Iranian Journal of Field Crop Science Aol elyy LS
Vol 52, No 2, Summer 2021 (215-228) O 0B ”"Lc
DOI: 10.22059/1JFCS.2020.289229.654642 (VVO-YYA L) V¥ - v Ll oF 3,Leds OY 850

(Gaeumannomyces graminis var. tritici) © yg5l (5 slow 4 Cwglio Cdo (KB (v
PTsls B gy 3 oolaiw! b (Triticum aestivum L.) Ob pus™ 30 T-41 alas

od g L yhosmo @ 1939 0815 ol G730 K o (Sham ST ol gy (S plo A1) (6B Lowsl M GBS Cypu
Olwnd ) (78) pas (Jg o2l (ALS W5 5 K5 05 8 Glslinl g Ad,l i )8 (5 g2mtils 3l o3 54 —E5Y 5)
23 DB Pl 5 el 0g 8 sl SN Dlomind; () jae Iy o8 (S 50lS 0p S (555 (s gmils 5 Lty —0 ¥
O, oKl b gl 5 sooslis
OFR/N/YE o ads a6 — ATAAV/IY sdlys G ,)

°

BY 4 plied S (st 5 (st Sy S5 ol el il S (el e b s
(oot Sy S 5 Sl (S35 Sleo s ) sl 4 el Hlas s 900 Sl Sl o gllas
AT YA (glanslad b i g5 G2 06 paE 53 )05k Soben 4 pilie 5o 05 Job s g 5 oo gt
S(FL) b 3 51 Jeols slayds s osls S5 45,085 PT (gls &ygo 4 1OYT NOET NOYA (Y114
055 sl Solem 4 Cwglis Oy Slio 5 s § S Dlwad; pae Jg o &1 SIS 55 p iy
o511 ol 3L s (Fe) opal 5 (K) el (ZN) (555 (MN) 280 polis 5 amy SIAnS ity ) 5 4Bl S5
7 e wlS (Sl o st 5 a8 Sl S 5 A4S 2 DL K B ) 4 e @l A S
VYA 5 VXYY laddly 0,0l 4 Coglin Blod 51 o gae olipd oS 5 0 g 39 )l e K g oy 5IU
VOYU 5108 x YOYA 5 Y1+ x V0587 (slady jmd coy 45l ) Conglio Bolod 51 Loy jud o g 5 KA 5L

008 Olao gl et (K5 6 2ol )l g AREIS | o g (5 ads oS S o R 45T s g VUYY X
JRS 55 b 05 Culle G55 5 Codle for a8 515 OLE Sady £ o0 S dnb e (g 5lew SAS 5 (Lo
(5 (K55 Comd 5 o 93 Gk Slg a5 L alg 5o L5ls 1) ol o il Sl 0l (S35
rlin Gy adsl gla ol 53 Slho ol (315 45 S Ol gie 05 5l (Solen 4 Cuslie Cho o ol
Jibs 5 5l SO S ST sl o, 51 Ol gie 45 Al 5 ge Kl g o gl 4 Dkemss 51 gy B0 F 5 Ab Al
.3 gad a3l f""‘f S35 03 sASha

(P 5 P S S i aed e (S S s S o) 5L 1S Slolg

Genetic Analysis for take-all (Gaeumannomyces graminis var. tritici) disease
resistance in bread wheat (Triticum aestivum L.) using diallel cross

Hossein Dashti*, Asma Eftekhari?, Roohollah Saberi Riseh?, Ali Akbar Mohammadi Mirik?,
Mozhgan Gholizadeh Vazvani®, Mohammad Reza Bihamta®
1,2,4. Department Genetic and Plant Production, Vali —e- Asr University of Rafsanjan, Iran. 3,5. Department of
Plant Protection, Vali —e- Asr University of Rafsanjan, Iran. 6. Department of Crop Science & Plant Breeding,
University College of Agriculture & Natural Resources, University of Tehran, Iran.
(Received: October 9, 2019 - Accepted: April 9, 2020)
ABSTRACT

