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Emission of CH;, N,O and NH, from Vegetable Field Applied with Animal
Manure Composts

WAN He-feng'”>, ZHAO Chen-yang'*, ZHONG Jia', GE Zhen"*
long”, HAN Sheng-hui’, ZHENG Bo-fu’

(1. Research Center for Eco-Environment Sciences,

, WEI Yuan-song' , ZHENG Jia-xi', WU Yu-
, LI Hong-mei’

Chinese Academy of Sciences, Beijing 100085, China; 2. College of

Environmental and Chemical Engineering, Nanchang University, Nanchang 330031, China; 3. School of Safety and Environmental

Engineering, Capital University of Economics and Business, Beijing 100070, China; 4. School of Environment and Energy

Engineering, Beijing University of Civil Engineering and Architecture, Beijing 100044, China; 5. Institute of Atmospheric Physics,
Chinese Academy of Sciences, Beijing 100029, China)

Abstract: Greenhouse gas (GHG) emission from vegetable land is of great concern recently because agriculture land is one of the
major sources contributing to global GHG emission. In this study, an experiment of Lactuca sativa L. land applied with different animal
manure composts was carried out in a greenhouse vegetable land located in the surburb of Beijing to monitor the emission of GHG (CH,
and N,0) and ammonia in situ, and to analyze the affecting factors of GHG and ammonia emission. Results showed that the emission
factors (EFs) of CH, from Treatment NRM, RM and CF were 0.2% , 0. 027% and 0. 004% , respectively,the EFs of N,O from these
three treatments were 0. 18% , 0.63% and 0.74% , respectively, and the EFs of ammonia were 2.00% , 3.98% and 2.53% ,
respectively. CH, emission flux was significantly affected by soil temperature and humidity, while N,O emission flux was related to soil
temperature , surface temperature and humidity. The emission fluxes of CH,, N,0 and NH; were significantly affected by soil moisture,

but there was little relation between CH,, N,O and NH, emissions and the ambient temperature in the greenhouse.

Key words : animal manure compost; Lactuca sativa L. ; greenhouse gas; ammonia; emission factor
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RS- 2477 588 300 kg-hm 2, /D% K 3 500
kg-hm 1005 JERUHTIR B R G0 AU A1 000
kg-(hm’-a) ~', I R 5 2 HL 7 & i85 6000
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ARER) | R R AL IE (CF AR B JRAHUIE) | T
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Table 1  Properties of different manure compost products

25 pH 14 IR/ % TN/mg-g ™! TC/mg-g ™! TP/mg-g !
Rk 8.81£0.24 57.11 23.24 219.19 11. 00
TR 9.79 +0. 15 55.25 21.84 202. 86 18. 45

wingrle 9.70 +0. 18 49.32 18.95 179. 24 16. 86

1) Bk pH fE5h, HArfg bR AT E I

1.2 RUERES T

2 AR (N0, CH, ) SRAE R S AE 1 R 4R
SRED OREEAE N AL A ORI S R AR A , HIR
JAE I THLAE R 38 0 A . T JRE RT (K x 9 x /1) 50
em x50 cm x 20 cm, IR JE A KEAE, 7EREA R

B R A A I W R S em,
i K BERE FOR AR IS e A Tk P AL . TR R
(K x % x1)50 em x50 em x50 em (£ T0) |, N
AR TR L. MRS — 2 LB IR, LLBT
1R BRSNS T SR AR R I T 5 ) WL 25 2. 4
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) T 2 A R AR, = 1R R B L A PN 7 A RO R
. RFERTIE TR 78 IS 88 1 7K 5 1 LT Jn K
BE EEFEE 5 5 min 60 mL 7 ST 28 R RE—
W ISR 5 W AR TSR E 60 mL 4K, 7 24
h INSERCIAE. R TR A A sh xS P AL

