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Table 1 Basic and chemical properties of tested soils
AT R
A A HLIR _
BN 3. Total contents of major elements
pH Organic matter o
Soil type . (gkg™)
(gkg™)
Si0, Al, O, Fe, O, CaO MgO K,0 Na, O
A B
5.99 3. 66 694.9 140. 8 38.18 11. 47 7.27 26.93 2.62
Albic Fe-accumuli-Stagnic Anthrosols
T
4.50 13. 14 744. 6 57. 14 52.14 8. 60 5.70 15.57 3.01
Typic Haplic-Perudic Argosols
it E
4. 64 12. 10 704.2 120.9 55.48 11.51 12.02 55. 64 7.02
Dystric Purpli-Udic Cambosols
e A T B A AL HaBELY A B T
+ e Free oxides Amorphous oxides Complex oxides Exchangeable cations
Soil type (gkg™") (gkg™") (gkg™) (emol kg™")
Al,O; Fe,0, SiO, Al,O; Fe,0; AlLLO; Fe,O4 H* 1/3A1 * 1/2Ca** 1/2Mg**  K* Na*
ek B
4.03 9.95 0.26 0.92 1. 0.37  0.06 0.10 0.99 1.92 0.68 0.13 0.05
Albic Fe-accumuli-Stagnic Anthrosols
B
4.90 17.18 0.32 1.20  6.97 0.47 1.38 0.18 3.30 1.34 0.74 0.09 0.03
Typic Haplic-Perudic Argosols
i3 S CES
2.88 13.96 0.19 1.12 525 0.54 0.54 0.16 4.05 2.04 1. 86 0.12 0.04

Dystric Purpli-Udic Cambosols

ZEM-RECY)  LZS E N EGCG il e WLk By
PRI F) A 72 B > 98% 5 BRI R AT R
P AR T B R AL T ) A =, o pr 4l
1.2 {m8igit

ARG L B T AN EE, A0 R (1) S ER R
W, (2) LA EK, (3) EGCG, (4) B, (5) R,
(6) IR, (7) KB FIK(CK) o 2 BXE SRR
30" A e S A HLRR B e R R R E F
EGCG ¥4 10 mmol L'} & 8 XEV F /K, & TP
A LMWOA (3 ¥ 8 8 5 mmol L™', A4~ 4b 3
HE 3K, R E S HIE,

BREAE L B e MM AR IS T i 2 mm J@
Je i B Ry 15,00 g 1 KT R T — &R 51 250 ml R
ZAR BRI B 1010 B9 R Y R A
SIMERR N A4 TP LMWOA W MK 8 Tk, 54
HEAEXFEGHL EHY 2 b (180 r min '), T

8 000 r min ' ZAFTF B0 5 min, )5 BT 0.45 pum
AL U S A L 35 9, S B 22 B8 pH  Eh il Si (Al
Fe }z Ca Mg K Na ¥,
1.3 MEFE

13 pH SR HI L AL D i s A HL B R K, Cr,
0,-H,S0, L ¥E M % ; 2 & Si Al Fe Ca Mg ,K Na
K H Li, CO,-H, BO, 1 fil— L S8R 6 55 55 1 & 516
it (ICP-AES) 2l 7 5 7 25 Al Fe SR J] DCB $2HL, I
P Si Al Fe R ] H,C,0,-(NH,),C,0, 42 1, % &
Al Fe & ] Na, P, O, & Ht, £& B b (1) Si ok
(NH,),S0, - FeSO, b o 2 , Al 5k A Al U5 t
O 2, Fe SR S8 3E 2 bk LE £ 3 00 2 5 52 46 1
A" KCl 42, S8 #ek Ca® " Mg™" (K™ Na® %
JH NH,OAc(pH7.0) =42, ¥ 5% H] ICP-AES il & ; 3¢
etk H* R ] KCl 32 42 —NaOH 3 & sl E . Bk
FEAR IS MOk AT
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TPs [ LMWOAs ¥4 ¥ pH R F o £37 3 7 47 0
£ Eh SRHA R bk, Si AL Fe
il Ca Mg K ,Na % Ji] ICP-AES 3 5 .
1.4 HIELE

K H Excel 2007 k{4 47 % AL 48 i 53 A 5 1l
I, R A SPSS 20. 0 {4 # 47 48 ¢ 43 #r, >k H DPS
7.05 AT E TS 2 H LK,

