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‘ABSTRACT : The two F,'s; of the two tomato crosses Money Maker
x Castle Rock (MMxCR) and Carmeuco 200 x Peto 86 (C,,, x Peto);

and their parents were crossed with a group of 11 cultivars for each
of the two crosses , to get 11 families for Ly;, L,; and Ly sets of triple

test crosses. The produced 33 families for each cross were tested
under three micro-environments (30, 45 and 60 cmn, plant spacing).

Highly significant mean squares (M.S) for additive, dominance
and epistasis and their interactions with the micro- environments
were detected for final plant height, branch number, average early
fruit weight, early fruit number, early yield, average fruit weight of
total yield, total fruit number and total yield/plant; except those of
the interactions additive, dominance and epistasis x environment for
were fruit weight (in early yield) insignificant. Also, M.S. values for i
type and i type x environments were highly significant, except those
for early fruit weight and number in the two crosses, early yield in
cross 2 and total fruit number and total yield in the two crosses. For
j+1 type and j+1 type x environments, the M.S. values were all highly
significant, except that for early fruit number in cross 1. The
estimated values of D and H components (tested by x2) were found
homogenous in the three environments in the two crosses, except
those for H in cross 1 and D in cross 2 of plant height, D in cross 2 of
average early fruit weight and early yield in the two crosses, H in
cross 2 of average fruit weight in total yield, D and H in cross 1 of
total fruit number and total yield, and D of total fruit number and
H of total yield in cross 2. Estimates of VH/ D reflected mostly
partial dominance at all environments in the two crosses in the
studied traits, but some few cases showed complete or
overdominance. Results of the prediction indicated the presence of
promising portions of elite pure breeding lines that could be
extracted from the advanced generations of selfing the F,'s in the

two crosses, except for total yield in cross 2.

Key wards: Genotype - environment interaction (GxE), triple test cross (TTC),
additive, dominance, epistasis ,recombinant.
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INTRODUCTION

Tomato (Lycopersicon-escu-
lentum Mill.) is considered ‘one
of the most important vegetable
crops in Egypt. For improving
the yield and yield attributeg) in-
bred families are often produced
and evaluated as possible varie-
ties or as parents of hybrids.
The structure of genetic vari-
ability among inbred families at
different generations of selfing
depends on the way genes act
and varies according to the trait
selected. The knowledge of the

relative proportions of - genetic
components of variance is nec- .
essary for choosing the effecnve -
- environments. The j+] type epis-

breeding scheme.

The triple test cross method; __
(TTC), which is an extension of -
" epistasis

the North Carolina Design-3

(NCD II) of Comstock and
Robmson(1952) described by

Kearsey and Jinks (1968), to de-
tect and estimate additive, domi-

nance and epistatic components -

of the genetic variation has been
modified in various ways to
make the method applicable to
more complex types of materi-
als and to obtain more. informa-
tions about the material under
Perkins and Jinks, 1970; Per-
. -kins ‘and : Jioks, 1971; Ketata e

gl PTG Fiiks and VGG 197
- AChahal-and Jinks, 1978 Katiyar
* - and Ahmad, 1996; Tefera and

Peat, 1997; Singh et al., 1997).
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The modified design and analy-
-sis suggested by -Perkins and
Jinks (1971) and Jinks and Virk
(1977) provides information
about the interaction between
environments and additive,
dominance and epistatic effects
of genes at the micro-and mac-
ro-environmental levels.
Previous ‘works on tomato
detected .the . additive, domi-
nance and epistatic effects for
number of branches, final plant
height, fruit number / plant, fruit
weight / fruit and yield / plant.
Additive and dominance gene
effects were almost equally sen-
sitive to macro-and micro-

tasis was more sensitive to the
environments than the i type
(Singh and Singh,
1984). Moreover,  genotype-
environment interaction (GxE)
of tomato was also detected by
Poysa et al. (1986), Berry et al.
.(1988), Danne et al. (1991) and
Ismail (1997).

Present work was undertaken
to determine the relative sensi-
tivity of different kinds of gene
effects to different micro-envi
ronments. (Plant spacings) for
- some meirical traits in -two Lo-
mato triple test crosses. Predict-
ing fhexangc of inbed limes and
*the ) -of ‘mbreds, ex-
“vpevted to: ﬁﬁi ~outside- parental
“range, were also- considered.
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MATERIALS AND METHODS

The present study was car-
ried out at the Experimental
Farm at El-Khattara, Faculty of
Agriculture, Zagazig University
on the two tomato crosses Mon-
ey Maker (MM)xCastle Rock
(CR) as cross 1, and Carmeuco
200 (Cygp x Peto 86 (Peto) as

cross 2.The P, ,P, and F, of each

cross were crossed with 11 cul-
tivars (Schedule 1), to get three
family sets (L,;, L,; and Ls;; 11
family each); as the modified
triple test cross mating system
suggested by Perkins and Jinks
(1971),and Jinks and Virk
(1977).

The resultant 66 families
were evaluated under three mi-
cro-environments (30, 45 and
60 cm, plant spacings), in split-
plots in a randomized complete
block design, with three repli-
cates. The main-plots were de-
voted for plant spacings and the
sub-plots were for the triple test
cross families, in each cross.

_ This study was carried out
during the seasons of 1997/998
to the summer season of 2001.
Seeds of the four parental culti-
vars were sown on Oct. 28,
1997 in speedling trays and
the raised seedlings were
transplanted on Dec. 21, 1997
under a plastic house to produce
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seeds of F's for cross 1(MM x
CR) and cross 2 (CygxPeto).
Parents, F;'s and the 11 Ni-
cultivars seeds, for each cross,
were sown on July 7, 1998,
transplanted on Aug. 10, 1998
in 30 cm pots and kept under a
lath house during summer sea-
son. At flowering, crosses start-
ed on Sept. 5, 1998 between
each Ni-cultivars with P,,P, and

F, of each cross to produce
seeds of L,;, L,; and L,; families
for each cross, respectively.
Crosses continued until Jan. 25,
2001 to compensate the short-
age of some geneotypes seeds in
TTC sets.

