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E: [ B ] B N —FA S A AR 28, X 3 ik R 3, (X TR )2 A LB A 5 i R 77
TEARBRREE . S HT A RS R B 7 =X 4 301 565 JLK (SOC) fil s ik, il - X RS FHIA H 5 it £ £ A0 i
WO HESF R AR 2= . [ R ] KIIRSFRA KT iR T 1992 4, SR X T, EXWIEH Rk 2
A, BIXA 4 AFEFFE AL, FEFFAE M (CK), FEFFE SR M (SM) . FEFFR#E EHE W (SC) MG AT iE
WH (CM). 7F 2013 44 TR R 0100 cm )2 HIERES, ST RERSFRA R 720 F SOC 4354 it
[ZR ) EEFMEEIET, 5 CK AL, CM. SM Ml SC ALFZZE (0—20 cm) SOC & & B & e, m
SM Al SC 43 40—60 F1 80—100 cm SOC & it i EF AL, FRF, 5 CK ZALHEAH L &-4b 3 SOC fif A8 fk A4k
PR AR EES . AESMEHENT, 5 CKAML, SM, SC Al CM 4 BIFE)Z SOC 7 ¥4 B 14 m
2,32, 5.42 F112.60 t/hm*, H CM 4bH i 2 =T SM Al SC 4bH; MiZEJE)Z (40—100 cm) 3543 51 F#AIK 3.98 .
6.99 F13.76 t/hm’; 0—100 cm, CM 4bH SOC figH /i1 9.62 t/hm®, 1] SM Al SC ALFE-H 435I A% 1.81 F1 5.36
thm’, TUARHTZERFEN, B UGS A 3855 0% 26 200 2 AL B BEE N 90.10%, 1%t T )2 (20—100
cm) M EMRERIUN 31.80%, Hirr, SZmR20hs 2B F 2 T 20 300 (RREE R 80.10%), Tl T2 N2
2R (25.28%). [ S8 ] et AL IRIERE 1, KRS FFIE HAE UE R 20k BB, (HRZ2 R/ E MR A 2 5 iFE
W AR B, RERTIE A B JRAE A DX A BT RO 7= A e RS AR H O =K
KA L KRR, FFEH,; RZE 1, AYUREEE

Long-term straw incorporation significantly reduced subsoil organic
carbon stock in cinnamon soil
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Abstract: [ Objectives ] Straw incorporation, as an effective fertilization mode, has a significant effect on soil
organic stock (SOC) sequestration in the surface soil, but its effect in the deep soil is still uncertain. We studied
SOC stock change of the soil profile in cinnamon soil under different straw incorporation methods to provide a
scientific basis for optimizing straw incorporation practices. [ Methods ] The long-term field experiment of
straw incorporation was started in 1992. A split plot design was used, with the main plots under chemical
fertilizer application season (spring and autumn), while subplots were subjected to four straw incorporation
modes [No straw incorporation (CK), direct straw mulching (SM), straw incorporation after crushing (SC), and
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cattle manure produced by equal amount of straw (CM)]. After the spring maize harvest in 2013, the samples of
0-100 cm soil profile were collected to study the changes of SOC and nutrient content under different straw
incorporation modes. [ Results ] Regardless of the chemical fertilization season, SM, SC, and CM treatments
significantly increased SOC content in 0-20 cm layer, while SM and SC treatments significantly decreased
SOC content in 40-60 cm and 80—100 cm relative to the CK treatment. The SOC stock change in soil layers
was significantly different among straw incorporation methods. Compared with CK, SOC stock in SM, SC, and
CM treatments increased by 2.32, 5.42, and 12.60 t/hm’ in the 0-20 cm soil, respectively, but decreased by
3.98, 6.99, and 3.76 t/hm’ in the 40—100 cm layer, respectively. The increment of SOC stock in 0-20 cm layer
under CM treatment was significantly higher than those under SM and SC treatments. Compared with CK, CM
treatment increased SOC stock in 0—100 cm by 9.62 t/hm?, while SM and SC treatments decreased SOC stock in
0-100 cm by 1.81 and 5.36 t/hm’. Redundancy analysis showed that cumulative carbon input and soil nutrient
explained 90.10% and 31.80% of SOC stock change in 0—20 am and 20—100 cm layer, respectively. The main
factor determining SOC stock change in 0-20 cm soil depth was available P (80.10%) and in 20-100 cm soil
depth was total N (25.28%). [ Conclusions ] Long-term straw incorporation promoted soil organic carbon
accumulation in surface soil by increasing carbon input and soil nutrients, but led to soil organic carbon depletion

due to insufficient nitrogen supply below the surface soil. Cattle manure was the optimal mode of straw

incorporation to improve fertility and crop yield in cinnamon soil.

