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ABSTRACT : Two crosses of rice (Sakha 102 x HR5824-B-3-2-3) cross | and
(Giza 177 x HR5824-B-3-2-3) cross I, each with six populations ( P1, P2, F1,
F2, BC1, and BC2 ) were evaluated under two nitrogen fertilizer levels 40 and
80 nitrogen unit/feddan L1 and L2 respectively for yield, some of yield
components and some growth attributes. Genetic parameters i.e. gene
action, heterosis, inbreeding depression, potance ratio, heritability and
genetic advance were estimated for all studied traits. Significant negative
heterosis were detected for heading date in the cross | at L2, grain yield per
plant in the two crosses at L1, panicle number per plant in the two crosses at
L2 and harvest index in the cross | at L1. Significant positive heterotic effects
were detected for other traits.

Significant negative values of inbreeding depression were detected for
heading date in the cross | at L2, flag leaf area in the cross Il at L2, stem
diameter in the cross | at L1 and in the cross Il at L1 and L2, grain yield per
plant in the two crosses at L1 and L2, panicle number per plant in the cross Il
at L1 and L2, panicle weight in the cross | and cross Il at L2 and L1
respectively, 1000-grain weight in the cross | at L2 and harvest index in the
cross | at L2 and the cross Il at L1 and L2. However, significant positive
values were found in the remaining traits except for heading date in the first
cross at L1 and filled grains number per panicle in the second cross at L2.
Over dominance towards the better parent was found for flag leaf area in the
cross | at L1 and L2 and in the cross Il at L1, stem diameter in the two
crosses at L1 and L2, grain yield per plant in the two crosses at L2, panicle
number per plant in the cross | at L1, panicle weight in the cross | at L1 and
in the cross Il at L1 and L2, 1000-grain weight in the cross | at .1 and in the
cross Il at L1 and L2, filled grains number per panicle in the cross | at L1 and
L2 and in the second cross at L1, and harvest index in the cross Il at L1.
Significant E1 and E2 were detected for most traits.

Additive gene effects (a) were significantly exhibited in all traits, in the two
crosses at L1 and L2, except for flag leaf area in the two crosses at L1 and
L2, grain yield per plant in the cross | at L2 and in the cross Il at L1 and L2,
panicle weight in the cross | at L1 and L2 and harvest index in the cross Il at
L2. Dominance gene effect (d) was detected to be highly significant for all
traits studied except stem dlameter in the cross | at L2. Significant additive x
additive (a x a) epistatic types were found for all characters studied except
grain yield per plant in the cross Il at L1 and 1000-grain weight in the cross |
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at L2. Also, additive x dominance and dominance x dominance types of gene
effects were significant for most tralts.

Heritability estimates in broad sense were high in magnitude with values
between 59% for plant height in the cross Il at L1 to 93% for flag leaf area in
the cross | at L2. High to moderate estimates of narrow sense heritability
were found for most traits. High genetic gain was found to be associated with
high narrow sense heritability estimates for flag leaf area and panicle weight
in the two crosses.

Key words: Quarntitative characters- Rice- Heterosis- Gene action- Genetic
advance under selectlon- Heritability- Inheritance.

INTRODUCTION

Rice is the world's single most important food crop and a primary food
source for more than a third of the world's population. More than 90% of the
world's rice is grown and consumed in Asia where about 55% of the earth's
people live. Therefore, it is necessary to develop rice varieties with
consistent superior performance. Information about the type and magnitude
of genetic variation and the relative importance of additive and non additive
gene action types would assist rice breeders in carrying out the most
suitable breeding programs for rice improvement. For achieving this goal,
the genetic model, Gamble (1962) were proposed. The present investigation
was designated to estimate the gene action, heritability, heterosis and
expected genetic advance under selection for the characters under
consideration in the two crosses Sakha 102 x HR5824-B-3-2-3 and Giza177 x
HR5824-B-3-2-3,

