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7 [E 2 A0 5 B 8 A T e 3R ME S b N,O & CO, HER g &2 ®

X 12 = o 1 1,3 1 1,2 1,2 1,4*
RFE, R, A, AR, FRY S, B, By
(1 FELRE BB HEEMFRT, WS 453002; 2 fERRREBATRABE, dtat 100081 3 R K2EAR e, W&
475004; 4 TRE R AR HAS RS E KB AMRLE LTG0, MR E 476000)

i E: NSRRI S E R B NoO & CO, HERLISE , R B M/ N RS , P17 T2 LTy,

W TR FIREARE I T3R5 . 3 NoO . CO, HiGE A BRARHE R M AT A 7148k, Z55R%H . 4 N,O il 2k

ATERERESG P95 2 J, 3 CO HE BB R AE G K R BRsEas . X928 | F30IRE HIE N.O . CO, HEAGE it & AR

HECR G 25 5, (R 2SR IO B RIS N T 3 NL,O . CO, AUHERL s BAIRE 2SR 28 Ah PR 38 P U e TR A B, HLZRAE

BC A B BRI N T B3 . RSN T, AR, pH, BSE . IASEEMI N,O fl CO, HE M EENE ., A%k
MR AT E e e =1 oy =4 Y R EE S S B

R BOiEEH; FA0; EEARMA; WEER

HRESZES: S1413 CHRARERD: A

Effects of Different Manures in Combination with Fulvic Acid on N,O and CO; Emissions in

Greenhouse Soil

ZHAO Shougiang"?, LIU Yuan', SUN Jiuming'~, LIU Chuncheng', LI Xiaotong'?, TIAN Jingjie'?, LI Zhongyang'**

(1 Institute of Farmland Irrigation, Chinese Academy of Agricultural Sciences, Xinxiang, Henan 453002, China; 2 Graduate
School of Chinese Academy of Agricultural Sciences, Beijing 100081, China; 3 College of Agriculture, Henan University,
Kaifeng, Henan 475004, China; 4 National Research and Observation Station of Shangqiu Agro-ecology System, Shangqiu,
Henan 476000, China)

Abstract: To investigate the effects of different manures in combination with fulvic acid on N,O and CO, emissions in
greenhouse soil, two seasons of Chinese cabbage (Brassica chinensis L.) were grown in the greenhouse plots, and the emission
fluxes and cumulative emissions of N,O and CO,, related environmental factors and vegetable yields were determined. The
results showed that N,O emission mainly occurred in the second week after manure application, while CO, emission mainly in the
middle and late stages of vegetable growth. There were no significant differences in the emission fluxes and cumulative emissions
of N,O and CO, among the treatments of single application of pig, chicken and sheep manures. But different manures in
combination with fulvic acid increased the emissions of N,O and CO,. The single application of pig manure or sheep manure was
more effective in enhancing the vegetable yield than chicken manure, and additional application fulvic acid with manures
increased the vegetable yield. The main factors influencing N,O and CO, emissions were the soil water content, pH, NH;-N and
NOs-N. In conclusion, considering both greenhouse effect and vegetable yield, the sheep manure applied with fulvic acid
performs best.

Key words: Greenhouse soil; Manure; Greenhouse gas; Fulvic acid
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T 80% ~ 90% [ N,O il 5% ~ 20% 1) CO, HEE A SR AR S ARG HE O Ak, TR
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BRSEHGH  J  EFRIEIRLE (R34 400 J7 hm?(6 000 J1 ),
2 5 RS BIE R LAY 17%, TR E R AE S RS
BRI S EER SRR, B3 i
CRIRRAE” A=, IR SR IR RR . A
PEL R, T2 138 N,O A1 CO, B HERL . Ft,
WIEA it M NLO . CO, YHERRIE HAT H 22 A LS

