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HUITTLE 53-8 5 0 A0 2 A [ 2 BURY 2 B4 T AR OGP 20 o A0 VRS SR B2 B 3 4> Wk S UK 7 (0,300,600 mg
kg ™) VHVBEE 2 AR KOE (0,300 mg kg ™) i EG I 6 MR FE . I E TR E IR0 AR AHT
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B34 A MU ;& HERR 5 5 BOER 5 A5 A 5 AR B Y
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SEERE O L IR P 28 0 25 LA T By A
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S A A 7 R B TR I A, R R
S F NS AR LR AN RIS T S U/
50. 1% 1 58. 6% ", 58 5 F g 25 0 2% 3% o o
AT I e i L S A R I RO KB B A
0.05 mg L™'"70 0 BRI, 2 i 0% 35 Y 1) B (E 18 A
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JI, Cu 35V AR R AR A 280 0 s e

APEH & A KEEAR, 055 57 & P45
S 025 B LT 2L o3, 1 A TR B89 AL 4L, 44
IKEEPER I (WSS) VE MERR (FA) (9T (HA) (]
0 3R A 0 < T A SO R R A% S A ) X RT RE
i AL R T T A R AN — B I B B S5 I8  J
W — i =, 3 A AL [ € L G
PETE SN Ty R A T G b HEAE WO AW T
B, SR A BILJST b A e 10 A AL T A B 08 A L I 1)
VY R < SRR G AR BV R L IR T A LR
JeR B S O o PR b A S B A L B 4 4
Z— WA S F 5 X A0 S e 1 3K I 1T
R i A\ - B X - AT HL A A A DA A S AR
Yy W A R IR ST O i A R B
HERR A 25 AV & BRI O R s LA

BILIR A5 A~ 273 X Al 900 i < D A A bk R i), L D A
B2 Pl 1 fet B A ™ P A3 B AR 30 o

LR ik

L1 ks

ASH N W AR A A (C
shuang ) F4/ B, W A W FHAEE %37, R R0 AR £k
LA AL AT A AW R i bR . SIS S, B 2
TRE RS, &

Pl R AW TLA W T, sl e R R AR
Y BT L0 b 4 AR BT 4N R pH4. 725 A HL R
7.52 ¢ kg™ ' AR 0.42 g kg ' A A HE 5.25 mg
kg ™' LA 67. 31 mg kg™ ;223 mg kg~ WK
R4 [ Sigma A ], JTCE A BAIEAPERT WL 1,

sinensis cv.
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Table 1 Elemental composition of humic acid tested

HE C H N 0+S
. ., N . H/C C/N 0/C
Sample (gkg™) (gkg™) (gkg™) (gks™)
re
494.3 37.3 12. 4 455.8 0. 906 46.553 0.615
Humic acid

1.2 KA E

AR B )G 2 mm i, BNRE (0. 4
g kg ™) GILHN(0.25 g kg ") FIBEMR A (0.4 ¢
ke ™) VRN IR G400 BEE 172 IR T4 Y
AU IS N, Y DL R A v OB m AL VR BE Sl Pb
300 mg kg '+ 4E RS E T, 2 1A H R
#=H o

AR AR T, BT 13
kg, VEFE 4 PRI 45— SR 28 B B A, B J5 #E 47 50 #X
PR A 7S in A B A AR DA AR WO S AT s,
FrA VWA 0.1 mol L™" HCI fil NaOH ¥ 75 pH &
7.0, KERIE 6 NAAHE, A3 NEE
(1) CK A mas A 8 ; (2) HAT 403,300 mg
kg “' HA;(3)HA2 b ¥ ,600 mg kg ™' HA;(4)Pb kb
PH,300 mg kg "' Pb; (5) HAL + Pb 4k ¥, 300 mg
kg ' HA +300 mg kg ™' Pb; (6)HA2 + Pb &b ¥, 600
mg kg ™' HA +300 mg kg ™' Pb, Z5HiH T H; 5%,
6 I~ H JE Wik .
1.3 H@RRXRESHWH

