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Abstract

Introduction: Tobacco (Nicotiana tabacum L.) is one of the most important plants of Solanaceae family and is
mainly consumed in the tobacco industry due to the commercial use of leaves. The production of hybrid varieties
is one of the most important breeding programs for plants including tobacco. Estimation of genetic parameters is
one of the most important stages of breeding programs for hybridization that helps in better selection of genotypes.
This study was conducted with the aim of estimating general, private combinability, heterosis and genetic variance
components for agronomic and morphological traits in tobacco genotypes through line x tester analysis.
Materials and Methods: In this study, 16 sterile F1 hybrids with 8 parents, namely 4 lines and 4 testers, along
with two controls (K326 and TC100), were studied in a Randomized Complete Block Design (RCBD) with a total
of 26 treatments and 3 replications in the field of Tirtash Tobacco Research and Education Center. The agronomic
and morphological traits studied included leaf length and width (centimeters), number of leaves, plant height
(centimeters), stem diameter (millimeters), chlorophyll index, number of days to flowering, leaf area coefficient,
and leaf shape index. SAS software and Line x Tester program were used to perform all statistical calculations.
Results: The results of the analysis of variance of the data for all morphological and agronomic traits studied
showed that the effects of treatments for the traits plant height, chlorophyll index and number of days to flowering
were statistically significant at the probability level of one percent and for the trait leaf number at the probability
level of five percent. Then, for the traits in which the effects of treatments were significant, the Line x Tester
analysis test was performed. Based on the results of the Line x Tester analysis of variance, the significance of the
parental effect, the effect of crossing and the interaction of parents x crossings for all the traits studied indicates
the existence of sufficient genetic diversity between the parental cultivars and their crosses and significant heterosis
for all the traits studied. The examination of the relative contribution of lines, testers and the interaction of line x
tester to the total variance showed that for all the traits studied, the contribution of the interaction of line x tester
to the total variance was greater than the contribution of lines and testers to the total variance.

Conclusion: The results indicate the existence of genetic diversity among genotypes. Based on the results of
general parental combinability, the Coker 371G line and the Cocker176 tester (CMS) had positive and significant
general combinability, and these lines and testers can be used as parents in tobacco breeding programs. Based on
the results of private combinability, the K394 x MN 944 (CMS) hybrid, due to its positive and significant private
combinability in terms of chlorophyll index, and the NC60 x Coker 374 (CMS) hybrid, due to its positive and
significant private combinability in terms of plant height and positive heterosis percentage, can be used for the
production of male sterile hybrid tobacco. The results of the estimation of genetic variance components showed
that in the traits of leaf number, plant height and number of days to flowering, incremental variance plays a major
role and the selection method from among segregating generations is appropriate. While the chlorophyll index trait
was mostly affected by non-additive variance, hybrid production is recommended to improve this trait.

Keywords: Gene effects, Tobacco, line x tester, Male sterile hybrid
Received: 06-12-2025 Accepted: 28-01-2026

Citation: Shazdehahmadi, M., Kiani, GH., & Bagheri, N. (2025). Estimation of combining ability, heterosis and genetic variance
components for agromorphological traits in Flue-cured tobacco genotypes. Plant Production and Genetics, 6(2), 255-270.
https://doi.org/10.22034/PLANT.2026.145086.1187

Copyrights rights for this article is retained by the author (s), with publication rights granted to Plant ®
Production and Genetics. This is an open-access article distributed under the terms of the Creative
Commons  Attribution License (http://creativecommons.org/licenses/by/4.0), which permits

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.



https://jwr.uok.ac.ir/article_64353.html

YOO-YV+ Slmio VFF (ol 5 5l Yo Lot Ful>

https://doi.org/10.22034/PLANT.2026.145086.1187

2 1) 9 S 59990 90 Wlao (5l (St wiliylg (5152 g w3958 «(§ S )5 390
SIS 555 Slboisi)
rye” ket “‘SJL; Sla M gaesl 083l dmd o

u‘)“ ‘L;)L.u ﬂ‘_s)L.u @M]o éAL.A 9 6})5“ 'n5lr- oKiils \si:‘))' 'aglr- saSlisls ‘&_)LJLJ C)Lo‘ 0515 A
Noshinshazdeahmadi@Yah00.com : Jgtue oo g Juosl®

oduS

J9bds 5 034 (Solanaceae) \Lilzresl 0olgils 5l s o g £ly; ol o Seee 51 S (Nicotiana tabacum L.) 4555 :aoddo
oL solBa sloasliy 1y Setes 31 (S b yd pB)] 0l 055 0 Bras DLils Cans 10 S il (6w colaiwl Jdody snes
S Bl 4 a8 sl gy e (sl (Mol sloaslyy Jlre (et Sl Se) Loyl 955l n bl g ez |
S35 il izl 5 s (sopas (os0s Sy S 5 sl Bus b Beiod ol i) (nl 50 085 e S8 s i
3,5 2l i oY e a5 Gk 5l 0958 sleaesi) )0 Suiglediee 9 £y Slae ln

(TC100 5 K326) aalis 95 ol sy i § 5 (n¥ F oy alg A ol panats FL e 5 0y e V7 0l o 3uins ol j0 (b gigy 9 olgo
s 250 Gy g8 Ghgel g Dlidzg S e aeyte 50 (Bolas JolS lacSTsl ik B 50 LS Y 5 les Y2 L ggene 5
Bl 55 (o Sil) g 5 ) oS 2 ol (o Sil) S 218 9 Jsbo Jold calllan 0590 (S39l58590 9 (81,5 lho i8S )8
3l Sloslrs a5 plowl (sl isgy S JSS (asls 5 S gl u S (80IS U s, Sl (g IS (a3 Ls (k)
90,5 oolinl i x Y asliyy s SAS 53l 3

g el las sl byl 3145 ol ol addllas 550 ol 5 Safslsdyge Slio anlS sl baosls il ls 4o gl s b
BT gl so s my Jiol mhaw [0 Sy ol Ciho Gl g aoye S Jleixl gl ;o 208U g, oo g g IS asls
i plml s x Y a3 es] s IS sine M lls o] o baylas 1 a8 Slho sl elsl s gy (sykel s sine
alllas 8,90 Slio 45" (61 Lo B x (ally 1S e 9 (B Sl ecnally ST (p09r o gine i x (Y (il)lg 4525 @l pelal
lge s 3p5e Slao 4SS s s s 5 ol sla B 5 (ualls pB)) e (BT SS e 352y e (lad
Jlie 1 g canlllae 3550 Slio aon Hlai sl as ols (Las (S uilly 5l s x oY Blie 15 o jns docnY (oo o (o0 2
092 J5 i)y 5l eyt 5 g lacnY e 51 s o JS il 51 s e Y

