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o FRPRAR S RELAKIN, AT LUK I P00 A5 1 Y A8
SRR, R RE <10% B A SYE, >100% B
SHBRAs Sk 22 o B AR Zn B0 TP AR



rhE SR 2019 (6)

®1 TEBMERELERSITHE

Ay FEA%H EiEt f/ME FRAE A brifE2e SRR (%)
2005 76 DTPA iZ$EH 3L Zn (mg/ke) 0.11 2.98 0.96 0.60 62.5
10 ERREHEA Zn (mg/kg) 0.74 2.84 1.69 0.74 43.8
86 AP (gkg) 2.13 48.00 15.01 9.65 64.3
86 pH {H 4.68 9.01 7.57 1.24 16.4
86 AEN (merkg) 14.73 277.20 75.46 48.66 64.5
86 HH P (mghkg) 2.06 44.25 15.56 9.97 64.1
86 A% K (mgkg) 38.52 271.79 117.17 44.65 38.1
86 e 1224t (emol/kg) 1.53 49.77 14.67 11.07 75.5
2010 130 DTPA 43K Zn (mg/kg) 0.34 7.27 1.64 1.16 70.7
AP (gke) 237 74.29 21.05 13.25 62.9
pH {if 4.19 9.14 7.07 1.51 21.4
FEN (melkg) 15.35 249.12 93.81 56.82 60.6
AP (mglkg) 0.97 108.87 22.53 20.59 91.4
£ K (merkg) 13.92 392.63 110.33 66.85 60.6
FH 27284t (emol/kg ) 1.88 44.85 13.20 8.20 62.1
2015 22 DTPA B3 Zn (mg/kg) 0.53 4.15 2.03 1.12 55.2
AP (gkg) 2.39 48.48 25.72 14.98 58.2
pH i 5.05 8.52 6.87 0.84 12.2
AECN (merkg) 19.96 343.84 105.79 106.02 100.2
FHELP (mglkg) 2.05 84.07 39.07 27.23 69.7
Fi K (mglkg) 33.37 230.21 110.20 63.52 57.6
PHES 2 fiit (emol/kg) 2.18 41.32 12.82 10.56 82.4
®2 TEAY I QES R
F BA rhag [ Beres
DTPA BHEARL Zn (mg/kg) <0.5 05~ 1.0 1.0 ~ 2.0 20 ~ 5.0 >5.0
ERRIZHEA R Zn (mglkg) <1.0 1.0 ~ 1.5 1.5 ~ 3.0 3.0 ~ 5.0 >5.0

22 AR HIEA R Zn SRR L

FRAE 2010 4454k A= 25 0 19 - 34 + 8 21 Zn
Oyt MO ER A 2] T A Y R A AR A A
M)V AR Zn S A I (1B 2), A ENE
R NI ey = i | o A A= R (A 1 R e e =
A 4 - e FR AL B Y 431 R A HL A AR 5 A A
Kk, 54 [E - IR R VR 1] PE A6 ) IR X R 53
R BHIK RN, MAFENKE, 2005 ~ 2015
A, H YRR Zn S REWTHE Y, X — A
F 1R RLE Rk, HIE 2015 4F LA 4 4 Ralk A
SUKE, B T LA R YRS, 105
i PR R =TT AR X 3 A B L
PRI 4r, PR nT DR g ORI T 40T

