of 
t t ic  ~ o r l d  in collection and conservation of crop germp!asm. In  
collaboration with the R~ckefeller Foundation. IARI assembled maize, 
wrgburn, pearl niillet and'minor millets a3 early as 1959 (Rachie. 1963). 
Thc germplasm was evaluated. classified, and promising lines were 
rdcniilied (Murty et al., 1967a; 1967b). Parts of these collections wcrc 
n1;rintaincd by various research institutes and universities in lndia and 
abroad. Thc initial collection of pigeon pca that ICRISAT obtained, 
conhists of the germplasm col!ectrd and assembled by the former 
Rrginnal Pulse Improvement Project (RPIP), a joint project of USAID, 
India, and Iran. 

Following its establishment, ICRISAT acquired most of the germ- 
placm available with national and regional programmes, mainly from the 
All India Coordinated Crop lmprovemcnt Programmes, and various 
countries in Africa. After identifying geographic and taxonomic gaps, 
expeditions were launched to priority areas in lndia by lCRlSAT 
scientists in collaboration with the scientists of the agricultural univer- 
sirics and institutes of the lndian Council of Agricultural Research 
(ICAR). Collection missions in other countries arc planned we11 in 
adlance. Collaborating scientists are identified, and with their help, the 
areas to be explored, the route to be followed, and the best time to 
collect in those areas are decided. We also carried out pointed collection 
missions for special types such as the Zerazera sorghum landraces from 
Ethiopia (Prasada Rao and Mengerba, 1982). and the early-maturing. 
bold-grain types of pearl millet from Ghana (Appa Rao et al., 1985). All 
Ihc germplasm samples collected are shared equally by the host country. 
lBPGR and ICRISAT. TO date ICRISAT has launched 58 expeditions 
in 37 countries (Table I) ,  and 65 expeditions to  different states within 
India (Table 2). Recently ICRISAT and NBPGR have jointly developed 
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Table 1. Details of germplasm collection expeditions made by I RISAT scientists 
outside India (1975-1986) 

Y 
Samples collected -- ---I__----- & 

Country Missions Sorghum Pearl Pigeon- Chick- Ground- Minor 
millet pea pea nut millets 

cossERvA w AND DIVERSITY OF ICRISAT MASDATE CROPS 

Table 2. Germplasm collection expeditions by ICRISAT scientists in collaboration 
with national scientists in India 

Samples collected --- -- - 
province(s) Missions Sorghum Pearl Pigeon Chick Ground- Minor 

millet pea Pea nut millets Afghanistan 
Bangladesh 
Bolivia 
Botswana 
Brazil 
Burkina Faso 
Burma 
Burundi 
Cameroon 
Caribbean 

Islands 
Ethiopia 
Gambia 
Ghana 
Kenya 
Lesotho 
Malawi 
Malaysia 
Mali 
Mozambique 
Nepal 
Niger 
Nigeria 
Pakistan 
Philippines 
Rwanda 
Sierra Leone 
Somalia 
South Africa 
Sri Lanka 
Sudan 
Swaziland 
Tanzania 
Thailand 
Turkey 
Yemen A. R. 
Zambia 
Zimbabwe 

Andhra Pradesh 11 262 298 77 - 225 - 
A a m  2 - - 49 - - - 
Bihar 2 - - 115 - 2 - 
Gujarat 3 4 448 108 128 - - 
Ha r!,ana 1 - - - 47 - - 
Himachal Pradesh 1 1 - - - 104 - 

Kirrhmir 
Kerala 
k!;rdh)a Pradesh 
h1s harashtra 
31 rghalaya 
Or~ssa 
Yunjab 
H3 jdst han 
StlLim 
Tamil Nadu 
L'rtar Pradesh 
H c51 Bengal 

several collaborative projects for the collection and evaluation of crops 
of mutual interest. 

The ICRISAT genebank is one of the largest repositories for our man- 
d a c  crops, presently holding 89,117 accessions. These accessions re- 
Present the largest collection of germplasm assembled at any one place 
for our five mandate crops. However, considering the world hectarage 
Of these crops, the present collection is still too small. 

We are concerned that often germplasm collection missions are 
when crops arc at prime maturity. AS a result. the collector may 

hr'~ early-maturing and late-maturing lines. Thnefore, our strategy 
" '0lva collecting landraces at different times of the year if necessary at 
'bc m e  foeations. The success of my germplasm collection mission 
htgcb depends on the collectors* knowledge of tbe crops, their wild 
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relatives, geographical and political acceaibility, proper collection strate- 
gies. correct sampling procedures, and safe and rapid transfer of the 
collected material to the genebank. 

