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Effects of Black Soybean—winter Wheat Rotation and Nitrogen Application on
Soil N,O and CH, Emission of Longdong Dryland in Gansu

WANG Ting', YANG Junlin', LI Lili%, ZENG Xiaoru?, LU Xiaodong*
(1. Institute of Soil and Fertilizer and Water—saving Agriculture, Gansu Academy of Agricultural Sciences, Lanzhou Gansu 730070,
China; 2. Pingliang Academy of Agricultural Sciences, Pingliang Gansu 744000, China; 3. Gansu Agricultural Technology Extension
Station, Lanzhou Gansu 730020, China; 4. Lanhzou Jiaotong University, Lanzhou Gansu 730070, China)

Abstract: In order to provide scientific basis for the sustainable development of low carbon agriculture in dryland area of
China, a field experiment of green manure and different nitrogen rates in the winter wheat field in summer fallow period in the
Longdong dryland of Gansu Province was conducted from 2018 to 2020. Soil N,O and CH, emission fluxes and cumulative emissions
were measured. Effects of different treatments on soil N;O and CH,4 emission fluxes and cumulative emissions were analyzed. The
results showed that during 2 rotation periods, the peaks of N,O emission fluxes mainly occurred after sowing and fertilization of winter
wheat, and ranged from 11.24 to 31.85 pg N,O-N/(m?-h). Soil CH, emission fluxes didn’t show a peak—valley variation trend but
fluctuated around the zero value, and ranged from -46.8 to 24.5 pg CH,~C/(m*-h). Compared with the fallow—winter wheat treatment,

soil N,O cumulative emissions in black soybean—winter wheat rotation were significantly increased by 26.8% to 44.2% and 6.2% to
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52.3% for the green manure planting period and the winter wheat growing season, respectively, and soil CH, cumulative absorption

were significantly decreased by 7.9% to 76.3% and 4.0% to 8.4% for those two periods above, respectively. It showed that planting

leguminous green manure in summer fallow period could increase soil N,O emission and reduce soil CH, absorption.

Key words: Greenhouse gas; Emission; Winter wheat; Green manure; Longdong dryland

TEAIR(CO,) . HBE(CHY) FTEALIE A (NO)
BRAHH 3 MR EEN K AR E Ak, HE
KA B 2 S e M BR R s
AR AR I8 O tHE A SRS A
TG st 4Bk CO,. CH, A1 N,O FOHER HA &
BT, CRBGEE A I HE R, FEAR CO,.
CH, 1 N,O I = SARHRRL, X g k< w421k,
PRUEAMY AT HE2k & BAT B L

B 7 5 305 2 G b b X 7R 1 R 7R R L
X340 Rl A S T — A~ HAE 7—9 &
R PR P RIARL R B2 o SRTAT, B2 2 PR PR 1) 1 T 44
I, a0 SR— R R AR RDIR S, AU 3
] Y HOK AR IR A S RS HAH, J+H
2[R Ay s 3 it = A 7 5 0E— A T K = 9 2 A
R R AL P FREE ) FAC YAy 2 AR
P SRR RE G 7 s, AR 5 B SR BE RS ] FE IR
[ 1 2 [a] b A 2508 v % 2 PR 18 SR R 0 R
WA A IO, B AR ) AR T AR A
Ry dyte-ol, PR R - B R N8 e 2
IR A B 2 AR HE I 5 ) 7 12 b X 2 DL
il . A 2 R A E IR, R TA
/A7 S PR I i S A I B e R g JIE AN [m] it L
JKE%F 54 - NLO F1 CH, HETRCA 52, LA
FRE R AR BT RRLE kR LR 24K
i
1 MREHE
1.1 I HBE

e e A R E I R R R | B == L VR
gl BB m ks (107° 30 E, 35° 17
N, K 1340 m), J& TFiliEin F X, FLIER
TH, HEZW, 24 FHEREKE 526 mm, H
ZHEPT 7—9 Jhr. FHRE 8.6 C, FHHEK
1384 mm. LA 172d, =10 CHITEsh AR
2800 C. JEIMBEIEFE , KM T, EEHEL/ND
& EKL e g RESFMAK., HERE
Wt, 0~20em - )2 HIES AP 15.5 gk, &
A 1.01 glkg, AW 0.74 g/kg. 24P 22.40 gkg.

