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Influences of Arbuscular Mycorrhizal Fungi( AMF ) on the Growth, Phosphatase Activities and Radioactive
Nuclide Bioconcentration of sorghum haipense at Soil Contaminated with *"Cs

HUANG Ren-hua'?, LU Yun-mei'?, HUANG Wei'?

(1.College of Life Science and Engineering, Southwest University of Science and Technology, Mianyang 621010, China; 2.State Defense Key
Laboratory of the Nuclear Waste and Environmental Security, Southwest University of Science and Technology , Mianyang 621000, China)
Abstract: A pot experiment was conducted to investigate the effects of Glomus geosporum(G.g), Glomus mosseae (G.m), Glomus versiforme
(G.v), Glomus etunicatum(G.e) and Glomus diaphanum(G.d) on the growth, phosphatase activities and bioconcentration factor of 'Cs in
sorghum haipense at soil contaminated with ''Cs. The results showed that G.g, G.m and G.e treatment significantly improved the growth index—
es(P<0.05), including stem diameter, plant height, leaf and root dry weight. Meanwhile, the increase of these growth indexes in G.m treatment
was the most significant and the corresponding indexes increased by 25.63%,23.25%,26.07% and 16.73% compared with the control, respec—
tively. The five AMF significantly increased N and K concentration in rhizomes of sorghum haipense and the increase range of the two element
concentration was 6.63%~10.84% and 24.28%~29.70%, respectively. The treatment inoculated with G.m significantly increased acid phos—
phatase(0.31 mg-kg™+h™) and alkaline phosphatase activities(0.07 mg-kg™+h™), but reduced the available P concentration of by 3.95 mg*
kg™. In addition, the bioconcentration factor of *’Cs in sorghum haipense treated with G.m, G.e and G.d was 2.79 times, 1.77 times and 1.36
times than that of the control, respectively. Moreover, there was a positive significant correlativity(P<0.01) between bioconcentration factor on
¥Cs and acid or alkaline phosphatase activities, but bioconcentration factor of '’Cs exhibited a significant negative correlativity with avail—
able P concentration(P<0.01). Based on our results, the means to repair radionuclide pollution soil by AMF—plant symbiont is very effetive in
the future.

Keywords: 'Cs; arbuscular mycorrhizal fungi( AMF); growth; sorghum haipense; phosphatase; bioconcentration factor

YeFs HEF:2012-10-17
EE&TE : [HK A RR 8 (31000259)
PEERIA B AR (1979—), 55 AR T, R B0EZ . S SR AR R S AR 8O h B A T . E-mail : huangrenhua@swust.edu.cn



954

RAIMER F 2 IRV T R

F 20 TH22 ROk, i TR IR RE , i1
(¥ SEE ISR WAE| a0 3 DR IS A L1V 1M} S 25 N
FAAE LSRN BRI AR AR S e 3, T L A=)
RN B, 16 XA SR GERIRSE , 1 MU IRGT, 25
NZERY A A AR R BRI B2, TR AR
AU S VAR FE R 8 3t o] 9 SR A A= WA, i L
A DATE S R R B O R A, — SR IR A A
R{5 Y TIEAAE I — FR— TR, A1 2
HTIRZINENZ L s TIER: Ak B
RAFE SR SER AR B ARl B
TRIAE DY, 25 Dy BN TS Y 1 e b 2540 1 - S 3 Ak
Jot, I HL i k5 g, FRTE LT R R T AR ARk A
BOHPERZ SIS IR R A ARk A PNE R HOR L
Fetzas FROAOHRE R AR O EE 4 T G BRI A HA
BT RITE R RS AN DR AR X R ek R AT
TR & R 5 Y LRI T — RSN AR, RIS
T G, A RN RAA B VTS Y LT R
TSRS,

