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Effects of Mixed Straw Return on Soil Organic Carbon Fractions and Greenhouse Gas

Emissions
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China Agricultural University, Guangzhou 510642, China)

Abstract: To investigate the carbon sequestration and emission reduction effects of mixed maize-soybean straw in field return,
this study simulated straw return by microcosmic experiment, which used no straw addition as control (CK), and set two types of
mixed straw and maize straw with five straw additions of 0.5, 1, 2, 4 and 10 mg/g, and then the differences in soil organic carbon
(SOC) and its carbon fractions, the rate of SOC mineralization and the emission of greenhouse gases were analyzed and compared.
The results showed that the addition of 0.5, 1, 2 and 4 mg/g of mixed straw and maize straw did not significantly increase the
SOC content, but promoted SOC mineralization and soil CO, emission. The contents of SOC, microbial biomass carbon (MBC),
dissolved organic carbon (DOC) and readily oxidisable organic carbon (ROC) were significantly increased when 10 mg/g of
mixed straw and maize straw were added. Mixed straw treatment significantly reduced the rate of SOC mineralization, cumulative
CO, emissions and global warming potential, while significantly increasing soil MBC content compared to maize straw treatment.
However, N,O emission rates were extremely low throughout the incubation period, with no significant differences among
different treatments. In conclusion, the addition of 10 mg/g of mixed straw not only significantly promoted soil carbon
sequestration, but also effectively reduced greenhouse gas emissions, which is crucial for improving the sustainability of
agricultural production.

Key words: Mixed straw; Straw return; Organic carbon and its fractions; Greenhouse gases
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BRAE, BOARAERIRE AT SRR < 53—l B,
J T FEA R RS FFGEUR, T B 290 T RS FF AR I
Fo H 2020 4F XU MG ICHELIK AR H R R
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WSS HA B S

&R EENK, CHE 8%~13.7% 1Y
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FEBL SR, FEFFIES HIXE SOC By S 5 7% FFFp 2 AN
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e AR R, A SRR X A e o T R R A U R
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33X J2 DR A s 7 S it o AR 1 B RO B €O,
REHWICINN , FEFFIE H R S E P $E it T 8 2]
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TR RHI A A g ML R 2= U0 (23°08'N,
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21.6 C, 4FFHREKE 2 190.5 mm, [FEKFEET
7 4—9 A . KWIEM KRBT R 4 FhAh i
(FRHE . KGHME, FoR-KE 2 3 EfE. k-
K2 ¢ 4 EfE)RI 3 Fiti &K F-(N 0,300,360 kg/hm?)
PR 2R . BEKFOR SR 4R, T ILZR
Rzooknl; kG RmFRy “BE 357, HEM
Al K2 2 BEAT Mg U2 AT BA SR AL L ELAA it AE Jr 58 &%
FH () 45 A5 48755 2 DL SOk (177

BERFEFF A LR H Fok-KE 20 3 [EfER
AHEREAERI/NX, T 2021 4F 6 H FUWUG ST BURE
FEAS/NXBENLAZEL 2 B EKF S #RR R, PR e
HAAKT . KB FF4 AR S, FoR—KRTIR
BFEFHR H RIFS GRS LU BN S (n wxmnr © M scome—
1.7 2 1). FEFFFRASREINE 1 PR, AR
FEA/NXBEHLI 10 4> 10 em BREY AL, EERIEAE
AR, WAYA), o2 mm T . RERT,
TN ZE AR K IR Y 3 K a Ry F AR K R Y 60% , 44
T TEIREESRAR 25 °C WEEESR 7d, DARE T4
RIS . G /b, EHEAPLE(SOM) &=k
18.96 g/kg, #AZ(NH,-N)E 4 8.06 mg/kg, fiiAs
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Table I Nutrient contents of test straws

PR TS A w #p C/N
(g/kg) (g/kg) (g/kg) (g/ke)

403.20 16.20 1.79 30.94 24.88
439.20 16.30 1.68 7.08 26.94

PLRAFSFF

KREFERT
ERFERT

1.2 Rt

BRI LIRS A AL EE R X IR (CK), 1 E E K-
KGR G FEFF O A F KRS FF (M) RS A 258 (5
FhFEFFIA HEALFE 0.5, 1. 2. 4. 10 mg/g(11~15,
MI~MS5), 33t 11 ASAbEE, FEA4bPE 3 AEE ., R
Bemt, FREL 30 g FUAbHAT ) AR S AR (RS FFIR A
¥15], BT 100 mL 705 €A BB s I mZEis
IKVE Y 35 K % T K Y 60%, Belffifi (8
FRBEERL M S, ARG -4/ e 25 °C
FAF T R R SR 28 d B IR ], 2 R A SUARRE A
T JA e BRI A SR R 1 R K 43
1.3 HARESNE

