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Abstract: Nitrous oxide ( N,O) plays an important role in global warming. N,O is long-lived and cause harm to the
stratospheric ozone. The concentration of N,O has increased from 270 ppbv during the preindustrial period to 319 ppbv in
2005. The greenhouse effect of N,O is 296 to 310-fold higher than that of carbon dioxide, although its contribution is only
5% (2.6 Tg) of the total annual man-made greenhouse gas emissions in 2010. Use of fertilizer is a major factor in'the
increase in N, O levels in agricultural systems. The wheat-maize rotation system is one of the most popular cultivating systems
in the North China Plain. In recent years, a new method of fertilization ( controlled-release fertilization ) has_been
introduced in this region to reduce N fertilizer losses and to save labor inputs; this has mainly been used in‘érop lands, such
as paddy fields, wheat and maize growing systems, but also in vegetable fields, such as tomato fields. The reported results
mostly focus on crop growing and nitrogen leaching, but rarely on the N,O emissions characteristics related to controlled-
release fertilizers in wheat-maize rotation systems, and even more rarely on exact quantities of various controlled-release
fertilizers being applied in the North China Plain. This study was conducted from October 2013 to October 2014, with the
major focus on the effects of application of controlled-release fertilizers on nitrous oxide.and crop yields. The N,O emission
driving factors, such as the soil temperature , soil moisture, and the content/of soil NO;-N were-also analyzed together with
N, O fluxes. Five treatments were included in this study: control treatment ( CK)", controlled-release fertilization treatment 1
(CRF1), optimized controlled-release fertilization treatment 1 ( 80% CRF17), optimized controlled-release fertilization
treatment 2 (80% CRF2) , and controlled-release fertilization treatment 3 ((CRF3+Urea). The results show that the high
N, O peaks usually following the basal fertilization can be attributed to irrigation or precipitation. Irrigation during the period
of wheat seeding establishment, and precipitation during the later périod of maize cultivation may also result in weak N,O
peaks. The N,O fluxes changed from —235.61 wg N,O-m™ h™" t0 2625.01 pg N,O m™ h™', and daily mean N,O fluxes
ranged from 23.88 pg N,O m™ h™' to 51.39 pg N,0.m *h™". N,O fluxes were positively correlated to soil temperature at a
depth of 5 ¢m for CK and CRF3+Urea; the correlation coefficient (r°) was 0.38 and 0.30, respectively. N, O fluxes were
positively correlated to soil water filled pore space ( WFPS) during wheat and whole rotation system for CRF1 and 80%
CRF1 (for wheat: r"= 0.50, P<0.01;%*=10.39, P<0.05; for whole system; r"= 0.39, P<0.05; r’= 0.43, P<0.05).
For the same fertilizer type, compared to CRF1 treatment, 80% CRF1 reduced the annual N,O emission by 14.23%. For the
same fertilizer rate, there was no significant difference between CRF1 and CRF3+Urea, but 80% CRF1 significantly reduced
the annual N,O emission by 16.16%. compared to 80% CRF2 (P<0.05). There was no significant difference in crop yields
between these treatments and the treatments practiced by farmers. In conclusion, controlled-release fertilizer management

could reduce N,O emission from the wheat-maize rotation system while maintaining cropping yields.

Key Words: controlled-release fertilizer; wheat-maize rotation system; N,O emission
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Fig.2 The nutrient release characteristics of controlled release fertilizers
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Fig.3 The plots design of the experiments
CK; AJEALALEE , Control treatment; CRF1; #FEALALZE 1, Controlled release fertilization treatment ;80% CRF1 : fAZE AL BRALALBE 1, Optimized
controlled release fertilization treatment 1;80%CRF2 : fitfb ¥ BEALALHH 2, Optimized controlled release fertilization treatment 2; CRF3+ R %  #4 FAlL
4bFE 3, Controlled release fertilization treatment 3; AWF5T FUZZE BN IKIE 1Y 5 ANAFLEAT 447, & s R H A Ab 3
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it AT A B
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i - : LRI
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R} 10 em it
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O flbe eI A 1 e
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Fig.4 The seasonal variation of N,O emissions in wheat and
maize rotation system for different treatments( arrows represent the

fertilization events)
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Table 2 Correlation coefficient between N, O fluxes and soil temperature and WFPS in different treatments for wheat and maize rotation system

