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Effects of fungal endophytes on properties and microbial community structure of

the rhizosphere soil of Achnatherum sibiricum in nitrogen addition conditions

LI Geping, GAO Yuan, LIU Lei, LI Xia, REN Anzhi®, GAO Yubao
College of Life Science, Nankai University, Tianjin 300071, China

Abstract; Simultaneous infections of host plants with endophytic fungi are common in both natural and agricultural
ecosystems. Endophyte—infected (E+) grasses may differ in chemical composition and root exudates from endophyte—free
(E-) individuals, and these differences may indirectly affect soil properties and microbial communities in the host grass
habitat. In this study, we used as plant material Achnatherum sibiricum, a native grass, naturally infected with two species
of endophytes, including Epichloé sibirica and E. gansuensis. E. gansuensis has two morphotypes, E. gansuensis-1 and E.
gansuensis-2, of which E. gansuensis- 1 exhibits strict vertical transmission, while E. gansuensis- 2 can be transmitted
vertically as well as horizontally. The objective of this study was to explore the effect of endophyte infection, endophyte
species, nitrogen availability, and maternal plant genotype on the physicochemical properties and microbial communities of
soil in the A. sibiricum habitat. At the end of a pot experiment, we analyzed the soil total carbon (C) and nitrogen (N),
determined soil pH, and estimated the soil C mineralization. Soil microbial biomass and community composition were
assayed by using the phospholipid fatty acid ( PLFA) technique. In the present study, we found that the soil pH value
differed significantly between the E+ and E- treatments (E+ > E-). In addition, the soil pH was influenced by endophyte
species: pH in the E. sibirica—infected condition was higher than that in the E. gansuense-1 infected condition, but the

difference was not significant with the E. gansuense-2 condition. Endophyte infection significantly improved the total amount

EE&TH B AR IE4 (31270463 31570433 )  HE i+ S 5415 H (20130031110023)
rfE B #9:2016-01-22; [ 4 H ki B #5 :2016-00- 00
# W IRAER Corresponding author.E-mail ; renanzhi@ nankai.edu.cn

http ://www.ecologica.cn



2 A E = 37 &

of rhizosphere microorganisms but reduced soil bacterial ; fungal ratio. Endophyte status and species, nitrogen addition, and
maternal plant genotype had no significant effects on soil total carbon (C) and nitrogen (N), rhizosphere microorganisms
and C mineralization ability. This study suggested that endophyte infection could alter soil pH and microbial community
structure, and endophytic fungi may change soil total C and N with more available nitrogen or in the long—term. These
conclusions provided some experimental basis for further understanding the complex symbiotic relationship between fungal

endophytes and native grasses and its role in ecosystem C and N cycling.
Key Words: fungal endophyte; soil pH; soil microbial; C mineralization

A ELFH (endophytic fungi) 48 B J& 4370 TEIG AP AL 2L, N5 AR 4 B 05 56 i bR 0 49 AN ) A 36 R
W EE L AR BRI B W R SRR Y . BT IR, BRI B AT 80 4NE
T 300 FRORFEHOIRE B P A E B AAEAE o P9 BB AU M 1 F A A 0 A KRB v i FLRE RS
SMATE ERYAAE AL, CATIFIE R, AR BT R GAS RE R AE A 7= 26 A W 0 A RS i A 40 A P 7
RFNBUEALTE P B & Y R A 3R IR R K I MO LA IR B A LR AR D R S AR
U o A L S B0 AR A AR AN (R M PR A o I L S T RS o R L 3
VIR BN R UE AR L3 B X PRI S R R AR PR A R, RS, P A LR T BE
5 RO T AR FAR R WY (AR 2 IR RIRZS) MR B i B 3 o L Y
BN TR 3R (C) VLN i S e R 25 M AT BET ) L A 1 O X FS IR 9 0
fife P T 2F Rt A K B T R

H AT, G T A LT 5 A ) A B8 T SR BE T 32 A P TE LU 5P (Lolium: arundinaceum ) F HB A2 7L
( Lolium perenne) M BHA N T 5 M [, Franzluebbers %285 K ik 15 FERIWF5E, K BLULTHE (E+) B E 0 LAY
B (E-) m 2E 50 R A T m A ML C FLE N S DIM R R MR 5 3 58 35 34 & RTE 4 30
(10 4F) FAE I (3 4F) , WAE B AR YL 3 B 2 0N T @ F 50 A B b A AL C FILEL N AR R | [] Inf ik e
KT T IENFUGHCR A I A i 2 AR RO BT R 0 AR I 2 R 2t — N E R R
IFIE], AR TR O R R C RN By (R UE T - A R VR AR B R, R ER AR T
TR