FEA 3 N,O HERC 1, TRERZEEINT e T Bt
i Bt HILAE L AR B ST AU AR A U AL AL 3 Flite
BRSO NLO HEB 52,k 305t A MLAC AR LA
R AT IBIE 25 3 FEAR NLO AHER, (H R 23 5]
A7 B 1Y) S 3 A T IR ROt NE Ty AR PR AIE 7 1
BRI, BEFEE T N,O AL, PIULE R AR
FEAG 43 NLO HEM BB AR . Ak M Pl hy
Rt S Ml B B U/ 1/4 78 4k 35 - % AR NLO
HeOo 2 A B . IR R B, MR T
TR HENEAH AL I 8 W B REAR 52.9% 1 15t 33 =5 b
N,O HEjlch: . Wigsy & g KB, It L
REAA HLICHLBCHE . it LA EAT = NLO HE
o 7EHHE CO HEUT T, T RElF "] Meta 43
BrgBL, A4 13 CO, HEl i RN St A HLAE> AT
PLICHLEC > JCHLAR -+ HUAE+ 22 B A . - g 451
R, XSSP 2 = i 4 CO, HEmGHE
R AR EEMUCH, Huitia AL (R A 4R
T g CO, HER . AR R, KAEHE
B AERUEEY) = B A TRl B, o RaARR - 7 = AR HETL
HARERBEERT, g IS, Bt i e
KRR 35 kPa, Jiti&U i 75 kg/hm?® b 2 il 7= d A s i
T S HE R R, R SRR B, 3 B
HeAk = Gl JEE JBE 7 R B 7= 2 119 ) B T A BRI IR = R
IRIHERL o 25 BRI, = b AT RR S it -+ 38 &
SARHEBGE R E B TR IERE S L AL
HEY-JCHLECHE . AERhEUGE . B LB GEAE) . Ak
Jite FH B2 55 T, T DG SR AR AR e FE ARt A LA
Xof - 8 I = SAARHE R e BRI AR XA A

R AR HE Sz A5 IR B T
A= W A A S M S S S R Y A WS R, BENS
R BRI, O g AR S R R, Y
PRI TV A R TR A A A ST, SRR
Jit 5 B 1 T 8 2 3k VR 4 A BRI 5 ) 4 R R A
Prxe FERE A Atk SR [ R AC , DT 5% M) - 98 3 =
AR AIHET AR HTAT G2 A Tt 2 e T 3
SARHERC 2 A WARGE - B RRAE N ARG T
M —2RJEHERR , oy Fi/N, IRIELE, B AR & i

i P2 DR, AR LB I TR R R LI J LR S E (5
Fe. WFE, FIOABITINR, RITBMEGSAE T2
HE BCHE 2 R 0T - & AHR B2, LU st
ST A SUAAE . FENE G Bt IR AL RS S

1 #RERE

1.1 IR

I8 7 AT B 4B 2 T AL X /N R A 2 el
(35°19'47" N, 114°0' 51" E)iF47. %M X & T s
(R Tl R Rt KU, AR 14 °CL, A
Bk i 582 mm, RO M Ryl HEE SRR
1, K 81 m, % 8 m, T 3 m, MM N JC (B,
KRG BEAT R, PRV R . 76350
FREREET 3 AR, IR TR RO A G 5y,
G AT A DG AT . IABEZ(0 ~ 20 cm) 115
FEARHACE IR . BN BT L, R KCR
23.80%, ZXH 1.38 g/em’, HHLIE 21.2 g/kg, pH 8.50,
LS 229.00 pS/em, AR 1.19 mgkg, AR
82.45 mg/kg, AR 26.62 mg/kg, HALH 282.82 mg/kg.
1.2 Rt

