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Effect of Continuous Application of Chicken and Pigeon Manure from Poultry

Farms on Concentrations of Soil Nutrients and Heavy Metals

YAO Li-xian, CAO Jun-xi> LI Guo-liang, HE Zhao-heng
(Soil and Fertilizer Institute; Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China)

Abstract: Animal manures of intensive livestock and poultry farms are composed of complex materials. Effect of continuous application of
chicken manure (CM) and pigeon manure (PM) for six crops on soil nutrients and heavy metals was investigated in a vegetable soil in
Guangzhou, south China. Application rates (N 0 ~ 450 kg*ha™') of CM and PM were calculated considering their N contents. The results
indicate that concentrations of soil ammonium N, nitrate N and phosphorous extracted with sodium bicarbonate ( P-NaHCO; )» potassium
extracted with ammonium acetate ( K-C,H;O,NH, ) increase considerably after continuous application of CM and PM for three crops.
Moreover; their concentration increments go up with the rates of CM and PM. Concentrations of soil nitrate N and K-C, H; O, NH, after the sixth
crop reduce compared with those after the third crops and also decrease compared with their original ones due to the heavy rainfall during the
three latter crops. However, concentrations of soil ammonium N and P-NaHCO; are still higher than their original ones, and their concentration
increments increase with the rates of CM and PM, respectively. Two manures contain low Pb, Cd, Cr and pigeon manure contains low As,
there is no great influence on soil Pb, Cd, Cr and As by continuous application. Two manures contain higher Zn (172.0 and 299.8 mg*kg™ ',
respectively), leading to soil Zn concentration increments from 0.7 to 17.1 mg*kg ™" after the sixth crop. Meanwhile, CM has relatively high
Cu (117.7 mg*kg™" ) and As (39.6 mg*kg™' ), indicating the trend to accumulate Cu and Zn in soil after the sixth crop.
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Table 2 Major components of chicken and pigeon manure
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X3 CM 8.3 34.8 11.3 18.8 6.9 0.18 1.9 117.7 172.0 39.6
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Table 3 Change of soil NH; -N concentration at different

crop stages/mg*kg ™!

Ab 3 BURoE AFRIY AFE2Y AGHY
IF 95.9a 39.0a —35.2ab 3.8b
CM1 97.1a 62.3a -24.8b 37.5a
CM2 + IF 97.1a 61.4a -46.2a 15.2b
CM3 + IF 88.0a 65.0a -47.7a 17.3b
CM4 + IF 94.0a 46.3a -28.3b 18.0b
IF 95.9a 39.0c -35.2ab 3.8b
PM1 97.7a 117.8ab —75.0ab 42.7a
PM2 + IF 97.7a 128.5a -101.1a 27.3ab
PM3 + IF 98.3a 66.7bc —42.7b 24.0ab
PM4 + IF 102.5a 54.2¢ -33.3h 20.9ab
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Table 4  Change of soil NO; -N concentration at different

crop stages/mg*kg ™!

Aib 3 JE iR 5 A1 AFH2  ATHS3
IF 39.2a 106.1a -130.6a  -24.4a
CM1 51.5a 129.7a -149.9a  -20.2a
CM2 + IF 57.4a 134.8a -166.2a  -3l.4a
CM3 + IF 38.4a 120.8a -138.7a  -17.9a
CM4 + IF 44 .1a 104.6a -126.7a -22.1a
IF 39.2a 106.1a -130.6a  -24.4a
PM1 55.4a 149.2a - 159.0a -9.8a
PM2 + IF 57.8a 146.2a -170.1a  -23.9a
PM3 + IF 52.7a 106.4a -119.1a  -12.7a
PM4 + IF 52.5a 110.3a —124.3a -14.0a
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Table 5 Change of soil available P at different crop stages/mg*kg ™"
b3 R E R AT AfTHE2  ATES3
IF 179.2a 93.9b -39.9b 53.9d
CM1 182.0a 135.9ab 116.2a 252.0a
CM2 + IF 170.8a 145.2a -22.9b 122.3b
CM3 + IF 172.6a 122.7ab -47.5b 75.1cd
CM4 + IF 179.2a 113.2ab -21.3b 91.9bc
IF 179.2a 93.9a -39.9a 53.9b
PM1 173.2a 154.4a -3.2a 151.3a
PM2 + IF 170.7a 123.8a -6.5a 117.2a
PM3 + IF 165.1a 98.2a -37.5a 60.7b
PM4 + IF 166.1a 92.2a -47.0a 45.2b
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Table 6 Change of soil available K at different crop stages/mg®kg ™"

