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Effects of long-term fertilizer management regimes on availability of
soil micronutrient elements

LI Zhi-jun, LI Ping-ru, SHI Yin-guang, ZHANG Shu-lan*
( College of Resources and Environment, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract: The effects of fertilizer management regimes on contents of soil available iron, manganese, zinc and cop-
per in the ploughed layer (0 -20 cm) and soil profile (0 -60 cm) were investigated based on the 28 —year long-
term experiment on Lou soil in Guanzhong Plain, Shaanxi province, China. The fertilizer management regimes in-
cluded: control without applying any fertilizers (CK) , application of organic manure ( M, ), application of chemi-
cal nitrogen and phosphorus fertilizers (N,P,) , and application of nitrogen and phosphorus chemical fertilizers plus
dairy manure ( M,N,P, and M,N,P,). The results show that in the ploughed layer the contents of soil available Fe,
Mn, Cu and Zn under the CK and the contents of available Fe, Cu and Zn under the N,P, are close to be deficient,
while in the M,, M,N, P, and M, N, P, treatments, trace elements are in abundance. In term of the spatial variation
in the soil profile, compared to the CK, the M,, M,N,P, and M,N,P, can significantly increase the contents of i-
ron, manganese, zinc, copper in 0 —10 cm layer and also have the increasing tends in soil available contents of Fe,
Mn, Cu and Zn at layers below 10 cm. The N, P, application could increase available contents of Fe and Mn in 0 —
10 c¢m layer, and has no effects on the soil available Zn, and decrease the content of available Cu relative to the
CK. However, the effects of the N,P, treatment on soil available Fe, Mn, Cu and Zn at deeper layers are not sig-
nificant. According to the results, it is suggests that without applied any fertilizer or only applying NP fertilizers,
micro-element fertilizers should be appropriately applied to meet the need of crop growing, while only applying or-

ganic manure as this experiment, certain iron and manganese should be applied. The application of nitrogen and
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phosphorus chemical fertilizers plus dairy manure could meet requirement of micronutrients under winter wheat-sum-

mer maize cropping system on Lou soil.

Key words: long-term fertilization; Guanzhong Plain; Lou soil ; microelement; availability
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Zn Mn i Cu &/"FE 545, W K EAE AL AT 2L
FEREEA o Mo R Co &R . ERT L
RIS R R Y], KA A A BRI AT R
R - IEH AR Mo CuZn &8, A HUIE S
B EH A A B RS HHE 18 (0—20 em) FRL Fe.
Mn.CuZn #&" . 858 H %S AR LT K
W AR, i A VUL R BERD Zn, 3L RE
P I pH (BRI IA PR S & SRS+
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INEMESRMES . W, FEE AR P
T K HIE LI RE 5 3 2R X R BT R R
IR EE 1SR, — B R AR IR,

ABFFE LA 28 4R B 58 Ll A BE T, R 56
Ik /NE/ TR R R T A R AL & R X 3%
WEITTR AR, =2 TIEPHETT
RN 74k, A I AR R R TR R4
RS & - RS

1 ARSIk

1.1 REXHEER
IHF 1980 4R B ik + K WIAE R E AL I F

BV 3G Hh - [ A s T X TB T — B i, A T3+
BJER % (34.4° N,108.2° E, ¥4k 486 m) . Zik
K AR T 13. 0C, ERE K &2 600 mm /2
f, FENAE6 ~9 F, WEih+ %L
I . T IR+ ERHE (020 em) /Y
AL ARy 11.81 g/kg, K 0.806 g/kg, &%
0.787 g/kg, B fH 5 61. 2 mg/kg, WA HE 15 mg/kg,
AR 295 mg/kg.
1.2 RAigit

RESRHRX BT, DAEPRM) EX, A
BE(NP)ALHE GBI, &8¢ 3 DK, Bi 3 x3 %
WAL M3, /NXTE 33.33 m* A 3 1K,
—EFE R R (L PEME LK), AR
RAEG 5 a3, Bl CK, N,P,, M, M,N,P, |
M,N,P, , B HE & R 1,

