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Abstract: The effect of phosphate fertilization on the growth of Chlorophytum comosum and soil enzyme
activities in Cd-contaminated soils were investigated. The results showed that C. comosum was able to grow
well in Cd-contaminated soils contained 100 mg/kg Cd. The appropriate addition of P fertilization was capa-
ble of distinctly improving chlorophyll content, cell membrane permeability and antioxidase activities of C.
comosum (p<<0.01). The chlorophyll content, cell membrane permeability and antioxidase activities of C.
comosum were promoted by low P level fertilization and inhibited by high P level fertilization. Both the chlo-
rophyll content and the CAT activity increased to the maximum at 200 mg/kg of P. Election Conductivity
and MDA content dropped to the minimum value at the same time. The POD activity started to rise when the
P content were at 200 mg/kg. The results indicated that P addition could reduce the degree of damage to the
cell membrane to the lowest level, and significantly enhance antioxidation. Simultaneously, the soil enzyme
system in Cd-contaminated soils could also be improved by using phosphate fertilizer. The activities of cata-
lase and urease were enhanced at low P content while they were decreased at high P content. The urease
activity showed the opposite trend of the catalase and urease activities. The phosphatase activity was inhibi-
ted. Besides, the activities of catalase and urease were elevated to the maximum values while the sucrase
activity was decreased to the minimum value at 200 mg/kg of P content. Moreover, the four soil enzyme
were highly correlated with P concentration (p<C0. 05) and the correlation sequence of the four soil enzymes
was urease > catalase > sucrose > phosphatase.

Keywords: phosphate fertilization; Cd-contaminated soils; Chlorophytum comosum ; soil enzyme; phytoreme-

diation

Y FEEH3.2017-11-13

BRI A : HRK A REEIL AT H (31070401) 3 L3R HAL F AR BHF 3 4 TR H 5 35 204 W PE R AR 37 5 R AR 9 2o 804 T 4 S 30 2 ik 4 e 1 ami
FE—1EE B (1986—) . L M4, EEMNFE YL RS . E-mail: pfh20072008@126. com

BAEMEE A7) AR L S, NS Y A S5 RS TSE. E-mail: wyb74@126. com



533

6 05 B AF M X 7 22 08 SRS Yy b g K ST 1 10 5 ) 347

I S B+ Cd g e Bl g kY, EEE
A 3 JE WA Palmerton FRIGHRT B34 138 Cd &
ik 1020 mg/keg™ ™ M7 3R H 1L 74 # 2 SR,
WEE L) M, A RE L Cd HEEE S
2 587 mg/kg™, 43 Cd ¥ JEBIRAH G M R EY
(9 A= K T L B B ) 0 A% 3 18 T N SRR . A
B R AR Cd 54 £ HEM A HLE 8 78 JE i,
VTAER S BT X5 BENEAE FHAE Y W Wi Fl e B+ I & R
Cd J5 T A AIF 5 5| R BE 2% AT M I 1 248, i e
AT DVA R = AR i R R Y PR A K
I — 5 T W NIE R 2 A - g v B S A3 A s DT ek AR
TR I A A R A TP B AR
PEEAY N E A RS B E R T Cd
15 g T AR YME S HOR S IR T TS AE A R
A B i R (R P AR R T 1 TR A, v D - HE R Y
fE L R AN B Xt - I S v A
YERT . GG PR A0 ) (%) T B4R b o AT 4 I
BIRICE RS Z H IR B,
FEAZ T 4 @ TS Y 1 - M b L 3 i b R T A A
YK R+ A B AR oy

i == (Chlorophytum comosum) J& T B & F | =
J& e BB A A, X 4 R Cd B AT AR 4 1 T
PSR BRSO EENEE L RESJE Cd W
W A SR ks A S A B Y B
B N e . R A RIS BE R 2L AT E N A
e RIHE Cd 15 4% + 5 b it AN W) 590 3 8 AE X s
2R AR AR | A S TS R A Y R L o G e
BENE 3R m A A Cd V5 4 1B B BUR IS %,
1 BhRHS5i%
1.1 s

