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WE: (B8] EFAMANAET, FFRUMR LA ES I & 8 X 5 3 E A 0 3+
EAT SRR E ARG R, A 30 LR A R R B IR R A K. AR E AR AL,
HEH L EAEERMEESSE, (] B H [ Er RS, HE T xR A (CK). H AR
(F). #EAFHLIE (SF). BE+b/E (MF). AR &KHLIE (BF). 42#+{L/E (CF) 4%, MM EEAR. #
AR BEAF AN TR, FHRABIHE-AMEEE, oM ENEREN IR b, Findrp ey &
Bt (BF-BOE-FHMEIE) C0. CHy N0 B ERMARE RN . [ERY ERPB/NGEHET, AT
MR ELEARSHA, SEMF LB T EAHNAEH MM E M LRGSR E, (FAEERGEFEOKS
WEEHESREE, BF LBNEEH T HAMFHISAHRMAEE. EEMNKBRAMH K, N0, C0.. CH 3 4K
WHMEH —ENETEOAE, FARBELZTHIA T HREE, BEMEEKE L EAARAHRE, 5
FABEA Lk, KIGH 9 BF ALFZHY N0 P H AR BMHAL T 7. 5%, T CF AT B 28 4m T 233. 5%, HHME 5L
FL e 2 CK o F AL 238 fm 7 CO, AR, H o MF Fu CF LB 5k 4 A B, T H @ B8 F LB 43R & T 35. 6%7Fn 31. 3%,
BF ALEEM4ER CO Mk, HEBESTWEEE v COHME. FAHEH CLEKS A AME, RIHKKF CH
L, BAHMERGRNAL, 2o BF AEAGES KN EMATAZ CHEHEE (668.7 pgm™h™"); SF. MF
#1BF 4 F 43 CH, P HE B B 08 B Z T T 104.85%. 175. 2%Fn 77. 5%, F A SF Fu MF A8 405 4-0. 1 #n
-1 3kghm”, AR ACTE AR HE CHORMR, D CH P A A, (AN A5 b A8 BL A AL 22 o iR E AR 8935 R
BB CK Ao F AT A A T 26, T%—52. 4%F0 18. 1%—42. 0%, H o SF ALFE B3 IR M %R A, k04 BF L. [4
w1 TR AR LEER S0 K N0 CO. CHEH MNP A THE. LA, EWRx. #IF
e mm L EAR T EM AR A RASE, RO REARNEER, W4 E5MEREN 238 miEEAE
HeH

KR REL; AR, AR5 BREAK HEES

Effects of Combined Application of Various Organic Materials and
Chemical Fertilizer on Soil Nitrogen Formation and Greenhouse Gas
Emission Under Equal Nitrogen Rates from Purple Soill

HUANG Rong, GAO Ming, LI JiaCheng, XU GuoXin, WANG FuHua, LI Jiao, CHEN ShiQi

(College of Resources and Environment, Southwest University, Chongqing 400715)

Abstract: [Objective] In this study, the effects of agricultural organic materials combined with chemical fertilizer on soil
nitrogen species (ammonium nitrogen, nitrate nitrogen, available nitrogen and total nitrogen) and greenhouse gases (carbon dioxide
(CO,), methane (CH,4) and nitrous oxide (N,0)) emission were investigated to provide knowledge for chemical fertilizer reduction

