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Effects of the returned straws with different crushing degrees on the physical and

chemical properties and water flow characteristics of red soil

Sheng Feng'?, Shen Xinxia''*, Sheng Xinbin'"*
(1.College of Hydraulic and Environmental Engineering , Changsha University o f
Science & Technology s Changsha 410114, China; 2.Key Laboratory of Water-Sediment Sciences
and Water Disaster Prevention of Hunan Province, Changsha 410114, China; 3.Key Laboratory of

Dongting Lake Aquatic Eco-Environmental Control and Restoration of Hunan Province , Changsha 410114, China)

Abstract; [Objective] The aim of this study is to illustrate the impacts of the returned straws with different
crushing degrees on the physical and chemical properties and the characteristics of water flow movement in
red soil, and to provide a reference for the management of straw returned to farmland in the red soil zone of
southern China. [ Methods ] Laboratory experiments with different kinds of straws (corn straw and rice
straw) and different degrees of straw crushed (10-mesh size powder, 3~5 cm length chopped and 30 cm
length chopped) were conducted to study the effects of straw returning to field on soil physical and chemical
properties (i. e. organic matter content, ammonia nitrogen content, available phosphorus content, soil bulk

density, aggregate stability and available potassium content) and heterogeneous soil water flow characteristics.
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[Results] All the three kinds of straw returning methods of corn straw and rice straw increased the soil
organic matter content in both returning and non-returning soil layers. Specially, the soil organic matter
content increased by 30.84% and 41.63% in the returned soil layers of powered corn straw and rice straw
returning, respectively. Though all the three kinds of corn straw and rice straw returning methods had the
ability in increasing the content of nitrogen, phosphorus and potassium in soil, ammonia nitrogen decreased
by 21.49% and 27.83%, and available phosphorus decreased by 17.62% and 23.29%, in the returned soil
layers and at the prophase of corn straw and rice straw returning, respectively. Thus, the application of
nitrogen and phosphate fertilizer with straw returning was necessary in engineering to alleviate the deficiency
of nitrogen and phosphorus elements in soil at the prophase after straw returning. All the three kinds of
straw returning methods of corn straw and rice straw increased the average weight diameter of soil aggregates
and decreased soil bulk density in returned soil layer. Specially, the average weight diameter of soil
aggregates increased by 176.19% and 200.95%, and the soil bulk density decreased by 7.50% and 8.33% in
the returned soil layers of powered corn straw and rice straw returning, respectively. All the three kinds of
straw returning methods of corn straw and rice straw increased the preferential soil water flow heterogeneity.
Specially, the overall and lateral preferential flow heterogeneity coefficient increased by 1.25~2.02 times and
5.44~6.05 times of integral corn straw and rice straw returning, respectively. [ Conclusion] The higher the
degree of straw crushed, the faster it improves the physical and chemical properties of the soil, but it also
increases the heterogeneity of water flow movement.
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Table 1 Test condition settings for straw returning treatments
b 3 [ERARAES 8 B A AT IR R HYCHEK B/ mm HAYCHEIK /L KRB/ )
YT, ESPS AR AT 20 1.8 5
YT, ESP/S 3~5 cm K FEFF 20 1.8 5
YT ESPS HARFEFF (30 em K 20 1.8 5
ST, K F oy ARG AT 20 1.8 5
ST N iE 3~5 cm KM FEFF 20 1.8 5
ST K F HARFEFF (30 em KO 20 1.8 5
CK 20 1.8 5
F2 RBEAIMYEMKNAERSH
Table 2 Physical and hydrodynamic properties of soil for test
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Table 3 Effects of corn straw returning on soil

organic matter content g/kg
e AL B
0—5 cm 5cm LT
YT, 60.63Aa 49.31Ba
YT, 54.02Ab 48.38Aab
YT, 51.43Abc 47.31Abc
CK 46.34Ac 46.26 Ac

