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Ammonia volatilization from fluvo—aquic clay soil and its influencing factors during wheat growing season un—
der different fertilization

XTAO Jiao'%, FAN Jian-ling', YE Gui-ping'? LIU De-yan', YAN Jing’, LUO Jia—fa*, HOULBROOKE David J ¢, DING Wei—xin""

(1.Key State Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
2.University of Chinese Academy of Sciences, Beijing 100049, China; 3.Fonterra—Farm Management Consulting ( Beijing) Co. Ltd, Beijing
100006, China; 4.Land and Environment, AgResearch, Hamilton 3240, New Zealand )

Abstract: Ammonia( NH;) volatilization is a major path of N losses from applied nitrogen fertilizers, which not only results in economic loss—
es, but also poses risks to the environment. A field experiment was set up in Yutian county, Hebei Province, to evaluate the NH; volatiliza—
tion in fluvo—aquic clay soil under applications of different fertilizers. There were four treatments with four replicates per treatment : fresh
cow manure+urea(RAW ), composted cow manure+urea(COM ), NPK fertilizer(NPK ), and control with no N fertilizer(CK ). The manures
and chemical fertilizer were applied at a rate of 225 kg N +hm™, with half mixed into the soil as basal fertilization before planting and the
other half applied to the soil as a top dressing after plant emergence. A continuous air—flow enclosure method was used to monitor NH;
volatilization rates during a winter wheat growing season. The highest cumulative amount of NH; volatilization during the wheat growing sea—
son was measured in the RAW treatment with a net loss through NHj; volatilization of 1.97% of the N applied, which was significantly higher
than that in the COM and NPK treatments. Up to 80% of the total NH; volatilization occurred after top—dressing. Soil temperature was iden—
tified as a key factor affecting NH; volatilization during the basal fertilization period and the flux of NH; volatilization was significantly cor—
related with soil moisture and NHi—N contents after top—dressing.

Keywords : winter wheat; fresh cow manure; composted cow manure; ammonia volatilization
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Table 1 Basic physical and chemical properties of soil

+ 2 HE FHLK E 2 A A Akt Soil texture
Layer/ pH Bulk density/  Organic C/ Total N/ Ammonium/ Nitrate/ Total P/ Total K/ Fhkr b kL

cm grem™ g-kg! g-kg! mg-kg™ mg-kg™ g-kg! g'kg’ Clay/% Silt/% Sand/%
0~20 8.02 1.30 12.07 1.22 2.27 12.16 0.71 23.88 44.20 49.80 6.00
20~40  8.10 1.48 7.48 0.60 1.59 3.95 0.51 25.05 37.80 55.90 6.30
40~60  8.07 1.54 5.88 0.40 1.65 4.65 0.50 26.22 40.10 55.80 4.10

=2 HIXEVRERMER
Table 2 Basic properties of organic manures
HHYUE T¥)5i & & Dry AWK Organic 4% Total N/ 7S 4 Nitrate/ 227520 Ammonium/ 48 Total P/ 44 Total K/

Organic manure pH Matter/g kg™ Clg C-kg™ g N-kg™ mg N-kg™! mg N-kg™! ¢ P,0s kg™ g K,0-kg™
MR (COM) 7.32 706 241.7 5.79 58.40 66.53 1.74 2.10
Bl f 2 (RAW) 7.26 679 316.2 2.48 46.57 66.62 0.51 0.86




B R AR T /N T R S BRI R 2013

SEET 2013 4 10 H 26 H i, 377 BR##E, 10
H 27 HEEFISHEK . JBRERSR] S 2014 424 H 2 H,
it HE 24 H 7K o S AEAE it F J5 vk H 6 204 &
FE 2014 4E 5 F 30 H/NEWEGRER . DL CK AbBR
FEABAE e s s ki, T T A Ak 38 e st
W3R R
1.3 SELZNE

