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Table 1. Populations of sugar beet cyst nematode, collected from sugar beet fields of Khorasan Razavi province

No. Goslpeor Joms wlals us s, Soslpasr oo wluls us
1 Sarakhs- 1 Sarl 45 Ghochan Ghoch7
2 Sarakhs - 2 Sar2 46 Ghochan Ghoch8
3 Sarakhs - 3 Sar3 47 Fariman - Aghkamar - 1 Farl
4 Sarakhs - 4 Sard 48 Fariman - Aghkamar - 2 Far2
5 Mashhad - Abkoh - 1 Mashl 49 Fariman — Kalate Sefid Far3
6 Mashhad - Abkoh - 2 Mash2 50 Fariman — Sefid sangh Far4
7 Mashhad - Abkoh - 3 Mash3 51 Fariman — Sisetare Far5
8 Mashhad - Torogh - 1 Mash4 52 Fariman - Ghalandarabad Far6
9 Mashhad - Torogh - 2 Mash5 53 Fariman - Asadieh Far7
10 Mashhad - Malabad Mash6 54 Fariman — Kate shamshir Far8
11 Shirvan - 1 Shirl 55 Fariman — Jolghe zave Far9
12 Shirvan - 2 Shir2 56 Fariman - Ghalandarabad Far10
13 Shirvan - 3 Shir3 57 Fariman - Taghiabad - 1 Farll
14 Chenaran - Eskandarabad - 1 Chenl 58 Fariman - Taghiabad - 2 Farl2
15 Chenaran - Eskandarabad - 2 Chen2 59 Fariman - Nasrabad Farl3
16 Chenaran - Navakh Chen3 60 Fariman — Jolghe zave - 1 Farl4
17 Chenaran — Radkan - Saroje  Chen4d 61 Fariman — Jolghe zave - 2 Far15
18 Chenaran — Sefidjan - 1 Chen5 62 Fariman — Jolghe zave - 3 Farl6
19 Chenaran — Sefidjan - 2 Chen6 63 Fariman — Sefid sangh - 1 Farl7
20 Chenaran - Darzab Chen7 64 Fariman — Sefid sangh - 2 Farl8
21 Chenaran - Kamalabad - 1 Chen8 65 Torbate Jam - Moradabad T
22 Chenaran - Kamalabad - 2 Chen9 66 Torbate Jam T2
23 Chenaran - Kamalabad - 3 Chen10 67 Torbate Jam T3
24 Chenaran - Rezaabad - 1 Chen1l 68 Torbate Jam THA
25 Chenaran - Rezaabad - 2 Chenl12 69 Torbate Heydarie TH1
26 Chenaran - Joghan Chenl13 70 Torbate Heydarie TH2
27 Chenaran - Sargje- 1 Chenl14 71 Torbate Heydarie TH3
28 Chenaran - Sargje - 2 Chen15 72 Torbate Heydarie TH4
29 Chenaran — Kalate Mir Hosein Chenl16 73 Torbate Heydarie TH5
30 Chenaran — Masi hazrati Chenl7 74 Torbate Heydarie TH6
31 Chenaran - Mahmoabad -1 Chen18 75 Kashmar Kashl
32 Chenaran - Mahmoabad - 2 Chen19 76 Kashmar Kash2
33 Chenaran - Beyramshah Chen20 77 Kashmar Kash3
34 Chenaran — Sarhangh - 1 Chen21 78 Kashmar Kash4
35 Chenaran — Sarhangh - 2 Chen22 79 Sabzevar Sabl
36 Chenaran - Shirafkan Chen23 80 Sabzevar Sah2
37 Chenaran - Ashraf Chen24 81 Sabzevar Sab3
38 Chenaran - Ghizi Chen25 82 Sabzevar Sab4
39 Ghochan Ghochl 83 Sabzevar Sab5
40 Ghochan Ghoch2 84 Neyshabour Neyl
41 Ghochan - Hasanabad Ghoch3 85 Neyshabour - Ahangharan Ney2
42 Ghochan Ghoch4 86 Neyshabour - Abasabad Ney3
43 Ghochan Ghoch5 87 Neyshabour - Hamidabad Ney4
44 Ghochan Ghoch6 88 Neyshabour Ney5
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Table 2. Morphometric characters of vulval areas of different populations of the Heterodera schachtii
(Measurements in pm)

No. Vulval cone (n)  Fenestral Length Fenestral Width Vulval Slit Length Underbridge length  Underbridge width
1 9 (20-25), 23.2+1.2 (15-20), 18.5+0.9 (36-42), 38.4£1.6 (90-102), 96+2.8 (22-26), 24+1.5

