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27
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29
30
31
32

Seed no.
()‘;"3 °)L°".:‘)

31967
31969

31970

31972

31976
31980
31982
31985
32003

Origin
(9[.&.».0)

SB27-HSF-1
SB27-HSF-2
SB27-HSF-10
SB31-HSF-1
SB31-HSF-2
SB31-HSF-5
SB31-HSF-6
SB31-HSF-7
SB31-HSF-8
SB31-HSF-9
SB31-HSF-10
SB32-HSF-1
SB32-HSF-2
SB32-HSF-3
SB32-HSF-4
SB32-HSF-5
SB32-HSF-8
SB32-HSF-9
SB32-HSF-10
SB33-HSF-1
SB35-HSF-1
SB35-HSF-4
SB35-HSF-8
261*(20314*W-1009)-F2-S1-11-51-3
261*(20314*W-1009)-F2-S1-11-S1-
11
261*(20314*W-1009)-F2-S1-11-S1-
16
261*(20314*W-1009)-F2-S1-11-S1-
20
(7112*SB36)*S1-3
(7112*SB36)*S1-11
(7112*SB36)*S1-16
(7112*SB36)*S1-20
SB31

&;M‘ ol 4.:.‘)‘ J.LJ J_j-\>— DL u}ﬁJT

Pedigree
(a0l 0 y2xit)

P 818-438
P 818-438
P 818-438
N 412

N 412

N 412

N 412

N 412

N 412

N 412

N 412

N 472

N 472

N 472

N 472

N 472

N 472

N 472

N 472
K402
K404
K404
K404
W1009
W1009

W1009
W1009

W1009
W1009
W1009
W1009
N 412

Type of breeding

material

(Mol 313 £5)
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Half sib-family
Ful-sib family
Ful-sib family

Ful-sib family
Ful-sib family

Hybrid
Hybrid
Hybrid
Hybrid
Pollinatore

Germity
(34152)

Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm

Multigerm
Multigerm

Monogerm
Monogerm
Monogerm
Monogerm
Multigerm



33
34
35
36
37
38
30

40
41
42
43
44
45
46
47
48
49
50
51
52

58
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

69
70

32004
32005
32006
32008
32009
32166
32167

32168
32169
32170
32171
32172
32173
32174
32175
32178
32179
32180
32181

F-20656

F-20732

F-20710

F-20701

F-20747

F-20746

F-20583

F-20603

28454

SB32
SB33
SB35
(7112*SB36)*SB31
(7112*SB36)*SB32
$1-89074
$1-89134

SB28-HSF-2
SB28-HSF-14
SB34-HSF-1
SB34-HSF-2
SB34-HSF-5
SB34-HSF-10
SB34-HSF-13
SB34-HSF-28
NE-0910-HSF-21
NE-0910-HSF-38
NE-0910-HSF-43
NE-0910-HSF-46
SB-1

SB-2
SB-3

SB-4

SB26
SB28
SB29
SB30

SB34
NE 0911
191

N 472
K404
K404
N 412
N 472
6927-202
6926-11-
3-22
P 807-413
P 807-413
K403
K403
K403
K403
K403
K403
4
5
6
7
N812-446
P 807-413
6927-202
6926-11-
3-22
K403

Pollinatore
Pollinatore
Pollinatore
Hybrid
Hybrid
Ful-sib family
Ful-sib family

Half-sib family
Half-sib family
Half-sib family
Half-sib family
Half-sib family
Half-sib family
Half-sib family
Half-sib family
Half-sib family
Half-sib family
Half-sib family
Half-sib family
commercial
variety
commercial
variety
commercial
variety
commercial
variety
commercial
variety
commercial
variety
commercial
variety
commercial
variety
commercial
variety
commercial
variety
commercial
variety
commercial
variety
Pollinatore
Pollinatore
Pollinatore
Pollinatore

Pollinatore
Pollinatore
Pollinatore

Multigerm
Multigerm
Multigerm
Monogerm
Monogerm
Multigerm
Multigerm

Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm
Monogerm

Monogerm
Monogerm
Monogerm
Monogerm
Monogerm
Monogerm
Monogerm
Monogerm
Monogerm
Monogerm
Monogerm
Multigerm
Multigerm
Multigerm
Multigerm
Multigerm

