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Effects of Biochar on N,O Emission and Nitrification-denitrification Gene Abundances Under

Two Water Status in Black Soils

SU Xingyuan', WU Shijie', GAO Wei'?, MA Junling', XIE Hongtu®>, BAO Xuelian®, WANG Lianfeng'”

(1 School of Environment and Chemical Engineering, Dalian Jiaotong University, Dalian, Liaoning 116028, China; 2 Institute
of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 3 Institute of Applied Ecology, Chinese Academy of
Sciences, Shenyang 110016, China)

Abstract: In the laboratory incubation, the effects of different biochars (maize straw biochar, rice husk biochar) and application
rates (0%, 1% and 4%, m/m) on N,O emissions and nitrification-denitrification functional gene abundances under different soil
moistures (40%WHC and 100%WHC) were investigated by soil microcosm experiment in a typical black soil region in Lishu
County, Jilin Province. The results show that soil N,O emissions tends to decrease with increasing straw biochar. 4% straw
biochar addition results in only 33.9% of soil N,O emissions as compared to 1% biochar addition. Soil NO3-N also shows a
similar pattern, significantly lower at 4% biochar addition than at 1% biochar addition. Under 100%WHC, maize straw biochar
significantly increases soil N,O emissions, while rice husk biochar significantly reduces soil N,O emissions. Real-time
fluorescence quantitative PCR further confirms that high soil moisture promotes soil denitrification by increasing nirS gene
abundance, while nosZ gene abundance is significantly higher under 4% rice husk biochar addition than maize straw biochar
addition, showing greater N,O reduction capacity. Although the amoA4-AOA genes are insignificantly different at different biochar
additions, the amoA-AOB gene is significantly decreased at high maize straw biochar addition. Soil moisture content, biomass

char species and their addition amount affect soil N,O emissions by affecting soil nitrification and denitrification microorganisms.
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BEE N,O EEMHEEIRY, £k R G000 NLO HERCE:
o Bl A S R G0 NLO HECR Y 65% Y, A AEN
“HBrubrh R REN”, FLAE ORI XA ST & 4 |
] 3R 2 4 R AR N AT 457 2 e v i ¥ B AR
o SR, ARMp A7 rh g 1 3B SRAE) e 7 i 0 ok
i AN, SEWGIE T — RIVAEE RS, N E
SR N,O REHE S . fE2ERIR ISR, 5
PR 2 SRR HE R Az A PR AR A AR T RE L R R
HAAHEZEZE L,

KA RV A3 N,O HERUWEZ N 7. 13K
G338 ) R ) - B S RN W 1T R ) -
NLO F=HERL, B AR 0, 3K A
BT BRYE I NLO MIFHE, Szukics £
K, SCAEAL AN 2 K e i 2, AR TR Y
Ree 578 L AV FR SR el i VAT B SR S5 VST S R
A A AR Wy [ B 52 - SR W A R A, AR W o ok
YR B By S i A LA ALYPEE, AT LR A e it
oMY, R SERA YR A B,
L Bl ) 2 b5 e A B i AR VR R 3 NL,O
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(40%F1 100% H[E]FEFKH(WHC)), KHENEFH

S ¢ G AE 7 PCR(real-time quantitative PCR, qPCR)
HOR, WFFER A NoO RO AR TR R B2 722
b, A RK AT Y B A B+ N0 774
KORH DG Ty RE HE R = B B 52 e 300

1 HREH®

1.1 X IEMERR

MR R MR DU R EL 3 A
b2 B Pk BH R FH A A5 B 5% £ 0 Bk 1 A 3 b
(43°18' N, 124°19' E)., %M )& Jb IR 2102 0 Kt 2 X
PEAE, UZEsrE, MIAAEIZR, fEMAKIIH IR, B
TKESFE R, AR 6.9 C, 4RI R /K & 614 mm,
AEYH BREIEL 2 644.2 h, HAEYARKZET 4—9 H
HMESE 1 435.5 h, (544F H BSEE59%, Tox
150 d ety . X5 3R AIREEN 0 ~ 20 em BYHE
2 e o V2 D Y OB TN BZ S AR e w2 %N
PREFIEE, BUB—&B5 £FE 2 mm 655 H Tl
AR R . pH 7.37., AU 14.3 g/kg.
4R 1.42 glkg, 2T 0.64 g/kg AT 1.35 glem’, it
5 9T T A= W JB e 0 LA EOK RS AT L BT A BRRE, ZHL
PS5 3 1 mm G, IFT 500 CA&F =0 = iR B il
15, AEWTOR T & HATTR G I 1.

