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Influence of Biochar Amendment on Sm‘l Denitrifying Mlcroorganlsms in Double

Rice Croppmg System
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Laboratory of Integrated Agro-environmental Pollution Control and Management, Guangdong Institute of Eco-environmental Science and
Technology, Guangzhou 510650, China)

Abstract: At present, it is not explicit how biochar regulates the microbial process of denitrification in paddy fields. Therefore, a field
experiment was carried out in a double rice cropping system with three wheat straw biochar treatments; no biochar treatment (CK),
added 24 t-hm~* biochar (LC), and added 48 t-hm™* biochar ( HC). Real time PCR ( qPCR) and terminal-restricted fragment
length polymorphism ( T-RFLP ) technology were adopted to analyze the abundances and microbial community structures of
denitrification functional genes (narG, nirK and nosZ) in the fallow season and rice season. Due to its alkalinity, biochar amendment
increased soil pH by 0.2-0. 8. Biochar amendment also increased soil NH, -N and NO; -N contents by 21. 1% -32. 5% and 63. 0% -
176.0% in the fallow season due to the presence of soluble N. Nevertheless, it reduced NH," -N content by 48. 8% -60. 1% in the rice
season due to the adsorption of biochar. The amendment increased soil MBN content in the fallow season, which may be a result of the
large surface of biochar supplying nutrients and a suitable survival environment for the microorganisms. In the fallow season, compared
to CK treatment, the increased soil NH,” -N and NO; -N with biochar amendment promoted the conversion of NH, -N to NO; -N, and
thus increased the abundances of narG and nosZ (P <0.05). The higher soil pH with biochar addition increased the abundances of
nosZ and altered the community structures of narG and nosZ in the fallow season. Biochar amendment altered the denitrification

process, but it did not change N,O emissions in the fallow season, which might reduce NO; -N leaching losses. In the rice season,
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biochar amendment increased nosZ abundance (P <0.05). HC increased the nirK gene abundance, which contributed to increased

N,O emission in the rice season (P <0.05). Biochar converted the community structures of nirK and nosZ by decreasing the NH," -N

content in the rice season. The changes of the narG community structure with HC treatment contributed to the increased N,O emission.

In conclusion, biochar amendment can influence the microbes involved in soil denitrification by changing the soil properties, and thus

impact the N,O emissions and NO; -N leaching.

Key words: biochar; denitrification microbe; double rice cropping system; soil properties; N,0 emission
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%UGJ .

1.4 SAHARTEAE 9 D e 2 R =F B I 5 0 v 45
vaxil

T+ IR A MR B DNA ] DNA 2 BUR ] &
( PowerSoil™ DNA Isolation Kit, Mo Bio Laboratories
Inc. , CA)#EH, {8 1 Nanodrop ND-1000 4% R 43 Hr
3G %E DNA ¥R BEEFIZERE, B F -20°C {47

AfEis narG . nirK 1 nosZ 3 A Fr HE i 2 20
Chen 25V (5 vk o ek s s e SO, SRS HE#R FH
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PESERE T, 10 pL T 5 mL S & T HER
() LB 55353k, 37°CHRIREE SR 10 h, $EICE 415
K, M OD fH, 4055 ni#% DI 10 1546 BE A B4R
FbnE MR AR, PR Ze il 10° ~ 10° Z
[T 21 G o

P& 01K (copies - g7') =

6.02 x 107 x JERHE (ng - pL7') x107°

AR BKIE x 660

S 986 E B PCR (qPCR) 437 BT FHA 8
ABI 7900 ( Applied Biosystem ). narG. nirK Fl nosZ
H AR 2R A5 ng DNA &), 0.4 wL FUE519)
(narG-5T1F™ | nirk- 876F ") Fl nosZ- 1126F*) |
0.4 pL TS (narG-T73R |, nirK-1040R il nosZ-
1381R), 5 wL SYBR-Green Il (Takara) , 0.2 wL Rox
S Yk} (Takara) , #M75 ddH,0 & 10 pL. narG.
nirK 1 nosZ W BeA 43 112h 256 | 165 #1203 bp.
narG Ml nosZ W4 34 F2 7y Al [A]: 95°C T A8 1730 s,
95°C 55, 60°C 30 s, 72°C 10 s, 40 MG ; 95%C 15
s, 60°C 15 s, 90°C 15 s #¥fift 22 nirk AP 34 72
J¥:95°CHZEHE Liin, 95°C 5 s, 60°G 30 s | 40 P1F
FR; 95°C 15 5,/60°C] 15 5, 90°C 15 s AMHIMERLS

R BB PR MR I 1 2 5 4 (BRFERY T

narG ST K B 8 50 L 1R S84 2L
(H45F,773R) L, 25 uL PCRmix, DNA jﬁ%}i 140

5 mih; 95 30 s, 60°C 45 s, 72°C 1 thin, 2 MEHF;
95°C 30's, 55°C 45 s, 72°C 1 min, 10 MEHR; 95°C
30 s, 50C 45 s, 72°C 1 min, 30 MEF; 729C ZE{f
15 min. nirK Fl nosZ FEH 2 WAK R 48 50 wL: T
W51 % 2 wL (nirk-FlaCu/nirK-R3Cu'*" I nosZ-
1121F/nosZ-1662R"* ) | 25 pnL PCRmix, DNA HiHz
60 ng, #M7¢ ddH,0 % 50 wL. SR A :95°C Fi
PE 3 min, 94°C 30 s, 65°C 45 s, 72°C 45 s, 10
HEFR; 94°C 30 s, 55°C 45 s, 72°C 45 s, 35 MEH,
72°C $Ef#1 15 min. narG . nirK 1 nosZ J B K505
Sh 629 472 F411 bp. narG. nirK Fl nosZ 519

