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Table 1. The list of soybean genotypes evaluated against charcoal rot disease
(M. phaseolina) in field conditions

olad G 255 oolad Sled s 055 oslad
L= P4 gos NEE™S P4 pui
No. Genotype Maturity Accession No. Genotype Maturity Accession
group No. group No.
1 AGS 358 (3) 1 2176 33 Si-bi-va-1207 Il 2038
2 AGS 359 (4) 1"l 3072 34 A 3237 1l 2019
3 Hartwig 1"l 3061 35 A 3935 1l 2020
4 Gloy 11| 3062 36 Columbus 1l 2022
5 2-L.80-5914 i 3057 37 Union 1l 2034
6 B-R22 Bijelina | 1173 38 Stressland-B 1l 3034
7 LN 89-3394 1 2149 39 Stressland-C 1l 2043
8 LD9 1 2079 40 GN3074 1l 3074
9 Kenwood 1 2099 41 Pek - Cak - taj 1l 3031
10 Fowler i 3045 42 Swift 1l 3026
11 TN 4.94 1"l 3037 43 G.3x Hamilton (10) \ Sh8
12 Manacon Il 3022 44 DPX x Yougetsu (2) \Y Shi8
13 Fowler 11| 3045 45 DPX x Yougetsu (3) \ Sh19
14 Cysne 1 2093 46 DPX x Darby (2) \ Sh31
15 Sort 62 1 2064 47 DPX x Darby (3) \ Sh32
16 Sort 126 S.M.A.B 1 2065 48 Williams x DPX (6) \ Sh40
17 Wars zawska 1 2044 49 Hamilton x Sahar (3) \ Sh47
18 Bonus 1 2041 50 Hamilton x Nemaha (6) \ Sh55
19 Clean 1 2052 51 9242 1l 2004
20 Stressland-A 1 2055 52 S24-92 1l 2005
21 5601-46-6-1 C 1 2056 53 CX 232 1l 2006
22 Harbinskaial11-3994/56 1 2060 54 Karbine | 1096
23 Bean — CometB 1 2061 55 Harbinskaia 3971 B | 1097
24 Delsoy 4210 1] 3017 56 Dikmanova - Cierna | 1098
25 Comet (NRM) B | 1160 57 Dornburger | 1099
26 B-R23 Bijelina | 1162 58 Banjaluka B Il 1100
27 Bijelina 54/68 | 1163 59 Harasoy | 1090
28 NS-16 B | 1139 60 Motte v 4001
29 B-R3 (Bijelina) | 1140 61 K.S 4895 v 4007
30 Grangelb | 1118 62 Essex v 4009
31 Mishel 1 2042 63 AGS 381 (10) v 4010
32 Calland I 2047 64 TN 5.95 \ 5001
-\.-:Lrbga oRS kSLI"’.'} BB L) .]a,»j.a CUrI39) Cr38) &? [~ @V}IVLIIILII;IU’E.’L‘?‘:J le.ne); a
a. Maturity groups I, I, 1lIl, IV and V refers to: very early, early, medium, late and very late maturity,

respectively.

