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ABSTRACT

Five tomato cultivars were crossed in o diollel system in one direction. Seeds of the 10 Fy's as well ax the 5 parenial
cultivary were produced and the varions genotypex were grown at two locations (dbbies and El-Nowbaria) for evaluation,
in four winter and swmmer scasons during the years of 1996 ta 1999. Combinad analyses of variance jor important
vegetative and yield characters were conducted. General and specific combining abilities, heteroxis, and hevitobility in
both the narrow and broad senses were estimated. Results proved the existence of marked heserovis, either over the mid-
parenial value or that of the best parent for the studied characters of yield components. The estimates of heritability in
broad and narvow senses reflected relatively more importance for the non-additive gene effects than the additive ones, in
the inheritance of yield characters. Results of GCA and SCA indicoted that a particular cultivar or hybrid can not be nsed

to evaluate alf interesting characters with equal efficiency.
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INTRODUCTION

n recent years, hybrid tomato cultivars were

emnﬂvctyusedmcommnmalpmdwmwah
increasing the lamd reclamation and productive
cultural area in Egypt, and duc to increasc the
changeable demands of both growers and customers;
breeders directed their atiention to keep introducing
new hybrids. Therefore, breeders have to develope,
test and evaluate great numbers of cultivars and
inbreds in cross combinations at different seasons and
locations. Selected genotypes must be characterized as
good combiners and can surpass all other evalnated
inbreds for important characteristic values when
crossed with any particular one; which recognized
from their high wvalues of general and specific
combining abilities, that reflect the additive, and both
the additive and non-additive gene action, respectively
(Welsh 1981).

were to estimate and evaloate both general and
specific combining abilities in a balf-diafiel cross
among five parental tomato cuitivars at two locations
in four scasoms. Also, 10 ostimate heritability and
heterosis values for the stndied characters, to provide
more understanding for the various gene effects
contributing 10 their genetic variation,

MATERIALS AND METHODS
summer seasons of 1996 to 1999 at two locations. The
first location was the Experimental Station Farm
Faculty of Agriculture, Alexandria University (at
Abbies); megnwhile, the second oné was at Bangar
El-Sokker region.

In the first season, seeds of the five parental
tomato cvs.. Castlerock, Money maker, Strain-B.,
Supermarmand and V.F.N.8 were sown on October 3,

1996. Scedlings were transplanted on the 1*. of

. again

November. Fertilization, irrigation, plant prodection
and other cultural practices were performed in such
season, as well as in the other scasons, as
recommended for the commescial tomato production.
Selfing and Mybridization, among the 5 parental
cultivars were carried out in a diallel meeting system
in one direction. By the end of March, enongh seifed
seeds were obtained from plants of the true type of
each cultivar, as well as the 10 Fy's hybrids.

In the second season, seeds of the S1 pareutal
cultivars and the 10 Fy's hybrid were sown on April
2™, 1997 and transplanted on May 10®. The best
growing plants of S1's from parental cultivars were
selfed and the plants of the F,'s were backcrossed to
their both parents. In addition, new Fy's seeds were

reproduced.

Finally, seeds of the 15 populations (5 cvs. and 10
F:'s) were obtained for planting and evalvation at the
two locations in four successive winter and summer
seasons during the years of 1997 to 1999. New soeds
of the 15 populations were reproduced in a
greenhouse in each season to be ready for evaluation
in the next one.

The sowing dates of the 15 populations were on
October 5%, 1997; May 6%, 1998; October 1%, 1998,
andMaylo"' 1999 for the four scasons, espectively.
Scedlings were transplanted after about 40 and 35
days in the first location, and after 34 and 30 days in
the second one, in the winter and summer seasons,

(RCBD),thmnxeplmmEachpopuhum
was represented by a plot of 22 plants in two rows per
replicate. Seedlings were transplanted in rows 4m
long, Im wide, with 40cms between planis. The
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Greenzate foliar application three times afler 35, 50
and 65 days from trangplanting, with the
recommended doses. Other culilural practices were
conducted whenever they were found necessary and as
recommended for the commercial tomato production.

Characters of plant height and branch's number
were measured from five random planis/plot; whereas,
number of days to first flower was reconded as the
average of days munber to first flower on 50% of the

grown plants/plot. Early yield per plant was measured c’

from the first four harvestings/plot divided by
harvested planis number/plot, whereas, the total yield
was estimatod from all harvestings by the same
mannes. Samples of 40 random ripe fruits/plot were
used to measure fruit shape index (length/diameter of
fruit).