SN AV 5 SR P [ % P 4 Ak, ) 2
243 FR R A S 2 A PN 9 R H 1 2 (N H, ) B
I LB 2900 R 1 1 SO, IR T I R v
W AR E R 0.01 mol - L™ HoSO, i 2 , THE I
R, BEERRE PVC MR R 5 22 (5 8
em, EL42 15 em) 250 mL P60 FN 52 33 Sl 2500 ¢ -
min™ PILES FARE 1) MR, 250 = 8 TR
I B, R 15~20 YK - min” R
7, BR B4 8:30—10:30 AR 4R 2:30—4:30 &,
DL 4 h i (BT AR R 244 R G o, RREN e 2 A%
Jit Ak PHR 2 A 3 e e B AGE Nt S
FRJIN S FF [] 1) Ry 18 d AT 15 d

BRI AT
Cx(V=V,)x14x24

Mxhx100

K F R R % kg N-hm?-d™; C AAnifERR M
B mol - L™ V A it Vi 28 THAE AR MERR AR, mL; V,
R P E EAE R R HERR AR TR, mL s M Ry %% P %5 7 o
B AR, m? s h R RN 2 5 K Y IRETE] b 24
5100 S 25K
1.4 HiEEFRREMSH

RUYGEIEE 5 1.3.5.7.10,13.15.17d, HE
122 em B AR /NX 0~10 em Y2 5 T3
i, TR GRS 1A o 1488 /KR T30 5 . NH-N
I NO:;-N F it 2 mol - L' KCl iz #2 (UK -1k
5:1), i 843 HrAX (Skalar, faf 22 )P E . pH (ERHA 1:1
TR, AT E s HIEA DL 2R e
BB R PR R TR E

F=

.....................

B 1 fiELHE#HREETRE

Figure 1 Sketch of monitoring system for ammonia volatilization
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Figure 2 Temporal variation of ammonia volatilization flux after

fertilizer application



2014

BN R £ 35E5F 104

G BRI K e — H SR, A [FAL 3 R
R BRI : RAWSNPK>COM>CK , RAW Ab 3 i}
=T NPK 1 COM AbBH,{H COM 5 NPK Ab B[R] 2 5%
A BNEJE £ A PRI AR AR A B I TR
Joi, oA RAW 2b 38 AR 24 K it e i L, TR B 4.21
kg N+hm?,COM 4L B A 3.05 kg N-hm™=, NPK 4b#
2.68 kg N-hm?, RAW AbH B AR ERE R T
HAbALPE(P<0.05), FEFEA/NEHEKZE RAW .COM
F1 NPK Ab B 2045 & 43 5~ 5.06.3.76.3.40 kg N -
hm? GBS A9 285 & 1 2 YOiliIE B R )
80% /47 - RAW AbF Y 2 #4 /2 1t Lt COM #11 NPK Ab3
Ay Sl Y 25.7%F 32.8% , 25 53k 3 i K F- (P<
0.05). COM AbPEL NPK AbH 5 0.36 kg N-hm?, {H 2
FSARE(P>0.05),

JEAEAL B b 2 K i e — 2ok A A, Ut
/\E?%F%*ﬂrfxo TRHEAL AL A A LR I R

| FAE
08} -y TT
Ecoene
0.6} [ —
i
P i g |
g2 04F 4 -
<~ A I e L
CA w 3
=< 0.2} - |
i i ..'f"h -
E 0,5 ..........................................................................
5= | -
£ 4f >~ 7 ¥ apm
3¢ B -
=0 B s
| E A A
2 w -_- ﬂ-\.-.:"-'.“
| x ot
vy Mt
05 B L il A ,
0 2 4 6 8 10 12 14 16 18
it A e KA
-+ CK =i~ NPK -#-RAW -#- COM

B3 MEERPERRIIERE
Figure 3 Cumulative amount of ammonia volatilization flux during

wheat growing season
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Table 3 Cumulative amount of N losses through ammonia volatilization and its ratio to N applied during wheat growing season

