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Effects of addition of different types of straw on soil CO, emission and soil chemical properties

LI Huan', ZHAO Ping'?, CHEN Linkang', LI Lianhua', XIANG Rui', LONG Guangqiang"*

(1. College of Resources and Environment Science, Yunnan Agricultural University, Kunming 650201, China; 2 Yunnan Scientific
Observation Station for Cultivated Land Conservation of the Ministry of Agriculture and Rural Affairs, Kunming 650201, China)

Abstract: Straw composition and soil properties are the important factors effecting straw decomposition, and they thus affect the soil CO,
emission and nutrient dynamics. In this study, three types of straw [maize (MS), potato (PS), and maize—potato mixed straw (CS)] were
selected and added into three cropping pattern soils [maize monoculture (MM ), potato monoculture (MP), and maize—potato intercropping
(D], respectively. A 105-day, indoor, constant temperature culture experiment was conducted to explore the CO, emission and soil
chemical properties changes of the straw types in the different sub—environments. The results showed that the soil cropping pattern
significantly affected the cumulative CO, emission after incorporating MS straw but that it had no significant effect on PS or CS straw.
Compared with the weighted average (WM) of MS and PS single straw, CS increased the cumulative CO emission and the net cumulative
CO; emission in MM soil by 19.2% and 19.9%, respectively. Compared with the before—culture condition, MS increased the soil pH and
dissolved organic carbon content by the end of the culture, but it had little effect on available P and available K and had a significantly
lower effect than PS or CS. When the same straw was added to the soils with the different cropping patterns, the increases of available P,

available K, and ammonium N were higher in MP soil (relative to before culture) than in I or MM soil. In conclusion, straw decomposition
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and carbon emission in soil are firstly affected by straw autacoids, and the influence of the soil cropping pattern is lower. These factors have

an important influence on soil chemical properties during the decomposition process.

Keywords: straw return; CO, emission rate; cumulative CO» emission; soil nutrient
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Table 1 The basic chemical properties of soils

R AT NOBE-B-D-# ZBye bl RO AR A SR B MAA HBSA
Cronmine nattem pH  OM/  ZJHEFEENAG/ PPO/ sc/ YIMELIP/  Available P/ Available K/ NO:-N/  NHi-N/
ppime p (g-kg")  (pged'-g")  (mg-h'g") (mg-h'+g") (nmol-d'-g") (mg-kg’) (mg-kg') (mg-kg') (mg-kg)
K TS A 7.57  20.77 86.72 16.20 66.68 13927.55 13.86 142.52 29.32 3.44
Maize—potato intercropping
TR 752 19.59 66.51 10.33 61.14 11832.15 7.70 109.01 37.49 5.78
Maize monoculture
T B 749 19.68 81.15 13.75 67.43 12 928.23 11.40 172.98 37.25 4.10

Potato monoculture
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Table 2 Basic chemical properties of maize and potato straws

used in this study
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Figure 1 CO, emission rate throughout the incubation period
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Figure 2 Cumulative CO; emissions and net cumulative CO, emissions
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Figure 3 Dynamic changes of pH and DOC in soil under different decomposition environments
N A (AK) Bt (B 4) o BSINAS [ RS FF WIMFSFF S, 3 Fh L3P RS S A (NOS-N) & i

Jai, 3T e 0 MP LSRN AK S5 R EFRIR(ES) o # CKIMTH , NO-N 35 & A M s
ORI BE RGO 3R b AK S0 PS> BT, USRI R ; eAh 1+ 55 R85 U5 NO--N
CS>MS>CK. AURIMAEFTIS , ARED AR 8 SR, £ T MP B3 BRInRSFHE NO-N
HAK &SRB LI MM L e vh A8 e MP 38 SRR U8 T R, R e THE R S IR AL
AR o TE MM L3, B30 3 Fh RS A AT NOS-N 5 PR i