Key words: cinnamon soil; long-term experiment; straw incorporation; subsoil; soil organic carbon depletion
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CM AbBEA-3E T AR . 2% . 28 (P,0,) Fl4
B (K,0) Er ik 52,50, 3.93, 1.37 il 14.10 g/kg"",
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Table 1 Annual input of chemical fertilizers and different straw incorporation methods in long-term experiment

b ALAE i FH & Chemical fertilizer rate [kg/(hm?-year)] FEFFi4 M & Straw incorporation rate [t/(hm?-year)]
Treatment N P,O, FEFF OAT) Straw (Air dried)  JE#4FE3E (£$5) Manure (Fresh)
CK 150 84
SM 150 84 6
SC 150 84 6
CM 150 84 45

7 (Note) : CK—A%FF AL H No straw incorporation; SM—%F1 7 3514 HHl Direct straw mulching; SC—FEFF#3 5 HAZA B Straw
incorporation after crushing; CM—4F R AEFF T I8 7742 14 4= 2834 ] Cattle manure produced by an equal amount of straw
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[ (Note) : CK—A#5#FASIE H No straw incorporation; SM—#%#F# %58 H Direct straw mulching; SC—%FF#3#8J5 H %38 H Straw
incorporation after crushing; CM—2¢ 51 I8 74 i 2F 2638 H Cattle manure produced by an equal amount of straw;  Cu or manwe—Hi T BXAT
HLACHER S A Carbon input derived from straw or manure incorporation; Cye.co—EPIHRIEFIMR Z 5% % A Carbon input derived from crop stubble
and root; C,..—VE#IHR Z 8k %i A Carbon input derived from crop root.]
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(0—20 cm) SOC it i E e/, 1M SM Al SC 4b#
40—60 cm F1 80—100 cm i E AT

AHXF T CK AR, FEFFIA B Ab FRAR Gt it A8 Ak B e
i 7 e W 3 25 5, (AR AR i FH 2345 )i
HE 2R CHEREENRE 8 2, 5 Kt

SM. SC I CM 4bFH 0—20 cm )2 SOC i F- 143
BN 2,32, 5.42 A1 12.60 t/hm?, CM b3 it 1 i 4=
ST SMURT SC AR XS TEER)ZE (2040 cm),
5 CK M, CM 4FE SOC fi &I A 1 hn (0.56~
0.99 t/hm?), SM AZbHETCH] BARfk, SC AbHIAEHFH
TR 0 T 43 B AIG 2.98 1 4.62 t/hm?; 5 CK AH
kb, SM. SC 1 CM 4bHK)Z (40—100 cm) SOC fif
X4 AR 3.98 . 6.99 Fl 3.76 t/hm?, 3 MiLBE
] G E 2R, £ 0—100cm +2, 5 CK ML,
CM AbHE SOC fiff -3 i 9.62 t/hm?, 34 fin /N T
F)2 3 (12.60 t/hm?); ] SM Al SC Ab B 1443571
WA 1.81 1 5.36 t/hm?,
23 KEARAARBHEHTHLIIEASSE
AN TR 5 SRS FF 34 HE A 308 35 5 W 4 = 350 T 9% 4
w(£3), 5CKAMW, HEMBEMA SM |
SC Fll CM 4bFE 0—20 cm )2 2R . A R AL
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Table 2 Soil organic carbon content in soil profile under different straw incorporation methods
and chemical fertilization seasons

e I + 3 A7 AR &% 1 Soil organic carbon content in soil profile (g/kg)

Fertilization season Incorporation treatment 0—20 cm 20—40 cm 40—60 cm 60—80 cm 80—100 cm

7 Spring CK 2137 cA 18.20 aA 10.13 aA 5.22 bA 3.67 aA
SM 22.98 bA 17.74 aA 8.09 bA 6.43 aA 2.93bB
SC 23.77 bA 16.78 aA 8.52 bA 5.13bA 2.38 cB
CM 26.67 aB 18.57 aB 10.05 aA 4.45bA 3.08 bB

FZF Autumn CK 21.36 cA 18.19 bA 7.71 aB 4.01 aA 3.46 aA
SM 23.50 bA 18.52 bA 6.25bB 438 aB 3.23bA
SC 24.05 bA 16.80 cA 5.78 bB 4.00 aB 3.15bA
CM 28.21 aA 20.71 aA 6.27 bB 4.05 aA 3.45aA

