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Biometric analysis of yield-related traits in response to black rust (Puccinia graminis f. sp.
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Abstract
To investigate the effect of black rust disease (Puccinia graminis f. sp. tritici) on wheat yield and its components and to
identify genetic resources resistant to this disease, 24 wheat genotypes were evaluated in 2020-2021 at the East
Azarbaijan Research Center for Agriculture and Natural Resources. The evaluation was conducted under both infected
and non-infected conditions with the native race TKTTF of the black rust, using a randomized complete block design
with three replications. Talcum powder was used for inoculation, and after sprinkling distilled water and saltrol oil on
the plants, inoculation was done using a mechanical sprinkler. The test results indicated a significant difference between
the genotypes in terms of plant height, spike length, spike diameter, spike weight, number of seeds per spike, hundred
seed weight, seed yield, biomass and harvest index was observed at the probability level of 1%. Additionally, the results
demonstrate that pathogen infection causes a decrease in stem diameter, number of seeds per spike, hundred seed
weight, seed yield, biomass and harvest index. Based on the studied traits, the Zareh and Heyran cultivars, as well as the
C-98-14, C-98-13, C-98-12 and CD-94-5 lines, were identified as resistant genotypes. The genotypes were classified
into four groups under infection and non-infection conditions and into three groups under medium infection conditions,
based on cluster analysis and detection function analysis. The research results indicate that black rust infection has a
negative impact on both the yield and its components. Additionally, the diversity between genotypes can be utilized to
enhance wheat genotypes.
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Table 1. Characteristics and pedigree of 24 wheat genotypes that used in this study.

No. Name Cultivars  Released year  Pedigree

1 C-98-1 Mihan 2010 Bkt/90-Zhong 87

2 C-98-2 Haydari 2015 Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi

3 C-98-3 Zarrineh 2017 Omid/4/Bb/Kal//Ald/3/Y50E/Kal*3//Emu"s"/5/Zrn/6/Zrn/Shiroodi

4 C-98-4 Zareh 2010 130L1,11//F35,70/Mo73/4/Ymh/Tob//Mcd/3/Lira

5 C-98-5 - - Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi

6 C-98-6 - - Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi

7 C-98-7 - - Charger//CMHB80A.768/3*Cno79/3/Zrn

8 C-98-8 - - Charger//CMHB80A.768/3*Cno79/3/Zrn

9 C-98-9 - - Spb"s"//K1349/Go/3/Vee"s"/4/Bkt/90-Zhong 87

10 C-98-10 - - Shahpasand/Norman

11 C-98-11 - - Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi

12 C-98-12 - - Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi

13 C-98-13 - - Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi

14 C-98-14 - - Spb"s"/IK1349/Go/3/Vee"s"/4/Pishgam

15  C-98-15 - i AU/3/MINN//HK/38MA/4/YMH/ERA/5/PMF//CNO/GLL/6/KAUZ//ALTAR84/A
OS/7/TAM105/3/NE70654/BBY//BOW"S"/4/Century*3/TA2450

16  C-98-16 - - GRK79/TUKURU

17 C-98-17 - - MV NEMERE

18 C-98-18 - - ARS97135-9/03A-B4//KS0603A~49

19 CD-94-9 - - Zarrin/Shiroodi/6/Zarrin/5/0Omid/4/Bb/Kal//Ald/3/Y50E/Kal*3//Emu

20 CD-94-5 Ga961565-27-6/La95283Ca-78-1-2

21 MV-17 MV-17 1993
22 CD-92-6  Heyran 2019
23 Morocco  Morocco -
24 Bolany Bolany -

SLAVIA/MV-FT//IBARANJK
Lufer-1/Kinaci97
Susceptible check
Susceptible check
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Table 2. Physio-chemical properties of the soil of the experimental field.

Index Unit Value Index Unit Value

Sand (> 0.02 mm) % 60 PH - 7.7

Silt (0.02-0.002 mm) % 20 Total nitrogen % 0.079

Clay (<0.002 mm) % 20 Auvailable phosphorous mg.kg?! 19

Depth cm 0-30 Available potassium mg.kg? 310

TNV % 11 Fe mg.kg?! 8.6

Soil texture - Loamy Sand Zn mg.kg? 0.86

Organic matter gkg! 0.86 Cu mg.kg! 1.1
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Table 3. Analysis of variance studied traits obtained from reaction to stem rust in the different wheat genotype.

