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Effects of Glomus mosseae and grass endophytes on the growth of Lolium perenne

under phosphorus addition
GUO Yan-E, WANG Xiao-Yu, GAO Ping, DUAN Ting-Yu"
State Key Laboratory of Grassland Agro-ecosystems, Key Laboratory of Grassland Livestock Industry Innovation, Ministry of

Agriculture , College of Pastoral Agriculture Science and Technology, Lanzhou University , Lanzhou 730020, China

Abstract: This study aimed to determine the effects of arbuscular mycorrhizae fungi Glomus mosseae and grass
endophytes on the growth, nutrient absorption and phosphatase activities of Lolium perenne without phosphor-
us addition (P,) and with 50 mg/kg phosphorus addition (P;,). Seeds of perennial ryegrass infected with grass
endophyte (E") and without grass endophyte (E~) were used to establish plants with and without the endo-
phytes. The results showed that: 1) AM fungi and grass endophytes had significant effects on the host biomass
(P<0.05); plants infected by both AM fungi and grass endophytes (AME") had the lowest biomass. Plants
infected by only Glomus mosseae had the highest biomass under P,, while plants free of the two symbiosis fun-
gi reached their highest biomass under Ps;,. 2) Phosphorus addition increased mycorrhizal colonization of peren-
nial ryegrass by 11. 40% , while infection with grass endophytes inhibited plant mycorrhizal colonization by

18.65% and 11. 77 % under P, and P;, respectively. 3) G. mosseae had no significant effect on the absorption of
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P (P<C0.05). Grass endophytes increased the content of total N, while AM colonization decreased the total N
of plants with grass endophytes. 4) Phosphorus addition significantly increased phosphatase activities (P <C
0.05). Plants infected by AM fungi and grass endophytes had the highest phosphatase activities across the
treatments. Each of the two symbiosis fungi improved plant growth when taken alone; however, they showed
competition on photosynthate and did not enhance plant growth and nutrition absorption when applied together.

Key words: arbuscular mycorrhizal fungi; grass endophyte; phosphorus addition; Lolium perenne
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FOr M HE T AM U AT SR B e R B2 A TR R B A TR 22 L AR R AR IR AT R 4 SR ) 0B
WRE RS Ay S B RR T A DR N S AR R A A R T A VA e B R AR O B i
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R TR R L T R BT B R R BGC %5 Dy NMO4A , DL =B S e A 14 46 7 L R AR AR B AR A1 BT 22 S 1% 77 ik AR oy 4%
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1.1.3 45 R pH 7.6;4 P 19. 62 mg/g; 4 N 18. 35 mg/g, ¥4 3 mm F0 1+, T 121
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V- AT PP FE AN 50 mg/kg(Ps) o i H4H 20 g AM H W)/ 257875 800 g KB 1 -3 F il . 48 )5 7
B 200 g A 6 BECONIMD DU i 45 5t 2K 8 e P 400 R0 B2 B ) 8 80 DABRTIE AR 0 IX R — B30, Bkt R/ — B0 HRF R A
W R, FH 109 Ho O, X H R I # 10 min, 285 FIC R /K Mk T, F 25 CHEIRIEFRAM . 48 h 5. I
RAABA — 0 R/NHIE A B (E D FUR & (E D) SBE R 53 £ HAR 18 e 5 19 em MAEZL T B4
Fodk 5 k. v 1 BJE . B E 3 bk, EME . MAFTFR &R 0.1 mol/L KH, PO, ¥, 857 P iR mab 2. P, Wi
NSRRI A 8 AN AR 8 AN EE . A K 8 JEE WO I Al W A K R A B A AR A
12,2 EFRIE AR RCRHTHET IR E s AM FLRR {2 G 3800 0 5 SR F G (0 B 1k 0 s R P& R A
FBRPLLL BRI E Y 4 N4 P o it FHEREEAUBF S A 4 T FE . 9F 32 2 mm B, BRER 0. 25 g 76 43 RIS 4 19 R 40
FELMA 3.3 g fil4L7] (K, SO, #l CuSO, BFEEJ5 10 ¢ 1 IR4)F1 10 mL i H,SO,.420 Ci#& 2 h,. B HIEERE
100 mL, 2R i ) T 41X (FTAstar 5000 Analyzer, FOSS, Sweden) Il 2 ; it F 5 AL 5 0 52 [ 175 14 79 00 2 2 B Sa-
dasivam %5y 75 3505 5 TG 4 J 100 52 - HE 0 1 6 05 1k
1.3 ##B%it 554