2 iR 5HHe

2.1 ZZEBMMESFENEBEI LEE B KEL
% M

2.1.1 g Si RS EE ML R, BIFE
A ) 06 T B SR, R ) M R AL S R IR S 4Bk
TG B0 B A A8 A 5 VI A G o B REAE 2 A0
Py DR Bk R A ANER AR - WY O R
B & 1 AT, TPs Al LMWOAs Xf 43 Si 3% 1k & 19 5%
e 7 R K R A AR R B R > P IR
>R > EGCG > JLA R > B2y > CK(5
CK A I, JLAS 28 F 2% 42 B AN fig fk 25 42 a0F 0 48
Si MG AL M AERR R 58 65+ E IR B EGCG > L
WER >KRMHRRY > BR > Fr B IR > ¥R > CK
(5 CK A b, A7 468 1R R 32 SR R K R W 35 0 F 0%
1) o 3 B TPs XA [m] 4- 38 Si i Ak £ (1) 52 i) 35 3% 30
g EGCG > JLEZE > 28R , £ EGCG J& TPs
g AL AR BRI iR, 3 Fl LMWOAs XK [A] +
5 Si TG ALY S R TR > AR > EIRER X
U5 H A B W B AR G FEIR AT R RN R R
{14 it B B0 pKa, 43 31k 1.25 3. 13 1 3,46 ]
UL TR i 5 B A, TR H T A BB ) B, &
QTR 7/R =3 QITIIUR &3 NN (T B o J= P
E LMWOAs X 214 Si k2% 1) 52 i A 58 3R B Si (14 3k
AR > B > SRR . TPs XEBEKAE -
FIHEIE St Ak B A2 2E 1 89 T LMWOASs, 17 % 8 M
S0+ Si T A 02 HE 7 T EARSR T LMWOASs,

= Bh TPs X Si I b it (19 52 ) 35 3R Bk R M %
b > VKA & > W MAE 3 F LMWOAs
FrdeE R FNSE AL R X Si ¥ Ak it 19 52 ) 2 B R V5 Tk UK
F b > B > R 2R 0, R A BN R BN R
KAE+ > Bk - > W, Li% " B LMWOAs
YERIT Al BEOHLERAIE 5 3R, Si BRI i hy 28 B
+ > At AR I 2R AR 252 Si TG AL
2.1.2 Al R i FE B TR, 1
26 A A R K A 1) B LG R 4R R R £

HE R A K R BRI R R L AT,
5 Si By AEZE L, TPs Al LMWOAs X Al /3% 1k &
FEIRVEK RS + A B Y RN B > FriEm >
SRR > EGCG > LA E > A4 > CK( 5 CK
e, TPs AN BE W 2 A iF B 8 AL 0935 1k ) 5 (B A 8] 1Y
ELVENMEREEO L FRINER > FrER > L
ZKXZE>EGCG > M4 H > 3R > CK(5 CK
L, R PR N BE W 3 A2 E LR AR ) o 7E 3 i TPs
XF A — - 8 AL 35 A i 34 R I A R U B
3T B 5 43 7 R AT I R RO 0 R
Era L7/ a6 A N (R VAL BB SN TR E )
T3 Al 193G i /N s EGCG 4+ 1 e K, &8 7 B %
B2, 5 Al RAE%E RN Pl 2, X +
Al I fL R K, 7E 3 B LMWOAs o X [[] — +
AL TG AL R IR REIR > MR > SRR, X 5 L
fiff 15 B /INILTY — 5, H T B 8 i A s b,
i 3o 3 A AT R i AL A I HAR s D B
HBGREFRR (R A ER YRR Al %
AW Ra W B logKs 4y 6.16 7.98 5.40°" )R
—F, ZEILE MR A B e R R
> R IGR WA R > iR, Ry
S HAA RE T HGR M R AR RS R R I S
KA VE AR IE AL A R, HL i A 42 F 4 Bl 2% 5 fig
J7 0 4 5 T S ot B pH Y A5 HL R R R W
BOUCU MR E RN R FHRAIE T 3 AR
1AL MTECE (B D) R T R stk AP 5
(R ) HE— 25 U B R A S T AR R TR AR Y
Ak

