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Article Info ABSTRACT
Article type: Background and Objectives: This study investigates how different
Research Full Paper harvest times affect the yield and quality of sugar beet varieties. By

evaluating the performance of various varieties at different harvest
times, the research aims to determine if early quantitative and
qualitative assessments can accurately predict final outcomes.
Confirming this hypothesis could significantly benefit breeding
programs by enabling early selection, thereby speeding up the
development of high-yield, high-quality sugar beet varieties.

Materials and Methods: The research involved 13 sugar beet
Article history: varieties. These varieties underwent phenotypic evaluation over two
Received: 2024-10-25 years (2022 and 2023) at the Sugar Beet Research Station in Karaj
Accepted: 2024-12-23 Alborz, Iran. The experimental design was split-plot design based on
the randomized complete block design, with four replications and five
harvest dates. A combined analysis of variance was performed,
treating the year effect as random and the variety and harvest date
effects as fixed for white sugar yield. The mean of the main effects and
their interactions were compared using Duncan's multiple range test at
a 5% probability level. To assess the potential for early selection of
Keywords: varieties and expedite breeding, regression analysis was employed,

I\G/Iatu:.ity ential which is a common statistical method for evaluating genotype-
enetic potentia . . . o ' .

Growth period environment interactions. Addltlonally, Spearman's correlatlon? anon-
Linear relationship parametric rank correlation method, was used to determine the
Sugar yield correlation between the ranks of the varieties across different harvest

dates.

Results: The analysis of variance revealed significant effects of the
year, variety, harvest date, and the interactions between harvest date-
year and harvest date-variety at a 1% probability level. The fifth
harvest in 2022 reached an average of 11.36 t ha’, while the first
harvest in 2023 had the lowest yield, averaging 2.75 t ha™. In terms of
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harvest date-variety interaction, Yalda and Hosna achieved high yields
of 12.44 and 12.14 t ha' on the fifth and fourth harvest dates,
respectively, followed by Robina and Shokoufa on the fourth and fifth
dates. Regression analysis confirmed a significant linear relationship
between environmental conditions and yield at the 1% probability
level. This relationship indicated that as the environmental index
increased, there was a corresponding increase in white sugar yield,
mainly due to delayed harvest times. This pattern suggests a
predictable and uniform response of white sugar yield to
environmental changes. The genotype-environment interaction
(linear) was also significant at the 1% probability level, indicating that
although yield followed a linear trend, the slope of the regression line
varied for different experimental varieties across different years and
harvest dates. However, the mean square deviation from the regression
line was non-significant, suggesting that the white sugar yield values
of the experimental varieties closely aligned with the regression line.
This implies that the response of a cultivar did not fluctuate
significantly during linear changes in different years and harvest dates.
In fact, despite the complexities of the genotype-environment
interaction, the response of varieties to changes in different years and
harvest dates remains stable around the regression line. Spearman
correlation analysis supports these findings, indicating that
quantitative and qualitative performance in the early stages cannot
reliably predict final yield unless the harvest date is postponed until
early October.

Conclusion: The study concludes that initial performance evaluations
are not reliable for early selection. Delaying selection until October
enhances the reliability of breeding decisions, ensuring the selection of
cultivars with optimal genetic potential for high yields. This approach
allows breeders to make more informed decisions, ultimately leading
to the development of high-yield, high-quality sugar beet varieties. By
understanding the interactions between genetic and environmental
factors, breeders can improve the effectiveness of their strategies, thus
contributing to more efficient sugar beet cultivation practices.
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Table 1. Properties of examined sugar beet varieties
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Table 2. Weather characteristics at the Motahari's Sugar Beet Research Stations
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Table 3. Description of harvest dates and relevant codes in the years of the experiment
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Table 4. Physicochemical properties of soil at the experimental station
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Table 5. Combined analysis of variance results of white sugar yield in sugar beet experimental varieties