S B B 2K ZE R A BRI R R
B Ay 25 B KU Ve T, 25 R AT DL A g R 4
72w, HIWOK A TR B TE 04 f7F -70 C

UKAAMEIS S50 A Yo R B 9 2 e 4 2% ) AR B A
JEMBR  , BARERAE L BR AN B 2SR B Y A
B BHE G A R A AR BR £ N0 E A
REAR ZR AL Y R AR PR 4 F AR ST RV T -
70 C ykF L5 2250 7

WS BRI [A 2 U T 70 C LA it 2
THE R0, 1 ¢ TRIUI LS D, 6 ml
WA R 2 ml ¥ ER R A 2 ml XA K B 7 i ( CEM
Corporation MARS-5) % 7 35 1% B, 3 U8 & 45 )5 I+
"% 4 ( Thermo Element MKII-M6) il 52 o 5 4NFE 5 4
ANE A A iR 2 .

TG W A R R A TR R AR I
W UK TR B R MERR RO Y HOR
SRR IR AT o AT HURR DL A5 2 4y
e & it ok A Multi N/CECA AL 43 A AL ( Carl
Zeiss Jena, Germany) #E471%E .

1.4 SHitSHh

K F SPSS 18.0 ( SPSS for Windows, Version
18.0, USA) A7 41t o0 b, BWMAHL o & & F
BURK 20 73 fe 3 & 19 22 ¢ b & PE R R O 22 0 i
LSD J7 % #E 47 e ¢, ffi ] Spearman 3% it 47 AH 3¢
G3HT o
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2.1 HAHBMEMREEFERFLIBFANESE

A i

B1 O A ARk B2 AR AR B AR AR B K
YR I R R A AR ) . A L R,
YA S R A Ak B, AR B e K A W S R
WEWR A4 & B2 e T AR AR B R 0. SR T X T W HORR
T OLAIAN ] - 72 I A5 AL B8 (Pb (HAT + Pb (HA2 + Pb)
AR B AR 5 e T AR AR B, SR T A R N A Ak
H(CK HAT HA2) w155 B0 W AF #H B2 o

P opryl IR A4S i1 R OB i R i N

0.08

Tk & Carbon concentration(mg g™')

0.04

0.00

CK HA1 HA2 Pb

A 2 R R AR B R R R R Ik
TR e ((EAS S0 38 ) 38 1 AR B ME R % &, 1T
e S B AR 1 A D TR PR e ME R Y
Ho BN HA2 Zh AR BR FA % CK kb3 & 18.4%
HA2 + Pb Ab BHAR bR FA % Pb A PR 5 14.5% . 5
WSS F1 FA AH Eb, 57 85088 19 Jim A KA PR HA 9 35 &
SR B R« A T b 3 vh 55 0] R AR EE Rk
RN e Ve B TIOR3 ) 15 I S R AR B i R
1K 32.4% F197. 5% , 45 %443 B34 i 0. 505 mg g~
1520 mg g~ AT A BRI e AN R vk R A i
T2 10 I A 43 51 15 45 A AR PR SRR 3k 7. 5% il
22.2% 4 %t 4y W KN 0. 119 mg ¢~ ' 0. 349
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HA1+Pb HA2+Pb

Kb ¥ Treatment

H AR RN R AL BRI AR PR LR S B 2Z R B (p <0.05) . R FI/RMPR,B F/RIEMPEE  Note: Different letters on top

of the bars indicate significant differences in the rhizosphere soils different in treatment at 0. 05 level. R means rhizosphere and B means bulk

1 A [ A SRR B R A AR B - S8 K P 0 Jo T I R A R 1
Fig. 1  Water soluble substance (WSS) , fulvic acid (FA) and humic acid (HA) in the

rhizosphere and bulk soils of the tea plants in pots under different treatments

1P 2 a3 R A HLER (SOC) 5 &, B
A A BEAR PR - 3R AR AR B b SO AT B R
SRTTAT- 48 0 A Al L& B, 4 3 A HLBR 5 W 8RR A7
B AR AL B, R BR SOC & H AR T
HREBR s AT AL B8, AR B SOC & it TAEMR PR, Tk
JE R A b Ak 2 Y T G g AN IR R I AR
s T AR PR - B HURR Y 5 R (ER I
BTG Y - S i BE K

