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Potassium resource quantity of main grain crop straw and potential for straw
incorporation to substitute potassium fertilizer in China
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( Anhui Province Key Lab of Farmland Ecological Conservation and Pollution Prevention/School of Resources and Environment,
Anhui Agricultural University, Hefei, Anhui 230036, China )

Abstract: [ Objectives ] Crop straws contain high content of potassium (K), and the in-season K release rates of
returned straws are high in Chinese croplands. Clearance of the quantity of crop straws and the contained K
resources in the main grain crops planting areas of China would provide a scientific basis for soil K management
under straw returning. [ Methods ] Based on latest statistical data and literature review, the K resource quantity
of main grain crop straws and the potential of K fertilizer substitution were estimated for different provinces and
agricultural regions of China. [ Results ] The results indicated that the amounts of crop straw from rice, wheat
and maize were 232.12, 170.83 and 399.18 million tons per year, in the main grain crops-planting regions of
China during 2015-2017. The crop straws were mainly produced in North China, Middle and Lower Reaches of
Yangtze River, and Northeast China, accounting for 33.6%, 25.4% and 22.8% of the total national crop straw
yields, respectively. The annual straw K resources from rice, wheat and maize were 5.29, 2.16 and 5.68 million
tons. The straw K resources were mainly distributed in Middle and Lower Reaches of Yangtze River, North
China and Northeast China, accounting for 30.4%, 28.2% and 22.0% of the whole resources in China. The K,O
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provided by rice straw incorporation ranged from 115.0 to 209.5 kg/hm’ in China, that by wheat straw

incorporation was relatively higher (K,0 82.3-97.1 kg/hm®) in Henan, Hebei, Shandong, Anhui and Jiangsu

Provinces, where the sowing areas of wheat was about 71.1% of China. For maize, straw incorporation could

substitute 67.2—170.7 kg/hm’ of K,O input. At the national scale, the substituting potentials of potash through

straw incorporation were K,O 152.6, 82.4 and 124.4 kg/hm® for rice, wheat and maize, respectively.

[ Conclusions ] The straws of rice, wheat and maize could averagely provide K,O resources of 4.49, 1.93 and

4.79 million tons annually under straw returning. The available K,O amount in season from rice, wheat and maize

straws are 152.6, 82.4 and 124.4 kg/hm’ in China. Therefore, using straws properly could satisfy the basic

potassium requirement for grain production and soil potassium balance.

Key words: rice; wheat; maize; straw incorporation; substitution for potash
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Table 1 Straw/grain ratios of rice, wheat and maize in
different agricultural regions of China

AeIX IKFE N ok
Agricultural region Rice Wheat Maize
7Rt Northeast China 0.97 1.86
4£4t North China 0.93 1.34 1.73
KT R 1.28 1.38 2.05

Middle and Lower Reaches of
Yangtze River

P4t Northwest China 1.23 1.52
PR Southwest China 1.00 1.31 1.29
R 77 South China 1.06 1.32

2 AR5
21 ZEFER|EVYREHERERST
2015—2017 3R [ R EAR S VEYFE FHAFE = 5

980213 J1 t, HHUKFE . /AR FORFEFFAER -
S350k 23212 J5 t, 17083 J t Fi139918 Ji t, j=iifk
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Table 2 Straw yields of rice, wheat and maize in different provinces of China

A IX Agricultural region 1y Province JK# Rice /N Wheat FE K Maize
Z<dt Northeast China il Liaoning 444 £ 31 2888 + 385
bk Jilin 637+26 5511 + 464
My VT Heilongjiang 2352 +£333 6432 £ 553
#£]t North China Mt Hebei 1953 + 54 3148 + 331
11174 Shanxi 347 +31 1574 + 104
Mt Inner Mongolia 231+21 3972 + 317
1175 Shandong 3210+ 116 3909 + 604
i[5 Henan 483 +28 4767 £ 173 3327 + 381
KA TT95 Jiangsu 2465 + 39 1651 + 124 550 + 91
fd‘;;” Reaches of 441 Zhejiang 690 + 105
Z# Anhui 1924 + 164 2043 £ 197 1072 £ 160
YLV Jiangxi 2631+ 79
114t Hubei 2317 + 150 587+5 674 + 62
IR Hunan 3408 £ 91 394+ 12
Pt Northwest China VY Shaanxi 537 +33 831+6
H# Gansu 336+9 869 + 14
T X Ningxia 333+ 10
Biii Xinjiang 834+ 71 1096 + 70
Vg Southwest China T K Chongqing 501+13 334+8
)| Sichuan 1528 +47 477+128 1130+216
F M Guizhou 432+16 469 + 87
Z B Yunnan 620+ 79 111+12 1039 + 120
B4 South China f# Fujian 477+53
J"Z< Guangdong 1138 +£25
J P4 Guangxi 1164+ 72 366+ 6

F (Note) : FHHIE AL + FrifEZ Data are shown as mean + SD.
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Fig. 1 Straw yields of rice, wheat and maize in different
agricultural regions of China

