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Studying Combining Ability and Heterosis of Important Traits in Tomato
(Lycopersicon esculentum Mill.) Using Diallel Crosses
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Table 1. Name and important characteristics of the studied pure lines of tomato in this experiment.
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Italy Determinate Medium, 90 Oblong Red
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America Determinate Medium, 85 Oblong Red
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China Determinate Medium, 80 Round Red
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England Determinate Medium, 90 Round Red
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Turkey Determinate Medium, 85 Oblong Red

6 542 ol e Gy VO) )95 o5 058

Iran Determinate Early, 75 Round Red
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variationf et et df > o)s.i&; No.%;f fruits o 039 _}ngt’; solublt
Fruit yield Fruit weight .
per plant solids
Replication BN 2 0.908™ 170.33™ 24.49 ™ 0.0229 ™
Genotype OBty 20 0.478™ 73.59™ 206.88™ 0.2270™
Experimental error omlejl slas 40 0.060 17.73 49.91 0.1102
GCA 290 S eSS 5 0.450™ 57.97" 66.69™ 0.021™
SCA $2ra> SpleeS S 15 0.062" 13.38" 69.72"™ 0.094™
Diallel error Higls slas 40 0.020 5.91 16.64 0.037
CV (%) (2 ,8) Sl sl g po - 16.88 17.41 11.81 6.06
cele Y g e lo0 Jlim molaw 1o ls g gl pre e oS 5 4 sk e NS

ns, * and ** : Not-significant and significant at 0.05 and 0.01 probability, respectively.
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Table 3. Comparison of means of tomato lines and F1 hybrids derived from their crosses for important traits
studied in this experiment.

_ 0gun 3, Slos gy ;0 0gue Slaad _ Jslore del> olge
oy (oo yie 3o p,55lS) No. of fruit per (P.;) il o3 Total soluble solids
Genotype Fruit yield (kg/m?) plant Fruit weight (g) %)
468 1.670 20.333 52.333 5.867
208 1.093 18.333 59.000 5.400
151.6 1.287 23.000 57.667 5.200
Kim 2.358 30.667 74.667 5.733
1010 1.673 25.667 67.333 5.5633
542 1.963 23.667 67.000 5.333
468*208 1.157 21.667 55.333 5.933
468*151.6 1.070 18.000 61.667 5.467
468* Kim 1.143 17.667 63.000 5.067
468*1010 1.065 27.333 46.667 5.133
468*542 0.947 24.000 39.000 5.5633
208*151.6 1.503 23.333 64.333 5.867
208* Kim 1.523 25.667 63.000 5.067
208*1010 1.280 19.667 65.000 5.267
208*542 1.087 16.333 64.000 5.667
151.6* Kim 1.493 27.333 55.333 5.867
151.6*1010 1.950 27.000 74.333 5.200
151.6*542 1.343 23.000 58.333 5.600
Kim*1010 1917 33.667 50.000 4.867
Kim*542 1.800 33.667 51.333 5.267
1010*542 1.893 28.000 63.333 5.600
Oeilee 1.455 24.190 59.651 5.451
Mean
(0 foisire S Jilo 0.512 8.784 14,019 0.480
LSD 5%
(D foisire S Jolo 0.699 11.980 19.120 0.655
LSD 1%
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Table 4. Evaluating genetic parameters of the studied traits of tomato in this experiment.

( o 2" sy Syl °T’° f’)” Jslwe aal> slga
Parameter @J;:Jit)yrélsd “” No. of fruit per Fr;:jit Total soluble
lant solids (%
(kg/m?) P weight (g) %)
e 5 il
SIS RN 2 R 0.0485™ 557" 49.62" 0.0875 ™
OGca
> NS 5 il
SIS SR o 0.0420" 7.47™ 81.67" 0.073"
Osca
241531 il
T 0.970" 11.14" 99.27" 0.175”
Additive variance (o%)
cudle il
Ty 0.420™ 7.47" 81.67™ 0.073™
Dominant variance (of)
O]
Gt e 0.986 0.759 0.923 0.936
Broad-sense heritability (hg)
S sy
SIS SR 0.688 0.454 0.507 0.660
Narrow-sense heritability (h3)
Pt o 0.879 0.812 0.870 0.700
Baker ratio
e g Sl Cond
9 0.700 0.599 0.549 0.706

Hung and Holland ratio

oialejl ol 53 o adllas Slao gl (Kipaz s slacnY GCA) (cages s pdyenS 3 Sl1-0 Joor
Table 5. General combining ability (GCA) of tomato lines for the studied traits in this experiment.

