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Effects of Rhizophagus intraradices on the main biomass and thiram residues
of soybean at maturity stage
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ABSTRACT: Objective To study the effects of inoculation of Rhizophagus intraradices on the main biomass, the
total number of colonies, the number of azotobacter in rhizosphere soil and the thiram residues in soybean grains and
rhizosphere soil during the mature period of the continuous and alternate cropping soybean. Methods The residue
of thiram in soybean and rhizosphere soil was determined by high performance liquid chromatography with methanol
and water as mobile phase, C;g column and ulraviole variable wavelength detector at 280 nm, and the effects of R.
intraradices on the residues of thiram was analyzed. Results After inoculating with R. intraradices, the main
biomass of soybean had increased by 18%—65%, and the total number of bacteria and azotobacter in rhizosphere soil
had increased by 69%—154%. After spraying thiram, the main biomass of soybean had increased by 10%-34%, the
total number of bacteria and azotobacter in rhizosphere soil had decreased by 73%-119%, and thiram residues were
produced in seeds and soil of soybean. After inoculating with R. intraradices and spraying thiram (RF), the residues

of thiram in soybean seeds and rhizosphere soil had decreased by 24%-39%. Conclusion Inoculation with R.
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intraradices can effectively promote the growth of soybean crops, increase soybean yield and degrade thiram residues

in seeds and soil of soybean.

KEY WORDS: continuous and alternate cropping soybean; Rhizophagus intraradices; the main biomass; total

number of colonies; thiram residue
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KEEAREEENLZFEDZ—, EEENEHS
Tl R R AR R P 4 B K S AR B
HHEANTE A B A R A AR R, S R EORE R &R
KT, HRE R IR F, RERl g e
Jiti A% 25 4 B 36 LIS o, 8 T AR A 2 A S U7 4 S8 L
BT R AER, ZH TR gz,
AT AT 53 FRAE Y AR | STk . AR AR, R AILEE
AHEHS, BAUFF R, #8300 - i PR g

0, TR 2 A 3 R SRR R R

AR, A5 5% MK T AR L TR (arbuscular mycorrhiza
fungi, AMF)FAfRA 20558 B £l AMF f&—3%
WY AEREY), AT Sk R 2B AR R, Rk
HIPIHR 25 L e B FR MR Ty, fedbAt 4 A U2,
R4 o 4 VSRIE 5T T 82 Fh O N M 4 9 55 (Rhizophagus
intraradices) I 771 X 7% To K MR B - 38 r [ B 5] ] 4 s v
PR ARAE F, 25 R FHA, BeRp i A5 38 b Bl Ry sk 61
TR EM T P BRI EE N oAREboR,
K BB T 5 0 AR T AR 8 D B SR AR g e
WA ZGBR B L SR ITT, 56T AMF [ A 56 XUk BE IO 5
HEEARE . A0 R, intraradices 1 & 3 WAk 245
T RGAH, 4447 R. intraradices T A% Kk G AR A
Koo R THBR 0 Y KA 26 SR B 5%, B AEN
AMF R#FRGAEYAER | ISR E & R T FRL K
3 P 2 XUR 2475k B SRR A A

1 MR5RZE
L1 MRS

R. intraradices i 7: R. intraradices #1405 M
K G HMRAR PR 05 B3R5, RIS E R b 1y %
B3R, AR b e A AR 5:2:3 LU MRS
¥i5y, wlasy B, SR AN BCK I IOA IR B AR KA
o B IEBT S B EAEZE(43 cmx19 emx14 cm)H,
BIEAL PiNZ 3~5 om Ab, INAGERUKBERES], A
25~30 g R. intraradices [#7], P38 FHGTSH#EFN 30 g £ 7 Fl
T, BEAERK B GG B 5E 2,

Bk 23 SREMFEMGEF, EORSE 39.41%,
BRI & & 21.46%, BIpTLAE R BHZBE R SRR AT,

WAL SRR (A RS> 50%, 1LAR T AR B ik AR MR
HIRATD;, FRFEABBIE IR . Ashby Rl
60% IEMHA R (FREL 120 g JERE, INZE1R/K 2 %5 % 200 mL)
HEE . KSR (g al, REei R B 2= X500 A B F )
1 25 SR U I (B R 0 50299.0%, 7P [ 3+ Bl 22 B b e
B o
TRAA YT A K LR B7=0.5:9.5 (V:V).

