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Ammonia Volatilization from Soil as Affected by Long—term Application of Organic Manure and Chemical
Fertilizers During Wheat Growing Season
NI Kang'?, DING Wei-xin', Cai Zu—cong'
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Abstract: Ammonia (NHj,) volatilization is one of the major losses of applied nitrogen fertilizers, which not only results in a loss of economy,
but also poses a risk to the environmental ecosystem. The rate of ammonia volatilization following fertilizer application is strongly affected by
many factors such as soil properties, temperature as well as type, application time and mode of nitrogen fertilizers. To find optimal manage—
ment practices for increasing nitrogen use efficiency, a long—term experiment was established in 1989 including seven treatments. i.e. organic
manure(OM), half organic manure plus half chemical N fertilizer(1/20M ), NPK fertilizer(NPK), NK fertilizer(NK), NP fertilizer(NP), PK
fertilizer(PK) and control(CK), six treatments of which were used to monitor ammonia volatilization during the wheat growing season using a
continuous air flow enclosure method in the North China plain. The flux of ammonia volatilization was dramatically influenced by fertilizer
type and their combination. The highest cumulative amount of ammonia volatilization in treatments NK and OM was 17.89 and 15.70 kg N -
hm™, respectively, as urea was applied at a rate of 150 kg N -hm=, which accounted for 10.47%~11.93% of the N applied and was signifi—
cantly higher than the values in treatments NPK, NK and 1/20M. The flux of ammonia volatilization was significantly positively correlated
with air temperature. And irrigation following basal fertilization greatly reduced ammonia volatilization. Our study indicates that NPK bal—
anced application and combination application of organic manure and chemical N fertilizer could lower ammonia volatilization.
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Table 1 Selected physic—chemical properties of the soils

b pH ZHE/grcm® CEC/mol - kg™ B HlBR/g kg 25 /g kg BB mg kgt A fmg kg
OM 8.29 142 8.0 8.72 1.06 17.5 179
1/20M 8.03 1.46 7.6 7.24 0.93 13.2 171
NPK 8.38 1.52 6.6 5.68 0.70 11.8 164
NP 8.39 1.50 74 5.28 0.65 9.6 56
NK 8.46 1.56 6.4 4.08 041 0.6 305

CK 8.55

1.58

6.5

3.90

0.40

0.5

76
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Figure 1 Sketch of the monitoring system for

ammonia volatilization
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Figure 2 Temporal variation of ammonia volatilization flux during the wheat growing season
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Figure 3 Cumulative amount of ammonia volatilization during the wheat growing season
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Table 2 Cumulative amount and ratio of N loss through ammonia volatilization to N applied during the wheat growing season

4T Treatment FLAE Basal fertilization JBAE Supplementary fertilization 24 FH Whole growth period
RIERE/MgN-hm” A LLH)% K E /N -hm™ HIERLLE% B ER/kN-hm®  (GHEELE)%
oM 15.68b 10.45 0.02a — 15.70b 10.47
1/20M 11.33a 12.59 0.09a 0.12 11.42a 7.60
NPK 11.84a 13.16 0.30b 0.49 12.14a 8.09
NP 10.92a 12.13 0.39b 0.64 11.31a 7.54
NK 17.68b 19.64 0.21b 0.36 17.89b 11.93

Y [RB e R 74 7 2 TR LB SOk B3 KF (P<0.05 ),
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Table 3 Correlation between NH; flux and air temperature, NHZ
concentration or soil moisture content following basal

fertilization during the wheat growing season

Ab 3 gt NH;-N 4 i TREKE
Treatment  Temperature NHZ content Soil water content
oM 0.381 0.805%* 0.490
1/20M 0.251 0.941%* 0.485
NPK 0.866%* 0.031 -0.313
NP 0.826%** 0.135 -0.358
NK 0.906%** 0.037 -0.264