(FE3), Horr, $ig=uh i)+ A5 Zn & 5, 2015
4R E T 2010 4E 12005 4E, T HEA AL Zn & &
1E 2005 4F F1 2010 4F 40 T rh &5 7K F-, 78 2015 4F &b
T2.0 ~ 5.0 mgkg B EZKF-IXE]; = VLE57E 2005 4F
SRR 0.1 mol/L AR TRIZHE, 23 HHEE L Zn
M (e, HAE 3 AMER T, 2005 AEATHR 2B AR,
AETFARAKSF, FHAET 2010 4F, WEAET 2015 4F, I
H 2015 A HHERH L Zn SRR T RIKF; SR
7E 2015 41 2010 4FZ AR B i 22 57, {HJZ 2010
AR 2015 AR HIEARL Zn SHEEBE T 2005 4F, +
AR Zn i R 2005 AFEROHARAE ARKSE,  H 2015
AR R T 2010 4F; B 2k A IR Zn S RAE 3
MEDZ RIAGK B B F 225, WK
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TE 0.66 ~ 2.82 mgkg Z 18] ( £ 3), L2010 4 K
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B 7E 2015 4F 25 T 2010 4E 12005 4F, ) 1
+ A 8 Zn 5 B TR B AR OKSEAE A AR
£ 2015 47 Tt = 2 5 K F; B ) K 4 AE 2005 4R
BARCR Y R 2, RS T 2010 4R, {H 2
IR F 2015 47, AR AKOF-AE Sy 2010 4F 1 H 45
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TR AT 1 A A4 Zn 5 1 7E 2005 4F . 2010 4F A1
2015 43X 3 ARGy AR AR, (BRI A i
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Rx3 AEAERNABLELEEN /n §E ( mg/kg )
AR In i AR Zn i
+ e Rer =31
2005 4 2010 4 2015 4F 2005 4f 2010 4E 2015 4f

W4 0.39 +0.18cd 0.67 £0.17d — FA XD+ 0.45 +0.07cd 0.50 £0.19d —

MK A - 1.35+0.51ab 1.55+£0.36cd  1.23+0.34b MRt 1.13 + 0.26ahed 1.66 + 0.38he —

S 0.48 £0.13cd 0.71 +0.20d — Kt * 2.52 +0.24a 2.84+1.83a —

i 0.91 +0.29hcd 1.64 +0.45¢ 2.82+0.93a ZTHE * 1.60 +0.75a 232+ 1.58ab —
Bt 1.18 + 0.19abc 1.06 + 0.04cd — LA 3+ 1.14 +0.13a 1.07 + 0.07¢d 2.59+0.19a

Tk 1.35 + 0.29ab 1.64 +0.22¢ — Rt — 0.56 + 0.14d —

i+ 0.54 = 0.02bed 1.45 +0.45¢d — IR K1 — 2.69 = 1.00ab —

ARIES - 1.63+ 1.51a 0.55+0.18d — WHE MK — 2.28 + 0.44abc —

b+ 0.82 + 0.92bed 0.71 +0.22d 0.66 = 0.15b WE KL — 2.82+1.22ab —

IR 0.25£0.11d 1.12 + 0.36¢d — TR+ — 2.15 + 0.66abc —

I ARVNGTFRARZEREE (P<0.05) ; * AR Zn BIEARTTER 0.1 mol/L HIFhARER, HACRAE ALY DTPA &4,

TEERFEER (mgkg)
N

S

bt BEEKEEL ML SREdL T

t3
B4 ARERELXIFAN I REER
I ARNGFRARZEREE (P<0.05). TH.

2.4 AR R AR Zn B i
A A A MR R 7 2O R K
edth . K AIARE G, A UR TR, A
B Zn G RAFAE R E R, HARWE S s, 2005
4B, MREHLAY R IEAAL Zn SRS, BE S TH
BRI, FHRIEKH, 78 Zn & 7K
Ry R K B, T 2005 AFFREL Hb Y R AE
MBS RN —A, LA R
2010 4F /K HIA R Zn S ficm, SHE LA
FRZEGRE T W E2E R, 5. KPEH AR
M2 ] 25 R i 8 2015 ARSI A /D, BREE b
FIERE S, IF HAs E A XN AR Zn SR

ARARFEZES . e AP L, 4 R DT
B LA AL Zn S WA IR S

THEYEEE R (mg/kg)

