A2 6 2
20234 11 A

ok ok R o R

Journal of Huazhong Agricultural University

Vol.42 No.6
Nov. 2023,59~72

RN R SR, 5 AR W IO LR A R W e SR [T ] A ol K222 41, 2023, 42(6) :59-72.

DOI:10.13300/j.cnki.hnlkxb.2023.06.009

EMRFAREATARERNENA

EARLERL EAML EHOLLETA],
RES LW EESELEXR, £ 0K

1LAsAAfEFRERELERE/PERLERFTRRAREFR/ERR LG ELEF TR, LT 100193;
2. BB RFRBIRZEFE, TR A00715; 3. = iy = FALREAY A FRA 8] BF A d00 | 9 650228

WE PEIALEYIER KT TSR MEICR Z —  JUH S A Y5 (5 75 5 B SR AR ™ 2
e NZERE IR ALY i s HOR AR, MRS A RIE th T WAt B o DR, ) o VAT 42 7 28
TUER B R IR [ N AMIT TR TS P o SRR B BRI R A P R A5 | REAS vog A0 B 5 M B 9
) R 5 M) T S TR ) B A W B 50 o % TR R AT B L R R A [ AN o SRR ) %
TR AR R 1B V) TR (0 B 5 5P R8T A h S vp =R T R BT, D R B (3t 12 608 10 A A 2k
Nt SRR AN T B AR IR A 2 e A RS IS G0 O N AR R RENDRMUE A S Bk (Al i il p 42
KR AR AT I AR TR ST, AR SCHE T 3L AR SR AR W) AR 10 %0 Bk 78 3 WSO 14 01 A BRATL A 9 S I AT
FE , WAL SRR IR K75 DR A B 7 R A, BULEE [ R 2R 23 WA ) WAL AR FH Bk 18 007 A= S O3 LA R R
PIBR AR ECE R BB IR AT 7, X A W IR B R R AT S R S L R AT T R Gesiak . Bl i — 4

BT FITT A, REAS SR A ML 1 fff ik 2 10 A 0 B 5 70 ) A FAIL AR LA SR A 10 B R M3, Dy S R

A Y ] 52 A R BRI O A R T 58
PS4
RESES QY51  XHHRIZEE A

B (Fe) & Jir A1 A= W A KR 7 i e 5 B9 R O
R.ZHWWLZMANS R EN B E A T,
BALT TSR AR, DNA )& S 1B R
DA KB A A R R 5 R HEE AR &
RPJEHFE PR IUAOCR A B SR A2
AE AR ) A1) 04 S A ol A W B 2UAF 7
7 L PR 1R A B ) R IR AR PR T
HAY A K5 = R BRI E S R e R ME A
JEAN Bl AR (4 B AR AR AT P AL R B
23RS AN W B4 A B 2 1 R R
TCRBRZAE . PG, AR LA 6000 N AF1E Bk
B VR A Rk P T A, e 24 2500 N AR AR
Y BRAE BT i )R R 30k I S o B IR R
P o A £l RS B kD SR A R AR R A
FE , T i v ] ¢ 32 DL i AR H A 2

Wk H Y. 2023-11-10

TR WAl AAYIRES SR MR AR BRI
XEHS  1000-2421(2023)06-0059-14

KBRS, AR A R RG] &
“BabEYLR ", Az WAk S e A VA A
T R AR P T B S A i e R & i, R AR
L L & YN XY= 95 E e T E R | 2
AR R S A REY . YRR e i
B R EE D TR TR At i e R A H
r it FH 4 T 2 Al A AR ) R R e i ) P
MOz —. HHTHE AR 3 25 T HLERAE |
EAYIEMANE AL, THLRIE S AL, (2
FEVE BT AL T A s A HLE A BRI A
BRI WORASERE 5 M2 A N AR X S &, mT
B XA [) 07 FH 37 55 3% BE B AH W B A0 HH
A FIINEDTA .JEDDHA \DTPA 2§ i A %5, H
Rfi =y ml REX BRI e ), NI, 2453
FIBIF ) 35 28 e S5O S A ) A A R i ST R S K

