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The mixture (MX) of acetic acid (AA) and lactic acid (LA) was examined for its effectiveness in the control of the
pine wood nematode Bursaphelenchus xylophilus contaminated in cymbidium culture medium. Nematode
mortality in vitro was nearly 100% in AA and MX at the concentrations of 5.0-1.0% (pH 2.6 — 4.2) and in LA only
at 5.0% (pH 3.5), but lowered at concentrations of 0.5-0.1% (pH 5.1-6.9) more significantly in LA than AA and
MX. MX of most concentrations caused higher nematode mortality than the average response to AA and LA.
All treatments of MX (0.5% and 0.25%), fosthiazate (standard and double concentrations) and culture dilution
of Paenibacillus polymyxa GBR-1 (10’colony-forming units/ml) reduced significantly the nematode popula-
tions in the cymbidium culture medium, compared to non-treatment control, with no significant difference
among the treatments. No phytotoxicity occurred in all treatments. pH of the medium with the time after
treatment and growths of 2-year-old cymbidium were not significantly different among treatments. Consid-
ering the safety and price of the organic acids, use of MX in the processes for culturing cymbidium may be a
practically reliable and eco-friendly way in the control of the quarantine nematode in cymbidium.
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A H71E= 5 A SAG IR Qs T SollA =4
o 73t oA 9 AU HEH H S AAs] AH| & =F 9 o
ggrofl A3l tHCho 5, 2012). A5 2| &2 1 A H| ] &2
F=1 ol FHE Sl A T A = AHHEY A
4ol Alggk Aol

ARl gol g7t Hie AE7|8A5E AoldS
(Pratylenchus spp.), ¥ 41%(Aphelenchoides spp.) & WAA
Z(Helicotylenchus sp.) 5-©] && A Qlt}(Pant 5, 2012; Sher,
1959; Uchida2} Sipes, 1998). =t o] A= 122k Al |t
AZ Hali7E g2 v gielem, 2 v g EAsH= A
Z AP A A B 7T o= WitE = 7]45<] Ditylenchus
equalis7} WA= O o] Aol ozt AH|t)3-2f ujsff o F
= WA A &F8ktHCho 5, 2012). 1ejuf H 9 A5t sl
A= AEYE 718 A S ok et BHaHE 9 7 Aol Rt e
O] v FEof| 2 PE o] of= Fk AE 7o U A
oA AEE A FAZH IS 4= ek whebA] At
A ABH R0 AFE T SollA Ao s 2 west
= AZFo g M Z A ZF(Meloidogyne spp.)i} 7] -LA1%
(Ditylenchus dipsaci) 5 715 H 917} W2 A1%=(Franklin, 1982;
Hooper®} Southey, 1982)-> =1 2=l &3] A= &
4= 9111, A ZF(Aphelenchoides spp.) & 2U 2] A Z=(Bur-
saphelenchus xylophilus) 5 215t/ ] £/ 714 AlH] -2
T HiFESQ v =29 Y=l g Ao U A S 74
Sh= 2HE gl ofl A1 A1 4= glol A (Bakhtiar 5, 2001; Griffin
5, 2012; Hasna 5, 2007; Ikonen, 2001; Perper®} Petiello, 1977;
Ruess -5, 2000), ©| = A1Z-2] 2 A&7} 1 ¥l&=7} opd 4= 9l
o B Aurjgo] % A Sus] Fodof 3 A oA AE
o] & = 9Jck.

2hE Ak Qloj A Ao WA= AS-2f Tlsl A =of ®HA|
H|-8-& arefsto] Ao W s A4 glsjF o]stE &0
F= A9 WA7F 855 = ¥HH(Whitehead, 1982), 7 &9
glolAlis 2420 7] A A E 0] AEE S8 EA gonz
A A7} 2T

Ao Ao AR AE e AnlHE el 2758
= A7 Wi FE O A &5A Q1 A WA e 7F B 8.5k
LRHTE B S FohuR Fs 17159 AlEo] 4
E714A%2] gl g Eol=d A7t Qe AR A 3l
© m(Akhtar2} Alam, 1992, 1993; Akhtar®} Mahmood, 1994;
McBride -5, 2000), ©] 213t §-7]=2] F<5 A WA SH= 7] 4k