2010 | . 2015
Sy

ES5 AEEMELHARATATHLEGS /&8
VE: 2005 4F bR T VT RIS ORI A MR 7 R A
%0 Zn ¥4k DTPA 124
25 THEAM Zn S T AL TS AR 0 AH OGP
Wil

W EAR In SR 5GP, pHIE. CEC,
BRN. HRLP AR K % 4T Pearson #5670 HF
(F£4), HHAER Zn E8E5 5 pH (HAE 55 T
X%, FFAE 2005 41 2010 4EIA M B K E; 5+
BEAALET S 2 IEAHDE, 78 2005 4FF1 2010 43455
W B 2K, (HRTE 2015 4FAHCEAN B3, 50
BN . A, AN 544
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B Zn 7E 2005 4EF1 2010 45363 7 B 3 EAH L,
{HJRAE 2015 FFAHRPERIAN & IR P 5+
R Zn Z BIAFAEIE A G, 7E 2005 4F 6 3 1 ig 3%

KA, IETE 2015 AEIR B T E K HIER AL
K 5+HEER Zn Z [MAFAEURIDE, FF7E 2010 A0
2015 FEIkR3 T B K,

F4 TEEW I FESTEEBNIERE Pearson HXMES T

A AL pH {H FH B A2 4t e AN AR P AR K
2005 0.358" -0.423" 0.137 0.288" 0.221° -0.170

2010 0.285" -0.476" 0.002 0.328" 0.106 -0.205"
2015 0.251 -0.517 -0.024 -0.089 0.751" -0.439"

T A e SRR SRR ER B3 (P<0.05) FIfZEF (P<0.01),

3 1tig

AR Zn E T DU B+ Zn (SR RE 3R
ARG, X FEYIE R A KA E I, KEik
B FEOR AR, BIAUKRERE KR, 7+
AR In & 8AKT 1 mgkg BOBE Zn G FHERT, &
SECREDE T, LR EEY S E Rk R
RV, ATH S B Zn Rt 7,

3.1 HHEAR Zn FrE AT 22540k

W R IRPESS T AT T LA B, v R e
M4 RL Zn i AR LA P AR KOF, 5 2 i b
Jith Zn RERHE =5 -3 Zn MIHELGEE T . AR5 R AT L
SN h R 3G 3 Zn SRR AR, Y
A AR TR B >100% B, A 37 ) T AR
AT 2 ARk Zn S REAL T AR
AR5, UL AR R AR A2 B E I A A R+
o, RN EENEEE, ARMEZEX AR Zn
B BRI T AR e R B A IRSI R F . DA [E] 51
&, 2005 FF] 2015 4, TG Zn R
R R LT, X — SNSRI R+
A7 -2 - A 3 Zn ST LR R,
AR Zn HRBAETE, HEH 2005 FERIRK
FFE R #2015 AE R RKSE, il =Iral . —J5
Jert AT RT 2 PR A e 52 e CORD 4 BB R B 2 e A
PR R S TR AR 7 S — T i
ASHEBR 3 f it e S 350 - SR ik, A M 2005 4F
#2015 419 39 pH (B WAL (£ 1), +
HE pH {EFRAR AT LU 5 4 Zn A R00E 2,

Ab Al 53 A KRR, E2RTRR TR,
AR In STRAAEREZES (£3), PEM-E
FAV AT HA W A e 22 5, FEIR E AR AL
TR R RS, b e RO R A
- hRHE - WA - IS W - IR - kL

