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Extended Abstract

Introduction and Objective: Germination and seedling emergence potential of monogerm sugar
beet seed in the field, depends on seed quality. Also, crop yield and resource use efficiency of
agricultural inputs depend on successful plant establishment in the field, and it is the vigor of
seeds that defines their ability to germinate and establish seedlings rapidly, uniformly, and
robustly across diverse environmental conditions. Our knowledge of variation in vigor and
function of seed in crop yield, is limited. Accordingly, the quality characteristics of seeds,
including seed vigor, are essential in the process of sugar beet breeding to provide cultivars with
vigor and seed function good in the field. The present study was conducted to evaluate and rank
single crosses and hybrids being improved in terms of different traits of seed vigor and
determining the relationship between them to achieve maximum seed quality.

Materials and Methods: In this study, the seed vigor traits of 22 single crosses and 22 top cross
hybrids, from crossing along with the sugar beet pollinating line, under greenhouse conditions in
Sugar Beet Seed Institute in 2020-2021 were studied. The quality traits of single crosses and
hybrids in two separate experiments in greenhouse conditions, each with 22 treatments were
evaluated in a randomized completely block design with four replications.

Results: The results showed that seedling emergence traits in single crosses and top cross hybrids
resulting from their crossings in sugar beet were influenced by genotype. Genetic variation was
observed between single crosses and hybrids in terms of seed vigor. Hybrids with low abnormal
germination percentage, low non-germinated seeds and high germination uniformity in the
laboratory have a significant increase in seedling emergence compared to other hybrids. Finally,
hybrids that high germination uniformity in the laboratory, had the higher coefficient velocity of
germination and were green in less time.

Conclusion: It seems that the uniformity trait of sugar beet seed germination has a decisive and
significant role compared to the rest of the quality traits in the laboratory and can be used in
breeding programs as an index of seed quality selection; Also, the multivariate cluster analysis
method and the ideal genotype selection index (SIIG) of genotypes based on the qualitative traits
of sugar beet seeds (seedling emergence percentage, seedling emergence rate, mean emergence
time of seedling, emergence uniformity of seedling, mean dry weight of seedling) obtained a
statistically significant difference in the cluster and their ranking in SIIG. It seems that the
germination traits of sugar beet seeds can be used in breeding programs as one of the indexes of
seed quality selection; Therefore, it is expected that selecting and screening superior genotypes
to increase the quality of sugar beet seeds, it will lead to the improvement and increase of seedling
emergence in the field and finally, will be accompanied by an increase in crop yield.

Keywords: Establishment seedling, Germination uniformity, Selection index of ideal genotype,
Seed quality
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Table 1. The analysis of varianceresults of seedling emergence traits of 22 single crosses of sugar beet

SISy rb Bl b s cups Rb ol 0:Ske IRB ey IRB 2oy ey 5 e
Coefficient Mean

1\\)\//[;2}11{1{)}% Egclgr ﬁll‘lgc e velocity emergence Emergence Egga fr?gc © df Source of
seedling uniformity ersréeér liegge seedling time seedling rate percentage variation
993.95™ 2631.24™ 11.58%* 0.909™ 0.0000053" 598.82™" 3 . )1)3,
Replication
- - . . 1S IS

9.97" 394.70 2.77** 0.266 0.00000068™ 159.40 21 9»,5 -
Single cross
8.94 169.90 1.21 0.099 0.0000005 46.79 63 Error s

(1033) 335 Gy
16.54 21.08 6.01 5.73 8.03 8.58 Coefficient variation

(%)
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** * ns: Significant at one and five percent probability level and non- significant, respectively.
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Table 2. The analysis of varianceresults of seedling emergence traits of 22 single crosses of sugar beet
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Coefficient Mean

]\}v/[;agr}lltdg Egclgg lerrll gc ¢ velocity emergence Emergence E?;gfﬁi?gc © df Source of

seedling uniformity ersréir ﬁge seedling time seedling rate percentage variation

479.42 407.18™ 273.61™ 61.01™ 0.000040™ 400.05™ 3 Reli LS

eplication

9.18™ 498.33m 2.35 0.25" 0.00000081" 171.22™ 21 HL"’A{).*’“

ybrids

3.83 380.84 1.21 0.13 0.00000043 43.63 63 lsError
14.14 28.32 7.04 5.28 7.53 8.07 (bo) st ward

