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Spatio-temporal Evolution Characteristics of Soil Potassium in Main
Dry-farming Grain Arable Land of China

LIU Kailou'?, DU Jiangxue®, MA Changbao’, QU Xiaolin’, HAN Tianfu’, LIU Shujun®**, HUANG Jing**,
LI Yazhen', SHEN Zhe?, ZHANG Lu**, LI Dongchu®**, ZHANG Huimin* *f

(1. Jiangxi Institute of Red Soil/National Engineering and Technology Research Center for Red Soil Improvement, Nanchang 330046, China;
2. Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/National Engineering Laboratory
for Improving Quality of Arable Land, Beijing 100081, China; 3. Center of Cultivated Land Quality Monitoring and Protection, Ministry of
Agricultural and Rural Affairs, Beijing 100125, China; 4. National Observation Station of Qiyang Agri-ecology System, Institute of
Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Qiyang, Hunan 426182, China)

Abstract:  Objective  Upland soil, as an important type of arable land in China, plays an extremely important role in national
food security and stability. Since the reform and opening of China, there were many great changes in farmers' fertilization patterns
and planting habits because of soil testing formula fertilization, straw returning and fertilizer reduction to increase efficiency.
However, there is still a lack of systematic research on the effects of these changes on the input of potassium (K) fertilizer and soil
K in the main dry-farming grain of China. Therefore, the objective of this study was to evaluate the evolution characteristics of K
input and fertility in major wheat and/or maize production regions of the whole country, which will clarify the present situation of
K fertility and provide certain theoretical guidance for rational application of K fertilizer in different regions. =~ Method  This
study was based on the National Cultivated Land Quality Monitoring database, which was from the Center of Cultivated Land
Quality Monitoring and Protection, Ministry of Agricultural and Rural Affairs. Then, the K fertilizer input, soil available K (AK)
and slowly available K (SAK) contents were analyzed in five regions of China, which included Northeast of China (NEC), North
of China (NC), East of China (EC), Northwest of China (NWC), Southwest of China (SWC) during 1988-2007 and 2008-2018.
Meanwhile, the effects of soil AK on SAK were also discussed. Result There was a relatively stable chemical K, straw K, and
total K fertilizers (K,0) input in the whole country during 1988-2018, with 125 kg-hm=-a™', 148 kg-hm>a™', and 273 kg-hm2-a™',
respectively. There was no significant change for K input during 1988-2007 and 2008-2018. In different regions, it was observed
that K input in NC and NEC regions was significantly higher than that in other regions. Compared with those of 1988-2007, the
total K input in NEC, NC, EC, and SWC regions was increased during 2008-2018 by 4.22%-23.8%, while it was decreased
slightly in the NWC region. The AK and SAK of the whole country were 139 mg-kg™' and 665 mg-kg ™, respectively. Compared
with 1988-2007, the AK and SAK during 2008-2018 increased by 15.1% and 6.72%, respectively. The order of soil AK in the
different regions was higher in NWC and NEC regions (more than 150 mg-kg™"), lower for NC and EC regions (136149 mg-kg™),
and lowest for SWC region (116 mg-kg™"). During 2008-2018, soil AK in NC, EC, NWC and SWC regions were increased more
than during 1988-2007 by 15.7%, 17.7%, 4.16% and 34.5%, respectively. Also, the soil SAK was increased by 8.95%, 2.15%,
5.71% and 4.19%, respectively. In the main dry-farming food soils of the whole country, the relationship between soil AK and
SAK could be fitted by a linear equation. With the increase in soil AK, the growth rate of soil SAK in 2008-2018 (14.2 mg- kg™")
was significantly higher than 1988-2007 (7.23 mg'kg™"). Meanwhile, the fitting equations among different regions in 19882018
also showed that the growth rate of soil SAK in NEC, EC and NWC regions was significantly higher than that in the NC region.

