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ABSTRACT
Tobacco (Nicotiana tabacum L.) is one of the industrial plants and is important in the economy of many
countries. Plant breeders are usually interested in modifing and breeding several traits simultaneously in
their breeding programs. Index selection is the selection of several traits simultaneously based on a simple
index. In order to construct and evaluate tobacco genotypes using selection indices, 92 oriental and water
pipe’s tobacco genotypes were studied in terms of agro-biological traits using a randomized complete
block design with three replications under normal (absence of broomrape) and presence of broomrape
conditions during two successive years in Urmia Tobacco Research Centre. Selection indices including
optimal selection (Smith-Hazel), Base (Brim), desired gain (Pesek-Baker) and Robinson were calculated
based on all the studied traits (including: flowering date, plant height, number of leaves, leaf area, fresh
and dry weights of leaf, fresh and dry weights of root, fresh and dry weights of aerial parts) for studied
genotypes in both normal (absence of broomrape) and broomrape presence conditions. The results of the
direct and correlated response of traits showed that the genotypes with more value for leaf area and fresh
weight of leaf and aerial parts had potentially a higher performance. Selection based on Smith-Hazel and
Brim indices which had the highest selection efficiency (DH) in both normal (absence of broomrape) and
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presence of broomrape, resulted in increasing the leaf area and fresh weight in normal conditions and leaf
area and fresh weight of aerial parts in broomrape stress conditions. On the other hand, fresh weight of
leaf and aerial parts were the traits with highest correlated response with dry weight of leaf, therefore,
these two indices with the highest correlation with breeding value and with the highest relative efficiency
of selection were presented as the best indices. Accordingly, genotype 24 (H.T.I) was introduced as the
best genotype under normal (without broomrape stress) and broomrape stress conditions.

Keywords: Broomrape stress, correlated response, index selection, tobacco, yield.
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Table 1. Relative efficiency of indirect to direct selections for leaf dry weight (yield) based on studied traits in
oriental and water pipe’s tobacco

FWL(g) FWR(g) DWR(g) APFW (g) APDW (g)

Ll FD (day) PH (cm) NL

Normal (without 0.29 0.15 080
broomrape
conditions)

Broomrape  stress 0.18 0.05 0.37
conditions

0.24 0.55 1.83 0.24 0.98

0.26 0.24 1.02 0.17 0.67

(APDW) S 5y s3> 4 olgp plasl Sis (59 (APFW) S s 552 4 olen plasl 5 59 (DWR)

Flowering date (FD), Plant height (PH), Number of leaf (NL), Leaf area (LA), Fresh weight of leaf (FWL), Fresh weight of root (FWR), Dry weight of root
(DWR), Aerial part fresh weight without leaf (APFW), Aerial part dry weight without leaf (APFW).
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Table 2. Coefficients of studied traits in the constructed indices in oriental and water pipe’s tobacco under normal
(without broomrape) and broomrape stress conditions

Normal conditions

Broomrape stress conditions

Trait (unit) Smith-Hazel ~Pesek-Baker ~ Robinson ~ Brim  Smith-Hazel Pesek-Baker ~ Robinson  Brim
index index index index index index index index
FD (day) 6.30 0.11 0.10 1 64.79 -1.84 0.41 1
PH (cm) 2.03 -0.06 -0.08 1 58.95 2.35 0.15 1
NL 22.48 -0.06 0.23 1 -263.21 -4.98 -1.08 1
LA (cm?) 0.34 0.00 0.00 1 0.63 -0.03 0.00 1
FWL (g) 2.46 0.06 0.04 1 -53.21 2.56 -0.26 1
DLYP (9) 8.62 -0.40 0.34 1 199.89 2.19 1.00 1
FWR (g) 497 -0.17 0.04 1 20.04 1,07 0.14 1
DWR (g) -19.50 0.92 0.14 1 -17.10 -0.39 -0.05 1
APFW (g) 7.76 0.03 0.03 1 1807 -0.39 0.12 1
APDW (g) -30.74 0.24 -0.06 1 -16.35 -0.77 -0.06 1

Ay, S 559 «(FWR) 4y, 55 09 «(FWL) Sy 55 09 «(LA) Sy o «(NL) S 1 slaws «(PH) iy glis )| «(FD) _oal§ s
(DLYP) &35y slacS 5 S 559 5 (APDW) 55y 55 4 lsn ploail (25 (335 «(APFW) 55y 55> 4y s plail 5 )59 (DWR)

Flowering date (FD), Plant height (PH), Number of leaf (NL), Leaf area (LA), Fresh weight of leaf (FWL), Fresh weight of root (FWR), Dry weight of root
(DWR)), Aerial part fresh weight without leaf (APFW), Aerial part dry weight without leaf (APFW), Dry leaf yield per plant (DLYP).
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Table 3. Efficiency of selection through index (AH) and response of traits to selection based on index (AG) in
oriental and water pipe’s tobacco genotypes under normal and broomrape stress conditions

