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Absorption and transport of heavy metal Pb by AMF
extraradical mycelium
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(1 College of Forestry ,Northwest A& F University ,Yangling , Shaanzi 712100 ,China;2 Key Laboratory of Forest Plant
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South China Agricultural University ,Guangdong .Guangzhou,510642,China)

Abstract: [Objective] This study investigated the absorption and transport capacity of extraradical
mycelium of arbuscular mycorrhizal fungi (AMF) ,Rhizophagus irregularis (Ri) and Funneli formis mos-
seae (Fm) on heavy metal Pb to provide basis for clarifying Pb transport capacity of AMF extraradical my-
celium. [Method] The mycorrhizal plant Medicago truncatula and non-mycorrhizal plant Brassica napus

were selected for tests in a three-chamber culture system (mycorrhizal chamber-Pb application chamber-
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non-mycorrhizal chamber). M. truncatula was planted in the mycorrhizal chamber and treated with AMF
including Ri,Fm.and non-inoculated control (CK). Two Pb treatments(0 and 800 mg/kg) were set in the
Pb application chamber (middle compartment) and B. napus was planted in the non-mycorrhizal chamber.
There were 6 treatments including CK,Ri,Fm,Pb,RiXPb,and FmXPb. The effects of extraradical hyphae
of two AMF on plant growth and Pb enrichment under Pb stress were then studied. [Result)] (1) Com-
pared with CK,Ri and Fm treatments increased total biomass of M. truncatula by 43.55% and 256.98% ,
respectively,and Pb stress had no significant effect on biomass of M. truncatula with Ri and Fm treat-
ments. (2) Under 0 mg/kg Pb stress,two AMF were able to form good symbioses with M. truncatula and
the mycorrhization infection rates of Fm and Ri treatments were over 90%. The arbuscular abundance of
infected root fragment in Fm and Fm X Pb treatments was 8. 75 and 2. 51 times of that in Ri and RiXPb
treatments,respectively. (3) Compared with Ri treatment, the mycorrhizal hyphae density of culture sub-
strate in mycorrhizal chamber of Ri X Pb treatment significantly increased by 231. 57% , and mycorrhizal
hyphae density of culture substrate in Pb application chamber significantly decreased by 49. 56 %. Com-
pared with Fm treatment,mycorrhizal hyphae density of culture substrate of Fm X Pb treatment in mycor-
rhizal chamber increased by 314.09% ,and mycorrhizal hyphae density of culture substrate in Pb treatment
mycorrhizal chamber decreased by 21. 09%. (4) The Pb contents M. truncatula shoots in Ri X Pb and
Fm X Pb treatments were 3. 60 and 8. 45 times of that in CK treatment, the Pb contents of M. truncatula
roots were 7. 45 and 217. 87 times of that in CK treatment,and the Pb content of B. napus roots in Fm X Pb
treatment was 62. 15 times of that in CK treatment. [Conclusion] AMF extraradical hyphae can directly ab-
sorb and transport Pb to roots of host plants,and may transport Pb to roots of non-mycorrhizal plants by
‘efflux’ effect. The effect of F. mosseae on promoting plant growth as well as absorbing and transporting
Pb by extraradical mycelium was significantly higher than that of R. irregularis.
Key words: arbuscular mycorrhizal fungi;extraradical mycelium;Pb transport;mycorrhizal plant

M B AR B 7 (arbuscular mycorrhizal fungi, Mg R, IR EN BRI EMEES 5

AMBE HR A B RGNz 0 A, BE% 5 Bl . |
80 % Lh LA IE AL L KT . AMF 2 YAl ¥ 5 %
JEARAAT BOIOK A MR A1 T 22, AR A1 T 22 v8 2 43 A
AN T 5 b R AR £ BE AT AR ) 6T K
o3 B VAR T R s

AMF AALREGE {2 JEAE W A6 S, i e Wy HR L A
38 J7 T A AR AE P 32 0 A 4R A ) R SR
S R R AR ) e LSS SR A P 0 A i Bk . BT
KRB HR AME GBS 25 58 I 4k 3 e £
PR A A 4R 2R L B It SR R L R
AR MERITR @GR . A AMF if
AE 4 iR AV ) AR 2R ) Y T E BE L B AR R R OE
B 5 1) b - 350 % BT ) B 0 AR B B A 9 BR
Bet IR e AR AT B 22 43 0 - S R 4 v Bk
F ot ORI R R AN,

S AR 0 %& % (Rhizophagus irregularis » Ri)
FNEE VG 345 2E B (Funneli formis mosseae , Fm) J& +
e Wy 2 F AMFE T BN [] AMF 28

AN AR AL R B AR A bR R A
A 73 DL A Ah Il 0% PR 8 SR R 1 BT R RE
A2 e X B R 8 T 2R A R S s e e B G S
P ) R B B Y 02 2R AR R K 43 R AL
FHUU R R E AR S

DAAREE X AME 8 45 15 3 48 4 405 IR AT 170 2 Ak ik
Bmrh AR RS AMF MU E 224 K AE— &, F it
AN BE W T AR R ) AR R YR S 5 ok O AME AR A
W22 PR, ASBIE 5 L T AR AR A 955 22 B A (Medlica-
go truncatula ) FIAE B M ¥ 99 31 32 ( Brassica na pus)
Sy AR s A = C R - 0 % -3F TR %)
iR #2488 (L AMF RSN E 22 B8 68 9 7% 4 73 % 18] U8
JEE B IS AME ARSI 22 45 i) . X4 AMF i Ah i 22
AT AR AR A B AR TR AR %S TR A AT A AL B,
T 3 PR T AR A ) S A T AR AR Y S e LA 2
v AME B4 I 22 57 o W1 il S T AR 00 28 5 0 EE 7 3)-
ERGMINE 2 B s 68 1, W AME # 4k
T 22 1Y) B e s ML 4 (IR A AR A



