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W E: AARSYIIE Fusarium graminearum)s | /N TRFER 2 FBUNE PR RFRA RER R, HE A KRR
BURAERT . ST AP A YRR RS N IR BRI BB 2 — , (BRSPS P RSO T 5RO IR
S BRN —BON AN ISR o ATFIT B Sl A IRF S8, ik X R4l ) B CGMCC3.4598 HVTERSHUME AN 3 BRE: Wk
HEFETE ACCC41648 (Streptomyces hygroscopicus) . WK EEFE X AEF ACCC40051 (S. hygroscopicus var. jingganggensis)FIZ ) FLiE
HEH ACCC41594 (S. rochei), HAMBAMFITEREMIK N 2.67. 1.67 Al 1.12 mm. #TFEN 70 d HH IR, LIFEFFHEM 7. 42 0
70 d J5 , WK HERE B ACCC41648 K HIFXIZAEFI ACCC40051 AR I GIAEFF rh AR A9 IR AE R MR , T2 [CRE R T ACCC41594
FEREAT S 7 d 70 42 d 5 BB AR AR B FEE 40958 30.91% F1 69.28%. X IEAMILL, 2 REETEH ACCC41594 B HERE
FFREAR . $EEFSFT CO-C BRI, FRINRFT A0 ki & i, F— BT IR, SR ERAEFTh Rl B F e 3% 7 d
S REFE 250 & AR B3 AR DC(P<0.01), 42 d B SF5FFZ 0tk & & 3 IEAHSE(P<0.05), 70 d IS REFH2 A & SR B3 IEARSC,
5 CN BB ERAHI(P<0.01), FIRGEIFRY], 8 PO IRE R 55T oA AEAS AR R v A BN A — ;. 45—
HIR, LY REER B ACCCA1594 FEAS AT FE R MR R A4 ) B CGMCC3.4598 A K (34w A FT il it H s bi/E A, b
AT REE A RS AT A 5 R 88 P R TP B R 2 AR AL TS

KR KA, AR, SEEWE; e
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Dynamic Analysis on Antagonistic Streptomyces Against Growth and Decline of Fusarium

graminearum during Straw Degradation

ZHOU Yunpeng" %, ZHOU Tantan" % ZHAO Wenhui', LI Zenggiang', ZHAO Bingzi'®

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Fusarium head blight (FHB) caused by Fusarium graminearum which utilizes straw as main growth media in field is
the main factor leading to reduction of wheat yield and quality. Biological control with various antagonistic organisms is one of
the most effective methods to prevent and control FHB, however, it is not clear whether the antagonistic effect of antagonistic
organisms in straw degradation process is in accordance with that in plate confrontation experiment. In this study, three kinds of
strains with potential antagonistic effects on F. graminearum CGMCC3.4598 were primarily screened out through plate
confrontation culture, they were Streptomyces hygroscopicus ACCC41648, S. hygroscopicus var. jingganggensis ACCC40051,
and S. rochei ACCC41594, and the average width of their antifungal bands were 2.67, 1.67 and 1.12 mm, respectively. Next,
based on indoor 70-day culture experiment, we found that after 7, 42 and 70 d of straw degradation, S. hygroscopicus
ACCC41648 and its variant ACCC40051 did not show any antagonistic effect on the growth of F. graminearum in residual straw,
while S. rochei ACCC41594 respectively reduced the abundance of F. graminearum in residual straw by 30.91% and 69.28% after
7 d and 42 d of straw degradation. Compared with the control (no antagonistic organisms were added), S. rochei ACCC41594
significantly promoted straw degradation, increased cumulative emission amount of CO,-C, and reduced the size of easily

mineralizable carbon in straw. Further correlation analysis found that the abundance of F. graminearum in residual straw had
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significant negative correlation with total potassium content of straw at 7 d (P<0.01), positive correlation with easily
mineralizable carbon content of straw at 42 d (P<0.05), and positive correlation with total nitrogen content of straw and negative
correlation with C/N of straw at 70 d (P<0.01). The above results indicated that the antagonistic strains screened from the plate
confrontation may not always reappear their antagonistic effects during straw degradation. The results further indicated that the
inhibition effect of S. rochei ACCC41594 on the growth of F. graminearum CGMCC3.4598 during straw degradation may be

through its direct antagonism, or through its indirect effect that changing residual straw properties when it promoted straw

degradation.