Coefficient variation
0,
0
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** * ns: Significant at one and five percent probability level and non- significant, respectively.
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Table 3. Meancomparison of seedling emergence traits of 22 single crosses of sugar beet
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1000-seed Emergence seedling Mean emergence Coefficient velocity Emergence Origin Code
weight uniformity seedling time emergence seedling seedling g
areS hour celw Day js, Percent suo)>

8.91 72.32%° 5.61° 17.92%7 88.73% MS - 940028 * OT-940102 MS-1
8.25 66.70°¢ 5.490¢ 18.3280¢ 77.5>1 MS - 940023 * OT-940106 MS-2
8.87 59.38%¢ 5.58%¢ 17.93=¢ 76.68°" MS - 940028 * OT-940106 MS-3
8.28 61.44°<¢ 5.39« 18.58"¢ 83.33%¢ MS - 940023 * OT-940107 MS-4
8.61 60.04°<¢ 5.590c 17.94%¢ 79.6*" MS - 940028 * OT-940107 MS-5
8.23 90.40* 6.21* 16.13¢ 65¢ MS - 940047 * OT-940107 MS-6
9.07 58.16¢ 5.590¢ 17.91=¢ 79.15%! MS - 940028 * OT-940132 MS-7
8.45 71.59%¢ 5.71% 17.54¢ 73.354¢ MS - 940047 * OT-940170 MS-8
9.09 58.90°¢ 5.36% 18.80%° 86.25%¢ MS -940102 * OT-940170 MS-9
8.81 50.51¢¢ 5.36% 18.71% 82.08* MS - 940106 * OT-940170 MS-10
8.69 67.44> 5.5]0« 18.29%¢ 79.15*1 MS - 940107 * OT-940170 MS-11
8.56 58.540c¢ 5.590c 17.92%¢ 84.15*¢ MS - 940132 * OT-940170 MS-12
8.61 77.52% 5.99%° 16.73< 69.58¢ MS - 940023 * OT-940171 MS-13
8.38 64.38>¢ 5.39¢« 18.76* 75.85%¢ MS - 940028 * OT-940171 MS-14
8.18 55.310¢ 5.30¢ 18.98% 79.15*! MS - 940102 * OT-940171 MS-15
9.68 57.98> 5.37¢ 18.71* 88.75% MS - 940107 * OT-940171 MS-16
9.03 54.40 5.20% 19.25%® 81.68%¢ MS - 940028 * OT-940184 MS-17
7.35 53.44« 5.12¢ 19.57* 72.5%¢ MS - 940033 * OT-940184 MS-18
9.31 58.77°¢ 5.11¢ 19.61* 75.4¢¢ MS - 940047 * OT-940184 MS-19
8.43 53.77¢ 5.39¢« 18.57%%¢ 81.65* MS - 940102 * OT-940184 MS-20
8.84 44.35¢ 5.27¢ 19.03 89.58* MS - 940106 * OT-940184 MS-21
8.85 64.90° 5.50° 18.38%¢ 84.98¢ MS - 940107 * OT-940184 MS-22
8.66 61.83 5.48 18.34 79.73 Mean

Table 4. Meancomparison of seedling emergence traits of 22 single crosses of sugar beet
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Means with the same letters in each column do not have a statistically significant difference based on Duncan's test at the 5% probability level.
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1000- Mean dry weight E;I;Z:i ﬁ_?ce Mean emergence Ceglfc?ccilt;m Emergence Emergence (;fg‘:;l Co;]i
seed weight of seedling uniforml%y seedling time emer lt_snce seedling rate seedling
seedling

