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Abstract

Tobacco is one of the most important industrial and economic plants in many countries of the world which is cultivated
mainly for harvesting and collecting its leaves. In order to study the response of 92 oriental tobacco genotypes to
broomrape stress, an experiment was conducted in a randomized complete block design with three replications under
normal (without broomrape) and broomrape stress conditions during 2007 and 2008 cropping seasons. Nine stress
tolerance indices including tolerance index (TOL), relative stress index (RSI), mean productivity (MP), harmonic mean
(HM), yield stability index (YSI), geometric mean productivity (GMP), stress susceptibility index (SSI), stress tolerance
index (STI) and yield index (Y1) were calculated based on leaf dry weight (yield) under normal (Yp) and broomrape
stress conditions (Ys). Genotypes 24, 39 and 40 had the highest mean yield in normal and broomrape stress conditions.
Yield value in stress (Y's) and non-stress (Yp) conditions were significantly and positively correlated with MP, HM, GMP,
STl and Yl indices. Using the ranking method, genotypes 40, 10 and 45 were introduced as the most tolerant genotypes
to broomrape stress. Based on the results of biplot, genotypes 40, 39, 24, 19 and 4 were identified as high yielding and
tolerant genotypes and genotypes 70, 69, 72, 67, 78, 71 and 8 as the most sensitive genotypes to broomrape stress.
Grouping of genotypes by Ward method also classified high yielding and stress tolerant genotypes including genotypes
40, 39, 24, 19 and 4 in one group. Susceptible and low yield genotypes under stress and normal conditions including
genotypes 70 and 69 were classified in the other group. Due to high diversity among the studied genotypes in view of
response to broomrape stress, it is possible to select appropriate parents for breeding programs, produce diverse
populations for identifying genetic loci controlling broomrape stress tolerance and study changes in the expression of
tolerance genes.
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Table 1. Name of studied oriental tobacco genotypes.
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No Name of genotypes No Name of genotypes No Name of genotypes No Name of genotypes
1 Kharmanli 163 24 H.T. 47 Basma 181-8 70 SPT 430
2 Nevrokop 25 Kramograd N.H.H. 659 48 Zichna 71 SPT 432
3 Trabozan 26 T.K.23 49 Izmir 72 SPT 433
4 Krumovgraid 27 Ll6a 50 P.D.324 73 SPT 434
5 Basma.S.31 28 lzmir 7 51 P.D.325 74 SPT 436
6 Triumph 29 Mutant 3 52 P.D.406 75 SPT 439
7 Xanthi 30 Mutant 4 53 P.D.328 76 SPT 441
8 Matianus 31 Pobeda 1 54 P.D.329 77 Esfahan2
9 Immni 3000 32 Pobeda 2 55 P.D.336 78 SPT 413
10 Melkin 261 33 Rustica 56 P.D.345 79 Esfahani
11 Tyk-Kula 34 Samsun 959 57 P.D.364 80 Jahroml14
12 Ss-289-2 35 Samsun dere 58 P.D.365 81 Borazjan
13 Ohdaruma 36 OR-205 59 P.D.371 82 L16b
14 Ploudive 58 37 OR-345 60 P.D.381 83 Balouch
15 Line 20 38 OR-379 61 SPT 403 84 Lengeh
16 T-B-22 39 C.H.T.209.12¢ 62 SPT 405 85 Saderati
17 Ts8 40 C.H.T.209.12exF.K.40-1 63 SPT 406 86 Eraghi
18 Alborz23 41 C.H.T.266-6 64 SPT 408 87 Shahroudi
19 F.K.40-1 42 C.H.T.283-8 65 SPT 409 88 T.K.L
20 PI7 43 C.H.T.273-38 66 SPT 410 89 L17
21 K.P.Ha 44 Basma 12-2 67 SPT 412 90 C.H.T.269-12¢
22 K.B. 45 Basma 16-10 68 Esfahan5 91 Samsun 1
23 G.D.165 46 Basma 104-1 69 SPT 420 92 Samsun katenizi
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Table 2. Mathematical formulas of tolerance and susceptibility indices calculated by iPASTIC software.

Pattern of selection  Reference

Index Formula
TOL: Tolerance Tol =Y, - Y
Yp + Y.
MP: Mean productivity MP = (PTS)

GMP: Geometric mean productivity

2(Y )Y,
HM: Harmonic mean HARM = L(p)
Ys +Y,
o 1-Y/Y,
SSI: Stress susceptibility index SSl = ————=
1-Y,/Y,
(Y(Y,
STI: Stress tolerance index STI = 5_7(213)
(¥p)
L Ys
YI: Yield index YI ==
YS
. e Ys
YSI: Yield stability index YSI = T
p
Y./Y,
RSI: Relative stress index RSI = (_S/_p)
(Ys/Y)

GMP = /(Ys)(Yp)

Minimum value Rosielle & Hamblin (1981)

Maximum value Rosielle & Hamblin (1981)

Maximum value Fernandez (1992)

Maximum value Bidinger et al. (1987)

Minimum value Fischer & Maurer (1978)

Maximum value Fernandez (1992)

Maximum value Gavuzzi et al. (1997)

Maximum value Bouslama & Schapaugh (1984)

Maximum value Fischer & Wood (1979)

