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Biological Effect of Tetracyclme Antlblotlcs on a SO}] Lettuce System.: and Its

Mlgfatlon Degradatlon CharactffrlétJCS
WANG Wei- zhong, CHI Sun-lin, XU Wei-hong™

et

y

( College jof Resources and Environmental Smen( €5, Southwest Umverblty, Chongqmg Af00715 Chrna)

Abstract ; Residual tetracychne antibiotics (TCS) in faﬂ!nland soils with the apphcatlon of livestock manure cause risks to the growth of

vegetables and soil et-ology Here, pot experiments are carried out using through exogenous “addition of different levels of oxytetracycline

(0T , telracycbne (TC)", and chlortetrac ychne (GIC )10 btpdy the physiological toxicity, uptake, and transportation of TCs in

lettude. s THe" subsequent degradation of TCs" in soil wasFalso evaluated along with analyses of soil enzyme activity and microbial

population’ dynamics. The results showed that the biomass of lettuce decreased with application of TCs as well as the chlorophyll-a,

chloroph&ll-b, and carotenoid content. Consequently, net photosynthetic rates were inhibited, and SOD, POD, and CAT increased

under the stress imposed by the TCs. With an increase in the level of TC application, uptake by lettuce plants increased while the

bioconcentration and translocation factors decreased. When OTC, TC, and CTC in the soil were below 150 mg-kg ™", the health risk

from the edible parts of lettuce was low (HQ <0.1). The TC degradation rate in different soils was ranked in the order of control soil
> thizosphere soil > bulk soil. The OTC degradation rates in the soils were significantly lower than for TC and CTC. TCs (150-1 350

mg-kg™') significantly inhibited urease and rhizosphere catalase activity in soil and reduced the number of soil culturable bacteria and

fungi.

Key words: tetracycline antibiotics (TCs) ; lettuce; physiological effect; enrichment and transport; soil enzyme
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i He A TCs X AR |l AR o Lt R - 458 o i 07 1 %
RS GIRRe ST GELE 6 ik A MV G SE R oRi]
IR HEAE FA Y BRORE F B SR 7 th b A
EEOLE AR o e TN

1 #R5EFEE

L1 fEkp
L1.1 ey

3% ( Lactuca sativa L. var. ramosa Hort. ) , iy
T ek T5 M1l 3K T AL SURTHRNE A ). R 7R
PRI RS FEBE B RGP R 9%, R 28 2 om JE A F
EIRHR, KA 3 M0 Ja PR K —E K.
1.1.2 A+

>R R DR T G A DX g DR ) 5 0 M
FedhSE, RIER AU A L F RS A AN
T BB AP AR, BT 5 mm G 5 . Sk
Al PRALYE BT : pH 5. 23, A B 8. 87 g-kg ™', &R
1.54 g-kg™", WM S0, AT 00 A KB 20 0 R

74.59 . 38.59 fil 65.07 mg-kg™'
TR
1.1.3 {2

3FPIUIR R AEHIAER (TCs), 74l h 18R
(OTC) JUIZE (TC) M4 H 2 (CTC) , USP 2% ( BBI
Life Science,China).

1.2 REit5IrE

AIRE T 2016 44 A 19 H ~2016 4£6 A9 H
FE P R R 2F BT TR A B 27 e B 35 U == N A7 A
F 3 Fid: 2 (TC OTC Fil CTC) , FAh U E R iEE S
NG YLK 43 9 0, 50, 150, 450 Fil 1350
mg-kg ™ RS 4 K, BEPLHES. R R4S
TP A N A AR PR A RN AEAR PR A, 45 Ab BT
B ARG 2 1) 1 R Xt R -

PUER W B YIR S Ik S LI TR Y,
EA T 4 RIPAT ~12 em( EF A4 x 1570l %)
HYBIRAERE, B A 2, ke O£ 3, JIT 500 HE
H%Jﬁjz 12 e () x16/em (A1) AYHRAE 0;’3 kgj:

FAMIEN 1.7 ke HIRARNIREEST ﬂﬁmfﬁ

— U BB AR 3k TALAE %&Jﬂﬁwﬂu
NH,NO, , KH PO} il ISCI/I/EﬁﬁEHETmﬁ’fL(NHSO:
LB (P,04) 100 mg-kg " H (K, 0) 156
mg-kg ' (4530 d LI (N)60 mg kg~ EHE—IK.
YR A= K B R] A {55 40 T 5 K B AR
70% FeA7. WAL HE 4 1 A 78 B0 ] b A A 52 1) £ 38
TRFE—3.

