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W OE: LEPRARRAPHLHE T, ARATARA LA EAES AL ELEXRKE LEPRB W,
AARBHABAA ML ER EEERBEERRE, BLHEEMRKE, RERFEZLE (NTS., BFFHLE
(DTS) FREAFFLHE (CK) 3 MNEAE, AEENELETRESHEA (NO. HEAE 180 kg/hm? (N1) F1 7 &
£ 270 kg/lhm? (N2) 3 &4 %, R LI-870+Smart Chamber +3E5 38 8 B 710 & 7 4 W F K & 4 F 81 L E TR
wE, FEFENLERE., TERAN®REET. EREHA: EXTRKL2EFHN, 18 COHmExEH “%H
, B WS, £7AFEAE 8 A LE COHFREFAFEME, FH 7.60~14.92 umol'-m?s'. DTS A £+
#E CO, FHHMER A 420~1031 pmol-m™s”!, TFHT CK AL EFf NTS L&, 75 Im 19.37%~57.11%7F
32.87%~82.73%. T EIRHLEHFA T LEIRERELFT —ZNER, DISAEFHLEFIREMNEREET T CK
A NTS LI, 273w 33.16%~129.70%F1 32.71%~109.33%. 5 4 & & ¥ 1~ 7 #& #F & EﬁtT%(noﬁE
1.49-2.62, +HEEEM L EFTERANREZZ WL EFTRERNEZRH T, CK, DTS f# NTS LET, +ERE
BITUME L ETRAREFTTME 77.10%~90.70%, 82.40%~97.60%, 57.40%~79.90%; -+ 4T 3k % Fn + 5 7 7%
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Study on Soil Respiration Characteristics of Corn Fields under Different
Straw Returning Methods in the Black Soil Region of Northeast China

YAN Xu, SHAO Zhenzhu, WANG Shaojie**
College of Resources and Environment, Jilin Agricultural University, Changchun 130118, China.

Abstract: The soil respiration process has a profound impact on global carbon balance. Clarifying the effects of
different straw return methods and nitrogen application rates on soil respiration in maize fields in Northeast black soil
can provide a theoretical basis for rational utilization of straw and soil carbon pool management. This study conducted
field experiments and set up three main treatments: straw covered return (NTS), straw deep tillage return (DTS), and
straw no return (CK). Under each main treatment, three sub treatments were set up: no nitrogen application (NO),
nitrogen application rate of 180 kg/hm? (N1), and nitrogen application rate of 270 kg/hm? (N2). The LI-870+Smart
Chamber soil carbon flux automatic measurement system is used to monitor the soil respiration rate throughout the
entire growth period of corn, and synchronously monitor soil temperature, soluble organic carbon and other indicators.
The experimental results show that during the entire growth period of corn, the soil CO, emission rate shows a trend of
"increasing first and then decreasing”. From mid July to early August, the soil CO, emission rate reaches its peak, with
an average of 7.60~14.92 umol-m? s, The average CO, emission rate of soil treated with DTS was 4.20~10.31

* BESTE. HKAREEESITH (U19A2035, 41907081), 7 b4 [ SARH 3434151 H (20200201017JC)
1EHEN: B, 5B, Wt HAhm: LIEEEER.
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umol-m? s, significantly higher than that of CK and NTS treatments, with increases of 19.37%~57.11% and
32.87%~82.73%, respectively. There are also certain differences in soil respiration accumulation under different straw
returning methods. The average soil respiration accumulation of DTS treatment is significantly higher than that of CK
treatment and NTS treatment, with increases of 33.16%~129.70% and 32.71%~109.33%, respectively. The research
results indicate that the Q10 values under different straw return methods range from 1.49 to 2.62. Soil temperature and
soluble organic carbon are important factors affecting soil respiration rate. Under CK, DTS, and NTS treatments, soil
temperature can explain 77.10% to 90.70%, 82.40% to 97.60%, and 57.40% to 79.90% of seasonal changes in soil
respiration rate, respectively; There is a significant positive correlation between soil respiration rate and soil soluble
organic carbon, and soil respiration rate increases with the increase of soil soluble organic carbon.

