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K FEAR ZR BR PR 7 A2 5o B35 R AL ) 52 i
SHE, Kb, KXE

Herpfoly K22 IR 5T 2B, X 430070

FE KFE(Oryza sativa)it 2 IRE IR EEY) . & FEAC R OREEK ARG RRERAS ™ I EER 2t . B2 /KA A K 5 1
EIRURZ —, T EEI KRR R KR AR RAEWE K IR T, AR REBZ TR & B A IS, JEAE/KAEAR
Bk (AT A8 ANEAL IR rh IR OGS A (0 2 OCERIR T AN AR W IR BN KRG R BT RN B AL IR B2, PR3 1 BRGNS BT
e R eI (52, JE X RSO TR AR, & AR ) B KRE AR B B ELAF LA 42 B 4

SEIA KRR, LU, BRBL BEETE MR

ZFEE, KN, KICE (2025). KFER RGBT RSO BERIC I, #2544k 60, 132-143.

JKFE(Oryza sativa)fF 4Bk EEFHREENZ
—, FEHEEMIA50%LL_EF AL (Elert, 2014; Ma,
2016; Shaetal., 2023). HiHl, K@= &R 2
M H T 3 [R 2 K (Li et al., 2019a, 2019b, 2020; Yoon
et al., 2020)F1 JE ¥} i Ff (Cai et al., 2023; Huang et
al., 2023) & H A it . W (P) A AE K & B AN AT Bk
Mg IR, MR YIR AN 2 Fh B ZA AV 20 A
4r(Shen et al., 2011), 2 5%FCHLFE(Xing et
al., 2021). )= Bt WS H 358 b (1 JE R IR 6K
FKHL% (Richardson and Simpson, 2011; Zhu et al.,
2016). SR, T3 RA smEL B b RE /0, G
FETEE Bk (Fe) ARG A IIIEOL T, B85 5T %
MEAVEREIR Fh Ui vE, T EUE P B 1R B R, X
A IR il K R P A 1 E B Z 2 —(Fan et al.,
2023). Kk, AR S LA L TR, IR
IKFEXT TR S R FH 22 OC 2 (Yan et al., 2021).

LR, TEARBEIA S, MY R R4S
P SRE BB L, e RSO L AR
IR E2%(Shen et al., 2011). [ANf, 783 Ee¥pfh rhit
HEURFERAR, a0 B B AR (Lynch and Brown, 2008;
Shen et al., 2011). B4k, HEPIMRER KA AR
X T IR B AR R B A O, Hop s
MR RIS R T IR AR R L3 MR B HBME &S
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1 DA K AR 2% 43 b A 1 g BB 1% B 45 (Zhang et al.,
2010). /KFEA A IR ARG, B UL EALH4b,
T T T PR A R T (R R AR i R AT o K R it
RA A S A R BR IR, (et LIPS )R
REEAL . BN, KK RERR R Fe(I) F ALy Fe(lll)
(Sundby et al., 1998), S EIER 5% 5h = 4 H B
AR AR DTIE Y, BRI (BIL) . BRI — R
PEPIRR, AT AR 5 Y0 BE Ak 24 IR B AE 77 (Antoniadis
et al., 2017), fHfMRPr LIEHIEFRTRER DU
FUERR R Y U TR R R, (RIS TR s = T A
ft.(Chen et al., 2021), A G LR IR KFEE R
BRI B s e TR 2R, B R Ak S R Al R R
Z IR AR, KRS AR 7= v Bk 5 1 1) 408 34 5 Ab 3t it
HIRSHF.

1 BREEFZARRIRNE & 3=

IKFERR FR BRI 1 T8 B2 | T IE VK IR F T, K
TR 2 W4 (radial oxygen loss, ROL) S &+ 3 11
Fe* WAk hFe™, I 5E AL &, fEARIELS
=i NIADE ZINER ST =R R R 2 by oL /B sk 52
S AR By 2 0 B ML 1) P AN 5 P 7 A R
AL A AEA Y 2 (K12) .



1.1 HEHE FE X SRR A R R

SN IETE B AR 2= — RS T AE Y (Wei et al.,
2021). # R4 WYI(Armstrong and Armstrong,
2001). /KFEHEK A (Syu et al., 2014; Khan et al.,
2016) LA M Fig i 1 (Wu et al., 2014)%5 . A5 Y0 #0385
SO NLER . BEERIE . [ BT R 1A R ol g
o & & BT 1 %8 (Shaw and Burns, 2003; T
T, 2017; LS AE G5, 2018; HIEBAE,
2021). 1R F 5Pk B AIKROL LA S pHAE K i3/ Bk
JEL ) % i (Armstrong and Armstrong, 2001; Zhang
et al., 2019; Tao et al., 2020; Xiao et al., 2021). I
Ab, FEYAR A PR LR A P Bl . 23 e H IROE R g
A A A P Bl ) 35 % P R ROL, 2k 1M B IR Fe (1) 1)
AM(Wu et al., 2014), BDERBERITE L. Y IR
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F07 U ROL A S L 38 g FR W B U AE YD B A A
KBRS T AR KA, WL 54 B (Fe(lll)-redu-
cing bacteria, FeRB)F1Ek% {4 B (Fe(Il)-oxidizing
bacteria, FeOB) (Wei et al., 2021),7E 4 £ g {4
YR 340 2 1T #8 fie A AT o 7R 4l i FeOB (Emerson
et al., 1999)F1FeRB (King and Garey, 1999). X%
B 5 K SR A AH D% A Ak A 4 T e L R T R I 1Y
TR, A YIAR B e A BT 2 B A AL 8 L 2% R
FF 4 35 FeOB M FeRB i 1, FeOB:¥ Fe* A ikl
Fe*, BETII kIS . RANSRIR, KRR
R KRG T R PR A2 FBE 8t AN [, OFil e 268 DR Y B 2 =2
BRI RUAR R TE UM BRI EE 2 (Wu et al., 2016), £k
B 5KREIR ARG EEREE . ROLIRL A K IR EE
HekS B2 1A (Khan et al., 2016).
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(A), (B) Frict /KRB 2 % (Seyfferth et al., 2010); (C), (D) /KAEARAE I 14 H.5% I (Tian et al., 2023); (E), (F) /KHEREB
X-BFH R DB (XRF) R, (E)H 406 5 HE B2 (F) 7 Sk 38 7~ 8k (Seyfferth et al., 2010); (G) X-H £k 2313 (XRT) K14 (Seyfferth et
al., 2010); (H) LM At FE M 4143 (Hansel et al., 2001). (A) Bar=5 cm; (B) Bar=2 cm; (C) Bar=25 um; (D) Bar=10 pm; (E)

Bar=20 mm; (F) Bar=6 mm; (G) Bar= 200 pm

Figure 1 Morphology and component characterization of iron plaque on rice root surface