I (Note) : CK—Fi#F AN it H No straw incorporation; SM—##7 5534 H Direct straw mulching; SC—FFH ¥ /5 B4ZIA H Straw
incorporation after crushing; CM—25 i A5 FF 1 I8 7= A 1 4+ 2638 H Cattle manure produced by an equal amount of straw; [R5k 5 A R/NG 71+
FrRA A M FH 25715 FAR TR 122 R AN [RIRS FF i FH AL 34 R] 22 5 B 2 (P < 0.05), [RIF 5 A [F K S 7B R m A R RS FH 5 xR ) 42 )2
TORTRIR ARt F 255 18] 22 5% i3 (P < 0.05) Values followed by different small letters in the same column mean significant difference among straw
incorporation methods in same soil layer and chemical fertilization season (P < 0.05); values followed by different capital letters in the same column

mean significant difference among chemical fertilization seasons in same soil layer and straw incorporation method (P < 0.05).

HZiti il Fertilization in spring FZiiiT Fertilization in autumn

20 20 ¢
Aa
?g 15 + Aa M Aa 15 |
< 3 oo = R
=g 10r 10 i il
g 5 =
A= & Aa
BE -5 -5
=5
' -0 I Ab -10 | Ab
71 5 1 1 1 ) 71 5 N N N s
0—20 20—40 40—100 0—100 0—20 20—40 40—100 0—100

+HERIE Soil depth (cm)

2 EFEMMEFRETSBTTHLERELEANRESENTHRBOELE
Fig. 2 Changes of soil organic carbon stock (SOC) relative to CK in different soil layers affected by straw incorporation
methods and chemical fertilization seasons

[ (Note) : CK—HFF ik H No straw incorporation; SM—F#1% 354 H Direct straw mulching; SC—F5FF ¥ Ja B ik H Straw
incorporation after crushing; CM—Aa5 i FFFid i 7 4 42534 H Cattle manure produced by an equal amount of straw; P RFRI/NG £
R [F)— L R R FF I T AL BRI HUBR A i e A ik 22 5 35 (P < 0.05), ARIRE FRER AR IR REFT 14 15 2CAUAR ] L2 AN TRt HE 2= 15 0] 22 5%
I3 (P <0.05) Different small letters above the bars mean significant difference among straw incorporation methods in the same soil layer (P <
0.05), and different capital letters mean significant difference between chemical fertilization seasons in same soil layer and straw incorporation
method (P <0.05).]

SM Il SC kb#E, MW F T FEE, HFMIE CM 4Hse 24 KETERBHFEHAR THBLENKREEE
BRI S R ST T SM A, mAk e HKRRRER

CM Ab FRAG 3500 7 it 1 2 v T A AL B 5 T XTI P+ ERm AR AT TR A E (A
2, BFE CM A eF el e E ST EWE, 2. AR BRU) 1A SOC fif &
SC AbHE, FKZEitifE SM AbHi 445 AN A 200 & & 3 AR R HATICAR T (B 3) S5 RRHT, R A
Tk AL LR A N RB A 2SO0 AL B ) 8
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Table 3 Soil nutrient content under different straw incorporation methods and chemical fertilizer application seasons

FZEi Fertilization in spring

FkZEHi I Fertilization in autumn

+J=
Depth hb o 2R U ol ARE EE e U ol ARWE B
(cm) Treatment  Total N Total P Total K Avail. P Avail. K Total N Total P  Total K  Avail. P Avail. K
(gkg)  (ghkg)  (gkkg)  (mglkg)  (mg/ke) (g/kg)  (gkg)  (gke)  (mghkg)  (mg/ke)
0—20 CK 1.17¢ 090ab 1743 a 12.63b 88.67 ¢ 1.06d 1.05b 1531b 16.43 ¢ 94.17 ¢
SM 1.25bc  0.71Db 16.59ab  14.50b 101.00 b 131c 1.18ab 1758 a 1893 ¢ 110.00 b
SC 1.32b 1.00ab  15.29b 11.30b 95.33 be 1.37b 1.05b 16.31ab  28.23b 105.50 b
CM 1.63a 1.08 a 17.04ab  68.00a 156.00 a 1.66 a 1.37a 1596ab  77.65a 182.50 a
20—40 CK 0.94a 0.66ab 17.87a 552a 6733 a 0.85a 0.83a 15.27b 220b 7583 a
SM 1.01a 0.58b 16.86 a 325b 69.67 a 094 a 0.82a 17.63 a 4.17b 80.50 a
SC 095a 0.80a 1549 a 2.80b 7122 a 095a 0.84a 16.46 a 427b 82.83 a
CM 1.08 a 0.79a 1724 a 6.55a 75.00 a 1.09a 091a 15.97 ab 10.75a 89.50 a
40—100 CK 0.50ab  0.65a 17.81a 1.52a 68.22 a 044 a 0.60 a 16.56 b 1.74b 7717 a
SM 0.48ab 036D 16.16 b 1.40 a 64.78 a 0.46 a 0.65a 1724 a 231a 71.72 a
SC 0.46 b 0.58 a 16.71b 1.56 a 6433 a 0.44 a 0.62a 17.15a 1.91 ab 76.72 a
CM 0.52a 0.60 a 1829 a 1.63a 6533 a 047 a 0.59 a 16.55b 1.90 ab 7595 a