Key words: Fusarium graminearum; Straw degradation; Streptomyces; Antagonistic effect

VAR T W (Fusarium graminearum) k) 3251
TR G| R BN AR Rt R R A TR 2 kA
FER BRIk, HLA R AT AR e U,
[ /N 22 AR B A TR AR R 23k de oK, HEAEMETT L
KAV R UiAZ X R A ol AE i F AR L 22 X &
FIRATIK 5 BEAE RS AT IE HH S K | R T AR K M4
BRAMEARE , /N AR ARG O 1) PE AL R 2 HE
RFAF KIS RN 2 R R AN /N2 g =
st B, O SR TR A AR Y LT R R 2ok A R
i S O L, A/ NEIREER BTG T
YE—H &2 K

H HT/IN 22 R 25 %) o7 428 4 0t 32 22 B 5 P o e
b= BN ke 2o | RTaW S| LAt i B A . A= K1) 24 5]
P /INZZ St R i B I PR R R =X (L R AR B
PR HbitEpLEIR o 2 24P, 8w HiE sk
TR AR L 1) /N2 o o 9 ™ EL ik = A2 2550 By
TR RIS /N IR B R A R B ) O SR AN 5 =
ORI PP MR I X B v s e, ARk,
FHHS DU A: W) B AR 0 1) A ) 7 v i it D)L
A4 ARFE XSRS, © O AR 8 By
PRI gE £ 1O BE R B (Streptomyces spp.) FIZE
WUFF TR (Bacillus spp.)VE R B i 27 B 9 B LAY P2 AR
BT, BEMIAAEBTAE R | BRIRIKSE 2 Fh BA MR AR
FHERGART =4, X5 AR A S T TR ) A= B B 1)
MR, SRM, HATA /N2 R L PG
FIAIF 9T 22 3R 1 B B 1 0 s O A s s U1 12 141
W% T SEBRA 7 RS A B AR AR X /N2 DR e bR A 1Y
AL

Fili FF i 2 H ET ARl A 7 v R RS A Y 3
BRI, AH R 25 Bl S AR W AT R AR AR T
FIFREEAAE, IR T A AR B3 0 R A . Rk
JI TR AE H ] ) A it 2 BA RS AT, HOZ 51/ N2 A
FEIR R R A AR Sk 22— Trail ™A Leplat 2108
RGNA T /ML IR AR P AL TR, s T i
AL 5 A FH R RS g 6 T 7 7B S R A, ILAE RS Aok

PR I ) 7 e Fe sl o AR TR T — F AR R
T (AR R o DRI s JE 7 AT a8 A A= By B b T ) i
RS, RS AR Sk (0 i R A X /N AR B A 11
B P B FE R S FURURS R B P RS T 0/
22 BP0 2 15 5 AR IRF AR B 245
— O ANTERE A IR B AERS AT i AR RO
W AR IARIE o ASCARBHRIT RO TEXT R, 455F
B IR0 R 2 A B I, SRR AT R A b R
A ) B ) Bl 25 T R S AN ] 32 4 T A B A
T, DU /N R 1) LR W B 6 AAE B 7 d T 4
(32 bie s

1 #RERE

1.1 fikdrt

BEKFEFE R FRAEFE, T 2017 4F 10 AR A E
Bl e Rl A IR K s (114°24°E, 35°00'N).
PR RN e FRREF RIS T 65 C T ZE
&, YU R 60 Bt . REFFEA L
TR« 4bik 489.19 g/kg . A 10.17 g/kg . W 1.24
g/kg. &80 15.87 g/kg.