1.2 UFE5E%

WT500 g/0.001 g HLFRF-(Be M 7 Fefig 2 A IR A ADD;
DGS-280C {5 78 VR K 1R 4 (91 7 1 IR AXER BHBCA BR A 7)),
LMJE-250 {8 535 3246 (oM B R A R R, BLAKE I
SZ61 fRMLEfHEE . BAMEN CX23 o W ilB (R it 27
KALRS A AT PR ); HPLC-1290 80RO (i, Bl
A SR I B (35 RS RHE A PR FD); QL-866 1
TP 77 7 (55 B B TR 22 27 FR A RD); ES1035 4
Z— W R (L R A AT 25 PR w)); SES00 /N foky
PRHIL (R 5t R B £ S LA BR A 1)), HC-1014 65X 38
B AL S WA AL A PR FD).

1.3 IRt

ABIFET 2020 45 5~10 H 7E RIE LA B LT 57 B
FAMGIEAT, WK KGR W, ARk H
PEE R R. intraradices (R). WEifE 35 XU(F) . #Fh R
intraradices+ 15§ i #& 35 W (RF) . 25 [ % B4 FD R,
intraradices L RBHTIAEE(K) 4 AL, FA-EEN
XA 11.04 m® (6 mx1.84 m), 4 Z&/NMX, ZEFE 25 cm,
ZE[AIHE 28 cm. IEF UG FIAINE 5 cm 07 X S 3R KRG,
P RSEPEK; R, RF ARHEEAD R. intraradices 12k 500 g,
AWM TRER, B L2 %MK, BumRsE
BUAT IR ) U853 2 50 50%) 3 g, A 1 L KF4Y
VAR, Ay IIAE )T 30, 45 d X F. RF AbSRPEATAR B 4%
555 .

14 KEFEEYPENE

REHEE 120 d 2243 AR, 3 R
intraradices I& 77 (AL BRZH K EAERRAR 2R AMF (R YR ¥E T
92.5%, MM R. intraradices B4R K SATEMAR
# AMF 24L& MET 36.8%, R. intraradices &\ M IN{R YLKk
AHMRAR R o 7 AR AN [RI b A 1) K AR MR R TRE AL
BE, B 10K, MEREE . bR, 2R IREKAEE, e
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LB 7 2 A R FR S o R R A 0L 2 RO B AR R
I, CRUESS NGO RE; o (AU Tolms 22 R 4R — 257
A Z A BE; WA AR T B 2T A HEA T 2R fE A I A
B — 2R A s AR A A K BE AR AL
1.5 XERRLIE AMF BT ZENE

SR FH VR 0 AR JRE M 1900 15 40 8 K G ARBR +38 AMF
(R

BL50 g BAEE TRepR, A 500 mL /K5 o4
15y, 8 30 min, ¥ 40~280 H A HIERAKRHES, fL#2
H/NEIR . Bpatirh FiSREEE AR FRFLAR R 1
o, JEHWE KPR R . EEHOR, £ IR
1k FAEBEFACK BT 200 B e 21574 100 mL 25
L&, 3000 r/min B0 3 min, B B, BE 1R £
BOEPIA 60%ERA K 60 mL, 3000 r/min &5.0> 30 s,
B 1R, BOEE EHEREIA 280 AL, FEOkK
TRV T e T o B0 B 0 i e B — A T R R SR LR,
HABREH VR, 2250, BEHAFER/NY AMF fiiF,
TR EE (40) FULEE 40 MHLEF b g9+ B8, i+
B LI g Fom o
1.6 KERFRIIBMEEZDEBUNE

P B X K AR B A HE AT B ALIORE, 7E R
2 5~10 cm LU F HFITHCRE, A 10 B, BT FI56E X
Wb o TCRE A T AR 25 g BEAL, JIIA 225 mL Jop 4= #lEh
K, il #1045 R SIRBAE S 2T HEHL 107 FBe A Aok
AW, THREE DGR R R #ATIRAG . W)
FIESFRILT 36 °C+1 °CH5 37 48 h+2 h, PIIRWMEE, Bk %k
DT 75T B BA 0 (colony-forming units, CFU/g) /R .
1.7 XERFETIFEEREESSHONE

FESRRTALBE A ¥E TR 1.6, 1 FEZE 30 min FEIKES F7 5§
10 min, B 107 W BB S A1 T Ashby 1973
AU AR, 28 °C. 40 hfEIESEFE, WIRWER, WiETTELL
CFU/g #/R.
1.8 BEINGZREMNESE
1.8.1 AR fo ik A 6 41 &

