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B OE N TR A KA - (NH, ) 4% & A A AL TE (N, 0) HERL A 52 0 , AT 58 5% FH 2 BB 3%, 36
BEA KA (LN) JRER (Ur) BRI 28 (AB) AN IR (CK) 25 4 A0 P 5351 SR It A2 368 =0 e 25 4 12 D
NH, Al N, O HEBGHE AR 2550 5 AB Ab¥R 4015 & % 5 W B AR A RRAE A L, LN 55 Ur Kb 3R 201 R iR 1 52
St R AR A RAE , B LN ASER P 35 & 3R 5 T Ur AR EE. Ur AB ARHREY N, O HERL A #ug LN 4b 38 2 )5 i
PRFTASHER G 55 T30 (2—12 d) LN Ab 3R 13 NHI-N B35 T Ur f1 AB Ab31, 5% 40 FRAGI NOS-N & &
R/ B R AR & AB Al Ur ZbBEAY N, O NH, HEHOE R 2 5 1 5 NOS-N Hl NH;-N i
5, {8 LN ZbFEAY NH, 5 & # R 5 13 NOJ-N NH;-N 4156 LN AB F1 Ur ZbF8 NH, 18 % 25050518 5.9% |
5.3%H12.5% ,N,0 HERt ZH0 31K 0.529% (1.13% 01 0.76% .45 b, It FH A IR (T i 25 FAIE N, O i, (B8 T
NH, 4 5 AR, PR it FE 1 106 R0 7 25 2% B8 L R 3R A0 R IR B AU
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Effects of lime-nitrogen application on the emission of soil NH; and N,0O

WANG Sen LIAO Wenhua'™" GUO Jugiu GUO Yubing XIE Jiao TONG Bingxin
(Hebei Agricultural University, Baoding, 071000, China)

Abstract: An incubation experiment was carried out to compare the impacts of lime-nitrogen (LN) ,
urea (Ur), ammonium bicarbonate ( AB) applications on the ammonia ( NH,) volatilization and
nitrous oxide (N,O) emissions in soil in comparison with the unfertilized treatment ( CK). The NH,
volatilization and N,O emission were measured using venting chamber technique and static chamber
method, respectively. Results show that LN and Ur treatments showed similar emission patterns
characterized by rapidly increasing emission rates at first and gradually decreasing rates afterwards,
which differs from that of the AB treatment characterized by continuous decreasing rates. Single
emission peak for the N,0 emissions from the Ur and AB treatments but two emission peaks for LN
treatment were observed. The soil NH;-N contents in LN treatment during 2—12 days were
significantly greater than those of the Ur and AB treatments, which corresponded to the slow increase
at the beginning and quick increase of soil NO;-N contents afterward. The N,O and NH, emissions
both were significantly correlated to the soil NO;-N and NH}-N content in the Ur and AB treatments,

but in the LN treatment only the NH; volatilization was significantly correlated to the soil NO;-N and
NH}-N content. The NH,-N loss of the LN, AB and Ur was 5.9%, 5.3% and 2.5% of the N input,
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and the respective N, O loss accounted for 0.52%, 1.13% and 0.76% of the N input. Overall,
application of lime-nitrogen can significantly reduce the N,O emission but increase the NH,
volatilization.

Keywords: nitrous oxide emissions, ammonia volatilization, lime-nitrogen, soil nitrogen

transformation.

AT, A AR AYZ (NH, ) AL (N, 0) HERCZ o5 R R 5 A7 HE R A9 40% Fit 64% )| 2
SEFRE NH TSI K PM, R B b T T 20 i) ) = R R 22— NH, AN, O HERLER T
% HE SEEAET R R AN 0 0 52 MO AR it IR s i IE AR R T o 590 A A R i 1
0BT B RIS IR A NH,HT N, O F8HE R A 2 ) 5 A FH s S it 170) B B R4

