20189 A REBLHE K 4 $37% H9M
Sep. 2018 Journal of Irrigation and Drainage No.9 Vol.37

XEHS:1672 -3317(2018)09 - 0022 - 07

i A 2 3R 2R oA RO FEXS TR KRN K L 5k B HFIE

R, RREKR, Z=RE>
(I L\ R KF FRIAEFE, Ll K5 030801;
2. P B AR LA KK RS R R X R E RS Z )BT EEIRE, L% 100081)

B EAa]THBETEREEIRAZ(WREZ LB EFRLER)NEARAE KRR A O AARLERTR 2
St AE R B B [T FVA2 A28 £ AR R AT T ERERRR, B E [ AT RFmLHwiR
F LEFREELZHLOGE BETAGEAHRFTAARESWMANEAOTF L2 FEFeFEZH L8 E KE
3P A mE it TARIE, HF  CK AT BRI R £ TI A AR £ [ 6.4 g/kg, T2 4 A Am 2 1]
6.4 glkg, T3 LR Fmm £ 1 12.8 g/kg, T4 & 3L A FxAm 8 £ 1112.8 ghkg, TS A3 A ifm 8 £ 1 25.6 glkg, T6 & 72
A £ 10256 g/kg [ RIDT2. T4 T6 L& b9 2 AW E MK A EF CCIH AL TL. T3 TS AL, HT4 5
TIAE . T6 5 TSR £ F 25 (P<0.05);QEAAM E A &3 RE TWURE, AR ErtRYTLE
F AL EFEY  EREZ AFRHERET 25 F, KERFRE  ERAMKRAR MO T F & FFHARY
FHRDIRFHA FE<E<T, MEAMEIERZIORERWGE ] AP RNA vt >ESHR, AR L]
ERIE R M A S>HES>E QO ERBMRAEFWETEAAN  WHRE>ELEE>LEL QAN E2E LY
HERAHBRTHRAAH TLEEZAEOFR L OLERAZORGRELLYAIIRESLELZ>EEF [4#]
F—®ERrE RAZRESHIRN , REZN ERAKRKEAFER, RE S EF 03, ARV R
AR IARAERGIPFER, R LT A ERBEETERE . 2FF KRG TR,
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FESHKS S144.1 XHFRERE: A doi:10.13522/j.cnki.ggps.2017.0524
SR, BRI, IR E . MR AU R I E RBEX FRE KN R EHFKBFEN]. BRHKFR, 2018, 37
(9):22-28.
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PUAERAE N BA YIS TERSE S B2 B 1 T2 RN, o AR IR SIS G S AR S EE BN O
FRIE )y 2 A BRI H  ) R ) 2 — o S FHHUAE R AR 5 HME LA B0 4 R 29 30%~90% LA
BHAEWIITE AR B ZRIE 2 DA = P T 20 AR A HF i AR = 0 58 B v e, O BLAE
B, AU R AU =k iT DU O TR 2RSS . b E R AR = MER R e FHEEZ KT
B S, BN AP R T IR R AR R G B O — Lol , 32 EEAE v e 3 3K R /K K SR
A FH A3 rp e, PUIR B4R &R (Tetracyclines, TCs) , H HHALHE 155 25 (Oxytetracycline, OTC). U3 25 (Tet-
racycline, TC) 4% % (chlortetracycline, CTC) , 7E 3 F A~ [F] iy [X A& FH v 486 Ml )7, 7k EEEEEE i bt
AR R Z BRI 78R UA RN e 5K, T & 505 0.350,0.107.0.119 me/kg™ '
Liguoro Z5""PL 60 mg/(kg - d) L5 F & 50 Sk AR I MR I P [ 13 /R A= 3E4T 5 d RS S b e o FL 2 A v
TR R HATIE , LRI N 30 d, ZEFEAL AL 5 AN H S SR 20 5 B ) 5
R iR 7 B0k 820 pg/kgo. TRAMTE SR IIAE 32 AMHE SN 23 ARG FERE b R B R T R i B o
9.109 mg/kg £ 1.197 mg/kg , HAEHE 3E iR il 21 5% = 5 0] 14 134.2 mg/kg. Pk & n] 5] N K1 Pl ot 5
P s N B B N A B SRRSO AR e SO BRI . B AR E R 4 O S RS e AR AR
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K A R BB AR B D AN RS (ROS) KT N e DU P E R G & A 24 B i B e
R PIVE AL &40,

