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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
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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
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SCA
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Baker ratio
1.07 - 2.93 1.89 2.06 - 1.80 413 3.07 Colle 42>
Degree of dominance
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h
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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.

\A

H|fle o (0 8 Rl (57 K57 (67 507 € 7 rmler

(& Q@ (Al (T 0 37 (@ (c 6 emiy (|


http://dx.doi.org/10.61186/jcb.15.48.201
http://jcb.sanru.ac.ir/article-1-1469-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jcb.15.48.201 |

> a9 3y eopbo o ¢ oy P SWE gl
Yy VFLY Ot‘a.‘wj/\cA o)l«f’:/pma}ili Jl /u“l)} ols CM“‘ Aol g}y

FL%)

Abbasi, Z., Arzani, A., Majidi, M. M., Rajabi, A., & Jalali, A. (2019). Genetic analysis of sugar yield and
physiological traits in sugar beet under salinity stress conditions. Euphytica, 215, 1-12.

Abdel Nour, N. A., EI-Fateh, H. S., & Mostafa, A. K. (2011). Line x Tester analysis for yield and its traits
in bread wheat. Egyptian Journal of Agricultural Research, 89(3), 979-992.

Adebayo, M., Menkir, A., Blay, E., Gracen, V., Danquah, E., & Hearne, S. (2014). Genetic analysis of
drought tolerance in adaptedx exotic crosses of maize inbred lines under managed stress conditions.
Euphytica, 196, 261-270.

Alexandratos, N., & Bruinsma, J. (2012). World agriculture towards 2030/2050: the 2012 revision.

Alza, J., & Fernandez-Martinez, J. (1997). Genetic analysis of yield and related traits in sunflower
(Helianthus annuus L.) in dryland and irrigated environments. Euphytica, 95, 243-251.

Amin, M., Amiruzzaman, M., Ahmed, A., & Ali, M. (2014). Evaluation of inbred lines of maize (Zea mays
L.) through linex tester method. Bangladesh Journal of Agricultural Research, 39(4), 675-683.

Amiruzzaman, M., Akond, M., & Uddin, M. (2008). Linex tester analysis of combining ability in hulled
and hull-less crosses of barley (Hordeum vulgare L.). Bangladesh J. Agri, 33, 15-20.

Baker, R. (1978). Issues in diallel analysis. Crop Science, 18(4), 533-536.

Bekele, A., & Rao, T. N. (2013). Heterosis study for grain yield, protein and oil improvement in selected
genotypes of maize (Zea mays L.). Journal of Plant Sciences, 1(4), 57-63.

Betran, F., Beck, D., Banziger, M., & Edmeades, G. (2003). Genetic analysis of inbred and hybrid grain
yield under stress and nonstress environments in tropical maize. Crop Science, 43(3), 807-817.

Cacic, N., Kovacev, L., Mezei, S., Sklenar, P., & Nagl, N. (1999). Mode of inheritance and combining
abilities for some sugar beet traits (Beta vulgaris L.). Zbornik radova-Naucni institut za ratarstvo i
povrtarstvo (Yugoslavia).

Choukan, R., & Mosavat, S. A. (2005). Mode of Gene Action of Different Traits in Maize Tester Lines.
Seed and Plant Journal, 21(4), 547-556. https://doi.org/10.22092/spij.2017.110659

Commission, E. (2018). A sustainable Bioeconomy for Europe. Strengthening the connection between
economy, society and the environment. Updated Bioeconomy Strategy. Luxembourg. doi, 10, 478385.

Commission, E. (2021). EU sugar https://ec.europa.eu/info/food-farming-fisheries/plants-and-plant-
products/plant-products/sugar_en

Cook, D., & Scott, R. (1993). The sugar beet crop: science into practice. Champan and Hall Press.

Dehghanpour, Z. (2002). General and specific combining ability and genetic parameters of maize inbreed
lines for different triats. Seed and Plant Improvment Journal, 18(1), 49-61.

Dehghanpour, Z. (2007). Evaluation of the compatibility of selected early maize lines using diallel crossing
(Final report of the project, Issue.

Dehghanpour, Z. (2013). Diallel analysis of grain yield, number of kernel rows per ear and number of
kernels per row in early maturity maize hybrids. Iranian Journal of Crop Sciences, 15(4).

