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Establishment and application of quantitative evaluation method for the

chemotaxis of Meloidogyne incognita
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(Key Laboratory of Green Prevention and Control of Tropical Agriculture and Forestry Biological Disasters Ministry of
Education, School of Plant Protection, Hainan University, Haikou 570228, China)

Abstract: To quantitatively evaluate the chemotaxis of the second-stage juveniles (J2s) of Meloidogyne
incongnita, an experimental method using stereomicroscope camera and ImageJ grayscale statistics
method to detect the chemotaxis of J2s by analyzing the movement trajectory of the root-knot nematode
in Pluronic F-127 gel was established, and verified the reliability of the method with 10 reported
compounds to induce chemotaxis. In addition, the method was used to determine the chemotaxis of 40

compounds against M. incongnita. The results showed that 22 compounds had attractive activity and 11
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compounds had repellent activity at the concentration of 10 ug/mL, with p-anisidine and phloroglucinol

being the most attractive and repellent to nematodes, respectively. Further studies showed that

p-anisidine exhibited attraction activity at low concentrations and repellent activity against J2s of

M. incongnita at high concentrations, while the repellent activity of phloroglucinol increased with

higher concentrations. This study provides a reliable method for rapid and quantitative evaluation of the

chemotaxis of compounds against M. incongnita and for the discovery of highly active root-knot

nematode repellents.

Keywords: quantitative evaluation; root-knot nematode; chemotaxis activity; attractants; repellents

W4k 2k . (Meloidogyne spp.) J& THYIR 2 M
wAELR, WOAFERZHEOTEMEYY, EESE O
F e ER AT A, FESWEMATEE
MR R . MREE & BURG S, TRV
77 40%~80%, ™ BN LA I8 RO AR B A R K
VEMIAEN™, HAP AR S5 3G T2 4 A1
FIEARAEM R I 1000 12328, FKIEER
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BEAT TR, W TS R AT D B T R ] A
BB AR 25 2 R AL S PR AL, U R] Dy I R AR 45
2 BRSSP L D o3 2 HUTRI AR A5 P AT 2% 1 24
PE (77 4 B e BLR SEAit
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1.1 R

1.1.1 X% E mITRE 2 Meloidogyne
incongnita 2 W41, RHEARRBHH R EANK
i & AR &, K H Giannakou & [ 53,
ZIRARR M IV L5 PR BGHT S R O 3, FH R
HN 0.5% MR BR BNV AT R ETH EE 1 min,
MK FEE 3 Yk, £ 50 mm 3 FE I T SIS 4
ER 25 °C AL, BEREH— KK, LA
54 R 24 h 7R AE R 2 @4 UM R 26 de,
DARAIE 26 HUYS 77

1.1.2 &% ERA 10 FRIELEY: iR
B (1000 pg/mL) FH HEE (50 pg/mL). K FfHEm:
(50 pg/mL)\ 2-3FHi (50 pg/mL). 2K H- Wi
(10 pg/mL). 3-HEAEFHFER (10 pg/mL). 1,5-/%
“f% (10 pg/mL) 1,4-T % (10 pg/mL)s =%t
(10 pg/mL) FKEE HEE (1 pg/mL), #HETI65
IR AR A .

40 FREFIRAL A Wi . 4-F83E-5,6-
ORI 2B . R EAR IR . UK A A TR
BEN . XTIET EOR . RHR . FAFE . RH IR
CME . 2-F AR RIE . SRR, 1-A-4-my
R XFRERORHIEE . 45 dk-6-F IR 2N AR . R
FIG. Wy, 2-3Rmene. g, 3,5- - &-4-F i
HM 2,6- “EOEMIR . 1-1RFEHE. N-LF TR
2,4-"FR O FEREE. 1-FWE . a-R P 21
2,6- SR 2,6- S -4-FEIK By . KRN
BR. X FREERABRFES . 1-DIE 250 AR R
My, BRER AT 2-F BRI K Wy, B-A PR
2,3- T H ARG OR T . MEWY-2-RIR . 4- L FR
e, FHEE, TWBERR — ZBEAA =/, AR
BN 10 ng/mL, HWIWF I g LR A
FRAF; PF, MT Sigma-Aldrich; 95% ZHF4E
WA R e, T v RS R A IR A F .
1.1.3 FEEE 4% NIKON SMZ745T AR &
G VA E S ES L INOEY: P =1 S NIDE
63 mm WR63HW LED FRJE T (5 M1 48 bR ik FL 7
BHEEBR A D).