Key words: Soil respiration; Nitrogen application rate; Returning straw to the field; Soil CO; Q10
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1.1 WG XHER

WIS T 2021-2023 FEAE 5 R VY- 1 B0 B A Ol K B340 S50 3547 (43° 167 N, 124° 26’ E). Hff
T I HAL T R IR AT RS, HEAE @R E WA, AFHEREATRNR N, FE LAY
B iR S AR I R AN SR 18.90 g kgt B A SN 84.00
mg kg, T3 pH Jy 6.10. HIFEA RBES B 23.90 mg kgt I RS Y 183.00 mg kgl. 2021-2023 4E
FRAE WIH MoK R K& HERERME 1 iR, 2021 T KA E T N H TSR N 18.30 C, EEWEN
492.00 mm, FELEPLE 7~9 A4y, 2022 sEFKEAEF YN HFHRUEY 19.80 'C, SFEMEY 918.20 mm.
2023 R K AEF AN HFH SN 20.46 'C, KPR EN 454.60 mm, FER & EELEHE 7-8 H .
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[ 12021-2023 FEKEFHIARKKER AERTK
Figure 1 Daily precipitation and daily average temperature changes during maize growth period from 2021 to 2023

1.2 BRI

IR R, EAF YW T, BIIEAREATE H (CK): b AT & #2iE FH(NTS): AT EE H
(DTS): EIALF AR, HNATEEILNO). HEEE 180 kg hm?(N1), HE%UE 270 kg hm?(N2). TEAHILH,
BRI &R ER 46%MIRE, M7 ARHZEEE 1. 2; BEAEAERALI 452 & P2Os v 169% 1 BEfR
IS K0 N 60%M AL E, T S=AHE, Y98 90 kg hm? , FEFFAEIEH. DXK 60 m, BAN/IX 12 2,
2P 0.6 m, WE 3WEE. HEFAIL L1 CO HiUE =, TEM/MEB AT PVC . TR FhiEH



MHE R E 99, FOKFEEE ) 65000 #k AL, TE—ER 5 A LR, WEkEBVEER 10 A L,
FEWGRI = SRAE L IEREAS; 1WA & WA R4 2 okl B 05 2R T R 1) B 3
1.3 MEMBE R FHZE
1.3.1 LT IR A huag byl 2

FREGE 2 mm G &R+ 10 g T 50 ml &0 FRINN 40 =T+ 0.5 mol/l ) K,SO4 W, 300 r/min 23 1 /M,
2000 r/min B0 5 5380, GId R Y B0 VAT E, AR5 KRR TR T VR T T A LR R
1.3.2 X PRGN 2

R HERTIAES T 2021 45~2023 45 B 8 sUIEAT I 8 A R RS FRIE F 7 ORI R KT R KA K ZR AR 3
CO, HFCHE F L8 CO, (bR, 138 CO, HFCH % K A L el & 1 2l € & 4 (L1-870+Smart Chamber)
BEATINE o TEFKIERNLZ ST, FERFARIEN X p{a] () TC 1 X CE — /A%y 8 < PVC 3£, 4t PVC R B
ALy 2~3 cm, UABIRH AR @ IE S BRI R AP iR, T A PVC SRAME M R R 5. Ty
Pl SR R IR B SRR R, AT AR SRR AT — RN PVC FR. IR A W
B RN EE W, AWEMBIRCZ R, &G BTHHEA R A K BT 13 CO, HEGH R R . T
18 CO HEBUE A 43 HITEFOR MR AL B I (R, SO, S, ERINARD SME—K, §—K
I 5E HYI ]38 EAF 8: 00~12: 00 2 [8], XN [E] B L3R EE AR R g, HABARERX — Rt CO, Hik
R P .
1.3.3 LR R iRE 4 Q10 14