VR RS 58 R ) — b R ] 4 J2 2 A7 R (p <
0.05) 7 [Fl/INE - 22 7% A7) VR 5 - JB2 R [ b B 22 16 77 7 %5 2% 5%
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Table 4 Effects of rice straw returning on soil

organic matter content g/kg
e i%ﬁﬂﬁﬁ%
0—5 cm 5cm LT
ST, 65.63Aa 52.76Ba
ST, 53.49Ab 47.54Bb
ST; 50.45Ac¢ 47.40Bb
CK 46.34Ad 46.26 Ab

x5 EARHEANTIERSSENZN

Table S Effects of corn straw returning on soil nutrient content mg/kg
b g AR R K
0—5 cm 5cm PR 0—5 cm 5cem IR 0—5 cm 5cm LI
YT, 79.08Aa 49.66Ba 46.11Aa 33.28Aa 304.25Aa 233.41Ba
YT, 50.65Ab 35.07Bb 20.51Ab 15.22Ab 228.28Ab 207.36Ab
YT, 31.12Ac 35.04Ab 11.97Ab 14.53Ab 190.70Ac 195.48Ab
CK 39.64Abc 36.28 Ab 14.21Ab 14.27Ab 210.18Abc 194.09Ab
6 KERKFTHMNTEFRSSENTN
Table 6 Effects of rice straw returning on soil nutrient content mg/kg
e AR R AT
0—5 cm 5cm PR 0—5 cm 5cem IR 0—5 cm 5cm IR
ST, 59.10Aa 42.83Ba 37.48Aa 21.33Ba 313.95Aa 258.97Ba
ST, 44.51Ab 35.84Ab 17.52Ab 14.08Bb 263.43Aab 219.33Bb
ST, 28.61Ac 35.97Bb 10.90Ac 14.35Bb 259.80Aab 211.90Bbce
CK 39.64Ab 36.28Ab 14.21Abc 14.27Ab 210.18Ab 194.09Ac
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Table 7 Effects of corn straw returning on soil

structure and properties

e MK/ mm AHE/(gecm )
0—5cm 5 cem PR 0—5cm 5cm PR
YT, 2.90Aa 1.11Ba 1.10Aa 1.23Ba
YT, 1.97 Aab 1.02Ba 1.16Ab 1.27Bb
YT, 1.16Ab 1.11Aa 1.16 Aab 1.25Aab
CK 1.05Ab 1.05Aa 1.20Ab 1.29Ab
x8 KERHTTAXNTEBELERNOIN
Table 8 Effects of rice straw returning on soil
structure and properties
b A %1k / mm ANHE/(gecm ®)
0—5cm 5cmBPAF 0—5cm 5cm PR
ST, 3.16Aa 1.08Ba 1.11Aa 1.22Ba
ST, 1.40Aab 1.06Ba 1.16 Ab 1.26Bb
ST, 1.25Ab 1.13Aa 1.17Ab 1.26 Aab
CK 1.05Ab 1.05Aa 1.20Ab 1.29Ab

FI9 FEARFMKBHTTIHSLENTERERBES M RE
Table 9 Bending coefficient of preferential flow channel for
treatments with corn and rice straw returning

it EXK KT

2% YT, YT, YT, ST, ST, ST;

Co 2147 2,335 2.524 1.993 2.363 3.301 1.277
Cw, 5721 6.324 7.980 5.660 6.125 7.366  1.928

CK

3 it i

3.0 BFEEMIERNRMAFS SENZNE

Ao A o figp 2o A, — 7 T 1) - S K R A L
i Z8 0 JB M i 3 A A 0 1 2 SR 5 — T R A
ek fif 3k it v 2 7 AR 22 B LR BT K R S A HL BN
RBE IS E IR OUER N A T T3k IZ #9 A HL
Jot B R o i, R AT R TR LB L R AT R R T
PRI, Bl A W8 oy T et R A 5 262 o S s 2H: 7 e
A DRI T A R R e AT ) T A X A
T FD JE5 figp At S BILSTRI SR 235 R, X 5 Rk
BRESEIRICR —8. R TARRKE TE5d—
YR TRE 7K SR T R 55 T GG ik ) 85 /K B I5  [RT T 26 /= 1 3