1.2 PF BB AHIZ

R¥E Wang 2505 ({07 i 4. {E 4 C %A%
T, 23 g PF BB AR AR IE T 80 mL ZE1R/K i JF
PEFRE AR 24 h, B3I EIRE N 23% [ PF AL
o A RIS VI ZROM N ZE K, [
R PR AR A, HI455%F IR FE f
TARFN YR PE RIRAR s ¥ 770 HE U AH .
TN 252 1R IR R A 47T 4 C
UKF
1.3 #BENGI, Wik FREIRIRG& AN
i,

WK 1 R, £EEA 60 mm BEIEE 77 MUK A
WME—TWNEHK 40 mm. 55 20 mm. = 5 mm K]
FEM R L, 7R AR L o g s B ek RS O s [X 3B
ARSI IE T, 2N 1 mL &F
ROk S ) PR R IR AR A b 00 () 1A), H
M 1 mL &4 95% BN IE VA7 PE I
A EFIM (B 1B), IR TFCE . #7 HgeE
o, WEP RO, R AR E A
# 4 mm 3£ 8 mm TEHIRAM, 7R H A2 A XIRA
TN 0.5 mL %% [ PF R IRAAE G X 35

ACRFFAE A, B ORIEFIN, ok B EE s A gt
X, 410 5 P A ST IX

A represents the test compound side and B represents the solvent
side, white part represents blank buffer zone, red circle represents
nematode injection zone.

E1 g RERE
Fig.1 Model design diagram
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B MBS TN m R A, PR ER
AR A Tmage) PN 8 ALEIMG, XTHLEXT
AR AR B B AT A B B S T A 2k
MEERKE B REP I, %A (1)
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T E 720 (chemotaxis index, CI).
2A
A+B

Hr, A NEERMIPT S E L, B NI
mE . MUER . A B 50% B B
HREEMEFRECN 1.00; HEMEFEEAE 1.00 £ 0.05
DXTAVINY 340 R 12 A 30 2 H s 1 s ) S 5 i
m T 1.05 I E RS EE: KT 0.95 B A
OaEE M, RO AL XS AR B VT X IR
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FRBUBRMR; G| ROR R, B rEFREo .
1.4 75 AR IEE &L & HEa MR Fn iR B
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XTCARIE R 10 MG Pt AR, W
222 SCRR R AE () DI B2 U RIR B, AR 38
MR TTER T SEME . IR 525, aEHL 40 FloR A0
SR E AT IR, FRE B SUR BN B
PR A o0 T A i SRR =By 4T 5. 10 25,
50+ 100 1200 pg/mL 3t 6 A5 S FE R L
FAMCEWIE S AT, 3 IRER IR

2 HERE5SR

2.1 EBRNR 5 A AT S IE

IR 1 e, AHEFORA) 58 R TR
TH R 7. [FIEF, B PF RN EAERST 10
PR IE R B R TR ¥ 18 PF S b A
HREMEFEENAE AT ELZRIUE. Wukgs R
(1) BoR: ATNENE MBS RS CikiE
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x 100% ()

F1 WAV E LRGBS ME M
Table 1 Validation of chemotaxis activity of compounds
against M. incognita

SCHRIRGE BT kTR
wE) i Test Chemotaxis
Compound Reported concentration/ index,
chemotaxis (ng/mL) CI
g%?fsi?um nitrate glzeifgl]ent 1000 0.54+0.06
ﬁ;%ﬁmo}l é{ﬁﬁem 50 0.58 + 0.04
Bxeffz%l?ﬁzole g{lzej;%lql]ent 50 0.62+0.04
g:(‘)jﬁz@mone g{%ﬁ%ﬁ;nt 50 0.77 £0.03
éiﬁgﬁﬁn %Elliam 10 1.18 +0.03
A sd | At 10 126008
ﬁ:ﬁ% iﬁ%ylate %Ela!;;nt 1 1.31+0.05
tg:l}}irifridiamine %S{a[(l:;;nt 10 1.36 +0.07
ti:];;ir}fdiamine %E’zli[c:]ant 10 146+ 0.04
%Lriﬁne L'ﬁf;gﬁam 10 1.53 +0.07

