| T T

W +Hiindd 919

HS3E AW
2016 47 H

——

T OB o iR

ACTA PEDOLOGICA SINICA

Vol. 53, No. 4
July, 2016

DOI: 10.11766/trxb201511090480

(T

AMFFIPGPRI& & R R T T IR
BT KAK EEW 2 & xE#"

(1SRN KFHRAEDEARBGT, IWRES 266109 )
(2 FRLRAPOIEZE, IWRED 266109)

H E MHE MR E B (arbuscular mycorrhizal fungi, AMF ) AR B2 A 405 ( plant growth-
promoting rhizobacteria, PGPR ) AEREMEA %A DL, {H 53 11 v 4% B8 WY e it o 24 1 R DL 4T T
AR I B A E AMFAIPGPRA L HF B i 55007 o 36 34 F B0 . 50, 1001150 pg ¢ ' N, X%

(Lycospersicon esculentum, fhFF45 ) M AMF Glomus mosseae (Gm ) . Glomus etunicatum
(Ge) . PGPR Bacillus subtilis (Bs ) . Bacillus sp. B697 (Bsp) . Pseudomonas fluorescens (Pf) |
Gm + Bs. Gm + Bsp. Gm + Pf, Ge + Bs. Ge + Bsp. Ge + PERIAHERIXT I, JLa8-abs, 25550,
R Gm 1IN TR X AR N PGPRIE A AL, M PAAL B i 3548 % T AMFIR R, RIIGm 5 PhE
BEA AR HE . HEBE100 ng ¢ /KF T, Gm+Pf AbFR ik &5 2% i T IMBAL B, b b3 T 8 5 3 v
TIHAMAEEE (Ge+PflRAN) , MR THEE S TXIR . PCPREAEIMGe b BE ; 1 AR P A B i vk Ji D) b
FART H A AL FE, =50t eprity U 52 2K T HABAL FE ( Gm+Bs. Gm+BspMIGe+PfFRAN) o AMF, PGPREL
AMTF+PGPRAL B ¥t 35 B A Tt 44 P9 P RGBAR M BE o G S0 ~ 100 pg g '7KSFE R, Gm+Pfid 2 AR X
e sk B, L FRIKS52% ~ 60.6% . AMFFIPGPR D & $2 75 T AR X 39 b B Jlig I8 S Bt 0 1k
o LG+ PREEL & b PR A Bl TS P e 5 . B AMF PG PR BB L o 4 398 b 5% 80 RE B IO R, G+ P

A A T R S
XHEin

FEASES Q0939.96; X53; X592

FE AL KRR RGN, H56T+
HErh A 2R 2 B L A A AR 235 e 1Y
b SR AR AT T A A A DR ()R — ok 2R
52, MEHEMRE R (arbuscular mycorrhizal fungi,
AMF) fEfe gEAE Y WM IR 73, R A H ISRk
XY TE G, s LR, BT g
+ 4, WREA ERPPLEYE Y AMPAEA —
SE M A WL R AT RE ), T L AT SRR A A Xt
RS2, AR bR 2k R i 0 L R
AMF HAT W7 (R 1 fifp - S vh 5k B AR 245 9 A P 254
L 3 TR AP RS R Al 22 At R A

DA AR I ; MBI AN, R, &2y, HIEBY,; WiRBE
X BRI A

(10 SR, AMESMiA B4 ML R AN B —
S Jr BRAE o W e fin s AMF (9 B ff a8 i, 52 R S B
MEXEKR,

