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ABSTRACT 

ODe baDdred and forty four semhrinter and wiDter varieties of breadwbeat(Triticum aestil'UID 

L.) were saeened for their racdoD to powdery mildew at the seedling stage and to stem, 
leaf and 'strIpe rosts al maturity, UIlder natural and artiftdaI epiphytotic c:ooditions at 
WelliogtoD ill the Nilgiris. TIle stocks were also investigated for the hybrid necrosis genes. 
The winter wbeats were found to be either Nel-carriers or nODClllTiers; only ODe variety, 
Opal, _ found to be Ne1-<anier. 

Key words: 1iriticum aestivum, specific genes, rust resistance, hybrid necrosis, Erysiphe 
graminis triOO. 

Generally the wheats are classified as of spring, winter, or intermediate growth 
habit. Pugsley [l] designated them as genetically spring, genetically semiwinter, and 
genetically winter based on the genes governing vernalization response. Thus winter 
and spring wheats constitute a wide. reservoir of useful genes for the improvement 
of each other. Crossing these two ecotypes is likely to bring complementary factors 
together for the improvement of yield and other characteristics [2-4]. Use of winter 
wheats may contribute to spring wheats the resistance to drot;tght, and additional 
sources of resistance to stripe rust [5], leaf rust [6], powdery mildew and Septoria. 
In addition, winter x spring wheat crosses could produce spring genotypes with a 
wide range of maturity suitable for cultivation in different ecological conditions. The 
elite Indian rainfed spring wheat variety C 306 has il) its pedigree the winter wheat 
variety Regent. Released in 1965, C 306 has so far remained an ideal cultivll{ under 
water stress conditions. This variety carries gene Nel . 

In India, only spring wheats are grown. The winter wheats are being CUrrently 
used in the Indian wheat improvement programme to develop drought and disease 
resistant spring varieties. However, in several cases, hybrid necrosis is a serious 
hinderance. Hybrid necrosis, defined as progressive debility or death of the F1 
hybrid, is due to the interaction of two complementary dominant genes Nel and 
Ne2 [7, 8]. The present inve'stigation lias been carried out to identify the sources 
of resistance to rusts and powdery mildew in wintet wheats and to find the distribution 
of necrosis genes in them. 

•Address for correspondence: Division of Genetics, IARI, New Delhi 110012 . 
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MATERIALS AND METIIODS 

A diverse collection of 144 semiwinter and' winter varieties of Triticum· aestivum 
L. was critically evaluated for seedling resistance to powdery mildew and adult plant 
resistance to, rusts. The disease reactions were recorded for 4 yearS under natural 
and artificial fpiphrt0tic conditions at Wellington in the Nilgiri hills, which is 3n: 
important hot spot for rust and powdery mildew. The rust reactions were recorded 
by combining severity (percentage of infeCtion) and response (type of infection); 
and the varieties were classified as reSistant or susceptible according to the modified 
Cobb's scale ..The seedlin~ were inoculated for powdery mildew as described by 
Scharen et at. [9]; and resistance scored on 0-4 scale as described by Powers [10]. 
The stqcks were also croSsed to two T. aestivum testers, C 306 (NetneJ and Sonalika 
(netNe2) to determine the necrosis genes present in them. The genotype of varieties. 
with respect to necrosis genes Were detennined from the phenotype of their Ft hybrids. 

RESULTS AND DISCUSSION 

The results are presented in Tables 1 and 2. With the exce~~ of the 
semiwinter variety Opal, all· the winter wheat stocks studied were either·N:e1<arrie~ 
ornoncarriers.lbe study confirms· that Nel-carriers are extremely rarein<winter 
wheats. Tsunewaki and Nakai [11] studied the distribution of Ne-genes in. the Wlle8t 

. varieties grown in North America and found a' higher frequency of Nel gene in 
spring wheats while the winter types were predominantly Ne2-carriers. Pukhal'sm 
r12, 13] also reported the occurrence of Nel in spring wheats and Ne2 in winter 
wheats and .ascribed this d'tfference to selection for. genes for vernalization being 

linked toN¢land NeZ genes. Zeven I141suggested that spring andwinter wheats 
were possibly 4erived from two dJfferentgroups, , one carrying Ne1 and the other 

Ne2. It has. beeD tepa ..... tha .. dian. b.rea.dWbe.at vatfieti.es Wed.ominan. t.IYcarry ; ..... ft.00 ... t.t.h.e In .. · 
Nel ,gene [15, 16]. while the. western European and NOrth American wheats are 
mainly Ne2-carriers. Widespread prevaleo<;e()tl'!l~l-carrieTS'among the Asiatic spring 
wheats and Ne2-carriersin the EuropeanlQldA.m~canspring wheats [17, 18] bas 
also beeQ reported. Thus the cleiu: differentiation Of spring wheats into Nel carrying 
Asian populations and NeZ carrying weStern populations is not reflected in winter 
wheats. The results of the present study indicate that there has been little or no 
gene exchang~ between the winter and spring ecotypes. 

