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ABSTRACT

The present study was carried out during five successive seasons during 2003-2005, at
the experimental station farm (at Abies), of the Faculty of Agriculture, Alexandria university.
To estimate the different kinds of gemetic variance controlling the inheritance of some
important and economical traits of summer squash, and to determine their relative sensitivity
to different environments. The original genetic material of the present investigation consisted
of 10 inbred lines of summer squash. Four of these pure inbred lines were used as parents of
two main crosses. The two studied crosses were Py x P; (cross II). In each of the two crosses,
the two parents along with their Fy were utilized as three testers to initiate, with a group of
the other eight parental inbred lines (6 common in both crosses plus the two parents of the
other cross), 24 triple test cross (TTC) families. The studied environments were the plant
spacing of 30.45 and 60cm (as micro-environments) and the two different planting seasons
June, 2004 and April, 2005 (as macro environments). The three tester, the eight parental
inbred lines and the resultant 24 triple test cross families of each cross were evaluated for the
various studied characters ie. early fruit number/plant, early yield/plant, total fruit
number/plant and average fruit weight, in the two studied seasons, using a split — plot system
in randomized complete blocks design . The obtained results showed that the detection of both
the additive and dominance genetic variances, indicated generally that both the additive and
dominance gene effects contribute significantly to the genetic mechanisms involved in the
inheritance of all studied characters, with relatively different magnitudes according to the
character. The interactions additive * environment and dominance x environment reflected
significant effects on average fruit weight, number of male flowers, sex-ratio and total
yield/plant. Concerning the different types of the epistasis, the j + 1 — type of epistasis gave
significant values for all studied characters, in either one cross or in both crosses; whereas,
the i — type of epistasis was found significant in flowering and total yield characters, but in
cross Il only. The interaction effects of i-epistasis % environment were found significant on
total yield characters, in cross I; while those of j+1 epistasis » environment were found
significant on number of male flowers, sex — ratio, total yield/plant, in cross I, and on average
Jruit weight, in both crosses. Most of the studied parental inbred lines contributed
significantly towards the total epistasis and played important positive or negative roles in
affecting epistasis in all studied traits in both crosses.

INTRODUCTION

Summer squash (Cucurbita pepo. L.) is considered to be one of the most popular
vegetable crops grown in Egypt. It is sown almost allover the year and eaten cooked as an
immature fruit which is rich with fibers and vitamins or consumed for the mature seed as a
snack which is a good source of fats and protein. According to the agricultural statistics, the
total cultivated area with summer squash in 2004 was 91600 faddan (0.42 ha) in all seasons,
which produced a total production of 678254 tons, with an average productivity of 7.40

“tons/fed.



To improve the yield and yield attributes, knowledge of the genetic architecture of the
parental material at hand has to be attained in order to plan a successful breeding program.
Triple test cross analysis provides good information about the presence or absence of
epistasis; that part of the genetic variance which is importance for controlling yield
characteristics in breeding summer squash populations, yet still not well understood; in
addition to estimating the additive and dominance components of genetic variance. A sound
plant breeding program is usually dependent on such information, which reflect the relative
importance of the additive and non-additive gene action components required for the
improvement of quantitative characters.

The triple test cross (TTC) is a multiple mating scheme proposed by Kearsey and Jinks
(1968), as an extension of Comstock and Robinson's (1948) North Carolina Design II. It is
theoretically the best design for detecting and estimating the additive, dominance and epistasis
components of variation for a quantitative trait. This design is so versatile that it can be
applied to any population, regardless of its gene and genotype frequencies, as demonstrated
by Jinks er al. (1969). Several modifications; such as those described by Jinks and Perkins
(1972) and Jinks and Pooni (1980), were done to make the method applicable to more
complex types of materials. Perkins and Jinks (1971) and Jinks and Virk (1977) provided
information about the interaction between environments, and additive, dominance and
epistatic effects of genes at the micro-and macro-environmental levels.

