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Abstract:  Objective The main forms of soil erosion are water, wind and freeze-thaw erosion in the black soil area of Northeast
China, and slope farmland is the main source of soil erosion. Human factors such as long-term plowing and straw burning or
leaving the field untended and heavy use of light farming or other factors have led to the loss of surface soil, shallow cultivated
layer, soil infiltration and erosion resistance of sloping farmland. This would aggravate surface runoff and soil water erosion in
summer during severe rainfall. To improve the straw return rate in sloping farmland, a suitable farming method based on planting
and cultivating land was proposed. = Method Field experiments were used to study the effects of straw mulching and rotation
tillage technology (including this season straw mulching and fallow, last season straw mulching and rotary tillage) and
conventional farming (straw removal and rotary tillage) on soil water and heat changes and carbon and nitrogen accumulation.

Result The results showed that: water content in the 20—40 cm soil layer in the early stage of planting could significantly be
increased with straw mulching, and the mulching fallow and mulching rotary tillage treatments increased by 26.02% and 37.49%,
respectively, compared with conventional tillage. At the same time, the 20-40 cm soil bulk density in mulching rotary tillage
treatment was higher than that of conventional tillage and mulching fallow, which were reduced by 6.52% and 13.04%,
respectively. Compared with mulching and rotary tillage, mulching and fallow could reduce the soil temperature of 0—20 cm and
20-40 cm in the early stage of crop growth by 1.57-1.63 , while the soil moisture content increased by 15.25%-24.41%, which
provided conditions for crop emergence and early growth. Combining straw mulching fallow tillage and mulching rotary tillage
technologies increased the carbon and nitrogen content of 0—20 cm soil layer, and the organic carbon and total nitrogen reserves
were increased by 11.36% and 20.51% compared with conventional tillage. Conclusion All of this provide a scientific basis for
the implementation of protective farming techniques on slope farmland in the low mountain and hilly areas. In the future, the
optimized combination of crop varieties and dwarfing and maturity promotion would promote the increase of productivity in
slope farmland when implementing conservation tillage technology.

Key words: Sloping farmland; Straw mulch; Rotatin tillage; Soil water and heat; Carbon and nitrogen storage
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IS AR 2 400~2 600 °C., T3 RHHD + TG
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BN AT E S U
1.2 iRIiEit

H AR LA 6 178 1 AME/NX, /NXTEFL 6
7 x0.60mx200m, ¥ 5 KEE . WE/NX N5 H

FARMHMEX (4 17, YEBERFEFICIENE ) MFEFT
Bl (247, B HYRRN ), Hrp, fiFES
e H T REAERZEH#HT, BB HETHL (9GHI-H
(4), K&F) BT/ HEEE MR, FORFMEX R
B LR AR AT BEM =X

R T 2019 4F 3 H—2021 4 3 A 47, 2019
SR A AT XA A R AEAT B 2 AT R AR R X,
A XY R, T AR R R OK . 4
FPAPREIX 2019 AEFIAE K, 2020 465 4 17X R AY 2
75 MR 2 1A 55 X A G BUET iy e
X, Missh 2 7B RS A SRR X, & 2021
AE 4 AR, BRI /NX 3 AN Al (AR
247 ): (1) FEIERINAFE (SFT): LAEFME K .
AR E R (2) BEaEpt b (SRT): 4FEFR
RS . ARAEFEE K (3) W ek b B ( CRT ):
ML 2 AERMEEOKR . HIERAES (R 1), EER
BB AR R KA, AT 120~130 d, FiE
BB S 000 B o Jiti AE SV E N- P,05-K,0 4 150-
100-50 kg-hm *, HoHe i &0 I 46 N 100 kg-hm 2,
FH [ 4 PR DR 17— 30

I abE

Table 1 Treatments in the experiment

FEFF 4 i fA) BT

Straw return time Tillage method

#z1
pusiil FhFFaE H 7 =X
Treatment Straw returning method
SRT 7 Cover
SFT 7 Cover
CRT Jo#E 3% No cover

&
A

ZEif H Return last season JiE#F Rotary tillage
Z= 34 Ml Return this season KBt Fallow

