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Study on the Mechanism of Increased Iron Availability by Rhizosphere
Iron-Solubilizing Bacteria in Combination with AM Fungi in Calcareous Soil

PENG Haiying, SHAO Yadong, LI Han, LI Peigen, DING Bailing, YANG Tianjie, XU Yangchun, SHEN Qirong,
DONG Caixia'

(College of Resources and Environmental Sciences, Nanjing Agricultural University/Jiangsu Key Laboratory of Solid Organic Waste
Recycling Research/Jiangsu Collaborative Innovation Center of Organic Solid Waste/Engineering and Technology Research Center of
Resource-Saving Fertilizer, Ministry of Education, Nanjing 210095, China)

Abstract:  Objective The low availability of iron in calcareous soil leads to serious iron-deficiency chlorosis in plants. Thus, it
is important to screen highly efficient iron-solubilizing bacteria and explore their collaboration with mycorrhizal fungi (AM) to
increase the available iron content and improve plant iron nutrition. ~ Method Pot experiments were conducted with calcareous
soil and tomato (Lycopersicon esculentum) as test materials. They were inoculated with Advenella kashmirensis(B1), Arthrobacter
cupressi (B2), Klebsiella variicola(B3), Variovorax guangxiensis (B4) and Enterobacter ludwigii (B5), and treatment with no
bacteria inoculation as the control group (CK). Efficient iron-solubilizing bacterial strains B1, B2 and B3 were screened and
combined with AMF (Rhizoshagu irregularis, Ri)as B1+Ri, B2+Ri, B3+Ri and B1+B2+B3+Ri treatments. Also, AM fungi were
inoculated alone (Ri) to explore the mechanism of synergistic effect between different iron-solubilizing bacteria and AMF to
mobilize insoluble iron in calcareous soil and promote iron absorption in plants. Result The results showed that compared with
the control treatment, inoculation with B1, B2 and B3 strains could significantly increase the tomato biomass and the total iron
accumulation in root and shoot increased by 6.48 and 2.61, 4.11 and 2.03, 4.37 and 2.25 times, respectively. The active iron
content in new leaves increased by 74.21%, 1.33 times and 1.75 times. Compared with inoculation with AMF alone, different
co-inoculation combinations significantly increased the tomato biomass, and the average total iron accumulation in different parts
of the plant increased by 58.32%—119.43%. Under B3+Ri and B1+B2+B3+Ri treatments, the active iron content in tomato roots
increased by 41.47% and 44.30%, and new leaves increased by 12.61% and 12.77%, respectively. Different co-inoculation
combinations could effectively improve the root architecture of the plant, and the mycorrhizal infection rates of AM fungi under
different co-inoculation treatments were 13.35%-30.99% higher than those under inoculation alone. The root iron reductase
activity was significantly increased by 9.86%-22.07% compared with the inoculation with AM fungi alone, and the relative
expressions level of LeFITI, LeFRO2 and LeMYB72 in tomato roots was significantly up-regulated. Compared with exclusive
AMF inoculation, B3+Ri and B1+B2+B3+Ri treatments reduced the rhizosphere soil pH value by 0.21 and 0.09, respectively, but
increased the soil available Fe content by 15.78% and 55.23%.  Conclusion It was concluded that the synergistic effect of AM
fungi and three high-efficiency iron-solubilizing bacteria could significantly improve iron availability in calcareous soil and
enhance plant iron nutrition. However, the synergistic mechanism between different types of iron-solubilizing bacteria and AMF

was different and provided a microbial approach to solve the problem of low iron availability in calcareous soil.

