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Table 1. The names of studied oriental and water pipe’s tobacco genotypes
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Table 2. The final regression model for yield (dry weight of leaf) and for fresh weight of leaf (green leaf yield) under normal and
broomrape stress conditions
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1 The final regression model for yield ~Y=-0.76+0.22"X;+0.001°X,  R*adjusted = 80%

(dry weight of leaf) under normal
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3 The final regression model for green
leaf yield (fresh weight of leaf) under
normal conditions

Y=-1.67+0.84" X;

(Sy 5 059 oo Sy 0,8kes Y
Y: Green leaf yield (fresh weight of leaf)
sl el 3 ()59 X1
X1: Aerial part fresh weight

R? adjusted = 61%

o S0 Slas sl (o )S 5 dolre
e 5 G blyd 50 (S 5 059)
4 The final regression model for green
leaf yield (fresh weight of leaf) under
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Table 3. Stepwise regression analysis and adjusted coefficient of determination for fitted model under normal (without broomrape)

and broomrape stress conditions
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*and **: Significant at the 5 and 1% probability levels, respectively. FWL: Fresh weight of leaf; g: gram.
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Figure 1. The chart of path analysis of traits affecting dried leaf yield in oriental tobacco genotypes under normal conditions
(without broomrape stress). LA: Leaf area, FWL: Fresh weight of leaf, APFW: Aerial part fresh weight, Yield (dry weight of leaf),
R: Residual.
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Table 4. Stepwise regression analysis for dry and fresh leaf weight with other traits in tobacco genotypes under normal conditions
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*and **: Significant at the 5 and 1% probability levels, respectively. FWL: Fresh weight of leaf; LA: Leaf area; APFW: Aerial part fresh

weight; VIF: Variance inflation factor; g: gram; cm?: square centimeters.
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Figure 2. The chart of path analysis of traits affecting dried leaf yield in oriental tobacco genotypes under broomrape stress
conditions. DF: Day to flowering, PH: Plant height, LA: Leaf area, FWL: Fresh weight of leaf, APFW: Aerial part fresh weight,
Yield (dry weight of leaf), R: Residual.

Ol S g el ST 51 (2L iy (Sinon (nl ot
§ S (Kot 4 4z gi b oSl S 5 039 (55, g2 e
12,03 3929 2lom pldl 5 039 9 Sn 5 9 om &S YL
P 039 RPN cge Wl oo l9m pladl 5 059 50 B
Sr 0399 S p g Sdoo el S350 Sy
o i 8 STV Jgaz) 092 VY L plp g Soie
VP L plp g St lem plad 5 0js Byl 5l Sl
G 395 Gk 5l S s Sdoo ediins i Sl iz en 092
s 105y Cotto Lol 5zl (g0 4y glis )l g (20 S5
DAL Rl oo S 5 (s 9, 2 P B s, cho
P09 Gkl 23U ) i e SV Jgaz) 092
b 59y iyt 109 < NYV Ll g St lom gl
Lol 5oz li 5 lode gy gyl 9 S o o 3250 5l (2o I8
9 Sade Sp 5 (333 9, » Vg g e Jl0g Coe
3l i glay )| i o e SV Jgaz) 0gs o[-V L il
Oz on VAL plp g ot plse pladl 5 50 &b
U35y 5 S b Gkl 6s el Cbo it 8 |

B Zude Lol 32U (g lade 20 5

(S0 5 0j) o S 23,5008y 125
o,fles L olsi> S 5 i cbv Sl dazrg b
039) 9 8kee p 1) 5l s g 09 (S p S—iS (y39)
5 i Syl s a5 5 Sl (S S
OPP (S5 S5 059) 3 8es ol S e
3o Aly oo Olgieds S 5 39 Shao Sl s 432

Q‘).gCJUL_.@] "5“ “):-55,*..5" Aul)...:l.sl)..x_w‘al;u‘

20,5 astie

e S (7 Jgo2) Jloy Ll 8 50 jone ar325 50
Ve plps e S 5 0j 2l el 50y ceo
.Qj.g

Ll 8 50 Sp 5 09 Sl e 4328 5 Jool> il
A it gl plail 5 059 a8 sl (L (V Jguz) 25
Sowzee 9 3l Sn 5 ois ) CIFY) Cote i
2L CNA) St it ié S 3 S ahw )b
5039 2 &l Sl 5 059 meiias e 510 go Jlael o
Ll Cuie 5 aige i)l g (20 5 55, Slio @b 51 S
L CIVY) (S 55V oS o pladl 3 (53 000 a2z