2.2 MHBRMEMRRSERGHMEDEDEDN

A

6 b PEAR B - e W A W B2 B 2 TR
WRPR LI 3) o RIMBTZEAET , WA 59 0 A w
Tl CIER B2 35 ) 880 7 AR B DA B2 A AR B £ 38 U2
AWy, $R T O B B9 AR B &N ( Rhizosphere
effect) o WIMAYE W3 FEAR T L e AE Y AR Wi,
EJR YIS B 45 15 T A1 U500 0. 14 U5 i RE 8 2 v &
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3 EAD A & SOC(mg g™)
~

6
5 4
4 4 4 7z %
HAI HA2 Pb HA1+Pb HA2+P

Kb FH Treatment

TE < P H AN ) 5% B 3 7% AN ) A B ) AR B 8 B0 A BIL B 5
#HWE(p < 0.05), RERMPR,B EK/RIEMPR Note: Differ-
ent letters on top of the bars indicate significant differences in SOC
between rhizosphere soils different in treatment at 0. 05 level. R

means rhizosphere and B means bulk

B2 AN [A) 4 BRAR B A AR AR R A 1 SO ALK &
Fig.2  Soil organiccarnon (SOC) in the rhizospheric and bulk

soils of the tea plants in pots different in treatment

SRR W R W B TR R 9 R (HA2 + Pb)
NJG, R SERUE YA Yy i E 22 IR R 3 (CK) 38
WAEVEZE S o 1X B2 R SR I A R A A K b 2%
fife 1 AR L SRR W R REAE
2.3 tHRENRASHRAIESEFNARAHAGS
ERHEXMES
Wi At 85 i N A L A% A 2
S A Ak AL )4 R 12 R R Y W S DL B i T
AR A o D HE AT A5G 1R 20, 1 T
1B A BL T A B SR RR R A R

0.47
:,'f?“/
03 \// 114

gEpg Ak SMB(mg g7)
(g/3)109150 10y dsozZIy 7T X Y

1.0

CK HALl HA1+Pb HA2+Pb

HA2 Pb
Kb ¥ Treatment

T BT /NG 5 R 3R 7R A () A B0 i) AR B - 1 ol A 4 2k
W ZRIERE (p < 0.05) , AR KRG F 81 F R H— 4k AR PR
SAMBR S RUEY Y22 R IER S (p < 0.05) 0 R ERM
R, B # R IEAR FR Note: Different letters on top of the bars indicate
significant differences between rhizosphere soils different in treatment
at 0. 05 level. Different capital letters indicate significant differences
between rhizosphere and bulk soils the same in treatment at 0. 05 lev-

el. R means rhizosphere and B means bulk

3 OIE]) b FAR BR AR AR B L A W R Wy i
DL R AR R &L
Fig.3  Soil microbial biomass (SMB) in the rhizospheric and

bulk soils different in treatment and rhizosphere effect

KA M2 Al DL ARPRAK G PEY) BT (WSS) 5 &
R (FA) 5525 45 AN L AU B 5 o 0 38 TE AR G, T AR
P e A W A W i S R A A A R
TR B T AR MR BR K 7 P W B 5 28 W 22 2R B
AFTE 3 I AR OCOC RO, R PR 1 A BBk
R DL AR AR B AT B 45 A 2H 70 S A AR B
EHEREMELR,

R2 FHREMERBRENRUETEAESBREESFRNARARAFSENHEXME

Table 2 Relationships of Pb concentrations in various parts of tea plants with contents of SOC and its fractions in rhizosphere and bulk soils

SOC-R SOC-B WSS-R WSS-B FA-R FA-B HA-R HA-B SMB-R SMB-B

i Tender leaves 0. 096 -0.286 0.775"" 0. 349 0.548" 0. 150 -0.174 -0.416  -0.566" -0.466
# I Mature leaves 0.071 -0.295 0.655"" 0.135 0.574" 0.119 -0.207 -0.439  -0.586" -0.345
=% Tender stems 0. 165 -0.241 0.654"" 0.254 0.630"" 0.168 -0.104 -0.381 -0.507" -0.386
%25 Mature stems 0. 145 -0.246 0.741"" 0.488" 0.585" 0.271 -0.098 -0.414  -0.476" -0.356
2 Roots 0.241 -0.207 0.726"" 0.292 0.725"" 0.276 -0.082 -0.418 -0.496" -0.359

