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FEFPZ B AT IE Zn T BUIBRES
LAY RSN

Rk T oA ORI ox B OESE BHEE

PEALRMBIECR 2 BRI B2, RV ARV ILR A E TR S5 R B i &, Beitidsi 712100)

W OE AN GRS G BAESERX LS (Zn) MITBHEAREZEER.
HAl, EVRSATEH OB gAML, RO b E 5 SR B 3G L o B O B 1 e - A . BT
i, SR A o 2R B OE I wE AR ISR I T RIS A R A 2 Zn (L =R ORRIRIES
Zn, HI DTPA-Zn) ¥ 8ULH J Zn TEAHACKIEN, DU i A M L3 Zn G 280 K e sk, T o5
VEDIXE Zn (IRSOR] B AR A 0 o 285 AR B, SRS AL B 2 4R i T L3 WLk Ss PERR2E 4y (v
fEtEAHLEK (DOC) FI'E B (FA)) & &, {EXtL3E DTPA-Zn ¥ BUER & Zn EAHAG mELf). B3
Jit Zn JEIEE AR m A A HLES Zn (Lom-Zn) & & R HAE4: Zn oA, RE G 7 L% DTPA-Zn S8 1
PHOLHEE ST (R2, HY B DTPA-Zn H) F T RHIFEAEMEALX 15 mm LA (45 d), X W RE54MNE Zn
AR ERTERE A K. HFEFHE S Zn BCkiny, L3 DTPA-Zn FIETEES Zn & & 5 50 Zn EAH
L, {H DTPA-Zn Iy BiiE 25 vl ik JEMEAEIX 20 mm (45d) 4k, H ER B A B R 5 m T it
Zn. FEATIEHECHE Zn AR MR X 585 AR 414> (DOC A1 FA) S RIVIRTE, A Rtimf] 74N Zn 173k
B GRER) ik, #MidemE T L5 DTPA-Zn & & LY HUEB R . T, ERFEHE&SET, &
Bt Zn & —FrA BERTH AR LA A Zn &5 IR AR Zn 50T AR ) 10 E 2SI

KA HIE DTPA-Zn; ¥ zn 404 JERER SHEE LR

FESES S1585 XHEFRIRES A

B (Zn) RANELEMEERLE, EAMEKEFEEESEEEERY, R,
BRI, EERAIE 20 2N Z3)E Zn WL, 5 Z UUFJLE RS Zn FEBET A S5
5116 /i, MHEEEPE Zn SR FTHARED N ERHRBEHRRZEEZFE, x
SEdh X 135 Zn B Z BB R 2 (4 = feH AMRIZHEESE: (DTPA-Zn) /T 1.0 mg kg 1)
RAKIEY Zn S EACT I RA SHNMER Zn EZFEEE, FHit, 256k zn 1% 2n 4
BT TS I A EIXT Zn RSO & £, 3R o8 Ak Zn B B B L.

WEFR R, B zZn o b3 EANEGE Zn & — R 2R = 3% DTPA-Zn S E ) E
M, AHRHXT T Zn WISORFFRL Zn BBV, i, R X Zn ik
AL 34 2 Zn SRMEE], T HIE 56 % Zn mERE Y Bet kA <7, SN
Zn nl g K PE LI DTPA-Zn &2l Bifsy, (HZREFR 30 d 11438 DTPA-Zn ¥ iR S 214
/215 mm, HI #8RENAE 10M~10" em? s 2 P, 438 zn T BGT AL 5B/ % Zn &
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BAK, TTHEZ I pH, BREAA RS ESHE R KEmEY, 768 pH. RS &
RANUR A RNE 3, RESNER Zn SRS 7 HEA % Zn &8, B0 K&k
V8 Zn Wi IRV PR s, AN RUES Zn A TERGE Zn, B4 MRE] Zn P EGER . R,
TEANEE Zn 2600, BRIV L35 Zn TR ST B BOE RS R T BCEAEY Zn Wil 2
FPRL Zn EAE R R E I,

