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Abstract. This experiment was carried out at the Farm of Rice Research and Training Center, 
Sakha, Kafrelsheikh, Egypt during three rice grown seasons from 2014-2016. Three cytoplasmic 
male sterile lines, two wild abortive type (WA); IR69625A, IR70368A and one (K-type) K17A as 
females were tested with seven rice genotypes Giza 178, Giza 179, Giza 181,Giza 182, Sakha 105, 
GZ 6296-12-1-2-1-1 and HR195R as testers using line x tester model of hybridization. The parental 
lines and their resulting (21F1 crosses) were evaluated in Randomized Complete Block Design 
(RCBD) experiment having three replications during 2015 and 2016 growing seasons and 
surrounded by susceptible rice varieties i.e. Giza 171, Giza 177 and Giza 159 as natural infection to 
brown spot (Helminthosporium  oryzae). Three brown spot acceptability traits; disease severity (%), 
infected leaves (%) and infected grains/panicle (%) were observed during this investigation. The 
combined data was calculated over both seasons to test the interaction of the different genetic 
components. According to the results, the male parents Giza178, Giza179, HR195, Giza 181 and 
Giza 182 could be utilized either for producing new hybrid combinations or for developing new 
parental lines in brown spot resistance program. The female line K17A was found to have a good 
combiner to brown spot resistance. Evaluation of hybrids for heterosis breeding based on mean 
performance, better-parent (BP %) and mid-parent heterosis (MP %) indicated that, out of 21F1 
hybrid rice combinations, one hybrid K17A x Giza182 found significantly desirable values for most 
brown spot traits and can be utilized as commercial hybrids resistant to brown spot disease.  

Introduction  
Rice is the second main cereal food crop after wheat for Egyptian population. The area 

cultivated annually to rice in Egypt is about 0.06 million ha with hundred percent irrigation 
ecosystem [3]. This achievement allowed Egypt to rank first for highest food production among rice 
producing countries in the last ten years. Several factors contributed to realize this achievement, 
most important superior inbred varieties covered almost of the total rice area in Egypt [26]. Rice is 
the world leading cereal crop for human utilization, with cultivated area of almost 150 million ha 
and a total production of almost 600 million mega grams appeared annually [16]. Many genetic 
approaches were explored to break the yield barrier in rice, recently hybrid rice technology showed 
the most feasible and readily adoptable. China successfully demonstrated usefulness of hybrid rice 
to meet increased demands for rice [12]. Hybrid rice technology is an innovative breakthrough that 
can further increase rice production leading to food security and reduction of poverty in Egypt. 
Hybrid rice varieties giving yield advantage over conventional cultivars at least 15 % under the 
same input levels. This technology can be used to break the current yield plateau in rice, where the 
conventional cultivars resulted in stabilized yield levels [6]. The three lines breeding method for 
hybrid rice is used in Egypt. The thermo-sensitive genic male sterility (TGMS), Photoperiod-
sensitive genic male sterility (PGMS) and photo-thermo sensitive genic male sterility (PTGMS) are 
used [6]. 
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Brown spot (Helminthosporium oryzae) is one of the important rice diseases in the world. In 
Egypt, the second most important disease is brown spot after blast disease [7]. It can be a serious 
disease causing a considerable yield loss. It affects the quality and the number of grains per panicle 
and reduces the kernel weight [20]. Chemical control reduced the effects of brown spot disease on 
young plants effectively and extensively, but field application of these chemical fungicides may not 
always be desirable. Excessive and improper use of fungicides presents a menace to the health of 
humans, animals and environment. Many of these chemicals are also too expensive for the resource 
of poor farmers [1]. Brown spot disease is widely distributed and is known to cause remarkable 
yield losses in rice [14]. Fungi are known to cause 55 diseases in rice, of these 43 are seed borne or 
seed-transmittable [23-25]. The three most important pathogens in rice are Pyricularia oryzae 
(blast), Drechslera oryzae (brown spot) and Xanthomonas oryzae (bacteria leaf blight). Blast and 
brown spot disease account for 30% yield losses (USDA, 1965). The loss in grain yield has been 
reported by numerous researchers (Fig. 1).  

