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ABSTRACT

Twenty five processing tomato (Lycopersicon esculentum) genotypes including, 5
parents, 10 Fi's and 10 Fz generations were grown in eight envifonments, consisting of 2
iocations (Abbies & Banger El-Sokaer) and 4 seasons (summer and winter or two successive
years) to estimate phenotypic stabiiity of fruit weight, number of fruits, early and total )uelds The
model of Eberhart and Russel was applied in which the stability parameters b and S¢; that were
calculated for each genctype across the eight environments. In addition, the ovetall mean of each
genctype and * were considered. A stable genotype excelled for a particular trait when grown in
either favorable or unfavorable environments. A stable genotype for a given trait was defined as
cne with an individual mean greater than the grand mean'x > X, a regression coefficient (by) <1
{individual genoctypic mean regressed against environmental means), a nonsignificant deviation
mean squares from regression (8%), a coefficient of linear determination () > 0.50. The F1 hybrid
P2 x Ps gave the highest mean total yield (3.14 kg/plant) and it was stabie for all studied
characters under different environmental conditions. This hybrid when selfed gave an Fx (first
segregation generation) that gave the highest magnitude among the rest Foa} irricdal vield (2.56
kg/piant). The Fy hybrid P41 x Ps was stable fortotal yield, f-.its per plant and early vield, while, the
F1 hybrid Ps x P4 was stable for total yield, fruits per plant and fruit weight. Hertability percentage
was 85.88%, 90.13%, 93.40%and 97.23% for total yield, fruits/plant, early yield and fruit weight,
respectively. The results, generally, indicated that tomato genotypes could be differentiated for
phenotypic stability of vield and its components cor for adaptability to diverse environments,
Therefore, through stabiiity analysis, tomato plant breeders can identify hybrids or select
advanced breeding fines (parents) that express adaptability for number, weight and yield of fruits
to diverse environmental conditions.

INTRODUCTION

Tomato (Lycopersicon esculenfum, Mill) is one of the most important and
popular vegetable crops grown in Egypt. Recently, hybrid tomato cultivars were
extensively used in commercial production to increase quantity and quality of
fruit yield, though the F, hybrid seeds are much more expensive than the seeds
of open-pollinated cultivars. Tomato breeders usually focus on increasing fruit
yield and quality of the new introduced hybrids. Later, the stability of the fruit
yield across divergent environments attracted the attention of plant breeders.

Yield stability has a critical consideration in cuitivar development. Crop
cultivars with average, yet consistent, yield are generally more vaiuable than
those with outstanding potential, but whose yields fluctuate in time and space.
Selections for high performance in an optimum environment, generally, have
below-average stability; whereas, selections under less-desirable conditions
may result in the deveiopment of lines with above-average stability (Beaver et
al., 1985; Finlay and Wilkinson, 1963; George, 1975 and Pierce, 1968).
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A widely used method to test stability is that of Finlay and Wilkinson
(1963); where, a linear regression analysis was used for measuring a
genotype’s relative response to environmental variability.

The ability of some crop varieties to perform well over a wide range of
environmental conditions has iong been appreciated by plant breeders. So,
genotypes-environment interactions are of a major importance to the plant
breeder in developing high yielding and stable cultivars. This interaction is
usually present whether the cultivars are pure lines, single-cross or double-
cross hybrids. Allard and Bradshaw (1964) coined the terms predictable
environment and unpredictable environments. They reviewed the early work on
genotype-environment (GXE) interaction and discussed their implication in
applied plant breeding. Quantifying the GXE interaction was handied by severai
plant breeders (Lin ef al., 1988). Among the methods widely used, the linear
regression received the main attraction due to its simplicity. Eberhart and
Russell (1966) developed the two parameters methods to describe cultivar
stability. The first parameter is the regression coefficient “b” of cultivar mean on
environmental index calculated from the data; where the stable cultivar wouid
have “b” value = 1.0. The second parameter is the deviation from regression $%
which should be equal zero for a stable cuitivar. A third criterion, that was
introduced by Nguyen ef al., (1980) and applied by Stoffella ef al., (1984); is the
use of the determination coefficient r* as an indicator to stability. Genotypes with
1? greater than 0.50 wouid be considered stable.