TR B RS P R AE L A R A i BRI 1 TP FR R KA
AR R S IR A KB A, A 38 B B By, B, DR AR R B AL AP i
REMSTE LI KA. BT, B A A3 3 20 R B A R AR B & K I AT RS R T K&
TC, R KT HUERAEAE VR IR SFeAb L 70 A RFALL 5 ILARIE , 5 S0l 52 AE AR AR )R] BB 20 1Y) B S LR i
WU 75 T A ARE b . D, DL DU R KRBT RIS IENHT TR R, 2l ARy sIG B9, 20 A DU 2 2K 451
AR FRAE KRR B AL AOIERS A5 A, W T P 2 DU A 2R B0 AR X0 0T TR A XS dh i (R 5
US9S£ B i FH SR AL BRI SR, RIS tho i A 25 e 3 P (AR TR I AR DR 4R 1t — 52 IR AR e

1 MR575E

1.1 FAREXBR

PRI AE Ll P8 A8 R A B 1L P RO R 2 SR R A8 2 Bt KA b AT, ML BT B R 37°42'407N, 112°57'68"E.
X Z PRI N 9.8 °C L7 HE G, AR 23.6 'CL,1 AR, H PSR N-6~2 C, F T[4 &
458 mm, JCFE 175 d, &4 H IR A1 2] 2 500 h.
1.2 eIt

RIS T 2016 44 H 12 47, il L3Oy A KRS 1, R B 1L 4 K8 Bk 1= 3% (0~20
cm) , T35 (Y FEABRAL AR : pHAE A 8.61, BHES 22 #8049 11.23 emol/kg , A ML &4 36.4 g/kg, Tk A &
“H 32.62 mg/kg, XU B4 28.88 mg/kg, H AT 84 150.80 mg/kg, 3B AL A ZE KL (<0.001 mm) [
47.8% KK (0.001~0.01 mm) i 34.6% FPKL(>0.01 mm) 5 17.6%. R Wit N =& =K, IR
INARZEA T I G T AR R TUA R R EF R EE R H 03, b A R kAT
BHABEAR s 383 TTAEXS AR AN B2 DUBR 55 E B W A S5 R HEH S 28, XS 1 ek ih U PR 5
TEEMEERIIRINESE ST M) G ISR INEN 6.4.12.8.25.6 g/kg, it 7 NMEEE, 43 528 T1 Ab#E
RTINS | 6.4 g/kg, T2 ALBE NG ZE 11 6.4 g/kg, T3 ALBE NG 1 12.8 g/kg, T4 AFE AR INAS R 11
12.8 g/kg, T5 AL F AU IS FE 1 25.6 g/kg, T6 ALF N INAG & 11 25.6 g/kg, BN AL 3 AN AT, DAANER INAg &
AL EEAE S IR (CKD o R BN A2 14 emy 3R 19 em 55 25 om ERLEL, R AL2E 1212.5 kg, [
PBUHES o K — & AR 2N 5T 1 mm 57 (0 F 2K A8 iR 2, T4 24 h )5, 7553 2 mm SE 7 948 + DL
FACNEIR A G2 5. @k i AL AE A CO (NH,), Ca(H,POL), Al K.SO, (35 R 73 Hr 4l ) , Hojiti Fl &:43 59 N

0.15 g/kg [ CO(NH,)».0.05 g/kg [l Ca(H,PO.), A1 BRALEAGERE LN REIH mg/kg
0.1 g/kg K1 KoSOse EKRHEAE T2, 3M _ fhikik Ut & TER SBH
WA SRR 1 vk, 8 A 18 H Ak, & R 008 0.06 0.09

, R PLED 9.48 3.05 3.87
N/ Nea el = s 4 /-( =N
*é\u+\*%*iﬁﬁﬁi)\}:/\$ﬁ ’}:/\q:}ﬁﬁ E’iio %11 192.57 58.99 36.46

