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Effect of Poultry and Household Garbage Manure on the Growth of Amaranth tricolor L. and Heavy Metal

Accumulation in Soils

WU Qing—qing'?, MA Jun—wei? JIANG Li-na’, YE Jing, WANG Qiang?, WANG Jian—-mei?, YU Qiao—gang’,SUN Wan—chun? FU Jian-rong®
(1.College of Chemistry and Life Science, Zhejiang Normal University, Jinhua 321004, China; 2.Institute of Environmental Resource and Soil
Fertilizer, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China)

Abstract ; Excessive application of organic manure could result in potential threat to environment. This study was conducted with pot culture
on red earth and fluvo—aquic soil received poultry and household garbage manure with the rates of 5%, 10% and 15% of soil weight in order
to explore the effects of poultry and household garbage manure on the growth of amaranth(A maranthus tricoclor L.) and soil chemical proper—
ties as well as soil heavy metal content. The results showed that almost all the treatments received organic manure obviously increased the
fresh leaf yield, main root length and plant height of amaranth as well as OM, EC, available P and exchangeable K in soils except of soil total
N. The Cu and Zn concentrations in amaranth plants on fluvo—aquic soil increased by 26.3%~36.0% and 1.2%~20.3%, respectively, as com—
pared with control, but the concentrations didn’t exceed National Food Standard for the permission of Cu and Zn content in vegetables, while
the concentrations of Pb, Cr and Cd in amaranth plants decreased. The concentrations of Zn, Pb and Cd in amaranth plants in the treatments
received organic manure on red earth decreased by 42.7%~59.9%, 0~48.9% and 4.1%~71.3%, respectively, as compared with control (P<
0.05). When the treatments received 5% organic manure on red earth and fluvo—aquic soil no obvious heavy metal accumulation in amaranth
plants was found. On the contrary, the treatments received 10% and 15% organic manure could obviously increase the contents of available
Zn, Cd, Cr and Pb in red earth and fluvo—aquic soil, except of available Cu in the treatment received pouliry on two soils. From the compre—
hensive consideration of soil fertility and environmental quality safety, a proper application rate of organic manure is necessary.

Keywords: poultry; household garbage; heavy metal accumulation; A maranih iricolor L.
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Table 1 Basic properties of organic manures used

EHJE pH BUFR/% 2F/% £B/P0%

2H/K0% EC/mS+-cm™ Cu/mg-kg? Zn/mg-kg? Crimg-kg? Cd/mg-kg” Pb/mg-kg?

¥ 7.68 35.34 2.12 3.11 2.60
Bk 7.98 13.13 0.19 1.61 3.18

3.610 30.72 152.16 43.80 2.16 54.75
5.190 34.33 383.38 28.97 4.25 150.25
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(F£3), XEFENEYIEFEHIEBRE L FIIELH
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FEAEST HIES RS ETEET W, W HEENE A
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Table 2 Effect of organic manure on the agronomic characters of amaranth

Jrem 5 PR E /g FHEK/em R /em
Wt % Wt i Wt EAR:

CK 6.34+1.31 ¢ 4.81+0.71 ¢ B 4.70£0.42 b 3.15+0.21 ¢C 8.40+0.99 cC 11.45+0.07 cB
NPK 13.13+0.64 be 16.54+1.46 b B 5.04£1.19 b 5.70£0.71 bB 11.45+3.61 cBC 13.2+1.70 ¢cB
LOM1 22.76x2.76 b 28.65+0.65 ab AB 6.95+1.06 a 7.70+0.28 aA 22.00+0.14 aA 19.95+1.06 aA
MOM1 25.62+2.23 ab 26.68+3.21 ab AB 6.85+0.21 a 6.85+0.64 abAB 16.90+0.99 bB 16.70+0.99 bAB
HOM1 37.30+£12.63 a 31.72+£9.67 ab AB 7.98+0.59 a 7.25+0.07 abAB 19.00+0.85 abAB 18.15+0.35 abA
LOM2 19.34+.06 be 14.08+0.06 be B 7.00+0.28 a 5.70+0.28 bB 18.10+0.28 bAB 13.20+0.28 cB
MOM2 17.41+5.84 be 24.02+5.20 b AB 7.20£0.42 a 6.40+0.28 bB 16.30+1.13 bBC 15.85+0.07 beAB
HOM2 34.80+6.55 ab 35.83+7.10a A 7.55+0.64 a 7.55+0.07 aAB 18.90+2.40 abAB 18.50+2.97 abA

L ARFER NFRFRAEBRIZE S 1950 5%BEKF, .