e+ 5w SR RIRR A SR RA B B 3 (P<0.05) Flilk B3 (P<
0.01)7k ¥,

FEAEHA A B SE R E504E F Elovish 31072 5 R MXT 45
LA RAER (R>0.59) , {H J& X 31 AE 17 8] A9 B4
FIRLE SR AR (R<0.4) . Horp G R R 32 22 2 58 A A
[ S R RARAIG , I 30 R A ASI £, (A5 &2/
X ZEE R FREBE R FRRPH b FRE
1d MEELR R, <0 R K ERIREE KA
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HER 3 ML) b HI R TUE, X RSN R R
FESE 1d RERIKBERTZ, 1ENEHERIEL
NHi & 8 R , B K B IRAGE ZE TR . i
FAE VRO IREY b KT 0, = 1d 5t
A EHERE, XS5AVEASEH NHIA X,
FREFH o ([EREAHERE v B In(0) IR, 7
AHFEBTEI BN (10d),5 M AR o (25 57 B3
(P<0.01), H:ff NK 4B K, 1/20M AbFEE/), 433
A1 8.649 Fl1 3.695,NK AL PR H 1/20M 4b¥E 1 f5%,
BAEHAE] b (EX R TE, R AR RN R R
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20M B K ,OM &/, 43 5k 0.682 F1 0.009, H 5
FERB R kR 5T, 1/20M A FE ) o
{BR Tt AL 3 AT BB 55 LR A IS M =G 5%, T OM 4k
FHARFEALE, BRI EOT BRIUE S T AN
BIERR T, 3t H NK A EA BEERE S
R EREE R 32 F Elovish 3 122 75 #2 (y=aln(2)+b )Xf
Ak BEHE S E#TIE C 7R L
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Table 4 Fitting curves of kinetics equations between cumulative losses of ammonia(y) and time(t)

AbFR FLHE Basal fertilization JBHE Supplementary fertilization
Treatment #1475 Model equation R? G52 Model equation R?
1/20M 30 Y=3.695In(z)+3.846 0.598%** Y=0.682In(s)-0.577 0.201%*
NK 30 Y=8.6491n(t)-2.491 0.635%* Y=0.1011n()-0.087 0.186**
NP 30 Y=5.411In(z)-1.550 0.862%* Y=0.187In(z)-0.162 0.338%*
NPK 30 Y=6.126In(1)-2.241 0.834%+ ¥=0.1361n(5)-0.126 0.166%*
oM 30 Y=4.824In(t)+5.599 0.862%* Y=0.0091n(z)-0.009 0.393%*

e 5 BRIFORAK A E]E 2 (P<0.05) Ak B (P<0.01) K F,

Ouyang % BHL, &UAE ECHEBEH AL AT LAAG 2500 i =4
&, FIRIEE Pt i BERR A AU B R T A 4
pH {H, [R] B4 2 1t 7T DAFE - S0 o %) H3g 46 1 o
FeAR 38 pH A, T80 T HIEEIER o Reddy 1
RIL, REWCHE KCl )5, B R 2 X I FE 8%, 4%
5, NK SR L Pk & B2 = T NPK.1/20M
NP Ab¥R, s g2z S 8k A A S NE G S - L 5
AT 00, NK AbHREL ARG G 38 NHi & BRI AR TH
fhAbHR, NOs & B MZEMEAE F AT 6 d AXTEAE, FTRES
BATZE N IR FKS M NK A BEASILEE 155 F
NPK.OM #1 1/20M 23, FE{% T NHi%: 4k NOsEE
BRA K 5 T - R 1Y) PR & K Ff B 77 th P B 5380 NH:
TREE NK SHEERFEEX—RE, BREAB
5. HEEAYURPLE A AT 8= K& NH, i S
FORZIMEE K (BRNER 1 RE ,NK b3+ AL
S BARME, P A KB NH AT REM AR K, IR I NK
W EERRTESRARNERNFER. 5
NPK Zb3EAHE, AVAEAAE At B E RS T 1R
HR(E2), 5FHHEERKH LRB LR
ANR—E, ffi1E A VUL BEEE NPK ZhBRREK T
IR, P R 22 5 G IR R AT BB F T K
AL AP NH; , WTFRRAR T &0 M,
677 Fatb - S FL AL it A S B TR A9 38 pH B, 7
B BT HEK S LT B HLAE A i NHIR PR LY
Rkt 3%, WE 2 AT, BYLIEA R KEHE LR
TR R H B[] B S R T ICA LA AL B, 8 ALAE 5 Y NH:
FER AL JE AR ARAT BB, AT X B B ] PRy v o
BIER . REFERRTEE 2~4 d A BE/KA#H NH >,
DN I R (2 e A WLAB AR BN IS . 53— T , 1
THEtRE IR, IRE RS 7 d 224 90% LA L N
EAFEAHAR, #F— B RS T &R HRY,
3.2 MEREFHRIEZ M
RERBEZAEEE B R EYERM