SR JMP IN 4 X 45 48 b5 i 47 58 BN A K 5 2550 BT - 25 5 GraphPad Prism 5. 01 7E[&],

2 HZREHSH

2.1 AH%

P S Hoss i AWy I B & S (P=>0. 05) (& D, IR P &8 F . DIEM AM B E fHR(AME DAY
IR, H NME NME ™ #1 AME " 3 9148 25 13.51%.19. 09% #132.41%, Ps, 51T o LAAS & W b e A= ik
YL PE(NME )y R sl EAEY R e (HEL S AME fI NME' M2 % A8 % (P>0.05) (R 1K 1, H
AT AL P 5 AM HLE BAR B A FESS BN PSS INFEAR T AM B A X 15 1 B3 AR K sk, ks, AM E
P55 R B P A U A3 I 6 A b b bR AR e A R R S S e, A R [R AR (AME ) (i Bl R A=
Y R AR, AM BRG] T ET BRI E AR K (P<0.05) (R 1L, D),

1 AMEE. RENEHEESPANMNSEERZERERNATESH(PE)
Table 1 Variance analyses of E~ and E* perennial ryegrass inoculated with or

without AM fungi under phosphorus addition (P value)

T 7E $5 br AM ELB A L W ZHAEM
Index Mycorrhizae ~ Endophyte Phosphorus Interaction
(M) (E) (P) MXP MXE EXP MXEXP
ZYeR AM colonization <20. 0001 0.0051 0. 0555 0. 0555 0.0051 ns ns
# A4 ¥+ Shoot biomass 0.0097 <Z0. 0001 ns 0.0010 0.0003 ns ns
N A )i Root biomass 0.0008 <20. 0001 <20. 0001 0.0079 ns ns 0.0432
#RL P &+ Content of available P in soil ns ns <Z0. 0001 ns <20. 0001 0.0015 <20. 0001
#i |4 P & & Content of total P in shoot ns <0. 0001 <0. 0001 ns ns 0. 0004 ns
HZ 4 P & it Content of total P in root <20. 0001 0. 0099 <20. 0001 0. 0004 ns 0.0012 ns
M I+ 42 N & Content of total N in shoot ns <<0. 0001 ns <<0. 0001 0.0094 0.0508 <<0. 0001
M A4 N %4 Content of total N in root <Z0. 0001 0. 0009 <Z0. 0001 <20.0001 0.0217 ns <20.0001
M H ACP 3Pk ACP activity at the leaf ns <Z0. 0001 <Z0. 0001 0.0208 0.0002 ns ns
B ALP &% ALP activity at the leaf 0. 0489 <Z0. 0001 0.0018 <£0.0001 <Z0. 0001 0. 0055 0.0051
% ACP 3Pt ACP activity at the root <Z0. 0001 <Z0. 0001 <Z0. 0001 <£0. 0001 <Z0. 0001 <20.0001 <20.0001
WA ALP i1t ALP activity at the root <Z0. 0001 0.0328 0. 0050 ns <Z0. 0001 ns ns
+ 3 ACP 1% ACP activity in soil <Z0. 0001 <Z0. 0001 0.0189 <20. 0001 0.0150 <20.0001 0.0217
+3 ALP 35 ALP activity in soil <Z0. 0001 ns <Z0.0001 <20.0001 <Z0. 0001 0. 0001 <0. 0001

ns: P>>0.05. ACP. Acid phosphatase; ALP. Alkaline phosphatase.
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Fig.2 AM colonization and available P content of E~ and E* perennial ryegrass

inoculated with or without AM fungi under phosphorus addition

2.3 H#H P NAE

P s hnxs B RS P 4 P LLEMR R4 P &l - AR B ELm(P<0.05 Gk D, AM ERF5RE
PR BB X AL P R E B R H SR L S P = SR B AR AR SS B . Py & F R
AM HIEFEART EFMRAYEEL P & . Po &0 T AME T AR B30 P & &t e s (P<<0. 05) (% 1,18 2),

AM HEXTHEYIM F 4 P &8 IIEE EFZmM(P<0.05 (R D, RENAEEENH F4& P Sa L aREEY
W, 5 P AFAE S AN P s in 3538 n 7 E7 BRI M 4 P & 5, NMP;, 8 NMP, & 40. 45% , AMP;,
AMP, 5 55.29% (P<C0.05) (£ 1.8 3).