- For the  evaluation trail,
seeds of the 11 TTC families in
L, Ly and Ly; sets for each

cross (33 genotypes) were sown
on Mar. 3, 2001 in a lath box
for each genotype and the raised
seedlings were distributed and
transplanted in the field accord-
ing to split-plot design with
three replicates, on Apr. 18,
2001 at El-Kattara Farm. The
sub-plot area was 4.5m? (3m
long x 1.5m wide) with uncul-
tured space (1.5m) between
each two adjacent sub-plots.
Fertigation and other cultural
practices were done as recom-
mended for commercial tomato

~ production in sandy soil farms.
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Schedule 1. Appriviation and source of the tomato Ni-cultivars,

Ni - cultivars

Appriv. Source
Name Group

Super Marmande land 2 SM  Daehnfeldt, Holland
Strain-B 1and 2 SB  Sun Seeds, Parma, Idaho, USA
Carmeuco 201 1 and 2 Ca01  Inter. Agric., Res., Argantina -
Aledo VF land 2 Aledo (Clause, France
Sun Drop I and 2 SD  Bruinsma, Holland
Super Strain-B land 2 SSB  Sun Seeds, Parma, Idaho, USA
Pearson Improved 1 and 2 Pl  Noord Scharwoude, Holland
Beef Stick land2 BS  American Seed, USA
Carmeuco 200 1 Cyo0 Inter. Agric., Res.,Argantina -
Peto 86 1 Peto  Peto Seed, USA
vC97-3 1 UC  Peto seed, USA
Money Maker 2 MM Yates, New Zealand Ltd.
Castle Rock 2 CR  Castle Seed, USA
Rutgers Select 2 RS American Seed, USA

Observations were taken on
four plants from each sub-plot
at- the end of the season to meas-
ure plant height and branch
number/plant. Early yield traits;
i.e.,average early fruit weight,
early fruits number/plant and
early yield/ plant. The first three
pickings were considered as ear-
ly yield, starting from 72-85
days after transplanting. Total
yield traits ;i.e., average fruit
weight, fruits number/plant and
total yield / plant were
_determined by the end of the
harvesting season.

"The obtained data were
subjected to the analysis of

variance according to Cochran
and Cox (1957), following the
used experimental design .

Triple test cross (TTC) anal-
ysis for crosses 1 and 2 under
30, 45 and 60cm (env. 1, 2 and
3, respectively) was carried out
separately, according to Kearsey
and Jinks (1968), to detect addi-
tive, dominance and epistatic
components of the variation.
The analysis suggested by Per-
kins and Jinks (1971) and Jinks
and Virk (1977) was followed
to get informations about the in-
teractions between environ-
ments and each of additive,
dominance and epistatic effects
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of genes at the micro-
environmental levels. Before
proceeding to the biometrical
analysis, the analysis of vari-
ance for L, L, and L, as well as

L, and L, types of families were

carried out separtely to obtain
the error variance for testing
epistasis, additive and domi-
nance gene effects.

Biometrical Analysis :

1.Detecting additive genetic
variance from North Caro-
lina design III (NCD-3)

The variance component of
sums (L;;+L,;) and its interac-

tion with environments was em-
ployed to detect the -additive
genetic component according to
Comstock and Robinson (1952).

2.Detecting additive genetic
variance from Triple test
cross system (TTC)
The variance component of

sums (L; + Ly; + Ly;, additive)

and additive x environment in-
teraction were detected and es-
timated, according to Kearsey
and Jinks (1968) and Perkins
and Jinks (1971), respectively.

3. Detecting dominance genet-
ic variation
The variance component of
difference (L;; - L,;) was used

to test the presence of domi-
nance variance.
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4. Testing of epistasis

The variance component of
epistasis (Ly; + Lo; - 2Lg;) and
epistasis x environment interac-
tion of families of each cross

- was used for detecting and esti-

mating the overall epistatic
component of variation. Both
the overall epistasis and its in-
teraction with the environments
were corresponding to 10 and
20 degrees of freedom, respec-
tively, which could be further
partitioned .into two items;
namely, i type (with 1 degree of
freedom for both i epistasis and
i epistasis x environment inter-
action) which detected the pres-
ence of additive x additive; and
the item j+1 (with 9 degrees of
freedom for j+1 epistasis and
19 degrees of freedom for j+1
epistasis X environment inter-
action ) which detected the pres-
ence of additive x dominance +
dominance x dominance, re-
spectively. The later item (j+1)
is the difference between the
overall epistasis and ‘i type of
epistasis.

5.Estimates of additive, domi-
nance and genetic ratios un-
der different environments

The genetic components of
variation can be estimated under
the different environments, to
show the effects of these envi-

| ronments on the estimates of
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ttmese measurements. ﬂle ex-
pected mean squares (EMS) for
additive (sums) and dominance
(differences) components of
variation according to Perkins
and Jinks (1971).

Estimation of Fr value, the
covariance between sums and
differences, has the expectation
of : cov (L;; + Ly; + Lg;)/ (Lys-
Ly;) = - 1/8 Fr. Where Fr means

the association dispersion of
dominant alleles in the parental
lines, having a minimum value
of 1, if all dominant genes are
associated in P; and minimum

value of -1,if all dominant genes
are associated in Py,

Correlation coefficient of
sums and differences (r, sums/
differ.) was used to compute the
correlation - coefficient between
(Lg; + Lg; + Lgy) and (Ly; - Loy
under différent environments in
this study.

6. Predicting the propertles of
- recombinant lines

The proportion of inbreds su-
perior to its F; or outperform
parental range (m), is equal to
the probability integral, corre-
sponding to the value of [d] / D;
whilst, the range of inbreds is
given by m + 2D (Jinks and
Perkins 1972; Jinks and Pooni,
1976)
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RRAULTY

Resuits of the present study
for the detection of additive,
dominance and epistasis genetic
components of variation, and
their predictions are presented
under the following topics.

1.Detection of additive, domi-
nance and epistasis
1.1 Plant growth traits , ,
Results in Table 1 showed
highly significant mean squares
for sums (additive; NCDIH and
'I'I‘C) and their mteracnons with
environment were detected for
plant height and branch number.
The differences (dominance)
and their interactions with the
environments gave also highly
significant M.S. values . Moreo-
ver, the additive effects resulted
from both the estimating meth-
ods were much higher than the
dominance effects. The interac-
tion of additive x environment
and of dominance x environ-
ment were less than that for the
main additive and dommance
effects.

The results in Table 1,

‘showed also highly significant

mean squares for epistasis (ove-
rall) and its two types(i and j+1),
and for their interactions with
environment. Moreover, i type
(additive x additive) and i type x
environment gave higher M.S.
values than the corresponding
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Table 1.
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Mean squares (M.S) of the variance components, additive
NCDIII (TC,; + L), additive TTC (L; + L,; + L,)), dominance

L) and epistasis (L,; + Ly; - 2 L)), and their interaction

with environments of the two triple test crosses sets for some

plant growth traits

Cross 1 : (MM! x CR2)

Cross 2 : (Cog0 3x Peto?)

