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Abstract

Northern corn | eaf blight (NCLB) is most devastating mai
funguerohillumTheaerpgiesent investigations were carried out

underc laignadteiled conditi ons o fPaRkawatlaank.o tAr tAzfaidc ikKaals himmiorcul at i or

stages during spring 2017. The disea$eposéeneési sgabk. mdara

on number o&df | esesnsenoheh@t h, number of infected | eaf, nuit
percentage plant infection, di sease severity, di sease ind

(AUDPC). Genotypefserheandc essi gfnoirf i NcCalnBt sdeivfer i ty and reactions

resistant, moderately resistant, susceptible and highly su

6 0 %, di sea66 %) nddksé@EBL %)nteemcsi aiyea under di s888d®s uprogr es
(percentage devel opment stage unit). Based on disease r
genotypes -Bazh, -182Z2R0Hmaatnlds ANICENa d all cuveess tf or al | pathol ogic
rating of 5R, 5R and 10R respectively and marked -&s high
Ghud2i2 and6OKiwesrasm evaluated as highly badcéapghlklse &) ues
pat hological traits and severity rating of 90S, 90S and 80

10 were moderately susceptible (MS) wunder fieesliccst@amndittoi d ne

blight might be utilized in f
r

ture breeding program. Al t e
parents in hybridization in o r

u
de to transfer tahketpgeaesfor
Kewor dN\®r t her n Bxeearfo hbillil gbrd ntou ryq@iesymSeverity, Resistance

I ntroducti on If the disease starts at an initial stage, it causes early
or premature death of infected leaves resuthe loss of
Northern corn leaf blight (NCLB).also known.as nutritive value of crop and reduced germination
Turcicum leaf blight is major foliar diseases of maize, capability, grain yield and vigor. The blight start from the
remains problematic in Himalayan region of the world,5\er leaves and spreads towards the developing ear and
caused by the funguBxserohilum turcicum(Ribeiro et o a9 |eaf of the plant (CIMMYT, 2004). Most of the
al., 2016. It is endemic in the areas of the North Wester aize breeding pregms initiated with the aim to

Himalayan regions and is considered tovbey important . . . . A
in terms of its geographical distribution and potential, to/Mprove d_|sease resistant and_ Increase grain yield (GY),
cause yield losseChandrashekarat al, 2012).It might also cqn_5|der other related tralts_l.e., plant he|ght, days to
be severe in mediwaltitude humid. regions, where 50% silking, days to 50% tasseling, ear height, and days
cloudy weather, high humidity and relatively low to maturity, since these traits are also usedligeases
temperature thrive, uting the maize growing season. management. The best and long term, environmentally
Yield losses can easily exceed 50% if the disease appeaasd economically safe method for control of NCLB is
before flowering. However the losses get reduced if thglanting of resistant varieties. Slow development of
infection takes place at a later stage (Singh, 2004). disease is characterized by several important components
Northern corn leaf blight is known to infect maize |ike less lesion number, smakdion size and low area
plans from seedling stage towards maturity. The symptomgnder disease progress cutBashyalet al, 2011).

first appear.as small oval spots on the leaves as grayish Nort hern corn | eaf blight
green lesions with water soaked lesion going parallel to thg, 5 i 7 ¢ in t he Hi mal ayan reg
leaf margins, the spots increase in size with age and tulg , \ - | a k o t Azad Kashmir Paki

gray greenish, finally gfting a spindle form with long
elliptical tan or grayish lesion¥igira et al, 2014).
The ideal conditions for NCLB incidence is relatively

epi demi c due ntal efnardtr@mmane
humi di ty, frequent rain fal

cool seasons with long period of wetness (more than fiv€ l'i mate of th !'s area fa vors
hours) at temperatures between 18 to 27°C (64 and 81°€)@aUs e the serious economic |0
are most conducive to disease.development. Leavinghuge The present study was initi
amounts of infected residue inethmaize field and t © expl or e t he ree sgiesntoanytp easn dw
ongoing to maize crop in these fields will promote diseasé he ger mpl as m, may help to
progress by providing sufficient inoculum in the earlypool s and sel ect i mproved ger

season (Wise, 2011). demands.
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Mat erials and Methods Preparation Cofl liemwdd wlnu masf i nf ¢
l eaves (sampl e) was done duri