MATERIALS AND METHODS

The present research was carried out at the Farm of Rice Research and
Training Center, Sakha, Kafr El-Sheikh, Egypt during three successive
seasons 2004, 2005 and 2006. Three rice varieties Sakha 102, Giza 177 and
HR5824-B-3-2-3 were used to establish the experimental materials used in
this study. The three rice varietles were grown in three successive sowing
dates at fifteen days intervals to overcome the differences in flowering time
of these parents. Single seedlings of each parent were transplanted 30 days
after sowing in the permanent field, each in flve rows. Each row was five
meters long and contained 25 hills. Each two rice varieties were crossed and
bulk emasculation method was practiced using hot water technique (Butany
1961) and that was done in 2005 growing season. In 2005, a part of the
obtained hybrid seeds of the two crosses, Sakha102 x HR5824-B-3-2-3 and
Giza177 x HR5824-B-3-2-3 was sown and the rest being saved to the next
season. F1 plants were self pollinated and backcrossed to both parents to
obtained F2's and backcross seeds. The six populations, P1, P2, F1, F2, BC1
and BC2 were sown under two nitrogen fertilizer levels i.e. 40 kg Nifa as
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normal level and 80 kgffa as high level. The two experiments were arranged
in a randomized complete block design with three replicates per each level in
2006. Each replicate comprised 20 rows of F2 and 10 rows of BC1, BC2, F1
and the parents and each row was five meters long and contained 25 hills.
Normal agricultural rice practices were applied as usual for the ordinary rice
fields in the area. Seventy five plants of each of P1, P2, F1 and 150 plants
from BC1 and BC2 and 300 plants from F2 populations per replicate were
taken at random and measured as follows: plant height, heading date, flag
leaf area, stem diameter, grain yield per plant, panicle number per plant,
panicle weight, 1000-grain weight and harvest index.

The F- test was used to examine the existence of genetic variance in F2
populations using one tail "F" ratio i.e. F= VF2/VE, where VE=
VP1+VP2+VF1/3. Heterosis, inbreeding depression, F2 deviation (E1),
backcross deviation (E2) and potance ratio were calculated. Nature of gene
action was studied according to the relationships illustrated by Gamble
(1962). Heritability in both broad and narrow senses was estimated in F2
generation according to Mather's procedure (1949). The predicted genetic
advance under selection (AG) was estimated according to Johnson et al.
(1955) and also presented as percentage of the F2 mean performance
following Miller ef al., (1958), AG%= AG/ x F2 x 100.

RESULTS AND DISCUSSION

Genetic variances among F2 plants were calculated and tested for
statistical significance Table (1). All traits studied showed genetic variance in
F2 plants in the two crosses ( | and It ) under the two nitrogen fertilizer leveis
40 (L1) and 80 (L2) unit/fed. and therefore, other parameters needed were
estimated. Means and variances of the six populations i.e. P1, P2, F1, F2, BC1
and BC2 for all traits studied in the two crosses i.e. Sakha 102 x HR5824-B-3-
2-3 (cross i) and Giza177 x HR5824-B-3-2-3 (cross Ill) under two nitrogen
fertilizer levels 40 (L1) and 80 (L2) unit/fed are presented in Table (2) and (3).
Heterosis, inbreeding depression, potance ratio, gene action, F2 deviation
and BC deviation of the two crosses for the studied characters are given in
Table (4) and Table (5).

Useful heterosis expressed as the percentage deviations of F1 mean
performance from the respective mid parents for all traits studied at the two
nitrogen fertilizer levels in the two crosses studied are presented in Table (4).
High positive values of heterosis would be of interest in all traits studied
except plant height and heading date where negative values would be useful
from the rice breeders point of view. Highly significant negative useful
heterotic effects was found for heading date in the cross | (Sakha 102 x
HR5824-B-3-2-3) at L.2. This result is in agreement with those obtained by Aly
(1979), Reddy and Nekar (1991), Vivekanandan and Giridharan (1995) and Ei-
Abd and Abdallah (2002). However, significant positive useful heterotic
effects was detected for flag leaf area, stem diameter, panicle weight, 1000-
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Table 1. F-test of significance of the genetic variance in F2 population for
agronomic characters in the two crosses studied Sakha 102 x
HR5824-B-3-2-3 (cross 1) and Giza177 x HR5824-B-3-2-3 (cross |l)
under two nitrogen fertilizer levels.

Characters Cross | Cross Il
L1 L2 L1 L2
Plant height (cm) 3.4 3.05* 247 2.81*
Heading date 9.32* 9.46** 5.24* 6.78"*
Flag leaf area (cm) 12.9** 13.7* 9.17** 8.79*
Stem diameter (mm) 4.61* 4.90* 5.64" 6.92**
Grain yield/plant (gm) 10.4* 7.79* 9.17** 6.19**
Panicle numberiplant 3.02* 3.22* 2.92* 3.04+
Panicle weight (gm) 9.72* 7.44* 11.8** 10.9**
1000-grain weight (gm) 12.0** 1.4 11.4* 9.21**
Filled grains No./panicie 4,34 4.21* 6.83" 6.32"
Harvest index % 6.39* 6.23** 5.84" 8.54**

* and ** significant at 0.05 and 0.01 probability levels, respectively.
L1 = nitrogen level 40 kg/feddan

L2 = nitrogen level 80 kg/feddan

Table 2. Mean and variances of P1, P2, F1, F2, BC1 and BC2 populations of
the first cross Sakha 102 x HR5824-B-3-2-3 under two nitrogen
fertilizer levels for all traits studied.