e ErpEJEEIRAT X, HAEEWER T 5
BT I, R i A R - K - O
B4 - A 4 - R xS AR e
AR A EE N A AR R BRI, Hidb
IR, R PG AR+ 2R R+
BEFRAEAR R AR 4R LR LA D e, R
i) 2 IR Zn SR 2 B O S T AR+
BE TR AR 4 s X I — AN B s, 5 2
P, AR AR 250k i R 7 SR TR, 3
AR In T RAATEREZS (B 5), Lh2005 4-F
2010 4R (2015 4EAEA T K>, FE 3B A
BACGEM), A, KW AR Zn &
T i 1Y (2005 AR ARCE b A SR AR B A — A,
IRAFIE ), X SHCHPIRSE—3 ", LA
e 7 N 2t - e e sh Ve, i
A . ERE AR AR AAE, PN ] AR
T B 8L Zn & 25 508 O R 2
A
32 HHERALARRRN H AR Zn SRR
Pearson A 5¢ P 43 #1 v L Sz ke 1 A4~ A% 1 2 [
()3 DI AR, R DG ZR B0RT LU A 2 56 R (1) 58 55
7], SEW AT LA A A AR e 2 R B R Y E
FapE L MEATTUEN, HEANm GRS
M pHAAEAFAE UM G, 5 3 HLS A7 76 1 A
X%, FFAE 2005 1 2010 4EiAF) T WK, +
5 pH (E 2 R ALFR An i 1 — D EHE A R R,
Wang 25 7 BF9Y % B 3 pH (B0 384 5 Zn B
SRR B, pH E TS SRR 5 Zn 1Y
A3 5 Pardo 45 M A3 T M pH EX T HEA
B Zn W B ARG A2, kR 1 48 Zn B pH (E
) Tk, W B T, fE e TR B pH (E
MR, TR RN R, MR B Elin, AE
i, 2I8E. KRB M AR Zn SRS, X
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5+ pHAEAR L R % V), 2005 FF 2058, K F
) 4 5 pH A & & AR, 4300 R 4.95 £ 0.18 Fil
5.62+0.57, AR TAEFH4{H 7.57 £ 1.24 A5 Zn
TEBMM L, st (843+0.09) . K
Wt (8.12+042) %5; 2010 4E 413 (4.55+0.20)
KRG L (577 £1.08) B9 pH {H AL T 4EF 2
i (7.07+1.51), #4% + (8.59+0.13) Fl X ¥
+ (7.91£0.06), ehh, Afa] LA T X0y 158
pH A, 2010 4FA[H 1 F 7 X, /K H pH
(591+£1.03) WE/NTFH (684+1.58), FHli
BE/NT /KD (8.16 £0.63 ) ; 2005 4-7K H pH {H
(7.16£0.99) 55 Hh (7.08+1.50) WA W FHMEXE
S, HRMEY R ERTKbH (8.24£0.45),
AP S BT AT RN,
1M H 25 m Heh & @ n KA sE, AU =
A 1 S 1 0 - 4 vp & JE T A A T R
PO FEARBF T, K A R Zn
KTRMH, BHRTKRGEM, 52X 0, +5
A LR & 7E 2005 4E F 2010 4F 35 A K B 2K
TEHh, SR E K T/KEEM (P<0.05), 2005 4F
12010 4F ) T AR N & 56 % Zn Z [0 12 1F
EW R EFNMEKR, FREAM, TENSTE
In TENE - & VW RGP AE e AR Y, B
DIARN 5AE Zn ZMAFTE B EA DG, WA AT
RE PR I N 90% A HLN 2, it A
LTS8 8N Z [0 LA 35 0 A e, Mmi[a]
HSAEM In ZAE B ENIEM KR, LR
K 5AR Zn ZMWAFEE TUAHDG, JF HAE 2010
AEFN 2015 4EA B T K, H A A A £
EFXF X AP G R Z WA BAE 5T, (2, 40
Ok ESEAER In SRR E N2, KA
BRCK S AR (LA o e ), 4
5 4 180 + 10 mg/kg [ GB W07416a ( ASA-5a)] il
250 + 20 mg/kg [ GB W07415a ( ASA-4a)]; #4h+
GHHEAR Zn FEBARM A, KA K
K 330 £ 20 me/kg [ GB W07460 (ASA-9)], JIr
DL K 5 28030 Zn AT RS 128
B, HHEAR Zn fEEEVEE N 2R &AL, R
E PR ke, T A Ak K SR 2
B P J2: P R 1 PG L i — AN i 0,
DA b BN B A3 A1 DR 2R A AT LS R R 3 22 ) A7 7 B
FHRHI IS . A, HHEARP 5H % Zn ZH) 2
IEMX, X5 S RAET G B, Rk

