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ABSTRACT

In this study a complete diallel analysis was done under the condition of nematode infection, using
four different parental genotypes of Tomato. Mean squares of the studied genotypes were significant for all
studied parameters, which proves the presence of a considerable amount of genetic variation among studied
genotypes. Also, GCA and SCA mean squares were highly significant for all studied traits. This means that
both GCA and SCA were important in the inheritance of these traits. Likewise, reciprocal effect mean squares
were found significant for all the studied traits indicating that these traits are controlled by extra-nuclear
factors in addition to the nuclear factors. Also, data showed that significant SCA effects in demand direction
for most crosses in some studied traits. The estimations of (5gi) and (c2si) of the parental genotypes for all
studied parameters indicated that the genotypes used in this study are of great importance to improve most of
il the studied traits. The estimation of genetic parameters and heritability for all studied traits proved the

predominance of non-additive gene action in the inheritance of these traits. Results revealed that the cross
(Cherry x Castle Rock) is a superior hybrid, and it could be selected in the breeding programs to resist
nematode. Therefore, using this combination as started material for selection breeding program to produce
resistant root-knot nematodes genotypes.
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INTRODUCTION

Tomato (Lycopersicon esculentum) is one of the
most economically important vegetable crops in Egypt and
all over the world. It is considered as an important source
of vitamins A and C, minerals like Ca, P and Fe. Also, it is
a rich source of antioxidants (mainly lycopene and [-
carotene) which has a lot of health benefits, like reducing
the risk of heart disease and cancer (Bhowmik et al., 2012).

In Egypt, one of the most important pathogens
which affect tomatoes and cause major economic damage
is Nematode. It causes loss of yield ranges from 20 to 80%
(Abd-Elgawad and Askary, 2015). The plant growth
parameters correlated negatively with the initial population
density of Nematode (Mekete et al., 2003). Also, it reduces
the photosynthetic rates (Bali et al., 2018). These
microorganisms penetrate the roots of plant species and
migrate to the vascular cylinder, where they initiate a series
of changes in the root, resulting in the formation of galls
(or root knots) as well as the development of specialized
feeding cells, called “giant cells,” in their hosts. These
alterations grossly affect nutrient partitioning and water
uptake in the host (Roberts and May,1986). So, the use of
resistant varieties is the most practical method to control
these pathogens without increasing the cost of cultivation
and provides an economically and environmentally viable
approach for the management of nematodes. So, this
investigation aimed to study the genetic parameters and the
response of tomato genotypes (parents and their hybrids) to
the infection by M. incognita. , to select suitable parents
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and hybrids able to resist Nematode to use them in the
breeding programs in the future.

MATERIALS AND METHODS

An experiment involving Four parents of Tomato
(Solanum  Lycopersicon) viz., Advantage?2 (P1), Cherry
(P2), Fatma (P3), and Castle Rock (P4) and 12 single
crosses including reciprocals (6 crosses and their
reciprocals) were made among these parents according to
complete diallel crosses mating design. The seeds were
obtained denotaly from Dr. Sarah Elkomey, Vegetable
Research Department, Horticultural Research Institute,
Agricultural Research Center, Egypt. The Nematode
infection part of this work was done in the summer season
of 2019, at a private net house in Kafr Saad, Damietta
under the supervision of the Dept. of Genetics, Fac. of
Agric., Damietta University. All tomato seeds were
germinated in sterilized soil.

Preparation of nematode inoculation

Eggs of M. incognita were obtained from a pure
culture of M. incognita that was initiated by a single
eggmass and propagated on coleus plants, Coleus blumei
with the help of staff members of Agricultural Zoology
Department, Faculty of Agriculture, Mansoura University,
Egypt. These roots were washed by tap water, then soaked
in 1.0% NaOCI and manually shaken for 60 s. After that, it
was directly passed through sieves (500 mesh); the eggs
were collected carefully after washing with tap water
(Hussey and Barker, 1973). Finally, the number of eggs
was counted and used for inoculating tomato seedlings in
the following experiment. Experimental design
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The experiment was conducted under greenhouse
condition (29+4°C) using the Randomized Complete
Blocks Design with three replications. Forty-eight plastic
pots (15 cm in diameter) filled in individually with 1000 g
Sterile soil were transplanted with tomato seedlings. One
week later, 3000 eggs of M. incognita were added to the
plants.