AbF JRAh S = AGE1 AGE2 ATES3
IF 410.7a 89.9¢ -286.2b  —196.3c¢
CM1 365.7a 596.8a -527.7a 69.2a
CM2 + IF 385.5a 438.9a - 486.6a —47.7h
CM3 + IF 360.7a 325.8¢ —-437.6ab -111.8b
CM4 + IF 370.6a 161.6¢ -287.1b  —125.6hc
IF 410.7a 89.9¢ -286.2b  —196.3c
PM1 345.9a 425.7a -394.3ab 31.5a
PM2 + IF 380.5a 380.5a -485.3a  -104.9b
PM3 + IF 380.9a 305.2ab —448.6a  —143.5hc
PM4 + IF 415.6a 196.4bc -366.9ab - 170.5hc
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Table 7 Change of soil Pb concentration at different

crop stages/mg*kg ™!

b JE a5 AFHE AFHE?2  AFHES3
IF 74.2a -4.0a -7.7a -11.7b
CM1 71.9a -3.6a -3.2a -6.9ab
CM2 + IF 65.8a 2.6a -5.9a -3.3a
CM3 + IF 72.4a -3.4a -5.9a -9.2ab
CM4 + IF 72.1a -1.7a -4.1a -5.8ab
1F 74.2a —4.0a -7.7a -11.7a
PM1 76.1a -9.0a —3.6a -12.7a
PM2 + IF 71.1a -3.7a -6.8a -10.5a
PM3 + IF 77.8a -10.8a -2.0a -12.8a
PM4 + IF 70.3a -1.3a -6.9a -8.2a
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Table 8 Change of soil Cd concentration at different

crop stages/mg*kg ™!

b JRIh & = ATE1 ATE?2 ATHE3
IF 0.277a —0.047a 0.019a ~0.029a
CM1 0.305a -0.06la 0.024a -0.037a
CM2 + IF 0.313a -0.050a 0.017a -0.033a
CM3 + IF 0.270a -0.065a 0.024a -0.124a
CM4 + IF 0.275a —0.046a 0.024a -0.021a
IF 0.277a -0.047a 0.019a -0.029a
PM1 0.212a -0.004a -0.013a -0.017a
PM2 + IF 0.140a -0.018a 0.034a 0.016a
PM3 + IF 0.177a -0.010a 0.032a 0.022a
PM4 + IF 0.230a -0.012a 0.020a 0.008a
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Table 9  Change of soil Cu concentration at different CM4 + IF 26.2a 0.0a -2.8a -2.8a
ctop stages/mg* kg ™! IF 26.2a -0.8a -5.4a -6.2a
PM1 26.2a -3.5a 0.9a -2.6a
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IF 60.9a -3.8a -0.3¢ -4.0c . o1
crop stages/mg*kg
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PM1 56.5a 7.3a 9.9a 17.1a CM3 + IF 7.220a 0.300a —-0.347ab —0.047be
PM2 + IF 64.1a 1.8a 12.0a 13.7a CM4 + IF 7.227a 0.113a —-0.247ab -0.133¢
PM3 + IF 61.8a 4.7a 7.4a 12.0a 1F 7.307a 0.240a -0.953a -0.713a
PM4 + IF 63.5a 1.1a 0.9h 2.0b PMI 7.157a 0.292a -0.617a -0.325a
PM2 + IF 7.180a 0.253a -0.520a -0.267a
w4 PM3 + IF 7.260a 0.307a -0.613a —0.306a
2.2.5 /m\% PM4 + IF 7.147a 0.233a —-0.767a —-0.534a
11 Bl o, #ORE oy A PEAE R AR 3 #E R 6
T J5 TSR0 AR g R R IR AT B X i
3 WY

