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Yield and Heavy Metal Content of Brassica parachinensis Influenced by Successive

Application of Chicken Manure

YAO Li-xian, LI Guo-liang, HE Zhao-huan, FU Chang-ying

(Guangdong Key Laboratory of Nutrient Cycling and Farmland Conservation, Soil and Fertilizer Institute> Guangdong Academy of Agricultural
Sciencess Guangzhou 510640, China)

Abstract: High heavy metal content in animal manures commonly occurs in the world since microelement additives are widely used in intensive
animal production. Successive field trials in Brassica parachinensis (BP) were conducted to investigate the influence of successive application
of chicken manure Cat the rate of) on the yield and heavy metal content of BP. The application rate of chicken manure was calculated by its N
content and ranged from N 0 ~ 450 kg*hm ™. The results indicate that compared to single application of inorganic fertilizers, chicken manure
decreases the yield of BP in the first and the third crops increases that in the second crop. Combinations of chicken manure and inorganic
fertilizers increase the yield in the fourth yield. Mean yields of all treatments in various crops are greatly different. The second crop is
significantly higher than all other crops. In terms of mean heavy metal contents of BP of four crops in various treatment, As and Zn contents
increase with applying chicken manure, Cr and Cd contents decrease> Ph contents don’ t change considerably, and Cu contents increase with
applying chicken manure and inorganic fertilizers together. Generallys except for the second crop» mean As» Pbs; Cr» Cu and Zn contents of
BP in various crops increase with the increasing application times of chicken manure; mean Cd contents decrease. Hence, mass application for
one crop or repeated application of chicken manure should be avoided in crop production.
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Table 1  Treatments in trial

P kb R
1 HELHIE IF
2 B3 1(N 56.25 kg*hm™2) + i wLHLAL CMI1 + IF
3 M3 2(N 112.5 kgehm™2) + i TCHLAL CM2 + IF
4 3% 3(N 225 kg*hm~2) + HETLHUE CM3 + IF
5 #93% 4(N 450 kg*hm~2) CM4

1.2 ftil g
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51 SO A A DY, B 2 ~ 4 HEONIR S
R SO AE IO, ORI i s B AN N X i
HE L, (A R AR AR AR AR AS F 4 A 4 )
FHELR J7 8533547 7€ « As, GB/T 5009.11-2003, &4k
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1.5 Hdhsba
H Excell A1 SAS % 11 (1989 ~ 1996 by SAS
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Table 2 Yields of BP in successive four crops (fresh weight)/kg* plot ™'

Lhscd A HoE 37 47 4 R 451 %
IF 10.3+3.8 20.9+1.6b 13.0x1.4a 14.4 £2.8b 58.6+8.3ab —

CM1 + IF 9.3£2.2 25.3+6.7ab 12.6 £5.3ab 17.4£1.3a 64.7+12.4a 10.4
CM2 + IF 8.6+2.5 28.5+8.1a 10.9.+0.9ab 16.6 +0.8ah 64.5+9.4a 10.1
CM3 + IF 9.0+1.9 31.8x1.2a 9.1+2.8ab 15.2+0.6ab 65.1=0.6a 11.0
CM4 8.1+2.3 27.9+1.4ab 7.9£0.4b 9.0+0.7c 52.9x2.4b -9.8

DERFIEHE L 1SD K%, 7 BEAA R A 257 2 (p <0.05), FIH
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Fig.1 Mean yields of BP of all treatments in various crops
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1 CM1 + IF JbBEAN, I8 4 75 P A it FH X 3 Ak B3
Ll Bt JOATLAE Ak B4R 5 30 As i, T HZE 1~ 3
R0 As T 5 08 26 4l R 1) 3 A7 A0 3 oA
BEIEARKROCRANE)  HAR 4 0 As T
By e B g DAEARYE, HE 2 BoR, E S 4
TR As T3 B I b S 36 4l 0 H 2 0 i 2 35 4R
#(Cy =0.000320x + 0.3673, R* =0.9244) .1 H,
Wi it P E 2508 0, B 28 2 R i R R AE AL, JR
HITHLBEO As PR G RARMBEHRE 3.
AW IR S, I As 96 70% ~ T5% MK
PR Sl 4 4 1A S A L AR SIZG BT RS 3% As
ik #) 39.6 mgekg ™', B R 2 R el 4 it
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Table 3 As contents of BP in various treatments (dry basis)/ mg*kg™!
ab B 91 o2 o3 o4
IF 0.366 +0.044 0.259 +0.019ab 0.357 £0.029b 0.455+0.087
CM1 + IF 0.392+0.027 0.236 +0.033b 0.381 +0.099b 0.465 +0.072
CM2 + IF 0.415+0.131 0.347 +0.109ab 0.455 +0.034ab 0.480 +0.041
CM3 + IF 0.485+0.016 0.317 +0.123ab 0.494 + 0.078ab 0.515+0.037
CM4 0.515+0.183 0.437 +0.144a 0.542 +0.035a 0.509 +0.049
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Fig.2  Mean As contents of BP of successive four crops in various treatments
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Fig.3 Mean As contents of BP of all treatments in various crops
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2.2.2 Pb
L 4 W0 Ph S EERCGR O, 5 1 HTH
it B Ak B ) 5 et AR A, B 2 A I AT it X 3% A
A LY SR it JE ML Ak ) Yk S 5 RGP Y L
TEER 3 AR & Ph & &, 5 4 AEALER M ) 22 S
AR R G, ANFRIABEELE 4 7 Pb T3
AT RIS W A I 4) AR, B A R B