# (Note) : CK—FEFF AL H No straw incorporation; SM—##%FF 7 714 H Direct straw mulching; SC—FEFF#; 1% )5 B3 H Straw
incorporation after crushing; CM—2¢ i A5 FF i I8 7= A 1 4+ 2638 H Cattle manure produced by an equal amount of straw; [F) 314k 5 A [R/NG 71
FRTER— BRI FR0& 8255 5.3 (P < 0.05) Values followed by different small letters indicate significant difference among different

straw incorporation methods in the same soil layer (P < 0.05).
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Fig. 3 The explanation rate of cumulative organic carbon input and soil nutrient contents to the change of
soil organic carbon stock in 0—20 cm and 20-100 cm soil
[7E (Note) : CCI—ZFiki A B Cumulative carbon input; TN—44 Total nitrogen; TP—4:# Total phosphorus;
TK—4%] Total potassium; AP—A 5§ Available phosphorus; AK—#5{#f Available potassium.]
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XS RN 3 ANFEFF FH A B3 2 Ak A2 CK AbBE
B 2~3 f%; 1 SOC {EFIHY, 8 H Bk fa A3 hn i
e, Ak, CM ARFERJZE SOC fifg &2 134 i i
FE T SM FISC AbHE, FEFHA: S,
CM A3 A5 2% FBJR AL TR R S A L, Hid
FE Y AT 22 A 0 R, A o i A A i R
IR, i A AR 0 A SR AT Il R T AT 2 AR R
RORT G0, kb, SC ALFRR)Z SOC il 1 i
Fim T SM AL, XRIF R A T SC AL A
T )20 BR . Fan 00k, S5 ECH
FHEG, Ry RT3 k2 SOC &, SCARHT
FEAF 5 T ek s o He ik, OH 5 S R A AR 2
WESEATY, (e P R AT i, 1 T 184 o i
BRI R 22, SM AL BT RS AT MR 36 76 TR 2 B
BHBMEYTEE R, KRR Y
Grff, VL CO, B ABEBI R A2,

RFFRA LI, 5 CK M, HEEMKENEE
SM. SC il CM ALHJE 2 SOC fig i1 B E &AL, 5
TR PE AR 36 B RO A IR — B, XRITKY
il R 34 FH A i e = JECJ2 B 1 B A IR AN BEAMEE
BUBE b3k i SOC itk &, AT 1)K E
B FESE T fEA DL R R 1) ARBF 5T X 388 fin 2 b
X0 FEAANAS I AR B s 1 B AR Z ) Y R4 o fEL

JEZRFE SRR AL, (6 A 38 L o i A
MU IR EY AE KRR AR, 5IRIEJZ SOC ik,
BEAh, AR A R X R)E SOC 28k fif B i 5
(25.28%), HLlEFEUE B A R UL A R T GBS IS 2 IAE
v RN 2) FEAT AN EE A 3 A AR & AT
PEFRr, I A AR AR ZR A R 3 IS 2 T e
U8 (Rl s A LT SR R 501, R 2 A P
DR800 T A AR AR AR 0, 3) ol AT i 4= 3654 [ {2
HEPIRRARK, HERPHTBAUR)Z, e 18
S, ARATFERR T, SRS &K
BRI, 2 A WU EE . SEANARIESE
R, SM. SC Al CM Ab L N3¢ )2 SOC fi%
B, HRIEE KR Z SOC & ; %FF 0—100 cm
+4&, SM Al SC 4L P SOC fiff i W F#ARG, i CM Ak
P N SOC fifi i (9.62 t/hm?), (HIEhnd: /N T3¢
JZ= 13 (12.60 t/hm?), AJ WL, (X% &R ZA PLIKE
fb, TTRES E GRS AR S IE T SOC $ TR, o
HJZE SM Fil SC Ab#f, Mk, FEFFA HHHE T # LS
)7 SOC ZE AN IZ M G -

