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FHP BT A X 17 AN Zn T 5 i 0 K
T IEDTPA-Zn & w4, (HAEFEFR30 diy T4
DTPA-ZnP B B HI AL 15 mm, HP 8RB
107"~ 10" cm? s 2] L FIEZap Y BT R
AMUEHRZo G /A K, W HIEZ 3EpH . KR
AN BLIR i A R R 0 e pH
o Tl TR 65 B I BIL IS A A R M 4 1, A AR
MEZn i FAREE T HEA Mz &, HA KR
HMIR Zo b - SRR E AT RS Za e bR
TR Zn, HARBZay TR, HIL, EINE
WEZn 5T, A A KM I Za B &850 Y i
B R PEXT F CEE Y Zn W AR Zn i B2 &2 ok
I,

ERE, REWRFE/EIET.90, C%
RREAEGAVLIE, AR AR 4 1 B 32 22 00 LR
P KRBT IR, AT R AR
AHLT G Y TSR o & i ST s I
J . A AR T A S ERBE 25 7 AR 2 B
X IEZalli F AR A R RE 98 B N IR Zn
PEA LW, RE T s A HLTE (4
SEIEPEALSY ) P LIz S L, BE X Zn
A RME R B A L S A PLRR
M MKETEG B (DOC) . &R (FA) %
HEREEEERER, MzZnf R EM T, H
AL A BA L WA SEERT, XTZn
(TR Ak A W T T R A 2 BRSO R 2 Tk S
PEVER 1) SRFINICA—Donnan. Model VIFI
MINTEQA2%5 & 4 JB U SR8 B, /KA

FHLE (DOM ) FIFART LUAT R il 1 HEXT Zn i W%
B, A B A 3 Zn 4l 4y ( DOM-ZnFIFA-
Zn) BIBI, BAMEZ0E YR RIR ShE T
SR, Xt T - e Zn i B 5 Ak A TR 5T A 45 B A
SR R 1547 T5000 By B, AR M I 1 4 7R Zn A £ 48
HOE RS AL T ELAE RS AT AA T B AR 3 4 ) 1
o F, HIEZaid B 7 A6 TR FF i AR s
PEBR 2 50 B o7 o AR IR . RIIE, ARARFSR SR A
B, P E RIS, ST T RS AR X
TR I ZoY BT RIE S AL, L
WM B A R ez A R K B s, HE i
L AEYIRT Zn i W SCR) F B2 BERL 22 AR 4

R ik

1.1 iy

B 1 HER A B PTG 52 P LR AR R 22 i
Ko ZIXHAL S H P R, AR HRIR13°CA
f, AEFRREK 632 mm, JEFEHES RX, +
SOMRE T A PR, BIANE /R OR AR R A
INZE TR —4FE—23, RRREEEMRE ™ IX
e B PN £ (EBarth-cumulic orthic
anthrosol ) , M L RTAF MK, J8 TAKEL
e, HOEARBALMERIWEL, LFAKRRNTERZE
AemT, WHE, 32 mmi, &M HEFS R BT
HAFKFEH, KT, #iE (292 mm) , %, FifF
FZniN9.56 mg kg, TKEN41T g kg, FA
H46.82 gkg ™',

F1 Il E®E (EBEHAND) EREUMER

Table 1 Basic physical and chemical properties of the tested soil ( Earth-cumulic orthic anthrosol )

o H WLk SOC %A Total N AR NO, =N %W Olsen-P SHCE! Available K
(gkg™) (gkg™) (mgkg") (mgkg") (mgkg™)
8.25 = 0.58 8.23 + 0.48 0.67 £ 0.04 12.9 = 0.89 17.2 £ 1.22 169 = 9.11
4% Total Zn 1955 DTPA-Zn kR EL Carbonate ZFhki Clay %5 H Bulk density HH ] 357K o
(mgkg™) (mgkg™) (gkg™") (gkg™) (gem™) Field capacity ( %)
74.4 £ 4.77 0.76 £ 0.05 65.1 £ 3.99 321 + 12.8 1.26 £ 0.09 26.4 = 1.11

e B EoR N FE¥E £ FRifEDR Note: Values are the means + standard error

1.2 Rt

IR HIModaihsh ** 7 2 A2 O 2
HAE 160 mm x 140 mm x 80 mm, HHLJiEAE
DX AN R i I X =35 A B . IS X 9810 mm,

P PR R EE 24 1 mom 9 AT i 2 A A ] B T B, i AT
KM B AR AR X, F675 mm (K1A) . 53
WA, X8 (CK) . HjEzofE (Zn) |
MRS FE (St) . FEFFECHEZnAE (Zn+St) o Znfl
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KHZnSO, - TH,0, M 420 mg kg '+ + (LiZn
i), AN gkg T4,

