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Effects of AMF on Physiological and Biochemistry
Characteristics of Male and Female Populus deltoides
under Lead Stress
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Abstract: Pb (200 mg/kg) was put in soil where male and female Populus deltoides were planted after ar-
buscular mycorrhizae fungi (AMF) inoculation. Four treatments (check, only AMF pretreatment, only Pb

treatment, AMEF pretreatment and Pb treatment) were arranged to study responses in total biomass accu-
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mulation and distribution, Pb concentration, antioxidant enzyme activities, redox equilibrium, variation of
ROS contents in leaves of male and female P. deltoides. Our aim was to understand the effects of AMF in-
oculation on physiology of male and female P. deltoides in response to Pb pollution, which is helpful for
the selection and promotion of P. deltoides in heavy metal polluted areas. The results showed that: (1)
Pb pollution exerted a significant influence on the biomass accumulation and distribution, Pb concentration
in leaves, activities of antioxidant enzymes, and there were sex-specific differences. Comparing to females,
there were lower changes in both root-shoot ratio and ROS content, but a greater increase in activities of
both SOD and APX in males. The males exhibited a higher tolerance to Pb stress, while females were
more sensitive; (2) The antioxidant enzyme activities and the redox equilibrium in leaves of females were
improved by means of AMF inoculation. Symbiosis with AMF promoted the synthesis of antioxidants, but
decreased toxic ion accumulation in leaves, the ROS content, and thus the extent of membrane lipid perox-
idation in leaves. However, such beneficial effect from mycorrhiza was not obvious in males; (3) The cor-
relation analysis showed that sex as a factor significantly affected all the indexes except total biomass, TG,
ASA/DHA, and POD activity. All indexes in our study are affected by Pb pollution very significantly ex-
cepting activities of SOD and GR. AMF inoculation highly significantly affected Pb concentration in leav-
es, TG, ASA/DHA, H,0O, content, MDA content, and the activities of SOD and APX. Meanwhile, AMF
inoculation as a factor also significantly influenced the total biomass, root-shoot ratio and GR activity. In
conclusion, the male P. deltoides are more tolerate to Pb stress than the female. However, the adaptation
to Pb pollution of female P. deltoides could be improved by symbiosis with AMF, and the negative effect
from Pb stress in females was alleviated by the mutualism with AMF. Due to the increase of Pb accumula-
ting in leaves of males, it seemed that the Pb stress became more severe when inoculated with AMF. The
increase of toxic ion accumulation may cover the positive effect of mycorrhiza on males. Therefore, our re-
sults suggested that male P. deltoides might be a proper selection for phytoremediation of Pb polluted area
severely (Pb>200 mg/kg).

Key words: arbuscular mycorrhizae fungi; Populus deltoides; lead stress; dioecy; physiology and bioche-

mistry.
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Fig. 2 The effects of AMF inoculation on Pb concentration
in leaves of females and males of P. deltoides under control

and Pb-polluted conditions
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The values above the columns with different letters indicate significant differences among different treatments (P<Z0. 05).

WI1. Non-inoculation + non-Pb polluted; J1. Inoculation + non-Pb polluted; W2. Non-inoculation + Pb polluted; J2. Inoculation + Pb

polluted; The same as below

Fig. 1 The effects of AMF inoculation on total biomass and root-shoot ratio of females and males of P. deltoides under

control and Pb-polluted conditions
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Table 1 The effects of AMF inoculation on ROS content in the leaves of female and male
P. deltoides exposed to Pb pollution
b 7 £ BAYTE T OF it E AL A N
Treatment Sex Superoxide anion/(pmol » g~ + min~1) H:0:/(mmol « g~ 1) MDA/ (nmol « g~ 1)

VA HEkk Male 28.0342.02bc 0.60+0.01c 8.69+0. 38cd
W, I #f Female 31.0241.51be 0.49-0. 03¢ 8.7740.08cd
I Ik Male 26.73+1. 41c 0.5540. 04c 7.4040. 25d
AR Mk Female 35.38=+1.79bc 0.33+0.02d 8.2740.66d
W, HE#E Male 36.15+E2. 61bc 0.87+0.03b 12.9141.47¢
W, Mtk Female 49.954+2.47a 1.0940. 04a 30.62+1.48a
Jo e #k Male 36.87+1.91b 1.0440.02a 23.3740.52b
J2 I #f Female 34.3541.95bc 0.57+0.01c 12.94+1.07c

T < [R) B AN ) 5 B 2 7 Ak B ) 22 e {35 (P << 0..05), N[

Note: The different letters in the same column indicate significant differences among different treatments (P <Z0. 05).

