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Abstract

Plant-parasitic nematodes in the rangelands and forests of Kerman Province, Iran, were studied in 213 soil samples collected
from various plants rhizosphere during 2019-2023. Nine species belonging to the family Hoplolaimidae were identified,
including Hoplolaimus indicus, Rotylenchus glabratus, Helicotylenchus minzi, H. exallus, H. vulgaris, H. digonicus, H.
pseudorobustus, H. digitiformis and H. abunaamai. Hoplolaimus indicus and R. glabratus were each found in a single sample,
collected from oregano and reed, respectively, in southern Kerman. Among the species of the genus Helicotylenchus, H. exallus
(5.6%; 12 samples, associated with pine, meadow grass, Cynodon dactylon, reed, oregano, licorice, tamarix, horsetail and
poplar) and H. minzi (5.1%; 11 samples, associated with meadow grass, reed, spiny rush, Cynodon dactylon, phalaris and
oregano) were the most frequent. Helicotylenchus vulgaris was found in five samples from the rhizosphere of poplar, autumn
crocus, Poa annua and meadow grass, while H. digonicus obtained in five samples associated with artemisia and meadow grass,
(each representing 2.4% of samples). In addition, H. pseudorobustus was found in four samples (1.9%) from the rhizosphere of
willow and meadow grass. Helicotylenchus digitiformis and H. abunaamai are reported here for the first time from Kerman
province, each recovered from a single sample associated with pine and spiny rush, respectively. The results indicated that the
diversity of Helicotylenchus species is higher in the northern and mountainous regions of the province, likely due to more
favorable environmental conditions, including abundant vegetation, higher precipitation, and a cooler climate. These nematodes
were predominately associated with plants of the family Poaceae, particularly meadow grass and Cynodon dactylon, as well as
trees such as pine, willow and poplar. The species H. abunaamai, H. digitiformis, H. indicus and R. glabratus are reported here

for the first time from rangeland plants in Iran.
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Table 1. Morphometric characteristics of Helicotylenchus abunaamai and H. minzi populations collected from Kerman
Province. Data are presented as mean + standard deviation (range), and measurements are expressed in pm.

Species H. abunaamai H. minzi

Characters Female Female Cv Male Ccv
n 7 51 23, except *(1 specimen) -
L 794 £29.2 (754-841) 883.6 +66.8 (700-1083) 7.6 816+ 101.4 (583-970) 124
a 30.9 + 1.6 (29-32.9) 27.9+2.2(23.5-33) 7.9 33.2+£3.7(28.1-43.5) 11.3
b 6.4+0.4(6.1-7.4) 6.9+0.5(5.9-8.1) 7.9 6.2+0.7 (5.2-8.6) 12.5
b’ 5.4+0.5(5.1-6.7) 54403 (4.7-6.5) 6.5 53+0.6 (4.2-7) 11.5
c 40.9 £2.4 (37.6-44.2) 57 £ 6.6 (46.1-70.4) 11.7  37.8+4.5(28.8-48.8) 12.1
c' 1.3+0(1.3-1.4) 0.8+0(0.6-1) 1.7 14£0.1(1-1.7) 10.3
\Y% 60.2 £ 0.6 (59.5-61.5) 59+ 1.6 (53.8-62.4) 2.8 - -
Stylet 242 +0.2 (24-24.5) 28.5+0.8 (25-29) 3.1 22 * -
Conus 11.5+0.6 (10.5-12.5) 13.8+£ 0.6 (12-15) 4.9 11* -

m 45.7 +2 (43.7-50) 48.7+ 1.5 (44.8-51.7) 33 50 * -
DGO 11£0.5(10.5-12) 9.5+0.5 (8-10) 6.2 8 * -