Uy o o ’x:; L5) S 53 ogee Slaes () o500 0335 Jsloxe sl olye
Parent Fru~i):;/~iQe;d (kg/;nz) No. of fruit per plant ~ Fruit weight (g)  Total soluble solids (%)

468 -0.349™ -2.500 " -5.597 ™ 0.067 "

208 -0.181* -3.250 " 1.361™ 0.033™

151.6 -0.031" -0.583 " 1.319™ 0.008 "

Kim 0.301™ 3.750™ 1.653™ -0.008 ™

1010 0.158™ 2.208™ 1.903™ -0.083 "™

542 0.102" 0.375™ -0.639 "™ -0.017"™

B R P IRY AT Y | PV N SO N TP S P T P Or W I J s
ns, * and ** : Not-significant and significant at 0.05 and 0.01 probability, respectively.
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Table 6. Specific combining ability (SCA) of tomato hybrids for the studied traits in this experiment.

. ogs0 8 ,Slos .
S . LB 50 ogae Slaas (5 o9 0139 Jslors sl Slge
(&yoya yo o5 kS)

Cross Fruit yield (kg/m?) No. of fruit per plant  Fruit weight (g)  Total soluble solids (%)
468*208 0.231™ 3.226™ -0.256 ™ 0.357™
468*151.6 -0.005 ™ -3.107™ 6.119™ -0.085"
468> Kim -0.264™ -7.774™ 7.119™ -0.468™
468*1010 -0.200 ™ 3.435" -9.464™ -0.326™
468*542 -0.261" 1.935m -10.923™ 0.007 "
208*151.6 0.261™ 2.976"™ 1.827m 0.349™
208* Kim -0.052 ™ 0.976" 0.161m™ -0.435™
208*1010 -0.152" -3.482™ 1.911m -0.160"™
208*542 -0.289™ -4.982™ 3.452" 0.174"
151.6* Kim -0.231™ -0.024 " -7.464™ 0.390™
151.6*1010 0.368™ 1.185" 11.286™ -0.201™
151.6*542 -0.182 ™ -0.982 -2.173™ 0.132"
Kim*1010 0.002 " 3.518" -13.381™ 0.149"
Kim*542 -0.058 ™ 5.351™ -9.506™ -0.185"™
1010%542 0.178™ 1.226" 2.244 " 0.090"

celeY g o0 Jleisl molan jo o sme g o pire s o 4y s NS
ns, * and ** : Not-significant and significant at 0.05 and 0.01 probability, respectively.
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Table 7. Observed heterosis percentage in F1 hybrids based on mid-parents (MPH) and better parent (BPH).

owé)ﬂ.«c

5 (Eormsie 13 55LS) gt 53 o Slaws (f.)f) 295 039 Jslore sl °‘.5*’ .
Cross Fruit yield (kg/m?) No. of fruit per plant Fruit weight (g)  Total soluble solids (%)

MPH BPH MPH BPH MPH BPH MPH BPH

468*208 10.16 5.79 12.70 6.56 -0.60 -6.21 5.33 1.14
468*151.6 -6.69 -16.84 -16.92 -21.74 12.12 6.94 -1.20 -6.82
468> Kim -32.05 -51.52 -30.72 -42.39 -0.79 -15.63 -12.64 -13.64
468*1010 -20.52 .36.35 18.84 6.49 -22.01 -30.69 -9.94 -12.50
468*542 -36.25 -51.78 9.09 141 -28.49 -36.32 -1.19 -5.68
208*151.6 26.33 16.84 12.90 1.45 10.29 9.04 10.69 8.64
208* Kim -11.73 -35.41 4,76 -16.30 -5.74 -15.63 -8.98 -11.63
208*1010 -7.47 -23.51 -10.61 -23.38 2.90 -3.47 -3.66 -4.82
208*542 -28.90 -44.65 -22.22 -30.99 1.59 -4.48 5.59 4,94
151.6* Kim -18.06 -33.68 1.86 -10.87 -16.37 -25.89 7.32 2.33
151.6*1010 31.76 16.53 10.96 5.19 -18.93 -10.40 -3.11 -6.02
151.6*542 -17.33 -31.58 -1.43 -2.82 -6.42 -12.94 6.33 5.00
Kim*1010 -4.92 -18.73 19.53 9.78 -29.58 -33.04 -1.78 -3.49
Kim*542 -16.70 -23.67 23.93 9.78 -27.53 -31.25 -4.82 -8.14
1010*542 4,12 -3.57 13.51 18.31 -5.71 -5.94 0.61 -1.20

