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Identification of pathogen species of rice root-knot nematode disease
of direct seeding rice ( Oryza sativa) in Fujian Province
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Abstract: [ Aim] Severe root-knot nematode disease occurs during the seedling stage of direct seeding rice in Jiangjing Town, Fu-
ging City and Tanxi Town, Fu'an City, Fujian Province. This study was performed to identify the species of Meloidogyne, based on
morphological and molecular characteristics and to provide a insights for disease prevention and control. [ Method] Morphological
characteristics of the nematode were determined, and its rDNA ITS was sequenced. Phylogenetic trees were constructed based on the
rDNA-ITS sequences using Bayesian and maximum likelihood analyses. The population was also examined using M. graminicola-spe-
cific primers. [ Result] The morphological characteristics of female, male, and second-stage juveniles (J2) matched the original de-
scription of M. graminicola. The rDNA-ITS sequence was 576 bp long, and BLAST analysis suggested > 99% similarity to other a-
vailable M. graminicola sequences in GenBank. Phylogenetic analyses revealed that this nematode clustered with M. graminicola.
Species identity was further confirmed using M. graminicola-specific primers. [ Conclusion] In the study, the species of rice root-
knot nematode parasitizing direct seeding rice in Fujian Province was confirmed as M. graminicola based on morphological and mo-
lecular data. The rice root-knot nematode disease caused by M. graminicola was first found in small scale rice field in Zhenghe Coun-
ty, Fujian Province in 2011, and has not been found again in other rice paddy fields in Fujian Province. The research has found M.

graminicola has caused severe disease on direct seeding rice for the first time in Fujian Province. With the promotion of direct see-
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ding rice, the disease caused by M. graminicola has become a major problem restricting direct seeding rice production and should

thus receive sufficient attention.

Key words: direct seeding rice; Meloidogyne graminicola; morphological characteristic; phylogenetic tree
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Fig.1 Symptoms of rice caused by M. graminicola
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A': Field symptoms in Yulun village of Fuqing; B: Diseased seedling ; C, D: Galls on rice roots.
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Fig.2 Morphological characters of females, males, J2 of M. graminicola
A HEHCREAARIL B C o BIFESE D MEHCKFERIE A B O F S B 1 (7 o m HEMEFL AL ) 5 F KRGS PURGF 5 G o o X H . e U
1.2 W4 R 5 & T8 (7 o HEMFL AL 8 ) 51 K2 i34 U L2 4l il X, B-L HeIR . 20 pm,

A; Female whole body; B, C: Perineal pattern; D; Anterior end of female; E: Pharyngeal region of male (arrow shows excretory pore) ;

F. Sperms in teste; G: Lateral region of male; H: Male tail; I: Anterior body of J2 (arrow shows excretory pore) ;
J, K. Larvae tail of J2; L. Lateral field of J2. Scale of B-L: 20 pm.
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Table 1 Morphometric data of females, males, J2 of M. graminicola in Fu'an and Fuqing region of O. sativa
JiA 0L KAG LA EE Population in Fu'an TR K FE AP Population in Fuging
Morphometrics I 1 Female T HL Male J2 It H Female Jife HL Male 2
n 20 20 20 20 20 20
L/ pm 564.0+26.4 1669.0+98.2 477.0+£27.0 579.0+44.4 1769.0+137.2 462.0+35.2
(516.0~619.0) 1464.0~1817.0 (428.0~535.0) (535.0~624.0) (1632.0~1906.0) (427.0~497.0)
a 1.6+0.1 37.3x4.2 27.5+1.9 1.6+0.1 33.9+18.5 25.6+6.5
(1.4~1.9) (28.0~44.2) (23.6~30.6) (1.4~1.8) (15.5~52.4) (19.1~32.0)
b 10.6+1.3 4.8+0.3 7.6+0.8 5.2+0.5
(8.0~13.5) (4.1~5.2) (6.8~9.6) (4.7~5.7)
b’ 7.8+1.1 4.0+0.2 5.9+0.3 4.2+0.1
(6.3~10.5) (3.5~4.4) (5.6~6.1) (4.0~4.3)
c 6.6+0.5 6.3+0.4
(5.9~7.7) (5.9~6.7)
¢’ 6.3+0.5 6.1+0.6
(5.5~7.4) (5.5~6.7)
Stylet length/ m 12.5+1.9 16.3+0.7 12.1+0.5 11.8+0.7 16.1+1.1 11.0+0.8
(12.1~14.8) (15.0~17.7) (11.3~13.6) (11.0~12.5) (14.9~17.2) (10.1~11.8)
Stylet knob height/um 2.1+0.3 0.9+0.1 2.7+0.4 1.3£0.3
(1.6~2.6) (0.7~1.2) (2.3~3.2) (1.0~1.6)
Stylet knob width/pm 4.0+£0.3 1.9+£0.2 4.3:0.4 2.1+0.3
(3.3~4.5) (1.5~2.2) (3.8~4.7) (1.8~2.5)
Lip region diam/pm 9.7+0.4 4.8+0.5 11.0£1.0 5.4x£0.9
(8.9~10.2) (4.3~6.0) (10.0~11.9) (4.6~6.3)
Lip region height/pm 4.7+0.4 2.4+0.4 5.0+0.6 1.7+£0.2
(4.2~5.6) (2.0~3.4) (4.5~5.6) (1.5~1.9)
DGO/ pm 3.5+0.4 4.2+0.5 3.3+0.3 3.4+0.7 4.4+0.4 2.5+0.4
(3.0~4.2) (3.5~4.8) (2.4~3.8) (3.7~5.0) (3.9~4.8) (2.1~2.8)
Max body diam/pm 375.0+22.7 45.2+5.0 17.5+1.8 367.0+43.1 52.9+7.5 18.3£2.3
(305.0~411.0) (38.1~60.4) (15.2~22.0) (324.0~410.0) (45.4~60.5) (16.0~20.5)
Anal body diam/pm 17.9+1.7 11.5+0.9 20.4+2.1 12.3+1.5
(14.3~20.8) (9.8~12.8) (18.3~22.5) (10.8~13.7)
Anterior end to pharyngo- 160.0+18.9 100.0+6.1 233.0+9.8 90.0+6.9
intestinal junction/ pm (126.0~191.0)  (89.0~115.0) (223.0~243.0) (83.0~97.0)
Posterior end  pharyn- 215.0+27.6 120.0+7.9 303.0+12.3 112.0+4.9
geal gland/pm (170.0~252.0) (106.0~137.0) (291.0~315.0) (108.0~117.0)
Excretory pore/pm 114.0+£8.0 78.0+£3.0 154.0+8.8 73.0+3.9
(102.0~131.0) (72.0~86.0) (145.0~163.0) (69.0~77.0)
Spicule length/pm 28.2+3.4 27.3+3.1
(19.3~32.3) (18.3~31.4)
Tail/ pm 10.1+1.2 72.3+3.3 9.9+1.3 73.9+7.3
(8.7~11.2) (63.0~76.5) (8.6~11.2) (66.6~81.1)
PH-PH/pm 12.9+0.9 12.4+1.2
(11.4~14.8) (11.2~13.6)
VSL/ pm 25.1+4.7 21.5£2.1
(8.6~29.3) (19.4~23.7)
A-PH/ pm 9.4+1.2 9.7+£2.5
(7.5~11.7) (7.2~12.1)
H/pm 19.5+1.8 18.3+2.1
(16.5~22.4) (16.3~20.4)
V-A/pm 18.2+2.9 15.3£3.6
(13.4~22.1) (11.7~18.9)

