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ABSTRACT 
 

The present investigation was carried out at the Farm of El-Gemiza 
Agricultural Research Station, during 2011 and 2012 summer seasons. Combining 
ability analysis was estimated in rice through a 6 x 6 diallel set analysis involving 6 
diverse parents for root, grain yield and its related characters. Mean square values of 
parents and crosses were found to be highly significant for all characters except 
parents for panicle length and root fresh weight of parents were significant. Parents 
Vs crosses mean squares were highly significant for all yield and its related and root 
characters. Both general and specific combining ability variance were found to be 
highly significant for all characters, indicating the importance of both additive and non-
additive genetic variance in determining the performance of these twelve characters. 
GCA/SCA ratios were found to be greater than unity for all characters studied except 
for panicle length, number of filled grains/panicle and 100-grain weight as well as 
root/shoot% indicating that the additive and additive x additive types of gene action 
were great importance in the inheritance of all the studied characters except for these 
four mentioned traits which has been controlled by non-additive genetic variance. The 
genotypes Sakha 104, Sakha106, Giza178 and Cica 4 were good general combiners 
for most of all studied characters. Cross combinations involving for such parents were 
superior for most of all studied characters.   The promising combinations for grain 
yield along with at least two of yield component characters were Sakha 104 X BG-
357-4, Sakha 104 X Hixe 5, Sakha 106 X Hixe 5 and Giza178 X BG-357-4. Eight 
crosses Sakha106 X Hixe 5, Sakha104 X Giza178, Sakha106 X BG-357-4, Sakha104 
X Cica 4, Giza178 X BG-357-4, Sakha104 X BG-357-4, Sakha106 X Giza178 and 
BG-357-4 X Hixe 5 showed highly significant and positive SCA for root length. While 
three crosses Sakha 104 X Sakha106, Sakha 104 X Hixe 5 and BG-53-2 X Hixe 5 
showed highly significant or significant and positive for root volume. Also 7 crosses, 
Sakha106 X Hixe 5, Sakha104 X Giza178, Sakha106 X Cica4, Giza178 X Hixe 5, 
Giza178 X BG-357-4, Sakha106 X Giza178 and BG-357-4 showed highly significant 
and positive for root fresh weight. The best positive SCA for root/shoot % was 
recorded for Cica4 X Hixe 5, BG-357-4 X Hixe 5, Sakha104 X Giza178, Sakha104 X 
BG-357-4 and Sakha104 X Hixe 5. A greater magnitude of heterosis ranged between 
3.83 and 13.08% was observed in fife crosses for grain yield /plant. The availability of 
sufficient hybrid vigor in several crosses in respect of grain yield suggests that a 
hybrid breeding program could profitably be undertaken in rice under water stress 
conditions. Highest crop water use efficiency 0.55 (kg / m3) was recorded from one m3 
water irrigation in the parent of Sakha 106 and  crosses Sakha104 X Sakha106, ( 0.56 
(kg/m3), Sakha104 X Hixe 5 ( 0.55 kg/m3) and Sakha104 X Cica4 (0.55 kg/m3).   
From the foregoing results, the parents Sakha106, Sakha104, Giza178, and Cica4, 
crosses Sakha 104 X Sakha106, Sakha 104 X Giza178, Sakha104 X Hixe 5 and 
Sakha 104 X Cica4 could be recommended for growing under drought conditions to 
obtain the highest rice grain yield and the highest value of saving water at the same 
time. 
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INTRODUCTION 
 

 Water deficit is fundamental big problem for rice growing in Egypt. 
Approximately one-third of rice area is affected by water shortage, this area is 
located in North Nile Delta or in the terminal of irrigation canals. One of the 
pertinent avenues for over come this problem is screening of some rice 
genotypes under water deficit to make new crosses with desirable characters 
related to drought tolerance to cover more than one-third of rice growing area 
in Egypt. 
        Rice is a semi aquatic crop plant that requires high amount of water in 
the field for proper growth and development. Its impact on economy lies 
within the fact that it occupies about 22% of the planted area in Egypt during 
the summer season. Moreover, rice is an important export crop. The amount 
exported was 500.000 tons. The rice area is increased during the last five 
years to about one and half million feddans.  In Egypt, the success in 
releasing new rice varieties suitable for drought conditions will not only 
increase the rice production but also, maximum the farmer's income. 
Recently, water of the river Nile is not sufficient for irrigation of both old and 
reclaimed areas.  Therefore, water saving becomes argent demand to face 
this problem through either prolonging irrigation intervals without any drastic 
effect on the grain yield, or growing drought tolerant varieties, which have a 
capability to grow under shortage of water (Nour, 1989 and Mady,2004). 
Therefore, efforts are needed to develop improved rice cultivars with early 
maturity and higher grain yield potential. Saving rice food in Egypt is 
challenged by increasing rice demand and threatened by declining water 
availability. More than 6 million tons of paddy rice were produced from 1.5 
million feddans (0.63) million hectares of irrigated area which largely depends 
largely on the irrigated system of rice production.  However, the water use 
efficiency of rice is low, and growing rice requires large amounts of water. 
Rice transplanting usually requires a large amount of labor usually at critical 
time for labor availability, which often results in shortage and increasing labor 
costs. Alternate methods of establishing crops, especially rice crop that 
require less labor and water without sacrificing productivity are needed. A 
fundamental approach to reduce water inputs in rice is to grow the crop like 
an irrigated upland crop such as wheat or maize. GCA (general combining 
ability) and SCA (specific combining ability) values would be need for good 
combiners and proper choice of male and female parent in hybridization 
programs and rice selection. 4 Root and 8 yield and its related characters 
were estimated.             

The objectives of this study are: (1) screening some of rice 
genotypes under water stress conditions using water deficit induced by 
flashing water irrigation every 12 days in the field, (2) making new crosses 
with desirable characters related to drought tolerance in rice and (3) over 
coming the water shortage area cultivated by rice. 

 

MATERIALS AND METHODS 
 
 

The present investigation was carried out at El-Gemiza Agricultural 
Research Station, during 2011 and 2012 summer seasons. Six Egyptian rice 
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cultivars, namely, Sakha 104, Sakha 106, Giza 178, Cica 4, BG-357-4 and 
Hixe  5 crossed in half diallel to estimate the general (GCA) and specific 
(SCA) combining ability and type of heterossis as a better parent for root, and 
grain yield and its related characters in rice. Parentage and Type of Planting 
Group of these rice cultivars are given in Table 1.  
 
Table 1: Parentage and Type of Planting Group of rice cultivars  

No Cultivars Parentage Type 
Drought 

tolerance 

1 Sakha 104 GZ4096-8-1 / GZ4100-9-1 Japonica Moderate 

2 Sakha 106 Giza177 / Hexi30 Japonica Sensitive 

3 Giza 178 Giza 175 / Milyaing 49 Japonica Tolerant 

4 Cica 4 Colombia India Tolerant 

5 BG-357-4 Srilanka  India susceptible 

6 Hexi 5 
Todorokiwase / yaengeng / 
35irbn 98-63 

India Moderate 

 
Six rice cultivars chosen based on their considerable level of 

variability in yield and its related characters were raised thrice at an interval of 
10 days to overcome the differences in flowering time for the purpose of 
hybridization during 2011 summer season at Sakha Agricultural Research 
Station and 15 half diallel crosses were carried out. Thirty days old seedlings 
from fifteen cross combinations along with the six parents were transplanted 
in randomized complete block design with three replications during 2012 
summer season at El-Gemiza Farm Station. In each replication the size of the 
plot consisted of 5 rows with a length of 5 meters. Using A spacing of 20 x 20 
cm. Each hybrid was raised in 5m length plot size. The three central rows 
were used for data collection and observation. Flashing water irrigations were 
added each twelve days and the agronomic practices was used as 
recommended. Twenty plants were randomly taken from each parent and 
each F1 cross, from each replicate. Data were collected on eight rice 
characters, yield and its components viz; plant height (cm), days to 50% 
heading, panicle length (cm), number of panicles / plant, number of filled 
grains / panicle, sterility%, 100-grain weight and grain yield /plant (g). and 
four root characters viz; root length, root volume, root fresh weight and 
root/shoot%. 
A- Statistical analysis: 

The combining ability analysis was done following (Griffings, 1956) 
Model 1 Method 2. The data for each measurement were tabulated and 
analyzed by Fisher’s analysis of variance (Steel and Torrie, 1980). The diallel 
analysis was used to evaluate traits that show significant variation among the 
parents. Significant differences in phenotypes assumed to imply that genetic 
differences were present. Simple additive – dominance model approach of 
Hayman (1954) and Singh and Chaudhary (1979) as modified by Mather and 
Jinks (1982) was followed for genetic analysis and for the estimation of 
components of genetic variation. The significance of components of variation 
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in F1 generation was tested by Mather and Jink (1971). When the value of a 
parameter divided by its standard error, exceeds 1.96 then it was significant.  
 Estimation of heterosis: 

Useful heterosis for each trait of individual crosses was calculated as 
the percentage increase in F1, performance above the better parent 
performance. Heterosis over better-parent % was estimated as follows:  
 
                                            H (%) = F1-BP X 100 
                                                                  BP 
Where, F1 = Mean value of the first generation and BP= Mean value of the 
better-parent. Appropriate LSD value was calculated to test the significance 
of the heterotic effects, according to the following formula, suggested by 
Wynne et al. (1970). 
 