Characters | Mean |P1(HRS824) Sak::mz 1 F2 BC1 BC2
Var | L1 2| [ L2 [ Z ]2 212
Plant height (cm) 77.91]885 1os.4[11o.on1o, 713.0 98.08/110.9180.4185.36/99.71[103.
vV | 6.09 | 6.9 {8.46 11.84)9.76 | 10.13 [25.44{20.36/17 51[20.3320 7122,
Heading date X {72.33] 77.1]80.4 [93.77181.5183.33 [81.1487.67175.3681.33194.5199.31
v | 1.02 |0.96]0.85/0.81]0.87] 1.07 |8.51/8.96]6.17| 6.45| 5.93 | 6.27
Fiag leaf area (om) | X | 15.33]21,38[24.58/27.8330.85| 34,60 [25.4427.37[19.1722.16 21.0 23.4
v | 347 {4.01[5.01]3.42(3.17] 4.02 49.1552.3333.77135.82135.17136.63
Stem diameter(mm) 268 |2.31(3.27(3.99 | 3.27 | 4.07 |3.79]3.80|3.15 | 3.55 |3.47 |3.75
v | 0.08 |0.09]0.11]0.13/0.09] 4.08 | 0.43] 0.49]0.31)0.35|0.36 | 0.38
Grain yield Jplant | X[ 25.76 |28.72[50,4453.76| 34.7 | 49.30 [55.18156.76/40.76| 46.5 49.37551.1
v | 55.46 |85.31(97.65(136.5/45.71 48.22 [964.3[701.3l538.1/588.4601.1/602.1
No of panicielplant | X |12.42 [16.95[21.11[24.21] 19.3 | 19.53 [16.71/18.5416.7419.3122.1523.4
v | 9.81 [10.314.85|6.96|7.35| 8.07 [22.1427.1814.1418.3118.15 25.6
Panicle weightigm) | X | 1.81 [1.67] 3.5 [3.01|3.47| 2.61 |3.35]2.89|1.66|2.03]1.77|1.83
v | 044 [047]0.21]0.46]0.52] 0.16 |2.82[1.96|1.71|1.45]1.53|1.67
1000-grain X | 23 121.9327.82127.1927.23] 25.5 [26.0125.79032.97123.1727.8928 58
weight(gm) v {013 [019]0.17|0.26|0.24| 0.27 | 2.16 | 2.66 | 1.86|1.77 | 1.95]1.73
No  of  filled] X |62.17 [61.41[119.61122.8[117.90117.64120.500.1873.5177.98105.6/15.
grainsipanicle v |96.51 [101.61180.81171.1/133.5 167.5 [593.9l618.1l407 5458, 5l501.3k406.
Harvest index% 30.75 | 34.8 [41.46[39.27140.94] 36.47 [40.96| 40.7 38.01(37.1540.31 42.0
V | 276 |3.15|4.65|4.565.13| 534 26.7127.1517 1618551936, 20,0
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Table 3. Mean and variances of P1, P2, F1, F2, BC1 and BC2 populations of
the second cross Giza 177 x HR5824-B-3-2-3 under two nitrogen
fertilizer levels for all traits studied.

P1 P2

Mean F1 F2 BC1 BC2
[Characters (HR5824) | (Giza 177)

var v leeluleeluleluvie|luvleiule
Plant  height| X |77.91|88.5 ]| 92.2|07.2 | 98.6 |105.4/80.01|87.79(82.51|86.75{89.41|93.41
(cm) V [6.09] 6.9 |892]9.72|7.53| 846 |18.55{23.49|15.41{19.41{17.51{17.09
Heading date | X |72.33|77.1 {90.47|98.03]87.92]89.17|83.94] 86.0 |70.31|75.56]85.31|91.22