1 AWAEREGINEMLIEHNEHRE
Table 1 Scheme of organic manure and chemical

fertilizer application in the located experiments

i 4bFE Treatment
Fertilizer CK N,P, M, M,N,P, MNP,
M (t/hm?) 0 0 36 36 36
N (kg/hm®)" 0 120 0 75 120
P (kg/hm?)" 0 26 0 13 26

# (Note) : 1) KEZ/EH IR Fertilization rate of each crop

TG B I e ) 9 8 AL AR i I 28 R i AN [
(FHRIVFEFEE IR A, Gk a2
M), W, BIERHAENES R 17.1 ~
69. 4g/kg, 4> & 1.21 ~ 5. 11g/kg, 4> 5% 0.84 —~
2.98 g/kg, 440 20.6 ~26.5 g/kg, MR A 61 —
1113 mg/kg, 3% 73. 4 ~ 456.9 mg/kg, HRK4
830 ~3749 mg/kg, FiA EBHTE/NE BRI AT T
OK b TG 755 8 24y 30 om BB, B AR R IR R
MBER 8% , BVEAEKFEMESFELE K,
25 PR AL 43 ) £ /N X 45 ke, BB B K LR
T, BBRERE 15—20 om, KM & B AL R
Wi, RSB ARZ L3R, AHENTREY, AL
AR A HUAE X B 3 T & F B /N KT R e
B, BT EVUEE 2 E T & MW, M 1987 ~
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1990 -/ HLIE B H E 2k , 1991 — 1992 4R, #l
e R 2 174, A 1993 DIk B U4 £k
FHiH, HE N EERN 174,

NEME ERK LR 7= 5 f, &/NE 10
AR EE 6 JWGR; NERFRELHNEREE
K, FT9 HERE 10 Hopidk, MIEFRKBLR, &N
FIVEWE 0 —2 R, B FOKVEW 0 —3 K, BIRKEM
W29 90 mm, T EHH B ERIEBET
H+EEHE,
1.3 HRIEERSH

2008 “F 6 A/NEWKRGHER 2.5 em
AEW L RE IR, BI/DRRES —8 SR A
HR— MR, RFERE R 60 cm, 44 HAZE R
(0—10,10—20,20—30,30—40 1 40—60 cm) .
FERITBE 40, 43505 1.0.25.0. 15 mm §F, 430
ELIEAR Fe Mn. Cu.Zn &, 13 pH, L35
PR HIE 2k, +IEAE R Fe Mn . Cu.Zn ¥5R
pH 7.3 DTPA ¥ 48 R T lesEmi e ™ s 1%
pH R F pH i+ (K £ H 2:1) 5 HIE L8
(TOC) RAEBBMA A REN & L Em
(AOC) 3% 333 mmol/L F4EMAT ALk,

B4 Origin AT 34T

2 gERT

2.1 KEEACHEAER 15 pH JH 5%

A FIHEAEALEE 3% pH. B 1 2 R B0 A i 4%
(B 1) o SAMHEALFEAE L, A Bl A HUAE A
DAL % W A A T 5 7 PR Ak B 0% T 0 2 A 0—
10 em /=3 pH, TR 3 8005 2 B AL AR X + 35
pH HEA BEX W, AR 10 em DI
/R pH WEA BE R,
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Fig.1 The distribution of soil pH in the soil profile

2.2 KHMEX T EEEk. FEREE SR

AN TR AE Ak B r 358 4 ik 5 8 B R R BT i
TIFEAR (B 2) . SR, BitA YR A YL S
R BRAGILIC &5 M B A B 3RS 0—10 em 12 4+
Feep S E; BHA LR 0—10 em +)Z 3%
SRS EBAL, BiA YL, AHUES LR
B 1020 em R HIRLHEB S KYA
TEALAL BRARL, W A BRAL 10—20 em )2
TEERESE B FMTX R, AR AR b 2 x5
20—30 1 30—40 em L= 3T 5 B0 A U]
B, 7640—60 cm +EHPUESILIEE & /Y 2 4k
B, 3R R R T AR