Key words: AM fungi; Iron-solubilizing bacteria; Soil available iron; Soil pH; Active iron; Iron nutrition

BRI K R T BT B E R e R,
KEZ e K5, & pH RS ER
FRIR AR L T PR A R, B8
TPk g | Bt R ke i, UEZmAEY A K
KB AEY st B IS S X A
YIFNAE AR AR L it R ) R EE DA iy BE ik
FIHLER T ( Strategy 1) Mk, (HJE, Femsthbiek
T PR B R 2R pH AR g np

R 2R R A A T T Pt g ™ AT ™, WL T A
rh LR 5 R B ) R SGR AR IR 7 2 32 B LA . T
i AR IR INAT 25 S0 A R 4 v IRk A A R 2
fiff A1 IR L S ARE  BR R B8 A BORR Z —
MALHE MR ( Arbuscular mycorrhizal, AM ) LB
ERE YR RILETR, fe Sk 80%LA
RN A SR, BABUK S . Fhs AR
Sy e A fE DT AM B I A SEA R S R E
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BOAFER, AR ECH A R W] AM B i T B =
P it 5 B 32 DR A B 0 LAV A A LI, (LY AR B A
B B A VE T AT & s VR Y, Rk, AM BB
) i B ML T 5 AR I 400 BT O B 5V L A ) 1%
WS E R AR B ( AMF ) B 75 B9 R H 7 145 2]
IOk, WA AM R AL A AE R AT RE SRR A
Yrrb By HA A A O, TEBRER SR N HERD AM B
B H 20 AR AR OV R A 2 B — R AR
—J7 THI AT BRI 0 WA M Ak B W A R 4 v R Y R R
Py S —JrH T RE S B AM FLI A 22 IR 3R
T AR AR o 20 BT P R TRV T VA 96 0 G T AR PR AN B Bl
P BE TR T2, Youry SFE L
FEANAR s 240 T i 0 S O AR R 43I vk AR AR
B2k & YR AR bR Fe? B A BRI, MiC T4k
TR 5 AM LB RS P el Al ) 2R W ) it 5 3
/1>, Radheshyam 45117 43 85 15 20 i AR [R) R PR AR A 20
W5 AM BRBGHRN, & B PR S 2R AT T A
AM LA T AR B/ N R PR R Bk R
Ak, 58 pH FiA KM AR 3 AM I
RS A e R/

FEL 0 0 AT 3k A28 32 22 3R B AR 28 o B ot 7 22 471
He 1, AR R 3Rk, 2 UM PERR O A, e
TEAR R R MBI )R (1 FRO FEH Jify ) i )7

Fe*", Wd#tizE i (i IRT FEFGD ) s BAR
20t P BEAE R ORI R YS S FIT T R Bk R
B PR, T4 A e R
FeaRUO A, A AT R AR S SR R
AtMYB72 TEMRBRANE AT U V) S A YIAR R 53 W
Wy AR R IR R R S DR RN, [ A A
o7 R SR S P — A B B2 R A3 o 3 A R B 4 R
— AR R T AM B USRS SR
BN SR A U I B AR . AR R LAk
5 7 156 AR P R A R A PR A R b, o S Al AR
REH AMF fiFIL80, ¥R AM BE 5724
TR P[RR A R A ST PR A ) 3 AL R A )
BRI BILIR A 2% e 80 R R - R A TR 5 TR
PEUEEIS AR , (R HE A Bt 3 BRI T RRE R R

1 bR

1.1 it ESHR

HEa O HOR & 22 N SR B (36°43'N,
103°33'E) WA KM 58, APk W3R 1.
W ot 39 (AR IXT T 20 H, R KE IR S5 A
YR (KB ) L3:1 (viv) IRE, B 250 ¢
RELFE

F1 X T IREMIB SR

Table 1 Basic physicochemical properties of soil tested

AR AR AR/ HHLEY AR ARk AL/
pH

Soil type (mgkg™) (mgkg™) (gkgt) (mgkg™) (mgkg™) (mgkg™)
1R A Y 2.345 6.063 5.529 4.115 46.605 258.786 8.91

(DCalcareous soil; @Ammonium nitrogen; (®Nitrate nitrogen; @®Soil oganic matter; (®Available iron; ©®Available phosphorus;

(D Available potassium.