1Y 57 v Y 9% BR FE 98 . (FAM, carboxyfluorescein-
5-succimidyl ester) f5ic. T ff H B9 PCR X% N
Eppendorf-6321. PCR /#5648 1. 0% WY SUARHHEEIL
HLUK 3B, AR DNA BRI 24610 & (RAR) [Tk
aife B R B, SRJE R IRy B B e AT gD, Horp
narG 3L H Rsal B, nirk i Taql B, nosZ fii
H Cfol T, BYI™¥yi%k SR Je A WRH A TR w
PEAT T-RFLP 504, S0 Hr{las > ABI 3100 JE A 73 #r
{SL( ABI Prism 3100 Genetic Analyzer).
1.5 Hdlaorbr

iz SPSS 20. 0 J3 A ficfk X Bt AT #L N R 7
200t (ANOVA, B AG /K- 95% ) MAR AL 53 #r.
T-RFLP %4 >R Primer5 BEATREVEARMITE AT, [W)
WA RO & o0 B BCPF b & R K- E R K G
(Mantel test) ﬁﬁ%ﬁi%ﬁ%éﬂﬁkﬁiﬁé%az []
FOMISERE , R Candeo 4. 5 BRPGH UL SaREELS 1
AT 9 7 (PCA) o 2

2 %%'—ﬁ ﬁ*ﬁ' ‘I ‘, &
21 BT g R e e o

Al

=

S T R 2 B, AR AL B
TIRIHZAE pH, B 9910, 2 ~ 0.8 A F, B
W) TSR e A pH R W R, SR
AHEL, HC 8w 7 HEDH(P <0.05). IRIHZE,
LC 1 HC BYNH," -N & 2 23 i O BRI I 1 21, 1%
M132.5% , HC fil CK Z M| =R & (P <0.05), H
AW FORHIBEAR T KRG ZENH, -N& & (P <0.05),
Wik 48. 8% ~60. 1% . =W BiRIIN T IRRZE +
HENO; -NEri, HLRE R0 i 38 inmisdm, 454k
Pz A ERBE(P<0.05), MKMEZERAIZ
(44 B0 3 22 Pk (P >0.05). HLSR LC M
HC ¥4/ 1 +38 DOC (PR PH 2= F/KF§2) Al DON %
e, HAMEZ EEREYARE(P>0.05). 5
YRR LE, PRINZE LC F HC 9 MBN & &4 558
T 16.7 mg-kg "1 13. 1 mg-kg™'.

®2 EYRRITEERNZE

Table 2 Effects of biochar amendment on soil chemical properties

+ ek
F1 Ab T " NH, -N NO; -N DOC DON MBN
P /mg-kg ! /mg-kg ! /mg-kg ™! /mg-kg ™! /mg-kg~!

CK 5.8+0.1b 3.6 +0.4b 0.1+0.0c 48.2+0.9a 3.8 +0.8a 41.2+2.9b
UNGES LC 6.0 £0.3b 4.4 +1.1ab 0.1+0.0b 49.2 +8.6a 5.2+0.9a 57.9 £7.3a

HC 6.6+0.1a 4.8 +0.0a 0.2 +0.0a 48.5+3.8a 4.3 £0.6a 54.3 £8.7ab

CK — 7.8+2.1a 0.2+0.1a 38.2£2.8a — —
KAEZE LC — 4.0+0.7b 0.3+0.1a 41.2 3. 1a — —

HC — 3.1+0.6b 0.2 +0.0a 43.4+2.9a — —

1) “—"FRARM s AR FEFIR SRR IR TSR FEZE M 07E P <0. 05 /KT A B R 22 5 3%
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WA 1 s, 2012 ~ 2013 554K R 2= 45 A R Y 3.00E+12 .
N,O 2 Bk i & 4y 50k 0,12, 0.15 F1 0. 15 ) T e fLI{‘
kgehm SR, AMTARREN O 7 T -
T ELW. (AAEAREE, HC B0 IREIN T N,0 S s | b /T
FBHEHCR (P <0.05) , Hfik 32.8% , LC fil CK < ) N
ZIRGREXER(P>0.05). g 1208412 | /
020 cK g 6.00E+11 |- \
- i /\ \
o015 RS 0 N
£ a § thigz e
§ b 2.50E+10
%UIU . T, 200E+10 | b P §
T\
ZN 0.05 é% 1.50E+10 k- \
§ 1LOOE+10 k- \
’ UGES K E S.00E+9 | \
AT R R ROk R8BS B P <0.05 | ol
KO Ak 25 5 i 2 = ! KT
B 1 %Iﬂiiﬂ*fai%iijﬁE’JNzoﬁiuﬂﬁﬁSl% 2.50E+9
Fig. 1 .Cumulallve N,0 emlsblons m the ) ‘__v; i ~ §
‘-"_ fall@w and rice seasons| B/ 4 £ B o 200E49 1 "
W . E_ b a a
2.2% ﬁi% %ﬁﬁﬂX}Lﬁ Eﬂiiﬁﬁzﬁﬁﬁgwf % % 150649 | 7 X Zb§ ¥
rﬁﬁﬁ'}"m 3> g LOOE+9 | / \
R R B Rk AR % o Jﬁﬁﬁﬁcw& ) Z / \
+ @Jﬁ“ﬁtlﬁﬁﬁﬁ%ﬂﬁﬁ' A 2. i%ﬁ%ﬁ%ﬁi& F7F s | /
ﬂﬂT%!{E 2 narGIE N IEL (P <0. 05) i"‘fl]ﬁ’ﬁ‘jaﬂ . \
9 60.8% F1 52.8% , i /K K& 2= A W) i e IF R X e KR
narG SR F LA (P >0.05) . W RA )58 3R R B BOK AR 43 BIE P <0. 05
MR IR 28 nirK JE PR 2B, (HAEKAEZE, HC 3EX) R KR b B 25 S g 3

WAINT nirK JERPE D823, 5% (P <0.05). LY
SRIEHN T RN ZEFK R ZE nosZ FERAGHE ILBL(P <

0.05), B4 E 4> %~ 24.8% . 39.5% F1 36.1% .
30.7% , i LC il HC Z Bl LB E W5 (P >

0.05). /KFEZN narG M nosZ Fe R F & 4K IR

ZoA TR, (BT nirK JERFJE, KRG TR

2=

2.3 AW RS 0 AR g8 S Ak D g 5 R
T S5 A Y 52 )

AT U T AR R ZEFK R 2R narG | nirk Fl
nosZ FH W BEE A (F 3) . narG ., nirk 1 nosZ 1
AR BR R - B (T-RFs ) AR = B2 AR Ak SAR U 43
Mrigs (B 4), IRINZEFKFEZE narG 3R BETETE
76% ARIME KPR o UM%, KA 3R HC — 5%,
FAb Ak PE—F% , 7 83% UK T, IKIHZE HC —
W, KR ZE CK, LC MAIKINZE CK, LC — &, 7F
86% FAMIK T X9 o MW, /KA ZE CK —F%,