SR 73.9 mg/kg, AU 13.0 mg/kg . HAE 139.0
meg/kg, pH 8.4,
1.2 AXAH

HERA N SRR 151 (Pl B2
Bedefit), 2R il BleE bt (A
NERIRZE (BN 46%), Hil XA BRSTEA A A
77 B E A B RES (7 P05 16% ), & — 3
N
1.3 XE%it

R RHMX &I, FXNERT - &NE
(M) FRH-2/NE (CK), RIX AiEAE: N0
kg/hm?) . N, (147 kg/hm?) | N(270 kg/hm?), /INX AT
l456m® (4.8mx9.5m), HTE 3K, H 18 4/)
X. 2018 4 7 H 13 HFP#E & B S, #Ea 120
keg/hm?, N T 2586, A, 2018 4£ 9 H 10 HZ
G EIOR, KL s, B IREE 20
em, 2018 4 9 J1 29 HAMEA/NAZ, #EFlt 187.5
kg/hm?, 17# 20 em, AT 8. AIBHEL/NERE
HI— WA, [ P05 120 kg/hm?, 2019 4 7
1 HA/NZWORIETT . 5 2 $e 4R R W4 5 F
2019 4E 7 H 4 HIEFEZ LG | 20194E8 H 30 H
BIEZB T . 2019 45 10 A 12 HIRF & /N
2020 4% 7 7 1 HCGIRA/INAE L4 it NE i T i) 47
PRFS Y 5 2018 —2019 4EAH[H .
1.4 MZRABFF ik
141 SRR LE TR R R
FEVL . ORFEFE RSN AR B, TOUAR AR R R
50 em x 60 em x 50 cm, Ff A2 004K DL FE
o, IR AR, LIFERIER NS, R
FEFG A /INR 50 em x 60 em x 20 em, Ffi A 115
10 em &b, HANAIGHIATIRE ) o I B RAF A
JCAE T ANk DY JE (R A eh Sk %
142 SFERSE  TEEWAKBIFIRFZE, RS 1
w6 d, MBS 1R /d, #26d, FRME(>20
mm) 1R /d, EZE3 do MAAEIRRMES, 4
I 5 SR R 3 R AU (] (R B o AR i R EE T
K 9:000F 2 11:000F 47 o BUHT 1 min 7% F4H



38 Haro bR H53% 4 9 Gansu Agr. Sci. and Techn. No. 9 Vol.53
I HIREE B, FTIF B R, 3847 KU A N 50 1 5

SR AYA]. A 50 mL B S 8R4 15 min (8] o0 s > M,
WERAE 4 £1URE, T BT AR CO,. CH, ° ) o NN,

1 NLO HEGHE =
1.4.3  SAEHERCGE &R REHERCR T

F=pV dcldix1/A=MxPIR(273+T)x60x10*xHxdc/
dt
K, FNSIRHEGE R, M AR TR B R 5
W, PRRFES KA, #E AR ER AR,
ROMEESIRFEE, T NENIRE, H JRAE &
FE, o AAMARMREE, ¢ HOCHRIR], de/dt JRFEFH
PR AR S ] () AR A

SR RFHERCE R A BRI T
144 HABIEHME  BRUCRAET [FAE U AR
b5
1.5 #¥Babze

K H Microsoft Excel #1780 31, {8 SPSS
(SPSS Statistics 17.0) 4 7S [l b B i) i 2 <A R AR
HE 2 T (1SDogs), YEEIERIFE K Sigma Plot
14.0,
2 BRESW
2.1 RREAFE T EIE N0 68 F 6% h

WE 1 FoR, 782 NMEeERIN, R E L F
N,O HER  shASAs i —, Helog 2
TEANEREREIE )G o 2018 AEFP A LRI 4 /N
FEFPAT, M ALFESEY 43 NO HHE R 7.37 pe
N,O-N/(m?<h), i CK ZbFEFH 438 N,O HHERCH
4.11 wg NO-N /(m*>+h). 2018 4EL/NEFRFIIEAL )5
3 ~5d BRI PLHEE, M=No. M=N,. M-N,,
CK-Ny. CK-N,. CK-N, F-¥j1-4 N,O HHEjik 55
1124, 22.38, 32.58. 13.39. 20.33. 31.85 pg
N,O-N/ (m?+h), ZJ54&AbHE NO HEBOZ T B,