 
Figure 1. Effect of brown spot (Helminthosporium oryzae) on grain yield. (A) General view of 

infection rice leaves. (B) Rice yield reduction caused by brown spot (Helminthosporium oryzae). 
(C) Close-up view of a brown spot lesion. 

The most devastating brown spot disease was the outbreak in Bengal, India. In the 1942-1943 
from 50 to 90 % of the rice crops were destroyed thus contributing to a major famine in which two 
million people died of starvation [10]. In our investigation studied the combined genetic analysis of 
brown spot traits for a set of new hybrid combinations and their parental lines through estimates of 
combining ability, mid and better-parent heterosis.  

Material and Methods 
The present investigation was carried out at the Experimental Farm of Rice Research and 

Training Center (RRTC), Sakha, Kafr Elsheikh, Egypt, during three successive growing seasons 
from 2014 to 2016. The genetic materials used in this investigation included three diverse 
cytoplasmic male sterile (CMS) lines, i.e. IR69625A, IR70368A and K17A as females.  In addition 
to seven Egyptian varieties/lines, viz., Giza 178, Giza 179, Giza 181, Giza 182, Sakha 105, HR195 
and GZ 6296-12-1-2-1-1 were used as testers (Table 1).  
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Table 1. Cytoplasmic male sterile lines and tester lines used in the study. 

Genotypes Cytoplasm source/Classification Origin 
C

M
S 

lin
es

 
(f

em
al

e)
 

IR69625A CMS line (WA) IRRI 
IR70368A CMS line (WA) IRRI 
K17A CMS line (K-type) IRRI 

R
es

to
re

r 
lin

es
 

(m
al

e)
 

Giza 178 Restorer line Egypt 
Giza 179 Restorer line Egypt 
GZ 6296 Restorer line Egypt 
Giza 181 Restorer line Egypt 
Giza 182 Restorer line Egypt 
Sakha 105 Unknown Egypt 
HR195 Restorer line IRRI 

These parental lines were obtained by the Rice Research and Training Center (RRTC) of the 
Agricultural Research Center (ARC), Egypt. The three CMS lines (lines) and seven varieties 
(testers) were planted in different sowing dates in days intervals to get good synchronization to 
make the crossing among the parental line x tester fashion (3L x 7T) to obtain the 21F1 hybrid seed 
in 2014. During 2015 and 2016 seasons, the seeds of 21F1 hybrids with their parental lines were 
planted at first week of May and after 30 days, the seedling of the parental lines with their crosses 
were transplanted as individual plant/hill with plant spacing 20 x 20 cm and 5m long for each row 
and surround by susceptible rice varieties, such as Giza 171, Giza 159 and Giza 177 for natural 
infection. For assessment of leaf brown spot disease, samples of one hundred leaves were randomly 
collected from each plot to determine the three diseases acceptability traits; disease severity (%), 
infected leaves (%) and infected grains/panicle (%). Severity of infection was estimated by counting 
the total number of spots /100 leaves according to [7]. 

The combined data was calculated over the two years to test the interaction of the different 
genetic components. Before one proceeds with the computations of the combined experiments, it 
was determined whether the error variances of the tests are homogenous. Several methods are 
applied to test the homogeneity of variances. The test by [2] is the best known, preferred and widely 
used. The analysis of variance of line x tester for combined data were proposed by [15] (Table 2). 
Table 2. The form of the analysis of variance and line x tester analysis for combined data over the 

two years. 

S.O.V. d.f M.S E.M.S. 