FRERYZ IR, RABEAERE LR AR BEAT. fEUMACR
FERRIE, 20500 H R Z T 5 em AR | HB3R
TR RIS | AR IR AR, R AR 58 B2
Jo  RAEE R R HERE T 5 5 AR B A ] 5
Iy 2 Ik P K

®2 SR TEOEBELEED

Table 2 Properties of different experiment soils

BURF e [a] RbFIX ZH/g-cm? pH {E TN/mg-g ™! TC/mg-g~! TP/mg-g ™"
CK 2.22 £0.55 26.64 +£3.04 1.66 +0.47

2011-12-19° CF 8.74+0.17 2.01 £0.37 25.55+1.88 1.61 £0.36
NRM 1.99 +0.30 25.50 £2.03 1.66 £0.20

RM 2.79 £0.18 31.84 +0.29 2.45+0.23

CK 1.12 +0.16 9.0+0.2 2.10 £0.69 25.82 +4.18 1.66 +0. 65

2011-12-24b CF 0.92 +0.24 9.0 +0.28 3.46 £0.81 36.25 +6.62 2.58 +0.51
NRM 0.96 £0.23 8.7 +0.16 2.73 +£0.83 30.61 +6.75 2.08 +£0.61

RM 0.90 +0.17 8.9+0.18 2.91 +0.64 32.24 £5.24 2.37 +£0.37

CK 7.9 £0.37 2.92+0.84 31.43 £6.90 2.33 £0.90

2012-02.28¢ CF 7.7 +0.48 3.21 £0.31 34.17 +2.83 2.51+0.13
NRM 7.8 +£0.38 2.54+£0.22 29.10 +£2.45 2.16 £0.34

RM 8.1+0.38 3.00 £0.35 33.16 +1.96 2.70 £0.20

1)a F/R 2011 4E 12 A 19 H 16 4 ZHANF/INX A 1385 5HE; b 395 2011 4F 12 H 24 HEMAAHAES LHERS); o FamEREr; « -

B pH Iz

NH, R CRAHBEAERAAMREE "> i)
B IFEATT, Z3 N AEM R4 (J£ 17 mm) EXAIIA
15 mL B2 H i (50 mL BEFR A 40 mL N = B%, &
HE1L) A PCERENN LT M, T bl
SRBPFARIEE T 4 em FFVAT T RFEFIHOLE , I
Ui TR 2 S R AT . ke B IO U IS R R S5 A
I A E R B, AT, 15 h A WO JF
TCSREEE A ). USCHRCI R e B R e 4 ke, L o 1Y
LRI A 300 mL (1 mol-L~") KCI fY 98 K} i
rh PSRBT P S5 o, i 61 o 7 TP Y
AN, EAR IO Y [ 5L 56 % A2

N,OF1 CH, # iR HI 6 [F 218 4890D KA (1
TEAX R4 Hr. NLOWR B2 R HI HL 4 AR A 2% ( GC/
ECD) BE AL E 2 20 A A DU, A6z 0 3L B2 350°C, A1 i
55°C; CH, ¥k J& 5% HI & K0 B+ A T 4% ( GG/
FID ) BRAILE A I, 46r U BE 200°C , A1 55°C. A
BEHRAABWE A, A 2 mm x K 1 m, I
80/100 H porapakQ; 73 HrFE AL 2 mm x K 3 m,
80/100 H porapakQ /%5 IE FE4E; #X: Ar-CH,
(10% ) 5 #AIH 30 mL-min "5 FEAHT R 15
mL, € [l 456 10 mL SFESFEA KRG E550 0. KA
) Ay o i e T ARSI e 40 MR B AR IR B A AR
SMAHEE B BT B () A AR HE A A B

i A
Am Ac
f A At h % At X
M x 273
T T x 60 (1)
22.41 x (273 + ! 5 2)

Ao o SRR RGE B, mg- (m?+h) ~'5 Am SAN,0
SR N RS CH, RIRTH C R,
pgeomg 'y A HFRACRAER B, m?; b AR
FERAA BRI E ,my Ac/Av R A7 B[R] SAARE i 1 ¥k
FEARE 107 min ™'y M R 1 mol N,O5K CH, "Xt
MR N 8¢ C JCREIR i, g-mol ™15 273/[273 +
(T, +T) 2 HIREROEREG T T, HIBCGH 14
FER G 1l SR AR N SRR EE , C.

