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Abstract

Plant-parasitic nematodes are among the most important limiting factors of carrot production worldwide, causing not only yield losses
but also deterioration of root quality and marketability as well. Given the importance of carrot root appearance in the fresh market and
food industries, nematode damage can significantly reduce the economic value of the crop. This study was conducted to identify plant-
parasitic nematodes associated with carrot rhizosphere in fields of Lorestan and Khuzestan provinces, Iran. Samples were collected
during 2018-2019 growing season; synchronised with harvest time, in early autumn in Lorestan and early winter in Khuzestan. A total
of 22 fields showing symptoms namely root galling, deformation, scrawny growth, thinning of plant stands, and patchy growth were
inspected. Soil and root samples were collected from the rhizosphere, and the obtained nematodes identified based on morphological
and morphometric characteristics. In addition, the identity of the species of the genus Meloidogyne were molecularly confirmed using
species-specific SCAR primers. The results showed that Merlinius brevidens and Merlinius microdorus were the most common species,
occurring in 72% of the studied fields. Meloidogyne javanica, Longidorus proximus, and Ditylenchus myceliophagus were detected in
45% of the fields, whereas Pratylenchus thornei and Helicotylenchus vulgaris found in 36% and 13% of the fields, respectively.
Second-stage juveniles of the genus Heterodera were only obtained in a single field. Except for D. myceliophagus, the remaining
identified species have substantial potential to reduce both the quantity and quality of carrot yield. The vast occurrence of several
economically important nematode species in the understudy carrot fields suggests the necessity of pre-planting soil monitoring for the
presence and population densities of plant-parasitic nematodes, as well as the implementation of appropriate management approaches

to minimize losses and maintain crop yield and quality imposed by the nematodes.
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Table 1. Specifications of sampled areas of carrot fields in Lorestan and Khuzestan provinces, Iran

Sample  Location Cultivar Altitude (m a.s.l.) Coordinates Description
L1 Lorestan — Azna SG 1743 m 3950359198
3698812
L2 Lorestan — Azna Cristo 1 1878 m 3950359870
3698180
L3 Lorestan — Azna SG 1881 m 3950359881
3698011
L4 Lorestan — Azna Cristo 1
Khi Khuzestan — Shushtar Nanco 24 m 3950554464
3392965
Kh2 Khuzestan — Shushtar Cristo 1 85 m 3950285236
3562966
Kh3 Khuzestan — Dezful 113 m 3950271999
3575058
Kh4 Khuzestan — Dezful 135m 3950264441 areas with no plant
3584016 emergence
Kh5 Khuzestan — Dezful 137m 3950264235 areas with no plant
3585126 emergence
Kh6 Khuzestan — Dezful Optima 138 m 3950263893 Severe symptoms in
3585127 previous years
Kh7 Khuzestan — Dezful Datis 150 m 3950268107
3589005
Kh8 Khuzestan — Dezful SG 150 m 3950268107
3589005
Kh9 Khuzestan — Dezful Mericle 150 m 3950268107
3589005
Kh10 Khuzestan — Dezful Nanco 150 m 3950268107
suprano 3589005
Khi1 Khuzestan — Dezful Nanco 150 m 3950268107
suprano 3589005
Kh12 Khuzestan — Dezful Soprano 141 m 3950264628
3586876
Kh13 Khuzestan — Dezful 129 m 3950263373 areas with no plant
3584185 emergence
Kh14 Khuzestan — Dezful Nikelson 133 m 3950263203
hybrid 3584186
Khl5 Khuzestan — Dezful Taky king 3950263203
3584186
Khl6 Khuzestan — Dezful 144 m 3950260635
3584102
Kh17 Khuzestan — Dezful Optima 144 m 3950260635
3584102
Kh18 Khuzestan — Dezful sample provided by
farmer
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Table 2. Primer sequences used for molecular identification of Meloidogyne javanica (Zijlstra et al. 2000)

Species

Primer sequence (5'-3")

Amplicon size (bp)

