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Abstract

Introduction
Rhizomania viral disease is one of the limiting factors of sugar beet cultivation and significantly
reduces its yield. The most important way to deal with this disease is to use resistant cultivars.

Materials and Methods

In order to evaluate the correlation between yield and qualitative traits of sugar beet cultivars with
rhizomania disease indices, an experiment was conducted in a randomized complete block design
with 12 different sugar beet cultivars in four replications in test site with natural infection with
rhizomania in Torbat-e-Jam area at two years (2017 and 2018). The traits studied in this study
included root yield, sugar content, sugar yield, white sugar content, white sugar yield, sodium,
potassium, trace nitrogen, alkalinity, sugar extraction coefficient, leaf growth score, root growth
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score, disease severity and ELISA test index (OD). Analysis of variance was performed using SAS
v.9.1 statistical software. Mean comparisons of traits were performed using LSD test at the
probability level of 5 and 1%.

Results and Discussion

Analysis of variance showed significant differences among genotypes for all studied traits except
for sodium. Cluster analysis of yield, crop quality as well as rhizomania severity of infection
divided the sugar beet cultivars into three groups (resistant, semi-resistant and sensitive).
Correlation between traits in a rhizomania infected field and different levels of resistance to
rhizomania was different. In all cultivars with different levels of resistance, there was a significant
correlation between pure sugar yield with leaf growth score (r=0.88 **), root growth score
(r=0.85**), disease severity (r=-0.84 **) and ELISA index (r= -0.67 **) was observed. Therefore,
these traits are suitable indicators for evaluation of cultivars for suseptibility or resistance to
rhizomania disease. In addition, correlation between ELISA index with disease severity
(r=0.83**), leat growth score (r=-0.61 **) and root growth score (r=-0.67 **) was significant.

Conclusion

According to the obtained results, because the ELISA test and determining the virus
concentration is expensive, and on the other hand, this index had a positive and very significant
correlation with the severity of the disease infection, so the disease severity index can be used to
evaluate cultivars for resistance to rhizomania disease.

Keywords: ELISA test, Pure sugar yield, Root growth score, Severity of disease
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Table 1. Characters of experimental cultivars
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Code Cultivar name Characters Production company
1 Dorotea Monogerm Syngenta, Sweden
2 Palma Monogerm Maribo, Denmark
3 Laetitia Monogerm KWS, Germany
4 Toucan Monogerm Florimond Desprez, France
5 Castile Monogerm SESVANDERHAVE, Netherlands
6 Tous Monogerm Syngenta, Sweden
7 Sharif Monogerm Sugar beet Seed Institute (SBSI), Iran
8 Shokoufa Monogerm Sugar beet Seed Institute (SBSI), Iran
9 Flores Monogerm Maribo, Denmark
10 Pecora Monogerm Florimond Desprez, France
11 Rasoul Monogerm Sugar beet Seed Institute (SBSI), Iran
12 Arya Monogerm Sugar beet Seed Institute (SBSI), Iran

Table 2. Physical and chemical properties of the experimental farm soil at the Torbat Jam region

Soil depth  Soil texture

EC (dS/m)

pH N.tot (%)

K.ava (mg/kg) P.ava(mg/kg) OC (%)

0-30 Clay Loam

1.77

8.1

0.05 201 15.5 0.55
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Figure 1. Comparison of root and shoots of
resistant cultivars (right) and sensitive
(left) to rhizomania disease under
field infection conditions
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Table 3. Results of combined variance analysis (mean squares) of yield and qualitative traits of different sugar beet cultivars in two years (2017 and 2018)

