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Dynamics of heavy metal residues, antibiotic resistance genes, and bacterial communities during chicken ma-
nure composting

DENG Wen—wen', CHEN Shu—juan®, HE Xue—ping’, JIN Lei', YANG Sheng—zhi', YU Xiu—mei', LIU Shu-liang’, ZOU Li—kou'"

(1. College of Resources, Sichuan Agricultural University, Chengdu 611130, China; 2.College of Food Science, Sichuan Agricultural Uni-
versity, Ya'an 625014, China)

Abstract: The changes in the content of nutrients and heavy metals, abundance of antibiotic resistance genes (ARGs), and the succession
law of bacterial communities were investigated during chicken manure composting to explain the correlations between bacterial communi-
ties and nutrients, heavy metals, and ARGs. Fresh chicken manure (FM) and its compost samples (FC and SC) were collected, and their
nutrient and heavy metal content, and the abundance of ARGs were determined. The succession law of bacterial community was analyzed
by 16S rRNA high—throughput sequencing. After composting, the content of organic matter decreased, but the content of total nitrogen and
phosphorus increased at different levels, whereas, the total potassium content and pH significantly increased (P<0.05). The heavy metal

content f{luctuated in different sample groups. Compared with those in FM, the concentration of arsenic and cadmium increased in SC,
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whereas the content of copper, manganese, lead, and zinc (Zn) decreased in SC; only the concentration of Zn decreased significantly (P<

0.05). The abundance of the ARGs aac(6’)—Ib—cr, tetM (P<0.05), ermB (P<0.05), and blaCTX-M decreased (P<0.05) at different lev-

els after composting, but the abundance of the gene sull increased. The results showed that the phyla Firmicutes, Proteobacteria, and Bacte-

roidetes were dominant in all the groups. However, each group had different dominant species at the genus level, and the abundance of po-

tential pathogens reduced during composting. The correlation analysis revealed that the most dominant genera significantly correlated with

the content of total phosphorus and Cr, pH, and abundance of the ARGs sull, tetM, ermB, and blaCTX-M (P<0.05). The relative abun-

dance of pathogens and ARGs can decrease after composting, but there are still some risks. This study provides a reference for efficient and

safe composting treatment of chicken manure during actual production.

Keywords: chicken manure; composting; bacterial community; heavy metal; antibiotic resistance gene
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Table 1 Variation of nutrients during composting
4 Group pH HHLET OM/g- kg™ 2R TN/g kg™ AT TP/g-kg™ S TK/g kg™
FM 6.50+0.48b 433.77+123.07a 13.13£5.15a 12.00+3.24b 10.98+0.37a
FC 7.58+0.09a 431.69+81.78a 16.29+1.96a 12.53+2.73b 10.81+0.88a
SC 7.91+£0.43a 384.73+130.25a 13.91£2.83a 18.31+1.09a 11.61+£0.98a
RIS R RN 225 B35 (P<0.05) . Tl
Note: Different letters in the same column mean significant difference (P<0.05). The same below.
R2 HESRBRHIESBREZH (mg-kg)
Table 2 Variation of heavy metals during composting(mg-kg™)
Aref Group fif As A Cd 4 Cu 4% Mn 4% Ph BE7n
FM 1.25+0.34a 0.25+0.02a 36.37+2.54a 389.55+5.73a 2.99+0.81a 443.91+12.66a
FC 0.93+0.25a 0.29+0.04a 29.49+3.99a 330.90+34.18a 5.07+3.50a 275.67+35.29¢
SC 1.50+0.84a 0.27+0.03a 30.78+5.67a 376.73+72.18a 2.87+0.57a 338.43 £53.95b
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Table 4 Diversity index of bacterial community during composting

5341 Group Chaol Simpson Goods_coverage
XF 45 21 T B 1Y Chao 1 4 £ F1 Simpson 4 %k J% FM 933.24+63.09 0.973+0.004 0.994
goods_coverage $§ X 47115, #4532 4 A L, Chaol FC 1220.46+83.59 0.945+0.020 0.998
FERAE & 4 I/ Jg s FC>SC>FM, 22 B 78 & 1 ) sc 1084.38+237.92  0.968+0.817 0.996
=3 MRS REPHEZTMAERNTL
Table 3 Variation of antibiotic resistance genes during composting