TERRMEFEAMFIIREMIBT TS, AT 2R
FRIAE A= 41 T (plant growth-promoting rhizobacteria,
PGPR) NMUBAFEMAFTAIY . BRI+
HEm Ve L e, AR AR 3 Bacillus
subtilis GBO3 . Bacillus subtilis ¥ZB24 . Bacillus
amyloliquefaciens IN937afBacillus pumilus SE34
Y57 B8 A [A) A2 BE i R 9T e 8 (acibenzolar-S-
methyl ) | FETLHEE (BLTLM, metribuzin ) | BUE
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A AR R EE ( propamocarb
hydrochloride ) FIWEH 1% (thiamethoxam ) (13 5
M H, —& %/ FPGPRY AMFAEHH B 42 i 2 5
D)ok - s B AR M L WAL SR . SR
B MEE R AR AR R Y JERES
BEIGYIEL Y ZR% Y g B dcaulospora
laevis 90034, Bacillus sp. DW1F1Gordonia sp.
DH3 R K 41 45 45 b Ak 235 i Wb 2% 2 1+ 498 v 46
ARHER5ETE (DEHP) MREME; 10 H 15 R
AR ( Rhizobium meliloti ) W) 3388 7 AMF
Glomus caledonium*t 2 G HE ( PCBs ) MIREfERL
S sk 3 B k2 R 4N A TR v AMF S 42 Ak
R, W PCPREE A AME P[] 437t + 16 vh 5% 75
REGBE T BIRAKYE . BT AR FI AMFRH A G A )
TEA SO R A b RS AMFAR
A8 HABA f A5 W b [m] & 45 e A BILtE A 25 1 A
L e — 2

Y Jre w2 R I AR R A DL e 28, Lo
Hh R B R . BNk B AR 2 R AR, X
A 0T LR I A MF T Pz B A 2 1 32 A
AMFLEHE T 30 e 0 WSO FIAB AR A 1 o Sl it AT
RN AMF {52 5 7 A 1) AR L3007 A 1 8 v Y Y gt
KRRk, IR AMF R A AR A 32 4008
T REEAR T FH e i A 245 %8+ B s e R B . AR,
TR 5 AR L R0 25 R DL SRR —HEWT . PRt
AMF RE A2 i FP R Ak o P e S o T LA 1A
FHENE, EF N AMF S5 PCPRZ (A A BAEH T i
R AR R, AMF R SCHEMERA, PGPRI
B9 AMF 73 fif A 25 i 800 iR . AN H A2 3
#r e B AN R KF T AMEF 5 PGPR A A
FH Kb [l Ak F e i i R0, itk — B R R AMF
FIPGPRIYfiff L e vh 3R B A 25 | 1B 5295 Y LI AE
FAPL 5 BAR B85 SE Al

fi ( napropamide ) .

1 PRSIk
1.1 kiR
AMFE # Glomus mosseae (Gm ) F1Glomus
etunicatum ( Ge ) H I KFIEPTIR K2=Lyn Abbott
PR, LADRAFTE AR B M 2R N L 3 i ot v 1) £
T T 22T AR AR B R

PGPRE FBacillus subtilis ( Bs ) . Bacillus
sp. B697 (Bsp ) FllPseudomonas fluorescens ( Pf)

H AR 52 B B = I R A AR A L S R AR
fro RAFERERERAKRERE (FRE30g. HAWK
10.0 g, & fLHN5.0 g, ZEE7K1 000 ml, pH 7.2 ~7.4)
MEHEE R 5 (K, HPO, 1 g. KH,PO, 1 g.
MgSO, - H,0 0.5 g. NH,NO, 1 g. CaCl, 0.02 g.
FeClyfifiit . pH 7 ~7.2) RiFEPGPREA A4 H -

Zem (Lycospersicon esculentum ) i Fi 4 id
MR H A AT RS A /A7 . ik M
0.1% 1) FHARERERHL10 min)5 FHIE KBS, FEH60 C
RIS min &AF/KEF12 W5, T25~28 C
Fe IR AR R 2F A

R 2y (90% ) , LRUFEA T AR F
e

B+ pH 7.9, AHLF9.47 g kg™,
£H0.81 g kg™ HAHE10.2 mg kg A
84 mg kg'o RHAIERH M ARTEHL, L5 HrillE
R . B 0 (1 mm)
MKE (121 °C, 1h) J5%M.