P P AR RS R Zn e 52.0 kg 1+ (DIt
TR ) IRAES) . B, B B A S & IR R
PHC:N<25: 1, &RJF, H&EAHEESY 50
RS, A3 AR Bt Y REAE X, S (FE
1.26 g ecm™, F) , FEAEPMARMGACLIX AL
kg RALI 8, R, RGBS —F
Yo e m b i PR AR D RS B, InZE 1R K R Y 3% K

A

FHR MR JEHRIX
Unfertilized cell Fertilized cell Unfertilized cell

I '—/(" !'4' g
! e .
| 10 mm | =
1 (=
| | *

JpEE— S S S L
7 P Qﬁ‘)@
R = \h
160 mm

T B KA K B 60% , TR N 35 96 71 ML+ Ak
FILEPE, DABG IR IG SR WIRIK 78 Rk o K9
BB ARE, 25°CTHFZEE3. 7. 15, 30H145
K, AL ERREHL RSP o, ok E T
MR, —4°CA 10 he BUHJE A8 16 IR it
HE X AR5 IR s 1y (LB ), Ik xR
P RIS, TS, FRE, ES4Hid ] mmifi. it
B X A 3 — 2 R BERE, 4°CIRAT; B —K KT,
FREE, R 0]53 1 mmAN0.25 mmibifi, fR1F.

B EMEX BB X ML IX
Unfertilized cell Fertilized cell Unfertilized cell

140 mm

2omm]|

10*5mm 10 mp_ 10*5 mm | 25mm |

160 mm

Bl R BRI (A) KA (B)

Fig. 1 Front view (A) and plan view (B) of the half-cell device used in the experiment

1.3 HRoHmAE

Jita JES DX FEE it AT X+ 3845 % Zn ( DTPA-Zn)
KHIDTPA IR, FHR TR sy Yot (Z-
2000, Hitachi, HA) W&, HAEKX -E42Znk
FIHCI-HNO,-HC10,-HF il§ % '*' . +4EZnsr2 %
FR A Y SR R LA Zn s A e
AZn (Ex-Zn) . MEAPAEZn (Lom-Zn) .
g h 45 53 Zn (Carb-Zn) . B4 55
(MnO-Zn) . B45E6HLAZn ( Tom-Zn ) FFk#E
ABZn (Res-Zn) , FJEF W 0TI o
Jiti P X - HE A BLAR (SOC ) SR FH 5 4% R A1 A Ak vk
W 0 IR R mol LAY £ B R A
(pH =13) =4, R FHHBE R B A fb 12 D0 7 J 4 o
(HS) MHA /e Big (FA) FISAfER (HA) &
B AR X+ HOK B PEA LK (DOC) HE Al
KR (EAKEL:5) , BAELBS T (TOC-
3000, Hitachi, HZA) il ", W5 &, DOC
IR S DOCIATRAE254 nmPF K T &L
ff (SUVA,s,) SIEHIX 2, Wik, A#F5ERH
SUVA, SN - IEDOCH) I5 B AL R .
1.4 HIEE

et IE X+ 4 JZKDTPA-Znd Bl R (O,

pg) , RRYHGE (Q., pg) K HHE
(0., %) IHHEAXIT:

Q:(Ci_cb) XM, (1)
0.= 20 (2)
Q.=0./0, %100 (3)

Kb, CHIM A RAERAE X &2 (i =5, 10,

158120 mm ) +IEDTPA-ZnF i (pngg™') Ft
HETE (g) ;5 QoNZnMZn+StAEFEAYEZn G,
H}2.667 mg. Jr MR, A b 3 EE AT X
25~75 mm+IHEDTPA-Zn &4 )2 K] TG i 3 2%
S, HEEE/NTF0~25 mmsSZXKDTPA-Zn
i, AL, PIAEEAEIX 25 ~ 75 mm - 3EDTPA-Zn
B i CAE N SR T B AR NE X 4 )2 K DTPA-Zn
PitE (Q) MERY #E (0,) . L, ik
WP HOZR R EOMEZo B — A EZALEH], A
W5 R N BRIV - €D TPA-Znd B 5 55
FemFE R

y=at'"? +b (4)
K, yIDTPA-Zn ERY HiE (pg) SCHY #K
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A (%) ; h¥EFRmE (d) ; aj&HDTPA-
I B B Za AL B R R, pe d7'PE
% d7?; WRbEA A FE D TPA-Zn i i K4 #K
i (pg) SRR HIER (%) o

X HMicrosoft Excel 20 16X} JF Uf B4 17 3%
M, HHEIHER. ST Z E I (RN E
25 (LSD) %) FIHISAS Win (V8) Hdisbs
BAFHEAT, BRI 95%.