B2 E¥EA REEEEERFERZE
Fig. 2 Effects of biochar amendment on the abundances

of denitrification functional genes

KFEZ: LC AMKINZE CK, LC —F%, %Ff 90% AH
IR 843 M %, KAREZ LC — &, IKINZE
CK. LC —#&, feJa =& XA 91% *H%J@Tﬁzﬁ
JWIE, REVEY R, L HIRKFEZE HC, 8T
narG LR BEIX 458, nirK B[RRI AE 70% FHARL 4

KT, $io AwifE, KRR CK —i%, Hibak
B, 1F 86% FARIMEAT T XA HWifkE, IRIHZE
LC. HC —#%, {KkHZ CK FI/KREZ LC, HC —F%,
SRIGTE 88% FHUAKT- N8 /3 A Wifk, IR ZE CK —
%, KFEZE LC, HC —F&, )57 5I7E 91% F1 93%
RIS, KREEFIRIFZER) LC A1 HC X450
PR, ULBHAEY B T nirk B E VA K

1 61% HMIKFET , nosZ ﬁ.%’é%ﬁﬁ’jﬂ% , K
Mz HC — %, Hfthab 3 —#%, 7F 63% *BU7J<¥
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Loy 1
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-1.0 20 -1.0 20 -1.0 2.0
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3 AEAEHRFELRE B TR EMAR PCA ST
Fig. 3 PCA of denitrification community structures analysis for treatments
—————— A LC-F
nar(s —
I S | Ck 2 1)
m58 ® |63
=77 ®|95
I D LCR o0 m33s
=85 ®343
I 4 CKR  wo3 w347 |
m 115 =506
I S HCF %156 =5
' y
1
75 80 -
nirk = 80
= |57
= 159
198
m 282
m 368
= 370
u 461
uw 468
1
70 75
HIfeh% A2 HE%
nosz IR .. | or
m45 ml84
e T L
- = m 5] =190
= 57 =235
e
=73 w352
m 104 = 354
N ) LCR w157 358
m 175 =377
= 177 =382
| cK-R g g
_% HC-F
| | 1 IL 1 1 1 |
60 70 80 90 100 0 20 40 60 80 100
DA% HIRS %

CK-F, LC-F, HC-F, CK-R, LC-R Fll HC-R 2} HIF 7~ R IR ZHUKFEERY CK| LC Fl HC ALHE; A [RGB PR B 3R T-RFs JBUKE (bp)
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Fig. 4 Community structures and similarities of denitrifying function genes for different treatments
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) LC —#%, /KFEZE HC ARINZE CK ., LC —#%, 1
79% FRIKEF 84 iR, KRGS HC —F%, 1K
HZE CK. LC —#%, )i =% AF 83% MK T

FE F B 5 N,OHE 2 W R IEAH G (P <0.05)
nosZ & [ 3 & 5 NH, -N 2 W 2 35 A1 56 (P <
0.01).

o R Wi, WOEY R BUE T nosZ LK W BETE SRPR-FIIRR A R (£ 4), IKINZE,
558, pH FINO; -N5 narG Hl nosZ N RBETE A AETE M 5L

2.4 FEHEHEER . NOHES KK LTI RE I H 1)

MR (R 3) , IKINZE, narG JEH
JE5NH, -N2 B EAE (P <0.05), nosZ FEHFE
5 pH MINH, -NZ2 B FIEMHX (P <0.05), 5
NO; -NEW W FIEMHKE (P <0.01). KFEZ, nrk

FIEMIE(P <0.01), MMiNO; -NAil MBN 5 nirk 3
PRI TR AEAE B TE A (P <0.05, P <0.01). 7KF5
Z, narG SERBEVE 5N OHEUE M B 3 IEA G (P <
0.01), NH, -N5 nirK Fl nosZ BRI REIS YIAEAEN i
EIEAHK (P <0.01), DOC 5 nirK FERBEY% 2 0] 5
W EME(P<0.05).

F®3 TEMER. N,OHM S RIEMIIAEE E £ B HHEXES T

Table 3 Correlations between soil chemical properties as well as cumulative N,O emissions and denitrifying function genes abundances

narG nirk nosZ pH NH, -N NO5 -N DOC DON MBN N,0
narG 1 &7 8
nirk 0.3 1 'JP L
nosZ 0.8" -0.4 1 Iy o Vi —
pH 0.4 0.2 0.7 ¥ [ 4 \ : ‘,:_‘;r“"
NH, -N 0.7* -0.5 ~ 0.8"%, 07" 1 f 5 -l & ¥
NO; -N 0.4 -0.0 / L o9t . 09 0.7 yr )V F PR
DOC 10.0 0.2 O 1) hf02= 0.5 Py 1t Yo ¥y
“.W.D‘ON ‘ y o4 -0.31 [f 0:/- #,0 2 0.5 o 1 ~ 0.0 } 2 ) A -
MBN == f I 0.7 -0.3J 05 S 0.2 0.4 0.5 0.2 0.2 1f ™ =
NJO e 0.5 0.2+ a4 0.2 O Vi Yos 0.5+ 1
KrE= | v 'S Y ) S =
I onarG L f = 1 ' B 4 J
Ak -0.1 1 a A
nosZ M 0.3 0.4 1 =g
NHE N ~0.4  -0.3  —o08"  — I
NO; -N -0.3 -0.6 0.1 — 0.2 1
DOC -0.2 0.3 0.5 — -0.5 0.3 1
N,0 0.0 0.7* 0.1 1 -0.3 -0.5 0.2 — — 1
1) “—"FRIRKIMT; * FORAE P <0.05 KF T BEFAMR, + « FIRME P <0.01 KF PR BEME, TH
x4 TEMER. N,OHIM S RN INEERE REEEMAELES D
Table 4 ~ Spearman’s correlations between soil chemical properties as well as cumulative N,O emissions
and denitrification microbial community structure determined by Mantel test
S rag LA pH NH, -N NOj5 -N DOC DON MBN N,0
narG 0.7 0.2 0.8 -0.2 -0.2 0.2 -0.1
VNGES nirk 0.2 0.3 0.5* -0.1 0.0 0.6 -0.1
nosZ 0.7 0.3 0.8 -0.2 -0.2 0.1 -0.1
narG — 0.2 -0.1 0.3 — — 0.6™
U EES nirk — 0.7* -0.1 0.3" — — -0.1
nosZ — 0.6 -0.1 0.2 — — 0.3

