% 53 5% 6 & + % @ R Vol. 53, No. 6
2022 F 12 A Chinese Journal of Soil Science Dec., 2022

IKFEFE TR A B MR F IR E L
CH, HEBUFFIE B 52 i

IR R,ZFRE R O, x L, RERE W ARRA
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B E: [ BE ) WEMAKRERSFEA I AL DOR R R R AR IR 24 + CH, AOHERAG RN, DU R B4 /K F8 RS FFAA H 1L
sk, [ 7ee ] RREFFREER (0, 12, 35, 62 f185a) B4, ABIBEAUIN (CK) FANN 1% KAEFEFE (S) AbFE,
TR IEFHRE (FEFRRE R 20 °C, BW/KEN Lem) , E L4 CH, HimuE & & BRHGTE, HWEARFFREFRL
B KRBT A IR A 225, [ S50 ] il KIEFRWIE (150d) , BRIUKFEREFFALERAS Al REAERR 132 CH, A it

(0.00~333mgkg'd") B3 (P>005) mTARBMFEEFFAF (0.00~0.13 mgkg' d') , REHFIGINKFERSFFALHE
58 CH, HE F B4R T FHEK G FRAHT 80 d 1 60 do ARG IIZKFEFEFF AL 13 CH, BFHE &) 0.04 ~ 4.45 mg kg™,
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o2, ABFEKFERME AR, IR RE A A A0
/D Fef HH 423 CH, R 9, Wu 801 BF5E R K 43
FE T S HAZ HAE X 48 CH, RBHEE YA W3
sem, (HFEFFAE 350 58 CH, HERCA 2 /N T LAY
FHREALH . Wang S508 5% B /R 3% CH, HEjil =
SfAE R 2 IEADC, RIS ING 09 SR
Jixt CH, HERCA fR#E1E T . 1 /NS00 1 5% & 3 A
HEid H 148 CH, ~F- ¥ HERCH SR T A e f ik 1A B
BRL M . bR H 7 6 £ 58 CH, HEilA 38K
Mg 120210 5 b 2 B 5 Hb 3 T 4% CH, HEAO i
IR R e P ] BN /5 57 Y D = g
CH, HEfc R 8RB 2504 . e, i =
T A IR R . [ AR TAR ] R
REAHREES, JTREAREKFREAS RAR 580
FEOPIRIE B B FEAR R AR 2230 KRG AT 5 it
2B A R[F PR AR B 38 CH, A HERE R S L HE i R
RS AT BT ANERE . BRI, JF KRS A
TSI ZR A2 R R AR AR PR 1458 CH, HEk m52 ),
XFFPEAT K REAS A1 HXE R A% H 448 CH, HERBCR
KA A AR A EEE L, [ FRmmE
R ] LA R A R [RI R RE AR BR MBI 42,
WG K AT KRR AT S non) B A A [R] P A 41 B
+ 398 CH, HEjlom & A R R R, BRI 1
CH, HEsZm X 2=, S WIaf 28 - A 14 CH, HE
RN, S K FEASFT-A BRI FH P AL S AR -

1 RS

1.1 ke

ARG BB+ R [ BT b R B, R
BT RITTA TR, /NS08 F 7 1) P T St i
EHLAHY, HIFEA7E N 137°30" ~ 128°35'E, 46°30" ~
47°35'N, Sf5)E FEIRAT KRl e, IRPIRIE,
SRS H RIS 2599 h, AESEHSIR 1.69 €,
FE 128 d, AP FXREIKE 577 mm, 2R 4 B
XA, FHARME R AR 32, 8 PR
BB M, a0 5 A, et X spe
TULH R BN FERRITRE L (0a, fERAXT
WE+3E ) R JTRFHRS 12, 35, 62 F1 85 a fgHl +4Ek
RGNS . 4547 PR H 398 H e 1 S0 R st 45 8
JLF—8, HAEAPLIE, 534 A0 AE K E U
A, (HAFERR Z [a] () AL N Fh 2SRl F S A A — 25 5%
KOG KBAAF . SRR, 43518 %t i
+- RN A AR B IR — AR IT, BAR
FERITHE R FRZ) 2 ~ 3 B REGHEFIRY 3 A~F 5T,
B3k ERE ., BFH0 “S” Al . RE
5~ 8 M HFERAIGE N | N HIEREA, REERIE N
0~20 cm. ki AT WOKFIMR ZFA, A
SRIAT 25 o AR - A b BT AR A B A B DL 1
BEAUKFIRE A A ML & il 419.33 gkg!, AT
4 9.15gkg!, C/N N 45.83,