5 COker 371G 1Y clls (sogoe s iy 5 gl Goboly dloe Loadsll (e (S35 €55 3975 5| (S @l 15 S 4o
2 oelly Olgiees plgion s g lacn¥ ol 514 g Jlaicae 5 Lote (cagee (s 84S 5 syl COCKerL76 (CMS) s
oosls sy K394 X MN 944 (CMS) syt «gogas s pbyeaS 5 gl ololy 285 oy osigs oDl (slaasls
SrdyesS 5 Jodoar 55 NCBO x Coker 374 (CMS) ;500 5 Jb)lS (asls Jlai jf Jloggine § Sote (pogas s pdyeeS s
25 18 oLl o 90 made 3 s e (5595 AdgT (Sl ASlg oo (e mjg e doyd g gy W] LS Sl s e 5 Cute cogas
ol s il iy o oBalS 1 g, sluss 5 gy glis| o5 slan Slis s a8 ols jlas (Suiis iy sl 35l ol
olyly 8l o ity (g IS (asls o Sl 50 alge ceslio «SSE b 50 slages Gl 5l GRS g 5 Al
25hse drogi Qe Wl b (ol e 1 1 09y Sl

e 5 Syt e X (Y (O S5 Sl Sl als

VECENA iGb s b VE-F A0 sl 0 fu b

OF 5 Sbaisi) ;5 (o5 9 Su3slsd 00 Dlho (sl Sy willy S35 e (s pdieeS 5 0,50 (VD) L (68l 5 0f (LS ep (saemonils tauie

https://doi.org/10.22034/PLANT.2026.145086.1187 .Y00-YV« «(¥) £« als” Ciij 5 s dlxo ((slaila 5



https://jwr.uok.ac.ir/article_64353.html

QUSQJ:: 9 ‘_gw‘ oa)‘u; Yov
Slaio G55 5 s,k Cde awgom slaes doudo

(Choukan, 2008) Wb oo Sials

Slogas il Jdoar oy oo 55 Vb L Cuod
e ) @b o Sles 5 aals wogs S 5 o5
Slipdos o pgad (nl jo S e sl ol plas
Fioloss s ;0 Gujgrie o5 Ssged ol (goute
ety g 4> Gl alex 5l Sl g0 40 mie Oy
welyo o )Sloae Grlil oy gy el 5 0,
0uij ;o g 0 sla il 4y Cuaglie 5 (g5l 238l
S 4 obcws (Carvalho et al., 2021) cowl oo
S el Sl o SEMal & )les 0 50 mjg 50
Slio g lp ol Cuz oolinal 9550 g 5
S Sy sk 1n) 208 b oy 0 ik
Sl Froglame @Y oSles 5 sl
ibee B pilly el eSS
Slwl Gy ridNte (655 She0 b gl e
2Pt b pally QLB g Sl oz glaany s
(Wricke & Weber, 1986) 548 oo cgwxs al> 1o
S Wy plsreay oolitul 6l o) b (Y So Sl
JRRUSNIDY (LR WS SR BUSIE S SN PRVSIIN S VIS
GrboSs ol 4 S e pmd B
PP S pdueaS 5 .ausS o (Combining ability)
B0 0 oY o 0 ,Slas agi Collh sggieds (GCA)
5 03,5 bl o5 ol Sl g 0o Y ple b
oY 90 08ee Sl (SCA) (pogas spiyeaS s
5l ol e a8 sl (G0 s oS 5 S 0 Al
Hlgosg )95 lofng Comal I aiine Wl 5o
SrdieaSy 3yslp S oo SL) 1) 0 salied
ol 6 5 e S 1 Sl 4 oy 5 rogas
SrSpeeas dacSsy S g (el slaasly
(Farsi & Bagheri, 2013) ol 5 5.8

(S b addlae sl o7 ola ) alex
- oo oolizal ually claryY lulidy iy s
Y 35 by Blios S x (Y i ) 39
a1, Kempthorne (1957) lawss \b opdgl a5 ¢ s x
o1 53 85 sl oS Ol ) 4Bl drangs g,y S e
(P9 (rl 53 39500 ) S iz s S sl 4
S5 S5y Caz ped Olsied il iz
ol omizen 9 il (cogas 5 egee Slas

51 S ((Nicotiana tabacum L.) ole ob b ygig5
3 ol )3 golaill g (Saio o 2l); QLS (o S
@ odes Hobay o] golamdl o)l as culss sla,gis
5 LSy (LS (g wede by ol Sy
03lgils- 5l cpgigeg,S (20 = AX = 48) L 5 aSebl ]
Jae oS G lgicas g 000 (Solanaceae) \Lilesls
SpSse 5,8 oolaiul 5yse (6355iSTan Clid yo
;) Nicotiana > Liws (Davis & Nielson, 1999)
Sogiss wil e 455 P Lol g 035 9z 1S el
—45S o Goaels s 30l 51 (N tabacum) (g5 el
N. tomentosiformis g (2n= 24) N. sylvestris .o !
lapgiges,S Go95us9s (0d plpgs e 9 (20 = 24)
opils alawlgay g3 (Lewis, 2020) wiasl Cavoa
sl 10 50 J gl 1Sl cale o 55
Slsls Cats 4o oyl sdee & pas Ll D950 )10 Lag,lo
slp oLl (imee 1 (o OFF peies
31l e Slge wdgi sl g Cel (JsSUge sl
.(Michael Moore et al., 2012)

YoYE b s (58) lex Lyl lesle Sl bl
Sloy5iS i 5 Kyl ey eez 2988 v gD
(FAOSTAT, wsgr sz ;5 o955 oS dlei niee
(S5 ¢ omoliol S Sliogas Ll jl g5 2024)
5 CekS aAllize gzl wgpldes (ol lajls
G A 4 g 0,10 (olatle slacd (5 lxd slooslazl
Dol oo gidnd B0 g Saslen (glaile,S e
) eSS pj e (i (slaile S o slaggss
55> S ol Slogas Ll sl g atils ol e
2B 030 daygish cnlidlige ol 0 S slagss
)8 and sl o] 5l 5w oo 0K 050 &
(N. tabacum 545 .(Zamani, 2010) o455 oo ool
‘_g‘)) Gﬁ“a g/.»ﬁ).b 9 Cs] uL..S‘oo;\)P ol,j uj) 5L)
45 Sl Sloduay e jg i bl g IS a9 18 g8
S ) kel Wl g (B0 51 Jolo Fi (sl e
(Hybrid vigor) o o S,08 L 50 ol s o
98 o 53 ] 5 s 9 99 o0 008 F1 s o Laité



YOA

VE-F Y ojleds F al> ¢ olS il g o)y

33 o9 5SS SadeeS S ORS SRk 53
Lol Wi VY 5 laibe 5 (5355 i o e Y8
5 ol gl as byl s x 0¥ s, 5l eslil
as olo i oy p 0590 il Slas il )lg 45
)la‘_;;_u S las aen o L:buﬁ)b 5 @Jls O
aS by lid pdicaS 5 A = RURARRRPESN
9 e S pdeaS 5 sl L‘”QT plly &S olan joe
5 Cuie SCA )l LmQT Sl DL g 00g Hlo e
Alg o ivgy Vb g Cudie uajg e glylo g lo sae
ookl 590 pude 5 Ay jd A gi g (s0l5a sladali y yo