Evaluation of traits

All the plants were harvested and uprooted after 45
days of nematode inoculation, and was used for
determining the following traits:

Plant growth traits

The tomato plant growth traits included: fresh shoot
lengths, fresh root length; fresh shoot and root weights; and
shoot dry weight were measured and recorded (AOAC,
2005).

Infection parameters

Number of juveniles stage (J2S) in soil/pot were
extracted by sieving and modified Baermann technique
(Goodey, 1957) counted by Hawksely counting slide under
100X magnification microscope, recorded, and then
determined for each pot / replicate. Infected roots were
washed with tap water, and then examined for recording
number of eggmasses and galls per root system/replicate.
The number of eggs in root extracted by soaking the root in
1.0% NaOCI and manually shaken for 60 s. After that, it
was directly passed through sieves (500 mesh); the eggs
were collected carefully after washing with tap water
(Hussey and Barker, 1973). Finally, the number of eggs
was counted under the microscope. R.F: Reproduction
Factor was calculated according to the following formula:
RF= Number of eggs and J; in roots and soil as a final
population (Pg)/initial population (pi), according to the
modified guantitative scheme of Canto-Saenz (Sasser et
al., 1984) and (Banora and Almaghrabi ,2019).

Statistical analysis

Data were subjected in order to test the significance
of differences among the four parental varieties and 12 F;
hybrids from 6 direct crosses and their reciprocals.
Differences among genotypic means for all studied
parameters were tested for significance using F test
according to Steel and Torri (1960).

Sum of squares for genotypes was partitioned
according to Griffing's Approach, method-1, model-1
Griffing (1956) into sources of variations due to GCA and
SCA. The variances of GCA (c?g) and SCA (c%) were
obtained based on the expected mean squares for all
studied parameters. Therefore, Additive (VA) and Non-
additive (dominance and epistasis) (VD) genetic variances

were estimated as follows: VA =206%g, VD= o%s and
Reciprocal variance was estimated as follow:
6’r = 1/2 (Mr - Me)
where
o°r : is the variance of reciprocal effects.
M, and M.: are the mean squares of reciprocal effect and error,
respectively.

Average degree of dominance: (Dd) was estimated
according to Matzinger and Kempthorne (1956) as
follow:
Dd= 222
Estimates of heritability in both broad and narrow
sense were calculated according to Singh and Chaudhary
(1985):

Vi +Vp Vy
hR2% = ——— and hZ %= —————
b7 " Y, + Vp + 02 577 Va+ Vp + o2
Where: o2 The variance of experimental error i.e. environmental

variance.
We are considered the negative values equal Zero.

RESULTS AND DISCUSSIONS

This study was done to differentiate and reinforce
the superiority among the different tomato genotypes under
the stress of nematode infection for growth traits and
infection parameters. For this purpose, four parents and
their 12 hybrids of Tomato were infected by nematode
then, all the studied parameters were determined. The
results obtained from the evaluation of complete diallel
crosses to evaluate the behavior of varieties in crosses also
helped to partition the genotypic variance to its
components. The genetic information of the studied traits
aimed to help in carrying out a suitable breeding strategy
for improving tomato genotypes able to be resistant to
nematode infection. Therefore, the obtained results and
their discussion will be presented in the following,

Data in Tables (1) and (2) illustrated the test of
significance of mean squares of all genotypes, indicated the
presence of highly significant differences among these
genotypes in all the studied traits which suggested the
presence of large variations among these genotypes and the
planned comparisons for understanding the nature of
variation and the determination of the amounts of heterosis
for these traits are valid, and therefore could be made.
Thus, the partitioning of the genetic variation into its
components could be made through the analysis of
complete crosses. Similar results were obtained by
Hamada et al., (2015).

Table 1.The analysis of variance and mean squares for growth traits.

SO.V d.f SLcm R.Lcm P.Lcm SWgm R.Wgm P.Wgm S.Dgm
Reps 2 42.146 187.9* 994 445 438 211 0.6
Geno(G) 15 1511.7** 204.8** 2276.9** 4550.3** 187.5** 5683.3** 50.1**
Error 30 42.74 419 98.2 47.0 12.2 479 131
Total 47

* **Significant at 0.05 and 0.01 levels of probability, respectively. S.L: Shoot length, R.L: Root length, P.L: Plant length and S.W: Shoot weight

,R.W :Root weight P.W: Plant weight and S.D : Shoot dry weight.

