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Biolog

ical Control of the Northern Root-Knot Nematode, Meloidogyne hapla

in the Fields of Codonopsis lanceolata
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ABSTRACT : This study was conducted to develop optimal control tactics of the northern root-knot
nematode, Meloidogyne hapla, using cultural method and biological agents {Bacillus thuringiensis
(Bt), Paecilomyces lilacinus and plant extract (Huhjuni)} in the fields of Codonopsis lanceolata.
Germination of C. lanceolata was susceptible to fosthiazate, but not to Bt or a plant extract. In pot
assay, the inhibitory effect of two microbial agents, Bt and Paecilomyces lilacinus, on M. hapla were
significant, but less than that of fosthiazate. The plant extract also had significantly inhibitory effect on
M. hapla. In field assay, treatments of P. lilacinus and fosthiazate resulted in maximal yields and
qualities of C. lanceolata. The effect of the plant extract on the yields of C. lanceolata was also better
than no treatment. The nematode-occurring condition of the fields before transplanting had significant
effect on development of C. lanceolata; nematode-occurring field type gave less yields than nematode-
free field type. These results suggest that a cultural control technique using paddy field, microbial
pesticides using Bt or P. lilacinus, and the plant extract are the promising control tactics against M.
hapla in C. lanceolata fields. As a field manual to decrease economical damage of C. lanceolata due
to M. hapla, this study suggests that C. lanceolata can be cultured directly in paddy field or in upland
field after nematode control using microbial agents or the plant extract.

KEY WORDS : Biocontrol, Medicinal plant, Plant extract, Cultural control

£ & : A9Y(Codonopsis lanceolata) ARl A F¥e] S 30) A2 YANE TER
A AARE gt A FoEe]| SR A Al AR WA= Bacillus thuringiensis,
Paecilomyces lilacinus, fosthiazate, SFFA| FZ5) F vig9] oS A7) 7L Bt} 3HekA)
FEEINT dAIA7) = A2 fosthiazate o} Poto| A Rl EA] o3t Fope] S5 =
A= Bt} Paecilomyces lilacinus 25 -$-5-8}9] 21} fosthiazate Rrh= HolXj= 73ko) gt} =3}
oH| F2E % v &30t Sgdledvh =AM = Paecilomyces lilacinus2t fosthiazate 2]
A Sdagel b skon] a3 oule] FAE Y stk Rl aEEE FA B8
o el 2 Zoe] 3k 2ol B ENE BAANA 71 HEE o)A Aol HAAe
X 7191 oA el lskel 2 Z7bgo] Axsech
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e19(Codonopsis lanceolata)S- #2FE3HCampanu-
laceae)e] thdAl ©ZF % © 3 A(Yoo, 1989) ¥z
<+ saponin, inulin, phytoderin, leoithin, pentosane, vita-
min B, B,, &35, 2 gl AE8A5 5o AR
o] fso] el(Lee, 1984) oF& P Algog 2gl
HLee, 1981). A A = F3] Z7sta Qe 34
2 1988 2E 19933717 61 d4aA 10919 o]
o] oFgxju] A& x}x]str g)vh(Park and Lim,
1994). 19999 3z A o7 527757 A
< Aist g, 7l e el 128652
7 weor AQuA e =7} 4708 haz 7}
A} gl(Cho, personal communication).

obd HEE Aust el ot el oHe

7% gelgEel FAAST ot} el At A
ol o5y At o4 2 oFlAE ¥4 F(Kim,

1985; Park er al, 1985; Lee et al., 1996a; Woo, 1997;
Kang er al., 1997a,b)el] X]-x W&l &l A3t AF7E
& wge Aelct e vlwa Walze) wAol
-8 zHEo]x[RKKim and Shin, 1992), &2 s|Z=o=
golfsh Adm, FolF Fol LA ox
(Kim, 1993), A E7|FF0] HA3t] T35 Fx2
oHPark ef al., 1992; Chung and Han, 2003). o] & %
E3) e EME(Meloidogyne hapla)®] A=}
&7} A8t #Holtk(Park er al., 1992; Jung and Han,
2003; Jung et al., unpublished data).

