ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

N
N
N
Vol.38 No.

HRRAERERHRAR L £
4 & M & HiR




w % # 3 #38 % 12 0]

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2017 4612 A 15 H

H kKB

T [X pMzs{g%mE%ﬁj% EIE e E#ﬁﬁﬁ, B! , = ’Eéﬁq’ , ﬁﬂf/%(4897)
Jot R R JE B0 4 2 P T < R I S R FEARRIL +oveovvee oo L, RIFE, I, TR, R R (4905)
LT 2R (1 PM,, (VR BE I 2 434 T 5 P oo BB, LM, FOR, IR, IME, EFE, George Christakos (4913)
AR DX PM, LT 5L R N 0ROl - A3, BAM, FER, HE#8, TiH, B, REE(4924)
RSB AN KT YRR IE R ACHRRALSE AL - oveveeeseeesesns i Kz, T, % ok, A, FL(4932)
SEETT PM, AL AR oveereenesneeeeens A, RS KB, BRI, B, XUR, R KB A (4943)
AT SR TR P PV, KV oML TAL MRS SRR - ke, L7, KE, K&, T, E+%7(4951)
KA T YK T V5 Y i AR OB R K VA B TR AR AN AT R - eeeerereneeemmmmi ettt
............................................................ WE, X TFE, BEE KTFH R, BAME, MBS, THE(4958)
S EE LA BB A Cop PM, SIACASAESPHT - ERUE, EIR, B F, WiE, HW, ik, T, # AR (4968)
2015 AP H R IE T B AU BEREE AR oo oevee e B, WAX, TH, KEK, BB, HEM, K%HH(4976)
ANJF) CDPF 5t 46 Ja £ 280 0t S A 584 VOCs AN HEIUR I <o ooveveeeeeeeoe B, KFR, x4k, BAME, HEL(4983)
ENSO Hefx) EHERE K A AU AU B R AE AR eeeoeeeeo FAF, HlH, KT, AEW, e, HHRE, FILE (4991)
T B 7 N LR B AR S R G IUTL . EUFITRUTIGE:  +oooeeeeeeermmemmemi s BER, BE, k&, BF(5004)
AT IK TR B AT B ZS AR AL AL - eeeeeeeeeeeemmmieii e MR, M, DR, FE5EF(5012)
SIS ATV TR AT wovvveeeessseessssnes s L, R, BEA, NE R, Z8#(5020)
S K KT RTGAREG S ATIFAE overeveeneenennenoe B, ROKE, AR, T, BE, AWM, £FH (5032)
ORI R IR R RIS RS AL L oo I S FHF, I, HHE(5039)
IR A IR K AR SR AR AR E S o [ T (U 87 & LA AT L VAR T fB] wvvvvvmmemmmmm e
................................................... HE N Ew, BNE, KE, N, FRE, £XE, RHE, 2H(5047)
O 2 LI R RO AR P R )25 UK BB AARE - ovveeereeesee b G, Ik, FEY, EEF(5056)
JE MIKELL BUBE 5 75 Y KGRI I 7T woeeeeeseesseessssesssses e fesik, BRE W (5063)
LI F K R ZAATRE GIE IR +oveveveeemssomseees e, WIF, R, HH, £ EH(5074)
I SEIOT R UREARTUR) T BRI L R EE - oeveeeoes BAM, KRE, TRE, Ak, U, RAM, ER)(5081)
BOKEFROBRBE BRI BRI -oveveeeeeeseees e WE,FY, BEA, BN, £EF(5090)
RIS R RIS AR o vve v A Wk Wi, IXE, KA, ¥ EF(5097)
ST AR AR EEXT — 2t K b DON /R IBLEI S oo Xk, i, A, FEK, BAX, REL, FH(5106)
BT AL — B LB IR I ovveeoneeeeenens BER, KRR, HH, RE%, H—d, BA, &PE, A#(S116)
MIL-88A@ MIP #EALIG AL 1L B BREL S 1] PR R AR R T TR «eveveerereeeee et
..................................................................... ifhiﬁi, %é?’ ﬁé%, E#@’ %%X’ ]ﬂ%)&’ gﬁﬁﬁg(5124)