AT HE 40 d M AESRMOLE RESE 56
41 d BRI e e A R F i, 50 51 d WOk, I A
PRAR ZR I H 1350 43 1) A 0 o, B3840 i T kS
7 R0 P A A BRSO — AR A R 2 2tk
THUE R R A S vE A & SRR R TR S
WFEERRE , A7 AE —20°C F T E b R & [
Fs 300 2 A i K i

I3 HEREAR R A AEARPR A B A ARBR R
FHEMREE ™ R4, BH 2R E 35, FH B R BUR
RGBT MAR PR+ RASHMY £ R AEAR
PRA- 45 ARMAEYI) R XS B L R 4C
Vo PR A2 I 5 - SR R P | I A W 5y —
ST G F T IUE TCs F i
1.3 FEST TR
1.3.1 NHERGESH

MG RGN IE M EREADL S R lE
1% (Li-6400, LI-COR , USA ) , 7E A= S A K e, %6 —
ARAWEWIN H T, 7€ 09:00 ~ 1100 &, W5 45 4b
HAE SR R HAE 4 K, IR A EUR(P,) |
SALFE(G,) Jum A bk (C,) MZEBHE(T,)

, TCs & H AR T K

mg-kg ™'
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TWOLEE TR a SR b W N R
SRR RS, AL N mg-g AT .
1.3.3  AESRHURALEES T

T ) B, B SR AR R 2 o TE TR I
TRZ% A (pH 7. 8) BIFFE IR AI 3 IR B0 SRAG S
W B EAY B AL ( superoxide dismutase, SOD) &P
FHRE UM AL 2738 JEE I E | DL 560 nm T B
(AL TE P, LU NBT etk 34 5 50% it it
R Wl AL, B R U-g T AR AL Y T
(peroxidase , POD ) 354 FAI 5 SR FH A B A , LA B4y
BN 1.0 Dy, Bl i — A WIS ) 0L, A
U-(g-min) ~"; 1%L & ( catalase, CAT) (ﬁ@i&ﬁﬁ
SHMMIICEE R, L 240 nm RO RTE 1
1 min B> 0. 01 D, WL N — TS B0, B
fﬁyilU_'(g'min) ¥ 4 uﬂi:i@lxj\@iii‘l‘[m. | it ol

L3/4 kAR TCs ke /)

R it BT RETR N SOk [ 23 , 24 e Oy kAR
it PR WL - B 7 7% v T L (p 1 a-
S0 LG ITREEA A A R ok B i

B#; 5~5.1 min, 15% B #; 5.1 ~8 min, 15% B
AL HA A MRS 0.3% HBR K, B M &
0.3% HIRM LGRS . BTk 5404, B 1 U8 . i o5 25
FUIRCESD) ; Fr= BB a4, Wy 2
B WA (MRM) 5 TSN, ; TIRAIRE.
400C ; T 15 Lomin ™' S5 464K J7:30
psi; BANEE B IKIE . 4500 V. iZ & OTC.TC F
CTC ME = TR 14, 7 F121 pg-kg ™.

ffiH] OTC TC F1 CTC 5 it ( Sigma 23 H], 3£ [H
4lifF =98. 0% ) Be il , W 3 Ao A 28 0y il
K OTC TC Fl CTC £+ HEREE 52 b iy [l 43 531)
H82.1%, 77.1%., 72.1% Hl 76.3%. 77.0%,
87. 4%, Ml il 2 A3 BT B2 K.
1.3.5  HIEEHE M E :

35 A T U 5 R e i
M, LAAE g £ T min N5M% H,0, 107 ibng) 2275
BRI PR MR SR I 0 W L €k, LA g o 24
h 2B A% NH,-N 05 (me )™, 7 ‘;;.'f'” v
L.3.6 HHEPUEMAERBRIGE | 7 g

A R 1 PR R P RN K 3 S R e
P T AR e o W R e
SRR LI ek R T
1.4 KAt '