“Ttems d.f. T p
Plant height  Branch Plant height Branch
(cm) . No.J/plant (cm) No./plant
(Ci+ Ty ..
Additive (NCDIID) 10 600.034%* 205.347**  193.758%* 180.659**
Add. NCDHI x Env. 20 58.060*%* 68.064%* 12.782%*  28.668%*
(@Cyi +Ty+ Ly
© Additive (TTC) 10 1019.926** 267.052%*  434,837%* 196.610%*
Add. TTC x Env. 20  126.036**  94.359%* 96.039**  55.389%%
Ty -La) : .
Dominance 10 265.806** 226.514%%  134.078%%  44.380%*
Dominance x Env. 20 62.217** ° 52.016%* 17.102%*  37.800%*
(@, +Cy-2 1Ly : R _
Overall epistasis 10 293.977** 352.891**  456.958%* 271.727**
i type cpistasis 1 733.366** 507.919%* 1276.067%* 616.216**
j +l type epistasis 9  245.156** 335919%*  365.946** 233.450**
Overall epi. x Env. 20 198.369%*  124.617%* 97.826**  59.386**
i type epi. x Env. 1 623.854%* 441.462%* 1156.476%% 582.788%*
jtltypeepi. xEnv. 19 175.975%* 107.941%+ 42,107+*  31.838%»
- Pooled error 196 3.520 8.107 3.393 6.838

bl nghly significant at 1% level of probability.
1: Money Makercv., 2: Castle Rock cv , 3: Carmeuco 200 cv, and 4: Peto 86.

values for j+1 (additive x domi-
" nance + dominance x domi-
nance), respectively in the two
Crosses.

1.2 Early yield and its compo-
nents

Data in Table 2 illustrated

the presence of  highly
significant effects for, sums by
both estimates, and for

differences were detected on
fruit weight and early yield in
the two crosses; except those for
fruit mimber in cross 1. On the
other hand, the M.S. values of
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Table 2. Mean squares (M.S) of the of variance components, additive
NCDII (L,;+ Ly), additive TTC (L,; + L,; + L), dominance
(LIl Lz.) and epistasis (Lj; + L, - 2 L,) and their interaction
with environments of the two triple test crosses sets for early

yield traits
Cross 1 : (MM x CRY) Cross 2: (Cygg 3 x Peto)
Items df Avgfruit FitNo.  Eary Avg.fruit  Fruit  Bardyyield/
weight  /plant  yield/plant  weight No./ plant
(gm) . (gm) (gm) plant (gm)

Lyi+Ly ,
Additive (NCDIII) 10 539.646** 067INS 9943737+  698.367%*  8.543** 60260.777**
Add.NCDIIxEnv. 20 106856NS 1143NS 9108928+ 64312NS 108SNS 10312.741%*

Ly +Ly+ Ly

Additive (TTC) 10 812.006** 1.480NS 14927.745%* 1461.043** 20.337** 129992.688+*

Add. TTC x Env. 20 186619NS 2837NS 159767485  114437ns  2532NS 26265975+

@i -Lyp)

Dominance 10 612.680% |84aNS  6913.699%% 2187.125%* [8.671%* 6454058+

Dominance x Env. 20 135819NS | ggaNS 4261653+  86959NS 929NS  8421.650+¢

@Li+ly-2 Ty

Overall epistasis 10 528856** 14.835%% 133965215+ 1526.051%% 15.406** 108859.588%+
i type epistasis 1 2543528 0g79NS 47076140 94.102NS  0255NS  927.208NS

j + type epistasis 9 559.356* 16.375%% 148327.170%+ 1685.156** 15381+ 120852.065%
Overallepi. xBnv. 20  639.501** 3063NS sgz3s800m  285.042%*  4819NS 28207.841%+

i type epi. x Env. 1 74974488 0425NS  3019.503* 163.584NS  0,006NS 1353.504N.S
pritypeepi. xEnv. 19 633962 304NS 20061260  263013*  5068NS 29621227+
Pooled error 196 195346 4493 717502 78783 3472 550052

NS, * #*, Ins ificant , significant and highly significant at 5% and 1% levels of
bility, respecﬂvely
1: Money Maker cv. : Castle Rock cv , 3: Carmeuco 200 cv, and 4 : Peto 86.
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the interaction effects of addi-
tive x environment and domi-
nance x environment on fruit
weight and fruit number were
insignificant in the two crosses.
The results illustrated also that
highly  significant additive,
dominance and their interac-
tions mean squares, for early
yield, were detected. Moreover,
the main effects of the two com-
ponents of variance were found
higher than their corresponding
interactions with the environ-
ments.

Concerning epistasis (Table
2), the overall epistasis and its
interaction X environment gave
highly significant, except that of
epistasis x environment for fruit
number in the two crosses. The
j+1 type was found significant,
but i type was insignificant for
early yield and its components.
The j+l1 type of spistasis x
environment was also signifi-
cant for fruit weight and early
yield; but was not so for fruit
number, in the two crosses. On
the other hand, i type x environ-
ment was insignificant for all
early yield traits; except that for
early yield, in cross 1 only.

1.3 Yield and its components

Results in Table 3 revealed
that mean squares values by
both estimates for sums and cs-
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timate for differences and their
interactions with the environ-
ments appeared highly signifi-
cant for yield and its compo-
nents in the two crosses.
However, the main effects of
additive and dominance were
higher than those for the inter-
actions of the two components
with the environment.

The results of the detected
epistasis (Table 3), show that
overall epistasis and epistasis x
environment mean squares were
highly significant for all yield
traits in the two crosses. Of the
two interaction components, j+l
type and j+l x environment
mean squares were also highly
significant for all yield traits in
the two crosses. But, 1 type
showed insignificant M.S. val-
ues for total yield / plant , in
both crosses , and for fruit
number /plant, in cross 2. Insig-
nificant values also detected for
i type x environment for total
yield / plant in cross 1 and for
all traits in cross 2.