Ys and Yp are orobanche stress and optimal (potential) yield of a given genotype, respectively. Y and Yp are average
yield of all genotypes under orobanche stress and optimal conditions, respectively.
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Table 3. Yield (leaf dry weight) of 92 oriental tobacco genotypes under normal (Yp) and broomrape stress (Ys) conditions
along with the percentage of relative change (RC) and tolerance and susceptibility indices calculated by iPASTIC

software.
t-student DWB (g)
Genotype  Yp Ys RC TOL MP GMP HM SSI STI Yl YSI RSI test  (Mean + standard
error)
go1 21.08 10.00 52.55 11.08 15.54 1452 1356 2.78 1.02 0.86 0.47 0.59  2.39™ 23.18 =+ 15.12
g02 11.80 9.13 22.60 2.67 10.47 10.38 10.30 1.20 0.52 0.78 0.77 0.95 0.90™ 482 + 224
go3 12.05 9.15 24.07 2.90 10.60 10.50 10.40 1.27 0.53 0.78 0.76 0.94 1.04™ 480 =+ 112
go4 37.48 22.40 40.23 15.08 29.94 28.97 28.04 2.13 4.06 1.92 0.60 0.74 151" 020 =*= 0.09
go5 1420 9.40 33.80 4.80 11.80 11.55 11.31 1.79 0.65 0.81 0.66 0.82 127" 6.30 =+ 2.80
go6 21.25 13.25 37.65 8.00 17.25 16.78 16.32 1.99 1.36 1.14 0.62 0.77 1.53™ 18.13 =+ 575
go7 8.00 950 -18.75 -150 8.75 8.72 8.69 -0.99 0.37 0.81 1.19 146 -0.40™ 23.92 =+ 981
go8 9.20 4.32 53.04 4.88 6.76 6.30 5.88 281 0.19 0.37 0.47 058 4.36™ 13.03 =+ 4.83
g09 16.20 11.62 28.29 4.58 1391 13.72 13.53 1.50 0.91 1.00 0.72 0.88 240" 283 =+ 162
g10 16.88 24.87 -47.36 -7.99 20.87 20.48 20.11 -2.51 2.03 2.13 1.47 1.82 -0.89™ 16.18 =+ 1.60
gl11 870 6.83 2146 187 777 7.71 7.65 1.14 0.29 0.59 0.79 0.97 0.94™ 6.12 =+ 247
912 16.68 15.07 9.64 1.61 15.87 15.85 15.83 0.51 1.22 1.29 0.90 1.11 0.24™ 1532 =+ 7.39
g13 30.00 26.75 10.83 3.25 28.38 28.33 28.28 0.57 3.88 2.29 0.89 1.10 0.33" 6.72 =* 6.62
gl4 9.15 9.80 -7.10 -0.65 9.48 947 946 -0.38 0.43 0.84 1.07 1.32 -0.29™ 047 =+ 0.02
gl5 10.00 11.40 -14.00 -1.40 10.70 10.68 10.65 -0.74 0.55 0.98 1.14 1.41 -0.27™ 472 + 144
gl6 23.93 20.47 1445 346 2220 22.13 22.06 0.77 2.37 1.76 0.86 1.05 0.62™ 0.00 %= 0.00
gl7 13.58 17.47 -28.67 -3.89 15.52 15.40 15.28 -1.52 1.15 1.50 1.29 159 -0.84™ 537 =+ 533
g18 1440 1292 10.30 1.48 13.66 13.64 13.62 0.55 0.90 1.11 0.90 1.11 0.56™ 143 =+ 042
g19 34.53 26.78 2242 7.74 30.65 30.41 30.17 1.19 4.47 2.30 0.78 096 0.66™ 6.78 =+ 3.18
g20 29.65 13.50 54.47 16.15 21.58 20.01 18.55 2.88 1.94 1.16 0.46 056 652 6.12 =+ 222
g21 21.10 15.73 2543 537 1842 18.22 18.03 1.35 1.61 1.35 0.75 092 0.72™ 990 =+ 343
g22 19.70 13.17 33.16 6.53 16.43 16.11 15.78 1.76 1.25 1.13 0.67 0.82 322" 110 =+ 0.63
g23 25.40 21.95 1358 345 2368 23.61 2355 0.72 2.70 1.88 0.86 1.07 0.45™ 0.05 =+ 0.05
g24 43.55 3153 27.59 12.02 37.54 37.06 36.58 1.46 6.64 2.70 0.72 0.89 1.16™ 253 + 1.64
g25 1438 10.57 26.49 3.81 12.47 12.32 1218 1.40 0.73 091 0.74 091 0.86™ 0.00 £ 0.00
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026
g27
028
g29
930
g31
g32
933
g34
935
g36
g37
038
g39
g40
0941
942
g43
g44
g45
g46
947

g48

049
g50
g51
052
g53
g54
g55
056
g57
g58
059
g60
g6l
g62
g63
g64
g65
g66
g67
g68
g69
g70

16.83
12.45
17.73
9.95
8.40
15.75
8.10
9.65
24.13
10.85
14.43
9.40
6.95
47.48
38.95
9.80
25.03
38.35
29.55
27.70
21.73
13.95

7.60

13.00
9.05
13.38
8.60
14.00
13.25
14.13
8.58
9.13
9.80
11.70
11.85
6.86
5.85
6.50
7.13
5.30
6.33
5.00
9.25
3.38
3.18

11.30

8.68
10.57
17.67
10.87

8.60
11.15

7.68
13.45
12.83
10.57

8.65

6.77
32.00
38.83

9.05
15.33
14.17
25.07
27.23
17.15
10.38

21.97

13.28
10.70
8.65
7.73
12.77
7.97
11.67
5.42
11.30
10.60
5.62
11.18
6.27
10.47
6.03
4.53
6.00
5.57
4.13
5.90
3.97
3.97

