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x1. BUBEREREER

Table 1. Screening result of organophosphate-degradation bacteria
Sample sites First screening  Fourth screening Introduction
Bulk soil of grass 153 35 153 bacterial strains with the hydrolysis circle
Rhizosphere soil of 0 0 The bacterial strains grew well, but no bacterial strain with the
grass hydrolysis circle
Inner of grass root 0 0 No bacterial strains grew
Water of the lake 49 49 bacterial strains with the not obvious hydrolysis circle
Total 202 35 35 bacterial strains with the hydrolysis circle
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R2. ISHRANBEREREFENISHARER

Table 2. The growth-promoting mechanism of 35 strains of organophosphate-degradation bacteria

Organophosphate-  Inorganic phosphorus- IAA production Siderophores Nitrogen- The antagonistic microbe to the fungi
Strains degradation(HD/CD) solubi.lizing capacity/(mg/L) produ.ction fixing capacity Rhizoctoniasolani Fusarium - Fusarium
capacity/cm capacity/cm oxysporum graminearum
G1-13 3.28 - 9.27 0.60 + - - -
G3-6 3.28 - 9.81 0.50 - — — -
G2-1 3.14 - 9.54 0.60 - - - -
G1-23 3.13 - 4.90 0.50 - - - -
G1-29 2.87 - 6.00 0.50 - - - -
G3-18 2.85 - 5.45 0.60 - - - -
Gl1-4 285 - 5.45 0.70 - — — -
G2-7 275 - 4.72 0.60 - - - -
G1-41 2.62 - 5.22 0.60 - - - -
G1-35 2.50 - 5.50 0.50 - - - -
G3-40 2.50 - 5.27 0.50 - - - -
G3-20 2.33 - 4.86 0.70 - - - -
G2-2 225 - 5.50 0.70 - - - -
G2-49 2.00 - 5.00 0.60 - - - -
G3-26 2.00 0.30 14.72 0.90 +++ - - —
G1-8 1.70 0.70 10.77 0.60 ++ - - -
G3-4 1.55 - 5.09 0.60 - — — -
G1-25 1.50 - 5.13 0.70 - - - -
G2-26 1.50 - 5.36 0.60 - - - -
Gl-1 1.44 - 6.09 0.50 - - - -
G1-3  1.00 - 5.63 0.50 + - - -
G1-34 0.55 - 5.18 0.60 - - - -
G2-29 0.50 - 5.04 0.60 - - - -
G2-28 0.40 - 5.00 0.70 ++ - - -
G1-11 033 0.80 4.77 - - - - -
G1-18 0.29 2.30 13.00 0.50 ++ - - -
G1-30 0.28 - 4.45 0.70 - - - -
G1-33 0.25 0.50 15.27 0.40 - - - -
G1-38 0.25 - 6.27 0.60 - - - -
G2-21 0.25 1.20 7.09 0.70 + - - -
G1-36 0.20 - 5.22 - ++ — — —
G2-15 0.13 0.50 7.72 0.60 ++ - - -
G3-39 0.12 - 9.04 - ++ - + -
G1-52 0.11 0.20 11.77 0.70 +++ - - -
G2-51 0.10 1.20 7.77 0.50 + - - -

+++: the activity is strongest; ++: the activity is stronger; +: the activity is weaker; —: no activity.
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3. BAUBMMEEENELEHE. REFRENMEKREENZN
Table 3. Effects of organophosphate-degradation bacteria on stem fresh weight, root fresh weight and plant fresh
weight of cucumbers

Stem fresh weight Root fresh weight Plant fresh weight
Treatment
Value/g Increase rate/% Value/g Increase rate/% Value/g Increase rate/%

