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Effects of Aspergillus aculeatus on the quality and yield of perennial ryegrass. ZHANG
Ting, ZHAO Chun-cheng, FU Jin-min, LIU Lin-de , LI Xiao-ning” ( Coastal Salinity Tolerant
Grass Engineering and Technology Research Center, Ludong University, Yantai 264025, Shan-
dong, China).

Abstract: Perennial ryegrass ( Lolium perenne) , a fine forage grass, is widely used in animal
husbandry. Previous studies reported that application of fungi Aspergillus aculeatus could improve
stress resistance and growth of perennial ryegrass. In this study, we investigated the effects of A.
aculeatus application on perennial ryegrass growth, yield, hay yield, forage quality, mineral ele-
ment content, growth phytohormones and metabolites under field conditions. Exogenous A. acul-
eatus application significantly increased the biomass, yield, hay yield of perennial ryegrass as
well as the contents of N, P, K, Ca and Mn in leaves. Furthermore, leaves of perennial ryegrass
treated with A. aculeatus had higher concentrations of crude protein and crude fat. Application of
A. aculeatus had significant effects on growth phytohormones as well as metabolites of perennial
ryegrass. These results provide a theoretical basis for further application of A. aculeatus on peren-
nial ryegrass.
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(RAESE 2002) o b, B E S5 Y Z 8] 1Y
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retti et al.,2008; Kuldau er al.,2008; Hassan et al.,
2017) . A AN 2 (Aspergillus aculeatus) |, J& T i 5
W BB 7 A A AR R BR SRR R R - it
AT AR KRS A K (Li et al.,
2017a;Yan et al.,2017 ; Han et al.,2018) , 33 LA
WA AR, O AR 4 %o 38 op ml A PRl AN 4 1Y)
g 5% ( Narsian et al.,2000) .

W5 B JAe th 2 e A% (2 i R 22 RETEAR 2R
TR (L et al.,2017b; Han et al.,2018) , 7%
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1 #R57EE

RIS LR A8 A0 6 T B AR DR S Ul e o i %
I8 55 FhIEHh 52 8%, 67 T 37°31'N, 121°21'E, ik 4
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1.1 HElr R
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T A A B W R A B A R U ) 24
FEFFIE 200 g, F 10% 3 AL SE T 7
5 min, FRHICER K R ok, £ H (R 8855 ,2017)
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TSGR KPR, AR PR FL I, 28 ol [ AR 8 B R RN AR
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Table 1 Solid medium method

BIfRsE R MeSO, - TH,0 KH.PO,  AHE AN 3lE dolidiar

A 0.5 1 10 5 18 0.04

F2 BEEFEFE(g)

Table 2 Liquid medium method

LS RIS MgsS0, - 7TH,0  KH,PO, AR EANR
2y R 2.5 5 50 25

P PR E R g RS HIRGER K E A F 1 L,
15 R K B 20 min, H2R R 8% 04 S IO 30 CHE R
BFsah e,

HREGEKEZRS S L, & KK 20 min, KE G
FHINA 0.5 mL 1% W858 2, A A i 25 & )5
JAFEIR (200 r - min™',48 h) N3 %,

FHZD A ¥ W 1A 3355 37 35 75t 00 FL R R BR L U8
IR K PPk 2~ 3 IR, 2 bR 5 57 BV U 1R K
B E 15 L&A 1/2Hoagland & FRIE P4,

1.2 AKX

KTt LI H S0 3,3 N EE W E
AAEEL . AR BEFP X (CK) SEMEEIX (F) . /D
XA 1.0 mx1.0 m BYIEH B, /NX[E]FE 40 em,
BE/NX RN S 47, ATIRIEE N 25 om 3B BN 6 g K
TG A T BT, L) 8000 r + min™' 5.0 8 min W gk
i, BT EFRE 20 g, H 1/2 Hoagland &R E
I, BT AT N 500 mL BT
1.3 JED H

AT 2018 4E 9 H 22 HIFIG, 4b3 40 d, %
FHH 35853500 R AR .

