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Abstract

In this study, eight genotypes of flax (Linum Usitatissimum L.) were used (Sakha 1, Sakha 2,
Sakha 3, Sakha 5, Sakha 6, Syrian, Giza and Poloni) and their half crosses obtained according to the
second method proposed by Griffing (1956). Genotypes (8 parents + 28 hybrids) were planted in the
fields of the College of Agriculture / University of Kirkuk in the winter season (2021-2022)
according to randomized complete design (RCBD) with three replications to study the studied traits
(plant height, number of days flowering 50%, and number of days contracting 50 %, number of days
of physiological maturity, number of branches, number of capsules, number of capsule seeds, weight
of 1000 seeds, biological yield, seed yield, and harvest index). The hybrids (Sakha 5 x Sakha 6),
(Sakha 1 x Giza 8) and (Sakha 1 xthorshansity72) outperformed in hybrid heterosis based on the
deviation of the second generation of the mean parents in the desired direction in the number of days
to flowering, set, maturity, seed yield and harvest index. The hybrid (Sakha 2 x thorshansity72)
excelled in the vigor of the hybrid based on the deviation of the second generation of the best parents
for the traits of the number of days, flowering, knot, maturity, the number of seeds in the capsule and
the biological yield, enables the follow-up of solitary generations and selection according to the
breeding method determined by the genetic action of these traits.
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Introduction

Flax or Linseed is one of the oldest crops
known to man, and flax belongs to the genus
Linum, its scientific name is Linum
usitatissimum L., and it refers to varieties of oil
seeds, as well as used to obtain flax fibers.
Linolenic acid (Omega-3) and Linoleic acid
(Omega-6) are essential polyunsaturated fatty
acids that the human body cannot synthesize
and must be ingested through food. It also
improves heart and bone health when
consumed by humans [1]. Therefore, an
interest in the study of the feder General
combining ability and the components of the
phenotypic variance of economically important
quantitative traits such as the traits of the crop
and its components emerged, because the
knowledge of these components represented by
the environmental and genetic variance is
necessary in estimating the values of the
coefficient of phenotypic and genetic variation,
the heritability of values and the expected
genetic advance, and from them the breeding
method of the crops can be determined at
different levels of competition between plants
according to the seeding rates [2]. From this
came the idea of adopting the program of the
exchange mating system (Diallel) the second
method (Half Diallel) to obtain new unions and
benefit from the phenomenon of hybrid
heterosis and knowledge of the dominant
genetic action on the most important These
traits (seed yield and its components) as well as
early flowering and maturity, and according to
them it is possible to trace that hybrid with
high hybrid heterosis to adopt the method of
selection in isolated generations. The
relationship of correlation between them) is
little or no, and although the increase in the
heterosis of growth is one of the most
prominent manifestations of the heterosis of the
hybrid, the term of the heterosis of the hybrid is
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broader than this Where it includes an increase
in yield, traits of economic quality, resistance
to pests and adaptation to the prevailing
environmental conditions, and it is not
necessary for the emergence of hybrid heterosis
that the parents of the strains used in the
production of hybrids have poor growth or
suffer the deterioration associated with indoor
breeding, meaning that the heterosis of the
hybrid appears in most types of plants,
including These are self-pollinating plants and
cross-pollinating plants that do not harm indoor
breeding [3] . Hybrid heterosis was found in all
the plants in which this phenomenon was
studied [4] [5] [6] (7] [8] [9]-

Materials and Methods:

The parent of genotypes and second
generation hybrids and parent [8 paternal
genotypes and 28 crosses) were planted on 7
November, 2021 in the fields of the College of
Agriculture _ University of Kirkuk, where the
parental genotypes and their crosses were
planted according to the design of complete
randomized design (RCBD) with three-
replications, each of them containing 36 units
Experimental, the above genotypes were
randomly distributed, and each experimental
unit included two lines of each genotype with a
length of 2 m, and the distance between one
line and another was 0.3 m. Two separate
experiments were planted for each plant
density in the same location, the first was
planting at a density of 60 plants m? and the
experiment The second, with a density of 120
plants m?, and the harvest took place in May
2022 according to the maturity of each
experimental unit, which is represented by the
ripening of the capsules and their coloration in
brown color, and hearing the sounds of the
seeds inside the capsule while shaking it [10].
Crop management process were carried out that
included preparing the land And tillage it well,
as a result of leveling, smoothing, irrigation
and weed control, as super phosphate fertilizer
(46% P,0s) was added at a rate of 200 kg
hectare™ at one time when planting, and urea
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fertilizer (46% N) was added at a rate of 200 kg
hectare™ in two batches, the first batch when
planting The second is the beginning of
flowering and supplied of Humic in two
batches, the first batch after two weeks of
planting and the second batch after a month of
planting, in order to reduce the effect of the
salinity of irrigation water amounting to 2900
parts per million. Hereditary and recorded data
for the following traits.

1- Number of days flowering 50% (day).

2- The term to the contract is 50% (day).

3- Duration to maturity

4- Plant height (cm™ plant)

5- Number of branches m? (Branch m)

6- Number of capsules m? (capsule m?)