NH, 787 : LR M FE 1 mol-L™" KCI ¥ & 11
AR SR A 43 6O B B IR 4R W = A
(. NH, #EARTE AR Q) ™,

cV
f= At
P fNERIERBE ;mg- (m*+h) "5 ¢ FRIEW
PR, mg- L™ VIR EEAT, mL; A
SRy W S T AR A OE R, m 5 ¢ O SR RE B
[&] , h.
SARHE R ESR AR (3) M(4) 5.

x 107 (2)
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Q= ZAF% (3)
AF. = (F, + F.,))/2 (4)
Ao i BRI B Q kA% b B XA HE R
(VAN B C JRETT) , g 80 mg; F O ARHE G &
mg +(m®+h) "'y ¢ SAHER PG U E 4 AT B R A, .
P T & AR HE i EL A B S ) e R AR AR R A
i ) A5 SR P AR K, BT I SR AP B[] 19 3 % 4 2.
Hal—ME$E 08 00 ~ 12 00 1E K24 H RAERT ],
IR B 2 (A BB AR 26 24 H ag feam 7). AR5
(R SRAE TR BEFEAE 27 09:00 ~ 11 00. AEHK L
IS B — AR AT, T 12 SRR SR
FERE BT A HR 50 ) v )07 &, DABR 2530 80
DI, SRAERS 8 78 156 35 4 A SR B KRR
FEWD IR ST AR EES R AT 11 d
KRFE WG IS 14, 17,20, 23,26, 47, 49,
5457 F158 d RABE(H 26 ~47 d IFETEM) &
UAAARRAE [ o W PR 2 AR
1.3 EHERER B REM T
IR R AR - B AR it SR AR ] B
TR EE HES om HIEEEL N AES
KR, R AR T LG AT L S AR A HL
JIELJ RT3 22 SRR B BRORE 3 Wk, T SR PR SS RS
PR T X7 L AT R ORE S R
FEWEIFR AR AT LT . FoK# . AHLET, TN, TC,
TP. FREXS. 000 0 g/Zc 47 fif A 105°C 4k 24 b, i H 5
IR AE 600°C FHIBE6 b, AT HLT. HEH o 11
FE e WU e XS BIEES I 100 B, oG ER 4
A (785 Varion EL Il , 72 Elementar 23 ] ) I %
TN. TC; TP % HCIO,-H,S0, £ZL ANl 2 -3 66
P RE
B SAE T AE RS A RNSOAR R A | A A
Ay R
1.4 HdEiba
BAEAEFRR T Excel 2010 1 Origin 8. 1, 481143
Hr I FH SPSS for Windows, Version 16. 0 ( Chicago, 1
L,USA).

2 ZR5itie

2.1 CH, ByHECGHE & RFE AR

W 1 Frs, CK AFRAYG CH, HE R & 76 0 4
SRR 3. 9 F1 17 d HIRIE(E, 739k 1. 25,
2.08 12.28 mg-(m’-h) ~', H CH, i ZE 4
TEIME A KA, RM A1 CF AL CH, HEjL