MR 25 e Aot T HA WS G AL & an K
1R HA i S = e S5 e B BN R B8, 7E 1 pg/mL B8R
10 pg/mL NI REAT I H AN B B B 5 s 1,
W = HEAE 10 pg/mL MR 2K EE N MR Hux
F1.53£0.07 (K 2); xITAFIKEEERLE
Wy, W T 50 png/mL BY N R K A R
T b A AR 45 2k B A ORETT o 78 DIKBE I 1 U
A HF U5 R 45 2 AE AR BN ) B o AT R R
MR, UF BH 3K 8E ) JoT A 2 SR E N A BEAN % 17
NS S) (K 3).

E 2 10 pg/mL +=(TBMSIAFIMRILL: A A+H=5M, B AFF (95% ZE) M
Fig.2 Comparison between 10 pg/mL tridecane and solvent treatment: A represents tridecane treatment,
B represents solvent (95% ethanol) treatment

2.2 40 LAY IRG L R AAE M A

HREG 28 T 40 FhARIE 1 S PRI 1 18 £
M 45 R 2 fros, Hod A 22 Bl B ARG,
11 F BAT BB . AETBU 40 Fh 4 &4

o, O TE A LRI B S e M A, TR AL
9153 £0.09 (Kl 4), TiE]ZR = W) 230 H B om i
OXEEE M, BEMEFRECN 0.69 £ 0.06 (K 5).
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3 50 pg/mL ZFKFHEMAMEN SiEFIMITEL : A R, B HEF (95% ZE) Ml

Fig.3 Comparison between 50 pg/mL benzothiazole and solvent treatment: A represents benzothiazole treatment,
B represents solvent (95% ethanol) treatment

®2 MK AR SR LR EN

Table 2 Chemotaxis activity of test compounds against M. incognita

[ &ELY TR & TR
Compound (10 pg/mL) CI Compound (10 pg/mL) CI

X} 15 75 I p-Anisidine 1.53 +£0.09 N-Z.3:75 % N-Ethylbenzylamine 1.06 + 0.06
ifﬁ&;’:s’giiﬂflﬁjaﬁn_z_om 1.45+0.11 2,4- "5 B 1-(2,4-dichlorophenyl)ethanone 1.06 + 0.05
R R IR DL-Camphor sulfonic acid 1.45+0.08 FEJZ % Cinnamaldehyde 1.05+0.08
PU7KA A R 41 4H Potassium sodium tartrate tetrahydrate 144 +0.11 1-3 Octyl aldehyde 1.03 +0.04
XFIE T $: 2 1#% 4-n-Butyaniline 1.41+0.13 - % 4T a-lonone 1.01 +0.03
2 H R Benzoic acid 1.39+0.10 2,6- & 2K Jf 2,6-Dichloroaniline 0.99 +0.04
7 Friil (-)-Carvone 1.30+0.13 2,6- R -4-FEIEFKEY 4-Amino-2,6-dichlorophenol 0.99 + 0.03
7R .15 Ethyl benzoate 1.30+0.10 K¥¥2 ) Salicylhydroxamic acid 0.97 +0.03
2-5 HE I KM 2- Aminobenzimidazole 1.29+0.08 ﬁji%?g—%ifiyphenyl)propionate 0.96+0.11
=R Triphenylphosphine 1.27+0.12 1-VY5 25l 1-Tetralone 0.93+0.12
1-4-4- T FE£ 7 4-Nitrochlorobenzene 1.26 £ 0.09 A& I K} 2-Aminophenol 0.93 +0.06
W ¥2 LI B RS 4-Hydroxybenzaldehyde 1.24+0.05 TR 4 4% 5 Propylene carbonate 0.93 £0.02
4-F4F-6- 7 5E-2-L IR AR 4-Hydroxy-6-methyl-2-pyrone 1.23+0.08 2-HIHE[A] 28 ) 2-Methylresorcin 0.92 +0.05
ZE 5 Benzonitrile 1.17+0.08 || p-F 5K (-)-p-Citronellol 0.91+0.04
WM} Ethirimol 1.17 +£0.04 2,3- A FE KR 2,3-Dimethoxyphenol 0.90 + 0.05
2-JRMEIE 2-Bromopyridine 1.16 £ 0.07 WEWT-2- #2181 Thiophenate methyl 0.82+0.09
nLiE Pyridine 1.09£0.10 4- 7.3 4-Ethylaniline 0.82+0.06
3,5-5(-4-HF Z )% 3,5-Dichloro-4-methylaniline 1.08 +0.03 Z M Geraniol 0.82 +0.04
2,6- —F KW (2,6-Dichlorophenyl)boronicacid 1.07 +0.04 VTR — 2.l Diphenyl ethylhexyl phosphite 0.81 +0.05
1-33£%¢ 1-Bromooctane 1.06 = 0.09 [B)2% =) Phloroglucinol 0.69 + 0.06