Field screening againstmdiozd heir &@| dCod trs ahhagrdvbessiBriv esitBat geed.
(NCLB) was carried OuandaatndtfpeutF’hanntovgﬁﬁ.eesé'rﬂmrs hven a

Mol ecul ar Genetics, FaculthyoRebsAIrisainpl eise . weWRi g&'ri sidt Y
Poonch, Rawal a&Dd't32.L1ag"iN Ugl{epﬁgﬁht Hh&cul um i netf i,anle2 Oplodvy d
7M5'34.93"E, Elevation 55040 sfth)owdBselafihedd wéirl 39t MA| EF .
genotypes were planted durtlrég flb%eee%(?% Sréa%orandomze'
compl et e blockidélsitghrre(eROI_aa[p)l Pwatlons
ot S SRRl RS Ve B T Rt d o
respectivel y. Recommmlmdeeaimadnousa}elll%/f dqr Bpleldlln ceaves wr
(180kh/fNPW( a6dkg/ ha) wer e( fﬁé’t.i',beﬂzoﬁibﬁ(,éﬂz%.lz
seed bed .preparation
Table 1. Maize genotypes used in studies
Entry no. Genotypes Origin ‘ Source

1. Azam140 Pakistan "CCRI, Pirsabak, Nowshera, KPK"

2. Ghauri122 Pakistan "CCRI, Pirsabak, Nowshera, KPK"

3. Jalat29 Pakistan "CCRI, Pirsabak, Nowshera, KPK"

4. Kissanr60 Pakistan "CCRI, Pirsabak, Nowshera, KPK"

5. Sadafl41 Pakistan "CCRI, Pirsabak, Nowshera, KPK"

6. Sarhed White27 Pakistan "CCRI, Pirsabak, Nowshera, KPK"

7. Golden199 Pakistan "Agricultural Research Institute, D.I. Khan, KPK"

8. Igbal-78 Pakistan "Agricultural Research Institute, D.l. Khan, KPK"

9. Karamat Bar25 Pakistan "Agricultural Research Institute, D.l. Khan, KPK"

10. Pahari68 Pakistan "Agricultural Research Institute, D.l. Khan, KPK"

11 Aziz-2003 Pakistan "Agricultural Research Institute, D.l. Khan, KPK"

12. NCEV-15301 Pakistan NARC, "Islamabad, Pak."

13. NCEV-15302 Pakistan NARC,"Islamabad, Pak."

14. NCEV-15303 Pakistan NARC,"Islamabad, Pak."

15. NCEV-15304 Pakistan NARC,"Islamabad, Pak."

16. NCEV-15305 Pakistan NARC,"Islamabad, Pak."

17. NCEV-15306 Pakistan NARC,"Islamabad, Pak."

18. NCEV-15307 Pakistan NARC,"Islamabad, Pak."

19 NCEV-15309 Pakistan NARC,"Islamabad, Pak."

20. NCEV-153010 Pakistan NARC,"Islamabad, Pak."

21 NCEV-153011 Pakistan NARC,"Islamabad, Pak."

22. NCEV-153012 Pakistan NARC,"Islamabad, Pak."

23. NARC-W Pakistan NARC,"Islamabad, Pak."

24, NP-1 Pakistan NARC,"Islamabad, Pak."

25. NP-2 Pakistan NARC,"Islamabad, Pak."

26. NP-3 Pakistan NARC,ISLAMABAD

27. TP-1217 Pakistan NARC,"Islamabad, Pak."

28. SZP-13200 Pakistan NARC,"Islamabad, Pak."

29. Rakaposhi Pakistan NARC,"Islamabad, Pak."

30. Soan3 Pakistan NARC,"Islamabad, Pak."
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Disease assessment Maize field trail was visually According to scale 0O means
observed at twicthree weeks after inoculation. Randomlyb ei ng compl ete susceptible. l
ten plants were selected and tagged for diseag®ai ze genotypes were classifi
assessments. Plants were rated and monitored with tie€ S i st ant (R) genotypes with
interval of 10 days. Monitored plants were marked with” € S i st &n-8. @ MRnoder ately-susce
the marker s that plants could be traced and monitored3 - 5 and highly susceptible (S
again. Data omumber of lesions on leaf, lesion length,

number of infected leavesumber of infected plantgere St @t i sticBat @anahyslost hern Cor

visually observed and recorded whilleaf disease a Z E ?)f/,i men :\/I wer e s u bg ecte d t

incidencewas calculated by formula LDI= n / X100 as ( ) - ean separattion was

: . at t he 5%y pdelvaebil iSi mpl e S

given by Ishfaget al., (2014). Where n is number of . . .
numeri cal taxonomic technique

infected leaves, N is total number of leaves assessed while
percentage disease index was calculated by formula ei\s
defined by Pandegt al., (2003).