Table 2. The analysis of variance and mean squares for infection parameters.

S.0.V df (J2)/ sail No. of galls No. of eggmasses No. eggs R.F
Reps 2 21.1 55215.2 4284.0 785248.4 0.09
Geno(G) 15 71983.3** 1539362.5** 403764.4** 19723295.2** 2.27**
Error 30 63.9 32363.8 33935 355998.7 0.04
Total 47

*, **Significant at 0.05 and 0.01 levels of probability, respectively. (J2)/ soil: number of juveniles/soil, No. galls: number of galls / root: No. of
eggmasses: number of eggmasses / root, No. of eggs: Number of eggs /roots. R.F: Reproduction factor
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The means of the four parents versus their F;
hybrids and F, reciprocal hybrids were presented in Tables
3 and 4, respectively. The results showed that no specific
parent was superior or inferior for all the growth studied
traits. However, (P2) was the best one for shoot length and
total plant length. While (Ps) was the best genotype for
shoot weight, root weight and total plant weight. Finally
(P4) exhibited the highest mean for root length. On the
other hand, (P1) was a superior parent for all the infection
studied parameters which appears the least values. Also,
the reproduction factor for this parent was 0.22 and the
number of eggmasses was less than 20 which means that
this parent is resistant (Yaghoobi et al .,1995). Regarding
to F1 hybrids and their reciprocal hybrids, the results
showed that most of them generally exceed their two
parents, which participated in the hybridization. It also
appeared that some crosses exceeded their better parent,
such as the combiners (P2 x P1), (P4 X P1) and (P2x P.) for
all the growth studied traits. On the other hand, In general,
the cross (P2 X Ps) outstripped their better parent which
appears the least values for all the infection parameters
Also, the reproduction factor for this hybrid was 0.12 and
the number of eggmasses was one which mean that this
hybrid is resistant to nematode. Therefore, results showed
that means of most hybrids from direct crosses differed
significantly from that of their reciprocal crosses which
indicate the presence of maternal effects in inheritance of
these traits. Also, the cross (P2 x Pa4) is a superior hybrid,
and it could be used in the breeding programs to select
resistant nematode genotypes.

In order to understand the different types of genetic
effects that control the inheritance of the different traits of
tomato, the 6 F, hybrids and 6 F1 reciprocal hybrids were
setup in complete diallel crosses analysis of variance. The
degree of freedom and sum squares due to crosses were
partitioned into general combining ability (GCA), specific
combining ability (SCA) and reciprocal effect. The
combining ability importance in selective parents for
hybridization has been stated by a lot of researchers in
tomato. (Gautam et al., 2018) and (Vekariya et al., 2019).
The results of the analysis of variances and the mean
squares of combining ability for growth and infection
parameters are presented in Tables 5 and 6, respectively.

The results exhibited that mean squares of general
combining ability (GCA) and specific combining ability
(SCA) were highly significant for all the studied
parameters. These results indicated that both GCA and
SCA were important in the inheritance of these parameters.
Significant reciprocal effect mean squares were found for
all the studied parameters indicating that these parameters

were controlled by extra-nuclear factors as well as nuclear
factors.

Table 3. Mean performance of Parents and its Fi

hybrids for growth traits.
Parameters SL RL PL SW RW PW SD
Genotypes cm_ cm cm_ gm gm gm gm
P1 510 253 763 368 84 452 49
P2 990 310 1300 524 78 602 54
P3 846 270 1116 677 119 797 87
Pa 646 426 1073 451 114 565 6.8
P1x P2 796 473 1270 666 152 817 86
P2 x P1 1053 46.3 1516 106.6 14.3 1209 131
P1xP3 670 286 956 923 93 1016 113
P3 X P1 690 216 906 657 118 775 80
P1x Pa 830 423 1253 571 168 738 82
Pax P21 890 466 1356 764 362 1126 117
P2 X P3 836 356 1193 630 95 725 64
P3 x P2 886 340 1226 883 151 1035 121
P2x P4 1316 443 1760 1781 250 2030 199
Pax P2 130 423 1723 1254 274 1527 35
P3Xx Pa 620 370 990 445 85 530 42
PaXx Ps3 900 300 1200 1413 154 156.7 115
LSDs 108 116 163 125 569 112 19

S.L: Shoot length, R.L: Root length, P.L: Plant length and S.W: Shoot
weight ,R.W :Root weight P.W: Plant weight and S.D : Shoot dry
weight.

