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Effects of soil microbe inoculation on the growth and photosynthetic physiology of

Elsholtzia splendens under copper stress
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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. Elsholizia 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
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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
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 (P, ), light saturation point

nmax

(LSP), apparent quantum yield ( AQY ), maximum rate of carboxylation (V_ ), maximum rate of electron transport

cmax

(J,..) and the triose phosphate use rate (TPU) of E. splendens significantly decreased, while the light compensation point
LSP, AQY, V. J.. and

cmax max

(LCP) significantly increased. Inoculation with soil microbes significantly increased the P, ,
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.

Key Words: Elsholizia splendens; soil microbe; copper stress; growth; photosynthetic physiology
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W2 Fe 2844) 1 A3 A KR (TAA) V' R gF H 48 P K A RT 71 R0 it LE i (ACC AU ) ™ 4
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RN A —E R 25 IO (B, 0 ELEAT T AP 38 R SR | S BEE R R A VR AR A A
Pyl R RN B WAL A R, W R SRR A O A IR Y
e I AR BRI Y AT, AT DI L e R T B RN A 2 R B A
BEZ WIS, (EXTHEA R b 1 A MR M 7 35 R R ADE 5 2R B A SR R DL
ABIEFELLTC TS B AR YN 25 A FRE, 730 Cu Bl R0 EF A1 b Gl D0 T M 75 35 AR K ADE &5 4=
BRI B (1) Cu BB XN 355 BRI AT (2) K 2% 18 N b Sl A Wy 0p g N 4 55
A R ADL G A BEEZ M AT 7 (3) 3 L SRR My A 2Se 22 vl Cu IR0 T 5 1 P 8 M 7 35 A 1 0 2 B 3 2
DAS T fifp b SR A 0 T P 7 05 1 10 T < i M3 B0 T ML, O B R 9 G b IX B9 2 W 18 SR AR BB AR A

1 #MREFE

1.1 KR

P i N 55 R B 2D e B TS e X (31°30.632'N | 114°32.620'E) , ifF4K 118 m, HFAhE
b 3% A WAL A B B AR S 104 A (29°59.776'N (115°05.856'E ) |, M4k 138 m, BUREJG 7 20185 R A 1) 485 1
mm G , VABR 25 - 58 R a1 AR R | IS M 24 AR I R AR IR, 2B 50 emX40 emx30 em 3
BIE , %E 32.5 kg HIE(TE) , (HA 420 121 CKW 2 h JFRFER (B ig i =6:3:1) , L+
Y BREAS FRAL B L 1,

F1 TEERBHER

Table 1 The basic physical and chemical characteristics of soils

AL o R AR A

pH Organic matter/ Total N/ Alkali-hydrolyzable N/ Available P/ Available K/
(g/kg) (¢kg) (g/kg) (mg/kg) (mg/kg)

5.01+0.04 27.155+0.258 4.153+0.231 0.496+0.033 6.300+0.486 4.196+0.158

1.2 g5

TG R FH R 28 58 A BENLE T, B Rl 5 AN Rh 3 RUE P LA I SR AN Cu IR R K 3t 4 A~k
FEAMEEE 6 NES M 24 MRIRFRIT, 2050 X B (CK) AN Cu(Cu BB B H3ERAEY (SM) R
I Cu+ 2 L IREBUEY (Cu+SM) | FEIR ZE R BENLIE, LI 4% 2% Lau Al Lennon' " FI Nie 21> J7
2, T 2012 48 5 H EAT 2R 5% (IR E) BFAMREE () L HET 95% L i (B 0 A8 1 = 6:3:1) IR SIS 1F
FH DS INAFARTRZ: 121 °CKTE 2 h 5 9 5 AR R IRV E D Ab 3 B 3 W s AT 4 IR ik
BRI CuSO, ¥ W W FE 1000 mg/kg 3, AN AR TR TR K AE D AN TR INEE & J@ AL 3, T 2012
A5 A BADS R AT AR AL BRSO 48 FLCEE TP TR E T R FEEP A 6 iR I UM LN
I TRAR . T 2012 4F 6 H T APl BEYLAR AFE T b, A58 4 cm AFP 1 Bk, B4 SDBHE P9 35 100 #E,
T AR RS AR R K I — 2, AT AR B 3 = v 4k S 1 3% . W E R 9 551 LR AR EE Ry (70 +
10.5) % W bR (57+7.2) % , AR E H}(30.0+5) °C 500 9 (18.0+2) °C, ARG &M,
1.3 MEFR bR AT
1.3.1 AR