MHANTARR  RARFE SN AR IECREREREE, L KIAE LR, — MR AR R
HH SAEAE | AP BB WA SRR B | [l R i 2R SO AR e 2 b 9 2B BB 22 R [R] A 9 A BB
o A BRI | T2 S T 1) S I R AR R 2 A, o A R A R 2 T A LV
AL A R BO R R, 38 0] BE -5 75 AL A0 0 LK 4398 N RAOHELA T A 56, AR AP A TR e
X RIRARFE R B REA 7 ANRA X R 2 5 25 b N AR A AR RIS [ WE 7 A SCLARIR AR
BPI2F (Achnatherum sibiricum ) RSB R} | [R5 8 N A= FLEA RS i 32 P50 B R R A= (R i) N AL 3
AT L T TN R AR B A P58 A B8 3R A BT R - A W TR 0 22 5 R I A R R
XPHRIRAR TS E AR50

1 #RFFxE

1.1 SEEATR

ARG IARABHEY) —3F 5 (Achnatherum sibiricum) HWFFERERE, P R 14 ¥ & (Achnatherum ) Z4F
AR, BB T IR EZRAC AR b AP Al S DX, A [7] b FE R 118 815 14 N 2 BRI L R BT 1009
ST P 5 -k F b O R BE RS DR A 25 R 4 I R B AR LI T 5T 3 (119.67°E, 49.10°
N) CREMFERT 5 m, HEEPIS N A , A SCRR A [ — BRI RV — S REA R R R 9K
JEXFR H 200 AR BEAFE R (3P0 R 0 N 2R LR T A0 B Al il B R E MR R B F TS &
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BT, B2 W 2 B Epichloé J& W) W A= 1 : Epichloé sibirica (Es) Fl Epichloé gansuense (Eg), H ', E.
gansuense IFAEPIMAR[AIERE T 0 E. gansuensis-1 (Egl) 7E PDA KiFf 5k A K BUE il i Fh 13 5154, E.
gansuensis-2 (Eg2) 7F PDA ¥rg5k AR 4% 7 XRG4,

AR SRR EL 9 AN [R) R 4 BE A R AU () PP AR S S bl o 3 A JE DR AR (8 PR A 8t Egl,3 AR
PR (18 3P S8 b B s, 3 AN FER B PS8 bR B2, KRR AR AR B 1 9 AR BRE AR L PR A 5P 5
HIF T4 PGy, — 8 T 4°C UK RAT , 55— TE 60°C T it Ab 31 30 d, ISR AR QL Fp 112 UL 9 9
EEASER B YL TR (E+) FUANYLE (E-) PSR, 40 53R T 1424 280 mm IR FEN 220 mm Y (4 50K
B TR RS M SR N, Rk 1A A SR/ B AR K RAFM A, a0t E 6
PR T80, SEO0 U 2 A N R IR EE , 43 R N (NL) & N (NH) 2 MAEBK- . B ab 35 ) 3
AEE 108 H, LR U8 BN FEN 0.12 g/kg W N 0.186 ¢/kg A LT &&= N 4.
79 g/kg . pH M 8.12, RIS BIFPISE [ 9840 X 3 N A2 A0 FR A BRI E i N & {8 ] CaCl, Al
KCI 43 31#1% Hoagland & 32 ) Ca(NO, ), F11 KNO, i i # I 78I NH,NO, YRS N R E . /& N, &
JEIDEVE 1—2 K Hoagland 37, &K 800 mL/ &, N RIS N 140 mg - N - L7 i 15 0GR N, &
D 1—2 IR Hoagland 7 83, B 1K 800 mL/ 7%, N EIINWIE A 14 mg N/L, It 15 %,

