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ABSTRACT

The multi-location trials were conducted during 2021-22 to evaluate the performance and stability of eleven
sugarcane genotypes along with five standards across five locations. Combined ANOVA revealed significant
genotype, environment and genotype-by-environment interaction effects for most traits related to cane and
sugar yield, except for single cane weight (non-significant GXE) and cane diameter (non-significant E and
GxE). Stability analyses were performed using AMMI Stability Value (ASV), Average of the Squared
Eigenvector Value (EV), Modified AMMI Stability Value (MASV), Sums of the Absolute Value of the IPC
Score (SIPC) and Genotypic Stability Index (GSI). Genotypes G4, G5, G6, G7, G8, G12, and G16 were consistently
identified as stable and high-performing across traits. Genotypes G2, G5, and G7 were notably stable for
cane yield, while G5, G3 and G9 showed stability for sucrose percent. GGE biplot analysis indicated high
discriminating power for environments four and five, classifying the five environments into two mega-
environments. Vertex genotypes like G5, G11, G15 and G16 emerged as superior for cane yield, whereas G4,
G10, and G13 were superior for sucrose content. WAASBY analysis supported the selection of genotypes
such as G5, G10, G12, G15, and G16 for their balanced performance and stability. The study underscores the
significance of G x E analysis for identifying widely adaptable genotypes suitable for diverse agro-climatic
conditions.

Key words : Sugarcane, ASV, GSI, WWW, WAASBY, Mean vs Stability, Discriminativeness vs
Representativeness.

Sugarcane possesses major role in Indian economy

Introduction took a quantum jump in the year 1912, Dr. C. A. Barber

crossed the cultivated, sucrose rich S. officinarum with

and economical important crop of Maharashtra State,
which is grown under varied agro climatic zones of the
state. The improvement in productivity and production
mainly depends upon proper variety. Varietal impact on
boosting sugarcane production has played crucial role
for production of sugar and sugarcane productivity. To
overcome different constraints viz., low recovery, sucrose
inversion, instability in sugar and cane yield, susceptible
to biotic and abiotic stresses, flowering, low adaptability
etc. The selection of suitable parent for hybridization is a
pre-requisite. Sugarcane improvement through breeding

wild, grassy sugarless S. spontaneum that led the
development of the first successful sugarcane hybrid.
The landmark achievement, unparalleled in the annals of
crop breeding history paved way for a new philosophy of
sugarcane breeding all over the world.

The cultivable area and sugarcane production have
shown substantial annual growth in key growing regions.
Theyield has not increased significantly (Upreti and Singh,
2017) because the complex and varied management
practices. The effectiveness of sugar improvement
programs is evaluated based on the enhancement of juice
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quality over sugarcane yield itself (Jackson, 2005). The
quantitative trait, cane yield predominantly effected due
to the interaction between genetic factors and
environmental conditions. These varying environmental
factors often hinder breeders from effectively selecting
or discarding genotypes suited to specific conditions (Van
Eeuwijk et al., 2016). The genotypes which showed
consistency in performance over various locations, yield
stability analysis is employed (Doehlert et al., 2001). This
analysis can be approached in two ways: one focuses on
developing highly productive, adaptable and stable
genotypes, while, the other involves grouping
environments into “mega-environments” that are
relatively uniform, with specific genotypes recommended
for each (Durai et al., 2024). Two commonly used biplot
methods for visualizing GEI are the AMMI and GGE
biplots. The AMMI model, introduced by Gauch (1992),
integrates analysis of variance (ANOVA) with principal
component analysis (PCA) to characterize GEI across
multiple dimensions. On the other hand, the GGE biplot,
proposed by Yan et al. (2000) undertaken genotype main
effect and genotype environment interaction effect for
analysis. AMMI stability parameters help in assessing
stability in yield by minimizing the influence of GEI effect
(Ajay et al., 2020; Anuradha et al., 2022). Stability and
adaptability are key factors in selecting genotypes for
breeders (Wolde et al., 2018). A genotype’s stability is
influenced by environmental conditions (E), genetic factors
(G) and their interaction (GEI), which can lead to notable
variations for genotypes performance over various
environment and different seasons (Muhammad et al.,
2007). Analyzing GEI in Multi location trials were crucial
for the assessment, assortment, and proposal of any
variety (Mattos et al., 2013 and Regis et al., 2018). The
AMMI biplot graphical analysis offers a straight forward
method for breeding researchers, enabling them to assess
genotypic and phenotypic stability, genetic variability
among clones and identify location where genotypes
perform optimally (Yadawad et al., 2023). Thus, the work
was undertaken to study stability of the sugarcane
genotypes.
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Materials and Methods