32.84
30.25
40.39
-77.55
-29.37
45.40
-37.65
20.38
44.25
-18.28
26.75
7.98
2.64
32.60
0.30
7.65
38.73
63.06
15.17
1.68
21.06
25.57

189.04
-2.18
-18.23
35.33
10.08
8.81
39.87
17.40
36.83
-23.84
-8.16
51.99
5.63
8.68
-78.92
7.18
36.37
-13.21
11.99
17.33
36.22
-17.53
-24.94

5.53
3.77
7.16
-1.72
-2.47
7.15
-3.05
1.97
10.68
-1.98
3.86
0.75
0.18
15.48
0.12
0.75
9.69
24.18
4.48
0.47
4.58
3.57

14.37
-0.28
-1.65
4.73
0.87
1.23
5.28
2.46
3.16
-2.18
-0.80
6.08
0.67
0.60
-4.62
0.47
2.59
-0.70
0.76
0.87
3.35
-0.59
-0.79

14.06
10.57
14.15
13.81

9.63
12.18

9.63

8.67
18.79
11.84
12.50

9.03

6.86
39.74
38.89

9.43
20.18
26.26
27.31
27.47
19.44
12.17

14.78

13.14
0.88
11.01
8.17
13.38
10.61
12.90
7.00
10.21
10.20
8.66
11.52
6.56
8.16
6.27
5.83
5.65
5.95
4.57
7.58
3.67
3.57

13.79
10.40
13.69
13.26

9.55
11.64

9.50

8.61
18.01
11.80
12.35

9.02

6.86
38.98
38.89

9.42
19.59
2331
27.22
27.47
19.30
12.04

12.92

13.14
0.84
10.76
8.16
13.37
10.27
12.84
6.82
10.15
10.19
8.11
11.51
6.56
7.82
6.26
5.68
5.64
5.93
4.55
7.39
3.66
3.55

13.52
10.23
13.24
12.73

9.48
11.13

9.38

8.56
17.27
11.76
12.20

9.01

6.86
38.23
38.89

9.41
19.02
20.69
27.12
27.46
19.17
11.91

11.29

13.14
9.81
10.51
8.14
13.35
9.95
12.78
6.64
10.10
10.18
7.59
11.51
6.55
7.51
6.26
5.54
5.63
5.92
4.53
7.20
3.65
3.53

1.74
1.60
2.14
-4.11
-1.55
2.40
-1.99
1.08
2.34
-0.97
1.42
0.42
0.14
1.73
0.02
0.41
2.05
3.34
0.80
0.09
111
1.35

10.01
-0.12
-0.97
1.87
0.53
0.47
211
0.92
1.95
-1.26
-0.43
2.75
0.30
0.46
-4.18
0.38
1.93
-0.70
0.63
0.92
1.92
-0.93
-1.32

0.92
0.52
0.91
0.85
0.44
0.66
0.44
0.36
1.57
0.67
0.74
0.39
0.23
7.35
7.32
0.43
1.86
2.63
3.58
3.65
1.80
0.70

0.81

0.84
0.47
0.56
0.32
0.86
0.51
0.80
0.22
0.50
0.50
0.32
0.64
0.21
0.30
0.19
0.16
0.15
0.17
0.10
0.26
0.06
0.06

0.97
0.74
0.91
151
0.93
0.74
0.96
0.66
1.15
1.10
0.91
0.74
0.58
2.74
3.33
0.78
1.31
1.21
2.15
2.34
1.47
0.89

1.88

1.14
0.92
0.74
0.66
1.09
0.68
1.00
0.46
0.97
0.91
0.48
0.96
0.54
0.90
0.52
0.39
0.51
0.48
0.35
0.51
0.34
0.34

0.67
0.70
0.60
1.78
1.29
0.55
1.38
0.80
0.56
1.18
0.73
0.92
0.97
0.67
1.00
0.92
0.61
0.37
0.85
0.98
0.79
0.74

2.89

1.02
1.18
0.65
0.90
0.91
0.60
0.83
0.63
1.24
1.08
0.48
0.94
0.91
1.79
0.93
0.64
1.13
0.88
0.83
0.64
1.18
1.25

0.83
0.86
0.74
2.19
1.59
0.67
1.70
0.98
0.69
1.46
0.90
1.13
1.20
0.83
1.23
1.14
0.76
0.46
1.05
1.21
0.97
0.92

3.56

1.26
1.46
0.80
1.11
1.12
0.74
1.02
0.78
1.53
1.33
0.59
1.16
1.13
2.21
1.14
0.78
1.40
1.09
1.02
0.79
1.45
1.54

1.80™
0.87™
0.84™
-0.88"™
-0.83™
1.41™
-1.19™
0.52™
1.72™
-0.78™
1.94™
0.44"™
0.11™
1.51™
0.01™
0.27m
1.40™
2.99"
0.40™
0.03™
0.74™
1.16™
-2.66"

-0.04"
-0.46"
1.40™
0.50m™
0.56"™
12.90™
0.87™
1.44"
-0.56"
-0.43™
2.08™
0.43™
0.45™
-0.94"
0.39™
1.79™
-0.71"
0.40m™
2.00™
2.01™
-0.53™
-1.02"

3.00
0.58
3.50
0.87
1.42
1.97
4.04
4.60
3.25
2.92
12.22
4.58
0.40
0.13
4.23
4.58
1.78
11.55
2.67
2.15
412
1.73

5.02

2.17
16.12
2.22
0.37
4.35
4.50
1.68
0.47
1.15
8.30
10.27
4.97
4.28
1.75
9.29
8.12
3.78
13.37
5.28
7.13
1.18
2.63