(A), (B) Optical image of fresh rice root (Seyfferth et al., 2010); (C), (D) Scanning electron microscope image of rice root
cross-section (Tian et al., 2023); (E), (F) X-ray fluorescence (XRF) images of rice roots, the red-outlined box in (E) and the arrows
in (F) both represent iron plaques (Seyfferth et al., 2010); (G) X-ray tomography (XRT) images (Seyfferth et al., 2010); (H) Forma-
tion and composition of iron plaque (Hansel et al., 2001). (A) Bar=5 cm; (B) Bar=2 cm; (C) Bar=25 yum; (D) Bar=10 pm; (E) Bar=

20 mm; (F) Bar=6 mm; (G) Bar=200 pm
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Figure 2 Effects of biotic (microbial, root exudates, etc.) and abiotic (soil pH, Eh, etc.) factors on the formation of iron plague on
rice root surface

Under the regulation of radial oxygen loss (ROL) and other factors, iron (II) near the root can be oxidized and deposited on the
root surface to form iron (1) plaque. Iron plaque has an enriching effect on rhizosphere phosphorus (P) nutrition, and with the
dissolution effect of the root exudates or microorganisms on iron plaque-bound phosphorus, phosphorus will be released for rice
absorption and utilization.

A RAC B VAN & I SN E E BE (Rl R A
Fodk), FTEHES IRPHSE TIR A S, X

1.2 EEYE R RER R
SO BT B AE A ) IR 3R A - 48 R (Boxma,

1972; Loeppert et al., 1984). HHLR S E(WGISS et ﬁ%ﬁ@ﬁﬁ&@%%ﬂ%ﬂ@iﬁﬁ%(Sun et al., 2017),
al., 2003; Mohamed et al., 2010). pH{E(Li et al., DRl S AT LR 2 B e 2 B R 22 O BRI
2012). LIk R EAL(EN) (Li et al., 2012) L) K + 3% BRI AL I IR R S K pHAE L En %S 25

oML F8R(Tai et al., 2018; Singha et al., 2019). 45
(Qiao et al., 2018). #*(Guo et al., 2007; Amaral et
al., 2017). ffi(Huang et al., 2018)F1#(Liu et al.,
2004)% . WAL, FiL S ERNLIEEES KA
BRI (Chen et al., 1980), EE W T4 5
I 0 - S R B [T R IR RE AR LSS, XA T
2 IR AEAR R VTR 18k I (Mendelssohn et al.,

1995). 1M 4 4= & &0 TR R RS AR KR L
AP AENR SRR, TEPEIR S ESE
by 5548 2 (4% (Weiss et al., 2003). AHLFR&H

PIAH%(Li et al., 2012; Syu et al., 2013). &L
Fe(IMTE AT SRR, EMR b B & FE A A
UUVE, FFPTRETE BRI o KRR TE Rk I B pHAEL A
F+3-5.32 [7](Boone et al., 1983). —f&ii &, {&pH
B 2 388 Jn AT ¥ 14 4k 16 B (Sarkar and Wynjones,
1982), TfimipHIE T8kt ek, 2= FEARFe(I1) % fii
J% (Zhang et al., 2012). FEpH%b, Christensen%s
(1998) iIF S 2k i 72 7E Eh A X BUK B U AR 4 H . B,
Fe(Ill) S AL 2038 7 A Fe(I) i, AL IE J5 B A & 3%
Thim. Meah, s n R WL AL, i



M 2 FEE (Y TR ol A FEL P N 335 2 1) AR R 05 T 384 m - 438
WY, $EvE RS B (Guo et al., 2019), R FHE
Mk 1 AL R . B, Qiao%F(2018)WF iKW, &
Bk B v R A e R T R A R R T . AE
R 264, R KRR AE K K B (Isa et al.,
2010), TR &5 RRAR & R 1) 78% /1 41 (Kawa-
shima, 1988), J i & W% I = Z iR A7 (Seyfferth et
al., 2017), Dbt FH A mT 3G AR SR A, R IR R
I IR B % 2k (Cheng, 1982; Guo et al., 2007).
fili 2 —FhE 1 E 48 R, Huang®$(2018) K L1
K FE S BESH I P A 2> 2 3 5 R RO T B, i ] 38 5
ALY B 4k B (superoxide dismutase, SOD)AHit
A A B (catalase, CAT)HVEM:, 15 ME% (reactive
oxygen species, ROS)# L [ fifid 729 A R T H <
PR EREIL, M5 2R I T B (Seppanen et al.,
2003; Gill and Tuteja, 2010). Huang%s(2020) /& Il
A EKFEROL, ] RE 2 P BRI R R R 22—
B2, BRI RS AR bR A SR P oG, g
(1 70 2= W Ae 3G AR B A& &, F 2 i BR Ak ) S A K
TERRF PR

2 BRERXT#AE E K RSN

BRI ORI X T A Fr 8 R R B0 H L, Zouss:
(2022)i85d G vt oy M A BRECHE, T B 2050 4FAE )
18 (1) R i 280% 5 8 v 21168 %—81% A HE N %o 1k 25 %o
A HIBR B KERTFTRE, BT E AR R )5
T %) 78 9% R R, R a2 R A xR 1 R WAL (o T R A
1997; Chen et al., 2021). WFFERY], GRS 2N
T 1 KRS RR (A E (Wang et al., 2019). A anitk,
ANTR)2H 73 Bk 0T 1k ) ‘e B R B2 AN HH [ (Zhang et
al., 2021). 40, Wang%%(2018) & Pk IR £h R 540
KT i Fe-PULTE 8 8 2 = T /R B, Wl Bk
IR X 8 ) U 42 T E A AE B (B ) RN . AR R R
PR B B L B SRR [, BRI R, SR
JAR BB v i 7 B 0 6 o 2 ) = 2[R 2% (Christen-
sen and Sand-Jensen, 1998; Fink et al., 2016), X
A VRS 38 L B R A e A 12 AR 0k 88 B R U (Chris-
tensen and Wigand, 1998; Batty and Younger,
2003; Xu et al., 2009). i &K MABEEJERS, 7
RE 2> B9 B 32 1A e B LA D/ KA 0 ke (7 i (Liang
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et al., 2006; Xu et al., 2009). Kk, BRMELE K FE MR
WO R T VR I AEAE 4. — 5T, BRI & SRR BRI
WEHLKRERIF; 59— 77, BRAEAE v 57 % BELAS 7K g %
BRI U (Fan et al., 2023). 4K 58955 2 1Al i) 5

BRER I w4 LU, 76 LIEIAE 1A R 5] i
T IR, AT LA AR WACR) F (Wang et al., 2022a,
2022b). WFTFRE, WYIN BRI VAR B — 2 i
BAER, AT @ W R AL LA R A AR
KA IR BrIA S (Graham, 1973). AL E T, WA
WEE I T i (Solanum lycopersicum) Al 43 A F 2
(Allium cepa)lifE &4t Hh i1 ] F P (Khashi et al.,
2021), IR AR R WK —FE IR, KIKEF
IR e 8 (R B R Bk TV T A, e VR BE AT R 12
AVTHEHM(QIN et al., 2013). Kk E IR IR IE
ok o s 8 TR Ak 4 ot KL P TR BECR 2 v Wl 1) A A A kv
(Wang et al., 2015). PLI ML ER GEINE AR BRI Ji7 3%
2, FETR AR AR I O A -6 R B T B R A TR
V£ FHE IR Fe(ll) (Lueder et al., 2020).

