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ABSTRACT
Take-all disease, caused by Gaeumannomyces graminis var. tritici (Ggt), is the most devastating root disease of
cereals throughout the world. The disease has been reported from different regions of Iran, including Kermanshah
province. To evaluate current wheat cultivars for resistance or tolerance to take-all disease, 17 wheat cultivars were
inoculated by a mixture of four selected isolates of Ggt and their resistance was evaluated under field conditions. In
the spring of 2012, these cultivars were sown in microplots with 10050 cm dimensions. The inoculum, prepared on
autoclaved oat seeds, were added to every row of sowing and then covered with soil. Different traits including grain
yield, biological yield, thousand grain weight, root fresh weight, shoot fresh weight, total fresh weight, root dry
weight, shoot dry weight, percent of diseased rootlets, number of tillers, number of grains in the spike, weight of
grains in 1 m rows, average weight of grains in the spike, total dry weight, harvest index, and grain yield in 1 m? were
recorded and analyzed. In this study, different stress indices including stress susceptibility index (SSI), stress
tolerance index (STI), yield index (Y1), and Harmonic mean (HAM) were calculated. Based on the RS parameter,
which includes all the indices, Marvdasht, Parsi, and Aflak were introduced as tolerant cultivars. Moreover, Sardari,
Sivand, Shiraz, and Alvand were identified as susceptible cultivars.

Keywords: Gaeumannomyces graminis, Kermanshah, tolerance, wheat take-all.

* Corresponding author E-mail: abbasikhs@yahoo.com



SN 0,95 (5rlom 4 S puiS B (B Saeglie (Dbl 5 (6 0 BARS (Seme g

ROtrock, ) el pglie S¥g 5 009 ajly ol &
obis saxte sla I35 Ll «1988; Solel et al., 1990
9'?95“5)‘56)@“4&&4:)1&15@@45“369
«Cook, 2003; Fassihiani & Zare, 2010) 5 las 59>
el f’@)‘ J.o;u 3 Cmwln> 3?)0 ‘J'—>u-’“-’
p bl LSal) gilew Ol alS o il e
S’ (2010) Fassihiani & Zare sy gbs (olul
Adigy ok 92 sl A8 S Ojao 9> pB)| (g9,
ey (Tl i e s, 857 5
F 1 gl 5 wiols i 1 (o e sloailis Lasls
Ui 2 g Ande o 92 mle 4o, ke 9 90 9>
Dm0 o5 S s S 55l il e
Olye Ll 5l Bayonet o Temu89-72 slacuisis

aS ciulesl o (Penrose, 1995) o ls 5439 (5 o &
Byl dS Dgo alis; puS ey YV o)
slogpY szl o 1, Syl o i Flair 4 Dream
(ke ol o (Liatukas et al., 2010) sils pglio
4 Jo g Suagliio 5 5l a8 61 | (golass goliies
el 2bj)las)pe Lulyh 55 0)93l (6 len

B 59y 9 dlge

P8 S o gz 65, VY ity ol 52
sla,ds () Jgaz) b eslaiwl olisle,S ylewl o
(Elb g ey pole Slidos adu I e 6l
b e 5 5,5lS el 5 Sliios 3 e
RV oL..;Lo)f

LTYRY-T)
Gaeumannomyces z,8 ;I .56 o,65L (5 Lo
Sk> zhw ;o graminis (Sacc.) Arex & Oliver
Sk 5 e slaglen (e S
Cook, 2003; ) cwl Jsame (pl din, g low

Wlgs oo 55 e ! (Mathre, 1992; Walker, 1972
o) =hi 9 995 sl Sl sles S b
a2s 13 des 0550 1, (Wl ,F &S Yo
G. graminis &5 .(Gutteridge et al., 2005)
Sl b b oeasaslls dnjly bz glb
G. graminis. var. tritici (Ggt) Jols <glate
G. graminis G. graminis. var. avenae (Gga)
G. graminis var. graminis 4 var. maydis (Ggm)
4 oS 8,550 Lol Lele Gt &u s ool (Ggg)
TR R R N EP RV LI
2 odle Gga &uly Cons BYg y0  Sogll ol
3o )l B alex 8590 13 1, BV (398 Slaglsee
GOy a4l g auS g0 dho> )3 4 el Ggm & g
Sy b @r s oS leen il S gladile (S
Fouly et al., 1996; Freeman ) aas o ,l,3 395 dlos>
S5es $olom ol e sla S, 5 (& Ward, 2004
O Sl Beee it wosls aile (ly; slagty, 4
g0 o)Ll 50 gladile o 5 2LS Ll op
S slr sbateas 5 sl Jlas! (Cook, 2003)
OllS Cusgazs (Jlinll el F5e (g)lom il
50 sladile Bgal S b ol 6l el
Solorr 2l Sl 995 00 (5xlos lpeitusl i ge atal S
2 Sle @ 25 BB Caglie e &Sl s &
oo 4l F o sloany)ls 51 SGye slabiee
s3lgil> 45 (Liu et al., 2001) el JSiw 5 e
)7k lem Jole g8 4 (o Cuaglie cainel S
o Ceaglie gyl Jlagl> o ls de2g GOt 4> ¢ puiS