(V Jg92) o jla e (K 34295 592 )3 ogue olaad Cido (sl LoaS 590 (poga 5 (pilly (sogee S 5 S
S 55 s s g il gn S ) 5 L5 55 a5 (sl B 5 (sl e 39 o i Sl 45
Codle 5 iyl ol s Jlaie 5 3 SCA 3 GCA (glauily g o a5 ol Lis (F Jsir) aigs y ogme Shins 0aisS
Sdo ol S50 omlBld g (il B Sl g e b slag) lagie B Kby oS 09 jlosne digr 55 0gee Slan sl
Jolge axgs BB A8 5l Colss oS 009 YL g 50 090 Slasd sl (mges s piycdlyy Jlade e Sg Cumex )3
Ol b nl 6l (posan il 0T (F Jguz) cils cho onl Sl 5o (ame Jslse o (A8 5 (S
St B3 oI5l 1 oliee Ll A3l (28 o (ol £55 S35 0 5 el 5 al38 Jas £55 90 0 4,515 ol
(F Jgaz) del Cewoay + /8 9 /A L ol i s oS aidle 5 Sl S S0 S 0512 iz w09 Cdle il
S5 Ghalesl Gl 5> s 55 ogee olasd &lg5 J 1S ) oy (sal8 3 ey B p g9l 5

il B0 51 Jol> oS35 5 cpally | S o (SCA) opas 5 (GCA) papas sy S5 Sl o
Cho sy Foliie soges G pdicaS 5 sl dalllas Co 5,8 axsS ually sl as ol lis (F 5 O sle Jgux)
393> b cud Sy g lawgin jobay OFY gVOV/F slopn¥ sogas g pdicaS 5 bl wlal 5 aiog digr ;0 ogus olows
50 il gls gre (g0 S pdcaS 5 Y ple a5 Jlb o wisgs o gse Solel Sl 5l ogue dae +/YVD g+ [OAY
S5 Laugia jolosy i YID+ 5 VITD ls sine gasas (S5 okl b ot ity FPA 5 VoA 0¥ 53 0o o
Kim Y g0 a5 Jb jo caisls jals sae Y0« 5 YIVO 050 ;0 o 5y ;500 slacpY den b (D o |, aigy 10 0500
SN 5 1) digr 40 ogae Slaal o Sy g Wog A )0 ogue Slawi gy o sie g Cuie s S pducaS 5 gllo VeV ey
59 ogwe Slawy ol SUley Bl Y g0 icud i cpl 4 sls ioli8l sas YIVY § YIVO sgus j0 )00 slappy solai b
sl Ko gl L (B ol ay

&y QT Slade as ols Hlas (P Jgoz) ui.ﬁl.aﬂ ool g0 e adgi a5 550 VO (SCA) sosas s pducaS b ol 0)51);
Jedie Ay 40 ogue 03¢ +O/TAY iSTas B -V/YVF J8las 5l oguo 00e VYYD Olyss aiolo b digy )0 0gue olowd Cio
YL slls aST KM (Y cogae olaws Caao i 5lcils 3l Kim x OFY 4 FPA < Kim sladS 90 4 ol 5 a5 oy
S e 5 OFY (¥ jlam g (talel cnl o addllas 050 2¥ (b (o 53 )05 5 Soe (50908 Sy 5 yloko
(7 J9uz) 055 adgi (pllae o5 j90 Sl g Bl Ve Ve (Y L (g e (pogas

oYo


http://journal-irshs.ir/article-1-664-en.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

s 9 T s

l2aS 50 51 o 52 o ous oaalie uajg e Jlake cptalojl al 53 0 adgs aiadsy )l g 5y (slaaS 90 Ll jslateny
Cho sl 0y5ly ol @l w WLV Jsaz o 5 drslne (B 2 i ol (el 2 o2 g ally Lawgie lul 1 o0
el Lawgio jg i Sl i aiels 0gr (3958 E98 93 2 (Sl Dgliie Lo aiels 3929 5l (Sl g 50 09 Slas
SFYIYA 5 5 ally e gl g KM x OFY a8 )00 10 as )0 +YY/AY B FRAX Kim a5 40 ;0 0o )0 =Y+ /YY 50>
o395 sl o B ST ggamme 10 09 i Vo ) ox OFY aF 50 10 o ,0 +YAVY U FPAX KM o5 590 o as o
3l aS 90 5l as )3 VY aga )3 cpally lawgle i ie Jlai 5l aS (5 5bar wiog gy ) ogee Slaad Lo sl e
9 WO A )3 ogee S sl SIS 5 St s SIS aS 90 sl ao )0 ¥ sgas o i Wly e ie Sl
a5 590 cialej] ) 50 00l ags 45,90 o el ol somlie hie b g l0 cireyul g St usjg i 4S50 il
bl g 40 ogue dlaad (gl 0sm 3 Al il g0 duoyd VA 4 oo aS 0 Vo Ve x OFY
090 U39

