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ABSTRACT

GGE biplot analysis is an effective method which is based on the principal
component analysis (PCA) in order to fully evaluate multi environmental yield trials
(METs). Additive main effects and multiplicative interaction (AMMI) is an alternative
method for assessing phenotypic stability and adaptability. In this research, data of 16
maize inbred lines were used to perform AMMI and GGE biplot analysis. These inbred
lines were evaluated under four sowing dates during two successive summer seasons
of 2012 and 2013. Inbred line by sowing dates table was used for performing the
analysis. Based on both mean grain yield and yield stability, inbred lines Giza 603,
Sids 34, Giza 629 and Giza 628 proved to be superior and also had greater mean
performance among the test inbred lines. Graphic analysis was used to identify the
most suitable inbred lines for each tested sowing date. Inbred lines Sids 34, Giza 629,
Gemmeiza 1021, Sids 7, Giza 612, Giza 628, Giza 603, Gemmeiza 1004 and Giza
602 were identified as suitable in all sowing dates. The AMMI analysis identified the
best sowing date as second sowing date D2 which had the highest PCA1 and the best
1PCA2 values. The GGE biplot graphics revealed four sowing dates were clustered
into two groups in all cases Group one included sowing date 1 and 2 Group two
included sowing date 3 and 4, inbred line Giza 603the best performer in all inbred
lines, followed by Sids 34, Giza 629 and Giza 628.

Inbred lines Giza 603, Sids 34, Giza 628, had the highest yield stability into the best
sowing dates. Thus sowing date 1 and 4 are the most discriminative sowing dates. .
This inbred lines intervention in the production of many commercial hybrids.
Keywords: maize, GGE biplot, AMMI, PCA, G x E interaction, sowing dates.

INTRODUCTION

Maize (Zea mays L.), one of the major field crops in Egypt.
Phenotype is a combination of genotype (G), environment (E) and genotype
x environment interaction (G x E). G x E usually complicates the process of
selecting superior genotypes.

Consequently, multi-environment trials (METs) are widely used by
plant breeders for evaluating the relative performance of genotypes over the
target environments (Delacy et al., 1996). Additive main effects and
multiplicative interaction (AMMI,Gauch, 1992) method is commonly used to
analyze MET data and have also been applied in GXE interaction studies in
maize and other crops (Bertoia et al., 2006; Lee et al., 2003; Ades and
Garnier-Géré, 1997; Wu and Matheson, 2005; Butrén et al., 2004).

The GGE biplot analysis of these data showed that ideal test
environments could discriminate superior performing maize from poor ones,
and identified four-environments in the target areas. GGE biplot analysis was
recently developed to simultaneously use some of the functions of these
methods. In phenotypic variation, E explains most of the variation, and G and
G x E are usually small (Yan, 2002). However, only G and G x E interaction
are relevant to cultivar evaluation, particularly when G x E interaction is
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determined as repeatable (Hammer and Cooper, 1996). Hence, Yan et al.
(2000) deliberately put the two together and referred to the combination as
GGE. following the proposal of Gabriel (1971), the biplot technique was also
used to display the GGE of MET data, and is referred to as a GGE biplot
(Yan, 2001; Yan et al., 2000).The GGE biplot is in fact a data visualization
tool that graphically displays G x E interaction in a two way table (Yan et al.,
2000). The GGE biplot is an effective tool for the following applications1.
Genotype evaluation (mean performance and stability), and 2. Environmental
evaluation (to discriminate among genotypes in target environments). GGE
biplot analysis is increasingly being used in G x E interaction studies in plant
breeding research (Butron et al., 2004; Dehghani et al., 2006; Kaya et al.,
2006; Samonte et al., 2005; Yan and Tinker, 2005). AMMI is a multivariate
technique for assessing\the phenotypic stability and adaptability of genotypes
(Pacheco and Vencovsky, 2005). This method partitions the overall variation
into G, E and G x E. The data structure that AMMI and GGE biplot analyses
require is a two-way data matrix, such as number of genotypes tested in a
number of environments. The experiment may or may not be replicated.
These analyses combine two statistical procedures: analysis of variance
(ANOVA) and principal component analysis (PCA) (Gauch, 2006). The
purpose of this research was to apply GGE biplot and AMMI techniques to
study the patterns of GXE interaction in maize; to graphically display means,
adaptability and stability of maize inbred lines and to identify suitable inbred
lines for each sowing date.

