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Abstract: [ Objectives ] This study investigated the organic P composition of different organic materials and
their P supply capacity as P sources, providing theoretical and data reference for the organic substitutions of P
fertilizer. [ Methods ] A wheat pot experiment was carried out, the used organic materials included manures (pig
manure, sheep manure), legumes (pea, alfalfa, mung bean), straws (wheat straw, maize straw, rape straw). The
total and organic P contents and the C/P ratio in the eight materials were analyzed, and the organic P was
fractioned into labile organic P (LOP), medium-labile organic P (MLOP), medium-stable organic P (MROP) and
high-stable organic P (HROP) via the Bowman and Cole methods. The wheat P uptake, soil available P content
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were determined. [ Results ] The total P content in manures, legumes and straws were 5.49-5.52 g/kg,
1.19-2.59 g/kg and 0.57-1.07 g/kg respectively, the proportion of organic P was in range of 31.3%-55.2%.
Except mung bean stalks, the organic P contents in all the tested organic materials were lower than inorganic P
contents. In the total organic P, the average proportions of LOP, MLOP, MROP, HROP were 8.5%, 45.2%,
41.5% and 4.9%, respectively. The LOP content was in the order of manures (175.5 mg/kg) > legumes (67.03
mg/kg) > straws (25.8 mg/kg). The MLOP contents were relatively high in pig manure and mung bean straw.
The MROP content was significantly different and in order of sheep manure > pig manure > alfalfa > mung
bean > pea > maize straw > rape straw > wheat straw; The HROP content in manures was significantly higher
than that in the other organic materials. The application of legumes and manures significantly increased the P
uptake and biological yield of wheat, but application of straws significantly reduced them. The P uptake of
wheat was positively correlated with soil available P content, negatively correlated with the C/P ratio of organic
materials, and positively correlated with the LOP, MLOP and MROP of organic materials, not correlated with
HROP contents. The content of soil available P was negatively correlated with the C/P of organic materials.

[ Conclusions ] In all the tested organic materials in this experiment, the total P content is in order of manures >
legumes > straws, and the organic P content is lower than inorganic P, except mung bean stalks. Medium liable
and medium stable P (MLOP and MROP) are the two main fractions in the organic P. Legumes and manures have
relatively high P content and relatively low C/P ratio, their application could increase soil available P, so can be
used to replace a certain ratio of chemical P fertilizer. While straws have low P content and high C/P ratio, so the
bioavailability of P is low, not suitable for use as part of P fertilizer.

Key words: organic material; total P content; C/P ratio; organic P fraction; P bioavailability
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Table 1 The chemical composition of the organic materials

B LOP i B B (¥R 175.5

H MK Organic material C (g/kg) N (g/kg) P (z/kg) C/N C/P
INERERT Wheat straw 449 5.5 0.57 81.6 787.7
FOKFEFF Maize straw 404 5.1 1.04 44.4 388.5
JHERAEFT Rape straw 419 11.7 1.07 35.8 391.6
i FEFT Pea straw 406 103 1.19 39.4 341.2
HETEFT Alfalfa straw 368 222 1.53 16.6 240.5
£ 5 F5FF Mung bean straw 372 21.2 2.59 17.5 143.6
$%3% Pig manure 381 18.8 5.49 20.3 69.4
%% Sheep manure 268 16.1 5.52 16.6 48.6
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Table 2 Content of different organic phosphorus components in organic materials
HHLBELH 5 Organic P fraction
A HL#L Organic material : . - — ‘
A PLBE LOP HE A HLBE MLOP T A PP MROP R A HLBE HROP
/NAEFEFT Wheat straw 2239+026¢ 118.14+1.57d 103.47+120h 2.84+0.03d
T KAEFT Maize straw 32.54+0.49d 200.82+3.13 ¢ 187.53£2.49 f 8.86+£0.14d
THZEFREFF Rape straw 2246+039¢ 151.37+2.88d 157.45+3.00 g 431+0.06d
Bi ZFEFF Pea straw 5337+1.23¢ 156.12+2.25d 23121+5.07¢ 11.43+0.22d
HAEFEFTF Alfalfa straw 51.73+1.04¢ 14548 +3.11d 453.44+10.73 ¢ 26.79+0.48 ¢
LR RS FF Mung bean straw 9593+2.11b 1045.34 £24.74 a 287.60 £4.82d 0.33+0.01d

