5542 B 5 W) *E &~ 2 Eild Vol.42,No.5
2022 4F 3 H ACTA ECOLOGICA SINICA Mar. 2022

DOI: 10.5846/stxb202007231938

SCUOU FBHTT, IR, TR0 K FH b i, E s, SRR Wk, S0 B 8 MR AR A5 e 25 PR T KR X ML BT TCd-1 BE B =
P& BRI A2 25244, ,2022,42(5) :1924-1933.

Wen H H, Zheng X Y, Xiao Q T, Wang D F, Lii Q X, Han B L, Wang Y J, Fan R R, You W, Guo Y R, Qian X, Lin R Y.Physiological response of

Rice (Oryza stiva L.) to the microbial remediation by Pseudomonas TCd- 1 under cadmium contaminated conditions.Acta Ecologica Sinica,2022,42(5) .

1924-1933.

WMITHEEZETAKEMNRERE TCA-1 HEMEENE
1 o ;7

Kk, FRAFF, OE A, 2RV ELE B, 2 RE, R R,
A - oF - S S S § - S

1t O AR A B S A R S S = iR dRMOR A R4 B, fR 350002

2 EWAES 550 FAE AR A S A T S0 = A RO 2%, AR 350002
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Abstract; When Rice ( Oryza stiva 1..) is stressed by heavy metal, its growth and development are obviously hindered. The
metabolism of rice grown in areas contaminated with heavy metal will change and its growth will slow down, resulting in a
decrease in biomass. Among different heavy metals, cadmium is the most harmful to plant growth and human health.
Cadmium in the soil is easily absorbed and accumulated by rice, affecting plant growth, cell division and metabolic

activities, and causing its yield and quality to decline. Microorganisms play an important role in the remediation of soil
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contaminated by heavy metal. In this study, Pseudomonas strain TCd-1 was selected from the rhizosphere soil of cadmium-
tolerant rice in the early stage of the research group. The Pseudomonas TCd- 1 has a strong tolerance to heavy metal
cadmium. In this study, two rice species with different cadmium tolerance, Teyou 671 and Baixiang 139, were used as
experimental subjects. To elucidate the mechanism of Pseudomonas TCd-1 reducing the cadmium uptake in rice, the effects
of inoculated strains on the cadmium content, root vitality, photosynthesis, antioxidant enzyme activity, and antioxidant
content of two rice species with different cadmium tolerance were investigated under the stress of 10 mg/kg cadmium. The
results suggest that the cadmium contents in the roots, stems, leaves and brown rice of the Teyou 671 decrease by 30.4% ,
39.1%, 40.7% , and 29.2% , respectively, while the cadmium content in the roots, stems, leaves, and brown rice of the
Baixiang 139 decrease by 52.2%, 51.7%, 18.4% , and 38.8% , respectively, after inoculation with Pseudomonas TCd- 1.
The root vitality and photosynthesis of the two rice species are improved, leading to promoting the growth of rice. Superoxide
dismutase (SOD) activity in the leaves of Teyou 671 and Baixiang 139 increase by 7.3% and 138.5% , Peroxidase ( POD)
activity increase by 82.0% and 106.2%, Catalase ( CAT) activity increase by 58.8% and 172.7%, the flavonoids content
in the leaves of two rice species with different cadmium tolerance increase by 139.4% and 73.6% , the total phenol content
increase by 27.2% and 23.1%, the superoxide anion content decrease by 44.2% and 29.0%, and the Malondialdehyde
(MDA) content in the leaves of two rice species decrease by 38.5% and 28.9%, respectively, in comparison with the
treatment of 10 mg/kg cadmium. In conclusion, for two rice species with different cadmium tolerance, after inoculation of
Pseudomonas TCd-1 can increase the antioxidant capacity of Teyou 671 and Baixiang 139 with different cadmium tolerance,

reduce the oxidative stress, and promote the growth of two rice species with different cadmium tolerance.