Park ef al. (1998)-& 117} <}z2 thalog 7| Asl=
W Z M2 zAbsle] wrmz]Ei3e] 43.3%9)
A3} Aol A Eobn HHem, w3 Park
etal. (19992 B2 E3AF] AF d=r] &5
= o} BFne) Fele 2sksked 10,0000k 2]

2ol 5, del, 727 2 3 vz g
Pot Aol el FAZe o 27 Ae
A A ZHJung et al., unpublished data).

ol el o Hafe] Abgelw 27
3, kg2 A Fobrbgol A ol7] W
ol BAdes Mg e BAwEe AR
L‘l‘7]' a«u—_sl":]“

Mot 2 A7E feidele] Fo ohedEe) o
Jal g9 Dae 21 s Gowelsazl)
A AR QAT 5T A BB 7S
) wEe) A A PANE Foltd lels

24 4455

'Ol'm:ﬂ‘:'
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JERT

1. gEH|H|

Spe 542 A 714
A AFQl Paecilomyces lilacinus, AT Bacillus
thuringiensis (Bt)¢} 3hekA) ZZEolgjow =z oF
A2 fosthiazate YAE A5 Fopols T35}
o] &3}dv}. P. lilacinus= T H}o| L AFANAV =
AT A Al 2A)olM S48 FF2A peat-
moss£} W7]-g, soybean flour 5-& vjokd oz nljoks}
o 10° spore/g o @ ZA|A|A °“X4]3§_.i e s
|-t} Bty Z2uje] e (A FA T o] 2%
AN A ol AFEHoR Z‘“'ﬁ‘i}‘}‘]ﬂ 2
< o83t} Al FEFE(Huhjuni)2 AL F
Us= st nleh AL (2, D7, BlE, A7)
MR bR, A 0 o)E, 715 Feo] HoE v
a4 Eivlagr e AEHez (AT
A 273 A AHE BHe] 2ol AE
FA7] AL o] 83eh AL mwlEe] 3 Fo
ANZF B4 v = 933 ¥l glvk(Lee,
unpublished data).

] Al&o) o]-2-31 v}

5

2. M5 LART oY Yotof| o[X= HE

1) 7| Zot AlE

=7 8.5cm petri-dishS o]-83}o] AL =335}y
t}. 7+ petri-disholl:= ] 7}x](Whatman, #2)2 2ol 10
27 JAAZ H, 14 g Yot 223 A
M He] 1082F AAAZ] By A S0PA & o7}
Z] $)oll ¥, petri-dish mvgg ge oo Azxs v
2&7] 3ted wdel] % F 25°C g&7]e] FHA
W ol §-F5 15U7HA] ZAMSIAS. & 1] fos-
thiazate’:= 2 g (A3} 4g (W), Bt 10g (4
P 20g (), FAFEES 2ml (BAH) 4
ml (EH S M3 709 Xz 4ubE adepy
o2 wiA)Ehs e

2) EY T Wot MY

FH(hole)2] =7]7} A7 Scm, Z o] 15cmel A€
2F 507 tray potol] A APE $3slgdct. €9 1g
3 e Eagel vk AR AYST Qe =
oK pH=6.9, &7 &3az=1.45%, 8&A=70.12
mg/kg, X3A Ze] =0.21 cmol/kg, AAFERA 4 =12.59
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ngke)e 7t Foll 27¢g4 Y Y1, 23R A5
glodct. A2 o o2 © F-#]2), @ fosthiazate 0.012
g, ® Bt 0.148 mg, @ Huhjuni 3.9 ul, ® Ar#3t EoF
(F2ReFAF] de E%hez o d¢ F
BAAE MEsta, A= A4 sH71sAlEq R
o A2 A= 5 oY FAE 134 3o
107H94 hole& &F ¥hs-o 7 4uls siolom T2
F ZzE WA st FAES 15U g
T%i g 8 Hel= Y "ol ot E@apla
Fpdteict 3 25 F FApe] els 2ALSIAH

