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3}7] [Astragalus membranaceus (Fisch.) Bungel= 33}
(Leguminosae) 2H&ol] &3h= of 2fafl4to]
A25FF0] FIEIL wellbeingol] ek #4lo] F7stHAl oF

e B A4 o e
ha Auj =&l Ao
(MAFRA, 2020). ©]+= 323}
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ABSTRACT

Background: Roots of Astragalus membranaceus (Fisch.) Bunge have medicinal uses. This study
was conducted to select promising succeeding crops by planting 10 different kinds of medicinal
crops such as balloon flower on continuously cropped and firstly cropped land, for comparing and
investigating the yields of each crop.

Methods and Results: For the yield evaluation of 10 kinds of medicinal crops in continuously
cropped land and firstly cropped land, test field located in Songhak-myeon, Jecheon-si, Chungc-
heongbuk-do was selected. In order to maintain the cultivated area for medicinal crops while
avoiding the injury by continuous cropping, 10 kinds of candidate crops those can be harvested in
that same year with a high domestic cultivation area were planted for selecting promising succeed-
ing crops of Astragalus membranaceus (Fisch.) Bunge. The yield was evaluated at the optimal har-
vest time of the crops. The yield of Peucedanum japonicum Thunberg and Platycodon grandiflorum
A. De Candolle in the continuously cropped land was significantly higher than in the firstly
cropped land.

Conclusions: These results may help enhance the understanding of the selection of promising
medicinal crops in continuously cropped land and to establish countermeasures for injury by con-
tinuous cropping research.

Key Words: Astragalus membranaceus (Fisch.), Candidate Crop, Injury by Continuous Cropping,
Production Mass, Succeeding Cropping
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3, pHel E8)439] ofs}, nAEde] Hsl B W] 3
A, 54 B4 42 Aot (Zhang er
al., 2007).

Az E dOo7|= 80 vl EEA Uk <14t
Axpsl] S B Wdsto] ofgk AJESHA] 82l (Rahman
and Punja, 2005; Kang et al., 2007), =3 &=
(allelochemicals)ell ©J3f Aol A== 318H4 292l (Lee
et al., 2018; Li et al, 2018), 7L2|2L EF 0|3}ty <30
e FE F A 2 Al e I e I, A
Q291 Zo] H#HA3IT} (Lee ef al., 1989).

o]} o] AzPgele] wgle] WalFT o= 1 Anto] opd
EoHAQl EFaRlo® tFH™A 35 (Hwang ef al,
2010), EOHE (Jung ef al, 2015), A7 (ung ef al, 2015),
T (Kim et al, 2013) 59 &3} <14t (Kang et al,
2007; Lee et al, 2018), 2tk (Park er al., 2011)3 722
oREAREAME AzPgsle] A1S Wela FaElE AEAI77]
fAek Wbs skl fla A% Aol e EF olslehg
7 mAER EA O gk A7 18 Folnt

Qe BEN-EY (Cylindrocarpon destructans) -2 213
A&po] ol thEAS A=olH (Cho er al, 1995;
Rahman and Punja, 2005), 221 Aujrle} 2] W2 F=

T
o8 AR SEI7E A o AL A SolEUT

5ol
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et al, 2005), Z+#F (Song and Kang, 2000), 3] H]=]
(Ryoo, 2005) Tolx &€ w} Qo wEsh oFg2HE =oF
(Park et al, 2011), B (Alami er al., 2020) oA A=
sfje} TS EF microflorad] W3} A7} AP At
Azl B9 201E= s Ay wiE Az
FAE AAXCE UAEle 7|E2 A& AT otk 244

A7 AujAeN Age] B} ol 2HS BT AT
(Kim er al, 2020) 5 °F&#Ee] A% 7Pse A2 9l
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o

To=
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1. A

3Y7] [4. membranaceus (Fisch.) Bunge] T-2HA|9} ZZA]
N9 A (A7) F kAR 10 FO) 7% F71E 918}
of T5 ARA FH A ZAE AT (Fig. 1). &
7] FHA e dFslE 39eh] 28l 2 m ol HEE
AAE 3 7dz) <184, sultt B2 Ap)E Eooln, 2
A T2 9 g NES & 255 AulstA] o