AG
Conditions Index FD PH NL LA FWL (g) DLYP FWR DWR APFW APDW AH
(day) (cm) (cm?) () (9) (9) (9) ()
Smith-Hazel index 571 16.00 774 1129.38 4021  10.25 12.17 3.96 38.82 785  980.74
. Brim index 343 1057 5.37 1046.62 30.34 7.94 8.67 2.70 28.78 6.31 1150.73
Normal conditions
Pesek-Baker index 3.03 7.27 2.83 453.39 14.97 4.06 5.02 213 14.59 3.42 0.00
Robinson index 484  11.43 7.18 889.10 45.76 12.59 13.12 4.89 38.71 8.14 0.00
Smith-Hazel index 534 1054 -1.36 498.89 3.53 5.33 10.73 5.02 15.84 0.48  241.43
Broomrape stress Brim index 3.14 9.03 5.44 820.64 19.27 491 6.60 214 20.97 4381 896.97
conditions
Pesek-Baker index 0.17 0.47 0.18 23.90 0.76 0.24 0.29 0.12 0.74 0.21 0.00
Robinson index 3.90 3.46 1.18 45953 11.00 5.75 7.59 3.05 15.77 2.65 0.00

aly, S 59 (FWR) ads; 5 059 (FWL) S 5 59 ((LA) Sy gdaws (NL) Sy slass «(PH) @iy glis )| ((FD) 20l5 5,

Flowering date (FD), Plant height (PH), Number of leaf (NL), Leaf area (LA), Fresh weight of leaf (FWL), Fresh weight of root (FWR), Dry weight of root
(DWR), Aerial part fresh weight without leaf (APFW), Aerial part dry weight without leaf (APFW), Dry leaf yield per plant (DLYP).
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Supplementary file 1. Name of studied oriental and water pipe’s tobacco genotypes

Yoo

No Name of genotypes No Name of genotypes No g’;lzglflr?gs 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 L 16a 50 P.D.324 73 SPT 434

5 Basma.S.31 28 Izmir 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 Jahrom14
12 Ss-289-2 35 Samsun dere 58 P.D.365 81 Borazjan

13 Ohdaruma 36 OR-205 59 P.D.371 82 L 16b

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 Pz17 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

Sl bz glaasli o Olas Col o dnlre g, Y (JeST 10

Supplementary file 2. Method of trait coefficients calculating in different selection indices

Selection index

Formula Reference Explanations

Smith and Hazel

MXM (5938 31595 lyly e Pegasls culys o n b ol o o8

Hazel, 1943; Smith, ) ul,5) omd o))l Jlopa smxm 5935 il )lgeS il )l s 5le G

) b=
Wgds o s S Nol awgi golatdl sladisy .l (Lazls jo
Brim index b=a (Brim et al., 1959) -
Desired gain index Pesek & Baker,) L nln (I, h) 1, o7 (Davik, 1989) Sygls 45 taigy sbodgw Jloph o] o &5
(Pesek-Baker b=G*h L ) ]
index) (1970 ol a8l o udeid o laili] Gl el
Robinson index b=Plg (Robinson, 1951) sl Dlaoe Koo b o Shae gy mil)lasS Jop g ol jo a8
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Supplementary file 3. Some criteria to evaluate and compare the selection indices

Criteria to evaluate and
No. compare the selection Symbol Formulas Reference Explanations
indices

d>g e b ga glajloy oSy g ab gal ol oS
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2 index compared with direct ~ RE =01 (Baker, 1986) ‘5)?. T S O o TR ’ w;
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Supplementary file 4. Estimation of genotypic standard deviation, heritability and direct response to
selection for oriental and water pipe’s tobacco traits under normal and broomrape stress conditions

. . Normal (without broomrape conditions) Broomrape stress conditions
Trait (unit) -
Sgi h? Ri Sgi h? R
FD (day) 7.92 0.88 13.08 6.27 0.80 9.87
PH (cm) 18.29 0.81 28.97 14.87 0.62 20.61
NL 6.63 0.67 9.55 6.08 0.68 8.82
LA (cm?) 855.31 0.43 987.12 662.63 0.46 790.97
FWL (g) 32.86 0.60 44.80 16.87 0.28 15.71
DLYP (9) 8.70 0.59 11.76 5.17 0.25 4.55
FWR (g) 11.22 0.62 15.55 8.70 0.55 11.36
DWR (g) 4.08 0.47 4,92 2.71 0.33 2.74
APFW (g) 30.73 0.53 39.37 19.86 0.43 22.92
APDW (g) 7.22 0.51 9.07 5.10 0.35 5.31

S 59 (FWR) aiyy 5 059 (FWL) Sy 5 059 ((LA) Sy v el «(NL) Sy slaws «(PH) @y gl )| (FD) 20l5 &)U
Ge Sy Sis 59 9 APDW) Sy s 4 ale pladl Sas (59 (APFW) S s3> 4 s plasl 5 (59 (DWR) aiy,
.(DLYP)