POXAT LI LGP IR R L HERNEER
()5 o B AR 1.
1.3 MEMBS575%

398 G RN FORME 25 CFPRLIS SR F OB A L A b o TROKHEE R AR 2R A R 7S R - [
A 5 L Ak LA 5 5O R €8 % - R BBR 5 1% (HPLC-MS/MS) 23 Ml 58 , F 2 5 - B R B - 2 FR 89-Na,ED TA ¥
T/ FE AT SR EL, FH O CUGE - VR AR L, F i e 28 R IR AR , I FH 21 -0.086 mol/L B R (AR EL A 15:85)
FERF A S mL, BERUTHE, W] mL i 0.2 um PR J5 F HPLC-MS/MS 351 €™ 3RS e i H1 R 3R 34
M pH{E 9 4 ) EDTA- Mcllvaine 2z M52 HL . 22 /18U 73 79 0.05 mol/L ) EDTA.0.06 mol/L ] Na,HPO, 1l
0.08 mol/L [T IEER"™. 7 H 12 H L4, KA B, F F§ CCM-200 Chlorophy II (Content Meter Opti-Sciences,
Inc)WE T KM (F2 250 Eja) EECE 3 it I i 4% 25 545 £ CCI(Chlorophyll content index) o
1.4 BEALIE

K4 ¥R I DPS #RAF AT A0 B, 7 22 53 W R FH LSD £ H LA, 22 MK P P<0.05 , iz R 8= 13
A3 CE+HAFRD /4R 55 RD
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2 HBREDH

2.1 MERERAIE R E RS FIRICH

FH P LRI, oK A AR E bR i AR K ) B 2 5 T CK(P<<0.05) , HAk i AIAR K ) 28 — 8ok 34 . TS
AbFE>T3 Ab 3 >T1 AEE, T6 AL FE > T4 kb3 >T2 A B, X 28 jite FH &6 s 5 FOK AR K AR adb VE B . i
R HH TS IR A MUACARL RE B (L 3 FOR I AE K o R Ry RIAR K 7E W48 T A 70 it FH 8 30 35 10 A 20 e 22 H 30—
A, IR INAGE T A B>V INXG S 11 4038, 3 B BT AE 3 A — @ R L] FoR M AR K, T2 AbBE A bk s R K
3 B T1 AR BEAR T 8.7%13.0% , T4 Ab B 1 #k 1 AR A 23 7 bE T3 A BEPEAR T 12.2% 15.1%, T6 AR ¥ 1k
AR 0 Sl TG TS AR BR AR T 15.5%21.3%, AT ILPTAR 25060 B KA K B A il A FH B 55 XS 35 vh o A R i )
FBG s, BRI IG EE T AR AR ) B E A N A RS S 11 AR R, G H R R
BB BN FUBE A R R, i B AR B R AR AR T BB AR O AR AR K A R
KXk e P ] 3 5 i N T 90 4 SR — B
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CK TI T2 T3 T4 T5 T6
i
Bl WxFEEREFS EAKRSFRKG 0 A2 WRE AR AR BRI R REHHH

22 MFEHMEZRHERZN R PR REHFN

EH B 2 AT, VAR IR 35 ) A P v 2 e HRANCRERE () T B 2 e T K XUl XS S e i | FOKI AR 78
PN I0AH [R5 A XS S A B b, A L ZE I ROFFRL R 50 S AR S AN NS 2E T >USINXG 3 11, T2 A B (AR L 22t TR
TRED AL T AL FEPRAR T 36.92%15.12%4.25% , T4 AL T (A 25 i FFERL T 57 820 51 bb T3 AR FRAK T
39.46%+12.10%-8.83% , T6 AL FH IR 25 I FIFF AL 57 £ 53 ) LU T5 AR BEFEAIK 1 50.73%17.34%14.55%. %
BT AE 00 TOK I AR K 2 2 AR MR L, P AR 250 o1 &2 20 H0B0 s AR FBR BA 58, 9 HLBu AR 306 oKAR I
F R T 25 RORF R o FE TS INAH 5] S 70 [ X8 St b B v, AR L 25 I UK RE - 57 5 0 4 Bl S 3 I N 2 1) T i
TG0, 2 BN ZE %) TR A KR A R T 5 o0 TR A K I fE A
2.3 MR ZREIMEREFTEK CCIRIF N