[(Salavati Meybodi et al., 2010) w5 .5 1,8

OFP Pl O wgegax g (egee GpduceS S
Sy Voogools B PTeo des (g, b slasl 5
JL i) bl g0 jo o cually (Y miy ol joray |y Jol> F1
@yl edy g S adlate 93 )3 5 (SaS 5
aed gly bl aen 0 Pled 4y mli Woge
Lo b cosgiy bl 5l s o g 5l S colas
) |) GCA &_J‘).:‘ 4.:[5‘» ML?LQ ‘-’)5}“’ FLI| 0092
SCA 4, GCA s (IS jebay a5 oo ols baowe j»
S sre las 90 50 0 Ty Jsb jod Olas den gl
-0 Slao cpl & ler yo ol Ol 31 s Slo aS oy
Slas (Y+Y) oK ¢ Bharathi oings o .ol
x oY gy 5l esliial b (is jo 1) (oS g 50, kes
ool Gm o5 ol (Las @l disged (g S
3529 Lo gime WS o Sles glizl g o, Slee s
o olid o Sy bl JST 4 GCA cos il
9 G5 gl 2a (lao den @l 0 olEld Jos
6|o)5o uL?Lu‘ ws)afolo QL......' C.’Lu 099 ‘;M)L)ﬁ)
U939, e e «(reciprocal recurrent selection)  |late

Dy a8 Sloe sl dgups (sl y

Sleogas $9) p Spddls g ooy aslllae wls
layielil a5 ols Glis (9igi (plend 9 (ST9lsd )90
mse NS G dacs) bt 5 (Sielsd)ee
e Sils g a5y Jlain] b 0 %0055 b (gl
5 ofes (5SS Glye W Sp Jsb S o
@l o g T el Sl iy dosy e J5id (slyime
YL o Skoe 5 e Jolge o5 236 4 plgia

g [(Farshadfar, 1998) s co oolatuwl g5 &l 5
Zls olyen 4 cpally Wb s x Y a gl
0SS Gialesl o o Loyt g lacnY (gim da SO
ol s)lel il Sl osliiul b as)re Ll il o
5 s gyl ol oS (slacSsh oyb ails
(S35 DMl (30 )51 Cwsds (29 0l wtee slo S 3
Szl g pB)l 51 (g s olass sl ool 5 ,b 51 B
dnglile ;0 oS din3o g C89 B0 g (I (S olass
Sl Jig0 525 5ol o8 S35 losbgy plo b
(Moghaddam & Amiri oghan, 2010)

or oshied it Sldlhe Liul, cnl o
o> 5l it GlalS )3 (e fe 9 eSS
el 0als plodl g5 g

o9y Al ey Ve «(Y-+)) Tuan & Kient
Y g 3l g ools (B die panlg O L) (slailsee S
o3a> 5 (0908 GrdyeaS S bl iy el x
RGH4 bc 5 o8, olo oylid oyl gl \as,5 oolaiu]
g adls o Shoe sl |y (sogoe s pdvcusS 5 0 SVL
3 lbiwl 0 )8 g 390 conds ploxil IO 1 B
O8] Gty gl 1y W F Loyl wolys,s axals
B 55 syt wio S sleriny oShae Sl
9229 Sl 4 Suogliie g et woyd Ve Jolas
(g S sl plas (TMV) (g8g8 Saaljse
Pl )0 (sopat 5 (oges SrdieuS S (i ie
sy Vool eaar F1d e Ve jo Sidlen Gl (55
0,5 2yl s Y gy ) eslaal b cpully
3o GLas s (Y gy bl (eills 452 gl
gl o B )0 5 S olass Ll lacad sy o oS
Ll sgzg g kel o sme S vy G Jleis|
BAL X BNC (slovy yoed SCA 4325 b bl
G rdyeaS 5 Jdoas Iraburbon x B21-103 4 21-3
doyd g oSee Sl Gl o 5 Suke (pogas
OIY 5 VA (e e oy i Wls a4 Cnd G jo 20
BCE x 4 B.B 16A x BC21-103 (slasy s 5 oo,
O oy g Cude SCA - Loay 5.5 BNC 21-3
Mg sl Sl g0 203 OIT 9 \YI7 Glimeds e Sy
Wy IR esliial ojse ey e (9
.(Hosseinzadeh Fashalami et al., 2015)



Qb&a&: 9 ‘_gwl oo)‘L.'l‘:

ATAR

Fd Vg YV s g Aol peads Fr e 5 g e
Jlos Y8 L £game 10 (TC100 5 K326) aals 50 ol yana
sy30 ok JelS oSl ok B o ST Y
Olido 50 ae)h0 ) (Bhod (pl W85 8 o)
P ez )0 OF aldliizr Job b M5 (535 (hisel 5
42,0 Y0 5 az )3 V7 oldla (ope 5 (B0 adds
o olul s 51>l b e mhaw 5 eV glas )l g Jlets
O xVev cls Jolgs g goyeyie Voo oinloyl &)
o)l sl eolainl b g lal b a8 )5 L5 o e Ul
e 00 Gladizg; (29> abold b g (loyhd) s
e Sl Olsr slessS b (e00sS alk planil (g5
e Slad g i 5 hnd psiigal Sland Sl
033l @S ol ey Slige a5l el
40 ‘n)fﬁlj Yoo P Yoo Voo
G sbdle J35S 5 (nrg Sldes (285 )90 LS
plxl al> o 93 (b 0 wig gl (oS> 5 (oSS el

e
Sy s Jsb bols (o538 Suislsd 09,51 Slav
a8lu Hlad o( e lw) gy glas )l o5 s olaws (e BLw)
o p2 o 2SS B g, slani (Judg ST el (e les)
mojlal g Sl aeyie 0 WS S8 (a3LE oSl
DS JdslS el g pSoslal sl wiat 6 5
Slio (6 So3lail gl s oolizesl (SPAD-502 olzans

S g

S)S e g0 g Ve olal slaaiges j caalllas )50
| Sy Job) abaly 5l oSy IS8 asls o oslixul
el Cwoty (S S sl = Sy ope

Sy Jsbx Sy oyex Sy olass x-/YAQ

s, o alold x o) (55, iy o alold

Jby Dygo 30 (B oy 3 eaus ‘5)5](':0.? sesls
$ad 5le]ley (Arcsinyx ) gl o b (o9
JB oSl 5k g lel Jao ol (il ls 52
g 48,5 90 SAS ver 9.1 158l o 5 oolatul b Solas
-0l 53 (G3559) ot Sl a8 Glao (sl g 0 plox]
sl ol )b 0,515 we g le] o sae M Sl da
23,5 el s Y e sy elely (S

madllas o (Kinay & Kurt, 2022) sls cacs Loy o
Lol e kalyy 5 majsie SCA GCA ol o
slabee S slaggss jo s x (oY ayia 5 ool
oole Wlg 45" sl e 45 oo Lt s yo,F sl
SCA (lyls oy pun o] il 005 YL GCA (l,ls Loy
My (Ul oasms plis el (nl diog (VL G jo e
mo 09 i 4 caslisl ol gL sl JT Jas! o ools
ez onlly bl gl GCA Sl il ey adly o s wsly
(Lohitha et al., 2010) wle_co &ST ygumsloy yorn
(CMS) (sodlgim s 5 %y pod 2iz ssladdllas o
Sl 2 lesl a0 05515 gz |y lailne S (5358
Wl gy o] Jlie Ly 5 T lizl g 9,8les
4 gl S 9ig Giouasl edey e T odag]
3 CMS10 x A4 CMS6 x A4 CMST7 x Ad slapls
t3sr gl a5 Wisges slulis CMS2 x CY142
g Sis SpooSles Cho Gl 2YL g Suke
b6y el Slio g jlosne 5 Cote Sl oo
Slao (e peltnsppé Sl g Sl S p o Sles
o sanlive Sy a5 o, ey b b o5y ol
(Nanda et al., 2022)