N, OHEfiE B 5 i N, OHE7iH Bt 55 L3 5 K B
Kby N, O fluxes with soil temperature N, O fluxes with soil moisture
Treatment KINE HER BIERG KINE RS BIERG
Wheat Maize Wheat-Maize Wheat Maize Wheat-Maize

AHEAE AL Control treatment ( CK) 0.23 0.18 0.38* 0.02 -0.17 0.14
FERLAL S 1 _

Bl -0.4 . * * j
Controlled release fertilization treatment 1( CRF1) 0.18 0.40 0.09 0.39 0.60 '
AL RN AL 2
Optimized controlled release fertilization treatment ( 80% 0.06 -0.12 -0.35 0.43* 0.22 0.39"
CRF1)
AR AL 2 2
Optimized controlled release fertilization treatment 2 -0.06 0.06 -0.10 0.28 0.34 0.27
(80%CRF2)
2 I A g
ERILALE 3 0.01 0.31 0.30" 0.23 -0.60 0.12

Controlled release fertilization treatment 3( CRF3+JR2)

# il # 3HIRIRTE P<0.05 A1 P<0.01 7KV 835, 1 LA IR B R+ 338 LB B /K S5 2 & b 3 ) F- 359 (0

2.3 RO F G N, OHE AR i 5 HE ik R B0 5

TF 5T 25 SR F A 5 455 B A Ak B A 498 N, O AT R T30 2 A 44 b oA R 0 e S Ak 31 25 2R ((3.64£0.40) kg N
hm ) 8 HE 20.609%—33.79% , 5t A P BRAE A A3 Vit AT BE A I8/ DN, OAEHE R B i L 15 A it 36 J N, O
AR R 0.29%—0.42% . R T IPCC HEFE 1% (R3) 0 W RAERIURF | 4 AL FIN, O4FE HE A i A
= EMERAK YR g 80% CRF2, CRF3+JR % ,CRF1,80%CRF1 %1 CK, #H At IE RIS 4444 F (CRF1) , 1/ 209% ¥4 B
AEEEA N, OFEHER BRI T 14.23% A A B3 B Z K F, MR AT, CRFL 4B 5 (CRF3+/JR
) AP (A AEHE R 25 558 3, 1T 80% CREL . 80% CRF2 4FHEHUE K > 16.16% , I3k 31| i 3% /K
(P<0.05)(%£3),

£3 TRLEN,OFHHMBEUREAFHBEE

Table 3 The average emission fluxes and annual cumulative N, O emission for each treatments

YR HEm S
fham A Wt HE R
T Average emission fluxes/ Total emissions/ Emission £ /o
catments SS stors
reatments (g N,0 m=2h~) (ke N/hmn?) mission factors/%
ANTHEHEAL . Control treatment( CK) 23.88+3.08 1.3320.17¢
FERAENC AL 1
50.37+2.19 2.81+0.12ab 0.31
Controlled releasefertilization treatment( CRF1) * * 4
AL BEAE b8 1
43.28+1.1 2.41+0.06k 2
Optimized ¢ontrolled release fertilization treatment(80% CREF1) 3:28£1.15 +0.06b 0.29
AR AL 2 2
51.97+4.35 2.89+0.24: 0.42
Optimized controlled release fertilization treatment 2( 80%CRF2) * * a
e 5
LA 51.39£1.37 2.86+0.07ab 0.33

Controlled release fertilization treatment 3( CRF3+JR %)
N, OHES R B AR A ZE N, O-N HEjif iz Ay i N A H I AR 10 H 43 L AR R RN A R AL L2 0] 22 57 1 3 (P<0.05)

WS AMEY K Z R AR FZE T 80% CRF1 AL BR#E CRF1 AbFEAE /N2 25 1 K 22N, O HlE i i i
3D 21.05% F1 5.47% 4 A R B i Z 7K s X FAH AR = 45 T, CRF1 5 (CRF3+/R %) \80%CRF1 5
80%CRF2 Z [A] N, OHEH & & 22 St 3 R ik 3] i K7 (K 5) .