TORMHT R, 3 BB A FISR 5w
FJZ SOC fifi A I BV BEFN 90.10%, XM
I 50 A B G AJE IR R 2 SOC fiff it A8 b i) 32 %2
o X2 RS AR A A 2 5 R . A
R, —JriE, AP S (SM ALEE) Ko iRt i
R (SC A CM b3 555l - 2/ FHAE R 2 1,
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fead B P I SR R oy BRI, B R 3R 2 A Pk
B fpne s SR, AHEGER KB, R A ISR 5%
T2 SOC fift it b SRR RALR 31.80%, XAl fig
PR 2 A LIRS A RS o & IR BLAR /N,
HE o FE R RRAC . LA, —SEWFsE LM, T2
SOC ZA ki frid ., Ca> . PHE T . HHEFLIR
BE RS A AL A RS M R BEEE S8 R 20 2K T
KINFEFF I8 BHAE T K25 T )2 SOC SR, &l
FREMSAAEES, REZA VKM EE R EZIR
Oy RGN A LR s e B 232 X B P 3R 5
AR/, AT RESZ B H B R R R e B2 A
FELUGREGE T, i — 0 s A AR A H it R i 2
SOC RL IR S P A 5T,  Ry$ETH4e + A AT AL
I 5 AN AT LA ASE TR o) 4 B LS it B

4 ZhE

R BN TR, AE AL F 4R 5



54

IR, 4 KIIRSFFIL M 25 A8 L iR = AT ML A i

775

W RZAm . 2% A . A & R AE
Yrreir, HIY LIRS AR IR A, RS A8 B 23
IR 2 A WU A i, R B AR 2 A L i a5
fE 0—100 cm 2, FEFFE 35 140 BRI R4 H RIS
FBLERAE I, TR A A R ML i R,
HE/NTRZLHE, AT, FEPEH RS AT A B it
XF 8 A LR, A IR B AL, W]
Resx i A LR EE T ROR . 25 b, RSP A 2
8 = A FE 45 JE R e D HE 7 o L e, ELRS AT A
FE T 48 2 A MU A A R 2B T

£ £ X #k:

[1]

[3]

[71]

—
=)
—

Schmidt M W I, Torn M S, Abiven S, et al. Persistence of soil
organic matter as an ecosystem property[J]. Nature, 2011, 478(7367):
49-56.

Zhang C, Liu G, Xue S, et al. Soil organic carbon and total nitrogen
storage as affected by land use in a small watershed of the Loess
Plateau, China[J]. European Journal of Soil Biology, 2013, 54:
16-24.

Ji L Q. An assessment of agricultural residue resources for liquid
biofuel production in China[J]. Renewable and Sustainable Energy
Reviews, 2015, 44: 561-575.

RIH, ARIEMS, 55, 45, h EFSAT IR 2 BBt BB AR
FI0]. M E SR SR AR, 2018, 24(1): 1-21.

Song D L, Hou S P, Wang X B, et al. Nutrient resource quantity of
crop straw and its potential of substituting[J]. Journal of Plant
Nutrition and Fertilizers, 2018, 24(1): 1-21.

XUF, X, B 502, . ARRIRGFEE 7 200 360 a0 5 M i
FRTHEAFEMLT]. K L PREFAAR, 2014, 28(5): 187-192.

Liu L, Liu Z, Yang G Y, et al. Effects of different modes of straw
returned on contents of soil carbon and nitrogen and yield of high oil
maize[J]. Journal of Soil and Water Conservation, 2014, 28(5):
187-192.

Jush, B2, BILLTE, S FEAFIE B EAE R A LR S Y
SN RPE TR SRR, 2020, 26(8): 1451-1458.

YouJ W, Wang J, Hu H Q, et al. Effects of straw returning on soil
organic carbon components in ratoon rice field[J]. Journal of Plant
Nutrition and Fertilizers, 2020, 26(8): 1451-1458.

FEUGUE, BN, B, A5 FEFTIL MBCHEALACRS R Fe 1 L3 Hlsk
I3 B R J]. AL E SR S RLRAR, 2017, 23(1): 27-35.
Yuan M M, Wu G, Hu R, et al. Effects of straw returning plus
fertilization on soil organic carbon components and crop yields in
rice-rapeseed rotation system[J]. Journal of Plant Nutrition and
Fertilizers, 2017, 23(1): 27-35.

