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Effects of Composite Photosynthetic Bacteria PS11 on Physiological-biochemical
Characteristics and Rhizosphere Soil Enzyme Activities of Soybean Seedling

GE Hong-lian,ZHANG Fu-li, LI Li-li

(School of Life Science and Agronomy,Zhoukou Normal University ,Zhoukou 466001 , China)

Abstract; Soybean seedling were treated with 10°,107 ,10* ,10° and 10'® CFU-mL ™' composite photosynthetic bacteria PS11
by root irrigation to study the effect on physiological and biochemical characters of soybean seedling and its rhizosphere soil en-
zyme activities. The results showed that compared to the control , root irrigation treatment with 10°-10° CFU-mL ™" PS11 signifi-
cantly increased photosynthetic pigment contents of soybean leaves, enhanced photosynthetic capacity of soybean leaves, and
improved plant biomass and root activity. Meanwhile, root irrigation treatment with PS11 activated the activities of antioxidant
enzyme of soybean seedlings. In addition, PS11 treatment significantly improved activities of rhizosphere soil enzyme. With
PS11 concentration reached to 10" CFU-mL ™", the growth-promoting effect to soybean seedling and activation to soil enzyme
were weakened ,and the root activity and carotin content were much lower than the control. The promotion effect of 107-10°
CFU-mL™" PS11 was the most significant compared to the control. In conclusion, PS11 concentration of 107-10° CFU - mlI, ™
was the best for soybean growth and improving the soil enzyme activities by considering comprehensively the influences of dif-
ferent concentrations.
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1 HRSHE

1.1 il 1Em R L1

RGN 165 5 habigE, pHT. 5 AL
FiffE 14.8 g-kg ™',
1.2 #iEhREERE

SEAAGA TR PSTL 2 M) F1 U 2 e A el I
TR K H 2 A A B RN Al A AR AS (4 A 20 T TR R
ARI12 ARI13 Fl AR14, 22 Hir 9 Z Ak i 06, HA A
[ S S AP M SR R . OG5 Al T AR R 57
SR R 2.5 g, T REEF 2.0 g, MgS0, 0.4 g,
NH,Cl 1.0 g,KH,PO, 0.5 g, JGI# 7K 1 000 mL, Bifg
20 g,
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PETEORF R B R EBLEE | 4R R Pk BT
T 22 DR O B A TR ] A 355 5 R 3R 1T 2R A 7 DA P 3
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R SR B, P AR R A R AT YT R B AR
PEPRLR AT 10 SN, 30°C iR AR 15 9% 3 d J, &-F-Ln
S5 TC A KR TR B TR T R ) TR B, 3 R R
1 =1 =1 R A2 E B A A v 2 6 B 71 o VRV
AR5 10°,107,10°,10%,10"° CFU-mL ™", R H 1 8
BT (S [E DigiCounter V,) 3145,
1.4 K58igit

eI S A1, 1 0. 1% HeCl, 3R IHIH B
8 min, JC IR K S & ik, 7E K HiR i 48 b, AR5 TE
28°CRAE R, PR R ZF— R e A
AR L nyguh e AR A S MR T, 20 )
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AAIAREE(U-g™ - min™") U AR R AIZEEA Y b
L SR AN 95% 2B (AR I 1 :1) 18
B (mgeg ™)™

S AR PSIL AL F K G4 5 30 KRR AR
o L S A7 A S B S L O O SR
FHBE Lo, BEMIRG R PER AT 3, 5- R 5K 1 ik
PO, 2T 4k 2% W R T IR L6, 2B 1 S
PR Folin-fyk"
1.6 HiEAbIE

R SPSS 17. 0 FEATHAR M .
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KA MREOEEXNBB TR E2ER(P>0.05),
HRG g R A 8 N 25 i Rl R Rk
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15 & I8 e R AE, 430 i 3.70, 1. 51 F 1. 92
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Table 1

Effect of PS11 on photosynthetic pigments content,

net photosynthetic rate and biomass of soybean seedling

i H HAEA TR PS1L KA Concentration of composite photosynthetic bacteria PS11/CFU-mL ™!

