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WE. MABKR O, EA RN ERLETWAR L2 Zn YA SCERZ 0, R F IS = (0TCs)
PEE TE B R AURN R 4 B2 T i ( LL A B R0 40 nmol/mol ) A B+ 33 & SRR AT 0 mg/kg, 200 mg/kg,400
mg/kg Zn ZbFE AE/NFZ B S BEIA ST IR AR A LB 3 R FEBEZ 0~5.0 em 5. 1~10.0 em 10. 1~15.0
em % 2 A FIEFIH BCR %8242 0G5AF DTPA $2IUE TN 2048 /N2Z 488 Zn AR S0k, S5 R, KRR
AR TR A BHE £ HE(0~15.0 em) Zn A9 RUPERZ AR B 3 5 76 AP0 8 S 8 T MR Zn V5 4+ 0~
5.0 cm f110. 1~15.0 cm +JZH Zn AUF R, H DTPA $EEES Zn B 0E 4> 314 150% 1 241% ,{H1E 5. 1~10.0 cm +
2 DTPA RHUE Zn BB FRAE 42. 4% 16/ E AT R W8 K T AME A 400 me/kg Zn 755 3 0~5. 0 cm il
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Influence of elevated tropospheric ozone on the bioavailability of zinc in
wheat-planted soil

WEI Si-yu, WANG Ya-bo, SHAO Yang, HAN Shu-wen, YANG Ting-ting, YIN Wei-qgin, WANG Xiao-zhi
(College of Environmental Science and Engineering ,Yangzhou University, Yangzhou 225127, China)

Abstract: The objective of this study was to clarify the changes of the bioavailability of zinc in the soil affected by
atmospheric elevated ozone (0;) during wheat season. Open top chamber (OTCs) were used to set up normal atmospheric
conditions and elevated atmospheric O;(40 nmol/mol higher). Three levels of exogenous zinc were applied (0 mg/kg,200
mg/kg, and 400 mg/kg) soil samples collected at 0—5 c¢m, 5. 1-10. 0 cm and 10. 1-15. 0 ¢m depth of topsoil at seedling,
tillering, jointing, heading, and maturity respectively. The bioavailability of soil Zn was evaluated by the Community

Bureau of Reference( BCR) sequential extraction and the DTPA extraction method. The elevated O, level had no significant

influence on the bioavailability of soil zinc in the topsoil. The
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mail) siyuwei2013@ 163.com od, while in the soil at 5. 1-10. 0 ¢m the zince availability was

zinc availabilities in non-polluted soil at 0-5.0 c¢m and 10. 1-
15. 0 em depths were increased at maturity by elevated O, level,

with the increments of 150. 0% and 241. 0% using DTPA meth-
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400 mg/kg boosted the soil zinc availabilities at 0-5. 0 ¢cm and 10. 1-15. 0 ¢cm depths. BCR method outperformed DTPA in

describing the change of available zinc at low initial zinc concentration.
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Tk #fiy LUK, BRI HZ P2 O, ¥R JE UARAE

0.5%~2.0%"" B34 i B W1 A9 10 nmol/mol 34 il
#] 50 nmol/mol, T 7E 2050 4F O, ¥ B i ¥ 344 Jin
20% ~25% ,{E 2100 AR5 /11 40% ~ 60% > 1T
MR R EE O, sMEIVEY DG AR, W T i R
LT AN 2R AR AR AR )RR R 96 7, DL
TR R RR PR U Y 2R R S
-4 AR T A TR A S b 2 R R 4, O M
BT, T R SRR PR AT e T R A
W 2 T et A R R 4 TP R T R A PR A 1Y
I B =, BRI AP B9 T R 22 2= 3 A
B TG R AR AR BT L AR FE T = Y
MR Zn 150 Z2RPEE B AR A (HAE Y
R  Zn B B S R, P E Zn 1554k
P T ARG, R A T ) X e e A
IHIFFE O, MR BE i3 458 T 22 25 1338 Zn AW A RULE
(AR R T B AR S A ST Zn A HER AL
SRR SO AR 7 S A R