To achieve favorable outcomes in breeding programs, selection of parents based on General Combining
Ability (GCA) and Specific Combining Ability (SCA) is so imPortant. In order to study the genetic
parameters, general and specific combining abilities and the type of disease resistance genes action against
take-all disease in bread wheat, 6 wheat genotypes (729, 1622, 2109, 1528, 1546 and 1526) were crossed
in one-way diallel cross. Seeds of F1 generations (F1s) and parents were planted in the research greenhouse
of Vali-e-Asr University of Rafsanjan, Iran and take-all disease tolerance, stem and root dry weights, tiller
number and elements such as manganese (Mn), zink (Zn), potassium (K) and iron (Fe) concentrations in
plant tissue were measured. The results of Griffing analysis showed that general and specific combining
abilities were significant for all traits except tiller number and K element. In terms of Take-all disease
resistance, the best general combiners were 1622 and 729 genotypes, respectively. The best resistant

hybrids were 2109x1546, 546x1528 and 1622x1526 that had the highest specific combining ability.

Evaluation of genetic parameters by Hayman method for disease index and disease score confirmed the
results of Griffing analysis and showed that the dominance and over dominance of gene actions had the
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reatest importance in genetic control of the resistance to take-all disease ST—41 isolation). Finally, due to

ow narrow sense heritability and low genetic ratio in resistance to take-all

isease, it can be concluded that

selection for resistance to take-all disease does not respond well in earIK generations, so selection after
urity, that done by bulk, single-seed descent and double haploid methods can be effective in wheat

reeding.

Keywords: Griffing analysis, Hyman analysis, GCA, SCA, take-all.

9 odighouS 5 (n e (oged JUye Holaied wan
oolazwl Sy90 w)j)...b o )‘ oolazwl
Brown & Caligari, ) 3,5 1,3 Bousalal
&lgs 5l a8 Slao anlllas slp JTsls 4525 (2008
Sledbol 5 89y 00 I a4 S o Coxd (gomshao
oY (S5 Jeily b)) sl 1y gonke (S
ws o G LSl s el sle
.(Hallauer et al., 1966)

Jinks & Hayman |, la 8% g¢5 ol sl 9 Joo!
Cuje Noges &l,l (19568, b) Griffing 4 (1953)
BCA) sogaz 5 (GCA) sosee s pdyeaS 5 sl
(Sphidly g cedle 5 Ll gla il ly g
5 il BT g 18l pslie S0 5 arsis
S oo wol,d Slao S o 1) by sl gaalidlee
e 58 S0 (S Cews (Dabholker, 1992)
O Jes g9 cled o oolainl Kk I 4o ol
ol 4z e aas e plis ) abgpe cde [ 5o
5o s oldl 3hasl mShop G sae 4 S
o S o by cadle Jleel il 2SGoy
Sblse cp e (Baker, 1978) s (6 yiion Coonl
Jods 9 (1953) Jinks & Hayman g ds 4520
O Bl g JlEn Syge 50 ol (SIS
adle 4z iy ke Sl Sl 4 ow s
P wskie 5 e Gla T 1381y 5w o
(Gilbert, 1958) wib co codle o> g ol

b iags cnl (Jy el 485 & j50 0,950 (6 le
odd 155 b paS amg szl s a1 o i
Gl pgae Ml adshlK @asS (03, (925 5 o
;o (Da-hui et al., 2007) cwl ouis (Byxe (5 low