nalysis with the help of co
www. statsoft.cem) . alPB8T) ( Ham

Resul ts
nlx1+n2x2+n3x3

DI (%) = - - x 10
Total numbeof leaves observed x Maximum rating va

Number of | eMlée ams vahudsafor r
|l esions on I|-af ( Tamlged2 ) r okha Ai

5, 0, 5 etc.,, XNumber of lesions after interval. The value was shown-3 b¥ lgendooypew
disease intensity was calculated as per formula given by " U@ 22 (15) -6a0nd( 1Kdi)s.saWher eas
Harlapur, (2005), D In. (%) = {(nV/NG)} X00. Where, Mmean values for number of [ es
(nxv) - Sum of score, N Total number of leaves counted, 9 €N 0t y p e-Baadr a(mal) f8ZPdwed, by
G - Highest score. Percentage of leaf infecton wadNCE-¥53Q (02)2@a@d(@Aadgy 1)

estimated as per observation by the formula PLI = number

where, N Number of days after lesion observes (interval),

of leaves infected/total number of leaves x 100 and- € Si ons | eMegatnh v(iaclm)ers for | e

percentage plant infecin was calculated as PPI= numberf r oth71 cm i s g2Mexi mamTmeéar Va3

of plants infected / total number of plants x 100 and areh 0 r | esi on | engt h wa3s (slh7ocwm &

under disease progress curve was calculated accordingfioo | | o we d -1b2y2 Ghlwacrd)ath@an d 1 K¢ =) .
the formula given by Campbell & Madden (1990). Whereas mini mum mean values

observed in gBadiypeé &Kmar amat |

o o & o o by SZBZR 00 and53NCEY2cm), respe

YO0 8 : (Fig. 2)

Number of i nMeahedal easefor n
wheres the number of obserjvgteiconesd dIFeéapvieésyévﬂ\e%eﬁﬁﬁ’fﬁé’&ﬁ&ﬁé
p!anting for .the st dis??.seMa?‘ﬁiSrﬁlﬁrﬁmr%é‘én angl u¥el fbf hi
disease severity. was shown by-3ggrat)ypgfe | $mave d |

. . 122 (12) -6and( XKili)s.s athiowever, mi
Reaction and scoring of diy$§3%¢ ‘were ound -Bia25 géR@dty

f
The response of mai ze g:egnlsoltgyvc\;l)?esijszv_mevl? go(rF(?acnodrlg\;ﬁgEt\)/g/S)’
the following capital letterd. Y 9- '

O- Highly resistant No visible infection.
R- Resistant Necrotic areas with or without minute uredia.

MR- Moderately re_sistant- Small - uredia present 2). However, maximum mean value for number of infected
surrounded by necrotic areas . L plants was shown by genotype Sé&ai20) followed by
MS - Modergtgly susceptlple Medium uredia with N0 G ari122 (18) and Kissaf0 (17). Whereas minimum
NECrosis or d.'Stht chI0r05|s- ) . mean values for number of infected plants were observed in
ST Susceptible- large uredia and little or no chlorosis genotype SZA3200 (2), NCEV153011 (2) and Karamat

present severity ) . Bar-25 (3), respectively (Fig. 4).
All the leaves on infected plants were scored usifg 0

scale adopted by maize pathology unit CIMMYT (2004) as | e a f di sease iMecairallemes famDl )

Number of infected plants: Mean values for number of
infected plants were displayed in the range -@D2Table

