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Extended Abstract

Background: Black rust is an important fungal disease that widely affects the quantity and quality
of wheat in many regions of the world. The damage caused by black rust disease can be more
than other pathogens in wheat, and its importance is such that millions of hectares of healthy fields
with high production potential can be destroyed completely in less than one month. Resistance is
one of the genetic characteristics of the host that plant breeders use to produce cultivars. Lines
that are recognized as resistant in a survey can be used as a source of resistance in another breeding
program. Genetic resistance reduces or eliminates the consumption of chemical poisons, and as a
result, it is considered the most economical and healthiest method of combating plant diseases.
Accordingly, 24 bread wheat genotypes including eight cultivars and 16 promising lines were
studied to statistically investigate some physiological markers related to resistance to black rust
disease. In this study, two varieties MV-17 (disease-resistant variety) and Morocco (disease
susceptible variety) were selected as controls due to their different behaviors in resistance to
wheat black rust.

Methods: This experiment was carried out under the conditions of infection and non- infection
with the native race TKTTF of wheat black rust disease and in a randomized complete block
design with four replications in the greenhouse of the Research Institute of Plant Breeding and
Seed Preparation in 2019. The measured and recorded physiological traits were leaf relative water
content (RWC), cell membrane stability (MP), electrical conductivity (EC), chlorophyll content
(SPAD), and chlorophyll fluorescence.

Results: At the probability level of 1%, the genotypes were significantly different, and the
interaction effect of disease x genotype was significant for all traits, which indicates the
non-homogeneous difference of the genotypes for the studied traits in two infection and
non-infection conditions. For all measured traits, there was a significant difference between two
different levels of disease infection, which shows the effect of the black rust pathogen on RWC,
membrane permeability, EC, chlorophyll concentration, primary fluorescence, maximum
fluorescence, variable fluorescence, and photochemical efficiency of photosystem II. The results
showed that pathogen contamination increased RWC, chlorophyll concentration, membrane
permeability, initial fluorescence, maximum fluorescence, variable fluorescence, and
photochemical efficiency of photosystem Il while it decreased EC. Based on all studied
physiological traits, MV-17, C-98-17, C-98-11, C-98-5, C-98-12, C-98-18, C-98- 16, C-98-3, and
CD-94-9 were identified as the genotypes with more resistance to the disease agent. There was a
high correlation between initial fluorescence, maximum fluorescence, variable fluorescence,
photochemical efficiency of photosystem Il, membrane permeability, and EC in response to stem
rust. Based on Ward's cluster analysis and detection function analysis, the genotypes 8, 7, 2, and
7 were divided into four separate groups in the conditions of infection with black rust. In the
condition of no disease contamination, 6, 9, 4, and 5 genotypes were clustered in four separate
groups.

Conclusion: This study showed the effect of East Azerbaijan stem rust TKTTF race on the
physiological traits of winter cultivars and lines of wheat. This race caused changes in the studied
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physiological traits in both experimental conditions. Therefore, it can be concluded that the
resistant lines are more resistant to the disease than the commercial variety and are recommended
to be used as selected lines in breeding programs. According to the results of the grouping of
genotypes and the placement of valuable genotypes in terms of the traits RWC, membrane
permeability index, chlorophyll content, initial fluorescence, maximum fluorescence, variable
fluorescence, photochemical efficiency, photosystem |1, and EC in the first and second groups in
the conditions of disease infection and non- infection, the results of cluster analysis showed a
good relationship with the results of variance analysis and comparing the averages of the studied
traits. The results showed the diversity of physiological traits measured in response to black rust
disease. Therefore, possible genotypes with resistance to this pathogen can be identified by using
the changes in these traits. Given the relationship between the results obtained from the evaluation
of physiological and pathological traits, the physiological traits may be used as indicators related
to resistance to wheat black rust disease. In other words, the physiological indicators used could
detect the existence of diversity and response to resistance to black rust disease, and they can be
used as physiological indicators related to resistance to black rust disease of wheat. Examining
different traits in different environmental conditions has shown the way the genotypes act and
respond to the pathogen changes with the change in environmental conditions. For this purpose,
these studies should be carried out over several years and in different environments. It is also
recommended to carry out similar studies using agricultural traits at the sorghum plant stage and
biochemical traits related to the disease.
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Table 1. Characteristics of wheat genotypes that used in this study