I+ += + + + + + + &+ + + 4+ &+ + H+ H+ H+ + + + + + I+

+ + + + + &+ + + + + +F H+ H+ + M+ + H+ +F + + + I+

0.88
0.41
1.16
0.20
0.82
1.24
1.35
1.13
1.49
0.94
2.73
141
0.15
0.06
1.95
2.58
0.81
3.74
0.94
0.74
1.58
0.36

1.37

0.45
3.90
0.81
0.14
1.01
2.30
131
0.12
0.50
1.61
3.01
1.01
1.55
0.85
4.47
3.36
131
4.87
1.37
1.75
0.23
0.68



Q. VAR (F) A als [ i 5l 50 60 9,5 sl gy

071 870 413 5249 457 642 600 560 278 0.17 035 0.48 0.59 2.36™ 258 + 2.8
072 460 433 580 027 447 446 446 031 0.10 0.37 094 116 0.35° 363 + 144
073 1865 8.38 55.05 10.27 1352 1250 1157 2.91 0.76 072 0.45 0.55 320° 7.13 + 3.1
g74 305 397 -30.06 -0.92 351 348 345 -159 0.06 0.34 1.30 160 -1.29° 505 + 1.94
g75 665 458 3108 207 562 552 543 165 0.15 039 0.69 0.85 2.02° 357 + 1.09
076 975 750 2308 225 863 855 848 122 0.35 064 0.77 0.95 072 023 + 0.08
g77 230 500 ;. 270 365 339 315 621 006 0.43 217 268 00 447 + 082
078 673 343 4895 329 508 481 455 259 0.11 029 051 0.63 0.98™ 327 + 1.39
079 305 450 -4754 -145 378 370 364 -252 0.07 0.39 148 1.82 -344" 085 + 027
080 690 820 -1884 -1.30 755 752 7.49 -1.00 0.27 070 1.19 147 071" 167 + 0.52
g81 300 413 3778 -L13 357 352 348 -2.00 0.06 035 1.38 170 -292° 283 + 0.83
082 1080 513 5247 567 7.97 745 696 278 0.27 044 048 059 194 . _
083 555 473 1472 082 514 513 511 078 0.13 0.41 085 1.05 149° 043 + 014
84 710 10.17 -4319 -3.07 863 850 836 -2.29 0.35 087 143 177 -0.87° 127 + 071
085 930 560 3978 370 7.45 7.22 699 211 0.25 0.48 060 0.74 3507 247 + 131
086 530 857 -61.64 -327 693 674 655 -3.26 0.22 073 1.62 199 -144® 237 £ 0.5
087 1270 7.7 4357 553 993 954 9.16 231 0.44 0.61 056 0.70 400" 180 + 114
g88 1170 600 4872 570 885 838 7.93 258 0.34 051 051 0.63 2.02° 610 + 057
089  17.25 1433 1691 2.92 1579 1572 1566 0.90 1.20 123 0.83 1.02 059 014 + 0.08
090 1815 1553 14.42 262 1684 1679 1674 0.76 1.36 1.33 086 1.06 0.77° 083 =+ 0.44

g91 22.63 19.47 1396 3.16 21.05 20.99 20.93 0.74 2.13 1.67 0.86 1.06  0.53™ -
g92 26.13 16.75 35.89 9.38 21.44 20.92 20.41 1.90 2.12 1.44 0.64 0.79 5.03" -

LSDoos  8.09 8.09

s *and ™*: Not significant, significant at 5% and 1% probability levels, respectively. DWB; dry weight of broomrapes.

@ Spbes g Jood ool ol jon 4l 5 (25 9 Jlo i Ll St (9895 Saadsd (S a3 (359) 9,8kee suuas; F Jgu
JPASTIC |l58l0 5 b oo sl (ias

Table 4. Yield (leaf dry weight) rankings of 92 oriental tobacco genotypes under normal (Yp) and broomrape stress (Ys)

conditions along with the tolerance and susceptibility indices calculated by iPASTIC software.

Genotype Yp Ys TOL MP GMP HM SSI STI Yl YSI RSI SR AR Std.

go1 20 48 87 25 26 27 88 26 48 88 88 571 51.91 29.79
g02 46 53 49 49 48 47 54 48 53 54 54 555 50.45 3.14
g03 44 52 50 47 46 46 56 46 52 56 56 551 50.09 4.57
g04 5 9 89 5 5 6 78 5 9 78 78 367 33.36 37.72
905 34 51 69 42 42 41 68 42 51 68 68 576 52.36 13.43
g06 18 27 82 20 21 21 74 21 27 74 74 459 41.73 27.39
907 70 50 14 60 59 59 17 59 50 17 17 472 4291 21.80
g08 60 85 70 75 76 78 89 76 85 89 89 872 79.27 9.21
909 29 33 67 30 28 28 62 28 33 62 62 462 42.00 16.99
g10 26 8 2 15 14 14 7 14 8 7 7 122 11.09 6.44
g11 64 67 42 68 67 65 52 67 67 52 52 663 60.27 9.03
g12 28 21 41 23 23 22 36 23 21 36 36 310 28.18 7.55
g13 7 6 54 6 6 5 39 6 6 39 39 213 19.36 19.00

914 61 49 23 56 56 54 24 56 49 24 24 476 43.27 15.83
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915
g16
gl7
g18
919
020
g21
922
923
924
925
926
927
g28
029
930
g31
032
033
g34
935
036
g37
038
039
g40
941
g42
943
044
045
046
047
048
049
950
g51
052
053
g54
055
056
g57
058
059
g60