UE IR SERR B , 18 S U A R o5
NRZEAI AR 2 BIBR GBI, AR ik
AENEE 1R AL R H 1, IR e T AR
PRI Z 3 TR R , S 8B E MY A BEIE R
Az ROl SR RAR NG S P A AR G — SE ), AT
HE LT ( Arbuscular mycorrhizal fungus, AMF )1 FH £ 1
BREREE T, BT AR (Arbuscular myc—
orrhiza, AM ) it & i5 MM 22 ] LI 73 B A CAR i 2]
WK A5 SR T 3R A O, B e R A K
L 2 —E A AN, SME R ARAR = T AR
R WA T AR G B & L e %R
P T E T, AMF & —Fh R R B UIAROC
R4 1A, BE 5 AR R IE BT AR Y B LA 1, 909 1Y
Rl AEARIAR AT LIS B X ANEEH o Chen S5 A I RARAE
2 e v [ RURB AR A= K A [ I B iR A% R i
W AZ R RS R BAS 2 TR i, A AR 1R 22
REZEEF ] LS P A E ) B PR, A aldis
I P ACREAZ R U TR B R TR A TR
Glomus. lamellosum WIARANE 22 P W FRER I H4 12 ik
SRR s BREYIAR 0 Rufyiki 55 &3 AMF R
HNE 22T LU 250, R N GUR] IR R P, [R] i
Wl I ] AR A 5532195 de Boulois S LA TERURHE
T Y LI IR E R AR AT AW I AR LTS 19, ]
AT TN AMF 755 4 e 205 i e A AT H i
AN E H AT BRI AL,

AR E R SSMT, X 9Cs 15 e 34
KB 18 AR = S A THE R AMF, W5 1% AMF A0 BEXT
AT 1Cs 15 g% - S b AR AR R R SR 4RI
MR PR R B PR F s 4R 17Cs REUREMm, BT o
AMF b3 5 IR PR AL AR L S ) & A% R e
HZIRKFR, I AMF fEY E B R T5 Y 5%
SN HET S, AT E R AR AR S R BOR
TETA RO 3875 Y b (4 R SR HE BRI

1 #REF*E

1.1 ik 138 Vs TR

A3 - A P R R R S bl B 1, LB
R, AT IR 3R F 7:1 FeBlR A, H pH (E
581, 2K 1.84 g-kg ', AR 10.62 mg kg™, AL
B 25.65 mg kg™, 1A H R FEK & 25.4% , A P
Tt 8.4 g-kg!, I A TS FH R R K b KB
24 h, FERBEPRORAE | JRE R I R
330 mm, [ 1148 320 mm, B 753 1 8.0 kg( TH ), #%
FT ot 0.1 g BLEREL N 0.05 g MR — &V it AR
JE, oKz H Rl KR, P 2 SRS A (8.0 kg T
+ )R FGEHE it TCs VL, B TR
FRELFIY Cs T 3.0 mL A 30 mL /K Cilct
PETE BE R 3.41x10° Bq), SR 5 e A L8 BEHL e AR
TG G o FROIK 2 AR K B 70%~80% , 1554+
HER AR RNR AT R A S 1 R AU
J2 A T BRI A, R TG B 2 S R B R
1.2 X E

Bt AMF WK $E 5 (6. geosporum, G.g) , FE VY
BRPERE (G. mosseae ,G.m) , HRIKFEFE (G. versiforme,
Gv), W ERFEFE(G. etunicatum,G.e) F 1B FR LR
(G. diaphanum,G.d) o &6 186 FAHPIAREL AHN AR
BRI A0 ARSI B 22 R MR B 8 (b T Tl e MR 22 Bt
TP E S S TR T P = et ) . BeFPRE L
TSR -H IR ARSIV E Y BT, DL — i s
SRR B IE ARAT RIS I T R, A B
40 gl
1.3 RBAHRE

BOF-7 5 1 254 1 6.0 kg T3 — R/ TR 28 k1
L SRIE I STIMAEERF 50 g 1 300 g P 1R A
Yy, # Fh 105G HE A 4 19 18 1L = 3R (Sorghum halpense
L)1 (P Bk 4 R /N— B H AR 9 1 10% H,0,
X UEA TR R 10 min, 2K /Yt 2 UUR FE
TREEFRAE 25 CHEZF ), A SRl 3~5 HL, e



B VB BRITR AMP)R Cs 50 LSRR AL K HURRIm R R O 055

Pl V-l I AZE P T AT o N R A BN A4S
B K R, BN FER F SRR/ NX, B 7 IR
B R e /K 2 H [R1 R K 5 70%~80% , & FLAE FE.

