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Effects of Ectomycorrhizal Fungi on the Growth of Fucalyptus grandis Under Zinc Stress

WANG Xin-yang.LIU Zi-yi.REN Ying.TANG Ming"
(Guangdong Laboratory for Lingnan Modern Agriculture ,College of Forestry and Landscape Architecture ,

South China Agricultural University ,Guangzhou 510640 ,Guangdong China)

Abstract: Fucalyptus grandis was used as material,in which Ectomycorrhizal fungi (Pisolithus tinctorius
21118) were inoculated to establish the symbiont system. Then,the established symbionts were subject to
Zinc stress. After 30 days of zinc treatment, the seedling height, biomass, root morphological characteris-
tics,chlorophyll content and leaf nitrogen contents of E. grandis were measured and evaluated to examine
the effects of ectomycorrhizal fungi on the growth of E. grandis under Zinc stress. The results showed that
low concentration of Zn (200 pmol « L") promoted the growth,root development,nitrogen (N) and chlo-
rophyll accumulation in the leaves of E. grandis,while high concentration of Zn (400 or 600 pmol « L")
presented inhibited effects. Strong symbiont effect was observed between E. grandis and P. tinctorius.
And under the Zn treatment,inoculation of P. tinctorius significantly improved the growth, promoted the
leaves N accumulation,and enhanced the photosynthesis of E. grandis. For E. grandis under higher and
the highest concentration of Zn stress,inoculation of P. tinctorius could promote the accumulation of bio-
mass,improve root morphology,increase root surface area,root volume and number of root tips, promote
the formation of fine roots, and improve root tolerance to Zn. This study provides a theoretical basis for
mycorrhizal vegetation restoration in heavy metal-contaminated soils.

Key words: ectomycorrhizal fungus; FEucalyptus grandis; zinc stress; growth

Y75 B #:2022-05-27 & [E HH:2022-08-10
ESTA . Ml RHE R A5 H (201904020022) ; IS B IR BHE SH AR T R A L8 E AR H (NZ2021025) 5 % B KB 23 5
4x(32071639),
E—1EH LM, M H I FAREEY . E-mail: wangxy940624@163. com
WEEEEJH WL LA, PFR I M FMAY . E-mail: tangmingyl @163, com



Bal

TR A A0 T A AR T AR LT X B R A KR R e 181

) A A BT 7 B i OC R B (Zn) FE A 0 AR K
R 5 3 R v S 25 J LA Y (R B 0ot 7
Syl P A K BAR R T
i 4 @ X Y AR ESY . Hachani 455
PR AN A AR B R UE B (Rhizopogon sp. VILFET
o YRS (Pinus halepensis) S AR 3 e 3 R K 43
FIRLE 1 58 % B (Pb) L Zn R (CdD T 52 4
Tang % W58 & B, 82 5 £ /8 25 B (Cenococcum
geophilum) O g (Pisolithus tinctorius) 4L
B8R (Laccaria laccata) PR 5 £1 A5 W 4 ( Hebelo-
ma vinosophyllum ) RE W {2 # AL (Pinus thunber-
gii ) XF IR 43 By W W, 38 AR BRI B (Cu)
CdXBMMBEEEM. Calpa T, EMEAT L
B 0 2 R HE RN G AR K B AR R R ] sS4 S
Cu i85 ik % Co WA I RE T . Zn WA,
F A A AR BB 7 TP AR 0 B 8 (Rhizophagus ir-
regularis) B ¥ 5 B A (Eucalyptus grandis) F
FRi2 (1 (EgMTP6) i % ik &, 598 M 7 4 5
(Rhizophagus irregularis) 5 4NE B 7% 82 0 B /E H
I AR Zn FOPY RIS & R 1Y 53 A1 A R RR (Rob-
inia pseudoacacia) A Ik YT H 4 )8 et

