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TSPt 3R I S AR SR, 0~15 $H15”~300n1
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1 MRERE

1.1 #HHREXER

] 55 717 J5r P X2 7 B g 0 L X 3 7 o 1 g [X
—, Mk bE R, HUEE S, AEZAE, iyt
HOHR b -H U, 2 NONTESIANE, 3307 L3R
B LR K i E . 2017 A1 2018 FE/EMIAE AN
(4—11 F) PRSI 448.0 A1 616.2 mm, HAMAGAL,
HAd 6—9 H 5 65.6%. [N LA TN E 2 i) Q’Jéﬂm
RS BOl R R F 2 H SRS R 2 . 2017 F12018 4EAF 1Y
W 4—11 A PSR 72 F164°C (WE D,
Z10°CHR 2400 C, TEREHAF4 100~150 do RAEWF- 2L
DIFIIE oK R ZERIRAR N 3o 1% X B T AL 2
61.2 73 hm?, (5B 64.8%, Sk 1182 pE 5 s
fRURER 50%~60%. IRIHIRIGHET (2017 55) 0~20 cm
HHZE A PR (19.2+1.54) g/kg, HRE (101 £2.03) mg/ke,
R (10.3+0.29) mg/kg, THHEME (147+£3.18) mg/kg.
PR (2.0~0.02 mm) JFiFE 7341 (51.5+1.06) % ki (0.02~
0.002 mm) JREE (32.041.45) %. ZhkL (<0.002 mm)
JFRESE (16.5£1.30) %.
1.2 It

FE 7 B R0 DX R X B PN 100 230 B
HOABFFTN 5, 1E 2017—2018 4EIA], 55 —EFhE KoK,
mFRE R 821, B AELERT A TR L, RHAED
B, BMEZ oS, WKL AR %
i 4 FAFBHE T, 35008

G E (CK) = fRGuBIpEPAE, OB S, i
PRIGEMREF R

BV (NH) : ZE%E 60 cm, JHTE 30 cm, &5
10~15 cm, JoHEdifdlitn, WOREIEDREFT B,

BVNHREFE S (SM) « 7B B3R E, RAE
KA G E 28 AR, B 7 500 kg/hm’;

R+ (PMD « {E2874 b, RAI5E 80 cm. B
0.08 mm [¥RFE, 7 5522 s, WORIG TEYIREFIRS R .

REEE 3 &, it 12 MBAX, FADXEH
4 mx24 m. FFNEERI R —ADATEAER IR EYIFPE LR
2 b, TKRMHEATER 60 cm, #REH 30 cm, AT (RRE
7E 55 000 FR/hm*. ZH AT 60 cm, HREH 40 cm, Fiid
EARERAE 40 000 #/hm?. FEAEACTZ 06 3w 3 B
ZEY) i A R R — 3, A NUE (N-P-K &35
200 g/kg, AL 350 g/kg, A REH$=0.2x10° CFU/g)
FIBERRE — % ((NHg),HPOy) AE A Fh BB — IR 1 it N\ it FH &

43919 4 500 A1 275 kg/hm?, JRE (CONH,),) 43 Pk it
N, Bt 150 kg/hm?®, AT HIBE 75 kg/hm?s
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Fig.1 Changes in precipitation and temperature during the growth
period in the experimental area in 2017 and 2018
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FIEREG RS YR A BT 0~8 m N BT E,
8~16m NILHAE, 16~24m AP N E. K
2 mx2 m PIREE, &R RTRISCR S5 3 A 7R3 T E P Fh A AT
HREHE 0~20 cm L IERE M .

TIEFR A FebR: AT ASOGR G G TEEYI R AT
WREEHHZ 0~20 em 3 FE i . L EEH HLITR A KoCr04
HEVE-INNEGE: EAECR IR B0k A AR A
NaHCO; 22 Y ik, SRR LR E IR -

KA,
AR AR A RIE RIS D
XM BIRAEHIBRA 25, EFE, BEFL BYRGL 025 mm

fii, ME4A N 4 Py 4 K SR 0&E. MK
H,S0,-H,0, W& ME, ERRAEMETT RENE, 4
BER BRI I E, AR KIS AN E -
7 e R AL R RN E - USRI T /N [X S
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MR 9 0 oA, i AT

P— (Y,-ZH, +J,-JH))~ (Y, -ZH, + J, - JH,)
F-FH

Kb F A&, ke/hm?; FH AR R4 58, oke:
Yy R Yo 43 B A AR X FIAS A X R i, kg/hm?s Jy Al
Jo 53 BB X AU AR X A F P &, kg/hm®s ZH, A1 ZH,
3 AR it A DX R AN Jti B DX R PR R %75 0 I i, g/kgs
JH, AT TH 43 550432 Bt JE DXRUAS e B X RS AT Hh i 9% 90 10 &5
=, g/kgo