grpS £S5 e l:;zt“’ Day g, Percent boy>  hour/% cslu/ o yd Percent Mo,

10.01 16.36 60.67° 631 1695 0.0096° 85.83° (’;ﬁ%igg‘)ofzg%fgg' Hibrid1
9.47 13.95 69.08> 6,58+ 15.98%¢ 0009257 84,58 %%133)092932;7%_ Hibrid2
10.75 15.42 55344 6.43¢ 16.37:% 0.009175%4 85.85° ’;ﬁ%igg‘)o%%fgg' Hibrid3
10.19 1333 95.18% 7,04 14.79¢ 0.008125¢¢ 67.93¢ (%%13;)092932;7%- Hibridd
10.05 15.02 77.82% 7.05% 14,674 0.00815% 67.93¢ %%13%092982;7%. Hibrids
9.79 15.26 76.86* 6,69 15,840 0.008525%¢ 77.93+4 ’;ﬁ%ig;‘)of‘gz;fgg' Hibrid6
9.62 17.62 45.78* 6117 17.69* 0.009525% 86.25" (%%139;)0929%7%' Hibrid7
9.51 13.18 62.69> 6,70+ 15,640 0.00865*¢ 85.00% %%133)094972;7%_ Hibrid8
9.48 13.64 68.76> 677" 15300 0.0086+4 82.50% %%133)0}%22;7%' Hibrid9
9.68 14.25 64.74% 651" 1615+ 0.0091+4 87.10° 0561501796‘)03096257%' Hibrid10
9.46 13.16 71350 6.73% 15390 0.0085%4 86.68" %%133)0}%72;7%' Hibrid! 1
9.03 12.02 62.34¢ 6,69+ 15,640 0.0082¢¢ 87.08* %%133)0}3922;7%' Hibrid12
9.21 12.09 73.614 6.93+4 15180 0.00825% 79.18%¢ (%%179?)092932;7%- Hibrid13
9.73 12.47 86.09% 7140 14.40¢ 0.0081 81.25% ’;ﬁ%i?f‘)o%%fgg' Hibrid14
9.52 13.58 60.60 6,60+ 15830 0.008925%4 86.25" ’;ﬁ%ﬁf‘)‘)}‘)fz&%' Hibrid15
10.04 12.11 68.97¢ 6.95%4 14.85¢ 0.0085+4 74200 (’;ﬁ%i;’f‘)o,} Oores”  Hibridls
9.33 13.01 61.49> 6.83+ 15,18 0.0084%¢ 81.68% ’;’ﬂ%igj)o%gz&‘gg’ Hibrid17
9.56 16.15 62.62% 6,70+ 15,68 0.008625% 78.08* ’;’ﬂ%igj)o,?g&‘gg’ Hibrid18
9.49 13.12 84.09% 6.78% 15,200 0.0087+4 69.58: (’;ﬁ%igj)o%é&‘gg’ Hibrid19
9.65 12,91 74.70¢4e 6.63+ 15.800 0.009025% 88.75" ’;’ﬂ%igj)oi%%&‘gg’ Hibrid20
9.87 13.35 58.46 6.42%0 16.42%% 0.0092+4 78.90° ’;’ﬂ%igj)o,}%%;gg’ Hibrid21
10.42 12.68 75.014 6.82¢ 15,130 0.008625%¢ 80.85% (’;ﬁ%igj)oi%&‘gg’ Hibrid22
972 13.85 68.92 6.70 15.64 0.00872 81.88 Mean
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Means with the same letters in each column do not have a statistically significant difference based on Duncan's test at the 5% probability level.
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Figure 4. Mean comparison of the time of seedling
emergence of single crosses and hybrids
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Figure 1. Mean comparison of the seedling emergence
potential of single crosses and hybrids
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Figure 3. Mean comparison of the rate of seedling
emergence of single crosses and hybrids
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Table 5. Selection index values of ideal single crosses and hybrids (SIIG) in order of rank