v |1.02{096{1.20|099|201|199|754| 89 | 59 |5.83]6.31]86.79
'Flag leaf area| X |15.33]21.38|26.65|33.83|29.5830.27127.98|36.38(23.19|26.02| 25.15| 27 35
tem) v |3.17|4.016.08|6.18 555 6.17 |45.23|47.91{30.15|37.15!35.18]38.16
Stem diameter] X | 2.58 | 2.31 | 3.88|3.92|4.23 | 4.39| 4.51 | 4.68 | 3.01|3.19| 36 | 3.50
Jmm) v |0.08{0.09|005{01]012]007]047] 0.6 {0.33]043]0.39] 0.52
lorain  yield| X |25.76|28.72|47.11/51.02|31.23]49.34/42.55|60.2637.15|45.31]40.76 | 45.08
fplant V 155.46|85.31(77.33|156.0(60.71]65.22|591.3|632.4|491.3|501.3(483.6| 516 4
No off X |12.42|16.95(18.87|20.04|16.2716.93|17.65|19.12{13.71|14.50]17.06|18.44
panicle/plant

v | 9.81[10.31|16.41] 9.3 | 7.91 [10.11]24.17{30.15|15.0117.03]22.33| 26.76
panicle weight| X |1.81|1.67 |3.35|3.07}3.12]3.01{3.38| 263|213 226 |3.33|2.74
(gm) 0.14 | 017 | 041|047 031|035 22 | 2.5 |1.36 [ 1.56 | 1.73 | 1.65
1000-grain X | 23 |21.93]27.23|25.47|28.67| 28.3 | 28.5 |28.0123.01]24.22|27.99]28.85
weight (gm) v {043]|0.19] 0.2 |0.41]0.31{0.26]244|264] 164|177 |1.75{1.83
No of filled] X {62.17(81.41]113.2]130.6]129.4/116.3}121.3]115.8]66.51]67.51|117.4{118.2

insipanicl

grains’panicle |y 196.51]101.6|106.7|122.4]145 2{163.2{793.5(815.3{674.5|715.6|666.1 {697 5
Harvest X [39.75| 34.8 |41.77] 37.5 | 42.4 | 36.2 |46.39]45.45]37.15]30.88|41.3140.35
Harves
index’% vV | 2.76]3.15|9.85 | 5.58 | 2.89 | 3.64 |30.15]35.22|22.63|26.1523.15| 24.6

869



S.A.A. Hammoud and A.M. El-Zanaty

Table 4. Heterosis, inbreeding depression, potence ratio and the type of
gene action parameters.in the cross | (HR5824 x Sakha 102) for the
agronomic characters studied at the nitrogen levels (L1 and L2)

[Characters N Inbreeding |Potence Gene action parameters

levels|oterosis|depression| ratio

m a d aa ad dd E1 E2

lant heightﬂ L1 19.9* 1.2~ 2,57 | 98.1* 1.19.3*|-13.7"*-32.0"|-5.05"*| 77.4* | -3.2** |-221.9**
m
cm) L2 | 147 2,65 272 |110.8*)18.1*-51.1"*|-65.7"*[-7.39"*114.3" | 4.2 |-231.3*

Heading date | L1 0.15 0.45 0.03 | 81.1 {-19.1*{15.3"*15.1**-10.4**] -29.1** | -0.31 [-182.0**
L2 0.5 $5.21" -0.09 | 87.6™ 1-17.9**18.69**110.6**}-9.64"*| -34.3"* | 4.1" }-185.0

lag leaf areT‘ L1 60.7 17.54" 433 | 25.4™ | -1.83 [-10.5™[-21.4™ 2.8 | 42.6* | 0.42 | -51.8**
cm
) L2 | 40.9™ 211" 6.26 | 27.3* 1 -1.01 [-8.74*-18.8"(2.22**| 46.7* |-2.2**| -60.3"*

{Stem [&] 11.6 -16.9" 2.0 {3.79" |-0.32**-1.58**-1.82**] 0.02 | 1.07" | 0.7 | -6.52**
diameter.mm
L2 | 29.2 4.42 219 ) 3.89" | 0.2* | -0.04 |-0.96**|0.64| 0.8 10.28*|.7.42*

Grain yield] L1 -8.9" -59.0™ 0.55 | 55.2 |-8.61"(43.8™[40.4*| 3.73 | 58 |18.7**{-81.4"

lant
P L2 | 19.7 -14.9" 1.3 ([ 56.7 | 4.69 (-23.5*|-31.6** 7.83*} 17.5 ]11.4**)-95.3~
o off L1 15.1* 13.42* 1.17 ] 16.7** |-5.41**|13.4|10.9**| -1.07 | -16.5** | -1.3** | -41.4~
anicle/plant

