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(mmol L") 0.75 (NH,) ,80,, 1.5 NaNO,, 0.32
NaH,PO, - 2H,0, 0.5 K,SO,, 1.7 MgSO, + 7H,0,
1.0 CaCl,; ( pmol L") 9.1 MnCl, - 4H,0, 0.16
CuSO,+5H,0, 0.15 ZnSO,+ 7H,0, 0.07
(NH,) (Mo0,0,,+ 4H,0, 18 H,BO #1140
FeSO, + 7TH,0-EDTA

KR B ZE K TP If 853812 h, FHER
(FeSO, » 7TH,0 ) &HN0, 30 mg L'V AE12
hP 7 I BRI (3 BIARIC HFeORFe30) ',
W5 T UK 5 I B K R 1 4k S A 28K TR 15 9512 W
T LU 5
1.2 REMRE & &R E

FE K FEAR 25 b ¥ 3 S AR A B, FH 281
KIGVEMR R57; FEH0.1 mol L' ANaCIIA M= 13
W, B30 min, WIMIRWHS); &5 HZE 0K
AR R ZETC, FRRKNTEET 2 ~ 4 mmfy R B
SH .

W SE MR R B TS (CEC) PV mE, FRER
0.5 g PR X TR R B, SeHZ K IEAE S, B
FHpHS.81%1200 ml¥ B A1 mol L™ R £ 5 Wbk 1 7
W, B 400 mIEAE e 14K, HJF AT mol L™
KCHA WM VEZE 200 mI A=Y, S @
PAE625 nmil KN W VE R P B Rk B, HE
CEC.,

W E AR B A 2w, FRERO0.15 g AR
R, W2 emfY B, MR R E, D
BSR4 20 wS em™ BINaClERAE A LA I,
D5 e sl LA, I AR 8 I 0 B T B zeta
(AIENS

e SRR S - B G B S g b, BRERC L3R K
THRRFB0.25 ¢, MEFOREMELE T, 4
BN 25 ml¥k AR I NH,CIFIKNOL A, 25 C
TIENERZHHL FE%2 h, HEHREM IR E
Jo, RRUR AR AL AR R ARl 04, IA0.1 mol
L' NaClAW25 mI4REeff 2 h, 3 I8 IR ICAE DR -
3 SR FH i T A b 20 AR I 01 R 7 T ¥
F R P NG AT R B2, IR0 5 I R pHL, 4%
T AR ZR 6T B S T 1 A B A R

W& (mmol kg™ ) = ( [ B FHIMHE | -
[ BT ] ) x0.025 x 1 000/0.25

ff W (mmol kg™ ) = ([ WIS T 1B x

( 25+ B ok B MR B HE ) /1 000— [ 1% B - £ 1k
FE ] x WRR AR B M B ) /0.25¢
B YR E AT 3 R mmol L7

PRI B 5250, FRE0.25 ¢ ERKUTAR &R A
B, o1 mmol L™ NaH,PO 4 W E 4T P B
) 22 A (%) By g 2 W B e, 0 o IR BB ) R 3
Z G IR R B R, AR BT, SR A
L I P 8 T B o
1.3 FoRKER

I J AR T 1% KRG T 2/ 358 B 1 42 R
W (pHAN5.5) HH:FE6 h (NH;. K'FPRHKRE N
1.0, 0.7, 0.2 mmol L") , RiFAIEFREIFICHE
IR W T DLAR UK 4340 Rk A . KoK AR RS E
FRW, WEEFRMWPNH, KFPW R . HFr R
AN - R SN - AR ER AN ( DCB ) kR EUER
JE, WEARBUR R NH . KTRIPHRE, 45885
HINH; . KYFIPRYUREE , #IET O BK R XN
KA W 0 G 6 DA R VS T P I T RE T L SEBR PG R
M DCBIEHUR P PE & . 2HUS MR R 5 F 4
KFE—RF60 CTUET . FRE, KIUEWE, 5
B EFeO+N, P, K5Fe30+N, P, K, dL6kE
S, H12 R, BRI AR BUE TR L
—MREBBIMER, ITA40 mlHKJE ~0.03 mol L'
FrEmR4M ( NayCoHs0, + 2H,0) 50.125 mol L™'AY
NaHCO,IREW, IMAL1.0 g Na,S,0,, 25 C T
N1 h, $EBOGRGEIEE 100 mIAERIR T, FHZEmK
WHUE3K, — IR BRI,