:9

3. gome|EHE Wil A

Ol
0

1) 0| E WHHel g2t

(1) Pot A ¥

27 21.5cem, 7o) 25cme] ZghAE 3ES o4
ol AEE +ARAE AFATR BE 5Pl
Ao A9} FUI WES s TkeH ¥ A
HI= @ Fxg), @ P. lilacinus 10° cfu 49 ml, @ P.
lilacinus 10° cfu 49 ml, @ Bt 0.2 g, ® fosthiazate 0.3 g
275 FHuk 7 fosthiazate: =FER A2)ebd
I, Bt} P. lilacinus= FAFA st =), FXg] 4=
E7F 200ml Az X2l F zb shtell elEAd
%9 LA o] gl =ESFIA AuEE < 3.4gu 2]
14T ol 434 o4 shaich S2e] Game) sy
% W=t oF 6370lEl/3Eel . oA & 7 3HE
E 200mlA& Frlz Abxsiglow, 2psate] Al
-2 el FHA s ol F A Az
WAE Slsked B 9o FHLE 17U Do
om o % Bt B el Forsieh BT
= 2Fapo) 12} AMEle) At vhio g 8FA7A] 5
3 BAAE At e 90Y F B W 2
p A vHo 3 PEISLE AN
o ZF AEdz 12709 FES shddeuiAon
WA 5.

Q) =& A

UAEAe £ AZe AT T AP 47T
g 34 sl FRaT e Al 9
& Asel gTwelTAZ) PAT Loz By

Auigel] sty Alw] P FestHAM ARE £33}
Aot 1.2mx0.6m A7 E AFFS AAT &= O F
2], @ P. lilacinus 10° cfu 600 ml, @ P. lilacinus 10°
cfu 600 ml, @ Bt 3.5 g, ® fosthiazate 6 ¢ -2 2|3}

9Jt}. Fosthiazate:= Eok23} xj=lsl, Bt P. lilac-
inuste [FA A, FA BT B9 600 ml A
23lgc) 7)ol A EE 92 v, 7tz NE 7
Z+ 10cm 7o g 2 & | ¥ gima3zdE
T2l A 13 d2E Ak of 349l BHE 7 F
T 12854 o| At BtA gl 25wt 13} A
2o} U Yoz 8FAA] WAAE AEldhs]
o AP 3‘:&—‘—"1—_1 slodom, AJRF Aol
E 0.5mA Abe]& =Rl o)A & g9 tiFe] 3
A 4 A 2m ¥eld] AFE AAE A, v
FH Soll AIE H3led ol FA|AERN] HAbp3ta o}
AL S ARF oz Az o]2] 90d
Fof| 7} FollM 552 vy AF e peESE
ZAI o, 5d XA ERE AF sl Aed
yow M Ues zARINCh =3 o4 45 £
o 2059 BYFH g 2ABIA L, 180U F 7 A
Tz 2059 HHe AFst AFU= zAb) B
o], FAE A S

2) StefN| 29| 21t

(1) A spf e A] e 343 wkA|

T4 27178 A7 Scm, FHe] 15eme] XE|2E
S0 tray potellA] A¥EE st AFEYS &
% F delA Y Bk o] 48le] 7 ol 274 A
27 232 Ao AEe O 5Y 7137
2ok @ vl 717 A] ®oF+fosthiazate 0.012 g, @ ©
o 7]742) ®%+Bt0.148mg, @ T 7)7AA] Eok+
ZhefA] F2E 39;11 ® Hd 7147 @& 135g+t1
9 oA =F 1358 ® H9 "AEA =5, @Tﬂ‘*
] 73 A ‘%}i—i sleh Z4Ahe M2d F Y=

A Fd71eAERIA o 2 Al 8% Ei
9 228 37 A st el AR )
£27 ). 107114 hole & wWl2oz 4ul2oz

Wxstglon] she £ Tl WAL Hotel] u]x]
9% 499 F9T PHeL AU HE 0
F 9% Zols zAgon 1509 F el FAs}
mel 7o) Ao

(2) A Ad

gobd 22 Ede] AT AP A A7
AR s N ST, 228 o 32

T, 22, 9 5 Awske] FEEre| A5 0
o] A5k wbelgie}. @ fosthiazate &) 746 g/T),
@ Btx 2] 7(0.826 g/ ), @ A =Z2E A7
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ml/F). @ FAHYF(HE2F2A BT 1I/F AxE),
® fosthiazate %76 g/7), ® Bt 2] 7(0.826 g/+),
@ BeHl F2E AYFQmIT), @FH HA=T
2A BT LT AX)e] A7 FIReE AFel 7}
99 s 2dEA e HHE o4T e A
Y% Ix1ma7]e] AYTel By 3utRoz wx
siek A2l % 7 ol A we vEe 9
o 7)ol A2} Aol FAS Re)EE 2N o
Ye 7 o 1074 ojAlsn Zo Fole udTHE
ol F5h )T AbelE 50cm AL §A3h%0,
o4 F iule] GEel T AR 4 A Im el
AFe AANYT 79 300 AR Lol Al
S15ked olFAIAE 2l I bEAl o} H]H AT SEA
£ AAFen Azsch BHTE 250 17
Ae)s} UG Yoz 8FA7A 5Ho) AH uHA
Ag AsiH 1909 F 2 A2l TER e A
sl Wl holsh Rl 7A % pelE YA 22 =