A W3 SN B AR ) T 2 B A B KR 1) R 2
T HEZE B N K TR )2 R LR & &,

i FE S fife ol 52 B B 35 72 LR T A 25 R B DL &
A= 3 Bl ) R e L T R A Y R VB AR SRR
W] DA E S A P T Bl R O R T A s 2 ol
e b 8 3% 00 R DA 1 3 1A 0 0 T R
P& F & A B TR X T R A S
65 fire B R B £ M p Bk R R R
R VER SR TT R N ALK AN TR AR A A AR
HEEM IEP M EFR LR NI T T HELHE
FRICE M AR W T s = A 1 CO, A AT PR 55
SR A B B A T 2 R o LR Ak R R
BUFRAT R TR AR T 0 S A e AR B AR AR
il ISR 251 NG I T F 3 05 N e o B ] =4
AL TRFFAHZN B ERS T RN EE (p<
0.05) 3/, [R1 B 3 A7 R kb A2 F T IK + )2 L e o B ik
[ 483 (p<<0.05) B D AR A FF -t HL AT B PR 1 i At
T AR A B S /N ACIRAS BT 19 J88 i 2, (R o, WD e
RAEFFA RGN TR FRA HZ N LR R
EHIR A E) B E (p<<0.05) T B BRI H 2 HxF
G )2 R o O i 0 BT RBORAS B S TR AR A
) JE fift S 6 i ok G 1 ik 6 5 SIS AT Ak S Ao 4
X — AT 7 T FE 498 57 00 R AR 2F S A W 3 P 1 B B L
LR FE AT IR H A BEAS AP A H 2N LR & &
BT X A RS G, xS R EERY,
T FF o3 00 30 e I R 1) 8855 b AR BT R 5
LR ANTS N A Wt W TN o o s % Y = R DA D
SN TR T LA it R S T S i A0 B 6 2 0 0 Bl X U
W T 2 M 2K L DA s S il FF I8 A 5 VR 0 4 AR 4
MEPBEDERAR., B TKBERFFHHTE S E
W T ERREAF (R A Stk N P s
K=0.89 : 0.11 : 0.99 K ARG AW S ELEN N P+
K=0.82 : 0.13 = 1.90)"", [A It , & M3 7K A A% FF 38 H Ab
FHCSTOARIE I T F5 AT 2 S £ )2 i £ 598 o 250
i, TR EERS AR AR U AU B (B ) £
i Z PR FE R B, LA & s s ) FRon R
AR T = 48 b 3 I, TR U, B AR RS AT 38 FH AR B (YT,
ST O FEFFAE HZE 4 Y 3857 00 B B /N CK &b
PR [R] A J2 00 35 43 e B (ST, Ab B3 14 3 504 & B B M)
AN £ 2 38 AR RS #F0 H AR BE (YT, il ST,H 5 CK
ISR R 22 BN GGR 56D,

3.2 FEFEER HEEAERFKRIE SNSRI

Tl A o fit = 26 0% 22 08 B 11 BT R AT AL R 45 AT L
S R A W R K BB AR R g A R A
P B g R RE L A AT A F 1 h ) A R
e A5 B AT 5 A LA K /DN J50kE AT 5 A 1A 58 R K 14T 2R
PAREET AT 86 K A 458 A 3R A1 34 o B AR O R IR £



5% 2

S A AN TRy R A T I B X 1 98 B AR M BRI K Ui B B AR 1 5 R 137

B 5 TR P A R R AR AT R T A A W X R
) J8 it o Al A i R o3 M Y 2 ) AR 2 L TR
ol A T R B8 0 vy 11 A G - 38 AT 38 (R - 35 o o
MR H R TN,

