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ABSTRACT

Bread wheat is a valuable food sources that has been attacked by many diseases and reduces its quantity and quality. One of
the major diseases of wheat is wheat take-all caused by Gaeumannomycs graminis var. tritici that is often prevalence in
humid regions. Aim of this study was to evaluate bread wheat cultivars with different levels of resistance to take-all that had
been selected from screening at greenhouse, in field conditions and study on relationship between the disease resistance
index and agronomic traits and micronutrients. For this purpose, 15 genotypes were planted in infected and non-infected
conditions at field and the traits: chlorophyll, carotenoids, flag leaf area, height, number of spikelets per spike, spike length,
peduncle length, 100kernel weight, seed weight per spike, number of grains per spike, total grain weight per plant, biological
weight, harvest index and micronutrients in grain (Fe, Mn and Zn) were measured. The amount of Fe (in grain) in infected
treatment showed a significant increase in compared to control. Finally genotypes 485, 1528, 501, 8031 and 585 were better
than the others in the point of above traits at infected environment. The results showed that disease index measured in the
greenhouse had a negative correlation with plant height, seed weight per spike, flag leaf area, 100kernel weight and amount
of grain iron in infected conditions at field shows that greenhouse evaluations can be used for selection of tolerant genotypes
to take-all disease.
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Table 1. Characteristics of genotypes are used in this study
Row No. of genotype in Growth Disease Range of score Response to
Collectionl habitl index1 means diseasel

1 168 Spring 1 4<Sc<5 Highly sensitive
2 485 Winter 0 Sc=0 Highly resistant
3 501 Spring 1 4<Sc<5 Highly sensitive
4 585 Spring 0.83 4<Sc<5 Highly sensitive
5 637 Spring 1 4<Sc<5 Highly sensitive
6 707 Spring 0.9 4<Sc<5 Highly sensitive
7 905 Spring 0.46 1<Sc=2 Moderately resistant
8 1528 Winter 0 Sc=0 Highly resistant
9 1532 Spring 0.83 4<Sc<5 Highly sensitive
10 1622 Winter 0 Sc=0 Highly resistant
11 1637 Winter 0 Sc=0 Highly resistant
12 2156 Winter 0 Sc=0 Highly resistant
13 2167 Winter 0.13 0<Sc<1 Resistant

14 8031 Winter 0 Sc=0 Highly resistant
15 9019 Spring 0.86 4<Sc<5 Highly sensitive

1: Determined in greenhouse
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Table 2. Analysis of variance for flag leaf area, micronutrients in grain (Fe, Mn, Zn), chlorophyll and Carotenoids

MS

df MS MS

S.0v df . Total
Carotenoidl chlorophylll bl

Chlorophyll Chlorophyll

df Flag Leaf

Zinc2 Manganese2 Ferric2 Area3

al

Type 1 0101 0.956" 0.174ns 03027 1 0.213° 115286 88.56ns 1 1849.74"
Genotype (type) 13 0.082™ 0.984™ 0.185™ 0.206™ 9 0.087ns 25602 43.0lns 11 71.347
Infection 1 0.0154ns 2327 0.204" 0.499™ 1 0.112ns 20.202"° 776.63" 1 0.10ns
Type x infection 1 0.007ns 0.041ns 0.061ns 000lns 1 0.18"  0.187ns 16.71ns 1 107.42"
infection x genotype 13 0.129” 16757 0.244™ 0407" 9 0.083ns 11927  85.30" 11 109.25"
(type)

Error 30 0.016 0.085 0.043 0.022 22 0041 4586 3111 26 9.03

CV (%) 15.39% 17.02% 26.11% 17.42% 960%  592%  11.75% 21.28%

R IR Ry I SIS NP VORI F Y S KPP ) LS YV S P T

ns,*, **: no significant, significant at 0.05, 0.01 and 0.001, respectively.