1) N,OFRIKINZE/KFEZRAIN,0 R HE

3 g

PR TOR VR NPT A R A R
RIMESA —E R R, mekiREL . AL
T, MR AU R, AR

InE] g n] 2 P R pH, A AR AR R
BT AEARBE T, SR M SRR (pH =
5.4), BRI FR)E, R TIRRZ T pH, H
WINEMOR , BORBGE. YO BA R IR ALER
SRR A e R AR PR T LA A e 1 I
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Y, T BAF S i 3R E K A RS T (A NH
FINO; %), FEMKLHEPNH, -NFINO, -N& 2.
TEABIFO, 1T A B AR B T WL A e
(NH, -N%H4 109. 9 mg-kg ' FINO; -N&H:H 3.6
gokg™), VRINE L HEE, W T KR £
NH, -NAINO; -N& i, X5 T H % E s s
B HABETE T 2012 4R LRSI 4G 02k 4
i, #2013 SEMFET , AW B iR TEHL A
A5 A W RE S b, Sk T 2 0 I AR R A
FH, SEOK RS T Ak B BT T NH, -N
Bk, TSN A K R 7 s
VP B S, DA JE LA 1A HL
A, T2 5 ) SRS F RS R AL R R, sk
TR IR, Bl R M E R R
A SGA T SMIAE LT, N, P, K 354 & Ca,
Mg, Al, Fe SR n ™, ok + 5k w K
b S, IR E AR | SO, HE T i
AR i
FIRT, 56 5% et 5 A AL AR I v
B, HARA—, ETFHAERLEL B
AL A SRR . A s, s s
6 TTT B PRI narG S5 0 TR nirk 2
PR 2 i AR 28 MK R 2 nosZ SR A B, BAE T
mrK nir$ I nosZ 3£ X E’\Jﬁ@éﬁ% , 1125 “Anderson F

50 el 5 L %0 m Rkl

AR A s a5 B W - SRR AL I, T pH
SrKEE . 5N AR (NH -N/NOS -N) oA 3k
5 SRR - R L A W R R T T
B -3 NH, -NFINO, -N, {2HENH, -N[5NO, -N
L AN 1A R IE N s/ OF 3-341 A
ARWFE, AW T RN 2= 3N, -N
FINO; -NE i AT R, IRKINZENH, -N5
SR AT LN 2 A B IR A G, HS5NO, -N
T EIEARSCE, BEBIRG A NH, -N ] {2 SE 6 A 1
H, MINO; -N¥&4k, (45244 B e Ab BRI NO, -N#&
STHRIEIN T 63.0% ~176. 0% , i[85 I narG
Ml nosZ WIRER . NO; -N1J Ky 2 i Ak i 2k W 42
MYy, PR PR ZE 85 A0 A NO S -N A (8] 342 3 T nosZ
A FER BRI, [ CE T narG |, nirk Fl nosZ
MURETE LS. KRR, AW PRIk T L
NH, -N¥&, MM R B, NH -NY5 nosZ %
PRI 5 35 17 M 6. NHL -N 2 RS ALPE ST B e
IKFEZE A W TR A FENH, -N 2R AR, B0 4
FEAHENO, NI, HAMFSENO, -NEF®=IFA
MEAR, H25 RASACVE Y narG 36K 2 B th oA B

M5, nirK 1 nosZ 3K 358 RSN, S 45 55|
KRG 22 NH, -N AR A 5 | 76 S s A A ) 0k
55, KOG, XA Resz AR R g, w2k
— L HFSE. L HENH, -N5 nirK Fl nosZ 1 #EV% 45
P 5 R 2 TE ARG, 3 AT RS /KRS 22 A ) o o b 3
() nirK SR AR SRR EE 157 bp 03 09 B FhAR X
FEBEAR | nosZ FER H L 3AFPHE 48 bp F1 51 bp 4K
TOIREFRIT R R EE RN, Wik, EYR
2] 3 o BCAE NH, -NFTNO, -N 5 352 i i il A6 7k
A ) 10 3 B IR 7 2

pH 520 + HEfR A ) 22 RE P A G R IR F
+ 3 S A AR A Bl BRI L R 6.0 ~ 8.0, 24
pH 45.6 ~8.0 B, Jfiffb bl 158 pH 1Y
ETbmRE R, Liu S AR A W 5 ) A R S
HCE A KA T BRI AP IR, SRR T
R ALIIRESIR 9 H B, TEABITE, eI i
fm CARIN ZE L BEpH, R T nosZ %_,$E‘B@i
., SR § R CBIREIE IR narG H p6s7 11
VELLRL, LA 6k B A6 A1 1 7 25 5 .4,
2013 AFMFE 28 oUih, At e b B pH A X
PR 0. 270 7 A 8 i W 5 5 4 2 0 TR AP
FRSER B KRR pH, 371 5 KRS 5 nirk Bl nosZ
S R e, XI5 T A
P T HIF T B

AIRIG IR 7 RAEAE 2013 4E 4 A, IEH MR
ZAy | HERONIRE , 2013 AERERS 25 B AR S AR I [
WIRAE, (ARAEHEKSE 2 K, RT3 ACIR
25, B, AHFSE 5N, O HE Y 322 Sk U5y S il
FEVERE. AW 0 IR IRHR TR 28 N, O HE il G . 35 5%
Wi, LR narG SR 3 B 30 AR T4 25 40 1Y
AL S HE T NOS 7] NO, FsEAL, HEmifE i 2
WAL . T nosZ 3[R 3= B 1 0 e B 45 205 4 1) 22
LSRN, O N, etk Uk, ASBFSE A4 ok e
ET RN ZE A ALVE T, PTREAIE NO, ko,
Haeug (e ot ROE A AE W B 5 — 25 JORE, A BGm
N,OHEL. ME/KFEZ:, HC &3 7 +3EN,04E
I, XS AR T 45 A — B KFEZE LC
A HC BN T nosZ BYFEH ERE, HI TN,Ol N,
AEEAL, SEAE LC BN, OHERL R X HEAT /1N B2 R AT,
{2 HC BIN,OHERUASKE L3, Ui nosZ FEH = FEAR
SRR PR ZEN,OHE B ) EZE N &, HC B &3 in
T nirK FERFEEE A PR IA i B S AR Y
BRIl , ASHIFZE AR ATt 2 I nirK 3 PR 23
5N, OHFR S 2 ARG, UL, nirK 3 9= 3 3
I S BOKRE 2 HC (49 N,O HE A fin i 522 5 A
7340, HC W narG BETKZ5H M5 LC F1 CK AbBRA