2 12 (21-24), 23+1.3 (16.5-22), 19+1.1 (33-36.5), 35.540.5 (92-105), 98+2.3 (22-31), 26+3.2

3 1 (26-32), 28.4+1.1 (24-26), 25.1+0.5 (37-45), 39+0.9 (92-105), 95+1.9 (22-29), 24+1.4

4 8 (24.5-33), 29.8+1 (23.5-31), 25.2+1.6 (36-47), 41+1.1 (83-105), 96+3 (23.5-31), 27+2.6
5 7 (21-26), 24.5£1.4 (17-19.5), 18+0.6 (30-38.5), 36+0.7 (88-102), 97+2 (22.5-34), 24+2

6 8 (23-29), 25+1.6 (17-23), 20+1.3 (32-39), 33.5£0.9 (95-112), 98+2.1 (21-27), 25£1.7

7 10 (22-26.5), 24+1 (19-21.5), 20.5+0.7 (31.5-38), 36+1 (93-112), 97+2.3 (26-31), 28+2

8 10 (22-31), 27.3+2.3 (20-26), 22.8+1.2 (32-44), 37£1.6 (85-115), 93+3.5 (14-27), 23.5+2.6
9 8 (21.5-28),24.2+1.9  (17-23.5),19.5+1.4 (33-46), 39.4+1.5 (88-105), 98+2.5 (18-26.5), 23.5+2.4
10 10 (29-34), 26.5+1.2 (24-26), 2142 (41-48), 42.2+0.9 (93-102), 96+2 (20-28.5), 25.5+2.1
11 11 (30-39.5),32.7£t1.6  (24-28), 25.7+1.1 (35-42.5), 37.5£1.2 (98-115), 112+1.5 (14-22), 15.5+1

12 13 (33.5-42), 35.2+1.4  (23-30.5), 28.6+1.2 (40-48), 45.2+1.5 (104-120), 115+3 (17-23), 19+1.6

13 15 (34.5-38), 36.4+1.3  (28.5-34), 32.7+1 (41-49.5), 45.7+2 (103-127), 117+4.2 (14-21), 16+1.8

14 8 (23-36), 33+1.8 (20.5-29), 24.3+2.1 (36-42), 43.5£0.9 (106-123), 112+#3.7  (12-18), 14.8+2.1
15 7 (36-47.5), 41.2+¢3.1  (26-38.5), 35.1+1.1 (38-54.5), 48.2+2.2 (106-123), 115+3.6  (15-22), 17+1.6

16 10 (30-39), 34.2+2.1 (27-35), 32.1+2 (41-48.5), 44.8+1.4 (107-124), 117+2.8  (15-23), 18.9+2.6
17 12 (32-44), 38.2£3.2 (28-37.5), 33.4+1.8 (47.5-61), 53.7+2.1 (103-129), 116+4 (15-25), 18+2.1

18 1 (28-38.5),35.4+1.9  (21.5-30), 28.6+0.9 (35-48), 44.3+1.4 (103-118), 113+2 (14-19.5), 16.8+1.9
19 10 (28-36.5), 32.3+t2.8  (23-28.5), 25.2+1.3 (39-46), 41.8+0.8 (102-123), 111432 (13.5-22.5), 17+3
20 7 (29-37), 32.5£3 (26-31), 28.5+1 (40-47.5), 43.5£1.5 (109-125) 112+2 (14-18), 15.5+1

21 11 (29-38), 34.6£2.2 (22-32), 27.6+2 (36-45), 38.6£1.3 (110-128), 115+2.3  (14-17), 15+0.8

22 10 (28.5-39), 34.74#3.3  (22.5-33), 28.4+2.7 (38.5-45), 41+1.2 (102-121), 11443 (15-19), 17+1.2

23 9 (25.5-36), 30.942.4  (24-32), 27.8+2.3 (37-46), 39.8+1.1 (103-115) 11142 (14-17.5), 16+1.1
24 7 (30-38.5), 34+2.5 (26-35), 29.3+2.1 (37-46), 42.3+2.2 (106-124), 112+3.1  (16-23), 19+2.1

25 8 (30-38.5),34.6£1.9  (23-31), 27+2 (35-44.5), 42+1.1 (107-128) 112+2.8 (12-18), 15.5+2