TERE, REMEATET B 7912 t, CRRELGENIE, Ry E R 1355
EBRAHAERNY . KETFRCZIEN, SRS A3 LI HUR A M5 55 o & B
R, s B DA ARSI A Uy i T, W T Zn T
FEFT G AR BRRE SRR 5t PO UR Zn b\ T3, XRBimE e R WL R IS 415D
P I Zn TR AL, HETTN Zn AR R A SR A S, E A WU 4y
W/KEHEANLEK (DOC). & HER (FA) SE S KRIGMHEEREA, Xt -L3E Zn A RERISEA
71, HATLOE KA. BE . WRAEREIER, X138 Zn (TR AistEaESs
BN AT 2 e AR FH TS 10, SR NICA-Donnan. Model VI Fl MINTEQA2 %5 & 4 J& &
SERET LRI, KIETEG N (DOM) F1 FA ] U G #3806 Zn (i &, =
AR Zn 415> (DOM-Zn il FA-Zn) (ITERR, ATk Zn EYnE i s etl, s
1M, RT3 Zn ERHEACIIRT AU BB TR R BT TR B, ARAMERERIE R Zn
PRI A, I EAERSFRE M AR i S R, L35 Zn SRR TA
FEIGE A= A (RS PR AL 20 MR S G A B M . DRI, AW SR 29 B R L, 3064 T =5 PO A
WA, I T ASFRE BT A A 4 Zn T BOE R B S HEALI R, DU A K
-8 Zn G R R, TSGR EPIRT Zn ISR P B BE R 2 AR -

R

1.1 ks

A 3R F BP0 PR AR R 2RI AR 3 o 1% X HI AR G P R A, P30
B 13CEA, FTHIFMKE 632 mm, BB SRX . FEMEGIEA R, BIL/NE
H R R E AR NI ARN—F— 2, REEREEARE™X . 18R 8 8 24
N A+ (Earth-cumulic orthic anthrosol) , H¥ LR &K, & T A KM, HEAR
AR K 1. LREEARNTEREAR, T, i 2mm i, &M . SalRS BT 2E
BEKFEFT, RF, M (Z2mm) , &M, BTE zZn 8956 mgkg', Skl 4179
ko', SHEN682gkg™.

*1 AR (EBEHARL) ERBUMR

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

oH HHLE SoC 4% Total N THA% NOs-N H %0 Olsen-P A Available K
(kg™ (kg™ (mg kg™) (mg kg™) (mg kg
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 A4 DTPA-Zn BRIR & Carbonate FikL Clay 258 Bulk density HH () RF 7K &=
(mg kg™) (mg kg™) (g kg™ (g kg™ (gcm?) 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

W BIRFR N PEIME £ IR Note: Values are the means standard error
1.2 It

%R Modaihsh®4& H 3 B B, HkS A 160 mm < 140 mm %80 mm, HiH Ly
Jot A DX AP A0 St I DX =38 70 A o AR X 65 10 mm, RPN FEZT 1 mm ] il A i 1]
M, MEAEXFMEDIEREARIX, %5 75 mm (& 1A). RIEILRE 4 MEEE: 4R (CK)
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Bt Zn BB (Zn). BEFSFT (SO, FEFFECHE Zn AE (Zn+St). Zn AERFH ZnS0, 7H,0, &
N20mg kgt T4 (BLzZnit) , FEFTHE AN 15g kg™t T+

PP AR A Zn BB 2.0 kg T3 (DUETRE IREHS. FR, Fra b En
NEEJRRT CIN<25: 1, )5, KBS IIRAY T8 15 4y, 4 By ot
MIREIEDS, JESE (%8 1.26 g cm™, TFED, FAEPMEAERALX SN 1.0 kg A A0 135,
JESE, PRIEEARE B R — 8 HRE iR R B, AR LIS KE R R
KHEFKER) 60%, T0EsI0GEEHH N M58, CApr ks K 2k k. ¥
FPBOBMNIRE, 25°C NEFRES 3. 7. 15, 30 Ml 45 K, FAAFEENLEE 3 ML
i, HGEEE TR, 4CAR 10 he BUH S ARSI AR X 7R 5 A D1E ak 11
B (LB 1B, FEREFRIDE M LIRS, KTE, #RE, B4 1 mm i X mE—
FAERNEERE, 4CHRAF; AT, FRE, BAH5Hak 1 mm Al 0.25 mm if, fR17.

