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Abstract: Phytoremediation, an emerging cost effective and ecologically benign technology for the decontamination of soils, is the
use of plants and their associated microbes for environmental cleanup. The efficiency of phytoremediation depends mostly on the
establishment of robust plant-microbe interactions. Elsholtzia splendens is a Labiatae plant well known for its high copper tolerance,
which is widely distributed on copper deposits as well as non-contaminated areas. It has been considered for the phytoremediation of
copper polluted soils; however, little is known about the role of the soil microbe community in the roots of E. splendens in adapting
the non-contaminated plants to copper stress. In order to evaluate the effects of inoculation with soil microbes on the copper
tolerance of E. splendens, this experiment studied the effect of inoculation with soil microbes on the seedling dry weight, plant
morphology, survival rate, copper content and leaf gas exchange parameters of E. splendens under copper stress using a mesocosm
system. The experiment included four soil treatments: the addition of copper (copper stress); soil microbe inoculation; addition of
copper and soil microbe inoculation; and no additional copper or soil microbe inoculation (control). The results were as follows: (1)

The plant number, plant height, basal diameter, biomass, and stem weight ratio of E. splendens under copper stress were lower than
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in the control. Inoculation with soil microbes significantly increased the plant number, plant height, biomass, and stem weight ratio of
E. splendens under copper stress, indicating an alleviation effect on the inhibition of copper on the growth of E. splendens. Compared
with the control, the copper content of roots, stems, leaves, inflorescences and seeds were increased under copper stress. Under
copper stress, soil microbe inoculation significantly decreased copper content in the stem and leaf organs of E. splendens, but did not
markedly affect copper content in the other organs. (2) In autumn, the diurnal variation in net photosynthetic rate (P,) in the leaves of
E. splendens under all treatments took on a one-peak curve. Inoculation with soil microbes significantly increased the daily mean P,
and daily mean transpiration rate (T,), and significantly decreased the daily mean stomatal conductance and daily mean intercellular
CO, concentration (C;) of E. splendens under copper stress. (3) Under copper stress, the maximum net photosynthetic rate (Pmay),
light saturation point (LSP), apparent quantum yield (AQY), maximum rate of carboxylation (V y.), maximum rate of electron
transport (J,.) and the triose phosphate use rate (TPU) of E. splendens significantly decreased, while the light compensation point
(LCP) significantly increased. Inoculation with soil microbes significantly increased the Ppyay, LSP, AQY, Vimax, Jmax and TPU, but
decreased the LCP. In conclusion, inoculation with soil microbes can effectively alleviate the damage of copper stress to E. splendens
by increasing the photosynthetic ability, enhancing the light energy utilization and carbon assimilation and promoting the
accumulation of organic matter. Inoculation with soil microbes can increase the growth of plants under copper stress, which could

have potential applications in the phytoremediation of soils contaminated with heavy metals.
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UTAESR, X 7 b 5 8 G ¥ Y H 38 1k A BRR 5y Y0 BRI TR S S e i s BRI 4
J& R HEAFZ) 60—80 A4m, HUARESE 3 AZMERIECERIGIN, ST AESER . X REY R F RN
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“HAR, R DL SRR N R AR R, TR R X . R4
N, M, T HEAT AT GRS B B AR Y, e v I AR S SR
PP E AT Y RN B R AL AR, R SRR (AR (R SRR
MRS, SR RIS P 5 T o A7 O A - 0l B R A T R M U M A T T S e S AL 2
FERZITETT, ARG A1 - el A Ayt i N A 35 AR KRG A A A0 56 0 R DLARE

AT LATCTS B DR HE AT A RE, 04T Cu JE T BERh B A I Db i M B 25 AR KD &
PR, IR B (1)Cu BB M F SR IR A ] 2 (2) KB 451 T Heh L3R A i o 77
SR AR A A AT A AT 2 (3) b LR Yy T SR iy Cu JHE 5 A 1 e o 2 AR 2 2
JS2 2 ST A SR A A N R T T R e U R AL, A T v Y X A s S R
4k -
1 HRE7E
1.1 AR