26 7 (27-335),31.2£t1.8  (21-30), 24.9+2.1 (42-53), 47.5£2.3 (103-128), 115+3.4  (21-25), 22.5+1.2
27 9 (33-42.5),37.242.7  (25-32.5), 27.6£2.3 (39-47.5), 44£1.2 (105-123), 115+2.6  (14-20), 15.6+1.3
28 6 (30-37.5),35.6£1.9  (26-33.5), 30.8+1.7 (39-51), 452 (103-126), 117+3.6  (15-23),18.3+2.1
29 10 (28.5-39), 34.6+2.7  (27-32.5), 29.7+1.4 (41-48.5), 45.1+1 (106-122), 116+3 (14-22), 16.8+2.2
30 14 (30-38), 33.5£2.9 (25-34), 28+2.1 (41-54), 49+2.1 (105-124), 112+4.2  (14.5-22), 17+2.5
31 12 (32.5-43),35.5+2.5  (28-37.5), 32+2.6 (42.5-53), 51+0.9 (102-128), 116+4.5  (15-22.5), 20+1.8
32 11 (28-34), 31.8+2.8 (23-31.5), 26+1.8 (43.5-52), 46.5+1.8 (110-127), 117426~ (16-23.5), 20+2.1
33 8 (24-33), 30.5£2.3 (23.5-34), 26.5+2.3 (32-41.5), 38.9+1.7 (102-137), 112+4 (12-18.5), 14+1.7
34 9 (30-35), 31.8+1.1 (23-31.5), 26.1+2 (43-52.5), 49.7+1.3 (106-131), 114+3.6  (13-21), 15+15

35 9 (33-42.5),36.2t2.1  (23-32.5), 25.4+1.3 (38.5-48), 42.3+2.1 (73-98), 89+3 (19-27.5), 22+2.2
36 11 (26.5-34), 32.1+2 (21-27.5), 25.8+1.6 (38-45.5), 40.2+2.2 (80-103), 94+2.9 (19-26), 23+2.7

37 13 (26-33.5),28.3+t1.3  (20-27.5), 24.7+1.7 (35-44.5), 41.7+1.3 (83-106), 91+4.2 (22-31.5), 25+2

38 10 (29-38.5), 31.4+1 (22-31), 25.4+2.7 (35-46.5), 40.2+2.4 (85-100), 92+3.5 (15.5-22), 20+1.5
39 9 (27-345),30.5¢1.9  (20-28.5), 23+1.9 (29-41), 34.6+2 (79-96), 84+2 (18-29.5), 23.5+3.1
40 10 (23-32), 28.6£2.7 (17-25), 21.8+2 (39-45), 40.3+0.5 (75-107), 86+3.7 (19.5-27), 24+2.8
41 10 (27-38), 35.1+1.6 (19-26), 23.6+1.6 (35-45.5), 42+1 (77-97), 88+4.3 (21-27), 24.5+2.4
42 11 (32-39), 34.6£1.7 (23-30.5), 26£2.2 (38-43.5), 41.3+1.2 (72-97), 83+2.3 (20-27), 25+1.8

43 12 (30.5-38), 34+2.6 (23-32.5), 26.7+1.8 (41.5-48), 40.4+0.7 (70-98), 79+3.1 (17-23), 21+1.5
44 9 (33-41), 35+1.9 (25-34), 27.7+1 (39-48.5), 42.2+1.2 (72-101), 82+4.8 (15-28.5), 22.4+3.2
45 12 (32-37), 35.1+1.2 (26-32), 28.2+1.3 (40-45), 41.3+0.6 (75-104), 80+2.3 (14-23), 20.4+2.1
46 11 (28-37), 34.7£1.7 (22-31), 27.9+2.3 (36-42), 401 (70-86), 77£3.2 (16-24.5), 21.7+2.6
47 14 (32.5-36.5), 34.2+1.1 (23-31.5), 29.5+1 (43-55.1), 52.4+1.1 (102-115), 105+2 (13-21), 14+0.8
48 6 (30.5-48), 42.6+1 (28.5-36), 34.6£1 (39-60.5), 56.2+2.1 (95-122), 105+3.4 (12-18.5), 13+0.6
49 10 (28-37), 34.6£1.7 (22.5-34), 31.8+1.2 (33-57), 47.6£2.4 (95-118), 103+3 (18-26), 21.5+2.3
50 11 (29-38.5), 34.6£1.3  (24-33.5), 31.7+1.1 (40-52), 46.7+2.2 (98-123), 109+4.5 (12.5-21), 15.6+2.1
51 8 (33-45.5),38.2+t1.5 (28-36.5), 34.1+1.4 (42-53.5), 50.2+1 (94-120), 103+4.6 (12-21), 16.5+2.8
52 8 (25-335),27.6£1.4  (17-24),19.5+1.8 (39.5-48), 46.6+0.9 (70-97), 81+5.1 (15-24), 18+2