(oo St S Oyl Bae b ol ey
Slie slp (55 b)ly izl g e (sogas
eslaiben S o5 slageisss ;o £ 9 Seiglsd ee
2 plowl s Y 458 sk

L gy 9 dlge

oy bl g (BLS Olge

Ol 3l &S 09 cadgii A ol (8L Slge oo (nl 5
() @lopl a5 55 o)l & bgipe sl T ool
K346 (f) 3 NC60 (Y) Cocker 371 G (Y) K394
Byl @ Loy cudsiy ¥ g (6o o) oY Gl
< Cokerl76 () sbepl 4 (CMS) ol giews puiic )5
s lgreas Cocker347 (A) 4 K326 (V) MN944 (7)
5 oY) cplly Cils 5l ey el 0555 (g y0ke W)
b s 51 e 52 LlagnY 5l S5 po e 50 )0 (s
ploul (6,85 ,90 Jas g ool ools B 4Blas jgbay

A Jgu) ab Jol> Fr e 5y 500 V7 g 00
ooyt GrdyeeS F el obj)l jshieds (g
VP olaas o SeBs by slizl s ey (soga



Y§-

VP Y o)l F al> ol S5 9 0des

Slaw 6‘1.' ‘6‘990 9 PFE 6fd4w|)5 d.....ul.?bo 09.76
g dailyy oeloly (om)p 9 )50

(so9os s pidlyy)

Al ¥ Y
h'g = Sg __Gatop
3
cr"g+—e c'a+0'p +%e
r
(oo s pdcdl)ys)
Y Y
hY — S A _ S A
Y G\’
Grg +7e GYA +GrD +7e
r

bl addlae 350 Slady;ud [0 e sie Syl
5 (o m239550) (pally xSl bl 3900
Gilae (Gjothogye) i Wly Gluly ey

(Tavassoli, 2007) o dwlxe ;) Ll

1-MP

(RH) Relative Heterosis = FT X 100

(HB) Heterobeltiosis = % X 100

lly 2 SLe MP doas e Sl Fr cdalgy ol jo a8
&y (B 2 50 5 ally ol oo 5 Ay 5 SSLe HP
Bl Hlas ]y o (Sl (5 i 45 0l 8,5 las o
Sloeaios ol j0 gylel Glesle adS sl (sl
20,8 skl yiwd x (Y asliy 9 SAS 53l

Sy g s

S H9 6L‘°)3~“‘3 9 Lmog)/ Oy 00 ‘nb.u'l 613’(}%
oads ool Hlas YV Jgao o F1 pude 0y e V8 0y

4 «(Singh & Chaudhary, 1979; Farshadfar, 1998)
(S5 il g dmslons g T slizl 4 (B Sl sl 4y o
(Kempthorn, g, 5l F1 53 L cudle 5 aolidl
SrpdeaS s Ol yeesl glp e85 soliisl 1957)
s ool tygasl 5l s 5 oY (pogas 5 soges
o3> 3 (50908 (S pdyS 5 S il )l s 09
25 blyy Geloly ds5bms] Jliie jlogzg pac (55 1L)

(Singh & Chaudhary, 1979) s4:

\ [(I—\)(M|)+(t—\)(Mt)7M }
rvit—1—t) lrt—v bt

Cov.H.S.(average) =

Yo'

Gvsca — Mlxtr_ Me

o'sca = (%)VGYD

s MU My 053 ans zl5 uilylgsS Lawsgie cdaly, ol 5o

6"gea = CoVHS = (

6"sca 9 0T goa res o g Y olaad | S5 slaad ol sl
w54 o' 5 o'a SCA 5 GCA (lauil)ly o ja
ol 550l gt o pd 5 F g Cadle 5 (a8 (sla il s
ooy g5 5l o B ally ol anllas 4 a5 Llodl
0 (F21) o oyl (6l shags o ps 13 cings Lalls

S ool Sl 5 (a3 (S5 (slolly 5 05 428

- vo'p a5l lawgie cudle ax s wad aculbxe
O'YA
A 3y "Gvgca alasly 51 S0 o i 00,8 Al

Y 3
(Y6  gca + 0 sca)



O 5 gaaxl ol

Y&

o x 1Y gy olwlyt ynd B L ¥ F o eud plonil (gla S ) Jgua

W W ojles s,
K394 x Cocker 176 (CMS) V0 \
K394 x MN 944 (CMS) \$ Y
K394 x K326 (CMS) VY v
K394 x Cocker 347 (CMS) VA f
Cocker 371 G x Cocker 176 (CMS) Yo o
Cocker 371 G x MN 944 (CMS) Y# §
Cocker 371 G x K326 (CMS) Yy Y
Cocker 371 G x Cocker 347 (CMS) YA A
NC 60 x Cocker 176 (CMS) Yo q
NC 60 x MN 944 (CMS) \fd Ve
NC60 x K326 (CMS) Yy A
NC60 x Cocker 347 (CMS) YA \Y
K346 x Cocker 176 (CMS) fo \Y
K346 x MN944 (CMS) \id V¥
K346 x K326 (CMS) fY \0
K346 x Cocker 347 (CMS) fA \$

il 8 5y e oSy b Slio o Lo las i1 a5
W39 )ld e s S p S als 5 S mhaw oo
B 39, sl 9 Judg)lS pasld g el Dlio 6l Ll
S s (6l 5 9oy 5y Jlain) s 3 a0 S
Slel o sme B o0 i Jlisl mla s jo Sy
Slao lypaalol o icos 3 pas (F Jguz) cbls 352
S gxe BT gl dayl jo (b jled) laaigdy Sl as

ol alol s x Y a5 el W

ol slg & i
plxl 5l el &)l s x pY ay5ed 5o Al e
O o gtre (903 5 0oliil 8550 b il ls 4525
nlly g Loy o 1 IS Slocadsls e ol
JUA IRV UPVEE PRI P )lou_;.u loglas ol 51 as
Olao gl bosls il ly 4500 gl 09— oo plxl
Sls (las (g (nl o aslllas 5,50 (215 9 Su3sls8 )90

axllan 390 (9595 S Gaigi} 30 (o£1)) 9 S iglad 90 Silho (il ylg 4325 -Y Jou

Slaye (eSibes azy® &b

Lo ceye 59y9laas Jd9 5 Ské ew)l ol e Jsb 3l Hlreas
Syt Spphe a5 sl &g Sy Sy Sy

ey A1k [+A ££/4 YI§ YSVIA OIA VA/Y- vay Y Sl

feeny ™ VA A YYAQ ** YIATS O VAAE R YA K Yieg™ o YyEm™ Yo e

e VY -IvY /A o £Y/- 4 £/f \ilg YV/f - s

\2s VEIY NN \TRs VV/F £IY #IY Uy YIA (3o,8) Ol passs oy

.wl)‘dsi.xn):.éswjd&‘M)QASQ'JW‘G!G‘A)QJO‘S;&A%JSQZnsj

LR 22
¢



Y&y

VP Y o,leds F ol alS LG5 g 0

oK e g Noori axJlas jo (¥ Joux) b o0

&2 SrdcaS § Cebl (e Ban L &S (Y-V)

