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Biodegradation of benzoic acid and p-hydroxybenzoic acid in
the strawberry planting soil by two strains of actinomyces
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Abstract: [Objective] Benzoic acid and p-hydroxybenzoic acid are the two main autotoxins produced by
strawberry in soil. The experiment was to study the degradation effect on the two acids by two strains of
actinomyces. [Method)] Two strains of actinomyces, Actll and Actl2, which can promote the growth of
strawberries, were taken as study materials. Certain amounts of actinomyces were inoculated into the soil
which contained benzoic acid and p-hydroxybenzoic acid. The relative degradation rates of the two acids by
the actinomyces were measured regularly after 15 days” incubation under field conditions. [Result] @M Both
the two actinomyces had a high ability to degrade benzoic acid and p-hydroxybenzoic acid in soil under field
conditions. After 150 days’ incubation, the degradation amounts of benzoic acid by Actll and Actl2 were in
the range of 700 — 888 mg/kg and 747 — 867 mg/kg, respectively. Correspondingly, 94 — 218 mg/kg of p-
hydroxybenzoic acid was degraded by Actll and 117—118 mg/kg by Actl2. @ The effects of organic matter
on the degradation rate of the two phenolic acids were different. There was no significant influence on the

relative degradation rates of benzoic acid, while the relative degradation rates of p-hydroxybenzoic acid sig-
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nificantly increased in the Actll treatment of the 15th,60th,150th day and in the Actl2 treatment of the

60th day(P<C0. 05). @Both the average degradation velocities of benzoic acid and p-hydroxybenzoic acid in

the inoculated treatment were higher than those in CK treatment. [Conclusion) Both actinomyces are able

to degrade benzoic acid and p-hydroxybenzoic acid in soil. Organic matter added into the soil can increase

the degradation rate of p-hydroxybenzoic acid.

Key words: actinomyces; strawberry; benzoic acid; p-hydroxybenzoic acid; microbial degradation; allel-

opathy;autotoxins
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Table 1 Residual quantity and relative degradation rate of benzoic acid in the soil after inoculating with two strains
A Soil ARua/ %
s N =N Er NN =N
Culture time Residual quantity R/% Residual quantity R/% Actll Actlz
CK Actll CK Actl2
15 10844126 742447, 4 31.5 11584120 928445, 2~ 19.8 —3.0 11.0*
30 1063+9.0 404+12.3*"* 62.0 1136+10.9 45149.47** 60. 3 4.7 2.3
60 971+£46.0 29641.77"* 69.5 1036+38.9 2954+1.44** 71.5 3.2 —5.0
150 9214+76.9 2214+18.4** 76.0 965+31.9 218+13.5** 77.4 3.6 0.8
45+ HLF(B) Soil+ organic matter ARuA/ %
=y S5 T 7 5 5
B /d 7 PR 5k B & ﬂimﬂkﬁkm%/
Culture time (mg « kg™ ") R/ % (mg-ke ') R/% Actll Actl2
Residual quantity /70 Residual quantity (70 ¢ ¢
CK Actll CK Actl2
15 1348+81.4 964457.6* 28.5 1423+230.3 985+23.5* 30. 8 —3.0 11.0*
30 1231+£18.0 410+6.62** 66.7 124145.00 461+5.21** 62.9 4.7 2.3
60 1219429.8 33341.77*"* 72.7 1190+14.1 399+1.77** 66.5 3.2 —5.0
150 1115+24.5 227+11.2** 79.6 1108+33.0 2414+16.2** 78.2 3.6 0.8
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cates remarkably significant difference (P<C0.01). The same in table 3. @* *

(P<C0.05) between “soil” treatment and “soil+ organic” matter treatment, “ x x

0.01). The same in table 3
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Note:D* * 7 in the inoculated vertical line indicates significant difference (P<C0. 05) between inoculated treatment and CK,* %

#£3M. @
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in the AR vertical line means significant difference

