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ABESTRACT: The main objectives of the present study are to evaluate six
different flax genotypes [P, {(Giza 8), P, (Sakha 2), P; (Sakha 4), P, (llona), P;s
(S. 22) and P; (Sakha 3)] and their F, crosses (including the reciprocal
crosses} under three different nitrogen levels (30, 45 and 60 kg
Nitrogen/faddan). Data were recorded on days to maturity, seed yield per
plant {(gm), seed index, straw yield/plant and oil %. The magnitude of both
general and specific combining abilities were estimated for all traits, but
gene action effects and genetically graphical analysis were done only for the
two later traits. The obtained data revealed that the most desirable and/or
highest mean performances for all parents and crosses were defined in all
traits studied under the three nitrogen lfevels and their combined data.

The mean squares associated with general (G.C.A) and specific (S.C.A)
combining ability effects were found to be highly significant for most studied
traits in the three nitrogen levels and their combined data, this mean the
importance role of both (G.C.A) and (S.C.A} effects controlling in the
inheritance of all traits, but the first'one were the greatest one. Based on the
combined data, the best general combiners were detected in the parental
cuitivar flona (P, for days to maturity; in Sakha 2 (P,) for straw yield/plant,
seed index and seed yield per plant and in 8. 22 (Ps) for oil %. Also, based on
the combined data of specitic combining ability, the most desirable and/or
highest values were defined in five crosses (Py X Py, P; X Ps, Py X Py, Py x Py
and P x Py} for straw yield/plant, and in two crosses (P; x P; and P, x P,) for
oll %.The analysis of gene action effects for straw yield/plant and oil %
showed that the additive variances (D) and dominance components (H1)
vere significant for the two traits studied in the three nitrogen fertilizing
levels. Also, the ratios of recessive and dominant genes for both traits were
markedly differed in each parents under the different nitrogen levels.
Degrees of partial dominance, complete dominance and over dominance
effects were also sharply differed under the three nitrogen levels for both
traits.

in general, the third nitrogen level (60 kg Nfaddan} gave the highest and/or
the most desirable mean performances and different genetic components for
most studied traits. 60 and 30 kg N/faddan gave the maximum gain for straw
yield and oil %, respectively.
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INTRODUCTION

Flax was the chief fiber crop in Egypt before the growing cotton on a
commercial scale; it is grown as a duai purpose crop for both fiber and oil.
Flax fiber and oil are used for industrial and textile purposes. Both products
play prominent role in Egyptian national economy as an export as well as
local products. In Egypt, the gap between: the production oil and local
requirements increased, because it is difficult to increase flax area due to
great competition from the other winter crops. The gab could be minimized
partly by increasing flax yield per unit area through planting high-yielding
cultivars and by optimizing the agricultural practices for growing flax. Some
investigators examined the importance role of gene action components in
the inheritance of different trait of flax. Bhateria, et al (2006), found that the
additive as well as non-additive gene effects played significant role in the
inheritance of yield and related traits with preponderance of non-additive
gene effects for all the traits studied. Singh et al, {2008), suggested that
additive gene action was important for yield attributing characters except for
100-seed weight., where non-additive gene action was predominant. On the
other hand, combining ability analysis is the most widely used as a
biometrical tool for classifying lines in terms of their ability to combine in
hybrid combinations In this regard, Abo-Kaied, (2002), found that, both
general {GCA) and specific combining ability (SCA) variances were highly
significant. General combining ability (GCA) effects were more important
than the specific (SCA) combining ability effects for fiber percentage, seed
index and days to maturity. On the other hand, the specific (SCA) combining
ability effects were more effective than the general combining ability (GCA)
effects for straw yield per plant, seed yield per plant, and oil percentages.
Singh et al (2004) cleared that in the F, and F, generations, the estimates of
specific combining ability (SCA) variances were higher than general
combining ability (GCA) variances for all quality traits studied. The ratio of
(GCA) and (SCA) variances indicated that non-additive genes affected 1000-
seed weight, oil content and traits in both generations. Srivastava, et a/
{2007), showed that the variances due to general comhining ability (GCA} and
specific combining abllity {SCA) were highly significant for al! the studied
traits except number of primary branches in F,.

The main objectives of the present study are to evaluate some different
flax genotypes and their resulted crosses (including the reciprocal crosses)
under three different nitrogen levels (30, 45 and 60 kg Nitrogen/faddan) for
some agronomical and technological traits. And study the magnitude of both
general and specific combining abilities and their interactions with the three
different nitrogen fertilization levels and studying the nature of gene actions
controlling of two importance ftraits, straw yield per plant (kg) and oil
percentage under three nitrogen fertilization levels
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MATERIALS AND METHODS

All possible crosses were made, including the reciprocal crosses in a set
of diallel mating design involving six parental flax genotypes P, (Giza 8), P,
{8akha 2), P; (Sakha 4), P, (llona), P;s (S. 22) and Pg (Sakha 3). The 36 entries
{six parents and their thirty F; hybrids were tested under 30, 45 and 60 Kg
Nitrogen per faddan).

Variances and effects of general and specific were computed according to
Griffing 1956- Method 1- Model 1. Ten individual guarded plants were chosen
at random to recording the following characters: for days to maturity, straw
vieid/plant, seed yield per plant (gm), seed index and oil%. Combined
analysis of the three nitrogen fertilization level experiments was carried out
whenever the homogeneity of test as outlined by Snedecor and Cochran
(1982).

The computed genetical parameters were, combining ability {(General and
specific combining ability) estimates were determined by employing Griffing
{1956) diallel cross analysis designated as method 1 model 1. The Gene
action parameters and genetically graphical analysis were done according to
Hayman methods (1954a and b). .

RESULTS AND DISSCUSION

1- Mean performances:

The mean performances of all genotypes (six parents and their resulted
thirty crosses} at the three nitrogen fertilization levels as well as their
combined data are presented in Table {1). The most desirable and/or highest
mean performances for all parents in all traits studied under the three
nitrogen levels and their combined data were defined. It was identified for
days to maturity in P,, P, and Pg; for straw yield/plant in P,; for seed index
and seed yield/plant in P, and P, and for oil percentage in P; and P,. The
most desirable and/or highest mean performances for all crosses in all traits
studied under the three nitrogen levels and their combined data were
defined. it was identified for days to maturity (toward earliness) in the two
crosses (F, x F4j and (Ps x Pg); for straw yield/plait, the highest mean values
were detected in the two crosses (P: x P,) and (P; x P;); for seed index in the
two crosses (P4 x P,) and (P; x P4}, for seed yield/plant in three crosses (P; x
Pi), (P2 X P,) and (P; x P,) ; the three crosses {P; x P;), (P4 x P} and (Ps x P4)
gave the highest mean values of oil percentage.

Generally, the most superior crosses for the economic traits were
detected in the two crosses (P, x Py) and (P, x P,)for straw yield/plant, in (P; x
P,) for seed yleld/plant and (P, x P;) for oil %.
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Table (1): The genotypes mean performance under the three nitrogen
fertilization levels and their combined data for all studied fraits.