1.2 Rt

K H R = A A, W B KFo . 50,
100, 150 pg ¢ ' F, A H#EMAMF Gm. Ge.
PGPR Bs, Bsp. Pf, Gm + Bs, Gm + Bsp, Gm +
Pf. Ge+Bs. Ge+ Bsp. Ge+ PIHURN{ERNGTIE, 1h48
AAbEE, BENLHED), EESWK. IR, 5N R
AR I, Al ims0. 100F1150 pg g™
H e, DA IS0 25 T AR 25 1% 1 SR I i 45 i
JIT I 2 ) 5 A B 9 v 1 B el v B A e 2 1 R I
Fif B3 S VR B
1.3 R, EMEEE

B EIRKE AR (30 emx 20 cm )
TS kg, VTP RO FR R, M HIR A L
Herp, BERP AME AL B B AMASO g2 F i, A
TR R A S5 S 14 A= K 7E K B 3 5T ) R R AR
FRMHKEFRETT, DR AR R 0 A AR FE A P X
Fo RIE, KPRLH ZERN TR A AN . R E
ML L OB BORIR BER B AT N TR, DUORAIE
WS, AR, BHEEEEEIR, T2~3
F gy v R AR 2 A PG PR 510 ml BV
(107cfu ml™"BRVR ) o HRAEET IR ELTAE A1 K7 FA
*ﬂiﬁiﬁgﬁ%gﬂ:qjﬁgﬁﬁ%?[‘}E:iO%E@Hoagland’—é_h?%
W HEFIPGPRACEE2 ., 4. 6. OFI17 dfi, REMR
IX. |- 8 5 B PR B 100 g g KT F 4 b 3
Jiie it U S ME s T HERPPGPRALFEZS )5 il 2 AMF
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RYIRDL . R X LA NPCPRE A Bt ; T4
Foft 5 34~ H 00 AR X g v PP B e R
1.4 MEEIRSHZE

ARG LiuFl Luo "0 B 3 (4 AR BEIR 24 0 )7
M AMF (2R 0 3 AR BRI R A S
Bs DA O 003 — PR 500 5 DN B T o T AR AR
MWK b A 25 RiBashan®E 1220 Bt
FIART LR 2 485 0 75 30 5 B 7 o B AR X 3 v
IR R FPCPRA R RS .

PR el e 3 4 LG B/T'5009.145-2003 ( HiAg A
P LT R T3 A 3 R v ] D S b v AL LR 5L 4
2003 ) PEATRTIN . A A5 H R A R AU €0
B, RAVSME (UEEFR ) fvkE ik, (R B B E
P BRI SR # . FREGEES mm
i £ 45 ¢ B A100 ml B0, INNEN20 ml, SR)5
BTSSR A 15 min, 3 600 r min
5 minf5 ¥ W WEA W ESF, I A 5 T
UEER B RE S . BIFENE, FH30. 15, 15 ml—
AW BRI, R RLOM T ( JC/K B 4k
KD, NREET, HNEERE10 ml, £F0,
a4 . Varian GC 3800 FH @ RE(L ; AL
WEE230 C, KM ERE300 C; A A RN,
(99.999% ) , fH¥1.5 ml min™'; fiEH HHP-1
(30m x 0.53 mm x 0.88 um) AIEBYNF:, F
FETHRIME , 7680 CAEFHT min, LA15 °C min 'f¥
THRHEZRTF 2170 CHEFF1 min, K510 C min™'
T+ 2235 CHFES min.

RGBT bR (%) = (C=C,) /1C, x 100%,
Horpr, Co. C NG B SN 25 I 14 i e
JE (pge™) o

P Jle 58 4t 6 3% M % Kiriuk hin 2 22 97 v )
SE o — AN AT E O R RIE A pmol 2,
6- A &R (DCPIP) I E . DCPIPTE
pH7.50F, Fa4r TG RECH21. 5% 107,

1.5 HEFHIH S0

N HDPS 7.05% 44 (L& F15 B HEARARA
A ) B HEAT Oy 2240 B, R PR R 5 2 40 B
(two-way ANOVA) | ZHE 2/ i MLSDL &
b4 .

