FEDE F 5 AR 2021, 27(9): 16481655 doi: 10.11674/zwyf.2021219
Journal of Plant Nutrition and Fertilizers http://www.plantnutrifert.org

FT GIS FIEBFE bR DX IE 2 B R 2

SR, kAN, FRiEERL HEY’
(1 WA KA B R SR IREE 4B, NS iy PEFITE AR 0100185 2 ST B IR X 3B AT kAl TAFSG ,
S IEFIEEE: 0100105 3 B2 ATE X ABOLRI=RE, NSRRI 010037 )

ZE: [ HIY ] R GIS ML RIFR S FHHEFRAHLE G 5k, BT PE I Db b - 30 20 . A 0Bl . oAk
PR A Rl AR S, EEST UL RSV IE R GE . [ ek ] IR AERHURID X . TFER . 2
BHURIDZER G, BURIDAFB P, LUZ KB 15421 A LEMEREIEF 143 K “3414 3R587 B0dlE Jy 3t
fifi, 32 H GIS Fiki R M e A . AR . AU A RIEZS R, 456 HIEEUERR, R PE I R
Hhob el . AR . O IR X, BE AR IR A IR A T AL R, IR SR AR 4
XEAEIE . [ G553 ] UiV 5+ 455 A 2s R 3 AT RS, KR A 30 280 & bR, Akl . U &
WA, B A A B B SE R EMA-P - (A < 69.5 mg/kg. AR 4.18~10.40
mg/kg., A 90.3~152.5 mg/kg), TR-TBE-TM @HAFR 69.5~107.9 mg/kg, AR 4.18~10.40 mg/kg,
AR 90.3~152.5 mg/kg) . PAPHE-EA A 69.5~107.9 mg/kg . AREE 4.18~10.40 mg/kg, HALHR >
152.5 mg/kg) BITAFR G HLAr 50N 42.4% ., 14.1%. 13.5%, T3Emfea . A0 . S &8 (v) 5S4 RiEiie
i () Z BT RIREOE R, BMEAERET y = —102.5In(x) + 617.22, BEAEAEAT] y=-36.11In(x) + 174.1, #iti
NEASEHLA p = —25.891n(x) + 180.96, AN [] +4 55 43 21 & B 1K T i (19 48 B e N-P,O~K,0 Hl it (kg/hm’) 4145
S350 202-110-58 . 168-107-57., 164-102-47, [ G5 ] HIERGA . ARWE . S8R5 & S5 AHXS P S AF RS
GFI X ECPRAIOC ZR o P I T X 3 SR B T BB AR I R 43 LA 75% T 85% A S AT 77k 119 43 G X (R 35y
Ao AE A SRR SR REAE I HE T, R GIS MBS Rk LS A vk, Al LAVERA DREE kg 11X
B AE A A R

XH2IA: GIS; FHdsbrik; LISy, X AR

Construction of regional fertilization system based on
GIS and nutrient abundance index

GAO Hong-yan"?, SUO Quan-yi"*, ZHENG Hai-chun®, GAO Fan-shen’
( 1 College of Grassland, Resources and Environment, Inner Mongolia Agricultural University, Hohhot, InnerMongolia 010018,
China; 2 Inner Mongolia Soil Fertilizer and Water Saving Agriculture Workstation, Hohhot, Inner Mongolia 010010, China;
3 Inner Mongolia Academy of Agricultural and Animal Husbandry Science, Hohhot, Inner Mongolia 010037, China )

Abstract: [ Objectives ] We assessed available soil nutrients using a nutrient abundance index and graded the
spatial distribution of the former based on GIS and soil nutrient grading in Xiliao River Plain. Further, we
proposed fertilizer recommendations across the spatial layout. [ Methods ] Xiliao River Plain in Inner Mongolia
covers Horqin District, Kailu County, Naiman Banner, Horqin Left Back Banner, and Horqin Left Middle Banner.
Based on 15421 soil test data and 143 “3414” maize trail data, we calculate the spatial interpolation results of
alkaline N, available P, and readily available K in the cultivated soil using GIS. Combining GIS with the method
of soil abundance index, the nutrient management zones of soil alkaline N (AN), available P (AP), and readily
available K (AK) were divided in Xiliao River Plain. The fertilizer uptake of different soil NPK nutrient
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combinations was determined. The map of N, P, and K zonal fertilization of maize was developed. [ Results ] The
spatial distribution of soil nutrients in the cultivated soil was uneven. The content of soil AN was low, and the
contents of soil AP and AK were medium in Xiliao River Plain. The most important combinations of soil
AN-AP-AK were low (N)-medium (P)-medium (K), medium (N)-medium (P)-medium (K), and medium
(N)-medium (P)-high (K). The area ratio of each combination was 42.4%, 14.1%, and 13.5%. There were
better logarithmic relationships between the soil AN, AP, and AK content (x) and the economic optimal fertilizer
rate (y). Nitrogen optimal fertilization model was y = —102.5In (x) + 617.22, phosphorus optimal fertilization
model was y =-36.111n (x) + 174.1, and potassium optimal fertilization model was y = —25.891n (x) + 180.96.
Under the different soil nutrient combinations, the optimal dosage combinations of N, P,Os, and K,O for maize
were 202-110-58 (kg/hm?), 168—107-57 (kg/hm?), and 164-102-47 (kg/hm?). [ Conclusions ] The relative
yield of maize has a good logarithmic relationship with soil AN, AP, and AK content. The simulation effects of
the function between the relative yield of maize and soil nutrients differ under different methods. When dividing
the abundance index of soil alkaline nitrogen, available phosphorus, and readily available potassium in the Xiliao
River Plain, grading intervals of the relative yield of 75% and 85% are suitable. Under the big data support of soil

nutrients, the regional fertilization management system can be established accurately and rapidly by combining the

