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Abstract: Karnal bunt of wheat caused by Tilletia indica can be a hindrance to wheat trade as the fungal disease is
known to affect the quality of the grain. As a breeding strategy, a set of eight near isogenics lines (NILs) and back-
cross derived recombinant inbred lines (micro-RILs) were developed in the background of PBW 343 and WH542 for
Karnal bunt resistance over a period of time. The donor stocks resistant to Karnal bunt used in the study were
ALDAN * S’/ IAS 58, CMH 77.308, H567.71, HD29, HP1531, W485 and their derived lines KBRL 22 and KBRL 57.
Effective method for screening to Karnal bunt was standardized and used for identification of resistant lines across
many seasons. Some of the identified lines evaluated for yield were found to be equivalent to the high yielding par-
ents and the commercially grown check varieties. These developed lines will serve as a basic material for production
of Karnal bunt free wheat.

Keywords: Karnal bunt, Near isogenic lines (NILs), Tilletia indica, Micro-RILs, Resistance

INTRODUCTION spores. In India, the months of February and March

K b ¢ wh G qf K | when temperature and moisture are congenial and the
arnal bunt of wheat was first reported from Karnal ..o, is ot its susceptible stage, the sporidiactide

(r|;|ary|ana) i_?hlgg.l by Mitra and ?Qenci na\_:Jneq aftertakes place. The optimum temperature for multiplica
the place. The disease is caused by a funlistia 5 of allantoid sporidia and infection is 18%2and
indica (M|tra)_§md is also _called as partial bunt. Under >80% relative humidity. It takes longer incubation
natural conditions the disease caused by fungus ( period at lower temperature. Range of average tem-

ind!qa) infects bread wheatzf.dgrllljm_ wheaLar}d dtriticgle perature in areas where disease is prevalent iaoies
(Triticosecale). However artificially it can be induce 5-25°C (Krishna and Singh, 1982).

on ryes Gecale cereale) and several other wild and
related species dfriticum, Aegilops, Bromus, Lolium
and Oryzopsis (Warham, 1986; Gillet al., 1993).
Within India the pathogen is widespread in northern
and central India viz. Delhi, Uttar Pradesh, Haajan

Management of Karnal bunt disease requires an inte-
grated approach, wherein cultural practices ants-res
tance breeding are known to control the diseasz-eff
tively. Different methods for the control of Karrtaunt

have been advocated such as quarantine regulations

Punjab, Himachal Pradesh, Rajasthan, Madhya(Sansfordet al, 2008), s -
. g , , spray of fungicides such as
Pradesh, Jammu and Kashmir, West Bengal and Gu]aPropiconazoIe @ 0.1% at heading stage (Sharma,

rat (Singhet al., 1985). The first report of Karnal bunt 2004), seed treatment (Smilanielal., 1987a; 1987h),
from a non-Asian country came from Mexico in 1972, ultural practices (Sharmet al., 2007) and host
where the disease has been reported from localizefJ|, + resistance - most economié:ally viable, emvro

areas (Duran and Cromarty, 1977). mental friendl ;
, . N RN . y, cost effective method for the aoht
The diagnosis of this disease is difficult as thfeg- of plant diseases.

tion '5’ ranﬁorr:j n cilstnbutl(t))n. Detect!on ?‘f thgsi:'h Efforts for resistance breeding work on Karnal bunt
eased ear head Is also cumbersome since rew €8yere carried out since the standardization of iteocu

ar(_ek|r|1fect(;d. ALSO |ndan |r_1fect:a(1 ear hgadhoniyl_gso tion technique in early 1980s. KB incidence above
spikelets bear bunted grains. Infection In thergas ;. fa)is short of guarantine requirements theseth
either incipient or it gets extended to the whaigis  oists no threshold level for this disease. Herig h
under favourable environmental conditions. In artif levels of resistance are desired. However. few whea
cially inoculated ear heads, the disease can bgiide lines were found to be highly resistant or immuae t

fied when the grain_s are still green. Bef(_)re _tugnin the disease (Gikt al., 1981). Subsequently as a practi-
pale, the glumes of infected spikes give s_Hvermesh ._cal norm, test lines showing up to 5 % infectiorreve
and also spread apart due to accumulation of telio-