S g e g als e I golaw oy S

400
o,ls 51 S (Triticum aestivum L) oL pusS
B 6ok slisslen Jolse (om0 a5 Cul 8l
a8 o03j b is o o (Habibi, 2013) 5,5
oz B 4 plgi oo i o0 )8 dlem 5550 1) lalS
2B ol (nl )3 45 dgei 0 Lal Lo g g 5 as S
Sl 18 ol Gl len Jelgs oo o b
Jole Loyl (b S e slasslen
ol o Gaeumannomyces graminis var. Tritici
50 Sl KSee LS (Karov et al., 2008)
Syl 53 Soall ol 4 Wgd esgll ud, al> e
Huber & ) 058 oo wyauis of 5 ol ax o Yo Y
0,65 (5 Lo 4 Mie (LS .(Mccay-Buis, 1993
o oddlice b aaw gleasd IS 4y ac 50 50
097t 5503 e A (oo ddgi oS g 2 sladils
coe s B (S 5 (ST o ey el
Wl U lawgie Sogll (Liatukasetal., 2010) ail
OO S Sl yamie Wil oo ilew (pl 4 pasS
2 Sysba wed s CedS g o Shee
Fo D Oyld cogo Wl g0 ol sos WS aen
&olewm op! .(McMiillan et al., 2012) 548 (oo,

Gl ohsile g plelp s3S e bl g)l5e 50
polio pl8)l 5l oolawl (Ghalandar, 2001) ol oo
S ely n e Oyt o slom cnl & Jote b
Slrog)ee jleds 4y golaldl N9, S 5 (55kem ]
L GUABLQA CJL..A @L&AJLMA, » 05)'1& ‘fsl.n.c Fb)‘ "\"‘Jﬁ"
T S L
a5 w3l ki o] S 5 Geizes 5 Cels
s Plisls la B Sl oolicisl 33,k 51 o 0
Cowl JLAY- 5l i (Aeineh et al., 2006) 548 o

Oogekiy Sl 2l ge3l 5 s Yol Jsol oS
bog js8s 4 by, opl g Cewl eal i
o 4155 15 soliial 590 Sli FanS ol
S5 05 Vb gl Ol ) Hligls (B



Y\V Vo Gl oF 5,Lels DY 5,90 oyl pl ol)5 (LS pole

oaseie Saaiy S Jow o | 39, 5 (1953) Hayman
A5 5o Wiy aliflyet 5 ol Sl a5
31 Caenl § Wyl SIS ugis ol 4 Cesglie

(Saeednia et al., 2012) sg; i oiol;l
Solon 4 Zueglile (S a3 jolateds (gl 5
oslaiul Wy can b Plsls 7,k 5l os 00 Sawauw
(Solom Al G gl aS ols lis bl ¢ Woges
Pesarakluetal., ) &S oo oo codle cioli8l Joe
2 bygis (S pasd g5len (S55 435 50 (2013
Serdlé DI 2 o 5ol 528 B2 yb ) poS
Blie 15 s il Sl i e w
Sl 45 6 lscine yobas woadlé x codle U112
adly S glew pl A4 Cwglie @ bgise
yebiieds (6,550 asdlas o (Soltanloo et al., 2013)
W3l pasS Gloged Sy a4 Ceoglio Sy asllas
L .(Ghannadha et al., 2004) o eolixul Plgls
Hlsls Gialejl )5 55 &)lg3 0556 (myp B
Slplas ol lis bl § <88 plxl &y y0 &0
Wyls A 05 Sy slew A Saaglie jo ol
2lp o Cowlius g Cwglio (Bihamta et al., 2013)
o 3 b Con g3g95 B i alS slacslen
yolie oy 4 (S ) SraseS polie (o9
yais 35U (Akter et al., 2015) ol g4, 5 X
el oads jasiie 5 (ow)p s lon (pan 53 4S9,
S U 63,190 50 9 Rl Gl 3 )lge (an 0 45
el el o)lge iy (Jy )l (g5len (59,
Dordas, 2008; Graham & ) o455 oo (5 Loy s
3 89y rais e (M IS )sba (Webb, 1991
“dobe sl Cdls (oL lacslon 4 Cuaglie
5o cdidle g Jobo slac o OlS olml g 4t sla
(Cakmak et al., 1998) <l sulonsT s ol y
@ LS Glos )l 4 Cwglis o ol yate (LB
olie o3l el 415,515 anllls S50 5
g ool Ol @i 0 (S jebds j90 g K (e
Golors Dy ate b Cate Sl il oo 0] ate
2l Salbew § K (g les Wlgi oo ol cail ails
yaie (Graham & Webb, 1991) wis 8 puss

