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ABSTRACT 
 
 Nineteen selected S’3 inbred lines families from white maize were topcrossed 

with each of the two the commercial inbred line testers, viz. Sd-34 and Gz-629 at Sids 
Agric. Res. Stn during 2008 growing season. Forty entries (38 topcrosses and two 
white commercial single crosses checks; SC. 10 and SC. 129) were evaluated at 
Sakha and Sids Agric. Res. Stn  in 2009 growing season for days to 50% silking, 
plant and ear heights, grain yield and grain yield per plant. Obtained data revealed 
that, mean squares due to crosses, lines, and testers were significant for all studied 
traits at both locations and over locations. Line x tester interaction was significant for 
all of the studied traits, except days to 50% silking and plant height at Sakha, and 
days to 50% silking at Sids. Highly significant differences were detected among 
locations for all of the studied traits, indicating that the two locations differed in their 
environmental conditions. In addition, Location x tester interaction was significant for 
all studied traits, except for ear height and grain yield per plant. The four top-crosses 
(L-4 x Sd 34), (L-7 x Sd 34), (L-8 x Sd 34) and (L-9 x Sd 34) significantly outyielded 
the best check (SC. 129) by 15.1, 19.7, 12.1 and 23.8%, respectively in the combined 
data. The best GCA effects for grain yield were recorded for lines L-4, L-6, L-7, L-8, 
and L-9. However, L-10 and L-19 exhibited the highest GCA values for earliness, 
whereas, inbred lines 7 and 3 exhibited the highest GCA values for plant and ear 
height. These lines should be directly utilized in breeding program to develop high 
yielding hybrids. Results showed also that the cross L-9 x Sd-34 was the best positive 
and significant SCA effects for grain yield in ard/fed and per plant. The magnitude of 
σ2

GCA for lines was high for all studied traits, except for silking date at Sakha, silking 
date, plant height and ear height at Sids and the combined data. The interaction 
σ2

GCA x Loc for lines was higher than that of σ2
SCA x Loc for only plant height and ear 

height, indicating that the additive type of gene action is more affected by 
environmental conditions than the non-additive type of gene action. 
Keywords: maize, top crosses, combining ability, type of gene action. 

 
INTRODUCTION 

 
Topcross (test cross) method using broad and/or narrow testers is used 

to evaluate new improved inbred lines for combining ability. Several 
procedures for developing and improving maize inbred lines were reported by 
Bauman (1981) and Hallauer and Miranda (1981). Topcross procedure was 
first suggested by Davis (1927) as an early testing to determine the 
usefulness of the selected inbred lines for hybrid development programs. The 
concept of general (GCA) and specific (SCA) combining ability was defined 
by Sprague and Tatum (1942). They and other investigators (Hassaballa et 
al.  1980,El-Morshidy and Hassaballa 1982, Mahmoud 1996, Konak et al.  
1999 and Zelleke 2000) reported that the variance components due to SCA 
for grain yield and other agronomic traits was larger than that due to GCA, 
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indicating the importance of non-additive type of gene action in the 
inheritance of these traits. Mathur et al.  (1998) found significant GCA 
variances for days to 50% silking, ear length, number of rows/ear and number 
of kernels/row, whereas SCA variance was significant for ear length only. Abd 
El-Moula and Abd El-Aal (2009) found, in two sets of topcrosses, that 
variances due to GCA was larger than those of SCA for plant and ear heights 
in set I, while the variance due to SCA was high for silking date and grain 
yield. Also, the variances due to GCA x Loc and SCA x Loc were high in 
magnitude for grain yield, silking date, ear height and ears/100 plants in set I. 
This indicates that the non-additive gene effect was more affected by location 
than the additive gene action type. El-Sherbeiny et al.  (2006) and Abd El-Aal 
(2007) reported that the additive component of gene action had the major role 
in determining the inheritance of grain yield, days to 50% silking, plant and 
ear height. They added that the non-additive gene action was more interacted 
with the environmental conditions than the additive component for grain yield. 
Amer and El-Shenawy (2007) reported that the additive genetic variances 
played an important role in the grain yield and silking date inheritance, while 
the non-additive genetic variances played an important role in the inheritance 
of plant height. The magnitude of the interaction between SCA with location 
was higher than of GCA x location for grain yield and plant height. Soliman et 
al.  (2007) reported that the magnitude of dominance variances was 
considered the major source of the total genetic variance responsible for the 
grain yield inheritance. Incontrast, Hede et al.  (1999), El-Zeir et al.  (2000), 
Nass et al.  (2002), and El-Morshidy et al.  (2003) reported significant GCA x 
Environment interactions for both lines and testers for grain yield. 

The main objectives of this investigation were evaluation of 38 
topcrosses (19 lines x 2 testers) for grain yield and other agronomic traits, 
estimation of GCA effects for both lines and testers as well as SCA effects for 
crosses, and estimation of variance components due to GCA, SCA (σ2GCA 
and σ2SCA) and their interactions with location. 

 
MATERIALS AND METHODS 

 
Nineteen selected S’3 inbred line families of white maize generation (L1 

through L-19) derived from a wide genetic base population through selection 
from segregating generations in the disease nursery field at Sids Agric. Res. 
Stn., were used for the purpose of this study. In 2008 growing season, the 19 
selected S’3 line families were topcrossed to two commercial inbred line 
testers, i.e. Sd-34 and Gz-629 at Sids Exp. Stn. The two inbred line testers 
are being used in seed production of commercial single and three way cross 
hybrids. In 2009 growing season, the 38 resultant topcrosses along with two 
commercial check hybrids; S.C. 10 and S.C. 129 were evaluated in replicated 
yield trials conducted at Sakha and Sids Agric. Res. Stn. Randomized 
complete block design with four replications was used. Plot size was one row, 
6 m long and 80 cm apart and hills were spaced 25 cm along the row. Two 
kernels were planted per hill and thinned later to one plant per hill to provide 
a population of approximately 21000 plants/feddan (One feddan = 4200 m2). 
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All cultural practices of maize production were applied as recommended. 
Data were recorded for number of days to 50% silking, plant height (cm), ear 
height (cm), grain yield adjusted at 15.5% grain moisture and converted to 
ardab/feddan (One ardab=140 kg) and grain yield per plant (g). Analysis of 
variance was performed for separate locations, and the combined data over 
locations according to Steel and Torrie (1980). The combining ability and 
types of gene effects were computed for all studied traits according to 
Kempthorne (1957). 