PSR P R BN 2 3 Zn,( PO,
VUVE AR R, AT AR L8 Zn (9 A0ME, R H
Zhang %5 ) HE— GBS R I, o M FHBEAE R
LR T 14 Zn (R, /N2 Zn B9AE IR
HA LA, T LA AR P S5 RK Zn Z AR AF
TEREHVEF . SRTH, WHBFSRI, +8 Zn 0
RS AR P Z MR IEMI R T TR
P 5 Zn Z 8] (A E AR P A e A R AR,
LIl 45 PR RS

4 £t

AW E S AT T AR Zn RIS 22
SO SARDC R R 2, A R EARES ST

(1) HEAH EIENAR Zn S EBIA L2
A, AREPERA R, X 52EEEN
B pH AHA G . TR IX AR o S 2 i iy v 22
S EAAR S ARG

(2) M 2005 %] 2015 F= 22 [0, + AR Zn
R LT, T I Zn B FRIRAES B,
R TR Zn IS OUREREAE, TRt — 2Lt

(3) ek satrh, 458 pH (EAA YL &
A AR Zn S REAE WE W, ] LME
R Zn SRS R A, B, it 1
pH 8 BRI S i AT ML &5 o (H 2 b [ 3 g iRk
TR B S R AR, AR F AR it FH 2
RIS G BRI, BN ) A
54, I, TFEEIIRA BB RN 1A 5L
In TS H R TP IHg R, 2k
FERL, JTER X ER R EAR T AT AR

S 3k -
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Temporal and spatial difference and influencing factors analysis of soil available Zn of farmland in China

WANG Zi-teng"” >, GENG Yuan-ho'", LIANG Tao' (1. Institute of Geographic Sciences and Natural Resources Research,
Chinese Academy of Sciences, Beijing 100101; 2. University of Chinese Academy of Sciences, Beijing 100049 )
Abstract: Soil available Zn is an important index for evaluating the nutritional status of soil. The precision fertilization of
micronutrients can be achieved by clarifying temporal and spatial distribution characteristics of soil available Zn content in
China and taking effective measures to improve the soil available Zn content of soil types and regions of Zn deficiency. The
data of this research are accessed from China Agricultural Eco-Station. The temporal and spatial distribution difference of soil
available Zn content and the influence of different factors to soil available Zn content are analyzed, like the soil types, land
utilizations and soil physicochemical properties ( soil organic matter, pH, avail N, avail P, avail K and cation exchange
capacity ). The results show: 1) Soil available zinc content in China is in the middle level as a whole, the distribution trend
is south-high and north-low, east-high and west-low. The distribution of soil available Zn content has a good correlation with
the soil pH distribution, division of dry and wet areas and zonal distribution of soil types; 2 ) In time series, soil available
Zn content shows an upward trend from 2005 to 2015. 3 ) Soil available Zn content has the significant difference between
different soil types and land utilizations. Among soil types, the red earth and paddy soil have the higher soil available Zn
content than the others’ , in contrast, soil available Zn contents of Aeolian sand soil, Loessial soil and Meadow sandy soil
are lower than others’. Among land utilizations, soil available Zn content of paddy field is significant higher than others;
4 ) Among soil physicochemical properties, soil pH and soil organic matter content have a significant impact on soil available
Zn content. In summary, among different soil types, Aeolian sand soil, Loessial soil and Meadow sandy soil need the
supplement of Zn fertilizer; among different land use patterns, the irrigated land and dry land should be emphasized the
supplement of Zn fertilizer. In addition, the soil available Zn content can be improved by the adjustment of the soil pH and
application of manure.

Key words: farmland soil; available zinc; temporal-spatial difference; pH; organic matter