Silow 4 o ol BYg g Jlagly Wl
PS5 a8 ol ol mls was b eyl
Sl Al 5 g 92 (o )l |) Comlos o ity
4 S (ol BYgy 23515 g oy bawgie Sl
Fasihiani & Zare, ) as obj)l polae )s53e 7,8
03, 0F (oS 18, YFF 2STg o oo 0 3 o (2010
57 08, V7 g ddoy (9 92 08, 00 ddyd) b 9>
S 0,95h ilew Jole i8S | adis) g0
Al s aS ol las b wassls 8 ) 9590
S929 DgliS pasS 093l ()l 4 S piS g 5>
Ahd) 90 9 Akydy b 92 g (n S bes puiS g 0l
O 5 bl (glen A Cad (g Jeod
inlsy s b o 92 08, oz pB)) 5o 500
@) Comlas GueS @b, b s> 5 Gae
Gaeumannomyces graminis var. tritici z,i8
bl S e (Oyanagi et al., 1990) acsls
Jold (b pasS adshliSe 03, (o 25Ty sl 5
o @ 50 0)95h 4 Cumd il 5 o)l slap3,
Loy (st 5l oel anss ay @l 5 08 ooy 2 85
Solstice oyl o3, a5 ols olis ol ) Slas las
S5 yipglie aed) ;0 a4 Cod (ol); Jlo 4w o

.(McMillan et al., 2014)
€9 on Slp G el slagty, Jo 4 b
Solew & S 0l paS )3 lagy 51y el
soba (Hlsls la B 5l .l sass ploxil 0,950
15 s Lo 4 Craglite S5 Slalllas 1 (glos s
(SO0 S i il S5 59,5 Ky Gerren poiS
5 97 ) SIFS wany S Sl eans
ol 0sds oslizul puiE (Gl Slise Lwsys
5l ooliiasl b oiS (glaS, Kilign yms s 4 Conglin
Sl b 5 0 anlllas puiS o3, &5 o Wigls B
ol a4 Caglie o (gilan! g codle Gl gl as ols
Hakizimana ) «,1s,55 p (5 s Sl 51 (5 Lo
Srlew B9, » 6,0 adllas o (et al., 2004
ooliiul b Jisls (3 3,k 5l pasS slaS ) Sil;ge
s> Soglie 3 Sliglosl o a8 pglie wly iy |
Jinks & g, 4 wles o8, SO g woly lid



we pS 53 0595k (6 lon a4 Cuoglile Cibo (S5 (o) 100 5 (100 A

oolaiwl 8590 S 2ol

Ay b b b 5 i ah,b S Wiisle (B3
oolaial 9,50 (S ge 5l F1 Juud V0 9 (i)
3 enilly codgy b oS Sl medg 4 p3Y g
(z8) yas Jg oRiils ac 0 ;0 \VAY el )5 Jlo
&oge ;0 WWAT Gl ;0 9 Wl alls s,
wgis b ol el o] e (W ecnslis
0,97k (rlar blide jo addS slaobs)) bl 5
A b pasS cigy A7 L 5l (T-A1 o alaz)
a5 5555 5 5 miman 5 ol hlisie 3blis
BRSSPI B L ] W VR W R o PRIV W
- SS (ge) pas Jg olRidls (g5 ,5liS 0uSiils ac 5o
oyl Hd g o ol o] J31s 5l (a5525) adgs
Olrid) (@) ypacdy ol jo o> Jl> o
Gholizadeh Vazvani et al., 2015, ) ol s 39250
5o oolaiwl 090 s gs Sluogas (2016, 2017
Lol 0ol V' Jgaz j ipgh oyl