TEREFRMEE 1,2, 3.4, 5,6, 7, 11, 15, 19,
23, 28 REFHFATIE TR, LB 12 1k, RS
i, TR BRI ZE G E | PR AR N 25 S
ff FHBRUEZS SR 30 s, Bl TR SRR 10 mL <,
RAE NI SRR R EEIR 40 G, B R
SRS . WA, ERETRESR 28 d JE A TREIAME
HURE, TR SOC K Hdl 4y .

BT ER- KRR BAERK, CH, A9HE
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AR SR FH AR £ 3% {300 5 (Agilent 7890, Santa
Clara, CA, USA), CO, fl N,O % %% uECD(J5
Kl gy, KRz 300.0 °C, 4R 60.0°C, BWAH
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R Ao AT ) U5 A0 SC SCHk PO vk
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14 HIERESSH

T 2 AR R
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R=S0C ZFH ki / (SOC+0Cx) x 100%  (4)
{fr: R SOC Bk, SOC, Ky 4RI s SOC %
i OCx WFEFFAPLER S .

SCHUTA Geit BT8R FH SPSS 26.0 #E17, i
PP ERE R R S . Hodr, SRR R Oy 22500
Xof AN [RS8 o i A B8 ) 119 25 S A TR 06 O ik AT 22
A, RIISTREAS ¢ K50 XN [RI RS FF IS A0 ] 1) 2
SEHEAT AT, SR FHOBLDR 207 22 40 A X AN [ R A o i
RS FF 2SR 1) 5 0 141 7RG 56 o

2 HEREHW

21 REBTLEHNTEGNHRSENHMN
M 1 RHL, RERFEIURT SOC S
(P>0.05), FEFFISME B EZ MW T SOC & & (P<
0.001), i34 Z [H] JC & 2 3¢ B AE H (P>0.05), Eik
M, SXRCKMEE, Bmos. 1. 2. 4mg/gfh
FEXT SOC &t I 52 m, (HEIN 10 mg/g FEFF i
FEHE T SOC F 8 (P<0.05), AN 10 mg/g IR S/
FFEIS) A E K FEFF(MS) L BEA HI T SOC #1253
T 17.28% Fi115.73%, HMH&EZEITLEEES.
2.2 RABFTEEN TEENHRT KRNI
A& 2 AT, REFFISRURIFS AR =X SOC
AR A WL R (P<0.001), H M EFERFRZ
HAEH(P<0.001), EIKMIFH, SOC W fbZKREFFA
T AN RGN, 7E 10 mg/g R AR NI 28 5 B
Ko BEHF, IRAFF 15 FEKFEFF MS 4h 1 SOC
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Fig. 1 Soil organic carbon contents under different treatments R d
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Fig. 2 Soil organic carbon mineralization rates under different

treatments
U 27 225307
FRFFAAIS): P<0.05 RUHE T
20074 R T 253 100F 5 FEFFI IR (A): P<0.001 257 ¢ HEFF(S): P>0.05
A a FEFFRANS): P<0.05 ® SxA: P>0.05 o FEFFRJIR(A): P<0.001
+ﬁ:§ﬁ‘?ﬁ§bui(A):P<0.001 sl BE o SxA: P>0.05
2 150¢ S¥A: P<0.05 el + o7 + ~[—
& b & b
£ X I ) ERER b
£ 1001 | b ¢ pn
& ¢ a & 40t 8‘ 10b ¢ c
m @] (a4
= o < gl 05
0=k @ 15 K Md M5 YTk @B k va s~ YTk @ o1 CK M4 M5
RATEFF TORFEFF AT TORFEFF IRATEFF TORFEFF
WUHZE T 25530
BAE IS FFFATS): Po0.05
7r TEFFRAU(S): P>0.05 9, LR IERA): P>0.05
) a BEFRRMA) P>005 o ) o TAFIINL(A): Py
6F 5xA:P>0.o§i . ; a + a +
gst ¢ 1 S i 1 e
=3 3
~ 4_ IR L
1 WS
&3 |
o} Z 3t
2_
=% 2 2_
1t hl
0 0
CK 14 15 CK M4 M5 CK 14 15 CK M4 M5
IRAFEFF TKFEFE IRETEFF ToKRAEFE