A B R TR V2 o 22 4 A R 22 R X O e T
P U 5 S BIUKRE SOAR Y B — /N XN il 22 4 4 TR
FefratE R . C(kg - A7) = FW/D, Hivp
FW R (kg) ,D HREL, G AR,

PR AR AR E S T A Y (kg -
m7)= FW/S, Hh FW Rt 5 (ke) , S R A/NX
M(m?®),Y Hreg,

T R ML T BREE v R e ) 2 AE AR TR
AR 48 h J5 B K EB Sy K o378 K, B HEAR A%
HiaHT 2 EE, . DB (kg - m™*) = DW/S,
Hr DW AT H (kg) ,S HE/NXEF(m*),DB H
TE R,

O BT L AL AR 1 R D7 R 43 R
Y FEARAE RN

FHLEE 1R P LG USG5 1 R BT o o
0.2 g( BEHLIURE , BEIE A AR ) RAREF 3.0 g, FiK
ABIRE 0.2 ¢, BB BT ALE P I IMA 10 mL
W , B LA B T A S8 T L, BT R 420
C W 2 he KTl & 1935 B A A Hana 21
[ A A 1, & B A R R T (CP)
FH(%)

FELIE I 05 FH B 00 e AS0: « A9 o BCT F J
0.2 g( BEMLICRE | BEE Ry AR , A& 50 mL



g ISR L TR Y X 2 A A A AR i SR S R

3669

ATV B HH SRR N R B IR B 130 °C (AR 2 h,
R LU AR (130 °C,2 h) N, TH5T7k: CF
(%)= (DM-EC)/M,DM NHET R B it (g) , EC
AR R B (g) M NRER TR (g) , CF W HLAR
05 i

FHLZF 4R 27 2 D0 2 {SCFN S 3 4P R i PR T
FERTUR 0.2 g (FEALEURE , BE I 2R AR ) LI 2.0 ¢
FE 3 LTS BT 09 3H 38 A Hana 27 4530 &
A, AR R (BRER VA 0.127 mol - L") Bl ( &
164 0.313 mol - L) #FATRRTE & (THBRVEH, FHH
JoT, R, FB AT AR 4 2R AF ) | 3k B NS 4R EF 30
min, 58 SR A MRS (& 130 C) M 2 h, R
ME I T+ R S ) BT B, BR R 2 e S B
ATy I dpr 3 B IR R 500 °C L, JKAE 4 b B K
fRJE W B i, AR de it 7 ik B R . CFi (%) =
(PDM—-AM)/M ,PDM AT 5 S (g) ,AM A K
fRJG B (g) , M HEE R iR (g), CFi AL AT 4
Ry

FEIR 0 F 2 s o R AR D0 7 - v AR UL+
FIRESD 1 g( BEALEURE | B s 0 AR ) A IR,
PRt TR E B R . (S IEPTE 700 °CF KAk
7 h, BHEFRE KA )E B S BT Ash (%) = (PDM -
AM) /M ,PDM AHETR BT (g) , AM R IRAL G B
Fit (g) , M FEELBURE (g) ,Ash PRI 5 6,

0 J5 70 25 {1 FH PR JR 5 A5 B A B ) 7
FEBRARBUEY TR 0.2 g BATHMAE T, IMA 5 mL
WRER , BN 2 mL H, O, %5 W Al A7 28 7 gAY
(370 °C) N 7 min, B EHFHRELINA 2 mL H,0,%
W, ARSI 1 b, ELEIRE & E A Lk 4 R B A
SR TR G TN E . B TR TR A
H W ICE (mg - g7 )= pxV/M,p A4S 1) e BE
(pg - mL™) VR EREB (mL) , M Rk 5
(g) (14$75,2015) ,

AR R DIE RS FRIBGHT B AR R AT 45 0.1
g AR A VKA, 16 1 mL 355 2R s (NS
PR Dg-TAA, Dy-JA, ZYR B2 100 ng - mL™") WHE
AT, KSR E AR BREAAEF R (4 °CL 12
h), B0 10 min(4 °C, 18000 r - min™", F[A]) , i &
) EIEWIMA 1 mL A @35 LR R, 20 10
min, ] @ 4E /A AR T EERFMA 0.5 mL
70% (v/v) P ETEHH B, B0 4 min, K b AE
JH 5 0 AT (533 2R Gt B = % A B AT R % A3
(Ashley et al.,2006;Wang et al.,2010) ,