ol A5 WA F8 =4 F stuhdel ¥ A ltt(Badra

5, 1979; Johnston, 1959; McBride &, 2000; Sayre 5, 1964;
Stephenson, 1945).
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TS| HME St AN} ZAF A (G AHA R A, A
2)2 0.1 M potassium phosphate buffer(Q1AF+E) (pH
7.0)0.8 3|4 5ko] ZFzF 10.0%, 4.0%, 2.0%, 1.0%, 0.5%, 0.2%,
0.1%(w/v) 3] A M-S whE11 -2 52 9] AL ks 550
72 Zdoto] e w0 T3 M-S AT o] At
A AREEE S-S AR ek ol A kol Botrytis cinerea
vl ] o wjj k3t A LF5EAH X% (Bursaphelenchus xylophilus) 2.2
A ¥ 7} Baermann funnelt] © & $=3}0{(Southey, 1986)
ofF §% U AFS AFFRE(CDWE 34T HF 8012
ARESHATE F714He] A F RIS AR fIEiA °ol&
714k 3] 498 100 plat FFo] AF-8H(600] nie] A5 23
2 96-well Microtest™ Tissue Culture Plate(Becton Dickinson
Labware, Franklin Lakes, NJ, USA)2] ZF wellof 3vHE-0 &2 2=
Shal A-2(25°C)f| 2|/dsto] 24417k 3 sl F-3 | shof A =
Al AR E AL FA O X] = AT F2 AFTOE, AL =
21Qlo] Q= AT AL AF 0 & Jhesto] A &S A
AtHCayrol -5, 1989). F-A| 2] 2= F-7]4F2] 34 of AL
0.1 M potassium phosphate buffer$ith. 3t A 59 A&
Ak oo WA S AN | 918l 2w =2 1714 SDW
o s o2 E3sto] pH meter= &4 O] A& 2ALSHGI T

ZAR} ZAke] w el A F-8-2 Table 10 4] Lehdt ve}

o] 245} 2AR-AAL E3FAL 1.0%714] 100%0]] 71718 A
%8S e vhe ZARS 7P 8 5 EQ] 5.0%0] Ak

100% A4 %-8-2 LrERIEL 1 o] 519] ol 4= 325 Arl
% go] Fastolit] 1 ghgo] 2419 Egtlo]nrt &
olHom ¥ Ak §714b8 BE Hejo] A4EE Badt
714k E3tolo] A5 8-S ulmste] B4 3 2 5.0%2)
05%E A|2)3t E F o)A EgtalolA] folH o &7 1}
epukeh. 3 ST 0.5%0] Al Ak} 24} 77be] g}
025%0] B2 0] o] 4| 0] Eqtolo] ALK F-go] 2A4k0] A4
Zguch A H oA B Ueht e & 5= 9tk o] T 9714k
TSR G714 RS A s o Bel FH S gt
AP 2o] SolA T E AF7] 2] WshE T Qrky]
W3 AR, ThebA o] 5§74 T A2l nh 714 Bk
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Table 1. Mortality of Bursaphelenchus xylophilus followed by the treatments of acetic acid (AA), lactic acid (LA) and their mixture (MX) at different

concentrations with corresponding acidities

AA LA MX®
Concentration a : ) Mixture effect’
Mortality (%) pH Mortality (%) pH Mortality (%) pH
0.00% 59+22X° 7.0 59+22X 7.0 59+22X 7.0 1.00NS®
5.00% 100.0 £0.0Z 26 100.0 £0.0Z 35 100.0 £0.0Z 3.0 1.00NS
2.00% 100.0 £0.0Z 3.2 152+22Y 39 100.0 £ 0.0Z 35 1.31*
1.00% 100.0 £0.0Z 39 54+13X 44 954+6.2Z 4.2 1.81*
0.50% 54.0 +8.0Y 6.0 2.2 +2.1WX 5.1 154 +4.8Y 55 0.55*
0.25% 44 +£1.2X 6.6 1.1£1.0W 6.3 11.1 £ 2.4XY 6.6 4.04*
0.10% 6.0£2.1X 6.9 45+ 14X 6.7 8.5+ 1.4X 6.8 1.62%
*Mortality (%) = Number of dead nematodes/number of total nematodes examined x 100 (averages and standard deviations of three replica-

tions).

®Mixture concentration is the sum of concentrations for the same volumes of each organic acid (ex. 0.5% MX = 0.25% AA + 0.25% LA).
‘Mixture effect = nematode mortality of MX/average nematode mortality of AA and LA at the same concentrations.
Means with the same letters in a column denote no significant difference at P < 0.05 by least significant difference test (LSD).