3G, 55 1234 FE T A LB Ph P & R
B E A K 5, 5 2 25 BT E R AE
A o J I . AN S 56 BT WS 3% Ph 5 SRR (1.7
mgekg™ "), H AKX B Ph & AH AR (71,3
mg'kgf1 ), bk g FAR M AE ARSI XS FE H Sy
T2 22 2 it T XS A kS o R - 8 Ph R A
2.2.3 Cr

*4 TEMBRLERD Pb 28U T Ei ) /mgkg !

Table 4 Pb contents of BP in various treatments (dry basis)/mg*kg ™"

i #14 #21 53 541
IF 1.061 £0.160 0.792+0.051a 1.023 +0.165¢ 1.587 +0.332
CM1 + IF 1.062+£0.184 0.613+0.104b 1.085 + 0. 154he 1.667 +0.127
CM2 + IF 1.00+0.416 0.725 £0.110ab 1.235+0.215abc 1.663 +0.248
CM3 + IF 1.087 +0.30 0.583+0.0b 1.316 +0.189ab 1.377+0.127
CM4 1.031+0.373 0.613 +0.052b 1.374£0.338a 1.450 £0.331
2.0
1.20
. 1.156 o 1.549a
-~ - <15
2 5T | Lie L 10n g
: - :
- | Qi
7 1.10 7 10 |
£ %
g 1.05 %
a1 B = 05 |
e #®
1.00 1
1 CMI+HF CM24HIT CM3+IF  CM4 0 I |
1 2 3 4
FHH

B4 FELEES47#ESD P TEHEE
Fig.4 Mean Pb contents of BP of successive four crops

in various treatments
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ARSI AR AL B L 4 2P & =
KB CE 6, 30 Cr 75 BG4l SEUH] 5 K 19 0y
BEKEMCy = -0.000772 x + 1.4161, R* =
0.807 8) . SR, Bl A i i 3 ) 388 o, 6 2 P A7 4k 2
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Fig.5 Mean Pb contents of BP of all treatments in various crops

Sl G PYIE RN EHRCE D, SR L
PHIESE 4 #E1-F 3 & AR AR A T & A5 H
A FEFN T4 Cr B2 N 19.5 F126.3 mgekg™'» P
HEMAR HINEEREA LIEFEFRA S
Cr S 3R IRAT Cr (IS HEB) ARG Z AT 7T L, A
BHRREA LI 4 R 2 & &, MR &
BRI Cr 1 M AR T IR N ST

%5 FEBAELERDS Cr 28T Eif /mgkg !

Table 5 Cr contents of BP in various treatments (dry basis)/mg*kg ™!

g ERR 0% 3% B4t

IF 0.912+0.127 1.733 +£1.030 1.237 +0.264 2.169 £0.574a

CM1 + IF 0.802 +£0.064 1.697 +£1.095 1.237 £ 0.557 1.574 + 0.094b

CM2 + IF 0.802 +£0.045 1.264 £0.420 1.732+£0.722 1.357+0.352b

CM3 + IF 0.813+0.056 0.861 +£0.283 1.590 £ 0.694 1.482 +0.162b

CM4 0.803+0.125 1.015+0.161 1.447 £0.50 1.183 £0.251b
2.2.4 Cd UL HL it TC AT A 3 A R B R, 2R 3.4 HE AR () 2

W 6 Fron, 55 1.2 ZE AR AR P 0 Cd 7 &

S R, AN AR BEESE 4 75 Cd P 5 =
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Fig.6 Mean Cr content of BP of successive four crops in

various treatments
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Fig.7 Mean Cr content of BP of all treatments in various crops

*= 6 AEHMERLESD Cd B2 TE D) /mgrkg™!
Table 6 Cd contents of BP in various treatments (dry basis)/mg*kg ™"

i B ERE o ERE 54k

IF 0.483 £0.069a 0.353 £0.033a 0.247 £0.017 0.305 +0.053
CMI + IF 0.460 + 0.066ab 0.273 £0.012b 0.299 +0.091 0.283 +0.018
CM2 + IF 0.385 £ 0.040b 0.310 +0.033ab 0.234 £0.026 0.250 = 0.004
CM3 + IF 0.445 + 0.014ab 0.297 +0.033ab 0.277 £0.106 0.253 +0.009
CcM4 0.368 + 0.069b 0.282 +0.043b 0.182+0.014 0.258 +0.041