FH Excel 2010 1 SPSS 21. 0 X ¥ #4718 A0

1w 5, e - SBEKE 12. 000 O K75 4y 7, %17 ) A LR 0 17 568 22 ) 2% 5 b

BEAN1£000 0 g T 50 mL B0 A5 R HITA 10 mIAEI
W (0. I 'mol-L~" Na, EDTA-Mcllvaine: HIE = 1: 1),
Uieis Pz 7 121 1 min, #7510 min, #& J5 7£ 4 000
remin ' N B 10 min, YEE BIHWR; TR 5 8 mL
A6 mL $EIOR F LB, A 91 3 WU L
W, LA S B 10 mL 9 IE O e S
Bl HER AR ERIEC k. EERT 40°CjiE
BEZE R AT A5 12 mL 2247, [ AR A BT
Poly-Sery HLB SPE[ 6 mL/500 mg, ANPEL Laboratory
Technologies ( Shanghai) Inc., China 4K 5 mL H
EEFT 5 mL ﬁé@k(ﬁ%,%‘%ﬂlﬁu 1 mL-min ' BY3%
R4 IE /N SRS A S 5 mL 4K AT S mL
5% 1 H B TR Mk Ok /R ELZS 40T 20 min, LS mL
0. 01 mol « L™ (1% 5 i FF 237 Y IR MO /1N | 5046 0k i
W E4ACTAEAREE T, HPEEAEE 1 mL, 1
0.22 wm JEAR, 77T A SR .

BE 5 ff Al HPLC-MS/MS ( LCMS- 8030,
SHIMADZU , Japan ) #f 47 I 22 , M % 4% 74 F1 2 %010
. A AR TR 40°C ,(ﬁ@j’ﬂ 0.4 mL-min " s
FERE2 L, BREEVEIAR Y M1 ~3 min, 15% ~40%
B#H; 3 ~4 min, 40% ~95% B #; 4 ~5 min, 95%

(ANOVA) Fl Duncan £ 5 FL 4.

Y X TCs B & 4 7T UL A 9 Wk 4 & 8K
(BCF){H, RIAR (1) AT TCs AT
YRR ) b 1A a2 B ) %32 R B TF) (%
AR (2) TR A R X B
A Z AR H A (EDD) R4 A (3) 35,
P Az R AR R B XU B (HQ) AR A (4) 3
;%;[28,29]‘

BCF = iﬁi?ﬁ*ﬁ@ﬁlﬂ%ﬁﬁﬂ@ﬁ% (1)

AR H RS PRI R T

S AR
T = ez <10% @)
EDI = C x FIR/BW (3)

HQ = EDI/ADI (4)
K, C HEMTRPAERT R (pg-kg™', IR
) B E DT A B S OK BB E]; FIR
JodE HEEECE Y A& (kg) | 1R T AE 4L (WHO)
AR A 400 g 5532, b EE RE S
(2016) P S /N AR AR N A N BE RN i 2
TR 300 ~500 g, A SCHUEE H 4B 32 400 g
T BW M AR IR E (kg) , S HRCHK (32119
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B 42 %

SE G BE AR ARl 65 kg, LE (7 %) 1k
iﬁ 25 kg; ADI {28 WHO H#LsE ™).

2 HRE5HM

2.1 35 TCs XA AW & B 52
FE 1 ATHN, TCs X Az 3% i A= 4 R B LR 10 1) 1Y

YEHL. 5 X (CK) A E, ARS8 3 AR 2R B AT B
fief 7 5 5 0 AR R B 2 ) T T R AL R AR
T, 3 P A F A S AR W i A A e B
— e Sk R RV A K B, TCs B FP ST
XY R R AN B EFEN W (P <
0.001) , HMHEFAEAC HAEH.

x1 AEEE TCs MEXKEWEHEMm)

Table 1  Effects of tetracycline treatments on lettuce biomass
TCs TCs K- i EES(FW) WER(FW) SMEBE(FW)
[UES /mg-kg ™! /g-pot ™! /g-pot ™! /gpot~!
CK 0 92.50 +1.95a 11.83 £1.30a 104.33 £2.93a
50 82.71 +4.63b 9.01 +0. 56cdef 91.73 +5.00b
orC 150 82.16 +3.90b 9.28 £0. 52¢d 91.44 £3.61b
450 82.74 £2. 66b 8.34 £0. 58def 91.08 +2.40b
1350 62.57 +3.90d 8.27 +0. 38ef 70.84 +3.71de
50 64.80 +4.80d 8.58 +0. 29cdef 73.38 +4.790
- 150 73.38 4. 19¢ 9.52:£0.035¢ 826 £4, #5c 7
450 56.04 £5. 16¢ 10.73 £0.59h 66,775, 07c._
1350 . _49.06 +3.19f 8:38%:0./08def, 57.44 +.% i
50 ¥ 65.25 3. 64d | 827+0.5504 73.58 + 3;-.‘&1{(1
ore 150 71 66.89 £1.01d 9. 31 #6: 87cd 76.19 1. 6_251.--'“'
450 | L 48767 £3.34f [ 79.14 £0.28cde 57. 803, 34f,
~ . 1350) | sy ) &% 43585 4. 501 [ s 0220, %61 ¥ 4 55.32 +4. 111
j Py wrr ar..-" 27103, 46 6l € 103,31
! g A 55,42 15h720 60. 63 =
TR x Y170 i, 6.53 il 1. 16 %

