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Effects of arbuscular mycorrhizal fungus on net ion fluxes in the roots of trifoliate
orange ( Poncirus trifoliata) and mineral nutrition in seedlings under zinc

contamination
XIAO Jiaxin"* ", YANG Hui', ZHANG Shaoling’

1 Key Laboratory of Biotic Environment and Ecological Security, Anhui Province, College of Life Sciences, Anhui Normal University, Wuhw , Anhui Province
241000, China

2 College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China

Abstract: We investigated the effects of arbuscular mycorrhizal fungus inoculation on net ion flux in the roots of trifoliate
orange ( Poncirus trifoliata (1. ) Raf. ) and mineral nutrition in seedlings under zinc contamination. A pot experiment was
conducted to study plant growth as well as the distribution of zinc, copper, phosphorus, potassium, calcium, and
magnesium in trifoliate orange seedlings inoculated by the arbuscular mycorrhizal fungus, Glomus intraradices, under
greenhouse conditions. Plants were grown in yellow soil ; quartz sand (9:1, v/v) medium and were irrigated with solutions
containing three different zinc concentrations (0, 300 and 600 mg/kg) , which corresponded to control, medium and high
zinc contamination treatments, respectively. Meanwhile, a non-invasive micro—test technique was used to determine the net
fluxes of Ca™, H" and NO; along mycorrhizal and non-mycorrhizal roots of trifoliate orange seedlings grown in medium with

no zinc added. Arbuscular mycorrhizal colonization significantly increased the fresh weight of shoots and roots exposed to
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different zinc levels. With increasing zinc concentrations, the mycorrhizal colonization percentage decreased, while the zinc
levels in the shoots and roots progressively increased. Zinc concentrations in the roots were significantly higher in arbuscular
mycorrhizal seedlings than in non-arbuscular mycorrhizal seedlings. The shoot/root ratios of the zinc translocation coefficient
gradually decreased in arbuscular mycorrhizal seedlings with increasing zinc concentrations. This indicated that at medium
or high levels of zinc contamination, a lot of zinc was immobilized in roots through the establishment of mycorrhizae.
Therefore, phytotoxicity might be alleviated. Copper, phosphorus, potassium, and magnesium concentrations in shoots of
plants grown in medium with no added zinc were significantly higher in arbuscular mycorrhizal seedlings than those in non-
arbuscular mycorrhizal seedlings. Similarly, copper concentrations in the roots of plants in medium with 600 mg/kg of
added zinc and phosphorus concentrations in roots of plants in medium with 300 mg/kg added zinc were higher in arbuscular
mycorrhizal seedlings. Arbuscular mycorrhizal colonization had no significant effects on calcium concentrations in seedlings.
Copper and phosphorus concentrations gradually decreased in both arbuscular mycorrhizal and non-arbuscular mycorrhizal
seedlings with increasing zinc levels, which demonstrated that zinc levels in seedlings are negatively correlated with copper
or phosphorus. With no added zinc, phosphorus, potassium, magnesium and copper uptake was promoted by arbuscular
mycorrhizal fungus infection. Under zinc contamination, phosphorus, and copper uptake was still accelerated by mycorrhizal
colonization. Thus, the effects of mycorrhizal colonization were not only related to the degree of zinc pollution, but were also
correlated with the species of fungi and host plants. Additionally, net Ca®* efflux at 0 wm and 600 wm, net H" influx at 600
pm, and net NOj; influx at 2400 pm from the root tip of arbuscular mycorrhizal seedlings in medium with no added zinc
were significantly higher than those of non-arbuscular mycorrhizal seedlings. These results suggest that mycorrhizal
symbiosis activates Ca’*-ATPase, Ca’*/H" antiporters and NO;/H" symporters in root plasma membranes. Nutrient uptake
and stimulation of growth are mediated by arbuscular mycorrhizal fungi. Furthermore, the variations detected in arbuscular

mycorrhizal roots for Ca®*, H* and NOJ fluxes point to a significant involvement of the fungus.