P olew alosl angd

eSS slaaslosl) g yguml juidS s s aS 1> 5
Wb dnd S o)l el jian o)) (2188 osbe (59,
4 oad 4ty o3,] e sl (b Sl il
awlo p,5 Ve olpen el 1) Ol L il
0355 Sgdeme 3l ey 9 9 A3, )l 090 wogb e
lod ;o Mgl Jo b aw g, G alold & ] O
IRWILPRVORIFTI-N) LR VIP PR S g4 P ESS R A
antlor 3| il Sy b b agabne 4l i
IS a glew Jele g B (5 0l Sy
YoV loo jo ,5bsSl jo g ol Jiale b))l
50 NAD (5,0aKS 59, VO e 4y ol F il am o
S5 sk 5 (2olse Cu byl )b paiz 23T e 90

Dl 0ol ST yals algls

S 4l g )lenm slogieily 5l (golass iSs
JrsS R ol iz 5 0,93l (b
5 oS Fesm 5 et M RN 03 e
Ylaiol 0l b il (55 i Jlad Gy 51 0 o9
S Lo @ Suaglie )3 paiT )0 (g 5 S
2l )l syl 5 e Saske
319 Wyl cege iits Gaeumannomyces graminis
WS o0 G5 sl b Jole lrejlys ol

.(Dordas, 2008)

SrNeS 5 950 53 (SNl o Sl 4 axgi L
5 0 D)lF o9z paiS 0y55 (g)ley 4 Cuaglia
e g Cod Cewd )3 Cenglile (S35 (sl il )y
5 Solem onl @ Cwglie LLSI pgas o (oMU
DN S5zy (2LS Zdl s Sgrse (Jase yole
o iiSly b oplly 51 oslinl b giS asllas
SNl ookl L b ol 12l 0,95l 4y Comd glatio
097 5 so5a> 5 3o SndyeS Sl
9 (S 0,55y 4y Cenglie ;0 Loy oo £95 9 )53
Ceaglie 5 il 5 (S5 sl yelly 5510 b s
ol el sl erlie Slags 3l il s jlom cnl &

g olgiinn 5 @l pasS o o

& 50g, 9 dlge

coliiwl 0,90 &,

Gaeumannomyces z,6 ;| oleyl opl e
O9enSdS 5l aS” T-41 4l graminis var. Tritici
Sy olKails ol lon oRiile] suliiz
Lo ol solatwl g 0ol dgs ylnd, @) ac
Potato Dextrose «z B cuis gl olbil s
O logty il Sigm 51 L ol en Agar (PDA)

.05.3

o295 oyl 50 colawl 390 L EFSIF lasin - Joua
Table 1- Characteristics of genotypes are used in this study

Number of Genotype Genotype code Characteristics
2109 1 Winter- Moderately resistant
1546 2 Winter- Highly Sensitive
1528 3 Winter-Highly Resistance
1526 4 Winter- - Highly Sensitive
1622 5 Winter- Highly Resistance
729 6 Winter- Highly Resistance
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Table 2. Griffing method Il combining ability analysis of variance for | and 11 models
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Table 3. Analysis of variance of the studied traits

SXOAY) Df

MS

Score of Disease Fe
disease intensity

Zn Mn Number Dry Dry
of tillers root stem
weight weight

Genotype 20 458" 1959.67™ 53282.69™
Error 63 0.15 68.60 54853.82

0.25"  5489.81™  2519.85™ 1.03™ 0.54™ 0.53"

795.88 1924.69 0.34 0.10 0.064

Aoy S g g Jliol mhaw jo o Se gl S g o Sy

"s,*and ™ no significant and significant at 0.05 and 0.01 of probability levels, respectively.
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Table 4. Correlation coefficient between traits under study

