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R R, W SRR S R SO B ZE A A i, BESE TS R AL R R 2 A ) A
W12 ( Corydalis yanhusuo W. T. Wang ) A K M HANFZE TW R Zid RAR M . S50 E0 B HRHTM &b+
3 22 MR AT L T oA i s 6 BEAE L B B, e IR AR B A b LR AN T 16.26% . b T ER 410
T 13.44%, (=LA EFEAMEINT 10.26% . MR EBAHIINT 7.40% . FPACAEINRES Z M A W, EAESH
AN, FEHZR b AR5 s A AL ER A A i R AT AR AR B, FERAT R A A B R A 1 N, 4
T 18.67%. 35.97%. 29.24%. 46.78%. [AIf], FEHAZA[RIGHA AT AT SR i i o S i L ok R B, Rl
=t B o/ WA N S TR 5 0 1 w3 (A e O B e e O 1 L 1 e R (R A i
o5 R NP RE AL FRAGHT S i AR T 44.08% . 53.37%, FERATALEH 5 HIREART 28.26% . 14.07%. [ ILTESESH
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2R 23 gkg!, KMER: 1258 mg kg, R .
50.34 mg kg, WALHE: 11.34 mgkg!, M4 134
mg kg s B S E SRR

HE 25 5 . K,SO, Al Pb(NO,), # h43trafi, 1y
F AR AR
1.2 7%

RGBT FHEMAEE,; SRR (-
SR EE BT EL bR UE-GB 15618—1995 ) H Y + 821
RIorbnite ( H4— . “9hnifE, pH < 6.5% #iE, 4
HIREST 50 mgkg™! (Pb, ) FIfE4T 200 mgkg™! (Pb,)
2 PR

BRFHEARAT 100 mg kg (K, ). 4 200 mg kg™
(K;). =580 400 mg kg™ (K;) 3 4/KFo LIAHEH
FE AL B R X B (PbK, ), Jt 9 NMabFR, H kg3
W1, BMEHAERTFEIE (EE3K), HF
KA S, —3 135 4

x 1 AP RIREESLIEA

Table 1 Concentration of potassium-lead coupling treatments

LbF #r (mg kg™ B (mg kg™)
Treatment Lead Potassium
PbK, 0 0

Pb K, 50 0

Pb K, 50 100

Pb K, 50 200
Pb,K, 50 400
Pb,K, 200 0
Pb,K, 200 100
Pb,K, 200 200
Pb,K, 200 400

TR I T PR =2 g 2 VRS DX A 56 s
7o 2018 4F 10 A 1 H#EM; MESHRIEELF I
AEE, BRAAEF SR, FERDZRIMESEAL, A Eh
PR N 300 mg kg™, BEMRES P,Os 120 mg kg™ & M
AT SR ARG O, B 2R R K R T8
NTASEE, sl eadhn,

MAERIE 150d (20194F 3 H 6 H ) FFEREUE,
WA RERR 15 d BURE—k, EL#] 2019 4 5 H 5 HRIK
SO, SRR S G SRIUAEAS Ay Bl R AR A -1
R IFEFA AT YA o SR AR A FH D 42 5 2R A7
PRA Y i SOHOR [R5 B AU 5
1.3 1EFRNE
131 AysegmlE ANOEGER] R Kb T B
2%, HAdKERTEE, HHEE K. K
FEB R SR XA s, A B LT R
T 5E A= )

132 #A LR L5 TIR,EEZTHNE S
PRI R R S m ey o a, B R
SR AESA R b T SR RS I TR, BREE UK
ARFAEIRFREUS AR 0.2000 g, AR (¥ HNO, :
W H,S0,=4:1), [FE#2 H4; H MARS240
ORI R GE MU LSS, WA, g (R
TE 25 ml ZEa e 2y ) 1o, CRAFFESRPR Y, #F
i Pb FiE (mg kg T ) H AA-6300 JiF-M &
SR T

133 ##E I AREAL E 4R 0 E L R
(BCF) = A[F#EBAE R &/ HIEhE SR EY;
Mt PE4EE (T1) = T4 A FRAE Y A0 A 4 i/ 5 B
YIRS SRS R R = AR SR >
A FR A