b Ll (e dnliin s 9 dmslons Lo pl50055 (0Siloo o (39 515 51 L B0l5 (s Jlo e BS 3525 4y azg5 L
05 VEIV LKIM (3, oy 3550 coiEol e 51 45 ol ol gl s 6l ¥ Jsaz 4o gl g plool LSD s,
O S s ead plnil Giolejl jo 1) (K% 458 ogie 039 slade G y%eS 0 OVIY L FPA (oY 5 Jlade o iy
orl 45555 ayar 5 Sils | oses (335 VL psS VEIFY agie o35 L VOV/E X)) e af 08 5 ond oy slaaS g0
(¥ J392) 555 adsi | o3 S5 35 cryiaS pyS FVISY Laib Jguamo b FFA X OFY a5 90 o blis o 085 Lilo;]

el F Jouz) ad s s (S8ar oS osee (59 1 4S99 (cogat 5 (nally (seses S eSS 050
ol - (ol Joe b 5 4t cnl )l B Cdo ul S)lgs S50 ey (il Bl e g (il Bl Jes 90 50 &S
w5 b Ll weels cdllas (Liuetal,, 2019) o, Ses 5 Liu 5 (Chishti et al., 2008) |, \Kas 5 Chishti L e 41
Wols Cod bayy siali8l S S Co [ pasie 1) (9536 Cis a5 (Pandiarana et al., 2015) f,Se» 4 Pandiarana

slade 55 9 SCA 5 GCA (slapuilyly jlade a5 ols plas (F Jga2) egae (59 008 J S (Seids byl (o2
Bt 5 sl S 90 5o L slay) Sl g A ke o S Jlosme 050 59 Sl Cundle 5 (L2l sla il g
O 51 ol 9 Vb ogae (59 Sl (rges Sy Slyg e rizmed g Coxex (4o el J5US 50 (Snd)
355052 (F Jgaz)aals Cumaz j0 ol Sl S 5o (arme Jelge 5zl (i Blie o 5 (S Julge az g B
ol g9 J S 50 Lo Sondle g (LBl Joe g4 99 50 4z ST4S slo (i i do (nl (6l (popat s n3y Sl
25 wila 5 Sl a5 S s 3,900 sz 09p Sl 151 2t by B S liee Ll wizils
Sls S8 5o lapyg ol Bl B ey B (e s Sz 5 (F Jgaz) aal Cassay <108 5 AV L ply sy
oo 8wl 9,50 1) Gtalesl al (LS Slge (S35 ae) )3 0500 s

lly 51 S 8 (SCA) (pogas 5 (GCA) (cogee s ndy S 3 Syl yii (S5 Sledlbl (3051 oy jslatens
CeblB as FPA Y soas aS ol lis gols b 112 5 0 sla Joux 0 ol jas g duloee Ll (B 5l Jol> slaaS jg0 4
oY plo g Jlosne @bl S 5l g )5 -0/F+ S0 10 bawgie jsba Koo Y @y b ol (soges GpdieS S
Iy e (ogee SpdieaS S Glls VoY g KIM ABVF YA Y ez il g )logine egee iS5
VI g VPO VXYY YIEN sga j0 K0 sbocp coled b (B 10 1) 0500 ()39 o yids 5 D09 0900 (339 Sl o Sro
S p )5 =PV i b jlo gime it (Shie (eges S S 5 Skl )l 55 OFY (Y ssls (Al esee o syl o5
3l falS ogae o shilay )5 17T S9ax )0 ol gar 0 Sy dea b (B 50 1) 050 ()9 Lawgite Hobas

&y QT Slade as ols Hlas (P Jgoz) ui.ﬁl.aﬂ ool g0 e adgi a5 550 VO (SCA) sogas s pducaS b ol 0)51);
ol i a5 Ogs e ogae o Slilay )5 HVV/YA iSTas B -VYYA Blas 5l ie SYE/FY Sl st aiklo b ogus (39 St
el Bl YOVE x Vo) e g Kimx Vo) slaaS o0 4

I\ g


http://journal-irshs.ir/article-1-664-en.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

(1P 1) OF 5OTD sloamio Foylas FFals 5lnl SLEL 5355 5 pole alea

laaS 50 51 o 52 o oud oaalie upjg e Jlake s ptalojl al 53 0ad adgs aiadsyl g iy laaS 90 Ll jslatens
039 Do sl 2yl ol @l B WLV Jguz 50 g alone (B o 5 ally el 2 08 5 nally Jasgio Gulol 2 o
o395 Slpnss als 09 Cude B (Ghie ol Sl e ie 5 90 2 sl Sglite s aiels S92 5l (Sl 0gee
ey Sl 5 VOVIE )+ Ve a5 10 duys +VAIRY B KIM 5 Y+ Ve 45,50 10 0 ys “YUOA 390 51 cpally Lawgie
55 5 g ke YOV/FxY - Ve 45100 45 amyo #) < [F+ sgum b FEA x BFYAS 50 1 a0 FHIYY 0> 51 55y ol
Ve oga> 3 (nally Lawgie gy sl 5l aS (g sbar wisg ogee (59 Sl e e Sl Lo BN ST aS cul
o500 039 Slp e 5 e ey IS aS 50 5l as )3 ¥ dgas 3 5 Wly e e Sl 5l eaS gs 5w s
o Gialeyl ol 50 00 adgs 45,90 oy Faned))l b ooslie hie b lo preyul e jeyie aS g0 il [0 g didg
WSBlS 0500 (9 Sl 995 5 Wlg 4 Canad ey woyd Ve 4 G0 A 09 VOV /FX) ) ¢ aS 0
Jolxo sl dlgo wuo yo