] — TP XF 4= 3& AL 75 4 (1) 52 Wi 35 26 Wk i P 4%
B+ > W S PR KR L, iRl — LMWOA X +- 4
ALYE AL 5% e 34 3R R B > TR OK RS 1 > IR E
g6 4, 55 LI Al & 8IUY — 8, H 535
P AT F A —30, TS EbE AP URE ALLE
EIE ALK AL ALTEALRY 8k ik 1
AR, BOEAIEAS AL R TR A £,
Tt & TPs i J& LMWOAs , HXF AN [m] + 3% Al (93 1k
RPN > EYE KRS b, AL E S
7T AR L Ao AL T R A AN ) 4 4
AVE A 2 5, R 528 2 2w Al JE fb
PEERE, HEPTEE Fe ZWH LMWOAs 1)
AR B AL AL A AR
o AL B IR AL 5 X0 RS Fe T i (R
1) JEAN 58 4 — 30, Ul Wi 2 Fe % &t AN J2 LMWOASs
AL AL B — 2 K R
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Albic Fe-accumuli-Stagnic Anthrosols
B
Typic Haplic-Perudic Argosols
75 YPp! ' p g abA ~ 750 aA @ kS 1
~ BiRPES Gt b ._ Albic Fe-accumuli-Stagnic Anthrosols
o : . : v 5
260 Dystng}\’urpll-Udlc Cambosols g} 600 #: @
= p Typic Haplic-Perudic Argosols
B 3 o
B 45 = 450 ﬁ B MGt
3 = : " R
i = 2 g [ Dystric Purpli-Udic Cambosols
33 s g 0 .
2E gl ¥ 2 300 e
pee 2 ) ;
S g [ bAB[HBB  cA
E st 2 150 b
e E .-'l-__a'i " . cA cA
E . BaBdA [ | A e B i 9B
0 L | i ) 0 s L L L L )
X HR PR ERIR eI LR EGCG M HRR FPSIR  ERIR AR LR EGCG
CK  Oxalic acid Citric acid Malic acid Tea extracts Catechin CK  Oxalic acid Citric acid Malic acid Tea extracts Catechin
Qb P Treatments Qb P Treatments
140 aA . 7. B ks 1
AN YRR 1 Albic Fe-accumuli-Stagnic Anthrosols
~ aA . e e
N _I_% Albic Fe-accumuli-Stagnic Anthrosols aA B
’:“ 112 r R Eﬁiﬁ ) . 6 r Typic Haplic-Perudic Argosols bAB
E : e} Typic Haplic-Perudic Argosols g BB bA aA  pAbAaA aA
-ﬂz) g4 | . piRME At gt Dystric Purpli-Udic Cambosols 1 .
= o Dystric Purpli-Udic Cambosols S8 :
2 E R bl cAdA bA
£ 3 ® 5 dACA cdAdeAbeA g
Ko 561 3 Ms3 ¢ EcB [F :
) .-"‘ bA E
2 e bAB bA - ,-"::
2 287 : A beA 1 1
g e " R
M GEER AP MR BRI LEE EGCG X R FPEEER WRER MM JLEE  EGCG
CK Oxalic acid Citric acid Malic acid Tea extracts Catechin CK Oxalicacid Citric acid Malic acid Tea extracts Catechin
Kb Pl Treatments Qb Pl Treatments

HFAF/NG F R F R F A - HEOR[E TP LMWOA ¥R T R i b i 22 F B3 (p <0.05) , RFKRE FH#K/RF— TP LMWOA 4 FER[H
+IEZRCE T E R B#E (p<0.05), F[A Note: Different lowercase letters indicate significant differences in mobilization of Si, Al and
Fe between different treatments of TPs and LMWOAs in the same soil at the 0. 05 level. Different capital letters indicate significant differences in

mobilization of Si, Al and Fe between different soils under the same TPs or LMWOAs treatment at the 0. 05 level. The same below

Bl 1 [ TP AT LMWOA 4 XF 4 3 Si Al Fe i b it AR $2 9 pH #9321
Fig. 1  Effect of TPs and LMWOAs on mobilization of soil Si, Al and Fe and pH of extractants

