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ABSTRACT 
 

Studies of heterosis and combining ability  of six photo /thermo-sensitive 
testers were estimated using line x tester analysis for some agronomic characters and 
yield and its components to get useful information for two-line system in hybrid rice 
breeding in Egypt .  

The outstanding hybrid combinations for grain yield plant-1 were PTGMS-
5/Dular (45.26%) with significant standard heterosis for ,panicle length (28.22%) 
productive tillers plant-1 (24.19%) ,panicle weight (26.93%) ,filled grains panicle-1 
(25.89%),spikelets panicle-1(14.19%) ,spikelet fertility % (10.20% ) and 100-grain 
weight (35.62% ) .In the mean time ,PTGMS-14/Norin PL9,PTGM-7/Dular ,PTGMS-
14/Giza178 and PTGMS-5/Giza 178 were considered as promising hybrids.  

Among the six PTGMS lines,PTGMS-5  and PTGMS-14  were the best 
general combiners for grain yield and all studies characters.The testers , Dular , 
Giza178,M202 and Pecos were the best general combiners among testers for grain 
yield and most studies characters.  
 

INTRODUCTION 
 

 Rice (Oryza sativa, L.) is the main food for about  half of the world 
population. Indica type rice varieties feed about 3 billion people, 
predominantly in developing contries. Rice provides 23% of global human per 
capita energy and 16% per capita protein. Rice protein ranks high in 
nutritional quality among cereals. Rice also provides minerals, vitamins, and 
fiber (Alam et al., 1998). The rapidly increasing demand for rice and the 
continuous decrease in rice growing areas have resulted in search to improve 
rice production. In addition to improved varieties and new plant type, the use 
of hybrid rice may provide the target requirement of 15t/ha. 
 Hybrid rice has proven to be an effective and economical way to 
increase rice production output. It is easy to obtain about 15-20% higher yield 
just growing hybrid rice instead of the common varieties . 
Two-line system based on photo/thermo-sensitive genic male sterile 
(P/TGMS) lines could be used. Since the gene(s) expression of P/TGMS is 
controlled by environment, the P/TGMS also called environmental genic male 
sterile (EGMS). The EGMS lines are sterile in long day (LD) and / or high 
temperature (HT) and become fertile in short day (SD) and / or low 
temperature (LT). During the sterile phase they can be used to produce 
hybrid seeds by crossing them with normal fertile male line,while in fertile 
phase they propagate themselves. The EGMS lines possess the following 
advantages: (1) Higher selection and utilization; (2) Not sensitive to 
cytoplasmic type and sterile lines having different cytoplasmic types can be 
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bred easily; (3) Resources of restoring genes are wide ranging which can be 
used as its restoring lines provided they are not the heterozygotes of this 
recessive genic male sterile gene, thus up to date achievements in research 
of genetic breeding of rice can be collected and utilized for exploitation of 
heterosis. 
  

MATERIALS AND METHODS 
 

 The experiment comprised progenies derived from 50 cross 
combinations generated through line x tester mating design. Six 
Photoperiod/Thermo-sensitive genic male sterile ( PTGMS) Viz; PTGMS-1, 2, 
4, 5, 7 and PTGMS-14 developed by  Egyptian Hybrid Rice Breeding 
Program in Egypt were used as female lines. Seven diverse tester varieties  
Viz., Pecos (japonica WC), V20R(Indica isogenic restorer line), M202  
(Japonica USA variety), Dular (Indica WC variety), GZ5310-20-3-3  
(Japonica), Norin PL9 (Japonica WC) and Giza 178 (Indica / Japonica variety  
used as restorer for cytoplasmic male sterile lines) were used as pollen 
parents (testers) ( Table 1). The F1 hybrid combinations along with their 
respective parents were grown in a randomized complet block design with 
three replications at Rice Research and Training Center (RRTC), Sakha, Kafr 
El-Sheikh, Egypt, in 2006and 2007 summer seasons. Thirty day –old 
seedlings were transplanted with one seedling hill-1 adopting a spacing of 20 
cm between plants. Each test entry consisted of 3 rows of 5 m length.  
 
Table(1): PTGMS male sterile and pollen parents lines used for the 

experiment. 
Genotype Sterility source Origin 

PTGMS-1 Photoperiod thermo sensetive genic male sterile. China-Egypt 

PTGMS-2 Photoperiod thermo sensetive genic male sterile. China-Egypt 

PTGMS-4 Photoperiod thermo sensetive genic male sterile. China-Egypt 

PTGMS-5 Photoperiod thermo sensetive genic male sterile. China-Egypt 

PTGMS-7 Photoperiod thermo sensetive genic male sterile. China-Egypt 

PTGMS-14 Photoperiod thermo sensetive genic male sterile. China-Egypt 

Pecos  Tester Japonica (WC) Japan 

V20R Tester Indica China 

M202 Tester japonica USA 

Dular  Tester Indica ( WC) India 
GZ5310-20-3-3 Tester Japonica Egypt 

Norin PL9 Tester Japonica (WC) Japan 

Giza 178 Indica / Japonica China 

   
Observation were recorded on five plants plot-1 taken at random from 

each entry replication for plant height, panicle length, panicles plant-1, filled 
grains panicle-1, spikelets panicle-1, spikelet fertility and 100-grain weight. Ten 
plants from the middle row of three guarded rows were harvested from each 
entry in each replication to determine grain yield (g/plant-1). 
 Standard heterosis ( over the best inbred variety, Giza 178) was 
calculated for the studied characters while combining ability analysis was 
carried out as suggested by Kempthorne model (1957) for random lines 
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representing certain population. The  present represent selected set of males 
and females. 
 

RESULTS AND DISCUSSION 
 

 Mean performance of 13 parental lines (six PTGMS lines as females 
and seven pollen parents as testers ) and their 42 hybrid genotype of line x 
tester for the nine studied characters are presented in Table (2).The mean 
performance of the studied characters varied from one combination to 
another. With respect to plant height, the most desirable mean values 
towards short stature ( less than 110 cm) were found in 21 hybrid 
combinations. Complete to over dominance was observed in most hybrids 
towards the taller parents for plant height, longest panicle, higher productive 
tillers plant-1, heavier panicle weight, highest spikelets panicle-1 and heavier 
100-grain weight. However, some of the hybrids showed the same 
dominance effects towards the higher filled grains panicle-1, higher rate of 
spikelet fertility % and higher grain yield plant-1. on the other hand, some 
hybrid combinations exhibited dominance effect towards the lower parents, 
Viz., for plant height ( no hybrids)for panicle length ( one hybrid), for 
productive tillers (  four  hybrids), for spikelet fertility %( 33  hybrids), for 100-
grain weight ( one   hybrid) and for grain yield plant-1 ( no   hybrids). However, 
the rest of the hybrid combinations showed intermediate mean values 
between the parents involved for all studied characters.  
 The highest mean values of grain yield plant-1 (g) were obtained by 
the hybrid combinations PTGMS-5 / Dular, PTGMS-14 / Norin PL9, PTGMS-2 
/ Dular, PTGMS-7 / Dular, PTGMS-14 / Giza 178 and PTGMS-5 / Giza 178 
with values of 67.69g, 66.56g, 65.21g, 65.08g, 64.36g and 63.49g, 
respectively. The lowest values were estimated for the hybrids PTGMS-1 / 
Norin PL9 (23.9g) and PTGMS-7 / V20R (20.54g). the parental lines Giza 
178, M202, Gz5310-20-3-3 and Norin PL9, manifested highest mean 
performance of 46.6, 43.31, 40.29 and 40.20, respectively. 
 