= Ego= AdAsilt

koe)
2=

Fig. 1. Ten candidate medicinal crops. (A); P japonicum, (B); R grandiflorum, (C); C. lanceolata, (D); R. glutinosa, (E); C. obtusifolia, (F);
A. princeps, (G); C. lacryma-jobi, (H); C. tinctorius, (I); R lactiflora, ()); C. officinale.
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0|28 -48Y - 48T - Olak7 - 5RE=s - SRl - RS
2. EU slobd 2AM SlZe 15 cm, £ 30 em, X, A2, Zeke 20 cm 744
7] AA e} 2ZAqAM ] =2K] (A7) T 10 T <F o2 AL 7] F2R| 9} 23Rl FHE 10 T Y
S2HE A A B S w2 EYseiA Yl sHAl A2lslelon, S vd T8-S o]gste] WA,
=ste] AT (NIAST, 2010). gele] wizket gy} g2 WAl vjd 938 o]8sknt
EY pHE 18 EYS AEE SH59 1:5 082 84 Fado® At vye] 49 A A APl s

atod 30 i X F pH HHE SAALL, A EEE F
A3 e HAXE §F EC vHE g /7=
2o Walkley-Black HOo 2 74313 (Walkley and Black,
1934), a4 kS Lancastdol we} EF A F9} I-
amino-2-naphtol-4-sulfanic acidE &33ste] WAAIZ] & H|A
Al (UV/VIS spectrometer Lambda 35, PerkinElmer Inc.,
MA, USAYE AHE-3] 720 oM =S =74, B35
ok X3 ol TS 1 N-NH,0ACCE HE § EY
2 K, Ca®t, Mg¥, Na'E =432zl 7] (ICP-
MS, Agilent Technologies Inc., Santa Clara, CA, USA)=

253190,

3. 59 N2 MF U 0

) FAER §UT A5 A0S 5] Fu) Azl
W 9 file] 7hsd S 48R AV1EUE, we, ©
B, A%, 294, %, 87, AZ, Ak, AT 10 £ A3

FA

2 AAskI
FAY el A Al w120 em 744

o 755 I8, WEu=, =2, Y, 294, &

AFThE AAsk] 2717 A A2 Aehes ssivk.

4. N2k 2 AHuREH

37 S2EE HE 7R 10 FEe] 3E AMES U
3} 2kt A71EU=E (P japonicum Thunberg, AP 24k
)2 13.8-11.5-11.3 kg/10a, =2FA] (P grandiflorum A.
De Candolle, A2 : 27 12-10.5-9 kg/10a, &5 (C.
lacryma-jobi var. ma-yuen (Rom.Caill) Stapf, AJ2F : 2]o]
Sl)yE 18-6-6 kg/10a, A& (R glutinosa Liboschitz ex
Steudely> 16 - 14-20 kg/10a, & (C. officinale Makino)
6.3-16.3-19.5kg/10a0]A 3L, AEA}F (P japonicum Thunberg)
= 3.9-4.6-3.4kg/10a, YY (C. lanceolata (Siebold &
Zucc.) Trautv.,, Y : FHF)S 6-6-6kg/10a, & (4.
princeps Pampanini, AJFH : N H) > 7.4-79-64 keg/l0a,
SIZ (C. finctorius L., AFE : T3 6-6.7-9.6 kg/10a,
2} (P lactiflora Pallasye 1 @ 712, 3-4.6-4.6 ke/10a
o] AT}

FEFAMFS gRIst] 7o) AR (6-7-8 kg/l0a)y=
7R H|E o] B2t e AVEYE, A,
&5, A%, AFE ] FIE) FER sl HE 87ak]
e ol A A9k gy, &, , ZreFs &H] (DIE)
MR skt

2 HHIE 2,000 kg/10a5 A1-83F 5 TH|ol] oA
T3 AU HEE (132-11.7- 132 kg/10aye A¥]ek,
A ARRE B A HHEF (5.3-6.0-6.0 kg

102 A Fol thlTolE IS 5 58, 2ol

o]z
AR

Table 1. Ten candidate medicinal crops selectable for following crop of A. membranaceus.