A A P R S8 = B FE AR PR B B 5
FRARPBRANEE , 709~ Advenella kashmirensis (B1 ),
Arthrobacter cupressi ( B2 ). Klebsiella variicola
( B3). Variovorax guangxiensis ( B4 ) #1 Enterobacter
ludwigii ( B5 ).

Bt AMF B 50 AR N ER 2 8 ( Rhizoshagu
irregularis MUCL 43194, Ri ). BRIk I K 46112l fb
ik FRAGERRENGE o R N B R AR 2l IR Y
Ri ffl FEBEE, BEasHhg, WKk N oRE
M IR ECAS BT M BEAS B 45 1 Ri 61200 .

HERAEYI AR 2URRAEREBE/ NG iR ( Lycopersicon
esculentum ),
1.2 HRER A K40 B Y 7 ik

FTAE M BRI A B KR 12
h, 75% PR 1 min, JCTEZKRYE 3~5 1K, 2%
(v/v) IRFEFRENEE IR 15 min, TCRRZK ML 5 K.
TH 75 4 19 7 8 B 1 249 50 M P Bl 8 KT Y BB AR
2 3~5d, PRIk AR Rh T SR T KR R
B, BEFMKE =R EFNBEE FRES
g,
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WE S PR 3R AL BE 73 54 B1, B2, B3,
B4 fil BS, LUAERXIE (CK), &b 6 4
Fio . FHREAR— 85 B A TR B (&R A 107
CFU-g ' 14 ), K3 25 d J5Uak,
1.3 SUAHHAEEREERHS AMF REiEEF2

FAE WA L.

WOE R AMF RbBE (Ri). —FRELAHTE 5 5
5 AMF L4280 405 ( B1+Ri, B2+Ri. B3+Ri). &
AHE S AMF L3R40 H ( B1+B2+B3+Ri), IR
R X (CK ). B iR 6 NEE, Bk
AP Ri BT (B45 500 M) ERMBER, £
AMF E5H 20 d J5, MRS (LREN
10" CFU-g ' +3), Faidk 25 dJaik.
14 HEREEERHLEFEEINE

PR AR AR YL AR 5 W e (3™ B2
JEE SR A 5 Sl sz e

1RYR F/%= ([RYAR BB SARBE) <100 (1)

(2L BE M/%= ( 95% n5+70% nd+30% n3+5%
n2+nl ) JEHEEx100 (2)

X, nS IR YLIEMRBE 90% L) b AR EL; nd MR Y
ISHREE 50%~90% M HRE; n3 KR LIk REL 10%~
50 %MIRREL; n2 MR YL BMREL 10% L N IHREL; nl
AR YRR BE 5% N AOHREL

W22 AR: WA%E (mg!) =H#
K/ R £

1.5 T pH AR SENE
AR L S L LR (DTPA ) 1242
B, MBS AR B TR R BRI (ICP-OES ) il
£ 48 pH ] pH it ( METTLER TOLEDO,
MR -FE R 2408 ( i) A RRA D) WE , K (&
WAk CO,) LR 25 1.
1.6 HFMEERKSERERNE
GArFAMMR . 25, R TR (105CRHE
30 min, 75°CHET 2IHTE ); R RBAM AR ZHH
¢ (WinRHIZO, ZEHE) Mz SR, RERmH
AR ELAE . MR R B AR AR R ok A i
RTK CFERAR L0 AR R AR ES B SR

PRI E R 2, 2-BRARE gkt AR R A s
Mk R 1 mol- L™ HCI %42, ICP-OES &R,
FRZE 4k & 8% HNOs-HCI0,(4 1 v/v) i,
ICP-OES MIZE (. 44k 5 Hpk T4 5 i i e
B &g FEe) PO,
1.7 REGREBEXERBENEE

28 Zhou P R I SE 262 i PCR
5 o

PRI AR R S RNA I 5% 5575 3] cDNA, i
FT 50 96 B PCR: K 5% A5 8 ) cDNA i
VERMEMR, HEEL Actin fE RSN, FihiEHkK
WCAH S B TR IE R R B A SER, =5 [P Flan ~ 3% 2,
i/l qPCR A7 & ( ChamQ Universal SYBR qPCR
Master Mix, Q711, i#MERE ) #E47E®; q RT-PCR
PR . WA PE 95°C 30s, fEFRY 95°C 10s,
60°C 30 s, PH¥ 40 ¥k, ML 95°C 155, 60°C
60s, 95°C 15s.

