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(Meloidogyne incognita)3R » TAERRRF /< H I 58 E = ([
FAHEE - FY20154E9 A 22016456 5 AR 1 TakBe o AulEs By
BN T2 - PRE e 2 EEET(Randomized complete block
design, RCBD) » Fti% B ALEA A% A py i L B0 1,500 ~ 3,000
F25,0001% ~ 25 SR B AU FE200 /% R BB AR HE 82088 S
AKESRIE > FEEIISEW - PEAEME % E A FGHEE -
B 14 Kt FH — 2 > BAES K » AR R AV EHE A SR A S/ NEE 100
N TE IR AR aR TS 4D ST ELE KRR TR o IR TR
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TEFRARFEAE I > PR FL A e A T 5,000 £ Bl 225 BE ) 7 %
SEE AN HERENSHEERGUR M EEH G - J510 - 1
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#E(Tsay, 1999; 2006) = 4 4B 4P HE H SincocinBADi Tera i 18
KERRARER > Sincocin Fy VUFEEY)(Opuntia engelmannii Salm-
Dyck ex Engelm., prickly pear cactus; Quercus falcate Michex.,
southern red oak; Rhus aromatica Ait., fragrant sumac; Rhizophora
mangle L., red mangrove)&H 4%k~ fhi R & 7KIA R (Chitwood,
2002) » ffiDiTeraRIl /4R @S EFE Myrothecium verrucaria
D. R. Whitaker &4 &%~ EABG-9008 » P4k BDiTera™
(Marin et al., 2000; Warrior et al., 1995) » Wi & £ A YI4R E207
E 5 HE BRI (Farahat et al., 1993; Grau et al., 1996) - {H
EEEREEEIME R KOHEAE R #RSincocin & DiTeraft#i
T 00f% L NPy E = TR B4R &k (M. incognita) IR EL Ky
B SRR T A AR (Yen et al., 2005) - FEIHEH
(Essential oils ) JeH 7y AT BAEE(F Rt dn sl - (E4R=0706 b
BEELVE J1(Ozdemir and Gozel, 2017) » 2R i A5 4 R BP0 it
P ih b(Andres et al., 2012) ©
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F#fi (tomato * Lycopersicon esculentum Mill) Jc{TEH »
FTER R - AFBEQOLISHEIH 10H E 1) K BHIE (015459
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RCBD) » #5158 » SEHESEREE) » H5125/NE - #55kE
HPURR T AR E N S EEA - /NEMREEI0A ) Z IaHEE -
B/NETEHES0RBEFIEE - SRR RERFRETTEAEH -

B RR 3B B hEEE T

B R PR B A RS B - 25 BRI ROR i gE 2 22
BRAH o halZEm BB pT i & 2 WA (&836% A
FERE > 36% Cinnamaldehyde) - 25 ZEH| BB B [Oxamyl,
N, N-dimethyl-2-methylcarbamoyloxyimino-2-(methylthio)
acctamide] » P EIR(ELFLAE]) - T RAHRIZ DUE ACE
it
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TABLE 1. Effect of cinnamon oil emulsion (36% cinnamaldehyde) on Meloidogyne incognita second-stage juveniles (J2) density in soil of three tested fields

Dilution
fold

Treatment

No. of J2/100g soil'

First survey
(before 1" treatment)

Ninth survey
(8 months after 1* treatment)

Fifth survey
(4 months after 1" treatment)

Field A Field B Field C Field A Field B Field C Field A Field B Field C

Cinnamon oil EC 1500 0.0a 118 a 04a 34.0b 34.0b 24.0b 168 ¢ 458 b 30.0¢
3000 0.8 a 9.8a 0.8a 302b 312b 202b 10.6d 38.2b 43.6¢

5000 02a 120a 12a 34.0b 374b 254b 18.0¢ 21.0¢ 3l4c

Oxamyl 200 04a 11.0a l4a 36.0b 4161 204 b 155.6b 1552 a 169.8 a
Control (water) - 04a 11.8a 34a 118.6 a 80.4 a 582a 210.8 a 150.2 a 111.8 b

! Five sites of soil sample were collected. Each soil sample (100 g) was obtained from 5 repeats (block) with 20 g in each repeat, then 100 g of soil was counted

for the number of second-stage juvenile (J2) of Meloidogyne incognita by modified Baermann funnel method.

? Means (n=5) in each column followed by the same letter are not significantly different (p>0.05) according to LSD test.