F1 EYMRREATZEZESL (%)

Table 1  Proportion of basic elements in biochars
A=W o e e 1Y C N H S
ERFEFEYERMB)  39.615  1.010 4724 3.639
e W) i B (RB) 43.025 0.445 1.254 0.140

1.2 REigit

WM BEE 5 M H, . OAEA Y s
+100%WHC(W2) ; @ 1%(m/m) E K 5 FF 4= ¥y 5t 5
+100%WHC(1%MB+W2); (34%(m/m) EKFEFA:4)
[ 7% +100%WHC(4%MB+W2); @4%(m/m)FE5ELE )
J5 5 +100%WHC(4%RB+W2) ;. (54%(m/m) E KA FF
He W) B +40%WHC(4%MB+W 1), Hirf, A= ik
(R VS I B 810 2 s 435 35 0 Hp A ) I e o e 5 = R R
VIR A TG BB (25 @) =2 oo Bilan, 1% Fl 4% 4
Yy O 4351 10.10 mg/g A1 41.67 mg/g. ¥4
Yy I5 e A - 1 FR B EBVAS N 2] 120 ml B KB 1Y
YIS MG D, BN S sk MRS R P IR A il +
HE NH;-N | NO3-N #14A & il 50 mg/ke(T 1), I
PSR EEROE . R . BESMINE 0 s
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Hl nosZ H=RN ¥4 1%L, 2 5 SYBR Premix Ex Taq™
KA &, 7F CFX Connect Real-time PCR Detection
System [ #f17E & PCR H4rHr, PCR P #4549
RN AN ER 2 B o bRl GRS A B An
W SERE AT &, B B AR IR A v B A TR AR
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Table 2 Amplification primers and reaction conditions of quantitative PCR

H bR A 519 5151 FEH PCR I 27 EZ DTN
amoA-AOA amoA-F STAATGGTCTGGCTTAGACG 95°C 3 min, 95°C 20s, 55C 30s, 72°C 30s, 40 EH [21]
amoA-R GCGGCCATCCATCTGTATGT
amoA-AOB amoA-1F GGGGTTTCTACTGGTGGT  95°C 3 min, 95°C 20s, 55°C 30s, 72°C 30s, 40 MEH [22]
amod-2R ~ CCCCTCGGGAAAGCCTTCTTC
nirS nirS-Cd3Af  GTSAACGTSAAGGARACSGG 95°C 3 min, 95C 10s, 58°C 30s, 72°C 30s, 40 MEH [23]
nirS-R3cd GASTTCGGRTGSGTCTTGA
nosZ nosZ-F CGYTGTTCMTCGACAGCCAG 95°C 3 min, 95°C 10s, 62°C 30s, 72°C 30s, 40 PMEIH [24]
nosZ-R CGCRASGGCAASAAGGTSCG

1.4 HIBEABR S FE

N,O HE7E & (F)#% T A3+
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Hiala e ver T r M
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Fig. 2 Dynamics of soil NH;-N and NO;-N contents during incubation of five different treatments
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Fig.3 Dynamics of abundances of nirS, nosZ, amoA-AOA and amoA-AOB genes during incubation under five treatments based on gPCR
analysis
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#£3 NOHMBEETELINEAESE. amoA-AOA. amoA-AOB. nirSUA K nosZ Nt EEEEEMHEXERD
Table 3 Correlation among N,O emission flux, soil NH;-N and NO3-N contents and amoA-AOA, amoA-AOB, nirS and nosZ functional gene
abundances during incubation

N,O HEjif NH;-N NO;5-N amoA-AOA amoA-AOB nirS nosZ
NoO HEjiim & 1
NH;-N 0.48 1
NO3;-N -0.16 0.16
amoA-AOA -0.23 0.13 -0.16 1
amoA-AOB 0.48" -0.08 -0.31 0.49" 1
nirS 0.28 -0.39" -0.27 0.30 0.74"™ 1
nosZ 0.11 -0.12 -0.5" 0.30 0.17 -0.02 1

e e s BIFEIRAE P<0.05 Fil P<0.01 7K -5 24
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TIfg 5L 3= B AL FHARACY- , R BT InAE 4 5 hf
amoA-AOA FEEAINHIVE , (BAEEFR B a9, BR
W2 Ab3 amod-AOA FREELEREA R Brfae 221k
b, HoAth 4 Bt AL 45 e i) Ak ¥ 4398 amoA4-AOA =
B R AR AR BE R N, 302t T A TR Ak T
DA A 49 rp A R R AL A B R R P
TEREFEWI, 4%RB+W2, 1%MB+W2 Il W2 &b B )
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Regent b, 4AMB%+W2 4b3 + RS AE P o AE 3
R 4%MB+W1 AbH SRR b3 —50, Ui
TSR R E AR, JUHIE AOA 52 I A
W MR R EKELET, B a %)
W E AR T amoA-AOA Fll amoA-AOB £,
VNN e 1 (4% ) A= 0 T o WUV A s, 0 B A 40 Jo e P
Stk - S A VR FE A4 52 0 T AR, A T BB R
NAY BN B B R — e R B T RIER
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1) Z2FLEEH R T AE P A3 R A B8R, xS £k
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FEPR R R e R SO A SR s — 2P e b
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FER B ERmW,

4 NG5
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