WWW.aes.0r9.cn




m@g 914

VRE SRRy F41554H

TR, RS BRAL, R LT JE e sh . W 3 AR
FFJ5 X 1= 3 Hh NO3-N 7 &2 (1 R IR 50CRAK IR R MS>
CS>PS,

TCIe U NS 5 5, 55 R 45 R+ e S A
(NH;-N) & = E ANRRREMN F (B S) ., CKTE3
Ry R A 2 B rh AT f B W T R, TP S
FEARNA . 5 CKA L, %S CS F1 MS 7 1ij 1916 3
NHi-N & &, 5 915 CK OREE— 30 Ui PS 72 /i 1
XF - HE NHI-N & 2 02 2F 1 F o B 26, Hh s A
BT R
23 CO.ERHMES HIEXFERMXR

F G5BT (PCA) R W, il i PR A 1 SRt
fif ks T CO, RFHREI R 2Z LAY 88.15%, IRl —FEFFFEAS
[Fi] A A A X AR AR B U TS R RS AL
(7] —Fofo R 52 2 - g A AR AR A S R, DOC i C/N
SR CO, RFHEM =M FEH K (K 6) . [FRlIXf
CO, 2R HER R 17 & 4 2 50 )7 22 73 BT (PERMANO-
VA)F3 AT AR A AR X 46 CO, RABUHE &=
FE7E B 25 22 57 (P<0.001) , FLFSFFZEAXT CO, HE iy
SR TR AR

SRy B Y (SEM) 25 3R W] BEALf#RFE T CO,

FRHER R 93% 9728 5, FEAS [ RS FF S BRI Py Fiid
B 3 C/N DOC Fl A A A (NO-N) FI X} CO,
S R R B R A5 0.56.0.26 F1-0.46, H.
e CO BFRHEACRE (81 7). teAh, - g8l
(AP) , - HE#H A4 (AK) .pH N Tk —B-D— % 45 b 17
fiti (NAG) LA it 2 12 Ak P il (LiP) 38 3 5% i DOC
KelalHE M CO, RFHERCE, LiP a3 14 520 NO3-N
kAR CO, BRI E .

3 it
3.1 FEFFSEE N FhAE AL T XS FE R AR 38 COLHERLEY

00

ABEFEH, BAS I S5 E R AT (PS) 1 CO.HEL
e, JE AV N 3 RS AT CO R 2 5 0 AT A
WEFEAS o BT RS AT (IR C/N) FIMIR BT 32 R (7 €/
N 23 S e HANSUNE , SRR 23 Wi SR AR A % B A1
Jk BRAR , LA AT 5T ik 25 20 9 B i (LRS5O ) | [+
A FF A2 4B (A9 0 /N ) 2 52 Wi T e 8 5 ) S
PRS0 X 22 5 S B0 8 AT B A9 380K 5
ANTR] Aol A b S 0 5 3 T A A A, B T 2 R CO. HE
JRCHE AR A IR AT 5 KT 4% i — RS

3011 r MM [ MP i
3 L
B Lo E _ ¥ ' % g
15+ E b L §
10 L . . . . . . . . . . . . . . . . ,
0 20 40 60 80 100 0 20 60 80 100 0 20 40 60 80 100 120
14 5E0F (8] Incubation time/d 765} 8] Incubation time/d 153215 8] Incubation time/d
50011 rMM rMP
I 2 S S——
400 | - v ¥ " &}m; ,é
= ¥;3i“:i:jfﬁi I A ¥ iy e é '
2 300F Lx A B T e S T M ;§ A
- [ i | ¥ .
: : s DT i .
S 200F Xe ol e I S
<z & - 5% I / ®
T e e [ e T
100 ey
oL ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) )
0 20 40 60 80 100 0 20 60 80 100 0 20 40 60 80 100 120
B F% 0] Tncubation time/d B2 FE 0 A] Incubation time/d % FE 0] Incubation time/d
-®-CK -m-CS -4&-MS -¥-PS

B4 R T EEYE(AP) MERH A WEETH
Figure 4 Changes of soil available phosphorus (AP) and available potassium (AK) during incubation

1% WHART]