Standard heterosis:  
 The standard heterosis is especially important because the hybrid to 
be released is expected to outperform the existing superior local variety or 
hybrid. The data for standard heterosis in 42 hybrid combinations are 
presented in Table 3. Evaluation based on the standard heterosis revealed 
that three hybrids recorded significant negative standard heterosis for short 
stature plant-1. 31 hybrid combinations recorded significant positive standard 
heterosis for panicle length, 3 hybrids for productive tillers plant-1, 12 hybrids 
for panicle weight, 10 hybrids for filled grains panicle-1, 15 hybrids for 
spikelets panicle-1, 10 hybrids for spikelets fertility %, all 42 hybrids for 100-
grain weight and 22 hybrids for grain yield plant-1. The outstanding hybrid 
combinations for grain yield plant-1 were PTGMS-5 / Dular (45.26%) with 
significant standard heterosis for panicle length (28.22%), productive tillers 
plant-1, panicle weight (26.93%), filled grains panicle-1 (25.89%), spikelets 
panicle-1 (14.19%), spikelet fertility (10.20%) and 100-grain (35.62%). 
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In the mean time, PTGMS-14 /Norin PL9 gave significant desirable SH% 
grain yield plant-1 (42.83%) with significant heterosis for panicle length 
(34.99%), panicle weight (47.63%), filled grain panicle-1 (20.45%), spikelets 
panicle-1 (13.69%), spikelets fertility% (5.91%) and 100-grain weight 
(21.46%). PTGMS-2 / Dular (39.94%) with significant SH% for panicle length 
(24.60%), panicle weight (21.94%), filled grains panicle-1 (3.76%), spikelet 
fertility% (8.93%), 100-grain weight (37.44%). Also, PTGMS-7 / Dular 
(39.66%) with significant SH% for panicle length (30.47%), panicle weight 
(38.40%), filled grains panicle-1 (14.89%), spikelets panicle-1 (5.19%), spikelet 
fertility% (9.16%) and 100-grain weight (37.44%). PTGMS-14 / Giza 178 
(38.11%) gave significant SH% for panicle length (13.77%), filled grains 
panicle -1 (11.59%), spikelets panicle -1 (10.48%) and 100-grain weight 
(11.87%). However, PTGMS-5 / Giza 178 (36.24%) gave significant standard 
heterosis for panicle length (17.83%), filled grain panicle (7.16%), spikelets 
panicle-1 (15.59%) and 100-grain weight (12.79%). Singh et al. (1980), Kim 
and Rutger (1988), Devaraj and Nadarajan (1996), Mishra and Pandey 
(1998), El-Mowafi (2001), Attia (2003), El-Refai (2002) and El-Mowafi (2005) 
also observed negative and positive standard heterosis for these traits. 
 

Analysis of Variance : 
Analysis of variance (table4) revealed highly significant difference 

among the 55 genotypes (42 hybrids ,6PTGMS lines and 7 testers ) tested for 
all nine studied characters . The parental lines and hybrids showe highly 
significant differences for all characters .Parents vs crosses mean square 
indicated that average heterosis was highly significant in all crosses for all 
studies characters under investigation except productive tillers plant -1. 
The analysis of variance for combining ability given  in table 4 revealed 
significant differences among PTGMS lines for productive tillers plant-1 ,filled 
grains panicle and spikelets panicle -1 . On the other hand the testers 
exhibited significant differences for all the characters except panicle weight 
.The highly significant mean squares of lines x testers for all characters 
,indicated that they interacted and produced markedly different combining 
ability effects , and this might be due to the wide genetic diversity of lines and 
testers .The estimate of variance due to GCA was higher than that due to 
SCA for plant height and spikelets panicle-1 suggesting greater importance of 
additive genetic variance which is in agreement with the results of Sardane 
and Borthakur (1987),Lokaprakash et al .(1991),Attia(2001),El 
Refaee(2002),El-Mowafu and Abou-Shousha (2003) and El-Mowafi et 
al(2005). 

In case of the rest of the characters preponderance of non-additive 
gene action was recorded by virtu of low GCA/SCA variance ratios in 
agreement to reports of Ram et al . (1991),Singh and Singh (1991) and El-
Mowafi (2001) 
 

General combining ability effects ( GCA):  
 Significanmt differences of GCA effects were observed among the 
PTGMS lines for the studied characters (Table 4).The PTGMS-5 was best 
combiner for panicle length, productive tillers plant-1, panicle weight, filled 
grains panicle-1, spikelets panicle-1, 100-grain weight and grain yield plant-1.  
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PTGMS-14 was best combiner for panicle weight, filled grains panicle-1, 
spikelets panicle-1, spikelet fertility % and grain yield plant-1. PTGMS-4 was 
best combiner for plant height, filled grains panicle-1, spikelets panicle-1 and 
spikelet fertility %. However, PTGMS-7 was best combiner for spikelet 
fertility% while, PTGMS-2 was best combiner for 100-grain weight. 
 Among the testers or male parents lines (Table 5 ), Giza 178 was the 
best general combiner for plant height, panicle length, productive tillers plant-
1, panicle weight, filled grains panicle-1, spikelets panicle-1, spikelet fertility 
and grain yield. The indica wide compatibility variety (WCV), Dular was best 
combiner for panicle length, productive tillers plant-1, panicle weight, filled 
grains panicle-1, spikelet fertility%, 100-grain weight and grain yield plant-1 
and grain yield plant-1. The Japonica WC variety Pecos was best general 
combiner for panicle weight , filled grains panicle-1 , spikelet fertility% and 
grain yield plant-1. According to the ranking numbers of the GCA, the data in 
Table (7) showed that the female lines (PTGMS), PTGMS-5 , PTGMS-14 and 
PTGMS- 4 and also the male lines, Giza 178 Dular, Giza 178, M202 and 
Pecos were the best general combiners for the nine characters studied. 
 