Multigerm
Multigerm
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F-20746
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4122
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4127
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3/12
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3/14
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4/36
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62/94
71/00
61/09
79/12
68/54
64/96
53/09
61/38
72077
66/20
57/66
64/14
68/45
62/88
62/01
60/21
70/95
66/42
69/22
61/80
60/14
62/05
69/43
53/20
75/07
69/97
72/02
41/36
63/11
60/37
63/91
69/02
74/05
70/81
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63/02
74/84
69/13
66/53
56/00
58/86
74/48
62/55
49/91
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72/49
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64/88
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13/66
9/38
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10/43
9/54
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7/54
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8/83
9/93
7/68
6/96
7/95
9/90
5/99
11/37
10/40
10/85
4/02
8/25
7145
8/76
9/90
10/92
10/13
11/27
7/85
12/47
9/55
9/22
6/56
6/93
11/95
8/11
6/02
8/61
10/90
12/89
13/41
12/47
13/86
11/65
11/70
15/55
14/93
14/15
13/23
3/31
8/73
10/54
14/38
11/59
13/32
13/26
10/11
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4/41
1/83
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5/69
5/76
1/40
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2/43
1/88
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1/88
3/37
3/43
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2/09
1/94
1/49
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3/21
2/02
6/58
14/76
6/18
6/40
2/53
6/85
3/85
4/33
2127
2/87
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3124
5/71
3/88
3/94
2/55
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2/40
2/83
3/08
2/45
3/50
4/18
3/67
2171
5/22
2/09
3/74
3/67
2/79
11/13
1/92
2/57
3/13
5/23
2/80
2171
2/34
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2/71 4147 7148
5/09 2/97 6/33
5/97 3/33 8/14
1/62 3/13 6/09
1/94 4/39 6/79
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4/53 4/85 6/17
4/9 2/76 6/43
3/85 4/54 7176
5/47 47 712
2/62 4/39 7147
5/61 3/12 6/15
4/98 4/28 6/94
3/72 4/19 7137
5/83 4/48 716
5/19 3/77 5/98
3/34 4/21 7/05
3/25 4/44 6/7
2/66 4/66 7/61
5/33 4/44 6/7
6/01 3/65 8/03
6/73 2/96 7/06
4/85 4/97 8/22
2/92 3/35 6/01

5/3 3/55 7117
1/67 4/1 6/89
1/05 9/53 5/97
2/05 4/99 7167
2/01 4/62 8/24
4/85 4/2 8/05

17 5/53 6/11

2/5 3/93 5/7
2/46 3/21 7144
3/91 2/93 5/94
4/01 4/34 7/15
1/41 3/99 7

313 4/33 6/36
2/12 4/87 7123
3/41 5/79 7145
3/15 4/8 7162
3/93 3/47 6/54
2/21 4/5 8/21
6/28 5/05 10/01

3/9 3/94 7/11
3/34 4/03 6/27

3/4 2/67 5/67
2/29 2/61 5/4
2/14 2/64 6/31
2/09 2/76 4/92
3/19 3/24 5/41
2/15 4/53 6/7
3/57 2/43 5/02
1/72 2/34 4/09
2/36 2/69 5/97
2/71 2/39 5/17
1/28 8/86 5/38

5/9 3/68 7/63

3/4 3/31 5/44
2/88 2/49 6/51
1/67 4/36 4/37
2/78 3/19 4/59
3/64 3/3 6/57
4/53 3/29 7132
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12/53
13/65
12/3
17/26
13/69
12/71
10/97
11/64
14/33
14/41
11/54
12/84
12/67
12/41
12/12
12/52
14/19
13/3
14/35
12/43
11/57
12/81
14/26
11/26
15/14
14/87
15/07
9/73
13/08
12/34
13/71
14/34
14/75
14/3
14/97
12/46
16/66
13/82
13/86
11/71
11/78
16/04
12/97
12/07
13/06
15/04
16/36
16/66
16/03
16/98
15/21
16/04
18/73
17/59
17/63
16/37
8/6
13/45
14/15
18/03
15/03
16/54
17/28
14/47
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SB27-HSF-1
SB27-HSF-2
SB27-HSF-10
SB31-HSF-1
SB31-HSF-2
SB31-HSF-5
SB31-HSF-6
SB31-HSF-7
SB31-HSF-8
SB31-HSF-9
SB31-HSF-10
SB32-HSF-1
SB32-HSF-2
SB32-HSF-3
SB32-HSF-4
SB32-HSF-5
SB32-HSF-8
SB32-HSF-9
SB32-HSF-10
SB33-HSF-1
SB35-HSF-1
SB35-HSF-4
SB35-HSF-8
261*(20314*W-1009)-F2-S1-11-S1-3
261*(20314*W-1009)-F2-S1-11-S1-11
261*(20314*W-1009)-F2-S1-11-S1-16
261*(20314*W-1009)-F2-S1-11-S1-20
(7112*SB36)*S1-3
(7112*SB36)*S1-11
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(7112*SB36)*S1-20
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$1-89074
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SB34-HSF-1
SB34-HSF-2
SB34-HSF-5
SB34-HSF-10
SB34-HSF-13
SB34-HSF-28
NE-0910-HSF-21
NE-0910-HSF-38
NE-0910-HSF-43
NE-0910-HSF-46
SB-1
SB-2
SB-3
SB-4
F-20656
F-20732
F-20710
F-20701
F-20747
F-20746
F-20583
F-20603
SB26
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Abstract

