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TOMATO (Lycopersicon esculentum Mill.) BREEDING FOR YIELD
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Abstract

Inheritance of yield has been researched for 12 hybrids originating from diallel crossing of
six inbreed lines of tomato. The inheritance mode of fruit yield in tomato has been
determined by the mean generation analysis. Eleven hybrids showed significant reaction of
additive genes. Six crossing combinations showed interaction dominant x dominant genes, in
6 hybrid epistasis additive x dominant genes; and in 4 hybrids additive x additive genes. Most
significant interactions (most often for researched genotypes) were dominant x dominant
genes, and within this combination duplicate type of epistasis. This type of gene interaction
has unfavourable effect to yield, and in process of selection for better yield it causes the
decrease of total yield.
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Introduction

Yield is one of the most important selection program parameters. The aim of this paper is to
determine and explain the differences in the yield of five tomato hybrids. In this way, it is
possible to define which gene effects are more important for the yield expression. The
obtained results would suggest that there is possibility for applying such research in plant
breeding, which is aimed at selecting high-yield hybrids.

The average fruit weight per plant represent a yield component. In their research, Das et
al.1988 pointed out the following facts: 10-20 genes affected the fruit weight, the additive
variance was prominent in fruit weight inheritance, there was partial dominance in light fruit
weight, and there was no interallele interaction. Conti et al. (1984) established that were
significant epistatic gene effects on fruit weight inheritance. Singh and Singh (1984) achieved
similar results in their researches. They established the fact apart from additive and
dominance gene effects there were also epistatic ones. As for the inheritance of this
characteristic, Singh and Singh (1985) concluded the following: additive genes prevailed over
dominance ones in inheriting fruit weight, additive gene values were higher than dominance
gene values, and (j) and (I) epistatic types were established. Dhaliwal and Nandpuri (1988)
found out that one out of the three investigated combinations did not suggest the existence of
the digenic interaction in inheriting this feature, but the other two combinations had additive
x dominance gene effects. Applying the 6-parameter model, proved additive activity epistatic
gene effects on fruit weight and earliness as their features.
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Material and method

Six parental tomato genotypes that differed in fruit yield have been selected. Their crossing
has been performed by applying the method of diallele crossing. Four of them (D-150, S-49,
S-35 and H-52) were pure lines, one was a cultivar (SP-109) and one was a population (Kg-
z). All of them belonged to the collection of tomato genotypes of the Institute for Vegetable
Crops in Smederevska Palanka. The trial was set in 2005 by applying the method of random
block system in three replications. The inheritance mode of fruit shape was determined on the
basis of the mean generation of crossing the two parents (P1, P2, F1, F2, BC1, and BC2)
employing the additive - dominance model (a three-parameter model). Gene effects were
marked with the following symbols: mean value (m); additive gene effects (d); dominance
gene effects (h); additive x additive (i); additive x dominance (j); dominance x dominance (l).
On the basis of testing the adequacy of this model, it was concluded that there was either
presence or absence of epistatic gene effects. The adequacy of the additive — dominance
model was tested in two ways: by the general test (y2-test). Applying the six-parameter
model (Mather and Jinks, 1982), the estimation of the values of epistatic gene effects was
performed. This investigation dealt with digenic epistasis between additive, dominance, and
additive x dominance genes.

Results

Variability of the average yield values has been expressed by variation coefficient (V), which
was below 10. Variation coefficient in F, generation has been moving from 1,84% (H-52 x
SP-109) to 6,32% (S-49 x H-52) and has been lower than for parents. In F, generation the
variation coefficient has been from 7,54% (S-35 x H-52) to 18,91 % (D-150 x S-49) (Tab 1).
Common y?-test proved that model with three parameters is adequate only for hybrids D-150
x SP-109 and S-49 x H-52. For crossings where no adequate three parameter mode has been
established, the model with six parameters has been used in order to evaluate the gene effect.
Combination D-150 x SP-109 had significant values of additive and dominant gene effect.
The evaluated values of dominant genes have been higher than additive genes, so the
dominant genes could be crucial in inheriting the yield component within this combination.
Values of additive and dominant gene effect in hybrid S-49 x H-52 have been significant and
values of dominant gene effect have been higher than additive. Values of y2-test for both
hybrids have been compatible and exclude the presence of non allele interactions (epystasis).
Testing of other hybrids by using three parameters model proved the epistatic gene reaction.
Based on significant x>-tests, the presence of two significant genes, the presence of two-gene
epistasis has been recorded (Table 2).

Evaluated genetic parameters for these crossings have been calculated by analysing average
generation by using six parameters model. Analysing the model of genetic parameters by
using the model with six parameters only two-gene epystasis have been found (between
additive, dominant and additive and additive x dominant genes — Table 3).