Ismail (2003) carried out a study to investigate the interactions of two tomato triple test
crosses (Money Moker x Castle Rock and Carmenco 200 x Peto 86) with three different
micro-environments (30, 45 and 60cm plant spacings) to detect the different types of the
genetic variance. The reported results indicated that Ms values for i type of epistasis (additive
x additive) and i type x environments were found to be highly significant for all studied
characters, except for early fruit weight and number, in the two crosses. While, j + 1 type and
j + 1 x Env. were all highly significant, except early fruit number in first cross. Singh and
Singh (1984) showed highly significant mean squares for j+1 type and its interaction with the
environment in two studied tomato crosses. Also, there were significant estimates for i type
epistasis x environemtnal for final plant height in first cross and for branch number in both
crosses; while, j + 1 type of epistasis was more sensitive to environment in fruit yield
characters. Singh et al. (1986a) studied the genetic parameters controlling the expression of
seed yield and the yield components, using both the generation mean and triple test cross
(TTC) analyses in two crosses of field pea. The estimates of the various genetic parameters
indicated that the major component of the genetic variance was the additive component
though the dominance component was also found to be significant. There was evidence of
epistasis for most of the studied characters, specially that of i type. Many other previous
studied were conducted on field crops, such as those of Singh ef al. (1995) on wheat, Singh
(1979) on barley, Singh (1980) on spring wheat, Ketata ef al. (1976) on winter wheat, Wolf
and Hallauer (1997) on Maize, Subbaraman and Rangasamy (1989) on rice and Tefera and
Peat (1997) on t'ef. The reported results, generally, indicated that this genetical procedure is
more appreciable and widely applicable for the genetical analysis of different populations;
because it detects and estimates the epistatic components of variation; that provides unbiased
estimates of the other genetical components; i.¢., the additive and dominance components.

The present study was therefore undertaken on 12 parental genotypes of summer squash
and their combinations To illustrate the relative importance of the different kinds of genetic
variance controlling the inheritance of some important and economical straits of summer
squash, and to determine their relative sensitivity to different environments.
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MATERIALS AND METHODS

This study was carried out in five successive seasons during the years 2003-2005, at the
experimental Station Farm (at Abies) of the Faculty of Agriculture, Alexandria University.
This work was initiated to study the general performance in addition to estimating the genetic
variance of some summer squash genotypes under different environmental conditions through
a triple test cross design.

The original genetic material of the present investigation consisted of 10 inbred lines of
summer squash (listed in Table 1). The parental inbred lines were at a high degree of
homozygosity since they were previously selfed for six successive generations. Four of these
inbred lines were used in this study as testers, in addition to their two F; hybrids, P; x P; in
cross I and P3 x P4 in cross I, because they were the parents of the best hybrids for early yield
and total yield, respectively, in a previous study of El-Sharkawy (2000) .The triple test cross
(TTC) mating design of Kearsey and jinks (1968) was used in this study. Two groups of eight
parental inbred lines each were used to generate the triple test cross families (their
abbreviations and sources shown in Table 1).

Table (1): Abbreviations and sources of the summer squash parental inbred lines, used
in two groups (crosses).

. Group Sources
Lines
Cross 1 Cross I1
P* Tester Parent . . ) . .
Derived from Eskandrani cultivar (from a breeding program in
P, Tester Parent
Nobaseed Company)
P; Parent Tester
P, Parent Tester
Ps Parent Parent Derived from Eskandrani cultivar (From Veg. Crops Dep., Alex.
Ps Parent Parent | Univ.)
Derived from Eskandrani cultivar (From open pollinated Veg.
Py Parent Parent Crops De., Hort. Res. Center,. EL. Dokki)
P Parent Parent Derived from Round zuccini cultivar, USA.
Py Parent Parent | Derived from Early Straight Neck cultivar, USA.
P Parent Parent Derived from Balady cultivar, Egypt.

* The originally 12 evaluated genotypes included these 10 parental inbred lines in addition to the two F, hybrids
P, x P, (used as a third tester in cross I} and Py x P, (the third tester in cross I).

The experimental mating design consisted of crossing each of the eight parental inbred
lines in each group to the two tester inbred lines and ot their Fy resulting in 24 test cross; i.c.
cross I consisted of Py, P; and there F; as tester and the rest eight lines as parent .Cross 1l
included P3 , P4 and there F; as testers and the rest as parents , Three plant spacings; i.e. 30cm
(Env. 1), 45¢cm (Env. 2) and 60cm (Env. 3); were used in this study to represent the first type
of environments (micro environment); while the other type of environments (macro
environment) was represented by two different growing seasons; i.e. planting dates were on
(1% June 2004 and 1% April 2005).

