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Table 1. List of genotypes investigated in this experiment.

Row Genotype Company Row Genotype code Company
code

1 F-21370 Maribo 8 F-21377 SVH
2 F-21371 Maribo 9 F-21410 Hilleshog
3 F-21372 WHBC 10 F-21411 Hilleshog
4 F-21373 Kuhn & Co 11 F-21412 Hilleshog
5 F-21374 BTS 12 F-20940 (Denzel) Strube
6 F-21375 KWS 13 F-21092 (Melinda)
7 F-21376 KWS
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Table 2. Geographical characteristics, temperature, and rainfall of the research stations in the two years of the
experiment.

Average temperature (°C) Rainfall (mm)

Month Karaj  Kargj Hamadan  Hamadan Karaj Karaj Hamadan = Hamadan
2022 2023 2022 2023 2022 2023 2022 2023
January 420 5.10 10.00 6.00 57.20 28.10 42.80 26.12
February 7.50 9.90 8.20 7.20 1.40 84.60 20.60 32.01
March 12.90.  13.30 14.50 10.50 101.60 25.40 25.9 31.52
April 15.20 , 22.00 15.50 13.50 32.00 85.40 6.61 10.12
May 2430 «25.20 20.10 24.10 11.70 20.90 7.30 3.00
June 29.50° 31.90 24.52 25.50 0.00 0.00 1.6 12.18
July 31,100 32.20 32.00 33.00 0.00 0.30 0.00 0.00
August 28.70  30.90 31.70 30.50 0.00 0.00 1.81 0.00
September 25.70  28.20 23.20 25.60 30.00 20.30 22.40 10.62
October 18.30  18.40 16.25 18.50 75.20 8.40 46.00 32.18
November 11.40  11.00 10.55 9.50 11.00 64.40 15.70 13.20
December 5.00 7.80 8.20 7.18 28.40 54.80 25.00 24.15

Y Gas 5o chalejl Gl S gl 5 (S5 slo Shs Y Jsox
Table 3- Physical and chemical characteristics of the soil of the test sites at a depth of 0-30

Stations Year pH EC (%) NHs NOs P K Clay Silt% Sand% Texture
dsm! CO ppm ppm ppm ppm %
Karaj 1401 7.15 095 1.35 462 554 266 503 294 56 12.61 Silty Clay loam



1402 6.76 1.31 0.77 819 328 343 391 26.7 Silty loam

Hamadan 1401 7.93 6.14 0.45 - - 47.6 499 155 275 53 Silty loam
1402 8.20 1.60 0.43 - - 142 352 26 21 53 Silty loam
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Table 4. Combined analysis of variance of sugar beet yield and quality parameters in Hamadan and Karaj

SOV Root yield (t.ha ) Sugar content (%) Sugar yield (tha ') ~ White sugar content (%)  White sugar yield (t.ha ')
Df  Hamadan Karaj Hamadan  Karaj = Hamadan Karaj Hamadan Karaj Hamadan Karaj
Year (Y) 1 7696.43**  43.95™  182.71** 10.12** 615.46**  18.22%%* 195.85%* 14.17* 508.64** 21.46"™
Y x Replication 6 177.61 271.18 1.309 0.01 9.50 5.97 2.15 0.58 8.32 7.60
Genotype(G) 12 399.45**  681.38**  18.93**  7.91**  30.15%* 18.81%* 27.96%* 14.19%* 30.04** 18.55%*
Yx G 12 254.02*%*%  150.02* 3.00%** 1.52%%* 5.32" 2.95m 4.24%%* 3.12%* 4.17m 3.07"
Error 72 111.15 76.92 1.180 0.48 3.65 241 1.699 0.73 2.88 2.05
CV% 7. 14.08 8.42 6.37 4.59 14.80 9.86 9.22 7.07 15.81 11.41

", * and **: non-significant, significant at 1% and 5% of probability levels
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Table 5- mean comparison of sugar beet genotypes investigated regarding yield.and quality characteristics in Hamadan and Karaj

environments.