No significant value of epystatic gene effect has been found for hybrid D-150 x S-49,
although %2 and scaling tests pointed to its presence. It is probable that these were higher
gene interaction levels, while this method determinates only two gene epystasis. Heritability
level in higher sense, within this hybrid group was from 87,52% (D-150 x Kg-Z) to 97, 56%
(D-150 x S-49), which were high values of heritability (Table 2).

Hybrids with common parent S-49 had genetic parameters only for crossing S-49 x SP-109.
Additive gene effects and epystasis effect dominant x dominant genes had significant values.
Hybrids S-35 x SP-109 had significant interaction dominant x dominant but with opposite
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pre-sign than dominant gene values, which proves the dominant type of epystasis. Crossing
combination H-52 x Kg-Z had duplicate type of epistasis (Table 3).

Discussion

From 12 researched hybrids including hybrids D-150 x SP-109 and S-49 x H-52, za koje je
inheritance has been found by using model with three parameters, the significant level of
hybrids has been found only in 7 hybrids. All crossing combinations had additive and
dominant gene effect, where dominant values were higher than estimated values of additive
genes, except for combination Kg-z x SP-109 where established values of dominant genes
have been negative. Dominant genes usually dominate over additive, which is compatible
with Sonone et al. (1986) and Singh and Singh (1989), results.

In our research, the significant level of additive and dominant level has been proved for six
hybrids. In S-35 x Sp-109 hybrid, dominant genes values have been higher than additive,
while in hybrid Kg-z x SP-109 value of additive genes have been higher than values of
dominant genes. These conclusions are compatible with Singh et al (1988) who proved that
both gene effects have significant values and that both gene effects impact the yield
expression.

Significant level of additive genes has been found in five hybrids. These results are
compatible with many research results proving that additive genes are dominant in yield
inheriting: Kale et al. (1988), Sonone et al. (1986), Crill et al. (1987), Das et al. (1988), Singh
and Singh (1993), Hegazi et al. (1995).

If genotypes were to be classified according to epiystasys expression frequency, in 12
researched hybrids the most common was (I) type of epistasys (6 times) and (j) type (6 times)
and they could be the most significant which is compatible with Singh and Singh (1985),
results who proved that (j) and () epystasis types are more significant than (i) epistasis in
inheriting the yield impact per plant. Important notification in our research is that large
number of hybrids had duplicate epistasis. In all combinations with significant values (h) and
(1) this type of epistasis has been found, which proves that this type of interactions in stable in
yield inheriting. This type of epistasis impacts the lower expression of the researched trait.
Practically, this is a negative appearance in tomato breeding for increased yield. Our results
have been compatible with Dhaliwal and Nandpuri (1988) who analysed three hybrid
combinations with expended two-gene model and found duplicate type of epistasis. They
considered that selection in the first generations after crossing would be slow, while in later
generations much faster.

Results of interactive gene reaction have not been completely compatible with Singh et al.
(1989). Our research proved interaction additive x dominant (j) type of epistasis in three
hybrids (S-35 x Kg-z, S-35 x SP-109 i Kg-z x SP-109). These hybrids have been connected
with the same mother or father components, which lead to a conclusion that this type of
epistasic effect could be fixed by selection of parents. These hybrids have had second type of
epistasis (duplicate type between dominant and dominant x dominant genes), so they have
been the most important in analysing this trait.

Conclusion
From 12 researched hybrids, 11 showed significant reaction of additive genes; in 7 significant

reaction of dominant genes. In 6 crossing combinations the interaction dominant x dominant
genes has been found in 6, in 6 hybrids epistasis additive x dominant genes; and in 4 hybrids
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additive x additive genes. As the most significant interactions the most common for
researched genotypes have been dominant x dominant genes and within this combination
duplicate type of epistasis. This type of interactive gene effect has unfavourable impact on
yield in selection process with the aim to increase yield, since it effects the decrease of total
yield.
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Table 1: The average value and variability factors for yield per tomato plant (g)

