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Effect of single basal fertilization on N,O emissions in wheat and maize rotation system

ZHANG Jing', XIA Guang-1i%, LI hu', ZHU Guo-liang?, MOU Xiao-ling?, WANG Li—gang", HUANG Cheng—cheng', JIANG Yu-qian'
(1.Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/ Key Laboratory of Non—point Source
Pollution Control, Ministry of Agriculture/ CAAS—-UNH Joint Laboratory for Sustainable Agro—ecosystem Research, Beijing 100081, China;
2.Taian Academy of Agricultural Sciences, Taian 271000, China)

Abstract: Nitrous oxide(N,0), as one of the most important greenhouse gases, plays a crucial role in the global warming. Nitrogen(N) fertil—
izer is the primary source of N,O emissions from agricultural soils. A field experiment was conducted to study the effect of single basal fertil—
ization on N,0 emissions in wheat and maize rotation system. N,O fluxes along with main environmental drivers(i.e., soil temperature, soil
moisture, and soil NO;—N) were observed in 4 treatments, including control treatment( CK ), optimized fertilization treatment( OPT ), single
basal fertilization treatment( OPT1 ) and controlled release fertilization treatment( CRF ), during the period of October 2013 to October 2014.
Results showed that the peaks of N,O emissions were usually observed at the event of fertilization accompanied with irrigation or precipita—
tion. The N,0 emission rates ranged from —0.24~2.78 mg N,O *m=2+h"!, with daily means ranging from 23.88~65.46 g N,O :m~2-h"". The
OPT1 and CRF treatments both decreased the N,O peak values, but did not change the seasonal variation patterns. The N,O fluxes were pos—

s B3 :2015-07-21

EEIHE A Nl CRAP DRI L3 2SR S VR — U IEH AR BT 5 7R 757 (201303103 ) 5 Al 5 22 S A W S5 4 il AR5 (201103039 )
TEERN Ik G (1988—), 2, PG RFEA, 0F58 A4 , N Rl IR R E S AARHE A 5E . E-mail : zhangjing201306@sina.com

*BEIEE: £ /W] E-mail: wangligang@caas.cn



196

KA IEFF 2R EIRRET PR

itively correlated with soil water filled pore space( WFPS), but not with soil temperature at 5 ¢cm depth. Compared with the OPT treatment,

the OPT1 and CRF treatments both significantly reduced annual N,O emissions by 27.47% and 22.80%, respectively. Annual emission fac—

tor(EF) of N,O emissions was calculated to be 0.28%~0.77% of the fertilizer N. It is concluded that single basal fertilization management

could effectively reduce N,O emissions from wheat and maize rotation system.

Keywords: single fertilization; wheat and maize rotation system; N,O emission
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Table 1 Basic properties in tested soil

+Z AR 550, Ammonium N/ 4% Total nitrogen/ HRLAR Available B Available A ML Soil organic
Layer/em  Nitrate N/mg-kg™ mg- kg™ N% potassium/mg kg™ phosphorus/mg kg™ P matter/g kg™

0~30 24.08 4.76 0.16 174.67 47.54 6.99 16.95

30~60 8.51 4.20 0.16 122.67 7.00 8.04 9.84

60~90 8.44 5.00 0.11 139.33 6.82 7.82 9.69
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Figure 2 Characteristics of nutrient releases from controlled release fertilizers in water and field
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Table 2 Types and levels of fertilizers applied to wheat—maize rotation system
4 T RHEFP Jitn ATy = FUEFI R Levels of N fertilizer/kg N-hm? P,0s/kg-hm?®  K,0/kg+hm™
tment it ; S
reatmen Type of fertilizer  Nitrogen supply method N Tk BEEE NE ER NE Tk
ANJiHE Control treatment(CK) — — — — — 104 104 75 134
HeALHEAL Optimized fertilization JR%E IRt R AR 112.5 FEAE 72 465 104 104 75 134
treatment( OPT) 10 cm {4jiti BAE 1125 JBJIE 168
AL REAE Single basal &S 187910 )2 90 )2 96 465 104 104 75 134
fertilization treatment( OPT1) 10.25 em Wt (Fbf 4:6)  FJ2 135 T2 144
FERAUE Controlled release CRF o8 90 225 240 465 104 104 75 134
fertilization treatment( CRF) 10 ¢cm 4jiti
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Figure 3 Seasonal variations of N,O emissions in wheat and maize rotation system under different treatments
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Figure 4 Variations of soil temperature and WFPS during experimental period
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Table 3 Correlation coefficients between N,O flux and soil temperature and moisture in wheat and
maize rotation system under different treatments
N,O HEjiGaE 5 1 NLO flux vs soil temperature N,O HERGE 5 1375 7K 5 N,O flux vs soil moisture
AbFR Treatment - N -
KNAE HEXK BIERSG KINAE CE S BAFRS
ANt AE Control treatment(CK) 0.23 0.18 0.38% 0.02 -0.17 0.14
EALHENE Optimized fertilization treatment 0.20 ~03 0.16 027 022 0.34%
(OPT)
AL HENE Single basal fertilization 0.16 _0.43% 015 0.39% 0.52%% 0.50%*
treatment( OPT1 )
PEBAE Controlled release fertilization 0.18 ~0.40 0.09 0.39% 0.60%* 0.50%*