Key Words; Pseudomonas TCd-1; cadmium pollution; rice; physiological characteristics
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eI 2—WERe H I, 77 4k HPOY 5 Cd* Bl CAHPO, JLTE ; McLean' " & 1 8 4% B0 1 ( Pseudomonad sp.)
A LAEA MR R R =45, Valenzuela %5 50 B 15 2] ZFE AN R BERE As () EAL NN E A As(V),
T FEEAR LR M 5 8 A2 2R BB 7T ( Pseudomonas maltaphilia ) RS ATG R 5 1P A6 152 5 345 J5 A fist 250 | Jise A
Haphe, HE5MfE ™ BOEH" R INEESS 2F AP 18 ZG49 (Bacillus coagulans ) X 55 42 J& 5 Y 4 i 4547 B
W REELVER M EEA —E IS ER . FERBIZ R E SR I5 Y I - A A A KRS N EA RS
PRI RE AL BRI 2B R s UEME EIREE M SR e A2 AR TR
ISR BB B AR, RS2 408l AR SR, A T S AT 5,

TR I FERTT e T AR FOME &R A2 2005 BB A8 B IR SR I BUE K A2 2] O G2 B, AR
P BT A AL ( Superoxide dismutase, SOD) J& ¥ i A7 175 T HEL YR N & 4 s il S 1 g
REMEIE R AR T A EE(0,7) " i AL Yl ( Peroxidase, POD) | IZ /74 AW AR | 5IEIR AR A Ot
BRI R A K R A AE TS5 06 i B AL S ( Catalase, CAT) AT R H,0, SMAEA AMEE( - OH ), 48
PR32 20 5 48 I3 I AR YA RE (4 SOD  POD | CAT 25 i1 ] 448 I 31 97 680 3% 4k 4 sl HE 2 o S Ak ) A el 260
MM R GE i, /0 B XS LR G R 5 9 B (Malondialdehyde, MDA ) J2& B i 4 Ak 4
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A=, Fo o BTV AL A A AR 2 B IR R A AR AR ZE R FH A A B TCd- 1 R —
PR PRIR AR T, BEFE I8 900 mg/L Cd™ FA K, 78 100 mg/L ARACFE T | B R A P3R4 6 it 43 5
N9.04 me/ g, b w A A HGA ) 90.4, AR B AR Y nILE KRR PR AE B, A I H T a5 YL s 2 i
(R85 Y T /KRR 2 B AR i 1) 1 R DR 4T, Ot AR S 2o+ B Ak 00 B B I B TCd -
1 X475 YRR 9 A B A AR A RE I, Ay b — 28 ) B R 168 R A5 e KRG 4 AR SEATL ) B9 52 Rl

1 #R5EFE

1.1 REe AR

P B Rk A A 1 AR PR S ( Pseudomonas sp.) TCd-1( & F|%5 . CN103952333A) 8] , e R ZH F A MK
e PI312777 7 (4 AR B b HE 07 56 45 21, Of R T 200 K 2 v ] 8 80 5% 552 ) £ T b O (R A7 5. CCTCC
M2013649) . IR &M A NE 0.5% , FERERY 1.0% , 5405 0.5% ,pH 6.3, IR 33°C = 1.25% , %%
160 rpm, K5 FE 24 h 5 FTHER, BEARTEE B 100 mL 43K 7E 4°C (12000 rpm F &0 15 min, 2 EHHR,
PRRRTTVE Y JC K B 22 100 mL, BRSS9 B VROAR B2 5 o (5.33+0.24) X104/ mL,,

P KR AR 6717 FARAR IR K AR« 79 7 1397 J2 LR 2H 1 459 DA 238 443 3 4 3 [ 4% 14 2K A it Ao
i AR E], HERUKARE R T 2.0% R ERRENA ORI TE EE 30 min J5 , BT 30°C IHRIE MR 2/ T
(IR AN K ) RGBS IE T U R KRS 3 0 1 R K B — UK R T 2R e, 4
RS ARKFERLE 1 PR,

Tk HEH A AR A MK R S, R O 0.18 me/kg, 3L F AR BB | L 0 2 mm
J&, 0% T (HAR 18 em, & 15 em) IR GIBEHE S R4E 2.5 ke, A ZE (LAZE N 1) 150 mg/kg WAL (LA
P,0431) 100 mg/kg FHIE (LA K,0 1) 100 mg/kg, FFAEAARFTHAT 10 mg/kg FAUSINAL IR, HIFIR D), PRFF KB
2—3 em, B HAEZN 1 K, Befb 4 J8 )5 K RERkEs
1.2 AARE ISR

