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Ammonia volatilization characteristics and emission coefficients of wheat and
maize rotation in sandy fluvo-aquic soil under reduced N fertilization
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Abstract: [ Objective ] Nitrogen fertilizer application amount influences the total ammonia emission and
nitrogen use efficiency directly. We studied the characteristics of ammonia emission under reduced nitrogen
fertilizer input for the precise evaluation of the ecosystem effect. [ Methods ] Sandy loam fluvo-aquic soils are
typical farmlands in North China, a localized fertilization experiment was conducted in this type of soil, with
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winter wheat-summer maize rotation. Five N fertilizer treatments were setup in the experiment, namely no
fertilizer control (CK), conventional (N), optimized (OPT), reduced optimized rate (LOPT) and combing chemical
N with manure in optimized total N rate (mOPT). The N rates in treatments of N, OPT and LOPT were 315, 225
and 135 kg/hm’ for wheat and 330, 240 and 150 kg/hm’ for maize. The closed sponge method was used to monitor
the ammonia emission amount during the growing season. The ammonia emission coefficient was calculated, the
yield and N uptake of wheat and maize were analyzed. [ Results ] The ammonia emission of maize season was
12.8-20.4 kg/hm?, and that of wheat season was 6.8—12.0 kg/hm’, accounting for 5.9%—8.5% and 3.3%—5.0% of
the total N input in the two seasons. The overall ammonia emission in the maize season was significantly higher
than that in the wheat season. Among the four N rate treatments, the ammonia emission coefficients of N and
LOPT treatments were higher, those in wheat season were 3.8% and 5.0%, respectively, and in maize season
were 6.2% and 8.5%; while the ammonia emission coefficients of OPT and mOPT treatments were relatively
low, those in wheat season were 3.6% and 3.3%, and in maize season were 5.9% and 5.9%, respectively.The
yields of wheat and maize in OPT and mOPTwere all significantly higher than those in N and LOPT treatments
(P<0.05), which demonstrated that excessive or insufficient nitrogen application was not conducive to the
production of crop yields in sandy loam fluvo-aquic soil. Appropriate manure application could not only increase
production, but also reduce ammonia emissions. Fitting analysis showed that the ammonia volatilization of N
treatments in the fluvo-aquic soil had a significant exponential increase after fertilization (P<0.01).

[ Conclusions ] The ammonia emission during maize season in the fluvo-aquic soil is generally higher than that
during wheat season. The ammonia emission in maize season is higher after top dressing than after basal
fertilization, and the emission in wheat season is higher after basal fertilization than after top dressing. Compared
with conventional N application rate, optimized N rate could significantly decrease the ammonia emission amount
and the emission coefficient of N fertilizer, no matter combined with organic fertilizer or not; while excessive
reduced N rate would not decrease the emission coefficient of nitrogen fertilizers, in spite of the decreased
emission amount. Comprehensively considering the yield and ammonia emission, optimized fertilizer is beneficial
for both the yield and ecosystem effect under the tested area.

Key words: fluvo-aquic soil; ammonia volatilization rate; maize-wheat rotation system;
cumulative ammonia volatilization; ammonia emission coefficient
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Fig. 1 Daily average temperature and rainfall during corn-wheat season in Yuanyang City of Henan in 2017-2018
[ (Note) : al—TE KZ=ILACHFA] Time of basal dressing in maize season; a2— T Kk Z=iB LA [E] Time of topdressing in maize season;
bl—/NZZ2 ZEHLAEHT ] Time of basal dressing in wheat season; b2—/N22 36 JEHTF[E] Time of topdressing in wheat season. ]
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Table 1 Fertilization amount in different treatments of wheat and corn rotation system in fluvo-aquic soil