1, 2 and 3: were measured in 15, 11 and 13 genotypes respectively.
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Table 3. Analysis of variance for agronomic traits
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Type 1 0.06** 1.38** 0.051ns 36.607* 231.263** 99.77* 6780.22**  0.04ns 0.19* 6.714**
Genotype (type) 13 0.06** 0.15** 0.055* 6.695ns 8.965** 108.03** 325.55**  0.29** 0.37** 1.672**
Infection 1 0.071ns 0.08ns 0.30** 11.719ns 12.691* 42.30ns 825.07**  0.40** 0.007ns  0.115ns
Type x infection 1 0.0005ns 0.01ns 0.055ns 94.862** 0.091ns  45.50ns 93* 0.40** 0.16* 0.011ns
infection x 13 0.045ns 0.01ns 0.034ns 19.991*  4.201*  27.23ns 94** 0.09 0.11** 0.256ns
genotype (type)
Error 30 0.024 0.04  0.024 9.200 1.954 19.08 13.30 0.04 0.03 0.159
CV (%) 9.9% 20.43% 10.40% 1352% 1141% 11.11% 5.94% 18.80% 11.20% 8.52%

1, 2. Transformed respectively for normality.

oY el b man )0 s cire Dl D929 ¢ lo gine OS] D55 o 5 4y
ns,*, **: no significant, significant at 0.05, 0.01, and 0. 001 respectively.
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Table 4. Test the difference between infected and control treatment (1-C) within growth types by LSD

Mean of characteristics

. Fla Seed weight Number of spike Panicle . Total weight
Type Genotype Carotenoid Leaf Ag\]rea per panicgle per paniclg length Height biologicgl
1-C 1-C 1-C 1-C 1-C 1-C 1-C
168 0.03ns 10.53** 0.06ns 1.35ns 2.5ns -8* -0.18ns
501 0.03ns 4.57ns -0.14ns A4.1ns 1.5ns 6ns 0.38*
585 0.68** 7.34* 0.74** -6.9* 4** 31.5%* 0.01ns
Spring 637 -0.4%* 8.69** -0.48* -6.6* 1.25ns 10%* 0.24ns
707 0.13ns - -0.34ns 0.1ns 1.5ns 1.5ns 0.07ns
905 0.06ns -13.01** -0.34ns -3.9ns -2.5ns 6.5ns 0.26ns
1532 0.06ns - 0.02ns -8.1* Ons -2ns -0.45*
9019 -0.14ns -1.29ns 0.14ns 1.1ns Ons 7ns 0.33ns
Mean 0.05ns 2.80* -0.04ns -3.35** 1.03ns 6.56** 0.08ns
LSD 0.05 (spring)1 0.08 2.18 0.14 2.18 1.07 3.61 0.12
LSD 0.01 (spring)1 0.12 2.95 0.19 2.94 1.35 3.52 0.16
485 0.36** 4.62ns 0.24ns -2.33ns 5** 5ns -0.61*
1528 0.27* 7.66* 0.19ns -5.5ns Ons 8* 0.31ns
1622 0.09ns -15%* -0.26ns -3.4ns 1.5ns 9* -0.28ns
Winter 1637 -0.2ns -4.32ns -0.14ns 5.9ns -1.5ns 9* -0.36ns
2156 -0.65** -20.4** -0.33ns 4ns 1.5ns 16.5** -0.45*
2167 -0.27* -4.65ns -0.39ns 6ns -1ns 15** 0.04ns
8031 0.52** 10.97** -0.08ns 6.78* 2.5ns 8* 0.42*
Mean 0.01ns -3.01* -0.11ns 1.63ns 1.14* 10.07** -0.13*
LSD 0.05 (winter)1 0.09 2.33 0.15 2.34 1.07 2.79 0.13
LSD 0.01 (winter)1 0.12 3.15 0.20 3.15 1.44 3.76 0.17
LSD 0.052 0.25 6.17 0.40 6.18 2.85 7.43 0.37
LSD 0.012 0.34 8.34 0.55 8.34 3.84 10.02 0.50
ns,*, **: no significant, significant at 0.05 and 0.01, respectively. LN e [0 a0l pe Dgli Sz g ¢ lo pxe BT 04 % NS
1: The amount of LSD for mean test (I-C) per type of growth. (§xy ad o (1-C) 2 Silee (051 (6l LSD (yl500 2
2: The amount of LSD for test (I -C) per genotype. OBl 1 10 (1-C) (g3l (5l LSD (yl5me Y

LSD U?‘A)] :\JL: » A.w) h.A.».l L')j)b A.QL...; )‘ oéjﬂ 6LQ)LM u,»ilLua UBL&U Ujﬁ)“— GL».: f JB» 3.9‘0‘
Continued table 4. Test the difference between infected and control treatment (1-C) within growth types by LSD