WEAE R IAE T & SR A K B ;. NRM AR B CH,
HE e &2 A K e B (56 26 ~54 d) I
H[2.58 mg- (m’-h) ' [ HBES 47 d, B H e Ak
RS (B E TH AN, 4 AP CH, “EXHE
JiRC3E 1 A AR Ak L 43 5 a0 R . CK 0. 881, - 0. 011
~2.280 mg-(m’-h)~"; CF 0.035, - 0.042 ~
0.151 mg-(m’-h) ~'; NRM 0.339, - 0.234 ~
2.580 mg-(m’+h) ~'; RM 0.254, —-0.051 ~0. 803
mg-(m”-h) ~'. RM Fl CF X5 b9 CH, 2Bk
AT CK AR, 4 AAEFELL CH, B3
Z M C fE i & ( Cumulative C) K J¥ & NRM
(3525.47 mg) >CK(2677.08 mg) >RM(985.71
mg) > CF(163.48 mg). Conrad 25" W5t W,
=0 )1 o G e L R N = W L WL N 2 €
T EL A SR A EE S A A T B AL TR YT CH, 1Y SRR
FH X ff B T ANt in 2 Y CK LB 2 ifi CH, HEjik
HEEMIER ; 5340 M E R ARATE (NRM BR
Ab) B 2] CH, HEOW B K225, Xl g2+
BrhEENARTEG R . BB KE NN
Wsh & m T CH, Fbad ), o] fg S uh &
SERRBRAE AL AT CH, P36l 3% 56 BH S b2 CH, 1Y
(CE:RRAN

RIS, CK 5 CF(P=0) . CK 5 RM
(P=0)., CK 5 NRM(P=0.02) . CF 5 RM(P =
0.004) Z[H Y CH, HEpGE A B AW B EES H
CF 5 NRM(P =0.075) . RM 5 NRM(P =0.311)Z
] ) CH, HETH &I % 25 5.
2.2 N,OmyHFGHE & Fn B R AR fk

WE 1 s 4 ASAEEEAN, OHE B AT FH AL Y AR
A, FAETLERT 20 d, I Hih & 284 (5 4
d) BN, O HE il 385 57, 3 156 B 8% 50 % Ak AT (W) B 52 e
CH, FIN,ORHEL. #4553 CF . RM #1 NRM 4k
AN, OHFGH 7 BA 2 T B # {3 CK b B 5 1]
IN, OHE AT

4 HALFEN,O 1~ 12 HE0GE 1 A0S A3 [ 43 )
J&: CK 1.328,0.50 ~ 3.507 mg-(m”-h)'; CF
1.067,0.101 ~ 2.746 mg-(m>-h) ~'; RM 0.502,
0.089 ~1.626 mg-(m*-h) ~'; NRM 0.282,0. 043 ~
1.014 mg-(m*+h) ~'; 4 NEHLIN,OIE 273 B
N HEjiZ & ( Cumulative N) 435>~ CK (3 881.23 mg)
> CF(2871.13 mg) > RM (1232.42 mg) > NRM
(691.90 mg). MEANHFEE, CK A HHEHAIN,O0
fm THEAR, X 517 2855 A ATt A K5 N,0
G HE B i S TE AR D ZE B AR S, (E R Rk 1) SR
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Fig. 1 Fluxes and accumulative emissions of CH, and N,O during the growth of Lactuca sativa L.
BRI SE T E R S AN, OHE L 2% 2.95,0.026 ~ 12.556 mg-(m’-h) "'; RM 1.89,

S, R PRt A (500 kg-hm 2, LA N 1) T4
N, OFHE ik B2 J2 v it & 2 (750 kg+hm =%, LA N i) Tk
SEHLE 2 522, ABFSE CK A A N,0 BiHEik &
4390 CF, RM FINRM AbFEAY 1.4 3.1 fi15.6 £iF,
AT BB CK A 3 Ko i T e b 3 a1 )
TN, OHE 1y sl A R IR

t KR 4E R CK 5 RM(P =0.001) , CK 5
NRM(P =0.000) , CF 5 RM(P =0.010) , CF 5
NRM( P =0.000) % N,OHE 50 it 24 H A7 b 25 2%
. fHCK 5 CF(P =0.321), RM 5 NRM (P =
0. 066 ) AN, OFHE il 12 Tohl ik % 2% 5.
2.3 NH, AHEsGE &/ R E AR

WE 2 fizs, 4 ACEERY NH, HERCE (EHS 20
S 1 d S 54 d, I HL X B st i) g 32 000 21 NH,
IHERC, (A 54 d J5 AR 2] NH, B9 HERC, I 46
AR B S ECXFIS 0 R PR R IR T IR
BN VR, A FE NS MESE ™
ZIFUR BB A = pH {H(8.7 ~9.0) 1 60% Zidq
(IR IR 0 NH, HERCER A T 4 i p v 40 i
FERIR ST N B THFE RN AT RS 5 1 B 4 FE AR 25 o, 0
MIAE] NH, B9HERL.