[1# (Note) : NEC—ZJt Northeast China; NC—7%£&1t North
China; MLY—K YL T {i# Middle and Lower Reaches of Yangtze
River; NWC—V4 ]t Northwest China; SWC—VP4 R Southwest
China; SC—F§ 7 South China; =254k JyARiE2E Error bars indicate
the standard deviation.]
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113.4 kg/hm?, /i 48 TR SREFP ALY 26.8%; H
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Table 3 Straw potassium resource quantities of rice, wheat and maize in different provinces of China
ARIX. Agricultural region 41} Province JKAF Rice /INFZ Wheat F K Maize
Z:dt Northeast China iI7* Liaoning 10.1+0.7 41.1+55
K Jilin 145+0.6 78.4+ 6.6
YT Heilongjiang 53.6+7.6 91.5+7.9
£t North China Tt Hebei 24.7+0.7 448+4.7
11174 Shanxi 44+04 224+15
M Inner Mongolia 29+0.3 56.5+4.5
11~ Shandong 40.6+1.5 55.6+8.6
777 Henan 11.0£0.6 60.3+2.2 473+54
KT R YI.95 Jiangsu 56.1+0.9 209+1.6 78+13
Middle and Lower Reaches of WHT. Zhejiang 157 +2.4
Yangtze River L Anhui 43.8+3.7 259+25 152+£2.3
VL4 Jiangxi 59.9+1.8
Wt Hubei 52.8+3.4 7.4+£0.1 9.6+0.9
1174 Hunan 77.6 +2.1 5.6=0.2
P54t Northwest China BPE Shaanxi 6.8+0.4 11.8+0.1
Hil Gansu 42+0.1 124+0.2
T X Ningxia 47+0.1
Bi¥R Xinjiang 10.6+0.9 15.6+1.0
Pir Southwest China T K Chongqing 11.4+0.3 4.8+0.1
Pa)1l Sichuan 348+1.1 6.0£1.6 16.1+3.1
HIH Guizhou 9.8+0.4 6.7+1.2
2 Yunnan 14.1£1.8 14+0.2 14817
B4 75 South China & Fujian 109+1.2
J"” %< Guangdong 259+0.6
P9 Guangxi 265+1.6 52+0.1
# (Note) : Fi R T-H{H + #rUEZE Data are shown as mean + SD.
%4 REFRAREKAE. MENELETEENHRERE S
Table 4 Straw potassium resource quantities of rice, wheat and maize in different agricultural regions of China
IKFEFEFT Rice straw INFEFEFT Wheat straw FKFEFF Maize straw
A B it B it B it
Agricultural region Quantity of K,O  Percentage  Quantity of K,0 Percentage  Quantity of K,O Percentage
(x10%1) (%) (x10%1) (%) (x10%1) (%)
Z~dt Northeast China 782+7.5 14.8 2109+ 18.1 37.2
4£4t North China 11.0£0.6 2.1 133.0+4.2 61.5 226.5+24.2 39.9
KAL AT il 306.0+ 7.9 57.9 542+4.1 25.1 382+4.5 6.7
Middle and Lower Reaches of Yangtze River
P4t Northwest China 21.6+13 10.0 445+12 7.8
P4 Southwest China 70.2+2.9 13.3 74+1.8 34 423+59 7.4
®iJ7 South China 63.3+3.4 12.0 52+0.1 0.9

F (Note) : FHHIE AL + FrifEZ Data are shown as mean + SD.
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%5 BEFREMMRXAMHMEKE, NEMEREFEHNRLEZERES KO kghm’)
Table 5 Potassium substitution potential through rice, wheat and maize straw incorporation in different provinces and
agricultural regions of China

A% [X. Agricultural region 415y Province JKF Rice /NF Wheat E K Maize
Z:t Northeast China i1 Liaoning 161.1+0.5 141.0£10.0
F K Jilin 1562+ 1.0 170.7 £5.1
M YT Heilongjiang 1324+14 136.9 £3.7
JINALCF-5 Weight average 139.6 + 0.6 148.7+ 4.8
#£-Jt North China Tt Hebei 943+13 113.4+63
11174 Shanxi 61.6+1.0 110.9+3.6
M%7 Inner Mongolia 427+05 138.4+1.2
114+ Shandong 92.7+0.5 1354+2.5
[# Henan 145.5+3.5 97.1+1.1 112.4+2.9
JINALCF-5 Weight average 145.5+3.5 91.0£0.7 123.3+23
KT R VL5 Jiangsu 209.5+1.3 823424 137.0+ 7.3
];A;::E:;‘:V:W“ Reaches of WFIT Zhejiang 177.0£2.8
Y Anhui 157.1+4.3 89.4+1.3 132.6+5.1
YLV Jiangxi 150.2+0.0
14t Hubei 201.0 4.1 592+ 1.4 113.3£5.0
Wi Hunan 1589+1.2 133.4+0.6
JINALFE Weight average 1714+ 1.5 81.0+ 1.4 128.0+ 3.6
7G4t Northwest China B VY Shaanxi 58.0+0.9 855+1.3
H7 Gansu 48.8+0.2 1024+ 1.4
T X Ningxia 132.7+4.6
B Xinjiang 77.1+1.5 136.0+2.2
JINALCF-25 Weight average 63.3+0.7 108.7£0.4
Vg Southwest China T K Chongqing 142.6+0.3 86.4+1.0
PuJIl Sichuan 151.4+0.6 56.4+ 0.4 87.0+£2.2
F M Guizhou 1223+2.4 672+12
Z B Yunnan 115.0£2.6 31.1+0.5 77.9+2.0
JINASF-15 Weight average 136.7+1.7 48.8+0.5 80.0+ 1.7
F45 South China fE# Fujian 1266+ 1.4
J" < Guangdong 1183+ 0.4
P8 Guangxi 117.5+1.5 722+0.7
JINASE-14 Weight average 1193+0.3 72.2+0.7

7E (Note) : F¥lE A FH{H + Fr#E2E Data are shown as mean + SD.