E3 FRLETHEGNBREASSE

Fig. 3 Contents of soil active organic carbon fractions under different treatments
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PG 13 MBC & 2 1 3 5 T FOKFEFFAL B, 3 A
78.19%. WKl 3B fzn, FEHZEBIAR A s &t 1
B DOC &AW &2 (P<0.05), {HMH Z (a1
LHAERANEE . SXTEMLEL, 4. 10 mg/g IREGFEFF
K EARFEFFAE R 2518 in T 13 DOC & i, (HAS
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MAOC & ¥ 7C i 5 .
24 RABFTEHEXTEEESEAENARIE
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(] R 3G I 2 SE T s S REAR A B B, 656 19 Rfia T
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SRR 13 CO, HEml A i 3 5 TUR N E KRS FF
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Wesh, TE55 7 KT TR, 7655 19 R T4,
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4B Al 1 15 d FARFE CO, BAHRIE 5 5557
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HE A AR, £ Ab PR E B 25 22 5, JCHH i R
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Fig. 4 CO, and N,O emission rates under different treatments
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Table 2 Cumulative greenhouse gas emissions and global warming potentials under different treatments

isi CO, HFHEI & (mg/kg) N,O EBHE AL (ng/kg) A BRI IR T (mg/kg)
CK 212.66+13.46f 53.90+1.66a 228.72:+13.76f
11 315.69+9.18e 62.06+3.08a 334.18+9.27¢
2 385.48+6.51d 50.28+2.94a 400.47+5.85d
13 566.66£9.14c 65.09+11.01a 586.05+11.46¢
14 926.63+24.29b 60.41£11.27a 944.63+20.99b
15 1 810.40+29.93a 71.98+9.41a 1 831.85+32.30a
CK 212.66+13.46f 53.90+1.66a 288.72+13.76f
M1 293.79+13.09¢ 48.29+2.36a 308.18+13.52¢
M2 436.67+30.09d 50.40+1.09a 451.69+30.00d
M3 616.47+17.00b 50.82+3.10a 631.62+16.26¢
M4 973.62+26.06b 55.19+7.95a 990.06+28.43b
M5 2 140.41£13.43a" 55.70+2.71a 2157.01£12.78a"
Jr 20T FEFFZEEL(S) P<0.001 P<0.05 P<0.001
FEFF R It (A) P<0.001 P>0.05 P<0.001
SxA P<0.001 P>0.05 P<0.001

e RPAFENEG FRFRIR ] — R R T A FIRAT A i 4 BE 2 8] 25 5 .35 (P<0.05); * ** 435 37 [A] — RS FFES Ak T A [l 4

FFH 2 8] 2% R AE P<0.05, P<0.01 /K3,

10 mg/g BFik E i 2 7K (P<0.001), FE AT RINT - 1
N,O S HER A W52 0 (P<0.05), SAT, FEAFER N
HRI A S EAE T R HE N,O AR R ¥ 0 5 5
M (P>0.05), FEFRSFFASINEL N 0.5 mg/g B, IRGFEFT
AEFR(T1) Y 145 NLO S FRHE &= 3 & T FOKRFS FRAL
FEM1), HARAbHRITC 3525 5 o FEAFRM | RS AP
T e K H A8 AR R 4 Bk 49 R v A B R
(P<0.001), 4= BRIG IR S 28 4k F 2T 13 CO,
SRR . 50T HRAH EL, A BRI IR IS SRS AT 0
P BE I 2 B O, FORFE FTAb B ) A BRI TRl s
I s IR AR A AL, FERS AR N 10 mg/g B,
G BRI RV S K L R ORFS AT AL P = T IR AR
FFALFH(P<0.001).

3 g

FEFFA R 4R B AR SOC S =i E S, 4k
1M SOC [E773Z F 2R ZE BsZm, 48258 | it
W RFEzmt ] . RS FEER RS RO N AR Y A
25T R IATEF A AR F 1 SOC &P, Sk
ARWFFE R, 0.5, 1. 2. 4 mg/g FEFFR B H
$Em SOC i, MYFEFFASINEIAE] 10 mg/g I,
SOC # i Z (K 1), X W SOC By I 5F5FF
I IIM S, (AMEENE, EARRBANET,
RAFEF AT KFEATXT SOC FERFME B HE
S, RIAFEFFZEAINT SOC &I ME/N, Hfrid

FH ) 32 224 AL 238 S 3R W A i RS T, 15 i SOC
Pl BAWR RN, R AR B R 1 b
T WX ik JEC ) ) R 8036, DA 81 4 A BB 17
S SRR, fhn, skebr RS, D E AR
i AT RES SR - A HLR MO R, 33k SOC [
FEUEES s T4 AMEm A LA SOC FaEm
30% B, -3 ML AY IR S T A R AR A
AT 10 mg/g WREFFASINE T, POARISHURS FTAi
A di AT SOC Fi iy 40% Fi 39%, X A] gl
I BEAS EIEAALR R R, {2 iE T SOC M REIFE .

