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172 A2 FEAE K AR A A4 (0.SMNP ), 4 A HUICALACEiE ( MNPK ) 6 b FEBFZ + 3847 850 MR A iy AR
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FHEE, 2019 4F, NPK Ab B 43504 RCPE R BEIS AL REUT IR T 44.1%F01 1.49 DF 43 i, S5 ATV S PE AT I8 I 28 B 2
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Effects of Long-term Application of Phosphorus and Organic Fertilizer on
Transformation of Zn Forms in Yellow Paddy Soil

LIU Yanling"?, LI Yu"*', JIANG Taiming®*, ZHANG Yarong' ?, HUANG Xingcheng' 2, ZHU Huagqing" ?, YANG
Yehua' 2, ZHANG Meng" 2, ZHANG Wen’an"*, ZHANG Yan'?

(1. Institute of Soil and Fertilizer, Guizhou Academy of Agricultural Sciences, Guiyang 550006, China; 2. Scientific Observing and
Experimental Station of Arable Land Conservation and Agriculture Environment (Guizhou), Ministry of Agriculture and Rural Affairs,
Guiyang 550006, China; 3. Guizhou Academy of Agricultural Sciences, Guiyang 550006, China)

Abstract:  Objective To investigate the variation of zinc (Zn) speciation in yellow paddy soil under different long-term
fertilization and its effect on available Zn, a field experiment was designed in 1995. Method There were six treatments: the
control (no fertilizer, CK), P deficiency (NK), balanced application of chemical N, P and K fertilizer (NPK), single manure (M),
lower organic and inorganic fertilizer combination treatments (0.5 MNP), and higher organic and inorganic fertilizer combination
treatments (MNPK). The change process of soil available Zn and the temporal variation of different forms of Zn were studied.
Also, the relationship between different forms of Zn and available Zn was analyzed with correlation and path analyses. =~ Result
The results showed that the available Zn and Zn activation coefficient of soil with NK treatment decreased with the increase of
experimental years. During this time, the linear fitting formula of the Zn activation coefficient reached a significant level, and the
annual growth rate was -0.052 percentage points. Compared with NK treatment, the available Zn and Zn activation coefficient of
soil with NPK treatment increased by 44.1% and 1.49 percentage points, respectively in 2019. Also, the contents of weak acid
soluble Zn and reducible Zn increased by 15.9% and 5.3%, respectively. For treatments with organic fertilizer, the available Zn
and Zn activation coefficient of soil increased linearly with the increase of experimental years, and the annual growth rate was
0.074-0.1244 mg-kg 'and 0.032-0.063 percentage points, respectively. Compared with NPK treatment in 2019, the available Zn
and Zn activation coefficient of soil in the manure treatments increased significantly by 6.3%-22.6% and 0.68-1.47 percentage
points, respectively. For these treatments, the contents of weak acid-soluble, reducible, and oxidizable Zn increased significantly
by 33.6%-84.0%, 32.5%-47.4%, and 25.5%-36.3%, respectively. In addition, the proportions of weak acid-soluble, reducible, and
oxidizable Zn increased significantly by 0.6-1.3, 1.7-3.4, and 1.2-7.3 percentage points, respectively. On the contrary, the
proportion of residual Zn was observed to decrease by 3.6-12.0 percentage points. Correlation analysis showed that soil available
Zn was significantly positively correlated with weak acid-soluble, reducible, and oxidizable Zn, but significantly negatively
correlated with residual Zn. Path analysis results showed that the direct path coefficient of weak acid-soluble Zn was the largest
and had a significant direct positive effect on available Zn, residual Zn showed a significant direct negative effect on available Zn,
while reducible and oxidizable Zn indirectly affected weak acid soluble Zn and had a strong indirect positive effect on available
Zn.  Conclusion The weak acid-soluble Zn was the main source of available Zn in yellow paddy soil, while reducible and
oxidizable Zn were the important cache database of available Zn. In agricultural production, the soil Zn efficiency could be
improved by applying organic fertilizer reasonably to promote the transformation of Zn to weak acid-soluble, reducible, and
oxidizable Zn, and avoid the accumulation of Zn in the residual state.