AR T 2019 4 3 A £ 8 J EMR AR MR F A an Pl 2=F B B 3 by HEA T, & 4 Pl 3. (1) CK. AN
0 AR EANETE TCA-1(2) Cd10: %541 10 mg/kg 55 (3) CKB: ARG, HEFMR AL TCd-1; (4) CA10B: 7%
B 10 me/ kg 5, HEFMB AN TCd-1, A3 S IREE . EBHKRRE G, #EATHAN, EA i 20 mL/kg( RP
2%) o FEARIIA)E WIBEK AR K T A 2—3 em, DUMEIEK RS IE# A K, 7E4>SEI AR i
W43 I R KRB R 2 6 R FEAARIII e KRR AR R 06 ) MR R i o H PR AT S P A A
Pyl it MDA 5588 U9 B 5 a5 76 AN e K AR A AL A AR A
1.3 E Tk
1.3.1  JKAERR S AW Radolt A s AR 0 e

TEK ST B A Rt SR FIREFE 0.1 em B9 B RO K R R 0 5 76 G KR vk B )5, T
FE T KRR TS , B WK AN T RERE 2 AR ZE R =304, B T 105°C A7 0.5 h J57, 5% & 72C
P fE e, e T, A AR 22 T EZANL 3 IRER , Ho6A B8 (Net photosynthetic rate, Pn) 2 H
LI—6400 {548 26405 1 (LI—COR A w25 [ Ml5E |5 IKHE .

1.3.2 MR JI A5 2 I

HRZRTE IR FHPUE M (TTC) Yeapki " 455 L TTC b i (mg h™' ¢! FW) ok I5E 3 kf &, it
GFETERASE e mE
1.3.3  Préaf s

it R A B . MER PRI 0.5 g AKAFEIECE — 7 DI RE e T /5 B T B MR A 4 mL 50 mmol/L
TV B RRZE v (pH 7.8) FEVKIA LIS LA, 5 A BSOS TP AE 4°C 12000 r/min T #5.00 20 min, 1 AD
AR, FHF % SOD .POD (CAT A& MDA .0, &,
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PTG I 2 i R A I AR (SOD ) 335 P 0 7 SR T R0 DU e NBT Gk a8 B vk 5 o 8 Ak 9 i
(POD) % P 5 SR A B A B v 2 5 5o AL S0 ( CAT) 3% PRI 5 SR 43 66 B 220 AT i e A 1l 52 S 1)
Folin— 73 > s 75 % (MDA ) & il 52 SR AR AR O b 2 Rk s MR BT ES F F FR 3R (0, 7)) P AR s R A I 2
SRR A AL
1.3.4  ZEEEAALE & B E

B 2 I R VP R ORI 36O BE VR 0T MERA B BUR fif 25 o OK R IE R 0.5 ¢, i S mL %5 1%
HCI A4 B B (PP 7K 3h R = 79:20: 1), J2 7 30 min Ji,4°C #2HX 24 h, B 0.5 mL 2 BUK , i B @A E 25
mL, 7E 325 nm Ak LA I WGBS (OD) {8 5 S & e A & F IR pnfE 26, FE 280 nm AbfY OD {H it
KA, BB B S R LA RN
1.3.5  /KAEER & R e

e B I S R R R T IO A e BE VR AT A AT K K R MR IS, 2 A R K b e AR
B P 2B oK FIROK AR T 5 B RE A o AR 25 ik REK 4 AR A B B LT AR 105°C
AT 1 h 5, 72°CHET 48 h A 50 SRR, 23 100 B, 700,

1.4 BHRAI S 585047

K Excel 2010 F1 SPSS 22.0 3R B G ATHE 5007, R Z (one-way ANOVA) Fl Duncan 7 i

Il Z M RMZ E A (P=0.05) . ElF 5 P E b2

2 HREHS

2.1 BHHE TC-1 XF56T5 KRG 25 B # o B 12 )

SERRY] AR IR R 6717 25 BBAL AR & B = AR RS ZES IESBEK AR« A 7 1397 RIN .
> ZE S AR SKERK , i Ak A o8« 25 > 4R > i > i K K RN 8] 5807 19 4 25 12 76 AN [R) Ak B (] 35 R 3K < Cd10>
Cd10B>CKB=~CK (K 1), TEMEIT 4700 6717 41 25 M BEKAHA & 1205108 35.72.9.69 (4.34 0.84 mg/
kg, MR G IR R T 30.5% .39.1% 40.7% ,29.2% (P<0.05) ; “ E 7 1397 (114354 13.18.31.26 .6.57 .
1.33 mg/kg; BERPEMEG KR FIE T 52.2% 51.7% .18.4% 38.8% ( P<0.05) , 7 UL B EA M TCd- 1 &b 3 e
AERS 2 AR Cd10 AbFHEAKRE 45 28 B B4R & 1t (P<0.05) .