2 4 R

2.1 TERARERRHEKFETAMFNPGPREE

HENEN

W45 %W, 50 ~ 100 pe o "W K R

N PGPRE FHE I, RN Ge FIGmAh B I 2
WM T PGPRIGE SR ; 1Mi150 pg g FMIFEAR
PGPREHE, HAGmAbH B 2 4275 T PIH & 7l 4L
T M EBEFMPGPR . AMEF it I AS [ e 2 F i
WP EAEERLE (F1)

22 TERAREHRERBEKETPGPRIAMFA K

KBRS

WFFE 4 521, 50 ~ 100 pg o'W BcHE KT

NEZMAMEP(R 3, 150 pg o F W FEACAMEF{
Yoo HEFRPRAL PR E IS INGe MCmAIR YR | Gmi
MG AR R R Y ORI AR R
ZHE MR RER I AR HECm R Y A K A H . AMF
12 Y SN B BAE RV PGPR . AMF 5 i A [7]
JE R el — R TR R BAE (R2) .

2.3 AMFANPGPRX & Al B 0k & < A1 B B2 85 K /&

9p=A 0]

AN ns0 ug o B SF R, Bs. BspAll
PRSI HE R AAAR A K (JEIL) , Hokm 50Xt
FEA 1205 . L35 AILA4%, M L3135 430 %o R
L7655, 1ofF2. 165, H2ERE8H (p<0.05) .

BT 3erh BBk BE SO ng o7 A AF T PGPRAS 76 i
PRAE R 2
Fig. 1 Effects of PGPR on the growth of tomato plants grown in

the soil added with 50 pg g”' methamidophos
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FR1 TEPARREHKETAMFMREX TIEMIBRAPGPREANE (x10" cfug™) HFM

Table 1 Effects of AMF on inoculation of PGPR ( x 107 cfu gil) in the rhizospheric soil and roots relative to concentration of

methamidophos in the soil

AbFTreatments

HRIX 447 A
B KF _ A Root zone soil In roots
Methamidophos levels (pgg™) Inoculation
0 Bs 3.20 £ 0.23jklmn 1.37 £ 0.09hij
Bsp 2.80 = 0.06klmno 0.80 £ 0.06jklmn
Pf 4.50 £ 0.06hij 2.57 £ 0.20ef
Gm+Bs 6.53 + 0.78defg 4.37 +0.20¢
Gm+Bsp 4.60 + 0.58hij 2.30+0.11fg
Gm+Pf 14.60 + 1.37a 8.90 = 0.44a
Ge+Bs 6.73 = 0.50def 3.10 £ 0.06de
Ge+Bsp 5.87 £ 0.43fgh 2.80 £ 0.17def
Ge+Pf 10.40 £ 0.79¢ 5.60+£0.21b
50 Bs 3.37 £ 0.26jklm 1.07 = 0.091jkl
Bsp 2.97 + 0.20klmno 0.601 + 0.06mno
Pt 4.27 + 0.26ijk 2.70 £ 0.35ef
Gm+Bs 6.47 + 0.55defg 4.67+0.61c
Gm+Bsp 4.17 £ 0.19ijk1 2.50 £ 0.23ef
Gm+Pf 14.70 + 1.48a 8.73 £ 0.43a
Ge+Bs 6.30 = 0.29efg 3.03 £ 0.26de
Ge+Bsp 5.10 £0.17ghi 2.30+0.12fg
Ge+Pf 10.83 + 0.60bc 5.50 +0.35b
100 Bs 1.73 £ 0.12nopqr 0.70 £ 0.12klmno
Bsp 1.87 £ 0.10nopqr 0.30 £ 0.06n0
Pt 2.701 + 0.17mnop 1.20 = 0.12ijkl
Gm+Bs 4.47 + 0.20hij 2.80 = 0.23def
Gm+Bsp 2.53 £ 0.15mnopq 1.47 + 0.20hi
Gm+Pf 12.07 = 1.16b 5.70 £ 0.40b
Ge+Bs 3.53 £ 0.29jklm 1.83 £ 0.18gh
Ge+Bsp 2.37 £ 0.10mnopq 1.23 £ 0.09hijk
Ge+Pf 7.47 £ 0.49de 3.40 £ 0.23d
150 Bs 0.70 £ 0.11r 0.23 +0.03no0
Bsp 0.80 = 0.06r 0.13+0.030
Pt 1.30 £ 0.17pqr 0.40 £ 0.06mno
Gm+Bs 2.30 £ 0.17mnopq 0.97 £ 0.10ijklm
Gm+Bsp 1.10 £ 0.06qr 0.61 + 0.06mno
Gm+Pf 7.87+0.61d 2.70 £ 0.12ef
Ge+Bs 1.50 £ 0.170pqr 0.80 + 0.06jklmn
Ge+Bsp 1.13 £ 0.15qr 0.40 = 0.06mno
Ge+Pf 3.20 £ 0.23jklmn 1.30 = 0.12hijk
BHEMERI Levels of significance
M x AMF ok ok
M x PGPR ok ok
AMF x PGPR ok ok
M x AMF x PGPR * ok