< oY Ghgyh (S5 pazsS 50 (S 5 63,8 kes Blio
(oply caiais 31 gyl s il 0a s alol s

G 59, olasd Slio gl by sem 5 by jee x ol

P r g9 Mles Wig gl (o )39) (235 (]
oS Cl oo s 55T o Ui b &S o

Al eyl hagh i b geon

e 315 o s oY o o] sl 4 b 5505 31
gl Slao Sl e Y o ol SIS i x oY
BT (235 U 59, slass 5 Jdg)lS (aFls i
3B d e ol edalin wo e S mhw jo s g
B (235 L 59, olass 5 3915 (azlts wlaw s
O I gre Wl edalin do s S maw (ol S
Gobes o elly i &S s 5 g il
aS aes oo olid wiies adlas ol o ol slags o
2l il o ppe abgyye Slao 4o bayys otylsil LU
Slcwloass (3,155 (Billenkamp, 1997) Lawss galice
aho s wig gl Cho @l s yied x Y blis
G 59, olaws g Jdg l5 (ol Slao gl g woys
o5 (V Jguz) 05 o s w0 ) Sy wlaws 5 (23 5
S Slgor 09 ls gme (Fho (sl fid x Y S
5 Bt sl s b oS 5 0 oY Sglite 25T
Sl Slio 1 28 50 (stalidlné (55 il s ik
(Singh & Chaudhary, 1979; Bharathi et al., 2020)

Foed Y gya lls 428 Jene @bl puleln
Syge Slh—o 4 ks [l 5l by o3 e ((F J5o2)
3 Sl aS cils 092y (5,10 g AW sy p
Slr il Slog b cude Gm (e85 £95 929
Sl o 6‘)‘.‘ 99—, I Gla_..;).) A &Lo.a)‘ ol o
S gl 3 (2SS B g, olaas 5 Judg)lS et
Slas Gl pally Sl 0g o gme g jlo pxe ds yo
oo st (nally (o 093 (S35 £95 5l (S )95 0
‘uﬁlf &5&4 L u.n.\.”j S y0 ul}w‘ SHg—o )0 g .))Lb
S5 dgnge | W e o) Ch—o e (lgiee
l 3 5l.(Mohsenzadeh Golfazani et al., 2012)
Wo 40 Sy olasd el 9,50 Slao den gl p
Aloa—d o gan 09 o goe a0 S mhw o
Wiy g b i boaig) Hab o gme yo cole
@ by e (S sly=! (R S)ge Ch—o 95 A
Ol Pre (piren g aalg> Dglaie o Olao
S S35 95 355 S ko Sy sl (30 5
9 o 90 Slao i lead wgi glav jee
565 A S Sl Solsia Site Jes o]
S o2 (Salavati Meybodi et al., 2010) o—ib oo
v 5o adllas 550 Dlas adS gl b BN x pally
3925 o HLid el fplaS og jlo g an )0 SO
5 ool la B 5 (gnally o)l e S (S35 €535
=y Oy50 Olao alls Sl sl s Jiee e je e

yiowd % oy g 5o bl axdllie 0590 GUT S 30 HeT e (£lh) 9 SUTPIed 90 Wlao il ylg 4 s - T Jguar

Slaspo (1 Siloo 6olyl a0 Ol i golice
@35 B 59, 2l J5)5 Gy gl S lass

AR ovy = AAATA viga ™ Y S5
/A YYVY R ARI AN AN A (G595) Jlod
g = FYIE A A i ol
fI5 ** AFONY ** At FYIY ** \ Lo B x pally
YIA YEAIE yyapy = gy " V0 Lo B0
Y/ YYY/E VYA gV ™ Y
A Yo VAR /9" FIA S Y Lo s
YV R YoV AATAN glo ™ i x oY
-\# AI¥ oY/ 10 \iZ las

el o pire yaf 5 a0 iy w0 S et ma jo s ke MO PVRSLI



O 5 gaaxl ol

Yy

ol ¢ Hosseinzadeh fashalami a5 ol
3 Y g «lao zST a5l as ols las (Y-10)
Jlie Sl g 5 0092 e it IS (ST b
S omlly 5l e w9 poo S 5o fd x (Y
Splie pol> Aegh @l b (o5 &5 g f2l )l

oudls

s x ¥ Jlie 519 b s dopn (comd w5 52
S50 Dlao den Sl Gl as ol plas (JS by
S o JS Guilly 5l s x (Y blie Sl e canllae
AT 55 51 og JS (milelg 51 i 55 g Lo s 5|
oy 5 ey w5 o934 50 oY g (o

(F Js92) 05 Gliee oS il JS

OF 9 13 9 Su3eled g0 Slao jo wo o a4 S il ylg 51w x (Y g L s WY (0 30) (cransd ke —F 9o

235 B 59, Slass Je,lS g gl S lass 85 bty 5 e
\OIY Wiy YR/ /s e g
YV VO Y Y VoIt 2 s (o
0 VIO vy SV s x oY

2 =S Slao Sy cogar 5 cages & pdiaS S
plsl yid x ¥ a5 (g, SeS 4y (Kj8axsS
3o by eialihad 5 il BT cuenl 4w
(Kiani & wis,S o,lal adllas 3,50 Slas J s
(Honarnejad & < yuos .Golcheshmeh, 2023)
089 03,V (89, aios o Shoai-Deilami, 2004)
Alss 2 ooezs & s o Jes ass b B e
S50 Dlao JyuS 5o lags odalibled 5 sl
S (Gl SOl S 050 50,5 o, Lil asllas
SrdeaS 5 ombyly 4 (ceges s pdvanS 5 bl
adllas 5,50 Slio 2516l S ca b 5 (o5
IS 5 e ol e S P 28l S
o bags oa plonil wlinios o el lagT (S5
olls 4 SCA (b jlg ylivn G5 4 53 oyl
oS Canl 00l 0Ll g3 o o,y lao (sl GCA
2 by el B i bl (S el ol
(Carvalhoetal., cwl ygig5 jo 2l)) Olao b alal
5 Moghaddaszadeh _jiag3 o cslice joboas 2022)
250 S rdyeaS 5 oul)ly S (V01 ) ) e
Sl S las pled sl Sy 5 (pogata
8 Fl 5 (S aS w8 sl

il o io (S5 S5 5o o
chllae ol oo Sl Jol @l b sl cnl &S
ddllas 5,50 Glas adS o aSul 4 azg b ooyl

S5 oiblg sl

o Soye Slao 59, (S5 by sl sl
(0%n) (al38l (uilly ke (3 e &5 0l plad
olawy Slaws [0 .09 89 IS el Cho 4 by
oty Camad (25U 5 Slaad g 4y gl oSy
aS o Sl s (0%A16%D) (il g 4 ol
& i ol wellae JUEl culls 51 Sl el ol
i «lio ol o5 sl )l e goms s
Ghgy o SeSE J 0 sl Gl (G
GG SRS Gaw 3l g alss ol (SO
etls Cho 4 30 (%) cadle Luills polie
ills o ol o 45 wils plazsl L IS
(B J992) 39 (ol ¥ Guibly ) S cdle