Ttem 0 10°

107 108 10° 10"

H4#2 a Chla/mg-g !
M4#2 b Chlb/mg-g ™! 0.73 £0.026 d
HHI B 2 Car/mgeg ™! 1.71 £0.037 b
HOGE A Pr/wmol -m =2 s 7!

H: ¥ Biomass/g

2.42+0.224d 3.11+0.163 b

1.27 £0.022 b

1.75+0.045 b

4.23+0.425 e 5.65+0.139 bc 7.63+0.155a 6.15+0.240b 5.42+0.212 ¢

0.18+0.002 f 0.48 +0.008 ¢

3.70 £0.147 a  3.13+0.098 b 2.98 +0.175 be 2.67 £0.131 cd

1.51+0.045a 1.29+0.016 b 1.26+0.051 b 0.92 +0.008 ¢
1.92£0.033a 1.72+0.078b 1.68+0.016 b  1.58 £0.029 ¢

4.80+0.136 d
0.68£0.019 a 0.51+0.011b 0.36+0.006d 0.23 £0.003 e

[AFT bR LA R /ING FhE 3 R OR1E 0. 05 K 2R 3. IR,

Values in the same row followed by different lowercase letters are significantly different at 0. 05 probability level. The same below.
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GERZLE0L e TPANER S ATk 7/ LR B2 NV W)
Fei . LT AT ,10° ~ 107 CFU-mL ™" (R T
AbFRA Y RE B R A B AR R TG ) (P <
0.05) s RELAh 1 MR 2 1% 7 I8 BRIV B2 1 T i R e
FhIe R AR Ak, TR 107 CFU - mL ™" i, K5
MRS Ty ik BNEAH, LS BT 1 233, 50% , B T
WA B E— Tk A G w5 PSLL X AR AR T
1A AR A, 10° F110° CFU-mL ™" B ¥ b 3
YRR R VE N R 3 22 R, Yk E A B 107
CFU-mL~" B, X 4 2 1 7 76 0 1 4E FH, 5 %) e A
O ARR TG IR T 29.20%

= 100
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Fig.1 Influence of different concentration of

PS11 on root activity of soybean seedling
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ARV EE A6 TR PSIT gt s K E
AP A ALEETE PE. Fh R 2 T R R A
THE, RS A SOD F1 POD 3% 1 2 Jh & e #v, 18
10°CFU-mL ™" WE ALA TR PSIT AL T ik 5
B R TR T 121.71% F1221.81% , 45
20T, WO FE 10°F1107 CFU - mL ™' b FRAH fiY
T4H SOD IR E 2= 5 AR AR R
4 H7 SOD & 2% 5 8 3% 5 10°CFU -mL ™' b FH4H 5 %)
810" #110°CFU-mL ™" Zb #RL 41 /) POD I5- P 0 i 3%
25 HAK AR 2R 8% B 10°CFU-mL™' )
PRRARFE T (1 R G4l CAT I 1 55 0 BE G B 25 22
Seob AV B2 A A TR R AL AL K G 4 CAT
TEMES 2 T B CAT 15 1 B & 4% 4 T 71
PSI1 ¥ B (4 T+ v 5 2 7t I B 9 28 1k, fE 10°
CFU-mL™ MR A A H A PSIT ARFLR CAT 75 1%
K. EAJCA R PS1L 4R R, POD SOD |
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Table 2 Effect of PS11 on antioxidant enzyme avtivities of soybean seedlings

YA AT PSI1 YEJE Concentration of composite photosynthetic bacteria PS11/CFU+mlL ™!
Antioxidant enzyme 0 10° 107 108 10° 10'°
SOD/U-g~! 188.58 £2.53 ¢ 214.29 +3.01 d 223.06 £2.14 d 279.95+4.78 ¢ 361.22+4.01 b 418.11 £5.04 a

CAT/U-g~" -min~!