treatment( CRF)
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Z RN AE R G R NLO HERGE 55 LR &K
K (WFPS) (WA 543 BT 2R B, OPT ZER N4 AE R 48
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Figure 5 Seasonal cumulative N,O emissions in each treatment
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Table 4 Changes of NO;—N and NHi-N in 0~90 cm soil layer in different treatments

SH TR 2/ NI R/ SIENi]
+/Z/em 0~30 30~60 60~90 0~30 30~60 60~90 0~30 30~60 60~90
AR S F/mg kg™ CK 24.08 8.51 8.44 17.07 7.76 4.71 6.24 3.97 227
OPT 22.42 17.19 8.93 17.88 10.70 8.39
OPT1 21.51 12.99 8.82 14.52 10.11 6.89
CRF 20.80 17.81 12.28 5.89 6.18 6.51
SR SR /mg kg CK 4.76 4.20 5.00 8.93 6.05 8.22 0.64 0.83 0.69
OPT 7.09 4.24 3.74 0.85 0.95 1.05
OPT1 8.31 5.31 6.65 1.14 1.00 0.94
CRF 4.51 2.44 5.55 0.85 1.20 0.80
RS AEAE NO EHHMEE UK AFHMEE
Table 5 Average emission fluxes and annual cumulative N,O emission in different treatments
b Treatment SEXHERE A Average emission flux/  HEFEIE Total emission/ {Hl:ﬁj( 2R
pe NoO-m2-h! kg N-hm™ Emission factor/%
AN Control treatment(CK) 23.88+3.08 1.3320.17c

AL HEAE Optimized fertilization treatment( OPT) 65.46+7.26 3.64+0.40a 0.50

O ALHEAE Single basal fertilization treatment( OPT1) 47.33+2.66 2.64+0.15b 0.28

PR %UIE Controlled release fertilization treatment(CRF) 50.37+2.19 2.81+0.12b 0.31

T N0 R HO M LE KR ZEN NO-N S S B TP RS A T 20 L.

Note: N,O Emission factor— total NJO—-N emissions over total N inputs during crop growth period.
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Figure 6 Yields of wheat and maize in different treatments
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22.80%~27.74% , Hvp & /N2 K ZE 0 9.68% ~
18.28% ,  F KA K 2=k /b 28.00%~41.02% , T I Hy
— R P B RE AL R 145 NLO HEC, S5t AT ST 45
AL 20 PSRRI 90 /) 25 4% /INFZ T i 20
100,200,270 kg-hm™ [} R & TGz ¥ FEAE AL FE S A 158
NoO HEBOUWM A B, 5 BN BB aS pal 4 /N Az A K 2
NLO HE S 50%~56% , I HL 74 [a) 257t & 5 544
T PR -1 NLO (- B 2 it 2 i 3G
BN o DY SEPE XS RN INE ZE B I 5T 2 B
FERENE R ) ot P 300 A DR il /N2 o o 2 B A
1) N,O SRFHEC Rk > N,O BHER S R 17 Chu
PRI BB IR Ak - 8K 4 KR F R 2, Rl F UM
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R, SEORZ DG N0 HERS &2
IR R 5~8 15, GRS AT — 25 .
Har, w0 ESH&H NO HE R ECH 0.22%~
153%™, AMF 75 HERL 2 BN T 0.28%~0.50% 2 1] . 3
TRUER S I b A SR ELA /N T T KR A AR B =it
At h 540 kg N-hm?-a” FHERECH1.03%; FHt
FEAEE I A R 2 TH A /N T FOR R VERR A [ it
A KF-(600.550.300 kg N-hm2-a™) FHEjik 2 5h
0.66% .0.72%7F1 0.89% . X F12= 5 Al G5 M 12 A S
IR ORI A K
3.2 IMEREZE MR IERFHZEXT N0 HER 9520