5 Pl WSbly 5l cdle Gab)ly o 555
o 5l 5SS Ao Guibly Cod aizees
o slp o5 emlBlee S ol sy (i
B lly g feS el Jdg kS el
Sl Joily oS apo o0 lid Slas S sl
O%9y e JA) g daless ol Glae pl gl
5 G SS e She Slio ol @l ool
ol @S @ 4 b adbioe e 5l )l po e
w2 5 Bl SIS ea a5 a0 Slia (agh
ayls idl asllas 850 Slas JpuS jo oiolidle
e &5 Lhagh 50 il jeba (O Jsu)
slcell 5 (S oebly sl ol



\ai

VP Y o)l F al> ol S5 9 0des

Sl S (25U s, olaad g 3,5 a3 ls
A5 Sl il ol cnl & 0 Jgoz) o 351 5
32 oy slbled S i Coeal g Codle Bed
S olass Slis gl il Slis nl Sy J S
Sl S dawgie ol a4z g els)l g
=05 sial38l 31 i Coenl 5l S aS ol aulxe

(D Jsoz) ail o 55 he Sl S5 J,S o b

Grhdhy 5 omb Ll gogax il
U’“‘Q" &‘3."5@ ).u ).a‘ L)"‘ W ol Ls.}!l.. (SRE
)85 de Slao S po lagys (cdalidl e &l 31 5 S5
0als ploeil guded 10 (O Jgux) oo 1,8 ol 3,90,
@b oeges s pdycdlyy 5o Glakme ple g
(Kara oy5,5 oanlic aslllas 5,50 Slio ST 6l
& Esendal, 1995; Moghaddaszadeh et al., 2019).

OF S GLoaisi 10 155 3 S 3aledyge wlio (S (uilsly il 2T 2 -8 Jgur

B3 g, olass Jedo kS Gpelis)l Sy ol by sl=!
oY Y1/ YUY “IAY il ol
<Ivf fAQ VD <Y Cadle byl
2%\ A/ 7515 FYIA 5ot vy
OFIA YVIb ARTA ARIAN woyar §pdydlyy
Y \IVY “1aA -2 Lgte Cadlé a5
¥V NI 10 5 oyt & ozt & piraS 5 il g e
1/ Y Y/-$ Y/$) il 4y il il e
-J9) Ara A VY Sty

K326(CMS) yus g jlocxe 9 Cute (ag0e S pdvceS 5
S Jlesal gl 53 )l de 5 (e (soges SpdeS S
i 9 NC60 Cocker 371G slacpY aivg Il 1) as)o
5 Cocker 371G Y « Ju85,I5 el ks 51 K326(CMS)
shls (23 5 b g, olaws Ll 51 K326(CMS) s
"4 atlgioe g 039 Jldgae g Cude (pges SpdicuS S
el $ln o5 olpa slaasly )3 ually 51 (SG plgre
6l s g K346 yY S 18 oslicisl 350 455 de lio
asLs i Ll 5l Cocker 347 (CMS) s MN944 (CMS)
JB e (o508 iSO Ll s (Jds IS
Cocker 347 ;s .ail ood o ol Mol (gl ool
shls 58 2o 5 U e, Slw Cae o (CMS)
el cnl W g logne g Ghe (ages GpdicaS S
oeals el g anilag Ho5 e wlas Jlil o Slaus ol

(5 Jgaz) o )5 e 095zl jo Slao ol polis

(GCA) (nlly (coges (53 cus ¥
S5 e & lly plelid lp bl 5SS
ng.:d.)uj); wbm PRS- uol} ‘5.\.&.@ 6‘)" cq.)gm
Golass ;0 GCA (5,505l 5, 5lail so ppally soges
Sy slp Wy S by bawgte pilsi oo s 5 (Y
Olgieds a5 g golass o 5l ST (oS s | LS
Sl plly 5 (S waid 518 dslllac 550 o B i
Al Glgreas wilgs o s lii |, gl gxe GCA ( sao
390 Cabio Sgugr Hohateds 45T (G0 yod ZLG 0oy y0 wgllao
(Xuetal., 2004) 5,5 )|,3 colaiwl 3,90 398 o0 3o a3
J992) s g b (eges S pdycaS S 41528 (o) 2
Gl s g o pY dod oSy olass s jo aS sl lis (F
Wog o Sre il soges (S pducaS B SIS o) 9550
Cocker 176(CMS) s g gl Cawo  lp



O 5 gaaxl ol

PO

OF ¥ CBouigl 1o (£ly) 9§ Su3eled 90 Wlao Gl (pally (o9 S S i JI-F Joua

— gy Y Yy s L/fq s K394
Saye Y/aqre VA S —- AP Coker 371G
oY
-y YIEY /g S SJEA TS NC60
—efeATS AN RV ey K346
NIVAL VAL A Y S Coker 176(CMS)
e s _YIEARE y/ay s LY. s MN944 (CMS)
L@ . -
Jpye i 0/00° IS K326 (CMS) =
— JOA* SYIAPH -\ /pE S <AV TS Coker 347 (CMS)
S -IA¥ v/-q <15 (SE) s, lsiba gl

ol Hlo pme e g ooy ) 90 Jliol mdaw ol pixe wwnsj

6 SeS 5 NCBO x Cocker 347(CMS) 4 (CMS)
L.diog Lo Ty aw 100 maw [0 o pae g Codin o0 3>
Bl ot (o g—a eSS pl 4 az g
95% sl I cplply o ledon pler 1) (S5 (il )l
2485 e ) ek (959 S5 g ol asl o ailgl e
X5 58 Az g 990 il gl (Sey ol ls by

(Y Jsd?)

(SCA) ooy o oguas (6 iy ¥
BN r:L‘B)‘ (SCA) = yaé- dfduuj).v 00D duw (299 ).:OLM
P pa> Lg):wujf gy Cow! 00l ool QL.MJ \s de.?-
U 59, olaws Slawe gl as ols ol s b B0 5l Jo >zl
shls @xllas 5,90 oy jud dor (S olawi g 20 S
0ald Slio gy wog o re it (pogat pdicuS S
K394 x MN944  slaw, s ol iay iy glai )| 9 sy IS

OF P e gil 5o £yl 9 Suigled a0 wlao (ly by (pogad iy HSI-Y Jau

S olass Gy eS| J35)5 5 ) o B 2 o)leds
—\vy s Yoy s y ns SJAY TS K394 x Cocker 176 (CMS) 'O

/g ™ /vy ™ VPN O* —eyy ™ K394 x MN 944 (CMS) \#
AR -y -VEIYY S A K394 x K326 (CMS) VY
SIYATS -Aga s ~YIAA T —e[oATS K394 x Cocker 347 (CMS) YA

ATAR R VAR FIVy M —vo Cocker 371 G x Cocker 176 (CMS) Yo
—NETS <A SYIYA S JfY S Cocker 371 G x MN 944 (CMS) Y
-y Yive ™ —.jaa ™ ofee S Cocker 371 G x K326 (CMS) Yv



\i24 VEF LY ol F alx alS S 5 oy

—-[FA TS -v/fq s -y/g. S .yy s Cocker 371 G x Cocker 347 (CMS) YA
Y Jgux aslsl
AR vy -Y/va " AR NC 60 x Cocker 176 (CMS) o
L EATS _aaE S R o TS NC 60 x MN 944 (CMS) vé
AR AGARN floo ™ —-ay "™ NC60 x K326 (CMS) A4
-/aq s Vo IVA® AIYY 1S <Ivo ™S NC60 x Cocker 347 (CMS) YA
IYE™ -V -0/a ™ o™ K346 x Cocker 176 (CMS) A
AN -y ™ ~Y/VE S —+[OA TS K346 x MN944 (CMS) \id
VIFATS Yoy s Volvy s /vy s K346 x K326 (CMS) £V
—-/ya s AR -\/aq ™ -\ K346 x Cocker 347 (CMS) fA
Vo f/a¥ YIYA /7Y