SR, TR, BROCEE, 55, AT HLAR it i S A MIRBR A G R
RS 5 IE]. A E SRS REREER, 2020, 26(5): 934-941.

Cai A D, XuM G, Zhang W J, et al. Establishment and verification
of the relationship between soil organic carbon storage and
exogenous carbon input[J]. Journal of Plant Nutrition and Fertilizers,
2020, 26(5): 934-941.

Yang S Wang Yy LiuRg gt 2l Effecis of straw kpplication on Ritraté

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

leaching in fields in the Yellow River irrigation zone of Ningxia,
China[J]. Scientific Reports, 2018, 8(1): 954.

Jobbagy E G, Jackson R B. The vertical distribution of soil organic
carbon and its relation to climate and vegetation[J]. Ecological
Applications, 2000, 10(2): 423-436.

R, TR 308, B, A5 PR L AR M. JEE. gk
A BEEAHAR HRRAT, 2015.

Xu M G, Zhang W J, Huang S M, et al. Soil fertility evolution in
China[M]. Beijing: China Agricultural Science and Technology
Press, 2015.

Ty, ks, AL, 45 TEREFIASFTIE H0 200K RS 1A HLaR 73
A5 St B R PR )], 4, 2011, (6): 29-36.

Ma L, Yang L Z, Xiao H A, et al. Effects of fertilization and straw
returning on distribution and mineralization of organic carbon in
paddy soils in subtropical China[J]. Soils, 2011, (6): 29-36.

FERIAR, AN, AREIRA, A RKHIASTRIEAL T 8 A B A L
e (AR (R[], AEPIE SRS AREAR, 2012, 18(1): 98-105.

Xie L J, Wang B R, Xu M G, et al. Changes of soil organic carbon
storage under long-term fertilization in black and grey-desert soils[J].
Journal of Plant Nutrition and Fertilizers, 2012, 18(1): 98-105.

WRIE, WA, TRSCH, 5. KIS RS B IE T 203 ik . &k
AR ARAFAEL]. T SR, 2016, (4): 24-31.

Xu H, Shen H P, Zhang W J, et al. Variation characteristics of soil
organic carbon and total nitrogen storage in red soil under various
long-term managements[J]. Soil and Fertilizer Sciences in China,
2016, (4): 24-31.

TR, XZOR, Wi, 55 ANEEICER TR i e TS A%
Xt A AL R [T]. T EAOLRRE, 2019, 52(4): 676-689.
Gai X P, Liu H B, Yang B, et al. Responses of crop yields, soil
carbon and nitrogen stocks to additional application of organic
materials in different fertilization years[J]. Scientia Agricultura
Sinica, 2019, 52(4): 676-689.

AT [, SRR, X5, 46 4 R AR I ) Bt SR B A2 1l B
SR 25T []. R E SR SIURRAAR, 2010, 16(1): 105-111.
Tian Y G, Zhang S X, Liu J, et al. Change of soil fertility indices and
crop yield of cinnamon soil and its affecting factors[J]. Journal of
Plant Nutrition and Fertilizers, 2010, 16(1): 105-111.

Hadas A, Kautsky L, Goek M, et al. Rates of decomposition of plant
residues and available nitrogen in soil, related to residue composition
through simulation of carbon and nitrogen turnover[J]. Soil Biology
and Biochemistry, 2004, 36(2): 255-266.

Wscif, W R 8 e TR AR R R IR ()], R,
2004, 41(1): 1-6.

Yang W Z, Tian J L. Essential exploration of soil aridization in loess
plateau[J]. Acta Pedologica Sinica, 2004, 41(1): 1-6.

BRAC, IRICHH, B, AF. R NIEAL R [RDRLAR ORI R Bk
R[] WY ESR S IRAER, 2015, 21(6): 1431-1438.

Cai A D, Zhang W J, Shen X R, ef al. Soil carbon sequestration
efficiency of different particle-size fractions after long-term
fertilization[J]. Journal of Plant Nutrition and Fertilizers, 2015, 21(6):
1431-1438.