The statistical analysis of data was carried out as
the method of combined analysis of variances for a
series of similar experimenis at several locations in
several years, as illustrated by Al-Rawi and Kalf-
Allah  (1980). Muliple comparisons among
population means were conducted through Duncan's
Mnltiple Range Test (L.SR.).

Combined analysis of the 5 parents and their 10
F's over the eight experiments (Table 1), were used to
estimate the variance components of the general and

(e and ¢*.., ), a0d 10 illustrate their relations with
types of geoe action.

Estimate of variance components of GCA and
SCA were calculated according to Griffing's (1956)
method two, which depends on parental cultivars and
thcirF;'sinonednwtmnasﬁollow
GCA variance = 0"y = (Mgy — Myw) / (0+2) RLS
SCAvanance c’ = (Mua + M) - Mg + M,/ RLS
s =Myt M) - (Mg + M) - Nv‘W
=(Mgs-Mgl)RL. ¢ o’y = (My- MRS
G’a-’(Mu- Mr
Phenotypic variance = o, = oy + o’ @W/LS + o’y /L +
/S + o*,/RLS
Where 1 = no. of parents, M,,, = mecan square (M.S)
of GCA, M= M.S. of SCA, M, = M.S. of genotype
X locations X scasons, My and M,, are mean squarcs
of gemotype X location, and genotype X seasons,

recorded for the most important characters. Also,
heritability in both broad and narrow senses ( b’ and
12 ) were calculated as follows:

W = (Ppat T/ T5) X 100

W =(u’ / &%) x 100

ific contbining abilit
Table 1. Combined of variance of the 15 penetic {five parcuts and their ten ¥y hybrids).
S.0.V. DF M.S. EM.S.
Replicates (R) SL(R-1) 24
Locations (L) -1 1 M. o R HRGO%,+RE%+RSGo?,
Seasons (S) (S-1) 3 Mg o +nu’,..+nm2 +RGO*+RGLS?,
SxL (S-1XL-1) 3 Mys :; +I§Rz’1 gt RSARLSE,
Genotypes (G) (G-1) 14 Ma + + o
(gca) (n-1) 4 Mg Ro’:+m.a’ +as«’,.+RLsc’(..,
’ +(n+2)RLS Clam
{ (sca) An-1)2 10 Moa) o +11<:“,..+1u_<:2 +nsé,,+m.s«2(.., :
GxL (G-1XL-1) 14 My o HRe6’ RS
GxS (G-1XS-1) 42 M, ARG mn"
GxLxS (G-1)(S-1)(L-1) 42 Mg o’.+no’,,.
Error SLR-IXG-1) 336 M, A
Total SLGR-1_479
RESULTS AND DISCUSSION fruits/plant and total yield. Also, number of branches,

.Table (2) revealed significant estimated mean
squares in the all studied characters with some
exceptions, Insignificant variances were detected for
location (L) in case of TS5% and fruit shape index
characters. For the first degree interaction, the same
notice was observed for the characters of TSS%,

earliness, T.S.5., average fruit weight and fruit shape
index; and for plant height and fruits mumber/plant in
the cases of the L x S and G x L interactions,
respectively. Variances of the branches number,
T.8.S. and fruit shape index were not significant for
the second degree (G x L x 8) interactions,
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Table 2. Combined analyses of variance of the cight experiments (4 seasons x 2 locations) for all studied
characters for the evaluation of 15 tomato' entries.

Meau Squares (M.S.)
Sourcesof | DF. | Plamt | No.of | Daysto | T.8.8. | Average | Fruit No.of | Ealy | Total
variance height | tranches | 1%flower | % froitwt. | shape [fruitaplant] vield | yiedd
index
Replicates 24 8.05 8.24 412 | 0.03 1585 0,021 21 {00107 | 00.05
Locations (L) | 1 (151117 ) 10.83™ § 113.16™ | 0.01 95400 | 0.001 | 4814.6™ 15930 | 55.49”
Scasons (S) 3 124848 ) 3889 | 16277 | 257 | 354190 0012 8868" 1870 | 119"
Genotypes (G) | 14 1537.57 | 2845" | 39167 | 972" | 8531.80" | 0.681" | 15960 l1.6%" | 897
GCA 4 §823.65 | 91.91" 11242.18 [32.81" |26319.16" | 2.38¢" | 21115 [2354" | 3. 99“
SCA 16 | 3989 | 249" | 2521 [ 068" | 1378.86"° | 0.008™ | 1399.0" [1.508™ | 9.03™
Lx8 3 1476 083" | 7198 | 020 701.40" | 0.003° 230 loos0™ | 034
GxL 14 | 12247 0.6 2.52 0.06 6.60 0.001 46 4' 0.020° 0.15
GxS8 42 1 33.097| 238" | 3459™ | 032 | 22920 | 0.003° 123 4 0.360" { 097"
GxLxS 42 | 1469”1 021 205" | 0.08 20.80" | 0.001 195" loo2o* 0.18"
Error 336 | 3.78 0.15 0.44 0.08 1.7 0.001 | 00006 [0.001 0.02
_Significant at 0.05.level.
Significant at 0.01 level