” means remarkably significant difference (P<C
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T T A BN B34 BT S AN N v B ] 4
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Table 2 Average degradation velocity of benzoic acid in the soil after inoculating with two strains
mg/ (kg + d)
LR + 1 Soil +HE+ A ML Soil+organic matter
Index CK Actll CK Actl2 CK Actll CK Actl2
Vo 1.4 22.5 1.4 31.8 7.8 36.9 12.1 34.9
Vio 3.0 3.6 3.3 5.2 0.4 2.5 1.7 2.0
Viso 0.5 0.8 0.7 0.8 1.1 1.2 0.9 1.7
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FH L BEEEFE 15 d Actll Ked55F 60 d Actl2 4b, H
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Act12 7ER 37 15 d A HLTT A VR FASCR 35 21 18 257K
AN (P<C0. 05) , £ HA b B o, A HIL B X 4% R AH
X A A B2 0 R B2 2 R 8 B B 3 K CF (P >
0. 05« & WA LT X 2 FT R 14 A X I figk 3 52 Wi 2

Act12 % 2 25 2R F R 0 A e i 1Y) I Al R (R
FEXTREARRAR TR PR, 8595 15 d e WA 5
CK 0] 72 HE 2% W R 4% B8 o (] 22 5 34935 3] B 2 7K °F-
(P<0.05), 355 30~150 d, #FEA 5 CK % F
Pk B0 5 2K (P<<0. 01), 5 4 B g B¢ fig 2%
181, B 25 355 7 1) 18] A 42 4, S 558 35 % PR R 140 4 X o e
RIRBEHE N . A8 IR R R Actl] Ab 3
15,30, 60, 150 d K #H x5 B f# 5 2 51 R 3. 6%,

/N, 21.2%,25.4%,52. 100 Fefh Act12 Ab PR LA 2
2.2 2HHEZEANTEPNEEXBERA BN A 7 I A LB IR &R b, 2 BRI TR X R R
ES 5 IR H TR 1 R XoF e i 5 B BT ] ) 728 b A 5 i 4
2.2.1 ARxtmemE fRE3IAMLUAEH. Actll F1 - KR,
x3 BAKHELZEEABERTEPNEEXRBNRBEMENEBR
Table 3 Residual quantity and relative degradation rate of p-hydroxybenzoic acid in the soil after inoculating with two strains
+HECA) Soil ARpA/ %
A L i 5k 5 A L FH i 4k 5 B/
B gemt i /d Xj‘ﬁﬁﬁﬁaﬁﬁé«mi/ XT#_HZFEF!MZ%I:HEE/
Culture time (mg « kg™ ") R/ % (mg » kg™ 1) R/Y% Actll Actl?
Residual quantity = Residual quantity /70 ct ct
CK Actll CK Actl2
15 4914+59.5 473421, 2~ 3.6 559+43. 4 512427.3* 8.4 9.8* 3.8
30 331+£16.0 26149.42* " 21.2 3104+4.71  247+2.61%* 20. 4 —1.2 1.3
60 3074+16.0 2294+16.0** 25.4 2994+1.60 232+6.91** 22.5 23.2%" 9.4
150 2824+34.8 188+16.6** 52.1 271+6.7 153+13.7* 45.9 10.2* —2.2
+HE+HHLFE (B) Soil+organic matter ARp A/ %
A L i Bk B ) A L 9 i 5k B
B ]/ d XT%%ZJSH“&?kmm_/ XT%I%ZKFFE&%ITIEE/
Culture time (mg + kg™ ") /0 (mg-kg™» /0
) Residual quantity R/ % Residual quantity R/ % Actll Actl2
CK Actll CK Actl2
15 518451.2 448445, 1~ 13.4 4754+50.7 417+28.0* 12.2 9.8 3.8
30 404+3.45 323+5.98** 20.0 3764+3.45 295+8.56** 21.7 —1.2 1.3
60 39748.00 204+43.46** 48. 6 336+£5.69 229+3.46** 31.9 23.2% " 9.47
150 349411, 1 131+£9.1** 62.3 267+12.8 150+19.7** 43.7 10.2* —2.2
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2.2.2 F¥HmieE hmERAIVTUER. TG ER
g R I R R O B I A B A CK XA
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A CK /) 2.6 F1 3. 3 £ 78 LI+ A MK R,
Actll F1 Act12 42 5 Ab B3 (1) XiF ¥4 5628 iR - 25 B it
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CK 1 - 24 W 3 B 43 39 8 0. 2,1. 3 mg/ (kg » d),
R AR 343 5 2k CK O 20 1 2 £
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Table 4 Average degradation velocity of p-hydroxy benzoic acid in the soil after
inoculating with two strains mg/ (kg + d)
LR + 3 Soil +HE+ A ML Soil+organic matter
Index CK Actll CK Actl2 CK Actll CK Actl2
Vo 10. 6 14.1 16.6 17.6 7.6 8.3 6.6 8.1
Vo 0.8 2.1 0.3 1.0 0.2 3.9 1.3 2.2
Viso 0.3 0.4 0.3 0.9 0.5 0.8 0.8 0.9