5 14 P &R TR AM B R R 4 P i AR i i E R R (P<C0. 05) (£ 1), #:Fh AM BB T
WELP SR BIS PAREAM.PHRMBEHN T AM Fi 255 MM RS P & & (P<0.05) (% 1.
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BT ETHIBRA A N &8, H A0 e NME  NME" fl AME ™ b B4 3 4 N & B 5 19, 81%.19. 65% il
25.14% . AME" (YR 24 N IR i B 5 NME' [ 22 5 R 8.3 (P<<0.05) (& 1,/ 4, RE PN A HH
i B R R A N S EE AR RN P, & NME 4B 4 N & &, 2 5% NME- (AME™ fil AME®
MHl F4 N & E 8.57%.12.66% F110.00% 45 24 N & & 18, 64%.30. 05% F144. 77 % (P<C0. 05) (£
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2.4 BRERABEEIE

P st m M &R DL B A 38 R MR B R T (acid phosphatase, ACP) 18 {4 #% g fiff (alkaline phosphatase,
ALP) 1& PR 7 A 38 sk 8 5% g (P<<0. 05) (R 1. Py I 7 AR R ACP il ALP {f PE YR A F2 5% & F P
AR, T IEBERR BTG R Z (B 5) . AMRYLS P AEAESS BN - P IS4 T« AM (R G Af R 0y i i ALP . + 4
ACP {EPEBR AR B = TR P A3 MR R ACP, 3 ALP 3R TR P A3 (3R 1. 81 5) . R HE P A 20 B X il iR
it 37 1 A B S I (P <0, 05) (3% 1) P InXS E MRkl R 0 1R 09 5% M A — B0, P, 540 T i
ALP MR ACP DA K 1458 ACP IEPEART Py PUINEIIG N T E Mikk B ACP AR R K L3 ALP iE M (& 5) .,
AM E {5 RE N A B W EAFERA S BROY K2 DL L AR SRR G 5 e . AR P AT
YRGS RAEFE 22 57 MR AR ACP {61 Pso 251 F R I Femy s 1388 ACP A ALP 36 % K P 45 AME " 2038 1) fe 5
B At & b B R 22 S AR B (R 1L 5).,
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Fig. 5 Phosphatase activities of E~ and E' perennial ryegrass inoculated with or without AM fungi under phosphorus addition
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AM HE A EAEY R & TARENAE LR X2 W T AM BE A 7E T 18 B0 AR JOAR Sh R 22 n] DL B 3K
e 39 iy N PO R R N A LT R R T AR 0 b b s L e e AR 2 R AR R AR 0
BB H AR IR 43 . G FE IR 40 25 F T AM ELTE X 248 A R 22 REAE ) 5 9 DTRRES R BN AR LR TR
Pso KSRl BRI R A i B L NME ™ 20 31 f i AME ™ S fIG B2 B A BEOF R W38 e i 1d AR, X 510 i
HO S RS A R — B A R GRS T R AL R A B S AM BB 2 (8] 1 5 &R AT Ry R 3 AR
A g i R 3L A B AM BB i AR A BOG A (BT B A 32 A ) WA 3R 0 X T AR A B A O R
A R R B 2 S B F A A BT