51
15
38
32

19
21
12

33
27
43
24
52
68
30
69
56
14
49
31
57
74

53
13

10
17
37
71
41
63
39
66
36
40
35
67
62
53
47
45

34
12
15
29

24
18
28
11

42
35
55
42
14
39
58
38
64
25
30
42
56
68

54
20
23

16
46
10
26
40
56
63
31
62
32
77
35
41
74
37

16
58

40
81
91
72
78
57
88
62
73
61
80

10
79

43
86
12
63
33
27
90
26
33
84
92
64
29
66
59

25
13
68
37
39
71
46
52
11
20
77
32

45
11
26
32

12
19
22
10

38
29
48
28
31
54
39
55
61
18
4
37
58
74

57
16

17
40
27
35
53
44
65
34
46
36
72
50
51
62
43

45
11
25
30

15
18
22

38
27
47
29
32
53
41
55
60
19
40
37
58
72

57
16
10

17
39
34
33
52
44
64
31
49
35
73
51
50
65
43

44
10
25
26

4
17
18
23

9

3
36
29
48
31
34
53
43
56
60
19
38
35
58
72

55
16
12

15
37
42
32
52
45
63
30
51
33
73
50
49
66
40

21
44
13
38
53
90
57
67
41
61
59
66
63
79

4
12
82
10
50
81
18
60
33
28
65
26
32
75
92
46
27
51
58

1
25
19
69
37
35
e
49
73
15
23
85
29

45
11
25
30

4
15
18
22

9

3
38
27
47
29
32
53
41
55
60
19
40
37
58
72

1

2
57
16
10

8

7
17
39
34
33
52
44
64
31
49
35
73
51
50
65
43

34
12
15
29

5
24
18
28
11

3
42
35
55
42
14
39
58
38
64
25
30
42
56
68

54
20
23

16
46
10
26
40
56
63
31
62
32
77
35
41
74
37

21
44
13
38
53
90
57
67
41
61
59
66
63
79

4
12
82
10
50
81
18
60
33
28
65
26
32
75
92
46
27
51
58

1
25
19
69
37
35
e
49
73
15
23
85
29

21
44
13
38
53
90
57
67
41
61
59
66
63
79

4
12
82
10
50
81
18
60
33
28
65
26
32
75
92
46
27
51
58

1
25
19
69
37
35
77
49
73
15
23
85
29

377
272
213
362
272
476
371
445
251
291
506
480
593
542
224
405
635
404
618
468
334
504
533
611
295
116
516
426
459
257
156
334
517
232
326
422
603
596
368
661
431
783
390
424
785
407

34.27
24.73
19.36
32.91
24.73
43.27
33.73
40.45
22.82
26.45
46.00
43.64
53.91
49.27
20.36
36.82
57.73
36.73
56.18
42.55
30.36
45.82
48.45
55.55
26.82
10.55
46.91
38.73
41.73
23.36
14.18
30.36
47.00
21.09
29.64
38.36
54.82
54.18
33.45
60.09
39.18
71.18
35.45
38.55
71.36
37.00

12.58
18.50

9.23

4.74
29.00
37.53
21.82
23.53
18.15
33.57
11.21
19.42

7.65
24.39
16.60
21.52
20.29
23.21

6.91
31.66
12.25
12.24
12.27
22.12
35.89
12.27
11.70
30.70
40.25
22.08
10.69
19.78

9.41
22.71

5.46
17.76
12.16
13.65

2.84
13.84

7.35

6.88
18.61
13.48
11.81

6.31



ay VAR (F) A als [ i 5l 50 60 9,5 sl gy
g61 76 69 31 76 75 74 34 75 69 34 34 647 58.82 20.43
g62 81 45 4 66 66 67 3 66 45 3 3 449 40.82 31.44
063 79 70 30 78 77 76 31 77 70 31 31 650 59.09 22.66
964 72 82 47 80 80 81 72 80 82 72 72 820 74.55 10.13
965 83 71 22 81 81 79 22 81 71 22 22 635 57.73 28.59
g66 80 76 35 79 79 77 40 79 76 40 40 701 63.73 19.89
g67 85 86 37 85 85 85 48 85 86 48 48 778 70.73 20.43
068 59 73 56 69 70 69 71 70 73 71 71 752 68.36 5.57
069 87 89 24 88 88 87 20 88 89 20 20 700 63.64 33.83
g70 88 89 21 90 89 89 14 89 89 14 14 686 62.36 37.01
g71 64 86 65 77 78 80 87 78 86 87 87 875 79.55 8.45
g72 86 84 28 86 86 86 30 86 84 30 30 716 65.09 28.23
g73 22 60 85 33 36 39 91 36 60 91 91 644 58.55 26.93
g74 89 89 19 92 91 91 11 91 89 11 11 684 62.18 39.07
g75 78 81 44 82 82 82 64 82 81 64 64 804 73.09 12.49
g76 55 65 45 64 61 61 55 61 65 55 55 642 58.36 6.04
g77 92 79 9 89 92 92 2 92 79 2 2 630 57.27 42.74
g78 7 92 55 84 84 84 84 84 92 84 84 904 82.18 9.91
g79 89 83 15 87 87 88 6 87 83 6 6 637 57.91 39.49
080 75 61 17 70 68 68 16 68 61 16 16 536 48.73 26.03
g81 91 86 18 91 90 90 9 90 86 9 9 669 60.82 39.41
082 50 78 75 67 69 71 86 69 78 86 86 815 74.09 10.72
083 82 80 36 83 83 83 45 83 80 45 45 745 67.73 19.99
084 73 47 7 63 62 62 8 62 47 8 8 447 40.64 27.06
085 58 75 60 71 71 70 76 71 75 76 76 779 70.82 6.31
086 83 59 6 73 74 75 5 74 59 5 5 518 47.09 33.87
987 42 66 74 52 54 57 80 54 66 80 80 705 64.09 13.24
088 47 71 76 59 63 64 83 63 71 83 83 763 69.36 1151
089 25 22 51 24 24 24 47 24 22 47 47 357 32.45 12.40
990 23 19 48 21 20 20 43 20 19 43 43 319 29.00 12.21
g91 16 13 53 14 12 11 42 12 13 42 42 270 24.55 16.35
992 11 17 83 13 13 13 70 13 17 70 70 390 35.45 30.23
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Figure 1. Frequency chart of stress tolerance indices in 92 oriental tobacco genotypes. Vertical column shows frequency