= no visible lesion di sease incide#666& mamgighgehr o
= one to few scattnegr ewp AtecsMma@xi mum | My sva&loyerfor | e
0% of | eaf area shown by ge3no(téy6pd) Sfooalnl-®@@ved b

|l esions oB25Wehéatoaered 6 %1 and22Ghumn3 %) . Wher eas mi
|l esi ons om0 %eladafc orvregdavrad uz6 wer e shoSwrk 3B9 0 g é 20 &y
l esi ons abundah¥% loeamafl NCfEe5BMe r (20 %) 1 a B2 5Ka 2 héo)
|l esions abundant on afmbbtowel2blye@Pl %p-lad® NQCBWt, u
ed -0 Q% alredaaf covered. respectively (Fig. 5).
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Di seaseMeiamdevxail ues for | eally diGsleR2a2s ¢ ( T B R K@ d-7a8n d I g
from620 are given in Tabl el 720 %)Ma xWhrmaurme arsee ami wiamwm mean
for disease index wa3l3 (Shodgnn dtyy pgeBrd@abrygirdadt Sop a h 0 11I13R2WeOd b
foll owed -6b0y (KeiOs¥%)andrR® GBE&AN0%) anlds INCEV21 %), (rfFégpe dt)i v
Whereas meanmumlues were shown by genotype

SZB3200 (20 3AANCRW %) andPeKareaamatge pMaah ifeofre epseirocneint
Ba2z5 (20 %) follkdoWwed2hb %) -TBmldanNCEIVnf ect i-®8% rame i quigv € m oimn
153® (23%), (rfFégpe®wt)i vely Maxi mum mean value for percen

shown by gelio{g8pé) - 52&hy 8r0i%)

Di sease Me aansviatlyue s f or fddalslecavwseed -Gyt EKNiBsMstayn Wher eas mi
rangi ng-34%oar & 6ipm eBaemlmlte d2 .v aMauxei smuwma s shovar adBa® 5e ® %y pe
mean value for disease intehbowgd wadh§3AEaKNOC U0 %)y -1g8elnDolt § PR
So&8n (34%) foll-&@ved3BDYW) L Ri26(Islaza%)i, r ésFpegctOyely
and Rakaposhi (31%) . Whereas mini mum mean values
were shown by -lgceah@®t y & %N QEdbunder disease progressive curve (AUDPCMean
13200 (17%)-Baa¥ 1K&) amat | o wadudforlarga uiider disease progressive curve ranging from
1217 (20%) ,( Friggspergti vel y 22362is givenin Table 2. Maximum mean value doga

under disease progressive curve was shown by genotype
Percent age |IMeaafn ivnafleucetsi ofn&oan3 (362), cGhuadl2? o(362) followed by KissahO
l eaf infection were d9G6%I(323).eVdhergasn minimbne mearavalges wecef sho@n0by
(Table 2). Maxi mum mean geaotypeeKardmeBar25p(22)y follewed bygS3¥H 3206 a f
infection was sh@wrfopldy o¢ & @a)yeand NEEVISIDHL{42), respectivelgFig. 10).
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Reaction and scoring ofdisease Under field conditions 1217 and Rakaposhi showed moderate resistant reaction

the genotypes Kramddar-25, SZR13200 and NCEY under field screening conditions.

153011 displayed the disease severity of 5R, 5R, 10R,

respectively and showed resistance type of reactio€l ust er anal ysi s

against Northern Corn Leaf Blight (Table 3). While

genotypes SoaB, Ghuaril22, Kissar60 and Igbhab8  Members of clusters based on average linkage distance

were found susceptible and their reaction rating valueg maize genotypes:The pathological traits of 30 maize

were 90S, 90S and 80S, respectively. genotypes were classified in two main clusters, cluster |
Genotypeslalat?29, Sarhad Whit®7, NCEV-15301  and cluster Il (Fig. 11). Cluster | was further divided into

NCEV-15303 NCEV-15306 NCEV-15307, NCEV-  two subclusters la and Ib and cluster Il was further divided

153010, NCEW153012, NR1 and NP2 showed into two subclusters lla and llb. Subgster IIb was further

moderate susceptible type reaction. Whereas genotypeésvided into llc and Ild. Sulsluster la was divided into

Azam140, Sadafl4l, Golderl99, Paharb8, Aziz  subsub clusters which contained genotypes NEBZ0

2003, NCEV15302, NCEV-1530-4, NCEW-15305, 11, KaramaBar25 and SZF13200. Sukcluster Ib