53 6 (25-32), 29.1+1.6 (17-21), 18.2+0.8 (37-51), 45.3£2.5 (72-107), 82+4.2 (16-28), 18.4+2.3
54 7 (25-33), 31.741.2 (23-31), 25.8+1.6 (37.5-47), 41.742 (70-96), 87+3.2 (13-26.5), 19+3.5
55 10 (25-34), 29.5+2.8 (18.5-23), 20+1 (34.5-42), 37+1.1 (86-103), 94+3.6 (13-23), 18+3.1

56 12 (22-31.5), 28.4+1.7  (19-26), 20.4+1.1 (33-42.5), 37.7+2.3 (81-102), 94+4 (14-23), 18+2.5

57 8 (23-35), 28.4+2.9 (19-24.5), 20.1+0.7 (42-51), 48.3£1.2 (71- 96), 88+3.8 (14-20), 17+2.3

58 10 (27-34), 31.4+2 (22-27), 25.4+£1.2 (36-47), 40.2+2 (77-101), 87+5.1 (18-25), 20£1.5

59 10 (22-31.5), 26.4+2.5  (17-23.5),19.1+1.3 (37-52.5), 48.1+1.4 (74-99), 83+4.4 (15-22.5), 17.5£2
60 9 (27-42.5), 32+1.8 (20-35.5), 27+2.7 (35-48), 39.7+2.3 (71-96), 88+3.5 (12-20.5), 13.5+1.1
61 7 (30-38.5),32.3+t1.2  (25-31),27.4+1.4 (34-53), 39.3+2 (75-101), 87+6.1 (12.5-18), 14.3+1.7
62 9 (26-34), 31.3t1.4 (23-29.5), 27.7+1.8 (33-41), 38.3£1.6 (75-98), 86+4.2 (14-23), 15.3+1

63 11 (25-32.5), 31.2+1 (22-28.5), 26.4+2.2 (34-42), 40.3£1.2 (81-93), 88+3.2 (12-21), 14£1.3
64 9 (21.5-32),27.5+2.1  (19.5-24), 22.5+1.1 (38-46), 401 (91-104), 97+3.4 (23.5-30), 27.6+2
65 12 (28-37.5), 32.8t2.4  (24-32.5), 27+2.3 (35-51), 39+2.3 (79-94), 85+3.2 (11-18), 12.8+1

66 6 (31-42.5),33.3+t1.7  (25-34.5), 26.2+0.8 (32-435), 39.3+1.4 (80-103), 90+4.3 (12-27), 14+1.4

67 8 (28-37), 32.6+2 (23-31), 27.1+1.6 (36.5-44), 39.1+2 (72-97), 87+3.6 (12-25), 14.7+2.1
68 5 (25-39), 27.4+1.4 (18-27), 22.7+2 (34-57.5), 40.2+2.2 (72-107), 94+5.3 (13-16.5), 14.5+1.1
69 6 (31-42.5), 35.6£2.3  (25-34.5), 31.4+1.6 (42-55.5), 52+1.6 (90-113), 104+3.8 (14-21), 16£1.5
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Table 2. (Cont.) Morphometric characters of vulval areas of different populations of the Heterodera schachtii
(Measurements in pm)

70 7
71 9
72 12
73 10
74 7
75 9
76 8
7 6
78 11
79 7
80 5
81 10
82 13
83 12
84 14
85 11
86 8
87 6
88 9

(30-36), 32.651
(40-44), 41.2+0.9
(31-40), 38.5:0.8
(30-37.5), 34.6+1.6
(26-34), 28.7+1.2
(32-41), 33.2+0.8
(30.5-43), 33.4+1.8
(31-39), 35.2+3
(31.5-40), 37.7+1.6
(30-41), 32.6£1.1
(32-38), 34.6£1.3
(32-46.5), 35.3+2.1
(34-42.5), 32.7+1
(32-42.5), 36.7+2.3
(30-41), 36.8+3.1
(30-37), 34.8+1.1
(33-46.5), 36+1.6
(34-42.5), 37+2.1
(32-42.5), 33.8+1

(24.5-29), 26.8+1.6
(32-37.5), 35.2+1.3
(26-34), 29.1+2
(24-31.5), 25.8£0.7
(185-25.5), 19.80.6
(25-36), 27.6+1.3
(25-32.5), 28.4+1.7
(26-34.5), 27.2+0.5
(21.2-32), 29.6+1
(235-34), 27.9+2.3
(28-33.5), 31.5¢1
(30-37.5), 32.5+1.1
(26-37), 20.4+1.2
(22-31.5), 28.4+1.4
(25.5-37), 34.8+1.2
(28-34.5), 32.8+1
(31-37.5), 34.9:1.6
(28-37), 3021
(26-37.5), 35+1.1

