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FE . AAH S0 AR AR 8 25 & 08 %E R Bjerkandera adusta £ % A ¥k M-1, i it F 1
s X I e iR F AR A REAT R L AR ER O R L A AR, AREAN A
FM-1 B HZ BT &k BB IR A RS HIEH Fusarium graminearum ¥ 3 45 & 5 5\ #
57.71% #= 72.95% 5 B3 4% Ak D> & o B0 09 K Jm B Fm m T 45 2, By 25 7 1 88.10% #2 77.18%, 5
WEFHF SR R GRS ; B e RS R e £ 6g vt B B B S ALEEE B AT R A RS T
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Analysis of the control effect of biocontrol fungus strain Bjerkandera adusta M-1
on wheat seedling scab and its physiological and biochemical mechanism
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Abstract: In order to develop efficient biological pesticides, the self-isolated biocontrol strain Bjerkan-
dera adusta M-1 was used to study its control effect on wheat seedling scab and physiological and bio-
chemical mechanisms by using confrontation culture and greenhouse pot experiments. The results
showed that strain M-1 and its fermentation broth inhibited the growth of Fusarium graminearum, with
an inhibition rate of 57.71% and 72.95%, respectively; moreover, both reduced the incidence and dis-
ease index of scab, and the control effect reached 88.10% and 77.18%, respectively, equivalent to the ef-
fect of chemical pesticide carbendazim. Besides, strain M-1 and its fermentation broth increased the en-
zyme activity related to disease resistance in leaves, such as superoxide dismutase (by 35.37% and
29.09%), catalase (by 87.51% and 25.15%), peroxidase (by 43.95% and 38.74%), and phenylalanine
ammonia-lyase (by 40.74% and 7.82%), inducing plant to produce disease resistance reaction and raise
the ability of disease resistance. In addition, strain M-1 and its fermentation broth decreased the cell
membrane permeability (by 35.94% and 32.15%) and malondialdehyde content (by 41.76% and
3.23%), reducing damage to cell membranes by pathogenic fungi. Meanwhile, strain M-1 and its fer-
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mentation broth improved the chlorophyll content and nitrate reductase activity, promoted nitrogen,

phosphorus, potassium content and absorption, and increased the plant height (by 13.33% and 8.31%)
and biomass (by 34.45% and 17.59%). The results suggested that strain M-1 had a good control effect
on wheat seedling scab, and could not only improve the disease resistance of wheat seedlings, but also

promote their growth.
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INZZIREEIR IR A S L1323k AR
PRI TE AR 3 KA, 222 PP A — s KM 7
22 R T RN 2 N DX, A W 22 T ()R
b [X 22 % JLHE (O’ Donnell et al., 2004 ; Starkey et al.,
2007) , 7E/NA By & K Bt e e 3, 5 i
PR RIS I b DAV e e, FRIE R
Tt b /INAZ R B G B ™ H Y [E 5 (Champeil et
al.,2004) , 4743 95 1 BB 533.33 U7 h? (B A4
4,2016) , R H U N LR INESRTERRIN
FUW W 3B R A PRI W Fusarium graminearum
(Champeil et al.,2004) , i F IR Y /N 5, vl P22
Z R BT BE R, DU R ik T T T (de-
oxynivalenol, DON ) Bt de it , iIX e BE R 215 YL A5 hr
K Ze RNl L BES R A L sh Pkt TS |
Sk A SRR RN A T RE T FESFAS PR e
AR T UM R B 22 4 RN F i BR (Ehlin et al.,
1997 R 55,2017) o PRIt /N2 AR EEAR 2 A THE 5
v O A — i (Teich, 19895 Gilbert &
Tekauz,2000; R % 55 ,2018)