NCEV-15309, NCEVW-153012 NARGW, NP-3, TR  contained genotypes Igba8, NARGW, NP3, Aziz
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2003, NCEV15304, NCEV-153012, NCEM15309 and di seases indicated the potent
Rakaposhi. Subluster lla contained genotypes PH&Bi i n t he genotypes. Genotypes

Azam140, Golder199, NCEV115305, NCEV-153010, NCL B heww | esions on their I
NCEV-15303 and NP2. Subcluster llc contained subj ected to the same di seasce
genotypes Saddf4l, SarhedWhite, NCEMV15301, genotypes. The genotypes that
NCEV-15302, NCEW-15306, NCEV-15307 and TP suf fered from blighting and

1217 whereas stkubcluster lld contained genotypest i ssues and showed blsi gMetrieng.

Jalat29, Kissar60, NR1, Ghuaril22 and Soaf. observed to be moderately res
The highly resistarmta2z2denmnesypeant . ea.n,d Kmadeamaat el y res
NCEY¥35Q and332B fall i ntger ecaltuesrt eir n | n vanmbde r in germpl a

showing cl ose ngemetniod ypelskitwhtalrcyhasairsec ept i bl e types.
highly suscep6tOi,blGhuka.reang Kodhan Hi erarchal Clustering

fall cluster 1 whi ch al slo n«lhatgaere dki swas eh gglemfeuli cf orel tah
wi t h respect t o NCLB. Theesigenaehtypensad whiigchh ywedai ng ¢
moderately resistant fall piogmoam.am®i minlda rn eraersl uye t cslaonwseey e

cl ust ehroswianngd tsheir cl ose g(enCelS)c dhist anowo rwh enrge asn nucl
moderately susceptible g eangoati ynpsets Ridlmdoy wjo envodrd{le st de d e [t disad

genetic relationshispbbystf eglgil ogneirratt o vearme eswb chi cal cl
classified various hybrids 1in
Distance their degree of resistance.
T S S ¥ I n maize NCLB resistance wa
2 8 ¢ & & & 8 8 studies by (Muriithi &5)Muti ne
Ia} {NCEV-1530-11 Kumart (@2011) evaluated twenty
Ij[:ﬁ;;;‘_‘;‘;:"u‘g"‘“ as sources of resistance agai
; lgbal78 genotyp®47NAand composite Gi
Zifac'“' resistance to &hthe@INCILB); rdtiipf
 AZIZ2003 that genotypes Babando KWCA po
{ NCEV-13504 significantly showed high r
e compared to susceptibéte aheck
 Rakaposhi (2009) while studying the scr
f:::lnlfg from maize germplasm and repc
 Golden-199 one genotypes, s 26esniegteannot(eR
Rgngagﬁu moderately resistant ( MR) , 13
 NCIVA303 (MS), 2 susceptible (S) and :
;NP2 reactions towards NCLB.
 Sadabll Resistance to NCLB in maize
| Sarhad-whited7 by oqualitative and queantitat
; NCEV-1350-1 1981; Oyl iadr2i007) . Quantitatdi
: N Ligvs described by less number of
;T with necrotic area, as well e
R area under disease progress c
- gualitative arasteraned by cm
¢ Ghuari-122 bounded by <c¢chlorotic halo. I
; Soand plants had typically quantit
NCL B. Quantitative resistance
Fig. 11. Dendogram based onvavdraatgieon i akd pew dtitse aewe | iurt i 300n
Mai ze genotypes. Linde002) .
The significant Mai ze geno
Di scussion i nteraction suggest t hat S 0O m
across the environment. Thi s

The present study resul wedeiablidgetnd itfdlceartdtoen hoifg ht hdrie
ghly resistant and thresei mhil ah!l yteots YReathe@tOiSal et h@ e n ostcyr
om germplasm on the baspgenoefypa@di ngdei Ngil dershed us eo reil
d ot her related pBtaB 6l egpiacalt her giendt y Kas amabbwed r e
E-¥5 30 and-1338P s hhoowgihnigye sul t s wer e in agreement

sistance responseb6@ndGlyemmaitnydp eaehiek@alr .4 2Ki1s2s)anwhi | e W0
2 an® Shawing highly sNwosaenpetrinb | CGo rnh eriaeitizfe0./B | Tihgeh tn eiw
war d t he Northern CornNClLsBafr eBil s ghbceuniddeernt ffekd ir
rgeni ng condi t_i on. Re.sir_sgt|ap1ftu|_g efnoort ytpteesi rs hyotweldi zlae & ot
sion length, seiaseaseviendtgendpsedstes for various bas
tensity and area wunder adriesaesa SRheprreO gNGE@ISBi Ve FgUEV &I e Nl
fferences amongst the geanwtly@egr dwn drediishpmeee tOr NeCc
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TablRi Besacsor i ng and di sease reactio