@l (1 Jsoz) o plonil lapl5ol5 oS0lee aglie ogee (39 Sl 51 b BoI5 o Jlo e IS 925 4 4z g5 L
Jslore dlge duo o Jlade oy S do 0 OIY LB/ Y g Jolows dlge Jade o iin a0 OIAY L FFA o3, a5 olo las
5 atls |, Jglome slye 0o )0 Vb do ) BIATY Jade b FFA x VoA 45,00 5o o ddys slad g3 ey yo sl |
adgi |y Jeloee dlge duo 5 o 15eS dusyd O/ FY Ladd Jaame b FPAX Kim a8 )40 ¢ blae 10 .09 iolejl ol 45,50 o igo
ool dY Jgaz) ab lo e (5,842 65 Jgloxe Slge woys sl (sogad g coges iS5 3LV Jgaz) oS
)5 5 e ol i S 3 las i 5 el Jas 53 0 o

GOA il g e ol oad ] F Jgdiz ;5 (155,04 55 ogen Jslons Slyo aus o odiiS S St sl el s
Jsloe Slge duoyo o Hlai 51 iolesl 1o soliiul 050 Sl B0l o jlo ixe M 5925 pae Silas a5 aid lo e
AL o e (K5 84255 ogee Jolowe Slge o3 Cdio (sl Celle 5 (L2l Sla el ly e 5 9 SCA bl s
e Syt pnar al 53 S (al S 53 (o) 9t 5 el A 55 b slags focsinn 25 Sl
B M 5 5 S e amgs HE 5 alSim 5 Y e Jpbme Slye s (sl gas 52yl ke
o5 bl e ol Rl A5G cpl S5 (F J3az) Sl Comaz ol 4 ko ol Sl S s ame Jalge ezl
LeoSy 50 Jy aalas oo b (g)lo gme B ol dlge duoys o a5l Giolej] jo eolaiwl 5,90 slayEolss
aS ols i js Cdio (pl slp cogad 6 pddlyy 8,5l ails o e NS o b aS wis S oy s 0SS
e ) ey a1 Slsen Lol b2l 55 i ) 555 5 55 a5 el sl o g5 50 55 425
S ams ol s (F Jgaz) el Cavoas IV b plp 90 50 a5 adle g Sl Cand 9,500 Cad 9,591 p Cpuiad O
1 otalesl Gl (8L Slge (S ae ) Jslome dalz dlse wops &l J S 50 bagys (o2alil 1 iy GRES (s
ol 18 ol 550

¢ 50 laJsaz) Ll B 5 Lol> gladS 50 (SCA) cosas 5 cpalls (GCA) agac (6 miveaS 55 il omi
Slge doys L5 5l 6,0 e eses S pdicaS 5 sl Lislesl cpl o ead aslllas 558 axsS slacpY aS ol lis
WLLES (6o cine oy (6 i 5 cdalllan 50 cpplly BV 51 od dalss (sladS 98 3l ool Lol cisgs Jolona
oga0 53 Joloee dulx lge o yd (gl iulesl cpl j0 suls adg slaaS 30 (SCA) cogas §plaaS 5§ (e a5 (5,5bas
5 FAA x Kim slodS )00 a4 oS 5ds a5 09y pustie duoyd +0 VA iSTas B -+ FPA LBlos 5l cas o /AR Ol s asols b
(F Jgaz) ol 3les YOV x Kim

5 95 2 Sl Sgliie s asld 392 5l (Sl 09 (139 Cho (sl S )93 )3 ould csalive G jo e jlade (ow)

