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 E s S RERKTAREZE 8 A AR AR 4 DR FRIX 58 A58 K H IR R PR IX £
SEBEE M AR SR AR R A, 38 R AR AT R AR PR - S8 e i M R R 4 S R i R . 45 R R
B R EZE RARBR R 1 DUBEAR B+ 3 o\ B4 B on E & i B B 225 (P<0.05) 2 I H AN 25 1k
I A — R B AR L, K A DUREAR R A AR PR - 38 28 (g R o 420 Tk S0 1 it o A 1< AT PR A9 388 i
SR THE LIRS SRR NG AR RE % AR K AR BR A I 2 58 L THE TR 3 BT A RAR PR + S
SHAME AR — B RS A KA RR BB, oK (1 DR B AR B 3 Cd Hg Pb . Zn M1 Ni & ETHEE T
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A FH b XU T e, 3875 YL@ R B IS UL, SR U2 A i, DAARIE R D BE 0 A 25 % Ve M S 40 1T A
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Effect of growth years to the soil enzyme activities and
heavy metal residue of Fritillaria taipaiensis P. Y. Li
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Abstract: In order-to reveal the effects of enzyme activity and heavy metal contents in the
rhizosphere soil of Fritillaria taipaiensis, 8 rhizospheric soils of Fritillaria taipaiensis were collected
periodically throughout the growth years of Fritillaria taipaiensis. The soil enzyme activities and the
variation rule of heavy metal content of rhizospheric soil for Fritillaria taipaiensis were studied. The
results showed a significant difference (P<0.05), as well as different variation rules and a certain

relative correlation between the rhizospheric soil enzyme activities and the heavy metal content of
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Fritillaria taipaiensis that was collected from the different growth years. Overall, the activity of soil
protease, urease and catalase in the cultivated Fritillaria taipaiensis variety decreased first and then
increased, while phosphatase and saccharase increased first and then decreased with the increase of
years. However, the soil enzyme activities of the wild variety did not show the same trend with the
cultivated variety. The content of Cd, Hg, Pb,Zn and Ni in cultivated Fritillaria taipaiensis variety
increased first and then decreased, while As and Cu changed little with the increase of years. The
heavy metal content of the wild variety showed the same variation trend with the cultivated variety.
The content of Cd, Hg, As, Cu and Ni were much lower than the national soil use risk screening
values. The content of Pb was lower than the national soil use risk screening values except S7 and
the Zn content was much higher than the national agricultural land soil risk. Screening values showed
a mild pollution level therefore safety measures should be taken to ensure the drug safety of Fritillaria
taipaiensis. The correlation analysis showed there were the correlation between the soil enzyme
activities and the heavy metal content performing the synergism and antagonism.

Keywords: Fritillaria taipaiensis P. Y. Li, soil, heavy metal, enzyme activities, growth-years,

pollution evaluation.

KE DB Fritillaria taipaiensis P. Y. Li) HE AR EEEFEY), DT85 25 A 245,k 2015 R H
2 L) (—3B) )1 DUBRIT R WG Al ] DLRE R B4 I 1B AR TR b 22— BRI 7E B b e
IR RS PR LI DA DU B itz )1 DUk 45 X L & Bl e s WA OG> m L i s
25 H 23 32 B AANTREBE,, 2434 0922 4Pt il 28 1tk G 1 £ A Hh 245 4 00 B 4 S 5 B A ) Ry
w24 [ ket A 0 — K RE 42 v 2 4 o i R BORTR T AR B e i AR Pl A 25 R
W R OBGHE A B 5k AR 7 A SR

PR AT RIS 2R WY, R 1 DL RE 25 il SRR 10 55 i S B A AR AR IR (AR A8 25 1 PR A R
INUED St T Rk g TR [ JE R A A DL 2GR R A A B S e i AR
Wi DURE R 1 - b e S AR R R R e bR E B A A R A R, 7 DUREAR B+
SRR 3ot ST S S R I, TR I (20 ATk I 2 B o e A T A 1) /N T A R A
b Sz e -3 v AR AR RN Y ) AR LG T TR A AN R GE v A K R PR B T g A R
A GV (PR i)t

ARG HO6 HE PR AR R BN [ A R AR BR K 1 DL RRAR PR 1 i o 4 B i A SRS AT T M A
W58, B TEIRTT R FH DUBEA R A A 4 BRAS T AR PR 123 i 4 8 RS IR MGG e 2 ] AR OGP, T Rk
B5 K A DUBEX - e A9 RL00, iy 27 b, - 438 o 4 g V5 g, DA by B e AR R B K 1 DB 7 i A 5
HARELNEX.