TR REK TR bR HIEX HEEX

Unfertilized cell Fertilized cell Unfertilized cell

Unfertilized cell Fertilized cell Unfertilized cell

Tomm

80 mm
mm

R N 5 S B -

- o 25 mm ‘ 10%5 mm Lm 10%5 mm 25 mm

160 mm 160 mm

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

1.3 H@EPHhEE

AR X AN AERE AR X L35 H %Zn (DTPA-Zn) RAIDTPAG IR IR, FR TR e e g
i (Z-2000, Hitachi, HA) M. MifEX 134 Zn K FIHCI-HNOs-HCIO - HF 1 iRt 145
Zny 525 g % o S DS E g2 JR s IR 2 Zn 0y AR A Zn (Ex-Zn). FAGA HLA Zn
(Lom-Zn). FRFER £ 454 45Zn (Carb-Zn) . EALER4E A S (MnO-Zn) . B 456 HLASZn (Tom-Zn)
AFREAZn (Res-Zn), FJE-TWRU/ Y66 BT E . iARIX 3 HLBK (SOC) K HE %
WA A A M, R T R L mol LM REERERR SN (pH = 13) 4R, KA R IR
SN BT (HS) KI5 Bl (FA) RIS (HA) S8R, jEfn X 11K
YA PR (DOC) FEaiKiEH: (tKEl @ 5), MANBRDHX (TOC-3000, Hitachi, H
O 5E P B 9T R I, DOCHS B AL FL E 55 DOCTATRTE 254 nmiyk K R 48 A IR 6 1 (SUVALss)
SOFARSERA, Kk, AR I SUVAS RN +3EDOC I 35 B AL T .
14 BB

FEH AL X £33 % 2 I DTPA-Zn 4 HUE (Q, pg), BT ## (Qe, pg) L #LHL# (Qp, %)
THHARWT:

Q:(Ci—cb)XMi (D)
Q=20 2
Q=Q/Qx10 3

L, CFl M 2 B9 AERIE X & )29k (i = 5. 10. 15 F1 20 mm) +3% DTPA-Zn & & (pgg™
AEIETE (g); Qo Zn Fl Zn+St AH it Zn &, 4 2 667 mg. JFZENHTRM, Fif
Wb AEHEALIX 25~75 mm 1% DTPA-Zn S E & ZRKAILREES, H¥EE/NT 0~25 mm
%2 DTPA-Zn & & Bk, PLEMEAEIX 25~75 mm 1% DTPA-Zn “FH& & Cp 1E ki
KA AEMEAL X % 2R DTPA-Zn §#itE (Q) K RFP HiE (Qu. T3, R AH #HuZ
SHUNE Zn TR —ADEEZNS], AHFFCRH AT B 3% DTPA-Zn ¥ B 5 5
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FEIn 1 5% 2,
y=at"? +b 4

A, y  DTPA-Zn ZRRY i (ug) BRE T HUEL AR (%); t AEEFRIIA] (d); a & 1 DTPA-Zn
W BT R Zn ERALIER B, ug d2 8iE% Y% H % b 2 &AL E 4 DTPA-Zn %
Ky#E (ng) B ATt Z (%),

X F Microsoft Excel 2016 X} R 4a Eds k4T 5 1, HEIFER. HESMTMEZ EHLKR (K
NEFEZF (LSD) %) FIA SAS Win (V8) B AbFE ik i4:3:47, BAS X Ay 95%.

2 7 B

2.1 FEFFTENGER$EAEXTHERLX 1% DTPA-Zn & E/I50

TEBARFRIAN, Zn Fl Zn+St A FEY) 525 Bt = 1 i AE X -3 DTPA-Zn & i, 1 Hig
e BE RS 8 i St AbFE DTPA-Zn & EA S, HIESEEAL 30% (H 2). XTHE
it HE X L30T 5, Zn+StACBEAE R 77 3~30 d e T JEHAE X 5,10 A1 15 mm 13 DTPA-Zn
S, (ERFFEEE 45 K, 20 mm 4k DTPA-Zn #2751 26%, tHikF| R #E/KF; M Zn AbFELE
REFRS 3. 7 M 45 RINFEMIAEIX 13 DTPA-Zn & &5 Zn+St A FEAsfh a3 —3%, T 15
F130d I, XHEMEALX DTPA-Zn & &R E S St ALBEAERE N 5575 1 N 2 A0 it AEE [X
DTPA-Zn & &7/ A0, 1WAk, 78 Zn Al Zn+St 4bFich, [ 3% B am 5L X, DTPA-Zn
TEIBEHEC, FAEPEN DTPA-Zn WREHE, Wi 4BAdEMEALX 25 mm 4bRf, +3E
DTPA-Zn IKFERFEN Ko 4T CK Rl St Ab#E, 7EBEAS L4k AR B DTPA-Zn IR FERRFE .
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=
© o