P e A w BT Mk o
1.3.2 B RAY N E

F 2012 4F 12 7 iR fEAR R 0, R AL BERE L BE 30 /MR RE , FH RO AR A bk B, AR DU AL

TG TR IR 176 d J5 , Geit R AL BEAE AR A AE05 258 PR AR R (% i b RN R 3853 40 9 R B ok i T
B 25 R TGRS T 105 C 447 20 min, 7F 80 °C FHt T2 &  BHE A FE ,the M E
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&, TR e B AR AU E AR 25 B AR TR T R AR L AR LS
1.33 EHESENE

HEHET 21 () R A BN A 75 AR 25 v (ISR B Y5 HE P R34 i ) (R R 4% AN 43 FH R i
HLFE BB IR S . MERRFRER 0.25 g By Ae it TIH A ™, ] HNO,:H,0, =3:1 7 MARS 240/50 0 i g {3 rh
T TR WMRIT , 28R 2R, I ZE K ER R 50 mL, R o BGHE A 45 85 71 & 51635 ( Perkin Elmer
Optima 2100DV, USA) {ll%E Cu &, AP S A HE
1.3.4 SLESEE

MAESECT 2012 4F 11 A BRI , SEREE B A9 R A, I Li-6400XT fE#E6A/E N E R4 (Li-
Cor, USA) & NFZE M A O GEH645, N 8:00—16:00 4F 2 h ll5E 1 ¥R, HFMACFRREHLTEER 3 HE , FEAE
SE 3B, BERRION BT RS 3 XTI AR BOP A, 36 3 AT, I s 8 HCE SRR U 174 e BRE AT Ak AN 72 40 if
Jé T HUE AR, DI E S ELEE OB R (P, wmol m™ 57 ALRE (G, mmol m™ s7") Jl[H]
CO, ¥ (C,, wmol/mol) ZEMEH (T, , mmol m™ s™") %,

FIH Li-6400XT {45 206 A VE FH NG 22 Ge 0 2 AB AR 06 A e i i 28, A5~ b BEBE AL B 3 AE | S 4E
D 3 0k, BOPEE, 383 AR, (A TORIRSE T 675 S A B 175 558 29 8 2000 wmol m™ 5™,
PSRRI 2928 15—30 min, S0 R I S5 (il . B Bk 2 B 0 25 °C, /NI NS O, R, I
CO, ¥R JE 24K 400 pumol/mol , FHXTHE FE Ky 609%—70% , 1 % F 58 ' 30 A6 B ph 3 214K > 2000, 1500, 1200
1000800 ,600 400 200,150,100 .50 .20 10 pmol m> s,

FIH Li-6400XT {45 206 A VR FH I E 22 58 10 21 5 G 10 25 v AR I R R R i hy I S5 1500
pmol m™* s~ F4Hll 25 A5 ema A [R] , LA /NI PIES CO, AR, 17 CO, HeBE B ML 1500, 1200, 1000
800,600,400 ,200,150,120,100,80,50 pmol/mol , &4~ CO, B B e A FET [E] R 300 s, FEASAbPHBEHL 3 4E,
FRAEME 3 0K, BOPIME, 3L 3 ANESE . T INETE M B/ NRGE S 2802, AR (Epson 1680) 5
S HTERAE (WinFOLIA B 43 BT 22 45 ) 4 H b R (9 S B i AR, R S8 S i 1o AR sl i A G & 31 E 15
PAPCESEHIEE