 
RESULTS AND DISCUSSION 

 
Analysis of variance: 

Data presented in Table 1 revealed that mean squares among 
genotypes (crosses) were highly significant for all traits at both locations and 
the combined analysis over locations. Partitioning the sum of squares due to 
genotypes (crosses) into lines, testers and lines x testers showed that mean 
squares due to lines and testers were highly significant for all traits at both 
locations and the combined analysis, except for days to 50% silking of lines 
at Sids location. These results indicated that there was a wide diversity 
among studied inbred lines and testers in their contribution to the 
performance of top crosses. However, mean squares of lines x testers 
interaction was highly significant for all of the studied traits, except for days to 
50% silking and plant height at Sakha, and days to 50% silking at Sids. This 
indicated that the family lines differed in order to cross performance with each 
of male testers. The combined analysis of variance over locations for the five 
studied traits is presented in Table 1. Highly significant differences were 
detected among locations for all of the studied traits, indicating that the two 
locations differed in their environmental conditions. However, interactions of 
Loc x genotypes and Loc x lines were not significant for all of the studied 
traits. However, the interaction of locations x testers was significant for days 
to 50% silking, plant height, and grain yield in ardab per feddan (ard/fed). 
Location x Lines x Testers interaction was not significant for all the studied 
traits, except for grain yield in ard/fed. The above mentioned results revealed 
that significant interactions with locations are mainly attributed to the different 
ranking of genotypes from location to another. The obtained results clarified 
that it is worthwhile to evaluate topcrosses under different environments 
(locations) especially for grain yield. This would help in adopting the proper 
which will be most appropriate to particular environment. Similar results were 
obtained by El-Itriby et al.  (1990), Salama et al.  (1995), Soliman et al.  
(1995), Mahgoub et al.  (1996) Shehata et al.  (1997) , El-Zeir (1999), 
Soliman and Sadek (1999), El-Zeir et al.  (2000) Soliman (2000), El-Morshidy 
et al.  (2003), El-Sherbeiny et al.  (2006), and Abd El-Aal (2007). 

The magnitude of variances due to testers was higher than that of 
tested inbred lines for all of the studied traits indicating that tester lines 
contributed much more to the total variation for these traits (Table 1). On the 
basis of the combined data, the variance due to Loc x tester lines was higher 
than that of Loc x tested lines for all of the studied traits, except for ear 
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height. This indicated that tester lines were much more affected by the 
environmental conditions than the tested lines. Similar results were reported 
by Gado et al.  (2000), Sadek et al.  (2000), Soliman (2000), Soliman et al.  
(2001), El-Morshidy et al.  (2003), El-Sherbeiny et al.  (2006), and Abd El-Aal 
(2007). 
 
Table 1. Mean squares (MS) of days to 50% silking, plant height, ear 

height, grain yield per plant and grain yield per feddan at 
Sakha (SK) and Sids (SD) and combined over locations in 
2009 season. 

Source DF 
Days to 50% 

silking 
Plant height Ear height 

grain yield 
per plant 

Grain yield 
per fed 

SAKHA 

Rep's 3 1.27 510.2 441.3 2157.1 25.81 
Genotypes 37 5.59** 318.0** 248.5** 1410.0** 44.42** 
Lines (L) 18 3.89* 452.5** 272.6** 1978.1** 54.64** 
Testers (T) 1 99.53** 1765.3** 970.1** 6372.7** 268.42** 
L x T 18 2.06 103.2 184.3* 566.3** 21.75* 
Error 111 1.28 105.1 98.2 360.3 10.09 
C.V.  1.9 4 6.8 8.5 10 

SIDS 

Rep's 3 1.59 820.3 670.3 38.1 5.11 
Genotypes 37 3.27** 383.9** 118.1** 1202.7** 32.17** 
Lines (L) 18 2.46 288.7** 103.3** 1620.2** 42.87** 
Testers (T) 1 38.00** 4697.5** 1188.3** 2605.4** 64.52** 
L x T 18 2.15 239.5** 73.4* 707.2** 19.67** 
Error 111 1.13 85.8 42.6 378.7 7.53 
C.V.  1.7 4.4 6.4 10.7 10.8 

COMBINED 

Loc 1 2415.95** 183015.4** 147092.0** 136795.2** 3003.98** 
Rep(loc) 6 1.43 665.3 555.8 1097.6 15.46 
Genotypes 37 7.19** 604.1** 294.0** 2306.2** 62.56** 
Lines (L) 18 4.83** 618.9** 286.1** 3319.8** 84.56** 
Testers (T) 1 130.27** 6111.1** 2152.9** 8563.8** 298.07** 
L x T 18 2.72** 283.5** 198.8** 944.9 27.48** 
Loc x geno 37 1.67 97.8 72.6 306.6 14.02 
Loc x L 18 1.53 122.3 89.9 278.9 12.95 
Loc x T 1 7.27** 351.7** 5.5 414.3 34.87** 
Loc x L x T 18 1.5 59.3 58.9 328.9 13.94* 
Pooled error 222 1.21 95.5 70.4 369.5 8.81 
CV%  1.8 4.2 6.8 9.5 10.4 

*, ** Significant at 0.05 and 0.01 level of probability, respectively.  

 
Mean performance: 

Mean performance for the studied traits of the 38 top-cross hybrids 
along with the checks are presented in Table 2 and Table 3 for all characters 
studied. Regarding silking date, the earliest crosses were L-10 x Gz-629 
(59.8 days), L-19 x Gz-629 (60.0 days), L-4 x Gz-629 (60.1 days), and L-17 x 
Gz-629 (60.3 days) in the combined over locations.  In the contrary, the latest 
crosses were L-12 x Sd-34 (61.0 days) at Sakha, L-3 x Sd-34 and L-8 x Sd-
34 (66.0 days) at Sids and L-6 x Gz-629 (63.1 days) in the combined data. All 
of the 38 topcrosses were significantly earlier than the earliest check (S.C. 
129) at Sakha, Sids, and the combined analysis, respectively. 
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Table 2.  Average performance of 38topcrosses for days to 50% silking, 
plant height, and ear height, at Sakha (SK), Sids (SD) and 
combined (Com), 2009 growing season 