IR i

1.1 iRIiEit

AR 2 D BAEWR B, 23 58 IE R Ak
PR G AR v T AR B, LG IO 224 AT S0 o ok
KAREWSE, FIH OTC-1 BT TR = AT HF
5%, T i 2l A B AR SR T I SR R A AR R I R
S, I L SR B T v A PR 5 B ) T Ak R AR
=5 40 nmol/mol , 3 3£ [E 2B /8 F] Model 205 544,
DU ASC S s W= 2 g 2 v B R SRR P A TR
Al BRESLRERERNBET 10%, BEAE R A
2015 4E3 J 10 H % 2015 4£ 5 J 30 H, 5K 8:30
% 17:30 S, X BRALH ( Ambient, F] A %78) HF
PR MR BE R 39. 6 nmol/mol , 548 vk I T v Ak B
(JH AOT40 7 ) HAFEX% R 80. 2 nmol/mol ,

AR E 3 A Zn WREE, 23 5IR TCH I, 7 m
AN Zn 200 mg/kg Fl 400 mg/ kg, LAXT I 1EH 4 H |
AP Zn VS Y MEE Zn V54 1 BT AE S
MR FA R 2S5 T RSB (6L 32.31°, K&
119. 41°) #47, B H - HEHL [ VL9548 M i /2

open top chamber; elevated ozone concentration; zinc; wheat season; bioavailability

FEZFAER H, B Zn &8N 94.36 mg/kg, T HEHE
P i pH (H,0) 6.6, A HLk 18.40 g/kg, 44
1.45 g/kg, AW 0.63 g/kg, 240 14.02 g/kg, HAK
B 10. 10 mg/kg, FERLEF 70. 50 mg/kg, K HE 1. 16
g/em® , 1 BT M O 0 3 (2.000 ~ 0. 020 mm BV
57.8%,0.020~0. 002 mm ¥} #i 28. 5%, <0. 002 mm
FRL13.7%) , BT ¥, it AL 4% 4L 100. 0
mg/kg,P,0,66.7 mg/kg, K,0 100.0 mg/kg i+
SRR A fE RN (3 16) 5T BENR
9136 it A B AUIE
1.2 RE5HH

2014 412 A 18 H¥EFP, 12 A 25 H b, 12 A
31 HORES 1 AR, B, 1% 0 d, 2 )55 40 d|
90 d.120 d 1 160 d 43R4 43 BEH] 4515 1] el
VRN )+ ORI SRR R RS . RS O~
5.0 cm.5.1~10.0 cm A1 10. 1~15.0 em 3 MR,

FH BCR £ HE B0 A2+ B, 40 B 1 ke
i POREIE S Zn W ; FH DTPA $REGE" JEHL DT-
PA A R0 Zn W, ¥ IR WO 43 O Ot B It
( Thermo M939QZ/989QZ ) il .
1.3 HiEaiE

FIH Excel 2010 X #4740 1, Origin 8.0 %3
& ,SPSS19.0 #EATHL 2 ANVOA 4341, Fl Duncan’s
T2 EILE

2 RS

21 MEB(XLZni5HE)HELE In SETH

1 R ERE 0~5.0 cm #110.1~15.0
em )2, AOT40 AbH Y 1 35 55 PR VS e 2 Zn R &
¥im T A Lb 3 Y8R 43 0035 2 30. 3% (P<0.05)
35.4%(P<0.01) ; M), 7£ 5.1~10.0 em T 217,
AOT40 Kb + 55 RIS RS Zn YREE LE A AbEERE
£ 17.4%(P<0.01), 7£0~5.0 cm +)ZH, K571
FUBLA AT R RS Zn & i AOT40 Ab3845 5 1
A FFEAR T 2.53% (P <0.05) 1 20.5% (P <
0.01) , B AT ALAS Zn S AOT40 b FH I3 i
T 406% (P<0.01) , Z W] A0 3R 2 13 Zn 12 M) 4
WA SR AT A A S 4655 1~10.0 em £ )2
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SRAFIA] (d)