PRIt M R 7R AL 20 e LJEy5 e X (31°30.632'N 114°32.620'E), i34k 118 m. BFoh
Fob 3K G B B R T AT (29°59.776'N . 115°05.856'E), 4k 138 mo HUREJ5 37 Z6 KA 1) 3t
L mm §, PARRZ:b3rh R sk . IR LIS A A TR R 2R K50 . ZE L 50 cm=40 cm*30 cm
(FIEERIHE, P%E32.5 kg THE(T ), A4 121 CKE 2 h FIFERCEEL: wba: #4=6:3:1). ft

IR A B LA 1.
F1 LREREUIMER

Table 1 The basic physical and chemical characteristics of soils

A A

AP g 1% Available et
pH Alkali-hydrolyzable
Organic matter/(g/kg) Total N/( g/kg) P/(mg/kg) Available K/(mg/kg)
N/(g/kg)
5.01£0.04 27.155+0.258 4.15340.231 0.496+0.033 6.300+0.486 4.196+0.158

1.2 &t B AL B

RGO R XA R e L Bevt, it AR IR EY) LG IS AN Cu PRI PR, 3L 4
ANEFL, AEAMEEE 6 AN, M 24 MRS HIT, 73X (CK) SN Cu(Cu Pri), R 34
(SM) I CutFh +- 3 A YI(CurSM),  AEik s BEHLIE . 3t A PR 2% Lau A1 Lennon 'R
Nie 252571k, T 2012 4 5 7 LAY, R 5 %(RAR AR RAE M H3ET 95 %I (R +: 047 : #541=6:3:1)
AR DAASINAEARRAEE 121 "COKR 2 h 5 ) 3B M LS e A B . b IR
JEIEAT AR AR, SRR CuSO, Wl 2R E 1000 mg/kg 35, LA NSRRI TE R KA AT I
SIBALFE . T 2012 4F 5 F LA FRFREAT R AL RS TR 48 FLXHE TP TR E I A, R K 6
PRI, AR NS HEA TR R . T 2012 4F 6 H R AR gl i BEHLAR AL BT, BERE 4 om ARA—FE,
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FEASIRIAEP L 100 Bk, Fra s s B2, (R —80 TR R« rh 4kl o8, IS4
s L RARRIRE K (70 %£10.5 %), Wi 1 (57 %+7.2 %), FRULE 4(30.0 ‘C+5 C), A1l A (18.0 ‘C+2 °C),
HARG AT

1.3 M5EFabr AT %

1.3.1 FIERAHALME I

$5 R AL R A BT 5 P
1.3.2 Jea&s AN E

T 2012 4F 12 Hhfukiipk e i, A ERERIESE 30 ARIRE, I E SO M s, SR e
AL A e T 2 om A, BERR AR R RS SUINE 2 K.

T ATFEIE 176 d 5, GIHEA LB AR AETE 3, KRR BRI R4y 20 9T, 22 3ok
VETH, 205, WA RIINGES TR, T 105 ‘CA47 20 min, 7F 80 C MMt T Z{HE, FHHEL—AE
52, LeAHEE ., mTUb O, fEAMCEPOGER . 2 R, T EMZEER, R
F SR
1.3.3 EamEEElE

KT A E RN AN T 25, RO VR HE 9 180 ) A6 R4 AN 43 F A
WENLTE 7 B EE VR S) o MERRRRH 0.25 g B FFE sl T ZE T, H HNOs: H,Oa(v: v=3:1){E MARS 240/50 7
B ROCT R, FEe ARG, AR IR, XK ERE S0mL. KA HUSR 5 8 TR R i
(Perkin Elmer Optima 2100DV, USA)#lIiE Cu i, HAMEHL 5 ANE,

1.3.4 Je&ZH0E

JESHT 2012 4F 11 A BAHTI e, EEERE I RS, R Li-6400X T {45006 & 18 Hll e R 4:
(Li-Cor, USA)M 52 i A 22 (06 & F8FR, M 8:00—16:00 £ 2 h il 5E 1 % BEASAEFEFEHIEE 3 #E,
HEDNSE 3 0k, REAREUN LA RIS 3 xbohhent, BRI, Sk 3 ANEE . W IR KA AH I o g FREAs bk
FOFEAMHRE . Joo S AR R W52 S S . 1A 2Py, pmol-m™s™)s “TALF (G, mmol-m™s™),
i) CO, ¥ E(Cy, umol-mol ™) #5534 28 (T,, mmol-m™s™) %