2R RO RE , AT BRI e (W B AR €0 25, SR R (3G A R TR SR A 2 1D RE . I3 W]
HI, AP E] oK CCI 3 T CK(P<<0.05) , iX R XS Fe e (2 ik TR DA AR « A5 A [ it FH &
RIXGFELL P CCTS T KM iy R LA A S AR R 00 A [ () 3, RIS NG 3 T > g3 11, X L W
PrAE R MW EER, S5 AL RPHRL. IS I0AH [ SR BN JE b 3 o, B 35 it B = () 38 0, RoK CcT
LB B0, 150 RS SE [ BG R 9a b HiA F oK CCr e «
2.4 AECEERFE PUFRISIE ZHNREBIFE
241 FRAEEREZE PEFREKRE HFiE

B 4 AT 50, & AR TR AN RIFBAL AR EE 7 VUIA 3, o, T6 AR B4R 25 AR R 5 iy T AR AR B,
FE A — AL B AR, KA RAN [F) A 5 B 1) VU 24 22 o 5t 20 B0 R B0/ g - i > 25> PR > 4R, X AT e 2 i Tt
RCEAERI B, FOB R AU B HE R, A R T DY 2= B RR 2, AR S i DY 34 25 1 g K T H At AL
G SN I A R, AN XS 3 1T AR 3 9 K 28 S FURF R o DU 30 2 10 & 20 200 B T 38 1 1
B0 (P<0.05), Hrb PUPR 25k B A B oK fe v, T2 AE R K H- LE T1 4B 5 276.5% , T4 AL B LE T3 Ak
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PR 552.6% , T6 AL FE LY TS AP 5 861.4% , HAR N ZE FFRIANAR, v e B A REM G0, WU R 5 &t
FEM I8 o 24NN 2Rk A0 ], XS 36NN A AT, T3 AL BE AR 25 i OFFRL 4 i EE T1 AR B /55 26.1%
18.8%34.3%19.6% , TS5 AL FE B L 25 Ik FF KL 430l B T3 A2 57 5.2%  11.8%+5.8%+ 10.4% , T4 AL HE H A
25 CFFRE 2 I HE T2 Ab PR 45.1%+192.5% 4 132.8%+ 53.8% , T6 Ak FHAAR < 25 L OFFRL 23 5 b T4 Ak P 75
25.7%-+51.0%-55.9%+92.8%, 1] W, &4 b, 7EAH RSS2 ()0 A0 3 o, X 3 it A Bl ey, R L 25 LI RIFF R R
VYRR 2R P 1Y R P A/, 13 B R oK 25 B 0 DU 24 2R R W WSO — i D R 1 12 o

- 16 ¢
0 TR ER LT
14t
50 F
—,EEDIZ.
40 é.“o'
~
S 30 wW o8t
D =
6.
I ##
20 i
= o4t
10
2
0 0
CK Tl T2 T3 T4 TS T6
ey sl
B3 WixFd LRAEZN ERCCIHH R B4 2REE PR ENGKGHIE

242 FRAXBEIRBEFLEEZ M0 HREG HiE

FH T 5 TN, & A B KRR 3 R AR B LR 3R AR B T oK AR 25 b S IINS 3 T AR B A FOKAR
E U EERRREYAMN > >, X5 DU 5k B A ], 10 3 D0 28 TR A3 A - b > i >
2K, RS SRR IR AR R, RORAR L 2RI A B 2R 0 5 40 BO7E Bt I 3 1T AR B R B e TR R T (<
0.05), T2 AbEEF) F KA 22 A LB IR E 0 Al L T1 AP 55 134.8%1.32.4%31.1%, T4 AL F A FOKAR |
E MR E S B T3 A 5 139.3%..88.2%.67.8% , T6 A F () T K AR .25 () LB KL B
AIEE TS AL 351 212.9%164.9%176.3%, 7] & Hh, & HiAE 2 B A0 3G 0, 5 2078 TR N 5k B BBy, 1 m)
Ree 5 LR REMMEA . v WL, FOK & HR A - 85 22 )01 5 70 50110 384 s 55 I 4 ) 345 it FH =2 P 84 v 38
X5 PURR &K A BE B8 4 I A

50
40 ¢ % gt w
aig m% 2 gg } UE N MA 2
337 40 +
~ ~ b
) 30 | B3t
95t £30r
~ e
ﬂﬂﬂ 20 L i 25 | . " B
| o0l
félf ¥ H‘ﬁﬁ . de i
EE wolSF . ded M. ¢
§oor & ol d
0.5 1 05
0 0
CK TI T2 T3 T4 T5 T6 CK TI T2 T3 T4 T5 T6
i Jb3
BS5 2ABEFTLELGKRG BHo ERABEFTEEFNKREHIE

