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Effects of Phytol on Soil Enzyme Activity and Lead
Availability in Lead-contaminated Soil
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Abstract: A pot experiment was carried out to study the effects of applying phytol to lead(Pb)-contaminated
soil on soil enzyme activity and Pb availability, and the alleviation effects of phytol to the Pb-contaminated
soil under different treatment time were discussed. The results showed that adding phytol to soil in a short
time promoted the activities of soil catalase, sucrase and alkaline phosphatase, while inhibited soil urease
activity. Moreover, each enzyme had different sensitivity to phytol, among which alkaline phosphatase was
the most sensitive. With the prolongation of treatment time, the activities of catalase and urease as well as
available Pb content in the soil decreased, while the activities of invertase and phosphatase increased signifi-
cantly. When the Pb concentration was 600 mg/kg in soil and the phytol concentration was 50 mg/kg, su-
crase activity was the strongest, which was 122.28% higher than that of the blank control. Additionally,
when the phytol concentration was 250 mg/kg in the soil, the activity of phosphatase was the strongest,
which was 251.61% of the blank control. In conclusion, the addition of phytol to Pb-contaminated soil could
change soil enzyme activity and reduce the content of available Pb in the soil. What’s more, with the prolon-
gation of culture time, the alleviation effect of phytol on Pb-contaminated soil reduced gradually.
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HHERE SRS YR, S A R ) 5
Y8152 ) 7 H 5 0 T 52 0 AR VR W) B RN 7 L G i
M 4 R A & AR Dl B A N R H
Pro a4 & BN AR B R R T, H
Fif 7% o 4 TR SRR, T AR A FE R+ R 4 R TS
Yt b ] DIAE Sk - M A BRI A ) 48 B R4S R TS e
Yyt TR R B W P AR R, S
PERYFE R AE AR 2 7z .

LR g T — AP AR AR P il R D e, R AR R
I R4S D7 A1 7 MR T 1 R o N 1 G o O S el
PRUS i K R A K R B I R AR A
RN i 2R E A B 0P A R AR T AR A A
PP CATER RS . HREEEA K, AR
SR Z Y AR KRR
JARBL 3 SR 22 53 WA v ARG I S A7 A DR 1 I S e, I
LR YRR 22 32 B30 45 130 Ao 4R 28 25 93 10 - 453 T 41K
Ui BE A BT . A 0 58 o ) H05 G 3 s in i g
Pt , R I S X A V5 Y 1 b - S R M A BT
A RS B RE R Sk R P ) T 4 R TP AL R R A T
BB R RS AR .

1 bR S50k
1.1 R

HBERX T 2017 48 8 H 10 H R T4 #UNE K%
LR XS L L g (31°20719N, 118°22/09"E) » - 4 Hy
R R A pH M 5,920, 5 5K 106.000 1S/
em, B AL LA —160.200 mV, BUE L B A L
w9 0.930,0.884,13.55 g/kg, M S RN
44,550 mg/kg.,

bR R s R AR YR IRE A A
SRIT BB 3 mm G a5 . a0 i fiff 300 2
Gy AT AL,

1.2 RWigI

KRHESHN 14.8 em, &N 9.8 cm ¥R AL AT
FEARIATS ARG TR - A i bR E T S R
S R B E A RS Y R
600,1 200 mg/kg, BAIEEE L 0.8 kg, Ff H 5
MRS R & 35 I S s 2 J8 5 AR 4R 50 56
D32 1 22 MR R A3 I ) I B, 1 AR R A i i
SRR AN 1.5% ~ 2.5 % . P&, s hn i ot
A RN 0,10,50,250,500 mg/ kg, ik EEA
WHRH B E 3 A EE ., REFSEEE PR 15
CL BRI B VK, PR R B, KT 9 7,21 RIGHL
A KT B R 0 (0.1 mm) BT 0~4 CEFE,
FH 0 78 F 4 58 il 0 1 S 4w Y A A
1.3 WMEFE