Years (y) 
Reps/ (y) 

Genotypes (g) 
Parent (p) 

Crosses (c) 
p.vs.c 
g x y 
p x y 
c x y 

p.vs.c x y 
Lines (L) 
Testers (t) 

L x t 
L x y 
t x y 

L x t x y 
Error 

(Y-1) 
(y) (R-1) 

(g-1) 
(p-1) 
(c-1) 

1 
(g-1)(y-1) 
(p-1)(y-1) 
(c-1)(y-1) 

1 
(L-1) 
(t-1) 

(L-1)(t-1) 
(L-1)(y-1) 
(t-1)(y-1) 

(L-1)(t-1)(y-1) 
E (r-1) (g-1) 

 
 
 
 
 
 
 
 
 
 

mL 
mt 

mLt 
mLy 
mty 
mty 
me 

σ2e + rσ2y 
σ2e 

σ2e + rσ2gy + ryσ2g 
σ2e + rσ2py + ryσ2p 
σ2e + rσ2cy + ryσ2c 

σ2e + rσ2p.vs.c y + ryσ2p.vs.c. 
σ2e + rσ2gy 
σ2e + rσ2py 
σ2e + rσ2cy 

σ2e + rσ2p.vs.c y 
σ2e + rσ2Lty + rtσ2Ly + ryσ2Lt + rytσ2L 
σ2e + rσ2Lty + rLσ2ty + ryσ2Lt + ryLσ2t 

σ2e + rσ2Lty + ryσ2Lt 
σ2e + rσ2Lty + rtσ2Ly 
σ2e + rσ2Lty + rLσ2ty 

σ2e + rσ2Lty 
σ2e 
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The expression of increased vigor of the F1 hybrids over mid-parents and better-parent in 
certain traits is called heterosis by Mather [18], and Mather and Jinkes [19]. There are two formulas 
used for estimation of heterosis as follows: 

Heterosis relative to mid-parents (MP %) = 
MP

MPF −1  x 100. 

To test the significance of heterosis for the above case, L.S.D. values were estimated 
following formula from [29]. 

LSD for MP = 
R

EMSt 2
3050

010  .
. , 

Heterosis relative to better parent (BP%) = 
PB

F PB. - 1  x 100. 

The better parent for any character is that having the desirable mean value. 

LSD for better parent = r
2EMS .

.t 050
010

. 

Results and Discussion 
Combined analysis  

The analysis of variance of genotypes for pathology traits for all genotypes (F1hybrid 
combinations and their parental lines) of combined data (2015 and 2016 seasons) was calculated 
and the results are presented in Table 3. The analysis of variance revealed highly significant 
differences among the 31 genotypes (21 hybrid combinations, three CMS lines and seven tester 
lines). These genotypes were tested for disease severity (%), infected leaves (%) and infected 
grains/ panicle (%). The results showed that the genotypes had significant and highly significant 
differences except P vs. Cr, Lines and Lines x Years in disease severity (%). In case of Infected 
leaves %, all genotypes showed highly significant differences for all source of variance 
components. On the other hand, the interactions of G x Y, P x Y, P vs. Cr x Y, Cr x Y, L x Y, T x Y 
and L x T x Y were insignificant in infected grains/ panicle (%). The GCA/SCA ratios were found 
to be less than unity for infected leaves (%), indicating that the non-additive type of gene action was 
of greater importance in the inheritance of these traits. On the other hand, GCA/SCA ratios were 
found to greater than unity for infected leaves and infected grains/panicle (%). This finding 
indicates that the additive type of gene action played a major role in the inheritance of these 
characters. 
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Table 3. Estimates of the mean square of line x tester analysis for infected leaves severity, infected 
leaves percentage and Infected grains/panicle percentage for combined data (2015 and 2016). 

S.O.V. DF Infected leaves 
severity Infected leaves % Infected grains/ 

panicle % 
Years  (Y) 1 314.86 1280.344** 15.411 
Reps/ Y 4 1434.69 3.183 9.189 
Genotypes (G) (30) 23618.69** 138.91** 302.03** 

Parents (P) 9 15596.75** 63.08** 420.46** 
P vs. Cr  1 3520.20 189.97** 326.93** 
Crosses (Cr) 20 28233.49** 170.47** 247.49** 

Lines (L) 2 6037.84 103.24** 36.35* 
Testers (T) 6 43466.62** 196.40** 742.54** 
L x T 12 24316.21** 168.72** 35.16** 