Conclusion  On the long-term monitoring platform of farmlands in China, compared with 1988—2007, the AK and SAK of main
dry-farming grain soil were increased significantly during 2008-2018, and there was an increasing trend in most regions. Also,
there was a significant linear relationship between soil AK and SAK. These results should provide a technical reference for the
rapid estimation of SAK content even though there were differences in the fitting equations during different experimental periods
and regions. Thus, it is recommended that different areas should accurately classify soil K supply capacity through AK and SAK
by local conditions since it would establish the foundation for realizing the goal of storing K in the soil.

Key words: Dry-farming grain; Potassium fertilizer input; Available potassium; Slowly available potassium; Different regions
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Table 1 The sample number of indexes including potassium fertilizer, soil available potassium and slowly available potassium in different regions

6 o B T8 R FEAKL Number of samples
Experimental period Indexes NEC NC EC NWC SWC A1t Total
1988—2007 ALAEAR Chemical potassium fertilizer 44 170 89 40 118 461

FEFFAR Straw potassium fertilizer 44 170 89 40 118 461

BEIHLA Total potassium input 44 170 89 40 118 461

LA Available potassium 44 170 89 40 118 461

B304 Slowly available potassium 26 70 88 39 54 277

2008—2018 ALHEH Chemical potassium fertilizer 60 178 80 53 127 498
FEFFAR Straw potassium fertilizer 60 178 80 53 127 498

BB Total potassium input 60 178 80 53 127 498

HEALA Available potassium 60 178 80 53 127 498

A8 Slowly available potassium 60 176 74 53 110 473

1988—2018 ALHE4F Chemical potassium fertilizer 104 348 169 93 245 959
FEFFAR Straw potassium fertilizer 104 348 169 93 245 959

AP Total potassium input 104 348 169 93 245 959

LA Available potassium 104 348 169 93 245 959

L3440 Slowly available potassium 86 246 162 92 164 750

. NEC: Zidb; NC. f8db; EC: 184 ; NWC: Vidt; SWC: Pim, T[], Note: NEC stands for Northeast of China; NC for
North of China; EC for East of China; NWC for Northwest of China; SWC for Southwest of China. The same as below.
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Fig. 1 The potassium input in main dry-farming grain arable land of the whole country
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Table 2 The potassium input in different regions/ (kg-hm2a™"')

Eistan [X 45§, BB Bt Experimental period

Indexes Region 1988—2007 2008—2018 1988—2018
feAE A NEC 76.0£39.5¢ 108.0+33.2¢ 94.3+39.2b
Chemical potassium NC 106.0+70.6b 144.0+29.1a 125.0+£56.8ab
fertilizer EC 136.0+£62.2a 155.0+£60.0a 145.0+£61.6a
NwC 106.0+38.7b 95.0+57.0c 99.6+50.0b
SWC 130.0+£75.9a 136.0+58.4b 133.0+£67.3a
FEAT 40 NEC 149.0+40.8b 135.0£19.6b 141.0£31.0b
Straw potassium NC 168.0+43.7a 181.0+43.0a 175.0+43.8a
fertilizer EC 146.0£59.0b 194.0+44.5a 168.0+57.8a
NwWC 147.0+44.1b 147.0+£57.6b 147.0£51.9b
SWC 98.1+£32.8¢c 102.0+29.1¢c 100.0+30.9¢
S NEC 225.0+67.1b 243.0+46.1b 235.0+56.4b
Total potassium input NC 274.0+£91.6a 325.0+£50.2a 300.0+£77.7a
EC 282.0+102.0a 349.0+87.2a 313.0+101.0a
NWC 253.0+55.4ab 243.0+74.2b 247.0+£66.7b
SWC 228.0+91.4b 238.0+64.9b 233.0+78.8b

e ARIE /NG B 3 7 AR ) X8k 9 4 [R) 5 b 78 A (6] 18] P9 77 7 B 3% 25 5% ( P<0.05) , R [H]. Note: The different lowercase letters

indicate significant difference under different regions in same experimental time for one index ( P<0.05) . The same as below.
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Fig. 2 Soil available and slowly available potassium contents in main dry-farming grain arable land of the whole country
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Table 3  Soil available and slowly available potassium content in different regions/ (mg-kg™)