0 44.6 + 1.8 (42-48) 33.6 £2.3(27.5-38) 7 365 * -
Pharynx 124 £10.2 (105-137) 128.5+£9.1 (114-160) 7.2 129.4+£11.1(108-150) 8.6
End of pharyngeal glands 147 + 14.5 (116-160) 163.8 £12.3 (141-206) 7.5 151.5+£13.8(127-186) 9.1
Secretory-excretory pore 116 £6.5 (111-128) 122 +£7.8 (107-147) 6.4 118.5+12.5 (99-143) 10.6
Nerve ring 93.8 +5.9 (87-103) 105.5 £ 6.1 (95-126) 5.8 106.2 £9.4 (92-118) 8.9
Anterior end to vulva 478 +20.7 (454-516) 521.5 +38.7 (428-620) 7.4 - -
Body width 25.7 £ 1.4 (24-28) 31.7+2.1(28-37) 6.7 24.6 £2.9 (16.5-30) 12.1
Gl 182.2 £26.4 (135-210) 261.4+£48.1(160-410) 184 - -
G2 173 £36.1 (110-220) 244.6 £40.7 (160-355)  16.7 - -
Tail length 19.4+0.9 (18-21) 15.6 £ 1.8 (12-19.5) 12 21.6 £2.1 (17-26) 9.8
Anal body width 14.1 £ 0.6 (13-15) 18.6 £ 1.4 (15-23) 8 14.6 £0.8 (12-16) 6
Tail annules 11£0.5(11-12) 10.1 £1.3 (8-13) 13.1 - -
Spicules length - - - 27.2 +£1.8(23-31) 6.9
Gubernaculum length - - - 8.4 +£0.8 (6-10) 10
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Fig 1. Helicotylenchus abunaamai (Female). A: General body shape; B-D: Head, cephalic framework and stylet; E: Stylet knobs
and dorsal gland orifice (DGO); F: Secretory-excretory pore and pharyngo-intestinal junction; G: Lateral field; H: Spermatheca;
I: Tail and anus; J: Phasmid and ventral appendage at the tail terminus; K and L: Phasmid and fusion of the inner lines of the
lateral field. Arrows indicate the stylet knobs (B), DGO (E), secretory-excretory pore and pharyngo-intestinal junction (F),
spermatheca (H), anus (I), and phasmid (J-L). Arrows indicate anterior surfaces of stylet knobs (B), Head (D), DGO (E),

Secretory-excretory pore and Cardia (F), Spermatheca (H) and arrowheads indicate annus (I), phasmid and ventral appendage
(J) and phasmid and fusion of the two inner lines of lateral field (K & L).
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Fig 2. Helicotylenchus minzi: A & C-1 (female). B & J-L (male). A & B: General body shape; C & D: Head, stylet and dorsal
gland orifice (DGO); E: Secretory-excretory pore and pharyngo-intestinal junction; F: Spermatheca; G: Tail and anus; H:
Phasmid; I: Lateral field; J: Degenerated stylet; K: Posterior end and bursa; L: Spicule and gubernaculum. Arrows indicate the
DGO (D), secretory-excretory pore and pharyngo-intestinal junction (E), anus (G), and stylet (J), and arrowheads indicate

spermatheca (F) and phasmid (H).
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Table 2. Morphometric characteristics of females of Helicotylenchus digitiformis and H. digonicus populations collected from
Kerman Province. Data are presented as mean =+ standard deviation (range), and all measurements are expressed in pm.