Di seasc Di sea| Di sea Di sea:
Genotypes ; . Genotyp ) .
scorir react. scor | react.
Aza 0 50 MR NCE-¥Y5 &0 40 MR
Gha1di2 90 S NCE-¥ 5 &0 60 MS
Jai28l 80 MS NCE-¥5 30 60 MS
Ki s68n 80 S NCE-¥Y5 30 20 MR
Sadla41l 60 MR NCE-¥Y5 3@ 40 MS
Sar hed2 awhi t 90 MS NCE-¥ 5 3 10 R
Gol deam 50 MR NCE-¥53®@ 15 MR
| g brasl 20 MR N A R/ 30 MR
Kar ama2ts Bar 5 R N P1 80 MS
Pah@8i 50 MR N P2 40 MS
Azi2D 03 10 MR N PR3 25 MR
NCE-¥ 530 70 MS TPL217 60 MR
NCE-¥Y 5 20 60 MR SZR3200 5 R
NCE-¥ 5 30 40 MS Rakapos 20 MR
NCE-¥5 310 20 R S o &n 90 S
Concl usi on Bashyal, B. M., R. Chand, L. Pr s
Parti al resi stance components
The current research resthFég_&géwaﬂ%ﬁ@rtﬁ'g%gffadgiﬁ"'léoﬂz[fg'f?mf
i u a : y p
resi st anrka2bKr-1832P0 0 a nHd5 3NC |vaani, iRy AMRR. S@holami, K.
11) and 3 susceptdi,bl Gl exs, ?Atp.es g" an .
i'ndoost. 2005 Eval uati on
Kissan genotypes. -Amongsau$é, %edMosis virus in 20 comme
141, aA®9derP@ haRn®0 Z, -INSCEWN (BombyX Fmo mi.. ,En2H12103
NCE-¥ 5 3Q N-C B 60 N-C & BQ N-CE¥ampbell, C.L. and L.V. Madden.
153@, NKRCRP -1T2P1 7 , RakaposbisaegpesademldohoagWwi | ey and Sons,
moderately res2%;t amstar v, GWhidthdaaslhshekara, C.S., K. Jha,
NCE-¥Y 5 3LQ N-C B BQ N-C B %Q N-CEV J. C. Bhatt . 2012. Screening o
15 3Q N-CEE®, NICSERV® , -1 NP-2NP under artificial epi-pMegt @tr inc ¢
wer e modecapleillylesugenotypeé" ma'ﬁyaﬁeﬁgmadqmeeomec' nGioioap.. Ne
reS|stan§ and moder ately C[ %¢.lstaz%t04te,\/§a maldtlerlagjels aW
greater in number than suscgpd idpdiegand ehr YmeS HSGEPD
types. The new sources of NACerBC[,ptsursetag],pde 10 dveergttb{:k,edeé
the present study will ime bhpglkpsubn.for their depl oy ment
breeding program. Hammer , 0., D. A. T. Har PASTand
Pal eantol ogi cal statistics sof
Acknowl edgement and dat & ad meaeloys -9l elc
Harl apur, 2005. Epi demi ol ogy an:i
The authors would Iike teaftbdnlghtt hoef EXEadtrjoey hdapuns etdu rk
Agriculture Research Center(pa(SI\PAFle—eonlaé’Idaﬁ@‘b%lsd”’@ﬁ%)d PHAh
Cereal Crop Research | Cthou ;’e,rs'Pﬁyrs Qr'cl\‘i'qévg'h%' esrr?tlf
Khyber Pakhtunkhwa for %biﬂﬂ’gp@acéu I%I‘;ﬁ)fﬁ@ﬁw e&)id| 5t o

Genetic CHBHP8BRews.
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