Key words: Yellow paddy soil; Long-term fertilization; Available Zn; Zn form; Path analysis

PR MM AR KR 465 B RS R T
o Wb, HETt R 27 AN D IE I
Z IRV T e SR B R R A B R AR R
fi T PR T R 5 ) R 2 e A R Y
B AR, AN )t AE O = i ek A
JRE TR SR R o A AR A RO R

T (DTPA-Zn ) RRAE, AR S &
SRS %YM 5% . Alvarez F1 Gonzalez™ A
A AR IR AR 25 5 A5 B i SR N AR W A 3k
BRI N EY; AR TSV R, KBS
M S EE I AE A M ey, A HLES B AR E
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SEA ML A AR ST K R 24 HA
Sk AT A JE S AR SR R ) A AR R R R . it e
SEAR = VEY 7 RN 57 53 A ) AR i, E ot
JC 2 A AH B AR FH ki AR - 498 PR3 17T 5% ) = 3B AT AL
PEUT L K058 24 3 W it T A HILIE P 48 2 4 1845 24
BESTE, BEETE VRO R RO Y, it AR
X A SR L SRR A E A, K
258 A i P AT 2 PR U0 3 52 17 FAAER T 30 5
WHRIE SRS, WS I, (Hid
A WFFE Ak - A U 5 I ol S i P 1 22 2
B AR A R AT, it PRl A T 8 e S A
H, EEAREES R WA e RS
RAIS 1 pHLL 48 i 3 ekt it FH ZRUIE AT 4
S IS A LS SEa A ', wa
FEIA it U X 4 5845 20 e IR 285 TJC . 3 5 )
U1 B 28 5 5 DA Ay 48 it RN 2 o o - g e A 1
JEMT w0, R RIBIR ST A RS A Bt e ot A
ARERE MG RAR -5, THEEASESA
R A5 B 0 A 5 2 S G e X + 3 I A e Ak 1Y)
S M G 48 8 - R A A A R

IR ST B EAEY), 2018 4F LUK R E 1
FUR AR ERTE 67 7 b 247, A i B R A
TR 1/4, KRG8 420 7 t, AHE A0 2/5
AU 3 gt B L 4R 5 A S o S B K
FEERE ML B EEE L, KE i iLmaekl
YA b Sz i I of 39 o e R AR SRR I RS ),
I TE R AR Y o E AT OC TR 0 it A %o 1 Ak
A BEEREICRFS TR TR 2R,
HOCT Rt e X 1 HE i oo R Ak =,
A U5 AN [R) B A5 A DA a0 ey A B A AN [ i
I G ] 52 W) - 98 I 25 b 8 7 S5 i) - 49 A A A
WANTEAE . A, ARSCRAEAT T 25 AR 3 (K D)
KWl G, JFRKIAMAL &4 T 58
BB P A LA . ARSI S +
AP E RIS, BB X A B K
e L =% .

1Bk

1.1 RIGHER
AW FEMAT T A A B 5 M B bR B S5 40l

IRBER 2 LI S 563k T R i B (UK H ) AR S5
BRI RS o I M T 5 A BT AR R X
FNE A BABERN (26°29'49"N , 106°39'52"E ),
oAb B b B IX, RGN, SF 2 R
1071 m, 4E¥SIR 153°C, X HIEB%L 1 354 h
Lk, MR 75.5%, &4 TCFEW 270d A4, 4F
F7KHE 1 100~1 200 mm. 3R 50 b + e A 4k R K
BEA R L, BN =& R IKE S TUA KLY .
SR SRR E BTl pH 6.75, A ML 44.5 gkg !,
S5 1.96 gkg !, BARA 158.9 mgkg !, AL
13.4mgkg ', %M 293.7mgkg ', H R
2.53 mgkg ',
1.2 RIEiEit

