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Crop germplasm and wild relatives: a source of novel variation for crop
improvement

Hari D Upadhyaya

Genetic Resource, International Crops Research institute for the Semi-Arid Tropics (ICRISAT),
Patancheru, 502 324, Andhra Pradesh, India

Plant genetic resources (germplasm) are the most valuable among the natural resources,
as they provide building blocks for developing improved cultivars. The continuing need
for improved crops cultivars to meet challenge of climate change, changes in pest
scenario and changing consumer demands creales a constant need for germplasm.
However, the crop germplasm pool is shrinking mainly due to negative actions of humans.
Germplasm are in danger of genetic erosion, and/or local extinction because of habitat
loss, alteration resulting from agriculture, loss of forest due to urbanization, pollution,
invasion of exotic species, and their over exploitation. Rapid loss of plant biodiversity
during the twenticth century and realization of its importance led to the collection and
conservation of over 6.1 million accessions in over 1400 gencbanks globally.
International Agricultural Research Centers maintain over 600,000 accessions. ICRISAT
genebank conserves 118,882 accessions of chickpea, pigeonpea, groundnut, sorghum,
pearl-, finger, foxtail, barnyard, prose, little, and kodo millets from 144 countries (Table
1). Knowledge and management of genetic resources are critical for crop improvement
programs.

Low use of germplasm

The large germplasm collections in the genebanks have not been used adequately in
international and national crop improvement programs. For example, very few of the =20,
000 chickpea accessions conserved in the genebank (< 1%) have been utilized in cultivar
development at ICRISAT (Upadhyaya et al.,, 2006a). Similarly, in the national programs,
the germplasm lines used in breeding programs are very limited. In China, the introduced
germplasm and wild relatives have seldom been used in groundnut improvement. In USA,
the cultivar ‘Dixic Giant’ was a germplasm source in all pedigrees of runner type
groundnut and “Small White Spanish-1" accounts for >90% pedigrees of all released
cultivars. Similar situation has been reported in many crops as most plant breeders prefer
to work with their own breeding lines, rather than exotic germplasm materials. Not only
the limited use of germplasm is a worrisome issue, the large-scale deployment of
cultivars with common genetic background complicates the whole situation even more.
Sometimes, even if the number of cultivars is more, the degree of genetic diversity
between them is very low and can lead to epidemics similar to the southern corn leal
blight in the USA (resulting in huge economic loss) and late blight of potato (that wiped
out the potato crop resulting in famine in Europe) due to narrow genetic basc of crop
cultivars. One of the main reasons for low use of germplasm is the lack of information on
economic traits that display high genotype x environment interactions and require
multilocational replicated evaluations to identify parents for use in crop improvement



programs. Development of core collection (10% of entire collection) representing
diversity of entire collection has been suggested to overcome this.

Strategy to enhance the use of germplasm

Development of core collection

A pre-requisite before developing a core collection is to asses and characterize the
diversity in the germplasm collections. At ICRISAT, we have assessed the patterns of
diversity in chickpea, groundnut, pigeonpea, sorghum, pearl millet, finger millet and
foxtail millet germplasm collections using data on qualitative and quantitative traits, Core
collections have been developed using the information on regional patterns of diversity
(Table 2).

Mini core collection

Due to its reduced size compared to, entire collection, core collection is useful for
scientists to identify accessions with beneficial traits for use in crop improvement
programs. However, it soon became cvident that developing core collections will not
solve the problem of low use of germplasm, as even the size of core collection would be
unwieldy for convenient exploitation by the breeders and other crop improvement
scientists. This was particularly true in the crops where entire collection is too large
(several thousands). To overcome this, Upadhyaya and Ortiz (2001) proposed the “mini
core collection” concept using a two-stage strategy. The first stage involves developing a
representative core collection (about 10%) from the entire collection using all the
available information on origin, geographical distribution, and characterization and
evaluation data of accessions. The second stage invalves evaluation of the core collection
for various morphological, agronomic, and quality traits, and then selecting a further
subset of about 10% accessions from the core collection. Thus the mini core collection
contains 10% of the core or ~ 1% of entire collection, but represents the diversity of the
entire collection. At ICRISAT, mini core collections of chickpea, groundnut, pigeonpea,
sorghum, and pearl millet have been established (Table 2). Mini core collections have
been extensively used to identify trait specific germplasm for use in crop improvement
programs. e