ISSN : 0974-9411 (Print), 2231-5209 (Online) AlgRts Reserved © Applied and Natural Science Fotimadawww.jans.ansfoundation.org



Indu Sharmat al. / J. Appl. & Nat.

rated to be resistant (Aujlet al., 1985). Resistance
was also identified iiecale cereale, Triticale, several
accessions ofegilops spp, Ae. biuncialis, Ae. colu-
maris, Ae. crassa, Ae. jubenalis, Ae. ovata, Ae. spel-
toides T. uratu and Ae. squarosa ((Warham, 1986,
Villareal et al., 1994; 1996 and Sharnwt al., 2012)
reported high degree of resistance to KB in syithet
hexaploid wheats derived from the crossesT .ofur-
gidum and T. tauschii. Four synthetic wheat lines,
SH12 (Altar84f tauschii-Acc.198), SH46 (Duergand/
T.tauschii-Acc.221), SH10 (Altar84y.tauschii-
Acc.223) and SH31 (Chen'Ttauschii-Acc.224)
were registered for Karnal bunt resistance. At CIM-
MYT, Mexico, wheat varietiesyiz, LUAN, CAT-
BIRD, INIFAB and TOBARITO released for commer-
cial cultivation were KB tolerant (Fuentes-Davilada
Rajaram, 1994).

Based on screening for Karnal bunt at PAU, Ludhiana,
for more than 20 years, lines showing resistance tor | DAN

Karnal bunt were identified. KB resistant linesntle
fied were included in national genetic stock nuser
under AICWIP. Two such stocks HD 29 and HD 30

were registered under AICWIP in the year 1999 to be

resistant to Karnal bunt. Later durum wheat (D 482,
873, D 879, D 895) and triticale (TL2807) linesrfro

PAU-Ludhiana were also registered for KB resistance

with NBPGR. In this study we describe in details th
methodology used to develop near isogenic line
(NILs) and backcross derived recombinant inbreddin
(micro-RILs) in the background of high yielding vaie

cultivars, PBW 343 and WH542 (Table 1). These Kar-

nal bunt resistant lines can be useful for utilamatin

wheat breeding programs. Production of Karnal bunt

free wheat can pave way for export of Indian whéats
the developed countries.

MATERIALS AND METHODS

The present investigation was carried out at thex
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WH542*5//ALDAN" S’/IAS58

WH542*5/CMH77.308

WH542*5/H 567.71/3*PAR

WH542*5/HD29

WH542*5/HP1531

WH542*5/W485

Population development:The donor parents for resis-
tance to Karnal bunt were ALDAN * S’ / IAS 58,
CMH 77.308, H567.71, HD29, HP1531, W485, KBRL
22 and KBRL 57. Both KBRL 22 (HD 29/W 485) and
KBRL 57 (ALDAN ‘S’ / IAS 58 x H 567.71) combine
diverse resistance genes from the two differentksto
and is evident from their high degree of resist(08é
infection levels for KB) compared to infection up t
5% in the parental stocks (Sharetaal, 2001; 2004).
Crosses were made to transfer KB resistance from
KBRL 22 and KBRL 57 into high yielding wheat
PBW 343, whereas the parental stocks
‘S’ / 1AS 58, CMH 77.308, H567.71, HD29,
HP1531 and W485 were crossed with WH 542. The
Fi's so obtained were backcrossed with the high
yielding parent for development of near isogemedi.

In each backcross generation, about 150 plants were
simultaneously screened against KB and involved in
backcrossing with PBW 343 and WH 542. Backcross
seed, set on KB free plants was retained for grgwin
the next season. Subsequently selfing and backagpss

cultivar

Swas carried out upto BE; for PBW 343 populations

andBCsF; for WH 542 populationgAt each backcross
stage the plants were inoculated with fungal spofes
Tilletia indica and resistant plants identified. Finally,
BC¢F, and BGF; plants derived from backcross of
resistant individuals were screened for KB resiztan
and the resistant plants were advanced to get
subsequent F generations. At each generation of
advancement the plants were screened artificiafly b
syringe method of inoculation. To hasten up the
generation advancement, off-season station at iKgylo

mental farms of PAU, Ludhiana and PAU Off-season(qp) was utilized. The resistant plants identified