H AT, /N2 AR B B e T SO T A 24
HIF RS T ) 22 18 R — FLe [ /INAZ S B B
THAY EEAH) (RIERAE,2018) . B T2 K
B, P BUR R E U TE BT, PR SCRIER,
HAZZ 5% B IR, Bk B s, it P AN B2 i
72 i B4 42 (Siranidou & Buchenauer,2001) , £ 25
HABOKIK KIS FE ARG, UL, A
B FARFE DA Y DL A E FAMLER s LG N &
A S PREE IO T A By A TR AR AR 24 4 e iy 2y
1] (Schulz et al.,2002) . IT4FH , B MZFhA- 25305
MR B ARAS TR PUECEA , TP AT T /N AR a
Y 4k 5 i 5% (Backman & Sikora, 2008 ; Mejia et al.,
2008) . Khan et al.(2004) 1£:3& [ A9 A W] Ml 1 55
AT T —FR S A, 98 1 3 Fh2F MOA = F 4 Fh
PP B TR0 /INAZ AR B B A BTV E IR e AT 44 B
RUEAR NAZ AR BRI R KRR s dal Bello et al.(2002)
MR FRG B B 1 BRI EE Trichoderma harzia-
num , KIS /NAZ SR m o 1 BAT B A 4 1 5

Palazzini et al.(2013) 75 P HR EE XS 453 £1 37 75 Glio-
cladium roseum FEFE 016 F11457 AR FHAIOZE HFFHH
JitiH 90 d J TH E] /A ZEFF R B 1 7 i i) 73 %,
180 d Ji5 /N2 ZE T A MU 1) 785 2599 T 5 Xue et al.
(2009) BF 5% & BE A5 21 % 7 B3 1k ACM941 BE /)N
2 DRBEE RO AL 46% , 7 TEA R I 49%
DON 5 il /b 21%, %7 i CAE NS R EIT 5
Schisler et al.(2011;2015) 58 & P45 H /N 162
1% BB BRI R Cryptococcus magnus K OH182.9
B FH R AR B R TR A (0 38 e i 2RI
IREEIR R IR I8 DON A7 Az 1% E B B EAF
R AT BRI SE R A T R 252004 . (H2
HETREE UL AR A Z W R MR A8 D

YN 4E & Bjerkandera adusta J& T 2 fL B B4
WS e — AR IE B BT, Z 00 A TEAE A EIR B A
Eovg it X T RRAE AR VR, H TR N AR
HA 5 2 PR HR 5 LT 4R SO o = [
%57 1fi (Iwahara et al., 2000; 2345, 2014) , i 0%
WITEA Wy B i A e 5 5 T R BETE A il . ASBF
7% AR 52 5K A S (2017 ) A PY R R 27 [ 5 o Y
VAT i Wi WA RS W S G R AR B~ S e e L R
FRAGHAAE T TR R M1, HLTR 22 R0 & IR RO 1Y TG Ay
9 ELAA B n A= B A, R 2 2 AR vh A A
(R B R HL s T AL =R 2 2 R A YIB R
W BRI T 7 o SR, A8 TR X /N A2 AR i
AP iR A HGE . Rt ABFSER A 5
A TR TR R M1, DL AR 22k 25 2 1 R X
30 o P O IRF 1 3 N iR 28 2 A B 1 A T
R M-1 X /N 22 1 30 200 50 1 7 4980 B e A= B A AR AL
il LU R ZINAZ () 2 4 e 7 B AR 08 1 A A E P 5
TR PR BEIIR RN S BAR S
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+, 5 10 H i R AR ORI S , #5 H o

PR Tl K 2575 - BERR M-1 P R K2 E T
Al 55 PR T A S A A R G R A 15 0l 5
A 5 R 2% W 5 b 4 25 0 BE AR A R4S
WAL TR H VY R A A A 2 EELE 9 iy JE 5 R T
BRI 2 3 R 7 2 7 58 (carbendazim) , P91 EYG R 4L
ey A BR A AR 1 50% .

BE SR AL - H S 55 4 BE I IR (potato dextrose
agar, PDA) 5 #7236 . 5y A4 25200 g A BE 20 g
iR 15~20 g 75 187K 1 L, pH H 8K s SEAl i A 35 72
$L . A 20 g NH,C1 10 g . MgSO, 1 g.CaCl, 1 g,
KH,PO,2 g . Z&i#/K 1 L,pH A%&.