PN, OHE S A 2T 43 BE I 5, A B RUIBAL B 1 (CRFL) A, & /N K BRI Sk AEK 11
N, OHEHCE AR5 51 5 AN FEVE R Y 54.45% F1 45.55% , ek &R AL PR BN /NAZ 22N, 0235 HEUS
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WS E T EKRTFE(ES)
2.4 PR XS P 5 N, OHE R BE 1Y) 52

R 7B (AR CK) DS, &5 RIS NEAL B2 [A) 4 /N2 L K7 3 407E 8.17 ¢/hm* 1 9.39 t /hm* L) |,
Ab PR (] 2 S AR TR B KT (P<0.05 ) 5 A B 45 it A Ak 3 4% /N 22 T R oK 1 77 2 4333 4 8.31 +/hm* il
9.86 t/hm**" {H 5 AT & P BAE AL B = B R Ge it b o & v 25 57, Ud A 4 TR T it P B 008 76 ORI =
HTEE T REASIED 18 N0 HE (Bl 6) . & /NF K 2N, OHE il 38 B 24 LA ( CRF3+JR 3 ) AbBIR =7,k 0.19
kg Nt', 5 80%CRF1 Fll 80%CRF2 2 [A] 22 53 i 3 ( P<0.05) ; B T KA K Z 4% s B AL AL BEN, OHE il i i 22 ) 22
FAREET),

25 - o CK 80%CRF2 12~ 0 CK 80%CRF2
CRFI B CRF3 + JR& CRF1 B CRF3 + JRE .
@ 80%CRF1 10| ® 80%CRF1

20 -

NOAHUE &
Total N,O emissions/(kg N/hm?)
KNETE R
Yield/(t/hm?)
[o)}
T

HEK
R AR

Crop growing seasons

EYES =S

Crop growing seasons

e .
B5 FEBEARTEME EELSEN, 05 BHMAR Mo REBEFATLNZ/ BIKFE

Fig.5 The seasonal cumulative N, O emissions in each treatment
CK: AHEEALEL | Control treatment ; CRF1 ; ¥ BEJIE AL B 1 Controlled
release fertilization treatment; 80% CRF1; 1t 3 1L 1k I B NEAL FF 1,
Optimized controlled release fertilization treatment1;80% CRF2 . {1k
PERAL AL FE 2, Optimized controlled release fertilization treatment 2
CRF3+JR & £ BEHEAL B 3, Controlled felease fertilization treatment
35 AN FRE R IR R — 1F 9 A K ZEOR ) dk B 2 1) 22 57 W 3 (P <

Fig.6 wheat and maize yield in different treatment

CK : AJi It 4b B, Control treatment ; CRF1 ; # B IEAL B 1, Controlled
release fertilization treatment; 80% CRF1 . {C 2 b BB AL FE 1,
Optimized controlled release fertilization treatment 1;80% CRF2; {4k
FERNE AL FE 2, Optimized controlled release fertilization treatment 2;
CRF3+JR % RO AL 3, Controlled release fertilization treatment
3 AR FBE F R ) — R A K R b B 2 1) 25 57 835 (P<
0.05)

0.05)

3 itig

3.1 it N, OHEk 5

Rt S 2 N, O HER A E B R P R [R]26 A8AE R A K it AE D X6 + 38N, 0 HER A AN IR, %
T4 PRt FH 2 75 BE N, OHER G (B AN R 2 45 R A AN 4518, ATF5E T, 5k a7 ez b x4k R
W FUABFEL(OPT) FMEIIZE SR 1.39 mg N,0 m*h™' L, ZEA/NEZ RS CRF1 LN, O HERUEE R =, R 2.62
mg N,0 m~h™" i CRF3+JRZE{LHN 0.18 mg N,0 mh™" ; sl & FRALAL FH 809% CRF1 Fl1 80% CRF2 A% HH Uik
/N, O HERCEE (435024 1.30 mg N,O m™h™ #11.84 mg N,O m>h™") . 8RS e XTI A 25 i/ H
5, 55 AR TR S Y R R AL B L B AL BN, O HE B A Wk /> 49%—69% , FLk Ay v R J2: it AL e 7R A )
A HAE RN ZE M2 B i JR DR 5 B B A5 5 2 B, 6 R R A A 8+ N, O Il S0 2 149 Bl <33 4 T v i 484
T, AR A s g T LA B G 08 S AR 0 3N, O H T = 0