Table 4. Mean performance of Parents and its Fi

hybrids for infection parameters.
Parameters  (J2)/ No. of No. of No.

Genotypes s0il galls  eggmasses eggs RF
P1 40.3 22.3 8.7 621.73 0.22
P2 2433 169.3 122.0 12255 049
P3 151.7 17437 379.7 7948.6 2.7
Pa 705.7 1676.3 432.7 4189.7 1.63
P1x P2 251.3 869.7 212.3 48859 1.71
P2 x P1 3473 9543 156.7 57658 2.03
P1xP3 150.7 468.7 238.7 36744 1.27
P3x Py 101.3 6643 169.3 35115 1.20
P1x Pa 200.7 7130 284.7 4864.2 1.69
PaxP1 252.7 23117 1009.7 83675 2.87
P2 x P3 104.7 730.0 259.3 14733 0.53
Pz x P2 152.0 1033.7 301.7 49118 1.68
Pax Pa 49.6 25.0 1 3243 012
Pax P2 207.7 2008.0 1375.0 79781 272
P3Xx Pa 255.7 8520 412.0 28694 1.04
P4 x P3 1793  26.0 5.6 2563 091
LSD5% 130  305.6 118.1 10290 0.34

(J2)/ soil: number of juveniles/soil, No. galls: number of galls / root:
No. of eggmasses: number of eggmasses / root, No. of eggs: Number of
eggs /roots. R.F: Reproduction factor.

Table 5. The analysis of variance and mean squares for combining ability analysis for growth traits.

SOV d.f SLcm R.Lcm P.Lcm SWgm R.Wgm P.Wgm SDgm
GCA 3 1225.7%* 157.6** 1973.4** 979.8** T71.4%* 1269.6** 7.6%*
SCA 6 521.0** 81.5** 810.2** 2007.1** 81.4** 2607.6** 24.5**
Reciprocals 6 125.9** 10.4* 100.5* 1294.9** 39.1%* 1493.7** 13.5**
Polled Error 30 95 9.3 218 15.7 2.7 10.7 0.2

* **Significant at 0.05 and 0.01 levels of probability, respectively. S.L: Shoot length, R.L: Root length, P.L: Plant length and S.W: Shoot weight

,R.W :Root weight P.W: Plant weight and S.D : Shoot dry weight.

Table 6. The analysis of variance and mean squares for combining ability analysis for infection parameters.

S.0vV d.f (J2)/ s0il No. of galls No. of eggmasses No. eggs R.F
GCA 3 43716.3** 302671.7** 79707.3** 1501984.5** 0.19**
SCA 6 34179.2%* 522503.9** 80931.0%* 8720759.7** 0.99**
Reciprocals 6 3948.8** 608962.4** 215685.7** 6964327.3** 0.81**
Polled Error 30 213 10787.9 11312 118666.2 0.01

*, **Gjgnificant at 0.05 and 0.01 levels of probability, respectively. (32)/ soil: number of juveniles/soil, No. galls: number of galls / root: No. of
eggmasses: number of eggmasses / root, No. of eggs: Number of eggs /roots. R.F: Reproduction factor.
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General combining ability effects (gi) for each
parental line were estimated and the obtained results for the
studied parameters are shown in Tables 7 and 8. It could be
seen from these Tables that (P;) showed negative
significance for shoot length ,plant length , shoot weight,
total plant weight and shoot dry weight. (P2) showed
positive significance for all the growth traits except root
length and root weight. (P3) showed negative significance
for shoot length, root length, plant length, root weight and
plant weight. (Ps) showed positive significance for all the
growth traits except shoot length and root length. It could
be suggested that the parental genotypes (P2) and (Pa)
possess favorable genes to improve hybrids for growth
traits under the condition of nematode infection.