Mean of square

S.0V df . Spike Spike Spike Number of grain per
Plant height(cm) length (cm) diameter(cm) weigth (g)  spike (No)
Disease 1 4060.063™ 0.34™ 0.284™ 1 0.34™
Repeat / Disease 4 28.08 3.35 0.34 2.40 1.34
Genotype 23 525.2™ 9.229™ 0.234™ 2.946™ 1.703™
Disease x 23 45.845™ 0.819" 0.059™ 0.42" 0.282"
Genotype
Error 92 3151 0.21 0.04 0.39 0.19
CV (%) 7.40 8.76 13.16 21.07 22.23
™" and ™ Significant at 1% , 5% probability level, and non-significant
Y Jgos alsl

Table 3 continue.

S.0V df

Mean of square

100 grain Weigth (g)  Yield (g) Biomass (g) Harvest index (%)
Disease 1 12.25™ 3033.623" 64491.662™ 38399.364™
Repeat / Disease 4 0.06 402.86 1592.13 569.79
Genotype 23 1.738" 2243.833™ 9954.81™ 1373.191™
Disease x Genotype 23 0.337™ 657.919™ 3054.547™ 1224.666™
Error 92 0.19 240.23 488.80 304.07
CV (%) 11.77 18.81 15.69 26.66
™ " and ™ Significant at 1% , 5% probability level, and non-significant
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Table 4. Mean comparison studied traits obtained from reaction to stem rust in the studied wheat genotypes at average

of conditions.

Genot Traits

enotype Plant height (cm) Spike length (cm) Spike weigth (g)
C-98-1 62.33H! 8.000 HW 2.000 F¢
C-98-2 58.00 7.6677 1.833¢
C-98-3 73.83 DEFG 9.000 EFcHI 2.833 CPEF
C-98-4 95.67 A 12.50A 5.000 A
C-98-5 73.83 DEFG 9.333 EFC 2.500 EFG
C-98-6 72.67 EFG 9.000 EFeHI 2.500 EFG
C-98-7 79.33 BCDEF 8.667 FeHl 2.000 ¢
C-98-8 71.50F¢ 9.167 EFCH 3.000 BCPE
C-98-9 72.67 EFC 10.00 ©PE 3.167 BCDE
C-98-10 74.50 CDEFG 9.667 PEF 1.833¢
C-98-11 82.67 BC 8.500 FeHh 3.333 BCDE
C-98-12 87.678 11.00 B¢ 3.833B
C-98-13 86.00 B 10.17 ©PE 3.167 BCDE
C-98-14 87.33B 11.67 AB 3.667 BC
C-98-15 79.50 BCDEF 10.83 BCD 3.167 BCDE
C-98-16 81.83 BCP 9.000 EFeH! 2.833 CDEF
C-98-17 62.17 7.833 1 2.833 CDEF
C-98-18 58.83! 8.333 CHI 3.000 BCDE
CD-94-9 76.17 CPEFG 9.167 EFCH 2.667 DEFG
CD-94-5 79.33 BCDEF 10.00 CPE 3.000 BCPE
MV-17 80.67 BCDE 11.00 B¢ 3.333 BCE
CD-92-6 80.50 BCDE 10.67 BCP 3.333 BCLE
Morocco 76.00 CPEFG 8.667 FeHN 2.667 DEFG
Bolany 68.50 &1 9.667 PEF 3.500 BcP
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Averages with the same letters do not have a significant difference at the 1% probability level.
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Table 5. Mean comparison for studied traits obtained from reaction to stem rust in the studied wheat genotypes at the
both of infection and non-infection conditions.