GIS and abundance index methods.
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Fig. 1 Distribution map of soil sampling points
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Table 1 Proportion of test number at different levels of fertilizer

. , SORIECE MR A YA AR R 5 L (%)
7k g oy Total test Mean rate The proportion of test number under each nutrient rate
Yield target Nutrient 5
number (kg/hm?) <50 50~100 100~150 150~200 =200
AEZ T N 137 178.0 0 22 32.8 314 33.6
Optimal economical yield P,0 130 98.9 8.5 430 385 77 23
KO 124 64.0 226 70.2 6.4 0.8 0
T N 137 209.3 0 0 19.7 30.7 49.6
Maxi ield
aximuil yie P.0 130 127.7 0.8 30.0 492 11.5 8.5
KO 124 74.4 8.9 79.0 9.7 24 0

U, AR PG 0 IA] S S A S04 SR 40 O = A A
FERAERT P 1 85% F1 75%.
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BIALALL 3 B[R] 5 2 2 AT 7™t 5 4% 10 A5 Y
IR A AR . U AR R EOR O R
WP FAEA R BRI RO R A T &5
SRR R . K 75% . 85% 43 IR AKX PR AN
TR RO R, RIS BT A 6 A
AR HBER R E bR (R 2)o HIFR 2 AT, B
A < 69.5 mg/kg MK, 69.5~107.9 mg/kg A
%, >107.9 mg/kg A, AW < 4.18 mg/kg
K%, 4.18~10.40 mg/kg A2k, >10.40 mg/kg H =
h., M < 90.3 mg/kg MAEH, 90.3~152.5

mg/kg A, >152.5 mg/kg HEH
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Table 2 Soil nutrient abundance index of different relative yields

G - it e 1

s *HX#F%%‘@M FHFEFR Abundance index (mg/kg) m;gi%ijﬁ%
Soil nutrient l'ielatlve X Low 1! Medium 5 High Relative yield and soil e r P

yield type (= 75%) (75%~85%) (>85%) nutrient function

A RY, <682 68.2~107.2 >107.2 y=22.123In (x) - 18418 0490  95.057  <0.001

Alkeline-N RY, <69.2 69.2~109.3 >109.3 y=21.902In (x)— 17.801 0492 95631  <0.001

RY, < 69.5 69.5~107.9 >107.9 y=22.716ln (x)-21.332  0.553 122237  <0.001

R RY, <409  4.09~10.14 >10.14  y=11.022In (x) + 59.467  0.610  140.775  <0.001

Available P RY, <418  4.18~10.40 >1040  y=10.985In (x)+59.277  0.630 151759  <0.001

RY, <380  3.80~10.32 >1032  y=10.019In(x) +61.614 0611 141495  <0.001

LR RY, <903 90.3~152.5 >152.5 y=19.062In (x)-10.829 0.606  143.137  <0.001

Available K RY, <909 90.9~153.9 >153.9 y=18.964In (x)-10.513  0.604  141.805  <0.001

RY, <783 78.3~141.7 >141.7 y=16.858In (x) + 1.4857  0.542  111.111  <0.001

T (Note) : RY, = JEHLIK = /AR L™tk RY, = JRALIX ™ /e 7 s RY, = TOME LK™ H/NLPK, A BE =i, BRECER T, p 10
TR, x ARETESR S, RY, = no-fertilizer yield/optimum yield; RY, = no-fertilizer yield/maximum yield; RY, = no-fertilizer
yield/N,P,K, yield. In the function, y and x represent relative yield and nutrient content, respectively.
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Table 3 Maize optimal fertilizer use under different ranges of soil nutrient content
T4y FHRFEEE ARy 4 F4r i (mg/kg) LU (kg/hm?)
Soil nutrient Grade Relative yield Nutrient content Optimal fertilizerr ate
BlfEA Alkeline-N fik Low < 75% < 69.5 182.5~235.6
tF Medium 75%~85% 69.5~107.9 137.4~182.5
= High >85% >107.9 44.4~1374
BRI Available P fik Low < 75% <418 122.4~151.1
' Medium 75%~85% 4.18~10.40 89.5~122.4
= High >85% >10.40 67.6~89.5
BRI Available K fik Low < 75% <90.3 64.4~77.2
rF Medium 75%~85% 90.3~152.5 50.8~64.4
= High >85% >152.5 39.6~50.8

R . USSR DB A T A DA (R . 4% R e el
R AR . USRI SR AR, X I R
M = S A . A AOEE  RERUE  K O HEAT
B ARSEG A o KB R S AT i X R 1R
e, Y RSB SRR A RO . U K
FaAi L, FETE Arcgis10.5 BAF i T & Ak 3,
U U SR A O L SO Y B R
R A P4 LR SF- Ji - U B A A S BOKOE 5 4 A
B, WA SRR R A AR . AL
B AR A S M 5 e e A Y pREOC R
X, BEEAEHAITERNEEN, PO, KO0 JE
B . Geit AT P S8t PG 3T 1 S g b 4 48 R
PR FHOKFHE R NL PO, K,0 IERHH
i, KEEERIZEAAGH N, PO, K,0 JERH
&, FHARMEE SR, AT P AN [E
TR P K EAKEI N, PO, KO HefERER I &
(& 4.

JNEE 4 ATLAE Y, PUAL A SRR b B 3R Atk
SR AP AR Ry AR & LB, T 42.4%, R
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M #—+—5 Medium—medium—high 13.5% 164-102-47
W K—K—~% Low—low—low 10.2% 218-130-68
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{—F1 K Low—medium—low 4.0% 216-111-68
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Fig. 4 Soil nutrient zoning and the optimal fertilizer rate in Xiliao River Plain
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