Key Words: arbuscular mycorrhizal fungus; trifoliate orange; net ion flux; zinc; mineral nutrition
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JFRIGE B S A A TR JEA T8, Ramos 251 I F AR 3475 35000 F A 9 % B, 1A BR AR EL
AR G AR R AR 75 0 MG 2 5 pH (H AR Ak K Ca™ B F IR A OC . T AM BL I (2 Y4 1 2 AR 43 1
Wt Fe s Ca™ 5 B TR B A R B IRMEAE Ry HE— 20 b AM $& & AR XS Zn 75 Y 1T 32 02 R IR 5 Ca™ 45 5
TG BIARVERE, T AR AR AR Ca™ (H™ 55 5 F A8 AL AL | Xo R A R AR XS 40 J52 78 3R W A
KT Zn B FINIILEA T 2T X, BT, AT AR SE AR B A alpE , 400 R A48 40 0 5 R I = 43 A
G. intraradices 1R YR E IR R AR FBAL G Ca® HT NO; B TN, AT A M Zn /KF R, AM B 6.
intraradices X BNHRINE BIICR 73 AT Y5200, B TEGE— D878 AM 2R AR Zn 75 3 A0 pLa], LU R A2 77 S B
SIS 5 SRR AR
1 #R57E=%

1.1 XAk
LN B+ 5 A (91 ARFR L) TR AW, T 0. 5% WV W % P S 78 KT8 7 d R T4

http ; //www. ecologica. cn



7 ] H AR A5 ABCRE AR OO SRS 0 S S e  BUT J50E SR A R 2129

F, e MR R, pH fE 6. 1, A AL 1. 2% , A% K 39. 28 mg/kg, A %% P 11. 047 mg/kg, £ 34 Ca
394. 067 mg/kg, A% Mg 11.33 mg/kg, XL Zn 0.47 mg/kg, A5 Cu 0.091 mg kg, 75 LAV AL =X n) L 5T
JIA N(N,H,C0)300 mg/kg .P(KH,PO,)150 mg/kg F1 K(K,S0,)200 mg/kg, X% 3 NAifE Zn 7K ( LA
ZnS0, - TH,0 Jiti A ) , BREE20 i 56 B bt Zn 5535024 0,300 mg F1 600 mg( LA Zn0 ,Zn300 F Zn600 4k 3!
For) ARG Zn 75 Y vk B S B E B AR T ) Zn 9 8 =GR B &SGR B E
PISNRA G- 1, SEE R AR T I KRG T 25 CHEFRFE N 2R P, 5 Fh 788 L R 2F 5 1%
T34 3.0 ke IR LA SRMEA (3.5 L)

AR AM ELE AR NERBEEE Glomus intraradices( BGC AHO1) , Hdb 5T o MRBF 22 B i W) '8 37 5 R IR T
STt FERER BT R AR G, intraradices(V+AM R ) B 40 g( 2 500 MEF) , R (LI-AM £
7)) Rt B BRI A S A JC I R, 3L 6 AN AbEE BEANBRER 6 Uk, BEMLIX 4L HES , B A A A 8 MRS
AT SRERE TR — 38R = GRRXRGF, Ba A AR &) iR, WRh Tl & B E R4 27 260 d.

1.2 ETTk

SR T R 5 7L T 1 0 S RTARR o ) R 0 A PR L SRR i S R, R AR
(% )= 100x3EF ORI T/ RIZFAARTE™ . S0 FEM B T 105 CHA AT 15min J5, BT 70
CHM TR E T NG9 Sl LR 8 2 7 , SR S R - = R (IR R 8 40 1) TH B R R4 T A
FLJER 75 555 B TR 2 B 965X ( Pekin Elmer Optimal 2100 DV) @5 £ & |