U TR B ) MCANMBR AT B BRRRER AT WU ACIRER vevvereeesemeessees s hiE, £#F, FH(5132)
FRBE IR A1 5 £ PR 5K PR [ LR v REE, EHIT, T, KER, HAR(5139)
AFRBEFTE T o R A CAST T 2 A AR & V5 K BRBEPERE - eveereeeeeee L4, &, @AE, FE, B, T5(5146)
ABR-MBR T2 AbBHA 36 TG K SRR AL coeveeeeeemmeeneeeeneee B, RIFE, FES, KU, LT, XMW, AR (5154)
T R AR S8 SR A R A B B VKT B R S BB Ty S oo BR, T, 2%, XEH, TRE(5162)
HF SR (FA) X 2 AT B R GR LML --ooovoevmeereeeeseees e MR, TE, AAE, A%, THE(5169)
P4 22 17 SRS AR K 5T B ST AR R TR A oo M, HEM, Kigm, RIEE, WEE, SR, FTEF(5174)
PREE SN B B SR R SRR oo ERE, KA, 2%, REY, BEE, WER(5184)
SBAF F.¢ [ SRt A PGHUA 8l | RS a7 M IR AL ooeeeeeeeeeeeeees 5, X%, TP, R, ERW(5192)
TV R TR ( Nitrospira) YT BILANJIZEBHL ovveseeesssenssssnssnnscins Bl B, A, EH#(5201)
pH (B AR 11 32 AL TR RAI v eeeemsmeee et o, A F(5208)
S /A V5 YT IR U UL I A B IR -+ vvvvveeesenenssneenae KIEX, A, KA, HHRM, FW(5215)
IEVETS IR RAIAE WYL SBR T ¥ WiNAL R sh ke s fitegest b oo R R U R R B
.............................................................................. IEF, T, TE, BE, EXE, BEE, 2E(5222)
KGR F K TiO, X PRERE IR R EVEMIFEI oo EEE B8 (5229)
K = A SRR AR o] - M - A 3R R ST oo B, GAT, 5%, FH, Ik, EFIE(5237)
RIRATHUE B £ MR R BT BB IE AT 5 +ovvvevveeeessenesesns s KU, Vi, % U, R (5247 )
F LR AE =M PE X R RS HURAE oo (TO3E , Wi, R, 4 IE(5256)
R A VR SRS R T A R TS YR | SR VBT B AR A ZRIRUBIIEAY ceeeeeeereneee e
............................................................... NEHE, ﬁ*ilFiﬁ, ?ﬁﬂ:%, KRITAN, EIE, ;‘(lﬁﬁﬁ@, :ggfg, }3"3:%(5262)
KR T FFRBEA I 25 5535 K5 AT H BRI - oevveess s REF, BEE, TH#, FAE(5272)
Tl X VAN LB SR S IR 2 T 4 B TS YL (TG SR v v evevnvmmreeemmnmmnseeteett ettt ettt
............................................................... %, éiﬁﬂ}]’ ?}5&3@, Eé?ﬂ, /7"1%, &R, ﬁ]%%, Eﬁi(SZSZ)
TR T I BT S P T 4 A B AT IR oo BlREe, AR, BB, KAk, BRI, A ¥ —(5292)
FEMETE O ST - S350 A A SO R K R B I BN =+ eevvveneeeemmnmn e e ettt e ettt sttt et
B S BT, BT, MXR, EARGE, PRSI, HXEE, R, BIAE(5299)
IKFERT S SRR 5HE % --eeveee SRR AR AL AR L L TLLELLC LIRS Hnﬂrb, I, j@}g’ ﬁt}%ﬂ:, %;ﬂ&,gm%(5308)
S O, He P (K AR AL B XA /NS TR BB R AT ooveeveemeese e
e RS L L L LR LR #X j]ﬁ?, ﬁg;ﬁ‘“&’ ?@ﬁ\’ f{%ﬁ?%’ %;&«;%, @é;ﬁ’ 9‘%%(5315)
SR RERE AN TR HG X A6 P U e H A R - ERAE, BRI, ABkd, BHL, WL, HHE(5326)
A=Wy AT HLAE X A B A FH 8 N, OHER F) 52 1) xRk, XHN, GRE, KEE, KEF, HIEAL(5333)
A IERRIZE AL CO, . CH, FIN, OO FHASAE Fz HAEMADIZE ooveeeeesee e

