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germination and seedling traits of different sugar beet (Beta vulgaris)
single crosses
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Extended abstract

Introduction: One of the most critical factors in achieving optimal sugar beet root performance at harvest
time is appropriate plant density, which depends on high seedling emergence rates and subsequent seedling
growth facilitated by using seeds with desirable vigor. Various seedling traits are key determinants of seed
vigor and quality in sugar beet.

Materials and Methods: To evaluate germination vigor and seedling growth under laboratory
conditions, traits such as maximum germination, hypocotyl length, radicle length, and fresh and dry seedling
weights were measured in ten single-cross hybrids derived from crosses between ten male-sterile maternal
lines and one paternal line, produced in three different seed production environments. Additionally,
correlations between these traits and seedling emergence traits in greenhouse conditions, as well as seed
chemical properties, were examined.

Results: The results indicated that seedling traits, which reflect seed vigor, are primarily influenced by
two factors: the sugar beet seed production environment and genetics. Analysis of correlation coefficients
between laboratory seedling traits and greenhouse seedling emergence traits, as well as seed electrical
conductivity, revealed that genotypes with low electrical conductivity and low total soluble solids in the seed
pericarp germinated faster and emerged more quickly under greenhouse conditions. Thus, high electrical
conductivity in the sugar beet seed pericarp was associated with low seed vigor. Furthermore, significant
correlations were observed between seedling emergence speed and mean emergence time in the greenhouse
and hypocotyl length in the laboratory, showing positive (+0.91°") and negative (—0.82™) relationships,
respectively. Therefore, genotypes with longer hypocotyls in the laboratory exhibited faster seedling
emergence in the greenhouse. Consequently, single-cross hybrids such as MS KWS x OT 231, which had
greater radicle length (8.49 cm), seedling length (14.66 cm), and radicle-to-hypocotyl ratio (1.37) under
laboratory conditions, also showed a significant increase in mean dry shoot weight (1.89 mg) and seedling
vigor weight index (8.26) in the greenhouse compared to other single-cross hybrid.

Conclusions: Therefore, it appears that seedling traits and chemical characteristics of sugar beet seeds
can be used to predict seedling emergence performance in the greenhouse and potentially in the field.
However, for validation and precise assessment, it is recommended that this experiment be conducted under
field conditions.
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Highlights:

1. Differences were observed among genotypes in terms of seed characteristics and the maternal
environment in which the seeds were produced.

2. Poor sugar beet seed vigor can reduce both the potential emergence percentage and the speed and
uniformity of seedling emergence compared to high-vigor seeds.

3. Seedling traits in sugar beet are indicators of seed vigor and are influenced by both the seed
production environment and genetics.
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Table 1. The results of variance analysis of seedling traits measured in the laboratory for different genotypes of sugar beet seeds produced in three different environments.
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Source of variation @1 Hypocotyl Radicle Seedling Radicle to Fresh we}ght Dry welght of Seedllpg SQedlll}g Hypocqtyl
DF length length length hypocotyl length of seedling seedling length vigor ~ weight vigor length vigor
ratio index index index
Environment Lo 2 0.668™ 30.75" 40.46" 0.506™ 951.23" 0.955™ 43.76" 0.757" 160.62"
Error s 9 1.244 3.83 6.24 0.125 102.88 0.056 6.42 0.048 98.08
Genotype wsg 9 1.065™ 567" 9.60™ 0.100™ 95.87" 0.070™ 16.67" 0.043™ 248.58"
| e 18 0.119™ 1.05™ 1.02m 0.037™ 23.19™ 0.0227 2341 0.033™ 20.55™
Environment x Genotype
Error > 81 0.220 1.63 2.44 0.033 28.66 0.019 3.40 0.040 37.98
(h09) Syt o 732 15.59 10.70 14.10 10.50 7.88 13.51 12.28 10.32

Coefficient of variation (%)
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Table 2. The results of analysis variance of different traits of seedling emergence of different genotypes of sugar beet seeds produced in three different environments.
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Sl s @olin sol3T ax o
oy Seedling emergence Seedling Mean seedling Uniformity seedling Dry weight of Seedling weight vigor
Source of variation DF . . : 4
Maximum emergence rate emergence time emergence seedling index
Environment s 2 2040.03" 0.0000018 ™ 0.869™ 587.54™ 76.84™ 17.68™
Error Uas 9 122.34 0.0000084 2.864 199.43 23.33 19.28
Genotype <5935 9 124.00 ™ 0.0000010" 0.591™ 327.417 237" 3.49™
TR e 18 68.29™ 0.00000013 ™ 0.046™ 155.55™ 1.96™ 2.28"™
Environment x Genotype
Error Uas 81 71.36 0.00000015 0.062 96.98 1.30 1.52
(h22) Syt 10.09 461 436 20.93 12.98 16.87

Coefficient of variation (%)
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ns, * and ** indicate not significant and the significant differences at 5% and 1% error probability level, respectively.
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Table 3. The results of variance analysis of the electrical conductivity and the percentage of solids soluble in

pericarp of different genotypes of sugar beet produced in three different environments.
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Source of variation Degree of freedom Electrical conductivity Brix
Environment L 2 170630.04" 0.1060"