Also, it could be seen from these Tables for the
infection parameters that (P1) showed negative significance
for number of juveniles, number of galls and number of
eggmasses, while (P2) showed negative significance for
number juveniles, number of galls, number of eggs and
reproduction factor and (Ps) showed negative significance
for number of juveniles and number of eggmasses . It
could be suggested that these parental genotypes own
favorable genes to improve hybrids acting towards
nematode resistance.

Table 7. Estimates of general combining ability effects
(gi) of each parental lines for growth traits.

Trats SL RL PL SW RW PW SD
parents cm cm cm gm gm gm gm
P A18% 07° -124% 1447 0217 -146* 0.85*
P 160 29P 189*¢ 99* (002° 99*¢ 096*C
Ps 74P 0% 134% 28 3567 -64% -083°
Ps 327 38" 70" 74C 375C 1116 072*C
SE(g) 227 224 343 291 121 240 0.3%
LSD(gig) 486 48l 737 625 260 515 0851

* **Significant at 0.05 and 0.01 levels of probability, respectively. S.L:
Shoot length, R.L: Root length, P.L: Plant length and S.W: Shoot
weight ,R.W :Root weight P.W: Plant weight and S.D : Shoot dry
weight.

G (@eod) Denotes significant general combining ability effect in favorable
direction.

P(eoor) Denotes non-significant general combining ability effects in

favorable direction, significant and non-significant general
combining ability effects in unfavorable.

Table 8. Estimates of general combining ability effects

(gi) of each parental lines for infection
parameters.
Traits J2) No. of No. of No.
parents / soil galls eggmasses  eggs
P1 -39.0*¢ -138.4*¢  -745*C 343G  -0.02¢
P2 -12.2*6 -146.9*¢  -16.8°  -599.6*C -0.20*¢
P3 56.3*¢  16.0° -54.0%¢  289.1* 0.08 *°
P4 107.5* 269.3*"  1454*F  344.8* (0.15*°
SE(gi) 2.769 62.3 20.18 206.7  0.069
LSD (gi-gj) 5943 1338 43.32 4437 0148

*, **Significant at 0.05 and 0.01 levels of probability, respectively.
(J2)/ soil: number of juveniles/soil, No. galls: number of galls /
root: No. of eggmasses: number of eggmasses / root, No. of eggs:
Number of eggs /roots. R.F: Reproduction factor.

G @) Denotes significant general combining ability effect in favorable
direction.

P(eoor) Denotes non-significant general combining ability effects in
favorable direction, significant and non-significant general
combining ability effects in unfavorable.

Specific combining ability and their reciprocal
effects are demonstrated in Tables 9,10,11 and 12,

respectively. The results showed that significant SCA
effects in desired direction were noticed for most crosses in
some studied parameters as follows: The combiners (P x
Ps) and (P2 x Ps) were good specific combiners which
exhibited positive significant SCA effects for shoot length.
These crosses involved (poor x poor) and (good x poor)
general combiners as parents. While the combiner (P1 x P2)
was good specific combiner which exhibited positive
significant SCA effects for root length. This cross involved
(poor x poor) general combiners as parents. for plant
length; the crosses (P1 X P2), (P1 x P4) and (P2 X Pa)
respectively, have good specific combiners which
exhibited positive significant SCA effects. These crosses
involved (poor x good), (poor x good) and (good x good)
general combiners as parents, respectively. Meanwhile, for
shoot weight and total plant weight the combiners (P1 x
Pz), (P1 X Pa), (PzX P4), (P3 X Pl) and (P4X Pz) were good
specific combiners which exhibited positive significant
SCA effects. These crosses involved (poor x good), (poor
x poor), (good x good), (poor x poor) and (good x good)
general combiners as parents, respectively. Also, the
crosses (P1 x Ps4), and (P2 X Ps) were good specific
combiners which exhibited positive significant SCA effects
for root weight. These crosses involved (poor x good) and
(poor x good) general combiners as parents. For shoot dry
weight, the combiners (P1 X P3), (P2 X Ps), (P3 X Pa), (P3 X
P1) and (P4 x P2) were good specific combiners which
exhibited positive significant SCA effects. These crosses
involved (good x good), (good x poor), (good % good),
(poor x good), (poor x good) and (good x good) general
combiners as parents, respectively.