AIRRNFRREAEE (CaCN,) , ARETK, i FAE R FTR LT JRE k5 — RS A fE
TE BB B F VR R R TR Bl 32 8 ) AR, A R SR A et R o %) o i) 7 4 i R T A
) SRS AL - S Y A AR PRI U AR N, O HERCE A EL RN 5140, Hirono 251 BFSE R IR, 1
IKEALEE N, O BRHE R X FBAL PR (i A S Z = IR ) FIK T 51% , Yamamoto AUy R0 RS
B (pH=3.63) ALK LK M (pH=6.31) ita A KA, T 398 S0 8040 RN B il A6 A FH B 3 il 1 5 | ke
N, O HEH 3 AR, T RSG5 B9 R W, A U FAS (T Y/ b N, O HE, i 1T g R A% +
A A S BRI A 3 A A K RS A RN ] D0 AT RS R -4 NH v 34 A 1 4% pH
T, SN % K XU R i AH B R JC R A K R AR A K R AR R HE R A IS

ULAES AR A 3 B fR IR HLBR 2 B A R R 2 S S Rl IR O T e % i, 8
FAE A R R pH R B S R AR o A A R FOBS T2 PO TR A R U P S
NH, 1 N,O HERUAF 5T 50, Joik e vk £ K 2R T BRBE RN . R I, A 9 38 1 28 P AR A 401 6
WEFE A KR R kiR 2 it H 5 NH, AT N, O HEBURRE &L 5 3 NH; NO; \pH FHEARM E R IR
RV ENE AR HE 2 S AR IR, SRy il (A58 521 ) 7t FH A R 85 28 A VEAG B s 0 BRI
PEAL PSR

1 #ME5FE: (Materials and methods)

1.1 k4 4 5 ekt

A3 S RTAE A R 2= 50 F b, S b i 2 T, KT S A . R 1 B R
e, H R NE T - pHS.04 AL 12.69 g-kg' (A 1.12 g-kg™' \NO;-N 13.2 mg-kg™' \NH-N
31.2 mg-kg ™", AR 18.9 mg-kg ™', WA 157.5 mg-kg ', THEA T R 1.36 g-kg AR A KA S
R 21.0% , BRIR E & A8 17.2% R E S A & 46.0%.
1.2 I

TG R FH AR T 1 | 58K ELAR R 1 20 em, 2 KT+ 6.38 kg % B ATt EAE (CK) A7 KA
(LN) BRIRE L (AB) JRZE (Ur)4 MNACHL, B4 HE 9 W& 4 A H = 0 250 kg« hm 2 K5 FRIEEE N
24+1°C, B HEK /T FEHIFE 60+£5% (WEFPS) |, B K W I + 3% NH, N, O HEBGER (£ 3 4~HEK ), 1%
NO;-N NH;-N &l pH {E(3 MEE).
1.3 w50k

b3 NH, 4% K R AR 5400 R FH 738 OB BRI G ) AT R A, Wi NHL, B34 FH KC IR )5
FHEE B o A NH R BT AR R NH, #5 KHR.

NH, # & R A

c X

TAx1

Kb Fy h NH $E &R (LL4E N 1, FE) (kg-hm™d™") ;¢ AR TESERE (pg-ml™ ) ;VH

FNH3 x 107 ( 1)
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BRIRBARF (mL) ;A AW E RS IR A (m®) 50 REREM AITTE] (d).

3 N, O HERCRAE S /34T R P U S AL S AT B PVC AERHRUS, 28 MAR R I i
Py, EIRAR R (EAR 16 em 5 20 cm) TERA — S BURE 01 JE 0 TF 1 AT LA SR 7R 88 I 5 JE A2 DU J& A 7K
B (R JENAE 15 em FME 18 em) |, I BRI HE SR A = v BRORE S 7K PN i A G o 50 /K (A4 1A IS
JEIE 18—~ B PR A, 208 BE R 20 em. 7E 4 10,00—12 .00 22 [ASRAESAA  BHE] [A]FG 15 min, SRHE3 X,
FUCR MR 30 mL, I iE sRAR R N 25 SR R AE A K A 5 (251 7890D ) #E4 T 5E ,
N,O HEBGE R IR A R
X A—C X ﬁ X 273