- ST I E S BEOCRA B (il R LA
GETE) M & Ty k. i A Ak ST O R I E SR H 0.1

mol/L KMnO, ji# &2 ¥ 5 15 W 8 1% M0 2 ok H 3.5 —
TRSHEK AR R B €07 5 TR I 00 SR FH R A L €
0% BRI A R T O Wl R R B e B ks R AL
BB &I E R ] DTPA—CaCl, —TEA(Z.Z =k H. 2
1R — A — = B B A B HOE $E I IF R 7ot
TR E . Akt G A 4 SR V5 Y R 50 P BT
RAAEAEHRTEIR A 2% HNO, =R 24 h,
1.4 HiEE

K HEF Excel #3547 20405 4b 31 A0 25 &1 5 i 1
SPSS 19.0 #EA7 350 $i 4 1) Ak B R0 537
2 RS0
21 FMARRENHEEMNESTLIEIELS

iz i) % T

+ 4 o Ak S G ME R o A ML A
ULHE R I A M SR 2 S . 2 0 e A TE) Y Ab
B, b3 S SR B T T S T R R SR R AL
P 53 TN I SRR AL PR (3 1, P<<0.01), i
A BT R 1 T o SR A S O M 3 I 10 B
+ e AL S S A R A R R OG L (HAD
FRH A A TEAE 35 25 P (P =>0.05) . Y 4 B (4 95 n
4 50 mg/ kg B, 3 AL SRS R R B0 S
Bt 5 I SR P BE A T R R e Bl AL PR (] Y
FER KRR 21 KRB, 58 i Ak UG AE AN S 04 o]
Wy R0 23 1 0 B 2H Hp 3 v B 1 5 S S I S T ) Ak B
2 H4) T T S O A T2 5 S - 4 P ) 4% Ak F 4
Rt SUR R g AR e PSR IR SR N N i Y
ATV R IR AR Ak B 3 b R N D T 4 JE A ol
SR AT E R 600 mg/kg I AN TS 0 i Sk Ak B 40
U g A 2 5 3 (P <<0.05) s X g
SR ETREE N 1 200 mg/kg I, ANGS I £ fi b 7 40
508 i it 2 e Ak B ] 25 S OR 3 (P >>0.05)

£1 FRAEBETHEIELESHEESK

Hfi.mg/kg
BR o e/ i 600 1200
it /d  (mgekg™!) K mg/kg mg/kg
0 0.5340.,05Ba  0,5440,02Ba  0.53+0.04Ba
10 0.6440,02Aa  0.64£0.01Aa  0.62£0.03Aa
7 50 0.66+£0.04Aa  0.65+0.01Aa  0.6240.02Aa
250 0.64£0.01Aa  0.62+0.02Aa  0.6040.02Aa
500 0.63£0.05Aa  0.61£0.02Aa  0.6140.03Aa
0 0.71£0.06Aa  0.66+0.06Aa  0.6440.05Aa
10 0.55+£0.05Ba  0.53+0.01Ba  0.5640.05Aa
21 50 0.59£0.08Ba  0.60£0.06Aa  0.5840.01Aa
250 0.49£0.05Ba  0.53%0.05Ba  0.5610.05Aa
500 0.48+0.04Ba  0.50£0.03Ba  0.5440.07Aa

b« [ — 7 018 R ) /N5 5 ol — B R T Ak S ] 2
HPER 5 (P <20.05) s i) — B Al K5 5 B s [ — I A [
BB AL B b2 5 (P<<0.05). Tl
XEE 2 AN AR BRI (5 2) L 45 A BEAH 2 6] A A A
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WEERME(P>0.05), 2 MAbHEHY A + 584 A4k
UG5 T 4 JE AR B TR O L M O R B B
—0.774,—0.557,—0.845, L] LASED . B %5 55 7%
i I) SE 4 o - 48 v i S il PR IR . R VS AT ey
YRy CK Ab B4 4 ik S Ak S 0 1 e o AR 2 4
e T G 1 A n e SR e ) T DL 3 -
SRRV AN AR U e A3 o= (EN S = 1 T )
HE A I Bk - B A W) o i BBk R A S M
I s DATTT BEEARR 1 %o i S S g 1 R

%2 FAERQERETELSEBER K%

P PO E/ (mg + kg D) t P
CK 0.924 0.408
600 1.088 0.338
1200 0.678 0.535
22 AMARREMMHREXETLTERERN
=)