Traits Score of Dry weight Disease Dry root Number Mn Zn K Fe
disease of stem intensity weight of Tillers
Score of disease 1
Dry stem weight -0.170™ 1
Disease intensity 0.936™" -0.148" 1
Dry root weight -0.124" 0.881™" -0.740%** 1
Number of Tillers -0.460"" 0.215™ -0.531™" 0.140™ 1
Mn 0.469™" -0.360™ 0.435™ -0.278™ -0.322" 1
Zn -0.290" -0.669™" -0.298" -0.718™ -0.368™ 0.171"™ 1
K -0.330" -0.229" -0.257" -0.333™ 0.013™ -0.321" 0.277" 1
Fe 0.144" -0.197™ 0.093™ -0.080"™ -0.028" 0.501™" -0.017" -0.246" 1

Aoy o2 Sy g S gy phaw [0 )l cime g Ll See pf o Sy TR
: no significant and significant at 0.05, 0.01, and 0.001 of probability levels, respectively.
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Table 5. Mean square of Griffing analysis of studied traits in 6 x 6 diallel cross

SHOAY) df score of Disease Dry Number Zn K
disease intensity root of
weight  Tillering
Genotype 20 4.58"™ 1959.67""  0.54™ 1.03™ 5489.81"  0.25"
GCA 5 12.24™ 514874  0.25" 0.55"™ 3998.02  0.22"
SCA 15 2.91" 1271827 g70™ 1.38" 6865.13"  0.30"

oy S5 g g Jlaio mhaws jo I Sse g jlo e puf ol gy FF g T
", *and ™ no significant and significant at 0.05 and 0.01 of probability levels, respectively.
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Table 6. General combining ability of traits in wheat at 6 x 6 diallel cross for different traits

Parent score of Disease Dry root Number of Zn K
disease intensity weight Tillers
1 (2109) 0.23m 2.50m -0.0008™ 0.10m -4.74™ -0.14"
2 (1546) 0.28" 6.22™ 0.13" -0.019m -17.68™ -0.03™
3 (1528) -0.059m -0.66™ -0.12" 0.019™ -0.508" 0.03m
4 (1526) 0.90™" 19.43™ -0.04"ns -0.23" 1.12m 0.10m
5 (1622) -0.70™ -12.46™ 0.055" 0.13" 16.66™ 0.01"
6 (729) -0.66™ -15.03" -0.015™ -0.005™ 5.15" 0.02m

Aoy S g g Jleil mhaw 1o o S g s pire ynd oS Ay g
", *and ™ no significant and significant at 0.05 and 0.01 of probability levels, respectively.
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Table 7. Specific combining ability of different bread wheat traits at 6 x 6 diallel cross

Cross  score of Disease Dry root Number of Zn K
disease intensity weight Tillers

1x1 -0.22™ 1.99m 0.36™ -0.18™ -32.90  0.0008™
2x1  -1.16™ -19.64" -0.09™ -0.04m -10.64™  -0.003"
3x1  1.04™ 17.83™ 0.09" -0.39" 10.05™ -0.13m
4x1  0.62" 15.47" -0.52™ -0.23m™ 82.42™ -0.06™
5x1  0.11™ 4.88™ 0.26" 0.01" -22.08™  -0.10™
6x1 -0.16™ -22.54™ -0.29" 1.03™ 6.07™ 0.30™
2x2  0.76™ 12.47" 0.17m™ -0.63" -21.74" -0.22m
3x2 -0.82" -15.63" -0.42™ 0.75™ 31.89* 0.32"
4x2  -056™ -11.23" 0.23" 0.13m -6.70™ 0.27™
5x2 127" 25.32™ -0.21m 0.39m -9.27™ -0.17m
6x2 -0.25™ -3.76™ 0.15" 0.03" -35.21" 0.01m
3x3  -0.66™ -13.73™ 0.41™ -0.59™ 24.32" -0.26"
4x3  0.86™ 17.41™ -0.17m -0.53" 18.44"s -0.18™
5x3  0.12% 2.22m 0.29" 0.60" -30.59" 0.23™
6x3 0.12% 5.62" -0.42" 0.74™ 18.86" 0.30™
4x4  -0.70™ -16.44™ 0.29" 0.06" 37.91™ 0.08"™
5x4  -042" -9.54" -0.22m 0.36™ 94.41™ 0.35*
6x4  0.92" 20.77™ 0.09" 0.14 -18.54™ -0.39"
5x5 -0.93" -20.15™ 0.32™ -0.31™ -9.61™ -0.25™
6x5 077" 17.42™ -0.77 -0.74™ 13.22ns  0.19ns
6x6 -1.40" -17.51™ 1.25™ -1.20™ -65.49" -0.59"