SCYGFREET A 85 d, A 2 JEBENLIH B AL AR B LATH B A BN, I B i BRI SR AR AR AR LA
HEBRAG & P sgm , SCESCRE N BE GIBC AR B - 438 1 L, W45 2 b i B AR &340 )54 1 mm BT,
I3 RIS, — AT =20°C VKEAAAE, T I0 35 C 571k M+ et E M REE 45 A8 Ak, 55— KT
ML 2 148 pH H A C N i,

1.2 A B e

+3E C N & & HILE P ( Vario EL/micro cube, Elementar, Hanau, Germany) #E4705%E , 13 pH {f
H Sartorius pH THllE ( 3. /Kk=1.5),

1.3 IR YRR A5

SR I i 1 W5 2 ( phospholipid fatty acid, PLFA) &A1 FE Ak 0 I 22 £ 48 PLFA, BESARER R . A
=20°C VKA TAEE THR T PRI 6g MR VR G 1Y T4 8 T Sml B0, mELOE TP IIA 15 mL 0.2 mol/L
WAL KOH 3, IR 3% 4215, BT 37°C R 1 h, I8 4R 10 min 85—, RIGMA 3 mL W E N
1 mol/LEJVKEEER A 10 mL I CU kg, #5400 10 min K5 2 A HLAEE A 2R b, &AW, T som
A 480 pL AR 11 B IE b FHEORUT JEREA R . R TP B A 20 pl C19 AR GC AT
TSI 3% 43 M ( Agilent 7890GC 5975MSD) H43#t

WERRRR WA & i

PLFA (nm/g +#%)= (PPLFAXSxV)/( POSTDXDXRXWxM)
K PPLFA ARSI R ; POSTD : INARIIIGAETE AL 5 S . INARbRED) R AR , Img/mL; D FRBEA54L,25; R.
SrHUREEL, 175005 VARG I E AR Tl W, HIEHLT R (g) .
1.4+ C o fkigiE

+HE C HLRE S R E NG FR SRR GE D AT IRE  FRE30 g (AT ) BB HAE Ikt
AR K 30% K HEE T 250 mL ) FUR, PRV A — 84 10 mL 0.1 mol/L NaOH % 1)/)h
BAR I OREE R B0, MR E 3 AN B NaOH W25 PO, — [ (25 1) CHE3R4E
TR IGFE . A AERR SRS 2 4,69 .13 17 22 30 REUH B, B0 76 25 A 50 mL = firh, i At it
£ 1 mol/L BaCl, Y& K By EkFE /-3, FH 0.1 mol/L HCI i ERIA ) NaOH AW, iC s T FH HCL BYIRFR

C T LRI A R

C=(V,=V) XCy/2x44x12/44x1/m(1-30% )t
A, ¢ FoR B FRWIE IR C LR (mg g7 d7') |, V, FR A AR IR AT FE Y HCLARFR (mL) |, V AR &L

http ; //www.ecologica.cn



4 A E = 37 &

SERT PR FEAHCUATR (mL) |, €, 0 HCLHREE (mol/L) ,m A EUR AR 3% H AR T (o) .0 A IR KA
(d)
1.5 HdEandr

fifi 1 SPSS 16.0 Fil SYSTAT 13 X417 2 K & J5 2% (ANCOVA) 74, IFRFT N A BLR IR 5 75 N &
TSI B B AS R B SR AR PR S bR iy s e, HG R ) B A B R i SRR W N AE BB P SR
SPSS 21.0 X Y% 17 P15 AR B i) - 8550 14T 2 VR J7 225007, ARSI AR BLEE RIS AT N Z iR it 3852 m
ANOVA 43T, i 416 /2 07 22 57 PEE0R AR5 W Tukey HSD 656 v X 4% 38 brtb AT £ & oA, 3 Fh A
A FLE AL (8] (%) 398 pH LEEBRAM(LSD) o B Ab BEAIAE B F] Microsoft Excel 2010 #17

2 #HR

21 M CN SN CT L

WAE HERYE 5 8 N Z Y SRR H3ES C &ri BN & & /N IEL K Bt ¢ b &R ™
AW, Y Egl Eg2 A1 Es P28 Z B AR PR £3Ed C N 9 & (C/N H iDL Rt C w7 b &t JC B
WES,
22 +4EpH

YU AR P AR PR 380 pH fAAE R F 25 KN E+ > E-(E 1), 4k, +3% pH (HLZ R A[FH
PN AR LR R BRI, B Bs AP AR PR 1358 pH 200 38 5 TIL Bel BIPISF , MYLE Eg2 AP SP AR PR 1
1 pH 584 Egl \Es WP PAHLA B2 (K1),