Crosses 
Days to 50% silking Plant height Ear height 

SK SD Com SK SD Com SK SD Com 

L-  1 x Sd 34 59.8 65.0 62.4 270.0 218.8 244.4 140.3 107.5 123.9 

L-  2 x Sd 34 59.0 65.3 62.1 249.3 213.8 231.5 140.8 101.3 121.0 

L-  3 x Sd 34 59.3 66.0 62.6 253.5 217.5 235.5 149.0 106.3 127.6 

L-  4 x Sd 34 59.5 64.5 62.0 259.5 213.8 236.6 144.8 101.3 123.0 

L-  5 x Sd 34 58.8 65.3 62.0 251.8 210.0 230.9 138.0 96.3 117.1 

L-  6 x Sd 34 59.8 64.8 62.3 255.8 208.8 232.3 142.3 102.5 122.4 

L-  7 x Sd 34 60.5 65.5 63.0 263.5 225.0 244.3 151.8 111.3 131.5 

L-  8 x Sd 34 60.0 66.0 63.0 256.0 212.5 234.3 148.5 103.8 126.1 

L-  9 x Sd 34 60.0 65.0 62.5 262.8 218.8 240.8 147.5 110.0 128.8 

L-10 x Sd 34 59.0 63.5 61.3 266.5 212.5 239.5 149.3 101.3 125.3 

L-11 x Sd 34 60.0 63.8 61.9 261.0 213.8 237.4 146.3 103.8 125.0 

L-12 x Sd 34 61.0 64.8 62.9 261.0 208.8 234.9 149.8 106.3 128.0 

L-13 x Sd 34 59.8 64.0 61.9 251.8 190.0 220.9 139.3 91.3 115.3 

L-14 x Sd 34 59.8 65.0 62.4 280.0 225.0 252.5 166.3 107.5 136.9 

L-15 x Sd 34 59.0 64.0 61.5 267.5 218.8 243.1 154.8 103.8 129.3 

L-16 x Sd 34 60.0 65.0 62.5 260.5 215.0 237.8 146.0 102.5 124.3 

L-17 x Sd 34 58.8 65.0 61.9 274.8 217.5 246.1 158.3 107.5 132.9 

L-18 x Sd 34 58.0 64.8 61.4 270.3 225.0 247.6 158.8 113.8 136.3 

L-19 x Sd 34 58.8 64.8 61.8 253.8 212.5 233.1 145.8 108.8 127.3 

L-  1 x Gz 629 56.8 64.3 60.5 258.0 198.8 228.4 147.0 97.5 122.3 

L-  2 x Gz 629 57.5 63.3 60.4 241.5 192.5 217.0 133.0 95.0 114.0 

L-  3 x Gz 629 59.5 64.5 62.0 243.3 208.8 226.0 136.3 101.3 118.8 

L-  4 x Gz 629 57.0 63.3 60.1 246.5 190.0 218.3 130.3 92.5 111.4 

L-  5 x Gz 629 57.0 63.8 60.4 244.8 193.8 219.3 137.5 93.8 115.6 

L-  6 x Gz 629 60.0 66.3 63.1 265.5 216.3 240.9 151.0 106.3 128.6 

L-  7 x Gz 629 58.5 63.3 60.9 253.0 201.3 227.1 141.8 100.0 120.9 

L-  8 x Gz 629 58.0 63.5 60.8 252.0 202.5 227.3 141.0 101.3 121.1 

L-  9 x Gz 629 57.3 63.3 60.3 243.0 193.8 218.4 130.0 93.8 111.9 

L-10 x Gz 629 56.5 63.0 59.8 254.0 216.3 235.1 140.0 102.5 121.3 

L-11 x Gz 629 59.5 63.5 61.5 257.5 201.3 229.4 151.5 100.0 125.8 

L-12 x Gz 629 57.5 64.0 60.8 260.3 205.0 232.6 146.5 98.8 122.6 

L-13 x Gz 629 58.5 64.8 61.6 258.0 205.0 231.5 156.5 100.0 128.3 

L-14 x Gz 629 58.5 64.5 61.5 272.3 221.3 246.8 154.3 107.5 130.9 

L-15 x Gz 629 57.3 63.8 60.5 257.3 205.0 231.1 141.5 96.3 118.9 

L-16 x Gz 629 58.3 64.5 61.4 260.3 206.3 233.3 150.8 96.3 123.5 

L-17 x Gz 629 57.3 63.3 60.3 263.5 202.5 233.0 148.5 97.5 123.0 

L-18 x Gz 629 57.5 63.8 60.6 257.3 208.8 233.0 143.3 102.5 122.9 

L-19 x Gz 629 57.5 62.5 60.0 251.8 197.5 224.6 140.5 97.5 119.0 

Checks 

SC 10 64.0 73.0 68.5 301.5 236.3 268.9 173.0 118.8 145.9 

SC 129 60.5 66.0 63.3 282.0 231.3 256.6 166.0 115.0 140.5 

LSD 0.05 1.6 1.5 1.1 14.2 12.8 9.6 13.7 9.1 8.2 

LSD 0.01 2.1 1.9 1.4 18.6 16.8 12.5 17.9 11.8 10.7 
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Table 3. Average performance of 38 top crosses for grain yield per plant 
and grain yield per feddan at Sakha (SK), Sids (SD) and 
combined (Com), 2009 growing season 

Crosses 
Grain yield (g/plant) Grain yield (ard/fed) 