1.4 Bl
S -GN 2SR FH B R R O AR LA ek R
_ -1
P(D)=a 7{(1 Ic)

AP« By N3 EIIRIE KM REG P (1) WEDLE A T AL EABERS (umol m™ s7) 1AM A
(pmol m™ s™") , ML ILBIRIF ] SPSS AL ML, AFRIAH R B P, , 234 PAR-P 4R, 715 e Kol
GHF(P,,, pmol m™ s ) FMETROE (AQY, pmol/mol) DEHIAIA (ISP, pmol m™ s™)  JeAME
(LCP, pmol m™ s ) KREIEIE (R, , wmol m™ s~ ) 4064 55,

Her-CO, M o th 2 AR 4 AR B A Hh AR5, [RIAE FH Photosyn Assistant 1.1.2 ZAEXF CO, i o7 ph 26474
AP A AR HiE Farquhar 2 (28] \Long #1 Bernacchi' ™ & 1F 5 A= AL AR Y | 153045 30 de A F2 b ik 358 ( Ve s mol
m” s KB TFAABER(], , pmol m™ s BERR AR (TPU, wmol m™>s™"),

11 SPSS 16.0 XF S Kttt A TG 34, R BN ZRT7 227001 ( One-way ANOVA) Hil LSD 2 5 LLAL /T 4
A A2 J] B PR X A IR AR 0 28 5 . FWUR 3R 07 22 70t ( Two-way ANOVA) K50 45 A1 Cu Fl4E - 3 GAE
Yo aE BAE N & 5 4 S50 22 5 B, B MR S KO ¥ &l 0.05, R Excell #1 Origin 7.5 Xf
TS A T B B AN 22 14

2 HR545%H

2.1 P IERUEYIN Cu B8 RN TR ALK A
Cu 30 24 T M A B AR A A (B 1) o SXFIRA LE, Cu it b B 25 R AR T RE MR B9 R 45 bk

http ; //www.ecologica.cn



3930 JAE = 35 %

R FNSEAR 43 D T 31.5% 18.1% 12.5% , $Fh L3t Wy b 254 i 1 i 0N 25 35 B BREICRI AR 15 , 5 %) AR
Fear Y 16.4% 13.5% AHXTAR RN % . 5 Cu MRBAH L, BE T Hefh T MAEY B4 & T
AR AR BRI =5, 43 35 T 20% .16.4% .,

U 2R T 22 7 Wl 22 01, Cu 360 Ak B 1A 0 75 35 AR B0 ( F = 153.600, P<0.001) Bk (F=24.724,
P=0.001) FIFE4E (F=7.680, P=0.024) {520 ¥k M 8 25 /K-, 4280 1 380k Wy A PRAG A 5 ( F=13.729,
P=0.006) FIREL(F=32.670, P<0.001) A M ik V520, Cu JBika A2 1 e M0 19 28 BAR X & bR 24
JoimE R

80

a
70 + T
b 1
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70 + 1 . 0as T T T
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3z d s 2 030} I
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30 g 015}
20 | 0.10 |
10 b 0.05 |-
0 Il Il 1 1 0 Il Il 1 1
CK Cu SM Cu+SM CK Cu SM Cu+SM
AbF Treatment KbFE Treatment

Bl  ERTEMEY Cu B TEMNEEERKNZIN
Fig. 1 Effects of soil microbe inoculation on the growth of E. splendens under copper stress
P P Bedie R B AR B B AR TR /NG bk /R 2553 .35 (P<0.05,n=6) ; CK: X ( control) ; Cu: A Cu(addition of copper) ;SM:
27 - ERLE W) (soil microbe inoculation) ; Cu+SM : ¥ il A2 + 3 54 #7 (addition of copper and soil microbe inoculation)