The high values of variances dac to genotypes
(G) over those of the three interactions (G X S, GXL
and G X § X L) reflected high-performances for the
various genofypic populations under the different
locations and seasons or bath. Such a stability for the
various genotypes, suggested the possibility of
successfil selection and recommendation of superior
genotypes in most characters for the commercial
production. The same findings were noticed by several
investigators with another genotypes (Khalf-Allah,
1970; Cuartero and Cubero, 1981; Khalil ef o/.,1983;
Khnlf-AllahandKassem 1985; Younis et al., 1987
and 1988; Omara ef af., 1988, Ghosh ef al., 1996,
Kurisn and Peter, 1997).

Table (3) shows the means of the various studied
characters of the five parental cultivars and their F;
hybrids. Grand mean of each parent in all crosses was

detected to compare the general combining ability-

(GCA) of the parental cultivars. The means of the F,
hybrids were used to compare the specific combining
ability (SCA) of the various hybrid combinations as
well as to calculate the GCA of the involved parents
over the eight experiments as mentioned by Welsh
(1981),

The results showed gencrally that the Strain-B
cultivar (P») appeared to be the first or the second
good combiner for the characters of branches/plant,
fruit shape index and TSS percentage. It could be
observed that the lowest number of days to first flower
-did not -assure -the earliest number of fruits/plant.
However, Moncymaker cv. (Ps) was the best combiner
for the characters plant height and number of
fruitwplant, and might be considered the second good

and TSS of fruit's juice. The Supermarmand cultivar
was the best combiner for the characters branches
number, average fruit weight and TSS of tomato juice.
These resuits agreed, in general, with those reported
by Wahb-Allah (1995).

The highest specific combining ability (SCA)
values were reflected by the means of the F; cross
between Strain-B x Moneymaker (P, x Ps) for the
characters of early fruits/plant and total number and
weight of fruite/plant. An insignificant difference was
detected between the means of the two crosses Strain-
B x VF.N.8 (P> x P,) and Strain-B x Moncymaker (P2
x Ps) for the total fruits weight/plant. Means of some
crosies reflected moderate SCA values, such as
Strain-B with each of Castelrock and Supermarmand
(P2 x P, and P;) and Supermarmand x Moneymaker
(P> x Ps) without any significant differences among
their means of total fruit weight. Also, the F) crosses
of P, x P; and P, x P; gave the secord highest values
for the characters of early fruits/plant and total
fruits/plant, respectively. The results, generally,
reflected the relatively more importance of the non-
additive gene effects than the additive ones in the
inheritance of such characters. On the other hand, the
higher means of the parental cultivars than their
crosses, reflected the relatively higher importance of
general combining ability (GCA) of gene action than
the SCA ones, in particular characters, such as plant
height, number of branches, average fruit weight and
TSS . These resalts agreed 10 a great extent
with those reported by Tbarbia and Lambeth (1969),
Khalil er al. (1983), Khalf-Allah er ol. (1985) and
Wahb-Allah (1995).
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- Table 3. Character meng;s for the five parental tomate cultivars and their Fy's over ei