Common Names Fertilizer

. 1 2)
No. Candidate crop — Engiish Used part requirement’
1 Peucedanum japonicum Thunberg Kaekkireumnamul Japanese Hogfennel Root More
2 Platycodon grandiflorum A. De Candolle Doraji Balloon flower Root More
3 Codonopsis lanceolata (Siebold & Zucc.) Trautv. Deodeok Deodeok Root Less
4 Rehmannia glutinosa Liboschitz ex Steudel Jihwang Rehmannia root Root More
5  Cassia obtusifolia L. Kyeolmyeongja Sicklepod Seed Less
6  Artemisia princeps Pampanini Ssuk Mugwort Leaf Less
7 Coix lacryma-jobi var. ma-yuen (Rom.Caill.) Stapf ~ Yulmu Adlay, or Job's tears Seed More
8  Carthamus tinctorius L. ltkkot Safflower Seed Less
9  Paeonia lactiflora Pallas Jakyak Peony Root Less
10 Cnidium officinale Makino Cheongung Cnidium Root More

"Candidate crops; 10 candidate crops that can be harvested in that same year with a high domestic cultivation area, ?Used part; medicinally
usable part of a plant, ?Division of the fertilizer requirements according to the high or low.
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27| AKX Xl

2HNE 5 5 Gy wiX| st

A A2 Y8 FE5 120 cmZ ©]F 60 cm, = 60
em 2 3 AP & F5 o] 10 mE Y= I, 7F FAELe 2
=4 AAEen, okg2E GAP B=A71E A A A
ol @A A28k (RDA, 2016). 824 2 F ¥ AR &S
ZARBIA, 790 E7HS% ZALS S8l AR

skt (Fig. 1).

o

S =t

oY) AnEE ARE 2] Sls] $4E olgs

= AL, &7 (©elQl), olF (F3he THTES, ¥ ol
&ot= & (CI9)e AFTFZFS, A& ol&st= A7IeH
E AS), =2 (ZA), 99 (), A, Zof, A
ASLFEE 718, o] FollA AHE 2FLE o83t
= EUE @A) Aasds AR S 3
7ll o]&8 A FE 10 m F=o4 20 F A Akale]
3 WHEO 2 ARSI

6. SH 2

FAEAS SAS Enterprise 9.4 (SAS Institute Incorpora-
tion, Cary, NC, USA) Z2 IO F rtestE 319, F 2]
Bewkel frelds dAskinh

Zy 9 HE

h =

1. B2, =2 EUstehd

3Y7] [A. membranaceus (Fisch.) Bunge] 329} ZZA]
o] E¢fsleg B4 A= Table 29 7t} A4t Al & &
& e AR HlE|A ofF AatE AFE EIA=
(Lee et al, 2016) 2 AFoIN= EF pHe &7 F2A9

Ot XH

=0
o=

| =2 &t

o

A 57, ZAAE 6,602 7] THA 7} thh e Ao
ERJITH NOs-N, Av. P,Os, Exch. K 3o S22 o)|A] &
t}. Exch. Mg, Exch. Na %3} &% EC, NO-N &

O H
0 o

9% 5
B9 TS BF 718 FFE AN whS ke
Ao= Vehge.

2. SEROIM MR0] P48 N2 2 Bo| £ T

2719 4 fgAE FF WUk fd s, =2
A, g4, A%, A9, &, &5, o, Aok AT 10 T2
7] T 22RO ARsle] TS A 7]
A9k 2R M ] A7|Eve AIEE)e] AFE S-S v
wPS W, B 2 F F 2ARE JEEC] BF 99% oS
2 O 20T (Table 3). $7F A4S AL o) AAE
A&7 2o FRANA 24o] 57.5 cn2 Z2AA] 9] 36.9
cm BT} S7So] MRt fo] 2]l Afole AFEA] g9k
o 87 wol] 7] SR A ARF, AA9T, AEAT
F 247 1386 g, 298 ¢, 327.1 kg/10ao 2 W5F %z}
Al vlaste] frejAoz =9t

ANEvE AF)e] AsHt A vlasind 7] 5
AN A2F, A2, A2l 247 779 ¢, 31.8 gf
T, 349.1 kg/10a2 2 ZZA| BT} Fo2 o2 =9kt (Table
4). AHH o NWgve A 7% 2 S8t o
e AFR] AREFgS AIrEe BF 7] $2R1
2] 327.1 kg/10a, 349.1 kg/10a02 ZFAAHL} FoFoz
=AU