TR LI G E e R R B A AR
FH o — 0 3R Jy ki, OB il 06 M R R 0 A
HRIn A SR EE 7 R S5 I A AR S . R
3 A HL, AE A R Wk RS WG O F . A R b il
T 1 B A S n P 2 B A 3 1 T v 2 B T o ) R AR
() R A, EL 388 F AN T n o S B ) A LA s S A i
S Y BE O 50 mg/ kg B A JE TREORE WG S 1 A0k, 5
BAHANFEREEZR(P<0.05), JHERR
TSRS R ANAY L R A B AT N 600 mg/kg
Fish AR T 0 P v T AN S N A B A AL PR L (H B
B R T L REBE S MR IR R R BRSNS
SIBMALEEA , T 3 AT UL B, FE M SR
50 mg/kg T HEETE LB AT N 600 mg/kg B 1- 3
r R B G A e as P X R R S M e
122.28% ; HIEE S BN 1 200 mg/kg B + 1
TR T 5 P B AR AU S X IR ALY 33.55% ., Hi UL
I, — 2 Ve 10 4 S B A E 1T LAAT A5 b o 3 1
FERERG T MM T S e R s, S E
0550 - 58 v R TR M 5 R i A N SRS L 4R
RS2 XoT - S8 TR AR I 0% A FH ISR 2 I M AT ok B AR L
WIS R R, —EWRENESE S — gk E
{14 P 2o it m ) DA e (] VA6l A 0 il 3% 2 49 0

25 3o K Ao () ) Ah B A S8 v RO il ) 3 P Y
AN I T ok R NN | = g s v e e A R T 7 )
600 mg/kg BF, I 2 ) SR, - M REOE B 1
SORG N0 SR I A B AL 1 M 4T B BTN s R
FEAE 2 5 PR (P =>0.05) 5 {0 Bl 2 I 2 st 8 i 4 1) 38
2 Y GEELR B K 250 mg/ kg I, - 15 RE B S 1
Th i s Y 7E MR B S 500 mg/kg I, R G I
5 250 mg/kg BF . EBE B NG AR L BT B 5
TR It B ol 7 /b & b SRR AL A L I S
oAt b B A7 AE B 25 2 5 (P <C0.01) 5 24 - 38 o4

FEVR K 250 mg/ke, H 4 @ HY WK 600 mg/kg
Af A S R G M B s M P E SRS RN
1 200 mg/ kg B, AN 0 it JE 110 Ak 24 201 7005 1l 005 4 e
A1 S B S o0 I S B R 1 T o R ST T R R R AR
KA FRRIANAEAE 22 574 (P =>0.05) 345 2 A4k Bt A]
) SR AT PE R A B0 (5% 4) , 4 58 R 22 S L M
WS A B A S IIE A O, Y R T it 4
Pt FEE AN IF it 2 = SR8 Uk 38 10 v A Tl 00 A 1)
Ak kA S et R A B T — 2, B BUE LTHE TR
S, BB S Y JE R AT RE R g R R e B Y 2
PETE K B 0] A 5 3% o 4 35w B A 0 T 20 L KT
REARR T LT A S it 375 (1% 084 5[] s v o 2 - 2 2 AL B
B R REY R O RIS IR, A
AR 0 PR A 5 1 A L T
£3 TELETHEEEEEESTL

Hifi .mg/kg
Bk WERERKE/ K 600 1200
fiffEl/d  (mge kg 1) mg/kg mg/kg
0 9.02+0.34Bab  10.49£2.65Ca  5.9940.55Ch
10 14.394+1.83ABa  16.70£2.63ABa 9.17£1.59Bb
7 50 18.50£4.68Aa  21.07£0.66Aa 12.98+0.18Ab
250 17.24+1.76Aa  20.05+£4.59Aa  9.30=1.31Bb

500 12.17£2.22ABa 13.76£1.10CBa  7.8140.50BCb

0 35.21£7.85Ba  39.40+12.64Ba 25.07+11.51Aa
10 34,14+1.98Ba  37.49+3.67Ba 28.70£6.69Aa
21 50 35.43+6.11Ba  40.14+6.64Ba  30.65£7.62Aa
250 5249t 1.17Aa 59.56+3.34Aa 36.33L8.81Ab
500 47.42+£2.11Ab  53.63£2.13Aa 31.63+1.76Ac

R4 ATELEREZEEBLEY LK

+ 4 Ph2T R E/(mg » kg ) t P
CK —12.646 o
600 —11.697 0"
1200 —12.404 0"

e x o« FRoRMBEEZESF(P<<0.0D, TH.