Py Z50F T A b BEGS  38 s AL P2 JC 35 5 W) L K AT AR S MR B A 7 20 (R AR B0 B D AR O, 24 L 2
fiE FAEY) A I I 3R AM BT 5 R 55 A AR FUTE X 7 23 B S ROW Feab 2l . Poo 2610 AME AR LY
AP &R AR, AME " 20 B . B AR A AE W X B R P OOT R A 4R A 45 B W& 48 (direct uptaking
process, DUP) FI # R W & 34 2 (mycorrhizal uptaking process, MUP) P 45, H MUP &2 %) P g Uk i) 57 ik o8
KUY VARTRARAE Y R A5 DPU &A%, DAt B AR FL AW 40 R % WIS 22 1) P, A R 398 v 5% B8 A S Ak P BE IR, H
TARE AR FLREDN AM BT B4 T it 32 WOBOR) T 35 2 BR AR, R P S Rk B B . Ah Pk
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P AME " AR 3R P i R 3 5000 N iR R A 5 SR AR — 2

A P4 N S mA L ET Rk (NME ' 483D e Fh AM B (AME HRCR B3, X 2FE N
JEgG 1 P S i B A T AM R Y A R R B AM BRI P R AR RO, AR TR B
557 AM EEWI N MR, Py S/ NME™ 22 i 4 N 9 i e 5, 3X 15 Malinowski 5557 il 45 B L, %
W AEAE T 7R R 25 v i D9 A FUTR AT AR 7 BT & A9l Peo 2518 AME ™ 4b w1 NP B R A AE P I+)
ROV » X 5 MR FE X AR R P OKSE R AME X 6 8 M (Cynodon dactylon) M 15 FAE 2 R B WF T 45 R — 2.

Ezawa 5 FIA0 AL 24 19 75 TLUE W] AM B T 22 B0 ACP I ALP X1 22 1K 3 2 5 B R £ 1) B i iz
i mEAE . Chang 5 BB FEHE — 2500 92 T AL AL AR 0 10 W TR 6 005 1 o8 T AR AR . Al o AME
Ak 1 B 1 T 0 PR B AIG L SR N BRI A R IR AR — B Ak Bt PSR 9 R T 7 A B R ) —
PN AME " b B it I B 1 e v - NME T 2 L 3K 5 97 73 10 25 SR B A — B, J5t IR AT R 2 57 20 X i 1R
PR REAT LAY AM R A5 I B0 IR 20 IR B H AR LA A

L4 pH R AM HIE LTl 2F RN 2 K — AR R T B AM HEE N T A R M L
HERREEH . AR BT AN 0. 1 mol/L KH.PO, ¥ pH 4 4.5 Z247 BT pH 7. 6. KH, PO, # R0 i% 5k
JREA —ERZ . AR P A OEBriE s pH 2 500 AM B R G R IR A B F 0L P # T P X
AM FLF 385 RS R — 5. PRI B A b R AR R DL R AL P B R R AP S REET P R
DA AT RE S AR p T X AR 0 ) A 9 R T 0 S e e R AL T A R T e o A T A A PR e X R
RS, T35 I H A ko e Ah  BAR pH i 5 AR R ACP il ALP 35 F Po . iX 5 Joner 5517 45 5 — 3,
PR 26 APF T 11 B0 T O 05 1 O T W A 1

AM HRE 5 R R A A R S [R]E FOAL ) A A R R (4 I 1 AN 2 L L BT AR A IR WOF AN — B Bl g AR
FLIR 8 SE 500 AR AR — AR AR B A RE (Lolium) W K2 (1) TR AR 52 e R R AT, 7R 60 D9 A 0 A1 19 47 A6 AS ) 2
T AM FE B R G FAE AM FCRR FF AR TR P9 A L A TR 22 9 B A A R b A e e,
FHELSE e HAH 2951 . SR Novas 851 X K IR R BL4E 4 (Bromus setifolius) (W58 & BL . R BN A= HLH
AP DU AM B 9 5 e 3R T AR — 5 W B P R A AR R AR VR R AT DRI AM BT B B 22 KR
Larimer 5% XK 55 (ELymus hystria) (854 B A A BT AM EUR R 54 S 052 0 P AM B P 28 A
(] T A ]« 43 il A0 W BR B % (Glomus claroideunm) ) E- MAMRBR IR & T E7 0 MR IRFEPI R H R EE
PRIRA R EEH S T E . Vignale 550 Zhou 555 fYHGE HE— 545 . AM BT 5 R 55 A AR BT 1Y B A T i
5 PR EE B IR 0 AR O L N A R RIS LL S AML OB S I 45 3 R AR G
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