Specific combining ability effects(SCA): 
 The data of the SCA given in Table (6) revealed that there are some 
superior combinations that could be useful in the local breeding program to 
get good recombinants. With respect to plant height 16 hybrids showed 
significant effects in the desired direction for this trait. For panicle length, 11 
hybrids had superior SCA effects, ??? for productive tillers plant-1, 15 for 
panicle weight, 17 for filled grains panicle-1, 16 for spikelets panicle-1, 20 for 
spikelet fertility %, 15 for 100-grain weight and 23 hybrid combinations for 
grain yield plant-1 were superior in SCA effects for panicle length, panicle 
weight, filled grains panicle, spikelets panicle-1, spikelet fertility% and grain 
yield plant-1. It was followed by PTGMS-1 / Dular for panicle length, panicle 
weight, filled grains panicl-1, spikelets panicle-1, spikelet fertility%, 100-grain 
weight and grain yield plant-1, then PTGMS-2 / Dular for panicle length, 
panicle weight, filled grains panicle-1, spikelets panicle-1, spikelet fertility% 
and grain yield plant-1,PTGMS-14 / V20R for panicle length, panicle weight, 
filled grains panicle-1, spikelets panicle -1, spikelet fertility % and grain yield 
plant-1. 
 

Genetic parameters:    
 The estimates of genetic parameters for the nine studied characters 
(Table 9) revealed that the additive variance (σ2 A) and relative importance of 
GCA% for plant height and spikelets panicle-1 were graeter than dominance 
variance (σ2 D) and relative importance of SCA, respectively for these 
characters. The results indicate that the former character were largely 
governed by additive gene action. The importance of the additive gene action 
for the inheritance of these characters was in agreement with the finding of 
Lakaprakash et al. (1991), Sharma and Koranne (1995), El-Mowafi (2001), 
Attia (2001), El-Refae (2002), El-Mowafi and Abou shosha (2003) and El-
Mowafi et al.( 2005).  
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On the other hand, high estimates of dominance genetic variance and its 
relative magnitude of SCA% were found to be more than those of the 
characters, such as panicle length, productive tillers plant-1, panicle weight, 
filled grains panicle-1, spikelet fertility%, 100-grain weight and grain yield 
plant-1. These results indicate that dominance variance played a major role in 
the inheritance of these characters which are in general agreement with the 
results reported by Ramalingram et al.(1997) and El-Mowafi et al.(2005) . 
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مرااساادادا فر اار(PTGMS)را اارىرارا اااراةبرا    اابردراساا وراراة اايرالاامرا   اا 
ر.الارزر را جردر  ي

رار3 د اااااادرساااااا درد اااااا د ر،2،رد ااااااد ر دااااااا را  اااااااا مر1زىر اااااا ر د اااااادرا د  ساااااا م
ر3رزقر د درا درالله

رج   يرا  نصارة.ر–ىل يرا زراايرر-ا اراةيقس ر -1
 صرر. ر–سا رر–رالأرز رىزرا  داثراا ددر بر مر -2
 ج   يرا  نصارة.ر–رعرد    ر –ل يرا زراايرىر–س را اراةيرقر -3
 

 را رررلم ثظ ن رررراظ ثلأهزث رررل قو  رررجي ثغيجررري   ررر   إمكانيرررر جرررهذ  رررحث ثغرضرررا ر ررره   هث ررر  أ
هيرا ث رلم مق ثغكشرا  غ رل   رقعق مقيمر  حك xجحغك را لم ثظ لضليو ثغ قغ   (ثغعقظ ثغجهثث  ثغريئ ثغ قغلي )

 جلمررق  هث رر   ررجي ثغيجرري  Restorers))ج ررقعق مصررهي  معيرر ي غلمصررجر   أصررنا مؤنثرر  ج رررع   كآرررا 
 كمرا (178)جيرز   ثغمصرهي  جثغم رلم ظ كصرن  لجراهذ ثلآررا مقاهنر  راغصرن  ثعملر  مضصرجع مر   ثغقيا يه

جثغقرر هي  ملرر  ثعئررلق  ثغعامرره لمررق  هث رر  ثغقرر هي ملرر  ثعئررلق  جثعهلررراه ررري   ررجي ثغيجرري  جكررق مرر  ثغقرر هي
غلهريرر  ملارعرر  ث لإمكانيرر ثغرر ثملي   رر  ثغيجرري  جكررحث  هث رر   عررو ثغجرري   ثلأرررجي ملرر  ثعئررلق  غكررق  صررهثغما

 هغجر .ثغم   ثغصفاق  ثلأرجي ثعنعزثغي  ثغملق م  غلض ي  ثغ قعق  ثلأجياوجثعنلماب غيج  ل لم ظ    
انرق مملرازي ك PTGMS-5 / Dular ( 45.26%)ثغلهكيرر  ثغيجينير   أ ثغ هث ر   أجضرضقج ر  
مر   ثغ رنارو  ر  ( ، %28.22ماغي     صفاق هرجو ثغ رنرل )  معنجي  أمهقج    (%42.26)    ثغمضصجو

( ، مرر   ثغ ررنيرقق %25.89( ، مرر   ثغضرررجب  رر  ثغ ررنرل  )%26.23( ، جز  ثغ ررنرل  )%24.19ثغنررراق )
 (.%35.62( ج جز  ثغمائ  ضر  )%10.20( ، ن ر  ثغمصجر  )14.19%)

  ج  مرشهي ج    أهرع ثغ هث   ثنه  ناك  أ يهقج   
PTGMS-14 / Norin PL9, PTGMS-7 / Dular, PTGMS-14 / Giza 178 and 
PTGMS-5 / Giza 178.  

ج  PTGMS-5كانرررق ثغ رررقعق  PTGMSثغ هث ررر  ثنررره مررر  رررري   رررل   رررقعق  أ يرررهقكمرررا 
PTGMS-14     ثغصرفاق ثغهئي ري   ر   جكرو ملر  ثعئرلق  غمضصرجو ثغضررجبثغعامره     ر هليا  ثلأ ضو

ثغمعيرر ي غلمصررجر   رر   ثلأصررنا  أض رر  Pecosج  Dular, Giza 178, M202 ثلأصررنا   كانررق يضرر
   هليا ثغعام  مل  ثعئلق     صف  ثغمضصجو جمع ظ ثغصفاق ثغهئي ي .
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   Table(2): Mean performance of parental lines (PTGMS and restorer lines ) and hybrid combinations for nine tudied 
characters. 