Flowering date (FD), Plant hgaiﬂht (PH), Number of leaf (NL), Leaf area (LA), Fresh Wei?ht of leaf (FWL), Fresh weight of root EWR), Dry weight of root
(DWR), Aerial part fresh weight without leaf (APFW), Aerial part dry weight without leaf (APFW), Dry leaf yield per plant (DLYP).
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Supplementary file 5. Correlated response to selection for improving character Y via selection for X in
oriental and water pipe’s tobacco under normal (without broomrape) conditions

Y (unit) X (unit) Correlated Geneti_c Y (unit) X (unit) Correlated Geneti_c
response correlation response correlation
FD (day) PH (cm) 8.10 0.62 DLYP (g) FD (day) 3.82 0.32
NL 6.38 0.49 PH (cm) 4.30 0.37
LA (cm?) 4.19 0.32 NL 7.65 0.65
FWL (g) 418 0.32 LA (cm?) 8.30 0.71
DLYP (g) 4.25 0.32 FWL (g) 10.97 0.93
FWR (g) 478 0.37 FWR (g) 853 0.73
DWR (g) 513 0.39 DWR (g) 9.01 0.77
APFW (g) 471 0.36 APFW (g) 9.62 0.82
APDW (g) 3.85 0.29 APDW (g) 8.91 0.76
PH (cm) FD (day) 17.95 0.62 FWR (g) FD (day) 5.69 0.37
NL 21.52 0.74 PH (cm) 9.40 0.60
LA (cm?) 12.32 0.43 NL 10.28 0.66
FWL (g) 12.47 0.43 LA (cm?) 9.18 0.59
DLYP (g) 10.58 0.37 FWL (g) 11.70 0.75
FWR (g) 17.52 0.60 DLYP (g) 11.28 0.73
DWR (g) 17.16 0.59 DWR (g) 13.70 0.88
APFW (g) 18.43 0.64 APFW (g) 11.46 0.74
APDW (g) 17.57 0.61 APDW (g) 9.46 0.61
NL FD (day) 4.66 0.49 DWR (g) FD (day) 1.93 0.39
PH (cm) 7.09 0.74 PH (cm) 2.92 0.59
LA (cm?) 591 0.62 NL 3.30 0.67
FWL (g) 5.85 0.61 LA (cm?) 2.39 0.49
DLYP (g) 6.21 0.65 FWL (g) 3.45 0.70
FWR (g) 6.32 0.66 DLYP (g) 3.77 0.7
DWR (g) 6.40 0.67 FWR (g) 434 0.88
APFW (g) 7.58 0.79 APFW (g) 3.29 0.67
APDW (g) 7.09 0.74 APDW (g) 2.85 0.58
LA (cm?) FD (day) 316.07 0.32 APFW (g) FD (day) 14.19 0.36
PH (cm) 419.68 0.43 PH (cm) 25.05 0.64
NL 611.07 0.62 NL 31.24 0.79
FWL (g) 700.24 071 LA (cm?) 28.21 0.72
DLYP (g) 696.66 0.71 FWL (g) 34.98 0.89
FWR (g) 582.58 0.59 DLYP (g) 32.20 0.82
DWR (g) 478.80 0.49 FWR (g) 29.03 0.74
APFW (g) 707.28 0.72 DWR (g) 26.35 0.67
APDW (g) 653.01 0.66 APDW (g) 35.63 0.90
FWL (g) FD (day) 14.31 0.32 APDW (g) FD (day) 2.67 0.29
PH (cm) 19.28 0.43 PH (cm) 5.50 0.61
NL 27.45 0.61 NL 6.73 0.74
LA (cm?) 31.78 0.71 LA (cm?) 6.00 0.66
DLYP (g) 41.77 0.93 FWL (g) 7.00 0.77
FWR (g) 33.70 0.75 DLYP (g) 6.87 0.76
DWR (g) 31.40 0.70 FWR (g) 5.52 0.61
APFW (g) 39.80 0.89 DWR (g) 5.25 0.58
APDW (qg) 34.55 0.77 APFW (g) 8.21 0.90

S 59 (FWR) aiyy 5 059 (FWL) S 5 059 ((LA) Sy v el «(NL) Sy slaws «(PH) @y gl )| (FD) 20l5 &)U
Ge Sy Sis 59 9 APDW) Sy sim 4 olee pladl Sas (59 (APFW) S s3> 4 e plasl 5 (59 (DWR) aiy,
.(DLYP)

Flowering date (FD), Plant height (PH), Number of leaf (NL), Leaf area (LA), Fresh weight of leaf (FWL), Fresh weight of root (FWR), Dry weight of root
(DWR), Aerial part fresh weight without leaf (APFW), Aerial part dry weight without leaf (APFW), Dry leaf yield per plant (DLYP).
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Supplementary file 6. Correlated response to selection for improving character Y via selection for X in
oriental and water pipe’s tobacco under broomrape stress conditions