x1 FRLEKBHRESE

Table 1 The cadmium content in rice under different treatments

Lby & Root Z£ Stem It Leaves K&K Brown rice
Treatment Rl 671 HA 139 Fril 671 HAE 139 Fril 671 HA 139 il 671 HE 139
CK 0.28+0.04c 0.55+0.03d 0.10=0.06¢ 3.22#0.0lc  0.05£0.013d  3.570.0lc 0.030.00d 0.02+0.01d
CKB 0.33£0.03¢ 1.6920.07c 0.16=0.14c 2.85£0.04d  0.08£0.008c  2.89+0.01d  0.06+0.0lc 0.08+0.02c
cd10 35.72+0.21a  13.18+0.02a 9.69£0.09a  31.2620.16a  4.3420.021a  6.57+0.36a 0.8420.01a 1.3320.01a

Cd10B 24.83+0.10b  6.30£0.06b 5.91£0.05b  15.11x0.11b  2.58+0.110b  5.36£0.29b  0.6020.03b 0.81+0.08b

FRARFEGPARNG F R TR 2 5 B EF M (P<0.05) ; CK: IR ML No added treatment; Cd10: %3 il 10mg/kg H4% Add 10mg/kg of
cadmium ; CKB : BB %00 7 TCd- 1 Add Pseudomonas TCd- 1; CA10B; #s il 10mg/kg Y 4 A1 %M 5 TCd- 1 Add 10mg/kg of cadmium and
Pseudomonas TCd- 1

2.2 {BEMEEH TCd- 1 X515 YLK Rk & A AE P it 0 5%

WA 1 BT (250 BE  CKB AL B F5 0 6717 T 7 139”7 (KK & 3 91 K 58.70 .48.70 em #HKIK M CK Ab3H
PE T 7.1% .20.3% ; CA10B AbFE AR = 50534 41.33.35.66 cm AR L Cd10 AbBREE S T 10.6% 17.1% ., 1E
FFEI , CKB b PR “FF48 6717 “ & 1397 4K &5 20 9 A 94.19 .88.33 em, KUK b CK AbBREE R T 8.4%
15.0% ,CA10B b P i i 1 4331 4 88.59 .81.89 em 4K UK Hb Cd10 AbPEE 10.2% .4.8%, FE WA, CKB 4b F
R 6717 ETF 1397 UK 20 101.77 198.40 em KK I CK AL FIR T T 11.9% .7.5% ,CA10B A3 1)
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PR 4320 92.18 95.23 em KUK EL Cd10 AbBER 6.7% (12.3% , JNTRALPESS “ Feif 6717 19 2L ¥y 2 00 3 1 22
5 ;CKB .CA10B AbHE“ {7 1397 HAEY) 43 ) BB 3G T 29.72% ,29.90% (K] 1) o o] W, #5715 Y] 1T A1)
BT P K REAR = AR R AR Wi | FEFh TR iR T I8 2 SR e U Y i B R VE

FE671 HAF139
140 - OCK OCKB mCdI0 mCdI0B 140 ¢ OCK @OCKB BCd10 mCd10B
120 | 120 |
: 2 boay b b 2 @b
< 100}t b 100 a
z 00 be . al b . be b c
T 80F 80 |
f b a
g 60f 60 | a
& d b be
40 40 F c
= 20 20 +
0 0
S BE HiBE B SrEEM R JRH
H:H 1] Growing stage
60.00 - _
a 3 e 6000 I
,, 5000 T b 50.00 | .
% b
s 40.00 | 40.00 F
g b b
M 30.00 30.00 F
i ¢
8 20.00 20.00
By
10.00 10.00
0 . 0
CK CKB Cd10 Cd10B CK CKB Cd10 Cd10B
Kb Treatment