FHEH A Soil available potassium

IR Soil slowly available potassium

X1k Region

1988—2007 2008—2018 1988—2018 1988—2007 2008—2018 1988—2018

NEC 173.0+£82.1a 153.0+63.3ab 161.0£72.2a 701+260b 683+245b 688+248b

NC 126.0+£61.8b 146.0+56.6ab 136.0+£59.9b 792+242b 863+221a 843+229a

EC 138.0+55.2b 162.0+£55.6a 149.0+56.6b 589+262¢ 602+235b 595+249b

NWC 160.0+60.3a 167.0£72.0a 164.0+66.9a 900+211a 951+£305a 929+269a

SWC 98.2+42.7¢ 132.0+67.0b 116.0+£59.0c 300+148d 312+149¢ 308+148¢
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Fig. 3 The relationship between soil available and slowly available potassium
x4 FRRXBATFERBFSELRUE TR
Table 4 The fitted equation between soil available and slowly available potassium in different regions
SR Bt X3 AT ,
R P
Experimental period Region Fitted equation
1988—2007 NEC y=586+0.67x 0.096 7 0.3918
NC y=793+0.39x 0.014 7 0.999 4
EC y=416+1.26x 0.160 5 0.0119
NWC y=615+1.76x 0.2376 0.001 0
SwcC y=265+0.34x 0.0112 0.523 4
2008—2018 NEC y=391+1.91x 0.3294 <0.001 0
NC y=733+0.89x 0.2473 0.002 2
EC y=284+1.93x 0.307 3 <0.001 0
NWC y=685+1.79x 0.124 6 0.005 5
SWC y=279+0.24x 0.003 4 0.244 3
1988—2018 NEC y=452+1.49x 0.2420 <0.001 0
NC y=753+0.62x 0.120 2 0.014 7
EC y=368+1.51x 0.216 4 <0.001 0
NWC y=656+1.67x 0.263 4 <0.001 0
SWC y=275+0.26x 0.006 2 0.157 2

R, 5 1988—2007 4EAHEL, 2008—2018 4F4:[H
FERERE A S E SR A R (FELA AR
FIFEFFED ) BRI E, (HRIKE] B EKF

(P>0.05) (K1), X5 Liu ZP3FEE LIS
MGG RAL, HEEERRK, EREE
S5 & AR IS A R B B BE R 40 % . TEARTFIE
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i, M\ 1988—2007 4% 2008—2018 4F, HARPLH
T WA 22 5 KT 5 30A S 32 347 F 0 A it Y,
b E AT I BT RAE RS IA H AR A U
it 184 30 25 R S A B AR AN SR A AR ELF ), (E AT
FEAR I WIS 5 B B A it P i 32 B pl Y R B R )
Hete, HAE & —Mm Tk, JoH 2 Mm
R, AT 2D T 4 B b T - 5 S AR Y
FHE R KRG B4