Entries | Days to maturity (days) ! Straw yield / plant {g } | Seed index {gm)
Parents

Ny N: Ns Comb. N, N N Comb. N, N2 Ny Comb,
Py 130.3 [ 1323 [ 132.7 | 131.8 [ 2.520 { 2.800 | 2.870 | 2.730 { 9.430 | 10.42 | 10.55 10.13
Py 1243 | 1253 | 126.3 | 125.3 | 2.780 | 3.100 | 3.190 | 3.020 | 7.960 | 8.850 | 9.000 8.600
P, 1283 11293 1307 | 1294 | 2,110 ) 2320 ) 2360 | 2.260 | 4.150 | 4270 | 4.430 4.280
P 1243 [ 1253 [ 1253 | 125.0 | 2.050 ! 2.240 | 2.280 | 2.180 | 3.930 | 4.070 | 4.210 4.070
Ps 130.3 | 1323 {1333 | 1320 | 2550 | 2.840 { 2.990 §| 2.770 | 4.920 | 5.340 | 5580 | 5280
Ps 123.7 | 1247 | 1267 | 1247 | 2.070 | 2,290 | 2,320 | 2.230 | 3.950 | 4140 | 4330 | 4.140
Parent means | 1269 | 128.2 | 1290 ! 1280 | 2.347 | 2598 | 2655 | 2.533 | 5723 | 6.182 [ 6.350 { 6.083

Crosses

P, xP; 128.7 | 129.7 | 129.7 | 1293 [ 2510 | 2.780 | 2.870 | 2.720 | 8.760 | 9.330 ; 9.450 | 9.180
Pz x Py 128.7 | 129.7 | 130.3 | 129.6 | 2.550 | 2.790 | 2.850 | 2.730 | 8.730 | 9.350 | 9.470 | 9.180
P.x P, 129.7 | 130.3 | 131.7 | 130.6 | 2.460 | 2.750 | 2.840 | 2.680 | 5.830 | 6.180 | 6.310 6.110
Pyx Py 126.3 | 128.3 | 129.3 | 128.0 | 2.500 | 2.780 | 2.850 | 2.710 | 6.000 | 6.260 | 6.380 8.210
PixPy 125.7 | 128.3 | 128.7 | 127.6 | 2.600 | 2.830 | 2.920 | 2.780 | 7.810 | 8.090 | B.200 8.030
Pyx Py 127.7 | 1293 | 129.7 | 128.9 | 2.640 |} 2.£890 ; 2.980 | 2.840 | 7.970 | 8.220 | 8.390 8.190
PyxPg 128.3 ; 128.3 { 129.3 | 128.7 | 2.590 { 2.940 [ 3.000 | 2.840 | 7.060 | 7.480 | 7.590 7.380
Ps X Py 126.7 [ 129.3 | 129.3 | 128.4 | 2.610 { 2.900 | 2.930 1 2.810 | 7.260 | 7.760 | 7.920 7.650
Py x P 129.3 | 130.7 | 131.7 } 1306 | 2280 | 2.730 | 2.730 | 2.580 | 6.800 | 7.500 | 7.620 7.310
Pux P, $29.3 | 1313 | 1323 131.0 | 2250 | 2720 | 2.810 | 2.590 | 6.890 | 7.540 | T.670 7.370
Py x Py 126.7 | 128.7 { 128.7 | 128.0 | 2.340 | 2.650 | 2.710 | 2570 | 7.720 | 8.300 | 8.450 8.160
PyxP; 125.3 | 129.7 | 130.3 | 128.4 | 2,300 | 2580 | 2650 | 2.510 | 7.410 | 7.850| 7970 | 7.740
P; X Py 126.3 | 1313 [ 1323 | 1300 | 2910 3170 | 3.280 | 3.120 | 7.480 | 7.970 | 8.100 7.850
Pyx P, 126.3 | 130.3 1 131.3 | 129.3 | 2.920 | 3.170 | 3.180 | 3.080 | 7.520 | 8.250 | 8.370 8.050 |
P; x Pg 129.7 | 130.7 | 131.3 | 1306 (2640 | 2970 | 3.040 | 2.880 | 8.130 | 8.490 | 8620 | 8.410
Ps x P2 127.3 [ 1303 [ 1317 1298 | 2.620 | 2.990 | 3.030 | 2.880 | 7.920 | 8.280 | 8.420 8.210
P x Pg 127.0 | 128.7 [ 1297 | 1285 | 2.460 | 2.680 | 2.800 | 2.650 | 7.090 | 7.600 | 7.750 7.480_
Ps x P 128.7 | 129.3 | 130.3 + 129.4 | 2550 | 2.720 | 2.720 | 2.660 | 7.100 | 7.500 ; 7.650 7.430
Pix P 1263 | 1203 | 129.3 | 1283 | 2.490 | 2.630 | 2.680 | 2.600 | 8.100 | 8,540 | B690 | 2.440
Pux Py 1253 {1293 | 130.2 | 128.3 | 2.420 | 2.660 | 2.730 | 2.600 | 7.160 } 7.500 | 7.600 | 7.420
P3x Ps 128.7 | 1293 | 1303 | 129.4 | 2390 | 2790 | 2.890 | 2,690 | 7,960 | 8.400 | 8.530 8.300
Psx P 1293 | 1303 [ 1300 1299 | 2430 23500 2810 | 2680 | 8050 | 8.430 | 8550 8.360
PixPe 126.7 | 128.3 1 129.3 ] 128.1 | 2160 | 2470 | 2,850 | 2.380 | 7.110 ! 7.420 | 7.540 | 7.360
P; x P, 1283 (1303 | 1317 | 1301 [ 217012390 | 2460 | 2.240 | 7230 [ 7600 | 7770 | 7.530
Py X Py 127.3 { 1287 | 129.3 | 128.4 | 2480 | 2.710 | 2.790 | 2,660 | 7.020 | 7.300 | 7.450 7.260
Psx P, 126.7 | 1293 | 129.7 | 1286 2490|2720 | 2810 | 2.670 ;7160 | 7.450 | 7.590 | 7.400
PysxP; 126.0 | 129.7 | 130.7 | 128.8 | 2.660 | 2.840 | 2,930 | 2.610 | 7.180 | 8.300 | 8.440 7.970
Pgx Py 127.7 | 1283 | 129.3 | 1284 | 2650 | 2.840 | 2.950 | 2.810 ; 7.410 [ 8.620 | 8.750 8.260
Ps x Py 125.7 | 127.7 | 129.3 | 127.6 | 2170 | 2470 | 2.560 | 2.400 ; 7.960 | 8.370 | 8.490 3.270
Psx Ps 128.3 11293 | 1303 { 1293 | 2.210 | 2.460 | 2.560 | 2.410 | 7.980 | 8.480 | 8.600 | 8.350
Cross means | 127.5 | 129.5| 130.27 1291 | 2.482 | 2.761 | 2.831 | 2.680 | 7.461 | 7.945 | 8,079 7.829
|General mean | 127.2 | 1289 | 129.6 | 1286 | 2415 | 2.680 | 2.743 | 2.612 | 6.592 | 7.064 | 7.215 6.956
L.S.D. %5 0.931 | 0.351 | 0.844 | 0876 | 0111 {0122 | 0.138 | ¢.124 | 0.247 | 0.383 | 0.358 | 0.335
L.8.0. %1 1.235 | 1.129 | 1119 | 1162 | 0.148 | 0.162 | 0.183 | 0.165 | 3.280 | 0.508 | 0.475 0.444
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Table (1): cont.