REHAHAMNSH ETHEG@EHESELE
) - S8 o R 56 ) 78 A5 R 34 S L [R) SRS AR A B A IS i
P KA 0 T 43 U B LA SR A S R e AR TR AT
A FH 2 PN A A0 3 1T T L A 2 7 A R RO X s
HE T A B KRS 3 80 AN E MR R TR e T
e 500k . (HAS TR RS FF 36 M AL B 5] + A e i a2
Bl AR Y51 B B K B BLE] R AR A« % TR AR RS FF
O HANEECY T, ST, ) M AR FS FFHEA £ HEA A
B ETEEN R A R ESE . B h T EY
XF Ry A AR 5 FF 10 68 Mo o R PR | R FT R A R EE AL B
A= W A A BRIE Bl R AR AN R B I E YRR £ L X
SE it Ah B A W B e A R UOR R T B R B A R
I S DR M AR A AT 38 T AL FR (YT, F ST ) 1 + 4
KB sh ¥ SR E (YT, 8 C,, Al Co, {85 5 0
2.147,5.721,ST, {4 C.. F1 C &4 % 1.993,5.660)
A 7 T AR RS AR A AR HL(CK) W i 388K i is sh Ak
BISJRREE (C o F1 C (54 5 R 1.277,1.928) 5 1 X F
YIRS FF8 AL 3R (YT, 1 ST, ) 1% AR F5 FF 2 1 Ak
FRCY Ty - STy o A P06 75 AT I Mt SR 418 A T8
i AR B AR R HE YT, F1 STy . R, i3 A 90 3% 30
JIT e ML A0 5B BORS F JE f T 7 AE  Z2 0 SR ) I
A/ | R K A ) A 55, 3 Ak 3P i A
Tl FF = HEBLAS T A3 /K2 3h . A5 7K H AR i
FF 2 6] (4 TRl B R 35 & R U AR R FF 3 H AR B YT, il
ST,) FIEEARFE A6 AL FE (YT, , ST, B4R e i AR 14
AR BE T s Hodr L B R R FF AR H S XA KR B B
VR R L b R e AR A R R K (YT Y
Co M C iR 2.524,7.980,ST, i) C., F1 C. 3
54354 3.301,7.366)

4 % ig

(1) 3 Pl AS [] A0y e 8 BE 1) A AR 38 S 2938 K T
A ML E B P R AR R M RRAR T L
H, Hp o HZEP AR S &M T 8.87% ~
41.63% I R E B A KT 10.48% ~
200.95%  HIEAFEFEILT 2.50%~8.33%.,

(2) FEAFIA BT 38 i 4 8 5% 40 & = L HAE 38 |
WIS gl R IEA M TR SR TR, Wik, bkt ke
FEFFIE e SR G AR BT S BUEM A KA R, N
TR AT 6 4[] B i i 20 A R e IS LA it A s T TS i
VIR W sh X R BT R K .

(3) 3 Bl AS [] Ay e A BE ) A AR A B S 2938 K T
R SRR AR R SR AR AR . Hop R A

i P A SR AR T I 51 WAt T il R o) ) B R

T 71.60% ~202.40% Fl 373.20% ~ 605.20 % ; % iR

ARFEFF I FH Ak B %) & (A R0 00 T 0 56 T 3 1 25 R 8K

] EE5E N
(4) Ky ACIRAE FF I H 5 H A S 9 6 fige %, G

XF - A BILJBT RN 7 43 B ARG 0 | g P R AR E

R4 T R 0 A A5 A T B O B A B L EDRy

ARFEFF L B 5 A3 K 7 ik A Y S Bk, O i

FRMIHE R T A Fr K DR Ry AR AT I8 A

BOR T 5Kz sh iy e85 0,

% 2% 3Lk (References) :

(1] KBk, . B2 W, % W LSRR S
Je& B LT 380 e ARl k2, 2014.(9) :31-34,, 38,

Zhang Y Z, Zhou Q. Huang Y X, et al. General situations
and prospects of soil classification in Hunan Province[]].
Hunan Agricultural Sciences, 2014(9) :31-34,38.

(2] EL4E.E & IMoA, S AR AE Y AR B %

PLZR IR S 22 80 8 7 [ ] Al T/ 27 41, 2016, 32(16)
216-222.
Wang HY, Wang F, Sun R H, et al. Policies and regu-
lations of crop straw utilization of foreign countries and
its experience and inspiration for China[ J]. Transactions
of the Chinese Society of Agricultural Engineering,
2016,32(16):216-222.

(3wl ThAk, K TL0 , 45 v (R4 RS FF 37 43 BE IR0 A 53

B HCH ARG L) ] Ak TR 24412, 2009, 25(7) :173-179.
Gao L W, Ma L, Zhang W F, et al. Estimation of nutrient
resource quantity of crop straw and its utilization situation
in China[J]. Transactions of the Chinese Society of
Agricultural Engineering, 2009,25(7) :173-179.