Y% Pig manure 177.14+4.19a

2£4% Sheep manure 173.88+291a

1068.01 £26.51 a
689.41 £15.52b

541.75+8.45b 135.17+1.95b

640.46 + 15.90 a 408.51 £10.85a

¥ (Note ) : LOP—Labile organic P; MLOP—Medium-labile organic P; MROP—Medium-stable organic P; HROP—High-stable organic P. %%
{EJEANE/ING FREF R A EE] £E 0.05 /K F-22 57 8.3 Values followed by different lowercase letters are significantly different among treatments at

the 0.05 level.
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Fig. 3 Proportion of different organic P fractions in total organic phosphorus of organic materials

[ ¥ (Note) : LOP—Labile organic P; MLOP—Medium-labile organic P; MROP—Medium-stable organic P; HROP—High-stable organic P.]
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Fig. 9 Correlation of wheat P uptake and organic material organic phosphorus components
[ (Note ) : LOP—Labile organic P; MLOP—Medium-Ilabile organic P; MROP—Medium-stable organic P; HROP—High-stable organic P.]



448 R R R L S

27 4

W 5 A HLYRHY C/P (B4 B 3 TR OC (11 7)),
EWE & C/P ERA LR TA PR 6 (LR
o FERRW IR S iAESCO AP C/P A
KN, C/P AR 2 M R X B i Wi it
FENEE /N A W i de ey, 3K A9 FE NI M 55 vy ELY
FI AT PR A DL 5 S A SR, R AT SRl 15
MWERE 155, PR RS AR, /N
PR, P, AN AR R RN B B
% > BRILZE > AW IL > FEFF R IUY .

4 inb

A VLR TCHLBE A HLEE S i R 2R > g
0> R ANIRWRFAHLIL,, A HLEERY A
SRR RR A L . N W S AL
YroebE vE . s R A LB S S R
FHRKR, T C/P EW B EAMICKR, LK
MR RS . ThIEEAPEE S ER S, C/PH
BAR, T IS AT DL R A o B, AT
Pewm /N e e s RO, R, AT DR SRIE
B — 2 LB A2 BT . RS AT 2 ALYkl
kA PUBE el . /P {Ed R, ik, M)A A
FITF/INZE X BRI, DN TTTASIE B TR E

& £ X #k:

[1] Oberson A, Tagmann H U, Langmeier M, et al. Fresh and residual
phosphorus uptake by ryegrass from soils with different fertilization
histories[J]. Plant and Soil, 2010, 334(1): 391-407.

[2] Oberson A, Frossard E, BithlmannC, et al. Nitrogen fixation and
transfer in grass-clover leys under organic and conventional cropping
systems[J]. Plant and Soil, 2013, 371(1-2): 237-255.

[3] Moller K, Oberson A, Bunemann E K, et al. Improved phosphorus
recycling in organic farming: Navigating between constraints[J].
Advances in Agronomy, 2018, 147: 159-237.

[4] Macintosh K A, Doody D G, Withers P J A, et al. Transforming soil
phosphorus fertility management strategies to support the delivery of
multiple ecosystem services from agricultural systems[J]. Science of
the Total Environment, 2019, 649: 90-98.

[5] HERgR. hESHEEM]. JUat PESHE R, 2012,
NBSC (National Bureau of Statistics of China). China statistical
yearbook[J]. Beijing: China Statistics Press, 2012.

[6] KanglJ, Amoozegar A, Hesterberg D, Osmond D L. Phosphorus
leaching in a sandy soil as affected by organic and inorganic fertilizer
sources[J]. Geoderma, 2011, 161(3—4): 194-201.

[7] BolanN S. A critical review on the role of mycorrhizal fungi in the
uptake of phosphorus by plants[J]. Plant and Soil, 1991, 134(2):
189-207.