202244 8 ZEWR, A IS I [R) R RURE X 398 COLHERURN A 274 5 11 52 1 915
7511 [ MM [ MP
60 F E i - é
gt s [ g
o e P Tt ’
> s0f % ': @ ¢ i
5 L : EoOom
oy, R FE—— 1 3 SN # gi:’f%j:'\“x: 7777777777777777
0 i / R . A v L. Foog ¥ R 4
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 120
15305} 0] Incubation time/d B: 3% 05} 6] Incubation time/d B4 05 6] Incubation time/d
2571 [ MM [ MP
E: i
o 15T r
E P
Z 1o} L -
z A
5+ r \\u\\\\l\‘ . . r %\\\g\ ’__—'i"---____“
SR \ %ié RN E fi;:;ff:’:’:’:f{ izsree—s i
0 0 20 40 60 80 100 0 20 40 60 8 100 0 20 40 60 80 100 120

1= 3% 05} 6] Incubation time/d
-®- CK

B2 3%} 6] Incubation time/d
-m- CS

15 3% 0] Incubation time/d

-k-MS -¥-PS

B 5 TEMSAR(NO-N)FERESR(NH-N)SETH

Figure 5 Changes of soil nitrate nitrogen (NO;—N) and ammonium nitrogen (NH:{~N) content

FF B IACE 2 A EG 38 T 1A MM 389 ) €O, B
FUHERCRE , B T MP 3 7 i CO, BRUHERCE .
BE L ZEXS TR MM 3 S 22 i S R A& S F S
TS 20 COLHIHERL, FUnyR 438 & Ho 0 sl & BRI
TR . SR A RS AT 5 A6 TR MM 38 oh e 21 R 42
PEAY i (ERIVE R ) , 76 MP 35 S Bk 43 (R B dE
FD) o SRS TR G J5 X B HE L A 52 1 oAy SR 34 2
Ak T — R

KU INFEFFBS, 3 FhFopd A =X+ AR A R R 2
Firp COHERTE B 35 25 57 (18 2) , R AN [R) 55 2
3T COHER A2 M A X5/, 3X 5 0 A BIF 9 45
R . Z TR Z5E FEIRT ARAES RS, M
ARG S A AR RS, KA 1 R i A A] RE I 2%
THAEANGOIER, 5510 T 4 R R AR X A B
MR, S INAS AT B BN T COLHERL , 76 MP 4= 1 o
U CS A1 PS, COHE I &7 , I AE T - ik i MS,
COHEMU R . AR, Tok—/NERAE L3,
I HH T 040 A i 23 o8 T ORI %A 38, T
B2 H T FOR K MR AT 3 e T RE A
Az PRI TR T - S P S AT Y, Ik Ah, TRl
—FEFFEA [FE A 13 b R B Ry MS 7 J5 AL
(MM) + 35 1 (1 CO, BBHERU R 55K, CS AT PS 1Y

CO> EFHECR 43 HI7E MM FI MP 4388 v i i, IR
AN ) oo A X T 5 f ) 52 M A 5 6 2L A O
X5 Y 3 B AN AT 56 R IR R SR AR
T VE A WU TR 2H RS, b e oy EE A I AR
UEYIREE  EUUE T SRR IE™, 454+
B 53 AT (L 6) FN&h 46 Jy AR Y (1] 7) £ s , R FF 26
TR0 b At A 2 2 B CO, HE M, H: RS R 24 R 0}
COHEB A B o 5EM0 COHERUY 2 H 22 F
FF C/N ., 158 DOC Fl - HEAH S A (NOs-N) & 1, HiAth
-5 43R A SRS 23 TR 4R M COLHERR
32 BAHEBMAMERXIEFEEITRE P L EE
HFED SRR

AW LB, FEFF A NG 458 AP AK . DOC FI
NH;-N A9 & i $2 5, 3 pH FINOS-N & i J&AIG, %
B INAS ARG T 4RO BT JE M ARIE T 3240 10 FE
SRHER PN — Ty D, RS AT 20 R AE R R 2 3 4
b GEMHIN T L HORBE R A Y 5 — i,
FEFFREAE A AR P Ak i Sh AL 70 R A R, 1 s il A
YriE s A RE, —E R E R T 3 NO-N,
I/ TR R RO I T R R AR R
105 dJ& , T3 AGR I RS AR R AN R AR TE 25 57
M MS T HERY pH IR 24 T U CS M PS (1, Ho 3%