FEA x Kim a3 595 10 a0 )0 -V VI8 sg00 5l cpally lawgio gy Ol poss aiels 09 Codie U shie polio 51 9,0
3ga> b FPA x Kim a8 ,00 ;o 0o ,0 -VY/F sg0 5l 5 ally wjgie gl g VoA x YOV/F a5 50 0 dojp0 +V /Y G
Jslore dulz slge doyo (sl i mje e sl b B 2ST g0 10 09 ptio VoA x VOV/F a5 150 10 ao,0 +A/F
3 Py lly e a5l g WeaS 90 5l aeys YT sgum jo (pally Lawgio ujg e Jlai 5l a5 (5 )5boas o o 5

oYy


http://journal-irshs.ir/article-1-664-en.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

s 9 T s

aS 190 Ailo ;0 g widg Jelowe dul olse wo o o Gl o pae g Cadio uajg e sl dT g0 5l oo o Ve vgas
Sl lge do s b (lp iolesT 58 eods adgs 45,90 (e, b cdllice gite b g o me e g i
ilo 095 i ally A Cad s j e Aoy +AIF 4 5o aS 09 VoA x VOV/F 4S50 0 Jelxe

S 4%

o9y Sl eslaiwl b (5,8 axg8 (p¥ (d ;0 ogue Dlo g e g cogat g (230 iy B e (pl yo

olod &)lgs 5o 1y by omalil g (L2l Sl sa s s i (sl e bl s b)) Wl sle B

EpdeaS 5 o 6l e Sglas a5 ol ylis lag) T W 5l ol slacs ;90 g lapY dvslie ols Lis anlllas 8,90 Slao

W S (5,0 dre g Cudte u 9,50 S )90 Sl goland Lo )ls 0929 o 90 ogas g pdcuS S g (pally seges

ooliiwl w3l g (3350 LS y90 odoi (sl L‘”Q] N olF e @i anl g J’*:'.L*’)’] IS &g j0 a8 aidls g5 5 ol
»,5

References FL

.

Abedi, M., & Ahmadvand, R. (2022). Technical Guideline: Standard Assessment Method of Traits in Tomato
Research. Publication of Seed and Plant Improvement Institute. (In Persian).

Allahgholipour, M., Farshadfar, E., & Rabiei, B. (2015). Combining ability and heritability of selected rice
varieties for grain yield, its components and grain quality characters. Genetica, 47(2), 559-570.
https://doi.org/10.2298/GENSR1502559A.

Baker, R.J. (1978). Issues in  diallel  analysis. Crop  Science, 18(4),  533-536.
https://doi.org/10.2135/cropscil978.0011183X001800040001x.

Cheng, Y., Gu, M., Cong, Y., Zou, C. S,, Zhang, X. K., and Wang, H. Z. (2010). Combining ability and genetic
effects of germination traits of Brassica napus L. under waterlogging stress condition. Agricultural Sciences
in China, 9(7), 951-957. https://doi.org/10.1016/s1671-2927(09)60176-0.

Chishti, S. A. S., Khan, A. A, Sadia, B., & Khan, I. A. (2008). Analysis of combining ability for yield, yield
components and quality characters in tomato (Lycopersicon esculentum Mill.). Journal of Agricultural
Research, 46(4), 325-332.

Farshadfar, E. (1997). Plant Breeding Methodology. University of Razi Press. 617 p. (In Persian)

Farzaneh, A., Nemati, H., Arouiee, H., & Mirshamsi Kakhki, A. (2013). Genetic analysis of traits associated with

yield and earliness in nine tomato (Lycopersicon esculentum Mill.) lines using diallel crossing method. Seed
and Plant Journal, 29(4), 693-710. (In Persian).

Griffing, B. (1956). Concept of general and specific combining ability in relation to diallel crossing systems.
Australian Journal of Biological Sciences, 9(4), 463-493.

Hung, H. Y., & Holland, J. B. (2012). Diallel analysis of resistance to fusarium ear rot and fumonisin
contamination in maize. Crop Science, 52, 2173-2181. https://doi.org/10.2135/cropsci2012.03.0154.

1zzo, A. M., Khojah, H., & Murie, A. M. (2022). Combining ability and heterosis for yield and some fruit traits
of tomato. Dysona Applied Science (DAS), 3(1), 15-23. https://doi.org/10.30493/DAS.2021.295501.

Kumar, V., & Singh, S. K. (2022). Estimation of general and specific combining abilities of

parents and crosses in tomato (Lycopersicon esculantum Mill.). Indian Journal of Agricultural Research,
56(4), 442-448. https://doi.org/10.18805/1JARe.A-5897.
Lee, E.A., Ash, M. J., & Good, B. (2007). Re-examining the relationship between degree of relatedness, genetic
effects, and heterosis in maize. Crop Science, 47(2), 629-635. https://doi.org/10.2135/cropsci2006.04.0275.
Lippman, Z. B., & Zamir, D. (2007). Heterosis: Revisiting the magic. Trends in Genetics, 23, 60-66.
https://doi.org/10.1016/j.tig.2006.12.006.

