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Effects of maize based cropping systems on forms and
availability of potassium in red soil
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Abstract: [Objective] This paper explored the effects of maize based cropping systems on the forms
and availability of potassium (K) in red soil to provide basis for rational cropping system designing and soil
K management in the red soil areas. [Method) Before spring sowing,soil samples were collected from the
cultivated layer (0—20 cm) and sub-cultivated layer (20—40 c¢cm) under four cropping systems,including
abandoned land (CK) ,maize continuous cropping (CY) ,pea-maize rotation (RWY) and zucchini-maize ro-
tation (RXY). Soil properties and contents of different K forms were determined, and analyze its correla-
tion. [Result] The distribution patterns of soil K forms were different under the four cropping systems.
The contents of water-soluble K, non-specially adsorbed K, specially adsorbed K and non-exchangeable K in
the cultivated layer were higher than those in the sub-cultivated layer. The mineral K contents did not show

the typical pattern. Planting systems had greater effects on soil K contents in the cultivated layer than sub-
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cultivated layer. The contents of water-soluble K, specially adsorbed K and non-specially adsorbed K had

significantly positive correlation with the available K,and the specially adsorbed K was the largest source

of available K supply in this area. Compared to corn rotation,continuous maize cropping increased soil acid-

ification. Although its available K content was significantly higher than that of other soils (P<C0. 05),long-

term continuous cropping of maize was not conducive to maintaining soil K balance. Maize rotation could

reduce soil acidification and prevent excessive accumulation of available K, especially zucchini-maize rota-

tion could keep soil K supply capacity at high and stable levels. [Conclusion) Maize cropping system had

great influences on the forms and availabili-ty of K in the cultivated layer of red soil. The zucchini-maize ro-

tation was the best maize cropping system for sustainable utilization of K in this area.
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Table 1  General characteristics of soil sampling sites
. , T E/ (kg e hm™ 2« a b
H Yk
C ﬁ*ﬁ%ﬂf}?t G iEﬂ:IéIéT/F dinat ﬁﬁ/;ﬂ Average fertilizer application rate
ro 1ng system reogra 1cal coordinates 1tuade
ppimg sy grap N P,0, K,O A HLIE Manure
CK 26°48'35" N,102°09'25" E 1728 0 0 0 0
CY 26°48'03" N,102°09'21" E 1757 309.6 87.7 99.6 0
RWY 26°47'34" N,102°09'20" E 1762 393.8 141.7 174.7 0
RXY 26°48'41" N,102°09'03" E 1685 521.1 363.7 212. 1 1 000

. CK. B R CY. EREMRWY. Big- Tk s RXY. P8 -F ke, FH.

Note: CK. Abandoned land; CY. Maize continuous cropping; RWY. Pea-maize rotation; RXY. Zucchini-maize rotation. The same below.
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Table 2 Soil properties of different cropping systems
el fif L/ R/
1 1
LERE/om @fﬁ? H o ()/(g B 2 ke (mg+ kg (mg+ kg
Soil depth . iimg p Ni’gtatmc Total nitrogen Alkali hydrolysable Available
S atter nitrogen phosphorus
0~20 CK 5.18+0.01 b 11.74+3.85 b 0.81+0.12 b 38.31%+3.96 b 12.54+2.26 b
CY 5.26+0.04 b 26.70£5.42 a 1.4640.29 a 88.50+6.56 a 12.82+2.68 b
RWY 6.7840.10 a 9.37£2.94 b 0.67+0.11 b 32.59£0.34 b 116.64+30.55 a
RXY 5.62+0.10 b 16.52+4,89 ab 0.49-+0.09 b 21.7142.06 ¢ 10.00+2.38 b
20~40 CK 5.5640.09 b 5.474+0.98 b 0.78+0.15 ab 36.654+2.73 b 10.34+1.29 b
CY 5.30+0.03 ¢ 24.9946.47 a 1.30+0.25 a 89.51%9.70 a 12.68+2.29 b
RWY 6.95+0.02 a 4.90+1.23 b 0.57+0.23 b 26.7441.39 be 48.09+15.42 a
RXY 5.70+0.06 b 13.93+4.00 ab 0.51+0.17 b 21.96+3.33 ¢ 8.62+0.89 b
EH%‘%%%&%/ B\: A Soil texture
ERRE fom BT (emol + kg ) s e .
Soil depth Cropping N g b KL bR A RkL
oil dept system Cation exchange (0.02~2 mm)  (0.002~0.02 mm)  (<20.002 mm)
capacity Sand Silt Clay
0~20 CK 7.08+1.29 b 48.5+3.4 b 13.24+1.7 a 38.3+1.9a
CY 6.32+1.26 b 48.7+2.6 b 13.444.9 a 37.9+2.3a
RWY 20.0844.50 a 79.8+4.9 a 11.443.9 a 8.8+1.1b
RXY 8.2842.38b 49.7+£2.5 b 15.54+0.2 a 34.8+2.6 a
20~40 CK 7.284+3.76 b 49.8+1.3 b 13.7£0.6 ab 36.5+0.7 a
CY 5.85+1.06 b 49.0£0.9 b 14.941.6 ab 36.1+£0.7 a
RWY 19.02+3.23 a 74.5+0.7 a 12.94+1.4 b 12.54+0.9 b
RXY 7.65+1.36 b 48.6+2.6 b 17.94+1.9 a 33.5+t1.6a