Research Station, Keylong (HP). The culture develop gc,F, BC,F, and BGF, were further selfed and
ment and preparation of fungal inoculum was carriedgypjected to artificial screening with KB upto e

out at the field laboratory of wheat section, PAU, gc,Fs and BGFs generations. These established back
Ludhiana. Development of populations and the estabgross derived near isogenic lines were subjected to

lishment of Karnal bunt resistance in near isogeniCscreening under artificial inoculations (Aujt al.,
lines of six crosses in the background of WH542 andjggp).

two crosses in the background of PBW 343 were carartificial inoculation of the crop: Seventeen previ-

ried out under different experiments. A set of Kdrn

ously collected and well establish&dindica isolates

bunt resistant stocks developed at PAU, Ludhianaepresenting genetic variability prevalent in North

(Table 1) have already been registered with Nationayestern Plains Zone (NWPZ) of India were used for
Bureau of Plant Genetic Resources. Various maerialthe present study. Thisolation, multiplication and

used and methods employed to carry out this inyasti
tion are described below:
The plant material: The plant material for the study is

maintenance of pathogen were done on Potato Dex-
trose Agar (PDA) medium.
Artificial inoculation of wheat was done following

based on populations/generations derived from the.gyringe inoculation method” given by Aujlet al.,

following crosses:
PBW343/6*/KBRL22
PBW343/6*/KBRL57

(1982). Inoculum was prepared by mixing all the-sev
enteen isolates in equal proportions for screening
work. For preparing the inoculum suspension, steril
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ized distilled water was added to the test tube$ an
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Table 1 Stocks having high degree of Karnal bunt resgstan

with the help of a glass rod the fungal sporidiaswa
gently scraped to remove allantiod secondary sfzorid

Parental Cross KB-free lines (designated)

Inoculum suspension was then filtered through deubl
layer of muslin cloth and its concentration was ad-
justed at more than 10,000 sporidia /ml. Similarger

dure was followed for preparing sporidial suspemsio

Mo, of milzcled seeds i mocwlated cars

K32 infeclinn (74) 1100

Foral nav. oF zeods ik inocnlated saes

for further experiments. The plants were inoculaéd
boot stage invariably during the evening hours. To
ensure maximum humidity, the frequent irrigationswa
given in the field. In each population 100-150 péan
along with parents were inoculated and 4-5 ears pe
plant were inoculated.

HD 29/W 485 KBRLS, KBRL14, KBRL16,

KBRL22, KBRL24

ALDAN ‘S’ / IAS KBRL 57
58/H 567.71

ALDAN  ‘S'IAS KBRL 63
58/CMH 77.308

H 567.71/3*PAR/  KBRL 68
HP 1531

H 567.71/3*PAR/  KBRL 67
CPAN 3045

HD 29/CPAN 3045  KBRL 69

HD 29/CMH KBRL 70
77.308
' HD 29/H KBRL 60

567.71/3*PAR

Inoculated wheat ears were harvested and percenta
disease infection was recorded as follows:

Data were recorded as percent infection per plant
Plants within each population of crosses were categ
rized into Resistant (R) i.e. with disease readtion
matching with those of the resistant parent anad&us
tible (S) i.e. with disease reactions matching wlithse

of the susceptible parent and other intermediattsgoa
ries.

RESULTS AND DISCUSSION

9&ted. Out of these 371 progenies, only 27 werediom

zygous resistant, 237 were heterozygous, while 107
were homozygous susceptible. From these ten egtrem
resistant and ten extreme susceptible progenies wer
identified for NIL development. The percent Karnal
bunt infection of ten extreme resistant and extreme
susceptible progenies were identified in this crisss
given in the Table 2. As evident from the tabldhz
selected resistant progenies showed a range ofaKarn
bunt infection from 0.00 to 0.53 percent. In sonfe o
the progenies which were selected as extreme aasist

The backcross derived recombinant populations ofinere were plants showing susceptibility. This rbay