Abstedet

4. A2

Fee| A% PAAPe] ZAF: Student-New-
man-Keul test2 RAMEMSled A7) Y7} x}o] & H]
walgl o, FEme] 22 WA A 7E oY dholel w
A odgke] wholg-2 arcsin&3le] FAREA A=
d)(SAS Institute, 1986), A= WAL X2 =7
3wt

z

1. X2 UHix7} cjee) wolo) o)X= A&

=

I A WAl o] 435 WA o] vy
ofell M) AL dolwr] ¢35} petri-dishol A
9 FApteldg AN A Fig. 19 2+ =
7] ulo}g-& B Ay} a2)e}l vjLstgont 79
Al BtAlg} gefA] 28 AAF Aellxe] H
olg-o] xjg]Fo HlEle] E9lI(df=6,21; F=7.09;
P=0.0003), 11 4Rl = FA3 S BAHAf =6,
21; F=9.70; P=0.0001).

2)
<&

tm

oF wot Alg

22| 50% wWAle] ol 43 WA To) He %

rld
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100

—= Untreated

~—&—- Bt(R)

80 if -o— Bu(D)

—&— Plant cxtract (R) -

60 1 = Plant extract (D) =t —
—e— Fosthiazate (R) 5 A

—0— Fosthiazate (D)}

40

Cumulative germination (%)

Days after treatment

Fig. 1. Effect of nematode control agents on the germination of
Codonopsis lanceolata in petri-dish at 25°C, where the seeds were
soaked in each agent for 10 minutes. R: recommended dose, D:
double recommended dose.

ab

% germination

Untreated Bt Plant extract Fosthiazate No nematode

Treatment
Fig. 2. Effect of different nematode control agents on the germi-
nation of Codonopsis lanceolata in pot for 30 days after treat-
ment. Filled bar; Used the soils with root-knot nematode, while
open bar used the soil without root-knot nematode, Meloidogyne

hapla. Different letters above mean bars are significantly different
at a=0.05 (S-N-K test).

ofel] H|X|= °JFE Uolr 7] fI3}e] potoll A WolE
% =418 A= Fig. 29} 29k0Hdf =4, 15; F=4.08;
0196). Pot Age M= 7]ujite} Algelx 9} n)
5t ko2 ghopA| FEEL ol A3l 2lo] ¢
o2 velytor} Bto] A4 oAl &axrl 9l

7o
o

~
il

o
14

A) 5-634 L Mt T 2oL Foz AL
A A & Aoz A4,

|

]_
A
Aoz ViRt T8 Qi SrlAE oE 5
l
:;]

feoobt et e

1) 0|4 E Mo 22t

(1) Pot A1 ¥

132 o= o] ApuiR|oM FIHFHF WA
£ 93t W AEAES AT FlME S 27
CHAA 2] 909 F) FA2| el wlste TS
AFe =7 ¥R Fasdopdi =4, 10; F=
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20000

15000 |

10000 F

No. of M. hapla

5000+

Untreated P107S P10%6 Bt F

Gall index

Untreated P1075 P107%6 Bt F

Fig. 3. Effect of control agents on Meloidogyne hapla (A) and
root gall index (B) of Codonopsis lanceolata in pot at 90 days
after treatment. P1075: Paecilomyces lilacinus (10° cfu), P1076:
Paecilomyces lilacinus (10° cfu), Bt: Bacillus thuringiensis (0.148
mg), F: fosthiazate (0.3 g). Gall index: 1: less than 10 galls, 2: bet-
ween 10 and 50 galls, 3: between 50 and 100 galls, 4: more than
100 galls/plant. Different letters above mean bars are significantly
different at .=0.05 (S-N-K test).