and friendly environment according to the same nitrogen rate addition. From the aspect of greenhouse gases mitigation, theoretical
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suggestions were also provided for dry land fertilization strategy. [ Method] A vegetable rotation cropping experiment
(lettuce-cabbage-chili rotation) with six treatments was carried out on purple soil in the field, and the treatments were control without
any chemical fertilizer and organic material (CK), conventional fertilizing (F), straw returning with chemical fertilizing (SF),
mushroom dregs returning with chemical fertilizing (MF), biochar returning with chemical fertilizing (BF), and cow dung returning
with chemical fertilizing (CF). The variations of mineral nitrogen, available nitrogen and total nitrogen contents and the emissions of
CO,, CH, and N,O from soil were monitored from November 2016 to September 2017. [Result] In the condition of equal nitrogen
rates, organic materials could change the formation of soil nitrogen. The contents of ammonium nitrogen increased after organic
materials application in SF and MF treatments. CF treatment could increase the content of ammonium nitrogen during lettuce and
cabbage growth seasons, and BF treatment increased the content of nitrate nitrogen and available nitrogen during chili growth season.
Seasonal dependent CO,, CH, and N,O emission was found and high emission mainly occurred during summer. Fertilization and
irrigation events also increased CO,, CH, and N,O emission. Compared with F treatment, N,O emission reduced by 7.5% under BF
treatment, but significantly increased by 233.5% under CF treatment. Combined application of organic materials and chemical
fertilizer could increase the CO, emission. Significant increases of CO, emission were found under MF and CF treatments, which
increased the mean CO, emission flux of 35.6% and 31.3% compared with F treatment, respectively. However, biochar returning
delayed the emission peak of CO, and increased the CO, emission during summer. Negative CH4 emission was found in most
treatments, indicating a CH, adsorption by soil itself. Moreover, the emission of CH, fluctuated during the chili growth season and
the highest CH4 emission (668.7 pugrm™>h™") appeared under BF treatment with the condition of high temperature and intensive
precipitation. However, the mean CH,4 emission flux under SF, MF and BF increased significantly by 104.85%, 175.2% and 77.5%,
respectively. Moreover, SF and MF treatment could promote CH, consumption and reduce mean CH, emission flux of -0.1 and -1.3
kg-hm™, respectively. Compared with CK and F treatment, organic materials combined with chemical fertilizer application could
increase the global warming potential (GWP) by 26.7%-52.4% and18.1%-42.0% respectively. The lowest GWP was found under SF
treatment. [ Conclusion] Combined application of organic materials and chemical fertilizer had different greenhouse gases emission
characters and soil nitrogen speciation. Biochar and straw returning combined with chemical fertilizer could reduce the greenhouse
gases emission and increase available nitrogen content. However, cow dung returning with chemical fertilizing increased greenhouse
gases emission.

Key words: purple soil; organic materials; nitrogen speciation; greenhouse gases; global warming potential

JIACAE I HR U AR MR F2 A B T 5K (12
BB, PR DL AR AR T - 398 == 4k
HER A BN R Ui AW Y F5FF . B
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RO LR ESAREENHBOR. RE R O Sapm i BRSNS AR
AN HOK, e IR ENCHE T R AR W, BT SR R 30% A0 it A AR A L1 CO, Rl
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L 4 452, (HENERIH L 30%, FIRIKEIL
SN S AR, B N A R HE A KR N 75 5
VP Tl i 22 (K BN 2 BRI R SR FH (st 7.
Ak, SR SR PRI AL ™ 7 ) NoO LR HE R ks
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%, WARGAT wE. REERE (H LABERE. B
PR FF RN KERIE RS, A5 FIA T H Al
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R DANE T B S A iy ELR s DA

CH, HE, - Zefifili = RIS (HXS 13 N,O
IRHERCRA B3 R 70%—80% AL AL, W
LA 28 el e . B AR TR
W1, UL A WU E 5 B 2 35 B T 5
WA AN RSN ), HE&ER I, A
PEARSEIPIE R, R BERE RIS, AT
LUK s 52 o fURE P PR AR =0, ity FL e 8 A
SR, PREF R AR AR D L LR ML R
R, BRETCHUIL A B TEHUIL AL BT i T 4
il AU, HA BRI TR AL B . 5K
ok 25 4 A A LN T A A R Tt S £ 5
3 UAHEBCRE A A L, e A4 5 AT L