243 TRAXEEIRBEFEEE M= 050K E 410

K6 3R, 75 Ab 3 FORAR BRI AR TR BB & B 25, ML AS 2 K 2K - RUFFRL A, A R AR BE rp , FOK 28 i OFF
K a8 R AR REYNI > Z>H0L X 5 PUR R DU S [T ARBE R LB X R AR s . 49380
INEAER, RS EASERN R E S EEF SRR EERHEZ G >0 1, WleER
AR AL, AR B R, HROREZE I FFRLAY T1 AR 5 T2 4038, T3 4B 5 T4 AL FE, TS kb FE 5 T6 4k

25



T 151k ) 55 25 K 7 (P<<0.05) , T2 A0 FE [ 5 A 25 L IH KPR 1 4 55 25 5% B 8 4 0 BE T A 5 33.0% - 64.3%
61.9% , T4 Ab BRI T oK 25 LW FF R 1K) 42 57 22 5k B B 49 BL T3 A3 157 91.4% 138.1%.83.3%, T6 AL R £ oK
M PR B R R B W TS AT 5 150.0% 164.1%152.6%, Ui I BE S W 25 B in & F R E L
K AR A B B B v, G 4 Bk B A ORI R v, FL RO ZERIRE R, 1X 5 DU BR K A R R R A
Ao EAH [ 2 Y fr X0 28 A 3 v it FH S e, L K 25 SRR R R & B R G KR e, 5 TUM R AE R
KR P B B i B — B, U I K S AT ot 4 B 2 WAL TR A A — e PR IR 1) 12
244 ERAMMKTETRELREZRED OO HIE
MR 2TE H, TR AT AE 2R, FORAEANT . o N
JZUEEU%@%%%’éﬁi%ﬁ@[ﬁ%ﬁﬁlﬁi%mﬂiﬂéﬁ }T%f 2.68 A 7.53 A 3.38 A 17.36A 3.65 A 27.22A
HR RS . 13 T AP, FRX3IMIUMR RN 452 176 2.55 1.84 3.34 1.99 5.58
WAHZANK X AT RER RO Ah L 3 Fhhr AR _ @& 266 408 305 640 330 849
(P Sy B ZE BN o KT RS TN AR EE, FORM UM R RICK T & F RN LE R, X a5 T JU 3
EFWMRES B mA K. MR EFRMEFERAREE . &HER>THER, XS5BT &EFRAL
HERPRES B R, IX 68 5 T & R PR ¢, By T pHE A 8.61, 2 BB , 1 + 55 Z AL
PRI 5y T RN T 2R 28
245 BARAMIT IR E LA F R RZE TN
12 Z % (Translocation factor, TF) /& W) 5575 G i & 7 505 1 5875 YW i & 3z th, H SR
PEMAEY 15 G WKL R 3B gt 3B FE 4R R ). T BRI RIS E =, T & BRI iE
A3 RAMAAWTE LR A EHEFRR(TE AEmoK. HR3IALAE M, XS FE T pAb B
pikE  TIE  Toam T3 Tadm  Tsam  team  (T1LT3.TSAMHD, L HERMFKZERFKTIURE,
k2~ 4.83 13.76 4.83 22.46 4.98 28.27 ﬁﬁ{fx%;’tf H Bﬁmfﬁﬁpﬁfmtﬂ){rﬁﬁﬁ%o Ejﬂ[}_{]ﬂi%’%
+EX 6.65 3.72 5.57 3.99 5.42 4.74 Ffﬁ§ ,ﬁ%@% , %E%ﬁ@ﬁ , ﬁ%%@jﬁ , IEI}/F
Ry it FIRIER . 1 ER R, TR H I /AU .
246 ERRMGLIEFWIRE LA TWHK G
ME 70 F H, CK LR R B PUE R PUERRER 5,
RRHIE S EHR R R > L HR>ESFR, WAL, N3 BIE wtEE wpEE
A EE P A R AR R W B | T s 1 s (p< I
0.05), TS 4b3 5 T3 AbFRH PUPF 5 L H R M &5 R MR H
ELHEZR, T3S T1 A T4 4B 5 T2 4bBE TS 4b
HE T3P PUIHREM T FERWRERLHEZES, 4
EENREEAEVNEZR TAHENIRE LB .45
F I B 50 T2 Ab 2 51 4.6%1.9.6%+27.6%, T6 AL FE ]
VU R L HE R S HE RN &9 M b T4 4P 5 15.3%
3.1%+47.0% , 1% 55 75 R K A& P 595 B &R AR AE &, oK AR
P DY 2R 25 A 25 2R X 38 1T A 3 A o it FH 2 4 L ke R