Sugar beet cyst nematode, Heterodera schachtii Schmidt, is considered as one of the important
pathogen, damages the fields under sugar beet cultivation. Wherever, there is any infested field
with the nematode, the cultivation of this crop is restricted. In this study, 70 sugar beet
genotypes were screened for resistant to sugar beet cyst nematode in a randomized complete
block design in the field and a randomized complete design in greenhouse conditions. Also,
growth factors, including length, fresh and dry weight of roots and sugar content of the tested
genotypes were measured. The data were assessed based on the final population for the numbers
of eggs and second instar larvae, per gram of soil in each and every trail separately. Also, the
reproductive factors and the percent decrease and or increase in sugar beet cyst nematode
populations were calculated in each and every replicates, relative to their initial population
accordingly. The data were subjected to statistical analysis with comparing the means by
Duncan's multiple range test (DMRT), using SAS and SPSS statistical software. Based on the
reactions, the genotypes were classified into five distinct groups of resistant, moderately
resistant, tolerant, moderately susceptible and susceptible respectively. The lowest humber of
eggs and larvae in the field was of genotype SB32-HSF-5, SB31-HSF-2, SB27-HSF-10, F-
20747, and in greenhouse conditions was related to genotype SB32-HSF-5, SB31-HSF-2,
SB27-HSF-10, F-20747, F-20746, (7112 * SB36) * S1-11, F-20656, SB-1, SB33-HSF-1, SB31-
HSF-7, SB34-HSF-10, S1-89074, which are the most resistant genotypes respectively. Also, the
resistant genotypes in terms of growth indices of the length, fresh and dry weight of the roots,
had the highest rates. The highest sugar content was of the genotypes of SB-2 and F-20747. The
results of the anatomical characteristics of genotypes roots components, including priderm and
parenchyma thickness, based on the sensitivity spectra to nematode were with highly significant
effects. It was shown that, the priderm average thickness of resistant genotypes was of the
highest in F-20747, F-20746, SB31-HSF-2 and SB27-HSF-10 with 480, 445/87, and 419/47,
436 microns respectively. Whereas, in case of the susceptible genotypes, SB35-HSF-8, F-
20583 and SB35, was of 194/13, 258/67 and 319/47 microns, which was the lowest in
comparison to the resistant ones respectively. The thickness of the cortex parenchyma showed a
reverse result, indicating that, the susceptible genotypes, robust F-20746 and F-20747 with
438/93 and 403/20 microns had the highest amounts in comparison to the resistant ones
respectively. Whereas, in the case of resistant genotypes of SB32-HSF-10 and F-20603 was
with an average of 210/13 and 213/33 microns respectively. Also, the cluster analysis, based on
the above factors, classified the genotypes into five distinct spectra of resistant, moderately
resistant, tolerant, moderately susceptible and susceptible accordingly. These results suggest a
direct relationship between these characteristics of anatomical features and the resistance of
some genotypes which tested for the sugar beet cyst nematode disease. The results of these
experiments showed that, by comparing both the greenhouse and field, can differentiate the
resistant and susceptible genotypes to the sugar beet cyst nematode.

Keywords: Sugar beet, Cyst nematode, Genotype, Resistance, Anatomy, Isfahan, Heterodera
schachtii
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