4 ZHALFRAY NH, -2 HE G AR A 53 )
£:CK 1.88, -0.023 ~6.175 mg-(m’>-h) ™'; CF

~0.003 ~8.566 mg-(m*-h) ~'; NRM 1.88,0.002
~8.251 mg-(m’-h) ~'; 4 ALY NH, P B
HE&: 43 51 & CF (9.88 g) > CK(7.88 g) >RM
(7.80 g) > NRM (7.76 g), Ml )% A9 pH {HH K K
9.0,9.0, 8.9, 8.7, 7] WLAEMHIAEA F TS AL
NH, B4 %

R EE R CK 5 CF(P=0.137) , CK 5
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RM(P =0.170) . CF 5 NRM(P =0.165) , RM 5
NRM (P =0.984) Z [a] f) NH,, HE o £ 24 Tk i 2
25t
2.4 CH,. N,0f1 NH, #HE% 250

nF 3 PR, CH, HE R O K 2/IMR IR
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RM, CF, NRM; A% NRM, RM, CF 4ZbHLFIN,O
(RIHET R B0 12 0. 18% . 0.63% ., 0.74% , i% 46
EAK T SCHR [ 32 148 14 4 BR PR it &I 51 + 1
FIN,OHEIT B2 2. 2% ~2.7% , 5 5R B30I 5 31
AR ARG I S5 1 A A 25 5, iR e 5 A o il —
WFFE. AR 4 b B N, O HE il 2 504 T [ Py i
FEHY0.27% ~1.13% 2z [8)™) i RM Al CF 4b P Y
N,OHE il 22 %55 g 5 %8 IX 8 2% N, O - 2 HE i 22 50
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Table 3 Accumulative emission and emission factor of CH,, N,O and NH,

A CH, N,O NH,
i Ex%/mg- m 2 R % E'\ﬁ/mg- m 2 HEji 2% % Eﬂﬁ/g'm_z HEji 2% %
CK 892. 36 — 1293.74 — 2.63 —

CF 54.49 0. 004 957.05 0.74 3.29 2.53

RM 328.57 0. 027 410. 81 0. 63 2.59 3.98
NRM 1175.16 0.20 230. 63 0.18 2. 60 2.00
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Fig. 2 Fluxes and accumulative of NH; emission during

the growth of Lactuca sativa L.
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Table 4 Results of Pearson correlation analysis of greenhouse gas emission

b ¥R ik L F R HFIEE (5 em) SR FHEE AR
NH, ~0.138 0.115 0.217 0.024 -0.530*
CK CH, 0.558* -0. 459 -0.578* -0.189 0.411
N,O 0.512 -0.367 -0. 460 -0. 059 0.621°*
NH, -0.094 0.034 0.199 0. 061 -0.254
CF CH, 0.232 -0.286 -0.024 -0.358 -0.392
N,0 0.680* * —0.588 " -0.646 0. 092 0.775* "
NH, 0.122 -0.036 0.121 -0.06 0. 042
RM CH, 0.158 -0.381 -0.287 -0.420 0.530°*
N,0 0. 488 -0.439 -0. 491 -0.020 -0.351
NH, -0.016 0.072 0.202 0.007 -0.258
NRM CH, -0. 408 0.357 0.629* -0.021 -0.432
N,O 0. 649 * -0.533" -0.623* -0. 080 0.059
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Fig. 3 Changes of environmental factor during

the growth of Lactuca sativa L.
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