i gr 25 e 5 G 4 5 Ol Dl dm g 53 01! o (LS 05 ESOL (5l g 050 SUS 55 a5 535 46 503 0ot D
b. Accession No. refers to soybean collection accession number of the National Plant Gene Bank of Iran, Seed
and Plant Improvement Institute, Karaj, Iran.
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Table 1. Continued \ Jad sl
oled ) %3 ooleds oled g 05 5 o leds
S b43r5 FEE™ b“)’}N’
No. Genotype Maturity Accession No. Genotype Maturity Accession
group No. group No.
65 Delsoy 4710 \% 5002 98 NE-3297 I 2133
66 EJC (Edi. Jappan) \% 5003 99 ST.Pazova 54/18 I 2162
67  Telar \% 5004 100  N.S-L-11-6 I 2161
68 Nekador \% 5005 101  Mercory I 2147
69 Hatcheson \% 5006 102  Roanak I 2125
70 Cliford \% 5007 103  Pance Vacka B I 2123
71 Hood \% 5008 104 L.52 I 2165
72 Kaspian \% 5009 105 Sort 126 SSM.A.B I 2164
73 Sari \% 5010 106  ERFurt I 2163
74 AGS 346 (2) \% 5011 107  VINIMK 9186 I 2117
75  AGS (5) \% 5012 108 PA 83 I 2098
76  AGS 367 (6) \% 5013 109 VESTAG 97 I 2097
77  AGS 364 (8) \% 5014 110  Hack I 2095
78  AGS 380(9) \% 5014 111  Hadgson I 2027
79 Doles \% 5018 112 CM-1070 I 2012
80 GN2050 \% 5020 113 S-12-49 I 2013
81 DI 74 \ 17F-1 114  S.R.F x Columbus I 2016
82 D42.14 i 17F-4 115 Budgoszkasz 061 I 2118
83 Linford i 17F-13 116  Rounest I 2119
84  Clean i 17F-14 117 Poplu-18-35 I 2028
85 LH-2500 i 17F-15 118  Tokyo Brown I 2029
86 M7 i 17F-16 119  Century 84 I 2030
87 TN6.90 I 2130 120 RCAT ANGORA I 2007
88 T215 I 2171 121 S19-90 I 2009
89 Kabalovskaja B 1 2167 122 Black Tokyo I 2062
90 Kabalovskaja I 2166 123 Cul.9132 I 1047
91 8-L.65-3266 I 2157 124 AP -1394 I 1098
92 Black Hawck I 2156 125 PRO- 280 I 1064
93 llinoi I 2155 126 S14-H4 I 1065
94 L.2 I 2152 127  SENTRY I 1066
95 S3-941-8-1-8 1 2142 128  Spirit I TU38
96 L.8 I 2140 129  Salin I TU309
97 Darby I 2138 130  Interprise ] 1067
'L';'L’LS" oRS L;L::'-) BB LESS) .Jd.-ﬂj:ﬁ ‘ua):))' ‘ud):)). ‘5\:’- ;,..:S'JS' MVJIV‘III‘II‘I;A:«N) ‘5[&53; .a
a. Maturity groups I, I, Ill, IV and V refers to: very early, early, medium, late and very late maturity,

respectively.

.upgc;);gjdtg%,cwww,aw,,,;o\,;du@gfoj&pégyo,,ﬁf)>u%,;ja,g,)u .b
b. Accession No. refers to soybean collection accession Number of the National Plant Gene Bank of Iran, Seed
and Plant Improvement Institute, Karaj, Iran.
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Table 2. Mean comparison of the percentage of grain yield reduction of soybean genotypes under charcoal rot disease
?M. phaseolina) stress conditions
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Genotype Grain yield Genotype Grain yield Genotype Grain yield Genotype Grain yield Genotype Grain yield Genotype Grain yield

IWAY Jle oY o)led M- e “ oy 9 g (8305 dloxa’