TR 2 20 WD AN BB A T 40 420 [ 5 1)
T, A RES I8 I R A AR R PR 5 B A A R A v
(AR 20 o AR R 20 A AL RE i B2 5 M ) o
APUBER AR LI A B (L, R LIk
HLBE A %t (Wang et al., 2023a, 2023b). £ %
WP ELEAE R T RCEY AL, 38T T AR BR 4 1R
VR SE R, L Iy R R = i R Y R B 4 T VR 4
jtc = 1/ A (Badri et al., 2013; Huang et al., 2019).
HE AN, Fe(I)rIad i i iR v] RE e fE IR EAE R AR T
18 0 Tl R ) 4 (Saleque et al., 2004; [ Bk %,
2019). EHKEMET, Fe(lll) KA M A M4+ B
ARG 5 LR AR ity BTS2, AR T 5 RV PR R
+1 1 (Sanchez-Alcala et al., 2011). Fe(lll) i )5 N
Fe(Il)d it A=Y s 3E A= PupL 47 (Li et al., 2012). LA
Fe(I)-PZ5 &7 8 3 B0 AE AL Fe (1) 18 S 1 AE 4
(Lovley et al., 2004) )i N KAV, Fe(ll)it i
WA Al iE T H A% (Lovley, 1995)ak7]#(Lovley et al.,
1998) i 15 #4 & g H 1= 45 v A LA 1 SR AL R I8 R
Fe(lll) (Yu et al., 2021). A ) SN 531t 5 Bk
FEL PR30 D6 V5 A = A — B BT, R R mIE i S
1400 B0 5 B AR A ) BEL RS Bl B ™ 400 ) 7 AR - T O
R, HRT Rk LATC B TR PIRAS A AE T g,
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AN 8 iy FA A S 3 i 1A vT e 1% (Ge et al., 2022).

3 SRERXTHEYIIR R URI R

KFE IR BB S 32 Bl i L AT, X i AR
ZE ARG, KPR . ki
& DU AR BRCE S5 (13) (& mi%%, 2005; Li et
al., 2010; Lazali and Bargaz, 2017; Kuppe et al.,
2022), T AT REIE I KRB 22K i i1 B 1 B
Wi, Ry e E i R R N AR &, K FE AR R T
BRI Z AL AN, X oA e AR &R 1) — > SR
e BEFRERN, BRAE VTR PRBE A R AR A
F, ARG U7 e rh 7y i B A, I 2
B4 MR 25 B 0 = 9 R0 AL R K o s SR AN AR 2R
(Wang et al., 2019), A\ ifi 3 JiAR & i 3 i) 8 75 &,
AR T IRAEHR R0 B e 3 SRl BF e i, /K
TEAR Z T AR B i 5 AR R AR B 2 A 58, ORI
R 2 T AR Oy 33 VA T b Bk B T I DOUE SRR AN I
[6](Jiang et al., 2009), W AMEHE AL TE 2 (1 A7 A
BeAh, 7T R WIHR 2R BRI AT U3 b O, MR R BT (M-
er and Sand-Jensen, 2008; Li et al., 2019a, 2019b),
MM AEEE 2 (1O, 2L MR 2R (Meller and Sand-Jensen,
2008), XAHHFTHREK(Yu et al., 2021).

TE )R 2% 1) 50 AT R L Wi R = 51 2 AH OG FE 1A
ik (Bofg e 5E, 2002). i, Giri%(2018) %k Ik
dik Z B OSAUXLIE i K AR K 2 MAR 10 ity % 12 21 43 1k,
DA BEAR AR, 390 1 B ) AT IR i (Wang et al.,
2023a, 2023b). Mora-Macias% (2017)ik & LA R
F2 40 WA TR S SR R R 0 MR T 23 AR 2H 2R FE RS FE SR
FFIRIHARAAC, AT EMIAR G5, ARSI AR
FER B R AR

AR AR I Bl e 32 B M\ 3 v RO IE R R
#h(Raghothama, 1999). 7t M, It KIEHEF IS H
FHOsPht1;8 (OsPT8)SHUKRE/EARZE Fh v /K 3%
R IR I 2 (Jia et al., 2011; Wu et al., 2011),
JAR 2 OsPTBIEM A — RANH L h RiE, XLz
B AR RIE (B OsPHR 21 3R 1A) v] fE i i 38 K s A
T R PN Tl e 3 2 1 0 AR R A 33 R )
WS . AN, FEREERZ A4 TR, KFERE T b
TR & 532 5 1 (OsPht1;3/10sPhtl;6) % i #2
R R (AT et al., 2009; Chang et al.,

B3 RREIR RSO AL
IR FEHRE A AR AR EL R TR 70, Bl i B S AR T AR 45
AR 77 78, P il I s 2R i

Figure 3 Schematic diagram of phosphorus absorption
related mechanism in rice roots

Rice roots acquire phosphorus nutrients directly through the
root surface or indirectly through the iron plaque, and arbus-
cular mycorrhizae, and absorb them through transporters.

2019).

T P 30 5 4 a3 ) A K ) % P B TR AT AR ) A L
1 F R s i 14 R FH 2% (Etesami et al., 2021). MF;
# AR B I (arbuscular mycorrhizal fungi, AMF) /& ¢ &
DL 5 R Y B A () 2 % (Sharma et al., 2013; Ete-
sami, 2020). AMF— fif it 5 i f F B 42
e B, B I S AR P T 22 AR i R AR
Z AR U (Smith and Smith, 2011), HddtA: 7
T EH ARG B8R 22 141 12 4t (IR 3 3 08 TR R HH R o 40 PR 1)
T IR h 4 B (A M\ ST T AR ) (Tisserant et
al., 2012; Fiorilli et al., 2013), i H.4 iF 45 38 B 1 22
AT B A Y 3k B 2 W] 47 1 (Smith and Smith,
2011).