Note: Different capital and lowcase letters mean significant 1% and 5% level , respectively. The same below.
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Table 3 Effect of organic manure on the pH and nutrients in soil
- pH BHLEI% 2R /% AR B /mg-kg! B /mg - kg™
Wt a% Wt a% Wt % Wt AR Wt E4R:

Initial 8.50a 5.35d 1.31c 1.25¢ 0.14b 0.16a 93 e 579d 123.2¢ 131.2d

CK 8.14b 4.95d 1.22¢ 1.33¢ 0.11b 0.13a 9.6 e 51.3d 116.5d 107.1d
NPK 7.95b 4.75d 1.19¢ 1.33¢ 0.14b 0.17a 119d 55.7d 220.5¢ 262.4c
LOM1 8.24a 6.05¢ 1.79b 2.55b 0.13b 0.16a 44 ¢ 60.1 ¢ 381.8¢ 546.7¢
MOM1 8.04b 6.50c 3.21a 3.04b 0.19b 0.20a 79.1b 749 b 1094.0b 1066.0b
HOM1 7.86b 6.83b 4.80a 5.22a 0.28a 0.21a 80.0 a 90.1 a 1693.0a 1437.0a
LOM2 8.38a 7.24b 1.45b 1.79¢ 0.14b 0.13a 19.3d 56.9d 3752¢ 499.6¢
MOM2 8.43a 7.72a 1.68b 1.86¢ 0.17b 0.12a 264 d 58.1d 881.8b 914.4b
HOM2 8.45a 7.97a 2.05b 2.38b 0.19b 0.17a 324 ¢ 638 ¢ 1214.0b 1409.0a

FIKIIIEG 36.0%F01 1.2%~20.3% Cu I Zn EARY A K BLATF L

2.3 FWHAEYIIERT 1% EC B0
ANFIHEAE A 3 + 38 EC EWE 1 fin. Wik)E,
HaALHE A HLAEAL 32 + 3 Y EC (EIETTAEXT BK
RGN, B pEE fEAE B3 B & LT, FEA 15%3%
FENEFN 15% b7 3% B B - EC fH 5 )ik 1.145 mS -
cm™ 1 1.197 mS-em™ A5 F0 , EC () B 1- 45
RAEERBAN, Y2250, £ 2 B REYIR R
BT, HIEIEH EC N 1~4 mS-cm™ , KK EH,
EARMENE T4 EC EHE N B E TR, [HEIEEA
15%H 4G HLAE,, 138 EC EEIEH 5,
24 MABHENEXESESENTM
TP+ B 4R ARz 2 05 TH IR R RS
AT EESESE. EERANASEGE. ¥ pH
AV S EEM, HAVIEEYE SR &R
SR IB AR B . AURTe N R AT AL 3
WXESEGENE 4 PR, SXRML, 81 FiE
A 5% 10%F1 15%38 2 Filisr % A5 HLAE 25733 i 58 Al
WP ESLE Cu fl Zn & E, 25130 26.3%~

BItE, Hi3EH Cu fl Zn aXHEW = B R
FEAERM . B KA TAEVRHERXT Cu Al Zn M R
B 10 mg-kg? 1 20 mg-kg™, A{RI R SEAEIE
W Cu Fl Zn #BBA AR FEE AL B AN , 0532
P Pb.Cr 1 Cd &R 2 INESE, (HE5XHMLL,
HE B AR P HE 10% A3 as by IR i i3
Pb & B A, Xt B 2351 T B 68.8%F0 71.9%