DL 0 76 VG R 2 P 1 X B i &
i
1.4 MEFHZ*

YA 20 G R B T 3852 B
A BRI B TR v e T  ARFEBT AL 1 em AR
B, B ER AT AR TR 2R - i A8 ORI E AR &R
) TR AR A2 e 2607 TR AR AR 4 22 (% ) =100 B AR % G 11y
HRBEA /G A AR B ) K B s A T3 25T E A
Hiy T BT R SRR L, AR R R 2SR 9 R 2
RA AR R R AR ZE P 2 iR 25 iR -
BEAKIEAL SR F 5 R 15 A 5 - 8 omle o =
TR TR VBV 2 — AR A BT H € ) S 081 g X 2 3 5
() 5 0 00 5 A B I A T 0, B P W R T P b
T it R B2 R T 43 1) R pHS.0 F B R ER 2% vP Ak
pH7.0 FYFT A6 R~ B2 5% P . pH10.0 F TR 22 ik
PR,

MW AN A HEAE S YCs A% 6 I 2 R
Fuhrmann S8/ 77750, HHPHET ISR 2.0 g AF S B
REETROIGIRUN , LIRS 100 g, B A/NREE
Iifr. RTEETE HPGey 151X (GWL-120230,0R-
TEC) B, M E] 1~3 d ANSE . XTHEPIRE i A+
HE YCs 1Y 661 keV WENEF T ECME 04T, TR
YIKFERN L3 Wies R WG, R TIHEAY
HERE

BF(Bioconcentration factor):Cl)la,,./ Cai
FCH € I AE ) Hb TS 50 P O 1 A 2R 1 L 3
Bq kg TH ; Co N HIEP R HAZ R W LGB, Bg-
ke! T,

K FE R R B B R ) R, 7E A
[vi) F 5 M D S5 AT AT B WS R I S 3 A O
GWL-120230 [ Cs B HEHMSCEN 7.97%.

1.5 Zita

K SAS8.1 B ANOVA i FEEF 725 5 i &k
MBS, 1LSD ik T 2 E BT, R CORR i B4
[H 78] (A0 5% B2 500 B, REG 33 A —Jngk vk [l 1
53T

2 HBRESW

2.1 BREBRE
AR AMF XS AERAEZR Cs {50 13T 1

RESAR R R YCRILE 1 fiR. 53R, R4k
FRBAWEEE] AMF (ZYL RIS, 3R Y 5 i AMF 12
Je it 509, Hoh G.d 7Y%, i55162.42%,
5 Gy L E R AR E R THMEF(P<0.05),
FEFPRNTR] AMF J5 %0 A g SR B AR R A LR 1) 5
fRITTH G.d>G.v>G.g>G.e>G.m>Non—-AMF

70.001

[=)]
=3
[
(=]
T

50.00f

N
o
(e
(=]
T

nization rate/%
|
i

2 30.00F
&)
A 20.00F
=
™ 10.00F

0 . . . . . )
Non-AMF G.g G.m G.v G.e G.d
AMF
B 1 #ZE 0 TR IBETARERMERSRRAEERE
Figure 1 Colonization rate of different arbusculor mycorrhizal fungi

(AMF) on sorghum haipense at soil contaminated with ¥'Cs
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Table 1 The effect of different arbusculor mycorrhizal fungi( AMF) on sorghum haipense growth at soil contaminated with ¥'Cs

AN T Fi/g-por” E T H/gpor MW d/g por  Hkfdfem-plant! - plant”
G. geosporum 3.56+0.31ab 6.08+0.17b 5.38+0.15b 135.65+5.75bc 4.44+0.34b
G. mosseae 3.82+0.12a 6.93+0.24a 5.93+0.22a 153.65+4.83a 4.9420.12a
G. versiforme 3.13x0.15¢d 6.28+0.29b 5.35+0.27bc 139.63+6.18bc 4.55+0.05b
G. etunicatum 3.36+0.10bc 6.08+0.21b 5.67+0.24ab 130.50+5.48¢ 4.27+0.11b
G. diaphanum 3.19+0.14cd 6.90+0.39a 5.25+0.10c 144.28+4.20ab 4.86+0.13a
Non-AMF 3.03+0.07d 6.20+0.22b 5.08+0.10c¢ 124.67+6.29d 3.94+0.14¢

T RSV R A RVNG FHREIR P<0.05 KFZERRE . FIE.

