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1- Additive main effect and multiplicative interaction
2- Genotype plus genotype- environment interaction bi-plot
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Table 1- Specifications of studied experimental sugar beet genotypes

G as 0 7=l Geigiias 0 7=t
Genotype code Pedigree Genotype code Pedigree
Gl (7112 * SB36) * S1 - 960104 G11 (7112 * SB36) * S1 - 970073
G2 (7112 * SB36) * S1 - 960132 G12 (7112 * SB36) * S1 - 970092
G3 (7112 * SB36) * S1 - 960151 G13 (7112 * SB36) * S1 - 970096
G4 (7112 * SB36) * S1 - 960156 G14 (7112 * SB36) * S1 - 970118
G5 (7112 * SB36) * S1 - 960163 G15 (428-P.395 * 940171) * 920128
G6 (7112 * SB36) * S1 - 970026 G16 Sina
G7 (7112 * SB36) * S1 - 970027 G17 Dena
G8 (7112 * SB36) * S1 - 970041 G18 Novodoro
G9 (7112 * SB36) * S1 - 970063 G19 Modex
G10 (7112 * SB36) * S1 - 970067 G20 Loriquet
ool glyzl (Gl brelioum | o3l yi Slasuine —F Jguz
Table 2- Geographical characteristics of the experimental research stations
o o5 5 i oty o e 1 5| Sl iz e Sl Jsb
Environment code Research station Elevation AMSL (m) Latitude Longitude
s
El . 1312 35°55'N 50°54'E
Karaj
E2 1316 36°30'N 59°37'E
Mashhad
3
E3 i 1484 29°32'N 52°36'E
Shiraz
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E4 . 1296 36°58'N 46°05'E
Miandoab
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WSC = SC — (MS + 0.6)
SY = RY x SC
WSY = WSC x RY
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4- Sugar yield
5- Root yield
6- White sugar yield
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(Cook and Scott, 1993) (V)
(Reinfeld et al., 1974) (V)
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(Cook and Scott, 1993) (f)

Wﬁwlﬁ: K+$UA>LOJ..;§M)J\MS Ja)"j)o.g.l)é

alpha amino N iy, oz 0,5 V00 0 Yy ST Lo
s oS Ve 0 Yy (ST e o 0y (5958
(AL w8 on,0 TSC . alls wib oo, "WSC cai,
0,5Lee *RY (iSa 0 15 oy (L ot o Slee TSY
oA wb o Slee PWSY 5 LS 0 o o p i

S bl Jaos g 4y 35
St el g an i aseS e plasl I Gy
3 i ool eyl 9031 b (—tolojT (slallas uily
ol Qe slaiolesl jo Uas il ly 519y Sl
Slao 5l G je sleosls (59 S pe uilyly anies
oSy Al wid o Slas a5 il s S oy o
2l s e (s I ooy anlllas 550 Sl L ol
Joe bl 2 slouly asa ol by 0098 oo gnms

Sneller et al., 1997) ¢¢)
Sneller et al., 1997) (V)

(Zobel, 1994) (A)

(Annicchiarico, 1997) (1)

(Rao and Prabhakaran, 2005) (\ -)

1- Molasses sugar
2- White sugar content
3- Sugar content
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Table 3- Combined analysis of variance of studied traits in experimental sugar beet genotypes

S le
L. Source of variation
—le
Lo Vs 95 buse —Gudgly JiSen ¥l
Trait
Environment Error 1 Genotype Genotypex Environment Interaction Error 2
(df: 3) (df: 12) (df: 19) (df: 57) (df: 228)
adyy o Sles
. 23685.44™ 100.05 425.01™ 195.37" 56.10
Root yield
oAb aid s Sles
. 675.77" 3.89 12.18™ 6.01" 2.14
Sugar yield
PR [EEEIRCE JEWI
367.77" 2.56 10.78™ 1.63" 1.37
Sugar content
PPN [ESNVE WA
] 341.96™ 3.53 19.38™ 2.48™ 1.85
White sugar content
Al ad s Slee
. . 657.69™ 2.96 10.31™ 417" 1.72
White sugar yield
NRwY
52.58™ 1.24 5.69™ 1197 0.56
Na*
K+ 151.11 0.51 2.83 0.65 0.31
°pas (59, . - -
. 360.58 1.01 1.14 0.69 0.33
Harmful nitrogen
ok &8
55.19" 0.30 1.48™ 0.22" 0.14