FIH Li-6400XT {545 0% A 78 P i 28 48 000 s ALK (1006 & - w3 6 o A A AL BEBELIZ IR 3 A, AR
MSE 3 B, WOP M, 35 3 AN AL AN CORIRREAT YV S ROEM LA , 5 39638 2000 pmol-m™s™,
7SI EZ) 0 1530 mine JEMap I 4 EREdl: B SN 25 C, LUMNI IR CO K,
WE CO, IE4AF N 400 pmol/mol, AHXHEIE A 60 %—T70 % . Wl i 15 B G a1 EIE 4 2000 1500,
1200, 1000, 800, 600. 400, 200 150. 100. 50. 20 FI 0 umol'm™s',

FIFH Li-6400XT A% 485 X' A5 11 F I 5 28 2 100 40 06 5 8 o P o A0 I 1 R R D16 5 g T 52 )Y
1500 pmol-m™s™, FEI 4 AE 5 e m N AR TR, LUINROIL S COy IR, BEE COL i ERRZ M 15004 1200,
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1000. 800. 600. 400. 200. 150, 120, 100, 80. 50 pmol/mol, FEA> CO, ¥ & e KZEAFIH] by 300 s,
ANEPEIEHN 3 HE, RERENE 3 Bk, BOPIME, 3 ANES. TS E BV e s,
F1H1 (Epson 1680) 5 43 Hr 4 A (WinFOLIA i 4341 2840l it I (1R S TR, 8 sz i AR -3
BN CE AR AR S S B EAE .
1.4 Bt

- I 2 SRR R K Fe RO R A T, Rkt

_J=A
PU)=a i 2h (-1

Ko By y o 3 AEMEREXRIRE: PO EHER, | S A 8RS (umol- m™s™), 1o Ak
Ai(umol'm™s™), JWRIZMA A SPSS AL, S HI N FIME Py, 237 PAR-P, ik, 14 HR A
A A (Pomay, pmolm™s™). M T2 (AQY, pmol-pmol ). JEHIRI I (LSP, pmol-m™s™), JEiM i
(LCP, pmol-m™s™") K HE IR 3 4 (Ry, pmol-m™s™ )& &5 B 4.

H-CO, W [ £R AR AR Il 15 A I B A0 5, [N ] Photosyn Assistant 1.1.2 # X CO, i 1 il 22 i3k
AFEARBERAL A, KR4 Farquhar 250%) Long il Bernacchi® V& 1F Ja AR ALK, 345 51 i KIRALIE (Vemans
pmol-m™s™)y R HL F A A I, pmol-m™s™) v BERZPTBEA I A(TPU, pmol-m™s™).

H1 SPSS 16.0 X sk 46 Bl 24T Ge vt 7o b, R IR 35 % 731 (One-way ANOVA)HI LSD £ LU 734t
4 ANALERZ ) BP0 B IR AR ) 22 . IR 3R 7 22 20 H(Two-way ANOVA)KIEAS I Cu R A 435§l
FEIIAE TR IR N A 35 45 S 500 22 e 3 vk, VR /KPR E h 0.05. K Excell #l Origin 7.5
X DB A TR B 2 ]

2 FREDH
2.1 e LR Cu il RN E AR R

Cu Jiirie 4] T N R A K (B 1) SXTRATEG, Cu e AT 2% FRAR T AR IO S, PR
rMIEEAR, 3> T 315 %, 18.1 % 125 %o AP IERUED) WSS T M E R RO, S
STHEARLL A SN T 16.4 % 13.5 %, HAFEARMEMARE . 5 Co PHaMLL, Wl NEf HIEHEY
RS TARRIRREA R =, 220N T 20 % 16.4 %,