SIG e SIIG oS SR

Hybrids single crosses
0.98 Hybrid-7 0.90 MS-21
0.76 Hybrid-3 0.83 MS-10
0.71 Hybrid-1 0.76 MS-17
0.68 Hybrid-21 0.73 MS-20
0.64 Hybrid-15 0.73 MS-18
0.64 Hybrid-18 0.70 MS-19
0.60 Hybrid-10 0.70 MS-15
0.59 Hybrid-8 0.69 MS-16
0.59 Hybrid-17 0.67 MS-9
0.58 Hybrid-12 0.65 MS-7
0.52 Hybrid-2 0.63 MsS-4
0.50 Hybrid-9 0.62 MS-3
0.46 Hybrid-11 0.61 MS-5
0.46 Hybrid-16 0.57 MS-14
0.42 Hybrid-20 0.57 MS-22
0.39 Hybrid-13 0.56 MS-12
0.39 Hybrid-6 0.53 MS-2
0.38 Hybrid-22 0.53 MS-1
0.33 Hybrid-5 0.51 MS-11
0.22 Hybrid-19 0.48 MS-8
0.19 Hybrid-14 0.24 MS-13
0.06 Hybrid-4 0.11 MS-6
0.50 Mean 0.61 Mean
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Table 6. Correlation coefficients between germination traits in the laboratory and seedling emergence traits in
greenhouse conditions of sugar beet hybrid seeds
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s dop Slyd oy ladlg olej ke Sy sy S S Loy (Sl clao
Sa R e N ! Sl vl Sl 5 Sl 5 Sl wmalS b clio
Non fici
seed empty germinated Abnormal Mean. Germination Coe |c_|ent Germination Germination Germination  traits,
buds germination ) . velocity
percentage seeds percentage time uniformity germination rate percentage emergence traits
percentage
N " " " " . . - wmalS )yl 2oy
-.36 -0.82 -0.61 -0.54 0.72 0.53 0.50 0.67 Emergence
seedanfg ;;zlrfentage
axnlS ol oy
0.12™ -0.30™ -0.24"™ -0.14"™ -0.40" 0.08"™ 0.18™ 0.06™ Emergence

seedling rate
IRE Cpu oy
-0.07™ -0.30™ -0.22™ -0.21™ -0.43" 0.20™ 0.18™ 0.20™ azals

Coefficient veIoi;ity
emergence seedling

wmalS Hpb Elpsy
Emergence seedling
uniformity
B ploj ke
0.06" 0.37 0.31" 0.24" 0.46" -0.21" -0.21 -0.23™ wmls
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seedling time

S Sis ole 059
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Mean dry weighi of
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MS-13
MS-10
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Figure 5. Dendrogram derived from cluster analysis using Ward’s minimum variance method for 22 single crosses
(A) and hybrids (B) with using 6 seed quality traits. The X axis represents the Euclidean distance between the

genotypes and the Y axis represents the genotypes. The clustering of single crosses and hybrids is 5 and 3 clusters,
respectively



Al

Hybrid5
Hybrid4
Hybrid13
Hybrid22

Hybrid16 “

Hybrid19
Hybrid14

vy

w0
=2
o
>
SI=

Hybrid18
Hybrid12
Hybrid9
Hybrid11
Hybrid8
Hybrid17
Hybrid20
Hybrid21
Hybrid15
Hybrid2
Hybrid10

oolizul  (B) s VY 5 (A) (ol S S VY sl 3y (il i i 4 (sl 035 51 ol pS5,05 0 IS
4 0)lukl g yro 1Sk 4 odld | oads dwloee i) o (w8l dlold sxiad lis X jezee oy S Cao i

Bl (o adgh 9 0 5 oyt g (olyS i (g AB S ol L] oaimd LIS Y jee 9 a3y (i)l
Continued Figure 5. Dendrogram derived from cluster analysis using Ward’s minimum variance method for 22
single crosses (A) and hybrids (B) with using 6 seed quality traits. The X axis represents the Euclidean distance

between the genotypes and the Y axis represents the genotypes. The clustering of single crosses and hybrids is 5
and 3 clusters, respectively

Ar @S Sl pwlul  lacgss (SIIG) Jlos) cuigis
@wralS ol Copu walS b wop) uEue
salS il e iyt ksl gl o Sl
(wmlS St ojy SSle 5 wlS el Bl
P ol ganasy g adss 1) b lel IS
M Sl Slas ) wwy e b 4 gl cussy SIIG
P gy (Mol by 3 Sy 18,00
sl by s edlil oy LaS bl sl jasls
olBl Gl e ey Juys g Sl boaogy e
wxalS Hoeb Gl g dere 4 gie ibjin b CukS
D9 olyod Jgazo 3 )Slas (Al L coled 53 9 4 )je