Molasses sugar
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ns, *, **: Non-significant Significant at 5% and 1% probability levels, respectively
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Table 4- Analysis of variance of genotype- environment interaction of sugar yield of experimental sugar beet genotypes based on

AMMI model
S (:.'L‘-" LSJJ a0 Sl e Egoxe Sl pe u—‘-i'Lﬂ-" ol d>gd u“-;l-.‘.)‘j
Source of variation df Sum square Mean square Sum square explained (%)
Sy adlie sl n
21 162.77 7.75 68.40
IPCAL
SSan y adlie (regd "
19 56.74 2.98 23.80
IPCA2
oJ.\Le@Ln
i 17 18.54 1.09™ 7.8
Noise
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**: Non-significant Significant at 5% and 1% probability levels, respectively *, ns,
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Figure 1- A: Scatter plot for genotypes and environments derived from yield mean and first principal component axes based AMMI1

model. B: Scatter plot for genotypes and environments derived from first two interaction principal component axes based AMMI2
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Table 5- White sugar yield mean and AMMI stability differences parameters in sugar beet experimental genotypes

S8 o o Shos 1S3l

. . AMGE ASI ASTAB AVAMGE DA DZ EV FA MASI MASV SIPC ZA
Genotype White sugar yield mean (t. ha™)

Gl 10.65 -1.11E-16 0.11 0.19 1.48 0.84 0.22 0.02 070 0.11 045 047 0.06
G2 9.94 111E-16 023 0.12 151 0.86 0.13 0.01 0.74 023 098 0.35 0.09
G3 9.97 -4.44E-16 046 051 3.12 175 029 004 3.07 046 192 092 021
G4 9.52 1.39E-16 0.32 0.23 2.08 120 0.19 002 144 032 136 050 0.13
G5 8.94 -1.11E-16 041 0.37 2.61 153 024 003 233 041 173 068 0.17
G6 9.07 8.33E-16 0.28 1.30 3.92 222 059 0.17 492 028 117 123 0.16
G7 9.22 -4.44E-16 052 0.63 3.22 197 032 0.05 389 052 220 0.98 0.23
G8 7.97 3.89E-16 0.18 0.8 2.38 136 0.36 0.06 185 0.18 0.76 0.80 0.12
G9 10.18 -2.22E-16 053 0.60 3.40 1.95 031 0.05 382 053 222 081 021
G10 10.40 -1.94E-16 0.37 0.30 231 138 022 0.02 189 037 155 0.65 0.16
G11 9.53 -3.47E-16 020 0.36 2.00 122 030 0.05 149 020 0.83 0.78 0.13
G12 9.11 3.89E-16 0.83 1.48 5.26 3.07 048 012 940 083 347 135 0.34
G13 9.29 8.33E-17 0.24 0.15 1.52 094 016 001 088 024 101 052 0.12
G14 10.00 1.39E-16 0.20 0.43 2.08 130 033 0.05 1.70 0.20 0.84 0.82 0.13
G15 9.01 -9.44E-16 069 1.14 4.70 264 044 010 695 069 290 137 0.32
G16 9.28 0.00E+00 0.26  0.56 2.48 153 0.38 0.07 234 026 1.08 0.98 0.16
G17 9.94 111E-16 023 0.22 1.80 1.04 022 0.02 108 0.23 097 0.66 0.13
G18 10.41 3.05E-16 0.36 0.27 2.29 132 021 0.02 1.75 036 150 056 0.15
G19 9.94 3.05E-16 045 0.55 311 178 032 0.05 316 045 189 1.01 0.22
G20 11.79 555E-17 0.31 0.25 1.97 121 021 0.02 147 031 130 0.68 0.15