TR B AR« A5 B FH R0 359 0 [ 7
ali, JH722 BIAT WAEIEEEAN, il e R A g
AR T6 Frith 2 M n WL A S BT, Jb
Ml AU AT BRI AT2A 7] ;s DHP-9272 Rl e e R 17
oA, LSRR AR A FRA F] s DDS-12A -
LAY, TSR 22 AR A FRA A
1.2 Ak
1.2.1 B4k M-1 3R 54k 708 30 ) 2R o ) 52

30 35 S A ORT IRF R 56 5 B A M- 1 TR R U R 4
SRAL TR A ARSI B RSCR (1) P HE 45, 2015) o KPR
A AT IR M-1 555 Jirt TR R 7 S8 98 7 43 1) 42 0 21 PDA
Pl b, 28 CHEREFE S d, FRH 5 KIS 45 o
TE LIRS FEAF 0 T bR M-1 FIR S i B Y B 7530
STHUEAE 5 mm (B DE, 53 9042 Fh 2357 (1% PDA
B b, B A S AHEE 3 e A AR 2 IR, LA
0.4 mg/mL ZH R 3 mL i PDA ~F-H ok 24577 X HE2H
DL RS SR A0 T 1 PDA SEARCH 25 6 IR 4, 41
W3R ERL . T 28C FHEEEFR 72 hm , i 454
PG SR B P I A, 43 TSR R R M- 1R 2 T R X
RAHRADT A 2 . SR 2= B I AR -4
PP A8 ) 0 BRRTE A2 % 100% .

3 3 R P R A TR e o TR PR M- 1 R R
Xof AR S £ T A 0 1 %5 (Campanile et al., 2007) .
BUS A8 B 5 mm 9 M-1 @ 0F 5 B, 350 2884
100 mL &Rl A8 77 3649 250 mL = /i, 28C
LA 150 r/min £ KPR G HFE S d, B0 5 BRI,
FH0.22 pum JC 2o 38 4 08 25 0 R R B B A
75 BAE M-1 JC R R B . BURTAR M-1 TSR & B
3 mL 5K 50°C 247 1 PDA £ 9723 15 mL IR &
VIS EE-A, RRe HIBE 5, PR AR R A iR 0
PISIMA 0.4 mg/mL 2 [ R 3 mL Y PDA - A 2457
X HRZH , LA 3 mL 2K b SE Al 1A 5% 95 5L 1) PDA

SEARAE R A IR, T 28°C R G535 72 h s, 4
FALPR R TR AR BB 3 R ER . R R
FIRARA I E E R M-1 R BER A Z A X RS
) SN LEIE R
1.2.2 B M-1 570 & W B9k B 09 B 2k

) 1.2.1 7 £b 355 35 4 19 B Bk M-1 5500 i
PDA AR A S mL TG K , A Sk R d s % 5%
FERMEN BT HR B s oA i B R
T KR 50 mL =i, mZR G 5 H 8 )24
A 08 2 0, I FHICTRZK S 2~3 I, e 2R A
K 10 mL. 775 bk M-1 F00 5 1 45 A6 7 7 207
WM BRI BOL T , FSERIR AR ES F= 347 B
AT 4.5%10° ~/mL, £