Genotypes X + 5S¢ c \Y; Genotypes X + 5y c \Y;
D-150 907,4 36,77 63,69 7,02 S-49 x KG-2 BC, 2277,7 25,02 43,34 1,90
D-150x S-49 F; 1839,9 27,29 47,27 2,57 S-49 x SP-109 F 10735 17,42 30,17 2,81
F 1847,2 201,7 3494 18,91 F2 1685,0 105,9 183,50 10,89
BC; 1778,0 157,1 272,2 15,31 BC; 1872,2 1299 225,08 12,02
BC, 19529 34,74 60,20 3,08 BC, 14185 81,34 140,9 9,93
D-150 x S-35 F; 1768,4 29,70 51,45 2,91 S-35 1572,3 40,14 69,52 4,42
F2 1463,6 124,38 215,44 14,72 S-35 x H-52 F1 13838 18,34 31,78 2,29
BC; 17014 71,22 123,36 7,25 F2 1254,0 54,56 94,49 7,54
BC, 17954 124,59 215,80 12,02 BC; 1332,8 84,49 146,34 10,98
D-150 x H-52 F; 1679,8 29,16 47,05 2,80 BC, 1484,7 87,58 151,69 10,22
F, 15835 141,56 2452 15,48 S-35 x Kg-2 F1 1672,2 21,39 37,05 2,22
BC; 1779,3 63,55 110,08 6,19 F 1364,0 77,97 135,06 9,90
BC, 1255,7 36,37 63,00 5,02 BC: 1303,6 78,49 135,15 10,43
D-150 x Kg-z F1 20905 45,62 79,03 3,78 BC, 1213,3 53,90 93,36 7,69
F, 14940 112,21 194,36 13,01 S-35xSP-109 F; 1568,5 94,66 163,97 10,45
BC; 1800,8 10,91 18,89 1,05 F 1191,2 65,41 113,3 9,45
BC, 1783,6 9,99 16,54 0,93 BC; 1456,7 102,71 177,91 12,21
D-150 x SP-109 F; 1585,3 39,56 68,52 4,32 BC, 1624,8 29,59 51,24 3,15
F 1204,2 123,27 213,51 17,73 H-52 1122,3 36,60 63,40 5,65
BC; 1188,7 33,27 57,45 4,83 H-52 x Kg-Z F1 1698,7 21,39 37,05 2,18
BC, 1010,0 62,71 108,61 10,73 F 1738,6 77,97 135,06 7,78
S-49 1580,3 38,62 66,38 4,23 BC: 1682,8 78,49 135,95 8,08
S-49 x S-35 F1 21951 45,48 78,77 3,59 BC, 12133 539 93,36 7,69
F 1821,9 104,25 180,57 9,91 H-52 x SP-109 F; 14716 15,62 27,05 1,84
BC; 2107,2 25,68 44,48 8,11 F 1596,4 65,21 112,95 7,08
BC, 2190,1 198,29 341,46 16,20 BC; 1780,3 32,89 56,96 3,20
S-49xH-52 F 25496 92,97 161,02 6,32 BC, 1087,9 56,84 98,46 9,05
F 2048,7 218,82 368,62 17,99 Kg-2 1528,6 35,87 62,14 4,07
BC; 1937,8 172,7 299,10 15,44 KG-Z x SP-109 F; 16,54 29,74 51,51 3,11
BC, 1776,8 48,33 83,72 4,71 F 1534,0 99,93 173,08 11,28
S-49 x Kg-2 F1 1987,7 42,82 74,17 3,73 BC; 1303,7 14,37 250,06 19,18
F2 1878,1 85,21 147,58 7,86 BC, 1078,3 34,22 59,28 5,50
BC; 17328 27,48 47,60 8,75 SP-109 730,5 15,84 27,45 3,76
LSD 0,05 77,15
(0,01) 109,76
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Table 2: Genetic analysis of gene effect per plant using model with three parameters

Genotypes (m) tm) (d) tg (h) tn) » h*
D-150 x S-49 1311,43 s7e -310,34 1231 601,25 1561 67,16** 97,58
D-150 x S-35 1264,23 a5 -311,77 1146 934,86 13,05 24,64** 91,99
D-150 x H-52 1021,88 w076 -45,28 182 665,39 17,28 58,53** 93,95
D-150 x Kg-z 1291,76 5703 -62,22 492 970,24 2144 150,10** 87,52
D-150 x SP-109 798,05** 427 70,25%* a3 123,58** 1721 6,63 93,31
S-49 x H-52 1347,27** s133 231,87 sss 114567** 430 1,13 91,42
S-49 x SP-109 1179,91 ssa0 440,07 n73 -84,74 3,10 70,83** 93,96
S-35 x H-52 1337,97 s029 210,37 o 41,27 1.25 10,75** 65,71
S-35 x SP-109 1131,99 5267 379,15 1778 963,04 1712 122,81** 80,56
H-52 x Kg-z 1302,58 2sa -232,88 943 300,34 10,56 173,34** 85,32
H-52 x SP-109 1048,43 5763 315,361 1728 466,91 18,67 113,34** 87,18
Kg-i X SP-109 1125,42 61,02 399,78 21,64 495,68 14,70 14,86** 92,33
t 0,05 2,228 2,776 2,179
001 3,169 4,604 3,055