2.3 RINAERE R MR EEXT S R T EREER N0

- 58 R g R b 0 AU 1 A b R EAE G TR Y 05
PR LR s ZUIE A R, &ad 7 RER SR A
T IERER A IE M. R S ATAL Y R OR T
2 B AN S B g v S e e R RE Y e,
JUR T 055 1 30 R IS T R TS SRR A e s R TR
Jni 4R EE R BE O 50 mg/kg B, 38 IR G TS T B o HL
T TN YN i S ) A B A s H At VR T A B IR
PRI P 180 70N T2 S 0 P e e P Ak B2 4% Ak L2 ] A7
TER 3% 22 5 (P<<0.05), T 3Erh i & 8 vk B2l 600
mg/kg B, + 5 o I Bl T PR 0 AR Ak 5 AN i
4 B BT I — B, IR PR T AN I
SR IA, HEPESBHSETEN 1200
mg/kg B, + 5 o I Bl 1 3 R BE S 0 G Y vk
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JE L LR A B i 2R Ak JEE Ol 500 mg/kg B, T
S R O 155 1 i I AU ) 82 T A S - g e ) Ak P
LI 37.37 5« ANUR AT AR] - 2 52 (19 A0 30 20 5 G A Ak
PR AF AR R Ve 22 5 . P O HE D R b S A i

R Y B R A R S R, AT DA B DR Y
T S T e DT A3 e S R H R G

B 5 ke g I T SR O L U AR L 22N e
AR G i ok 3 o 4 Ja A 7 Gt 4 LR M .

x5 FAELETIHEREBEETL BAL:mg/kg
B Rt ] /d MEREEHE T/ (mg « kg™ 1) CK 600 mg/kg 1200 mg/kg
0 168.09+15.92Aa 173.85+14.41Aa 173.54+11.03Aa
10 161.924+12.83Aa 172.104+5.82Aa 85.73+10.58Bb
7 50 174.774+6.02Aa 185.77+50.58 Aa 88.40+18.70Bb
250 118.4344.68Ba 144.44+3.30ABa 81.72+31.14Bb
500 91.08+14.08Ca 96.12432.92Ba 47.17+12.36Ba
0 167.884+17.30Ab 230.19+14.68Aa 161.6148.33Ab
10 101.564+15.81Ba 124.49£7.54Ca 81.214+4.49Bc
21 50 106.60+5.35Bb 148.04+8.99Ba 71.95410.65BCb
250 79.254+1.25BCb 96.12+8.28Da 60.0341.60CDc
500 65.48413.19Ca 90.0543.68Db 56.7444.03Da

285 21 KA I [) b B L 00 A A 55 v DR e O e
24+ P ORI A R A I RS I SR G S X
FE 2 TR 5 2 d5 5 B O O o gk R R 1 T R
it % P R T B R B VR o SR VR B Ry 50
mg/kg A, 4 & IR B 05 PE RS = T SR Bk N 10
mg/kg I B BREE G PE . 54 4 8 BV E A 600
mg/kg I}, 398 b IR il 5 2 09 A8 b 5 R B i &
& JE Y 0 DRI TR M A A A — B0, LRI E &R A
Aob 3R R il P 38D v NN I A TR A A AL B A L 4%
Ab PR (B A7 AE A R (P <<0.05), MK
BIEH AN 1200 mg/kg W], 4 578 b BRIl 04 3% 4 i
NN SR e B S PR R A A, S A e A B R
- 9 TR T U A A A A — B, 45 Ak B R A A S
ZE5(P<C0.05) . H1 2 A b B[] Bt A HE op R B 0
PERCXT ¢ K36 (% 6) T L& B . 2 AN Ab BRI, + 4
I G 36 1 R VR B S R E A O, B R AR TR
TN 4 @ B B R A7 AR M 2% S (P <C0.05),
2.4 RMARRE R M R EEXT 5575 4+ B M wE B