TE: Bs: B ZFMIFFR; Bsp: ZFMAFFRBOOTHIBR: Pf: POGMREAMIA; Gm: FEVIIRER; Ge: AERRMEHE; M. WHHE;
AMF: MCAMETR ; PGPR: MREEAEME . “RRAES%K 25 BHE, FoRIE1%KTF 2583 Note: Bs: Bacillus subtilis;
Bsp: Bacillus sp. B697; Pf: Pseudomonas fluorescens; Gm: Glomus mosseae; Ge: Glomus etunicatum; M: Methamidophos;
AMF: Arbuscular mycorrhizal fungi; PGPR: Plant growth-promoting rhizobacteria. * means significant difference at 5% level; and **

means significant difference at 1% level
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Table 2 Effects of PGPR on colonization and sporulation of AMF relative to methamidophos concentration in the soil
AbFETreatments
——— AMF{R Y% PN EeRaE HUE244 A RE EiEh S 6
1 AMF colonization Arbuscule Vesicles Entry points Spores in
Methamidophos ) » » .
levels g g ) Inoculation (%) (%) (mm™) (mm™) 50g soil
0 Gm 67.83 £ 4.42hcdefg  43.53 + 1.94cde 5.67 £0.33ef  7.33+0.33e  149.3 + 3.8efgh
Ge 64.57 £ 2.94defgh  40.17 £ 3.41defgh  4.33 +0.33f 8.33+0.33d 159.3 +4.9cde
Gm+Bs 74.17 £ 6.41abc 4420 £ 1.27cde 6.33 +£0.33d 9.33 £0.33¢ 144.0 + 2.9¢hij
Gm+Bsp 75.57 + 4.14ab 39.10 + 1.10efghi ~ 7.33 £0.33¢  10.33+0.33b  167.7 +5.5bc
Gm+Pf 79.23 +4.16a 53.70 + 3.87a 9.33+0.33a  12.00+£0.58a  176.0 + 8.5ab
Ge+Bs 73.10 £ 4.10abed 42.37 + 1.68cdef 3.00 £ 0.00h 9.33 £0.33¢ 143.0 + 2.9ghij
Ge+Bsp 71.53 + 2.54abed 46.57 +3.15bc 5.33+0.33e  8.33+0.33d  158.0+3.5cdef
Ge+Pf 75.40 + 4.33ab 45.37 £2.31bed 6.33+£0.33d  7.33+£0.33e  147.3 +3.2{ghi
50 Gm 61.73 £ 2.14efghi  40.73 £2.22cdefgh 5.33 +0.33¢ 8.33+0.33d  153.0 £ 2.9defg
Ge 57.87 + 2.80hij 38.23 + 1.82efghij  3.00£0.00h  9.33+0.33¢c  157.0 + 2.3cdef
Gm+Bs 67.83 £+4.07bcdefg  41.47 +2.43cdefg 4.33+£0.33f  9.33+£0.33¢  140.0 = 2.3hijkl
Gm+Bsp 69.67 + 4.22bcde  36.90 = 1.79fghijk  6.33 +0.33d 9.33 £0.33¢ 160.7 + 3.8cd