PBW343 and WH542 were used to identify agronomi-
cally superior Karnal bunt resistant plants. Inreat
the eight crosses, at least ten extreme resistahas-
ceptible progenies were identified on the basiavei-
age score of the individual plants, and NILs wees-d
ignated in each cross as follows:

KBRL22 x PBW 343: During the present study
BCFs population derived from KBRL 22/PBW 343
cross was sown as progenies in the field duRabi

20012-13. A total of 371 progenies were sown (eachp

progeny consisting of 10-15 plants). In each prggen
total of 4-5 ear heads were inoculated per plahe T

due to the variation in the pathogen populatioerori-
ronment. Moreover, those five inoculated plantsolthi
were carried forward to BfEs for NIL development
were those which have a score of less than 0.20 per
cent. Selection for extreme susceptible progewias
also done on the basis of pgnt Karnal bunt infec-
tion. All the selected plants had a Karnal buntscuf
>40.00 percent. These five resistant and susdeptib
plants were sown as progenies ing¢B§ From these
rogenies individual plants were identified on Hasis

of percent Karnal bunt infection and were advanced
further for NIL development.

inoculated ear heads were harvested and threshqngRmepBW 343: The BGFspopulation derived

manually and percent Karnal bunt infection was walc

from KBRL 57/PBW 343 cross was sown as progenies

Table 2. Extreme resistant and extreme susceptible NILstifilesh in BCsFs population of KBRL22/PBW 343 on the basis of

per cent Karnal bunt infection.

Highly resistant NILs Karnal bunt Highly Susceptible NILs Karnal bunt

Infection (%) Infection (%)
C7-R1-5-1 0.18 C7-S1-3-1 52.34
C7-R1-5-2 0.00 C7-S1-3-2 48.34
C7-R1-5-3 0.15 C7-S1-3-3 55.32
C7-R1-5-4 0.48 C7-S1-3-4 48.31
C7-R1-5-5 0.53 C7-S1-3-5 49.21
C7-R5-9-2 0.40 C7-S4-5 -1 48.25
C7-R5-9-3 0.48 C7-S4-5 -2 65.01
C7-R5-9-4 0.20 C7-S4-5 -3 49.50
C7-R5-9-5 0.00 C7-S4-5 -4 45.66
C7-R6-4-1 0.00 C7-S4-5 -5 46.32
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Table 3. Extreme resistant and extreme susceptible NILstifissh in BCsF¢ population of KBRL57/PBW 343 on the basis of
per cent Karnal bunt infection

Highly resistant NILs Karnal bunt Highly Susceptible NILs Karnal bunt

Infection (%) Infection (%)
C8-R2-3-1 0.00 C8-S1-1-1 42.85
C8-R2-3-2 0.10 C8-S1-1-2 40.34
C8-R2-3-3 0.23 C8-S1-1-3 45.42
C8-R2-3-4 0.00 C8-S1-1-4 55.31
C8-R2-3-5 0.61 C8-S1-1-5 41.21
C8-R2-3-6 0.00 C8-S7-4 -1 51.23
C8-R5-4-1 0.00 C8-S7-4 -2 52.43
C8-R5-4-2 0.28 C8-S7-4 -3 42.56
C8-R5-4-3 0.20 C8-S7-4 -4 55.61
C8-R5-4-4 0.00 C8-S7-4 -5 54.78

Table 4. Extreme resistant and extreme susceptible NILstifieth in BCFs population of WH542*5/ALDAN ‘S’ / IAS 58 on
the basis oper cent Karnal bunt infection.

Highly resistant NILs Karnal bunt Highly Susceptible NILs Karnal bunt

Infection (%) Infection (%)
C1-R1-1-1 1.64 C1-S2-3-1 50.00
C1-R1-1-2 0.00 C1-S2-3-2 58.71
C1-R1-1-3 1.38 C1-S2-3-3 50.89
C1-R1-1-4 0.74 C1-S2-3-4 63.06
C1-R1-1-5 0.00 C1-S2-3-5 50.00
C1-R1-1-6 0.00 C1-S2-3-6 57.65
C1-R4-2-1 0.70 C1-S2-3-7 54.09
C1-R4-2-3 3.47 C1-S5-2-1 55.35
C1-R4-2-5 0.65 C1-S5-2-3 53.53
C1-R4-2-6 0.77 C1-S5-2-4 68.18
C1-R5-4-1 0.00 C1-S5-2-5 53.88
C1-R5-4-3 0.00 C1-s7-1-1 50.74
C1-R5-4-4 0.00 C1-S7-1-2 52.72
C1-R5-4-5 0.00 C1-S7-1-4 55.56
C1-R5-4-6 0.00 C1-S7-1-6 52.06