Error Us 9 0.6013 0.0136
Genotype —osgs; 9 2.14™ 0.0059 ™
ey x lae *
el 18 0.4398 0.004"™
Environment x Genotype
Error Uas 81 0.5057 0.0038
(222) Syt b 443 16.73

Coefficient of variation (%)
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ns, * and ** indicate not significant and the significant differences at 5% and 1% error probability level, respectively.
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Table 4. Comparison of mean seedling traits of sugar beet seeds in Karaj, Ardabil and Firuzkuh under laboratory conditions and

seedling emergence traits in greenhouse.
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wo)Ardabil  7.31°  13.60° 48.10° 1.72° 1251 1.57°  57.42° 85.35% 312.93° 0.38°
)
"?5 92 9.07* 1561 56.60° 1.90° 14.57° 177  61.10° 75.90° 229.40° 0.41°
Firuzkuh
KE; ) g21® 14010 4ga0b 150c 13840 151°  60.65° 89.90° 184.19° 0.31°
araj
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Means in each column followed by not similar letter(s) are significantly different at p< 0.05 level using Duncan test
RL: Radicle length; SL: Seedling length; SFW: Seedling fresh weight; SDW: Seedling dry weight; SLVI: Seedling length vigor
index; SWVI: Seedling weight vigor index; HLVI: Hypocotyl length vigor index; SEM: Seedling emergence maximum; EC:
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Table 5. Comparison of the mean seedling traits of sugar beet seeds in Karaj, Ardabil and Firuzkuh under laboratory conditions
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o~ Bispen  pai, ey FSmees e sals T SRS
ool S . . Radicle to Fresh . Seedling Hypocotyl
ol Hypocotyl  Radicle seedling h vl ioht of Dry weight leneth leneth vi
Single cross length length length ypocoty! weight o of seedling eng ength vigor
length ratio seedling vigor index index
em o gl mg g5 e
SC(261x231) 6.37 8.13% 14.50 1.28%¢ 52.85% 1.75° 13.79% 60.16"
SC(7112%231) 6.34" 8.48" 14.82% 1.34® 50.66"° 1.73° 13.75% 58.79"
SC(4192x31) 6.64 8.04 14.68% 1.21° 51.62%° 1.72° 13.79% 62.23%
SC(436x231) 6.99* 8.94" 15.93° 1.28%¢ 55.46° 1.76° 14.97° 65.59*
SC(474x231) 6.35" 7.10% 13.45% 1114 47.03° 1.69% 12.79° 60.50"
SC(452x231) 6.52" 8.56" 15.09* 1.32°%e 5234 1.74° 14.66° 63.27%
SC(428%231) 6.60™ 8.73% 15.33% 1.33%° 53.26° 1.77° 14.45% 62.32%
SC(FC607%231) 6.21% 8.62° 14.83% 1.40° 47.03¢ 1.59° 14.39% 60.23%
SC(FC708x%231) 5.91¢ 6.89° 12.80¢ 117 47.94% 1.75° 10.98° 50.17¢
SC(KWS x231) 6.17% 8.49* 14.66™ 1.37® 51.48%° 1.89° 12.85° 53.96%
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Means in each column followed by not similar letter(s) are significantly different at p< 0.05 level using Duncan test
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Figure 1. Comparison of shoot dry matter and seedling dry weight of different sugar beet single crosses in greenhouse (left
vertical axis) and laboratory (right vertical axis) conditions respectively.
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Table 6. Comparison of the mean different seedling emergence traits of sugar beet seeds in Karaj, Ardabil and

Firuzkuh under greenhouse conditions
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Single cross seedling emergence : .S
emergence rate . of seedling vigor index
emergence time
Vsl (1/h) (h) cels (day)js,  (mg)esS ke
SC(231%261) 0.00855® 47.18% 5.625¢ 8.74% 7.38%¢
SC(231*7112) 0.00843%° 43.64% 5.66%¢ 9.31%® 7.60%
SC(231*419) 0.00863° 46.63% 5.54¢ 8.89%° 7.48%
SC(231*436) 0.00878? 50.54° 5.519 8.20° 6.69"
SC(231*474) 0.00849 41.01° 5.56% 8.40" 7.15%¢
SC(231*452) 0.00852% 48.75% 5.60%¢ 8.99¢ 7.07%
SC(231*428) 0.00857% 44.02% 5.53¢ 8.920b¢ 7.43%¢
SC(231*FC607) 0.00823% 45.82% 5.77% 8.59%b 7.63%
SC(231*FC708) 0.00778° 59.62° 6.25 8.17° 6.31°
SC(231*KWS) 0.00874° 4338 5.80° 9.51° 8.26
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Means in each column followed by not similar letter(s) are significantly different at p< 0.05 level using Duncan Test
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Figure 2. Correlation between electrical conductivity and percentage of solids soluble (Brix) traits, different seedling
emergence traits, and seedling traits of single cross hybrids.
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