M (Eucalyptus spp. ) A =K@ A N T
ARB 22— A iR A R G N R R TR
AU A AR R e TR R O AT 4
oS SR A . WF ST R R R R RO A AR T
RN M A TR AR A R A R 4 I K
FEEMEMY ., EAMRERN. RO I DAY S5E
R UM AR AR FF T B AL 9 A 4K I 4 s N B
SR (M) B H P . A6 G S 3 (Pisolithus
albus) R HE B (ND B8 F %42 (Eucaly ptus globu-
Lus) MR FIRL 2% 1 AR, IF B AR AR 38 Ni B85
Wang % 5 % B0 A T AR L T 0 R 42 ) B
Zn 1) % S ARG R0 75 SR WSO G 5k AT B A IREAE D
fHJE Zn W38 F 4 4 B AR B B (Ectomycorrhizal
fungi, ECMF) X F 4% A= K 09 52 i) i oK JF e iiF 5%
BN RS SVASE oV RN R E | B (S NE N O WA )
JET AR AR TR AR AR Y A AR R AR BB SRR
W2 R AN R R B A IEAT TOIEAL L IR STAME AR
HHEE O SEX Zn Wi T B A KA,
ECMF $& & EL A% Zn fiif 52 P 52 (1 S A 40

1 MHE5 7

1.1 R

BEX R R AT S (P. tinctorius) W H
RO B 27 BF 92 e B4 ARl B 55 B B 2P F 52 5% 4
Bt B T AREER VU MERS (Betula sp. ) RF

FHEC R MMN 35352 360 79 B85 35 (25°C SRS
FIED AT L& (CER R 0.8 cm) #T BUA V% # Zx
T BR T 22 A Ry 2 0 500, S 3 TR 22 4K 19 TR OF AR Sl XF
figg 1)

B AE W) . B ¥ (Eucalyptus grandis) # 1 Iy
T RA T N THC AR AR A BR A w38 HUBURE 1606
KM= R+ TRl s . 520 AR Bh i
WO AT HEAT R 20 min, SRS A JC K o
VE S5 W WP R IR M AE SR K, THE
T 3E IR (25°C LRI HCE 1 7, Al B AR AT 7R 1
KRG FE AWK A
1.2 RWHZE
1.2.1 EM-#eshyptihihd HMERER
HEEME ¥ S % Burgess 217 107 2 3 R AR 1B
. IO R R B T s T KBS B9 AT LA TR T
N GITBUEDE (AR 0.8 em) , 380 T F 46 A 3%
BACH o ) Kottke [ MK 35 270 dhake, 25°C 81 &
WEEE IR 5~8 d. R 22 W & Ja ¥ B AL Fh 135 Fh T &
AR IR IR B DE 2 om, XF B8 4186 F 75 A
TR PR R R 2 em, B IR
MLAERR 12 KAh . K35 FRILAE 25°C WS PR 5 rh ik
B3 dL R

PRI R 2 N DA AR G o R
16 h,25°C .58 6 000 Ix; g I 8 h,20°C, 5 7 d
J& K EA IR L B S R B 2 6 Bk T AR W)
] EL TR B 7 DAEJE U AR AL 2l . 20 d 5 #4440
AR E ARG RS AR 2 v T e e K T S v i (8
em X8 ecmX 10 cm,2 kg #¥>) , [F] B M &)y 1 55 B /D 4
22K (2 20 mg) AL R AL B 4 1 5% . & H Ol
be 10 mL LB 1K, I 0, B F k% 20 mL
MR Kottke #H 37 76N AR R R 15 d 551
1.2.2 XEagit I ERN AL BRRD Zn Kb 3 Y XX
REZERZ T, M-S M P. tinctorius
ANEEFEA P, Zn 2 FALHE 0,200,400 pmol « L
A 600 pmol « L' 4 Fh i B &1L 8 I W
(ZnCLO™, A EE 10 MEYEE., ¥
ZnCl, FZ8 1K B, B I8 2 B Kottke ¥ 57 1)
H,0 pmol « L' A FANEIM Zn B E & W R
Kottke HFW . B &AW, & K IEH K (10
ml) B MBS A AR E Zn R Kottke &
FEW (30 mL BV T KK . 30 d JFIhE,
WSCAR A FH - 2 28 0 5 A (5 B, FK-YL02) Il 22 4y
BTV 57 4 R O LA B I 5 00 A X St R A
(SPAD i) Ftmt i N & a ., WOR 5 I 2 bk 5 L Al
UL FICASREAE L 43 5190 s A8 bk i b 58 3 70 b
TR e L SRR AR



182 [ A2

Be 27 4l 38 &

1.2.3 ECMF & mZ  Z% Agerer Z5 4
B B AR R AE I ECMF S 58 %, 4 F b 2 Bl ML
VEFE 3 MR AR A BEALBEECANAR 20 BELBI AL 1 em
S AR BE L i O 2 B O B A — B T AR
B, #F A A A R E SR TR E B %
(Y6) = TR AR 1= Ye 1 M BB/ A 1 AR B B X
100% .