of index and the horizontal column shows the numerical range of the observed index among the studied genotypes. a-b.
Relative frequency of yield (dry leaf weight) under (a) normal and (b) broomrape stress conditions in 92 oriental tobacco

genotypes. c-d. Relative frequency of (c) tolerance index (TOL) and (d) mean productivity (MP) indices, e—f. Relative
frequency of (e) geometric mean productivity (GMP) and (f) harmonic mean (HM) indices, g—h. Relative frequency of
(9) stress susceptability index (SSI) and (h) stress tolerance index (STI), i—j. Relative frequency of (i) yield index (Y1)
and (j) yield stability index (YSI) indices and (k) relative frequency relative stress index (RSI).
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Table 5. Simple correlation coefficient among tolerance indices and yield (leaf dry weight) of oriental tobacco genotypes.
Yp Ys RC TOL MP GMP  HM SSi STI Yl YSlI

Ys 0.835" 1

RC 0.382" -0.08™ 1

TOL 0.676™ 0.16™ 0.796™ 1

MP  0.969™ 0.944™ 0.19™ 0.475" 1

GMP 0.962™ 0.951™ 0.19™ 0.454™  0.999™ 1

HM  0.953™ 0.955™ 0.19" 0.432™ 0.995™ 0.999™ 1

SSI 0.382™ -0.08™ 1.000" 0.796™ 0.19™ 0.19™  0.19™ 1

STI 0917 0.915™ 0.15"™ 0.421™ 0.956™ 0.960™ 0.961™ 0.15"™ 1

Yl 0.835™ 1.000™ -0.08™  0.16™ 0.944™ 0.951™ 0.955™ -0.08™  0.915™ 1

YSI  -0.382" 0.08™  -1.000" -0.796™ -0.19" -0.19™ -0.19" -1.000 -0.15" 0.08™ 1
RSI  -0.382™ 0.08™ -1.000" -0.796™ -0.19™ -0.19™ -0.19™ -1.000" -0.15"™ 0.08™ 1.000™
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Table 6. Results of principal components analysis on stress tolerance indices and yield (leaf dry weight) of oriental
tobacco genotypes in normal (Yp) and broomrape stress (Y's) conditions.

Principal Cumulative Stres tolerance indices
component % variance Yp Ys TOL MP GMP HM SSI STI Yl YSI RSI
PC1 0.640.37 0.34 0.22 0.37 0.37 0.37 0.13 036 0.34 -0.13 -0.13
PC2 0.97-0.04 0.23 -0.37 0.08 0.08 0.09 -0.49 0.1 0.23 0.49 0.49
11
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Figure 2. Bioplate diagram of tobacco genotypes based on the first two components from principal components analysis
on tolerance indices in which the position of the indices and genotypes are observed.
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Figure 3. Dendrogram of classification of oriental tobacco genotypes based on tolerance indices using Ward’s method.
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Table 7. The number of groups members resulting from cluster analysis together with mean and deviation from maen for

tolerance indices in the studied oriental tobacco genotypes.
Cluster Item Yp Ys RC TOLMP GMPHM SSI STI Yl YSI RSl

Group mean

11.58 8.31 26.89 3.27 9.94 9.74 955 142 051 0.71 0.73 0.90

I (n=48 genotypes)

Deviation from total

-2.80 -3.35 17.89 0.55 -3.08 -3.01 -2.95 0.95 -0.57 -0.29 -0.18 -0.22

greggp mean 20.41 21.25 27.33 8.16 25.33 24.82 24.33 1.45 321 1.82 0.73 0.90
Il (n=20 genotypes) 32‘;?““ fromtotal 15 43 959 18.32 5.45 1231 12.06 11.82 0.97 2.13 0.82 -0.18 -0.23
Group mean 7.45 10.38 -42.04 -2.92 892 8.73 856 -2.230.45 0.89 142 1.75
11l (n=24 genotypes) 32‘;:1&“0” fromtotal ¢ 93 128 -51.04 -5.64 -4.11 -4.03 -3.95 -2.70 -0.63 -0.11 0.51 0.63
Total mean 14.38 11.66 9.00 2.72 13.02 12.76 12.51 0.48 1.08 1.00 0.91 1.12
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Table 8. Ranking groups resulting from cluster analysis based on mean of the studied traits in oriental tobacco genotypes.

Cluster Yp Ys RC TOL MP GMP HM  SSI STI Yl YSI RSI
I 2 3 2 2 2 2 2 2 3 2 2
I 1 1 1 1 1 1 1 1 1
Il 3 2 3 3 3 3 3 3 2 1 1
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Figure 4. Classification of oriental tobacco genotypes using discriminant analysis on stress tolerance indices.
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Table 9. Results of canonical discriminant functions for investigating classification accuracy of the studied oriental
tobacco genotypes based on tolerance indices.

