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Effects of partial replacement of chemical fertilizer by different treatments of meat duck manure on Chinese

cabbage and soil environment

XUE Pengying', YAN Ting’, WU Yugqing', ZHANG Zherui', SONG Man', ZHU Zhiping"”

(1. Key Laboratory of Energy Conservation and Waste Management in Agricultural Structures (MOA), Institute of Environment and
Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China; 2. College of Resources and
Environmental Sciences, China Agricultural University, Beijing 100193, China)

Abstract: The aim of this study is to investigate the effects of using duck manure fertilizer instead of chemical fertilizer on the quality of
Chinese cabbage and the soil environment. A pot experiment was conducted to study the changes in the yield and quality of Chinese
cabbage and the soil environment under the effect of replacing 30%, 50%, and 70% of chemical fertilisers with the nitrogen equivalent of
meat duck manure rotted using three treatments : aerobic composting, ectopic fermentation bed, and black film anaerobic pond treatments.
The results showed that, during a 38—d growth period, the use of duck manure fertilizer significantly increased the content of soluble sugar
and soluble protein in the Chinese cabbage. The black film anaerobic pond treatment with 30% substitution of duck manure fertilizer was
the most effective in increasing the fresh weight of the Chinese cabbage as well as the contents of soluble sugar and soluble protein in the

leaves. Compared with the pure chemical fertilizer treatment, the use of partially substituted duck manure fertilizer reduced the nitrate
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content in the Chinese cabbage by 31.4% to 41.1%. When 30% of duck manure fertilizer was substituted for chemical fertilizer, the levels

of heavy metals As, Cr, and Cd in the aerial part of the Chinese cabbage did not exceed the safety limits of relevant food safety standards.

However, when the proportions of duck manure fertilizer substituted after anaerobic composting treatment were 50% and 70%, the Pb

content in the leaves exceeded the standards. Under the experimental conditions, the use of partially substituted duck manure fertilizer did

not increase the heavy metal contamination level of the soil, but it increased the diversity of antibiotics, mainly florfenicol, in the soil. The

results showed that the use of partially substituted duck manure fertilizer was beneficial for increasing the yield of Chinese cabbage,

improving the contents of soluble sugar and soluble protein in Chinese cabbage, and reducing the nitrate content, and it had little effect on

the content of heavy metals in the Chinese cabbage and soil. However, it increased the diversity of antibiotics in the soil. Overall, the use of

the black film anaerobic pond treatment with 30% substitution of duck manure fertilizer is the best option.

Keywords : duck manure fertilizer; cabbage quality; soil environment; heavy metal; antibiotic
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Table 1 Basic properties of tested soil

AP AR MR AREE A

fgf pH oM/ TN/ NO;-N/ AP/ AK/
DOL
(g-kg") (g-kg?) (mg-kg') (mg-kg') (mg-kg™)
Wt 73 122 0.8 18.4 66.2 255.0
F2 i RSEEPEE AR R
Table 2 Basic properties of duck manure
A7k 3%
ey B AR 4%
Treatment ph OM/(g-kg™) Moisture TN/(g-kg™)
° content/(% )
HBRAEYE  6.11£0.05 — — 6.60+0.02
WA MENE 7.72+0.03  34.71+1.13 52312042  8.90+0.01
SALRBER  7.21£0.52  35.85+0.93  62.77+£0.23  4.30+0.12
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Table 3 Fertilization amount of different treatments

b3 da PR S
Treatment Chemical fertilizer/g Duck manure
CK 0 0
CF 3 0
T1CF4EHEIE M30F70) 2.1 300 g
T2 (742 HEIE M50FS0) L5 50.0 g
T34 HEJIE M70F30) 0.9 70.0 g
T4 (5L A K M30F70) 2.1 60.0 g
T5 (5L K E K M50F50) L5 100.0 g
T6( 543 K& ¥R M70F30) 0.9 140.0 g
T7CREERAIE M30F70) 2.1 18.0 mL
T8 CRMR A IH M50F50) 1.5 30.0 mL
T CRIBK A IE M70F30) 0.9 42.0 mL

1.3 $BHRE
1.3.1 /N E AR

[ B ISR AN [ Ab B 9 /0 113, I BTG L5 Ak 2
/NS ] — I J2 16 4 R ik, iE R U 34 R
Ji B 3 -80 CH A IR vk AR Hh R AE 5 H

JINFA SR TR A A PR 3 AR B oy — S
INFSE AR A U L i BT S, B TR F(0.01
&) PR R BB IFiE 5% .