Traits
. - Number of . .
Disease Genotype Spikediameter . . 100 grain . . Harvest index
(cm) ?'\rlecl)l)n per spike Weigth (g) Yield (g) Biomass () (%)
C-98-1 1.441BCPEFG 63.00 ' 4.000 BCP 570.21 JKLMN 1180.6 EFCHIKLM 160.5 A
C-98-2 1.403 DEFCH 56.33 NoP 3.000 PE 460.80 MN 990.80 GHIKLMN 1232 B
C-98-3 1.362 EFGH 60.67 * 3.000 PE 770.10 DEFCGHIKLM 1520.7 CPEF 109.4 BCP
C-98-4 1.380 EFCH 67.33 4.000 BCP 1620.8 A 3090.8 A 62.52 FCHIK
C'98'5 1363 EFGH 5133 uv 5000 A 67024 FGHIIKLMN 13600 CDEFGHIJK 9118 BCDEF
C-98-6 1561 BCDE 4933 W 4000 BCD 63097 GHIKLMN 12602 EFGHIJKLM 6031 FGHUK
C-98-7 1.348 EFGH 52.00 ™ 4.000 B°P 890.04 CPEFGHIK 1460.8 CPEFG 117.8 B¢
C-98-8 1.331 EFeH 53.33 R 3.000 P& 930.92 CPEFGH 1590.3 CPEF 1236 B
C-98-9 1.362 EFCH 55.67 P 4.667 "B 550.18 KLMN 1780.2 P 73.28 DEFGHI
C-98-10 1.305 EFeH 56.67 N° 4.000 BCP 570.90 VKLMN 1370.7 CPEFGHIK 64.17 FCHIK
C-98-11 1.407 DEFCH 59.33 K- 3.000 P& 610.38 HNKLMN 1780.2 ¢° 66.73 FeHl
. C-98-12 1.362 EFeH 63.67 H 4.000 BCP 1000.1 BCPEF 1820.0 © 62.04 FCHIK
Infection - gg.13  1.476 BoErC 56.33 NoP 4.333 A6C 930.41 COEFGH! 1490.5 COFFe 67.73 Forv
C-98-14 1.543 BCDEF 58.67 M 4.000 BCP 660.51 FCHIKLMN 2680.0 8 74.66 DEFGH!
C-98-15 1.319 EFCH 46.00 ¥ 4,333 ABC 790.16 PEFGHUKLM 15009 CDEF 63.42 FCHIK
C-98-16 1.407 DEFCH 70.33 © 4.000 BCP 730.67 EFCGHIKLMN 1430.1 CPEFGHI 48,67 CHIX
C-98'17 1706 ABCDE 5067 Vv 3667 CD 69037 EFGHIJKLMN 13705 CDEFGHIJK 8317 CDEFGH
C-98-18 1.294 EFGH 48.67 W 4.000 B°P 710.51 EFCGHIKLMN 1140.1 FEHIKLM 54,45 FGHIK
CD-94-9 1.462 BCDEFG 57.00 N 4,333 ABC 680.33 FCHNKLMN 1540.3 CPEF 65.55 FeHl
CD-94-5 1.425 CDEFGH 56.00 ©° 5.000 A 1190.2 B¢ 2290.2 8 67.93 FeHN
MV-17 1.847 ABC 75.00 B 4,667 A8 710.72 EFCGHIKLMN 1400.6 CPEFGHN 56.01 FeHIK
CD-92-6 1.291 EFeH 49.00 W 4.000 BCP 760.38 EFCGHIKLM 1510.9 CPEF 72.13 EFCHI
Morocco 0.8487" 40.33 4.000 BCP 560.92 IKLMN 1440.9 CPEFCH 106.3 BCDE
Bolany 1.070 cH! 4433 2 4.667 "B 880.06 CPEFCHIK 1790.6 P 86.79 CDEFG
C-98-1 1.823 ABCD 68.00 B 4.000 B°P 500.11 "MN 570.77 \© 49,15 CHIX
C-98-2 1.687 ABCDE 59.67 K 3.333°P 400.75N 380.53° 41.31 WK
C-98-3 1.270 EFCH 64.33 CH 3.667 P 610.92 HIKLMN 850.90 -MN 50.56 CHIK
C-98-4 1.563 BCDE 65.33 F 3.000 P& 1310.6 B 2360.0 B 50.75 CHIX
C-98-5 1811 ABCD 5600 OP 4000 BCD 81071 DEFGHIJKLM 12003 EFGHIUKLM 5216 FGHUK
C-98-6 1.415 DEFCH 46.00 Y 3.667 P 860.59 CDEFCHIK 1320.5 COEFGHNKL 44 33 HIK
C-98-7 1.629 ABCDE 64.67 ¢ 3.000 P& 830.20 DEFCHIKL 1530.0 CPEF 62.10 FeHIK
C-98-8 1.443 BCDEFC 58.33 M 3.333°P 1010.6 BCPEF 1240.9 EFCHIKLM 50.54 GHIK
C-98-9 1.329 EFeH 61.33 7 3.667 ¢P 880,11 CDEFGHIK 1810.6 © 51.47 CHIX
C-98-10 1479 BCDEFG 5467 Q 4000 BCD 80024 DEFGHIJKLM 13000 DEFGHIJKL 5259 FGHUK
C-98-11 1,551 BCDEF 80.67 A 3.667 P 690.48 EFGHNKLMN 930.00 KLMN 24.84 X
Non- C-98-12 1.469 BCDEFG 65.33 F 3.667 <P 910.56 CPEFCHN 1350.6 CPEFGHIK 64.25 FCHIK
infection  C-98-13 1.377 FEFeH 70.00 © 3.667 ¢P 790.61 DEFCGHIKLM 1370.4 CDEFGHIK 55.50 FeHIK
C-98-14 1.321 EFeH 64.33 CH 3.333°P 940,31 CDEFCH 1440.4 CPEFGH 35.47 WK
C-98-15 1.307 FEFeH 46.33 ¥ 2.333F 1040.9 BCPE 1650.1 CPE 41.77 "X
C-98-16 1.426 CPEFCH 69.00 P 3.333°P 750.57 EFGHNKLM 1100.7 FEHIKLM 31.08 X
C-98-17 1.859 A8 51.00 v 4,333 ABC 980.32 CPEFG 790.83 MNO 60.74 FCHIK
C-98-18 1.648 ABCDE 53.00 RS 3.333°P 920.84 CDEFCH! 790.87 MNO 61.04 FEHIK
CD-94-9 1.119 FeH 47.67 X 3.000 P& 880.36 CDEFCHIK 1460.6 CPEFG 50.70 CHIX
CD-94-5 1.306 EFeH 52.33 ST 3.000 P& 870.57 CDEFCGHIK 960.27 HNKLMN 49.44 GHIX
MV-17 1.991 A 80.67 A 5.000 A 1110.9 B¢ 1810.3 ¢ 52.45 FGHIK
CD-92-6 1.544 BCDEF 59.00 KM 3.000 P& 970.78 CPEFG 940.57 WKLMN 50.50 GHIK
Morocco 1.000 " 43.00 ¢ 2.333F 1000.4 BCDEF 880.88 KLMN 46.76 CHIX
Bolany 1.078 °©H 45.67 Y 3.000 PE 880.82 CDEFCGHIK 590.33 N© 48.18 CHIX
Averages with the same letters do not have a significant difference at the 1% probability level.
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Table 6. Correlation of measured traits in different genotypes of wheat under stem rust infection conditions.