8.0 8.0

A B
78 78 I a
* ab b
76 T 76 I
T T
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E1 WEERFERSXFFIRELTEE pH MM
Fig.1 Soil pH with different fungal endophyte infections
* fRRTE P<0.05 KF 12853 W& AN EFRRG I T 1Y 2 7 3% (P<0.05)

2.3 HEEHMUEY PLFA 234

M AIE PR E AR C,,—C, Z IR ARG I 107 19 &5 F AR S 2 UE B A= i, D 15:0,16:0,17:0,
16:1609¢ .cy17:0 .cy19:0,18.0 K LML ,i15:0.i16:0.a16:0.i17:0 FAFH = CPHMER (G+),16: 109c
eyl7:0 KR H L CTERE (G-) ,18: 1w9¢ 18 1w9t,18:2w9, 12¢ FKAFFLE, 10Mel6:0,10Mel7.0,10Mel8
0 FAEBLLR A >, AFILCER ) BT + 3 (35 108 A4~ ) B9 PLFA $0dE (RAEANHE . G+, G- FLIA R T 1)
PLFA 7) HEAT NMDS 2347, 45 3 R Joig F2 8 N A3 (18 24) 362K N A3 (P 2B) T, UL B R e i
(A ARERY A, < =T ARERAN TR ) AN TR] PN A LA DA SRR R B AE T TR, AR IR R IR AL 3 IR R M e
SRR RS 2T INER BN N AR IR B B ORISR PR LI A ) B R
AR T E A EL TR TR 14 LA, AEOR N ECRR A BT 8 2 [ PR =2 TR TR e T 7 A 3 iR 5 (3R
1,18 3) o A B R S RIS AR B R R A T 28 5 e IR GA  (3R 1,36 2) 4 oA [ 9 e AR (ke
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3 Bl N A ARG ) A 13 rh RAEA 2R W0 PLRA & & B W5,

F1 NEEFRRE EZFM AEERMEUREYSARERFRBX T IEMEYBIEIEE (PLFA) SEX MM AFESHER
Table 1 Multiple analysis of variance for the effects of endophyte infection, nitrogen addition and maternal plant genotype on content of

microbial phospholipid fatty acids (PLFAs) of rhizosphere soil of Achnatherum sibiricum

PLFA . - - =NV
isiil o Total Bii'f'ﬁa f‘lzi G+ G- Acffjfiws Fungi-; G+/G-
Treatment PLFAs Bacteria

F P F P F P F P F P F P F P F P
N 1 3.563 0.063 2.863 0.095 2.326 0.131 0.011 0.917 0.006 0.937 1.229 0.271 3. 477 0.066 0.675 0.414
E 1 5273 0.024 3.379 0.070 1.539 0.218 0.047 0.829 0.315 0.576 3.896 0.052 4.290 0.042 0.000 0.994
PG(EG) 6  1.603 0.157 1.487 0.193 0.734 0.624 3.424 0.061 1.646 0.145 1.630 0.150 1.440 0.210 0.518 0.183
E=*N 1 0.046 0.831 0.004 0.949 2.755 0.101 0.004 0.951 0.229 0.633 0.015 0.902 0.034 0.854 1.280 0.276
N * PG(EG) 6 0.967 0.453 0.979 0.445 1.247 0.292 1.016 0.421 1.055 0.397 1.001 0.430 1.352 0.244 0.720 0.634
E # PG(EG) 6 0271 0.949 0.260 0.954 1.249 0.290 0.745 0.615 0.281 0.945 0.280 0.945 0.427 0.859 1.176 0.328
E # N PG(EG) 6 0.562 0.759 0.581 0.745 0.678 0.668 1.071 0.387 0.620 0.714 0.581 0.744 0.759 0.6BB02 0.266

12 Error 80
N ZZEBIN nitrogen availability, E: WA B YL, PG(EG) endophyte infection. PG (EG) ,: fEAZF R (1 E T AFHNEEFE)
maternal plant genotype (nested within endophyte type) ,G+: %522 [CPH: 1A Gram-positive bacteria,G—: # 2% [C 114 1A Gram-negative bacteria; 4 Sig<
0.05 I, AR EIRIC, TR 2257 B3

