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B ZE: ARIARA S RS SR T R ARG A MDY MR R, RARAGR AR, JREAT AT, A4S T
A A BRI R E R EA MR, BN nE e pH ARSI, JHT T EEas R A
ST, BRRY: RA . AR, HRET A m ) B A RORM A A S, AR R R R . S A L, R
RUABERZ X (5 ey, AR DAy X5ty DAL, AR . SR a2 R+ Wit Wi b
wiR, HYS5HAM LIERAE R BE . WA . AR, HSE S TR OCR BT, 3 MR ARE AR B
EM; WA S2A . ARSI E BE LM, WMA. AW S 13 pH 2 B, #5145 pH S B3
IEAHSG . AMRIER T KEEFITTR AR P AR ZE R SGEmME R, 7 R ) 197 R R AuRk s, B J14e
FARM A = TR

KR I, REEFRITER; ARG EmEE;

PESES: SI151.9 XHERARERD: A

Available Contents of Soil Macronutrients and Their Influencing Factors in Weifang

JIANG Bing" %, WANG Songtao'", SUN Zengbing', ZHANG Deming', WANG Jian'

(1 Shandong Provincial No.4 Institute of Geological and Mineral Survey, Weifang, Shandong 261021, China; 2 Key Laboratory
of Coastal Zone Geological Environment Protection, Shandong Geology and Mineral Exploration and Development Bureau,
Weifang, Shandong 261021, China)

Abstract: In order to study the distribution and influential factors of available contents of soil macronutrients in Weifang City,
Shandong Province, the grid sampling and analysis test were carried out. The total and available contents of soil macronutrients
such as N, P and K, as well as pH and organic matter were measured. The spatial maps of abundance and deficiency in these soil
indexes were drawn, and their correlation and difference were analyzed. The results show that the contents of alkali-hydrolyzed
nitrogen (AN), available phosphorus (AP) and available potassium (AK) have strong spatial variability, especially variation
coefficient of AP is the highest. In terms of spatial distribution, the relatively lack area of AN has the highest proportion, and the
rich areas of AP and AK have the highest proportions. AN content is significantly higher in Shajiang black soil, AP content is
significantly higher in fluvo-aquic soil, while AK content is significantly higher in coastal saline soil. AN, AP and AK are closely
related to soil physiochemical indexes, which are significantly positively correlated with organic matter. There is significant
positive correlation between AN and total nitrogen, AP and total phosphorus. AN and AP are significantly negatively correlated
with pH, while AK is significantly positively correlated with pH. These results reveal the background difference and influencing
factors of available contents of soil macronutrients, which can guide the spatial regulation of soil fertility and help to improve the
level of agricultural productivity.

Key words: Soil; Macronutrients; Available content; Influencing factors; Weifang City
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BT R A R rT AR E A OR T, 5o R B A
Fb, A3 4 RE A% T A AU S WA ) R T R RS e
1, Rl R o 25 AR B KT B SR bR, M
HN 2 Z R R B, RAAGES P9 & B
XA R, 2. M. BSoRANES %
pH RHHME, SEPUREEMIC, kSR &
PR M T 3P, B IR e R A AR
BZETILR S ® ., L pH, AHLR ., MRS,
FHERRAE . DRI TG U SE AL X
R B PPEEFITEABER N AR AR, JfR
TR AR . T 30 S X H R A R R IX
AR IR BHAEBR (4 e 55 4y BEAT A OG0B, R A HL
i, RS EA R BEIEHK, 2% 25 EK
B T IR DG . X 4 AR A VU A S
HAeR . AR RIELMEIEMDE, A3 5A L% 5
FIEMG, S5miMXHEa s THIRHE RN Z
M, +3E pH R 6.4~ 7.3 MY LA BB RS,
SRR R T B S A e . 3l S AR SR T AT
IINFRUBE PRI X SAR R 8/, 9 IR M LA AR 3R
Pk KBRSk s v L, (H 2B s AR
WAL, HARIEEAR LT [ BB A8 Ak T RE X 45 8
A BEIFEN o ARG ST RFEAR A B, B
Vi X R B E FRICR A EA RS S
S R 2R 43 BT H A ST AT S A 5 A

IR M TR gl R, 4“4k
WEWLAR . WAL FERY” 25, fllE K
(237 3845 T AR UMM IO 255 52 M, T - 320
I SR O RO I AR ST R A%
CRFEDHTING . 22 73 P2 (B AR 1L . AHIE T
ZSE T, F s Y T R 2 KRS SR
R AR AU, EAR LA RO, BRI A [
., DU 3G 0 v R SR A B e
5 R AR AR