MATERIALS AND METHODS

Sixteen maize inbred lines Table 1 were evaluated in four sowing date
during two seasons of 2012 and 2013 using a randomized complete block
design (RCBD) with four replications at Sakha Research Station, Kafr, El-
Sheikh Governorate. The four sowing date were1® May (D1), 15" May (D2),
1% Jun (D3), and 15" Jun (D4). The same 16 inbred lines were used in each
sowing date. All agronomic practices were carried out as recommended.
Each plot consisted of two rows, 80 cm in width, 6 m in length and 20 cm
between hills, all plants are harvested for grain yield and adjusted to 15.5%
moisture, and Bartlet's test of homogeneity of variances and least significant
difference test at 5% level of probability was used to compare means. The
ANOVA and Graphic analysis (GGE biplot) was performed using GGE biplot
software (Yan, 2001). AMMI and GGE biplot methods were used to study the
G, E and G x E effects on grain yield. These methods have been described in
detail by Gabriel (1971), Yan et al. (2001), Yan (2002), Yan and Hunt (2002),
Yan and Kang (2003) and Gauch (1992 and 2006).

Table 1: The codes and names of maize inbred lines

Inbred lines codes Inbred lines names Inbred lines codes Inbred lines names
Gm 2 Gemmeiza 2 Gz 602 Giza 602

Gm 4 Gemmeiza 4 Gz 603 Giza 603

Sd 7 Sids7 Gz 612 Giza 612

Gm 18 Gemmeiza 18 Gz 628 Giza 628

Gm 21 Gemmeiza 21 GZ 629 Giza 629

Gm 27 Gemmeiza 27 Gm 1002 Gemmeiza 1002
Sd 34 Sids 34 Gm 1004 Gemmeiza 1004
Sd 63 Sids 63 Gm 1021 Gemmeiza 1021
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RESULTS AND DISCUSSION

Regarding to interaction effects data in Table 2 showed that interaction
between sowing dates and maize inbred had highly significant effects on all
studied traits in both seasons. Gz 603, Sd 34 and Gz 629 inbred had highest
grain yield in both seasons under the 2" sowing date. Whereas, these inbred
recorded 26.09, 21.01, and 20.09 ardab/fed, respectively in the 1% season
and 28.59, 23.51 and 20.79 ardab/fed, respectively in the 2" season under
the second sowing date for yield.

Table 2:Comparative yield performance of maize (Zea mays L.)
inbred lines at different sowing dates during 2012 and 2013

seasons.
Inbred sowing dates 2012
lines No of days to 50% No of days to 50% Plant
tasseling silking height

1= 150 IR 157 1= 157 15 150 IR 157 IR 157
MAY | MAY | JUN | JUN | MAY | MAY | JUN | JUN | MAY | MAY | JUN | JUN
GM 2 80.25 | 74.00 | 72.50 | 69.25 | 79.00 | 73.50 | 73.00 | 69.25 | 199.75 | 133.75 | 111.50 | 96.00
GM 4 72.25 | 66.00 | 68.00 [ 67.25 | 73.25 | 67.00 | 69.00 | 68.00 | 214.75 | 214.25 | 164.750 | 141.00
Sd 7 72.2569.00 | 70.50 [ 70.25 | 72.00 | 70.75 | 71.50 | 70.50 | 257.75 | 255.00 | 178.25 | 191.50
GM 18 |76.00|70.50 | 72.00 | 69.50 [ 77.25 | 71.75 | 73.75 | 70.25 | 185.75 | 185.00 | 132.75 | 124.25
GM 21 |74.00 | 66.00 | 66.75 | 68.25 | 74.25 | 67.50 | 68.25 | 69.25 | 201.00 | 206.00 | 163.50 | 155.00
GM 27 |76.00|69.50 | 74.50 | 72.25 | 77.25 | 71.00 | 76.50 | 72.75 | 216.50 | 217.75 | 172.50 | 170.00
Sd 34 71.50 | 65.75 | 68.25 [ 67.00 | 72.25 | 67.00 | 69.25 | 67.75 | 231.50 | 236.50 | 188.50 | 192.75
Sd 63 76.25|69.75 | 72.50 [ 71.00 | 75.50 | 71.75 | 74.25 | 71.50 | 205.25 | 193.75 | 177.00 | 139.00
Gz 602 |72.75|68.00 | 69.25]69.25 | 73.25 | 69.00 | 69.50 | 69.75 | 253.00 | 279.00 | 195.00 | 210.00
Gz 603 |72.25|66.50 | 70.50 | 69.00 | 72.50 | 66.75 | 71.50 | 69.25 | 261.25 | 255.75 | 190.25 | 222.75
Gz 612 |71.50 | 67.75 | 70.00 | 65.00 | 71.75 | 66.25 | 71.25 | 66.25 | 264.00 | 270.75 | 210.75 | 224.00
Gz 628 |72.50 | 66.50 | 68.25 | 68.25 | 72.25 | 66.50 | 69.50 | 68.00 | 211.25 | 204.75 | 152.25 | 153.25
Gz 629 |70.50 | 65.00 | 66.00 | 65.25 | 70.75 | 65.50 | 67.75 | 67.50 | 199.75 | 209.25 | 152.75 | 134.00
Gm 1002 | 69.25 | 63.00 | 64.25 | 65.25 | 69.25 | 63.75 | 66.75 | 66.25 | 209.00 | 216.50 | 163.25 | 164.25
Gm 1004 | 72.25 | 67.25 | 69.00 | 69.00 | 72.00 | 68.5 | 69.25 | 69.25 | 208.25 | 201.25 | 163.25 | 150.25
Gm 1021 | 71.75 | 65.25 | 65.75 | 64.00 | 71.25 | 65.25 | 65.50 | 64.00 | 238.25 | 228.50 | 167.50 | 164.75