4 TRRE
K R HRL 2 T 1 Bl R 6 B2 2 4 b L4
B eSS AR, th Tk 30 5 A RE R b
2 AL AR RS, FOR LR IR . R
Bl RS AR S AR S PR B M4
T 7 SRRV BN B 75 5 OB, 75 © A T 90 1 3
it b, A A R R

(1) NI ARG R BRI T ML . AT
5 % S - R B A D T R AR B, {2
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2 DR 30T R TR VR LI AN 2 o BRI AR T F
FIE A A5 KRG I AR KR 0 S B3 o (1 Rk A T
(K & BB YIS, f5 it — DA A 268t
XK RGO A B TR BRI A S AR AR R K5,
AR BT B S B A 1 = R 45 DR S LA

(2) RGBT HTERIETE L5 1 R R B R AH B R
R, PRIV NE LA 5 e AR s 3 TR B A v L B AE
M s i S LR L . R IR T EOR, AT
BRI 55 198 205 DR A 205 ) DA B Bk I 285 5 S Wl R T )
JRALH) S5 R KL, PR AR BRI ) o i) 4
XPZISFR IR o B E A, A T AUk
T AN BER I B ASAE R, TRAS BRI A A IR i 5%
B TTERELA, SN T A BEOK RE 5 20 AR AR (R K
o BLAN, BRIEL AT DL e M) 410 2 <6 e ) oK
$RBEfE(Zhao et al., 2010; Khan et al., 2016; Meng
et al., 2024), H4| 5 <5 Ja AL 1 Bl W ST R AR EEC AL
LUKINE T S 2 T

(3) 18 TEMSFAEYE B HR, MAFE
TR it PR T B R 1 20 1 B 22 S AT 2 i, W
TR BT B S B R SRR R R R L i 1 B AR A 1)
WKZR, REm e A TRET B E A A TR
5 8 T B R ST P 7K vt ol

o

FREE: SRR LR SR SCWIRE, 5kih: 2530k
BRSO IE,; KICH: BB STHESE, 1 3CH
LA

SE 3

Ai PH, Sun SB, Zhao JN, Fan XR, Xin WJ, Guo Q, Yu L,
Shen QR, Wu P, Miller AJ, Xu GH (2009). Two rice pho-
sphate transporters, OsPht1;2 and OsPht1;6, have diffe-
rent functions and kinetic properties in uptake and trans-
location. Plant J 57, 798-809.

Amaral DC, Lopes G, Guilherme LRG, Seyfferth AL
(2017). A new approach to sampling intact Fe plaque re-
veals Si-induced changes in Fe mineral composition and
shoot as in rice. Environ Sci Technol 51, 38-45.

Antoniadis V, Levizou E, Shaheen SM, Ok YS, Sebastian
A, Baum C, Prasad MNV, Wenzel WW, Rinklebe J

PR A KRR R BRI S SR R 137

(2017). Trace elements in the soil-plant interface: phytoa-
vailability, translocation, and phytoremediation—a review.
Earth Sci Rev 171, 621-645.

Armstrong J, Armstrong W (2001). Rice and Phragmites:
effects of organic acids on growth, root permeability, and
radial oxygen loss to the rhizosphere. Am J Bot 88, 1359—
1370.

Badri DV, Chaparro JM, Zhang RF, Shen QR, Vivanco JM
(2013). Application of natural blends of phytochemicals
derived from the root exudates of Arabidopsis to the soil
reveal that phenolic-related compounds predominantly mo-
dulate the soil microbiome. J Biol Chem 288, 4502—4512.

Batty LC, Younger PL (2003). Effects of external iron con-
centration upon seedling growth and uptake of Fe and
phosphate by the common reed, Phragmites australis
(Cav.) Trin ex. Steudel. Ann Bot 92, 801-806.

Boone CM, Bristow JM, Vanloon GW (1983). The relative
efficiency of ionic iron (lll) and iron (ll) utilization by the
rice plant. J Plant Nutr 6, 201-218.

Boxma R (1972). Bicarbonate as the most important soil
factor in lime-induced chlorosis in the Netherlands. Plant
Soil 37, 233-243.

Cai SY, Zhao X, Pittelkow CM, Fan MS, Zhang X, Yan XY
(2023). Optimal nitrogen rate strategy for sustainable rice
production in China. Nature 615, 73-79.

Chang MX, Gu M, Xia YW, Dai XL, Dai CR, Zhang J, Wang
SC, Qu HY, Yamaji N, Ma JF, Xu GH (2019). OsPHT1;3
mediates uptake, translocation, and remobilization of
phosphate under extremely low phosphate regimes. Plant
Physiol 179, 656-670.

Chen CC, Dixon JB, Turner FT (1980). Iron coatings on rice
roots: morphology and models of development. Soil Sci
Soc Am J 44, 1113-1119.

Chen H, Wang Y, Yuan JH, Zhu WB, Chen GL, Wang SQ
(2021). Effect of P fertilizer reduction regime on soil Ol-
sen-P, root Fe-plaque P, and rice P uptake in rice-wheat
rotation paddy fields. Pedosphere 31, 94-102.

Chen L, Lin Y, Chen PF, Wang SH, Ding YF (2019). Effect
of iron deficiency on the protein profile of rice (Oryza sa-
tiva) phloem sap. Chin Bull Bot 54, 194-207. (in Chinese)
BRIk, MRk, BRESE, EFE, THE (2019). ARG R
BRI B AR AR A BT AL e i, R 224k 54, 194-207.

Cheng BT (1982). Some significant functions of silicon to
higher plants. J Plant Nutr 5, 1345-1353.

Christensen KK, Jensen HS, Andersen Fd, Holmer M,
Wigand C (1998). Interferences between root plague for-
mation and phosphorus availability for isoetids in sedi-



138 MY 60(1) 2025

ments of oligotrophic lakes. Biogeochemistry 43, 107-128.

Christensen KK, Sand-Jensen K (1998). Precipitated iron
and manganese plaques restrict root uptake of phospho-
rus in Lobelia dortmanna. Can J Bot 76, 2158-2163.

Christensen KK, Wigand C (1998). Formation of root pla-
ques and their influence on tissue phosphorus content in
Lobelia dortmanna. Aquat Bot 61, 111-122.

Duan HY, Wang YH, Xu FS (2002). Advance on genetic as-
pects of phosphorus efficiency in plants. Chin Bull Bot 19,
432-438. (in Chinese)

Bk, Fiadk, #H35% (2002). 140 2R ORI B
B IR BL AR B R, YRk 19, 432-438.

Elert E (2014). Rice by the numbers: a good grain. Nature
514, S50-S51.

Emerson D, Weiss JV, Megonigal JP (1999). Iron-oxidizing
bacteria are associated with ferric hydroxide precipitates
(Fe-plaque) on the roots of wetland plants. Appl Environ
Microbiol 65, 2758-2761.

Etesami H (2020). Enhanced phosphorus fertilizer use effi-
ciency with microorganisms. In: Meena RS, ed. Nutrient
Dynamics for Sustainable Crop Production. Singapore:
Springer. pp. 215-245.