Fe ~ AR AL 36% AR R e T 3 = i I A i AR R 4 i PRI 1S 2 S

TABLE 2. Effect of cinnamon oil emulsion (36% cinnamaldehyde) on disease severity of tomato root-knot nematode caused by Meloidogyne incognita in three

tested fields

Treatment Dilution Disease severity (%)"
fold
First survey Fifth survey Ninth survey
(before 1™ treatment) (4 months after 1" treatment) (8 months after 1¥ treatment)
Field A Field B Field C Field A Field B Field C Field A Field B Field C
Cinnamon oil EC 1500 02’ Oa Oa 35b 20¢ 10¢ 30b 20¢ 30c
3000 Oa Oa 0a 30b 25¢ 5S¢ 25b 25¢ 25¢
5000 Oa Oa 0a 35b 25¢ 25b 15b 35bc 40 be
Oxamyl 200 Oa Oa Oa 50a 45b 35b 75a 50 ab 55 ab
Control (water) - Oa Oa Oa 60 a 70 a 50 a 80 a 60 a 75 a

Disease severity rating was based on a scale of 0 to 4: 0 = healthy root; 1 = 1 to 15% roots showed root-knot symptoms; 2 = 16 to 30% roots showed root-knot

symptoms; 3 = 31 to 50% roots showed root-knot symptoms; and 4 = 51-100%roots showed root-knot symptoms. A disease severity (DS) for each replicate

was calculated using the formula: DS = ¥ (nd)/T, where n = number of plants in each rating, d = disease rating (0 to 4), and T = total number of plants in each

replicate.

2 Means (n=5) in each column followed by the same letter are not significantly different (p>0.05) according to LSD test.

FARMAEERE T > R AR AT =R E
(1,500f% ~ 3,000f% ~ 5,000/%) 1S5 EEHIBAL 20015 BE 2 1%
F AR - 9 AR 4 e 4 e 1 BUPNME 10052 £ 43 il
$534.0 ~ 31.2 ~ 37.4241.6 » BAAJjii 2Rz 4H (Contro) HY80.4 2 74
EMER (F—) o MM aes s R OB 2 BW g
AE20 ~ 25~ 259 » PRIEMEEE A R - (HE S EEM ok
i S HEAH A4S R 70% > A B REE ME AR () -
FNRAELERE R > Sl SEE A AL 8 = e
(1,500% ~ 3,000£% ~ 5,000 FEE 1% - BHHIAREL 88 7 iR 4R
s i 4N sk R 10052 £ 543 A1 F545.8 ~ 38.2 ~ 21.0 > #
FE5,000 15 R HIAH 1 53 —4HPE 2 BE MR L (HIg5 B S
HET BRI 20065 KA i £E R 4H (Control)HY155.2 ~ 150.2 2 84

FlEER (k) o M HHER s RERRRE Z RS
Bl R20 ~ 25 ~ 35% > PRI FEBE MR - HECREEEE IR
60% < [E 2 BIE MR - H A RRREs0001% ft SR Bl 2% 427
BRSO 2 g AR (R -

=

C HEHBafER

REERAEEE — TN EERT (2015/10/5) FH#E - ZEE
& 2 5 H e IR R A a s s P s I BUR0.4-3.4 0 R
HZERE R0 B/ EMEEEER (k- K2 -5
Hh 0 BEREHE RS \GHE > Rt B (Control) Z 11 58
Tt TR AhER P R L1 B98P N E93.2 MR HIS5%
WEINZE65% (BHEASIH) » B USR] SR R 1l & A At AR
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(1,5006% ~ 3,000£% ~ 5,0006%) 12 BEEMIEE 20055 2 1%
F AR ES 9 2 AR AR £ Tl 4N s TR 10058 £ o4y il
F524.0 ~ 20.2 ~ 25.4520.4 > EAA N ZEPE FE4H (ControD)Y58.2 2
BIEMER (F—) 5 SR S s 2R > R
SrBIB10 ~ 5~ 259% - FRfES000f% i B4R = A 9o 40 - T2
BRI 1T B 27 RS R R S AH 1 3.5 9 R i B M 72
5o (B fi s Ll R B 275 SR B R T G2 S IR AH 19 50% 2 8
EMER (R -

ENTGRELS REUR 558 e 2L A = R
(1,500% ~ 3,000£% ~ 5,000f)FEH 1% - FHAHIIREL 188 7 iR 4R
& b 4N saR OB 10052 £ 543 A £530.0 ~ 43.6 ~ 314> R
[ RR i SR S R e R 2 > (RIS 57 i B 228 B B
SR200% B oA i BE 7 HE4H (Control)AY169.8 ~ 111.8 2 B M7 R