LSD for better parent heterosis =    t (√ 2Mse) 
                                                                 r 

Where: t = tabulated “t” value at the specified level of probability for the 
experimental error degrees of freedom. MSE = the experimental error mean 
squares of the analysis of variance, and r = number of replications. 
B- Water relations 
1- Monitoring soil moisture 

Soil samples were collected before two days after each irrigation 
from three successive layers (20 cm each) to determine soil moisture content 
(Table 2).  
 
Table 2. Soil moisture contents of the experimental site. 

 
2- Climatologic elements 

Values of the climatological elements were obtained from The 
Meteorological Station at El-Gemiza, Gharbia Governorate (Table 3), situated 
at 30 to 47 N latitude and 31 longitude and 15 m altitude. It represents the 
circumstances and conditions of the North Delta. Average values of 
temperature, air relative humidity (RH%) and wind speed were recorded daily 
during two studying seasons. 
 
Table 3.  Average meteorological data two seasons (2010 and 2011). 

Month Temperature (%) RH (%) 
wind velocity, 

(Km/day) 

June 
July 

August 
Sept. 

23.45 
25.42 
28.41 
23.62 

54.36 
60.45 
65.41 
82.64 

110.24 
101.58 
81.62 
94.73 

Soil depth, 
(cm) 

Field capacity 
(F.C) % 

Permanent 
wilting point 

(PWP) % 

Available water 
(AW) (cm) 

Bulk density, 
(g/cm3) 

0-20 
20-40 
40-60 

41.00 
40.22 
39.11 

21.18 
19.20 
17.52 

20.54 
16.12 
14.25 

1.10 
1.25 
1.66 
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3- Estimation of crop coefficient (KC) 
Crop coefficient was estimated, according to FAO (1990) as follows: 

ETc = Actual evapotranspiration (mm/day). 
ETp = Potential evapotranspiration calculated by the modified penman 
equation (mm/day), and Kc = Crop coefficient, dimensionless. 
The amount of water needed for land preparation for nursery or permanent 
field was recorded, beside the amount of water needed for raising the nursery 
or through the first nine days after transplanting (seedling establishment 
period ), as well as the amount of water used for replenish the plots. Water 
depth at every irrigation was kept at 3 cm height. 
4- Water consumptive use  

Total of water applied; i.e., the amount of water delivered each plot 
plus amount of water applied in both nursery and permanent field for applying 
three water treatments was measured for each cultivar. 

Soil moisture content was determined before and after each irrigation 
to calculate water consumptive use, according to Iseraelson and Hansen 
(1962), as follows: 
                                                ө2-ө1  

Cu  = ∑n=1
i=I  ----------  x Bd x D x 4200 m2 

                                                         100  

Where: 
Cu = Water consumptive use in each irrigation (cm3), ө2 = Soil moisture 
percent after irrigation (%, d.b), ө1 = Soil moisture percent before irrigation 
(%, d.b), Bd = Soil bulk density in (g/cm3), n = Number of irrigation, I = 
Number of soil layer, D = Depth of soil layer of the soil (cm) and 4200 m2 = 
Area of fed. 
5- Crop water use efficiency (CWUE) 

It was calculated, according to Hansen et al. (1980) by the following 
equation:  
 

                         Yield (kg/fed) 
CWUE (kg/m3) =   ----------------------------------------------- 
                              Water consumptive use (m3/fed) 

 
 
6- Field water use efficiency (FWUE) 

It was calculated according to Michael (1978) by the following 
equation: 

 
                         Yield (kg/fed) 

FWUE (kg/m3) = ----------------------------------------- 
                              Water applied (m3/fed) 

 

RESULTS AND DISCUSSION 
Analysis of variance 

Analyses of variance for the studied traits under investigation are 
presented in Tables 4 and 5. The genotype mean squares ware highly 
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significant for all the studied traits indicating wide range of genetic variability 
among the studied genotypes and this is a primary requirement for further 
computation. Mean square values of parents and crosses were found to be 
highly significant for all characters except for parents for panicle length and 
root fresh weight which wear significant. Parents Vs crosses mean squares 
were highly significant for all root, yield and its related characters. Both 
general and specific combining ability variance wares found to be highly 
significant for all characters, indicating the importance of both additive and 
non-additive genetic variance in determining the performance of these twelve 
characters. General combining ability/specific combining ability ratio was 
used to clarify the nature of the genetic variance involved. With the exception 
of four traits under investigation, GCA/SCA ratios were found to be greater 
than unity for all characters under study except for panicle length, number of 
filled grains/panicle, 100-grain weight and root/shoot% indicating that the 
additive and additive x additive types of gene action were great importance in 
the inheritance of all the studied characters except for these four mentioned 
traits which has been controlled by non-additive genetic variance. Therefore, 
it could be concluded that the presence of large amounts of additive effects 
suggests the potentiality for obtaining further to improvement in these 
characters studied.   
 

Table 4: Mean square estimates of ordinary and combining ability 
analysis for some, yield and its component characters. 

S.O.V. d.f 
Plant 
height 
(cm) 

Days to 
heading 
(days) 

Panicle 
length 
(cm) 

No. of 
panicles 

/plant 

No. of 
filled 

grains 
/panicle 

Sterility  
% 100-grain 

weight(g) 
Grain 

yield/plant 

Replications 3 14.62 9.31 1.79 0.92 80.63 1.62 0.97 25.62 

Genotypes  20 200.63** 299.52** 24.23** 15.99** 1521.32** 13.41** 19.62** 400.25** 

Parents (P) 5 2245.26** 280.48** 3.21* 51.34** 869.42** 444.63** 17.41** 611.54** 

Crosses (Cr) 14 197.32** 274.32** 22.62** 4.03** 130.25** 5.84** 22.63** 182.41** 

P. vs Cr.    1 181.36** 302.54** 95.41** 40.52** 4520.36** 93.62** 18.34** 2377.12** 

Error 60 10.47 5.41 0.97 0.95 75.42 1.84 1.99 18.72 

G.C.A 5 136.45** 203.51** 3.97** 9.15** 129.45** 8.54** 3.58** 199.74** 

S.C.A 15 30.27** 36.56** 5.81** 4.72** 397.42** 3.06** 5.39** 60.27** 

Error 60 3.21 0.99 0.31 0.39 16.84 0.27 0.68 6.29 

GCA / SCA  4.01 5.13 0.59 4.92 0.59 3.12 0.94 5.12 

   *and ** significant at 0.05 and 0.01 probability levels, respectively. 

Table 5: Mean square estimates of ordinary and combining ability 
analysis for some root characters. 

