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Effects of Arbuscular Mycorrhizal Fungi on Plant Growth and Secondary
Metabolism in Citrus reticulata

ZHANG Min-yu!?, WANG Ming-yuan®", HOU Shi-zhen?, LIU Jian-fu!, LIN Ping?, LI Yu-ging*
(1. Research Center of Horticultural Science and Engineering, Huagiao University, Xiamen 361021, Fujian, China; 2. College of Life Sciences, Zhaoging

University, Zhaoging 526061, Guangdong, China)

Abstract: To understand the effect of arbuscular mycorrhizal (AM) fungi on secondary metabolism in root and
root exudates and plant growth, Citrus reticulata was inoculated by AM fungus Glomus epigaeum, the phenolic,
antioxidant enzyme and growth of C. reticulata were studied. After six months cultured in greenhouse, the
concentrations of phenolic acids in C. reticulata inoculated with AM fungus significantly increased. However, the
components of phenolic acid were different in root and root exudates, the contents of protocatechunic acid and
syringic acid in roots was 29.98 and 18.32 ug/g, which were 4.58 and 2.26 times higher than those in control,
respectively. The contents of coumaric acid, benzoic acid and phloridzin were 0.36, 6.04 and 12.32 ug/g,
respectively, which were 1.71, 1.94 and 1.25 times higher than those in control. Whereas vanillin was only
detected in uninoculated roots. The enzyme activities of phenylalnine ammonia-lyase, polyphenol oxidase and
peroxidase in C. reticulata inoculated with AM fungus were 38.36, 0.51 and 28.62 U/(g min), respectively, which
were 1.99, 2.83 and 3.10 times higher than those in control. In addition, the height, stem diameter and leaf number
of C. reticulata inoculated with arbuscular mycorrhizal fungi also significantly increased. It was suggested that
AM colonization could significantly affected the growth and secondary metabolites in C. reticulata.
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MG 2t 5 BB — KA, FE eI
A0 T IR BRI T (1) #5543 o B A A A
R 7K, FERE T L3 IR R Z 30 L
X o B TAHAGIR RAR B D BAERE(—RIEO T
TARE), HAGIR KRR LB 5 3 B R
(AM) L B (1 WM E R S 38 b 5 R P i 5 7%, LA
i E G4 KN,

B AR 15 51 R AR AR SR B A AR AR A, AR
WMk Z, BEX, WRAEYE S
BRI S MHSHERRTRELSES
KEZEMERE, BMRUEMT Z A THEDA
2, R EERAEREYZ —, Wik
B YDA B BE 1 EE AL Y, 16T 2 RN B A
B MR AN B A AR [ SR Ak
B R R A AR P N A
W RS S0, kR 2 IR R, W
KUEMSHER LAY B 72, 763 A8 2 4k
K AHE BT A= P B AR A 9 oy 38 7 THI S o 2 O% B
MIAE 81, B R 2540 & P 401 Glomus margarita
HrRFEEAEKE. REEENHESAEKE
A IR0, Yk B 4 N B X i T AM L IR 1R 22
i B BUARAE I, AR AM B RE (R A
HIy 24 %2, Rhizophagus irregularis 12 %t =4
i (Viola triclor)Jq, o3 1 X0 J5E 7% [ W i A
BOE T RGN RS, IR =YK
FRAN T & & B i), Glomus mosseae 12 4
= (Trifolium repens))&, R H.02. SA I
NO & &7t &, 4k1M 5 PAL ¥4 V4 m Fi iy 254
JoT e i 2 MG N Y Ty 2R o M A R AR AR 1)
F =Y, WM TR 2 R Y. DT
MWL 2 e b TRV E Rl AM B 1 5 I IR & &
A, SRTT AM L BN M A R 5y R AR U AT AR X
Gz, DRI, ARSON EARMHAG R ER 4 4> . PAL.
PPO 1l POD ¥ 14 4% A FIAH A7 A5 < A% 0 #E AT R A
WL

PR FTHERN AM B0 15 A YRR FIRR 5 700
Y R AERE s, ARG A AM B G, epi-
gaeum G . IREEERETE6 ANHE, A
AR Y R A8 Ak B SR A B AR A0 AT A K AR IO
2 I T AR AH A7 P AR ARHAR 2 4 (1) W73 25 470 i 0 5 T
EWI5, R B R ik (HPLC) 4 M 6 FHE R
Yoy FIE AR, AT DA IS B R 35 AT e AR A2
KA AR FR FR L3R S

1 MBI 75

1.1 Al

BERFEFUR 10 3 (VIV)RIT W 5B EE R &
Yy, 1E 120°CR R K 1 h, BURAEIZE =,
FN 14 cm (K) =12 cm (55) =10 cm (&) HI8ER 2
H, %% 3kg.