MR R TT 2250 M8 WKW, Cu JPpie b B M 7 35 (1 PR B0 (F=153.600, P<0.001). #4kmi(F=24.724,
P=0.001) 1 142 (F=7.680, P=0.024) 1) 5% Wi 25 1 4 Yl 2 7K, e Ml 1 33 4 AE M Ak B A3 0] ki (F=13.729,
P=0.006) F1 ¥k H(F=32.670, P<0.001)H 525 PEsEm, Cu B Fafl 3850 E WA B AR X & Fabr iy T8
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Fig.1 Effects of soil microbe inoculation on the growth of E. splendens under copper stress

P bt I (bR, RSB AN T NG R R 22 57 1 # (P<0.05, n=6)

2.2 PR LSRRI Cu M8 MM A 35 R R N

AN AR BN P 75 5 5 00 (K AR AR AR W3R 20 Cu it A 7 458 25 AR T REAR IR . 25, e B
RS B REUUSEEELL, XA R T 33.0 %, 38.5 %, 34.1 %. 20.5 % 36.5 %A
9.6 %. R TIMUEMERIRIO . 25, 07 AW ARREY R B R TR R T
22.1 % 40.8 % 11.4 %, 11.6 % 31.7 %Al 7.0 %. iR LI EYAE Cu hiE FRMRIOK, 2. 0748

Yrie . pREYE . B R A a2

37.1 %A1 6.7 %.

AR T 200 M R R W], Cu JIpEALEE . el L3RR E WAL BN AR IO . 25, JEF/ B, Rk

EYE. BEYE. ZEEA RS, AR LAY R . BR RBE AT Cu ihE

AL AR IR A AW AR BRI R TR W5 7K
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Table 2  Effects of soil microbe inoculation on the biomass of E. splendens under copper stress

Ab B ! Root 2 Stem
Treatments RAEY & R L EeR//LH EHEL A ek LR SR

Root Root  weight  Stem biomass/(g) Stem weight Inflorescence Individual Total biomass/(g)

biomass/(g) ratio ratio biomass/(g) biomass/(g)
CK 28.015+2.834b  0.225+0.023ab  79.967+5.037b 0.627+0.006b  22.750£1.238ab 1.909+0.030b  130.732+6.215b
Cu 18.774+2.449¢  0.230+0.023a 49.203+11.163d 0.567+0.013¢ ~ 15.000+2.422¢ 1.517+£0.206c  82.978+15.189d
SM 34.207+4.201a 0.199+0.022b 112.650+12.548a 0.671+0.023a 25.337+£2.614a 2.13140.126a 172.194+14.319a
CutSM 24.825+3.021b 0.218+0.019ab 67.933+£3.575¢ 0.605+0.012b 20.983+1.806b 1.771£0.051b 113.742+6.210c
F {E(F value)
Cu 42.487** 1.482 88.946** 54.188%** 41.879%* 27.509** 109.949**
SM 18.364** 3.735 41.268%* 22.926%* 20.997** 11.024%* 50.850%*
CuxSM 0.002 0.496 3.040 0.102 3.297 0.049 1.116

B T AR,

2.3 HAh LIRS Cu il RN BRI Cu i
2 3 A4, M A HALIN Cu

BRSNS >ZE> 7

B [ N (5—20 mg/kg).

25 BRI T 315 %

AN o B LR W RS T R B Cu

BRZERA T

ﬂk?

B\

FEAE T 50.3 % 35.1 %, T dLRHAR 2
PSSV
2y b BT RR ) ZE 0 ik b B 25K

paiinp- Al
SEACNE LK . VSN Cu AbEEH, #E4 Cu
MAEARAN Cu AbEEH, A 55 H 35 Cu 7%

VB FING T /R R 22 55 1235 (P<0.05, n=6); * P<0.05; ** P<0.01

EXRANEL, Cu W R S5 HIAR % B ALY Cu
14.0 fffo LXSIEATLL, 3 LR E YR M 7 35

v 30.6 5. 7.0 £

ZEOPHTEURK W], Cu PR ALBEHEARS4 H Cu &

AT k3 PR R

R3 EMLIEEEYS Cu BB

TEMEFERRNCuRE

T, M Cu &g

frh

R TIER Y Cu

R AN,

R,

3 EE Cu JPpia A BE

AT AT S P, BRI

NHEIFI

Table 3 Effects of soil microbe inoculation on heavy metal contents of E. splendens under copper stress