PRI R K XX HAR B8 15, /N X TR 201 m?,
A5 1 BUHL v BB AR AN [ it il ek S AN [+ ol 2 7
B 6 At AL AL BRAE RS NS ANl (CK). &
PRABACHE (NK). ZBESAEECME ( NPK )., HLiiAT 4l
fE (M), 172 BHUEEAR 172 feeZBE A & 434k
2P (0.5MNP ) Fil4x 8 A HLAE AL T it ( MNPK ).
BERALAE N R 2 (N 46.0% ). i BERES ( P05 12.0% )
MZEAH (K0 60% ), AL HFIRIE, fEHEFR 55
ZAEMIR & N 2.7 gkg ' P,Os 1.3 gkg ' K,0
6.0 gkg ', Zn21.6 mgkg ', HoeR HERIESAR
B AR TR AR RN
HLABAE A, It A=A A, S [a] A 2 it A 2
# 1o A H IR AL . 2 EEAL 40%: 60%H E
B PIUGE G, A HLAE B Ak 2% 5 B AT A A — vk
it o KRR A I TRLR R IIWE K L 010 R S
W TR SRR, AZfBE, A
FATATAAEY) o 50 A 2 o A (7 o 7 5] A0 3% L 5
AR 2, AT R BB AE 25 S Ah, HophA FiE
P —E,
1.3 MEMBESSHAZE

BRI E ARG T 1994 47 4R A 1% it
WAISIHL, 1995 4F RIS, & 2019 4FE i 25 4F,
FHAE T KRR G R 0~20 cm #F2 H3ERE S X
T ORAF , IR A2 B T 05 52 R P 1997—2006 45+
BERE S W RO o T AR A g 2 T 90 4F
&, MK EREK (201 m?) HREEEL, S
F IS AR A o AR IR AT 5T, ik
e T =454y, RE 3 DN RERREE R /NX .
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x1 FREEREXERSE

Table 1 Nutrient application rates of different fertilization patterns

i 2 JEE I
AL FR Treatments N/ (kg-hm™) P,Os/ (kg-hm™?) K,0/ (kg-hm?) Zn/ (kg-hm?)
Cow manure/ ( thm?)

CK 0.0 0.0 0.0 0.0 0.0

NK 0.0 165.0 0.0 82.5 0.0

NPK 0.0 165.0 82.5 82.5 0.0

M 61.1 165.0 79.4 366.6 1.32
0.5MNP 30.6 165.0 81.0 183.3 0.66
MNPK 61.1 330.0 161.9 449.1 1.32

[E: CK: AHEAL, NK: ZHAERECHE, NPK: ZBEHMLECH, M: @A HUE, 0.5MNP: 1/2 FHUIEEAR 1/2 42 S I 2 4
WA, MNPK: A AHUELIERC . T, Note: CK: no fertilizer, NK: P deficiency, NPK: balanced application of chemical

N, P, K fertilizer, M: single manure, 0.5MNP: lower organic and inorganic fertilizer combination, MNPK: higher organic and inorganic

fertilizer combination. The same below.

A SEARYE A T L -, [A) B — o Ay 1 B 1 4
FES T LI RO . A, BPES. IR T =
W 1. L2 ( DTPA ) IS — 1 Wil o e BE A
AR & 5 (DTPA-Zn ), HF-HNO;-HCIO, 17—
J WS 53 D' G B I A i, ELAARI S Ty ik
S (R M) B, R S SR B IE B RICH
L [EAR bR Y R 9 =25 P2 B0k ( BCR) #4700
22 % LA M SRR TR S (weak acid soluble
Zn, F1). A4 (reducible Zn, F2). o[ fbAs
(oxidizable Zn, F3) FlFE# A (residual Zn, F4)
UAMIEE, HEILE 2.
1.4 HiEsSH

+ 4R AL 250 (activation coefficient of Zn,
AC) /%=t A (mgkg ') /RS RES B
(total Zn, T-Zn, mgkg') x100,

RIEIE R ] Excel 2010 #K¢FpE4TH 8 AL
B, FIH] SPSS 20.0 HAFHEAT G o A FARSC 37
2R G EZSVTHAXE (Duncan) FrEMELE, BF
PEIRFE M 0=0.05.

