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W F NS R K AN 2R R, TEESE 2 R E EOK K R G, it R R Y
B IR, FEAMRPR A AERR BR 34T 16S tDNA-V3-V4A Xm0 5, 2047 75 U8 it b e itk - o9 4 i 3 e
B ZREMERR B, BEVE SR . DNRESE AR AR A L R R X A0 BRI R RN BR B DR 3R 22 ) 4 A DG R AT
Wro Z5930]. V5P RS ALE 3.5~ 37.5 tthm ™2 Fl 3.5 ~ 7.5 t-hm > 47 ) T AE #R B FMR B - 38 OTU S = 145 {2
15 JRAE 75 thm ™ 328t AR, AR BR R AR AR B 398 40 78 19 Shannon 22 B% 1 15 44 0 35 MK, Simpson $5 B0 2 18,
Ace, Chao F & JEHR B M. T AT K- Bl E B e Mt 22 B - 5 U it FH e S ] 2 s AR s R 1 AR s 4t
WHEESMZES, FHFH Y5 RMBHE SN 75 thm > B, B8 AL T IER PR RS R T F B 5 it H 27
375~ 375 thm 2 i, ERPR LA FEESH B M, S BAMHEL, SERAER 75 thm? B, Rx+
AT AW R a3, B3 BRIk 145 65, (HERFF A T TR A 1T F BRI T 49.74% F1 80.57%. TUAR 51
Br (RDA) £ B, -8 TN, Cd. Cu. TP &5+ HE4N A FFV5 I B2, Hp TN, Cd. Cu M4 1H Shannon,
Simpson £ kM 48 £ &L B0 E A EME (P<0.05), FHIL AT UL, o St it A TS U8 24 AR s A AR AR B A7 K 1 £ 29 v 4
TR 20 FE P S RS, T L R Bl A ) 22 B A T 1 Sk ¥ V8 A B it ) DA ks

KB T5le; AOKMEEE ARER; dEARER; 4078 2R

Bt [ 75 K Ak BB () G e SR, T U B AR R o B 2015 4R, FRIE K TS e AR
PR 3x107 t, T 2020 4 {5 e R R 1 AR Rk, 5 e ry Ak R IR E B G ) —
RAMERE, 15 IRHENE T LR AEA F 405, WA e Ho i 5 5T, AR BT & 5 4 Ja 1) s PR Ak B,
BRI, 8 2005 Je A FH & — Fh Il A0 T5 U8 i A A8 AR 0, 3R A i b g R V8 5T . A FH e Joit 4 el A
ALV bR AL E Tim e A L V5 U8 R A i S f AR FR R AR R Y K, (HET X E
25 P TE B AR I A ] it O A R DGR A KM AR S T A A AR TR T R T
WS BEA: 2019-01-20; sRAAHEHA: 2019-04-15
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S K A LR M R AR A AR ) N A RO e A S S TTE S, I, %k 4
X 4 R S Y R RN U R, IR RRIEAR 2 5 B0 Y i 8 it P T Rk o T 1) AR

TR YR R A S RGP R BRI S, 15 VR 1 4 pH, PHE TS, SR
AP B AR M A A T 2 AR AR O SRl O R IR E M M L R S L e o
A 55 R = A s i U e R S G TE (W AR PR = R A ) 22 R M A AN IR A S5 5 | ke 4 8 I A
R BURFR AR, ZZHE M AR EAS A

EA ST R, A PE P U SR R S B A A A R T R A A
SRR, 5 U 0 FIAE S 0 K S W UL e . RS WA B A R Y, H R
SRR e RREY) R G AN AN TR S U 4 it e At s 30 e R 5 e - SR A
P S H 2R E SR R 2, BT, T U FH X AR B A AR AR B A It 458 b 40 R 2 R 1 25 1
WG R D, I R ik 5 it FH 75 e 6 3B AR R AR AR Ak B B2 i e 2 F Y . IR, R RO R
0 S e A M - R AN T 2 FEPERRAE R S, R Ry AR A B 4 et P A AR ) A
W Fn& B AR s S %
1 MB5R*®
1.1 SCEgih SRR