Soil total C 2H#(g/kg)
3 6 9 12 15 18

0 T T T T
~ =X
§ 10 f <
X
HLM )

H 30}
ﬁ y —0—CK —0—N,P, &M,
g 4 —X= MyNiP; =X= MyN,P,
B s0f

60 -

B2 TELBaEHRIEEL(0—60 cm)
Fig.2 The distribution of soil total C in the soil profile
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WREEWS IR . 5%F U LG, A HLAE R LA
HABHUEE & AT 223 M 0—10 eom +2
Y ek B, VAR BB AL TR AT 3G A 0—10 em +
EiEEREE, HARR BB FHAKF. KBRS
[FALFET AT B0 10 em DR 2 LRI MRS
2, HYRIEBBE KT,
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Fig.3 The distribution of soil available C in the soil profile
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2.3 KEHEXN#HETEFTRSHET R 20 em HEHIEHAR Mo FBTFRE, AR Cu. Fe

St IEAR L, K A VLB S A FLAE Fifk AE R
A3 fin 0—10 cm +2A %% Fe Mn . Cu Fi Zn
PR, B AL AT IR v] B 2 0 0—10 em LJEHRK
Fe FIA A Mn ()& &, (HFEARA AL Cu F1 Zn K& E
(£2), MAATICEAE UL FILILE & A, 10—

M Zn WS RIGI. MR BRICERIG G Fe &R
Hb, HAl 3 MonR S BIA TR HILES, EH
ANUEEAE VAL FAL L AL & FT34 hndh= 1238 (0—20
em) A3 Fe Mn,Cu.Zn & & (M,N,P,, A% Cu [&
Ab) , TR AL AT 3275 3R R Fe 1 Mn 552,

®2 FEEELEMHEIRMETIRSE

Table 2 The contents of trace elements in different treatments

LREE HEC e A AL
Soil depth Available Fe Available Mn Available Cu Available Zn
(em) (mg/kg) (%) (mgkg) (%) (mg’kg) (%) (mgks) (%)
0—10 CK 3.30+£0.42 8.35+0.31 1.32 £0. 50 0.88 +0.20
N,P, 3.96 £0.29 20.01 9,59 +£0. 47 14. 86 0.92 +0.21 -29.95 0.82+0.20 -6. 68
M, 5.13 +0.29 55.47 10.44 £0.55 25.09 2.05+0.11 55.96 3.63+0.20 311.43
M,N, P, 6.13 +0.57 85.58 12.98 £0.14 55.49 1.90 +0. 16 44,67 3.92 +0.28 343.74
M,N,P, 6.75+0.56 104.56 11.14+0.92 33.44 1.55 +£0.27 17.79 3.70 +£0.24 318. 30
10—20 CK 4,24 +0. 44 7.83 +£0.31 1.59 +0.43 0.93 +£0.27
N, P, 4.51 £0.45 6.31 7.41 £0.43 -5.38 1.23+0.33 -22.45 0.42+0.23 -54. 60
M, 4.40 £0.24 3.86 7.42 £0.49 -5.27 1.39+0.51 -12.67 1.27 +£0.38 37.06
M,N, P, 4.85+0.79 14. 48 6.95+0.55 -11.19 1.54 +0.30 -3.06 1.06+0.26 14. 63
M,N,P, 5.13 £0. 66 21. 10 7.43 +0.62 -5.16 1.16 +0.14 -27.02 0.98 £0. 36 5.90
0—20 CK 3.77 £0. 64 8.04 £0.40 1.45 +0. 44 0.90 £0.22
N,P, 4,23 +0. 46 12.31 8.28 +1.20 3.03 1.06 +0.30 -26.82 0.62+0.29 -31.08
M, 4.73 £0. 46 25.58 8.63+1.63 7.34 1.72 0. 49 18.38 2.45+1.27 171. 42
M,N, P, 5.49 +0.93 45. 61 9.36 +3. 14 16.51 1.70 =0. 30 17.16 2.49 +1.51 175. 68
M,N,P, 5.94+1.03 57.64 9,28 +2.08 15.49 1.36 =0.29 -6.75 2.46+1.44 172. 41