%2 qRT-PCR3|¥F7

Table 2 Primer sequence of ¢ RT-PCR

I Gene 5149751 (5'-3") Primer sequence ( 5'-3")

GTCCTCTTCCAGCCATCCA
LeActin (INZ3ERY)
R ACCACTGAGCACAATGTTACCG
LeFITI (BRERZiH R F

HF*) R

TCCTTCTCCGGACACATACCT
CCACAGCTTCAGGTTAGGCA
TGGGTCTTGGCGGTTGTATC

LeIRTI (4% AY)
R CCGAATGGTGTTGTTACCGC

LeFRO2 (##&1& F  CTCCAATACGCCGCAAGTTT
JEEEY ) R GTTCAACAGTTTCGCCAGGT
LeMYB72 (¥ERMEH5  F  GTGACGGGGCTCAAGAAGAA
HT) R TGTGTGCATACACTCGCCTT

@FER-like iron
(®Iron-regulated

# Note :

deficiency-induced

(DInternal control gene ;
transcription  factor ;
transporter 1; @Ferric reduction oxidase; ®Specific transcription

factor.

1.8 HELESHH

{#iFl WPS Office Excel 2019 4b¥ s #5504 , Fir
AERN R EpRfE 2R8I SPSS Statistics
26 TR BEN M EZEILE, BEMEKTE R
P <0.05, f#if{] Graphpad Prism 9 $Ff72 &,
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2 4 R BREEr BIEEN 74.21% .133.66% . 175.8%F1 69.6%
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21 SBEE AT AR, N 6.48 51 2.61 £, 4.11 fF (MR

5 CK MM, B:A Bl. B2, B3 Al Eye® A ) M 20345, 437 f5H12.25 45 (M1 15K ), ifi B4

ARG E (E 1a), B EREERmmzE  DOEN T EEABBUR R, BS SUEIN 1A I

MR, T B4 MBS 5 CK LR #E %S (K la, Bora (F1d, B 1b), i1, Bl. B2 1 B3 {gif
Kl 1c). #%Fh B1. B2, B3 fIl BS W&t RidtE &R KA BRI 4 o

b
) _ 100,

"_\b‘D a

: b

Z 0l ue
53 T
ag ol ¢ c
Ve
e
i;% 404 d d
-8
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£ 20l

2

g

< 0

CK Bl B2 B3 B4 BS

AbFR Treatment
c) 08+ it Root 2% Stem 5 Leaf d) D& it Root M E#B Shoot
T [ | | 2 T [
2 g
8 a
%ﬂ 0.6} £ o6t
g
.g i 5 a
2 i : ;
8 04t £ 04}
1 s
Hﬂ ﬁ a ab a b
e b b 1 a
H 02F & ap ab w 02f )
o c
bol] ﬁﬁ i & BLILILIMET

CK Bl B2 B3 B4 BS CK Bl B2 B3 B4 BS

R ) 5 o VoD ‘> «&v\’»"a 5
FRIPRIPY (FIPIY (FIRPRI Kb ¥ Treatment

Ab ¥R Treatment
TE: AF/NG PR AR FEASALA R AL BRI FE 0.05 /KT 25 3. CK, AW, Bl, B2, B3, B4, BS 53l FRikH
B1.B2, B3, B4, B5S iRFRZE 42 . T[] Note: Different lowercase letters indicate significant differences between treatments in the same
part ( P<0.05) .CK, noinoculation; B1, B2, B3, B4 and B5 respectively represent the inoculation of B1, B2, B3, B4 and B5 with

rhizosphere bacteria. The same as below.