In the First season {April 2003), seeds of the four tester inbred lines, Py, Py, P3 and Py,
were sown in the field on April 5, 2003 crossing among the four tester inbred lines were made
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to produce enough seeds of F1 of each cross ,along with this selfed seeds from each tester
inbred line were also obtained.

In the second and the fourth seasons November of 2003 and 2004the seeds of the tester
inbreds, the Fl,s and the other parental inbred line were sown. The selfing and crossing
technique between the two tester inbred lines of each cross to produce the two F1,s again ,and
among each of the three testers of each cross with the respective group of the eight parental
inbred lines to produce 24 sets of families for each cross; i.e 8L1i ,8L2i1 ,8L3i. selfing also
,was done for each of the ten parental inbred lines to produce new seeds for the evaluation
experiments in the successive growing seasons.

The evaluation of the used genetical materials was carried out in two seasons. Seeds of
the sixty different genetic populations; 24 TTC families set (Lii, Ly; and Lj;) for Each cross;
i.e. 48 TTC families in both crosses together with 10 inbred lines (2 testers + 8 parents) and
the two F1’s of the two crosses ,were sown in two different growing seasons. The first one
started on June 1%, 2004 and the second season was on April, 1% 2005, which represented the
two macro environments. The experiments were conducted using a split — plot design with
three replications. The main plots were devoted for the three different micro environments;
i.e. the three plant spacings 30, 45 and 60 cm between plants. The different sixty genotypes
were randomly distributed in the sub-plots of each micro environment. The sub-plot was one
ridge of 4 m long and 1.5 m wide with an area of 6 square meters.

Recorded data:
1- Fruit number of early yield.

It was determined by summing the numbers of the harvested fruits in the first four
harvest/ plant.
2- Early fruit weight/plant

It was recorded as the total weight of all harvest fruits (in gm) in the first four harvest,
from all plants in each sub-plot, divided by the number of plants.

3- Total fruit number / plant

The total number of all harvested fruits from each sub/plot was divided by the number
of plants.

4- Total yield /plant

Weight of the harvested fruits in each harvest was recorded and summed over all the
harvesting season for each sub-plot and divided by number of plants to get total yield/plant
(gm).

5- Average fruit weight / plant (g)

It was calculated by dividing the total weight of all harvested fruits of each sub-plot by
its number.

Statistical analysis
Analysis of variance

Obtained data were statistical analyzed using then conventional two way analysis of
variance for the split-plot system in a randomized complete blocks design in each season
separately and combined over the two seasons. The comparisons among family mean, of each
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cross, were conducted using Duncan’s multiple range test at the 0.05 level of probability. The
data were analyzed using SAS software, 1997 (SAS institute, release 6.12).

Triple test cross analysis under different environments

Triple test cross (TTC) analyses for crosses 1 and I; under the different planting
spacings of 30, 45 and 60 c¢m in the two different growing seasons; were separately carried
out for each cross and in each season, according to Jearsey and Jinks (1968), to detect
additive, dominance and epistatic components of the genetic variation. The analysis,
suggested by Jinks and Virk (1997), was flowed to obtain information about the interactions
between environments and each of additive, dominance and epistatic effects of genes. Before
proceeding to the biometrical analysis, the analysis of variance for L, L, and Lz as well as L;
and L, types of families were separately carried out to obtain the error variance for testing the
additive, dominance and epistatic gene effects.

Testing of epistatsis

Kearsey and Jinks (1968) proposed the expression Li; + Ly — 2L3=D. the epistatic
deviation D should equal zero in the absence of epistsis and will differ from zero if epistasis is
present. The analysis of variaznce for the TTC provides two F-test for the presence of
epistasis Perkins and Jinks, (1970). The source of variation due to tester with 2 d.f was
partitioned into two orthogonal contrasts, one of which was Lj; + L-2L3;i. The contrast
L1i+Ly-2L3 was designated as epistasis in the TTC analysis and tests for the presence of i-
type (additive x additive) epistasis effects. The tester x parent source of variation (14 d.f) was
partitioned into two sources of variation, one of which was variation in Ly; + Lj; — 2L3; among
parents, which was designated as epistasis x parent in the TTC and tests for j-1 type of
epistasis (additive x dominance and dominance x dominance epistasis effects). A test of
epistasis was conducted over environments to get information about the interaction of the two
types of epistasis with environments. Parents and environments were considered random
effects and testers were fixed effects.