(47-56), 53.8:0.9
(50-57.5), 53.7+1
(40-51), 42.3+1.1
(44-55), 52.8+1.3
(40-56.2), 44.6+2.2
(41-54), 51.9+1.3
(42.5-53), 50.3+1.4
(46.5-57), 49.4+1.6
(41-59,5), 43.6+1.4
(40-51), 42.6£1.1
(39-47.5), 44.6+1
(41-52), 43.4+1.3
(35-46.5), 41.7+2.1
(37-46), 42.4+1.3
(42-59), 47.4+2.2
(39-52.5), 48.3+1.6
(43-58), 45.9+1
(35-54.5), 48+2
(37-51), 47+2.1

(103-119) 113:4.2
(97-108) 101+3.2
(94-109), 98+3
(93-126), 116+4
(74-94), 84+4.3
(97-124), 10945.2
(92-128), 119+4.8
(100-112), 106+3.2
(71-96), 83+3.4
(105-137), 114253
(76-92), 86+3.1
(73-94), 84+4.2
(72-100), 84+6.5
(79-96), 88+5.7
(72-97), 8146.4
(76-92), 85:4.3
(73-104), 89:6.3
(75-100), 88+6.3
(79-96), 85+4.5

(12-17), 15+1.6
(125-18), 15+2
(14-22), 1621.7
(135-23), 15.3+15
(11-20), 17+2.2
(12-185), 14.2+2
(13-18.5), 16.1+2
(12-21.5), 18.8+1.6
(15-28.5), 19+2.9
(16-22.5), 19.3+2.2
(30-37), 35¢1.6
(31-385), 35.5:1.8
(25-38), 34+2.3
(26-39.5), 34.7+3.1
(24-38.5), 32+3.1
(28-37), 31.2+2.3
(32-38.5), 35+2
(25-40), 34+2.6
(26-39.5), 35.6+3
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Table 3. Morphometrics characters of the second stage juveniles of different populations of Heterodera schachtii
(Measurements in pm)

No. J2s(n) Length Stylet Length Tail Length Hyaline Length

1 24 (440-510), 475+6.5 (25-26), 25.6+0.2 (35-38), 36.4+0.5 (21-25.5), 24.8+0.6
2 28 (475-504), 481+4.5 (24.5-26), 25.4+0.5 (36.5-41), 38+1.2 (21-25.5), 23.4+0.8
3 18 (470-515), 476.5+5 (24.5-27)25.810.1 (39-45), 42.7+1 (25-34), 31+1.2

4 19 (472-528), 486+7.4 (25-26.5), 26.2+0.4 (31-39), 37.6+0.8 (21.5-34), 28.7+1.2
5 27 (462-502), 473+6.5 (25-26.5), 25.8+0.1 (38-43), 41.3+1.3 (20.5-25), 23.6+0.8
6 20 (460-522), 483+5.4 (24-27)26.3+0.3 (38-41), 40+0.7 (22-26)24.5+0.7

7 32 (471-507), 480+4.5 (24-26.5), 25.3+0.4 (34-39.5), 38.7£0.6 (21.5-29), 25.7+1.2
8 24 (465-504), 476+5.8 (25-26)25.7+0.2 (38-44), 42.7+1 (22-28)26.2+1.4

9 23 (470-520), 481+8.3 (24-28), 25.9+0.6 (28-38.5), 35.4+1.4 (23-29.5), 26+0.8
10 26 (481-510), 487+5.2 (24-26), 24.9+0.4 (34-47), 41+1.5 (26-32), 29.6+0.9
11 30 (493-531), 511+4.9 (25-27), 25.4+0.2 (42-57.5), 46.2+1.2 (31-46.5), 36x1.1
12 33 (505-536), 510+4 (24.5-26), 25.3+0.1 (40-49), 44+1.1 (30-35), 32.5+0.6
13 21 (486-521), 508+6.3 (25-27), 25.6+0.3 (36-45.5), 43.5+0.8 (28-37), 331

14 28 (489-527), 509+7.2 (25-26.5), 25.9+0.2 (41-58.5), 52.4+1 (34.5-48.5), 35.4+0.6
15 26 (501-533), 512+4.3 (24-26.5), 26.1+0.2 (37-54), 48.6+1.5 (32-39.5), 35.1+0.8
16 24 (490-536), 511+5.5 (25-26.5), 26.3+0.1 (38-57), 49.31.1 (31.5-41), 36.4+1.3
17 27 (506-534), 514+6.1 (25-27), 26£0.2 (44-57), 50.4+0.8 (31-43), 36.1+1

