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ABSTRACT

In order to investigate effects of stacking installation on yield of
Codonopsis lanceolata, different cultivation methods, untreated control(crawling
cultivation: conventional creeping cultivation method), stacking cultivation of
bell type, and stacking cultivation of crossed bell type, were compared from
March through November, 2007. In results, the weight of Codonopsis
lanceolata by the untreated control yielded 687 kg per 10a. The marketable
rates of products higher than 60 g (high quality) and ranging between 30 g
and 60 g (medium quality) were 4.5% and 19%, respectively. In the stacking
cultivation of bell type, utilizing an iron cross-stick, the yield was 846 kg per
10a; the marketable rates of high quality(i.e.,> 60g) and medium quality (i.e.,
> 30g and < 60g) were 8% and 35%, respectively. Lastly, in the stacking
cultivation method of crossed bell type, one iron cross-stick was installed as
like in the stacking cultivation of bell type and then another iron stick was
additionally set up in lengthwise. In the group, the yield was 1,053 kg per
10a with marketable rates of 17% and 37% for high quality and medium
quality products, respectively which is dramatic increase(i.e.,56%) in vyield
compared to that of the untreated control.

In order to effectively control damages from root-knot nematode, often
shown in Codonopsis lanceolata, various control methods were compared:
untreated control(water treated group), typical treatment of farmers, treatment
of Lysobacter enzymogenes(ie., chitin degrading microorganism), and
treatment of commercial fungicide Fosthiazate®. Firstly, 300 g of soil sample
was collected in advance to employ preventive measures. And, numbers of
root—knot nematode were investigated every 30 days after the treatment. In

results, there were 2,422 root-knot nematodes in the control (i.e., water



treated soil) and these numbers were relatively well maintained throughout
the study period; the final numbers of root-knot nematode were 2,138 in the
control group. On the other hand, in the typical treatment of farmers,
root-knot nematode numbers were reduced by 41% (2,452 to 1,440), whilst it
was more dramatic in the treatment of Lysobacter enzymogenes (64%
reduction; 2,512 to 912). Although the treatment of commercial fungicide
Fosthiazate® reduced the root-knot nematode by 28% (2,470 to 1,779), these
effects were less pronounced compared to the other groups, typical treatment

of farmers and treatment of Lysobacter enzymogenes.
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I. 474
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Al BWekA ot dgf o] Atokx g Syt e 28 HEH o]&skdth
Stk 2FFEIe] A= Hemsley(1839)7F Carles®] AEX AFFoZE
Adenophora remotidenss 1% o2 WxsHA 54 S Histdow
B¥x = AFo] F7F HRxHAY (Palibin, 1889 ; Komarov, 1902; Makino,
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7F silen, A& A 71(Ca, Mg, K)= AT FEFA AT

&o| ZmotAlaL low Aujdsrt Aas AGE aAE FAA wekA = B Eol
A% = B ATk 5, 1996).

S4F9 4F0] TAEE RAoZ HIEHJOH(Y,
2005), =& H=ro] gyl e AF HEes ARG Y M. hapla®l A
=89 619%, Tyvlenchus spp.7t 161%, Pralvenchus neglecctus 7.8%,
Ditylenchus citri 51% Helicolylenchus sp. 51% <o % ZAIH. 1 il Y
5, 2009). APAT & FTHFACUY FSHF el AgER ggstA v

Bl oY 2~3d o 3 AF9 A Qo] Fagle]l d=Hoz 10~20%

AR B R SHATS WAty sty W FEE, Bacillus
thuringiensis, Paecilomyces lilacinus, fosthiazateES X3 2
thuringiensis, Paecilomyces Iilacinus®t $HFEES HH9 WolE gAIZ
. Potd@elA FelEAse WmAl &3 Bacllus thuringiensiset:
Paecilomyces lilacinuse -3+ 2., fosthiazate Bt} ol x| = AgFo] o
(4, 2003), chitinase 3t

|3 Wl e g Ay AFY d9 AFe A4S Eelcke a3 AT

(5, 2005).
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Fig. 1. Methods of holding cultivation of Codonopsis lanceolata. A: Control

(Crawl type), B: Triangle type, C: Bell type, D: Bell cross type.
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Ao, AFSHEAA L MAXA G5 F48 103HA A Al et Al
A EAe dis] AEA, EAE, d&5H 5o Aget 72 AP 2712 x
27 m) & & AMARE Y LI WHeE FAAT. A, F7HHEA
2], 1R Ea ] & A, Fosthiazate(@ﬂfﬂi 4709 Ae= kg, kAl oln) |
WO 3Esgth FAYE B 40 LE #FALsY, v oy
Ausrtel A Aol wAE g8 BAHow At At AYE AgaAL

W, WAk 2 kg, At 1.2 kg, 5xN 2 L, vts5 1 kg, 84 3 LE &%
3 & 5 400 Lol s|Asta Bl ekl AEASA ooz 7R v
RBEQ Lysobacter enzymogenes(7tH X 2, ZAbHE 7~1097F o) F(ul b