(F—) 5 S Bt EE = T 2 (RS 2 P T 53 1 30
25~ 40% > FREEMEMBEE AR > H BRI EEE R AHYT5%
EEEMEER > Hop g RS, 000 5 8L 275 SEMIEE
PRI B R (kD) -

=—HEREERIT

&R = M 2 HEEEREE R BUR - SRR A i L A m]
B 85 LA S0 o {2 AR [ 98 R R 4 e Y % 4 i [
B MR - R — kR ZHEHE RS R 2B
PRREUR - =TS R R R (e SR i AU P (R i
R 1 op AR 4 s e sh Siaa OB E - (B HYS75 SERHYER
MR PR G IR AH AR PR RN L L - BtaXEEmIBRin i
5,000 B2 BERIMH & 2 5 HERIG B 25 SERIBLUR i 4%
HIRAH - SRIL o ERECHERS ORI FLAIRRFES, 0006 - MNEHIE
HEUE A% > FR4RFETIREEE—R > Z/0HEESK -

EN I

BASE A (2008) 8 54 B Bk == o R E PAL A i LA 7 72 10,000
& > AIEE TR AR (M. incognita) I INIF{LEH69.6% % 2
30% - HEJ{# i 4l EBERE100% 5 FORE A {HEEAHR
s B ER R R EH2.8f% % 1.2 (Yen et al., 2008) < HH
Al H SR AL &5 SR FREES,000 /% 2 P AL
i B A S A 1) 2 T e 9 AR A e AT I R Y i 4 a5
B TR > DUERIRERERE - B AR
B & hE (8 H Bde i - & 80—
AR (EER) - TymTdERie s Tt kg aanss 18
P& B R AR I > iR 88 AR H R SR PRI SERK -

Y EF A a2 5 b B Y R e
— > [fia A BB M (Bird et al., 2009). - fE27kEH (Essential

oils ) R H sy TGS F Rl 4 aa sl - fE4i a6 FIEEE S
(Andres et al., 2012; Ozdemir and Gozel, 2017) - {E#%4RE G
[l » Oka®5 A(2000) 4k 277 AR 75 & FE 085 751,000 ul/
LR T HIE LR G 4R & (Meloidogyne javanica)HVEYE » H
1275055 AT S ) 4 — R 4D ERE B R OB > Hp
BT (Carum carvi L.) ~ B & (Foeniculum vulgare Mill.) ~ BB
SHifaf(Mentha rotundifolia Huds.)F1 &4 & (Mentha spicata 1..)
FIE R RN AR f0G I - Pérez®E A(2003)45 =&
{E(Chrysanthemum coronarium L.)iEHAE16 ul/mLER NEEE
HifF{EMeloidogyne artielliaf)INPFALI R i 4 @ {7755 -
X (Lavandula officinalis) ~ N & (Artemisia absinthium) ~
EERM(Piper nigrum) ~ ¥JfC(Citrus bergamia)FI3H# af(Mentha
arvensisYZEREMAEL, 31S% TR ER [EIERE (12, 24, 487172 h) »
EHRIE4RERM. incognital) #4829 ELA =198 14 (Ozdemir
and Gozel, 2017) » BB F(Corymbia citriodora Hook.f.)F17R
¥ (Eucalyptus camaldulensis Dehnh.)53#r R 5 B2 BUREH - 72
B O e DT AR 4R e M. incognitaBIRESR &G E -
T 152 RN T ST 76 O WA 2 RO ) e 4 85 705 D T T EE
RIS R AR - FEIHNHIRE (ICs,) B o7 5l R412.7H]
615.9 mg/L > FEIELIRRE ST Al F5235.9%1327.7 mg/L (El-Bahal
et al., 2017)  ¥¥3¥ (5 (Origanum vulgare L.) ~ BEE 5 (Origanum
dictamnus L.) ~ J#fif(Mentha pulegium L.)FIZEMETE(Melissa
officinalis L)FEH¥IM. incognita B7H =%k a b - HEC,,
(FEHR96/NEE ) 43 A B51.55 ~ 1.73 ~ 3.15%16.15 ul/mL (Ntalli et
al., 2010) ° GuptaZE A Q01 D) EFE ASTEME YIS M BIM. incognitatly
FEE » S IA] eucalyptus, E. globulus)i MR
JERE1000 ul/LEFEEFE6h K2 125 ul/LERFE30hIg W] 22 100% IR -
HR R 5 & [ajwain, Carum copticum (L.) Benth. & Hook.
f]e