551 AR T I B (Pyg. Pis. Po). A9
IEB(Cs. Co)RIZEFRALBL(S, . Se), IR E T At
REXFHR(CK), ARG | SRS O AR L2 1,
2, WA 3 ANEE, 24 AVBIX, BAVNX 8 m?
(3.2 mx2.5 m), RAMHLX AR, FHEB/NX
B 0.5 m AR AT, WEME/K IR A A A B bR K,
FEARMERRINGE 3, F 20224 12 H 3 HGAE . Fi,
12 7 4 HEEFD, BEA/NXFE G 10 17, #Fh
ROAVERE, RN 7.5 kg/hm?, X5 FHZEAE I E N
FERE TR A, FIEE T 2023 453 A 7 Hikok
JEm, KT 94 do TR R REN SR, W E
TCHEIK BATA AN A= 7= 05 8l H ARSI 48 b R
W 551 A AT, EH g R T T
MIE (R 4), G5RE, AFELHE (8] 58 20
BRI T 25, (HARIXE] 5 EKF(P>0.05), T
I, ELRIER—/NX FEAE ARSI, S T
PRITA 7] 36 0 T e 25 )65 R X+ IR = S0k NL,O
CO, HERR RN FE MR, ABEFE RS b BEHEA T 1 3 2
P,

e 1 200 i LR L, SR 1 220 B o 0 a5
WETHRIAA, GfEEIEP). BFC). Fik
(S). HIFMM). HFE+HEM(PH) . X IE+IEJE R
(CH), FF+HERR(SH)T MAbH, FIFFEE TG
TINZEAE N #5685 2 A %o IR (CK) , EL A A B % it AL 155 3 I
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1, FEIEEA S 1 K000 —BEEE . IR
F& 3 FPEAE, B IRk PR XU B AR TR AT B Wl AR
PR 54 9997 IR B I IR B, B R % 1 = 50%,
K,0=8%, pH & 10.08, XAt FilgE . ik
¥5F 2023 473 H 31 HiEAE . #ib, 4 H 1 HEEFb,

Ferh oy s B 25 55 1 B — 5. 3 FhIE
4l N 150 kg/hm* P2 AT, FEARRE 05 % Y gk

ETHE K S5, HEE )T 2R TIERE | A/ NX A e K
—, 43H1F 2023 4E 4 A 9 H@EKE 2126 m*/hm?),
4 A 22 HEKE 1376 m*/hm?), 5 H 6 A (K&
1376 m*/hm®) k47 4 T8 . 4o 56 FH 28 AT % 5 18 1R 44 1
i HEAE TR B A, LAt R AT MILIEE S Y H ] A
PO AT, 2023 4F 5 H 11 HYGER Bl , 58
4t 41 d.,

*1 RBELERERER

Table 1 Treatments with detailed fertilization information

SRt Bz H52%

Qb AbFR 1 FEMER - E A RRAR AbFH 2 FENE Y i FH 12 HER TMARBAR

(t/hm?) (kg/hm?) (t/hm?) (kg/hm?) (kg/hm?)

CK CK - - CK - - -
Ps-H Pso 30 141 H - 7.5 -
Pis-PH Pis W3E-15 70.5 PH #3319 75 150

Po-P Py WizE-9 423 P HF-31.9 - 150
Cs-CH Cs XG5 29.5 CH X53%-25.4 7.5 150
C;-C C; X3 17.7 C X3e-25.4 - 150
Sy;-SH S F-11 52.8 SH ¥3-313 75 150

Se-S Se F3-6 28.8 S FF-313 - 150

. P, e C, WA S, R H, FWIEW; AFAY T FR ARG hm?); FRE.
z2 EREKMER 1.3 MEIEIREF*
Table 2 Manure properties 1.3.1 ii%é N,0. CO, E‘J%%Eﬁ*ﬁ %ﬁﬁ%‘lﬂf:

FMUkA pH SRR AP AR e AW

(uS/em)  (glkg) (gkg) (gkg) (gkg)