Mean of characteristics

Total Zinc Total seed Ferric Manganese

Type Genotype Chlorophylla — Chlorophyllb 10 00hvil  (ue /e)  weight per plant  (ug /o) (ng/g)
1-C 1-C 1-C 1-C 1-C 1-C 1-C
168 0.28* 0.3ns 0.50ns - -0.34ns - -
501 -0.04ns -0.01ns -0.16ns -0.3ns 0.40* 0.7ns -2.25ns
585 1.06** 0.99** 2.34%** - -0.22ns - -
Sprin 637 -0.61** -0.55* -1.01** 0.5* 0.30ns 8.35 8.25**
pring 707 0.22ns 0.55% 0.9%* - -0.01ns - -
905 -0.02ns 0.01ns -0.08ns -0.2ns 0.03ns 15.35** 1.55ns
1532 0.7** 0.11ns 1.20** 0.25ns -0.72%* -8.75ns -2.35ns
9019 -0.02ns -0.2ns -0.19ns -0.12ns -0.20ns 10ns 0.95
Mean 0.22** 0.135ns 0.43** 0.016ns -0.10ns 5.13* 1.23ns
LSD 0.05 (spring)1 0.10 0.14 0.21 0.14 0.14 3.98 1.51
LSD 0.01 (spring)l 0.14 0.20 0.28 0.18 0.19 5.32 2.02
485 0.95** 0.63** 1.84** -0.05ns -0.563* 13.9* -4.4ns
1528 0.92** 0.31ns 1.95%* -0.05ns -0.08ns 11.7* 3.85ns
1622 0.57** 0.4ns 1.17** Ons -0.46* 2.5ns 1.95ns
Winter 1637 0.72** -0.41ns 1.37** -0.45* -0.54* 14.35* -2.1ns
2156 -0.98** -0.84** -1.97** -0.6** -0.35ns 16.8** 1.3ns
2167 0.08ns -0.1ns 0.05ns - -0.24ns - -
8031 -0.03ns 0.39ns 0.74* -0.25ns -0.18ns -1.2ns -0.65ns
Mean 0.31** 0.05ns 0.73** -0.23** -0.39** 9.67** 0.49ns
LSD 0.05 (winter)1 0.11 0.15 0.22 0.15 0.15 4.24 1.61
LSD 0.01 (winter)1 0.15 0.21 0.30 0.20 0.20 5.67 2.16
LSD 0.052 0.30 0.42 0.59 0.40 0.40 11.56 4.44
LSD 0.012 0.40 0.56 0.8 0.54 0.55 15.72 6.03
ns,*, **: no significant, significant at 0.05 and 0.01, respectively. LY g lo 0 s yo Sl g Sgli Sy gyl pre BB 045 s s S
1: The amount of LSD for mean test (I-C) per type of growth. S0y b (1F0) uSiles yge;l (610 LSD ol 2

2: The amount of LSD for test (I -C) per genotype. OBSI5 o 30 (1FC) (g3l (5l LSD (yl5me Y
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Table 5. Comparison between resistant and sensitive genotypes for traits in infected condition at level 0.05

Response DIl Kwl00 wpp wspp H Lp Ls Sp HI  ws ns Fe Mn  Zn a b atb  car FLA

Resistant 0.07a 4.85a 1.65a 1.03a 82a 32a 14a 17.49a 1.38a 1.44a 1.57a 54.03a 37.89a 2.05a 0.9a 0.78a 1.82a 0.8la 17.02a

Sensitive 0.91b 4.12b 1.65a 1.17a 55.6b 28a 10b 16.26a 1.52a 1.16b 1.53a 47.5b 34.91a 2.05a la 0.93a 2.02a 0.9la 9.32b

1. Determind in greenhouse

°‘>9ﬂ .]ai‘).w )é R Cov Slaw O M R4 Js»
Table 6. Correlation between traits under study in infected conditions

Traits DI1 kw100 wpp wspp H Lp Ls Sp HI  ws ns a b atbh car LI Fe Zn
Kw100 -0.576* 1

wpp -0.009 -0.25 1

wspp 0.21 -0.34 0.8** 1

H -0.8** 0.53* 0.07 -0.1 1

Lp -0.36  0.15 0.07 -0.005 0.54* 1

Ls -0.89** 0.72** -0.06 -0.25 0.6** 0.35 1

sp -0.20 -0.23 020 004 024 013 -0.14 1

HI 039 -0.14 -038 0.14 -041 -0.15 0.33 -0.46 1

ws -0.56* 0.69* 0.17 0.029 0.42 0.03 0.72** -0.39 -0.28 1

ns -0.14 -0.18 0.20 0.38 -0.01 0.27 0.19 -0.07 -0.29 -0.04 1

a 013 0.08 010 -0.04 -0.2 -0.30 0.07 -0.55* -0.26 0.34 -0.35 1

b 0.24 -0.05 0.06 0.003 -0.28 -0.29 -0.15 -0.45 -0.12 0.18 -0.34 0.8** 1

a+b 013 0.06 015 003 -0.18 -0.2 0.04 056* -0.23 0.36 -0.33 0.9** 0.9** 1

car 042 -023 019 0.09 -0.36 -0.17 -0.09 -0.36 -0.20 0.16 -0.09 0.7** 0.9** 0.8** 1