[ 8] Hinsinger P. Bioavailability of soil inorganic P in the rhizosphere as

affected by root-induced chemical changes: A review[J]. Plant and

[91]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Soil, 2001, 237(2): 173-195.
Grigatti M, Boanini E, Bolzonella D, ef al. Organic wastes as
alternative sources of phosphorus for plant nutrition in a calcareous
so0il[J]. Waste Management, 2019, 93: 34-46.
Khan K, Joergensen R. Compost and phosphorus amendments for
stimulating microorganisms and growth of ryegrass in a ferralsol and
a luvisol[J]. Journal of Plant Nutrition & Soil Science, 2012, 175(1):
108-114.
JRE R, AAE, TR 1, 45, A HLYPRERT 58 60 1A B & i A4k
W R [J]. K HORFEAAR, 2015, 29(6): 202-207.
ZhouY L, Deng J, He W Y, et al. Effects of organic materials on
organic phosphorus content in purple soil and phosphorus uptake of
corn seedlings[J]. Journal of Soil and Water Conservation, 2015,
29(6): 202-207.
Zhang Z S, Cao C G, Cai M L, Li CF. Crop yield, P uptake and soil
organic phosphorus fractions in response to short-term tillage and
fertilization under a rape-rice rotation in central China[J]. Journal of
Soil Science & Plant Nutrition, 2013, 13(4): 871-882.
Dalal R C, Bt +HEAHLIEI]. TR, 1980, (4): 15-28.
Dalal R C, Duan P. Soil organic phosphorus[J]. Advances in Soil
Science, 1980, (4): 15-28.

AR, TR, TR, S5 LR PRIk
2004, 15(11): 2189-2194.
Zhao S H, Yu W T, Zhang L, ef al. Advances in soil organic

R[] B AR AR,

phosphorus research[J]. Chinese Journal of Applied Ecology, 2004,
15(11): 2189-2194.

Bowman R A, Cole C V. An exploratory method for fractionation of
organic phosphorus from grassland soils[J]. Soil Science, 1978,
125(2): 95-101.

Bowman R A, Cole C V. Transformations of organic phosphorus
substrates in soils as evaluated by NaHCOj; extraction[J]. Soil
Science, 1978, 125(1): 49-54.

X, AR, SRR, 25 IIBIEAL X 2 - SRR I - A LBk
oy BN R[], B AR SR, 2020, 31(1): 157-164.
Liul,LiCY, Xing Y W, et al. Effects of long-term fertilization on
soil organic phosphorus components and wheat yield in farmland of
Loess Plateau[J]. Chinese Journal of Applied Ecology, 2020, 31(1):
157-164.

ZEfkAy, XUS, EEF. omd - e st A AL ).
HEE R, 2006, 37(5): 1012-1016.

Qin S J, LiuJ S, Wang G P. Mechanism of phosphorus availability in
s0il[J]. Chinese Journal of Soil Science, 2006, 37(5): 1012-1016.
WS AT HLRERIAT LB 2E 43 X6 W - Bl Al 1% 1 1) S I [ 9], 9]
Jegllr KAEF4, 1994, 17(4): 54-58.

Li B W. The correlation of phosphatase activity and organic
phosphorus fractions and the effect of organic materials on it in chao
soil[J]. Journal of Agricultural University of Hebei, 1994, 17(4):
54-58.

TR, BEGE SR, N, 55 R LR S 3 AUIE KA e A i &
TS E 3R I B HEONE[]. P IE e S AR, 2018, (3): 85-91.
Zhang J J, Fan T L, Zhao G, et al. Effect of long-term fixed
application of different material replacing partly chemical nitrogenous

fertilizer on soil nutrition in dry land of eastern Gansu Province[J].