Yva

s U5 il by b o (Nicotiana tabacum L.) S ,b oyeiei izl jo wlivo & oyl bulgy o)y

sl s byl 50 (3997 (aigif 50 (owyy Oyg0 Slho pluw b Sy 57 g SUiS (139 6l o 4 o5 (amm )55 40525 -0 Jgur

Table 5. Stepwise regression analysis for dry and fresh leaf weight with other traits in tobacco genotypes under broomrape stress

conditions
e o)lg sl iie 3l oy xai RT onis o)laibiwl el ps  oylaibiwl culps  Jole  gmo
Step  Jowo 43 o lawo O3Sy ol po W) Unstandardized ol P Gl
Variables Intercept Regression coefficients Adjusted coefficient Standardized b ,l9 Sig.
. a 2 .
interred to (a) by b, by b R coefficient VIF
model
S P05 - "
1 -1.07 0.28 0.73 0.28 0.86 1 0.00
FWL (g)
O9ly (ey90
Durbin-Watson=1.77
el 5 s
1 stlse 8.58 0.74™ 0.59 0.50 0.52" 251  0.00
APFW (g)
Sr e - o "
2 5.05 0.437 0.013 0.69 0.012 0.40 2.06 0.00
LA (cm?)
WL 5, " . .
-20.74 0.40™ 0.012™ 0.47 0.70 0.77 0.23 161 0.001
DF (day)
cL:f 8LL')| _
-27.30 0.50™ 0.012™ 0.77™ . 0.72 -0.27 -0.20" 202 001
PH (cm) 0.27
O9Sly ey9o

Durbin-Watson= 2.058

Qo) 50 Jlaisl mhaw ol pre o 5 4y s

*and **: Significant at the 5 and 1% probability levels, respectively.

gds oolil (5 Il pd 50 Sy 5 (59 ko 2Ll sl

oo )ul.\ oaipdylis aS ol lansd mla gl
& Cude g pekin ot 530 50 g 2lse plal 5 055 Cae s

cils plse plail 5 59 cd o 5,k 5l dig el a0

Jloyi byl o 50 (39795 S i 9§ 30 Sy 37 9 SCiS (39 (Sl g il 3 & Jx5 —F Jgur

Table 6- The path coefficient analysis for dry and fresh leaf weight in genotypes of tobacco under normal conditions
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*and **: Significant at the 5 and 1% probability levels, respectively.
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Table 7. The path coefficient analysis for dry and fresh leaf weight in genotypes of tobacco under broomrape stress conditions

ole i Slio 039) 8 doe b (Krod ol o N
Aomtly gario _ . fraimo g . . s
. (Spsis b ) o i i1
Dependent Traits Direct .
. Correlation coefficients with Indirect effect through
variable effect
dried leaf weight
SES (59) 9 Ses
Sy SR -
. ) 0.81 0.81 -
Yield (dry weight FWL (9)
of leaf) (g)
sailaydly ol 1
Residual effects (/1 — R2) =0.35
25D 5 eudistano yu i1
. o P <. . . Indirect effect through
Ahngly yaiio o S5 039 b (Smnd il ps b il
Traits i i i i eIl 5 039 - -
Dependent Correlation coefficients with Direct Sy S j9,  olS gl
variable fresh leaf weight effect <lg»
LA FD (day) PH (cm)
APFW (g)
(em?)
<l il 5 59 =
0.71 0.47 - 0.18 0.051 0.01
APFW (g)
e . 0.58™ 0.32 0.26 " 0.0019 0.0004
Se P05 LA (cm?)
FWL (g) RS o, o
0.33 0.19 0.127 0.003 - 0.009
DF (day)
oL gl
0.40™ 0.019 0.28 0.006 0.091 -
PH (cm)

oailesdl ol 31
Residual effects (/1 — R?) =0.41

*and **: Significant at the 5 and 1% probability levels, respectively.

salyl ol S glas )| Koo siwgy 4o (Shoai-Deylami, 2004
Jiao et ) o 8y ysigi ;0 Sy 0 Slas 2ol o wlie
S o ,Shas bl sl a5 el ous 4w (@l., 2007
b 5l soriine 8 Sl OlF 0 (OF S SO
ol Ll s s 05 3l 5 S b il

(Mansour Ghanaei et al., 2014)