Identifying trait specific germplasm using core/mini core approaches

The core and mini core collections of chickpea, groundnut, and pigeonpea have been
evaluated extensively to identify new sources for important biotic and abiotic stresses and
for agronomic traits. In chickpea, we have identificd sources for early maturity (28)
(Upadhyaya et al., 2007b), large-seeded kabuli type (16), high yield and other agronomic
traits (39) (Upadhyaya et af., 2007a), and resistance/tolerance to drought (18)
(Kashiwagi er al, 2005), salinity (12) (Vadez et al, 2007), high temperature (5),
helicoverpa pod borer (5), fusarium wilt (67), botrytis gray mold (55), ascochyta blight
(3), dry root rot (6), and multiple resistance (31 accessions) (Pande et al, 2006).
Similarly in groundnut scientists have identified sources for early-maturity (21)



(Upadhyaya et al 2006b), high yield, large seed size and high shelling percentage (60)
(Upadhyaya et al, 2005); resistance/tolerance to drought (18) (Upadhyaya, 2005),
salinity (12); low temperature at germination (158) (Upadhyaya et al, 2008b), aflatoxin
(5), rosette (3), and early leaf spot (1); in pigconpea for early maturity (20), high yield,
large seed size and high harvest index (54), resistant/tolerant to salinity (16} (Srivastava
et al, 2006), sterility mosaic (11), wilt (4), Phytophthora blight (8), and two multiple
resistant germplasm; in sorghum 28 germplasm with sweet stalk and 10 resistant to grain
mold; 25 germplasm each in finger millet and foxtail millet for high grain yield and early
malurity; several accessions for early maturity, high grain-yield, and large seed size in
pearl millet. The mini core collections were also evaluated by NARS partners. A total of
88 sets of corc and mini core collections have been provided to scientist in 19 countrics
of Africa, Asia, Americas, and Europe. NARS partners identified several parents for use
in breeding in India, China, Vietnam, Thailand, Mali, Niger, and UAE

Genotyping germplasm collections:

The revolution in molecular biology, bioinformatics, and information technology has
provided the scientific community with tremendous opportunities for solving some of the
world’s most serious agricultural and food security issues. The Generation Challenge
programme (GCP) on “Unlocking Genetic Diversity in Crops for the Resource-Poor
(www.generationcp.org)” is enhancing research on this area. ICRISAT in collaboration
with partners such as ICARDA, Syria; CIRAD, France; EMBRAPA, Brazil; and CAAS,
China has developed the composite collections of sorghum, pearl millet, chickpea,
pigeonpea, groundnut, finger millet, and foxtail millet (500 — 3500 accessions) (Table 2).
The composite collections include core and mini core collections and have been
genotyped using 20 to 50 SSR markers to study genetic diversity, population structure,
and to establish reference sets of 200-400 genetically diverse accessions (Table 2). The
composite collections were also characterized for morpho-agronomic traits at ICRISAT
Center, Patancheru, India. Reference sets based on SSR markers, qualitative traits,
quantitative traits, and their combinations were formed and compared for allelic richness
and diversity. In chickpea, for example 48 SSR-based reference set captured 78.1%
alleles of composite collection (1683 alleles) compared to 73.5% of alleles in the
reference set based on 7 qualitative traits. The reference set based on both $SR and
qualitative traits captured 80.5% (1354 alleles) of composite collection (Upadhyaya et al.,’
2008a). Similarly, in groundnut the SSR-based reference set captured 95.1% alleles (466)
of composite collection (490) compared 1o 93.3% of alleles (457) in the reference based
on 14 qualitative traits. The reference set based on both SSR and qualitative traits
captured 95.9% (470) alleles of composite collection. This demonstrated that both SSR
and qualitative traits were equally efficient in capturing the allelic richness in reference
sets.