Orthogonal contrast between MX and average of AA and LA: NS, not significant at P < 0.05;

%?MQJ pH= 1.0%7HA] ZH2of] k3] 7} 912
HES E O, 05% el A EE pH S o
g|(Table 1) o] S 0] o1Alg}S=ol o] 2h9-
1:} 71229l EofFo] EA = syt pHO) &
ﬂ(KlsseI = 2012), A4 T]-L-2] Ajufjol] A&} ok
o] gJoklo] E3tr|o] Eoku} njaviA 2 Y27
/V]\—% Ao|B & o]e|at &) Ako] o] A HjoFE o] 4] 5]
2o ofsll & & Ao viYES] pH H3h= A7) ¢
ok
74O M B pH7} ol A Ab S o] b
& Upeh} Ak} 8ol whet b 2lo] o}
4= Qlth(Table 1). 124 22 55=(0.1-0.5%) | 4| pH
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035 1

7_'
O
T
Aoz

o}

N
-

o

=2 =2
tro
1t
et ol Lol U2 ZHatol] o7t Qo] o] Foi4]
A1%-2] A9 (body wall) 2] A2 F3}4d 0 2 Ql3f(Lambert
Bekal, 2012) E2}gfFo] o 2 Alo] Enldo] ALK T &=7]

ol 1% o] obAlrki Az,

oo >

Al &3, HHYE pH H3} 3
In vitro©]| A jT7]/‘P_4 =T
< B} pH 2AF Aol A E3koH o] A S o Ayt
9} 4t of O]t oFsf| 7kg/d o] v A H —;ﬁﬁ% 275t 459
HIA| S 213)] 0.5%2} 0.25%2] ZA-RAL B3t S AL2-3}9] 1T,
Fr714ake] A WAl Ak} tiulsty] s FA Al Al
= 5Fo 2 wjj 5|31 Q)= fosthiazate(2 A| 30%)2] T
20 | AREOF 5 ml) B Hi S ARg-sk ek =5k e EAl
Z YA w7} 1% v A&t (Paenibacillus polymyxa GBR-
1) (Khan 5, 2008) %= A H]| o] 20| A o] A5 WA & -84} -+

OI

m{n

*, significant at P < 0.05.

714k Egole] WA ate) vl g $18) ALg AT o] #
£ brain heart infusion(BHI)(CONDA, Madrid, Spain) 8] x] o]| 4]
28°CE 200 rpm 2.2 247 2l ofglt 5 njjoFol-S- SDW= 3]
A5t AletE =S 107 colony-forming unit(CFU)/mI= 273t
Altrf QF oS ARE-5F3 Tt

AHFAAl 24 gt B Al F7kell U7 294 4
H| )8 Foll A B4 ’%4%2 Hol= AlEA o 919 AUAE

o A ARG3E LA A 5-E A1 T & BHE o 2,0000] Bl
M] ;H ]_oﬂ_]_ ;Gzﬂ,}. E/qo" _|_|_7]/R]- ‘Sl-ou N—/\«]Txﬂ ol /\ﬂ
Fv”ﬁ‘i“’“ & ABH & SHE G 10 miA A=A 2 =Y A
otk A8 & Eo] FYUe A g A e 525
+2°C2] 24 o] 2415121 Al (randomized block design)= 4]
EAE RSk 1 18] HagpFom st A At
Ak A%5e) 45 9 w0 H2] 79 F R o] wjoke}
Al EA| o] ¥a| & LA 5lo] £33 £3E 100 g2 Baermann
funnel HO 2 57 A& F=3}% tHSouthey, 1986). =
o AL A0l A4S 5o A% FRet AR Pl uf
2} AU A %3} Aphelenchida, A&7 A %o 2355
Tylenchida, Longidoridae ¥ Trichodoridae, 712|311 7| €} F A4

Xl Z(saprobes) & 2 E.331 3 (Hooper, 1982), H2] 2} 1l 2] 9]

Al

T

hEol A Ztzke) W S 3uk o 2 ARl HES HE

S14 9he Al A2 79,1490 B 219 Fof Wk Raks)
o] SDWE} 1112 42 & pH meterz At=& 43519937, 219
Fo= @‘%Xﬂ/l AEAEHE AT
A2l 79 & FA 2] 270l A A 5578 U=+ Rhabditida
o 45t ALl Aol FEQ FAMES WESL A
A et oy, AR AAE 0 2 24 5= Aphelenchida A

FE AT HEHE BT WAS W 520 UEE

E}W 17, Tylenchida®} Longidoridae 2! Trichodoridae®]] £31+=
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Table 2. Nematode population densities on cymbidium plants treated with various agents 7 days after treatment