Characters H. digitiformis CV H. digonicus CvV
n 13 - 14 -
L 660 £ 54.6 (598-768) 8.3 829 +72.8 (734-997) 8.8
a 27.2+1.5(24.7-30.6) 5.8 28.9+3.1(23.4-35.6) 10.7
b 52+04 (4.7-6.2) 83 6+0.4(5.4-6.9) 7.3
b' 45+03(4.2-5.2) 7.5 4.9+0.2 (4.5-5.5) 5.6
c 35+£4.7(29.2-44.4) 13.5  44.8+7.4(34.6-65.5) 16.7
c 1.4£0.1(1.1-1.6) 11.5 1.1+0.2 (0.7-1.5) 18.1
v 62.1+0.9 (60.2-63.4) 1.5 60.5 £2.1(57.7-65.5) 35
Stylet 25.1+1(23-27) 4.1 27.4+0.9 (26.4-29.9) 34
Conus 12.1+£0.5(11-13) 4.5 142 +0.4 (13.7-15.5) 2.8
m 48.1 £1 (46.1-50) 2.1 51.7+0.9 (50.5-53.9) 1.8
DGO 12+0.8 (11-13.7) 7 10.1+£0.9 (8.2-11.5) 9.4
0 47.8 £2.7 (42.5-52.6) 5.7 36.9+3(30.5-41.6) 83
Pharynx 126 + 7 (117-145) 5.6 138 £ 8.3 (128-155) 6
End of pharyngeal glands 144 + 8.3 (130-163) 5.8 168 + 7.6 (154-180) 4.5
Secretory-excretory pore 107 £7.2 (98-120) 6.9 124 +£7.2 (115-140) 5.8
Nerve ring 98.5 +4.9 (91-106) 5.1 109 +4.8 (101-119) 4.4
Anterior end to vulva 410+ 32.9 (370-482) 8 500 +£42.4 (451-591) 8.5
Body width 24.5+2(21-28) 83 29+4.9 (22.8-37.5) 16.9
Gl 134.5£23.6 (93-168) 17.6 204 +33.7 (160-253) 16.5
G2 123.5+£20.7 (94-157) 16.8 194 +40.5 (145-250) 20.9
Tail length 19.1 £2.9 (13.5-22) 155  18.8+3.3(13.8-26.5) 17.9
Anal body width 13.5+1 (12-15) 7.6 16.2 £ 1.5 (14.5-20) 9.8
Tail annules 12.8+0.8 (11-14) 6.2 11.4£2.8 (6-17) 249
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Fig 3. Tail morphology of Helicotylenchus and Rotylenchus species collected from Kerman Province. A & B: H. abunaamai. C
& D: H. digitiformis; E & F: H. digonicus; G & H: H. exallus; 1 & J: H. minzi; K & L: H. pseudorobustus; M & N: H. vulgaris;

O & P: R. glabratus. Arrows indicate phasmid (A, B, D, F, H, J & K), anus (E, I, L & O) or digitate tail projection (C), and
arrowhead indicates the fusion of the two inner lines of lateral field (P).
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Table 3. Morphometric characteristics of females and males of Helicotylenchus exallus populations collected from
Kerman Province. Data are presented as mean + standard deviation (range), and all measurements are expressed in pm.

Characters Female Cv Male

n 28 - 9

L 683 + 49 (580-778) 72 611+43.6(570-707)
a 31.7+1.9 (28.1-36.1) 6.2 359+3.6(28.8-41)
b 5.8+£0.4 (5.1-6.7) 74 52403 (4.7-6)

b' 4.7+0.3(3.5-5.2) 84 4.1£0.1(3.8-44)

c 39.9+5.7(31.9-53.5) 145 344+43(29-44)

c 1.3+0.1 (1-1.6) 13.5 1.4+0.1(1.2-1.6)

A% 61.7+1.2(58.2-64.2) 2 -

Stylet 25.7+0.9 (23-27.5) 3.6 21.24+1.3(20-24.5)
Conus 12.8£0.5 (11.5-14) 39  11.2+1(10-13.8)

m 49.9 +£0.8 (47.1-51.8) 1.7 52.84+2.5(48.5-56.5)
DGO 9.6+ 1 (7.9-11.8) 105 9.5+1.1(7.2-11)

0 37.5+3.9 (29.8-45.5) 10.5 44.9+4.6(34.2-50.2)
Pharynx 116 +£5.4 (109-130) 4.7 117+11.7(103-138)
End of pharyngeal glands 146 + 14.3 (130-202) 9.8 146+ 15.2(135-185)
Secretory-excretory pore 103 £4.6 (93-115) 4.6 101 +5.5(94-110)
Nerve ring 90.1 +5.1 (80-102) 57  88.8+8.2(81-109)
Anterior end to vulva 422+ 29.3 (362-477) 7 -