|_Entries Seed yield / plant {gm) 1 Oil percentage
o Parents
Ny N; N, Comb. Ny N: N, Comb

Py 0.860 | 1.470 | 1.780 | 1370 | 38.39 | 38.15 | 38.06 | 38.20

| P, 0640 | 1150 | 1.380 | 1060 | 37.43 | 37.33 | 37.32 | 37.36
Ps 0170 | 0220 | 0240 | 0210 | 36.09 | 36.06 | 3597 | 36.04
Py 0180 | 0.260 | 0.260 | 0.230 | 33.46 | 3336 | 33.27 | 33.36
Ps 0520 | 0.810 | 1.010 | 0.780 | 41.86 | 41.26 | 40.11 | 41.08

P 0190 | 0.240 | 0.270 | 0.230 | 34.99 | 34.97 | 34.91 | 34.96 |
‘Parent means 0427 | 0.692 | 0823 | 0647 | 37.04 | 36.86 | 36.61 36.83

L Crosses

| Py x P, 1450 [ 1910 | 2120 | 1.840 39.9 | 3866 | 34.72 | 37.78
P2 x Py 1.270 | 2.530 | 2190 | 2000 | 42.02 | 41.47 | 4066 | 41.38
P x Py 0.850 | 1.180 | 1.430 | 1.150 | 44.64 | 44.06 | 4256 | 43.75
Pix P, 1.030 [ 1.390 | 1.710 | 1.380 | 41.47 | 3914 | 3655 | 39.05
P x P, 1.500 | 1.790 | 2050 | 1780 | 4199 | 409 | 385 40.46

- P,xP, 1.510 | 1.820 | 2110 | 1.850 | 4385 | 42.67 | 41.2 42.57
Py x Ps 1.380 | 1.870 | 2120 | 1.790 | 42.96 | 41.99 | 40.57 | 41.84
Ps x P, 1.260 | 1.570 | 1.960 | 1.600 | 42.83 | 4295 | 42.72 | 42.83 |

[ P1x Pg 0.930 | 1.280 | 1.550 | 1.25¢ | 38.02 | 38.57 | 37.47 | 38.02
Psx Py 1.060 | 1.380 | 1.660 | 1.370 | 37.49 | 37.15 | 3693 | 3719
P.x Py 1.530 | 1.950 | 2.250 | 1.910 | 39.26 | 3898 | 38.03 | 38.76
Pix P: 1150 | 1.290 | 1.920 | 1.450 38.7 | 38.87 | 3845 | 38.67

' P2x Py 1540 | 2240 | 2510 | 2.100 | 40.82 | 4046 | 39.88 | 40.39

| PaxP; 1350 | 1500 | 1.750 | 1530 | 4165 | 41.31 | 4082 | 41.26
P.xPs _ 1.420 | 1.580 | 2.020 | 1670 | 43.02 [ 41.77 | 3951 | 47143 |
Psx P; 1.510 | 1040 | 2230 | 1.830 | 4339 | 4192 | 40.01 | 41.77
P: x Ps 1.040 | 1540 | 1.950 | 1510 | 41.93 | 41.06 | 4025 | 41.08
Psx P, 1350 | 1.510 | 1.540 | 1470 | 41.38 | 40.54 | 39.92 | 40.61
Psx Py 1.990 | 2160 | 2.520 | 2220 | 40.95 | 40.00 | 3872 | 39.89
Py x Py 1420 | 1620 | 1.760 | 1600 | 39.86 | 39.72 | 39.41 | 39.66
P x Ps 1.350 | 2.020 | 2.2360 | 1.910 419 | 40.76 | 38.88 | 40.51
Psx P 1380 | 1400 | 1820 | 1.530 | 43.36 | 40.98 | 38.35 | 40.90

| P2x Ps 1470 | 1370 | 1.680 | 1410 | 40.29 | 40.24 | 39.32 | 39.95

| Pax Py 1.200 | 1.330 | 1480 | 1340 | 39.87 | 394 | 23932 | 39.53 |
PaxPs 1.200 | 1590 | 1850 | 1.560 | 38.21 | 38.87 & 376 38.23
Ps x P, 1980 | 1.330 | 1.760 | 1420 | 4173 | 4152 | 4042 | 41.22
Pax P 1.450 | 1.88C ' 213 1820 | 4145 T 24171 | 4046 | 4741
P x P, 1430 | 1920 | 2120 1.820 | 41.18 | 40.72 | 40.72 | 40.87
Ps X P; 0.980 | 1400 | 1860 | 1420 | 4052 | 38.75 | 37.24 | 3B.84
Ps X Ps 1480 | 1.580 | 1.890 | 1650 | 3992 | 40.1 | 40.16 | 40.06
Cross means 1.313 | 1.666 | 1.944 1.641 41.14 | 40.51 39.31 40.32
General mean 0.870 | 1.179 | 1.384 1.144 39.09 | 38.69 | 37.96 38.58
L.S.D. %5 0.307 | 0583 | 0.550 | 0550 | 0879 | 1.247 | 1427 | 1.206

[ L.8.D. %1 0407 | 0774 | 0.730 | 0730 | 1166 | 1.654 | 1.893 | 1.600

Ny, Nzand N3 = 30, 45 and 60 Kg N/fed, respectively

Comb = combined data.
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2 -Variances of Combining abilities:

The mean squares associated with general and specific combining ability
were significant and/or highly significant for all traits (Table 2). The ratios of
(GCA ! SCA} exceeded the unity were detected for days to maturity at N, and
the combined analysis, straw yield per plant at N;, N;, N; and the combined
analysis, it mean that, the additive and additive by additive types of gene
action were greater importance in the inheritance in these cases. On the
other hand, these ratics were less than the unity and detected in the
remaining cases. At the same time, few cases exhibited equal the unity, such
as seed index at Ny, N,, N, and the combined analysis. In this concern, for
general and specific combining ability, Thakur and Bhateria (1991), revealed
that (SCA) variances were relatively large for all eight characters studied
except plant height in the F,. Abo-Kaied ef al. (2002), indicated that general
combining ability /specific combining ability mean squares indicated that
both additive and non-additive gene effects governed the inheritance of seed
yield per plant and its three component traits. However, additive was more
important than non-additive genetic variance in the genetic expression of
1000-seed weight, seed yield per plant. Abo El-Komsan et al. (2003), The
additive effects were more important than the non-additive effects for fiber
percentage, seed index and days to maturity. On the other hand, the non-
additive effects were more effective than the additive effects for straw yield
per plant, seed yield per plant, and oil%. Swarnkar et a/. {2003), obtained
significant mean squares due to general (GCA) and specific combining
abilities for all the characters except few cases. in F,. The general
productivity ratio indicated the involvement of non-additive gene action for
all the characters except number of days to maturity in the F, and F,
generations. Srivastava ef al (2007), revealed that the variances due to
general combining ability (GCA) and specific combining ability (SCA) were
highly significant for all the traits except number of primary branches in F,.
The general productivity ratio (GPR) depicted that the presence of
predominantly large amounts of non-additive gene action. Singh et al. (2008),
obtained high magnitude of (GCA) and (SCA) effects for all traits indicated
the presence of both additive and non-additive gene interactions for the
maintenance of different traits. Singh et al, (2009), revealed the importance
role of non-additive gene action in the inheritance of all the traits. Mean
squares of interactions between the three nitrogen fertilization levels and
general, specific combining ability were significant for all traits studied
except for plant height for general combining ability; and no. of capsules per
plant for specific combining ability; and technical length, straw yield per
plant and seed index for reciprocal; seed weight for general and specific
combining ability with three nitrogen fertilization levels indicating that, the
magnitude of additive and additive by additive types of gene action were
varied from fertilizing level to another as shown before. Mean squares of
(S.C.A.} x levels / (§.C.A.} were much higher than (G.C.A.) x levels / (G.C.A.)
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Table (2): Mean square estimates of ordinary analysis and combining ability analysis for all traits studied

for nitrogen fertilization level and their combined data.