Genotype Plant height 
(cm) 

Panicle 
length 
(cm) 

Productive 
tillers plant-1 

Panicle 
weight 

(g) 

Filled grain 
panicle-1 

 

Spikelets 
panicle-1 

Spikelet 
fertility% 

100-grin 
weight 

(g) 

Grain yield 
Plant-1 

PTGMS (female): 
PTGMS-1 
PTGMS-2  
PTGMS-4  
PTGMS-5  
PTGMS-7  
PTGMS-14 
Restorer lines(male): 
Pecos 
V20R 
M202 
Dular 
GZ5310 
Norin PL9 
Giza 178 
Hybrid combinations: 
PGMS-1/Pecos 
              /V20R 
              /M202 
              /Dular 
             /GZ5310 
             /Norin PL9 
             / Giza 178 
PGMS-2/Pecos 
              /V20R 
              /M202 
              /Dular 
             /GZ5310 
             /Norin PL9 
             / Giza 178 
 
  

 
54.50 
56.00 
55.50 
55.25 
59.75 
60.00 

 
97.25 
60.25 
96.75 
145.75 
98.00 
92.00 
89.00 

 
115.15 
86.50 
91.50 
131.90 
108.25 
113.23 
106.83 
82.00 
84.63 
109.00 
136.35 
107.00 
112.75 
120.15 

 

 
18.05 
18.20 
18.35 
19.28 
19.45 
19.00 

 
18.48 
17.18 
19.68 
27.80 
19.60 
21.42 
22.15 

 
22.80 
22.30 
20.90 
28.90 
25.50 
23.80 
25.70 
23.40 
21.40 
22.60 
27.60 
24.00 
23.60 
25.20 

 

 
25.3 
28.5 
25.5 
27.8 
29.5 
22.3 

 
17.3 
21.8 
22.8 
14.0 
20.0 
19.0 
24.8 

 
19.8 
23.4 
18.4 
19.9 
21.1 
19.4 
25.6 
19.1 
23.0 
17.8 
23.1 
22.6 
20.8 
25.6 

 

 
1.12 
1.17 
1.28 
0.96 
1.05 
0.98 

 
3.13 
1.96 
3.79 
3.59 
3.71 
3.60 
4.01 

 
4.14 
2.67 
3.55 
5.16 
3.32 
2.92 
2.76 
4.16 
2.63 
3.44 
4.89 
3.46 
3.44 
5.19 

 

 
22.58 
24.05 
26.60 
28.45 
29.23 
28.20 

 
127.83 
64.15 

150.05 
121.25 
123.43 
112.65 
141.70 

 
132.13 
85.88 
97.90 

139.48 
74.15 
78.48 
95.65 

130.40 
79.98 
96.05 

147.03 
90.78 
66.65 

165.43 
 

 
96.5 
89.3 
91.9 
99.7 

118.6 
108.2 

 
136.7 
67.60 
164.6 
133.9 
129.5 
123.7 
163.4 

 
147.3 
104.2 
130.5 
144.08 
151.95 
138.68 
149.5 
144.15 
104.73 
150.30 
155.63 
177.20 
133.63 
187.45 

 

 
90.45 
92.30 
95.03 
92.83 
90.03 
91.28 

 
93.45 
94.95 
91.15 
90.65 
95.30 
91.10 
86.75 

 
89.25 
82.45 
75.10 
96.80 
48.75 
56.58 
64.00 
90.45 
76.35 
63.93 
94.50 
51.23 
49.85 
88.25 

 

 
2.26 
2.39 
2.29 
2.35 
2.30 
2.23 

 
2.47 
3.13 
2.66 
2.62 
2.65 
2.31 
2.19 

 
2.62 
2.74 
2.88 
3.01 
2.58 
2.79 
2.85 
2.60 
2.94 
3.04 
3.01 
3.03 
3.03 
2.77 

 
19.24 
22.05 
22.01 
18.45 
19.41 
14.83 

 
36.57 
26.39 
43.31 
33.03 
40.29 
40.20 
46.60 

 
54.84 
38.75 
36.69 
62.64 
25.60 
23.90 
32.70 
53.76 
34.60 
29.18 
65.21 
28.74 
25.98 
56.27 
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Table(2):Cont.  mean performance of parental lines (PTGMS and restorer lines ) and hybrid combinations for nine 
studied characters. 

Genotype Plant height 
(cm) 

Panicle 
length 
(cm) 

Productive 
tillers plant-1 

Panicle 
weight 

(g) 

Filled grain 
panicle-1 

 

Spikelets 
panicle-1 

Spikelet 
fertility% 

100-grin 
weight 

(g) 

Grain yield 
Plant-1 

PGMS-4/Pecos 
              /V20R 
              /M202 
              /Dular 
             /GZ5310 
             /Norin PL9 
             / Giza 178 
PGMS-5/Pecos 
              /V20R 
              /M202 
              /Dular 
             /GZ5310 
             /Norin PL9 
             / Giza 178 
PGMS-7/Pecos 
              /V20R 
              /M202 
              /Dular 
             /GZ5310 
             /Norin PL9 
             / Giza 178 
PGMS-14/Pecos 
                /V20R 
              /M202 
              /Dular 
             /GZ5310 
             /Norin PL9 
             / Giza 178 

114.23 
103.83 
111.20 
119.10 
108.00 
109.25 
97.25 

121.85 
85.45 

103.58 
131.83 
111.05 
119.48 
103.08 
122.00 
88.00 

108.13 
134.6 

107.55 
111.65 
106.70 
107.08 
110.15 
115.15 
123.3 

106.58 
131.00 
110.38 

24.40 
24.70 
24.50 
23.90 
23.70 
23.70 
24.40 
24.20 
21.40 
23.70 
28.40 
26.80 
26.60 
26.10 
25.15 
20.40 
20.35 
28.90 
26.00 
22.70 
25.90 
25.70 
24.20 
24.50 
18.50 
20.60 
29.90 
25.20 

18.7 
23.8 
20.4 
27.3 
25.5 
22.4 
25.2 
23.6 
23.2 
24.7 
20.8 
24.4 
23.7 
26.2 
23.4 
22.7 
23.2 
23.4 
22.5 
21.4 
24.7 
21.2 
19.6 
24.4 
20.8 
21.1 
23.9 
25.2 

4.24 
4.27 
4.04 
2.45 
2.21 
4.05 
4.46 
4.61 
3.67 
3.59 
5.09 
2.96 
4.50 
4.25 
5.10 
1.50 
3.86 
5.55 
3.52 
3.55 
4.14 
4.37 
4.88 
4.88 
3.22 
2.85 
5.92 
4.18 

136.50 
112.48 
120.48 
88.23 
148.43 
135.25 
183.08 
133.08 
128.90 
125.50 
178.38 
90.50 
135.58 
151.85 
117.10 
99.95 
127.80 
162.80 
102.10 
101.28 
136.18 
112.33 
143.98 
110.15 
160.50 
132.95 
170.68 
158.13 

 

147.83 
151.83 
160.78 
127.15 
181.60 
164.45 
190.53 
175.88 
155.45 
179.15 
186.58 
189.50 
176.73 
188.88 
167.75 
124.13 
162.78 
171.88 
143.90 
135.18 
167.75 
144.03 
162.28 
185.60 
168.68 
176.10 
185.78 
180.53 

