Univerzity of Tehran Press

Iranian Journal of Field Crop Science
Online ISSN: 2423-5082

Homepage:https:\ijfcsntacir’

Evaluation of Yield Potential and Phenotypic and Genetic Relationships of
Traits Affecting White Sugar Yield in New Foreign Genotypes of Sugar Beet

Hamze Hamze™

| Rahim Mohammadian?“*'| Hamed Mansuri 3

1. Corresponding Author, Sugar Beet Research Department, Agricultural and Natural Resources Research Center
of Hamedan, Agricultural Research, Education and Extension Organization (AREEQ), Hamedan, Iran. E-mail:

h.hamze@areeo.ac.ir

2. Sugar Beet Seed Institute (SBSI), Agricultural Research, Education and Extension Organization (AREEO),
Karaj, Iran. E-mail: r_mohammadian@areeo.ac.ir
3. Sugar Beet Research Department, Agricultural and Natural Resources Research Center of Hamedan,

Agricultural
h.mansouri@areeo.ac.ir

Research, Education and Extension Organization (AREEO), Hamedan,

Iran. E-mail:

Article Info

ABSTRACT

Avrticle type:
Research Article

Avrticle history:

Received: October 07, 2024
Received in revised form:
December 14, 2024
Accepted: December 23, 2024
Published online: June 22,
2025

Keywords:
Biplot,
correlation,
environment,
sodium,
sugar content.

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 content, and sugar extraction
coefficient was positive and significant. At the same time, it was negative and
significant with root sodium and alkalinity content, and molasses sugar percentage.
In the Hamadan, root yield, sodium content, and sugar extraction coefficient
(R?= 89.99) were the most influential traits of white sugar yield. In the Karaj,
sodium content, root yield, and alpha amine content (R?>= 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 effect in the Karaj. In contrast, sodium content showed a direct negative
phenotypic and genetic effect 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 performance and sodium content were
recognized as the most effective traits.
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Row Genotype code Company Row Genotype code Company
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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Average temperature (°C) Rainfall (mm)

Month Karaj Karaj Hamadan Hamadan Karaj Karaj Hamadan Hamadan
2022 2023 2022 2023 2022 2023 2022 2023
January 4.20 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 24.30 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 31.10 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
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Stations Year pH EC (%) C.O0  NH, NO, P K Clay Silt% Sand% Texture
ds.m ppm ppm ppm ppm %
Karaj 1401 7.5 0.95 1.35 4.62 5.54 2.66 503 29.4 56 12.61 Silty Clay loam
1402 6.76 131 0.77 8.19 3.28 34.3 39.1 26.7 Silty loam
Hamadan 1401  7.93 6.14 0.45 - - 47.6 499 15.5° 275 53 Silty loam
1402 8.20 1.60 0.43 - - 14.2 3.52 26 21 53 Silty loam
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SOV Root yield (t.ha 1) Sugar content (%) Sugar yield (t.ha ) 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** 4.17™ 3.07™
Error 72 111.15 76.92 1.180 0.48 3.65 2.41 1.699 0.73 2.88 2.05
CV% % 14.08 8.42 6.37 4.59 14.80 9.86 9.22 7.07 15.81 11.41

s *and **: non-significant, significant at 1% and 5% of probability levels.
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Root yield (t.ha 1) Sugar content (%) Sugar yield (t.ha ')  White sugar content (%0) 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 14.48e 14.05e 10.07h 16.68a 10.98e 10.61fg 7.74g 12.58bcd
F-21372 75.64abcd 111.33ab 15.90d 14.36de 12.17defg 15.95abc 12.63d 10.85f 9.69def 12.05cd
F-21373 72.15bcde 84.27e 15.91d 13.29f 11.51efgh 11.17d 12.84d 9.84¢g 9.29defg 8.24e
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 12.53bcd 13.03ab 13.75ab
F-21376 71.25bcde 100.09d 19.13a 15.58hbc 13.66bcd 16.88a 16.71a 14.42a 11.93bc 14.42a
F-21377 65.13¢ 106.75hcd 15.80d 14.92cd 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 14.5ahc 14.6¢ 13.7cd 11.3ef 11.8bc 11.2d
F-21412 69.1cde 107.45hcd 15.8d 14.9cd 11.0fgh 16.0abc 12.6d 11.7de 8.7efgy 12.5bcd
F-20940 70.3bcde 104.09hcd 17.3bc 15.4bc 12.2defg 16.0abc 14.5bc 12.6bc 10.3cde 13.2abc
F-21092 84.2a 107.06bcd 19.1a 15.5hc 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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Traits RY SC SY WSC WSY Na K N Alc Pur Ms