Total Fruit
;‘.“g“;t No.of | Daysto Ey;‘e'g el | g | AverEe m TSS.
Nypes cm ranches | 17 fower kg/plant | no./plant wi./plant ® /D v
Ge) ratio) |
P 52281 |702¢f |25.13h |L10i |21841 |188g | 86651 [126a |5421
Py xP, 53.99h [132d 24135 |1.S0b [3362c [3.00b | 8967i [123b (5.931g
P, xP; s6.73ef |874b |2638f |131f [2561i |263e {102.79d (1.06e |653cd
P, xP, 5696¢g|732d [2830e |133e [2827g |283d [10086e {1.08d (5.51;
P, xPs 6082d (105ef (24231 |i43c [36.14b [283d | 78521 {Lléc |[5.671
Grand mean™|57.12C [761B [2576D |139B |3091C [282D | 9296D|113A (591D
P: S471h [6.97¢f |2534gh |L.18h [21591 |205f | 9620f |L1Sc [623¢
Pox Py 5750e [864b 126317 |139d [27.73h |297bc [10751c [098g (6830
P, x P, 5589g (7.19de |3094b |134e [2072f [3.04a [10618c |101f [5.94fg
P,xP,  {6253c |699¢f (2381j [152a [3833a [3.13a | 8231k {1094 [6.08f
Grand mean [57.47C (7.53BC [2630C [144A [3235B [306A | 9517C[1.08B [6.19B
P 6011d (967a |2866d [0.861 |1379n |179h [12553a [077k [1.12a
Py x P, 60104 {883b (31.00b [1.101 [2375k |2.90cd [12224b |083j [6.44d
Py x P 6433b (84d4c [2547gh (126g [30.97¢ [297bc | 9404g 0917 l664c
Grand mean |5966B [866A [2729B (127E [2701E [287CD |10664 A [0.94E l661A
P, 5635fg [701ef (36632 {073m |1472m |184gh 1125032 0837 |5.18k
PuxP, 6262¢c 1691f (2994c [117h [3176d 12884 | 9152h |0.94h |84 gh
Grand mean |S889B [7.56B (3004 A [123D [2837D [2.94BC |103.95B [0.96D [5.93 CD
Ps 66.78a |657g [25.59g (1.00k ([2505j |1.84gh | 7337m|1.00g |576hi
Grand mean 16257 A [7.35C  [2586D [135C  {3430A [295B | 86.60E |1.02C }6.06 BC

Means of genotypes, andgrandmeansofeachchmrmhmngmmmnmmﬂudgmﬁmnﬂy using

DmmnsMulnpleRnngTestatOOSlevel
Pi acaﬂlmpz

Strain B, P> = Supermarmand, P,= VFN-8 and P; =

Mneymaker

" Grand mean of crossings between the first parent with the other 4 oncs.

Values of estimated heterosis percent over mean-
studied tomato characters are listed in Table (4). The
relatively high values of heterosis over mid-parent
were noticed for the characters of early vield/plant by
the Fi's of P, x P, and P; x P,, total fruits/plant by the
Fy'sof P, x Py, P; x Ps and P; x P, and total fruits
weight/plant by the Fi's of Py x P5, P, x P, P, x Ps and
Py x P,. The best values of heterosis over the best
parent were observed for the characier total
fruits/plant by the F,'s of Ps x P, and P; x Ps and total
fruit weight/plast from Py x P, Py x P, and Py x Ps.
Results of the previous characters proved the high
importance of the non-additive gene action,
comparing with the additive effects in controlling the
inheritance of such characters. However, the relatively
low positive values of heierosis for the characters
plant height, branches/plant, fiuit shape index and
TSS, reflected the importance of both the additive and
non-additive gene action in controlling the
inheritance of such characters.

The presence of heterosis for these characters
were also reported by Jamwal ef ol. (1984), Amadt and
Skiebe (1988) and Pratia er al. (2003), Moreover, the

obtained results confirmed generally the finding of
Gibrel ef al. (1982) who reported the superiority of
the non-additive gene effects over the additive opes in
determining the inheritance of tomato high yield.

The results in Table (5) showed that the
estimates of the general combining ability variance
(0% ) reflecied relatively higher values than those of
the specific combining ability variance (0,,,) in the
cases of the three characters; fruit size, plant height
and earliness of flowesing; suggesting that additive
gene effects seemed to be more important in the
inheritance of these characiers than the non-additive
ones. The closely estimated values of both (0% and
6".a) for the characters of branches nnmber, TSS%,
and fruit shape index, proved the equal importance of
both additive and non-additive gene action in the
inheritance of such characters. On the other hand, the
G’ Was observed to have higher estimated values
than those of oy, for the rest three characters, which
mdwatedcleaﬂyﬂwsupetmuyofm-addmwmc
effects over the additive ones on their inheritance.
These results agreed, in general, with those reported
by Khalf-Allah and Mousa (1972), Khalil et ol
(1983),Khalf-Allah and Kassem (1985) and Omara
et al. (1988).
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‘Table 4. Heterosls over mid