WWW.Qes.019.CN




VRETS Rt Y F41EF 45

m@g 916

(=]
= \a CK CS MS PS
v ] e ® 0 @
° MM A A A A
Ao MP V V V V
°
NAG Ay
LiP
\4
L ,,oN N
%0: M Ay v Vy
& |[poc o —AP==
& NH;-N
4
pH A A==
® NO;-N
o0
Oy,
LW
Ve
o® PERMANOVA :
® REFFHAL: R2=0.57, P<0.001
hact FiltidEa: R2=0.13, P<0.001
b , AK , .
-1.0 PC1 (59.67%) 1.0

NAG:N Z ¥ -B-D— A 111 ; LiP: A SR i S /LW s M - CO,
FRHE . A

NAG: N acetyl =B -D - glucosidase; LiP: Lignin peroxidase; M:
Cumulative CO, emissions. The same below

Eo6 CO.RMHMBMEM S5
Figure 6 Principal component analysis of

cumulative CO, emission

FRLE B MS AH H T CS 1 PS A @ 14 i DOC & & ;
AR F AF 4 = 48 AK I RICR R BLA PS>CS>MS, T
XF 1= 43 NO;-N Fl NH:-N 55 1 i 52 i 3 A5 A1 1) 22 5]
BN IXEERIEIY A5 R B RS AT IS 4 b A
JOT 1) 5% T 2R RS AR IR A R i 25 5, Rt Ak H
FFIR A 8 B anfa] 8 4 38R 07, AT 75 1 X A ) 2 7Y
AR A LA TR T IZ 5T .

2 B AEC ISR R, B AN [ a2 A a) A
Sk U B TR IR B SE AR 22 57, B 50 I R
IR FER R B . ARSI AN R A ARAR 2 1 8
INE —F5#F 5 L 13 pH . DOC F1 NO;—-N 1725 1k 5%
/N, T 38 AP AK R 43 NHI-N 5 7 SR 2 fE
(MP) 438 B8 i d5 K TR B i 437 38 (MP) Fh 8 i PS
X0 4398 AP AK FIINH;-N 395 RBP4, x5
+- b 2 5 N 53 i B UG AR A DG I A
K021 PS A U - 58 (MP) BR8P i B R 7 T 5
A7 5 (1R MM) 383858, i3 T 3 AL 1 e e, 2k i
MR AP AK FINHI-N &, Bk ie gl %
W, 5 TS AR HE A FE S 007 38 B - 38 33 0 B ORI 43%
VAR ZERTE ) e

AT 1 IS A RN R R AR
I3 AT COHE T 22 57 LAWI A6 3 A 6l 8 i 1) 28 Ak, [ Bt

1% WHART]

ATk AL AR Sk AR A AR R B AR R B TN SRkt
FAEAHR , ELRACR A C 5 =+ FIR P<0.001,
#J27R P<0.01, #F/R P<0.05

Thickness of an arrow and the number on the arrow represent path

coefficient;solid or dashed line represents positive or negative correlational
relationship, respectively ; ¥#%, P<0.001; **, P<0.01 ; *, P<0.05

7 FEERE CO.RRHMEBN LT EEE(SEM)
Figure 7 Structural equation modeling (SEM) of main indicators

and cumulative CO, emissions

BT b v R sh A . R, REFFALAL R, MR L)
Jo B 25 W o A B G A A R VA A Rl — A
55. [AIAF, 454 16S rDNA ITS Fil GeoChip 45 & il
PR, 4347 4 498 v B i R R 0 A 04 SR Bl A 26
e, B e AT 5 A DL R D RE I O R, XHE s Ak
A3 R GRS FRIR & SO0 AL 4 &
T AR AR IS R T R R IR A
(I 5 IR 5 4 P B RS FF S R R A L 081, 7
K H RS A TR A ST, W RS AR G il B AR A7
A FH G A ARG 1 77 S 33 NE T iR 2 )

4 ZEig

(D AEMER FE AR RAE L rh AR &S FH 02 it
T COHETR , T 7E B 4% 2 B A - 3 T COHEK -
I B KAEAF G 15 pH & TR & RS FF 0 5 45 R
FF, K597 105 d 5 w38 hn L g nT s A ALk & 5 5
R SERE AT B 2 e A RICR B R AR AL £
1 NOS-N FINH;-N &5 5 25/