H AM B IR ERFE S (Glomus epigaeum),
F G 5T AR MR} 2 B A 8 3% 5 B IR A A B
DA B8 R L T Bl 5 R O P (BGC) # ik, TR A 5
BGC504, BHAMRAET 4Cokftrh. MM 20 g
#7, & 1450 MT.

I P UL 5 IR AHA (Ciitrus - reticulata) Ff -1 F
10% XA /K R THITVH B 10 min, Z81/K e B0x s ,
BOZ2b s, BT HRE 75 26°C BRI A4 T
5. KeFE, WEHFNMTFREMER S, B8
A BR, e 2R =, Pl A /B RIRE 16°C ~18°C /
26°C ~28°C, i #§/™ H & 2 d %8 1 7k 200 mL Z&48 7K
PN HJE, &2 d ¥ 17X 200 mL pH A4 6.0 (IEH
LB TR I RN 5 R R AM JUE 2 A b,
R 6 NEE .

AR 6ANHE, Mty E, HRERARA
FSCEEAR 2R 3080

1.2 &

HRBRREENNE B ReE, =i
7E FAA [F 58 P [ 5E 24 he & Phillips Z504¢ 7
%, R AM BRI, WRIZEE (%) =AM
LA SR R AR B BE ARG IIAR B 1) i K FE <100% .

BRiEIE  BUEC 1 g HHHEAR, N 0.2 g 1K
b, 4 mL 0.1 mol/L WIHlERZZ rhif, 0.05 g ZRMLI%
i, VKWSHITEE 2%, 10 000g 4°C 250 10 min, B I
TECNA IR, 27 ZuckerlSI) 77 I 2 K TH &
TR fEBF(PAL, EC 4.3.1.5)5% M, BTEC 1 g MG,
IINTRZA 1 10 mL 20 mmol/L KH:PO, (pH=6.4)¥K
IRHTER, 10 000> 4°C 5.0 10 min, 4% ILEE(PPO,
EC 1.10.3.1)7 14 & 225 Lamikanra 21611 J5 v,
T E AL YIEE(POD, 1.11.1.7)7% T E 2% 2= & A4 00
(773

EHAEEWHSENE AR EE,
2T 60°CHAG LT HE, SRR, &
40 HifiZ &, ARELZ) 1 g, i\ 15 mL 50 % H i, H
A L 30 min. 10 000 =g 25°C 0> 10 min, H{ I
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TERAE NR 2B . 1% Koivikko Z£181f Folin-
Ciocalteu yEI & Sy & & . % Meda ZEM) 770
E TR &

BANEVERNE  RMWAH% Badri 5520
AT Micallef SRR 7k sE,  FH 2 B8 1 /K I Bt A
RF&, % 1.5h, B0, B EIFHRRNIR R 5314 .
% Parejo S5 2AR I E S UR H I EY IR 153 WA
#pH % 1.5, IIA 100 mL {I Z R ZBE 3 Ik, &
HENZE, FHAEKET, H1 mL FEEg T
VifiR, (E-20°CJHE 12 h, i 0.45 um JEE, Fkde
WAE NI R WA, —20°CUKF B H -
750 5E Ty BR 2 W7, K MR ATVRR 4 W 470 F 4 B 7 i ik
0.22 um fYFLIENELE . JEiL HPLC (Inertsil-ODS,
HA)N & 6 Fipig ) &, BVEJLARER. T &,
HHERE ., HUR. RHERARE T 28 %42
o4 XDB-C18 (250 mm>4.6 mm, 5 um), ik :
35°C; Jitif: 1.0 mL/min, Fdll#s#EK; 280 nm; it
FEfE: 10 uls shAH: HEE(A)F 0.2% (V/V) LB

1 HAh AM B XRG4 P ALK R R

Table 1 Effect of AM fungus inoculation on growth of Citrus reticulata seedlings

(B): BEEFENL(B: 100% (0 min)— 72% (10 min)—
62% (35 min)—50% (58 min)—45% (60 min)— 4%
(65 min). My R 1% e kA% g, i LhiRig S
U [R] L FR AR IR i 2k

1.3 RS IH41T

A 5 F SPSS 19.0 Zii 44k, S%H Student-
test 2 AT 7 VR EAT R0 A B 7] 2 S B P, P<0.05
FTonEFRE.