DTPA-Zn# it
DTPA-Zn concentration (mg kg)
o

IS

N}

o

-
=)

2z
DTPA-Zn concentration (mg kg*)

Fert 5 10 15 20 25 30 35 >35
)i A IX (1) #5 25 Distance to fertilized cell (mm)

10

DTPA-Zn it
DTPA-Zn concentration (mg kg)
o

Fert 5 10 15 20 25 30 35 >35
FIJifi It [X. (1 # 25 Distance to fertilized cell (mm)

TE: DTPA-Zn: —Z = h ARIZHEAS, CK: X, St HEF5FT, Zn: i Zn B, Zn+St: F5FT
Fite Zn fE; “Fert” fREMALX, /NEIFRIEHIALX 15~75 mm FFEMAL X % 2K 138 DTPA-Zn & &
2k b7 R 7 (R BUE AR A B 8] e/ 35 22 FE (p = 5%), NS AR = R AR E % . FIA 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 FEFTIE HANIE B A AR B T AL X AN R AE X +-3% DTPA-Zn & &

Fig.2 Effects of straw return and Zn fertilizer on soil DTPA-Zn concentration in fertilized and unfertilized soil
2.2 TEFHEHE MR $EAEXT 1% DTPA-Zn T BUT B2

TEREANELFEIAN , CK R St AR BEARAS I 5B AR X 13 DTPA-Zn [ 3EHIE X 19 BUEHR .
Zn 43 DTPA-Zn 1£ 3~15 d e Bz B 25 10 mm, 30~45 d B 3z A 15 mm; 211, Zn+St
L DTPA-Zn 7F 3~15 d I e 47 B0l 25 4 15 mm, 30~45 d It ezt A 20 mm (& 3). b4k,
B ib 38 1158 DTPA-Zn ¥ B 3 BE G 3 HOHE 25 13 b 2. 25 PRI
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120 o5 010 ®15 m20 120 4

100 A 100

[

80 80
60 60
40

“HH_LWL:EHLH‘IFLMM

3 7
3R ) Incubatlon time ({ day J5 R ) Incubatlon time ({ day

e EPIFRRBEACIX FIEE RS, mm; ASFEVNG TR IR R — (AN ] R K 22 R 2 (p = 5%) Note:
Figure legends represent the distance away from the fertilized cell, mm; Different lowercase letters mean

DTPA-Zn# #i#t Diffused DTPA-Zn (ug)

significant difference at 5% between the layers at the given time
I3 Bt e AR AT 5 A A It X 2K P 438 DTPA-Zn 7 B [ 521
Fig.3 Effects of Zn addition alone and addition of Zn plus straw return on diffusion of DTPA-Zn in calcareous
soil
TEREARE RN, CK ORI St 4bFE+-3% DTPA-Zn 2R BLE AL 2 ng IR AR . 2R

M, Zn 4t DTPA-Zn AP BURSE 30.6~96.3 ug 2 ], St+Zn ALHEFE 42.3~98.1 pg ZIEﬂ o
Zn AP DTPA-Zn F HI L FRAE 1.12%~3.61% [, ~35°4 2.33%. St+Zn 4b3 DTPA-Zn 4 #
LT 1.68%~3.78% 2 1], P44 2.64%. 15 Zn AbFEAHLL, St+Zn 7ERGFR5 15, 30 F145 K
352 E e T DTPA-Zn 2R HEMY Eitb . (B 4>, thih, WH Bus R i sl 1
B DTPA-Zn R HUEAY BEL AR B N AR AL: WALREAREL,  Zn APREAACE R & T
St+Zn ALBE, MY HUE A B R ZRBUN (R 2).

5
120 0Zn

a a WZn+St

=
o
S

©
S

@
DTPA-Zny %
DTPA-Zn diffusion rate (%)
o
ot

~
S
o

DTPA-Zn S A kit
Cumulative diffusion of DTPA-Zn (ug)
o @
S 2

o
o

3 7 15 30 45 3 7 15 30 45
}5 7565 Incubation time (day) Fi 77165 ) Incubation time (day)

H: ANE/NG PRI A — I AN R A B A 2 R 5 3% (p = 5%). T [A] Note: Different lowercase letters
mean significant difference at 5% between treatments at the same time. The same below
Bl 4 g SEANEE IS RS AT EL IR A 2K P 2358 DTPA-Zn RS B MY JCR (15 m
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 AKRMITE DTPA-Zn B SHEFIERXFR (BRAYT BURE y =at” + b)
Table 2  Relationship between DTPA-Zn diffusion and duration of incubation in calcareous soil (intraparticle

diffusion model)