Use of novel alleles from wild relatives for enhancement of agronomic traits
Potential of wild relatives to enhance the resistances to biotic and abiotic siresses in

cultivated species is well recognized in several crops. The wild relatives are considersd
agronomically poor and have seldom been considered for enhancing agronomic traits



such as early-maturity, seed size, seed yield, and harvest index. Our research at ICRISAT
has indicated that the novel gencs of wild relatives of chickpea, groundnut, and
pigeonpea can enhance the agronomic traits of cultivated species. For instance, using two
accessions of Cicer reticulatum (110-113 days to 50% flowering, 143-150 days to
maturity, 12-16 g 100-seed weight, 2-5 g plant yield, 5.7 to 16.1% harvest index) as 2
parent, we have selected several progenies which took 8-21 days less to flower and 6-33
days less to mature, produced 20-103 % larger seeds, 97-217 % greater sced yield,.and 6-
68 % higher harvest index than the respective cultivated parents. Similarly in groundnut
using an amphidiploid with very low 100-seed weight (5-8 g) and poor pod yield (2-5g
plantfl), progenies with 60-80% higher 100-seed weight and 150-250% more pod yields
were identified. This demonstrated that the novel alleles of wild relatives, that were
considered to be lost in evolution to cultivated types, could be used to enhance the
important agronomic traits in legumes.

Conclusions

Germplasm is basic to crop improvement programs for sustainable agriculture, Trait
specific, genetically diverse parents are basic requirements of plant breeders for trait
enhancement. Agronomically superior lines are preferable for use in breeding due Lo the
scope for exploitation of additive genetic variance. This would reduce role of

ipredictable epistatic and domi deviation vari Our ic rescarch on core,
mini-core, composite collections, identifying genetically diverse trait specific germplasm
and unlocking potential of wild relatives in improving agronomic traits would be helpful
in achicving quantum jump and providing impetus to breeding programs in developing
cultivars with a broad genetic base.
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anamy, 1eie Ave waiversy, Deparmant of Agronomy, Fasuly of Agrcature,
Islamic Azad Universily, bon

£ this stuty, Rgria aad Marfana cultivars o pal 1o {Salapam tubsrosam L)
e usar Aftar Treiothorapy and meristen salation uf ul e, Hei mesistems
vt placed on filter papar bridge in ligy'd medim, The plantiats resulted fram
{iEristems were micropopagaac in sod madium by wsing single node euttings
caltue metiod. Flantazs were grown at 25°C ard 16 ‘phatcoeiod with 2000 lux
Fight inensity for wne reath. Than the efets o difar: cambinations of NAA
fauxin] ane] BAF |cykiin) hormones (eath in four conrarirgtions: 0, 04,7 and 15
fra/l) were i gated an rorling ané growth of putata sing nade, Mafied
sold [4S) madiem with BA3 (0.2 mafll and calcium pantathanate (2
apoliad n this stege. Resuits shawed et there are sgnificant diff
Hgria and Marfona oultivars. Tha best madium for reating and shaaling Wi
o, salid (M) i ot NAk and BAP. Appicaton of BAP and NAA
wecreazad shooting and raoting of single Aodes ir megiumn culture. Alsa, after
plantiats micopropagation in selective ‘mediam (contol, the efocts of four patting
i o plamiets morghalagical traits and mirituber pracuction were sadied in
aroerhose. Resilts showed thet there are significant differancas between
Ciffere poting (s, Past mass(sznd (1) s the best poting i for plantors
qrowth and minitubar pradoction.
Comesponding auther: mahammad emmir, mch_gnrin@yahco.com
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Local Aromatic Rice Cultivars of North Himalayas - Present
Status and Future iies for Their inahile Imp

Bvlam Parey”, it Sk, Maraace Ganaie’, Kk Sat

At Braucing, S K Univrsiy o dricaltural Sciances s Tochology of Ksshit, Fice
Fesgeeh and Aigiana! Station Khuveani, ndia

agranemy, § K Urerty of Agricultral Seincss snd Teshralogy of Kashnr, i

46

Ihatwere under sull e coniuries. Kasha valiey his bean known far aige
rumber of high guality i nous rice cultivars for their milled rice grain
charecteristics and batter caoking quality, with 2 faw passessing it These lozal
eultivars 3re, by and large tl, promsensiive, paor yalders 2d susceptile to
patdy blzst. A in aibher pecs of tha caun and rice growing belts on the globe,
sorezd and adaplion o high yslding rie waristas i tre Kesamir during the pest 2
4 dogsdes alza fed to he ganetic arosion of tess indigznous high quality ree
cultivars. During 1his transition piese many of thase fice cultwars/ootypes have
been kist. Amcag the most prominent sramiatic indiganous riok calthats of the
Kashenie, Mushik Bugi stends 2t 16 tog followed by Kemad. These cultivars ara now
oeing grown aver smal| Fagmanted areas i tha Sagam and Parzgar belts, end
seaf Shall village cf istric: Anantnag ard Boarwah belt