FFHARAG A S0 5 AR - 3138 8 T e B H A 3R (the NMT . SIET system BIO-IM-YG, Younger USA LLC) "
ME Zn0 ZbFE TR S IER AR BUR Ca® H" NO; B FiiAsfk, Ca’ \H' NO; MIA AL J5:0. 1 mmol/L,
KCI,0. 1 mmol/L CaCl,,0.1 mmol/L KNO,,0. 1 mmol/L NaCl,0.3 mmol/L MES,pH {f 6.0, ®IEWHE (1)
Ca” B IEW 1:0. 1 mmol/L KCI,0.05 mmol/L CaCl,,0. 1 mmol/L. KNO,,0. 1 mmol/L NaCl,0.3 mmol/L. MES
(pH{E 6.0) ; Ca®™ & IEW 2:0. 1 mmol/L KCI,0.5 mmol/L CaCl,,0.1 mmol/L KNO,,0. 1 mmol/L NaCl,0. 3
mmol/L MES(pH {H 6.0), (2)H"#&IEW 1:pH {4 6.5,0. 1 mmol/L KCI,0. 1 mmol/L CaCl,,0. 1 mmol/L
KNO,,0. 1 mmol/L NaCl,0.3 mmol/L MES; H* ¥ iF W 2: pH {4 5.5,0. 1 mmol/L KC1,0. 1 mmol/L CaCl,,0. 1
mmol/L KNO, ,0. 1 mmol/L NaCl,0.3 mmol/L MES, (3)NO; ®I1E# 1:0.1 mmol/L KCI,0.1 mmol/L CaCl,,
0. 05 mmol/L KNO,,0. 1 mmol/L NaCl,0. 3 mmol/L MES (pH { 6.0) ; NO; & 1E# 2:0. 1 mmol/L KCI,0. 1
mmol/L CaCl, ,0.5 mmol/L KNO,,0. 1 mmol/L NaCl,0.3 mmol/L MES(pH { 6.0) (JEH (dt50) BHE A R
A]) o MR ATRAAR 228 T B I A5 30 min, 22 )5 7655 R 00K 2R e L 8 ST A (FEAR 4R35 0
100,300,600 ,1000 ,1600 ,2400 wm A1 3000 wm) , FH TS Ca™ H* NO; BT, &S0 i 5 min,
AN ) 0 B B b W T B0 918 78 AR R S 1 32 457, B Ca®" 21048 ( Sigma 595 ) ,H' ;95293 ( Sigma #%5) ,NO; ;
XY-SJ-NO;-01 ; LB #E 72 4351 4 : 100 mmol/L CaCl, .15 mmol/L NaCl +40 mmol/L. KH,PO, F1 10 mmol/L
KNO, ; Ag/AgCl 22 (JB A (dbmt) BHEA BR A 7)) 3 A B AR Y J5 T8, Ag/ AgCl 2295 FTE AR E 7oyl #2 ik
1.3 Bdaibr

AR 0 EE R ] SPSS K EXCEL #4748 43 47, FIH] SPSS 2 two—way ANOVA i FEAEAN [A] 2b B 22 1]
# 5 WA R LSD ¥EVE L & AT,

2 ZEREHH
2.1 RS EEARR YR A B R AR AR

B 1 AT KRB RN (-AM X)) TR R B AM LR R G B AE 4580t Zn S A 3G 0, 2Rl AL 3 (+AM)
HY TR AR R e 32 T B3 TE0E 600 mg/kg Zn I H AU YL 34K 46% AR Zn 7KV 2600 T, bk b
T ER S AR AR A T A R T R TR Zn S T X (E S TR AT A B AR AR P R
MR M - Zn600 >Zn300>Zn0 .,
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x1 HEERERE EMEREREKHIE
Table 1 Mycorrhizal colonization, biomass and mycorrhizal dependency of Poncirus trifoliata seedlings