Table 3 : Genetic analysis of gene effect of yield per plant by using a model with six parameters

parameters / hybrids

[m] tm  [d] te [N tn [ ty [l tG) [ to)

D-150 x 5-49 11685 125 3364 15 20435 s 75,5 oos 3236 oo 13718 14
D-150 x S-35 100,8 069 -332,6%* 1195 3784,0%* 278 1139,1 192 4758 150 -2116,4* 2,69
D-150 x H-52 1278,8 217 -1074% .5 817,3 oss  -263,1 oss  1261,9%% ., -416,5 06t
D-150 x KG-z 2587,0 006 -313,3** 1212 3807,0%* a1 11915%* 266 098,7** 1 -1744,0%*% 55
S-49 x SP-109 1314,8% o4 4249%% 7, 17234 s -159,4 0z 57,5 o7 -19643% L5
S-35 x H-52 728,7 Lo 2239%% g0 14480 o 6188 o T324%  ,e <7933 129
S-35 x SP-109 -246,8 oee 420,9%% 1o 3936,3%* 45 1398,1%*% .o -11781% o -21213% o
H-52 x KG-2 2540,4%* g5 21,871 0g -38380%*% 45 -990,0% a0 -4509,9%% 5 2969,0%% 960
H-52 x SP-109 1575,8%% 53 1950% oo 186,9 027 -649,5 o8 992,0%% ;1 -290,9 074
KG-# x SP-109 2501,6%* 505 399,1%% 150  -3023,0% e -13719% L, 34734 145 21763%% 46
to05 2,228 2,776 2,179 2,447 2,306 2,179

to.01 3,169 4,604 3,055 3,707 3,350 3,055
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CEJIEKLIUJA HA IIPUHOC MAPAJAJ3A (Lycopersicon esculentum Mill.)

Jacmuna 30paskosuh’, Mapkosuh XKusocias', 30paskosuh Munan*, [lagnosuh Paoous®,
Jenena Mnadenosuh’

Pe3ume

[Mapanaj3 cnaja y jemHy oJf HampoQUTAOMIHHMjUX TMOBPTAPCKHX BpCTa. BenmuunHa W KBajaHMTET
MpHHOCA, TIOPE]] PAHOCTACHOCTH, OMHOCHO JMHAMHKE Ca3peBarba IUIOJ0Ba, JIajy MPHUBPEIHN 3HAYA]
napazaj3y. [lo3HaBame HaurHa HaceuBama y CeleKIUji OBE BPCTE MOXKE JIa MIPEACTaBba YMHOTOME
ckpalinBame BpeMeHa Koje je HOTpeOHO Jia ce CeISKIIMOHUIIIE KOMEPIUjaTHU XUOPHI U OCUTypaTH MU
CTaOMJIHOCT y HEroBoj ekcrpecuju. HacnehuBamwe mnpuHoca wHcnuTHBaHO je kox 12 xubpuma
MOPEKIIOM M3 JWAJIETHOT YKPIITama MIecT WHOpen auHuja mapamajza (JI-150, C-49, C-35 u X-52).
Kon 11 xubpuaa ce MCHOJBMIIO CUTHU(UKAHTHO JICTOBAKGE aJIUTHBHUAX TeHa; y 7 CUTHU(UKAHTHO
JeTIoBake JIOMMHAHTHUX TEHa Ha MPHHOC IUIoAoBa mapazaajza. Kom 6 koMOMHaIMja yKpIITama
yIBpheHa je MHTepakmuja JOMHUHAHTHH X JOMUHATHU T'eHH, y 6 XuOpuma enucraza aJuTUBHH X
JOMUHAHTHHM T€HU; U y 4 XuOpUaa aIuTHUBHM X aJUTHBHH T'eHu. Kao Haj3HadajHUje MHTEpAKIIHje
(Hajuemrhe ce MoOjaBJbyjy KOJA MCIHUTUBAHUX TI'CHOTHIIOBA), MOTY C€ H3JBOJUTH IOMHHAHTHU X
JOMUHAHTHH T€HH, U Yy OKBUDPY BbUX AYIUIMKATHU THII MKCTa3a. Y NPKTUYHO] CENICKIUjU Tapajaj3a
Tpeba omabpaTu JIMHK]je KOje YCINBIbaBajy Beh Opoj MO3UTUBHUX TEHETCKUX edeKara y MOTOMCTBY, a
Koju he y KoMepiujaTHIM KOMOWHAIIMjaMa JIaTH TIepCIIEeKTHBHE XHOpHIe.

Kibyune peun: napanaj3, npuHoc, HaciehuBame, aHaIHM3a Mpoceka reHeparyja
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