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Toxicity Thresholds of Tetracycline to Plants as Determined by Root Elongation and Its Species Sensitivity Dis—
tributions

ZHANG Yi-han', WU Jun", CHEN Li*, JIA Chun—hong?, LI Wen—hua?

(1.College of Resource and Environment, Sichuan Agricultural University, Chengdu 611130, China; 2.Institute of Plant and Environment Pro—
tection, Beijing Academy of Agriculture and Forestry Science, Beijing 100097, China)

Abstract: Dose—response curves and species sensitivity distributions (SSD ) of tetracycline to 8 different plant species were investigated by
using plant root elongation as endpoints. Toxicity thresholds of tetracycline to plants in aqueous solution were obtained using Log—logistic
distribution model, and SSDs were generated with BurrlizO model. The sensitivity of bud and root elongation to tetracycline was in order: root
elongation>bud elongation. Plant root elongations were inhibited at high tetracycline concentrations(>10 mg+L™), but stimulated at low te—
tracycline concentrations(0.1~1 mg+L™") in aqueous solution. Significant differences of the threshold values(ECx) of tetracycline to plants
were observed among different species. Tomato and cucumber were the most sensitive, whereas maize was the least to tetracycline in aque—
ous solution. These findings provide useful information for assessment of tetracycline risk in environment.

Keywords:: tetracycline; phytotoxicity; species sensitivity distributions(SSD ); dose—response curve

oA FAE I —Fior B s et 52 B AT T2 2% K, 52001 R EPERIA S H0E L FE UKL
o UM R R A Bl R ok —2ik PR G PiA 2/ A B =) 70%,2008 43 [ U R
Rl P R R0, O R

qﬂﬁEEIEHZOB—OS—IS N n 2 8 };& 2 Y / ) ;
BEWE. % 1 ARG (10148t s 1 400U NRIRFIPIRESRZGH) R A PP
(8122021 JL 5T AR 2B 14 (QN201104) W HEH  Ho — ST SR B A s T XA

fEB B IR (1988—), % L BFICE  F OO O TREIE B b A B f 5 A MATE P9 9 S A A WL e
SEISYL S AEYIMEIE . E-mail : zhangyh1115@126.com N e . . R "~
* ﬁ{%{’ﬁgjﬂ AE/J E—mail;vvuj1962@l6340c;};n; ‘{EIQ%E H@ﬁ%[2_3]o 9{&1%1“{%3#[4]6}':%%%% ’ ?‘Z Igﬁm)r%/f’t

B #] E-mail:chenli517@126.com %ﬁ%%ﬁ*ﬁ%?%ﬁ]ﬁ%%ﬁﬁﬁ 3.57 mg'kg’] s IEI



244

R S ity 533 EFE2H

R BRI 5.22 mg kg™, He Al ik 78.57
mg- kg™, K EH FAMEVE A DU R4 HoE4t
ARG AE I P A FER AR — . Aust FFPOHF
GE & BN K A HE v DU PR 2R 1Y Jo i MR R T A B 52
pg-kgo Hu SFOFFE R B FR EAE 7 38 h DU R R (14 5T
R 209~105.0 pg ke, &R RN 33.1~1079.0
pg-kg™o HETXHTA R A S BRIV T ffR AT,
KTPiA YRR SCGE IS T AR, HZ4E
HRF XK AAR P A 125 i AR A A ST A
B SIS AR BT AE TR RNE SR oK A
AP AR INAN TS R RS MES Y (R WY e
RIS ) R (E EC, & 29 THEWM TR
ZE T IR He E - (predicted—no—effect concentra—
tion, PNEC) , NI FH FHi A R FME RS AN