23 + 27, B 400 Lol 7HXEA® 1 kg, 71918 1 kgB &F)sle] A9
ikl 40 LE I+ Atk Zdzbe] Ald e 79 29 5-E 9¥€30U kA 7Y

AACR 123 Ae|sklrh whd, ko] walgtoln] A WAl F@oR B
SAZ=A 2 52 AFEoF Fosthiazate(5% Y A, AZ6® E3RaE)S okl g

2 FA A wtet 6 kg/l0a7]Eo 2 13] a8t}
Bzl WAl dig Aeads AFsH7] fste] A del EG 500 g
S Agdeitt b7 AHst e AFe] HEE ZAEIAT. A g o 4

S f8l kAAE 5 304wt 7€ 24, 8¢ 15¢, 9¢ 159, 109 159 E
500 g= AMFAsHARL, L T EF 300 goll tal A5 D=E FASAT 4t
S W EA42 dAddicn Ay aeirietel] ogsie] s o, HAF
TeHe 2 e EG 300 g5 Aok ZdTIE o] &3 MFZAuIE A A4
2] (centrifugal sugar floatation) &= AF&3tH a1, AES £33 T 100~200

Mz AAAMAE ol okl MFUEE 2ASRAT AFUEE vhel/EF 300

go 2 RAISHA T
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Fig. 2. Nematode separation and counting methods. A: 500 g soil samples
stores at 15 to 207C, B: plant sample, C: weighting the soil, D: Wash
and clean the roots, E: filtering, F: determine the root infection, G: 24
hours separated, H: root staining, I: plant staining, J: separated by 500
mesh, K: collected by saline solution, L: photomicrograph of

investigate, M: nematodes and eggs, N: Root-knot nematodes.

_14_



v. 23 9 313
1. AFENuuHo] o5t o 2=

t e o] Aufe] AefA A &
HE gstr] s 2 AFES Fddoen, oy xEAM FAHEE 10 ad
637 kgl i, AHEUE AP oz AAg FHAFA A

FHEY 2705 90°ol i (EA et HRo®) wAkste] Mg wAAFA A E] =
tyo 4=o] 1,053 kgl 2 7H% ]
o] tjylo] & o] 159 kg AL =oton 23% AEo ZUEHE UEWT W
APAFAMA G = FA o] vl 366 kgd e FEHROH, 56%HE] THE
g Vel FRAFAN 2 wAA A AT FAE ] tiate] FAA
2 94 zo]Z YehitH(Table 1).

Table 2% tlE o] AFA o] o3k vy o] F&F&S YEllth Yol
7F 60 g o)A AEOR 30 g ol¥olA 60 g VWS TE 18]al 30 g v
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Table 1. Effect of different

cultivation methods on yield Codonopsis lanceolata

Treatment Weight(kg)/10a Relative increment(%)*
Control 637 a” -
Bell type 346 b 23.1
Bell cross type 1,053 ¢ 56.3

¥ Relative increment(%)= [(Yield in treatment - Yield in control) / Yield in

control] x 100.

Y Means followed by a common letter in a colum are not significantly

different at the 5% level by DMRT.

_17_



Table 2. Effect of different cultivation methods on quality and weight of the

roots of Codonopsis lanceolata

>60g 30~60g <30g
Treatment
kg/10a % kg/10a % kg/10a %
Control 30.9 45 a” 1305 19.0a 5256 765a
Bell type 67.7 80b 2961 350Db 4822 570 ab
Bell crossed type 1790 170c 3896 370b 4344 460D

¥ Means followed by a common letter in a colum are not significantly

different at the 5% level by DMRT.
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gy Aujr] EAsks Sl ek e ol &G Al e
ATst7] fE A= 20061 ) S Fel ok Har HAPT v Y Al
2 AdEsglen, 2007d 79 2 AFLEE 2ASIAEHY B¢ 300 g7 e
AFol 2472 + 51wt 2 BR7t #& At AR B dFe] 2xe o
Yol Al Fde g7t dAstE FEolar, AlF T dEE 77 Al Aol

) xZ=4Fo] vreERLFaL 9l tH(personal observation). i @b Hili(1986)8 S=Ht
o] £87] AFo WIZHE Wrrt 10007He]/ES 300 g o] AolH Ao 9
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delol A wAE Esael 4% Wl oF Aow Az

FA48, w7t erA, el RS A E, Al #FF Fosthiazates 242 A &
12ke] WAl g 3ol e £ AFUEES E4QY 159)s9 8y, F 2ol A
= B9 300 gF M=ol 2942vt8]l 2 ZALE o Tt A oA 213471,
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g gk gy A el A 20020k 7F ZAE AT FAEE Ao 2RV S
U, s7raa e, 719 e el 2 Fosthiazate® 2] 124 Al $ 7243819
ok A el HlE] frolH o Aozt Ao, wrtHA A, 1 H R A EA
2] @ Fosthiazate®d 2]l Al A7t &3 w89 tHTable 3). 234 #4194
15l A FH = AFe] 30870e]l 2 HA dmrt Z7hgloy, Frhad Al
A 1,9420HE], ZlE RS A E A ol 1,752v ], Al F Fosthiazate?] 2] &=
1,836uE] 7} ZAMEQlom 13k ZAlel ] MFel WEVF stk AE A
of ZAbE MZEo] W] HlE) @A E]E 20.8%, Fosthiazate®H 2] & 25.7%
AE Aagon, 7R EH 7t 30.3%0] st AFe @A o
a 7Hd aHAeldnh. we RPN AEA s A, FrrdgAy 2
Fosthiazate®# &l Bt} tg o] A§Awrt Wk A5 24¢1ed 5= glvh(Table 33
Fig. 3). FAgel #Ha sr7taadAe, 7" AEAe 2 AT