2 4 R

2.1 FEFFEENGERSERMERXLEDTPA-Zn
EENFIE
TEFEANEE RN, Zn M Zn+StAb B . 35 1 $2
TR X HEDTPA-Zn & &, 0 HL AR B iR
Mt StUHIDTPA-Zn S R A R, HiES
TREERAE30% (F2) o TR R X -5,

St B [X B #E 8¢ Distance to fertilized cell (mm)

H: DTPA-Zn: L =RiH OTRZIRARE, CK: XM, St: PAJEFRSFF, Zn:. HJEZnll, Zn+St: FEFEHEZnAE;

0
Fert 5 10 15 20 25 30 35 >35

_10r 1
=10 3d DI O 333 7d
o . —o—7n —o— 7Zn+St
g 8 1.0 8
g‘g% 09 NS NS
= 6 6
SE 0.8 NS NS NS NS
DR 0.16
£2 4 0.7 NS Ns NS 4
Q
S s 03s 06 25 30 35 >35
E;‘ 2 33028 15 20 25 30 35 >35 2
z e Sy D e,
0 0
Fet 5 10 15 20 25 30 35 >35 25 30 35 >35
o 100 5gs 15d 10, 30d
-
13
g 8 12 8l
paks 1o NS
LE 6 09 NS 6} NS
25 . 0.11 0.15
8 0.7 NS NS NS NS
& e 4 NS 4l
=9 0.6
o
Qs 0.5
S 200 25 30 35 >35 5l 15 20 25 30 35 >35
<
[=W Py .
& —"* — 0 > —
0 ol— ' A A * : ' - ‘
Fet 5 10 15 20 25 30 35 >35 Fet 5 10 15 20 25 30 35 >33
FIMIARX F9FEES Distance to fertilized cell (mm)
TO.()
-
on
g
2 NS
s
NE NS ns NS
<3
[ p =}
=8
N 25 30 35 >35
<
(=W
5 T e —

“Fert” fX3&ji

MEIX, /NS IX 15 ~ 75 mmAAER IR X 45 )2 R L HEDTPA-Zn 5 5 M4k B 80N 7 IO E(E A0 e b B n) Fe /N e 5 22 S (p
=5%) , NSIREZ R RN, T[[ Note: DTPA-Zn stands for diethylenetriamine penta—acetic extractable Zn; CK for control, St for

straw return alone, Zn for Zn addition alone, Zn+St for combining straw and Zn addition;

“Fert” represents the fertilized cell and

the small figure describes variation of DTPA-Zn concentration in the radius of 15 ~75 mm of the fertilized cell; Values above or below

the curves represent the least significant difference (LSD ) values at 5% and “NS”

represents no siginificant difference among

treatments. The same below
B2 F A F Rt FH o A A 38 T 7t I DX AR IS X - EDTPA-Zn & 1

Fig. 2 Effects of straw return and Zn fertilizer on soil DTPA-Zn concentration in fertilized and unfertilized soil
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Zn+StAbFRTERE 353 ~ 30 d L FH IR T AR XS |
10f115 mm+3EDTPA-Zn S &, EHFR4545 KA,
20 mmAEDTPA-Zn#t 5 T26%, ik E K
MZnAb BEAE RS 2453 . TAI45 KR it AR X + 8
DTPA-Zn & & 5 Zn+ St FA (L e —FL, WifE1S
30 dif, XFAEMEAE X DTPA-Zn {0 i 42 Tt
Sthb BEAEFE A B AR A P YR X R IE X DTPA-Zn &
PR, A, EZnMZn+SUb I, BG4
HEERIE B IE X, DTPA-Zn BB WiEA%, 1E7E
W] DTPA-Zo¥ BERR L, Y B3R AE X 25
mmAbH, T HEDTPA-Znifk BERL LI JC o X T CKHI

120 o5 ol0 =15 =20
w5 1007 @
s B
ﬁNI 80
S a
NS 60 a
D)
<
o 40 a
=2
[ay] b
a 20
b b b °
0__E
3 7 15 30 45

3£} H] Incubation time (d)

StbHE, TEREA LRk &Z IDTPA-Znik A
2.2 FEFFIE B B SRR X £ 1EDTPA-Zn i BUT

B

TEREARE IR Y, CROM S Ak B2 A6 0 3] i IS
X+ D TPA-Znn) Lt L X A3 R . Znkb#E
DTPA-Zn7E3 ~ 15 dif feic ¥ HLEE 210 mm,
30 ~45 dif L N 15 mm; SR, Zn+Stib 3
DTPA-ZnfE3 ~ 15 dif i ¥ #5015 mm,
30 ~ 45 diREE 20 mm ([E3) o BeAh, Bkt
H+ D TPA-Znd) Ui Y I & 9 i 25 1Y 35 fin 5
FEAR