M FE 30~150 d, fE4l ek R M+ 3+ A AL
SRR Z v, T A 2 TR A Y X 55 3R R TR IR (1) O Y B
i S TS I [ 7 S 4 B AR R FA L 2+
P ERM Actll 4b3 30,60,150 d X % L4 H R
B8 S ) R f R B R Bl 30 d(14. 1 mg/(kg « d)) >
60 d(2.1 mg/(kg » d))>150 d(0. 4 mg/(kg + d)),
SO 47 I it o B B ) i PR 5 R R 250
2.2.3 AW HEEARTREMG P 0 HE
SHLLE LB FR 30 d BHAY Actll FTRE 3% 150 d
BFE Act12 Ab, 58 445 LT FR A 0 52 5L 08 /iR
() AF X B fif R 8 i Tl B R R . AEEE SR 15,60 Al
150 d i, 7E#E R Actll Ab B rp, A5 #IL 5 X X 8 6 K
P T2 R ) o4 it 3 4 5 W 56 I 35 (P <<0. 05) B il i 3%
IKFE(P<<0. 01, BB In A HL A A F Actll Xt
- X R LR R 1 B i s A B 3R 60 d B, TR

%5
Table 5

Tt Act12 gh B rp A AL X X ¥ 35 5 B IR AH X % figt
TR Ik B 3 K- (P<<0. 05)
2.3 2HMEZBEMNFRRMNEEFTFREMRSE
sp-Al|

MF S ATLLE . 40 150 d B 3%, Actll H
Act12 XF 28 B R (7 % fif & 43 53k 3] 700 ~ 888 FlI
747~867 mg/ kg, X XiF ¥ I A R (1) B gk 2 4y Sl ik
F) 94~218 F1 117~118 mg/kg ., 15 B 7L L) H 8] 1
Herh L AW AAE ST B 2 R 6 g
R PR R NG R H R A AR R I B R BE ) . BT T R
BH L B A R g R A 1 AR s S R RN R R
FHAR 9k 3. 8~4. 7 Fil 7. 8~20. 8 mg/kg"" , i/
F U IR LR TR 1 S B R . PR DA 5 A R
AT 2R 1) R A 3 2 TR AR DX AT L R i 4 AR
3 FLRE R I I T

CHHEAEXMNERBRAIMAEXFREREN RN

Amounts of benzoic acid and p-hydroxybenzoic acid degraded by the two strains of actinomyces

mg/kg

it

+ 4 Soil

+HE+AHHLE Soil+organic matter

Phenolic acids Actll

Actl2 Actll Actl2

A H g Benzoic acid 700
X R IR P-hydroxybenzoic acid 94

747 888 867
118 218 117

3 it it

AR N T A AR B 1 16 6 AL R F 5T A
%, Wi3CB %" (Kitazawa 5 BF 5N R, 2K H R
X R B R R R 5 | i AR VR AT Y 2 B # Y
JT AR EH A AR AR BNE B B A O .
ZWE I AL T Y W I R AR R BT T R
B BT AN BT BB BT T T — S 40 B R R
PR A e 205 SR L AR LT AR B S T R L R R
S TR X R ST L R R R I TR R Y A A (HL
1) G 7R FH T30 208 T e fo 4 VY T R K 9 R DR R R 1 A 5