BT B IR A K B 25.63% F1 23.35% ; X Bk i F
T8 T &3, G.g .Goam Gy Fl G.d BN T 1a
SR IRE 5 (P<0.05) , 5% BEAH HL 43 3138 0 T 10.98 .
28.98.14.96 cm 1 19.61 cm; #Fl G.g.G.m Fl G.e
ER T T EMM N E, B LEER G.m &L
AR AT BEWR A 5 R 26.07% 1 16.73% .
2.4 B AMF MERERIRZEN.P.K EENFMN
BeAh AMF (13 A K AER R V0s 5 4 LR
AR SR ZE N AT K F & B s X IR (P<0.05),
MFE 2 aTLIFE Y, Heflh 5 Bl AMF A3 2 [ X0 1 AR
SEMRZE N Ml K S EZEF AR, RIRE 8 EKF H
X EHR R SRR ZE P & sokeidi, AN AMF AbHERICR 22
SRR, HXREAELE,G.g.G.m Fl G.e WEFER T 1A
MR SR ZE P & i (P<0.05), 11 G.v ALFRFRAE T 75 42
FYEARZE P i, HIRE K (P<0.05).

R2 Cs IFRIETEMERMNBRSRIRE
N.P.K & EH0T
Table 2 The effect of different arbusculor mycorrhizal fungi( AMF )
on N, P and K concentration in rhizomes of sorghum haipense at

soil contaminated with *’Cs

AMF N/% P/% K/mg- ¢
G. geosporum 1.77+0.12a 0.38+0.01ab 16.77+0.67a
G. mosseae 1.84+0.01a 0.39+0.01a 16.66+1.04a
G. versiforme 1.82+0.02a 0.32+0.01d 16.64+0.74a
G. etunicatum 1.83+0.06a 0.39+0.01a 16.21+0.66a
G. diaphanum 1.81+0.05a 0.37£0.01be 16.07+0.88a
Non—-AMF 1.66+0.02b 0.35+0.01¢ 12.93+0.62b

2.5 AMF X EIRS RIRRRUSBEER S N 1B
B =R

M 3 AT LIE Y, S REA EE , 4% 5 Fl AMF 4G
PRYRRIRRBE (3 T IR MR R W vE 1, b Gom
SRR AR T, WG IS F) 1.53 mg-kg'-h, HIE
T H A 4 B AMF &b B (P<0.05 ) 5 T X6 B 12 i 2 i

AR VERERR R TEVEGE T 3T R B, 5 AMTF Zb3 Y
X B (B 22 AN 2 (BRAMEE Gom XA
FR S PR RZ A0 ) 5 5340 2R AN TR AMF Ab X 4
FEA B R AR — 225 Rl AMF )5, -
A R T R IR R R, AR G,
G.v Fl G.e AbHE 5 %} BRIk 21| {2 25 22 57 (P<0.05) , [
R BUE G.e LbFE I 355 30.70%

&R 3 VCs BRIETEMERNEIRS RSB EREEE
ML IRE RS BRI
Table 3 The effect of different arbusculor mycorrhizal fungi( AMF)
on phosphatase activities and available P in rhizosphere microdomain
of sorghum haipense at soil contaminated with *'Cs

FRVEREIREG OREBEIRE,  Th IR ES AR
mg-kg'*h™  mg-kg'+h”

AMF

mg kg +h™! mg kg™

0.44+0.01b  0.39+0.03ab  12.92+0.39a

G. geosporum 1.34+0.06bc

G. mosseae  1.53x0.06a  0.50£0.04a  0.42+0.06ab  9.08+0.41c
G. versiforme  1.33+0.07¢  0.45+0.02b  0.35+0.04b  11.80+0.54b
G. etunicatum  1.42+0.02b  0.45+0.03b  0.44+0.0la  9.03+0.54c
G. diaphanum 1.32+0.04c  0.44+0.02b  0.36+0.04b  12.35+0.23ab

Non-AMF  1.22+0.03d  0.43+0.01b  0.37+0.05ab  13.03+0.07a

26 BIREREERE (s RH SR IRRUSIBEL B
RN A )3 9 A

TERR S & AR R YCs R BUGAR PRIk 2 1l
TR R R A AR S B A DL 3 B T
3A FE 3B R TE A 5 & AR R VCs RES R
TR T Pl P R 15 47 S W (2 2 1E AT 26 (P<0.01),
AR EE] 0.913 9 F10.918 7; M 3C 1T LU
F IR R R Vs RS B R ARG M
2[R AH O BRI, AR 31 38 K, B e mT DL
Wi R v SR AE A A 2R s BT R AR L
T P Tl T Tt R 2 ol R W 6 A G, 81 3D B AR
R EEER TCs RIS TR S F N B 1)
FAAIE(r=—0.8519,P<0.01).
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Figure 3 The regression analysis of bioconcentration factor and phosphatase activities and available P in rhizosphere microdomain of

sorghum haipense at soil contaminated with ¥'Cs
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