18 31 (491-532), 509+4.7 (25-27), 25.8+0.1 (42.5-59), 51.3+1.3 (28.5-41), 37+1.2
19 28 (493-544), 532+6.1 (25-26), 25.8+0.1 (37.5-49), 43.6+1 (21-28.5), 26.8+0.8
20 25 (485-540), 526+6.5 (25-27), 25.4+0.3 (35-47), 38.2+1.2 (22-29.5), 27+0.7
21 24 (502-542), 531+5.3 (25.5-27), 26+0.2 (39-49), 41.6+1.4 (24-31), 26+1

22 20 (498-532), 524+6.7 (25-26), 25.4+0.2 (37-45), 42.3+0.9 (22-30), 25.6+1.2
23 2 (490-545), 527+5.8 (26-27), 26.4+0.1 (32-46), 37.2+1 (20-27), 22.8+0.6
24 23 (504-535), 523+4.6 (25-27.5), 25.8+0.5 (35-46), 41+1.3 (22-34), 25.4+1

25 26 (512-547), 5306 (25-26), 25.6+0.4 (40-52), 42.5¢1.1 (28-37), 32.4+1

26 22 (500-542), 528+7.1 (25-26.5), 26+0.4 (37-42.5), 38.5+0.8 (24-30.5), 25.8+1.2
27 26 (505-534), 520+4.9 (25.5-27), 26.2+0.3 (32.5-39), 36.4+1.4 (22-30.5), 24.7+0.8
28 23 (492-541), 527+8.2 (23.5-28), 26.1+0.1 (34-41.5), 37.4+1.2 (20-28.5),24.5+1.1
29 31 (501-536), 521+4.1 (25-26.5), 25.4+0.3 (35-43.5), 38.6+1 (22.5-30), 24.5+1
30 35 (510-556), 531+6.2 (26.5-28), 27.2+0.2 (35-43), 39.8+1.1 (25.5-34), 28.6+1
31 28 (489-552), 532+4.7 (26.5-28), 27.5+0.2 (36-44.5), 39+0.8 (21-26.5), 24.8+0.8
32 27 (515-546), 527+5.6 (24.5-26.5), 25.5+0.1 (35.5-42.5), 37.8+1.3 (22.5-29), 26.7+1.2
33 29 (512-548), 535+7.3 (25.5-27), 26.5+0.2 (36.5-49), 43.7+1.2 (31.5-38.5), 35.2+1
34 23 (510-552), 528+4.5 (25.5-27), 26.2+0.4 (36-44.5), 42.5+0.7 (31-38.5), 34.7+1.1

Yo



... Heterodera schachtii il slacanes duslas 01, Ken (,Sﬁ

(5,50 4 o34l Heterodera schachtii «iliswe gbcone £33 Lo (Kb e Dlaseie Y gd als

Table 3. (Cont.) Morphometrics characters of the second stage juveniles of different populations of Heterodera

schachtii (Measurements in pm)

35 21 (500-548), 512+4.3
36 22 (489-522), 509+3.8
37 27 (486-538), 509+6.5
38 33 (490-542), 513+5.1
39 30 (493-532), 502+6

40 24 (493-552), 509+3.9
a 23 (472-540), 510+7.2
42 22 (485-530), 514+4.6
43 28 (492-531), 502+7.1
44 24 (462-538), 504+5

45 25 (486-530), 508+6.5
46 24 (496-540), 512+4.5
47 21 (426-492), 44026.7
48 28 (430-483), 448+4.3
49 29 (415-485), 450+3.5
50 30 (412-490), 446475
51 35 (417-459), 443+5.8
52 23 (404-462), 424+4.3
53 27 (385-450), 429+3.5
54 24 (390-441), 42045.1
55 26 (410-468), 430+4.9
56 23 (415-482), 428+4

57 26 (412-446), 42035
58 27 (405-452), 423+6

59 25 (404-464), 423+4.3
60 26 (408-442), 415+3.8
61 28 (406-442), 41845

62 29 (405-455), 418+4.5
63 30 (402-460), 421+6.2
64 25 (480-505), 489+3.5
65 35 (387-459), 423+6.2
66 22 (400-468), 427+4

67 19 (406-458), 428+5.1
68 25 (432-478), 4394

69 22 (415-488), 450+6.3
70 22 (430-485), 461+5.2
71 26 (412-467), 43745
72 22 (420-482), 453+5.3
73 23 (392-461), 451+3.8
74 33 (421-463), 431+7

75 35 (420-486), 447+55
76 28 (439-472), 450+3.7
77 27 (435-476), 465+3.5
78 32 (411-466), 437+5.7
79 29 (442-488), 4534

80 23 (430-485), 446+6.1
81 21 (412-468), 442+7.3
82 33 (420-482), 445+5.1
83 30 (430-472), 448+75
84 29 (442-488), 453+4.3
85 23 (430-485), 456+5