21 4 SRR AN AR SR DR 5 0 RO A Gl S AR R 5 ) 4089

TR R, W BRI CH, AT NLO JR B = 4 HE
TR SR A a0 5 TR Sty Jh AU S IF o R WA A AR 4
AR YR 20%, AOOMAEDIIR =50 W& 5w, 1
FLREFRAR A FH L3 = SRR, R AR TR &
AARIIHEBCS A4 R HERT . A R P2
ot P A PR A DR 22 UIAR ST ik A SRR g R
W], REFFR RIS R, BRI R E R,
Hng R IEREIL, DRSS NE s, 425
EREATRA NI R RE B i 38 L 20 A R,
B, AR AR, W BRI T
CO, Bt . [AWIFRUINSY R4, AHWRNE
AT LA AL, SR IE Rt &, (AN
RIS B 6o A FH 138 = AR HE TR AT 7L 45 RAFAEAN 5
A, BN R R B R AR, X
TR S TR . AR PR Can
FEAES A PUIREE) IEH S, X3 IE SN
WA HAAA FA PR L 5 A HE R 1
ANBARAUS . LR R ) B ] ] A SO B 1 )k
5, KRS IEAE PR QSRR AT T AN LR S
S AL IR 1) TR RS oA S T gk = AR
TEOUIIAIFZE, AR A5 BRI AP g8 95, FLs e = ik
REFEN LAyl > 5 R A P = AR AR LA A .
1 #RIERZE
1.1 R XE0R BRI+ Rl

RG2S THEITICRT X “ B & 6 1 A
J1 5 RS A KM, Rk 266.3 m, H- P8
Al 18.3°C o S i ARAIL RT3 0 28.7°CHIN 7.7°C,
=Z10°CHARHL 6 006°C, FRFM= 1 086.6 mm, *FH
WL 1276.7 h, Jd TR ZE UM R0 13800
IRBZINR A R O IUAE K BRI R+, ik
FROTWE, KRR LTE, ZERMNEGTIX 5
At (). JLEARBAPE R . AHLR S &
11.12 gkg', BfEA 83.02 mgkg', HAWE 44.10
mgkg!, A 208.75 mgkg!, pH b 5.8. i1
FEAT A FOKASHE, B RGeS LR & &=
338.8 gkg!, A&E 10.1 gkg', C/N=33.9, fi&sE
22 gkg!, ISR 13 gkg!, QW SR RN IR TR
5—10 cm kL, 25 o 1RG0 R I A LA & 1]
WA, GRS BT 3 5 IR 7P i, & T
MRRIEH, AP E 3912 gke!, A= 11.2
gkg!, C/N=34.9, #i&8 1.9 gkg!, & HE 0.5 gkg's
TR0 FH AR o A SRS FT A JsURE, 500°C il RS 4%

PR 2 hoerfil, B DY )14 A BAME AT BRAR Y 24 w4
fit, HAPSE 6258 gk, REGHE 44 gkg',
C/N=142.2, W&E 1.0 gkg', W5 E 104 gkg'.
B AR A E R ARHE T - S A KA S, 2T
WA, HANIR S & 4288 gkg!, B EGE N 21.2
gkg', C/N=202, #&E 59 gke”, WEE 12gkg’s
1.2 Rt

RICILWEE 6 ANMEEE: 6 BRI L A A4k
(CK) « WHALIE (F) . 12 000 kg-hm™ F5FFEC i1k
HE (SF) « 9000 kg-hm™ B AL ELLAE (MF) < 10 000
kg-hm? AW FORBCHEALAE (BF) . 20 000 kg-hm™ 4
FECHALAE (CF) o BEAMEHE 3 IREAL, KIBEHLIX
YIHEFILE 18 A 2 mX I m REMOTHEEM X Py, A4
DX (1) 7K BB B4 A )

KT 2016 4F 10 H IR, JLAHE 3 =ik (5
F B0 BRO W IENE, R
PGS S AT RS AT s B TR 38345
WA R AT R, RER 30—40 cm, [A]
X6 CKFIH RAL R F AT [RIFE BB . S 1EY)
(B B3k BBO HI% B, SRR Bt
G (P EA R SR R PR R, AL
YRl S AR A B R (P S AR R e e )
) R FH B R S A ok 25 LR R I B 1,
B, PN R IOAAE, S TREDAR S T ORI
T R (A B e B B S ST AT,  WE ST (R
WA ARG, LU e S K B A i, 4
AR REATREME . B WL LIRS RIS A IR 2
(N46%) - i #ERAS (P,0512%) « S (K50 60%) .
HARPRE Bt 77 W3 1.
1.3 RIEAZE