7- The number of capsule seeds (seed).

8- The weight of 1000 seeds (gm).

9- Seed yield (gm m?).

10- Biological yield (gm?).

11- Harvest guide (%): the harvest guide was

calculated:
Seed crop (g m2). 0

Biological product(g m2)

Genetic statistical analysis was carried out
according to [11] for general and specific
combining ability, gene action, components of
genetic and phenotypic variation, narrow and
broad heritability, degree of dominance and
Expected Genetic Advance

Results and discussion:

The results of Table (1), which explain the
analysis of variance according to the Krvenck
analysis, show that the mean squares of the
genotypes were significant at the level of
probability 1% in the traits of the number of
days to contract, maturity, number of capsules
m?, weight of 1000 seeds, seed yield, in both
densities, at the flowering in the second density
and in the number of capsule seeds and
biological yield in the first density and
significant at the level of probability 5% in
plant height in the two densities and in the
number of seeds per capsule and biological
yield in the second density. The two densities,
the number of days for flowers, the weight of
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1000 seeds in the first density, the number of
capsule seeds, the seed yield and the biological
yield at the first density and at the level of
probability 5% in plant height, seed and
biological yield in the second density. maturity,
number of capsules m ?, weight of 1000 seeds,
seed yield in both densities, number of days to
flowering in the second density, number of
seeds per capsule and for the biological yield at
the first density, while the differences were at
the level of probability 5% in the height of the
plant, the number of seeds in the capsule and
the biological yield in the second density, and
the differences were significant for the source
of the difference between the parents against
the hybrids were significant at the level of
probability 1% in the number of days to
contract and maturity, the number of capsules
and the weight of 1000 seeds each of densities ,
in the number of days to flowering and the
biological yield in the second density, and at a
probability level of 5%, in the number of seeds
per capsule and seed yield in the first density.
The significant differences between the
genotypes are an important indicator of the
possibility of genetic variation in them, and
genetic parameters can be obtained to infer an
understanding of the method of plant breeding
methods in this crop and the extent of the
possibility of selection in the solitary
generations, although the second generation of
the solitary mean trait of plants may be given a
close mean, as some of them are dispersed
others are close to the mean of the studied trait,
and analysis and discussion will be made later
for all the studied traits.
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Table (1): shown the Analysis of variance between parents, crosses, and parents against crosses for the studied traits of the first and second densities

Plant Height Number of days Number of Days pwyys?;?ggﬁ:gl Number ofzbranches Number ofzcapsules
i 0, 0,
SDc:Il;ireences of CM Flowers 50% Knot 50% maturity days 50% m m
First Second First Second First Second First Second First plant First plant
Density density Density density Density density Density density Density Density  Density density
repeated 2 1726. 381.1 92.5 2.77 0.95 35.01 8.89 0.44 15891 14719 1478837 4779170
Genotypes 35 *278.11 *87.94 121.8  **26.88 **68.64 **92.47 **376.53 **334.05 668.64 646.93 **3345952 **1450332
Parents 7 14427  *119.11 32.3 **195  **7.71 **10.66 **224.36 **191.52 478.04 617.79 **1867169 **1206678
Hybrids 27  321.61 *80.78 1495  **2956 **65.70 **91.38 **381.37 **336.52 685.74 64457 **3832427 **1425225
E&rgrnigssvs 1 40.64 63.19 0.04 **6.09 **574.49 **694.86 **1311.2 **1265 1541.3 914.42 **5626603 **3833790
Error 70  201.33  42.29 92.5 0.20 0.92 0.009 8.32 7.85 467 793.27 165433 1502510
Follow table (1)
Numbesreg:‘jsapsule Weight of 1000 grams Sesg (;_r|op Blologll(céaI:roduct Harveiz)Gmde
Differences source  df First Plant First plant First Second First Second First Second
Density Density Density density Density density Density density Density density
repeated 2 2.53 11.7 0.43 0.58 4346.6 956757.6 4207660 42763520 96.39 43.06
Genotypes 35 **6.78 *4.89 **0.90 **0.67  **260559 **510415.8 **2661956 *8839287 70.60 42.22
Parents 7 **4.88 4.35 0.43 **0.91  **483791 *428400.7 **3348213 *11664791 133.35 51.90
Hybrids 27 **7.27 *5.20 **1.007 **0.60  **199470 **528874.2 **2546726 *7727121 56.56 39.46
Parents vs Hybrids 1 *7.11 0.16 1.4791 0.80 *347347 586146.1 1669350 **19089254  10.35 48.82
Error 70 1.38 2.66 0.38 0.28 69393 169165.4 2610656 4961561 84.62 37.97
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Heterosis:

1 Hybrid heterosis Percentage of the mean
parents [12], table (2) shows the heterosis of
the hybrid based on the second generation of
plant height (cm), where the hybrid showed
(2x4) a significant positive hybrid heterosis in
the desired direction amounted to (33.81) at the
probability level (1%) in In the first density, in
the second density, the hybrid was in (1x3) and
(I1x4) with a positive, significant hybrid
heterosis in the desired direction, amounting to
(13.36) and (13.77) at the probability level
(1%), and the hybrid (2x4) with a strong
Significant positive hybrid in the desired
direction amounted to (9.68) at the probability
level (5%). As for the characteristic of the
number of days flowering, all the hybrids in the
first density were not significant, but in the
second density the hybrids were (1x3), (1x6)
and (1x8), (2x4), (2x6), (2x7), (4x5), (6x7),
(6x8), and (7x8) had negative hybrid heterosis.
Significant in the desired direction ranges from
(-0.86) in the hybrid (2 x 6) to (-3.57) in the
hybrid (1x6) at the probability level (1%), and
in terms of the number of contract days, the
hybrid (3x7) is strong The hybrid has a
significant negative in the desired direction (-
2.02) at the level of (1%) and the hybrid (1x8)
at the level of 5% in the first density, while in
the second density the hybrid (1x2), (1x6) ,
(1x8) (3x7), (4%5), (6x8), and (7x8). ) was of
significant heterosis for the hybrid in a positive
direction ranging from (1.61) in the hybrid (5 x
3) and (3x8) to (13.69) in the hybrid (1x4) at
the probability level (1%), and the hybrid was
(1x2), (1x6), (1x8), (3x7), (4x5), (6x8) and
(7<8) with a significant negative hybrid
heterosis in the desired direction, ranging
between (-2.45). The hybrid (1x6) to (-0.81)
the two hybrids (7x8) and (3x7) at the level of
(1%) that the plant breeder can adopt those
hybrids that were positively significant when
selecting genotypes with a longer period to
Contract, that is, to increase the period of
stimulus growth, while if his goal is early in
this stage, he can elect that trait that has
negative hybrid heterosis and does not have
non-significant special estimated effects, and
its parents have a general spesific combining
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ability. As for those in which the special ability
is moral, selection can be adopted For the
highly isolated genotypes in the later
generations and in terms of the number of days
of physiological maturity, the hybrids are
(1x2), (1x3), (1x7), (1x8), (2x3), (2x4),(2%5) ,
(2x7) , (2x8) , (3x4) , (5%3) , (6x3) , (7x3) ,
(3x8), ( (4x6), (5x6) and (5x7) are of negative
and significant heterosis for the hybrid, and in
the desired direction, ranging between (-2.79)
for the hybrid (5x6) to (-25.40) in the hybrid
(3x8) in the first density, while in the second
density, the hybrids are (1x2), (1x3), (1x5),
(1x6), (1x7), (1x8), (2x3), (2x4), (2x5), (2%6),
(2x7), (2x8), (3x4) , (3x5), (3x6) , (3x7) and
(3%8) , (4%5) «(4x6) , (6x5) , ( 5x7) and (5x8)
with negative and significant hybrid heterosis
and in the desired direction ranging from (-
1.16) hybrid (1x5) to (-26.40) hybrid (3x8) at a
probability level of (1%).number of Branches
(M2), the hybrid (5x3) with a significant
positive hybrid heterosis in the desired
direction amounted to (36.44) at the probability
level (1%), and the two hybrids (5x8) and (7 x
8) had a significant positive hybrid heterosis in
the desired direction, reaching (28.57). ) and
(24.19) at the level of probability (5%) in the
first density, while in the second density, the
hybrid (2x5) had a positive, desirable hybrid
heterosis at the level of probability 5%
amounted to (35.13). As for the characteristic
of the number of capsules m 2, the two hybrids
(3x6) and (4x6) with a positive, significant
heterosis of the hybrid in the desired direction,
reaching (89.93) and (45.97) at the level of
probability (1%) and the hybrid (5x6) with a
positive, significant heterosis of the hybrid
(28.36) at the level of (5%) ) in the first
density, but in the second density, the hybrid
(2x5) has a positive, significant heterosis for
the hybrid It reached (50.95) at the level of
(5%). Therefore, these hybrids follow
segregationally generations to select the
superior combinations in the number of
capsules m? especially if this hybrid has a
special non-moral ability and its parents have a
general moral ability, that is, the auxiliary verb
is the one that controls it, but if The hybrids
had special, significant effects, so selection can
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be made in the late isolation generations. As
the number of capsule seeds, it is noted that the
hybrids (1x3), (1x4), (1x5), (1x6), and (2x8)
are of high quality. The heterosis of the hybrid
Is positive and significant in the desired
direction, ranging from (57.47) in the hybrid
(1x3) to (123.39) in the hybrid (2x8) at the
probability level (1%) in the first density, while
in the second density, the hybrid is (2x7),
(2x8), (3x7) and (6x7) with positive,
significant heterosis of the hybrid, ranging
from (66.59) in the hybrid (2x7) to (49.82) in
the hybrid (7x6) at the level of ( 5%), and it is
noted that the hybrids that had the heterosis of
the hybrid in the positive direction in the
number of capsules were most of them in the
opposite direction in the number of seeds per
capsule, and in the weight of 1000 seeds, the
two hybrids (1x4) and (3x5) had a heterosis of
the hybrid positive. Significant (11.64) and
(15.13) at the (5%) level, respectively, and
camels (1 x 7), (2 x 5), (3 x 6) and (7x8) with a
positive, significant hybrid heterosis ranging
from (19.94) in the hybrid (1x7) to (16.67) in
the hybrid (7x8) at the level of (1%) in the first
density, while in the second density the hybrid
(2x8) Positive and significant for the hybrid,
which amounted to (15.33) at the level of (1%).
In terms of seed vyield, the hybrids are (1x6),
(2x5), (2x8), (3x6), and (4x5) The heterosis of
the hybrid is positive and significant, ranging
from (41.89) in the hybrid (1x6) to (63.60) in
the hybrid (4x5) at the probability level (1%)
and the hybrid (1x4) And (2x4) and (2x6) with
positive and significant hybrid heterosis
amounted to (33.20), (42.79) and (33.38) at the
level of probability (5%) in the first density,
while in the second density, the hybrids are
(2x4 ) and (3 x 7) and (5 x 6) the heterosis of
the hybrid is significant positive in the desired
direction (77.80), (47.72) and (39.89) at the
probability level (1%) and the hybrid (2 x 8)
the heterosis of the hybrid is significant
positive (41.64) At the probability level (5%).