8
~ 0 ab
N b ab
5
T 4r
E
]
=]
=
0 s & . . L
Untreated P107~S P1076 Bt F

Fig. 4. Effect of different control agents against Meloidogyne
hapla on root growth of Codonopsis lanceolata in pot at 90 days
after treatment. P1075: Paecilomyces lilacinus (10° cfu), P10%6:
Paecilomyces lilacinus (10° cfu), Bt: Bacillus thuringiensis (0.148
mg), F: fosthiazate (0.3 g). Different letters above mean bars are
significantly different at oo =0.05 (S-N-K test).

10.23; P=0.0015) (Fig. 3A).

WA A S ZFol|A] fosthiazate A2 78] A% d=r}
7}AF el ow BiA|vy Paecilomyces lilacinus %2 +&
vl Hes nyu g JA4d RYE 0
AlA X2 g FAFel vt [l Fo)4
2 gledekdf=4, 10; F=3.3; P=0.0572) (Fig. 3B).

e e] B TAE Fxj el vlste] WAA] 22
Foll A wekort fosthiazate 2] o] el f-2]4d o

12+
ab ab
b T
9_
=
=
80 6)
L)
=
3
& 37

Untreated P1075 P1076 Bt

Fig. 5. Effect of different control agents against Meloidogyne
hapla on root growth of Codonopsis lanceolata in pot at 150 days
after treatment. P1075: Paecilomyces lilacinus (10° cfu), P1076;
Paecilomyces lilacinus (10° cfu), Bt: Bacillus thuringiensis (0.148
mg), F: fosthiazate (0.3 g). Different letters above mean bars are
significantly different at oe=0.05 (S-N-K test).

Root weight (g)
S

Untreated P1075 P1076 Bt F

Fig. 6. Effect of different control agents against Meloidogyne
hapla on root growth of Codonopsis lanceolata in pot at 180 days
after treatment. P1075: Paecilomyces lilacinus (10° cfu), P1076:
Paecilomyces lilacinus (10° cfu), Bt: Bacillus thuringiensis (3.5 g),
F: fosthiazate (6 g). Different letters above mean bars are signifi-
cantly different at o=0.05 (S-N-K test).

asdeHdf =4, 10; F=25.86; P=0.0001) (Fig. 4).

A A Z2] 150 (A 37 = oy ] e
FAS 2AE 23 A{ 279 FARE A B9l
t}. &, fosthiazate 2] ARt FA 2|72} FA2] 2o
£ vyor o2 uAE Xzl xbel7) gl
(df=4, 10; F=22.92; P=0.0082) (Fig. 5).

@ 27 4

Gomel 3% WAE 9T e sde @
o] $iste] AN Y A3} 287 G2
ko] xlo]& HYvHdf =4, 10; F=4.54; P=0.0238)
(Fig. 6). 4] vjHe] ¢ FA7} 12.8go]sier
8] 38}e] fosthiazate ] 2] Fol| A= FHF 16.6 go]glom
Paecilomyces lilacinus 10° cfu 2@ F-j = HF 159
go =z zol7b U =3 £3E vy Ee FAE
&S ZAFSE A fosthiazate X2Vt Paecilomyces
lilacinus 10%cfu Aol A 10g o)3te] zh2 v e] u)
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g 40 &
3 2 20
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& 20 . &
0 * . Untreated Plant extract Fosthiazate
Untreated P1075 P1076 Bt Fosthiazate
Fig. 7. Quality assessment by root weight of Codonopsis lanceola-
ta according to different control agents against Meloidogyne hapla. 80
The plants were grown in the field for 180 days. _ | B
= a
-§°60 » 2 ab
= b
A a g
7 < ) 40r
a6
ED 5k bed % 20t
g 4 R
'g 2
x 3 Untreated Bt Plant extract Fosthiazate
1
0

Pesticidés None

Mh — +
P/U P U
14 a
12 Ba X
5 10 b
= [
5 8 : ¢
5 6
g 4
=4
2
.0
Pesticides; None | None F Bt PE None | None
Mh - - + + + + +
P/U P U U U U 8] U

Fig. 8. Effect of different control techniques on root weight (A)
and length (B) of Codonopsis lanceolata in pot at 180 days after
treatment. Pesticides include ‘F’ (fosthiazate), ‘Bt’ (Bacillus thu-
ringiensis), and ‘PE’ (plant extract). ‘Mh’ represents Meloidogyne
hapla free (—) or occurring (+). ‘P/U’ indicate paddy/upland,
respectively. Different letters above mean bars are significantly
different at oe=0.05 (S-N-K test).

o] 20% o|5t= 71 YA Bxdle] AFEA ] 2L
HlwH Z o9 vjgo] w3hekFig. 7).