H A [ ) e B VR 2R | e A R i S
SBEEAAE W 25 5, FEIN E R P X B b 1 A S
R, 2 5 i L AR 22T DA S A W AR
BRAE AR SRR . AE 1988—2018 4FE ], As[a] X I,
PRI FIAR AR I B A B B s (% 2), X &
ESMRH R, EAbh X FER/NE TR E
M —AE PR, AR AR HD DX =2 /N KR AE,
AL RIAR R B 2 E AR B e X, R R 4R
2 A0 B R v 7 IR 2 1 e R AT A T S S AR
At 3 A X, 5 A RUBE Y B[] 22 AN
[, 2008—2018 4F, Adb. fedt . A FIPH R 1Y 5L
PR AR 1988—2007 4EFE A T 4.22%~23.8%,
Horp e FAE AR MG IR A (18.7%F1 23.8% ), i
PR AIZRIE (4.22%F01 8.26% ) %% (£ 2). Xid
B, ARAC AR AR S A f B A sl 14 85 1 B o5 X
FEABFFE I, ARAUFNAE 7R b IX R FF A4 FH A Ok 1)
BPAC A A e e Y, B R B AR R
K SRR I WY, AT RS FF A B DA SRR 7S
R, SR, TR RIAE AR XS R A
B, QT g B 2 AT B v R AT A S R R B
HE 3w A e — 20T . AR R, FPARRC
BRI H 7 RAMESEHAEY G 7=, B REHE S i
MRS R E PR, 5 1988—2007 4EAHIL, 2008—
2018 AF PG Y S AE S A S IR B /N, IX AT fE
570X e R AL R R o T HE
Bl = AR RO, PEAG B IX ) - S ER R AR
T AFfEFEE AR, ik, BUESSEAHERR
AGIRE— 2B FE Tz b DX I e FH R s
32 ZEMARRXEFERIERRH I TR

FRFNZ T

EAE N I, i TR A it Y K
I, 2008—2018 4 i) 322 AR R SR Hh A 3 Ak
LR & T 1988—2007 4F (K 2), Ht
SRR B V-8 (139 mgkg ™) BEFEARD (K

F 110 mgkg ') Pl [FIAF, A EERERE
B b - e R A R T He MBS (4
] - S AR S AN 1990 4E /Y 79.8 mgkg IR E B
2012 4E ) 93.4 mg-kg '), JEIH—J it 55 A AKL
SR R DG, I AL T 5K 4 B 55 b
X ARTEARBI R 55—, AR TI
F W 5 8 BRSO E LR HEAT RS AR A H
3R TR 22 . IR AECO R, MK
VLRI AN, Y IR T 90.0 mgkg
BF, B P RN B B . AU AR R, R E
IR RV T L 1980 AF-AR 1Y 5 HOk A 4%
AN EAREN AR, HEBRTIERNERCRZ
Ab, HXHVEY BT T RHCHT R SR b e
HAEZEMEARY, 0 e i o w0 s &
Al AE— s B AR TR R BT RE M B D g
Chen I F I, FERSFFARIS HFIA H A& F
- S8 R R R AR BR300 R 1.9~10.5 4FEAN
7.6~38.8 4F . A, Gnfer A A0 A it A, DA T
PRUETEAN IR R AR AL GE IR () St 1, i — D GEEY
s JOORITC A0 P BB S0 A i LA 52 1 B S R AR S
Z RS A AR, ARTR] X sk ]
I AP LR A (KT 150 mgkg '), 4E
L4 X 45 5 (130~150 mgkg '), i P4Eg
A, HE AT 100 mgkg ' (£3). SLERNER
SEIAHAL, 25 DX - O o it B s L
Ay FTEE SR a3k F2 R AT W 5 o
Jite A 45 A5 BK P55 R B, PN K RS AR A H
ey BT, SR SRR, K
T - A M B S s, AR i X KR
S 82.5 mgkg !, X FE SAHFIE BIEA X A
F8& T O IR AL A 1 Fab 25 B 4 R R
BRI G R ) X 2 R 2
5 RO AR R, XS A URE -
RIS 285 00 12 Mg D, 7 S S B A R B U
SyBrh, FEUCEE ) VY R A M R A R . [RIE
Wil T FE I B R I HES, BRZRJEAR, 2008—2018
AE A X B 1 S A A 1988—2017 AFE4RE T
4.16%~34.5% (& 2), X5 He “5 it 53 45 KA
o ARV, 1988—2016 4F[H]4E]L
W X R S BT (AR, R
SO TN Ky, AR b 2 4 A - S0 A5k Al S R
B RIG S, TR AT R SRR AR ERO B R S ) A
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e G B AR, AL, BRI TG Y
A A R — R AR T A E
B 71, RS 4 S HUR AN AR R BB VE AR R ik
AR, SEE MR TR, Hik,
faf B2 Tt R 2R A AR WA A R R AR
33 FERER|SH T IERIFSEIFNE