The experiments were conducted during planting
season 2020-21 at five locations viz., Shree T. K. Warana
Co-op. Sugar mill Ltd. Kolhapur, Vasantdada Sugar
Institute, Pune, K. A. Tope Samarth Co-op. Sugar mill
Ltd. Jalna, Bhaurao Chavan Co-op. Sugar mill Ltd.
Nanded and Manas Agro Industries and Infrastructure
Ltd. (Unit 1), Nagpur located at different agro climatic
zones in Maharashtra State (India). The locations
represented different climatic conditions (Table 1).

The 11 genotypes along with five standard varieties
were planted in RBD during planting season 2020-21 at
Nursery farms of various sugar factories in two
replications. The seed rate of eight buds per meters used
with six meters row length with 137 cm distance between
two rows was kept. The recommended crop practices
were followed in sugarcane cultivation. The details of
sugarcane genotypes under study are as follows in Table
2.

The seven yield contributing characters viz., Single
cane weight (SCW), Cane Diameter (CD), Number of
millable Canes (NMC), Sucrose %, Commercial Cane
Suagr yield (CCSY) and Cane Yield (CY) were recorded.
The quality parameters i.e. Brix and Sucrose were
recorded and compiled C.C.S%.

Statistical analysis

The statistical analysis was carried out in the ‘R’
version 4.5.0 statistical software. TheAMMI analysis of
variance was done by using “metan” package (Olivoto
et al., 2020).

The AMMI model was applied to estimate the
adaptability and phenotypic stability. As per Farshadfar
et al. (2011), the AMMI model also modified as

Y =p+0;+e, +nZk=1 MY e + €

Where, Yij-ith genotype yield in the jth environment,
g; -ith genotype minus the grand mean as a mean, A,-the
eigen value of the PCA axis square root, k, ok and yjk-

Table 1 : Environment Details where Sugarcane Genotypes evaluated.

ENV. | Location Zone Latitude Longitude | Altitude
(MSL)
El Shree T. K. Warana Co-op. sugar mill Ltd. Kolhapur | Western Ghat 16.73N 74.23°E 563 meters
B2 Vasantdada Sugar Institute, Pune Western Plain 18.08°N 73.85°E 625 meters
E3 K. A. Tope Samarth Co-op. sugar mill Ltd. Jalna Central Plateau 19.50°N 75.53°E 500 meters
E4 BhauraoChavan co-op. sugar mill Ltd. nanded Central Plateau 19.28°N 71.77°E 568 meters
B Manas Agro Industries and Infrastructure Ltd. Central Vidarbha 21.14°N 79.08°E 312 meters
(Unit 1), Nagpur




Stability of Promising Sugarcane Genotypes across Multiple Locations by AMMI Stability Parameters 2659

Table 2 : Sugarcane genotypes undertaken for study.