POD/U-g~" +min~! 10.73 £0.29 d

60.73+1.23 e 61.72+1.27 e 84.01 £2.04 d 145.42+3.08 a 113.31+2.85b

11.84 £0.32d 13.25+0.22 ¢

94.43 +1.00 ¢

13.72+£0.36 ¢ 18.25+0.38b  34.53+0.40 a
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2.4 EEREGEFMXERERLEEFERRM
H1 3 I, 5% B LG, 28066 B PST
Y REHE i T SR ) 5 1, ELRE ORI, b
SERGAIE TR ST AR L . RSB, BR
TRV E g 10° CFU - mL ™" e A 6 05 4 5 0 JRAH
P 3 25 5 A0 A b $HL 20 34 g 1 35 4 v 1 SR
i 1A TS, 7E TR BOR %l 107 CFU - mL ™' B,

At MR Ik B B w4 9 b X BR TR 49. 03% F
82.45% , BR10"CFU-mL ™' G Ab FEZH + e 4T 4 %
PRI 7 5 0 HR A L TG e 22 A0, Ay PSTT TR
AL T ZH H A 2 B v MR AT Ak 2Kl R AR
TETR O E J10°CFU-mL ™" ZbBE T, il 7% 1 35 21 B
1, o3 FE X B TR T 29.57% #129.41%

*3 EA/XEEF PS1 MK ERERTEEFERM

Table 3 Effect of PS11 on activities of rhizosphere soil enzymes in soybean

i

HAEATER PS1L A Concentration of composite photosynthetic bacteria PS11/CFU-mL ™!

Antioxidant enzyme 0 106

107 10® 10° 10

WK Urease/pg-g =" +h™!
HEMERG Invertase/mg+g ™' +h ™!
£ 4E Z 1 Cellulase/pg-g ™' +h ™!
& 1M Protease/mg-g ™' -h ™!

1.15+0.043 ¢

5.64+0.065d 5.71+0.089d 10.29 +0.114 a 8.07£0.135b 7.84+0.104 b
1.29 £0.067 b
0.34+0.004 f 0.36+0.006d 0.38+0.004 c

10.28 £0.230 d 13.18 £0.286 b 15.32+0.279 a 13.57 £0.327 b 12.11 +0.163 ¢ 11.24 +0.298 ¢

7.25+0.150 ¢
1.36 £0.024 b 1.49+0.016 a 1.32+0.049b 1.16+0.033 c
0.44 +£0.004 a 0.43+0.002Db 0.35+0.003 e
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UTARSR , 5T 20 TR M A A0 A K Y F 5
B, VFZ WA R R W05 A B (2 A 4
WA PR R BRI R R P 2 i
BRAE 2 5T e WA e JE 11 4 A0 T BB 4R 5
WA K28 DG R i, (BT SOD | CAT i
T 0 , ARWFSEE SRR R EE GOt E
BR ) PSTL Al R P i R A RO O R &2 0t
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PR e i+ SR IR IA I . R, el
T PR R g G 4 S JIES g 0 4 S B g A0 1 i 24
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REZK i RS AN EE 1 54L& ) o R R TR, D9 ot 4 3
Hh R R T A AL b 0 R R A Y
TR YRR MR IG 2 SR s s AL,

-l

YRRt S RER, 22 5 T HERRAA PR A A
PSR T . AR A RV E Ak
A PSIL BEde s L IR | 2 Al | 2T 45 3R i A
REWHREETG 1 , 248 L e A A5, 3R HHEAE T,
AR RE R B W, (5 B B e T g, X g
AR A TR o S K Tl 0 R0 Tl 05 A 7 7 R
VREE 107 CFU - mlL ™" B SR B fi 8 , 1T - M 2 2 R il
FEE RS PEAE 10° CFU-mL ™ B3k B R s

AU 45 R R W I Y B 2 5 O6 6 R
PSI1 REFE OG- (R & i, W 5ROt RE T, Bk
ARG S AP A RIAR PR - S i
L, PR AR AR P PO, diess RS T,
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JEE B PSTL X K 54l i AR P R 1 A 22
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