https://doi.org/10.1016/j.scitotenv.2018.08.272
https://doi.org/10.1016/j.scitotenv.2018.08.272
https://doi.org/10.1007/BF00012037
https://doi.org/10.1023/A:1013351617532
https://doi.org/10.1023/A:1013351617532
https://doi.org/10.1016/j.wasman.2019.05.028
https://doi.org/10.1097/00010694-197802000-00006
https://doi.org/10.1016/j.scitotenv.2018.08.272
https://doi.org/10.1016/j.scitotenv.2018.08.272
https://doi.org/10.1007/BF00012037
https://doi.org/10.1023/A:1013351617532
https://doi.org/10.1023/A:1013351617532
https://doi.org/10.1016/j.wasman.2019.05.028
https://doi.org/10.1097/00010694-197802000-00006

34

XK, 2 ANFEZEEA HLRH A HUBE L S AR A Rk

449

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Soils and Fertilizers Sciences in China, 2018, (3): 85-91.

ZRUE. WA DR R B RS RBTIE[D]. 5 Ak: FH Ak
AN AT 2R AR, 2017

Li Y H. The changes of phosphorous fractions in black soil applied
organic materials[D]. Changchun: MS Thesis of Jilin Agricultural
University, 2017.

Vanden Nest T, Vandecasteele B, Ruysschaert G, et al. Effect of
organic and mineral fertilizers on soil P and C levels, crop yield and P
leaching in a long—term trial on a silt loam soil[J]. Agriculture,
Ecosystems and Environment, 2014, 197: 309-317.

Ramphisa P D, Collins P H, Bair E K, Davenport R J. Corn biomass,
uptake and fractionation of soil phosphorus in five soils amended
with organic wastes as P fertilizers[J]. Journal of Plant Nutrition,
2020, 43(3): 335-353.

Wei Y Q, Zhao Y, Xi B D, et al. Changes in phosphorus fractions
during organic wastes composting from different sources[J].
Bioresource Technology, 2015, 189: 349-356.

SEUUH. A HLALRL Bk B S B AL S B C R (], et
Ji&, 1992, (3): 1-9.

Mo S X. Phosphorus in organic fertilizer and its relationship with soil
phosphorus fertility[J]. Advances in Soil Science, 1992, (3): 1-9.
FNFR, A, 22408, 55 A YIRS R 2 AL RE 1 PP
1. PYAERE2A41, 2001, 10(3): 63-66.

Wang X D, Hu T T, Li Q X, et al. An evaluation on the phosphorus
component of organic materials and its phosphorus supply
capacity[J]. Acta Agriculturae Boreali-Occidentalis Sinica, 2001,
10(3): 63-66.

Li G, Li H, Leffelaar P A, et al. Characterization of phosphorus in
animal manures collected from three (dairy, swine, and broiler) farms
in China[J]. PLoS ONE, 2014, 9(7): €102698.

Hu J, Wu J G, Qu X J. Decomposition characteristics of organic
materials and their effects on labile and recalcitrant organic carbon
fractions in a semi-arid soil under plastic mulch and drip irrigation[J].
Journal of Arid Land, 2018, 10(1): 115-128.

WHER, AR, TEH. A YRR A0 R IE R 5 A= 4R
MR FR )] Bt AR R 4R, 1992, 15(1): 59-64.

Shen Q R, Shen Z G, Shi R H. The characteristics of mineralization

of nitrogen in organic manure and its relationship to chemical

[30]

(31]

(32]

[33]

[34]

[35]

[36]

[37]

composition of organic manure[J]. Journal of Nanjing Agricultural
University, 1992, 15(1): 59-64.

R, T, 5K, TR RS A A AL X TG - S
BUSRATINFZ R [J]. T E AR 25, 2001, 17(2): 30-33.

Zhu L, Peng Y, Yuan F, Zhang C L. The effect of the rice straw and
other organic materials application on available nutrient of the soil[J].
Chinese Agricultural Science Bulletin, 2001, 17(2): 30-33.

Pascault N, Cécillon L, Mathieu O. In situ dynamics of microbial
communities during decomposition of wheat, rape, and alfalfa
residues[J]. Microbial Ecology, 2010, 60(4): 816-828.

Wang X Y, Sun B, Mao J D, et al. Structural convergence of maize
and wheat straw during two-year decomposition under different
climate conditions[J]. Environmental Science & Technology, 2012,
46(13): 7159-7165.