S. | Genotypes Parentage Codeof | Remark
no. genotypes
1 |[CoVSI13020 C02000-10PC Gl High yielding, high sugar, moderately resistant to red rot
2 | CoVSI 11001 Co8371PC (€] High yielding, moderately resistant to red rot and smut
3 | VSI12003 Co00202x F134 &3 High yielding, high sugar, errect
4 | CoVSI 12025 C094012x 85R 186 4 High yielding, high sugar, thick canes, good ratooner,
non-lodging
5 |CoVSI18121 Co086032x CoT 8201 (€3] Non lodging, high yielding, high sugar, thick canes, good
ratooner
6 |VSI14050 ES9xCo089003 (€3] High yielding, high sugar, drought tolerent
7 | PDN 13002 CoM 0265 x C062175 Gr High yielding, high sugar, good ratooner, moderately
resistant to smut
8 |PDN13011 CoM 0265 x C062175 (€] High yielding, high sugar, good ratooner, moderately
resistant to smut
9 |CoM 12085 Co94012PC €] High quality jaggary production, medium thick cane,
moderately resistant to wilt disease
10 | Co09004 CoC671xCoT 8201 G10 High sugar, moderately resistant to red rot and smut,
drought and salinity tolerant
11 | Co12008 C086249 x C0 91004 G11 High yielding, high sugar, moderately smut resistant
Standards
12 | Co12009 [{(Co7201x G12 High yielding, high sugar, thick canes, good ratooner
(Co62174x SES91)}
X(Co88037)}] x
C062198
13 | MS10001 CoM 0265 x MS 0602 G13 High yielding, high sugar, low fiber, thick canes, good
(MS 13081) ratooner
14 | Co86032 C062198x CoC671 Gl4 High yielding, high sugar, good ratooner, no deterioration
in sugar if delayed in harvesting
15 | CoM 0265 CoM 87044 GC G15 High yielding, good ratooner, drought and salinity tolerant
16 | VSI08005 Co00310x Co 86011 G16 High yielding, high sugar, good ratooner, fast growing,
(VSI112121) non flowering, drought tolerent

the ith genotype and jth environment principal component
scores for PCA axis k, e residual value. The genotypic
and environmental PCA scores as unit vector times the
square root of A,; i.e., environment PCA score = 1, Y,,;
genotype PCA score = A,

The contributions of principal component axis scores
(IPCAL and IPCA2) to the interaction sum of squares
for each genotype were computed as AMMI stability
value (ASV).The response of the genotypes relative to
the environments allied with the GEI were represented
by IPCAland the environments that are accountable to
GEl as IPCA2.

The AMMI stability value (ASV) was described by
Purchase et al. (2000) as follows:

2
Asy — | IPCALSUM Of SQUAres 5 py seore)| 4 (1PCA2 Score)?
IPCA2Squares

Where, SSIPCA1/SSIPCA2-IPCAL value weight
which computed as dividing the IPCAlsum of squares
by IPCA2 sum of squares. As the smaller ASV score,
the genotypes are more stable over all locations, while,
more adaptable genotypes for particular environment
showed larger IPCA score either may be positive or
negative values or sign. The Additive main effect and
multiplicative interaction (AMMI) (Gauch and Zabel,
1997) and GGE Biplot or Site Regression model (Yan
and Kang, 2003) stability models were assessed for the
performance of genotypes. In case of AMMI models
only GEI is used, but in case of GGE biplot analysis
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genotypic effect and its interaction with environments
both are used. In AMMI firstly genotypes and
environments main effects (additive) analyzed by
ANOVA and then by using PCA analyzed the residuals
(namely the interactions). The GGE biplot based on the
site regression linear (SREG) bilinear model (Crossa and
Cornelius, 1997; Crossaetal, 2002) shows both genotype
and genotype environment variation (Kang, 1993). The
multi environment evaluation (which-won-where pattern),
genotype evaluation (mean versus stability) and tested
environment ranking (discriminative versus
representative) based graphs are generated. For ranked
genotypes allocate increasing order for each stability
parameters. After testing significance of the genotypes
by environment interaction the stability for genotypes
were determined.

Results and Discussion

Table 3 revealed significant genotype main effects,
environment main effects and genotype environment
interaction main effects for all characters contributing
cane yield and sugar yield except genotype environment
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interaction main effects for single cane weight while
environment main effects and genotype environment
interaction main effects for cane diameter was non-
significant. The significant effect of environment revealed
that there was difference between the genotypes under
study over the multi-location environments. The GEI
showed significant effects indicated that genotype
performs differently in tested environments. The variation
was primarily influenced by environmental effects
followed by genotypic effects and genotype-by-location
interaction effects. The significant differences in soil types
and atmospheric conditions over the various environments
recognized high environmental variance (Meena et al,
2017; Abate, 2020 and Sheelamary and Karthigeyan,
2021). The genotypes under study responded differently
over different environment because of GEI (Queme et
al., 2005 and Tahir et al., 2013).