INEHE 4B S & Cu.Zn, P, Cd, Cr K
HNO;-HC1O4 1 fif = Ji R 43 ' 06 BE 0 7, As 2R
FHIR -9 B e

JINFA S b 5« T AR R R B — B R A

SE 5 AT R O 5K FH 2 T 35 W v D 5 A R R
TR Cataldo BiCHF 7 300 e
1.3.2 -4k i

FEAS Fh P LS PRI IR, A ERE 2 SR A
JE 3300 g 247, FH T L AEAH DGR BR A1 -

3 pH (AR R BT OK = He Ry 5 Dl 5 +
B HILJTR BB R A A I A 5 £ AEZ 0.5 mol - L
NaHCO- 1232 )5 , FH UV=2500 42 4h 3 60 B E A
BT P 5 4 R R R T EC R 5 e AR R
1 mol- L' NH,OAc i #4, XIAJEEETHIE ; 3 Cu.
Zn Pb Cd.Cr A J5 ik A 1.3.1 P 2 R A
T — R T e I e
1.4 TESEEFMAIE

AHIESE LA PR ot A P - 1T G AU
BEHRAEGRAT) ) (GB 15618—2018) 4 JRUKG: 5 VE 1
PRifE SR A 8 B0 PR IS SR A Y 4 R T
Jepxof + S ERER (R 5E 0

PR EITH AL Pi=CS,s

AT PRI AR  Pus[(Pul 4P’ ) 12]"
K PIRTE SR i 15 Y85 COMSEBRAA 5 S bR
H ) BRAEL 5 P 2553 15 Y48 B P NS AL PR EE 42 )
15 Y B DR 0 AR B B SR KA P N B P TS
PUIRECr- A

P<1 R IR B S E SR
154 A FARTS YK - 5 P> 1 I 367K & 88 28 8 14 it fin
WA T DR ES B, Pa<0.70), LIELE
1Y SEGN 1 9, BB IS % 2 W P »>0.7 I, 3
& JE 5 YL G IR N
1.5 #HEALTE

A G Origin 2022 B4R 01 7 854 b B 5 1E
BRI 45 5O R - e hn e 22 B X RoR . R
SPSS Statistics 19.0 43 A AN 7] B 4] T B 2 HE 2 AL AR IE
G 3 pH SR AR B R DL NS
s JoT A5 R I M =2 1] 14 S8 P TR S

2 HRESH

2.1 AESEF/NAZEFEEFRRAZ M

W 1a s, 5 CKAFEAR HE , T1~T9 B it §15 26 AT
ARFRAY S8 BARREE BN T 9.29%0~232.6% ., HiH,
X P il 57 2R R AR - 4 S JES 8 s S JES g A 3
Y AE 2B AR A 30% B, /)N 1 3% B bR £ 5 A A 3
B KAE HALF CF AR BR, 22 J5 Bt B AR 22 110 184 o ook i
JoT et S BT T e ) R A 5 T s PR DR 4 0 g 22 A

