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FKFEFF 2000 kg/hm® B [ (T1); /NEFEFF 3750 kg/hm® + EKFEFF 4000 kg/hm® i [ (T2); /NEFEFF 5625
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Quantitative analysis of straw returning on annual soil N,O emission
in the wheat—maize rotation system
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Abstract: [ Objectives ] Nitrous oxide (N,0) is one of the important greenhouse gases that mainly come from
farmland soils. Straw returning is an effective ecological management in North China. Quantitative analysis of the
N,O emission and the affecting factors is of great significance for deep understanding of nitrification and
denitrification mechanism in the wheat-maize system. [ Methods ] A field experiment with five different
amounts of straw incorporation was carried out in the winter wheat and summer maize, including without straw
returning (T0), returning 1875 kg/hm* wheat straw and 2000 kg/hm’ maize straw (T1), returning 3750 kg/hm’
wheat straw and 4000 kg/hm’ maize straw (T2), returning 5625 kg/hm* wheat straw and 6000 kg/hm’ maize straw
(T3), and returning 7500 kg/hm’ wheat straw and 8000 kg/hm’ maize straw (T4). From October 2014 to October
2015, the N,O flux was determined using static chamber technology combined with gas chromatography, the
annual variation of N,O flux and their relationships with soil temperature and moisture were analyzed.
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[ Results ] The straw returning amounts affected the N,O flux significantly, which was increased with the
increase of straw returning amounts. The seasonal N,O emission was increased by 1.33-3.50 kg/hm’ in amount,
or 32.3%—-85.1% in rates. The average N,O flux were increased by 15.52—40.87 pg/(m*-h) in amount, or
32.3%-85.1% in rates. The average N,O flux and total emission during the maize season were respectively
2.42-2.62 times and 1.05—1.14 times of those in the wheat season. The straw returning increased the
temperature in 0—10 cm layer of soil by 0.63-2.14°C and moisture in 0—20 cm layer of soil by 0.6%—1.8%,
respectively. The correlation analysis showed that the N,O flux had no correlation with soil temperature, had an
exponential correlation with soil moisture in treatment TO, T1 and T2 (P < 0.05), but not with those in treatment
T3 or T4. [ Conclusions ] With the increase of straw returning amounts, the average N,O flux and seasonal
emission will be increased, which are higher in the maize season than in the wheat season. The straw returning
could increase soil temperature in 0—10 cm layer and soil moisture in 0-20 cm layer significantly. The N,O flux

has an exponential correlation with soil moisture when the annual straw returning amounts are less than 7500

kg/hm’, while had no correlation with soil temperature.
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XA BRI 2 UM I TTER RN 6%, R H TR NLO
A EEEEHEBOIR , BRAE 1 KAAHRY N,O B =29 N
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i, PUZSrEH, LR, XA 13.0 °C,
AR H BRI AL 2627.1 h, 4EFEFN & 786.3 mm,
B ARAET i ) SR SR o A - O AR
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HI¥&Rp, FHEZE R 7.5 x 10* #/hm?, F78E 60 cm,
2015 4F 10 H 1 H B KMk, &b Hg: —i e
INFE RN R KR B A 2B 225 kg/hm?, FE3E N
4:6, FALT/NERZMET (2014 4E 10 J 2 H) FIEX
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(201543 H 29 H) FMF KK (201548 H 7 H)
WHGENE, RIEKAHIRER . /NE R KT
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HEF, E S FORFEIRSFRA R AR, 3 RER . 4
AA TO, /NEFKRIAMLH; T1, /N 1875 kg/hm® +
T K 2000 kg/hm?; T2, /NA 3750 kg/hm?® + 2K
4000 kg/hm*; T3, /hF 5625 kg/hm® + 1K 6000
kg/hm?; T4, /N 7500 kg/hm? + £>K 8000 kg/hm?
(F 1), HFEHTA/NE . BEKRBGREH#T, ¥
YR, BAEZ 10 em, JETUCEINUR RS
FF, BIREIR R BE R 5~10 em. 4% M8 R FH B A
FEEHUERFIA I, A HEREEZ 15 om, AL T/NE
1 KRR ELIEFRETTEHE (kg/hm’)