[iz3:08=-A11|

+ HERERR B T L R R AR WA R Y B
BRI E A FE 7 R - SR e B R IS L 3% 7 ]

L 2 A S R TS N B 4 R A B TS g e e
PR 5T B P Wl I T P S B S T e I BRI
OTEAN N SRR BE R 500 mg/ kg B 6P 1R
TEPESAR T AN TS AT 49 5 1 o) B 20 5 At A 3
HIAAFAE B 2 53 (P<<0.05), M +HEE 4 BETHIE N
600,1 200 mg/ kg I, Gl P e PR il 114) 775 A B o T o -
PV BE P T e B AR 5 b T A, S 200 TR TR
EREEYAEBEZE 5 > i SRV B O 250 mg/ kg B, -3 JIK
P P A e o Y PO SN A R A, SRR
500 mg/ kg B, - SRR W 2 il 0% AR AP X B, A
BIEAE RO ER I S B P TR IR, I
AT BRI R AN A7 A T 4 A AT R ST ) P A I v ke
2 T T R A0 o B 0 T Il S Y - S P AR AR — i
JE ARSI 23 55 v Vi B A I S B R [ 4 T A2 i T PR
Tl it 1) 3 A (o LT
F6 AREAIEREIREERRT ¢ 11

+ b Pb*T M/ (mg « kgD t P
CK 3.098 0.036"
600 0.809 0.464
1200 1.658 0.173

RTAELET LIERMEBBREEETL H07 . mg/kg
B FEmtE] /d M2/ (mg » kg™ ) CK 600 mg/kg 1200 mg/kg
0 55798+ 7987Ab 73575+5684Ba 31869+5819Bc
10 5810544680 Ab 74615+2939Ba 45213+12156 ABb
7 50 60909 +9062Ab 86557 +4437ABa 46796 +=6818ABc
250 64664 +6867Aa 96735+2049Ab 57743+9226Aa
500 41775+£4141Ba 913974+12069Ab 50822410587 ABa
0 55985+7291Ca 715464+11857Ca 57116 +8278Aa
10 81091+3482BCa 76748+14681Ca 118907 +46630Ba
21 50 100225+28138Ba 154552+7654ABa 1329754+25314Ba
250 141298+10912Aa 196846 4+14031Ab 1498470+14990Ba
500 70687+9062BCa 117731+£56322BCa 129627421938Ba
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KRR R

%33 &

28 3k K T Kb B S 0 5 0 TR I P
[F1) A2b FER AR A 1 0 B AR — B, 14 3 I A e A P o
JEA, HAS AL B2 X i T oo BRZH B IS Y 1
Serp it SR VR B2 Oy 250 mg/ kg H 4 R AV EE O 600
mg/ kg I+ 58 v i P B 1R Wl T M O 2 S DX IR
Y 251.61 %0, 2 /A0SR HA Fr) - S28 g000 l  ily 0 2 5
A R AT VR BE 2 B E R OG, X E 2 A b B ) AT DL R
IR, W A S ] ) B A P v i IR R O
FrE s S IR E A B S E N 1 200 mg/kg B ,2
] ¢ A9 (3R ) A i 3 P 22 5 (P<<0.01), Il
ATRE IR DR 2 AR AR A R v I 2 I 2 AN T 19 0 i
HG 3R L 3l 2ok 20 A R A S A AR K BRI
Fr. P A ] By A BRI S A S R A
Wy B AL I o ol 5 00 R O T

Gy E R S R R E e . AP T R
Jei o BRSNS IR 4 JE A IS Bl N I I i i
(TR, R A RS A SRR A T R
PR 9 MRt SRk By 250 mg/kg B, 3
A RES K 5 50 mg/kg B EYA BUS AR 2
SME(P>0.05)  SHAB A A G R EEZ R (P<
0.05), Y4 & 4 J8 H vk R 600 mg/ke [, il
AR , R A A RS RS TR LT
B, BT A 1 R A A I A BT 5 224 A it
WK 250 mg/kg B, R A RHUSHT& B R K 2
L&A A R Y 75.93 %5, Y 4 358 b i 4 )8 4T Uk
JE4 1 200 mg/kg B, 4 845 RSB i BE G W i
S I B P T v B T AR A R
F 8 T[T A A A R ER A A X ¢ AR I6

