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Abstract: To explore the ecotoxicity of biogas fertilizer containing tetracycline, a pot experiment was conducted to investigate the effects of
biogas fertilizer containing different concentration levels of tetracycline on bak choy quality, functional diversity of soil microbial
community and tetracycline resistance genes in bak choy. The biogas fertilizer containing high concentration of tetracycline (15 mg/kg)
reduced the fresh weight and vitamin C content of bak choy by 5. 7% and 16. 7% respectively, whereas the nitrate content increased by
34.3% . Biolog analysis showed that the biogas fertilizer containing high concentration of tetracycline significantly improved the diversity
and richness of soil microbe. Real-time quantitative PCR analysis indicated that the relative abundance of tetracycline resistance genes in
soils of the treatment adding high concentration of tetracycline were 0. 69-4. 03 times higher than those in the control soil at the bak choy
seedling stage. Tetracycline resistance genes in bak choy endophytes were observed among all treatments, and the relative abundance of
tetracycline resistance genes of the control were 0.55-325. 72 times higher than those of the other treatments. The study suggested that
application of the biogas fertilizer containing tetracycline changed the yield and quality of bak choy and the diversity and richness of soil
microbe, increasing the abundance of antibiotic resistance genes in soil, but reducing the abundance of resistance genes in bak choy

endophytes.
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fHE @R N ATE PP AERT RN EERE. ok
Ao TR L MU R A 1 B S A A
R EFE D w (U R) FEMER 5. 2 melkg, f ik
78.6 mg/kg. GUO % i 2 T 1IN 7 (9 38 ZEREA,
w( U E) N 28. 31 ~326. 15 mg/kg, F-{E N 15. 21
mg/kg. G K HUA TR GE Y A e LA e K v AUV AR
1) A IR BNl 3 & e i e b B )y X 2 —.
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FEG A R T 15 B B = 2R AR
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A B Ak, IR AR AT g A8 ok DR ) i A
AW I e 1 AN AR HE A (1 3 A 9 7 A=
PrAERM 250, — B3 S 4 vk 58 D DA PR 58 s A= 1y i
NEORG T R 4 0 N (i B v A

B EE =P A % PT M I H (antibiotic resistance
genes, ARGs)#F A AR HLEE R 12, L, 76 & 5
AR JEAH W9 A AR b B R N 2R AR
TE A 15 50— i B sl o 4 BB B B AR I TR i R AR A
HAFNAE NI E T 4008 SO 2R, w8 1y 18 &
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1 #RE5FE
L1 Rk

R 5% 32 o~ DU Z= /N [ 2% ( Brassica campestris L.

ssp. Chinensis Makino ) , A1 [ 75 j8 BH 7 DU Z= %0 15 B BR
NCIE/ 0 v e QST (A N RN PN )
I, VI B VE A% e T 5 B R R SO0 ST T
Bl (R 5 28 (X)) 89w (TP) 2351 2 4.79 Fl
1.13 g/kg,w(TN) 4350 21. 67 F1 1. 32 g/kg,w(TK)
4350k 6.90 F1 12,45 g/kg. B w( WK E) N
1. 83 mg/kg( LA & it) , i p(IUIRE) K 0. 96
mg/L.
1.2 KEixit

WA T 2014 4F 9—10 H EVE AL RAMRFH K
S E KM N AT, A Fe a2 B 9B w5, BE DG AT A
. Itk 4 N, B3 A EL A
15 OCK, BTG IN Y R 2 ; @T1 4B, ¥ i 71 Wi
VU PR R 0 ( LA BT 53 ) 43518 5 mg/kg 5 mg/L;
@T2 b3, ¥H ¥ VR W DU R R B a4 R 10
mg/kg 10 mg/L;@T3 kb FH JA# V8 P DU 2R 2 7
w0 15 me/kg 15 mg/L. BN L HE3 ke,
Jiti 0.3 kg VR (BEFE, 5K 59.6% ) 5 HIEFE IR
5], B A 10 KL/ SRR BE I SRR CBR L BR
B - S K R AR R AE ] REOK B 80% A
T JE J5 11, — > H 5 GRS B IR WS
KIRAE (RFRIL R 1:3) A, 5 438 500 mL.
L3 HEaCRE

I3/ SR B R (R 9 d R ) (&l
(FEFD 27 d J5) A (3B R 47 d J5) IR, S BR
A B A R A 2 W 5 T U S R T, T DB 4R
TERME Ky, T HEREE SR B S B — R AT 4
CUKHT, 73— RAF T - 80 “CUKAf.
1.4 MEmHS Ik
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TR K 43, 8 BRI Bk T AL, FH AR R
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KL AR s T
1.4.2  FIERAYREACS DR 2 FE R B it &