FEAWH . R E K E S LW H (2023YFD1700203, 2022YFD1901500/2022YFD1901501) ; B K A A B = & £ Wi H
(32372810) ; = RALBHE AA 5 & 114135 H (202305AF 150055)

A, E-mail :m15779090586@163.com
WAGE1ESH /270K, E-mail : zuioym(@cau.edu.cn



60 LRI I NI <3 4

o942 %

h E NS AT . AR A AR &R O3 WA I 2
HL R 2 (mugineic acids, MAs) #1404 ¥ 0 6 1) 4 4%
& (microbial siderophore , MS) 254 it = 508 5 1% 1k
A T v Y LAV A A R AR T A A S AT U
TR R R itk — 0 B e e N LT AR W R i
%) 780 A= 4 R RS TR R AL T A SR R R AR
i o AR SCHE T T AE SRAR ) R A W) R 38 SR W SOR
FH 20 A= AL B9 AS BB AT, X A 05 72
BREE A T i J SO AT T RGuLi ik, B1E
M — 25324 I 28T B A W IR A R € e R LR E
MBS AR, I a5 BE LRI & Sk el Y
AIRREE K AR R iR AR TN AR S

1 EYWHREKFE ERIVIR S

SR 8.2 N EMERAR, 2012
NG = (R C 2 (B DL, He b g 4t A B
B UL BB AE . Bk ™ E R AR B 5 RN
200 B 4 00 DA R SR R P AR I T REAZ AR Bkt
B I 2 TH S R Ay i A 1 7 5 A B ) R, 4
R/ AN A B PEZT NS . MRS E R D%
o5 A B b L RCE 3R 5 08 e R iR (2020
AE)),KE6~17 % )LE S5 EF PERMAE R 6.1%,18
4 KUk AR R BT IR Ry 8.7 %, Herh 22 1A 4% 1t %
ik 13.6% . AHY A EE R, & AR 1
HFEOR R, FE ) R B 5 AR IR M R % DA
5o DRI, A3 45 A T 5% B ey 42 v A
AR I DA N S SRR O, TR AR TR A
VEVIALAE DG 2 0 42 SB35 20, S AR & €0 % R 1)
B AN

BRI ERK R ILFHENMEITE, 254
PR A0 22 A A B RE AR IR AR, A I
FOGAAER A B T8 RS KRR 2k
25 Z RGP R 4 AR anad Akl L AN £
EMEDN e R RS L S EEE . H
T AR R AR 1) A Rk MR R A A1 Bk g
V1R ik B A 80 22 3] 22 o R 2R 1 g ), A0 46 1 48
pHE AL IR S A B2k W i 4 | - 36 BT A
AERBLEENY . — 8w 7E pH 338 8 Z i), pH AT
LA AR IS R 2 99.9% 10, 7F pH AR
AR R 38 v 0 1 A 2 e R B AR Ui S R )
W — A T 107" mol/L, MM Wy 1E 4 &K & i
Bk B9V R 10°~10" mol /L, 5 SR ¥ Bk 0 4 3%
3 AFAE , DA TR 0 7 0 2 4t SRS R I, ik

P - 38 T FR 24 o T FR B 3096, o B R T AR Y
4096 AR SR TR A b A A 4 R TR [ B
BT A TR VAR A A Kt g ik
BRIERL, fE e E b B G ek - 9 v AR L 451
i 60 %, % B Bk AT 3026 E T PRI, A A A
HIF 5 T 0k 3 A A 9 LA 80 1 0 7 R B
Fe AR AN i, 0f 202 [ P9 A 5 4003k iy O 1 11 G gt

