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Extended Abstract

Introduction and Objective: In crop breeding programs, comprehensive information is needed
regarding the genetic structure of plant materials and their combinability. In this regard, the
present study was carried out with the objectives of evaluating the general combining ability of
parents and the specific combining ability of crosses, determining the nature and extent of gene
action, and finally estimating the heritability of quantitative and qualitative traits of sugar beet
hybrids by the analysis of line-tester crosses.

Material and Methods: The study was conducted as a line-tester crossing using nine lines and
two testers of sugar beet. For this purpose, maternal lines were planted in the middle lines and
pollinator lines were cultivated in two lateral lines and all the crossings were done by observing
the points related to isolation. A number of 18 hybrids obtained from the line-tester cross were
cultivated and investigated in the agricultural research station of Shiraz in randomized complete
block design with four replications during the crop season of 2019-2020.

Results: The results of analysis of variance of root yield, sugar yield, white sugar yield, sugar
content, white sugar content, sodium, potassium, harmful nitrogen, alkalinity coefficient,
extraction coefficient of sugar and molasses sugar percentage showed that among studied hybrids,
there is a significant difference at the 1% probability level in terms of all the traits except the two
traits of sugar content and white sugar content. Line-tester analysis confirmed that the additive
and non-additive effects of genes are involved in the expression and inheritance of root yield and
sugar yield; However, in the genetic control of white sugar yield, sugar content, white sugar
content, sodium, potassium, nitrogen, alkalinity coefficient, extraction coefficient of sugar and
molasses sugar percentage, genes with non-additive effect have not played a role, and according
to the significance of the general combining ability effect of the line or tester for the mentioned
traits, only genes with additive effect are involved in the control. In total, from the used lines in
the present study, 950123 and from the experimental testers, F-21121 had positive effects with
regard to the improvement goals of sugar beet. S1-24 and F-21122 were associated with negative
effects and caused a decrease in the breeding value of the traits.

Conclusion: Overall, obtained results showed the existence of diversity among hybrids derived
from crossing between lines and testers. Based on the results, genes with both additive and non-
additive effects are involved in the control of root yield and sugar yield, but in the inheritance of
sugar yield, sodium, potassium, harmful nitrogen, alkalinity coefficient, extraction coefficient of
sugar, and molasses sugar percentage, only genes with additive effect are involved. Considering
that general combinability shows the additive effects of genes, so parents with high general
combining ability also have a large additive effect that can be used in cultivar production.
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Table 1. Specifications of the sugar beet lines and testers
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Table 2. Analysis of variance for different traits in experimental sugar beet genotypes by linex tester analysis

A8 doyd . A
ke E)iaggion eleers 0393 ol s oAb wBasy LAl ey ahe SEosle Sdsske afyoSke  wlanp 5 gilie
Molasse of sugar = orae K* Na* White sugar content Sugar content White sugar yield Sugar yield Root yield df Source of variation
sugar 9 Alkalinity N
0.81 13.76 0.16 0.25 6.70 0.40 0.52 0.27 6.02 12.05 243.22 3 )‘.’Sj.
Replication
0.72** 30.06** 0.96** 1.14** 3.71** 2.69** 3.97™ 1.74™ 3.21** 5.53** 165.73** 17 Cisﬁs
1.04%* 49.99%* 1.34% 1.29%* 171 3.76%* 6.95" 2.88™ 3.23* 6.25%* 249.38** 8 Lﬁ;fs
1.30* 60.65* 0.78™ 4.43** 37.98** 11.70** 9.40m™ 3.71™ 15.73** 14.74** 163.50* 1 T(;‘S"tjrs
0.33™ 6.32"™ 0.60™ 0.58"™ 1.44™ 0.49" 0.32™ 0.35"™ 1.63™ 3.67* 82.36* 8 M_X‘ﬁ\l JhiSen
Lines x Testers
0.30 12.41 0.37 0.43 0.71 0.90 2.65 1.99 1.25 1.27 23.01 51 EurQrZr
12.28 4.68 18.88 16.16 8.89 29.25 10.55 6.89 10.48 7.94 6.91 (Z_) Sl o
Coefficient of variation (%)
67.82 78.24 65.65 53.22 21.66 65.83 82.34 77.95 47.29 53.13 70.81 y «\j."e‘“’ .
Contribution of line
10.60 11.87 4.79 22.79 60.15 25.63 13.91 12.57 28.80 15.67 5.80 e ok
Contribution of tester
21.58 9.89 29.56 23.99 18.19 8.53 3.75 9.48 23.91 31.20 23.39 s XY S ot