2.2 HEAD SRR YR Ca B0 T VRN A T AR W i 1 e

AT A BV N B 2 R R G A R R bR LR 2 Cu 30 b B I 28 A T AR PR AOAR 25 P A i B
A B A DL R E, S0 A 5 R R T 33.0% .38.5% ,34.1% .20.5% ,36.5% F1 9.6% ., HFf
T IFEE Y AR AR AR 25 AET AR AR R B R R RO BRI T 22.1% ,40.8% |
11.4% 11.6% 31.7%M 7.0% , iR 254 # Cu HﬂLT*EHEBME ZE AT YR AR R S
Y ZEEE LA a4 R e T 32.2% 38.1% .39.9% 16.7% 37.1% 1 6.7%,

X}(U?—%ﬁ%ﬁﬁﬁ BRI, Cu MO A Rl I WA BEX R AR AOAR 25 B AR R ARk
AR ZETE A A R e T AR LA R R, R IR WA Cu Wi 32 ELAE FX
%ﬁi%aﬁﬁﬁiLE%mﬁo

http ; //www.ecologica.cn



12 4] AR AR LR E Y A R N A 2 AR R RO A B R 3931

R2 EMIEREYY CuMETENEEEVENTIN

Table 2 Effects of soil microbe inoculation on the biomass of E. splendens under copper stress

R Root Z£ Stem P A
- - ey i iy ,
b2 A=Yy R L ENeR7/hy ENi§id - BAEYRE
Inflorescence Individual R
Treatments Root Root weight Stem Stem weight . . Total biomass/g
. . . . biomass/g biomass/g
biomass/g ratio biomass/g ratio
XTHR(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
IR (Cu) 18.774+2.449¢ 0.230+0.023a  49.203+11.163d  0.567+0.013¢ 15.000+2.422¢ 1.517+0.206¢ 82.978+15.189d
FERh LSRRI (SM) 34207+4201a  0.199:0.022b  112.650+12.548a  0.671x0.023a  25337+2.614a  2.131x0.126a  172.194x14.319a
A 5
f;j(]?:tﬂtﬂ;%ﬂifi%ﬁﬁi 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
u+S
F
Cu 42487 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

F PR A TR AR R F VB A /NG F SRR 2257 35 (P<0.05, n=6); * P<0.05; * * P<0.01; CK: % control; Cu: #¥Hll Cu
addition of copper; SM : HFf -85 ¥ soil microbe inoculation ; Cu+SM ; ¥ IR 142 A 136425 ) addition of copper and soil microbe inoculation ; Cux
SM ; S i A A 3R Y138 B AE R interaction between addition of copper and soil microbe inoculation

2.3 R EERUE YT Co Wl RN E SR Cu & 2406 52

12 3 W0 M A RS AR ALY Cu S 40 22 AR IR R K, TR Cu A BE AP HEY) Cu T ETEZR
TR ARSI SZES IR T s T ZE AW Cu ZbFEH WM A 55 1 3 Cu & 2L FIE R YY) Cu & 25
P(5—20 mg/kg) , XA LL, Cu A TN F SRR TALAY Cu S 38 &8s, P AR ok 2% Fh7
RS T 31.5 £5.30.6 45 .7.0 £i5 . 14.0 £, SXF R L, AP HIERUE YN B E LB LR AR E
PP R S PR AR T A MR ML A Cu i MERIZE Cu S ARSI LG Cu il ad b AR T 50.3% |
35.1% , M HATARA & R i 22 7 A B3,

MR R T 2253 Mr e R, Cu B8 AL FEXTRE R A2 B Cu 7 5404 25970 W @ 3 Pk g i, 4P+ 380
Py A0 T X AR P 25 R Ik A 8 35K T Cu JiR 3 RN b 30 0 A8 E A I M e 5 AR 28 A
B E MR

R3 EMIEREYN CuMETBMNEEERN Cu EESHHHM

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

AbH R/ (ng/g) 2/ (ng/g) "/ (ng/s) P/ (pg/s) P/ (ng/g)
Treatments Root Stem Leaf Inflorescence Seed

CK 18.8370.855h 3.035+0.560c 4.453x1.314c nd 1.292:0.627b
Cu 593.867+79.857a 21.307+2.357a 136.125:34.740a 2.478+1.576a 18.036+5.450a
M 22.576:1.946b 3.646£0.241c 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