in the field during Rabi 2012-13. A total of 25loge- resistant and extreme susceptible progenies were id
nies were sown (each progeny consisting of 10-1%tified in this cross is given in the Table 3. Asdant
plants). In each progeny, a total of 4-5 ear heeel®  from the table 3, the selected resistant progenies
inoculated per plant. The inoculated ear heads wershowed a range of Karnal bunt infection from 0.60 t
harvested and threshed manually and percent Karnd.61 percent. In some of the progenies which were
bunt infection was calculated. Out of these 25Igpro  selected as extreme resistant there were plantgrsio
nies, only 24 were homozygous resistant, 163 weresusceptibility. This may be due to the variatiorthe
heterozygous while 64 were homozygous susceptiblepathogen population or environment. Moreover, those
From these ten extreme resistant and ten extresie sufive plants which were carried forward to B for
ceptible progenies were identified for NIL develop- NIL developmentwere those which have a score of
ment. The percent Karnal bunt infection of tenexte  less than 2.00 percent. Selection for extremeegqiisc

Table 5. Extreme resistant and extreme susceptible NILstifileth in BGFs population of WH 542*5/CMH 77.308 on the
basis ofper cent Karnal bunt infection.

Highly resistant NILs Karnal bunt Highly Susceptible NILs Karnal bunt

Infection (%) Infection (%)
C2-R2-3-1 2.00 C2-S5-1-1 58.27
C2-R2-3-2 0.00 C2-S5-1-2 54.16
C2-R2-3-3 0.00 C2-S5-1-3 69.56
C2-R2-3-5 0.49 C2-S5-1-4 52.63
C2-R5-1-1 0.00 C2-S5-1-6 50.00
C2-R5-1-2 0.00 C2-S6-3-1 50.45
C2-R5-1-3 0.00 C2-S6-3-2 68.00
C2-R5-1-4 0.00 C2-S6-3-3 52.25
C2-R7-3-1 4.98 C2-S6-3-4 50.15
C2-R7-3-2 0.00 C2-S6-3-5 53.84
C2-R7-3-3 0.00 C2-S6-3-6 50.54
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Table 6. Extreme resistant and extreme susceptible NILsntified in BGF; population of WH 542*5/H 567.71/3*PAR on the
basis ofper cent Karnal bunt infection.

Highly resistant NILs Karnal bunt Highly Susceptible NILs Karnal bunt

Infection (%) Infection (%)
C3-R1-5-1 0.00 C3-S3-3-1 65.11
C3-R1-5-3 0.00 C3-S3-3-2 61.49
C3-R1-5-4 0.00 C3-S3-3-3 61.53
C3-R1-5-5 0.00 C3-S3-3-4 93.75
C3-R1-5-6 3.92 C3-S4-5-3 59.42
C3-R3-5-1 0.00 C3-S4-5-4 56.16
C3-R3-5-2 1.47 C3-S4-5-5 70.39
C3-R3-5-3 0.00 C2-S9-5-1 73.49
C3-R3-5-4 1.63 C2-S9-5-3 73.47
C3-R3-5-5 0.64 C2-S9-5-5 75.00

Table 7. Extreme resistant and extreme susceptible NiLsntified in BGFs population of WH 542*5/HD 29 on the basis of
per cent Karnal bunt infection.