E1 AELGEAEERK 671" “BE 39 HNKSHNENE
Fig.1 Plant height and biomass of rice Teyou 671 and Baixang 139 under different treatments
[ PR [EINE F R 22 5 BB R (P<0.05) ; CK; BAINALBE No added treatment ; Cd10: 75711 10mg/kg B4 Add 10mg/kg of cadmium; CKB
ISR PR TCd-1 Add Pseudomonas TCd-1;Cd10B . %8 10mg/ kg (5 A EEMI A TCd-1 Add 10mg/kg of cadmium and Pseudomonas TCd-1

2.3 REPEE TC- 1 X558 75 YK FAR 206 At R idot G338 (Pn) U520

CKB ZbH“H#0L 6717 A1 H A 139" IR R 1535028 0.874 1.196 ng ¢ h™' AR I CK Ab B4 5
9.3% .8.8% ; CA10B AbHH KR 2 1% 7140 310 0.779 .1.015 wg ¢ h™' MK HE Cd10 AbHR & T 3.5% .20.3%
(El2), CKBACFE“HEE 6717 F1“ EH A& 1397 19 Pn 435104 23.1,23.7 pmol m™ s™' KK Ib CK A BREE & T
7.9% 33.1% ; CA10B AL FRE Pn 4351 K 22.8 . 17.0 wg ¢ h™' KK L Cd10 Ab PR T 53.0% .63.5% (& 2)
AT UL 575 YRR T KR BUAR ZR 06 RN P, 2R B I (0 24 v B T JOK RO AR R 05 1 FDG SR TR
2.4 (REPHETE TCA- 1 X475 oK AE M A 2 & i 52

Wil 3 fifs, CKB b3 “ 45740 6717 A4 & a( Chlorophyll a, Chla) 4% 2 b( Chlorophyll b, Chlb) &+ A
442 /M4 b( Chlorophyll a/Chlorophyll a, Chla/Chlb) 43514 2.26 mg/g.3.57 mg/g.0.64 , #IX . CK Ab B
1 48.2% 37.0% Fl1 8.2% ; Cd10B AbFH“ 454 6717 1Y Chla  Chlb 75 & K& Chla/Chlb 43514 2.23 mg/g.3.34 mg/
g.0.67 KK L CK AbFHET 262.1% 224.8% K1 11.6% , CKB 4bF“ & 1397 ) Chla ,Chlb % f& & Chla/Chlb 43
SR 1.53 mg/g.2.79 mg/g .0.55 4K H CK AR MY 21.2% 28.6% F1-6.2% ; CA10B AL “ FH & 139" Y Chla,
Chlb &4+ M Chla/Chlb 43518 1.22 mg/g .2.14 mg/g .0.57 MK M CK AbBHE: 34.3% 31.8%H12.3%, Al WL, 4%
PR R RE S 135 42 = /K R Y Chla Chlb 7 5 JF45 Chla/Chlb , S5 TS Y X My it R0
2.5 fRERHEEE TCd- 1 X5 QK Ag it o S A 2R 48 15 )

“ERf 6717 A1 E 7 1397 i H () MDA &L Cd10 Zb 3R, 43514 1.58 .1.95 pmol/g, CAB10 AbFHFY
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Fig.2 Root vigor and net photosynthetic rate of rice under different treatments

KR [l NG PR R 22 5 B3 1 (P<0.05)
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T
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g
=
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B3 ARGEKEHERAHEE a SB HEED QB HER 2/HESD

Fig.3 Chlorophyll a content, Chlorophyll b content and Chlorophyll a/Chlorophyll b of rice at heading stage under different treatments
P R ) /NG - R ER 22 53 W 2 1 (P<0.05)

390 0.97 .1.39 wmol/g KUK L Cd10 AbFRFEAR T 38.5% .28.9% ,CKB 4bHi 5 CK AbFRA| C B & 255 (K 4)
Cd10B AbHE“ 4L 6717 1 F ) SOD . POD CAT 75435t Cd10 Zb B = i 7.3% .82.0% .58.8% , CKB AbFH Y
POD .CAT 71 It CK Zb PRI R T 53.8% .36.8% ; CA10B ALFE“ 1 7 1397 M Fr (1) SOD ,POD  CAT 7 YE 43 1) [t
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Cd10 4b 3 138.5% .106.2% 172.7% ,CKB 4b ¥ SOD . POD CAT 7§ MK K L CK b B H 17.8% 12.5% |
29.4% (&l 4) . FIUL, CA10 Zb3 i 25 FEAIG T oK AE I R AT RE 7, i 1 I A il S AR AR 2 Al o ik e 3
R E ORISR S ERY S