1.2.4 ARAZB AL T BB F 4 45K b
VAR SR S5 AR B F W2 1 20 mmol « L' 4
Jz VU 2 R — ARV I IR 30 min, BREA Zn BT,
TR LB TR oh e T FHOK 4R T 3R 1K 53 . f
FH WinRHIZO #2930 7 AR AR SR A AR
PRFR AP35 AR AR ARBORIUR 43 B 48 4

1.2.5 i%%mi ﬁE@ﬁL%ﬁﬂﬁ?%ﬁ

ﬁﬁﬁ%ﬁﬁi*ﬁﬂi,ﬁ—é%o BB R R,

W30 mg My AR L 7E 60°CHEFE 4t B AE &, FR i T3,
38 3 1 LU AT 0 AT AR b S A3 RN Bl R S A B TR
& WO K # M (mycorrhizal dependence,
MDY MD( %) = (i M bR 4% 38 43 5/ T AR
R A #4318 X100 %,
1.3 HEKESHSH

{#i F Microsoft Excel 2019 %t %8 i1 49 ¥ 2 4
TR B0 2 500 1 34 8 R0 AR HE il 22 . 8 IBM
SPSS statistics 25. 0 #EATHCHE A9 .25 1 43 B A XL
)7 501 (Two-way ANOVA,P<20. 05) #l Zn
1 ECME LA R 5 1) 38 .G Z 0 e A 7242 2 1 ik 3%
Z 5, M Origin 2018 AR B HEATVEIA .

2 HERH5HM

2.1 Zn REIHERE KN

oG LEets S5 E A A AR R W E Zn
b B AR AN TR . AR 1 AT AL, ZnMEWEE
TR L ) 1Y SE B R 8 FH R AE 200 pmol .
Bf A1 0 pmol « L™ ) Zn Ab B 2 [H] E"Ji‘ijﬂ%;ﬁﬁ%,
400 pmol « L™ f1 600 pmol « L' AL BELH 5 o
L' A 22 5 8% (P<<0.05), X RV
BE Zn(200 pmol « L") X B AR 2 AR (R T8 18 1 52 e 358
/J\,ﬁ%}{}&}}f Zn(400 pmol « L™ D IR E Zn(600
LU N BR AR AR R TR A R
2.2 Zn Liﬂfuh@ﬂ: S EEDNNERKE NI

50 pmol « L' Zn AL . Zn ¥ A 200 pmol -
Lot 3 08 HF 2 ORI OR 22 B R RR BR 0 38
(P<0.05),Zn RN EEFFICR AL EAMEN .
W& Zn WREE MM, R AR S 2R e LA T
ok 1 B8, ELOOS B A ok v A B 2 R ) L 5 A B T A

pmol ¢

pmol «

FRALAH L, S P b FR 3 W58 T8 A Zn WRIE T
ELRE ) bR 55 (P <<0. 05) , B 45 Zn W& BE 35 N (0,200,
400,600 pmol « L") I MR 435124 115. 52% .69 % .
75.93% A1 57.45% (I 1), X BEHH Zn Bl R 2
%Zéi%%?bﬂﬁi&ﬁﬁfﬁﬁ%iﬁ

F1 FRAKRE ZIn HEREEEHEM

Table 1 Effects of different concentrations of Zn on mycorrhizal

colonization rate

BEHE / (pmol « L) FEFLFRCX)

0 34,1743, 44a
200 32.5044.79a
400 24.17£7.31b
600 23.3343.73b

TE B8 N P M S AR HE 22 (= 6) , [/ — 31 R [/ B R OR A
[l Zn ¥ 32 18] B AR ZE B R AE P<<0. 05 K F 2R BE, TR, F=
6.111,P=0.004,

9 r ECMF " Zn ™
¢ | ECMFXZn' ,, EEEAM
2 L P= 0008
6 -
=
E‘E 5r P=0.018
4
wd be  p=0.037
3 F c
2 -
l -
0
200 400 600

EEUR E/(bmol + L)