) Kl (T (H b AR 0 = 4)mey@q&ﬁ;&rm%uzﬁﬁ%@aﬁ@<o 05)s

E%ﬂt%? FW #e7 , iz,

"_., A

2.2/ TCs XT@%:’LM’EFH 1) 5% )

WAL 1 (a) BT/, TCs Ab B 5 254k T A= S0
T EE(P,) KM P, Bl TCs &8 /K R T8
T .35 WA (8 TC 7E 50 mg-kg ™' 1 OTC 7E1 350
mg-kg ' KAL) | 5 X REAH B, OTC, TC #l CTC
IEBRE) Py IR T 0 ~ 54. 6%, 14.5% ~45.5%
M11.5% ~54.8% 5 A28 P, e — & & A6 Ff
2% TCs 8], 50 mg-kg ™' /KFHF, OTC > CTC > TC,
150 mg-kg ™' H1 450 mg-kg "B} CTC W35 T OTC
HITC,1350 mg-kg "M TC W& T OTC Fl CTC.
A SR M IA) — A ARV BE (C,) WL 1 (D), 550 BEAH
e, OTC Fl TC 7E 50 mg-kg ™' Fl 150 mg-kg ' /KF
58 EFEAK, CTC 7 150 mg-kg ™' 11 350 mg-kg ™'
KO I PR, T 7E 50 mg-kg ™'l 450 mg-kg ™'
KFETFHCK ZRARE AXNIALFELGC, W
B (e) JRZERER T, WK 1(d) ], 5% IEM I,
OTC 1 TC R I T+ (50 ~ 450 mg-kg ™) P[5
(450 ~ 1350 mg-kg™") [A#a %, CTC 7E 50 Fi1 450
mg-kg "' A2 E T CK, Wi FE 150 A1 350 mg-kg ™'
i i KT CK.

s F AL T LA P <0. 001 A Sty

2.3 TCs MAFOCAE AR S BN

& 2 A0, FEANTR] TCs AbFER | A3t 4 R &
R, SR BRI HAE . 5% A
OTC.TC F1 CTC AbH R H: 3£ 2 EiE (Chl-t) 4
AR 24.6% ~ 43. 6%, 15% ~ 56.6% 1 2. 7% ~
28%, M 42K a( Chl-a) &2 [FAK 27% ~ 46. 2%, 15%
~59.6% F14.2%~29. 1%, 242 b (Chl-b) &
% 18.7% ~ 39.8%., 15.3% ~ 50.3% H1 0.6% ~
28.1%, 251 % N % (Chl-c) & 2 FE L 28.6% ~
48.7%., 15.4% ~65.3% 1 4.2% ~27.2% . 5 %} I
A, AR (50 ~ 1350 mg-kg ™) A0 FH R A9 TCs
AL PRI 2l R AIG 15. 1% ~31. 9%, 16. 4%
~46.0%. 2.7% ~56. 6% H1 13. 0% ~ 43. 6%, 4% X
a By I BRI 15. 5% ~ 33. 8%, 18. 0%~48 0%,
4.2%~59. 6% F 15. 1% ~ 46. 2%, "4 % b & &
TNBEA 15.4% ~29.8%., 14.5% ~ 42.2%. 0. 6% ~
50.3% F1 10. 6% ~39. 8%, J A N & & 2 70 9l %
% 15.4% ~ 32.5%. 19.8% ~ 49.4%., 4.2% ~
65.3% 1 20. 0% ~ 48. 7% . OTC Kb FH (1) 23 & 3
HOMERER a AR b A N RIX 4 DR
b CK SR FEA , fHAE 50 ~ 450 mg-kg ™' 3 4>
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Fig. 2 Effects of tetracycline antibiotic treatment on the chlorophyll content of lettuce

B 22 S RN 7E1 350 mg-kg T KE TR

wKEALEE, TC fY 4 TR FRARRBE
LML (0 ~450 mg-kg ') J5 T+

15 (450 ~ 1350 mg-kg ") M %, CTC 4 H7E 50

50

TCs/mg-kg™!