B4 10 pg/mL MEIFRLCEMSAFIMITEL : A AXEERM, B REF 95% Z8) Ml
Fig. 4 Comparison between 10 pg/mL p-anisidine and solvent treatment: A represents p-anisidine treatment,
B represents solvent (95% ethanol) treatment

2.3 HERENEFEREE =B RE LR AL 5 pg/mL K 10 pg/mL B ] 450 B S R 5] 28
RS A B, HLBE A W 7 B A R I B e W 51 P 6

R FE T J7 A I R 05 MR 4 £ O R T A 11724 H o IR FEHETH 2 25 pg/mL A LA B U] 3
g T8 =Wy BORR BE MR L o S5 R 7R, X1 Ot 1k, R WX AR A R B R R 51 £ R



No. 5

AR VRAR: B R ITAN B T RS 2 HUB Y J7 7 O 2 S S B

1073
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El5 10 pg/mL EE=FARLIEM SAFIMIIEL : A REEZE, B AAEF 95% ZED) M)
Fig.5 Comparison between 10 pg/mL phloroglucinol and solvent treatment: A represents phloroglucinol treatment,
B represents solvent (95% ethanol) treatment

1119 JRE e ey B T 4o 4 L ) A P 20 s ok 0 T R
Wi o M (8] 2K =Y 7E 5 pug/mL B B 30 O ek
PE - HL KR P B A HL 5T R I ) R v I A
SR, R A] 28 = W AR 2 2k B P IR S A

20
A

MR CT

5 10 25 50 100 200
LK% Concentration/(pg/mL)

BHikERBME (B 6; £ 3). MR =M REIRE
FETFZ 50, 100 F1 200 pg/mL B, 28t P i
WA T, PRGN IR
BARE s BT R A R I A BT IS

20

MR CT

5 10 25 50 100 200
JH K Concentration/(pg/mL)

6 BERERNEER (A) MEE=E (B) MR RGLRAEMEEYE

Fig. 6 Chemotaxis activity of p-anisidine (A) and phloroglucinol (B) with gradient concentration against M. incognita

T3 RG] = B AR B A B X R 5 ARG L Y
MRS ARSI
Table 3 Correlation analysis of concentration chemotaxis
activity of p-anisidine and phloroglucinol against
M. incognita

K257 FH5HE (v =) AR FREL
Test compound Regression equation Correlation coefficient,
X 1 7 K
p-Anisidine —0.5873logx + 1.775 0.7742
T2 =3 —0.1786logx + 0.8698 0.9797

Phloroglucinol

3 s

3.0 R AARENL . BERMRIER

AR IS IR T —FhEE T PF R R 4
HIE B 1) R 53 AT vEAS H T B =4k
RIgR, Nk — DR AT A AR 45 2k s 1
WECERAE TR ik, X EARIE R 10 R A M
PR B YRAT T IE R ER, RS TiZ VA
AR 2R e AT FEME,  FEXT 40 FhoRA I
A EPIHEAT TR, A 22 M EAA TR 5

Wk, 11 A EAT IR T, O TE A o 2 U
SR R S s R, YRR EON 1.53, 1 18] 2K =
HA sem AR E, PR E0X 0.69,
3.2 IRSIEMMRNE S

15 22 PR SIEVER B, 3 2R U TR AOA
1.30 (2K F R 2 Fg [RL A BE % B U 51 R IBEY . 3X
55 Jones 0 AR AHMEE, MRS RIEH
— BRI SE A S AR R R SR AT FT
Ay — Y A PRV VT ARAE B g i A
A B, o 2 HUEAT IR S A R R G
WA B I A B TR PR TR T B 2
R A T AR RES IR 5l Ly, (HSCHRRGE
X G PR A R LA R G ) 08 AT FER S 1R i
FIRIZ b 22 S 0 Ji DAL AT A v 2 HORT B HLFR) T I
AR AR R R A T R e, A
TRy A
3.3 OREHEMEMBRAH A