TE AH M R B Spearman MR AYZE S, = 28 0. 05 K E 3, % F/R 0.01 K 3 Note: The correlation coefficient is the result

of the Spearman test; # , p<0.05; =% , p<0.01
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3.1 MHEBMEMRESERRIEGINRESE
SEA

IKEVEY BT (WSS) 248 H AR 5 F B T K
B A DL 5, Hof B B2 R PR R Wi
s R AR PR WSS & 2 m TAEMRBR (K 1) o 78
A B Ma T AP AR R AR RE W 2 R T
HAAY, L E IR A LR R 2 DL
R AR P o AR IR B Ak B SRR A
X BEAH HE O 1A 3 P AR (R & R a5 1) Rt
A5 A0 SRR B 7K R ) B e T B Ak

5 B8 5 4T LR 5 A ) AT S — A ik, = AT
RN ZWEul” R 2 U™ Al 2
Ui LA W s U AR 2 P . X A TR
Az LA G 22 57, 5% 0 ) X% HA  FA JE B it
e W, Fi 2 B 2 07 2 Je TP L FA, FE T FA R
HL HA 48 AR 2 UL YA lsd il S22
B HA R J5 o HA 4 FA'S S A58 % 1,
AN b b | vk B HA (HA2 b3 ) fm A+ 3
6 NMHE.FAMEREER TXM, XTEREHT
HA 43 240 Akl FA FTEc, e ah, s kb 24 %
BT AU 2518 (HA2 + Pb AL B Y FA & & 355
T Pb gbHE)

(75 10 5 B0 2 R I A Ak AR B HA &5 BHE Tk
#H R , Bongiovanni Fl Lobartini" '’ B8, B AR S
JOEAE AL 25 7K ST RS A8 7K P B R AR L 3% S i A A
Wy HI 2 A 1 HA (5 K T A )
W gE 25 W1, M 1 il 4 396 b 8 SRR (HA) | & HE R
(FA) MR (HM) ) & f 35 09 /b, {H 2 HA (1
TR R AR R, FA L, HM fe e T AT TS Y 0
5 RN+ HEAE A TR, T RE A LLR A 7 1 B R
B (1) #0575 9 T3 W AR W s BRI, S0 9 T
BLAH], e HA (957 fb ol S BRI (2) 55 AR Bl
o AR PR & A O W (W E 48, Bl 40 Cu Pb Zn
A R BIAY R AR R R R R T
o By RESESEPA A HA SRR R, m] RAHE
R B - 18 5 v E (W A 231 S T 2 1 HA

AN HA N A 4385 BEAS 3% $2 5 1 1€ HA J)
2 SOC & &:, A E 2], FhE HA 19 m A Al g2
W H R A FA IEA  HA [ Pb 55 41 i BE iE RETE
IR AT A A HA B
ARG O A AL B AR, 5SS R 1 P Ab

PEA 1L ,300 mg kg ™' HA (& B 0. 148 mg g~ ) Hl
600 mg kg ™' HA( & Htht 0.296 mg g ') BN A 2%
R B 0 AR 40 I3 0 0. 119 mg g~ 1 0. 349
mg g REC A, R MET LB 5 CK A
I ,300 mg kg_l HA 71 600 mg kg_l HA B Afd 2%
BRI - S8 91 4 R 5 k43 39 0. 505 mg g Al
1.520 mg g~ ', 3X Fl i 3 B 3G 0 AT AE 2 T, HA A
UM R WAE T, BE 98 4R UE A B A K, B
FE ) H b A W d (G A AR Ak RE 7 £ ) | W] B
AL AR AR B RO L AR R B, AR R vk
JE HA BN A Y BE A5 1 35 4 28 25 4 L b 3 R0 AR S A=
PR (SR AR , AW RREBR KR EZH
F 6B A FH [ B9 Bk o W B AR B+ 38 FE T A= P iy
fEH T %k &2 Zead Be k4 HA

SRR bR AH L, MR BRI & — A& S AL
Jt  pH B (HRHe T AH 4 00 8 FR R 00 ) i BR B
SRMARMR A, X —45 A —E R EIEHN, 5
HA AL, g b BEAR B SOC & it v TAEAR B, 1fii ok
i Ak 3L DO L AR R o
3.2 B EMRESERRBEDEDEDN