Jt
g £ o g
2 g 3 3 : : £ g
3 g 3 8 e g 5y : = < g
. g . s = e h= g
S.O.V. df = 8 § 5 2 P M z 3 : g E g K =
g 5 & 2 g =  £% 3 5 & £
s E E 3 & 3
Year 1 1299.70  20.65%* 10.72*  7.04*  844* 2.86™ 6.937F  31.80" 563.04* 4146 037 0.37"  0.01** 0.01™ _
Replication (Year) 6 290.61 1.21 5.96 2.27 3.09 1.10 1.98 0.14 5.06 28.54 0.21 1.19 0.24 0.01 N
Cultivar 11 508247 10.61%7  169.82%* 14.73** 122.25%*  0.69™ 2.13%  0.85* 13.80"*  64.21% 850  7.89%  62.60%* 0.13%* o
Cultivar x Year 11 75.25"™ 2167 3.20™ 2,62 2.39™ 0.52™ 2097 1.87** 18,58  2641* 0.19™ 0.10™  0.27™ 0.03** f
Error 66 63.29 0.75 1.75 1.31 1.50 0.80 0.70 0.36 4.52 11.83 0.13 0.12 0.42 0.004 K
CV (%) 11.80 6.35 11.92 8.89 13.70 26.20 1484 3348 32.72 433 9.15 9.01 9.01 15.43 f
ns, ¥ and**: No significant and significant at 5 and 1%, Respectively. Py
Table 4. Mean comparison of two year of studied traits of different sugar beet cultivars in two years (2017 and 2018) Cg
. Sugar Sugar . . . . Extraction Leaf Root . .
. Root yield . White sugar White sugar Na K N Alkalinity . Severity of Optical .
Cultivar 1 content  yield . ” coefficient of growth  growth . . . (N
(tha) (%) (tha') content (%) yield (t.ha') (Meq/100g) (Meq/100g) (Meq/100g) (Meq/100g) sugar (%) score score infection density G
Dorotea  104.15 16.58 17.22 13.52 14.03 3.33 5.08 1.91 4.64 81.50 5.00 5.00 1.00 0.09 £
Palma 94.04 16.89 15.81 13.90 13.00 3.34 4.99 1.39 6.09 82.19 5.00 4.88 1.63 0.20 ‘e
Laetitia 93.05 18.04 16.78 15.06 14.00 3.43 492 1.37 6.78 83.41 5.00 5.00 1.00 0.10
Toucan 75.44 17.84 13.48 14.85 11.22 3.17 5.09 1.66 5.69 83.10 4.63 4.75 1.25 0.12
Castile 70.04 16.48 11.50 13.30 9.28 3.36 5.49 1.55 7.52 80.70 413 3.50 6.63 0.41
Tous 53.50 15.36 8.21 11.93 6.37 322 6.27 1.97 6.91 77.61 3.38 3.38 6.25 0.27
Sharif 24.09 14.38 3.46 10.78 2.60 3.97 5.88 2.34 5.68 74.98 1.88 2.63 8.00 0.42
Shokoufa  90.82 16.23 14.74 12.78 11.61 3.54 5.98 1.97 5.86 78.56 4.75 4.88 1.13 0.11
Flores 59.85 16.03 9.59 12.81 7.67 3.00 5.87 1.91 5.39 79.87 4.13 3.38 6.75 0.39
Pecora 54.41 15.98 8.67 12.52 6.79 3.34 6.27 1.77 7.63 78.21 3.63 2.63 4.75 0.24
Rasoul 31.78 14.34 4.50 10.89 3.41 3.99 5.68 1.51 9.61 75.50 2.38 2.63 7.25 0.39
Arya 58.08 15.63 9.03 12.12 6.95 3.42 6.19 2.32 6.18 77.32 3.88 3.38 4.63 0.25
Mean 67.44 16.15 11.08 12.87 8.91 3.42 5.64 1.81 6.50 79.41 3.98 3.83 4.19 0.25
LSD0.05 7.94 0.86 1.32 1.14 1.22 0.89 0.84 0.60 2.12 3.43 0.36 0.34 0.64 0.06
LSD 0.01  10.55 1.15 1.75 1.52 1.62 1.19 1.11 0.80 2.82 4.56 0.48 0.46 0.86 0.08

ns, *and**: None significant and significant at 5 and 1%, Respectively.
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Figure 2. Dendrogram of cluster analysis for 12 sugar beet cultivars based on

all of studied traits with Ward method in two years
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Table 5. Correlation coefficients of studied traits in all cultivars of sugar beet

Row 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 Rootyield 1.00

2 Sugar content 0.49**  1.00

3 Sugar yield 0.98** 0.64* 1.00

4  White Sugar content 0.51*  0.95% 0.64* 1.00

5  White Sugar yield 0.96* 0.67°* 0997 0707 1.00

6 Na -0.13*  -0.32*%¢ -0.16™ -0.44** -0.22* 1.00

7 K -0.14™  -0.44** -0.24* -0.59** -0.31** 0.17* 1.00

8 N -0.17* -0.01™ -0.17 -0.20* -0.20* -0.10® 029* 1.00

9  Alkalinity -0.11™  -0.34** -0.15® -0.22* -0.15™ 0.34* 0.11™ -0.77%* 1.00

10  Extraction coefficient of sugar ~ 0.42**  0.67**  0.52** 0.86** 0.59** -0.57* -0.68** -0.45** -0.01" 1.00

11  Leaf growth score 0.88* 0.63** 0.89° 0.62** 0.88* -0.17* -0.19" -0.15" -0.13* 049" 1.00

12 Root growth score 0.857 0.51** 0.85 0.50* 0.85>* -0.05™ -0.21* -0.13" -0.14™ 0.37** 0.79% 1.00

13 Severity of infection -0.82*%%  -0.58** -0.84** -0.58** -0.84** 0.11™ 027 0.12™ 0.14® -044* -0.78* -0.83** 1.00

14  Optical density -0.63** -0.53" -0.67** -0.49 -0.67** 0.06™ 0.200  0.05™ 0.16™ -0.33"* -0.61** -0.67"* 0.83* 1.00

ns, *and**: None significant and significant at 5 and 1%, Respectively.

