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Combined effects of coating/inhibitors on N,O emission and ammonia volatilization in farmland soil

BA Chuang, YANG Ming, ZOU Hong—tao", JIANG Yi-fei, WANG Dan-lei, CHEN Song-ling, YU Na, ZHANG Yu-ling

(College of Land and Environment, Shenyang Agricultural University; Key Laboratory of Arable Land Conservation (Northeast China ), Min—
istry of Agriculture; National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources, Shenyang 110866, China )
Abstract: We examined the effects of coated fertilizer plus inhibitors on N,O emission and ammonia volatilization from soil using both closed
static chamber—gas chromatography and aeration methods in pot experiments. Our results showed that the application of encapsulated urea
in combination with inhibitors could delay the peak occurrence of N,O emission and ammonia volatilization compared with urea treatment
(U) alone. Cumulative N,O emissions from the treatments using film—coated urea(T,), film plus inhibitor—coated urea(T,), inhibitor—coated
urea encapsulated by film(T;), and film—coated urea blended with inhibitors(T,) were significantly lower than that of U by 27%, 39%, 49%,
and 39%, respectively. The N,O emission from T; was the lowest(0.87 kg N-hm™). There was no significant difference in N,O emission be—
tween T, and T, treatments. Similarly, coated fertilizer plus inhibitors reduced soil ammonia volatilization. Ammonia volatilization under the
T, treatment was the lowest, at 13.68 kg N+-hm™. The amount of ammonia volatilization under treatments T,, Ts, and T, were significantly low—

er than that under U by 34%, 45%, and 31%, respectively. Maize yields under treatments T, and T; were 13.03% and 17.98% higher than

Wi HEE.2017-11-07 FFHBHI.2018-01-10

EEEN B B(1993—), 2 30 TR W58 A=, LT 7 10 A IR ZE SRS HE . E-mail : bachuang0709@126.com

*EISIEE APELE  E-mail: zouhongtao2001@163.com

EEWA : [ A RBIERAIH (31572206) ; [F ZRH S #5 H (2015BAD23B0203 ) 5 1L 745 “H T AA TR 1L T &S 2R AA S50 H

Project supported: The National Natural Science Foundation of China(31572206); The National Key Technology Research and Development Program of the
Ministry of Science and Technology of China(2015BAD23B0203 ) ; “BaiQianWan Talents Program” of Liaoning Province; Innovative Talent

Program of Institutions of Higher Learning of Liaoning Province



1292

RAIMERF 2R R AR

that under U treatment, respectively. Nitrogen utilization efficiency under treatment T; was up to 58.22%. Ultimately, the cost and benefit

analysis results showed that, compared with that of the other treatments, the net benefit of T; was the largest(3 061.6 yuan+hm=). Thus,

coated urea plus inhibitors could reduce ammonia volatilization and N,O emission, and subsequently increase nitrogen utilization efficiency

and maize yield. Moreover, T; was more effective than other fertilizers.

Keywords: coated urea; biological inhibitor; N,O emission; ammonia volatilization; cost and benefit analysis
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Table 1 Physical and chemical properties of tested soil

AL AR A R B
pH  Organic matter/ Available N/ Available P/ Available K/

gkg™ mg-kg! mg-kg™ mg-kg
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Figure 1 Equipment for determination of

ammonia volatilization from soil
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Table 2 Cumulative N,O emissions of different treatments

A3 FR e kR
Treatment ~ Cumulative emissions/kg N+hm™ Loss rate/%

CK 0.47£0.01e

U 1.71+0.07a 0.52

T, 1.25+0.08b 0.33

T, 1.05+0.05¢ 0.24

T, 0.87+0.01d 0.17

T, 1.05+0.02¢ 0.24

TE R F RN AR H M) 22 5 9. 3% (P<0.05) . Rl
Note : Different letters represent significant difference among different

treatments( P<0.05). The same below.
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Figure 2 Dynamics of N,O emission fluxes of different treatments
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Figure 3 Temporal variations of environmental factors

Ammoniam volatilization rate

RS A kg N-hm 2+

K, 4 24.66 kg N-hm?2, NH,-N 5122 K 8.67%., 5 U
AEFHAR LG, T ~T, b3 R & 5 k> T 8% .
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Figure 4 Dynamics of ammonia volatilization rates in different treatments

Time/d

F(P>0.05), T, 1 T AbF =5 b U b FR43 1) (2 5448
T 13.03%F1 17.98%(P<0.05), H 5 T, AbFii 25 5
BE, HTL5 T, M HERARE, T, 085 U
Ab PRI 4.93% , A A EH] B EKF(P>0.05)