. Aphelenchida® Saprobes* Plant-parasitic nematodes*
Treatment
Density® Control value (%)° Density Control value (%) Density Control value (%)
Control 26.0+ 193X’ - 162.0 £ 94.3X - 0.0 -
MX (0.5%) 4.0+3.5Y 84.6 720+ 75.2XY 55.6 0.0 -
MX (0.25%) 2.0+3.5Y 923 40.0 £ 33.0Y 753 0.0 -
Fosthiazate (1x) 0.0 +0.0Y 100.0 30.0+31.2Y 81.5 0.0 -
Fosthiazate (2x) 0.0 +0.0Y 100.0 16.0 £ 6.9Y 90.1 0.0 -
GBR-1 8.0x+6.9Y 69.2 90.0 £ 64.9XY 444 0.0 -

*MX = mixture of acetic acid and lactic acid at the same concentratlon fosthiazate = organophosphate nematicide with standard concentration
(1x) and double concentration (2x), GBR-1 = culture dilution (10" CFU/ml) of Paenibacillus polymyxa GBR-1.

®Mostly Bursaphelenchus xylophilus.
Mostly bacterial-feeding nematodes in Rhabditida.
“Nematodes included in Tylenchida, Longidoridae or Trichodoridae.

“Control value = (nematode density in control - nematode density in treatment)/nematode density in control x 100.
‘Means with the same letters are not significantly different at P < 0.05 by least significant difference test (LSD).

AB7 A 15 W E A grokehTable 2). 4127 44%
ﬂ%@%&%aqawawﬂw o 4 wﬂﬂﬂwﬂqﬂ
2FoH(Cho 5, 2001) 41|} &-0]l 7] WA o] 7l Ele] QX oF

o0, Hl2E o] g3k s} §7] SHEo] AH] 8 Aul 7} o]

oA EUUSE B 5 4ol ol el 402 4
2tk AU AAES] Wk R3] W o) AR
el EoF U] A2 100] 35| B W8] 402 ARt

(Lee =, 2010).

212y o) WA A A 2ol whE v A S-S E ot WA 7}
(control value)= %] 2] 9] F79} s =0l TA glo] BF {914
© 2 A Yebtal A7) 5 ol £ 4 Q1 &Rl 7t =
O = Ut 13 B Sl QLo = At A A St v
AR AeERHE 2 S e RS HYoy nE
Aol QlofAl L WA 7k AU A A S Kok WobA GBR-1
I f77]4E 2N 0.5%00 A= t2=7-2F -2 A Q1 ZFo] 7} Liek
LA ettt o] Aite & uf {74 S AU A
o WAlof| qlofA Frel &S WA ol Eﬂr Sl Al
Paenibacillus polymyxa GBR-1E.t} 311 A1 A o] WF7}+=
WAl &7} s Ao = Ak E ek

A2 & A2 FFE SRS A= AA A S = pH 4.09
A] A5t pH 1.0 0] 9] 5320 2 X2 L wlo] w9l o] g
o AJe] 7+ 2@t Ao} glon] A2l T o =el pH ¥
17} UrERUA] Qk9kehFig. 1), A2 A vjoke ) pHE A2 7t
#o] 7} tha Alste ot M) ol 7]9lo] A g4 wol 7}
Aol A2} 219 Foli BE Ao 4] pH 4.00] 2431 4
F0.2 Helz Mol 7k st eirh ol AT T Wl A8 3
7 20 AEHor =g omn B st 44
O] A7} dojt7] W Eo 2 AbR = Th

1411] 210] o3 Al‘:’¢] Aﬂ 0__ X/\].zsl—ﬁj_]_jr_i.;iq 07]}\}1
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Fig. 1. Changes of pH values of culture medium before treatment (BT)
at 7-day intervals after treatments of acetic-lactic acid mixture (MX) with
concentrations of 0.5% and 0.25%, nematicide fosthiazate with standard
(1x) and double (2x) concentrations, and bacterial culture solution of
Paenibacillus polymyxa GBR-1 with concentration of 10" CFU/ml.
Marks and vertical bars are averages and standard deviations of three
replications.
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Fig. 2. Growth characteristics of 2-year-old cymbidium plants treated with none (A), 0.5% MX (acetic-lactic acid mixture) (B), culture solution of
Paenibacillus polymyxa GBR-1 with concentration of 10" CFU/ml (C) and fosthiazate with double concentration (D), showing no phytotoxicity by

the treatments.