OYA


https://scholar.google.com/citations?view_op=view_citation&hl=fa&user=q48id_4AAAAJ&cstart=20&pagesize=80&citation_for_view=q48id_4AAAAJ:f2IySw72cVMC
https://scholar.google.com/citations?view_op=view_citation&hl=fa&user=q48id_4AAAAJ&cstart=20&pagesize=80&citation_for_view=q48id_4AAAAJ:f2IySw72cVMC
https://doi.org/10.2298/GENSR1502559A
https://doi.org/10.2135/cropsci1978.0011183X001800040001x
https://doi.org/10.1016/s1671-2927\(09\)60176-0
https://spj.areeo.ac.ir/article_111185.html?lang=en
https://spj.areeo.ac.ir/article_111185.html?lang=en
https://doi.org/10.2135/cropsci2012.03.0154
https://doi.org/10.18805/IJARe.A-5897
https://doi.org/10.2135/cropsci2006.04.0275
http://journal-irshs.ir/article-1-664-en.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

(1P 1) OF 5OTD sloamio Foylas FFals 5lnl SLEL 5355 5 pole alea

Liu, Z., Jiang, J., Ren, A., Xu, X., Zhang, H., Zhao, T., Jiang, X., Sun, Y., Li, J., & Yang, H. (2021). Heterosis
and combining ability analysis of fruit yield, early maturity, and quality in tomato. Agronomy, 11(4), 807.
https://doi.org/10.3390/agronomy11040807.

Liu, Z. B., Jiang, J. B., Yang, H. H,, Jiang, X. M., & Li, J. F. (2019). Research advance of plant heterosis.
Molecular Plant Breeding, 17, 4127-4134.

Lone, S., Hussain, K., Malik, A., Masoodi, Kh. Z., Dar, Z., Nazir, N., Zahed, Z., & Ali, G. (2022). Combining
ability studies in cherry tomato for yield and yield attributing traits in open and protected conditions. The
Pharma Innovation Journal, 11(3), 782-793.

Machida, L., Derera, J., Tongoona, P., & MacRobert, J. (2010). Combining ability and reciprocal cross effects of

elite quality protein maize inbred lines in subtropical environments. Crop Science, 50, 1708-1717.
https://doi.org/10.2135/cropsci2009.09.0538.

Makumbi, D., Assanga, S., Diallo, A., Magorokosho, C., Asea, G., Worku, M., & Bénziger, M. (2018). Genetic
analysis of tropical midaltitude-adapted maize populations under stress and nonstress conditions. Crop
Science, 58, 1492-1507. https://doi.org/10.2135/cropsci2017.09.0531.

Moll, R. H., Lonnquist, J. H., Fortuno, J. V., & Johnson, E. C. (1965). The relationship of heterosis and genetic
divergence in maize. Genetics, 52, 139-144. https://doi.org/10.1093/genetics/52.1.139.

Pandiarana, N., Chattopadhyay, A., Seth, T., Shende, V. D., Dutta, S., & Hazra, P. (2015). Heterobeltiosis, potence
ratio and genetic control of processing quality and disease severity traits in tomato. New Zealand Journal of
Crop and Horticultural Science, 43(4), 282-293. https://doi.org/10.1080/01140671.2015.1083039.

Pattnaik, P., Singh, A. K., Kumar, B., Mishra, D., Singh, B. K., Barman, K., & Pal, A. K. (2020). Analysis of
heterotic pattern of F; s in tomato (Solanum lycopersicum L.) for the improvement of yield and quality traits.
International Journal of Chemical Studies, 8, 3160-3165.
https://doi.org/10.22271/chemi.2020.v8.i4am.10136.

Reddy, G. E., Nandan, R., Reddy, M. P., Reddy, B. R., & Bhandari, H. R. (2017). Studies on combining ability
analysis in tomato. Green Farming, 8(1), 56-59.

Rick, C. M. (1969). Origin of cultivated tomato: Current status of the problem. Proceedings of the XI International
Botanical Congress. Aug. 24 — Sep. 2, 1969, University of Washington, Seattle, U.S.A. pp. 180.

Shankara, N., Joep, V. D. J., Marja, D. G., Martin, H., & Barbara, V. D. (2005). Cultivation of Tomato: Production
Processing and Marketing. Agromisa Foundation, Agrodok 17, Agromisa/CTA, Wageningen, The
Netherlands. pp: 63-64. https://hdl.handle.net/10568/52975.

Singh, B., Kaul, S., Kumar, D., & Kumar, V. (2010). Combining ability for yield and its contributing characters

in tomato. Indian Journal of Horticulture, 67(1): 50-55.

Singh, A. K., & Asati, B. S. (2011). Combining ability and heterosis studies in tomato under bacteria wilt
condition. Bangladesh Journal of Agricultural Research, 36, 313-318.
https://doi.org/10.3329/bjar.v36i2.9259.