¥ 8.68 5663 32.7 4.7 4.0 9.6
XA 842 7217 35.9 5.9 5.4 11.3
¥ 888 6770 29.9 4.8 4.1 8.5

F3 EBRKKR
Table 3  Water properties

K pH  HESRuS/em) WMAZ(mg/L) HAEE(mg/L)
HWRK 725 2810 0.22 1.94

FRSHITERERUR, RFEEFARIRIK G PVC MORHEITE
1A, A RS S8 R TR P 4o IS L FE
533 45,45 F 13 em, JiEJE A K B (FE S om .
3 em)o FEANIIIE], JRCREE A R, BUR
F R S om, EHOKERE, FHRRRR R T KT
PP, TAE(40 cmx40 cmx30 ecm)THFERLEEE T 1 V4K
AR, TR AR IR O A AR
fL, TR WA KU, HRIESIFRIA N

x4 F1FERETBEEARMIERO~20 cm)

Table 4 Soil properties at end of first growing season (0-20 cm)

W FHIKR(%) L5 (uS/em) pH

FHLFi(g/kg) A H (mg/kg) FHA A (mg/kg) A %W (mg/kg) HALH (mg/kg)

CK  9.99 £048b

41625 + 16.88a 8.49 = 0.16a 16.71 = 0.96a 0.58 = 0.07a 17.90 £ 1.67 b 23.75 £ 2.86a 291.17 £+ 8.64 a

Py 11.06 = 0.25ab 306.18 == 49.99b 8.55 £ 0.09a 1573 = 1.38a 1.02 = 0.18 a 21.22 + 2.79b 34.04 = 7.55a314.58 + 43.53 a

Pis 1038 + 0.47 ab 241.33 = 28.24bc 8.59 £ 0.07a 1527 = 1.76a 1.18 = 0.48a 33.19 £ 6.67 a 28.23 + 2.73 a342.01 + 39.11 a

Py 10.89 £ 0.65ab 268.75 = 23.16 bc 8.53 == 0.05a 17.84 + 2.88a 1.24 = 0.24a 22.87 £ 1.10ab31.10 *+ 4.36 a333.43 + 5448 a

Cs  10.66 = 0.53 ab 216.45 + 37.57 bc 8.55 £ 0.13a 16.15 = 3.39a 1.09 + 0.15a 23.59 = 2.18 ab33.16 = 0.26 a336.36 £ 4586 a

C; 10.84 = 0.59ab 223.18 + 36.48 bc 8.58 + 0.05a 16.70 = 1.82a 0.85 = 0.13a 19.83 = 4.48b 29.16 = 1.87a357.46 £ 19.96 a

Sii 11.17 £ 0.72ab  207.40 + 23.92¢ 8.63 = 0.02a 1546 = 2.36a 0.77 = 0.23 a 23.61 + 1.03 ab25.11 £ 4.75a328.17 = 35.73 a

Se 11.41 £ 0.57a 243.55 + 42.45bc 8.48 = 0.08 a 14.13 = 1.879a 1.04 = 0.35a 22.42 + 5.55ab25.42 + 1.74a321.33 + 39.85a

T FFERE A /NG 5 B3R R AN ] b B R) 22 5k B 30K F-(P<0.05); TRl
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FYAAR . SRAER, K AR B 7R I B /K B Y,
KEwEE, F4H1, 3,5, 7,10, 13, 17, 21, 26 H
15 5.10 HEY EA 8:00—11:00 SRS H 60 mL
WA A ) R B S T 0L 12, 24 min 2R
SEAMAR 3 YK, RO SRR VIR EE | FRFERT E] . AARRE
A A SEE E AT A 10 mL B A, A
AL (5 HE-2010plus)FEA T 42