1M Cu WRE AR IR WA HA T I N A TR AR 25

Lb 3 i E TH: s (iR
Treatments Root/(ng/g) Stem/(ug/g ) Leaf/(ng/g) Inflorescence/(ug/g ) Seed/(ng/g)
CK 18.837+0.855b 3.035+0.560¢ 4.453+1.314c nd 1.292+0.627b
Cu 593.867+79.857a 21.30742.357a 136.125+34.740a 2.478+1.576a 18.036+5.450a
SM 22.576+1.946b 3.646+0.241¢c 5.279+1.993¢ nd 1.622+0.569b
Cu+SM 474.099+81.982a 13.826+2.481b 67.604+22.369b 0.933+1.059a 17.116+2.954a
F {E(F value)

Cu 321.708** 268.010%** 87.883%* 12.093** 106.196**
SM 4.110 15.626%* 10.701%* 2.645 0.036

CuxSM 4.657* 21.676%* 11.230%* 2.645 0.160

nd RORAKGIE] . L HEAR AP Hbrdis, FRFVEIR A F/ANE 7 BER R 2 5 135 (P<0.05, n=5); * P<0.05; ** P<0.01
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2.4 R LIEAEIRT Cu R N A DA 1R S HUR Y

M 2 A, AL BRI N 25 B 300 G 31 (Py) H AR A B B g 0 il 2, HUE(E 2 I BLAE 12:00
KA, S35 6.19 pmol'm™s™ . 4.37 pmol'm™s™ . 3.80 pmol'm™s™. 3.03 umol'm™s". ¥ Cu kbBE, 7E%
I TR B AR ) Py 35 BT X BR R 16:00 41, JLe i il BBl e =i P, 34 2 g T
B LB [ARIBR K F 28 Py HRHL N SM>CK>Cu+SM>Cu. MUK 277 20 AR W, $6Fh 3
CAKAS I Cu AbFESH R H 1 Py AR IR .25, (AP A28 HAE A B 225 5% o

2 EMEIEFEYI Cu B TBMNEREH RELEREP,). SILIE(G). M CO,RE(C). ZBEERRT)HERMFM
Fig.2 Effects of soil microbe inoculation on the diurnal variations of net photosynthetic rate, stomatal conductance, intercellular CO, concentration
and transpiration rate in the leaves of E. splendens under copper stress

P bt I (AR, AU AN T NG P RO 22 57 1 #5 (P<0.05, n=3)

VR T 1AL T BE (G R AR (T 1) H AR A I 2 55 3L Py FIR LR AARAL, i i, HIEAH Y
HILAE 12:00 7247 (K 2). B HeRh LIERUEN)S, RIBRI G T 754N 1] Bt 3 i T g =AM AR
HRCFR 2 TARERER H ¥ Go (K /M SM>CK >Cu>Cu+SM, ifif H¥J T, SM>CK>Cu+SM>Cu.
XU 3 7 2 53 Wt SR W, e 48 AR 4 DL N Cu A BRI 1) H 24 G Rt 389 T, 3403 b 3 5 i
L (A8 EAR A AR 2

BARCHR N T I COL W E(CHHAR LI 2, HARWIHE S P, HARWAR IR, eV B ik,
VRN Cu AEBRIF) C; 7545/ T L3 Sl 2 v T o 5 A B2 TR REAR I H 35 CE RN Cu>SM > Cu+SM >
CK.o MUK F 7 ZEAMMT 45 TR, Fh 13 A My L RN N Cu Ab BRI H 1) C 3R 2%, HF# 1)
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Table 4 Effects of soil microbe inoculation on the daily mean value of photosynthetic parameters of E. splendens under copper stress

b3 HEe 6 R (Py)
Treatments Daily mean
photosynthetic

rate/(umol~m'2*s'l)

net

HITILFE(GY)
Daily mean stomatal
conductance

/(mmol'm?s™)

H2alal CO, W Z(C))

Daily mean
concentration

/(umol-mol™)

intercellular

CO,

I 351 75 1 (T))
Daily mean transpiration rate

/(mmol'm™>-s™)