67.2~87.0 kg/hm® B DXIH Ay 2 (6 FOK SRR IIAR Y BOBRIR O BEIRGR , AU D RO B R ARV T i
16.2%, GHEM)I, HEK, BRVG . =/, 7RIS ORI ANAERGFT IS HEACE AL o R 2 AR b Ak
Mo MFEARARIX FZOREEY RS A X, RGOV RICHP R AP ILR X, PR R IX /N
MERHE IR, ARARKORRER AT E SR8 4t RS Ak REAUEIE A 7 J1 d5e /s KRG AT b AR



208 R R R L S 26 4

BRALTE 1 B R R AR AR X, HUO VL R
AR, VYR AR X B AR AR XD o R
A, KFEREAT IS A A B ke, HOh £
KAVNARERT, BB T BUKRS . /N KR
ks FH 25 2 ] f R 3R 20 ) I AT 28 20 51
K,O 152.6. 82.4 #il 124.4 kg/hm’,

3 e

AWFFEAL T IREDKAS . /N K R 2 A
B FREFF IS HAERE RS, 1T L&A D RS FF
i AR AR B0 R 40 BRI 22 . X TR
FEAF =R G SR UG, Al s )y R
HHE, FEEYRBFFREEAIT SRS, AL
AIIERRECR R . o AR A5 i SCER IR A 3R [
IKAE . AN E KA A 1.0, 1.1 f12.0,
B 2 S e X B [ RS AT B IR A A T B o
i, SR T AR AR 2 gm i) R AR &5
FW (BITA) ) PRRREEY MRS L OKFE
0.9, /N2 1.1 FIEK 1.2), ARIHSEHEXT TR [ F5 T
BE R A IR AT GE T A R v A Sk BT A5 KRS
AINEFIE R EA LA 1.0, 1.1 F 1.2, AREE
YIRS AR R 22 57, AR I R4 LU
WAZ BN RSN . VEY S0 DL B AR i A 4 i R
205 e i A P A 20, X I i ST R 56 STk
TERHT A IR E R XA MEY AL R
Jb . KT R . VG R AR B B X KRS A AR LS
M 091, 1.08, 0.95 F10.93; 44t KILH FiEm
PUdb il X /N2 B L o 1,34 1.39 Fl 1.10;
At fedb . UL RNV RS M X K A A A A
111, 1.23, 1.29 f1 1.28, A5 R E R & i
TN T REARNEBIN AT 2015 LA (LFIF
JAAE W REFE25 A R I ZIHPEASG r 0 ) 3k
ERFL XA FEREEY AL, XE—ERE
AT DA Ay o fy b A TR AN [ 4 A R A R
JRAFBAEXT IR E 11 N A LT R B U5 2R 1 T 0 A
B E, AR T CREAEAUICE ) f PR
AHLERIRE ) o EXTIR EAE RS FE 575 B8 IR AL
AT E BT, RKFSEDR R ChEA
PUIEREZEIE ) R FF IR S S8, MRS
AWFR R E (P EA VLR SR ) A
Bl XS ChERPUIEESEE) © (b
FE A ARSI ) SRR A A (645 21 1 7K
it NEMEKRFEFAR S RET ChEA DR

A3 WA DCE R o

I A7 U6 A 2 AN B0 S B A ST 25 SRR
TR HZ 0 R A SRR, KEEss
R, FEFFE H BRI INEY 1o, i HASFRE
RENEB: s v WA i S TR [ 5 ST ) [ R i i A
FFI8 B AE— 58 414 T 0 A Bl TR K i o Al el 12
MBI, AR O Se Rl v Rpsk & e HA
HE Y TERSFF S A s, AR B
T AT DAE D —FEEREERTE ., FEPrEEa
KRG RS DU 20 21 + 203 % B KRS + Bk T i
WA R, KRR AT L 5 AR5 1 2=
NEEA AR Y8 FR 520, A5 FFIE ) DA
rALZERR AL AR R, A5 R T A SR I L
A, G R T R, SEBO A RS R
SRR IR MG AR . AEBIAL A AN R AL K
AT ARG AR AR H R0 2 0, 74 IE M T =
4 K,0 75 kg/hm?, /NAFEFF 4 2R 4500 kg/hm? 1)
MR, KFEZE S 14 (RRALER i > 150 mg/kg)
Frh AR A 3 GRS oA 100~150 mg/kg) LFREFF
I 43 50T LAEEAR 49.1% 1 20.0% AYEPARE, FETT
VA HE 0 ELER U 28 41 okl + R B KR £ L T
6 KRS FFA HE ARG o, 7RI ff 419k
B A E R 98 me/kg . MR EBAEN KO
150 kg/hm? f 544, /K AEREATIE HI AT 50.0% 19
BRAEED, FELRAR AL BT I /N2 RS FTAA H T B IR
WG R, TEHUSBR B 137 mg/kg B IS
T, S%FMEHAI (K0 135 kg/hm?) MLL, /N
FEFFIL H (6000 kg/hm?) Fehli 4P AR IR I 30% XK A5
PRSI S VRIS FEAE IR B AR T X 0%
PRZ AN TA T BB R o FEFF 05 A
ZRPPEHERT (KRR SRR S ) M E 1
GERIRA T8 505 1Y B me, IRERFARIX
F R WS FT 00 60 fige 3o 32 R0 A0 5% 40 e Tkt o T
RESAAIE—E M 2E 5 o xR AN R IX 1) - 8 4%
PEFNFPAE B, A5 R E— 2P R RS A I AR
O ASCR Y F E) S, IR AT R A, RS AF
I 254 T 8P IE ) A BRI FH AR AU A, FT o R AR
YIRS AR L A FR I AR T, 220 - S R o il
ArRs T R T
4 ZhE

T EZAR S YRR XA R E K,
2015—2017 4E W] = SR EAEWFREFFAE R - 2
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setmily, A5 JRIE T EAREAEYIRE TSRO BT Lok TR R T 209