132 HEEREYRFERRES T JECRE
MK, FAERS cm 45, TEEA/DIXEE BT
BEALER 3 MEE S A BOBEE 0 ~ 20 em B9 H3EFIR G N
1 A HERE S . Bt AR I - 4 K
R, — VAU T E 43 NH,-N Il NO3-N &
FIATRAT AT KT AL, FTIE pH, L SREFAR
PRI, ASTHEFRAGINE S I8+ B PO (el b o8 )
SRR, AR AR E S KR s SR A e i
ook . AN B 1 20 50 G 4 NH,-N |
NO3-N; %+ /KFHE 12 5 $l45 HHEEW, R pH
71 (ORION STAR A211)FIHL F3{{(DDB-303 A )& +-
9 pH RT3, IR B, e &/ NX ™ ht
1.3.3  MCHEFRITR AEHEBGE R F

F=pxHxde/dtx273/(273+T)x P/ R, (1)
K. FNSIRRHEEIGE R, g/(m>h); p MERAEIRES
T N,O 8 CO, B HE, glom®s H N ASFE 5w B
m; de/de BN S T] N SRAEAR P AR I ik B AR AR
uL/(L-h); 273 NS HBREE; T RSB T ERE
FNEPERE, C; P RFERISE, mm Hg, P
FhRE RS, mmHg, P=~P,,

Sk BRI R E:

E=3(Fy +F)/12x(6 1) )
K. ENSR BB, g/m®; F A N,O 857 CO,
MIHERGE 2, g/(m™h); i A5 § UCRFE, tin—t, NS i+1
WS i YCRFEMEFRAFE], he

N,O il CO, LA ZE RN M

M = E(CO,)+ E(N,0)x298 (3)
K. E(COy)R CO, BEHER, g/m’; ENN,O)H
N,O 2R, g/m?; 298 KLk N,O HEME Y 298
i, FEAL AT CO, HIHEHCY R,

1.4 ZHEALE

K H Excel 2019 #4748 4028, FIH R 4.1.0 i
115 224587 . Duncan 2 8 L & Pearson AH ¢4y
Mr, KH Origin 2022 #E172 K,

2 HBR5HH

21 TEN,0HME
5 CK AbFHAHEL, HiAEALRE(S: Pyo-H ZbFRAM A1

T N,O HEGlE (1) MEARERIES 18, Bk Pis-PH
REBEAE 4 A 5 B I HEIZ(0.025 kg/(hm™d)Fh,
HAAEBE NLO HEMGE KT 0.02 kg/(hm™d), P3-H
AFRREAL T N,O Hiiim . 48 N,O HEf =24
TENEAE S5 0956 2 JA, AbFEm 22 55 I, AR & N0
Hei g4 A 10 H). FEAEFEDE &S s in T +3% N,O
Heslcm a, Horb, R X 3% i B I b B 1 in
IKF P F 7K (P<0.05), N,O HFGE £ 53124 0.061
0.040 kg/(hm*d). JoIE 2 38 IR 2% 2 I Fic it 5 Ji3 e
3 N,O HEBGE BRI EISIESFFE, 4 H
14 HEZWGRIEL, 4408 N,O HEGE B £ 3 A B %
(P>0.05), J7E 0.008 kg/(hm>d) - Fiksh, &b T
HERE AT

135 N,O ZERHEE & 1 iR Pso-H A0 HLS
CK AbFRTE i 3 2% 5(P>0.05), MiZEIE&IE T, %
AR FE 135 NLO BRI 25 5 A 3 (P>0.05); {HAE
FERIRG FE BB R X 1 N,O BBHERCE (13 i
RE T B IKF(P<0.05), 5 P 28 AR A B 43 5] 38 i
36.94% Fl120.16%.
22 T CoHimE

