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Study on Remediation of Carbendazim—contaminated
Soil by Microbial Agent W55

CHEN Rui, MEN Xin, QU Jia, SUN Xiaoyu, ZHAO Lingxia
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Abstract: [ Objective ] The study was carried out to verify the application effect and safety of carbendazim
degrading strain Alternaria compacta WJD=55 in greenhouse soil. [ Method ] Carbendazim was added to the greenhouse
soil and microbial agent W55 made with WJD-55 were applied at same time, and tomatoes were cultivated for observation.
The changes of the remaining carbendazim, colonization of WJD-55 and soil fungal community, soil physical and chemical
properties and planting growth of tomatoes were monitored during 50 days of remediation, with a view to evaluate the
application effect of microbial agent W55 and its safety. [ Result ] The carbendazim content in initial soil about 42 mg/kg
and the application amount of the agent was 0.1%. After treatment for 10 days, carbendazim residual was 9.27 mg/kg, with
a decrease of 78% . While in control soil, carbendazim residual was about 30.2 mg/kg, with a decrease of 29%. There was
extremely significant difference ( T—test, P=0.001 ) between two groups. High throughput sequencing of soil microorganism
showed that WJD-55 could colonize in soil stably, which rescued the negative impacts of carbendazim on microbial diversity.

The physical and chemical indexes of soil showed the microbial agent W55 had no significant effect on soil physical and
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chemical properties. The growth of tomato plant was not affected by the agent and WJD-55 showed no harm to the tomato

leaves. [ Conclusion ] Alternaria compacta strain WJD—=55 could colonize stably in soil and degrade carbendazim effectively,

decrease the carbendazim content in soil rapidly, improve the fungal microorganism diversity of the contaminated soil, and has

no negative effect on soil and plant.
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Fig.1 Residue rate of carbendazim in 5-20 c¢m soil
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Table 1 Residue content of carbendazim in 20-40 cm
and 40—-60 cm soil
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Table 2 Detection of Alternaria compacta in by sequencing

R HH BOR RS 1 T VR AL
b3 Number of detected Alternaria compacta colonies
Treatment
0d 10d 20d 30d 40d 50d
W55 2/10 1/10 1/10 0/10 0/10 0/10

W55-CA 3/10 2/10 2/10 1/10 2/10 1/10

CA 0/3 0/5 0/4 0/10 0/7 0/5
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Fig.3 Relative abundance of Alternaria sp. in soil at genus level
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Fig. 5 Fungi colony cluster of soil at genus level during remediation period
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Table 3 Soil physical and chemical indexes