1 Bl IR IR AR R B A M R

Table 1 Geographical information and basic properties of the soil samples

AFRR HFRA b A LA R B A A B
Year Geographic coordinates pH Organic C Total N C/N Alkaline N Available P Available K
(@ (gkg™h (gkg™ (mg kg™ (mg kg™ (mg kg™
0 127.466° E, 47.031° N 50c¢ 38.8 be 38a 10.2d 3242a 19.3b 1447 b
12 127.470° E, 47.026° N S5.6a 457 a 37a 12.5bc 267.3b 34.7 ab 1509b
35 127.476° E, 47.028° N 5.4 ab 42.5 ab 33a 128 a 238.4c¢ 35.5ab 1443 b
62 127.479° E, 47.027° N 5.5ab 347 cd 270 12.7 ab 218.0d 34.6 ab 125.6a
85 127.476° E, 47.033° N 54b 31.1d 25b 124¢ 163.6 ¢ 373 a 1244 a

I AR/ NEFRFORSMERBIZF 2 (P<0.05) o

1.2 EREFRE
AFEFREAERR 3% (0, 12, 35, 62 F185a) 43
FIBERT K REFEFFALH (CK ) AR 1% KAEFS
FRALE (S) , BiF 10448, 43 3iE h CK,.
CK;,. CKi. CKg. CKgs. Spv Sie Ssisv Sev Ssss
FRACEE 3 A ERE . HFHREIRE N 20 C, KIEEE
AT R B XK K2 (5~9 H) A
S (143~23.9C) WE; KASKIEKREARKZER

KA REE Y 1 em HBKZ .

T KR AERE L EMUAE YRR, KT
5 mm G RT HFE, IAZZIBKIAZE 40% 378K
LB K E (WFPS) 524, B F 25 C BRARSHEFR46
T 2 . HrER A 80 ¢ (LIT 1)
AL PR (420 ml) H, FREFEJE 5T
T 6 mm /ML, 60 °C HETRK RS FHE T
EINMEREFES B IR AR, PEiT L2
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HilE] ), 2R AT S B S R I AR I K B
Lem WEKZ CHRIEFMTKEMSE) o B4
PP 18 AR, o 3 AN RIS T ],
A 1S DREFMAREREE 11, FLF TEOR /LB
W A B FHHE T 20 °C fHESS AT RS 150 d,
FrA 853K R AR, R AR —8, &
3~5dHEPAN K, DAgERK A

SRR, BEPIEES A SIZESS 7. 15, 30,
45, 60, 80, 100, 130 A1 150 d, JH 60 ml 7F5 #i
B 50 ml SAKFEA LA 100 ml E o348, DL &
CH, W5 ; BRI IS 53 3B ARSI RS Jin Ak $4
I E Ty 3= TP < 10 min DI4ERFA
SHERE, B BRTOKG VAR, AN
Ko HAREEFHIMATMAES 5. 15, 30, 60 Fl 150 d
PEATRE I e AR AR, MRS B3 K&
H SRS 40%WFPS ], ff +FE%EE T 4 °C VKA
TRAr, FHTIE IR AR A . B8R &=
1 p- T
1.3 MEFHE

SRRES R CH, He P Agilent 7890B U AH (4%
PGHATAHT, 23y Porpak. Q JEFTAE, AR
60 °C, FrHEA M ELE N,, CH, e RHE
SKEMES (FID) , TAEREEN 250 °C, A
TEASCER 357 FH R A v i PO AR HE AR A TR A2

T A PR (SOC) . 2% (N) RHITE T
{% ( Elementar Vario EL T, [ ) %, nlEMEA
Hlik (DOC ) . AAEPEAHLIA (DON) SKH 0.5 mol L
K,SO, IRz (WA 5 1) , BRIB AR
SHRHERRAAEENE, BEAPELASTE
K 3% BEPEL AR AL —AA3 ST (Bran +
Luebbe, fE[E) e, RIBWTHEEZE (NH,*-N)
KH AA3 TSN E, SRS S AR 2ZEEE
i DON; B-HiZ it BER FH B fe e 704 ( ELISA)
RS s HEHEPRYR I B .
14 HIEITE