L.S.D 3.02 3.1 22.58

Continue

Inbred Ear height Ear Yield
St

Tt 15m 1 15[h 15t 15tn 1t 15tn 15t 15m 1t 15m

MAY | MAY | JUN | JUN |MAY |[MAY | JUN | JUN | MAY | MAY | JUN | JUN
GM 2 105.25| 99.75 | 67.25 | 61.00 | 8.00 | 7.00 | 2.75 | 8.75 | 1.98 | 2.16 |[0.835| 1.17
GM 4 111.75]114.75| 92.75 | 65.75 | 34.50 | 37.25 [ 34.75 | 28.00 | 8.66 | 10.46 | 8.27 | 6.01
Sd7 147.00139.50 | 108.00 | 96.50 | 59.25 | 54.25 | 36.50 | 29.00 | 17.46 | 15.98 | 10.4 | 7.88
GM 18 115.25]116.75| 85.75 | 73.50 | 42.75 | 51.75 [ 24.25 | 30.25 | 6.88 | 10.56 | 3.96 | 5.72
GM 21 107.75]111.75] 99.00 | 80.75 | 35.75 | 47.75 [43.25 [38.25| 744 | 11.71 | 7.62 | 6.68
GM 27 129.25|125.50 | 105.75 | 104.25 | 55.00 | 47.25 [ 47.50 [ 39.00 | 8.26 | 13.22 | 7.62 | 5.33
Sd 34 132.75]132.00 |104.25| 94.75 | 49.50 | 55.5 [50.75 |44.25 | 18.93 | 21.01 | 16.80 | 12.91
Sd 63 122.00|124.75]100.50 | 98.00 | 41.75 | 48.25 [ 38.25 | 26.50 | 11.47 | 13.12 | 9.49 | 3.86
Gz 602 140.00 | 149.25|103.75| 98.25 | 52.75 | 51.00 [ 51.50 | 48.50 | 9.61 | 14.2 |12.51 | 15.11
Gz 603 147.50]143.75)116.25| 117.50 | 63.25 | 79.25 [ 47.00 | 49.25 | 18.16 | 26.09 | 13.81 | 13.77
Gz 612 141.00 | 140.00 | 109.50 | 105.75 | 60.25 | 59.00 | 49.50 | 43.25 | 13.68 | 15.75 | 11.96 | 10.6
Gz 628 124.75]118.75| 95.75 | 91.50 | 46.25 | 63.25 [ 48.50 | 40.75 | 10.98 | 19.73 [ 12.34 | 8.44
Gz 629 114.75]112.25| 92.75 | 71.75 | 46.00 | 54.00 | 50.25 | 33.00 | 17.55 | 20.09 [ 12.45| 7.84
Gm 1002 |114.00|114.75| 98.75 | 81.00 | 34.50 | 29.75 [34.25 |37.75| 6.11 | 7.21 | 5.75 | 6.88
Gm 1004 |122.75]112.75| 98.50 | 79.75 | 48.00 | 48.5 [39.75|28.75|15.29 | 16.21 [12.17 | 8.24
Gm 1021 |131.25]119.25| 96.00 | 84.25 | 43.50 | 44.5 [43.25|38.25| 13.98 | 13.69 | 10.07 | 6.68
L.S.D 16.46 11.94 3.18
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Continue