Bath these cultwars are shirt grained and bald seaded ith excalient cook
quality. Thess eultivars amit arama in the field, at hasvestirg, in storage, uring
millig andl pofishing, couking and witle eating. ihe corsumd i of thess arometc
Yizes P v bean confined o spegial accasiont and marrizge festhals of e rch
peopk of e ally, s s primarily hecausa o the vy igh sl rce of ilcd
tice of these cultivars, Salient morghological, yield and indeoeking cuality
“twio cultivars are qiven in the Tabie-3, Table-1 : Salient
end gality traits of grumatic rica wars of Kashmir Saient
Y ez cultars High yieding varintes Musnk Budi Kamag Jhe lum
(eheck}* K-332 {chackl® A Morshulogicel Flant haight [omlfem] 105,00 (35 0-170.0)
5100 [28,0-125.0) 1100 {102 0-120.0} 300 (72.0-880} . Uays lakan to matcty
[0 [115.01258) 1220 {113.0-126.0) 1330 (1320-1400} 1380 [136.0-170.0) E
Yie'd comgonen's i, Average qrains; paricle 130 126.0 210.0 TERD . Avsrage
100-0uan weight (gl 00 790 24 0 710, Haost e 3 420 12.0 47 0 5 i
(G el (o] 1520 1318 £5-65 3439 © Clualty parame A
820810750 74.Dvii, by, Millng %] 5.0 TE0TE0 7.0
(%! 660 560 820 4. « A Kemel LB ratia 202 [short grai
268 |matum grain 208 {shart grain} i, A

104 123 108 5. A, Penlnse sontent 242 248 2718 245 i
tamparanure Inlamediate [ntermediate iarmaciaie Inte=me
5 highly scanted) 3 {highly scantad] 1 Inon scanted] ® {ran
357 aro mizacard check varieties (high vielding) for valey Lasin \

and high altitude area [+1750 m || f Kashmir Most of the gemplasin resources
of thase lccal adepted cuzlity rice cultivars are prasethy mairtainas, ¥ pure form,
5 tha Regione! fice and i e e A every
year and trsaders sead 0 ta extent of 40-50 kg of bolr thase arumadc rce
1 tuars can bo anenediately mtiplied far distribution amar he interested fanners
aren the indan is reuefued propery from the Agriculture Department, Gram yield 15
e mast imgeriznt géramster te farmes while the crap s ¥ e fiale, but when the
final product of the ¢rap Lz, millag rice reaches the markel cuality hecomes the ke
detorminant af its salg price, Cansurer's cancarn is basically 1 et rice of geod
cotking [heai rice, colaur, amyiose cortan, e consisten
cooking. sofimess, ett.) 2nd eafing (taste ard aromal qusl
eating guglities arg doterminied by physic iical proper
analysis af bar it ratin of the cultition of sramatic fice vis-a-vis the stardad
figh yiskding veretes s prasenied 1 ta Tabla-. Table, Bonefitaost et o
qltivation of eromatic rices

Duraspording authar Ghulam Paray, ahiradaareByahon o0

e distict Pusgem

o iza recavery
206 fshort greint

Keme engatar on suking ) 0.8
e Balainization
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An Assessment of Genetic Diversity in Cultivated Tea

(Cameliia Sinensis L)
S faemitoar”, M A At soa, M Bebacian’, M Bhotam®
el brpeding, Mazancsran Uniarsiy, eilge of anvuulae, Deat. of pl

e

iran
“plan reding, Taa esgaih s, Tea raarch it Lahican, . len

Tea (Camelia sivensis L) s tha mest Frgurtant bayerege cps in fran srd the
genetic base of tea plantations ariginated from thieg. drodueed fram indig in
1900 Far determiiation of ganatic diversity among 30 cul iveted tea clanes
Tngliing of neticna! selections ard inoduced genciypes fron So-Lanks, fussic,
\ndia and Japan, they were evaluated using 45 RAPD makers, 4 ot of 93 bonds
were prodused from 16 AAPT markers that wers cansistat 0 nis
ani 11 moncmorai: bands. Paksmarphic 227 parsentage was estivatad as 82.3
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