- BEE OREHE, MR, R4, R, BEM(5344)
BB, EXP LR MR, B2 A, E K (5352)
<%ﬁﬁ4%>%¥%(20]7 E‘)EH% ...................................................................................................... (5367)
(REERL 2 ) A AR 1700 (4950 ) CABERIEY TS (5031) {55.(4923, 5105, 5161)




o5 38 B 12 ) 7 1% Bl 2 Vol. 38, No. 12
01712 1 ENVIRONMENTAL SCIENCE Dec. ,2017

& ¥R FFHBEXS 4L 7 H H58 + N,OHF M B =2 1

AR, XN, BT, SRR, s, miEAL!

(1. AP EAR A BE 2 B A b SR B8 5 T #F2 R RAFST AT, JLT 100081; 2. 1 R B TR 24 b T2 55 1 i Bl 2% 24 Bt
W 2550005 3. IWZRIL T RZEWER S P8R TR0, 6 255000)

TEE . BT ILNAREM b X A /NE - FORFEVER S, BR5T T it AR W FA HLAE X B ok 22 - AU AU (N, O) HERY
REMA, SAEREE A HEN, O 35 T HE 42 At B e AR B, I He U R A SR AL, W, 8P & s AH R B U, iR BB CK[N.0.2
t-(hm*-a) ™', P,0;: 0. 12 t-(hm*-a) ', K,0; 0.2 t-(hm*-a) '], CI[5 t-(hm*-a) "M H ], C2[10 t-(hm*-a) ~' £
%], C3[20 t- (hm?-a) ~AEIR] MI[7.5 t-(hm*-a) "AHUAE] . M2[ 10 t- (hm?-a) " A HUAL X 6 A AEFE. L5501, it
AW A HLREXT 28N, OHE RO MR 3 HAR — 3, HE e e 3 BRAESE AT ( SRR AN AR ) J5 , SRARHER & b A A F W HE
WERIT—F; 5 CK M, C1. C2 2 BN, OHER (1) 45.3% | 31.6% , 1fi C3. M1, M2 73538 T 17.3% . 37.4% .
27. 6% . i inAE YA A AL 2 13N, OHER™ A= 5w, it i A= 99 2k AT LARSEAIRIN, OHE ik, i it in G HLAC I i T N, OHE
. G, A AR FHN, OHEEA B RIG ).

K. EAVA; AW, AL, H5E pH; fkaE; MEA; BS54

FESES. X820.6 XHEIFRIZA. A XEHS: 0250-3301(2017)12-5333-11 DOI: 10. 13227/j. hjkx. 201705035

."‘ .I
=
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SHI Yu-long'” » LIU Xing- ren' CAO Pei- hng , ZHANG Qing-wen " ZHANG Ai- -ping' , YANG Zheng h '
(1. Institute of Envu'onment and Sustalnable Development in Ag-l‘léulture Chinese| Aoademy of Agrlcu‘ltural Sciences, Beijing"100081 ,
Chlna 2/ Schools of Agrlcutural Engineering and FQO(J],,,.Sugn'ce Shandong University of Technology Z'lf)o 255000, Chlna 3 School of
Resources and Epvm)nmentdl Engineering’, Shandong Unlverslty of Technology, Zibo 255000 ; Ch;,.nd) -
Abstract: Baséd on the winter wheat-summer millze rotation field experiment, the eff cts jof hlochar and organic fertilizer*on @a]_,lne—
alkali”soiliN, O emlsblons in the summer malch season were studied in Binzhou in the Shandong Province to provide a theoretical basis
for rl;ducmg N, O ermissions from saline-alkali oil.| Thé experiment, includes six“treatments with three replications; CK [ N: 0.2
t- (hm*-a) 7' ) BJO, : 0.42 t-(hm?-a) ", K,0:.0:2 t-(fl #¥a) '], C1 [5 t-(hm®-a) ' biochar ], €2 [10 t-(hm?-a) "'
biochiar] , /€3 [20 te (.hm2 -a) 7! biochar], M1 [7.5 t-(hm’ A d) ! organic fertllizer} , and M2 [10 t-(hm®-a) ~' organic fertilizer].
The same ‘nitrogen, phosphorus, and potassium fertilizer was applied for each treatment. The results showed that the dynamic trend of
the s0il'N, O fluxes among different treatments were similar. The peak N, O emissions occurred after fertilization (base fertilizer and
topdressing). The N, O cumulative emission fluxes accounted for nearly half of the emissions during the whole growth period, and the
N, O emissions of the C1, C2, and C3 treatments were lower than that of CK after fertilization. Compared with CK, the N, O cumulative
emissions from Cl and C2 were reduced by 45.3% and 31. 6% , respectively, but C3, M1, and M2 increased by 17.3% , 37.4% ,
and 27. 6% , respectively. Biochar and organic fertilizer both affected N,O emission fluxes. Applying biochar can reduce N,O
emissions, while organic fertilizer can increase N, O emissions. In summary, biochar has a great advantage in reducing N, O emissions
in the farmland.