3% CH, fEiE e (F,, mgkg!'d!') FIZREHE
it (F, mgkg!) 529,

273
CixX(Vi+axV,)xMx
_ 273+t
F, = D
22.4xmxd
F:}Swﬂxd 2)

Kb, GRS | W £ A BRI CH,-C Wk B
(ppm) ; ¢°N CH, MERIAEEE (25 °C) , V, ks
TS PRI R (m®) 5 ¥V, RS K
SRR (m?) 5 o ARE = R E AT CH,
TEAK BT REE . 4 00329095 M Ry C FIEE/R T
F12 gmol!, m A IET L (kg) , dH
5§ WHBUREI B 32 K8 (d) , n WEURERER.
1.5 Sitoh

% il WPS Office 11.1.0.10495-release ¥E 17 5%
P, R Origin 2017 2Rt 174: 1K, 12 H SPSS
Statistics 22 FAFHEA TG 34 o IR U0 AR Ak 3R] 25
S 4 R DR 2 07 2 A i ATk e, AR H ¥
HATZHE LB (P<0.05) .

2 HERSOH

2.1 1 CH, HiuBEMRZRHME

AN INFNES oK A A5 FF b 22 1- 48 CH, HEAl %2
EPFEHIK KGR 80 d N, TG ABRILEN 2% FERS
FEWATE], B0 KRG FE FF AL BE 1 3% CH,-C il =
(0.00 ~3.331 mgkg' d') @& FARBIMFEFALBE A1
(0.00~0.13mgkg'd") (Kl 1afIE 1b) o FEEEA
BRI, RIS IUKAERSFFAL PR, 138 CH, REHEK
AT 80 d W TRRE , T US /K R FF Ak 381 4 8
CH, Z2FUHE &= A 7E 60 d i #a TR E (K& 1c M
Bl 1d) , REDKFEFFRE N 1558 CH, HEB B ) AH
XPAEJE ;. INIKFERSFFARBE, FERESE 45d B, 454
FEAS M 38 CH, B2 R & T X I8, e
Bigt60d 5, FhAE 62 F1 85 a +3 CH, EEUEE
PR TR IR -5, (HRRS 12 A1 35 a +3 CH, ERE
R E TR ([ 1d) o BRE, BINKEE
FEFF AR R AT FR DL S — 3 A8 BAE I X -4 CH, 32
BHES A BE T (£2) .

TEHE KBS FREE SR (150 d) B, RIS IIKFERSFF
Ab ¥+ 1% CH,-C EFRHEE N 0.04 ~ 4.54 mg kg,
FAEMR Z A 3 CH, 2R E LR F L5 (P>
0.05) 5 WK FEFSFF A0 H# + 3¢ CH,-C RAHE R
4 29.64 ~ 1.08 mg kg, 3 & T ARB AL FFALFE
(P<0.05) (K2), #4EMRT1E CH,-C HEma
fim29.18 ~86.87 mgkg™!, 12a (S,) . 35a (S;) +
8 CH, HEfC S G i 1 i 2 TR (S,)
62 (Sg) F185a (Sy) (P<0.05) . H—orik
M, TEHKKESR 150 d, REMATG K FERSFFE P
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Dynamic changes of emission flux and cumulative emissions of soil CH, from different treatments

*2 1% CH, RRHMENNERFENER(PE)

Table 2 Results of two factor analysis of variance of soil CH, cumulative emissions (P value)