No. reduction No. reduction No. reduction No. reduction No. reduction No. reduction
(%) (%) (%) (%) (%) (%)
1 5.70 23 36.45 45 1.11 67 22.38 89 15.63 111 46.97
2 12.79 24 5.98 46 7.39 68 11.48 90 9.36 112 35.80
3 5.57 25 56.03 47 27.59 69 11.19 91 29.84 113 45.35
4 15.87 26 31.42 48 15.45 70 37.66 92 30.22 114 30.98
5 23.67 27 36.26 49 10.73 71 13.50 93 60.83 115 14.43
6 52.25 28 40.79 50 2.35 72 52.26 94 14.46 116 26.03
7 10.20 29 22.98 51 17.68 73 57.75 95 15.23 117 29.53
8 31.64 30 6.96 52 34.03 74 4.99 96 28.57 118 14.25
9 34.89 31 14.58 53 2.59 75 29.79 97 56.19 119 31.95
10 4,53 32 2.06 54 16.05 76 5.01 98 23.36 120 3151
11 60.96 33 49.47 55 42.52 77 13.79 99 28.85 121 29.60
12 6.97 34 29.80 56 8.23 78 45.24 100 30.20 122 32.42
13 40.34 35 50.41 57 49.82 79 33.65 101 9.71 123 46.48
14 26.49 36 27.97 58 46.67 80 30.87 102 31.41 124 48.06
15 28.53 37 17.27 59 53.99 81 30.38 103 30.60 125 31.60
16 30.57 38 27.96 60 11.47 82 15.10 104 32.28 126 15.11
17 36.00 39 25.94 61 28.75 83 38.75 105 32.43 127 14.91
18 11.80 40 27.89 62 46.51 84 25.67 106 8.88 128 21.09
19 38.47 41 8.41 63 2.98 85 19.93 107 10.52 129 47.95
20 14.12 42 43.98 64 25.05 86 40.24 108 27.62 130 44.49
21 29.79 43 4.23 65 16.64 87 26.81 109 40.77
22 34.45 44 13.18 66 15.88 88 13.56 110 14.76
LSDsy, 3.82 LSDsg, 3.82 LSDse, 3.82 LSDse, 3.82 LSDse, 3.82 LSDsg, 3.82

HSDso 6.92 HSDso 6.92 HSDse, 6.92 HSDse, 6.92 HSDse, 6.92 HSDse, 6.92
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Table 3. Mean comparison of the traits and indicesof soybean genotypes infected by charcoal rot disease (M. phaseolina)
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Genotype Lesion length Ratio of Infected Number of Genotype Lesion length Ratio of Infected Number of
No. (mm) lesion length plants (%) microsclerota No. (mm) lesion length plants (%) microsclerota
to plant in stem to plant in stem
length length

1 0.00 0.00 0.00 0.00 23 24.30 0.49 44.60 136.30
2 43.20 0.49 15.50 48.22 24 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00 25 16.83 0.46 25.50 124.21
4 0.00 0.00 0.00 0.00 26 13.50 0.33 32.50 175.67
5 34.50 0.73 82.17 46.67 27 21.67 0.53 53.30 127.17
6 31.83 0.56 70.20 121.33 28 26.08 0.62 64.17 56.83
7 0.00 0.00 0.00 0.00 29 12.25 0.35 39.18 116.21
8 14.92 0.31 44.32 88.10 30 0.00 0.00 0.00 0.00
9 28.20 0.25 39.50 71.21 31 0.00 0.00 0.00 0.00
10 0.00 0.00 0.00 0.00 32 0.00 0.00 0.00 0.00
11 34.92 0.49 65.33 72.67 33 30.50 0.49 78.20 123.50
12 20.25 0.25 50.12 7.58 34 25.80 0.42 62.50 29.67
13 18.67 0.34 81.10 118.83 35 28.50 0.40 45.60 69.68
14 19.08 0.29 35.50 96.50 36 23.10 0.30 58.13 23.30
15 13.42 0.36 35.50 74.17 37 16.83 0.25 60.83 48.73
16 15.58 0.39 36.10 113.11 38 24.8 0.39 69.16 36.50
17 19.50 0.51 38.10 111.83 39 22.67 0.29 57.50 123.50
18 27.42 0.40 40.33 37.17 40 30.01 0.46 60.80 12.33
19 19.08 0.35 35.83 153.67 41 0.00 0.00 0.00 0.00
20 0.00 0.00 0.00 0.00 42 23.17 0.33 74.50 95.50
21 26.33 0.47 41.66 172.11 43 0.00 0.00 0.00 0.00
22 22.25 0.42 45.19 145.67 44 0.00 0.00 0.00 0.00
LSDxg, 9.90 0.23 19.41 28.59 LSDsg, 9.90 0.23 19.41 28.59
HSDxg, 14.009 0.32 27.44 40.44 HSDsg, 14.009 0.32 27.44 40.44
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Genotype Lesion length Ratio of Infected Number of Genotype Lesion length Ratio of Infected Number of
No. (mm) lesion length plants (%) microsclerota No. (mm) lesion length plants (%) microsclerota
to plant in stem to plant in stem
length length
45 0.00 0.00 0.00 0.00 67 29.42 0.53 40.50 190.77
46 0.00 0.00 0.00 0.00 68 13.15 0.39 37.50 65.90
47 15.47 0.30 25.20 10.18 69 23.25 0.44 32.21 195.30
48 0.00 0.00 0.00 0.00 70 25.3 0.41 78.30 108.60
49 0.00 0.00 0.00 0.00 71 15.25 0.32 27.50 168.67
50 0.00 0.00 0.00 0.00 72 425 0.55 95.83 140.17
51 14.17 0.34 57.50 24.33 73 32.17 0.37 82.20 172.67
52 9.67 0.21 50.10 65.17 74 0.00 0.00 0.00 0.00
53 0.00 0.00 0.00 0.00 75 26.53 0.53 72.20 122.50
54 0.00 0.00 0.00 0.00 76 0.00 0.00 0.00 0.00
55 32.16 0.50 90.66 170.50 77 0.00 0.00 0.00 0.00
56 20.50 0.49 54.44 115.30 78 24.30 0.40 80.32 126.22
57 21.33 0.37 61.30 34.23 79 25.50 0.40 55.60 55.67
58 20.50 0.36 72.20 63.67 80 18.83 0.30 59.20 44.83
59 11.17 0.49 77.17 108.60 81 28.83 0.36 69.20 48.83
60 15.90 0.30 41.67 102.30 82 26.70 0.43 66.75 12.67
61 15.50 0.27 32.83 65.80 83 24.30 0.39 96.30 126.22
62 19.17 0.33 70.83 87.67 84 14.60 0.25 54.01 122.83
63 0.00 0.00 0.00 0.00 85 22.08 0.48 91.50 92.83
64 0.00 0.00 0.00 0.00 86 25.11 0.36 91.84 123.66
65 20.42 0.32 30.11 61.20 87 20.12 0.22 68.30 21.67
66 0.00 0.00 0.00 0.00 88 16.83 0.45 61.68 102.13
LSDxy, 9.90 0.23 19.41 28.59 LSDsy, 9.90 0.23 19.41 28.59