BT BREERD 5 BRARPRAN BN A M 3 B AA K (afl o), R iddEgk i (b) AR R S FA g it (d) 1y
Al
Fig. 1 Effects of single inoculation of 5 rhizosphere bacteria on tomato growth( a, ¢ ), active iron content in leaves( b )and total

iron accumulation in root and shoot ( d ) in calcareous soil

2.2 RHHEEMN AM EFEEEMEARMELEE  60.0%. 44.5%. 63.6%. 92.3%, H.H BI+B2+B3+Ri
FnAERKAERK R ER R0 b PR A AR AR A W K Ri AR PRI EBE N 63.64%.
R 2 AP0, 5 RiACBEAHEL, 4065 AM EHE WK 3a Bos, 5 Ri AL, 200 SRS AR5 S

LR AL R A F AR R B E R R AM HEI R HR B Ak R S R
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0.4F

o2t @
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il Sl

d
FITEST TINEST RS

T4kt Dry biomass/g

—_

X
DD AR DYDY
Q;\z Q;\’ Q;\'
\X \X ,\X
3 =) Q
AbFH Treatment

I : Ri, R AM BB AL, T [F] . Note: Ri, inoculated
with AM fungus alone. The same as below.

B2 RV ERAN TR -5 MM PRTAR B T o0t 388t 2R 1 B0
S Ca. ANFEIEERAL PR oA KRB s b, AS[RHE RAL B
TR ZMH AT YRR )
Fig. 2 Effect of co-inoculation of three strains of iron-solubilizing
bacteria with arbuscular mycorrhizal fungi on tomato growth ( a.

Tomato growth phenotype under different inoculation treatments; b.
Dry biomass of tomato root, stem and leaves under different

inoculation treatments )
i S Ri JEEFP (B1+Ri, B2+Ri. B3+Ri,
B1+B2+B3+Ri ) AZbHi¥ i 48 & T F AR At
SRR, R 45.22%F1 92.86%. 49.25%
M 75.71% . 57.16%F1 95.09% . 107.46%F1 159.46%,
1E25rp, B2+Ri. B3+Ri fil B1+B2+B3+Ri 4bH 4
B BRI 50%. 75.86%H1 91.38%., 5 ik
Ri fHIE, B3 5 Ri FL4ERMANHE T AR R G R it A
B, 35 11959 mgkg !, B R T HABATE, fEM A
W, B1 AT B3 430l 5 Ri M4 FhAb B R TE R 1
T 41.23%1 44.30% (& 3b),
2.3 BYEEF AM HE L EMXEIRE LN
TEARAE R T 22 8 2 B T R (Y B AR 45
4, M AAZAD AM FTEE AL B R 2 B AR ZERA 151 4 ).

SRR RiAHLE, SARANE LRI S AM BIR A S
Pl E AR YR | Ry (%R 3), Hrp
B1+Ri. B2+Ri. B3+Ri } B1+B2+B3+Ri [ R{Z L%
3B AR 13.35%. 18.34% ., 21.64%F130.99%, 1=
YU B4 B AR 20.03% . 28.27% . 30.87% il
35.70%, BRT B1+B2+B3+Ri ZbBH, HAMCHRRY #2295
S Ri TR EZES . 251, BI+B2+B3+Ri 48 MY
PIARIRYLR | (RS AR 222 i e (£ 3)s
24 BHRHEES AM HREEMUBFMRAES

:pA|

& 5 fin, 5 CK AL, AHEmAbEEyy i ek
BFOMIMAIEA, WERESR AR | ARRIRL, R
IRFURIRRAREL, Hefh AM BRIt T FmiE R
AR (5, £4), 5 RiABHMLE, B2+Ri A N
FAR R AR E IR 30.60%, B3+Ri il BI+B2+B3+Ri
A HER TR R AR AR o 0 B B R 30.04% il
20.10% ( #R1 ). 37.49%F01 38.90% (AR FEMHF ), 28.87%
144.33% (FRIEFL), Hrp B1+B2+B3+Ri A FEFAiAR
IB R E TGN 44.62% (F4),
25 BAHRHEES AM HELZEMITEMIRREE