At 3R 3 2B R A 5 L, g B
FE3gE, pH 5. 33, 8 VA VB A AL & 4 B 2. 06,
1.55,9.69,25. 55 g/kg, f& & &t 0. 68 mg/kg, +1E
Kl 5 KT . 5 3 mm 55 76401845 % H

At i 2= 4 A A ] BEAS B i Y [R) — AR .
XA SRR A D 8 2 L fR AR AR AR S5 B
AR A BRI ) 4 8 TR

DL A S R s 4 — M AR R A Bk
ffi+5ES P &R (UL PO, 31) 4851k 50,100,200,
400,600,800 mg/kg (FT A &L B H] NH, Cl #b 2 N &
L N XHR I A 52 0D I UR G P oAb HE Y
Mt 32 X IR (CKO , 47 2 AR 06, e 7 (L 2
10 ecm) %€+ 300 g,

ZEm LI RWE Cd 5y £ nl A4 KL i 2
E W Cd V54 + R P 18 52 i 2ok it i £

BN 2 B4R (UL Cd ) il 3 Cd e 100
mg/kg., WIZTRM M LR & 15 d J5 , B A Al
22 2 Bk LIRE I Cd (1 4 18 A 5t B8 L 55 B R i
m2E . U A s ik 3 MEE . 4
TF1) 0 S A 0 0 K B RE IR L 60 d R SR FESM T
1.2 WRFAE
12,1 EEFFMAMNE +HENPKFESHEH
CLO-12JHEA 7900 5 5 A5 HILJE & 1t R AT i #t— K, Cr. O;
ZRAE I s Cd & B 2R HNO, — H, SO, — HCIO,
(8 1+ DIFALSE KA J5 7 Wl 43 6 % B 31 CAA6800
R, HASHED,
1.2.2 J2KHBMMFrt Frig oz R
RO R 22 A SRR AT ORI, A Ak A [R) T B XA AR
T 0.2 g BFEES) 3K 7558 AU 4300 B T
FE 663,645 nm AL B IF AT SRR a PR E b
P42 a+b & (mg/g FW)!108
1.2.3 HZrr h @ el M MDA 4 % & 4t &L
B &M 2 R A R A 8 i DDS—11A AU
S E H A X F R (S o) Y R
(MDA) & 8 5 SR S A H AR ks Ak
Py ity (POD) % ¥ 5% FH 45 A s il szt 5 s Ak
S (CAT) SR FH 2R Ao et B vk et -1,
1.2.4  X3geggiae fms A4S AL B+ e rp g
FRIBCHS B 22 MR 2 i A 398, 4 B RE PR AR AR
AT B, 28 0. 1 mm G 5 A7 . o S Ak Ul o vk
ME, L1 g H3ERESE 20 min J5 FTH#E 0. 1 mol/L KM-
nO, PR (ml) 278 H 6 s A B >R H 0. 1 mol/L
Na, SO, 52 , Hih M ] 0. 1 mol/L Na, SO, i & 4 1
(ml) 2 25 R 5 IR Bl FH 2 13 A B € 3k 00 52, 3% 1 DA
24h N 1 g 18 NH,” —N B F & (mg) Fn; R
P R 0 R O A b i s VS LA 2 h iy
100 g 3 P, O (i i (mg) Fom't 1,
1.2.5 3454 i Excel 2003 {4 i 17 3
EAAREZE A R AR 2K a 2K b
b WG . fd ] SPSS 19. 0 #kpk HE AT 0T 248
ZE L MO TR A A5 . B S 0l 3
WHEE R BIE.
2 RS0
2.1 AEAPREMNBEZHFESENEMN