54 B2 BT UL ( OPT) — B, 4545 B M Ak BN, O-HEJC oy 068 =5 2 1 B /N 22 FE 0 5 AR 75 40, DL K &
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AKZEZM AR TG, X EE SR () F 05 CK 80%CRF2

ARSIl T—10 d 247 0 PR b 3 iR a B ERES SJEM

HRLEME AN, O HER 0 (2 | LA A1 HE i e i 020 |-

BRI , 105 40 P 2 3k IS 35 46 2 RS 45 e A .
0.15 |- éé

—3

TR ABE AN [] LA B A [m] 428 788 JIE A 28 X6 N, O HE i A5
HECI ] REAN ], AT b & R AL B A /N E A K
ZEN, O BB AE 1.20—1.62 kg N hm > Z [A], 5K ET5
SRR A5 A TR R 22 S0 1R T 22 2 9 o4 R I Ak

N

R

RN

7

X3
Yo%

7

LA AL LLLALLUELLL

SO

Ye%%
o]
XX

NoOHEHH i
N,O emissions intensity/(kg N/t)

IS4

o]

I
o2%e% %%
RRRRRXR

CRHKRRRRKR
Peletele!

29

X
XXX
R
600000 0.0.0.9.0.9.0.0.0.0.
RIS

0.05 [~

2992

%e%
R

%%
LS
R
IR,

X

X

%
X
o

%
3
K

Fe%e %%

N, OHEFC 54 1.70 kg N hm™>#1 1.37 kg N hm ™, 5 7% 0 DN R
L REEAR B, AW h & R NEAL I oK A4 KN s PER S
KN, O S B 7E 1.21—1.64 kg N hm > 2Z [i], X1 &% Crop growing seasons

b A [ 24] B - Y .. > = 2 3

AR DR KR RIS 3 AR AL AL B7 RESESRREMNE EEKN, O

HEASE A BN, OHEHUE B 2.04,0.98,0.87 kg N hm™, kg7 N, 0 emission jritensity in wheat and maize growing stage
AEBRIE) 22 S AR FERL AR K 210 kg N hm P BEIRE KA 53010k KB R RV 2 i 2 5 5.3 ( P<0.05)
LT JE AR L TR T AR 4558, nl g2 th AN [

BRI AR R AN, L SRS TR IT S, /N 45 2R+ Fok A K it Ui R 148 kg N hm i
AL PR R AL PN, OHE AR 5 (0.51 kg N hm ™) AR TR A F 22 it AL A I8 T AR T8, B4,
A ER N AF 58 76 /K R FH N, O HE B S i 20 0.21 kgeN hm 21 | 78 15 it 75 741 Hb v BIF 92 45 5y 3.30 ke
N hm2!"%

X T4 B ALt FH AT 48 N, O HERCA DHERSCR , AT 5 rh 45 35 R AT A B A e R > 1507t A Ak 24 3N, O 4
BB /D> 20. 60%—33.79% , HAth 3 8 A e B 2T 5 AR B, N 22 2 48 R R0 ek HE LE B R 15. 00%—
56.00% 27, T KZEN 9.09%—55.12% >N ol A HGE " AR A R BEUS G /N2 R oK ZE AN, O HE L,
B Ay HIAF] 28%—60% F1 61%—99%

3.2 IEER RN HEN, OHE L (1) 0

- SR R A e i A S A A B AR S shE TR N, O 18 7= A | — JBA R i Ak SR ARV FH i TR
T L 25—35°C 1 30~—67°C. , 76— T B 315 1 A N, O-HI ik 338 35 Bt 3 B 00 g ot v % R 8 Kk i i o
M) - 3938 M LA K NOS =N T NH -N 7E 498 (9 4370 AT 52 W i Ak SO i fh it /2 5 A0 LA 52w 77 A N, O 1]
KAWL ISR, 8% A 0 BN, OHEL () WFPS 2y 609%—80% ', Xf T CK .80%CRF2 1 CRF3+JR & kb
PRAS A ZE N, O T8 R R B 5 IR B A OG5 22 ; CRFT AR BEN, OHE U 1 15 WFPS TEE FoKAE K TR
U 25 AH JESE 2R T 80% CRI1 AR FHE F KA K ZR VA, Ui B AL R &2 i H3EN, OHE A 1) =2 FE . CRFI1
S PRAEASLE KN, OHEHIGHE & 5 WEFPS 2300 S AH X OC R 1T 5 H 8RB JCAH G R |, 3R 48K 43 %t 14
N, OHERL F 2N R 38