86 21 (412-478), 452+4.5
87 33 (422-482), 443+3.9
88 30 (430-472), 454+6

(25-26.5), 25.7+0.3
(25-26), 25.7+0.3
(25.5-27), 26.1+0.1
(24-26), 25.1+0.1

(25.5-27.5), 26.8+0.3

(25-26.5), 26.1+0.1
(25.5-26.5), 26:0.2
(24.5-27), 26.2+0.2
(24-26), 24.9+0.1
(24-25), 24.3+0.2
(24-25), 24.2+0.1
(24-26), 24.3+0.1
(25.5-27), 26.3+0.3
(24-27), 24.2+0.1
(24.5-26), 25.4+0.2
(25-26.5), 26.2+0.2
(25.5-27), 26.3+0.2
(25-26.5), 25.4+0.1
(25-26), 25.2+0.1
(25-26.5), 25.4+0.1
(25-27), 25.3+0.1
(25-26), 25.7+0.2
(25-26), 25.8+0.1
(24.5-26), 25.1+0.3
(25-27), 25.7+0.5
(25-27), 26.5+0.2
(25-27), 26.1+0.4
(25-27), 26.8+0.1
(25-26.5), 26.3+0.2
(25-26.5)25.5+0.3
(25-27), 25.3+1
(25-27.5), 26.7+0.4
(25.5-27), 26+0.4
(24-26.5), 26.1+0.2
(25-26.5), 25.2+0.1
(25-27), 25.9+0.3
(25.5-27), 26.3+0.2
(25-26.5), 25.4+0.1
(24.5-26), 25.6+0.2
(25-27), 26.1+0.3
(23-255), 23.1
(23-25), 23.7+0.2

(24.5-26.5), 25.2+0.1

(25-27.5), 26.3+0.3
(25-26.5), 25.8+0.2
(25-26.5), 25.7+0.2
(25-26.5), 25.7+0.1
(25-27), 26.2+0.3
(25.5-27), 26+0.1
(25-27), 26.30.1
(25.5-27), 26.2+0.2

(25.5-27.5), 26.7+0.2

(25-26.5), 25.9+0.1
(25.5-27), 26.6+0.2

(38.5-48), 42.6+1
(38-46.5), 43.7+1.1
(40-46.5), 42.7+1
(37-47.5), 43.1+0.9
(40-46.5), 44+1.4
(38-49), 42.1+1
(40-51), 42.3+1
(38-42.5), 40.7+1.2
(43-51.5), 47.3+0.9
(42.5-52), 46.7+1
(40-49), 45.2+1.1
(40-54), 47+1.4
(34-47.5), 39+1.3
(32-46.5), 37.8+1
(35-50), 40+0.8
(38-45.5), 41.8+1.2
(34-46.5), 39.4+0.8
(41-46), 44.6+1
(39-48), 44.2+0.8
(36-52.5), 43.8+1.2

(37.5-48.5), 44.6+1.2

(35.5-47), 44.4+1
(38.5-46), 41+1.1
(41-495), 43.1+15
(38.5-45), 41.740.7
(40-53.5), 42.5+1.2
(40-54.5), 42+1.3
(35-50), 41.4+1.2
(38-45.5), 40.1+1
(34-41), 38.7+0.8
(41-46.5), 42.8+1.3
(37-46), 43+1.2
(34-43.5), 39.8+1
(35-47), 41+1.1
(37-42), 40.7+0.8
(32-46), 37.5+0.9
(31-42), 36.4+0.7
(36-44.5), 38.4+1.3
(34-41.5), 35.5£0.9
(35.5-47.5), 44+1
(33-41), 34.6+0.7
(38-44.5), 33.3+1.2
(32.5-38.5), 34.1+1
(37.5-46), 44.1+0.8
(32-39), 34.3+0.8
(36-44.5), 37+1
(32.5-38), 34.8+1.1
(34-41.5), 36.7+0.9
(30-46.5), 33.10.8
(32-39), 36.5+1.3
(34-44.5), 36.8+1
(32.5-42), 37.4+1
(34-41.5), 35.4£0.9
(30-42.5), 36+1.1