e K g TR BT TEk Eo A AR
Treatment pH Water content Salt content SOM NPOC Total-N NOx-N
(%) (g/kg) (g/kg) (mg/Kg ) (g/kg) (mg/Kg)
0d W55 8.11 £ 0.03hd 159+25 0.81 +0.02be 577 +0.13bed 2598 +0.48hd  0.6051 +0.0457cd 16.163 + 0.775he
W55-CA 7.95 +0.04ad 123+0.8 0.54 + 0.02ad 5.57+0.12acd  20.74 +0.24a 0.5739 + 0.0187cd 10.518 £ 0.501acd
CA 8.01 £0.15d 13.8+1.2 0.48 + 0.06ad 4.49 + 0.2abd 11.49 £ 0.69 0.4137 + 0.0549abd 6.907 + 0.146abd
CK 8.16 + 0.08ahc 109+ 1.1 0.79 + 0.02be 5.11 £0.1abe 17.7+1.18a 0.5129 +0.0448abe  15.127 £ 0.281be
10d W55 8.13 £0.05d 16.3+0.2 0.81 +0.04cd 547 +0.21be 2234 +1.12 0.6395 +0.0305bed  13.427 + 0.086bcd
W55-CA 8.03+0.11 159+ 0.6 0.68 +0.08 6.68 £091acd  19.93 +1.31d 0.7537 £ 0.0231acd 9.263 + 0.083acd
CA 8.07£0.11 16.5+0.2 0.53 = 0.05a 446 £0.19abd  13.76 £ 1.96 0.5179 + 0.0295ab 6.272 + 0.588ab
CK 8.05 + 0.06a 17.5+£4.0 0.48 £0.02a 5.45 +0.86hc 16.29 + 0.44b 0.5298 + 0.0133ab 5.481 +0.418ah
20d W55 8.11 £ 0.07bed 13.7+2.1 0.58 + 0.05bed 5.47 +0.06hed 22.3+0.58d 0.6028 + 0.0254hed 4.588 +0.371he
W55-CA 8.00 + 0.05a 155+1.6 0.88 + 0.05ac 5.09 +0.22ac 16.81 + 1.34d 0.5648 + 0.0338ac 3.708 + 0.083a
CA 7.99 +0.07a 124+35 1.23 = 0.06ab 4.6 +0.07abd 13.38 +0.38 0.5093 + 0.0366abd 3.307 £ 0.149a
CK 7.95+0.07a 151+1.3 1.17+0.1a 5.09 = 0.26ac 14.8 + 1ab 0.5422 + 0.0182ac 3.791 = 0.380
30d W55 8.18 £ 0.03bed 129+39 1.02 +£0.03d 5.77 £0.28cd 2245+0.8 0.6035 + 0.0320bed 6.883 +0.210b
W55-CA 7.98 £ 0.03ac 143+1.6 1+0.06 5.67 +0.41cd 16.06 + 1.21 0.6330 + 0.0483acd 5.868 +0.391a
CA 8.09 + 0.04ad 21.8+6.5 0.85 +0.08 492 +0.27abd  12.61 +1.31 0.4937 + 0.0242abd 6.663 +0.582
CK 7.98 +0.07ac 123+1.2 0.77 + 0.04a 4.73 £0.25abe  10.86 £ 1.11 0.5567 + 0.0127abe 5.392 = 1.200
40d W55 8.16 £0.13b 75+14 0.8 + 0.04hd 7.26 +0.61cd 22.09 £0.43 0.6794 + 0.0867cd 8.888 +0.559¢d
W55-CA 7.96 + 0.05acd 79+2.0 0.96 + 0.03acd 6.81 +0.54cd 15.88 +0.75 0.6969 + 0.0328cd 10.116 = 1.089cd
CA 8.21 £ 0.09b 85+0.7 0.73 +0.03hd 5.21 £ 0.30abd 9.05 +0.82 0.4646 + 0.0326ab 8.281 + 0.473ah
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(#%£3)
b3 K b T HEAHLT A Pk £ AHAA
Treatment pH Water content Salt content SOM NPOC Total-N NOx-N
(%) (g/ke) (g/ke) ( mg/Kg ) (g/kg) (mg/Kg )
40d CK 8.22+0.07b 7.6+0.5 0.37 £ 0.03abc 5.07+0.21abec  10.33 £ 1.37 0.4210 = 0.0432ab 8.209 + 0.220ab
50d W55 8.00 + 0.06¢ 9.7+0.3 0.63 +0.02d 5.54 +0.51bed 18.1 £ 0.63d 0.6236 + 0.0710cd 8.909 + 0.271bed
W55-CA 8.08 + 0.08hd 87+1.0 0.51 £0.05 4.91 £ 0.53ac 15.17 £ 0.92d 0.6097 + 0.0483cd 10.760 + 0.323acd
CA 8.17 = 0.15ahd 11.1+1.0 0.56 +0.03 429 +0.29abd  10.84 +0.52d 0.4689 + 0.0111abd 7.974 + 0.290abd
CK 7.92 £0.07be 7.1+09 0.51 +0.03a 4.64 +0.17ac 8.93 £0.55abc  0.5476 £ 0.0308abc  10.244 + 0.232abc
fbam BASH AR e PR A TR IR R A
Treatment NH,-N Tnb Total-P Olsen-P Olsen-K MWD GMD
(mg/kg) (mg/kg) (g/ke) (mg/kg) (mg/Kg) (mm) (mm )
0d W55 19.383 + 2.589¢d 83.266 + 56.531 0.171 £0.001bed  25.98 £ 0.48bed  84.70 £ 0.92bed  1.30 + 0.13bd 0.41 £ 0.04bed
W55-CA 15.871 £3.277cd 53.55 +27.692 0.175 £ 0.00lacd  20.74 + 0.24acd 57.80 £ 2.03acd  1.44 +0.03ac 0.29 + 0.08ac
CA 9.588 + 1.845abd 44.526 + 16.59 0.148 £0.00labd  11.49 £0.69abd  44.35 £ 0.00abd 1.23 £0.11cd 0.34 £ 0.07ahd
CK 8.048 + 1.136abc 45.11 £ 21.656 0.163 £ 0.00labe  17.70 + 1.18abc 52.06 £ 1.18abc  1.48 £ 0.07ac 0.26 + 0.09ac
10d W55 12.793 + 1.916bcd 101.248 + 89.096 0.182 +0.001cd 22.34 + 1.12cd 77.49 +0.72bed  1.21 £ 0.05bc 0.29 +0.09
W55-CA 19.654 + 8.342acd 188.777 +40.781 0.191 + 0.009¢d 19.93 + 1.31cd 52.56 £ 1.97acd  1.42 +0.02acd 0.19 +0.08cd
CA 22.928 + 11.103abd 60.351 +45.457 0.157 £0.002abd  13.76 + 1.96ah 38.29 £ 1.38abd  1.30 £ 0.03ab 0.36 £ 0.14b
CK 55.600 + 7.401abc 87.328 +47.404 0.164 £ 0.002abd  16.29 + 0.44ah 44.03 £ 0.52abc  1.18 £0.12b 0.41£0.11b
20d W55 31.515 + 6.333bed 105.643 + 46.057 0.182 £ 0.001cd 22.30+£0.58bed 7470 £2.62bed  1.11 + 0.05hd 0.55 £ 0.17bd
W55-CA 39.700 + 10.133ac 61.584 + 36.38 0.174 + 0.006¢ 16.81 + 1.34acd  45.17 £0.00acd  1.38 £ 0.09acd  0.26 + 0.07acd
CA 47.257 + 4.836hd 142.69 +49.148 0.159 £0.001abd  13.38 + 0.38ab 35.99 + 0.85abd  1.11 £ 0.09hd 0.56 + 0.09h
CK 43.859 + 4.44ac 678.126 +20.635 0.173 + 0.002ac 14.8 £ 1.00ab 42.88 + 1.18abc  1.31 + 0.09abe 0.44 £ 0.15ab
30d W55 10.195 + 4.734bd 124.222 +51.6 0.229 £ 0.011¢ 22.45+0.80bed 7224 +2.30bed  1.23 £0.05bed 022 +0.11c
W55-CA 44.067 + 8.135acd 301.507 + 2.684 0.223 + 0.004¢ 16.06 + 1.21lacd ~ 46.49 + 1.38acd  1.46 + 0.04ac 0.25 + 0.06¢
CA 13.689 + 7.481b 73.641 + 8.086 0.172 + 0.009ab 12.61 = 1.31ab 35.66 £ 0.72abd  1.31 £ 0.08ab 0.40 £ 0.09ahd
CK 22.964 + 7.074ab 165.199 + 31.831 0.156 +0.041 10.86 + 1.11ab 42.39 £ 0.92abc  1.36 £ 0.10ab 0.22+0.11¢c
40d W55 7.716 £ 1.753bd 128.68 +41.196 0.221 £ 0.006bed 22.09 £0.43bed  64.86 = 1.31bed 1.32+0.15 0.29 £ 0.10d
W55-CA 31.112 £5.794bed  86.623 + 54.78 0.204 + 0.002acd 15.88 + 0.75acd 53.54 + 1.18acd  1.38 £ 0.05¢d 0.32 + 0.06cd
CA 8.965 + 1.059h 86.708 + 32.812 0.167 + 0.004ahd 9.05 + 0.82ab 33.04 £0.79abd  1.27 £ 0.02bd 0.25 +0.09bd
CK 11.195 + 3.604ah 69.227 +46.641 0.165 + 0.004abc 10.33 + 1.37ab 37.63 £ 0.85abec  1.30 £ 0.02be 0.14 + 0.03abc
50d W55 12.124 + 4.66d 95.189 +57.612 0.231 £ 0.008bed 18.10 £ 0.63bed  63.54 + 1.38bed  1.22 + 0.04bed 0.23 +0.05
W55-CA 15.613 £ 0.599d 31.792 + 26.328 0.221 + 0.009acd 15.17 £ 0.92acd 43.70 £ 0.52acd  1.43 + 0.09acd 0.26 +0.12
CA 6.66 + 1.889d 92.005 +59.117 0.162 + 0.001abd 10.84 £ 0.52abd  35.33 + 0.66abd  1.32 + 0.04abd 0.41 £0.26
CK 48.21 + 7.456abc 42.674 +30.522 0.182 + 0.002abc 8.93 +0.55abe  40.75 £ 1.25abc  1.28 + 0.05abc 0.29 £0.14