120
100
80

60

a
a
40 b a a a
a 20 2 0
b ¢ c bb b ¢ C 4
0
3 7 15 30 45

15350} E Incubation time (d)

e B R ENEIE X W, mm; ARG FHRRRFE—BRORFR BRI 25 8% (p = 5% ) Note: Figure legends represent the
distance away from the fertilized cell, mm; Different lowercase letters mean significant difference at 5% between the layers at the given time

3 e e AL R B I 5 R AT C It X A1 KA 1 3EDTPA -Znf)™ HUHE (952 1)

Fig. 3 Effects of Zn addition alone and addition of Zn plus straw return on diffusion of DTPA-Zn in calcareous soil

TEREANRE IR, CKAIStALBE +EDTPA-Zn &
Y i A 22 pg (CBAEARSI ) o SR, Znkbi
DTPA-Zn £ HI R 1E30.6 ~96.3 pg [a], St+Zn
AbFRAE42.3 ~98.1 pgZlal . ZnibFEDTPA-Zny H L
RAE112% ~3.61% 200, FH#°82.33%, St+Znkk
FIDTPA-Znd B RAE1.68% ~ 3.78% 2 1], F-1

F2.64% ., SZnhbBAHLL, St+ZnfERFFRE 15, 30
145 KA F 35 T DTPA-Zn 2 His Ay it
Fe ([&4) o A, P4 BB RIAR o M AR 40 - 4
DTPA-Zn FFY i AP LR B 2 B E AR 7
AhERAHEE, ZnkbBRICRUAL R 5 T St+Zn kb B, 1M
ARY HUE AP R 2ZE RN (R2) .

*®2 ARMETIEDTPA-Zny #H5EHREMXR (BRI AT HIERY =a' +b)

Table 2 Relationship between DTPA-Zn diffusion and duration of incubation in calcareous soil (intraparticle diffusion model )

DTPA-Zn Y =

DTPA-Zn¥ Hi L %

Ak Cumulative DTPA-Zn diffusion DTPA-Zn diffusion rate
Treat t
reatmen ;s b (pg) R’ P a (%d") b (%) R’ P
(pgd™)
Zn -12.3 112 0.975 <0.001 -0.05 3.38 0.919 <0.001
Zn+St -10.3 113 0.976 <0.001 -0.04 3.49 0.931 <0.001

T ay HHEZn ek R F A, b £ D TPA-Zn i f K U sl K9 B3 ROMBLG MR s REL, p Bt
2 Note: a stands for a rate constant for Zn stabilization and b for the maximum amount or rate of DTPA-Zn diffusion; the R2 stands

for determination coefficient of fitting curves and p for statistical significant level
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w5 00 12 g L
<
£x 4 a5 % 2
pda) a ﬁ:3 a a
& b i3
WB a =7 b
R 9 60 == a
== b NE
SE a 1352 b a
Lo
ég 40 b %Nf b
= &
<
aE &1
g [a)
O 0 0
3 7 15 30 45 3 7 15 30 45

15350} E Incubation time (d)

1 3EW} ] Incubation time (d)

H: ARRVNG R ERR A — B A A PR 22 5 58 2 (p = 5% ) . T Note: Different lowercase letters mean significant difference
at 5% between treatments at the same time. The same below
14 Epi B AL AL 5 8% FF IOt X A K1 - D TPA-Zn 29 B A4 B3 1 52 i

Fig. 4 Effects of Zn addition alone and Zn addition plus straw return on cumulative diffusion and diffusion rate of DTPA-Zn in

calcareous soil

2.3 FEFTEMNERSERYERRX T EZaf S
Al
FIEAZn G B TE64.0 ~ 90.5 mg kg ' Z [H] 451k
(Es5) o XML, 7R85 IR St #lIF K

oSt

X AC X 3 A Zn & 57 A0, T Zn M Zn+St2)
WERE THAEX I zZnd &, 55 RHAH,
Zn M Zn+StAb FRAEAFE I 1 B2 Zn & 140 4 &
T32.2%H127.5%, i SAEFRALHE S T7.52%.

BZn m 7Zn+St

HHS

120 oCK
2 100t a
g a
el ab
mlmﬂ.§ 80r
418
o=t L
gﬂ*é 60
%8 40
ke I
s
S 20t
2]
N
0 !
3 7

15 30 45

1 3EW} ] Incubation time (d)
S FEFFI H G FH 8 A0 X e I X 4 398 4 5 i 1) 5 )