s I OB L K s /R IR TE 5 b MO/ BT 5 i M 434 28 ST S A B 5 0« A/ B0 A iy 2 R T A8 5 ¢ IR I/ R
o RR/NLTTAMASE ; DGO 5 BB IRIT 1 28 1 A AL AR A BE S ; PH-PH . P 1) FE AL BE 0 5 VL. BT UK 3 5 A-PH P FR 2 AL b i) s 22 1T
IR H RS W XA BE s V-AL BT TR TR BE

n: Number;L; Length; a: Length/max body width; b Body length/head to the junction of esophagus and intestine; " Body length/head to the

opening of dorsal esophageal gland; c¢: Body length/tail length; ¢'; Tail length/body length of anus; DGO The distance from the opening of dorsal e-
sophageal gland to the base ball of oral needle; PH-PH: Distance between bilateral caudate gland holes; VSL: Rima vulvae length; A-PH: Distance
from middle point of tailline hole on both sides to anus; H: Tail transparent district; V-A: Length from vulva to anus.
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KR604732 Meloidogyne graminicola
KR604731 Meloidogyne graminicola
MN647545 Meloidogyne graminicola
KR604736 Meloidogyne graminicola
MT159690 Meloidogyne graminicola
MT159689 Meloidogyne graminicola
MT159691 Meloidogyne graminicola
KR604734 Meloidogyne graminicola
KR604733 Meloidogyne graminicola
KR604730 Meloidogyne graminicola
KR604742 Meloidogyne graminicola
KR604739 Meloidogyne graminicola
KY 660543 Meloidogyne graminicola
KY 660542 Meloidogyne graminicola
MNO022497 Meloidogyne graminicola
MT159688 Meloidogyne graminicola
MT159687 Meloidogyne graminicola
MT159686 Meloidogyne graminicola
HQ420903 Meloidogyne graminicola
HQ420902 Meloidogyne graminicola
HM623442 Meloidogyne graminicola
KM111331 Meloidogyne graminicola
KR234082 Meloidogyne graminicola
KM236560 Meloidogyne graminicola
——— IN241889 Meloidogyne naasi
0.84/£<60545 879 Meloidogyne minor
IN241864 Meloidogyne chitwoodi
KX823376 Meloidogyne enterolobii
MH734922 Meloidogyne incognita
KJ739710 Meloidogyne javanica

LC030362 Meloidogyne hapla

—_—

0.20

KR002683 Pratylenchus thornei

B3 EFMRARMREELZ B rDNA-ITS 3 #) U H7 — 504
Fig.3 Bayesian consensus tree interfered from rDNA-ITS of M. graminicola
533 SCHFE PP/BS PP (B U307 (BL) 4347 (4 /5 S R 24 8 5 BS (B 0 R BISR 270 BT it 1 R 1 .

Branch support is indicated in the following order: PP value in BI analysis/BS value from ML analysis.

M 1 2 3

500 bp
250 bp
100 bp

4 WREXBIRE L RFFRES# Mg-F/Mg-R g5 R
Fig.4 Specific amplification using the primers Mg-F /Mg-R for M. graminicola populations
M:DNA Marker; 1 ~4 . #i75 K REARGE LR HOFP B 250 55 ~ 8 A T /K REAR 25 48 ORI BE 59 . T 7 AR 5 ¢ H B 1k ot R
M. DNA Marker; 1-4: Fuqing O. sativa; 5-8: Fu'an O. sativa; 9: CK (M. incognita).
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FABTIR B AR AT S5 2k dU7E A 4 B A S
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