ST M S A T RIS BT L4 340410, KL 112027, X E T FEE T RS, FY
AR R TR A5 3R 15.6 °C F1 460 mm, R JE T LR OPE 4, FLILOR BRAL R RN R 4 R
THAER VMER 2R HEEREY B E ok G E KRS A AP 958), B EOKAERA 6 A Fldd,
10 H sk

BETS PR B F G P RS PR AL BT, TS VR EC LARE FE AR, RS S5 R E R 1:5 38
SPRA, B RS IRAE SRR RO e, HESREGES (BT PSR ) (GB
4284-2018) T KILAE FIMELAR L, B As 56 B 5 R IRMEAN, HAFE SIS A HI5JERR(E.

R 1 LRMEHTRERR UMY R

Table 1 Basic physic-chemical properties of soil and compost sludge

HakAR B %  EAAgke) BEB(gke) HE(gke) pH WA (ke AR (gke)  AREH/(gkg™)

t3% 0.54+0.03 0.48+0.03 0.78+0.04 1.94+0.19  8.01+0.03 0.032+0.002 0.015+0.001 0.031+0.002
51 41.64+3.55  20.23+£2.67 10.21£0.60 2.21+0.04  8.04+0.02 2.047+0.01 0.058+0.002 0.110+0.003
e BT BAREZ AT .

#*2 SRERMIEFEEENSE

Table 2 Heavy metals content of soil and compost sludge mg-kg!
HECREL Pb Zn Cu Cr Cd As Hg
+4 2.35+0.36 53.98+2.46 52.79+1.89 76.43+0.82 0.49+0.01 28.05+1.12 0.029+0.001
151 5.53+0.23 269.08+9.33 206.39+£9.01 173.99£10.5 1.19+0.16 48.08+2.23 0.035+0.001

e BN P BARIEZ AT .

1.2 gt

MRAEE VR bE AN TR, SCEe i S ANARER, 435Ik 0. 375, 7.5, 37.5. 75 thm 4§ 545
P . Horp, 5 AN TS5 YR A & 0 B AR AR PR - 3ERE S AOL, A03, A0S, A07, A09; XJ)
AR PR SRR 5L O A2, AO4, A06, A0S, A10. 75 U6 AYjiti H B 2 2% & 8 15 U £ b A FH b v (GI/
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T 309-2009) #1571, FA/NXIE R 30 m*, BEHLHES], JFEE 3K, L5 M 2015 4 10 H HF iR,
M2 a M A /N -H Bk, JFHAEL/NEFRIGIA 180, 90, 90 kg'hm* [ N, P,0,, KO, iEfE
AR — R Mt A 3, SR N T 0 A Z2 vk BAEAG J SU s e M R e SR A o RIS T IE R
PIREBE A T, 2017 48 10 H, B EARWGRE, K% 0~20 cm R PR+ 4% (A VEW £ K Y 0~20 cm
)2 L) AR PR £ 58 R PR £ GER H BRI, B FORMR RN BTz, B SIRALS &0
B 3, W SR PR B S A AE 0~4 mm i Bl B AE AR B ) R Y B e FE 2
24y, Hobh—y A 50 mL KE B DR, T-80 °C vk A7 H T4 Z R0 15— K+
FH T A S50
1.3 5 DNA REVEENFF