(4] E 2T, Vg B R REFE AT 88 K A8 Be iy &2 e 4t 2k
WEFELT ] 5 X BT IS R85, 2008, 22(2) - 170-175.
Wang L, Li X M, Xu Y. The economic losses caused by
crop residues burnt in open field in ChinalJ]. Journal of Arid
Land Resources and Environment, 2008,22(2):170-175.

[5] Beare M H, Wilson P E, Fraser P M, et al. Manage-
ment effects on barley straw decomposition, nitrogen
release, and crop production[ J]. Soil Science Society of
America Journal, 2002,66(3) :848-856.

[6] 45 I,k Bk, R a K, % 8 FF 0 M X 23 54

YA B9 52w BF 50 o JR [T ], b S Jd 4, 2014, 45 (6D -
1527-1532.
Cui X W, Zhang Y Z. Wu ] S, et al. Research progress
on the effects of returning straw to fields on soil quality
and crop growth[J]. Chinese Journal of Soil Science,
2014,45(6) :1527-1532.

(7] ZRAEAR,ILUGRY, F AR W, 55, K A% FF 8 i 36 F X 28 £
P THT b R4S o R A B R [T ] K b AR R 24 4, 2022, 36
(2):78-83,91.

Mou T S, Shen H O, Wang D L, et al. Effects of



138

e o V3 S U/ T

% 32 &

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

crushed corn straw returning on soil erosion characteris-
tics at the black soil hillslopes[J]. Journal of Soil and
Water Conservation, 2022,36(2):78-83,91.
W AR, B TG, 96 % SR AT I HC M AR R T ) X b
S PR R AR R SR Ay A s [T 0 P A A A 4T, 2023, 34
(12):3357-3363.
Pei Y N, lyu W G, Guo T, et al. Effects of straw-retur-
ning combined with application of microbial inoculants
on soil aggregates and related nutrients [ J]. Chinese
Journal of Applied Ecology, 2023,34(12):3357-3363.
Yang H S, Feng J X, Zhai S L, et al. Long-term ditch-
buried straw return alters soil water potential, tempera-
ture, and microbial communities in a rice-wheat rotation
system[]J]. Soil and Tillage Research, 2016,163:21-31.
S5 el Al RN, X B G AR AT S AR % R R
P s S 130 A 0y 2 e i R R T O P 0 IR 4 n [ .
1£,2023,55(6) :1223-1229.
Juan Y H, He Z G, Liu HY, et al. Regulation effects
of straw returning and nitrogen application manage-
ment on farmland brown soil microbial biomass and
enzyme activities[ J]. Soils, 2023,55(6):1223-1229.
E RO NN E L N R g B N SRR DO U S
- IRAL R AR BN R R e [T . h [ A A
2020,36(8):21-26.
Huang K M, Tong HT, Han Y L, et al. Straw returning
and nitrogen reduction: effects on physicochemical proper-
ties of mortar black soil and wheat yield[ ]J]. Chinese
Agricultural Science Bulletin, 2020,36(8) :21-26.
RIGENG 22 i T 38, S RS AT I TR B X b R = A
HERCK F oK 7 4 59 5% [T 1. oh [ 4Rk B4, 2020, 53
(5):977-989.
Zhu X Q. AnJ. Ma L, et al. Effects of different straw
returning depths on soil greenhouse gas emission and
maize yield[J]. Scientia Agricultura Sinica, 2020, 53
(5):977-989.
Prosdocimi M, Jordan A, Tarolli P, et al. The imme-
diate effectiveness of barley straw mulch in reducing
soil erodibility and surface runoff generation in Medi-
terranean vineyards[ J]. Science of the Total Environ-
ment, 2016,547:323-330.
Chen J, Zheng M J, Pang D W, et al. Straw return
and appropriate tillage method improve grain yield and
nitrogen efficiency of winter wheat[ J]. Journal of Inte-
grative Agriculture, 2017,16(8):1708-1719.
BLF 5 b, BT L AR A I B OR 0 AR R R
JEHHLT AL B2, 2021,60(21) : 16-20.
Xia Y, Feng T T, Wu M Q, et al. The evolution and
development trend of straw return to field technology
[J]. Hubei Agricultural Sciences, 2021,60(21) :16-20.
Hardie M A, Cotching W E, Doyle R B, et al. Effect

of antecedent soil moisture on preferential flow in a

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

texture-contrast soil[ J ]. Journal of Hydrology, 2011,
398(3/4):191-201.