On the other side, The crosses (P1 X Pa), (P2 X P3),
(PzX P4), (P3 X Pl), (P3 X P4), (Pz X Pl), (P4 X Pl), (P3X Pz),
(Ps x P1) and (P4 x P2) were good specific combiners
showing negative significant SCA effects for number of
juveniles /soil which is desirable for nematode resistance.
These crosses involved poor x poor general combiners as
parents. For number of galls the crosses (P1 X Ps3), (P3X Pa),
(P4 X P1), (Ps x P2), and (P2 x P2) also exhibited negative
significant SCA effects. These crosses also involved (good
x poor), (poor x poor), (poor x good), (poor x good) and
(poor x good) general combiners as parents. Also, the
crosses (P3 X Ps), (P4 x P1) and (P4 X P2) exhibited negative
significant SCA effects for number of eggmasses. These
crosses involved (good x poor), (poor x good), (poor x
good) and (poor x good) general combiners as parents. For
number of eggs, the crosses (P1 X P3), (P2 X P3), (P3 X Pa),
(P2 X P1), (P4 X P1), (P3 X P2) and (P4 x P2) also showed
negative significant SCA effects. These crosses also
involved (good x poor), (good x poor), (poor x poor),
(good x good) ,(poor x good), (poor x good) and (poor x
good) general combiners as parents. Finally, for
reproduction factor, ,the crosses(P1 X P3), (P2x Ps), (Psx
Ps), (P2x P1),(P4 x P1), (Psx P2) and (P4 x P;) showed
negative significant SCA effects. These crosses also
involved (good x poor), (poor x poor), (good X good),
(poor x good), (poor x good) and (poor x good) general
combiners as parents. Similar results were obtained by
Jassim and Abood, (2018).
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Table 9. Estimates of specific combining ability effects
(Sij) of each cross for growth traits.

Traits SL RL PL SW RW PW SD
Crosses cm cm cm gm gm gm gm
P1X P2 215 850 106* 95~ 030 02 107
P1 X P3 106 429 32 146* 095 136+ 161%*
P1X P4 840* 525 136** -79 768 03 039
PoxPs 852 183 67 -130** 059 -124* 055
PoxPs  2548%% 054 260** 526%* 7.17*% 5Q7** 570**
PaX P4 59* 042 64 67 34T* 32 A3
SE Gij) 211 209 320 271 113 223 0202
[SDGijSK) 641 635 971 823 3423 679 112
LSD(ijsk) 688 681 128 883 3673 728 120

“"Significant at 0.05 and 0.01 levels of probability, respectively. S.L:
Shoot length, R.L: Root length, P.L: Plant length and S.W: Shoot
weight ,R.W :Root weight P.W: Plant weight and S.D : Shoot dry
weight.

Table 10. Estimates of specific combining ability effects

(Sij) of each cross for infection parameters.
J2) No. of No. of No.

Traits

Crosses /soil galls eggmasses  eggs RF
P1x P2 1385** 305.6** -598 18864 ** 0.67**
P1xP3 92* -2030** -30 -735.3** -0.24**
P1X P4 -539** 489.7** 240.7** 22320** 0.73**
P2x P3 -153* 1209 15.6 -5704* -0.20*
P2X P4 -1788** 23 2239** 3326 005
P3Xx P4 -459** -738.0** -217.8** -1991.2** -0.68**
SE (si)) 258 58.06 36.86 1926 0064
LSD (sij-sjk)  7.83 176.3 57.09 58472  0.195
LSD (sij-skl) 840 189.2 61.26 62747 0209

*, **Significant at 0.05 and 0.01 levels of probability, respectively.
(J2)/ soil: number of juveniles/soil, No. galls: number of galls /
root: No. of eggmasses: number of eggmasses / root, No. of eggs:
Number of eggs /roots. R.F: Reproduction factor.

Table 11. Estimates of reciprocal effects (rij) of each

reciprocal cross (F1r) for growth traits.