A

KIMEAAF T, HA M A AE it 7 —
FE R RR TR, PR HA Ab RS B8 i 1+ AR W A=
Vi HHARE, NSRS, MAEYAEYE KR
WRREAR . A5 4 8 B 98 = B s AR R B ik AR
TRl 2 0 200 e BB 1) S R, DT 2 ) R A A 1R A K
AR AR EY, 5K KM,
Jits FHE B & 8 & 3 M W 5 e BE AR T e
ME Y A Y &, 4 B X IR Y X R EEE
RS TE 5 U8 TR 20 AR IS A fE R I E 0 8%
T, B A 3 SRR AR W A ) i B R AR O R — i Y
B B MR 25 . B W 30 38 BRI ) A% A A=
KORRANA M L B AR (5 R R R, A
HbT P A% 0 A BIL AR T Y BT 23 2D A
Py

HAAIOER & B Wy 5 L R L RE S W I L 4% &
SIRE M T AN L EMAE Y B RS
TEREMAEYEYE (K 3) . A, R L 2%
i 7 4 R XA ) ) B L BN A e R AR Y
Ay AR T A, 2R B A T ) A
P53 hn o fe) 2 4R 2 I RAE M AR K
3.3 1 EFNRAS SEMABALAFS=HE

XS

HRER WSS DL M FA 58RI HE g E
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TR, UM bR WSS I FA figfig 52 + 4 1 A
RCPE DT 2 SE 5 DA 23S A AR A 1) b B A i B s .
BT, K W R o 32 2 52 B0 il S AR &R 03 W i
SO TAE P AR PR BE 48 40 A HLIR , N B R, 5 4 )&
B G W, T FEARAR Br pH, B2 v 4 Jm U it 1 5 1t
Hb A SEAE Y I RE 23 WA R AV A AR R 4
B SN LR A Y B R AR R e S
BRIt 2o, & @It R 5 A LR 4% 58 A F) T oo R 1n)
i iz, Ni B R Y Alyssum lesbiacum Y [
HETRTE Ni 1YW ORI AR R b HoA S AR Y, AR AR
FHY) Alyssum montanum TE A FEAL i 4 5 R I AT
LR HAR R NI i st BB o P, A LR
FoAR N 40 2 /8 #7452 8 . NA ( nicotianamine ) A] [ 3
T4z I S 1) My B R A s

FA BIRZ X T/ FAPLR I — K K57
AW AR PRI, FA B0 A BE 98 15 fin A 9 %t
4 0@ 6 Z W Yk . Rauthan F Schnitzer ' F 5% %
B, 1 K K5 BERAG 5 FR WP 4R 100 mg L™ 2 300
mg L' FA REGS 25 04 i 8 R Hb T 35 DA J it 35
A, fE3F B RXT K Ca Mg Cu . Fe Fl Zn )W
W ) b 1 AR B 0

HI% 2 A UL, ARBR SMB 5 2 45 A 41 2L &
AR EN AR, LEMEY R E T
JfL ok 22 B ) AR 2R A0 i 3R THT A W R LA B 40 i 9 ) AR
SR LL R WK i A, AR TR
JE & E AR AR 4 ARCRE AR (VAM) JL7H fE
BEARAE M Zn \Cd LB Mn BOHE R I AR
P = SR A= Wy b 26 LA e 8 B 8 o mT A R
WA BELR [ B e, BHL ok HC AR R AR T i R AR
DL R 1oy b ) B 2 A gt 2 U S B A W A W
S MY 4 TR e B A AR R R AR G OC R . (HE,
A S B SR AE ) AR B 23 B A B ) — SERUE W)
T E A% A1 325 48 40 % o0 4 i i) W AL

Wr5E M, Cd/Zn BT R Y) Sedum alfredii 2
MG R i PETE B cepacia J5, Cd F1 Zn By W Wi 73
BRI T 243% F1 96. 3% , ML 1] Hby 1346 1 5% 32 43
BB T 296% F1135% T,

4 4 ik

7S SO U Dy B — 1) A A BT 2 O3 B R
NGB, R G A o AT TR A
A5 AR B R AE AR B 4 64 HIL o b FL 4 73 1 22 AL, I
XA [ AT BIL B 2 23 B9 Bk 5 i A 2SR A ] 241 41