1 #ES 5 ( Materials and methods)

1.1 FEACRAE
111 AR IX 3k 4 SR i

R DURERR G i - R ok A E R T ARIR B 223 & AR RAE X S (57 T 31°2356.117/109°50729.93"—
31°24'59.01"/109°55"18.00" , -k 2274—2290 m , Ji W A 8% 12 KU, 1L M AR S IR/NVF 5 C L, 8
FEI 279 d, AR K EETE 10—1950 mm , T HESET Sy 11 Ml v 4.

IR DL BRI AR i 39 it R 19 3 DR T AR B SR ATt XU IX, AR R A DX S o T+ 31°32/42.87"/
109°40'43.13"—31°3526.57"/109°00"11.96" , #E4K 2469—2507 m'"*) | J& ML ity 57 44 25 28 111 XS4, 4R 44
SR 7.2 °C, TeFE I 135 d, AR IR K B 1100—1300 mm , 135825700 Sy Ly b 3 Ak b 5 P A SR RE X 1 )@
FRE Lk (AR Lk ) |, 28 P MO IR b A B T DL B R A A5 Sy 32, b B 2R B
2570 km.

1.1.2 FESRES
2013 46 A ZE 7 AMYEA A AR A SR X R R BOR , A T AR5 A 5] A= 1K AR B bt A £ A ]
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IR AL (N-P,0,-K,0,15:15:15) 225 kg-hm ™, BFAE A DUREAR A A AL. 757 K F DURFREBRAG 22 ) i
EMRPR L R 2 MR AR S A UK 1 DT RSO B AR B 3 | it ot L B b v 2, /AR B
A R VF 1 38 T BMR R O AR P 13 A LR AP AT R AE 3 i, IR L SR RAE MR B
(1), K DR 4 BRSC PR AR AR BRI T 2328 K DR B A gl 3 R 25 B PR R RROE 25 2t 4700
HNRIL(S AERL L) P OL(3—44F) AADL(1—24F) ) L3 pf il R Tab 2, 45 1.

R AFARAFRK A DR A O

Table 1 Basic sampling point information of Fritillaria taipaiensis with different growth years

No. HRARIR it R U AR
Growth years Sample source Growth mode
S1 1 ARA: HPRTTARR L 230 5 W By A
s2 2 AR PR AR 223 5 B R Rt
s3 34 R AR BB 25 & BRI A
S4 4 4EA: PR AR 223 5 B R Fet
S5 544 R AR B 23 & BRI A
S6 N i PR ARR B SCIR BT il 3IURUE X By
S7 il o PR AR S SO BT i WXL X LR
S8 FADL PR AR 8 B SO ZT 3R X e

1.2 LRk
1.2.1 K DU BEAR Fr A 398 A SR 4 1 I

5 ST T (0 5 S HROCAA B A YA I RS ikt , S0 (5000 remin™', 5 min) Bt
UE . HEAR R TG PE LA mg glucose.g™' (37 °C,24 h) TR, IREE T LA mg NH,-N-g ~'(37 °C ,24 h) 3R7R , HERR [
TGP LA mg phenol-g™'(37 C,24 h) FI/r , I BHEHELIHET 11 g NH,y¢7'(50 °C,2 h) F/R, i3 8L A
B PE A mg H,0,¢7' (37 °C,20 min) &7,
1.2.2 KA DUBEARPR 1 48 u 5 &2 150

F 4 R ICE & I E S 8 L RES BT RAR 1 (GB 15618—2018)4.1 5.1/ F1 2015 4 Ji( h [E 24
BLY DU SR IXB BRLEFT, Cd . Cu PbZn Ni Cr JEZE I K H R T O RE 200 & | Hg  As TEE
D5 SR FH DT 2 o s 2
1.2.3 KM WUEERER L35 pH A9

FRPR 18 pH (B 22 fE s 0 A ik, B 15 Bkl e | AT 3 K.
1.2.4 KA DURERR G IR 13875 YeBUIR N 5 35 S PPN b ife

Z: AR N REIRATE BS54 7 7l A o 2 3 A5 W DU B2 AR B ( HI/T166—2004) ), R FRL IR 1
T3 YR BRI N A B 25 55 Yo e B0k S SR T VA AR b 2 A A 7= o A LA ( GAP) ) BUE , h 24 4
77 1Y) - 3R AT A (R TR R RRE (GB15618—2018) 384 T) HUFRHUE.