1 #REFE

1.1 HREXHEFR

WD T HL AL 118°10'E ~ 120°01'E. 35°41'N ~
37°26'N, fi FIIZAREE S, ZUTILduiE, BARY
S5 g A P, 1A 16 167 km®, Hrp A&
i 71.2%, BB 19.6%, RFIFHM S 9.2%.
SAEE AT BRE M, WEsr, BEREWD, &
BRIMEW, MERFHAIT, LFEL TR, L
R AU, FEE AL b, W3R 100 m DL,
i 35.6%; HEAMREREE, K 7 ~ 100 m, R

1/500 ~ 1/1 200, 4 41.6%; JbEBUFIE AR,
WER Tm AR, 47 22.8%, HIESIIEERE . Wt
A+, 2Bt Wt EiEEE L5 6 K& 1),
Foaz FE R AR, X2 B L H S0 K SCHb T
FEARE A ZRA S AR 29, 4 Fhac i 25 5, ff
P T O AT AT BB PR AR, A [ L SRR TR
S AR £ s W B R IR
4t

et

[ hm
I #
[t
gL

J

50 km
E1 WRXiigEsEsR

1.2 H#FmE&E

DL 2 km = 2 km RCBEERIE RIS, IlAE b DX Y ik
Fis , A BERE 1 T RS P 32 - 3R R = 2 - i A
7 AR, SREEANTTH 0 ~20 cm FR)Z T4,
PLRE S, 768 721 50 ~ 100 m JE Y, R “S”
B “X” TR SR ST 2 A50R A, & FE R
RAERBOL . TREEFIEE e —30, AR R . Ak
XM, W4~ 6 NOMEERIRAHEMN 1 RS,
SRS, WUMEGR A ALT 1 kg AT A4S,
i K AL B SR KT IR B 38 L AR 48 HU s 7= )
B R JRy g e b U PR (R AP S S R T A
SN, AR TAESEBRHoR 4L +HERE 5 3 474 14,
1.3 HmLESNR

ZM DZ/T 0295—2016 { b it s Bk b 27T
W ) U, R RE S A SRS 438 2 mm
FLARJE b, IR AR Ay i Ty, — 1kl
+- 4% pH ., AR . U L IR A, — it 0.25 mm
LR R A HLE . 2%, —134d 0.074 mm fL
e e gt 4 m . 28, 8 pH £KRIEOK T
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el 2.5 1, Vim), KHHBAENE™M, PR
s i, RAHESRA AR E"; 2R84
BRERTE &, KAV E &R e, wmE kAR
W mk ey Bk e Aa s A e R, R
FIAHERPULE (il e, M S IR A i, K
FH H SR £ 25 8 A R SO e e A A
AACE AL, R R IR ar JE EEVE I s, AR
P2 LRERE, SR FUERN & 55 B AR R e
Pt FERR R 100%, HER— %R
HEYI T (GBW R 3 VK 5643 Mt 7 vk 1 1 32 FIORS % J32
BREL N 100%, pH Zex i 22 /N T 0.1, Mikss f
VB ol K
14 HELIE

Z H AR SRS AR s, IS s rhonT BB A i
BRI A, ARG, Hax 8l tis
RAFIEZIS ) 5% ] Microsoft Excel 2010 #44:, H
FIERDA N 3o BXHEAMESEI T e, BIFR S5
8, RGP ESE . Goit 4 pH Sed i [H]
W BE, PRI S0, S e e 390 pH. SR SPSS 22.0
AL T XU i 25 PR ARG IG A Pearson AHICHEHT, B
SR S5 (B TV I 0 2R A B 5 0 2R A A A 35 23 AT
K Z2 WL O HEBR o SR MapGIS 4407 b i
I (digital terrain model, DTM)/3MT, A& RASHEIN]
=M (triangulated irregular network, TIN), R4
bR UEL 2 [ AR S

2 HEREHSW

2.1 TIEEAREREST

WF9E X SR 0 (EG AY H R s FRn R e
ARG AR R G TSN ER | R AR BB
IR () S R, Lk 3 p S5 SR R B 0.1 ~ 1,
KW TR S R B —ENE RS MmES
PRS00 7R AR B KRR Ry = A RO > U > Bk

it A>E=a > 2/ >8> 11 pH, B8R, A
WMo A EmM S AR S, B DZ/T 0295—2016
A b T R AF VAN RS ) U2 635 o AR
AN 3R ER) P SE A 13 pH H R BRAE A i
R S T AR = NI o7 e e w1 3 05 G
SRR AL R SR IG A, oAb AE bRy @ Tl
FHE, LA g, iRImAHE R 4 5L
A R 728 S R ECh 0.97, 23 [a) 728 Stk deoi , 6
JREBAEAEBEAL A St , T RE S B RER FH SR
KIE B SRR RGP, G EN, 1%
pH B{ETE PR A .
22 ITEREEFTEAUNEEHRITN