S.O.V. d.f 
Root length 

(cm) 
Root volume 

(cm) 
Root fresh 

(g) 
Root/shoot % 

Replications 3 1.54 10.25 8.63 0.94 
Genotypes  20 14.63** 187.54** 112.56** 9.96** 
Parents (P) 5 49.84** 277.63** 250.36* 12.15** 
Crosses (Cr) 14 3.99** 254.26** 242.12** 18.63** 
P. vs Cr.    1 39.62** 299.62** 298.41** 15.42** 
Error 60 1.11 4.13 3.24 0.94 
G.C.A 5 10.03** 187.36** 151.47** 2.64** 
S.C.A 15 3.99** 29.35** 22.63** 4.73** 
Error 60 0.45 0.84 0.54 0.37 
GCA / SCA  1.82 2.97 1.71 0.95 
*and ** significant at 0.05 and 0.01 probability levels, respectively 
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Also, selection procedure based on the accumulation of additive 
effects would be very successful in improving these characters. However, to 
maximize selection advance, procedures which are known to be effective in 
shifting gene frequency when both additive and non-additive genetic variation 
are involved. The obtained results agreed with those previously observed by 
El-Abd (2003), Abd El-Lattef (2004), Hammoud (2004), Sinha et al. (2006). 
and Mujataba et al. (2007) 
Mean performance of parents and their F1 generation 
 The performance of parents and F1 generation are presented in Table 
6 shows that the tallest plants were observed in Sakha106  followed by 
Sakha 104, Giga 178, Cica4 and BG-357-4. While, the shortest ones were 
exhibited in Hixe 5 5, rice variety. Sakha 106 followed by Hixe 5 5, and 
Sakha104 were the earlier rice cultivars, while, Giza 178, BG-357-4 and 
Cica4 were the latest rice cultivars comparing with other rice cultivars. In 
addition, Sakha106 has a longest panicle (19.81cm), followed by Sakha 104 
and Giza178, while Cica4 and Hixe 5 gave the shortest panicle length (10.42 
and 11.54 respectvally). Giza178, Sakha 106, Sakha 104 and Cica4 gave the 
highest number of panicles/ plant. On the other hand high number of  filled 
grains /panicle (108.72 fertile grains) was recorded for Sakha104 followed by 
Giza178 (102.71), Sakha 106 (99.33) and Cica 4 (90.84), on the other hand 
the lowest number of field grains/panicle (70.26) was recorded for BG-357-4 
rice variety. Lowest sterility% was recorded for Sakha 106 (14.21%) followed 
by Sakha 104 (15.82%). On the contrary the highest sterility% was recorded 
for Hixe 5 (29.56%). Heaviest grains (2.62 g /100 grains) weight was 
recorded from Sakhs 106, followed by Sakha 104 (2.51 g /100 grains) and 
Giza178 (2.33 g /100 grains). Highest grain yield/plant (26.41 g/plant) was 
obtained from Sakha 106 followed by Sakha104 (24.33 g /plant). While BG-
357-4 rice variety gave the lowest rice grain yield (19.26 g /plant). The rice 
root characters are presented in table (7). The longest root length was (25.92 
cm) obtained from Giza178 rice variety, followed by Sakha 104 and 
Sakha106 (24.63cm) and (23.51cm) respectively While the shortest root 
characters was (16.89cm) recorded for Hixe 5 rice variety. Highest root 
volume, root fresh weight and root/shoot%  were obtained from Giza178 rice 
variety, followed by Sakha 104 and Sakha106. On the contrary lowest main 
values for these characters were obtained from Hixe 5 rice variety.       

The F1 mean values of plant height ranged between 55.97 for (BG-
357-4 X Hixe 5) and 90.36 cm for (Sakha 104 X Sakha106) rice cross, which 
agree with the target of rice breeders for selection short stature rice 
genotypes, resistance to lodging and suitable for mechanical harvesting. 
Moreover, all rice crosses were earlier than the late rice cultivar, Cica 4 from 
almost 1 to 18 days. Fife rice crosses, Sakha 104 X Hixe 5  (98.01), Sakha 
104 X Giza178 (98.15), Sakha 106 X Giza178 (98.53), Sakha104 X 
Sakha106 (99.47) and Sakha 104 X BG-357-4 (99.57 days), were earlier than 
the earliest rice cultivar, Sakha 106 (99.84 days). The highest estimated 
values of panicle length and number of panicles /plant were recorded on 
Sakha 106 X Giza178 rice cross. Moreover, the largest number of filled 
grains /panicle was detected for Sakha 104 X Giza178 (119.62 grains) 
followed by Sakha 104 X Sakha106 (115.94 grains) and Sakha 104 X Cica4 
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(109.62 grains). On the contrary, the smallest number of filled grains/panicle 
(69.15 grains) was recorded for BG-357-4 X Hixe 5. Lowest sterility% 
(12.36%) was recorded from cross Sakha 104 X Giza178 followed by 
(15.13%) for Sakha 104 X Cica4. The heaviest 100 grain weight (2.51 g) was 
obtained for Sakha 104 X Sakha 106, followed by (2.43 g) for Sakha 106 X 
Giza178, (2.42 g ) for Sakha 104 X Giza178 and (2.38 g) for Sakha 104 X 
BG-357-4 rice crosses. Maximum grain yield /plant was observed for Sakha 
104 X Sakha106 (27.18 g), followed by Sakha 104 X Giza178 (26.82 g) and 
Sakha 104 X Cica4 (26.16 g),  almost it was ranged between 2.022 and 
2.773 ton / faddn., indicating possibility of increasing grain yield through 
hybridization followed by selection in any traditional breeding programme. 
The mean values of root characters (Table 7) showed that the longest root 
(26.37cm) was obtained from Sakha 104 X Giza178, followed by (25.63cm) 
for Sakha 104 X Sakha106, (24.71cm) for Sakha 104 X Cica4 and (24.69cm) 
for Giza178 X Cica4. While the shortest root was (20.11cm) recorded from 
BG-357-4 X Hixe 5.  
 
Table 6: Mean performance of the six parents and their F1 generation of 

6 x 6 diallel cross for some yield and its component 
characters.  

genotypes  
Plant 
height 
(cm) 

Days to 
50 % 

heading 

Panicle 
length 
(cm) 

No. of 
panicles 

/plant 

No. of 
filled 

grains 
/panicle 

Sterility 
% 

100-
grain 

weight 
(g) 

Grain 
yield 
/plant 

(g) 

Sakha 104 81.47 100.45 18.31 15.43 108.72 15.82 2.51 24.33 

Sakha 106 96.54 99.84 19.81 16.32 99.33 14.21 2.62 26.41 

Giza 178 70.23 102.32 16.25 17.61 102.71 19.43 2.33 23.94 

Cica 4 66.52 119.32 10.42 10.71 90.84 26.95 2.24 20.65 

BG-357-4 60.74 107.23 13.62 10.45 70.26 19.74 2.16 19.26 

Hexi 5 58.63 100.36 11.54 9.86 75.55 29.56 2.25 21.25 

Sakha 104 X  Sakha 
106 

90.36 99.47 18.41 16.63 115.94 
15.31 

2.51 27.81 

Sakha 104 X Giza 
178 

72.54 98.15 19.85 17.31 119.62 
12.63 

2.42 26.82 

Sakha 104 x Cica 4 69.42 118.41 13.89 15.35 109.62 15.13 2.37 26.16 

Sakha 104 X BG-
357-4 

65.34 99.75 14.67 9.97 87.37 
23.27 

2.38 19.98 

Sakha 104 X Hixe 5  59.23 98.01 12.45 8.42 72.13 26.15 2.12 26.53 

Sakha 106 X Giza 
178 

79.41 98.25 20.31 17.32 98.26 
16.33 

2.43 24.13 

Sakha 106 X Cica 4 69.52 105.63 19.43 15.25 98.35 25.29 2.36 25.94 

Sakha 106 X BG-
357-4 

65.41 106.24 14.76 10.87 82.10 
18.42 

2.13 16.11 

Sakha 106 X Hixe 5  62.45 108.74 14.18 9.41 98.98 24.98 2.29 15.12 

Giza 178 X Cica 4 71.36 105.63 16.75 14.25 99.23 29.10 2.10 23.47 

Giza 178 X BG-357-4 65.42 111.32 11.24 9.49 82.11 19.94 2.44 19.29 

Giza 178 X Hixe  5 71.35 109.74 12.10 8.13 79.12 25.11 2.14 15.15 

Cica 4 X BG-357-4 65.42 105.36 10.14 9.41 85.29 25.12 2.11 16.10 

Cica 4 X Hixe 5  58.36 111.47 11.12 5.81 71.14 26.14 2.35 14.14 

BG-357-4 X Hixe  5 55.97 110.62 12.13 6.14 69.15 20.85 2.15 14.13 

LSD at 0.05 2.16 4.63 2..24 5.46 3..22 0.12 2..27 3..36 

LSD at 0.01 3.25 5.92 3.35 6..35 4.49 0.24 3.26 4.01 
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Highest main of root volume (61.27ml) was recorded for Sakha 104 X 
Giza178, followed by (60.81ml), Sakha 104 X Cica4, (60.41ml) for Sakha 104 
X Sakha106 and (59.82ml) for Sakha 106 X Giza178. Highest mean values 
for root fresh weight (49.79g) obtaind from Sakha 106 X Giza178, followed by 
(49.72g)from Sakha 104 X Sakha106. Also, highest root/shoot% (0.42%) 
recorded from Sakha 104 X Sakha106, followed by Sakha 104 X Giza 178, 
Sakha106 X Giza178, Sakha 104 X Cica4 and Sakha 104 X BG-357-4 being 
(0.39%), (0.35%), (0.34%) and (0.32%) respectively On the contrary cross 
BG-357-4 X Hixe 5 come the last one for all studied root characters.                           
 