CK 2.982+0.061b
Cu 1.618+0.064d
SM 3.922+0.087a
CutSM 2.212+40.126¢
F {E(F value)

Cu 300.795%*
SM 74.913**
CuxSM 3.782

0.082+0.002b

0.074+0.002¢

0.121£0.001a
0.068+0.001d

686.864**
195.881**
368.226%*

281.03043.046b

306.869+0.590a

286.100+1.455b
286.09743.092b

29.190**
10.286*
33.565%*

1.812+0.058b
1.561+0.025¢
2.568+0.011a
1.708+0.026b

259.062%*
170.641%*
77.816%*

e Bt Jo A EEAR R, BB AN RN A RER R 22 5 1 35 (P<0.05, n=3); * P<0.05; ** P<0.01

2.5 FAH SIS Cu M8 NI E DG A - LM N 251 5
MR TE W FroGA-Jem N it 2en] BUR (B 3), SR B &AL BEZ 6] thZe AR AU IRAR L. BEE A2
BRI 5, Py X S SEHEINEE a REUE

3 ERTIEREYST Cu BB TEM BT RS-t a0
Fig.3 Effects of soil microbe inoculation on the light response curves of E. splendens under copper stress

P Bt P AR R, RSB AR NG AR R 7 S .35 (P<0.05, n=3)

5 AR RN A Cm N . Cu WA RN B 2 i KA R (Pamax)~  JEHEAN
RU(LSP), R TR AQY) HEIFIRIE A (Ry) /3 M LA N FE T 57.0 %~ 7.0 %~ 30.6 % 18.7 %, 1M
AME RU(LCPYE 1 T 16.1%. MR TR FAEYI AT T Pomaxs LSP AQY. Ry A A RIFEEE 4R, 5X
AHEL AT A0 T 2.8 % 19.9 % 41.9 %+ 11.1 %, i LCP NE/D> T 22.5 %. 5 Cu AL, Brid ek

IR AR Pomaxs AQY & HE NN, 345 T 84.7 %+ 31.7 %, 1M1 LCP W FF¥ 26.6 %, ZEF

e

o
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UNZ Ty 22 M8 RGN, Cu Bl b S Wy A B M A 55 06 15 - Wi I E AR 1 5 0 d 2

11 Cu B AR A SR B A AT AU Pomax~ LSP S22
F5EMTEMEN Co BHE TEM RS- KMEHES BTN

Table 5 Effects of soil microbe inoculation on the light response parameters of E. splendens under copper stress

Ak B WRECATE R JCHIRIA(LSP)Light  JGAM: £(LCP)Light R TR I P 12 %< (Rq)Dark
Treatments (Pamax)Maximum net saturation compensation (AQY)Apparent quantum respiration
photosynthetic point/(umol-m™?s™) point/(umol-m™>-s™) yield/(pmol-pmol™) J(umol'm2-s™")

rate/(umol-m>s™)

CK 9.084+0.262a 1347.575+38.901b 21.321+0.615b 0.062+0.002b 1.309+0.038b
Cu 3.905+0.113¢ 1252.964+36.170c 24.744+0.714a 0.043+0.001¢ 1.064+0.031¢
SM 9.340+0.270a 1616.234+46.657a 16.523+0.477¢ 0.088+0.003a 1.454+0.042a
Cu+SM 7.213+0.208b 1289.949+37.238bc 18.159+0.524¢ 0.063+0.002b 1.144+0.033¢
F {E(F value)

Cu 270.231%* 27.745%* 18.395%* 133.471%* 58.967**

SM 64.306%* 14.631** 93.128** 145.881%* 9.691*
CuxSM 47.157%* 8.406* 2.295 2.482 0.809

R HHE g PR, [FIBVEEEAS RN PR IR 22 5 1035 (P<0.05, n=3); * P<0.05; ** P<0.01

2.6 FLRNHIERUEYIN Cu il MM A - CO, Wi NS HUH 500

HE MR (K5 - COL MR 4 705, AT 1) Py 35 BE I I) CO, < JE (1S i 184 Jin . 0—200
umol/mol JEH A, 4 FAbH NI 7 Py _LTHIEZED, BEAT MR COL Wk RIS N, P, 8% 0 & 1
o JLTREMEMK . MIAR] CO WA AUG, Py P TAE . 4 CO¥RE KT 200 pmol/mol i, P, i

LRI NI : SM>CK>Cu+SM>Cu.