2.4 KRN L EERSHELESENESF
HIZ T

241 ¥ Fe B 4328 FHKEMIEE,
Toe 2 A HLAL, 8 2A UL 5 10 AL Bd-& i A Ak
B, B3R Fe MR EERE + 2 TR B B3 INTIREAG (B 4a) .
#0—10 em L2 KEAMERAR BICS A5 L
HAR Fe SEME, MiEHAHIE B HUIES A B
FIEBL A B R Fe &7 0 E = TR A B
SR, AR SR LB &4 X B & 5 TA L
fEALFE , #E 10—40 em 12, Hl LR HHEA PLE
53R EIEA A Fe S8, AR SIERE
FEFN & TH A A B, (BB EE R, # 40—60
em 2, T A A Fe SEAHLL

2.4.2 A Mn SR ARIHEACALIE S TR Mn
FIEEREERER TR/ (B 4b) . 55X R AH

Eb, B HEAEAL SR PT S 2E3E n 0—10 em HIFH K
Mn &&; M 10 em LUF 2 A AR AL 3 A
AL Mn & & AH R,

243 Y Cu T Sl 28 FRWEMHEE, H
B Cu EEETEIESERSALENS (B
4e) , HXTHEAMLL, KRB AMLRAIES A
BHCIEEC A b P2 AT B33 I 0—10 em + /2 +3
AR Cu i, KB A LA Cu & &
IR B 10—20 em + 2R [FHEIBLEH A 5%
Cu GEBHMAK, 20 em YT HZE LR Cu iy
RV REEEVE AVUES B B UBE & R
Ext B BT 0, (B B8R 35 B 8 2 /K OF s KH Be
RBHLIE HIRA R Cu HEEA KM EE, A 30
em LRZERBE, WHKSEGHAR B LEE
A Cu THFER AR,
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Available Fe content 15 28k & (mg/kg)
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Fig.4 The distribution of soil available Fe, Mn, Cu, Zn contents in 0 -60 cm soil profile

244 B In TR AREMALLE S LIEFE Zn
SEMTRRERMMENR(E 4 d), 53 8MH
Eb, B LR LA KA PR S R B LR Fe & it A
,0—10 em G Zn FE X B E RN 3 514
b5 TR A BRI 5 X BEARE . 10 em DAR 4
ETIEAS In S&, BHEAVE A VIESE Bk
JIEHC G S50 B AL B AT 5 T B 2 B A I T W
FEAIE 10—20 12030 cm +EM AN Zn &
.30 ecm LEDTFEER,

2.5 1IFEFH FeMn.Cu K Zn 5FHKR.pH X F
2.5.1 1A Fe Mn . Cu & Zn 540k TG

KE  Gadx LERE S DNARERP AR Fe,
Mn Cu. Zn 5 T8 45k 16 PR B 28 1 AH OC 1 43 A
(F£3),45REH: 0—10 em +EHIEF R Fe Mn,
Cu 5 HIFLFRAMHCHRAR B EKF, TIEAR
In 51 mR WEMR; LEAM FeZn 51
G PERR A CE WA B B K P, HIEA A S
R MR A O Tt R Yk (10—20,20—
30,30—40,40—60 cm) KU EITR F MG MR
MHAARE, EAFZEILHEZREBL T, AT
AER Fe Mn . Zn 5 32505 PR 2.2 AH
K, TER Cu 51320 R ERAERA BE .