SOC 38 5 Bl 4] 43 hy I 14 e F2E 1 R o ok J2E 79 348
4% MBC., DOC., ROC F1 POC #iA M2 1% A Mok
414y, J& SOC ALY FIFEHR, 1T MAOC Bk 2
FEAMURALY T T s A HLBR 4L 40 X4
ST B RN PR A0 L0 P PR 2 oy v B s | RS AT
FH AT ARG AR B i (HOR A4 4 22 1AL LA — 2 Y
25U S AR SRS AT A H S A ML A 43 s R |
Tl (%) ] ) A A S B2 0 R AR sl 28 WD AH O . 7
AWFFE T, IRAFEFFACHLE &5 T MBC &, i
FORFEFFALHAFI B2, JoHIEAE 10 mg/g
FSFRA IR T, IRAFEFFALEER MBC & & 8%
FEKRFEFFAEBE(E 3A). XA REE IR A FEFFH
IR 5 A A AN [) T B — 1) FORAEFT, 1l Beid o
) A50R TN T A HL A o e i, DT Ol 38R E )
PR T HE 2w AR, SE LS TR Y AR Y R
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RS, M2 R, FORFSFE A AR A L AiE
A3 ik SR T g BRI 1 G A A G AR R AR
P i IR AR S ToRAEFE, 4 me/g A
10 mg/g BYFREFFEINEY BE T -5 DOC #1
ROC K% (& 3B A1 3C). i 2 BIFRSFFI4 H 1o H:
SYFR A AR P B, $2 T DOC il
ROC &, RUERFFIRALR LM B2 5, (HF;
FFAAS N X 3K P A AL o3 i 1 i BAT B EH .

POC #il MAOC #& SOC MyEEH W, S5+
BeRsRR e vk SRR S 3 AR P, POC AR AR T
B R A 5 AR R B A A WL 22 ) A e, B
I R, AT SR R L AR
T, MAOC & SHrhi Bk Y245 a Ak, &
B ANFRE WA L 3 SR W AR TR B B I
MR, HARRENRREE, &b AFTER AL
IR ARG A, REFFIER RS ARSI B
HAZH A% POC FI MAOC 7551 oK 77 Ak i 2 52
(K1 3D Fi[El 3E), X nl e 54 A3 (28 d)F
Ko WA HIE, S ammay b, ok
B A0 R B 5 Wt R R R R R L 4n DOC # ROC,
7 3% L6 2] 437 J5 191 P9 38 8 L POC il MAOC A8 L
JIIETEN

Rl FF A FH N - i A WA 8 T RE AN TR 4%, 3%
TR e s, SEifEdE T SOC wHERY, AR
FARN IR, SOC B AR B RS AU I A 3 fin i 1
& 2y, XA DA RS AR S I0 A 00 1
BET B 2 T R R B 3% 53, T RE
AR, BRI T SOC ByETEEH, Ah, 10 me/g
FEFFE IR FIRAR AL B SOC B LR B &K T
BL— FORFEFFALHR, 3 AT RS th TR A A T Ak B Bl A
T AR B R IR AN TS , S E0: DI RETE 1 AL
KA, T3 MBC RN, T Z iRk
fE A3, MR T SOC Mw L,

AW, ERSFFR ISR R T, CO, HEGHE
REMETHERRAL, BZ9ETRuE IR 4A).
X — G A AR VA B FARSFE 1 5 o0 il 4 0 AR 55 3R
IR A W S R R S R S5 5 5 CO,
BG5BT oAl o B /b, S s n)
FIFME A A5, TTFEL CO, HEHCH 3235 ik
ke TRER MERFRINERN, Co, RRHE
HCE ARG INE 4B), X S5ETA MR,
£ 10 mg/g FEFFEINE T, IRGFEFFAEER CO, B
Hil e KT BOKFEAFALBR(R 2), XATRESEH T
FORFEFFEAT R S AR & AT CO/N, S 8OL a0