fE 11 Fh BA JEEE AL S, T8 2R =
S5 4 R SR o ) AL BN 28 P BON R B, X
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5 O SCERIE 1 1 S ook 4 HU Fs AR A
A AHALZ AT 25281, R SRAE A FE R AT BLad ik o
PR HONS et i A7 T 52 W) AT ASE FEAS 3 L LR i
DL 2 9K eI H . B — 42172, AR =8
AL MR AT G A ROE, W E &S R RO
B, [EZR =M R s A R IR S 2k
H1f) LCs 14 B4 251.64 pg/mL F1 840 pg/mLE">,
TEARICH, F 7RSS 2 AEK T 200 pg/mL [1)[A]
KA T AP RAT IS, (HILIKEHS
PRSI OB, R IA) 2R = EIGIR FE T R
SRR 25 A L, T AE R R R A BUK R AR 45 4%
B, B ZMERES L HE . 55, RATKI
VFZ BRI R B 7 B S A IRV % . R 2R
W) o 0 4 HUTE T I R 22 A R, T S i EUR
R MR = TR ER A, X LE R R AN R R
RIS B K], R ISR 2R HROR AR E K O 2
(1) Ak, B A B R s 1, TR N S R SR A
A AR ™= P ) S B SRR e R Ak S P R A g 2
ZETTIAE RE A8 A7 RCH R AR 45 2 i B0 s PP
34 IREB M EOR AR 53 4
MEaVEE RS SRR, BARSITE IR Sk
B RAEEARIKREE, W/KHIRHBEE | pg/mL 2%
R IR S 2, RIS 2 g e iR
YLy B RE A% R B B 0 B R AR WA S T 4
T, TR 58 Bl e AL AR et B o S5 T A B 1
WMWY, AR FE W 51 AR &5 2k e i) ) o £
Pe R B 5 IR o Bk, 3R B 2k duxt 5] 5 g B
I A T 52 S PR o R R SR S 2 A
ik, FEGIHEIR AL R AR, X
b5 At — e J5T 0 2k H ) 1 RAE 45 R — B
WA AR, B A ik v T 56 E A G )l 7
50 pg/mL B i 0T B K T A R ACA IR B B 2k e,
X AT RE A BT IR AL S AR AR BE R AR BE X A &5
2 TG T EAT NG O W 2, S Hoh TR
H & A B 1 e S P B0 A VAR 58 I 78 AR B
T, 2 B E Wi B AR 52 0 5 4k 25 1) J5 7
FEE). MEZE=M7E 10 pg/mL T EEHR 45 4% i
UV PR AL T CARIE AL &4 2-SFBHAE 50 pg/mL
N BREEE 1, WA TR O E RO 45 4
OCBE SR (O T R o 1) 238 = Ty P 94 2 s P55 0k
R 25 e HUAE ) S BE BRI 00 T e e A R
WA, BB A ) 2R = My o3 R 1 O AR
B A HBEEWRERE BT, 100 pg/mL 1)

FatEHE %L (0.53) F1 200 pg/mL TS ¥ (0.48)
ZERFEANIE, FTRE A B TR VR Bk — e
BME G, T &R EKY, kSt mkE
TeiE NS 25 Hid R A A IR B R
35 g

ATV T — PG AR &5 28 . 2 i 4h
PERIDRRE AL, IR TR 45 46 e ik iz
N NPT R A YRR, T AR 25 28
duEa T4 Tk Wi 10 R CIRIEY R
ROGEAE T 7kl S, IEXF 40 Rk LA
VIR AT IS, O 51 1 R 5 X T
B M R B T 1 i BRIV TR 2K =y, BT T ARG 2k
B XA E DA FIRE R EERR, NT—
A2 0 345 R I P A (AR 45 2 e O s VR 1 S
PRHUE TR, AR R 25 It 1 A S
PG PR TR AL 1 o8 BB . AR RS RN =
WIRSE & Ra G ik, BTl ss R & it —
WA LR H AR E SRR, &AL S
IR AR &5 4 L Py M 52 ) 22 SR VA R -
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