AL T A3 CO, HEE it ¥ B 18] 3 30 TH(&
2). MBS 1 K (4 H 1 H), #4315 CO,
HEBGHE 5 CK AbBAR LA B S hn, 538 . 3%
Bic it 5 B FR I AR A 8, 4330 158.3% ., 141.1%.
HE4H 21 H, ML ER Ps-PH ALBRAMIE] CO,
HEHE 25 58/, CK P3o-H , P5-PH, Po-P, C5-CH
C3-C.Sy;-SH, S¢-S 4b B CO, XA HEAIE FARKYCH 40.0
49.1, 60.8, 482, 52.8. 48.0. 542, 45.6 kg/(hm*d);
4 F 21 HJG, #4083 CO, Him & B B 22 57
CK. Py-H. P;s-PH. Py-P, Cs-CH. Cs-C. S;;-SH.
S-S AL FE CO, “F-IHHEE KK Ny 49.7 . 53.6. 873,
704, 83.9. 67.4, 73.5. 65.8 kg/(hm>d). ZE&/rHT
BAGRAETEWY, YREIESAM T L Cco, HiuE
R AEIESXG IS, FEIC L 5 B2 [R) 1
T 4 co, Hem ., HiAh, HHE Co, HiE
TR, 55 1@ H 9 H)FIEE 3 kG A
6 H)HEKIG A AL CO, HERGE ¥4 1 5 LTt
552 (4 H 22 HYFEIKIG, BE Pip-H Fl Po-P AbFRAMP)
HARAbFE CO, HEHHE it [FFE RN L

5 CK AhEEAHLE, MiARALFEEISEN T 13 Co,
SRHEICE (R 2), (HRRERER ., E3% . YFRAE
AL AR B B E K (P>0.05), JE3E . XSFERIE
% T bl 9 R Ach R R 3 AT Ak R 4y A i T
27.21%. 19.45% F1 14.89%,
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0.08 0.8
—a— CK
~ —o— P,-H —
F 006} —a— P -PH = 06 a b
g o —v— Py-P ﬁ) T
> K1 —+— C-CH = I c
= e — C;-C i S T C C
0H 004} S,,-SH = 04 - T T
= —— S-S =
B & d d
Q 2,
2002 z 02¢
0.00 ' ; ; ; : ; NPT
3/31 4/7 414 421 4/28 5/5 5/12 CK  Py-H P-PH Py-P Cs-CH C;-C S -SH S-S
H (A7H) sl
(B LA E/NG R R A B R 22 5 7E P<0.05 K3, FIH)
1 F2FTENO HRBEFERHME
Fig. 1 Emission flux and cumulative emission of N,O from soil during second season
160 e CK 4000
—e— P, -H
—— P,-PH
o~ —v— P,-P
T o0 HEEAE - C,CH < 3000 a b
g \ —+ C,C £ s abe
ED S,,-SH 2 abcd abed [ 1 bed
Eﬂ;v&‘/ ] —o— S-S ‘ 1] cd I
e iy Mk k2 20000 pr
= 80 =
O ' )
O 1000
40 WA ¥~y

3/31 4/7 4/14 4/21 4/28 5/5 5/12

HJ1/H)

CK PyH PoPH PP Co-CH C,-C S,-SH S-S
QbR

2 E2FLIR COHMBEMRMHNE

Fig. 2 Emission flux and cumulative emission of CO, from soil during second season

23 TEEXRMERZIETH

55 2 AT NH,-N & AR b 26T R
PRAERHIK TR shrya#(E 3), MIEES 3 R4 A
3 H), #ALBE NH;-N S8 k048, L Pys-Psy oH AbBE
e, ERT CKANBE, FINRE Zeat BIRSTL NH,-N
ORI FRGFEA LA, IS 1 ~ 5 d Nt
NH;-N AR bmiet], Bis m17E 240K F(0.253 ~
3.811 mg/kg). BEF A K, &40B NH-N 5%
WAL CK ARFHKF . #5403 13 NOs-N i 2
SRR 5 CK B, AALBIEETE T 14
NOs-N &, Hrr, Pis-PsyoH A3+ NOs-N & &
i, A 3273 mgkg; 4 A 21 HJE, 448 NOs-N
i R R PR