NM R R AL B ECM AR R AL B . AR A i 2 b Fom R
HRAMRAEAN R Zn R JBE ] 25 53 35, AN [) 9 S0 5 B 3RO B AR A R 72
AN Zn W BE TR 22 5 3 . x ROR[A — Zn W TR TR AR 5 3F AR A
PRZ ) 225 835 . P<<0. 05, x » KR ERW B, P<<0.01, * »
FoRZE M W, P<<0.001, T,
B1 ZnitBEMEMEEEINNEERKSHRN
Fig. 1 Effects of Zn treatment and inoculation of P. tinctorius

on plant height of E. grandis
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Fig. 2 Effects of Zn treatment and inoculation of P. tinctorius

on biomass of E. grandis
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Fig. 3 Effects of Zn treatment and inoculation of P. tinctorius on biomass of up-ground and above ground parts of E. grandis
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Fig. 4 Effects of Zn treatment and inoculation of P. tinctorius on root architecture of E. grandis

ECMF ™ Zn™

ECMFXZn "™
o sk ks
exs PO 001
L P<0.001

w3k
P=0.001

i

[CINM | ECM
16
14t

A

g b
10 b

*®
T

P= 00()2

B8 & /(mg *

L= S N =)

CM
_ ECMF ™ Zn™
ECMFXZn™ B
B *
P=0.014
- a
* a #5k
P=0.033 P=0.003
b b
8] *k
- P=0.012
Y C
i ’Y
0 200 400 600
B JE/(umol » L)
- ECMF"Zn""
ECMFXZn " D
i P=0.151
* a
P=0.027
I ? P=0.051
a
- B P
Y * %
i P=0.002
Y
i b
0 200 400 600
BEWRIE/(nmol « L)
_ ECMF™Zn™
ECMFXZn" F
* %k
B P=0.003
a
— EES &k
P=0.009 P=0.003
i b b
P=0.089
a a ]
a a
0 200 400 600
FEWE/(Lmol < L )
ECMF ™ Zn™
ECMFXZn "™ B
P=0. '002
* %k
P=0.005  p_0 005

1

QWFE/(U1nol L~ )

"ﬁ?ﬁ?rﬁ‘_/(umol L )

AHERR A B R A S

Es5 InSEBMEMEEEIHNERHFRENHRESENEN

Effects of Zn treatment and inoculation of P. tinctorius on chlorophyll and foliar nitrogen content of E. grandis



186 PO LA B 2 4 38 &

MR AEAE AR S5 R L B Zn WRIE TS A=)
HERETHE R RN B 7 Zn W 200 pmol
Lo I A 6 i e o 3 WX A B R R X A A 1 A
BATAE JEAE HT L UL AR A% F B XF Zn BAT — 5E /Y T
2., TEEFEAMH R, Zn WREF 200 pmol « L' A,
2 T 500 2 e R 15 B A AEL ) AT A2 90 PR A 4
ff ECMF BEAE BT 4 o fie HEAR W 2E I

Zn Qb P M b 43 A FR 4 TR B Y 52 e
R BEAN[A] , F 31 B3 2 B9S2 i AR . H % ECMF [
W, ZnWENT S SETRYTETRES RE
1% 5 3% (Noccaea caerulescens)TE Zn W 0. 8 mM
B R TH B & TR —E" . BKEWE Zn
OR3P ECMF MKOR & 35 £ 1 b 38 43 1) T8
L TS 30T 38 0 JC W g e, ik B ARk Zn
Ak B ECMF W] RE S 2 i ffe JF 4 ) 78 37 J0 3R (Y I
W AR T 0 m U Zn AL FEAT A LA TR R
JLE . ECMF W] B8 05 £ Ml {2 3 Fi 90 XF 7K 43 19 W 0L
IEEERS 2= ER 43, 1 SR AE W) AR A TS Bl LUV X B 4
JEIA . R 4 R AME oA AL B 25 515 L )
WIJCie 2 4% i AMF & &2 ECMF #B 6E 4% {2 i %
MY A W) i, TR B REAR Zn B W SRR 2R Sl i A )
s BRI " 8 it Zn X AER I 5 5
3.2 ECMF M E# 1R R #8891