HEPOE, W, R, AF. K ACXT LUK RS LA P AL S 152
MR [J]. P SR S AR 2R, 2003, 9(1): 63-66.

Huang Q H, Lai T, Wu Q, et al. Effect of long-term fertilization on
the forms of organic phosphorus in paddy soil derived from red
earth[J]. Journal of Plant Nutrition and Fertilizers, 2003, 9(1): 63—66.
B, SR, BRAK, 55 A IR L3R HLBEEE o3 B AL R
R [T]. 35, 2006, 38(6): 740-744.

Zhao J J, Guo Y, Chen X, et al. Influences of organic materials on
organic phosphorus fractions and mineralization processes in soils[J].
Acta Pedologica Sinica, 2006, 38(6): 740-744.

BRRK, X &, B, S5 A HLYRH P B R DTS (D). SR R
2R (A ARBI£AR), 2007, 37(1): 56-60.

Chen X, Zhao J J, Lu C Y, et al. Review of the study of phosphorus
in organic material[J]. Journal of Henan University (Natural Science
Edition), 2007, 37(1): 56-60.

Mackay J E, Macdonald L M, Smernik R J, Cavagnaro T R. Organic
amendments as phosphorus fertilizers: Chemical analyses, biological
processes and plant P uptake[J]. Soil Biology and Biochemistry,
2017, 107: 50-59.

Takeda M, Nakamoto T, Miyazawa K, Murayama T. Phosphorus
transformation in a soybean-cropping system in andosol: Effects of
winter cover cropping and compost application[J]. Nutrient Cycling

in Agroecosystems, 2009, 85(3): 287-297.


https://doi.org/10.1016/j.agee.2014.07.019
https://doi.org/10.1016/j.agee.2014.07.019
https://doi.org/10.1080/01904167.2019.1683194
https://doi.org/10.1016/j.biortech.2015.04.031
https://doi.org/10.1371/journal.pone.0102698
https://doi.org/10.1007/s40333-017-0035-1
https://doi.org/10.1007/s00248-010-9705-7
https://doi.org/10.1016/j.soilbio.2016.12.008
https://doi.org/10.1007/s10705-009-9267-6
https://doi.org/10.1007/s10705-009-9267-6
https://doi.org/10.1016/j.agee.2014.07.019
https://doi.org/10.1016/j.agee.2014.07.019
https://doi.org/10.1080/01904167.2019.1683194
https://doi.org/10.1016/j.biortech.2015.04.031
https://doi.org/10.1371/journal.pone.0102698
https://doi.org/10.1007/s40333-017-0035-1
https://doi.org/10.1016/j.agee.2014.07.019
https://doi.org/10.1016/j.agee.2014.07.019
https://doi.org/10.1080/01904167.2019.1683194
https://doi.org/10.1016/j.biortech.2015.04.031
https://doi.org/10.1371/journal.pone.0102698
https://doi.org/10.1007/s40333-017-0035-1
https://doi.org/10.1007/s00248-010-9705-7
https://doi.org/10.1016/j.soilbio.2016.12.008
https://doi.org/10.1007/s10705-009-9267-6
https://doi.org/10.1007/s10705-009-9267-6
https://doi.org/10.1007/s00248-010-9705-7
https://doi.org/10.1016/j.soilbio.2016.12.008
https://doi.org/10.1007/s10705-009-9267-6
https://doi.org/10.1007/s10705-009-9267-6

	1 材料与方法
	1.1 供试材料
	1.2 试验方法
	1.3 测定方法
	1.3.1 土壤样品分析
	1.3.2 有机物料和植物样品分析

	1.4 数据处理

	2 结果与分析
	2.1 有机物料磷素组成
	2.1.1 有机物料中有机磷的组成
	2.1.2 有机物料中各组分有机磷占总有机磷比例

	2.2 有机物料对小麦播前、收获后土壤有效磷含量的影响
	2.3 施用有机物料对小麦生物学产量和吸磷量的影响
	2.4 小麦吸磷量、有机物料C/P、土壤有效磷之间的关系

	3 讨论
	4 结论