Body width 21.5+1.6 (19-25) 7.7 17.2+£3(14-24.5

Gl 158 £36.7 (116-291) 232 -

G2 147+ 31.8 (107-255) 21.7 -

Tail length 174 +£2.8 (12.5-23) 163 18 +2.6 (14.5-23)
Anal body width 13.1+£0.9 (11.5-16) 6.9 12.44+1.6(10.6-16.5)
Tail annules 10.8 £ 1.7 (8-15) 163 -

Spicules length

Gubernaculum length

23+ 1.3 (21.5-26)
6.2+0.9 (5.4-8.7)
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Fig 4. Head and tail morphology of Helicotylenchus species (female) collected from rangelands and forests soils of Kerman

Province. Arrows indicate stylet knobs, phasmid, or anus.
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Table 4. Morphometric characteristics of females of Helicotylenchus pseudorobustus and H. vulgaris populations collected
from Kerman Province. Data are presented as mean =+ standard deviation (range), and all measurements are expressed in pm.

Characters H. pseudorobustus CV H. vulgaris Cv
n 28 - 32 -
L 896 + 86.6 (783-1096) 9.7 971 +78.6 (821-1103) 8.1
a 26.7 £3.2(22.7-34.9) 12.1 28 £1.7 (23.6-31.8) 6.3
b 6.1+0.4 (5.2-6.9) 7.1 7.6 +0.8 (6.2-9.7) 10.7
b' 4.8+0.3 (4.2-5.5) 6.2 5.3+0.4 (4.6-6.8) 7.9
c 42.3 £4.1(35-50.9) 9.8 67.2+7.7(55-97.2) 11.5
c 1.2+0.1(0.9-1.4) 10.2 0.8 +0(0.6-1) 9.5
A% 59.6 + 1.8 (56.5-63.1) 3.1 59.9 + 1.1 (57.8-62.8) 2
Stylet 29.8+£0.9 (26-31.5) 33 31.7+1(30-34) 32
Conus 15+0.7 (12-16) 5 15+0.5 (14-16) 3.6
m 50.4 £ 1.4 (45.5-53) 29 47.2£0.9 (45-49.5) 2.1
DGO 11.2+1.2(9.5-13.5) 11.1 11.6 £ 0.8 (10-13) 7

0 37.5+3.6(31.4-43.5) 9.8 36.7 £2.3 (32-40.7) 6.5
Pharynx 145+9.1 (131-170) 6.3 128 +£ 10 (110-145) 7.9
End of pharyngeal glands 183 £10.3 (168-211) 5.6 181+ 17.9 (148-235) 9.9
Secretory-excretory pore 133 £8.3 (115-162) 6.3 131 + 8 (119-160) 6.1
Nerve ring 113 £5.5(105-132) 5 111 +5.7(101-127) 52
Anterior end to vulva 535+ 52.7 (462-685) 9.9 582 +£45.2 (500-681) 7.8
Body width 33.7+4(27-43.5) 12.1 34.7+3.3 (30-42) 9.6
Gl 236 + 35.4 (180-310) 15 241 +49.5 (175-353) 20.6
G2 210 +43.1 (140-305) 20.6 228 £42.8 (167-357) 18.8
Tail length 21.2+2.1(18-25) 10.1 14.6 £ 1.8 (10-17) 12.5
Anal body width 17.6 £1.1 (15.2-19.7) 6.5 16.9 £0.9 (14-19) 5.9
Tail annules 10.9 + 1.8 (7-14) 17 7.8 +0.9 (6-9) 11.7
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Fig. 5. Head and tail morphology of Hoplolaimus indicus (A-D) and Rotylenchus glabratus (E-H). Arrows indicate dorsal
gland orifice (DGO) (E & F) or anus (C & G), and arrowhead indicates the fusion of two inner lines of lateral field (H).
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Table 5. Morphometric characteristics of females of Hoplolaimus indicus and Rotylenchus glabratus populations collected from
southern Kerman. Data are presented as mean =+ standard deviation (range), and all measurements are expressed in pm.