Source of variance df [ Days to maturity (days) [ Straw yield per ptant (g} Seed index {gm)
Single [ Comb | Ny N; N; | Comb. | N N N: | Comb. | N N; N | Comb.
G.C.A. 5 5 | 8577 { 4.010* { 3.428" | 44.37™ | 0.173™ | 0.187™ |0.131" | 1.628" | 2,699 |3.373" 13.364" | 28.08
S.C.A. 15 15 | 2.716* | 4.546* | 5.276™ | 33.95™ 1 0.052" | 0,066* | 0.060* | 0.488" | 2.790™ | 3.341* | 3.289" | 28.04*
Reciprocal 16 16 | 1.415™ | 0.633" | 0.704" | 5500* [0.001 [0.001 [0.002 |0.004" | 0.041™ | 0.057 [0.062*| 0.468*
'G.C.A. xlovels 10 1 | 1.840 0.013* o.101"
S5.C.A. x levals 30 1 1.830" i .00 0.110*
Reciprocal x levels a0 k] 1.380~ 0.003 0.008
G.C.A. X fovalsiG.C.A. 0.041 0.008 0.004
S.C.A. x levels/S.C.A. 0.054 0.014 0.004
RetiprocaixievelReci 0.254 0.750 . 2.012
G.C.A./5.CA. 3158 | 0882 | 0650 | 1.307 | 3.327 | 3.338 | 3183 ! 3336 | 0.967 | 1.010 | 1.020 | 1.001
Error (crlé) 70 212 0.109 0.091 0.09 0.087 0.0016 | 0.002 | 0.0023 [ ¢©.002 0.008 | 0018 | 0.016 | 0.014 i
Table {2 }: cont.
Source of variance d.f Seed yield per plant (gm) Oll percentage
Single | Comb N, N; N, Comb. Ny N Ny Combh.
G.C.A. 5 5 0.076* | 0.287* | 0.374* 1.889™ 8.876™ | 5,915 | 2.333% | 46.94""
S.CA. 15 15 0.338*" | 0.443" | 0.633* 4113 10.44*" | 7.806* | 6.086* | 68.76"
Reclprocal 15 15 £.032* | 0.081* | 0.085" 0.431* | 1.2186™ | 1.662* | 3.412* | 16.08™
G.C.A. x levels 10 10 0.161* 22297 N
S$.C.A. x levels 30 a0 0.065" 2117
Reciprocal x levels 30 30 0.083™ 1.396*
G.C.A. x levels/G.C.A, 0.085 0.047
S.C.A. x levels/S.C.A. 0.016 0.031
Reciprocal x level/Reclp 0.193 0.087
G.CA.IS.CA 0.224 0.648 0.581 0.459 0.850 0.758 0.283 0.683
Error 70 216 | 0012 [ 0.043 | 0038 | 0031 | 0098 | 0197 | 0257 | 0184 |
> and ** significant at 0.05 and 0.01 fevels of prabability respectively.

Comb = combined ahalysis.
N+, Nzand Ny =30, 45 and 60 Kg Nffed, respectively
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for all traits studied were significant except seed index, seed yield per plant
and oil percentage. On the other hand, mean squares of reciprocal x levels /
Reciprocal were much higher than {S.C.A.) x levels / (S.C.A.) for all traits
studied were significant except days to flowering, plant height and technical
length. In this concern, Mishra and Rai (1996), observed highly significant
variation for GCA and SCA x E for all the characters, and SCA and GCA x E
for all the traits except oil content. Abo-Kaied (2002), suggested
predominance of additive gene effects in the genetic control of the traits
straw yield per plant, Specific (SCA) combining ability and (SCA} x
environment interactions were greater than general combing ability (GCA)
and (GCA} x environment interactions, indicating that non-additive gene
effects were stable over environments, whereas additive effects were much
influenced by environments, Aba-Kaied ef al. (2002), revealed that significant
(GCA) x environments interaction indicated that the additive effects were not
stable over environments, hence more than one test environment is required
to obtain reliabie information for seed yield per plant and its components. On
the contrary, (SCA} x environment interaction was not significant for seed
yield per indicating that the non-additive effects governing these cases were
less distorted by environmental fluctuations.

3- General and specific combining ability effects:
3- a - General combining ability effects:

Estimates of general combining ability effects (§i) for individual pareniai
genotype in each trial at the three nitrogen fertilization fevels as well as their
combined data are presented in Table (3). The parental cuftivar, Giza 8 (P,)
showed highly significant positive undesirable (§i) effects for days to
maturity at Ny, N; and N; as well as their combined analysis. On the contrary,
it showed highly significant and/or significant positive desirable {§i) effects
for straw yield per piant and seed index at N;, N; and N, as well as their
combined analysis. Also, seed yield per plant at N,, N; and the combined
analysis and oil percentage at Ny, N; and the combined analysis, showed the
same trends for this trait. The data indicated that Giza 8 (P.) provide to be the
second highest combiner for siraw yield per plant, seed index, seed
yield/plant and oil percentage. The parental cultivar Sakha 2 (P} exhibited
highly significant and/or significant positive desirable {§i) effects for straw
yield per plant, seed index and seed yield per plant at Ny, N; and N; as well as
their combined analysis. While the significantly negative effects were
detected for days to maturity at Ny, N2, N; and the combined analysis. The
data indicated that Sakha 2 (P,) provide to he the first highest general
combiner for straw yield per plant, seed index and seed yield per plant. The
parental cultivar Sakha 4 (P,) expressed highly significant and/or significant
positive (§i) effects for days to maturity at N; and the combined analysis.
However, it gave highly significant and/or significant negative effects for
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Table {3): Estimates of genaral combining abllity effects for the parental varieties evatuated
under the nitrogen fertilization level and their combined data.