Root yield (RY) 1
1
Sugar content (SC) 0.31*
0.04"s

0.84 ** 0.75**

0.87** 0.85**

0.26™ 0.99** 0.72**

0.04m 0.99** 0.81**

0.75 ** 0.85** 0.98** 0.82**
0.79** 0.92** 0.98** 0.89**

Sugar yield (SY)

White sugar content (WSC)

White sugar yield (WSY)

T Q T @@ T © T @ T @ T Q@ T @ T @ T @ T «Q T

Sodium (Na) -0.16 ™ -0.88** -0.58** -0.90 ** -0.69**
-0.22" -0.88** -0.61** -0.90** -0.71**
Potassium (K) 0.14m -0.30* -0.09" -0.31* -0.16™ 0.02m
0.05™ -0.29" -0.14 ™ -0.27 ™ -0.17™ -0.08™
Alpha amine (N) 0.48** 0.82** 0.77** 0.79** 0.81** -0.62** -0.32*
0.67** 0.90** 0.90** 0.88** 0.93** -0.64** -0.05™
Alkalinity (Alc) -0.35* -0.92** -0.74** -0.93** -0.82** 0.84** 0.34* -0.89**
-0.04" -0.99** -0.83** -0.98** -0.90** 0.84** 0.24™ -0.94**
Sugar extraction coefficient 0.16™ 0.95** 0.63** 0.97** 0.74** -0.95** -0.28* 0.71** -0.91*%*
(Pur) 0.27m 0.96** 0.69** 0.98** 0.79** -0.96** -0.17™ 0.79** -0.94**
Molasses (Ms) -0.06" -0.90** -0.53** -0.93** -0.66** 0.94** 0.34* -0.64** 0.87** -0.98** 1
g -0.14" -0.93** -0.60** -0.95** -0.71** 0.96** 0.17m -0.73** 0.90** -0.99*%* 1

", *and **: non-significant, significant at 1% and 5% of probability levels
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Traits RY SC SY WSC WSY Na K N Alc Pur Ms
Root yield (RY) p 1
g 1
Sugar content (SC) p -0.08m
g -0.15™
Sugar yield (SY) p 0.81 ** 0.51**
g 0.74** 0.24™
White sugar content (WSC) p -0.11™ 0.98** 0.47**
g -0.20™ 0.99** 0.93**
White sugar yield (WSY) p 0.59** 0.72** 0.94** 0.72**
g 0.16" 0.79** 0.19m 0.76**
Sodium (Na) p 0.15™ -0.85** -0.36** -0.92** -0.64**
g 0.25™ -0.95** -0.12m -0.96** -0.71**
Potassium (K) p -0.01™ 0.18"™ 0.12m 0.11m™ 0.12" -0.18™
g 0.05"™ 0.11" 0.16™ 0.14m 0.22" -0.15™
Alpha amine (N) p 0.26"™ 0.40** 0.47** 0.32* 0.45** -0.15™ -0.12m
g 0.64** 0.15"™ 0.90** 0.18™ 0.86** -0.18™ -0.30™
Alkalinity (Alc) p -0.31* -0.67** -0.66** -0.63** -0.72** 0.49** 0.13m -0.73**
g -0.58**  -0.76** -1.0** -0.72** -1.03 ** 0.63** 0.01" 0.91**
Sugar extraction coefficient p -0.13™ 0.91** 0.42** 0.96** 0.68** -0.97** 0.28" 0.21" -0.57 **
(Pur) g -0.22m 0.98** 0.16™ 0.99** 0.74** -0.98** 0.23m 0.16" -0.70**
Molasses p 0.18™ -0.78** -0.30* -0.88** -0.58** 0.96** 0.13m -0.06™ 0.42** -0.96** 1
(Ms) g 0.13™ -0.97** -0.16™ -0.98 ** -0.66** 0.99** -0.23™ -0.39™ 0.61** 0.99 ** 1

"s, * and **: non-significant, significant at 1% and 5% of probability level.
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Traits RY NA PUR Correlate
Root yield (RY) p 0.64 -0.03 0.14 0.75
g 0.60 -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 extraction p 0.10 -0.22 0.86 0.74
coefficient (Pur) g 0.16 -0.32 0.95 0.79
e -0.06 0.1 -0.09 -0.05

g Residual=0.003 p Residual=0.0263
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Traits Na RY N Correlate
Sodium p -0.72 0.1 -0.02 -0.64
(Na) g 071 0.11 -0.11 071
e -0.01 -0.01 0.09 0.07
Root yield p -0.11 0.66 0.04 0.59
(RY) 9 -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 9 0.27 0.29 0.29 0.85
(N) e -0.16 -0.12 -0.13 -0.41

g Residual=0.014 p Residual=0.062
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