G x Y (30) 22494.33** 113.06** 6.54 
P x Y 9 27422.56** 58.10** 10.03 
P vs. Cr x Y 1 25200.4* 122.55* 0.682 
Cr x Y 20 20141.33** 137.31** 5.257 

L x Y 2 6093.71 93.08** 5.992 
T x Y 6 16954.96** 251.17** 3.486 
L x T x Y 12 24075.79** 87.75** 6.021 
Error 120 5077.09 18.738 9.124 

GCA/SCA 11.004 -0.055 2.640 
* and ** Significant at 0.05 and 0.01 levels, respectively 

Mean performances 
Mean performances of the three CMS (female parents) lines, seven testers as male parents 

and their F1 hybrid combinations (21 hybrids) of the line x tester for the three diseases acceptability  
traits such as; infected leaves severity, infected leaves % and infected grains/panicle% for combined 
data (2015 and 2016) are shown in Table 4.  

For Infected leaves severity, the most desirable mean values towards the lowest were 
obtained from the parents; K17 (491.33), HR195 (425.33) and Giza 182 (435.33) and the crosses; 
K17A × Giza 182, IR69625A × Giza 182 and K17A × GZ6296 with the same significant value as 
shown in Table 4, therefore the selection for this trait should be done with the plants which have the 
lowest severity. In respect to infected leaves %, the results revealed that the lowest mean values 
were found for the parents K17A (84.67%), HR195 (84.00%) and Giza 181, Giza 182 with same 
value  (90.67%), while the crosses K17A × Giza 182 R,K17A × HR195R and IR69625A.× HR195 
R which gave the lowest values for infected leaves %. From the results it concluded that the lowest 
Infected grains/ panicle % were obtained by the three parents; K17A (6.01) for female, HR195 and 
Giza178 (0.89 and 0.99) for male, respectively. The crosses; K17A× HR195R, IR69625A.× 
HR195R, IR70368A x Giza 182R, K17 x Giza 178R resulted the lowest mean values of 0.35, 0.45, 
0.88 and 0.93, respectively as shown in Table 4. 
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Table 4. The infected leaves severity, infected leaves percentage and infected grains/ panicle 
percentage of lines, testers and their 21 F1 crosses for combined data (2015 and 2016). 

Genotypes 
Infected leaves 

severity 
Infected leaves 

% 
Infected grains/ panicle 

% 
Comb. Comb. Comb. 

CMS lines (female):    
IR69625A. 546.67 91.33 26.13 
IR70368A. 512.67 89.33 15.89 
K17A 491.33 84.67 6.01 

Testers ( Males):    
Giza 178 462.33 91.33 1.72 
Giza 179 464.00 93.33 0.99 
GZ 6296 512.00 92.67 1.31 
Giza 181 466.00 90.67 2.26 
Giza 182 435.33 90.67 1.34 
Sakha 105 590.00 92.67 2.42 
HR195 425.33 84.00 0.89 

Hybrid combinations:    
IR69625A × Giza 178 539.33 90.00 1.55 
IR69625A × Giza 179 479.33 93.33 1.05 
IR69625A × GZ 6296 581.33 88.00 1.65 
IR69625A × Giza 181 442.67 87.33 1.94 
IR69625A × Giza 182 416.67 92.67 1.13 
IR69625A × Sakha 105 551.33 90.00 25.88 
IR69625A × HR195 454.67 80.67 0.45 
IR70368A × Giza 178 548.67 90.67 1.56 
IR70368A × Giza 179 473.33 89.33 1.06 
IR70368A × GZ 6296 484.00 86.67 1.84 
IR70368A × Giza 181 569.33 86.67 1.41 
IR70368A × Giza 182 464.67 88.00 0.88 
IR70368A × Sakha 105 504.67 90.00 13.20 
IR70368A × HR195 550.00 90.00 1.47 
K17A × Giza 178 463.33 91.33 0.93 
K17A × Giza 179 480.00 91.33 1.21 
K17A × GZ 6296 418.00 94.00 1.69 
K17A × Giza 181 568.67 91.33 1.73 
K17A × Giza 182 340.00 73.33 1.29 
K17A × Sakha 105 638.00 85.33 10.87 
K17A × HR195 529.33 76.00 0.35 