Jiti Zn 1t [ELESES oL

Al T iy | 3 37 : n i
Zn application Kb 3R Mycorrhizal Shoot fresh i uﬁﬁii‘ LT uﬁq:iﬁ U ulgq:i_ = 1;Eﬁ@kﬁ P
. L. . Root fresh weight Shoot dry weight Root dry weight Mycorrhizal
concentration Treatment colonization welght y ( Mi) Y, ( Y H:) y ( H() d d /o
/(mg/kg) percentage/ % /(g/ ) & ° ¢ ependency/
0 -AM 0d 1.30d 1.11d 0.42d 0.14d
+AM 68.70a 1.81b 1.53b 0.60b 0.20b 143
300 -AM 0d 1.52¢ 1.34c¢ 0.49c¢ 0.16¢
+AM 59.20b 2.31a 1.90a 0.72a 0.27a 152
600 -AM 0d 0.60f 0.53f 0. 19f 0.07f
+AM 45.80¢ 1.17e 0.90e 0.37e 0.13e 192

Bl N~ IE , R A RS 7R 78 b B 22 57 48 35 (P<0. 05)

2.2 MSAEMAFEFAILFE TR & &

Bl Zn S p3E 0, ARG M AR S AR Zn BRI R A Zn300 1 Zn600 A0 IR HERIARAR AR Zn &
B IR R TR T Zn300 AbBR A RRRR L B Zn S VK T IR AR B AR Zn pYEE IS R BOR
IMRURZ: 1 Zn0>Zn300>Zn600,, Hii I &S 5 HEHS Cu & HEBEHE Zn HEHG I E N B Zn0 Ab 3 0 H2 Rl bk b T
FRFARES Cu 755 M Zn600 AL BRIEFHEARTE Cu R B & TXR(E 1),

0-AM = +AM
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Fig.1 Contents of zinc,copper, phosphorus, potassium, magnesium,and calcium in the shoots and roots of Poncirus trifoliata seedlings
S ACHRFEANRR P& R AT S L R bR Zn0 AR IR A HE R P & AT Zn300 AR FRRYARER P Sy
TR B G Zn R, B K A T M 48 Rt bR Zn0 Ab (Y M 16 K Mg & R4 5575
TR, Zn300 AL BEAT Zn600 AbFH A H R R SRR K Mg 5 i 500 BRI 18 35 22 5 s T 450l Zn A P2
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FhbkH 3B S5HEE Ca SR SRR LB EEZES (K1),
2.3 BISAARERE Ca®™ HT NO; BT

FERPRRAR 2R3 Ca™ U0 Hh R X B, o e R vk BE AR 2R3 0 um L 100 pum ,600 wm 1000 pm 1600 pm
bV Ca™ P H R 5 HR A 22 S 243K 8 KK, D9 40 SRR BE AR AR5 0 wm 600 pum 4bi4+ Ca™ SMNFLAR 5 1 B
TR 2,83)

FERRRRAR Z205 HOR1 NOS I A T 3R S5 A X6 v ) B, HL v 2 A ik AR 2205 100 pom ,600 pum 1000 um
1600 pm Ab¥ H™ 3 A B3R5 00 IR0 22 5 38 BB 7KF (81 2) | B bk R AR 2R3 600 wm Abif H N5 5
WX (E3)

FEAPRRIEAR 2237 300 um 2400 pum Ab¥F NOS I AR 535 5 T X IR (1 2) | H 4 Rh bk AR 2 i 2400
pm b NOS A5 51 o T X B (&1 3)

50

g | BT
g * * ! y .
S 30 § 0 ¥
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TE . Bg s
S3 10 % < *
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= é 0 ] ) /$— é 10 * * *
& Y ‘ 15
S -10 = .
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Fig.2 Net fluxes of Ca’*, H* and NOj along mycorrhizal and nonmycorrhizal roots of Poncirus trifoliata seedings

WS AR ARIE RS | B AR A F R 25 S 25 (P<0. 05)