o y0 G g iy Jleiol o 58 o re g lo gire e sl Sa T

", *and ™ no significant and significant at 0.05 and 0.01 of probability levels, respectively.
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Table 8. Estimation of genetic parameters of different quantitative traits of wheat at 6 x 6 diallel cross

SHOAY) Score of Disease Dryroot  Number of Zn K
disease intensity weight Tillers
g 7.55 3175.08 0.093 0.131 2001.34 0.05625
Si? 41.44 18066.37 9.0 15.615 911299  2.552
dominance Variance 15.1125 18066.37 9.0 15.615 91129.9  2.552
Additive Variance 41.44 6350.17 0.187 0.2625 4002.68 0.1125
Baker’s ratio 0.26 0.26 0.02 0.0165 0.042 0.042
h2, 0.26 0.259 0.0201 0.0161 0.041 0.040
h? 0.99 0.997 0.98 0.97 0.99 0.95

50 9 so3a> Sl el Sa % o Wi gogas 5 ages S pdienS S lls oo e 0%, Sy
9%, % are 0%, and aZ,, respectively.h?, and h%: narrow and broad sense heritabilities, receptivity.
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Table 9. Hayman-Jinks regression test of studied traits

Parameter Score of Dry stem Disease Dry root Zn K
disease weight intensity weight
Regression 12 0.14 0.65 0.38 0.024 0.016
HO: =0 2.85" 0.67" 2.81" 353" 0.15™ 0.04"
HO: B=1:t 0.47™ 4.09" 1.52" 6.2 -6.53" 2.75™

Ao, G gt Jleiol mlaw (o lo g g lo S pd oS A oy
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", *and ™ no significant and significant at 0.05 and 0.01 of probability levels, respectively.
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Table 10. Variance analysis of disease score and index traits based on Hayman method

S.0v Df Score Disease intensity
a 5 12.25™ 5148.74™
b 15 2.92" 1271.82™
bl 1 5.68™ 1857.95™
b2 5 3.10" 1231.29"
b3 9 2.51" 1229.22™

*: Significant at 0.01 of probability level.
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Table 11. Hayman- Jinks genetic parameters of disease score and intensity

Parameter Score of Disease Disease intensity
D 2.4349™ 904.9233™
H1 3.0120™ 1312.6350™
H2 2.3476™ 1051.0370™
F 1.7229™ 553.6569"
uv 0.1948 0.20017
Sqr Root (H1/D) 1.112 1.204
Ratio of dominant/ recessive genes 1.9329 0.627
h2b 0.973 0.972
hn 0.525 0.523

. . aoy0 S gt Jlaisl e )8l s g lo pre e i ey
", “and 7: no significant and significant at 0.05 and 0.01 of probability levels, respectively.
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Figure 1. Hayman's graphical chart for disease index

Wr = 1.155Vs +.0.288

LS)[M o),o.i 6‘):’ u.:d.”5 u.,..S‘).: o‘).o.b EY WTZ om%m W—Y J&w
Figure 2. Hayman's graphical chart for score of disease
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