Fig. 5 Effects of straw return and Zn fertilization on soil total Zn concentration in the fertilized cell

fi A AL F i HE X + 3 Ex-Zn . Carb-Zn., MnO-
Zn Al Tom-Zndi & Zn W LB A 1% (E6) .
TEREA RN (30 dBRAN) , £HEEx-Zn/fi 4
Znf L] #5 hb 38 E) TG f 35 25 5 . RS AR R
W (3 dBR4) N, StAEFLom-Zn 5 4 Zn () L fl
HCKILWEZS, SR, ZokbPEMZn+Stih#
TEREA SRR N W8 T Lom-Zn (5 £ Zn 1
Lo, i BT CK A4 5 17 9.076% ~ 17.14%
F19.834% ~ 19.51% . X Carb-Zn i 2 ZnfY L 1 1
H . ZnMZn+StAE PR TCKMStE I . 5Zn
MEFRAH L, Zn+StAbFECarb-Zn 5 & Zn il LL i B%

KT 12.1% ~33.8%; S5CKAHE, StAbHEFFEALT
20.4% ~36.8% ., MAKTMIE, Carb-Zn§4ZnlW
M N Zn > Zn+St > CK > St, ZnHIZn+SthbF
PR AR T - EMnO-Zn 54 Zn g LL ], 1 HBE
HIE AR, 4B 4 EMnO-Zn 5 4 Zn i L ]
9824 . Tom-Zn (5 4 Zn Ry Eo ] 45 4b 6] TG
TESR . EZnb M Zo+SthbH | Res-Zn 54
I L IHET79.7% ~ 83.6% 2 [a], ifif CK AN Stk H fif
d e K F95% ., SCKAM L, ZnMZn+Stib B
Res-Zn i & Zn ¥ L4173 BIREAR T 13.5% ~ 22.0% Fl
14.0% ~ 18.3%.,
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1 3EW} ] Incubation time (d)
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T8 /MR TECK AN St B - AR S5 A AL BT L A LU Bl 5 bl i A S A 1 22 W 2 7 AL T B e /N 22 5 35 H (p = 5% ) Note: The

small figure shows proportions of Lom-Zn in control and Treatment St; Error bars beside the data points represent the least significant

6

difference (LSD) values at 5%
i FT 34 FE A5G FH 2 A IE X 4= 3845 T 25 8 | B EU 491 1) 5 g

Fig. 6 Effects of straw return and Zn fertilization on proportions of Zn fractions in total Zn in the fertilized cell

2.4 FEFFILEFME B AL A i AR X £ 1 A Hl kA

P A

StHIZn+StAb B i 25 # =it AL X +3ESOC .
DOCHIFARY &=, 1MW EREIL T DOCHSUVA,;,
. 7ERFEE3 Kat, 5CKAME, StabHSOC,

DOCHIFA & &4 5%

T4 8 T71.63% . 390% Al

47.5%; MiZn+StALHF - H4EE T0.87% . 467%
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CIE 55 &

453%, AN, StRIZn+SthbFRAER; FRH3 Kt i
FREMEAL X LR (HS) &hr, e
43 30.6%H132.9% . S5CKAHL, ZnibBEAR XS+
HESOC., DOC. HS. HAMIFA &7 500 .

3 i ®

3.1 BEMEFICHMNARMETIEZo IR EE

SRR R

Fili FF 3 AR S FR O 46 Sk 48 THAR L SR IE )
W) — T B, AT DA SR = e AL . A
SRR SR HHNT2Zn, A2
W NI ZnZ B Az £ 5 (K1, ES A
K6 ) . AP, EARFEF HEH & Zn L }9.56
mg kg, FECLFEMRR Zn i A2 LI+ 44
ZoFIAE SR Zo & i g . RIS Y BR g R
M, EMHFEAAEE T, B EREHSZod S
1£88.9 mg kg™, ALK HHELZa =AM, H

et HIEDTPA-Zn & 2, AT UL, RS FFIE B 4
AR ZoE =N E W 5 A BN & Zna A X,
TE H I Zn B Bk E B Za B S EFIA S0k . A
e, CKALFR 43 Znit# 12 97% 53 4 1 Carb-Zn
MnO-ZnfiIRes-Zndll 53, i H, & T8
M2 4 & T 1S0C, DOCHIFAF &, (HEJf
FKXDTPA-Zn KB BZn & B E 0 (K6
F3) o X ATRESE W T RS FF R A AR B M Ak 4
A3 XF Zn B SE T AN A B R B [ 1 Zn i
fk. BaldwinflShelton ‘>’ 75 Kk + 3 155
TRMMEER, AN 7E W Znke J7 85 (4n
mpH. RIRESFIZRL ) M L, WIS Zni i
T A B BB X I8 2148 & 38 Zn A R0 FN A% 3
PERROR . AR Zn iV BB B 25 R S B ZnTE KT
D LY EGER M S 0 N, AR AT R
- EDTPA-Zn & SRS T, 2 S EUEIEX
AEE it AE X DTPA-Zn i B 6 B2 48 /N b i %t £ 4 Zn
P HOE RS R AN B B Y E R