Fosthiazate*] 2]= #2] &5 WAl dis] aazojlem F4 Aol7b 3l
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Table 3. Effect of different treatments on the control of root-knot nematodes

(nematode numbers are per 300 g of soil) in the field of Codonopsis

lanceolata
Date investigated
Treatment
Jun. 2 Aug. 15 Sep. 15 Oct. 15
Control 2422 a¥ 2942 a 3087 a 2,138 a
Traditional treatment 2,452 a 2,134 b 1,942 b 1,440 ¢
Chitinase producing
) 2512 a 1,892 b 1,752 cd 912 d
bacteria
Fosthiazate® 2,470 a 2,002 b 1,836 bc 1,779 b

¥ Means followed by a common letter in a colum are not significantly

different at the 5% level by DMRT.
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Fig. 3. Treatments for control of the root-knot nematode on packaging-—
cultivated Codonopsis lanceolata. A: Control, B: Typical treatment of
farmers, C: Treatment of Lysobacter enzymogeneschitin (chitin

degrading microorganism), D: Treatment of commercial fungicide

Fosthiazate®.
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Fig. 4. Damage symptoms caused by root-knot nematode on the roots of
Codonopsis lanceolata. A: One Year Old roots of Codonopsis

lanceolata, B: Three Years Old roots of Codonopsis lanceolata.
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FAul el FAA AASaL HAAF FAFAA FHEY ME dHoR
wzpste] A Ao g F4aS 1,053 kg/l0a, 60 g ©] 4 Eo] 17%, 30 g ©]
& 60 g wEke] F¥Eo] 37%=E FAE ] HlE| 56% TETW &IE UERWUTH

gy AujA B E = R SAF s e er WAt f8 FA ),
Fr7taa A, AR n WL Lysobacter enzymogenes® elol] o] A &EZA,
oko] mlmToln WA FHo® A TEoF Fosthiazate®S s
d7e B 300 g& AldA, AEF 30dvitt AFFE 2AEIIE Y, AE A9
T BEGHY 4 d22rkE] o, AlE7IE Fe H=d eSS B
AAden § 2138vH At st A= 2452vteldl A Al kw5 14407
2|2 41%017d Fasar, IR Es v A=A e 2512004 912vte 2 e s
Zo] 64%0) AAEA FAsrh wd, A #E ¢k Fosthiazate®S 2 #3814 Hl
Y 24700014 1,779t &2 A ] "R 28% Ao, wrddAE 9 7
ISR e R R S R R R ] R T i e

_24_



Hara, H. 1952. Enumeratio Spermatophytarum Japonicarum. Pars secunda.
Iwanami Shoten, Tokyo.

Hemsley, W. B. 1889. Campanulaceae. J. Linn. Soc., Bot. 26: 2~14.

Kitagawa, M. 1935. Species generis Adenophorae Australes and Jeholenses.
Rep. First Sci. Exped. Manchoukuo Sect. 4, 2: 106~115.

Kitagawa, M. 1939. Lineamenta Florae Manshuricae. Strau and Cramer,
Hirschberg.

Kitamura, S. 1936. notes on some Adenophora of Japan. Acta Phytotax.
Geobot. 5: 204~210.

Kitamura, S. 1941 On Adenophora triphylla DC. Acta Phytotax. Gaobot. 10:
305~311.

Komarov, V. L. 1902. Flora Manshuriae. I. Trudy Imp. S. - Peterburgsk. Bot.
Sada 20: 204 ~220.

Nakai, T. 1909. Plantae novae Asiaticae. Bot. Mag(Tokyo) 23: 185~192.

Nakai, T. 1911. Flora Koreana. Pars secunda. J. Coll. Sci, Imp. Univ. Tokyo
31: 1~573.

Nakai, T. 1915. Plantae novae Japonicae et Koreanae IV. Bot. Mag. (Tokyo)
29: 1~13.

Nakai, T. 1921. Notulae ad plantas Japoniae et Koreae XXV. Bot. Mag.
(Tokyo) 35: 139~153.

Nakai, T. 1944. Notulae ad plantas Asiae orientalis XXXI. J. Jap. Bot. 20: 18

5~191.
Nakai, T. 1952. A synoptical sketch of Korean Flora. Bull. Nati. Sci. Mus. 31:
1~152.

Philipson, W. R. 1953. The relationships of the Compositae, particularly as

_25_



illustrated by the morphology of the inflorescence in the Rubiales and
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