TS e P AT HLTS e R 75 G e I
TN L BN OC , N RI R A % ] — A
BT ey WA o R R ) 5 i BB AN ] 1 ] —
FRE x5 AN R AG BILTS Ge P W A e A e 0 5 s B
S AR ARk 434 (Species sensi—
tivity distributions,SSD ) J&RE T AN[FE YR TF15 44
TR 2 AR I . FETS QLR S KU PR b B
— Y i B R R S B A A B R K B
B E T RNR 22 | T 2 YRl s R 25 (1 SSD 36 00 w] L
RV — AN P, AR LR R [ %) U 22 S,
SR, HETOC T AR B E PR sk o3 A 4
E, I, B VLI Z0 AN Rl ) B (5 A
(IR0 % DU P 2 B PR A D R e A, X T I PR 3R
KhAERMAEBRE M AR E XL,

ASCLL 8 B WA ED) R S B b ), BIFFE A Aol
T RIS S5 PR XS 8 FlAS [l AE 4 AR i
KAZEAR A BEPERON, HE T RO e R IUG 5
B, #E-F LURE AR AR A 28 s A AS TR A A %) U 24
AR BUSE A1 IR T IR R A R 1R
S EEE S KR PN S AR

1 #RE57FE

1.1 SE3edrat
HEIZY i 5 A0 R R DU PR (Tetracycline Hy—
drochloride ) b5 #fE &y , W H 7% [# Dr. Ehrenstorfer GmgH
o), BEEE 97.0%; 525 KBS Milli-Q #EakiK,
NaClO Sy 73 Hréli ; JRAT 5 R M4
MR B ROK W b s T AR B g 3

(LRI

E%%%Zﬁfﬂﬂﬁﬁﬁ : %%iﬁ CnH,N2Os, ﬁ%i
44443 N TRTE PR A Y L BEAE IR 1 SO P 7
Wi, oA K, KPR R 231 mg-L7(20
C,pH7), 1gK,=-1.30,pKa,=3.3,pKa,=7.7,pKas=9.7 ,
1.2 KA

i U AR b AR Xt 8 AN [RIAE ) & 2F
FHIFENR 1% 7155 BRI B A 3 B2 (ISTA ) I
WL IR

AT IR SE I, AR A SL IR A5 5
H AR RAR K TE 209%~100% 22 7] , 14 B 5256 7 i pd
UM BE R 0.0.1.1.10.30.50,100.300,500
mg - L7 AR 3 AN AR A 0.1%
NaClO A3 5 min, FZEMBK v Pk T4 IR T
UK 6 h, SRE TR Rl T2 S0 3 R e 8%
FEM AR IELS b BRI ECh 15~20 Fi, FEEARE
FIFAg /NI 22 , P A BIC B A AS ) B DU 3R 28K
VAR 7 mL, St BRI, BT IR R S A v SRS
Wb REFE IR BERERITE 25 °CIRJE 80%., 4~5d & (TR
Ke>5 mm) 0 RE 45 A0 PR TR A 0 AR K R ZE i
K, THEARXT AR 5 2R 0 P S4B A v i 22
22l 5] e — sy 2R, R4 T BUH 20 #T , RT3 ECs, Ml
ECyo {H, 250 rh X B % 284 >80% , A AR JE 4
FRAN 2542 5 A B e AR I K B 5 2R SR AR L A 3 28
IR B 5 AR AR e 27 A = O BEAR Bl 2 i - b 21
HR R ZE AP ) BEAR B 2F (K x 100% .
1.3 FIE-HMMEIE

DU B 2 A A 2 1 14 7] 500 O 2R 2R 2
i 780 AR (Log—logistic distribution ) #Ef T L5120,
IHCRE Y L 284 T B 0050 S5 XA A i e ) ) e — R
KRG, AR L™,

Log—logistic i<k :y=fr6%

Kby A A FRAKT- R AE P AR AR 15 5% R A B ) A
PIARAR (1) FLAEL, RO REIARA % 5 700 LAY
SHx BN IAR R, mg- LM SHEC, 19 H
SRXTELAH
1.4 {5 S R80T i 2 I &