FERRG L )% FE AR, AN (7] FH 2 Ak 8 1) 6 A 3%
2R, T 6 75 Ja 0 13 B A AL R
2.2.6 M

FERNAR 3 2520 5, P A7 AL 3 48 S w8
A5, BRIC R AIC HE XS SRS IS AL B4, Hoe i
Jit P X5 388 R0 R85 28 Kb 31 A 1 1 R 34 K T R TE L
NEALBECHR 12) 4R 1M0, 7R3 6 75 JiT [k B it 10 3% Ak 21
Gh, e i e RS EI e 3 G %L T
WS HE LA 719 9 7K T PES T 55 T i bk e, DR o
B 3 75 RAAIAIRE J5 3 24 (1 5 B4 Mk e i A6 26 6 75

HARE A RN O R Y B T SR
WA TG IR0 SR R, AR 56 25 R A 2% B it X
FERIRE A AT IR A BB IR0 1) B, (0 B
(IAH AR B A R e 2 20 S T8 50 B0 320 By e B T b
Te R IR B R 2 0 b T 7K R M 3R K 3] DAL= A2
Jo 00 i g AR TR TG G TG G 2 e R
V] [ 78 G v il XK e FH DA RS 3t O = A HUIECH &
Pré N 291000 kgehm ™2 LA _ED FR 88 5 3k A7 14 1 £
RIN, 75 280 ~ 400 em )= T3 ) NO; -N % 514 40



824 7N 58

B 86

~50 mgekg™ ", 1M B = b 3T 20 K S P NOy -NE
SR A Al 2R e 1 R K AR fE C 1o
mg* kg™ e e Chesapeake V35 Ff 1T b [X % 42 (1) &
FIRGENY S RN AR P K it 7S 2 A A 1%
b X K™ F 7 AR (1 B i [N ARk, BRYT
TR H 28 %Ak AR ) AR A8 K SC R 4 3 2k
TL) MR ARYT A B 9T R I 38 7 4% 300 7K 5 s
AR R A T, AR R IA T1.0% , 2 AR bR B A
N 3T TR AR X R BR YT R Y | BT
=K PG RT3 L B K R ML
PR v Y P B BRYT N I e KT LS A AT PRI+ 4E
SKAK AT G FEFE AW 5, oAb TEHL R WL v
e T, K AR IR A TR B R T 2002-06-04 ~
2002-06-13 BRVL FEE A AR T 48 ROMUARE 1) 4% U398
TR, KRG B B AL e W A A A AR R R A
M EEF N 2 ARG RN EE, BE
B FARYI L= BRVE = A AR B Py, 0 I 25
A, HEE R G e, i H N E, R RS,
W25 o R A AR TR YR ¥ e | A6 BRI = fr i g AL /N
BT IWF R R, AR B 97 0 3K S HE N K i
T KT A (1 2 B i LA 22— B0 AR, SRR Y e
B E AN A I AR b THT 5 Y Y i) R T ] i A A 2
IVESRIN R

AN Bt 8 A S PR IR 40 Ui R 08 R T G
A1, BT R M 3 N 0 B R R R 5, 8 R 2
X 3 Fpon R, A5 e A AR I R RE Y
R VA i 5 R0, AR I T FH XS 36 R0 05 24 () 4 L
B A8 & e b AN, (R R &0 5 — 3 R
FWRE, BEAE L s rp SR, A it th AT AR A
ARG 45 Rk W, LIRS R i R K T
BT L . — MK it B K i ) & &
36, b (TR 4 a0 3 2 BBUAE T B e B4
W 24 W Zhou 55 I 25 AR IR 0 45 L B oR,
HHH SIS M EEYE RS T
AbRENY ORGSR, R EE R TR L
SRR RS RNHUE RS Nk, TR &
FH e 4 e R85 22 A 1) 25 18, WL 88 & 25 BT W I b AT
ATH % RS A W R 22 A