B AOT40(R AR TR AL EE,  H P35 50k 2 29802 nmol/mol) ;
T X BE(H P 1 B4R 2 2439.6 nmol/mol)
a;:0~5.0 cm HJZHIFRREMHZ Zn;b:0~5. 0 cm HEHATIEJHES
Zn;c:0~5.0 em HEHEAD Zn;d:0~5.0 em +JZH DTPA
RS Znse:5.1~10.0 em 2P REMLS Zn;f.5.1~10.0
cm T EH AR RS Zn;g:5.1~10.0 ¢m T EHATEATS Znsh,
5.1~10.0 )29 DTPA I Zn;i:10. 1~15.0 cm +JZH 5 R
TIRZS 7n3j:10.1~15.0 em L2 IRJEZS Zn;k: 10.1~15.0
em HEHATEALD Zn;1:10.1 ~15.0 em 12 DTPA 25
5 Zn,
RNy R N R IR 25 5 W2 (P <0.05) IR I (P<
0.01),
81 XH(F Zni5H) TEE T EH BCR EERNERS Zn
¥ DTPA-Zn &£
Fig.1 The concentration of available zinc concentrations extrac-
ted by BCR and DTPA methods at different depths of

non-polluted soil

ALAJEAS Zn S B AEPTTHH AOT40 Zb 3 &K F A
IEFR(P<0.05) o i DTPA-Zn WEFE 0~5.0 cm
F110.1~15.0 cm )2 AOT40 AbHLH & F A 4b
FH SRS 3R 150% ( P<0. 01) Fl1 241% ( P<0.01) ;
M7 5. 1~10.0 em FEEEH, AOT40 Kb B L A b BERE
ik 42. 4% (P<0.01) ,
2.2 4ME 200 mg/kg Zn SRMELTE In &8
T

2 BoR SRRIEMA ZIn STREERTTHIE L)Z
FR5SE AOT40 Kb T A L0 BR | 2 2R Z IR
R H 15.0% (P <0.01) ,26.0% (P <0.01) Fi
20.7%(P<0.01) ; FEFHAEH] 5.1 ~10.0 em 1 )ZH
AOT40 4ZbH L A ZE B 6.55% (P<0.05),10.1 ~
15.0 cm 2 AOT40 b HE HE A A0 B FEAR 20. 2%
(P<0.01) ;ﬁiz%nﬁﬁ 0~5.0 cm T JZH, AOT40 4b 2
IS TRVEMS Zn SR A LHE 6.82% (P<
0.05), 1E/PEEW 0~5.0 cm 10. 1~15.0 cm FlJH3
#110.1~15.0 em + )21, DTPA-Zn &8 AOT40 &b
PR T A LB IR 2.90% (P<0.05) |
12. 1% (P<0. 01) 1 27. 1% ( P<0. 05) .
2.3 4ME 400 mg/kg Zn SRMELTE In &8
T

ME 3 TLVE L SRR RS Zn & AR T 1
5.1~10.0 cm FHHEEN 0~5.0 em + /2 AOT40 4t
FHEL A AL HEAK 32.36% (P <0.01) Fl 6.64% (P <
0.01) ,7E3R T 0~5.0 em 10. 1~15.0 cm Al
1 10. 1~15.0 em +JZH AOT40 ZbBELL A 4bHE 4y
W 9. 77% (P<0.05) \24.96% ( P<0.01) F1 8. 66%
(P<0.05), DTPA-Zn ¥ fAE S BEM] ST 0~
5.0 cm . 10. 1~15.0 cm AIFHAER] 10.1~15.0 ¢cm +
JZH AOT40 ZbFRIA & F A AL 350 2. 14% ( P<
0.01) .1.58%(P<0.01) .27.30% P<0.01) .6.41%
(P<0.05) F13.07% (P<0.05) , M £ 4> BEW 5.1 ~
10.0 em + 2 71, AOT40 4b# b A 4b BRAIC 4. 45%
(P<0.01)
24 HEITEFUNSIn SET