~450 mg-kg T B X A] N 4 TR bR AR Y
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B 42 %

BT AE 150 F1 450 mg-kg ™' & & W) W FH K T
OTC Al TC Ab 3, 7 & & & (1350 mg-kg™') B
CTC 2% F OTC Hl TC.
2.4 TCs Xf A= SEHT AT S 1 Y 5%

YL AL (SOD ,POD 1 CAT) AT LA Sz e i A 3
X TCs WriB 7EAE 3R E i i, AN 6] TCs AEFE T | A2 5%
rE AL S VAR AL A 3 P . R & R K F (50
mg-kg ') i, SOD POD Fll CAT 7 i Al XF FEAH b A
BB B R K T A Y KO R T 150
mg-kgflﬁﬂ‘,ﬁﬁﬁ TCs( % OTC 150 mg-kgf1 ) A FR Y
3 Pl A A B B T B B HLBE A K
SRR, 3 AT SR BT Pt 3. S R] O 1 2
() P 1 M BE AN ], AN [R5 & TCs AR PR SOD 3
MR BE M A AAR &R 4 00 S 19.5% ~ 179% Fl
22. 4% ~ 143%, POD (1) 38 K g B 43 5 A 5. 1% ~
49. 4% 1 4. 2% ~ 40%, CAT {58 K 08 7351 A 0%
~59.9% F132. 6% ~99. 2%, Mk FF i TCs 4b B
A Fh B3 K IR B SOD > CAT > POD étj‘*KIEJ
BB IR AR R > b 56, : u
2.5 Akt TCs MM A B Re i il |

ST 2 R A R A LR s

NN RREEALA TCs S AR AR > H 13
43 FE 50 ~ 150 mg-kg ™' KT, A SERHA F AR
Wi CTC > OTC > TC, 7E 450 ~ 1350 mg-kg ™' /KF
T,CTC >TC > OTC. A= 31 FH8XT TCs A& %
ZBAFE0.0029 ~0.016 1 Z 8], H3 &R 1Y & 45 R 5
0.014 9 ~0. 055 22 [H], # 5 & 4 BE 7 9 T Hb 134,
Bl 145 TCs STt , AN TCs ME R HE
PRI H I 50 mg-kg ™' I} TCs 7EHI F KL 2
M % R B AE0.0081 ~ 0.0161 F10.0265 ~
0.0552, % ik & 1350 mg-kg ' W A5 0.0011 ~
0.0029F10.0153 ~ 0.0226. A 6] TCs F 2 2 Ja]
CTC & HR/E N B35 =T OTC F1 CTC. 42X} TCs
(%12 ZBIE 6. 1% ~30. 5% Z 18] s Z B +
18 TCs It i Z AL, A FEFE TCs Wiz
FHAEAR TR & B KF T RIAF, 7 50.0g-kg ™'
i3 it TCs E’J%L%éﬁz&ﬁ%@ﬁhﬁﬁ &%E 1E
150 mg-kg ' #1350 mg-kg "' i} CTC E’J% ERMD
FT TC Fl QTC, 75 450 img - kg ™' if QFC ?Ei?é&
BFAET TC M CFCITCy 1Pl A7 fi M ALK BCs
i AR R BONEE R B BE R
P KRR TCs ok ﬁ%*’%%ﬁﬂlﬂ% ?%&ﬁ