Root yield (t.ha ) Sugar content (%) Sugar yield (t:ha ) White sugar content (%) White sugar yield (t.ha )
Genotype Hamadan Karaj Hamadan Karaj Hamadan Karaj Hamadan Karaj Hamadan Karaj
F-21370 68.38de 90.69¢ 18.16ab 16.55a 12.53def 15.02bc 15.71ab 14.12a 10.84cd 12.81bc
F-21371 67.64de 119.04a 14.48¢ 14.05¢ 10.07h 16.68a 10.98e 10.61fg 7.74¢g 12.58bcd
F-21372 75.64abcd 111.33ab 15.90d 14.36de 12.17defg 15.95abc 12.63d 10.85f 9.69def 12.05¢d
F-21373 72.15bcde 84.27e 15.91d 13.29f 11.51efgh 11.17d 12.84d 9.84¢g 9.29defg 8.24¢
F-21374 79.40abc 101.63cd 19.01a 15.81b 15.11ab 16.23ab 16.48a 12.94b 13.10ab 13.36abc
F-21375 84.45a 109.69bc 18.21ab 16.87a 15.38ab 17.10a 15.44ab 12.53bed 13.03ab 13.75ab
F-21376 71.25bcde 100.09d 19.13a 15.58be 13.66bcd 16.88a 16.71a 14.42a 11.93bc 14.42a
F-21377 65.13¢ 106.75bcd 15.80d 14.92¢cd 10.48gh 15.94abc 12.83d 11.99cde 8.54fg 12.82bc
F-21410 79.94ab 112.78ab 16.01d 14.46de 13.03cde 16.26ab 12.72d 11.32ef 10.43cde 12.72bc
F-21411 85.3a 99.86d 16.8cd 14.6de 14.5abc 14.6¢ 13.7cd 11.3ef 11.8bc 11.2d
F-21412 69.1cde 107.45bcd 15.8d 14.9¢cd 11.0fgh 16.0abc 12.6d 11.7de 8.7efg 12.5bcd
F-20940 70.3bcde 104.09bed 17.3bc 15.4bc 12.2defg 16.0abc 14.5bc 12.6bc 10.3cde 13.2abc
F-21092 84.2a 107.06bcd 19.4a 15.5bc 16.1a 16.6a 16.5a 12.7bc 13.9a 13.6ab

Means in each column, followed by a similar letter(s), are not significantly different at the 5% probability level.
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Table 6. The correlation between traits, high numbers related to phenotypic correlation and low numbers related to Genetic
correlationat two years in the Hamadan environment.

Traits RY SC SY WSC  WSY Na K N Alc Pur Ms
Root yield (RY) p 1
g 1
Sugar content p 0.31*
(SC) g 0.04m
Sugar yield (SY) p 0.84 **  (.75%*
g 0.87%x  (0.85%*
White sugar p 0.26 ™ 0.99%* 0.72%%*
content (WSC) g 0.04™ 0.99%: 0.81%*
White sugar yield p 0.75 **  (0.85%* 0.98** 0.82%*
(WSY) g 0.79%F  0.92%%  (.98*%*  (.89%*
Sodium p -0.16™  -0.88%*F  -0.58%% -0.90** -0.69%x
(Na) g -022%  -0.88%*  -0.61%F  -0.90%* -0.7]**
Potassium p 0.4 -030%  -0.09%  -031*  -0.16™  0.02"
(K) g  0.05™ 029" -0.14™ . -0.27"  -0,17™ < -0.08"
Alphaamine ~ p  048%%  0.82%% 077+  079%  081%*  -0.62%%  -0.32*
(N) g 0.67%F  0.90%F  0.90%* 10.88%%  0.93%x  _0.64%* -0.05"
Alkalinity P -0.35%  -0.92%%  -0.74%F ..093%*  -0.82%F  (.84%*  (034%  -0.89%x
(Ale) g -0.04™  -0.99%*  -0.83%* 098%* _0.00%*F (0.84%* 024"  -0.94%x
Sugar extraction  p  0.16™  T0.95%* 0W3**  0.97**  0.74%*  -0.95%% _028*%  0.71**  -0.9]**
coefficient (Pur) o gagns  096%k.  0.69%*  0.98%*  0.79%*%  -0.96** -0.17%  0.79%*  -0.94%*
Molasses p o -0.06™ . -0.90%*F ~-0.53%F  0.93%%  -0.66%* 0.94%*  034%  -0.64%F 0.87FF  -0.98%* 1
(Ms) g -004m. 20.93%F  _0.60%*  -0.95%F  -0.71%F  0.96%*  0.17"  -0.73%*  0.90**  -0.99%* |

" * and **: non-significant, significant at 1% and 5% of probability levels
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Table 7. The correlation between traits, high numbers related to phenotypic correlation and low numbers related to Genetic correlation
at two years in Karaj environments.