EeA] (A7) AR ASS vasiEd, g 2 F F =
AR Imgo] 97%lA 98%= T EE AL (Table 5)
T S AL o AN ST 2AA FRA M 2
o] 342 cm 2 ZAA|9 34.7 cmo} F24 Zpol= fiAL, 4
78 A NA 208 2 E3kou vRRZIAIR oAl A}

Table 2. Soil chemical properties of continuously cropped land and firstly cropped land.

Cropped H EC NO;-N Av. P,Os OM Exchangeable cation (cmol™/kg)
soil” p (dS/m) (mg/kg) (mg/kg) (g/ke) K Ca Mg Na
cCL 5.74 0.10 2.41 83.40 430 0.11 4.80 0.33 0.05
FCL 6.55 0.09 0.99 34.89 2.49 0.06 6.98 0.57 0.19

"Cropped soil; CCL (continuously cropped land), FCL (firstly cropped land).

Table 3. Comparison of growth characteristics of aerial part of Peucedanum japonicum Thunberg between continuously and firstly

cropped land.

Cropped Seedling stand Shoot Shoot Shoot weight” Shoot yield
soil"” rate (%) length (cm) diameter (mm) FW (g/plant) DW (g/plant) (kg/10a)
CCL 99.8 57.5™ 23.0™ 138.6" 29.8" 327.1
FCL 99.7 36.9™ 21.6™ 95.4 21.1 231.4

Cropped soil; CCL (continuously cropped land), FCL (firstly cropped land). ?Shoot weight; FW (fresh weight), DW (dry weight). Significantly
different according to Student’s t-test (p < 0.05), ns; not significantly different.
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3T dRHE AR ALFEF 7] FHA A
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qoz Azt 7Pssehs Aol Aa ¢
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AN FAAE AR F T ol A 18 2
g Egolw A FAHe] AL AR A EY
o[RM A Al olZo] gl Eelth. FAAS} A 7t
ESF S}8PY 2ol Ml Aolrk 2] W] He) 21 Al
W) AREe] F Aol AR olo] oF AR, B
Be)4, 32 /e 4% 9% 8909l Aoz FEAT. )
A F ol Rl FAE g 9FL F T 9
oz A% 7+ 45 Age] UF F7+ A7t Bash
(Park et al., 2004).

ErhE AR ) GBS Bl B B9 F
B9 S AT RN A B9 ErkE A2eS

AC)

Of

A1
)
o
=2
R

of

A7 & Aokl A5 vk AL (Jung er al., 2015), 715
FEAE AN sTIME A% IFE flste] 13 5o v
E dd ZES Apsh|e gt 2 AEe] daks ofAE
o] A Al HAS fAePHA APl 3uE flal

£ FSAES At & Agol EE8E ¢ US 2

= gzkar.

3. XN M e A= 2 8

7] SR G AR A 9] Ty ] AP S Bl
< wf, A2 2 F F AR YREo] TR} 224K
90% ol’dolct. T S AR AF7] 242 1A
ANx 713 cm 2 ZAAET 29O FoA0 Aole A
3, AL 2AA A 94 B ZZR| A FolH o =9f
t} (Table 6).

HY (F)el 7871 At A5 vlaehd 247, A
2%, A2F 2 ASSFHS 209 mn, 63.0 g, 188 g,
192.1 kg/10aS2 AN o)A oR Eokvh dapxo=w
dye] ¢ 2 oy Adss A# ASTF (kg/10a)
& ZARNA 1921 kg/10a 2 FARHL FojHoz =
ATH

Aol A ASS vlaeh SRS A EQ1 A5

A2 213 em 2 FAA NN E3ou fod Aole IR,

P

o=
AL 2AA oA 6.8 nn 2 FAR| o} H|wEl fo]HoR
=t} (Table 7).