Gm+Pf 72.40 + 5.63abcd 50.73 £ 2.40ab 8.33+0.33b  11.00+0.58b 182.3 £9.6a
Ge+Bs 67.00 £ 2.07bcedefg  36.37 + 1.79fghijk  3.00 £ 0.00h  10.33 +0.33b  145.0 £ 2.9ghi
Ge+Bsp 65.50 £ 2.89cdefgh  42.50 +2.40cdef  5.33£0.33e  8.33+0.33d 157.3 = 3.8cdef
Ge+Pf 67.70 £ 3.70bcdefg  42.40 + 2.25cdef 7.33 £0.33¢ 6.33 £0.33f  149.0 £ 3.5efgh
100 Gm 55.30 £ 1.77ijk 35.13 £2.31hijkl  4.00 £0.33fg  6.33 £ 0.33f 144.0 + 2.3ghi
Ge 50.73 + 1.36jkl 32.17 +£2.34jklm  2.00 £ 0.00ij  7.33 +0.33e 145.0 + 2.3ghi
Gm+Bs 60.40 £ 2.02fghi  35.33 £2.34¢ghijkl 3.33+0.00gh 8.33£0.33d  128.7 + [.5mno
Gm+Bsp 61.70 £ 1.65efghi 31.27 + 1.65klm 5.33+0.33e  7.33+0.33e  150.0 + 4.0defg
Gm+Pf 69.40 + 2.98bcdef 46.47 £ 2.28bce 7.33+0.33¢  9.33+£0.33¢ 173.7 £ 7.8ab
Ge+Bs 62.33 £2.25efghi  33.47 £2.31ijklm  4.33 +0.33f 7.33+0.33¢  133.0 = 1.7jklm
Ge+Bsp 60.10£2.51ghi  38.40 =+ 1.91efghij 4.00+0.33fg  6.00 +0.00fg  144.0 + 2.9ghij
Ge+Pf 61.30 + 2.34efghi  35.10 £2.17hijkl ~ 5.33£0.00e 5.33 £0.33gh  137.7 = 2.0ijkl
150 Gm 43.10 £ 1.73Im 30.13 £ 1.731mn 2.00 £ 0.33ij 4.00 = 0.001 130.0 £ 1.2lmn
Ge 39.20 £ 1.46m 24.40 £ 1.70n 1.33+0.00jk  4.00+0.00i  133.0 +2.3jklm
Gm+Bs 47.73 £ 2.36klm 30.97 £ 2.25klm 1.00 £ 0.33k  5.00 £ 0.00h 117.3 £2.0p
Gm+Bsp 49.90 £ 3.41jkl 24.67 +1.21n 3.00 £ 0.00h 6.33 £ 0.33f 137.7 £ 2.0ijkl
Gm+Pf 60.10 £ 2.15ghi 40.60 £ 2.00cdefg  4.00 £ 0.58fg  7.33 £0.33e 160.0 + 4.0cde
Ge+Bs 50.27 £ 2.28jkl 27.53 £ 1.39mn 2.67£0.33hi 5.33+0.33gh 121.0+ 1.70p
Ge+Bsp 49.20 + 2.14jkl 33.47 + 2.54ijklm  3.33+0.33gh  3.00+£0.00j 132.0 £ 2.3klmn
Ge+Pf 49.93jkl £2.09jkl  31.23 +2.28klm 2.00+£0.00ij  2.00+0.00k  125.0 £ 2.9nop
Y PER SR Levels of significance
M x AMF NS NS wx H NS
M x PGPR NS NS Hk wE NS
M x AMF x PGPR wx NS wx NS NS