N/K W 0 R 35 O PR TE AE R % ( mmol
kg h7) = O [MlcRkcss 7k ] - [l
WU | x FIRTOSOR SR ) 1S EW /6 h

SEBRPUE I F (mmol kg™ h™') = ( [ Wglschk
WPHRE | — [ IO PHEBE | > 6l A IR S TR
RF-DCBHEHP & x ST ) /a4 /6 h

DCBIEHPE & (mmol kg™') = [ DCBHE UK
PR | x BEIBUAR PR BUR -+ 5
KB TR B mmol L7, RELBAL KL,
i R Hkeo
1.4 HIESH

K FISPSS 20.0 %] 5% 55 K45 i 47 0 57 FE AT A
5, B AL B R 25 5 0
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2.1 SKEMRFTELFZERG N

CECHYI 2 &5 0, /KRG AR 7ty A 15 B v o
(£1) . BREKZ )5, WELEpH RS 80 HFH
Bt 6,31 03.49 (£1) , ULWAMRE
TR i B AIR, IE AT R T R . B IR S R T AR
FHIIR R zeta AL Z5 5 CEC—EL, X B8 ATE Al 4k

5 B AR R M zeta B AL R FA(EL, SRR AT 1 T
7 o TR 2 J5 AR 3R A ze ta LA, Y 28 00 (L 80/)
W AR 3 1 174 07 R Ay e b o SRR BRI LA 2 A
—AET ~ 92 Ia), DA R 2 1 TR BRI v IE A
167, X AR I BB R I 2 T v 67 Ay el ) 3
JEUR o 55— 7T, BRI AR R B 4y PR o A Al
AR T B R T D

Rl KFERRIAEFRIREMZetaB L

Table 1 Cation exchangeable capacity and zeta potential of rice roots

JGBL FH 25 T~ 28 i ZetaHLfif
Treatment CEC (emol kgil ) Zeta potential (mV)
FeO 6.31 £0.63a -32.64 +1.31b
Fe30 3.49 + 0.86b -24.74 £ 0.45a

2.2 HRERFTIRFZWMINHG. K FOREEZHR BO 5200
FEITRTEI2F BT, X DL 0 AL 32 0% FBH
B, BINHFIK®, Bl BB, MR
XoF BH 5 - 1R W B e R R, SR ZE SRR, B LAk
B Ji A 3 THT T NH RITKC 14 82 B 1 2804 Bt/ ), i L
B R YT R 2 MR I INHL AR 6 410 S A D ot 25 7 e B 25
TV BE R s G CEITANE2 ) o R 7K
T AR 2R TR W 56 NH RITKC %) 4100 1 4 FH 55 2 RRORT AR 2% T
AL ZE PR ma g5 R — 80 (1) o KRG R

18

16 1® FeO-1% fff-Adsorption
A Fe30-I fff-Adsorption
o FeO-ffnz-Desorption

12 & Fe30-f#nz-Desorptio

14

B A GBI 2/ fiFeR
Adsorption/desorption of NH,* (mmol kg™)

0 0.5 1.0 L5 20
BRSSPI
Equilibrium concentration of NH,*(mmol L™)
AT BRBENS 7K AR 25 N IR RS AR A R 14 5 Wi
(W S5 i WpH o 5.8 ~ 6.0 )
Fig. 1  Effect of iron plaque on adsorption and desorption of

NH; on rice roots ( Adsorption solution pH: 5.8 ~6.0)

()
s o S8
—

S B i
Adsorption of K" (mmol kg™)