Contribution of linex tester
I sxe pE g oy K g gy Jlein] zolaw 3 dxe Cud S 4 NS g

*, **and ns: Significant at 5%, 1% and non- significant.
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Table 3. Values of different genetical parameters for different traits in experimental sugar beet genotypes by linex tester analysis

oMo LB Lo S8 Jlasil o o ISl o i ophe (159 eely 2 o S5 3)Skas S 3 Sl adyy 3)Slos olly sloadlse
Molasse sugar Extraction coefficient of sugar Alkalinity N K* Na* White sugar yield Sugar yield Root yield Variance component
0.01 0.90 0.01 0.02 0.09 0.08 0.06 0.07 3.15 @"ﬂ‘ﬁgzw“w?
A
0.01 - 0.06 0.04 0.18 - 0.10 0.60 14.84 el by
.Sn
0.01 0.45 0.01 0.01 0.04 0.04 0.03 0.04 1.57 o9 d)‘;“‘ 5 oy
GCA
0.01 - 0.06 0.04 0.18 - 0.10 0.60 14.84 oy SndhieS S bl
SCA
0.63 - 0.19 0.36 0.32 - 0.38 0.10 0.18 Pt S
Baker ratio
1.07 - 2.93 1.89 2.06 - 1.80 413 3.07 Colle 42>
Degree of dominance
26.35 26.24 28.37 29.20 51.58 33.03 28.26 45.75 60.79 T ‘ﬁg‘»*’:“s')?
h
3.66 5.33 2.60 3.47 5.90 6.16 3.43 3.02 5.37 oy }:;Zmubg
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Table 4. Estimate of general combining ability (GCA) effects of experimental sugar beet lines and testers by linex tester analysis

Molasse sugar Extraction coefficient of sugar Alkalinity N K* Na* White sugar yield Sugar yield Root yield Line/Tester
Line
-0.08™ 0.92™ 0.17™ -0.33™ 0.37™ -0.53™ 0.35™ 0.29™ 0.22™ SB 27
-0.27™ 1.65™ -0.46* 0.27™ -0.14™ -0.71* 0.25™ 0.06™ -0.53™ 920760
-0.21™ 1.89™ -0.66** 0.65** -0.29™ -0.51™ -1.06** -1.75%* -10.91** S1-24
.07™ -0.22"™ -0.35™ 0.46* 0.09™ -0.01™ -0.66™ -0.85* -4.28* 920128
-0.54** 3.33** -0.05™ -0.46* -0.75* -0.70* 0.30™ -0.20™ -2.85™ SB 33
0.29™ -1.78™ 0.43* -0.19™ 0.42™ 0.50™ -0.24™ 0.00™ 1.09™ SB 51
0.27™ -2.45* 0.47* -0.34™ 0.29™ 0.58™ -0.02"™ 0.43™ 5.15%* HSF-14- P.35
-0.18™ 1.24™ 0.12™ -0.27™ -0.56™ 0.11™ 1.15** 1.26** 4.97** 950123
0.65** -4.58** 0.33™ 0.21™ 0.57™ 1.27** -0.08™ 0.75™ 7.15%* 33866- 94
3kl (glas
0.19 1.25 0.22 0.23 0.30 0.34 0.39 0.40 1.70 Standard error
Tester
-0.13™ 0.92™ 0.10™ -0.25* -0.73** 0.40* 0.47* 0.45* 1.51™ F-21121
0.13™ -0.92™ -0.10™ 0.25* 0.73** -0.40* -0.47* -0.45* -1.51™ F- 21122
S lislal (slas
0.09 0.59 0.10 0.11 0.14 0.16 0.19 0.19 0.80 Standard error