80213 Ji t, JKFE . /NEEFIEKFEFF T i Le il 433l
28.9%. 21.3% F149.8%, = KIEIEWFEFFEH 5
fi TAEAL . KT P fARde A X, RERRE. /D
2 TN T KA FF I FH 24 25 ] 2 430 0 4 5% 43 4 )
449 J7 t. 193 J7 t F1 479 Ji to ANFEE G /KFEFEFFIE
FE 5 A B0 A v ) ¥4 K, Wl ik KL,O0 115.0~
209.5 kg/hm?, /NEFEFFIS HAEBRE I K INA
WA NE . WA IR ERONTLAN, K0 B
F1°4 82.3~97.1 kg/hm?, T KFEFF A AT ALY /)
S} K,0 67.2~170.7 kg/hm?>, F& [E 507 B Hb 7 ALK
F L /INZE TN OK RS AT B 24 2T 4R AL A B0 5% 2 2 40
W K,0 152.6. 82.4 Fil 124.4 kg/hm?, FEAE/E
YIRS AT B AT LAER A0 B AR AL 2= B AR ATt % b
Fo - S R Ay - S RO A R

Bigl: AN HBRBTOREAMK, £kt
SURRAE & T s Rl !

& £ X #:

(1] SRIH, BN, 755K, 5. th EFSFT IR0 B A SO AL T
T3] AP E SR S LR A, 2018, 24(1): 1-21.

Song D L, Hou S P, Wang X B, et al. Nutrient resource quantity of
crop straw and its potential of substituting[J]. Journal of Plant
Nutrition and Fertilizers, 2018, 24(1): 1-21.

[2] ChenB Q,LiuEK, Tian Q Z, et al. Soil nitrogen dynamics and crop
residues. A review[J]. Agronomy for Sustainable Development, 2014,
34(2): 429-442.

[3] Damon P M, Bowden B, Rose T, ef al. Crop residue contributions to
phosphorus pools in agricultural soils: A review[J]. Soil Biology &
Biochemistry, 2014, 74: 127-137.

[4] LiuC, Lu M, Cui J, et al. Effects of straw carbon input on carbon
dynamics in agricultural soils: A meta-analysis[J]. Global Change
Biology, 2014, 20(5): 1366-1381.

[5] Tian K, Zhao Y C, Xu X H, et al. Effects of long-term fertilization
and residue management on soil organic carbon changes in paddy
soils of China: A meta-analysis[J]. Agriculture Ecosystems &
Environment, 2015, 204: 40-50.

[6] HWL, S5, TR, 55, a5 RS AFIE 1%+ 42 508 ) FivEd)
PRI []. N A A 2AR, 2012, 23(11): 3040-3044.

Yang F, Dong Y, Xu M G, et al. Effects of straw returning on the
integrated soil fertility and crop yield in southern China[J]. Chinese
Journal of Applied Ecology, 2012, 23(11): 3040-3044.

(7] BREr, BOVR, SOERE, 6. KIARIGAL T 5 6 2 G i s

L AER 7=t R[] el TAE2A4R, 2016, 32(S1): 139-144.
Chen X J, Zhao Y N, Chai G Q, et al. Integrated soil fertility and
yield response to long-term different fertilization in purple soil[J].
Transactions of the Chinese Society of Agricultural Engineering,
2016, 32(S1): 139-144.

[81 #kE, AIRE, KRR, 4. FEFFL HAVE #A P KRS 55
BCRXT L[], Al T AR, 2008, 24(3): 214-218.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Yang Z C, LiY Z, Zhang F R, et al. Comparative analysis of the
effects of straw-returning and decomposed manure on paddy soil
fertility betterment[J]. Transactions of the Chinese Society of
Agricultural Engineering, 2008, 24(3): 214-218.

JEISERE, KRBT, FBICHE, A5, vl X/ INAE 7 a7 e B X R AF
i ELU W B B2 7 20 BT[] A2 4R, 2019, 33(1): 129-137.

Zhou Y H, Zhu X K, Guo W S, ef al. Meta-analysis of the response
of wheat yield and yield components to straw returning in China[J].
Journal of Nuclear Agricultural Sciences, 2019, 33(1): 129-137.
Huang S, Zeng Y J, Wu J F, et al. Effect of crop residue retention on
rice yield in China: A meta-analysis[J]. Field Crops Research, 2013,
154: 188-194.

RES, YRR, EAEF, . FFFIE M5 S AU BN E R KA
Foa TR EIE R BT, T EOLRE, 2000, 42(8):
2736-2746.

Xu G W, Tan G L, Wang Z Q, et al. Effects of wheat-residue
application and site-specific nitrogen management on grain yield and
quality and nitrogen use efficiency in direct-seeding rice[J]. Scientia
Agricultura Sinica, 2009, 42(8): 2736-2746.

WA=, 2RI, FRaRk, 55, R 2 hbd 5 A LIE B0 PG LT
EEROKFE 0 K B EAT]. VR4, 2017, 43(12): 1802-
1816.

Chen MY, Li X F, Cheng J Q, et al. Effects of total straw returning
and nitrogen application regime on grain yield and quality in
mechanical transplanting japonica rice with good taste quality[J].
Acta Agronomica Sinica, 2017, 43(12): 1802—1816.

ZERN AN M55 ho  EA PR SR EM). st hE
Al i RsAt, 1999.

National Agricultural Technology Extension and Service Centre.
Records of nutrients in organic fertilizer in China[M]. Beijing: China
Agriculture Press, 1999.

XUGEK, 2545 . P RRS AT IR B U B i B 28 0 AR RHIE D). AR
P TR, 2017, 33(21): 1-19.

