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Table 1. Characteristics of tomato lines used in diallel crossing

o 253 3 Sas oY 028 3 Shee oY 0353 5> Shes

Line Earliness Yield Line Earliness Yield Line Earliness Yield
Supc(P;) Late ooz Good oy Supl44 (Py)  Early  .,s,; Medium Luga  Sps(P7) Early sy Good e
Pte12(P,) Late s Good o Vi (Ps) Late oons  Good os Csh74(Pg)  Early o035  Good e
Mb3(P;)  Early  .,s;; Good o Ptk (Pg) Early .,s,; Medium Lbuga  Prg(Po) Early ss;  Good o

S ar S T s W 55 myss) 55, Shos b dad 1o Dlio 6l 6y o8 57 (Ol o :5ke) il 4 25 =Y sl
Table 2. Analysis of variance (mean squares) of combining ability for yield components and earliness characters in a diallel cross of tomato

) sl 6o sl S5 Gl 3l ey sl S5l 3l ey sl $ g 53 0 gn SNkt 53 0ge 3 Slas

@57 23T F s AU sl G osn 555 &5 sl <

df. Number of leaf to Days to first Days to first Number of fruit Yield per
S.0.V. Sl e first flowering flowering fruit coloring per plant plant
Replication A2 0.70* 66.48™ 125.37™ 305.33™ 22.49"
GCA e saheSs 8 1.30" 741.06™ 644.16™ 689.94"™ 447"
SCA wosar spd oS s 27 0.56™ 131.78™ 187.817 371.72" 1.04"
Reciprocal Ny I 36 0.95* 228.88* 280.33* 266.68" 1.49"

A3 ) 5 de 3 0 Jll b 53 s e Gl gme b S Sl R, * s

ns, * and ** : Not significant, significant at 5% and 1% probability levels, respectively.
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Table 3. Means of yield and earliness characters of parents and F1 hybrids of tomato in
a diallel cross (9 x 9)

NTJI S5 565 sl S5l 3l ey sl S5l 3l ey sl 0 500 Sla o g 5, Shas
23T ool IR PP GESPRMPILE SEBE SPBE
Hybrid Number of leaf Days to first Days to first Number of Yield per
to first flowering flowering fruit coloring ruit per plant plant
Supc x Ptel2 7.50 80.50 111.50 42.33 2.81
Supc x Mb3 8.17 79.00 112.75 28.50 1.82
Supc % Supl44 7.17 66.33 99.00 54.33 3.23
Supc x Vi 7.33 77.00 108.67 31.50 1.53
Supc x Ptk 7.50 74.00 108.50 48.25 3.48
Supc % Sps 7.75 71.00 114.00 25.00 2.06
Supc x Csh74 7.00 76.00 109.00 30.95 1.85
Supc x Prg 7.72 68.67 95.50 29.33 1.57
Pte12 x Mb3 8.17 70.00 102.33 40.78 1.83
Pte12 x Supl44 7.67 62.00 98.83 43.67 2.19
Ptel12 x VAj 8.50 50.00 82.00 39.97 1.71
Pte12 x Ptk 8.55 64.67 101.00 48.04 3.64
Pte12 x Sps 8.50 51.00 85.33 49.77 2.52
Pte12 x Csh74 7.50 70.33 109.67 38.19 2.20
Pte12 x Prg 8.50 68.33 96.67 43.42 2.66
Mb3 x Supl44 7.83 74.50 106.50 75.71 3.41
Mb3 x Vfj 7.33 66.67 101.00 76.22 3.40
Mb3 x Ptk 9.00 74.00 77.35 42.22 3.06
Mb3 x Sps 8.50 66.00 103.00 26.92 1.84
Mb3 x Csh74 7.83 81.67 110.67 40.50 1.80
Mb3 x Prg 7.50 79.00 101.00 75.00 2.90
Supl44 x V1 8.67 55.33 85.00 39.80 2.12
Supl44 x Ptk 8.50 55.67 88.67 50.89 2.15
Supl44 x Sps 8.67 61.67 95.17 31.33 2.82
Supl44 x Csh74 7.58 77.00 113.00 59.00 433
Supl44 x Prg 8.29 63.10 95.04 45.22 2.32
V1j x Ptk 8.39 72.33 104.00 35.44 2.64
Vij xSps 8.17 60.67 89.67 39.00 3.11
Vij x Csh74 8.17 56.33 89.00 55.13 2.92
Vij x Prg 7.83 62.33 96.33 44.50 2.78
Ptk xSps 8.33 68.00 107.00 32.99 2.08
Ptk x Csh74 8.50 52.67 83.33 59.00 2.36
Ptk x Prg 9.00 53.67 85.33 35.50 1.72
Sps x Csh74 9.17 69.67 105.33 45.75 3.33
Sps x Prg 8.83 52.00 84.33 41.19 2.28
Csh74 x Prg 8.83 67.33 102.67 43.55 2.04
Parents
Supc 6.83 74.00 106.00 43.00 1.39
Ptel2 7.67 72.33 106.67 31.33 1.25
Mb3 8.33 59.33 91.33 32.33 3.69
Supl44 8.33 62.67 94.33 43.33 1.79
Vij 7.39 81.00 112.50 45.25 2.40
Ptk 8.33 54.33 86.00 57.00 1.64
Sps 8.50 55.00 89.33 47.50 2.48
Csh74 7.33 47.00 84.67 45.55 2.40
Prg 8.00 53.67 91.33 48.00 2.11
LSD5% 0.60 7.64 12.42 21.36 2.09
LSD1% 0.79 10.08 16.39 28.20 2.75
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Table 4. Minimum (Min) and maximum (Max) for specific combining ability (SCA),
heterosis over mid-parents (H), heterosis over better parents (Hp), heterosis percentage
(H%) and total heterosis (TH) for yield components and earliness characters in a tomato
diallel cross