AMGE: Sum Across Environments of GEI Modelled by AMMI, ASI: AMMI Stability Index, AMMI Stability Value, ASTAB: AMMI Based
Stability Parameter, AVAMGE: Sum Across Environments of Absolute Value of GEI Modelled by AMMI, DA: Annicchiarico’s D Parameter,
DZ: Zhang’s D Parameter, EV: Averages of the Squared Eigenvector Values, FA: Stability Measure Based on Fitted AMMI Model, MASI:
Modified AMMI Stability Index, MASV: Modified AMMI Stability Value, SIPC: Sums of the Absolute Value of the IPC Scores, Za: Absolute

Value of the Relative Contribution of IPCASs to the Interaction.
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Figure 2- A: Biplot examine the relationship between the environments, B: Polygons of GGE biplot method for determine the
appropriate cultivars in every environment, C: Biplot graph for ranking cultivars based on the average sugar yield and stability, D:
Ranking biplot environments based on hypothetical ideal environment, and E: Ranking biplot genotypes based on hypothetical ideal
genotype
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Table 6- Eigenvalues, relative and cumulative variance as well as factor coefficients after varimax rotation in factor analysis based
on principal component analysis

b Jole
olao Factors
Traits Jsl oo o
First Second Third
Ay, o Sles
. 0.89 0.31 -0.03
Root yield
oA a3 5 Sles
. 0.98 0.03 -0.04
Sugar yield
PPN EATIRVE SOV
-0.13 -0.92 -0.03
Sugar content
oAl a8 as e
] -0.08 -0.95 -0.04
White sugar content
oAl a8 5 Slac
. . 0.94 -0.11 -0.06
White sugar yield
MM
0.01 -0.71 0.19
Na*
ey
0.16 0.03 -0.73
K+
o pan (395
) 0.18 -0.25 0.75
Harmful nitrogen
ke 08 ws
0.15 -0.38 -0.53
Molasses sugar
o5y ladie
i 3.03 2.37 142
Eigen value
s oelyls
. . 33.70 26.30 15.70
Relative Variance (%)
5 obls
’ 33.70 60.00 75.70
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Figure 3- A: Ranking of experimental genotypes in ascending order based on MTSI index and B: Strengths and weaknesses of
selected genotypes as the ratio of each factor in the calculated MTSI index
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Table 7- Prediction of selection differential and selection gain for effective traits based on MSTI index
Sl Sl e e y o e
. . S .
Lo Jale clis R Gan “’”S“ s il i T s
_ _ Sl A e S5
Factors Traits Unit Goal oS SG
Xo Xs SD SG
SD percent percent
aiy; 3 Skes Xt
1 . t. ha' 65.70 67.19 1.49 2.27 0.80 1.23
Root yield Increase
2B o ,Slee
. Gl
1 AL t. hat 11.92 12.61 0.69 5.78 0.34 2.93
i Increase
Sugar yield
a8 o Slee
= Sl
1 o t. ha' 9.70 10.52 0.81 8.34 0.48 4.96
White sugar Increase
yield
EVEIRWIY
AL ol
2 Percent 18.31 18.98 0.67 3.67 0.57 3.11
Sugar Increase
content
EVEIRWIY
Al il
Percent 14.81 15.75 0.94 6.39 0.82 5.57
White sugar Increase
content
ST seals
2 meq.100 g* 2.98 2.53 -0.44 -14.89 -0.35 -11.77
Na* Decrease
oy Sals
3 meq.100 g 5.51 5.23 -0.28 -5.16 -0.21 -3.97
K* Decrease
o pan (359,50
shals
3 Harmful meq.100 g* 3.13 2.88 -0.25 -8.01 -0.09 -3.12
. Decrease
nitrogen
EEEIRWIY
ook Lhals
3 Percent 2.90 2.62 -0.27 -9.42 -0.23 -7.97
Molasses Decrease
sugar