W REDT, i*?ﬂi%ﬁ%ﬁﬁié&ﬁﬁﬁﬂ EI’J iﬁ =1 ?:”tﬁclﬂ”lfﬁﬁ é -
-+
= %2 433 1Cs E’]'ﬂﬁ*ﬂﬂz%*%?ﬂ(BCF)&%L?%&(TF)
- . Table 2 Concentrdllqn, Diogbncefitration factors, and translocation factors of tetracyclines in lettuce
Tl | | ACHOT P71 G (V) ke 7 AW EIRFB(BCF) Heis AU
VL Vmgekg! Ho 1 R H - T (TF)/%
50 0.431 +0.039g 1.459 +0.095h 0.009 +0.001b 0.029 +0.002c 29.525 +0.774a
OTC“: 150 0.714 +0.018f 3.819 £0.232g 0.005 +0.000c 0.025 +0.002cd 18.712 +0.675c¢
450 0.934 +0.041e 6.713 +0.284f 0.002 +0.000d 0.015 +0.001f 13.942 +1.199de
1350 1.143£0.057d  20.617 £0.689c¢ 0.001 =0.000e 0.015 £0.001f 5.552 +0.460g
50 0.406 +0.021g 1.329 +0.03%h 0.008 +0.000b 0.027 +0.001cd 30.554 +0.702a
T 150 0.654 £0.037f 3.952 £0.198g 0.004 =0.000c 0.026 +0.001cd 16.602 = 1.756cd
450 0.996 +0.041de  10.954 £0.891e 0.002 +0.000d 0.024 +0.002cd 9.139 +1.117¢
1350 1.498 +0.105¢  24.578 £0.755b 0.001 +0.000e 0.018 +0.001ef 6.102 +0.615fg
50 0.807 +0.038¢f  2.761 £0.242gh  0.016 +0.001a 0.055 +0.005a 29.412 +3.961a
oTC 150 1.346 +0.063¢ 5.434 £0.528f 0.009 +0.000b 0.036 +0.004h 24.828 +1.257h
450 2.201 £0.127b  16.561 £0.791d 0.005 +0.000c 0.037 +0.002h 13.286 +0. 130de
1350 3.947£0.206a  30.535 +1.527a 0.003 +0.000d 0.023 +0.001de 12.960 +1.324e
i 567. 83 *** 148. 82 ™ 323. 66 ™ 141. 07 **= 19. 23 ***
(eSS 428,43 *+* 1489, 33 *** 695.72 *+* 78.74 243.89 ***
RESEiES 95.71 26.74 30.79 ™ 15.93 = 6.20 "
1) DW FRTHE
2.6 TCs filt 5 XU Pl LN TE 25 5y 52 B Bt A= 25 7% 55 10 BUM , 25040 o,
H 3 Al Bl R AN TCs S REAIRE,  CTC £+ & EAF1 350 mg-kg ™' A AL HQ

HSE R Y BR B B TCs & RS 1R, TCs 1Y
NARTIN B H %A (EDI) LA K 2 58 A A A fi B v
B AE (HQ) 2 AH R 3. i FILE A H & H
(R B8 SR A T F B A E (R s, PR o L A fe

>0. 1,3 Fl TCs 43 W 7E 450 mg-kg ™' LA I, JLE HQ
>0. 1, HAE Y <0. 1, A B TE T /Y HQ 1
A 1 3 FMdiAd RN HQ K/h R CTC > TC
~O0TC.
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Fig. 3 Effects of different tetracycline antibiotic treatment on antioxidative enzymes (SOD, POD, and CAT) activities in lettuce
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Table 3 Potential health risks from exposure to tetracycline residues via lettuce consumption
TCs  TCs /KF AT (FW) EDI/pg- (kg-d) = ADI HQ
M2 /mg-kg™! /mg-kg"! A L / pg(kged) ! A JIE3
50 17.351 £0.905h  0.107 £0.006h  0.278 +0.014h 5 0.019 +£0.001h 0.049 +0. 003h
oTC 150 28.405 +1.587¢g 0.175 +£0.010g  0.454 £0.025¢g 5 0.031 0. 002¢g 0. 080 +0. 004¢g
450 42.075 +1. 728f 0.259 £0.011f  0.673 £0. 028f 5 0. 045 +0. 002f 0. 118 +0. 005f
1350 70. 208 +4. 928f 0.432 £0.030f  1.123 £0. 079f 5 0.076 +0. 005f 0.197 0. 014f
50 19.711 £1.806h  0.121 £0.011h  0.315 £0. 02%9h 5.7 0.024 +0. 002h 0. 063 +0. 006h
TC 150 29.343 +0.728g 0.181 £0.004g  0.469 +0.012¢g 5.7 0.036 +0.001g 0.094 +0. 002g
450 45.622 +1.997ef  0.281 £0.012ef 0. 730 0. 032ef 5.7 0. 056 +0. 002ef 0. 146 +0. 006ef
1350 53.443 £2.643de  0.329 £0.016de 0.855 £0.042de 5.7 0. 066 +0. 003de 0. 171 0. 008de
50 36.962 +1.747fg  0.227 £0.011fg  0.591 +£0. 028fg 10 0.023 +0. 001{g 0. 059 +0. 003fg
cre 150 57.995 +2.705d  0.357 £0.017d  0.928 +0.043d 10 0.036 +0.002d 0.093 +0. 004d
450 103.272 +5.94b 0.636 +0.037b  1.652 £0.095b 10 0. 064 +0. 004h 0. 165 0. 010b
1350 175.745 £9. 193a 1.082 £0.057a  2.812 £0. 147a 10 0. 108 +0. 006a 0.281 +0.015a
2.7 TCs fEHHERMEY TR & B S AEBAER (M B r = - 0.852, P <0.01; K r =