Slas j0 0, Sles s DI 51y s Glasllas o

Aoy ) 50 Jlaisl maw o ls g oo 5 4y

W ploxl (595 slacads) 9y 2 45 laalllas o

S0, Slos s g0 aS olo ylid p8 4 pl5 e 5, 450
G Pl i S0, Sles (55, «Spolass g
5l 25,5 (Mohsenzadeh Golfazani et al., 2012a) .,ls
sslo R Sl v u}a_.w;) Ay @Lu u.ul_..u| > ULG.W
Szl Sp b copd g S 2 6,0l CuiS (Sis

Honarnejad and ) ws ;S 3,20 oyg5e5 St Sy 0 Slas



YA s U5 il by b o (Nicotiana tabacum L.) S ,b oyeiei izl jo wlivo & oyl bulgy o)y

1 il s e e 65| Laals3l L o8y o (al., 2006
S Sles Gl O (0 50 5 e S 0 yShes e
5 3 5,Shae Ll el i ol o Wizl | Sas
Olgise sl Sas S0 Shae (talidl jslaieds (ygig5 ) s
plasl digy £l )] (il Lo (corii e slo i3S
s

slocile plp ;0 0958 <9y V7 (5) 2 slaalllas 5o
gy 50 S oo iy i)l a5 s )5 )18 e ST 50
L slocaiss olael 5o slolane plgi oo |, aBlw ,hab
a>45 L .(Porkabiri et al., 2019) ¢85 )l o YL 5 Sles
Jboy bl s j0 a5 0,8 lsie (s oo osnlomo; mls 4
039 o S Ll ol 03 9 S 5 09 5 S p gl Slas
§ St S 0,8les  Cote pekins Jl 4 azgi b Sy 5
wilgs oo Slivo plaw &)l 5l Gk padtins yoé DI ST Jolo
A3 8 oolail bl e (lgiea

5 (55 a
99 Ot e 42375 5 15 1 o8 e I s A lie L
P Os o bz 95 50 50 ol alasde 5 g Sl L
Foe (S p S (59) 9,8es p oS col (Slao g5 S
Yl 5 Sato pedits 8l S 5 (g Ll h g0 2 0 0
Olyss 31 oYL do )0 g iy (S Sis (y39) o,8es
Ol Cael 4SS5 go drz gl |) (S St (y59) 9 5o
St Wiy Shac L 535 slonesiyss 038 5o ) o
2 S0 P O pelie S Jloy bl b 50 andlveo 0
J G gls barme 4 Coad (5 S 39) 0 Shee
G5 g Jlep Ll 93 o 50 (ol pogdle o9 iy Sl
039 955des 5 (Vb g Cote i 3l Llge a5 5
(S S—is (59) 0,8es (bl o cnlply sedls Sy 5
Al 5 039 b & S 3 059 o i 3 opdle

Sged dx g Sl 35 S p 5 (59 Gkl (2lee

References

Legg and Collins, ) o sosliwe a8l ,ld g 20 56 54,
;550 adllas 4o (Cho and Chang, 1990) s soal i
oaLs Slao Gkl o Shee (59, p peiiae S 0 i
Kara and Esendal, ) a_s saalin 5 slows § 5 mlas
laos )uL; o 4 wilgs o ool Cwsay glae s (1996
OIS EBS el i o 4 (608 slaregn
Sy o,Sles Slao s 4 i Gz L aS 0l
Sone S sy aiilyion a3las b 5 5y ol oS Jsb
Sys0 OFF O S Sy 0 ,Sles 9 lp i3S
,» (Hatami Maleki et al., 2011) o5,.5 )18 eolazr il
Netravati ) o8 )5 elosl (55 55, 2 45 6,500 5
51 ooliil b o samlive o Shae Lial33l sl 5 S 0, Shas
P 95 p Job i i)l Slio 8 @ g5 g 5,
il Jie J)b o S0 Slee ialidl o], Sy
b alie 3ime ol b a5 (Gupton and Archer, 1973)
2Bl g pil> ragh b
5 e Slieo 5l (SG Glsiear 9 Sgei e s |) (e S
S0 ,Shee Ll 5o g e S 0 Shee o 105,50
Mohsenzadeh Golfazani et al., ) o as-l_s S_as
e 43525 5l eolat il b iz 51 Koo 24,5 .(2012b
S8es (59, pine SIS 0 VL laile S slapygis s,
0 ol jees 43325 Ll (Drazié and Surlan, 1990)
slaat b 5l (o ploreds Gl oo j S 0 Shos jlaS
(Chaubey et al., 1990) 5403 solazwl (y55g5 ;o Gl pas
e, b plols Clasl i b (g S s idod mli

Xiao et)\)\);‘sa 05.:5.\ o aj).g Q)S.Le.c S g,&l.a LA_MJL.A

Arslan, B. and Okunus, A. 2006. Genetic and geographic polymorphism of cultivated tobaccos (Nicotiana

tabacum L.) in Turkey. Russian Journal of Genetics, 42: 667-671.