Etesami H, Jeong BR, Glick BR (2021). Contribution of arb-
uscular mycorrhizal fungi, phosphate-solubilizing bacteria,
and silicon to P uptake by plant. Front Plant Sci 12,
699618.

Fan YY, Sun SS, He SB (2023). Iron plaque formation and
its effect on key elements cycling in constructed wetlands:
functions and outlooks. Water Res 235, 119837.

Fink JR, Inda AV, Tiecher T, Barrén V (2016). Iron oxides
and organic matter on soil phosphorus availability. Ciénc
Agrotec 40, 369-379.

Fiorilli V, Lanfranco L, Bonfante P (2013). The expression
of GIintPT, the phosphate transporter of Rhizophagus irre-
gularis, depends on the symbiotic status and phosphate
availability. Planta 237, 1267-1277.

Ge XF, Wang LJ, Zhang WJ (2022). Direct observation of
alginate-promoted soil phosphorus availability. ACS Sus-
tain Chem Eng 10, 8011-8021.

Gill SS, Tuteja N (2010). Reactive oxygen species and
antioxidant machinery in abiotic stress tolerance in crop
plants. Plant Physiol Biochem 48, 909-930.

Giri J, Bhosale R, Huang GQ, Pandey BK, Parker H,
Zappala S, Yang J, Dievart A, Bureau C, Ljung K, Price
A, Rose T, Larrieu A, Mairhofer S, Sturrock CJ, White
P, Dupuy L, Hawkesford M, Perin C, Liang WQ, Peret
B, Hodgman CT, Lynch J, Wissuwa M, Zhang DB,

Pridmore T, Mooney SJ, Guiderdoni E, Swarup R,
Bennett MJ (2018). Rice auxin influx carrier OsAUX1 fa-
cilitates root hair elongation in response to low external
phosphate. Nat Commun 9, 1408.

Graham ER (1973). Selective distribution and labile pools of
micronutrient elements as factors affecting plant uptake.
Soil Sci Soc Am J 37, 70-74.

Guo AN, Ding LJ, Tang Z, Zhao ZQ, Duan GL (2019).
Microbial response to CaCOg application in an acid soil in
southern China. J Environ Sci 79, 321-329.

Guo W, Zhu YG, Liu WJ, Liang YC, Geng CN, Wang SG
(2007). Is the effect of silicon on rice uptake of arsenate
(AsV) related to internal silicon concentrations, iron plague
and phosphate nutrition? Environ Pollut 148, 251-257.

Hansel CM, Fendorf S, Sutton S, Newville M (2001).
Characterization of Fe plague and associated metals on
the roots of mine-waste impacted aquatic plants. Environ
Sci Technol 35, 3863-3868.

Huang AC, Jiang T, Liu YX, Bai YC, Reed J, Qu BY, Goo-
ssens A, Nutzmann HW, Bai Y, Osbourn A (2019). A
specialized metabolic network selectively modulates Ara-
bidopsis root microbiota. Science 364, eaau6389.

Huang GX, Ding CF, Guo FY, Zhang TL, Wang XX (2018).
The optimum Se application time for reducing Cd uptake by
rice (Oryza sativa L.) and its mechanism. Plant Soil 431,
231-243.

Huang GX, Ding CF, Li YS, Zhang TL, Wang XX (2020).
Selenium enhances iron plaque formation by elevating the
radial oxygen loss of roots to reduce cadmium accumula-
tion in rice (Oryza sativa L.). J Hazard Mater 398, 122860.

Huang YN, Fu ZQ (2018). Study progress about the mecha-
nism of cadmium uptake and accumulation in rice root e-
xudates. Crop Res 32, 244-248, 264. (in Chinese)
BT, EEE (2018). KRR R 5 BHIXHHEHIIL BLR R
WHLELE SRR, 1EMIRETT 32, 244248, 264.

Huang YZ, Ji Z, Tao YJ, Wei SX, Jiao W, Fang YZ, Jian P,
Shen CB, Qin YJ, Zhang SY, Li SQ, Liu X, Kang SM,
Tian YN, Song QX, Harberd NP, Wang SK, Li S (2023).
Improving rice nitrogen-use efficiency by modulating a
novel monouniquitination machinery for optimal root plas-
ticity response to nitrogen. Nat Plants 9, 1902-1914.

Isa M, Bai SQ, Yokoyama T, Ma JF, Ishibashi Y, Yuasa T,
Iwaya-lnoue M (2010). Silicon enhances growth inde-
pendent of silica deposition in a low-silica rice mutant,
Isil. Plant Soil 331, 361-375.

Jia HF, Ren HY, Gu M, Zhao JN, Sun SB, Zhang X, Chen
JY, Wu P, Xu GH (2011). The phosphate transporter



gene OsPhtl;8 is involved in phosphate homeostasis in
rice. Plant Physiol 156, 1164-1175.

Jiang FY, Chen X, Luo AC (2009). Iron plague formation on
wetland plants and its influence on phosphorus, calcium
and metal uptake. Aquat Ecol 43, 879-890.

Kawashima C (1988). Root system formation in rice plant:
IIl. Quantitative studies. Jpn J Crop Sci 57, 26-36.

Khan N, Seshadri B, Bolan N, Saint CP, Kirkham MB,
Chowdhury S, Yamaguchi N, Lee DY, Li G, Kun-
hikrishnan A, Qi F, Karunanithi R, Qiu R, Zhu YG, Syu
CH (2016). Root iron plague on wetland plants as a dy-
namic pool of nutrients and contaminants. Adv Agron 138,
1-96.

Khashi U, Rahman M, Wang XX, Gao DM, Zhou XG, Wu FZ
(2021). Root exudates increase phosphorus availability in
the tomato/potato onion intercropping system. Plant Soll
464, 45-62.

King GM, Garey MA (1999). Ferric iron reduction by bacte-
ria associated with the roots of freshwater and marine
macrophytes. Appl Environ Microbiol 65, 4393—-4398.

Kuppe CW, Kirk GJD, Wissuwa M, Postma JA (2022).
Rice increases phosphorus uptake in strongly sorbing
soils by intra-root facilitation. Plant Cell Environ 45, 884—
899.

Lazali M, Bargaz A (2017). Examples of belowground me-
chanisms enabling legumes to mitigate phosphorus defi-
ciency. In: Sulieman S, Tran LSP, eds. Legume Nitrogen
Fixation in Soils with Low Phosphorus Availability. Cham:
Springer Cham. pp. 135-152.

Li J, Liu JC, Yan CL, Du DL, Lu HL (2019a). The alleviation
effect of iron on cadmium phytotoxicity in mangrove A.
marina. Alleviation effect of iron on cadmium phytotoxicity
in mangrove Avicennia marina (Forsk.) Vierh. Chemos-
phere 226, 413-420.