Y ) X (unit) Correlated Geneti_c Y (unit) X (unit) Correlated Geneti_c
(unit) response correlation responses correlation
(Fd'?iy) PH (cm) 6.11 0.62 DLYP (g) FD (day) 1.80 0.40
NL 6.38 0.65 PH (cm) 1.09 0.24
LA (cm?) 371 0.38 NL 3.05 0.67
FWL (g) 5.07 0.51 LA (cm?) 3.68 0.81
DLYP (g) 391 0.40 FWL (g) 4.01 0.88
FWR (g) 2.39 0.24 FWR (g) 2.69 0.59
DWR (g) 3.78 0.38 DWR (g) 2.79 0.61
APFW (g) 4.09 041 APFW (g) 384 0.84
APDW (g) 423 0.43 APDW (g) 3.55 0.78
(P;]) FD (day) 12.75 0.62 FWR (g) FD (day) 275 0.24
NL 16.91 0.82 PH (cm) 5.74 0.51
LA (cm?) 11.03 0.54 NL 6.56 0.58
FWL (g) 8.29 0.40 LA (cm?) 6.96 0.61
DLYP (g) 495 0.24 FWL (g) 7.43 0.65
FWR (g) 10.41 0.51 DLYP (g) 6.73 0.59
DWR (g) 10.42 0.51 DWR (g) 9.74 0.86
APFW (g) 12.47 0.61 APFW (g) 8.23 0.73
APDW (g) 11.05 0.54 APDW (g) 7.17 0.63
NL FD (day) 5.70 0.65 DWR (g) FD (day) 1.05 0.38
PH (cm) 7.24 0.82 PH (cm) 1.39 0.51
LA (cm?) 6.64 0.75 NL 1.47 0.54
FWL (g) 7.02 0.80 LA (cm?) 1.69 0.62
DLYP (g) 5.92 0.67 FWL (g) 1.75 0.64
FWR (g) 5.10 0.58 DLYP (g) 1.68 0.61
DWR (g) 473 0.54 FWR (g) 2.35 0.86
APFW (g) 7.36 0.83 APFW (g) 1.69 0.62
APDW (g) 7.07 0.80 APDW (g) 1.61 0.59
'(-Cﬁ »  FD(day) 29751 0.38 APFW (g) FD (day) 9.50 0.41
PH (cm) 423.37 0.54 PH (cm) 13.87 0.61
NL 594.95 0.75 NL 19.12 0.83
FWL (g) 718.41 091 LA (cm?) 18.95 0.83
DLYP (g) 639.46 0.81 FWL (g) 20.63 0.90
FWR (g) 484.93 0.61 DLYP (g) 19.32 0.84
DWR (g) 487.46 0.62 FWR (g) 16.62 0.73
APFW (g) 653.79 0.83 DWR (g) 1411 0.62
APDW (g) 675.66 0.85 APDW (g) 22.60 0.99
(Fg‘;\’L FD (day) 8.07 051 APDW (g) FD (day) 227 0.43
PH (cm) 6.32 0.40 PH (cm) 2.85 0.54
NL 12.49 0.80 NL 4.26 0.80
LA (cm?) 14.27 091 LA (cm?) 454 0.85
DLYP (g) 13.84 0.88 FWL (g) 481 0.91
FWR (g) 10.28 0.65 DLYP (g) 414 0.78
DWR (g) 10.02 0.64 FWR (g) 3.35 0.63
APFW (g) 14.14 0.90 DWR (g) 3.11 0.59
APDW (g) 14.23 0.91 APFW (g) 5.24 0.99

S 59 (FWR) aiyy 5 059 (FWL) Sy 5 059 ((LA) Sy v el «(NL) Sy slaws «(PH) @y gl )| «(FD) 20l5 &b
Ge Sy Sis 59 9 APDW) Sy sim 4 olee pladl Sas (59 (APFW) S s3> 4 e plasl 5 (59 (DWR) aiy,
.(DLYP)

Flowering date (FD), Plant height (PH), Number of leaf (NL), Leaf area (LA), Fresh weight of leaf (FWL), Fresh weight of root (FWR), Dry weight of root
(DWR), Aerial part fresh weight without leaf (APFW), Aerial part dry weight without leaf (APFW), Dry leaf yield per plant (DLYP).
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Supplementary file 7. Yield (leaf dry weight), the value of selection indices and other parameters in