PRSI (F graminearum, WSS 1
CGMCC3.4598) W FI v [ 38 3 ff A= W o1 A £ s
L (CGMCC)., TR 2 i JJ B A5 B 181 1k A R 2 g
A (B. cereus, WSS H ACCC10263), WK 4HE
BN (S. hygroscopicus, WkGS A ACCC41648),
W K BE 2 O XA AP (S, hygroscopicus  var.
Jjingganggensis , W45 h ACCC40051) FIZI K
FERE (S rochei, W5 H ACCC41594), ik
4 TR AR F A AR Ml B AR TR R A S
(ACCC).

1.2 Rt

121 PRI SRR SR R R I
4 PP X AR A i T AE R IR . e R
K TGRS 1Y) 4 PRSP 7E ELAS 0 90 mm (1) PDA 15
FrEE R A — SRR, F AT LRI AR 7
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mm WIARBERITEEYE, 5 R TR B0 B i
], LR TR 025 B R LG 20 mme DL R
AR 0T I, A 3 IR, fa
PP e T 25 °C TEREDEEFE 7 d, MR Y8
JE o AT 8 B RSP A T 2 BIAR A iR T TR T TR
NG EIE

122 FWREFIKRE R E 4 B S
KFEFF+HRSHEIIHE (SF, XHIR) . T RFEFF+RA 5k
TIHHBOKEERE R (SFX) . EARFEFF+ARA 9] B+
IKEEBE R R AS R (SFY) . EARFEFF+R AT B+
WIREEEE R (SFL), BN FEE S 3 k., BARRES
. FrEGE 60 B A HET TR AR 10.0 ¢ T
1 000 ml JCRAEDHAN, MATCH K ZFEFF LA

Ko IR 1 BT R &, eI ARSI
Sy AR EOR E FOKFEFE, 25 °C fEIEEERTSE 12h
DI FLA 7 & OB TR 225, P RS A rom A LR
3 MIEPIRE R R W . FEEKE A 15 ml 1 mol/L
NaOH WY 25 ml WA /IO THRDIN,
SR, 625 C KM N EIREDERFE 70 d, FRE
AT O R 55 3R] RN FETC R K DA ZERERS AR
A o A3 ATESEFRES 7. 42 F1 70 RS TREIR
PERAE, AN R A i 70 oA =F B RN 5k BA RS AF 3R 0
o BORFEFF AR b 2t R R W S, 4
SITERGFRAUEE 1 ~ 14 KA 19, 24, 29, 34, 39,

42, 51, 59 F170 K, HUCHEEA TR WSO, FHHR
4 1 mol/L HCIARER R TR A , 1155 CO,-C RETif iR

#1 #HAEAERENEE

Table 1 Inoculation concentrations of different microbes in maize straws

Ab T RATHE ] B (cfu/g) W 7K 5 25 T (cfu/g) W 7K At 75 T T IX) 2B A (cfu/g) HMRBEF T (cfu/g)
SF 2.3x10° - - -

SFX 2.3x10° 9.2x10° - -

SFJ 2.3x10° - 9.2x10° -

SFL 2.3x10° - - 9.2x10°

. SF. SFX. SFJ M SFL AbBEA 0 FARFEFF+RASWIE . ERFEFRAHR ) EHHROKEER B . TR RA 9T H -+ K
FEREH IR . FRFEFF RS+ B [REE B I ; ofu/g R B TEHLT ERFEFFHZEA N R =, FH.

1.3 MEHZESHE

1.3.1  FEAFHE R T RS AT H AL T R
F R Sefe Ak b skl FERT AR & R A
BRI BRI E 5 4 JBEE R F H,S0,-H,0,
HAD, FPRPMEYLRE AR A & a, bt
Fo il e e S, KGR TR e
132 REWIIWEEENE  RE/BFDPORS
Pl I B E R PG YRE (SYBR Green) 3 Akl
TRt 9¢ 62 & PCR (qPCR). Arik AT & & ARk
JI BRSS9 Fgl6F/Fgl6R (Fgl6F: 5'-
CTCCGGATATGTTGCGTCAA-3', FgléR: 5'-GGTA
GGTATCCGACATGGCAA-3N'™ | R =49 T.78

