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Effects of manure applications on rates of phosphorus accumulation and phosphorus saturation degree increase
in arable soils

YAN Zheng—juan', CHEN Shuo', ZHOU huai—ping’, YANG Zhen—xing’, CHEN Qing"

(1.College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China;2.Institute of Agricultural Envi-
ronment and Resource, Shanxi Academy of Agriculture Sciences, Taiyuan 030031, China )

Abstract:In intensive farming regions of China, high rates of manure applications to arable field over years have caused high phosphorus
(P)accumulation in soil and the associated environmental risks. Here a long—term field experiment was conducted to quantify the effects of
manure applications on rates of soil P accumulation and the degree of P saturation (DPS) increase, i.e., the increment in soil P content
or DPS per 1 kg P surplus, in an effort to develop guidelines for rational P management and non—point source pollution reduction. Results
showed that 22 years of continuous excessive P inputs increased soil P content and DPS. In 0~20 ¢m soil depth, soil P and DPS increased
linearly with increasing P surplus. Compared with single chemical fertilizer application, manure incorporation had no significant effects on
the ratios of soil total P increments to P surplus increments, but significantly increased the ratios of soil available P and DPS to P surplus in—
crements. The increases in soil Olsen—P, CaCl,—P, and DPS per 1 kg P surplus were 0.071 mg P-kg™'(7=0.608, P=0.029 ), 0.003 mg P-kg"
'(r=0.528, P=0.066 ), and 0.036%(r=0.863, P=0.002) in the 0~20 cm soil depth under manure incorporations each year, which were 3.3—,

6.0— and 1.2—fold greater than those under single chemical fertilizer application, respectively. The changes of soil DPS also increased lin—
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early with the changes of soil P. In the 0~20 c¢m soil depth, the increments in DPS per 1 mg P+kg™ increase in total P, Olsen—P, and CaCl,-

P were 0.13%, 0.42%, and 7.78%, each year, respectively. In 20~40 cm soil depth, there was no significant linear correlation between the

increases of soil P, DPS and P surplus. However, the difference of increase rates between manure incorporation and single chemical fertilizer

application tended to be greater in 20~40 c¢m soil depth than in 0~20 cm depth, suggesting that manure applications favored the movement

of P to subsoil. Manure applications accelerated the increases of soil available P and DPS, which in turn promoted the losses of P. In conclu-

sion, rational manure management is the key to mitigating non—point source pollution in intensive farming areas.

Keywords : manure; soil phosphorus; saturation degree; accumulation rate
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Table 1 Soil physical properties in 1992
+J2IREE Soil 45 Bulk density/ LB 3R 4553417 Soil particle—size distribution/%
depth/em grem™ Porosity/% >0.05 mm 0.05~0.01 mm  0.01~0.005 mm  0.005~0.001 mm  <0.001 mm
0~10 1.18 55.5 45.5 23.5 10.5 12.5 8.0
10~20 1.24 53.2 44.5 26.5 11.0 10.0 8.0
20~40 1.33 49.8 37.5 325 9.5 8.3 12.2
2 1992 £ HIEEMU MR
Table 2 Soil chemical properties in 1992
1 2R HHLF A N il NH,0Ac-K/  Olsen—P/ CaCl,-P/ DPS/%
Soil depth/cm Organic matter/g-kg™  Total N/g-kg™  Total P/g-kg™ Total K/g-kg”"  mg-kg™ mg- kg™ mg- kg™
0~20 8.3 23.8 1.05 0.80 23.7 100 6.04 0.40 15.1
20~40 — 21.5 0.97 0.77 24.4 94 5.48 0.16 13.8
R 3 1992—2013 F ERACHIE (i 10 ZERL AL B e A AL 28
Table 3 Manure and chemical fertilizer treatments in long—term maize experiment from 1992 to 2013
F NG Pt LA P inputkg P+hm
Mam:re application HER Treatment Manur(; application/t-hm™ ALAE Chemical fertilizer M Manure S Total
AN MoN, P, 0 16 0 16
Without manure MNP, 0 33 0 33
application
MNP, 0 49 0 49
MNP, 0 66 0 66
MoNoPy 0 0 0 0
it FHZENT MNP 225 33 14 47
Manure application M,N,Ps 45.0 49 28 77
M;N,P, 67.5 66 42 107
MNP, 225 16 14 30
M;N,P; 67.5 49 42 91
M,N,P, 45.0 66 28 93
M,N;P; 45.0 16 28 44
M;N;P, 67.5 33 42 74
M;N;P, 22.5 66 14 79
MNP, 67.5 16 42 58
M,N,P, 45.0 33 28 61
M;N,P; 22.5 49 14 63
MyNoPy 135.0 0 83 83

T No Ny N N3 NG SEARNE AR BG40 0,60, 120 180 FiI 240 kg+hm™,

Note: Ny, N;, N, N; and N, represented the nitrogen input from chemical fertilizer were 0,60, 120, 180 and 240 kg+hm?,

kg™.0.62 g P-kg™ F120.2 g K-kg™, Ft AU AR IE 53
B PRE (46% N) FIL BERRES (14% P,0s) . FKFELE A
B R A — Uit
1.4 HmEEMSHT

T 2013 4 FOKUHR I 70 5k 5 0~20 em Fil 20~
40 em HJZHHE, FIFEE T 1992 4B SEREAR 5 A
DIAEAE AR 5317 2 T B (3743415 7k 1 ph AR AR T FE A

respectively.