4 FEMDIRFEENI Cu BB TN EFE S -CO, MR #h £k K 2200

Fig.4 Effects of soil microbe inoculation on the net photosynthetic rate-intercellular CO; concentration curves of E. splendens under copper stress
Pl v B S P (AR, RIFU B A /NG 7 BER R 28 5 1135 (P<0.05, n=3)

Cu Vit A8 25 BRI T REAR T COp MaN S 4L, 50 HEAH LU B KR (Vemax)  $50 K HL AL THOR

(max)~ BERR AT R (TPUY D T 49.9 %+ 46.5 % 41.5 %o A LIEHAEYARIFRT Venaes Jmaxs
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TPU B HR A AN T 18.5 %+ 17.6 %+ 19.5 %. 5 Cu JMpaAHLL, Wril N EM 3B B e T
FEEI Vemaxs JImaxs TPU, 2051800 T 47.7 % 46.6 % 48.3 %o
Cu WrB AL, Bk 300 W b PR IR M 75 25 ' B -C O, Wi N FR AR IR S WA S 25, 17 Cu rid Fiefh -+

B AT HAE S AR PRI AR IS B 52 5
F o EMITIEMEYI Cu BT EMNEELE-CO, SR

Table 6 Effects of soil microbe inoculation on the CO, response parameters of E. splendens under copper stress

b3 I KRR NI R (Vemax) Maxmium rate 3 K P IE R () Maxmium 8§ #2 4 b ) H 2 (TPU) Triose
Treatments of carboxy lation/(pmol-m'zvs'l) rate of electron  phosphate utilization
transport/(umolvm';s’l) rate/(umol'm>s™)
CK 29.620+0.855b 54.513+1.574b 5.35540.155b
Cu 14.830+0.428d 29.157+0.842d 3.134+0.090d
SM 35.114+1.014a 64.129+1.852a 6.401+0.185a
Cu+SM 21.905+0.632¢ 42.732+1.223¢ 4.649+0.134¢
F {ti(F value)
Cu 334.769%* 273.916** 187.386**
SM 67.462%* 64.384%* 77.861%*
CuxSM 1.067 1.579 2.611

KPR T AR UE R, RSB ARG TR IR 22 57 W2 (P<0.05, n=3); * P<0.05; ** P<0.01
3 it

FEFRBEE T, W44 05 B8 TR AR A FRAR b LR A 35 S50 SRR I R85 A R BRI C0. AHf 9
RI,  ANFIAE BT EN B 35 AR R A BRI, Cu Wha RN SR bkm . B4, ML A s i
FART R, AEARA D (g R AR T2, R LRGN, XA B2 T w5 1 AR 7K o3
HVE FEY) TR IR, A AMER IR R IR 2 1A, MR LG B84 0 AT LAAEAR 28 AR SR AR AL 22 1)
FEhE, BT F i e Y b A Y Cu il MRERRIORR . BREORIAS 28
LRI EBEI, ARORZEAR T Cu JiME SEURMARSE . AR N BRI, SR Ak, 5
W] Cu Wl R A 7 e L3 o AR B A 5 R A 8k, B T AR IR AT 26, AR N
FOCTT IS, (LT 2. WA, o 2 A R