TP 5 LMWOA Fift 2 J -+ HE 28 U iy 5% mi +- 158
ALSEAL I PR ASTEZE 7 1, e A R B TPs XK
Fef b A AL IS AL AR HEVE T 55 T LMWOAs , X iR
PES A 4 AL TG AL B9 A 1 T3 T 50 R BT 55 T 5E
PR FNAT 62 TR )RR AL o
2.1.3 & Fe M5 h & &R T Al &8
JUE L EAEY) LT B E SRR, H AR Y ek AL R
W5 FRIEA 59 B S 2 sk AR A B
Fo Fe %Gk iE e LKAk b i B o R
K1 W], 5 Si Al —F, AR TP 1 LMWOA fy +
HE Fe 151k 76 IR K R R0 35 38 1 X SR B0 iR
> PR > SERM > EGCG > JLAER > A2 Ity
> CK(AMXF CK, 3R TPs ANfE i E e vt — &
TG AL ) T FE R R 4R 0 R O B > LA
% > EGCG > PR > 2 MR IR > ¥R W > CK
(AHXFF CK, 3R RA AR o & 12 o Hg 1) ; R xf
I Fe G AL AAE SE4F F 0 35 98 T M LMWOAs i

TPs, Al B8 55 /0 & i) 02 RN T4 Fe 1% i 52 42 = )L
MEERGA R,

=l TPs ATh 8K S 2% i 2 U %t 7] — € Fe 11
WAL B SS W] A T RN R R R, 3 B LM-
WOAs X [F] — + ¢ Fe 7 1k 5 1) 52 i & 80 Ry 5% >
FrgER > SRR IR 1 (7] S5 B (5 mmol L™1) 464,
MO BRI R AR > SE R > W
Wi, AR VA e A T X 5 A 00 Fe TG A A 2L
N5 T B U T AT A R X Fe BRI 45 G e 1.
BrECRERAb , H Ay LMWOAs il TPs X A [F] 4 3 Fe (1
TEALRE I ¥ MR MRS 6 1 > B HE > bk R+, 5
HA Fe (£ 1) mL—2,

TPs Xt AN[R] £ 38 Si ALl Fe (147 1k 5 X5 LA BR 14
e o+ ok, 0 H R TPs X AR ME %5 5 £ Si (3% 1k
i, H B E T LMWOAs, JEB T TPs i i 4% & 1F F A
B FAEITERE L0 5o 3 1Y T b o A2 b i S fg
i o ¥ H AR N, T 78 Fb 28 o F b ] e A A
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ke, 3 07 G305 ok A (fds H O g bk AL
Ml Fe’* / Fe' " Hfi e Al H* X} Al Fe B9y 09 % i) 12
gk AL, Fe ¥ ff M & 2 0 Fe &
g 02 AR R A5 4 F TR, TPs RT3 SR R 4
] — 158 Si (Al Fe ({5 ¥k Al > Si > Fe, [fif 5
2k Al > Fe > Si; #7158 R XoF 2 48 AR 14 45 6 £ Si,
Al Fe [iffbit 2l Al > Fe > Si, M EEVE KRG 120 Al
>Si>Fe, TPs il LMWOAs %} 3 Ff + 1 Si Al Fe If
flit B M B 35k AL > Fe #1 AL > Si, X ] fig 5
TPs 1 LMWOAs fift 55 1) H ™ fgxF + e s bk A" 3f
AR At g G, 2R E %R AE LM-
WOAs XF£T 48 Si AL ik 2% (1 52 W F 5 ik Si ik iy
E>AIRE R, BRSLIET RO 2B R S
>AI(E D) HAEARRE R 2 h (b, 8 i as
ALEES ALLTEETE ALLS G Al 2R 3858 5
O3 WV ik T AR ) I TR R 4R ik R R 1) I
AR/, I Si fF A i o2
2.2 FEEMESTHEINBIT LTS 5 8. MiF

A:skA

Ca Mg K AP LT 15 0%, G LA A
THY 7 73 W HE I ; Ca Mg K Na 25 3 FE B 5 #
P — 7 R B Y E SR =, — 7 3
R AL o
2.2.1 45 JEE 2, TPs fil LMWOAs X % 9 7k 45
+ Ca BTG RN L > iR > FrEm > )L
HRE >EGCG > ZE - $2 > CK, BN R >
FR > EGCG > #r MR > LA R > A1y >
CK, MM+ W3R W > BR > LA E > i
iz >EGCG > CK > it 2 ey, A X T CK i 5,
FRRERR AN 3 Fh TPs HASfiE b 2 (2 ok o 398 R 1k 48 (0
+ Ca Mgtk