PRz

2 MEEVHKEFNEIERARAER
BEF

Bl % 4 0 5 i B0 B B I R A R EY
RAGE N T N A3 KSR AR L, B R
JUER B0 O 251 S 19 B PR ILAR ™ B 3 —F R Bk
R TR 120 a BFSEIC SR o T (/N2
Al PR RSN T 17500 AEERRI B R BT R R T
1196~25% , 3% 1] fE f T AR R 8 A B4 iy
Pl Bk Bz S5 R L AR A 7 RS 1 < B R A "
A=Wy A AR o S B AL 5 AL TR IR B
(] P Fof AL e PR T AR A B R 2 B AL ]
H AT R TC R A R DGR A R TR E SRR
DL, LW i AL AE BRI RN 90 I e — 0T ] fp 2
(R o AR R RO IR AR A LG T AT
BB Z AT, e R0 TR 0 3R B AL A0 Bt AT
Jefie ELAR RN DR A R R T

OIEAe S 1E IS b0 e ot ) 3 E I W) TR RIS
SRR, AR R VR R R T R i — T
T it /A N X KRR AR B/ R TR 114 4= R
Meta 73 47 2 B, - T8I 9 it 2% AL 44 0.33 kg/hm?*, #F
R TR RGN T (9.6244.18) mg/kg, {H + i
JH A 58 198 -5 - T K5t R A o e K T o vk S22
TR AR AT A W B K R AT R
o, — TR S D R BR AL LLBR R BN
HAS e PR 22 T i pH 2R AF T 2 i s A A pi v
LA IA T TE R, P BUE D AMRBOR AR AR
BR TR R A1, FCAt ST 1 Bk A K it 1 7 XA A
PR SR G R R R e D i R 4 AR
MEED.

FURT, BRAC ™ i 2 240 $5 B AR Bk O F2 09 JCHIL
BRHE B A L A WL A BRE Rl R e =,
B YN R, A U HA A TR TR X A2
E R AR, AE TN R pH Y 3, [R] i 5) e
WSO T, B O o2 D IR G, B e IR AR A



561 FEAH] A5 AR WIRURT R B B R W e B ] 61
F1 FAEGKBLENENREFTERF N
Table 1 Effects of different iron fertilizer treatments on plant iron nutrition and yield
PRIE % i WHHEE oy B R E R R R R ik
Name of iron Application . Application . .. .
. Crop Effects on iron nutrition Effects on production References
fertilizer amount pattern
[AZRIZT s e i 2 AR 1 3 A it A 2 ke 3 O o
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25 s (1T 42
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0.33kg/hm”  K&G W PRI SRS IN(5.37£4.32) mg/kg - [16]

- REESCHR P AR R . T H. Note: “-” represents not mentioned in the literature. The same as below.
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Table 2 Types and characteristics of different iron fertilizers
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Fig. 1 Physiological and molecular mechanisms of iron uptake in plants
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Table 3 Potentials and advantages of PDMA for improvement of crop iron nutrition and yield

PDMA ¥ J# / S S
{27 CTVEN (pmol/L) PR oo ik
Crop Cultivation pattern Concentration Effects on iron nutrition o References
production
of PDMA
it 50 HiTESPADHFER S, B0 HE R A R A -
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Rice F (a3t N
MDA 30 I SPAD i 56875 -
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EREK 30 B SPAD G B HE BV HE RN 2 £ ~
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WOLT M AR . Fe® T RERE 5 48T Y JLAS By ok R 3
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Table 4 Analysis of the effects and mechanisms of microbial siderophores on improving plant iron nutrition