¥ H] Biolog Ak 25 I 3 Al I 7 13 2E 4 A v A3 2D
REZAEIE. BUNFISE A n R ERE AL 5 g (DA
) BAHETE T, A 45 mL JG i A R K, 160
r/mindig % 30 min, # & 5B EIE W, EEE TES
b A B KRR E 10 TR A BRI
T ECO LA, B AL 150 pL. H R0 ECO i fL
BEEAR K&, BT 27 CRA I, a5
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TEAR AL
## % Shannon 5] FEFEE(E) iH5H A
E = H/ln S (4)
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1 g 38 rb B Y 1y 1 5T i (mg) R KRR, mg/g; + 0t
AL U I PR SR e R R R o 7 DU, L 20 min
Jal g3 0.01 mol/L &4 Mg 87 i AR AL (mL) K %
7~ ,mL/g.
1.4.4  Hrk P By e
1.4.4.1 TR S DNA B2 HL
W /N 1 3R 20 4 IR B Y RS R T
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JE B, I FVE W, SR JE AT DNA [ 4 B Alifk.
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1ZAR 56 AL BB 8 Bl R L DU IR TR, L 4E
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Table 1 Primers and annealing temperature of

antibiotic resistance genes

RS B B

RS 5141 7 51 SRR R

bR =90 /N bp B/
GCGGGATATCGTCCATTCCG

tetC 207 61
GCGTAGAGGATCCACAGGACG
ACAGAAAGCTTATTATATAAC

tetM 171 52
TGGCGTGTCTATGATGTTCAC
CAATAATTGGTGGTGGACCC

tetX 468 56
TTCTTACCTTGGACATCCCG
AGAATCTGCTGTTTGCCAGTG

tetQ) 169 56

CGGAGTGTCAATGATATTGCA

GAGAGCCTGCTATATGCCAGC
tetW 168 56

GGGCGTATCCACAATGTTAAC

JEPEREI PCR S WA £ 20 wL, 146 1 pl B4R
DNA,10 pL mix ( CWbio, Jt 5% , IE [ 5] 4 Al £ [] 5]
Y (315 10 pmol/L) % 0.5 pL,ddH,0 8 pL. PCR Jz
I 254 294 °C FAS P 4 min, 94 CAFPE 30 s, 38 & 45 s
(BN 1) ,72 CHEAf 1 min, 330 MEH,72
CHEAH 10 min. PCR /¥R M 1% #Y Bl i Bl BE i
Rl
1.4.4.4  Hrdk L atil e

fifi i Bio-Rad 1Q5 3£ i} %¢ 6 % & PCR 41X ( Bio-
rad, USA ) 47 % 5000 22 , SO0 AR & 24 10,5 pL, Hor
£ F B DNA (+ 3 DNA J5 i 76 B 50 £, WA Td
DNA B S /%) 5 pL,mix (CWhio, JE5T) S uL,
Em GG 519 (25 10 pmol/L) % 0.25 plL.
S 295 °C FiAR 4 10 min, 95 C AR 10 s, 3B &
30 s(HMRIREE WL 1) ,72 C HEfif 32 5,40 1 FF.
T et 2 DL JOR B R GG IR T, 48 30 s FEAR 0.5
C Mg — PR N 90% ~110% . B4
FEm B 3 RHE A, it PCR 7= H 2% BB e
TR

BE DA 48 DUR T B3 05 vk DL Sk [23 1, R HT 2 0 vk
JEE R BURE DNA by v il 2 OB RLFS DLESCR B A8 B L C
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(4= BRI BE , & PR B8 3 o BT 1Y B B AR bR SRR EhAE
— 8 ST A AR O A R, A R R A = 1A
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Table 2 Effects of different treatment on Pakchoi

LR B [

o3 w( AR C)/
/g

(mg/100 g)

w( R EL) /
(mg/kg)
(37.8£0.1)" (2814.2+4.1)"
(38.4+0.1)" (2445.8 +4.5)°
T2 (31.8+0.6)¢ (27.6+0.2)" (34.2+0.1)" (2294.7 +4.0)¢
T3 (31.6£0.4)° (26.520.2)* (31.5£0.2)° (3779.0%5.4)"
TE: BUHE N VIME b2 (n=3) . FSIRREFERRE R B

. N

#EE /lem

CK (33.5%0.6)"
Tl (38.7+0.4)°

(27.8 £0.2)"
(28.7 £0.1)"