—Ff LMWOAs Xf 45 13 Ca (176 fk 2t 35 O 3 51
Wi > &R > Fy bR, M 25 F M E %R #E LM-
WOAs X214 Ca k2 B MBI R Ca i H &
R > ERR > FR ., MR R R A =
Ff L1 Ca BTG fL 3 35 @ T R, (H X A —
SE R E R ER X Ca WIS AL AE 1k T SR, R
R 5 G AL BB Ca A B U0 UE 5 A BE S A DU 2

E3S R

TPs I LMWOAs Xf +- 58 Ca 915 fb i ¥ 4 i Uk
KL > W > g0+, Hrp R4+ 5
] JC . 3 22 s A TR AE B SR ME S8 8 1 2 M) E
WS R K RS £ R TR MR R A
+ R R A Y L R M EGCG S 4
HeE 25 W,
2.2.2 & ¥R 2,TPs fil LMWOAs %t 3 Fh 1 4
Mg i35 Ak A B2 SRR > Fr R > R >
ZHRBUY > EGCG 8 JLZE £ > CK, X T CK,3
Filt LMWOAs Y6 & 3% {2 JF + 18 Mg (1975 1k ;3 Fp TPs
Y hE i e R K RS - Mg B TE 1R, (HOR Ak B
Rk B HE Mg 936 1k, 227 F £ %R fE LM-
WOAs X213 Mg ik 2k 1 5% ma B 52 00 Mg itk th it
RFFEERR > IR ER > BR ., 7E 3 Fh TPs v 25 it 4
YA EGCG X #HE Mg 1) 3% b i 2 3 T Uk K R
Rt H R K R S R 2R s 1 2 )
To W # 2 5 LR R X Mg B E AL 7E 3 Fb 13 0] 6
WEZES ., 5 Ca A[FH,3 it LMWOAs X} + 3 Mg iy
WAL R R S+ > B > VR K RS 4, (B A
BRI AT Mg 35 Ak 76 T 7K R 1 5 o 3 1A G (g 3 2%
SRR Mg (15 fLAE B S M % e
BEER,
2.2.3 4 PEE 2, TPs il LMWOAs X /% ¥ 7K 75
+ K iE it b e > SE R R > B > St
¥ > EGCG > JLE £ > CK, 2 M %0 1
LMWOAs X213 K 9k 2% 1 5% i i 52 v oA o KOk
ORI IR > RIR > B A R K IS L
FAEIRIR > PR > FLIR > ZE MR HUY) > EGCG >
CK > JLAZFE (5 CK M, 25 2 By i % 58 K 1y
AL TE 0 35 4 1 ) 5 %R o 55 60+ K 96 fk it
W B R > AP IR > SRR > LA FR > EGCG > %
PRI > CK, R > Frig e > SERRMEE R 5
LMWOAs X 4 8444 K 35 AL B R ik 367 Fn LM-
WOAs /5 AR 8 - K MR sh Jy 2k ge ) 4%
R—8, RS RE. K AEFEAENML
SRIPI0T 3 Bl TPs X b HE K3 Ak B 2 O T K
FEt > etk o+ > BHE, WO R T IR UK RS
TR S AL, 7E 3 B LMWOAs | B Rl T i
e Xt 13 K 1936 Ak i X o I vE KA L > M5
o> WL VKR LB S T EREMRE LA
+ s R R X 3 K BT A IR K RS £ > B >
Bkt HPZ W 225 8%,
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Fig. 2 Effect of TPs and LMWOAs on mobilization of Ca, Mg,