Table 7: Mean performance of the six parents and their F1 generation of 

6 x 6    diallel cross for some root characters.  

genotypes  
Root length 

(cm) 
Root volume (cm) 

Root fresh weight 
(gm) 

Root/shoot % 

Sakha 104 24.63 56.37 47.63 0.32 

Sakha 106 23.51 52.42 47.28 0.30 

Giza 178 25.92 58.63 48.72 0.34 

Cica 4 22.63 49.63 45.92 0.29 

BG-357-4 19.27 38.21 32.51 0.25 

Hexi 5 16.89 32.74 29.46 0.19 

Sakha 104 X  Sakha 106 25.63 60.41 49.72 0.42 

Sakha 104 X Giza 178 26.37 61.27 49.53 0.39 

Sakha 104 x Cica 4 24.71 60.81 47.98 0.34 

Sakha 104 X BG-357-4 24.63 59.41 39.41 0.32 

Sakha 104 X Hixe 5  22.81 58.63 32.63 0.29 

Sakha 106 X Giza 178 25.96 59.82 49.79 0.35 

Sakha 106 X Cica 4 23.91 54.92 46.21 0.31 

Sakha 106 X BG-357-4 23.69 53.63 35.41 0.30 

Sakha 106 X Hixe 5  20.42 51.41 34.72 0.28 

Giza 178 X Cica 4 24.69 46.41 49.12 0.31 

Giza 178 X BG-357-4 22.82 45.32 45.41 0.28 

Giza 178 X Hixe  5 20.41 47.26 39.63 0.29 

Cica 4 X BG-357-4 23.41 50.84 46.82 0.28 

Cica 4 X Hixe 5  20.26 42.13 32.71 0.24 

BG-357-4 X Hixe  5 20.11 34.62 29.71 0.24 

LSD at 0.05 3.63 5.42 7.15 0.14 

LSD at 0.01 4.01 7.56 8.64 0.22 

 
Estimates of general (GCA) and specific (SCA) combining ability 

Obviously, estimate of GCA showed that the parents Sakha 104, 
Cica4 and Giza178  were  found  to  be  good  general combiners for grain 
yield/plant (Table 8 ). High GCA effect  of Sakha 104 was associated with its 
high GCA effect for panicle length, number of panicles /plant, number of filled 
grains /panicle, lowest sterility% and 100 grain weight. The good combining 
ability of cultivar Cica4 was due to high elongation of its panicle and its 
heavies grains, while the high estimates of general combining ability of 
cultivar Giza178 for grain yield /plant was due to its highest estimates of 
panicle length and number of panicles /plant. The results also revealed that 
among the studied parents, Sakha 104 followed by Cica4 and Giza178 were 
the best general combiners for tall plant height. Moreover, Sakha 106, and 
Cica4 were the best general combiners for earliness. 
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Table 8: Estimates of general combining ability (GCA) effects for yield 
and its component characters. 

Parents 
Plant 

height 
(cm) 

Days to 
50 % 

headin
g 

Panicle 
length 
(cm) 

No of 
panicles 

/plant 

No. of 
filled 

grains 
/panicle 

Sterility 
% 

100-
grain 

weight 
(g) 

Grain 
yield 
/plant 

(g) 

Sakha 104 -2.84** 6.21** 0.62** 1.24** 7.47** -1.94** 0.74** 7.22** 

Sakha 106 1.77** -7.54** -0.99 ** -0.94** 1.12 -0.82* -1.32** -6.04** 

Giza 178 -4.02** 3.95** 0.36 -1.09** -2.41** 1.03** 1.08* 3.07** 

Cica 4 2.99** -4.05** 0.59** 1.67** 2.10 1.64** -0.74** 3.41** 

BG-357-4 -1.94** 5.97** -0.94** -0.84** -3.94** -0.99**   -0.19 -3.28** 

Hexi 5 6.48** 3.63** 0.38** -1.95** -5.09** 1.23** 0.69** -4.21** 

S.E. at 0.05 0.69 0.87 0.19 0.19 1.12 0.61 0.20 0.94 

S.E. at 0.01 1.03 1.35 0.38 0.41 2.34 0.94 0.29 1.45 
*and ** significant at 0.05 and 0.01 probability levels, respectively. 

 
          GCA estimates for root characters (Table 9) showed that, the best 
GCA were recorded for Sakha 104, Sakha 106 and Giza 178 for root length, 
root volume and root/shoot%. While good GCA for root fresh weight was 
recorded from Sakha104, Giza 178, Cica 4 and Hixe 5 
 
Table 9: Estimates of general combining ability (GCA) effects for some 

root characters. 

Parents 
Root length 

(cm) 
Root volume 

(cm) 

Root fresh 
weight 
(gm) 

Root/shoot % 

Sakha 104 0.34** 0.65** 0.54** 0.22 

Sakha 106 0.52** 0.94** -1.02 ** 0.34** 

Giza 178 0.63** 0.49** 0.66** 0.17** 

Cica 4 -0.41** -0.82** 0.76** -0.26* 

BG-357-4 -0.75** -0.93** -1.23** -0.45** 

Hixe 5 -0.28** -0.34** 0.37** -0.36** 

S.E. at 0.05 0.16 0.21 0.20 0.13 

S.E. at 0.01 0.32 0.39 0.47 0.24 
*and ** significant at 0.05 and 0.01 probability levels, respectively. 
 

            Therefore, it may be concluded that crosses involving these parents 
would result in the identification of superior gerents with favorable genes for 
grain yield and component characters and other root characters. High GCA 
effects are related to additive and additive X additive components of genetic 
variation, the parents with higher positive significant GCA effects are 
considered as good combiners, while those with negative GCA effects are 
poor general combiners except for in case of plant height, earliness and 
sterility%. Similar results were obviously recorded by El-Abd (2003), 
Hammoud (2004), Shehata (2004), Satish and Seetharamaiah (2005), 
Sharma et al. (2005) and  Dhakar and vinit (2006).  
The estimates of specific combining ability of 15 crosses for 12 yield and its 
components and root; characters are presented in Tables 10 and 11. It is 
observed that a total of 9 crosses exhibited positive and significant SCA for 
grain yield /plant. The promising combinations for grain yield along with at 
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least two of yield component characters were Sakha 104 X BG-357-4, Sakha 
104 X Hixe 5, Sakha 106 X Hixe 5 and Giza178 X BG-357-4. It is observed 
that majority of the crosses with high SCA for grain yield were involved with 
low / high or high   / low or High / high or low / low combining parents. But very 
few crosses showing low / low general combiners showed high SCA  .The 
cross combinations showing high negative SCA  for plant height  were 
Giza178 X Cica4, Sakha 104 X BG-357-4, Sakha 104 X Sakha106, Sakha 
106 X Cica4 and Cica4 X Hixe 5. For plant height, positive estimates of SCA 
are desirable and the good specific combiners were BG-357-4 X Hixe 5, 
Sakha 104 X Cica4, Sakha 106 X Giza178, Sakha 106 X Hixe 5, Giza178 X 
BG-357-4 and Sakha 106 X BG-357-4. fore days to 50% heading, highly 
significant and negative  SCA for days  to  50% heading  (earliness) were 
Sakha 106 X BG-357-4, Giza178 X Cica4, Giza178 X Hixe 5, Sakha104 X 
Giza178, Sakha104 X BG-357-4, Sakha106 X Cica4, Sakha106 X Giza178, 
Sakha106 X Cica4 and Sakha 105 X Giza178. The cross combinations viz., 
Sakha 106 X Hixe 5, Sakha 104 X Giza178, Sakha 106 X Cica4, Cica4 X BG-
357-4 and Sakha104 X Hixe 5 were good specific combiners for panicle 
length. The best specific combiners for number of panicles /plant were Cica4 
X Hixe 5, Saka 106 X Cica4, Sakha104 X Cica4, Sakha 104 X Giza178, 
Giza178 X Cica4, Sakha 106 X Giza 178, Giza178 X BG-357-4 and Sakha 
104 X Sakha 106 showed higher SCA for number of filled grains / panicles. 
 
Table 10: Estimates of specific combining ability (SCA) effects for yield 

and its component characters.  