Table 6. Correlation coefficients of studied traits in rhizomania resistant sugar beet cultivars

Row 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 Root yield 1.00
2 Sugar content -0.38*  1.00
3 Sugar yield 0.78°* 0.26™  1.00
4  White Sugar content -0.25" 095 0.35*  1.00
5  White Sugar yield 0.61** 045 094  0.59**  1.00
6 Na -0.07*  -0.19™ -0.19™ -0.43* -041* 1.00
7 K 0.29™  -0.56** -0.07" -0.68* -0.32"  0.37* 1.00
8 N 0.08 -0.34* -0.13* -0.34* -0.19* -0.13* 0.11" 1.00
9  Alkalinity -0.10™  0.07 -0.08® -0.09™ -0.18™ 0.61** 042* -0.68* 1.00
10 Extraction coefficient of sugar  -0.01™  0.67** 0.44*  0.87** 0.71** -0.68** -0.72%* -0.27 -0.30" 1.00
11  Leaf growth score 0.33»  0.11™ 042 0.12™  0.37* 0.06™  0.06™ -0.18" 0.20™ 0.14* 1.00
12 Root growth score 0.22™ -0.13»  0.15™ -0.13» 0.09* -0.03® 0.28* 0.05™ 0.10® -0.10® 047 1.00
13 Severity of infection -0.21*  -0.03 -0.25® -0.01™ -0.19™ 0.02® -0.15™ -0.07 -0.07 0.03 -0.17* -0.45 1.00
14  Optical density .01 -0.21* -0.13"™ -0.14* -0.11™ 0.01® 0.08™ -0.19* 0.06™ 0.01™ -0.05* -0.31™ 079" 1.00

ns, *and**: None significant and significant at 5 and 1%, Respectively.
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Table 7. Correlation coefficients of studied traits in semi- resistant sugar beet cultivars to rhizomania

Row 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 Root yield 1.00
2 Sugar content 0.27% 1.00
3 Sugar yield 0.95** 0.54**  1.00
4 White Sugar content 0.26™ 093  0.52%  1.00
5 White Sugar yield 0.90** 0.627¢ 098 0.64 1.00
6 Na 0.14 -0.21™  0.06™  -0.29° -0.02™ 1.00
7 K 0.01™ -0.50**  -0.15"  -0.70** -0.29*  0.15™  1.00
8 N -0.21  -0.08™ -0.20™ -0.35* -0.29* -0.12™ 037" 1.00
9  Alkalinity 0.05™ -0.20™  -0.02  0.03  0.03* 027" -0.09* -0.83* 1.00
10 Extraction coefficient of sugar ~ 0.16™ 0.58**  0.33*  0.84** 048" -0.36% -0.79"* -0.65** 0.34* 1.00
11 Leaf growth score 0.58** 0.407  0.63** 042" 0.64* -0.01 -0.13* -0.21™ 0.02  0.32% 1.00
12 Root growth score 0.59** 0.35% 0.63* 033 0.62** 0.04® -0.11" -0.08™ -0.08™ 0.19" 0.54* 1.00
13 Severity of infection -0.30% -0.48**  -0.43** -0.45** -0.45** -0.03™ 027" 0.08™ 0.03™ -0.28™ -0.39** -0.48"* 1.00
14 Optical density -0.09" -0.36*  -0.21™ -0.28™ -0.22™ -0.04™ 0.06™ -0.05 0.10® -0.08® -0.11" -0.29* 0.66** 1.00
ns, *and**: None significant and significant at 5 and 1%, Respectively.
Table 8. Correlation coefficients of studied traits in rhizomania sensitive sugar beet cultivars
Row 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 Rootyield 1.00
2 Sugar content -0.30™ 1.00
3 Sugar yield 0.80%* 0.32  1.00
4  White Sugar content -0.25™ 0.93%  0.33* 1.00
5 White Sugar yield 0.68** 0.44™  0.95 0.52% 1.00
6 Na -0.07" -0.33*  -0.23™ -0.55* -0.42™ 1.00
7 K 0.25™ -0.14*  0.08* -0.38* -0.07* -0.10 1.00
8 N -0.40™ 0.62** -0.04™ 0.38™ -0.08* -0.10® 0.29™ 1.00
9  Alkalinity 0.60* -0.74%  0.14™ -0.61* 0.06™ 023 0.13* -0.85** 1.00
10 Extraction coefficient of sugar  -0.11"™ 0.39*  0.15™ 0.70** 042 -0.75* -048* -0.19® -0.15* 1.00
11 Leaf growth score 0.28™ 0.32™  0.51* 0.25" 047 016 -0.11* -0.01 0.01™ -0.02 1.00
12 Root growth score 0.28 0.01* 031 -0.07* 024 0.33* -0.07 -0.05* 0.07* -0.21* 020 1.00
13 Severity of infection -0.25 -0.13*  -0.34* -0.09* -0.31® 0.08ns -0.19* -0.03* -0.01* 0.03* -0.04* -0.21" 1.00
14 Optical density 0.13% -0.12*  0.01* -0.11* -0.01™ -0.25* 0.23* 021" -0.01* -0.02 0.05* -0.14™* 047* 1.00

ns, *and**: None significant and significant at 5 and 1%, Respectively.
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