2 R

2.1 B:f AM B XA K IR W

BAEFE 6 NG, Hefh AM B A EE A AL
BREERKR . SRR A8 30 g i, Riltt
FRZH) 1.35, 119 F11.32 ff5(3K 1). 14b, #fl AM H
(PIRH A SRk b _E SR S S A& 5 A 1.78 i
0.759. IXULBARER AM FERE RS LG AEK

¥k Hight 258 Stem % Number of A& Biomass (g)
(cm) diameter (mm) leaves # % Above-ground R % Underground
AM EH AM fungus 32.84+0.14* 3.82+0.12* 25.26 +0.07* 1.78+0.20 0.7540.01
Xt & Control 24.3240.20 3.2140.17 19.15+0.01 1.6240.10 0.714+0.01

* P<0.05, FFEF.

*: P<0.05. The same is following Tables.

2.2 HPh AM HE X ARE AR S

FRIETE 6 M HJE, B AM E I PG
FEPR B AT on U 2 TR AR G, R 54 56.38%, 1422
HEN 4.86 mig, BRI E ARSI H BRARAR e o
XU AM E T Glomus epigaeum X A 1Z YL G
B, RETEMMEIR RPIE RS R 222451, AR
K.

2 At AM BB AR 4 E AR SR AR 2 WA B SR o PR 5

2.3 BM AM HE X EYR KR

ARSCHAG T 6 PRIy R, 45 KM, M5k
Behh AM BT R A 00 19 R 40 o0 A7 AE 22 5 o 75 I
(7.64 uglg) I AE AR BFD A RGAR A 2, i defh
AM L G R AR R ILGER 2). HeFh AM B M A
A 5 FREY R (R LASER . T /IR H Ok, K
R ANAR Bz 1) S L 3 B 2 v T AR R 0 J5 L2

Table 2 Effects of AM fungus on phenolics in roots and roots exudates in Citrus reticulata

W& 734 Root exudate (xg/g)

X8 Control

AM HH AM fungus X E& Control

Aoy R Root (ug/g)
Component AM H# AM fungus
J5JLZH. Protocatechuic acid 29.984+2.34"
T#&WR Syringic acid 18.32+1.12"

FHEEE Vanillin -
H G Coumaric acid -
F R Benzoic acid -
ML Phloridzin -

6.55+0.53 - -
8.1240.75 - -
7.64+0.55" - -
- 0.36+0.02" 0.21+0.01
- 6.04+0.56" 3.11+0.27
- 12.3241.21" 9.87+0.85
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R R » E)uﬂkﬂTﬁﬁﬂxﬁfﬂ%E¢,
Iyl e RBEFRP) 4.58 Fl 2.26 fi5. 1A SR

R RIAR Rz P AAFAE TAR R o i, ﬁ%%%m
RFEFNH 171, 1.94 F11.25 £, X 36 BIEERD AM
PR A 2 P A A I R R AR R, (HIR R AR

FERRESAIAR R b p A 2 7

HM%

2.4 b AM EER PAL. PPO 1 POD 5 (I8

M AM B 5 R EFHTE ) PAL. PPO F
POD VA7 1E i35 72 7 45 AM ELBATAG 1Y) PAL
PPO #1 POD [ # K 1% 4 7 4 38.36. 0.51 Al
28.62 U/(g min), s& AT AL P 1.98, 2.83 1 3.10
2% (22 3). X i I HERh AM FLTH BE 2 35 31 A 1)
PAL. PPO #i1 POD ¥4

# 3 R AM EHEXTHHER PAL. PPO A1 POD i [U/(g min)] 52
Table 3 Effect of AM fungus on activites [U/(g min)] of POD, PPO and PAL

in Citrus reticulata roots

PAL PPO POD
AM E [ AM fungus  38.3643.61°  0.51+0.06" 28.6242.50"
%I #& Control 19.28 +1.83 0.18+0.02 9.22+0.98