(RE)E R FHEMAER SYBR Premix Ex Taq ™ iR
&, F CFX96 Real-Time PCR System #" 3% {%
(Bio-Rad, )T, BAFEM AT 3 K. qPCR X
MK Z (25 ul) fu4f SYBR Premix Ex Tag™ 12.5 ul,
L FHEB1Y (10 pmol/L) 4% 0.3 ul, DNA #E47 2 ul,
KHEMZEK 9.9 ul,qPCR 18 2 14:1°14 95 °C .2 min,
SRJ595°C. 155, 60 °C. 30s, 72°C. 45s, 401
PG, T 72 °C BN EZOEIE . qPCR bR L 8T
NS 5 B R A i T T R IR 22 DNA JFH e Hovke
JFE (ng/pl), $1R22 DNA B 503 10 £5 Has B dilE 7 4

WRERBREE (10 ~ 10 ng/ul) RANFRUERESD , ARiERE S
L5515 W0 R 7 A R S B 2% R R AT S 2O e
PCR §"38, RIEFRUERET C (H SR RE A bR
Mgk, KR EIMREIEES C, EAAFRIEMZE,
TR A B
1.3.3 it E S Rs

TKRFEFFCO, -CREH R (g/kg) =

("o = V) x Cya ><44><£><L

2 44 m

Ky Cua WAREERFRHR B (mol/L); Vo IS FIH E
THFEMIERFRIARF (m); V) R b i 2 T A A R PR AR FR
(ml); m KR FERFEFF & (g)-

FAFEF CO,-C BB (g/keg) ToMIEFTIT
IRBIE B SR FF CO,-C BRI R . AR
F—98h )12 BRPORFE AT CO,-C BRI AT
BIA LB C = Cy (1—e™) + €y, 2h ¢, MR £ (d)
A CO,-C BEREE (g/kg), Co Fl k 53 I FEnFs
WIEAT LR & i (g/kg) MHTLERHE WD,
C, Fn s o 0 ALak % & (g/kg) o
1.4 EiEIE

RIGEIE R SPSS 21.0 #EA7BAK K )7 225047
(One-way ANOVA)FIX[ 15 (Duncan) i AL, Hods
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JE M4 REFFRAEAR A R i DB R RO AR A B T B I S A ) 52 35

AR BEAE P<0.05 /KFHY i E P22 5 . >R Origin
9.0 EIEl, SigmaPlot 13.0 #H1 TS FFIRE 1L 8 124 5 72
A MSEOITA

2 #®#R

2.1 FEREITIERE
ARG IRE 25 S (B 1yn] T, HE 4 RS PR BE
WRBH I CGMCC3.4598 T 224K (4 il 3 R

v

AN, WK MAF I ACCC10263 oK % 9 Ji 1 Bk
CGMCC3.4598 & B4 i 4F M, 10 W K 55 25
ACCC41648 . WK 5525 i A8 Flt ACCC40051 Fi
HKWRAETE T ACCC4A1594 X5 JE B 1 22 i A= K 2
A TRIRE B A Ak 0 0 HL P PR e o 2
KK 2.67. 1.67 F1 1.12 mm, #]5 3 B AER Y%
3 iR 2 TR TR PR i R B ik VTR CGMICC3.4598 (11
RGP

(F: R4 JIH CGMCC3.4598; FB. FX. FJ #l FL 7353 R R4k V1 1 CGMCC3.4598 5Bk ZE A FT 1 ACCC10263 .
2 K HEE5 T ACCC41648 . WK 425 B X A8 Flk ACCC40051 I [CAHERS 1 ACCC41594 114 H % 15 )
E1 4MEREKRSRSEIIE CGMCC3.4598 RYHNH £

Fig. 1 Antifungal activities of four antagonistic strains against F. graminearum CGMCC3.4598

22 HEREEEXMNRASEIIE CGMCC3.4598 %

BRI

R 70 d EAREEIRE S, R
RAHEITH CGMCC3.4598 = Jif bifi 75 1% 5% i 1] (1) 4E
K2R E BEAOE B TIE T S SRR (B
2). A HER B RS AT i B AR AR iR ) A S B TE R T R i
42 d B IR B RAE, M 25.08 ~ 120.92 ng/g, il
S5 (70 d) B, ASARIRER B A A AR A i T TR
FEAL T AR, AUA 0.90 ~ 11.74 ng/g.