(SE) s lustesl sllas

ol Hlo pxe e g a8 ) 90 Jlaisl maw jo e pixe ey

Cocker 371G x Cocker o oo ;0 5p Alg g ,ie O )9 5B

A Cond oy oo s 0 odd cdslice ujgyie gl

9 rR (ppdon g gl Chs (glp ¢ 176(CMS)
Cocker 371G wy e ;o yp Ay 5 pally Sl

Kher iogs ;0 .(A Jgaz) ol caslive XMN944 (CMS)
Slr misre 3ysln pshie 4 a5 (VAN ol Kes o

Cho Glp Fp Ay g pally WSSl Geajere S
O G2l 5 035 0L (s 355 Sl 45 (23S 5, olas

s x ¥ A5 ey 4 (55e5 5 9, Ses gli2l 5 0 Sles
Sype Dlho e (sl 5yl re 9 Vb o jg e s ol
oS F1 8 e o ,Slas a5 (69,50 10 058 )5 sdalive axlllas
Oliwe el Jp Als 5l Jeaas b pally bawgie |l
aS (Farsi & Bagheri, 2013) o1 oo Cansy (soio i jg 20
e sy Dlae (S lp ol Giegn o

22955 351

K394 X slay yut 55 ad oy ool Sl Slaione
oanlie K346 x Cocker 176(CMS) 5 Cocker 347(CMS)

W
o sl plly Sle 5 5 Wly e re (n i
sonlie K346 X K326(CMS) oy ;o ) « Juds 15 Lasls
Ol (9 o i o5 p olawi Cdo gl s )S
Oy i 9 K346 x Cocker 176(CMS) oy, jo cpally



Oen 5 (gl 05l Y&V

OFF 30 (£33 9 S 3e98 90 Olio (5l (s p2 30 Sy 53 (HB) 5 p Wiy & G (5958 9 (RH) (2l (555loo &1 S (59 55 0030 —A Jgu

BT U g, olass PRIy Gy elas )| Sy oolass S o Loy
HB RH HB RH HB RH HB RH
VIVY BV VYA OIAY SIOY YIYY K394 x Cocker 176 (CMS) Vo
YAy . YAIY YEIY YIVE /5y UsY a/py K394 x MN 944 (CMS) \§
YAV -\ g YIVY \iR 4 AN —F/0) YIYY £/ K394 x K326 (CMS) VY
-YIYY -YIvY YAY i -Y/08 -V/AY . YY K394 x Cocker 347 (CMS) YA
SN T VY VYA VO/f YIAQ \YITY VYV YOI Cocker 371 G x Cocker 176 (CMS) Yo
VIVO “fN\ s -Y/F4 V0P VEIYA . o+ A Cocker 371 G x MN 944 (CMS) iz
- 10V Y10 YA/A V/AY VIFY e _¥/FE Cocker 371 G x K326 (CMS) \0%
YA - oY “VIYA OIVA YIY AIVA 5.5 & Cocker 371 G x Cocker 347 (CMS) YA
-Y/Ya . OV YIVE Ay VY . ¥YY NC 60 x Cocker 176 (CMS) ¥
Ve < 1OA “V\IYE -4/¥ YITA YIEA YIYY YIYY NC 60 x MN 944 (CMS) v
-Y/Ya VY Ya/f \g2Ae -y -y . & NC60 x K326 (CMS) vy
YA — oY Yo YO AR \YIY Yoy FIYD NC60 x Cocker 347 (CMS) YA
“YI¥A /a4 SVVF -fI5 15 /vy Ve vE YYIYA K346 x Cocker 176 (CMS) £0
K NE -VYiE AR Vi Y /EA . o/ A K346 x MN944 (CMS) \i2
VA YYD Yy \RIA! —- /5% /A e VeIvE K346 x K326 (CMS) £y

-Y/¥Y VY . Y/fY VIYA Y/ ¥y \AY K346 x Cocker 347 (CMS) FA




YZA

VP Y o)l F al> ol S5 9 0des

- e g Sute (o9t (S pdieaS 5 LJoa 55 (CMS)
Oleds 9 Sde mjg e wo)d g g glis)l L 5l s
S do,0 M g cpdlly 5 S0ho 4 Cand 2o, VYIY
OFF Wy slp Wlgee whe Gl o g Wy &
S5z 2550 @l 3505 518 0oliisl 0 y50 e 3 3y e
el (I olaws Claw jo a5 oy las Sads il g
kol 8 SRl by (205 L 5, sl 5 g
ol 5o ialild & I3 il s S 5 a8l
J 5o Gla s gl 5l 035 (g, a5 090 G 5 i
5 el 58 Sl (gl ceslin Dol g, (KK
oy Sl o i (S8 IS et ls cidos oS
Sy g (do nl e sl W s Al e
D9 0 Apogi

&l Sl

Sr Jb o sbossle 5 bogles 5l abesgino
O3 @alf S (S i Gygel g Slides
PSS Gy ol Gl )0 (6,58 5 5k 9,90 DU
Dgdige (G908

S S A
5 o2ls) ooisis o (S5 £33 0979 | S
Bl oy sl (apl B 5 Jobs
oY oy y oY) pally (egee GpdicuS s
Josine 3 St so3a8 S piyersS 5 (5> Coker 371G
O 9 (@S U 59) olasi g Jud S als Slas ol
Sl e N3 39S el sl NCEO
5 Code (o308 (S pducaS 5 slyls Cockerl76 (CMS)
Slio 1, K326 (CMS) 25 5 459 £1i5 ) sl o e
Slecnlple wg Jd)lS” (a3l g (23 S 5, Sl
boaly ;o eally Glyear Gls o Lo yins 5 Y ()l
SrdeeS S @l pllp 235 o oy (M
JJsa; K394 x MN 944 (CMS) &y ,esn < oogas
A S gee 5 Sute (posgat S pdiesS S gl
VEIY Olands 9 Sudio (pjg i 82 )3 9 Judg IS 2 Lo
O s 2o, YAIY g cpally  Slee 40 Cd w0
NC60 x Coker 374 o ,op 9 o ol ;o 5y ol