oy Jl s o3 b ) e @,
Pedigree Year Origin Cultivars Genotype name No.
Bkt/90-Zhong 87 1388 Mihan Mihan C-98-1 1
Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi 1393 Haydari Haydari C-98-2 2
Omid/4/Bb/Kal//Ald/3/Y50E/Kal*3//Emu"s"/5/Zrn/6/Zrn/Shiroodi 1395 Zarrineh Zarrineh C-98-3 3
130L1,11//F35,70/Mo73/4/Ymh/Tob//Mcd/3/Lira 1388 Zareh Zareh C-98-4 4
Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi - - - C-98-5 5
Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi - - - C-98-6 6
Charger//CMHB80A.768/3*Cno79/3/Zrn - - - C-98-7 7
Charger//CMHB80A.768/3*Cno79/3/Zrn - - - C-98-8 8
Spb"'s"//K1349/Go/3/Vee"s"/4/Bkt/90-Zhong 87 - - - C-98-9 9
Shahpasand/Norman - - - C-98-10 10
Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi - - - C-98-11 11
Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi - - - C-98-12 12
Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi - - - C-98-13 13
Spb"'s"//K1349/Go/3/Vee"s"/4/Pishgam - - - C-98-14 14

AU/3/MINN//HK/38MA/4/YMH/ERA/S5/PMF//CNO/GLL/6/KAUZ//ALTAR

84/A0S/7/TAM105/3/NE70654/BBY//BOW"S"/4/Century*3/TA2450 - - - C-98-15 15
GRK79/TUKURU - - - C-98-16 16

MV NEMERE - - - C-98-17 17
ARS97135-9/03A-B4//KS0603A~49 - - - C-98-18 18
Zarrin/Shiroodi/6/Zarrin/5/0Omid/4/Bb/Kal//Ald/3/Y50E/Kal*3//Emu - - - CD-94-9 19
Ga961565-27-6/La95283Ca-78-1-2 - - - CD-94-5 20
SLAVIA/MV-FT//BARANJK 1371 MV-17 MV-17 MV-17 21

Lufer-1/Kinaci97 1397 Heyran Heyran CD-92-6 22

Susceptible check - Mogocc Morocco Morocco 23

Susceptible check - Bolany Bolany Bolany 24

ol S35 4 (Sogfl pas g (Sl byl )3 puiS hliseo slaisis 5 00 (S0l Sy5lsy b i uil)ly 4525 =Y Jgae
Table 2. Variance analysis of physiological traits measured in different genotypes of wheat under stem rust infection
and non-infection conditions.

Slayo (:5ke
Mean of squars
{1
) . . s iy 5 ol
) L . u)-“ 5 elan )2 P el
e R s Sl SRR Gl SOV
s () iy (Fo) - (EC) Soboelze TR
1] (Fm) (SPAD) (RWC)
(AF/Fm) (MP)
0.003" 185691.88* 265741.92* 7154.08** 4116.255*  2231934.380**  478.172*  7714.005** 1 Dkijs);:e
Solow /)5
0.054 1117541.57 1235535.13 33460.58 47.450 95432.859 8.214 249.089 6 Repeat /
Disease
0.131% 1279718.40**  1629080.15** 208184.99* 31.614 "™ 507787.114% 264.375* 686.929°** 23 G;;ggfpe
X 5)low
0.095% 595237.54* 452415.74% 108573.36* 53.538* 325283.391* 229.639* 611.223* 23 D_&f&?ﬁ
isease x
Genotype
0.023 130474.04 130544.44 29086.06 31.134 64529.508 49.203 248.103 138 Eﬁzr
RIWE O
23.04 32.96 22.71 34.44 15.29 28.63 16.65 20.97 ()
CV(%)