ECMF X} Ak A 19 # & I 25 ¢ E A7 AR K1 5
Wi FEARE I P B RO 8 Th g i, B R
MG VAR AR e Ta AR AR AR AR LRI BN AR 43 S
B, KW E Zn BT, AR RIS FRIE
SRR BT T K Zn A FRAR TR R
JEABFIESE, ECMFE A] 92 fif 3 A 40 i 4 1, 1 3%
PR AR L B R REE SR
THPWEE ., ARBE, Zn A T EEAEKRRE
A8 S 3 ARG L B A A W B2 ) T e AR AR R AN AR 3 U
ST G B R A TRl AR R ECRIAR 43 S
ECMF 23 bBif, X2 Ty Zo M6 17008
MR IR T T AR AR B . DR AR 2R 4
32 4 3 ECMF (9% 58 . [ if ECMF X {1 3%
B THRARBORMAR 4 . Gamalero %55 % #l %
M Glomus mosseae BEG12 BENG G N AR 1) 5 2% 1] FR
R TR AR B o3 AR B 2 vy W AT 38 i 4 7%
YR AIRE S . W ECMF 0] DLk 28 MR pY 4 1Y, o &
RS E AR YT AN AR 3G 0 AR S BORIAR 73 SEK
AR B A S0 TR AR B v X 3R 43 A K S 8 W
RE T 42 mAH T Zn P,

3.3 ECMFWERMEEMHERRENHM

ECMF J& AR fi B2 22 ) B AR I R D6 2 L 78 35 R
W G FR S e At B Pl 2 R MR, MY

WHNER ELAEAE THERABF AR o, [[F0], 4%
FRERSH AR NS RAREDNERD,
FEARWEGE . 5 Zn 38 T REAR T AR 4 4% 3% R
AN R & & B2 HM ECMFE BEf% 42 & A Yy b i 4
FORN o N A, IR RN RR AS AR T N Y 5%
1B W AR R AN X Zn B TR A2 PET L 68 ECMF
M AMF BEfg {2 ERE Y N AW, 28 i Zn Xt T 44
i fe

ZE BT DA BB BA —E N E SR TN Z
PEARWE Zn(200 pmol « L™ DR M AEK R AR
MEBUKRMNREFRTE N AN RENHER, B
W B (400 pmol « L7") Ml & ¥R B (600 pmol »
L Zn W= A 30 6 7E T 2) B AR 0 3 S h B
BER MM 1 L BB A8 W IR HEA ) AE Zn 0 R Y
Az AR 1Y) A s DT B AR Zn 8 B 1A N
V14 VAR JBE o DA HE T e A 1 T 522 5 3) %85 v Yk B R o VR
Zn AT B FlOR (6 5 I B B8 6% B0 RE R AR R P
B AL A0 AR BT B, 48 A N WU R 2 e
T A A AE R R SR R A R
Zn XYY fE . DRI A0 AR TR AR AT LA SR B A
FIRE Y R A1 52 76 4 T V5 e 1 g FH 2 (A5 30 4 4l

RS e

[1] SINCLAIR S A,KRAMER U. The zinc homeostasis network
of land plants[ ] ]. Biochimica et Biophysica Acta (BBA)-Mo-
lecular Cell Research,2012,9:1823.

[2] KOLAJ-ROBIN O,RUSSELL D, HAYES K A, et al. Cation
diffusion facilitator family: structure and function[ J]. FEBS
Letters,2015,589(12):1283-1295.

[3] WANG X Y,LIANG J] W,LIU Z Y.et al. Transcriptional reg-
ulation of metal metabolism and nutrient absorption-related
genes in Eucalyptus grandis by arbuscular mycorrhizal fungi
at different zinc concentrations[ J]. BMC Plant Biology, 2022,
22.76.

(4] B, GH . B4, 5. 2 Fhoh A T8 AR L0 Y 4 it 52 P KA 26

BLAILT]. PE b AR B A4, 2017, 32(2) - 188-196.
FENG H,DOU Q,WANG H H,et al. Lead tolerance of two
ectomycorrhizal fungi and related mechanisms[]]. Journal of
Northwest Forestry University,2017,32(2) ;188-196. (in Chi-
nese)

[5] HACHANI C.LAMHAMEDI M S, ABIDINE A Z E.et al.
Water relations, gas exchange, chlorophyll fluorescence and e-
lectrolyte leakage of ectomycorrhizal Pinus halepensis seed-
lings in response to multi-heavy metal stresses (Pb, Zn, Cd)
[J]. Microorganisms,2022,10(1) :57.

[6] TANG Y,SHIL.ZHONG K.et al. Ectomycorrhizal fungi may
not act as a barrier inhibiting host plant absorption of heavy
metals[J]. Chemosphere,2019,215,:115-123.