FEigEEREEEXNREEN N

HE 6 nln, SXFHRAH LG, #5450 TR A ) 2
PEm TR R R B . LeFRO2 ., LelRTI
LeFITI Fl LeMYB72 W3R ik i . 5 ¥4 Ri MH L,
FIRTERVATE S Ri 2 4 i 25 A R 00 it
4. LeFRO2, LeFIT1 Fl LeMYB72 {4 ik K,
Hrp, BAME S AM HEAEEZFAEET i &
Bk 8 J5 W 1 Y . LeFITI . LeFRO2 . LeIRTI i
LeMYB72 BRIkt di iy, 40 4% AM HLE
P& 22.07%. 508.1%. 317.3%. 503.5%7%1 286.7%.
5 CK M, &MHES AM EFEASMT B3
WFEMM R LelRTI W3Rk, 4L Ri B H
FREATEBEHRETEE2ES (K 6b),
2.6 BAHRAEES AM EFEHEMX L1 pH #7185

WHEEENZ T

HE 7a 0[50, 5 CK ML, #SHEmAE W] B
FRART PR T4 pH, S84 Ri ACFAHLL, &
BT S AM EEAIA AT 5 pH ¥ TR
A, o B3+Ri AR FIHAR PR 80 pH A AIK
(8.67), tHIL Ri B FFEALT 0.21; 544 pH —3%,
5 CK M, #H:pAb B 6E 0 254 & F AR b +

http://pedologica.issas.ac.cn



4 I RPN S AM HRPMF P w0 B T A S AL 5 1117

D~ g b) ~ 200; 1 Root I} Leaf
o E | 1
1 Z
1 a a a a g a
[=1 (5]
38 = & 8 ab
= ¢ KT
£ 04} HZ 100f b
= =5 be
% g § cd
i 0.2} g sof
<1 = d
% Z b & ab 2 g
2 ¢
% 0 ERIN N inlulule
0TS o e o o CO O DD C O DD DD
9 Q'Q)\x‘*' Q’,\;S' @"7)3- Q;)S' 9 Q'@QS; ,133'@@3; ,_;3' 9 Q;\ﬁ%qﬁ;%ﬁ'%%ﬁ'
3 % "
D D D
> > X
Kb ¥ Treatment QbR Treatment
#R Root Hi_F%B Shoot
© , L5l al |
£ 5
8
= b
5 b b
E Lo L[
g
o C
[
s
£ 05fd
i a
B b b °
: « 5000
00 FEpTasTapTaa Z‘m L LT
FEP S F F PSSP
Q;\ Q;\/ Q;) XQ;‘) ‘b\ Q;b ‘2;) XQ;’)
\X \X
Q Q
QbR Treatment
B3 W RN S5 A R AR B LR AT R R A (a), R RS A A (b)), AR B gl B (¢)
ihpAla|

Fig. 3 Effects of co-inoculation of iron-solubilizing bacteria and arbuscular mycorrhizal fungi on chlorophyll content ( a ), active iron content in

roots and leaves (b ), total iron accumulation in root and shoot ( ¢ ) of tomato

H: hy, WLLH; ves, id; sp, #F. Note: hy: hyphal structure; ves: vesicle; sp: spore.

B4 BB T WA AR A b DB R AR LB A S A 25 (40 )

Fig. 4 Symbiotic structure of arbuscular mycorrhizal fungi in tomato roots observed under a microscope ( 40x )
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Table 3 Effects of inoculated bacteria and AM fungi on mycorrhizal infection rate, infection intensity and hyphal density of tomato roots

(EZ Y S WLLEE

Infection intensity/% Hyphal density/ ( m‘g’1 )

b fRYH
Treatment Infection rate/%
Ri 66.67+£3.35d
BI+Ri 75.57£5.10¢
B2+Ri 78.90£1.91bc
B3+Ri 81.10+£1.91b
B1+B2+B3+Ri 87.33+2.31a

32.30+3.46b 0.154+0.003b

38.77+3.70ab 0.160+0.008ab

41.434£5.37a 0.162+0.004ab
42.27+5.44a 0.161+0.007ab
43.83+2.87a 0.164+0.003a

1 FSIAF/NG FB LR AR AL B2 (7] 22 57 8 2% (P < 0.05). T[A. Note: Different lowercase letters in the same column indicate

significant differences between treatments (P < 0.05) . The same below.