OCK OCKB ECdI0 mCdIoB

@ 25 @ 350
E 230fF 2
E 20t w5 =0 be
~ 2 2 Y
= a sz 250 |
I 8 L g 3 a
@t 55200 F b
. b x 3 c
BZ 10F b b £: 150 1
< T ® 2 100} d
5 051 E
g ¥ § 50
'E (5]
= Y
0 g 0
HEE671 139 671 HAE139
2S00 a 300 . a
g g 2
Fanl 2 B 2307 g
3 e Hy b b
ﬁ’ga c 2 ep 200 c
23 3000 | d g c
EXEN 2 150 |
=3 IE
&5 3 2000 ®3 d
w Q t’! g 100
s SRR
= <
'g 1000 = 50
5 S
-9
0 0
671 BHHE139 F671 B39

7K#G Rice varieties

4 T R4AIEKFER T MDA &8.SOD i& 1% . POD &, CAT &M
Fig.4 MDA content, SOD activity, POD activity and CAT activity of rice leaves under different treatments
ARV PR 25 5 BB (P<0.05) ; MDA : 7 % Malondialdehyde ; SOD : #4& fL ) 35 AL il Superoxide dismutase ; POD ; Peroxidase i
SEALYI ; CAT ; Catalase 11 48 1b 2

2.6 fBREAMIEE TCA- 1 XHHBEIA RS i S8 B F O, 7 5 A5 MRl

& 5 i3, CA10B AbFE“FEH 6717 FI“ 1 & 1397 M B2 8 4 54> 514 96.044.90.576 me/g, WK L
Cd10 4bFE i 139.4% 73.6% ; CKB Ab3H“ H 4 1397 A2 HR 5 & [ CK B i 5.2% , (H“ F#i 6717 7 CK
A1 CKB AbFH[R] G 3 22 53 Cd10B ZbFR“ R0 6717 1 & & 1397 M H Sl & 50 514 2.017 .2.143 mg/g, #K
W Cd10 b B4R T 27.2% 23.1% ,CKB 4L Hi Y CK AR H IR T 5.1% .2.9% , CA10B &b “ A 6717
ME T 1397 HH 0,7 & 0514 0.115.0.169 nmol min~'g™' KK H CA10 ZEFEFEAK T 44.2% .29.0% ; {HAE
CK 5 CKB ZbFHIJC 35 25 5 . ] DL, B2 TR 0K e £ i /K R 10 S A A 2 B T LS e 1) % i, B AR O, 1%
B SROK AR A R T
3 itig
3.1 [REHIEE TC- 1 FEA% T KRS 4R & it

CA TR, — S o 4 Ja 04 40 P 7] 38 5 200 BE W R M AN TE RIS I R AR A DL iR AL
RYGEVEH, 0% i 1 42 A U5 Yo XH R 0 00 55 AR D L X0 A8 e A L A 9 b R T A AR B T
( Rhodopseudanonas palustris) R B ZF AT ( Bacillus subtilis ) T, B N AR P RE RS e 2 /1N 1 32 19 2
K, HEZAERLRR A MBI AR 1 38 rh SR a0 A WA 0P | /N 1 S0 30 i IR e /b | il 1 B s 4R
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Fig.5 Flavonoid content, total phenol content, and O,  content of rice at heading stage under cadmium stress

B R RING SRR 2 25 7 35 1 (P<0.05)

i 5 25290 % TR vt ) 7 52 ZE FOAT T8 ( Bacillus amyloliquefaciens ) FH- 1 T8 77 T I 2240 K FH AR /K e A 2
Bl e 4507 4 B 58 [ B ( Burkholderia sp.D54) BE B 42 5 10 mg/L FRAL P K REAR () ff o, XS ROSE Y &
PLE R ZEHIAT 1 ( Bacillus megaterum ) LYO2 XF 4@ F4 15 9 3816 2 A EH, feWe B M B E R 4K,
AR FE R PR B ML TE TCd- 1 ] S5 25 98/ A [ SR P 2K R X 4 1) Wi, x5 o3 18 B K R AR Bs 1358, BB S i 2D
TEIKAEARER , I HLEAT 5 SRR P b AR BE A ¢ [WII B R— i HAT B A AR PR AR A RE ) BRI AR B
PR BT IR T REARIS = A AR AR S IR A B ) B R A R A AR T K R A R
3.2 fREAMIPE TCd- 1 38 52 s KA AR AR5 0 FOGE AR AR 58 aa K Fe iy A 4