DTPA-Zn B Hi= DTPA-Zn §Hitb %
Ab3H Cumulative DTPA-Zn diffusion DTPA-Zn diffusion rate
Treatment 12 2 o 4112 0 2
a(ugd™) b (ng) R p a(%d™) b (%) R p
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

VE: a A Zn ERULIERFE, b LI DTPA-Zn M Ky B als Ry #itb %, R il &l
RHIRE R p NG EZEYE Note: a stands for a rate constant for Zn stabilization and b for the maximum

http://pedologica.issas.ac.cn
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amount or rate of DTPA-Zn diffusion; the R? stands for determination coefficient of fitting curves and p for
statistical significant level

2.3 TEFIEENE R R AR X 1R Zn 7S8R0

4 Zn G EAE 64.0~90.5 mg kgt 2 AR (L (& 5). HXPIEARLL, FEEAEFR St
AbFRFE AR ST EAR X -3 4 Zn &2 R, 10 Zn A Zn+St HLE E R T AR X 34 Zn
T, HXRAHEL, Zn A Zn+St AN A Zn SR IR S T 32.2%H1 27.5%,
1M St AP R T 7.52%.

120

OCK oSt BZn W Zn+St
-~ a a a
510 aa 2 a2
g 8 b
= ab
b
g 801y b 2 b b b b
" g P
41 8 {F +
5 60
4 e
® 3
+§ 40 |
3
<]
2 20
0
3 7 15 30 45

KEF%IF[H] Incubation time (d)

5 FhATId B AN FH e AT X e A X - 38 4 B 35 R FA S
Fig.5 Effects of straw return and Zn fertilization on soil total Zn concentration in the fertilized cell

P AbFE it A X 3% Ex-Zn. Carb-Zn.MnO-Zn Al Tom-Zn 545 Zn BIELBIIAS E 1% (&
6). TEEEAEFRMIN (30 d BR4l), 3% Ex-Zn (54> Zn (O HLG) & A B E R g 2 5. R
TEEAEFH] (3d RN N, St 4bFE Lom-Zn 54 Zn LS CK LR 2%, 4R, Zn
AbFEFN Zn+St AbFRFEREANRE IR NI RESE S T Lom-Zn 4 Zn By, T HARET CK
Sl E T 9.07 £5~17.1 151 9.83 £5~19.5 5. X Carb-Zn 54 Zn (LB &, Zn Al Zn+St
WEY ST CK f1 St 4b#, 5 Zn AEEAMHLEL, Zn+St 4bFE Carb-Zn 54 Zn fIELBIRE(E T
12.1%~33.8%; 5 CK Lk, St AbFHFAML T 20.4%~36.8%. 4K =, Carb-Zn 54 Zn kL
BRI AN Zn > Zn+St > CK > St. Zn fll Zn+St AbFEIS) B 2 AR T 3% MnO-Zn 54 Zn HIEL
], T HBEE I RS, & AP 3% MnO-Zn (54 Zn (LG 2358, Tom-Zn 4
Zn FAELBI S AL TR R G & 2= . £ Zn ALFRAD Zn+St 4bFET, Res-Zn (54 Zn MELEILE
79.7%~83.6% 2 [, 1] CK 1 St &b fr &5 Lufsi 35 KT 95%. 5 CK ALk, Zn Al Zn+St 4bFE
Res-Zn /74 Zn B EL1 43 B FEAIK T 13.5%~22.0%F1 14.0%~18.3%.
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08 r 35

-e-CK —-St —-0-Zn ——Zn+St g
& S 28 | I
- 06 NS [ £ I
=} g. I
= =
g NS NS S 2 I I
= N
o h
§ 0 g
|.I>j NS # 14 06
4 0.2 "% 02
= i 70 0.0
S i,;% 3 7 15 30 45
=
0.0 ‘ 0 * . * —e
3 7 15 30 45 3 7 15 30 45
— 12 M ~
g < 1.0
5 <
S 09 | I I s 08
o I g
o =
S =
N N 06
Py )
8 06 ¢ Q
; I s
& =ooa ] I I
& %
|ng
%03’ $
£ 1 E‘ 0.2
£ =
S &
0.0 : : : : — 0.0
3 7 15 30 45 3 7 15 30 45

o

[=2]
=
o
o

g - s — U
£ 05 IS ® ¢ ®
=1 < 94
5 £
& S
S NS 5 8 ¢
£ 03 NS N
F 2
= NS NS NS & 82
I’g 0.2 &-
&l 76
E 0.1 &
X
0.0 : : : : : 70 : : : : :
3 7 15 30 45 3 7 15 30 45
1537 11A] Incubation time (d) 1 771 1] Incubation time (d)

e NEIZRIRAE CK A St ARBE H- 3 ha S5 A HLAEE T S RO LEG] s B s DA 1R 22 s 2 7s AL PR ) i /N 22
FiEME (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 difference (LSD) values at 5%