(&7 i3 UL N fertilizer AL B B
Crop Treatment S Total LA Basal iB/I8 Topdressing Manure P,0; K.0
/INFZ Wheat CK 0 0 0
N 315 126 189 90 90
OPT 225 90 135 90 90
LOPT 135 54 81 90 90
mOPT 210 73.5 122 3000 74.5 78
K Maize CK 0 0 0
N 330 132 198 67.5 67.5
OPT 240 96 144 67.5 67.5
LOPT 150 60 90 67.5 67.5
mOPT 240 96 144 67.5 67.5

i (Note) : CK—ANiifilt No fertilization, N—%# ¥jiti%l Conventional nitrogen fertilization, OPT—{ffLjifi%l Optimal nitrogen
fertilization, LOPT—IK=Jifi & Low nitrogen fertilization, mOPT—f:{kjifi & i45 HLAL Optimal nitrogen fertilization plus manure. 75 HLAC A # b

AR SR B0 0.5%. 0.55% H1 0.4%, $EJ5/334 N 15 kg/hm?, P,0,16.5 kg/hm? Fl K,0 12 kg/hm? The organic

fertilizer is pig manure compost, containing 0.5% N, 0.55% P,0; and 0.4% KO, equal to N 15 kg/hm?, P,0O, 16.5 kg/hm? and K,O 12 kg/hm?.
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Fig. 2 Sponge sampling device and field layout
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Fig. 3 Variation of moisture content, electrical conductivity and temperature at 0-20 cm soil depth
on the monitoring date in wheat and maize season
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Fig. 4 Dynamics of ammonia volatilization rate after fertilization in maize and wheat season under
different fertilizer treatments
[ (Note) : CK—AJii/I! No fertilization, N—7# #jifi%l Conventional nitrogen fertilization, OPT—fJifLjii% Optimal nitrogen
fertilization, LOPT—/Ik&jifi%&( Low nitrogen fertilization, mOPT—/fkjifi &I HLAL Optimal nitrogen fertilization plus manure. ]

7.22 kg/hm?, TEAEHASZ 5078 N 10.2 1 10.3 kg/hm?.
LOPT AbBEAI CK AbH 47 HEFE & T el .
24 XPIESENESERRESHLIAKERIE
A0 IVEES

W E RN R L2, SR o R
I R A A 2 R P 5 ) A P AR R )
., MWE 6 FaTiFE H, JLF A A B0 R
T 5 R AR DG, TR OPTAL B Y &
KESIRERN R EETTLIAE 0.83, s ik E
ILREASETE (P <0.01), AR BE SR M 4 /N -
FRBERREHE LW EZFNZE . X ARG
AR S OKE . SRR S AWM, 45
RRIBR T CK AL s 4 2 Rk 56, IF
H R 4351352 0.81 1 0.90 4k, HAKLHAY R 4351
A F—0.29~-0.35 1 0.01 ~—0.23, K sn 05 H
LRPEASE (P> 0.05), X Lb 4 NH,-N W 5248 %
MFHE KR RIG R, BRT CK 4b G & AH 6
Ah, HAUNHMN R AT 0.83~0.98, R HHRSRAY
LANEAOE (P <0.01), VLB S T e i 8 1k

BB R A A R R R
25 HBEIXRHANEZ-FXRBECRTRIAR, |
MR ERHBAY

Xif A ] i BE Ak B /N 22 — £ OK R AR R RAEW =
i, SR L OPT ALFE A mOPT AbFH T ok Z =t 43
4 10.8 F1 10.5 thm?, /INAZ 7= 543508 8.9 1 9.1
t/hm?, &8 THALLTE (P < 0.05); HK A N Al
LOPT b3, FKZE™ 4515414 9.8 Fl 8.6 t/hm?, /]
FZPRA M 8.3 F1 7.0 t/hm?; CK AbFEHFAR,
BERT L, 0 A /N T K S AR IO it i 22
I DERAR TP T, Btz Ak, 5T &3 LOPT
Ab 3R 2 FAE R AR e (48.3%~52.4%); Hik
S mOPT AbFH, /NAz | FRFBRNFIHZ BN 45.6% .
50.9%; FRK K OPT AbBR, H 9 2= S0 | 253 5]
N 42.1% i1 48.7%, T N ALHE (35.2% F1 32.9%).
vl B ek e R T AR T RUIE R, i RS i
BUAE A e i 7= s 34 AT LA 1 — 25 48 T+ R A R
BTt A R AR & R AR (8% CK b FR &
%), WF5E KL LOPT Ab3H i) & 4% & B i &K T2 Ah