&/ (mg kgD

CK T1 T2 T3 T4 TS T6

EAHE NEEA,MeERMEGEE RN mLREEE L]
BT, R, ERRANPUAERRE N R, 138 B7 L3P wrE ERs FeKRGHE
HR A R B I R D , ] 2 TRAR

3% R

KT BRPUERS D E KRR RN R IR, 245 RIFR RGN B WA — S0 Tk
B, PUA 2T BEARAE A AL A B i (1 P 1R 6 18 S 26 R RO T 18, S 26 TR H I 8 il 3o S AL A g % P - ¢
A MR 6 & ®0, B FER B, DU 2 R P A RIE L 5 4R A% 3 A4 10 30S B0 45 455 A
1717 PHLLE TRNA [RIAZ B A% 5 1 45 4, 3 5 ™, B AR AR K R S Se R 02 3 5 i, By AN HERR:
FEAMAR EGRUUREA R T ACHFFRERE], XS T AT PR E R & AR A DL ZE M AR KL I
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Ji L A 2K ) B R AR P AR O g i AR KR B SE T A TE PSR B RIS S iie i T
LAY LHC 5 A & R e i R 2 240, N RZ SR X AR R, AW 4 R — 2L e AR &
Z N T CCII 2R, HEEE RS IERIG N, ST HTAE 2 CCOL e KPR AR RV R i 7R o

(RIS, A R SR NS 2 AR, X F6 i P B K, TR E b VUSRS AN G 3K 1 Ak W K s o T
e 1T HRBUE YA Y R B R A LTS & B i g i, — B IR . ST BLRRA
F g I R 2R R S RE DA, e 2 IR E MRS 1, AT IR/ 0 A O TR AR RS2, AR K S5 72 3R
B it FH A LA T 38 - 3l A= 4 A W B et H 3BT A A I B X — RN AT LA FH e B e i 3 0

LRI 78 R S v e SIS T 8L, AR 25 R FLA AR S A s AN A DRI A » S P i 60 7 e e e A A ) A
A IR U AR 2 I A ARAR AR SO AR AR A RE T RS B AR AR ERAL , FEAR V25 i BLRK R
hA AT . BEOMEYI R MRS I AR AR A R (HAR A st AR R R AR >, BB B M bt |
e ARV G A A T 2 23 BT B R A B L B, 25BN RL B B AR 3R B L E PR B R /N T
#8, BIT DATORAE IR K - B9 IR SRR DU R LA S . % T A HUA 22 T AR R DAL AE A
PRAR A R s AR & A2 S AL WA 5t — BB 5

4 25 ip

DA SE 1T b BEXT F K AR = AR DA S 25 AR AU Rr 1 52 & CCT M F R T g 3 1
AbFR , F HS IS0 & o F 3 I mT gk B A o6 FH A E A

DOAFFPE VU 2 K Pr AR5 G n) B, RN RS VISR T FRZANET XN EEEA
6], TR 25 RO R 25 S8 A 55 B 1 VU R, TR R AR E 7 LB &5, REB R+, K
M RIFFRLR B T B R RTEARERIR B, H FOR S A VU 2 &5 = 5k W I NI 3 R FE R <
<M FKARFEFRAL N 8 R IAEA IS 3% T A HErp R B A > 25 >R, W 76 A8 e 2% 11 ) Ab B2 A
M i >H > 2K,

AR FEEA RSP AE R R BRI IR R >EERX > TER. FRERNESEERNKIZR
HOR TR ST LB EMPUIAE, i T LB Z PR, 1836 [ LB i 15 2 > PUFR 2, M 7EXS 3 11
AL IR > LR

O TIEFUE R BERES BB ANNIR R > LR R > &5 5, H3IMPUERERIEFR R E R B T
5 FROKREMRAR S P

Bt A RIR 09 E AT P B R A S I Rk R IR R b [ XA B R, A L R R R

S -

[ 1] HSE, s, BRar, 25 A KR 035 ip 02 SR P SE DR S mi RO WIF 7o 0 JEE (0], HEBEHEK 2491, 2017, 36(2):32-38.