Fz2 LHEMEFEARE (GB 15618—2018)
Table 2 Environmental quality standard for soils (GB15618—2018)

ey lE| B4 A 8 (<) Heavy metal content/ (mg-kg™")
Contaminant project pH<5.5 5.5<pH<6.5
Cd 0.3 0.3
Hg 1.3 1.8
As 40 40
Cu 50 50
Pb 70 90
Zn 200 200
Ni 60 70

Cr 150 150
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1.3 Fdab 35 58r
ASH BRI R Excel 2003 F1 SPSS18.0 41 44F #4758+ 43 Hr.

2 éﬁ%%lﬂd@( Results and discussion )

2.1 A A RAFFROK F DUREAR B o e il

SRR P — b i A B UM S W Y A W PR RE AR AL B AR B, R I RE - TS G A I e T
Yo I A FPAR A — R0 A YA A RO 3R 3 AT R TR AR R AR BR R 1 DU REAR B+ 5 1l iR
Mty AT ok ST SR AT B A s R 22 5% (P < 0.05) , B pA 1P A= i 9 1 S oz TR
e I i TR DURRA R AR B b SR Rl DR | 2 AR Al R R A AR R B R 2 5 T R
Ja LTRSS BT ROPE R G A AR BRI S e B THE TR S o DUE AR 3 4R Y
Sl FAEL. TR DU BRI A AR B S 1 i TR P A AT FIR B 8 o 22 BT R sl B, Rl | i 4R
P | REE R RE A (AR FRAYIE I S B TR DR, B AR AR BR A 39 AT e & Bt 45 H e
TR FAC B S A Ml mt i R KAL) SR AR AR TR A AR R R A
Bl -t G R AR

R 3 OAFARAFRRAH VAR PR A e - et i 1k

Table 3 Soil enzyme activities of rhizospheric soil of Fritillaria taipaiensis collected from different growth years

HHM I BB A FERETE
No. Protease/ Urease/ Phosphatase/ Catalase/ Saccharase/
(mg-kg™) (g-kg™) (gkg’D) (gkg™") (g-kg™)
S1 21.412¢ 19.185¢ 23.000h 0.451e 9.214f
S2 7.078cd 2.519¢g 23.494h 0.408f 13.917d
S3 2.349d 9.185e 30.786a 0.319g 14.009d
S4 17.201cd 9.741e 17.358d 0.449¢ 14.681¢
S5 14.319¢d 11.963d 11.515g 0.488d 10.980e
S6 56.362b 32.704a 21.925¢ 0.730a 30.956a
S7 58.949h 31.593b 12.715f 0.626b 24.327h
S8 75.130a 5.296f 15.571e 0.543¢ 14.660¢
SEHIE Average 31.600 15.273 19.546 0.502 16.593

TE : A BRG]/ NE SR 53 ) 32 5 Ab B 0] 22 573K B 7K F (P <0.05) , R

Note: The column with different lowercase letters indicate significant difference (P <0.05) , the below is the same.

2.2 A[FEAARLFEBRA 1 DR PR 438 b 8 4 &5 5 00 AT

Tr 253K M, Cd \Hg As .Cu Pb Zn Ni Cr 55 8 P E & J& JU 2 AF A [A) A= AR PR K 1 DU AR AR P £ 338
B Cr & AR TRBRSMS AR, Cu Pb Zn Ni & B AAE B EMEE R (P<0.05) , £ EER TR S EY
E = ARHEFIT A Zn>Pb>Ni>Cu>As>Cd>Hg, HoH Ph Zn Ni 503 9 & S AHX 48, M LA Zn SRS
O, AR IR 4 PR K A DR S SR BR 58 Cd Hg \Pb Zn |Ni 7 f Fifi 4 A A BR A  34 52 5
T Ja FRERREE As Al Cu & EEBEE A K AFRR B8 34 52 T R B IF 0 I8 38 1 25 5 K (1 DUREI A
HRPR 3 Cd \Hg Cu Pb Zn Ni &bl £ KA RN 28T R G NS, As & ERE A KAE
PRI EIE 2 TR I e B B 22 5 B IRk L R P DURESF AR AR PR -3 Pb & i TRk B . Cu Zn |
Ni S ICF AR K &, 1 Cd Hg As & S AH 22 RN E— 25 32 B R [R] A1 BR K 1 DL BEAR B 3 A [ 1 19 il
A 2R, KBS BT RN AR KN 2.