2.2.4 i PE & 2,4 TP Al LMWOA X /2 v 7k
Fii + Na (1975 fb i o 25 i $2 B0 > EGCG > LR &R
> PR > R IR > FR > CK; B N 25 £ iy
>SHBEIR > ¥R > R > CK > JLE R > EGCC
(5 CK MLk, EGCG A1 L& T A {H R fE 2 i H 7%
b, S A 10 A T Ak v ) 25 R et
7E LMWOAs XF 21 58 Na ik 2% (19 52 mi F 58 o il ok
Na Bk B AP IR > SRR > wifR s IRk &t +
KRR > R RIY) > AR > SRR > LK R
>EGCG > CK, [6]— TP o, LMWOA %} A [] + 4% Na
(I b i 25 5 B 3, R/INE S RV K R > B >
MRt X5 IRt Na” (R 1) &
IR AS — B0, 5k K R 4 A0 8 T T, TPs 1k
LMWOAs Xf Na [ 3 b it 35 K F + R e 2 Na, %
B8 5> Na Sk U8 T 3w 9 i WAL 10 TPs 5 LM-
WOAs fEH F R M 28 4 4 Na (%15 16 & /N F 38 46 1
Na ™ &, ] G A2 AH 24— 40 16 Ak 19 Na g + 1%
JEEAAR P Bt . EGCG JLAS 3 4 B 4E Na 1) 1 fb it 5%
CK A%, 0] v] G 2 H AR 8 5 9 XU Ak % [R) B gk A K
VA VR R 43 Na 9550 HILIRC 1A 5 4 e 07 TE 5 1 +
S AR P g TR

K and Na relative to treatment

2.2.5 45 BE AR ENTS L R TPs I LM-
WOAs 124 + 1 fiff i) 7 M 46 L 7 & ik i om, 92 BR
B o TPs I LMWOAs fE JH B9 — B &
BT TPs A LMWOAs fif B H A HLI &
4 B0 0 AR I B T o B A R AR 1 S R g
1R NG B 55 TPs fil LMWOAs X} Ca Mg K|
Na itk 22 5. 4 TP il LMWOA fEF F,3 Fl +
HEFRIE Ca>Mg > K HRAE, JERA AT g T R
A MM R R B DA R R A W 0 5 S T AR
WHh KT Mg®" Ca’" A B RN
Ca®* >Mg™* >K* (£ 1), [A B LMWOAs il i 4% &
ALY K St/ F 7 45 45 4 F 206 A i = B
TG AL AT S 2 LMWOAs 1 A F #h 5
BT LR FR I Ca“ >Mg’ " >K*;TPs %f Ca A&
—ER AN, E Mg K AL EK AR
7 R 1 Mg KR Ak 40 F BRI TPs fif
B HT G A B A R B A5 b 32 4 1 R R
TR AE, R T i bh P& R
Ca’* >Mg™" > K" [Hit TPs fE T $h 3 i 75 1k itk
WEHR K Ca™* >Mg2+ >K”*
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F2 AETPHLMWOAERTIERESFELRE
Table 2 Effects of TPs and LMWOAs on total amounts of soil base cations mobilized relative to treatment (mg kg™ ')
e Xt B Fr b RE O RURRE OLEE
Soil type CK Oxalic acid Citric acid Malic acid Tea extracts Catechin T
LSV VI
43.33¢B 150. 8bA 163. 8bA 292. 7aA 123.0cA 105. 3dA 103. 0dA
Albic Fe-accumuli-Stagnic Anthrosols
B
60. 14eA 136. 7bA 107. 4bceB 256. 6aA 96. 36¢dB 66. 39deB 69. 67deB
Typic Haplic-Perudic Argosols
PR 58 0 1
29.59¢C 141. 8bA 82.45¢B 178. 3aB 37.43deC 42.88dC 38.21deC

Dystric Purpli-Udic Cambosols

EARRVNE F R R R Fp R E] TP LMWOA 4b 3 45 33 7% {8 i 22 F B 3 (p <0.05) , AR KRS F & %R [ — TP . LMWOA &b
FRAS[R] 4 e 2 [a) 38 FL 38 Aok b S 22 55 3% (p <0. 05) Note: Different lowercase letters indicate significant differences in total amount of base cations

mobilized in the same soil between treatments of TPs and LMWOAs at the 0. 05 level. Different capital letters indicate significant differences in total

amount of base cations mobilized between soils under the same TPs or LMWOAs treatment at the 0. 05 level