2.Components  of
Variation
2.1 Plant growth traits

The results in Table 4 indi-
cate that the estimates of D and
H for plant height and branch
number in the two crosses were
relatively different at the differ-
ent environments . Testing the

Genetic
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Table 3. Mean squares (M.S) of the of variance components, additive
NCDII (L,+ Ly), additive TTC (L;; + Ly; + L;), dominance

(L,; - L) and epistasis (L,; + Ly - 2 L) and their interaction
with environments of the two triple test crosses sets for yield

traits
Cross | : (MM x CR2) Cross 2: (Cygg 3x Peto?)
Items df. - Avg.fruit FraitNo./ Yield/plant Avgfruit  Friit  Yield/plant
weight plant (gm) weight  No./plant (gm)
(gm) (gm)

Li+1y

Additive (NCDII) 10 1167667+ 365.836** 681071.260% 1031.934** 366326+ 1684200.493+*
Add.NCDIExEnv. 20  51867** 67.981% 228842080%¢  31.379** 16379  138793.951%*
@i +Ly Lg)

Additive (TTC) 10 1708.444%*  554,108* 991720.867+ 1963.341%* 991.925%+ 3591805.900**
Add. TTCxEnv. 20 105741** 117711%% 484011.547%%  BA.689** [73.890v+  180458.651%*

(LI ']"Zi)

Dominance 10  885.833%* 222.604** 1163537.150%+ 1458.194%* 244.115++ 2086143.614%*
Dominance XEnv. 20  20897** s7.155% 266487.279%¢  1S611%* 20.111%%  84358.418%+
L + 02 0y

Overall epistasis 10 1097.139** 1102.203%¢ 4123721.717** 1064.983%¢ 43] 842+ 3799348621 ++
i type epistasis [ 27L559%  3106%  91056733NS 24058  6213NS  30665.737NS
j+ltype epistasis 9 1188.870%% 1220547+ 4571795.604% 1180.637%* 479.134%% 4218091.164**

Overallepi. xEnv. 20  473.498%* 118915** 958301.234** [62.766** 80.520** 351330.759**
itypeepi. xEnv. | 168.480** 34.105** 7970918NS  11.424NS  0102NS  19262.664NS
jHltypeepi. XEAv. 19 489.552%% (233700 008318619 1T0.731%* 847530  368808.027%%

Pooled error 196 8567 9712  32009.727 5540 10415 47734.835

tiooc

Nse*; Insignificant, and highly significant at and 1% level of probability,
respectively.
1: Money Maker cv., 2: Castle Rock cv , 3 : Carmeuco 200 cv, and 4: Peto 86.
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Table 4. Estimates of additive variation (D), dominance variation (H) ,

degree of dominance: (V'H /D), covariance sums / differences
(Fr) and correlation (r) between sums and dlfferences in the
two tomato triple test crosses under different env:ronments
- for some plant growth traits

haracter Plant height (cm) Branch No. / plant
Env.! Env.2 Env.3 Overall Env.1 Env.2 Env.3 -Overall
Parameter .

Cross t (MM' x CR?)

D 531024 505755 235.320 264856 233.704* 153.154 68.913 . 51.168
22 1764 : 3.397
H 3673 366.564% 284260 90488 129326 125.572 75.649 77.555
P 9.638% 0816
VH/D 029 085 L1l 058 073 091 105 123
Fr 27172 94131 712126 65172 541.49 426.55
r 063 017 -021 028 030 -0.44
Cross 2 (Cyg* x Peto*)
D 418623  99.887 108.404 100385 132.462 114918 60.009 41.840
2 6.705* - 1.588
H 50648 42781 74853 51992 64.747* 29.963* 25042*  2.928
2 0.816 2.581
VH/D 035 065 083 072 070 051 065 026
Fr 1123433 -325.50 -439.26 -345.54 -381.15 -133.00
I . D64 037 037 0.64 037 037

* 2 significant at the 0.05 level of probability .
- 1-: Money Maker cv:, 2:CastleRock cv , 3: Carmeuco 200 cv, and 4 ::Pete 86



732

heterogeneity of estimated D

values for plant height, using %2,
illustrated that the three esti-
mates for D were homogeneous
in cross 1 and heterogeneous in
cross 2. In the later one was
highly affected by environment
1 and was also confirmed to be
significant, when tested against
overall, using F- test for equali-
ty test of variances; but the oth-
er D variances, in the two cross-
es, were homogeneous. H
estimates for plant height were
heterogeneous in cross 1 and
homogeneous in cross 2, using
the two tests of hometerogeniety
of variances. The gene expres-
sion of this trait, as shown by
dominance  ratio  (VH/D),
reflected a partial dominance
(VH/D<1) under all environ-

ments in the two crosses, except
for cross 1 under environment 3

(60 cm) which showed a com-

plete dominance. For assessing
the gene expression using Fr,
this covariance was negative at
environments 1 and 2 in cross 1
and in the three environments,
in cross 2; indicating that the
recessive alleles were more fre-
quent than the dominant alleles,
irrespective of whether these are
increasing or decreasing in their
effects. Moreover, the respec-
tive r values having opposite
signs (positive), indicated also

Gad, et. al. |

that the expression was mostly
due to recessive alleles.

For branch number, Table 4
illustrated that D and H esti-
mates, at the three environments
in the two crosses, were homo-

geneous, using %2 - test, and did
not generally differ from over-
all in each case. But, D in envi-
ronment 1 in cross 1 was found
significant when tested against
overall and gave an increased
value under this environment. H
in cross 2 under all environments
differed significantly from over-
all. The ratio (VH/D) reflected a
partial dominance on the inheri-
tance of branch number at envi-
ronment 1 in cross 1 and at the
three environments in cross 2.
But for environments 2 and 3 in
cross 1, the expression was a
complete dominance. Fr values
were found negative and r val-
ues were positive at environ-
ment 1 in cross 1 and at the
three environments in cross 2,
indicating that the recessive al-
leles were more frequent than
the dominant ones. But in cross
1 at environments 2 and 3 , Fr
was positive and are was nega-
tive showing dominant genes.

2.2 Early yield and its compo-
nents
Results in Table S show that
the estimates of D and H at the
three environments did not



Table 5. Estimates of additive variation (D) , dominance variation (H)., degree of dominance (V H 7D), covariance sums /
differences (Fr) and correlation (r) between sums and differences in two tomato triple test cross, under different
environments, for early yield traits

w Cross 1 (MM! x CR?) Cross 2 (Cygq° X Peto?)
Parameter Env. 1 Env. 2 Env.3 Overall Env. 1 Env.2 Env.3 Overzall

_ Average fruit weight
D 550.044 466.119 168.926 170.48

8 619.852 682.052 388.430 389.544
2 2.250 7.528*
ﬁ 407.526 239.661 237.130 189.720 647.094 841.296 872.704 919.231
2 1.456 0.706
3 H/D 0.86 0.72 1.19 1.05 1.02 1.11 1.50 1.54
Fr 1414.48 6381.34 1740.21 2932.07 5423.57 1653.35
r 0.22 -0.87 -0.65 . 035 -0.54 0.21
Early fruits number / plant
D 1.647 "1.718 3.802 -0.456 5.561 7.779 12.087 5.208
2 . 3.397 0.838
ﬁ 0.601* 0.446 2.243%* 0.144 6.654 5.073 8.798 7.784
2 . 0.926 0.243
‘v H/D 0.60 0.51 2077 0.562 1.09 0.81 0.85 1.223
" Fr . -6.10 -2.19 -4.39 -20.06 -8.76 -3.64
r ’ 0.46 0.19 0.11 0.25 0.11 0.03
Early yield / plant
D 13108.718* 15445.552*% 24584.220% -1 46?. (1) gg 2569313.750% 35874.490 122324.400* 305 lg.ggg*
2
ﬁ 2654.293 2125.099 10618.214 1582.924 21230.427 19248.517 72776.200 767560.759
2 40.251 5.690
5 H/D 0.45 0.37 0.66 0.09 0.73 0.77
Fr -52599.95 43700.84 83716.27 -14395.42 17736.31 319144.58
r 0.67 0.57. -0.39 0.01 -0.05 0.25