M PR B VU Z XA A RO ), R
H Schabenberger &P RG] & 7 30 (horme—
sis ) BRI A, AR b 5 FH 7 A A5 o R R
INE A5 G 3] -5 56 R U4, W] Tablecurve 2D
V5.01 B ERMR . AT



I I TR K 20 M DU 22 R R A BT SO A (SSD) 245

Y= atbX
- k 100 . be
1*[ 100 T 700 ) o |€xP(d InX/e)

Ao Y R mARR A P, % 5 X O DU
RIYHREE ,mg- L sa.b o d R )T FESHL, k241050
H#,%ﬁC%XﬁECIO&ECSOO
1.5 WIAEEYFERNDFERRES 7 (SSD)TE
AR S 56 5 FH Burr 1Y A5 4y 5 W PP A 10 B4
F BRI BB 4 A (SSD) LA 262, & & —Fh R
T B3 AT BRI, X AR R B AU B AR A, AT
A BurrlizO 58 i
Burr [l 284 pR 50 9 S E07 2 0 -
1
[1+(% el

K MR IR E R, mg- L5 b (o koA RS
I3 S5
1.6 #ELE S5

% Fl Microsoft Excel 2007 .SPSS17.0%} £ 48 147
J5 225 S 530 . A EciE i F Duncan' s 2 i)
ZE AT 25 5 A B AR S0 25 S B 2 MK R
P<0.05,

2 ERESH

2.1 MIRRTZETEYFFFHRRREAOZMm

DU BRZR T Gk 8T 4 2 A FAR AP 114 52 0 D,
Bl 1, AT UE H |, B 75 1 DU 280 B 11 72
N, DUPR 2 AR A T B A0, AS TR D ) 2
AR IR i S8 25 BTG o WS IS [R) e B2 ) DU A 28 % N
[0 1) 2 AR FDAR (i S M ) 25 S K, X 22 57
S A ARG AR R R o ZE IR I DU SR 22 VR
0.1~1 mg- LB, B R m K BHE b ROK B85
AR 5 6T HEUR H S 2 38, v RO A 58 AR S hin
410 mg - L7 B, AR AT R %0 BR T 26 8 0
() VU IR 2R 3 <10 mg - LB, B2 B8 I i L 55
S RO R R 55 06 BEAH L dg 238 0, X AT -5 Y
IR AR L S5F T X RpF AR A 5 2R 4 il 3
RUNA 5 TEPUFR R IR }7100 mg - L, 551,
RN ORI ARXS 2R 43 31 78.8% . 56.1% ,96.6% ,
AHXNTHR AR50 424.7% 41.5% .53.8% , SRt i) 14 3%
PR R AR 2R i AR AR, T LA AR AR
RS DU 22253 (e 7 A A 2 i T AUk
22 MIAREMNAREDSENTIE-HMX R

Fh & 2R ma b AR L 2R X DU A 2R

F(x)=

0B A S0 S AURR, DRI FR AT T A AR AR
SN i, Z AT BT AR 2 R
Hr 35 58 0 A1 5 Y (Log —logistic distribution ) X} 7 Wi H
VU FR R AE ) 0] B RO G R etk AT TG .
HI TAEMRR B 25T B a BR 2% LA A KA
— 2B PRIV, IR, A Schabenberger S5 21 Ik
TRt 5 R, LA AR X IR0, 2 T B 2
BT TIEIE 453 FIRAE 20T MU IR 2R XS A4
TP AR ) BE PR ECSMIEC o( 1) o BEB
DU BRZR VR B A G A0, AR AR 2 i/ , i L2
71N, ST ) %) DU P 2 5] s —RUON G R AUG AR R 4F o
SRR TEM R ST | U ER R XS A AR A
10 BE 1 1 1 22 5 8K L ECsofE A 8.52 mg - L™ 51 108.4
mg- L7, EC,(fH M 0.50 mg-L'58.36 mg- L', AN[A]1EJH
IAE P ECso FIECodie K AH 5 e /IMELRY 5] 43 351 3k 2]
I3AIE(RD) .
23 EFEUEEEC Wik NREENSHER
BURESTUR 53 T