T DZ/T 0295—2016 { 4 M i it b BR AL A 3P4
AL ) U, K E R REFRCRARE R 5 A
GHHTEIHER 2), LRI AR, X
TR Z & w22 ST I R2 I o B LA = PR AR
12004, itbhess, ik 34.54%; Bt=Z AIREAR%L 692
A, I 19.92%, BEARHIGERS S TiImAE, (HE
HERREE . mE 2 I, A X EEEH
O3 TACERUE | FEE B e —Ar LA G IR R, A
BRI M 5 3 DO R T A A, T g
ZHERE A A P AT R . A RO LA N
FEARL 1 446 1>, L 41.62%; BB FIEk= ke
AR, G 10.79%H1 9.38%., & 3 A,
AR = X 2500 T 55 B AR M
PUBB LA K A e pe s =58 XA oA, Sl 4
iz, BB LLFEE A, HA%C1 23014,
dilt 35.41%; SR AR, A 3.11%.
FH L 4 AT 0L, SRARCER S A S B AR S i o A e 3
5 A m m A SRR R — e A, R
Z MY AL, 53T RS RS L g KO
IR AT AR —E R R .

*1 FRFEERZEROERESR T

Eiztan S giits A PRt 5 REL I SAE
Bl A (mg/kg) n=>51 n=3423 94.44 47.43 0.50 90
A 5B (mg/kg) n =64 n=73410 43.69 42.38 0.97 10
A (mg/kg) n=41 n=3434 192.50 127.52 0.66 100
2R (g/kg) n=47 n=3427 0.96 0.38 0.40 1
2Wi(g/kg) n=32 n=3442 0.90 0.41 0.45 0.6
24 (g/kg) n=178 n=3396 19.72 2.72 0.14 15
pH n=1715 n=3399 7.28 0.98 0.13 6.5
AHHLF(g/kg) n =64 n=3410 15.07 6.74 0.45 20
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x2 IBRXEEFTZAIESREIT

izt T F& e S A Bz =
i SR UE(mg/kg) >150 120 ~ 150 90 ~ 120 60 ~ 90 <60
FEAEL n=434 n=7308 n =840 n=1200 n=692
M (%) 12.49 8.87 24.18 34.54 19.92
EER U 5 b (mg/kg) >40 20 ~ 40 10 ~ 20 5~10 <5
FEAKL n=1446 n=784 n=543 n=375 n=326
i (%) 41.62 22.57 15.63 10.79 9.38
B SR UE(mg/kg) >200 150 ~ 200 100 ~ 150 50 ~ 100 <50
FEASL n=1230 n=653 n=782 n=1701 n=108
i (%) 35.41 18.80 2251 20.18 3.11
[ 5]
N [ &
A Ol &t
ILGE
g >3
=

& 2

£ 4

ki /ey b i

El3 BUHMIR=EHH

23 TEREERTEAEUENZMERSNT

230 BHERA RHEREEIRIU R AT AR A
PAEFRTEA ] L SR P YRS LESE TN 3 s o A
(7] - e TR 14 B 2R AN A L R A AN AR, B
FRA fr2E 5, axf R HETT R MU BRI 2 AT A
Wi o BHELesz 1 LB ZU R Ve A B L/E T, mT
IR ER ARSI B R AN , — B IR R
P, A pH BT A R RLE )2
W, 2R, KEEs, R MbFEKIE
AbERS , R o 2 I A e b
BALRENERBHELIE, FUbRE, 2R
AR AL, HAAR A AP SRR E
THAU ARSI A ARSRE T, HEOKFil
WK, EAEIAS R A FAF T, & HRE C ORI
e, b DM P B AR ), O R