It is noted that the hybrid (2x4) and (2x8) had a
significant superiority in the two densities,
which can be selected for under the influence
of environmental competition to increase the

high yield, and the father 2 was involved in
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both, which means that the father 2 could unite
with the father 4 and 5 to increase The
characteristic is the hybrid of the biological
yield, all the hybrids did not reach the
statistical significance level in the first density,
but in the second density, the hybrid (2x4) and
(2x8) with the heterosis of the hybrid
positively significant amounted to (63.91) and
(91.61) at the level of probability (1%) and the
hybrids (1x8) and (3x8) with positive and
significant hybrid heterosis reached (47.74) and
(59.55) at the probability level (5%). The
hybrid (4x5) has a positive, significant hybrid
heterosis (91.45) at the probability level (1%)
in the first density, but in the second density,
there is no hybrid among those that has reached
the level of significance in the desired positive
direction, and the hybrid was given (4x5)
Effects of hybrid vigor as the mean of the
parents for the characteristics of number of
days flowering, maturity, seed yield, number of
capsules, followed by the hybrid (1x6) for the
traits number of days flowering, maturity, seed
yield and biological yield [23], [13], [14], [15]
and [16].
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Table (2): Heterosis percentage at the mean parent of the firsit and second density

Number of days to

Plant Height Number. Of Days  Number Of Contract physiological

Hybrid cm Flowering 50% Days50% maturity50%
First Second  First  Second First Second First  Second
Density Density Density Density Density  Density Density Density
1x2 4.56 7.12 1.28 0.43 -0.41 **.0.86 *-3.12 **-3.10
1x3 724 **1336 043  **132 **8.13 **6.88  **-6.74 **-6.15
1x4 3.04 **13.77 -086  **220 **11.93 **13.69 *2.42 **2.12
1x5 13.51 6.85 5.82 **448  **12.65 **13.46 087  **-1.16
1x6 -0.89 1.56 -1.73  **557 -0.13 **.2.45 -206  **-3.52
1x7 -11.63  0.40 129  **0.28 **3.67 **480 **-7.05 **-7.14
1x8 10.49 7.54 -3.53  **-3.56 -1.21 **.0.40 **-5,04 **-6.19
2%3 -4.93 6.94 1.72 **4.42  **6.93 **6.12  **-7.96 **-6.78
2x4 **33.81 *9.68 127 **176 **3.30 **543  **6.09 **-519
2x5 6.80 *-10.22 4.42 **353  **001  **10.28 **-9.14 **.7.64
2%6 6.19 5.25 128 **0.86 **6.50 **9.09 089  **-2.95
2x7 1.27 3.29 -7.69  **-389  **2.45 **456 **532 **4.19
2%8 *.29.05 7.48 0.43 **0.87  **4.06 **6,17  **-507 **-5.63
3x4 -5.88 -3.61 -043  **3.60  **4.48 **409 **-7.16 **-6.35
3x5 12.57 4.96 3.60 0 **2.02 **1.61  **-7.77 **-7.52
3%6 13.25 8.48 0.43 **2.63  **6.82 **6.88  **-8.93 **-8.68
3x7 3.764 2.05 1.73 **220 **-2.02  **0.81 **-14.20 **-11.61
3x8 11.82 5.58 4 **357  **2,008  **1.61 **-25.84 **-26.40
4x5 2709  -1.37 -1.33  **1.80 **4.09 **.0.82 -2.005 **-2.01
4%6 -7.09 -3.32 1.72 **0.87  **4.87 **6.22  **-8.93 **-8.40
4x7 0.003 5.75 0.42 **1.32  **10.65 **11.66 **4.02 **6.15
4x8 3.49 3.07 1.75 **3.57 **10.56 **13.22 *434  **3.48
5%6 5.54 -2.28 3.13 **0.87 0.80 **2.85  *279 **301
5x7 -15.34 *-10.21 4.46 **3.96 **5.69 **7.37 **-14.20 **-11.86
5x8 0.23 -7.80 9.58 **8.92  **241 **5.69 0.74 **0.84