0 0.5 10 L5 20 25
PPk L

Equilibrium concentration of K*(mmol L™)
K12 RN KRR AR 22 W B K11 52 1)
( W B S 56 A W pH N 5.6)
Fig. 2 Effect of iron plaque on adsorption of K on rice roots

( Adsorption solution pH: 5.6 )
TERUCBR IS, 2 T8 67 H fr B Db, %F B 88 1 F)
FRL TR B il /L, R B A D 03
BT 25 R0 R B, W BN T MR S T O N H 1Y
Y R oy ] g R R, Xk — 2D U S
SEENT N HFTK 1 08 BAEATL AR AL, A AR 2 T, 32
3 Aok R AL T R B INH R KT o R e A o A 3 T 1Y)
NHFIK ZWEPER), BT IR = im b, wnl
DIBES A ) AW . PR, A AR R0 B 5
- 10 1 BEE AT AR T R ) 6 SR A R, /N TR O
Wk
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® Fel
A Fe30
A A

0 05 L0 L5
RIRART- 9K B2

Equilibrium concentration of phosphate (mmol L™)

E3 ARIEEXT 7K R AR 22 W BB A AR 1 522
(B S2Be hg  pH ol 5.6 ~ 5.8 )

Fig. 3 Effect of iron plaque on adsorption of phosphate on rice

o o
()] =)

TR Fif 7
Adsorption of phosphate (mmol L™)
(=)

roots ( Adsorption solution pH: 5.6 ~5.8)

FIZRRI, ARIY BRI K R AR WA AR
AW, B A B RRAR RO AR, (R B
Jr AR T TR MR A R o 2 1, 3 2 B PR O 4
PN B AR AT AR v B WAL B 5 B T B, WRTR AR AE Bk
GRS i L T
SR AW, R AR AE AR R 2 1 W B 2 i X LA

PP R AR, U R TR AR R A B I B IL R
gl AR RARRL, B LA e B A e o
2.3 SR T RBETERKEME

6 hid 35 S0 55 25 3R B A A T8 B il T K R
R ZR 6 NHEFTK Y W o A X R T8 i 2k B ) %
HEAD B, R o8 7K R AR 2R X6 N HES 174 TR S 3K 46 B I
21.2%, XKW IBGERFER42.7% (£2) , X
5 7KRE AR X 79 ol B 5 1) R A 5 2R — 3k (R AT E]
2) o HTFKFEXFNHIMW IR £, BDCBHEE
B A B AR B 1, MiDCBARBGR K & =AY
K/NEFEHNFe0>Fe30 (F£2)  ZREERT LI 2 5
ML 2 Wi /K ARG AR 28 X NH K A Wi . — 7 1 B il
B TR ) T K R AR 2 6 NH K T 1 10 B (1 1 0 &
2) , BRAK T KRG RN WA IR Wl ; 55—
T, BRI TR 7 T EAR R B AT, AR T KRS X
FIRAICEIMUL >0 5 B, BRI AT BT fig Xt
MR B T 4%, Ml T oo Rk, SRk
WIFeOFMFe30MY 1 - Z5 i A Ak i 43 70l S 313.4F1285.5
peg g h', BRI AT MUK TR R IE J1. Chen
5 DT g R, AT S R Bk 4 o K e
MR B — PR 1% .

2 SRREFTKIER RRUENHLFIK RY 220

Table 2 Effect of iron plaque on NH} and K" uptake by rice roots

b INHE i i 5 DCB IR NH, [ QT er s DCBAR IR K
Treatment NH; uptake rate NH} in iron plaque K" uptake rate K" in iron plaque
(mmol kg™ h™") extracted by DCB (mmol kg™ h™") extracted by DCB
( mmol kgil ) ( mmol kgil )
Fe0 9.49+0.15a 0 3.44 +0.05a 32.90£0.97a
Fe30 7.48 £0.17b 0 1.97 £ 0.03b 30.56 + 0.84a

