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Control Effect of Root-knot Nematode (Meloidogyne incognita)
by Biological Nematicide

Moon-Hyun Park', Buddhi Charana Walpolaz, Sun-Joong Kim’, and Min-Ho Yoon’*

!Research Institute, HyosungONB Co., Ltd., 461-68 Jeonmin-dong, Yuseong-gu, Daejeon, Korea

ZDepartment of Bio-Environmental Chemistry, College of Agriculture and LifeSciences,

Chungnam National University, Daejeon 305-764, Korea

An nematophagous fungi Arthrobotrys thaumasia Nema-1 and Bacillus subtilis C-9, which degrade the
collagen and gelatin, were isolated from horticulture plantation soil in Kyungpook Sungju-gun Seonnam-myun
and Chungnam Gongju-gun Woosung-myun to develop biological nematode pesticide. When 5,000 mg kg'1 of
A. thaumasia Nema-1 nematicide powder (7.0 X 10’ cfu g"') was treated to pot including Meloidogyne
incognita, the number of nematode’s egg mass, which is a index of nematicidal activity, decreased to 35%
compared to control. While the number of nematode’s egg mass decreased to 67% by treating the nematicide
powder mixture of 5,000 mg kg'1 Nema-1 and B. subtilis C-9 (8.5 X 10° cfu g'l). Furthermore the number of
nematode’s egg mass of the mixture containing cinnamon extract 10 mg kg'l, each 5,000 mg kg'1 of Nema-1
and C-9 nematicide powder was decreased to 84 %, comparing to the result showed the number of nematode’s
egg mass decreased to 24%, by the treatment of chemical nemato pesticide Fosthiazate 24 mg kg'l. These
results suggested the mixture of microorganisms and plant extract was more effective biological nematicide
than the case of only microorganism or plant extract for nematode control.
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2718 Z7gsto] BA Halso] St 24 AFE A%
shith, 22k AHE F5E ol gle] A% Ex) THAEE
collageni} 2] FHAH gelatin Halso] $53 7

2 Adsl7] Y3l nutrient collagen agar (NCA: nutrient
broth 0,8%, agar 1,5%, collagen 1%2} nutrient gelatin agar
(NGA: nutrient broth 0,8%, agar 1,5%, gelatin type B 1%)
& olgal 27 A 2& WO 37 FEE Al
t}. Collagenase AJAdw2] 542 16S rDNAY] 27F, 1492RS
primer® PCRZZ3 O, 7|4 ¥ELS NCBI/GENEBANK

9] Blast T2 1L o]Ls}o] wwslAct

ALl HES FE = FA ARE SUEL A9
(Cinnamomum cassia, Z==*HEZ 50 g2 80% MeOH (v/v)
200 mLel ‘o] 24X17F GHAOIA] 25T F 2EhS 40T
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(5) Alm 22 AA =5 A+
- Au =25 A4 10, 20, 50, 100 mg kg A2

A5 F73o] AR, Collagenase 4wk AAl &3

et

— AdZao] Nema—1 AIA 5000 mg kg ' +
Collagenase Ad4t C—9 AA| == 2500, 5000,
10000 mg kg ' #g]
A% Fgo] AA|, AT =25 AA &5 Z%ﬂ¥

(6)

(1) 4

- AbAZ —"fol Nema—1 AJA| 5000 mg kg ' + 74]
1 2ZE A =49 10, 20, 50, 100 mg kg '
iiﬂl
(8) A% #Fo] AAl, Collagenase A+t AA|, Al
1 F&E AA =3 A+

— APMZZ o] Nema-1 AA] 5000 mg kg = +
Collagenase A5 C—-9 A|A| 5000 mg kg ' +

A9 25 AA s=E 10, 20, 50, 100 mg
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rDNAQ] ITS13} ITS4 G741 G- v|wst Au}, Arthrobotrys
thaumasia?}t 98%2] AE4S o] Arthrobotrys thaumasia
Nema—1°2.2 54 (Park et al,, 2011)E 3L, EZA7]H9]
TR AR Eo] IE R ASE ZASII (Fig,
1—-a, b). Arthrobotrys sp.2] FHEAL &% 25C, pH 6
oAl HHz7A0E oA 9lo] (Lee, 2003) EUZZIO)A
Nema—12] HjX|ZFE A% EAL v|wsk Zu}, YMBO| A

Fig. 1. Morphological characterization of Arthrobotrys thaumasia Nema-1 (a), nematode trapping by hypha of Nema-1

(b), hydrolysis activity of collagen by Bacillus subtilis C-9 (c).
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Table 1. Growth effect of A thaumasia Nema-1 hypae based on the culture conditions.

Weight
Treatment
0 hr 24 hr 48 hr 72 hr 96 hr 120 hr 144 hr 168 hr
gL'
NB 0.15 1.20 3.95 5.98 8.70 9.75 9.80 9.90
PDB 0.16 1.25 4.30 6.42 9.35 10.25 10.30 10.32
YMB 0.21 1.35 4.88 6.86 9.97 10.85 10.90 10.92

Table 2. Comparison of lettuce’s germination rate and length by cinnamon extract, fosthiazate, and neem oil.