Singh, P., Cheema, D. S., Dhaliwal, M. S., & Garg, N. (2014). Heterosis and combining ability for earliness, plant

growth, yield and fruit attributes in hot pepper (Capsicum annuum L.) involving genetic and cytoplasmic-
genetic male sterile lines. Scientia Horticulture, 168, 175-188. https://doi.org/10.1016/j.scienta.2013.12.031.
Soresa, D. N. (2022). Estimating combining ability and response of tomato (Solanum Lycopersicum L.) genotypes

to late blight (Phytophthora Infestans) disease. Journal of Genetic Engineering and Biotechnology Research,
4(3), 328-339.

oYa


https://doi.org/10.3390/agronomy11040807
https://doi.org/10.2135/cropsci2009.09.0538
https://doi.org/10.2135/cropsci2017.09.0531
https://doi.org/10.1093/genetics/52.1.139
https://doi.org/10.1080/01140671.2015.1083039
https://doi.org/10.22271/chemi.2020.v8.i4am.10136
https://hdl.handle.net/10568/52975
https://doi.org/10.3329/bjar.v36i2.9259
https://doi.org/10.1016/j.scienta.2013.12.031
http://journal-irshs.ir/article-1-664-en.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

s 9 T s

Verma, O. P., & Srivastava, H. K. (2004). Genetic component and combining ability analyses in relation to
heterosis for yield and associated traits using three diverse rice-growing ecosystems. Field Crops Research,
88(2-3), 91-102. https://doi.org/10.1016/S0378-4290(03)00080-7.

Xiang, L. Y., Xu, K., Su, J., Wy, C., Yuan, X., Zheng, X. F., Diao, Y., Hu, Z. L., & Li, L. Z. (2019). Genetic
dissection of combining ability and heterosis of rice agronomic traits based on pathway analysis. Acta
Agronomica Sinica, 45(9), 1319-1326. https://doi.org/10.3724/sp.j.1006.2019.82062.

Zhang, Y., & Kang, M. S. (1997). DIALLEL-SAS: A SAS program for Griffing’s diallel analyses. Agronomy
Journal, 89(2), 176-182. https://doi.org/10.2134/agronj1997.00021962008900020005x.

N


https://doi.org/10.1016/S0378-4290\(03\)00080-7
https://doi.org/10.3724/sp.j.1006.2019.82062
https://doi.org/10.2134/agronj1997.00021962008900020005x
http://journal-irshs.ir/article-1-664-en.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

Iranian Journal of Horticultural Science and Technology 24 (4): 525-540 (2023)
Research article

Studying Combining Ability and Heterosis of Important Traits in Tomato
(Lycopersicon esculentum Mill.) Using Diallel Crosses
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To study the general and specific combining ability and heterosis of six tomato lines, a 6x6
diallel design was used. The parents of the crosses were lines 486 (P1), 208 (P2), 151.6 (P3),
Kim (P4), 1010 (P5), and 542 (P6) with different characteristics for yield and other studied
traits. All lines were obtained from the Vegetables and Irrigated Pulse Crops Research
Department, Seed and Plant Improvement Institute, Karaj, Iran. The parents together with 15
F1 hybrids resulting from their half-diallel crosses (21 genotypes) were planted in a randomized
complete block design with three replications in the research farm of Qazvin Agricultural
Research Center, in 2019, and fruit yield, number of fruits per plant, fruit weight and total
soluble solids (TSS) were measured. The results of the analysis of variance based on second
Griffing’s method with the assumption of fixed parents showed that the difference among all
genotypes and the difference in general combining ability (GCA) of parents and the specific
combining ability (SCA) of hybrids were significant for all studied traits, indicating the role of
both additive and non-additive gene effects in the inheritance of traits. Baker's ratio as well as
Hung and Holland's ratio for all studied traits were obtained from 0.5 to 1.0, which indicated
the role of both additive and non-additive gene effects with the higher contribution of additive
effects in controlling all traits. A comparison of parents showed that Kim for fruit yield and
number of fruits per plant, line 1010 for fruit weight, and line 468 for TSS had the highest
positive and significant GCA. Among the hybrids, hybrid 1010x151.6 for fruit yield and fruit
weight, Kimx542 for number of fruits per plant, and Kimx151.6 for TSS had the highest
positive and significant SCA. In total, the results of this experiment showed that hybrids
151.6x208 and 151.6x1010 for fruit weight, hybrid 542x1010 for the number of fruits per plant
and hybrid 151.6x208 for TSS had the highest positive and significantly better parent heterosis
(heterobeltiosis), and were the most valuable hybrids in this experiment, but for fruit weight,
only hybrid 468x151.6 had positive and significant mid-parent (standard) heterosis.
Keywords: Additive and non-additive gene effects, Fruit weight, Heritability, Total soluble
solids.
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