(22.5-34), 28.1+1.2
(23-29.5), 27.3+0.9
(24-32), 27.4+0.8
(23-30), 27.7+1
(26-35.5), 33+1.1
(22-32), 27.6£15
(27-35), 31.2+0.6
(25-33.5), 28.7+1
(24.5-34), 31.2+1.4
(27-35), 32.1+1.3
(29-34), 30.4+1
(24-38), 31.7+0.9
(21-34.5), 28.6£1.4
(21.1-34), 26.7+0.8
(21-30), 27.3+1
(23-32.5), 29.3t0.8
(28-34.5), 30.7+0.6
(26.5-34), 29.7+1.3
(26-33), 30.8+1
(25.5-34), 30.6+1.1
(23-36), 31.6+1.4
(26.5-34), 31.2+1.2
(27.5-38), 29:0.8
(28-37.5), 31.2+0.6
(23.5-35), 28.7+1.2
(28.5-38.5), 30.5+0.8
(29-40.5), 32.5+1
(21-34), 31.5+1
(25-36.5), 33.5+1.4
(23.5-29), 28.2+0.5
(28-34.5), 31.6+1.2
(26.5-34), 32.1+1
(23-34.5), 31.7+1.2
(24.5-335), 31.7+1
(22.5-30), 25.7+0.8
(20-27), 23.6+1.3
(20-28), 23.4+1
(24-33), 26.4+1.1
(20-28.5), 22.6£1
(23.5-34), 28.9+1.4
(19-27), 24.1+0.9
(21-26.5), 23.1+1.2
(20-27), 25.2+0.6
(26-32.5), 29.8+0.7
(21-27.5), 24.3+1
(25-30.5), 28.60.6
(25-34), 27.5+1.2
(23-28), 25¢1
(18.5-32.5), 25.240.7
(19-26.5), 24.8+1
(23-26.5), 24.4+0.8
(22-34), 26.3+1.2
(23-31), 28¢1
(24-32.5), 27+0.9
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Fig. 1. Dendrogram constructed by clustering of different populations of Heterodera schachtii, based on UPGMA

analyses, collected from different localities of Khorasan Razavi province
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Table4. Minimum, maximum and average of morphometrical data of second stage juveniles in constructed

groups (Measurements in pm)

Group L Stylet

Tail Hyaline

G1 (473-489), 480.68 (24.9-26.3), 25.67
G2 (502-514), 508.66 (22.3-26.8), 25.2
G3 (508-514), 510.5 (25.3-26.3), 25.8
G4 (520-535), 527.62 (25.4-27.5), 26.06
G5 (415-439), 425.22 (25.1-26.8), 25.87
G6 (437-465), 449.60 (23-26.3), 25.32
G7 (442-456), 448.77 (25.7-26.7), 26.14

(35.4-42.7), 39.31
(40.7-47.3), 43.95
(43.5-52.4), 48.21
(36.4-43.7), 40.06
(39.8-44.6), 42.67
(33.3-41.8), 37.34
(33.1-37.4), 35.96

(23.4-31), 26.51
(27.3-33), 29.7
(32.5-37), 35.18
(22.8-35.2), 27.21
(28.7-33.5), 30.92
(22.6-30.7), 25.78
(24.4-28.6), 26.31
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Table 5. Minimum, maximum and average of morphometrical data of vulval areas in constructed groups

(Measurements in pm)

Group FL FW VSL uL uw
G1 (23-29.8), 25.76  (18-25.2), 21.1 (33.5-42.2), 38 (93-98), 96.45 (23.5-28), 25.28
G2 (28.3-36.2), 32.96  (21.8-28.2), 2551 (34.6-42.3), 40.54  (77-94), 85.41 (20-25), 22.70
G3 (32.7-41.2),35.78  (24.3-35.1),30.06 (37.5-53.7), 45.36  (112-117), 114.62 (14.8-19), 17

G4 (30.5-37.2), 33.45  (24.9-32),27.83  (38.6-51),44.10  (111-117),113.81 (14-22.5), 17.13
G5 (26.4-37.7),30.65  (18.2-29.6), 23.85 (37-48.3),41.57  (81-94), 87.11 (12.8-20), 16.38
G6 (32.6-42.6), 35.79  (25.8-35.2), 30.07 (42.3-56.2), 50.13  (98-119), 107.5  (13-21.5), 16.16
G7 (32.7-37), 35.3 (28.4-35),32.14  (41.7-48.3),45.41  (81-89), 85.55 (31.2-35.6), 34.11
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Fig. 2. Vulval areas with short underbridge and rare bullae
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Fig. 3. Vulval areas with short underbridge and more bullae
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Fig. 4. Vulval areas with long underbridge and rare bullae
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Fig. 5. Vulval areas with long underbridge and more bullae
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Fig. 6. Different shape of bullae in different populations of Heterodera schachtii, A: swollen, B: long and pointed,

C: indented.
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Fig. 7. Different shape of Fenestral length and width with vulval slit length A: vulval slit length longer than
fenestral width B: vulval slit length equal or to some extent longer than fenestral width
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Fig. 8. PCR band produced in different populations of Heterodera schachtii before digestion with restriction
enzyme, Ladder: 50bp
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Fig. 9. Restriction pattern of different populations of Heterodera schachtii produced by Mval, Ladder: 50bp
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