*, " and " Significant at 1%, 5% and non-significant probability level om0 5 10 Jlaisl ol )3 e cafi 4 1S 5070
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Table3. Mean of physiological traits measured in different genotypes of wheat under stem rust infection and non-infection conditions.
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0l (s pSojlul las

Traits
o)l clals bergd S b g s ol - Snds8 Oljee ol s (g St Sles:
B e uilus yolé Al uilio oo adgl il 5l Sossl el e Genotype Disease
(SPAD) I g (Fv) (Fn) Fo) (EC) ok slis Sy
(AF/Fm) v " Fo (MP) (RWC)
37 25 BCDEFGHIK 0 6717 "ABCDEFGHT 1484 ABCDEFGHT 2181 BCD 697 5 BCDEF 627 0 GHIJRCM 47 50 BT 74 00 ‘ABCDE C_98_1
36:75 BCDEFGHIK 0:6679 ABCDEFGHI 1365 ABCDEFGHIJ 2007. 'ABCU}:F 641.5. ABCDEFGHIJ 1580AHCU 31.'75 Cbe 86..00 ABCD C_98_2
32.00 FGHIJKLM 0'7525 ABCDEFG 1661 ABCDE 2172' ABCD 510'3 ABCDEFGHIJKL 1423 ABC 22.00 E 80.00 ABCDE C_98_3
34'00 CDEFGHIJKL 0.4492 EFGHIJ 766.5 HIUKLM 1587' CDEFGHIUKLMN 820'3 ABC 1471 AB 22.50 E 88.50 ABC C_98_4
32.50 DEFGHUKLM 0.5083 CDEFGHI 902.3 DEFGHIUKLMNO 1567. CDEFGHIKLMN 664.5 ABCDEFGHI 1008 ABCDEFGHUKL 44.25 ABC 71.50 ABCDE C-98-5
24.25 M 0.4249 FGHI 610.5 JKLMNO 1300. EFGHIKLMNO 689.3 ABCDEFG 978.0 ABCDEFGHIKL 45.00 ABC 67.50 ABCDE C-98-6
36.25 BODEF 0.7141 ABCDEFGH 1608, ABCOEF 2202, AsC 614,3 ABCDEFGHIK 1526, A 2575 DE 89,00 AeC C-98-7
30.00 JKLM 0.6970 ABCDEFGHI 1356. ABCDEFGHI) 1960. ABCDEFGH 603.8 ABCDEFGHUK 1032. ABCDEFGHIJK 44.00 ABC 74.00 ABCDE C-98-8
33.00 DEFGHUKLM 0.7116 ABCDEFGH 1370. ABCDEFGHI) 1895. ABCDEFGHI 524.5 ABCDEFGHIKL 1526. A 25.75 DE 70.50 ABCDE C-98-9
31,00 HIKLM 0.8169 ABC 1793 A8 2200, AsC 406.3 EFGHIKLM 527.5 KM 48,75 A 8250 ABCD C-98-10
36.25 BCDEFGHIK 0'7206 ABCDEFGH 1235. ABCDEFGHIK 165]“ BCDEFGHIJKLM 416'0 DEFGHIJKLM 916'3 BCDEFGHIKL 45'75 ABC 75'50 ABCDE C_gg_ll B
30.00 JKLM 0'6099 ABCDEFGHI 617'5 JKLMNO 1007' KLMNO 389'3EPGH|JKLM 865.5 CDEFGHIKL 46'50 ABC 101'5 A C_gg_lz ;39”
32 25 EFGHIKLM 0 6959 ABCDEFGHI 803 3 FGHIJKLMNO 1158 HIJKLMNO 354 5 FGHIJKLM 630 3 GHIKLM 47 75 ABC 82 50 ABCD C_98_13 | f t-
) . m : 0.8023 ABCD 955'0' CDEFGHIJKLMNO 1189.. GHIJKLMNO 2'33'5 KLM 1079: ABCDEFGHIJ 44:50 ABC 85:50 ABCD C_98_14 nection
35'00 CDEFGHIKL 0'7391 ABCDEFG 859.5 EFGHIJKLMNO 1161 HIJKLMNO 301'3 GHIKLM 605.0 GHIJKLM 47'25 ABC 67.00 ABCDE C_gg_ls
32'50 DEFGHIJKLM 0'7233 ABCDEFGH 1177. ABCDEFGHIJKL 164]“ BCDEFGHIJKLM 464.3 BCDEFGHUKLM 789'8 EFGHIJKLM 46'00 ABC 99.50 A C_98_16