WFFERI], 5075 Y nT IR 4 R A R 196 L, 2% Chla/Chlb, & i PSILPS 1T A (3K — & 1

A VR R s ) OV P B AT B, AT 52 1 ' A5 1 FH R I A B 5% 1 i PG st 21 ed™
HEAFE YA R BRI S A thAETE Y Fe® (Zn®" Mg™ 55 M I JF S gk b oA i 454,
F—SH B A, FEOT S ARSI ] SR AR S WA, SE SR SRR R A R
JeAVERIN . [RIB, B A ST 2 WA B 4 Bk T oI kR IR S E A e Cd™ PRI Zn™ SR SE AT AR
SERIEAY, AR 50 T 4 8 MR S0 4 XA AR R 0 B VR R R R A K AR s At
5T & B, RALL /K % %% 7 TJ430 ( Strptomyces cavourensis TJ430) F1%5¢ VAR B MI B P32 ( Pseudomonas fluorescens
P32) fi i P o BEWDK R 20 2R B it BRAROK RS A0 & i, A R TR RZE R . AP R0 3 FP TR #R

FPEE TAERTS AR R 6717 A1 1 A 1397 BIAR ARG 1 Pn Chla AKX Chlb 548 A0 T 15 4
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XA R KRR A E A I HIVE R o 31X -5 TR R BE NS o AR AR Fr A 3055 1 A5 WA R, 990w A R el 46 g TR i e
TRARPR L HER R B 1, /D48 A AR R 1l b IE 4% | U iR dR 0T i 2R AR A IR B iR E 4R 28 5 i MR 1O
BYERA K, Wnlae5 widkiE i e v AR Y (WY A K R YRS ) EAE s R AR R A B
SRAR ARG T R HE T SRR A AL, B SRR RIS TR A G
3.3 BURBEEE TCd- 1 i $2 S K RSP AL R G RE ) BT Ao & i, G5 T /KRR i

—BERF SR R I MY 4 JE B I E EE L BRI 4 B HH 2 (Reactive oxygen species, ROS) 52 (1 & AL
A0 Shah ZEPTVHESE R IR AR E AR AL TR AT SOD POD 1 MEE 5, v T EE AR AL BRI AE iz, B B R A%
PEE G, ARWFSE K B, F A T < RRPE 6717 F0 < E & 1397 I F %) SOD , POD , CAT 3 P35 2 & T F#,
MDA O, & &35 3 b Th, RBHHT5 U T BOKRE B 50 S Ra/E R, K RE PTG v B T IR S5
W5 TAEY AR N TG R A R R DG ER LRI S A R, I — 20 08 4 i & AR IR T Y i AR VR A
S8 ARBFSE K PR AP B MRS KRS I 1 SOD  POD  CAT {7 1 5t 2 5 8, MDA &5 i 35 IR, X S5 4 il
Ef AR I 3 1o V80 55 B S A 0 T IO 0 338 358 2 PF I A SR B SR AR I i AT 96 R N LB R
YA B ESEAS B—E MR AR M (AR E) BURMRR (484 % C) A MEH IREE  Hh i s i v
AR ) I IS R B S A AR BT AR N IR A A N AR R AT 2 S A s, e R R I A b R R
B X GBS AL B R K R F S R R S R R AR AR S S B R R
Bf MDA O, & &8 W E RN S5 R —B0, v UL, BeFh AR e A B 2 = KRR L AL BE U, 1X VT BB & th T HEFR R
B TR R A MR A | [ RN Ak S b AR 9 T R R R A RS G T R a , AT REARAE AR IR N 0,7
SEP I RN R R T T SR B I A A B XS KRR AR B 400 R T AN IR T BE A e T, DA T % i
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