Cu 321.708 268.010 ** 87.883 " 12.093 ** 106.196 **
M 4.110 15.626 " 10.701** 2.645 0.036
CuxSM 4.657" 21.676* 11.230"* 2.645 0.160

nd FRAKME] ; Fr AR T bR, WSV EAER R/NG PR 25 3 (P<0.05, n=5); * P<0.05; * * P<0.01
2.4 HEANHIRUEYIX Cu A N IIN AT OEEAE RSN R
F P 2 TR ANl b S M A 5 e B R (P, ) AR At 5 S R ™ il 28, HL R fEL ) ) B 12000

ZEA, 50000 6.19 1437 3.80.3.03 wmol m™* ™', USAN Cu Ab B, 7545 I 5] B AR BR 0 P, 249 12 35 1% T X0 5 B
16:0051, g A B i LR W0 PoY 25 i T X IR, 2% Ab B2 (A AR 19 H 2 P (EER BN SM>CK>
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Cu+SM>Cu, XU ZRTT 220 WA SRR A IR E Y LA Cu AL BEXTE AR B0 B 5 P VR 3% (2
[REFIENCR (SRS NE S A

7 0.18 -
oA = SM =
o 6 L ——CK 2 0.16 -
g *gquSM E 0.14 L
5+ v Cu Q
%g £ on2f
N S~ ~
g o 4r %% 0.10 |
£ =5
RE 3| 5 008f
i&g 5
g £ 006 |
s 2t o
3 S 0.04 |
= 1L g
2 S o002t
0 L L L L 0 Il L L L L
8:00 10:00  12:00 14:00 16:00 8:00 10:00  12:00 14:00 16:00
= 420 - 5.0
=}
E 400 | ~ 45+
g 380+ 2 a0l
=5 |
= 360 | E 35
g s T
gg 340 | %g 30 L
=~ 2 320 | 2]
o - o 25 F
o8 2
S g 300 - &=
= 3 e 20+
2 280 S
O S 15}
2 260 | &
< 172}
2 240 | g 10r
§ 220 | U S
E 200 1 1 1 1 1 0 1 1 1 1 1
8:00 10:00  12:00 14:00 16:00 8:00 10:00  12:00 14:00 16:00
I5f ] Time I5f ] Time

2 EMTEMENS CuMETBMNEEMFEXGER(P,) SILRE(G,) BB CO,RE(C) FEBER(T,) BEANZM
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 eh Bt P BB AR i B, 1) 5 Bl A )/ NS P RER R 2252 .35 (P<0.05, n=3)

W NEE R SILTRE(G) FZEBHR (T) B B AL 28 S5 P, B AR (L IEA AR, 522 e AU | 0 (E
BB 12,00 2247 (B 2) , B—3fh S HERUEY S  RERRIY G R T 7E 44 ) B B 3 v T H e 3 ANk HE,
AP 2 A RR A B Y G AH K/ R SM>CK>Cu>Cu+SM, i H ) T4 SM>CK>Cu+SM>Cu, WK R #
OYMTEE R R B Y AR N Cu ACFEXTRERR Y H 24 G R H 24 7 93k B0 3 5 m, FL & 28
HAEHBAERAR B,

AR BTN T 25 ML ] COL MR (C) HASEWLIK 2, HAs b M 5 P H 728 fp AR, S v B0 gk, 7R
T Cu AbFRAY € FE45A B[R] BEY ) 25 T X AR &AL BRZ [ A AR A H 38 CMEHRIA Cu>SM>Cu+SM>CK, L
P 7 223 W2 SR W 6 + 383 Wy LA B 380 Cu A0 BRXFAEAR 0 H 1 ¢ 39/F 1 .38, W # 2 BAEH
Rl T E AT
2.5 HEEFP SRR YN Ca aE VN A 35 G A - N S A R

IR A 55 I e - i i 2 ml DL (] 3) , Bk A b B 2 o] gh e AR fAR AR AL, Bl 5 6 & A 4K
FROTI SR, P BRSNS B RRE