AR s e 2, A, A, A5 131
mm, 83.7 g5, 19.7 g7, 207.7 kg/10aSg2 XA A §-¢]
Ao mQith AFH o= Age| $7F E oA AR
= AE] AL 7R AA 207.7 kg/10a02 S2FA] o
Hlsle] foxog ottt

Table 4. Comparison of growth characteristics of underground part of Peucedanum japonicum Thunberg between continuously and firstly

cropped land.

Cropped Root length Root diameter Root weight” Root yield
soil” (cm) (mm) FW (g/plant) DW (g/plant (kg/10)
CCL 35.5™ 9.9™ 77.9° 31.8° 349.1
FCL 36.4™ 9.7™ 57.0 22.4 245.7

"Cropped soil; CCL (continuously cropped land), FCL (firstly cropped land). ?Root weight; FW (fresh weight), DW (dry weight). Significantly
different according to Student’s t-test (p < 0.05), ns; not significantly different.

Table 5. Comparison of growth characteristics of Platycodon grandiflorum A. De Candolle between continuously and firstly cropped land.

Cropped  Seedling stand Shoot Shoot Root Root weight” Root yield
soil” rate (%) length (cm)  diameter (mm)  length (cm)  diameter (M) " P (g/plant)  DW (g/plant)  (k&/10a)
CCL 98.3 34.2™ 18.8™ 39.6™ 14.7™ 131.4° 423 457.4"
FCL 97.5 34.7™ 20.8™ 37.9™ 14.3™ 125.3 37.8 413.7

"Cropped soil; CCL (continuously cropped land), FCL (firstly cropped land). “Root weight; FW (fresh weight), DW (dry weight). Significantly
different according to Student’s t-test (p < 0.05), ns; not significantly different.
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Table 6. Comparison of growth characteristics of Codonopsis lanceolata (Siebold & Zucc.) Trautv. between continuously and firstly
cropped land.

Cropped  Seedling stand Shoot Shoot Root length  Root diameter Root weight” Root yield
soil" rate (%) length (cm)  diameter (mm) (cm) (mm) FW (gplant DW (gplang  (k&/10a)
CCL 98.3 71.3™ 7.3 20.8™ 15.8 34.8 8.1 87.6
FCL 92.9 60.3™ 9.4 20.2"™ 20.9° 63.0" 18.8" 192.17

"Cropped soil; CCL (continuously cropped land), FCL (firstly cropped land). “Root weight; FW (fresh weight), DW (dry weight). Significantly
different according to Student’s t-test (p < 0.05), ns; not significantly different.

Table 7. Comparison of growth characteristics of Rehmannia glutinosa Liboschitz ex Steudel between continuously and firstly cropped land.

Crooped ol >¢edling stand Shoot Shoot Root Root weight” Root yield
PP rate (%) length (cm) diameter (mm)  diameter (mm) "~ pyy (gplant)  DW (g/plant) (kg/10a)
CCL 98.3 21.3™ 5.0 9.3 39.2 9.8 106.0
FCL 97.2 19.2™ 6.8 13.17 83.7 19.7° 207.7°

Yeropped soil; CCL (continuously cropped land), FCL (firstly cropped land). ?Root weight; FW (fresh weight), DW (dry weight). Significantly
different according to Student’s t-test (p < 0.05), ns; not significantly different.

Table 8. Comparison of growth characteristics of Cassia obtusifolia L. between continuously and firstly cropped land.

Cropped Seedling Shoot _Shoot Shoo_t fresh No. of Pod No. of seeds Seed weight  Seed yield
i stand rate length diameter weight (ea/plant) per pod (@plant (ke/10a)
0! (%) (cm) (mm) (g/plant) P (ea/plant) P
CCL 99.3 184.9™ 12.0 220.7 78.5 21.4™ 43.8™ 478.4™
FCL 99.5 156.2™ 15.5" 298.2" 91.8" 25.7" 55.8" 610.7™

'Cropped soil; CCL (continuously cropped land), FCL (firstly cropped land). Significantly different according to Student’s t-test (p < 0.05), ns; not
significantly different.