T < [ 50 B JE R AN G /ING 7 B 7R [7) — o J2 AN (7] b B i) 22 5 8 25 (P <<0. 05)

Note: Different lowercase letters indicate significant differences among treatments in the same soil layers (P<20. 05).
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SCHAERE = 1. 0 mol/L FAHH IR $& A% B — 2 2500
W E =440 —1. 0 mol/L AN AR IZ $2 1 4
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Different lowercase letters indicate significant differences among

K TP E B/(mg - kg 1)
Concentration of water soluble K

treatments in the same soil layers (P<<0. 05). The same in Fig. 3
BI1 T oK AloA ) BE Xt 21 8 K 5 0 A 2 10 5 T
Fig.1 Effects of maize planting system on water-soluble

K content in red soil
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Lowercase letters indicate significant differences in SAK between treatments in same soil layers (P<Z0.05).

There was no significant difference in NSAK among treatments
[E 2 3 KA il B X 21 458 28 46 M AR 3 i Y S e

Fig. 2 Effects of maize planting system on exchangeable K content in red soil
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B AR ST M B S e M B R S M R AL B
BPHORAS 25X 3 FOE A FRER B, BT 72
W T AT 4 v R B S A R T 3 R
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PR B A S e . R 3 R, B2
5 # 2 b a JE A e R A O 33130~
505. 35 mg/kg. 0P &N 10, 74~14. 92 g/kg.,

Wl —F A HE THZ S EHZE R Z R AR E . #H2
AR e PP S Bl 331, 30~505. 35 mg/kg,
PLRWY Ab B . CY Ab BB A 57 9 40 % = LU
RXY ¥ % 5, F PN RXY >CK>RWY>CY,
B2 AR A e P A i 326, 10~503. 21 mg/kg.,
PLCK Ab B % 5, CY Ak B K B 40 & & N
12.08~14. 92 g/kg, £ M K RXY >CY > CK >
RWY. #F2MHE)2 + 5800 3E 58 e vk 8 & /= 2 LU
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Fig. 3 Effects of maize planting system on non-exchangeable K and structural K content in red soil

2.2 THREESHESEENBEXES W P Z () ) AR W B ARG OC R . AR He

WFFEIX 0~40 em LR P AL SR AIMOC 5K PRSP A4 R W BT L8 B I8 A 60 R 3 2
AENE 3 s, MRS AHLER TR SAE WEREHEOMCCR, TS 2 B E & IE
R R W R A0 A AR OGRS 3 Ah, BRI S A SRR R (- =0.999) . R W LRI BB R WA A
O3 ORIEPEBR AR 5 R 08 BEF 80 R R R 00 B 0 DL S 2% AN [ R B 8 sl 25 P A
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Table 3 Correlation coefficients among orms of K in red soil

WA AR VES AERRRRMR AT RERR R BT R A 28 4 4 7 2ot
Potassi /lu'\f Water Non-specifically  Specifically Available Non- Structural Total K
otassium form soluble K absorptive K absorptive K K exchangeable K K ot
IKIEMESR Water soluble K 1. 000 0.268 0.893" " 0.899" "~ —0.615" " —0. 363 —0. 340
23 f