2402 A 40 £
MRS s HC ¥Em T 77 bp FA AR X 3 B , M 58 Chinese double rice cropping system [ J ]. European Journal of
e . Soil Biology, 2014, 65. 30-39.
bp ﬂ:ﬂ 156 bp —ED%Z,K“%% ’ %?ig T 335 bp ﬂ:ﬂ 347 bp ’ 11] LiuY, ZhuJ R, Ye CY, et al. Effects of biochar application on
ﬁm‘% HC j: j:”] NZO 1:5”5 ﬁk E/‘J - /I\ HAE J?; LA ’ the abundance and community composition of denitrifying bacteria
HC ﬁjj‘_i j][] nirK % E'Eg*[ﬁ;&ﬁ narG % Ef‘é% s in a reclaimed soil from coal mining subsidence area[ J]. Science
5 > of the Total Environment, 2018, 625, 1218-1224.
:[:Ej]l] T7J(*H§N20ﬁkﬁi [12] Chen G H, Zhang Z R, Zhang Z Y, et al. Influence of biochar
4 Z?:I:-L/l’} addition on the denitrification process and N,O emission in Cd-
contaminated soil[ J]. Water, Air, & Soil Pollution, 2017, 228
5 y e (1).47.
ﬁﬁﬁﬂi%@fﬁ /:—E% }j%i‘j][] TjF Hﬂﬁ(lﬂéj‘%% [13] Harter J, Krause H M, Schuettler S, et al. Linking N,O
pH N NH4+ N, NO3_ -N K& MBN & i i s F%{EE T 7J( *ﬁé emissions from biochar-amended soil to the structure and function
:tj:%NH: 'Né\i qPCR & T-RFLP %*ﬁ%@% , /EE% of the N-cycling microbial community[ J]. The ISME Journal,
. N N 2014, 8(3) ; 660-674.
Iﬁﬁﬁhniﬁhu?ﬁtlﬂé narG %E'Ergﬁﬁtlﬂé*u [14] Anderson C R, Condron L. M, Clough T J, et al. Biochar
7J(jﬁ§,§ nosZ %EF‘E , HC ﬁ%iﬁﬁ j][] T7J($E1,§ nirkK induced soil microbial community change: implications for
- EEJ;F . Iﬁ] H:J' H % E‘i‘ jj"z E& ART »ﬁ( lﬂ é Fn 7J( %“' é biogeochemical cycling of carbon, nitrogen and phosphorus[ J].
narG . nirk *H nosZﬁﬁi%ZnﬁJ ﬁz%ﬁﬁi}éﬁfiﬁﬁ Pedobiologia, 2011, 54(5-6) : 309-320. o
[15] Hagemann N, Harter J, Kaldamukova R, et al. Ducs soil aging
ﬂf»IjJ ﬁ%% E'E Eﬁ: E/J %2 ”I'] %J‘E jj E& g + ig NH4+ -N *ﬂ affect the N,O mitigation potential of biochar?.~ £ (‘omblned
NO; NSRS ). pH i NO; N2 ,ﬁ( [ ESIFRI:] microcosm sand field study [ J ]. Global Cl].arré Blology
, Bioenergy, 2017, 9(5) 953-964. f # -
4{1}%5’3%#% 4{‘/:] EI/J Igﬂ% ﬁﬁNH ; _qu%?’z [16] Zou] W, Huang Y, Lu Y Y, et al. Direct f-nuéilor}-_,.faemr for
7k$“'*fjﬁﬁ{t1ﬁ$%ﬁ$(§é§$@ E/J fg.¥‘ EE%F% N,O from rige-winter wheat rotation systems in soqt‘ﬁea%t China
ﬁkﬂ'fj&ﬁﬁiigiiﬂztr }ﬁ‘ E& ST ﬁﬁé ,H:ﬁlﬁ'(ﬁz% E/J [J]. A‘tmObpher.}l;;fEnv1runment , 2005, 39(26) : 4755 4765:‘
L ; [17] Wul,, Joergensén R Pommerening B, et al: MPa%urqunt of
%.EEF ﬁﬁ/ﬁ ;F/J #ng ur‘lN szﬂz}‘ﬁl F H :#u__.‘ soil micfobial blomass C by fumlganon -extraction—an automated
‘%%j{ﬁk Far ““ & ,-""". procedure;[]] Soﬂ B]blogy “and Blochemlstry, 1990, 22(8'5 ‘;_‘“
[ 1 7= Stocker F - I"Qm _D Plattner G K, et.al. Cfaﬁlate ch.ﬁmcre_ZOI,.’aL 1167- 1,169 / =
the physical scierice basis| M]. Cambridge, Umted Kingdoni* find [18] Brools Pf. C, Landmah A} Pruden G, et al: Chloro,form
New York, NY, USA: Cambridge Umversny' Pres% 20.1'3 159- fumlgatlon and| the release of soil nitrogen: a rapid "dlrect
: 254 f i | o ‘“ r extraction method to measure microbial biomass nitrogen in soil
[2 ]': Bdgga E M, Smales C/E *Bateman E J. Changmg pH shifts .t-he ,,-;'" : [J]. Soil Biology and Biocher;listly, 1985, 17(6) : 837-842.
{ micrabial Source as weﬂ as the magnitude of N,O emission: _‘fm-m . [19] Zheng X H, Xie B H, Liu C Y, et al. Quantifying net ecosystem
solil‘[l_l]. Biology“and Fertility of Soils, 2010, 46(8) : 793-805. carbon dioxide exchange of a short-plant cropland with
[3] Braker G, Conrad R. Diversity, structure, and size of N,O- intermittent chamber measurements[ J]. Global Biogeochemical
producing microbial communities in soils—What matters for their Cycles, 2008, 22 ( 3 ). GB3031, doi: 10.1029/
functioning? [ J]. Advances in Applied Microbiology, 2011, 2007GB003104.
75 33-70. [20] Chen Z, Liu J B, Wu M N, et al. Differentiated response of
[ 4] Philippot L, Spor A, Hénault C, et al. Loss in microbial denitrifying communities to fertilization regime in paddy soil[ J].
diversity affects nitrogen cycling in soil[ J]. The ISME Journal Microbial Ecology, 2012, 63(2) ; 446-459.
2013, 7(8) : 1609-1619. [21] Hallin S, Jones C M, Schloter M, et al. Relationship between N-
[5] Antal M J, Gignli M. The art, science, and technology of cycling communities and ecosystem functioning in a 50-year-old
charcoal production [ J]. Industrial & Engineering Chemistry, fertilization experiment[ J]. The ISME Journal, 2009, 3(5) .
2003, 42(8) : 1619-1640. 597-605.
[ 6] XIE2 AYFsbm AN AR SO E A HE R [22] Rosch C, Mergel A, Bothe H. Biodiversity of denitrifying and
YRR D], B, WV R, 2011. dinitrogen-fixing bacteria in an acid forest soil[ J]. Applied and
[7] XAz, hflbk, BRELR, 5. AWk A AR H iR Environmental Microbiology, 2002, 68(8) . 3818-3829.
R HERC 22 R [ T]. R EE Rl 22224, 2015, 34 [23] Lehmann J. A handful of carbon [ J]. Nature, 2007, 447
(2):205-212. (7141) ; 143-144.
Liu J Y, Shen J L, Qiu H S, et al. Effects of biochar [24] Yuan J H, Xu R K. The amelioration effects of low temperature
amendments on net emissions of greenhouse gases from croplands biochar generated from nine crop residues on an acidic Ultisol
a review[ J]. Journal of Agro-Environment Science, 2015, 34 [J]. Soil Use and Management, 2011, 27(1) ; 110-115.
(2): 205-212. [25] F&te, RO, AW oxd M bk -E B R A FH 58 ik
[ 8] LiuQ, Zhang Y H, Liu B J, et al. How does biochar influence [J]. 13, 2012, 44(4) . 541-547.
soil N cycle? A meta-analysis[ J]. Plant and Soil, 2018, 426 ( 1- Yuan J H, Xu R K. Research progress of amelioration effects of
2): 211-225. biochars on acid soils[ J]. Soils, 2012, 44(4) . 541-547.
[9] 5Mtr, IV, #Hik, & AYHx HEFREHV [M]. dt [26] Liang B, Lehmann J, Solomon D, et al. Black carbon increases
. BleE i, 2015. cation exchange capacity in soils [ J]. Soil Science Society of
[10] LiuJY, ShenJ L, Li Y, et al. Effects of biochar amendment on America Journal, 2006, 70(5) : 1719-1730.
the net greenhouse gas emission and greenhouse gas intensity in a [27] Lehmann J, Gaunt J, Rondon M. Bio-char sequestration in