OGP e
FSCHE AT B 45 R AN 36 4 B (e L3RR
ISR K P /Y TCs 5 42 35 A4 Wy i &8 1 38 i ok

-0.769,P<0.01), 5P 2R FEAMEL(r=
~0.808,P<0.01), 5H I #BF1H £ P & 1k i
HEYEYEMIEAE (P <0.01), 5Hifk TCs & &
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L 42 %

L
&

B EEME (M B r=0.640,P <0.05, 1 %
r=0.947,P <0.01). b [ TCs % & 5 s I35
YRR R EAME(r= -0.584,P <0.05),
HWATCs T EE W FIEMK(r=0.824,P<

0.01) ,RHR TCs & H5 &K YRR R M
X (ML B r= -0.811,P<0.01; A& r=
-0.682,P<0.05), 54 A R SOD,POD
FCAT ¥ 58 1 3 R OC.

R4 EXAEHMCEME.TCs FESHEBEHMERMHEXE

Table 4  Correlation analysis of biomass, tetracyclines content in different part of lettuce, and physiological characteristics

chi;% Tiﬂf;% *Ef o ERSE E% Py G G, T, Chl-t
+ 4 TCs i 1
i FB TCs F i 0.640 " 1
A& TCs Fr 0.947 " 0.824* 1
Hb 1 -0.852* -0.584* -0.811" 1
M 7 o -0.769 * -0.293 -0.682* 0.827" 1
P, ~0.808 ™ -0.570 -0.781% 0.834* 0.794* 1
C, ~0.199  -0.516 -0.275  0.132 0. 037 0. 098 1
G, 0. 052 0. 028 0.121 -0.333  -0.235 -0.284  0.659* 1
T, 0. 104 0. 123 0.184 -0.358 -0.213 -0.360  0.629* 0.972* 1
Chl-t ~0. 060 0. 447 0.113  0.091 0. 244 0.156 -0.308  —0.081 -0.095 A"
Chl-a -0.089 0.428 0.087  0.131 0.282 0.191 -0.312( . -0.103 ~0TT18 07999
Chl-b 0. 007 0. 484 0.179  -0.004 0. 145 0.070 | -0.282  -0.003 - 0018 "“:0“: 991 ™
Chl-c -0.185 0.336 -0.017  0.242 0.381 0.300 | 207274 -0.139 ~0.153 / 0.984 "
#i 1-# SOD 0.716™  0.496 0.703* £0.853* -0.797"  -0.890" 4 0.028 |} 0.526 0.540" 7032
MR Z SOD 0.718%  0.633" ~0.767"-0.706" -0.593°  -0.921 *1-0.005] ' 0.408 0.492 £-0.116 &
Mo 1= CAT 0,768 0.406 07327 20.8087 -0.877"  -0.791% 10117 0. 421 0.4104.2 07177
LR CAT A 0/74370.538 0,761 f -'oy.v"l L0600 07377 JO..318 v 50 0.573  odooz |
e F# POD e 008227 0.8227) | 0.924 <0722 -0.548 -0.8027 10,1347, 09329 0.401  0.0717
#APOD 4 083 0635 " J ?‘Q,«SGNG-‘”:':O‘:SGO v -0.8007 -0 945'“** -0.073 d 0. 385 0.437 “=07110 =
=TIk TR i WE el W% LY HEZ -0

| . Chl-a Chl-b} H,C‘MTF y SJ('):D13 SOD CA]}M CAT | | POD13 POD P
C.hl—a ; — ! v f
g Y o984y 1| ; B
chicf 34 |o%o~ oo9s6m @A T
#1376 Sop” L 0.075 0.077 —0.181 1
ER -0.139  -0.049 -0.242  0.788" 1
Mo 1= # CAT -0.219  -0.068 -0.317  0.896™  0.659* 1
HZ CAT -0.035 0. 096 -0.123  0.767*  0.739* 0.833* 1
b |3 POD 0. 047 0.139 -0.060 0.733*  0.896™ 0.694*  0.803* 1
% POD -0.143  -0.014 -0.264 0.880**  0.922** 0.815™ 0.787*  0.901* 1