Dehghanpour, Z., & Ehdaie, B. (2013). Stability of general and specific combining ability effects for grain
yield in elite Iranian maize inbred lines. Journal of Crop Improvement, 27(2), 137-152.

Doney, D. L., Theurer, J. C., & Wyse, R. E. (1985). Respiration Efficiency and Heterosis in Sugarbeet 1.
Crop Science, 25(3), 448-450.

Elmyhum, M. (2013). Estimation of combining ability and heterosis of quality protein maize inbred lines.
African journal of agricultural research, 8(48), 6309-6317.

Falconer, D. (1981). Introduction to Quantitative Genetics. 2nd EdLongman. London, UK.

FAO. (2021). Crops production and area harvested http://www.fao.org/faostat/en/#data/QCL

Farshadfar, E. (1998). Application of biometrical genetics in plant breeding. Razi University of
Kermanshah Publications.

Fellahi, Z. E. A., Hannachi, A., Bouzerzour, H., & Boutekrabt, A. (2013). Line x Tester Mating Design
Analysis for Grain Yield and Yield Related Traits in Bread Wheat (Triticum aestivum L.). International
Journal of Agronomy, 2013, 201851. https://doi.org/10.1155/2013/201851

Galloway, L. F., & Etterson, J. R. (2007). Transgenerational plasticity is adaptive in the wild. Science,
318(5853), 1134-1136.

Ghorbani, H. R., Samizadeh Lahiji, H., Rabiei, B., & Allah Gholipour, M. (2013). Line x Tester Analysis
for Yield and Yield Components in Rice Lines. Iranian Journal of Field Crop Science, 44(4), 683-692.
https://doi.org/10.22059/ijfcs.2013.50337

Golparvar, A., Mottaghi, S., & Lotfifar, O. (2012). Diallel Analysis of Grain Yield and its Components in
Bread Wheat Genotypes under Drought Stress Conditions. Plant production technology, 3(1), 51-62.

Heidari, B., Rezaie, A., & Maibody, S. M. (2006). Diallel analysis for the estimation of the genetic
parameters of grain yield and grain yield components in bread wheat. Journal of Science and
Technology of Agriculture and Natural Resources.

Istipliler, D., llker, E., Tonk, F. A., Gizem, C., & Tosun, M. (2015). Linex tester analysis and estimating
combining abilities for yield and some yield components in bread wheat. Turkish Journal of Field
Crops, 20(1), 72-77.


http://dx.doi.org/10.61186/jcb.15.48.201
http://jcb.sanru.ac.ir/article-1-1469-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jcb.15.48.201 |

e o g oly goylo e ¢ ooy UL S el
YW A8 yuiie (S g oS la Sy il (S (S8 slyiell 9 5 Jee )9l

Jain, S., & Sastry, E. (2012). Heterosis and combining ability for grain yield and its contributing traits in
bread wheat (Triticum aestivum L.). Journal of Agriculture and Allied Science, 1(1), 17-22.

Kempthorne, O. (1957). An introduction to genetic statistics.

Kemptorn, O. (1957). An introduction to genetic statistics. New York: Jhon Wiley and Nordskog. In: Inc.

Kunz, M., Martin, D., & Puke, H. (2002). Precision of beet analyses in Germany explained for polarization.
Zuckerindustrie, 127(1), 13-21.

Mahesh, N., Wali, M., Gowda, M., Motagi, B., & UPPINAL, N. F. (2014). Genetic analysis of grain yield,
starch, protein and oil content in single cross hybrids of maize. Karnataka Journal of Agricultural
Sciences, 26(2).

Mahmudi, S. B., & Abbasi, Z. (2018). Evaluation combining ability of sugar beet breeding lines for
qualitative and quantitative traits and resistant to Rhizomania disease. Journal of Crop Breeding, 9(24),
112-118.

Makumbi, D., Betran, J. F., Banziger, M., & Ribaut, J.-M. (2011). Combining ability, heterosis and genetic
diversity in tropical maize (Zea mays L.) under stress and non-stress conditions. Euphytica, 180, 143-
162.

Mohr, A., & Raman, S. (2013). Lessons from first generation biofuels and implications for the sustainability
appraisal of second generation biofuels. Energy Policy, 63, 114-122.