G. graminis. var. tritici & Cous Joot 5 Cawglin b3, ygesl jo pasS plB )l conypd N Jgo
Table 1. List of wheat cultivars used for the evaluation of resistance and tolerance to G. graminis. var. tritici

No Cultivar Growth type No Cultivar Growth type No Cultivar Growth type
1 Aflak Spring 7 Marvdasht Spring 13  Sivand Spring
2 Alvand Intermediate 8 Parsi Spring 14 Oroom Intermediate
3 Azar 2 Intermediate 9 Pishgam Intermediate 15  Sirvan Spring
4 Bahar Spring 10  Sardari Winter 16  Zarrin Intermediate
5 Dena Spring 11 Shahryar Winter 17 Zare Intermediate
6 DN-11 Spring 12 Shiraz Spring
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Figure 1. Disease symptoms and morphology of
G. graminis var tritici, the causal agent of the wheat
take-all disease. a) infected roots, b) fungal colony on
PDA, c) mycelium, d) perithecia, and e) hyphopodium
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Figure 2. PCR amplification products obtained with G. graminis-specific primer sets NS5:GGT-RP from isolates of
G. graminis. P, F, and R are Pythium aphanidermatum, Fusarium solani, and Rhizoctonia solani, respectively as
negative controls
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Table 2. Combined analysis of variance of studied traits in non-stressed and stressed (inoculated by G. graminis var
tritici) environments of wheat at the stem elongation stage

Mean of Squares

Source of variation df Shoot Fresh Root Fresh Whole Fresh Root Dry Shoot Dry
Weight Weight Weight Weight Weight
Environment (Env.) 1 2.7179 0.3529 1.6594 0.3636 1.3398
Replication / Env. 4 0.0106 0.0031 0.0228 0.0028 0.0084
Cultivar 16 0.0708™ 0.0651"" 0.0545™ 0.0395™ 0.0882""
Cultivar x Env. 16 0.0122 0.0127 0.0134 0.0059 0.0209
Error 64 0.0249 0.0089 0.0189 0.0070 0.0124
Coefficient of Variation (%) - 7.44 8.49 6.43 19.50 7.35

*, **: Significant at 5% and 1% levels of probability, respectively.

2oy ) 50 ool mdaw )5 ls g OS] dg2g

ool il lg & 5o leol 3 (@0aBle Al o y0 pasS 03,1V Slas ke dulin Y Jgoo
Table 3. Mean comparison of the traits of 17 wheat cultivars at the stem elongation stage based on simple ANOVA

Traits
Cultivar Infected Roots Shoot Dry Root Dry Whole Fresh Root Fresh Shoot Fresh