1)« Fl s 23 BIFR P <0.05 F1 P <0.01 K FHA BEMLER

2.8 TCs 7EMRPR A 5% B 5 R figt

mE 4 R, fE2 751 d R RZ G, T
H) TCs [H SRR i (45 3 55 5 LU 1 it o o s 2
FEAI (CK Kb BB A oA 25 80 DU s 2k i DAERAE A e
/), TCs 5% BT AEMR R | AR AR PR G AP+ 5822 (1]
FOAE 4R AR 4% TCs b PR 2 g (R FAR PR £ A0
EARBR =, AR PR - 1 TCs 5% B 5L AE OTC & & =450
mg-kg ' S TC 1350 mg-kg ' /KN 3% & FIER
PRt A ab PR 58 B I FIRMR bR 3, Bk
Fee, TCs 16 3 A 38 F sk B AEAR bR £ > R P+
> XA A B AR RS IR > ARPRt > JERPR . R
[AFP2E TCs Z [0, OTC R fift HR K T TC Al
CTC, 53245 T OTC 7845 3 i AKF- (1 5% B i 7
J& TC 1 CTC [ 4. 41 f%5F0 4. 56 5.

2.9 TCs X - RS M Y 52 0

WE s Pis, Haet S AL S EEAE 3 3
TEMER/IMEIR g ARBR 4 > FEARBR £ > XTI 4. 5%
HERH B, AR B o 9 2ok 480 Fb S0 3 P AR N TR) B i
OTC Ab35 56 e & 1t ey 10 i 3 15 n, S8 )5 7E 450 ~
1350 mg-kg ™' IFFEAR, TC 4% & Ab FH 22 53R g 35
CTC 4b ¥ 7£ 50 mg-kg™' B W 2 34 fn, 7 150
mg-kg ' Fl1 350 mg-kg ™" B I AL

SRR A AEARPR £ > ARPR A > XTI+ 7R
FBR A o, TCs TEAR B L FNAEAR B A 4% b B DR il 376
PR E LT CK b
2.10  TCs X H 36 A YB3

FHE 5 AT MR B 38 v %) 20 A A5 2k 7
o 25 T HEAR PR 3R BE A AR B 3
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Table 5 Effects of tetracyclines on microbial populations in rhizosphere, bulk,_and control soils

TCs TCs K- . B x 10] /cfu-g™!

HEEE x10%/cfu- g .

T F R x 103/_gfu- gcnl ¥

M /mgekgl¥ WBEE ERBEE | L ARER R AR pilEE N ML dRREE M
oK | A p 21ax7c 6lxib S D06 sak 5 2lede 36+2be 4 40 £13h 137#0de  12x3de  T4ldd
o | 508 30940 19bf S A8en S 17xlbed  37x6ab [ 81494 Sékle  Txlef] D3xlat
ot 150 £ Fomsaish m2epde] qtsae F2a3e 31a2ed Babeft 50058 16a1ed F 92 Thed
] 450 T 129x6e  13:2f |/ 2845 | 30la 423 “17:lghi  322ef  17xled 11 xfab
1350 71 45x8g 13 #1f " J1341ef 18#1be 16 = 1hij 6%1i 51 +5¢ 13 +2de 6 +lcde
I 50, | 20F2lc  63+1b ¢ 12#0f | A8 tlede 24 +3efy  18xlfgh 2644z  8xlef 5+ 1de
Jca [P 10 205 £2lc 43 £7c" 23 +lbeee2043h 20 £2fch  35xlde 28 x1f 6+1f 6+ 1de
0450 7 89x1f  28%8e 2l xlbed I5xlede  13x1ij  53xlc  37xd4de  10xlef  12xla
1350  68%2fg  16=1f  14xldef 17x4bed  10£1j  12xlhi  76+0a  36=1b 4xle
50 170 £4d 91 x4a  20x6bede  12xle  37xlab  64x7b  39x1d  21%2c  Ilxlab
cre 150 204 +28¢c  86+la  183cdef 12xle  25xldef 4222cd 2l x4g  32x1b  6zlcde
450  14512de  67%5h  12x3f  162bede 30 xdede 29 xdefl  66£0b 47 £6a 5+ 1de
1350  65+5fz  37xded  2640b  13xlde  192ghi 28xlefy  78xla  35x4b 13xla
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Fig. 5 Effects of tetracyclines on soil enzyme activity in rhizosphere, bulk, and control soils
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