Table 1 Amounts of straw returning in every
experimental treatment
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1.3 MEMBSR®
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FEFFURTT, A5 SRR HCE 78 I RAEFF IR IHE
SEEFARTIA], RS AFAI R 15 min FET R MCREERE N
I 50 mL AR5, BESLRAEVIR, RIS SRR
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Fig. 1 Daily average atmospheric temperature and precipitation in wheat-maize growth periods during 2014-2015
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2. F oA NO HEGE & [mg/(m*>h)], T 5 MNIEE JEAE N N,O HEBGHE B 25 bTEF R 0.12~206.55

(C), 28 NEEE/RNO P N MBREL, 2248 pg/(m>h)y, FEAE + FEWESBE S5 105t B0 e, 3%
TR 273 K B NLO BE/RARFR, H W RFEFE R (cm), SEIHE] R 7~10 d, /NEEZAE HE R A itE A i 3k 31 P IR
c HN,O SRR EE (WL/L), ¢ FCHAFIE] (min), de/dt i, BEMESS T1. T2. T3. T4 AbFR#E 4551 TO

RFEFEN N,O MW 128 AL [uL/(L - min)] BN 27.5% ., 34.5%. 48.9%. 54.0%, iEJEJE N
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_ Fx24xn 2 KERE R, 5800 9.8% ., 24.5% . 33.3%.

~ 10000 37.0% (& 2). BEEFEFRE HERIEM, 4N N,O

s EARIIRBERCE (g/hm), FOYNO I g i Gt ity 1.33~3.50 kg/hm?, B3
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Fig. 2 Annual variation of N,O flux under different treatments in wheat-maize system
[ (Note) : “|” FIRNHtifilt Fertilization; “!!” F/REME Irrigation. ]
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Table 2 Average flux and seasonal emission of N,O under different treatments

43 i Average flux [ug/(m2-h)]

Z=5 HEJIC S i Seasonal emission (kg/hm?)

8
Trj;fem INEE A A N T Ja4E

Wheat season Maize season Annual Wheat season Maize season Annual

TO 26.64 ¢ 68.17¢ 48.04 ¢ 1.59¢ 1.73 e 4.12e

T1 35.38d 90.09 d 63.56d 2.11d 2.34d 545d

T2 4035¢ 105.56 ¢ 7395¢ 241c 274 ¢ 6.34¢c

T3 4588 b 116.57b 82.30b 2.74b 3.02b 7.05b

T4 51.39a 12422 a 8891 a 3.07a 322a 7.62 a

1 (Note) : [FIFEHRG AR FHEL RN BLR 22 715 5% 3 /KT Values followed by different letters are significant among the treatments

at the 5% level.

9.1%. HH/INEZE 3R EE AR FE 7.73~31.89°C,
WM 0.80~2.53C, WINE K 4.2%~13.2%; %
KZ A+ HER AR LT Rl 22.30~33.42°C, Hn N
0.46~1.76°C, HMHE K 1.6%~6.3%. WM /NE
IR b IR R SR A, A Ak B A R R R R R
4.7%~21.2%; FRKTHHHORE R, SO+
R RN A 0.2%~6.9% (& 3).

FEAT A AL PR 0—20 cm TS /K B S TA
W AL R, o PR, XS K Y B R R
JEAE N Bk RSN 0.6%~1.8%, 3h 3.6~11.2
ANE T HrINE T K LR 12.9%~
18.3%, MGHIERH 0.6%~2.1%; EHKFE+HES KR
ARG 13.1%~25.4%, HhnEHh 0.6%~1.4%,
T E K B R A2 BN S R K, NEE R
IR 46.1 mm, 4 J1 23 H &Kk 200 iy
g, FARROMZEH TRWRZ RS KE—
HAATEERS (B 1. B 3). SAEHEML, £k
ZoFit AT 340 FH 2 Ah B R O P Ak 8 i) ) 22 S 5 /N A 2
BN, TL, T2, T3, T4 AP/ Z 8K &5 B3 N
3.8, 7.3, 102, 142 4 EG A, EKRESHIEM
3.5, 5.8, 81, 8.5 H.
23 TIEERE. S/KEFMNO HHWXFR