* %2 significant at the 0.05 level of prodability .
1: Money Maker cv., 2: Castle Rock cv , 3: Carmeuco 200 cv, and 4 : Peto 86.
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significantly differ, and ap-
peared homogeneous for aver-
age early fruit weight and num-
ber, using y2- test, except D in
cross 2 which reflected hetero-
geneity for average fruit weight.
These values did not also differ
from overall D and H in the two
crosses, except H at environ-
ments 1 and 3 in cross 1 for
number of fruits. The expres-
sion of fruit weight, as assessed
by VvH/D, was mostly a complete
dominance for fruit weight at
environment 3 in cross 1 and at
all environments in cross 2. At
environments 1 and 2 in cross 1,
a partial dominance was detect-
ed. In this respect, Fr values was
positive and r was negative, in-
dicating the presence of more
dominant genes and that the par-
ents contained most of dominant
genes. Fruit number, showed a
partial dominance in the two
crosses at all environments, ex-
cept that at environment 1 in
cross 2, which showed a com-
plete dominance. Fr and r values
for this trait were positive and
negative, respectively. It indi-
cates that the dominant alleles

were more frequent than the re-

cessive ones and the parent had
most dominant alleles.

For early yield (Table 5),
data reveal that values of D in
cross 1 and H in the two crosses

Gad, et. al.

had significant 42, so they were
heterogeneous under the three
environments. But, those for D
in cross 1 were homogeneous.
However, the three values were
significantly differed from their
respective overall. The values of
the degree of dominance (VH/D)
indicated the presence of a par-
tial dominance of all cases, ex-
cept that for environment 1 in
cross 2 which showed an ab-

" sence of dominances (r = 0).

Data for Fr and r values showed
positive and negative signs, re-
spectively, at environments 2
and 3 in the two crosses and

‘negative and positive, respec-

tively at environment 1 in the
two crosses. These results indi-
cated that ,with wide plant spac-
ing, the dominant alleles were
prevailed.

2.3 Total yield
components

Results in Table 6 show that,
the estimates of D were homo-
geneous and heterogeneous in
the two crosses for fruit weight
and total number of fruits, re-

and its

spectively. Also, they did not

differ significantly when tested
against their respective overall.
For H values, they had homoge-
neous and heterogeneous vari-
ances in crosses 1 and 2, re-
spectively for fruit weight and
vice versa for fruit number.



Table 6. Estimates of additive variation (D) , dominance variation (H) , degrée of dominance (¥ H /D), covariance sums /
differences (Fr) and correlation (r) between sums and dlfferences in two tomato triple test cross, under dxfferent
environments, for total yield traits.

w Cross 1 (MM' x CR?) Cross 2 (Cygq® x Peto*) '
Parameter Env. 1 Env. 2 Env. 3 Overall Env. 1 Env.2 Env.3 Overall
. Average fruit weight - :
D 951.883 499.239 468.803 473.491 691.841 746.224 694.654 555.691
2 1.544 0.022
ﬁ 558.567 266.239 - 287.898 382.340 565.355 468967 ~ 455.094 641.152
2 1.654 8.271*
3 H/D 0.77 0.73 0.77 0.90 0.90 079 0.81 1.07
Fr 611422 4140.96 3862.40 ‘ 5997.02 4246.11 6262.71
r . -0.63 -0.85 -0.79 -0.72 054 0.84
Fruits number / plant .
D 63.440 137.221 588.839+ 128.659 201.037 905.727 232.961 241.013
2 12.131* - T7.102%
ﬁ 31.892 77.589 227.432 72.568 88.010 107.447 88.88 97.509
2 8.822+ 0.132
6 H/D 0.71 0.75 0.62 0.75 . 0.66 0.34 0.62 - 0.64
Fr -115.99 -286.17 117.97 1175.07 161058 1327.49
r 0.19 0.21 0.24 -0.66 0.39 0.69
_ Total yield / plant
D 129163068.40* 474101215 1299704. 51 14656465 .638 737016.067 1235418.095 1980289.536 101584.321
2 ' 586* : 2.294
ﬁ 284858.121  882031.778 1966319.938+ 398688. (%968 _653100.137 1027554.58 102755.58 881860.160
‘ 8 . 8.006*
5 0.0s 1.36 123 . 1.65 0.94 091 0.73 0.93
Fi 2416904968 -1175248.32 4097141.84 6343408.60 8467901.56 14614856.26
r . -0.30 0.14 0.19 - 069 0.56 0.76

* xz slgmf' cant at the 0.05 level of probability .
1: Money Makercv., 2: Castle Rock cv , 3: Carmeuco 200 cv, and 4 : Peto 86.

£00 (€)'ON 0" 10A “s3Y 143y~ [ 3zv3vZ
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However, all H values in the
two crosses in both traits did
not differ from their respective
overall value. The degree of
dominance estimates (VH/D) for
both traits indicated the pres-
ence of partial dominance in
their inheritance. The values of
Fr and r showed positive and
negative signs, respectively, for
fruit weight in the two crosses,
indicating that the dominant al-
leles were more than the reces-
sive alleles and the parents con-
tained most dominant genes
irrespective of their effects.
Similar behaviour was observed
for fruit number at environment
3 in cross 1 and at the three en-

vironments in cross 2, and oppo--

site behaviour was detected at
environments 1 and 2 in cross 1.

For total yield (Table 6), het-
erogeneity of D variances in
cross 1 and H variances in the
two crosses were observed.
While, D variances in cross 2
were homogeneous, using x2-
test. The values of both esti-
mates in the two crosses did not
differ from their respectve over-
all value, except that for D in
environment 1 in cross 1. The
dominance ratio (VH/D) differed
according to the environment
and in the two crosses. It also
showed an absence of domi-
nance at environment 1 in cross

Gad, et. al.

1, partial dominance at environ-
ment 3 in corss 2, a complete
dominance at environments 1
and 2 in cross 2 and an over-
dominance at environments 2
and 3 in cross 1. Moreover, Fr
and r values showed that the
dominant alleles were more fre-
quent, and the parents contained
most of the dominant genes, un-
der the different environments;
except at environment 1 in
cross 1.