Detecting of additive genetic variance

The variance component of among parents and their interaction with environments
was employed to detect the additive genitive component and additive x environment genetic
component, respectively, according to Comstock and Robinson (1952) from North Carolina
design II1 method.

Detecting of dominance genetic variance

The variance component of the orthogonal contrast L1, Ly among parents (L1;ys Laix
parents) was used to detect the presence of dominance variance and their interaction with the
environment (dominance x environment) according to Comstock on Robinson (1952) in
North Carolina design III methods.
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RESULTS AND DISCUSSION

1- General performance of the testers and the parental inbred lines:

In the present investigation, 12 genotypes of summer squash were evaluated for their
morphological attributes to study the mean performances of the TTC tester and a group of
parental inbred lines to be used to establish family sets of TTC, to through some light on the
differences among the testers and a group of a random sample of summer squash parental
inbred lines. Such differences among the evaluated genotypes and their interaction with the
tested environments were arranged under the following sub-headings:

Early yield traits:

The results in Table 2, clearly, reflected favorable effects for the wide spacing on early
yield potential, in both seasons, through the differences were not found significant. The 60 cm
spacing treatment produced generally the highest values for the studied early yield traits in the
two seasons.

For the average performance of the testers, it was noticed that the F; hybrid testers
results in higher mean, values than those of their respective earlier productive parent in both
seasons. in general the tester lines of the two crosses appeared to be different enough and
proved to be valid as testers for these two traits. For concerning the parental inbred lines, the
results showed the presence of significant differences among the lines in early fruit number
and weight/plant. The two parents Ly and Ls appeared to be early producing parents in the
first season; while, Pyy and ps gave the significant higher values in second season,
respectively. On the other hand, the inbred parental p; and po were producing the poorest
lines, in both seasons.

Total yield traits

The results, generally, reflected significant favorable effects for the wide spacing on
yield potential/plant in both seasons. The 60 cm spacing treatment produced the highest total
yield/plant in the two seasons. Meanwhile, the data in Table (3) illustrated that growing the
plants of the different studied genotype at the narrowest spacing 30 cm increased the total
productivity/ faddan as compared with the wider spacing. However, the differences were
found high enough to be significant only in the second season, though the results of the first
scason reflected also the same general trend.

The comparison among the means of the various genotypes illustrated that the testers of
both crosses reflected significant differences among them in all studied total yield characters
in both seasons. The results, generally, illustrated that the F, testers, in the two crosses,
surpassed their highest respective parent and showed heterosis in total fruit number and yield
weight/plant, with the exception noticed in cross I in the second seasons. The highest averages
fruit yield / plant were obtained from P, followed by those Ps and Ps in the first season, and
from P, and P6 followed by that of Pg respectively, in the second season.
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Table (2): Mean performances of the triple test cross testers and parental inbred lines
for early fruit weight (gm)/ plant of summer squash under different micro

environments (plant spacings) in both studied seasons.

First season

Genotypes Env. 1 Env. 2 Env.3 Gen. Avr.
Testers
Cross1
P 278.3 d-k* 419.0 ci 444.3 b-h 380.5CD
P2 498.3 a-f 747.6 ab 439.0 b-h 561.6 AB
Py x P, 7733 a 588.0 a-d 6253 ac 6622 A
Cross 1
P; 238.0e-k 143.6 g-k 350.0 c-k 243 8 EF
Py 235.0e-k 300.0 c-k 400.0 c-j 3116D
P3;x Py 401.6 c-j 455.0 b-g 560.0 a-e 4722 BC
Parents
Ps 66.6 ik 461.6 a-g 3993 ¢ 309.2 DE
Ps 116.6 h-k 173.3 fk 169.0 fk 153.0E-G
P 108.3 h-k 500k 88.31-k 822G
Ps 246.6 e-k 412.6 c-1 368.0 c-k 3424 CD
Py 3933 k 85.03-k 115.0h-k 79.7G
P 100.0j-k 150.0 g-k 170.0 f-k 140.0 FG
Env. Avr. 2585 A 332.1 A 344.0 A
Genotypes Second season
Env. 1 Env. 2 Env.3 Gen. Avr.
Testers
Cross 1
Py 505.0 a-¢ 486.0 a-e 388.5b-g 459.8 AB
P, 569.5 a-c 492.5 a-e 375.0b-h 479.0 AB
Py x Py 560.0 a-c 512.5a-e 680.0a 584.1 A
Cross I1
Ps 142.0 f-k 183.5fk 167.0 f-k 164.1C
Py 105.0 g-k 615.0ab 487.5 a-e 4025B
P3 x Py 325.0 b-j 415.0 a-f 510.0 a-e 416.6 AB
Parents
Ps 67.5i-k 87.5 h-k 260.0 d-k 1383 C
Ps 529.5 a-e 331.5 b4 375.0b-h 412.0B
P 250k 37.5jk 3753k 333D
Ps 156.5 -k 248.0 e-k 170.0 £k 191.5C
Py 25.0k 40.0 ik 3755k 3417D
Pio 285.0 ¢c-k 588.0 ab 550.5 a-d 4745 AB
Env, Avr, 2745 A 3364 A 3365 A