CK

CK-N,
CK-N;
CK-N,

NLO HECHE /[ g NJO-C/(m?+h) |

60

o 4 0O X

HW/(H/A )

1 2018—2020 F£ARFAE N,O HEM S
BA/NEWOR IR A3+ 48 N,O H HER 5
3195, 376, 6.16. 1.87. 3.75. 5.63 g N,O-N/
(m?+h), 2019 4EAN[R AL HE N,O HEjiL i sh A48 1k
#52018 4E—%k, {H N,0 HHbEAMx .
2019 FEFPFEERIE 2= A/ NEZREFPET, M-No. M-N,,
M-N,, CK-N,. CK-N,, CK-N, ¥+ N,0 HHE
RN 494, 876, 1457, 3.63. 5.22. 11.12
peg NoO-N/(m?+h)o M EAREEREH, SKEMHLE,
SR NEIE R R R AL 2E T 3 NO HEOE in . 5 ANt
FAHE, AL T 14 N,O HEBE .

22 FREAFEsTEIE NO RRIZFGFH A

W 1 FTR, 2018 4EH1 2019 AELRAMIE IR U ()
N,O RBHEY B2 5 TIRINHL, 2019 4E4 /N2
AR, M A CK A B [t 0K F- /] N,O R

=1 2018—2020 F£ARELLE N,O ZFRHME g NyO-N/hm?

e 20184 20194 20194 20204F

LRI KN R SR LN K
M-N, 151.5£12.6 cA 141.8+11.9 cA 207.6+23.7 cA
M-N, 139.7+3.3 A 249.1%1.3 bA 190.4223.8 bA 378.2434.2 bA
M-N, 369.8+7.8 aA 326.8+44.8 aA 680.6+11.3 aA
CK-N, 152.949.3 cA 78.4%1.3 cB 136.3+5.0 ¢B
CK-N, 78.00.9 B 234.5+4.3 bA 116.0+7.9 bB 311.3+5.8 bB
CK-N, 344.4+9.7 aA 239.3+18.3 aB 519.9+27.6 aB




Hff B #5348 5 9

Gansu Agr. Sci. and Techn.

No. 9 Vol.53 39

HE R 2 B A i U R B R, 22 R B
TR R it 8K S F M AT CK Ab B N,O B HE
TR EESR . 2020 FL/NEEKD], M Al CK 4t
PR [v] it 607K V- Ta]FRAH [R] it 220K T 9 N,O BFR
Hm 2R B % . BEKE, 5 M=N, Zb B4
Fo, M=N, Fl M=N, 238 N,O P2 2Rk 7 5
BEWINT 74.7% M 192.5% . 5 CK-N, 4b 3 4H
I, CK-N, il CK-N, Ab B2 N,O BEFHER & 43
B E AN T 88.7%H1 198.9% . 5 CK AbFRAH I,
M AbHAE SR NI PR RN A /N A2 A KO 8 N,O R
FRHE 73 ) B E BN T 26.8% ~44.2% . 6.2% ~
52.3%,
2.3 KRB EIE CH, #5068 209 %vh

mE 2 fos, 2 N 5eERBN, 2520 11
CH, HERCB AT S B0 B e AR b A, i [ ¢

CHHERE /[ wg CH—~C/(m+h) ]

* CK v CK-N;

© CK-N, o CK-N,

[celicclcolic ol sl oo No Yo Yo No) Yo No Jo) Jo Jo Yo Jo Je e o R o o N o)
[SES KIS ESES
~N =S

-60

~= =~ NS~

e e S S N
e e e e e e e ] e — — — — —

[=lejslsjelelslsjsislslislislslslslsls sl =l=le)

H/(H /A AR
B2 2018—2020 £ARRAIE CH, HEMZhZS

HEME LTS, A EE -46.8 ~24.5 pg
CH,~C/(m?+h).