M. javanica

GGTGCGCGATTGAACTGAGC 670

CAGGCCCTTCAGTGGAACTATAC

Meloidogyne javanica oolaiz| sb 2S5 gl saioslaiwl PCR iiSTly asliy ¥ Joae
Table 3. PCR program used for amplification of the specific band of Meloidogyne javanica

PCR step Temperature (°C) Time Number of cycles
Initial denaturation 94 5 min 1
Denaturation 94 30s 35
Annealing 64 30s
Extension 72 45 s
Final extension 72 5 min 1
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Fig. 1. Perineal pattern of Meloidogyne javanica females collected from carrot fields in Lorestan (A) and Khuzestan provinces (B),

Iran.
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Fig. 2. Amplification of the 670 bp fragment using the species-specific jav primers for identification of Meloidogne javanica

populations collected from carrot fields in Lorestan and Khuzestan provinces, Iran. M: DNA marker; C-: negative control; Kh2-
Kh17: samples from Khuzestan province; L2-L4: samples from Lorestan province.
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Table 4. The precens of plant-parasitic nematodes identified in collected samples from carrot fields exhibiting root malformation
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and stunting symptoms in Lorestan and Khuzestan provinces, Iran

sumples  Vettomne Longins P v b Helnen
Kh1 +

Kh2 +@2D” + +

Kh3 + +

Kh4 +(17) + +

Kh5 + + +

Kh6 +(10) + +

Kh7 +(10) +

Kh8 +(17) + + +

Kh9 + +

Kh10 + + +

Kh11 + +

Khi2 + +

Kh13 +(15) + +

Kh14 +(4) + + N

Kh15 + +

Kh16 + + +

Kh17 +(5) +

Kh18 + + +

L1 + + + +
L2 +(4)

L3 +(7) +
L4 + + +
Total 10 10 8 16 10 3

A S a Ve a0 25 aly ) slailes (J2) pgo e slg,Y slawr saimolid juily oo slael s

0,8 osslice Merlinius microdorus g Merlinius brevidens sladaisS

* Merlinius brevidens and Merlinius microdorus were identified in the samples.

** Numbers in parentheses indicate the number of second-stage juveniles (J2) of root-knot nematodes per 100 g of soil.
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Table 5. Morphometric data of Meloidogyne javanica populations collected from carrot fields in Lorestan and Khuzestan
provinces, Iran (measurements in pm)

Character Female J2
Khuzestan Lorestan Khuzestan Lorestan

n 11 6 10 8

a 1.4%0.2 (1.1-1.8) 1.6 £ 0.1 (1.4-1.8) 28.3%1.1 (27.5-29.6) 29+2.3 (25-37)
b - - 42%1.2 (3.7-5.8) 4+0.8 (3.6-5)
b' - - 3.0£0.2 (2.7-3.2) 3.1£0.2 3-3.4)
[ - - 8.0%£0.4 (7.7-8.3) 8.240.6 (7.3-10)
c' - - 6.320.4 (5.2-7.1) 5.540.3 (4.9-5.8)
L 1008.2+164.2 (580-1180) 897.5%53.7 (830-980) 409+20 (385-440) 401+6 (390-413)
body width 703.6+124 (480-880) 577.5454.7 (520-680) 14+1 (13-15) 14.5+0.7 (14-15)
Neck length 293.6+67.7 (130-380) 253.8+30.7 (210-300) - -

Stylet 15+2.8 (13-17) 15.2£1.2 (14-18) 10.8£1.5 (10-13) 11.5%2.1 (10-13)
DGO 5.0%1.6 (3-6) 3.5+0.6 (3-4) 2.3+0.5 (1.7-3.6) 2.7+0.4 (2.0-3.4)
Excretory pore 162.5+11.2 (153-178) 178.4+21 (149-210) - -
Vulval slit length 2342.3 (16-28) 21.242.3 (18-27) - -
Vulva-anus 18+3.8 (15-27) 16.4£3 (16-28) - -

Inter-phasmidial
distance
Tail length

Hyaline length
Pharynx

22.8+2.8 (20-28)

24.4%3.4 (21-29)

54.4%4.4 (49-60)
14.2+1.6 (12-16)
109.5+6.4 (105-114)