The winter wheats studied b/!-ve been founti to possess several desirable diseased 

resistances. Varieties carrying diverse specific res g~nes [19] conditioning adult plant 

resistance to rusts and seedling resistance to powdery tnildew are listed in Table 2. Genes 

Sr31, Lr26, Yr9and PmSpreseni in varieties Aurora, Bui'gas 2, Ciement .. Kavkaz and 

Skorospelka35 have been derived from Petkus rye (Secale cereale). They were found to 

condition a high degree of resistance to steIOruSt, leaf· rust~ stripe rust and powdery 

mildew races prevalent in the Nilgiris. The German wheat cultivarWeique, a lR (lB) 

substitution line or lRSlIBLtranslocation line. carries the rye res ,genes Sr31 and Lr26 

conferring resistance to both stem and leat ru&1. Theline~ however, has been found 

susceptible to stripe rust and powdery mildew . With the appearance oUeaf rust virulences 

12-1 and77-l [20] in the Nilgiris, gene Lr26 has been rendered ineffective for Indian 


.. ,conditions. The semiwinter line Transec carries Lr:2S and Pml derived from Rosen rye [21} 
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,Stem. leaf/fDd 	 stomspeIb 3S Aurora-, BmPs 2,~,lCntaz",~ 

atripenDt .24,~.P81due4Q),'~ 110. . 
Stemaad leaf ~,Weique. . 
Stein aDd stripe B1ite LepeupIe. ~6922-A.1~16... 
l..eafaDdstripe· CappelIe-Desprez, Bra, La Pnmsioo. Backa, Centurk. FaVOrit, P26-70, G KPioteia, 

. ~ManIler.MarisFreeman.· JubiIe, Maris R.anger. Nap HaI,N'E7060,NS 
. Moldo¥a.. N S 440, RouisaJta. Selpek, 111-64, Odessa-4, Pastizaub, PI 18S408, 
TJB98914, TJB 98917, V1287. Kiasman TnmsecCarifen 12,ZG 4364 


Stem rust Festigua" Webster . 

Leafrust . ~,UIifen,Maris Butler, Agatha, Asosan;Coate Man:otto.lleincs 


~oIben. N S 732·Traosfer 

BarletaBeDvenutO. ~l'Qon Absolvant, Adaai,Albit,Ariaaa, Atki. 
Fennier, Caribo, Democrat, DoiDa AmIiDster x ~, BIueboy, Bolal, Bouquet, . 
Emoy, Heinea vn,lIyb 46. loa ". Budifim, auuDpIein.~llor,Compair; 
~,MarisDoYe, ~W~ Demar4. Desprez80, Flanders, FIinor, 
Riclit. Rio, R P~,Saft, Hackimau, Hussar, IIybrickde bersee, 
StUb1.Tadonla, TJB 9161'26. Turkey .Jnversable BordeatD:. luna, Jyva. KbapIiI~, 

LibeIluIa, Uberator UttleJoss, I.okriD, 
Malakoff, MartoImsar.~.~32. NS 
m.l. NS 439, Sicc:o. SIIb,yaka.VihDoriII23,
y ......YClllhia . ' ... 

Powdery mildew 	 Atles 66. Kinsman. MardIer, Selpek. Asosan Aurora. AxminsterxOfi. Burgas 2. ' 
Skorospelka 35. TJB 916126, TJB 989/4, Centurlt. Oement. Compair. Flinor, Kavkaz. 
TJB98917 Ubellula. Little Joss. Odessa-4, Ploughman. 