B /NZE SRR EZ 18 T SE FH 75% RS 1=
5 min, #J1] 20% R ERREATE AL 3 min, SR )5 TR
IKREE, T 28 CHE IR B5 R A6 N 28, Bl 7 & 2F
JEiETIRA LW E R LT N, gk i iR B 55
FrNEGRK 22 A BT 2264 2 kg T +
AEZE T REAE 3 0K, BRI L R B LR ASTAE , 22 1
20 dJ& , i T S AR B . (1) E580E 4.5%10° 4~ /mL
R B TE /3 A T B V7 10 mL, 24 h J5 D 7%
7K 10 mL; (2) S5 B3 4.5%10° N/mL R A 418 14
A3 HE T 2 IF W 10 mL, 24 h 5 PR E SR A B, 3R
10 mL; (3) S5 BEHE 4.5 10° AN/mL R4 8 76 14 43
AT TR 10 mL, 24 h 5 BEHE 4.5%10° /mL Y
FAAR M-1 43 A= 4B 77 W 10 mL; (4) SE 5 4.5
10° 4~/mL R4 898 B 704 7 F B P2 10 mL, 24 h
J5 GETE M-1 B R & B2 10 mL; (5) SCBE i 4.5
10° /mL R A B A7 70 A 202 10 mL, 24 h
J5 GETE 0.08 mg/mL Z B R 10 mL. &40 B3 7,
AWREL I 607, MRS dEAESTT 1R/
2 MR ) KA A 0 DL SR T ), 881 3 0 903
TR R AE TR BB 8 R bR an
T 09 : TR BE, 3R ZE TN T 1% 198 : A /R
ST, KL 19%~25% ;2 9% - A5 KEURBE , &%
2L R 269%~50% 5 3 P - A KRB, Wi 2= 1h L &
2R 519%~75% 54 9 MR RN EBE, Ak 250t
K 76%~90% 5 5 9% : K9 ZE MR 90% LA 1 54 ik ik
Wo KIR=KIHREU TR B2 100% 5 75 155 5=
> (A5G M BOAH I 80 ) /(R A e 50 B iR
$50) %1005 B 250= O6F HE 20 995 175 48 55— b 3414 993 15 4
B0 /% BRI 46 2104 100% .
1.2.3 AR M-1 5 25w A 32 A LIS AR % om

2 1.2.2 7R FAE BN 521 20 d I 0 ol
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T340 B (1) P FERIR AR BE 37 5L 10 mL; (2) 1%
£ 4.5%10° A~/mL TR Pk M-1 434596 2 0% W) 10 mL;
(3) PERERRM-1 ZBER 10 mL, BRMEBRZ 128k,
AW . ARHE S 22 KRS AL F/ N i B,
FE B ARG T AT A AN T A i A B S
35 RISCHR A5 Ab 35 /N A7 R RR , 00 2 28 5 i Ak
R EEE BSOS R A S AR

I A TG P 0 5 < PR 0.5 g ZNFE I e, i/
RIS BERR 0.05 mol/mL B 2 2% Witk (pH 6.0)
5.0 mL S/ VA b AR VKR AT S TS LS
I, T4°CTF LA 10 000 r/min 2.0 10 min, i3 F 1§
B . A Y B AL i (superoxide dismutase,
SOD ) 17 P 2 >R FH 0 PE s v (0 SR 55, 1996)
SR 130 mmol/L 7 22 0.6 mL . 750 pmol/L
ALY LY A WA 0.6 mL .20 pmol/L A% #i % 0.6 mL .,
100 pmol/L £, —f% Y Z. [k 4 0.6 mL .50 mmol/L
iz 2% vh (pH 7.5) 3 mL . £ I /i % 2.0 mL | 78 1 /K
0.5 mL, W5 X} REIEA T b 3], AR TE 4 000 Ix SR
FRES 20 min J5 , T AT UL 560 nm K A4b
T RE W GAE . i3 A Ak S (catalase , CAT) 15 P 52
SRR AR (B 24 55 56,2009 ) , J2 07 R 15 DN il
#% 0.1 mL,0.05 mol/mL B 2% # ¥ (pH 7.8)6 mL .
ZZM K 1 mL, 7E 25°C FiL#A J5 2 45 A 0.1 mol/L
H,0,0.4 mL, &8 145 TGHE] A BE (@ 1L 557 B
T, T 2840 2 6 BT 240 nm 4 40 I 5 W2 5%
{8, S8 (peroxidase , POD ) i M 5 5% F A
BIA 72 (ZE ORISR, 2008) , S 33 A R I B
0.05 mL.0.3% 1 8 A 4 mL.0.3% H,0,0.05 mL,
TE37CKIBPIR A, Tl W6 BT 470 nm
PR A I 5 WA . R TR R ff 22 i (phenylala-
nine ammonia-lyase, PAL ) i 14 M % 5% FH 55 44 2% %5
(2004) J7 9, SO M 0.1 mol /L Bl R 2% Wil (&
0.025 mol/L L-Z#N & iz, —# A 2:1,pH 8.8)
3 mL fFEFR 1.0 mL,4°C F 2w/ 1 hJ, 16 mol/L
HCI 1.0 mLZ b, T4 0] WA 11290 nm
WA AL I 7 WA