Stability of tomato fruit yield was studied by Stoffella ef al,, (1984); Poysa
et al, (1986), Berry ef al., (1988), and Ortiz and lzquierdo (1944). They found
differences among tomato genotypes in their stability’ over different
environments. They, also reporied significant GXE (linear) and significant
pooled deviation, suggesting that genotypes had different slopes of regression.
The estimated  values in their studies were larger than 50%, indicating that
most of the total sum squares for each genotype could be attributed to linear
regression. Perkins (1970) observed significant H x Env. and (Pvs H) x Env.
interactions, where the regression was often positive and hence in the direction
of greater sensitivity to the environment, which means that the alleles conferring
greater sensitivity to the environment were dominant more often than the alleles
conferring lesser sensitivity. Ebehart and Russell (1966) and Russell (1968)
reported differences among maize single crosses for stability of yieid
performance. They showed that stability of performance of the hybrid appeared
to be partly a property of the inbred parent lines. Sprague and Federer (1951},
and Eberhart and Russell (1969) reported greater stabiiity of double-crosses
(broad genetic basic) over single-crosses (narrow genefic basic) and that the
GXE interaction for the double-crosses was much less than that for single-
crosses. '

Information about the causes of genotype-environment interactions are
lacking in tomato. Therefore, the present investigation was carried out to study
the genotype x environment interaction effects for fruit yield and its components
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in 25 genotypes of processing tomatoes (inciuding 5 parents, 10 F1 and 10 F2
of a (5 x 5) half diallel cross and the stability performance of those genotypes as
an average of eight different environments in North Egypt

MATERIALS AND METHODS

This study was carried out during the winter and summer seasons of the
years 1996-1999 to develop the genetic materials and to conduct the required
evaluation experiments at two locations in Northern Egypt. The first location was
Abbies area (Alexandria) as a clay soil and the second one was at the Bangar
El-Sokkar area (Nubaria) as a calcareous soil and represent newly reclaimed
tand. '

Development of genetic materials:- _

‘Five selfed processing tomato cuitivars, differing in several characters,
‘were chosen as parental materials. In the first season (Ociober 3, 1996), seifing
and hybridization among the five parents were carried out in a diallel cross
system in one direction o obtain enough seeds of ail possible ten hybrids and
new seeds of the five selfed parents. in the second season (April 2, 1997), 15
genotypes were used in a series of crosses and selfing to produce the different
genetic populations required for the evaluation trizls. The F; hybrid plants were
selfed to obtain the F, seeds. New seeds for the original parents and their F,’s
were also reproduced.

Evaluation of the genetic genotypes:-

The twenty-five tomato genotypes (5 parents, 10 F, generations and
their 10 F; generations) were evaluated in this study in four successive seasons
at two locations (8 environments) as shown in Table (1). A randomized
complete blocks design (RCBD), with four replications, was used in all
experiments. Each plot contained 20 plants in 2 rows. Each row was 4.0 m long
and 1.0 m wide and the plants were spaced at 0.4 m. The recommended
cultural practices for growing tomato were followed at the eght experiments.
Data recorded:-

1) Average fruit weight (g). estimated by dividing the total weight of all
harvested fruits / plot on their numbers.

2) Fruits number / plant: the total number of all harvested fruits from each plot
divided by the number of growing plants / plot.

3) Early yield (kg/plant). the total weight of all harvested fruits / plot in the first
four harvests was considered as a reliable measure forearly yield.

4) Total yield (kg/plant): the totali weight of all harvesied fruits in the whole
season.

Statistical analysis and estimation of stability parameters:

Combined analysis of variance for the eight environments (2 locations x
4 seasons) was computed as outlined by Al-Rawi and Khaif-Allah (1980) using .
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the SAS program. For the stability analysis, the 2 locations x 4 seasons were
treated as eight environments and another combined analysis was calculated as
given by Eberhart and Russell (1966). An -environmental index (%) was
calculated as the deviation of the environment (i) from the overail mean of all
environments. For each genotype, a linear regression equation was calculated
by regressing the genotype () mean (Y, in an environment (i) on its
environmental index (X,).

Three estimates of stability were calculated from each equation. The first
estimate was the regression coefficient (b) and according to Eberhart and
Russell (1966) this “b” value is an indicator of stabiiity. If “b” value appeared
equal to 1.0 it would indicate that the genotype is stable. The second estimate is
Sz,,, which is the s.s. deviation from regression divided by no. of environments-
2. The difference between $%,, and pooled error is another estimate of stability.

the o2 =S% .The third estimate, is the determination coefficient of the
T

linear regression r° and if significant it would be an indicator of stability (Gull et
al., 1989; Stoffella ef al., 1984 & 1995, and Ortiz and izquierdo, 1994). The
components of vanance indicated in the expected mean squares were
estimated according to Allard (1960). Heritability in the broad sense was
calculated as shown by Falconer (1989).