RiFRmtiE (d)
PR Incubation time
Factor
7 15 30 45 60 80 100 130 150
Fh&FE <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
AR <0.01 <0.01 >0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
FEFF x AF R <0.01 >0.05 >0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
1100 MRS (E3) o
Py 2001 22 HETRANREANESRSENR -EEHEE
£ 700 BRI
2 £ S0 MK SR BT, RV IR K R b 2
% E 2007 4 DOC M NH, *-N 5 B $ Bl B FR i ] 4 1 5 g
Qg op 4 I TR RIS, 11 DON Fr kb b i i 1
= y N N
g0 0_5 L d FER B, (H=F & mIFE 30 ~ 60 d A5
‘CKOCKIZCKSSCK(ZCKSS So Sz Sis Se Sgs —l% ( Ig 4) ﬂiﬁﬁﬁﬂﬁm?ﬁ?ﬁﬁ%ﬂ‘ﬂ‘ﬂig DOC,
. sz DON FI NH, *-N i9~F-35 & i B BE R AF AR PR S N 2 5%
reament

EARVNSFREZOR 10 MEHE 2R B (P<0.05) .
B2 EFERANRLIELIE CH, RIHNE

Fig.2 Soil CH, cumulative emissions at the end of incubation of

different treatments

3 CH, RHFICE . WSIK RS ARAL B+ CH,
S A  T EIRAT L A HLAR SE E  E

R AR S SARESIUK RS AT AL BEAR L, S
MK FEFEFFIE Sov Siav Sisv S Fl Sys b B A I
DOC ¥ & &7l 3 T 610,99, 168.15, 158.28,
—27.74 F1 12.62 mg kg, DON ¥4 & 433 fn 1

71.73, —84.73. 82.6. 2.24 F132.69 mgkg', NH,*-N
SER ARSI T 72.98 . 23.45. 90.93. 19.84
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100 _(a) 0O CK o ®) A S-CH, A
RS (OI
=
T8 O
2z 80¢F A
%0 g vy =4.746 x—128.057 y=4.460 x—118.228
ﬂi;HE 60 | (r=0.778, P <0.01) | (r=0.770, P <0.01)
<
23 40p
M @) o OO0 ©) A
SIS ©
==l Yex = 0.286 x—9.828
% © (r=0.745, P <0.01)
0 n L L L L
25 30 35 40 45 25 30 35 40 45 50
TP (2kg™) AP (2 ke ™)
Soil organic crabon Soil organic crabon

S (a) WRIRIFSAT (CK) RIZRIASFF (S) AbFE CH, HEWchE, (b)) WVRINESHF (S) AFMETRIRIFSAL (CK) ANFIMILLAY CH, HEMUS . i b = k& &
BEASE
3 13 CH, HRE(150 ) SHBERHBRAENXER

Fig.3 Relationship between the soil CH, cumulative emissions (150 days) and soil organic carbon content
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)
on.*g
E S 600}
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= 2
T S 400} SRR-N
#H = @3_\_
%2 o0 S B
E‘é $§<5\\\§\:::3:\\\
Y- - e \\\\—\:if\:\\é_
0 . S T T T T X
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= §, 600 L {\
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~ 5 /N - TP~
£ e PSS S
£ £ 400 ] S-Sz
%z , _ 2
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¥ E e R
# E 200 -Jé/;// “Ee T
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7 CKACEATRIFE AL BN S ARAMRSFRAL S, FAREC R4 R
B4 AELEDRAAMANREANESRSENITEN
Fig.4 Dynamic changes of DOC, DON and NH, *-N in different treatments
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1 8.36 mg kg'c FEFFESIMANFPRIAERR X & 12 H.
YEHIXT 15 DOC. DON Fl1 NH, " -N % 5 44 I 5
Wl (¢ 3) o MM ARM, REMKFERFF L5
DOC. DON I NH,*-N & 5 - 54 WLk & & 2
WEIEAMXE (P<0.01) , tHIXRED N 0.696.
0.771 F1 0.805; ¥ /K 75 #% #f J5 £ 1% DOC. DON
FAINH,*-N &5 - ea Pl S E iy 2 B EAC
(P<001) , tHXFREZ 70~ 0822, 0.847 Al
0.798.
WE KSR IR AR, ARUS NGRS oK R A A Ak 2
- 558 B A G PR Y B A R R I R S
THE FRER S, 78 15~ 60 d W &5, 60d
ZJRAFROE R B INoK RERSFE AL BE A 3 -1

*3 TEABBNREANESEIER p-AEEEHEN
FIME R E DL R(P E)
Table 3 Results of two-way ANOVA of DOC, DON, NH, *-N
and f-glucosidase activity (P value)

e

Factor DOC DON NH,"-N f-glucosidase
TEAF <0.01 <0.01 <0.01 >0.05
AERR <0.01 <0.01 <0.01 <0.05
FEAT < 4EBR <0.01 <0.01 <0.05 <0.01

1. DOC: FIFPEAHLEE, DON: AlEMEAHLA, NH,*-N: &%
A, p-glucosidase: A-FHAEMH .
2 W H RS PETE RS SR ET A BT TR R, (HAAERR +
ez MR E AR (1E5) o FIREAERR S s+
5 PRE AR R A 52 B IR p-48 20 W il 036 P 24 52
BF (£3) .