ey s 6")] A Sl e \_,K:h»
Source of variation df Mean of square
Jl
1 171.37**
Year
1,55/ db
e o 4 3.72
Year/Replication
- 12 39.01%*
Variety
b x o5
e 12 1.65m
Variety x Year
@l
48 2.98
E@
Cls 25U
e 4 581.16%*
Harvest date
Jle x cils 5 5,6
e 4 21.76%*
Harvest date x Year
5y x Cdls b
il 48 4.97%
Harvest date x Variety
e st ot 48 1,540
Harvest date x Variety x Year
byl
208 2.38
Ep)

s b 5 Ao S el o o s pxs 5 4 NS e

** and ns: Significant at one percent probability level and non- significant, respectively.
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Table 6. Mean comparison of main effects of year and variety

Jl G 53 ) diw S s Slas P GEKa 53 ) diw S s Slas
Year White sugar yield (t ha!) Variety White sugar yield (t ha!)
Ver J
7.80a o 4.85h
2022 Rasoul
VEoY S
6.47b 592¢
2023 Jolgeh
Loa
- - 6.49 efg
Homa
L
- - s 6.23 fg
Pars
ouLst
- - ) 6.47 efg
Ekbatan
b
- - A 7.75 bed
Shokoufa
Ls
- - 7.23 de
Dena
Lol
- - o 7.50 cd
Asia
LS
- - o 6.74 ef
Kimia
S
- - ) 8.43 ab
Nika
b
- - = 8.69a
Robina
[Coes
- - 8.36 ab
Hosna
s
- - ) 8.11 abc
Yalda
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Means that have at least one similar letter do not have a significant difference at the five percent probability level.
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Figure 1- Boxplot of maximum temperature, minimum temperature, monthly mean temperature and
precipitation of Karaj sugar beet research station in experiment implementation years
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Table 7- Mean comparison of harvest date-year interaction

Ju Cls G5 OS5 ) b S5 Shas
Year Harvest date White sugar yield (t ha™!)
HDI 3.65f
Vi) HD2 6.33d
HD3 8.06 ¢
2022 HD4 9.60 b
HD5 11.35a
HDI 275¢
YooY HD2 481 ¢
HD3 791 ¢
2023 HD4 8.54 ¢
HD5 8.36 ¢
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means that have at least one similar letter do not have a significant difference at the five percent probability

level.
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Table 9. Analysis of variance results of white sugar yield based on the suggested method of Eberhart and
Russel in sugar beet experimental varieties

R e EESIRESN Sl o SSks
Source of variation df Mean of square
& 129 26.23
Total
w0 12 39,02+
Genotype

(oo x 3 535) + Lams
) ; ) 117 24.92
Environment + (Genotype x Environment)

() e 1 2583.07%*
Environment (linear)

(&)h@x;ﬁ:,;j

] ] 12 10.06**
Genotype x Environment (linear)
iy 5| >l
s 104 2.04m
Pooled deviation
L
. 8 1.46™
Asia
Ls
8 1.00m
Dena
HLLS|
- 8 3.05m
Ekbatan
Loa
8 1.34m
Homa
[Cowes
8 3.59ns
Hosna
S
8 1.33m
Jolgeh
LS
o 8 0.69™
Kimia
(o
B 8 0.38"m
Nika
A"
R 8 0.62"
Pars
o 8 2.27m
Rasoul
Lo,
7 8 2.95m
Robina
[EP
- 8 4.04m
Shokoufa
Jods
) 8 3,750
Yalda
Lo
S 240 2.28

Pooled error

D 5 oy K e Ck.d)z)\zbf'u 5 4 NS sk
** and ns: Significant at one percent probability level and non- significant, respectively.
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Figure 2. Regression plot of environmental changes of white sugar yield based on the suggested method
of Eberhart and Russell in experimental sugar beet varieties
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Figure 5. Spearman correlation analysis of different charvest date in experimental sugar bett varieties.
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HDS: fifth harvest date. ***  ** * and ns: Significant at 0.1, 1 and 5 percent probability level and non-
significant, respectively.
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