29.00 KM 0.2450° 3405 MO 1100 PKLMNO 759.5 ABcoe 1114, ABCOEFGH 4525 Asc 77.50 ABCoE C-98-17
32.50 DEFGHIJKLM 0.5333 BCDEFGHI) 4315 KLMNO 862.5 MNO 431.0 DEFGHIJKLM 1085. ABCDEFGHI 44.00 ABC 99.50 A C-98-18
29,00 KM 0.8326 A5C 1460, ABCOEFGH! 1755, BODEFGHIKL 25,0 HIKLM a8 2600 ©°E 9250 ¢ CD-94-9
30.75 UKLM 0.7746 ABCDE 1592. ABCDEFG 2065. ABCDE 473.0 BCDEFGHIUKLM 1148. ABCDEFGH 42.50 ABC 89.00 ABC CD-94-5
31.50 GHIJKLM 0.6690 ABCDEFGHI 921.0 CDEFGHIJKLMNO 1382. DEFGHIUKLMNO 461.0 BCDEFGHIUKLM 490.3 KLM 48.25 AB 62.50 BCDE MV-17 _D
31.25 HIUK 0.5046 CDEFGHI 457.0 KLMNO % MNO 438.8 CDEFGHUKLM 623.0 GHUKLM 47.50 ABC 94.00 AB CD-92-6 'E_‘
32'25 EFGHIJKLM 0.8128 ABCD 1110' ABCDEFGHIJKLMN 1370. DEFGHIJKLMNO 260.0 JKLM 758.8 EFGHIUKLM 46'50 ABC 75.50 ABCDE Morocco %\ CL
31'00 HUKLM X 960 ABCDEFGHI 683.3 JKLMNO 973'5 LMNO 290.3 UKLM 836'3 DEFGHIJKL 46'25 ABC 82.50 ABCD Bolany .\ o
40,25 AsCLLFGHI 06882 AvcuRrGHI 1774, A 2571 A 797.8 Aso 9185 HCVEHGHIKL 46,25 AsC 7350 AscL C-98-1 g
39.25 BCDEFGHI 0'8714 AB 1738. ABC 1983. ABCDEFG 245.5 KLM 750'3 FGHIUKLM 37'50 BCL 67.50 ABCDE C_gg_ S;‘\ \g\
37.75 BCDEFGHIK 0'7685 ABCDEF . A 2042. ABCDE 553.5 ABCDEFGHIJKL 615.3 GHIKLM 47.50 ABC 54.00 Cbe C_98_3
36.50 BCDEFGHIK 0'5508 ABCDEFGHIJ 1160. ABCDEFGHIJKL 2414. AB 881.5 A 575.3 HUKLM 46.75 ABC 53.00 Cbe C_98_4 fg‘ \D;
40'50 ABCDEFGHI 0'6834 ABCDEFGHI 1684. ABCD 2433. AB 748.5 ABCDE 1137. ABCDEFGH 43.75 ABC 50.50 DE C_98_5 .‘? \\‘;
42,05 Avcw 0.8885 1809, A 2044, AscLE 2348 KM 1174, Ascoeks 4375 A% 73,00 AscoE C-98-6 X
4225 ABCD 05600 ABCDEFGHI 1223 ABCDEFGHIK 2066 ABCDE 43 AB 7023 FGHUKLM 4700 ABC 5950 BCDE C_98_7 g' g
3875 BCDEFGHIJK 08380 ABC 1620 ABCDEF 1960 ABCDEFGH 3395 FGHUKLM 4415 LM 4775 ABC 5050 DE C_98_8 [y
4000 ABCDEFGHI 05930 ABCDEFGHI 1312 ABCDEFGHI) 2111. ABCDE 7995 ABCD 1219 ABCDEF 3475 BCDE 7950 ABCDE C_98_9 ET %
4150 ABCDEF 06149 ABCDEFGHI 1127. ABCDEFGHUKLM 1807 ABCDEFGHIJK 6800 ABCDEFGH 5013 JKLM 4800 AB 7750 ABCDE C_98_lo — <
3875 BCDEFGHIJK 06432 ABCDEFGHI 1197 ABCDEFGHIK 1788 ABCDEFGHIJK 5905 ABCDEFG 5125 UKLM 4775 ABC 7500 ABCDE C_98_ll : ':L
3450 CDEFGHIKL 03644 ) 4345 KLMNO 1082 JKLMNO 6475 ABCDEFGHIJ 9480 BCDEFGHIJKL 4275 ABC 8250 ABCD C_98_12 L;),ﬂ [n—\:— ,E \6‘
49.25 A 0.8251 ABC coe 82 o 1213 FGHIKLMNO 214.8 M 6415 GHIKLM 47.25 ABC 103.0 A C-98-13 Non -Infection h3 5
45.75 A 0.8782 A 1528, ABCURRGH 1732, sovkrGHIKL 2045 M 812.0 EroHiKL 44.75 A% 74,50 AscL C-98-14 nF
43.75 ABC 0.8076 ABCD 1485' ABCDEFGHI 1845. ABCDEFGHIJ 359.5 FGHIJKLM 671.8 FGHUKLM 45.25 ABC 75.50 ABCDE C_98_15 [ N