L2 5.1 5.0 0.58 | 18.5" |-4.15"(10.3**|11.3**| -0.52 { -16.7*" [ -1.6™ | -44.2"

anicle weight L1 30.4" 3.46™ 1.83 |3.35" | -0.11 |-5.73*)6.54*)0.74*] 11.9" 10.29**] -6.24"

m
am) L2 7.2™ ~15.1** 0.59 | 289" | 0.2 [-3.67*/-3.84*]0.87**| 5.82* |0.47**| -4.65"

1000-grain L1 7.4 4.48" 1.51 | 26.0™ |-5.72*%( -2.1** |-3.92**1-3.31**] 9.08** |-0.3"* ( -58.3"
hweight (gm)

L2 3.8~ -1, 14™ 0.71 | 26.8 }-5.38** 1,.22* | 0.28 |-2.75** -3.6"* [0.76**|-55.4"
o of filled] L1 29.7 -2,2 1.88 1120.5"}-32.1**(-96.7**|-123**) -3.37 |183.1**[16.1**|-240.9**
rains/panicle

L2 | 153~ 23.45™ | 1.51 ) 90.2™ ).37.4*|41.6"*|26.0* |-16.6™ 27.1 | -19* |.257.3"

Harvest L1 0.81* 20.05 0.78 | 40.9*" | -2.3** {-6.86**{ -7.2** | -1.45*{ 13.6* | 0.19 | -83.8*
index%
° L2 -1.5" -11.6~ 0.51 |40.7* |-4.85"-5.07**| -4.5* ).2.61*) 5.79* | 3.9 | -78.3"

* and ** significant at 0.05 and 0.01 probability levels, respectively.
L1 = nitrogen level 40 kg/feddan L2 = nitrogen levei 80 kg/feddan
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Table 5. Heterosis, inbreeding depression, potence ratio and the type of gene
action parameters in the cross Il (HR5824 x Giza177) for the
agronomic characters studied at the nitrogen levels (L1 and L2)

Inbreeding | Potence Gene action parameters
N .
Characters levels heterosis i .
depression) ratio | . ! 4 | 9 | aa | ad | dd | E1 | E2
Plant height L1 15.9* 18.9" 3.8 |80.0~|-6.9"|37.3**(23.8**| 0.25 | 0.27 |-11.8**-190.5""]
cm
) L2 13.5" 16,7+ 578 | 87.8* |-6.66™(21.7**|9.16**[-0.31*" 27.0** |-11.3**-204.9™
Heading date | L1 8.01** 453 1.44 | 83.9™ |-15.0*[-18.0"*|-24.5**|-5.93** 51.9** | -0.7** -184.3""|
' L2 1.84" 3.55* 0.31 | 86.0"* [-15.6"*|-8.82"*-10.4**{-5.19**| 30.3" | -2.3** -192.3*1
lag leaf area | L1 40.9™ 5.41" 3.03 {27.9*(-1.96 |-6.65™-16.2**] 3.7** | 19.7** | 2.7~ {-52.5"
cm
) L2 9.63 -20.2" 0.86 | 36.4™ | -1.33 -36.1**-38.7**| 4.9 | 47.7"" | 7.4** | -59.2**
HS_tem L1 30.9" £.62" 3.08 | 4.59* |-0.59*-3.82"*|-4.82**] 0.06 | 6.52** |0.78*")-8.05**
mm) L2 40.7" £.61" 3.18 | 4.68" | -0.4**|-3.89™-5.16**/0.41**| 6.61* [0.93**[-7.91"
iGrain yield L1 -14* -36.3" 0.98 (425" )-3.61(-19.5"|-143| 7.07 | -6.11 | 8.7** |.71.2*
lant
P L2 23.7 -22.1™ 1.7 | 60.2* [ -2.77 (-44.7**[-54.2**( 8.38" | 45.9* |15.6""(-91.9**
No of L1 3.96" 8.48" 0.38 | 17.6™ |-3.35"*-8.44**-9.06**| -0.12 { 11.3* |1.69**|-35.2"
panicle/plant

L2 -8.5* 129" -2.04 | 19.1*" 1-3.85"11.9""10.4")-2.31™" 15.2" |1.41*| -39.2*
[Panicle L1 20.9** -8.33™ 14 |3.38" [-1.2" 2.06"% -2.6" | -0.43*| 3.08* 10.53""| 6.9
'weight (gm)