www.daes.org.an




GBSt 4355 45

HGEG>°

FENE A FE L Ath Arb B /0N 11 50 B PR B S5 o 34 n B B
b, HAEZENE R 50% I, /)N 1 32 FARR 6 o ik
Flf KAE . A% CKARFRAN CFALER , 1A S 25 AR50 43 %
AR it FH AT S 2 2 = /NS R T P T i
PEEE I i o it P IR A A 3L A 2
1 30% B AN B S rh ml i s A s E
B, B 1.8 mg-kg ' A1 11.2 mg-kg™ (& 1b FA]
le)o HHHE CFALER, PRI 2 AR5 43 88 X AL I it FH 348 7T
T E PR/ M P 31.4%~41.1% B PR £R &
(EI1d) o 54 HEH/IN FI R 00 7 6 Rt JB , TR it PR RS
FENEERAC HL A 309%~50% %40, Lt FH BB R 48
i AL B ) PR S A R B
22 AEAEMNEFESESENEM
AN b 4R AR 4 R Bl
A RG34 0 P it o 1, /N 1 SR B R 4 8 Zn
Pb.Cd.As & BB I, H 3 mF CKALBE . A4
CK Ab 3, T1~TO AL B /NS Zn 0 & e T
61.2%~179.6% , H 47 FHEREAL BE(T1~T3) [ /)N (24T
Zn RSB A AR P17 28 o BR T it i 509% 44 HE
JIES TS 28 HES A/ L A Ak A5 A 4G I HE B 4 IR Cu NG

801 (a)

(o)
(=)
T

N
[«
T

i JFT it Fresh weight/g
)
S

CK CF T1 T2 T3 T4 T5 T6 T7 T8 T9
AbF Treatment

—_ — —_
(=] [\S] ~
T T 1

AIVATEEE A i
Soluble protein content/(mg-kg™)

(=] \S) B (o)} o]
T T T T

CK CF Tt T2 T3 T4 TS5 T6 T7 T8 T9
AL FE Treatment

FENE Ab PR /N SE P As B S B CK AL IR i T
2.9%~13.4% , F - 48 3 JE Ak B 45 L Ath 4 B0 7 2
INFISE R M B3R Cd L Cr As (7 2 SR e (|
GAE R s YRR ) (GB 2762—2017)
A FR{E (Cd 0.1 mg+ kg Cr 1.0 mg-kg' . As 0.5 mg -
kg™ ) 5 T 7E {7 480 B &b B T1 1 T2 v Ph 5 B 43 51 K
0.254.0.268 mg - kg™, 0 i T V5 Y ¥ BR (0.2 mg -
ke) o BRI AEAKES S50 FORTR 5 X 2 A
8 2 A A B AR AR E /N 1 3R i B As (Cr.Cd
() R A £ i 28 A BRAEL LA P (Lt Jon g S M 5 228
EOIALEE VS AN E B i U A TR Ny e S
2 1 AR HE IS Ak B 1) A G 28 R A B 681 R 50% Fi
70% B, /INFAZE Ph B f A7 FERB AR A KU
23 AEAERNTIEESEEAENEMN

S AT LA 45 4h B A 5 oh F 4 A R
PLZn F1 Cr 2R 3 it 04 S HE S T 288 1R S 28 1 1 - 38
HEE 4 & Zn  Cr3f i i B S | B 5 43 ik 2] 16% il
5% £5AbPEA- e E 4 )R R AL & Cd. CdY5
YeP8 B HoAh T 4 8 v (& 2) 5 G 48 B AR )
Ph, £ A0 ¥+ b & T 4 R O R R

g
%3

[ (b)

g
=}
T

—_
W
T

—_
(=]
T

o
n

A
Soluble sugar content/(mg-kg™)

CK CF T1I T2 T3 T4 T5 T6 T7 T8 T9
AbHE Treatment

200
180
160 [
140
120
100
80
60
40
20

TSR ER & 1
Nitrate content/(mg-kg™)

CK CF T1 T2 T3 T4 T5 T6 T7 T8 T9
AbF Treatment

AR INE TR R R AR PR 22 57 B35 (P<0.05) 0 T Tl

Different lowercase letters indicate significant difference between treatments (P<0.05). The same below.
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Figure 1 Effects of duck manure partially replacing chemical fertilizer on the quality and fresh weight of Chinese cabbage
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R4 AR EBEERSE (mg-kg)
Table 4 Content of heavy metals in shoot of Chinese cabbage(mg-kg™)