FIH] DPS B FHs 445 N,O il L 0 4
M RS BR B (v = ae™) FEATARL AL [ 5047
X2 7K P R SR — IR R (v = ax + b) T2
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N,O HEHCHE & 7F 47 B A SR R B, 454k 3
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TO. T1. T2 Zb¥ 45K E S N,O HEGHE & 52 B 3%
IEMISE (P <0.05), 1 T3 Fl T4 AbFE 435 KRS
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WA 0.63~2.14°C, BEHIERK 2.7%~9.1%
(1 3), WIREIR R A FH 23 /b e ) KA Pk
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HEKFEKEIGINARNT/INET, TGN E
KZERF/K R (268.7 mm) =5 F/NA 2R (152.6 mm) (B 1),
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+ IR Soil temperature (°C)
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Fig. 3 Variation of soil temperature at 0—10 cm layer and moisture at 0—20 cm layer
[ (Note) : SS—Hii Seedling stage; TGS—iR HIH Turning green stage; JS—3& 73 Jointing stage; AS—IF7EIH Anthesis stage;
FS—EH ] Filling stage; MS—HLZAY] Maturity stage; STS—/NW{IT4] Small trumpet stage; BMS— KB\ 111 Bell-mouthed stage. ]
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Table 3 Correlation between soil temperature, moisture

and N,O flux
(SES b3 AT
Factor Treatment Fitted equation d
R (°C) TO 3 = 6.54¢006¢ 0.40
Temperature
T1 y=09.11e006x 0.41
T2 y=11.64e"05 0.43
T3 y=13.68e05 0.45
T4 y=15.85¢005 0.45
ki (%) TO y=7.77x—81.49 0.64*
Moisture
Tl y=9.31x-100.32 0.67*
T2 y=28.99x—84.9 0.59*
T3 y=9.03x—84.9 0.54
T4 y=28.0x—63.07 0.44

I (Note) : “*” fRFEFE P < 0.05 K FHAHE Indicates

significant correlation at P < 0.05.

TSR I A H 4 NLO HERCEY . TR FFIA F T
N,O HEB I 52 M) HLAT I AR SR A [R5, 34 sk
W NLO HERCS M, 4 A NS R4 3 5 5 e B ) i
AWK . HRTHLA SR RS K E M R
S5 B2 e A A0 R SR AR PR 5 R0 I RS A HE R
AR A 98 C/N AT 52 M Bl A 20 b SRR 1) W S0
MRZMA N,O HE ", A58 A& 3Rl 45 7 A4 FH o 119
B, AR N,O M HER 2R i p kA (3R 2),
JEAE N IR FH RSN 3875 kg/hm?, N,O i 4
TS Bl 8.0%~32.3%, X ] A5 %8 1] N A% FF 36 1
Xof - L N B KR (R R A O, IR SIS
KL, EKRZEN,O HEmss RS = m T /ANE S,
Ji PR K 2 e 3R 22 T I A AR R SR AR T 1 3t
11, XHAREA SRR (B 1. Bl 2. £ 2),
3.3 TEBEFEKEX N,O HEAF I

WFIE KB, A AE 0 J5 ol I 3 S B2 15~
35, KT 5°C BURT 40°C MR A 0 &,
SRS AR ) f3dE 38R Y FEL: 5~75°C0, AR
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B0 P - R B B ok 7.73°C, Hemioh 33.42°C,
B 3 56 2% 14 T L R X A Ak R R A b A R Y
M, Z50FoE 2B, N,O HEME 5% 1 5EE E 1)
T BA AR EE R, 8 R SRR K, AL
95 K A AL B+ HER S N,O HECZ [ A S A
F(P>0.05), F/KEEARE NO F 2 iy fbad iy
Az, e NLO HEMCS &K s AR AIR] ;K E
Bt N,O F 2 i b B A, i Z [
TCAHFEEDS, AGRES R TO. T1. T2 AbH 35K
i 5 N,O HEGHE i 8 3 IEAHDC (P < 0.05), 1M T3
T4 A0 FE 45 E KBS N,O HEGE & 2 [ A A ¢
(P>0.05), AJRERJEAEREFFL HETE 7750 kg/hm?® J
PURES, BHES KR B N0 HEi, i Hiat
FEIE Xt SR BRI R, R T
T KR NLO HEBCE ) (81 3. % 3). N,O HiE
ORI NEFREM G H 24 H) 58 2R, Z
Ji5 12 AT 3 B R i B K, oK 2R NLO HETGH B
BRI R R 2 — R R 2 e B g SR ey (81 1.
Kl 2), {HAHE N0 HEUe LR . &K . A
& EWERKRERRGEENNER, HILET
N,O HEHUZ K i, ASa] 2245180, UL py /s
A TSR ER S, HIRERM, NO HEik
B, U6 R LR R NLO HERO R R
Z S5 R R A 1 3 S A R A A Y
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