& CdS amd Gl e odelCwdd mls el y

GBSl 5 belS S 2 woalS Hnb clas
i el cov wpuie > Ll (W ) ol plS
g omb Jlp gt Al sop & ol Al
P YL Gl (GBS g peS Jljee 035 il slaydy
by aalS joebs oy il aily olKislejl Lal i
2y odme AE bulpd 53 lodypua 500 4 Cod
S I e
S 5eS Gloj )3 g yube lS Hprb C pu (g pb il
QL] (adls g oo W (glAdgs 35 (yhg) NS G

&l

Aarssen, L., & Burton, S. (1990). Maternal effects at four levels in Senecio vulgaris (Asteraceae) grown on
a soil nutrient gradient. American Journal of Botany, 77(9), 1231-1240.

Alipour, S., Taghvaei, M., Jalilian, A., Kazemeini, A., & Razi, H. (2019). Hydro-thermal priming enhance
seed germination capacity and seedling growth in sugar beet. Cell. Mol. Biol., 65(4), 90-96.

Baskin, C. C., & Baskin, J. M. (1998). Seeds: ecology, biogeography, and, evolution of dormancy and

germination. Elsevier.



e Lo jdaze
W A8yt oS b sy pu g ol S S s 0,08 )5 (S5 o5

Boiffin, J., Diirr, C., Fleury, A., Marin-Lafléche, A., & Maillet, 1. (1992). Analysis of the variability of
sugar beet (Beta vulgaris L) growth during the early stages. I. Influence of various conditions on
crop establishment. Agronomie, 12(7), 515-525.

Bradford, K. J., Steiner, J. J., & Trawatha, S. E. (1990). Seed priming influence on germination and
emergence of pepper seed lots. Crop Science, 30(3), 718-721.

Campbell, L., & Enz, J. (1991). Temperature effects on sugar beet seedling emergence. Journal of Sugar
Beet Research, 28(3), 129-140.

Chomontowski, C., Wzorek, H., & Podlaski, S. (2020). Impact of sugar beet seed priming on seed quality
and performance under diversified environmental conditions of germination, emergence and
growth. Journal of Plant Growth Regulation, 39(1), 183-189. https://doi.org/10.1007/s00344-019-
09973-2

Finch-Savage, W. E., & Bassel, G. W. (2016). Seed vigour and crop establishment: extending performance
beyond adaptation. Journal of experimental botany, 67(3), 567-591.

Habib, M. (2010). Sugarbeet (Beta vulgaris L.) seed pre-treatment with water and HCI to improve
germination. African journal of biotechnology, 9(9).

Hermann, K., Meinhard, J., Dobrev, P., Linkies, A., Pesek, B., Hef3, B., Machackova, 1., Fischer, U., &
Leubner-Metzger, G. (2007). 1-Aminocyclopropane-1-carboxylic acid and abscisic acid during
the germination of sugar beet (Beta vulgaris L.): a comparative study of fruits and seeds. Journal
of experimental botany, 58(11), 3047-3060.

Ilkaee, M. N., Saremirad, A., Abbaszadeh, B., & Salehi, H. (2020). Role of Maternal Plant Nutrition with
Chemical and Biological Fertilizers on Germination Characteristics of Nepeta racemosa. Seed
Research Journal, 10(2), 54-64.

Jalilian, A. (2005). Investigation of the effect of low temperature and frost stress on germination, emergence
and growth processes of sugar beet seedlings University of Tehran]. Tehran, Iran.

Luzuriaga, A., Escudero, A., & Pérez-Garcia, F. (2006). Environmental maternal effects on seed
morphology and germination in Sinapis arvensis (Cruciferae). Weed Research, 46(2), 163-174.

Marcos Filho, J. (2015). Seed vigor testing: an overview of the past, present and future perspective. Scientia
agricola, 72, 363-374.

McGrath, J. M., Elawady, A., El-Khishin, D., Naegele, R. P., Carr, K. M., & De los Reyes, B. (2008). Sugar
beet germination: Phenotypic selection and molecular profiling to identify genes involved in
abiotic stress response.

Mirzaei, M. R., & Hemayati, S. S. (2022). The effect of environment and maternal plant on germination
traits of sugar beet seeds and an approach to select the superior genotype. Agricultural Research,
11(4), 608-614.