Source of Days to maturity {days) Straw yleld per plant (g} Seed indax {gm)
varlance

N4 N; N, Comb. Ny N; N Comk. N, N, N, Comb,
Giza 8 1.048* | 0.732* | 0.574 | 0.784** | 0.044™ | 0.077** | 0.075" | 0.065™ | 0.493"* | 0.559*" | 0.551* | 0.534*
Sakha 2 0426 |-0.186* |-0.178" | -0.262™ ; 0163 | 0.6 | 0.167" | 0.156" ) 0.643* | 0.731* | 0.738" | 0.702*
Sakha 4 0.074 1.120 G487 | 0117 10137 {0.139** |-0.144* |.0.140™ |-0.430** |-0.569*" |-0.889*" |-0.823*
lona -1.204* | -0.546* | -0.759* | -0.836™ | 0.073" | 0.013 0.019 0.035* |-0.282** |-0,288"" |-0.293* |-0.288"
L.22 0.852* | 0.568" | D.874 | 0.864* | 0.018 0.081** | 0.083** | 0.041™ | 0.028 -0.047 |-0.047 |.0.022*
Sakha 3 -0.243* | -0.605" | 0.370* | -0.486* |.0.151* | -0.158* | -0.189** | .0.156* [-0.452~ |.0.386"" |-0.377*" |.0.408*
L.8.D. 5% (§) 0.174 0.188 0.1587 0.084 .01 0.023 0.026 0.013 0.048 0.0 0,067 0.038
L.8.D. 1%. (@) 0.230 0.210 0.209 0.125 0.028 0.030 0.034 0.018 0.081 0.085 0.089 0.048
L.S.D. 8% (g} i) 0.268 0.245 0.244 0.146 0.032 0.038 0.040 0.021 0.071 0.110 0.103 0.08¢
L.8.D. 1% (§i- &) 0.357 0.395 0.323 0.184 0.043 D.047 0.053 0.027 0.096 0.147 0.137 0.074

Tabie ( 3 ); cont.
Source of variance Saed yleld per plant (gm} OH percentage
Ny Ng Ns Comb. Ny Nz N Comb.

Glza 8 0.002 0.142* - 0.165* 0.103* 0.517 0.423* 0.138 0.389*
Sakha 2 0.080" o187 0.228" 0.166™ 0122 0.077 0.048 0.082
Sakha 4 -0.050 -0.157* «0.150*" -0.119* -0.232* 0.377* -0.400** -0.3386**
Itona 0.080™ 0.038 -0.012 0.035 -0.802** «0.349** 0173 -0.374*
L.22 0.016 -0.01¢ 0.001 0.002 1.319" 1111 0.779* 1.089*
Sakha 3 <0.1218% 0197 -0.232* 0.185* -1.124* -0.884* -0.393* -0.800*
L.S.D. 5% {8l} 0.087 0.109 0.103 0.063 0.164 0.232 0.266 0.130
1..5.D. 1%. (@i} 0.078 0.144 ¢.136 0.07 0.217 0.308 0.3582 0.172
L.8.D. 5% (4i-fl) ¢.089 0.168 1,589 0.083 0.254 ©0.360 0.412 0.201
L.6.0. 1% (§i- 8i) 0.117 0.223 2.107 0.110 0.337 0.478 0.547 0.287

* and ** significant at 0.06 and 0.01 levels of probabllity respectively. Comb. = combined analysis,
Ny, Nzand N:= 30, 45 and 60 Kg Nifed, respectively
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straw yield per plant, seed index and oil percentage at N,, N;, N; and the
combined analysis. Also, seed yield per plant at N;, N; and the combined
analysis showed the same trends for this frait. The parental cultivar llona (P.)
expressed highly significant negative desirable (§i) effects for days to
maturity at N;, N,, N; and the combined analysis. it also showed highly
significant and/or significant positive (§i) effects for seed yield per plant at
N,, straw yield per plant at N, and the combined analysis. The data indicated
that llona {P,} provide to be the first highest general combiner for days to
maturity. The parental cultivar 5.22 (P;) showed highly significant positive
(1) effects for days to maturity and oil percentage at N;, N;, N; and the
combined analysis, straw yield per plant at N;, N, and the combined analysis.
However, it gave highly significant negative effects for seed index at the
combined analysis. The data indicated that $.22 (P;) provided to be the first
highest general combiner for oil percentage. The parental cultivar Sakha 3
{Ps} exhibited highly significant negative effects for days to maturity, straw
yield per plant, seed index, seed yield per ptant and oil percentage at N,, N,,
N, and the combined analysis. The data indicated that Sakha 3 (P;) provide to
be the second highest general combiner for days to maturity.

3- b- Specific combining ability effects:

Estimates of specific combining ability (Sij) effects for the thirty crosses
{Table 4) were defined as follows: For days to maturity, six crosses (P; x P,),
(P4 x Py), (P4 x Pg), (P5 x Py), (P53 x Pg) and (Ps x Pg) at three fertilizing levels as
well as their combined dated, two crosses (P, x P;) and (Ps; x P;) at N;, three
crosses {P; x P3), (P3 X Ps) and (P; x Ps) at N3, Ni and their combined data, one
cross (P; x P) at N, and the combined data and two crosses (Ps x P;) and {P,
x P;) at N,, exhibited highly significant and/or significant desirable negative
(8ij) effects. The data indicated that the highest values for this trait for the
five crosses (P, x Py), (P1 x Ps), (P5s x Py) and {P; x P;). For straw yield/ptant,
three crosses {P; x Py}, (P; x P} and (P; x P,s) at Ny, N; and the combined
dated, one crosses (P, x P;) at N, and the combined data and one cross (P; x

P;) at the combined data, exhibited significant desirable positive (Sij) effects
for this trait. For seed index, fourteen crosses (P, x P»), (P, x Py), (P4 x P4}, (P2
X P3), (P53 x Py}, (P4 X P3), (P2 X Pg), (P5s x P3), (P2 X Pg), {Ps X Pa}, (P4 X P}, {Ps X
P4, (P5 X Pg) and (Pg x Ps) at the three nitrogen fertilization levels as well as
their combined data, one cross (P, x P,) at Ny, N; and the combined data, one
cross (P, x P;) at the combined data, two crosses (P; X Ps) and (P4 x Ps) at N,
and the combined data and one cross (P, x Ps) at Ny, exhibited significant
desirable positive (§ij) effects. The seven crosses (P; x Py), (Py x Ps), {Ps x P},
(P4 x Pg), (Pe x Py}, (Ps x Pg} and {Pg X Ps) had the highest significant positive
{Sij) effects values for this trait. As for seed yield/plant seven crosses (P; x
P3), (P2 x Py), (P35 x Py), (P13 x Ps), (P4 X Pg), {P: x P,) and {(P; x Ps} at the three
fertilizing levels as well as their combined dated, one cross (P, x Py} at N3, N;
and the combined data, three crosses (P; x P2}, (P; x Ps) and (Pg x P3) at N,
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Table (4): Estimates of specific combining ability effects for thirty crosses
evaluated under three nitrogen fertilization level and their
combined data.