2 45 R

2.1 KHAMAEX tIERREMEEN N

F AN [] it A AT b =552 ) - AT A% AR PR AR b
FRAE (36 3 F13R 4 ). 2019 4F CK Ab B + 34 U &
HRARI AT T 13.1%, NK b + A S R
B RTFRAR T 2.7%, NPK 40 B + 25 500 & AR 6
HIHE S T 44.4%, (B 58800 5100 A7 R R
G RRYE R B AR B EKE it A PR & ik
A A S BB AT S T 73.0%~99.4%,

x2 IBHEESOIRAE

Table 2 The sequential fractionation method for zinc in soils

PEIEZS Zn fractions 12 P& Extractants

P:4E 214 Operation condition

F1 0.11 mol-'L™' CH;COOH

F2 0.1 mol-L™' NH,OHHCI , pH2.0

#£¥% 16 h Shake 16 hours
$¥% 16 h Shake 16 hours

M ASSCKIHET, ERE 1 K, HB25CkE 16

A: 30%H,0,, PH2.0; B: 1 mol-L"' CH;COONH,,

F3
pH2.0.

F4 HNO;-HCIO,-HF

hExtracted with A at 85°C  twice ,then extracted 2 hours with
Bat25C

4>%¥ Total-Zn

e Fl: BHRATER, F2. ATWRJES, F3. a4k, F4: BiES. TR, Note: F1: Weak acid-soluble Zn, F2: Reducible Zn,

F3: Oxidizable Zn, F4: Residual Zn. The same below.
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A R B I AT B B AR M KR
AERE K N 0.074~0.124 4 mg-kg ', L MNPK &b
PRI b, 0.5SMNP Kb BRI 4018 . 4% it AE b B
H 2007 4F LG 88 UL AR — B0, R BN
FA MR A4 Ab Bl 7, NPK ARFRH YR, CK AbF
Beffo 2019 4F, NK AbHf+ e 20475 CK Ab P i
FRERT 13.9%, NPK AbRREE NK A G & T
44.1%, T A VUL 45 AL A NPK b SRR & T
6.3%~22.6%.

2019 445 AR b e S R B TR S T
24.3%~58.7%. #5AbPH A 18 4 5 i B A A BR 1
IR, AF3E K R N 0.82~1.82 mgrkg ™, b
BEE] K /N F B h . MNPK> CK> NK> NPK>
0.5MNP>M, {H{Z CK. NK. MNPK AbHRZEPEH A
Ty B IR 2K . 2007 AF 5 A [ it A Ach 2R - 498 4
S M A 0.5SMNP 4B AR, 2019 4F 55 Ho At 4b
PR T 6.5%~21.7%.

2019 4F CK I NK 4b# + 86 1k 2 5 56
AU IREAR T 0.91 AN E 40 a5 1.29 AN 43 8, -4
BEIG b ZR BB IR AT BRI o 2 S R RS, AR
B 253 1R 0.04 FT 0.05 ASTA 43 A ; NPK AbF +
ARG AL RBCGRRTE I T 0.21 AN E 4R, (HEE
IR I AR BRI A+ R 1 AL RBGEAKE T A AL
JIES 45 Aab 3+ 3 A T AL R BB R N T 0.89~
1.67 AN 43 5 AR RS K R LI M . M(0.06 )>MNPK
(0.05) >0.5MNP (0.03) , {H{L M AbHLHAUA TT
FRIK W E KT o A 2007 4R - 358 AL R A LUt
FHAG HUAE 4 48 4b B 55, NK A 3 A1 . 2019 4E NPK
fib P RS b R B NK AbFI I S 55 T 1.49 A4S
B, A HUAE Y 45 A BRAE NPK Ah B 35 412
T 0.68~1.47 NEH4> .o
2.2 KHIMGREXT TSR E

SR VIV AEE (F1) B ik bl 5 B0 47 R B A
Wrsm (% 5), 2007 FAAPEKI AT S T

£3 KHFERETLRANE. 2HREELRE

Table 3 Soil available Zn, total Zn and activation coefficient of Zn under long-term different fertilization