LSD 0.05 80.63 4.90 4.04 
 0.01 105.73 6.42 5.30 

Estimates of Combining Ability   
Effect of general combining ability (GCA) 

Estimates of general combining ability of parental lines for all pathology characters are 
presented in Table 5. All parental lines showed insignificant GCA for infect leaves severity except 
Giza 182 showed negative value (-92.762) and Sakha 105 sowed highly positive significant value 
(64.794). Highly significant negative GCA value for infected leaves (%) was found in the female 
parents (K17A). In addition, HR195 and Giza 182 male parent showed highly significant GCA 
value -5.683 and -3.238, respectively. These lines were found to be good combiners for this trait. 
Regarding infected grains/panicle percentage, the results indicated that, HR195 (-3.929), Giza 182 
(-2.796) and Giza 179(-2.529) were the best combiners with high significant and negative values of 
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GCA effects. On the other hand, Sakha 105 (14.443) showed highly significant and positive values 
of GCA. However, the negative values of GCA effects that decreased infected grains/panicle 
percentage trait could be useful to breed discolored rice seeds [8]. 

Table 5. GCA estimates of the parent lines for infected leaves severity, infected leaves % and 
infected grains/panicle% for combined data (2015 and 2016). 

Genotypes Infected leaves severity Infected leaves % Infected grains/ panicle % 
Comb. Comb. Comb. 

IR69625A -4.825 0.952 0.947* 
IR70368A 13.651 0.857 -0.035 
K17A -8.825 -1.810** -0.912 
Giza 178 17.238 2.762** -2.157** 
Giza 179 -22.318 3.429** -2.529** 
GZ 6296 -5.429 1.651 -1.460* 
Giza 181 27.016 0.540 -1.573* 
Giza 182 -92.762** -3.238** -2.796** 
Sakha 105 64.794** 0.540 14.443** 
HR195 11.460 -5.683** -3.929** 

LSDL 0.05 21.549 1.309 0.914 
0.01 28.256 1.717 1.198 

LSDT 0.05 32.918 1.999 1.395 
0.01 43.162 2.622 1.830 

* and ** Significant at 0.05 and 0.01 levels, respectively. 

Specific combining ability effects (SCA) 
Effects of specific combining ability (SCA) of parental combinations are given in Table 6. 

Four out of 21 hybrid combinations were found to show negatively significant for SCA effects for 
infected leaves severity (%). The negative significant (desirable) highest values (-79.397) of SCA 
effects were observed in hybrid combination IR69625A x Giza 181R. Two hybrid combinations; 
IR69625x GZ6296 and K17 x HR195 showed positive and significant SCA. For infected leaves 
percentage trait, three out of 21 hybrid combinations found to show negatively significant and 
highly significant for SCA effect (Table 6). Desirable-negative significant values were -9.524, -
4.413 and -3.746 appeared with K17Ax Giza 182, K17Ax HR195 and IR70368Ax GZ6296, 
respectively. In case of infected grains/panicle (%), one out of the 21 hybrid combinations showed 
negative highly significant SCA effects K17A x Sakha 105 (-3.560). One combination also showed 
highly significant with positive value of SCA and this results were in agreement with [22]. The 
combinations that showed significantly negative SCA effects for infected leaves (%), disease 
severity percentage and infected grains/panicle percentage traits may be useful in exploitation of 
heterosis due to their resistance. 
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Table 6. SCA estimates of the rice hybrid combinations for, infected leaves severity, infected 
leaves percentage and infected panicle/spikelet percentage for combined data (2015 and 2016). 

Genotypes Infected leaves severity Infected leaves % Infected grain/panicle % 
Comb. Comb. Comb. 