FEHHEE S R E T B EF =4 NO
) E R TR, DR S i m A1 PR A0 DR 2R i e
A PRI AN DA S ERTEAR 2552 N,O HERL
SEAE 3 K 4 A 3 ATLIE H, CK AR FE N,O HEGE
5 5 om IR IR R A 0 S KR 2 a4 0 R 5
P, DR R R 2 1 NO HE A oy R N &R . &t
NEARFRER OPT LAAN, /NAE 25 | FOKZRFIEEA AR SR 1
+-3E N,O HEMGHE 5 T3S K BRI R, &
INEBRIFEBON 039, HEAFHLREN 0.52~
0.60, %eAF RGuAH I R ECH 0.34~0.50, KB 5 5K
X N0 HERCA B &5 o X5 FHORE SR o A 45
SEAATR] , I H A S 7 B T KR Z 0t 11 NLO HE
SR T4 /N2,

AALH -1 NLO HEfGE 5 5 em L 2RE 2 [A]3Y
TSN o ABIIE HR A/ N Z YR B T RSV E S
ECR T PRIV E e G shiE iR A 15~
35 C)™, i E FoKRZRZ A IR WA E RS VR B
T EIPA , TELEEXT FOKZE NLO HERsZmi/ NF /N 2

3 —J7 T, 3R R AN K 4338 1 5 e 2 4 R S
43 P R AR - e i, (R 4R i 38 NL0
HEGL ., Fujisawa ZE2F 57 45 H IR EE FN/K 49 o6 545 B
PRERZ IR A5 5]5 83% M 11%, 4+
B SRR T W KR 40% B, FE B A2
FERSENR o AP A HEZR B A/ NAZ I A AR R IR
R 580 PR XS IS R X s e 2 B,
FERANEA R R 5 R IEAHE R,

3.3 ARG LTSRS M=K N0 HE
G0 EA

A FEAE L /INFE R B AR R B, 40 Ikt
N7 =0 CRE OPT b AR (R CRF 4B ) 15538
FRZ — WPt AT 7 2 (B OPT1 Ab 39 ) 78 P 2= AE i
T 30~60 em Fl 60~90 em + 2 NO;-N & #505

PG (3 4), UL IZE IE Jr =Bk 1) T IRt XU 4
K, 3 AR ZE ) R 3R KA T 8 i S S B 1 4 /)N
F2 1 FOKES A A LI 25 SR B, i R 2 — Ik
PEREAE 7 =X P A At FH o 4 i e B R bk e 2
— BN R A3 U I T DL B G b v S A AN [ B B
HE IR, $ s MERLR] 28 H i T 2 Uil e 9% T.2%
1, 57 80 01 AR B AT AL B AR 2 8 Bk H RTAR
Al A PR SEBRI R AL 2 CRE H A1 0 AR i,
AN A /N T RS IEAE 28 1140 d 1 196 d
R B R0 57.2% .76.2%F 95.6% , %7\
2 W R e WA A T A 21 22 A (180~210 )P oK
L FRIEAE 14,56 d 1 84 d E K B 55
JE49.2% 91.7%F1 95.4% , B T KM A 125 06 13 7 A mil
W HH 2 HEH A (40~60 d ), 5 OPT ALk, CRF b3
WA I 2 3 A /INAZ IR R KR AR AN ] ot
WL E SR NI A RN E St I e N E o
PR LR AR A AERL R FH 2R 2 1, WA B
B 78 WRMSCE T el b T 2R R A AR AR B K o ZEAR
WF5E H — MR IE AR 5 LA MR AR FEAH H, 4/
FIF FRIFWA R B g5, ST
{LHEA T4, — UM IO it P R B = R i iR
T BRI T IR TE

P K, NO HERGR LB £
AFRA N HE KR Tk A K A A e B
FE /N AR R R ORAE KR IEHECE 211 NO,
WCHE S AR B AR A N R K R

4 g

(AN EARFAE R G 13 N,O HEjlc &
BLAE A Bt AT+ R (B ) S s BRIBAE LSR5
VRS N — Uit 4 AR S R ) NLO HE i I v
FIRZE W5 UM AR B, (H 2R o2 5 1 R 1 4 3
N:O HERL 215 AR LA

(2)AH [F] it NE 2 It AR A e 24, AR Akt U Ak
FE(OPT)N,O 4FHEHE 74 (3.6420.40 )kg N -hm2, I
AR — Uit AL BRCOPT) A B AR AL 34 (CRF)
AEHERCR R Z R T 27.47% M1 22.80% , A
FA R Z [ HEi ZEAT T 0.28%~0.50% 2 [6] 1%
FIPCC BRI 1%,

(3) L3S K EXT NO HECA B35 5 m, B X
oA NLO HER A5 R T4 /N4 2 | [ 45 Ak 28
4% NLO HElo it 5 5 em T 98I 2 6] 41 JCAH
Kbk
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P (/N H IR R E . SUUEht AL
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