HSDse 14.009 0.32 27.44 40.44 HSDsy, 14.009 0.32 27.44 40.44
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Genotype Lesion length Ratio of Infected Number of Genotype Lesion length Ratio of Infected Number of
No. (mm) lesion length plants (%) microsclerota No. (mm) lesion length plants (%) microsclerota
to plant in stem to plant in stem
length length
89 14.33 0.35 62.12 39.90 111 26.30 0.39 94.50 172.17
90 18.80 0.34 61.30 95.50 112 10.67 0.31 77.36 138.10
91 25.67 0.30 52.60 149.60 113 16.50 0.38 72.45 81.67
92 17.90 0.36 75.50 15.20 114 13.10 0.21 48.30 39.34
93 18.67 0.41 91.59 155.80 115 0 0.00 0.00 0.00
94 33.90 0.41 84.17 117.67 116 18.33 0.32 82.70 127.17
95 19.17 0.38 75.84 100.90 117 20.60 0.44 84.10 29.70
96 23.50 0.52 86.67 154.80 118 34.20 0.42 93.11 64.50
97 22.67 0.37 95.17 97.60 119 22.72 0.39 90.02 165.30
98 17.10 0.34 77.24 92.50 120 13.67 0.23 86.55 182.11
99 13.75 0.26 80.10 16.67 121 27.60 0.50 92.52 69.50
100 28.30 0.45 66.65 17.80 122 16.83 0.34 89.67 108.20
101 27.10 0.30 90.83 123.10 123 15.33 0.36 86.63 113.42
102 13.90 0.32 51.70 43.50 124 27.65 0.50 92.50 69.58
103 19.60 0.47 94.11 70.60 125 12.60 0.18 78.23 90.30
104 15.80 0.35 70.30 131.76 126 18.83 0.32 95.89 124.20
105 21.17 0.42 85.53 164.10 127 14.80 0.27 79.11 15.50
106 20.20 0.46 80.10 69.20 128 13.21 0.28 73.34 18.27
107 22.30 0.42 90.17 152.50 129 29.13 0.41 98.32 108.73
108 20.10 0.41 88.13 99.30 130 28.17 0.51 99.20 200.60
109 27.20 0.59 93.31 103.67
110 17.50 0.40 90.10 120.54
LSDsy, 9.90 0.23 19.41 28.59 LSDsy, 9.90 0.23 19.41 28.59
HSDsy, 14.009 0.32 27.44 40.44 HSDsy, 14.009 0.32 27.44 40.44
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Table 4. Correlation coefficients between pathogenesity indices and grain yield
reduction (%) of soybean genotypes under charcoal rot disease stress conditions