H T, SRR RS o3 A1 1) S U5
F A 3= 45 Burr I | Log—logistic , Log —triangular ) f&
Log—Normal =24, Burr Il #4434 & —Fh R 15 19 70 41
BRER, X R R B AR DL R P R AR R A
HeRABEEE Y SN PR Z AR
A BTG G RS KBS PP Hp g R D

A SRR bRV W VU PR AR wE T v
JE BB (ECAE ) EAT X ECE e 5, A1 Burr 12 534
Gt TG, 19 BIIET95% MR A s v vh Y
PR AEY) TR A B A it 2k (1813) o I3 R] I,
A TR FE 00T 10 B 2R R A ) AU 3 A A B I
o B> RS B RS E > b >R 5> £
K AFA BRI RSN 3 AT 25 R B 7 i IR A [+)
A AR, B A B TR TEAE M) b 1~ 28 S rh )
PUPRZR PR St T K0T DU A 2% B 5 A 2
L

3 itig

R AEEPWEE T LB RS EHRX M T
KZFI RO, AR [ — W B, R 25 R
i ZRA RO 4 2 3R 3 R A R M R U
RPN S SRS A 25 R . B H T S E K IR
BT, D T R R LB R NER T &
25 MR ZE R A, 45 2R R W], 7E A Rl 5
AR R R (RO PUR 3R AN R K AR A



246 R S ity 533 EFE2H

140 A N
a _ I
120 2 a P sl T T Ok O Hii
—rabd] | ab b, B #L i
a I bcbc
« 100 a
g d
_lgg_ 80' C ¢ d d
#.E\: 60 b de e
DD:<[ bIP
* 40t =
d —
A =7
20+ |='= =%
0 A . . . 7 . . =70
0.1 1 10 30 50 100 300 500
PUFR ZE AR B /mg - kg™
1601 . O%% ~ DR
140} ab aab a =k ZEE/S
b
120 al 7
§ . ab b —|7_ a Ig ) be
W 100+ T be a =7 C
& =7
iﬂj 80 %2 q
X 60 Eg
<= —1
40 = ¢
/) 1
20 7 =
0 0.1 1 10 100
1401
ok OMERE O
= B#K AF
< 100[ =1
2 wt| [E7
= = c
— 60 = ¢ cd
= —
* 40p E/ d d
E% c d C de cd
20 E/ de ¢ e d ¢ e
0.1 30 50 100 300 500
PUFR ZE AR B /mg - kg™
180 a
160+ .
a al/ O&% ~ Ok
. 140 ia b ) Bi# B/
2 120+ ; a b b
= 1001 b :
X
= 80f = :
Z 60r . i
, de f
401 d e
7 de € d
L 2 f
20 7
0 0.1 1 10 30 50 100 300 500

PUIRZE IR IR 2 /mg - kg™
1 MINERMIREX B FHKGIRMERKAZ N

Figure 1 Effects of added tetracycline on bud and root elongations of different plant species
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Table 1 Toxicity thresholds derived from the plant root elongation
(mg-L™") and the 95% confidence interval
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Figure 2 Dose-response curves of added tetracycline on root

elongation of plants

AR, LB RMEEZN TR A RRBUNAT
ARG RS TR (8 XU RSN DG FR © Lins
FRATWESE 7K A T A0 SRR PR N T L bR I
PIER ST e P R I 1) WA SRR LA FROX e 5
AREPE 2 315 R A PT AL SR R, 45 2R3
TEPUERWPES10 wg- LB, HiA RIS PE 5 4
FARAMEIVER, MEE01I~1 wg- L AR B i [
P SO B PR SRRV, o A5 A B R 2R3 8

100

80

601

IIAHTR %

4or

201

0 . . )
1 10 100 1000
FEIERIE ECs/mg L7
E3 REEYEFURESEBREECHISSD i
Figure 3 SSD curves of different plant species based on the
threshold value ECy of tetracycline
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