A4y A% DTPA-Zn/ (mgkg™") 4P Total Zn / (mg'kg™)
Year CK NK NPK M 0.5MNP MNPK CK NK NPK M 0.5MNP  MNPK
1994 2.53 2.53 2.53 2.53 2.53 2.53 73.2 73.2 73.2 73.2 73.2 73.2
1996 2.1 2.52 2.79 2.63 2.38 2.92 / / / / / /
2007 292b 2.25¢ 2.49bc 3.39ab 3.57a 3.47a 89.4ab 103.2a 108.8a 72.4b 72.4b 90.4ab
2010 3.08 2.50 3.39 3.82 3.55 5.02 / / / / / /
2013 3.45¢ 2.52d  3.51c¢ 4.86ab  4.25b 5.52a / / / / / /
2016 2.63e  2.22f 2.88d 4.28b 3.58¢ 5.68a 112.4a  105.1ab 104.1ab  88.8c 97.5bc 115.2a
2019 2.86c 2.46d 4.12b 4.78a 4.38b 5.05a 112.3a 113.6a 99.7b 93.2b 91.0b 116.2a
Ay B IE R EL Activation coefficient of Zn/%
Year CK NK NPK M 0.5MNP MNPK
1994 3.46 3.46 3.46 3.46 3.46 3.46
1996 / / / / / /
2007 3.26¢ 2.19d 2.29d 4.68a 4.93a 3.84b
2010 / / / / / /
2013 / / / / / /
2016 2.34e 2.11f 2.76d 4.82b 3.67c 4.93a
2019 2.55d  2.17d 3.66¢ 5.13a 4.81a 4.34b

e/ FRKRWIERR; Bl —1T AR R/NE FREF R MR ARG R R A3 H] 25 5 @ % (P<0.05) . Note: / indicates not tested.

Different lowercase letters in the same line indicate significant differences between treatments ( P<0.05) .
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Table 4 Variation trend of soil available Zn, total Zn and activation coefficient of Zn with time under different fertilization treatments

A %% DTPA-Zn/ (mgkg!)

A Ak
CK NK NPK M 0.5MNP MNPK
1994—2019
A 0.33 -0.07 1.12 2.25 1.85 2.52
I S/% 13.1 2.7 44.4 88.9 73 99.4
ik 54 R
i 8 y=0.027 3x+2.418 y=-0.0054x +2.505 y=0.0345x+2.557 y=0.094x+2.453 y=0.074x+2.436 y=0.1244x +2.588
PERIA TR
R? 0.376 2 0.1532 0.480 8 0.898 3" 0.860 6™ 0.840 4™
S 42%F Total Zn/ (mgkg™")
CK NK NPK M 0.5MNP MNPK
1994—2019
AR 39.09 40.44 26.55 19.98 17.79 42.99
/1\ %\;)
S 0ES /% 53.41 55.24 36.28 27.3 2431 58.74
HiX AR R y=0.821 6x +
L y=1675x+71.69 y=1501x+76.25 y=1087x+80.16 y=0.9253x+69.63 y=1.824x+71.37
PSR 69.57
R? 0.967 5™ 0.9123" 0.5854 0.749 6 0.670 6 0.969 3"
\ B AL 2B Activation coefficient of Zn/%
ALY
CK NK NPK M 0.5MNP MNPK
1994—2019
AR -0.91 -1.29 0.21 1.67 1.35 0.89
/1\ %\;)
S 0E /% -26.3 373 5.97 48.38 39.19 25.63

HiKAERLE  y=-0.043 6x +

HERLA TR

y=-0.052 2x +3.264y =—-0.001 2x + 3.061 y =0.063x + 3.576 y =0.032x +3.7358 y=0.048 8x +3.410
3.558

R? 0.8215" 0.8111" 0.000 5

0.928 3" 0.224 0.7316

e TR E REBGE B E KT (P<0.05) 5 5 o R BG83 KSF- ( P<0.01) o Note: * is the determination coefficient

of the equation reached a significant level ( P <0.05) ;

** is the determination coefficient of the equation reached a extremely significant

level ( P < 0.01) .(DVariation trend, @The amount varied from 1994-2019, ®Amplitude of variation, @Linear fitting equation with

experimental years.