Bl 6 FSHT L FH A A S AT X B A (X L 3 S T A B o A LU A 1 5 i)

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

2.4 FEFFXEFNGEF $EAEXTHE AL X 18 AL ERLE 5 BRI

St Al Zn+St 4b ¥ 2 4 i i [X 4% SOC. DOC M1 FA (&, 153 % T DOC
SUVAs 18 . TESE 3555 3 KIN, 5 CK AL, St 4b 3 SOC.DOC F1 FA & &40 Al 7 1.63%.
390%71 47.5%; 1M Zn+St ALFE /3 HI$Em 7 0.87%. 467%FH1 45.9%. fER;FRE5 45 K, 5
CK fHLt, St4b# SOC. DOC 1l FA &4 il & 1 4.59%. 165%7F1 55.7%; 1fij Zn+St b3
Sy T 3.39%. 199%Fl1 45.3%. LAk, St Al Zn+St AEAEREFEEE 3 KD B 412 = i
JEX AR (HS) &8, #&IEE 28 30.6% 32.9%. 5 CK ALk, Zn AbHERXT
+1# SOC. DOC. HS. HA 1 FA &&= A5 .

*3 I EMEAEREEX TRENRE A S & SRR
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Table 3  Effects of straw return and Zn fertilization on soil organic carbon and its fractions in the fertilized cell

e . GLLL S ; _ KA EATBLER . SUVA, (L g cm)
Treatment 0il organic carbon (g kg™) Dissolved organic carbon (mg kg™)
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 £1.3% 8.97 £0.62b 23.0%2.16b 21.9 +2.90b
Zn 9.12 £0.75b  9.16 +0.59b 3.66 +0.12 b 3.92 £0.10c 285 %1452 23.4*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
. R M EEE
Treatment Humic substances (g kg™) Humic acids (g kg™) Fulvic acids (g kg™)
3d 45d 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¢  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

7E: SUVAs, /2 DOC A 254 nm ARG ES DOC & & WAH; RFFTA AR AFIIE £ 45
iR FHR /NG FBER R AR A 2 57 5.2 Note: SUVAs, stands for ratio of UV absorbance of 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 W

3.1 BIMFEFTHEMARMTIE Zn T EEB RIS LR

AT AR Dy 6 R A SR F AR HH 38 A 7 1 — T B i, ] LA k3 i L3 AL
B ARGERETCRSERD, HHES T4 Zn. A8 Zn 58L& A Zn 206 fEAL
HiM (B 1. Bs MK 6). ABFTd, T KRR A S S Zn BN 9.56 mg kg™, FEILHER
BRI Zn A 2 UK 384 Zn R 2% Zn &8 A B sm . AR Imr s R L, e )
FHEHE T, B E KRS Zn Bik 88.9 mg kg™, AL 34 Zn PR, (HE]
PR 3% DTPA-Zn & . Al W, FEFHEHX LA % Zn SEMEW ST E S0 E Zn &
AR AELIE Zn JEAYPEE Zn MRS MERA 2« ABF T, CK Ab3E 15 Zn T 97%
4y AiTE Carb-Zn, MnO-Zn F1 Res-Zn 443, 1 H, R BMAEFE H B2 32 & T 3% SOC.
DOC I FA & &, {HZ&FFAX DTPA-Zn K& IEE Zn S/~ L (R 3 MK 6). X AlfE
& BT RE AT B A = A TR AR AL 20 0 Zn SR AN 7 AN SR 4 B8R B[ e 1Y) Zn &4k
Baldwin Fil Shelton®7 47 #1433 b 453 7 20N 45 5, b TA I TEM I Zn B 1 4em(n
H pH. BRERESABRD B3 B, N Zn BEARMA YRR A B R 1 Zn A3
VERASZH PR ROCR . 35 Zn (VR BEREIE 252 S50 Zn 72K T 7 18 L Bod e i zh 79,
U, BMRSFTAE H L3 DTPA-Zn & B IHEs R T, 2 2 EUENE X AMEAEM L X DTPA-Zn i 22
B EERINEE T 488 Zn T BOT B s AR 1 E 2 F A .
3.2 B Zn W ARMIE Zn EOER RS ISR