Ri B1+Ri

B1+B2+B3+Ri

Kl 5 ASHERAR RS MR R A

Fig. 5 Scanning images of tomato roots under control and inoculation treatments

x4 BAHREES AM EFE LR EMR R SH G

Table 4 Effect of co-inoculation of iron-solubilizing bacteria and AM fungi on root morphology of tomato

Py

AibH R MR AR IR
Average root
Treatment Root length/cm Root surface area/cm’ Root volume/cm’ Root tip number
diameter/mm
CK 83.0+£9.1d 38.86+3.00c 0.61+0.17d 0.64+0.11a 165.8+£35.6¢
Ri 220.0£65.4bc 65.89+6.17b 0.97+0.13¢c 0.58+0.03a 483.5+£82.0b
B1+Ri 207.9+£28.1¢ 69.02+10.04b 1.09+0.12bc 0.64+0.11a 618.0£131.8ab
B2+Ri 250.45+37.1abc 86.05+9.67a 1.234+0.13abc 0.64+0.07a 618.75+72.5ab
B3+Ri 301.52+17.8a 90.59+11.15a 1.2540.17ab 0.54+0.04a 622.75+31.1ab
B1+B2+B3+Ri 264.26+20.3ab 91.52+8.52a 1.40+0.27a 0.61£0.09a 699.25+146.5a

HMA R S 5 Ri A EL, BI+Ri 1 B2+Ri Zb#
ThREANG T RS A RS, Hd B3+Ri M
B1+B2+B3+Ri Ab BT 4 A Rk & 18 43 il 2 4R
5 15.78%H1 55.23% (& 7b).

3 ¥ ®

3.0 RERBHHERES AM EFBAEREEEY
HKEF
WPRBE YN TR A K R E MRl %

HEL, g PR R S R R Y D) RE Rl
PILLE R A e R R b B R
HEAEH, T A HURRAE AU
PR B — Z AR AR SR A R AR i
AR 3 MR AR R A B T A R A i e T
IERE TR, JUHIE B3 $Emtt A il vE g (18 1d ).
RAREAE e & A, B2 pH KA R
Ma, AR A K A ARG . R B
Ayl oy HARARPS pH, BRSNS Y
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Fig. 6 Effects of co-inoculation of iron-solubilizing bacteria and AM fungi on ferric reductase activity (a) and relative expression levels of
LelFTI, LeFRO2, LeIRTI and LeMYB72 genes (b) in tomato roots
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Fig. 7 Soil pH (a) and available iron content ( b) under co-inoculation of iron-solubilizing bacteria and AM fungi

VAL, AT LR S TR A AR B G v 1
B, (R IR A AR ARG, B
PeAh AM B AT —E R LRI pH . R
BRSO OR 3 MR R B R A S
AM ECR R A RCR T B 2 LR B3 AL R
([ 7b), RESAHE S AM HEAAED RV EA
IR AN S AM E B RIETEAN R 1 EAERLE]