The same as below
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Fig. 3 The effects of AMF inoculation on the content and reduced-oxidized ratio of antioxidant in leaves of female

and male P. deltoides under control and Pb-polluted conditions
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Fig. 4 The effects of AMF inoculation on the activities of antioxidant enzymes in leaves of female and male P. deltoides
under control and Pb-polluted conditions
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Table 2 The significance testing for the effects of sex, Pb treatment, AMF inoculation and the interaction on

parameters of P. deltoides

?ET 1‘/% Il’ldt‘x Fg Fp F,\ stv FS/ A FP><.\ FSXP/ A

ﬁ - =N
B W i 0.119 0.002" " 0.016" 0.135 0.977 0.187 0.113
Total biomass

o i

Pb concentration in leaf 0.000" "~ 0.000" "~ 0.000" "~ 0.000" " " 0.000" " " 0.000" "~ 0. 890
Rootﬁfotttratio 0.002 % x 0.000"" 0.026" 0.009"" 0.769 0.829 0.198
TG 0. 204 0.004"" 0.008" " 0. 444 0.928 0.084 0.988

GSH/GSSG 0.000" "~ 0.000" "~ 0.908 0.001" " " 0.032" 0. 080 0.000" "~
TA 0.001" 0.001"" 0.334 0.000"" 0.000"" 0.008" 0.000"

ASA/DHA 0.474 0.000" "~ 0.000" "~ 0.000" "~ 0.063 0.01"" 0.000" "~

O, 0.001" "~ 0.000" "~ 0.053 0.950 0.077 0.006" " 0.001" "~

H, O, 0.000" "~ 0.000" "~ 0.000" "~ 0.000" " 0.000"" 0.000" "~ 0.000" "~
MDA 0.005" 0.000"" 0.003" 0.024" 0.000"" 0.048" 0.000"

SOD 0.011" 0.523 0.000" "~ 0.021" 0.000" "~ 0.352 0.000" "~

POD 0.051 0.000" "~ 0.064 0.018" 0.561 0.165 0.002""
APX 0.000" "~ 0.000"" 0.000" "~ 0. 000"~ 0.000"" 0.000" "~ 0.000" "~
GR 0.021" 0. 863 0.017" 0.016" 0.769 0.022" 0.000" "~

Hoeox %o %o x Sp5I4RE 0.01 << P << 0.05,0.001 << P <<0.01,P << 0.001, Fs. #5800 ; Fo. Pb R0 s Fa. BARZR ;s Foop. 515 Pb 38
HRON 5 Foon. Y5 AR A9 2 BN 5 Fova. Pb 5TR MR A 3E B RN s Fswopsen. P51 P HIB AR = 19 32 B0

Note: %, % %, % % % represent for 0.01 << P << 0.05, 0.001 << P <C0.01, P << 0.001, respectively. Fs. Sex effect; Fy. Pb effect; F,. AMF
effect; Fs.p. The interactive effect of Pb and sex; Fgs.n. The interactive effect of sex and AMF; Fp.,. The interactive effect of Pb and AMF; Fg.pyy.
The interactive effect of sex, Pb and AMF
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Table 3 The correlation between different indexes of P. deltoides

L2 , . GSH ASA

R Pb T R/S 0, H,0, MDA TG dese TA B SOD POD APX
GR 0.173 0.089 —0.099 —0.26 —0.359 —0.284 0.003 0.076 0.487" —0.394 0.526"" —0.102 —0.117
APX 0.085 —0.24  —0.514°  0.093 0.312 0.007  0.393 0.682"" 0.187 —0.177  0.119 0.346