SCA H Hp CE

Characters <le  Max Min Max Min Max Min TH Max  Min
23T sl 5seb b 65 slaw

Number of leaf to first flowering 0.92 -0.94 147  -1.17 1.44 -1.16  0.15 1.83  0.00
AU IS b S5l ) sy sl

Days to first flowering 1542 -1333 2850 -26.67 2234 -30 2.64 2933  0.66
om0 5,8 Ky sl b G5l S s, Sl

Days to first fruit coloring 1797 -2630 23.50 -41.58 1934 -5480 0.11 46.33 0.50
&g )3 0 gue SldaT

Number of fruit per plant 20.50 -17.90 40.66 -20.20 32.83 -24.01 095 4130 0.33
G353 050 > Slas

Yield per plant 1.83 -1.08 2.87 -1.25 2.71 -2.70  0.37 249  0.02
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Table 5. General combining ability (GCA) of parents for yield components and earliness characters in a tomato diallel cross

Parents -,

Characters <le  Supc Ptel2 Mb3 Supl44 Vij Ptk Sps Csh74 Prg
3T sl 55ab b 5 sl

Number of leaf to first flowering -0.49 0.17 0.02 0.28 -0.07 0.28 0.24 -0.10 -0.32
A IG5 w3 s, sl

Days to first flowering 9.27 -1.92 8.15 -1.65 2.09 -271 -4.69 -0.42 -8.12
osn 65 &Ky sl B 5wl 3l 5, ol

Days to first fruit coloring 11.46 0.80 5.12 0.04 2.22 -4.01 -3.84 -4.26 -7.53
4 g0 33 0 gun SldaT

Number of fruit per plant -8.30 0.66 9.79 1.04 -2.61 099 -237 1.30 -0.50
G303 0 3n > Shas

