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ABSTRACT

Twelve promising white lupin (Lupinus albus L.) genotypes were evaluated
at five locations (Sers El-lian, Mallawi, Shandaweel, New Valley and East Owinat
Research Stations) during three seasons (2004/05-2006/07) to investigate genotype x
environment interaction and stability performance for seed yield and maturity of these
genotypes. The combined analysis of variance for yield and maturity showed that, all
sources of variance were highly significant, indicating the importance of genotype,
environment and their interaction as factors affecting the white lupin yield and
maturity. The AMMI model was applied to analyze the G X E interaction and
estimate genotype stability. It was concluded that the selected line Improved Dijon 2
showed wide stability and gave the highest seed yield performance with earliness in
maturity across wide range of environments. Meanwhile, Mutant 33 was the most
stable genotype in maturity, but it was moderate in earliness and yielding ability.
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INTRODUCTION

In- Egypt, white -lupin (Lupinus albus L.) has been cultivated as a grain
legume for more than 3000 years. It has considerable value for human and animal
nutrition, as well as for medical and industrial purposes. Because of its efficient
nitrogen fixation system, lupin is an environment friendly crop which can improve
traditional cereal rotations and protein supply in low input farming systems (Hamblin
et al., 1993 and Julier er al, 1994). Nowadays, white lupin makes a minor
contribution to Egyptian grain legume production as its exploitation has been
restricted due to several factors including late maturity and low yield of commercial
varieties. Therefore, increasing white lupin production could be achieved by
developing early maturity and high yielding varieties with wide adaptation to dry
climatic conditions for increasing the cultivated area through newly reclaimed lands.

The importance of genotype x environment interaction reflects the necessity
of evaluating genotypes in more than a single environment to select the stable ones.
Stability in performance is one of the most desirable properties of genotype to be
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released as a variety for wide cultivation. Maximizing productivity and stability

For the past 40 year of concept of genotype environment interactions and its
stability statistic are being amalyzed in different ways varied between the simple
method, which use the fluctuations of the variety means from one environment to
another as an indicator for the relative stability, and the recent advanced methods.
Finlay and Wilkinson, 1963 proposed the average yield of all genotypes grown at a
particular site in a particular season as a measure of that environment. They used the
regression coefficient of the variety means on its environments as an indicator for its
phenotypic stability and adaptation. Recently, the Additive Main effects and
Multiplicative Interaction (AMMI) model proposed as hybrid analysis that
incorporates both the additive and mwltiplicative components of the two-way data
structure (Shafii et al. 1992; Shafii and Price 1998). In this model, main effects are
first accounted for by analysis of variance, where after the interaction is anatyzed by a
principal component analysis (Gauch 1988, Gauch and Zobel 1988).

The present study aimed at determining the variability in maturity and yield
of some lupin genotypes as well as the nature of genotype x environment interactions
and stability of these genotypes.

MATERIALS AND METHODS

. This investigation was undertaken to study the performance of twelve white
lupin genotypes, including two comunercial cultivars (Giza 1 and Giza 2), a selected
line from the introduced variety obtained from France (Improved Dijon 2), six
induced mutant lines (Mutant 7, 22/2, 23, 33, 35/3, and 37/3). These genotypes were
selected according to a previous study done by El-Sayad and El-Barougy 2002,
besides three landraces (Belbies 9, Family 9 and Sohag 2) which have been assessed
by El-Sayad et al., 2002. The origin and pedigree of the genotypes are presented in
Table (1).

- These genotypes were grown in five locations: three in old land, viz. Sers El-
lian (Middle Delta), Mallawi (Middle Egypt) and Shandaweel and two locations in
new reclaimed land viz. New Valley (Upper Egypt) and East Owinat' (South the
valley), Research Stations, ARC, during the three winter growing seasons 2004/05,
2005/06 and 2006/07. Every location in each season is considered as environment so
this study consisted of 15 environments.