SR FH HL i 05 325 I 2 /N 22 I R 00 i a7
(A ,2005) . HUNZM [ 0.5 g B T RIAE T,
BAZERE 7K 20 mL, $il17< 15 min, #8, JH H S A0
FEHE 1R E (L), SR )5 6 30 min, 2415 I &
552 L RAE (L), I 25 IR /K B (B (L) , TR
FEXT L S =(L,~L,)/(L,—~L,) x 100%, HH% HL S8
AR, 100 BH A4 f S a5 P AR

SR B HZ2 18 LU (0 0 5 /N o TR

i (RN SF,2010) o BUNEZ I /0.5 ¢ TR
0.05 mol/L B2 2% i (pH 7.8)4 mL /b £ Hefih
B TR IF S L A1 T 4°C R LA 4 000 r/min 250
20 min, B W 1.0 mL, LA 2% At B L 2 iR
1 mL., =& LRIEW 3 mL, R4 Tk KA b s g
15 min, PKIFHEHEE A5 ,3 000 r/min | 2.0 10 min,
FL A0 L4366 RE 1 532 nm 1600 nm I K Ak
FEWOEAAE

KB AT (2016) Jr ik g /N i i
Srig . WREBUNEZRE 0.2 g THFER Y, in A/ A 3
PF195% £ %3 mL, AHEE R , FEIN 95% £ BE 10 mL,
Uk 2 A AU Y, R 4~5 min. CRERFER TR
PEPOR T U8 5 25 mL AF A B, H 95% £ 1
FERIER R 8 AC I 2R R ok B R, 5
FH95% LB A 850 LL95% LFs R 1, AE ] L
I3 66T 665 nm Fl 649 nm I KA E G

R S e L 6 (2= JE O 2R B, 2009) 0 72 /)N
AW R R A SR RS M . REBUNZ M 05 g T
FFEER 2 TR VK4S 30 min, B S Tokis hoin
AP AR W 4 mL, B B R A
BLME T 4°CF L4 000 r/min | 50 15 min, FiE
TRED A LA . HOHLEER 0.4 mL T 10 mLiRAE 1, in
A% 0.1 mol/L KNO, B2 Z% #hif 1.2 mL MINADH
W 0.4 mL, IR 215 7F 25°C K 4% 1% 30 min, %
WA NADH W, 15 LA 0.1 mol/L #5112 2% wh ik (pH
7.5)0.4 mLARE: . {518 45 o 5 <7 BV B e T
1 mL 28 -l SR, PRI ZE3E 2 M B W 1 mL, 5
4,15 min Ji5 LA 4 000 r/min N &0 5 min, B ISHAE
AT DL A3 Y66 1T 540 nm I K AR E WOBIE . 55 Ak
FREUNE I F0.5 g, 2 H,80,-H,0, 14 #EH & 15
A3 DAL G AU BB Y BE VA ALK A 4t
JEREE (IR, 2011) 4387 N P K 6 &5 5 31538 =
Wi o B A5 A BT A N AR AR D AR S S, T
105°C AT , 80 CHET R FRHUA Wit
1.3 HES

fii FH SPSS 21.0 e bR A4 a6 B i 4 7 H 1A
RO 25007, R Fl Fe/ N 25 25 85 (LSD) ¥4 46 4 45 Ak
PHE]Y 22 5 5

2 ER55H
2.1 B M-1 3R A SR B R

TR M- T 1A R 2 TR /N 22 R R S
AT BRI . TR M- 1 3 PR R S 4
TR IR 57.719% B2 2 0 2 11 2 b T4
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FHREE 27.11% 5 AR M-1 & BB AR AT 9l #0011 174 410
il R I8 2] 72.95% , 358 22 1A R AL PR i 3 1 5 60.68%