O)5es g Il coulogh YAY

Belsley, D.A., Kuh, E. and Welsch, R.E. 1980. Regression diagnostics: identifying influential data and sources
of collinearity. New York: John Wiley and Sons.

Bernardo, R. 2010. Breeding for quantitative traits in plants (2nd ed.). Woodbury, Stemma Press.

Botelho, T.T., da Silva Leite, P.S., da Costa Parrella, R.A. and Nunes, J.A.R. 2021. Strategies for multi-trait
selection of sweet sorghum progenies. Crop Breeding and Applied Biotechnology, 21(4): €388221410.

Chaubey, C., Mishra, S. and Mishra, A. 1990. Study of variability and path analysis for leaf yield components
in hookah tobacco. Tobacco Research, 16(1): 47-52.

Cho, M.-C. and Chang, K.-Y. 1990. Path-coefficient analysis of yield-characters in tobacco. Korean Journal of
Crop Science, 35(1): 90-96.

Choukan, R. 2008. Methods of genetical analysis of quantitative traits in plant breeding (1st ed.). Seed and Plant
Improvement Institute Press. (In Persian).

Drazié, S. and Surlan, G. 1990. Genetic and phenotypic path analysis and heritability in tobacco (Nicotiana
tabacum L.). Genetika, 22(2): 99-104.

Fernandez-Aparicio, M., Reboud, X. and Gibot-Leclerc, S. 2016. Broomrape Weeds. Underground
Mechanisms of Parasitism and Associated Strategies for their Control: A Review. Frontiers in Plant Science,
7:135.

Gupton, C. and Archer, L. 1973. Procedure for adjusting the yield of plots of burley tobacco (Nicotiana tabacum
L.) for differential stands 1. Agronomy Journal, 65(1): 101-104.

Hatami Maleki, H., Karimzadeh, G., Darvishzadeh, R. and Sarrafi, A. 2011. Correlation and sequential path
analysis of some agronomic traits in tobacco (Nicotiana tabacum L.) to improve dry leaf yield. Australian
Journal of Crop Science, 5(12): 16-44.

Holland, J.B. 2006. Estimating genotypic correlations and their standard errors using multivariate restricted
maximum likelihood estimation with SAS Proc MIXED. Crop Science, 46: 642-654.

Honarnejad, R. and Shoai-Deylami, M. 2004. Gene effects, combining ability and correlation of characteristics
in F2 populations of burley tobacco cultivars (Nicotiana tabacum L.). JWSS-Journal of Water and Soil Science,
8(2): 135-148. (In Persian).

Jiao, F.C., Xiao, B.G., Yu, H.Q., Zhang, Y.H. and Lu, X.P. 2007. Gray correlation analysis on the main
agronomic characters and yield of the flue-cured tobacco. Journal of Hunan Agricultural University, 33(5):
564-567.

Joh, M.J., Lee, S.C. and Kum, W.S. 2002. Characters of dihaploids made from anther culture in vitro (Nicotiana
tabacum L.). Tobacco Sciences, 4: 6-31.

Izadi, Z., Biabani, A., Sabouri, H. and Bahreininejad, B. 2022. The effect of different levels of urea and planting
density on the phytochemical characteristics, alkaloids, and yield of the medicinal plant jimsonweed (Datura
stramonium L.). Crop Science, 63(1): 349-349.

Kara, S. and Esendal, E. 1996. Correlation and path analysis for yield and yield components in Turkish tobacco.

Tobacco Research (INDIA), 22: 101-104.



YAY s U5 il by b o (Nicotiana tabacum L.) S ,b oyeiei izl jo wlivo & oyl bulgy o)y

Kent, M.A., Crozier, D.S. and Rooney, W.L. 2022. Assessment of kernel characteristics to predict popping
performance in grain sorghum. Crop Science, 62(3): 1051-1059.

Khan, M.M.H., Rafii, M.Y., Ramleg, S.1., Jusoh M. and Mamun M.A. 2022. Path-coefficient and correlation
analysis in Bambara groundnut (Vigna subterranea [L.] Verdc.) accessions over environments. Scientific
Reports, 12: 245. https://doi.org/10.1038/s41598-021-03692-z

Kuh, E. and Welsch, R.E. 1980. Regression diagnostics: identifying influential data and sources of collinearity
(Vol. 163): Wiley-Interscience.