Highly resistant NILs Karnal bunt Highly Susceptible NILs Karnal bunt

Infection (%) Infection (%)
C4-R7-5-1 1.75 C4-S1-5-1 57.88
C4-R7-5-2 1.78 C4-S1-5-2 50.00
C4-R7-5-3 1.58 C4-S1-5-3 57.36
C4-R7-5-4 1.68 C4-S1-5-4 62.39
C4-R7-5-5 1.88 C4-S6-4-1 54.54
C4-R10-1-1 0.76 C4-S6-4-2 54.82
C4-R10-1-2 0.00 C4-S6-4-3 51.80
C4-R10-1-3 4.24 C4-S6-4-4 54.28
C4-R10-1-4 0.00 C4-S6-4-5 50.80
C4-R10-1-5 0.00 C4-S6-4-6 57.94

ble progenies was also done on the basis of percerds progenies. A total of 257 progenies were sdwn.
Karnal bunt infection. All the selected plants had each progeny, a total of 4-5 ear heads were intazlila
Karnal bunt score of >40.00 percent. These figisre per plant. The inoculated ear heads were harvestéd
tant and susceptible plants were sown as progémies threshed manually and percent Karnal bunt infection
BCsFs. From these progenies individual plants were was calculated (Table 5). Out of these 257 progenie
identified on the basis of percent Karnal bunt dtifen only five were homozygous resistant, 233 were het-
and were advanced further for NIL development. erozygous, while 19 were homozygous susceptible.
i) WH 542*5//ALDAN * S’ / IAS 58: The BGFs From these ten extreme resistant and ten extresie su
population derived from WH 542*5//ALDAN ‘S’ / ceptible progenies were identified for NIL estalvlis
IAS 58 cross was sown as progenies. A total of 177ments. The selected resistant progenies showetha ra
progenies were sown. In each progeny, a total f 4- of Karnal bunt infection from zero to 4.98 percent.
ear heads were inoculated per plant. The inoculeéed Selection for extreme susceptible progenies was als
heads were harvested and threshed manually andone on the basis of per cent Karnal bunt infectidh
percent Karnal bunt infection was calculated (TaB)le the inoculated plants had a Karnal bunt score of
Out of these 177 progenies, only five were >50.00per cent. From these progenies, individual
homozygous resistant, 157 were heterozygous, whilglants were identified on the basispE cent Karnal
15 were homozygous susceptible. From these 1Munt infection of individual progeny and averagersc
extreme resistant and 10 extreme susceptible piegyen of the progenies for NIL development.
were identified for establishment of NILs in WH iv)WH 542 *5/H 567.71 /3*PAR: The BGFs popula-
542*5/[ALDAN ‘S’ / IAS 58. As evident from the tion derived from WH 542*5H 567.71 /3*PAR cross
table 4, the selected resistant progenies showadge  was also sown as progenies. A total of 196 progenie
of Karnal bunt infection from zero to 3.47 percent. were sown. In each progeny, a total of 4-5 ear $iead
Selection for extreme susceptible progenies was alswere inoculated per plant. The inoculated ear heads
done on the basis pfr cent Karnal bunt infection. Al were harvested and threshed manually and percent
the susceptible plants had a Karnal bunt score oKarnal bunt infection was calculated (Table 6). Ott
>50.00 percent. The progenies identified asthese 196 progenies, three progenies were homogygou
homozygous for resistance and susceptibility wereresistant, 183 were heterozygous while 10 were homo
advanced for NIL development. zygous susceptible. From these ten extreme rasista
ii)WH 542*5/CMH 77.308: The BGFs population  and ten extreme susceptible progenies were idedhtifi
derived from WH 542*5/CMH 77.308 cross was sown for NIL establishments. The selected resistant @rog
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Table 8. Extreme resistant and extreme susceptible NiLsniified in BGFg population of WH 542*5/HP 1531 on the basis of
per cent Karnal bunt infection

Highly resistant Karnal bunt Highly Susceptible NILs Karnal bunt

NILs Infection (%) Infection (%)
C5-R3-5-2 0.00 C5-S1-5-1 51.13
C5-R3-5-3 0.00 C5-S1-5-2 57.39
C5-R3-5-4 1.62 C5-S1-5-3 56.03
C5-R3-5-6 1.49 C5-S1-5-4 54.65
C5-R7-3-1 0.00 C5-S1-5-6 50.81
C5-R7-3-2 4.35 C5-S8-4-1 58.14
C5-R7-3-3 0.00 C5-S8-4-3 53.10
C5-R7-3-4 1.35 C5-S8-4-4 57.69
C5-R9-4-1 1.85 C5-S8-4-5 57.69
C5-R9-4-3 1.01 C5-S8-4-6 59.69

Table 9. Extreme resistant and extreme susceptible NILstifisthin BCsFs population of WH542*5/\W485 on the basispef
cent Karnal bunt infection.