4 it

COFEST 3 7 FMAS I )G, IR AR
THAS 5 R SO A & W e &, 4 PR IRy
TR 1B B Y LAY ZE ] BB I e L S 3 AE T
BN ) 5 B N, e FH 6 7 5 T B A A R R A B

A~

e AMEECH 3 255 R R BE, SRR T R R R
i, (R A AT RO 2 5479 BU R A 5 B i, 1T
L R B 3 P 5 525

AR FE il 4 8 7 4 J 5 AR Ak 55 X 2 A

FMERE S B EVIRR Y FENGEFE Ph.Cd. Cr

TR NG As T EARAC, ELH 6 X R

Pb st Cdviah Cr ik As & HESE AR, (H 2 R L

In T ER L 6 5 TIRE Zn RIS 0.7 ~

17.1 mgekg™" . HI T8 Cus As & FE AR5y, it

6 15 TR Cus it As & A BRESH

(B MNFRITL R I 4 B SRR AR SR, & Bt

LR EIRIEN 78 Z B AED IR HK &

FINCTE GRS AR A A IR

S 3K -

[ 1] Morrison J L. Distribution of arsenic from poultry litter in broiler
chickens: soil and crops [ J]. Joumal of Agricultural and Food
Chemistry, 1969, 17: 1288 ~ 1290.

2] HERKR, kAL G 5 7 4 125 22 i 75 8 20 7 X BR800 75 G
LI). K& E4,2002, 23(3):68 ~70.

L3 Bhmwt, =B R, 5 AR & 2% 1 B AL Y iR
LI]. B AEZS 2441, 2006, 17C100: 1989 ~ 1992.

[4] Cangl, Wang Y J, Zhou D M, et al. Study of heavy metals
pollution in poultry and livestock feeds and manures under intensive
farming in Jiangsu province [J]. Journal of Environmental Science
20045 16(3):371 ~ 374.

[5] LiYX, ChenTB. Concentrations of additive arsenic in Beijing pig
feeds and the residues in pig manure [J]. Resources, Conservation
and Recycling, 2005,45(4):356 ~ 367.

[ 6] Williams P E V. Animal production and European pollution problems
[J]. Animal Feed Science and Technology, 1995, 53 (2):
135 ~ 144,

[ 7] Mantovi P, Fumagalli L, Beretta G P, et al. Nitrate leaching
through the unsaturated zone following pig slurry applications [J].
Journal of Hydrology, 2006,316(1 ~4):195 ~212.

[ 8] Pierson ST, Cabrera M L, Evanylo G K; et al. Phosphorus and
ammonium concentrations in surface runoff from grasslands fertilized
with broiler Litter [ J]. Journal of Environmental Quality, 2001, 30:
1784 ~ 1789.

L9] Kingery WL, Wood C W, Delaney D P; et al. Tmpact of long-term
land application of broiler litter on environmentally related soil
properties [ J 1. Journal of Environmental Quality, 1994, 23:
139 ~ 147.

[10]  Jackson B P, Bertsch P M, Cabrera M L, er al. Trace element
speciation in poultry litter [ J]. Journal of Environmental Quality,
2003, 32: 535 ~ 540.

[11]  Garbarino J R, Bednar A J» Rutherford D W, et al. Environmental
fate of roxarsone in poultry litter. 1. Degradation of roxarsone during

composting [ J1. Environmental Science and Technology, 2003, 37:
1509 ~ 1514.