51.245.2 (44-57)
12.540.7 (12-13)
163%10.5 (147-201)

Sy laliwl zusn 150 5l sain s yslann slatures Lolul » M. microdorus s Merlinius brevidens 455 s, osls & Jgus

oy Sen oz 2 ol (biwsss 5
Table 5. Morphometric data of Merlinius brevidens and M. microdorus populations collected from carrot fields in Lorestan
and Khuzestan provinces, Iran (measurements in pm)

Merlinius brevidens

Merlinius microdorus

Character

Khuzestan Lorestan Khuzestan Lorestan
n 8 12 8 8
L 622+42.3 (532-743) 645.3+25.5 (630.2-701.8) 616.7 +34.4 (570.0-702.5) 614.4£35.2 (568.0-767.2)
a 29.9+2.1 (25.8-30.5) 30.8+2.4 (26.7-32.9) 27.8+1.9 (26.5-31.9) 29.1 £2.5 (27.1-33.5)
b 51+034.7-5.7) 5604 (5.1-6.6) 45+0.3(43-438) 48+0.5(4.0-52)
c 12.6 £ 0.4 (12— 13) 14.2+1.9(12-16.3) 12.6£ 0.6 (12.1 —13.3) 12.1£1.1 (10.1-13.3)
¢ 32+04(24-3.7) 36£0.7(2.7-4.2) 37+£02(3.2-3.8) 36204 (2.7-44)
v 56.6 2.4 (54.0 — 65.6) 59.0 +2.1 (54.7 — 62.3) 55.6 + 1.9 (53.4—57.0) 56.3 3.1 (49.7 — 59.6)
Stylet 16.1 +0.4 (15.5—16.3) 15.5+0.6 (15— 16.5) 13.2+0.5(12.5-14) 12.5£0.3 (12-13)
Excretory pore 100.1 £ 1.4 (99 — 108) 102.1 £ 1.8 (100.8 — 112.8) 98.0 +5.2 (93 -105) 102.4 £4.5(94.5-113.7)
Tail length 477 £4.2 (39 - 54) 50.7 £ 6.8 (41 — 61) 49.0 £1.2 (47-52) 53.7 £ 4.1 (45.2 - 58.9)
Body width 19.5 1.1 (18-21) 19.3 £0.7 (18 —20.5) 20.7 1.2 (20-22) 22+12(19-23)
Vulval body width 21.2£2.3 (20 -25.5) 22.3£1.3(20.1 -24.6) 19.5+2.2 (18-22) 22.3+3.1 (18 -26)

Anal body width

14+12(12-17)

144+ 1.4 (12 - 16)

13313 (13- 15)

14.5 2.7 (12 - 20)
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Fig. 3. Symptoms observed on carrot plants in sampled fields of Khuzestan, Iran (Kh1-Kh14).
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Table 7. Morphometric data of Longidorus proximus populations collected from carrot fields in Khuzestan province, Iran

(measurements in pm)

Characters Female J4
n 1 6
L 6151.9 46214 34.3 (4452 — 4890)
a 104.7 103.8£4.2 (97.7-110.2)
b 21.6 11.4+1.2(10.0-12.4)
c 1552 111.2+7.7 (104.3-129.2)
¢’ 1.0 1.1+0.0 (1.1)
A% 53.8 -
Odontostyle 111.1 101.2+1.6 (98 — 105)
Replacement odontostyle - 114+ 0.3 (112.5-116)
Odontophore 59.7 40.4+0.5(37-43)
Width of lip region 17.8 16.8 0.8 (16.0 —17.4)
Pharynx 463.7 421 + 17 (398-451)
Body width at mid-body 58.7 47.8 +0.4 (45-49)
Body width at base of pharynx 49.6 41.6 £0.1 (41 -42)
Body width at anus level 40.6 37.4+0.3 (35-38)
Anterior end to guiding ring 31.9 30.2+0.2 (29 -31)
Anterior end to vulva 3308.9 -
Tail length 39.6 40.4+£04 (39-42)