K 0 2SO D ) s S b e = A
HEBOB Y. SRAEAE B B ARRL,  ph R S8 R T
FEPATR A 2, e CREARIRTA 50 em X 50 cm) K
[ T~ FH ], BRI RS, BRI 45 TS BB
JEJRE 22 R S AL, JEREERR N 2 10 em, RS JRE Y
FAED o JEETTUOG A IR TE3IA 3 em [ B KA, R
P A P 2K L7 JE 88 R TR 45 45 b THAE (50
em X 50 cm X 50 cm) #ME 4 AR DL > RAFERT T
JERA AN AT oI 25 SR g, [FE, TA
T 2 AR, I TIRAAE AR TR ) T 22
BER R L. ER L (IM624 R LI ) A
REEE . WIGIHIR], RFEIZR R 1K, BRI
ER 9: 00—11: 00 [MIEAT, RFERTH 60 mL 34
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Table 1 Planting and fertilization
B R AN = R (P,0s) H
Vegetable Conventional nitrogen Conventional

requirement phosphate requirement
(kg'hm™) (kg'hm™)

HRHA (KL0) &
Conventional potassium
requirement
(kg'hm?)

TR R N A B

Planting and fertilization

s 300 90 150

Lettuce

B3 300 70 300
Cabbage

B 300 80 150
Chili

2016 4F 10 A 20 HIEAAFHEDERIBE, 10 7 27 DR,
10 7 30 FHEHENE CEUIE 60%, BEACAPIIE—REEAD , 12 1
9 FIBME CEUE 40%) , 2017 4E 1 A 9 Ak s

Organic material was incorporated into soil and plowed on 20
October 2016. The lettuce was transplanted on 27 October 2016. A
total of P and K fertilizers were applied as basis along with 60% of N
fertilizer on 30 October 2016, and 40% of N fertilizer was applied on
9 December 2016. The lettuce was harvested on 9 January 2017
20174 1 3 10 HHEHEIE CRUIE 40%, 4TIE 40%, BEAE—Uc:it
AL 1A 1T BEBE#SGOSN, 2 A 21 BH—RIEIE CRUE 30%,
BHIL 30%) » 3 H 27 A =B (HUIE 30%, #HL 30%) , 5
J 4 B0

A total of P fertilizer, 40% of N fertilizer and 40% of K fertilizer was
applied as basis on 10 January 2017. The cabbage was transplanted
on 1 January 2017. The remaining N and K fertilizers were split into
two parts of the same amount and top-dressed on 21 February and 27
March 2017, respectively. The cabbage was harvested on 4 May
2017

2017 4F 5 3 5 HIEANEHAEDFEIBE, 5 A 10 HEIEAL (GUL
50%, HAL 50%, BEAL—KPEREA) » 5 H 11 HBRHM, 6
H19 HIBAE CHUE 50%, #L50%) ,7 520 H. 8 H18 H. 9
14 FRBIR

Organic material was incorporated into soil and plowed on 5 May
2017. A total of P fertilizer, 50% of N fertilizer and 50% of K
fertilizer was applied as basis on 10 May 2017. The chili was
transplanted on 11 May 2017. The remaining of N and K fertilizers
were applied on 19 June 2017. The chili was harvested on 20 July, 18
August and 14 September 2017, respectively

AR 1 e, 25 REMAIRS 10 min SRAE 1 X,
A4 30 min, HOREE 4 ANKEES . AESRFE
mCRAR A, 0 R IFAG IS SR 1A 5 em IR
T, JFRERE AN R AR R AR
FMAERRE G &, TR RS LAENE T =05
i, FHEDICGR G RAER 2 L1 e TR A S =
B E) R RSO, REESEERE N, R 2d —IX,
Fre— .
1.4 HiELE

KRS AHG I (Agilent 7890A A4 A3 ) Il
SEHRZE MR CHyw CO, NyO MRJE . maia < (Ny)
H&E W e (ArCHy) 73 4E R CHy 1 N,O 2.
N,O f 2% %) ECD CHLFAZSRAS I AR Ak 5
300°C; CO, Hl CH, KL 2% 4 FID CKAE B+ As il
2, KINERE A 300°C, AR 50°C, AMARHERGE