Key words:N, O; biochar; organic fertilizer; pH; soil moisture content; NO; -N; NH, -N
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Table 1  Basic properties of the soil before the experiment

FE HHLFi/ g kg ™! R/ % B/ % WA /mg-kg ™' KRR/ mg-kg ™! BALH/mg-kg !
0 ~20 cm 13.7 0.09 2.1 70. 6 83.4 227.0
20 ~40 cm 10.7 0. 06 2.1 22.0 46.5 146.9
1.2 Rkt N, OHER s, eI & 6 A3, R4k 3

TRE BT AE R T IR L AR B R 30 T o
AIRAF], S 800°C T LAFRAEFE AT M EURE, 472 h
AGELIRBGEH Y B AR, AP E N 0. 297

g-cem”, pHIHN 8.6, FHkE R 73% , A E>
0.9%, HHE WS 8EN0.08%, AMHMEEN
1.6%.

R A HUIE R S IR B AT HLAE, 28 o ks
R, b N+ P,0, + K,0=5%, AHLFR & & >
459% .
1.3 Kt
A0 F= B 5T A= e FAE HLAEXT oKk 2R 14

ANEE, AR R N 200 kge (hm®-a) ™'

P,0, 120 kg (hm*-a) ™', K,0 200 kg-(hm’-a) ™',
AR PR R | BRI AR AR IR A0 25 CAHLIE AR 78
PG IR, B, AL, BRI B0 1R R 3
HE—W A, ZHEH 1/3 JREAE AL, 2/3 IR
ZIBME. HANXEN 14 mx10 m =140 m*. i
5615 B % B CK [ N;200 kg- (hm*-a) ™', P,0,:120
kg+ (hm*+a) ™", K,0:200 kg+(hm’-a) '], C1[5
t-(hm*-a) "R ], C2[10 t-(hm’-a) 'Y
w]. C3[20 t-(hm’-a) " ¥ s ], ML [7.5
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t(hm’-a) "AHLAET, M2[10 t-(hm’-a) ' AL
JIET3X 6 ANAb B

AW FHLIE SRR PR 2 | B IR — R . BRR
B N TS O, AN BERE 15 em. B EOKT
2016 4F 6 H 30 H#EFP, KM ICHEM M, & A%
. I, B RS T 7 H 28 HiBE—
W, HAEHRE AR 5 BG4 5 2 Hh ok
FHO A —5, T 10 A 11 Bk,
1.4 FEARCRAE K&
1.4.1 N,0M HHERES

FIFHER SRR AT MR R, FHSREAR R
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AT AR I B A A B). SRR AN E T oK 2B 1]
FHEME AL E , VE RS FORZE Y [ AR
BES, BACH 3 AN EE

SMCRAERT ]S 2016 4E 6 H 30 H ~ 2016 4
10 H2 H, 4R REE—U, 1857 Kb, 7
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d, BERRFE— U B UCR AR L F 09500~