Ward method Predicted group membership Total
1 2 3
1 48 0 0 48
Count 2 1 19 0 20
Original 3 L 0 23 24
1 100 0 0 100
% 2 5 95 0 100
3 4.2 0 95.8 100

97.8% of genotypes were correctly classified.

References

Abdulahi A, Mohammadi R, 2008. Evaluating the response of bread wheat genotypes to weed interference under
dryland conditions. Journal of Crop Production and Processing 11(42): 93-102 (in Persian with English abstract).

Afshari R, Sabouri A, Esfahani M, Kafi Ghasemi A, 2017. Evaluation of tolerance of rice (Oryza sativa L.) genotypes

using tolerance indices and biplot analysis. Iranian Journal of Field Crop Science 48(3): 843-854 (in Persian with
English abstract).

Alavi SR, Darvishzadeh R, Deylami MS, Basirnia A, Pirzad A, 2014. Evaluation of drought tolerance indices in
Virginia tobacco (Nicotiana tabacum L.) genotypes. Research in Field Crop 1(2): 1-10 (in Persian with English
abstract).

Aliakbari M, Razi H, Kazemeini SA, 2014. Evaluation of drought tolerance in rapeseed (Brassica napus L.) cultivars
using drought tolerance indices. International Journal of Advanced Biological and Biomedical Research 2(3):
696-705.

Baghyalakshmi K, Sarala K, Prabhakararao K, Reddy DD, 2019. Orobanche menace in crop plants: Host resistance
as a potential tool to control. Journal of Pharmacognosy and Phytochemistry SP2: 93-102.


https://ijfcs.ut.ac.ir/issue_8199_8490.html

a4 il 5 S 4 Joio g 98] G 35 T 0l)%e 9 (Jle g cemlogl

Barker E, Press M, Scholes J, Quick W, 1996. Interactions between the parasitic angiosperm Orobanche aegyptiaca
and its tomato host: growth and biomass allocation. New Phytologist 133(4): 637-642.

Beshagh B, Sadat Esilan K, Pezeshkpour P, 2018. Evaluation of faba bean genotypes using drought tolerance indices
and multivariate statistical methods. Journal of Crop Breeding 10 (27): 1-9 (in Persian with English abstract).

Bidinger F, Mahalakshmi V, Rao GDP, 1987. Assessment of drought resistance in pearl millet (Pennisetum
americanum (L.) Leeke). Il. Estimation of genotype response to stress. Australian Journal of Agricultural

Research 38(1)P: 49-59.

Bouslama M, Schapaugh W, 1984. Stress tolerance in soybeans. |. Evaluation of three screening techniques for heat
and drought tolerance 1. Crop Science 24(5): 933-937.

Bozhinova PR, 2006. Coefficients for determination of the leaf area in three Burley tobacco varieties. Journal of
Central European Agriculture 7(1): 7-12.

Brandle J, Bai D, 1999. Biotechnology: uses and applications in tobacco improvement. In: Davis N, (Ed). Tobacco:
Production, Chemistry and Technology. Wiley-Blackwell, Oxford, United Kingdom. Pp. 49-65.

Chaves M, Oliveira M, 2004. Mechanisms underlying plant resilience to water deficits: prospects for water-saving
agriculture. Journal of Experimental Botany 55(407): 2365-2384 .

Darvishzadeh R, Alavi SR, Sarafi A, 2011. Genetic variability for chlorine concentration in oriental tobacco
genotypes. Archives of Agronomy Soil Science 57(2): 167-177.

Delavault P, 2015. Knowing the parasite: Biology and genetics of Orobanche. Helia 38(62): 15-29.

Etminan A, Pour-Aboughadareh A, Mohammadi R, Shooshtari L, Yousefiazarkhanian M, et al., 2019. Determining
the best drought tolerance indices using artificial neural network (ANN): Insight into application of intelligent
agriculture in agronomy and plant breeding. Cereal Research Communications 47(1): 170-181.

Fernandez GC, 1992. Effective selection criteria for assessing plant stress tolerance. International Symposium on
Adaptation of Vegetables and other Food Crops in Temperature and Water Stress. August 13-16, Shanhua, Taiwan.
Pp. 257-270.

Fischer R, Maurer R, 1978. Drought resistance in spring wheat cultivars. 1. Grain yield responses. Australian Journal
of Agricultural Research 29(5): 897-912.

Fischer R, Wood J, 1979. Drought resistance in spring wheat cultivars. Il1l. Yield associations with morpho-
physiological traits. Australian Journal of Agricultural Research 30(6): 1001-1020.

Gavuzzi P, Rizza F, Palumbo M, Campanile R, Ricciardi G, et al., 1997. Evaluation of field and laboratory predictors
of drought and heat tolerance in winter cereals. Canadian Journal of Plant Science 77(4): 523-531.

Golparvar A, Majidi Harvan |, Ghassemi Pirbaloti E, 2003. Genetic improvement yield potential and water stress
resistance in wheat genotypes (Triticum aestivum). Aridity Seasonal and Agricultural Drought 13: 13-21.

Hassani, S., Pirdashti, H., Mesbah R. Babaeian Jelodar N, 2008. Evaluation of drought tolerance indices in yield of
six cultivars of Virginia tobacco (Nicotiana tabacum L.). Seed and Plant Journal 42: 129-144 (in Persian with
English abstract).