Liu X Y, Li S T. Temporal and spatial distribution characteristics of
crop straw nutrient resources and returning to farmland in China[J].
Transactions of the Chinese Society of Agricultural Engineering,
2017, 33(21): 1-19.

TP, G4kiZ, WA, 45, KIEH SRR B AL - Fiig
DA e IR AR ()], HEE TR SRR, 2008,
14(1): 106-112.

Tan D S, Jin J Y, Huang S W, et al. Effect of long-term application of
potassium fertilizer and wheat straw to soil on yield of crops and soil
potassium in fluvo-aquic soil and brown soil of northcentral China[J].
Journal of Plant Nutrition and Fertilizers, 2008, 14(1): 106-112.
AR, G akis, B4 SCAIITEAR SRFTA HX 7Y I L DO R R
il BE AR b R RS R BRI (D] A 57 S IR R, 2008,
14(5): 886—893.

Tan D S, Jin J Y, Huang S W. Effect of long-term K fertilizer
application and returning wheat straw to soil on crop yield and soil K
under different planting systems in northwestern China[J]. Journal of
Plant Nutrition and Fertilizers, 2008, 14(5): 886—893.

PINIAEL, 2R, 9, 45, KA ER AR FF I8 B XAl L X AR
PR I ORI R R [J]. A E SR SIEREAR, 2012, 18(5):


http://dx.doi.org/10.11674/zwyf.17348
http://dx.doi.org/10.11674/zwyf.17348
http://dx.doi.org/10.11674/zwyf.17348
http://dx.doi.org/10.1007/s13593-014-0207-8
http://dx.doi.org/10.1111/gcb.12517
http://dx.doi.org/10.1111/gcb.12517
http://dx.doi.org/10.3321/j.issn:1002-6819.2008.03.043
http://dx.doi.org/10.3321/j.issn:1002-6819.2008.03.043
http://dx.doi.org/10.3321/j.issn:1002-6819.2008.03.043
http://dx.doi.org/10.11869/j.issn.100-8551.2019.01.0129
http://dx.doi.org/10.11869/j.issn.100-8551.2019.01.0129
http://dx.doi.org/10.1016/j.fcr.2013.08.013
http://dx.doi.org/10.3864/j.issn.0578-1752.2009.08.012
http://dx.doi.org/10.3864/j.issn.0578-1752.2009.08.012
http://dx.doi.org/10.3864/j.issn.0578-1752.2009.08.012
http://dx.doi.org/10.3724/SP.J.1006.2017.01802
http://dx.doi.org/10.3724/SP.J.1006.2017.01802
http://dx.doi.org/10.11975/j.issn.1002-6819.2017.21.001
http://dx.doi.org/10.11975/j.issn.1002-6819.2017.21.001
http://dx.doi.org/10.11975/j.issn.1002-6819.2017.21.001
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.01.017
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.01.017
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.05.011
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.05.011
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.05.011
http://dx.doi.org/10.11674/zwyf.17348
http://dx.doi.org/10.11674/zwyf.17348
http://dx.doi.org/10.11674/zwyf.17348
http://dx.doi.org/10.1007/s13593-014-0207-8
http://dx.doi.org/10.1111/gcb.12517
http://dx.doi.org/10.1111/gcb.12517
http://dx.doi.org/10.3321/j.issn:1002-6819.2008.03.043
http://dx.doi.org/10.3321/j.issn:1002-6819.2008.03.043
http://dx.doi.org/10.3321/j.issn:1002-6819.2008.03.043
http://dx.doi.org/10.11869/j.issn.100-8551.2019.01.0129
http://dx.doi.org/10.11869/j.issn.100-8551.2019.01.0129
http://dx.doi.org/10.1016/j.fcr.2013.08.013
http://dx.doi.org/10.3864/j.issn.0578-1752.2009.08.012
http://dx.doi.org/10.3864/j.issn.0578-1752.2009.08.012
http://dx.doi.org/10.3864/j.issn.0578-1752.2009.08.012
http://dx.doi.org/10.3724/SP.J.1006.2017.01802
http://dx.doi.org/10.3724/SP.J.1006.2017.01802
http://dx.doi.org/10.11975/j.issn.1002-6819.2017.21.001
http://dx.doi.org/10.11975/j.issn.1002-6819.2017.21.001
http://dx.doi.org/10.11975/j.issn.1002-6819.2017.21.001
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.01.017
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.01.017
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.05.011
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.05.011
http://dx.doi.org/10.3321/j.issn:1008-505X.2008.05.011

210

W) E SR 50 R

26 4

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

1096-1102.

Sun L M, Li C J, He P, et al. Effects of long-term K application and
straw returning on crop yield and soil K status in fluvo-aquic soil of
Hebei Province[J]. Journal of Plant Nutrition and Fertilizers, 2012,
18(5): 1096-1102.

XK, &dkis, AR5, & Iy LIE-MEY RGN IR IEH
L B FEAT I T S AL D). HIE IR SRR, 2000,
6(2): 123-132.

Liu R L, JinJY, WuR G, ef al. Study on the characteristics of
potassium cycling in different soil-crop systems in northern China[J].
Journal of Plant Nutrition and Fertilizers, 2000, 6(2): 123—132.
ZRUKAR, BEIIK, 2R/, A8 KRS VR P RS FTE AR
BRACARLORLLT]. R4 TR SRR, 2016, 22(2): 317-325.

LiJF, Xue X X, Li X K, e al. Substituting effect of crop residues for
potassium fertilizer in rice-rapeseed rotation system[J]. Journal of
Plant Nutrition and Fertilizers, 2016, 22(2): 317-325.