 

92.35 
62.60 
74.95 
69.38 
81.73 
82.25 
96.10 
75.68 
82.93 
70.05 
95.60 
47.75 
76.70 
80.40 
69.85 
80.53 
78.50 
94.70 
70.98 
74.93 
81.18 
78.00 
88.73 
59.35 
95.15 
75.50 
91.88 
87.60 

2.86 
2.90 
3.00 
2.53 
2.64 
2.75 
2.47 
2.75 
2.85 
3.04 
2.97 
3.03 
3.02 
2.47 
2.81 
3.16 
2.90 
3.01 
2.65 
2.73 
2.38 
2.59 
2.79 
2.75 
2.06 
3.02 
2.66 
2.45 

55.00 
47.68 
46.32 
34.70 
38.22 
53.67 
62.06 
55.53 
53.01 
50.94 
67.69 
25.79 
59.79 
63.49 
62.40 
20.54 
52.64 
65.08 
40.12 
40.36 
55.71 
51.19 
55.11 
41.31 
47.66 
33.96 
66.56 
64.36 
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Table 3. Standard heterosis for nine characters of 42 hybrid combinations. 

Hybrid combinations Plant height 
(cm) 

Panicle 
length (cm) 

Productive 
tillers plant-1 

Panicle 
weight (g) 

Filled grain 
panicle-1 

Spikelets 
panicle-1 

Spikelet 
fertility% 

100-grin 
weight (g) 

Grain yield 
Plant-1 

PGMS-1/Pecos 
              /V20R 
              /M202 
              /Dular 
             /GZ5310 
             /Norin PL9 
             / Giza 178 
PGMS-2/Pecos 
              /V20R 
              /M202 
              /Dular 
             /GZ5310 
             /Norin PL9 
             / Giza 178 
PGMS-4/Pecos 
              /V20R 
              /M202 
              /Dular 
             /GZ5310 
             /Norin PL9 
             / Giza 178  

29.38** 
-2.81ns 
2.81ns 

48.20** 
21.63** 
27.22** 
20.03** 
-7.87** 
-4.91** 
22.47** 
53.20** 
20.22** 
26.69** 
35.00** 
28.35** 
16.67** 
24.94** 
33.82** 
21.35** 
22.75** 
9.27** 

2.93ns 

0.68 ns 
-5.64* 

30.47** 
15.12** 
7.45** 
16.03** 
5.64* 

-3.39 ns 
2.03 ns 
24.60** 
8.35** 
6.55* 

13.77** 
10.16** 
11.51** 
10.61** 
7.90** 
7.00** 
7.00** 
10.16** 

-20.16** 
-5.65 ns 
-25.81** 
-19.76** 
-14.92** 
-21.77** 
0.81 ns 

-22.98** 
7.26* 

-28.2**3 
-6.85* 
-8.87** 

-16.13** 
0.31 ns 

-24.60** 
-4.03 ns 
-17.74** 
10.08** 
2.82 ns 
-9.68** 
1.61 ns 

3.24 ns 
-33.42** 
-11.47** 
28.68** 
-17.21** 
-29.68** 
-31.17** 
-3.74 ns 
-34.41** 
-14.21** 
21.94** 
-13.72** 
-14.21** 
-45.39** 
5.74 ns 
6.48 ns 
0.75 ns 

-38.90** 
-44.89** 
1.00 ns 
11.22** 

-6.78** 
-3.94** 
-3.09** 
-1.57 ns 
-47.67** 
-44.62** 
-32.50** 
-7.97** 

-43.56** 
-32.22** 
3.76** 

-35.94** 
-52.96** 
16.75** 
-3.67** 

-20.62** 
-14.98** 
-37.73** 
4.75** 
-4.55** 
29.21** 

-9.85** 
-36.23** 
-20.13** 
-11.82** 
-7.01** 

-15.13** 
-8.51** 

-11.78** 
-36.35** 
-8.02** 
-4.76** 
8.45** 

-18.22** 
14.44** 
-9.53** 
-7.08** 
-1.60 ns 
-22.18** 
11.14** 
0.64 ns 
16.60** 

2.88* 
-4.96** 

-13.43** 
11.59** 
-43.80** 
-34.78** 
-26.22** 
4.27** 

-11.99** 
-26.31** 
8.93** 

-40.95** 
-42.54** 
1.73 ns 
6.46** 

-27.84** 
-13.60** 
-20.02** 
-5.84** 
-5.19** 
10.78** 

19.63** 
25.11** 
31.51** 
37.44** 
17.81** 
27.40** 
30.01** 
18.72** 
34.25** 
38.81** 
37.44** 
38.36** 
38.36** 
26.48** 
30.59** 
32.42** 
36.99** 
15.53** 
20.55** 
25.57** 
12.79** 

17.68** 
-16.85** 
-21.27** 
34.42** 
-45.06** 
-48.71** 
-29.83** 
15.36** 
-25.75** 
-37.38** 
39.94** 
-38.33** 
-44.25** 
20.75** 
18.03** 
2.32ns 

-0.60 ns 
.25.54** 
-17.98** 
15.17** 
33.18** 

PGMS-5/Pecos 
              /V20R 
              /M202 
              /Dular 
             /GZ5310 
             /Norin PL9 
             / Giza 178 
PGMS-7/Pecos 
              /V20R 
              /M202 
              /Dular 
             /GZ5310 
             /Norin PL9 
             / Giza 178 
PGMS-14/Pecos 
                /V20R 
              /M202 
              /Dular 
             /GZ5310 
             /Norin PL9 
             / Giza 178 

36.91** 
-3.99* 

16.38** 
48.12** 
24.78** 
34.25** 
15.82** 
37.08** 
-1.12ns 
21.49** 
51.24** 
20.84** 
25.45** 
19.89** 
20.31** 
23.76** 
29.38** 
38.54** 
19.75** 
47.19** 
24.02** 

9.26** 
-3.39 ns 
7.00** 
28.22** 
20.99** 
20.09** 
17.83** 
13.54** 
-7.90** 
-8.13** 
30.47** 
17.38** 
2.48 ns 
16.93** 
16.03** 
9.26** 
10.61** 
-16.48** 
-7.00** 
34.99** 
13.77** 

-4.84 ns 
-6.45 ns 
-0.40 ns 
24.19** 
-1.61 ns 
-4.44 ns 
5.65 ns 
-5.65 ns 
-8.47* 
-6.45 ns 
-5.65 ns 
-9.27** 
-13.71** 
-0.40 ns 
-14.52** 
-20.97** 
-1.61 ns 
-16.13** 
-14.92** 
-3.63 ns 
1.61 ns 