P - BUHT 1) 22 4 AR A R R 0.3
g M HIVR R TR URFE I TREDLE TS IRy R
RGBS R IFETL BS54 4.2 mL 80% (v/v) W EEHY
5 mLELDE S, B ZR 200 r - minT' AR R
B2 h, SRJEH 60 L BEMEEE (2 mg - mL™") FE MR
PERSF B NFR S I BN D, IR IRAE 70 °C BYK
BN 15 min, 5.0 15 min( 12000 r + min™') ,#&
Job EIE WA R R 10 mL B0 b b &
4.5 mL EB T 2.25 mL &07. B UL R e
15 s, #-47E.0 (10000 ¢+ min™', 10 min) , # 0.3 mL
) EI IR RS 2 mL HPLC /N B7E 2SO
WAREF(900 v+ min™") TR, fIA 80 mL Y
FH MR R ER (20 mg - mL™") VA AR AE I IE il A%
PR (200 r - min™',30 C)2 h, JEAIA 50 uL
N-Methyl-N - ( = H 3& & % 56 ) A1 = 5 & Mk &
( MSTFA) A AFERH1 (200 r + min™,30 C)2 h, #x
J o ACHR €8 1% SRS FH G 22 (Xie et al.,2014)
1.4 HdlEsrtr

BAGRH G M e SPSS 22.0 B4 h it AT, R
FHEARI R J5 2253 0 A SIS REAS T R 5, i 35 7K1
i P<0.05,%: KR H SigmaPlot 12.3,

2 ERE5NH

2.1 SMNEASHBRA R R X 2 AR R A AR R
B
A IROBRARL 5 L TR R AR AR R R AT —RE Y
fRBEMERI (3 3) , S XT A HL 3R B B 4R = T
A RA R AR B PR TR R S
= 1 50% .58.31%H155.17%
2.2 SRV BRI 5 L X R 0
A IRAE RO R RLER 1 LR LK o
FURLEF 45 14 25 k43 9y 21.8.,3.0,18.1,25.7
o ke LRI FLAR AP M A AL 5 2
(F), S 3 B v 2247 4 AR A2 e B R 8 1 A

K3 MAHBNSFLERZRERE TE TESEN
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Table 3  Effects of Aspergillus aculeatus on growth bio-

mass, yield and hay yield of perennial ryegrass

pos:l GRS iy TH
(kg-d™") (kg - m™) (kg - m™)

X CK 0.10+£0.02 2.95+£0.54 0.29+0.03

AL F 0.15+0.00*  4.67+0.17*  0.45+0.02°

F3RTR MBI i A B, CK 3R R R R i & FL i, » SRon At
W [E22 5 W (P<0.05) , T EI () [,
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Table 4 Effect of Aspergillus aculeatus on the ion content of perennial ryegrass

Qb N P K Ca Mg Cu Zn Mn
(mg-g™)  (mg-g") (mg-g")  (mg-g') (mg-g') (mg-g') (mg-g') (mg-g")

%f B8 CK 34.84x0.15  8.71x0.11  34.96£0.27  5.80+0.09 8.55+0.09 1.05+0.01 0.62+0.01 0.57+0.00

B F 36.52+0.18* 10.20£0.35*  40.45+0.15* 6.41£0.05*  8.12+0.18 1.03+0.01 0.63+0.00 1.68+0.03 "

x5 mAHBENZFLERZERBTYRIRE

Table 5 Effect of Aspergillus aculeatus on metabolites of perennial ryegrass

7= A R PR P L TN
(pmol « g7") (pmol - g™") (pmol - g™") (pmol - g™") (pmol - g™") (pmol « g7")

X CK 0.45+0.05 0.53+£0.09 1.93+0.00 0.60+0.26 0.03+£0.00 3.25+0.01
it F 0.24+0.04 0.33+0.02 1.90+0.00 * 0.35+0.01 0.02+0.00 2.00+0.19*
BT A B (P<0.05) , 43 38 i 4.83% Fil 4.80% ., 081 ok .
(I 25 5 54 1 B2 B, 1 BORLZF A FAELIR " i
) Er B A 5 (P>0.05) (&1 1) . §°'6
2.3 SNV LA R #,,

ik 4 FHI SNER I GO (F) B %
SRS AR S B E T N P K Ca Al Mn 105 "oz
17 (P<0.05) , B4 538 17.14% 15.70% .10.61% .
4.80%F1 194.74% (£ 4) . 0
2.4 AU IR h A AR R PR RN 2r

M 2 159 R AR AR T, 24 R A 10} 7
MEA A9 TAA A P38 5500 0.45 A1 0.27 4R - 8f
(¥ TAA i1 JA SP-2485 235300 0.40 A13.00, SMIRER o .
PRI T BB (), e 3 R 4 R A Rt £ .
IR TAA 1955 5, H 23 3380 44.44% ,65.00% , it
S HABRERE AR JA £ 5 (P<0.05) , FLREAR T dl
68.75% , il FLAEH MIAR TS JA 197k ( P<0.05) , 14 i 0 g ' it