Pardue4930. Purdue 6922-A-I-16, Sicco, . 
Transec. Yroman 

None of the disea­ Klein Cometil. Manitou, Mediterranean. Apollo. Brevit. Chinese 166. CI 13449/Centurk. 
. . ses studied Naguay. Nap HaIIAtlas 66. Neepawa. ELS. Etoile de Choisy. Golden Vaalley. Hope, 

NS 475 Lee. Loros. Marquis, Mv 575, NS 500 NS 602, 
NSR I. Richer Berg, Stepov~, Thatcher. Oasj~ 

·Recorded low infection of leaf rust at adult plant stage in 1986. 

Variety Opal is resistant to leaf and stripe rusts. 


and imparts exceUent resistance to leat rust and moderate resistance to powdery mildew. 
'Varieties Festiguay and Webster carry Sr30 gene which confers moderate resistance to 
~m rust. The linked genes Sr24 and Lr24 transferred from Agropyron e/ongaf!Dn and 
present in var. Agent have been coosistendy found to confer resistance to stem and leaf 
rust. In recent yecus, patbogen(s) .capable of overcoming Lr24 have been encountered in 
South Afriea and North America [22). However, so far this res gene remains quite use~ 



88 M. KochumadluJvan et aI. [Vol. 48, No. 1 

in India. Similarly, the Agropyron elongatum gene Lr19 present in var. Agatha [23] 
conditions excellent resistance to leaf rust. Variety' Transfer carries the gene Lr9 from 
Aegi/ops umbellulata [24] and has been found to confer resistance to the leaf rust flora 
prevailing in the Nilgiris. The line Compair produced through homoeologous 
recombination on chromosome 2D carries gene YrS of Aegilops comosa [25] and imparts 
effective resistance to stripe rust. High resistance to stripe rust was also observed in 
varieties Cappelle-Desprez (Yr3a, Yr4a) , Bon Fermier (Yr3a), Heines VII (Yr2) , Hyb 46 
(Yr3b, Yr.4b), Liberator (Yr2, Yr3c), Opal (Yr4b), Tadoma (Yrl, Yr2), and Vilmorin23 
(Yr3a), while Heines Kolben (Yr6) showed moderate resistance. Genes Yrl, Yr3a and 
Y r4b are reported to be effective both in seedling and adult plant stages [26]. The powdery 
mildew resistance genes Pm3a (Asosan) and Pml (Ax minster x ecs impart excellent 
resistance to the Erysiphe graminis tritid population occurrring in the Nilgiris. 

Table 2. Winter wheats carrying spedfk reslstance genes eondilioDillc adult plant resistaDce to rusts 
and seedling resistanCe to powdery mildew races prevalent in the NIIgIrIs 

Effective genes Cultivar Effective genes Cultivar 

Stem rust Stripe rust 
Sr24* Agent Yr2 Heines VII; Liberator. 
Sr31· Aurora. Bezostaya 1. Burgas 2. Selpek, Tadoma 

Oement, Kavkaz, Skorospelka Yr3a Bon Fermier, Cappelle-Desprez, 
35, Weique Vilmorin 23 

Leaf'nast Yr3b Hyb46 
Lr9· Transfer Yr3c Liberator 
Lr19* Agatha Yr4a Cappelle-Desprez 
Lr24 * Agent Yr4b Opal,Hyb46 
Lr2S* Transec YrS" Compair 
Lr26* See under Sr31 Yr9" See under Sr31 

Powdery mildew' 
Pmt Axmi~ster x Cc'I 
Pm3a Asosan 
PmS" See under'Sr31 

lneffedive genes: 
Stem rust : Sri, Sr2, SrS, Sm, Sr7a, Sr7b, Sr9g, Srll, Sr12, SrlS, Sr16, Sr17, SrlS, Sr19, Sr20, 

Sr23, Sr25*, Sr29, Sr34*, Sr Bb 
Leaf rust : Lrt, Lr~, Lr2c, Lr3, LrlO, Lrll, Lr13, Lrl4a, Lr16, Lr22b, Lr23 
Stripe rust : Yrl, Yr7 

Powdery mildew : Pm2, Pm4, Pm4b, PmS 

• Alien genes. 

Opal, the only Nel..carrler identified in this study, and the noncarriers can be 
exploited in crosses with indigenous varieties. Similarly Ne2-carriers among the recent 
semidwarf, spring wheats in India can be crossed with the selected stocks of Ne2 carrying 
winter wheats. It is presumed the Ne2 gene in the semidwarf wheats may have come along 
with Rbt gene (s) from the Norin 10 variety Brevor which is a winter type. 
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