POD 0.420 0.499° —0.869" 0.582° 0.821°" 0.761° " 0.426" 0.4957 0.173 —0.368 —0.122

SOD 0.586" " 0.193 0.137 —0.234 —0.489" —0.420" 0. 397 0.238 0.539"" 0. 309

/?)‘?‘[éA 0.252 0.002 0.566" " —0.042 —0.363 —0.205 0.121 —0.291 —0.295
TA 0.056 0.254 —0.226 —0.129 —0.293 —0.289 0.061 0.247

GSH E g E30%*  — y

/GSSG 0.316 0.085 0.539 0. 009 0. 382 0.047 0. 366
TG 0.690" " 0.151 —0.416" 0.155 0.353 0.331

MDA 0.383 0.439° —0.588" " 0.817"" 0.863" "

H, 0O, 0.252 0.314 —0.746"" 0.605""
O, 0.342 0. 346 —0.405"°

M5 L

Root-shoot —0.239 —0.275

ratio

Total 0.575""

biomass

T Ph. MREVRE ;T BAWRGR/SARE O, . BEBIE T« % « 4% /R 0.01 << P << 0.05 fl P<<0.01

Note: Pb. Pb concentration in leaf; T. Total biomass; R/S. Root-shoot ratio; O, . Superoxide anion; * ,

0.01, respectively
T SOD ¥EH:, %F APX Bl GR & M 0 i 52
PR AMF 8 25900 52 Pb 3 ikt 9 APX 7%
ML X RR SOD Fl GR 147 B & e b/ H . 1t
Gh Ul Ph AbBE 4R L HERR I i SOD Fil APX i
PR 3 T MERR I 22 BAE AT MERR e SOD A
GR I M 5 3% = T HEAK .
2.6 EMEBAREFRZMEZEMBEXESHT
2 2 afA, B SR, TG & & . ASA/
DHA H{E M POD 3§ ¥4, 4 51 22 5 %t 36 I B Ay H
Tl 48 b5 41 A W 3 52 0 s Pb oAb BIAR W 3 b 52 e BR
SOD 1 GR % ¥4 DL A1 % BT A 48 b5 s B2 PP AMF Xf 92
B B A AR S GR G M52 3, X
e BE TG &8  ASA/DHA [ {E . H.0, 5 MDA
T . SOD 1 APX {G Mg il B 3% . 54h. % 3 &8
NS R EAG R AT T H, O, 1 MDA %
R T ) 2 S A B S OE A OC G &, SOD, POD i £
Sl R B E R,
3 3
B SE 3 B R A A A R A S R K LR
843 T 25 8] 43 A3 55 5 T A7 AE — 2 M ) 8, K
BN LT M R T T 35 5 4 R Y R B R