Yield per plant -0.20 -0.06 0.29 -0.03 0.11 -0.24  0.12 -0.17 0.18
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Table 6. Estimate of genetic parameters for some traits in tomato

oseb U S sl SR BB R G 55 @l 51 gy sl $ 3203 0500 Sl $ 353050 > Shas

23T ol A Il om0 5,5 &S5, sl

Number of leaf Days to first Days to first fruit Number of fruit  Yield per plant
Genetic parameters S5l bl to first flowering flowering coloring per plant
D B bl 0.29+0.09 120.49+20.77 88.14+31.41 9.15+£3.03 36.28+24.56
HI <Al bl 0.38+0.10 186.58+27.13 167.48+42.92 189.31425.43  57.51+32.43
H2 B sl Koo e 0.28+0.06 105.19+14.32 103.63+24.44 136.59+10.81  40.11+20.10
F e 5 Gl 1S S 0.27£0.13 145.29+32.05 107.50+49.82 44.32+12.04  51.69£39.23
H,/D ol a5 1.15+0.15 1.24+0.09 1.38+£0.19 4.55+1.21 1.26+0.34
Kd/(kd+kr) Ll 0 s 0.70+0.04 0.74+0.02 0.72+0.04 0.77+0.03 0.78+0.05
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0

oS (V] 5 Csh74) La ¥ ol 55 b
S8y 3l Sla 3 jgy sldes o 2SS (gl s
o500 S8 0SS5 sl 5 53T sl 5 seb b
Ot SLls Loy plv Ly anlie 53
Dzl Ol oo i o shie (sl T G518
o lie sa LT 15 il o5 5,5
B ah o Jpamn (o )355 o g0
Uﬁ)JoHﬂMW&‘;Qk&)J
Sladdly o by e b 035515 (F JS2)
s 3 o Csh74 5 Sps Ptk Supc
23 (5D (55 o bl 28 S 9
Sps Ptk Supc iy .56 Ciw ol 55,
Oleaien e 4 gr<i"}; J-Js o Csh74
Wy 5 Il sla 1T sl 3 o 2 sl
ki o 553 55 58,5 )15 Js 4 Mb3

ol 53 (KA>0/5) LI slads gla i
s 0352 YL L (i) Sl
=13l s s Il L JIT Sl 3
35 03lial 3 40 Ly 53 O shie sla JIT
(Sharaifi et al., 2010)
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WI ) g (ite Connd 3 O 8 ) a5t Lo 5
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Gy (V S) o8 slaw i SIS
o—sls J—Js> a5 Sps 4 Vij Supld44 Mb3
Sl Olates s 4 S Al o 208
LCsh74 Wiy 5 e sla PT Slsl 3 o j2i
230Dl e s a o Al o iy
Sl o iy hyls bl Lo U 4l
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oS ol am 5 U syl Coillas (V Jsus)
Wy 51 e Va5 o8 0 a5 0l e
a5 458 0l Olg5 oo o) oL 05 Csh74
sl il s e sla JTas 5 8
S sl 2l s Ol gla JIT 5 5,
(Kaveh, 2009) & ,ls iz
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W2 = 20Vr
Wr = 1.0 Vr+-0.023
Wr =0.052Vr+0.072

Fig. 1. Regression of Wr to Vr for number of leaf to first flowering {Supc (P;), Pte12
(P2), Mb3 (P3), Supl44 (P4), V1j (Ps), Ptk (Ps), Sps (P7), Csh74 (Pg) and Prg (P9)}

Wr

W2 =120.49Vr
Wr = 1.0 Vi +-16.523
Wr =1.214Vr +-25.196

23T sl 55 b 3l 3l 5 sl Cdes 53 VT (g5, WT 00 $,-Y S5
Fig. 2. Regression of Wr to Vr for days to first flowering {Supc (P;), Pte12 (P,), Mb3
(P3), Supl44 (P4), V1j (Ps), Ptk (Pg), Sps (P7), Csh74 (Ps) and Prg (Py)}
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Wr2 = 88.14Vr —
Wr = 1.0 Vr+-19.835
Wr =0.949Vr +-17.935

om0 S Ky ol b G5 4l 3 5y sl 51, VT (59, WI 0o § 5 -1 S
Fig. 3. Regression of Wr to Vr for days to first fruit coloring {Supc (P;), Pte12 (P»),
Mb3 (P3), Supld4 (P4), V1j (Ps), Ptk (Ps), Sps (P7), Csh74 (Pg) and Prg (Po)}