ek T T8 3 VR 5 R 1 IR A8 B ad AR B T 3 ok 5 i 2R W i VA VR AR C N SRR B R E ik, D Al
BT R R ARG N DL B WA 5 S R R R IR B U T ONLO R HERL Y A g 4 R AN it U
CK AbFH/NZE R TS0 4 H 25 H B9UERE ( FH¥EBERTI) WEFPS 34.49% 38 2 56.78% ) 1 T K o HWA A 4% 2 4 W ( i
TRNHTH WFPS 46.34%34 % 65.93% ) S 2 AU HEUGEAE , t bl BH 11852 2 L3N, OHE A S22 . 5y A bt
5 0% B il A0 5 3 A e R MRk A fofF 4 38 P AT R0 R 0 A f R W T S B SR T AR BN, O A HEC
PRANSS R I R B AR AR B 2 B AR AR5 v s sl S0 X000 430 23R A A1, 1 UL N, O HE il 0 | PRI ikt
AT SBT3 A S 18 ORI A3 5 A A o VR i 38 R X N A /N7 /B R OR B AR JETIAN, O HE i B 12 1) Bk

T RO R 3 B AZ R LA KK A A RE ], 24 49 5 /K i 8 1 H R RE /K 2819 40% I 3553 BN 52 1R
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FERFEI ) IF H S BB URLAE R £ 10 em DUF B, 32000 R 52 8 &K A2, HLRA 5 TR B2 19 7
FRA AR A ARG A/ N AR R, BT A R R 306.6 mm , FEAC T RITIR T 0118 E DK, BT LAAS fF
FEH R HOK A e N Sl R e RERE RS TT [RI 52 A N, O HERL .
3.3 BRI ZEXT 3EN, OHE ik (1) 5 M

MAEAEREE AU, B RN R AE /K T PR TR 3R A — 2 At AR, AT LA 4B 1k AT T 5 A | A ()
T AR 35 o0 B o AN [A] DR b - 3 R 3 Mk AN ], TN, O HE i AR [R] 7 AR 9 7 A [0 i 2 2 Ak
F CRF1 1 CRF3+JRZ AP (0] 4F BN, O HE Al B it |- 2% 5% | 2%, 80% CRF1 F1 80% CRF2 Ab ¥ 2 [ 24 5% I
. AR 2 HFEHATRERE CRF1 AT CRF2 M AEEVBSHCH ZEANR] B 2 VR 9 W S0 4% 1A 30 4 7 325 B Al FE 7K
O3 AT IR T 3 e () AL A TR A SR AR A ISy ok B 5, 181 I 809% CRE2 AL 3N, O P HE Al it i o A
A BE A 33 e o = b s B U JC VR B4 AR R X 2 B, v R 40 R s A 28 A A S N O 48 2 Uk
1 65.6% .69.4%F 10.8% , H Y35 i /K22 5, HOK it AL i B A A ) it 6 12 BUIR TR S AN [R] S BN, O Y B
BCFIHER R AR TR, BESKE IR L NH -N B UK B M AAZE B 51 NOS N VR FE SR Re I 2R B8 AE BEE 9 1 A
AT AT Z2 s R AION, OHEBCE . i 7 /N2 FORFC A H v 2 B 6 b s AR M A 1) — BN =2 A it A 7K S
TN, OVHFRCR 22 57 5 ANEAS B I BEICRE PR FE P06t B BN [R) T SR A ettt P28 N 1 A RS A ) A B S
T ResZ I A 1k SRS AT A A E AT /5 i — 2D o
3.4 PERRAEE X AR P R