At~ 224213+ T
o Fy oo N,O HEBGEA (LAAE N 3, IR (kg-hm™ h™") s H B4 A RS 10 & (m) 528 S EEJR
N,OH' N 20 F it (g-mol ") 522.4 JARifE RS R B A2 SBEIRIRBL(Lemol ™) 3 T A 78 R A i B v i 22
(AR A N SARIRLBE (°C ) 5 Ac/ At SERZSAE PN N, O ZE UL V] B PN B4 vk i Bt ) 25 P A%

N 12 (N, O HEfE NH,#2% ) 24

Fyo=H x 107 x 10° (2)

EF:—ZF“NZFOMOO% (3)

Ko F OB AR EE T A9 N,0 (=t NH, ) HE R B (kg-hm ™) 5 F oA ANHEAE AL R T (9 N,O (3% NH, ) HEjik
FRE (kg-hm™) ;N F/RA M) B A & (kg-hm ™).

IR R AR 5T R HBURE B8 AT AR AR SRS 1 ERE B 0°C Y2 IR A, R il 0 25 SR 4
— AN . - RS EUOR F 2 mol - L™ KCL IR BE-E 5 b3 S A ZUR H 2 mol - L' KC1 12 42-5540 7
FEOGCREE M AE . e & K & pH S5 F A AL AT 7 ik 0 AT R
1.4 B Ab 3

RIS HE AL R Microsoft Excel, G831 20 #7128 H SPSS19.0 Gt i #4447 B K 28 7 2243 M Fn £k 1k

S3HT.
2 ZER 5L (Results and discussion)

2.1 T8 NH A MRS 2R R &R
AN[a] b 439 NH, 4% & SRR BN 1.5 CK AL BRAR H | it FH U J5 4540 BR 24 HH B0 RH (8 (%) NHL, 4%
R FERARLENTE] D 4—7 d, W L BAE 1—3 d, 55 2.80—9.80 kg+-hm >d ™.

2r ——CK
—0—AB
—o—LN
=—tr=Jr

NH; volatilization rate/(kg-hm=>-d™")
(=21

0 1 2 3 4 5 6 7 8 9 1011
Days after fertilization/d

1 RFEAbBE 45 NH, 5 3R

Fig.1 NH, fluxes of different treatments during the experiment

AN R ZUIE NH, 5 % 05 25 55 B . TR S it A\ 398 5 UK fift ik S AL, 530 AB b 2R
T AR5 ST BN AR KR NHL ¥R, 55 1 d IA B E 6 9.80 kg-hm ™+ d™", 45 2 d 3% K R PE TN
2.95 kg-hm™d™"  FELE 4 d IR BR FHEZES CK MK, X 5 I0H% f#F 5845 50— M5 AB
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SEEEA PRI, Ur 5 LN ACBA7ESS 3 d NH ¥ & SRR B, 205100 2.82 .3.71 kg-hm™d ™", HAE &
WAL IF I 18 D DR Ay DR 28 it A\ 398 5 28 MR /K Aok 2t £ hy e i 6 sl e e & e, T 4 K R AR B V5 T /K I AE
R A A3 5 7 2ot A — U A SR PR R - R B (A AL R Ur A3 NH 8 W { f 2 1%
T AB AbH I HAESH 4 d NH 45 K BORPGE FFET 2.39 kg-hm > d ™' FEARGE R IE L I/, X5 FFE
S BRI S R AR — B LN AR P NH 5 & 1)k ) 7 d, IF HEARIS 1—3 d A9 NH, 7% & 8 R [ FE
FEE T Ur kb3 T RE 2 i T LN A0+ 80 S Ab i B2 BP0l 4—7 d NH, ¥ Kl R 3 i R AIG, -1
£ K TR 0.49 kg-hm™>d ™.

A AL FE NH, BRI & A% & 2280026 1.4 06 AR AL 3 NH, 2F% & 728 LN>AB>Ur,
I3 9K 15.65 14.06 . 7.04 kg-hm ™, [AlHE LN ZbFH NH 4% & 250 25 55 T HABALBR | b Ur F1 AB AbFEAH
XFFHE T 3.4 F10.6 4N H 43 4.