TEYIRE I TE 2R P TTR AR GE T - S8 T -
T~ BEIEEHRE - WEE - BE 0 (Origanum vulgare L.) ~ 2%
E(0. syriacum L.)F1E$[E(Coridothymus capitatus Reichb.)Z
HEHAE100R1200 me/kg JFRIE T8 AVE L i o @ a g ©
WY& AN E AR R #(Oka et al., 2000) © £ &1 F(chickpea cv. PV
61) 7 H st BR 7R S B L PR T 10-40 ul/500 cm’JE Y5 1E
FEEE - R R T 47 @Y B FE 2 (Pérez et al., 2003) < JUim
Fl(Eucalyptus globulus Labil)F1 K2k (Pelargonium asperum
Bourbon ) (1Y 7 K 52g oOH E FOEZE R a0 R - 45 REBURTE
50 uL/kg soilfee e T RO 55 b (K 25 AR IR 4 19 " B 1o
FIARIEE T H(Laquale et al., 2015) » ¥ (Azadirachta indica A.
Juss A FTHREAE AR M. incognita 7 3% rf i) &5 18R 3 i
HIFRIBFE #(Abo-Elyousr et al., 2009) © 554h » CetintasFlYarbs
(010) > R EREHAL 2 AT - HHEE - W Kl 2R
TR A e T R AR ER (M. incognita race2) 4R
gt o 45 RERRE AR S0 uLiY E B E ST H T A %
AR TR B UV R AV B PTE R4t aa e mu i (ke Dy



% e BIR B AT E o AR SRR SRR T PR T AR 4R R
J55 =Y FHREIR AR AT 9% 58 B A LA ST o] 75 U
P ht T 7 AR IR 47 Y i 5 T B s Bl Y AR R R 3 o

T )8 7 5 o7 AT R 4 e Y A 4R R 1 U 1 e
JZHERFSE 0 Andres®E A (2012) (0] BEAE A% S S B FA BT 4R &3
(Bursaphelenchus xylophilus ) FIfRE4R R (Meloidogyne
spp. ) HYFEMENE FH R AE Ry i A s Ay w17 MRS AS » Sl 1
26T oK U I 5 & FE YA RS O R ELAH Sy S TCIE: A R 45
(M. javanica) HIF%4R &5 ME(Andrés, et al., 2012) » Oka%s
A(2000) F5 HUREH HHY F R & T B (Carvacrol) ~ t-TH 7 A
(t-anethole) ~ F E 3 (thymol) A7 A HH [ (+)-carvone ] A% 47 & 1Y
FEEMER ST o FRFE AR 125 ul/LEI T s 4 a0 D KR
RN IEAL AL 5 AL BRGSO S Ry 751
150 meg/kglif » 3288 T Bl o3 KHB o3 #0 T DUV 5 N4l i B AR T8
B FEHRE I S H Ry BT A 88 R 4R ER T - Okafk(2001)
5 4 K2 =X A RER% (trans-cinnamaldehyde) ¥FEEM. javanica —
415305 7 R OIPEALRAVECs 73 Al Fy 15 and 11.3 wl/L, » M=
RS (trans-cinnamaldehyde) ~ 2-¥EEE(2-furaldehyde) ~ ZEHEE
(benzaldehyde) FI7 5 H (carvacrol)f£ Z kit Bath LL100 me/ke
it P R P B T P (R 2 A AR R 4 e M. javanicafIFRBEL - MIE
KEEZE(Pelargonium graveolens L. cv. Algerian) #55H F B F 32
B B EERERITTFEEE (citronellol, geraniol and linalool)
iR LRER (M. incognita) WIS &GN - HEEERZ
ARy - HREEF MR (Leela et al., 1992)
T4 ([ Homalomena occulta (Lour.) Schott ) B&FRE i ¥
M. incognita A 58IV 4R 8805 > LCs/9156.43 ug/ ml;
HFRAS o -miiLEE(a -terpineol) F14- 1 i B (4-terpineol) ¥ M.
incognitafJLCsyfH 47 5 B103.41 ug/ mIF1115.17 ug/ ml > 17y
5l (linaloo) YLCs,fH £5180.36 ug/ ml (Liu et al., 2014) = Ntalli
L N(2010)58 B 48 BR A5 I (terpenes) B M. incognirafit 45 &
TEVERK By 1- T B (1-carvone) ~ RIEFH M EH (pulegone) ~ S5
15 & fif (trans-anethole) ~ & EF (geraniol) ~ T & (eugenol)
E i (carvacrol) ~ B B E3(thymol) ~ i s -4- B (terpinen-4-
ol) » ECsy (FRHH24/NEF ) AYREE /T2 115-392 ug/mL » HFHIFF
(Chenopodium ambrosioides L) HE B EM. incognitalyi%
SRasEte o B R FE Ry (Z)-ascaridole R i Ak R dwoE M
LCsy%r Al By 49.55 ug/mLF132.79 ug/mL (Bai et al., 2011) * #EHF
[Agastache rugosa (Fisch. & Mey.) Kuntze]#&/H¥IM. incognita
IRFR I R I AL 4R 8208 M - LCs /547 3ug/mL » HFERST T
FEILCs F566.6ug/mL » AL THEEEAYLCS0/589.4ug/mL > &7
BHEE S (Las il R H E L&) BB 3 B R AR 4 &
HYEJI(LL et al., 2013) o AT 2 SLEX eI A LB (536%
cinnamaldehyde) AYASE4 &35 14 12 557 B KRR > (ERRES000%
T EI T FEAR e 4 m A P RV ER B > W PR
BT IR 4R e AR R T e S - MR RERERY F 8 f572 ug/mL » B2
OkaZ# A (2001) £ #E#a8EE o LL100 me/ke Sz = ARERE R 2 A1