6.3%~293.8%, 2019 4E4&5ALH F1 HIRHHETY 7. 1
fi~15.1 fif%; PIRIEASSE (F2) & bRt A VUL
AL EE 2019 AEEGAIHTHE = T 29.3%~43.9%5F,

HoAts b 550 B B AT Al SRS EE (F3) &
TP IR I AT PRGOS B i, 2007 4F 4 Ab 3 56
FI4RE T 18.4%~44.8%, 2019 4E44b B A iRk 1 i
1) 9.6 fi5~13.1 fi5; 3RAESH (F4) FTEEH NI M
F1 0.5MNP Kb HEFH A0 AR FRIG A GEREA A, H
A FAE 2007 AEBGRIHTHE = T 24.9%~56.3%,

2019 45 2007 4EAHY . IR E AL 34 L S B

HTE 2007 AFF 2019 AFRUAEREA —B, NK A
CK Ab3 o RN T 89 M I I AFE S i, 2019 4FRE
&~ 15.7%; NPK Ab3AS NK b3 5578 v 75 S 881
LA RSB A /MRS T, 2019 AFE3E 0R 4350
15.9%F1 5.3%; il FHAT HLAE 25 Ak B 55 % AT ¥ A58
AR JEASEE . AT 8 NPK Ab 3 I 353
fn, 2019 ARG 53508 33.6%~84.0% . 32.5%~
47.4%. 25.5%~36.3%; M Fil 0.5MNP #bF 5% i 245
BES B WAL T H A A AR B, 2019 A B IE N
20.1%~33.7%.
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Table 5 Contents of various forms of Zn in soil under long-term different fertilization
. EENVEIRFASN Al JEAS CIE 2R Bt A
AR £y Ab 3
Weak acid-soluble Zn ( F1) Reducible Zn (F2) Oxidizable Zn (F3) Residual Zn (F4)
Year Treatments
/ (mg-kg™) / (mgkg™) / (mgkg™) / (mgkg™)
JE 0 ]
1994 0.16 6.68 1.63 64.1
Pre-test
CK 0.36d 6.04c 1.93b 81.0bc
NK 0.17e 6.33bc 1.93b 94.7b
NPK 0.19¢ 6.38b 2.05b 100.2a
2007
M 0.51c¢ 6.44ab 2.00b 63.5¢
0.5MNP 0.63a 6.60ab 2.30a 62.8¢
MNPK 0.59b 6.74a 2.36a 80.7bc
CK 1.34¢** 6.40b 17.9bc** 86.7a
NK 1.13d** 6.19b 15.6¢c** 90.7a
NPK 1.31c** 6.52b 15.7¢c** 76.2b
2019
M 2.41a** 9.25a%* 21.4a** 60.1c
0.5MNP 1.75b** 8.64a** 19.7ab** 60.9¢
MNPK 2.32a%** 9.6la** 19.7ab** 84.5a

e =B/ NG 8RR AR R ARG A [ A BRI 22 5 3% (P<0.05) , BTG *5 KR F—b B 2019 4F15 2007 4[] 2 5+ ik

# (* P<0.05;

2.3 KHEAMEBEXS A B 7 25 4H B B =2 i

RIHT (1994 4F ) $9MR ISR (F1), Ak
JRAEE (F2), AL EE (F3), 3RESHE (F4)
HABE A 9H 0.2% . 9.1% ., 2.2%. 87.6%; 2007
AP 45 b UK TR 25 8 5 4 B L B4 B0 R 0.2% ~
0.9%. 6.0%~9.1%. 1.9%~3.2%. 86.8%~91.9%;
2019 AF 45 Ak R [R B 28 BF 4 4 8 B o) i ok
1.0%~2.6%.5.4%~10.0%.13.8%~23.1% . 64.4%~
79.8% (B 1), wI0,, BRI, F1 Al F3
o7 RN, F4 AEIESAE 25 RS i L
W d B o NK Ab B4 453 5 Lt 5 CK AR 322 AN Bk
F; NPK A3 2019 4E F1. F2. F3 54054 NK
AhHE ERRE T 0.3 ANES AL L1 ANAESSL 2.0
ANE S, F4 & H I AR it A AR Y b 2R
2007 4EF1 2019 4E F1., F2. F3 (5% T NPK 4b
FE, F4 )5 T NPK 4bBE . 2019 4F, 5 NPK 4k
FEAH LG, MHAHUERIALEE F1, F2. F3 &3l
HINT 0.6~13 1M E5A.1.7~34 1 H78. 1.2~
T3IANESE, F4RBRILT 3.6~12.0 A48