4341 Group sull ermB tetM blaCTX-M aac(6')-Ib—cr
M -4.67+0.03a -2.08+0.06a -2.72+0.04a -3.78+0.03a -5.03+0.03a
FC -4.59+0.13a -2.85+0.12h ~2.98+0.12ab -5.900.23h -4.810.29a
SC -4.04+0.34a -4.07+0.28¢ -3.80+0.94h -6.23+0.42h -5.06+0.38a
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Figure 4 Cladogram(A) and histogram(B) of taxon with statistical difference in different groups
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Table 5 The correlations between bacterial at genus level and environment factor
e 7743 Nutrients H 4 )% Heavy metals FrAE R Z53EA Antibiotic resistance genes
Genus pH oM TN TP TK Cd Cr Mn Pb Zn sull  ermB (M blaCTX-M aac(6')-Ib-cr
Bacteroides -0.69 -0.790" -0.657 -0.727" 0.937" 0.734"  0.802"
Prevotella_6 0.579" -0.628 -0.803" -0.634
Halocella 0.786" -0.666" -0.690 -0.627 —0.644" -0.691°
Pseudogracilibacillus - 0.625° -0.585" -0.687"
Ignatzschineria 0.671" -0.685"
Acinetobacter -0.907" -0.643" 0.860" 0.897"
Truepera 0.595° 0.580" 0.643" 0.762" -0.769" -0.853" -0.690
Caldicoprobacter ~ 0.849™ -0.658 -0.711" -0.641" -0.588" -0.719"
Gallibacterium -0.698' -0.672'
Pustllimonas 0.809" 0.637° -0.932" -0.863"
Pseudomonas -0.666" 0.580°
Escherichia.Shigella -0.822" -0.674" -0.716" 0.867" 0.858"
Rik‘*“:fi“;’i;ﬁcg— -0.727" -0.692° 0.944" 0.608°  0.701"
Lactobacillus -0.768" -0.764" -0.653 -0.818" 0.923" 0.706"  0.830"
Enterococcus -0.627" -0.727" -0.732" -0.860" 0.853" 0.580" 0.760"
Cellvibrio 0.650 0.668" 0.721"
Megamonas -0.813" -0.698" -0.660" 0.949” 0.579"  0.905"
Desulfovibrio -0.605" -0.658" -0.623" -0.722" 0.928" 0.662°  0.730"
Pacnalealigenes -0.713"
Limnochorda 0.606" -0.661"
Parapedobacter 0.758" 0.630° -0.595" -0.739"
Halomonas -0.769"
Mobilitalea -0.662" -0.881" -0.595°
Moheibacter 0.762" -0.585" -0.713"
Tepidimicrobium  0.592° -0.888" -0.867"
Pseudofulvimonas 0.610° -0.641"-0.937"  -0.603'
Simiduia 0.761" 0.680"
Psychrobacter 0.577" -0.687" -0.804"
Arcobacter -0.763" 0.671° 0.844™
Thermobifida 0.720" -0.781"-0.727"  -0.579"
Tissierella -0.769" -0.615"
Galbibacter 0.821" 0.701° 0.726"
Gallicola 0.643" -0.587 -0.848" -0.655" -0.599" -0.669"
Ureibacillus 0.589" 0.673 -0.599" -0.750" -0.618

7 :#: P<0.05, %% P<0.01,
ZH FM 3 I Sk 7 8 X 3 4 i i B P s R
YERT. M 2012 45 50l 358 K A (A HLAEA Tk A o4
(NY 525—2012) %} As .Pb 1 Cd Y PR £ {H (15,50 mg-
kg F1 3 mg - kg™ )", A ST T 282 TR I TS AR A R
As Pb I Cd & it Xy AN bR , 2 R [E 2 AIE o 3
4y 4 )& PR 3 A5 ME (Cu <100 mg - kg™, Zn<400 mg -
ke, Cd<1.5 mg kg™, Pb<150 mg-kg )™, 28 — IR K i
Ja ke P Cu Zn ,Cd Fl Ph ¥k E A AR, LA, Zn,