(2) TS RS FT7E N (Th A ) L3 ER BE vp
JE AR OL S, S S A LIPS IR R RS FE IS
Bt A S Ak U A NHE-N 5 B R etk

) EABR AT IR A TSP S RE L&



IR, S AN [R) S B A X 1342 COLHETU RN AL 2 B 1) S 917

K FAAE LS B COHERCE I o AR AT vl 1
T HEAG TR o GRS AR ), S v LRI T . RS
FEEBIRS COHEHOA 537 53 A2 A B9 52 i K T Bl
RE, R A SR A TR 2 RS AT Cln SRR R 724
[Fi) 73 e P58 ) FHL ) JE S IE 5, X R AT i T A

Sk

[1] XK, 2245 H . op [ RS FF 37 20 BT U5 Gd R I 23 23 A RRAE . 4%
b TRE 244, 2017, 33(21) : 1-19.  LIU X Y, LI S T. Temporal and
spatial distribution characteristics of crop straw nutrient resources and
returning to farmland in China[l|. Transactions of the Chinese Society of
Agricultural Engineering, 2017, 33(21) :1-19.

[2] X . R ARAE R AT RS R34 S 0 58] Ak g EE, 2019, 15
(12) : 121-124.  ZHAO J. Analysis and countermeasure of compre-
hensive utilization of crop straw in Chinall]]. Agricultural Outlook,
2019, 15(12):121-124.

[3] CHAORAN Y, XIAO J W, BO H, et al. Effects of wheat straw incorpo-
ration in cotton—wheat double cropping system on nutrient status and
growth in cotton[]]. Field Crops Research, 2016, 197:39-51.

[4] SIEDT M, SCHAFFER A, SMITH K E C, et al. Comparing straw, com-
post, and biochar regarding their suitability as agricultural soil amend-
ments to affect soil structure, nutrient leaching, microbial communities,
and the fate of pesticides[J]. Science of the Total Environment, 2021,
751:141607.

[S]ZHI Q T, CONG F L, JING J L, et al. Tillage and straw mulching im-
pacts on grain yield and water use efficiency of spring maize in north-
ern Huang—Huai—Hai Valley[]]. The Crop Journal, 2015, 3(5) : 445—
450.

[6] NOBUHISA K, HIROYUKI T. Effects of reduced tillage, crop residue
management and manure application practices on crop yields and soil
carbon sequestration on an andisol in northern Japan[J]. Soil Science
and Plant Nutrition, 2009, 55(4) : 546-557.

[7] LAL R. Soil carbon sequestration impacts on global climate change and
food security[J]. Science, 2004, 304(5677):1623-1627.

[8] YAKOV K. Priming effects: Interactions between living and dead or-
ganic matter[J]. Soil Biology and Biochemistry, 2010, 42 (9) : 1363-
1371.

[9] SUSAN E C, KATE L, RICHARD D B, et al. Increased coniferous nee-
dle inputs accelerate decomposition of soil carbon in an old—growth for-
est[J]. Forest Ecology and Management, 2009, 258(10) :2224-2232.

[10] XL T, SRR, B, &5 . FHEJr X S AL X ey

Bk B B AT BT 6 A2 A2, 2015, 26(6) -
1785-1792. ZHAO Y L, GUO H B, XUE Z W, et al. Effects of till-
age and straw returning on microorganism quantity, enzyme activities
in soils and grain yield[]J]. Chinese Journal of Applied Ecology, 2015,
26(6):1785-1792.

[11] LEI W, WEN J Z, WEN J W, et al. Soil organic matter priming and

carbon balance after straw addition is regulated by long—term fertiliza-

tion[J]. Soil Biology and Biochemisiry, 2019, 135:383-391.

[12] A5 4E, B 1), BRI RS FHL O AE AL A X IR AR PR
R KGR (). 3R, 2014, 51(1):150-157. YANG
B J, HUANG G Q, QIAN H Y. Effects of straw incorporation plus
chemical fertilizer on soil temperature, root micro—organisms and en-
zyme activities[]]. Acta Pedologica Sinica, 2014, 51(1) : 150-157.