SK SD Com SK SD Com 

L-  1 x Sd 34 227.8 192.6 210.2 35.60 28.25 31.92 

L-  2 x Sd 34 231.2 185.5 208.3 34.01 27.81 30.91 

L-  3 x Sd 34 235.1 177.4 206.2 33.10 25.39 29.25 

L-  4 x Sd 34 256.7 206.8 231.8 38.92 28.11 33.51 

L-  5 x Sd 34 208.7 162.1 185.4 31.56 23.01 27.28 

L-  6 x Sd 34 222.3 198.3 210.3 32.48 30.38 31.43 

L-  7 x Sd 34 274.2 223.3 248.8 37.68 32.03 34.86 

L-  8 x Sd 34 271.9 203.2 237.5 37.25 28.05 32.65 

L-  9 x Sd 34 263.1 220.2 241.6 39.40 32.71 36.05 

L-10 x Sd 34 238.0 190.9 214.5 30.95 27.14 29.04 

L-11 x Sd 34 230.1 197.9 214.0 28.60 24.74 26.67 

L-12 x Sd 34 197.2 160.6 178.9 26.87 23.29 25.08 

L-13 x Sd 34 218.5 175.8 197.2 33.13 22.15 27.64 

L-14 x Sd 34 222.4 164.9 193.7 33.39 22.58 27.98 

L-15 x Sd 34 220.1 178.7 199.4 30.62 25.68 28.15 

L-16 x Sd 34 229.2 189.4 209.3 34.00 25.10 29.55 

L-17 x Sd 34 212.8 174.8 193.8 31.82 26.26 29.04 

L-18 x Sd 34 210.6 183.3 197.0 30.80 24.06 27.43 

L-19 x Sd 34 212.3 146.1 179.2 29.74 20.86 25.30 

L-  1 x Gz 629 222.1 176.6 199.3 33.25 23.67 28.46 

L-  2 x Gz 629 199.9 168.2 184.0 29.67 23.62 26.64 

L-  3 x Gz 629 219.8 176.4 198.1 33.33 25.34 29.34 

L-  4 x Gz 629 223.8 184.9 204.3 31.77 27.79 29.78 

L-  5 x Gz 629 215.0 183.4 199.2 33.25 27.37 30.31 

L-  6 x Gz 629 222.6 194.9 208.7 31.28 27.30 29.29 

L-  7 x Gz 629 238.0 191.5 214.8 35.53 28.72 32.13 

L-  8 x Gz 629 236.7 210.9 223.8 33.02 28.28 30.65 

L-  9 x Gz 629 217.7 169.3 193.5 29.34 24.31 26.82 

L-10 x Gz 629 220.7 180.0 200.3 27.57 24.48 26.03 

L-11 x Gz 629 211.0 176.6 193.8 25.72 24.54 25.13 

L-12 x Gz 629 188.9 149.1 169.0 28.92 20.69 24.80 

L-13 x Gz 629 204.1 181.6 192.9 26.66 25.81 26.23 

L-14 x Gz 629 220.0 159.7 189.9 31.17 21.93 26.55 

L-15 x Gz 629 212.1 172.8 192.4 31.16 23.51 27.34 

L-16 x Gz 629 240.8 164.5 202.6 27.00 22.38 24.69 

L-17 x Gz 629 218.2 178.3 198.2 33.13 24.26 28.69 

L-18 x Gz 629 219.8 177.6 198.7 28.84 23.89 26.37 

L-19 x Gz 629 205.3 178.4 191.8 28.83 24.95 26.89 

Checks 

SC 10 269.7 177.0 223.4 26.67 24.29 25.48 

SC 129 228.7 177.2 202.9 34.24 24.01 29.12 

LSD 0.05 26.3 26.9 18.8 4.4 4.8 2.9 

LSD 0.01 34.4 35.2 24.6 5.8 4.9 3.8 

 
Concerning plant height, it ranged from 241.5 for cross (L-2 x Gz-629) to 

280.0 cm for cross (L-14 x Sd-34) at Sakha, from 190.0 for crosses (L-13 x 
Sd-34 and L-4 x Gz-629) to 225.0 cm for crosses (L-7 x Sd-34, L-14 x Sd-34 
and L-18 x Sd-34) at Sids, and from 217.0 for cross (L-2 x Gz-629) to 252.5 
cm for cross (L-14 x Sd-34) in the combined data. All studied top-cross 
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hybrids were moderately shorter than both check hybrids, S.C. 10 and S.C. 
129. 

Respecting ear height, the lowest ear placement was recorded for the 
crosses L-9 x Gz-629 (130.0 cm) at Sakha, L-13 x Sd-34 (91.3 cm) at Sids 
and L-4 x Gz-629 (111.4 cm) over locations. In contrast, the highest ear 
placement was noticed for the crosses L-14 x Sd-34 (166.3 cm) at Sakha, L-
18 x Sd-34 (113.8 cm) at Sids, and L-14 x Sd-34 (136.9 cm) over locations. 
All top-cross hybrids had significantly lower ear placement than the check of 
S.C. 129, except that for L-14 x Sd-34 at Sakha (166.3 cm). 

For grain yield per plant (g), the top-cross hybrids L-7 x Sd-34 and L-8 x 
Sd-34 produced the highest grain yield per plant at Sakha (274.2 and 271.9 
g/plant), L-7 x Sd-34 and L-9 x Sd-34 (223.2 and 220.2 g/plant) at Sids, and 
L-7 x Sd-34 (248.8 g/plant) over locations. 

Regarding grain yield (ard/fed), the topcrosses L-11 x Gz-629, L-12 x 
Gz-629, and L-16 x Gz-629 produced the lowest grain yield at the two 
locations and the combined data (25.72, 20.69, and 24.69 ard/fed), 
respectively. In contrary, the topcross L-9 x Sd-34 at Sakha, Sids, and 
combined over locations produced the highest grain yield (39.40, 32.71 and 
36.05 ard/fed), respectively. Superior crosses were (L-4 x Sd-34), (L-7 x Sd-
34), (L-8 x Sd-34), (L-9 x Sd-34) at Sakha, (L-1 x Sd-34), (L-4 x Sd-34), (L-6 x 
Sd-34), (L-7 x Sd-34), and (L-9 x Sd-34) at Sids as well as (L-1 x Sd-34), (L-4 
x Sd-34), (L-7 x Sd-34), (L-8 x Sd-34), and (L-9 x Sd-34) over the two 
locations. 
General (gi) and specific (sij) combining ability effects: 

For general combining ability (GCA) effects (Table 3), the inbred lines L-
10 at Sakha and Sids and L-10 and L-19 in the combined analysis possessed 
negative and significant GCA effects (desirable) toward earliness for days to 
50% silking. However, L-6 at Sakha and Sids and L-3 and L-6 over locations 
had positive GCA effects (undesirable) toward lateness.  

For plant height, Lines L-2, L-3, and L-5 at Sakha, L-4, L-5, and L-13 at 
Sids, and L-2, L-4, L-5, L-9, L-13 and L-19 over locations had negative and 
significant GCA effects toward  
shortness. On the other hand, L-14 and L-17 at Sakha, L-14 and L-18 at Sids, 
and L-14, L-17, and L-18 over locations exhibited positive and significant 
GCA effects toward tallness. 

Respecting ear height, L-2, L-4, L-5 and L-9 at Sakha, L-4, L-5, and L-
13, at Sids, and L-2, L-4, and L-5, over locations had negative and significant 
GCA effects toward low ear placement (desirable). It is worth noting that L-14 
and L-17 at Sakha, L-18 at Sids and L-14, L-17, and L-18 over locations 
exhibited positive and significant GCA effects toward high ear placement 
(undesirable). 

For grain yield per plant, Lines L-4, L-7, L-8, and L-9, at Sakha, and L-4, 
L-6, L-7, L-8, and L-9 at Sids, and L-4, L-7, L-8, and L-9 in the combined 
analysis exhibited positive and significant GCA effects for high grain yield per 
plant. 

Regarding grain yield (ard/fed), the inbred lines L-1, L-4, L-7, L-8, and L-
9 at Sakha, L-4, L-6, L-7, L-8, and L-9 at Sids, L-1, L-4, L-6, L-7, L-8, and L-9 
in the combined analysis exhibited positive and significant GCA effects 
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(desirable) toward high grain yield. It is worth noting that the three inbred 
lines had high or low GCA effects for other studied traits and produced 
significantly high grain yield when crossed with the inbred tester Sd-34 
(Tables 2 and 3). Based on the combined data, the three crosses L-4 x Sd-
34, L-7 x Sd-34, and L-9 x Sd-34 produced the highest grain yield (33.51, 
34.86, and 36.05 ard/fed), respectively. They significantly surpassed the two 
check hybrids used in this study. 

Concerning the tester lines, results in Table 4, revealed that the tester 
line Gz-629 was the good combiner for earliness, plant height, ear height at 
both locations and the combined data. The tester line Sd-34 was the best 
combiner for grain yield at both locations and the combined data. 