Ql)&a&: 9 ‘_gwl oo)‘L.'l) yra

&b
Bharathi, Y., Jaffarbasha, S., & Manjunath, J. (2020). Line x Tester analysis for yield and quality characters in
Natu tobacco (Nicotiana tabacum L.). Electronic Journal of Plant Breeding. 11(3), 764-768.
http;//doi.org/10.37992/2020.1103.126
Billenkamp, N. (1997). Estimation of quantitative genetic parameters in a breeding population of flue — cured
tobacco. CORESTA Meeting, Agronomy/Phytopathology, Montreux, AP16
Carvalho, B. L, Lewis, R, Padua, J. S, Bruzi, A.T., & Ramalho, M. A. P. (2021). Combining ability of standardized
indices for multi- trait selection in tobacco. Science and Agrotechnology, Agricultural Sciences. 12(1), 1-
8. http;//doi.org 10.1590/1413-7054202145005521
Carvalho, B.L, Bruzi, A.T, Lewis, R, Padua, J. M. V., & Ramalho, M. A. P. (2022). Exploitation of heterosis in
tobacco breeding in Brazil. Crop Breeding and Applied Biotechnology. 22 (2), 1-7.
https://doi.org/10.1590/1984-70332022v22n2al3
Choukan, R. (2008). Methods of Genetical analysis of quantitative traits in plant breeding. Ministry of Jihad- e-
Agriculture, Agricultural Extension, Education and Research Organization Seed and Plant Improvement
Institute, Chapter. 5, 83-95. (In Persian). ISBN; 978-964-520-133-1.
Davis, D. L, & Nielson, M. T. (1999). Tobacco: Production, Chemistry and Technology. Blackwell Science:
Malden, MA, pp: 480. ISBN: 978-0-632-04791-8
Farshadfar, E. (1998). Application of biometrical genetics in plant breeding. Razi University Press, Kermanshah,
1, 528 pp. (In Persian)
Farsi, M., & Bagheri, A. (2013). Principles of plant breeding. Iranian student book agency, Mashhad, Iran, Chapter.
10, 160-166. (In Persian)
FAOSTAT, (2024). Food and agriculture organization of the united nations statistics. Retrieved from htp//www.
Faostat.fao.org/site/562/default.aspx//.
Hosseinzadeh fashalami, N., Mahdavi, R., Salavati meybodi, M. R, Rahimsoroosh, H., Gholizadeh, Gh., Alinejad,
R., & Sajjadi, A. (2015). Evaluating heterosis and combining ability of air Cured Tobacco (Nicotiana
tabacum L.) Genotypes Using Line x Tester Method. Journal of Seedling and Seed Breeding, 1(2), 325-
337. (In Persian).
Honarnejad, R., & Shoai-Deilami, M. (2004). Gene effects, combining ability and correlation of characteristics in
F2 populations of burley tobacco cultivars (Nicotiana tabacum L.). Journal of Water and Soil Science
8, 135-148. (In Persian).
Kara, S. M., & Esendal, E. (1995). Heterosis and Combining ability analysis of some quantitative characters in
Turkish tobacco. Tobacco Research, 21(1), 16-22.
Kempthorne, O. (1957). An Introduction to Genetic Statistics. John Wiley and Nordskoy, Inc, London, Chapman
and Hall, Ltd. 545 pp.
Kher, H. R., Pathak, H. C., & Patel, A. D. (1998). Heterosis for yield and yield components in Bidi tobacco
(Nicotiana tabacum L.) Over diverse cytoplasm. Abstract book of a tobacco symposium, India, 6-16.
Kiani, Gh., & Golcheshmeh, S. (2023). Evaluation of genetic variance components and combining abilities of
some quantitative traits in tomato cultivars using LinexTester analysis. Journal of Horticultural Science,
37(3), 711-722. (In Persian). https://doi.org/10.22067/jhs.2023.78350.1190
Kinay A., & Kurt, D. (2022). Heterosis and inheritance studies on morphological and chemical characters of
tobacco. Agronomy Journal, 114 (2), 927-934. https://doi.org/10.1002/agj2.21024
Lewis, R. S. (2020). Nicotiana tabacum L.: Tobacco. In Medicinal, Aromatic and Stimulant Plants. Springer, Cham,
345-375.http://doi.org/10.1007./978-3-030-38792-1-9
Lohitha, K. S., Rangaiah, S., Devaraja, C., Pranesh, K. J., Ramesh, S. & Moha Roa, A. (2010). Studies on general
combining ability, Specific combining ability, heterosis and their relationship in FCV tobacco (Nicotiana
tabacum L.). Gregor Mendel Foundation Journal, 1(3), 45- 49.
Moghaddam, M. & Amiri Oghan, H. (2010). Biometrical methods in quantitative genetic analysis. Parivar
Publication, Tabriz, Iran. 415 pp. (In Persian).
Moghaddaszadeh, M., Asghari Zakaria, R., Hassanpanah, D., & Zare, N. (2019). Combining ability and heterosis
for some agro-morphological traits in Potato (Solanum tuberosum L.) Using Line x Tester mating design.
Plant  Productions (Scientific  Journal of Agriculture), 42(1), 63-76. (In Persian).
https;//doi.org/10.22055/ppd.2019.23241.1512
Mohsenzadeh Golfazani, M., Aalami, A., Samizadeh, H. A., 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. https;//doi.org/20.1001.1.22286128.1391.4.9.3.0
Michael Moore, J., Bertrand, P., & Lahue, S. (2012). Official flue-cured Tobacco variety evaluation. Journal of
North Carolina university, 31(2), 121-134.
Nanda, C., Nagesh, p., ramakrishnan, S., Gangadhar, K., & Sarala, K. (2022). Heterosis and character association
studies in CMS Hybrids of FCV tobacco (Nicotiana tobaccum L.). Emergent Life Science Research, 8(2),
104-112. https;//doi.org/10.31783/elsr.2022.82104112


https://doi.org/10.1590/1413-7054202145005521
https://doi.org/10.1002/agj2.21024

YV VEF Y o)les &l ol Sy g oy

Noori, M., Motallebi- Azar, A., Saidi, M., Panahandeh, J., Zare-Haghi, D., & Rasuli- Azar, S. (2020). Combining
ability estimates for yield some traits in tomato (Lycopersicon esculetum L.) by Line x Tester. Journal of
Crop Breeding. 11(32), 22-32. http;//doi.org/10.29252/jcb.11.32.22

Sadeghi, M., Samizadeh Lahiji, H. A., Javid, F., Fatehi, F. (2011). Study of the interaction between general and
specific combining ability of Virginia tobacco genotypes and the environment. Iranian Journal of Crop
Plant Sciences. 42 (3), 519-526. (In Persian).

Salavati Meybodi, M. R., Hosseinzadeh Fashalmi, N., Abbasi Rostami, H., & Shahadati Moghadam, Z. (2010).
Study of genetic combining ability and heterosis of improved flue-cured tobacco lines. Research
workbook of Tirtash Research and Education Center, 105-122. (In Persian).

Singh, R. K., & Chaudhary, B. D. (1979). Biometrical Methods in quantitative genetic analysis. Kalyani publishers,
New Delhi, India. 318 pp.

Tavassoli, A. (2007). Plant Breeding Principles and Applications. Published by Seed and Plant Improvement
Institute, Karaj, Iran. 244pp. (In Persian).

Tuan T. N., & Kient. D. (2001). Development of flue-cured tobacco hybrids in Vietham, CORESTA Congress
Meeting. Agronomy-Phytopathology Groups, Cape Town, AP02

Wricke, G., & Weber, W. E. (1986). Quantitative genetics and selection in plant breeding. Helia 23, 101-141.

Xu, J., Yang, D., & Zhang, J. (2004). Diallel cross analysis of parent combining ability of flue-cured tobacco. CORESTA
Meeting, Tobacco Science & Technology, 1(2), 29-32. ISSN.1002-0861

Zamani, P. (2010). Agronomy and Curing of Tobacco. Beh Andishan publishers, Tehran, Iran. 160 pp. (In Persian).