Inbred

sowing dates 2013

No of days to 50%
tasseling

No of days to 50%
silking

1St
MAY

150
MAY

1St
JUN

15m
JUN

1St
MAY

150
MAY

1T T 150
JUN | JUN

1St
MAY

150
JUN

GM 2

75.250

78.750

68.000

64.750

75.500

79.500

67.750 |65.750 |152.750

166.500

136.250

GM 4

71.500

70.500

61.250

61.250

71.750

72.250

61.750 |63.750 |197.250

191.500

192.500

Sd7

68.500

72.750

63.250

64.000

71.750

73.000

62.750 |64.750 |233.25

240.500

217.000

GM 18

73.500

75.750

67.000

65.750

74.250

78.750

67.500 |65.500 |184.250

193.750

159.750

GM 21

71.000

70.500

61.500

63.50

71.500

73.750

63.250 [64.250|188.250

189.750

181.250

GM 27

73.25

75.250

67.000

66.500

73.750

78.000

67.250 |67.000 |235.500

221.750

209.250

Sd 34

71.000

72.000

62.750

62.750

71.75

73.000

62.750 [64.500 |232.250

238.750

221.750

Sd 63

73.00

76.50

67.500

63.750

73.500

77.000

66.00 [65.250|188.250

205.00

168.000

Gz 602

73.250

74.750

65.000

65.250

73.750

74.750

65.500 |65.500 |239.500

258.250

247.750

Gz 603

70.500

72.500

63.250

64.000

70.500

72.500

63.500 [65.250|259.000

258.75

213.250

Gz 612

70.250

71.750

62.500

63.500

70.500

72.250

62.500 |65.750 |259.250

251.750

226.000

Gz 628

71.250

72.50

63.500

63.000

71.750

73.000

62.500 |63.000|190.000

212.00

181.250

Gz 629

70.500

71.000

60.750

59.50

71.000

71.250

60.750 [60.250|200.750

208.250

211.250

176.750

Gm
1002

68.500

68.750

59.750

59.500

68.500

69.000

59.750160.250 |238.000

187.500

225.000

209.000

Gm
1004

71.750

72.250

62.750

61.250

73.000

74.500

62.000(61.500{213.750

219.500

195.000

183.750

Gm
1021

70.250

70.500

60.750

60.000

71.000

70.750

60.250 |60.250 {214.000

228.250

226.000

197.500

L.S.D

2.16

1.8

26.57

Continue

Inbred

Ear heigh

t
T

Ear

Yield

151
MAY

150 IR
MAY | JU

15M
N | JUN

MAY

15!