Table 3. Growth characteristics of 2-year-old cymbidium plants treated with control agents three weeks after treatment

Treatment’ No. of leaves Plant height Root length Stem diameter Fresh weight (g)
(cm) (cm) (cm) Shoot Root

Control 23+ 2.6Xb 16.7 £3.2X 39.5 + 6.6XY 17.9 £ 1.4XY 13.6£2.1X 56.2 + 24.2X
MX (0.5%) 24 +7.9X 18.7 £2.3X 45.1 £ 5.4XY 20.7 + 4.6X 144 +1.7X 63.2 +32.7X
MX (0.25%) 21.3+1.2X 18.7 £2.5X 37.5+7.4XY 18.1 £ 0.8XY 12.6 £ 14X 474+ 11.7X
Fosthiazate (1x) 15.7 £ 6.8X 18.7 £ 2.5X 27.4 +24.0Y 13.7 + 44Y 11.0+£1.9X 35.1 +34.6X
Fosthiazate (2x) 23.7 £1.2X 20.0 £ 3.0X 52.2+ 04X 19.4 £ 0.2XY 13.1+£0.3X 63.6 = 6.3X
GBR-1 183 +£5.7X 193 +4.2X 45,5 +7.8XY 209 + 3.6X 12.7 £2.7X 63.3 +36.4X

*MX = mixture of acetic acid and lactic acid at the same concentration, gosthiazate = organophosphate nematicide with standard
bconcentration (1x) and double concentration (2x), GBR-1 = culture dilution (10" CFU/ml) of Paenibacillus polymyxa GBR-1.
Means with the same letters are not significantly different at P < 0.05 by least significant difference test (LSD).

o=t AASANE A S & 5 ek o] {74 &%
g Y BER AGHE v wjFE| Ao} oFs) 5
2h-g-o] 12 AR il 23]P Biej o] Aol I £7]9] v
0 ARl thao] =92 & 4 e AR Azidinh Foln
T o5 f7ARS A0 2 ARSI QAL B Wa A E
off hrE o ql7loll 2 ¢HA o] FHojute = AujHE Aulls
7ROl A SEAIsEIL ALgE = Sk Zbzte] g 7} (24 US
$0.499-0.699/kg; 24k US $5.0-13.0/kg; fosthiazate 10%GR:
US$7.0-9.0/kg) (http://www.alibaba.com/product-detail/)<
S o {74 SN O] ARg-of whE A H] 8- A FA|
o ok WhAul g2 fAFSHAL Tk A RO 2 Lepiet,
R W The] Wl u] RS ALEa AESHA o
Aol holA BA S EA7E 7 2 ARk a9l 5 sl

e

< wj(Upadhyay2} Rai, 1988), 7] 4He ©]-8-1F M2 WA
o] ARgo] Al F7He] BAIA FEE Y g e AR
Azt

of Aol M A Aol M 714k S %= 0.2%0] A = 100%
O A FES HeEhd v AA| £E Ao A= 0.25%00 A
HA7F7F 92.3% 2 FHAYAE o] FA4] ZBHR T L2 o] B
Alads &3] f74 &= A= o s AT
o A 2] o= sl mhet SARA o 238t

o w3 B3] ol SOl A E o 4= glEo] AURAA
o] Eapoll 4 o] AE7|7ko] ZiTh whebA A ol A%
o} S|t A AApE S Elof sl Ao ol A] A%
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5, 2000; Schwartz 5, 1954). L&} Al Ajufjal= AH|t] 2
o] A HjoFE R HE| oJH Z o] 97|Ake] AAlo] BlHo] o]
ol A WA En, 27] HjFE A|Z, suict o]oj x| shiE
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o i AL} ol wh SAte] A AHHF o] fojHow
wrolA Tl g B o] et of| A T3l o] AbA =g o] Ak} A
Apo] B RTh 9014 0 7 A el Eatoho] A Ab
2737t Q2 Aoz gt FEAIS o A &7)AF T3kl
(0.5%, 0.25%), 2F A=A (fosthiazate, 3=, vlj=F) U A3tA|+
(Paenibacillus polymyxa GBR-1) 8| F 3] 4] (10" CFU/ml) 5-2
Aelo] ofsh Alulelg HjoFE o Ale] 2R Ee BEst
Aeztelts 2129l ol7t glo] FHele] ula) fejx o
Aasteieh RE Helol A oFshrt ek kst Hel
X171 pHek 244 AW Tl &) o] A2 o270t £
21Q) zpol 7t LbehLb] gkt ol el Atel ol & 41§ B4k
of QA3 7HAS Faste] 2 uf, Alvl o] A el &
LA ol whe} o] §714F Brole] A4 Q) AS-S ol
9] Aol QlojA] Hgh Aol AA|H o7 {asth shte
Hp el Alolc.

1o o
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