Hi42 2,TPs Fl LLMWOAs X 75 vk /K A5 4 £h 3L 5
TG AR 5 e I SRR > TR > FR >
MR > LA R > EGCG > CK, BRI 2R
2 > BI[R > FPIERR > A8 IY) > EGCG > LA E >
CK, WP t0 1 RN IRIR > FIR > Fr 1R > )L
25% >EGCG > M B4 > CK,{H4s CK i = ,3
LMWOAs 25 i 25 41 tF 4 1 HE R 5L 85 7 05 1k, 3 Ff
TPs Y488 i 25 (2 JFE Ve K A8 £ 3 3 8 7 i is 4k, 1 2
A AR Y RE (R R S B T N AL, R
PP e AT i L o i e 3 SR A~
SEFIE XKD fE LMWOAs X 2T 3 £5 5L 85 7 9k 4 (1
ST 5% 26 B 36 36 88 7 ROtk s O AT R > SRR
>R, BRIE I F L 7E 3 Ff LMWOAs H, iR
Xof BB LB TG AL B E AR 3 R IR M L g E] TG i 3 2
S AT R Nk L B A T Ak R R T R KRS +

o TR ORIV 25 1 (B AR ME 55 5 - Z [
2 5 SRR Eh B B T R TR AL SO R
T A R Y & e w8 (E RS O e o s
IR E2ES, 3 F TPs fERF b L &8 1% fb B i
Pk KRG £ > B > IR+, B 22 a) 22
S0 SR PR K R A R A, T RE S £
e U Ca Mg K IR 5 E# . £
N7 HE— A 08 V5 Uk K A - BRI S R B IS AR
HiEBmM ARG
2.3 REESVNEEMEPEXKR

FHOC AT 45 R (3 3) R W) 24 pH 5 Si (Al
Fe Ca Mg K Y24l i 3 i AHOCOC &, B 2 W pH
A, X Si Al Fe J Ca Mg K 17 10850 R B 5 2% .
BEARW pH ¥ e vE (1 1), 36 W 5T 5 4 2 42 i
e o RIS E 1 Fe 9TGEfLE S Eh &2

&3 TPsHl LMWOAs RIEHENEEIREHEXX R

Table 3  Correlations between the indices for determination in the TPs and LMWOAs extraction experiments (n =63)

pH Eh Si Al Fe Ca Mg K Na
pH 1
Eh 0. 104 1
Si -0.186 -0.252 1
Al -0.698 " " -0.202 0.374"" 1
Fe -0.571"" -0.412%" 0.551"" 0.930"" 1
Ca -0.538"" -0.077 -0.047 "7 0.238 0.123 1
Mg -0.763 " -0.104 -0.052 0.298 0.152 0.631"" 1
K -0.628 " 0.028 0.340" " 0.402"" 0.305 " 0.677"" 0.472"" 1
Na 0. 049 0. 094 -0.257" -0.081 -0.156 -0. 147 -0.162 0.218 1

W UM EASE T, A SE Note: % =, Correlation is significant at the 0. 01 level; # , Correlation is significant at the 0. 05 level (2-tailed)
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WMREMMHELRZ (n =63, R = -0.412,p <
0.01) , Bl T TPs FIl LMWOAs AJ i i i J5T 8 % i
P Fe IR AL . Si Al Fe K AH G i) 5 0 3% ol bl 8 3%
EARE X Z R W& AL Fe K HIRERR 207 9 XU fL 5
LG AL, Ca Mg K 9 9 2 ] 1 52 4 52 % 1F
M6 &, # B TPs fl LMWOAs [] i 42 1 52 ffe o
Ca’" Mg’ K" fififk. Si 5 Na, Ca %83 sl B
ERMK KR, Y TPs fl LMWOAs 7Ef2 it Si 5
Ca Na I Ak 77 T 52 1 0 4% K A9 5 10F

3 4

TPs Fil LMWOAs X} A [] 4 3 [7] — 4" it o6 2 K&
/] — AR BT oT 2= 0936 A0 A [\, 3 16 g )
SR A SR i R S R
EVERTA G XFT SilAl Fe, £ TP 358 % 2 1k 55 4
+ 1A SN B sk, 7E 3 FP LMWOAs H X A [a] +
SRR AL RN Y R > MR IR > SRR, TPs &5
LMWOAs # bt , JC 36 £ 8500 76 152 9k 7K A 4 A2 g [
S5 LMWOAs > TPs, 1fif 75 i@ 4 45 €8+ L) 2k TPs > 3
SRR (FE Si BYTE AL 77 1 H % 4 TPs > LMWOAs) | iF
W'Y TPs i i 28 & VE H A B A FHZER & 1 WAk i
R R S RE 8 A 4 T SR Y, B HAE R 25 B h
Al BE T A T ) by Pk - fk . TPs Fil LMWOASs
XF 3 B3 Si Al Fe (75 fL R IN Al > Fe
Al>Si, H Si Al Fe 5[50 {0 09 KR4, R W] AL AT
RE T A A 55 TPs A1 LMWOAs 458 4 T B AR H 5 5
B AL Z845 Wik A K AR AT BE 23 il %o A= 25 5 58 1 &
Fo EERILE T U5 M, A 4 Ca (TR R
2 > TPs, %} 43 Mg K #y7E 4k LMWOAs > TPs,
Xf 3% Na (975 AL 20 25 i 2 WY > Fragie > 2R
MR (FEEEvE KRS+ FH =R TPs > LMWOAs)
LMWOAs il TPs X} £ £k 3 85+, Ju H /& Ca K Na
MG AL, Y DLV K RS 4 ik, R W VK RS 4
SRR, AT BESS I Ca K WYTR AL 5T 88, X —
5 T AT & 5 AR A R L B S5 — T 00 AT g i
T