134 HHE4E JrZHr (ANOVA) 1 LSD
35 RH SPSS 16.0 #17. 45H 3 IREE RN x+5 FoR®,

2 HERS55h

2.1 $RERLAEMERREME I
JEFARANFETAL (Mo 3Ry . R &R ) T4
J AR BAEAS [R) B A 2H A A BT ARSI ] 1 S 2R
FIshARAk, SRR 1. MR AT, SR M R
g5 WUF AR TP A SRR —5, Bk “S”
AL, ARINEFAEETS, 2 FRETE N -3 A0 B 5 & i )
FHL #5355 REAR LA 3 . HR kA
AL BRI AN T 16.26% . MR A8 N T
13.44%, TEETALER b RN T 10.26% . ML
FRATHENIN T 7.40% . ARE AN = b 3 4 S it BRI F
FE 2R M b4 Rl B A s A, i AR
BRI i A Ak P - A i A AR I SR 200 mg kg B A=
Yre iR, X5 TE/NRBIFE—E0, (R4 BEH 4E
B 2R b RN DT ER 0 v SR A B Y A T LR
SR b B3 SN T 18.67% 1 35.97%, e s Ak B
Rl RIS S 0 B Ak A A X A it
HEARSIBE I T 29.24% F1 46.78% ., 4 A T AJIERAZ M,
LEB IR, YRR, 5 AW RS AEY
BARK,
2.2 $RSRUAAIREERRA RN EFR
FEEH B AN R 4 A BB e AR Rl A AL A 1
FE A N S sy BiA 2 R R R
R N SR 1B S TR AN ) O (1 0 o
FHERE, WK 2. SXTRAHEL, BRI IR 2R
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Fig.1 Effect of potassium-lead coupling treatments on dry mat-
ter accumulation of aboveground (A) and underground (B)
C. yanhusuo

ERO S TR BN e A B
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BN S A 1 o ) T o b\ Y O G =
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FEAR A T 43 591 B A it o A Ak B A B BRI T
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Fig.2 Dynamic accumulation of lead in the aboveground (A) and
underground (B) C. yanhusuo
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KT, RN TR ARETACE TR R A U]
A (200 mg kg ) MFREFEIEROR . RS 3 36
SRR A, HOR/ NI S o R > m
By > A AT > PP A ST > JCEMIR AT > R AR >
REPRET > TP IRET > %R it rEfE SO fe Y 7E
45 AR BE YA [ AR A e 5 0k HR A B A
Z W, RESC MBI et My X H 4 Jm A T S2 A Ol o oA
FLMHPE R BT, AERETAY TS DL T , MR B 32

FRYRE S R T B4y, 2R W SESH R T T FR43
B R E PR TR . WEEREE,
FESH X T AT REE 1 0 M T > Hh B
FERW, MR R AT 5.0 mg kg,
Pb < 5.0 mg kg™, A (25 AR O gk fa
Tl ARdfE ), 2011 4F, FEEH R LT FB 5045 & A
b, BRELAEM,

R2 RELEHZFM ESHTRMAARBIERCREED)

Table 2 Accumulation of lead in the aboveground and underground C. yanhusuo at harvest period

[ERE 5 HERK i ER (mg)
RbER Tolerance index Bioconcentration factor Lead accumulation
Treatment &R Hh E- H R ER S H 15 Hb RS i &R 53
Underground Aboveground Underground Aboveground Underground Aboveground

Pb,K, 1.000 £ 0.015 a 1.000 £ 0.004 a 0.008 £ 0.002 a 0.005+0.024 a 0.255+£0.040 a 0.213+£0.050 a
Pb K, 1.041 £0.031 a 1.010 £ 0.006 b 0.006 £0.011 a 0.003 £ 0.027 b 0.767+0.010 b 0.521+0.030 a
Pb K, 1.209 £ 0.005 ¢ 1.051 £0.009 d 0.005+0.024 b 0.003 +£0.030 a 0.768 £0.010 ¢ 0.405+0.010b
Pb K, 1.500 £ 0.007 a 1.200+0.014 b 0.002 £0.027 ¢ 0.001 £0.014 ¢ 0.429 +£0.050 a 0.401 £0.010 a
PbK; 1.164 £ 0.006 b 1.051£0.027 a 0.003 £0.022 b 0.002+0.013 a 0.580 = 0.030 b 0.413 £ 0.050 ¢
Pb.K, 1.041 +£0.002 a 1.020£0.015d 0.002 +£0.021 b 0.001 £ 0.005 b 0.963 £0.030 ¢ 0.774 £ 0.080 a
PbK, 1.254£0.025 ¢ 1.066 £ 0.007 b 0.001+0.023d 0.000 £ 0.026 d 1.122 £ 0.020 b 0.703 £0.020 a
Pb,K, 1.657+£0.011 ¢ 1.144 £0.001 b 0.001 +£0.020 b 0.000 £+ 0.021 a 0.923+0.220 ¢ 0.673+£0.010 a
Pb,K; 1.175+0.001 b 1.025 +0.005 b 0.002 +0.022 ¢ 0.000 +0.016 d 1.005+0.120 b 0.717 +£0.020 a

e ab.cdRNRIFRFRRG %25 (P<0.05)

2.3 TR AN ESENARIBAREN™

B mAE K 54

X BURE AT AT | B AR SRS A ) 5
AR MU g E A A SO R AT A O
O3HT, ARG 3 PR . ZARSS T, LIERTER
T 5 SE B M L AT ER Y A R SR R AR G
KFR, HREMAEY - REAMNCKR; Hb g
BT I MIHE ] 28 M A 5 R B S EATR
FISER 2R A 7 B A 25 R DG . 3B HE S
BHREN R I S R R B EASG, S

el

APy R AR R IE ARG, SR R R
A o DT B0 B A 5 e e SRS o A - 8
HERAS I AU AHSC R AP AT DI, 3 R AR ARG
R E S RIS I B W i EA SR, e
AR (K,) 5 P EO T (R 380X Y
i, I HAERF R —H 0 E e muREE 2R
BRI IBRZE T 5 - R B AL A AR S 1
FECE, OISR i A BE S R 25T B g
TE—ERRE 2% T A R A R A