Vol. 59 No. 4, 2017 9

FRIFLRFRM. javanica AR TEELAY4E AT ©
e 2R ARH DA I ol 4t it ) B0 g SR A T 5 - 3

B+ = T EYIHREY) 27 AR 4R aR BRE - BRSNS A i
R EN M o AT B Ly R E R E R AT REE
HEBRBEFRAM  PER LAY S R R A
SEBIFIAHZSYE (Isman et al., 2011) © BR4h - FERfEE(ER,
flir L ol o B o ] DASR & ERr MR R AR R Y 2B 5
PERYEREL o B B AR I > ©A SIEMRE A YRR
EYIE Rfle Ak DI RRE M= AU iR 8 » 0 H A Eid
b S S TR T = SRR B LRl (Marti'n et al., 2010;
Varona et al., 2009; Varona et al., 2010) o AR Ryl 4% T 1R IRIE
R BV AT 4R i E07a RV R - BE A Jelnie
i E SR B EAYISE - DASRALAE BB A M B

51 R 3R
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ABSTRACT
Yen, J. H., Hsu, C. C., and Hsieh, T. F.” 2017. Effect of cinnamon

oil emulsion on control of the root-knot nematode Meloidogyne
incognita on tomato in field trials. J. Plant Med. 59(4): 5-12.
“Corresponding author, T. F. Hsieh, E-mail: tthsich@tari.gov.tw

Three tomato cultivation fields located in Douliou city, Yunlin
County were selected to evaluate the effect of cinnamon oil emulsion
(36% cinnamaldehyde) on the control of root-knot nematode,
Meloidogyne incognita, in the field from September 2015 to June
2016. The experiment was a single-factor test with a randomized
complete block design (RCBD) setting. It includes 5 treatments and
each treatment has 5 repeats: test reagent cinnamon oil emulsion with
1,500-, 3,000- and 5,000-fold dilutions, the reference-nematicide
(oxamyl for 200-fold dilution) and control (water). The experiment
used 1-month-old tomato seedlings, treated once every 14 days, for 5
consecutive times. The number of second-stage juvenile (J2) per 100
g soil and disease severity conducted from root-knot index of each
treatment were counted. The results of reducing J2 number/100 g soil
showed that the cinnamon oil emulsion of three different dilution
concentrations was better than that of the nematicide treatment and
the untreated control. In additional, cinnamon oil emulsion with
5,000-fold dilution had the same effect of oxamyl nematicide and
other two concentrations of cinnamon oil emulsion also showed
better effect of reducing disease severity than that of the reference
agent and control. Accordingly, it is recommended that cinnamon
oil emulsion with 5,000-fold dilution can be used as a natural plant

protectant to control tomato root-knot nematodes.

Keywords: cinnamon oil emulsion, control, root-knot nematode,

Meloidogyne incognita
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