Thes, TR X /DA w (44 R C) B AR AR
B F T RHSE (10,5 mg/kg) DU PR B TH AL AT i
F AR/ S w (REIRER) L % W R (15 mg/kg)
VU 2 478 U T 25 1 0 /N 1 5 TP B w (RS R 3 -
PRLIH 945 e ¢ 32 10 B 3% 1) 9 IR e P 8 2 R AR T/

EEJLI

2.2 FUURRRICA LR YR v U D e 2 A
P B 52
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S 187 (5 2 1 3R S e A R sk DR ) R R G
K, % WA 0 e e, RO AL
AL, A% AR BT A e WA v P 2 B0 Al R
A B IR I ] A SE AT T . BE R 0 ~24 ho N BR
T3 AbBRAR, H A 2% A BER 1 58 G5 2R W e 9 19 F 2 33
AL IR/ UL 24 h 22 PN B U5 AR oK AR
Pome T I T 524 b )5, 45 b BT 697 B30 (0 A8 Al R B
B Rk, R W 24 b 5 ol 2R W A v 15 0 5l Bk
BPORIEFIHA]. &5 CK A ,0 ~120 h 4y T3 4b 3T
- (AL Al AR R 2 B (P < 0.05) , T2 Ah B R
WERAML(P <0.05) 3120 h J5, T2 4R HLF 097 2 B
AR B HBAR (P <0.05) , HoAb b B 18] U JC fk 2%
ZESE.
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Fig. 1 Average well color development of soil

microbial communities under different treatments
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Table 3 Soil microbial diversity indices of different treatments

Shannon-Wiener Shannon
PR gmmsrn U e
CK (3.24 £ 0.01)"  (27.33+0.58)"  (0.979 +0.006)*
T1 (3.19£ 0.00)°  (25.00+0.00)°  (0.990 +0.001)*
T2 (3.05+ 0.01)¢  (22.00+1.00)" (0.987 +0.015)*
T3 (3.33£ 0.01)*  (29.00+0.00)" (0.988 +0.002)"
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Fig. 2 Utilization of different group of carbon sources by soil microbe
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bt AT AL AL S W0 T A T, FL3E R v IR ELE R e
TR U 23 e Ak B LA A k. A3
(B) A UL, 7E A& 2R ), 5 CK AR, T T2 Ab B4R & T
b S B A T T L T T3 A B R B, 2 IR AR
e JEE Al T i PR AT AR B R LR R T B B K
TE 4107 393, 2% it AE Ak BT Sl A 0 R S A 2 4T
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T HEPFZEENEY AR fIE3(C) A,

p 25 3.0
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Fig. 3 Effects of different treatment on soil enzyme activities
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TR0 B A i 1 A 7% § AL RE NN CVINEPY &
199, T2 4b P - 1 v O 35 32 28 Hio M 5L AR R = B v
b CK & il 1,09 ~5.20 £ ; ZE 40 9], T3 4b 3 1 JE
VU2 R P ME AR A 3 3 fe [ CK 7 il 0. 69 ~
4.03 £5. BEE /INEASRIEL S Tl DU BR 2 401 5L A
A = B2 W REAIG, AT AR T g rh DU A R i
E-

6
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18]
S
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0 B e
RAFW ShEH SRR

REW W R

AR AR
6
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Fig. 4 Relative abundance of tetracycline resistant genes in soil of different treatments
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Fig. 5 Relative abundance of tetracycline resistant genes in endophytes

of pakchoi of different treatments
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RESR A [Fm, ZHANG S0 R kB, &% %
WIES tetO tetQ F ¥ 5 3 IE A O, Z8 IR R Mk
FE5 tetO (tetQ 3 ¥ 5 I 3 IE AR G, U B DU 2R FE 2k
POE L IR % 3 B2 1T R RLEG A BT AR 2 A .
3 it