TWr 2=362807.96 Vr
Wr=1.0 Vr+ -53079.281
W=0.211+3008 830

ﬁﬁ))dﬂ)‘w L;|ﬁVrL;ijWrQ}:,wa)—\°J§.i
Fig. 4. Regression of Wr to Vr for number of fruit per plant {Supc (P,), Pte12 (P;), Mb3
(P3), Supld4 (P4), V1j (Ps), Ptk (P¢), Sps (P7), Csh74 (Ps) and Prg (P9)}

S S S o g sldas (6l,ls MD3 Wiy &5 - @\jiﬁdﬁj_uf‘_;bbot,a;&uhg@w
5,5 Blizal 0155 gn el Wadlly sl s S Sl T Sl 5 s i 5 I gla T
0 n Sln il 3 S 5o e e JIT & axrs Lo mlaarglog sk
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Cills 55 mls b 5 (0 JSK8) SIS
C 3 Sas Hldis o j2iw LMD3 Wiy .51
Sl B o ties mals s ada Y e a
T@@C.@M@jjja)agjw‘_gudﬂ
Sl gl (0 JS8) s sl olaies
O sdie gla T Sl il 530 b s, Shes
(I sl JT Sl 2l L 5 Sl ol e

1S (8 S s A
s 3 ol 53 Vi s 58,8 )5
S S Olis Ulg e 5 (0 JSK2)
Cio J 28 55 (55 o ls)) 65y
Sl S polie EL 5 53 000 5 Shes
g aS” Cl ol odiasolad (V Jgd) WO
=19 B op i 1,15 Sps 5 Supe «Csh74
e Sl ol gl dAmecs I gla0

TWr 2=E62807.96 Vr
Wr=1.0Vr+ -53075 281
Wr=0.211+3008.830

dﬁﬁafaﬂaé\ﬁVréj)Wroﬂf)—aJ.i.t
Fig. 5. Regression of Wr to Vr for yield per plant {Supc (P,), Pte12 (P,), Mb3 (P3),
Supl44 (Ps), V1j (Ps), Ptk (Ps), Sps (P7), Csh74 (Ps) and Prg (P9)}

S5 Mb13 X Prg 35 an by e &g 5o
0235 5 3 SNas Dlho 53 S e =y
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Table 7. Estimate of dominance ratios of parents for some different traits in tomato

FYVICE LI SARE S TP S BTT R K S PP PP RS o0 315 o0 3o
23T JE sl P sl S Ky st G300 G302
ol o gun
Parents Number of leaf Days to first Days to first Number of fruit Yield per
to first flowering flowering fruit coloring per plant plant
Supc 0.62 0.85 0.69 0.77 0.93
Ptel2 0.64 0.80 0.81 0.64 0.76
Mb3 0.77 0.83 0.73 -0.14 0.59
Supl44 0.76 0.94 0.94 1.14 0.71
V1 0.85 0.51 0.44 0.51 0.67
Ptk 0.77 0.65 0.72 0.93 0.80
Sps 0.75 0.87 0.89 0.90 0.85
Csh74 0.44 0.51 0.48 0.83 0.99
Prg 0.72 0.71 0.80 1.31 0.75

s 5 i S gl Jals sk
S5 iy Slsn e (KS pas S
33 o=l SN a5 6 el Dl
N sy sl by Ko KLY
w ol ke 4 (w3 5 5 Ses B
YU o, Shas U esnss olas glad pon

JJ.:.L’:‘ Q)}J

References

Sl =S5 e gl adlly nle 4,
L oks,e Oliw 5o e Codle b asas
s e a5 b opl e o o0
e Qe o Prg s MDI3 cla oY
53,5k Sl e o 5 e Wl
L, b warsbyias gluls wpos)
pLEl Slesliul 3t 5 01l olsm 5
o Vs S 505 Ay 00 b (glas, 5

Ahmad, S., Quamruzzaman, A. K. M., and Nazim Uddin, M. 2009. Combining

ability estimates of tomato (Solanum lycopersicum) in late summer. SAARC Journal

of Agriculture 7(1): 43-56.