3.Predicting the Proportion of
Superior Pure Breeding
lines

Since the tomato is an autog-

amous crop, and selfing is pre-
vailing for an infinit number of

- generations, the population de-

rived from an F, would be heter-
ogeneous and had a large num-
ber of homozygous lines. There-
fore, prediction of the inbreds
expected to fall beyond the pa-
rental range and superior to it or
to their F; was computed.

3.1 Plant growth traits

Results in Table 7 show that
environment 1 in the two cross-
es relflected a wider expected
range of inbreds that could be
extracted from F,, compared
with that for environments 2
and 3, and that for environment
2 was a relatively higher than
that for environment 3. The
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Table 7. Predected range of inbreds expected to fall outside the parental
range, for tomato plant growth traits under the studied different
environments

Parameter ~ Range of inbreds Probahility ~ Proportion of

Character, mt 2 ‘/-D h/VD ggtzgggspﬂgltﬁl
cross and range (%)
environment
Plant height : o
Cross 1 ( Money Maker x Castle Rock; MM x CR)
Env. | 26240-118.418 0034  48.64
Env.2 44212-134.168  -0.102 4594
Env. 3 66.660 - 128.020 0.289 38.63
Cross 2 ( Carmeuco, 200 x Peto 86 3 Cyo0 X Peto)
Env. 1 34.839 - 116.681 -0.015 45.42
Env.2 72.551 - 112.529 0.035 48.60
Env. 3 81.517 - 123.163 0.832 20.28
Branch No. ,
Cross 1 ( Money Maker x Castle Rock; MM x CR)
Env. ] 6.415 - 67.565 -0.021 49.16
Env.2 21.929 - 71.431 -0.558 28.84
Env. 3 34.167 - 67.373 -0.963 16.76
Cross 2 ( Carmeuco, 200 x Peto 86 ; Cy x Peto )
Env. 1 14.342 - 60.378 0.085 46.71
Env. 2 22.552 - 68.588 -0.465 32.10

Env. 3 33.947 - 64.923 0.602 27.36
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expected elite pure lines which
may be superior to their parents
and F; were more than 46% of
the extracted pure lines for plant
height and branch number in the
two corsses and more than 45%
for environment 2 in the two
crosses for plant height. Under
other environments, there were
considerable number of the su-
perior inbreds that could be
identifed (more than 20%) for
the two traits, but the lowest
was found at environment 1 in
cross 1 for branch number.

3.2 Early yield and its compo-
nents

Data in Table 8 revealed a
wider range, of the extracted in-
breds, was predected at environ-
ments 1 and 2 in the two crosses
for average fruit weight (close
and intermediate plant spac-
ings). Omr'the other hand, such &
wider range was predected with
the wide plant spacing, relative
to other plant spacings, for early
fruit number and early yield.
Moreover, the proportions of su-
perior inbreds were higher
(more than 41%) for environ-
ments 2 and 3, in cross 1, and
environment 1, in cross 2, than
the other comparable environ-
ment in the two crosses. On the
other hand, it appeared rare to
find inbrids of superior fruit size

Gad, et. al.

at environment 3 in cross 2.
Moreover, the expected propor-
tion of the superior inbreds for
fruit number and early yield was
higher than 35% of all the cases
and reached over 48% in partic-
ular cases.

- 3.3Total yield and its compo-

nents

Results in Table 9 reflected a
relatively wider expected range
for fruit weight with the de-
crease in plant spacing in cross
1. However, the expected range
were also high and relatively
alike in cross 2 at all environ-
ments. On the other hand,
increasing plant spacing seemed
to increase the range of inbreds
for fruit number and yield in the

WO crosses.

The expected proportion of

superior inbreds for fruit weight

was high (more than 37%) in
the two crosses at the three en-
vironments. The expected pro-
portion for fruit number was
considered high at environment
1 (31%) in cross 1 and at envi-
ronment 2 (36%) in cross 2;
moderate (more than 25%) at
environments 2 and 3 in cross 1
and environment 1 in cross 2;
and low at environment 3 in
corss 2. For total yield, only
one case was expected to have a
high portion (48.6%) of elite
inbreds which was observed at
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Table 8. Predected range of inbreds expected to fall outside the parental

range, for tomato early yield traits under the studied different
environments

Parameter  Range of inbreds  Probahility Proportion of

— - inbreds falling
Character, mt 2 VD h/VD outside parental
cross and range (%)

environment

Average early fruit weigth
Cross 1 ( Money Maker x Castlc Rock; MM x CR)

Env. ] 8.464 - 102.276 0.330 37.07
Env.2 20.710 - 107.070 -0.214 41.53
Env. 3 37.566 - 89.554 -0.222 41.22

Cross 2 ( Carmeuco, 200 x Peto 86 ; Cy x Peto )
Env. 1 12.076 - 111.664 -0.062 47.53
Env.2 10.598 - 115.062 0.556 28.91
Env. 3 24.733 - 103.567 1.101 13.55

Early fruits No.

Cross 1 ( Money Maker x Castle Rock; MM x CR)
Env. 1 -0.249 - 4.887 -0.041 48.36
Env. 2 1.049 - 6.291 -0.231 40.86
Env. 3 1.110 - 8.910 0.097 46.14

Cross 2 ( Carmeuco, 200 x Peto 86 ; Cyqg x Peto )
Env. 1 -2.006 - 7.426 0.363 35.83
Env. 2 -2.746 - 8.408 0.143 4431
Env. 3 -2.753-11.533 0.058 47.69

Early yield / plant '

Cross 1 ( Money Maker x Castle Rock; MM x CR)
Env. 1 -102.855 - 355.149 0.315 37.64
Env. 2 -5.110 - 492.010 -0.365 35.75
Env. 3 67.811 - 564.931 0.001 49.60

Cross 2 ( Carmeuco, 200 x Peto 86 ; Co X Peto )
Env. 1 -3079.596 - 3332.036 0.091 46.37
Env. 2 -196.850-560.772 0.362 35.37

Env. 3 -430.611-968.385 0.307 37.95
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Table 9. Predected range of inbreds expected to fall outside the parental
- range, for tomato yield traits under the studied dxfferent
environments

Parameter ~ Range of inbreds Probahility ~ Proportion of

- —  inbreds falling
Character, mt2VD h/v outside parental
cross and range (%)

environment

Average fruit weigth
Cross 1 ( Money Maker x Castle Rock; MM x CR)

Env. 1 -0.265 - 123145 0.181 42.82

Env. 2 20.143 - 104.517 0.089 46.55

Env. 3 18.596 - 105.204 0.294 - 38.44
Cross 2 ( Carmeuco, 200 x Peto 86 ; Cygg X Peto )