F1 RELFEW NH, 2FUE K& A NH, 84 R

Table 1 Cumulative NH, volatilization and proportions of NH, losses to the N inputs of different treatments

b3 NH, B4 & & NH, 1 52
Treatments Cumulative NH; emissions / (kg+hm™2) NHj; losses/ %
CK 0.75d /
LN 15.65a 5.91a
AB 14.06b 5.28b
Ur 7.04¢ 2.49¢

2.2 8 N,0 Heild A 5 BRHERCR R AR 1L

ANTEIALEE A3 N, O HEBGHE R E B ANE 2.5 CK AbFRAH Eug , i FH &I J5 44 1 B0 358 N, O HERGE i,
HEBOR W Ny 4—7 d, WAE I IRAESE 2—4 d, 185 4 20.98—34.52 g-hm > h™" it AT J= , A [a] i Fl B N, 0
HE R H R AR A0 B . 45 A B AE B 3% KT 46 B0 B M BT N, O HEgk, 55 1 d HERGE o8 17.17—
20.30 g-hm™h™".AB Fl Ur jifi A HHEJ 25 2 d B0 S 06k 34.52 F120.98 g-hm™h™" B J5 & Wi FEAR, 76
57 AR RN 5.43 g-hm™h™' F12.62 g-hm™h™" | 5 CK 43 22 5 R W 3% | B REASE SR HERGS #2E. i
LN A HE L IHEAA 4 d, 7655 2 d BIGAEIIE(E N 32.06 g-hm™>h™" %5 3 d s EKE] 6.14 g-hm ™ h™',
IFTH 4 KRG E - S5X BT 7K HAESS 8 d I BL—N /A N, O HE . 52 08 S 58 IRl B & BE,
AR ENHE 6—9 d N,O HER R BA BB M AR, IFAESE 9—12 d HHiR/ DR EE TS, S AR A A
I3 T R A K SRR A7 A S s U I ) e A AR A 25 S

s
by
1

——CK
—0— AB
—o—LN

kol L e
th S D
T T

=2
T

N,O volatilization rate/(g-hm 2-d ")
[
=

wn

=

7 8 9 10 11 12 13 14
Days after fertiliuzation/d

B2 ARFELEEE I N,O-N HE 5

Fig.2 N,O fluxes of different treatments during the experiment

AFEEAEANEE N, 0 RFHE R M HE R A an 36 2. 4B AL HE N, 0 RFHEE R AB>Ur> LN,
S350M 3.62.2.69 .2.07 kg+hm™ LN 4bH N, O HERE B E KT Ur A1 AB ALFHE 35X 5 F R4 Fn 548
GBI AE IR — B IRRE LN AR N, O HEB R Bt i LT H A AL B, . Ur A AB HIXTREAR T 0.6
0.3 A~ E 430X 5 5 AR 0 g 4 SR dE AR — 2, (EUR L LN AR BRI Ur A0 N, O HEfL R 505 51 A
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0.06%#1 0.11% X FAM IR N,O0 HE R L, R R ] BEJE AT A A R it A 5 TAMR, X 5H
AR GE 48 LA — 3 BN, O HET 2R 550 25 it A e P 184 0 1777 8 Y AR A

F2 AR N,0 RBHE AR

Table 2 Cumulative N,O emissions and proportions of N,O losses of different treatments

e N0 REHEHCE N,0 Bk R
Treatments Cumulative N,O emissions / (kg+hm™) N, O emission factor/ %
CK 0.77d /
LN 2.07¢ 0.52a
AB 3.62a 1.13b
Ur 2.69b 0.76¢

2.3 HIETHAMFE LRI

it JH B S 1388 v NHE-N 2 B8 A 3 i 8] 3a.AB Al Ur AbBRFERT 2 d NH-N & & B & T1e, 40501
WA 98.85—99.21 mg-kg ™'l 78.69—104.45 mg-kg ", BT 13 NH}-N & B2 i F#A% , 43 BIAE4S 9 A
10 d i53IFaE N 33.80 mg-kg ™ H133.95 mg-kg ™', V245 K IF A 8.10 mg-kg ™ .LN AL FIFERT 3 d NH;-N
T RN BN 72.77—112.08 mg-kg ™', B A ETREARAESS 12 d A 20F8E R 33.73 mg-kg ™',
I8 RBENR A 8.70 mg-ke™'.£5 Ll A1, 78 2—12 d HA[E], LN ZbBEA) +3E NHE-N 535 T Ur 1 AB b2,