CK 1.70+0.23 - 0.14+0.06 - 1.84+0.27 -

F-H-1 2.98+0.26 75.08 0.19+0.04 29.37 3.17+0.30 66.98

G1-8 2.31+0.23 36.01 0.16+0.03 10.55 2.47+0.24 31.50

G1-13 2.50+0.29 47.01 0.18+0.17 23.57 2.68+0.35 42.85

G1-18 2.14+0.89 25.74 0.26+0.11 79.07 2.40+0.98 31.17

G3-6 3.06+0.40 79.67 0.19+0.04 33.74 3.25+0.43 71.53

G3-26 2.10+0.54 23.60 0.22+0.07 53.11 2.32+0.61 22..61

x4, BUBERENELRETE. RTEREMEKTENSIG
Table 4. Effects of organophosphate-degradation bacteria on stem dry weight, root dry weight and plant dry
weight of cucumbers

Stem dry weight Root dry weight Plant dry weight
Treatment
Value/g Increase rate/% Value/g Increase rate/% Value/g Increase rate/%

CK 0.17+0.01 - 0.025+0.01 - 0.195+0.01 -

F-H-1 0.27+0.01 60.43 0.028+0.01 12.11 0.298+0.02 43.27

Gl1-8 0.22+0.01 30.09 0.030+0.01 20.72 0.250+0.01 26.76

Gl1-13 0.24+0.02 39.71 0.031+0.01 26.38 0.271+0.03 34.97

G1-18 0.20+0.12 19.46 0.040+0.02 68.66 0.240+0.15 29.05

G3-6 0.33+0.02 94.18 0.031+0.01 25.48 0.361£0.03 69.78

G3-26 0.21x0.07 24.86 0.035+0.01 41.35 0.255+0.08 28.07

(14.99%) 5 3
26.76%—-69.78% G3-6 14.34%-32.56% Gl1-13
69.78% 5 G3-6 32.56%
3
F-H-1 (43.27%) F-H-1(42.85%) 5 3
5 5 5
3 16.52%-33.55% G3-6
17.46%—-35.46% G3-6 33.55% 3 G1-13
35.46% 3 G3-6
F-H-1 F-H-1 (23.38%)
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x5 ANBEREMNELES. RRKEBMERSHZNE
Table 5. Effects of organophosphate-degradation bacteria on stem height, root height and plant height of cucumbers

Stem height Root height Plant height
freatment Value/cm Increase rate/% Value/cm Increase rate/% Value/cm Increase rate/%
CK 12.42+1.79 - 5.41+0.61 - 17.83+1.92 -

F-H-1 14.28+4.28 14.99 7.72+1.22 42.85 22.00+2.00 23.38
G1-8 14.59+4.59 17.46 6.18+0.92 14.34 20.78+0.78 16.52
G1-13 15.48+5.48 24.60 7.17+1.04 32.56 22.65+2.65 27.00
G1-18 11.78+2.47 -5.20 5.30+1.00 -2.04 17.08+2.96 —4.24
G3-6 16.83+6.83 35.46 6.98+0.56 29.12 23.82+3.82 33.55
G3-26 12.02+1.64 -3.24 5.30+1.24 -1.93 17.3242.19 -2.84
(OP)
G3-6 r 0.6-0.8
(OP)
71.53% 69.78% 33.55%
F-H-1
2.52% 21.14% 8.27% GI1-18 (IP) r
0.4-0.8 (IP)
31.17% 29.05%
4.24%
79.07% 68.66% F-H-1 (SDH
G3-6 G1-18 r 0.02-0.50
(SD)
2.4
5
6 (IAA) 2.5 16S rRNA
16S rRNA NCBI
0.5-0.9 (IAA) BLAST ()] G3-6
-0.9 Pseudomonas sp. 100% GI1-13 Gl1-8
(IAA) Stenotrophomonas maltophilia 100%
G1-18  Cedecea neteri 99% G3-26
Pantoea ananatis 99%
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Fo6. SHRENMEREMEESFENEENRBEX LS