At AL P KRR R AT BRI LT AN
FACFE, FP DL T Ab PR, 5 U AR FRAR LG, T, Ab 2R
FEAC . R A A R E A G T 6.63% .6.08% F1
6.91%( 3 4), FHAI AR RS, T AP
", N58.22%, HIK K T, T\ U Al T, &b 3, 4350 K
49.04% .40.69% .28.08%F 26.38%.
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24 AEIBRR AL ST

AR 8 AT A R B (£ 5),T) T T AT, Ab
FHAY S 5k T 20.56.77.68,101.80 JT +hm™ 1 71.29
JG-hm? AUIREERLEE, HLIXCH A IR Bk 2% 32 B ek
AR AN A TR . T T TS AP A 1
LTI KT A, G335 M 287.56.1 988.08
JG-hm? 13 061.6 JG-hm™, 1fi] T, ZbFH=4: T 1780.31

3 FAEARERELRERE

Table 3 Cumulative ammonia volatilization of different treatments

N2
>~

JG-hm? I ARES
3 g

JRESA -3 AEMREEVE R THUH KO B s
PN e NN NV S xR L i S T (AR
A=A N0 1R P 25 204 B 1= 1 NLO HETCR
R 2 R T AN A B, 2R W it RUIE ]
PERE IR AN N0 HE ™, U AR BE 2~4 d )5 -3 N.O
HETRCR A5 BUHR O, 3 53 SEE R 46T
WA 2Rl s PR A AL (T ~Ty) Kb B BR SE IR T

o

: [HE %
Trmiment_ Comilativg ootk N-hm® Low sl NP 42 0 T T, SBT3 2RI
CK 3.86£0.96¢ R TR R T E A IR RS R IR O B GE R AR
v 24,6641 550 567 TR KA I R SRR 2 B L et
T 22724062 739 BB o0 AL R R R
T e
; poson - T, AHHHE N.O BRI BT U A,
T~T, b T, 203 438 N,O SRR /N, KB A
%4 RRLEXER=B MR REEHFAZOLM
Table 4 Effects of different treatments on maize yields and its components and nitrogen utilization efficiency
Ab P 3N il FRLE i RACFIHZ
Treatment Ear length/cm Ear diameter/mm 100-kernel weight/g Yield/g-#™ Nitrogen use efficiency/%
CK 18.80+0.70a 48.33+0.05b 32.17+1.53b 209.02+2.67¢
U 20.07+0.90a 49.33+0.05ab 33.70+1.06ab 252.33£9.93b 28.08
T, 19.07+2.65a 51.00+0.26ab 34.37+2.50ab 255.80+6.55b 40.69
T, 20.60+1.68a 51.33+0.15ab 33.93+1.51ab 285.20+13.43a 49.04
T, 21.40+0.46a 52.33+0.21a 36.03+1.80a 297.70+£6.62a 58.22
T, 19.40+0.78a 50.67+0.12ab 32.90+0.75ab 239.90+12.80b 26.38
x5 TRISEEARE=ZS T
Table 5 The cost and benefit analysis of different treatments
e [T i 784k, Changes/kg*hm™ 25555 %5 Monetary response/JG * hm™
Valriile Ass/szﬁrﬁm DtL)finl\{[l(q)rglf:'Y/ m 12 i 4 T1 ™ T3 T4
A N loss/kg+ N -hm™
N0 HEik AN -8.25 -046 -066 -0.84 -0.66  3.80 5.45 6.93 5.45
N,O emission The cost of climate change
NH; #4 % NI E -8.64 -1.94 -836 -1098 -7.62 16.76 72.23 94.87 65.84
NH; emission The cost of human health damage
FRIERY 3G B Sum of the environmental impacts 20.56 77.68  101.80  71.29
771 Yield /t-hm™
EEE Sie i€ 1.98 150 1380 1910 -520 297 27324 378L8 -1029.6
Maize production The benefit of increase in yield
Jiti & Application rates /kg+hm™
DMPP WS A AN Purchase cost -180 2.4 2.4 2.4 -432 -432 -432
NBPT WS A A Purchase cost -150 2.4 2.4 2.4 -360 -360 -360
PVA WASE i AS Purchase cost -10 1.2 1.2 1.2 1.2 -12 -12 -12 -12
PVP WASE i AS Purchase cost 45 0.4 0.4 0.4 0.4 —-18 -18 -18 -18
JEAS BUHT Sum of the cost -30 -822 -822 -822
%5 S Sum of the monetary responses 287.56 1988.08 3061.6 -1 780.31
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