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Abstract: [ Objective ] The spatiotemporal variation characteristics of chemical fertilizer use in the Yellow
River basin and its relationship with grain production were analyzed in order to provide a theoretical basis for
the control of chemical fertilizer application in the basin. [ Methods] Fertilizer application and grain yield data
in the Yellow River basin from 2000 to 2021 were used with spatial autocorrelation analysis, kernel density
analysis, and ellipse of standard deviation to analyze the temporal and spatial variation characteristics of
fertilizer use in the Yellow River basin, and to explore the relationship between fertilizer use and grain yield.
[Results] From 2000 to 2021, grain yield in the Yellow River basin has increased by 49.55% ., which was
greater than the growth rate of chemical fertilizer application (24.87%). After 2013, chemical fertilizer
applications in the basin began to fluctuate and decrease, while grain yield still maintained a growth trend.

The efficiency of fertilizer application has significantly improved. During the past 22 years, the regional
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agglomeration trend of chemical fertilizer application in the Yellow River basin has been continuously
weakening. The amount of chemical fertilizer use in the Yellow River basin has a certain degree of spatial
imbalance, with hot areas mainly concentrated in Henan and Shandong Province, and cold areas concentrated
in Qinghai and Gansu Province. During the past 22 years, the number of hot areas of chemical fertilizer use in
the Yellow River basin has decreased, high-value aggregation areas have moved westward, and cold areas
have increased. During the past 22 years, the use of chemical fertilizers in the upper, middle, and lower
reaches of the Yellow River basin has increased by 46.52%, 38.68%, and 9.5%, respectively. The rapid
growth of chemical fertilizer use in the western region has moved the center of gravity of chemical fertilizer
use in the basin 57.40 km to the northwest. During the past 22 years, the center of gravity of grain
production in the Yellow River basin has shifted 22.06 km to the northwest, and it has tended to separate
from the center of gravity of fertilizer use. [ Conclusion] The action of reducing chemical fertilizer use and
increasing fertilizer use efficiency in the Yellow River basin has achieved significant results, but the overall intensity
of chemical fertilizer use still exceeds the standard. Therefore, it will still be necessary to reduce chemical fertilizer
use in the future.

Keywords: fertilizer usage; spatio-temporal variation; hot and cold spots; kernel density analysis; ellipse of

standard deviation; the Yellow River basin
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Fig.1 Grain yield, sown area and fertilizer application in
Yellow River basin from 2000 to 2021
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Table 1 Fertilizer application and grain yield in upper, middle and lower reaches of Yellow River basin
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Fig.2 Spatial distribution of fertilizer application in Yellow River basin from 2000 to 2021
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Table 3 p and Z values of fertilizer application in
Yellow River basin from 2000 to 2021
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Fig.3 Evolution of hot and cold spots of fertilizer application in prefecture-level
cities in Yellow River basin from 2000 to 2021
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B Y] O T T A T 22 328 8 08 B, o A1 T 1) 1 B
PEREAR . 20002021 4F # ] i S0 B 77 i J 0 — BLAE
WPERIG BN (& 6) B R 2 S IE Bk i AR e ) P L

o) 22.06 km, F KT E (72°53"E,39°05'N) £
B FN T (72°04'E,39°17'N), 2000—2007 4FE LA
A FEE A ZRIL T B S 717 km IR B 5h
R 1.02 km/a, 78 4 A I 9] b 8% 3 B 5 8 /N5 2007 —
2014 AEHL.O M P AL T M F 3 22,46 km BRKIATH Y
i B EL L B2 Eh R 3,21 km/a, B S I B B K5 2014—
2021 4E [ ZR b M A 8h 12,29 km LTI HE N, 58
SR 1.76 km/a, B I IEOR B AR 7 0 bR o 22 1 15
X HIEEAR—VEERM,Y MEam —dtEm, K7
Al 4R 2 KT — bl o 3R B 8 YT 9 B8R VG )
MR E = A F L m o R, 22 a SRARME 2
WEIB X b4 Y Rl TR I SR B A A T
] BT PRI, ERSE R IE 22 a BT I AR T
GAERIE =R s = ERIY = I R I W A E TN o s i)
P& 8 57.40 km, K& 77 & 5O 10 6 A6 P 7 1)
R 5l 22.06 km, Fii & 322 0] VG R 2, 5 A )
JbE® ., aRTBECERE ZH o aR by,
2000—2007 A4 Ak JE {1 5.0 1o VY R B2 20, W B 7
T R AL 20072014 AF b AR ff ) 5 0 4k 4
KR 1) V4 g RS 2, R O KR ) g G AT RS
20142021 4 A0 A 0 10 PE AL RS 3, R B 77 4
Fom AT,