Different Stability Parameters

From Table 5, showed various stable sugarcane
genotypes over several traits using several stability indices,
including the AMMI Stability Value (ASV), the Average
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Fig. 1 : AMMI Biplots a. PC1 vs cy (Cane Yield) b. PC1 vs PC2 (Cane Yield) c. PC1 vs suc (Sucrose Percent) d. PC1 vs PC2

(Sucrose percent).
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Table 3 : Combined ANOVA of all traits contributing cane yield and sugar yield.
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Source | df CY (tha?) CCSY (tha?) NMC (000%) CCS % Suc. % SCW (Kg) Dia. (cm)
GEN 4 221207 97.72" 204.85™ 8.35" 9.39™ 0.40™ 0.36"
ENV 15 3985.33" 89.37" 292.38™ 3.56™ 5.67" 0.36™ 0.20
GxE 60 183.19™ 5.55™ 70.94™ 0.56™ 0.96" 0.02 0.05
Error 75 835 124 5.89 0.35 0.44 0.064 0.12
Total 219

[CY- CaneYield(t/ha), CCSY-commercial cane sugar yield (t/ha), NMC-Number of millable canes(000’ha), CCS%- commercial
cane sugar yield percent, Suc.- sucrose percent, SCW- single cane weight (kg), Dia.- Cane Diameter (cm)]
(*Significant at P < 0.05 level of significance & **Significant at P < 0.01 level of significance).
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Fig. 2c : Discriminative vs. Representativeness for cane yield.

of the Squared Eigenvector Value (EV), the Modified
AMMI Stability Value (MASV), the Sums of the Absolute
Value of the IPC Score (SIPC) and the Genotypic
Stability Index (GSI). The genotypes G4, G5, G7, G8,
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Fig. 2d : Discriminative vs. Representativeness for sucrose

G12, and G16 were frequently appeared as stable across
different traits including cane yield, sugar yield, single
cane weight, number of millable canes, sucrose percent,
commercial cane sugar percent and cane diameter. While,
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Table 4 : AMMI ANOVA of main effects and interaction for cane yield, CCS yield, number of millable canes, CCS percent, sucrose percent, Single cane weight and cane

diameter.

VE %
19.36

40.32

40.32

371

311

211

10.8

Dia. (cm)

MS

0.36"
0.20
0.05
0.06
0.05
004
0.02
0.01

VE %

1951
65.85

1464
482

219

194

10.6

SCW(Kg)
MS

0.40™

0.36™
0.02
0.03
0.01
0.01
0.01

004

VE %
20.85

47.19

31.96

542

18.8

15.7

1.3

Suc. %

MS

9.39™

5.67"
0.96"
173
0.68
0.64
054

0.19

VE %
271.74

44.35

2791

53.0

191

150

128

CCS%
MS

8.35"

3.56™

0.56™
102
041
0.37
0.37
0.12

VE %
8.66

46.37

44.97

472

328

14.7
52

NMC (000°)

MS

204.8™

292.4™
70.9"

1116
873

448

185

301

VE %
18.93
64.94
16.13
475

243

203
78

CCSY (tha?)

MS

97.72"
89.37"
5.55™
8.79
5.06
482
2.18
153

VE %
1111
75.08
1381
58.7

248

130
35
0

CY (tha?)

MS

df

4 | 2212.1"
15 | 3985.3"
60 | 183.2"
18 | 358.6
16 | 1705
14 | 1018
12 | 320
75 | 69.8

Source

ENV

GxE

IPCAL

IPCA2
IPCA3
IPCA4

Residuals

[CY- CaneYield(t/ha), CCSY-commercial cane sugar yield (t/ha), NMC-Number of millable canes(000’ha), CCS%- commercial cane sugar yield percent, Suc.- sucrose percent,

SCW- single cane weight (kg), Dia.- Cane Diameter (cm)]. (*Significantat P < 0.05 level of significance & **Significant at P < 0.01 level of significance).
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stability rankings varied slightly across indices, genotypes
G4, G5, G6, G7, G8, G12 and G16 respectively consistently
demonstrated high stability and performance. These
genotypes were recommended for more breeding and
cultivation because of adaptability and potential for high
yield and quality traits under diverse environmental
conditions.