*3 BRACHMEA#RMERX LRANKREREAS ZSERIFM

Table 3 Effects of straw return and Zn fertilization on soil organic carbon and its fractions in the fertilized cell

B KA B o
Jib 3 ) ) . ) ] » SUVA,;, (Lg'cem™)
Soil organic carbon (gkg ') Dissolved organic carbon (mg kg™ )
Treatment
3d 45d 3d 45d 3d 45d
CK 9.15 = 0.86b 9.14 = 1.01b 3.63 £ 0.34b 3.38 £ 0.20c 30.3 £ 0.41a 23.3 = 0.95a
St 9.30 £ 0.36a 9.56 = 0.26a 17.8 £ 1.39a 8.97 = 0.62b 23.0 £ 2.16b 21.9 = 2.90b
Zn 9.12 = 0.75b  9.16 += 0.59b 3.66 £ 0.12b 3.92 £ 0.10c 28.5 £ 1.45a 234 £ 1.76a
Zn+St 9.26 £ 0.88a 9.45 + 0.11a 20.6 = 1.66 a 11.5 £ 0.52a 20.2 £ 1.02b 18.8 £ 0.65b
. T B 5T R [EEL
B
Humic substances (gkg™) Humic acids (gkg™") Fulvic acids (gkg™)
Treatment
3d 45 d 3d 45d 3d 45d
CK 6.89 = 0.15b  6.38 = 0.17a 1.05 £ 0.08a 0.94 £ 0.15b 1.22 = 0.11c 1.83 = 0.14b
St 9.00 £ 0.70a 6.95 = 0.32a 1.00 £ 0.20a 1.41 = 0.12a 1.80 = 0.12b 2.85 £ 0.12a
Zn 6.94 £ 0.12b  6.31 + 0.66a 1.02 £ 0.11a 0.96 £ 0.07b 1.26 £ 0.15¢c 1.78 = 0.09b
Zn+St 9.16 £ 0.87a 6.76 = 0.28a 1.10 £ 0.15a 1.48 £ 0.09a 2.66 = 0.17a 2.45 = 0.09a

1 : SUVA,JE/KIEHEA ML (DOC) IR AE254 nmW 28O EEE S DOCE Sy liE ; R T A 8 F3HE = frifis; [
B ASR) NG - R Ab #i ] 22 57 35 Note: SUVA, s, stands for ratio of UV absorbance of dissolved organic carbon ( DOC ) at 254 nm
and DOC concentration; Values are means * standard error; Different lowercase letters in the same colomn mean significant difference

between treatments

3.2 BMEZndARKRMTIEInT BT EE S Zn oA, FRIEHHEE T Lom-Zn 5 4 Zn il L4,

A=A
PR Zn B 5 2 FEAR T M IR X 1 HERes-Zn7E 4>

HET I S I DTPA-Zn & 2 MV BT fE
J1o BRI KB, it A 3 Zn fE S E) Y 32 4
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AR AR B ALy, Wnsc S HLEs &
A, SCEWMAE LY (AnRRIRES . Bk A A
MO YE) £, 25, BEE R HER X
21 533 W iR AN )2 ) B R AR R SR DT VE I
LI L R G Zn B R X + EHS | HA
MFA S = A, A4 & T oM fE B R AR 42
Bt Lom-Znf i (oM E3 ) , nf W85
JExt FAMEZo B A om0 5 M 4y, i ARSI Zn
A S Znf bt B R G HEEH ., KRiEwsE
WERA, ST IR 455 M Znis 44 K E +EDTPA-Zn
B e B AN B R VR, H R N FA-Zn fl
HA-Zn, 1 HET#H A EEME I E R &S T
s R, B Zn il D TPA-Zn
Y BOER ROINAR KA E LA FFA-Za B
B, H M T2 B RIE . BA, A R M E
B E 25 0 0 RN R k26 T 1Y Zn' B B B 1 Ca®
B, WA T N, AR
Pt iR 85 . B S B L0 Y AE R R Zn
AT REXT +EDTPA-Zn (it T 45T, #EmieksE T
+IEDTPA-Zn iU BT .

AR L Zn B 4 58 + HEDTPA-Zn W ¥ HLE S
AeJl, (HRTEREADREFRUIN, P DTPA-Zni)
F R AEAEREAL X0 ~ 15 mmAb, T H B2
BEAL100 pg, KEMBIFXEN, 7E6KMEL
B, BEEpH. RERES L BR AT, T
X Zon 1) W B 361 2 B8 70 20 L FE, R AR OF T 4 g
Xt Zn B W B [ 2, B R E R Zn P BT B g
J3 PN H M, Zn T BOE A i 1 B9 R T R ok
WM Zn 5 + 30 Py 0 Bzl , 30 T 38 R 4 HEXF
Zn W It E . AR, HIEpHEk8.25, Bk
ik 5 R 26 R 5 1 0 0 651 g kg ' fI321 g kgt
(F1) , XUBE K F ] G645 5 R i A
XA AR Zn bl 4 S W B [, 3 T A Ak R T AR
Zn, ZBRH T HIEDTPA-Znlh) 55 (1 X 8P ik
iT%.