(%) Weight Weight Weight Weight Weight
Aflak 69.40™ 1.63™ 0.387°" 215" 1.067% 2.142°7
Alvand 68.50 % 1.42° 0.490%* 2.09 e 1.202% 2.042%¢
Azar 2 54.05%* 1.48°t 0.398% 2.26% 1.138> 2.285°%
Bahar 85.47°¢ 1.46 % 0.370% 2.06%¢ 1.080°> 1.953%
Dena 73.88" 1.42° 0.305" 2.02% 0.892° 2.060 "¢
DN-11 68.27% 1.54°%¢ 0.478% 2,128 1,125 2.058 "¢
Marvdasht 62.43%* 1.39% 0.317" 1.94°¢ 0.863° 1.935°
Parsi 65.00 % 1752 0.542% 2.24%* 1.185*° 2.223*¢
Pishgam 47.73° 1.51 et 0.475% 2.28* 1.202* 2.285%
Sardari 59.13% 1.60™ 0.442 "¢ 2.27° 1.113" 2.267%
Shahryar 54.25%* 1.45% 0.358% 2.10% 1.025° 2.087 &e
Shiraz 67.85% 1.62% 0.485%* 2.16% 1.105° 2.153 %
Sivand 69.73% 1.56" 0.450 "¢ 2.12°%e 1.135% 2,135
Oroom 46.43°% 1.36" 0.430"* 2,123 1.183%* 2.107 ¢
Sirvan 64.73% 1.76° 0.582°% 2.26% 1.267° 2.242°%*
Zarrin 62.45%¢ 1.57 et 0.482% 2.17 80 1.143° 2.062 "¢
Zare 51.75% 1.37' 0.305' 2.07 ¢ 1.115 2.047%¢

35,05 S5l gl bl oy B Jle g 53 (5l dme NS il By > b sl Kls
Means followed by similar letter(s) are not significantly different at P<0.05 based on Duncan’s test.
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Table 4. Combined analysis of variance of studied traits in non-stressed and stressed (inoculated by G. graminis var
tritici) environments of wheat at physiological maturity the stage

Mean of Squares

Source of Variation df Number of Number of Thousand Grains Harvest Grain Biomass
Tillers per Plant  Grain per Spike Weight Index Yield Yield
Environment 1 3.4989 473.3541 217.0669 0.0251 560570.4487 178325.5644
Replication / Env. 4 0.0321 7.9535 6.7544 0.0063 2176.2371 13395.1031
Cultivar 12 0.6830"™ 138.7210™ 45.8890™ 0.0285"" 701740.0480" 5950.2316"
Cultivar x Env. 12 0.1304 28.7692 8.2549 0.0022 4386.6779 1551.9117
Error 48 0.0975 17.0104 7.5273 0.0020 5423.6130 2658.4945
Coefficient of Variation (%) - 15.52 15.24 11.43 14.39 20.21 22.02

*, **: Significant at 5% and 1% levels of probability, respectively. 2oy ) 50 Jloisl e )8 ls e BT 552
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Table 5. Mean comparison of the traits of 13 wheat cultivars at the stage of physiological maturity

Traits
Cultivar Biomass Grain Harvest Thousand Grains Number of Grain Number of
Yield Index Weight Per Spike Tillers Per Plant
Aflak 277.30° 519.957 0.370™ 27.087 28.48™" 1.85™
Alvand 221.05%¢ 262.71°¢ 0.242° 21.48¢ 25.74°%" 2.36%
Bahar 245.82°% 373.24“ 0.348* 27.16° 27.77%¢ 2.29%*
Dena 203.30" 277.12° 0.272% 23.22 "¢ 25.93%" 1.50'
DN-11 251.88%° 503.63%* 0.4022 23.51 "¢ 35.85°% 1.97 ¢
Marvdasht 230.20% 457.30%° 0.400? 25.35% 31.34% 157
Parsi 263.42%° 482.63% 0.367%* 27.34° 33.10* 2.24%%
Pishgam 263.16% 420.70™ 0.325" 27.27° 23.12%9 251%
Sardari 225.99%°¢ 220.48° 0.183°¢ 20.04°¢ 21.63Y 2.25%
Shahryar 208.40°%° 295.35 * 0.280°° 24.69%° 19.85°¢ 1.90 «
Shiraz 164.73° 258.21° 0.300 20.96 * 25.18%" 1.60¢
Sivand 221.98% 248.73° 0.217" 20.00°¢ 22.54°9 2.32%
Oroom 226.61% 417.43"™ 0.318™ 23.92% 31.40* 1.80¢
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Means followed by similar letter(s) are not significantly different at P<0.05 based on Duncan’s test.
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Table 6. Tolerance indices of 13 wheat genotypes based on grain yield under stressed and non-stressed conditions

Yp Ys Variations TOL MP GMP
Cultivar (o/m?) (o/m?) percentage SsI (g/m? (o/m?) (o/m?) STl vl YSl