**P<(0.01 ) . Note; Different lowercase letters in the same column indicate significant differences between treatments
( P<0.05) , the * sign after the number indicates the difference between 2019 and 2007 for the same treatment ( * P<0.05;

**P<0.01) .

24 BHESEEREZENXER

PG BT RT3 O 5 55 TR ATV A
AR RS RS R EIEMG, S5RE
SR W O G, o 55 T i R R 55 R T
AP AR (% 6), MARTRW, MR
AIRARE . MRS EE . BRI RN 5O R
B A K, Hh g nl I S b H AR
FE R R 1.090, 5512 A A FEXT B3 B S i
BAE w520, 7] 3 i A 32 25 1o a] 4225 )
58RIV AS BRI A S . AR
FBR A BT 1 98 R0 i HLA B LR
R AT S AL A B A A (R 5 i 55 T TV A B, X 3
AR R IE [ [, Rk, 54 808
22 1] 1) J8 3 T AH OGS bl ) B2 5 0 2 Y o oA T B E
WA HTEER, BT M, S5 R,
ANEVEEIE 5% H A s % A 1l A fE R
$=3.839+1.650x,—0.077x5—0.017x,, IR Al VA AS%E |
AESE ., RIESHEN RN SRR R EH
m, S airasf—.
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120r2007  mF1l OF2 OF3 EF4 120r2019  mF1 OF2 OF3 OF4
gﬂ 80 - g;n 80H'
= L. 2 e -
S 60 - - S 60t N
5 L. 5 R I
~ o . . ) A~ - - - - - - - . -
o 40 o 40
20H. "L 20H .. . SE I I
0 - 1 - 1 - 1 1 1 J 0 o 1 = 1 - 1 1 1 — ]
S ;& S & §
Q- Q-
AbFR Treatments QbR Treatments
B KRR a8 b a8 i
Fig. 1 Proportion of soil Zn forms to total Zn under long-term different fertilization
F6 ITENEESESHEYEZOMNEXRFEMBERY
Table 6 Correlation coefficient and path coefficient between different forms of Zn and available Zn in soil
o AHC R B ) ) #2380 72 %X Indirect path coefficient
BIEAS Bl 42 R 5 Direct
Correlation F1 F2 F3 F4 &t Total
Zn fractions path coefficient
coefficient (x1) (x2) (x3) (x4)
Fl 0.8217 1.090” — 0.094 —0.467 0.104 -0.269
F2 0.8517 0.116 0.887 — -0.301 0.149 0.735
F3 0.550™ -0.525" 0.970 0.066 — 0.038 1.075
F4 —0.669™ -0.292" -0.387 -0.059 0.069 — -0.377

A M B R A A B 2 KT ( P<0.05 ) 5 = S AH OGPk B B 422 5% M A 4k Sk 2 7K - ( P<0.01 ) - Note: * is significant correlation

or direct influence ( P<0.05) ; ** is extremely significant correlation or direct influence ( P<0.01) .