T COm: FEPHRREET; Ge: ANERRIER; Bs: MRZFMUFTE; Bsp: ZFMIFTE BOOTHEIMK; Pf: SObLMPAERE; M. W
AMF: MAEARETE; PCPR: A EAME . NSERARARF; *RRILS%KFER R, ~*RRIE1%KF2ZRTHE Note:

Gm: Glomus mosseae; Ge: Glomus etunicatum; Bs: Bacillus subtilis; Bsp: Bacillus sp. B697; Pf: Pseudomonas fluorescens;

M: Methamidophos; AMF: Arbuscular mycorrhizal fungi; PGPR: Plant growth—promoting rhizobacteria. NS means no significant

difference; * means significant difference at 5% level; and ** means significant difference at 1% level
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Table 3 Effects of AMF and PGPR on tomato growth and methamidophos concentration in the soil added with 100 pg gfl

methamidophos

(T

. T& PP JHe 5 v i Methamidophos contents
Qb 3 s Dry weight (g plant™) (pgegh)
Treatments Pla:” he;ghl £if "E £if "E
o Stem with leaves Root Stem with leaves Root
CK X g 90.4 + 1.0¢ 23.1 £ 1.2def 15.5+0.9¢ 3.3+0.2a 7.8+0.3a
Bl B 2 A B 93.5+1.7¢ 262+ 1.2f 16.5+1.2¢ 1.4+0.1c 45+0.2b
Bsp 2 MIAF & B697 T £k 92.5 + 1.4¢ 25.9 +0.6f 16.8 +0.8¢ 1.7+0.1be 4.1%0.1b
PGB P T 98.5+1.2¢ 25.1 + 1.5¢f 15.9 + 0.4¢ 0.8 +0.1de 2.3+0.1d
GmEE PPk 98.6 +0.3¢ 31.2 +2.0bed 22.4 + 1.4ab 1.0+0.1d 3.3+0.1c¢
eI B3R EETE 94.6 £2.2¢ 29.2 + 1.8cde 20.4 +0.8b 1.8+0.1b 3.4%0.2¢
Gm-+Bs 5 P4 BR A 55+l 55 2F B AT 1 99.5 £ 2.6¢ 30.7 + 1.6bed 22.9 + 1.7ab 0.3 + 0.4fg 1.320.1e
Gm+BsplEE PUER SR + ZE JUFF 14 B6OTIA MR 110.5+5.4b 31.7 £ 1.6bc 21.9 + 1.1ab 0.3 = 0.0fg 1.0+0.1e
Gm+PIIEE TG 3R 9 55 + 9O B 121.5+4.5a 37.7 +3.0a 259+ 1.7a 0.1+0.0g 0.5 +0.0f
Ge+Bs 415 BRAEES + G B0 2 RO FT 1 99.6 +1.2¢ 31.5+ 1.7be 23.7 +2.1ab 0.5 0.0ef 2.020.1d
Ge+BspZ ERRMERT+ ZF MU T B6OTHBE  110.5+2.3b 31.7 £ 2.1bc 21.9 + 1.1ab 0.7 + 0.0de 2.3+0.2d
Ge+PIE) ERRPE R + TOL MR TR 97.5+3.1c 34.7 +2.7ab 25.9+2.5a 0.3 + 0.0fg 1.3£0.1e
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K2 $EFPAMERIPGPRXS 138 b 4% B W el A 250 1k R 1) 52

Fig. 2 Effects of AMF and PGPR on mineralization of the residues of methamidophos in soil

E3  HREBE100 ng o VR E T AMFHRIPGPRXS AR X A 38 vh B g Ji3t 40 1t 7% 14 14 52 i

Fig. 3 Effects of AMF and PGPR on activity of methylamine dehydrogenase in the root zone soil of tomato plants in the soil added with

100 pg g”' methamidophos
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Effects of Arbuscular Mycorrhizal Fungi and Plant Growth-promoting
Rhizobacteria on Remediation of Soil Polluted with Methamidophos