HRH .
AR A it 6 T AR A 0 i A T A
P A 6 R g A A DR i R 4R e A e
VE RO A B R T Actll R Act12 g 44 R B 58
T READL ] 2% A A £ TR X e 48 rh R R R R X
0 R OR T R 1 I i A D R AL R B R A B
2 IE 1) By 5 e 2R AR T Ab ik A A o A AR F B2 W)
o e 1) S RE . A F K D A A R A e A A
- TR A i I fige K 200 5 R 26 55 ) o 1) 22 D RE T 4k
B 2 52 50 HR AR A AR



148

7 AL A AR R 2 1 B SRR D

% 38 &

[ 5% 30k ]

(1]

2]

(3]

[4]

(5]

(6]

(7]

(8]

9]

BV L SR SR L A R RE R PR TR Y 4 B S AR W By
i I A HEAR . 2005,15(6) : 74-76.

Huang Y L,Zhen W C,Zhang L P, et al. Separated of causal
organisms and biocontrol of strawberry replant disease [J]. Bi-
otechnology,2005,15(6) : 74-76. (in Chinese)

BOSOH AL LR SR A AR R A KR IR B
RAERSE [T el K% 24 4k, 2004, 27(5) : 68-71.

Zhen W C,Dai L,Hu T L,et al. Effect of continuous cropping
on growth and root diseases of strawberry [J]. Journal of Agri-
cultural University of Hebei,2004,27(5) :68-71. (in Chinese)
FroK AR HESCH LAY WL S AR S T AN TR R R A R R
B AR R ARG OEFY [T, b A 20 4. 2008, 24
(6):374-378.

Qi Y Z,Zhen W C,Dai L, et al. Study on growth and root disea-
ses of different strawberry cultivars from continuous cropping
[J]J. Chinese Agricultural Science Bulletin, 2008, 24 (6) ; 374-
378. (in Chinese)

AT A T R R A O R R (R T
(7. BHE 41, 2006,24(6) :52-54.

Dai L.,Zhao H M, Zhen W C. Study of allelopathy in strawberry
replanting disease [J]. Science &. Technology Review,2006,24
(6):52-54. (in Chinese)

R BISIAE AR E A A5 VR I 1R B A 1 7 A K BivR [T
HF AL B} 22 ,2005,25(2) :58-62.

Zheng L Y.Hu J F.Lin C H,et al. The production of succes-
sion cropping obstacles and its prevention and cure steps [J].
Chinese Journal of Tropical Agriculture, 2005, 25(2);58-62.
(in Chinese)

R R B S I, AR R AR R G U AT Y AR AL
WEoE [T]. A8 37 5 MR 42, 2008, 14 (1) 1 189-193.

Gao Z H, Zhang X Y, Ge H B, et al. Modeling the obstacle
effects of strawberry root exudates [ J]. Plant Nutrition and
Fertilizer Science,2008,14(1):189-193. (in Chinese)

FRE R B R A 5 B AR AR T LT R ARl R
#2.2001,32(4):313-319.

Wu F Z,Zhao F Y. Phenolic acid substances and allelopathy
mechanisms [ J]. Journal of Northeast Agricultural University,
2001,32(4) :313-319. (in Chinese)
VLR, SR TR MR, 56 3 R 0 4R T o) e 4 1 A1 2 R ) %
 PPO i&MERgs2m [J]. Pdb Al 2# 4 ,2007.,16(6) : 146-153.
Xu Y J,Xue Q H,Xin S L,et al. Growth promoting effect and
induced endurance of three actinomyces strains to strawberry
[J]. Acta Agriculturae Boreali-Occidentalis Sinica, 2007, 16
(6):146-153. (in Chinese)

BT U AR SOBE TR RIS S SRS B A X L e B R
WA FEEHUETIR [T, B E Ol BHE 54, 2007,9(2) : 77-81.
Zhao X J,Xu W Q,Zhang F Q,et al. Bioassay of antagonistic
microorganisms from soil against several strawberry disease-
causing agents [ J |. Review of China Agricultural Science and

Technology,2007,9(2) :77-81. (in Chinese)

[10]  BSCH, EWRHE, FLAR T, 5. FEREAR 3R 20 0 0y RIS fige ) o 1 1

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

W2 25 3t B oAb AR LT . ) b ik K 2 2= 4. 2004, 27
(4) . 74-78.