AR5 5 0 B _ 0.268 1.000 0.596" " 0.620""  —0.639°"  —0.028 —0.018
Non-specifically absorptive K
FEPR W B A Specifically absorptive K 0, 893" 0.596" " 1. 000 0.998" "  —0.793"" —0.206 —0.182
AL Available K 0.899 " 0.620" " 0.998" " 1.000 —0.793" " —0.229 —0.205
JEAZ He AP Non-exchangeable K —0.615" " —0.639"" —0.793" " —0.793" " 1. 000 —0.153 —0.160
B #80 Structural K —0. 363 —0.028 —0. 206 —0.229 —0.153 1. 000 0.999 "~
A4 Total K —0. 340 —0.018 —0.182 —0.205 —0.160 0.999" " 1. 000

Vo ox FRTE 0.05 KF EBEMA; * x BRI 0.01 kP LBEMRE, %5,
Note: * and * * indicate significant difference at 0. 05 and 0. 01 levels, respectively. The same for Table 5.
2.3 EXMETENITEREZERENIME BE T WHE, B#ELL CY kb B e, CK A PR,
RARVL,HEEZEMUHZ L HEAI SRR 2 LR B 0. 587 ~9. 380, WHEZE K
22.44~281.79 mg/kg, [fl— L 2R MAEH R  0.45%~7.99%, HI¥LL CY 4Pz RWY Ab 2
HAH S B2 R B E(P<<0.05), [A—F G  &il. 5300 & A o, 80000 AN BT St i) 3 R
T MR A R SR E M R Rt A R AR AS TR R R ) A% 22 S e
®4 AAEAMEHETLEASENSE

Table 4 Soil K available contents of different maize cropping systems

T ) i 0~20 cm 20~40 cm
o EEE AR GAMENL % AR % EEE AR GARESL % WEAE
system (mg+ kg™ ") Percentage of Potassium (mg -+ kg 1) Percentage of Potassium
Content of available K total K saturation Content of available K total K saturation
CK 33.4042.90 d 0. 26 1. 10 22.444+5.19 ¢ 0.17 0.74
CY 281.79+13.45 a 2.48 9.38 218.60+19.73 a 1.63 7.99
RWY 61.00£9.16 ¢ 0.48 0.58 44,6347.06 c 0. 36 0. 45
RXY 121.60+£15.07 b 0.93 3.54 108.44412.41 b 0.70 3.34
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FE R UM, 5 BB A B (CEC) AR

5 B0URH 5K 5 45 R TR R 0 R Ak B S S A P
FIEMK SR R R R R EEMC, 5 pH,
CEC £ 83 i # 6; EZHtk i 5 CEC & B 3% 1E
FH IR+ 5 4 G B iR S i) B 2 O 3 A O
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Table 5 Correlation between physical and chemical properties of soil and forms of K

IR P A4 g 0

R R B s

AP 22 4 A

e 2c3n ey i A B gl

Soil bropert Water Non-specifically  Specifically Available K Non- Structural K Total K

SOt property soluble K absorptive K absorptive K varable exchangeable K~ ructura a
pH —0.227 —0.475" —0.456" —0.445" 0. 358 —0.010 —0.023
FHLB Organic matter 0.405" 0.473" 0.468" 0.487" —0.343 —0.316 —0.307
4% Total nitrogen 0.786" " 0.203 0.693" " 0.699" —0.465" —0. 384 —0. 368
Alkaline hydrolysis nitrogen 0. 869 0.291 0.801 0. 807 0.548 0.361 0. 342
ﬁi&ﬁ&"% — Q7 * — C [~
Available phosphorus 0.241 0.197 —0.414 0. 146 0. 381 0.099 0. 045
S 5 - 38 e i . . .
IF!I}J%;L&E . —0.151 —0.516 "~ —0.415 —0.423 0.459" —0.094 —0.101
Cation exchange capacity
fib ki Sand —0.098 —0.502" —0.371 —0.358 0. 364 —0.183 —0.194
kL Silt —0.123 0.224 0. 085 0.067 —0.095 0.335 0.342
ki Clay 0.152 0.488" 0. 388 —0. 380 —0. 376 0.092 0.101