RESULTS AND DISCUSSION

Tomato vyield and its components were significantly affected by the
environments in which the plants were grown. However, the genotype-location
interaction {GxL) was not found significant in all characters, while both
genotype-season (GxS) and (GxIxS) were highly significant (Table, 2). These
would indicate that the ranks of the 25 genotypes were different from one
environment {0 another. The studied characteristics of the evaluated 25
genotypes, at the eight environments (2 locations x 4 seasons) were quite
variable and their means ranged from 20.1 to 32.4 for average no. fruits / plant;
from 88.5 to 105.9 gfiruit for average fruit weight, from 0.98 to 1.50 kg/plant for
early yield; and, for total yield, from 2.04 to 2.91 kg/plant (Data not shown).
Such a result suggested that the used genotype evaluation sites covered a
diversed range of favorable and unfavorable environments for production of
tomato.

Tomato fruit number, weight, early and total yields data were significantly
influenced by genotypes, and the averages of these characters ranged from
13.8, 73.5 gffruit, 0.73 and 1.84 kg/plant to 38.3, 125.5 gffruit, 1.52 and 3.14
kg/plant, respectively, as shown in Tables (4-7). However, it should be
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recognized that selecting the best genotypes can not be based upon the means
alone but the stability of these genotypes should be examined.

The analysis of variance for the stability testing is shown in Tabie (3). The
differences between the eight environments were generally highly significant.
The linear component of the genotype- environment interaction appeared highly
significant, suggesting that, at least, some of the b’s values for the 25 genotypes
would be significant. Such a result indicated that the responses of the variance
genotypes to the change in environment index were different from one genotype
to another. Also, the pooled deviation from regression for the 25 regression
genotypes were found significant (Table, 3).

According to Eberhart and Russell (1966) a stable genctype is that
which has a “‘b” value insignificantly different from unity (one) and §% value
insignificantly different from zero. Estimates of the three stability parameters, b
(linear regression coefficient) S (difference between S?,, and pooled error) and
¥ (determination coefficient for the linear regression) for the four characters
under study are shown in Tables (4-7).

With regard to total fruit tomato yield (Table 4), all $% values appeared
significantly different from zero which indicated that the studied genotypes might
be affected by the micro changes in the conditions of each studied environment.
The calculated “b” values indicated that 11 genotypes had positive and
‘significantly higher “b” vaiues than unity, indic<ting their instability across the
different environments, with better performances under the more favorable
conditions. On the other hand, 14 genotypes had “b™ value insignificantly
different from one which indicated their stability across the studied
environments. Among the five parents, only P, had a*“b’ value = 1.0 and was
considered stable according to Finlay and Wilkenson (1983) since “b” did not
differ from one. However, P, might be considered unstable according to
Eberhart and Russell (1969), and Stoffella ef al, (1984) since it had a
significant S%; and an r value less than 50%. Among the Fy hybrids, only P2 x P
appeared stable, as its b = 1.0. Also, the F, generations of P, x P; and P, x P,
crosses gave b values that did not differ from 1.0,

The estimated r* values were all above 0.50, except for only five
genotypes, which emphasized the reliability of the analysis to determine the
stability of the tested genotypes for total fruit yield. Accordingly, breeders would
select the genotypes which combine both high yield and stability. Among the 25
genotypes under test, the F; hybrid P, x P4 gave the highest yield (3.14 kg/piant)
and its b = 1.03 with = 0.72, indicating its stability for the macro changes in
the environment. Among the F. generations, P, x P4 was aiso the highest
yielding (2.56 kg/plant) with "b” value of 1.04 and r* = 0.75.

Aithough the F: hybrid (P, x Ps) was high in yield; however, its “b” value
was significantly more than 1.0, suggesting its response to the favorable
environments; meanwhile, it wouid be poor under the less favorable
environment. Furthermore, the later hybrid possessed also the highest tomato
yield in the F, generation and showed a similar stabifity response as that of its
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F4 generation. In conclusion, the hybrid P; x P, would be recommended for
extended production in different environments, including areas with relatively
poor production conditions such as in the newly reclaimed areas.