IR69625A × Giza 178 27.048 -1.619 -0.386 
IR69625A × Giza 179 6.603 1.048 -1.214 
IR69625A × GZ 6296 91.714** -2.508 -0.850 
IR69625A × Giza 181 -79.397** -2.063 -0.336 
IR69625A × Giza 182 14.381 7.048** -0.947 
IR69625A × Sakha 105 -8.508 0.603 5.847** 
IR69625A × HR195 -51.841 -2.508 -2.114 
IR70368A × Giza 178 17.905 -0.857 0.513 
IR70368A × Giza 179 -17.873 -2.857 0.168 
IR70368A × GZ 6296 -24.095 -3.746* 0.073 
IR70368A × Giza 181 28.794 -2.635 -0.470 
IR70368A × Giza 182 43.905 2.476 -0.365 
IR70368A × Sakha 105 -73.651* 0.698 -2.287 
IR70368A × HR195 25.016 6.921** 2.368 
K17A × Giza 178 -44.952 2.476 -0.127 
K17A × Giza 179 11.270 1.810 1.046 
K17A × GZ 6296 -67.619* 6.254** 0.777 
K17A × Giza 181 50.603 4.698* 0.807 
K17A × Giza 182 -58.286 -9.524 1.312 
K17A × Sakha 105 82.159** -1.302 -3.560** 
K17A × HR195 26.825 -4.413* -0.254 
LSD 0.05 57.015 3.464 2.417 

 0.01 74.759 5.542 3.169 
* and ** Significant at 0.05 and 0.01 levels, respectively 

Estimates of Heterosis 
Estimates of heterosis over better-parent and mid-parents for all pathology studies are 

presented in Tables 7 and 8. 
Infected leaves severity: Heterosis values were estimated for infected leaves severity trait over the 
better parent and the results were presented in Table 7. The results illustrated that the estimates of 
heterosis as a deviation from the better parent were found to be significant and negative values 
(desirable) for only one hybrid combination. These negative hybrid was K17 x Giza 182R (-21.9%). 
Concerning the heterosis over the mid-parents in Table 8, three hybrid combinations showed 
negative (desirable) significant and highly significant estimates. These values were -26.62, -16.68 
and -15.14 % in the hybrid combinations K17A x Giza 182R, K17A x GZ6296R and IR69625A x 
Giza182R, respectively. The values of heterosis over better parent and mid-parents which showed 
highly significant and negative values are considered to (desirable) towards resistance. The results 
were supported by [8]. 
Infected leaves percentage: Results in Table 7 revealed significant negative values (desirable) for 
over better parent for infected leaves percentage. The highest values were estimated for the hybrids, 
K17A x Giza 182R (-13.39%) and K17A x HR195R (-9.52%). Moreover, significant negative 
(desirable)  heterosis effects were found as deviation from the mid-parental values for four hybrid 
combinations which ranged from -4.76 % in IR70368A x GZ6296R to -16.36 % in K17A x Giza 
182R, Table 8. 
Infected grains/ panicle percentage: Heterosis values were estimated for infected grains/panicle 
% over the better parent and the results are presented in Table 7. The results interpreted that the 
estimates of heterosis as a deviation from the better parent were found to be not significant and 
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negative value (desirable) for eleven hybrid combinations. These negative estimates ranged from -
3.73% (K17A x Giza 182R) to -60.67% (K17A x HR195R). Twelve of hybrid combinations 
showed negative (desirable) highly significant value over the mid parents in heterosis in Table 8. 
Such results ranged from -78.60% in the hybrid combination IR70368A x GZ6296R to -96.67% in 
the hybrid IR69625A x HR195R. The estimated highly significant and negative values of heterosis 
over better parent and mid-parents for infected grains/ panicle percentage are useful for hybrid rice 
breeding program. 

Table 7. Heterosis relative to better parent for infected leaves severity, infected leaves % and 
infected grains/panicle% for combined data (2015 and 2016). 