B A 3] SN CEs AFS AT S ol A JPssel BFHOE ol§T A FT G ¢

AR vla] FFo] frolHos v ygoms sEm AHIAR (Lee e al, 1993), ABAL] FF 8 $445%
2 F2 Fyshs o] $& AR ARSU, AAR £ AY ddEe AR SATES 23 6107 kg/10aS= ¥
& G719 FAAQA AN R ZoR AuiRlgelvt B AR 9] 4784 keg/10aKtE RS EROU FolHQ) 2ol ¢l
Foll met B4ek gyel slerg Anislel|E oY AT

g A of dzkEe] o] ke %S F3 2 (49) A4S NuAS W BEE, A9F, AGFLL
AU A 4= Qlom ol frze] Al FAAA F 2FANAM 1961 gF, 821 g, 4652 kg/l0aS 2 B7]

S vE F% AL (Park er al, 2004), AZHE Ao wp ZH]] H]Ete] E=hout {1 ztol= YISITH (Table 9).
B T Walls 2 9= o™ (Han er al, 2015,  ZAAHOE &Ko £ B £ ddHe AR AT
Kim et al, 2020), 54 2Eo] Adsk= #4 5 wHlslke & A NA 4652 kg/10a 2 1941 2ol ST

txEdo] A7 o= € 2Ee] wolet S oJAIsHA S5 (9]o1) S-S vlwsA, 719 A, BEF, F
U ZXM7e eadr 2 o QoER (Lee e al,  WHT, TS B BERTHFS ZAA A 134 mm, 8.4 TN/
2013) A==} $2HEe] 2 ds A8 tigk S A+ F, 381 JNA, 465 g 2 3112 kg/10a2 2 87] F2A
7 A&H o F FaEojop & Zlog Zoa AY7tEr) o Hlasle] =o} 222l ZJol= YISIT) (Table 10). 2
HHog gHo] 7F 9 Fo A= AR AZTH

4. JlEl B2 6 & T I} & 2R A 3112 kg/10aS 2 21491 2ol §lSlth.
7] SR e} AR 2] A} AL HuyS o & SlE (F3h WSS vwstd &) SR AE7] 2%
AR oA 8] 2ol 184.9 emZ EkOU o)A Holz & 726 cmE ZFA A B} =9tou o8 Aol g

AATH (Table 8). A7, FF, AHEFS 224 155 mm, T (Table 11). T35, B3} A5, 32 3 7] &
298.2 g/47, 91.8 JN/A-2 &R H]3le] FolFo= =% 22l A 5.9 7N, 8.0 g7, 88 kg/10aS® ZZFA|dl| Bl
o). AAl= 5994 6¥71A] TEsIN T 448F0] 273 keg/10a =90} o]l Xole gtk AAH o=z Sl i Y

A
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Fopgs AnEs AES FIA S FAANN 88 ky
[e3]
A

Zope] AFE LS vwsh 242 175 cn 2 F2A)
ol Eeut 2ZA FolHl Aole fIRAL 737 5.1
mn 2 ZAAA F2]H 0= %9kt (Table 12). #ere] A5}
S-S Bkl FAANA 2ol 264 cm & 229
Hlste] freldo® Evh. XM 24, BT, A
F, ASFRS 344 mn, 477 g7, 226 g4, 1209 kg/10a
o8 2AAd Hlgte] wokont foH]l Aol= fldih A
FH oz zeke] i 8l g AuEe AH ALY
& FAROIA 1209 kg/10a2F F) A1 Zpol= §IATh

Hg AFH- A5E viatshd 7] F2A 6N 242 30.1
em 2 2AA| O] wste] wout o]l Aole gl
(Table 13). Fgo] Ash A5-S wlashd 2734, 27347

Q1 ztol= YA, ASF, A%, ASTHS TN
154.9 g7, 55.1 g5, 364.4 kg/10aS 2 T2 oA Qo)
PR foAd Alol itk AAHom g
9 FodF AdEe AHEQ AIFEE FAR|A 3644
kg/10a0 2 22RO HIgt] #=9kout FolAQl zlol= Y.

ode]l AoE & uf A AHoA 719 AZFEE 3|
93 F e FEEE] A2 ArlevEd e E A
7 qlom 2 Fo tig 7] g o] £& Apls =
Aol A Aufshs AR o] folHoR S ACR A
EaR=1=%

S A58l 559 A5 oAl E2 (alleochemicals)©]
ZA3 (Suh and Lee, 1993; Lee et dl., 2012), &3=%
Appgtel] wel S A E2o] FAsHAY B nAE o]
MAE ] A7HEE (autotoxicity) Fdo] $slEl= Aoz 1w

& ZZX|A 825 mm, 11.5 mmE ZZER| A =3O} Fo o]=Hl (Kang et al, 2007; Farooq et al., 2011), A7|5}+

Table 9. Comparison of growth characteristics of Artemisia princeps Pampanini between continuously and firstly cropped land.