TENEAE S 0 55 i 2 A5 LI k2 3k 17 ) 7 4% o
e . i TH SRR E RN ERE, S
FOH AL A PR 2 A A 2T AR AT A X
SR RS R B, AR (5 mg/kg) DU
F TR TT LU /N 3 4, 3 R (15 mg/kg)
O FF 2 10 98 HE DU ARG /N 11 3% 7 4. Ahmed %1% 7 +
HErP RN 5 .10 .20 mg/kg B4 PO FR 3 2 (TCs ) HIE 2
(SAs) , % B =% %h 8 R T il A 3 0 A K 2 1 T
. X 5ZIRI S R AR — B TR R T RR
T L B8 SE AR RG], LT A 2 AR ] 24 280 5 5
9 R T A T 22 S T L B I Y i Ak B
BT T 4% 2 0h il 3 A K i sg g, 45 1 20, b
5 b TR BE 10 TG L B v AR 2 A2 B B
T %2 06 245 S5 2 I, A () 948 0 ik 54 1 B 26 %/ A 3
X T B R, AT RE R T R AR 2 A W
PEFI' 5% BR AE 1 398 b A B0 A 2806 4 0 1) 5% R 5 K
VW TR B AT A TR Migliore 250 % 91
BBV BN AR TN A KA B LAk
07, BV 6 ARG e 35 I IR O AL A K T A e i R I 4
HPIE K X 5% B 45 A L. Bradel ™ & B, Y
PR AT L Ao 200 A T A 6 0 P T T 40 240 A X
SR AT T RE AR PO BR 235 e I aE R /N SRS A K
5% PR A A SR

T R R 2 2R v B T 4 4
Biolog PRI |12 1o 1 T 3R 55 M2k e v 5
PR FE & B, DUBF 2 0 s T A SRR W BEVE (9 AR5 D)
BEZRENE. BRI 2% BE g R WD, 4 85 28 0T 4 ik
I RE TR B DR 2 R, ke A 0 R P R R R 2
OGRS A . R P AE SRR
b 1 SRR B, 4 22 WA O TR SE SR L 7E oA
0. 06 mg/kg [ PUFF 2 AT 42 5 A S5 R Tl 5 T G 05 1
B 0. 12 F1 0. 24 mg/kg A DU BR 2 W] £ 76 38 S K5 37
Ao 7 ) S T R S O A X 5% BT 5 45 A
1. o T DRI TR A R T DU B (S A o B 4 A A
ST W T T TR R T R At R A B 3 AT
T T T R DU ER 0 4 0 o) 22 8 b s e
Wy 0 A5 A ) A R, R O O P A X
B A VR SE R B, DU IR R RS T A AL A S

— ARV, B 2 I ] £ 4 RS, 45 Ak B ¥ T X IR
K, 5% T 4 B AR — B, T AR DR O R & Rk
WAk 2 B 43 7% A KR i R A L, S P i R
W 30 3ot B v A T R A i R AL
T A - 3 S f R I A T L B N SR
K, B R DU BR R S 2 KR A S IS 0 T W
it T W 6 S 03 2 R b S R S Y B0 4 B
T ER

F02E P i DR 7E BRBE TR AR AR ER R LA
AR FRBEA b i 36 8T B L 2k 2R B 1 3R
BifeE R Marti 25 B & B, MRS N T+
W — e A TSR BORS RL TT S T i
R R E RGN IR 5 F & 28 S HJE
R E) 8 2B REA W B & A A B b
SR V5 Y 5 s Yo R OGO B R puik g
DR i 5 HG ) B 0 0 2R 26 B R S O AR O Joy
SO RS tetQ F terX HUEFE RSB 4
5 IO WA T TR T 2. WANG 451 7 i 35 397 i 5
R P A T A2 TR I T A 0 P AR ) 3
PR %R 92 76 0 P V8 B A 4 398 Je /I 1 35 v 249 4 0 )
T 5 Rl PUERZ B0 D, 2 A 20 b B 9 A LE A A
Al F B IS FE A T Y AE RV 5 T A 26 e I
R e KT RS (N AR 4%, R G, o R B 2
T AT 1) -+ 398 14 580 5 52 0 5 R Lo 1 7 i — R R
4 i

a) 5 CK A, B AN B (5 mg/kg) U 3R %38
A AR FRR /N S AR T 15.5% ,w (RS R L)
WA T 13. 1% , T3 7% 0 5 vk B (15 mg/kg) DU 3F % A
IR BT /N S 68 T R w0 (4R C) AR IR T
5.7% 1 16. 7% ,w( WSHRLE) B T 34.3% .

b) POPRE BAE T b i A R T R UR R T £ R
VAN Rl B R VR A VR R O PR K T N A
T IR R v T R TR 2K R 2 B 28 U A R P TR
TR PR R A TE R R T 2 R £
e 245 B 52 119 )

) TG 2 DO B 2 VA T e AR T A O L B
45 1t IS PR ¥ 59 32 <, 32 5% W 8 7 31

d) B v B DU BR 2 VR I RN TN 34
) - S o DU PR 2 2 0 S IR R X S 5 TR T AR
R AN DY PR MEAR S /N 1 3 AR T RS
P R et W R AH 6 =F B2 B i
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