NEK, WreAE L co, HukPY, sk, HAj
KFFREFFEEXT N,O HEBsE iR A AE R 2558
TEAEBTER G0, FEFFA R UE T NLO HlEfk. M4k
HESCEEPSR I, AR HLHE R ARG AT A FE i ek
DT N,O HEjil . AFFE T, R HXT NLO HER
T BEZW, X FEEREN N0 Hoiksz 350
AL JFHFE R K o BEAL, ASFFIA I 2ol s + 3
BRI R RN M REVR , — B A A B AR s Ak
S N,O HEBCRB B KA AR R B L,
TR CH, T BRI, AWF5E i 4Bk
HR VS F 22 CO, Al NLO HERGE W . BE& R FFIR
IR, SERGERFHE . £ 10 mg/g f
FROSINEL R, TRA RS FFAL B ) BRI IR T 40 i KT
FORFEFAL (R 2), X—#aS CO, BRHE R
l—5, Wk, 16 10 mg/g FEFFRIME T, IRAH
I ERER T SOC W kM CO, 2R HEm &, #HiM
REAR T A BRIG R

4 g

1) S5XFRAE, %05, 1. 2. 4 mg/g BIFEFT
X} SOC W&ol 5w, et T SOC M ik,
BT CO, HEf i, ASHITF SOC [EfE.

2) 5XHIEAHEL, ¥In 10 mg/g AOFSFF &4
T SOC. MBC, DOC F1 ROC &+, HIRGHFF
Ab PR MBC & i 3 5 T FORFEFRAR B

3) 7F 10 mg/g FEFFAINE T, IRG ALY
SOC W 4b3  CO, Sl HE R Al A BRI R v 4434 1 21K
FEKFEFFAIE, A7 Bh T 4 598 AR HE

Sk

(11 Frz=bg, B, A, 55 FEFFE B RS AT 5L A)
JHRIEEEAI]. TE 5 5008, 2020(6): 299-307.

[2] Nguyen A T Q, Nguyen M N. Straw phytolith for less
hazardous open burning of paddy straw[J]. Scientific
Reports, 2019, 9: 20043.

[3] RV AAEWFEFF T R RO 5T 2k (], BARUHOLE,
2018(2): 26-30.

[4] Yin HJ, Zhao W Q, Li T, et al. Balancing straw returning
and chemical fertilizers in China: Role of straw nutrient
resources[J]. Renewable and Sustainable Energy Reviews,
2018, 81: 2695-2702.

[5] Sk, Dh3obk. FEFFL B b E A FH b 32 8] ik R000 52
W EIBFSE[I]. 33, 2023, 55(1): 205-210.

[6] Lynch M J, Mulvaney M J, Hodges S C, et al
Decomposition, nitrogen and carbon mineralization from
food and cover crop residues in the central plateau of
Haiti[J]. SpringerPlus, 2016, 5(1): 973.

http://soils.issas.ac.cn



5 2 39

ISR A IR REFTIL HX 1A AL L 23 AL = SR HE I 2

327

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

[20]

[21]

[22]

(23]

g, XIS, G, & LAY RIS
AHLUF R[], HHEEIR, 2006, 37(2): 244-248.

BCAT, WAEAE, BRI, dE. HIYIRSFER R S
YIRS LRI U IR, 2019, S6(6): 1482-
1492.

WEM, &R, MAE, & IS W E S
WA R IEAE D] TR R, 2015, 42(19):
1-7.

WO, X%, BAH, AE SRR AT L WO R 4
HERY BFE M), bR, 2020, 59(20): 51-55, 87.
Li T T, Zhang J Z, Zhang H Y, et al. Fractionation of soil
organic carbon in a calcareous soil after long-term tillage
and straw residue management[J]. Journal of Integrative
Agriculture, 2022, 21(12): 3611-3625.

Lavallee J M, Soong J L, Cotrufo M F. Conceptualizing
soil organic matter into particulate and mineral-associated
forms to address global change in the 2Ist century[J].
Global Change Biology, 2020, 26(1): 261-273.

HEME, SR, EORFEFEARIRIE H 7 200 28 A Lk 2
IANEERRAE RS2 ], RO FREERA224R, 2017, 36(2):
322-328.

Ly, MBS, RS, S5 AEFRFIE HE T 0 E K
A H -3 CO, HERCE s P RS2 [J]. RO RLE,
2023, 56(14): 2738-2750.