L2 27.0* 12.6* 1.83 | 2.63* [-1.48**|2.12"*[1.48**|-0.78** -2.72** | -0.06 |-6.86""
1000-grain L1 141" 0.59" 3.36 | 28.5* [-4.98"*|-8.44"*|-12.0™]-2.87**| 17.5™ |1.61**|-58.7™
jweight (gm)

L2 19.4™ 1.02** 52 | 28.0* |-4.63**| -1.3* |-5.9* |-2.86"*| 3.76" |2.01**|-56.6""
INo of filled L1 47.6" 6.28™ 3.27 |121.3**|-50.8*|-75.6™*|-117**|-25.3**|183.7** | 12.7**|-267.9**
jgrains/panicle

L2 9.65" 0.38 0.83 |[115.8"*-50.7"*|-81.4"|-91.7"*(-26.1**|164.7"* | 4.68* [-273.0*"
Harvest L1 402" -9.41™ 3.25 | 46.4" |-4.16"-27.0**-28.6**}-3.15"*| 38.0* |4.81"*|-87.3"
ndex%

r ’ L2 0.14 -25.5* 0.07 | 454* | -0.47 [-21.2"-21.3*] 0.88 | 5.58 |{9.28**|-72.8"

* and ** significant at 0.05 and 0.01 probability levels, respectively.
L1 = nitrogen level 40 kg/feddan

L2 = nitrogen level 80 kg/feddan

grain weight and filled grains number per panicle in the two crosses (1 and Il)
at the two nitrogen fertilizer levels ( L1 and L2 ). Also, significant positive
useful heterotic effects was found for grain yield per plant in both crosses ( |
and Il') at L2, panicle number per plant in both crosses (| and Il } at L1 and
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harvest index in the two crosses ( | and Il ) at L1. Similar results were
obtained by El-Mowafi (1988), Reddy and Chaudhary (1991), Reddy and Nekar
(1991), El-Hissewy and El-Kady (1992), Lokaprakash et al. (1992), Wilfered
and Prosad (1992), Hammoud (1996), Salem (1997), Abd El-Aty (2001) , El-
Refaee (2002), Hammoud (2004) and Hammoud (2005).

As for inbreeding depression, significant positive values were obtained
for plant height in the two crosses ( | and il ) at the two nitrogen levels (L1
and L2), heading date in the cross Il at (L1 and L2), fiag leaf area in the cross
| at (L1 and L2) and the cross Il at L1, stem diameter in the cross | at L2,
panicle number per plant in the cross | at (L1 and L2), panicle weight in the
cross | at L1 and in the cross Il at L2, 1000-grain weight in the cross | at L1
and in the cross Il at (L1 and L2) and filled grains number per panicle in the
cross | at L2 and in the cross |l at L1. However, significant negative value of
ID was found for heading date in the cross | at L2, flag leaf area in the cross Il
at L2, stem diameter in the cross | at L1 and in the cross |l at (L1 and L2),
grain yield per plant in both crosses at (L1 and L2), panicle number per plant
in the cross Il at (L1 and L2), panicle weight in the cross | at L2 and the cross
Il at L1, 1000-grain weight in the cross | at L2 and harvest index in the cross |
at L2 and in the cross Il at (L1 and L2). The present results were found to be
agreed with the cases that were previously obtained by Aly (1979), Reddy
and Chaudhary (1991), Vivekanandan and Giridharan (1995), El-Refaee (2002),
Hammoud (2004) and Hammoud (2005).

Concerning potence ratio, over dominance towards the better parent was
found for flag leaf area in the cross | at L1 and L2 and in the cross Il at L1,
stem diameter in the two crosses at L1 and L2, grain yield per plant in the
two crosses at L2, panicle number per plant in the cross | at L1, panicle
weight in the cross | at L1 and in the cross Il at L1 and L2, 1000-grain weight
in the cross | at L1 and in the cross Il at L1 and L2, filled grains number per
panicle in the cross | at L1 and L2 and in the second cross at L1, and harvest
index in the cross Il at L1. The existence of over dominance was previously
reported by Aly (1979), Reddy and Chaudhary (1991) , EI-Abd (1999), EI-Abd
and Abdallah (2002), Hammoud (2004) and Hammoud (2005). for grain yield
per plant, panicles number per plant, 1000-grain weight, filled gralns per
panicle and Verma et al (1994) for harvest index. Partial dominance towards
the better parent was found for heading date in the cross | at L2, flag leaf
area in the cross Il at L2, panicle number per plant in the cross Il at L1,
panicle weight and 1000-grain weight in the cross | at L2 respectively, filled
grains number per panicle in the cross Il at L2 and harvest Index in the cross
I and the cross Il at L1 and L2, respectively. Similar results were previously
obtained by Abd El-Aty et al (2002), El-Abd and Abdallah (2002), Hammoud
(2004) and Hammoud (2005).