R4 2000—2021 EFEAREUEEAFABREESTNIREZHESH

Table 4 Standard deviation elliptic parameters of fertilizer application and grain yield in Yellow River basin from 2000 to 2021

e 4Ny 1 8] gy 25 16 8] e 0o 5 K4l /km L4/ km J7 7 £y
2000 69°01'E 39°06'N 584.03 266.19 89.20°
. 2007 68°06'E 39°05'N 580.69 268.18 90.18°
REAR 2014 64°31'E 38°59'N 568.25 273.98 90.94°
2021 63°38'E 39°08'N 549.48 299.67 94.39°
2000 72°53'E 39°05'N 541.03 282.10 86.42°
o 2007 73°27'E 39°07'N 537.51 270.97 88.58°
LT 2014 71°18'E 39°11'N 539.58 276.91 88.78°
2021 72°04'E 39°17'N 536.06 287.93 90.56°
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2000—2021 4F B ] 3 35k 1k AE 4 FH & 8 R 2 5
T 5 B kB, T S8 A0 M8 il 2000 4E Y 8.81 X
10° t ¥ % 2013 4FE1 1.28 X 107 t, Z J5 U 3 F Kt
,2015 AFJ5 T REBH L X 5 S 00 I8 48 AH G UK
P E YA . 2013 4F R, 76 A0k AR 7= 2 7 b R e
G R KA BT Rl A A IR BT, Tk
A0 At FH 58 B R 3 3 JLAF Sk Ak IR AR S 2t
S 320 kg/hm®7, [R] B 4 8 5 42 4 it b v
250 kg/hm?,2015 4 F] 2020 4F 4k 0 is P 2 & 35 K
GV EILR=NEE =318 YN XA o8 = oy

2021 4F B 3t 38 A0 B (5 BB 3 3.50 <107 ¢ Y M TT /i
10 ANCH 8 AN, 22 a i Ak AT foff P R X Il /b
VA R DX IS i, 2 T ) A Je A B e AL R K AT SR
BT 1 B TN S R R e T S S ) R T
Sl Ak JE 8 P 2 1) b B — o 1) AR 4 4 4 L 0 AE fil
H R 2 0 b 2 T 35 2 4R v AR 2R M DX ) R AL
IR T IR DCIORT R FA IXI, 3X5 AH OC BT 5 45
JEUSAIRL, E AR B 2 R L R R I S
A MO TE R R 4 R S AR AR R B X ek
v & S e A R 2 S AL R R T R AR
F2 7 DX, A IR R R AR ] B R AT S R AR AR ) A
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Fig.5 Analysis of gravity and dispersion degree of fertilizer application in Yellow River basin from 2000 to 2021
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Fig.6 Analysis of grain yield center of gravity and dispersion degree in Yellow River basin from 2000 to 2021

20002021 4F 3 o] Ja 1l Ak IE {7 A .0 ) G PG 7Y
T8 57.40 km, £ 5 80 b6 P 5 1 #8
3l 22.06 km, iX 5 o [F Ak AL = E O A P RS Bl
251 — 2 A 5 v R B AR 7 O ARG T )
B -8 My Ah R E, I
R KRR 1) R R L b 7 i XA AR A 7 A R ik
HE, T 22 a RHHEL P I b XA AR A
BRI K 46.52%,38.79% Fl 9.50 % , KA i 4y
IR 67.15% ,39.90 % 1 50.13 % , PG 35 Hi1 [X Ak JE {5
R PRI AR B L HESh T U S Ak Il
HO AP P gy [, AR B EE O T .

BT 0 BN [R) 1 XM ™ i 5 A IE it 2 5
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(1) 2000—2021 4] g AL NE A FH &2 iy 2000 4F
AY8.81X10° t HEE 2021 4FAY 1.10X 107 t, 34K 24.87%,
BP0 3 T [ B B B L R AE . 2013 4R
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ZIE R E PR, T 22 a B BB & 7
8.20 X 107 t #% & 2021 4F Y 1.23 X 10° t, ¥4 K
49.55% , WG A AL 2.87 X107 hm? 3 & 2,96 X
10" hm® , 84K 2.95 %6 , B IA) It 3ok £ 7™ et 34 ol O v T
PR RE S, Je R 2013 4 J5 #8394k AT i 1 i T
R ESINN N IEPSY Y- Wi S N VS B R  Z R A
PR NE A FH 255 W S 4 T

(2) M\zs[a] bR A, BT I 38T Uit e DXk JE 5
HMREERE, Pl X R, lif X 5, -
U b, DX A S A6 P S FF0ORRS £ 7 i 9 e K, T Ui Ml X Ak
JIES 657 P 348 3R /0 iR b XK 7 o o /)

(3) 20002021 4% B 0] Y 35k 1 AL 1 FH 8 s 1l T
BRI 5 B R A TR | LU AR R T R A T
e V4 g 8 b T Ah R AR A L PR PN SR L H R R
A DX KR o M T Ak IE i R 2 A A R bR e
22 a W AL 0 R 4 R 5 22 e Bl 0,442
W/ NE] 0,322, A0 AE A T X 48 S A TERF S0 59 .
P T 43 B 2 B, BT I R Ak P 0 P o R A R B AT
— B P AR P A A DX I 2 A AR T R L AR L
5 DI R T R H R, 22 a ol B AT I ek AT il A
R DX /D e R DX ) P A Bl L ¥ X

(4) 20002021 4 B IA) Y 48 b v Ui Hb X AR AE
i 0 B K 46,5295, 38.68 % 1 9.5 % » P 3 HiL X
AR AT A FH St e G4 L HE B T I B Ak IR 4 A 0 i
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