The experimental design was a randomized complete block design with four
replications at each location. The plot consists of 5 ridges, 3m long and 60cm between
ridges. Planting took place on one side of the ridge with double seeded/hill, 20 cm
apart. Agricultural practices were applied as recommended in lupin fields. Data on
number of days from sowing to when 50% of plants matured were recorded in each
plot at three locations and seed yield in ard/fed. was estimated on plot basis (9 m?) at
the five locations. v ‘
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Statistical methods:

A regular analysis of variance was applied on individual environment as
mentioned by Snedecor and Cochran (1967). Then combined analysis of variance
was performed on the twelve genotypes in the three seasons and the five locations
or only three locations (Mallawi, Shandaweel and New Valley) for seed yield
ard./fed. and number of days from sowing to 50% maturity, respectively,.

The G x E interaction was partitioned according to the AMMI model, as
proposed by Zobel et al. (1988). Both postdictive and predictitive assessments
were tised to analyze the G X E interaction (Gauch and Zobel, 1988). In the
postdictive assessment, those interaction principal component analysis (IPCA)
axis which were not significant were pooled into the residual term. In the
predictive assessment, two random replications for each GE combination were
used for construction of the model and the other two replications were reserved as
validation observations. When one IPCA axis accounts for most G X E, a related
graphical aid in interpreting the G X E interaction effects is the biplot as
suggested by Zobel et al. (1988). Genotypes and environments are plotted on the
same diagram, facilitating inference about specific interactions of individual
genotypes and environments by using the sign and magnitude of IPCA1 values.
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RESULTS AND DISCUSSION

1- Maturity

The combined analysis of variance for days to maturity at nine environments
(3 seasons x 3 locations) in Table (2a) showed that all sources of variance were highly
significant, revealing the importance of genotype, environment (season and location)
and their interactions as factors affecting white lupin maturity. The variance due to
environmental effect (location and season) was greater than that of either genotype or -
all interactions. The large magnitude of mean square value of the season indicated
that, there were wide differences between the three seasons. Moreover, the genotype x
season interaction variance was greater than the other interactions, such result changes
the relative ranking of the genotypes in maturity from season to another at the same
location. For example, Belbies 9 was the third earliest matured genotype in 2004/05
(157.75 days), but it was the second latest one in maturity (176.25 days) in 2006/07 at -
Mallawi (Table 3). The results showed that, the seasons have an important effect on
maturity of the studied genotypes. However, in the first season these genotypes were
matured earlier than the other two seasons at each location. The average days to .
maturity at the three locations were 168.19, 149.34 and 159.19 days, respectively. The
shorter growing seasons were in Shandweel and New Valley reflect the high air
temperature which caused fast growth and early maturity of white lupin genotypes.

Data in Table (3) showed that the tested genotypes varied significantly in
days to maturity from location to another, reflecting the effect of environment x
genotype interactions. For instance, Mutant 35/3 was the earliest in maturity
(156.25 days) at Mallawi 2004/05, but it ranked the second latest one in maturity
(156.25 days) at Shandaweel 2006/07. It is noteworthy that, the improved
genotype Dijon 2 was clearly the earliest genotype in maturity at Shandaweel
during the three seasons, but it exhibited different ranking in maturity at the other
two locations. Changes in genotype ranking make it difficult for plant breeders to
decide which genotype could be selected as a wide adapted to all environments
and hence stability analysis would be solve such a problem. The obtained results
are agreed with Julier er al.,, (1993) who found significant effects of season,
location, genotype and their interactions on date of maturity in white lupin.

Table (2a): Combined analysns of variance for maturity and seed yield of the
twelve wlnte lupin ge

“Source of Days to maturity Seed yield
variance df MS df MS
2 12805.74** 2 84.91**
4
8

2 1138.85%+ 113.25%*
57.93*%*
11 124.78** - 9.73%*
22 181.35%* 3.77%*
22 8.50** 2.52%*
_44 9.77%* 2.20%*
2.55 0.33

4 1071.78**

signiﬁcant at0.01.
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Table (2b): .Addmve main effects and multiplicative interaction analysis of
variance for days to maturity and seed yleld mcludmg the
. . d’ )

Days to maturity

df MS

8 4022.04**
11 124.78**
88 52.35%*

18 224.07**

16 15.45%*
14 11.21**

12 6.81**

10 5.43*

8 3.1INS

6 1.12NS
301 2.553
431

* ¥ ted sxgmﬁmnt at 0.05 and 0.01, respectively.