Xu H, Liu K, Zhang W, et al. Long-term fertilization and intensive

cropping enhance;carben-and nitrogenaccumulated in soil-¢lay-


https://doi.org/10.1038/nature10386
https://doi.org/10.1016/j.ejsobi.2012.10.007
https://doi.org/10.1016/j.rser.2015.01.011
https://doi.org/10.1016/j.rser.2015.01.011
https://doi.org/10.11674/zwyf.17348
https://doi.org/10.11674/zwyf.17348
https://doi.org/10.11674/zwyf.17348
https://doi.org/10.11674/zwyf.19438
https://doi.org/10.11674/zwyf.19438
https://doi.org/10.11674/zwyf.19438
https://doi.org/10.11674/zwyf.16092
https://doi.org/10.11674/zwyf.16092
https://doi.org/10.11674/zwyf.16092
https://doi.org/10.11674/zwyf.19287
https://doi.org/10.11674/zwyf.19287
https://doi.org/10.1038/s41598-017-18152-w
https://doi.org/10.1890/1051-0761(2000)010[0423:TVDOSO]2.0.CO;2
https://doi.org/10.1890/1051-0761(2000)010[0423:TVDOSO]2.0.CO;2
https://doi.org/10.11674/zwyf.2012.11143
https://doi.org/10.11674/zwyf.2012.11143
https://doi.org/10.11838/sfsc.20160404
https://doi.org/10.11838/sfsc.20160404
https://doi.org/10.3864/j.issn.0578-1752.2019.04.009
https://doi.org/10.3864/j.issn.0578-1752.2019.04.009
https://doi.org/10.3864/j.issn.0578-1752.2019.04.009
https://doi.org/10.11674/zwyf.2010.0115
https://doi.org/10.11674/zwyf.2010.0115
https://doi.org/10.11674/zwyf.2010.0115
https://doi.org/10.1016/j.soilbio.2003.09.012
https://doi.org/10.1016/j.soilbio.2003.09.012
https://doi.org/10.3321/j.issn:0564-3929.2004.01.001
https://doi.org/10.3321/j.issn:0564-3929.2004.01.001
https://doi.org/10.11674/zwyf.2015.0607
https://doi.org/10.11674/zwyf.2015.0607
https://doi.org/10.1038/nature10386
https://doi.org/10.1016/j.ejsobi.2012.10.007
https://doi.org/10.1016/j.rser.2015.01.011
https://doi.org/10.1016/j.rser.2015.01.011
https://doi.org/10.11674/zwyf.17348
https://doi.org/10.11674/zwyf.17348
https://doi.org/10.11674/zwyf.17348
https://doi.org/10.11674/zwyf.19438
https://doi.org/10.11674/zwyf.19438
https://doi.org/10.11674/zwyf.19438
https://doi.org/10.11674/zwyf.16092
https://doi.org/10.11674/zwyf.16092
https://doi.org/10.11674/zwyf.16092
https://doi.org/10.11674/zwyf.19287
https://doi.org/10.11674/zwyf.19287
https://doi.org/10.1038/s41598-017-18152-w
https://doi.org/10.1890/1051-0761(2000)010[0423:TVDOSO]2.0.CO;2
https://doi.org/10.1890/1051-0761(2000)010[0423:TVDOSO]2.0.CO;2
https://doi.org/10.11674/zwyf.2012.11143
https://doi.org/10.11674/zwyf.2012.11143
https://doi.org/10.11838/sfsc.20160404
https://doi.org/10.11838/sfsc.20160404
https://doi.org/10.3864/j.issn.0578-1752.2019.04.009
https://doi.org/10.3864/j.issn.0578-1752.2019.04.009
https://doi.org/10.3864/j.issn.0578-1752.2019.04.009
https://doi.org/10.11674/zwyf.2010.0115
https://doi.org/10.11674/zwyf.2010.0115
https://doi.org/10.11674/zwyf.2010.0115
https://doi.org/10.1016/j.soilbio.2003.09.012
https://doi.org/10.1016/j.soilbio.2003.09.012
https://doi.org/10.3321/j.issn:0564-3929.2004.01.001
https://doi.org/10.3321/j.issn:0564-3929.2004.01.001
https://doi.org/10.11674/zwyf.2015.0607
https://doi.org/10.11674/zwyf.2015.0607

776

W) E SR 50 R

27 4

[22]

(23]

[24]

[26]

sized particles of red soil in South China[J]. Journal of Soils and
Sediments, 2020, 20(4): 1824—1833.

Silver W L, Miya R K. Global patterns in root decomposition:
Comparisons of climate and litter quality effects[J]. Oecologia, 2001,
129(3): 407-419.

Fan W, Wu J, Li J, et al. Comparative effects of different maize straw
returning modes on soil humus composition and humic acid structural
characteristics in Northeast China[J]. Chemistry and Ecology, 2018,
34(4): 355-370.

SRR, UL, R, IR RIR T MU S )], AR,
2011, 48(2): 412-418.

Dou S, Li K, Guan S. A review on organic matter in soil aggre-
gates[J]. Acta Pedologica Sinica, 2011, 48(2): 412-418.