Traits SL RL PL SW RW PW SD

Crosses cnm_cm _cm_gm gm gm gm

P2x P1 -128** (050 -1233**-200** 044 -196** -223**
P3x P1 10 350 250 133* -126** 121* 166™*
Pax P1 30 217 517 O7* 970** 194 -176*
P3x P2 25 083 -167 -127* 283* -155* 283**
Pax P2 083 100 183 266* -123 264** 28*
P4x P3 -140** 350 -1050* 484** 347> 519** -368**
SE (rij) 523 518 793 672 2719 728 0916
LSD(rij-rki) 972 963 1474 1249 519 1030 170

***Significant at 0.05 and 0.01 levels of probability, respectively. S.L:
Shoot length, R.L: Root length, P.L: Plant length and S.W:
Shoot weight ,R.W :Root weight P.W: Plant weight and S.D :
Shoot dry weight.

Table 13. Variances of general combining ability effects
parental variety for growth traits.

Table 12. Estimates of reciprocal effects (rij) of each

reciprocal cross (F1r) for infection

parameters.
Traits (J2) No.of No. of No. RE
Crosses /soil alls  eggmasses  eggs '
P2x P1 A80** 424 278 -4400* -016*
P3 x P1 247* 979 348 815 004
Pax P1 -260** -7994** -3626** -17516** -0.59**
P3x P2 -237** -151.8* 214 -17192** 058**
Pax P2 -790*% -9915*  -687.0**  -38269** -130**
P4x P3 382 4129 2029 1532 0.06
SE (rij) 6.39 1439 46.61 4774 0.159
LSD (rij-rki) 1189 2676 86.6 8874 0.296

*, **Significant at 0.05 and 0.01 levels of probability, respectively.
(J2)/ soil: number of juveniles/soil, No. galls: humber of galls /
root: No. of eggmasses: number of eggmasses / root, No. of eggs:
Number of eggs /roots. R.F: Reproduction factor.

Tables 13 and 14 showed the estimation of general
combining ability variances (c?gi) and specific combining
ability variances (o%) of each parental genotype for
growth traits and infection parameters, respectively. The
results demonstrated that the largest values of 6°gi and o°Si
were detected in (Ps) for root weight and number of
juveniles / soils which indicated that this parent has
contributed to the inheritance of these parameters in some
hybrids. While (Ps) showed high estimation only of (c%g;)
for number of eggmasses which indicate that this parent
contributed to the inheritance of this trait in some hybrids.
Also, the results showed that the largest value of (c%gi ) for
shoot weight, total plant weight and shoot dry weight were
detected in (P1) which indicated that this parent has
contributed to the inheritance of these parameters in some
hybrids. As well, (P2) showed high estimation only of
(c%g;) for shoot length, total plant length, number of eggs
and reproduction factor which indicate that this parent
contributed to the inheritance of these parameters in some
hybrids. Finally, (Ps) showed high estimation only of (6?g;)
for root length which indicate that this parent contributed to
the inheritance of these parameters in some hybrids. These
explanations were in harmony with those obtained by
Hamada et al., (2015) and AL-Hamdany (2014).

(0°gi) and specific combining ability effects (6%si) of each

Traits SLcm R.Lcm P.Lcm SWgm R.Wgm P.Wgm S.Dgm
Parents 6’i  o©% o6’ o%si o’y o o 6%si 60 6% 6% 6 %si 6’y o
P1 1372 337 -087 547 1516 1447 2054 1750 -034 287 2121 1297 068 182
P2 2540 3587 6.96 336 3524 4073 950 15033 -0.38 246 96.0 1897.7 0.89 16.82
P3 54.0 500 347 661 1775 375 5.8 206.1 123 54 394 1703 065 281
P4 9.1 385.8 131 101 462 5446 524 1309.5 13.7 634 1225 19604 047 9.37

S.L: Shoot length, R.L: Root length, P.L: Plant length and S.W: Shoot weight ,R.W :Root weight P.W: Plant weight and S.D : Shoot dry weight.

Table 14. Variances of general combining ability effects
parental variety for infection parameters.