FR A b A A B [ HERR S TR R ( GB15618—2018) 34T ) A bR M BSR4 4% 15115 L Wy i ke 13
BEAA, AR B K 1 DURERR 35 bl K B A= 4345 DX - 408 rh Zn S0 & 30 T - 8P 5 J0 o As of F) B o
{8, HAR oo s & & BT H A i v e R B, £ G P 258 GAP 7= i) 1 58 T fe 2ok 5.
DAL=k 2 DX B IX 4k + e T 4 8 2T S M AR ME (Cd < 0.134 mg- kg™ Hg<0.046 mg- kg™ As <
5.835 mg-kg™' .Cu<25.00 mg-kg™' .Ph<23.88 mg-kg ' .Zn<69.88 mg-kg' Ni<29.47 mg-kg')"?",
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As F BT HAY S8, Pb Zn FEH A THE A, HAITR & EWA AR W& T HF 5 1E,

] BE 5 AR LA R i X 438 Cd Hg .Cu Pb Zn Ni Z ey SERL R A 022 A il — R A S Hb

PRER AL TS
R4 MPRIEDE SRS EA LB (mg-kg™)
Table 4 The comparison of the heavy metal residue in the rhizospheric soil (mg-kg™)
No. cd Hg As Cu Pb Zn Ni J 4 Total pH
S1 0.176¢ 0.038e 0.618a 34.983a 57.346f 304.848¢ 50.162¢ 448.171¢ 5.04e
S2 0.267a 0.065¢ 0.587b 32.875d 85.313a 337.500b 54.500a 511.106b 5.88a
S3 0.221b 0.072b 0.562¢ 33.549h 47.26%h 439.012a 44.151e 564.839a 5.51¢
S4 0.221b 0.031f 0.605ab 33.242¢ 64.921d 296.176d 52.487b 447.683d 5.64b
S5 0.130d 0.047d 0.559¢ 32.180e 47.551g 269.933f 47.363d 397.762f 5.82a
S6 0.176¢ 0.049d 0.500e 21.815g 68.068¢ 250.811g 23.973¢g 365.393¢ 5.14d
S7 0.267a 0.098a 0.526d 24.113f 76.668b 285.821e 30.400f 417.892¢ 5.22d
S8 0.130d 0.035e 0.535d 12.974h 59.444e 244.511h 23.890h 341.518h 4.86f
i:?;i 0.198 0.054 0.562 28.216 63.322 303.576 40.866 436.797 5.39

2.3 AEARKAFRAK A DR PR 45 8 4R 15 P

DI AR [ - SRR T A v ( GB15618—2018 ) A7 ) ML PP b vt | SR FH B IR 15 Y48
Bk NGB 25515 Y8 B0E T K (A DU R: - 498 8 4w T5 YR O0 , 2550 UL 3% 5. 45 SRR ANl AR AR RR
K AR PR 3 Hg As  Cu BIT75 YL F8 501 <0.7, Cd \Ni2AI005 Y35 5004 < 1, P PRI S et B
S7>1 APHARI <1, Zn BTG Y4850 > 1, W LR 515 04 1845°S3>52>S1>54>57>85>S6>S8,, fir LA , i
i BT Y e b ORI P A B V5 YR BOT 25 SR 0T LLE 28 DX I R A7 # Zn (R RETS YL

x5 hIEESE G YRIHN
Table 5 Pollution assessment of heavy mental in soil
. Pi Pi ?ﬁ%’é%é&hﬁm .
Cd Hg As Cu Ph 7n Ni Pollution level evaluation
S1 0.586 0.029 0.015 0.700 0.819 1.524 0.836 1.170 BEE g
S2 0.890 0.036 0.015 0.657 0.948 1.688 0.779 1.297 R ETG Ye
3 0.736 0.040 0.014 0.671 0.525 2.195 0.631 1.626 R G
S4 0.738 0.017 0.015 0.665 0.721 1.481 0.750 1.137 REETG Y
S5 0.434 0.026 0.014 0.644 0.528 1.350 0.677 1.024 G Yt
S6 0.585 0.038 0.013 0.436 0.972 1.254 0.400 0.962 YREEY
S7 0.888 0.075 0.013 0.482 1.095 1.429 0.507 1.108 BTG e
S8 0.434 0.027 0.013 0.259 0.849 1.223 0.398 0.923 LREEY

2.4 ARIARAEBRA A DUREHR PR 380G | 5 4 I8 =22 18] A AH DC % 4 bt

iz JH] SPSS 18.0 FAF XA A A KAREBR 8 {5 A I DUBEAR bR 38 (1 5 Fp L3 G 1 5 7 FhEE 408 oo
R IEATAHOCOHT  Z5 R W3 6. AFR 6 v LI Y MR PR 38 v+ 3l 16 1 2 (R — i MM DG 1, 2R
P BRI 1 o SR A S BTG AT (035 IEAH G (r=10.802, P<0.05) , R -5 ik S A S0l | TREDWR ol 16 1R AT
WA IEA S (r=0.772.,0.758,P<0.05) , & S840 AU HHE M55 HER B A 38 IEAH G (r=0.822, P<0.05).
MR PR 3 b # 4 B e R Z RIBAFAE—E A e Cu S5 As &8 A W IEAIE(r=0.749,P<0.05) ,

Ni &5 As Cu F AW EIEA X (r=0.890.0.913,P<0.01).