Genotypes 
Infected leaves severity Infected leaves % infected grains/panicle% 

Comb. Comb. Comb. 
IR69625A × Giza 178 16.65 -1.46 -9.88 
IR69625A × Giza 179 3.30 2.19 6.06 
IR69625A × GZ 6296 13.54 -3.65 25.95 
IR69625A × Giza 181 -5.01 -3.68 -14.16 
IR69625A × Giza 182 -4.29 2.21 -15.67 
IR69625A × Sakha 105 0.85 -1.46 969.42** 
IR69625A × HR195 6.90 -3.96 -49.44 
IR70368A × Giza 178 18.67* 1.50 -9.30 
IR70368A × Giza 179 2.01 0.00 7.07 
IR70368A × GZ 6296 -5.47 -2.98 40.46 
IR70368A × Giza 181 22.17* -2.98 -37.61 
IR70368A × Giza 182 6.74 -1.49 -34.33 
IR70368A × Sakha 105 -1.56 0.75 445.45** 
IR70368A × HR195 29.31** 7.14* 65.17 
K17A × Giza 178 0.22 7.87** -45.93 
K17A × Giza 179 3.45 7.87** 22.22 
K17A × GZ 6296 -14.92 11.02** 29.01 
K17A × Giza 181 22.03* 7.87** -23.45 
K17A × Giza 182 -21.90* -13.39** -3.73 
K17A × Sakha 105 29.85** 0.78 349.17** 
K17A × HR195 24.45* -9.52** -60.67 
LSD 0.05 80.63 4.90 4.04 

 0.01 105.73 6.42 5.30 
* and ** Significant at 0.05 and 0.01 levels, respectively. 
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Table 8. Heterosis relative to mid parent for infected leaves severity, infected leaves % and infected 
grains/panicle% for combined data (2015 and 2016). 

Genotypes Infected leaves severity Infected leaves % infected grains/panicle% 
Comb. Comb. Comb. 

IR69625A × Giza 178 6.90 -1.46 -88.87** 
IR69625A × Giza 179 -5.15 1.08 -92.26** 
IR69625A × GZ 6296 9.82 -4.35 -87.97** 
IR69625A × Giza 181 -12.57 -4.03 -86.33** 
IR69625A × Giza 182 -15.14* 1.84 -91.77** 
IR69625A × Sakha 105 -2.99 -2.17 81.30** 
IR69625A × HR195 -6.45 -7.98** -96.67** 
IR70368A × Giza 178 12.55 0.38 -82.28** 
IR70368A × Giza 179 -3.07 -2.19 -87.44** 
IR70368A × GZ 6296 -5.53 -4.76* -78.60** 
IR70368A × Giza 181 16.35* -3.70 -84.46** 
IR70368A × Giza 182 -1.97 -2.22 -89.79** 
IR70368A × Sakha 105 -8.46 -1.10 44.18* 
IR70368A × HR195 17.27* 3.85 -82.48** 
K17A × Giza 178 -2.83 3.78 -75.94 
K17A × Giza 179 0.49 2.62 -65.43 
K17A × GZ 6296 -16.68* 6.01* -53.83 
K17A × Giza 181 18.80* 4.17 -58.16 
K17A × Giza 182 -26.62** -16.36** -64.90 
K17A × Sakha 105 18.00** -3.77 157.89** 
K17A × HR195 15.49* -9.88** -89.86 
LSD 0.05 69.83 4.24 3.50 

 0.01 91.56 5.56 4.59 
* and ** Significant at 0.05 and 0.01 levels, respectively. 

Conclusion 
Brown spot is a serious disease causing a considerable rice yield loss. Where, it affects the 

quality and the number of grains per panicle and reduces the rice production. The resistant 
genotypes; Giza178, Giza179, HR195, Giza 181 and Giza 182 may be utilized either for producing 
new rice hybrid combinations as well as developing new parental lines in brown spot resistance 
program. Among CMS lines, K17A was found to be a good combiner to brown spot resistance. The 
hybrid rice combination K17A x Giza182 recorded significantly desirable values for most brown 
spot traits and could be utilized as commercial hybrids resistant to brown spot disease. 
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