32 RERBHRHAES AM ERBRAEFIERER
Ihie
TELIEFRIF B Z 26T AM B E i 77 A 7

SR TR 220K R ) IR R AR AR T, &

P1-AM FLR-RPRA B RGN R — LR, 4
PRANASE BH TR AR B0, 3 76 AH O A9 TR AR P 22 X 4%
HEFEO . AM BT G HR B 40 1 T i A D s S 1 4
W R IR ALY Kk R A2 22 — . Zhang %1% 31 AM
FLTR RERG DA A PR AR AR PR i) e A AR, SR R T
YL R IE B B R T 22 I 28 SR AR B4t T F2 1 1
FEWAERNL, (IR RS T L, 1
ST AR PR ER A AR R T AM A SRR
WP B RE SAGah , dF— 2 R TR A Y 7 AR i i
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IKACA W 3 b 28 TR 22 B i A o 4 PR A 4 I 44 i
e, B4 LR, 5 AM B (FH2)
FHOG 0 20 T8 900 SR A -AML BB AR 1 28 = A
UGS . FERAR DI RE T R 45 S E Y, A
G BB VA B 240 AT TR A X T S N TR AR AR
FORYREMEZEE (B 4, £ 3), €U AM
LA 119 ) 8 A2 380V 2k 4 A ) DR 9
33 WREERSMAES AM EEMESNEEYIRE
A FE(R BRI I
R R IE o FK A3 F A e, R
FRIAR 248 A R T2 A X 7 e 2 A W i 0.
AWgEh, 5 H4% Ri M, B3+Ri Al B1+B2+B3+Ri
WEERINTRE . MR, ARRBRRALRE, W
B1+Ri fil B2+Ri L & 2R (K5, £4), #H—F
ULH 3 BRI A T ] RE R A A Rl A2 A= e . B3 J&
T Klebsiella J& , CAFEUEW ] 7= A KgAK Z 2K
FREY, M B3 A ARE PR A A K R R R A
AR FRAER, 3o £ B HILIR S5 ) 5 1T R 1K 1 358
pH . IR AT R0 . DATTA A A T 42k 1) W
34 RIFASHEEE AM EHEBS/EREMRE
HOF R EE MR _ BRI X B E M RIE
AHFEH AR AR RS AM B R4 550
REINAR R R EE IS LeFRO2 b —3
(Kl 6a, Kl 6b), RIFEERAMA S AM H B 0] fEE R
PREFAVIRE, SB MY gE TR, 5 CK L&
ALIHE 1 LeIRTI WFRIA 1R, 15 B AM
HEMEZEFARE (K 6d), FWHFEZANE e
AN LelRT1 FE R 1) 3 35 177 38 1 92 55 AM LA
E E R B ) d A AR, DN AM ECTR AT B R R
LelRT1 3 H A M HE R &K . Zamioudis 2P HAN,
AtMYB72 5% T X115 SAEAR RGBT VR K A 2 G %L
Hb, RAHYIE N BRI ) — D E R R, HR
K2 SRR F AtFITI WY . EEVRAR R AT,
PR IT AtMYB72 1EAR R gl Z05 S 3855, il i
TR RIBRAR DO A G W 7= I &
PR, (eI A SR A 25 B Xk B i3]
ARRE P AFERFEK AR S AM BEA A0 5 E
LVEFEAR R T LeFITI ik (K 6c), BIGAEY %
BB N RN . 5 Ri M, A BI+Ri Al
B1+B2+B3+Ri Zb P LeMYB72 #HXF A0 B # -
JA, oAb TE W 22 5 (K 6b), Uil B1 AT
feimit LeFITI W45 R LeMYB72 [3iKiEF RS

SN B S SO i e et/ R D 1 SN ]
A FTAR PR BRI AL AR ) BRI

4 4 K

AT VE AT 3 bR RURPRIEER AN B, 7] {2
HEAIRAE 18 1 i R KO R gkl 50
TR AM HEA L, 3 HRIFERANH S AM B # B
EHRI T A R AR AR e B ) O R R AR R A
K, BEM IR R LT e, AR
PRI s SEAERNREIE A AU PR 3% pH., 425
TR S i, AR T S R A PR A
s oAb, HRERR A B0 W3 B AR AR R kI
JEREE 1, b AR R BRSO G RE I Y s, A Ak
e HERRRXT R R R, 2R & TR AR R
WS AM EEMIRA (B1+B2+B3+Ri ) R 3R
IRl I, = RRVESRAN TR PR ] AM EL T RE % g
AW M AV P A 1 O A A A Bk
M
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