4 AN TURER AL L LA A 3 B A5 B AR T AR

A TE DL SR [16].
B SRR () B AR
f= px(V/A)X(AC/A)X[273/(273+T)] (D

X, fFRIR CO E (mgm™h') . N,O Al CH,
HefE: (ugm™h™) 5 p FoRFsUERIRA R CO,-C CH,-C
HINLO-N (S s VA RAHIAR (m®) 5 4 JRFE
JEFEN HIERTA (m®) 5 AC/At Foon AR HEGHE
K, WIS RSN R BRICR AR 4 /SRR S AR
5T HEAT — R etk R0, (Bl UE 7 BRI R Bk 2
AC/IAt; T RFEFANIREE (°C) .

A FRRRCHE SO & R P IER R YR
5 SPS8)HE O 2 W) DA R A B 18] [8] Bk A 3R 470
BOPRIRAT: A Ko AR HESCE DU CHE T TR A
RN,
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A ERIGIE 5 #5 (Global Warming Potential, GWP) :
FORA AL E SR HR 25 A fabr, — ML COy A bs
e, F COy Mm#BoR. AN,

GWP= CO,+ 28xR(CH,)*+265xR(N,0) 2
X, GWP W VEW A KRl = SRR 55 I = 3
I (kg COy-e:hm™) , R(CH,)F1 R(N,0)7 5 A 14
K7 CH, M N,O HIHEUS &= (kg'hm™) .

T AT I - AR R T AR
e - HEHA R pH 7, 1 mol-L™ BEER%HR
-G R RHEEEAER ] pH 8.5, 0.5
mol-L'NaHCO; ¥ #-4H 15 E (il e s 3T HLFCR
FHEAR IR A2 LI s TR ACR A HyS04-H,0, 1
A, RN RS RN AECR A 2 mol-L!
KCHEH, HUE 709 FH e iy i L Gyl f R ah o e g
THENE s T RE AR e VEAN D TR S WL SCHR[26]

% JH SPSS20.0. Origin 8.5 Fl Excel 2010 {1
TR, 2B T g R 3 Ul 45
BHPFIIER R« AFAEE 2 18] 2 F L BCSR ] LSD
/NN (P<<0.05) , SRAESIIE 7 2255047
JIHE AN R30I AR 31 J HAT HAE G il =
SR BBHBCR W (P<0.05) .

2 %R

2.1 BHYRERERAM LIERRSNEN
211 #%AA WE 1-A PR, AERRROEALFTE AR
—JEHN, FAEE (B CK 4h) M3 SR S E
DRUEAR, B 5 R RRRaH, o] Wt AR e A 0T P T AT
B FIERS R A . BT, R — AN (2016
fF 10 H 300 , MF AR A SR T fsiE
(96.20 mgkg') , MIET F AP H N T
34.4%; 7EIBAEJS (2016 4F 12 H 9 H) , BF A3
AR IR B, N 160.74 mgkg . 0T,
BB (2017 452 21 H) , MF. BF # CF &b
PR A A R o e — A DA 5 R Rt dh, T
F il SF A FE AL SR A =B T 95 mgkg's 7558
UGBS (3 H 27 HD , FRRFEREASE S RIAF
el (114.44 mgkg™) , A HPEHE B4 &
RS EWIKT 78 mgkg'. BT, CF ML SR
SRR T HABA T (B CK 4M) , 11 F AR+ 584k
DR G ELRK S (72.35—161.39 mgkg!) .