5 @ - CK, -8~ CK,, & CK,,
o & CK,, <& CKy,
=
33
<
=}
& 3
i e
HQ
&
&
Q

(®) -0 5, -G S, A Sss < S —¥e Sgs

I 8/,(%\:\\\

/ /// \\t:\ R -
e
AN
o X

REFRISHA] (d)

Incubation time

O L L L L L L L L L L L L L L L L L L L L
0 15 30 45 60 75 90 1051201351500 15 30 45 60 75 90 105 120 135 150

RiFRmHA] (d)

Incubation time

5 TEAELIR p-AEEEEEEMEiSTL

Fig.5 Dynamic changes of soil S-glucosidase activity in different treatments

2.3 3% CH, HiBIEZImE & 24
FEFREE A RS IR K RS RS AT Ak 7 1 5
DOC. DON #1 NH,"-N & &5 11 CH, i & 2z [\

HA B IEASE; BIKRERSFEALBE A 3 p-4 4 b
B S5 3 CH, HERCE 2 (R W 2 B3 A o6
(%4) .

R4 DRAAMANRENESEASE f-AEETIET S 1R CH, RIRHMEEX IR
Table 4 Correlation analysis between the soil CH, cumulative emissions and DOC, DON, NH, *-N and S-glucosidase activity

il BhR CH, Z R =
%eatment I?r?dtj; DoC DON NH,*-N B-glucosidase CH4 cur?lﬁjtii: inisions
CK DOC 1 0.903™ 0.924™ 0.400 0.719™

DON 1 0.927 0.237 0.896™
NH,*-N 1 0.184 0.710™
p-glucosidase 1 0.271
S DOC 1 0.772™ 0.769™ —0.206 0.677
DON 1 0.976™ —0.453 0.884™
NH,*-N 1 —0.532" 0.868™
1 -0.517"

[f-glucosidase

H: DOC: AI¥EMEAHI, DON: WFMEANLA, NH,*-N: #E4A,

ARG IR AL 13 DOC, DON F1 NH,*-N
Tz B EA BAE, IR A AL # A1 DOC,

p-glucosidase: S-HiZIHE TG, *, "/51350.05, 0.01EAKF-,

DON, NH,"-N & &1 g- 8T s e (i By
HASE, HE—Ead 200 B AE AR A &
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KANAEAT 143 DON X+ CH, HERny H A &
B K HoMIEME (1.724) , DOC %+ CH, HEA
el RBuRZ., NHE (-0.769) , DOC F1NH,*-N
i3 DON Xt 448 CH, HEk i ] 42238 12 RESIR K,
Sy 51h 1.557 #1 1.598; ¥ i FF 1% DON i + 1%
CH, HER ) E A REBE R H o IEME (0.996)
DOC #1 NH, *-N j# i DON %} + 3 CH, HEM 1 1] $
WA RBOIIRA, 4351k 0.769 1 0.972; {H -4
B BHG PR DON X} 3% CH, HERCAY )3 48 &R
BERE (—0.451) o FHILRT L, BRANFSFF 4
DON & 252 + 3 CH, HEt i 4% &, DOC,
NH,*-N 1 -4 5 T s 25 i 3 CH, HE
(3PS

3 g
TG0 438 CH, HEMOZ AR R 2 AR 21
A RIARS KREREFF IR - HEER B O AR A

AR T R S, AR ) g rp R
TRMBPAER TR, (Rl REAEIG i LS )