Cropped soil” Seedling stand  Shoot length Shoot weight? Leaf weight” Dry leaf yield
rate (%) (cm) FW (gplant)  DW (g/plant)  FW (g/plant)  DW (g/plant) (ke/10a)
CCL 100.0 190.9™ 599.3™ 1.4 165.3™ 72.3™ 409.7™
FCL 98.1 170.6™ 478.0™ 1.3™ 196.1™ 82.1™ 465.2™

""Cropped soil; CCL (continuously cropped land), FCL (firstly cropped land). ?Shoot weight; FW (fresh weight), DW (dry weight). ?Leaf weight;
FW (fresh weight), DW (dry weight). Significantly different according to Student’s t-test (p < 0.05), ns; not significantly different.

Table 10. Comparison of growth characteristics of Coix lacryma-jobi var. ma-yuen (Rom.Caill.) Stapf between continuously and firstly
cropped land.

Cropped  Seedling stand Shoot Shoot No. of tiller  Crainfilling  No. seed per Seed weight  Seed yield
soil” rate (%) length (cm)  diameter (um)  (ea/plant) rate (%)  plant(ea/plant)  (g/plant) (kg/10a)
CCL 100.0 170.8™ 12.9™ 6.4™ 82.8™ 29.3™ 23.8™ 164.2™
FCL 100.0 168.1™ 13.4™ 8.4™ 80.3™ 38.1™ 46.5™ 311.2™

Cropped soil; CCL (continuously cropped land), FCL (firstly cropped land). Significantly different according to Student’s t-test (p < 0.05), ns; not
significantly different.

Table 11. Comparison of growth characteristics of Carthamus tinctorius L. between continuously and firstly cropped land.

Cropoed soil” Seedling stand rate Shoot length No. of flower Seed weight Seed yield
PP (%) (cm) (ea/plant) (g/plant (k/10a)
CCL 100.0 72.6"™ 5.9" 8.0™ 88.0™
FCL 100.0 49.2™ 53" 7.8™ 85.8"™

"Cropped soil; CCL (continuously cropped land), FCL (firstly cropped land). Significantly different according to Student’s t-test (p < 0.05), ns; not
significantly different.

Table 12. Comparison of growth characteristics of Paeonia lactiflora Pallas between continuously and firstly cropped land.

Cropped  Seedlingstand Shoot length Shoot diameter Root length  Root diameter Root weight” Root yield
soil" rate (%) (cm) (mm) (cm) (mm) FW (g/plant) DW (g/plant)  (k&/10a)
CCL 94.4 17.5™ 4.3 264" 34.4™ 47.7" 22.6™ 120.9™
FCL 96.2 17.1m 5.1 18.9 33.8™ 45.6™ 19.6™ 106.8"™

"Cropped soil; CCL (continuously cropped land), FCL (firstly cropped land). ?Root weight; FW (fresh weight), DW (dry weight). Significantly
different according to Student’s t-test (p < 0.05), ns; not significantly different.
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Table 13. Comparison of growth characteristics of Cnidium officinale Makino between continuously and firstly cropped land.

Cropped Seedling stand ~ Shoot length  Seminal root ~ Seminal root Root weight” Root yield
soil” rate (%) (cm) length (mm) diameter (mm) " FW (g/plant) DWW (g/plant) (kg/10a)
CCL 99.2 30.1™ 82.0™ 10.4™ 154.9"™ 55.1™ 364.4™
FCL 99.5 28.4"™ 82.5™ 11.5™ 145.7" 52.5™ 348.1™

"Cropped soil; CCL (continuously cropped land), FCL (firstly cropped land).

?Root weight; FW (fresh weight), DW (dry weight). Significantly

different according to Student’s t-test (p < 0.05), ns; not significantly different.
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