» i K X A R A B 3R (A RO S AL .
Sy BREAR 2 FR e ] A %93‘ 7 ’]x}li AL it
. . Name of Effects and mechanisms on improvement of
Microorganism . Plant . .. References
siderophore plant iron nutrition
Pseudomonas fluorescens CTR12, Pseudomo- . - - e s
’ TS TS YRR AR TR T BT
nas sp. B4214, Pseudomonas sp. D426 Pyoverdine i LS B RIBRIR, S2E TR £ =
SEAR . - BAh & S
Pseudomonas fluorescens CTR12 Pyoverdine IR IF L%J;*EFT S.E‘% RAMB) BT AL, EWBR [60]
(R SR
SIFROZ2 IRT1 %K FEAK , 4% 25 & i
Pseudomonas fluorescens ATCC13525 Pyoverdine Fe ki :é ’ Hfi;lufgﬁ%%{ﬁ%%iﬁ HRR &R [61]
WIRIT SR K . .
) m | Fe, fif
Pseudomonas fluorescens CTR12 Pyoverdine INAE \%«Utié?*ﬂ E%Z{igig&g;ﬁﬁ pyoverdine-Fe. i3 ) [62]
g0
dine-Fe $& &5 T4 P i,
Pseudomonas fluorescens CTR12 Pyoverdine It gg;@g%gzﬁ;ﬁz}ﬁf% SR LR [63]
Pseudomonas putida WCS358 Pyoverdine .?Fl] K& KA BLAF AR [64]
pseudobactin
) B N - Pyoverdine #ll U Sa e PRI T B G AN R R = A R i,
Pseudomonas chlororaphis ATCC15926 pseudobactin P AIE R I P (65]
Sirepr Ferr - - ferrioxamine B-Fe $& 5 T FE 2V & i, 1400 (6]
Streptomyces spp. errioxamine WA R
promyces spp el 6 i M R
Syrept Ferr e B . AWML T ferrioxamine B-Fe & &9, # (671
Streptomyces spp. errioxamine i} e I e e e S . ,
promyces spp T BB A oA 5L A 2 0 L
Streptomyces spp. Ferrioxamine B HAEAE K FRAERN K B R I [68]
Ustilago sphaerogena ATCC 12421 Ferrlo'xamlne B# i B aa fi E aHE 22 U ferrioxamine B-Fe [69]
ferrichrome A
Rhizopus arrhizus Rhizoferrin B BULKEA RS TAERERMER Ry 7 H A K E [70]
’ - Tk GBS QUESS SIS S 71353
. ) - . . . rhizoferrin-Fe 8 IE il Bk s AL B 5
Rhizopus arrhizus Rhizoferrin & EDDHA-Fe Fifs] [71]
Streptomyces Desferrioxamine B N VINAZ T 3 AR R TR (A A 52 B [72]
Azotobacter vinelandii Azotochelin K SPAD A FUH M-k & i iin (5]
Paraburkholderia graminis Gramibactin Tk ISR R AR i RN [73]
Citrobacter diversus Aerobactin K KT RIFRGIR 2 T REAK [74]
Penicillium chrysogenum - EV\GIES BREMACR S W) 035 5 T AT Rk [75]
Agrobacterium tumefaciens B6 Agrobactin Wi 2 A PRI T Xk IR A 5 2R 3R A AR [76]

T = AR SOk T AR R BRI TE AN & FR . Note: “-” represents that the name of the siderophore was not described in the literature.

B S5 G il 2R SR E B IE oS th T ik
AT SRR ER IR 3 R B v 4
04 % BR 18 (Staphylococcus aureus) FR 8 W (Rhizo-
biwm) FUE W H (Mucorales ) == |, il 1 $2 3&
RS SEas Ay R A il & 280 & LA
R G R Y A, B 2 R S AL B A
R (%5),

(DEEEE7/ K7 IE S R N TN L
(non-ribosomal peptide synthetases, NRPS) ¥ 2 fii] &
A (poly-ketide synthase, PKS) 4% #4385 NRPS &
GO A B AT Bk AR B AN T NRPS Fi12R

MR £ S0 1 i A 7 AR S R R R R SRR
2B BRI A 737, B NRPSs 55 H b il 08 17 fe 2408
ISR A AT R SR AN SR S T R A Y
AN W, At B R R T AR 5 2 [
P R R 2 A R 0T R A P R AR A TR
I PR Ry 2 T B T AT AN, B A s i i
IR A A 2 TP AN L 32 A
b B B 32 PR BREAR B AR S MR . S T A4S
Ga SRR A R AR K BRI A% 1) o ==
] o % ad A i TonB &4 ¥y i 5t 1 30 11 £% i fiE
S BRI E i B A0 RS T L Fe’ A i



