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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

5 1010 oSy alee Gy MDY o )0slke shelaene 58

Turkey Determinate Medium, 85 Oblong Red

6 542 ol e Gy VO) )95 o5 058

Iran Determinate Early, 75 Round Red

OYA


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

[ Downloaded from journal-irshs.ir on 2025-12-05 ]

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

@3, ;8 50 999 s le £ooalols 4 clils (s, aw Jold (e PxY) moje e VY Coluo 4 iolol )5 0
Pl BA> gl o eSS HBal5 o 5l Las Ve slaws &S o 0 cplply g ol 6,5l e 5l #v alolB b asgy Ve olaws
by sl 5l s S dises ples g ul a8 5 a5 o all> ol loes 5 BLbI 51 6 e il B0 alold (slail>
Ay gl ol pll elyia Jaol ubb g Jsore Oygods asie S g Cudls ol e g Blis cciS Oldes .28 5 plxl
posigel (63 guin 5l Lalls ,aud LiSa 10 0, 5LS A oyl pie 5l allE Ol S [0 6,5 LS VYO Jlade (lalS i
O eolitul igh dcyre S ygesl mli wlul 5 el Sllgw pie 5l el by LS 0 6 FelS FO 4 Slaws
(V) 5525 5% 5 b ants g Dol daawge (8 Joddljgiws 5l Gialesl (ol 50 oo anlllas Slao caled (550 jluil 5l
6)"5°)“'\"‘ )314...044 Al VA d)l.u...a)...c 6Lmowse¢Lé3M‘ Ladjje)\ml 5 ou\ﬂ.w)5J.al5 wilo 6L®0W.L:_035obl.a...m|
S S gyeyie g S okS cew> 2 0bL 50 5 s xSesll g CBlon ez aw (b 0 &5 e sbeegae (oaled w0gie ()
S o3l 5l ey 5 Sl ol oS 51 Sy o jloges Yo slaas ol Bola diged S cogee (355 553l sl
55 0360 9l (6 S 03Il (gl ol Censddy sl Slutas 4y 0920 Yo (55 o b 235 com 2 0500 52 (359 Jamgie il 59
Slawy bagie (s 5 (oled « )5 5o jlaier Ve Jeld Bolal diges SO )0 E5b Lo 10 ol sleogas S slaw o ais
Slge doyd g ol &S a5l Bolas jsbody ogee Vo Slasd 3 Jole delx Slse 950 j0 el Cuvods Aig 12 10 ogae
sloa ;o sl Gl ogun ;o 0 ] Lawgie L § (6 S o5l o BB 1egiSg 8, olSiiws 5l ooliw! b ogua jo Jolons
MWG)LJ
GrdieeS i gl (Bols 31w g ol plosl baosls il jlg 4y 520 ol (s el Gl Judos g i plol jglatea
oga> 9 (g (SSeca) (ooges (5 pdicuS 5 Slayo ggomme dmline gl 0h SIS 0S99 (pogas g (nlly (ooges

1 4
SScca = —(p+2)2(xi- + X;)? - X2 )
= 2 _ _1 . V242 g2
SSsea = 22X~ g 2K + X + ey X ™

] szt 1o )55 ol s cile)] 7y (sl e po el oome 1 b Mo sl Slasyo (Sl
Slespa b B IS o cogax sndicaS i s lly slagay 516 o egas s ndieaS i Sl sl sl

1 2X..
gcai = m [Xl + Xii — T] (Y’)
1 2
scajj = Xj — ey [Xi- + Xj; + Xj. + X]-j] + PrD0ID )

b el jay pogas g (o908 S picdlyy 9 (F) 5 (B) Lauly, bl o o pau s codle g (il sla il )lg polia
1308 3,915 (A) 9 (V) Ly, 5l eolaze!

04 = 20%ca )
0} = oéca *)
h% — 0'(Zd‘yenotype — Gi+62|3 )

2 o2
OPhenotype Gi+0‘% +Te

2 04dd oA

— Additive _—

by = o3 T 242,08 *)
Phenotype GA"'“D"'T

Lulg, 5l eolewl L s 4 55 (Hung and Holland, 2012) Holland ¢ Hung <o.s 4 (Baker, 1978) Baker co..s

IR


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

[ Downloaded from journal-irshs.ir on 2025-12-05 ]

s 9 T s

o D)l ) oy (ol e g (Sl ST g e LSy A porde 4 Sl e 390 50 ST g 00 b)) (ol
092 M‘? 4.]45.3].4

_ MSgca
BR = (MSGca+MSsca) )
HR = — 2% ()
(20%ca+08ca)

Liugie g MP) cpally 8 Slos Lawgio cans> p dalllas 8,90 Slao 5 G 5 40 o0 odalice o j9 8 o )d ¢ puired
150 c\.....ul.?bo (\Y)s(\\)lﬁu‘j) o.)l.a...m‘l;w)ada(ﬁ)f)) ;.\”5 Q)S_Lo.c

F,-MP

MPH (%) = “=* x 100 o
BPH (%) = "=2* x 100 Ov)

oslizil by (LSD) s sime B3 3o g, (bl 1 b eSilos anlie 5 uilylg 4y Jolis baools (gLl o3
asliyy 5l oolizul b (GFiffing, 1956) <ol iy (6,8 b Sins ;5 m50 Lbgy Loobosl 2 Jiicls 35 5 SAS lsdle s 5|
& plil (Zhang, 1997) DIALLEL-SAS

ooy g o
Jolis andllas 5550 Slao caled a5l lay Bl o glis a8 ol (Las (V Jgoz) ialesl cpl (slassls uils g 4y 55
Oilple g 0g ylo e wo)s S Jliol mhaw 3 050 3 Joloe del Slge (e g 090 (339 g2 50 0ge0 Slaa cogue ()39
a3l el b1y GBSI5 1 lsice 5 anils d5zg Gtalesl GlaglEols (5o (ks BB 5 YU (S £
Siale3l (Sl Sl g p0 0,5 S5 0aS j90 pogas 5 (nally (sag0e s e bl ol ] sl 4 Jligls
CB0 5l (Sl g it digs 10 0gae Slawd [0 0o ) 3 VY U Jeloee dula dlge 5 10 doy0 ¥ ogas 51 Jod LB aels jo 5

S yinleyl cuslis

ol cpally (28 L Soak )T pes sy elel g (S azsS o aslllas 5550 Dlao uil)ly 4 Y Jgor
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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
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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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