XU FIAL SRR, FEFFREARE 7 d B, SRR
W RSk E Y A SFX>SFI>SF>SFL, H
o SFL AbERAYARAS R R FEE SF AR HE I AL
30.91%, 1 SFX 1 SFJ &b B A AR A9k 7 B =F B2 43
% SF AbPH I I E 582.78% Al 168.69% (P<
0.05), FEFFREfE 42 d B, FREAREF ARSI H
F N A SFI=SF=SFX>SFL, %M1l SFL 4b3f
BRI Rl 25.08 ng/g, % SF Ab3 g # %
1% 69.28%, Tfii SFX Al SFL 4b¥ 5 SF #H ML JC i

180 -

B el C_ISF

w 1650 BRR SFX

= 150+ [ SFJ

= asL V./A SFL

H

2 120F

< 105

S oof

S sl

& N

Q 60_—

= st

20

€ s a

L oo c LIl ¢
70

BEFRISHE] (d)

(& /NG F B[R 27 [ — 35 37 A (5] 4k 2L ] )
257 (P<0.05), TI)

2 ZEBERBHHPHRERIIE CGMCC3.4598 FE
Fig. 2 F graminearum CGMCC3.4598 abundance in residual maize
straws

25t FEFFIEARAIDI(70 d), SF A1 SFL kb B 5% B8 F5
R R B E-FIET2(<1.00 ng/g), B FE
(B JC @ EPE2 5, 1 SFX I SEJ AR AR A4k ] H
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F BB SF ARHEIN 43 5 HE = 2y 1 A% HT 10 £5%(P<0.05).
SSRGS AT, EFREAE 7. 42 F170 d S, R
IKEERE A ACCC41648 K HIFX AR ACCC40051 1
KA ERMARS I E CGMCC3.4598 7E5% B4
AR, TSI CAE R T ACCC41594 TERSFHI
fife 7 dF142 d I 0 2 BRARAS FF b A R A i) B = B 4y
135 30.91% Fi1 69.28%.
23 HEHn#gESEXNEFTUHFENRD

AR EEFORFEFF CO,-C BRI I 8L
FAHE, PR (0 ~ 14 d) M @A, B 1 FR M
V) A2 < 77 494 W 0 5 - 20 3 o) SRR i 35 (B 3). Ff
FEREMREIRT 14 d, £A0HEFEFT CO,-C BRI 7E
22.54 ~24.77 g/kg, HIGFREEHAS (70 d) FEFF CO,-C
ERUB Y 50.98% ~ 52.38%, FM EKFEFFAELS
FE R e BRI Z . X R RIAL B, ARSI
fig 7. 42 F170dJ5, SFLALFEMIFEFT CO,-C BFUEE
TR YR BN A, A3 VAN S AT A H5 Bt % 2 1 1)
HE(SF) ML & 250 11.07%.11.58% #112.12% (P<0.05),
11l SEX F1 SFJ AbF) CO,-C RS SF AbFHAH
T 225, A R R LWICEER P ACCC
41594 [ Ikt FRAEFT IR e EVE T

[ —o0—SF —o— SFX —&— SFJ——SFL §

CO,-C EBUBEHUE (g/ke)
N
~

%
e d2d,
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

BEFRISI] (d)