Trait Cdeo 1 2 3 4 5
Grain yield reduction (%) 5 Sles J2als Aoy

PHEY
Lesion length 3k 0.62**
Ratio of lesion length to b s dbons 030" 0937
plant length )

8
Infected plants (%) 05T a6y amys  0.53%  0.847 0.83"
Number ofmicrosclerota ooy Sl Sa sl 0.24° 0617 0.63™ 0.62"
in stem i

Ble s

A2y ) 50 Jlead c]a,»): D3 a5 4 i g
* and**: Significant at the 5% and 1% of probability levels, respectively.

Ci:-.pjé)‘._».::&ﬁ__}"lai‘j_ﬁ_)b‘) C;\J._::m‘.,\_.pjaf‘\)\d;.:_;i_cwo;}_ﬂ
(0 Jad>) Lsls Lo s als :J§La.r— FalS Aoy w by e

AR o3 Sleslinal Lol w0 o hg) a0 pite A O g 85 e (o e 55100 s
L;Lagéﬁgjjj);Jm‘_;lAﬂxAQ\j;oqwbajyowﬁujwbwo\}&qébsﬂw
WAF 5 \¥AY Jle s JEj Shw s solew 25 Cov b g

Table 7. Fit_ting of the best multivariate regression model using stepwise _regression
usm% rain yield reduction (%) as dependent and other evaluated traits as independent

variables in soybean genotypes under charcoal rot disease conditions in 2014 and 2015
Firststep  J, (’\? Second step £33 (-\f
Oy S5 o O S s s
_ Regression Error Regression Error
Df. AT a2 1 128 2 127
a.\.feé)‘}w V})J"b o:}.‘T‘_;lAﬁ}gM):
Imported trait Lesion length Infected plants (%)
IR < 1.99 0.37 3.87 0.73
Mean of square
F value 53.87" 37.78"
Cumulative R? 0.39 0.61
Reg. coefficient 0.32 0.05
Standard error 0.34 0.19

Aoy oSG ez cl:.u); Dls gme e
**: Significant at the 1% probability level.
YE=Taa 3l s e
Intercept= 0.26

\ov



WAV Lo o o led OFF=) Al “ s 9 Jlgi (681554 dloxa

ol s g ol L 5 OT (6l 2l sl o &1 ol
S 6ol Sl oy iy s ol ok LA 855 Sl i R o

5 dLe g 5 ol Slidond A g0 o s

A8 UBb et — Yo N0 Lt 4 L

References

Abdel-Monaim, M. F. 2013. Improvement of biocontrol of damping-off and root
rot/wilt of faba bean by salicylic acid and hydrogen peroxide. Mycobiology 41(1):
47-55.

Babu, B. K., Saxena, A. K., Srivastava, A. K., and Arora, D. K. 2007. Identification
and detection of Macrophomina phaseolina by using specific species oligonucleotide
primers and prob. Mycologia 99: 797-803.

Govindappa, M., Lokesh, S., and Rai, V. R. 2005. A new stem splitting symptom in
safflower caused by Macrophomina phaseolina. Journal of Phytopathology 153:
560-561.

Hajivand, E. O. 2014. Investigation of the resistance of soybean genotypes to charcoal
rot. M.Sc. Thesis, Gorgan University of Agricultural and Natural Resources
Sciences, Gorgan, Iran. 182 pp. (in Persian).