3 3w B AL FLE 5 B2 A R L X 5 20 8 XOBE AR 4 18 3% 56 it FH

PR 850 2200 U 1 4 398 B 5 il P 45 b 7 B0 0
Prak A R RS FF A H st At LR A 45,
F 2 AL S A b AR T R A
B R R YRR 2 e R R VE T A A5 R, Ak AE
A SR RS A YR R S R
Y oh S BRI 2 SR FAE T A TR A 0 EAH
Al R N IR BT P A AN TR O . Hor Bk 2 1
22 N R Bl F BV A s v R R L H
IS M B AERHZ B 5 LI o S, AR
FELE R R W] W X LD 2 MK s P Al Rk
I 660 R e TR A0 1 i S AR I 8 A
X 5B 20 BEARE it AR VR AR F 0 -
PRNGIASFBEAT] 4y A FPRE I 0 B e 2
FARE(P>0.05) , Ut B H A2 M T, FE H
R P

Tk AN A, S 2. (D) B0 IR A HLIE R & 2%
SRR 5 (2) AR [ F - 48 450 WS A A T A
] 5 (3) MR FE IR 38 - HEAY A0 2 B R[] 5 (4) 3l 5
AR pH A ML BH S 3 e i 4 eV IR Ok
M 0 4y 8% RF 0 % T8 3 G 6T - 9 5 S A 0 A
R AR R, AR S R0, ok AR,
i - K B AR R P - T OR B AR Y B2 AL
B a4 00 L ¥R S b D 35 3 248, 39, 88.20
27.60 mg/kg(P<C0.05) , W #F 2 39 sl 504 &5 A%

2B IE B UIAH DG . A, oK AR 1 58 2 A ds 2
{3 R S S R (S T (e S S (B 1 LS
PG & 7 T 0  we T Rok T S 30N AP S e AR
g A R R R T ORI R R K
P - A i e . M2 RO B ) B AR R
JE 35 DL K 3 AR A B0 A v H 3 AR Al 2 B IE 4%
NG5 8h 2 P AR 4R 4320 ~53 %6, 455 AL
PRE R AR K B, BV % VR Pr e A AR IE 8 470,
AEfl L MR & A BB KR, X 5 R A
AL T g R — B, LR N T BE AR T R OKGE AR
- SR AL AR SN L R T A S e R
2 pH<5.5 B, AL FIl ALCOH), i & K 35

W B AL A s pHBRIG, W TP A K RS ) e W I, 5
AR AN W R, H T R R AR S 5]k
REE, B EERE SR EmEDERK., 5EXK
HEAEAH L R AE RE 08 D8 22 1 R AL AR B L By 1k A% A
i BB Gk B S RIS AR — 5. 2 Fb
oA Iy o, PUH - EOR AR AR 1 0 R S
B R T, R DR AT B . — I P - R OK
AR RORL & R BEAE IR B S 2 KT Y
D A 45T S B0 A B AR s 55 — T P -
FEREETH AR T ERE, 5 Ca AW
TG L BT R B L A1 B JEAE A )2 A BEL U TBR Y
G YN =i U S5 AN 17 5 Al 5
EEERE e m B m Wlhn K 28602



%13

B HLAF OR R Rk 2T e SR IE 25 S HA S A 115

JF1) i L S SO A AR R AR

FILSER Z (B W AH Mo BT 25 SRR B, - 85k
ARCRR 5 7K M B L A R R R A R B )
W 5 3 TE M G 56 3R L 5 R R T BB 0 A oG R AR IR
0. 998, 3 I 5 5K W B B1 2 A0 90 IX 4 1 35080 5% o0
R A i 5 R R L ok 5 R A A A IF g 4 R —
H., HETYHESEA N2 6%, HIIRZ
W i ke SR AT R i 2212, N RE S B A R AR R i
SV O FR L BT LRI RE i BE T ) B S e OF AN
E
4 45 1®

STHEREZE - HEK VA M s b B R R S He b
B TR E 0 A R SR SR R
B, BRI ROE A RR iR W B AR S S R AR ) A O
FRECEIR 0. 998, J& LTI AT RCEP AL N 1Y B 32 EEOR TR
e A S B F RO VA O, -4 pH LA L
JT L R RN BH B A H B R R ) i X 21 3 AR S i
R HAMMENEERNE, SEREEMNBIE-E
KACVERA LE . P9 2 - £ K A A e flf - 18 (L4 6 0 4k
T A H R R R, i XA R T R A
K e A A R

[ 5% 3k ]

[1] Das D.Dwivedi B, Datta S.et al. Potassium supplying capacity
of a red soil from eastern India after forty-two years of continu-
ous cropping and fertilization [J]. Geoderma,2019,341:76-92.