66 LRI I NI <3 4

o942 %

RS WAEMHREEENHBREESKNEN LRI

Table 5 Comparative analysis of the ability of microbial siderophores and phytosiderophores to chelate iron

TIREW) A 5 7 T A PRy KR

Functional chelator Stability constants (1g Kp.) Type of siderophore Origin
DMA 18.4 AHP B3k M4 Phytosiderophore Maize
PDMA 17.1 R ARAT 42 9 Derivative of phytosiderophore
Ferrioxamine B 31 SRl AL H K Hydroxamate E. coli
Ferrichrome 29 Sl Ak Hydroxamate Streptomyces
Enterobactin 52 JLZR B T84 Catecholate Enterobacter
Rhizobactin 19 BRI AR BRI Carboxylate Rhizobium
Pyoverdine 24 TR A TR & Mixed Pseudomonas
EDTA 30 L H I Aminopolycarboxylic acid
EDDHA 40 RAIEZ IR Aminopolycarboxylic acid

R E A TR T N LA g1 . Note: “-” represents that the chelator originates from the synthetic pathway.

JR Fe”, 9K Ji5 3 5l ATP-binding %% 12 (A 76 N B A
FB T RS L Fe® e S 45 1]
HPEA SR, A Fe Wi A AT, e 2 G
PETE b, AN T B M2 A, Bk A R 1S AR 5 1Y
ATP-binding 12 A& 4328 5 M (HR RS
BREARTT Weid P I0 AN TR . TERESLRE AL 4T n]
DA 3t 455 5 1 ] WS BIL o] ] sk 2 A T HG At 2k 2844
W 255 K AR TR

Fur (ferric uptake regulator) /E i — 2k 2 1& &
JIC 1R B S5 ot DR 5 0 1 JB ) 0 RO BT R U
P BR AR B A B A WA G AR, B IR T 40
PIIERERAS S A0 P kil A AL ST, Fur 5 401
B i Fe™ 455 SR 12 B G Wik — b SR &
Jol 3 DR S Y S S PR B S B XS AL
BEL (R BR B A5 1 TERRER ST, Fur (4101 9l it
B, T SRR EUA R B . 53— IR B A Y ot
TR AR R AR AR A A0 IS , 41 B i 41 Sigma R 55§,
KL 43 Z2 G AR R LA A, ok 2 ik s 1 & i
PRIt , B2 B R o 288 A I I A8 1) 2 R Pk T
FCINRERY ZAENE , UE W BRI T B 27 AL FIFREE
2 A U A BRI IV g
42 EFHAEYERBEEROFALTEEDIE
BEafmATITSE

T W) R AR RE A% w3 RS G IR B TR R, — i)
A A B e A 0 R BRI TR Dy ik AA, 54
BRI BUR B A o FEAR PR 1 R R R
CAIEFEL AL RE R A M R WA T G E
YRR R PR . UE YRR SR 2 & W Rk g
B W SR T DA ) R AR A T R A ) 7 53 W
W7 T R R R A Ol BT RS (36 4) o Nithy-
apriya 2524 Bacillus subtilis 1.SBS2 {8k 8k 5> 25