FERE, AFY, Rk KYIRERUL X5 Aok R AL fd
JIRERZNA ). FE TR S ALERER, 2005, 11(3): 302-307.

Wang X D, Shi X J, Song G Y. Effects of long-term rice straw
returning on the fertility and productivity of purplish paddy soil[J].
Journal of Plant Nutrition and Fertilizers, 2005, 11(3): 302-307.
TR 3 e, R 2, A5 ARt AN IR B Xk £ K i - T
AP IR RSE A ], AR, 2000, 42(10): 3541-3550.
Liao Y L, Zheng S X, Nie J, et al. Effects of long-term application of
fertilizer and rice straw on soil fertility and sustainability of a reddish
paddy soil productivity[J]. Scientia Agricultura Sinica, 2009, 42(10):
3541-3550.

Y, B, KD, % 2014—2016 4Fk E R R AL ARG
S IRET). A E SR SRR, 2019, 25(1): 11-21.

Xu Y, Yang F, Zhang W F, et al. Status and problems of chemical
fertilizer application in crop plantations of China from 2014 to
2016[J]. Journal of Plant Nutrition and Fertilizers, 2019, 25(1):
11-21.

A, XIGK, e AT E L AR T T IR T R I
TEPIE TR SILREAR, 2017, 23(6): 1416-1432.

Li S T, Liu X Y, He P. Analyses on nutrient requirements in current
agriculture production in China[J]. Journal of Plant Nutrition and
Fertilizers, 2017, 23(6): 1416-1432.

BETN, SR, SRAERE, 45, TR EAR M L e AT e ot e 5 Je
D] HEA SRR, 2017, 25(6): 920-930.

Ji HJ, Zhang H Z, Zhang W L, et al. Farmland potassium balance in
China: A review[J]. Chinese Journal of Eco-Agriculture, 2017, 25(6):
920-930.

EEKIEBEZRINVAIT, AAWIBINAIT LTI IARANEWFEAT L5 6
)RR 2 PEAS 5938 S [EB/OL].(2015-12-09)[2019-12-15].
https://www.ndrc.gov.cn/fggz/hjyzy/zyzhly/201512/t20151216_1135
517.html.

Office of National Development and Reform Commission, Office of
the Ministry of Agriculture. Announcement on the final assessment of
planning for comprehensive utilization of crop straw[EB/OL]. (2015
12-09)[2019-12—15].
201512/t20151216_1135517.html.

LA, PR, Lk T EEYRFE I A S A PRI

https://www.ndre.gov.cn/fggz/hjyzy/zyzhly/

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

HER ] P E LIRS XK, 2014, 35(3): 14-20.

Peng CY, Luo HL, Kong J. Advance in estimation and utilization of
crop residues resources in China[J]. Chinese Journal of Agricultural
Resources and Regional Planning, 2014, 35(3): 14-20.

BTz, WA, T, . T RS RG] Aol TR
2£4R], 2009, 25(12): 211-217.

Bi Y Y, Gao CY, Wang Y J, ef al. Estimation of straw resources in
China[J]. Transactions of the Chinese Society of Agricultural
Engineering, 2009, 25(12): 211-217.

RIS, EOAK, ST, S5 PR VEMIRS AT IR 00 B ISR A B B OO
FHARBLLI]. Alk TR2244R, 2009, 25(7): 173-179.

Gao L W, Ma L, Zhang W F, et al. Estimation of nutrient resource
quantity of crop straw and its utilization situation in China[J].
Transactions of the Chinese Society of Agricultural Engineering,
2009, 25(7): 173-179.

Li H, Cao Y, Wang X M, et al. Evaluation on the production of food
crop straw in China from 2006 to 2014[J]. Bioenergy Research, 2017,
10(3): 949-957.

T N RILHIE E R GE R H ESETHES (2016-2018)[M]. JEAT:
RS R, 2016-2018.

National Bureau of Statistics of China. China statistical yearbook
(2016-2018)[M]. Beijing: China Statistic Press, 2016-2018.

EplEE, FEM, 0N, 55 FEAEREFT A A Y 5 FREROUN K
FLIREET]. AR 2741, 2015, 23(9): 1073-1082.

Wang D J, Chang Z Z, Wang C, et al. Regulation and effect of 100%
straw return on crop yield and environment[J]. Chinese Journal of
Eco-Agriculture, 2015, 23(9): 1073-1082.

XK, BGER, 615, 5. HIIUE A RREE XA FFE A
AESEIRLI]. HEARL RN, 2015, 48(8): 1548-1557.

Liu Q X, Dai Z G, Lu J W, et al. Effect of the substitution of straw
incorporation for K fertilization in different rice producing regions of
Hubei 2015, 48(8):
1548-1557.

i, RARAR, BRI, A FNFTIE A T ORI AR AE ) sk
L IhsR, NIRRT ]. T ELOLRE, 2017, 50(19):
3745-3756.

Province[J]. Scientia Agricultura Sinica,

Zhang L, Zhang W L, Lu J W, et al. Study of optimum potassium
reducing rate of rice, wheat and oilseed rape under different soil K
supply levels with straw incorporation[J]. Scientia Agricultura Sinica,
2017, 50(19): 3745-3756.

TR, G4kiE, A3, 45, ANRFHESE I S5 AL
SHEY =M R Z ). T ERLERE, 2007, 40(1):
133-139.

Tan D S, JinJ Y, Huang S W, et al. Effect of long-term application of
K fertilizer and wheat straw to soil on crop yield and soil K under
different planting systems[J]. Scientia Agricultura Sinica, 2007,
40(1): 133-139.

FRRE, e4kiE, T, S TGS AR D P AIRS AL X AN
PRI R[], AEYE SR SRR, 2010, 16(4):
801-808.