Estimates of SCA effects for days to 50% silking (Table 5) indicated that 
the topcross L-6 x Sd-34 was the only cross exhibited negative and 
significant SCA values at Sids and the combined data. This cross flowered 
earlier compared with the check hybrid SC 10 (Table 2). 

Regarding plant height, data in Table 5 showed that the two crosses L-6 
x Sd-34 and L-13 x Sd 34 had negative and significant SCA values toward 
shortness at Sids location and the combined analysis. The other two crosses 
L-6 x Gz 629 and L-13 x Gz-629 at Sids and the combined data and L-9 x Sd-
34 in the combined analysis only had positive and significant SCA value 
toward tallness. The two crosses L-6 x Sd-34 and L-13 x Sd 34 exhibited the 
shortest plants at Sids (208.8 and 190.0 cm), and the combined over both 
locations (232.3 and 220.9 cm), respectively. 

For ear height (Table 5), the cross L-6 x Sd-34 in the combined data and 
L-13 x Sd-34 at Sakha, Sids and the combined data had negative and 
significant SCA values toward low ear placement. On the other hand, the two 
crosses L-9 x Sd-34 and L-6 x Gz-629 in the combined data and L-13 x Gz-
629 at Sakha, Sids and the combined analysis had positive and significant 
SCA effects toward high ear placement. 
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Table 5. Estimates of specific  combining ability for days to 50% silking, 
plant height and ear height at Sakha (SK), Sids (SD) and 
combined (Com), 2009 growing season. 

Crosses 
Days to 50% silking Plant height Ear height 

SK SD Com SK SD Com SK SD Com 

L-  1 x Sd 34 0.69 -0.13 0.28 2.59 4.44 3.52 -5.90 2.20 -1.85 

L-  2 x Sd 34 -0.06 0.50 0.22 0.47 5.07 2.77 1.35 0.33 0.84 

L-  3 x Sd 34 -0.93 0.25 -0.34 1.72 -1.18 0.27 3.85 -0.30 1.78 

L-  4 x Sd 34 0.44 0.13 0.28 3.09 6.32 4.70 4.72 1.58 3.15 

L-  5 x Sd 34 0.07 0.25 0.16 0.09 2.57 1.33 -2.28 -1.55 -1.91 

L-  6 x Sd 34 -0.93 -1.25* -1.09** -8.28 -9.31* -8.80** -6.90 -4.67 -5.79* 

L-  7 x Sd 34 0.19 0.63 0.41 1.84 6.32 4.08 2.47 2.83 2.65 

L-  8 x Sd 34 0.19 0.75 0.47 -1.41 -0.56 -0.98 1.22 -1.55 -0.16 

L-  9 x Sd 34 0.57 0.38 0.47 6.47 6.94 6.70* 6.22 5.33 5.78* 

L-10 x Sd 34 0.44 -0.25 0.10 2.84 -7.43 -2.30 2.10 -3.42 -0.66 

L-11 x Sd 34 -0.56 -0.38 -0.47 -1.66 0.69 -0.48 -5.15 -0.92 -3.04 

L-12 x Sd 34 0.94 -0.13 0.41 -3.03 -3.68 -3.36 -0.90 0.95 0.03 

L-13 x Sd 34 -0.18 -0.88 -0.53 -6.53 -13.06** -9.80** -11.15* -7.17* -9.16** 

L-14 x Sd 34 -0.18 -0.25 -0.22 0.47 -3.68 -1.61 3.47 -2.80 0.34 

L-15 x Sd 34 0.07 -0.38 -0.15 1.72 1.32 1.52 4.10 0.95 2.53 

L-16 x Sd 34 0.07 -0.25 -0.09 -3.28 -1.18 -2.23 -  4.90 0.33 -2.29 

L-17 x Sd 34 -0.06 0.38 0.16 2.22 1.94 2.08 2.35 2.20 2.28 

L-18 x Sd 34 -0.56 0.00 -0.28 3.09 2.57 2.83 5.22 2.83 4.03 

L-19 x Sd 34 -0.18 0.63 0.22 -2.41 1.94 -0.23 0.10 2.83 1.46 

L-  1 x Gz 629 -0.69 0.13 -0.28 -2.59 -4.44 -3.52 5.90 -2.20 1.85 

L-  2 x Gz 629 0.06 -0.50 -0.22 -0.47 -5.07 -2.77 -  1.35 -0.33 -0.84 

L-  3 x Gz 629 0.93 -0.25 0.34 -1.72 1.18 -0.27 -  3.85 0.30 -1.78 

L-  4 x Gz 629 -0.44 -0.13 -0.28 -3.09 -6.32 -4.70 -  4.72 -1.58 -3.15 

L-  5 x Gz 629 -0.07 -0.25 -0.16 -0.09 -2.57 -1.33 2.28 1.55 1.91 

L-  6 x Gz 629 0.93 1.25* 1.09** 8.28 9.31* 8.80** 6.90 4.67 5.79* 

L-  7 x Gz 629 -0.19 -0.63 -0.41 -1.84 -6.32 -4.08 -  2.47 -2.83 -2.65 

L-  8 x Gz 629 -0.19 -0.75 -0.47 1.41 0.56 0.98 -  1.22 1.55 0.16 

L-  9 x Gz 629 -0.57 -0.38 -0.47 -6.47 -6.94 -6.70 -  6.22 -5.33 -5.78* 

L-10 x Gz 629 -0.44 0.25 -0.10 -2.84 7.43 2.30 -  2.10 3.42 0.66 

L-11 x Gz 629 0.56 0.38 0.47 1.66 -0.69 0.48 5.15 0.92 3.04 

L-12 x Gz 629 -0.94 0.13 -0.41 3.03 3.68 3.36 0.90 -0.95 -0.03 

L-13 x Gz 629 0.18 0.88 0.53 6.53 13.06** 9.80** 11.15* 7.17* 9.16** 

L-14 x Gz 629 0.18 0.25 0.22 -0.47 3.68 1.61 -  3.47 2.80 -0.34 

L-15 x Gz 629 -0.07 0.38 0.15 -1.72 -1.32 -1.52 -  4.10 -0.95 -2.53 

L-16 x Gz 629 -0.07 0.25 0.09 3.28 1.18 2.23 4.90 -0.33 2.29 

L-17 x Gz 629 0.06 -0.38 -0.16 -2.22 -1.94 -2.08 -  2.35 -2.20 -2.28 

L-18 x Gz 629 0.56 0.00 0.28 -3.09 -2.57 -2.83 -  5.22 -2.83 -4.03 

L-19 x Gz 629 0.18 -0.63 -0.22 2.41 -1.94 0.23 -  0.10 -2.83 -1.46 

SE. for          

Sij 0.57 0.53 0.39 5.13 4.63 3.45 4.95 3.26 2.97 

Sij - Skl 0.80 0.75 0.55 7.25 6.55 4.89 7.01 4.61 4.20 

*, ** Significant at 0.05 and 0.01 level of probability, respectively.  
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Table 6. Estimates of specific  combining ability for grain yield per plant 
and grain yield per feddan at Sakha (SK), Sids (SD) and 
combined (Com), 2009 growing season. 