B N IR TR PR 20 S n] A AU A R
ROAEMAEYE R TR RS . AP, du2
B A K EZRYC, AR, TR
h/KAEFREFT, +3% DOC. DON Ml NH,*-N &5
THEA PR E R B E IEAHE (P<0.01) , XKW
AFFEFR T AR SRR EES (K1), 2
R A AR AT A A S B E RN K,
FEFFAS AR AR BR & — 38 B3 BAEFIXT 148 DOC .
DON #I NH, "-N & (% 3) , #Fmi ¥ CH,
Hefods (£ 4) o KRR INE 22t 7 14 CH,
Hee (B 2) , CH, Hejfis 3 50 5 A Hla & =
EWEEAMC (K 3) o A5 EsiKRERsFT 15
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Table 5 Path analysis of influencing factors for CH, cumulative emissions
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Ab ECLA ERCSTEEEN Indirect path coefficient
Treatment Index Direct path coefficient ;
DOC DON NH,"-N p-glucosidase
CK DOC -0.128 1.557 -0.710
DON 1.724 -0.116 -0.713
NH,*-N -0.769 -0.118 1.598
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NH,"-N -0.254 0.050 0.972 0.100
p-glucosidase —0.188 —-0.013 —0.451 0.135

. DOC: AIEMEAMIK, DON: FIEMEANLA, NH,*-N: 28 %A, p-glucosidase: S-FZHH .
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Effect of Rice Straw Addition on CH, Emission in Black
Soil with Different Rice Planting Years

WANG Hong-fei, WU Yi-hui, ZHANG Rui, AN Jing, ZHANG Yu-ling", YU Na, ZOU Hong-tao

(College of Land and Environment, Shenyang Agricultural University / Northeast key Laboratory of Cultivated Land Conservation,
Ministry of Agriculture and Villages / National Engineering Research Center for Efficient
Use of Soil and Fertilizer, Shenyang 110866, China)

Abstract: [Objective] The effect of rice straw addition on soil CH, emission in Black soil with different rice planting
years in Northeast China needed to be evaluated, which will provide to provide a theoretical basis for the return of rice
straw in paddy field of Black soil. [Method] Flooding incubation experiment in a laboratory for 150 days (at 20 °C,
with 1 cm water-flooded layer) was carried out, and 1% rice straw was added to black soils with different rice planting
years (0, 12, 35, 62 and 85 years), and the soil without rice straw addition was used as the control. The CH, emission
flux and cumulative emissions from soil were determined. [Result] During flooding incubation period (150 days), the
soil CH, emission flux (0.00 - 3.33 mg kg™' d™!) from the treatments with rice straw was significantly higher than that
from the treatments without rice straw (0.00 - 0.13 mg kg™ d™'). The CH, emission from the treatments without and
with rice straw mainly occurred in the first 80 days and the first 60 days, respectively. The cumulative emissions of
soil CH, from the treatments without rice straw were 0.04 - 4.45 mg kg™!, there was no significant difference in soil
CH, cumulative emissions in different rice planting years (P > 0.05). The cumulative emissions of soil CH, from the
treatments with rice straw were 29.64 - 91.08 mg kg™!, which was significantly higher than that of without rice straw
treatments (P < 0.05), and the cumulative emissions of soil CH, from 12 years and 35 years were significantly higher
than that of 0 year, 62 years and 85 years (P < 0.05). The cumulative emissions of CH, from the treatments without
and with rice straw positive correlated significant (P < 0.01) with soil organic carbon (SOC), dissolve organic carbon
(DOC), dissolve organic nitrogen ( DON ) and NH,*—N. The cumulative emissions of CH, from the treatments with
rice straw negatively correlated significantly (P < 0.05) with f- Glucosidase activity, the cumulative emission
increment of CH, positive correlated significant (P < 0.01) with SOC and DON in the treatments with rice straw
addition, which means that the SOC and DON are the main affecting factors for CH, emission. While the DOC, NH, *—
N and S -glucosidase activities were the indirect factors affecting soil CH, emission. [Conclusion] These results
suggest that the addition of rice straw significantly promots the CH, emission in Black Soil with different rice planting
years, the longer the years of rice planting, the soil CH, emission is relatively lower. Therefore, the soil CH, emission
increases from the treatments with rice straw addition is relatively small in more than 35-year rice planting Black soils

Key words: Rice straw returning; Black soil; CH, emission; Soil organic carbon; Paddy soil
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