[2] CHEESANFORD J C, MACKIE R I, KOIKE S, et al. Fate and transport of antibiotic residues and antibiotic resistance genes following land application
of manure waste[J]. Journal of Environmental Quality, 2009, 38(3):1 086-1 108.

[3]1 BRAEIKIuTe, a1, &5 . shVUR 260 E R BUIR AT ). B2 5 W RN, 2006, 11(3): 16-17.

[4] 260, 60365, 88 2 . DU RISHUA R IEMRG 12 S 5 T 2 Rt Fuidk Je ()], B ZE25 2741, 2012, 23(8): 2 300-2 308.

[51 20, Wkt , 5k, 45 . B I PUERAE LB P AOAT 9 /B A 2 B NIAT TR ], 7 25 RE 221, 2008, 3(1) £ 15-20.

[6] CASTELLARIM, GRATACOSCUBARSIM,GARCIAREGUEIRO J A. Detection of tetracycline and oxytetracycline residues in pig and calf hair by
ultra-high-performance liquid chromatography tandem mass spectrometry[J].Journal of Chromatography A, 2009, 1216(46):8 096-8 100.

[7] FHEHE, Bk W, S, 45 . S B S pTAE 3RTS JeRR (R 5 AR RAIT JE 9] AR %, 2012, 33(8):2 810-2 816.

[81 SkEH, = a4, I . Wit X & & S AR L3 PURR R 2K Pi A RIRFA[I]. 2 S5 RN IREE244R 2008 ,24(3) : 69-73.

[9] XUHiHE, Eoche, T VLI E LR & S HEIEY) b DUIE 22 28514 3Rk B A 2 (0] O IR R 2 544 , 2008, 27(3) : 1 177-1 182,

[10] [EAM, Wmm G, X8, &5 ) M T 5 HAE R PR EEER B0 L[] AL PR B R 2224, 2011, 30(5): 938-945.

[11] LIGUORO M D, CIBIN V, CAPOLONGO F, et al. Use of oxytetracycline and tylosin in intensive calf farming:evaluation of transfer to manure and soil
[J].Chemosphere, 2003, 52(1):203-212.

[12] FRRHE, KR, XI5 M, 55 AL TR0 & B 28 L B0 35 U E 20 0T L (0] DS 97 S R4, 2005, 11(6) - 822-829.

[13] KIM S, AGA D S. Potential Ecological and Human Health Impacts of Antibiotics and Antibiotic-Resistant Bacteria from Wastewater Treatment Plants[J].
Journal of Toxicology & Environmental Health Part B,2007,10(8):559-573.

[14] DIM G, GISMONDI A, CANUTI L, et al. Tetracycline accumulates in Iberis sempervirens L. through apoplastic transport inducing oxidative stress and
growth inhibition[J].Plant Biology, 2014, 16(4):792-800.

[15] Efi, BUIFIE . & &5 ST ik B DUPR 32 S804 32 M B0 5 YR AIE S AR ) [, AL IR B 2224, 2013, 32(9) : 1 705-1 719.

27



[16] HALLINGSeRENSEN B, NORS N S, LANZKY P F, et al. Occurrence, fate and effects of pharmaceutical substances in the environment:a review[J].
Chemosphere, 1998,36(2):357-393.

[17] ARAE . 25T WM. AL T A 2 Tk AR AL, 2002.

(18] PR, 525722, 521, 46 | T RH AE - o RO (VR I 8 & & 380 b i LB R B R AU R [I]. FABE462,2010,29(4): 739-742.

[19] ERIE, il A . L8 2R 3 B P SRS H S [T WA A0l A4, 2009, 48(1) : 70-73.

[20] XUHIFE, Houte, THE VL4 L0 IR0 & S HEMY) o DU PR 22 25 b A R AR B R 7 (0] A PR BT R 2% 2441 , 2008, 27(3) : 1 177-1 182.