Li LH, Liu C, Lian XM (2010). Gene expression profiles in

rice roots under low phosphorus stress. Plant Mol Biol 72,
423-432.
Li WT, Chern M, Yin JJ, Wang J, Chen XW (2019b). Re-
cent advances in broad-spectrum resistance to the rice
blast disease. Curr Opin Plant Biol 50, 114-120.
X, Wang P, Li J, Wei SB, Yan YY, Yang J, Zhao M,
Langdale JA, Zhou WB (2020). Maize GOLDEN2-LIKE
genes enhance biomass and grain yields in rice by im-

L

proving photosynthesis and reducing photoinhibition. Com-
mun Biol 3, 151.

YC, Yu S, Strong J, Wang HL (2012). Are the biogeo-
chemical cycles of carbon, nitrogen, sulfur, and phos-
phorus driven by the “Fe"-Fe" redox wheel” in dynamic

L

R A KRR R BRI S DR R 139

redox environments? J Soils Sediments 12, 683-693.

Liang Y, Zhu YG, Xia Y, Li Z, Ma Y (2006). Iron plaque
enhances phosphorus uptake by rice (Oryza sativa)
growing under varying phosphorus and iron concentra-
tions. Ann Appl Biol 149, 305-312.

Liu WJ, Zhu YG, Smith FA, Smith SE (2004). Do phospho-
rus nutrition and iron plaque alter arsenate (As) uptake by
rice seedlings in hydroponic culture? New Phytol 162,
481-488.

Loeppert RH, Hossner LR, Chmielewski MA (1984). In-
digenous soil properties influencing the availability of Fe
in calcareous hot spots. J Plant Nutr 7, 135-147.

Lovley DR (1995). Microbial reduction of iron, manganese,
and other metals. Adv Agron 54, 175-231.

Lovley DR, Fraga JL, Blunt-Harris EL, Hayes LA, Phillips
EJP, Coates JD (1998). Humic substances as a mediator
for microbially catalyzed metal reduction. Acta Hydrochim
Hydrobiol 26, 152—-157.

Lovley DR, Holmes DE, Nevin KP (2004). Dissimilatory
Fe(lll) and Mn(IV) reduction. Adv Microb Physiol 49, 219-
286.

Lueder U, Jagrgensen BB, Kappler A, Schmidt C (2020).
Photochemistry of iron in aquatic environments. Environ
Sci Processes Impacts 22, 12-24.

Lynch JP, Brown KM (2008). Root strategies for phospho-
rus acquisition. In: White PJ, Hammond JP, eds. The Eco-
physiology of Plant-Phosphorus Interactions. Dordrecht: Sp-
ringer. pp. 83-116.

Ma ZS (2016). Research, rethink and revolutionize rice bree-
ding: an interview with Qifa Zhang. Natl Sci Rev 3, 328—
330.

Mendelssohn IA, Kleiss BA, Wakeley JS (1995). Factors
controlling the formation of oxidized root channels: a re-
view. Wetlands 15, 37-46.

Meng FL, Zhang X, Hu Y, Sheng GP (2024). New barrier
role of iron plaque: producing interfacial hydroxyl radicals
to degrade rhizosphere pollutants. Environ Sci Technol
58, 795-804.

Mohamed |, Ahamadou B, Li M, Gong CX, Cai P, Liang W,
Huang QY (2010). Fractionation of copper and cadmium
and their binding with soil organic matter in a contami-
nated soil amended with organic materials. J Soils Sedi-
ments 10, 973-982.

Mgller CL, Sand-Jensen K (2008). Iron plaques improve the
oxygen supply to root meristems of the freshwater plant,
Lobelia dortmanna. New Phytol 179, 848-856.

Mora-Macias J, Ojeda-Rivera JO, Gutiérrez-Alanis D, Yong-



140 MY 60(1) 2025

Villalobos L, Oropeza-Aburto A, Raya-Gonzalez J,
Jiménez-Dominguez G, Chavez-Calvillo G, Rellan-
Alvarez R, Herrera-Estrella L (2017). Malate-dependent
Fe accumulation is a critical checkpoint in the root deve-
lopmental response to low phosphate. Proc Natl Acad Sci
USA 114, E3563—-E3572.

Qiao JT, Liu TX, Wang XQ, Li FB, Lv YH, Cui JH, Zeng
XD, Yuan YZ, Liu CP (2018). Simultaneous alleviation of
cadmium and arsenic accumulation in rice by applying
zero-valent iron and biochar to contaminated paddy soils.
Chemosphere 195, 260-271.

Qin LH, Zhang WJ, Lu JW, Stack AG, Wang LJ (2013).
Direct imaging of nanoscale dissolution of dicalcium pho-
sphate dihydrate by an organic ligand: concentration ma-
tters. Environ Sci Technol 47, 13365-13374.

Raghothama KG (1999). Phosphate acquisition. Annu Rev
Plant Physiol Plant Mol Biol 50, 665—693.

Richardson AE, Simpson RJ (2011). Soil microorganisms
mediating phosphorus availability update on microbial
phosphorus. Plant Physiol 156, 989—996.

Saleque MA, Naher UA, Islam A, Pathan ABMBU, Hos-
sain ATMS, Meisner CA (2004). Inorganic and organic
phosphorus fertilizer effects on the phosphorus fractionation
in wetland rice soils. Soil Sci Soc Am J 68, 1635-1644.

Sanchez-Alcaléa |, Del Campillo MC, del Torrent J, Straub
KL, Kraemer SM (2011). Iron(lll) reduction in anaerobi-
cally incubated suspensions of highly calcareous agricul-
tural soils. Soil Sci Soc Am J 75, 2136-2146.

Sarkar AN, Wynjones RG (1982). Effect of rhizosphere pH
on the availability and uptake of Fe, Mn and Zn. Plant Soil
66, 361-372.

Seppanen M, Turakainen M, Hartikainen H (2003). Sele-
nium effects on oxidative stress in potato. Plant Sci 165,
311-319.

Seyfferth AL, Ross J, Webb SM (2017). Evidence for the
root-uptake of arsenite at lateral root junctions and root
apices in rice (Oryza sativa L.). Soils 1, 3.

Seyfferth AL, Webb SM, Andrews JC, Fendorf S (2010).
Arsenic localization, speciation, and co-occurrence with
iron on rice (Oryza sativa L.) roots having variable Fe
coatings. Environ Sci Technol 44, 8108-8113.

Sha G, Sun P, Kong XJ, Han XY, Sun QP, Fouillen L,
Zhao J, Li Y, Yang L, Wang Y, Gong QW, Zhou YR,
Zhou WQ, Jain R, Gao J, Huang RL, Chen XY, Zheng
L, Zhang WY, Qin ZT, Zhou Q, Zeng QD, Xie KB, Xu
JD, Chiu TY, Guo L, Mortimer JC, Boutté VY, Li Q, Kang
ZS, Ronald PC, Li GT (2023). Genome editing of a rice

CDP-DAG synthase confers multipathogen resistance.
Nature 618, 1017-1023.