oriental and water pipe’s tobacco genotypes under normal conditions

Smith— . .
Names of genotypes Yield  Rank szel Rank iE:jIg)]( Rank Pes?:(is;ker Rank R?I:)(;r;s)(on Rank
index
Kharmanli 163 21.08 20 2408.88 17 2069.66 43 6.93 67 20.90 17
Nevrokop 11.80 46 1947.34 42 2016.43 45 8.09 56 15.13 46
Trabozan 12.05 44 1869.37 48 2139.28 40 9.14 43 15.42 44
Krumovgraid 37.48 5 2396.07 18 3565.98 9 8.16 54 26.06 7
Basma.S.31 14.20 34 2120.94 31 2243.78 35 7.88 57 16.75 32
Triumph 21.25 18 1687.00 53 2108.65 42 10.68 31 19.62 20
Xanthi 8 70 1669.86 55 1709.00 56 11.75 19 14.59 49
Matianus 9.20 60 1487.03 66 1659.43 59 10.09 35 13.31 59
Immni 3000 16.20 29 2448.81 15 3051.35 17 10.96 28 18.69 26
Melkin 261 16.88 26 1913.85 46 1613.98 63 8.57 49 18.80 24
Tyk-Kula 8.70 64 1563.57 62 1447.65 69 5.10 90 12.25 68
Ss-289-2 16.68 28 2197.79 25 3128.60 15 12.26 12 18.81 23
Ohdaruma 30 7 2035.78 35 2247.95 34 7.87 58 24.02 14
Ploudive 58 9.15 61 1973.54 38 1888.45 51 8.10 55 14.48 50
Line 20 10 51 1427.38 71 1969.38 47 11.42 (20) 12.22 69
T-B-22 23.93 15 2852.43 6 3334.93 14 11.00 26 24.62 9
Ts8 13.58 38 2054.28 34 2124.08 41 8.40 51 17.19 29
Alborz23 14.40 32 2174.34 27 2530.38 29 5.61 84 16.52 33
F.K.40-1 34.53 6 3082.45 4 3536.57 10 6.94 66 29.32 5
Pz17 29.65 8 2654.10 10 3527.68 11 10.43 32 25.45 8
K.P.Ha 21.10 19 2560.42 11 3526.73 12 15.96 4 24.60 10
K.B 19.70 21 1634.16 57 2171.80 39 8.82 46 16.78 31
G.D.165 25.40 12 2420.73 16 2631.90 28 8.74 47 24.44 11
HT.I 43.55 2 3714.28 1 5353.28 2 17.93 1 34.73 2
Kramograd N.H.H. 659 14.38 33 2095.14 33 2731.85 23 11.84 17 15.62 41
T.K.23 16.83 27 2143.52 30 2652.23 27 10.27 33 18.72 25
L 16a 12.45 43 2277.62 22 2874.78 19 12.68 11 15.23 45
Izmir 7 17.73 24 2714.25 9 4616.73 3 7.29 62 15.55 43
Mutant 3 9.95 52 1319.95 74 1476.98 67 12.23 13 13.68 56
Mutant 4 8.40 68 2529.39 13 4257.56 5 17.11 2 14.38 51
Pobeda 1 15.75 30 2367.26 21 2697.95 25 12.03 15 18.10 27
Pobeda 2 8.10 69 2143.56 29 2681.20 26 10.83 29 14.09 53
Rustica 9.65 56 1390.92 72 1201.15 78 5.00 91 10.57 72
Samsun 959 24.13 14 3027.41 5 3620.35 8 16.85 3 28.50 6
Samsun dere 10.85 49 1970.77 40 1803.08 55 11.24 23 16.49 35
OR-205 14.43 31 2271.32 23 3020.45 18 11.21 25 15.66 40
OR-345 9.40 57 1928.42 44 1915.16 50 6.48 72 12.53 66
OR-379 6.95 74 1563.04 63 1412.98 72 9.59 40 12.60 65
C.H.T.209.12¢ 47.48 1 3703.12 2 4594.63 4 12.07 14 38.64 1
C.H.T.209.12exF.K.40-1 38.95 3 2793.10 8 3683.45 7 14.43 7 32.27 3
C.H.T.266-6 9.80 53 1625.67 58 1923.90 48 9.62 39 13.33 58
C.H.T.283-8 25.03 13 2558.64 12 3098.93 16 8.26 52 23.52 15
C.H.T.273-38 38.35 4 2804.47 7 3889.50 6 13.44 8 29.68 4
Basma 12-2 29.55 9 1782.81 49 1553.40 66 7.86 59 24.41 12
Basma 16-10 27.70 10 1978.03 37 1622.38 62 5.19 89 23.24 16
Basma 104-1 21.73 17 2463.00 14 2759.23 22 5.97 78 19.51 21
Basma 181-8 13.95 37 2149.92 28 2223.90 36 9.88 37 17.13 (30)
Zichna 7.60 71 1745.63 51 1864.65 52 7.51 61 11.93 70
Izmir 13 41 1579.80 61 1839.80 53 6.01 77 12.76 63
P.D.324 9.05 63 1955.18 41 2178.80 38 11.90 16 13.98 55
P.D.325 13.38 39 1918.69 45 2300.25 32 10.26 34 16.14 38
P.D.406 8.60 66 1504.61 65 1584.88 65 10.97 27 14.05 54
P.D.328 14 36 1099.78 83 1458.85 68 5.23 88 12.29 67
P.D.329 13.25 40 1524.16 64 1628.08 60 15.01 6 15.55 42
P.D.336 14.13 35 1971.76 39 2066.28 44 11.80 18 17.85 28
P.D.345 8.58 67 1692.60 52 1401.06 73 7.08 65 13.16 60
P.D.364 9.13 62 2178.71 26 2704.80 24 11.41 21 14.89 47
P.D.365 9.80 54 1482.80 68 1623.35 61 9.14 42 12.85 61
P.D.371 11.70 47 1667.14 56 1427.55 70 5.73 80 14.73 48
P.D.381 11.85 45 2217.05 24 2256.65 33 9.04 44 16.50 34
SPT 403 6.86 76 1174.28 79 1239.29 76 6.85 69 9.46 84
SPT 405 5.85 81 1052.58 85 1174.35 80 11.21 24 9.91 79
SPT 406 6.50 79 1228.94 78 1270.35 74 7.10 64 10.10 76
SPT 408 7.13 72 953.47 87 1119.95 82 13.29 9 10.35 74