J& No HERF Rotary tillage

1. SRT, % JiE#k; SFT, B HIKIN; CRT, #HEHE. TF . Note: SRT, Straw covered and rotary tillage; SFT, Straw covered

and fallow; CRT, Conventional rotary tillage. The same below.
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Fig.2 Changes of average temperature in 0-20 cm (a) and 20-40 cm (b)
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KEWAD, 0~20 ecm HIEE K EHINE 34.72%,
A T AR AR L BE B AL B 3 0 G 49.42% F
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TS 5 E e i, ek B
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11.35%F1 9.95%, — & B B G2 i 1 i 01 T S %k 4l v
Az KA SR R F R )
24 HEHEBESERHNTEREAFTINZN
FEFEARIA A g BRI T U Sm RS AR
ik e ik H AU AERZHER, fiFRa5
ARG BURZ AP & 2 al L, it M E
R AT 78 3 R BE AL, 62 b RS FF 7 5 RO HE# A
B, 0~20cm LJE2A . AP KEER ML
RIS 5P, RS

? ® 40,0 v
001 o wgiEpisRT O —o— BLEHISRT
R —=— AL ARHISFT R —=— B RHFSFT
< —— WHHHECRT < —— WHHHECRT
2 300} 2 300r
Q
o 2 ¥ 2
L3 28
o € 200 <2 8 2001
B2 B 2
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& 3
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A ] Time /d ] Time /d
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Fig. 3 Changes of moisture content in 0-20 cm (a) and 20-40 cm (b )
%2 TRELLE0~20cm tEHRAZTETW
Table 2 Changes of soil carbon and nitrogen content in 0-20 cm with different treatments
A K o K A
g EERIIR S AR A PRk At i
A3 Water-soluble Water-soluble carbon
Total nitrogen/ Organic carbon/ Total N storage/ Organic carbon storage/
Treatment carbon/ storage/
(gkg!) (gkg!) (thm™?) (thm™)
(mgkg!) (kg'hm™?)
SFT 1.63a 14.15b 18.63b 41.73b 36.39b 0.478ab
SRT 1.77a 16.95a 21.54a 44.13a 42.34a 0.538a
CRT 1.64a 13.47b 17.46b 39.16b 32.07¢ 0.416b

. FSIARRFE/NG FHERR A PR 22 55 B3 (P<0.05 ). Note: Different lowercase letters in the same column indicate significant

differences between treatments (P<0.05) .
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B b IR ROP R 9.63%, FEFFA HLEKE
X IN 25.74% ., S HERF A B T L 2R A
()6 A 2 1 ISR BE R A S AL R R, 0
IR PR R 4 2 A 7 w2 AR R B A0 15.61%
25 RBHEBESRHNERFENEI

126 3 AT UL, RIS X T4 R 10 788 kg'hm 2,

TR H LT 501 10 542 kg'hm
A 11033 kg-hm >, 78 35 HEARAb BB B0 T A 1fi A
FRAREL, TRAD T 55 R PR DR A ok (S
(ELREL AR 280 52 1 168 00 R B 3 2 M LA 45 ST 2 e
o U PO RS ATE w BERE A TR AR AR H Y E R E B
A B K 5 o WA BRI

*3 TRLEERFELTNK
Table 3 Changes of corn yield with different treatments
UNET 5 P& 14% KBy F= ik IRE/N e i
ab 3 ANES27)5 ki AN
Number of Yield of 14% water/ Equivalent to hectare yield/
Treatment Fresh biomass/kg Plot yield/kg
spikes (kgm?) (kg-hm™?)
W HBEHF CRT 36 9.29 6.79 1.19 11 876
30 8.24 5.44 1.09 10 874
-3 Average 30 8.78 5.08 1.04 10 351
32 8.77 5.77 1.10 11 033
B BESF SRT 48 14.32 7.71 1.54 10 285
51 12.53 9.15 1.63 10 866
-3 Average 45 12.44 6.86 1.57 10 477
48 13.10 7.90 1.58 10 542
AHFFERY], TEAE AL HT , R AT A SRR R b B 0~
3 1w ow 20 em FJ2 TR RERCHE MUBESERRAK 1.6°C, T L)%

PR VT AR 7R P A AR 1L g X3 b T R
HE A 50.35%, I A 69.55%.
FTREZE, Oa2%. AE##E, SEZXEK
WLk DIREFE e be . B H . AERERE N £, St
e Bk, BRAR. MET Bg RN Wik, AR
FUAREFF it i oM AT, BRARE T I ) PR 4
PERFER AR, BF 7885 FF 3 56 0 BRVE B R X 4 445
. IRIAARE T TR 53 (R RS
3.1 EHESRHXTEYEERORE