Wang H T, Jin J Y, Wang B, et al. Effects of long-term potassium
application and wheat straw return to cinnamon soil on wheat yields

and soil potassium balance in Shanxi[J]. Journal of Plant Nutrition


http://dx.doi.org/10.3321/j.issn:1008-505X.2000.02.001
http://dx.doi.org/10.3321/j.issn:1008-505X.2000.02.001
http://dx.doi.org/10.11674/zwyf.14516
http://dx.doi.org/10.11674/zwyf.14516
http://dx.doi.org/10.11674/zwyf.14516
http://dx.doi.org/10.3321/j.issn:1008-505X.2005.03.003
http://dx.doi.org/10.3321/j.issn:1008-505X.2005.03.003
http://dx.doi.org/10.3864/j.issn.0578-1752.2009.10.0020
http://dx.doi.org/10.3864/j.issn.0578-1752.2009.10.0020
http://dx.doi.org/10.11674/zwyf.18073
http://dx.doi.org/10.11674/zwyf.18073
http://dx.doi.org/10.11674/zwyf.17393
http://dx.doi.org/10.11674/zwyf.17393
http://dx.doi.org/10.11674/zwyf.17393
https://www.ndrc.gov.cn/fggz/hjyzy/zyzhly/201512/t20151216_1135517.html
https://www.ndrc.gov.cn/fggz/hjyzy/zyzhly/201512/t20151216_1135517.html
https://www.ndrc.gov.cn/fggz/hjyzy/zyzhly/201512/t20151216_1135517.html
https://www.ndrc.gov.cn/fggz/hjyzy/zyzhly/201512/t20151216_1135517.html
http://dx.doi.org/10.7621/cjarrp.1005-9121.20140303
http://dx.doi.org/10.7621/cjarrp.1005-9121.20140303
http://dx.doi.org/10.7621/cjarrp.1005-9121.20140303
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.12.037
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.12.037
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.12.037
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.12.037
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.07.032
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.07.032
http://dx.doi.org/10.1007/s12155-017-9845-4
http://dx.doi.org/10.3864/j.issn.0578-1752.2015.08.09
http://dx.doi.org/10.3864/j.issn.0578-1752.2015.08.09
http://dx.doi.org/10.3864/j.issn.0578-1752.2017.19.011
http://dx.doi.org/10.3864/j.issn.0578-1752.2017.19.011
http://dx.doi.org/10.3321/j.issn:0578-1752.2007.01.018
http://dx.doi.org/10.3321/j.issn:0578-1752.2007.01.018
http://dx.doi.org/10.11674/zwyf.2010.0404
http://dx.doi.org/10.11674/zwyf.2010.0404
http://dx.doi.org/10.3321/j.issn:1008-505X.2000.02.001
http://dx.doi.org/10.3321/j.issn:1008-505X.2000.02.001
http://dx.doi.org/10.11674/zwyf.14516
http://dx.doi.org/10.11674/zwyf.14516
http://dx.doi.org/10.11674/zwyf.14516
http://dx.doi.org/10.3321/j.issn:1008-505X.2005.03.003
http://dx.doi.org/10.3321/j.issn:1008-505X.2005.03.003
http://dx.doi.org/10.3864/j.issn.0578-1752.2009.10.0020
http://dx.doi.org/10.3864/j.issn.0578-1752.2009.10.0020
http://dx.doi.org/10.11674/zwyf.18073
http://dx.doi.org/10.11674/zwyf.18073
http://dx.doi.org/10.11674/zwyf.17393
http://dx.doi.org/10.11674/zwyf.17393
http://dx.doi.org/10.11674/zwyf.17393
https://www.ndrc.gov.cn/fggz/hjyzy/zyzhly/201512/t20151216_1135517.html
https://www.ndrc.gov.cn/fggz/hjyzy/zyzhly/201512/t20151216_1135517.html
https://www.ndrc.gov.cn/fggz/hjyzy/zyzhly/201512/t20151216_1135517.html
https://www.ndrc.gov.cn/fggz/hjyzy/zyzhly/201512/t20151216_1135517.html
http://dx.doi.org/10.7621/cjarrp.1005-9121.20140303
http://dx.doi.org/10.7621/cjarrp.1005-9121.20140303
http://dx.doi.org/10.7621/cjarrp.1005-9121.20140303
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.12.037
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.12.037
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.12.037
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.12.037
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.07.032
http://dx.doi.org/10.3969/j.issn.1002-6819.2009.07.032
http://dx.doi.org/10.1007/s12155-017-9845-4
http://dx.doi.org/10.3864/j.issn.0578-1752.2015.08.09
http://dx.doi.org/10.3864/j.issn.0578-1752.2015.08.09
http://dx.doi.org/10.3864/j.issn.0578-1752.2017.19.011
http://dx.doi.org/10.3864/j.issn.0578-1752.2017.19.011
http://dx.doi.org/10.3321/j.issn:0578-1752.2007.01.018
http://dx.doi.org/10.3321/j.issn:0578-1752.2007.01.018
http://dx.doi.org/10.11674/zwyf.2010.0404
http://dx.doi.org/10.11674/zwyf.2010.0404

2 4]

setmily, A5 JRIE T EAREAEYIRE TSRO BT Lok TR R T

211

[36]

[37]

[38]

[39]

and Fertilizers, 2010, 16(4): 801-808.

T H, Fhs, R, ARSI R AT XY
T B N E A R (D). AR 3R S TR AR, 2012, 18(4):
900-906.

Wang Z Y, Bai Y L, Yang L P, et al. Effects of application of
potassium fertilizer and straw returning on crop yields and soil
potassium balance in low-yielding fields[J]. Journal of Plant Nutrition
and Fertilizers, 2012, 18(4): 900-906.