P AR SEERE &8 & &2 AL W
BRI, A PEHSE Cu &R 5N REAE Y {H 10%
M 15%br FALIF RS Cu SR EE TR, HEEEL
IRt A\ B2 P B T T AR AEG 5 B P 2878 MLAE AR B 25 PR A
3% Zn.Pb il Cd &8, SR T 42.7%~59.9% .0~
48.9%H 4.1%~71.3%; %50 Cr ST EREFARE ., B
RAEVACHELIIERSE Zn P 1 Cd (1 EHEBE TR,
AIREJE R . PR DR BB BN 4T 38 pH, (B4R
PlAtiAk , AT LT R Bt P A8 LIRSS in D e A=
Y, MR ES R S B — e,

25 FRHETENTEESESENEN

a

12¢
[ mw+ ab ab
T L Oz ab
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2 08¢t be b .
@ L c be!
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Figure 1 Effect of organic manure on the EC in soil
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Table 4 Effect of organic manure on the heavy metal concentration of amaranth(fresh weight )
Cu/mg kg™ Zn/mg-kg™ Pb/mg-kg? Cr/mg-kg™ Cd/mg kg™
s o a% WL a% WL a% Wt % Wt %
CK 0.524 b 0.982 a 3398 ¢ 11811 a 0.830a 1.259 a 0457 a 0.436 a 0.013 ab 0.122 a
NPK 0.608 b 0991 a 3.349¢ 12.536 a 0.783 ab 1.108 a 0.291 be 0.382 a 0.013 a 0.071 ¢
LOM1 0.584 b 0.898 a 3439 ¢ 6.769 ¢ 0.756 ab 1.193 a 0.190 ¢ 0.352 a 0.011b 0.035d
MOM1 0.662 ab 0.948 a 3454 ¢ 5.625 e 0233 ¢ 1257 a 0.259 be 0.434 a 0.010 b 0.081 b
HOM1 0713 a 0.807 b 3439 ¢ 4786 g 0.526 ab 0.858 b 0.249 be 0.460 a 0.010 b 0.090 ab
LOM2 0.610 b 1.035 a 3814 b 6.298 e 0.632 ab 0.782 be 0.320 b 0337 a 0.010 b 0.078 ¢
MOM2 0.582 b 0.805 b 4.088 a 5.054 f 0.259 be 0.855 ab 0320 b 0435 a 0.010 b 0.117 ab
HOM2 0572 b 0.761 b 3.824 b 4742 g 0.769 ab 0.585 ab 0.344 b 0.453 a 0.010 b 0.117 ab

A HEMBIRA YA G SEELR, A
TEFREASI R EPELSB AT RS, WYUK
J& , &A1 34 Cu.Zn . Pb.Cr f1 Cd S B3 5 Fr
No BREAJE Zn S, B VLR 15% B HLE R
ZHehN 4% Cu Pb.Cr Fl Cd & &, XATREREH MK
SRR Zn KT IR K Zn, T
WEEXF Cu Pb.Cr A1 Cd A &/ TFHER 5] A RIAE
MNELSBESER, TERESR SRR R
e KPFRAE VBT I E 4B S BT, +
B G S EME NI E TR Tt 5E
Cu.Zn.Pb 1 Cd JLE G B A B A F 5 TG Ab 7,
X5HR AP ESE CuZn Pb il Cd S BB,
X Cr FTRERRA X,

Jiti 10% 01 15%38 3% sl dr 3% A8 HLAE Ab BRAR 5 A 1
AR EFESLE Pb.Cr fl Cd ARIFREWRE, HEL
HEIRBE R B AREXT Pb . Cr.Cd & & i) —ZAriE 4535
£ 250,150,0.30 mg-kg ', X} BRIARMAE , WK B2k
PUIEAL ) 38 Pb A Cr & & BA N, (BHTE R HE
Z ;TR 13 Cd & 25T 0.30 mg kg™ MIARIE,

HrbiFH 10%H 15%3% 25 br % AL P8 + 3% Cd &
BWIMAE . 15%5 3% AE4r BIE LT A+ Cd &
BN 0.085 mg-kg™ 1 0.244 mg kg, K, MEY)
ERMAEREESEE, BIRAVIEHRT Cd 5 &
B, AR H ARG
26 AmHENEEARTEESEERASSENTH