%9

A/NEE LA AME R AN 22 46 51 4 @ A5 i W i 5 s a8 129

L MBS Ik

1.1 4

1.1.1 A4 $EEHTE Al7(Medicago trun-
catula) FpF i ¥ AR AL 28 K 2% Philipp Franken 3 #%
s JM3E (Brassica napus) 7 F B TE 4 1 5 7
Fiil. $EEEE G Rl F B R T k43 41 95 %6 ~
98 %) Ab 3 10 min, JC /K #h e T T 4 “C UK A8 &
2h REHAM TS ET 7 o/L KEEgH I 4
CHEFEFE 4 d.25 CTFBEREFH 14,25 CHMREEFE 3 d
G AR S i A s L= < IO B e R (Y |
PRAS B 7500 CBER 10 g/L NaClO ¥ ¥ 2 1 14
B O K 2 0P e J5 & T A W G 1A 8 4R K
R FRMLAp .25 C R R 4 LR K B ET
R HEH.

L1.2 BRREA BEVY 4 E (Fo) AR AR
P4 (RO Xy h JE 5t RAMRE 27 BE AR ) 8 57 5 B IR AT

GERTHRAL . LI b S B, UL 4R ¥ (Plantago asi-
atica) F1E EHATY ML E N E T (BT
JEZ) 20 /) (A 22 ARG B
L1.3 Bk R BEFRIEFUN L 2 mm G 60
MEARAGYOT 5 aEBIL R 1 1,121 C
KB 2 hJa T2 . B 0 58 B ROR L R Ak |
AN R 11, 25,2.58,25. 08 mg/kg, Y & &
k6. 27 mg/kg.,
1.2 Rt

BRAH=FHRARGE. ZR%H 3 D K/M
EERXFEXB N7 emX7 emX10 cm) W78 A
BB 585 o =28 2L 500 8 A 4 1 SO B Gl %)
A2 AR 2 AR 2 AR AR %) o o0 B 28 I 34
A S em ARG 2 AR E —BEA 5 em fL
T 3 A E A EME N =B R ARG HARG
e 1 Fis .

38 umyEAm
38 um filter cloth

P !

10 cm

< 21 cm

~
&

SE B

»

B E

Mycorrhizal chamber

FE B R =

Pb application chamber Non-mycorrhizal chamber

1 ZEHREAGEREA

Fig. 1
fLyCZ A H 38 pm JE A7 BR JF . AT AMF AR 4b
P 2238 3 AR AR R JC ik 5 N AR R 5
A A AR R AR AN T 22 R
KB AMF filgh 2 MR . KPR E
FPAE 25 22 B 4, 34T AMF 4b B, 42 45 42 F Ri, Fm
FUAR R XS B (CKO 5 o i) 2 35 & b 3, 1508 4
a0 800 mg/kg 2 ANAbHR; T AR & A AR
. KRS ALK A 5T, % E 6 A E A
4, B CK.Ri.Fm.Pb.RiXPb.FmXPb, H CK.
Ri.Fm 73 | 75 76 B AR % & ARl 2 Fl R IE AR

Schematic diagram of the three-chamber culture system
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Fig. 2 Effect of AMF inoculation on biomass of Medicago truncatula and Brassica

na pus seedlings under Pb treatment
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Fig. 3 Structure of main mycorrhiza after AMF infection to M. truncatula roots

H# 1 A%, 5 Ri 4bH L, RiX Ph b BEBERE &
& AR AR e 3200 I 25 8 Ak o 12 R A B A AR A2 e o
FEAE T 25. 9300 AR AR BE AR F B B E W m T
225.24% ;5 Fm ZbBRH . Fm X Pb AbH 3 28 1 75 1
Rt e s i 2 B AR T 40, 16 %6, 13 Y 48 B T AR 4 2

SREEREAR T 42. 420, 13 e M B A F i O B 3 AR
fb. Fm I Fm X Pb 4b #7 G4 AR Be AR BE 43 51 2
Ri RiX Pb AbFHfY 8. 75 1 2. 51 4%, KW [F—H5 K
T 2 Flr AMF X2 22 1 16 AR R 09 4R UL RE ) A7 1 1 35 2%
St Fm X 4% 4 B AR H R BR MRERIR R

K1 FEHKET AMFHEZEBTRANBELERR

Table 1

Infection of AMF on roots of M. truncatula under different Pb levels

EOEND EONTIEEY 0 EONTI =
KT e e AMram ERERFE 7 FRR BRI 7, FERRB AR/,
Mycorrhizal Mycorrhizal colonization Arbuscular abundance of
Pb level AMF treatments L . . . .
colonization rate intensity of infected root fragment infected root fragment
CK — — —
0 Ri 92.59+12.83 a 64.86+28.82 a 10.30+1.92 ¢
Fm 92.8846.60 a 45.94+8.74 ab 90.1648.24 a
CK — — —
800 Ri 92.49+7.42 a 48. 0444, 41 ab 33.504+9.52 b
Fm 55.58+2.08 b 26.45+11.53 b 84.25+12.60 a

TE < [ 50 B0 5 b AN R /ING 5 32 7 Ak B i) 22 57 1 35 (P<C0. 05) 4

Note: Different lowercase letters indicate significant differences among treatments at P<Z0. 05.
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Fig. 4 Effect of AMF inoculation under different Pb levels on extraradical hyphae density of
culture substrate in the three-chamber culture system
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Fig. 5 Effect of AMF inoculation on Pb content in M. truncatula under Pb treatment
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Fig. 6 Effect of AMF inoculation on Pb content in B. napus under Pb treatment
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