Burdik, E. 1954. Genetics of heterosis for earliness in tomato. Genetics 39: 488-505.
Dod, V. N., Kale, B. P., and Wankhade, V. R. 1992. Combining ability study in

tomato. Haryana Journal of Horticultural Sciences 21: 296-302.

Griffing, B. 1956. Concept of general and specific combining ability in relation to

diallel crossing systems. Australian Journal of Biological Science 9: 463-493.



5335 33, Shae b a5 0 Slis (S5 4 25

Hannan, M. M., Ahmed, M. B., Roy, U. K., Razvy, M. A, Haydar, A., Rahman, M.
A., Islam, M. A., and Islam, R. 2007. Heterosis, combining ability and genetics for
Brix%, days to first fruit ripening and yield in tomato (Lycopersicon esculentum
Mill.). Middle-East Journal of Scientific Research 2 (3-4): 128-131.

Hayman, B. Y. 1954. The theory and analysis of diallel crosses. Genetics 39: 789-809.

Johnson, C. E., and Hernandez, T.P. 1980. Heritability studies of early and total yield
in tomatoes. HortScience 15: 280-287.

Kaveh, H. 2009. Evaluation of heterosis and combining ability for high quality tomato
lines with valuable agronomic traits, M.S. Thesis, Faculty of Agriculture, Ferdowsi,
University of Mashhad, Mashhad, Iran (in Persian).

Mirshamsi Kakhki, A., Farsi, M., Shahriari Ahmadi, F., and Nemati, H. 2006.
Estimate of heterosis and combining abitily for yield component and earliness in
seven tomato lines (Lycopersicon esculentum Mill.) using diallel crossing method.
Agricultural Science and Technology 20 (3): 3-12 (in Persian).

Mirshamsi Kakhki, A., Farsi, M., Shahriari Ahmadi, F., and Nemati, H. 2008. Use
of random amplified polymorphic DNA markers to estimate heterosis and
combining ability in tomato hybrids. Pakistan Journal of Biological Sciences 11 (4):
499-507.

Mital, R. K., and Singh, H. N. 1977. Genetic of fruit characteristics in tomato. Indian
Journal of Agricultural Research 11: 104-114.

Mohsenifard, A., Farsi, M., Nemati, H., and Malekzadeh, K. H. 2011. An SSR-
based assessment of genetic diversity in 16 tomato (Lycopersicon esculentum) lines
and it’s correlation with heterosis. Iranian Journal of Horticaltural Sciences 2: 185-
192 (in Persian).

Sekhar, L., Prakash, B. G., Salimath, P. M., Hiremath, P., Sridevi, O., and Patil, A.
A. 2010. Implications of heterosis and combining ability among productive single
cross hybrids in tomato. Electronic Journal of Plant Breeding 1(4):706-711.

Sharifi, P., Dehghani, H., Momeni, A., and Moghaddam, M. 2010. Diallel analysis
for heterosis study and estimation of genetic parameters for some morphological
traits in rice. Seed and Plant Improvment Journal. 26-1 (1): 77-104 (in Persian).

Shekari, F., Masiha, S., and Esmailpour, B. 2006. Vegetable Physiology. Zanjan

University Publications, Zanjan, Iran. 394 pp. (in Persian).

V.4



WAY Jlo oF o led (Y=Y Al " 3y 9 g (83154 dlxa”

Srivastava, J. P., Singh, H., Srivastava, P. B., and Verma, H. P. S. 1998. Heterosis in
relation to combining ability in tomato. Vegetable Science 25: 43-47.

Ukai, Y. 2006. DIAL98. A package of progams for the analyses of a full and half diallel
table with the methods by Hayman (1954), Griffing (1956) and others. Available
from: http://lbm.ab.a.u-tokyo.ac.jp/~ukai/dial98.html.

‘AR