Kakaei M, Zebarjadi A, Mostafaie A, Rezaeizad A, 2011. Determination of drought tolerant genotypes in Brassica
napus L. based on drought tolerance indices. Journal of Crop Production 3(4): 107124 (in Persian with English
abstract).

Kamrani M, Mehraban A, Shiri M, 2018. Identification of drought tolerant genotypes in dryland wheat using drought
tolerance indices. Journal of Crop Breeding 10 (28):13-26 (in Persian with English abstract).

Karimi Torki B, Hassanian Khoshro H, Bihamta MR, Moradi P, Mohammad Ali Pour Yamchi H, 2012. Evaluation
of tolerance of chickpea genotypes to weed competition. Seed and Plant Production Journal 28-2(4): 471-487 (in
Persian with English abstract).

Khalili M, Naghavi M R, Aboughadareh AP, Talebzadeh S J, 2012. Evaluating of drought stress tolerance based on
selection indices in spring canola cultivars (Brassica napus L.). Journal of Agricultural Science 4(11): 78-85.



Yoo VAR (F) A als [ SCh 5l 50 60 9,5 sl gy

Koocheki AR, Yazdansepas A, Nikkhah HR, 2006. Effects of terminal drought on grain yield and some morphological
traits in wheat (Triticum aestivum L.) genotypes. Iranian Journal of Crop Sciences 8(1): 14-29 (in Persian with
English abstract).

Mohammaddoust Chamanabad H, Bakhshi M, Asghari A, Mohammad Nia S, 2014. Evaluation of weed tolerance and
competition indices of 18 wheat genotypes. Iranian Journal of Weed Science 10(2): 155-166 (in Persian with
English abstract).

Mohsenzadeh Golfazani M, Aalami A, Samizadeh HA, Shoaei Daylami M, Talesh Sasani S, 2012. Study of
relationship between yield and yield components in tobacco genotype using path analysis method. Journal of Crop
Breeding 4(9): 26-40 (in Persian with English abstract).

Molla Heydari Bafghi R, Baghizadeh A, Mohammadinezhad G, 2017. Evaluation of salinity and drought stresses
tolerance in wheat genotypes using tolerance indices. Journal of Crop Breeding 9(23): 27-34 (in Persian with
English abstract).

Muiller F, Distler B, 1989. Translocation of glyphosate in the hostparasite system Vicia faba and Orobanche crenata.
Progress in Orobanche research, Eberhard-Karls-Universitat, Tubingen, FRG, 226, p. 233.

Parker C, Riches CR, 1993. Parasitic weeds of the world: Biology and Control. CAB International, Wallingford,
United Kingdom. 332 pp.

Pour-Aboughadareh A, Yousefian M, Moradkhani H, Moghaddam Vahed M, Poczai P, et al., 2019. iPASTIC: An
online toolkit to estimate plant abiotic stress indices. Applications in Plant Sciences 7(7): p.e11278.

Rad AHS, Abbasian A, 2011. Evaluation of drought tolerance in rapeseed genotypes under non stress and drought
stress conditions. Notulae Botanicae Horti Agrobotanici Cluj-Napoca 39(2): 164-171 .

Rezvani Moghadam P, Mohsenzadeh R, Ahifar H, 2002. A survey of quality and chemical characteristics of six
tobacco cultivars (Nicotiana tabacum). Journal of Agricultural Sciences and Natural Resources 8(4): 85-98 (in
Persian with English abstract).

Rosielle A, Hamblin J, 1981. Theoretical aspects of selection for yield in stress and non-stress environment 1. Crop
Science 21(6): 943-946.

Sadeghi SM, Samizadeh Lahiji H, Shoaei Deylami M, Javid F, Fatehi F, 2010. Identification of drought tolerant
hybrids in virginia tobacco. Iranian Journal of Field Crop Science (Iranian Journal of Agricultural Sciences)
41(4): 791-802 (in Persian with English abstract).

Seyedi SJ, Nabipour AR, Vazan S, 2013. Defining selection indices for drought tolerance in chickpea under terminal
drought stresses. Journal of Crop Breeding 5 (11): 98-114 (in Persian with English abstract).

Soleimani A, Bihamta M R, Peyghambari S A, Maali Amiri R, 2019. Evaluation of late season drought in barley
genotypes using some drought tolerance indices. Journal of Crop Breeding 9(23): 166-176 (in Persian with
English abstract).

Tabkhkar N, Rabiei B, Samizadeh Lahiji H, Hosseini Chaleshtori M, 2018. Assessment of rice genotypes response to
drought stress at the early reproductive stage using stress tolerance indices. Journal of Crop Production and
Processing 7 (4): 83-106 (in Persian with English abstract).

Taghizadeh N, Ranjbar G, Nematzadeh G, Ramzanimoghdam M, 2018. Evaluation of salinity tolerance in
allotetraploid cotton (Gossypium sp.) genotypes, using multivariate statistical methods and stress tolerance indices
at germination stage. Iranian Journal of Seed Research 4(2): 93-110 (in Persian with English abstract).

Vij S, Tyagi AK, 2007. Emerging trends in the functional genomics of the abiotic stress response in crop plants. Plant
Biotechnology Journal 5(3): 361-380.

This is an open access article under the CC BY NC license (https://creativecommons.org
[licenses/by-nc/2.0/)



https://www.sid.ir/en/journal/SearchPaper.aspx?writer=151048
https://www.sid.ir/en/journal/JournalList.aspx?ID=3796
https://www.sid.ir/en/journal/JournalListPaper.aspx?ID=14131
https://creativecommons.org/