L, L0, T3l 55 R E R 2R B EY R A
FH % 43 5% 5L ek K HC X /I 22 A B 0 it 1) )i 7 [T . v B 4
ML Rk2,2020,53(23) :4835-4854.

Li TL, Wang Y F, Wang J H, et al. Nutrient resource
quantity from main grain crop straw incorporation and its
enlightenment on chemical fertilizer reduction in wheat
production in China[ J]. Scientia Agricultura Sinica,
2020,53(23) :4835-4854.

Yoder R E. A direct method of aggregate analysis of
soils and a study of the physical nature of erosion Losses
[J]. Agronomy Journal, 1936,28(5):337-351.

BRI L TN P o SR 21 T 9 P SR AR S R i U
YO RA SR ] AR S 2431, 2018,38(5) :1590-1599.

Qian J, Zhang L. P, Wang W Y. The relationship between
soil aggregates and eroded sediments from sloping vegeta-
ted red soils of South China[ J]. Acta Ecologica Sinica,
2018,38(5):1590-1599.

BRE SR BE AN AT S K S X A S A A M
KoK Ui i8 3y R AL B9 52w [T 1. 7K B 22 4, 2019, 50 (3)
346-355.

Sheng F, Zhang M, Xue R X, et al. Effects of salt in
irrigation water on soil structural properties and water
flow characteristics[J]. Journal of Hydraulic Engineer-
ing, 2019,50(3) :346-355.

Morris C, Mooney S J. A high-resolution system for
the quantification of preferential flow in undisturbed
soil using observations of tracers[J]. Geoderma, 2004,
118(1/2) :133-143.

FRKEG W, FR e A R R 14 4R S TR AL B X £
HEYTERE T R ] AR TR AR, 2019, 35(17) 143-49.
Wang Q J, Liu F, Jiao F, et al. Effects of strip-col-
lected chopping and mechanical deep-buried return of
straw on physical properties of soill J]. Transactions of
the Chinese Society of Agricultural Engineering, 2019,
35(17) :43-49.

KA IRLL RS A R A b I S A LR B
[1].Pab A%l 24, 2019, 28(7) 1 1158-1168.

Zhang Q. Zhang H. Dynamics of soil thermal analysis
and organic nutrients during straw decomposition[ ] ].
Acta Agriculturae Boreali-occidentalis Sinica, 2019, 28
(7):1158-1168.

XU BRI, b, B 55 RS AT (6] 16 FARE =X
TR AE B HoX oK = s iy s [ v [ 123 5 e
#,2024(1) :157-165.

Liu X M, Wang Y M, Tian H T, et al. Characteristics
of straw phosphorus and potassium release and their
effects on maize yield under different straw returning
patterns[J]. Soil and Fertilizer Sciences in China, 2024
(1):157-165.



5% 2

S A AN TRy R A T I B X 1 98 B AR M BRI K Ui B B AR 1 5 R

139

[25]

[26]

G2 BRAT . B B A A IR X A AU KoK B
MR SEL) ] P E AR 22 4 . 2016.,32(9) 1 148-154,
Han R Y, Chen Z, Yang S Q. Effect of straw-retur-
ning on nitrogen and phosphorus and water of soil[ J].
Chinese Agricultural Science Bulletin, 2016, 32 (9):
148-154.

B3 ik S VA DA o e DO e g L PR A
B R A IE S5 i 57 ik e [T ). A A % 4k, 2015, 34
(4):1158-1165.

Jiang C Q. Zheng Q S, Zu C L. Research progress on
effects of straw returning on soil potassium and its
substitute for potassium fertilizer[ J]. Chinese Journal

of Ecology, 2015,34(4):1158-1165.

[27]

[28]

[29]

X . 3 SR FE I TGS 1 e85 44 1 | 3% 43 R BLER 4 4
52 0 [ DRI A v Al K2, 2015,

Liu W. Effect of continuous straw incorporation on soil
structure, nutrient and organic carbon fraction [ D].
Wuhan: Huazhong Agricultural University, 2015.
Morales V L, Parlange J Y. Steenhuis T S. Are pref-
erential flow paths perpetuated by microbial activity in
the soil matrix: a review[]J]. Journal of Hydrology,
2010,393(1/2) :29-36.