Generally, stability parameéters b, $%; and r* for number of fruits and early
yield per plant reflected similar frends as those of total yield per plant. With
regard to early yieid, Table (5), illustrated that the eariiest genotype was the F;
hybrid P2 x Ps (1.52 kg/plant), followed by the F, hybrid P, x P; and Py x Pg (1.49
and 1.43 kg/plant), respectively. The later two hybrids showed better early
yields and stability responses under the studied eight different environments,
than the rest combinations. in the F, combinations group, the populations Py x
P2 and P, x Ps had good magnitudes of early yield and stability responses under .
the different environmental conditions.

Data presented in Tabie (6) showed that the F, hybrid P, x Ps produced
the highest number of fruits (38.3 fruits / plant), followed by the F; hybrid Py x Ps
(36.5 fruits / plant). Both genotypes showed instability across the studied
environments and the ability for better performances under the favorable
growing conditions. The data of the F; and F; of these two particular hybrids
reflected good vigor and surpassed not only their mid-parenta! vaiues but also
exceeded the value of their highest parent Ps (24.8 fruits / plant) for that trait.

The biggest fruits (Table, 7) were harvested from P, the F; hybrid P; x
P, the Fy{ hybrid P; x P4 and P, (1255, 123.0, 122.2 and 1216 gffruit,
respectively). All the former genotypes refiected stability responses under the
different growing environments except P;. The high stability of fruit weight of the
mentioned hybrid populations might be attributed to the high stability of their
involved stable parent (P,). Moreover, the hybrid combination P; x P, was one
of the genotypes that had significant S°; values, indicating its response, for this
trait, to the mind variation in the conditions within each environment. However,
another group of genotypes gave insignificant S%; values and showed stability
across and within environments, such as the F, of P, x P4, accompanied by a
relatively high fruit weight.

The partitioning of variance into its components, presented in Table (8),
revealed that a large portion of the detected variances for the different
characters, was mainly attributable to genotypes. Broad-sense heritability
estimates gave some information on the relative magnitudes of genetic and
environmental variations (Duldy and Moll, 1969). Heritability percentages
ranged from 85.88% for total yield upto 97.23% for fruit weight. Depending on
these points of view, when the relatively high or moderate estimates of
heritability suggest relatively high or moderate estimates of expected genetic
advance for selection. It worth mentioning that the estimated heritability
percentage, herein, reflected a greater importance for the non-additive gene

- effects on the inheritance of these characters; as reported by Khalf-Allah (1970)

and confirmed by the finding of Gibrel ef al., (1982), who reported that non-
additive gene effects and genotype-environmental interactions were more
important in the determination of high yield than the additive gene effects.
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Comparing the means of the b's values for the three groups of
.genotypes (parents, Fy's and F,'s), indicated that the average regression for the
three groups were almost similar especially for total yield. it was expected that
the F.'s would be more stable than the F; due to their genetic heterogeneity.
‘However, this trend was not realized. This would indicate that stability in the
present materials is due to specific genes for stability. This would be supported
by the persistence stability showed by both the F; and F, generations of the P, x
P..

Plant breeders should consider stability analysis as a sound method of
identifying tomato cultivars or selecting advanced breeding fines for adaptability
to divers environmentat production conditions.
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Table (1): Seasons, sowing transplanting date in each location, average of temperature and relative humidity (RH) for eight

environments in Northern Egypt.

Environment Season Sowing date Transplanting date Location Air temperature* RH
Max. Min. (%)
E, Winter 97/98  Qctober5,1997  November 14,1997 Abbies caly 222 96 62.8
Ez Summer 98 May6,1998 June10,1998 « 34.1 242 718
Es Winterd8/99  October1,1988  November10, 1998 * 19.6 9.5 65
E4 Summerd9 My10,1999 June15, 1999 “ 327 204 736
Es Winter97/88  October5,1997  November 8, 1997 Bangar Eil-Sokkr - 237 13.4 68
calcareous
Es SummerSs MayB, 1998 June 5, 1998 .o - - -
E; Winter98/89  Octoper1,1998  November 4, 1998 “ 19.2 6.0 68
‘Eg Summer99 My10,1999. June 10, 1999 “ 33.2 15.7 703

*climate research Institute,
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Table 2. Combined analysis of variance for the 25 genotypes evaluated in 2

locations over 4 seasons.
MS
S.0V. df.
No. fruits/plant  Fruit weight  Earlyyield Totaf yield

Location (L) 1 7788.58* 1634.18* 9.03* 90.38™
Season (S) 3 597.03* 6945 90 2.83™ 1.60™
LxS 3 4.2 1318.90™ 1.59* 0.64™
Rep/LxS 24 3N 72.24 001 0.004
Genotypes {G) 24 1151.54~ 6800.40"* 1.207* 5.762*
GxL 24 30.14 15.83 0.016 0.108
GxS 72 101.46™ 187.57 0.281* 0.868*
GxLxS 72 17.86™ 48 .92 0.018* 0.125%
Ermor 576 0.438 19.14 0.0018 0.003

** indicates significance at the 0.01 level of probability.

Table 3. Combined anaiysis of variance for the stability analysis.