Xz

EAE R FESER eV I, Y R
ROAR S RS BT, T RS AT A S B R A 3 n
Hagh BEARE T RA I, B I A AR,
1988—2018 4F- 4> [ 3= 2L /R M Bk dth + 1B 28 24 BH Y
WA 10.2 mgkg ', LB WEIAR R A58 i, 3
ez EiE T (K 3), FEEZS 1988—2018 4F
li] + AR Ty AR T Y, — Ty, R g
HSEPAETE RAE D A KT R Z A0, T iy el
BT 1) 2B 0 A Y DT S BT T b Y A 5
J— I, A EUR W T Y A 3 B R g A
(1) pH ] fE 38 2 52 W = 3985 2% 08 B A AT L AR TR
TE Vi 20 B 55 1 — 25 R 2E 1 B 1) 22 0B 0 e Ak i
R0 2930 Sy, AR AR Y - R A S AL
AR - S AR A 7 R R M M A B R AL
PR, SR — 2B T GRS I S B TR R RS A
Chen MR FE W, 3L T 4 e 30 & 2 R
RBA BOTAN L R A A s . I, fEfRSE
P R, AT 7E s AR i St L, 255
- HELRAU SX —VEAE RAE ) AT AR, USRS
R HHER LB AR ) SR

HY TS [ X 3 1 4 198 2% 750 0 B0 b o 22 S 45
K, 1988—2018 4= A [i] [X 358 Py - 32 o 55 15 2% sf 4
MR C R E TR (HE H A 4 &, R
Jb. At SRR AP A6 A B AR G I A B 1,91,
0.89. 1.93 F1 1.79 mg-kg'); HASIRIH X AEA [}
(i) A B PN 358 T Al A7 7E AN TH], 2008—2018 4F4E
7R b DX 38 5 4R Y B B S T 1988—2007
A WP XN ARG R AR (K 4), XAfHES
R PR AN R S SEIA A 56, Guo 4517
R E I, 1 TREoK SRR, i
DAL 7210 L 2 55 i XA 39 28 X it A
Wi A7 AF 22 57 . FEARARMBIX, BRI R B A
SRR 25 A9 - 396 LT A1 0T B e A
I ERR AL 2 0 BRI, B EARLEI A R

PR 2B AT SR, T R R A R e R
NAEAe, BTG B AR B A2 b,
EVRIFE AR AR TE R B, SRAHIAE o 130 2
PEGEIR, A B AR B R TR, S5
B 2 P ) A e Al . PN S R AR
R ORI o AU, AR T A5 1 b A S 22
R AL G R A 2 — 2Rk

4 %5 B

TE4 EH BT I & 1, 1988—2018 4E 4
B 32 B SRR B O S AAR AR (AR AE
FIFEFF ) My 273 kg-hm 2a ™, Hidh AL FIAE R B 35 5
THABX B BT IR A BRI Z AN, HAh XAy
SEAE P AR 2008—2018 4EE T 1988—
2007 4F, 5 1988—2007 4FEAH L, 2008—2018 44
] 2 AR b 174 - A8 S O 2 A 0 i 4
w1 15.1%H 6.72%, Horp - SR LI JL AR
A6 3 T A X sk - R S 2R S A
FHIEM KR, Bl LM BT EE, HA
[ a3 B B R DX sl ] g 400 T R 25 S R . IR,
FEMSHE - e A B AL S R ROF I, IS A I it
FH S (B FAS [R] DX 3 25 5+
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