51

IR A AW B X R A FH -E 3 I il A S RE B2 W 1 2 )

2403

[28]

[29]

[30]

terrestrial ecosystems-a review [ J ]. Mitigation and Adaptation
Strategies for Global Change, 2006, 11(2) . 403-427.

FA, BE, iR, 55 EY s+ R SR R
TR R [T]. HBERLS, 2016, 37(9) : 3634-
3641.

Wang Y L, Geng Z C, Wang Q, et al. Influence of biochar on
greenhouse gases emissions and physico-chemical properties of
loess soil [ J]. Environmental Science, 2016, 37 (9): 3634-
3641.

Yamato M, Okimori Y, Wibowo I F, et al.

application of charred bark of Acacia mangium on the yield of

Effects of the

maize, cowpea and peanut, and soil chemical properties in south
Sumatra, Indonesial J]. Soil Science and Plant Nutrition, 2006,
52(4): 489-495.

Ducey T F, Ippolito J A, Cantrell K B, et al. Addition of
activated switchgrass biochar to an aridic subsoil increases

microbial nitrogen cycling gene abundances[ J]. Applied Soil

]
I'y g
> N ‘
[ | A
i -
1 i 7
a J - 4 1
i .
] L |
rr [ |
| , [
‘AW | i
=
| -
V.

[32]

[33]

[34]

Ecology, 2013, 65. 65-72.
Harter J, Kuehfuss S,

entrapment and microbial N,O reduction reduce N,O emissions

Guzman-Bustamante [, et al. Gas

from a biochar-amended sandy clay loam soil [ J]. Scientific
Reports, 2016, 6; 39574, doi: 10. 1038/srep39574.

Griffiths R I, Thomson B C, James P, et al. The bacterial
biogeography of British soils [ J]. Environmental Microbiology,
2011, 13(6) : 1642-1654.

Liu Q, Liu B J, Zhang Y H, et al. Can biochar alleviate soil
compaction stress on wheat growth and mitigate soil N,O
emissions? [ J]. Soil Biology and Biochemistry, 2017, 104 ; 8-
17.

AR, T, SRR, A AWM H e X SR K AR iR
SRHER [ T]. R, 2018, 39(5) : 2351-2359.
Qi L, Gao M, Guo X M, et al. Effects of biochar application
rates on greenhouse gas emissions in the purple paddy soil [ J].

Environmental Science, 2018, 39(5) ; 2351-2359.




