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Characteristics and Availability of Different Forms of Phosphorus in Animal Manures

YAN Zheng—juan, CHEN Shuo, WANG Min—feng, SONG Zi-wei, JIA Wei, CHEN Qing"

(College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China )

Abstract: The rapid development of intensive livestock industry has greatly increased the discharge of animal manure. Reasonable utilization
of large amounts of phosphorus(P) in animal manure can not only save the fertilizer resource, but also avoid water pollution from manure due
to direct discharge or excess application in farmland. In this study, P contents and fractionation in 76 animal manures were analyzed using
Hedley P fractionation method based on the survey for 52 livestock farms, and P mobility and environmental risks in different manures were
evaluated as the reference for manure P management. The results showed that there were significant differences in total P content of animal
manures. The mean P contents were 22.5, 13.7, 12.9, 9.6 g P+kg™ and 7.5 g P -kg™, in which the proportion of organic P in total P were
33.1%, 41.5%, 66.4%, 28.1% and 36.8% in pig, chicken, duck, cattle and sheep manures, respectively. The contents of total and organic P in
non-ruminant animal manure (pig, chicken and duck manures) were 1.7~3.0 times and 2.1~3.0 times greater than that in ruminant manure
(cattle and sheep manures ) and the proportion of organic P in total P in poultry manure was higher than that in other manures. P mineraliza—
tion was easier in non—ruminant animal manure with lower C/P ratio (19~29 ), compared with that in ruminant manure with C/P ratio of 38~45.
Manure P was sequentially extracted by deionized water (H,0-P), NaHCO; (NaHCO;=P ), NaOH (NaOH-P) and HCl (HCI-P). The pro—
portion of H,O-P, NaHCO;—P, NaOH-P, HCI-P and residual-P in total P in ruminant animal manure were 27.8%, 32.8%, 18.1%, 15.2% and
6.1%, respectively, while that were 24.6%, 19.4%, 12.7%, 34.4% and 8.9% in non-ruminant animal manure. The significant differences

were in NaHCO;—P and HCI-P between ruminant and non—ruminant animal manures. Ruminant manure had greater proportion of liable P
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(H,0-P and NaHCO;-P) in total P (>60% ), but the characteristics of higher mineralization rate might result in fast release of liable P in non—

ruminant animal manure. Both ruminant and non—ruminant animals have high availability of P in manures. Therefore, the contribution of

long—term application non—ruminant animal manure to environmental risk is similar to application of ruminant animal manure with applica—

tion of the same amount of P. However, due to the higher P content, the former may contribute to higher environmental risk, compared with

latter based on application of the same amount of manure.
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Figure 1 Total P contents and C/P ratio in different animal manures
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proportion of total organic P in total P in different animal manures
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JE 0 O e A s FEE T S B 1.7~3.0
(RS Rl AT SN N P 55 e i i
ANTEBUT , A ZENE AT e A o
FE it PRI AT g B = A vk  BR AR R 4 3h )
ZENE T ) Ak 53 i B R AIE T O AT DUAR PRORE IO 1
B SE SRR AR A F I L FE s
NEBERA RE2EAZ ABRA BEIEEE 2N 5 1Y
HI— > HARNEAR T AR NS, s Ao 78 9E 2
AZENER RS — D AT RER B E L B R,
TEE RN AN OUT , M T R4 shyZEie, 3F
A ZENE R T, ST AR AR AT A AR
JE VT, IR B A R
NPZENE S A B RRBER BT, WAE& FRIAER A
A, H2R AR IE R SR ZEIE B HeHE A
AN B AR B it T 5 | S 1 i 3R B 5 ) A L By
H Al iR i a) 8, 77 2P0 2 & 3R] T 288 it
FAAE T 3w R SRR RET S AR B AT A T
FRNET &, ZENEXT T8 R, JUHE TR S HE M 2R
FRTTER R, Li S 5T 3R B, ZENE A 300
1-3EO0lsen—P W EE I AHAEER A ALY 3 £ o Kk
) 2R BT R B R R KUK . KRR RS
B A R IR RN R B R (IR R 2R
P PRI , 4l 8 — M bk vk i3 A o B 2R 1Y
10% , {H 238 2 R e 25 B B R B 28 32 2 R T i
e, K AR AR W2 T R RO, DR 3R Al — HLE A
IKARILERSFE R B . e i Il o 338 |, S5 JeHLk
FHLE A HLBEBE I TCHLA P i [ FR B A, 7 1
B TR SE 2 HIER R s F 2P
AP 3 2 AR ARl 1 R A BE ) 3 vk
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/N NaHCOs=P Fll HYO-P N AT & Bk, &5 5% il
W BE SR AR R, A s RS T S A
AT E A58, et A H 38 S BAT AR H s i i 4
DRFIIREAD XU o T Sz 2 sl ) AT Hh 5 v B AT L
Wi, A RE A A AU AE L 3] 1R A9 A% 31 5 R IR
Gy A i B R 5 BOH AT LAAR DRSS P
e, KM S 7R FE BB ANE DL, P B EREE K
W 28 S AR5 A S FEHE RS OL T, ARl & 3 i 2%
JEL P B g PR R 5 2 R O R A PR XU

TR

(D ARFIZENE 2 & AR R 25 57 J 3 X026
M52 AR SR EZEM 3 & i i 22.5.13.7 12,9,
9.6 g P-kg™! F17.5 g Prke™, o HLBE 7 A i it L £51)
4351k 33.1% 41.5% 66.4% 28.1%F1 36.8% . AL 4
Y FENE AT A HLBE S 20 I 4 8
P2 NE b W AN HLBE 5 Y 1.7~3.0 £ 51 2.1~3.0

i, AR ZE A HLBE AW L A s o
(2)AE R A s ZERE C/P H(19~29) B AR T iz
AZENE C/P H(38~45) B R 50 1k .

(3) )2 A8 Hy0-P NaHCO,—P NaOH-P,
HCI-P FBR A 70501k S ) 27.8% .32.8% 18.1% .
15.29F 6.1% ; TR I 4 S ZENE b 1 £ 2 4 53110
F A543 50 R 24.6% 19.4% 12.7% 34.4% 1 8.9% ; Hi
# FHAE NaHCO,—P F1 HCI-P 4077522 5

(D)5 Bk, [ 4 sy e v s ek (H,0-P
NaHCO,-P) 1 He 651 5 i , M i 1 60% , 1T Al Jz 4
YN 5 5k 43 i B RRAIE S BT DR PO i
TEPERE , 2 38 A AR S i A A Rk TR, K
M5, FEEFE RGO, P 1 PR XU 22 5
AR MR AER A g2 rh
EIBER O S R EOE = PR EE XU .
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