Sharma SB, Sayyed RZ, Trivedi MH, Gobi TA (2013).
Phosphate solubilizing microbes: sustainable approach
for managing phosphorus deficiency in agricultural soils.
Springer Plus 2, 587.

Shaw LJ, Burns RG (2003). Biodegradation of organic pol-
lutants in the rhizosphere. Adv Appl Microbiol 53, 1-60.
Shen JB, Bai Y, Wei Z, Chu CC, Yuan LX, Zhang L, Cui
ZL, Cong WF, Zhang FS (2021). Rhizobiont: an interdis-
ciplinary innovation and perspective for harmonizing re-
sources, environment, and food security. Acta Pedol Sin

58, 805-813. (in Chinese)

R, A¥, TP, MR, RAT, kK, BRI, A
D, AR (2021). MRPRAEmMmILEIA: PhiHBIR. PR
REZEMARBR S XA, I%ik 58, 805-813.

Shen JB, Yuan LX, Zhang JL, Li HG, Bai ZH, Chen XP,
Zhang WF, Zhang FS (2011). Phosphorus dynamics:
from soil to plant. Plant Physiol 156, 997—-1005.

Singha KT, Sebastian A, Prasad MNV (2019). Iron plaque
formation in the roots of Pistia stratiotes L.: importance in
phytoremediation of cadmium. Int J Phytorem 21, 120-128.

Smith SE, Smith FA (2011). Roles of arbuscular mycorrhi-
zas in plant nutrition and growth: new paradigms from
cellular to ecosystem scales. Annu Rev Plant Biol 62, 227—
250.

Sun FS, Polizzotto ML, Guan DX, Wu J, Shen QR, Ran W,
Wang BR, Yu GH (2017). Exploring the interactions and
binding sites between Cd and functional groups in soil
using two-dimensional correlation spectroscopy and syn-
chrotron radiation based spectromicroscopies. J Hazard
Mater 326, 18-25.

Sundby B, Vale C, Cacador Z, Catarino F, Madureira MJ,
Caetano M (1998). Metal-rich concretions on the roots of
salt marsh plants: mechanism and rate of formation. Lim-
nol Oceanogr 43, 245-252.

Syu CH, Jiang PY, Huang HH, Chen WT, Lin TH, Lee DY
(2013). Arsenic sequestration in iron plaque and its effect
on As uptake by rice plants grown in paddy soils with high
contents of As, iron oxides, and organic matter. Soil Sci
Plant Nutr 59, 463-471.

Syu CH, Lee CH, Jiang PY, Chen MK, Lee DY (2014).
Comparison of as sequestration in iron plaque and uptake
by different genotypes of rice plants grown in As-contami-
nated paddy soils. Plant Soil 374, 411-422.

Tai YP, Tam NFY, Wang R, Yang Y, Lin JH, Wang JX,
Yang YF, Li L, Sun YM (2018). Iron plaque formation on



wetland-plant roots accelerates removal of water-borne
antibiotics. Plant Soil 433, 323-338.

Tao Q, Zhao JW, Li JX, Liu YK, Luo JP, Yuan S, Li B, Li
QQ, Xu Q, Yu XF, Huang HG, Li TQ, Wang CQ (2020).
Unique root exudate tartaric acid enhanced cadmium mo-
bilization and uptake in Cd-hyperaccumulator Sedum al-
fredii. J Hazard Mater 383, 121177.

Tian XS, Chai GQ, Lu M, Xiao R, Xie Q, Luo LZ (2023). A
new insight into the role of iron plaque in arsenic and ca-
dmium accumulation in rice (Oryza sativa L.) roots. Eco-
toxicol Environ Saf 254, 114714.

Tisserant E, Kohler A, Dozolme-Seddas P, Balestrini R,
Benabdellah K, Colard A, Croll D, Da Silva C, Gomez
SK, Koul R, Ferrol N, Fiorilli V, Formey D, Franken P,
Helber N, Hijri M, Lanfranco L, Lindquist E, Liu Y,
Malbreil M, Morin E, Poulain J, Shapiro H, van Tuinen
D, Waschke A, Azcon-Aguilar C, Bécard G, Bonfante
P, Harrison MJ, Kiuster H, Lammers P, Paszkowski U,
Requena N, Rensing SA, Roux C, Sanders IR, Shac-
har-Hill Y, Tuskan G, Young JPW, Gianinazzi-Pearson
V, Martin F (2012). The transcriptome of the arbuscular
mycorrhizal fungus Glomus intraradices (DAOM 197198)
reveals functional tradeoffs in an obligate symbiont. New
Phytol 193, 755-769.

Wang CQ, Thielemann L, Dippold MA, Guggenberger G,
Kuzyakov Y, Banfield CC, Ge TD, Guenther S, Bork P,
Horn MA, Dorodnikov M (2022a). Can the reductive
dissolution of ferric iron in paddy soils compensate phos-
phorus limitation of rice plants and microorganisms? Soil
Biol Biochem 168, 108653.

Wang CQ, Thielemann L, Dippold MA, Guggenberger G,
Kuzyakov Y, Banfield CC, Ge TD, Guenther S, Bork P,
Horn MA, Dorodnikov M (2022b). Microbial iron reduc-
tion compensates for phosphorus limitation in paddy soils.
Sci Total Environ 837, 155810.

Wang CQ, Thielemann L, Dippold MA, Guggenberger G,
Kuzyakov Y, Banfield CC, Ge TD, Guenther S, Dorod-
nikov M (2023a). Reductive dissolution of iron phosphate
modifies rice root morphology in phosphorus-deficient
paddy soils. Soil Biol Biochem 177, 108904.

Wang LJ, Putnis CV, Hovelmann J, Putnis A (2018). In-
terfacial precipitation of phosphate on hematite and goe-
thite. Minerals 8, 207.

Wang LJ, Putnis CV, Ruiz-Agudo E, Hovelmann J, Putnis
A (2015). In situ imaging of interfacial precipitation of pho-
sphate on goethite. Environ Sci Technol 49, 4184-4192.

Wang X, Li HG, Cheng LY, Wang BL, Shen JB (2017).

PR A KRR R BRI S BRI 141

Advances of root-soil interface effect of phosphorus and
water interaction and mechanisms of their efficient use. J
Plant Nutr Fert 23, 1054—-1064. (in Chinese)

EoT, FEE, BES, £E2, HEK (2017). BE5KS
LA AR o T RGOS R v BRI B LR R KA E
FEAERI %R 23, 1054-1064.