[13] PORRE R J, WERF W, DEYN G B, et al. Is litter decomposition en-
hanced in species mixtures? A meta—analysis[J]. Soil Biology and Bio-
chemistry, 2020, 145:107791.

[14] HANDA 1T, AERTS R, BERENDSE F, et al. Consequences of biodi-
versity loss for litter decomposition across biomes[J]. Nature, 2014,
509:218-221.

[15] SHEN D, YE C, HU Z, et al. Increased chemical stability but de-
creased physical protection of soil organic carbon in response to nutri-
ent amendment in a Tibetan alpine meadow[]]. Soil Biology and Bio-
chemistry, 2018, 126: 11-21.

[16] CHEN X, XU Y, GAO H, et al. Biochemical stabilization of soil organ-
ic matter in straw—amended, anaerobic and aerobic soils[J]. Science of
the Total Environment, 2018, 625:1065-1073.

[17] LIU J, LIU X, SONG Q, et al. Synergistic effects: A common theme in
mixed-species litter decomposition[J]. New Phytologist, 2020, 227:
757-765.

[18] BERGER T W, DUBOC O, DJUKIC I, et al. Decomposition of beech
(Fagus sylvatica) and pine ( Pinusnigra) litter along an Alpine eleva-
tion gradient: Decay and nutrient release[]]. Geoderma, 2015, 251/
252:92-104.

[19] JULIA E P, ZOE L. Pure and mixed litters of Sphagnum and Carex ex-
hibit a home—field advantage in Boreal peatlands[J]. Soil Biology and
Biochemistry, 2017, 115:161-168.

[20] S, X2, HEfle, 45 . RS T Id HHOGh A S P g i B2 M - e 1 2R 1Ak
AT HURR S AT ). AL B 2, 2019(11):97-103. L1 J, LIU H,
DONG ] C, et al. Effects of respiration intensity and soil aggregate or-
ganic carbon distribution on straw returning in brown earth[J]. North-
ern Horticulture, 2019(11) :97-103.

RIS, w22 RS, 45 R VR RS AT A 5 b R K i ) i
FEIE S SR 0 BEROWA ], v AR ARl A4, 2017, 25 (2) 1188~
199. DAI W C, GAO M, LAN M L, et al. Nutrient release patterns
and decomposition characteristics of different crop straws in drylands
and paddy fields[J]. Chinese Journal of Eco — Agriculture, 2017, 25
(2) :188-199.

[22] FAEME, Bk 2, H kN, & RGN R TR A ) R A R 22 e 1.
Ab G IR 5 IR 244, 2015, 32(1) :74-80.  WANG J J, XI Y L,
CHANG Z Z, et al. The differences of biodegradation rates in the dif-
ferent parts of wheat straw[J]. Journal of Agricultural Resources and
Environment, 2015, 32(1) : 74-80.

[23] XU Y, KATALIN S, SCOTT L P, et al. The partitioning of litter car-
bon fates during decomposition under different rainfall patterns: A
laboratory study[J]. Biogeochemistry, 2020, 148:153-168.

[24] siembit, SR, #HAE, 45 . FEFFL BT LA HLSTECASON BT ik
JRJ). 3R, 2021, 58(6) : 1381-1392.  ZHANG Y Y, MO F,
HAN J, et al. Research progress on the native soil carbon priming af-

ter straw addition[J]. Acta Pedologica Sinica, 2021, 58 (6) :1381-

WWW.Qes.019.CN




m@g 918

VRETS Rt Y F41EF 45

1392.

[25] HIEIK, 4 K, WA LL, 55 . AN [R) A A B it o L S HE i ik
JE S 1K) Meta 5347 ()] $EUEFL, 2019, 41(9):1630-1640. LI H
B, JIN X B, YANG X H, et al. Meta—analysis of the effects of different
farmland management measures on soil carbon intensity[J]. Resources
Science, 2019, 41(9) : 1630-1640.

[26] TJ€, 44, BEIE R, 55 . FORTATR AR LA S L 3= o o e
FEVERFFE). K 452441, 2015, 29(2) :305-309. YU H, GU Y,
LIANG X H, et al. Study on decomposition characteristics of maize
straw and soil microbial functional diversity[J]. Journal of Soil and
Water Conservation, 2015, 29(2) :305-309.