R 0 R U B ) A R T 2 B IR R AR (DL CO-C AT, ARWIE H A Hokg BA H A {E %
SR H HAICE R, S5 BINTHER FOREEA 4 B 0 ey B, AR

A X O TIEFER CO AR, kg hm2; Rs AllE B9 HIRIFIOE 2, pmol'm? s 12 Jy CO2-C fEE/K
i, gmol?; 3600 Fl 24 A#H S RH. i A i XIIE LIEIFIGESE, n ARJE—RIEIME. N AR R
T2 TRV AH R R R B, A AT P 2 SR PR 26 P A 4 S T ol 1 38 R T o o I 5 3 i ) U M e
Q10 kfffiid. Q10 R RS\ 10 C i ) L IR AR AR A fE . 7EAN 32 A PR BRI R 1 0L T
P8 R - 9 R 4 (Rs) 2 1] 1R 9% 2208 5 W] LA R B0 R ik 122,

b afilb WA S, HMRE 0 CHH:JZE H3% CO HEBUE 2 (umol-m? s YRR BE M. R4 T N+
I (C)o

Rs =ae” Q,=e"
1.4 BURS R

I HE R Microsoft Excel 2019 #fFit A7 it 543, KM I1BM SPSS Statistics 26(SPSS Inc, Chicago,
USA)YRAF AT SR o0, R8T f5e /N .35 22 53705 (Least significant difference, LSD)Z 5 LL 5 4k 3 ] (¥ 3448 2 5+
(P<0.05). FHH# 4 Origin 2021b(Origin Lab, Massachusetts, USA)#E4T B % (121 .
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2.1 AEFEFEEA RN T IRFRRENRHSTN

BESE 3 RIS A 2 iR, SACEI A E I LT OE R AN A S A 5, B R I ST R R PR
(I Rig ke g . S AT L3 COp HERGHE S5 7E T HA- i AR i B0EAl . RO FU 45 SRR CK AL FRAE AR A
JE ot & (N0 N1, N2) '~ -1 2y 4 3 0 R 22 73 53] O 4.07~5.43 pmol'm™? st 3.26~4.72 pmol'm? s,
3.18~5.49 umol-m? s; DTS AMHLLEA RS AL H E(NO. N1, N2)F 73 3 Ip I & 43 5 A 4.78~5.94
umol-m? s, 4.20~6.59 pmol-m?s?, 4.88~10.31 umol'm?st; NTS ACHAEARFFNH#FH E(NO. N1. N2) R
) RPN G 2245 i) g 3.41~3.78 pmol-m2 51, 3.79~4.43 ymol-m? s, 3.24~4.07 pmol-m? s, 7EHH [ i & B
KN, ARFEFHE 7R ) SR G R 2 . DTS A EF 1 LI oH R 52 = T CK AL FEA
NTS A3, 39082 5 19.37%~47.46%(N0) . 32.87~53.33%(N1). 57.11%~82.73%(N2). kL i 77 45 5 % B
DTS AbFH ) PR E A vy, HLUGE NTS b3, BT CKALEE.

VE: a. by ¢ /%I04 2021 4 NO. N180. N270;d. e. f43Jj>A 2022 4E NO. N180. N270; g. h. i4r%lJv 2023 4 NO. N180. N270.
a, b, and c represent NO, N180, and N270 in 2021; d, e, and f represent NO, N180, and N270 in 2022; g, h, and i represent NO, N180, and N270 in 2023,
respectively.

2 2021-2023 EAEREFTEAB R T HIRFIVE R L
Figure 2 Changes in soil respiration rate under different straw returning methods from 2021 to 2023

2.2 AEFEFEHEG XX IR RS20

MR 2021-2023 AT AL, AT ARG RS FIRSATIE R ) il R E A B R (
3) o AEARLIEMET DTS AR il R EH LR 2 5 T CK ALEEA NTS LB, 8770y
76.08%~85.59%(N0). 32.71%~33.16%(N1). 109.33%~129.709(N2). ##%MEA[F4: & HAKI 20, BARK I ik 15 1
A ST P - SRR P SRR G B OK . AE 2021 SEAN[R] AR R g ARSI S S A H IR 26.8%~
51.3%; ik S A B I 14.10%~45.10%. £ 2022 SEAS[A)AE & AR - 3 0P SR T R AR B A )
53.78%~87.56%. HlIAfH 5 S H WA 4.92%~23.65%. 7 2023 fEANIE AL F I LRI AR A