240 BB, 55 ARSI TRV BT 4 XN —FORFE A A R R AR AR S ik 2R 353

TR FARFBIEE
18 1 . L . 18 . S .
Since basal dressing in maize season Since topdressing in maize season
16 16 |
4}t —CK 14 }
—— N

270 . opr 27
< 10r —— LOPT 10 |
£ gt —— mOPT 8t
2
Z 6 F 6 I
ek L I
Z 4 4
T 2t 2t
§ 0 1 0 1 1 1 1 1 1
E 6/10 6/12 6/14 6/16 6/18 6/20 6/22 6/24 6/26 7/12 7/14 7/16 7/18 7/20 7/22 7/24 7/26 7/28 7/30
z
= - e T - e
12 NI 12 NETFIBILIE
§ 10 Since basal dressing in wheat season 10 Since topdressing in wheat season
]
® o ogt
B
S[é
B O
it

4 |

2}

0

10/4 10/6 10/8 10/10 10/12 10/14 10/16 10/18 10/20 3/13 3/15 3/17 3/19 3/21 3/23 3/25 3/27 3/29 3/31

H 1 Date (month/day)

5 TEIBLET/IE. EXRZHEERERELE
Fig. 5 Cumulative ammonia volatilization since fertilization in maize and wheat season under different fertilizer treatments
[ (Note) : CK—ANJifiA No fertilization, N—% #iljiti%{ Conventional nitrogen fertilization, OPT—{t{kjifi%l Optimal nitrogen
fertilization, LOPT—{[X#jifi & Low nitrogen fertilization, mOPT—AffkJiti &0 inA HLAL Optimal nitrogen fertilization plus manure. ]

%2 MEERETERELEED -2, GEFAE, SRENELERAMAR
Table 2 Crop yield, nitrogen fertilizer utilization rate, cumulative ammonia volatilization and emission factors in wheat
and maize season of different fertilization treatments

e e it R *Hﬂf‘ﬁ 4 ﬁHEiF'J)?ﬁ% . ’ﬁ?&%ﬂ%‘%ﬁﬁ - %HFMK??&
Crop Treatment Namount Grainyield Nitrogen use efficiency Cumulative ammonia volatilization =~ Ammonia emission factor
(kg/hm?) (t/hm?) (%) (kg/hm?) (%)
K Maize CK 0 3.2d
N 330 9.8b 329 204 a 62b
OPT 240 10.8 a 48.7 143 b 59¢
LOPT 150 8.6¢ 524 128 ¢ 85a
mOPT 240 105a 50.9 1420 59¢
/N Wheat CK 0 2.0d
N 315 83D 352 12.0a 3.8b
OPT 225 89a 42.1 8.0b 3.6b
LOPT 135 7.0c 48.3 6.8¢ 50a
mOPT 225° 9.1a 45.6 7.5b 33¢c

¥ (Note) : CK—ANiifill No fertilization, N—3# #jifi&l Conventional nitrogen fertilization, OPT—/:fkJifi %l Optimal nitrogen
fertilization, LOPT—[{i=Jifi 2 Low nitrogen fertilization, mOPT—{fkjiti &5 HLAL Optimal nitrogen fertilization plus manure; [ 3145455 AS
[R)/INE SR R A R ] 22 57+ 4. % Values followed by different small letters in a column mean significant difference among treatments (P < 0.05) .
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Fig. 6 Linear correlation of ammonia emission with soil temperature, volumetric water content, electrical conductivity and

NH,"-N content under different fertilizer treatments

[ # (Note) : CK—ANJififil No fertilization, N—% #ljifi % Conventional nitrogen fertilization, OPT—{ifLJifi & Optimal nitrogen
fertilization, LOPT—{X#Jifi%& Low nitrogen fertilization, mOPT—fLJiti &I HLAL Optimal nitrogen fertilization plus manure. *—P <

0.05; **—P<0.01.]
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TN TR R RATE 3.5%, SARPRLR—
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Fig. 7 Correlation between ammonia volatilization and N application rate in fluvo-aquic soil
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