HUANJING KEXUE Vol.40  No.5

Environmental Science (monthly) May 15, 2019

CONTENTS

Pollution Characteristics and Regional Transport of Atmospheric Particulate Matter in Beijing from October to November, 2016 -+« ZHANG Han-yu, CHENG Shui-yuan, YAO Sen, et al. (1999)
Chemical Compositions, Mass Concentrations, and Emission Factors of Particulate Organic Matters Emitted from Catering «+w+eseereereseseesee WANG Hong-li, JING Sheng-ao, QIAO Li-ping (2010 )
Size Distributions of Aerosol During the Summer at the Summit of Mountain Taishan (1534 m) in Central East China «++sseereeeeereseenens SHEN Li-juan, WANG Hong-lei, YIN Yan, et al. (2019)
Concentration Characteristics and Source Analysis of PM, 5 During Wintertime in Zhengzhou-Xinxiang —«+e+eeseereereresreeeeene YAN Guang-xuan, ZHANG Pu-zhen, HUANG Hai-yan, et al. (2027)
Scenario Analysis of PM, 5 Concentration Targets and Milestones in China HE Jin-yu, YAN Li, WANG Yan-chao, et al. (2036)
PM,, 5 Emission Characteristics and Estimation of Emission Reduction Potential from Typical Industrial Sources in Anyang —««seseereseeeeseseeerenees DU Xiao-shen, YAN Li, HE Jin-yu, et al. (2043)
Emission Characteristics and List of Inorganic Elements in Fine Particles of Typical Industrial Kilns in Zhengzhou City ~ ++++eeseeeeer ZHAO Qing-yan, HAN Shi-jie, ZHANG Yi-shun, et al. (2052)
Composition and Atmospheric Reactivity of Ambient Volatile Organic Compounds( VOCs)in the Urban Area of Nanjing, China -+ QIAO Yue-zhen, CHEN Feng, ZHAO Qiu-yue, et al. (2062)
Formation Potential of Ozone and Secondary Organic Aerosol of VOCs from Fossil Fuel Combustion in Lanzhou City LIU Zhen, ZHU Yu-fan, GUO Wen-kai, et al. (2069)
Inventory and Characteristics of Biogenic Volatile Organic Compounds (BVOCs) for 12 Deciduous Fruit Trees LI Shuang-jiang, YUAN Xiang-yang, LI Qi, et al. (2078)
Ton Concentrations and Their Spatial Variability in Underground Water and Surface Water in Typical Terrestrial Ecosystems in China +++++ HUANG Li, ZHANG Xin-yu, YUAN Guo-fu, et al. (2086)
Status of Antibiotic Contamination and Ecological Risks Assessment of Several Typical Chinese Surface-Water Environments ««+«+-eesesseseereesees LIU Xi, WANG Zhi, WANG Xue-lei, et al. (2094 )
Distribution and Risk Assessment of Polycyclic Aromatic Hydrocarbons in Water Bodies in Seven Basins of China  «++«+seseesseeeseereeneenes FAN Bo, WANG Xiao-nan, HUANG Yun, et al. (2101)
Occurrence, Input, and Seasonal Variations of Poly-and Perfluoroalkyl Substances ( PFASs) in Rivers and Drain Outlets from the Dalian Coastal Area, China «++««sseseresserersensmsnenennanens
.................................................................................................................................................................. CHEN Hong, HAN Jian-bo, ZHANG Can, et al. (2115)
Space-time Characteristics and Environmental Significance of Stable Isotopes in Precipitation at an Arid Inland River Basin -+ YUAN Rui-feng, LI Zong-xing, CAI Yu-qin, et al. (2122)
Regional Evolution and Control Factors of Karst Groundwater in Liulin Spring Catchment HUNAG Qi-bo, QIN Xiao-qun, LIU Peng-yu, et al. (2132)
Major lonic Characteristics and Controlling Factors of Karst Groundwater at Xiangshui, Chongzuo —++:+eseseereesesssereneinienen ZHOU Jin-mei, JIANG Zhong-cheng, XU Guang-li, et al. (2143)
Analysis of Transport and Transformation Characteristics Between Dissolved Phosphorus and Particulate Phosphorus in Water of the Three Gorges Reservoir «+:essessesseeeeseneneneninnennsnnn
......................................................................................................................................................... QIN Yan-wen, HAN Chao-nan, ZHENG Bing-hui, et al. (2152)
Vertical Distribution Profiles and Release Potential of Mainstream Column Sediments in the Three Gorges Reservoir After Impoundment to 175 m  «eeeeessesresssssemessnniiiiinsnnnne
++ LI Rui, PAN Chan-juan, TANG Xian-giang, et al. (2160)
Distribution Characteristics and Influencing Factors of Phosphorus in the Dongting Lake at Different Water Periods - LI Ying-jie, WANG Li-jing, LI Hong, et al. (2170)
Effects of Exogenous Carbon Addition on Equilibrium Phosphate Concentration and Risk of Phosphorus Release from Sediments in the Shiwuli River, Chaohu Lake Basin ~-«+seeeseseesseeeeees
................................................................................................................................................................................. LI Ru-zhong, BAO Qin, DAI Yuan (2178)
Spatial Distribution of Organic Phosphorus in Sediment and Its Environmental Implication in the Upper Stream of Minjiang River «+«++++++:+++ XU Jian, YUAN Xu-yin, YE Hong-meng, et al. (2186)
Nitrogen and Phosphorus Removal by Integrated Ecological Engineering Treatment System in a Small Agricultural Watershed -+ JIANG Qian-wen, LIU Feng, PENG Ying-xiang, et al. (2194)
Spatial Distribution and Pollution Assessment of Heavy Metals in River Sediments from Lake Taihu Bagin +««+sesessesessessesnensssnennnniinennnns ZHANG Jie, GUO Xi-ya, ZENG Ye, et al. (2202)
Temporal and Spatial Variation of Mercury in the Water of the Ruxi River Estuary, a Typical Tributary of the Three Gorges Reservoir Area ++etovseseesessessssiesenensininenninnenees
............................................................................................................................................................... MA Wei-bin, CHEN Qiu-yu, YIN De-liang, et al. (2211)
LIU Wei-hao, WANG Yong-min, FAN Yu-fei, et al. (2219)