14.96** 
-8.48* 

-10.47** 
26.93** 
-26.18** 
12.22** 
5.99 ns 
27.18** 
-62.59** 
-3.74 ns 
38.40** 
-12.22** 
-11.47** 
3.24 ns 
8.98* 

21.70** 
21.70** 
-19.70** 
-28.93** 
47.63** 
4.24 ns 

-6.08** 
-9.03** 

-11.43** 
25.89** 
-36.13** 
-4.32** 
7.16** 

-17.36** 
-29.46** 
-9.81** 
14.89** 
-27.95** 
-28.53** 
-3.90** 

-20.73** 
1.61 ns 

-22.27** 
13.27** 
-6.18** 
20.45** 
11.59** 

7.64** 
-4.87** 
9.64** 

14.19** 
15.97** 
8.16** 

15.59** 
2.66 ns 

-24.03** 
-0.38 ns 
5.19** 

-11.93** 
-17.27** 
2.66 ns 

-11.85** 
-0.69 ns 
13.59** 
3.23* 
7.77** 

13.69** 
10.48** 

-12.76** 
-4.40** 
-9.25** 
10.20** 
-44.96** 
-11.59** 
-7.32** 

-19.40** 
-7.17** 
-9.51** 
9.16** 

-18.18** 
-13.63** 
-6.42** 

-10.09** 
2.28 ns 

-31.59** 
9.68** 

-12.97** 
5.91** 
0.98 ns 

25.57** 
30.01** 
38.81** 
35.62** 
38.36** 
37.90** 
12.79** 
28.31** 
44.29** 
32.42** 
37.44** 
21.00** 
24.66** 
8.68** 

18.26** 
27.40** 
25.57** 
39.73** 
37.90** 
21.46** 
11.87** 

19.16** 
13.76** 
9.31* 

45.26** 
-44.66** 
28.30** 
36.24** 
33.91** 
-55.92** 
12.96** 
39.66** 
-13.91** 
-13.39** 
19.55** 
9.85* 

18.26** 
-11.35** 
2.27 ns 

-27.12** 
42.83** 
38.11** 

LSD  5% 
          1% 

2.91 
3.83 

1.17 
1.53 

3.93 
5.17 

0.32 
0.42 

4.57 
6.00 

4.57 
6.00 

2.18 
2.87 

0.062 
0.081 

4.57 
6.00 
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  Table (4)  : Mean square estimates of ordinary analysis for nine studied characters.  
Source of variation  d. f. Plant 

height 
(cm) 

Panicle 
length 
(cm) 

Productive 
tillers plant-1 

Panicle 
weight 

(g) 

Filled grain 
panicle-1 

 

Spikelets 
panicle-1 

Spikelet 
fertility% 

100-grin 
weight 

(g) 

Grain yield 
Plant-1 

Replication  3 4.380ns 0.550ns 1.920 ns 0.021 ns 17.345 ns 2.964 ns 4.526ns 0.002 ns 2.160 ns 

Genotypes  54 1921.03** 39.361** 39.622** 6.094** 6780.813** 3579.509** 1795.313** 0.277** 918.589** 

Parents  12 3019.54** 29.276** 83.548** 6.695** 10983.728** 3379.509** 4630.077** 0.270** 480.837** 

Hybrids  41 636.27** 24.144** 27.705** 3.703** 3649.816** 2039.611** 774.137** 0.160** 764.266** 

Parents VS crosses  1 41413.77** 784.269** 1.127 ns 96.893** 84716.693** 69891.141** 9646.367** 5.177** 12498.830** 

Females (F) 5 168.52ns 4.195ns 56.038** 2.420 ns 6891.963* 6247.557** 356.238 ns 0.134 ns 862.945 ns 

Males (M) 6 2999.69** 41.123* 59.012** 6.957 ns 7615.014** 3950.984** 2155.242** 0.436** 2105.522** 
Females × Males (F × M) 30 241.55** 24.073** 16.721** 3.266** 2316.419** 956.013** 567.566** 0.109** 479.569** 

Error  162 4.414 0.710 1.457 0.054 7.849 10.862 2.282 0.002 8.051 

CV %  2.04 3.62 5.29 6.57 2.49 2.21 2.05 1.44 6.61 

   *, ** Significant at 0.05 and 0.01 levels respectively.   
  Table (5). Estimates of GCA effects of PTGMS  lines for the nine characters. 

 
Tester  

 

Plant height 
(cm) 

Panicle 
length 
(cm) 

Productive 
tillers plant-1 

Panicle 
weight 

(g) 

Filled grains 
panicle-1 

 

Spikelets 
panicle-1 

Spikelet 
fertility% 

100-grin 
weight 

(g) 

Grain yield 
Plant-1 

PTGMS-1 
PTGMS-2 
PTGMS-4 
PTGMS-5 
PTGMS-7 
PTGMS-14 

-3.1845** 
0.1726 

-1.7560** 
0.1726 

0.5298 

4.0655** 

0.0119 

-0.3095 
-0.1667 

0.7619** 
-0.1310 

-0.1667 

-1.6667** 
-1.0238** 
0.4405 

2.3690** 
0.3690 
-0.4881 

-0.3944** 
-0.0094 

-0.2205** 
0.1992** 
-0.0087 
0.4338** 

-23.3512** 
-12.3869** 
8.0060** 
11.6488** 
-2.0298** 
18.1131** 

-21.0714** 
-8.7500** 
3.1429** 
19.7500** 
-5.7857** 
12.7143** 

-3.8631** 
-3.7917** 
2.6012** 
-1.6131** 
1.7083** 
4.9583** 

-0.0295* 
0.1034** 
-0.0770** 
0.0620** 
-0.0084 

-0.0505** 

-7.8527** 
-5.1920** 
1.0769 

6.7023** 
0.9698 

4.2958** 

LSD  5% 
         1% 

1.10 
1.45 

0.44 
0.58 

0.63 
0.83 

0.12 
0.16 

1.47 
1.93 

1.73 
2.27 

0.79 
1.04 

0.023 
0.031 

1.49 
1.95 

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

   Table 6. Estimates of GCA effects of tester  lines for the nine studied characters. 
 