Mean vs Stability

The genotypes G2, G5 and G7 were found stable for
cane yield as compared to standards G10, G13, G14, G12
and G16, respectively. The genotypes G5, G3 and G9
were found stable for sucrose percent as compared to
standards G12, G13 and G14 (Fig. 2a and 2b).

Discriminative vs. Representativeness

The Discriminative vs. Representativeness analysis
GGE biplots helps pinpoint the most suitable environments
that effectively differentiate between genotypes (Durai
et al., 2024).

The environment 5 and environment 4 has the longest
environmental vectors which bring high discriminating
power. The remaining environments having shorter
environmental vector for cane yield. For sucrose percent
environment 4 having the longest environmental vectors
and environment 1, environment 2, environment 3 and
environment 5 with shorter environmental vector (Fig.2c
and 2d).

Which- Won- Where (WWW)

The GGE biplot polygon indicated vertex genotypes
are G11, G7, G16, G5, G15, G3 and G4 respectively for
cane yield. The five environments classified into two mega
environments, the first mega environment contained
environment 1, environment 2 and environment 3 in which
G15 and G9 are better performing genotypes. The second
mega environment involves environment 2 and
environment 5 in which the genotypes G14, G10, G12
and G2 showed good performance (Fig. 2e and 2f).

The genotypes G6, G10, G4, G13, G1 and G15 were
vertex genotypes for sucrose percent. The five
environments include two mega environments. The first
mega environment contain environment 4 and
environment 5 in that G3, G12 and G16 genotypes showed
greater performance. The genotypes G5 performed
better in second mega environment which composed
environment 1, environment 2 and environment 3.

Weighted Average of Absolute Scores (WAAS)

Olivoto et al. (2019) suggested that evaluating both
the average performance and stability of key agronomic
traits can enhance varietal selection and
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Fig. 2g : Weighted Average of Absolute Scores and Yield
based Stability (WAASBY) for cane yield.

recommendations. A higher WAASBY score indicate
genotypes with better cane yield and stability. Genotypes
G15, G12, G9 and G5 were recorded the highest
WAASBY values for cane yield. Likewise, genotypes
G10, G5, G16 and G4 showed the highest WAASBY
scores for sucrose percentage (Fig.2g and 2h and Table
5). These are the similar finding with the Sousa et al.
(2019), Koundinya et al. (2021), Yue et al. (2022), Behera
et al. (2024) and Adilakshmi et al. (2025).

AMMI Biplot — PC1 vs CY

The genotypes G 13, G15 and G9 for cane yield and
G10 and G3 for sucrose per cent showed low positive
interaction with high main effects reflect more preferable
for assortment. The genotypes G6 and G11 for cane yield
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Fig. 2f : Which- Won- Where (WWW) for sucrose percent.
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Fig. 2h : Weighted Average of Absolute Scores and Yield
based Stability (WAASBY) for sucrose percent.

and G1, G7, G9 and G 14 for sucrose per cent had low
PC 1 score reflect low negative interaction (Fig. 1a and
1c). The genotypes G10, G2 and G5 for cane yield and
G5, G3 and G 14 for sucrose percentage are at the right
hand side of the grand mean level and near to PC equal
to zero line indicated adopted to all environments. For
cane yield G9 and G15 and G3 and G11 showed high
mean yield with large PC1 score indicates, these are
adapted to the favorable environments. These results
resembled with Meena et al. (2017), Regis et al. (2018),
Sheelamary and Karthigeyan (2021).