Monti, A., Brugnoli, E., Scartazza, A., & Amaducci, M. T. (2006). The effect of transient and continuous
drought on yield, photosynthesis and carbon isotope discrimination in sugar beet (Beta vulgaris
L.). Journal of experimental botany, 57(6), 1253-1262.

Nik, M. M., Babacian, M., & Tavassoli, A. (2011). Effect of seed size and genotype on germination
characteristic and seed nutrient content of wheat. Scientific Research and Essays, 6(9), 2019-2025.

Pestsova, E., Meinhard, J., Menze, A., Fischer, U., Windhovel, A., & Westhoff, P. (2008). Transcript
profiles uncover temporal and stress-induced changes of metabolic pathways in germinating sugar
beet seeds. BMC plant biology, 8, 1-21.

Podlaski, S., & Chomontowski, C. (2020). Various Methods of Assessing Sugar Beet Seed Vigour and Its
Impact on the Germination Process, Field Emergence and Sugar Yield. Sugar Tech, 22(1), 130-
136. https://doi.org/10.1007/s12355-019-00754-5

Ranal, M. A., & Santana, D. G. d. (2006). How and why to measure the germination process? Brazilian
Journal of Botany, 29(1), 1-11.

Sadeghzadeh Hemayati, S., Shariari, R., & Saremirad, A. (2023). Role of humic acid pretreatment on sugar
beet (Beta vulgaris L.) seed germination characteristics and early seedling growth. Iranian Journal
of Seed Science and Technology, 12(1), 79-89.

Saremirad, A., & Mostafavi, K. (2020). Genetic Diversity Study of Sunflower (Helianthus annus L.)
Genotypes for Agro-morphological Traits Under Normal and Drought Stress Conditions. Journal
of Plant Productions, 43(2), 227-240. https://doi.org/10.22055/ppd.2020.27588.1671

Schopfer, P., Plachy, C., & Frahry, G. (2001). Release of reactive oxygen intermediates (superoxide
radicals, hydrogen peroxide, and hydroxyl radicals) and peroxidase in germinating radish seeds
controlled by light, gibberellin, and abscisic acid. Plant physiology, 125(4), 1591-1602.




e Lo jheme
W VEY b Y ol fomly Jlo /el LS oMol asliiags,

Silva, L. J. d., Medeiros, A. D. d., & Oliveira, A. M. S. (2019). SeedCalc, a new automated R software tool
for germination and seedling length data processing. Journal of Seed Science, 41,250-257.

Stibbe, C., & Marldnder, B. (2002). Field emergence dynamics significance to intraspecific competition
and growth efficiency in sugar beet (Beta vulgaris L.). European Journal of Agronomy, 17(3),
161-171.

Taleghani, D., Rajabi, A., Sadeghzadeh Hemayati, S., & Saremirad, A. (2022). Improvement and selection
for drought-tolerant sugar beet (Beta vulgaris L.) pollinator lines. Results in Engineering, 13,
100367. https://doi.org/https://doi.org/10.1016/j.rineng.2022.100367

Taleghani, D., & Saremirad, A. (2023a). Drought impacts on the reaction of sugar beet (Beta vulgaris L.)
pollinator lines in terms of sugar. Crop Science Research in Arid Regions, 4(2), 371-388.

Taleghani, D., & Saremirad, A. (2023b). Evaluation of the sugar beet (Beta vulgaris L.) half-sib lines
response to drought stress. Crop Science Research in Arid Regions, 5(1), 81-104.

Ventura, L., Dona, M., Macovei, A., Carbonera, D., Buttafava, A., Mondoni, A., Rossi, G., & Balestrazzi,
A. (2012). Understanding the molecular pathways associated with seed vigor. Plant Physiology
and Biochemistry, 60, 196-206.

Wu, X., Ning, F., Hu, X., & Wang, W. (2017). Genetic modification for improving seed vigor is
transitioning from model plants to crop plants. Frontiers in plant science, 8, 8.

Zare, M., Ghaemi, M., & Mostafavi, K. (2012). Role of salt stress on seed germination and growth of sugar
beet cultivars. International Journal of Recent Scientific Research, 3(10), 800-804.



