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Effect of Chemlcal Fertilizer and, Manuré Combined w1th Blbchar on Denltrlﬁcatlon.

Potential an,d Demtrlfymg Bacterla'f C‘ommumty in RhJZ()spheré Soil o

XIE Jun' | WANG Zl fang WANG Ying-yan*, XIONG 7i- it GAO Mlngl i d o
(1.College of Resources dIld En\ ironment, Southwest LHIVFlblty, Chongélng 400715, China; 2. College of Resoulces and Environmental Engineering, Mianyang TEd( chers’
Col legg-', Mlapyang 6210007 Chma) /

Abstract To danf) the effect of chemlcdl fertilizer and matiure confbined vith. bloehdr on denitrifying microorganisms and denitrification potential of rhizosphere soil, a pot
experiment gomng lemon was conducted involving five treatments, namely no  fertilization (CK), chemical fertilizer (CF), manure (M), chemical fertilizer comhined with
biochar (CFBC), and manure combined with hiochar (MBC). We determined the characteristics of the rhizosphere soil nirS-, nirK-, and nosZ-type denitrifying bacteria
populations; denitrification potential; and soil environmental factors to clarify the effects of chemical and manure combined with biochar on denitrification. Our results showed
that compared with that in CK, the CF treatment reduced the rhizosphere soil denitrification potential by 47.7%, whereas the M and MBC treatments increased the
denitrification potential by 2 192.7% and 1989. 9%, respectively. The M and MBC treatments increased the gene copy number of nirS and nosZ, the CF and CFBC
treatments decreased the gene copy number of nirS and nosZ, and all four fertilization treatments increased the gene copy number of nirK. Stepwise regression analysis showed
that pH was the main factor for the abundance of nirS-type denitrifying bacteria and SOM and NH," -N were the main factors for the abundance of nirK-type denitrifying
bacteria, whereas pH, NO; -N, and N/P were main factors for the abundance of nosZ-type denitrifying bacteria. The results of partial least squares analysis indicated that the
abundance of nirS-and nosZ-type denitrifying bacteria, pH, TN, and N/P were the main factors affecting rhizosphere denitrification potential. Therefore, in acidic purple soil,
nirS- and nosZ-type denitrifying bacteria were the main drivers of the soil denitrification process in lemon rhizospheres under chemical fertilizer and pig manure combined with
biochar, whereas fertilizer affected the rhizosphere soil denitrification process by regulating soil pH, TN, and N/P.

Key words: manure; biochar; rhizosphere; denitrification potential; denitrifying bacteria
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1) “—" FoREEA 2 % TR

22.91 515 8. 80
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FALIE (CF) . AP (M) . @FLE + 49 5%
(CFBC) MIGA HLIE + 4= ¥ #% (MBC) , 44~ 4b B 3
WEE ,E R HBEYLX 41T

2019 45 AR AT, FREGE 2 mm 07 A9 & H
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HW S T IR A G AR, AR O
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15 d, R HEBE R/ NI BIEA — BT iE Ak,
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Fo AR 8 M5 DK ME S , T AR DK W B o
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LA D —
szl P R g FHHUE R fiEICER
CK — — — — — —
CF 13.32 51.05 7.12 — — 5.04
M — — — 757. 38 — —
CFBC 13.07 46. 50 3.57 — 133.35 5.04
MBC — — — 744. 11 133.35 —
1) CK FRAHEA , CF FrRii Al , M FnjitiA HUIE , CFBC F/R AL B jiti A= 5 , MBC Fn A HUIBECHEAE M ¢, T Ia); «— Fom A %508
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FETPORAE T I0E B A 5. B Ak R SRR
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FH Fast DNA Spin Kit for Soil ( MP Biomedicals,
LLC) 305 G4 B35 DNA | 7E 1. 0% B B e i
AT KRS I S B NanoDrop ND-1000UV-Vis 43
FECREE TN E B DNA R
1.4.2  SERFEOEE H PCR(PCR) 4387

FRUERE S  BOHRRE T, X nirS | nirK 1
nosZ 3 A F B # 17 PCR Tﬁi, Y185 nirS
( nirSCd3aF/nirSR3cd )™ | nirk  ( nirK1040q/
nirkK876q) ! | nosZ(nosZF/nosZ1622R) ' Jfj DNA
BERaifb iR G aife B 3L R B, % B 3R A
Brvi R AR rp  EA I 3 RS0 H P I AR
BRI 5 b SRS A R A ifE . FH NanoDrop ND-1000
OEAEIERE T 2 kL DNA e 1548 DUEL,
BF LA 10 e J3E A6 o 0 B Jsbs o4