2018 AELR BN A/ N HEFIET, M ARFE L
¥ CH, BRI 28 -65.0 g CH,~C/hm?, 1] CK
Ab3E A3 CH, BRI IE 2R -273.9 ¢ CH,~C/hm?
(£2), UiIA S PRIAMAESEHE AT B 230 14 CH,
W R, 2019 4 2% A I IR 5 A& /N R AhAT
M-N, Fil CK-N, 4b¥ + 38 CH, BRI TC i % 22
S, N2k -88.5. —91.6 g CH,~C/hm?, LA E
F, 5 M-N, fl M=N, Zb A FE, M-N, b3 - 3
CH, R 3 5] B AR T 58.9%F1 62.8% ;
5 CK-N, fil CK-N, &b BEAH ., CK-N, 4b B + 35
CH, R 3 51 e AR T 59.1%F1 32.9%
Ul B o e R 2 o 2 g CHL W, FEA/D
FERKI, M A CK PR 439 CH, WS Bt 0
RN, HACPE 22 R R . IR - &/
AL, ZBT - /N AR A S
PR A4 /NG AR - 48 CH, RO 31 (3
W T 7.9% ~76.3%F1 4.0% ~ 28.4% .

3 Wit 54Eit

SRR — A TR A ALIE YR, Beagh 11
G BEYRAER Sy o £ T & AT, A
FERELSRIE . KFIE . RIEEA UL R TR
Mg 325, Rl SRS B S Rees E e
KA ZE " R, SHHIREAE L, JHE
VEVIRIRL IS 2028 T 3K S A UERAE, M

T R EARNHEGI R . O A IR R
B, SORNHOC AR E, PRSI E Y REREAIL 18
CH, W IRE Sy, Al 38 co, mHERC ), Xt +
5 NO, IHEBOE 5 R 5 2% o 4l Mitchell 55 25
by, SRR AT LLE i B A g A A i bk
A ST B0 NLO HERI gRAH DI 4 g it
FAAEA/INAZ P L PR A AR it 2800 L 2 SR B T 5

F2 2018—2020 £ A4 CH, ERH M= g CH,~C/hm’
e 2018 ﬁ 2019 4 2019 E 2020 4E T
23 B 3 PR30 KINF RN S 3R 4 N KNF R

M-N, —577.8451.9 cA —215.5+11.9 bA ~406.1£23.7 bA -491.9+33.6 bA
M-N, -65.0+41.7A -484.2+38.8 bA —237.8423.8 bA -439.3+34.2 bA -461.8+30.5 bA
M-N, -309.1+46.5 aA —88.5+44.8 aA -376.2+11.3 aA —342.7+19.3 aA
CK-N, —773.5+52.2 ¢B -223.7+1.3 bA -503.7+24.9 ¢B —638.6+40.9 aB
CK-N, —273.9+73.5B -536.7+29.7 bB -136.5+7.9 bB -457.7+35.8 bA —497.2425.7 bA
CK-N, -431.8423.6 aB -91.6+18.3 aA -408.6+27.6 aB -420.2423.6 cA