http://soils.issas.ac.cn



222 +

e %55 %

x3 TRIEXBXEERTZEAYNE. pHHBIEEE

Eiston BIRE| it g+ e+ WEE At i+ B+
i it 25 FEAEL n=>582 n=1066 n=452 n=372 n=762 n=189
H(mg/kg) 91.84+43.14c  10045+47.50b 97.01+53.07bc 107.46+46.93a 90.95+42.41c  50.92+39.03 d
R ¢ FEAL n=593 n=1058 n =464 n=1368 n="1736 n=191
F(mg/kg) 47.70+£41.15b  46.12+4253b  2733+31.61c 4325+3887b 5524+486la 13.84+16.08d
A FEAEL n=595 n=1059 n =464 n=371 n=755 n=189
Fr(mg/kg) 16020+ 112.44d 199.60 + 137.60 ¢ 147.97+97.58d 190.12+ 115.82 ¢ 218.46+ 126.45b 264.66 + 141.61 a
pH FEAL n=1559 n=1069 n=445 n=376 n=1759 n=191
HiE 6.43+0.80 f 7.35+0.85d 6.95+1.05¢ 7.65+0.77b 7.51+£0.85¢ 8.46+0.45a
H LT FEAEL n=>592 n=1058 n=436 n=376 n=761 n=187
R (g/kg) 13.72+6.49d 1633 £6.60 b 14.82+7.78 ¢ 17.81+524a 1492+ 589 ¢ 7.80+548 ¢

T RPIEIR A M pH BE 7R I E AR FFTAR/NG 55 2R A ) 1 e A i) 22 52 1 35 (P<0.05)

i T A R iR R G, £
Sy, SRS TE RN, BRI, LR
R ARWE . AP E T o e, i
RS BRI 3 pH B T A

232 tHHOTReREMBEENRE  RHOTRAN
Ol 2 B 2R RN 2, X RTR e
-5 pH FIAHLEAEPY . SBRS % (ES T A B Al
FEXTHEBRAN R, EATAHOCE M. ik 4 v, &R
FITRAR BN BB 1=0.577 (n=3 387, P<0.01), 4
FIA A ¢ 2B =0.466 (n=3 393, P<0.01), W
TR SRR R0 2 4 i B S ) B 3, O e b 4 it
B BG4 A R A e AN B3,
78 F A 4B 5 s R AR SC M /NS v 4 3=
B YIS FAFAE T R HORDBL 4, 2 90%
PLE, EHINARERAI R, SRS EEE
ST, A — AN Y 2%, B HLTT S
fife 2. AR . HUSCER B9 R DG R B 0.503
(n=3369, P<0.01), 0.203 (n=3 349, P<0.01). 0.262
(n=3374, P<0.01), ¥ikE| 8 EIEAHC, mffA LR
AT PESAMAYER, AT EE, B
A= A HLIR RIS T 9k - 48 e i 22, RIBT A LS rh
BB TEAT ML A e i A 380, 2 5 R IRTE S 4
WP AR, A MU AE S T B 7. R,
XFBERD - ke i, PR AR o 3 LR B R R AR
B IRT PO, - HE pH SRR AL . AR R 3
I, MERBHR-0.147 (=3 353, P<0.01),
—0.279 (n=3 335, P<0.01), 550K BE& IEA,
M ZE =0.137 (n=3 358, P<0.01), +IEMmEIEE
LS MR TR o B4 A T R T 7 43 R Rl
il 249 3% T A= W3 2y, XA LIS %) JE S A R i
HHEEZM, AR T % i R P
B PRAE AR A e R e Foe 3 B, 5 WL 40 o 2 v

7 HE B L TR S (0 - ST B8 8 v o b M PP PR 3k
FRVEIREE T, BEIRER M AR KPY, X8 b im
o, ik - pH B, AR R . IR
PRAFRAT R pH A4 s TR, 0B B B e it
B, TRIE e L8 pH RIS OL S , BRI b
B Z

T4 IBRAXEEFTZAUESEE . pHMBINRZE

LEESE
Xof I T 3 4 it AL + 3 pH
ik 2 0.577" 0.503" -0.147"
A RO 0.466™ 0.203” -0.279™
B 0.002 0.262" 0.137"

He KR AR P<0.01 B E K-,

3 #ie

1) P58 X 3R)Z HHEMM A . AR . AU &
W EA R WA S, SFIE S 94.44
43.69. 192.50 mg/kg; FRffRALIRELZ &b, B
RACHA R S50 DA bR

2) AN LA AR bR 22 5, XooEA
SR TE R T 22 SR o KL P s A e I
FH A e s ih2E A A+ P fE A S B e T
by - RS 5 0 - oA AR B R T A
EI IS N e Rl 1 S W S € 7 T (1 R S W e S
B SRARCER ik i T A R R

3) HHEREERITRAMEZ TR, L1
pH FIAPLE S LM HIEHFRZm . faS 4
R, AXBES YRR EIEME, MFE. A5
B A S A VLR R BE M, MRA. A
RS 14 pH B E UM G, SRALHR S 14 pH &
B3 EAG
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