2.1.2 BMAA WKEWH, TEESESTENISL
WM TSR, FERIAERIEREIC S, 54
(B CK 4b) MIMERASGERI T IEE. WK 1-B

PR, B9, MG, SRR S A S
A LA A 0T U (A HEIR , CF A BRIl A R A 5L
JH— AN H& ARk (8.91—28.85 mgkg!) w3t
fbAbFE . HORTE, KR A S A S R
AR — A A5 (2017 422 F 15 HD
Horr CF AP HHfi S/ & S, BOF abife s T
41.9%. BT, SIREAE SRS EHILTH
ISR AR, 3 — UKV AE O BE R — Fl s, Jrp
BF AbFRAT BT BB & A S 205 = 1 e el
(147.92 mg-kg™ , LI FAREERIINT 30.0%;
W REEENE A H S (2017 4F 7 J1 26 D,
o MF bR R S e (148.82 mgkg D)
il CF AbFLRAK (78.66 mgkg") .
2.1.3 #WER WHE 1-C Pin, 5 CK ML, #k
B0 Kb 3P - S AR G R R B v, T AL A AT A
AR U B BT NIB R, F AL R
BB S B 0 o T A LRI A B, f ]k
15231 mgkg's H0KZ, CF AH R & & =1
s, A FARBERGIN T 91.6%, LK MF Ak
B0 56.5%) o Bk, WRIGHHN, FACEE6R
R SRS e (11598 mgkg!) , HkHh
CF Ab¥H, 1 BF AL I Gk i 20 & &t 1) P 3 AR
(99.28 mg'kg")
2.1.4 E4 MHE 1-D qJLFEH, F—4A#F, R
FEYEE A TR A S RAEZE R, bl
CK. CF QP =) MDA S EERAR
# (P>0.05) , 1fii SE Hl MF A3 A& A R
56 I TR) (R 388 I 2 R Ak gAML R B
TR ED . TER—1EEYIAN, BR BT
SF AbFRAN, S-ATHURI AR 1 3 SRS Rt Tt
M CK Al F ARBE; Horh g8 5521 MF AbBEAS F AR BE
BARET 14.0%, HOSEFEMA PG FL 1580
R F AT N T 0.15—0.40 gkg', Bl Ff
AT PR3 m, BRARER, X BF AbBRAS FACSE 251
T 0.17 gkg! (P<<0.05)
2.2 BUYIRSREMRAX N0, C0.K CH HIMEH
=AU
2.2.1 N0 H#E WK 2-AFR, FAEK N0 HE
TR R AR TTE 4—7 A, HARRAIE I 54
1 NLO FHCR . IR CKOA LG, W A I it T A A
HUEC AL B AL B33 5 T NLO HEgcE, Jrp CF 4b
PRI NLO HECR B 2w T LA AR B, L2k MF F1 SF
AEER, JUILRAEAFENIEAN I — BN (2016 47 11 H 3
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450 c —o0—CK
——F 15F o D
T’a\n 400 | —A—SF ’ D554 Lettuce
2 —A— MF [ %0237 Cabbage aA
& 350 ——BF _ O3 B Chili bA
=t —0—=CF o 12} abA  2A aAB  beA
w5 300f Z A BT abA
{HI § %o bA bA beA C beB abA
=g 2s0p =5 oo (mmdda St cdB
= oy
25 af c
re 25
T 1501 EE 06
3 HE
Z 100f E
k-] =
A 50| g 03
0 1 1 1 1 1 ]
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N N [ N [ N N
S a a By S @ S 0.0 L
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) ) — — — — =
—_— — (=3 (=3 (=3 f=3 =
(=3 (=3 o (o] o (o} (=3
(o] (o] o
BRI /NE FRER R LIS B R 75 5 (P<0.05) , AFIKEFRERRFEWNLH BEZR (P<0.0D)

The different small letters indicate significant differences between treatments at P<<0.05. The different capital letters indicate significant differences between

planting at P<<0.01

1
Fig. 1

H A1 2017 4£ 5 J1 15 FDHBLHEBGE I, 20510 1239.8
F13933.6 pgm™h'. 5 F &bFIAILL, SF. MF Fl CF
B T NLO HEC:, 1M BE A0 P AE A% NLO HEia:,
RIS AT RS T 7.5%