FU N7 A I R AR R ) T 0 S5 AR 2R A2 T A P
ST Pb LA K 1 530 25 ) 00T R 25 S 0

%

* % represent for 0. 01 << P <C 0.05 and P <

U A o i  J A T R T SR 0 T T A R X
Pb By HUBMESY . AR5 K Pb 5 Y XF 35 0 B A
T B AR R TC W 5, AR AT K F- (9 Pb T g Jf:
W B ER U B (Eucal yptus grandis)™ £ ik
A (Rhus chinensis )'* k1 (Platycladus oriental-
i) EARARY A YRR R B E W E TR
- #4 (Euonymus japonicus)™™ 5 A AW W 1Y 1=
o, SR WIRE RN A 6T Pb a8 0 52 PE AR 78 25 5% . A
AWETE P {5 5 Z 41T+ 56 Y 28 A fE Ik ik AR O LR
Rk CHERR T e el 85 0 R0, R I o 4 J Vs e S ) 17 36
2R A7 O MR A B T BR R A B, O A R
THEESEGRESEREMOREL. RREEYS
o4 B TG Y fi R e AR R R T
EEASE Y PR &R A0 Az B0 045 E T RE R TR
(NI R RS A N i N I
FEFR T - MR AE S ) W K 3 R0 B 3R Y
TEATE AR AR AR RS2 BB 23 5 e S U 2 A 0 A R 1Y
ERAREE JUHIEMEME ., A, 2R/ AMF X T
Pb 5 4% T 52 U 78 7 W ME B S A W FAR R L X AT
—E AL HEAEH] R AMFE BRI A% Pb 15 4L Xf
N BAG AW AR S 4 T Y BT R A i g R
185 5 57 T A L0545 SR GE ) AME f
e —EFEE i Pb 5 Y X A A4 K & il iy
13 %
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PbfE MW AELT CR M HEAREF A B
EFNEFEMEH . & FBHEY AN ROS 174 FiE
B A4, ROS K4 L, ROS 28 5K 40 Jifg i 45
R gt R g et Ak = ) (i MDA (#3841, ROS
MDA J2 i 5 A¥ 4 200 i A6 305 358 2% 0 32 00 3 R
B Z e AR . ARWFEFE R, Pb i3 4L R 32 Y1 B A7 M bk
A E T a SE EUR T E  E
MRAOGT AL A & & N, & B Pb Xt S5 B A
W Ak It 38 R AR T SR T 3 R 32 3 1 S A
T SRR AR 0 R AR P T e S
A2 E TR A L E . R AMF BE 3
A MERR I R ROS & &, ) — @ B EERS I 1 HEdk i
Fi ROS & 4, Ul B Fl AMF 1 b 25 42 = e ik )
Pb 38 it 52 B o X B Ak 2077 A2 TR SR8 RN AT
il 558 B4 M it A v B B v TR A OGS

) A L &R G R P &AL (SOD, POD,
APX . GR %) 5 Hit S Ak ¥ (45 bk HBE L P0IR i R 25
PR 0 R B . HL b 4 BRSSP0 R I R T G O
Z 5PN H, O, 17 B R, Lo 45 B H K
W HESESRE F% A R E LS YU
REAREEPES . A AR ST 2 B L A A K 9 BT IR il R
S LT A U AR L 0 PR I AR A R ek
fE# DHA & Ji . $2 % ASA/DHA {E #R e 3 s Ai 9
AP P AR ST & B, AR Bl P T g it
25N Az e AR 0E 9 TGO TA fil ASA/DHA 52
Wi 35 AN & %, (FRE W 3 B M Bk i R GSHY/
GSSG, HHErk W 3% = T Mtk . UL W] Pb 4 3R 2% 4 T
HERE I R P8 2 T R R Ak R I 3 A v A R A
BRI N R . #: R AMFE X Pb b BT 26 Wi 2 4%
R TG FTEE R B8 GSH/GSSG i G . 3% %
ma , {E ME Bk i H P GSH/GSSG {8 B 5 48 K, 18 1 1
HRAK X 32 Ph 360 A 1 N 48 e T IO D 20
A AR AR R AR T ME RS I Pb 5 YL R B
UEAh R AMF 2bBEAA fE W 25 1 22 P 30 M ik
i TA ik, Ui B3R AME fig— o B2 B b 1 i
WRIPLAACRE 1. D9 — T P I R G AR A R
LN ROS A7 £ 47 28 L RS R a5 4 it B 4
15 % 7 B B AR I 2 B R L Ph S

S % UMk :
(1) % F.0F b WL B (Morus alba) 9 X # 5 4
B4 A TR PE AR R AR D PR 22 T ], BRaEAL AL, 2014,

Y E T BRI B R BT R AR R G S R R SR
B IR I R AR BES R B L Bl P
15 YL BN [ R B R v R 0 e N B SR R O L T
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B, U0 B AE VR B2 19 Pb Ab BT L R BB 98 4 200
JIEL P PR ST R O P A s VAR KM P T M A T Y
B 1. SR A P ¥5 Y 54N 5 MERRAH 1L B R
MR ANHE TR E R Ph BT, UL bk B A 5
() Ph [ i 32 M 55 5 X T 432 Pb 5 4
BT S DL R B i ) 2 ALY, AR
AMF Z1F T, M bk 19 Bt A AL B 5 P (SOD #il GRO 52
FIE .z TA &8 K& GSH/GSSG W7+ . A
52 Pb 360 8ERE /) M9 85 L BEAK3Z Pb i 551
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