o o b g g hoyd S g iy Jlain] pskaw 53 I3 e a5 4 NS g e i
*, ** and ns: Significant at 5%, 1% and non- significant.
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Table 5. Estimate of specific combining ability (SCA) effects in experimental sugar beet hybrids by linex tester analysis

e 35 103 S5 Jeaid a5 ISl s ede i el o sk S5 Shes JEEp eI s oY
Molasse sugar Extraction coefficient of sugar Alkalinity N K* Na* White sugar yield Sugar yield Root yield Tester Line
0.17™ -0.36™ -0.12™ 0.31™ 0.35™ 0.04™ 0.05™ 0.13™ -0.63™ F-21121 SB 27
0.22"™ -0.79™ 0.10™ 0.04™ 0.56™ 0.08™ 0.27™ 0.50™ 1.49™ F-21121 920760
0.01™ -0.32™ 0.06™ -0.13™ -0.23™ 0.31™ -0.87™ -1.12* -5.26* F-21121 S1- 24
-0.02"™ 0.11™ 0.01™ -0.08™ -0.01"™ -0.01™ 0.65™ 0.86™ 4.12™ F-21121 920128
-0.23™ 1.07™ -0.05™ -0.16™ -0.29™ -0.35™ -0.36™ -0.66™ -3.19™ F-21121 SB 33
-0.21™ 0.76™ 0.06™ -0.23™ -0.58"™ 0.02™ -0.19™ -0.38™ -0.76™ F- 21121 SB 51
-0.27™ 1.32™ -0.21™ 0.10™ -0.45™ -0.36™ -0.14™ -0.45™ -2.07™ F- 21121 HSF-14- P.35
0.05™ -0.44" -0.43™ 0.50™ 0.09™ -0.08™ 0.36™ 0.56™ 3.49™ F- 21121 950123
0.28™ -1.34™ 0.58™ -0.36™ 0.56™ 0.35™ 0.22™ 0.56™ 2.81™ F-21121 33866- 94
-0.17™ 0.36™ 0.12™ -0.31™ -0.35"™ -0.04™ -0.05™ -0.13™ 0.63"™ F- 21122 SB 27
-0.22"™ 0.79™ -0.10™ -0.04™ -0.56™ -0.08™ -0.27™ -0.50™ -1.49™ F- 21122 920760
-0.01"™ 0.32"™ -0.06™ 0.13™ 0.23™ -0.31™ 0.87™ 1.12* 5.26* F- 21122 S1-24
0.02™ -0.11™ -0.01™ 0.08™ 0.01™ 0.01™ -0.65™ -0.86™ -4.12™ F- 21122 920128
0.23™ -1.07™ 0.05™ 0.16™ 0.29™ 0.35™ 0.36™ 0.66™ 3.19™ F- 21122 SB 33
0.21™ -0.76™ -0.06™ 0.23™ 0.58™ -0.02™ 0.19™ 0.38™ 0.76™ F- 21122 SB 51
0.27™ -1.32"™ 0.21™ -0.10™ 0.45™ 0.36™ 0.14™ 0.45™ 2.07™ F- 21122 HSF-14- P.35
-0.05™ 0.44™ 0.43™ -0.50™ -0.09™ 0.08™ -0.36™ -0.56™ -3.49™ F- 21122 950123
-0.28™ 1.34™ -0.58™ 0.36™ -0.56"™ -0.35"™ -0.22™ -0.56™ -2.81™ F- 21122 33866- 94
0.27 176 0.30 0.33 0.42 0.48 0.56 0.56 2.40 2yl (glas

Standard error
DBt g 0oy S g gy Jlain] zsbaw 53 I3 dme a5 4 NS g e

*, ** and ns: Significant at 5%, 1% and non- significant.
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