(o gi) and specific combining ability effects (¢%Si) of each

Parameters (J2)/ sail No. of galls No. of eggmasses No. eggs R.F

Parents 620 62si 62 c%si 62 6%si 620 6 %si 620 6 %si
P1 1522.3 110742 181419 1838275 -9946.7 304129  -62384 4503326.1 -0.0006 0.52
P2 1477  25672.0 205654  50623.8 348437.8 26613.8 352146.2 1960133.1  0.04 0.24
Ps 31621 12052 -755.4 2968458 724775 234889 761859 2378380.7  0.00 0.27
P4 115543 38786.1 71504.6  26877.3 1077757 30100.1 1114840 127282.8 0.02 0.001

(J2)/ soil: number of juveniles/soil, No. galls: number of galls / root: No. of eggmasses: number of eggmasses / root, No. of eggs: Number of eggs

[roots. R.F: Reproduction factor.
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Tables 15 and 16 exhibited the genetic parameters,
which included additive (VA) , dominance (VD) and
reciprocal effects (Vr) variances in addition to heritability
in broad sense (h?h%) and in narrow ( h?n %) sense , as
well as dominance degree ratio (D) which were determined
for growth and infection parameters . The ratio 6%/c%s was
lower than one for all studied traits, which indicated the
importance of non-additive gene effect in these parameters.
Similar results were obtained by Hamada et al., (2015) and
Mohamad et al., (2007). Also, the results showed that the
magnitudes of non-additive genetic variances (VD) were
larger than their symmetric estimates of additive genetic
variances (VA) for all the growth and infection parameters.
This suggests that dominance genetic variance played a
great role in the inheritance of all these studied parameters.
To confirm these results, the degree of dominance (Dd) has
been calculated, it exceeded one for all studied parameters.
Likewise, the estimation of heritability in broad sense
(h%bs%) were larger than their ones in narrow sense
(h?ns%) for all studied parameters. Moreover, the broad
sense heritability estimates (h?hs%) were more than 88.1 %
and larger than their corresponding narrow sense
heritability (h?ns%) which ranged from 3.8 % to 37.5% for
all studied parameters. These results confirm that non-
additive gene action is the predominance in the inheritance
of these studied parameters. Furthermore, the reciprocal
variance (c?r) was positive and lower than non-additive
genetic variance for all studied parameters which indicate
that these parameters were not only controlled by nuclear
genetic factors, but also the cytoplasmic genetic factors
play an important role in its inheritance. Similar results
were obtained by Hamada et al., (2016).

Tablel5. The relative magnitudes of different genetic
parameters for growth traits.

Traits SL RL PL SW RW PW SD

Parameters cm cm cm gm gm gm gm

c%y/o%s 0299 027 03 006 011 0.06 0.037
VA 3029 359 4852 2391 168 3134 138
VD 506.8 675 777.4 19836 773 2591.6 24.1
Vr 558 18 339 6357 175 7389 65
VE 1425 140 328 235 41 160 04
D 183 19 18 41 30 41 52
Hu% 983 881 975 990 959 995 983
Hn% 368 306 375 106 171 107 6.8

S.L: Shoot length, R.L: Root length, P.L: Plant length and S.W: Shoot
weight ,R.W :Root weight P.W: Plant weight and S.D : Shoot dry
weight.

Tablel6. The relative magnitudes of different genetic
parameters for infection parameters
Traits J2) No. of No. of No.

: R.F
Parameters  /soil galls eggmasses  eggs
6%g/c’S 0.160 0.071 0.123 0.02 0.022
VA 10923.7 729709 19644.0 345829.6 0.04
VD 341579 511716.0 79799.8 8602093.5 0.98
Vr 1963.7 299087.2 107277.3 3422830.5 0.40
VE 21.3 107879  1131.2 118666.2 0.013
D 2.50 3.745 2.850 7.1 6.678
H2b% 99.95 98.2 98.9 98.7 98.7
H2n% 24.2 12.3 19.5 3.8 4.2

(J2)/ soil: number of juveniles/soil, No. galls: number of galls / root:
No. of eggmasses: number of eggmasses / root, No. of eggs: Number of
eggs /roots. R.F: Reproduction factor.

CONCLUSION

Based on these results, it could be concluded that,
most of the studied parameters were shown to be mainly
controlled by non-additive effects and cytoplasmic genetic
factors. Good performance of the obtained hybrids may be
referred to additive x additive, additive x dominance, and
dominance x dominance (epistatic interactions). Therefore,
it is possible to suggest using the hybridization then
selection method to improve tomato genotypes to be able
to resist root- knot nematodes. As found in this study, some
crosses have the ability to resist nematode, with
considering using more resistant parents in these methods.
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