3 5 AR R M 25 6 AL R . Cu WHO RN EE i KA R (P, ) GRS
(LSP) \FMEFRHCR(AQY) WGP H A (R ) 43l EEXT R R T 57.0% .7.0% .30.6% ,18.7% , i Y AM 55,
(LCP) 5 T 16.1%, WidERh HIEMUEM &40 P, LSP AQY R, 4 AR AR BE 42 55, 5 %5 FRAH L 43 1)
AT 2.8% 19.9% 41.9% 11.1% 1 LCP W/ T 22.5%, 5 Cu W@ AH LG, 30 300 5 0k Py ik bk
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B P AQY SEREIN IR T 84.7% 31.7% T LCP W F [ 26.6% , 2 5 W% .

R4 BEMIEREYN CuMETBNEELSERSHESENZ M

Table 4 Effects of soil microbe inoculation on the daily mean value of photosynthetic parameters of E. splendens under copper stress

HEEOA R (P,) AHRILRE(G,) H ¥l CO, R (C,) H¥ZE B (T, )
Qb3 Daily mean net Daily mean stomatal Daily mean intercellular Daily mean
Treatments photosynthetic rate/ conductance/ CO, concentration/ transpiration rate/

(wmol m™2s7") (mmol m™2s71) ( wmol/mol ) /(mmol m™2s7!)

CK 2.982+0.061b 0.082+0.002b 281.030+3.046h 1.812+0.058b
Cu 1.618+0.064d 0.07420.002¢ 306.869+0.590a 1.561+0.025¢
SM 3.922+0.087a 0.121£0.001a 286.100+1.455h 2.568+0.011a
Cu+SM 2.212+0.126¢ 0.068+0.001d 286.097+3.092b 1.708+0.026b
F
Cu 300.795 ** 686.864 ** 29.190 ** 259.062 **
SM 74.913 195.881** 10.286 170.641**
CuxSM 3.782 368.226 33.565* 77.816**

P TP RURE N T AR E R R EER A /NG TR R R 22 3 B3 (P<0.05, n=3); * P<0.05; * % P<0.01

£S5 EMITEGEDN CuMETEBMNEELS-LMMEFES HAIR0

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

RRECE

s HE(P,) BMAA(ISP)  HAMEA(LCP)  BMETACR(AQY) WP (R,)
Treatment Maximum net Light saturation point/ Light compensation ~ Apparent quantum yield/ Dark respiration/

reatments

o i photosynthetic rate/ (pmol m™2 s71) point/ ( wmol m™2 s71) ( pmol/mol ) (mmol m™2 s71)

(mmol m™2 s7!)

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+0.031c
SM 9.340+0.270a 1616.234+46.657a 16.523+0.477¢c 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¢
r
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 PEE N A AR R RIS A R/NE FRRR 27 B3 (P<0.05, n=3); * P<0.05; = * P<0.01

KUK 27 22 Mt SR W, Cu JBihadn 32h 398 2 4 Kb B X v M) 5 25 516 - 2 38 A 2 52 0 (5.3, 1T Cu
IH FEERD A W A AR R P, LSP S0 5
2.6  HEFPHAEERUEYIXT Co aE RN E TS G- CO, MR S EL1 52

MM FE R 7 A - CO, MR AN 4 Frzs A0 R ) P 3IBE S MR CO, Mk BE A 34 hn i 3 fin . 0—200

pmol/mol i PN ,4 B ALBE T AEARI B 1) P, - TR EE /)N Bl L] CO, e EE (3, P 3 hnsd & B 71, JL
BRI, HIKF] COMM G, P I RE TERE . 24 CO, MR T 200 wmol/mol I}, P, £k iy R/ NI
¥ :SM>CK>Cu+SM>Cu,,