3 3 ®

TS BRI ST R EENR,
18 VR 2 A DG BT R AR A T 4 SRR
AR S S A AR SC R RO, R A R
M EEORIE . A S BIRDIEER 2, iEh
£y S NI REC AN SN BUN RS N 2R A s = 3
ERRFEAMC, SEREEFHENREF A, H
T 5 A RS PR A O R B R (R 6). AR
WSS IR AL IR S PR A SR B BRI, A S
PRI A A S PR A R S (3R 6), wladid
Bl 5 nl I A e b v IR A R, BRI
T AT FRARAT 25 B b DRI, (R HERE R ] 55 1R
TIRASEE . AR AR T S EE AL, T R
A R R AR

3.1 FEREBEX TEERRER

AR v Qi it 260 B IS A B - A AR R BT AL
FRIETAMEACAL B (2 3), W] e R0t
FUEHEIN T Ho B AP, S T VR B R,
PETREAR 7 LA A & B, e T LR AR
AP Y — B e AL ERL Lt B
WERR T AR S R AR R R (£ 3),
il FH A2 WIS T/ i i v S A o DR T
et BRI fe 2 TAEAR R A R, 3 T
TEMIRIR ARG Ty, P T R ERUEY R, (L
SR S B A RS R AL, NI N B Y 2R )
ARER 5O, it — i S L AT A 13
XA R AR 00O, SRR, B A AL
P X5 AITSE it AL AT 4 i s R T VA A
BEAIAL A S PRI MR R AR S S AR (3R 5)
WG, 5ERFPHELE B E SRR
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3.2 HEREVEN T IEEENERNREMm

ARTIF 5T K 30 it AT MR Ak 2 4 394 35
FIERIE AL R B0 3 Tt FHAL AL B, 3984 35
BETE AL R BRI AT BRI 0 2 i (K 4),
5P+ LA — 8 HREREAHLE A &
SR, A SRR BT A S
AT, it A MR AR T 435 4 KRR
PRI 3R ) 05 MR A R TR A G AL, ARG it
A ML A AL P 4R T IR R R A . TR
JE S A B mT SR A A i O S B L], AR
THRBAR AR EE (F s, B/ 1), dEmiEes
T HHEREA R, AN, M5 0.5MNP kb F 35k
AR A SRR, R B 3 2
Sy BCAETE MR = ) 59 R PT VS A A . AR RS B AT
FALS B (£ 5), ULHAHG A VIS AT (e 2EE
YA, BEIMPEYI BRI, AR 1) A RS AL A
Rl ke L) JER A L A B AR,
33 TEHEFENEAMERERE

ST NG RO P, WOERE LK R R bR
PEZ AL R I — S PUVE R, bt i IE r R I K e
T FEFRFRLEE & i, DA B i) MINPKC &b 38 % i
BeoK, IKFEZEMT FIORFRLEE & i 3 252 W At FH 5
w4 AR S H it P2 IR R LA X Al A [
FREEHE M B RE (36 3), DA it FH B IR FAAI
TR X R, il 398 b AR BR 0 R N
WD R, AR MR
- A RO KT R VR R B 2 XN R A e 22
SN, 7RG S N R S ok R
()L, AN GBI 48 1 7 3 224 ek /L B A it ) R o4 A1
T HEA B DA RN RS . R T AR
AL AR S RYE T 2 mgkg !, HHEA AL
BEAL T K, AT S8 it AR (Bt A A HLAE )
Xof AR AR RN BE B R TR . 5 R Z A58 45
SR, I BRI (78 A A T i
it A AR AR G, 235 SR 3 Y v T Wi e I T I 3 4
KRR S i . AT L, ARl A 7= v Rk A K
I PR AE I R A il v i A L i R K A
T TEARUEEEZ B e, nT i A B R A
PERE AT RS AL, P R AL, (R EEE
Yrxt R T R T, AR A
HLAE AT 5 e VRS P ), () A s w486 355 i ] 7 265
BE AL RSB RT SAAL AS A S L e L]

e A 1) TG PR SR ) D e R 2y, ek ke s A 11 R
M, S IR A YA R

4 4 K

Tl Wl M AR T A AR SRR AL R
B, RN A WAL W] /N B B2 T b e R i
FIAEIE A 2R 8 AU it AT HILIE T R I it v 3 9 A
FAT 5B 5 i RIS A AR R, 2 R s R T ¥ A5
R RS AR AR RO e ],
R AR G . HIRBSIE BN SA M Z W HA
BAF A SN, 59 TR IR PR A R BER TR,
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