e Po* IRE/ (mg » kg D) t P
25 AMARRENHRENESTLIEFERS CK —2.315 0.100
B FRENZI 600 —1.974  0.120
5 T B A S X b I AR A A R 1200 —9.158 0
x99 TALEBETHEREUSTL fy . mg/kg
B gt 1a] /d SR B JE / (mg » kg™ ) CK 600 mg/kg 1200 mg/kg
0 6.64+1.19ABc 341.35+£24.05Ab 708.92+£79.09Aa
10 6.58+0.56 ABc 325.98+2.55Ab 712.89+39.98Aa
7 50 5.80%0.26Bc 286.97+10.53Bb 611.22+47.53ABa
250 5.1340.59Bc¢ 237.08+3.27Ch 551.55+35.46Ba
500 7.544+0.44Ac 298.45+5.29Bb 548.75+32.96Ba
0 7.511+0.64Ac 544.58+57.39Ab 1080.58+180.85Aa
10 3.2140.37Bc 539.63+£86.98Ab 972.25+100.00ABa
21 50 3.22+0.38Bc 494.98+26.77Ab 697.25+43.30Ca
250 2.8940.51Bc 413.52+22.13Ab 822.25+25.00BCa
500 3.3940.70Bc 506.72+80.03Ab 863.92+38.19BCa

23t 21 RAHRIAL B, 24 4 38 ORI A i, 5
25 X B R LE o i A - S 52 1 Ak P20 A AR B
TR MM SR B E R 250 me/kg BF, L HEROR
RO & B e AR, Y b AR HT R 600
mg/ kg B, A SR BE IS + 5 S8 & B 5 R[]
AR FRISARfE — B0, 45 A BRAL R 7 78 W F M 22 7 (P <
0.05), M EEEEIEREN 1 200 mg/kg H,
IS B A HE A RS B i A R A N
H 600 mg/kg B A5 1k B — B 24 m A B S Uk
450 mg/kg i, 4 3 P A AU A R, A AL
M AEAE R FEE R (P<<0.05), Wit 2 M ESR
W R L B M B A R vk R R B, T A RO
PO S X I gt e ) SRR B T e B A D A
JE T A RS Y A i B S A L g A v
B REREAR . HH 2 A A 35 1] B - 398 v R il 3% 4 )
¢ Ke 56 (2 100 0] DLk B, 38R N i 4 )& AR, 2 A
A BERS R A A M 22 5 (P <C0.05) . X 2 N Ab

PR (8] A] DL A BE i 25 A AR [ £ 389 0 A RS
R TR I G T R D DR < 90 Y I R I
ZRARBCEL Ly AR G AL U i gkl 2 4
SRIELE G MR BE A0 L n] DLRVEY S 545 5 L FRAIR
B RS  BE A b 3R] 00, 9 b s i
I Bt g M o 1) ol 2B 0 o0 i T RE L D R Y L
AWy Pt T B IR BT A W B R R S b ) — SR
W J5T o AT (5 88 e A g X 35 BR ) A 2
£ 10 TEAERELEEARES ¢ 0K

+ 3P PH2T M E/ (mg + kg ) t P
CK —2.678 0.055
600 9.525 0.001" "
1200 5.513 0.005" "
i: v
3 4 w

(1) e S v A3 T - e e 0 4 980 R0 AL Ul L E
Tl 0B 1 e P R T 2 R e R AR X SR W R A
A S A FH R/ 2 B 2 ol P 1 1 e = U il = 746
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il il = i S AL U
(2)2 A AL PRI 4 i S8 AL UG5 3 Jm A

JEE S BLARAR 5C , RO | R TN A0l e T T o Y

W R BLEAMSE, M PR GR AL 600 mg/ kg

I8 PR AT P o T A S < R R 4 S MR R e

R A B2 5 3 SR S0 L TREOHRE R R R 4% 1P B e I

i@?ﬁilwé%bﬂﬂféﬂﬁiﬁﬁﬁ 50 mg/kg i, id AL A

 FREOHRE B R IDR I35 P 5 v 5 98 Pl R T 4% A )
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