M-I RAEM Y G ER D R R TEEN,
o R HE A A e A ER L R Z A E
FHWCE AR T ERS . 3 100 mg/kg Cd &b
B 22 KB, TCAT AT A RRE IR 5 R 0 Jin &b 31 E
M@ 20, & 1 T, B 224 100 mg/kg Cd AYT5
e+ BRI AR K. B PR MK a
e S R bW O SR I (ER e R v N T2



348 KPR R

%32 &

(p=0.062), M4 2 b & & G5 B, 22 1k
B#F(p<<0.0D), 4 P FiiAF 200 mg/kg B, i
REPRIH 2R ER a Mgk R b HEMA R K, XUIR
T e A BT B 22 R AE KA R
F1 EMPAMCIMBE=HFRELENF M
Cd ik Pk % a HEE D KRG
(mg+ kg ™) (mgekg™) (mgeg 'FW) (mg+g 'FW) (mg+g 'FW)

0 CK 2.7940.56abc  1.2140.22¢  4.00£0.78¢
0 50 2.86%0.12abc  1.4640.02bc 4.32£0. 14he
0 100 3.2040.31ab  1.60£0.25b  4.80£0.13ab
0 200 3.5540.06a  1.9940.16a  5.5440.15a
0 400 3.2740.50ab  2.0540.24a  5.3140.26a
0 600 2.5610.44bc  1.59£0.14b  4.1540.47be
0 800 2.2940. 48¢ 1.4840.22bc 3,770, 55¢
100 CK 3.1640.32a  1.90£0.21b  5.05£0. 1dbe
100 50 3.42%0.53a  2.33%0.4dab 5.75%0.47ab
100 100 3.6440.49a  2.3840.16a  6.03%0.60c
100 200 3.6840.22a  2.5140.08a  6.1940.23a
100 400 3.6840.31a  2.3740.23a  6.0540.18a
100 600 2.73%0.23a  2.2840.23ab 6.01£0.46a
100 800 3.2340.13a  1.3240.23¢  4.55£0.11c

- BRI A IR 25 5 R B OR R B R OR [ — A
BRI AL & T 22 R M B E (p=>0.05), T,
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ZURH XoF A, 3 5 7 A R 5 A T 30 e R 1 R R
Ko I g HME L 38, AT DA () 42 S o A2 4
R

M 1 ATALZEATRIN Cd b B 78 P X F
ZH LU NT HL 5 SR 100 S T AN S 3 o 00 R o 1l S %o 4
FRAE YRS M R A TS N 100 mg/ kg Cd Ab 3R A A5 H
FERRE P W R T JE RS G CREARBE T 28 4k
AN T P ik E 200 mg/ kg WEIFGRIGHD L B 24 P ik
JE T 200 mg/ kg B 1 22 TR 42 @ % iz B |
TR B BE 0T 41 IS 3 Bl — 2 405 3

P (MDAYE R B s as AR B 2 2
— AT LS ER 0T KR S B R A I M I S Bk T B
JEHE 2 (— AR TR B TURUE A 90 - DT - 40 it 1)
EEAMIES ., EEEIEEEAE T MY E S
Azt 2210 1 H R X ) E S IR A AR P R 1 3k
SEACVE A A B AR R 7 ) MDA & 58 AR
A A R B T AR .

&1 A #E X B4 R, MDA [ & & AR 1B A
Wik 38 f SPSS (B R 5 22 40 B W P X
MDA )& &R0 83 (p=>0. 05), i £E # i 100
mg/kg Cd Zh L rh P ik i 35 3| 100 mg/kg, MDA
TR R EIRE, TR S R OR Y Cd 51 &0t
F 22 R AR AR I3 5 A G

0.35 =3 RFncd
& 0.30 100 mg/kg Cd
m 0. B
‘a0 B 2]
. 025 1] 5 o
3] b [
=) -] ] [
g 020 f L %% o i
g - i %% o] [
= L [ i %% o] [
J 0.15 - i %% o] [
1 bl
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40 0.10 i %% o] [
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< = i %% o] [
0.05 Fay b -1
g i o5 <
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1 AEAREPHBEMNFALAESERII MDA =M