Crosses 
Plant 
height 
(cm) 

Days to 
50 % 

heading 

Panicle 
length 
(cm) 

No. of 
panicles 

/plant 

No. of 
filled 

grains 
/panicle 

Sterility 
% 

100-
grain 

weight 
(g) 

Grain 
yield 
/plant 

(g) 

Sakha 104 X  Sakha 
106 

-5.32** 3.59** -3.51** -1.68** 4.02 
-3.63** 

2.45** 5.31** 

Sakha 104 X Giza 
178 

1.43 -5.69** 4.82** 1.42** 13.84** 
-4.82** 

2.28** -6.84** 

Sakha 104 x Cica 4 9.12** -2.84** -2.57** -1.36** 15.47** 2.16** -1.45** 4.26** 

Sakha 104 X BG-
357-4 

-5.47** -5.63** -0.63* 2.94** 30.62** 
-1.21* 

-3.26** 9.63** 

Sakha 104 X Hixe 5 5 2.84** 4.64** 2.04** 1.43** -16.84** 2.65** -2.29** 9.47** 

Sakha 106 X Giza 
178 

5.22** -5.03** 1.62** -3.65** 11.63** 
1.28** 

1.45** 4.65** 

Sakha 106 X Cica 4 -4.63** -5.22** 3.54** 0.45 15.74** -3.54** -2.84** 5.94** 

Sakha 106 X BG-
357-4 

1.84 -9.63** -2.97** -1.84** -9.66** 
2.63** 

4.28** 0.58 

Sakha 106 X Hixe 5  4.63** -3.52** 4.93** -1.75** -35.87** -4.54** -3.62** 8.94** 

Giza 178 X Cica 4 -5.94** -7.84** -3.54** -1.94** 12.97** 3.27** -0.63 -0.95 

Giza 178 X BG-357-4 3.78** -5.63** 0.48 -2.63** 4.82 1.94** -4.01** 7.83** 

Giza 178 X Hixe 5  0.67 -7.65** -2.63** -0.95** -5.63* 2.62** 2.13** -3.65** 

Cica 4 X BG-357-4 -0.94 -3.49** 2.56** -1.42** -18.94** 2.31** -2.39** 1.92 

Cica 4 X Hixe 5  -4.63** 2.64** -0.61 1.97** 17.52** -0.49 -2.01** -0.85 

BG-357-4X Hixe  5 9.84** 1.22* 0.94** 1.32** 17.45** 0.96* 1.94** 5.69** 

S. E. at 0.05 1.99 1.14 0.62 0.49 4.97 0.56 0.69 1.93 

S.E. at 0.01 2.74 1.32 0.84 0.96 6.02 1.23 1.12 2.74 

*and ** significant at 0.05 and 0.01 probability levels, respectively. 
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Table 11 : Estimates of specific combining ability (SCA) effects for root 
characters. 

Crosses 
Root length 

(cm) 
Root volume 

(cm) 

Root fresh 
weight 

(g) 
Root/shoot % 

Sakha 104 X  Sakha 106 -2.95** 3.98** -4.23** -0.12 

Sakha 104 X Giza 178 3.56** -6.17** 6.54** 0.42** 

Sakha 104 x Cica 4 2.23** -4.26** -5.91** -0.94** 

Sakha 104 X BG-357-4 -0.33** -0.63* -1.23* 0.38** 

Sakha 104 X Hixe 5  1.97** 2.84** 4.29** 0.23** 

Sakha 106 X Giza 178 1.32** -2.36** 4.31** -0.68** 

Sakha 106 X Cica 4 -2.98** -4.12** 6.32** 0.13 

Sakha 106 X BG-357-4 2.43** -4.98** -7.63** -0.91** 

Sakha 106 X Hixe 5  3.79** -5.97** 7.26** -0.79** 

Giza 178 X Cica 4 -2.99** -4.36** -6.27** -1.05** 

Giza 178 X BG-357-4 0.36* -0.98** 1.13 -0.67** 

Giza 178 X Hixe 5  2.13** -4.12** -6.31** -0.38** 

Cica 4 X BG-357-4 -2.97** -4.26** 5.27** -0.52** 

Cica 4 X Hixe 5  -0.16 0.34 -0.65 0.89** 

BG-357-4X Hixe  5 0.82** 1.15* 2.13** 0.42** 

S. E. at 0.05 0.19 1.03 1.22 0.14 

S.E. at 0.01 0.43 1.84 1.97 0.78 

  *and ** significant at 0.05 and 0.01 probability levels, respectively. 

 
      Also cross combination Sakha 104 X Giza178, Sakha 104 X Sakha 
106, Sakha 106 X Cica4 and Sakha 104 X BG-357-4 showed high negative 
sterility%. Six crosses namely,  Sakha 106 X BG-357-4, Sakha 104 X Sakha 
106, Sakha 104 X Giza178, Giza178 X Hixe 5 and BG-357-4 X Hixe 5. 
exhibited highly significant and positive SCA effects for100-grain weight. SCA 
for root characters alliterated in Table 11, eight crosses Sakha106 X Hixe 5, 
Sakha104 X Giza178, Sakha106 X BG-357-4, Sakha104 X Cica4, Giza178 X 
BG-357-4, Sakha104 X BG-357-4, Sakha106 X Giza178, BG-357-4 X Hixe 5 
were showed highly significant and positive for root length. While three 
crosses Sakha 104 X Sakha106, Sakha 104 X Hixe 5 and BG-357-4 X Hixe 5 
showed highly significant and positive for root volume. Also 7 crosses, 
Sakha106 X Hixe 5, Sakha104 X Giza178, Sakha106 X Cica4, Giza178 X 
Hixe 5, Giza178 X BG-357-4, Sakha106 X Giza178 and BG-357-4 showed 
highly significant and positive for root fresh weight. The best positive SCA for 
root/shoot% was recorded for Cica4 X Hixe 5, BG-357-4 X Hixe 5, Sakha104 
X Giza178, Sakha104 X BG-357-4 and Sakha104 X Hixe 5. Moreover, these 
cross combinations also included the parents recorded either good or poor 
GCA for this traits. Through there is a preponderance of non additive gene 
action for grain yield and most of the yield components in the hybrids resulted 
in high amount of vigor in F1, where selection can be postponed to later 
generation. These findings were in agreement with those of Yu et al. (2004), 
Bagheri et al. (2005), Rosamma and Vijayakumar (2005)   and Abd –El-Lattef 
and Badr (2007). 
Estimates of better parent heterosis 

A large number of crosses exhibited high estimates of heterosis in a 
desirable direction for different characters under study. The estimates of 
heterosis for yield and its component characters are presented in Table 12. A 
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greater magnitude of heterosis ranged between (3.83 and 13.08%) was 
observed in fife crosses for grain yield /plant. The availability of sufficient 
hybrid vigour in several crosses in respect of grain yield suggests that a 
hybrid breeding programme could profitably be undertaken in rice under 
water stress conditions. For plant height, two crosses, Sakha104 X Hixe 5 (-
5.17%), and Cica4 X Hixe 5 (-3.33%), recorded significant heterosis in a 
desirable negative direction. The crosses Sakha104 X Hixe 5, Sakha 104 X 
BG-357-4 and Sakha106 X Giza178 exhibited highest negative heterosis (-
5.45%), (-4.14%) and (-4.04%) for days to 50% heading. Appearance of 
significant and negative heterosis for days to 50% heading indicated the 
possibility of exploiting heterosis for earliness. Two only crosses, Sakha104 X 
Giza178 (5.55%) and  Sakha 106 X Giza178 (9.26%), recorded significant 
heterosis in a desirable positive direction for panicle length. Moreover, highly 
significant and negative estimates of heterosis were observed for number of 
panicles /plant in all the studied crosses , the highest estimated value was 
recorded for Sakha178 X Hixe 5 (-52.94%), while, the lowest estimated value 
was detected for Sakha 106 X Cica4 (-6.25%). On the other hand, no 
desirable heterosis was found among all the studied crosses for number of 
filled grains/panicle which exhibited either non-significant or highly significant 
estimates in positive direction. Out of fifteen studied crosses, only Two  of 
them, Sakha 104 X Sakha 106 and Sakha104 X Giza178 exhibited significant 
and highly significant positive estimates of heterosis for number of filled 
grains /panicle. The estimates of desirable  heterosis in Table 12, among the 
cross for sterility%, in three crosses,  varied from -3.84% (Giza178 X Hixe 5), 
-5.26% (Sakha106 X BG-357-4) to -20.14% ( Sakha104 X Giza178). All the 
studied crosses recorded highly significant heterosis in negative direction 
for100-grain weight.  
 