Mostafavi, K., Choukan, R., Bihamta, M., Heravan, E. M., & Taeb, M. (2008a). Evaluation and
Identification of Iranian Corn Inbred Lines for Heterotic Patterns and Heterotic Groups Islamic Azad
University, Science and Research Branch]. Tehran, Iran.

Mostafavi, K., Choukan, R., Taeb, M., & Bihamta, M. R. (2008b). Investigation of combining ability in
Iranian Corn inbred lines (Zea mays L.)using a diallel cross design. Iranian Journal of Agronomy and
Plant Breeding, 4(2), 1-17.

Nduwumuremyi, A., Tongoona, P., & Habimana, S. (2013). Mating designs: helpful tool for quantitative
plant breeding analysis. Journal of Plant Breeding and Genetics, 1(3), 117-129.

Orazizade, M., Motahar, S. S., & Mesbhah, M. (2002). Genetic parameters of resistance to agent of leaf spot
(cercospora beticola) of sugar beet. Sugar beet Journal, 18, 15-27.

Pradhan, S., Kumar Bose, L., & Meher, J. (2006). Studies on gene action and combining ability analysis in
Basmati rice. Journal of Central European Agriculture, 7(2), 267-272.

Rahimi, M., Rabiei, B., Samizadeh Lahiji, H., & Kafi Ghasemi, A. (2008). Evaluation of combining ability
in rice cultivars based on second and fourth griffing methods. JWSS-Isfahan University of Technology,
12(43), 129-141.

Rashid, M., Cheema, A. A., & Ashraf, M. (2007). Line x tester analysis in basmati rice. Pakistan Journal
of Botany, 39(6), 2035-2042.

Reinfeld, E., Emmerich, G., Baumgarten, C., Winner, & Beiss, U. (1974). Zur Voraussage des Melassez
zuckersaus Ruben analysen Zucker. Chapman & Hall, World Crop Series, .

Riginos, C., Heschel, M. S., & Schmitt, J. (2007). Maternal effects of drought stress and inbreeding in
Impatiens capensis (Balsaminaceae). American Journal of Botany, 94(12), 1984-1991.

Rojas, B. A., & Sprague, G. F. (1952). A Comparison of Variance Components in Corn Yield Trials: Il1.
General and Specific Combining Ability and Their Interaction with Locations and Years 1. Agronomy
Journal, 44(9), 462-466.

Salazar-Ordofiez, M., Pérez-Hernandez, P. P., & Martin-Lozano, J. M. (2013). Sugar beet for bioethanol
production: An approach based on environmental agricultural outputs. Energy Policy, 55, 662-668.
Saremirad, A., & Mostafavi, K. (2018a). Genetic analysis of important agronomic traits in some of barley
(Hordeum vulgare L.) cultivars under normal and drought stress conditions. Cereal Research, 8(3), 397-

408. https://doi.org/doi: 10.22124/c.2018.10345.1393

Saremirad, A., & Mostafavi, K. (2018b). Genetic analysis of important agronomic traits in some of barley
(Hordeumvulgare L.) cultivars under normal and drought stressconditions. Cereal Research, 8(3), 397-
408.

Sharma, J. R. (2006). Statistical and biometrical techniques in plant breeding. New Age International.

Sprague, G. F., & Tatum, L. A. (1942). General vs. specific combining ability in single crosses of corn.
Journal of the American Society of Agronomy.

Thakare, D., Ghorade, R., & Bagade, A. (2014). Combining ability studies in grain sorghum using linex
tester analysis. International Journal of Current Microbiology and Applied Sciences, 3(10), 594-603.

Vacaro, E., Barbosa Neto, J. F., Pegoraro, D. G., Nuss, C. N., & Conceicdo, L. D. H. (2002). Combining
ability of twelve maize populations. Pesquisa Agropecuaria Brasileira, 37, 67-72.

Williams-Alanis, H., Aranda, U., Cavazos, G. A., Garcia, F. Z., Jiarez, M. G., Vazquez, M. d. C. R,, &
Barrdn, J. E. (2022). Line x tester analysis to estimate combining ability in grain sorghum (Sorghum
bicolor L.). Revista de la Facultad de Ciencias Agrarias UNCuyo, 54(2), 12-21.


http://dx.doi.org/10.61186/jcb.15.48.201
http://jcb.sanru.ac.ir/article-1-1469-fa.html
http://www.tcpdf.org