Seed conservation probably started soon after man domesticated 
crops about 10,000 to 12,000 years ago (Harlan, 1975). Until recent years, 
crop impro\ement scientists were not unduly concerned if their collected 
germplasm samples were lost, as they could easily find and re-collect 
such seeds ( H ~ H  kes, 1981). Now the situation is entirely different; if plant 
breeders need a ready supply of germplasm, they must rely on man- 
made genebanks. The maintenance and preservation of landraces in 
protected gene Ieserves (in sir11 conservation), though desirable in some 
specific cases, may not be practical or economical. We do not seem to 
have any alternative other than to urgently collect and conserve the 
invaluablc germplasm in genebanks. 

There are three types of cold stores where germplasm is conserved 
at ICRISAT: short-. mediutn- and long-term. All the germplasm accessions 
of the Institute's mandate crops are now conserved in medium-term 
(4 'C and about 207, RH) storage. About 500 to 1000 g seed of each 
accession is dried to approximately 5 to 7% moisture content before it is 
stored. The type of storage chambers used at ICRISAT, and the general 
standards and systems of germplasm conservation technology have been 
described by Menpesha and Prasnda Rao (1981) and by IBPGR (1979). 
Comprehe,nsive reports on viability of seeds, and principles and practices 
of seed storage are given by Roberts (1974) and Justice and Bass (1978). 
Long-term cold storage (-20 O C )  modules have been installed as part of 
the lCRlSAT genebank and are currently under test. Seed viability is 
monitored by testing germination in the stored samples. Accessions with 
less than 85;i viability and with critical quantity are rejuvenated. The 
latest germination tests on conserved seeds showed over 92% viability 
after almost 8 years in store. 

l n  order to avoid genetic drift during rejuvenation and mainte- 
nance, sorghum, which may out-cross, is maintained by selfing at least 20 
representative heads (Mengesha and Prasadn Rao, 1981). Pearl millet, 
which is cross-pollinated is maintained by enclosing several heads in a 
large bag (Appa Rao, 1980). Pigeon pea, which is often cross pollinated 
mainly by insects, is maintained by enclosing the entire plant or branches 
in large muslin cloth bags (Remanandan, 1986). Chickpea and ground- 
nut are completely self-pollinated crops. and hence it is not necessary to 
control pollination. However, in groundnut only those pods which are 
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,ttached to the pegs are collected (Ramanatha Rao and Sadasivan, 1985). 
11 muit  be stressed that only those seeds that are harvested from disease- 
jrzc plants are conserved in the genebank. Stringent field inspections 

laboratory tests are made to ensure storage and distribution of 
disease- and pest-free seeds. 

The material collected from various sources is evaluated according 
10 descriptors standardised by ICRISAT and lBPGR in the rainy and 
pit-rainy seasons at ICRlSAT Center. Patancheru. Variation in impor- 
tant  morphological and agronomic characters is considerable and the 
range observed in different crops is given in Table 3. The range in 

variation was wider in accessions evaluated at Hisar, Haryana 
than at lCRlSAT Center. India (Saxena and Sheldrake, 1980). Likewise, 
'onliderable variation was recorded when 343 pearl millet collections 
u ~ r c  evaluated at five different locaiions in India, Burkina Faso, and 
51gcr. 

Table 3. Variability range in some selected characters of ICRJSAT mandate crops 
evaluated at ICRISAT Center, Patancheru - -. 

( ha racters Sorghum Pearl millet Pigeonpea Chickpea Groundnut 
- - 

1 )J! s lo 507; flowering 36-199 33-140 55-210 28-96 16-58 
Plarlt height (cm) 55-655 11-475 39- 385 16-93 - 
Yrduncle exsertion (cm) 0-55 -21-+30 - - - 
j k a d  length (cm) 2.5-71 6-1 65 - - - 
Head thickness (mm) 10-290 10-64 - - - 
%umber of tillers 1-15 1-210 - - - 
Stalk sugar content (O,$ 12-38 4.9-19.7 - - - 
Oraln colour white-dark white-dark white-black cream-black off-white- 

brown purple dark pur- 

r\od 
itS-bwtd mass (8) 
Ph.1 width (cm) 
pw.!~ plant 
k-cr t  index OC) 

motein 03 
Q l  -tent % 
-- - 

The main purpose in pointing out the range in variation is to under- 
''' ' he importance of prmpIasrn in crop improvement. Mtbough, the 

variation is very useful, it is considered mall  as compared to 
lL.'avrilable in nature. Many remote areas are yet to be explored. 
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Table 4. Variability range in culti\,ated groundnut 