2.2.2 AP FEZREABEERG Y HK 20
LR PR R, X B 41 POD 36 PR TS
P RN 200 mg/kg Wik B de KL A5 A KR B AR
HE R B A e, N 100 mg/kg Cd &b B
T POD JE PR AEAR Py B T A8 10 R BH 5, Y ol vk 2 34
JNZ 200 mg/kg W FF 46 5 I, Ud B 7 22 19 P SR T4
FHMBE U B2 2 200 mg/kg JF 1f 742 75 B 5, 413 1H 4= 0l
T 22 0] 5 4 i 0 I et 8 2 2

A AbBE CAT i 4 B 2 8k B 1 in 34 e 7 ) e
(&l 2) JfH I 0~200 mg/kg IR EE T . 78 100 mg/ kg
Cd b F Y CAT s 4 A8 Ak 3 fin & 3, 8 FA 7 ek B v
FEI AN P e i 02 i i 225 Cd IR

WS AR I 38 2 (oA ) L U M B
(35 P FR R (ROS) L i ROS X5 4 s P9 1) B 22 45 1
J R RN IR 5 K 4y 1 FLA R A B SRR T
Ferrer-Sueta 55" )\ 35 450 A 400 A 40 Jt JE iy 7
FEPUEA I IR R S8 BB SV BR R N 240 1 B | 2k, O
TR A BRI A S S AR R L X — PR
RGP IR MR RGBSR V2 B R SR
YIRARL, Horh SOD.POD,CAT & 32 B2 (1§ E ALl »
BT R S AT 3 R A A A PN T A R R 4 A
b 32 T MR AR B 7 AT ORI AR P RS R 8 . FEAH
Y15 5 5 4 J8 B8 i, POD A1 CAT il 16 P 2 ol 28
AT ) 2 o2 el ) 232 40 5 T A B
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B2 AEREPERTR=K POD B &4 CAT BgiF 1%

2.3 MEPXBEMBE CdiSLTEBNYZM

2.3.1 HBFFEZNCdFEIEBEIRGYm 1 IE
Bt VE Ry A= s BT LT e Ak - 358 ob I 08 26 A S v;
A S0 B o 6 S - AR B AR AR,
% 2 A1, 100 mg/kg Cd TG 2425 FIAL 3 5 R
Cd TC i 2225 FUARBRNT LY, o S0k S0 | TR it | JOR 1
AR5 T S S R AR, U R 42 i Cd X 3P 3 Rl A
BH S AR S T 68 -5 B 4 0 v A 3 R A A

PRAELE G A T 5 R 58 A PRI IR F A OEE s
T ik ) 955 P 20 498 1 D] 100 mg/ kg Cd %o - HE B 1 il
WA —E AR FEVEA . 100 mg/keCd BY M 22k K 41
5 100 mg/kg Cd A TC M 2225 H A L o 48Tk &I O
PEAS A AN WY S R T DK T Wl TR IO R 1 L
BT M A 100 mg/kg Cd V54 ) 3 e A 3t
B0 R T, X Cd 53 H R BB S .
XA A AR AR R g A R — 5K

R2 FHEMP REMNBEASARER=ZNTAHTHBEY

Cd e Ji& / oo i 48 b S/ THE W i/ K it / T 192 g/
(mg + kg ") I (mL+g ) (mLeg'+d") (mgeg'+d') (10°mg-100g'+2h")
0 T 0.47+0.032 2.00210. 248 14.3+0.3 7.29310. 165
100 I 22 0. 360, 044 1. 4304-0. 143 11.440.6 11.95940. 675
100 S 0.3240. 025 1.573£0. 000 19.241.4 14. 3370, 604

VE « 2 PRI P 08 - A 25
2.3.2 #4PxCdiFsktEmBETRtYh HES
AL AERS I Cd g abBE b Bl 2 P v BE 34, i 4
b ST  RE R T V6 1 8 % B 2 B S T R B T ik
it 3 P A8 b B OE I A R E 200 mg/ kg Pk BT
TR IR B ARAE s B R 1 1) 16 M — L R B AR 3, 45
ST, it IE e 6% R+ SRS 1, X E AT
WAk = A 2 s