NHiVR S R . IR, SR X Aok
REREEN 3 MEER, EHAMIETHTFRENR
S RZ AOhEEH, FIEIE R SR B
J2 - A v R A B ), SR SRR Y R
AISIE 3 FE K P NH: & B AR IEAE%
KR, St /NE FLAE B A R R 5 R IRAH S
Mres Rz (35 3), THLARIE B EIE R HER SR,
R EA BERMIEMIKR, R ETE 0.866~0.906 Z
V5] o 38 B X M R R F R AL 2 SR T R
BT RMARY BB, S ARBES T s R 7] M
o WeAh, IR EE R FHET RAKE i PR K f R e | 135
WAL, 7€ pH (AR 8 B, 15 CHRMA T ELE
NH; #4929 CHF Y 2 £508, AR, A HLAEAL 3EA
BRHERGIRZAEA BEXR, RPG LA
G R TR 2R 7 oAt PR A 1 A HLAE R 5 2 90
HEREH RS, T NHi S5 BOLBK(E 5),F
BLEN A MBI AN 8 NH , T TCHLAE AR B JR
E KRR TE AR E NH, B R RN A 2
FRIEFREOLT, MR L A EER W, 1
BHUEHEL MRYRD BT, BA R EENE
M T, B, SR S5 SIERA K R 2P LN

- K 43 X R K B B W SCHRHRGE R — B,
Alkanani %™ YR FRSLIG KB, R R R HEKMF T EHE
REFE T E/KE TS . Fenn 2045 H , 24+
HEE K BRI FAE 8%Rt, HHUKASENEEL
FIZZ AR/ o Bouwmeester 552 Z B, IRE R RS
s HIE KA X, B 80K A& & EFH10%
i, B R B LR 8%, JRIBESYELIE PR
RRMNEEREN, EHARES K EEZ
B TC R R, R R S /K & (A H B s [a) $2
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FREFR AR R , A0 SRR K , KR IR &
BEKB AT 28, 8007 3 B0k %t NHE A ugz Bt A
IR R LR, 3 B RIE T B3 — & R 5 1
T &Y B ETHE L ERE R Y, EK R
X G R AR BB R 5 R AR 56, A HLAE AL AR
EREREG HIEOKERE —EMIEMHXER, MIHL
JEAbHRI] 5 A (35 3)

H & 4 AT AE 1, ARG , 30K 03 s R
K, B HEEKEEZEKTBEE(P<0.01), 85
(4 -3 K B PT AR R BB P A NHL I T &
43P, T JEHLAE (NPK NK F1 NP)Ab PR 15 & %
5K EZ RFERMER, BB E A L5
PR —ERE LA REERERE , A YUEL
FifY) OM 5 120M MEIERERE S HESKER
EHXKR, SIRESHE R BRFE, XA REEN
A HLIE AL 3R ) B84 K o 8 1) B KA HE B TE e AT
KGNS H oK MIEEE S %,

+ 3 NHIVEARIE R Y FRIE, kB 58
HERERFVIMLY, FralBEREERERYS+
HENH; & B 2 IEHE, H XA 5 A YU A2 3
KRB EKFE(F3), WA S FrRrEhE LN
SRACTITLIE H, ZEAEH 3k NH S B2 S T
EAESYT,  HHR I B S PR 2R K S R SR A 5 W R BT 22
WP, H R S5 SRR 2435 B 23 CRE3I 4 CRi, iR
BEEHEAUEAR T 25%, Xt +3ERE 5 B NOs S B b
GERRIR, BIUHERE AN NOs & B2 R AR K, T NH;
&3 NOs AR TR, o7 LRI B AE A 8] (SR
Xof FRE K S AR KR, TR I K A T B s
WHERE Z 7] NOs & B2 R FE N K JBALJE AREK
ACKHERE R ZH AT 2 8, 80 T -+ 500k Y
W, Rl 3 K TR R 5 R A A E A, i
BT IRE KRS NH ST 2
3.3 TEMRIEIEL M

RS R (ES), BREE LR S L5 pH
H. AEMERE —EREMIEMR, 5 LEA L
[ CEC 2HAHK, Hi5 pH XRKXBBEKFE

x5 EREELEE TEMRZ 8K Pearson fHX R EL
Table 5 The Pearson correlation between cumulative amount

of NH; volatilization and soil properties

MHERE AE TEAN HETFRE AR
Correlation coefficient ~BD P ®SOC #E CEC TN

EMEHEER 0231 0977* -0.067 -0243  0.147
¥ 5 e S3RIZEHETE P<0.05 1 P<0.01 /K A3 B EHHR,

(P<0.01), 357K I xE 45 FAH — 2, pH (B 7T LA
hnR NH:[n] NH, # 0, B RREER#ES,
WA REA G, -3 pH (R MEAH K EE
B HZ—", Duan %% &I 1+ CEC X &#H
REAIRE B AAHEEE , CEC MR IER MM E 3=
LR CEC AT AN N +-3EXT NHI AR 25 &, F#AIR
TR TR SR, FRHEE ST CEC 513EH
BT B ) s AR G, R 3 K - S AL & & vT DL
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