MS
SOV df. No. Fruit weight Early yield  Total yield
Fruits/plant (@) (kgpl)  (kgfpl)
Environment (E) linear 1 1811.76% 377550  3485%  13.870
Genotypes (G) 24 1151.54" 680040~ 1207 5762
G xE (linear) 24 11473 199.65% 00826 02182
. Pooled deviation 150 4374 84110 01372  0.4500"
pooledemor 576  0.438 19.14 0.0018  0.003

“* indicates significance at the 0.01 level of probability.
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Table 4. Mean, regression coefficient (b), deviation from regression (S%),
: and the determination coefficient () for fruit total yieid trait of 25
processing tomato genotypes.
Genotypes Mean b 52 o
Parents
Py 1.87 1.02 0.209* 0.44
P, 2.05 1.27* 0.039* 0.87
Ps 1.76 0.57 0.366™ 0.12
Pq 1.84 0.76 0.024* 0.79
Ps 1.84 1.33* - 0.102% 0.73
1 generation
Py xP; 2.99 1.30* 0.195" 0.58
P xPs 2.63 0.88 0.061* 0.67
Py x Py 2.80 1.35+ 0.136** 0.68
PyxPs : 2.86 1.24* 0.126* 0.66
Pz x P3 287 1.13* 0.159* 0.58
P2 x P, 3.14 1.03 0.067+ 072
P2 x Ps 3.13 1.09* 0.083" 0.69
Pax Py 2.94 0.68 0.304* 0.18
PaxPs 2.98 0.59 0.099* 0.36
PyxPs 2.88 0.78 0.009™ 0.91
F» generation
P,xP; 2.39 1.15* 0.122* 0.64
Py xP; 2.19 0.88 0.043* 0.74
Py x Py 2.33 1.24* 0.071™ 0.78
PyxPs 2.34 1.09* 0.139* 0.58
P xPa 2.32 1.04 0.082* 068
Pax Py 2.56 1.04 0.059* 0.75
Ps xPs 2.51 1.18* 0.066* 0.77
Pax P4 2.28 073 0.239+ 0.26
Pax Ps 2.39 0.87 0.046™ 0.72
PsxPs 2.32 0.81 0.002* 0.88
LSD 0.03

* b value is significantly higher than 1.0 at the 0.05 prob. Level.

** significantly higher than ¢ %, at the 0.05 prob. Level.
T
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Table 5. Mean, regression coefficient (b), deviation from regression (S%),
and the determination coefficient (%) for early yield trait of 25
processing tomato genotypes.

Genotypes Mean b 8% r

Parents

P, 1.07 -0.39 - 0.093* 0.06

P2 1.18 0.70 0.023* 0.45

Ps 0.85 1.08 0.006™ 0.88

P4 0.73 1.18* 0.029* 0.65

Ps 1.01 1.23* 0.011* 0.84

F4 generation

Pi x P 1.49 0.56 0.018™ 0.39

Pix P3 1.30 0.70 0.011* 0.61

P x Py 1.22 0.68 0.263* 0.07

Pt x Ps 1.43 0.87 0.033* 0.47

P.xPs; 1.39 1.21 0.016* 0.77

P, x Py 1.34 1.04 0.005* 0.88

P2 x Ps 1.52 1.57* 0.024* 0.79

P x P4 1.08 1.67* 0.035" 0.75

Pi:x Ps 1.26 1.99* 0.082* 0.65

Psx Ps 117 1.66* 0.037+ 0.74

F. generation

Py x P 1.29 0.41 0.027+ 0.19

PixPs 1.09 0.58 0.007* 0.01

Py x Ps 1.08 0.18 0.019* 0.08

P;x Ps 1.18 0.83 0.007** 0.77

P> x P 1.17 0.28 0.007* 0.83

P2 x Py 1.12 0.81 0.006™ 0.78

P2 xPs 1.26 1.05 0.012* 0.78

Pax Py 0.91 1.36* 0.022** 0.76

P3; xPs 1.09 1.54* 0.027* 0.77

P4 xPs 1.0% 1.49* 0.026* 0.77

LSD 0.02

* b value is significantly higher than 1.0 at the 0.05 prob. Level.