W AR 7F 4 A A W 2 1 32 2k A L MR B B
BALTIRE, Frlk, EDCBIEEUKH, Fe304bHiHP
T R T FeOANHE o T FE VA P PR T RE R
b, BB RS, WP PRE D R E T
AP QIR 75 Y8 P T R TR 5 AR e I I
P, RIPAYSE BRI 2, DU AT D 3R REE 1) £ A
A P SZ R W R R FE59.1%, IR TE6 hi 35 1)
[ 2k A ) T K FE X T PRI (3 ) o EREEIE
MR, HR P 6t 68% TR 290% , LK
FEW MR P EL ], LA X PRy |, —TF
TR A Sy — R B 300, A B e, A i ) 1] PR L

B TP O3 —TJr i, AN HEBR AR W PRy
i, PROMAR 2RI DLRR ANFTARTR . PR 20K
kSRR [ 1 PR A AT T W R
A BRI AT LA D PR I I A7, TEAE I PR =
B A (AR R, X5 Zhou S ) LS ) i ik
X 7K e B2 MAC ST 05 R 532 Wi (14 445 SR AR B o

BRI T 3 WO B 52 0 Bk S R R R OR
5 BRI A RO AR O 5%, — B0 R nT L2
PBERAAEYIISP L Zo 3800 BRI, ELRE A ER AR AL
0 IR 37 23 RS e W 6 W I 2 3R B 40 o A
F T AR ST R B6 W SR, B R
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Table 3 Effect of iron plaque on phosphorus uptake by rice roots

Jb EWCPPRHFEECR  DCBRRBURIRTPEHE  PHYSEERIE I A HE 2 P Ff TR AEPHL I
Treatment Depletion rate of P in P in iron plaque P uptake rate Percentage of P Percentage of P
solution extracted by DCB (mmol kg™ h™") adsorption uptake
( mmol kgil h') ( mmol kgil ) (%) (%)
Fe0 0.93 £0.02b 11.29 £ 0.35b 0.31£0.01a 68 32
Fe30 1.22+0.02a 20.84£0.21a 0.13+0.01b 90 10

il T KRR AT KY . NHRIP AU, H A% 5 X 3 g
I3 WM A 5 A A 5 1 — BT

3

4 i

BRIRFEAR IV R, 3§ TARGR IV IE LA i,
FHRFFEAR T H A s o i

T PR A AR X T

FEL I A L 1 B R e ARG o T Il P R R e 2 v 1
IKREAR XS B A WL i . 6 hBE 3R LIRS R KW, P
JRH BRI ] T K REAR XS NHG L KB PR AR 1) 4
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EFFECT OF IRON PLAQUE ON SURFACE ELECTROCHEMICAL PROPERTIES AND
SHORT-TERM N, P AND K UPTAKE BY RICE ROOTS

Zheng Yunyun'" *

Li Zhongyi' *

Li Jiuyu'

Xu Renkou'’

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing

Abstract
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(2 University of Chinese Academy of Sciences, Beijing 100049, China )

Effects of iron plaque on surface electrochemical properties of rice roots and adsorption and

absorption of NH;, K" and phosphate by the roots were investigated through hydroponic experiments. It was

found that the iron plaque formed on rice roots reduced cation exchangeable capacity of the roots and made

zeta potential on the roots less negative compared with control, suggesting that the number of negative charges

on rice roots became less due to the formation of iron plaque. Iron plaque also inhibited the adsorption of

http: //pedologica. issas. ac. cn
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NH; and K* , but increased the adsorption of phosphate by rice roots. Results of 6-h cultivation experiments
showed that iron plaque lowered the uptake rate of NH;, K" and phosphate by rice by 21.1%, 42.7% and
59.1%, respectively, as compared with control. In conclusion, functioning as physical and chemical barrier
or temporary repository, iron plaque inhibit short-term uptake of macronutrient elements, like N, P and K,
by rice plants.

Key words Rice; Iron plaque; Electrochemical properties; Uptake of N, P and K
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