Mn il Cu £E X8 2% Fpif B3 iy, -5 AR AR b R T
T S, [ At 13 1 e e o i < i AR AN [ S 2
REAERE B R A R 5

A S5 v A TR 70 A 2% 1 24 25 DR A i 36 2 v A A
XA 22 5 WE SR WA TR T AR 2 T 24 35 DR A
FREAFAEAR K ZE 5T, Cui 5K BUAEAS FEMHENE A e
it e SRS TS 24 5L T LU U 3R 2R 2K i 24 1 DR R 0 = 8 5
B SR AS RA— B X G R X BT A 2R A I
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R i AH DG, 280 HENE & B )5, BRI sull,
JH Al 58 DAL A R Xof = 32 2 5 AN (W] 2 B 1 T BB
AL , Wang S5 K BLTE 6 FEHENE A B it v
R3S 245 5 AT PR R X = BE AT Bl B A T L DA et A 1Y)
ARXT 2 5 b TR, X AR 2 TR 24 56 A A s/ P
SFHENE ISR FIHEAE O7 A G o e Ah , BIFE R S IE
SRR, AT T ] % OB A3 i 2 BE A g 2
AT [7 410 0 ik 24 68 DR 200 7 =2 ) ) K- e B, A
T AR 245 5 DR 1 =F B
3.2 IR AEESSEEER

A FE K F Hlumina Miseq 5 18 12 0 57 £ A XS
ficf X% 245 K Mk T A 3L ) A0 286 v A T R A 7 00T L 45 2R
BRTEHENE K I 20 T8 22 REPESE I, 31X R B th TR
R I AT B8 8 o, SIS K TR A BT R JIT AR )
I AT A0 AR Ry, FE =AM R
Firmicutes , Proteobacteria Fll Bacteroidetes “A 3 % [#
I, I Bl & T e R i EA T 45 T T D RE O 2 B R AR 2 A
X EAHOCSCER AT IR — B0, Cui 5513 1 o 3 1
PP HARMETE T = A [R] R R ZEHENE A e 125, B
TE A6 1) A 9% By Bt H 2 UL Firmicutes | Proteobacteria
Fl Bacteroidetes 3 /1 [& [ ] Ry 3=, FAR X = B Bifi A P 2ok
PR AR AR, T & HU )R 72.49%~93.46% . Song 451
FIJH DGGE H A, A6 I 1) X 2 J W 3ok #2 b, A Fir-
micutes , Proteobacteria fl Bacteroidetes 3 1~ [ 14 F .
TEJE K-, 25 4L 04081 s AR AN [7) , 2 W Bl 5
NE AT AT , A RE TR 2500 R R o X HA )y
2 F R 2 A e I o 0 T A v T R LA 2R R

BB AT I AR W ) FE AR AR R
G AEAEZ R & o o, Bacteroides 7] 5
BN B IEAS K B W) TR R SR Y R A,
Acinetobacter J& W ) A. Baumannii \A. Pittii \A. nosoco-
mialis F1 A. seifertii 3 H W) B B YL 14 , A. Bauman-
nii 1] 5 | S B e L R P R ), U H 5 3 U R
SRR I K LR Pseudomonas 8N | Bl ) FIAE )
HERTREEON , AT 5 DR H ERIE i 5 e g A e
S5 Y, T IR L SO AR SR SRR B RR T A A 22
P, BEHERE A T EA T, I 5 DL o AR X = B2 25 A
RBEAG, HE— 25 FIH LEfSe 23047 45 41 P 825 22 5 1
i JR T , & L Bacteroides | Acinetobacter . Escherichia—
Shigella F1 Enterococcus 7E2 FM H i 3% 155 (P<0.05) ,
158 B 3 ol A IS R T i 2 AR LA D T ) R X
FRE L HAMAIE 45 Rt 2 B NS e 2o 7 v AR 1Y
e i BEAT 8% K D T ek AR s D i Bt A AILAE E A L

