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Effects of Long-term Organic Amendments on Soil N, O Emissions from Winter

Wheat-maize Cropping Systems in the Guanzhong Plain

HAO Yao-xu, LIU Ji-xuan, YUAN Meng-xuan, ZHOU Ying-tian, YANG Xue-yun, GU Jiang-xin "
(College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China)

Abstract: The primary aim of this study was to quantify the effects of long-term organic amendments on soil nitrous oxide (N,O)
emissions. Using static chamber-gas chromatograph technique, we measured N, O fluxes from winter wheat-maize rotation system and
related environmental factors in the Guanzhong Plain for one year ( October 2014 to October 2015). Field experiments were based on
the “Chinese National Loess Fertility and Fertilizer Effects Long-term Monitoring Experiment”. Four treatments were control ( CK, 0
kg-hm ™), NPK (NPK, 353 kg-hm ~*) , NPK combined with maize straw [ NPKS, (353 +40) kg-hm ~*] and cattle waste [ NPKM,
(238 +115) kg-hm >]. During the experimental period, N, O fluxes from CK treatment were small [ <2.9 g-(hm*-d) ~']; while
emissions from fertilized treatments peaked after fertilization [ up to 113.4 g-(hm®-d) ' for NPKS] and irrigation [ up to 495.0
g+ (hm’-d) ~' for NPKM] during winter wheat and maize seasons, respectively. N, O flux was significantly correlated to soil water-
filled pore space for all treatments (r>0.28,P <0.05). Annual N, O emissions were (0.1 +0.0), (2.6+0.1), (3.4+0.7) and
(2.9+0.3) kg-hm > for CK, NPK, NPKS and NPKM, respectively. The fertilized treatments released higher N, O emissions than
CK treatment (P <0.05), indicating that fertilization stimulated N, O emissions. However, the differences in N, O emissions were not
significant among the fertilized treatments (P =0.06) , suggesting that organic amendments did not increase N, O emissions obviously.
The direct emission factors were 0. 72% , 0. 83% and 0. 80% for NPK, NPKS and NPKM, respectively, all of which were lower than
the IPCC default of 1% . The yield-scaled N, O emission for NPKM was the lowest among the fertilized treatments.

Key words: N, O emission; straw retention; cattle waste; direct emission factor; long-term fertilization; yield-scaled N, O emission
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Table 1~ Selected soil properties (0-20 cm soil layer) before the long-term fertilization experiment started in 1990
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Fig. 1 Seasonal variations in soil temperature and water-filled
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23.0 g+ (hm’+d) ™", & AbFRIA] 22 57 W% (P <0.05).
KW S J5 S B BTN, OHE il i e, NPK
NPKS, NPKM 4b # U ff 43 i) & 280.0, 382.1,
495.0 g+ (hm®-d) =", ¥ 5 T/ E BN, O HE I = 0%,
AAb PR 2257 2 (P <0.05).
2.3 N, Ok B 250

CK. NPK ., NPKS £ NPKM #b BN, O4F HE L i
MM 0.1£0.0) . (2.6+0.1), (3.4£0.7)F1
(2.9 +0.3)kg-hm > (% 4). Jifi AL FRHEHOR &
2T CK AR (P <0.05) , {HE AR b B 2 i) 25 F AN
BE(P=0.06), B EIE AL 2 TN, OHEL, (HA #L
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WPRE LR EDT U N, OFF L. /13 %, NPKS A
AN, OAFHl e i 35 0 Al 3 R b 28, 11 K
%, NPKM 4b BN, O AR HF B 8tk 25y T oA 3 7of
LB (P <0.05).

4 /NAZE NPK, NPKS | NPKM AL FN, O &
B3R 0.33% | 0.63% ., 0.22% ; £ AT LB
HER R BB R 1.07% | 1.05% | 1.31%. fHAAE
AN TOK B AR T 5 T 45 A BN, O T 43 HE i 52 4
5519 0.72% | 0.83% . 0.80% , ¥ T IPCC 4
1 1%

2.4 AR a AL P N, OHECR

AN 2 CK A B 5 AR, (LA 10425
kg+hm i iEAL# (NPK . NPKS, NPKM) % CK 4b
PRI 377.2% ~484.7% . NPKM 4k 3 7= fc i,
1K%5893.5 kg+-hm *, # NPK, NPKS &b B /3 51| 4
7722.5% . 3.4% . EAKZE,CK LB, U
1942.3 kg-hm ~*, jifi JE AL # (NPK ., NPKS, NPKM )
A CK Ab B 7 245. 1% ~303.6%. NPKS 4b3 £
KZEP IR, N7 838.9 kg-hm ™%, % NPK ., NPKM
BTG FE 16.9% . 6.0% (% 4).
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Fig. 3 Seasonal variations in N, O fluxes in the long-term fertilization experiment
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Table 4 Cumulative N, O emission, direct emission factor, crop yield and yield-scaled N, O