Xo: original value; Xs: selected value; SD: selection differential; SD perc: selection differential in percentage; SG: selection gain; SG perc:

selection gain in percentage.
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Abstract

Introduction: Genotype-environment interaction is one of the most important limiting factors in
breeding programs. A comprehensive study of genotype-environment interaction requires powerful
statistical methods. Different methods for evaluating the interaction effect of genotype-environment
have been proposed by different researchers. Therefore, in the present study, the role of this
phenomenon on the sugar yield of sugar beet hybrids and the identification of stable hybrids were
studied based on the AMMI, GGE bi-plot, and MTSI stability index methods.

Materials and Methods: For this study, a total of 20 sugar beet genotypes were utilized, comprising
15 recently developed hybrids and five control cultivars (Sina, Dena, Novodora, Modex and
Loriquet). Phenotypic assessments of experimental genotypes were conducted in 2021 crop year at
four agricultural research stations located in Karaj, Mashhad, Shiraz and Miandoab. These selected
sites differed in terms of altitude, latitude and longitude, atmospheric temperature and precipitation,
and physical and chemical characteristics of soil. The experiments at each research station were
carried out using a randomized complete block design with four replications. Each genotype was
planted in a separate plot, consisting of three cultivation rows with a length of eight m and a distance
of 50 cm interrow. Throughout the growing season, weed control, irrigation, fertilizer application,
and other field management activities were performed based on the recommendations of experts.
Additionally, regular monitoring and prevention of pests and diseases specific to sugar beet were
conducted at each research station. Stability analysis methods of AMMI, GGE bi-plot, and MTSI
stability index were used to analyze the genotype-environment interaction.

Results and Discussion: The results of a combined analysis of variance confirmed the significant
effects of environment and genotype on all traits at a one percent probability level. The interaction
between them was significant at one and five percent probability levels for all traits except the sugar
content and white sugar content. Analysis of the multiplicative effect of the AMMI model showed
that the first two components are significant at the one and five percent probability levels,
respectively, and together explain 92.20 percent of the interaction variations. The bi-plot of mean
yield and the first principal component of the interaction confirmed the superiority of genotype no.
20 due to its high sugar yield and stability. The results obtained from the GGE bi-plot method showed
that the first and second components together explain 84.16% of the variations in total sugar yield.
According to the GGE bi-plot, Karaj, Shiraz, and Miandoab had a relatively similar reaction in terms
of genotype yield rank and in these environments, genotype no. 20 was stable. The reaction of the
Mashhad environment was different from the other three environments and in that genotype no. 9 had
suitable stability. Based on the results of the MTSI index, four genotypes of 18, 2, 20, and 17 were
identified as stable genotypes. In general, the selected genotypes based on the MTSI caused a
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favorable selection differential in all traits. Among the traits, except root yield, other traits had good
selection differential and selection gain. On the other hand, genotype no. 15 had the highest value of
MTSI stability index and was unfavorable genotype in terms of studied traits.

Conclusion: In general, among breeding hybrids, in the first the hybrid obtained from crossing of
(7112 x SB36) x S1- 960132 (genotype no. 2) and then the hybrid obtained from crossing of (7112
x SB36) x S1- 970063 (genotype no. 9) can be used as promising hybrids in final evaluation programs
until the introduction of new hybrids. The studied sites were not very closely correlated to be
suggested that a site be abandoned to reduce costs for future research; In contrast, most of the tested
environments had a high differentiation capability and could make a good distinction among
genotypes in terms of sugar yield in genotype-environment interaction studies of sugar beet cultivars.

Keywords: AMMI, Component, GGE biplot, MTSI, Stability