Huj Zn R PEAK T HARIX 3% Res-Zn 7E42 Zn 046, [FHESE T Lom-Zn (54
Zn WLL, 2R R E 3% DTPA-Zn & & Ay BUEaE /. BRI, AN T3EK Zn
TE R 8] N = ZE A A TE R B AR B R A 23, WAS SFIAMLES &4, B TR 7 380
V) CUNBRIRAS . BRERSAMAE L 55 R, ZJ5, BEAER EHER X L 4> B8 i N
W 2 ) B R R ERTUUE s R T B, R Bt Zn R AR L3 HS. HA FIFA &
BRI, R TR R R IR 3% Lom-Zn S (6 1K 3), AL
FA T T4 Zn B RS R g, 1 BLAE AN Zn 196 380G Zn Ak R i R .
KBV, SBERE AR Zn 240 KM% DTPA-Zn (i B MR FEoRIE, HE
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T RATE FA-Zn Rl HA-Zn, T BRI Vi s B 8 2w T E g 18 2, ki
W, il Zn JE 3% DTPA-Zn & &MY HOE R I iR KFEEE FIH T FA-Zn IRTERR, {2
MR AT . BEAN, A ME I R AR RS AR IR B R T (K Zn®* 5 Wi S 14
Ca” B e, Tk NIy, Bk, WRPHTE L3R Y inpR s . BAh AL AN A L st
KM Zn WA EEXS 1438 DTPA-Zn #2445 T 4b78, #Fificksd 1 138 DTPA-Zn ¥ HULF# .

BRI Zn JE3G %38 DTPA-Zn MY BT EE ), (HETERBARFRN, ¥ #umW
DTPA-Zn 13 4% (R fEJEMEALIX 0~15 mm 4k, 1 H B2 FY #E= A 2 100 pg. KEMIWTFE
R, fEAKMELIEE, BEE pH. BRERES LF RS RN T R, L3 Zn IR B E E R
2R T, SETREE T IR Zn BOMRRR I E , AR BRI Zn Y HGE R Ae 0, R,
Zn Y HGER REIERTH OSSRt 210 Zn 530 Y psefh,  HEm R R 3T Zn (R B
o AR, 3 pH &tk 8.25, BRERES MK S BN 65.1 g kgt Al 321 g kg (F
1), IXUEREERG KT AT e AT B SRR AR X 1A XL Zn B IR B e, A N e RS
Zn, FARRH T 11 DTPA-Zn [ B8z i) X 34 BT 4% .
3.3 TEFHZHEF Zn BEECHEXT AR M IR Zn 3BT R RASEE RIS

Zn SRR, EEREARFEMN, BFHEHEAEE Zn ERFE Zn 53 K Carb-Zn
Al Res-Zn 25 54 Zn (LR (I 6), IX AT BER 5 136 MR 43 1 DOC Fl FA 5 =& AIG
T ERERAS RO ARE W5t ANIE Zn R B [ B . AR NN 3561 Zn 75 J A [ P S L
BT SR WASAEAE, [FR, FEFFEH G s 7 o DOC Al FA &r&dem, Wit
[FAEF TG I 7 -3 n s E AL Zn S ALK, RANSEE T 13 Zn G800 L)
Mo wT AR 2L H 8 4 JB A5 A 4 NICA-Donnan. Model VI T MINTEQA2 25 58 R L,
TR AL 5 1 DOC A1 FA AJ DARRAR 35X Zn AR P E 52, 3400 DOM-Zn A1 FA-Zn 4 &,
T HE 5 g L3 Zn B RUER s . ABFFed, 550 Zn Mtk, BEAAREFHE R Zn jE
P fiti HE A 4 AR X 3 Lom-Zn &4 Zn ML =A52m (& 6), {HATAERLNT T FA-Zn F1
DOM-Zn £ Lom-Zn #5343, &N+ zn I EGTRE A, ok, HifeX 115
DTPA-Zn [aldEtfE X 3 HUE B n] fE & S8 M it Zn AbEE )AL X 138 Lom-Zn F1
DTPA-Zn TG 2 R I H 25 A