Entries L Days to maturity (days} I_ Straw yisid / plant { g } I Seed index {gm} ]
Crosses j
N | N, N. [Comb. | N N, | N; [Comb. | M N N, |Comb.
PixP; 0.68 ! 0.15 [-0.77*|-0.08 |05 |08 |047 | 047 [0.45™[0.39* [ 0.38" | 0.41~
Pax Py 0687 | 015|010 | 0.14 | 0.10 (048 |04 | 045" |0.47 | | 0.40%| 0.4t~
|PrxPy 118~/ 0.21 | 0.90*| 0.76* | 0.08 | 0.08 | 0.10 | 0.09 [1.49* [-1.46%] -1.46%* | .1.44"
|Pax Py [2.16% 179" 1.4 1.7 | 043 | 091 | 041 | 012 |-1.23" |1.38 ] 4.40 [ 4,34+
PixP, 1,85 442w 4197|128 {002 [ 004 | 0.03 | 0.02 [0.43~) 046 | 045 | 025~
PixP, 0.45° 012 |019 |0.05 | 008 |0.07 | 008 | 008 | 058~ 6.30"| 0.347 | 0.41~ |
PyxP; 094 1.2.23**|-1.85*| -1.67** | 0.07 | 008 | 0.07 | 0.07 063~ 0.69"]-0.74")-0.68"
Psx P, 2,60 -1.23* | -1.85~| -1.90** | 0.09 | 0.04 | 0.00 ! .05 [.0.43*(.0.40*(-0.38" |-0.40" f
P1%Pg 1.26% [ 1.35% [ 1.43"| 135" |-0.07 | 008 | 0.02 | 0.01 |-0.44™).0.33~|0.35"-0.36" K
Psx P, 1.26% | 2.02= | 2.,09~{ 1.79" [.010 | 007 [ 0.09 ; 002 !.0.33=|.0.29(-0.30~ | .30~
P2x Py 035 [0.54™ [1.36"] 075~ (044 [040 (011 | 011 | 033 0.48"] 0.50" | 0.44~
PixP; -1.69™| 0.46" | 032 |-0.30™ |-0.18 (048 {047 | 047" 002 [0.03 | 0.02 | 0.02
Prx P, 0.59™! 2.80*| .23~} 221 [0.23* | 0.26 | 0.30* | 0.26" |-0.05 {-0.13 | 0.13 | -D10"
LF'utPa 0.59"( 480" 2.23% 1.54~ [0.23* | 0.27 | 0.21 | 0.24* |-0.02 | 0.45 | 0.14 | 0.09*
P2x Py 187! 1.02~( 0.90** | 1.26* { 0.01 | 0.03 | 0.03 | 0.02 |0.20*] 0.45 | 0.14 | 0.20*
Psx Py 0.46* | 0.69™( 1.23v| 0.49* [0.01 (005 {002 | 0.02 |0.08 {.0.06 | 006 | .0.01
P x Pg 0.40* | 027 |0.18 | o022~ (000 (9005 | 000 (-002 (027040 0.39™] 0.36*
Psx P, 207 0.94* 0.84*) 128~ | 0.09 |-0.02 |.0.08 | 000 [-0.26"(.0.50" 0.45" ] .44
PixPy | 0.09 | 0.49(-0.10 1 0.16 | 0.09 | 0.02 ; 0.04 | 0.04 1.64: 1747 LT 172
Pax P, 0,91~ | 0.49™! 0.90* 0.16 | 002 | 005 | 0.06 | 0.04 |070v|0.70"| 0.68~ | 0.50~
Pix P 037 |0.627|-0.44* | -0.23* | 0.05 §0.14 | 0.18 | 013 | 119 1.36"] 1,35~ 130~
Py x Py 1.04™) 0.38% |-0.77™) 0.22* | 009 ;045 | 010 | 041 | 1327|139 138~ 1.3
P:x P £0.44* (037" [-0.497) 0.43™ | 001 1004 | 005 | 0.03 |0.82+| 072" 0.69" | 0.74~
Pex Py 1.23*( 1.63*[ 1.84*| 157" | 0.1 ;-0.05 |0.04 | 003 | 094|050 092~| 092
|PixPa | 032 |-062~|0527| 028 [.007 1008 |-0.08 | 008 |011 |00z | 000 | 0.03
P:x P, 035 joos | 019 | 046 |06 {008 [0.06 | 007 | 0.25*) 013 To1a o7
Psx Py 018 | 1.63"; 176" 149~ lo26™ | 0.25 | 0.26" | 027 | 0.74™ .32 1327 143
Ps x Py 1.84| 0.30 | 0.43*| 0.86™ j0.27 ] 0.25 | 0.29* [ 0.27 | 0.97: 166 1.60™; 141 |
(PsxPe -2.21%(-1.48" [-0.91*| -4.53** [ 0.16* | -0.16 |-0.14 | 0.15* j 1.2t~ 1.45] 1,13~ 1.15*'[
Ps x Pg 045t D19 | 008 | 0.24° {012 [-047 014 | 014 | 1.24=] 126~ 123~} 124~ ]
L.S.D.%5si] |0.396 ;0362 | 0.356 | 0.2156 |0.047 [0.052 [0.059 | 0.030 |0.105 0.163 | 0.152 j 0.082
L3.D.%1sl o525 0480 0.476] 0.285 |0.063 [0.069 j0.078 | 0.040 |0.139 {0.216 | 0.202 | 0.109
E-S-D-%Ssii-sﬂ& 0,501 [ 0.549 { 0.545 ] 0.326 {0.072 |0.079 j0.08% | 0.045 | 0.160)0.247 § 0.231 | 0.125
L.5.D.%1sij-sik} 0797 [ 0.729 | 0.722 { 0.433 [0.095 |0.105 10.118 | 0.061 | 0.212 | 0.328 | 0.307 | 0.165
L.5.0.%5sij-5kl | 0.533 | 0.491 | 0.487 | 0.292 [0.064 :0.071 {0.080 | 0.041 | 0.143 | 0.224 | 0.207 | 0.112
L.5.D.%sij-sk1) 0.743 [ 0.652 | 0.646 | 0.387 |0.085 {0.094 [0.106 [ 0.055 [0.189]0.203] 0.274 | 0.148 |
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Table (4 ): cont.