-- - - - 

Cha racters Minimum 

Length of the R. P. 
branch 
No. of flowerst in florescence 
Leaflet length 
Leaf width 
Leaflet LIW 
No. of seedslpod 
Pod length 
Pod width 
Seed colour 

< I  cm 
I 

24 mm 
8 mm 
1.53 
1 

11 mm 
9 mm 

off white 

Seed length 7 mm 
Seed width 5 mm 
100-seed weight 19.8 g 
Days t o  emergence 4 
Days to 50:< fls. 16 
Days to  maturity 75 
Oil content 31.87; 

Maximun~ Intermediate 
-. .. -. - 

> 10 cm 
5 

86 mm 
41 mm 
4.2 
5 (6) 
80 mm 
27 mm 

dark purple 

21 mm 
13 rnm 
121.5 g 
13 
5 8 

> 155 
53.17; 

Continuous 
2, 3, 4 
Continuous 
Continuous 
Continuous 
2, 3, 4 
Continuous 
Continuous 
Yellow, shades of tan, 
shades of red, grey- 
orange, purple and 
variegated 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 

Unfortunately, the continued availability of germplasm in nature can .not 
be guaranteed in view of the alarming genetic erosion that is taking 
place around the world. A good example of such genetic erosion is the 
complete absence of Zerazera and Hegari sorghum landraces in the 
Gezira Province of Sudan, and their replacement by newly bred cultivars 
(Mengesha and Prasada Rao, 1981) and the once-popular pearl millet 
landrace 'Gullisita' is now almost extinct in Punjab (Appa Rao et a!., 
1986). 

The potential of a germplasm sample is largely unknown at the 
time of its collection. However, we have seen that a number of desirable 
characters are identified whenever a diverse group of germplasm samples 
are evaluated and screened. At times, even tbose lines that show sus- 
ceptibility t o  a disease or pest offer a rare source of breeding material 
for other agronomically desirable traits. For example, sorghum accessions 
IS 1082,2122,2145,4663,4664.5~70, 5484, 5566, 18551, and others have 
been identified as having promising shoot fly (Atherigona soccatao) 
resistance. They are, however, susceptible to  grain molds. Other 
sorghum germplasm lines such as IS 620, 621, 5959, 7237, 8219. 9308. 

1 ~ 8 2 .  and 11231 have promising grain mold resistance; yet they are 
u,ccptible to shoot fly and stem borer (Chilo sp ). Likewise pigeon pea. 
~p-7075 has resistance to wilt and sterility mosaic, but i t  is susceptible 
, blight. ICP 7065 is resistant to blight, but highly susceptible to both 6 

, i l l  and sterility mosaic. There are many more examples like these which 
auld have been rejected for one reason, while useful sources are retained 
,)r their other traits (Mengesha, 1984). 

Much en~phasis is presently placed on multilocational evaluation 
ll'germpIasm. NBPGR is playing a leading role in this work in India. 
c ~ ~ r ; l l  thousand germplasm accessions are being jointly evaluated by 
;BPGR and the Genetic Resources Unit of ICRISAT at different 
3cations. This will enhance the identification and utilisation of new and 
,cful germplasm accessions. 

For example, the pearl millet. germplasm grow-out at Jodhpur 
fircd an excellent opportunity to screen under drought stress condi- 
ons as the rainfall during the crop season was less than 200 mm. Only 
;id!:-maturing lines flowered and produced seeds. The drought stress was 
~3 severe that late-maturing and photoperiod-sensitive lines from Sierra 
.cone, Senegal, and Nigeria died before floral initiation. The grow-out 
'as  used by breeders wherein ICRISAT breeders selected 18 lines, and 
lillct breeders of the Central Arid Zone Research Institute, Jodhpur, 
:Iccted 85 promising lines for drought-tolerance. 

Considering the worldwide crop improvement programme and in 
ieu of the plant breeders' remarkable success in developing high-yielding 
ultivars, it is obvious that there are significant advantages associated 
' i th international germplasm exchange. With careful handling, imagina- 
k c  methods, and more specific research on seed pathogen and pest 
:lationships, man should be able to save his valuable seeds for present 
nd future use. 
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