W, Tk, LM, SF. L EAZEXHE H N0
HER A AL A AL AR I s [J]. 3%, 2022, 54(4):
769-778.

IR, W2, %, 55 IR0 AE 5 2r
# N,O 1 CO, HEBU R m[)]. FREERL, 2024, 45(6):
3716-3724.

EREE, X8, BRFERE, . W A T AR K S x4
e b DX R R P A s e (0], P AR ARl 2 AR,
2018, 26(11): 1643-1652.

Wang X L, Chen Y, Yang K P, et al. Effects of legume
intercropping and nitrogen input on net greenhouse gas
balances, intensity, carbon footprint and crop productivity
in sweet maize cropland in South China[J]. Journal of
Cleaner Production, 2021, 314: 127997.

0 ol A o R 1\ I O | O S ES Y A
2000.

JKRE, Eok, PhLE, . RIS E R A AL X A
A ALK K AL Ay s ()], B8, 2024, 56(2):
333-341.

P, 207 RHEEE ARHERT /N I R[],
AN IR 2741, 2018, 37(9): 2067-2078.

HSOW, SRIEHE, X, S5, AT e 7 00 R
HE L R A BN B ()] LHE, 2014, 46(6):
1010-1016.

AR RIS, MRS, 4F. - SOK S FE ST
JEF I AR A LB L R SE R[], A= 252440, 2014,
34(14): 4037-4046.

[24]

[25]

[26]

(27]

[28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Mo F, Yang D Y, Wang X K, et al. Nutrient limitation of
soil organic carbon stocks under straw return[J]. Soil
Biology and Biochemistry, 2024, 192: 109360.

FEE, XM, wIm, 5. R X RE RS
PRI 5% ) A I 5 E SR U], TCZE WS4 ad i, 2022, 49(2):
807-816.

skt BEAE, #hIE, . RFRE ET A PLRTR
RO ISR R R (D], -4, 2021, 58(6): 1381-1392.

Shi J W, Yang L, Liao Y, et al. Soil labile organic carbon
fractions mediate microbial community assembly processes
during long-term vegetation succession in a semiarid
region[J]. iMeta, 2023, 2(4): e142.

PRARRE, B, T, &, EK DR ERHFRG RN
AEI RN [T]. FEY A AR, 2023, 47(12): 1728-1738.
IhIRZ, TREF, BHIETL, 4. REFFS AT x4k 4
P A0 R o R R s R D). BREERLAE, 2021, 42(1):
459-466.

Zhang J, Zhang F H, Yang L. Continuous straw returning
enhances the carbon sequestration potential of soil
aggregates by altering the quality and stability of organic
carbon[J]. Journal of Environmental Management, 2024,
358: 120903.

BT, YL, A, 5 KBIFEATIE M s LA AL
W LR AE I IR 35 1 [7]. S EERLE, 2024, 45(4):
2353-2362.

LiSL,Cui Y X, Xia Z Q, et al. The mechanism of the dose
effect of straw on soil respiration: Evidence from
enzymatic stoichiometry and functional genes[J]. Soil
Biology and Biochemistry, 2022, 168: 108636.
Pingthaisong W, Blagodatsky S, Vityakon P, et al. Mixing
plant residues of different quality reduces priming effect
and contributes to soil carbon retention[J]. Soil Biology
and Biochemistry, 2024, 188: 109242.

B, Ao, MR, 4 Bk 5 & SRS E X
R FE o0 M S -3 52 4 & B2 [J]. L A A
2012, 23(1): 103-108.

EWTF, WL, AR, 5. R R Y B I K
L Bl T iS5 COx HE m ], %
BRI, 2021, 49(21): 85-90.

2, B, BRARRE, SF. ISR AR AT X L3 CO,
HEROR Ak 2 M B 2 m [T]. Aol SRR 24 2 4, 2022,
41(4): 909-918.

R, RIRM, ELA R, & AR AN E
oK R 2 A HEBSORR Bk [ 5 B S R[], ARL SRR Rl 27
i, 2015, 34(11): 2228-2235.

ARASC, HORE, SR, 4. R I BEARS A b T X S
Z:32 H NLO HERCAIRZ I 0], R ENE, 2003, 36(4):
409-414.

B, A%, N, AF. AR FO H E A R0
AR R (1], R AR, 2011, 27(20):
246-250.

(REHFE: T )

http://soils.issas.ac.cn