Wang Y, Yuan JH, Chen H, Zhao X, Wang DJ, Wang SQ,
Ding SM (2019). Small-scale interaction of iron and pho-
sphorus in flooded soils with rice growth. Sci Total Environ
669, 911-919.

Wang YY, Luo DH, Xiong ZY, Wang ZF, Gao M (2023b).
Changes in rhizosphere phosphorus fractions and phosp-
hate-mineralizing microbial populations in acid soil as infl-
uenced by organic acid exudation. Soil Tillage Res 225,
105543.

Wei T, Liu X, Dong MF, Lv X, Hua L, Jia HL, Ren XH, Yu
SH, Guo JK, Li YT (2021). Rhizosphere iron and man-
ganese-oxidizing bacteria stimulate root iron plaque for-
mation and regulate Cd uptake of rice plants (Oryza sativa
L.). J Environ Manage 278, 111533.

Weiss JV, Emerson D, Backer SM, Megonigal JP (2003).
Enumeration of Fe(ll)-oxidizing and Fe(lll)-reducing bac-
teria in the root zone of wetland plants: implications for a
rhizosphere iron cycle. Biogeochemistry 64, 77—96.

Wu C, Zou Q, Xue SG, Pan WS, Huang L, Hartley W, Mo
JY, Wong MH (2016). The effect of silicon on iron plaque
formation and arsenic accumulation in rice genotypes with
different radial oxygen loss (ROL). Environ Pollut 212, 27—
33.

Wu LB, Shhadi MY, Gregorio G, Matthus E, Becker M,
Frei M (2014). Genetic and physiological analysis of tole-
rance to acute iron toxicity in rice. Rice 7, 8.

Wu ZC, Ren HY, McGrath SP, Wu P, Zhao FJ (2011). In-
vestigating the contribution of the phosphate transport
pathway to arsenic accumulation in rice. Plant Physiol 157,
498-508.

Xiao SY, Luo M, Liu YX, Bai J, Yang Y, Zhai ZF, Huang JF
(2021). Rhizosphere effect and its associated soil-micro-
be interactions drive iron fraction dynamics in tidal wet-
land soils. Sci Total Environ 756, 144056.

Xing JJ, Zhang L, Duan ZK, Lin JX (2021). Coordination of
phospholipid-based signaling and membrane trafficking in
plant immunity. Trends Plant Sci 26, 407-420.

Xu DF, Xu JM, He Y, Huang PM (2009). Effect of iron plaque
formation on phosphorus accumulation and availability in
the rhizosphere of wetland plants. Water Air Soil Pollut
200, 79-87.



142 YRR 60(1) 2025

Yan XJ, Chen XH, Ma CC, Cai YY, Cui ZL, Chen XP, Wu
LQ, Zhang FS (2021). What are the key factors affecting
maize yield response to and agronomic efficiency of pho-
sphorus fertilizer in China? Field Crops Res 270, 108221.

Yoon DK, Ishiyama K, Suganami M, Tazoe Y, Watanabe
M, Imaruoka S, Ogura M, Ishida H, Suzuki Y, Obara M,
Mae T, Makino A (2020). Transgenic rice overproducing
Rubisco exhibits increased yields with improved nitrogen-
use efficiency in an experimental paddy field. Nat Food 1,
134-139.

Yu CX, Xie SR, Song ZL, Xia SP, Astrém ME (2021). Bio-
geochemical cycling of iron (hydr-)oxides and its impact
on organic carbon turnover in coastal wetlands: a global
synthesis and perspective. Earth Sci Rev 218, 103658.

Zhang CH, Ge Y, Yao H, Chen X, Hu MK (2012). Iron oxi-
dation-reduction and its impacts on cadmium bioavailabili-
ty in paddy soils: a review. Front Environ Sci Eng 6, 509—
517.

Zhang FS, Shen JB, Zhang JL, Zuo YM, Li L, Chen XP
(2010). Rhizosphere processes and management for im-
proving nutrient use efficiency and crop productivity: im-
plications for China. Adv Agron 107, 1-32.

Zhang QQ, Yan ZZ, Li XZ (2021). Iron plaque formation and
rhizosphere iron bacteria in Spartina alterniflora and Phra-
gmites australis on the redoxcline of tidal flat in the Yang-
tze River Estuary. Geoderma 392, 115000.

Zhang QQ, Yan ZZ, Li XZ, Xu Y, Sun XL, Liang QY (2019).
Formation of iron plaque in the roots of Spartina alterni-
flora and its effect on the immobilization of wastewater-
borne pollutants. Ecotoxicol Environ Saf 168, 212-220.

Zhang XK, Zhang FS, Mao DR (1997). Effect of root iron
plague on phosphorus uptake by rice plant. Plant Nutr
Fert Sci 3, 295-299. (in Chinese)
kPR, ABB, BB (1997). KRR KA R IE
X AR FERCRE RIS, A E TR S HUREAR 3, 295-299.

Zhao FJ, McGrath SP, Meharg AA (2010). Arsenic as a
food chain contaminant: mechanisms of plant uptake and
metabolism and mitigation strategies. Annu Rev Plant Biol
61, 535-559.

Zhou ZG, Wang JF, Zhou JM (2005). Current advances in
the molecular biology of high efficient phosphorus nutri-
tion in plants. Chin Bull Bot 22, 82-91. (in Chinese)
AEE, ES&M, BAER (2005). WMYIHE &AM S T
Vet YAk 22, 82-91.

Zhu Q, Riley WJ, Tang JY, Koven CD (2016). Multiple soil
nutrient competition between plants, microbes, and mine-
ral surfaces: model development, parameterization, and
example applications in several tropical forests. Biogeos-
ciences 13, 341-363.

Zou T, Zhang X, Davidson EA (2022). Global trends of
cropland phosphorus use and sustainability challenges.
Nature 611, 81-87.



PR A KRR R BRI S BRI 143

Iron Plague Formation and Its Effects on Phosphorus
Absorption in Rice Roots

Jianguo Li, Yi Zhang, Wenjun Zhang’

College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China

Abstract Rice (Oryza sativa) is a globally important cereal crop, and the rational application of fertilizers is necessary
agricultural practice to ensure its sustainable and stable yield. Phosphorus is one of the essential nutrients for rice, pri-
marily absorbed through the rice roots. Since rice is mostly grown in flooded conditions, the root surface of rice generally
forms iron plaques rich in iron oxides, which play a crucial role in the migration of inorganic phosphorus in the rhizosphere
of rice. This paper reviews the impact of biotic and abiotic factors on the formation of iron plaques in rice and discusses
the effect of iron plagues on the absorption and transport of phosphorus in plant nutrition. Furthermore, we discuss the
prospects of future research on iron plaques, aiming to provide clues for our further understanding of the interactions
between iron and phosphorus in the rhizosphere of rice.
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