T 174.67% (K 2) .
2.5 HINIE IS IRt p 2 R A A i R )
HNIEES I th B B (F) |, B R AR AR
301
OCK
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Fig.1 Effect of Aspergillus aculeatus on forage quality of
perennial ryegrass
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Fig.2 Effect of Aspergillus aculeatus on hormones of peren-
nial ryegrass

LS R S SRR RN RE A 1) 7% 1 (P<0.05) , 435l
FFAK 71.43% 1 62.5% , HJ2: , 70 il 25 X 247 4 1
A2 AR BE L E N R R LB A R
AEE (P>0.05) (F£5)
3 i

AR P 7 Rt TR B O e R ) S, S5
RIIALAE EF VR, AR, BEE A4
T K AN =7, X 2R 15t o 5 oKt ke i vy
R G, AT RESE R R 0 E POl 0 7 A BE B
B REAE2017) SR, Bl 5 H 58 N R3S, vl 1 Y
N A RO D | I FLUEREE ) i H 25 7™ iR
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KAt 14 3k ma Ak 25 b J5T ¢ 38 T R FH Y A B A W
WD (H B, 2014) , BRI A BR A9 4 g2 5 2 4R
e PG L P i R T AR ) R ) —  BIFSY
KIS0 YA EAE T RE S A S A AR Y
A KRB A B B 223G T R K R ) SRR 4y
B R K B8 71 ( Gutjahr et al., 2013; Ferrol et al.,
2018) AE Ky Il 4z, AE ) hy B TR S L B 5T RO 9 i 42
(Smith et al.,2008; Bravo et al.,2017; Jiang et al.
2017) , PRtk TR R ™ T 0 R 1 B T [ B el
R AR LIRS ) DTt 3 O 0 7™ T
P (RBEARAE 2009 #iAE 524 2013) , A K
WEFE 2B, SN IS A M A B e 3 R
W AR TR DL R A W AR A
(ZEWF2A55 1992 B 2 45, 2008 5 JE XUALES 2015
Li & ,2017b; XIMELE 2018 ; BelgEH 45 ,2019) . AT
Y SRS I A0 2 4 R 2 AR AR R R I
JCR P AR TR R D TR, B,
AN A A 6 2 A A R A R AR AR A E
—AE T R i S 2R R A AR
P AL BRI A E

MY AERKEB BEATFEE M EATER,, A%
N E T A i B B TR N 22 AT A SR R TAA A
JA SRS, WFFT R A T ith A TR A2
FY = A AR ZR T 52 i AE 9 1 A K R B (Han
et al.,2018) , 25 R 5 A S 40 — B, B ih 25 H A
P SRR AR TAA S8 (EH R A K, JA
AMUEA IR Y SR A K et A
A VAT HEYPS AR (B ,2009) . PATE
KARFFE R, FNER I AM FURH S8 m EE 3R
SEMS R JA &1 (Hause et al.,2002 ; Meixner et al. ,
2005 ; Stumpe et al.,2005) , 5 A S0y 2 4 Af A
MM R JA i W WOMARAY . mAME RN B S
JA XTI R (5 i AF AE RS Rl I 25 5, — T
I, Al Ay AM 22 )5 PR A A ) 1, 250t
H JA ZKOF- o 2B R BT 1E 9 F ( Kapoor, 2008 ) ,
7 57— 5 T, 7 05422 Tl B VG Bk 4 5 22 )i PR P 2 0
BEASARZRIE R, R R BRI ZE AR JA KT
(Hilou et al.,2014) , A, it JA & &
S A, D R AT e R Al 2 B2 5 1 i X Ak
TP AP A R RE T, AR T JA AT AR
MFER, RIBF AR HE T ik R AR 184 1k X
INECTE S JA W IR AL 5 A B, 38 5 i — 20
5%,