6x7 -9.87 -8.25 -29.29 **386 **5.64 **6.17 0.28 0
6x8 -1.27 -5.88 -1.76  **-2.60 **2.4 **.1.22 0.56 *0.28
7%8 -6.18 -3.01 -220  **-3.05 -0.80 **.0.81 0.84 **0.85
SE(H) 10.03 4.59 6.80 0.3 0.68 0.02 2.04 0.212
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Follow Table (2):

Number of Seeds per

Number onbranches Number 01; Capsules capsules Weight of 1000 seeds,
Hybrid m m gm
First Second First Second First Second First Second
Density  Density  Density  Density  Density  Density  Density  Density
2x1 -10.40 -3.39 *.21.41 13.67 16.13 -11.02 -7.71 0.74
3x1 -9.83 -17.94  **-31.26 32.56 **57.47 -9.40 -0.49 -4.85
4x1 -3.81 -14.06  **-37.73 8.55 **107.29 7.91 *11.64 -8.51
5x1 17.35 -2.60 **.29.71 13.25 **81.85 -27.49 1.41 -4.02
1x6 8.95 -2.52 **.37.33 5.18 **121.15 8.06 0.75 -9.21
1x7 -5.26 -5.08 7.55 21.96 *.37.61 2.55 **19.94 0.80
1x8 -10.23 -2.98 -4.57 3.29 21.28 3.18 6.76 -1.63
2%3 -11.71 15.04 17.94 41.26 -27.09 -6.03 -3.96 *-10.33
2%x4 21.66 6.45 -18.03 39.36 50.79 19.34 9.50 1.01
2x5 1.81 *35.13 9.83 *50.95 28.86 -31.14 **16.86 -0.86
2%6 2.44 6.34 12.74 22.05 21.43 17.33 -2.98 -5.03
2x7 18.03 17.54 8.92 -21.32 -15.39 *66.59 0.90 6.79
2%8 10.34 3.07 **.38.06 -20.07 **123.39 *58.24 3.06 **15.33
3x4 11.10 8.94 -15.82 7.24 45.96 -33.23 -4.17 1.34
3x5 **36.44 9.09 10.81 -3.74 -0.63 28.62 *15.13 -3.98
3%6 11.66 17.54 **89.93 10.26 *-36.91 3.93 **19.51 -7.46
3x7 14.28 11.50 -20.57 0.85 -6.01 *52.20 3.39 -7.54
3x8 16.81 -11.63 -19.96 34.88 16.49 -33.81 1.97 -1.45
4x5 3.44 12.36 10.95 37.66 29.05 -23.38 2.98 -5.41
4%6 -3.87 19.99 **45.97 375 -2.44 -24.18 *.12.97 **-18.15
4x7 -1.56 1.61 *.20.18 9.96 -0.56 11.63 1.28 -4.34
4%8 6.55 -42.07 -5.91 13.85 25.25 -21.98 1.77 -1.73
5%6 19.32 16.07 *28.36 44.74 -25.61 -2.33 8.90 0.50
5x7 -1.69 18.91 16.54 -13.36  **-39.45 -6.99 0.62 -36.81
5x8 *28.57 -14.96 -6.81 9.05 5.84 -11.47 -0.40 -2.72
6x7 -8.39 16.52 *.21.35 -16.80 -3.87 *49.82 -2.27 -3.86
6%8 12.001 8.39 -1.20 -14.56 0.30 -7.37 2.61 1.68
7%8 *24.19 15.38 27.39 -18.76 -26.05 16.21 **16.67 8.77
SE(H) 15.28 11.49 287.6 333.03 0.83 1.15 0.43 0.37
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Follow Table (2):