T SRR 2 G 0 20 A 7 1 5
1.8.2 &R LM

WEhA: B R ZEE K =35:65 (V:V); JiEk: 1.0 mL/min;
SinoChormODS-BP C;s &4 (200 mmx4.6 mm, 5 pm); #
K 280 nm; FEAEE: 10 pL; iR 27 °C; 4B tE]:
2.7 min,
183 #@ERKEGEIHHE

e 1.8.2 EIRRESMT, FELRERE, AR
FERBRUERE SR, FRIELEEA 3 WA TR A W T
FE, RV AR U T A X He (DA

X = M x100
2
FUH A BRI IR A 5 U T AR Y S SR
AR A T HP AR 98 XU TR A S 341
M — bR RR VA TR P AR 96 ALY T i, g
M,—FE IR =, g
P— R VA T R A 55 XU ST A B, Yoo
1.9 HIEALIE

IQEE ] SPSS 22.0 HEATALBRAIGE I3 #r, 225
25 R A B /s B 3 M 25 559 (least significant difference,
LSD)J5 2504, S53RFEnm b 2s .

2 HERE5HH

2.1 R.intraradices FI@ENTRKEEEEYEN
A

R PR, IE#EKXEEFR. intraradices W5, 5
A EXT A, BEE . PR ZEML. AR RS R EE 4
fINT 30%.29%. 65% . 31%F 37%, SWHHAESERHI e, fif
MR ARG T 20%. 10%., 24%F1 15%,
FHEAD R, intraradices B I BB S 2 2 (P<0.05)H4 il 1E A K
TP, FL I AR S8 B A A R R AR
HAER G HERM R. intraradices EHIG, 525 AXT IR, &
LM M RKAERESFIEMT 48%. 24%.
49%. 19%F1 18%, SWTHIHEENUAHLL, S . bR . 22
AR BIEINT 39%. 8%. 15%F 8%, X—45 R 51
HEREAY R EEALL . BF R, intraradices 55,
S5 AX R, EEMMERG EEAYEEINT
18%~65%, WHFiRIENUT, 525 AXTHEAEL, IE7E RS
PR . AR A0 T 17%. 34%H1 15%, [fiffE
AR (P>0.05)H0 0, ARG HIM & ZEMARK 55 [
FHRAALL, A BEINT 15%. 31%F1 10%, X5 520
A (P>0.05), W4 SE U K G bR T 2 /0N .
WifR MG, H25 AR, A A K 8 A
BT 10%~34%, 4 R. intraradices B #1) Fl 525 AL [F]
e, a5 (A BEAH L, IEFE K SRR . bR . 2%
AR T 20% . 24% . 67%F 43%; 5 R.
intraradices B 5T BLMOVE AR L, ARKIEINT 9%, fif 5N
KRR IR T 8% 4%, LM E A L(P>0.05); 5
TREXCAPVERIARLL, BEEE . MR . ZRRURIAR A 25 38 n
T 10%., 6%, 26%F01 24%, FB R. intraradices 7] 4
HHEA R TS KRG AEYE . SIERFRME, 75K
CHIBETE ., MR, SEMATERES M T 35%. 30%.
35%F1 8%, MR ICARMK, FAHIMHFAE B E PR 5B
H2(P<0.05),

(M
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2.2 R. intraradices Ff@EWN K ZRFFLTIE AMF

BFEE. AREMERENG
mFk 2 iR, SEAMBEMAL, EHEKGERMN R
intraradices ERIJ5, MRFr1-1E AMF 725 . I A
BORN 8 B B 78 B BB IIN T 292% . 69%1 105%; S5t
WIRESERUHE L, 20T 330% . 271%H1 266%, FEHAHEEM
R. intraradices PH7AEHS 3 (P<0.05)HE N IE#E K T A HEAR
Prt49e AMF L7958 . 40 1R T 7 S BOR ] 20 0 RV e B8,
BEgE R 5 EERD R. intraradices T AEMS g R S IEAE K A
HEYIME, WFEKEHR R, intraradices FilE, 5425
FIXFHEAI L, HRPR 3 AMF J 7950 . 405 V& B BRI
R TR BB BIEIN T 299% ., 116%F1 154%; 5 W4
XL, AT 315% . 273%H1 224%, {EFh R.
intraradices )5, 525 FAXTIEA L, 1EFE R R GARRR
- A 2 R TR A BB IN T 69%~154%, 3R B R
R. intraradices FIRENS B2 (P<0.05) il #E K AR AR
PR 48 AMF 07258 . 4 1R P 7 S BORN ] U 14 7% A58
BRI ANUE, 525 AXT A, AR SR PR 1340 5 R
e BRI [ ZUAT TR 7 BB BIREAR T 119% 0 78.4%, Xt
AMF {2 5 B A 235 (P>0.05); 37 K AR PR 1+ 8
YR R VR BB T 73% Wl SERUR, 5725 AN REAALL,
T 0 4 K AR B A 9 200 A R [ SRR R A B AE T
73%~119%, 3¢ BH I 4 38 X2l R 4 S0 Ak 0 T e 5 44,