4% A
stz dgel Bg 7 u&xﬂxﬂ~4 e e
HHA) EHE dotw) S1sked tray potel ] AL 4

Y3 A} ojge] pe]RA(df =6, 171; F=13.69; P

Fig. 9. Effect of Meloidogyne hapla control agents on increased
root weight of Codonopsis lanceolata in the field for 150 days
after treatment according to soil condition before transplanting:
nematode free soil (A) and nematode-occurring soil (B). Different
letters above the mean bars indicate significant difference at o =
0.05 (S-N-K test).

0.0001) (Fig. 8AY} ZAol(df =6, 171; F=23.52; P=
0.0001) (Fig. 8B):= 2| 7tell x}o]E Ry} &, B
FAE 99 v|7AA ¥ 2F Aol 7 FAYL
o 713A BF ARE FelAe T F2E A
7t B FA9 ok 22 Akl

) 24 A%

A 52 TR EAE A &2dE Y
ZAAAM AYF A= Fig. 97 2ok +84 oY
9] el A F7He AAAe} vindt A wHAA
= (Aol BBl X F(B)AM HWH o=
15% W9 Zrlslgsd AAAQ] oy el ma]s
A% w7 H9E AAEGS d7F 29 oHE 4
ANeE Wue fpstarRe] 3 vd oY
A1) g7 df=3, 8; F=1.58; P=0.2675, B8] 543
7+ oY AlA A e)F: df=3, 8; F=7.73; P=0.0095).
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3+ o] m(Choi and Park, 1991), &¥} AR|AE% oF4
o2 AR 2Bl wobe olgshod dE Bu
ARE AR ek T2, FEpel T FS P
Az wAslE A = o} FAo 2
8F-& u) X 1(Jung ef al., unpublished data), o= A=
%7} 259 ez AUt gebd, & dFIAE
dul A¥|AES] okl Higk $2E EBAATFIHEA
dzel 3 9 TlE EY 5 e FHHL
e 27 A5t H AR nAET A FEE
& olga A m3te PEss

A% A kAol #A3E A= 1990 3
2315} ot Ao AT AFEAL AF B
BAF s A AAL AL 877 SHEEA R
#315)7] A 25k9328(Cho, 2001) $elrfelel A 13
o] AEA uhAle] #3 Q7= 19909 2RE 7+
Mog olfolxT glort ok xuAMel HFolch
AZ WAl 4 7sA sle RAEES Hekstd
% F P lilacinuse= 1980 Peruo A 28 273}
of W] EZMFo)| &I o|HAM %, At YA FHE
717 2H(Jatala, 1980) B4 H 0 2 dF= o}

Al A FE2E =5 A F52E 52 o435 &)
ZalAoll 3 o] dF= Kweon ef al (1994)0]
AFgpelt SlAds Y 43Re A7
v} Q13, Yang et al. (1996)0] QIAFE B2]3 A3 Hixl|
E A3l 2689 AlEA FE2EY AMF FAHE A
28k v} Qlot. Kim er al. (1998)2 whp=k 3283} A
o, AV, U, <kt 320 E Eukse] A
S5kl FERel AT ABH PA PR A
2 v} glek

ol o] &3} HAA|S F fosthiazate$) Bt ulSF
AEE ZWdolellA w8 elE A AA|7] 3, o}

& AAIFHS. 23 BokF HelAl Yol et
go) Tk Welx e Shdort AT Aol
ARt Ziitol Aol A= WA A ol ol A ohE
AA AR ST dEe 2280 o & px v
Aol x=ZF ol ol zo]g HYE Hom A
e e ek 22E A2 4S5 Auel A
Fol )5 27] o} wele shelx wolgol
o EE GopAlgelA] Wolgol FAeel ulshed
okt Qeb 2289 FHRE Polohe @
A7k Eolglidl e AUF e ozt 4
E AS 3 A8 ol Aoz dEA sivk(Lee,
unpublished data). welx] A3k} oj8|3t d& = 13}
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