AR RN, FFEHEA A Zn JE+3%E DTPA-Zn ERY #sE. ¥ B E Ay
BUEL IR T i Zn AEE (B 3 FIEE 4). X S5 AWFITRT IR SRS R —80 mr AR
B R IR INAS ARG, 88 MR Zn (R B [ e T FRAIS 2 F5~3 1%, B RE TS 1.5
2, AKRFFH, FEFEHACH Zn JEALEE 1% DTPA-Zn SR B fy S b ml a4 -
% FA Al DOC JHmmitéhn. Hik, 580 zZn MLk, ArEtEa bl zn E 4R R R S
FURATAE A Zn JERCHE 3% DTPA-Zn ¥ BT A% B2 42 TH 2R K. Sinha A Prasad ™ F
TR, BIMALERE/N TENERM DTPA FZ MU 2 (EDTA) ] LUE#E Zn
HHE SRR, HEmEE R m A KM 3R ANE Zn P BT R e f. EHE— MY A
Gu, YRR SWANER GriERR. FRRS SEYHRE S 15 Zn ARSI
FEHLHIEO, 5 R A LG, B EDTA-Zn ¥ 80t 8038 J5 340 i FH 35 7T 552542 0 Zn
FEFRNE 3 ERBERD O, AT, R R N T A ROE A UL L IR
PEECE /N AN AEAD S 438X Zn PR B I e o 33T S AMIR Zn A R RRS Bl Ty
Tl jEe 5 B AR A
3.4 EFEEXTARMETIE Zn T BAEI

B Zn AL FRAIAEFT 5 Zn BERCHE AL 3 145 DTPA-Zn S AR BOR AN B b 2 25 it 25 1) [
BETREG, RO MR O HE AR, 3 R Zn 205 B I TR RS T BN
TR A, BB R . DTIE AT B SRR e, RN TERS Zn. 1E Zn
JESREFFECHEALEE A, 140 DTPA-Zn B B A B b3, Ok s 8 H08 /N T Bt
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Zn AbFR (R 2), XTTRESFIANNE Zn ABEAERGAC XK L% Zn AR A K. B2l
R, BIETE pH. BRERES KB RL & R m AR E LI b, AHEAES Zn BaTH
R LT Zn PRGN TEE, ANTT4ERF SR, B4k, ERFTS Zn ERCH AL, L35
DOC Fll FA & [ 8] () T P& B AT B A2 S 8013 DTPA-Zn B B ANy B b SR B 1] p&
IR EZJF (R 4). DOC Fl FA 4> FRE/N, WERLr, AMUATLLS L3 Zn TR R AT
HHLZn EEN, R R YT R 5 R AR IR O BRI, AERSATIE T,
T Rt A K BT, SRR R PO e T 2L 9 O ) 38 0 T e Ak U 6.
BEE TR A B RE, — L D TIEEEENL Zn EAYINIER: B, BSES
TR R 2 5 A B Zn B R TGN 3RO A [ e o DRk, REFRIE TR A it Zn
RIS T K 1 3 Zn 3 BOT A AR 1 A AT R ROME R % .

4 %

BUEE IR b, BRSNS R 3 R Zn SR R Y O R e AR . B
Jiti Zn B — i R A K 3 DTPA-Zn & &S, (B2 3% DTPA-Zn [ Haxy #k
PEESAIAE 15 mm (45 d). HHUE Zn #HLL, FEFHEHECE Lt Zn B35 1% DTPA-Zn
TE. BV HE Ry, i Esimd BEEE A 20 mm (45 d). HULRIIL, e
H [ A0 Zn B2 A K PE I A e &/, RIS 20 Zn 80T #2680 1 E 2L
o SR, ISR = ALK BRI, FEFCHE S T Zn B TIEY Zn Tk, K
Wi Zn & R AR RPER R, MR E— A
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Effect of Straw Return on Diffusion, Translocation and

Transformation of Zinc in Calcareous Soil
CHEN Yanlong JIAZhou SHIJianglan LIU Ke WANG Shaoxia TIAN Xiaohong'

(College of Natural Resources and Environment, Northwest A&F University, Key Laboratory of Plant Nutrition and the
Agri-Environment in Northwest China, Ministry of Agriculture, Yangling Shaanxi, 712100, China)

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 SUVAs,, 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
(i.e. dissolved organic carbon and fluvic acids), but didn’t have much impact on diffusion of DTPA-Zn
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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-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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