T A (2018) FEFRL I B T X Foj i AM
HH G, KRR SRR R A & G, DA AR
T B BEE R 0 4 B v] g2l - 1809 pH {E
REAL, DA 0 i A5 ML IR, 820 A AILTRR 1) 7% i ( Zaidi
et al.,2009) ., 1A 5256 SR FH A4 k40 il 25 0 1 LA
VS BEFR R R RIRERRAR T AR R R E AR R oh
SRR A i, Li 25(2017b) BFSY R B 7 i 25
FIRES S0E Y G B B i S5 ok 2, I A A i 2%
Joi  BRAR T AR A R R R AR S i, IEAb,
AR B B LA A A BILR ROV T, B P EC TR AR &R
T o PG, RS AR IR R AR R A E AR
RWER K B B (4895 T 55,2014 ) , KL AEZL
AP TS R o e A I R (AR R R B
HIRAG, (et AR R R N AT

H A, % 8 Tz e AR A
(FE AR I AT UG, SR - R B A RE RS R HI B 1
A b AAT R BT R A R ARSI A A R
T 24P A BB R TP A R AR AL T H AR S HF
ISR

225 3k

MiflZe, sk, JRRRSE. 2008, T £k AR I8 T % 28 48 8 15 3
PSRRI IE. FOl2F4t, 17(5) ; 43-47.

FRXICN, £ B, RN, 5. 2015, AR AL PR AR TR ST
WG E M AR, Jb st R B, 30(2) .
28-34.

BHEF, TAM. 2019. NRIACES AM 5 B it X5 v $1 HE
rn TR REIA. PRILRMBHE K=k, BARBIM, 47
(5) . 124-130.

W SER - ARMONTE. 2016. P TACRAE R AR R R AL
MAREH, (14): 57.

AR PNIEIE, Bk 3R, 25 2013, AREMEE R R A R
ACEAE PR T s . Bl e, 22(5): 104-
112.

Z5 . 2015, $R R B BT A AT ST R . SRRV & U
HPE (5): 59-61.

ZEWFF, RS0, WA, 2. 1992, 17T X ) BH M X SR
W e Ak AR I B o BB R AR, (1) 50-
53.

X OHE, RN, ARFELL, % 2018, BOGIN A S 4 gk
A= HF B3 ook A A A R R T B A R O Y .
Mol Rl, 54(10) : 56-63.

XA, B0, 2009. K48 T AM H P& W H B A K
. BARZER, 23(4) : 692-696.

X g, N, TKREREE, 4 2017, BB LTSRSt
ERHAEY - A S E RS, e Rl KE2
%, 40(4) ; 632-640.

IRELFE. 2018, AT A W AR SR . KA HEAR,



3672 AEARE W8 E H 12
(7). 8-9. seedlings. Microbes and Environments, 32: 133-141.

HAPHE, oo BR, B 8, 4. 2018. RACERGRXAEAR PR £
S i % PR B WA R R PR AR E S R A AR 1-11.
http ://kns. enki. net/kems/detail/32. 1119. P. 20181127.
0937.002.html.

TR, 2K, BlR, S 2009. AR LR E K
BRI R BB T IR R . KRR B4,

16(3) . 40-43.
FUEH M A&, IR, 4. 2018, EhEIMA T AM ELE X

PR AR PR . RS, 38(6) : 2187
2194.

S, MRE Tt 2002, T [ AR WAL I T BOIR K & e
# Mg, 34(2) ; 68-73.

Mo Bl 2014, AZETHZhR2 R I S KA B I S A% R
AL (208 S0) . HUM . WHTR 2.

W e 2015, JoRA pH X A S AR R KRR B B4 A o B o)
B2 (2R R 30) . JEat: Rk,
WP, 25 AEI. 1994, 5 JH DA Tl LA i DL JHE A R i AR
FEWCRE SR T RS, PR, (4)

54-58.

B, R, AR, 55 2008, AR TN 0F 5T 2
J&. TRAIFLE, 36(11) ; 4485-4486.

BOBES, 27K, BLOTA, 48, 2017, EORZFAFFI LYO2 X
B FAE I E AR5 J RIS, K IR FRAR, 31
(5): 340-344.

AT, ROREE, 2= OHE, 4. 2014, DASTEAR ELEXANAR R
PASHRERS, 40 0 5 2 w1 AR S A, 25
(4). 1125-1129.

Ashley MK, Grant M, Grabov A. 2006. Plant responses to po-
tassium deficiencies;: A role for potassium transport pro-
teins. Journal of Experimental Botany, 57. 425-436.

Barretti PB, de Souza RM, Pozza AAA, et al. 2008. Increased
nutritional efficiency of tomato plants inoculated with
growth-promoting endophytic bacteria. Revista Brasileira
de Ciéncia do Solo, 32 1541-1548.