40 HOR Ak B £

F53E H 9 M

Gansu Agr. Sci. and Techn. No. 9 Vol.53

R, NS 5 N0 HEBGERE, Xt
B8 CH, MW B TG 5 17 Snyder 5515 IIAA Y
it A& /N T 175 ke/hm? B NO HEBGE SRR/, 24
I XA R NLO HEGE ik T
ASCERI, TR 2 DNMRERIIN, AE Ak
N0 HEBO0E 32 2 1 B A/ N Z R R I fs 06
5 218 11.24 ~ 31.85 pg N;O-N/m?-h, 3
CH, HEi TC ] g ks, mESEEZFMH LT
Wezh, AAETER -46.8 ~ 24.5 pg CH,~C/m*+h, 5k
W — Z/NER AR, BT - AN R
FELRNESEL R A RN A& /N2 R 2 338 N,O AR HEk
A E BN T 26.8% ~44.2%F1 6.2% ~ 52.3% ,
+ 3 CH, RR M ) 8 E > T 7.9% ~76.3%
M1 4.0% ~28.4% . W RERY A RIIE T B8 55 . K
el LRI R AN, FEGE W NO 1
CH, Helcz i 7y or kR AN ], e 1 1
B RIS . AR R IR AL R A
DA A B T N SRS A e AR, TR B
HE s R A — 22 5k e,
gi LTk, SRR ak B IE R FhoRE 2 1 i
N,O HEdf, /b + 5 CH, Bl 3 N,O Al
CH, HEAlC S L8855 0 . B FK o SR A IR &R
Z ) 56 2R LA B & ™ A LA o ilE— 2
WFoT .
SE Wk
[1] HOUGHTON J T, JENKINS G J, EPHRAUMS J J. Cli-
mate change: the IPCC Scientific Assessment[ M ]. Cam—
bridge: Cambridge University Press, 1990.
[2] ROBERTSON G P, PAULE A, HARWOOD R R. Green—

house gases in intensive agriculture: Contributions of in—
dividual gases to the radiative forcing of the atmosphere
[J]. Science, 2000, 289(5486): 1922.

3] REE, & 2, HEX, . 10MFEXEHER
KRERR & mEIFN1I]. HARLRE, 2021, 52
(5): 77-82.

(4] Ztld, KEW, AnE. ETRARZRXNLHE
By E K EA R REIT] AR AR, 2019
(2): 53-58.

(5] # #, k#ak, £ %, % REMKESHESRX
MEHMANZERKEEEASFR B HI] TEH
K&V # %, 2012, 30(3): 136-142.

(6] Xpzsk, RELE, xXNHHE, F BARBRLANZELH
FERERRFTEMALFRAMEII] B FR,

(7]

[10]

[11]

[14]

[15]

[17]

2017, 26(2): 161-170.
KR, F O, S, F ZRHESTEF M
R TR R B AN K KSR R ®
[J]. R4k, 2012, 21(1): 59-65.
Kk, $higfh, 2 ¥, % IRFEAEEEX
BwEH LB ETER RGP HI] E5FH,
2013, 33(7): 2272-2281.
RO, BR¥PFE, $FHE, ¥ BLEXZRHIH
SRt LA R RE [T TRARRLFE,
2011, 29(2): 124-128; 146.

MOSIER A R, HALVORSON A D, REULE C A, et
al. Net global warming potential and greenhouse gas in—
tensity in irrigated cropping systems in northeastern Col—
orado[J]. J Environ Qual, 2006, 35(4): 1584-98.
SNYDER C S, BRUULSEMA T W, JENSEN T L, et
al. Review of greenhouse gas emissions from crop pro—
duction systems and fertilizer management effects [J].
Agriculture, Ecosystems & Environment, 2009, 133
(3-4) : 247-266.

GRESSHOFF P M, LOHAR D, CHAN P-K, et al.
Genetic analysis of ethylene regulation of legume nodu—
lation[ J ]. Plant Signaling & Behavior, 2009, 4(9):
818-823.

CHEN L, KOST D, TONG X, et al. Tillage, crop ro—
tation, nitrogen fertilizer and cover crop impacts on
greenhouse gas fluxes from an ohio soil[A]. Interna—
tional annual meeting american society of agronomy[ C ].
Soil Science Society of America, 2013.

MITCHELL D C, CASTELLANO M J, SAWYER J E,
et al. Cover crop effects on nitrous oxide emissions: role
of mineralizable carbon[]].
America Journal, 2013, 77(5): 1765-1773.

KO HRAEMANKEEZRABLEAKS. B
FEAESHAK AR B (D] WR: WAAkE,
2018.

LIU R, HAYDEN H L, SUTER H, et al. The effect

Soil Science Society of

of temperature and moisture on the source of N,O and
contributions from ammonia oxidizers in an agricultural
soil [J 1. Biology and Fertility of Soils, 2017, 53(1):
141-152.

HU H-W, MACDONALD C A, TRIVEDI P, et al.
Water addition regulates the metabolic activity of ammo—
nia oxidizers responding to environmental perturbations
Environmental Micro—

in dry subhumid ecosystems[J].
biology, 2015, 17(2): 444-461.