3 FREAER CO,-C RIBEME
Fig. 3 Cumulative emission amounts of CO,-C under different
treatments

oM 20 AR SO S S S BN e A
WAL, RA—%8 12 R(C, = G (1e™) +
CPIHFEFF CO,-C RBVRS il i 545 37 KA = 6] 1) 2
BTG, B S8, 85RRIZTT
FEREAR b MU AR P b h B R A L R
=0.994), W 2 Fias, AR A5k
(Co) T H(40.21 ~ 43.63 g/k)ik i T fLhe(C) &
H(2.83 ~ 4.33 g/kg), CoZh C 1 9.74 £5 ~ 15.41

fi5 o XTHANFAHDRE, Co FE45 AL HLZ M
FAEZS, M ¢, ML F SF~ SFI>SFX ~ SFL {781k
FUEE, Hih SFX Ml SFL 4b#Y C, 5 SF Ab#EAH HL 4y
B EFRAE 23.10% F1 25.72% (P<0.05) X T fkik
REB (NS, SFX. SFIFI SFL 4B 5 SF AH LY
TR EMNZER.

F2 RE-RINEARTESINBITRT CSHE

Table 2 Estimated parameters according to first order kinetic
equation for mineralization of maize straw carbon

Qb3 C, (g/kg) Ci (g/kg) k(@d"h R?
SF 4021+323a 3.81+0.19a 0.043+0.004ab 0.995
SFX 43.63+3.4la 283+0.40b 0.045=0.003ab 0.997
SFI  42.19+1.78a 4.33+0.46a 0.041+0.003b 0.996
SFL  4297+432a 293+039b 0.050+0.006a 0.994
H: Co HFRBEFWAET RS =, C N EKREFH D0
TeBR S, bk OMIBE N R I R, R h—Ssh i
FRRMAILE ; 5] /NG FREA R 3R R A B 22 5738 P<0.05
BERF, T,

24 ERESEXNKBETES TR

3L NN, FEFFREME 7 d B, BN PURE RS
TR Ah B ) 3 B R T Al 75 2t 0 0 AN VR AT AT 5 Bt
FIXTIE (SF) W& FEAIK 2.56% . 3.69% Fil 3.69%,
MASFF 2B C/P 551 REA L TC 8 38 25 55 IbAh, %
B SFX AR AGFS AT 248 & &A1 SFL AbX ) 2/ &
A SF ARFR ) 0 35 AL 4.00% 1 7.97%, SFI Ab
HRAYFEFF C/N A C/K WIS 1K F SF AbBH 5 FT ik
42 d i}, FREFEFFI 20k . 24 . C/N Fl C/K FEAR
QbR 2 [ 350 0 2 1 25 5 5 US DA BB A A A PR A 5%
RS s e R E e DO I ) S ITE 2 (1S 0]
MR AR 70 d B, S[RARBEZ 8] 5% B RS FFAG 4
e, BRI C/P JE R FE M2 Wik A HA TR/ 46 b5
M7, SFI AR 2A SR ERe, CON
A, W SFL Kb EE B FEFAT A & A ON
(A8 A LS SFT AR HAR I .

I BEFE B, FEFFREME 7. 42 #1170 d
Ji A5 AL BHER BAREFE Y A i A A L B i 3 BRI S
REAI AR Ak ka3, T 0% A RS AT (0 LA 3R o P A bt 25 45
I Bsf 1A ZE 4 4 TG B S AR AR
2.5 RABEIIE CGMCC3.4598 EE 5% BREF