BRI ) W T YRR F:’7J($ A
Olsen—P .CaCl,—P F1 DPS, & /K & % FHHL T 1
(105 CFHE 24 h) M 5E ; é%“/%H2SO4— 202 Mok -

FHBRT (320 225 Olsen—P 0.5 mol - L' NaHCO;
(pH 8.5) W EL (17K Fb 1:20) 5 R B6 L L
M EPY; CaClL—P F 0.01 mol - L™ CaCl, ¥R HEHU( +
K 1:5) )5 R LR S5 b ] e
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Figure 1 Relationship between Olsen—P, DPS and CaCl,—P in soil
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2.2.2 X} 13 Olsen—P HI CaCl,-P ZFH5H A [ 5]

0~20 cm /2 145 Olsen-P BRI K B ST
W S LR AR S (P<0.05 ) il FHZEIETE IR, 484E 1
kg Pohm? B B AT R EA 0~20 em + )2 1 3
Olsen—P [ fin A 0.071 mg P-kg™'(r=0.608 , P=



1114

KA IEFFF 1R ERRET R

R4 FELET 1992—2013 EBEFEHFEFHME (kg P-hm?-a') 2013 £LIEEKE(%) BEFHEE(mg P-kg™)FA DPS(%)
Table 4 Mean annual P balance of 1992—2013(kg P+hm™?-a™), and soil water content(% ), P content(mg P-kg™) and DPS(% ) of

2013 in different treatments

s @?Jriﬁi P b:lance ~ _ :~20 em +J2 0~20 em soil depth ~ 10~40 em )5 20~40 em soil depth
freatment fpi\t gﬁi] sﬁﬁs Wat'e"r/foiem Tjjaﬁlﬁ p Olsen-P CaCl-P" DPS Wat[;r/jzofiem Tjjaﬁlﬁ p Olsen-P CaCl=P DPS
MNP, 16 15 1 18.8 692 75 0.66  19.0 19.3 633 7.49 0.10 137
MNP, 33 18 15 182 742 245 029 169 183 691 491 037 145
MNP, 49 17 32 18.1 898 na 276 346 18.1 711 5.97 001 161
MNP, 66 19 47 19.0 1076 320 031 520 194 757 6.71 024 172
MNP, 0 9 -9 19.0 667 3.7 073 154 19.6 649 220 001 110
MNP, 47 2 25 18.9 894 39.8 112 474 18.9 733 5.94 0.16  18.1
MNP, 77 23 54 19.7 1235 816 22 792 19.0 755 8.07 137 149
MNP, 107 2 85 2.1 1357 1518 851 1021 207 1076 74.67 103 572
MN.P, 30 20 11 17.7 832 427 138 449 18.0 775 15.68 076  24.1
MNP, 91 2 69 21.7 1373 1879 521 1077 200 906 3129 094 365
MNP, 93 2 71 18.4 1227 1168 369 863 17.7 890  23.17 015 327
M.N:P, 44 19 25 18.9 1001 899 383 610 184 950 3545 068 441
MNP, 74 2 53 2.1 1078 109.5 446 719 182 866  21.51 075 325
MNP, 79 2 58 19.9 1091 na 187 725 18.8 na. 6.94 032 137
MNP, 58 2 36 20.6 1122 1674 779 852 19.4 912 8452 058 384
MNP, 6l 23 37 20.1 1100 845 276 696 18.0 na. 4.86 091  13.1
MNP, 63 21 42 20.6 1036 57.1 128 625 20.0 749 6.85 0.14 172
MNP, 83 24 59 24.6 1329 2077 77 965 19.7 858  39.13 092 302

BB A=A (AL AL )~ YEVIBE 2 E 1 5 na FORVBA B ; T3 &K it =/K 20 it/ T 1 Bk x100%

Note: P surplus=P inputs(manure P+fertilizer P)—P removal by crop;na=no data; Water content=Weight of water/Weight of dry soilx100%.
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Figure 2 Relationship between changes of soil total P and P surplus in long—term maize experiment from 1992 to 2013
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Figure 3 Relationship between changes of soil Olsen—P and P surplus in long—term maize experiment from 1992 to 2013
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Figure 4 Relationship between changes of soil CaCl,—P and P surplus in long—term maize experiment from 1992 to 2013
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Figure 5 Relationship between changes of soil DPS and P surplus in long—term maize experiment from 1992 to 2013
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