(M.P.)udimm;g]f«:- characters in crosses among S tosato cultivars,
Plant No. of Days o Eardy fruit wt | Fruits/plant | Froits wi/plant |  Fruit wt Fruit shape T.S.S.
Genotypes i branches 1" flower (Q ' (p index (L/D) %
MP. | BP. | MP. | BP. | MP. { BP. { MP. | BP. | MP. | BP. MP%.P. MP. | BP. | MP. | BP. | MP. | BP.
; X Pa 10 83 [-1.32 465 427 | 451 |-398 |33.19 {2697 | 7.13 | 7.05 |5293 14630 [-192 | -6.79 [1.65 -238 [1.72 |-4.81
1 X Py 0.86 {-562 |4.73 962 1193 497 [3645 (2292 [43.80 |17.26 {43.42 [39.82 [3.11 |18.12 |3.92 [-15.87 [4.15 |829
| x Pa 4.78 1.10  [4.35 427 |-836 1261 [4B44 2422 {5465 (2944 (5220 (5050 }-4.71 (1933 [2.86 [-14.29 [3.96 1.66
| X Ps 208 892 (375 | 043 [446 | 3.58 {3780 [33.68 |54.12 [44.27 52.12 {5035 [-1.89 | -9.38 0.88 <952 |143 |-1.56
2 x Py 16 1434 [385  |.10.65 |-2.56 3.87 [36.15 {17.56 |[56.76 |28.44 |[5496 4518 1303 [|-1436 (208 11478 [225 14.07
2 x Py 0.66 [-0.80 (286 267 013 [22.15 }40.29 |13.40 [63.66 |37.66 [61.74 |53.59 [4.01 [-15.08 202 |[|-12.17 (403 |-4.56
2 X Ps 294 |6.34 [3.25 029 |-648 |6.00 [3938 [29.09 |64.37 [s3.01 1.31 i53.10 }-2.92 |-14.44 |0.93 -522 |1.33 |-241
Py X Py 322 (002 [588 {869 [-505 |816 {3876 [28.24 16667 [61.35 07 |57.90 |243 | -262 375 000 472 |-9.55
2 x Ps 139 L366 1394 L1272 1612 1047 13555 12570 15947 (2363 07 [61.84 [-5.44 =25.09 |2.25 -5.00 {311 674
e X Ps 1711|624 {177 143 |3.76 1700 {3480 |16.13 [59.63 [26.75 (5642 [56.42 |-1.74 |-26.80 {217 6.00 k'lé 1.39
P, = Castlerock, P,= Strain B, Py = Supermarmand, P, = V.F.N-§ and P; = Moneymsker
Table 5. Esthmates of total variance components and heritab for the studied characters
Characters A Yo - by % o %
Plant height 016.768 007.960 00.290 79.20 4147
No. of branches/plant 000,895 000.399 00,005 45.14 44.58
Earliness of flowering 012235 005.165 01.565 55.02 4221
Total soluble solids* 000.305 000,143 00.011 50.50 46.88
Fruit size 266.600 111.340 36.370 5541 41.76
Fruit shape index 000.021 000.011 00.0002 5047 49.76
No. of fruit/plant 049.900 003.181 39.020 84.57 06.37
Early yield 000.053 000.004 00.036 74.90 06.98
Total yield 000.282 000.022 00.095 41.50 07.80
o', :total variance (phenotypic variance).

P : general combining ability vasiance.

o’ : specific combining ability variance.
h2,% : heritability in the broad sense,
h’% heritability in the narrow sense,

S00T (2) 05 594 Uy [ Ty
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The heritability estimates in the narrow sense (h’.)
for the various stdied characters were found to be in
the range of 6.37%, for number of fruits/plant and up
o 49.76% for fruit shape index. Conceming
heritability in the broad sense (h’n), the values ranged
from 45.14% for number of branches and up to
84.57% for number of fruits per plant. Such results
- indicatedt that a good progress in improving such
characters by phenotypic or genotypic selection could
be achieved, and the environmental factors can not
restrict the efficiency of the selection process (Gibrel
etal., 1982).

Finally, it may be concluded from the results of
for earliness, number of fruits/plant and total vield
were found to be that of the cross Strain-B x
Moneymaker, followed by Stain-B x VFN-8; which
could be generally consider=d the most important oncs
for all yield related characters.
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