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Abstract: [Objective IThe objective of this study was to clarify the status of soil phosphorus(P)pools in rice-oilseed rape rotation
areas in the Yangtze River Basin, and assessed the risk of soil P leaching. Alse it aimed to provide a reference for reasonable
phosphorus application in the rice-oilseed rape rotation system in the Yangtze River Basin. [Method] From April to May 2018,
247 soil samples of the cultivated layer after the oilseed rape harvest were collected in 14 provinces (cities/districts) around the
Yangtze River Basin in typical rice-oilseed rape rotation regions to determine soil total phosphorus, available phosphorus
(Olsen-P) and soluble phosphorus (CaCl,-P). With reference to soil total phosphorus and available phosphorus grading indexes,
the current status of soil phosphorus abundance and deficiency in rice-oilseed rape rotation areas in the Yangtze River Basin was
clarified, and the quantitative relationship between Olsen-P and CaCl,-P was established. According to the available phosphorus
grading, 72 samples were selected for Hedley phosphorus fraction determination, and the distribution characteristics of soil
phosphorus pool in rice-oilseed rape rotation were analyzed. [Result] The results showed that the average content of total
phosphorus, available phosphorus and CaCl,-P in cultivated soils of rice-oilseed rape rotation area in the Yangtze River Basin
were 0.62 g'kg ™!, 23.2 mg'kg! and 0.49 mgkg ', respectively. There was no significant difference in total phosphorus between
the upper, middle and lower reaches of the Yangtze River, and 48.6% of the total area was in a state of abundance. The lack and
excess of soil available phosphorus coexist, accounting for 23.1% and 31.1%, respectively. The areas of soil available phosphorus
deficiency and excess were concentrated in the middle and lower reaches of the Yangtze River, respectively. Also the soil
phosphorus pool was dominated by inorganic phosphorus, accounting for an average of 82.2%. The average content of H,O-Pi,
NaHCOj3-Pi, NaOH-Pi, HCI-Pi, NaHCO3-Po, NaOH-Po and Residual-P pools were 10.8, 46.8, 115.6, 218.6, 22.3, 104.9 and 193.8
mg-kg™', respectively. With an increase in soil available phosphorus levels, the contents of NaHCO;-Pi and NaOH-Pi increased
significantly, and the stable phosphorus pools(HCI-Pi and Residual-P)were relatively stable. The relationship between Olsen-P
and CaCl,-P conformed to the double-line model. When a change point appeard, the content of Olsen-P was 39.9 mg-kg ' with a
corresponding content of CaCl,-P of 0.6 mg-kg™'. Also, when the Olsen-P content was greater than 39.9 mg-kg ™, the risk of soil
phosphorus leaching increased. [Conclusion] Generally, the soil phosphorus content in the rice-oilseed rape rotation area in the
Yangtze River Basin showed an upward trend and 13.0% of this area was at a high risk of phosphorus leaching. Also, the soil
phosphorus mainly accumulated in stable phosphorus pools. Therefore, more attention should be paid to the rational application
of phosphorus fertilizers, appropriately reduce phosphorus fertilizer input, and tap the potential of stable phosphorus pools in soils.
Thus, this will reduce soil Olsen-P accumulation, environmental P loss in the rice-oilseed rape rotation system, and improve crop
P fertilizer utilization.

Key words: Rice-oilseed rape rotation; Olsen-P; CaCl,-P; Environmental threshold; Hedley phosphorus fraction
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P HdE KA SPSS 20.0 HEfT ) 20047, £
Ho 32k ] Duncan 3% o >R JH Origin 8.0 #E17 R 24l .
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Table 1 Distribution of soil P in rice-oilseed rape rotation regions in the Yangtze River Basin
. 4 Total P/ (g'kg™") HRHE Olsen-P/ (mgkg™!) CaCl-P/ (mgkg™)
N T Wl ERRE T W BRREK T WE AERRE

e Range Mean CV/% Range Mean CV/% Range Mean CV/%
KT L

Upper Yangtze River Basin =~ 0.22~1.57  0.65a 46.3 4.1~48.5 20.1b 54.1 0.09~1.92 0.42a 88.5
(UYRB)
KT AR

Middle Yangtze River Basin ~ 0.08~2.00  0.61a 50.4 2.3~110.6  22.8b 75.8 0.02~6.81 0.50a 152.4
(MYRB)
KA

Lower Yangtze River Basin ~ 0.19~1.58  0.63a 51.3 6.1~91.9 28.9a 70.6 0.05~4.45 0.54a 132.0
(LYRB)
X Jah g A

0.08~2.00 0.62 49.4 2.3~110.6 23.2 72.0 0.02~6.81 0.49 137.9

Yangtze River Basin ( YRB )

TE e [ — 5 PN ] 5 B3R Il ) 22 e W

between regions at P<0.05.