11 00—, %ﬁﬁjrﬂjjﬂ 40 min, %10 mlr}d;i‘é%fﬁ{_,x"@
i = g s b At i T
ﬁﬁ%%%’i%z}%ﬁﬁi#%%? ?F'Jﬁﬂj:’%ﬁ

%%0 +20 em F20 ~40 cm j:)%:[‘;lﬁ, a1 2 mm )

T O B T R kR NS NINOL N

ST SO BT AT
pH. ¢ i .
1.4.2 METk

N, OHEJGE & . A %1 (7890A ) Ml EN, O
WETE AL, N, ORI 2§ >4 ECD (HL F i R A I 2% ) |
BRI FE R 80 ~ 100 H PorpakQ, #S M
AR, BN ArCH, (A90% , CH,10% ) , &
AW E N 2 mL-min ", K025, AR 4 5 &
330°C A1 60°C. F| FEEL 4 AN HE S 1Y 1A 06 i AR
5 RAERT ] A EE AR SRIGN, OfFiE = 15
NS

F:thX%Xﬂ?iT (D)

A, FOAN,OHFGE &, pg-(m’+h) ™' p AhnifE
REFN,OSARERE, K 1.977 g-L7'; h WA,
m; de/dt RFEEFHIN, O E AR, ng-h™'; T
R RAFERE N PSR (°C) .

N, O BB R R A

M= > <F127+F)x (t.,, —t,) x24 (2)
b M HHEN, O BREIUR, pg-m™*; F HN,0
HERGE R, pgs (m®-h) ~' i RAERAEL ¢, -t R
SRAER] B R HL
T REFRI 10 g BT 50 mL BEARH, BILA 25 mlL 78
WK, R mEE, FBEERAE S min, #E 1
h, SKJ5 H pH HIAE.

FEE KR BT RS RS R 0.01
kg (443 HT R HE AR AR U G0, SRS PRI 10 ~
20 g it 2 mm G AR R E TR A NFRE. KR
A IABERE , 7E 105°C FHET 12 h, BUH R R A
BRI, L EIFRE.

NH, -N, NO; -N & &t #| | CaCl, =4, % H
AA3 BTN E . FRIBC10 g i 2 mm-F A BT
f 43, B T100 mb SRR, BIA S0481L10. 01
mol - L'y CaCL A, % 1 h, 3 IERGATRA
17, WERTHRER, SRR AA3 ST (I,

1.5 Klnsh VY

I H .Microsdflf Office Excel 2003 AR AL B
15 Origin 8/5, 74 [l 75 SPSS 19. 0 it 7 i
HEAYHT, RN 272 54T A LSD o AR ™
BRI, OO A BRI 1922 57, A Peasson
S Z B TN, OHE g it 5 5 i PR 2 [ g A
el B B E KT, T SERER Y L M + bR
HEZ T k.

2 HRE5HH

AN[E AL 4 N, O H (1978 1

FHEL T AU, A FoK Z A [A] AR FEN, OHF ik
AR -5, YRR, ETE,
FEREAR A RS, AT ARIRIR AR, 5 I SEA LR
TEAXF BARAIHERKE. 5 em HJ2IEE AN 10 em +
JFR AL RSN, O (b i h — 2, (H AR o)
JEEITE 10C A A, HAUA CK 520 ~40 ecm )2l
FEAATEREIEARE R, BT KRBT, £40
FEN, Ot B 2 R HEC W, 4 IAEREFP S (6 A 30
H) JBIEES2 d(7 A 30 H). #&FEN, OHE R
FU HAR/NBFE Jy M1 > M2 > €2 >CK > C3 > Cl,
MI, M2, C2, Cl 5 CK ZJafFEREMEZER, 3
5 CK ZmZES A 5, (A4 PUELL BN, OHEK
AR A T AR AL PR, 2 5N, OHENE
WL, EARYSR (7 A 28 H) P, ARIAEFEN, OHE

2.1
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T 7,1 BBURCRE N e 1 P AT ol )
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s, NORBURIC (Y R | EDID
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EEE R, 30 OML, M2 4B BN 17.33% | 05t
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