(7] WAUHEE, B PR 5. A A IR B DR (4 5 5 8 (Pisolithu
tinctorius) i N WIE E E 4 JE Co 5 Y LW R W ST



Bal

TR A A0 T A AR T AR LT X B R A KR R e

187

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

A RSB . 2017,33(4) : 149-156.
WEN Z G,WANG ]J,TANG Y Z,et al. The application poten-
tial of ectomycorrhizal fungus Pisolithus tinctorius assisting
plant in phytoremediation of Cu-contaminated soils[ J]. Bio-
technology Bulletin,2017,33(4) :149-156. (in Chinese)
G L MRV L AE L B AR 4 TR T 32 TR 1 EgMTP6 (1943 F
FRAE-5 DY BEWFFE [T ]. Aol 24, 2022,58(5) < 1-13.
HAN L N,XIE X A,CHEN H,et al. Molecular characteristics
and function analyses of EgMTP6 in Eucalyptus grandis[]].
Scientia Silvae Sinicae,2022,58(5):1-13. (in Chinese)
LOU X,ZHANG X Y,ZHANG Y,et al. The synergy of ar-
buscular mycorrhizal fungi and exogenous abscisic acid benefits
Robinia pseudoacacia L. growth through altering the distribu-
tion of Zn and endogenous abscisic acid[ ]J]. Journal of Fungi,
2021,7(8):671.
23T LR ZE O TR R R RN bR o B A P BT Y
Sy s )] K £ R FFE Al ,2010,30(5) 1 101-105.
YE SM,WEN Y G,ZHANG H D. Principal component anal-
ysis of soil physical and chemical properties in successive Eu-
calyptus plantation[ J]. Bulletin of Soil and Water Conserva-
tion,2010,30(5) :101-105. (in Chinese)
?If‘a%’u\ 6T XS e L AL LR N TR AN AR TR AR L TR TR v 4 AR
ZHAELT ], TR B A 3, 2020, 35(6) 1 153-159.
JIANG Y.MO X Y.DENG H Y.et al. Composition and di-
versity of ectomycorrhizal fungal community associated with
Eucalyptus grandis plantation[J]. Journal of Northwest For-
estry University,2020,35(6) :153-159. (in Chinese)
BERURL, L W SCH 45 R A AR U T R R O
PEOEARLT ] WU AL bk 2 BE 2241 . 2020, 35(3) : 142-148.
LIANG ] W,WANG S J,HU W T,et al. Optimized culture
conditions of the endophytic fungus Umbelopsis dimorpha
from Eucalyptus roots[]J]. Journal of Northwest Forestry U-
niversity,2020,35(3) :142-148. (in Chinese)
ZEAET ARGEAR L 3R A R R X A - AR AR R
WREE LA S Z AR PR [T A= 25 % 4k, 2019, 39 (8):
2723-2731.
LIJY,.LINJ Y,PEIC Y.et al. Diversity and structure of the
soil arbuscular mycorrhizal fungal community are altered by
Eucalyptus plantations[ ] ]. Acta Ecologica Sinica, 2019, 39
(8):2723-2731. (in Chinese)
FRME OO B A AR R LA B B S
[J]. PEAEAE Y 2 42, 2018,38(8) :1553-1561.
WANG SJ,LAIW Z,XIE X A,et al. Isolation and identifica-
tion of symbiotic fungi in Eucalyptus roots[J]. Acta Botanica
Boreali-Occidentalia Sinica, 2018,38(8):1553-1561. (in Chi-
nese)
W, F R B SO L A AR TR R R DA T R L T A e
ZREEMEOIFTL]]. PEAbAR B2 40, 2018, 33(6) . 171-179.
LAIW Z,WANG S J,HU W T,et al. Investigation on spe-
cies diversity of arbuscular mycorrhizal fungi occurring in the
main tree species in Southern China[ J]. Journal of Northwest
Forestry University,2018,33(6):171-179. (in Chinese)
CANTON G C,BERTOLAZI A A,COGO A J D,et al. Bio-
chemical and ecophysiological responses to manganese stress

by ectomycorrhizal fungus Pisolithus tinctorius and in associ-

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

ation with Eucalyptus grandis[]]. Mycorrhiza,2016,26(5) :
475-487.

JOURAND P,DUCOUSSO M,REID R,et al. Nickel tolerant
ectomycorrhizal Pisolithus albus ultramafic ecotype isolated
from nickel minesin New Caledonia strongly enhance growth
of the host plant Eucalyptus globulus at toxic nickel concen-
trations[ J ]. Tree Physiology.2010,30 (10):1311-1319.
MARX D H. Influence of ectotrophic mycorrhizal fungi on re-
sistance or pine roots to pathogenic infections. I. Antagonisum
of mycorrhizal fungi to root pathogenic fungi and soil bacteria
[J]. Phytopathology.1969,59:153-163.