SR KRG 7
33 MERFERAARFBHXR

X Ja 7KV 20 TR R B 70 T 4 S A 24 Bk
[ {9 R S A 23 A R B, R 23 DI 34 T s 5 4 W
pH A 18 AHOCHE , SR BT pH AT RE 252 Wi 21 147 F
JERY TS R . iR B A M AN pHAE
I AR T T A A A B pH AR A 72 Ak 2 X 4 TR
AR B, pH (B 2 40 T 22 AR PR 7 4l 4
20 R 0 TR S DR R, O R AT i AR A S
Mo, 5 4 )@ Cd . Cr.Cu Ml Mn 50 L4 W 8 A 2
5 M ok PE, Ho T Truepera . Limnochorda , Simiduia 1
Cd, Parapedobacter . Galbibacter F1 Cr, LA & Cellvibrio F
Cu  Mn H 52 25 TEAH DG, 08 BH 3 6 T 0 0 453 HA I
B (T 52 1 s DR R R HR RS ER
B0 0 455 R HL A R O 3T 52 A 1) 40 T 7 7 T A [] B
Bah, v DLGE i R B R A R TS
Kamika ZE54% B Pseudomonas putida 1 Bacillus lichen-
iformis 38 3k A= Py R A SRR T RAR R K
T 42 J& Co Ni Mn.Pb.Ti.Cu Al FI Zni5 Y. IAh, 5t
JEOHE S 5 e SAE FE A I 5 3t v 445 S B0 T A
Xof 5B 5 A R MR B R AR OG IR A R 4 R
AT —E MR A2 1, AT O B 4 Ja 19 e XA 25K R
AR TR

W5 K BLER 3 Tl Ja 5 K6 D T 245 ik PR 2 1E AR
Kot , s X SE TR g S i 24 BE DR ) 1 T, S T 2 0
s A 6, BN 2 AL R )z AL Rk . o,
VEAENR IR I & Bacteroides . Enterococcus Desulfovibrio
53K ermB .tetM Fl blaCTX-M ¥4 52 18 1 FAH O, Aci-
netobacter . Escherichia_Shigella Fl Arcobacter 55 J&
ermB Hl blaCTX -M ¥ 52 2 1EAH 5C (P<0.05) o 471X
S BT 24 ) D TR A 28 A RUHE N AR B AR A AT
RE B A 1 A 1A T ™ U A, Bk
TR FE A R DL E 8 25 v g it v T 24 i [ A 7
—EMIEASE, JF IR Z H M 25 1 H . Fang S5k
IR S e i D P T R R R 24 R IR, LA s )5 T
Bacillus anthracis  Bordetella pertussis 1 B. Anthracis 5
SR sull 5 0 5 EAHOG . TERE ZEMENE R e A
Acinetobacter | Escherichia 5 3 K terX 12 i 2 1FAH ¢,
) IS, 283 HENE I, 5 Dt B AR XS = B ) et 2
et 245 i PR AR G = B AR i JEE PR 22—

4 ZEig
(1) XS ZEHERE S R b, AN [R5 4 1) e B 22 S 3
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K, o Zn B Mn W B i, CA VR B i . S BRARG
B, HEREJ5 (2 SCOFE it H B 4 Jm Wk FE Y RN AR o

(2) AN [RIHT AR 2 T 24 35 DR 7 S 309 25 (21 FMD)
X EEA 225 YU A -5.03 ~ —2.08., HEHE K& it
T B AT R AR 24 35 DRAR X = 2, B AR (4 SC) , 3k
tetM ,ermB , blaCTX-M . 3 F#{K T 1.08.1.99.2.78
AR (P<0.05) .

(3) X 2 HE T o0 o v 200 T 9 25 0 A8 Ak I 3, E
JE K25 HA AN RS R . AL & ol P fg
AR AT TR AR T T, AL 50.70% (41 FM) AR 2
2.97% (4 SC) .

(4) B 5% DR 5% T 4 81 281 1 = B LA il 5 T
(P<0.05) . Hrf  FF5r 4 5 & 4 )8 2 0% EAH G
P, P27 3 S A P ) 5 4 S FLAT W B sl sz k.
ST D B 5 T 2 R IR B W TR 6 HR S K S
JE R Sk i 2 R TR A A TR
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