Bravo A, Brands M, Wewer V, et al. 2017. Arbuscular mycor-
rhiza-specific enzymes FatM and RAM2 fine-tune lipid bio-
synthesis to promote development of arbuscular mycorrhiza.
New Phytologist, 214, 1631-1645.

Ferrol N, Azcén-Aguilar C, Pérez-Tienda J. 2018. Arbuscular
mycorrhizas as key players in sustainable plant phosphorus
acquisition: An overview on the mechanisms involved.
Plant Science, 280 441-447.

Gutjahr C, Parniske M. 2013. Cell and developmental biology of
arbuscular mycorrhiza symbiosis. Annual Review of Cell and
Developmental Biology, 29:593-617.

Han SJ, Li XN, Amombo E, et al. 2018. Cadmium tolerance of
perennial ryegrass induced by Aspergillus aculeatus. Fron-
tiers in Microbiology, 9. 1579.

Hassan N, Nakasuji S, Elsharkawy MM, et al. 2017. Biocontrol
potential of an endophytic Streptomyces sp. strain

MBCN152-1 against Alternaria brassicicola on cabbage plug

Hause B, Maier W, Miersch O, et al. 2002. Induction of jas-
monate biosynthesis in arbuscular mycorrhizal barley roots.
Plant Physiology, 130, 1213-1220.

Hilou A, Zhang H, Franken P, et al. 2014. Do jasmonates play
a role in arbuscular mycorrhiza-induced local bioprotection
of Medicago truncatula against root rot disease caused by
Aphanomyces euteiches? Mycorrhiza, 24. 45-54.

Jiang Y, Wang W, Xie Q, et al. 2017. Plants transfer lipids to
sustain colonization by mutualistic mycorrhizal and parasitic
fungi. Science, 356. 1172-1173.

Kapoor R. 2008. Induced resistance in mycorrhizal tomato is cor-
related to concentration of jasmonic acid. Online Journal of
Biological Sciences, 8. 49-56.

Kuldau G, Bacon C. 2008. Clavicipitaceous endophytes: Their
ability to enhance resistance of grasses to multiple stresses.
Biological Control, 46. 57-71.

Li X, Gitau MM, Han S, et al. 2017a. Effects of cadmium-
resistant fungi Aspergillus aculeatus on metabolic profiles of
bermudagrass [ Cynodon dactylon (1.) Pers.] under Cd
stress. Plant Physiology and Biochemistry, 114, 38-50.

Li X, Han S, Wang G, et al. 2017b. The fungus Aspergillus
aculeatus enhances salt-stress tolerance, metabolite accu-
mulation, and improves forage quality in perennial ryegrass.
Frontiers in Microbiology, 8. 1664.

Meixner C, Ludwig-Miiller J, Miersch O, et al. 2005. Lack of
mycorrhizal autoregulation and phytohormonal changes in
the supernodulating soybean mutant nts1007. Planta, 222,
709-715.

Narsian V, Patel HH. 2000. Aspergillus aculeatus as a rock
phosphate solubilizer. Soil Biology and Biochemisiry, 32.
559-565.

Smith SE, Read DJ. 2008. Mycorrhizal symbiosis. Cambridge,
UK. Academic Press.

Stumpe M, Carsjens JG, Stenzel I, et al. 2005. Lipid metabo-
lism in arbuscular mycorrhizal roots of Medicago truncatula.
Phytochemisiry, 66, 781-791.

Wang Z, Wu Y, Martin DL, et al. 2010. Identification of vege-
tatively propagated turf bermudagrass cultivars using simple
sequence repeat markers. Crop Science, 50: 2103-2111.

Xie Y, Hu L, Du Z, et al. 2014. Effects of cadmium exposure
on growth and metabolic profile of bermudagrass [ Cynodon
dactylon (L.) Pers.]. PLoS ONE, 9. e115279.

Xie Y, Li X, Liu X, et al. 2017. Application of Aspergillus
aculeatus to rice roots reduces Cd concentration in grain.
Plant and Soil, 422, 1-14.

Zaidi A, Khan M, Ahemad M, et al. 2009. Plant growth promo-
tion by phosphate solubilizing bacteria. Acta Microbiologica
et Immunologica Hungarica, 56: 263-284.

EERT ok 1%, 20,1993 AR A WFSY TS 1) A A
22 E-mail: 2028675817@ qq.com
EERE K W