Spike Nur_nber of _ 100_grain vield Biomass !—|arvest
diameter  grain per spike  Weigth @) @ index
(cm) (No) (9) (%)

Spike diameter (cm) 1

Number of grain per spike (No) 0.599™ 1

100 grain Weigth (g) 0.760™ 0.449" 1

Yield (g) 0.736™ 0.675™ 0.726™ 1

Biomass (g) 0.605™ 0.639™ 0.369™ 0.679™ 1

Harvest index (%) -0.230™ -0.169 "™ 0.049"™ -0.072™  -0.739" 1

= = and ™ Significant at 5%, 1% probability level, and non-significant
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Table 7. Correlation of measured traits in different genotypes of wheat under stem rust non-infection conditions.

Spike Nur_nber of 100_ _ _ Harvest
' grain per grain Yield Biomass .
diameter - . index
(cm) spike Weigth (o) (o) (%)
(No) ()]

Spike diameter (cm) 1

Number of grain per spike (No) 0.495 1

100 grain Weigth (g) 0.701™ 0.599™ 1

Yield (g) 0.700™ 0.455" 0.800™ 1

Biomass (g) 0.603™ 0.688™ 0.688™ 0.707™ 1

Harvest index (%) 0.224 " -0.203 "™ 0.242" 0.441m -0.293 " 1

= = and ™ Significant at 5%, 1% probability level, and non-significant
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Table 8. Correlation of traits measured in different genotypes of wheat under average conditions of stem rust infection.