(<5} (<5} <5} <5} [} [} [} [} [} [}

£ 5§ 2§ 2 5§ 2% 35 2§ 25 2% 33§ 28

> o > o > o > o > @ > o > o > o > o >
Aflak 61445 1 42545 1 30.78 5 081 5 189 8 5200 1 51129 1 129% 1 1521 1 0692 5
Alvand 30343 13 22198 9 26.84 3 071 3 81 1 262.7 10 25953 10 0334 10 0794 9 0732 3
Bahar 44568 7 300.80 7 3251 8 086 8 145 5 3732 7 366.14 7 0664 7 1.076 7 0675 8
Dena 32883 12 22540 8 3145 7 083 7 103 2 2771 9 27225 9 0367 9 0.806 8 0685 7
DN-11 597.27 2 410.00 2 31.35 6 083 6 187 7 5036 2 49485 2 1214 2 1466 2 0.686 6
Marvdasht 51145 5 40315 3 21.18 1 056 1 108 3 4573 4 454.08 4 1.022 4 1442 3 0788 1
Parsi 566.60 3 398.67 4 29.64 4 079 4 168 6 4826 3 47528 3 1119 3 1426 4 0.704 4
Pishgam 53953 4 30187 6 44.05 9 117 9 238 13 4207 5 40357 6 0.807 6 1.079 6 0560 9
Sardari 335.87 11 105.08 13 68.71 13 182 13 231 11 2205 13 187.86 13 0175 13 0376 13 0313 13
Shahryar 395.63 8 195.07 10 50.69 10 134 10 201 9 2954 8 27780 8 0382 8 0.698 10 0.493 10
Shiraz 359.80 10 156.62 11 56.47 11 150 11 203 10 2582 11 237.39 11 0279 11 0560 11 0435 11
Sivand 36650 9 13097 12 64.26 12 170 12 236 12 248.7 12 219.09 12 0.238 12 0.468 12 0.357 12
QOroom 47450 6 36035 5 24.06 2 064 2 114 4 4174 6 41350 5 0847 5 1289 5 0759 2
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Continued table 6. Tolerance indices of 13 wheat genotypes based on grain yield under stressed and non-stressed conditions

HAM (g/m?) SDI DI RDI SSPI K4STI KoSTI Rank  Standard oo
Cultivar Deviation

Value Rank Value Rank Value Rank Value Rank  Value Rank Value Rank Value Rank Mean of Rank Sum
Aflak 502.77 1 0.308 5 1.053 2 111 5 21.038 8 2424 1 2999 1 3.06 2.59 5.64
Alvand 256.39 10 0.268 3 0581 8 118 3 9.066 1 0.152 12 0.210 9 6.88 4.04 10.93
Bahar 359.18 7 0325 8 0.726 6 108 8 16.127 5 0.654 7 0.769 7 7.00 0.94 7.94
Dena 26746 8 0315 7 0552 9 110 7 11513 2 0.197 9 0239 8 7.53 243 9.96
DN-11 486.23 2 0314 6 1.006 3 110 6 20.845 7 2146 2 2.609 2 3.82 2.16 5.98
Marvdasht 450.89 4 0212 1 1136 1 127 1 12.055 3 1325 4 2124 4 2.76 1.44 4.20
Parsi 468.03 3 0.296 4 1.003 4 113 4 18.692 6 1781 3 2275 3 3.82 0.95 4,77
Pishgam  387.14 6 0440 9 0.604 7 090 9 26.454 13 1164 5 0941 6 7.53 2.62 10.15
Sardari 160.08 13 0.687 13 0.118 13 050 13 25.689 11 0.098 13 0.025 13 12.65 0.79 13.43
Shahryar  261.30 9 0.507 10 0.344 10 079 10 22324 9 0.297 8 0.186 10 9.24 0.90 10.14
Shiraz 218.24 11 0.565 11 0.244 11 0.70 11 22,616 10 0.179 10 0.088 11 10.76 0.44 11.20
Sivand 192.98 12 0.643 12 0.167 12 057 12 26.217 12 0.158 11 0.052 12 11.76 0.75 12.52
Oroom 409.62 5 0241 2 0979 5 122 2 12,706 4 0946 6 1407 5 4,18 1.55 5.73

1. Stress Susceptibility index
2. Tolerance
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. Mean Productivity

. Geometric Mean Productivity

. Stress Tolerance Index

. Yield Index

. Harmonic Mean

. Yield Stability index

. Sensitivity Drought Index

. Drought Resistance Index

. Relative Drought Index

10. Stress Susceptibility Percentage Index
11. Modified Stress Tolerance Index
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