Treatment Concentration Germination rate Length
mg L' % cm
0 100 6.6 + 0.8'
10 100 57+ 1.3
Cinnamon extract 20 86.7 42 £ 1.8
50 233 19 £ 1.3
100 20.0 04 £ 0.2
0 100 6.6 £ 0.8
400 100 58 £23
Fosthiazate a.i. 5% 1000 100 42 £ 1.6
2000 90.0 33 +£24
10000 6.7 09 + 0.5
0 100 6.6 £ 0.8
100 90.0 58 £32
Neem oil 500 90.0 32 +£23
1000 43.3 0.7 £ 0.5
2000 0 0

"Data represents the mean =+ standard deviations of three replications.

Hehiljeksle] 7US HARFTFo| PDB Bk oF 6%, NB vljF
Aol BldiME= o 10% 202 Z715ES Btt (Table 1),

Collagenase MM 22|t HHY
thlzl Bajlio] 0255} 107)] A2 13} Adlsle] A3 7
7] F/3/2] collagendt U3 2] 4934221 gelatin #-2ll%5
0] 43t HF-2 halozone A7|2 &5t} o] = gelatin
T} collagen 7] R5of Hafjg/do] Yebd C-9& XF A
Wto] 16s rDNA H7IAES vlugk 23} C-9 45+
Bacillus subtilis®} 99%2] AF=4S H Yot (Fig. 1-c), &
2t C-99] AL Nema—13} 70| YMBHHXMW 7P A%
o] 02519 o 48A|7} HjokA| 2] A4 5 3107 ofu mL

450]%t) (data not shown),

NSKA H|%] Aol A

AmFSE el AH

cinnamic aldehyde, Chanh, 2010)-2 At

AlE0] x|sHo] oFsfi7} qitkal deA it ZE AfujA

Holl QXA A5 dotgdt 248 ST 23 AuSEE
10

2 100 mg L'o|A] 20%, Y922 100 mg L 'o|4] 90%, Al

75]]?4—%—%% (cinnamic acid,
PA% 94 WOl

ZEh2 1000 mg kg oA 100%0] o8-S Kol Au]Ez
=t —’:Fﬁ ] H|3) e oA x wol2 A5t
t} (Table 2)

HMES A M=

(1) AMES Zmo| TR AN AEEAFTo] Nema—1
o] FF BES 93 B ARS 9l B, shod, WEy

O|E, Aleto|ES 27} ofjl HAF 1:309) FRFRIER AL
27 &35t0] 25°C2} 40Cof| A 787 HE NA (Nutrient
agar plate medium)o] 3|4 Al Ad-5 SA3 2

3} 7tz HMEUelE, AorolEg AR AESIES
A BT U Bl ) e i 442 o

2tk 1 Follq At 7t v HE Al uls) Aaa
1 o) o] sloli] TAIRA] AL2elolES HHE
o}, Sol3h AL Nema-1 dit L& o] witele] 1
P27} 40Ce)H B APEsks ATHE Bt (Table 3),

(2) Collagenase MM =X MA  Collagenase YA+
C-90] % BES e A AHE 949 Nema-1 T
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Table 3. Adaptive effect of A. thaumasia Nema-1 in
mineral matters during 7 days.

Treatment Temperature Number of microorganism

C cfu g’
Culture solution 25" 27 % 10°
Culture filrate 25" 26 X 10°

25 3.0 x 10°
D.W.

40 0
Kaoli 25 2.1 X 10°
aolin

40 0

. 25 29 x 10°

Bentonite

40 0
Zeolit 25 70 X 10°
eolite

40 0

+Hyphen represents that the treatment was not stored 7 days.

Table 4. Adaptive effect of B. subtilis C-9 in mineral
matters during 7 days.

Treatment Temperature Number of microorganism
T cfu g’
Culture solution 25" 53 x 10
Cultured cell 25" 8.6 X 10°
25 3.0 x 10°
D-W. 40 83 x 10°
. 25 2.1 X 10°
Kaolin 40 33 % 10°
Bentonite 25 28 X 10°
40 43 x 10°
. 25 85 x 10°
Zeolite 40 01 % 10°

I
o|EE
A7 Tﬂr C-9 w+= HV‘EV\ "OEH % e
2 el Astal 1 2 ofshA] ofxE A5k
Nema~—1 4—?91*— th2A| 40Co A 25Col A Hae +F
T} vtk oS BT (Table 4),

AME BN EE YHAY  71Ee) 44F B A
WA 2k (k. 200 Mo Eobeg olgel =

AABIAT. $A] Bl SR ]