Table 6. Correlation analysis of growth promoting characteristics and promoting effects of 5 strains organophosphate-

degradation bacteria

Treatment Stem Root Plant Stem fresh Root fresh Plant fresh Stem dry Root dry Plant dry
height height height weight weight weight weight weight weight
OP  Pearson correlation 0.826 0.854 0.843  0.737 —0.668 0.696 0.724 —-0.790 0.701
Significance (bilateral) 0.085  0.066  0.073  0.156 0.217 0.191 0.166 0.112 0.187
N 5 5 5 5 5 5 5 5 5
IP  Pearson correlation -0.681 -0.675 -0.686 —0.551 0.730 —0.496 -0.571 0.831 —0.558
Significance (bilateral) 0.206  0.211  0.201 0.335 0.161 0.395 0.315 0.081 0.329
N 5 5 5 5 5 5 5 5 5
IAA Pearson correlation ~ —0.906" —0.946" —0.927" -0.734 0.686 —0.695 -0.612  0.707 -0.522
Significance (bilateral) 0.034  0.015  0.023  0.158 0.201 0.193 0.272 0.182 .0367
N 5 5 5 5 5 5 5 5 5
SI  Pearson correlation -0.463 -0.439 -0.461 -0.512 0.031 —0.534 —0.406 0.022 —0.345
Significance (bilateral) 0.432  0.460 0.434  0.378 0.960 0.354 0.497 0.972 0.570
N 5 5 5 5 5 5 5 5 5

OP: organophosphate-degradation capacity; IP: inorganic phosphorus-solubilizing

siderophores production capacity.

7. GHHERE 16S rRNA B FLER
Table 7. 16S rRNA sequence of organophosphate-

degradation bacteria

Strains Results

Coverage/ Similarity/

G1-8  Stenotrophomonas maltophilia
G1-13  Stenotrophomonas maltophilia
G1-18 Cedecea neteri

G3-6  Pseudomonas sp.

G3-26 Pantoea ananatis

3 b

[14]

actamicro@im.ac.cn

capacity; TAA: TAA production capacity; SI:

% % [1,9]
100 100
[16]
100 100
100 99 B3 3d HD/CD 16.4 [1-3]
% 100 d HD/CD
99 99 7
5.66 (17]
7d HD/CD 4.80
Gl1-13  G3-6 7 d HD/CD
3.28
ol ( - ) ( )
(1] ( ) ( )
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35
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Screening and growth promoting characteristics of efficient
organophosphate-degradation bacteria
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Huan Wang“, Jingjing Wang”, Song Xu", Wei Zhao", Yifan Han®, Xingbiao Wang",
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Zhiyong Huang
" College of Biology Engineering, Tianjin University of Science and Technology, Tianjin 300457, China

? Tianjin Key Laboratory for Industrial Biological Systems and Bioprocessing Engineering, Tianjin Institute of Industrial
Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China

Abstract: [Objective] Our aim is to screen efficient organophosphate-degradation bacteria from environment and
study their growth promoting mechanism. [Methods] We screened organophosphate-degradation bacteria from
environment using selective medium, and studied the promoting growth characteristics by biochemical assays, then
screened organophosphate-degradation and plant-growth-promoting bacteria by pot experiment. [Results] In total
35 strains of organophosphate-degradation bacteria were isolated from bulk soil of grass by Mengjinna
organophosphate-degradation medium. The promoting growth characteristics of these bacteria were checked by
biochemical methods. Five representative strains were selected for cucumber seedlings pot experiment. Strain G3-6
had the strongest ability to solubilize organic phosphorus, the ratio of hydrolysis circle diameter (HD) and colony
diameter (CD) was 3.28. Strain G3-6 had the highest ability to promote cucumber growth than other strains.
Compared with the control, G3-6 increased fresh weight, dry weight and height of cucumber seedlings by 71.53%,
69.78% and 33.55%, respectively. Compared with the positive control Bacillus subtilis F-H-1, G3-6 increased fresh
weight, dry weight and height of cucumber seedlings by 2.52%, 21.14% and 8.27%, respectively. The results of
correlation analysis showed that the ability of organophosphate-degradation might play a more important role in
promoting cucumber growth than other functions. Strain G3-6 was identified as Pseudomonas sp. by 16S rRNA
analysis. [Conclusion] Pseudomonas sp. G3-6 has strong ability of depredating organic phosphate, and can strongly

promote cucumber growth. This strain would be a potential growth promoting bacterium.

Keywords: organophosphate-degradation bacteria, screening, growth promoting mechanism, cucumber
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