FLAE Basal fertilizer

JBAE Supplementary fertilizer

44 F W Whole growth period

AbFE Treatment P . e v . — o - —
R K kg hm™ Pt L L 1/ % IR kg hm™ HE AL /% B K it /kg-hm™ it 2 L A1/%
CK 0.29¢ — 0.34c — 0.63¢ —
NPK 0.72b 0.38 2.68b 2.08 3.40b 1.23
RAW 0.85a 0.50 421a 3.44 5.06a 1.97
COM 0.71b 0.37 3.05b 241 3.76b 1.39

TE [R5 AN ) 5 B 2R 22 T e 22 S R 3 (R 25 /K1 (P<0.05 ).
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Table 4 Fitting of kinetics equation between cumulative ammonia loss(y) and time(t)
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AT R? a7 R?
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RAW ¥=0.307 8In(z)-0.028 1 0.983** y=1.150 27In(¢)+0.902 8 0.942%%
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Figure 4 Dynamic variations of air temperature and soil moisture

content in surface layer during monitoring period

NPK 4h P 4 € NH;-N & S 7 B )5 265 2 d 58 %
5, M 370 mg N ke, ILJ5 B F M. 1BIE)E, 1%
NH:i-N 5 1 A8 b 35 5 G4 FE R R I A8 AR —
NS EE 1 d RIS RAE, 56 3 d Ja & Ab 2 1 4%
NHi-N &2 T, A TP ACRAES U6 16 AR A R
RIKARAE 3 d WEEARSERL. ILAh, iB AL NHi-N 11
Tt TR

A4 T F HH , REA it F Jo 24 % 1 5 < AT
EERBEMIRRGES), HIEESKESH B R
PR B R SRR I B A G (K G R A HH B TE L
HEAbE 38 NHi-N & 5 25 A sR i —g
B S , (E B A R B 5 2 K o BRI, 3K 4

during monitoring period

NH:-N &8 584 ki 2 B EME, S 4AE
Y L SIIP S S IIPSUITE i o o8

3 1tie

3.1 AEIMEAEA R TSR A R KRR

AT H A& 7N AN [ i R Ak B SR B 4% % Ry
3.40~5.06 kg N-hm=2, JEARMR W QI L HBKR RN
1.23%~1.97% . XFF g & Fedg ol £+, Cai ™R 1E
4 R RN 5 B AR R AAAE 1%~20% 2 7], {5
J5E S PN 2 1) /INFE TR A R Bk 13.31~17.89 kg N -
hm2, BEARFE R 2R R 7.54%~11.93%, 5 Ha 2 2
e b A e ] b I A A& /N2 RN B
RIRAEN 9.5% ARIGEE R 5100 AN A £ Bl
FHEE  IEAREU 2R R R AR AR T FER A5
eI+ EARIS 2SR AT R B 2ok A /R



2016 E3555 108
®5 SEFELZBRESRE TIESKEM NH-N FEMHEXXER
Table 5 Correlation between NH; flux and air temperature, NH;—N concentration or soil moisture following fertilization
during wheat growing season
i - T e N
Treatment dm K NH;-N & il T K Soil NHi-N &
Air temperature Soil water content NH;-N content Air temperature water content NH;-N content

CK 0.673%** 0.367 0.717 0.403 0.901* 0.910*
NPK 0.838%* 0.407 0.358 0.230 0.870%* 0.984%*
RAW 0.796%** 0.788* 0.307 0.239 0.864* 0.993#*
COM 0.678%* 0.716* 0.135 0.316 0.974%* 0.906*

TE % 5 0 3R AR AR B 1A 5] (35 (P<0.05 ) FIHR fi % (P<O0.

BRI RN R 1%~4.2%., 57 LG R A RE 5 14
PR DG, A g At 1 SRS B & R e B i 2
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