2.5 M AM EE N EBALES E S B K
P AM FL T e 0. 255 52 e M ARG vh S T R S
TEGER 4). HEM AM HEHHER AR R 2w
MY SR BT IE R 1.43 A1 1.57 f%, MECHAS
By REX R 1.86 F1 1.44 1. B BAER

4 A AM FLTO AT AR 223040 v s B AL S 2 A S

MR R Wb 2R 5, B R0 WY 1
TR 70.82 5, Ui AM EEEHHER R

o B B SR R AR R S B AR, RIS
SRR AR 0 B 2 By 2R I
3 it

FEAREFEH, BF AM BB MR R & B2
Fe A AR, R AR e W R
Hahn, mTREMLHIZ AM HE A AR GeAE 2T —
Fofe] DA 4 B 480 S 2 ) 45405« AR AM LB
(1) LI N 55 5 A s Ji 1 I N AR R 21250 AM
HECHEE, S5hiaEE e =i G 5o 1
W H02 & B3I, B 3 DR ) iy R A I 5 3
B HIPUE R AL, AP R AR SOD. GPX
A CAT 5 VB 2 2 51261, LE B 481 S B i 72 b ik A
KUY 225, WLT . SEEERY) R AEY)
PLEF R MR AFFAEE RRW, M AM ]
B AR B8 A P AL B PPO Al POD 35 (2 25 B v
AR AEPUET H202 B B RARY B B TR
W, By 3G 5 HaO2. SA A NO S5 AH K A5
SO FHIRICE <18, BEiE SR PUTERE (A0 PAL.
SOD. POD. CHS. NOS 1 CAT)yf 455 . 1tAh,
PAL S M 2 i A B P ) G BRE B AN o g, Fe 2%
SEMRIER PR, HRUEMBINRNZ = E 1A
A 45 -

Table 4 Effects of AM fungus on total phenics and total flavonoids content in roots and root exudate of Citrus reticulata

J2M Total phenols (mg/g)

S3EEA Total flavonoids (1g/g)

1 Root 2% Root exudate # Root HRri Root exudate
AM EHE AM fungus 0.56+0.06" 39.66+4.01" 56.5845.77" 26.8442.72"
*J 8 Control 0.3940.04 25.23+2.66 30.3243.12 18.63+1.78

HERAERE EATHEDINZ S .. AR5
AM E 1 G epigaeum {244 B2 HE 5 1 ARG PAL.
PPO #l POD ¥t . PAL J&MEALIE R bE AR 15—
W, PR R E ELIR B (AT AR, PPO & —
Rl A iz 8, S5AEVIEERZE S EA %Y
R, PPO M@ HEAA T R KPS, POD ¥4
THIRAR AR R 1k . ABE AL LSRRI, MG
R PAL. PPO Fil POD ¥ 135 0 B 4H, (R,
By IR I N2 AM H i EJE TR RN LS

iR

M R 5 AT AR T R A A BLAE
FEAPITTAE SN, R G I B LA RS 8L, 2 AM B
B AR GRS, v DABGE D [ B, PAL V&M 2
EEm. PAL REMRZE IR B I R S &
BRI SN MR & TEtE
YA EE S BRI YU EAE I, R
1, PRI UM sz B Thee. Aok, AM HEERE
5175 SRR 2R 0 W B8 2 A WL/ T IR
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i, BUBEYIR R AP, fERUPNEA S
FIEEMEH . WARES TR R 547 ) BA
035 4 pH B G I VA TR IR A SR AR BERL I
KR EP,

FEAT S F, AM E# G. epigacum A% St
HIR IR IR P2 A . V2 IF AR AM BB E A P LA
B SRR 1) e AR 123031 R B N — R Y ER )
JiE» ARG AR AR AM LT KRR R ARG 2]
Fr R T I A AR i 2 — B2, {HHHED)
HAEYFMER, AM BEAZET, FEEE 8]
REAA, gk mifeit e S i A KB, HA
PRI 5 1 — DR 7L

AT, ARG IR BAE =3 T g 208
TP R B R v R 2K A AR 11 e ) &
T, IR A I T T AR S B AT I 28 5 Ik AR AR 1)
oML T EAEYE, (HE 2 MW ER G SIS TR
RN
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