*2 ARNEEREMBARRNNFFRER L EHEMBASIEE (PLFA) @ EXMAZIMK T E 5
Table 2 Analysis of variance for the effects of endophyte types and nitrogen availability on content of microbial phospholipid fatty acids

(PLFAs) under different Achnatherum sibiricum rhizosphere soil

PLFA 4 " e N FUH/ A
A df Total BiTtia ;%Ei * 6= Act?fjrjj\[fcles Fungi: GG
Treatment PLFAs ’ Bacteria

F P F P F P F P F P F P F P F P
EG 2 0.143 0.867 0.160 0.853 0.148 0.863 0.028 0.972 0.138 0.871 0.142 0.868 0.102 0.903 0.063 0.939
N 1 1.472 0.231 1.720 0.196 3.833 0.056 1.279 0.264 0.17677 0.805 0.374 1.613 0.128 0.022 0.661
N=* EG 2 0.543 0.584 0.521 0.597 0.176 0.839 0.450 0.640 0.535 0.589 0.542 0.585 0.488 0.617 0.894 0.416
%2 Error 48

EG. ANEWNA HEFH endophyte type; N: REWM nitrogen availability ; G+ 22 G PH P Gram-positive bacteria; G—: B2 G BT Gram-
negative bacteria; X4 Sig<0.05 i, 2% 55 i 3%

3.0 GERNTE AR P RGP - ) A R AR (AR B S A 5

VENIP HE R AFRRVEFRIOCER N ZX AR H YA R R RA R AN, — RO R,
AR R X AT M IR 22 1E N R BEA S0 YA MF T AR R, 2 N Bz I, X R 1) 82 e 23 s 555 £ 28
AE A0 RS AT RS P R NS B R AR IR TR N R S S T B A A A K
THAE , TR G 7 A R A i AR R A% . N R B2 2 A 9 A 1 3 vl LR 338 A4 S A W A
VELERUTS ST R W, BE N RSN, P95 it A R - P A T RO B R 1 PLFA SRR 1 THE
B (E X B A R TG S, JF ELELTE/ AN U N A RN AR WA SCR B, B KRR N IR
X S B A% I S A b A T ORI | AT B DA A AR S P B Y e NORIER N SR A P55 1 AR AR v Y
N Z SRR, N ZEZ MR T 2R S TS EY a3, w8 N S8R0 B E RN, A
I, AR BEAT S A AN N AT N A, T A2l A AR FL 0 R AE S B

PN A ELR R 2 (A B VR P 5 IRBE A5 1 DA, A8 VT REFIAFL ) (1 B R AR DCH | DUAS [a) ) A 3 PR Y
R 2 BTSRRI L DA B R A A LT IR (Y S B T BB RS 2 1 F2 18 R AR I AR i e AR A
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Fig.2 Nonmetric Multidimensional Scaling analysis of microbial community of soils in different treatments ( A: high nitrogen, B:low

nitrogen. The number 1—9 represent different genotypes)

A RAEZIFRHR P LA 4 A [FEEAR LR R A4 S R S0 2628 A ST AR, 2 RPN A B R A4 I T Hep
f) 2 ANEEAR L R R A S A AR R R 20 ARSI 5 56 T 3 5 DR R X 3P 5 — P A T A AR A K R AR BEARAE
SN RIS S R B, i 32 BE DR RSP i AR B A R AR AR Tose i (o R R 5 ) |, AR alE— 20 &R T EAE
W DR R %o e A AR BT A A B A BRI SRR - SRR 38 TG S R
3.2 PRGN 5 C N AR

ST PN A 3T T 5 R AR T A S R A AR SE I S D BB AR R — B0, Tgbal Y X S EAR
FAHB 9 YL P FAN [R) B R0 2 S8 IR DX 38R AT T I | R BIAE R — i S S0 A bR e N A LT L AR IR P A
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Fig.3 Content of total PLFAs and fungi: bacteria ratio in rhizosphere soil under endophyte-infected ( E+) and endophyte-free ( E—)