FEAR I SE B R DURE & FARIE i — A 281 T qPCR
R, B 3 A EE (EAEIEX BEN) B
PSR ZR FNAR P UL SCHR [ 35 1. BN ER h 26k
ERTE 83°C R AT, M5 | ) —RIKG R AR 2. %

J65E B PCR 43H7 i ABI 7500 %52} 2% % & PCR
RGAT.
1.4.3  RumBRHE A B B2 8% (T-RFLP) 204

FIF T-RFLP 15'2*‘2)” FE SRS AL D) RE S I 0 FE S

2K, B FIIE S 4 5 i 9O B FAM Ay 5|

VIV 18 nirS | nirk F(nosZ 5 F B Tfi‘_‘ﬂfﬁﬁal%
WLSCHK[ 34, 4 Ak A IR 0 SCHR T3S I BT K¢
nrS . nirK %ﬂ nosZ %[ﬂ ) PCR ¥~ i""?—‘ﬁ%ﬁﬁﬂﬂﬂ
Hhal . Taq?1 50Rsal WEE PO b A2 754 s 1
T 37°C W iR TR A B 5% 14 ~ 16 by HAal i
A 80°C WP 3 30/ min R 2% 28 1) i T
i%lﬁiﬁﬁ"ﬁ:}ﬁpﬁ/\j% ABI Prism 3100 ﬁlﬂﬁ:}‘*ﬁ‘f
{LETT TERELP 47
1.5 e pbie

JH Microsoft Excel 2016 4% {1} o 17 %t ¥% 2% 3¢ |
Origin 2021 AT IR 26, A S5 -4 3 Ik
G T2 (6 FN bR fE A 22 3275, FH IBM SPSS 26. 0
AR A 1 B AR T A R B DL B S R R AT
ANOVA J5Z43¥7 . Pearson A#HICVES #r A K & 2 9]
VA58, Duncan 474N [ A0 P 2 (6] (1 2 5 LUK
(P <0.05). H Canoco 5.0 #KfFiE4T + AL T
IS A AL B RE V5 45 F4 (1 TU 4% /3 A (RDA ) . Origin
2021 FAFHEAT SOEE AL A A 5 PR 855 A S il Ak
BRI ) D B /N — T 43 #T

2 HREHM

2.1 RTR]AE Ak B X AR R S AE Ak 34 R 4 S9 1:  )
AU

AN i A Ak 28 ) S A AR A an 1 1 s, 5 CK
SEFEAR L, CF Ak 3 i 3 [ K AR PR 4 498 52 i 1k 34
47.7% 1 M A1 MBC Ak BE 43 531] 8 35 18 fin Sz i Ak $4
2192. 7% H11 989. 9% . K It , il FH AL HE £ i 3 B AIG
MR R A 18 SR A3, T A HLAE A0 A AT IE I e 2E ) o
SRR A AL

5 CK 4 BEAH EE, CF F1 CFBC I 3% R& Ik pH
0.34 ~0. 63 ~Hf7, M Fl MBC 31 pH 0. 29 ~0. 54
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ASEAANL; CF ARFRFEAR TS /K2 6% ,M |, CFBC.,
MBC ¥4I K ER 4 6%; M, CFBC F1 MBC %5 &b 3§
HEHT SOM #5425, 4% ~59. 2% 4 /it AT AL B 4351
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AbFE N C/N(FR3).
2.2 RTR]AE Ak B X AR B A 19 S Ak v 3 R =
MR

5 AU PR nirS FEH DL 3. 14 x 10° ~
1.43 x 106(30pies-}LL71 , mirK FEREE DL 3.01 x
107 ~ 6.74 x 10" copies-pL. ™", nosZ F&[H 4% D1 K

E1 REHEEAEIRER L #ERELENRm
Fig. 1 Effect of different fertilization treatments 2.29 x 10" ~5.24 x 10°c opies 'J“Lil ( EI 2) Iﬁ CK *H
on denitrification potential of rhizosphere soil Hﬁ M HIMBC éL IE%)'JIJ E = i‘ j]l] nlrS% . T% m ﬁ
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Table 4  Effect of different fertilizer treatments on denitrifying bacteria community a-diversity of rhizosphere
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Fig. 2 Effect of different fertilizer treatments on the abundance

of denitrification bacteria in rhizosphere
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Fig. 3 Effect of different fertilizer treatments on denitrifying

bacteria community composition of rhizosphere
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Fig. 4 Redundancy analysis of rhizosphere soil environmental

factors and denitrifying bacteria community structure
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Table 5 Stepwise regression analysis of the abundance

of soil denitrifying bacteria and soil environmental factors

REEfeEEE  RHOMERT P WRER P
nir$ pH 83.5 0.86 <0.01
nirk 1 SOM RINH;/-N 829 0.92 <0.05
nosZ W pH, NO; -NRIN/P  15.8 0.98 <0.01
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