4 R A HE 5K 1

126 4 BRI SEPE T 4 SR T S, RS FP ISR 7 d T
FREFEFT TP A RS JT T CGMCC3.4598 F 1 5%
FF A S R I 2 1A DG (P<0.01) 5 FEfi 42 d B, 5%
A FE R R B B SRFF S 0 Rk (C) &
L IEASC(P<0.05); AR 70 d I, R F
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Table 3 Nutrient characteristics of residual maize straws
[ mtal(d) Abpg TR (g/kg) 2% (g/kg) W (g/kg) 24 (g/kg) C/N C/P C/K
7 SF  461.53+0.77a 11.04+£0.15ab 1.67+0.04ab 17.73+0.06a 41.81+0.60a 27596+7.88ab 26.03+0.07a
SFX 449.71+1.65b 10.68+041bc 1.56+0.05b 17.02+025b 42.17+1.76a 288.49+9.84a 2643+044a
SFJ 44452+6.59b 11.58+0.30a 1.69+0.11a 17.73+032a 3841+1.33b 264.30+18.22b 25.08+0.74b
SFL 44450+821b 10.16+£0.51¢ 1.55+0.01b 1798+0.17a 43.80+1.96a 286.78+5.62a 24.73+0.30b
42 SF  47134+6.13a 1136+1.04b 1.27+0.04c 2059+036a 41.74+4.03a 370.20+£8.30a 2290+022a
SFX 465.82+6.13a 12.60+026a 145+0.07b 2094+043a 3699+1.24a 32230+13.53b 2225+031a
SFJ 476.83+15.96a 12.12+037ab 1.60+0.06a 21.42+0.25a 39.39+2.05a 297.39+549c¢ 2227+1.01a
SFL 470.43+0.56a 12.69+0.49a 1.64+0.03a 20.83+0.70a 37.12+1.45a 286.29+545¢c 22.60+0.76a
70 SF  459.93+9.74a 10.79+0.52b 1.46+0.07a 18.85+0.89b 42.71+247b 31556+1391a 2444+132a
SFX 448.86+9.98a 10.86+0.22b 1.30+0.12a 20.07+0.90ab 41.32+0.81b 345.60+23.55a 22.38+0.57b
SFJ  442.60+£9.79a 11.90+0.00a 1.40+0.12a 20.17+£0.30a 37.20+0.82¢c 31833+3046a 21.95+0.76b
SFL 449.19+533a 9.76+0.20c¢ 1.40+0.00a 19.38+0.14ab 46.05+0.69a 319.77+298a 23.18+0.42ab

R4 KREW|MIIE CGMCC3.4598 FESXBREFFMERMBERME (n=12)
Table 4 Correlation coefficients among F. graminearum CGMCC3.4598 abundance with properties of residual maize straws
W& g 0 16) () Ak Ea e Kol C/N C/P C/K Co C k
7 ns ns ns -0.753" ns ns ns ns ns ns
42 ns ns ns ns ns ns ns ns 0.648" ns
70 ns 0.800" ns ns -0.822" ns ns ns ns ns

e SRR A SRR P<0.01 B KT, * FRARASCHEIR P<0.05 WK, ns Fon o E K,

FE SR A A S il 2 IE A D& (P<0.01), 5 C/N )
2R 56 (P<0.01),

3 Tt

ARHEMEARTARAERIIE CGMCC3.4598
RIFE R T

T AR IRFR I XS 4 A A B B AR A RS BUAsCR
ARSI (BT 1), BiE T WK R ACCC41648
(S. hygroscopicus) . WK 575 B X A8 ACCC40051
(S. hygroscopicus var. jingganggensis)Fl12:19] FQ 5 55 &
ACCC41594(S. rochei) AR HEIITH CGMCC3.4598
(F graminearum)f¥ETEREHUA , X 587 A P22
IREERAML . BTN R BARZEFTE (B, cereus)TE
kA B 2 LR TR — b, BE 53 AL A IR S5 22 Fh A TR T
PEVI, X /N2 AR B B A B e Y (H
MASHIE ST (XTI 25 SRR, WOIRZF AT ACCC
10263 X9 JFL R A CGMCC3.4598 fi A K R R A5 T
ER, HIRPRATEH— BT . 22T 70 d IE NS
FIkE, BAVKBUFSATREE 7. 42 7170 d J5 (14 2),
WK R R ACCCA1648 K IHIFIXAEF ACCC40051
PR R B ) 5 BA R A v R A S ) TR AR R AR, 3
BRSOV BN IR 5 30 R 248 SR AN — 30 T 2 [k B T
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ACCC41594 TEFREFFREMERT 42 d BEARFEFT P A9 R A Hik
TIHFERETE 30.91% ~ 69.28%, HABHIROREL Fikm
Tl 255 TR R B B & LA 235 SR 6 Iy S X U 9 3
A5 B () F5 YT MR E LA AR 2500 N A — 2 RBAR 47 Hh
S ICAE AR o RIS 30 26 P R AE B AR RS B0 vt
H b S b ™ A B RS DUVE L B SE B 3 B
TR AT B A Rk, X e R PO g 4 R A
BN THUESL . SR AN WFE R, 2P H X IR i 16
AT FE DU MR AR E N R 3% L BRI A K G
Hh E B R [R] AG AE B s SR 720 R BT A T
FREAEAE . WellerOWF 53 A A 45 70 1 76 AN [R) 3R 5% 4%
PFF X bR 6 J5 T BT 26 B B a2 ST RE S A
By WA AFRE ST | o BE AR 1 LA A B 5 ) A g
RV
32 ER#EENS THREMEENRESERIE

