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Effects of Soil Microbes on Photosynthetic Characteristics and Chlorophyll
Fluorescence Parameters of Elsholtzia splendens under Copper Stress Condition

LI Yue-Ling' > JIN ZeXin>* GUAN Ming" ZUO Wei'*

(1. College of Life and Environment Sciences Shanghai Normal University Shanghai 200234; 2. Institute of Ecology Taizhou College Taizhou 318000)

Abstract To determine the effects of soil microbes on the photosynthetic and physiological responses as well as
the chlorophyll fluorescence parameters of Elsholizia splendens four soil treatments were analyzed in this
experiment: the addition of copper ( copper stress) ; a soil microbes inoculation; addition of copper and soil
microbes inoculation; and no additional copper or soil microbes inoculation ( CK) . The results showed that the
net photosynthetic rates ( P,) relative chlorophyll content and water use efficiency ( WUE) of E. splendens
inoculated with the soil microbes were higher than those in the CK and the differences among the various
treatments were significant. There was a significant impact on the minimal fluorescence ( F,) and maximal
efficiency of PSII photochemistry ( ¥ /F ) . In comparison with CK the additional copper treatment reduced P,
and stomatal conductance ( G,) but the intercellular CO, concentration ( C;) increased which was mainly due
to a non-stomatal limitation. The addition of copper was found to reduce the relative chlorophyll content but the
soil microbes inoculation could increase it and the difference between the treatments was significant. Soil
microbes inoculated plants had higher F /F  and F under copper stress. The P, WUE and G, of E. splendens
inoculated with the soil microbes increased markedly. It was suggested that soil microbes inoculation could
alleviate copper stress on E. splendens plants by improving the relative chlorophyll content photosynthesis and
chlorophyll fluorescence of leaves.

Key words soil microbe; copper; Elsholtzia splendens; photosynthesis; chlorophyll fluorescence

( LY12€03002)
(1989—)
*  E-mail: jzx@ tzc. edu. cn

12013 - 05 -06



685

( Cu)
Cu

(CdCu~Zn )

Paenibacillus polymyxa

( Arabidopsis thaliana)

7

o

( Elsholizia splendens) ( La—

biatae) ( Elsholtzia)

8
1500 m o

9
10
11~12 . 13 Cu
Cu
Cu

1
1.1

31°30.632°N.114°32. 620°E

118 mo
29°59.776°N.115°05. 856°E
138 mo 2012 5

128
6
o 50 ecm x40 cm x 30 cm
32.5 kg 121C 16 h
( : : =6:3:1)
1.2
4
6 o
5% ( ) 95%
: 121C 16 h
CuSO, 1000 mg * kg™'
o 4 cm 100
0 10
1.3
Li-6400 ( Li-
Cor USA) 2012 9 9:00 ~11:00
o 3

3 o .
(P, pmol * m™> «s7") | (T. mmol

m” s (G, mmol *m™>+s7") |

CO, (€, pmol * mol™") |
( WUE pmol * mmol ™)  WUE =P, /T..
6400-02B 1000 pmol * m ™« s~

0.5 dm® * min "'

2 min o
1.4
CCM-=200 ( OPTI-SCIENC-
ES USA) N
10
3 o 0S30PpP



686 33
( OPTISSCIENCES USA) Cu
CK 18. 8% »
(F) - (F.) II Cu
(PST) (F,/F.) o 14.4% .
3
30 min Cu o
° 10 a
1.5 g 1s|
= ) b ﬁ .
15 30F
SPSS16. 0 s h T
( One-way ANOVA)  1SD £ T
g 20
4 o i %
=5 15f
( Two-way ANOVA) Cu =2 ol
o Excell ~ Origin7.5 0 . A L !
CK Cu SM CutSM
1
2 ( + ) CK. : Cu
» SM. ; Cu + SM. +
2.1 (P <0.05)
Fig. 1 Comparison relative chlorophyll contents in
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Table 1 Two-way ANOVA of the effects of copper stress and soil microbes inoculation on the photosynthetic gas exchange

parameters of E. splendens leaves

€0,
Source of variations df P“,z o G‘iz o G . T',z 1 e
(pmol *m™2+s™") (mmol *m~<s™)  (pmol *mol~") (mmol*m™2+s~") (pmol *mmol )
Main
Addition of copper 1 2708.922** 3.216 167.370** 336.163** 492,202 **
Soil microbes inoculation 1 604,322 ** 16.496 ** 113,197 ** 58.135** 159.983 **
Interaction
Ad dition+of copper and soil microbes inoculation 191, 112** 55.515** 27.365** 19.897 ** 59,239 **
Error 34
Dk ok (P<0.01)
Note: * * Extremely significant different( P <0.01) . The same as below.
2.2 ( 1o CK
P, WUE 7. 7% 91.8%;
Cu T..C,-G, 43.9% . 16.0%  38.6% -
(P) . (r) . Cu P,T..
Co, (c) . (G) . ( WUE) C;\WUE G,
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2 ( * )
Table 2 Comparison chlorophyll fluorescence parameters in the leaves of E. splendens with soil microbes inoculation un—
der copper stress( Mean + SE)

+

Chlorophyll fluorescence parameters CK Addition of copper  Soil microbes inoculation A.ddn.l on of copper ar.ld
soil microbes inoculation
F
. (F.) 473.333 +15.456¢ 628.333 +9.877a 490. 667 +15.336¢ 526.000 +0. 816b
Minimal fluorescence
. () 2369.000 £75.171ab 2268.000 £13.367bc  2422.000 £61. 106a 2176.667 £32.500c
Maximal fluorescence
(F,/F,)

Maximal efficiency of PS I photochemistry 0.799 +0.001a 0.723 +0.006¢ 0.797 £0.002a 0.758 +0.003b

3

Table 3 Two-way ANOVA of the effects of copper stress and soil microbes inoculation on the chlorophyll fluorescence pa—

~

rameters and relative chlorophyll content of E. splendens leaves

Source of variations df F, F, FIF, Relati\;;;il;:ophyll
Main
Addition of copper 1 126. 667 ** 22.590 ** 498.370 ** 156.928 **
Soil microbes inoculation 1 25.2627** 0.277 39.523*F 78.820**
Interaction
Addition of copper and soil microbes inoculation ! 50.0707 3.923 51621 8.249™
Error 8
To (F) (PST)
FU
o Cu PST PST
o FIF, PST
Cu v,
Sannazzaro 2
( Glomus intraradice) F,IF, 0.8 2, Cu
o F, F,IF,
CK Cu o Cu PST
o Cu o
; Cu F,/F, 2,
o Cu F.IF,
F,
Cu PSTI
o PST
Cu

Cu P o
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