B 42.43%~69.51%. hEEN 5 A E IR 12.69%~30.11%. 15 AN B AU ) - IR ) AR EL R,
A3 A I 3.70%~9.20%F1 8.40%~16.80% .

1 A EEARVNE RN A R it 8 N SRR IS 7 52 (8] 22 57 .3 (P<0.05).
Different lowercase letters in the same year indicate significant differences between different straw return methods under the same nitrogen application rate
(P<0.05).

32021-2023 FARFEFFTHA X T HIBFIRRINE
Figure 3 Accumulation of Soil respiration under different straw returning modes in 2021 to 2023

2.3 AEFEFERAF RN HIERLA BRI

ANFFEFRIE B 70N R A HUBR BB 4 B 0 RUE HPEAS RS FRIA B D7 20 1 g v v
ALK TG FEI/E 57.64~98.56 mg/kg. TEAFRIRSFFAE 77 20 F L3 nl i A HLBcE W8 2 5, 76 0-20cm &=
7, REEMEHEH ST, DTS AFLAI NTS AbFEf L3 n VAR MUK & B HE R E 5 T CK A&FE, il
25.50%~50.34%(N0) 56.49%~67.18%(N1). 44.70%~50.00%(N2); [@I¥%, 7£ 20-40cm +/Z, DTS ALHEA NTS
WP LA AN S B E R E S T CK A B 37.96%~59.85%(N0) . 49.62%~66.41%(N1) .
41.04%~41.05%(N2). Zr FuiB, FEFIEE 77 00T DA R e s I o s e WL & &, Hp DTS AbEE )3
R 25 R B A



W B A 0-20ecm 1E, B: 20-40em L2 AFE/NEF BRI FFGE H 5 T % 7 B3 (P<0.05)
A: 0-20 cm soil layer, B: 20-40 cm soil layer in the figure; Different lowercase letters indicate significant differences under different straw returning
methods (P<0.05).

& 4 FEMEFHEERA R T RATAN A HEHRE
Figure 4 Soil soluble organic carbon concentration under different straw returning methods

2.4 TEFIRFMHIEBEE Z BHIX R

MILA H SR B48H07 2 AT LU H SR 98 Ikt 236 o - 3980 P 7 oy R IFR B0 s (R 1, R NO K
S CK ALEEAT N2 7K°F NTS AbHAh, TI3nplid =< 5 - 158 5 FE 40 31 B 25 AH K /K7 (P<<0.05) . i BE UK R 2
Q10 K/NEHLN N2-NTS>NO0-DTS>N1-CK >N0-CK>N1-DTS>N2-CK>N2-DTS>NO-NTS>N1-NTS. 7£
CK. DTS # NTS &bFE T, 3R B 53 il o) LR - 45 P F 215 A8 A0 K 77.1%~90.7% . 82.4%~97.6%.
57.4%~79.9%. TERFAILLEHAEARFEICH AT, CKAAHM Q10 /5% 1.93~2.23. DTS 43 ¥ QL0H N
1.89~2.25. NTS 1) Q10 ff M 1.49~2.62.
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Table1 Relationship between soil respiration rate and soil temperature in Q10 value

TR E FEAFIEH TitE
R? Q10
Nitrogen gradient Straw returning to the field Equation

NO CK y =0.7458¢%-0658x 0.298 1.93
DTS y =0.6454¢0081 0.519 2.25

NTS y =0.7216g%0584 0.350 1.79

N1 CK y =0.5235¢0-0801x 0.349 2.23
DTS y =0.9048¢00705 0.400 2.02

NTS y =1.2945¢0-0401x 0.103 1.49

N2 CK y =0.6476g0-0684 0.107 1.98
DTS y =1.1217g0.063% 0.353 1.89

NTS y =0.298g0-093x 0.575 2.62

VE: NO: A%, N1:
A

i % & 180 kg hm2, N2:

i & 270 kg hm?2, CK: LFEFFEH, DTS:

AR E, NTS:

SR R IR . T

NO: no nitrogen application, N1: nitrogen application rate of 180 kg hm-, N2: nitrogen application rate of 270 kg him, CK: no straw returning, DTS: straw

deep plowing returning, NTS: no tillage straw covering returning. Same below.
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TIE AR ML R B A DK (P<<0.05) o HLBE A 328 V1A A Lk 10 184 o = IR I ) o e b 348 o



Bl 5 BIRIFIERS LIFALAM AR Z BRI X F
Figure 5 Relationship between soil respiration rate and soil soluble carbon
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s, 75 7. 8 AmBidE LIRS TS L3 CO P R Wi Ty, 72 7 Hrh i 8 A4 i1 T 3R
JEIER i, T3 CO, HUE R WA R e m . IR R A RFEATIEHIT R DTS AbER ) 4 g g
LRFEmT CK LHAM NTS 4H. MAFRLHEKE, DTS WM/ —FARITHAIRE iR, K7 RE
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DI Rt H R R AR, 3 E YRR AR, SECEIERnEEe, 5, AR R R b A AT E A e
SRS SRIR I T A N TR e SO SOE R, AEIER 1 o A LSRN R SRR A,
] e Y AR B SR AR R T RN [ TR 2,
3.2 LIPS HIWRE R TIRAM BN R BHXFR

FECHA RIS R 7, L3R R IR 5 /K 3 PR F A R P AN B PR 1, E AR 5
M - PR S8 3 AR A (R P 855 R 7 S B L3R (P<0.05) . 14 CO HEJHOH 2 A 498 I 1 T v 52 DL 2500 o 11
s, XA KO g R A S RGBS AR O R, IR A RO R R P A A, IR



T e AT e 22 O SR MU T B T 3R B IR AT U AR M IR A S I A3 8 AE — S Y P 38 i
AT DASR LI A G, I RS LB ARk, T 3505 5 5 L858 CO UL A AR 2 3 IE N, 78
DTS Ab2ER, 3 Exf 3% CO, HEmrs A iU T CK Il NTS 4b3 . NTS A2+ CO, Bt 3%
KT DTS 4b¥, X A[AE S5 MR RK SRS 1A T35 L3R A G REFF B B 340 T 8
TR RHE e, I S KRR 3 IR PR Uk B 5 B AR A N B 3 ARG T R A IR A R F 7 R Y
Q10 {HF 1.49~2.62, & Muratal®31%: A\ 5E () Q10 1 1.28~4.75 Z Yl 2 Ia] . 1EAREG -3 Al i A bk B
S 3 COL HECHE Z 1 BRI R 7~ A 0 5 I 1 398 WP R Sk S R 398 M VA MR L ) 2 2 2 TEAH DR 1Y
KFZ, X5 Yang FCIGF R —E. TIEAIVEMEA VUBRIE Ay PR ) R BRI, A A AL S R
PEPEBR VIS, SEINRVATEA MUBR & B R R E AT, SCR RV AR DL R & R BT R ANE )
NI S 3L 3R 8 o1

4 #Eip

TR 2 R A R A A LB S R R IEAR DS, Hoh, RHEREAE CK. DTS I NTS 4b#E R
23 )T DL RS S I R ZE AL 77.1%~90.7% . 82.4%~97.6%. 57.4%~79.9%. A&FTIARBHIE H 5% 5k
F 34 S 25 80 7 H IR AT E M MU S i, HIRIA 50.00%~67.18%F1 25.50%~56.48%; A ATIAHRNIE H B &R E T
L IRRR G R R A, R R TE R R R IO E LR, IR AR A R

EEP ¢
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