2 % X B
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DIFFERENCE BETWEEN TEA POLYPHENOLS AND
LOW-MOLECULAR-WEIGHT ORGANIC ACIDS IN EFFECT OF MOBILIZING SOIL
MINERAL ELMENETS

He Gang Yuan Dagang” Zhao Yan Luo Qiang Zhang Dongpo Wang Changquan
( College of Resources and Environment, Sichuan Agricultural University, Chengdu 611130, China)

Abstract Experiments were carried out using extractants prepared out of deionized water with tea polyphenols ( TPs,
including tea extracts, catechin and epigallocatechin gallate) and low-molecular-weight organic acids (LMWOAs, inclu-
ding oxalic acid, citrate acid and malic acid) 5 mmol L™ each in concentration, separately, to extract 3 types of acid soil
(‘Albic Fe-accumuli-Stagnic Anthrosols, Typic Haplic-Perudic Argosols and Dystric Purpli-Udic Cambosols) for compari-
son between the two groups of extractants in effect of mobilizing soil mineral elements in the soils. Results show that the
effects of TPs mobilizing soil Si, Al and Fe were higher in Dystric Purpli-Udic Cambosols than in Albic Fe-accumuli-Stag-
nic Anthrosols and Typic Haplic-Perudic Argosols, the three organic LMWOAs differed in the effect, displaying an order
of oxalic acid > citric acid > malic acid, and their effects were more significant than TPs’ in the Albic Fe-accumuli-
Stagnic Anthrosols and in the Typic Haplic-Perudic Argosols, but not in the Dystric Purpli-Udic Cambosols, where TPs
were higher than malic acid in the effect (especially in effect of mobilizing Si, TPs were even higher than all the LM-
WOAs), which demonstrates that TPs really play an important role in desilicating primitive soil through complexing action
and proton effect, and hence predicts that tea cultivation may be conducive to the evolution of the soils into zonal soils;
The effects of TPs and LMWOAs were more significant on Al than on that Si and Fe in all the three soils, and moreover,
mobilization of Si, Al and Fe occurred simultaneously, which indicates that TPs and LMWOAs may get complexed more
efficiently with Al, thus lowering its toxicity, but on the other hand, increasing its mobility and facilitating its entrance in-
to water body and the environment. In terms of effect mobilizing soil base ions, in case of Ca, malic acid was higher than
TPs; in the case of Mg and K, LMWOAs were higher than TPs; and in the case of Na, tea extracts ranked first, and were
followed by citric acid and then malic acid, and in Albic Fe-accumuli-Stagnic Anthrosols, TPs were higher than LM-
WOAs. The effects of LMWOAs and TPs mobilizing soil base cations, especially Ca, K and Na, were the highest in Albic
Fe-accumuli-Stagnic Anthrosols, and the three base cations though followed an order of Ca > Mg > K in amount mobi-
lized, they were being mobilized simultaneously. So the use of Albic Fe-accumuli-Stagnic Anthrosols for tea cultivation
would promote mobilization and migration of Ca, K and Na, which would improve bioavailability of these base cations on
the one hand and accelerate soil acidification on the other. It is, therefore, essential to further intensify systematic study of
the effects of TPs on mobilization and migration Si, Al and Fe in primitive soils and the effects of conversion of Albic Fe-
accumuli-Stagnic Anthrosols into tea gardens on mobilization and migration of base cations in the soil.

Key words Tea polyphenols; Low-molecular-weight organic acids; Mineral elements; Mobilization
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