[2] Romheld V, Kirkby E A. Research on potassium in agricul-
ture:needs and prospects [ J]. Plant and Soil, 2010, 335: 155-
180.

[3] Sparks D L. Potassium dynamics in soils [ J]. Advances in Soil
Science,1987,6:1-63.

(4] Z=pcws. shE L (M. dbst B2 thRHE . 1983,

Li Q K. Red soil in China [ M. Beijing: Science Press,1983.

[5] MIF#E HLT, B 5, 5. T E 2 B AER a8 b R R

HO I 2 3 AR R A [0, b 382412 . 2022, 60(3) :673-684.
Liu K L,DuJ X,Ma C B,et al. Spatio-temporal evolution char-
acteristics of soil potassium in main dryfarming grain arable
land of China [J]. Acta Pedologica Sinica, 2022, 60(3);:673-
684.

[6] Zhang H M,Wang B R,Xu M G,et al. Crop yield and soil re-
sponses to long-term fertilization on a red soil in Southern Chi-
na [J]. Pedosphere,2009,19(2):199-207.

[7] B HE. Ui Q0 ems. 55 KR AFERRARELZRIERS
b He A A B [T, K9 E IR S IR . 2022, 28 (4)
589-597.

Yang Y,Xia X G,Fan X P,et al. Long-term straw returning in-

crease the capacity and intensity of soil potassium supply in a

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

rice and wheat rotation system [J]. Journal of Plant Nutrition
and Fertilizers,2022,28(4) :589-597.
K, ESCE R IR, L N PR R A A S
VR AR AR RGN CR L] A E RS R H,
2021,27(6) :1027-1043.
Deng Y X, Wang W L,Zhou S M, et al. Relationships of potas-
sium-releasing rhizosphere microorganisms with soil potassium
content, potassium use efficiency and root vigor in wheat
(Triticum aestivum 1..) [J]. Journal of Plant Nutrition and
Fertilizers,2021,27(6) :1027-1043.
K WL B ST XU AR RS A U IR R T R e R -
BORER S F M ()], Rk 2241, 2021,30(1) : 72-80.
Zhang F, Yang Q. Effects of co-utilization of Chinese milk
vetch and rice straw on the potassium cycle and potassium ba-
lance in a paddy soil [J]. Acta Prataculturae Sinica, 2021, 30
(1) :72-80.
XA BT B L A OR R R 2O I i o+ e R
SRR [T, b E RS R ¥ ik, 2010, 18
(3):465-471.
Liu Y.Zhu G X,Liang Y C,et al. Soil nutrient and biological
characteristics in North Xinjiang Oases as influenced by crop-
ping patterns [J]. Chinese Journal of Eco-Agriculture,2010.
18(3):465-471.
HAVLL AR SO, 5Kk bk A5 R RIBRVE AR 2O i A e 2 Al v
O e 2 G B S ()], 4. 2015,47(3):509-514.
Dong J J,Shao F W,Zhang L,et al. Effects of tillage patterns
on physical and chemical properties of paddy soils and eco-
nomic efficiency [J]. Soils,2015,47(3) :509-514.
Parihar C M, Yadav M R, Jat S L,et al. Long term effect of
conservation agriculture in maize rotations on total organic
carbon, physical and biological properties of a sandy loam soil
in north-western Indo-Gangetic Plains [J]. Soil Tillage Res,
2016,161:116-128.
Topk ik RCRATIEL S WG U K G DR R 2 4 AR A X
HHIR IR [T, K PR 2006, 20(4) 1 67-T1.
Yu L,Zhang M,Song F P,et al. Effects of planting structure
changes on soil nutrients in developed coastal region [J].
Journal of Soil and Water Conservation,2006,20(4) :67-71.
B ESGL B LGRS TR AR A O A S e 2E X
H1RR F SRS K b SRy s L) AR AR, 2017,
31(6): 1185-1191.
Luo Y,Wang L. G,Chen J,et al. Effects of different flex crop-
ping modes on soil enzyme activities and soil nutrients in the
cold area of middle part of Gansu [J]. Journal of Nuclear Ag-
ricultural Sciences,2017,31(6):1185-1191.
Samadi A, Dovlati B, Barin M. Effect of continuous cropping
on potassium forms and potassium adsorption characteristics
in calcareous soils of Iran [J]. Australian Journal of Soil Re-
search,2008,46(3) :265-272.
B, el A4 BT i (ML db st i B RO B
AL, 2000.