(El1),
Bz

AbH Treatment

1 EAAIEXS R A FRIAEH D HI =
Fig. 1 The inhibitory rate of different treatments against Fusar-

14 2R Inhibitory rate (%)

M-1

ium graminearum

2.2 EHRM-13/NEHBEFRERAIBN

INZE G AR A R | AR IR R
REIA85.42% . HFEM-1 704 T B VR K IR
b2z 2 2 1R RANB/INZ G 5 DREE 1 R
M HE BT — AR, L, R 353 IR
T 53.66% (P<0.05) .20.49% #131.71% (P<0.05) ; J&
155 18 K057 59 4 25 A T 88.10% . 77.82% #1181.07%
(P<0.05,3% 1) PR M-1 534 76 -8 V7 ORI ¢ T
YA B /1N 27 75 B o 1Y) B 8043 ) 3k 3] 88.10% F1I
77.18% , 58 MR ZG Z 0 R B R
2.3 B M-13/NEEIBEE VISR E20h
2.3.1 s Eeb R B B S 6 m

DEHE TR M-1 43 70 T B PR O & BRI /7N
F I/ SOD ,CAT .POD } PAL & 444 —E 34,
SOD I 1443 S 0T HE S 25 B4 T 35.37% #1129.09%

M-1: FitkM-1T5{KR ; FB: Wk M-1 KB CBZ: £
WA BRI BR e 2 . ARRVNE FRERIR
LSD i 45 %5 15 P<0.05 /K °F- 22 5 ' ¥ . M-1: Strain M- 1;
FB: fermentation broth of strain M-1; CBZ: carbendazim. Da-

(P<0.05) 5 CAT {if Pk 43 59 A XF FRIE AN T 87.51% #11
25.15% , L # 3% BUE & 59 (P<0.05) ; POD i
P 3 00 5 %o B G 25 38N T 43.95% Fil 38.74% (P<
0.05) ; PAL i M43 10T RS I T 40.74% (P<0.05)
H17.82% , HLRH 4O IR B A (#£2) .

F1 BEHEM-1 M EEHRAR BRI

Table 1 Control efficacy of strain M-1 on wheat seedling scab

ta are mean+SE. Different letters indicate significant difference
at P<0.05 level by LSD test.

JGELE I (%) VCACEE BiiRL (%)

Treatment Incidence Disease index Control efficacy
R Fusarium graminearum 85.42+524 a 42.79+9.53 a -
ARAT PR+ SRR AR H SR 2 68.34+7.61 ab 28.24+4.31a -
Fusarium graminearum-+basic liquid medium
RAHRAL B+ RIE M-1 73 L T BRIl 39.58+3.99 b 5.09+3.36 b 88.10+7.86 a
Fusarium graminearum+conidial suspension of strain M-1
ARATBRAL R+ bk M- 1 AR 67.92+3.99 ab 9.49+3.30 b 77.1845.92 a
Fusarium graminearum+fermentation broth of strain M-1
ARG BHIE+Z W R Fusarium graminearum+carbendazim 58.33+5.24 b 8.10+4.23 b 81.08+9.89 a

FPBE FE R r 22 RIS TR)ING TR R 42 LSD A B0 7 P<0.05 /K F-22 53 1. 3% . Data are mean=SE. Differ-

ent letters in the same column indicate significant difference at P<0.05 level by LSD lest.

R 2 BEHRM-1 3N B EEEE I E 2200

Table 2 Effects of different treatments on activities of enzymes related to disease resistance in wheat leaves

Qb A LEE SOD  HE AR CAT  HEAYEEPOD RN RfF 2 M PAL
Treatment (U/g FW) (U-g'FW-min"') (U-g'FW-min™) (U-g"' FW -min™)
LR BAA R F75E Basic liquid medium 107.09£2.19 b 18.41£3.20 b 275.33+11.61b 162.00+£15.76 b
B M-1 070 T R P 144.97+7.68 a 34524441 a 396.33+16.90 a 228.00422.74 a

Conidial suspension of strain M-1

HHRM-1 BB

Fermentation broth of strain M-1
LRP R BRI ZE . BV RNG FbF 2R 28 LSD K I 1E P<0.05 7K F-25 5+ 2 3 . Data are mean+SE. Differ-

ent letters in the same column indicate significant difference at P<0.05 level by LSD lest.