FLA -0.6* 040 -0.09 -0.37 056 0.24 0.6** -0.03 -0.48 039 -0.18 012 -0.06 012 004 1

Fe -0.56* 0.50 0.18 0.15 0.46 0.007 0.38 0.18 -0.08 0.56* -0.07 0.28 -0.34 -0.25 -0.30 0.18 1

Mn -0.47 051 -045 -05 054 06* 047 0130001 0.03 -0.23 -0.11 -0.30 -0.10 -0.33 0.6* 0.03 1
Zn -0.06 -0.19 020 0.0 006 053 0.25 -0.09 -0.21 0.09 044 0.07 -0.06 0.07 0.28 0.39 0.11 0.13

(Sp) adsm o axlos jlad oLs) adss Jsb oLp) JKeo Jsb «(H) glas,l (wspp) ails JS 59 «WPP) o8 JS ()59 «(kW100) wloos 59
X «(Fe) C,a{\ Car) 0959, «(@th) JS A s (D) b A s «(8) @ & s o(NS) AdsS j0 dilo el (WS) alig> j0 &ils 39 f(HI) cudls y asli

(S o ousasiie) D) (5lem S0l (FLA) o2 5 5 s mlaws (ZN) (55, «MN)
100- Kernel weight= kw100, Total weight biological= wpp, Total weight seed per plant= wspp, Height= H, Peduncle length= Lp, Panicle length= Ls, Number of

spike per panicle= sp, Harvest index= HI, Seed weight per panicle= ws, Number of seed per panicle= ns, Chlorophyll a= a, Chlorophyll b= b, Chlorophyll a+b=
a+b, Corotenoid= car, Ferric= Fe, Manganese= Mn, Zinc= Zn, Flag Leaf Area= FLA, Disease index= DI (determined in greenhouse).
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Figure 1. Dendrogram of cluster analysis of bread wheat cultivars Ward method is based on the average standard
agronomic traits and the square Euclidean distance
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Table 7. Regression Analysis of variance

Source Df MS p-value
Regression 3 2.88 0.012
Residual Error 11 0.48
Total 14

ws = 0.384DI + 0.304kw + 0.852Ls
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Table 8. The results of path analysis to show direct

and indirect effect of different traits on seed weight

per spike (ws)
Trait Correlation Direct Undirect effect
with ws effects DI kw100 Ls
DIl -0.56 0.383 - -0.176 -0.763
kw100 0.70 0.305 -0.220 - 0.614
Ls 0.72 0.851 -0.345 0.221 -

0.616 = Residual

1: Determined in greenhouse.
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Figure 2. Diagram of path analysis
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Figure 3. Diagram of two-dimensional position wheat genotypes based on the first and second factors
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Table 9. Coefficients of agronomic traits on first factor and second factor analysis

Mean of traits Factor 1 Factor 2
Disease index1 -0.953 0.069
100 kernel weight 0.455 -0.203
Total weight biological 0.022 0.942
Total weight seed per plant -0.129 0.956
Height 0.714 0.011
Peduncle length 0.210 0.018
Panicle Length 0.876 -0.123
Number of spike per panicle 0.029 0.044
Harvest index -0.273 -0.101
Seed weight per panicle 0.633 0.169
Number of seed per panicle 0.107 0.208
Explained variance 26.7% 17.7%

YiA

1: Determined in greenhouse.
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Figure 4. The appearance of genotypes growth against disease. (A) Resistant and infected genotype in early stages of
the heading; (B) Susceptible and infected genotype, in early stages of the heading; (C) additional roots production in
tolerant genotype against the disease; (D) root system of tolerant genotype in infected treatment; (E) root system of

tolerant genotype in control treatment; (F) The appearance of susceptible genotypes in full maturity stage; (G) The
appearance of tolerant genotypes in full maturity stage.
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