Characters H. indicus CV R. glabratus
n 18 - 5

L 1193 +89.9 (1016-1367) 7.5 630 +47.7 (585-701)
a 26.5 +1.8(23.6-30.8) 7.1 29.5+0.8 (28.5-30.2)
b 9.2 +0.6 (8.5-10.8) 7.1 5.6+0.2(5.5-5.9)

b’ 7.4+0.6 (6.4-8.5) 9.2 5+0.2 (4.8-5.2)

c 56.9 +8.9 (39-78.9) 15.7 31.7+3.2(27.2-35.9)
c’ 0.7+0.1 (0.5-1) 14.3 1.5£0.1(1.4-1.7)

A% 56 £ 1.6 (52.6-59.6) 2.9 63.8+1.9 (61.5-66.6)
Stylet 37.8 + 1 (36-40) 2.9 25.7+0.6 (25-26.5)
Conus 19.9+0.6 (19-21) 32 12.6 £0.2 (12.5-13)
m 52.7+1.1(50-54) 2.2 49.1 £ 0.6 (48-50)
DGO 5.6+0.3 (5-6.5) 6.6 7.5+0.2(7-7.8)

0 149 +1(13.5-17) 7.2 29.1+1.1(27.5-30)
Pharynx 129 +7 (112-138) 5.4 111 +4.1 (107-118)
End of pharyngeal glands 161+ 11.3 (130-175) 7.1 124 +£5.8 (118-133)
Secretory-excretory pore 120 £ 10.8 (93-141) 9 110+5.2 (105-116)
Anterior end to vulva 666 £ 52.1 (554-762) 7.8 402 + 31.2 (365-450)
Body width 45.1 £3.9 (37-50) 8.9 21.4 +1.5(20-23)
Tail length 21.5+3.1(14-26) 14.9 19.9+1.7 (17.5-22)
Anal body width 28.2+£2.6 (22-32) 9.2 12.6 £ 0.6 (12-13.5)
Tail annules 10+ 1.3 (9-14) 13.4 -
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Fig 6. Distribution of species of the family Hoplolaimidae collected from rangelands and forests soils of Kerman province.
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Table 6. List of species of the family Hoplolaimidae collected from rangelands and forests soils of Kerman Province, Iran,
together with their collection localities and relative abundances (%).

Nematode species RA% Vegetation/Host Locality/ County Type of climate
Helicotylenchus abunaamai 0.47 Juncus Kerman (Golbaf) Hot and ultra-dry
Helicotylenchus digitiformis 0.47 Pine Kerman (Baghin) Temperate foothill
Helicotylenchus digonicus 2.4 Artemisia aucheri, Meadow- Jiroft (Sardoiyeh) Cold, seml-arld
grass mountainous
Meadow-grass, CJ.} nodon Kerman (Kohpayeh), Zarand o
. dactylon, Reed, Licorice, . Temperate foothill;
Helicotylenchus exallus 5.6 . P (Bab tangal), Bradsir (Golzar),
Horsetail, Mentha longifolia, . Hot and dry
; . Bardsir (Lalehzar)
Tamarisk, Pine, Populus
Sirjan (Balvard), Ravar
Meadow-grass, Reed, Juncus, Dai (Iizf:hﬁ)’f:rﬁlg??ﬁ;hean) Temperate foothill;
Helicotylenchus minzi 5.1 Cynodon dactylon, Phalaris, Y } ? p ’

Mentha longifolia

Helicotylenchus pseudorobustus 1.9

Salix sp., Meadow-grass

Kerman (Kohpayeh), Zarand
(Dasht- e Khak), Kohbanan
(Pabdana madan)
Kerman (Rayen), Rabor

Hot and dry

Cold and semi-arid

(Hanza), Jiroft (Sardoiyeh) mountainous
. . Populus, Colchicum sp., Poa, Rabor (Markazi), Jiroft Cold and semi-arid
Helicotylenchus vulgaris 2.4 Meadow-grass (Sardoiyeh) mountainous
Hoplolaimus indicus 0.47 Mentha longifolia Anbarabad (Dow Sari) Hot and dry
Rotylenchus glabratus 0.47 Reed Jiroft (Gaz Abad) Hot and dry
&l R wlow &8Lw ol
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