AL Treatment i Cu ¥ Zn fith As #5 Pb £ Cd #% Cr

CK — 1.962+0.111 0.010+0.043 — 0.009+0.011 —
CF — 2.151+0.062 0.019+0.021 0.117+0.031 0.013+0.044 0.194+0.156
T1 — 4.042+0.244 0.051+0.038 0.254+0.120 0.020+0.025 0.462+0.112
T2 0.618+0.235 4.563+0.092 0.108+0.042 0.268+0.024 0.023+0.051 0.505+0.021
T3 — 5.482+0.148 0.124+0.023 0.059+0.041 0.026+0.023 —
T4 — 3.161+0.062 0.032+0.092 0.056+0.093 0.021+0.065 —
T5 — 3.442+0.076 0.044+0.028 0.160+0.132 0.023+0.031 0.530+0.073
T6 — 4.022+0.224 0.134+0.114 — 0.032+0.042 —
T7 — 3.923+0.053 0.029+0.025 — 0.017+0.028 —
T8 — 3.931+0.082 0.030+0.043 0.051+0.052 0.025+0.081 0.333+0.044
T9 — 4.153+0.195 0.065+0.072 0.162+0.101 0.027+0.075 —

=" AR . A

Note: "—" is not detected. The same below.

x5 AENELEFESERR

Table 5 Comparison of the heavy metal content among different treatment

JbH Treatment i Cu/(mg-kg™) ¥ Zn/(mg-kg™) i As/(mg-kg™) 5 Pb/(mg-kg™) # Cd/(mg-kg™) f#% Cr/(mg-kg™) Py

CK 24.15+0.41 74.23+0.11 8.13+0.11 28.15+0.11 0.25+0.01 59.87+0.11 —

CF 23.07+0.12 69.85+0.06 7.98+0.06 27.14+0.43 0.22+0.04 62.13+0.15 —

T1 23.96+0.43 75.23+0.24 7.12+0.23 27.21+0.12 0.22+0.02 63.24+0.24 0.32
T2 22.11+0.23 74.08+0.69 6.86+0.43 25.33+0.62 0.21+0.05 63.36+0.02 0.30
T3 22.04+0.31 81.13+0.14 7.19+0.17 28.14+0.34 0.20+0.02 63.07+0.23 0.30
T4 22.20+0.68 70.08+0.56 6.76+0.52 27.27+0.59 0.23+0.06 60.24+0.51 0.32
T5 24.12+0.45 73.31+0.67 6.90+0.41 30.19+0.67 0.21+0.03 61.14+0.07 0.31
T6 21.93+0.21 75.20+0.22 7.78+0.28 29.34+0.51 0.24+0.04 60.89+0.51 0.34
T7 23.02+0.51 71.15+0.45 7.20+0.31 28.22+0.31 0.20+0.02 61.08+0.23 0.29
T8 22.03+0.26 70.11+0.78 6.74+0.09 27.14+0.65 0.18+0.08 57.32+0.64 0.27
T9 21.98+0.11 71.09+0.89 6.97+0.25 29.33+0.10 0.22+0.07 60.48+0.61 0.31

T1~T3 [ T4~T6 MWT7~-T9 [OCK OCF

30% 50% 70%
Cr Cr Cr
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Zn Zn Zn Zn
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—
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Figure 2 Heavy metal single pollution index in soils of different treatments
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Table 6 Measured results of the soil antibiotics content in different treatment (Mean+SD ,ng-g™")

Ab 3 T e ik e — F W e WNTh A G 2R Batvh &
Treatment Sulfadiazine Sulfamethazine Ciprofloxacin Fosfomycin Enrofloxacin
CK — — — 0.65+0.05 —
CF — — — 1.900.05 11.65+1.15
TI 0.30+0.10 0.75+0.05 12.50+1.10 — 33.000.30
T2 0.35+0.05 0.30<0.01 17.400.60 — 68.95+1.65
i 0.700.20 0.55+0.05 23.800.15 — 130.25+4.05
T4 0.65:0.15 3.20:0.10 19.700.60 — 44.80+1.00
T5 1.800.10 0.55+0.05 49.10+1.20 — 142.85£12.55
T6 1.20+<0.01 0.40+<0.01 47.20+0.05 — 114.70£4.40
T7 — 0.65+0.05 6.40+0.40 — 28.60+2.20
T8 — 0.80+0.10 9.40:0.15 — 38.700.90
T9 — 2.60+0.10 19.10£1.40 0.25+0.05 105.550.65
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