By AR TSGR A o SRR R BROF AR B
FA ML, 6 A H By AR R RS i A AR PR
SOC & B T AR AR Br 5 105 & Jn 4k BEAR B SOC 5
BACTARMR PR . RERS AR PR HA & & 75 R s
Ak BRAN DN ET AL B 5 SOC A R B 45 . HA
AR A BE B8 S 25 1 I AR B 0 AR AR B S A HIL ST AN
AR E i i i & o, W R HA I T AR
PR FA B3 5o MR PR b SEE A HLER 9 B 2% B
AR AVE & B A RE MG KR, HERFRKE
PEM R ERR 2R B o G s 2R L R
AR 5 B A7 1 o O o IR SE G AR R W
RRBR KI5 1 1 Jo A0 M TR AE 0% 39 0 238 AR 2 21 0 4%
(ERIURARIOEAE SN 7 G2 e /RS 7/ B S P LR i
B AT AR DO OGOC AR R IR B Bl 2B ) B 46 A1
B N TN N S g I S N T ey R
Py AR g SRR e M B e as o B 2, S IR
TR A R ek A T A A PIL S S A% A 2
I, T AR B A 28 4 A B2 23 B BRI 3 R T
T 2R AN [R] A ST Y I WSO A

2 % X B
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EFFECTS OF EXOGENOUSHUMIC ACIDS ON COMPOSITION OF SOIL ORGANIC
MATTER AND ITS RELATIONSHIP WITH LEAD BIOAVAILABILITY TO TEA

Duan Dechao  Yu Mingge” Xu Chen Shi Jiyan Chen Yingxu
( College of Environmental and Resource Sciences, Zhejiang University , Hangzhou 310058 , China)

Abstract Soil organic matter (SOM) plays a vital role in regulating metal bioavailability. However, the relationship
of SOM and its fractions, including water soluble substance (WSS) , fulvic acid (FA), humic acid (HA) , and soil mi-
crobial biomass (SMB) , with metal bioavailability to plants has not yet been thoroughly investigated. A pot experiment
was carried out to explore effects of exogenous humic acid on soil organic carbon (SOC) ,its composition and soil microbial
biomass (SMB) in rhizosphere and bulk soils, 6 months after its application, and correlation analysis done of carbon con-
tent in each fraction of the soil SOC with Pb content in various parts of the tea plant. The experiment, using yellow-red
soil collected from Fuyang, was designed to have three levels of HA application rate (0, 300 and 600 mg kg ™' DW) and
two levels of Pb concentration (0 and 300 mg kg ™') , making up a total of 6 treatments. After the pots, 3 kg of air-dried
yellow red soil each, were amended separately with Pb, they were left for aging for 30 days. Then each pot had four uni-
form seedlings transplanted in. After successful transplantation, three levels (0, 300, and 600 mg kgfl DW) of HA were
amended separately with irrigation. Six months later, the plants were harvested separately by new leaf, old leaf, new
shoot, old shoot and root, for analysis of Pb concentrations in these tissues of the plants. SOC, WSS, FA, HA and SMB
in the rhizosphere and bulk soils in the pots were extracted and quantified using a Multi N/C Total Organic Carbon Analy-
zer. Results show that in the pots that had not been spiked with Pb, the rhizospheric soil was lower than the bulk soil in
SOC, whereas in the pots that had, a reverse trend was observed. Amendment of HA significantly increased SOC and SMB
both in the rhizospheric and bulk soils, but the effect was affected by Pb spiking. High concentration of HA significantly
increased FA in the rhizosphere soil, which was probably attributed to degradation of some of the HA amended. No signifi-
cant relationship was found between the various fractions of SOC in the bulk soil and Pb concentration in the tea plants,
and neither was observed of the SOC and HA in the rhizosphere soil with Pb concentration in various tissues of the plants.
However, Pb concentrations in young and old leaves, young and old shoots and roots, were found to be all significantly or
extreme significantly and positively related to WSS and FA in the rhizospheric soil, and significantly but negatively related
to SMB therein. After all, application of HA in soil changes contents of SOC and its fractions and in turn bioavailability of
Pb to and its distribution in the tea plant.

Key words Soil organic matter (SOM) ; Fulvic acid (FA) ; Humic acid (HA) ; Tea; Rhizosphere; Lead (Pb)
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