T W) 2 1 53 B 2 R AE S A AZ MR IR RNA BB T 9 AR ~F X JF R A5, Hrh 4 R 2T
4 16S T5FIX . AHFFE R AN 16S tDNA(V3+V4) §7 38 F FH A9 5191~ 338F(5'-ACTCCTACGGGA
GGCAGCA-3") fil 806R(5'-GGACTACHVGGGTWTCTAAT-3"), ifiid PCR ¥ 5 JE i i )5 SC /4
S8 J5 # A 1lumina HiSeq 2500 #4700 7, bR P 25 R 4 o 7 38 RE b 98% L I 40 T 1) H S 40
B, T H OTUSs = B2 7 B fih £k Bt 5 D 1t 34 hn )~ 30, S0 e 45 2 98, REAE S Hh A )
i 28 BURRAE
1.4 BELIESH

H 4 PE reads 2 [H] () Overlap 5¢ %, ¥ Hiseq M ¥ 75 2] (1) XU 15 51 B 48 B 4% (Merge) il— 55751
Tags, [7] 5 Xt Reads % JiT & Fll Merge (19 2% 2 2 47 it % 5 € . ffi | FLASHE. v1.27, Trimmomatic.
v0.33 1 Uchime v4.2 b 17 20 08 f5 ., 75 2046 5 1) (Tags); WAL P 9 #E4T R 2%, &4
OTU, JFH4lE OTU (7 4 40 il 45 B A Fh 4325 5 2k Alpha 2K 1R 53 A 1 55 4 5 N8 P Fh 2 4
P, GeiTkE S AE 97% FAALLEE /KR i) Ace. Chao. Shannon A Simpson 8 %% ; H3 45 #5255 50 B4 5k 45 40
IO FE BT RE S PCA(E LA 40 #T) s AL 16S DI BESE AN TUAY 431 (RDA) 43 36 D RE 56 =F )&
FIVAH TR RE 7% 2 S I SR TR B AH GO R AT 73 #T -
1.5 SR An M RANE

BETE e FR AR 1Y AR S KT i S T LA R bR . &R, B, 8. AHUR. pH.
TR LIRIEARIE IS H SCER T kP EAEIE : B 0.500 g i@ if 100 HAE S, BT
REH BT, finA 10 mL HF, 8 mL HNO, il 3 mL HCIO, J5#+ & 12 h, LIREH VLR MEERR, KRG
FEMAAAR b, R T R & 200 °C, FR B I B E (T AR HLOE R PR AR D i g
PR BN 1. 582 HG, I 2% B HNO, 2~3 mL ISR fE Y i, FH 25 mL B E AR5, 2
R AR AR S T I A, RS P Zn, Cu. Pb. Cr. Cd#JH 4 8 7 & B 6k (£, PE
optima5300DV) Ml i . As >R H BUE J5 £ 2 66 BT b at, & H AFS-9120) W % . &4 H i H &2
3K, fdi ] SPSS 19.0 FA; i 47 5L IR 3R Jr 22 43 FUAH SC PR 43 # o
2 HBREQH
21 SRMEANARMTIREFERFERN

AR A R 2 PR BTS2 T e it T A S e a2 3 R o BEE TS e A G i, AR BRAnAE
M PR 118 pH 2 IREAGESE, (HHEPh R SR AR, SEAM DA PRk 55X IEAHE
b, 475 U A R 7.5 thm 2 B, Y5 YR G B R S B R £ B N . T U A T
T8 Pb, Zn, Cu. Cr. Cd. AsFHEEM T E, Hi5REHEN 75 thm> B, +HEd Zn,
Cu. Cd Y& &5 H Al A P L B AT 35 2% 5 (P<0.05), 1+ As 7E 7.5, 37.5, 75 thm 2 17518
Jite JE 2 A R B B 22 5 (P>0.05), FEEMRER H3EA L, BRI P AR, B5ER,
As T i = T RS A AR AR PR R
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22 SRMAXNARMTIEME OTU EE MM