Wit 0~5.0 em.5.1~10.0 em F110.1~15.0
em +2H Zn FEIFEHENBZ(0~15 em) £
Bzn Had TR L, R T IW BEE LT WA
17, BCR ELAR PSR A A Zn (FHRE MRS
Zn) FEANTESNIE 200 mg/kg Zn 75 4% R A
AOTA40 A FHEE A AEFRFEAL 20. 50% (P<0.05) , HAE
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W AOT40(RL AV BT AR BE, T2 5LV 8 80,2 nmol/mol) 5
CO X HA(H F-24 5L 824396 nmol/mol)
a;:0~5.0 cm HEHEREHL Zn;b:0~5. 0 cm HJEH A
Zn;c:0~5.0 em FEHEALD Zn;d:0~5.0 cm 1 JZH DTPA
S Znse:5.1~10.0 em 2P FRREHD Zn;f:5.1~10.0
cem H)Z AR R Zn;g:5.1~10.0 c¢m T EHAEAD Znsh,
5.1~10.0 1 JZ" DTPA IS Zn;i:10. 1~15.0 cm L2 5
TIRAS Zn3j:10.1~15.0 em L2 IRJEE Zn;k:10. 1~15.0
em HEHATEALS Zn;1:10.1~15.0 em £ )2 DTPA 2 B
5 Zn,
R AR R X 25 B W3 (P<0.05) Rk B3 (P<
0.01),
2 200 mg/kg Zn iS5 THEETEH BCR EERRNEES
Zn % DTPA-Zn &8
Fig.2 The concentration of available zinc concentrations extrac-
ted by BCR and DTPA methods at different depths of 200
mg/kg zinc-applied soil
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SRR ) (d)
W AOT4O(SL AR TR HR,  H SFH 5L 2780.2 nmol/mol);
O X BE(H P2 B AR i 2439.6 nmol/mol)
a:0~5.0 em )2 ERRIEAELS Zn;b:0~5.0 em HZHANA RS
Zn;c:0~5.0 cm LJZHATEALA Zn;d.0~5.0 em L2 DTPA
P Znse:5.1~10.0 em + 2P ERRIEMHL Zn;f:5.1~10.0
em H)Z2PAEFEAE Zn;g:5.1~10.0 cm + 2 A E AL Zn;h:
5.1~10.0 FJZ DTPA $2EUA Zn;i:10. 1~15.0 em + )2 5L
WA Zn;j:10.1~15.0 em )2 P AR JEA Zn;k:10.1~15.0
em FJE AT EALA Zn;1:10.1~15.0 em £ )2 DTPA $2 8t
2 Zn,
* R Ay RFR 22 5 B 3 (P<0. 05) Al B3 (P<0.01) ,
3 400 mg/kg TR TEE L EH BCR EERMEHAE Zn
% DTPA-Zn &8
Fig.3 The concentrations of various fractions of BCR
sequential-Zn and DTPA-Zn at different depths of 400
mg/kg zinc-applied soil
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Table 1 The change of the available zinc content in topsoil with different initial concentrations of zinc measured by two methods
T . BCR-5 MRS Zn(mg/kg) DTPA-Zn( mg/kg)
NI (d) 0 200 400 0 200 400
40 AOT40 8.34+0.12 144.95 + 3.21 269.51 +1.28 3.93+0.11 145.81 £ 10.50 281.69 +5.53
A 8.93+0.38 140.94 £ 2.74 259.75 + 4.56 4.26 + 0.06 137.3 £5.82 282.21 +0.35
90 AOT40 7.42+0.34 137.21 + 8.27 244.15 + 39.00 3.61+0.16 1324+ 1.24 236.64 + 15.00
A 8.41+0.23 172.5 £4.50 " 246.29 + 24.82 3.59+0.27 131.55 + 1.42 209.34 + 15.63
125 AOT40 8.13+0.94 125.32 £ 14.5 280.64 + 16.31 3.67+0.05 138.56 £ 0.44 " 280.47 +2.42
A 7.12+0.39 129.26 + 4.12 285.72 + 28.97 3.69 +0.02 135.54 + 0.56 272.84 +1.97
160 AOT40 11.17 £ 1.05 148.26 + 2.27 311.35+5.37 5.21+1.34 142.76 + 7.37 290.49 + 14.15
A 9.79 £ 0.60 145.21 + 1.60 305.67 + 0.07 3.05+0.83 136.06 + 6.72 283.1+16.22
2AHEM AOT40 8.77+0.83 138.94 + 5.09 276.41 + 13.93 4.11 £ 0.37 139.88 + 2.90 272.32 +12.10
A 8.56 + 0.56 146.98 £ 9.15 274.36 + 13.26 3.65+0.25 135,13+ 1.25 261.87 + 17.66