Additive main effects and multiplicative interaction analysis showed that
environments, genotypes and GXE interaction had highly significant and assessment
selected AMMI as the best model (Table 2b) accounted effect on maturity 87.56% of
the genotype x environment interaction variance. This percentage is very high because
this trait is taken visually. A clear pattern of specific adaptation of the twelve lupin
genotypes was identified by the AMMI based Biplot, resulting three groups of
genotypes (Fig.1), group 1 included the most stable genotypes 7, 12, 4 and 5 (M 33,
Sohag 2, M7 and M22/2, respectively). Their IPCA1 scores are positive and very
close to zero. However, group 2 consists of genotypes 6, 8, 9, 10 and 11 (Muxtant 23,
Mutant 35/3, Mutant 37/3, Belbies 9 and Family 9, respectively) They showed similar
maturity, but their interaction for [PCA1 score are negative and moderate. Goup 3
included the earliest genotypes 1, 2 and 3 (Giza 1, Giza 2 and Improved Dijon 2,
respectively) but they showed less stability.

2- Seed yield

Data of the combined analysis of variance for seed yield of the five locations
over three seasons (fifteen environments) in Table (2a) showed that all sources of
variance were highly significant among genotypes, environments (season and
location) and their interaction. The results indicated that all sources of variance had
important effects on yielding ability of the tested genotypes. Significant genotype,
emmmmntandﬂmrmteraﬁonsmmalsodeteﬂedforseedy!eldmwmtelupmby
Julier et al,, (1993). '

The variance due to location effect was greater than the variance of either
genotype, environment or season and their interactions, revealing that there were
fluctuation in the environmental condition throughout the experiments. Variation
among environments (5 locations in 3 seasons) was highly significant (Table 2a).
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Mean seed yield varied from 5.19 ard.ffed. at Mallawi in 2006/07 season to 9.77
ard./fed. at E. Owinat in 2004/05 season (Table 4). Concerning the yield performance
of locations, East Owinat performed the highest seed yield of 8.11 ard./fed., followed
by Sers El-lian (7.30 ard./fed.), Shandaweel (6.47 ard./fed)New Valley (5.53
ard /fed.) and Mallawi (5.45 ard./fed.) over the three seasons.
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Fig (1): Biplot of principal component analysis (IPCA1) axis 1 against
number of days to maturity for 12 genotypes growm in 9
environments.

The significance of genotypes as a source of variation (Table 2a)
indicated the existence of wide variability among the studied genotypes for seed
yield. In addition, the mean performance of genotypes, environments and their
interactions over thre¢ seasons within five locations (Table 4) indicated that, the
tested genotypes interacted significantly different to environmental effects. For
example, the genotype Sohag 2 gave the highest seed yield of 10.95 ard./fed. at E.
Owinat in 2004/05, while it yielded 5.32 and 6.62 ard./fed. in 2004/05 and
2005/06, respectively and ranked the last at Sers El-lian. However, the genotype
Improved Dijon 2 retained its potentiality over the most environments and gave
the highest seed yield (ard./fed.) at all studied environments, except New Valley
2005/06 and Mallawi during the three seasons. Moreover, Improved Dijon 2
followed by the three genotypes Belbies 9, Mutant 7 and Mutant 23 recorded the
highest seed yield with overall averages of 7.61, 6.76, 6.74 and 6.74 ard./fed.,
respectively. On the other hand, the genotype Mutant 22/2 followed by Sohag 2
gave the lowest seed yield (6.13 and 6.22 ard./fed., respectively).