AL H L NOS-N & f AL N R 3b AL 5 2% Ab B -3 NOS-N & S AF2e iy i, £ 15—17 d ik %
R EN 100.30—102.10 mg-kg™", 23 3G /N T 87.40—89.20 mg-kg™'. H:rh AB HI Ur Ab B AR fh AR —
F,NOS-N EHTERT 3 d B HORE K 453 51N 11.40 mg-kg™' Fl 12.70 mg-kg™'; 7E 4—16 d HK
HRBHT AR NOS-N &5/ 4.00—4.20 mg-kg™ A[E T AB I Ur ZbF LN ZEFEETH NOS-N &
SRR RS R R A, JETE S 17 d B R L BT 8 d R NOS-N i 8 4 K
1.60 mg-kg™" , 7E 9—17 d F-HIEERKIENN 8.58 mg-kg ™' 3x 5 H A ] 3 NH;-N & 8 R FRERF A Y &

SZ LN AAE 0—12 d HIEES A S m TR S & &, MS AN K18, X 5 LN 48 NH, K
REAEAEW) G X ) g R R EOL NH R TR R R B EDUE T LN b3+ s A fb a2 3 T
.

IJO: a. —+— CK [ b ——CK
_ —=—AB ~ 140 —=—AB
T, 1201 —— LN 21201 ——LN
— .
5Eu 100 —— Ur 2 00f ——1Ur
; 80 E 80 |
g 60f 5 60f
z %
5 40 w 40
Z o0t Z ot
0 n L s L L L L s n L 1 0 L ' L L L L L 1 1 L |
0 2 4 6 & 10 12 14 16 18 20 22 0 2 4 6 & 10 12 14 16 18 20 22
Days aftertilization fertilization/d Days aftertilization fertilization/d

3 R[EALPEL3E NH-N I NOS-N sh78 4k

Fig.3 Dynamic changes of soil NH;-N and NO;-N contents of different treatments

2.4 3 pH AR IL

AR5 45 b 38 398 pH A5 L AN 43856 [E] K Ur 1 AB Ab3E + 48 pH SEAM . T A KA
SRR B LN A FE 1—9 d P pH B3 & T AL EE (P<0.05) , AR #E T - 850 A5 U 0 = A=
NH, I [ 459 500 e i 2 T8O NH, 15 & 522 e K9 28w T HA A B A IR N ZE 56 10—12 d
i LN 4B pH {EFEKZE 8.00,5 CK Ur #1 AB AbFHIEA —2,
2.5 NH, M N,O HEBoHE % 5 HHEAER  pH AAHCHE

RIGWME]  NH, N, HE# R 5 4 rh NO;-N NH-N Hl pH fA4H i 3., Ur (LN F1 AB



12 1] AR AR HHE NH, N, 0 HER 2733

AEFRAY NH, 5 AR 323 5 3 18 NH-N & 2 2 TEAH G (P<0.05) , 5 NOS-N & i 2 i 2 JAH G (P<
0.05).AB 1 Ur AbFEAY N, O HEUE H 5 3 NOS-N & 5 B F AAE, 5 NH-N S8 58 R FIEME
(P<0.01) ,LN b3 N, 0 HEjif 5 H 44 NOJ-N NH-N &8 JC i Z A5 ME A, B AB AbBE NH, 5 & 3
544 pH 2 IEASCAM, A AR AL BRA) NH, A N, O HEi #2514 pH ¥R K 80 0 35 A0 k.