3.3 HEHEHEMZoBEE X A K% T IEZod BT

BRESELHENR

Znsr R B, EEANEFRN, L
FH i it Zn A 458 L7t Zn {2 3 P Ik Carb-Zn FllR es-Zn 4
Az ] (6 ) |, 1T R 5 A M
2153 iNDOCHIFA 7 5 AR 1 ffie 1 515 0 I Ath 5™ 49 %
AR Zn I W o [ BT . AR I A 58 Y Zn e

FE ISR P R DL A ASAETE, W, FEFF
i W5 IS PERR 2 INDOC R FA & e i,
HALEAE R AT T £ A AL ZaE A
IR, FeZelss T E 3z 5ol R B ot
AT SR 4 R AR INICA-Donnan
Model VIFIMINTEQA2% M58 & B, 1 A% 2H 43
WDOCHIFA ] L) FEAR A HEXT Zn iy W BT 61 5, 35 m
DOM-ZnFIFA-Znff & &, Mfi$E &5 9 1% Zn
ABEMBENE, AR, SHEZaM L, 5
SR A i BRI Zn I C Jit I R 6 it IE X 423 Lom-
Zni EZa LB AW (Ele ) , (R 0] GER M
TFA-ZnFfIDOM-ZnfELom-ZnZH 4y th 7 A, fe &
X I Za Y BOE RS AR . BAh, AR X 43
DTPA-Zn{a] Jf it JE X 4™ 5T Bt vl g & = 30m
AN Z oAb BR A IE X+ € Lom-Zn FIDTPA-Zn G 2
S EZRE A,

FEREA BRI, B AT A it A Zn I8 £
HEDTPA-Zn RBY HUiE . & HUHE 2 Fn g 1L L 4513
E T Zn b H (E3MEA ) o X 5 ARG AT
5T 45 R — 3, AR P9 IO B ke B
FEFFJE X MR Zn (4 W% B 11 22 T B2 4% ~ 3
B, VERBOTRES LG AP, AT
i M D i Zn HE AL P + 38D TPA-Zn 2P B F1 ™
B4 BE - HEFARIDOCT Fimi 34 . Kk,
HHgEzoE e, FEMAILZ0E A Y IE BT fE
JE BRI A Zn iE Bt - ED TPA-Zn ¥ HLE
BRI EFEE . SinhaflPrasad - 55 %
W, BWINATE BN FHILRIMDTPATI Z —
e 2,1 (EDTA ) %] IfE#EZnF HLE A Y HIE
B, R S A A K S ANR Za B HGE
Bae ). fEHE—MY R T, MY R U
AOLRR (MR . SERRE ) ZEWH S L5 2Zn
AR S EEALR O L SRR AR
b, H42F EDTA-Zn 4 5] Uit 555 Ja 3 i H 12 m)
BERE I KL B L i,
TSR R . N TG BGE A HLR A ™ A
(4 355 M 8 /N A3 T A WL 34 AE A - S XS Zn ) T
BF I 5 . R T 3 AN R Zn AT RvE RN RS v D AR
HEEMEH,

3.4 EFFNEFNARMETIEZT BUTHHE N

B Z n kb PR RS FE 5 Zn BB G A0 B A 4
DTPA-Zn SR HCi A 1 LL 5 34 B 5 B [ 3 347
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FEAK, 56 BURL Y BB, R bHfeil, +3EA 8K
Zn41 5y B I I HERS 10 T e A = HER00RE Y35
B pam i L DTE R SRR e, SR
E R TS Zn, 16 Zn I 5 5 FF B jite b B b, 4358
DTPA-Zn 2R i Ay H R | Tes b R R 5
PNFHiizodb BE (£2) , XATRES AN iEZnkb
FRARTEAR X - Za i FE a2 56 . Bl oi sy )
Mok B, RIEEFEpH . BRIRES KB R & 2B
AR L, A LSS A Zo i n] A 25 il £ 3%
XFZofg W B, N ERE LI M. A, FERSFT
S5ZnEEiEAL PR, +IEDOCHIFA F 2 K s ] 19
TR AT B2 S8 D TPA-Zn £ HUE Ay 1L
L ARt ] (B PR EZE R A (K[4) . DOCHIFASY
FHRBUN, MRS, AT LIS 1 Za P in]
WHNLZZ A, R 3R Wy 25 5 I ik
WL BRI, FERSATR AT, MY
A K I, T BRI BTG PR ik 41 53 B A ] 3
WL I B B RE 1 PR RE R I PR 2 4
BEAE, — O, WS TIEMEIZE AU IE
Wy —Jrim, WS S R 45 A 1 Zn
HOPT RO A R [ . B, AR
M LA B Zn B XS T A K PE T S Znd HEE % 19 42
HEAE F AT RERT RPE AR 2% .