Lu R K. Soil agricultural chemistry analysis [ M ]. Beijing:



116 [N R N2 [ QE R N3 )) 52 %
China Agricultural Science and Technology Press,2000. AR Sy szmg [J]. o E 50K, 2019(3) :56-62.

[17] BRI, &4kE. LML E LAY A s R [J]. Zhu J W, Shi J X,Zhang H,et al. Responses of soil fertility to
AR, 1995(5) . 23-29. different cropping patterns in yellow soil farmland in moun-
Huang S W,Jin J Y. Progress on researches of soil potassium tain of Guizhou [J]. Soil and Fertilizer Sciences in China,2019
forms and plant effectiveness [ J]. Soil and Fertilizer, 1995 (3):56-62.

(5):23-29. [24] Shen J.Tang C.Rengel Z.et al. Root-induced acidification and

[18] Kirkman ] H.Basker A,Surapaneni A.et al. Potassium in the excess cation uptake by N,-fixing Lupinus albus grown in
soils of New Zealand: a review [J]. New Zealand Journal of phosphorus-deficient soil [ J]. Plant and Soil, 2004, 260 69-
Agricultural Research,1994,37(2) .207-227. 77.

[19] e vEmm, SR AR . 32 950 0%, 45 MR A0 AN I Co X XS R 4 0 4 [25] RIS EBUEDR, A05. TR RO A SR (1], A%
ot R R TR R [T Rolk TR 2. 2017, 33(18) Z7#,2019.38(6) :1900-1908.

95-101. Zhang L. Y,Zhao X Q,Shen R F. Soil acidification and its eco-
Shang H L.Bi Y L.Peng S P.et al. Effects of potassium-solu- logical effects [[J]. Chinese Journal of Ecology,2019,38(6):
bilizing bacteria C;X on potassium migration in soils with di- 1900-1908.

fferent content of potassium-rich minerals [ ]J]. Transactions [26] WEFEMR, Doy 48 5,4, IR E B 555 0 20 1k 50 R
of the Chinese Society of Agricultural Engineering, 2017, 33 ARG [T, B 5 R 2 . 2000, 6(4) : 363-369.
(18):95-101. Gao X Z,Ma W Q.Cui Y. et al. Changes of soil nutrient con-

[20] JAIASHE . AIWIAR 2 5 Wb 4 o ME 15 W B0 K 4 A B9 35 1k 1F F OF tents and input of nutrients in arable of China [J]. Journal of

5% [D]. TR . 79 Fg 4k K 2% ,2001. Plant Nutrition and Fertilizers,2000,6(4) :363-369.
Zhou J J. A study on the activating reaction of root exudates [27] Evangelou V P,Blevins R L. Effect of long-term tillage sys-
on the insoluble phosphorus, potassium and the selenium in tems and nitrogen addition on potassium quantity-intensity
the soil [D]. Chongqing: Southwest Agricultural University, relationships [ J]. Soil Science Society of America Journal,
2001. 1988,52(4) :1047-1054.

[21] k@A AHWE IR (M. dbat. d E Ol K3 A, 2021, (28] RKE B R, T E g Iy b 1 00 1 2% 1Y [ e Bz H 52 i (R
Zhang J L. Plant nutrition [ M. Beijing: China Agricultural £ [J]. £5£,1993,25(2) :64-67.

University Press,2021. Zhu Y G,Luo ] X. Potassium fixation in some soils in south

[22] A/, EE 4.2 7K, A, FORFI M B 2085 FO0 25 &% China and its influencing factors [J]. Soils, 1993,25(2) ; 64-
HA AR [, 0 0 A= 25 24412 2020, 31(3) - 883-889. 67.

Gou X M,Wang C Q,Li B,et al. Effects of corn-based crop- [29] B&E, ¥ wi. A% ok, 4. SRS AR X KR A R

[23]

ping systems on phosphorus fractions and availability in red
soil [J]. Chinese Journal of Applied Ecology, 2020, 31(3):
883-889.

KRG AR5 AELAF. SN L3005 0 R ] 2 2 R

BRI (1], R, 2017,48(2) :351-358.
Yin Z Y,Huang L, Xue B, et al. Effect of continuous straw in-
corporation on forms of potassium in the paddy soils [J]. Chi-

nese Journal of Soil Science,2017,48(2):351-358.