®3 HRBWAMESTERARRREN~ENRBEXRE

Table 3 Partial correlation coefficients between soil lead content, soil potassium content and the accumulation of lead in C. yanhusuo and

its yield
Mo bR R AR HZET it
Content of lead in aboveground plant Content of lead in underground plant Dry weight of tuber
A 0.642" 0.321 —0.824"
TR A 0.625" —0.453 0.825™

0 FRBEEEF NP <005, "FRBEEETHP<0.01

3 it
TEMRANZKF T, HikkH b5 M T3 T 9
R S M R K S EI T

WiE, AR, MEER S0mgke!, HERN
200 mg kg, 400 mg kg ' I}, HuF TR B
WERTX R, IR RAE T, R Ea TY R
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(AR SR I 5 B KA O, TR R R NS A
REIHIVE R S EA .

FE AR TE B T 0 A FE A AR AS [R50 AL 2R
) Ml T 3 43 A A A R AR B, T AE
o B R UEES AR . MHh 50 mg kg, B R
200 mg kg™ B, HIFHERA (B25) TR RLR g
T XTI R TR (e28) AR R AE(R
Bl T SR A KA BB R e T
WAy, AVIEIG ) EEAE A RS . P RE R A AR
5, EEmREEFI RN LR, A
At B s 2 3, DMARIE A S IEwW A K
s . PIREIE I, MR TR XTET R, R
fRH R Ey & i, —Jy S AR AR
W BREEVER, 53— TR A RIS N A AR EE A
RN JE H A 200 mg kg™, HFAOINHIVE B 2 i

ARSI ZERF R A O R AR [ AR K
BT EA R AR M RRAE o AR K AR T AL A
HABIZ WA K AT, AR K T
B RA/N, SEHERNRESNERA X, #ER
PG INXT IR A SR Bt PR T, o v 0 2% fi
YER R . RS R 8 TR R MM B 55846
FIVER, KREZIEHAMTHICER, Hlangk. &, 8.
WA SR 4R 0 S AR A S0, TR E
)3l R HCE R AR B, AR
PRIEIE# A KA T LA U LR hlcE . R
T AR DA R, AR R At
TR E A A
4 g

(1) AR AR A S B o 1 1) 50 2 b T
S NI i 5 s O R LA 1 .

(2) BPRE ARyt o0 A% 28 ff B 0o SiE 1) 28 1) A ) 2
P, HESI R 15 AR R

(3) IEBRA RO R R #5705
ARy SRR B HIHTR AT R AR LR
R[] 228 ke NP R A, T 98 B S 8] S i s
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Effect of Potassium-Lead Coupling Treatments on the Growth of
Corydalis yanhusuo and Dry Matter Accumulation in
different organs of the Plant

LI Yun-yue', LIU Zheng-xue’, FENG Chuan-guo'!, WU Xin-yi',
ZHENG Hao-ran', LI Hong-yan', LI Ting-ting?
(1. Chongqing Engineering Laboratory for Green Planting and Deep Processing of Genuine Medicinal Materials in Three Gorges

Reservoir Region, Three Gorges University, Chongging 404100, China; 2. Ecological Environment Monitoring
Station of Wanzhou District, Chongqing 404100, China)

Abstract: The effects of combination application of potassium (K) and lead (Pb) at different concentrations on Pb ac-
cumulation in different organs of Corydalis yanhusuo and its growth were investigated by using a pot experiment. The
accumulation of Pb in C. yanhusuo plant and its above- and under-ground biomass were measured. Compared with the
soil without the application of Pb and K, the biomass of above- and under-ground plant was increased by 16.26% and
13.44% in the soil with low Pb background, and by 10.26% and 7.40% in the soil with high Pb background, respect-
ively. While the K application alleviated the Pb biological toxicity and led to the growth of C. yanhusuo normally.
Compared with the treatment without K application, the biomass of above- and under-ground plants in the medium K
treatment was increased by 18.67% and 35.97% under the low Pb background of soil, respectively, and was increased
by 29.24% and 46.78% under the high Pb background of soil, respectively. At the same time, the accumulation of Pb
in different parts of C. yanhusuo showed a significant difference between the above- and under-ground plants. The Pb
accumulation in under-ground plant was decreased with time, while that in above-ground plant was increased first and
then decreased with time. Compared with the treatment without K application, the medium K treatment decreased the
Pb contents of above- and under-ground plants by 44.08% and 53.37% under the low Pb background of soil, respect-
ively, and by 28.26% and 14.07% under the high Pb background of soil, respectively. Therefore, in the standardized
planting C. yanhusuo, it is better to choose soil with low Pb content as the planting areas, while increasing 200 mg kg™
K-fertilizer could alleviate oxidative damage of heavy metal to medicinal plants and improve the yield.

Key words: Corydalis yanhusuo; Lead accumulation; Potassium; Biological toxicity
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