=& 3 Al %50 100 mg/kg Cd Zb3H, B P ki
(BN 3ok G Pl S T i P St 0 G 448 S o e 3, T AR
AR A G AR B B P RSl 200 mg/ kg BFEAT]
AT P 2 381 A 1 DK T ) i P A o A, w9 IR I 1)
TV I W AIG 35, 17 P b I 0 P 00 34 (8 LG RS IR
Cd (R b 3R R 11 8 355 P 2 (81K (25 5 W 38 1k 0 0l oy
0.038,0.051) 1M J& 2 i il 1 P 1 B {8 228 TR s
Cd 7y Ak 27 A 58 v oAH 7 19 il 3 1 (25 5 I 3 1k 43 5l
0.055,0.041), Z5HFEM.100 mg/kg Cd - 3 i fiff
WEPER 32 Cd 5 g A el i n P s . vl ok %
BRALE S5, A BT P A B — e R T AT
2.3.3 AP HLMELLBEBERY YA HES3
AL SAES I Cd 2 FRAR HE, %S 100 mg/ kg Cd &b 38
Hh b AUk U 9 0 PR R BRSBTS B Y #5200 mg/ kg
() Tl e 3 Ah 3T, R P 3K 3 e R X T B 5 4 A 4
ASRBEA G, 0 3 4 18 v i Sk S X o AR A A A

fife NI REAR R M A R 22 1 R AP A K. RERERG 1Y
HPESCRE RS 4. 200 me/ ke RREVR BZAL I | R Al
A PR 2 B I 3 AT BB 2 Fh T i 22 A R E e, ISR
ALY BTCI YR MR AR B IR Y
EPESE TR . 200 me/ke B P AR B . JIR G 93 74
IRF R U WA S P X IR AT (2 2 A T e e % P
B AR R HAT A A i e —
P — S UF MR AR IR PR 585 2 I e 1k
VEF RS N AR HE T 52 00 RS PRBE i . BEFRG
AR P — BT B AT R S A1 Sy 2 S v e o e FES I A
WS T ICHILBAE A 75 SRS Dol /> iy 98 v R £ 0 TR T
WREZ I A BT BEFREEAS REVE S St P 3R AL fh
2BE Cd g L BCRTEIR .