41.25 ABCDEFG 0'4721 DEFGHIJ 623'0 JKLMNO 1145 NKLMNO 521.8 ABCDEFGHIJKL 584.0 HUKLM 46.75 ABC 77.00 ABCDE C_98_16 %_ E\
3875 soverHiK 0.3929 v 308.8 M0 8138 MO 505.0 ASCOEFGHUKL 1477, A 2300 b 77.00 AscL C-98-17 R
46.00 A 0.4070 &1 2310 © 672.8 Y 4418 COEFGHIKLM 516.5 kLM 47.75 A% 60.75 Beve C-98-18 .
ABC J o MNO ABCDEFGHI EFGHIKL ABC BCDE - X X
443’57050 AB 0082845976 A 1231.21A2égDEFGH|JK 13508 3.EFGH|JKLMNO 6515 5 M 95759A75A8BCDEFGH|JKL 3828 ABC 54845500 E gg_gi_g [‘. ;§
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Table 4. Pearson’s correlation of physiological traits measured in different genotypes of wheat under stem rust
infection condition.
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Table 5. Pearson’s correlation of physiological traits measured in different genotypes of wheat under stem rust non-
infection condition.
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Figure 1. Dendogram of cluster analysis of different wheat genotypes based on measured physiological traits under
stem rust infection condition using Ward method.
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Figure 2. Dendogram of cluster analysis of different wheat genotypes based on measured physiological traits under
stem rust non-infection condition using Ward method.
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Table 6. Average of groups and their percentage deviation from the total average based on measured physiological
traits in different genotypes of wheat under stem rust infection and infection conditions.
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Table 7. Average of groups and their percentage deviation from the total average based on measured physiological
traits in different genotypes of wheat under stem rust infection and non-infection conditions.
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Table 8. Discriminant function analysis for determinin% cutting pint_of dendrogram obtained from cluster analysis
of different wheat genotypes based on measured physiological traits under stem rust infection condition.
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Table 9. Discriminant function analysis for determining cutting pint of dendrogram obtained from cluster analysis of different
wheat genotypes based on measured physiological traits under stem rust non-infection condition.
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