AL ] T 2 RRAR PR, 2R R BORFRL R R
W BT, B R AT . SRR,
Trapet 206t Pseudomonas fluorescens CTR12 B %k
M pyoverdine (pvd ) i FH 76 U i ST AR B , RE A% . 2
BRI R IT HOE IR SR A K R O AT G Y A
PRI IR I 0 L 0 , [Re i5 1 R R G bt s
T H B RRENEE. Sarwar % AL A AR PRI 58 4 B
133 T 2k R BAR R E AR TE R A B T
TR AR AR T R SO IR B A R RE ), i 0k
TR BRI AL . IR TR SRR AR
SE5 MR A2 , AR PR A 1 20 W A Bk B A 5 Bk
Ja B W R AR S T A ) MROOR
DRI , A2 R 2 A T 4 i v L 0 0 e 1 A WA 3
o A WFER VIR AR AR RUE Yy B A i
1z ZR ST, L) AT I I B G N A TR )k A
Bt 5 EDTA-Fe ML, 9¢ 6 B 201 2k 20
T pvd 58 A W (pvd-Fe) it 5547 30k 35 4 W 2k
IR0 Yehuda B H A A W kA A B
A W3 3 P AR SE T B PS-Fe 11 94 1 40 W AL, 5%
WA R — A EEE R EESGY S P’ e W
8o fH pvd-Fe BFE % £ (10%) 2.5 T EDTA-
Fe(10%) 3 PS-Fe (10")"* %, 33 3¢ B i ¥ 5 pvd-
Fe HI PS 22 5] ) fife 15 FIC A S e 3R BUER O RERAR /N
Vansuyt 55 R FH R I 5 28 W R 25 & B TRl R
INERFORUEW] T AR REAE M pvd o mBR TRT1 A
R IR 52 pvd-Fe s M9 k5 3% , £ B pvd-Fe
BIFASEE T IRTTHEA N . H SR pvd-Fe gt
SR YRR R, AR IR N BES AL I 2 pvd ,
IEBA B IR R WY B W pvd-Fe, H i
A i 5 22 A RIS TR AP AT AL 00 WA AL 3 Tl A ) ke
PRECE W RO o TR0 AR W Bk A 0T B 1 vy 2 5
A, B A7 75 g e J3E 1) Al 2 Ji 25 1 2R ) ik 2k
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IRt g Pk S Fe® 2R NIk, Uk Wik ik
VE R A= 8 A RIAE B iR AR Y sk B Ak Jr i 32 211z
R o W UE W BREARAE R R 8 AR T ek A
WIRRE FE L NI & E A B0 gk 28 1 7 I e
S [E N AT I Y 55 S 3l 0T

T D R B AR AT VR Ry A S 6 0 A ks
Y ERE S, 2 — P TE R AE Y B G R . i)
PRI E R, 8 20, Sy A s 0 Y R Y
R AR 3E 2o 5 AR 1) AR B AR 5 A = v () B R
PR ———4 , DT 400 21 J5 A 19 A K DA A 47 R 0 1 e
RERT . Pseudomonas aeruginosa FP6 43 1 i Bk
R A ot BT 5 AR Rhizoctonia solani F1 Colletotri-
chum gloeosporioides BAT HLIELE TG VE s Emmia lac-

erate SR5 Lhid BEA A 1 77 AR GH T8 4 8 FR F A A5
(6], 43 W R A A BT 9 FiAE 5 I LI s Preudo-
monas syringae BAF .1 77 A= () Bk 2 AR 78 FRER 25 1F
XA J1 T B R AR 3K 952426100 534 AR
3 WA Y R AR 2o A 2T A, Al A TR E BEL A T
[E] 2 00 0 S0 AR R A S A A i T 4
BRI 7 52 2% BRI R AR SE I BE 0, 7 240 TR RE A8 1 B2 A Y
M a0 A S

PRI, S5 TR W B AR mT LA e A R e
F o BE VR R IR AR A B T RE , 7E A P MR B A
U FNREAR AR T T HAT R AL A 1 (26) A
G N A IS 5 700 B AR 24 1 e (o AR, I
AR
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Table 6 Characteristics and advantages of microbial siderophores as biochelators

towards the development of green intelligent fertilizers

e
Traditional fertilizers

FeSO, / EDTA-Fe / EDDHA-Fe

Key performance

7L KA . .