The nature of gene action was studied according to Gamble (1962). The
estimated values of the various types of gene effects are illustrated in Table
(4 and 5). In all traits the mean effect of parameters (m) was highly
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significant. The additive gene effects (a) were found to be highly significant
for all traits in the two crosses at the two nitrogen fertilizer levels except flag
leaf area in the two crosses at hoth fertlizer levels, grain yield per plant in
the cross | at L2 and In the cross I at L1 and L2, panicle weight in the cross |
at L1 and L2 and harvest index in the cross Il at L2. Therefore, it could be
concluded that the traits which exhibited highly significant estimates of the
additive gene effects (a) would give the potential for obtaining further
improvements.

The estimates of dominance effects were highly significant for all traits
studied except for stem diameter in the cross | at L2.

Significant additive x additive epistatic types were detected for all traits
except grain yield per plant in the cross 1l at L1 and 1000-grain weight in the
cross | at L2, the estimated values of additive x dominance types of digeneic
epistasis were found to be significant for all traits except plant height in the
cross Il at L1, stem diameter and grain yield per piant in the cross [ and cross
1l at L1, panicle number per plant in the cross | at L1 and L2 and the cross i
at L1, filled grains number per panicle in the cross | at L1 and harvest index
in the cross Il at L2. Dominance x dominance types of gene action were
found to be significant for all traits studied except plant height in the cross Il
at L1, stem diameter in the cross | at L2, grain yield per plant in the cross | at
L1 and L2 and the cross Il at L1, and harvest index In the cross Il at L2. The
same results were previously reported by Tripathi et a/ (1999), Hammoud
(2004) and Hammoud (2005).

Heritability values are important to the breeder since it quantifies the
expected improvement upon selection. To achieve genetic improvement
through selection, heritability must be high. Heritability in both broad and
narrow sense and genetic advance under selection were computed and the
obtained results are presented in Table (6). High heritability estimates in
broad sense were detected for ail traits studied in the two crosses at L1 and
L2. Similar results were previously reported by Aly (1979), Kato (1990), Peng
(1991), Marwat et al (1994), Sawant and Patil (1995), Choudhury and Das
(1997), Singh et al. (1998), El-Refaee (2002), Hammoud (2004) and Hammoud
(2005).

High estimates of narrow sense heritability were found for heading date
in the cross | at L1 and L2 and in the cross Il at L2, flag leaf area in the cross |
at L1 and L2 and in the cross Il at L1, panicle number per piant in the crass Il
at L2, panicle weight in the cross | at L1 and in the cross Il at L1 and L2, 1000
grain weight in the cross | at L2 and in the cross Il at L1 and L2, and harvest
index in the cross | at L1 and L2 and in the cross Il at L2, Moderate estimates
of narrow sense heritability were observed for plant helght in the cross 1 at
L1 and L2, stem diameter in cross | at L2 and in the cross Il at L1, panicle
number per plant in both crosses at L1, filled gralns number per panicle in
the cross | at L1 and harvest Index in the cross Il at L1. Low heritability
values in narrow sense were found for the remaining characters studied
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Table (6): Heritability estimates, genetic advance (AG) and genetic advance
expressed as a percentage of the F2 mean in the Cross | (HR5824 x
Sakha102) and cross ll (HR5824 x Giza177) for all agronomic characters
studied.

Heritability % Genetic advance

Characters Broad sense |Narrow sense| AG 'AG %
Crosses

L1 L2 L1 L2 L1 L2 L1 L2

Plant height (cm) | Cross| | 68.0 | 67.0 | 50.0 | 54.0 |5.17 | 6.02 | 5.0 5.0
Crossll | 59.0 | 64.0 ' 23.0) 41.0 | 2.0 | 407 | 2.0 5.0

Heading  date| Cross! | 89.0| 89.0 |58.0| 58.0 |3.47|3.58| 40 | 4.0
(days) Crosst | 81.0| 850 |38.0| 58.0 | 215|358 | 3.0 | 4.0

Flag leaf area (cm)| Cross! | 92.0 | 93.0 | 60.0| 61.0 |8.63 | 9.12 | 34.0 | 33.0
Crossil |89.0 (| 89.0 (560 430 | 7.7 | 6.1 | 28.0 | 17.0