Genotype, environment and their interaction were highly significant,
suggesting a broad range of genotypic diversity and environmental variation. The
AMMI7 for seed yield was statistically significant, but the AMMI1 was superior
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(Table 2b). The biplot shown in Fig.1 simultaneously summarizes information on
genotypic and environmental main effects and interactions (IPCA1) as defined by
AMMII. Displacement along the abscissa reflected differences in main effects,
whereas displacement along the ordinate illustrated differences in interaction
effects. Genotypes with IPCA1 values close to zero show wider adaptation to the
tesied environments. A large genotypic IPCAl values reflects more specific
adaptation to environments with IPCA1 values of the same sign. Only one
genotype, Improved Dijon (G3) exceeded the grand mean with IPCAl values
near zero also, four genotypes i.e. Family 9, Mutant 7, Sohag 2 and Mutant 6
(Gl1, G4, G12, G6, respectively) perform stable which their IPCA1 values are
positive and near zero, while their mean yield differ from each other. On the other
hand the genotypes Mutant 37/3, Mutant 22/2, Belbies 9 and Mutant 33 (G9, G5,
G10 and G7, respectively) were stable, but their IPCA1 values are negative.

The AMMI biplot analysis is considered to be an effective tool to
diagnose the G x E interaction patterns graphically biplot, it is not only for
comparing the genotypes in their response to the environments, but also for
comparing the environments for their discriminations of the genotypes. The biplot
display of IPCA scores plotted against genotypes mean provides visual inspection
and interpretation of the G x E interaction components. Integrating biplot display
and genotypic stability statistics enables genotypes to be grouped based on the
similarity of performance across diverse environments.
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Fig (2): Biplot of principal component analysis (IPCA1) axis 1 against seed
yield for 12 genotypes grown in 15 environments.




Loy

Table (3): Mean of dayv to maturity of the twelve white lupin genotvpes grown in nine environments and their interactions.
Mailawi

Shandaweel

New Valley Comb.
Genotype 2004/05 | 2005/06 | 200607 Comb 2004/05 | 2005/06 | 200607 Comb, 2004/05 | 200506 | 200607 Comb. | LXS
(ED) (E2) (E3) - (E4) (ES) (E6) : E7 (E8) (E9) :

Giza 1(G1) 158.75 169.75 173.25 167.25 141.75 141.75 144.75 142.75 159.00 160.75 162.00 16058 |'156.86
Giza2(G2) 163.25 173.50 176.25 171.00 141,00 142.50 144.25 142.58 157.75 160.75 160.75 159.75 | 157.78
Im.Dijon2(G3) | 158.25 170.25 174.50 167.67 140.00 141.00 132.75 137.92 158.00 159.50 162.75 16008 | 15522
Mutant 7(G4) | 151.75 173.00 174.75 168.50 146.50 146.75 148.75 14733 157.75 159.00 161.25 15933 115839
Tutant22/2{GS)| 160.50 171.25 174.75 168.83- | 145.00 14550 148.75 146.42 158.00 160.75 158.50 15908 |158.11
Mutant23 (G6) | 157.50 167.25 172.75 165.83 151.50 152.75 15500 |} 153.08 157.00 158.25 157.75 15767 |158.86
Mutant33 (G7) | 162.50 171.50 176.25 170.08 15000 | :149.75 154.00 151.25 158.50 159.00 163.00 160.17 {16050
Mutant35/3(G8)] 156.25 165.25 173.50 165.00 150.50 151.00 156.25 152,58 158.25 156.75 158.50 157.83 | 15847
Mutant37/3(G9)| 159.25 172.25 174.75 168.75 154.50 155.50 159.75 156.58 156.25 160.50 158.75 15850 |161.28
Belbies9 (G10) | 157.75 171.50 176.00 168.42 15450 154.25 156.25 155.00 15750 158.25 159.25 15833 |160.58
Famly %(G11) | 159.00 170.25 175.75 168.33 156.25 155.75 159.75 15725 | 15775 15750 161.75 159,00 |161.53
Sohag2(G12) 160.25 170.50 175.25 168.67 147.75 149.50 150.75 14933 158.25 159.25 162.25 15992 {15931
Mean 159.25 170.52 17481 168.19 148.27 148.83 15092 | 14934 157.83 159.19 160.54 159,19 15891
LSDat5% G 3.09 1.37 229 133 - 237 2.51 3.56 - 1.62 1.26 1.01 1.93 082 074
S 1.27 ’ 1.14 ' 047 037