AT RE S R G A W R AR B DA G

4 R. intraradices B AR IERCLFERB, 52 H
XFREARLE, IEZERKEMPR 58 AMF fil 725 5 | 20 7% A
BORN [ B R TR BB BN T 156% . 19%H1 30%; 54
F R. intraradices B FIAH ., AMF fF55 B | 4 5 B 7% a3k
N R T RSB IFRIR T 53%. 41%H01 56%; ST
RS BUAR b, AMF 0725 BE . 200581 B V8 i B0 461 480 BT PR 7
BB BIBEINT 181%.162%1 133%, M R. intraradices
BRI 7R B A ) B 8 I A K SRR AR B 3 AMF il 72 1% |
20 BT BT A SO 7 260 A R, T A S U 2 R AT L3
MR bR, M SBRG A EEEMMNEL, X4 R
intraradices B 5 F1E 35 BCIL A 7R RS, 525 (% BRAH L,
WHRGARPR L3 AMF f0F255 | 2078 18 74 5 500 35 4
B & BEPIENT 230% . 64%F1 50%; SR R.
intraradices FE7FIAH L, AMF fil FR5 1 . 415 % AL 550R (&
R B KRB PSR T 21%. 31%FH 74%; SRR
MURH HG, AMF 672 B . 4 DA A1 7 S J30RM [ 260 TR TRV 20
SRIEEANT 244%. 190%F1 86%, Mk EitE—EEH R
intraradices &5 F T 42 5 K ZARMEARPR 158 AMF
TR YA TR VR ORGSR RUE
VIR RELE M . SIEREAMEM L, MK GRPR L5 AMF
L7 . ANER B VR R BOR [ B PR TR BB BRI T
33%. 40%F 40%, 2% HH M Al 23 BE AR K SR B 11
AMF T2 5 | 408 12 V5 A SO 6 U 7 g, IR
TARBR A R S R R

F 1 R.intraradices MBENIN K E AT EE 2RI
Table 1 Effects of R. intraradices and thiram on the main biomass of soybean at maturity stage

BOBLIES) fif T /g W /em 224 /mm M /em HAE/g
CK 17.267+2.957° 71.767+1.193¢ 4.877+0.145° 14.400+0.656° 15.200+0.608¢
CR 22.342+1.961° 92.655+2.550" 8.027+0.834" 18.900+1.442° 21.433+0.404°
CF 18.700+1.400° 84.067+3.656° 6.487+0.341° 16.500+0.854¢ 15.667+0.351¢
CRF 20.633+2.531° 89.233+1.955° 8.133+0.103* 20.500+1.212° 18.100+0.361¢
AK 11.343+1.378¢ 50.333+4.676" 3.167+0.147° 14.310+0.800° 13.967+0.651°
AR 16.833+2.751¢ 62.167+3.356" 4.700+0.250° 16.967+0.587° 19.033+0.351°
AF 12.109+2.404¢ 57.900+1.323¢ 4.14740.117¢ 15.733+0.404¢ 16.133+0.306"
ARF 16.767+3.602° 65.533+3.293° 4.960+0.053° 18.000+0.200° 18.900+0.656°

TE: COMIEFER T A NIFE R ; K a8 F0 B R W HEFI TR, F GBI AR S DR 25, RE Sy HERN R A5 AR S XUR 245 [R5 ) /NG 5

FFFORAFAE 22 5 W 1 (P<0.05), T,

®2 ATHRHIRIELE AMF AFEE., BEEZLH. BREERDHLLE

Table 2 AMF spore density, total number of bacterial colonies, total number and proportion of azotobacter in rhizosphere soil at
soybean maturity stage

ikl AMF il F5 /(1 /g) TR S EU(CFU/g) [#51 4 P TR 7 B BU/(CFU /) (51 (PR L A5/ %
CK 1.238+0.111¢ (4.233+0.416)x10> (2.064+0.440)x10% 48.8

CR 4.852+0.043° (7.167£0.473)x 10 (4.233£0.513)x10* 59.1

CF 1.129+0.333¢ (1.933+0.252)x10% (1.157£0.208)x 10% 59.9

CRF 3.171£0.201° (5.067+0.702)x10°° (2.700+0.600)x 10 53.3

AK 0.831+0.113¢ (2.533+0.451)x10* (1.223+0.416)x10% 48.3

AR 3.31440.298" (5.467+0.723)x10°° (3.133£0.322)x10°° 57.3

AF 0.798+0.164¢ (1.466£0.473)x10° (0.967£0.379)x10% 65.9
ARF 2.745+0.145° (4.157+0.706)x10% (1.800+£0.400)x 10> 43.3
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2.3 R.intraradices S KE RIRFRTIBEXINEAE =
siA