TR AEFMHN, T4HOH . 22HMS H 6
HEAT K, 25 Ab 3 4 498 5 /K SR BEE /K AT 38 n

IETE 18.01% ~ 30.84%, HHEKEAT 21.61% ~
23.24%, SAEPEREITCN %R, 115 pH A LRl
] &2 ko i sl , BR Pis-PH ZLBE L3 pH
CK #b 3 5 PR A% 0.88% 4, HAKAM 5 CK 4
PRI B 3 25 5 (P>0.05), ER4E A AT, £5Ab B pH
Bi#g CK A AT BT 3G in, Po-P Ab 3 0E i K
(0.86%), Si;-SH AbFEHEIE 5 /N0.23%) . Z AL |
HOKZNREW, 408+ EC (At 2 sh ik
b, 4 A 26 Hik#AMKXE LB RME, Hh
S1-SH &b P f% %5 (592.67 pS/cm), CK 4 3 5% 1%
(468.33 uS/ecm). IR LE AT, 2403+ 1 EC H#
W46 1 45(229.0 uS/cm) ¥ A BB A5, Sy -SH Ab 3
WiRER, N 241%.
2.4 11 N,0 1 CO, HiiE £ 5IMEE TFRIHEKE
M 5 AT, TS /KA 135 N,O . CO, fEil
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BNFIRAE . ANFEIZEAE S B R O X B3 NLO S CO, HER Y

959

WE YR BEIEAH; 13 pH 5 CO, Hikia & 2 2
FIEMIE, 5 N0 HEBGE &2 MAHGE, HAHCHAR
RENREKN BIEBRTRYS N0 Hi R w2
IEARDE ; 138 NH;-N 5 N,O HEGE 5 B F B

16

12+

1 3ENH-N (mg/kg)

O n L L L n
3/31 4/7 4/14 4/21 4/28 5/5 5/12
HE3 J1/H)
32
< 241
é
<
41
il
+ 16
38 . . . . . .
3/31 4/7 4/14 4/21 4/28 5/5 5/12
HIW (A/H)
1500 ¢
1200

900- ‘ \
usl

1528 (uS/em)

600 1§

300

3/31 421 4/28 5/5

H# (A/H)

4/7 4/14

512

13 NO-N (mg/ke)

14 NO;-N 5 N,O HEjlis & 2 W IEAHE, 5 Co,
HEE 2 DG DAk AR EE S 13 NLO |
CO, HEBGE 34 M IEAHDE, I CO, HE i fit AH G
KE R E KT

400

300 f

200 | &

100 |

421 4/28 5/5

HE3 (J1/H)

4/14

4/21 4/28 5/5 5112

H U1/H)

7 . .
3/31 4/7 4/14

—=— CK
—o— P,-H
—a— P,-PH
—v— P,-P
—— C;-CH
—— C;-C
~»- §,-SH
—e— S-S

B3 F2=ZHELTEMERMTTN

Fig.3 Dynamics of soil properties during second season
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#z5 TENO. CO,HMBESFERETH Pearson K%

Table 5 Pearson correlation coefficients between N,O, CO, emission flux and environmental factors

KR pH HL§R NH,-N NO3-N AR N,O HEjit i &
N,O HEfGH &= 0.377" —-0.10 0.34" 0.417" 0.47"" 0.14 1
CO, HEjfiE = 037" 0.48"" -0.18 -0.10 031" 0.37"" 0.02

TE: % 0 o R RORACHELE P<0.05, P<0.01, P<0.001 K3

25 TEN,OFMCOHHEGEEREMNM RIFXTE

PG ZE AL S AL B B S R AL S CK AR HEAH
Eb, 3INT HELGEA RSN, BRIAEIEY
HSFEI(FE 6), AL BIAR L, FEAL AL S
FRAb SN T R AR E RN . B L E,

it A 347 i 2 MG T 6 S £ (P<0.05) , FE A S Ak
HR 3 PO B TGS AR, Ho SRS i B
JERALH(S, -SH) = e d i, M 27.5 thm’, ZEH %
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Table 6 Global warming potentials of N,O and CO, emissions and vegetable yields under different treatments