KT B2 - e it 0.6 gkg ' M5 1L
Jg 48.6%, ITVELH X B HIE LA T E RS
(3 2) (B0 19.2% L& EmL, REE P
RV R XK, M A3 Olsen-P M AH, =
it B IAE, UL 12~25 mgkg ' KR -3

L% (P<0.05), Note: Different letters in the same column mean significant differences

i +3EE B Olsen-P 438 R, 1%/KF T B 434 4l
FIKF] 45.7%, +HE Olsen-P Bt = FIF 5 1 i Hb oy 51
M 23.1%H1 31.1%, K VLHF X I 435 Olsen-P ik =
SO Y = el S D N N1 P A1 -
Olsen-P & & 3= & 1 X 3ok B B i 7E K VTR e X 3k .
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Table 2 Soil P deficiency status in rice-oilseed rape rotation regions in the Yangtze River Basin

e A8l Frequency/%
Z% Parameter
Grading VT 1l UYRB KITHi MYRB K YL LYRB X%k YRB
>1.0 18.8 9.6 15.6 13.1
) 0.8~1.0 34.4 6.6 6.7 13.9
B
0.6~0.8 26.6 19.1 22.2 21.6
Total P
0.4~0.6 6.3 46.3 26.7 32.2
/ (gkeg!)
0.2~0.4 14.1 16.2 26.7 17.6
<0.2 0 22 22 1.6
>30 17.2 17.4 33.3 20.2
A0 25~30 6.3 13.0 11.1 10.9
Olsen-P 12~25 56.3 44.9 33.3 457
/ (mgkg™) 6~12 17.2 18.1 222 18.6
<6 3.1 6.5 0 45

22 KIImBKB-HXREMERE L8

Hedley 3 EE AR

A5 Olsen-P 432, 7EA[R] X Ik HL 72 /> 133
RES AT T 3% Hedley 43202 ( 32 3 ), KT
T I K R - 30 5 e b A X 0 1 LA ML
F, P ik B 82.2%, AHLBE N 17.8%. H,O-Pi,
NaHCO;-Pi , NaOH-Pi , HCI-Pi , NaHCO;-Po .
NaOH-Po fil Residual-P 5 ¥ & 543514 10.8,
46.8. 115.6, 218.6. 22.3, 104.9 Al 193.8 mgkg ',
H,0-Pi Ml NaHCO;-Pi iAW) Rk &, 78 3 p
H BR300 518 1.5%F 6.6%. 11
W e LAKE 2 5B % 0 3 (HCI-Pi #il Residual-P ), ]
DL 3 3200 57.9%,. KL T IF NaHCOs-Pi %
HHE ST L. i, 5 Olsen-P B —2, BRIt
Z AN AR AN [ X sk ) G B 25
2.3 +1E Hedley BiEH S %

AN[H) Olsen-P 432 ™ 0y - 3w 22 40 A (B 1) 25
R oK, H,0-Pi & H1E Olsen-P X T 25 mgkg ' if
I F 37K, NaHCO;-Po H1 NaOH-Po & & 1E
Olsen-P 7K F/NF 6 mgkg ' Wb FEAMCIRE, X4
Olsen-P /K Fik%| 30 mgkg ' MR N B FHIEF.
NaHCOs-Pi 1 NaOH-Pi & 5t X Olsen-P 25 £k 14 i iy
R, BE% 3 Olsen-P /K FHI42 5, NaHCO;-Pi
A NaOH-Pi &8 B3, A Olsen-P /KF T

HCI-Pi #l Residual-P & &I & 2R, FHERERSI
A 135.1~299.4 mg-kg ' Al 170.5~224.5 mgkg ',
FEPESHT (2 4) R, Olsen-P 545 TLHLBE 4 7
I NaOH-Po [A]fF7E B IEAC R R, HIESHS
Bk NaHCOs-Po AN 145 Wl 21 43 A7 7F i 25 1 AH G PE
CaCL-P 5 H,0-Pi. NaHCO;-Pi #il HCI-Pi 2 4} f£1E
2 IEAC
24 KIIRBKBE-HEREMER T LIERS