Entries Seed yield /_plant (gm) I __Oitpercentage |
Crosses |
N1 Nz N, Comb. T N1 Nz Ny Coml'; ) {l
PixP; 0.25" | 0.08 [-0.04 009 1227 | 474 433~ 243~ |
P, x Py 002 | 0707 | 075" | 045~ | 085" | 107+ | 1.62= | 121 |
P, x Py 027~ 031" | 035~ | 031~ | 387+ | 411=] 396™ | 398 |
Py x Py 009 [-010 (007 | 009 | 071~]-081"] 2.0~ | -0.72~
P, x Py 026~ 011 | 013 [ 047~ | 160~| 093~ -033 | 073"
Py X Py 026" | 024 | 019 | 023 | 345 270" | 23r | 284~
Py x Ps 020 024 | 018 | o2t~ | 083~ [ 056" | 0.79° | 0.66™
Ps X Py 008 1007 | 003 | o001 | 052~ 152~| 203 [ 166~ |
P xPs 011 047 |05 | 0.14~ | -1.85~ | -0.87 [ .14~ | 129"
Pa X Py 002|007 ]004 | 003 |-240%] 229~ 168" [ 212
P2 x P 034~ | 041+ | 040~ | 038~ | 411" ]| 062 [ -048 | -0.74"
Pix Pz 005 [-024 | 008 | 007 |-167~[-073"| 006 | -0.82~
P, X Py 0.22] 051~ | 052~ | 042~ | 082~ | 0.83"| 1141 093"
P XP; 0.03 [-022 | 023 | -044* | 1.90~] 1.68* | 209 | 189~ |
P2X Ps 0.46* {010 | 002 | 003 | 110~ | 0.69* | 018 | o054~ |
Psx Ps 0.25%| 0.26* | 023 | 0.25™.| 147 | 0.84" | 0.32 0.88~
P2 X Ps 008 [ 004 | 019 | 005 | 245" | 1.97% | 1.73* | 2.05"
Pe X P2 023~ 002 1022 001 | 1.90™ | 1.45™| 1.41~ | 1.59~
PaX Py 080 | 0.78™ | 0.81* | 083" | 1.30* | 0.83" | 0.43 0.85**
P, x P 022 ] 023 | 045 | 020 | 021 | 055 | 112 063"
P; X Ps 0.2z~ | 069 | 075" | 056 | 033 | 013 | -036 | 003 |
Ps x P3 025" | 007 | 020 | 017" | 179" ] 035 | -0.89~ | 0.42"
Py x Ps 018~ | 02z | 030* | 023 | 117~ 160" | 1.2 | 134" |
Py X Ps 021~ | 018 | 008 | 016~ | 125" 0.76%| 1.25™ | 1.09""
P, X P 006 [ 006 | 008 | 003 | -299+]1.79~] 187~ | 222
Ps X Py 009 [-020 | 000 | 009 | 053" 0.86~) 0.95™ | 0.78~
P, X Ps 7033~ | 055 | 061~ | 049~ | 239~ | 3.05%| 247  2.54 ‘
[ PexPs 031~ ] 058~ | 060~ [ 049~ | 242%| 206~ 242 230~ |
Ps x Ps 008 | 041 | 03¢~ 042 | 015 | -138~| 201~ 118~ |
P X P 043 | 029" | 035~ 035~ | 070! 003 | 092~ 006
L.S.D. %5sij 0.130 | 0.248 | 0.234 | 0122 | 0373 | 0530 | 0606 | 0.298
L.S.D. %1sij 0473 | 0.329 | G.310 | 0161 | 0495 | 0.703 | 0.805 | 0.393
L.S.D.%5sifsik | 0.198 | 0.377 | 0.355 | 0.185 | 0.567 | 0.805 | 0.921 | 0.450
LS.D.%1siji-sik | 0.263 | 0.500 | 0471 | 0.245 | 0.753 | 1.068 | 1.222 | 0.59
L.S.D.%5Eslj-skl 0177 | 0.337 | 0.218 | 0165 .| 0.507 | 0.720 | 0.824 | 0402 |
L.S.D.%1sijskl | 0.235 | 0.447 | 0.421 | 0.219 | 0.673 | 0955 | 1.093 | 0533 |

* and ** significant at 0.05 and 0.01 levels of probability respectively.
N1, N2 and N3 = 30, 45 and 60 Kg Nifed, respectively
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one cross (Ps x P;) at N4, Nz and the combined data, one cross (P, x Pg) at N,,
N: and the combined data, six crosses (P; x Py}, (P4 x Py}, (P4 X Ps), (P4 x P3),
{Ps x P3) and (Pg x P,) at N, and the combined data and one cross {Ps x P;) at
N; and the combined data, exhibited highly significant and/or significant
desirable positive (Sij) effects for this trait. The two crosses (P; x P,) and (P;
x Ps) had the highest significant positive (Sij) effects values for this trait. For
oil percentage, fourteen crosses (P; x Py), (Py X P3), (P4 X P4), (P; X Ps), (Ps X
P1), (Pz X P4), (P4 X pz), (Pz X PG)) (Ps X Pz), (P3 4 Ps), (PB 4 Ps), (P5 X P4}, (P4 X PE)
and (P¢ x P.), one cross (P, x Py) at N4, four crosses {P, x Py), (P, x Ps), (P5 x
P;) and (P; x P,) at Ny, N; and the combined data, one cross (P, x P3) at N, N,
and the combined data, one cross (P; x P;) at N, and the combined data and
one cross (Pg x P;) at N;, exhibited highly significant and/or significant
desirable positive (Sij) effects for this trait. The two crosses (P, x P;) and (P,
x P1) had the highest significant positive (Sij) effects values for this trait.

4- Nature of gene actions for straw yield/plant and oil

percentage:

The computed genetic parameters nature inheritance of gene actions for
straw yield/plant and oil percentage are presented in (Table 5) using Hayman
analysis (1954 a and b},

The obtained data showed that the additive variances (D) were significant
for the two traits studied in the three nitrogen fertilizing levels. These resuits
indicated that the additive gene effects played the major role in the
inheritance for these two traits under the three fertilizing levels (Table 5).
Significant values for the dominance components {H1) were obtained for
both traits. Values of (H1) were large in magnitude than the respective (D) for
oil percentage under the three nitrogen fertilization levels. This result
revealed that non-additive type of gene action was the most prevalent
genetic component for the inheritance of this trait. The contradiction in
magnitude obtained between (D) and {G.C.A.) estimate for traits studied may
be attributed to the great role of both allelic and non-alielic genetic types of
the expression of most traits under the three nitrogen fertilization levels.
Theoretically, (H2) should be equal to and or less than (H1)} (Hayman, 1954).
The smaller (H2) than (A1) for both traits studied under three nitrogen
fertilizing levels in this study may be indicated that, presence of positive (u)
and negative allele frequencies at the loci for the previous cases in question
are not equal in proportion in the parents. The overall dominance effects of
heterozygous loci (h?) values were found to be significant for both traits
studied at the three nitrogen fertilizing leveis. This result indicated that the
effect of dominance may be due to heterozygosis and the dominance was
unidirectional. The covariance of additive and dominance {F) was found to he
significant only for straw yield/plant, and not yet for oil percentage at N, and
N,, it could be concluded that an equality of the relative frequencies of
dominant and recessive alleles were exciting in the parents for this trait at

601



Nawar, et al.,

these two fertilizing flevels. The expected. environmental component of
variation (E) was found to be non sg;nificant for both traits studied. The
relative size of {D) and (H1) as (H1ID)1 can be used as a weight measure of
the average degree of dominance at each locus. The results showed that the
presence of over dominance for straw yield/plant at N; and oil percentage
under three nitrogen fertilizing levels, while the dominance ratios (H1/D)"*
were found to be nearly equal unity for straw yield/plant at N; and N,
indicating the presence of complete dominance. However, if we found the
ratio less than unity this well indicate the presence of partial dominance. The
average frequency of negative vs. positive aileles in parental populations
was detected by computing the ratio (H2/4H1). The obtained values were
largely deviating from one quarter for both traits studied under three nitrogen
fertilizing levels, indicating that negative and positive alleles were eclually
distributed among the parents. The ratio [KD/Kr (4 DA,)'* + F 1 (4 DR,)"™ - F]
were more than unity for both traits studied under the three fertilizing levels.
These data showed that the proportion of dominant alleles are greater in the
parents than the recessive ones for these traits. The correlation coefficient (r)
value between the order of dominance (Vr, Wr) and parental measurements
were highly significant.