TE: RSB RN ST R H FoR 28 5 2

Note: Different lowercase letters after data in the same column represent significant differences.

VR - 35k B A2 I MU R ) T K TR

B TR 2 H R G SRR BUEY)
AFE IR 2 oy fige 1240, MRS AT R e
AR 24 FR A W TR AT LI e A - 3 e B A 2
(7K, (S PRGE K SR f B K, RAE - SR
AW R, BRAR LRI M S A )
LU PEREIN, /0 B B A 24 i) 7K A B A A= 4
WAL

R T8 HAT 22 B8 R B AR I B P A 28

FEFFRRS ) A AT R e B ERR AR %S
SR ORRERE ) | B 0 S5 fE R
U UE AR B3 0 A R 2R AT TR ), I
AL 3 22 R R 4 v R AR R )
TR B 3300 200 m/L 1Y 22 1 2 58 4 [ s
AR DR 1 100 me/kg 2 RTE 6 d N5E
SRS . EER A B ARGE A TT RA 22 1 R AR
WA R T ASMUEORE, e EmARRE ., 7
WIARESE, JEARE AR A58 Y



100

160 7
aowss m@mws5-CA mCA OCK
140 1
120 1

100 A

[
>

.

80 1

B
=i}

Plant height (cm)

Tk

60 +

401

i 7 il |

152 KA Remediation days (d)

o

14 A
Ows5 BWS55-CA ECA OCK
12 A

RN
Leaf size (cm)
o

B
SRR,

By oy

)
1
[

(=]

10 20 30
1852 KA Remediation days (d)

6 B W55 IHEM A KA
Fig. 6 Effects of microbial agent W55 on crop growth
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