Abiven S, Menasseri S, Chenu C. The effects of organic inputs over
time on soil aggregate stability—A literature analysis[J]. Soil Biology
and Biochemistry, 2009, 41(1): 1-12.

Rumpel C, Kogel-Knabner I. Deep soil organic matter-a key but
poorly understood component of terrestrial C cycle[J]. Plant and Soil,
2011, 338(1): 143-158.

Fontaine S, Barot S, Barré P, et al. Stability of organic carbon in deep

soil layers controlled by fresh carbon supply[J]. Nature, 2007,

[27]

(28]

[29]

(30]

(31]

450(7167): 277-280.

gL, IRBR, 2500, 55 B SRR R R TR = 0T s B2
WAL T B D). A E TR S ARELAAR, 2020, 26(2): 276-284.
Han S, Wu J, Li M, et al. Deep tillage with straw returning increase
crop yield and improve soil physicochemical properties under topsoil
thinning treatment[J]. Journal of Plant Nutrition and Fertilizers, 2020,
26(2): 276-284.

De Oliveira Ferreira A, Amado T J C, Rice C W, et al. Driving
factors of soil carbon accumulation in Oxisols in long-term no-till
systems of South Brazil[J]. Science of the Total Environment, 2018,
622-623: 735-742.

Murugan R, Kumar S. Influence of long-term fertilisation and crop
rotation on changes in fungal and bacterial residues in a tropical rice-
field soil[J]. Biology and Fertility of Soils, 2013, 49(7): 847-856.
Han X, Gao G, Chang R, et al. Changes in soil organic and inorganic
carbon stocks in deep profiles following cropland abandonment along
a precipitation gradient across the Loess Plateau of China[J].
Agriculture, Ecosystems and Environment, 2018, 258: 1-13.

Dos Reis CE S, Dick D P, Caldas J da S, et al. Carbon sequestration
in clay and silt fractions of Brazilian soils under conventional and no-

tillage systems[J]. Scientia Agricola, 2014, 71(4): 292-301.


https://doi.org/10.1007/s11368-019-02544-8
https://doi.org/10.1007/s11368-019-02544-8
https://doi.org/10.1007/s004420100740
https://doi.org/10.1080/02757540.2018.1437147
https://doi.org/10.11766/trxb200911220527
https://doi.org/10.11766/trxb200911220527
https://doi.org/10.1016/j.soilbio.2008.09.015
https://doi.org/10.1016/j.soilbio.2008.09.015
https://doi.org/10.1038/nature06275
https://doi.org/10.11674/zwyf.19154
https://doi.org/10.11674/zwyf.19154
https://doi.org/10.1016/j.scitotenv.2017.12.019
https://doi.org/10.1007/s00374-013-0779-5
https://doi.org/10.1016/j.agee.2018.02.006
https://doi.org/10.1590/0103-9016-2013-0234
https://doi.org/10.1007/s11368-019-02544-8
https://doi.org/10.1007/s11368-019-02544-8
https://doi.org/10.1007/s004420100740
https://doi.org/10.1080/02757540.2018.1437147
https://doi.org/10.11766/trxb200911220527
https://doi.org/10.11766/trxb200911220527
https://doi.org/10.1016/j.soilbio.2008.09.015
https://doi.org/10.1016/j.soilbio.2008.09.015
https://doi.org/10.1038/nature06275
https://doi.org/10.1007/s11368-019-02544-8
https://doi.org/10.1007/s11368-019-02544-8
https://doi.org/10.1007/s004420100740
https://doi.org/10.1080/02757540.2018.1437147
https://doi.org/10.11766/trxb200911220527
https://doi.org/10.11766/trxb200911220527
https://doi.org/10.1016/j.soilbio.2008.09.015
https://doi.org/10.1016/j.soilbio.2008.09.015
https://doi.org/10.1038/nature06275
https://doi.org/10.11674/zwyf.19154
https://doi.org/10.11674/zwyf.19154
https://doi.org/10.1016/j.scitotenv.2017.12.019
https://doi.org/10.1007/s00374-013-0779-5
https://doi.org/10.1016/j.agee.2018.02.006
https://doi.org/10.1590/0103-9016-2013-0234
https://doi.org/10.11674/zwyf.19154
https://doi.org/10.11674/zwyf.19154
https://doi.org/10.1016/j.scitotenv.2017.12.019
https://doi.org/10.1007/s00374-013-0779-5
https://doi.org/10.1016/j.agee.2018.02.006
https://doi.org/10.1590/0103-9016-2013-0234