41

e bt 4

RS T TR 0 | 8 FENT 39857 20 P E G 2 B S 825

[12]

[13]

[14]

[15]

L16]

[17]

[18]

L19]

[20]

[21]

Zhou D M, Hao X Z, Wang Y J» et al. Copper and Zn uptake by
radish and pakchoi as affected by application of livestock and poultry
manures [J]. Chemosphere, 2005,59(2): 167 ~ 175.
Franzluebbers A J» Wilkinson S R» Stuedemann J A. Bermudagrass
Management in the Southern Piedmont; USA IX. Trace elements in
soil with broiler litter application [ J]. Journal of Environmental
Quality, 2004,33:778 ~ 784.

Eghball B. Soil properties as influenced by phosphorus-and nitrogen-
based manure and compost applications [J]. Soil Science Society of
America Journal, 2002,94: 128 ~ 135.

B gL 2= T AL ML AT o ER LR
FiAE 2000

SRS A b 3 858 W 00 92 AT 0D ML B e o B A HE
#2001

Yost R S; Uehara G» Fox R L. Geostatistical analysis of soil
chemical properties of large land areas. | .Semivariogram [J]. Soil
Science Society of America Journal, 1982,46: 1028 ~ 1032.

Strahm B D> Harrison R B> Terry T A et al . Soil solution nitrogen
concentrations and leaching rates as influenced by organic matter
retention on a highly productive Douglas-fir site [J]. Forest Ecology
and Management, 2005,218(1 ~3):74 ~ 88.

Hooda P S; Truesdale VW, Edwards A C> et al. Manuring and
fertilization effects on phosphorus accumulation in soils and potential
environmental implications [ J 1. Advances in Environmental
Research, 2001,5(1):13 ~21.

http: //www . fao . org/documents/show _ cdr. asp? url _ file = /docrep/
x5303e/x5303€00.. htm

FUBTIR, M4, M2 =, 55 AT HUIEX 13 Noy -N SR %
waly]. - HE AL, 2000, 9(3): 197 ~ 200.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Boesch D F, Brinsfield R B, Magnien R E. Chesapeake Bay
eutrophication: scientific understanding, ecosystem restoration, and
challenges for agriculture [ J]. Journal of Environmental Quality,
2001,30(2):303 ~ 320.

T 3L, BT 9 PR BRI = A o ] DX KOG ek 1 4y
HILT]. T AKFIK AR, 2001 T 52 ~ 53, 58.

XI5, Vermaatj E> Ruyier E D, 55 . BRYL L L3R ] K 24 A 2 4)
I3 AU DR 5 A SR 23 L], Al oK 2 2 4R CH R B} 2
F5),2003,42(1):95 ~ 9.

ST, ARWT 2%, 2RI 5, 45 BRYT VR ST 199 )i Y 1) U v
AL SR OHUERL ) T vl R 2 2 3 C SRR G 5 2005, 44
(2):107 ~ 110.

TRt 1) B, XBAFF | BRIL/K & £ T AR 2 B BOK K
TR AT ]. S TR L 27 2005, 31(4):77.

PRIEEE, ShEEBE. TRV D& AT VAl K 0 47 105 19 2K BTk e
HPFTI] EREIR A, 2001,2002): 28 ~ 31
EBEE, TR B, TN SF L BRVT i 5 4 SOV B A W 1Y
ZE I R R R BERF AL L], #Aa i 7 22 41 2003, 22(5):
55~62.

AN, Sk, EMELT, B BRIT. 1 ARV — UOUUR A 9 % R 49
WO A BT RE 7, 2004, 23(4): 41 ~ 44,

SN, BLEET, EARNY, A BRI IE DU/ L 5 A TR
TURAGSILI T K b R4 2745 2004, 18C1): 100 ~ 102, 114
TR » SR, XU T, 55 UG TRIE B A 36 T 2 5 il
SERHTITFELT] AP E TR S IRRFAR, 2005, 11(6): 822 ~ 829.
Bolan N S, Adriano D C, Mahimairaja S. Distribution and
bioavailability of trace elements in livestock and poultry manure by-
products [ J1. Critical Reviews in Environmental Science and

Technology, 2004,34(3):291 ~ 338.