Yeo Vel 7 5,Ll Y 8505 lnl oly; OlalS psle
SPT 409 5.30 83 737.57 92 587.38 90 5.32 85 8.64 88
SPT 410 6.33 80 1431.20 69 1256.28 75 5.30 86 10.50 73
SPT 412 5 85 123591 7 887.65 86 5.70 81 10.33 75
Esfahan5 9.25 59 112562 81 1037.68 83 5.92 79 10.01 78
SPT 420 3.38 87 801.98 91 565.05 91 6.42 74 7.60 91
SPT 430 3.18 88 1052.25 86 887.33 87 8.24 53 8.96 86
SPT 432 8.70 65 1589.75 59  1836.20 54 10.05 36 14.24 52
SPT 433 4.60 86 1244.37 76 1661.93 58 8.86 45 9.88 80
SPT 434 18.65 22 2106.74 32 2485.95 31 9.53 41 19.22 22
SPT 436 3.05 89 947.95 90 737.60 89 5.24 87 7.90 90
SPT 439 6.65 78 948.15 89 865.23 88 4.59 92 8.96 87
SPT 441 9.75 55 1430.67 70 1599.30 64 8.59 48 13.56 57
Esfahan2 2.30 92 951.74 88 404.10 92 851 50 8.97 85
SPT 413 6.73 7 127191 75 1185.33 79 6.74 70 10.07 77
Esfahani 3.05 90 1753.01 50 3437.10 13 10.79 (30) 5.84 92
Jahrom14 6.90 75 135879 73 142410 71 6.47 73 8.54 89
Borazjan 3 91 1137.30 80 1133.25 81 6.53 71 9.78 82
L 16b 10.80 50 1678.10 54 2011.55 46 11.35 22 12.66 64
Balouch 5.55 82 112399 82 916.75 85 6.20 76 9.86 81
Lengeh 7.10 73 1485.47 67 1223.65 77 5.65 83 11.01 71
Saderati 9.30 58  1582.08 60 167035 57 6.37 75 12.78 62
Eraghi 5.30 84  1089.86 84 940.35 84 5.66 82 9.71 83
Shahroudi 12.70 42 1939.04 43 2205.15 37 7.73 60 16.48 36
T.K.L 11.70 48 2371.06 (20) 2495.70 (30) 7.24 63 15.99 39
L17 17.25 25 3177.93 3 5361.15 1 12.81 10 16.26 37
C.H.T.269-12¢ 18.15 23 2030.77 36 1920.91 49 6.92 68 20.43 18
Samsun 1 22.63 16 2384.04 19 2784.65 21 15.12 5 24.03 13
Samsun katenizi 26.13 11 187427 47  2828.08 20 9.75 38 20.23 19
NSG 23 15 14 7 22
Iy 0.67 0.52 0.26 0.82
RHi 0.77 0.70 0.00000125 0.00000159
RE 0.869 0.672 0.34 1.067
%CV 33.12 47.68 33.04 39.32

L‘”u"L‘“ 6‘).’ @“9‘5

NSG: Number of superior genotypes based on both selection index and yield; reay: correlation coefficient between genotypic value
of yield (YY) and selection index; RHi: correlation between selection index and breeding value; RE: relative efficiency of index
compared with direct selection for yield (Y); %CV: Phenotypic coefficient of variation (CVi) for indices.
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Supplementary file 8. Yield (leaf dry weight), the value of selection indices and other parameters in
oriental and water pipe’s tobacco genotypes under broomrape stress conditions

Smith-- Brim Pesek- Robinson
Names of genotypes Yield Rank Hazel Rank " Rank Baker Rank - Rank