XU Lijuan' ZHANG Jinzheng' YUAN Yuging’” LI Min' LIU Runjin'’
(1 Institute of Mycorrhizal Biotechnology, Qingdao Agricultural University, Qingdao, Shandong 266109, China )
(2 Central Laboratory of Qingdao Agricultural University, Qingdao, Shandong 266109, China )

Abstract [ Objective]l Arbuscular mycorrhizal fungi ( AMF ) and plant growth-promoting rhizobacteria
(PGPR ) are important members in the soil microbial community, capable of remediating soils polluted
with toxic organics, and China has large tracts of soils contaminated with pesticides and some other toxic
organic substances, waiting to be remediated. It has been proved that AMF and PGPR can degrade toxic
organic matters, however, little has been reported so far about AMF or/and PGPR degrading residues of
organophosphorus pesticides in soil. The purpose of the present study was to evaluate efficiency of AMF and
PGPR degrading residues of organophosphorus pesticides in soil and to remedy organic pesticide polluted
soils with the two groups of soil microbes. [Method] A pot experiment, designed to have a total of 48
treatments with concentration of methamidophos (0, 50, 100 and 150 pg g™') and inoculation pattern of
AMF and PGPR (inoculating tomato seeds with AMF Glomus mosseae ( Gm ) , Glomus etunicatum ( Ge ) ,
and tomato seedlings with PGPR Bacillus subtilis (Bs ) , Bacillus sp. B697 ( Bsp) , Pseudomonas
fluorescens (Pf) , Gm+Bs, Gm+Bsp, Gm+Pf, Ge+Bs, Ge+Bsp, or Ge+Pf) , was conducted on tomato
( Lycospersicon esculentum, Jinguan in variety ) under greenhouse. Colonization of AMF and/or PGPR,
and biomass of plant growth (such as plant height, dry weight of shoots per plant, and dry weight of roots
per plant ) was measured, and methamidophos concentrations in the pots and in the shoots of the plants
were determined with gas chromatography. [Result] Results show that Gm significantly promoted PGPR
colonization in the root zone soil and roots, while Pf did significantly AMF colonization, suggesting that Gm
and Pf are mutually promoted in colonization. In the pots 100 pg g™ in methamidophos concentration, the plants
in the pots inoculated with Gm+Pf were much higher than those in the other pots in plant height and in dry
weight of shoots as well ( except for those inoculated with Ge+Pf) , and significantly higher, too, than those
in control and those inoculated with PGPR and Ge in dry weight of roots. The plants in the pots inoculated
with Gm+Pf were much lower than those in all the other pots in methamidophos concentration in roots and in
methamidophos concentration in shoots as well ( except those in the pots inoculated with Gm+Bs, Gm+Bsp
and Ge+Pf) . Inoculation of AMF, PGPR, or AMF+PGPR significantly reduced methamidophos concentration
in the tomato plants as compared with those in the control. AMF and/or PGPR could degrade methamidophos

residue and the effects of dual inoculations were higher than those of single inoculations. Inoculation with
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Gm+Pf significantly reduced methamidophos concentration in the root zone soil, through mineralizing the
substance by 52% ~ 60.6%, when the concentration of methamidophos in the pots was in the range of 50 ~ 100
ug g7 Analysis of the dynamics of methylamine dehydrogenase activity in the root zone soil, reveals that
inoculation with AMF, PGPR or AMF+PGPR could enhance enzyme activity, and inoculation with Gm+Pf
demonstrated the highest enzyme activity. [Conclusion] It is, therefore, suggested that both AMF and
PGPR could promote degradation of methamidophos residue in the soil, and the inoculation of Gm+Pf is the
optimal combination under the conditions of this experiment.
Key words Arbuscular mycorrhizal fungi; Plant growth-promoting rhizobacteria; Methamidophos;

Pesticide; Contaminated soil; Mycorrhizal bioremediation
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