50 [ 1=
MAY | JUN

15th

1S!
JUN | MAY

150 [ 1
MAY

JUN

GM 2

105.25

99.75

67.25

61.00

97.750

93.25|113.5

85.0 |13.43

5.58

4.28

GM 4

111.75

114.75

92.75

65.75

105.25

94.25|97.50

100.5|10.89

7.22

12.9

Sd7

147.00

139.50/108.00| 96.50

131.25

115.5|122.8

111.8]19.34

12.72

17.66| 9.15

GM 18

115.25

116.75

85.75

73.50

111.0

101.5/107.0

101.0]| 8.41

7.97

8.51

GM 21

107.75

111.75

99.00

80.75

104.25

91.75]127.5

103.8| 8.95

8.99

11.35| 5.74

GM 27

129.25

125.50|105.75|104.25

136.0

116.8]120.8

116.8|11.23

9.49

11.44| 3.68

Sd 34

132.75

132.00|104.25| 94.75

134.50

121.3|136.5

132.3|24.23

23.51

21.73|12.64

Sd 63

122.00

124.75|100.50]| 98.00

107.5

110.3|117.3

105.5|14.89

13.88

11.09| 5.04

Gz 602

140.00

149.25]103.75] 98.25

133.50

124.0/143.3

134.3]|16.21

10.16

17.68|10.06

Gz 603

147.50

143.75]116.25|117.50

150.5

144.3|147.5

129.5]|17.41

28.59

23.69(14.32

Gz 612

141.00

140.00]109.50|105.75

134.75

128.5/129.8

107.3]|21.84

11.48

15.92| 5.03

Gz 628

124.75

118.75

95.75

91.50

116.25

117.0|113.3

111.3]19.27

16.58

15.71| 115

Gz 629

114.75

112.25

92.75

71.75

108.25

111.3|123.8

98.75|18.26

20.79

16.59|12.03

Gm
1002

114.00

114.75

98.75

81.00

139.25

88.75]125.3

116.3| 7.44

9.68

10.49| 5.02

Gm
1004

122.75

112.75

98.50

79.75

112.50

101.5|116.3

101.3]|15.56

9.98

15.44|10.95

Gm
1021

131.25

119.25

96.00

84.25

112.25

115.3|131.0

112.3]|23.09

17.23

16.82| 6.92

L.S.D

20.83

10.59

3.15

The ANOVA for grain yield using the AMMI method is presented in Tables
3, 4 and 5 for 2012 and 2013 seasons and the average of the two seasons,
respectively. There were significant differences among the inbred lines (G),
sowing dates (D) and G x D interaction. Significant G xD interaction explain 1
1.45%, 12.69% and 9.01% of the total sum of squares for 2012 and 2013 and

the two-year average, respectively.

1526




J. Plant Production, Mansoura Univ., Vol. 5 (9), September, 2014

Table 3: Analysis of variance for grain yield of 16 maize inbred lines in
four sowing dates during the 2012 cropping season

S.0.V Df SS MS P>F % of Total
Inbred lines (G) 15 4320 288.0 < 0.00000 54.41
Planting dates (D) 3 1485 494.97 < 0.00000 18.71
DXG 45 909 20.2 < 0.00000 11.45
IPC1 17 589 34.6 < 0.00000 7.42
IPC2 15 242 16.1° < 0.00002 3.05
Residual 13 78 6.0

Error 180 813 4.5 10.24
Total 255 7939 31.1

Table 4: Analysis of variance for grain yield of 16 maize inbred lines in

four sowing dates during the 2013 cropping season

S.0.V Df SS MS P>F % of Total
Inbred lines (G) 15 4702 3135 < 0.00000 50.05
Planting dates (D) 3 2532 844.07 < 0.00000 26.95
DXG 45 1192 26.5 < 0.00000 12.69
IPC1 17 621 36.5 < 0.00000 6.61
IPC2 15 315 21.0° < 0.00000 3.35
Residual 13 257 19.8

Error 180 913 5.1 9.72
Total 255 9395 36.8

Table 5: Analysis of variance for grain yield of 16 maize inbred lines in

four planting dates during the 2012 and 2013 cropping
seasons
S.0.V Df SS MS P>F % of Total
Inbred lines (G) 15 4344 289.6 < 0.00000 59.13
Planting dates (D) 3 1800 599.8 < 0.00000 24.49
DXG 45 662 14.77 < 0.00000 9.01
IPC1 17 423 24.97 < 0.00000 5.76
IPC2 15 157 10.5 < 0.00000 2.14
Residual 13 82 6.3
Error 180 427 2.4 5.81
Total 255 7347 28.8

The AMMI analysis also identified the best planting date as D2 which
had the highest PCA1 and the best 1PCA2 values of 1.84 and 1.59,
respectively (Table 6). However, high PCAs show unstable yields which could
be used in the selection site for genotypes to be grown in specific
environments (Akcura et al.,, 2011). Thus, this study identified the sowing
dates which optimized genotype selection on the basis of their discriminating
ability and representativeness. From the AMMI analysis, inbred lines (G10)
Giza 603 and (G7) Sids34 performed well in two of these sowing dates (Table
6).
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Table 6: Sowing dates ranked on IPCA scores including the first four
recommended inbred lines for each sowing dates based
on AMMI the estimates

§°W'”g Dm |IPCAe[1]|IPCAe[2]| 1 2 3 4

ates

D1 12.02 | 1.00166 |-1.84476 |Giza603| Sids34 |Giza629| _ Gizab28
D2 15.48 | 1.83742 | 1.59545 | Sids34 |Giza603|Giza629|Gemmeizal021
D3 12.16 |-0.45164 0.25233 | Sids34 |Giza603|Giza629| _ Giza628
D4 8.00 |-2.38744]-0.50165|Giza603| Sids34 |Giza602] _ Giza628