] index - index

index index
Kharmanli 163 10 48 3737.88 39 2212.14 24 -2.46 11 20.56 59
Nevrokop 9.13 53 3251.78 65 1270.21 64 -47.17 42 20.64 57
Trabozan 9.15 52 1601.96 89 1821.73 39 -99.27 88 13.55 90
Krumovgraid 22.40 9 5202.21 5 2512.76 14 -55.96 49 32.29 5
Basma.S.31 9.40 51 3617.89 47 2589.95 12 -86.80 83 21.35 53
Triumph 13.25 27 3270.68 63 2500.76 15 -54.93 47 20.52 60
Xanthi 9.50 50 3602.65 50 1334.24 60 -56.18 50 21.25 54
Matianus 4.32 85 4015.28 24 1112.03 74 -94.93 86 24.50 20
Immni 3000 11.62 33 3096.48 70 1743.24 43 -24.29 27 19.36 70
Melkin 261 24.87 8 5739.41 4 2610.57 11 17.30 9 32.19 6
Tyk-Kula 6.83 67 1171.70 92 1302.54 62 -85.64 81 10.91 91
Ss-289-2 15.07 21 2177.71 85 2443.73 17 -74.31 72 18.07 7
Ohdaruma 26.75 6 4826.61 11 1770.41 41 63.27 1 30.14 9
Ploudive 58 9.80 49 4877.61 10 2209.50 25 -109.58 91 29.11 10
Line 20 11.40 34 3906.23 28 1627.20 46 53.04 3 21.83 47
T-B-22 20.47 12 3763.55 36 2975.74 8 -78.88 77 25.73 17
Ts8 17.47 15 3508.12 53 2316.86 22 -66.80 61 24.44 21
Alborz23 12.92 29 1450.09 90 2095.95 27 -101.41 90 13.58 89
F.K.40-1 26.78 5 5088.52 6 2454.33 16 24.96 8 31.25 7
pz17 13.50 24 3330.49 58 1613.72 48 -37.69 34 22.06 40
K.P.Ha 15.73 18 2308.03 83 3051.92 7 -56.55 51 20.40 62
K.B 13.17 28 2769.89 7 1785.68 40 -26.06 28 19.75 68
G.D.165 21.95 11 3782.56 34 2170.70 26 46.80 4 25.45 18
H.T.I 31.53 3 5012.34 7 4771.07 1 -21.41 24 31.23 8
Kramograd N.H.H. 659 10.57 42 4033.25 22 2021.89 31 -46.47 41 22.02 41
T.K.23 11.30 35 1644.28 88 1562.86 52 -73.68 71 15.19 86
L 16a 8.68 55 4934.24 9 1891.05 36 -13.67 17 26.16 13
1zmir 7 10.57 43 2755.45 78 2078.42 28 -65.70 58 18.19 76
Mutant 3 17.67 14 7084.08 1 1537.09 53 -14.36 18 37.98 2
Mutant 4 10.87 39 4125.18 19 2353.35 19 -17.80 20 23.20 29
Pobeda 1 8.60 58 1299.66 91 2077.90 29 -8.87 15 10.77 92
Pobeda 2 11.15 38 3208.34 66 2575.11 13 -58.67 54 18.90 73
Rustica 7.68 64 3116.33 68 784.75 87 -36.95 33 18.04 78
Samsun 959 13.45 25 2237.01 84 2319.61 21 -85.97 82 17.68 81
Samsun dere 12.83 30 3664.01 44 3735.23 5 -23.20 26 20.57 58
OR-205 10.57 44 4403.40 16 1246.03 66 -57.15 52 25.81 15
OR-345 8.65 56 4667.35 14 1574.46 51 -68.62 63 25.80 16
OR-379 6.77 68 3958.44 27 1760.34 42 -96.94 87 22.96 30
C.H.T.209.12¢ 32 2 4942.42 8 3237.22 6 -7.65 13 3331 4
C.H.T.209.12exF.K.40-1 38.83 1 6353.72 2 2771.33 9 39.88 5 39.65 1
C.H.T.266-6 9.05 54 2077.49 86 1617.23 47 -73.08 70 15.05 87
C.H.T.283-8 15.33 20 2701.72 80 1481.21 55 3.04 10 18.33 75
C.H.T.273-38 14.17 23 4751.58 12 4565.63 2 -135.89 92 27.70 11
Basma 12-2 25.07 7 6123.48 3 1827.06 38 56.76 2 34.82 3
Basma 16-10 27.23 4 3820.35 32 1582.71 50 28.87 7 24.30 23
Basma 104-1 17.15 16 4286.05 17 1966.80 35 29.00 6 2431 22
Basma 181-8 10.38 46 2963.56 71 1350.45 59 -44.08 38 19.75 67
Zichna 21.97 10 4022.44 23 1701.03 44 -21.04 23 24.04 24
I1zmir 13.28 26 3348.80 57 952.84 78 -8.26 14 20.18 64
P.D.324 10.70 40 3603.68 49 1176.13 72 -27.94 29 21.96 43
P.D.325 8.65 57 3287.50 62 1594.42 49 -87.83 84 20.98 55
P.D.406 7.73 63 3673.56 43 1213.32 69 -66.55 60 22.77 32
P.D.328 12.77 31 3968.79 25 1456.46 56 -41.51 35 23.94 25
P.D.329 797 62 3140.51 67 1666.37 45 -69.79 67 18.59 74
P.D.336 11.67 32 3485.28 55 1858.03 37 -61.76 56 22.65 34
P.D.345 5.42 77 3573.52 51 1184.79 70 -76.61 74 20.88 56
P.D.364 11.30 36 3727.29 40 2265.75 23 -17.20 19 21.54 50
P.D.365 10.60 41 3256.96 64 1219.45 67 -50.41 45 19.73 69
P.D.371 5.62 74 4175.40 18 1040.50 7 -72.19 69 23.38 27
P.D.381 11.18 37 377141 35 2003.59 33 -30.53 30 21.93 45
SPT 403 6.27 69 2833.49 72 1256.61 65 -22.67 25 16.75 85
SPT 405 10.47 45 3829.55 31 1149.22 73 -36.36 32 22.71 33
SPT 406 6.03 70 4060.86 21 1329.27 61 -74.53 73 24.67 19
SPT 408 453 82 3372.32 56 799.74 85 -58.05 53 20.05 65