Crosses 

Grain yield per plant Grain yield (ard/fed) 

SK SD Com. SK SD Com. 

L-  1 x Sd-34 -3.61 3.87 0.13 -0.15 1.64 0.74 

L-  2 x Sd-34 9.15 4.51 6.83 0.84 1.44 1.14 

L-  3 x Sd-34 1.19 -3.65 -1.23 -1.45 -0.63 -1.04 

L-  4 x Sd-34 9.99 6.81 8.4 2.25 -0.49 0.88 

L-  5 x Sd-34 -9.61 -14.75 -12.18 -2.17 -2.83* -2.50* 

L-  6 x Sd-34 -6.63 -2.42 -4.52 -0.73 0.89 0.08 

L-  7 x Sd-34 11.63 11.76 11.69 -0.25 1 0.38 

L-  8 x Sd-34 11.1 -7.98 1.56 0.78 -0.77 0.01 

L-  9 x Sd-34 16.23 21.28* 18.75** 3.70* 3.55** 3.63** 

L-10 x Sd-34 2.19 1.31 1.75 0.36 0.68 0.52 

L-11 x Sd-34 3.09 6.51 4.8 0.11 -0.55 -0.22 

L-12 x Sd-34 -2.33 1.62 -0.35 -2.35 0.65 -0.85 

L-13 x Sd-34 0.74 -7.04 -3.15 1.91 -2.48 -0.29 

L-14 x Sd-34 -5.25 -1.54 -3.4 -0.22 -0.33 -0.27 

L-15 x Sd-34 -2.45 -1.18 -1.81 -1.6 0.43 -0.58 

L-16 x Sd-34 -12.25 8.33 -1.96 2.17 0.71 1.44 

L-17 x Sd-34 -9.16 -5.87 -7.51 -1.98 0.35 -0.82 

L-18 x Sd-34 -11.04 -1.29 -6.16 -0.35 -0.57 -0.46 

L-19 x Sd-34 -2.96 -20.30* -11.63 -0.87 -2.7 -1.78 

L-  1 x Gz-629 3.61 -3.87 -0.13 0.15 -1.64 -0.74 

L-  2 x Gz-629 -9.15 -4.51 -6.83 -0.84 -1.44 -1.14 

L-  3 x Gz-629 -1.19 3.65 1.23 1.45 0.63 1.04 

L-  4 x Gz-629 -9.99 -6.81 -8.4 -2.25 0.49 -0.88 

L-  5 x Gz-629 9.61 14.75 12.18 2.17 2.83* 2.50* 

L-  6 x Gz-629 6.63 2.42 4.52 0.73 -0.89 -0.08 

L-  7 x Gz-629 -11.63 -11.76 -11.69 0.25 -1 -0.38 

L-  8 x Gz-629 -11.1 7.98 -1.56 -0.78 0.77 -0.01 

L-  9 x Gz-629 -16.23 -21.28* -18.75** -3.70* -3.55** -3.63** 

L-10 x Gz-629 -2.19 -1.31 -1.75 -0.36 -0.68 -0.52 

L-11 x Gz-629 -3.09 -6.51 -4.8 -0.11 0.55 0.22 

L-12 x Gz-629 2.33 -1.62 0.35 2.35 -0.65 0.85 

L-13 x Gz-629 -0.74 7.04 3.15 -1.91 2.48 0.29 

L-14 x Gz-629 5.25 1.54 3.4 0.22 0.33 0.27 

L-15 x Gz-629 2.45 1.18 1.81 1.6 -0.43 0.58 

L-16 x Gz-629 12.25 -8.33 1.96 -2.17 -0.71 -1.44 

L-17 x Gz-629 9.16 5.87 7.51 1.98 -0.35 0.82 

L-18 x Gz-629 11.04 1.29 6.16 0.35 0.57 0.46 

L-19 x Gz-629 2.96 20.30* 11.63 0.87 2.7 1.78 

SE. for       

Sij 9.49 9.73 6.8 1.59 1.37 1.05 

Sij - Skl 13.42 13.76 9.61 2.25 1.94 1.48 

*, ** Significant at 0.05 and 0.01 level of probability, respectively.  

 
Respecting grain yield, data in Table 6 show that the topcross L-9 x Sd-

34 possessed positive and significant SCA effect (desirable) at Sakha, Sids 
and the combined data, (3.70*, 3.55**, and 3.63**), respectively, and L-5 x Gz 
629 at Sids and the combined analysis (2.83* and 2.50*). However, topcross 
L-9 x Gz-629 exhibited negative and significant SCA effect (undesirable) at 
Sakha, Sids, and the combined analysis, (-3.70*, -3.55**, and -3.63**), 
respectively. 
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Topcrosses did not exhibit significant SCA effect for grain yield per plant 
at Sakha, whereas at Sids, L-9 x Sd-34 and L-19 x Gz-629 had significant 
positive SCA effect, and L-19 x Sd-34 and L-9 x Gz-629 had significant 
negative SCA effect at Sids (Table 6). For the combined data, topcrosses L-9 
x Sd-34 and L-9 x Gz-629 exhibited significant negative and positive SCA 
effects, respectively. 

Finally, the combined data revealed that L-9 with Sd-34 was considered 
to be the best combiner in case of grain yield and other agronomic traits. 
Also, topcross involved the same tester (Sd 34), i.e. L-9 x Sd-34 had 
favorable SCA effects and produced also high grain yield. 