The first two PCs explained 94.80%, 91.18% and 96.31% of the total
GGE variation in data for 2012 and 2013 sesons and the two-year average,
respectively. The graphical method was employed to investigate sowing
dates variation and interpret the G x D interaction Fig. 1.The ranking of 16
inbred lines based on their mean grain yield and yield stability for 2012 and
2013 seasons and the two-year average, respectively, is shown in Fig. 1. It
has been reported that when PC1 in a GGE biplot approximates the lines
(mean performance), PC2 must approximate the G x D associated with each
genotype, which is a measure of instability (Yan et al., 2000; Yan, 2002). The
line passing through the biplot origin and the sowing dates average is
indicated by circles and is known as the average sowing dates coordinate
(ADC) axis, which is defined by the average PC1 and PC2 scores for all
sowing dates. Projection of genotype markers on to this axis should,
therefore, approximate the mean yield of the genotypes. Thus, inbred lines
Sids 34, Giza 629, Gemmeiza 1021, Sids7, Giza 612, Giza628, Gz603,
Gemmeiza 1004 and Giza602 had higher grain yield, followed by genotypes
Gemmeiza 2, Gemmeiza 18, Gemmeiza 27, Sids 63, Gemmeiza 2,
Gemmeiza 4 and Gemmeiza 1002 for all data set. The line which passes
through the origin but is perpendicular to the ADC with double arrows
represents the status of the genotypes’ stability. A position in either direction
away from the biplot origin, on this axis, indicates greater G x D interaction
and reduced stability (Yan, 2002).Therefore, inbred lines Gemmeiza 1021,
Sids63 and Giza602 showed a more variable and less stable performance
than the other genotypes. Genotypes Giza603, Sids 34, Giza 628, Gemmeiza
2, Gemmeiza 4, Gemmeiza 1002 and Gemmeiza 18 in the two-year average
were more stable than the others Fig. 1.

Fig. 2 provides a summary of the interrelationships among sowing
dates. The lines connecting the biplot origin and the markers for the sowing
dates are called sowing dates vectors. The angle between the vectors of two
sowing dates is related to the correlation coefficient between them. Based on
the angles of the sowing dates vectors, the four sowing date were clustered
into two groups in all cases. Group one included first sowing date (D1) and
second sowing date (D2) Group two included third sowing date (D3) and
fourth sowing date (D4).
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Scatter plot (Total - 96.31%)

=
) - i =63 t%‘_‘ 21620
5
o R 1 T R SaRERe T
~ -+
< <2

PC1 -91.18%

< Genotype scores
-+ Environment scores

Figure 1: The Average Tester Coordination View (Genotype focus
scaling)

Scatter plot (Total - 96.31%)

PC2-5.13%

PC1 -91.18%

> Genotype scores
-+ Environment scores
Vectors

Figure 2: Discriminating power and representativeness of test
environments

1529



Hoda E.A. Ibrahim and M.M.M Hassan

For example, the fact that the smallest angle is between first, second
sowing date and third, fourth sowing date implies that there was the highest
correlation between them. The large angle between D1 and D4indicates the
poor correlation between these locations Fig. 2. Another interesting
observation from the vector point of view of the biplot is that the length of the
environment vectors approximates the standard deviation within each
environment, which is a measure of its discriminating ability (Yan and Kang,
2003). Thus sowing datel and 4 are the most discriminative sowing dates
Fig. 2. Another important feature of a test sowing date is how much it
represents the target sowing date. To measure representativeness using a
biplot, an average sowing date has to be defined and used as a reference.
Inbred lines Sids34, Giza 629, Gemmeiza 1021, Sids 7, Giza 612, Giza 628,
Giza 603, Gemmeiza 1004 and Giza 602 had higher grain yield than the
grand mean in sowing datel. Sowing dates could also be ranked according to
one inbred line. Inbred line Giza 603 had the maximum grain yield and high
yield stability Fig 1.

Sowing dates are ranked along this axis in the direction of the dot
representing inbred line Giza 603 in Fig. 2. For example, the relative
performance of line Giza 603 in different sowing dates in Fig. 2 ranks as
follows: D2>D3>D1>D4. The line perpendicular to the inbred line Giza603
axis separates sowing dates in which inbred line Giza 603is below and above
the mean. However, inbred line Giza603 is above the mean in all four sowing
dates. It could be summarized that the 16 maize inbred lines showed very
high variation for grain yield.- The four sowing date were clustered into two
groups in all cases.- Inbred line Giza 603 the best performer in all inbred
lines, followed by Sids 34, Giza 629 and Giza 628 - Inbred lines Giza 603,
Sids 34, Giza 628 ,had the highest yield stability into the best sowing dates.
Thus sowing date 1 and 4 are the most discriminative sowing dates. This
inbred lines intervention in the production of many commercial hybrids.
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