TIEE S RA BB S i
&R S YRR ARy EA R WE HIEE
SRARESETRTUTNESEEYAMENE
o Tessier HELLRBUEOR T E L BIL SN LT,
B B ES R NS KRS S YA
A AV EDFRRES 5Fh, ASCIRYE Tessier
AN, , 4 F R A s IRIRER 45 A B AR ALt
LABGRNESL RN A,

+ A A CuZn Pb.Cr Al Cd SR 2 FF
No WIEMRSE SHAERT TR, oI Rt F g2
SR B HUIE, BRI A Cu MEENA
Pt RAR: , B R 23 1) 5% 53.3%F1 51.9% ., SR HEAE
BN BE LA, e P XS 2 A BB 2K - 3 P A RS Cu &

RS EAFHEN I RESESEHNRM

Table 5 Effect of organic manure on the heavy metal concentration in soil

Cw/mg-kg™ Zn/mg-kg™ Pb/mg-kg™ Cr/mg-kg™ Cd/mg-kg™

. Wt EAR: (RS E4R: 4 (RS E4R: 4 o i Wt i
Intial 36.23 a 52.11c 173.14 a 167.20 b 30.19¢ 46.00 d 19.45 eDE 24.37d 025a 027 ¢

CK 3478 a 57.60 be 107.52 ¢ 125.89 b 28.02 ¢ 4554 d 19.28 dD 27.18 ¢ 027 a 024 ¢
NPK 3411 a 40.49 ¢ 105.42 ¢ 104.02 b 28.18 ¢ 39.66 e 18.21 eDE 27.05 ¢ 029 a 021c
LOM1 38.07 a 54.52 be 109.83 ¢ 10595 b 28.35¢ 52.80d 23.52 eDE 2493 d 029 a 027 ¢
MOM1 40.63 a 60.51 ab 112.04 be 113.63 b 3441 ¢ 59.11 cd 33.73 bB 29.78 d 035a 0.35 be
HOM1 40.79 a 60.42 b 12237 b 14431 b 47.62 b 61.49 ¢ 48.98 aA 3712 a 0.36 a 038 b
LOM2 4437 a 67.10 ab 124.1 8b 188.29 a 40.73 b 76.45 be 14.59 {E 24.04 ¢ 034 a 041b
MOM2 52.57 a 70.65 ab 156.62 ab 202.08 a 4972 a 80.09 b 18.33 eDE 2872 b 038 a 0.48 ab
HOM2 5334 a 78.63 a 170.49 ab 220.12 a 56.75 a 96.49 a 26.89 cC 30.58 ¢ 035a 0.49 a




5529 B2 7T K W OB OB ¥ ¥ 1307
- Cu
2016 a a a
E a : a a 2
b
S b b b
&
&
B
_H 1 1 1 1 1 1 1 ]
CK NPK LOM1 MOM1 HOM1 LOM2 MOM2 HOM2
AR HEEAL 28

a
ap a
b b b
I | m

30T Pb

A Pb i /mg kg

b b ¢
m m
NPK LOM1 MOM1 HOM1 LOM?2 MOM2 HOM2
NG s

mM

C
b
b
EH b m m H:|
1 1 1 |
Initial CK NPK  LOMI  MOMI  HOMI  [OM2 MOM2  HOM2
AR B
o a
Iio Cr a
2 a b b b
1 b
‘6;‘1 b a
(@] c e
E [ C
i3
-'-‘ 1 1 1 1 1
CK NPK  LOMI  MOMI  HOMI  1OoM2 MOM2  HOM2
NGRS
W 0% a .
o 020 cd
2o : :
Eﬂ 0.14 . c a
0.12 c ac a
3 0.10 2
= 008
= 006
0.04
B 0.02
+H 0,00 L L L . -
Initial CK NPK  LOMI  MOMI  HOMI  [OM2  MOM2  HOM2
AR AEAL
Eh O

Figure 2 Effect of organic manure on the available heavy metal concentration in soil
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B BEAE, FBIES BN 37.3%~47.1%F 15.6%~
33.0%; LriRAbFE AR Cu &R X B A Frg
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3, R R R A YUEAH, — T h T
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