85
84r 3
83
82
8.1
8.0
79 F
78 F
77+
7.6

7.5 1 L L 1 1 L 1 1 1 L L 1 ]

0 12 34 5 6 7 & 9 10 11 12 13

Days after fertilization/d

——CK —e— LN

—— AB —&— Ur

pH

4 A[FIAEE A pH A2l
Fig.4 Dynamic changes of soil pH of different treatments

®3 AFEALEE NH, N0 HEiGE RS IR pH AT (n=12)

Table 3 Correlation of NH; and N,O fluxes with soil mineral nitrogen and pH of different treatments (n=12)

A i NH;-N & NO;3-N &t
Gaseous nitrogen Treatments NH}-N content NO3-N content pH
LN 0.854"* -0.830"" 0.255
NH; AB 0.784 " -0.839"" 0.759°"
Ur 0.754* -0.706 " -0.010
LN 0.353 -0.431 0.467
N,0 AB 0.890"" -0.859** 0.130
Ur 0.922"* -0.880"" 0.257

2.6 REMFAL LM

BAbH LR REAMIE NN TR 4 AN ARES 7 HESEA S & (102.90—
104.80 mg-kg™") , (HiBA R 91.9%—93.6% , LARKE , EEHIN T HIERSAS A & &, £3 NOJ-N &
T 87.37—89.16 mg-kg ™", tiliti A i 1Y 78.0%—79.6% , 4% it A Ak 4[] TG 8 3 22 S 4% it JIE Ak B+
B¢ NH;-N $hns5/NR 1.38—1.93 mg-ke™ AN A=Y 1.2%—1.7% , HA LN KbEE in i 0 E K+
HoAAbE , v] B -5 H SR 2 R AR 12 1T 5 77 1 50 BsF ] 44 0 A 0%, 45 il A Ak PEAUS AUIRUR B Ry 3.31—
6.37 mg-kg™", HE A 3.4%—6.6% , HH LA NH 5k 80 3, & E1 2.5%—5.9%.3 FRAERE
RBRAFAE L E S, RIMN AB> LN>Ur, #1K 55300k 6.37.6.15.3.31 mg-kg ™', (G A &M 5.7%),
5.5%%13.0%.

F4 AR N KA m

Table 4 Nitrogen fates of different treatments

U HHVE(N,5,) B REChE VST
by AN Increase of N, ; Gaseous N loss
it Increase of total e
Treatments § ‘ /( e Increase of NHj-N/ Increase of NO3-N/ NH;-N losses/ N, O-N losses/
nitrogen/ ( mg- kg
(mg-kg™') (mg-kg™") (mg-kg™') (mg-kg™')
LN 102.90a 1.94a 87.37h 5.48a 0.67¢
AB 104.80a 1.48b 88.80a 4.89b 1.48a
Ur 103.20a 1.38¢ 89.16a 2.31c 1.00b

2.7 [ it AT A e ek 2 A HE i
T HEAE P H A R R RO, AR 3 B BT NH, (N, O B GWP (73 5124 €O, 1Y 3.86,
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298 f37) 7 44 - HE NHL %R N,O HEHCOITE N CO, 25 (GHG) A4 B NH, T N, O HERG™ A A4l 28 A
Wz 5 Frs. & AE AL B A2 i GHG i 676.9—1133.0 kgCO»hm ™, Hr N,O HEG7 A4 /9 GHG 5 BHER=
[ 91.1%—96.7% ,NH, 45 % i 3.3%—8.9% AR AL PR 2= S ARHE (GHG) P A AB>Ur>LN.

RS OIF b IR E AR

Table 5 Greenhouse gas emissions ( CO,—equivalent) of different treatments

b GHG-NH,/ GHG-N,0/ Total GHG/
Treatments (kgCO,hm™2) (kgCO,hm™) (kgCO,hm™)
LN 60.1a 616.9¢ 676.9¢
AB 54.3h 1078.8a 1133.0a
Ur 27.2¢ 801.6h 828.8b

3 %4518 (Conclusion)

AR, IR N,0 A NHLHEHCRHE S BRR A B IR A7 A 525 5 41 AL A A A
N,O N, 0 HERCHE -5 1 R 3 o O 3 A6 TR S AR AL A7 46— N, O HPI B8,
N, O HEHCHE %5 1 HE NH-N NOS-N 5 i BRI, 77 5 BUR IR 2 AL NH, Hoi 90 Je i g 1,
T 0 50 6 5 76 L 04308 NH N 6t 0835 5 TS0 B NOS-N
R I PR BTV DL MR T N, 0 MR B2 T NHL 5, LI GHG H it 15
TR AL
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