Table 12: Estimates of heterosis as a deviation from better parent of the 

fifteen rice crosses for some, yield and its component 
characters. 

Genotypes 
Plant 
height 

Days to 
50 % 

heading 

Panicle 
length 
(cm) 

No. of 
panicles 

/plant 

No. filled 
grains 

/panicle 

 
 

Sterility % 

100-
grain 

weight 
(g) 

Grain yield 
/plant (g) 

Sakha 104 X  Sakha 
106 11,11** 0,16 -5,26** -1,84 6,48** 7,14** -3,84 3,84** 

Sakha 104 X Giza 178 2,85 1,01 5,55** -2,29 10,18** -20.12** -4.12* 13,04** 

Sakha 104 x Cica 4 4,54** 19,19** -27,77** -2,78 0,92 -1.31 -8.24** 13,04** 

Sakha 104 X BG-357-
4 8,33** 4,04** -22,22** -40.12** -19,44** 53,33** -8.36** -17,39** 

Sakha 104 X Hixe 5  -5,17** 5,05** -33,33** -46,66** -33,33** 73,33** -16.25** 13,08** 

Sakha 106 X Giza 178 12,85** 4,04** 5,26** -1,73 -3,92 14,28** -7,69** -7,69** 

Sakha 106 X Cica 4 4,54** 6,06** -1.02 -6,25** -1,01 31,57** -11,53** -3,84* 

Sakha 106 X BG-357-
4 8,33** 7,07** -26,31** -37,51** -17,17** -5,26** -19,23** -38,46** 

Sakha 106 X Hixe 5  6,89** 9,09** -26,31** -43,75** -1,01 26,31** -4,34* -42,30* 

Giza 178 X Cica 4 7,57** 2,94 -1.03 -17,64** -2,94 52,63** -8,69** 4,54* 

Giza 178 X BG-357-4 8,33** 8,82** -31,25** -47,05** -19,60** -1.04 4,34* -13,63** 

Giza 178 X Hixe 5  22,41** 9.21** -25** -52,94** -22,54** -3,84* -8,69** -31,81** 

Cica 4 X BG-357-4 8,33** -1,86 -23,07** -10.54** -5,55* 31,57** -4,54* -20.13** 

Cica 4 X Hixe 5  -3,33* 11.14** -15,38** -50.24** -21,11** -1.13 4,54* -33,24** 

BG-357-4 X Hixe  5 1,72 10.23** -7,69** -40.13** -8.14** 5,26** -4,54* -33,33** 

*and ** significant at 0.05 and 0.01 probability levels, respectively. 
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Concerning estimates of heterosis for root characters as shown in 
Table 13, highest significant and positive direction was recorded from four 
crosses namely, BG-357-4 X Hixe 5 (5.26%), Cica4 X BG-357-4 (4.54%), 
Sakha104 X Sakha106 (4.16%) and  Sakha104 X Giza 178 (4.01%). While 
most of rice crosses gave the highest significant and positive for root volume. 
Positive estimates of heterosis significant or highly significant was obtained 
for two crosses Sakha104 X Sakha106 (4.25%) and Sakha104 X Giza 178 
(2.08%). On the other hand four rice crosses Sakha104 X Sakha106 
(31.25%), Sakha104 X Giza178 (14.70%), Sakha106 X BG-357-4 (13.33%) 
and Sakha104 X Cica4 (6.25%) showed highly significant and positive 
direction for root/shoot%. 
 
Table 13: Estimates of heterosis as a deviation from better parent of the 

fifteen rice crosses for some, root characters. 

Crosses 
Root length 

(cm) 
Root volume 

(cm) 

Root fresh 
weight 

(g) 

Root/ 
shoot % 

Sakha 104 X  Sakha 106 4,16* 7,14** 4,25** 31,25** 

Sakha 104 X Giza 178 4.01* 5,17** 2,08 14,70** 

Sakha 104 x Cica 4 -0,82 7,14** -2,18 6,25** 

Sakha 104 X BG-357-4 1,25 5,35** -18,75** -3,03 

Sakha 104 X Hixe 5  -8,33** 3,57* -33,33** -9,37** 

Sakha 106 X Giza 178 -1,57 1,72 -0,41 2,94 

Sakha 106 X Cica 4 0,43 3,84* -2,12 3,33 

Sakha 106 X BG-357-4 -2,54 1,92 -25,53** 13,33** 

Sakha 106 X Hixe 5  -13,04** -1,92 -27,65** -6,66** 

Giza 178 X Cica 4 -4.12* -20,68** -1,03 -8,82** 

Giza 178 X BG-357-4 -12.12** -8,16** -6,83 -17,64** 

Giza 178 X Hixe 5  -20.23** -4,08* -18,75** -14,71** 

Cica 4 X BG-357-4 4,54* 2,04 2,22 -3,44 

Cica 4 X Hixe 5  -9,09** -14,23** -28,88** -17,24** 

BG-357-4 X Hixe  5 5,26* 13,15** -9,37** -4.11* 

*and ** significant at 0.05 and 0.01 probability levels, respectively. 

 
            From the foregoing discussion, it may be concluded that the crosses, 
Sakha 105 X IET1444, Sakha 101 X IET1444, Sakha 101 X Sakha 105 and 
Sakha 102 X Sakha 105  can be rated as the best crosses based on their 
heterosis in most of the studied traits including grain yield. Thus, it can be 
exploited in subsequent generations to improve most of the studied traits. 
Similar results were reported by several scientists like, Zhen et al. (2004), Jin 
et al. (2005), Shanthala et al. (2006) and Abd EL-lattef et al (2011).   
Water intervals 
 Estimates of amount of water applied, water consumptive use m3/ 
fed: and actual evapotranspiration in (ETC mm / day) are presented in Table 
14. The results indicated that total water applied and water consumptive use 
were 5003.42 and 4019.01 m3/ fed, respectively. While the highest water 
applied and water consumptive use values were 1495.63 and 1100.26 m3 / 
fed., respectively, recorded in August. On the other hand, the lowest recorded 
values were 991.66 and 824.41 m3 /fed., respectively, in September. 
  Data in Table 14, also, showed that values of ETc increased in 
August and July followed by June, it was 7.59, 7.36 and 6.57 mm / day 
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respectively. While in September, it was 6.14 mm / day. Concerning potential 
evapotranspiration ( ETp mm / day ),  the highest ETp (7.96 mm / day) was 
recorded in August followed by July and June , while the lowest ETp (6.52 
mm / day) was recorded in 20 September. Estimation (ETp mm / day) the 
data showed insignificant differences among the them in pre-harvest period; 
e.g., months June, July and August value for (ETp mm / day). The 
evapotranspiration (ETp mm / day) decreased in emergence stage, while, it 
gradually increased with increasing the age of plant, but decreased with pre-
harvest period in 20 September, after that (ETp mm / day) was increased in 
August, July and June.  
 

Table 14. Water applied m3/fed., water consumptive use, actual and 
potential  evapotranspiration (mm / day), and Values of crop 
coefficient (kc). 

Months 
Water 

applied 
M3/fed. 

Water 
consumptive 
use m3/fed. 

Evapotr- 
anspiration 

mm/day 

ETp mm/ 
day 
M.P. 

K.C% 

June 
July 

August 
20 sep. 

1115.31 
1401.26 
1495.63 
991.66 

996.26 
1099.13 
1100.26 
824.41 

6.57 
7.36 
7.59 
6.14 

6.91 
7.56 
7.96 
6.52 

0.95 
0.99 
0.95 
0.94 

total 5003.42 4019.01 27.66 28.95 3.81 
mean 1250.81 1004.25 6.91 7.23 0.95 

 
     Concerning crop coefficient values (Kc%) in Table 14 , it is clear that 
the effect of crop characteristics on crop water requirements was observed by 
crop coefficient, which represented the relationship between reference 
potential ( ETp ) and actual crop evapotranspiration (ETc). The values of crop 
coefficient for irrigation pattern (kc) (Table 14) showed slight increase after 
planting, but, decreased again at the end of growth season. It could be 
noticed that the nearest values to average (kc) was that of radiation equation. 
Same results were reported earlier by Nasir et al. (2002), Hussain et al. 
(2003) and Azam et al. (2005). 
             Estimates of grain yield ( Kg / fed )., crop and field water use 
efficiency ( CWUE % ) and field water use efficiency ( FWUE % ) are 
tabulated in Table 15 . The results indicated that the average grain yield was 
significantly affected by breeding. The maximum values (2773.48 Kg / fed) 
was found for the second parent (Sakha 106) followed by Sakha104 (2554.46 
Kg / fed), Giza178 (2513.71 Kg / fed.), Hixe 5 (2231.15 Kg / fed.) and Cica4 
(2168.84 Kg / fed). While, the minimum value was recorded by BG-357-4 it 
was (2022.32 Kg / fed). From the cross combination foregoing results, the 
highest average grain yield (2839.51 Kg / fed) was recorded for the first 
cross, (Sakha 104 X Sakha106), followed by cross Sakha 104 X Hixe 5 
(2776.31 Kg / fed),  Sakha 104 X Cica4 (2774.11 Kg / fed),  Sakha 104 X 
Giza178 (2771.58 Kg / fed) Sakha 106 X Cica4 (2625.31 Kg / fed) and Sakha 
106 X Giza178 (2520.48 Kg / fed). While, the lowest value (1470.85 Kg / fed) 
was recorded for the cross  (BG-357-4 X Hixe 5).  
Crop and field water use efficiency (CWUE %) 