Qb ZEA IR 5V (kg/hm?) 7 (t/hm?) TE A T UM

CK 18433 £245d 145+ 1.24d 0.0079b
Pso-H 2100.7 & 110.1 cd 23.6 + 2.8 be 0.0113a
P,s-PH 31243 +41.7a 255 + 0.8 ab 0.0082 b

Py-P 2 446.2 & 20.1 abed 24.7 + 0.8 abc 0.010 1 ab
Cs-CH 2886.1 & 66.9 ab 23.2 + 0.9 be 0.008 0 b
C;-C 2415.4 £ 37.8 abed 212+ l4c 0.008 8 ab
S-SH 2676.7 = 116.4 abc 275+ 25a 0.010 3 ab
Se-S 2344.8 & 78.1 bed 22.8 & 0.6 be 0.009 7 ab

3 e

3.1 BERIEm3E £ N,O 1 CO, HEM A &M

3 N,O E B HHEE W i A AN i Ak
YEFF= AR, ARBFSE b, 3 NLO R =2 & AR 1 it
NEJEREE 2 J8, BERAZ Y B HLAE R ™ fk 3 m
P, ST A L R TR AL, R - HERS AL AR
WAL A AR L T R AR L B N, B
FHONT L5 N0 AOHERPY . 3 co, FE MR
Wi 2 B AR R FIRAE P2 AP0 AR ge e, £
B CO, HE F B RAELNEYER PRI, FEREH
FAEY AR T X AR R4 WA, 35 T AR AR I
AR, et T +4 Co, Bk .

AREFFE R, A 93, R HE L1
N,O . CO, HEMGE fi: K BB HE Ry 1835 0 8 % 25 52
UL 3 FhIEAE A J k22 80N, SAb, SR
VT B4 A I I 1 A X0 B4 it PR s ) 4 ot f
HOX - R A S e R A 25 5 SIS it 4 R
HOR ARG ZE L it ¥ R AN 1 Jn T 13 NL,O . CO,
FOHERL, T2 2 PO S S MR in T £33 CO, kL,
FIRE RS RR M AR I T 3Rk, Bk T

FNEFR AR, s T RIEAEE, ST 3k
RBATRPEN2 ARG R B, FEROAE R A
T, WEFERAG LB 1 N,O . CO, HEltm T2 3840
B, R AT ARG S ARG R AL (10 A2 A7)/ NP
RIS, AT N0, CO, kL, 1
FEAL LA RR AR LL20 A2 AN KEY, R SR, 10
T+ Co, BB, FAk, BRI TIE
WA B A Wy S 1, B T VR RN AR ) 4
YER, B2t T CO, L s Rl O, B THFE AR,
BT B AR E R A & A, BT 3 NL,O /)
HE,

3.2 IMEREFX L N,0. CO, HEFI R R0
3.2 HEEHE X3 N,O HEikrs2 B
H, BHEEKRE N,O HEBGHE &2 B IR, R
KT g Ks8I, 55 7 A R AR, ART
S AEAVE R BOREAT, IS T -3 NLO AR
13 pH 5 N,O HEGHE & 2 FAHDC , (HAHSCPEAR A H]
BEKF, X5 TIREPIIFsas R —. 11 pH
T ZLE i R R | SR T S R AL R A
ARSI 3 NL,O A9, AR ER
B, A% pH A LA NLO 38 JE B AT A, MR A +
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N,O HEC S B SR R AR, SIS RL EMX, |
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FUMEER , ZENE R AR TS e, ek
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PIREIE LR TR], SEOHLGT pH 4 )3 A1 CO, HEH,
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A 550 - Sl B A i 1 3 S ) S BPRAR
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