CGMCC3.4598 &K KIS M

A= NI F AR (A 2), RATRBTIES
PUEE R RIS A, FEFFREm 42 4 BRARBHRIIE
CGMCC3.4598 MHEIEA: KL n g o nyim 40 FS AT
FEfER (70 d), FREBFEF ARSI E FE TR
T AR o 51 R AR 1R Y i R AT il R A B R i
By, REFF A TS | SRR A SR TR X A
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JE, RAHRTIH CGMCC3.4598 HER ik 46 3743 s
P8, BEEFEFRWIESAR , Gk A i 5 R SR o
BT AESR I, 9 SR TR PR AT R 43 B AS A2 i e ¢
AEIHTCY,

AMETT K PR 2AY) A 25 TR ACCC41594 X R4 ik
JIH CGMCC3.4598 YFE s mRa e, HAE RS FRI%
fife 7 d 42 d BRRARA R AR T F ik
30.91% F1 69.28%. JEFEFFREME 70 d B, W%
I ICBERE B ACCC41594 b BE A R A5 T 1 £ B 55 %)
HE(SPM LT B 35 25 5 (1 2), {HIZIHYI T RE 4 % P
FEFF R AR AR A E LT, HEEMCE 0.90
ng/g 247, FATHED E A5 R TR F B IRAR T e 2 R
FOZB AR [CEE R T ACCC41594 FEHTAN AN i 91
BIRHZ —. 535b, DWFFF CO.-C RFURE 4
RKFEE 3), WINEMREERRE ACCC41594 B!
FLUE TORFEFF AR (B 3), X S RT AP
S50, AT Ry 210 [ 5 TR — 27 2 R A
TR TR, AT 77 £ Y 3% Wl 55 B A K St i O e 2 4 R R
KRR, STRAVEYFSF 0 e 150 5.
iE— DS R B, ISP DA RO IR I 3 AR T RS A
SWAER(C)EHGER 3), FIRGRR LM N5
P ACCC41594 1R AT BB LAV AETE £ 5 i fb i (1) JE 204
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W FEZ MR, RCKIREFRER 7d 8, BN
BN BT ACCCA1594 0 IR 8 F PR T RS FFY
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R R R ORI F S LR AR
FAG, BXIER T e 2 [RBERE R ACCC41594
IR B b CGMCC3.4598 A=K [ 350% A 7 ek
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ZA) IR BB A 1 7 AE 2P ELAT S BR 9 e Sk A=
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PORB I 25 5 Wi 2 0 gt ) PR g e 2 50, LTk
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A K I BT T HLER SR AN AL, SETTRR ) T AR K
Ao DRI A 2610 [CAE 25 5 ACCC41594 X 5%
i v R A4k 0 B A 7 A B 0 R0 T R 2 3 1ot
TEAHIHFE T Z RS S 0 m , 5R JR E T
G FI IR IS T8, 254 LR iHe T, 2640 IR
B ACCCA1594 FERSFE IR B2 rh A il AR A i 70 vl
CGMCC3.4598 A= {350y A7 7] Red ok FL B 5 i

A, oAy nl eI A (e FERS AT R 5 R A B RS AT A 1 o
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4 #ie

A G 5038 2ok AT IRF 0 i o T RO B S TR
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ACCC41594 MFEHIACRE Lk MRS DU EE R o
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