Data in Table  15  also, illustrated that crop water use efficiency was 
significantly affected by irrigation methods. The maximum CWUE % value 
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(0.55) was recorded for the second parent Sakha106 followed by Sakha104, 
Giza178 and Cica4, bing 0.51, 0.50 and 0.44 (kg / m3) respectively. While, 
the minimum value (0.40 kg / m3) was obtained for BG-357-4. On the other 
hand, cross Sakha104 X Sakha106, gave the highest value 0.56 (kg / m3) of 
crop water use efficiency, followed by the crosses Sakha 104 X Hixe 5 and 
Sakha104 X Cica4, bing 0.559 and 0.553 (kg / m3) respectively.  

The data showed that the highest crop water use efficiency 0.55 (kg / 
m3) was recorded from one m3 water irrigation in the parent of Sakha 106 and  
crosses Sakha104 X Sakha106, ( 0.56 (kg/m3), Sakha104 X Hixe 5 ( 0.55 
kg/m3) and Sakha104 X Cica4 (0.55 kg/m3). Also data indicated the 
significant effect of irrigation method on FWUE %. The maximum FWUE % 
value was recorded for the second parent (Sakha 106) followed by Sakha104 
and Giza178. Whereas, the minimum value was recorded for BG-357-4 rice 
varity. On the other hand the highest value of FWUE % was found in cross 
Sakha 104 X Sakha106, followed by crosses Sakha 104 X Hixe 5 and Sakha 
104 X Cica4. These results were in harmony with those obtained by Yasin et 
al. (2003) Mady, (2004) and Ahmed and Karube (2005). 

From the foregoing results, the parents Sakha106, Sakha104, 
Giza178, and Cica4, crosses Sakha 104 X Sakha106, Sakha 104 X Giza178, 
Sakha104 X Hixe 5 and Sakha 104 X Cica4 could be recommended for 
growing under drought conditions to obtain the highest rice grain yield and 
the highest value of saving water at the same time. 
 

Table 15. Crop water use efficiency and field water use efficiency under 
water stress conditions. 

Genotyps 
Grain yield 

/ton/fid. 
CWUE% FWUE% 

Sakha 104 2554.46 0.51 0.63 

Sakha 106 2773.48 0.55 0.68 

Giza 178 2513.71 0.50 0.62 

Cica 4 2168.16 0.44 0.53 

BG-357-4 2022.32 0.40 0.50 

Hixe 5 2231.15 0.44 0.55 

Sakha 104 X  Sakha 106 2835.51 0.56 0.70 

Sakha 104 X Giza 178 2771.58 0.55 0.68 

Sakha 104 x Cica 4 2774.11 0.55 0.69 

Sakha 104 X BG-357-4 1995.23 0.39 0.49 

Sakha 104 X Hixe 5 5 2776.13 0.55 0.69 

Sakha 106 X Giza 178 2520.48 0.50 0.62 

Sakha 106 X Cica 4 2625.31 0.52 0.65 

Sakha 106 X BG-357-4 1680.64 0.33 0.41 

Sakha 106 X Hixe 5  1557.32 0.31 0.39 

Giza 178 X Cica 4 2515.62 0.48 0.60 

Giza 178 X BG-357-4 1993.52 0.39 0.49 

Giza 178 X Hixe 5  1576.56 0.31 0.39 

Cica 4 X BG-357-4 1682.48 0.33 0.41 

Cica 4 X Hixe 5  1471.36 0.29 0.36 

BG-35-2 X Hixe  5 1470.85 0.29 0.36 

a Average 2210.42 0.43 0.54 

 



J. Plant Production,  Mansoura Univ., Vol. 4 (9), September, 2013 

 1325 

REFRENCES 
 
Abd El-Lattef, A.S.M. (2004). Studies on behavior of some characters related 

to drought tolerance in rice breeding. Ph.D. Thesis, Fac. of Agric., 
Tanta Univ., Egypt. 

Abd El-Lattef, A. S. M.;  Aml E. A. El-Saidy;;  W. H. M. El-Kallawy  and A. A. 
Mady (2011).  Evaluation  of Some Rice (Oryza sativa L.) Genotyps 
under water stress condetions. J. plant production, Mansura, Univ., 
2(2): 307-326.  

Abd El-Lattef, A. S. M. and E. A. S. Badr (2007). Genetic variability of some 
quantitative characters and blast inheritance in rice under drought 
conditions. Egypt. J. of Plant Breed.,11(2): 935-951. 

Ahmed, M. M. and J. Karube (2005). Comparison of Coagulation critical 
concentration between kaolinite and montmorillenite under different pH 
conditions. Trans. Jpn. Soc. Irrigation Drainage and Reclamation 
Engineering, Japan, (237):7-12. 

Azam., M., S. Ahmed., Z. Hussain., M. Yasin., M. Aslam and R. Majeed. 
(2005). Efficiency of water and energy use for production of organic 
wheat. Science Technology and Development, 24 (1): 25-29.  

Bagheri, A.H., G.A. Nematzadeh., S.A. Peighambari and M. Noroozi (2005). 
A study of combining ability and gene effect in rice cultivars through 
line/tester analysis. Iranian J. of Agric. Sci., 36(4):947-953. 

Dhakar, J.M. and V. Vinit. (2006). Combining ability analysis in rice (Oryza 
sativa). Crop Research Hisar, 31(3):378-379. 

El-Abd, A.B. (2003).  Genetic variability, heritability and association between 
yield attributes and grain quality traits in rice (Oryza sativa L.). Egypt. J. 
Plant Breeding, special Issu, 1: 7-22. 

FAO. (1990). Report on the expert consultation on revision of FAO 
methodologies for crop water requirements  

Griffings, G. B. (1956). Concept of general and specific combining ability in 
relation to diallel crossing system. Aust. J. Biol. Sci., 9:463-493. 

Hammoud, S. A. A. (2004).  Inheritance of some quantitative characters in 
rice (Oryza sativa L.). Ph. D. Thesis, Fac. of Agric., Minufiya Univ., 
Shibein El-Kom, Egypt.  

Hayman, B.I. (1954). The theory and analysis of diallel crosses. Genetics, 
39:789-809. 

Hansen, V.W., D.W. Israelsen and Q.E. Stringharm (1980). Irrigation principle 
and practices. 4 th Ed. John. Wiley and Sons. Inc New York, USA. 

Hussain, S; A.T. Sarwa.; M.I. Lone; R. Roohi and F.S. Hamid (2003). Effect 
of different      soil moisture conservation practices on 
evapotranspiration and  growth of young tea Plants. Asian Journal of 
Plant Sciences, 2 (2):188-191. 

Iseraelson, O.W. and V.W. Hansen (1962). Irrigation principles and practices. 
3rd Ed. John wiley and Sons. New Yourk, USA. 

Jin, W.G; W. Zhang and D.L. Hong (2005). Heterosis and combining ability in 
late-maturing japonica rice (Oryza sativa L.) hybrids in Southern 
Jiangsu region. Acta Agronomica Sinica, 31(11):1478-1484. 



Abd El-Lattef, A. S. M. 

 1326 

Mady, A.A. (2004). Effect of irrigation intervals and algalization rates on some 
rice cultivars. J. Agric. Res., Tanta Univ., 30 (2). 215 – 226. 

Mather, K. and J.L. Jinks (1971). Biometrical Genetics. (2Eds). Chapman and 
Hall, London, pp. 382. 

Mather, K. and J.L. Jinks 1982. Biometrical Genetics. (3Eds). Chapman and 
Hall, London. 

Michael, A. M. (1978).  Irrigation theory and practice. Vikas Publishing House 
PVTLTD, New Delhi, Bombay, India. (C.F. Computer Search). 