AN EF TR A5 R R RS X EY) P s W 2 A m] . A9 rp & PR NE Ak F A /N 22 TN ] oK 7 e ok
MG TTF E S I B Y A B MU A Ab B A /N 22 7= (8231 t/hm? ) AT K (9.86 t/hm?) = i Al
ZAK P ARG E A A AR A P R AR SR 4 B O R 5 R R oK He g — 2L
S /INTRT A5 2 R A9 v R B 2 A [ 0, 45 R RO e A A A B S A RO R S A T
SV R RN KGR (R EE R AP IR A IR 2R, IR 4 1E KR A 7=, B3 0 180
kg N km™) HR B BEIEAE FORA K 23RS P b 384 7= AR 3 (18.3% ) , T AE/INE AE K AR IR TR R 2
WAL (R R A 225 TS ARG 2% PR it P R I Ach P g 353 5 RV e Ak /N 7 ot 3
WD, RS AR S R BN i AR R P P 3 A e R T R

ASHIFGE 45 ST — Uk P4 R LAk L7 b ()it A St 5 BB A8 PR UEAE 4 7 i, 5 2997 3l g, bk /b 3 N, O HE
T AR AR = AR A i . AR AR IR A A 7 J AR o8 5 AR Y 1—4 5 FEARHIR ST o DL/ AR R
2R AL FE (OPT) il 80% CRF1AL FH 4 ), A B > 150t IE (i 20 it 225 kg N hm > 508 T, S 4E B 40
2900 JG/t, JRZE 1800 Ju/t) MANH 2797.5 J0/hm’ JB AL 57 81 F1HEA 105.0 J6/hm* , /NEZ I 2.2 J0/kg, I ES
18150.0 JC/hm* , iHICA 15247.5 J0/hm” ; T BEAEEAE (0= 180 kg N hm 2544 T, M4FE# BEAUIE 2600 7T/
t) AERFR A Ky 2980.7 J8/hm”, B 25 19602.0 JC/hm*, LA 16621.3 JG/hm? | B 4% B >J R4S HH 4% it 48 i
1373.8 J0/hm’ . W FE KA KT 4 B2 BUEIE il & 240 kg N hm 404, M4EB4E 2800 J6/t, IR
£ 1800 Ju/ M) 7R A 3150 Jo/hm* | 38 AL 55 3 S 88 A 300 J6/hm*, KM 1.8 Ji/kg, B2 16200.0 J6/
hm? | I 1275000 JC/hm? ; TP BEAEHEAE (i & 192 kg N hm > 40T, ZBEUIE 2600 J0/0 ) HERL LA N
3388.1 J&/hm”, Kl 25 17496.0 JC/hm? , EHCA 14107.9 J0/hm?* | B4 B ) BV FRES 8 0% 1357.9 J0/hm’ . AN
(Rl R N it FH %) A= 25 R B 500 A S o oy AN (B T B2 AE A S i e i Bl A T8 50

4 ZHie

(D) FRENC I 7 =0 &/ N2/ B AR SAE R G HHEN, OHE Al = 28 BAT W I i 225 R AL R, N, O HETi
e U 1 S SR NS it FH e Pt o R ( SRR3R ) S, LA /INZZ 2 i e HE TR (B 5 T ROK 2, HEC s R 22 7—10d
INAZ IR T T LA R R K S AR R 2 RS AN, OHE TS I .

(2)80%CRF2 #b¥ N, O 4EHEHUR F de i, M (2.89+0.24) kg N/hm®, HH[E P BEAEFZE 4414 R, 80% CRF1
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AbFE N, O FHER A (2.4120.06) kg N/hm®, H CRF1 ARBRE /> T 14.23% A IF KK 5] 1 K7 # Rl ER
i R f 45, CRFT AR FHS ( CRF3+FR 2 ) Ab B2 i) AR Hl b 25 A 3, Tl 809% CRF1 L 80% CRF3 4F:
HERC S 16.16% TR 8] B3 7KF-(P<0.05) o ASHFFE AR A2 [RIHER R A T 0.29%—0.42% Z 1],
fiXF IPCC BRINM 1%,

(3) CK RbBEAN CRF3+JR ZALFE +HEN, OHERGHE 5 5 em VRHE + 3R 2 [0 R B e it F A Gk
CRF1 4bFHF1 80%CRF1 AbHAE A/ NAE FIAEANFEAT I W1 5 WEFPS SRBLI AR OC R, HA I TOAR S
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