Uotel)) A e 2it ZEA AFS AAsk=t
T EA fls BEFo R AZEE QI (Table 5), A 2|FHR
60U F- HE|E RARto] Hiejo Il WideE ERIsh At
Table 6ollA] A& #z] 1 g Widg= AFHAA S0

ufel folE Rl o AFEA Bl Bl FRE
AR Wk 4FEA B80I9} collagenase AHTE
U NSRS g4l Aol 33 wam of 35
27} H% Ewle) 7
il 544, 2%, A, A 59 s A
& A Rajslel FAe] 4% Ul WYL EolFl Auw
A, TRk 2, Ak A A5 Hel ol o
£ b ol o A e sl e 2
3} eje] o] PABKHT ol ATFEEO| A% B
gAA Aos dogitts Aukel AXEHHTH (Paik et al,
1998). ESF, Mojo] AR 2 A AEL] A o A] AAlo]
AsfE AR Al E Lt A9EEE 5 cinnamic aldehyde
FEX= cinnmic acid AE2] AHdE EAJo] Hal o] Q1
(Chanh, 2010) ZE AujAIY Ao A= Ao S AlA|
100 mg kg 'Q] ¥ eraw BAa|n] 75% g kA
EE BYoL) AEH Q] AR, A|FHE YLAE}F SAfo)
aps}] ool whEA] ALl et oalglo] Bt
ool giet. A7) 5E2 A 10 mg ke o 4415 FBol
Nema—1 A|A| (7.0 X 10° cfu g ), Collagenase E3l7 C-9
AR (8.5X10° cfu g ) ZF2F 5000 mg ke 0] HEE E87
2] gt Ait= tiRofA = AR thiA] 713 AASA
ol AZet (Fosthiazate) EZANETF 24 mg kg ' A 2|A] &
g 55. 77T 22 197 = 4] 732 thH] of 84% o]}
e daea s el W2 AnSEE = A
e A|SHE ASAIS glo] AubAlQl AESH] RIAIAI =

9] 7R=AS AABFET (Table 6).
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ErEES o8]t ’\33 WAAZE AEom SAI= AT,
71304 5oke] Eafel Ha) At H o sk Mol Zg
73 WAARA S =T Wt & A7 SOl Hoh &
THAjQl g ANFAE el Sistel ) A
Hjx] Eoko 2 HE] Badt A=A o] Arthrobotrys

Table 5. Chemical properties of soil used for nematicide pot test.

pH EC NO;y-N+NH,"-N Avail. P,Os Exch. K Organic matter
1:5 dS m" mg kg'] mg kg'] cmole kg'l g kg'l
6.6 0.95 150 476 1.53 20
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Table 6. Nematicidal effect on the powder mixture of 4. thaumasia Nema-1, B. subtilis C-9 and cinnamon extract.

Number Treatment Concentration Number of egg mass Length of leaf Weight of root
mg kg'1 ea g'1 cm g
Control Control 0 75.0 + 2.5 112.0 £ 3.5 422 +£ 33
Fosthiazate Fosthiazate 24 55.7 + 4.1 112.0 £ 2.5 21.1 £ 3.5
1 2500 58.0 £ 3.5 104.0 £ 3.9 26.0 +£ 3.2
2 Nema™ 5000 487 + 4.1 105.0 + 3.8 25.6 + 4.0
3 10000 473 + 49 113.7 £ 2.8 249 + 43
4 Nema™ 2500 347 + 4.1 1143 + 4.6 289 + 43
5 (5000 mg kg’l) 5000 323 £ 48 1103 + 49 21.0 £ 48
6 + C9 10000 31.7 £ 4.6 993 + 43 21.0 +£ 4.5
7 2500 372 £ 28 99.7 + 1.8 30.0 +£ 2.6
8 C-9 5000 365 +£ 24 1093 + 14 29.8 £ 2.3
9 10000 3577 £ 3.2 112.7 £ 1.2 296 + 3.8
10 1 10 26.7 £ 3.8 1213 £ 2.2 40.0 + 2.6
Nema
11 a 20 210 £+ 14 1173 + 24 39.5 £ 2.3
(5000 mg kg™)
12 + oo tract 50 143 £ 1.2 109.3 + 3.1 319 + 3.8
innamon ex
13 cinnamon extrac 100 13.0 + 32 100.0 = 3.5 316 + 34
14 10 33.0 £ 2.8 112.5 + 3.8 40.7 £ 2.7
15 . tract 20 220+ 24 100.0 + 3.4 264 £ 29
16 cinnamon extrac 50 210 £ 32 90.0 = 3.8 172 + 32
17 100 19.0 £ 2.2 80.0 + 3.1 17.0 £ 34
18 10 13.0 £ 5.1 130.0 + 2.1 395 £ 1.1
Nema-1, C-9
19 3 20 120 + 43 1143 + 4.8 38.0 + 4.2
(5000 mg kg™)
20 + cinnamon extract 50 6.0 £ 49 106.7 + 4.6 28.7 £ 5.3
21 x 100 5.0 + 42 105.0 + 5.3 270 £ 55

"Data represents the mean + standard deviations of three replications.

thaumasia Nema—13} collagenase?} gelatinases TS
proteaseE YAt AE9Q) XAE B Bacillus subtilis
C-9, 18a AAF At 4Rl AnSEs E8=Y A
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