XNEEAG W SCTE  WRVE L 45 B I8 X R (0 S S B IR N B Y 43 A
AEHEE S R AT A R G W m [T, 3 Y% 4. 2021-11-
29. (M8 %)

LIUZ Y,.HU W T,CHEN H,et al. Effects of zinc stress on
the antioxidant system and the distribution and form of zinc
of Pisolithus tinctorius [ J]. Mycosystema, 2021-11-29. (in
Chinese)

BURGESS T,DELL B,MALAJCZUK N. Variation in mycor-
rhizal development and growth stimulation by 20 Pisolithus
inoculated on to FEucalyptus grandis W. Hill ex
Maiden[J]. New Phytologist.1994,127(4) : 731-739.
KOTTKE I, GUTTENBERGER M,HAMPP R.et al. An in

isolates

vitro method for establishing mycorrhizae on coniferous tree
seedlings[ J]. Trees,1987,1(3):191-194.

R BV AT L L A B 0 X A A i ) T
AL BTG PR SE e [T ], ik R4 24 5 0 1 AR ) 7
693-698.
LIL,LUO ] F,

o bR
,2020,39(2);

TAN L S.et al. Effects of zinc stress on the
contents of sulfhydryl compounds and the activities of antioxi-
dant enzymes in Eucalyptus[]]. Genomics and Applied Biolo-
gy+2020,39(2):693-698. (in Chinese)

AGERER R. Fungal relationships and structural identity of
their ectomycorrhizae[ J ]. Mycological Progress,2006,5(2):
67-107.

MENGE J A,JOHNSON E L V,PLATT R G. Mycorrhizal
dependency of several citrus cultivars under three nutrient re-
gimes[ ] ]. New Phytologist,1978,81(3) :553-559.

DONNER E,RYAN C G, HOWARD D L,et al. A multi-
technique investigation of copper and zinc distribution, specia-
tion and potential bioavailability in biosolids[ J]. Environmen-
tal Pollution,2012,166:57-64.

TESTE F P,JONES M D, DICKIE I A. Dual-mycorrhizal
plants: their ecology and relevance[ J]. New Phytol. , 2020,
225(5) :1835-1851.

KOIDE R T,MOSSE B. A history of research on arbuscular
myecorrhizal J |. Mycorrhiza,2004,14(3) :145-163.

A R AN A I o3 L DV R N o= DN g iE ) B
RN A 3R 20 FAR OB 5 40 A 1 52 e [T, ARl B 27
2018,54(2) :170-178.

GU X R,NI'Y L,JIANG Y N,et al. Effects of Laccaria bi-
color on growth,uptake and distribution of nutrients and alu-
minum of Pinus massoniana seedlings under acid aluminum
exposure[ ] ]. Scientia Silvae Sinicae,2018,54(2):170-178. (in
Chinese)



188 PR 2 B 2 38 &
[29] DAGHER D J,PITRE F E,HIJRI M. Ectomycorrhizal fungal tips[ ] ]. Environmental & Experimental Botany, 2018, 147

[30]

[31]

[32]

[33]

[34]

inoculation of Sphaerosporella brunnea significantly increased
stem biomass of Salix miyabeana and decreased lead,tin,and
zinc, soil concentrations during the phytoremediation of an in-
dustrial landfill[J]. Journal of Fungi,2020,6(2):87.
CAIRNEY J, CHAMBERS S. Interactions between Piso-
lithus tinctorius and its hosts:a review of current knowledge
[J]. Mycorrhiza,1997,7:117-131.
ANNA D, KOZHEVNIKOVA 1 V,SEREGIN F,ez al. Zinc
accumulation and distribution over tissues in Noccaea caer-
ulescens in nature and in hydroponics:a comparison[ ] ]. Plant
Soil,2017,411:5-16.
JE A G AR AR AR TR R R PbL Zn il Cd BY
i 52 LS8 (D], /g7 )7 P4 K%, 2014,
CRANE S,BARKAY T,DIGHTON ]J. The effect of mercury
on the establishment of Pinus rigida seedlings and the devel-
opment of their ectomycorrhizal communities[ ]J]. Fungal E-
cology.2012.5 (2):245-251.
ZHANG P,SUN L,QIN J,et al. cGMP is involved in Zn tol-

erance through the modulation of auxin redistribution in root

[35]

[36]

[37]

[38]

22-30.