Seed Yield Biological Yield Harvest Index
: kg. h kg. h %

Hybrid First : Second First : Second First - Second

Density Density  Density Density Density Density
1x2 -14.79 -4.15 -34.10 7.61 33.05 -11.28
1x3 10.47 13.48 -10.57 3.90 15.16 -19.04
1x4 *33.20 15.80 -5.49 -19.70 37.25 2.23
1x5 23.24 -14.70 4.98 141 20.52 -17.61
1x6 **41.89 10.44 12.73 17.30 1.28 -7.35
1x7 -14.23 28.35 -19.81 13.35 4.52 13.68
1x8 19.78 12.66 25.40 *47.74 -6.81 **.46.10
2%3 -16.43 21.41 27.27 51.91 -7.23 -22.90
2x4 *42.79 **77.80 8.31 **63.91 23.18 1.93
2x5 **62.13 3.73 17.47 4.52 37.99 -1.83
2%6 *33.38 32.80 -1.86 25.55 34.15 4.81
2x7 -5.25 17.82 2.30 29.79 -6.78 -12.14
2%8 **44.90 *41.64 22.65 **91.61 14.26 -14.46
3x4 22.48 -29.20 7.80 -20.56 11.45 -7.88
3x5 28.68 0.70 41.25 6.77 -11.94 -8.68
3%6 **44.62 -12.11 27.95 15.82 -10.25 -22.84
3x7 -20.46 **47.72 28.57 34.54 -34.41 29.57
3x8 -7.38 -6.77 -6.75 *59.55 10.26 -44.47
4x5 **63.60 5.89 -16.66 14.23 **91.45 -9.39
4x6 29.61 -18.12 8.75 -27.96 18.64 10.81
4x7 -12.37 27.50 11.05 15.06 -22.50 9.84
4x8 26.11 -2.09 22.54 -9.45 -2.71 7.40
5%6 6.26 **39.89 -19.62 26.66 38.88 9.82
5x7 *.27.52 -27.12 -15.49 *-39.90 -13.77 22.03
5x8 -3.40 -2.57 -9.69 0.11 -1.56 4.27
6x7 *.23.80 23.70 -3.58 11.28 -23.23 9.98
6x8 2.70 -14.75 41.23 4.29 -28.99 -14.99
7%6 -17.51 5.83 23.80 13.65 *-44.48 -4.60
SE(H) 186.3 290.8 768.8 1557.0 2.32 3.05

2- heterosis cross as a percentage of the best

parents.

Table (3) shows that the plant height
showed the hybrid (2% 4). The heterosis of the
hybrid was positive and significant in the
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desired direction. It reached (27.02) at the
probability level (5%) in the first density, but
in the second density, none of the hybrids
reached the limits of statistical significance in
the desired direction. Regarding the number of
days to flowering, it was not believed that any
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of the hybrids were moral in the desired
direction in the first density, while in the
second density the hybrid (1 x6), (1 x8), (2 x
7), (4 x5), (6% 7))« (6 x8)and (7 x 8) with a
significant negative heterosis for the hybrid in
the desired direction, ranging from (-5.17) in
the (1 x 6) hybrid to (-0.88) in the (6 x 8)
hybrid at the probability level (1 %), and in the
description of the number of days per decade,
the hybrid (3 x 7) had a significant negative
heterosis for the hybrid in the desired direction,
reaching (-1.62) at the probability level (5%) in
the first density, while in the second density,
the two hybrids (1 x 6) and ( 6 x 8) of heterosis
for the hybrid, negatively significant in the
desired direction, reaching (-2.45) and (-0.81)
at the probability level (1%) and in terms of the
number of days of physiological maturity, the
hybrids are (3 x 4), (3 x 5) « (3 x6), (3 x7), (4
x 6) and (5 x 7) have negative significant
heterosis for the hybrid in the desired direction,
ranging from (-4.14) in the (3 x 4) hybrid to (-
25.0) in the (3 x8) hybrid. at the probability
level (1%), and the two hybrids (2 x 3) and (2
x 4) had a significant negative heterosis for the
hybrid in the desired direction, amounting to (-
3.14), both at the level of probability (5%) in
the first density, but in the second density, the
hybrid (1x2), (1x3), (1x7), (2x3), (2x4), (2x5),
(2x8), (4x6), (5%6) and (7 x 5) with a
significant negative heterosis for the hybrid in
the desired direction (-0.62) for the hybrid (2
x8) to (-25.98) for the hybrid (3x 8) at the
probability level (1%), and in terms of the
number of branches it was The hybrid (3 x 5)
has a positive, significant heterosis for the
hybrid in the desired direction, which
amounted to (35.18) at the level of probability
(5%) in the first density, but in the second
density, all hybrids were not significant, and in
terms of the number of capsules, the two
hybrids (3 x6) and (4x 6) with a positive and
significant heterosis for the hybrid in the
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desired direction, which amounted to (84.83)
and (33.15) at the probability level (1%) in the
first density, but in the second density, all
crosses were not significant, and in terms of the
number of capsule seeds, the hybrids were (1 x
4) « (5% 1), (1 x6) and (2 x8) with positive and
significant heterosis for the hybrid in the
desired direction, ranging from (55.18) in the
hybrid (1 x 4) to (107.16) in the hybrid (2x 8)
at the level of Probability (1%) in the first
density as for the third density In the
meantime, the hybrid (2 x7) has a positive and
significant heterosis of the hybrid amounted to
(64.54) at the probability level (5%) and in the
weight of 1000 seeds, the hybrids (1 x7), (2 x
5), 3 x 5) and ( 3 x 6) with a positive,
significant heterosis for the hybrid in the
desired direction, ranging from (15.90) in the
hybrid (2 x 5) to (13.70) in the hybrid (3% 6) at
a probability level (5%) in the first density, but
in the second density, the hybrid (2 x 8) with a
positive, significant heterosis of the hybrid in
the desired direction, amounting to (14.07) at
the probability level (5%), and in terms of the
seed yield, the two hybrids (1 x6) and (2 x5)
with a positive, significant heterosis of the
hybrid reached (40.69). And (47.09) at the
level of probability (1%), and the two hybrids
(3 x 6) and (4 x 5) with positive and significant
hybrid heterosis reached (29.83) and (44.81) at
the level of probability (5%) in the first density
while in the second density The hybrid (5 x6)
has a positive, significant heterosis of the
hybrid, which amounted to (39.15) at the
probability level (1%). Probability (5%), and in
terms of biological yield, none of the hybrids
reached the statistically significant limits in the
desired positive direction of the first density,
while in the second density the hybrid was (2 x
8) with strong the trait of the hybrid was
positively significant (60.43) at the level of
probability (5%) and in the harvest index (%).
The hybrid (4 x 5) had a positive, significant
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heterosis of the hybrid amounting to (84.69) at
the level of probability (5%) in the first
density, but in the first density In the second,
all crosses had non-significant cross heterosis,
the hybrid gave (1 x6) the effects of cross
heterosis on the basis of the best parents for
more than the number of days flowering, set,
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number of seed capsules and seed Yyield,
followed by the hybrid (2 x 8) for the number
of days to ripening and number of seed
capsules and the weight of 1000 seeds and the
biological yield. These results agree with a
number of researchers for a number of hybrids.
[171, [18], [19], [20], [21] and [22].
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Table (3) Heterosis at best parentbest parents for the studied traits of the first and second densities