GXS 2.30 2.80 1.42 1.28

L 037

GXL 1.28
GXSXL 221

£L00Z ‘()s¥ ‘194 “doqorysopy o5 2uSy Jo spuuy
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Table (4): Mean seed yield (ard.ffed.) of the twelve white lupin genotypes grown in fifteen environments and their interactions.
Sers El-fian

Genotype

MaBawi

New V:

E.Owinat

2004/05 (E1)

2006 /07 (E3)

Com.

2004/05 (E1)

Com.

2004/05 (E1)

Com.

—

g
8

g

2006 07 (E3)

Com.

—

g
&

£

LX

Giza 1(G1)

5.75

747

107

543

5.69

6.21

4.63

652

591

7.14

641

Giza2(G2)

695

755

543

594

649

6.11

740

Im Dijon2(G3)

152

841

8.17

6.34

1028

843

300

6.28

931

761

utant 7 (G4)

6.65

787

7.65

6.09

8.68

7.12

555

5.66

6.70

6.74

Mutan222(G5)

3.78

161

7.28

543

3.16

5.64

411

478

4.75

6.72

6.13

Mutant23 (G6)

6.81

5.93

6.62

348

7.65

556

8.80

6.74

Mutant33 (G7)

581

7.75

123

6.26

727

599

6.58

481

5.69

150

653

Mutart35/3(GB)

523

694

6.53

6.61

8.72

6.46

445

6.72

550

7.63

637

Mutant37/3(G5)

7.26

755

1.3

559

5.64

6.03

337

5.06

801

Beibiesd (G10)

6.09

8.05

751

535

647

559

5.81

8.63

6.76

Famly %(G11)

6.16

7.69

651

631

637

6.01

592

5.46

791

641

G12)

532

6.46

6.13

693

6.26

436

5.80

3.07

7.65

6.38 | 833

EMean

LSD at 5% G
S

GXS

L

: GXL
GXSXL

6.28
0.45

758
0.67

730

0.35
0.28
0.59

591
0.70

701
1.14

6.47
0.54

0.18

0.93

531
0.71

5.69
0.76

553
0.45

0.25
0.77

778
0.99

6.76 | 8.11

0.59 0.55
0.53
0.96

657

0.20
0.10
0.36
0.13
0.46
0.80

g X 2dfjouan)
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Theenvironmentsshowmuchvaxiabilityinbotbmaineﬂ'ectsand
interactions, IPCA1 for environments showing no clear patterns for maturity or
seed yield (Fig. 1 and 2). Similar results have bean reported by many authors for
different crops, Flores et al. (1996), Link et al. (1996) in faba bean; Romagosa et
al. (1996) in barley; El-Shaarawy, (1998) in cotton Ajibade ef al. (2002) in maize
and Berger et al. (2002) in chickpea and Rubio et al. (2004) in lupin,

Reviewing the results based on G x E interaction and stability, it could
be concluded that: :

1- On the basis of yield performance and earliness in maturity over locations,
genotypes Mutant 7, Mutant 23 and Belbaies 9 were relatively less sensitive
to environmental changes and can successfully be grown over Egyptian
conditions.

2- The improved genotypes Dijon 2 (derived from the introduced variety Dijon
2) retained its high yield and stability combined with early/medium maturity
over varied soil and climatic conditions. However, the improved genotype
Dijon 2 gave higher mean yield over locations, and will be useful genetic
stock.
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