ke R1E

KAVLI K FE -S4 VEFP A X 88 118 CaCl,-P
5 Olsen-P FEM LRGN EHLRA (K 2), W
B R Ry b SR I PR i IR
R AR FLE N 39.9 mgkg ', XA AY CaCl,-P
WP N 0.6 mg-kg '. 7E L HE Olsen-P AR TE LT,
CaCl,-P fifi Olsen-P H3EINAHXTZE12, 4 Olsen-P &
IR EIEFYESG CaClL-P AR fk, 3G N Y i B
FERTAY 3 6% (R ZR A RER ). 18 KT H K
FET - SR AE AR AT DI - 338 2 13.0% A9 DXl T+
R MR RS, EZE PRI R X
CaCl,-P/Olsen-P 5 Olsen-P B ZAFE—IC KK
2 (R*=0.121, P<0.01), CaCl,-P 5 Olsen-P fi{ [t
fH7E 0.1% ~20.9% Z [ , 7E Olsen-P & it K
46.5 mg-kg' B} CaCl,-P/Olsen-P {H&/IN, H/IMEN
1.2%,
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Table 3 Status of soil Hedley P pool in rice-oilseed rape rotation regions in the Yangtze River Basin
. N NaHCO_;- NaHC03-
[X 45 Eistan H,0-Pi NaOH-Pi HCI-Pi NaOH-Po Residual-P Tpi Tpo
Pi Po
Region Index / (mgkg™") / (mgkg') / (mgkg") / (mg'kg!) / (mgkg")/ (mgkg")/(mgkg")
/(mg'kg™) / (mgkg™)
2.6~ 5.9~ 11.9~ 3.1~ 7.7~ 18.9~ 155.9~ 26.6~
7t Bl Range 45.0~594.5
29.8 93.2 414.0 1047.4 79.9 789.4 1428.2 869.3
KT LW {8 Mean 11.1a 37.2b 99.52a 230.6 a 24.7 a 134.0 a 205.6 a 584.1a 158.7 a
UYRB L A9
1.5 5.0 13.4 31.0 3.3 18.0 27.7 78.6 21.4
(n=18) Proportion
72.7 69.9 71.2 100.1 144.6 133.1 64.0 61.7 132.6
CV/%
1.4~ 7.0~ 23.5~ 15.7~ 7.5~ 24.1~ 4.5~ 178.8~ 46.7~
YLl Range
51.7 116.0 231.2 857.3 37.9 254.8 658.8 1833.1 281.4
KL ¥l Mean 95a 45.1b 1198 a 189.6 a 219a 98.1a 203.7 a 567.7 a 120.0 a
MYRB Lt A5
1.4 6.6 17.4 27.6 3.2 14.3 29.6 82.5 17.5
(n=43) Proportion
84.7 57.7 46.1 111.1 29.0 58.4 65.0 54.6 50.8
CV/%
1.4~ 17.9~ 19.1~ 557~ 6.1~ 8.3~ 1952~ 14.4~
7t Bl Range 18.5~498.9
53.5 148.5 317.1 774.9 31.5 302.5 1520.4 334.0
KILTHF #4918 Mean 153 a 69.1a 125.5a 312.1a 20.0 a 83.6a 136.1a 6582 a 103.7 a
LYRB [l
2.0 9.1 16.5 41.0 2.6 11.0 17.9 86.4 13.6
(n=11) Proportion
97.1 67.8 67.9 75.1 36.7 95.7 99.4 52.5 82.7
CV/%
1.4~ 5.9~ 11.9~ 3.1~ 6.1~ 8.3~ 4.5~ 155.9~ 14.4~
YLl Range
53.5 148.5 414.0 1047.4 79.9 789.4 658.8 1833.1 869.3
YJ{H Mean 10.8 46.8 115.6 218.6 223 104.9 193.8 585.6 127.2
[X 2k 3% {4
[E 1]
YRB (n=72) 1.5 6.6 16.2 30.7 3.1 14.7 27.2 82.2 17.8
Proportion
87.5 66.7 62.9 110.6 46.5 105.1 68.7 55.5 93.7
CV/%

e [l —F RN R R RN XA 22 55 3% (P<0.05 ). Note: Different letters in the same column mean significant differences

between regions at P<0.05.

3 W #®

3.0 KILFEUKE- B EMER T ER IR

R

Wty DX S SRR BOIR X T B A 4 i A

et WAV IR SRS BRI S AU AT T
FLARFIP, AW, 2018 AFAC T BUK RS-

PERMIX BAHHZ LI RBETF S 0.62 gkg ',
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#x4 tTIES®. Olsen-P. CaCl-P 5 Hedley BFERIEXE R
Table 4 Pearson correlation between soil total P, Olsen-P, CaCl,-P and Hedley P pools
Z% Parameter H,O-Pi NaHCO;-Pi NaOH-Pi HCI-Pi NaHCO;-Po NaOH-Po Residual-P
2% Total P 0.43%* 0.63%* 0.25% 0.74%* 0.04 0.30* 0.64%*
A %W Olsen-P 0.70%* 0.88** 0.43%* 0.31%* 0.13 0.29* 0.19
CaCl,-P 0.77%* 0.57%%* 0.12 0.42%%* -0.04 0.15 0.19
*, P<0.05; **, P<0.01.
T o 25+
3=0.011x+0.157 (x<39.9) 0.001-0.130x+4.190
6L 1=0.035x-0.782 (x>39.9) . yrirgveivy :
R=0.343%* 201 ’
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Fig. 2 Quantitative relationship between CaCl,-P and Olsen-P contents
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