Table (5): Estimates of genetic and environmental components of variation
and some of its derived actions in F, diallel cross analysis for two
traits studied at the three nitrogen fertilization levels.

Straw vield / plant (g) Cil percentage
Entries N1 Nz Na N1 Nz N;
0.092* 0.127** 0.145** 8.56™* 7.34* 572
B t t 4 ;4 4 A
0.012 0.011 0.012 1.81 1.64 1.42
- 0.133* 0.135* 0.149% 22.89* 17.67 14.85"
Hi * o E * F S +
0.031 0.028 0.030 4.60 4.15 3.61
N 0.045*" 0.070* 0.080** 20,77 15.23* 11.87
H2 t * S * t +
0.019 0.017 0.018 4.11 3.7 3.23
0.090™" 0.100™ 0.104* 47 43" 36.90* 20.23*
R? t + t ] + +
0.028 0.025 0.027 2,76 2.50 247
[ i 6.0557 0925 715 7.88 797
F + k-4 + k4 5 +
0.030 0.027 0.02y 442 4.00 3.48
N 0.002 0.002 0.003 0.05 0.19 0.15
E :I: * k4 4 % *
0.005 0.004 0.004 0.68 0.62 0.54
H1/D)“ 1.20 1.03 1.01 1.63 1.55 1.61
H 4 H,) 0.17 0.18 012 0.23 0.22 0.20
KD{Kr 2.06 2.20 245 1.77 206 252
YD 2.30 2.53 2.58 33.58 33.79 34.06
Yr 2.45 2.75 2.83 43.14 43.20 43.01
r -0.39™ 0.43* -0.44™ £0.81 .75 -0.62**
12 0.12 0.05 0.09 3.18 3.17 0.72
b 0.65 0.82 0.81 0.34 0.40 0.47
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in general, with respect to the majority of the nature gene effects
governed different traits in flax were discussed in detail by many
investigators and from them as presented in the review of literature, Paviova
(1988), found that, the dominance parameter was significant for the
characters with over dominance effects including oil % and straw
yield/hectare. Over dominance effect found to bhe significant for seed
weight/plant and 1000-seed weight. Singh et al. {1991), they found that the
effect due to epistasis was non-significant for all traits including oil % and
straw yield/hectare, whereas additive and dominance component effects
were significant for all other characters. Tak (1994), revealed that, seed yield
was mainly controlled by duplicate type gene effects, while for oil content,
complementary type gene effects were more important. In general, there was
a predominance of non-additive gene action for the two traits, although
additive gene action was also present. Patel et al. (1997 a), cleared that the
preponderance of additive gene effects was observed some trait including oil
yield. In other ward, additive genetic effect was significant for oil content,
whereas significant dominance genetic effect was seen for harvest index.
Patel et al. (1997 b); Patel et al. (1998 c); Patel and Gupta (1997 d}, revealed
the importance of both additive and non-additive type of gene action in the
inheritance of all the characters studied. However, preponderance of
additive components was observed for some important trait and seed oil
content, and a preponderance of dominance components for harvest index
and oil yield per plant. Popescu et al. (1998), showed that both additive and
dominance effects were involved in the inheritance of straw yield and oil %
traits, dominance being however prevalent. The gene or the group of
dominant genes involved in the genetic control of straw content operate after
an "over dominance” type genetic mechanism, dominance being
unidirectional and dominant alleles having an increasing effect on it. Also,
both types of genetic effects (additive and dominance) which are governing
this trait were very affected by the environmental conditions, Yadav and
Gupta (1999 a}, revealed over dominance effect was involved for some ftraits
including oil content and harvest index. Patel et al. (2002 a), showed that, oil
yield per plant was governed by both additive as well as dominance gene
effects, with preponderance of additive gene efiect for oil yieid per plant
Asymmetrical distribution of increasing and decreasing alleles was noticed
for all the traits except oil yield. The population improvement through
reciprocal recurrent selection or biparental mating is suggested for
increasing seed and oil yield. Bhateria ef al. (2006}, obtained considerable
genetic variation for all the traits studied including straw and cil yield. The
preponderance of non-additive gene effects for all the studied traits were
detected.

Our previously results might be agreed and/or disagreed with those
obtained by Nemours studies as shown before. It might be due to the
different genetic materials and genetically analysis methods used.
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5 - Graphical analysis
a- Straw yield/plant:

The graphical analysis purposed by Hayman {1954 a and b) was herein
used for Straw yield/plant (Figures 1, 2 and 3). Hayman (1954 a and b)
cleared that, complementary type or epistasis generally reduces the
covariance {Wr) disproportion ally more than the variance {Vr) causing the
slope of the regression line ( b ) to be less than unity. In our case, this
assumption is valid under the three nitrogen levels where, the values of
regression coefficient ( b } were: (b, = 0.65% 0.05) at N,; (b, = 0.82% 0.028) at
N; and (b, = 0.81% 0.027) at N;. So, this assumption is valid under the three
nitrogen levels, and the slope of the regression line ( b } to be less than
unity. Also, under N, and N; regression line { b ) passed through the origin
point, dominance is complete, meanwhile in N3, the regression line
intercepted the {Wr) axis above the origin point, partial dominance is
exciting.Also,at N,, the parent P, possessed recessive genes, where it fall
farther from the origin. Furthermore, the parents P, and P possessed equal
frequencies of dominant and recessive genes, where they occupied in
intermediate position. Meanwhile, the parents P4, P; and P; possessed more
dominant genes, where they located nearer to the origin. With respect to N;
and N;, the parent P, also possessed recessive genes, where it fall farther
from the origin, the parents P,, P, P; and P possessed equal frequencies of
dominant and recessive genes, where they occupied an intermediate
position. Finley, the parent P, possessed more dominant genes, where it
iocated nearer to the origin.
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Fig. 1. graphical analysis for straw yield/plant at N,.
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Fig. 3. graphical analysis for straw yield/plant at N,.
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b - Oil percentage:

For Oil percentage (Figures 4, 5 and 6) the slope of the regression lines
{b } were less than unity, where the values of regression coefficient {b} were :
(by = .0.34 % 0.03) at Ny; (b, = 0.40 £ 0.02} at N, and (b; = 0.47 + 0.04) at
Ni.Also, in N1 the regression line intercepted the (Wr) axis above the origin
point, partial dominance is exciting. Meanwhile, under N2 the regression
passed through the original point , so complete dominance was exciting.
Under N3, the regression line intercepted the (Wr) axis below the origin, over
dominance was exciting. On the other side, under N,, the parent P, only
possessed recessive genes, where it fall farther from the origin.
Furthermore, in N,, the parents P,, P;, P; and P6 possessed equal
frequencies of dominant and recessive genes, where they occupied an
intermediate position, also the parent P; possessed more dominant genes,
where it located nearer to the origin. With respect to N;, approximately the
same direction was found. Moreover, under N, the parent P, only possessed
recessive genes, where it fall farther from the origin, the parent P; only equal
frequencies of dominant and recessive genes, where it occupied an
intermediate position. Finley, at N;, the parents P, P; and P; possessed
more dominant gehes, where they located nearer to the origin.
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Fig. 4. g graphical analysis for oil percentage at N,.
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Fig. 6. graphical analysis for oil percentage at N.
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