** significantly higher than

2
e

T

at the 0.05 prob. Level.
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“Table 8. Mean, regression coefficient (b), deviation from regression (S2,),
| and the determination coefficient (r*) for number of fruits/plant
trait of 25 processing tomato genotypes.

Genotypes Mean _ b S P
Parents
P4 218 1.35* 19.50* 0.66
P2 216 1.28* 6.48* 084
P; 13.8 0.09 18.20"* 0.01
Pa 147 0.28 5.66** 0.23
Ps ' 248 1.61* 23.90 0.69
F4 generation :
Py x P2 336 1.57* 2424 0.68
Py x P 256 0.71 3.46* 0.75
Py x P4 27.7 1.34" 4 86** 0.88
PsxPs : 36.5 1.65* 11,30 0.83
P x P; 27.8 0.85 7.38* 0.67
P2 x Py 29.7 1.03 5.34* 0.81
P, x Ps 38.3 1.53* - 1647 0.76
Pax Py 238 0.09 20853 0.01
Psx Ps 31.0 0.65 10.63* 0.46
Psx Ps 318 0.83 8.48™ 0.67
> generation
Py x P, 26.2 1.18* 14.60* 0.67
PixP; 21.3 0.73 2.78* 0.79
P11 x Py 228 1.24* 3.356™ 0.90
Py xPg 30.0 1.53 14.28* 0.78
P.xP; 21.8 0.81 5.16™ 0.72
P, x Py 242 1.04 434 0.84
P2 x Ps 30.3 1.38* 12.86™ 0.76
Psx Py 184 0.19 18.15* 0.04
Pax Ps 25.61 0.98 570~ 0.78
PsxPs 2586 o8 3.97+ 0.83
LSD 0.33

* b value is significantly higher than 1.0 at the 0.05 prob. Levei.
** significantly higher than 2 at the 0.05 prob. Level.
r
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Table 7. Mean, regression coefficient (b), deviation from regression (5%),
and the determination coefficient (%) for fruit weight trait of 25
processing tomato genotypes.

Genotypes Mean b % P

Parents

Py 86.6 0.51 -1.44 0.73

P, 96.2 1.50* 25.29* 0.73

P 125.5 1.67* 24 34* 0.75

Py 1216 0.21 176.25* 0.01

Ps 735 0.52 -3.59 0.89

F. generation

Py x Py 89.7 0.68 10.38* 0.52

Py xP; 102.8 1.44* 1.05 0.93

Pix Py 101.4 0.79 10.44* 0.60

P, xPs 785 0.47 3.32 0.84

PaxP; 107.5 1.95* 15.3* 0.87

P:x Py 106.2 1.28 0.37 0.92

P, x Ps 82.3 1.12 0.78 0.89

P; xPs 94.0 1.69* 13.63* 0.85

PsX Ps 915 1.31* 3583~ 0.60

F» generation

P, x P, 91.5 0.59 412 0.58

Py xPa 103.0 1.47* 1.48 0.92

Py x P, 102.2 0.88 4.06 0.76

Py x Ps 78.3 0.56 -4 15 0.95

P2 x Pa 108.0 1.96* 18.22" 0.87

P, x Py 108.5 1.37* 0.82 0.92

P, xPs 83.6 0.99 10.57* 0.69

Ps xPs 941 1.79* 9.06* 0.89

P4 x Ps 923 1.38* 37.08* 0.62

LSD 2.19

* b value is significantly higher than 1.0 at the 0.05 prob. Level.

* significantly higher than

2

C e

r

at the 0.05 prob. Level.
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Table 8. Estimates of variance components of genotypes {0°,), genotype x
season (0298), genotypes x location (0 ), genotypes x location x
season (c’gs), environment (¢°,) and hertability (H%) and genetic
advance (GA) for the studied characters. '

Characters ¢ g e s o H% GA

Fruits/plant 3243 1045 0768 4356 0438 90.13 11.12
Fruitweight 20562 17.33 0.000* 7.445 1914 9723 29.05
Early yield 0.023 0.033 0.000* 0.0041 00018 9349 0.30

Total yield 0.146  0.093 0.000* 0.031 0.003 8588 061

-* negative estimates for which the most reasonabie value is zere.

2 O_.’Z o_l O_z
0'2:0';+ £ By g T
s / Is rls

H% =2 x 100
o

A

GA =(k) (o)) (H %)
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