Hemmati, P., Zafari, D., Bagheri, S. M., and Hashemi, M. 2014. Pathogenic
variation of Macrophomina phaseolinaisolates and resistance of soybean genotypes
to the fungus in vitro and greenhouse conditions. Seed and Plant Improvment Journal
30-1(1): 207-220. (in Persian).

Jana, T. Sharma, T. Prasad, R. D.,, and Arora, D. K. 2003. Molecular

characterization of Macrophomina phaseolina and fusarium species by a single
primer RAPD technique. Microbiological Research 158: 249-257.

Luc, M., Sikora, R. A., and Bridge, J. 2005. Plant parasitic nematodes in subtropical
and tropical agriculture. 2" Edition. Oxford University Press. UK. 896 pp.

Mengistu, A., Arelli, P. A., Bond, J. P., Shannon, G. J., Wrather, A. J., Rupe, J. B.,
Chen, P, Little, C. R., Canaday, C. H., Newman, M. A., and Pantalone, V. R.
2011. Evaluation of soybean genotypes for resistance to charcoal rot. Online. Plant
Health Progress. doi:10.1094/PHP-2010-0926-01-RS.

Mengistu, A., Ray, J. R., Smith, J. R., Arelli, P. R., Bellaloui, N., Chen, P.,

\OA



ety S b g Sl 585 51 ol S glie o550

Shannon, G., and Boykin, D. 2018. Effect of charcoal rot on selected putative
drought tolerant soybean genotypes and yield. Crop Protection, 105: 90-101.

Mengistu, A., Ray, J. D., Smith, J. R., and Paris, R. L. 2007.Charcoal rot disease
assessment of soybean genotypes using a colony forming unit index. Crop Science
47: 2453-2461.

Pahlavani, M. H., and Razavi, S. E. 2007. Isolation of Macrophomina phaseolina, the
causal agent of charcoal rot disease and determination of reaction mode in some
safflower genotypes. Journal of Agricultural and Natural Resources Science 14(2):
157-164. (in Persian).

Pederson, G. A., Pratt, R. G., and Brink, G. E. 2000. Response of leaf inoculations
with Macrophomina phaseolina in white clover. Crop Sciences 40: 687-692.

Rayatpanah, S., and Alavi, S. V. 2006. Study on soybean charcoal rot disease in
Mazandaran. Journal of Agricultural and Natural Resources Sciences, 13: 107-114.
(In Persian).

Rayatpanah, S., Alavi, V., andArab, G. 2007. Reaction of some soybean advanced
lines to charcoal rot disease, Macrophomina phaseolina (Tassi) Goid. in east
Mazandaran. Seed and Plant Improvment Journal 23(2): 181-186. (in Persian).

Saidinejad, S. M. R., Aghajani, M.,and Hezarjeribi, 1. 2013. Response of soybean
promising lines and commercial cultivars to charcoal rot disease in Gorgan region.
Iranian Journal of Oilseed Plant 2(1): 30-44 (in Persian).

Salmani, M. J., Habibi, R., Safaei, N., Aghajani, M. A., and Amini, M. 2014,
Resistance assessment of different sunflowers varieties to charcoal rot disease in
Golestan province. Iranian Journal of Plant Protection Scienses, 45(1): 39-48. (in
Persian).

Sinclair, J. B., and Backman, P. A. 1989. Compendium of soybean diseases (3rd
ed.).APS Press. St. Paul , Minnesota, USA. 126 pp.

Sirgo, M., and Norirad Davaji, A. M. 2012. Study of the effect of planting date and
cultivar on charcoal rot disease in sunflower under rainfed conditions. Pp. 680-685.
In: Proceedings the 2th National Conferance of new achievements in oilseeds crop
production. Bojnourd Branch, Islamic Azad University. (in Persian).

Taliei, F., Safaie, N., and Aghajani, M. A. 2012. Relationship between disease
incidence and severity of soybean charcoal rot in Golestan province. Journal of Plant
Production 19(3): 142-125. (in Persian).

V04