* Values followed with a common alphabetical letter, within a comparable group of means, do

not significantly differ, using Duncan's multiple range test at 0.05 level of significance
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Table (3): Mean performances of the triple test cross testers and parental inbred lines
for total fruit weight/ plant of summer squash under different micro

environments (plant spacings) in both studied seasons.

First season

Genotypes Env. 1 Env. 2 Env. 3 Gen. Avr.
Testers
Cross 1
P, 656.0 l-o* 863.6 j-n 1195.0 e-j 904.9 F
P, 1033.3 h-1 1275.0 d-j 1387.6 ¢c-j 1232.06 CD
Py xP, 1369.6 c-i 1661.3 b-d 2481.6a 1837.6 A
Cross I
P; 525.0 no 970.0 i-m 1420.0 c-i 971.7 EF
P, 858.0 j-n 1100.0 g-k 1500.0 b-g 1152.7 DE
P, xP, 1068.3 g-1 1400.0 c-i 17333 be 1400.6 BC
Parents
Ps 749.6 k-n 1113.0 £k 1607.6 b-e 1156.8 DE
P 875.0 jn 1211.6 e} 1556.6 b-f 12144 CD
P, 583.3 m-o 500.0 no 874.3 j-m 6526 G
P, 1206.6 e-j 1474.0 b-h 1885.3b 1522.0B
| 266.6 o 633.3 Lo 975.0 i-m 625.0G
P 470.0 no 657.0 l-o 1240.0 d-j 789.0 FG
Env. Avr §05.1C 1071.5B 1488.0 A
Second season
Genotypes Env. 1 Env, 2 Env. 3 Gen. Avr.
Testers
Cross1
P, 1145.0 b-h 1079.5 ¢-h 1078.5 ¢-h 11010 B-D
P, 1723.0 ab 1399.0 a-d 1465.0 a-d 15290 A
P,xP 1345.0 a-e 1267.5 a-f 1510.0 a-d 1374.0 AB
Cross II
Py 550.0 h- 912.5d+ 1221.0 b-g 894.5 C-E
P, 650.0 g-j 1277.5 a-f 1312.5 a-e 1080.0 B-D
Py x P, 11.0c-h 1550.0 a~c 18500a 1500.0 A
Parents
Ps 421.0j 702.5 f-j 1272.5 a-f 768.7 DE
Ps 1146.5 b-h 981.5 c-i 1106.5 c-h 1078 B-D
P, 550.014j 752.5 e 1537.5 a-¢ 946.7 C-E
Py 772.5 e 1031.5 ¢-h 1405.0 ad 1069.7 B-D
Py 235.0j 650.0 g-j 1087.5 ¢-h 657.5E
P 745.0 e-j 1375.0 a-d 1538.0 a-c 1219.3 A-C
Env. Avr. 865.2C 1081.5B 13653 A

* Values followed with a common alphabetical Ietter, within a comparable group of means, do

not significantly differ, using Duncan's multiple range test at 0.05 level of significance
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2- detecting of additive, dominance and epistasis genetic components:

The aforementioned results of the present study; on two groups of summer squash triple
test cross families, cross I (Pyjx P2) and cross I (P;x Pj), tested under three micro-
environments (30, 45and 60 cm plant spacing) and two macro-eviroments (late summer
season planting on June ', 2004 and summer season planting on April'®, 2005 Tables (4,5)
showed that the detections of both the addative and dominance genetic variances for the
different studied characters indicated that both the addative and dominance gene effects
contributed significantly to the genetic mechanisms involved in the inheritance of all studied
characters. The estimated values of the addative genetic parameter were found highly
significant in all the characters, in both crosses. The interaction effects of addativex
environment were found significant for total yield/ plant, in cross IL. The effects of the
dominancex enviroment interaction were found significant for, total yield and average fruit
weight, in both crosses. These results, generally, agreed with those of Feleafel et al. (2001),
Hassan ef al. (1984) and Abd EL-Hafez et al. (1997).