As near the origin of the biplot genotypes
demonstrate better stability across various environments,
whereas, those positioned farther, from the origin indicated
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slslal=alg instability and specific adaptability ~ (Elbasyoni, 2018). Analyzing GEI across different
3151355 |3 to certain conditions (Kumar et al., environments helped for selection, evaluation, and
2018). The ideal genotypes and  recommendation of crop varieties (Yadawad et al.,
§! 'g 5 g § environments are represented at the ~ 2023).
© o |2 |2 2| center of the biplot (Al-Naggar et Conclusion
% % % % § ?tlé'bizl?tzyo)a'lnzotﬁ\e/aéi?;tgi?ogg? The eleven genotypes were under study along with
oo —| effects, the AMMI biplot was fivg standards d.uring 2021-22.at five Iocations._The all
24|% § Q| created using PC1 and PC2 scores. traits except single cane weight and cane .dla.rr.]eter
eSLe|ee e Genotypes positioned far from the .showed.genotype, en\{lronment and G x E s!gn!f!cant
g g % % g center exhibit large interaction interaction. The combmquNOVA reyealed significant
S |S|S|S S| effects, indicating sensitivity to genptype main effects., enwropmept main effectsand GEl
N O environmental changes, while, those main effects for all traits contributing cane yield and sugar
815185218 near the origin are less sensitive to yield except GEI main effects for single cane weight and
< —t—t— such interactions (Sheelamary and environment main effects and GEI main effects for cane
S % Q g § Karthigeyan, 2021). diameter were non-significant. The genotype main effects,
Slo|s|s|s ’ environment main effects and GEI main effects were
< |0 |< o The clopes G15, G12 and G13 significant for cane yield, commercial cane sugar yield,
S| (=g || for cane yield and for sucrose  \mper of millable canes and commercial cane sugar
g i o P percentage G5, G16 and G16 are  nor cont in AMMI ANOVA. The genotypes G2, G5, G7for
8|8 |5 |B || close to the origin and therefore, o0 vield and G5, G3, GO for sucrose per cent were
© |2 |2 |© |2 unaffected by environment (Fig. 1D ¢nq staple as compared to standards G10, G13, G14,
AEIEIEIE and 1d). The PC1 and PC2 WeT® 12 and G16. The environment 5 and environment 4 has
SN || hlghly5|gglf|cant, containing 58.7% e ongest environmental vectors which bring high
MNNE and 24.8% of 'ghe TSS foro Cané  giscriminating power for cane yield and for sucrose
8|39 [S | vield, and 54.2% and 18.8% for  noreent environment 4 having the longest environmental
—T sucrose percentage, respectively, in -y ectors The GGE biplot polygon indicates G11, G7, G16,
S |3 |5 |2|8| the total genotype x environment 55 15 G3 and G4 were vertex genotypes for cane
S |e|©|e |2 | interaction (GEI) variation. These ;o4 The genotypes G6, G10, G4, G13, G1 and G15 were
&2 |5 [ results suggested that the variability  yeryey genotypes for sucrose percent. Genotypes G15,
=|& |7 |&|=| due to GEI was effectively 515 9 and G5 recorded the highest WAASBY values
o 22 |5 o captured, trefle(‘:[tlng Various  ¢or cane yield. Likewise, genotypes G10, G5, G16, and
5165 |5|S|g | environments genotypes TeSpOnSes g4 showed the highest WAASBY scores for sucrose
percentage. The PC1 and PC2 were
S g &18(5|3 % &5 1§ |3 § % § 23 § &| highly significant, showing 58.7% and
2 24.8% of the total sum of squares
2 g % % % g g 2 g goo| % 5 g §. S % % g % K §| § forcaneyield,and54.2%and1§.8%
cloc|S|S|o S|S|c|o|s|S|o|o|s|o|s|s | |a|o|o o] for sucrose percentage, respectively,
§ 528 § O ﬁ § § § % % % ﬁ § ) g 3 E E % % ?n the tgtal genotype_x gnvironment
SN (S ’é‘a SIZI5ISEI2I2FT12I52I18|S (8[| interaction (GEI) variation.
siaals | c2aeleele gz lealelalplalz]e]  Scknowiedoemen
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