Legg, P.D. and Collins, G. 1971. Genetic parameters in burley populations of Nicotiana tabacum L. I. 'Ky 10" x
‘Burley 21'1. Crop Science, 11: 365-367.

Legg, P.D. and Collins, G.B. 2001. Genetic parameters in Burley populations of Nicotiana tabacum L. Tobacco
International, 173: 33-41.

Letousey, P., De Zélicourt, A., Vieira Dos Santos, C., Thoiron, S., Monteau ,F., Simier, P. and Delavault, P.
2007. Molecular analysis of resistance mechanisms to Orobanche cumana in sunflower. Plant Pathology,
56(3): 536-546.

Majidi, M. and Mirlohi, A. 2009. Multivariate statistical analysis in iranian and exotic tall fescue germplasm.
Journal of Science Technology of Agriculture Natural Resources, 12(46): 787-801. (In Persian).

Mansour Ghanaei, F., Samieezadeh Lahiji, H., Rabaie, B. and Shoaii Deilami, M. 2014. Study the relationship
between vyield and yield components in tobacco (Nicotiana tabacum L.) varieties. Agronomy Journal
(Pajouhesh & Sazandegi), 103: 29-37. (In Persian).

Mohsenzadeh Golfazani, M., Lahiji, H., Aalami, A., Deilami, M. and Sasani, S. 2012a. Grouping of flue-cured
tobacco genotypes based on multivariate statistical analysis. Iranian Journal of Crop Sciences, 14(3): 250-262.
(In Persian).

Mohsenzadeh Golfazani, M., Aalami, A., Samizadeh, H.A., Shoaei Daylami, M. and Talesh Sasani, S. 2012b.
Study of relationship between yield and yield components in tobacco genotype using path analysis method.
Journal of Crop Breeding, 9: 27-40. (In Persian).

Nasri, R., Paknejad, F., Sadeghi, S.M., Ghorbani, S. and Fatemi, Z. 2013. Correlation and path analysis of
drought stress on yield and yield components of barley (Hordeum vulgare) in Karaj region. Iranian Journal of
Agronomy and Plant Breeding, 8(4): 155-165. (In Persian).

Netravati and Mohan Kumar, H.D. 2018. Correlation and path analysis studies on F 2 populations of FCV
tobacco (Nicotiana tabacum L.). Journal of Pharmacognosy and Phytochemistry, 7(4): 3430-3433.

Panikar, S.N. and Goalaswamy, N. 1997. Path-analysis in Virginia tobacco. Madras Agricultural Journal, 63:
224-236.

Pantuwan, G., Fukai, S., Cooper, M., Rajatasereekul, S. and O’Toole, J. 2002. Yield response of rice (Oryza
sativa L.) genotypes to different types of drought under rainfed lowlands: Part 1. Grain yield and yield
components. Field Crops Research, 73(2-3): 153-168.

Porkabiri, Z., Sabaghnia, N., Ranjbar, R. and Maleki, H.H. 2019. Morphological traits and resistance to



O)5es g Il coulogh YAF

Egyptian broomrape weed (Orobanche aegyptiaca Pers.) in tobacco under greenhouse condition. Australian
Journal of Crop Science, 13(2): 287.

Ramachandra, R.K., Nagappa, B.H., Anjaneya, R.B. and Harish, B.B.N. 2014. Correlation and path analysis
studies on bidi tobacco (Nicotiana tabacum L.). Indo-American Journal of Agricultural & Veterinary Sciences,
2(3): 62-609.

Rubiales D. 2018. Can we breed for durable resistance to broomrapes? Phytopathol. Mediterr., 57(1): 170-185.

Samonte, PB., Wilson, T.L. and McClung, A.M. 1998. Path analyses of yield and yield-related traits of fifteen
diverse rice genotypes. Crop Science, 38(5): 1130-1136.

Sillero, J.C., Villegas-Fernandez, A.M., Thomas, J., Rojas-Molina, M.M., Emeran, A.A., et al., 2010. Faba
bean breeding for disease resistance. Field Crops Research, 115(3): 297-307.

Tso, T C. 2006. Tobacco research and its relevance to science, medicine and industry. Beitrage zur
Tabakforschung International/Contributions to Tobacco Research, 22(3): 133-145.

Wright, S. 1921. Correlation and causation. Journal of Agricultural Research, 20: 557-585.