Ge SQ. Pan Y Z, Zheng L. W, et al. Effects of organic
matter components and incubation on the cement-based
stabilization/solidification characteristics of lead-con-

taminated soil[J]. Chemosphere, 2020,260:127646.

IQVOVAVAVAVAVAVAVAVAVAVOVAVAVAVAVOVAVAVAVAVAVAVAVAVAVAVAVAVAOVAVAVAVAVOVAVAVAVAVAVAVAVAVAVAVAVAVOVAVAVNV

(E#% 110 7

[29]

=)W B L 2R sk AR AR 2D DR R R R AT S B TR
o Bk O AR LT LA TR~ 412, 2009, 25(3) - 37-41.
Yan F L, LiZ X, Shi Z H, et al. Quantitative relation-
ship between aggregate characteristics of red soil and
slope erosion[ ]J]. Transactions of the Chinese Society
of Agricultural Engineering, 2009,25(3) :37-41.

[30]

T & R FAGTT A% 55 T B XS A b 28 1 X A 3
- B AR el ) 0 F 5T L) KR 24 i, 2012, 43(9)
1084-1091.

Wen L L, Zheng F L, Yang Q S, et al. Effects of rain-
fall patterns on hillslope farmland erosion in black soil
region of Northeast China[J]. Journal of Hydraulic
Engineering, 2012,43(9):1084-1091.

IQVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVOVAVAVAVAVAOVAVAVAVAVAVAVAVAVAVAVNYV

(E#% 121 )

[27]

[28]

[29]

XIH A B8, 5 5L, 4 B0 R 0 AT B A 9 AT SR A 2
B A HURR S R 2w L] 1K L AR 52 4, 2021, 35(1)
326-333,355.

Liu X M, Tian J, Zhang H, et al. Effects of amend-
ment on aggregates composition and organic carbon
content in reclaimed soil[J]. Journal of Soil and Water
Conservation, 2021,35(1):326-333,355.

Bai Y F, Cotrufo M F. Grassland soil carbon seques-
tration: current understanding, challenges, and solu-
tions[J]. Science, 2022,377(6606) :603-608.

W T A, AR AR L B R AR = h R RS [ O B A F X
P A AL R O T S [T ] R R AR L 2015,
52(3):665-672.

[30]

[31]

Jiao L N, Li Z H, Yin C C, et al. Effect of incorpora-
tion of crop straw on composition of soil organic matter
and enzyme activity in black soil relative to depth and
rate of the incorporation[ J]. Acta Pedologica Sinica,
2015,52(3) :665-672.

Segoli M, De Gryze S, Dou F, et al. AggModel: a soil
organic matter model with measurable pools for use in
incubation studies [ J ]. Ecological Modelling, 2013,
263:1-9.

Six J, Callewaert P, Lenders S, et al. Measuring and
understanding carbon storage in afforested soils by
physical fractionation[ J]. Soil Science Society of Amer-
ica Journal, 2002,66(6):1981-1987.

IQVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVNV

(EE# 130 T

[27]

[28]

Wang R, Min J, Kronzucker H J, et al. N and P runoff
losses in China' s vegetable production systems: Loss
characteristics, impact, and management practices[]].
The Science of the Total Environment, 2019,663:971-979.
ARERNK, T/ BREETER AR SR K A ANE b ik xR
58 B2 A WA B2 [ )R R4 2017,31(5) - 25-31.

Li X X, Wang X Y. Cai C F, et al. Response of soil
water content and subsurface flow to rainfall intensity in

purple soil[J]. Journal of Soil and Water Conservation,

[29]

[30]

2017,31(5):25-31.

Ziadat F M, Taimeh A Y. Effect of rainfall intensity.,
slope, land use and antecedent soil moisture on soil
erosion in an arid environment[]J]. Land Degradation
&. Development, 2013,24(6):582-590.

Zhang R R, Li M, Yuan X, et al. Influence of rainfall
intensity and slope on suspended solids and phosphorus
losses in runoff[ ] |. Environmental Science and Pollution Re-

search International, 2019,26(33):33963-33975.