3 iTig

AM HHRYIE IR AM B E D BEM SR AR ZE SRR, b + 56 Zn BRI, IR
PR B R EH BAEE R Zn 15 08 R DA BGS PR G R R BRIV , B A Zn AP HERV R I A= P it 1
82 R TR L LLAME 300 mg/kg Zn BFARE A AE W S (R 1) o K Zn WIS LR Zn B A (0. 47
mg/kg) JE T2 JEH, oA Zn B RER LA A2 K Zn B9T52R, W 300 mg/kg Zn B S 30 P4 2 1 9 f
TR AR Zn 7R BERBL AR SR A K A RN . X5 HS T RGE AN [F] Zn V5 Y T oK AR K B R e 45 2R
HARRLZAL, 1AM, Zn300 55 Zn600 b BRI REARTS Zn 5 5 2 w0 IR Rk L3R/ AR Zn (G2
ZHEUBTE Zn 3N S 0 RWIBEE G Zn ARSI FEAVRRAR TS Zn OB 2] RGN, H
Zn300 L3 3 Zn S SOMAR TXF 8 R EE Zn V5 Zn KR B TARES  B5 — 7 1, XA AT RE 5
Zn300 HeFPRR APy SN S | R A« TR AN A O, AT R, TR LR TR 22 T I Zn SFE AR TR i
F) 8RR s U AR, IR Zn B9 L5zl L A e R s E R Zn 5 YR BREAR R R AR
FHAH S BA 5 T Ul ol o AR T 8 27 Zn V5 Y10 fE 5

HI IR ST & B, FOKAEAR Zn 5 Cu Z I RS HIE B R 5 L5 (9 Zn  Cu W EE K B %, Zn-
Cu IRATT YN FoKRHIRE P 5 37 B & AR, 25l Hl | Cavagnaro AU RS R AM L R Y 1 B A R
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RAFRIFEHAEAR Zn/P LLBIXIBEAE S Zn 12 A3 T 2 3538 m, Ao b, AR AL -5 3R TR AL AR i b L3
FIARES Cu P i Y FHE Zn & ABE I 5 R B S i b HEAR B RN Zn 5 Cu Zn 5 P Z WA —E 1
YRR, BIN AERN Zn BSZIETF | 6. intraradices IR LREMEHEAEXT P K Mg I Cu JCE WIS
38 , AE Zn ISYLBI IR, G, intraradices FIAR YT P Cu B9 A 2 R 4E X S A AL T2k =t
U B T Cu Y5y EGE S R A S 2 Ab TAE Zn 15 PSR AM X A G Z U K Mg,
Ca B WCARLF-IF B WAL HEVE . AR A 2, Andrade 25 AR5 A 0 FEFREE Zn 544 R, AM ELTH T 21
HE T EAEARNT P Cu Ca FI Mg AWM, X FP 45 R 922 St — D i i, AM BT RV BR 5 Zn 15 YL FR
AR B SR T FE R RERRA G,

S5 %t AR LL | R iRAR 7 B A X i Ca™* I 41 TR v HY IR AR B R X v NO ;S I A 3R 24 B I 4
m(E 2 B 3) . NO; i AR R, KU AM A HF] THE s A RS AS N By, 98 3R I, i 7E AR JE [
5 A ) S AR TR I LA AR i HY -ATPase 1 PE S5 GAIISY B R 9% Ca® H B T [ 55 R 4%
Wk FE  HEMAL AR BT AT BETE AL T AR 40 0 5 5. Ca®* -ATPase M Ca” /H' [ M58 4, 7F Ca® AN i R it
H U3 3o S ) e as PR PR IAE 5 59— T T, AML G 0, T Bl ok v FR AR 40 L A NOS/H ] ) % i {4, 7E NOS B 1+
PR A Rl HY 3@ i ] s AR gk AN, L E WS, Ca™ H AR AN M N 26 A5 1, Hok H 40 i sh 25 T BE X
L PR S A R R I 5] A — R AN AR B AR AL SO, 55— 5 T, AM 2L 1R A9 1R %m0 AR 2R 2540 2 AN
M2 A I 3454 oA ) T 25 B FROCR WR, B A0, BERERAR 2R Ca™ SN R T X IR
X5 FiR Zn0 A0 AM B IEFIXT Ca BT TCH B B2 AR & . HERPERAR 209 1 PN IR B S 315
M5 AR pH 2846, inBHIEAR PR 8RR 1k, X 540 TR AR BB ( ECM ) 47 2% R AR B AR 355 X5 . 15 7 3 77 1]
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