23.1  EHECRADEEE N T AL ERIKG

BT i 56 XUbR A 1 V1 7 RIVRCR 2335 (high
efficiency liquid chromatography, HPLC)&, 7£ 2.854 min i}
g, & 2 R 3 43500k s R B R 38 LR B Y
HPLC [EIFIR A FIAE i P s 2 XU B ) HPLC 1. 81 4
FE 5 43311 K G AR BR - A A R0 R R i oA 56 Rk P
B HPLC [&l, 1 Eerst ] 55 v o 1 R S et R 42600
2.3.2 R. intraradices 3 K & ZARIR L343 £ WK G & 49
7 o

FEFR. intraradices BE5IXT R MARBR L3R MU BB B
FISZNRANZE 3 7R o IEZE R EHEFD R. intraradices w55, K
R ESE AR BB NI T 39%, I REIURBEE NI T
34%; SWFERTHEAD R. intraradices BHG, FTAFERIHFRIEW
BREARTTRE T 24%, TIEPRRSENR B TR T 33%. 4Rk
B, KEAMESIRIBEPIR K DL AR SERUR 25 SRS AR
TR AR - ER R, 58h R, intraradices B G, IEAER
I FE R OFF R RN AR B - g AR 38 RUER B R BEAR T
24%~39%, XTI AMF BEfS SRt pr 1 b gt S A

i, WIERERZSEA NI RDINFEARA 5 AN, AMF ifn]
RSN REIUES TR, TS B R A
25PER

3 Hit5iTie

$FP R. intraradices FFIG, K& EEAY BN T
18%~65%, KIS, G AR FR - 58 40 P A ] S PR 1
HOBIEIT 69%~154%; SIEREFEAHLL, MRS,
R - B 41 TR R ] PR A 7 BB . Xl = e P gk
MAEPRR IS R RE R I, BEAORRIR) AMF T 1A Al A 2K
WREKE, TR 2R, Rk b5
PEREZ-BRANDAN %24 {4 22 % 31, K o R
PG, AR BR A 98 20 TR 22 B 1 0 3 B R AIG o B A 26 XU
SAE R TP AR BR -3 p s s g% B8, b R. intraradices
PRRIG, 425 0Lk BY i i 25 B AIK, R HH R. intraradices 1A
A LAAT 2550 A R SRR B MR ot - 398 v AR S8 WU B . AT
5% R. intraradices BTN H T KRG AH, IEB#F R.
intraradices B 0] LA SCGE KBRS, e KEE
BRI P IR KRR AR AR DS DR R, R
185 RUHR B DR I £ b 4 4 Tl R

E b
25| 2
5 20}
é 15 |
20}
5t
0 E
0.5 1 15 2 25 3 35 4 45
A B B[R] /min
B 1 SRR HE M HPLC &
Fig.1 HPLC chart of thiram standard
200 f
175
o 150 F
ié 125
g 100 £
g 75F
50 F
25 f
1 2 3 4
PR BB B} [H]/min
2 LA IR AR SE R Y 1) HPLC (]

Fig.2 HPLC chart of thiram residues in blank sample of soil
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TN {E/mAU

0.5 1 1.5 2 2.5 3 35 4
{3 B8 B[] /min

P 3 OREZZS IR AR 56 XU5R 1) HPLC ]
Fig.3 HPLC chart of thiram residues in blank sample of soybean

2.731

30 [

Wi WAE/mAU
&

10 |

0.5 1 1.5 2 2.5 3 35 4
AR B 5} 7] /min

Kl 4 BRI E Y HPLC [
Fig.4 HPLC chart of thiram residues in soil

i A /mAU
w
(=)

20 |

10
0
0.5 1 1.5 2 2.5 3
{83 B[] /min

K5 REPRHFZILE K HPLC K
Fig.5 HPLC chart of thiram residues in soybean



759

8 B 24 iR AR I 2 4l

12

R3 KREMFNMTRPEENZRES

Table 3 Residues of thiram in seed and soil of soybean

AhEng] PNISE FE I AR TR ERGR 5
- /(mg/kg) /(mg/kg)
CF 0.859+0.043° 0.92240.222°
CRF 0.335+0.080° 0.313£0.075°
AF 0.670+0.042° 0.763+0.106"
ARF 0.163+0.048¢ 0.256+0.067¢
&% 3k
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