2.2.2 CO.HEKE WK 2-B fin, HBOLFESE (2017
E1—5 H) MBEHZE (2017 4E 5—9 H) 1 CO, HEK
HETEEE (2016 4£ 10 H—2017 41 /1) , {4
N, COHFBUHIL T W RUEAE, 230 HIAE 2017 4
3—4 HFI8 H o 5557wy IR0 3 — A MLk i )
MF ALBEfY) CO, HECE I 2 T HARAL B, 5y mf ik
1 219.5 mgm™>h", Uk CF 4b#. F. SF. MF il
CF AbHiAE 2017 473 H 28 HAETfEHIL T CO, 25—k HE
JEEA, BF AEFEMAER T CO, 25— HEBUEE (2017
a4 H 13D o I, MF AEE CO, TR

AEALETHTIEARSTN

Changes of soil nitrogen formation under different treatments

K (9629 mgm™h) , HUCh CF, BF fiISF, 4y
W F ALFEERE T 39.3%. 28.9%. 25.3%F1 16.5%.
2.2.3 CHLH#%E 5 N,0 M CO, HEAMLL, &4k
) CHy HEBCR W S A o il 2-C Fiow, i3
HURLE —E WG (2016 4F 10 HD , CH, HisCE %
shnass, Horp BF M1 CF AR CH, FRE 4 o
S IENERE G (2017 55 HD , {X CF &
HUHILT CH, HEiE (146.7—186.7 pgm™h™) , ifi
BF JUJH L T CH, HE 5748 (-109.8—19.4 pgrm™h ™),
B IR IS TR PRI I, B I B % A B ) CHL HE I
EREEOK, Hoh BE AFET 2017 4F 8 H 30 Hiyik
FIHEBUEAS (668.7 pgrm™h™) , i HABE YR AL EE
B HER Al ; SF AT MF ARBEF[HH 9 H B CH,
He ek A, 0990 h-312.4 F1-455.5 ugrm™h',
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2.3 BHNYRERERAX NO, CO,,
SRIEREE IR

2.3.1 ZRHME WLV 3 AR B
Helc I (B 3D, BRI & A SRR HESCE
BETHOEME AT (P<0.01) . RN (K
3-A) , FIRE AR EEH R CK I T N,O BAHE
R, 5 F ARFEAHLL, CE. MF Al SF 4FEf#) N,O
ERHEBCR ) B E R T 92.7%—202.8%, 1fii BF W]
WER T 5520 N,O RFRHE (P<0.05) o Xf
CO, 2RHE = (K 3-B) , A HIEHKT N
Iy SRR, DU EERR CO, BARHESE
T F 4bFR, i) SF A MF AbBIAS F A2 ] G A
THLETEN] CO, RFAHNE; Br BF A3 F 4b
HLPEAK 667.4 kg-hm? 4k, Fofh 3 Bl HLE AL HE Y
TR T HPEN COo, RBHE (P<0.05) .

W 3-C fiizn, CF ALBRM 5 54 2= f145.0 28 2= 1) CHy
SRHEBCR R, 0B 0.2 A0.9 kg-hm™; #4741
VIR PR T B CHy SRR, B SF

CH, EFAHE

2017/10/20 “

CO bl
CO, emission flux (mg:m™h™)
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Fig. 2 Emission fluxes of N,O, CO, and CH, under

different treatments

I MF AbBE) CHy SAHESCR N 77 {54, BF F1 CF
AR PRAR F AR BT 72.1%F1 44.9%(P<0.05).
W AW e T =T R, AR W5 Ab
4 N,O (F=152.088, P=0.000<0.05) , CO,
(F=64.648, P=0.000<<0.05) , CH, (F=151.072,
P=0.000<<0.05) S FRHEBCER AT 0 25 (128 BN .
2.3.2 #EEY NE2 LEDL, WRBWN, %
AR CK ¥R T N,O I CO, F¥HEUE . CF
AbHERE FOACHE BN T N,O SPHH R R, B
A% 31.5 kg-hm™, HA%Ch MF Fil SF 43 (P<<0.05) ,
1fif BF AbBEXT NoO “FIHEHOE HE 1 52 AR T F AbBE
M5 IAEE . AR CO, I HH =,
I A MF=BF~CF>SF, % F AL FL 25500 1 12.8%—
35.6% (P<<0.05) . %I CH, PIHEBCE RN, M
CF 4b, AW W R B B4 BRI T CH, P34k
JiCE &, A MF FI SF ARH RN fifl. 320
TSRS, S AR B T G 3,
o CF F A B4 T 42.0%, JLICh MF AbBE,
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Fig. 3 Cumulative emission of N,O, CO, and CH,4 under different treatments