Concerning the detection of epistais, the analysis of the TTC mating design in cross 1
and cross Il families indicated that the epistatic effects were important in the inheritance of
several traits. The F-test for the epistasic types in the TTC analysis of variance indicated that
the addativex additive effects were present for total fruits number and total yield / plant in
cross II. The addativex dominance and dominancex dominamve (j+L-type of epistasis)
appeared important in the inheritance of early fruits characters, in both crosses; for total fruits
number and total fruit weight / plant, in cross [; and for average fruit weight, in cross II.
Gamble (1960) reported that additivex dominance gene effects were detected more frequently
for plant height and ear length in maize.

The obtained results, generally illustrated that the expressions of both types of epistasis
(i-episrasis and j+ 1-epistasis) were found in many cases to be significantly affected by
environments. The interaction (i-type of epistasisx enviromnet) reflected significant effects on
the inheritance of total fruit number and total fruit weight/ plant in cross I. the (j+1- type of
epistasisx environment) interaction was found significant in determining the performance of
total yield/ plant, in cross II, and average fruit weight, in both crosses. On tomato, Ismail
(2003) found that the estimated variance components of the epistasisx environments
interactions were found highly significantly for the inheritance of all studied traits except
early fruits number. The obtained results of the present study revealed also that the interaction
effects main effect, except for the performance of total fruits number, in cross 1.

The obtained estimates for the epistatic deviation means Tables (6,7) indicated the
direction and relative magnitudes to indentify those lines which interacted with the testers 1.,
and L, in each cross to produce significant total epistais. The tested parental inbred lines P,
Py and Py, for early fruits number; Pg, for early yield/plant; Pg, and Py for total fruits number;
Py for total yield/ plant; and P; and Ps, for average fruit weight; showed insignificant
contributions towards the total epistasis in both crosses, respectively. On the other hand, all
the other tested parental inbred lines, in both crosses played important positive or negative
roles in affecting the total epistasis in all the studied traits. It should be mentioned here that
the experimental size required to detect epistasis through TTC depends largely on the gene
dispersion in the first (I.;) and second (L,) tester parents. Jinks and Pooni (1980) and the
number of diverse genotype used in the study Ketata et al. (1976). Therefore, more diverse
summer squash genetypes are suggested to be included in studies designed for the detection of
epistasis through TTC technique.
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Table (4): Triple test cross analysis of variance for early yield characters of summer squash, measured over environments

LT

Cross 1 Cross II
Sources of variation d.f. | Fruits number Early Fruits number Early
of early yield Yield/ plant of early yield Yield/ plant

Environments 5 4.51* 401905** 11.54%* 444649**
Testers 2 20.54 530291* 5.30 197947
Liivs Ly 113988 1047717** 6.03 231133
Lyt Loi- 2L3; (i-epistasis) 111.21 12866 4,57 164762
Env. x Tester 10 1.52 36886 1.19 30719

Env. x Ly vs Ly 511.24 14808 1.55 43092

Env. x Lyi+ Loi- 2L3; (Env. x i- epistasis) 511.80 58965 0.83 18346
Parents (additive) 7 19.07** 358670** 20.47%* 321019*#
Env. x parents (Env. x additive) 35 1.31 34932 1.24 29644
Tester x parents 14 11.61** 155416%* 9.01%* 150032%*
Lii vs Ly; x parents (dominance) 7115.36%* 185125%* 3.68* 80746*
Lii+ La; — 213 x parents (j+ 1- epistasis) 7 | 7.86%* 125707** 14.33** 219318%+*
Env, x tester x parent 70 1.43 36642 1.49 33550

Env. x (dominance) 351135 33835 1.49 31150

Env, x (j+ 1- epistasis) 351 1.51 394449 1.49 35951
Error 207 | 1.59 29887 1.13 26326

*, ** Significant at 0.05 and 0.01 level of significance, respectively.