[27] A3, AR, A2, 85 AN TR L S S5 T R AT A P A 0 K R
P B U SR PR S . R S R, 2021(2) 1248
255. XIE W X, LI J G, LIU J, et al. Effects of straw returning
amounts on rice yield components and N uptake of different soil back-
ground[J]. Soil and Fertilizer Science in China, 2021 (2):248-255.

[28] ZE5f A, SRULIHE, ARIRAR, 45 . AS[RIREFF I PR O 1398 AL &
HAEPELL A 52 R )], 4lk TRE2=4R, 2016, 32(9) : 130-135. LI
X H, GUO H H, ZHU Z L, et al. Effects of different straw return
modes on contents of soil organic carbon and fractions of soil active
carbon[]]. Transactions of the Chinese Soctety of Agricultural Engineer-
ing, 2016, 32(9) : 130-135.

[29] F2#85, K&, L, 55 . AL X2 £ R g L e HUkES &
Pk 9 52 00 (1], A<l B 55 B o 7 )L 2020, 39/(8) 1774 - 1782.
WANG X X, ZHANG L, LIANG L N, et al. Effects of straw returning
on the stability of soil organic carbon in wheat—maize rotation systems
[J]. Journal of Agro—Environment Science, 2020, 39(8):1774-1782.

[30] F2A 8, XU, AP 2, 25 . FEFFIA T2 A R X! 1K™ Bt A
SRR A=A, 2020, 39(2) :507-516. WANG
X M, LIU X, HAO LY, et al. Effects of straw returning in conjunction
with different nitrogen fertilizer dosages on corn yield and soil proper-
ties[J]. Chinese Journal of Ecology, 2020, 39(2) :507-516.

31 &, EBED], FhE . AR A LA T REFFE R 2 g

1% WHART]

G B R T A IE B CHL S W DN 3R (D). A A, 2017, 54(5) £ 1206
1217. LI C M, WANG X Y, SUN B. Characteristics of nutrient re-
lease and its affecting factors during plant residue decomposition un-
der different climate and soil conditions[J]. Acta Pedologica Sinica,
2017, 54(5) :1206-1217.

[32] X SC I, B, b 55 . REFFIA H ARSI e fb 2= R B FoK 7
452 W [J]. v e A 5E 4R L 2018, 34(27) < 111-117. LIU W G,
ZHAO Q, YANG Y M. Straw returning: Effects on soil physical and
chemical properties and maize yield[J]. Chinese Agricultural Science
Bulletin, 2018, 34(27) : 111-117.

B3] B AN, BRI, W0, 5F . FOKFE AL H B A X TR |+
e 4y R RS FEI AR S (4 5L mI[]]. FOKFRE, 2020, 28(2) :151-155.
GONG X J, QIAN C R, CAO X, et al. Effects of nitrogen fertilizer on
soil enzymatic activity, soil nutrients and decomposition rate of maize
straw[J]. Journal of Maize Sciences, 2020, 28(2):151-155.

[34] HU Y J, SUN B H, WU S F, et al. After—effects of straw and straw—de-
rived biochar application on crop growth, yield, and soil properties in
wheat (Triticum aestivum 1..) —maize (Zea mays L.) rotations: A
four—year field experiment|[]]. Science of the Total Environment, 2021,
780:146560.

[35] GHOSH A, KUMAR R V, MANNA M C, et al. Eco—restoration of de-
graded lands through trees and grasses improves soil carbon seques-
tration and biological activity in tropical climates|J]. Ecological Engi-
neering, 2021, 162(7/8) :106176.

[36] LIN Y, YE G, KUEYAKOV Y, et al. Long—term manure application
increases soil organic matter and aggregation, and alters microbial
community structure and keystone taxalJ]. Soil Biology and Biochemis-
iry, 2019, 134: 187-196.

[37] WANG X, BIAN Q, JIANG Y, et al. Organic amendments drive shifts
in microbial community structure and keystone taxa which increase C
mineralization across aggregate size classes[J]. Soil Biology and Bio-

chemistry, 2021, 153:108062.

(THLG%HE %)