138.24+7.21 a 23.04+1.88 ab 382.00+£21.55 a 174.67+23.70 b
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232 ket A iR E AR B S 32.15%(P<0.05, K 2-A) , TN S R4 RO BRI
DERE TR PR M-1 3 A48 BIFIROF R TS ./ AIRT 41.76% (P<0.05) F13.23% (& 2-B) , HRTH T

0T AN SR A A RS, TR ERR.

A 0 3 1 ) I B B RIS T 35.949% FI

530 A 7 - B .
£ - 2
~Eur 3 3201
IS © 85k
w3 T b £ b
mb% b 2,4—
gLl = 2
' 2 §7“3_
s 10F g
€ }1@152‘
A ol
= =
& 0 1 1 0 1 I
BLM M-1 FB BLM M-1 FB

Kb Treatment

2 EHEM-130/NEM R AERE R (A) RR B S E(B) RN
Fig. 2 Effects of different treatments on membrane permeability (A) and malondialdehyde (B) in wheat leaves
BLM: BERHARAARE TR AL s M-1: BB M-1 23 f B I7U; FB: RIARM-1RBER . I h B A ebnifie 22 . A AR
ING FEEF IR G LSD ¥ K 96 7 P<0.05 /K722 5+ 8. 3% . BLM: Basic liquid medium; M-1: conidial suspension of strain M-1;
FB: fermentation broth of strain M-1. Data are mean+SE. Different letters on the bars indicate significant difference at P<0.05 level
by LSD test.

2.3.3 P Eet R e A A ARG REEE LA R F187.37%(P<0.05, & 3-A) 5 /N2 M Bl Ak 3 T ik 7%
DERE R PR M-1 20 B IFIRRUR BRI S L /N PR e BRI T 23.78% (P<0.05) 1 7.38% (1]
Z R I 2 4y B R N T 87.45%  3-B), FLAT#E RO B RN

35~ A 30 - B

a a a
N 2
?o*a'w = 25 b
' D ﬂ 5~
%1)32.5— 2 = B
V8 1‘1;’5.[ Q é' 20
e 20F b g 3 -
@2 s ) MEEBT
#& & 83 -
%S 10) R (U
g2 €25
0.5 = B
0.0 ! L 0 1 1
BLM M-1 FB BLM M-1 FB
KbFR Treatment

3 BHRM-13NEM FHEESE(A) MHEBEREEE(B) BN
Fig. 3 Effects of different treatments on chlorophyll content (A) and nitrate reductase activity (B) in wheat leaves
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Table 3 Effects of different treatments on N, P and K contents and absorption in wheat leaves

Kb T £ Content (%) % Ui Absorption (mg/plant)
Treatment N P K N P K
FLRH A K, 753 Basic liquid medium  1.13£0.03b  0.26£0.00b  1.09£0.05b  19.52+1.69 ¢ 4.44+0.34b 18.64+0.77b
%H‘? M’l ﬁi@%’%ﬁq& 1.58+0.09a 0.30+£0.00a 1.34+£0.05a 36.15£1.40a 6.87+0.48a 31.09+2.14a
Conidial suspension of strain M-1
AR M-1 LTI 1.2240.04ab 0.29+0.01a 1.16+£0.02b 24.73+0.92b 5.80+0.33a 23.43+1.30b

Fermentation broth of strain M-1

F BRI BRI 2Z . RIS R ING S RE 3R 42 LSD A I 7F P<0.05 7K 225+ 5% . Data are mean=SE. Differ-

ent letters in the same column indicate significant difference at P<0.05 level by LSD lest.
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Fig. 4 Effects of different treatments on plant height (A) and biomass (B) of wheat
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FB: fermentation broth of strain M-1. Data are mean+SE. Different letters on the bars indicate significant difference at P<0.05 level

by LSD test.
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