*3 TEBHEK GV ES TRER EEREXES

Table 3 Correlation analysis on soil available Fe,Mn,Cu,Zn and total organic carbon,active organic carbon
£ TOC R AOC
ETIgE|
0—10 em 0—60 cm 0—10 em 0—60 cm
Item
B r P B r B r P B r P
Fe 0.46 0.90 0. 039 0.20 0.74 <0.0001 1.55 0.90 0.037 0.67 0.76  <0.0001
Mn 0.56 0.90 0.038 0. 65 0.96 <0.0001 2.06 0.99 0. 002 2.13 0.94 <0.0001
Cu 0.18 0.93 0.022 0.03 0.32 0.121 0.49 0.76 0.134 0.08 0.24 0.239
Zn 0.56 0.99 0.001 0.33 0.94 <0.0001 1.66 0.88 0. 050 1.01 0.88 <0.0001

1 (Note) : B g%} Slope; r HH5- %% Relation coefficient; P i 2 7K ¥ Significant level.
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2.5.2 HEEHE Fe Mn.Cu & Zn 5+ pH K%
F MWARLEFER Fe AR Mn H2 Cu HH Zn
51 pH MR EH (K 4),0—10 cm
TR EIEAR Fe Zn il Cu 5 -4 pH AR IEYY
KB B E K5 T HAR R ) (10—20,20—30,30—
40,40—60 cm) ZHBEITTER S pH HEXABF, &
AR, AR Fe Mn Zn 5 13 pH 24K B
E AR,
R4 TEAREHEVEVES L8 PH EBRXSR
Table 4 Correlation analysis on soil available
Fe,Mn, Cu,Zn and soil pH

HH 0—10 cm 0—60 cm

Iem B r P B r P

Fe -12.39 -0.93 0.02 -5.8 -0.76 <0.0001
Mn -11.69 -0.73 0.16 -17.85 -0.91 <0.0001

Cu 435 -0.8 005 -0.75 -0.25 0.221

Zn -14.05 -0.96 0.01 -0.03 -0.90 <0.0001

1 (Note) : B 5%} Slope; r HAHE RS Relation coefficient; P
i K Significant level.

3 g

AIRE R, KW AR PR+ A 3% Fe &
BN K. KM A A R AL IR, 282 (0—20
em) HIEA M Fe SBEBRTHE, AR EER;
H EFAL B + A 3 Fe & B Tk
(2.5 ~4.5 mg/kg) . HHMAVUIEGR Fe &R sk
FHAR R B8 59 IR, (5 HUAR AL HE BT & b
FA#ZEL AN Fe S E® TH&E LR 22% ~
32% (% 2), FUETEEALFREMET, S
B AR 0 FE RS IE B B T R e AR
SR AR B A KA R4 Fe 9
BEMsI A 3 Fe (95 5 Hfb13% bl 5
R, M+ 25 FE AR &I, i LR
HIEA R Fe BAARTT MhM B BREAE 5 mraAgtY
I8, 260+ b A BEAE S R M AR Ak BB A% Fe
SR BEE; B LW B R K BT
R BEOA B AL B B8 Xt BR B 386 i £ 585 3L Fe
HEED XS 20K A pH (A X RS
3 EAE R R, TR IR 1 A 3 Fe
HaEREREY . LA Fe 58 S51LE
HEREEAEX, AYUESHBEIREHEHEE
BEZELHETEEAH Fe S8, —HTHZEENE

WA Y &G MBTE, S HHANIEKNT, 2
Iy LA PR SR (8 2.8 3) B E L
SRR AME B AL 7S A B4 Bl A LR BE M2 38 pH
AR 1), B4k A A B, i EL T Aty A — K
Sk, X—EE R E HARE 5 Bab, K
HARHEAE AL AR LA R B A HLAR AL B 10 em 1
JEUT LA AL Fe A B MR SNSE, X 55
Fx U e B /NS SRR R B 4 AR, T
HUIE SRR & 5600, 45 3 A HUR L & & B AL
AKF-(0 MyN, P, [ 4a) 7T DA S 10 em BLF L2
TIEA R Fe & #; R - LHBAXUNR
B, T RE S PR 5 Al I RS A 3 o A L
B, MM+ 8 pH A 54 (B LB 2 B 3),