Zhen W C,Wang X Y,Kong J Y.et al. Determination of phe-
nolic acids in root exudates and decomposing products of
strawberry and their allelopathy [J]. Journal of Agricultural

University of Hebei,2004,27(4) :74-78. (in Chinese)
Kitazawa H, Asao T,Ban T, et al. Autotoxicity of root exu-

dates from strawberry in hydroponic culture [J]. Journal of
Horticultural Science&.Biotechnology,2005,80(6) :677-680.

B R A 58 A 43 O B i DR 0 s R A P R T R R LD Y
gtk [T 38 SO 2 5 2 412 - 2006, 6 (4) : 59-60.

Zeng Q H. Rapid analysis of benzoic acid and sorbic acid in the

acidic food by UV-photometric analysis [J]. Journal of Zunyi
Normal College,2006,6(4) :59-60. (in Chinese)

7 M2 L IR . SRR R R R B 1 A 0 I S B Y
[JJ. BR824 5 HAR . 2008,31(4) : 68-71.

Fang Y F,Huang Y P,Su J, et al. Biodegradation of benzoic

acid and aniline in wastewater [ J]. Environmental Science &

Technology,2008,31(4) :68-71. (in Chinese)

BRSSO L IR0 A R R IS AL A W Y TR W B A T

g (1. B2 5 R BT A M) 2 4, 1998, 4(3) - 286-289.

Cai B L,Zhang F G,Zhang X P, et al. Biodegradation of ben-

zoate-like compounds [J]. Chin ] Appl Environ Biol, 1998, 4
(3):286-289. (in Chinese)

BHEDT, ERE LB TR S B AR R A BAE W e R

5% [J7]. BRI .2003,30(2) ; 21-23.

Miao Y F,Wang Z Y, Hu C,et al. Biodegradation of preserva-
tive-benzoate [ ] ]. Liquor Making, 2003, 30 (2): 21-23. (in

Chinese)

LRI B SL R ARAE L 45 e AL 5 BR R T R & W)
BWESE (] 8 T 5 e 5 M, 1999, 15(1) - 54-58.

Yue X H,Cai B L, Pan ] L,et al. Study on removal of benzo-
ate-like compounds by immobilized bacteria [J]. Ion Exchange

and Adsorption,1999,15(1) ;:54-58. (in Chinese)

RRHLLT LT WY O] Y AR T AR P b T O N R A R R

EAEWIRCEWRTIE [T 83 R, 2005,24(2) : 47-

49.

Ye S H, Ding M, He L F, et al. Research on benzoate-like

compounds degraded by microorganisms in the north coast

wetland of Liaodong Bay [J]. Marine Environmental Science,

2005,24(2) :47-49. (in Chinese)

IO AR 0 B — R RS B TR AT I AR LA R R R TR Y R i
LJ]. 77 P94 Tl . 2007(9) : 38-39.

Bai M J,Li T T. Degradation of biphenyl and benzoic acid by a
strain of pseudomonas [ J]. Guangxi Journal of Light Indus-
try,2007(9) :38-39. (in Chinese)

PRELH AL W10 AR, 55 3 A5 7 S 1R X 3 A AR 9 BT
I R A PR T (0. 2242 5 BR824 41, 2006, 6 (5) : 8-10.

Chen H G,Du G Y,Hu Y S,et al. On degradation of three

phenolic acids by phanerochaete chrysosporium [J]. Journal of

Safety and Environment,2006,6(5):8-10. (in Chinese)