Plant height (cm)

Spike length (cm) Spike weigth (g)

Plant height (cm) 1
Spike length (cm) 0.792™
Spike weigth (g) 0.661™

0.765™

= Significant at 1% probability level
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Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine
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Figure 1. Dendogram of cluster analysis of different wheat genotypes under stem rust infection conditions using Ward
method.
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Figure 2. Dendogram of cluster analysis of different wheat genotypes under stem rust non-infection conditions using
Ward method.
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Figure 3. Dendogram of cluster analysis of different wheat genotypes in average of conditions using Ward method.
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Table 9. Average of groups and their percentage deviation from the total average based on measured traits in different
genotypes of wheat under stem rust infection and infection conditions.

traits
. Number .
Group Cluster iplke of grain 100 grain . Biomass Harvest
iameter per spike Weigth Yield (g) @ index
em PR (g %)
Mean 13769 57.08 47613 956273 804967  126.8927
1 Sg}’c'gf]';ggmm the total average ) ansas 9146362 4.430505  9.957386 -32.7615  55.25917
Mean 14847 673333 4.8083 109.1325 191 57.8417
2 Sg}’c'gf]';ggmm the total average ¢ oog159 2040495 5461365 2548639 5954146 -29.228
Mean 12231 48.7467  4.1407 61.0647 742933  86.216
3 deviation from the total average 1) gas 157663 -0.18123  -28.7497 -37.9431  5.489321
percentage
Mean 14375 542667  4.568 86.2733 1335283 6646
4 deviation from the total average 5 ooago1 588812 0190819  -0.79834 115356  -18.6831
percentage
Total mean 13881 558806  4.5593 86.9676  110.7181 81.7296
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Table 10. Discriminant function analysis for determining cutting pint of dendrogram obtained from cluster analysis of
different wheat genotypes based on measured traits under stem rust infection conditions.

Group \Ii\g:rl:ts)da gi:?eqle::t?:)n Of Cumulative’. Of Variance/.  Eigenvalue Chi-square df
0.015 0.942 59.4 59.4 7.85 75.80™ 18

4 0.131 0.915 98.2 38.8 5.13 36.55™ 10
0.805 0.441 100 1.8 0.241 3.89™ 4

= and ™ Significant at 1 % probability level, and non-significant
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Table 11. Average of groups and their percentage deviation from the total average based on measured traits in different
genotypes of wheat under stem rust infection and non-infection conditions.

traits
. Number ;

Group Cluster S_plke of grain 100_gra|n Yield Biomass Harvest
diameter per spike Weigth @ @ index
em P (g %)

Mean 14863 592941 39571 75231  154.3074  49.4408
! deviation from the total o 636468 020068  1.212360 -3.28702  -4.77403  0.754834
average percentage
Mean 1681 66.3334 42117 92875 2486167 38.505
2 deviation from the total 43 1949 1498016  7.724378  19.39518 53426  -21.5311
average percentage
Mean 12065  50.25 32083 598709 1146917 51.9334
3 deviation from the total ;g 3095 154476 1704 -230331  -202216  5.834475
average percentage
Mean 19913 80.6667 53067 16275  309.8167 52.4533
4 deviation from the total 3 07971 357326 3573164 1002228  91.19366  6.893973
average percentage
Total mean 14769 594306 39097  77.7879  162.0434  49.0704

ARPP
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Table 12. Discriminant function analysis for determining cutting pint of dendrogram obtained from cluster analysis of
different wheat genotypes based on measured traits under stem rust non-infection conditions.

Group \ﬁ\g#](; da gg?gg;?én Of Cumulativey. Of Variance’. Eigenvalue chr:;a e df
0.021 0.965 89.3 89.3 13.66 69.15" 18

4 0.315 0.734 97.0 7.6 1.16 2081 10
0.682 0.564 100 3.0 0.467 689" 4

= *and " Significant at 1% probability level, and non-significant
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Table 13. Average of groups and their percentage deviation from the total average based on measured traits in different
genotypes of wheat under average conditions of stem rust infection.

traits

Group Cluster (Pclra:]r)]t height (SC%I;e length Spike weigth (g)
1 Mean 73.65 9.71 3.2781

deviation from the total average percentage  -3.43187 -2.75024 -5.06516
5 Mean 84.1152 10.7915 3.8121

deviation from the total average percentage  10.28985 8.081445 10.39965
3 Mean 60.575 8.3833 2.859

deviation from the total average percentage  -20.5755 -16.0377 -17.2024

Total mean 76.2674 9.9846 3.453
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Table 14. Discriminant function analysis for determining cutting pint of dendrogram obtained from cluster analysis of

different wheat genotypes based on measured physiological traits under average conditions of stem rust infection.

Wilks' Canonical .
Of Cumulative?.
Group Lambda umulativey.

Of Variance/.  Eigenvalue  Chi-square  df

Correlation
3 0.146 0.923 99.7 99.7 5.74 38.42™ 6
0.985 0.124 100 0.3 0.015 0.308 " 2

= and " Significant at 1% probability level, and non-significant
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