Xiao, B., Zhu, J., Lu, X., Bai, Y. and Li, Y. 2006. Genetic and correlation analysis for agronomic traits in flue-

cured tobacco (Nicotiana tabacum L.). Hereditas, 28(3): 317-323.



Journal of Crop Science Research in Arid Regions/ Volume 5, Issue 1, Spring and Summer 2023, P. 271-286

Investigation of the relationships between some traits in oriental tobacco
(Nicotiana tabacum L..) genotypes in the presence of broomrape

Maryam Tahmasbali®, Reza Darvishzadeh?', Amir Fayaz Moghaddam?
IPhD Student in Plant Breeding, Department of Plant Production and Genetics, Faculty of Agriculture, Urmia
University, Urmia, Iran
2Department of Plant Production and Genetics, Faculty of Agriculture, Urmia University, Urmia, Iran
*Corresponding Author: r.darvishzadeh@urmia.ac.ir

Received: 25 March 2022 Accepted: 16 May 2022 DOI: 10.22034/CSRAR.2023.335178.1216

Abstract

Introduction: Tobacco is one of the important agricultural, industrial, and commercial plants that
plays an important role in the economies of producer and consumer countries. Broomrape is an
absolute parasitic plant that is attached to the roots of many important crops such as tomato,
sunflower, cucumber, and tobacco. due to its lack of chlorophyll, it absorbs water and nutrients from
the host plant and then reduces the growth and yield of the host plants. In the process of crop breeding,
knowledge of relationships between traits is important for indirect selection of traits that are not easily
measurable or that have low heritability. So far, few studies have been conducted to investigate the
relationship between yield and yield components of tobacco under broomrape stress conditions. The
aim of this study was to investigate the relationship between morphological traits and leaf yield (dry
weight of leaf) and to determine the important traits effective in increasing the leaf yield of tobacco
under normal and broomrape stress conditions.

Materials and Methods: In order to determine the most important traits affecting tobacco yield, 92
oriental tobacco genotypes were studied in a completely randomized block design with three
replications in the presence and absence of broomrape during two years in the Urmia tobacco research
center. The leaves of tobacco genotypes were harvested during industrial ripening and sun -cured.
Characteristics such as plant height (cm), day to flowering (day), number of leaves, leaf area (square
centimeters), fresh weight of leaf (g), dry weight of leaf (g), fresh weight of root (g), dry weight of
root (g), and fresh and dry weight of shoot (g) were measured under normal and stressful conditions.
Genotypic correlation coefficients were calculated among traits using Restricted (or residual, or
reduced) maximum likelihood in SAS software. The stepwise multiple regressions were performed
to identify traits affecting the leaf yield under normal and broomrape stress conditions. By path
analysis based on genotypic correlation coefficients, the direct and indirect effects of traits affecting
leaf yield were calculated. By path analysis based on genotypic correlation coefficients, the direct and
indirect effects of traits affecting leaf yield were calculated.

Results and Discussion: Based on step-wise regression analysis, under the absence of broomrape
conditions, fresh weight of leaf and leaf area were explained, and in the presence of broomrape
conditions, fresh weight of leaf explained 80 and 73% of leaf yield variation, respectively. Based on
path analysis, in both conditions, the fresh weight of the leaf showed the highest direct effect on leaf
yield. In regression analysis for fresh weight of leaf in the absence of broomrape, aerial part fresh
weight and in the presence of broomrape, aerial part fresh weight, leaf area, day to flowering, and
plant height explained 61 and 72 % of fresh weight of leaf variation, respectively. In path analysis for
fresh weight of leaf, in both the presence and absence of broomrape conditions, aerial part fresh
weight showed the highest direct effect on fresh weight of leaf.

Conclusion: By comparing the results of step-wise regression and path analysis between two normal
and broomrape stress conditions, it was observed that fresh weight of leaf is one of the traits that was
effective on tobacco leaf yield in both conditions. In both conditions, the fresh weight of the leaf had
a high and positive direct effect on leaf yield and explained a high percentage of changes in leaf yield,
which shows the importance of this trait in the selection of high-yielding oriental tobacco genotypes.
Of course, under normal conditions, the direct effect of the fresh weight of the leaf on tobacco leaf
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yield was greater than in the broomrape stress conditions. Therefore, the fresh weight of the leaf is
introduced as the most important factor in both normal and broomrape stress conditions for increasing
oriental tobacco leaf yield in breeding programs.

Keywords: Abiatic stress, Indirect selection, Industrial crops, Path analysis, Stepwise regression