Achnatherum sibiricum

B E F RS AL C FLE N S0 9 6% F1 5% . Franzluebbers 2610 % PR GY N A: L B & °F
SRR R C N B EERE ST, 2 AR A BRI A v i S R K . 5 22 AN IR Handayani 5 1Y
WF 5% 50 %2 PPN AE L R SR A (e 2 20 e 30 B € R N i kA B A8 Al i 3 C 40y IR I 35 h
HISRAR B RN ) AHEC S C AR AR IR . ST INA LA 3 C N & Ry L], B AT 2 WA
LR S BRI R ) A 2E R (A P A LT S AR IR P A LT AR G B R 7 A 22 e BRI LUAR )
10 o e B SIEA T 43, TV B 30 € N P22 — g s L AR R B AR BT IR C R N
WA P E R X G AT EAE AR IR 1) SR Rl B R RS IR R B8 K B v W ) o0 A A
Ko ARG RAUESE T N AR FLTRGE AR A I FAR 3R 40U BT R FE R S AN K TR T i 2 ot A 7%
Yoyt B2 H AR C ORI N & i, 3 0h BE TR R SE, 40 55 — 4> mT RE B9 JS DR 2 < Al P e SR N A=
HH T, HEBR VIR PR S, 75 B — AR A R IR BOAE R 3R 40 A5 0 S I A F 5T R REAG IS
# 4 C N 2R,
3.3 PR RGNS 1M pH YRR

P ZE BLBR AT AR 1 AR AR A I AR T2 MR SR MRS AR ML ORI & R I Heek 55 R HLYL A
R ARSI T oKL S W RAA HL C & BB m T ARYTE R S Malinowski 55 & S0 14 & 24
45360 PR ) It R TN YRR R AR AR B SR P A BR8P S AR A R Y pHL T
ANGEEPIZE . H AT BB A AR R S BOP S AR 36 )5 22 HAR 2R 70 I i AR O Wl R
Ry G EAE DA P 0 A4 SO 3 S e K bR A5 DR 3R R A S v 8 R A B AR T s DRI el - 4 LA B R Y
pH. AN ABFFEN HIR YL 3 T A= BT BRI PP AR PR R0 pH, K8 Es B & T Egl W, HME 5 Eg2
WA TG 0 3 22 5, UL WIS [R] A A TR TR AR AR R A A )RR, 2R 43 08 00 (%) 52 e 7] BEAS [], DA T XS + 138 1) pH
SRR A, — BB TR P RV 22 [ %) S R Tl B AR A 8 pH R Ak
ARAAN 23 50 A P A R R T REN 5 o - 498 v 20 BRI BRT A B0 3 T RE 2 - s B HA
P A A T B — S (52 , HE TS AR 28 RGN A FI TN BE . 56 T N AR LR 35 pH B AH SCHF 5T
AR DLARIE , BAR A i AL 5 AN i | ASBIESE R % P55 R G AR ) R 2R 4006 ) i 4 2R 47 WS R 4 T
o, AR 2B
3.4 AR EBE BT A Y s

TV RS RGN E LA TR, 2 5 A P85 B B I B, 37 00 e AL S5 AR A 7 4 5l
W) AP RIRE T 20, 6 T+ 38 0 R e 3% 43 T R M LA B 0 A9 B 9 A LR
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AR B T] DL | S G A MRV 2 R I RE A AR AL 3 — R M A2 3] [ Y 24 B A AL, Lgbal 5514 AT
Handayani 55" F5 K L, R A A6 L PR RE S0 - 20 AR T S0 o A= e g . AT, Hecke 45170 %
PPN A LA A7 AE 53500 I T 8 S AR R L S A i (B B E W IR AR T e e, BAR AR LA
P h R BIF TS G2, e SR B e — A A TR 2 (AT T SR A B 3 B B D AR R - 3 v B R B
T T A RARPR A 5 SR, A 22 A A A LT SR AR W AV A7 A A A TR B9 52, 2
S LSRR AR - 2 A TR YRR AR 22 B P A R A PR AR TR
ARSCIFFE A5 R R BRI N AR TR 3 e 1 HAR B L S R R i BRI T O S AR Y L ), AR AT RE
SR T AR LR R SR O A TR AR A I AN o R OK A A R R LR S I i
FAET ARPRS WA A 0L A T RE S U A AR R A AT AR B S K B P A P I T
i 520 pH 3N, &5 (9 pH AT B 22 A2 E 1398 v A DG Bl Ay i g T R AR L TR 8 kT 4 T Y
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