G (K8, # Ak | cd & B A7 BEXY IS H & 38 I [
(I, Ty HL Bl A5 M v 2 50 0, A 2 i A Ak B
Cd FH & EWA NG HRE 9 H 5T it
HUE Cd 3 BEIERRAE HIE A 2% cd & &, A& &
Jeh cd 0T E AT Rk BE 2SI H B N
BRLT KA B T PR AN S B Ao A R KNS 3% cd
TR BAR 5 0.247 A1 0.180 mgokg™' 1 4t
il RS ST R T BRI Cd R

FOCPEN & E/mp k!
=
=

8 TELEEL4FERDC CAFHEE
Fig.8 Mean Cd contents of BP of successive four crops in

various treatments
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Fig.9 Mean Cd contents of BP of all treatments in various crops
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FH Bt 3t H S (R 19 i . A SEBG IS 3 Cu 5 i
(117.7 mgekg™' ) & & T 13 cu & & (14.1
mgekg ') . BHULHEWT, JiFH Cu 7 5 w139 34 R T
SERAEYAT R BE Y, SO 2 ~ 4 L Co
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AR i DR 75 %8 Wt N 148 5 X0 S 40 1R A 280 1k 2R AT
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%7 FEBAELERD Cu B BLLTEi ) /mgky !

Table 7 Cu contents of BP in various treatments (dry basis)/mg*kg ™!

GRS H1AE iR 3 B4t
IF 6.280 +0.634 5.493 +0.478 5.355+0.423 5.980 +0.477
CM1 + IF 6.852 +1.596 5.392+0.271 5.647 £ 0.409 6.397+0.193
CM2 + IF 6.435+1.008 5.547+0.416 5.977+0.471 6.140 + 0.687
CM3 + IF 6.540 = 0.706 5.495 +0.504 5.922+0.938 6.635+0.415
CM4 6.122+0.743 5.443 + 0.960 5.811+0.311 6.085+0.165
7.0
6.5
= . 6.148a P
f 60723b ¢ a5 2 sl
g i 5.865ah £
fﬁ & I
& & 60|
& : : £y
T 55 3
2 : B D 55
& ®
5.0 L —1 = = = -
I CM4+T CM3HT CM2ZHF  CMI 5.0 ' ' '
1 2 3 4
gl g mEE Am HH
10 TELEESE4FERD Cu FTHEE
Fig.10  Mean Cu contents of BP of successive four crops 11 FEEIFELEED Cu EHEE
in various treatments Fig.11  Mean Cu contents of BP of all treatments in various crops

2.2.6 7n

AR Zn it WK 8. 28 1.2 HEAR I Ak
L Zn SRS R, (R 3.4 it IS 36 b B R
> Zn i 3 W 0 BN 3 T L TR LI Ak B
12 BoRAN A B 4 4 4280 Zn P =, T
Jit FH X5 3% A T 345 L e T AL Ak B O 25 4R R Zn
i, H Zn RS XS IR EUH R IR A SO R ARE 2
FKV i B, B R BN, BREE 2 HAMG

BB W), 5 72 A AL B Zn IS
B ETHESCE 13) ARSI RS Zn F RN 172.0
mgekg ' 1T 3% T 148 Zn % H(63.1 mgekg™ ). Wf
TR0 i IS 36 o S8 T 4 Zn A L HE (K
s, ITTIG 5 Zn 05 1 . DRI 0 , AR SIZEG 312 v X S
P B 2 22 E A 3, AR T3 s E W AL Zn
FIBERY , SRz Zn &8

%8 AEMEAELESRD Zn BE(LUTEI ) /mgekg™!

Table 8 Zn contents of BP in various treatments (dry basis)/mg*kg ™!

Ab P o1 bR PHRE ey
IF 52.9£2.706 47.7+2.848 50.6+3.732b 54.3+4.405h
CM1 + IF 51.8+3.617 46.3+1.633 55.7+2.364ab 63.2+9.780a
CM2 + TF 55.2+1.806 49.7 +0.940 56.3+3.641ab 61.3+12.038ab
CM3 + IF 54.8+4.591 49.6 +3.602 55.5+4.308ab 63.7+11.248a
CM4 53.2+2.041 48.8 +4.205 57.6+4.829a 63.8+9.653a
80.0

58.0 =

” 2 61.3a

kS 2 60.0 - siﬁ\'/ﬁ.“’/‘

2 sof &

;{fﬁ g 400 |- 48.4c

.:;f: 54.0 H;

t N 200 -

4 52.0 - %

* 0 !

1 2 3 4

50.0 _—

12 FREAIBES 4 FESD Zn FHEE
Fig.12  Mean Zn contents of BP of successive four crops

in various treatments
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Fig.13  Mean Zn contents of BP of all treatments in various crops
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