Env. 1 8.944 - 114.155. - 0.361 35.87

Env. 2 9.706 - 118.974 0.289 38.63

Env.3 12447-117 873 0.319 37.49

Fruits No./plant
Cross 1 ( Money Maker x Castle Rock; MM x CR)

Env.1 10.130 - 41.990" 0.495 31.03
Env. 2 15.072 - 61.928 0.888 28.72
Env.3 - 3.828-100.892 0.623 26.66
Cross 2 ( Carmeuco, 200 x Peto 86 ; Cyo X Peto )
Env. 1 -1.448 - 55.268 0.671 25.11
Env. 2 -26.371 - 94.011 0.357 36.05
Env. 3 11.984 - 73.036 0897 - 18.49
Total yield / plant
Cross 1 ( Money Maker x Castle Rock; MM x CR)
Env. 1 -21132.036-24327.936 0.035 48.60
Env.2 1091.570 - 3845.770 1.160 12.30
Env.3 912068 - 5472.266 - 1.243 10.16
Cross 2 ( Carmeuco, 200 x Peto 86 ; Cygg x Peto )
Env. 1 -58.843 - 3375.143 1.079 14.03
Env. 2 -114.287 - 4331.687 0.946 17.21

Env. 3 -56.235 - 5572.675 1.022 15.34
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environment 1 in cross 1; but ,
all other cases had low expecta-
tions and appeared infrequently
to find inbreds of superior yield
to their parents.

DISCUSSION

For detecting the relative
contribution of additive, domi-
nacne and epistasis, triple test
cross (TTC) proposed by Kear-
sy and Jinks (1968), was modi-
fied by Jinks et al. (1969). This
design was considered the best
mating design ‘in this respect.
The modified . triple test cross
detects epistasis and estimates
additive (D) and dominance (H)
components as well as the direc-
tion of dominance (Fr) with a
high degree of precision (Singh
et al., 1997, on Pea). This test 1s
an extenion of North Carolina
design-III, which was suggested
by Comstock and Robinson
(1948 and  1952), and had a
third tester (F,). The estimations
of the additive and dominance
with environments were consid-
ered fairly good. That is due to
that the pre-assumptions for oth-
er breeding designs are not
needed for TTC. The estimates
of D and H,depended on orthog-
onal comparisons provided a re-
liable estimates in comparison
with the other designs, which
gave highly negatively correlat-
ed estimates of these two
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components and hence, the
dominance ratio had a large:
sampling variance (Jinks, 1983)..
Also, with the presence of inter-
action, the inflaction of D due to
complementary action and the
deflation due to duplicate action
had similar effects on both the
components, which did not af-
fect the dominance ratio. Domi-
nance ratio is very important in
planning a breeding program;
once, its estimation is reliable,
the prediction of the derived su-
perior lines at F,, selfed genera-

tion would be available, using
the normal- probability integral
(Jinks and Pooni, 1976).

1. Detecting additive, domi-

nance and epistasis

There were highly signifi-
cant additive and dominance
variances for all studied traits;
i.e. plant height, branch number,
average early fruit weight, early
yield, yield and its components
in the two crosses (MM x CR)
and (Cypq x Peto 86). For early

fruit number, both the variances
were highly significant in cross -
2 (Cyo x peto 86), but not in
cross 1 (MM x CR). Also, highly.
significant additive x environ-
ments and dominance x environ-
ments for all those traits, except
those of average early fruit
weight and early fruit number, -



742

were detected in the two
crosses. Similar resluts showing
that the variances due to both
sums and differences were high-
ly significant for all the traits
under different environments
(Singh et al., 1989 on spring
wheat; Katiyar and Ahmad,
1996 on bread wheat, and Tefe-
ra and Peat, 1997 on t’ef).

Regarding the overall epista-

sis - environment interactions,
highly significant variances
were found due to those compo-
nents for all studied traits, ex-
cept those due to overall epista-
sis-environment for early fruit
number, in the two crosses. On
tomato, Singh and Singh (1984)

- found that epistasis was highly

significant for all the eight stud-
ied characters in both studied
crosses. On wheat, Sharma ef al.
(1995) estimated significant
values for i type epistasis and i
type x environment. In the
present study, both the compo-
nents of interaction (i type, addi-
tive x additive, and i type x en-
vironment) reflected highly sig-
nificant mean squares for plant
height and branch number in the
two crosses. For early yield
traits, both the components were
found highly significant for ear-
ly yield, but in cross 1 only. For
total yield and its components,
both the components were
highly significant for average

Gad, et. al.

fruit weight in cross 1 and for
only i type in cross 2. With re-
gard to j+1 type and its interac-
tion with the environment, all
the studied traits showed highly
significant mean squares for
those components, except that
for j+1 type x env. for early fruit
number, in the two crosses.Such
a result was also demonstrated
by Singh and Singh (1984) on
tomato.

Moreover, additive effects
for those traits were generally
higher than those for dominance
and epistasis. The ineraction of
those three parameters with the
environments were less than
that of their main effects. Also,
the estimated values for i type
and i type x environment were

- higher than their respective val-

ues for j+1 type and j+1 x envi-
ronments in -plant height and
branch number in the two cross-
es and were less than those for
j+1 and j+1 x environment in
early and total yield. On two to-
mato crosses grown under two
fertilizer levels, as micro-
environments, Singh and Singh
(1984) reported that the i type
epistasis X environment was sig-
nificant for final plant height in
cross 1 and for branch number
in both crosses. On the other
hand, j+1 type x environment
was significant for final plant
height, number of fruits/plant,
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wieght/fruit and yield/plant in
the two crosses.

2, Genetic components
Regarding to plant growth
traits, results of this work indi-
cate that the estimates of D for
plant height under different
plant spacings were homo-and
heterogeneous in cross 1 and 2,

respectively,using x2-test. Those
estimates did not also differ
from their overall estimate, ex-
cept that for environment 1 in
cross 2, using F-test. The esti-
mate values for H component,
"appeared hetero - and homoge-
neous in cross 1 and 2, respec-
tively, and differ from overall
value at environment 2 in cross
1, only. For branch number, the
estimates of D and H under dif-
ferent plant spacings were all
homogeneous; but, when tested
against the respective overall es-
timate, D in environment 1 in
cross 1 and all estimates of H in
cross 2 appeared significantly
higher than their respective
overall values. Estimates of D
and homogeneity were relative-
ly higher than those of H. The
heterogeneity of H in plant
height of the two crosses, indi-
cated the sensitivity of H to en-
vironments, and, so, branch
number in cross 2, that is due to
significant epistasis and epista-
sis X environment interaction.
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Singh and. Singh- (1984) found
that tomato plant height and
branch number had highly sig-
nificant epistasis values, indicat-
ing that D and H and their inter-
actions with environments were
confounded by epistatic gene ef-
fects. While, Singh (1979 and
1980) found that additive gene
effects were sensitive to micro-
environments than the domi-
nance gene effects in barely and
wheat, respectively. On rice, the
estimates of additive (D) and
dominance '(H) -components
were highly significant for most
of the traits, -although, the D
component ‘was higher than H
(Vijayakumar er al., 1996). On
pea triple-test cross, Singh er al
(1997) reported that the esti-
mates of both D and H comp-
nents were highly significant for
plant height, pod number/plant,
seeds/pod, seed weight and seed
yield/plant, but in pod length
only dominant component was
significant.