Traits RY SC SY WSC  WSY Na K N Alc Pur Ms
Root yield (RY) p 1
g 1
Sugar content (SC) p -0.08™
g -0.15™
Sugar yield (SY) P 0.81 ** 0.51**
g 0.74%  0.24m
White sugar P -0.11™  0.98** 0.47%%*
content (WSC) g 020"  0.99%x 0.93%*
White sugar yield P 0.59%*  0.72%* 0.94 %% 0.72%%
(WSY) g 0.16™  0.79%%  0.19™  0.76%*
Sodium p 015%™ _0.85%F  036%*  _0.92%*  .0.6A4%*
(Na) g 025"  -0.95%%  .0.12"  -0.96%*  _(7]%*
Potassium p 0.01™ 0.8 0.2  0.11™  0.12% | -0.18™
) g 0.05™  0.11™ 0.6 . 0.14™ 0227 < 0.15™
Alpha amine p 026"  0.40%  047%  032*%  045% 015 0.2
N) g 0.64%%  0.15™  0.90%* . 0.18%  0.86**  -0.18"  -0.30™
Alkalinity P 031%  0.67FF  0.66%* 0i63%*  0.72%*  0.49%% .13 0.73%*
(Ale) g 0.58%%  L076%%  -1.0%* < 0.72%% 103 %% 0.63%*  0.01™  0.91%*
Sugar extraction ~ p  -0.13% ~0.91%* [50.42%%  0.96%*  0.68%*  -0.97%% 028" 021"  -0.57 **
coefficient (Pur) o 0220 0.98%% 016"  0.99%  0.74%F  0.98*% 023" 016"  -0.70%*
Molasses p 0181 078 030%  -0.88%*  .0.58%*  0.96%*  0.13%  -0.06™ 042%%  0.96%* |
(Ms) g 03" -0.97F 016  -0.98 %% _0.66%*  0.99%* 023" 039  0.61** 099 % |

", * and **: non-significant, significant at 1% and 5% of probability level
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Table 8. Path analysis of traits affecting white sugar yield in the Hamedan. The numbers on the diameter are the
direct phenotypic (high numbers) and genetic (low numbers) effects, and the numbers outside the diameter are the
indirect phenotypic (high numbers) and genetic (low numbers) effects.

Traits RY NA PUR Correlate
Root yield p 0.64 -0.03 0.14 0.75
(RY) g 060 -0.07 0.26 0.79
e 0.04 0.04 -0.12 -0.04
Sodium p -0.10 0.23 -0.82 -0:69
(Na) g -0.13 0.34 0.92 -0.71
e 0.03 -0.11 0.1 0.02
Sugar P 0.10 -0.22 0.86 0.74
extraction g 0.16 -0.32 0.95 0.79
coefficient
(Pur) e -0.06 0.1 -0.09 -0.05
g Residual= 0.003 p Residual=0.0263
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Table 8. Path analysis of traits affecting white sugar yield in the Karaj. The numbers on the diameter are the direct
phenotypic (high numbers) and genetic (low numbers) effects, and the numbers outside the diameter are the indirect
phenotypic (high numbers) and genetic (low numbers) effects.

Traits Na RY N Correlate
Sodium p -0.72 0.1 -0.02 -0.64
(Na) g 20.71 0.11 011 -0.71

e 0.01 -0.01 0.09 0.07
Root yield p -0.11 0.66 0.04 0.59
(RY) g :0.18 0.46 0.18 0.46

e 0.07 0.2 -0.14 0.13
Alpha p 0.11 0.17 0.16 0.44
amine g 0.27 0.29 0.29 0.85
) e 0.16 0.12 -0.13 -0.41

g Residual=0.014 p Residual=0.062
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Figure 1. Bi-plot resulting from the grouping of investigated traits and genotypes in the environment of Hamadan in

two years
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Evaluation of yield potential and phenotypic and genetic relationships of traits affecting
white sugar yield in new foreign genotypes of sugar beet

Abstract

To evaluate the phenotypic and genetic relationships of traits affecting white sugar yield, 13
foreign sugar beet genotypes were investigated. Genotypes were assessed using a randomized
complete block design with four replications in Karaj and Hamadan stations in the 2022 and 2023
crop years. The results showed that three genotypes, F-21374, F-21375, and F-21092, produced
the maximum white sugar yield. In two locations, the phenotypic and genetic correlation of white
sugar yield with sugar content, white sugar content, alpha amine, and sugar extraction coefficient
was positive and significant. At the same time, it was negative and significant with root sodium,
alkalinity content, and molasses sugar percentage. In the Hamadan, root yield; sodium content,
and sugar extraction coefficient (R2 = 89.99) were the most influential traits of white sugar yield.
In the Karaj, sodium content, root yield, and alpha amine content (R2 = 96.8) were the most
influential traits. In the Hamedan, root yield, sodium content, and sugar extraction coefficient had
a positive and significant phenotypic and genetic effect on white sugar yield. Root yield and alpha
amine showed a direct positive phenotypic and genetic impact in the Karaj. In contrast, sodium
content showed a direct negative phenotypic and genetic impact on white sugar yield. Based on
the biplot analysis results, the first two factors explained 78.5% and 88.80% of the total data
variance in Hamedan and Karaj, respectively. Two.genotypes, F-21375 and F-21092, were
identified as suitable genotypes, and root performanceand sodium content were recognised as the
most effective traits.

Keywords: biplot, sodium, sugar content, environment, correlation