Number of days to

_ Plant Height Number. Of Days  Number Of Contract physiological
Hybrid cm Flowering 50% Days50% maturity50%
First Second First Second First Second First Second
Density Density Density Density Density  Density Density Density
1x2 3.07 5.42 2.60 **0.86 0 0 -2.51 **.2.5
1x3 1.30 11.08 0.87 **0.90  **9.01 **8.19 -1.24  **-1.23
1x4 -0.81 7.76 0 **450 **12.39 **1512 **496 **3.70
1x5 11.40 0.22 9.25 **720 **13.11  **1393 **6.83 **4.32
1x6 -3.55 -5.42 -1.73  **517 1.09 **.2.45  *310  **1.23
1x7 -16.18 -5.08 1.73 **0.86 **4.09 **5.23 -1.86  **-3.70
1x8 7.87 3.02 -1.80  **-1.77 0 0 -0.62  **-1.85
2%3 -8.96 3.17 3.50 **6.30  **8.26 **8.33 -1.88  **-1.25
2%x4 *27.02 2.33 1.70 0 **3.30 **588  *-3.14 **-3.12
2x5 6.32 **-17.04 9.25 **540  **9.91 **11.66  *-3.14 **-1.87
2%6 191 -3.43 2.60 0 **8.26 **10 **6.91  **25
2x7 -5.23 -3.81 -6.89 **_ 47 **3.30 **5 0.62 0
2x8 *.29.74 1.40 3.60 **1.76 **5.78 **7.5 0 **.0.62
3x4 14.24 -6.90 0.87 **3.60  **5.78 **6.72  **4.14 **-2,99
3x5 8.26 0.37 6.48 0 **2.43 **2.43  *RTT77 **-7.26
3%6 4.27 2.97 0.87 **540  **7.25 **8.19  **842 **.8.42
3x7 -6.72 -1.62 2.63 0 *-1.62 **0.84 **-13.96 **-10.34
3x8 8.10 3.17 5.40 **450  **2.41 **2.43 **.25 **.2508
4x5 -2.91 -2.39 277  **180 **4.95 **0.84 1.18 **1.79
4x6 -8.15 -5.02 2.60 **3.60  **6.61 **756  **-650 **-538
4x7 -1.49 5.53 0.86 **3.60 **11.57 **1260 **7.10 **8.38
4x8 -2.66 1.86 4.50 **450 **12.39 **1512 **650 **6.58
5%6 0.85 -3.03 6.48 **3.60 *1.62 **3.27 -2.24  **-3.37
5x7 -21.11  *-10.95 8.33 **6.30  **5.69 **8.26  **-13.20 **-10.34
5x8 -0.3 -9.82 1111 **9.90  **3.25 **5.69 1.89 **1.69
6x7 -12.21 -9.71  **.28.99 **.344  **6.50 **6.61 0.56 **1.14
6%8 -6.14 -8.63 0 **.0.88 **2.4 **.0.81 1.13 **0.56
7%8 -13 -4.35 0 **.1.77 0 0 1.70 **1.72
SE(H) 11.58 5.31 7.85 0.37 0.78 0.078 2.36 0.25
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Follow Table (3):