YoV Vel 7 5,Ll Y 8505 lnl oly; OlalS psle
SPT 409 6 71 3304.09 60 916.51 81 -41.52 36 19.86 66
SPT 410 5.57 76 2009.83 87 1293.21 63 -68.32 62 14.67 88
SPT 412 4.13 86 2795.52 75 1044.86 76 -69.71 66 17.77 80
Esfahan5 5.90 73 3904.18 29 1214.62 68 -7.12 12 20.29 63
SPT 420 3.97 89 3696.79 41 433.48 3 -62.93 57 22.09 39
SPT 430 3.97 90 3653.26 45 857.77 82 -88.41 85 21.74 49
SPT 432 413 87 3313.93 59 952.22 79 -100.64 89 21.51 51
SPT 433 4.33 84 2820.91 73 816.56 84 -46.33 40 17.86 79
SPT 434 8.38 60 3749.07 37 1086.93 75 -49.13 44 22.27 38
SPT 436 3.97 91 3499.51 54 749.17 89 -82.15 79 21.48 52
SPT 439 4,58 81 3555.13 52 792.41 86 -77.99 76 21.83 48
SPT 441 7.50 65 2733.51 79 1384.89 58 -44.79 39 17.10 82
Esfahan2 5 79 3102.52 69 940.69 80 -77.76 75 19.11 72
SPT 413 3.43 92 2576.87 82 522.54 91 -69.45 65 16.75 84
Esfahani 4.50 83 3604.26 48 601.02 90 -47.95 43 20.40 61
Jahrom14 8.20 61 4747.25 13 1408.77 57 -36.35 31 25.82 14
Borazjan 4.13 88 3748.58 38 393.68 4 -70.87 68 22.64 35
L 16b 5.13 78 2676.53 81 842.84 83 -69.34 64 16.88 83
Balouch 473 80 3682.14 42 769.03 88 -65.76 59 21.95 44
Lengeh 10.17 47 3840.64 30 2060.41 30 -79.15 78 22.91 31
Saderati 5.60 75 3964.14 26 1495.98 54 -41.67 37 22.52 36
Eraghi 8.57 59 3628.54 46 1979.16 34 -59.34 55 22.00 42
Shahroudi 7.17 66 4100.50 20 507.34 92 -19.50 21 23.37 28
T.K.L 6 72 2787.05 76 1177.00 71 -85.20 80 19.20 71
L17 14.33 22 3786.29 33 2353.36 18 -11.01 16 23.58 26
C.H.T.269-12¢ 15.53 19 3296.96 61 2629.40 10 -50.53 46 22.51 37
Samsun 1 19.47 13 2797.63 74 2015.26 32 -20.24 22 21.92 46
Samsun Kkatenizi 16.75 17 4573.92 15 2329.17 20 -55.67 48 27.43 12
NSG 23 13 14 14 16
I 0.59 0.54 0.027 0.63
RHi 0.44 0.71 0.000006 0.0000019
RE 117 1.078 0.054 1.264
%CV 28.675 47.33 -87.30 23.10

RHi bl jasls g o Slee (S55 5o, o (S < 3o Moy -, g ol (asls olul 5 5 bcuiss) slaws :NSG
lo ol gl oisid
NSG: Number of superior genotypes based on both selection index and grain yield; rgay: correlation coefficient between genotypic

value of yield (Y) and selection index; RHi: correlation between selection index and breeding value; RE: relative efficiency of index
compared with direct selection for yield (Y); %CV: Phenotypic coefficient of variation (CVi) for indices.