Sprague and Tatum (1942) emphasized the importance of single and 
three-way cross trials for determining the most productive specific 
combination. Mahgoub et al.  (1996), Shehata et al.  (1997), El-Zeir (1999), 
El-Sherbeiny et al.  (2006), Abd El-Aal (2007) and Abd El-Moula and Abd El-
Aal (2009), reported that inbred tester method was more effective to select 
lines that combined well with unrelated tester. Moreover, they emphasized 
that inbred testers were more effective in detecting small differences in 
combining ability more than the wide genetic base testers. 
Variance components: 

The estimates of combining ability variances for lines and testers (σ2
gca) 

and for crosses (σ2
sca) for grain yield and other agronomic traits in the two 

locations and the combined data are presented in (Table 7). Results revealed 
that values of σ2

GCA for lines were higher than that of σ2
gca for testers for all 

studied traits, except for days to 50% silking at Sakha, Sids and the 
combined over locations, and plant and ear height at Sids and the combined 
analysis. This indicated that most of the total variance was due to GCA of the 
lines. Higher GCA variance of all studied traits indicated that the largest part 
of the total genetic variability associated with these traits was due to the 
additive gene action. The variance of σ2

gca (lines) x Loc interaction was larger 
than σ2

gca (testers) x Loc for plant and ear height, whereas σ2
gca (testers) x 

Loc for grain yield was higher than that of σ2
gca (lines) x Loc, indicating that 

σ2
gca for both lines and testers were more affected by environmental 

conditions.  
Data in Table 7 indicated that variances due to SCA (σ2

sca) was 
relatively larger for all studied traits except for plant height at Sakha which 
was small and negative (-0.487). Moreover, values of SCA variance 
component (σ2

sca) were higher than that of GCA variance for grain yield per 
plant and per feddan at Sids and the combined data as well as ear height at 
Sakha and the combined analysis indicating that the non-additive gene 
effects were more important. In contrast, variance component due to SCA 
(σ2

sca) was lower than that for GCA for days to 50% silking at Sakha, Sids, 
and the combined data and grain yield at both locations and the combined 
analysis indicating that additive variance played an important role in the 
inheritance of these traits. 
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Table 7. Estimates of general (σ2
gca) and specific (σ2

sca) combining 
ability variance components at Sakha, Sids and combined for 
grain yield and other plant traits. 

Estimates 
Days to 

50% silking 
Plant 

height 
Ear    

height 
Grain    
yield 

Yield/ 
plant 

Sakha 

σ2
gca (lines) 0.23 43.67 11.04 4.11 176.46 

σ2
gca (testers) 1.28 21.87 10.34 3.25 76.40 

σ2
sca 0.20 -0.49 21.54 2.91 51.52 

Sids 

σ2
gca (lines) 0.04 6.14 3.74 2.90 114.12 

σ2
gca (testers) 0.47 58.66 14.67 0.59 24.98 

σ2
sca 0.26 38.44 7.68 3.03 82.13 

Combined 

σ2
gca (lines) 0.13 20.96 5.46 3.57 148.43 

σ2
gca (testers) 0.84 38.34 12.86 1.78 50.12 

σ2
sca 0.19 23.50 16.04 2.33 71.93 

σ2
gca x Loc (lines) 0.04 7.87 3.87 -0.12 -6.27 

σ2
gca x Loc (testers) 0.08 3.85 -0.70 0.28 1.13 

σ2
sca x Loc 0.08 -9.05 -2.86 1.28 -10.21 

 
Furthermore, the magnitude of σ2

sca x Loc interaction was higher than 
that of σ2

gca x Loc interaction for days to 50% silking and grain yield indicating 
that the additive gene action was more affected by the environmental 
conditions than the non-additive component for these traits. This result was in 
agreement with the findings of several investigators who reported that 
specific combining ability to be more sensitive to environmental changes than 
general combining ability (Gado et al., 2000). Also, Sadek et al.  (2000) found 
that the non-additive genetic variation interacted more with the environment 
than the additive component. On the other hand, El-Itrby et al.  (1990), 
Soliman et al.  (2001) and Abd El-Moula and Abd El-Aal (2009) reported that 
the additive type of gene action was more affected by environment than the 
non-additive. 
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                                                   والقدرة على التآلف لمحصول الحبوب وبعض  الصضت ا ارىضر                     تحليل الهجن القمية 
                 في الذرة الش مية

    و    ل                       أيمضضضضضضضن محمضضضضضضضد محمضضضضضضضد عبضضضضضضضد العضضضضضضض   ،                            محمضضضضضضضد المهضضضضضضضدظ محمضضضضضضضد عبضضضضضضضد الع ضضضضضضضي  
        الج لتى      ىليل   ود             علاء الدين محم

                     مركز البحوث الزراعية  –                           معهد بحوث المح صيل الحقلية   –-                       قس  بحوث الذرة الش مية 
 

    تا                        فا  لليياا للاةلت  للثالا                   تا  للاةرا للمااتية                      بيضاا  للببا و  تختخباة      سلالة    9 1          تم إختبار 
                      بتبطاة للببا   للةرلةياة        ةلا    9 2 6       يياةا     43-   ساس                                      إثخي  ت  للسلالات للتيارية للبضا   هتاا 

        لتيارخاة  ل     هيا    ُ       لثُخاي  تا             هياي  متاي تا      48         تام تييايم    9 2  22        في ت سام     .    8   222        في ت سم      سس  ب
             بساخا )تبافةاة                               في كا ت  تبطاة للببا   للةرلةياة    (   129   . ف    ـ. ه   ،    12   . ف    ـ. ه )             بيضا  للبب و 
   ،   ا    بريار   %    02                         لصفات ةاسس ليياام بتا  ة ا ر                        )تبافةة بخ  س يف(  ةل      سس                كفر للميخ( ،  

                   بصاا ا للبباا و ل خبااات  ت   ،                              تبصاا ا للبباا و بااايرسو ل فااسل    ،   ،     للكاا ة         للخبااات       كااا تاا         رتفااا  إ
     ت ضا                                                                        يست لختلافات تعخ ية بي  لل ي  لليتية , للسلالات , للكمافات, لكا للصافات      مس    .      لل لبس
               فياس كاا  تعخ ياا   ت        للكماافا   ×       للسلالات                   ، أتا للتفاةا بي            للتيتيع                           سة في كلا للي تي   للتب يا  ل    للسر

                        بريارا  لرتفاا  للخباات فا     %    02                   ةسس لييام بتا  ة ا ر                                    ليتي  للصفات ت ض  للسرلسة فيتا ةسل 
                               . كاةل   ياست لختلافاات تعخ ياة باي                  بريرا فيط فا  ساس    %    02                           سخا ،   ةسس لييام بت  ة  ر 

    كاا                                             ل  للتخطيتاي  تخت فتاي  فاي للةار ف للبي ياة.                                             للتخاطق ليتي  للصفات للتسر سة تتا يسا ة 
                                             ليتيااا  للصاافات ت ضااا  للسرلساااة تاةااس لرتفاااا  للخباااات         تعخ ياااا           للكمااافات                     للتفاةااا باااي  للتخااااطق 

-L-8 x Sd) ,(L-7 x Sd-34) ,(L-4 x Sd-34)           كاخات لل يا     ،                       تبص ا بب و للخبات. 
34), (L-9 x Sd-34)     1951  ،       1051     بخبا       129  .     هاـ.ف                             لة ا  تعخ ياا ةا  هياي  للتيارخاة       ،  