AT HRARER  H P4 AR B SR 39. 6 nmol/mol ; AOT40 . 54 e B T i AL B, HSE 33 B R 80. 2 nmol/mol; * F/R 5 A AbFi22 7 3% (P<
0.05), 0,200,400 7352 /RMNE Zn 154 0 mg/kg.200 mg/kg Fl 400 mg/kg +FEALFE

% AL (HMIR 200 mg/kg Zn 1544 ) T, AOT40 4b
PR SERARG THR B3, A Jb P2 e T R REAIG
Sip ,%/ﬁ%i%*ﬂﬂ‘{ﬁ 400 mg/kg Zn V5L 4 4
SRV A Zn i B R LSRR AR S TE R S
AOT40 4b¥E5 A AbBETC W3 22 5%, DTPA-Zn & &
{XAEAMIR 200 mg/kg Zn ¥5 5 3R, AOT40 4b
PRI A AEFRE 2. 00% (P<0.05) .

%2 W ANEHIA 200 mg/kg 400 mg/kg Zn X}

R2 InBRERKREBMEAZEEFTESH SigE

TIHEARES Zn(BCR SR #AS Zn F1 DTPA-Zn) &%
AN E R, A RS Zn SRS INEIAR Zn
EEEWEFFEMHL, 0~5.0 cm HEF, RELH
XTES PRI RAS Zn BRI A WA B 0 2R AT T
HERA#FEA . WG] 5.1~10.0 em +J2H S5FRVEf#
BZn FEERAWERTNMHIE,0~50 cm £ZH
DTPA-Zn &t 5 RAAM M2 UAHDC,

Table 2 The significance of two-way ANOVA for available zinc content affected by different concentrations of zinc and ozone

N . 55 R A DTPA

D o 0~5 cm 5~10 cm 10~15 cm 0~5 cm 5~10 ¢cm 10~15 cm

40 Zn 0 0 0 0 0 0

0; 0.054 0.181 0.020 0 0.005 0

Znx0, 0.257 0.489 0.005 0 0 0

90 Zn 0 0 0 0 0 0
0, 0.980 0 0.009 0 0.213 0.016
Znx0; 0 0 0 0 0.344 0.011

125 Zn 0 0 0 0 0 0
0, 0.048 0.667 0.471 0.052 0.056 0.001
Znx0; 0.006 0 0 0.245 0.096 0.010

160 Zn 0 0 0 0 0 0
0, 0.002 0.918 0.726 0.876 0.722 0.572
Znx04 0.130 0.916 0.816 0.851 0.689 0.882

Zn:Zn 15 Y b BEXT A RS Zn B i I A R FEVE T O, RATLZSA BRI A KA Zn E ik BN A B FEVE AT s Znx 0, . Zn TS YA S O, b B E.