ILT

Table (5): Triple test cross analysis of variance for total yield/ plant characters of summer squash, measured over

environments
Cross 1 Cross 11
Sources of variation d.f. | Total fruits | Total yield/ | Average Total fruits | Total yield/ { Average
No/ plant plant fruit weight | No/ plant plant fruit weight

Environments 5 53.52%* 2178337%* 2048.6%* 69.30%* 2380268** 1365.7*
Testers 2 123.88%+ 3145068** 669.2 42 .89* 164855% 1223.7
Lyivs Ly 1§ 245.82%* 6238830** 1315.4 4.37 382663 2150.2
Lyt Lai- 2L (i-epistasis) 1 1.95 51307 23.0 81.42** 1747048** 2973
Env. x Tester 10 6.19* 258895* 680.5 2.45 71351 341.2
Env. x L;; vs Ly 5 1.21 50963 812.2 2.04 81381 452.8
Env. x L+ Ly~ 2Ls; (Env. x i- epistasis) 5 11.17** 466828** 548.8 2.85 61322 229.6
Parents (additive) 7 42 87** 1175207** 1515.8%* 48.53%* 1393933 ** 1438.2%*
Env. x parents (Env. x additive) 35 2.56 81305 468.4* 3.50 146155* 495.5%
Tester x parents 14 24.20%* 553136%* 826.1* 10.98%* 501115** 1714.6**
Ly; vs Ly; x parents (dominance) 7 20 .69%+ 651658** 1100.1* 14.98*%* 781669** 2211.3**
L+ Ly — 2Ly; x parents (j+ 1- epistasis) 7 18.71%=* 454615%* 552.2 6.98 220561 1218.0*
Env. x tester x parent 70 2.83 127544** 512.0%* 3.65 135119%* 476.6**
Env. x (dominance) 35 3.28 171508** 503.8* 3.65 150775% 43]1.2%*
Env. x (j+ 1- epistasis) 35 239 83581 520.2%* 3.65 119462* 522.0**
Error 207 2.84 71854 264.6 3.17 84980 257.4

*, ** Sjignificant at 0.05 and 0.01 level of significance, respectively.




Table (6): Average epistatic deviations (Ly+ La- 2L3;) of individual summer squash
studied inbred lines for early yield characters, in both studied crosses.

Tested inbred Parents Early fruits no/ plant Early fruits weight/ plant
Cross I (P; x P;)

Py 4.54%* 527.00%*
P, -0.37 195.40**
Ps - 0.84** - 166.40**
P -2,92%* - 471.40%*
P, - 2.04%* - 128.01%*
Py 0.36 8.74

Py 0.12 148.60**
Py - 3.54%* - 403.80**

Average -0.58* -36.20
Cross 1 (P3 x P,4)
Py 5.06%* 566.30%*
P, -0.71* - 117.00**
Ps 3.11%#* 527.40**
Ps 0.51 292.20%*
P, 1.24** 195.60%*
Py J.15%* 419.90**
P 2.02%* 343.00**
Pio - 7.23%* - 852.00%*
Average 0.89 171.90**

*, ** Significant at 0.05 and 0.01 level of significance, respectively.
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Table (7): Average epistatic deviations (Lj+ Ly- 2L3) of individual summer squash
studied parental inbred lines for total yield characters, in both studied
crosses.

Tested inbred Parents | Total fruits no/ plant | Total yield/ plant | Average fruit weight
Cross I (P, x P,)

P; 7.96%* 1189.10** -4.35
P, - 9.52%* 351.10%% 28.82%*
Ps - 2.64%* - 626.20%* -6.77
P -0.70 - 144,70%*% - 8.64%
P, 0.92% 502.80** 38.31%*
- 1.27%* - 473.30%* -23.35%*
Py -0.56 - 250.00%* - 16.26%*
Py -5.67%* -~ 640.40** 28,93**

Average - 1.44%* -11.40 4.58

Cross Il (P3 x Py}

P, 6.26%% 1122.40%* 17.31%*
P, 2.58%* 260.50%* - 20.62%%
| 5.80** 934.80** 9.90*#*
P 0.37 129.20 18.00**
P, 2.77%* 502.10%* 11.70%*
Ps 4.14%# 329.50%* - 30.90+**
Py 322%% 97.50 - 64.40**
Py 0.37 445.00** - 23.90%*

Average 3.18%* 447.60** - 35.11%+

** Significant at 0.01 level of significance, respectively,
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