[21] AHMED M B, RAjJAPAKSHA A U, LIM J E, et al. Distribution and accumulative pattern of tetracyclines and sulfonamides in edible vegetables of
cucumber, tomato and lettuce[J].Journal of Agricultural & Food Chemistry, 2015,63(2):398-405.

[22] DIM G, GISMONDI A, CANUTI L, et al.Tetracycline accumulates in Iberis sempervirens L.through apoplastic transport inducing oxidative stress and
growth inhibition[J].Plant Biology, 2014,16(4):792-800.

[23] SRR BRAKE, XIZEZE 55 | PRl S 2 0 R0 A 2 A AR 2533 R URE ). AR 72741, 2009,29(3):619-625.

[24] BRADEL B G, PREIL W, JESKE H. Remission of the free-branching pattern of Euphorbia pulcherrima by tetracycline treatment[J].Journal of Phytopa
thology, 2000,148(11/12):587-590.

[25] KOHANSKIMA, DWYERDJ,COLLINSJ J. Howantibioticskill bacteria: fromtargets to networks[J]. Nature Reviews Microbiology, 2010, 8(6):423-435.

[26] HORVaTH G, DROPPA M, AGNES OravecZ, et al. Formation of the photosynthetic apparatus during greening of cadmium-poisoned barley leaves[J].
Planta, 1996, 199(2):238-243.

[27] ARFKHR, BE S, FBAZE, 45 G MUK g8 oo A 25 B AR AR VR FH (0], Wk %4k, 2015,27(3):417-422.

Decay of Tetracycline Antibiotics and the Growth of Maize in

Soil Amended with Chicken Manure
QIN Junmei', XIONG Huaye', LI Zhaojun™
(1. College of Resources and Environment, Shanxi Agricultural University, Taigu 030801, China
2. Ministry of Agriculture Key Laboratory of Plant Nutrition and Nutrient Cycling,
Institute of Agricultural Resources and Regional Planning,Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: [Objective] Livestock manure contains antibiotics and its application to soil could affect plant growth
and proliferation of antibiotic resistance genes. The purpose of this paper is to experimentally study how soil
amended with chicken manure containing tetracyclines (tetracycline, oxytetracycline and chlortetracycline) antibi-
otics impacts growth of maize and the decomposition of the antibiotics in soil. [Method] Pot experiments grown
with maize were carried out with the soil amended with two types of chicken manure: one was manure excrement
of chicken without being fed tetracycline (I), oxytetracycline and chlortetracycline, and the other one is manure
of chicken fed with these antibiotics (II). The experiment consisted of seven treatments:(Dcontrol (CK); @adding
6.4 g/kg of chicken manures I; ®adding 6.4 g/kg of chicken manures II; @adding 12.8 g/kg of chicken manures
I; ®adding 12.8 g/kg of chicken manures II; ©adding 25.6 g/kg of chicken manures I; @D adding 25.6 g/kg of
chicken manures II. [Result] The plant height, root length, biomass and CCI under Treatments 2, 4 and 6 were
higher than those under Treatments 1, 3 and 5. The differences between the Treatments 4 and 3, the Treatments 6
and 5 were significant (p<0.05). The residuals of tetracycline and doxycycline were found in root, stem, leaf; and
tetracycline was also found in the grain. We also detected aureomycin in stem, leaves and seeds. The concentra-
tion of tetracycline and aureomycin found in different tissues of the plant was ranked in grain<stem<leaves. The
concentration of doxycycline found in different tissues of the plant was ranked in leaf>stem>root. The antibiotics
taken up by plants was ranked in tetracycline>aureomycin>oxytetracycline based on their mass found in the
plant. The transfer coefficient of aurecomycin in the canopy was higher than that of doxycycline and tetracycline.
The residual of the antibiotics remained in soil after the experiment was tetracycline>oxytetracycline >aureomy-
cin. [Conclusion] The antibiotics in chicken manure could imped the growth of the maize compared with the ma-
nure that did not contain antibiotics under the same conditions. However, increasing the chicken manure applica-
tion not only reduced the inhibition of the maize growth, but also decreased the residuals of tetracycline and au-
reomycin in different organs of the maize.

Key words: tetracycline antibiotics; chicken manure; maize; residuals of antibiotics in soil
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