Cu Jolp 31 A B 8 35 BAIK T REAR (9 CO, MR R S48, 5 0 BEAH He e K RAL DR (V) IR P& 88 R
(J,.) BEFRRPIBEFI TR (TPU) 20 B0 T 49.9% 46.5% 41.5% . 570+ 3 E M mivkny v, J. TPU
OGRS HI3E N T 18.5% \17.6% \19.5% , 5 Cu WMEAH EE, W30 N #5680 B W W38 3 TREARIY V0
Jo JTPU 35880 T 47.7% 46.6% 48.3%

Cu Jr3E0 b8 2R - SR AE B A B Koo T 25 56 B -C O, M 37 45 R 34 5% WA S35 17 Cu e 142 o+ 8
A 38 HAE S AN TR AR AR A B 5
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Fig.3 Effects of soil microbe inoculation on the light response Fig. 4  Effects of soil microbe inoculation on the net
curves of E. splendens under copper stress photosynthetic rate-intercellular CO, concentration curves of E.
P BT g P AR R, RSB AN R /NG R R R 22 57 1 splendens under copper stress
#(P<0.05, n=3) P& PRl A T B AR | RS B AN RN T RERR 22 57

#(P<0.05, n=3)

R 6 EMIEMEYT Cu BB TEBMNEELE-CO,MESHHIHMT

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

. KBRS (V) RO TBIE (), RSP 4(TPU)

Treatments Maxmium rate of carboxy Maxmium rate of electron Triose phosphate utilization
lation/ (mol m™2 s ") transport/ ( wmol m™2 s7") rate/ ( mol m™2 s7!)

CK 29.620+0.855h 54.513+1.574b 5.355+0.155b

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

Cu 334.769 ** 273.916 " 187.386 **

SM 67.462"" 64.384"" 77.861""

CuxSM 1.067 1.579 2.611

F B Y AR R | FISVEEE R R/NG R R 22 573 35 (P<0.05, n=3); * P<0.05; * % P<0.01

3 e

FEFREE 0T | 4B ) 2 308 0 A R 25 R A SRR L R A T S0 ) SR R 336 07 PR 5% 1) BE R B 1 AR F 5
R, AN ()b BN T M 735 A A i R RS2 ), Cu JB 38 R TN & 35 R AR R AR 1 IR T
X M (ELAR AR Wy gl SRR JRE AR T 25 A W i MR AT S0 33k R B R B RS T AR R K 3 FE R ) T
R TE B S M D MR AR R A W A 1 AR LU OB T AZEAR R AR B 2 W & R, A B T
SRkt AR EE A Y L B IR E Y Cu Bhaa R ARERR AR S RRBORIAS 3 A A A (R A
ARG T Cu i S BRI ZE AR 00 T BRI S5 T LN b, W] Cu JHMI8 R IR 55
FRh R W) S AR AR R ORI R AR U B e T RERR BT R A R TN B TR R IR R ek T
25 MRAYER A= i e AR R

Y Cu 7TEHEW AN BB —E P, B2 WIRM SRR A S50 15 T RE , DL & (R M e a1

http ; //www.ecologica.cn



12 4] AR AR LR E Y A R N A 2 AR R RO A B R 3935

1 EERN PS OGN, FEBOLE #v B4 Z 1 LSO BV R G055 A B e B AR KL e AR &
PERE > AR BB P Cambrollé 2553 % Cu i 52 ALY Limoniastrum monopetalum W5 & B, 13 1 Y
Cu Ve R ERRR T HOCAHAR(P,) IV (G) MR & X RGO 4 T AR 1443, 15
XHHIR] CO, MR (C,) AT SR, Rl A BT 25 SR 3 0, (G IR0 T 42 DA BRI AR L B £ K ( Zea
mays) ) P, ZEEHAR(T,) |G BEW M CANTAFRMRME, AOF5Eh N & A E MU EE
PR N, 5 Cu JHAAH LG, P38 T R B RUE Y RS TN E B PR E Y T, HY 6, H C,
MR RE . PREAGEAERT RIS, Cu 7Er A A 5 19 PR R 2 S B S 5 OGA VR FH AR DG BE TG HEFE A, BRI
T PAEROEERES) Ml CO, R RMEA AR . HeFh T IEBUEY S BEAR 7RIS Cu RSO 3 | R
frftia (AR R AN ARE EIEE R Cu &8 R, R/ 11 B3R Cu & i IR 22 Cu XM BT A= AR
AR A P A G S BE 1A — e $e wm , BNAE Rubisco BTG PHEFDGS A &AL R ek,
AR T CO, R A, A AR AL & R,