Tester 
 

Plant height 
(cm) 

Panicle 
length 
(cm) 

Productive 
tillers plant-1 

Panicle 
weight 

(g) 

Filled grains 
panicle-1 

 

Spikelets 
panicle-1 

Spikelet 
fertility% 

100-grin 
weight 

(g) 

Grain yield 
Plant-1 

Pecos 
V20R 
M202 
Dular 
GZ5310 
Norin PL9 
Giza 178 

3.8274** 
-17.7560** 
-4.2560** 
18.7857** 
-2.7143** 
5.4940** 
-3.3810** 

-0.0179 
-2.0179 

-1.4762** 
1.5238** 
0.1905 

0.7321** 
1.0655** 

-1.7738** 
-0.1488 

-1.3155** 
1.4345** 
0.0595 

-0.8988** 
2.6429** 

0.5398** 
-0.6252** 
-0.0039 

0.4957** 
-0.8431** 
0.1677** 
0.2690** 

3.7500** 
-16.6667** 
-10.1667** 
22.9167** 
-16.6667** 
-8.3750** 
25.2083** 

-4.6905** 
-22.3571** 

1.5179 

-0.1071 

10.8512** 
-3.4821** 
18.2679** 

5.4167** 
1.6667** 
-7.0000** 
13.7917** 
-14.1250** 
-5.3333** 
5.5833** 

-0.1071** 
0.0808** 
0.1245** 
0.1195** 
0.0129 
0.0158 

-0.2463** 

8.4200** 
-5.5413** 
-4.3071** 
10.0104** 
-15.0804** 
-2.1121** 
8.6104** 

LSD  5% 
         1% 

1.189 
1.562 

0.48 
0.63 

0.683 
0.898 

0.131 
0.172 

1.585 
2.083 

1.867 
2.451 

0.821 
1.079 

0.0253 
0.0333 

1.605 
2.110 

   * , ** Significant at 0.05 and 0.01 levels, respectively. 
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   Table(8). Estimates of SCA effects of the hybrid combinations.  
 

Tester 
 

Plant height 
(cm) 

Panicle 
length 
(cm) 

Productive 
tillers plant-1 

Panicle 
weight 

(g) 

Filled grains 
panicle-1 

 

Spikelets 
panicle-1 

Spikelet 
fertility% 

100-grin 
weight 

(g) 

Grain yield 
Plant-1 

PGMS-1/Pecos 
      /V20R 
     /M202 
     /Dular 
    /GZ5310 
    /Norin PL9 
   / Giza 178 
PGMS-2/Pecos 
     /V20R 
     /M202 
    /Dular 
    /GZ5310 
    /Norin PL9 
    / Giza 178 
PGMS-4/Pecos 
      /V20R 
      /M202 
     /Dular 
    /GZ5310 
    /Norin PL9 
   / Giza 178 
 

3.60119* 
-3.31548* 

-11.81548** 
5.39286** 
3.39286* 
0.18452 
2.55952 

-7.75595** 
-8.67262** 
2.32738 

6.53571** 
-1.21429 
-3.67262* 

12.45238** 
1.42262 

12.50595** 
6.50595** 
-8.53571** 
1.71429 

-5.24405** 
-8.36905** 

 

-1.30357* 
-0.05357 

-1.84524** 
3.15476** 
0.98810 

-1.30357* 
0.36310 
-0.73214 
-0.73214 
0.22619 

2.22619** 
0.05952 

-1.23214* 
0.18452 
0.12500 

2.62500** 
1.83333** 
-1.66667** 
-0.83333 
-1.12500 
-0.95833 

 

0.41667 
2.29167** 
-1.299167 
-2.79167** 
0.08333 
-0.70833 
2.00000** 
-0.72619 
1.39881 

-2.68452** 
0.06548 
0.69048 
-0.10119 
1.35714 

-2.69048** 
0.68452 
-1.64881 
2.60119** 
1.97619* 
-0.06548 
-0.85714 

 

0.09732 
-0.21018 
0.05357 

1.15899** 
0.66274** 
-0.75310** 
-1.00935** 
-0.27018 

-0.63518** 
-0.44643** 
0.50649** 
0.42024* 

-0.61310** 
1.03815** 
0.02839 

1.22339** 
0.36964* 

-1.72244** 
-0.62619** 
0.20798 

0.51923** 
 

28.39286** 
-2.44048 
8.30952** 
16.72619** 
-8.94048** 
-12.7321** 
-29.3155** 
15.67857** 
-14.4048** 
-4.65476* 

13.01190** 
-3.40476 

-35.4464** 
29.22024** 

1.78571 
-8.79762** 
-0.29762 

-65.8809** 
33.95238** 
12.66071** 
26.57738** 

13.90476** 
-11.42857** 
-9.05357** 
6.32143** 
2.86310 
4.19643 

-6.80357** 
-1.41667 

-23.00000** 
-1.62500 
5.25000* 

15.79167** 
-13.62500** 
18.62500** 
-9.80952** 
28.85714** 
-8.26786** 

-34.89286** 
8.39881** 
5.48214* 

10.23214** 
 

11.15476** 
7.40476** 
8.82143** 
9.52976** 
-10.3036** 
-11.5952** 
-15.0119** 
11.58333** 

1.08333 
-2.50000* 
7.45833* 

-8.12500** 
-18.4166** 
8.91667** 
6.94048** 
-19.0595** 
2.10714 

-24.4345** 
15.98214** 
7.69048** 

10.77381** 
 

-0.05429 
-0.11970** 
-0.02345 
0.11155** 
-0.21679** 
-0.01220 
0.31488** 
-0.20964** 
-0.05756 
0.00369 
-0.02881 
0.10036** 
0.09494** 
0.09702** 
0.23071** 
0.08530** 
0.13655** 
-0.32595** 
-0.10929** 

-0.0020 
-0.01512 

 

7.11607** 
4.98982* 
1.69815 

13.32565** 
1.37649 

-13.2919** 
-15.2144** 
3.37536 
-1.82089 

-8.47256** 
13.23744** 

1.85827 
-13.8726** 
5.69494** 
-1.66857 
4.97018* 
2.39351 

-23.5365** 
5.07435* 
7.54851** 
5.21851** 

 
PGMS-5/Pecos 
     /V20R 
    /M202 
    /Dular 
    /GZ5310 
    /Norin PL9 
    / Giza 178 
PGMS-7/Pecos 
     /V20R 
     /M202 
     /Dular 
     /GZ5310 
    /Norin PL9 
    / Giza 178 
PGMS-14/Pecos 
    /V20R 
    /M202 
   /Dular 
   /GZ5310 
   /Norin PL9 
   / Giza 178 

7.24405** 
-7.67262** 
-3.17262* 
2.03571 
2.78571 
3.07738* 

-4.29762** 
7.13690** 
-5.77976** 
1.22024 

4.67857** 
-1.07143 

-5.02976** 
-1.15476 

-11.64881** 
12.93452** 
4.93452** 

-10.10714** 
-5.60714** 
10.68452** 
-1.19048 

-0.80357 
-2.05357** 
0.15476 
0.15476 

1.73810** 
0.94643 
-0.13690 
1.08929 

-1.91071** 
-2.20238** 
3.29762** 
1.63095** 
-2.41071** 
0.50595 

1.62500** 
2.12500** 
1.83333** 
-7.16667** 
-3.58333** 
5.12500** 
0.04167 

0.13095 
-1.74405* 
0.67262 

4.17262** 
-0.95238 
0.74405 
-1.53571 
2.38095** 
0.00595 
1.42262 
-1.32738 
-0.45238 
-0.99405 
-1.03571 
0.48810 