WHESE, RS, THALk, 45 MER RS AR X FoK 7 0 700
WS % - SR BT RS MR []. A TR SRR, 2014, 20(5):
1110-1118.

Xie J G, Hou Y P, Yin C X, et al. Effect of potassium application and
straw returning on spring maize yield, nutrient absorption and soil
potassium balance[J]. Journal of Plant Nutrition and Fertilizers, 2014,
20(5): 1110-1118.

SR SCHE, MR-, B, 45, REFFIE H 7 00 L0 221 S
AR, HE TR S ALRLEAR, 2015, 21(4): 936-942.

Xie WY, Zhou H P, Yang Z X, et al. Effect of different straw return
modes on potassium balance and potassium pool in cinnamon soil[J].
Journal of Plant Nutrition and Fertilizers, 2015, 21(4): 936-942.
VYT, 2575 X0, F MU, %, KIERPES AT HXOE PP A/
2 -H FRHFAE LI ik X2 AL LU AR I 2 (0], R AR 252431,
2015, 26(11): 3322-3328.

Shi J L, Li X S, Wang S J, ef al. Effect of long-term shallow tillage

and straw returning on soil potassium content and stratification ratio

[40]

[41]

[42]

[43]

in winter wheat/summer maize rotation system in Guanzhong Plain,
China[J]. Chinese
2015, 26(11): 3322-3328.
Ykt EOVHL, (LY, 55, Fa AR (LR AR J1 260 RS FFIE AR
BRI Al R, 2014, 47(2): 292-302.

LiJF,LuJ W, Ren T, et al. Effect of straw incorporation substitute

Northwest Journal of Applied Ecology,

for K-fertilizer under different paddy soil K supply capacities[J].
Scientia Agricultura Sinica, 2014, 47(2): 292-302.

Wi, JEE AR, SRR, 45 IR A TR B A HE AU A
FEMELLBTRIBESEI]. HE SRS A, 2017, 23(3): 658-668.
Zeng Y H, Fan C G, Wu J F, et al. Replacement ratio of nitrogen and
potassium fertilizer by straw incorporation in early rice under the
same nitrogen, phosphorus and potassium input[J]. Journal of Plant
Nutrition and Fertilizers, 2017, 23(3): 658-668.

BN, TRET T, SRLLEE, GE. ZEFFIR T BRI X RS P i R
HEFIHZR B2 ] i E AR 240, 2017, 25(11): 1653-1660.
Jin M C, Zhang S Y, Gao H J, et al. Effects of reducing potassium
fertilizer on rice yield and potassium use efficiency under wheat
straw return condition[J]. Chinese Journal of Eco-Agriculture, 2017,
25(11): 1653-1660.

F4U, 5 E3E, KICH, 5. i A L A BRI R Y
A TI]. LHE2EHR, 2016, 53(1): 16-27.

Wang J Z, Lu C A, Zhang W J, et al. Decomposition of organic
materials in cropland soils across China: A meta-analysis[J]. Acta

Pedologica Sinica, 2016, 53(1): 16-27.


http://dx.doi.org/10.11674/zwyf.2010.0404
http://dx.doi.org/10.11674/zwyf.2014.0507
http://dx.doi.org/10.11674/zwyf.2014.0507
http://dx.doi.org/10.11674/zwyf.2015.0412
http://dx.doi.org/10.11674/zwyf.2015.0412
http://dx.doi.org/10.3864/j.issn.0578-1752.2014.02.009
http://dx.doi.org/10.3864/j.issn.0578-1752.2014.02.009
http://dx.doi.org/10.11674/zwyf.16297
http://dx.doi.org/10.11674/zwyf.16297
http://dx.doi.org/10.11674/zwyf.16297
http://dx.doi.org/10.11766/trxb201503090019
http://dx.doi.org/10.11766/trxb201503090019
http://dx.doi.org/10.11766/trxb201503090019
http://dx.doi.org/10.11674/zwyf.2010.0404
http://dx.doi.org/10.11674/zwyf.2014.0507
http://dx.doi.org/10.11674/zwyf.2014.0507
http://dx.doi.org/10.11674/zwyf.2015.0412
http://dx.doi.org/10.11674/zwyf.2015.0412
http://dx.doi.org/10.11674/zwyf.2010.0404
http://dx.doi.org/10.11674/zwyf.2014.0507
http://dx.doi.org/10.11674/zwyf.2014.0507
http://dx.doi.org/10.11674/zwyf.2015.0412
http://dx.doi.org/10.11674/zwyf.2015.0412
http://dx.doi.org/10.3864/j.issn.0578-1752.2014.02.009
http://dx.doi.org/10.3864/j.issn.0578-1752.2014.02.009
http://dx.doi.org/10.11674/zwyf.16297
http://dx.doi.org/10.11674/zwyf.16297
http://dx.doi.org/10.11674/zwyf.16297
http://dx.doi.org/10.11766/trxb201503090019
http://dx.doi.org/10.11766/trxb201503090019
http://dx.doi.org/10.11766/trxb201503090019
http://dx.doi.org/10.3864/j.issn.0578-1752.2014.02.009
http://dx.doi.org/10.3864/j.issn.0578-1752.2014.02.009
http://dx.doi.org/10.11674/zwyf.16297
http://dx.doi.org/10.11674/zwyf.16297
http://dx.doi.org/10.11674/zwyf.16297
http://dx.doi.org/10.11766/trxb201503090019
http://dx.doi.org/10.11766/trxb201503090019
http://dx.doi.org/10.11766/trxb201503090019