[, AR By - 4 v - R TS R 5 B 4 o R A — M e B A S Cu NI A
W B UG (r=-0.938 ,-0.911,P<0.01) , BEREHEME S Zn &AW IEAC(r=0.773,P<0.05) , it
FALEARE S As Zn Ni & 8A BENMFE(r=-0.738 ,-0.776 .—0.770, P<0.05 ) ; REWEBEIE 5 As Ni &
HA W E AHIC(r=-0.800,-0.709,P<0.05) .i#F— 20 R WK 11 DUREAR PR 4 38 v o 43 Ja AR 20 1 JE il 7%
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i ELA 300 ) s Al B IR 1 PR, 58 75 I A5 Y X AR L R R BT I A 33 A LR L rh R
<5 BB L ST 1R A 2 M 45 R — B

R 6 A ARAEBRA T DB BR -3l | 845 8 2 18] AR SCHE 3B
Table 6 The correlation analysis between the soil enzyme activities and the heavy metal residue of rhizospheric

soil for Fritillaria taipaiensis with different growth years

KAM EOWOWH WEE LRLEN .

Correlation . Cd Hg As Cu Pb Zn Ni
.. Protease Urease  Phosphatase Catalase ~ Saccharase

coefficient

[ Protease -

IR Urease 0.465 -

BEFRH Phosphatase -0.475 -0.187 -
R AR Catalase  0.802% 0772 -0.489 -
TERER Saccharase 0.585 0.758 -0.081 0.822* -

Cd -0.280 0.090 0.283 -0.187 0.214 -

Hg 0.015 0.357 0.062 0.061 0.367 0.679 -

As -0.696 -0.525 0.233 -0.738*  -0.800 " 0.160 -0.363 -

Cu -0.938**  -0.211 0.375 -0.662 -0.507 0.349 0.030 0.749 " -

Pb 0.215 0.164 -0.092 0.322 0.427 0.681 0.353 -0.087 =0.143 -

Zn -0.704 -0.342 0.773*  -0.776*  -0.322 0.484 0.388 0.349 0.595 -0.202 -

Ni -0.911""  -0.524 0.250 -0.770 " -0.709 * 0.298 -0.151  /0.890""  0.913"" -0.039 0483 -

w2 P<0.01 AKPAHIER B3, + hy P<0.05 AKPARE L.
Note: * * means significant difference at 0.01 level (P <0.01), * means significant difference at 0.05 level (P <0.05).

3 %518 ( Conclusion)

(D) AFIARAER DR PR e 5 Fl S PR o A 52 30 AS ] 1 78 PR 0. 3 A 1R i, K
F DR b AR B - R IR 3 STk U 2 A AR BR A B4 0 2 5 R RS TRk A B AR I
BB A K AR BR A BN 525 L THE TR ads b DUAE R AEBR S 3 4F (4 A I LA 11 K 1 DL RE B
Az AR PR AR PR 2 AL K A BR AN B R ) R DR oo STk SR R B R 2 A K AR PR
TG 1 TR S BERR BN A K AT BR A 1 0 T RS TRk g

(2) AFEAKFERKANERE LT ESRE RS EEARKER , Zn FE&HS TER LR
B bR e R (B, R 4 e e ER S I m AR T B S AR o e A v 1 B AL B A AR BR A 3
$ R DB AR PR S @d  Hg \Pb Zn Il Ni it e THE 5 R R H As Bl Cu F i 5 R
A WA S AR LA =3

(3) VAEZ 35T bR AR P bR e AN, AN R A AR BR R A D BEAR PR 3T &K Zn 19
PATHIG YRR IS LTS YA S B S6 S8 ANHATHLIX > 1, I y5 Y S @ R B s Yy KA AR K
FIEFF R Z 275 Y WA 5 Je 8 K0T 0, E 88 Zn BAEGE LAY 35 5 R R 2 AR A K S8t
MR N SR S, ARt T e A S 5 2 N NI B S8 Zn SN

(4) MM TR, AR AEARAEBR 50T R DUREAR PR 4 398 v 5 4 Jm A 0T 1 498 il 0% A 1) 52 )
SELFRFEAVER , B RVE R, MEAEPUER , X R R A 1E R S BOK A N A K i
Xof - SEHAL M LA e
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