x2 TRAETHEESETHHKBEMEEELS TN

Table 2 Changes of mean greenhouse gas emission flux and GWP under different treatments

aA aA
—F— _I_
aB beB

BF CF

P ORI (KNS - RO AR FIRLE B 35 72 5 (P<<0.05)
AFKE FRFORFNRER BFLER (P<0.0D)
The different small letters indicate significant differences
between treatments at P<<0.05. The different capital letters
indicate significant differences between planting at P<<0.01

JOSE] SEHEGE R Mean greenhouse gas emission flux (kg-hm™?) GWP
Treatment N,O o, CH, (kg COz-e'hm'z)
CK 3.7+0.1¢ 5553742735¢ 2.0£0.21a 56578+2704d
F 15.6+0.3d 56544+1803¢ 1.7+0.28b 60716+1901d
SF 30.0+1.4¢ 63761+3623b -0.1+0.0d 71697+3989¢
MF 34.7+0.9b 76675+£1720a -1.3+0.2¢ 85828+1957a
BF 16.8+0.4d 75254+867a 0.4+0.0c 79709+883b
CF 47.1+4.0a 73665+2603a 2.1+0.2a 86216+3679a

[l =B BB AN A (KNS 7 B R A B 2757 i 2 (P<<0.05)

The values followed by different small letters in the same column indicate significant differences between treatments at P<<0.05

2.4 INEEFERESEHRBEERES

BKEA . BB BRI (A 5 em Fl A

B4 2Ky, A H Rl AU R D IR TR AN LT, HOBURE ) R
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EIK B S WRE AT KRB (% 3) @ N,O TRV A R E A, W RS K E
HolE 5% (%5 5 om HIR AV 270 B 1AH B BEMAASE (P<0.01) ; CHy RS TS K
FKKZFZ (P<0.05) ; COHmY S5iRE (BF 5 em BEEBEFML (P<0.05) , T S5EE KRR,

2016/10/20 2016/12/20 2017/2/20 2017/4/20 2017/6/20 2017/8/20 2017/10/20
35 F T T T T k T T

30

i )% Temperature (C)
v
T

(U -~ “{ilil Air temperature

T g KR

Soil moisture content (%)
>
T

B4 Z0E5 cmEEE. RERSKETK

Fig. 4 Variation characteristics of 5 cm soil temperature, air temperature and soil moisture content under different treatments

*3 BESKHNSEE. SKERXSH

Table 3 Correlation analysis of greenhouse gas emission and temperature, moisture content

N,O HFiiE CO, HileE: CH, Hi R 5cm ik R KR

N,O emission flux ~ CO; emission flux ~ CH4 emission flux 5 cm soil temperature ~ Air temperature ~ Soil moisture content
N,O 8 1 0.207** 0.148%* 0.127* 0.121% 0.074
N>O emission flux
CO, flFiiciE 1 0.020 0.563** 0.609** -0.357**
CO, emission flux
CH, flFiiciE 1 075 0.066 0.111%*
CH, emission flux
5cm il 1 0.975%* -0.637**
5 cm soil temperature
Al 1 -0.629%*

Air temperature

R 3y S 1
Soil moisture content

*RORTE P<0.05 K BB, #+0R 1E P<0.01 KPR ARG

*showed significant relation at P<<0.05; ** showed significant relation at P<<0.01

TN U P 305 T 1 WO AR 2 0T 9 L8
[ e, TR T IS PR 5 400, 3 T L
3.1 WBR5LBERS R R BRIy e AN A

Zlgﬁﬂﬁ%% ELEE{Eﬂ(}: %’&Eij:iﬁ‘/fﬁzux %ﬂ ﬁﬂ WTU«% )‘k}‘ﬂil_.lii%%%lzu %DT%/LD E/] =] EA 795%
TSRS R HIEE, BERE TGS, XEdT  WHREE A T IRY, (238 N,O HER (&l 2-A).
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