Distribution Characteristics of Mercury in Different Urban Constructed Wetlands *+++ -+ FAN Yu-fei, LIU Wei-hao, SUN Tao, et al. (2226)
Effects of Microplastics on Antibiotic Resistance Genes in Estuarine Sediments -+ HUANG Fu-yi, YANG Kai, ZHANG Zi-xing, et al. (2234)
Comparison and Source Apportionment of PAHs Pollution of Runoff from Roads in Suburh and Urban Areas of Shanghai ««+«+eseereereeseeerenenees WU Jie, XIONG Li-jun, WU Jian, et al. (2240)
Characteristics of Phytoplankton Community and Its Relationship with Environmental Factors in Different Regions of Yilong Lake, Yunnan Province, China «+:«ssessereeeeesenensenenenennnnens
....................................................................................................................................... - WANG Zhen-fang, ZHANG Wei, YANG Li, et al. (2249)
Algal Bloom and Mechanism of Hypoxia in the Metalimnion of the Lijiahe Reservoir During Thermal Stratification + LIU Xue-ging, HUANG Ting-lin, LI Nan, e al. (2258)
Allelopathic Effects and Allelochemicals of Myriophyllum elatinoides on Microcystis aeruginosa and Selenastrum capricornutum ++++++++++++++++++ BI Ye-liang, WU Shi-min, ZHOU Si-ning, et al. (2265)
Removal Efficiency of Trichloroacetamide by UV/Sodium Sulfite FU Zhi-xuan, GUO Ying-qing, CHU Wen-hai (2271 )
Influencing Factors and Transformation Mechanism of Venlafaxine Degradation by UV LU Juan, XU Zhi-wei, WANG Yan ( 2278)
Mechanism of Synergistic Adsorption of Arsenic and Cadmium by Aluminium-substituted Ferrihydrites HUANG Bo, GUO Zhao-hui, XIAO Xi-yuan, et al. (2287)
Fluoride Removal Efficiency of Novel Material; Magnetite Core/Zirconia Shell Nanocomposite ++ FANG Wen-kan, LI Xiao-di, FANG Jing, et al. (2295)
Impact Mechanisms of Carboxyl Group Modified Cathode on Acetate Production in Microbial Electrosynthesis Systems —«+«eeeseseeseeenens QI Jia-xin, ZENG Cui-ping, LUO Hai-ping, et al. (2302)
Partial Nitrification and Denitrification of Low C/N Ratio Sewage Based on Zoning Oxygen and Dissolved Oxygen Control = +eseeeeeeeveeeees WU Chun-lei, RONG Yi, LIU Xiao-peng, et al. (2310)
Start-up Performance of Low-substrate Anaerobic Ammonium Oxidation Under Different COD Concentrations «-«++++s+sseseesessesuenseeseess MA Yan-hong, ZHAO Zhi-chao, AN Fang-jiao, et al. (2317)
Partial Nitrification Fast Start-up and Stable Performance of 15C SBBR SUN Yi-qi, BIAN Wei, LI Jun, et al. (2326)
Effects of Long-term Poly-P Deficiency on the Metabolic Properties of Accumulibacter in AO-SBR System - - WANG Shao-po, LI Zhu, ZHAO Le-dan, et al. (2333)
Extracellular Polymeric Substances of ANAMMOX Granular Sludge and Its Effects on Sludge Surface Characteristics YANG Ming-ming, LIU Zi-han, ZHOU Yang, et al. (2341)
Treatment of Piggery Biogas Slurry by Enhanced Biological Contact Oxidation with HN-AD Bacteria ~ +:+svereereeesreserenesienienennenenns LIU Xiang-yang, ZHANG Qian, WU Heng, et al. (2349)
Effect of Different Temperatures on the Performance of Autotrophic Nitrogen Removal and Microbial Community from Swine Wastewater «-«+:«+seseesseresererenenenenenisnininennsininnensnen
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" HUANG Fang-yu, DENG Liang-wei, YANG Hong-nan, et al. (2357)
Characteristics and Regional Heterogeneity of Eukaryotic Microbial Community in Wastewater Treatment Plants —««+eseeeeeseeeerseeen QIN Wen-tao, ZHANG Bing, SUN Chen-xiang, et al. (2368)
Effects of Wetland Reclamation on Soil Microbial Community Structure in the Sanjiang Plain - «eeseeresssessesenensnnineneiiniiene WANG Na, GAO Jie, WEI Jing, et al. (2375)
Distribution Pattern and Diversity Maintenance Mechanisms of Fungal Community in Subalpine Lakes -+++++- LIU Jinxian, LI Cui, LUO Zheng-ming, et al. (2382)
Influence of Biochar Amendment on Soil Denitrifying Microorganisms in Double Rice Cropping System LIU Jie-yun, QIU Hu-sen, WANG Cong, et al. (2394)
Effects of Plastic Film Mulching and Nitrogen Fertilizer Application on CH, Emissions from a Vegetable Field NI Xue, JIANG Chang-sheng, CHEN Shi-jie, et al. (2404 )
Effects of Water Deficit on Greenhouse Gas Emission in Wheat Field in Different Periods +++* B *++ WANG Xiao-yun, CAI Huan-jie, LI Liang, et al. (2413)
Effects of Different Fertilization Modes on Greenhouse Gas Emission Characteristics of Paddy Fields in Hot Areas ««+vtseereeesessesveeens TIAN Wei, WU Yan-zheng, TANG Shui-rong, et al. (2426)
Effects of Cyclical Temperature Fluctuations on Organic Carbon Mineralization in Purple Soil ZENG Man-man, CI En, FAN Jing-jing, et al. (2435)
Cd Content Characteristics and Ecological Risk Assessment of Paddy Soil in High Cadmium Anomaly Area of Guangxi SONG Bo, WANG Fo-peng, ZHOU Lang, et al. (2443)
Remediation Potential of Ageratum conyzoides L. on Cadmium Contaminated Farmland —«+-v+eeeeeeeeresssssemenssnininn ZHANG Yun-xia, SONG Bo, BIN Juan, et al. (2453)
Evaluation of the Potential Agricultural Risks of Polycyclic Aromatic Hydrocarbon Contaminated Soil by Planting Lactuca sativa L. ++++ JIAO Hai-hua, GUO Jia-jia, ZHANG Jing-min, et al. (2460)
Impacts of Land Use and Landscape Patterns on Heavy Metal Accumulation in Soil = ++++sesessssessssssmssssnsnmnnninininsissn s SHU Xin, LI Yan, LI Feng, et al. (2471)
Pollution Characteristics and Evaluation of Heavy Metal Pollution in Surface Soil Around a Municipal Solid Waste Incineration Power Plant —++eseesveresesereresienienieniinininiinens
............................................................................................................................................................ LU Zhan-lu, ZHANG Jin-liang, LU Shao-you, et al. (2483)



	组合
	单独封面5
	zml