ROOSENS N H., LEPLAE R, BERNARD C V. Variations in
plant metallothioneins: The heavy metal hyperaccumulator Thlas-
pi caerulescens as a study case[ ] ]. Planta,2005,222.716.
GAMALERO E, TROTTA A, MASSA N.et al. Impact of
two fluorescent pseudomonads and an arbuscular mycorrhizal
fungus on tomato plant growth, root architecture and P acqui-
sition[ ] 7. Mycorrhiza,2004,14(3) :185-192.

sk/NTE  siHt L SR AF L AR TR TR X B )y B A RO
A SELT ], ARl Bk BF 5, 2005(2) : 133-136.

ZHANG X L,ZHANG H,ZHANG X, et al. Study on the
effects of ectomycorrhizal preparation on seedling growth of
Pinus bungeana [ ] ]. Forest Research,2005(2):133-136. (in
Chinese)

R SN S A AR ZL B X NL-895 47 it & 1 T 5% il
[J0. PE LA 240 . 2011, 31(7) . 1474-1478.

SONG H,WU X Q. Effect of ectomycorrhizal fungi on photo-
synthesis of poplar NL-895[ J]. Acta Botanica Boreali-Occi-
dentalia Sinica,2011,31(7):1474-1478. (in Chinese)

(EH% 148 )

[20]

[21]

[22]

[23]

[24]

WANG H, WANG J, MUJUMDAR A S, et al. Effects of
postharvest ripening on physicochemical properties, micro-
structure, cell wall polysaccharides contents (pectin, hemicel-
lulose, cellulose) and nanostructure of kiwifruit (Actinidia
deliciosa)[]]. Food Hydrocolloids,2021,118:106808.

T B, s, SRR 0 M RE A B g kR S
BALHLHRI AT TR 0], & AR . 2021,46(11) :42-48.

LUOB L, MA L N, HAN L,et al. Study on the softening
mechanism of kiwifruit fruit based on changes in cell wall
properties[ ] ]. Food Science and Technology.2021,46 (11):
42-48. (in Chinese)

B AR, B A v TR AL S0 Ak SR S A Y 1)
20 M B A v S R (D], R s B, 2017, 42 (11) 2 50-
56.

LIAO Y X,RAN Z Q.WANG D,et al. Effect of y-amino bu-
tyric acid treatments on cell wall metabolism and chilling in-
jury in peaches during the refrigerated storage[J]. Food Sci-
ence and Technology,2017,42(11) :50-56.

TILAHUN S.CHOI H R.PARK D S.e/ al. Ripening quality
of kiwifruit cultivars is affected by harvest time[ J]. Scientia
Horticulturae,2020,261:108936.

ALBERTINI M,CARCOUET E,PAILLY O,et al. Changes
in organic acids and sugars during early stages of development
of acidic and acidless citrus fruit[ J]. Journal of Agricultural

and Food Chemistry,2006,54(21) :8335-8339.

[25]

[26]

[27]

[28]

AR GESR ol T R A5 T 2T A1 o T e I R AR AN [ VR
SR A AT T . St e 5 0T 2020, 40(7)
2240-2245.

YU K Q.MENG H,CAO X F,er al. Near-Infrared spectros-
copy for analyzing changes of pulp color of kiwifruit in differ-
ent depths[ J]. Spectroscopy and Spectral Analysis, 2020, 40
(7):2240-2245. (in Chinese)

ZHANG L H,LI S F,LIU X H,et al. Effects of ethephon on
physicochemical and quality properties of kiwifruit during rip-
ening[ ] ]. Postharvest Biology and Technology, 2012, 65;
69-75.

E P 5 5  Bh Ik B, 55 SRS A P MR S R R
J e A 1 P S s [ ] o A 2 4R 2003, 3(2)
1-5.

WANG Y G,XI Y F,LU S M, et al. Effects of postharvest
treatment on chlorophyll content and activated oxygen metab-
olism of chloroplast in Green Mume[ J]. Journal of Chinese
Institute of Food Science and Technology,2003,3(2) :1-5. (in
Chinese)

Y1 J X,KEBEDE B T,GRAUWET T,et al. A multivariate
approach into physicochemical, biochemical and aromatic
quality changes of purée based on Hayward kiwifruit during
the final phase of ripening[]]. Postharvest Biology and Tech-
nology,2016,117:206-216.