     أبسا     9   ،   8  ,  1  ,  6  ,  3                 أة رت للسالالات رمام       ، كتا                   للتب يا للتيتيع          ةل  ف     %    2458  ،       1251
               أبس  للتيسيرلت   (L-9 x Sd-34)      يت  لل     ي   ي  لل      أة ر         بص ا كتا  ت                          مسرا ةاتة  ترغ بة  لصفة لل

                    بت اا  لل ياا  للتتف مااة                          ليتاار للااةت يساات يو ل هتتااام       بصاا ا ت       لصاافة لل           ة اا  للتاا لف               ل يااسرا للخاصااة 
                                                                                           تعخ يا  سلالات ا ف  سةم برلتج لستخباط لل ي   ترمية للت لس للخايبة تعخ ياا ل ترلباا للتتيستاة تا  

     ت ضاا                     ةاليااا ليتياا  للصاافات     كااا                                 تباااي  لليااسرا للعاتااة ة اا  للتاا لف                              للتيياايم ، كتااا خاا س ل مااارا باا   
      تب ياا   لل        فا  ساس         للكا ة         للخباات        رتفاا   إ                               للتةهيار فا  ساخا ،  صافة للتةهيار             سة ةاسل صافة  ل    للسر
       لرتفاا       لصافة                                            ل ياسرا للعاا تاة ة ا  للتا لف تا  للتخااطق ةالياا         لتفاةا        للرلي              كا  للتباي     .       تيتيع   لل

                             أكثار تا ثرل بالتخااطق ةا  للفعاا     كاا                                     تتا يسا ة ا  ل  للفعاا للييخاي للتضايف                      للخبات  لرتفا  للك ة 
  .  ات         ل ةه للصف            غير للتضيف

 

                 ق   بتحكي  البحث

               ج معة المنصورة  –             كلية الزراعة                    محمود سليم ن سلط ن  /      أ.د
            ج معة مشتهر  –             كلية الزراعة                        على عبد المقصود الحصر       أ.د / 
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Table 4.  Estimates of general combining ability effects for days to 50% silking, plant height, ear height, grain yield 
per feddan and grain yield per plant at Sakha (SK), Sids (SD) and combined (Com), 2009 growing season. 

Lines/ 
Testers 

Days to 50 % silking Plant height Ear height Grain yield(ard/fed) Grain yield(g/plant) 

SK SD Com SK SD Com SK SD Com SK SD Com SK SD Com 

L-  1 -0.44 0.30 -0.07 5.88 -  0.30 2.79 -2.11 0.76 -  0.68 2.60* 0.42 1.51* 0.80 2.82 1.81 

L-  2 -0.44 -0.08 -0.26 -2.74** -  5.92 -.33** -.86** -3.62 -6 .24** 0.01 0.17 0.09 - 8.62 -  4.94 - 6.78 

L-  3 0.68 0.92* .80** -  .74** 4.08 -2.83 -3.11 2.01 -  0.55 1.39 -0.17 0.61 3.27 -  4.85 - 0.79 

L-  4 -0.44 -0.45 -0.45 -  5.12 -  .17* -.15** -.24** -.87* -  .55** .52** .41** .96** 6.07** 4.11* .09** 

L-  5 -0.82 0.17 -0.32 -  9.87** -  7.17* -8.52** -7.99** -6.74** -  7.37** 0.58 -0.35 0.11 -12.30* -  9.00 -10.65* 

L-  6 1.18** 1.17** 1.18** 2.51 3.45 2.98 0.89 2.63 1.76 0.06 3.30** 1.68* -  1.74 14.83* 6.55 

L-  7 0.81 0.05 0.43 0.13 4.08 2.11 1.01 3.88 2.45 4.78** 4.84** 4.81** 31.96** 25.66** 28.81** 

L-  8 0.31 0.42 0.37 -  4.12 -  1.55 -2.83 -0.99 0.76 -  0.12 3.31** 2.63** 2.97** 30.11** 25.32** 27.71** 

L-  9 -0.07 -0.20 -0.13 -  5.24 -  2.80 -4.02* -6.99* 0.13 -  3.43 2.54* 2.97** 2.76** 16.23** 12.98* 14.61** 

L-10 -0.94* -1.08** -1.01** 2.13 5.33 3.73** -1.11 0.13 -  0.49 -2.56* 0.27 -1.15 5.15 3.73 4.44 

L-11 1.06 -0.70 0.18 1.13 -  1.55 - 0.21 3.14 0.13 1.64 -4.67** -0.90 -2.78** -  3.60 5.48 0.94 

L-12 0.56 0.05 0.30 2.51 -  2.17 0.17 2.39 0.76 1.57 -3.93** -3.55** -3.74** -31.17** -26.90** -29.04** 

L-13 0.43 0.05 0.24 -  3.24 -11.55** - 7.40** 2.14 -6.12** - 1.99 -1.93 -1.56 -1.75* -12.85* -  3.02 -  7.94 

L-14 0.43 0.42 0.43 18.01** 14.08** 16.04** 14.51** 5.76** 10.14** 0.45 -3.28** -1.41 -  2.97 -19.42** -11.19** 

L-15 -0.57 -0.45 -0.51 4.26 2.83 3.54 2.39 -1.74 0.32 -0.93 -0.94 -0.94 -  8.07 -  5.98 -  7.02 

L-16 0.43 0.42 0.43 2.26 1.58 1.92 2.64 -2.37 0.14 -1.32 -1.80 -1.56* 10.83 -  4.82 3.01 

L-17 -0.69 -0.20 -0.45 11.01** 0.95 5.98** 7.64* 0.76 4.20* 0.65 -0.28 0.19 -  8.70 -  5.22 -  6.96 

L-18 -0.94* -0.08 -0.51 5.63 7.83* 6.73** 5.26 6.38** 5.82** -2.01 -1.56 -1.78* -  8.98 -  1.32 -  5.15 

L-19 -0.57 -0.70 -0.63* -  5.37 -  4.05 -  4.71* -2.61 1.38 -0.62 -2.54* -2.63** -2.59** -15.40** -19.48** -17.44** 

Tester 

Sd 34 0.81** 0.50** 0.65** 3.41** 5.56** 4.48** 2.53* 2.79* 2.66** 1.33** 0.65* 0.99** 6.48** 4.14* 5.31** 

Gz-629 -0.81** -0.50** -0.65** -3.41** -5.56** -4.48** -2.53* -2.79* -2.66** -1.33** -0.65* -0.99** -6.48** -4.14* -5.31** 

SE for 

Lines 0.40 0.38 0.27 3.63 3.27 2.24 3.63 2.31 2.10 1.12 0.97 0.74 6.71 6.88 4.81 

Testers 0.13 0.12 0.09 1.18 1.06 0.79 1.18 0.75 0.68 0.36 0.31 0.24 2.18 2.23 1.56 

*, ** Significant at 0.05 and 0.01 level of probability, respectively.  

 