LA M 55 B 5 R R b I 5 2 5 ) A
Ko SxtERALHIAR L, KM A B, B HUIE,
AL S R B LA A 3 AT B4 A0 0—10 em 1
AR Mn &8 (3£ 2) HRKBIRMIEH 3508
2 Mn £ Ff5e Mn $12%(7 ~ 9 mg/kg) ™, RREME
FEALEERT 10 em DAF -2 AR Mo 4 & BT
Z5, BRELSP AL BRI R, K8
ABHLIE A PR S & B IE R & T B %
W E LA M RN B EEEP E
Xt 8 FA HUIERHKIR I A ), 56 A HUIER TR &
3% Mn (A R0 s BRIERI S AE A v 13 |
PR HE T AR B S5 R, e DUIE RT3 m 3%
AR Mn 57, BEVUEA S A KA Mo, 1 H
A HUIB I R R 1 R BRIE R A S B L B
JE, WA AL Mn 4. L3R Z RS, Mn?
A Fh & 45 E YR T IR pH 1 Eh AE 71k,
Eh (K5 SRS MR R T B E . B
A DR YR S RS BRSERT E
SERIERTY . R PR A RGBT %A R
BB R Mn Ah, B HUIEHEA LR H S #— 5
FEARL RS AR A R TR B T S B Eh (ERE IR 4L TT Ak
B L HEE R Mn B EE IR . A R b 3 %)
10 em DT+ 2 H 3043 Mo S BIA K, LE
BRI T B Mo 38%5(7 ~ 9 mg/kg) , B EL T 5t
Mn I FRE

TP Cu & B B A S
PERN R T R B R . TEESEA TR BT
W, LR AR Cu &R I, KGR,
BEALHEXT 0—20 em +364 30 Cu A FEME, Hf
MER LA, AHE AR AL B o A 3K Cu & R4
Fls i (0.5 ~ 1 mg/kg) ™!, 202 oy
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FH, AR T R LA, /N2 T Cu 5 B
KTAMEAAL B, 3 A B R A 12006 e P 2 AL A
Ah3E - 3EA R Cu BAR BRI . 36 HA DR S A BL
HB 548 B AL B B4 e 7T B2 84 0 0—10cm 4%
B Cu &, BAE0—10em 2, HERE+HE4
BRI R 8 K (3 3) o RES D %
SERE - it a5, SR b Cu (1975 250 B 33
AHUBRE I B T2 KBS & BRE™ IA
5, Bt HUE SRR HI P AR Cu &8, A hE
PUES Cu & RARME, EBEHUREE Cu e AR
S, BUE A AL Cu i, T, MEAE RS 38 4L
Cu FISE A B 2, K309 78 A 280 B A e 1 33 3%
Cu [IHFER I 0 (18] 4c) | X Al fE HE R AR
BHHEIAIIE Cu AT E MG A ER, At
HUIE A HUIE S5 8 B AL IE T &6 45 B8 20 cm X
TSR Cu % BEDRE L GRS
PR % 1 3587 R i S e AR

KIARHEAL ARG ALAE L B A 2% Zn &3
AhTFk Zn 145 (0.5 ~ 1 mg/kg) ', 45 51l J2 K ]
A BRI S3 1040 em +2H M Zn S RAE
Fiik Zn 5 FAE (0. 5 mg/kg) ™, X Bl BB R B FAE
Y13 A TE KRG Zn, T Zn BEAR B 15 R 19
(AR BENE = A R — %) o H, WA
FOAA , KHIRE T A, & B HE 7T 32 & A 2k
Zn HR™ XA SRR MR R UL ERAE
%, MIAHUEEAIRE LA Zn MER S 1%
AU BN AT 13 pH (R A B XK, X 531
75 22 4P AR — B

B L R ERE RS T , 8 i
FABOE MR TEAE R TRk 5 BIVRE (e B HLAE (fnds
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