THOK SR s dh T R RS
A AR, (AR R ) 9 v AR i R S B AE
PETT, DTS 0 - SJE 28 4E) 1T R AR Ak I AR
2B BaMR RN, Ei . bk EaES R
PERFERR T ARRARZE & . B B3 B | WK
A0 S NI R B A R Y A N
PR, ER BRI Bt s RIER 2R, 1
SR YN AT 085 LI Y T v IR IR A
B o6 Ab B T 4R R AN AT LAk 30.62 mm!'L,

Sk R 24.41% (1 2a. 3a. 1b). HTEEK
AL FRREED), 9T AT IR B A R A, (BT
Tk H I BRI AE K OIER A . M, TR X &2
HE B/, AT 1A —4 ARKECY 42.5 mm
MR, REFFE S5 OR R AL 2R 4 5K 40 5 1
B F G A R (R S R A X
FAriA KO TAE RSN, X — 52k 4R
o5 —5.

KA BB . BEHE ARG AF R B . B R
Wb R LR . B R R R EEEREEY, 5
G RVEAL FRAR LG, B 4 DX SR b5 AT 7 o5 4k 2R
AT BH R SR A R R, D AR R 97.7%,
WD R 98.9% P2 ARG R, SREFFA S H
B H FUBERF L ER . O M AR FF A i 0 2 L RS AT
AL T 0~20cm KX HJEAEE, BILT
20~40 con WHF)Z ) 185 E (K 1a). [FIEF, F5FF
e R ERK R iR, WS FPETI 20~40 cm +
S 7K o 7 e P DR R 7 56 AR L BE M 4 1 4 v
26.02%F1 37.49%( [#] 3b ), 55 % % f3 &gy —%k
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41X - A B R M 90% 2, HE o5 S Bk &2
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FEANE G H BUBER 7 =X L3, A4 1 7 2 iE#I e 0~
20 om - HE4 R HLBR ZE 6k = 3548 55 9.63%F11
25.74% %, - HEA HUBRSE IR BEROR, 5 Ay i
T FF I FH A 56200 A 7 35 A PG S 3 2
AR HRLRERR AL B 2 A% T 56 AR AL BT 4 4
T RS W I B = T SR N AR, X5 R
J& R RS FEAE I R 2 L IR W R L HIREY)
HR 8 A K A 7 348 5, - S0 I 11 B R N Ak T i T
2 AT I A (0 P PSR A K o
33 HHEZRHMEDFTEMFI

KT R HEREXT R = 5 052 0 O A 1 24
T SR STt R A B T A R S, N
(K REFI AR S R, 30w B E = =3 23.22%
A 15.38% 7 HUMCK GBS R TRt b A
YRR 9.01%" . WAFZTIA S, S MR T ik
XA — R T, (BRI R B, H
e, RTINS R R X VR 3 e R
A 525 0 S DR 280 P B Sk i TSI AEG R T 5
M4/ NE A K EZ T, SR MmN, TR
FIR%E. JRIMMGR R IER T /NEZRES A a], {HL W] B
DR /> 25 & AR AL T AR 3 2 10 496K 4y, iR
ANFE TR TR A TR A FERILR
VML IX R FT R, R FF A 26 A0 B SR B KR Y A
BRI RE AR, HOCPRIRT mIKT Cu
W, FEER M, RIARKENE, BIARER N
S9H, POURREFPE SRR R B K HEeR S, H
AT X IR, ARWFge v, FEFEE SRR R R th
oA, Horh B S RIS A AT B 5 HOAS A
EY), EHBREH N LR S ARSFREY, T
DL K T R R AE K AZ IR B S R B 5 TR
WIS SRR, AT SRR X
T 5N P BRI A B R R R o AR I it A [
KT, MRS R E AR FEBEREZ —.
Tl A7 5 8 B DX BALT 1 R T oA 2 AR X 14

B FEATE L RIR S PR S B BE Ay, 3
B3t 745 DAPK SRR TL, 7 4 22 5 e B el

7

4 4 K

RFFEIESE AT SRR B AT, FET
R AT s AR IR 5 e AR 45 & iR BR B R 5 o i
AT S R T 20~40 cm H3EAE, FEAAT
W] -4 A KRR 26.02%, S5t T BT SRR
SR REFTE SRS 0~20 em 28 HLBR A4 A
R MBHEA RFR R & . A Ja ek T
SRR R AR, B R S R S R
LRIEFARMAA A, KT kb= g4 T A
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