Stem  diameter] cross| |78.0| 80.0 [44.0| 51.0 |060]0.74 | 16.0 | 19.0
[(mm) Crossil {820 86.0 |47.0| 420 [0.66 | 0.66 | 15.0 | 14.0

Grain yield perl Cross| [90.0| 87.0 |35.0( 30.0 {19.07{ 16.5 ( 35.0 { 29.0
plant (gm) Crossll | 89.0 | 840 [350| 39.0 [17.59(20.25| 41.0 | 34.0

Panicle number] Cross| | 67.0| 69.0 [{540| 38.0 |5.25]| 413 | 31.0 | 22.0
per plant Cross!l |53.0| 67.0 |46.0| 55.0 |4.61]6.19 | 26.0 | 32.0

Panicle weightl Cross| | 90.0| 870 |850| 410 |294|1.18 | 88.0 | 41.0

(gm) Crossll |92.0| 91.0 160.0| 720 |4.82| 233 | 54.0 | 89.0
1000-grain weightj Cross) [92.0| 91.0 | 24.0) 68.0 | 0.71| 2.3 3.0 9.0
H‘gm’ Crossli |91.0| 89.0 |61.0| 640 [1.96]|213| 70 | 80
Filled grains| Crosst | 77.0 | 76.0 | 47.0 | 440 [23.38/22.45| 20.0 | 25.0
No./panicle Cross |l [85.0 | 84.0 |31.0| 27.0 [18.02/15.69| 15.0 | 14.0

Harvest index % Cross| (840 84.0 (63.0( 58.0 (6.74 | 6.23 | 16.0 | 15.0
Cross il |83.0| 88.0 |48.0| 56.0 | 548 | 6.83 | 12.0 | 15.0
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Table (6). Similar resuits were previously reported by Tripathi et al. (1999),
Abd El-Aty et al. (2002), El-Abd and Abdallah (2002), El-Refaee (2002),
Hammoud (2004) and Hammoud (2005). The differences in magnitudes of
both broad and narrow sense heritabillty estimates were found for most traits
under investigation would indicate and ascertained the presence of both
additive and non-additive genetic variance in the inheritance of most traits in
the two crosses under investigation as previously obtained from gene action
parameters studied Table (6). The same conclusion was previously reached
by Aly et al. (1979), Loknathanl et al. (1991), Reddy and Chaudhary (1991),
Marwat et al (1994), Sawant and Patil (1995), Choudhury and Das (1997),
Regbell and Subborman (1997), Singh et al. (1998), Tripath et al. (1999), Abd
El-Aty et al. (2002), El-Abd and Abdallah (2002), El-Refaee (2002), Hammoud
(2004) and Hammoud (2005).

The genetic advance under selection in Table (6) depends on the amount
of genetic variability and show the possible gain as. percent increase in the
F3 generation over the F2 mean when the most desirable 5% of the F2 plants
are selected. The expected genetic advance under selection (AG %) for ali
characters studied was derived by using heritability in narrow sense. Genetic
advance under selection was found to be high in magnitudes for flag leaf
area in the cross | at L1 and L2 and in the cross |l at L1, grain yield per plant,
panicle number per plant and panicle weight in both crosses at L1 and L2,
and filled grains number per panicle in the cross | at L1 and L2. Relatively
moderate genetic gains were obtained for flag leaf area in the cross Il at L2,
stem diameter in both crosses at L1 and L2, filled grains number per panicle
in the cross Il at L1 and L2 and harvest index in both crosses at L1 and L2.
Low genetic gains were detected for plant height, heading date and 1000-
grain weight in both crosses at L1 and L2.

Johanson et al. (1955) reported that heritability estimates along with
genetic gain are usually more useful in predicting the effect of selection than
heritability values alone. On the other hand, Dixit et al. (1970) pointed out that
high heritability is not always associated with high genetic gain, but in order
to make effective selection, high heritability should be associated with high
genetic gain. In this investigation, high genetic gain was found to be
associated with high narrow sense heritability estimates for flag leaf area and
panicle weight in both crosses. Consequently, selection for these traits
should be effective and satisfactory for successful breeding purposes.
Moderate estimates of both narrow sense heritability and genetic advance
were obtained for stem dlameter in both crosses and harvest index in the
cross 1l . Therefore, selection for these traits in these populations will be
effective, but probably of less success than in the former characters. Low
genetic gain was associated with low narrow sense heritability values for the
other of the characters studied. Hence, selection for these traits would be of
less effectiveness.
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