MCufEAEYIRPNIE S —E RN, B S IR SRR A S I RE, G R M, DS 1E R
TARBHERPSIDG SN, FHOGG B 42 LG EGE ] RS A A R AR L, AT )
S > K2 BIBREIC Y, CambrolleZ 36t Cuffif 52 M4 444 Limoniastrum monopetalumff 57 % .,
R Culk 2 I T Py GO ERZE, JEX G RGO L T AN AR 0, (R0 ClefT i % 5%
W0 SRIEIN G T 2 A, AR A 4l ARG B R EL 34 K (Zea mays) 4 [P Tow G i 25 144,
MCAR T ARBAARAERR . ABIFH, W MNEFF A B MR R Y, 5 Culfpi@ b, B Hefh 1355
AP B ES E T N ERE HP AT H T, mHG. HICW R, BEAGEERERHE B, Cuft
YA A R RS O A AR T A S PRI, A T i A AR KD & RE T, AECOL TR fk
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MR B LIRGEYIG, AR T RN Culffy ORI a3t A Heis, AR R 40 g e B[ 5€ (¥ Cu
SN, RIS T BRI Cut i, AN 2 Cuxd i B B A AR 5, (643 I N Al IR R &
RE A —Edem, N FRubiscoi i DG A AR AL R IS, A H T IR CO SRR, A
FAR B S Pk .

DI RU(LSP) 5 Dt AME )L (LCP) 2 s R W) ) 5i Y A1 55 06 A HT B8 ) TR 5  — BRI LSP 15 LCP 4L
R A WU P B PER A, 2 A AR ARG 4 F RN 35 HILSP K T-1500 pmol-m™s™, 4y FHE A
o Culpl 54 e AR (1 5 K B R (Pamax)~ LSP, #IILCPPY, Shi%l 73 (Beta vulgaris) (/4
KRG RCRRTF RN, HFhAcinetobacter johnsonii 4 B mJ 77 SR BEHIFELSP . AQYIU#E, HLCPW 3%
Ko AWFFE, B—Hfh IR E YA I 2N T N A TERILSP, M Culiha N Rl 3 B Y fiLCP
W N SRR A AR N A G RER I AR 5, B T A E IS M R Sy, i3t
e CulPpid FAEAO 59 A TR BE 3w, TR 7 Ao e RER 26 LL K Pre RALE 1203 (AQY) S bk
TR AE XSGR A EREY, 4B b Cufifiits R RIFRIIAQY f % TR, i e 3t A= e
FH TR TN RIIAQY, RUIERN LM EW AT, WMNEFHPOLE P TOa S ErRE
PR T i . HCulha R HRh L R E YRR (K Prmax S 5 I0, T PRGBS (R RIS, X AR A2
fOGE G, TRDCE T PIEAEEUR, A THMAEAFIIE A T EL MY R ] 3
PR S Poamax~ AQY M FFRLCPAER ALK IS N B B R G AR, AERARAE I 21 T HDG S RE )15
FHETt.

COLERMBEAT e A P IEA A, RIS K/ S5 A (0 A8 o SRR ubisco R (Vemay)
BRI T2 2252 BIRZ B -1,5- — B FR AL (Rubisco) (3 1 B0 [ 521 . 1l Rubisco 2 4Dt & 11 T i 72 CO,
SR, S T AR COLIIRIFH E D B R HL A% 33 5 R (Jmar) W RUBP P [ FEL A4 380 R
REFEFHRUBPHAERE ). X i FF 5 (SorghumxS. sudanes) %81t 1 i (Medicago sativa)As [\ 3¢ 5 Cukh B (1) 7K 55
WG L R EoR, Cula PEUSILTE . Vemaes Jmaxs TPUTEI PR, & P EHOE AR BRI, A
T, CulflpB AL, WM TE T I Vemaxs Jmax~ BERR UBEAI I Z(TPU) 25 FRAR, (HJPME N Hefh 38 )
GERINT Y emaxs Imaxs TPUMH e BEWIRMRAE & AF FE A P i (G RuBP [f] 32 CO, ¥ Rubisco 1 P A AT
SR, B A R T OGS BERR AL VE FFINADPHIF 5 1, AT A RuBPFFAE RE ) #4321 T
P, LKA A T EATR D A DORE AT IR R .

gi Lprid, fECulha MM SRR EWER DT E R RS SRR SR
DA T Cullpat 0 e P 25 35 MR IR T Pl 3 s AR A7 T5 2, BRI AME2 ORI I U 12008
KB g K AR A BER PUHEA 2, ANt Cuxd I S 2L B AL AR R R 0 5, e
FERRI G RE T, IR BRI R 1 A A, S 4R e T N 7 S5 T 32 Culp e (R g 7 o
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