The estimates of the degree

of dominance (VH/D) for plant
height and branch number re-
vealed involving of partial dom-
inance (<1) in the inheritance of
both traits under all the environ-
ments, except that under envi-
ronment 3 in cross 1, which
showed complete dominance
(=1). Moreover, the recessive
genes were more frequent in the
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parents in cross 2, and environ- .
ments 1 and 2 in cross 1 and un-.-
der environments 1 in.cross:2.
the expression was mostly: du¢
to recessive genes, as shown.
from Fr and r values. The other

cases in cross 1 were vice versa,

The dominance ratio under this:

design was not affeted by epis-
tasis (Jinks and Pooni, 1980;
Jinks, 1983; Batta et al., 1986
on pigeon pea ; Singh er al,
1986 , 1987 and 1988 on field
peas). The degree of dominance
(VH/D) was in the range of par-
tial dominance for most of the
pea traits (Singh er al., 1997).
Similar results were reported by
Vijayakumar et al. (1996) on
rice, Dhindsa and Bains (1986),
Singh ez al. (1986 and 1995 and
Sharma et al. (1995) on wheat.
On tomato diallel analysis, the
ratio (H/D)2 indicated the

presence of over-dominance in
all traits under different environ-
ments (Ismail, 1997), and Ver-
ma and Yunus (1986) on bread-
wheat.

" For-early yield, the estimates
of D and H were mostly homo-
geneous for average early fruit
weight and early fruit number
and did not differ from overall.

But, D estimates were heteroge- -

neous for average fruit weight in
cross 1 and H differed from its
overall in environments 1 and 3

G&d, et al.

for branch number in cross 1.
Moreover, the estimates of VH/
D reflected a partial dominance
for both the traits in cross 1, ex-
cept that at environment 3 in
cross 1 for fruit weight, which
suggested a complete domi--
nance. But in cross 2,"both the
traits showed a complete domi-
nance, except that for branch
number at environments 2 and-
3, which showed a partial domi-
nance. Moreover, fruit weight
reflected positive Fr and nega-
tive r values ; whereas , reversal
trends were gived by fruit num-
ber, both under all environments
and in the two crosses.

For early yield, the estimates
of D and H were heterogeneous
in the two crosses under all en-
vironments, but D was homoge-
neous in cross 1. The values that
differed from overall were those
at all environments in cross 1
and at environments 1 and 3 in
cross 2; and that for H was at
env. 3 in cross 1. Moreover, the
estimates of VH/D reflected the
presence of a partial dominance
in the inheritance of early yield.
Fr and r values had positive and
negative signs , respectively at.
environments 2 and 3 in the two -
crosses and vice versa at envi-
ronment 1.

Average early fruit weight
and fruit number were, mostly,
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not affected by the change in en-
vironment, as shown from the
detected homogeneity of D and

H. But for early yield, D and H

values were heterogeneous, - ifi-
dicating their sensitivity to envi-
ronments. Therefore, environ-
ment (plant spacing) would be
considered in improving . early
yield, indicating that breeding a
tomato cultivar under a specific
plant spacing may not be valid
to other ones. Selection, also,
should directly deal with early
yield, but not to its components.
Such a conclusion was also re-
ported by Wells and Kofoid
(1986) on wheat .

For total yield, estimates of
D and H were homogeneous for
fruit weight and heterogeneous
for fruit number and total yield.
But as exceptions, estimates of
D for fruit weight in cross 2,
and D and H in cross 1 were
found hetero-and homogeneous
, respectively.

The estimates of VH/D illus-
trated that a partial dominance
was involved in the inheritance
of those traits under all environ-
ments in the two crosses, but a
complete dominance was no-
ticed under environments 2 and
3 for fruit number in cross 1. Fr
and r values were oftenly posi-

tive and negative, respectively..

for those traits under all envi-
ronments in the two crosses, but
they were vice versa under
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environemnts 1 and 2 in cross 1
for fruit number, and under en-
vironment 1 for total yield.

Since all studied yield traits
involved homogeneous D and H
components, these traits, and
even yield/plant , could be im-
proved in breeding programs by
selecting promising inbreds of
high yield, or through selecting
for its components.

3. Predicting the proportion of

superior pure breeding
lines
Present results of plant

height and branch number indi-
cated that the expected range of
inbreds which may fall outside
the range of parents were rel-
tively high with the decrease in
plant spacings. Also, the propor-
tion of the superior inbreds that
may be extracted from selfing
were expected to be high, more
than 45% in environments 1 and
2, for plant height, and more
than 46% in environment 1 and
28% in environment 2, for
branch number. While for envi-
ronment 3, the expected elite
portions of inbreds were low
(around 16% in both traits).

For early and total yields,
and their components; the rang-
es of inbreds increased with the
decrease of plant spacing for
fruit weight in the two crosses.
However, for early and total
yields and then fruit numbers
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the ranges increased with in-
creasing the plant spacing in the
two crosses. The proportions of
the inbreds that may have super-
ior performances than their par-
ents, or even F,'s were relatively

high (more than 28%) for early
yield traits, except that at env. 3
in cross 2 for fruit weight (about
13%) in the two crosses. For to-
tal yield, the expected propor-
tion of the superior inbreds for
fruit weight was similar to those
of average early fruit weight.
But for fruit number and total
yield, they were mostly 18%
and 10%, respectively. Howev-
er, there were some exceptional
cases that had high proportions
of good inbreds; those were in
environment 1 in cross 1 for
fruit number and total yield, and
in environment 2 in cross 2, for
fruit number.

Predictions, in the present
study, of superior lines that
could be extracted from F|'s in
advanced self generations sho-
wed considerable portion of
elite inbreds for all studied
traits; except for total yield in
cross 2.Therefore, the two cross-
es (F,'s) have considerable val-
ues in breeding progeram, when

dealing. with improvment of

those traits. But, for total yield,
cross 1, only, showed a consid-

erable value to improve this -

trait.

Gad, et. al.
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