MRS L) BCE MR

Analog of phytosiderophore Microbial sid h
PDMA icrobial siderophore

LRELR/IS /NS i Ve S
Correction of iron deficien-
cy in plants and its effect on

yields PR R
Wk Cost FeSO,JBARAR , EDTA-Fek Z ,EDDHA-Fe
SLS

B 2 TA&GHEY
FasE  Stability

I

. . EDTA-Fe #7148 5 1 IR 5 5 G
Environmental impacts

LIkt Versatility ¥

FeSO, A5 95 . EDTA-Fe fE 4 JKAE 5 |-
ARG, TR AN R A, LGS 8E 77
R B4 45 KR . EDDHA-Fe 57 16 #1400 2k % 14

FeSO, W AR E , ) B AL A E % ; EDTA-Fe
AR 8 FRT 2 s EDDHA -Fe favd M

AP e TR A R 0 T e T R B
D HNIRERA AN B TR B D ANIER AR N, A B TR M
BRI T e g e B RORAE T ali I T SE kAL

SRS 15, ALE R AL T ZREAR A4 TR HOAR AT BB SURE A A
AR, ELRR A SRR A B ARAS A, BB SN BR IR A

" . e AT RS AR AE — B )il
?'\A ’ Pt N
A e T RS AR A — B i R

AW T A AN ST IRIABETS G A TR N ST BRI G
YRR R G, F TR K

x SRR o S

5 B =2

WY R B SRR RN YRR e
BRERZ RNV 09 B AR IR AR it AR AE 5 1)
SR RN IR RN SRz 0 A R Ak g
Bz —. [BAEG B &7 3% L EDTA ED-
DHA .DTPA &5 N T A B A FIh A S HAZ
Ty WS TT AT AE TS YR B I UG . R UL, IR B8 A 47 1Y)
BREA RN & R SR TR o A4 I 1 2 AR
i I R A ) R AR A6 T A N A A M
F5 (0 TR B AT OR 75 ZLAME R B A5 B AR B B
MY R o B B A R R AT S s e P R E
BRGEIE, A B A 8 G AR A Rk X O g
AEAEURMIF & S B4 o b () FT 15 2 2 T 4R AL T8
IR RN AR ZEME o X K A T 545 Rl R A

XA W A 1 2 v D RE AR W R A B B
A BT P T 258 A st [ o 2 fige e ]
AR A 7 PR T R B = IR T ORN S B 1
AR B4 B
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Abstract Iron is an essential micronutrient for the normal development of all living things. In particu-
lar, cultivating iron-rich seeds through biofortification is an important technical solution to solve the "hidden
hunger" of human beings, and chelated iron fertilizer is widely used due to its high efficiency. Therefore,
the research and development of novel micronutrient chelators is always a competitive hotspot in the world.
The plant-secreted mugineic acids and microbial-secreted siderophores, which can efficiently activate insol-
uble iron to be bioavailable for plants, are potential novel biochelates, especially microorganisms that can
efficiently secrete siderophores have application potential. These novel iron fertilizers can improve the iron
nutrition of plants without external iron input, but can activate the rich iron resources in the soil effectively
by utilizing the strong chelating property of the active substance of the strain itself, and provide enough bio-
available iron for plants. Therefore, these findings offer applied opportunities for novel biochelates to im-
prove plant iron nutrition and crop yield and sustainable development of agriculture. To further explore and
develop those novel and green biochelates, provide new pathways for the development of green intelligent
fertilizer, and achieve the sustainable development of agriculture, based on the research progress of the mo-
lecular and physiological mechanism of iron uptake and utilization by plants and microorganisms, the re-
search progress and application of novel iron biochelates from plants and microorganisms were reviewed.
The study covers the status and causes plant iron deficiency, ways to improve iron nutrition, molecular eco-
logical advantages of iron absorption and utilization by plant root exudates under mechanism 1[I , as well as
the potential of microbial siderophores to improve plant iron nutrition. It is expected that further research
and development will lead to a deeper understanding of the mechanism of these novel biochelates to im-
prove the efficiency of iron nutrient uptake in plants, and provide new ways for realizing the sustainable de-
velopment of green agriculture. It is expected that further research and development will lead to a deeper un-
derstanding of the mechanism of these novel biochelates to improve the efficiency of iron nutrient uptake in
plants, and provide new ways for realizing the sustainable development of green agriculture.

Keywords iron nutrition; biofortification; biochelates; phytosiderophores; microbial siderophores ;
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