-2.63690** 
3.52976** 
-2.72024** 
-1.34524 
2.61310** 
0.07143 

-0.02875 
0.20375 

-0.50250** 
0.49792** 
-0.29333 
0.23583 
-0.11292 
0.66911** 
-1.76089** 
-0.02464 
1.16577** 
0.47202** 
-0.50131** 
-0.02006 

-0.49589** 
1.17911** 
0.55036** 
-1.60673** 
-0.63548** 
1.42369** 
-0.41506* 

-5.35714** 
10.80952** 

0.55952 
20.72619** 
-27.6905** 
9.01786** 
-8.06548** 
-7.92857** 
-4.51190* 

16.98810** 
18.90476** 
-2.26190 

-11.3036** 
-9.88690** 
-32.5714** 
19.34524** 
-20.9048** 
-3.48810 
8.34524** 
37.80357** 
-8.52976** 

1.58333 
-1.00000 
-1.12500 
7.75000** 
-0.20833 
1.37500 

-8.37500** 
18.86905** 
-6.46429** 
7.91071** 

18.53571** 
-20.17262** 
-14.83929** 

-3.83929 
-23.13095** 
13.03571** 
12.16071** 
-2.96429 

-6.67262** 
17.41071** 
-9.83929** 

-5.09524** 
5.65476** 
1.32143 

6.27976** 
-13.5536** 
6.15476** 
-0.76190 

-14.6667** 
-0.16667 
6.50000** 
2.20833* 
8.37500** 
1.08333 

-3.33333** 
-9.91667** 
5.08333** 
-16.2500** 
-1.04167 
7.62500** 

15.08333** 
-0.58333 

-0.01821 
-0.10863** 
0.04262 
-0.02488 
0.13929** 
0.12887** 
-0.15905** 
0.11464** 
0.25173** 
-0.02702 
0.08798** 
-0.16286** 
-0.08827** 
-0.17619** 
-0.06321* 
-0.05113 

-0.13238** 
0.18012** 
0.24929** 
-0.12113** 
-0.06155 

-6.00143** 
4.69982* 
1.38815 
3.82565 

-12.9810** 
8.04315** 
1.02565 

5.86107** 
-22.0377** 
8.82815** 
6.94565** 
7.07899** 
-5.64935** 
-1.02685 

-8.68250** 
9.19875** 
-5.83542** 
-13.7979** 
-2.40.708 

17.22208** 
4.30208* 

LSD 0.05 
        0.01 

2.911 
3.803 

1.168 
1.535 

1.673 
2.199 

0.322 
0.423 

3.883 
5.103 

4.568 
6.003 

2.094 
2.752 

0.0620 
0.0815 

3.932 
5.168 

    * , ** Significant at 0.05 and 0.01 levels, respectively. 
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   Table 9. Genetic parameters for nine studied characters.. 

 

Parameter 

 

Plant 

height 

(cm) 

Panicle 

length 

(cm) 

Productive 

tillers plant-1 

Panicle 

weight 

(g) 

Filled 

grain 

panicle-1 

 

Spikelets 

panicle-1 

Spikelet 

fertility% 

100-grin 

weight 

(g) 

Grain 

yield 

Plant-1 

Additive variance (σ2 A) 

Dominant variance (σ2 D)  

Environmental variance (σ2 E) 

Genotypic variance (σ2 G)  

Phenotypic variance (σ2 P) 

Broad sense heritability ( h2
b) % 

Narrow sense heritability ( h2
n) % 

Relative importance of gca %* 

Relative importance of sca %** 

112.31 

59.28 

4.41 

176.01 

171.60 

97.49 

63.81 

65.45 

34.55 

0.0005 

5.841 

0.710 

5.841 

6.551 

89.162 

00.745 

00.008 

99.992 

3.17 

3.82 

1.46 

6.98 

8.44 

82.74 

37.52 

45.35 

54.65 

0.184 

0.803 

0.054 

0.987 

1.041 

94.812 

17.676 

18.643 

81.136 

384.20 

577.14 

7.85 

961.34 

969.19 

99.19 

39.64 

39.96 

60.04 

313.40 

236.29 

10.86 

549.69 

560.55 

98.06 

55.91 

57.01 

42.99 

57.48 

142.07 

2.48 

199.59 

202.02 

98.77 

28.45 

28.80 

71.20 

0.02 

0.03 

0.002 

0.04 

0.04 

95.38 

33.55 

35.18 

64.82 

81.44 

117.88 

8.05 

199.32 

207.37 

96.12 

39.27 

10.86 

89.14 

   * , ** Relative importance gca = σ2 A / σ2 G x 100 and Relative importance sca = σ2 D / σ2 G x 100, respectively. 
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   Table (7): Ranks of lines and testers for the nine studied characters.  

 

Genotype 

 

Plant 

height 

(cm) 

Panicle 

length 

(cm) 

Producti

ve tillers 

plant-1 

Panicle 

weight 

(g) 

Filled 

grains 

panicle-1 

Spikelets 

panicle-1 

Spikelet 

fertility

% 

100-grin 

weight 

(g) 

Grain 

yield 

Plant-1 

Total Ranks 

PTGMS (female) 

PTGMS-1 

PTGMS-2 

PTGMS-4  

PTGMS-5  

PTGMS-7  

PTGMS-14 

Restorer lines (male) 

Pecos 

V20R 

M202 

Dular 

GZ5310 

Norin PL9 

Giza 178 

 

1 

3 

2 

3 

5 

6 

 

5 

1 

2 

7 

4 

6 

3 

 

2 

6 

4 

1 

3 

5 

 

5 

7 

6 

1 

4 

3 

2 

 

6 

5 

2 

1 

3 

4 

 

7 

4 

6 

2 

3 

5 

1 

 

6 

4 

5 

2 

3 

1 

 

1 

6 

5 

2 

7 

4 

3 

 

6 

5 

3 

2 

4 

1 

 

3 

6 

5 

2 

6 

4 

1 

 

6 

5 

3 

1 

4 

2 

 

6 

7 

3 

4 

2 

5 

1 

 

6 

5 

2 

4 

3 

1 

 

3 

4 

6 

1 

7 

5 

2 

 

4 

1 

6 

2 

3 

5 

 

6 

3 

1 

2 

5 

4 

7 

 

6 

5 

3 

1 

4 

2 

 

3 

6 

5 

1 

7 

4 

2 

 

37 

39 

30 

17 

32 

27 

 

39 

44 

39 

20 

45 

40 

22 

 

5 

6 

3 

1 

4 

2 

 

3 

5 

3 

1 

6 

4 

2 

 
 

 