emission in different treatments of the long-term fertilization experiment

e N, O A b/ kg~ hm 2 N, OFE % % Pt /kg-hm 2 Ff N, O/ mg - kg ™!
ZNEE TAF R XDNEFE ERF 2 XNEF ERF REFE XNEFE EXF aF
CK  0.1x0.0b 0.00.0c 0.1x0.0b  — — — 1042.5 1942.3 2984.8  57.5 23.8 35.6
NPK  0.6+0.2b 2.0£0.1b 2.6+0.1a  0.33 1.07  0.72 49755 6704.7 11680.2 120.7  306.1 227.1
NPKS  1.4+0.6a 2.0£0.1b 3.4£0.7a  0.63 1.05  0.83 5893.5 7838.9 13732.4 230.2  257.3 245.7
NPKM 0.4 +0.0b 2.5+0.3a 2.9x0.3a  0.22 1.31  0.80 6096.0 7395.3 13491.3  70.8 338.6  217.6

1) [FIZ B JA A R PR R A B B fE P <0. 05 K F-2257 B 3%

2 /NAZ 75 NPKS LSBT P 1N, OHEU R e
7230.2 mg-kg™', CK, NPK, NPKM Ab ¥ 53 7= &
N, OHE B3 50 575, 120.0, 70. 8 mg-kg™'. XK
Z= NPKM 4b B B 7= 5 N, O HE il B 5, 4 338.6
mg-kg ™', CK, NPK, NPKS &b BH 07 7= 5N, OHEI &

3914 23,8, 306. 1, 257.3 mg-kg ™' (F4).
3 itie

3.1 N,OZ=T ARk S H A B 45 il
AW FE H, N,O HE ik 8 &S 4 R R
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NH, -N, NO; -N £ 1 2 1F A ¢ s 45 Hop o™
AR P 2 s e b RO W T S T i
FEN SR AR R R385 T NHL, -N | NO, -N 4351 Ky
A/ AR S AP IR Y. AEATRSE L NPK
AEFEN, OHEiiE f 5 1+ R BEAE AR R 2
FHOG, NPKM Ab B4 /N7 ZEN, OHEHGE 5 -1 iR
JE . NH, -N& & 5 5 2% M A ¢, NPKS Ab 3 £ oKk 2=
N, OHE il £ 5 NH, -N & & 2 B WL (P <
0.05), W5 5.
%5 N,OBES5EIRERETH Pearson HXRE"

Table 5 Pearson correlation coefficients between N, O

flux and the related environmental factors

SRR AL

3 Cray =l + -

AFE (wrps) | LHHRIE NH7-NNOS -
ZINF TR 0.372* -0.016 -0.050  0.488

CK FokZE 0.431* 0.259 0.334 -0.459
ESGR 0.434 " 0.155 -0.042  0.055

ZINF TR 0. 038 0.361 0.306 -0.148

NPK  EXFE 0.262 0.258 0.357  0.540
AR 0.291°* 0.322* 0.211  0.034

ZINF T 0. 262 0.258 0.357  0.540

NPKS  EKZE 0.354 0.244 0.938* 0.341
A 0.313 " 0.251 0.326 -0.062
KINETE 0. 001 0.373*  0.594* -0.040

NPKM  FkZE 0. 305 0.221 0.124  0.473
A 0.285* 0. 260 0.267  0.368

1) = Fm P <0.05 BFEHAE

SERE F A A BN, OHENGE B 5 WEFPS #
I 0 IE ARG (R A AH DG E &R (BR CK A1) 7EAED)
ARZFEPIFAREE (FS5). WFPS EF N, OHE ik
M EZHZE. KR 3 EE 5% )+ HEGE S
ARV, -3 A SR TR LA K - B A= W (4 3
KR - N, O B HERCT . B gE R, A 4
WEPS >60% B}, LU igfbVE 0 3, R3S A%
SRIUN, OHERK ; 24 118 WFPS < 55% I, 4- 48 rp 3%
DARSARAE I R 081 &N Zeta e =0 1 A,
it AE AL FRAS AL AR S NH, -N 7802, WEPS 7E 22%
~31% LRI, A 35 USR5 e 1 A
J& | JE 8L T & i WFPS |+ % 56% ~65% , fitifk
A PRS2 A 2[RI 36 1 4 /N 22 28N, O HE il A 5
W, FoKZE 7 H 17 HEAR)E, T WEFPS 1K, &
N, Of ik I 0. 7 A 25 H MG, it
JEALLFE WEPS N 82% ~90% , JE IR A 3K 55, A H)
TR AR AE FH B % A, N, OHE i 2t ik 3] 447
e U

N, OHE I B 9 215 A8 40 o 2% D3R A Y

S5 WS R, N, OHE M) il + 3R T & F
20°C , 24 WFPS 5T 60% , N, OHF it D] ek 1 207
ARG R, A /N T R S AE 9.7 ~
10. 5°C Z 8], WFPS “F-I(EALE 36% ~41% Z ], i i
KN A 2= 4 B Ab BN, O HE ik B R . NPK,
NPKS, NPKM T KZEN, OHERE 243 1) o 44 Bk
WY 77.4% | 59.8% | 85.3% (% 4), FEFH
REKZRIRL W, 4540 P+ HEJE B S {E A 23.2
~23.5C I, WFPS “F-¥{HTE 56% ~60% Z [H] , 3
B ME R, Gy Y R SR BE , I AR A F R &, 4l
P3N, OHEACE in, N, OHE ik R T 1%. i CK 4b
FEN, O HEiCiE 7 4 4 AR A /N, FBE 7 4
NH, -N, NO; -N # s 3filFRH1 (E 2).