Hybrids Number cr;:‘Zbranches Number (rJanCapsuIes Number of Seeds Weight ofg #1)00 seeds,
First Second First Second First Second First Second
Density  Density  Density  Density  Density  Density  Density  Density
1x2 -17.64 0 **.35.82 5.88 10.68 -26.50 -8.11 -3.59
1x3 -19.11 -21.31  **-41.96 19.36 41.93 -12.91 -1.75 -5.29
1x4 -7.35 -17.91  **-41.35 4.62 **75.22 0.33 7.33 -9.14
1x5 4.44 -8.19 **-42.38 7.50 **55.18 -27.84 1.01 -8.82
1x6 7.35 -4.92 **.45.84 3.32 **03.16 5.11 -2.95 -9.51
1x7 -7.35 -8.19 2.04 10.18 **.52.95  -14.44 *15.81 -2.73
1x8 16.17 -10.95 -18.61 -5.10 7.60 1.24 5.08 -6.85
2%3 -14.03 14.03 13.14 36.19 -31.25 -19.80 -5.59 *.13.83
2%x4 15.87 -1.49 **.29.64  34.50 22.57 -6.87 571 -2.69
2x5 1.75 31.58 9.31 47.97 14.68 *-43.34 *15.90 *-0.66
2%6 -4.54 5.42 5.37 15.61 10.76 5.16 -6.16 -8.83
2x7 10.76 17.54 -7.10 -33.28 *-33.96 *64.54 -2.97 5.88
2x8 8.47 -8.21 **.41.23 -31.16 **107.16  32.72 1.008 *14.07
3x4 3.17 -0.002 *.25.07 -0.07 13.43 *-40.15 -9.001 1.07
3x5 *35.18 7.14 6.79 -8.96 -6.57 23.05 *14.11 -9.15
3%6 151 15.51 **84.83 0.90 -39.11 -2.70 *13.70 -7.56
3x7 4.61 10.52 **.29.78  -16.99 -23.25 31.25 1.09 -10.42
3x8 11.86 -21.92 -20.89 12.67 14.44 -35.19 1.66 -6.30
4x5 -4.76 25.92 -4.38 35.49 -3.98 -28.44 -1.36 *-10.73
4%6 -6.06 29.30 **33.15 34.85 -26.06 -27.62 *.13.13  **-18.45
4x7 -3.07 10.52 -20.79 -3.86 -32.83 -12.10 -5.84 -7.08
4x8 3.17 -17.05 -15.38 1.14 -3.87 -28.72 -3.62 -6.33
5%6 7.57 12.06 20.51 39.76 -27.61 -4.24 4.49 -4.81
5x7 -10.7 15.78 -0.21 -25.29 **_47.95 -22.71 -2.46 **.13.04
5x8 22.03 -26.02 -11.20 -4.45 1.21 -13.54 -1.58 *.12.23
6x7 -9.09 15.51 **.28.76  -26.02 -19.22 22.26 -8.99 -6.94
6%8 6.06 -2.74 2.73 -22.78 -1.48 -11.53 -2.65 -3.41
7%8 18.46 2.73 -17.28 -20.24  **-38.75 -1.53 14.41 6.67
SE(H) 17.81 13.27 332.1 384.5 0.96 1.33 0.49 0.43
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Follow Table (3):

Seed Yield Biological Yield Harvest Index
Hybrid kg. h kg. h %
First Second First Second First Second

Density  Density  Density  Density  Density  Density
1x2 -28.46 -26.39 *.43.13 -16.91 1.713 -11.40
1x3 -0.06 0.06 -30.22 13.60 -3.01 -23.03
1x4 9.37 14.29 -20.54 -30.01 35.84 -11.16
1x5 12.99 -16.28 -1.98 -2.38 17.44 -19.17
1x6 **40.69 7.83 3.65 10.78 -8.12 -10.34
1x7 **.28.69 15.71 -25.78 7.21 -19.05 -2.74
1x8 11.18 11.90 -0.37 33.46 -21.76  **-48.46
2x3 -23.14 3.31 12.78 34.20 -22.51 -26.79
2x4 38.91 *37.82 5.0003 14.20 20.70 -11.33
2x5 **47.09 -21.37 7.90 -21.42 35.81 -3.57
2%6 11.21 0.30 -8.46 -6.86 20.59 1.57
2x7 **.31.30 -1.77 -5.20 -3.60 -28.32 -24.76
2x8 29.90 9.29 11.06 *60.43 -4.83 -18.32
3x4 9.85 *-36.85 -1.76 *-39.33 -5.34 -23.31
3x5 26.77 -12.63 16.28 -11.56 -27.38 -14.74
3x6 *29.83 -24.09 6.72 -5.56 -17.41 -28.89
3x7 **.38.89  *44.09 6.63 9.83 *-40.9 6.30
3x8 -9.94 -17.30 -8.99 49.95 9.86 **.44.80
4x5 *44.81 2.58 -25.58 3.003 *84.69 -19.95
4x6 5.72 -21.08 -1.44 -33.86 8.63 -0.89
4x7 **.37.53 16.33 0 5.48 *.39.54 7.84
4x8 10.33 -2.72 14.20 -27.58 -17.62 10.15
5x6 -3.31 **39.15 -20.93 24.18 23.09 8.31
5x7 **.43.73  *-35.38 -16.24 -40.98 -34.43 6.10
5x8 -4.68 5.02 -24.18 -12.58 -19.05 -2.10
6x7 **.36.21 9.17 -4.26 11.10 -35.73 -3.22
6x8 -5.40 -17.31 20.18 -10.46 -34.87 -21.22
7%6 -35.34 -4.006 4.73 -2.29 *-49.81 -21.37
SE(H) 215.09 335.82 887.7 1818.7 2.68 3.53
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