5 5 Z R AR &5 T 97% 1Y Tags #FATRIE, K15 OTU. Kl 1 WoR T &35 Jeht 7K P T HER
FEEMR PrA KM 18 OTU F 5 (B 1 R /ING B R R &4 i 3 B AT 835 22 % (P<0.05)). dE
MR B A SRR 5 P 0B (1 OTU = JE R/MEK IR R A09 < AL < A03 < A0S < A07. HHILAT WL, 475 Ui FHl
B8 3.75~37.5 thm 2 B, JEHRBR 498 b 40 B OTU 3= B2 W ¥ U8 it FH S B0 i B4 s 2495 U &k
75 thm™? i, FE5L A09 HF OTU U E 5 A03, A05, A07 M LL W[, I+ HAKT Aol E/EF. RPr
FIEPYIE OTU M=K/ NIT SAEMRPR H 3 A, L OTU BRIl A10 < A08 <A02<A04 <
A06, UL UL, 4i5 e HEAE 37.5 thm > B, #RPr8Ep OTU F B IF LR FEAC, 1M H A10 £E &
FULA A5 FE 5 2Z (B9 OTU R AH b BAT i 22 5 o X U B V5 e it FH X AR B+ 38 40 5 OTU 3= B 1) 5
M SRR, T EL 45 e e — E YE N & B R AAR PR R AR bR R AN Y OTU F

1500 izz 7
. 1200 f % <:1200-
% 900 7 % %00 7
600 % 600 |

135 Pt F O AR AR PR FIAR PR 13 OTU 2 B2 52

Fig. 1 Effects of sludge application on OTU abundance in non-rhizosphere and rhizosphere soil

Venn K 7] LLFE/R AR RE S Z a1 . B A0 OTU St H , ELWL 2 30 AN FE 5 2 (8] OTU |9 &
A (F 2). 454 OTU iR R B W Fl, n] DL H AN R RE & b 5 8 B o S TR)RE & A [R] B

A04

(a) FEARPR (b) ARBR
K 2 95U RE S JE AR R AR R £33 40 5§ 1) Venn &

Fig. 2 Venn diagram of bacteria in non-rhizosphere and rhizosphere soil after sludge application
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RN, KB 2AFEMN ZE LA OTU A%k . JER Pr £ 8 FE & A0L, A03. A0S,
A07. A09 & OTU £iim 1896 4>, A MEEH 993 4, 5 5%k 52.37%, £ FEahH R OTU £
WA 40 110 11, 9. 124, X UEHIG et A T A Kt R, S T AR AR B A P A R
OTU £, {HBE % V5 U6 A & 0 35 i FExT £ 38 b ke 5 UE W B0 2 R K . AR B 3P 3 1
OTU %4/ 882, (5 k3 OTU %iz 1895 MMl Ky 46.54%, A1, ¥5 3 jiti JH X AR P £ 3E OTU ) 5% i
KTAEMRBR H4E, Hd A02, A04., A06. A08. A10FES d 4 OTU S &> %1k 8. 10, 4. 13,
344, Bk AO8 KESh AL, B VS IR A AN, ARPR L8 A A0 B OTU OB S8 ks . 75
PR AE 75 thm 2 [, A10 F1 A09 A% 5 T R A Tl A W i 22 T HA AR &, BLAR B 458 LE AR AR By 1
HEXEIN T 183%.
2.3 SRR X AR IR E Alpha %1% ARG