R Ao S S | TRE il L O P B e T Al 0 S P
WEEAERTZ AT, 3 4 AT, 4 Fh LR S PR E
S FEAH M (p<0. 05) » HLAH G R/ Ry IR = i 41
e STt = P it > B9 1R it » 150 B DR o S F e S L AR
BRI PR TS Tt P ook - AR A O FE R bR JF HAR
P BEAE T 515 2 A rh i S A U | RER DR Tl
PR B S (ELI 75 20t 00 B89 Bl POk B 3 il Ol 269
243,315 mg/kg. i I E 4 S WG 1 L AT 52 B X it
PR+ Cd 15 Y MR 2EAT I .
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£33 EThEMNZTHATEREY
Cd e g/ P&/ it Ak A/ TR T/ JUg i / s R G/
(mg * kg™ ") (mg * kg™ ") (mL g™ ") (mLeg!'d®" (mgeg '+d™h) (10° mg + 100g™ " « 2h™")
0 CK 0.47+0.032a 2.00240. 248a 14.340.3d 7.293+0. 165a
0 50 0.38+0.023bc 2.14540. 286ab 15.240. 6cd 7.16740.219ab
0 100 0.36+0.078bc 1.478-+0. 330abc 17.0£0. 5be 7.076+0.118ab
0 200 0.34+0.021c 1.239+0. 165¢ 22.210. 6a 6.859=40. 165bc
0 400 0.38+0.055hc 1.43040. 248bc 21.843.0a 6.805-0. 124bc
0 600 0.43+0.040ab 1.811=+0. 541abc 18.240. 3b 6.53440.377c
0 800 0.48+0.025a 2.09740.541ab 16. 1£0. 9bed 6.488+0.122¢
100 CK 0.36+0. 044ab 1.4304+0. 143bc 11.440. 6e 11.95940. 675a
100 50 0.37+0.060ab 1.43040. 000bc 21.140.9d 9.518-0. 685b
100 100 0.38+0.074ab 1.287+0.000cd 20.240.9d 8.70441. 449b
100 200 0.40+0.035a 1.192-+0.083d 25.740. 8¢ 8.44240.596hc
100 400 0.3140.020abec 1. 287=0.000cd 31.641.4b 8.16140.587hc
100 600 0.29+0.050bc 1.478=0.083b 35.641.8b 7.076=0. 346¢cd
100 800 0.24+0.052¢ 1.764+0.083a 46.7+5. 4a 5.991+0.591d
05 N ~3.0 .
o REncd £ FEca
- EZH 100 mg/kg Cd * 25 EZH 100 mg/kg Cd
104 L op &
< L < 2.0
=} | r 7 ] A
g 03 o5
N ::::1 -: =] =] - 1.5 | I
Hogo bR RS ] = £ il e LB
v ot I ¢ <10 B8 < HR
& el e vt I 3 el e v
0.1 b IR 2 v o] e
™ % I e R [ 5T 0.5 ] ot et
= s e o os I & ] o e
® O « 15 = L g0 - % %
bif 0 50 400 600 800 o 100 200 400
’ *kg”) P/ (mg * kg™)
45 r =3 &REincd ~ 16000 - )
o a0 b [ ?Z?n?g/kg cd = KA Cd
o T . 100 mg/kg Cd
T 35 |+ ] o0 12000 | b
b | sull=s 2 :
g R RS = < 8000 - s =
< 20 2 ] 5% - sl ] e .y
H o =] RS - = i o% 5
M g5 L |2 ] [ . T - 1 b
e o 2 0ol it = 5 = 8%
! | o o s I ¢ = & 4000 [ - Gl oty )
g 10 o R - gu 0% ]
B o5 o R RS = & ] 0% ]
o o e = g = e 5
50 200 400 600 800 50 100 200 400 600 800
Py B/ (mg * kg™) PR B/ (mg * kg™)
B3 AEAPREMBEREAPIALESEE . EELHE. REURBEBREBIENT N
x4 TEMEHEOSPREGHELMET
. A . ‘ Ve fE P g/
2 45 b iy 26 A 5 R? P -
(mg * kg™ ")
SEAERE  y=0.315+4.877X10 *2—1.167X10 °22+6.480X 10 02 0. 964 0.011 269
TRE A y=1.604—0.002x+5, 145X 10" *2* —2. 847X 10 " 2* 0.944 0. 002 243
i it y=18.945+0. 0822x—1. 774 X 10 * 2% +1. 003X 107 2* 0.981 0. 004 315
5 1% 1 y=11976.3—7.799x 0.763 0.010 —
3 &g PR, JUH Y P &k 200 mg/kg B, i A AL L K

(Dt mid & B IE A A T M 2 A+ . 78 100
mg/kg Cd {54 L, i P X 2= g R &%
20 M IS A T R e S S IR Ik
PEE B v EE A ERIE T . 24 P YR EE DN 200 mg/kg B,
maR R o  CAT g6 M Ik 3 & K, POD il i M I
B BG T, B 22 40 A A0 Bl R R R AN L i 22 PR
A I3 i .

7t P A B T 23 Cd ¥5 Gy 4 858 b i flg 5

B E T R, 4 FP R EERIE S Pk E R
FEAK (p<C0.05) MUK Ay MR g = 3t 48 Ak UG = e
Tity = B3t R it » <% WY T 3 o G B BB A b S WL P X
ZHEYME SE TEAE .

B K
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