Highly resistant NILs Karnal bunt Highly Susceptible NILs Karnal bunt

Infection (%) Infection (%)
C5-R1-2-2 1.93 C5-S1-5-1 59.25
C5-R1-2-3 0.78 C5-S1-5-2 55.86
C5-R1-2-5 0.00 C5-S1-5-3 50.09
C5-R1-2-6 0.00 C5-S1-5-4 60.46
C5-R1-2-7 0.00 C5-S4-5 -1 53.29
C5-R6-3-1 3.82 C5-S4-5 -2 59.25
C5-R6-3-3 0.00 C5-S4-5 -3 55.77
C5-R6-3-4 0.00 C5-S4-5 -4 55.39
C5-R6-3-5 0.25 C5-S4-5 -5 65.09

nies showed a range of Karnal bunt infection fr@roz  per plant. The inoculated ear heads were harvested

to 3.92 percent. Selection for extreme susceptiblehreshed manually anger cent Karnal bunt infection
progenies was also done on the basis of percemaKar was calculated (Table 8). Out of these 105 progenie
bunt infection. All the selected plants had a Kérna two progenies was homozygous resistant, 96 were het
bunt score of >50.00 percent. From these progenieserozygous while seven were homozygous susceptible.
individual plants were identified on the basis @ p From these ten extreme resistant and ten extresie su
cent Karnal bunt infection of individual progenydan ceptible progenies were identified for NIL estaldlis
average score of the progenies for NIL development. ments. The selected resistant progenies showetha ra
V)WH 542*5/HD29: The BGFs population derived of Karnal bunt infection from zero to 4.3%r cent.
from WH 542*5/HD29 cross was sown as progenies inSelection for extreme susceptible progenies was als
the field. A total of 133 progenies were sown. &tle  done on the basis of per cent Karnal bunt infectidh
progeny, a total of 4-5 ear heads were inoculatsd p the selected plants had a Karnal bunt score of0€50.
plant. The inoculated ear heads were harvested anger cent. From these individual plants were identified
threshed manually and percent Karnal bunt infectionfor NIL development.

was calculated (Table 7). Out of these 133 progenie vi)WH 542*5/\W485: The BGFs population de-
only four were homozygous resistant, 126 were het+ived from WH 542*5/W 485 cross was sown as
erozygous, while three were homozygous susceptibleprogenies in the field. A total of 182 progeniesreve
From these ten extreme resistant and ten extreste susown. In each progeny, a total of 4-5 ear head® wer
ceptible progenies were identified for NIL estalis inoculated per plant. The inoculated ear heads were
ments. The selected resistant progenies showetha ra harvested and threshed manually and per cent Karnal
of Karnal bunt infection from zero to 4.24 percent. bunt infection was calculated (Table 9). Out ofsthe
Selection for extreme susceptible progenies was als182 progenies, only six were homozygous resistant,
done on the basis of percent Karnal bunt infectddh. 163 were heterozygous, while 13 were homozygous
the selected plants had a Karnal bunt score of0850. susceptible. From these ten extreme resistanteand

percent. On the basis of percent Karnal bunt safaredi- extreme susceptible progenies were identified ftir N
vidual plants and average score of the progeniBEifts establishments. The selected resistant progenies
individual plants were identified for NIL developmnie showed a range of Karnal bunt infection from zero t

Vi)WH 542*5/HP1531: The BGFs population derived  3.82 percent. Selection for extreme susceptiblggsro

from WH 542*5/HP 1531 cross was sown as progenieies was also done on the basis of per cent Kéunal

in the field. A total of 105 progenies were sown. | infection. All the selected plants had a Karnal toun
each progeny, a total of 4-5 ear heads were intenila score of >50.00 percerffrom these progenies individ-
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