A AR B JE , %A1 BE £ 4 M 45 2 (Shannon ., Simpson) F1=F & & #8 X (Ace,
Chao) IS UNZE 4 Fron o 7675 P8t JH &8 75 thm 2 B9 5048 T, AR BR A AR Br 13 49 Shannon 45 %1
55 H A 45 Ab FRAH HL A B3 25 5 (P<0.05), HAh A A BE 2 (8] G 3 25 5 (P>0.05). Mi5 R &K 3.2~
37.5 thm?2 B, [Al—{5 ekt KT, #PR L4584 Shannon #5455 JE AR Pr + 5800 i % 25 & (P>0.05).
AP AR bR AR B £ 3 19 Simpson 15 5076 15 Je it H R 37.5 t-hm 2 B A, 7675 Uit A & A 75 t-hm ™2 B
B, ZAREUE S5 0,004 2 F10.003 2, 0.009 4 F10.009 8, LA 37.5 thm > Y75 g it FH 4 A F
TE ZREPEFS BG4S U A B 75 thm ™ B 23 0 3 AR 40 8 2 AR . R )T De it i 1
Ace, Chao FEEEARMRBR AR PR - 348 fr a4 — 3, #ARRI5 UM & R 75 thm™ B/, BEH 75 ¢hm™
()35 e il FH o AN EREAIS T 40 P8 2 AR A8 2, i ELRRAIRAN o8 10 3= BE R 4k b ah, ARPRAE S A02 FI
A04 1) Ace, Chao $5 £ LU XTI (9 JE AR B + 3 5, [HAE AR BRFE &0 A0S, A07, AO09 [ Ace, Chao
FRECR T X W AR B 1 5, Ui BH Bifi 35 75 Ui i FH £ 0 385 00 2 X0 AR PR 4 71 =F & B8 20 A A RS2
24 SREAMARXRMTIBAREEEENEN

PCA F 35 3 Bt vl MG FF S A0 B 2 R M 25 5 W E 2 A A R, 32 o0 Tl FH R B 22 57 1R 25
HBEE, B 1 ERaMEREREZNES, 62 ERr RS 2 2025 15 XA RKYE+
B P MR bR AN AR AR B AN B A e M R B, B TS TR FH R 3 0, 8 v A5 Ak B AN TR A R 45
P I B e, 15 B X LR A B A 1 25 SRR K . X AEAR PR - EAN B BV S5 M T, B 1Y
UMk R N 56.48%, T4 2 1 STHR F K 24.08%, W E BT R 80.56%(& 3). £ 1 F 4
(PCY) b, V5 Uit F G ARAR bRy JvE 48 b A0 G AE I8 2500 22 ek, HLBE % V5 e FH o A 15 hn - g
YN TE REVR 45 25 AR K RS 2 F e (PC2) |, TSR HEHARAY A1 T AO3 BE S 4R B RE TS 45 4
AR, BEE TS IR RGN A0S, A07, A09 FE N2 ] 40 B e 78 45 48 A I

MR B - 30 40 B BEVE S5 A ZAEPERY T 1 66.15%, TS 2 5 23.36%, % BitmiEkER N
89.51%. TE45 1 M0 | A02. A04, A06. A0S Z[a] Y 22 74/, {H5 A10 Z Al i 22 e K.
TESS 2 FERLsr i b, A02 5 A04 Z I 22 R/, 5 A0 Z 025 5 i oK. Y05 Vet H i 35 m
F, 78RS 1 AR PR A0 B 2 P AR R R, 7 ) 2 X AEAR B 1 A K
2.5 SiRFERAI A RN T IEAREENEE R

HRBRFIAEAR PR A0 B AE T K026 EHER AT 10 EEERY RN 4 Frs . AR B 5 b 40
[T BEE T T2 W ] (Proteobacteria). TR T I8 ] (Acidobacteria). 4 ¥ & '] (Bacteroidetes) .
LR TR 1] (Actinobacteria)(FXT 3 BE>5%) . 4 3 v A8 8 T ) VR AF V7 11 40 1A 2 = 3R Bl A= ) 1) 7 228 g
B, T R IEY AR A AE S A e A i B HGE AR R AR . Hob, ARSI Y AR
it 48%, P WARTE R 1aE & 3% & s 0 HHEREE . B 5 R LM & 2% & B AR, 5
Ye st A T L gerh A HLBT R 3R 43 (G5 3), AR TE B 1T A B RS Y 1.63% ~ 4.05%. 15 et
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Fig. 3 Principal component analysis of bacteria in non-rhizosphere and rhizosphere soil