Mujataba, S. M.; A. Muhammad; M. Y. Ashraf; B. Khanzada; S. M. Farhan; 
M. U.  Shirazi; M.A. Khana; A. Shereen and S.  Mumtaz (2007).  
Physiological responses of wheat genotypes under water stress 
conditions at seedling stage. Pakistan J. Bot., 39(7): 2575-2579.  

Nasir, A. K.; M. Shafiq and M. Khan (2002). Monitoring soil erosion in a 
mountainous watershed under high rainfall zone in Pakistan. Rural and 
Environmental Engineering, Japan, 43 (8): 23-30. (C.F. Computer 
Search). 

Nour, M.A.M (1989). Studies on fertilization and irrigation on rice. Ph.D. 
Thesis, Fac. Agric., Tanta Univ., Egypt. 

Rosamma, C.A. and N.K. Vijayakumar (2005). Heterosis and combining 
ability in rice (Oryza sativa L.) hybrids developed for Kerala state. 
Indian J. of Genetics and Plant Breed, 65(2):119-120. 

Satish, Y. and K.V. Seetharamaiah (2005). Combining ability analysis for 
yield and its component characters in rice (Oryza sativa L.). Annals of 
Biology, 21(2):149-153. 

Shanthala, J., J. Latha and H. Shailaja. (2006). Heterosis of rice (Oryza 
sativa L.) hybrids for growth and yield components. Research on 
Crops, 7(1):143-146. 

Sharma, P.R; P. Khoyumthem; N.B. Singh and K.N. Singh (2005). Combining 
ability studies for grain yield and its component characters in rice 
(Oryza sativa L.). Indian J. of Genetics and Plant Breed; 65(4):290-292. 

Shehata, S.M (2004). Lines x testers analysis of combining ability under 
salinity and drought conditions in rice (Oryza sativa). Egypt. J. of Agric. 
Res; 82(1):119-138. 

Singh, R.K. and B.D. Chaudhary (1979). Biometrical methods in quantitative 
genetic analysis. (Revised Eds). Kalyani publishers, Ludhiana, New 
Delhi, pp.102-118. 

Sinha, P.K; N.P. Mandal., C. Prasad and K. Prasad (2006). Genetic analysis 
for grain yield and its components in upland rice. Oryza, 43(1):5-9. 

Steel, R.G.D. and J.H. Torrie (1980). Principles and procedures of statistics. 
(2Eds). McGraw Hill Inc. New York. 

Wynne, J.C; D.A. Emery and P.W. Rice (1970). Combining ability estimates 
in (Archis hypogea l.) II-field performance of F1 hybrids. Crop. Sci., 
10(15): 713-715. 

Yasin, M.; S. Ahmed; Z. Hussain; P. M. Moshabbir and M. M. Ahmed (2003).  
Optimum water utilization in Pakistan: adaptation of pressurized 
irrigation systems. Sci. Technol. and Development, 21(2): 43-62.  

Yu, S; X.Y. Zou, H.H. He, J.R. Fu, H.B. Li, L. Xu and X.Y. Xin (2004). 
Analysis on combining ability of yield characters and related characters 



J. Plant Production,  Mansoura Univ., Vol. 4 (9), September, 2013 

 1327 

in three-line indica hybrid rice. Acta Agriculturae Universitatis 
Jiangxiensis, 26(5):719-725. 

Zhen, Z; L. Zhao; S.Y. Zong; Y.D. Zhang and C.L.Wang (2004). Analysis of 
combining ability of main agronomic characters in two-line hybrid rice 
(Oryza sativa L. subsp. indica). Jiangsu J. of Agric. Sci, 20(4):207-212. 
(C.F. Computer Search). 

 

 ومكوناته وبعض صفات الجذور تحت  محصول الحبوبل على التآلف تقدير القدرة
 .الأرز محصول في الرطوبة الارضية  انخفاضظروف 

 اشرف صلاح مصطفى عبد اللطيف 
 مصر. –الجيزة  –مركز البحوث الزراعية  –معهد بحوث المحاصيل الحقلية  – الأرزقسم بحوث 

 
باستخدام نظام الهجن  وقوة الهجين مقارنة باقضل الاباء  لمحصول الحبوب  التآلفدراسة القدرة على  اجريت 

 أثنواءوذلوك  والجميورة ، بمحطة البحوو  الرراعيوة بسوخاالتبادلية بين ستة تراكيب وراثية مختلفة وذلك بدون الهجن العكسية
  يوم دون اشباع التربة. 12تحت ظروف نقص الرطوبة الارضية حي  تمت عملية الرى كل  .2211و 2212موسمى 

 -:كالا تىأهم النتائج المتحصل عليها  كانتو

هناك معنوية عالية لكل من القدرة العاموة والخاصوة علوى التوالف عوى معظوم صوفات الجوذور والمحصوول كانت  
كول  ة بوينالنسوب أنالنتواج   أوضوحت ومكوناتة مما يدل على اهمية الفعل المضيف والغير مضيف عى توار  هذة الصفات. 

الفعول المضويف  أهميوة إلىمن الواحد مشيرة  أعلى تباين القدرة الخاصة على التآلف تباين القدرة العامة على التآلف الى من
و محصوول الحبووب ا  يور، عودد النوورات الداليوة ا نبوات،التره إلوى الأيوامفاع النبات، عودد ارت حكم عى صفات للجين عى الت

النتاج  على اهمية الفعل الجينى السويادى  أكدتعلى النقيض من ذلك،   .جذرى الى الخضرى وصفة نسبة المجموع ال نبات
، الآبواءحبوة. بوين  الألوفلداليوة وورن ية، عدد الحبووب الممتلجوة ا  لعى التحكم عى السلوك الوراثى لصفات طول النورة الدال

انووت التراكيووب . وكالصووفات المدروسووة عوودا التبكيوور،  قوودرة عامووة علووى التووآلف لجميوو  الآبوواء أكثوور 121كووان الصوونف سووخا 
وكذلك الهجون المدروسة لصفاتلمعظم اامة على التآلف قدرة ع الآباء أعضل 4و سيكا  178 جيرة  و   124الوراثية سخا 

 121و سخا  5هكسى  X 124، سخا 2-5-بى جى  X 124التراكيب الوراثية سخا  أعطت. هذا وقد الناتجة من هذة الاباء
X 171و جيرة   5هكسى X  لداليوة و محصوول فتى عدد الحبوب الممتلجوة ا  لقدرة خاصة على التآلف لص أعلى2-5-بىجى

 2-5-بى جى X ْ   106وسخا   171جيرة  X 124و سخا   5هكسى  X 121هجن سخا   ثمانية أظهرتت. النبات ا نبا
-و بوى جوى    171جيرة  X 121وسخا  2-5- بىجى X 124سخا و  2-5-بىجى  X 171وجيرة  4سيما  X 124و سخا 

5-2 X   إضاعة الي ذلوك كانوت  جذرطول ال لصفة  ،موجبة المعنوية و ةعاليو على التآلف مرغوبة قدرة خاصة 5هكسى .
أعضل الهجون قودرة   5هكسى  X 2-5-بى جى و ْ    5هكسى  X  124وسخا   121سخاX  124التراكيب الوراثية سخا 
و جيورة  124و سوخا  121فات حجم الجذر.  كما كانت اعضل كفاجوة لسسوتهسك المواجى لسبواء سوخا خاصة علي التآلف لص

 وكذالك التراكيب الوراثية الناتجة من هذة الاباء    4وسيكا  171
الووى  4219121 تراوحووت موون  المدروسووةكمووا اوضووحت النتوواج  ان كميووة الميوواة المضوواعة للتراكيووب الوراثيووة   

 522و  512و 552للفدان كما ان المتر المكعب من المياة اعطى اعلى كميوة حبووب تراوحوت بوين  متر مكعب 5223142
علوى التووالى   4وسويكا  171وجيورة  124و سوخا  121لسصوناف سوخا  جرام حبوب من المتور المكعوب مون الميواة 492و 

 وكذلك الهجن الناتجة من هذة الاباء.
علووى  4وسوويكا  171وجيوورة  124و سووخا  121سووخا توصووية برراعووة بنوواء علووى النتوواج  المشووار اليهووا يمكوون ال 

الرطوبوة الارضوية وذلوك لتفوقهموا عوى محصوول الحبووب  تحت ظروف نقص وكذلك الهجن الناتجة من هذة الاباء.التوالى  
 وذلك بستخدام اقل كمية مياة. 
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