3.2 JHAEXIN, OHERL |, 77 it A5

AWFSE H CK A BN, O HE i 4F B o 0.1
kg-hm = {7 A B 3895 S HE LAY AR AL e B 22 Y
(0.1~3.67 kg-hm )" i THUDAMNEA, 55
HEd 32257 3 A LR & i >

Ji A AL FE ( NPK . NPKS, NPKM ) N, OHF it & &2
WERT CK(P <0.05), 15 it AE A2 #E N, OHE L.
Tt 5 - e RUR Pk B 4 v (&1 2) , AR A A A
FIRHEER. Zad K WAL, NPK . NPKS, NPKM
JE B AL BEA AL & w4 CK Y 1.4 1.6, 2.1
5 (22 3) A MLTVE N 46 K 25057 25 0B W 1 200 i
REJR AL 3244, v e ik S s b AR S AR VE T, DA
M ZEN, OHERL > .

NPKS, NPKM AbHEN, O4EHEHUS 243 ) J& NPK
AEPREY 1.3 AL A5 (HERARE(P=0.06), Ut
B AL RHA R BERH B35 NN, OHERL , BF bt , A< A
FELE RIS A HLY LA AR HEN, O HE Y 1B
W FEFE. A 2SRRI B 0 A HLET Y & = T
40, WRIE Y R A AT, 7 AL AN, O HE
RSN (B A ML A B R g B N, O
Hifik =R Ry A C/N AR T RFSEFF C/N
65 ~85, 2R3 C/N K 23) , il ik 35 B 2 AW
AR RNEER [ 22 4 e (37 B NH, N, AT 397 7
3 AR S B TRIEN, O AT fE
BELURHARAE o 3, OB AR A FAUEE B oK B 5
YEFRSRZL, IR A LR R N, OHE R FH e

NPKS ZbFEN, O4FHE i & 48 NPKM Ab B
14.9% , 22 F AR WE (P =0.06). /NEZ NPKS 4bFf
BT P HEN, OHERC R AN, OHE I 22 5034 i T Ho At it
B b3 5 K Sl NPKS Ak FEAS AT H 5] A £
IR, MU A & 5 T NPKM Ab 3, i At 0 - 3% 2



2592 2N 53

B

Ea 38 &

FERR 25, BT AR R  FORFEFF G AR A7
LRI Ak, BLAT 5 A ML R i 73 A 1%
by It A M Sh B R N, O R HE AR v
T2 N0 7853 JEE A Ak, R T a0 T2
U5, NPKM 4b BN, O HE R 1%, N, O HE i & £k T
NPK, NPKM 4#b#. £ K2 NPKS & A Hr &G L
AbitE A, T NPKM 4b 2 366 ML i, B NPKM
A BEHE I R 0 B R A A B IR L NPKM b 3
BAALP N, ORI B FIN, OHR I 2 By v T HoAt e
A AL B,

X e o R A N - R OR R R IR &, NPKS
NPKM 4b B 42 4 4 ) 7= & 8¢ NPK Ab B 53 53] 1 7
17.6% . 15. 5% , GBI ML BHA H 2 = EY) = &t
SHABW 45 R — Y R RO P RNA
st R HEAR SR | BN T A R R R e v
A B AR Ty ST DA e e i R S A AR
[N, OHE. NPKM &b B 77 2% NPKS 4b 3
{LE 7= 1. 8% , {H NPKM Ab # 4= 4F #0377~ 5 N, O HE
Jit i 3 NPK, NPKS 43 5 BEAR 4.2% . 11.4%.
NPKM Ab 3 AT A K™ it I B B D N, O (%
4). Ht, MXT RS 4250 T TR |
ZEUE RN s RIS L 5 1T

4 it

(1) &4 RE I, &4 BN, 0 HE it &3 5
WFPS &2 E M C K R, RIALEA LS 5514~ 15
IR JERE AN, OHERL 14 T2 B3R5 R 7.

(2) i AE AL FEHERL S 3 = T CK AL PR {H it
NEALPE Z 8] 22 5 AN & (P =0.06) , i IEAE # 1
N, OHEL , (HAG AL RHA B A GE A & 38 JIN, OHEfL .

(3) NPKM 4b 341 44 B A7 7 £ N, O HE i i A5 L
it BE 5 AR ARG, T 77 R G o 1 J AR HH 4 AR Y
it AE 5 =X
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