FHETE 3.75 ~ 37.5 thm > BPUUFF B8 1) =F BE S B &, {EL35 e i I RAIR T BR AT T 1) 2 B2 (R 1 s 32y
31.58% ~ 34.59%) ML R T F K . FIRE, 7500 75 thm™ B, R T B ARk
51.75%, 3B AS ) T ik 2 T AR AR D TR R B I 0 T AR T 4R S AEAR B B e, MRPR
AR AE K- EHEA T 10 AR SEARTE , EHFEA A, WP b g2 b TR
I '] (Proteobacteria) . I FT 1 '] (Bacteroidetes). FR¥T &[] (Acidobacteria), 475U H w34 N, ZJE
BT FER A 8. SXTHEN, s IHE R 75 thm B, SAFET AW S A5m, FEh
TG 1.45 4% 5 BRFT BT 1AL B 1) 32 B B AIC 49.74% F11 80.57% Hoh BRAT 1 1] Y B AIC A B 5 1 4
pH WIBEANA ¢, B 5i5leii S8 AR It A %V R, it nl W, Rl 5 e H & i3
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Fig. 4 Relative abundance of bacteria in non-rhizosphere and rhizosphere soil at phylum level
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Fig. 5 Analysis of KEGG function of bacteria in non-rhizosphere and rhizosphere soil
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Table 5 Correlation coefficients between soil properties and microbial diversity index

B2t pH AL A Juyri: EC Pb Zn Cu cd
Shannon 0.428 —0.457 —0.635* —0.550 0343  -0277  —0.591 —0.630* —0.648*
Simpson -0.470 0.469 0.642% 0.550 0.324 0.255 0.601 0.667* 0.654*
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Effects of sludge addition on bacterial diversity in rhizosphere and non-
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Abstract In order to study the effects of sludge application on bacterial diversity of calcareous soil, different
amounts of compost sludge were applied in a 2 consecutive year-summer maize field system. The high-
throughput sequencing of 16S rDNA-V3-V4 region was carried out for collected rhizosphere and non-
rhizosphere soil. Effects of sludge application on bacterial richness, diversity index, community formation and
functional genes were analyzed. The correlation between bacterial community and environmental factors was
also determined. The results showed that the amounts of OTU in these two kinds of soil increased at sludge
addition amounts of 3.5~37.5 t-hm ™ in non-rhizosphere soil and 3.5~7.5 t-hm™* in rhizosphere soil, respectively.
However, at sludge addition amounts above 75 t-hm 2, Shannon index of bacterial diversity in rhizosphere and
non-rhizosphere soil decreased significantly, Simpson index increased significantly, Ace and Chao indices for
bacterial abundance also decreased significantly. Principal component and phylum-level species abundance
analysis showed that different sludge addition amount could cause the differences in rhizosphere and non-
rhizosphere bacterial community structure, and the abundance of actinobacteria in non-rhizosphere soil was
significantly reduced at the sludge addition amount of 75 t-hm™. The abundance of Bacteroidetes in non-
rhizosphere soil increased significantly at the sludge addition amounts of 3.75~37.5 t-hm 2. Compared with the
control, at the sludge addition amount of 75 t-hm™, the abundance of Bacteroidetes in rhizosphere soil increased
by 1.45 times, but the abundances of Acidobacteria and Actinobacteria decreased by 49.74% and 80.57%,
respectively. Redundancy analysis (RDA) showed that soil TN, Cd, Cu and TP were the most important factors
affecting soil bacterial community, among which TN, Cd, Cu were significantly correlated with Shannon and
Simpson diversity indexes (P<0.05). Therefore, the continuous and excessive sludge application can adversely
affect bacterial diversity in rhizosphere and non-rhizosphere calcareous soil, Moreover, the changes of microbial
diversity indices mentioned above can be used as a basis for the rational sludge application.

Keywords sludge; calcareous soil; rhizosphere; non-rhizosphere; bacterial diversity