4 45 it

BRBEA M4 L, BT IR FF O R )
AR i Y WOER 7 A, i Zo i 2
— P R A K £ EDTPA-Zn & i A 35 it
A&+ IEDTPA-Zn W i P BUE B A £ 15 mm
(45d) o SHjEZntHLIL, FEFFEHE S LiEZn
JE42 @ HEDTPA-Zn & & . RBY i Ry it
RO H AR Y B B T iA20 mm (45 d) o Ht
AL, SRR ) B i i Z n AR 2 58 A 1 1 3
AR, R B S Zn Y BOE RS RE D Y
BRI, AR, IR BN E ARIRUAL 1 R R, R
iR HBL G i ZoAEXT FAEM Za W . APk Zn
M HAEYAE R, TR — .
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Abstract [ Objective ] Zinc ( Zn ) deficiency in humans caused by inadequate dietary intake is a
nutritional problem, which affects approximately two billion people all over the world. It is well known that
low zinc ( Zn ) availability in soil is an important reason for low Zn content of cereal grain, consequently
resulting in Zn malnutrition in humans who rely mainly on cereals as staple food. Organic carbon in soil,
especially its labile fraction, plays a decisive role in Zn translocation and transformation through changing
soil chemical properties (i.e. pH and carbonate ) and complexing and chelating Zn, of which the latter
is one of the most important factors controlling solubility and mobility of Zn in the plant-soil system.
Nowadays in China, the major approach to improvement of quantity and quality of soil organic carbon in
cereal cropland is to incorporate crop straw, instead of the traditional organic manure and compost. When
straw is incorporated, changing soil labile organic fractions, soil Zn responds correspondingly in diffusive
translocation and transformation, of which the mechanism is still unclear in calcareous soils. [ Method ]
In view of the above-mentioned scientific issue, an incubation experiment was carried out in greenhouse,
using the half-cell device to evaluate effect of crop straw return on Zn availability ( diethylenetriamine
penta—acetic extractable Zn, i.e. DTPA-Zn) Zn diffusion and Zn transformation in calcareous soil. The
soil treated with ground maize straw (0, 15 g kg soil ) and/or ZnSO, + 7H,0 (0, 20 mg Zn kg soil )
was placed in the 10-mm central compartment of the device, leaving the lateral compartments packed with
untreated soil. After 45 days of incubation, the soils in the central cell and lateral compartments were
collected with a frozen microtome for analysis of soil DTPA-Zn, total Zn, Zn fractions, soil organic carbon
and its fractions (i.e. dissolved organic carbon and its SUVA,s,, humic substances, and fulvic and humic
acids ) [ Result] Straw return alone significantly increased the concentrations of soil organic carbon and
fractions of labile organic carbon (1i.e. dissolved organic carbon and fluvic acids ) , but didn’t have much
impact on diffusion of DTPA-Zn due to the weak response of soil DTPA-Zn in concentration in both central
cell and lateral compartments. Additionally, straw return alone did not change proportions of Zn fractions
in total Zn and it is because most Zn in the soil was strongly fixed in the fraction of residue ( Res-Zn ) that
the response of Zn in transformation to the increased labile organic carbon was weakened in the soil. Zn
addition alone significantly increased the fraction of Zn loosely bound to organic matter ( Lom-Zn ) and its
distribution in total Zn; and greatly increased concentration of soil DTPA-Zn and its diffusive translocation
in the central cell. However, diffusion of DTPA-Zn was only detected within the radius of 15 mm of the

fertilized point after 45 days of incubation, which was attributed to immobilization of the added Zn. DTPA-
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Zn concentration in the central soil applied with straw and Zn was similar to that in the soil treated with Zn
addition alone, but diffusion of DTPA-Zn was detected within the radius of 20 mm of the fertilized point
after 45 days of incubation. Furthermore, the former was much higher than the latter in both cumulated
diffusion and diffusion rate. The return of straw in addition to Zn application increased the fractions of
labile organic carbon, such as dissolved organic carbon and fluvic acids, which inhibited transformation of
added Zn into immobilized Zn (i.e. Res-Zn ) , thus increasing of DTPA-Zn concentration and its diffusion.
[ Conclusion ] Consequently, in the case of straw return, Zn addition is a promising practice to increase
concertation and diffusion of DTPA-Zn simultaneously in the calcareous soil.

Key words Soil DTPA extractable Zn; Diffusion cell; Zn fractionation; Humic substances; Labile soil
organic carbon
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