JEHIANRE (LSP) 5 EAM A (LCP ) S S WUAR Y %t 5 56 A s e A HRE 1 938 A, —AEA Y LSP 5 LCP
P AR SR A BIPERR A | S 2 R B o A 260 I AR 3E 9 LSP KT 1500 wmol m™ 5™, Sy
PRI, Cu JH 30 A A R MR AR AR 9 10 e REHOL & 3R (P, ) L LSP, 3 /il LCPY ) Shi 4E°7 &t 3¢ ( Beta
vulgaris ) ARG RCRI G K B, 3P Acinetobacter johnsonii 20 7 1] A5 AR FEAL#R LSP | 26 Wi T3 %
(AQY) ff &, H LCP WAL, AT B3Rk e i Wy ab 30 2548 hn 1 MM 75735 19 LSP 1 Cu JB
RN LIERUEY M LCP B35 TR, UBH R 13 A Wy 45 06 P A 55 X G BEA IV R 22 5, 38 1
XPCEREE 35 N BE T, JE IR Cu B AR 556 RS RE J1 82 i, NITTEE N 1 it e X GRERI IR LA K P
AQY Sk T HEMIEA VEFIXHE M RIAZCR ™ 4 ASAbEE Cu A FHIFRAY AQY & (KT X H] , 1M #2: b + 58
WA BE R T NN AQY R 1IEBUEY) T MR MO TH T LG AT
PUREIARE) T4 S . H Cu MhA T IR AR P, 038 G0 T 0 I 3R (R ) VIR AR 3 IR AR
PRI A DB WA T GE P UITHAR RN A B TAEARTEA RIS A T 2 W B R, i) 0

AV P, AQY FIFER LCP AR Aok bt g M 75 35 OO S VR T, (A AR AE W38 251 R D fiE
TFERTT,

CO, AW HAT A VE IR EEA IR Y, HVR /NI G R R0 E 3R, I RORIRCR (V. ) BIR/N
F 2 BRI 1, 5- Z—BERAR LEE (Rubisco ) HYTH M BUE BYSZ MR, 1T Rubisco ZAEYGE1EHIEE CO,HY K
SRR T, SR T AR CO, RIRIHBE )1, e R P AE R (], ) & RuBP FA A s PG R 0%
% RuBP FERETT . XHEPHRE (SorghumxS. sudanes) FIEAE E 15 ( Medicago sativa ) SRR BE Cu AL B K B
L5 BN, Cu RO FB G, V.0 S BEER IR A (TPU) (A R B, A F 20O AR, A
S, Cu W AR B NG TRV, S TPU B FEAG  (E B0 TN H2 0 R A ) 8 s 1 A vk
Vo sJow ~TPU fH , UEHARERRTE G A VR FH AR 4L RuBP [E5E CO, ) Rubisco A7 PRI B 2 389 0, %5 s
() HL A& R AR 2 T OGS B RR AL VE FH A NADPH -5 1, AT RuBP FiA= RE 045 31 1 2 5 , s 2e ket
TENFEF ADCRE S TR R 1L .

25 TR A Cu i RN A F R A K Y28 T — @ FEEE R, HeRh IR A R
DA T Cu JHih 38 X5 Vi A5 5 AR 4 S D, P 0 o i v AR AR P 05 238, AR O A M2 ORI o 2 0 12805
OB AR SR AR R R BRI PR A 8 DA% Cu X o A B A A AR R 0 0 5, 4 i
PRIIGA RE ST, e BERE R AR R 9 2R G e 24 T N A 25 T 32 Cu A B RE ST o
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