Helicotylenchus vulgaris o Pratylenchus thornei Ditylenchus myceliophagus 465 lacares  xuwion, glools A Jgos

(fag)Son o 2 o3lil) (i 5 (i) (slaplil gn ¢5l50 5l 0aiis yslenz
Table 8. Morphometric data of Ditylenchus myceliophagus, Pratylenchus thornei and Helicotylenchus vulgaris populations collected
from carrot fields in Lorestan and Khuzestan provinces, Iran (measurements in pm)

Dity{enchus Pratylenchus thornei Helicotylenchus vulgaris
Characters myceliophagus

Khuzestan Lorestan Khuzestan Lorestan
n 8 7 8 6
L 743.6 +£50.1 (609 — 1032) 602.3 £17.2 (558 —709) 548.4 £ 16.4 (495 — 690) 799.3 £60.3 (753.2 — 867.5)
a 473+5.3(39.7-51.6) 28.9+3.2(27.8-34.3) 30.1+5.4(27.1-38.2) 28.9+2.9(25.6-30.8)
b 51+0.8(5.9-17.1) 55+£0.7(5.6-6.8) 58+£0.6(52-64)
b' 49+09(3.7-6.3) 47+04(39-52)
c 102+£1.2(94-11.8) 20.2+2.9(18.7-22.3) 21.1+£2.5(18.2-20.7) 68.7 + 8.4 (52.8-76.8)
¢ 6.5+0.2(6.3-6.7) 22+04(1.7-2.6) 25+0.1(2.3-2.6) 0.8+0.2(0.6-1.1)
\% 75.5+£1.2(713-178) 75.6 £3.4(70.6 - 76.7) 72.6+£4.3(71.2-79.3) 60.3 +0.3 (60.0 — 60.6)
Stylet 7.8+0.3(7-8.5) 154+0.5(15-16) 152+1.2(149-17) 28.2+1.3(26-30)
DGO 1.3+0.3(1-2) 2.0+£0.0(2-2) 2.0+0.0 (2-2) 88+1.6(7-12)
Pharynx 119.8 £5.3 (108 — 143) 100.1£1.9 (99.0 - 103.4) 102.5+8.4(91.3-110.2)
Pharyngeal overlap 30.1 +5.3 (30.0 - 38.0) 31.2+£6.4(25.0-35.0)
MB 48.1 +£ 0.4 (46.6 — 50.8) 49.2+0.3 (48.7-51.0)
Excretory pore 93.1+5.3 (76 - 105) 88.9+ 1.6 (87.2-94.0) 78.5+1.2(78.0-90.0)
Hemizonid 88.7+3.2 (74 -101)
Body width 19.4+1.5(14-26) 183+1.5(17.3-20.0) 172+ 1.7 (152-19.1)
Anal body width 10.7+£0.3 (10-12) 11.2£0.6 (11.0-12.0) 11.9+1.5(10.7-13.2)
V-an 102.2 £ 15.6 (79 — 123.8) 1059+ 6.8 (97.8-118.1)
PUS 53.8+4.2(30-67) 155+ 1.4 (15.1-18.0) 16.6 + 1.8 (14.0-19.8)
Annuli width 1.3+0.4(1-2)
Tail length 60.7£2.2 (59 -83) 24.6 +4.3(23.3-28.9) 26.1 +£3.2 (25.2-28.8) 11.2+£1.1(9-13)
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Fig. 4. Symptoms observed on carrot plants in sampled fields of Khuzestan (Kh15-Kh18) and Lorestan (L1-L4) provinces, Iran.
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Fig. 5. Symptoms of plant stunting, stand thinning, and bare patches observed in carrot fields in Khuzestan province, Iran. A:
Field No. 4 in Dezful, infected with Meloidogyne javanica, Pratylenchus thornei, Merlinius brevidens, and Merlinius
microdorus; B: Field No. 5 in Dezful, infected with Longidorus proximus and Pratylenchus thornei; C and D: Field No. 13 in
Dezful, infected with Meloidogyne javanica, Longidorus proximus, Merlinius brevidens, and Merlinius microdorus.
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