YRR A UGS Zn S5 BERIR 9 235 AT
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OTC-1 BT A Z ST —Fh )z 8 WAy 58 4%
i, T R E R — e sz ket
DTPA I3 JE —Flvd W) LI R o BRI
W IR B A YA R — R B E R RE T
BCR ¥ 2L U S — P £ 3 4 & JT R 19 43 P2 L
ik B R AT DU A A e AR
5T R IR, KA AR B TR X T Zn V5 Y2 1 14
In SRAGEMAAR T ENE R B BERS T
] 0~5.0 em A1 10. 1~15.0 em + )2 BCR 55
FRVEMHAS Zn A DTPA-Zn &8, R REWE T
WAINY Zn {55 3/ 40 BET 0~5. 0 em 1110, 1~
15.0 cm 129 DTPA-Zn &, RAEWE T E B
FEARSMNE 200 mg/kg Zn 755 H 34k W 145 2 K&
A 10. 1~15.0 em 1 )2 P E BRI MH S Zn I
AR 5. 1~10.0 em A 0~5.0 em B3
P25 ;0 DTPA-Zn &2 7EAHNIRT 122 S A B 3%, H
ALAESYBE] 0~5.0 em . 10. 1 ~15.0 cm F % 20
10.1~15.0 em +)2H B ETHE

SR ZEWAIN T JC Zn V5 Y Ab BRI 0~ 5.0
em F1 10.1~15.0 em + 2 DTPA $#£HUE Zn F1
BCR SRV MHAS Zn &5 Zn {5 e - AL i 7E o L
()4 & 1 RO B AR AL 25 5 5 BCR 3% 25 38 B0k A
DTPA RHRIEAERAE Zn AW A S0 A 25U
{0 BCR 2 HLAY 55 PR 1A M A8 Zn ZEEUE L KT
DTPA & Zn, B BT+ b 35 B IR A U5 400
mg/kg Zn V5%« IR 5.1 ~10. 0 em A 1Y)
0~5.0 cm 2 SGIRIE MRS Zn B & FEHRCTT
0~5.0 ¢cm 10. 1~15.0 cm FAHHAEE] 10. 1~15.0 cm
TR ISR RS Zn R R ER S, SWRIE Zn g
Juimel 1 L3 Zn BB SRR ,0~5.0 em 1
JE AP BER AR T 10, 1~15. 0 em /20 BER
FIMAEIIAY DTPA-Zn &34 8 & T i, AUFE 43 BE
5.1~10.0 cm 1T J2H DTPA-Zn & &AL, )2 145
FBR Zn e %k SR ARV R v e O ABURR T R Ry
A B IR 2 A LR, PR T LR

pH 25 Zn R AWM — R EK, B H & pH
(T, - SBEEIAR L Zn A% R B2 R AR T 2
TEVEREAR ) 7£10.1~15.0 em 2, T Zn 75
Yegh ¥+ 3 pH 6. 61 MK F] 6.02, 4 IE 200
mg/kg Zn {5 AL PR+ 3 pH [ 5. 26, Sk E W

Zn {5 Y Ab B 3 pH MIFE 2 5. 12 (AOT40 b 3H) |
X[ BERZ IR E )2 T Zn T5 YL H RN Zn EMEEE
R R 2 SLAER BT AT B IR R A A
PUBR AR 3L Zn & RSB A LT )
R X Al AE R 5.1~10.0 em 2 A
AbPE Zn TEPE R BRI 2 — IS RS B
(IRIFST 285 5 — 3, 145 Zn JER AL SR BR pH &
R AL (Eh) AR SR R &), i —25
AR R 1 e AH 6 An A8 4k, A Bl T UR A LR 1 48
Zn A0 P X B SR B T o 1 e R AL
WENBZ R E , ENLZMAET BN, T Zn
V53 DTPA-Zn S ETHEBAS, HERANE
F X SR R IR i AF ST A A BN H
A REJR R AERE 22 40 1E R Go v, 5L AR B 2% b B4 n
FEZE 4 DTPA-Zn A& 10 (i + 348 2 ) 4R
DTPA-Zn & &5, BCR £ 42 UL 5 DIPA &
PEILAEMT A RS Zn ARG E AR, H
FEEA I BCR #2248 00 KT DTPA 12427, A%
Zn WRPBETT YRt 22 5 2 X 8 AR T %is
T IR A R — B, e /N AR AR RE B A BT
SR TR AN AT FEAR T A UGS Zn G X T
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