ARG B 5K ) EXCEL2007 A1 SPSS16.0 %t
BTG J 7 20T (LSD)

2 HBREHH

2.1 AEHHEREE T T E RS B E 9 45T

ANFEBHER N Rk L Sy 3RS
TIEEHURF RS (R 1), BT CK, NH. SM
APM 3 FhHEAE 1 e 2 ) 35 R = R R LT
18.50%- 18.22%411 21.75% (P<0.05) , i 3 FHH/EE it
Z A ZERIFARE, SAEAYE SR mKERIN:
PM>NH > SM >CK. MIEHE > KE, SHEAE N
B A YLUR &R IIRIW I FN TR R, CK A
PM AbERBEE A B BN AR, T U & IR
B0, T NH AT SM AR EE I I H 38 i 5 PR A AR (ks
fE, HEBEURIT A >3 >3 .

AN RV B A 3 %6F - 39 A SR s i 5 L e AR —
3, AHECT CK, NH. SM Il PM 3 FloH/ERS 4 5] i 3545
B R 14.47% 17.64%F 18.71%, 1M 3 Fh#kE
i B ZE AR . F A GE R S B R EIE
BAN: PM>NH>SM >CK. MR RE, SHHERIE
TR LR S B RIRE R I I N T R R
T. CK. NH f1 PM P& A L FAsl, RILHIE
Wi SM BEEYEA B L ARk, BT

W 3G A RS S AR S, B MR A e
HHBEREFE NI, AN [RIBHE R it T 338 2B 1 s e 5
kG, LA MR —MEFEMSRE. 5 CK ML, NH
AEFEHEZE I RN 6.71%, 1 SM A1 PM 2 Fh#HE
ACFEHEZ 3 A A B A TR, A 4.01%F0
20.97%, FIAE S HEAFR] T HE RO R, A0
I A A S BRI : NH>CK>SM>PM,
B PM 5 A 3 MEHEAIE ZR B, Hih 3 FhHHELEE
A ZERAREZE o WAL 3 S A R, Sk FE At
e O pEE A B BTN AR S ASHF, CKAbEEER
PRGBS : PM. SM A1 NH T2 FLHS 28 hn 7 FAAIK
BN AT A s B> R

NH. SM 1 PM 3 Fi#f{EAHE 5 CK AL, #FE 5
TR 2 PR, A BIFRER T 10.48%. 10.65%F1 7.85%,
MM 3 FfHEZ fZ R AR, HEBERIN: CK>PM >
NH > SM., iX 5 243 HF b a0l H N B, 3 FoBEE 5 i
T ED AR CE ¢ MW TH 43 ik, CK. NH Al
SM RILH PR EIE M, B BRI A 3 E>8

3. NH ORI S BEAREEN, i BRI
WOR> e b>Yoho PM ORI H BN fE PR, Hrm )
RHIFE e S>3 N >3 F

F 1 TNEHEETEXEHH AR R AL T IEFF 2 2RI
Table 1 Effect of different tillages on soil nutrients distribution in
different slope locations of sloping farmland

o WL AEW HORR ARGE AR
Slope  Available K/ Available N/ Available P/ Organic matter/

(mgkg)  (mgkgh)  (mgke) (gkgh
208.05+2.05a 76.19£0.00b 14.401+0.14a 17.751+0.54b
184.60+3.11b 80.07%3.05b 10.95+1.13b 18.14£0.54b
206.60+2.97a 80.25+0.51b 8.80+0.07b 18.77£0.10b
179.40%+0.14b 89.78 £14.99a 10.08+1.85b 20.10%+0.95ab
175.25+1.06b 89.97£0.76ab 14.55£1.20a 22.20£0.35a
181.75+1.48b 90.98+3.81a 11.81+£1.20a 2247+0.22a
185.15£3.18b 92.98+1.02a 9.58+0.28b 19.74+0.03ab
172.35£1.91b 9291£229a 16.55+£0.49a 22.69+0.97a
177.90+£4.24b 92.34+559% 6.65+0.35¢c 22.19£0.03a
174.70£2.67b 91.72+£533a 8.38%0.42b 21.40%1.57a
195.05+1.73a 93.16+2.54a 10.41+0.64b 22.54+0.38a
182.45+329b 95.88+8.64a 820%£0.28b 22.61£0.22a
I DNEFRERIRFE AR FALEAE 0.05 /K23, CK. NH. SM. PM
SRR 2BV R BV HREFT R . BV H I . TR
Note: the little letters is significant at 0=0.05. CK, conventional tillage, NH,

furrow-ridge tillage, SM, furrow-ridge + straw mulching, PM, furrow-ridge +
plastic mulching .the same as below.

2.2 AEHHEEEIIEN TN
S3HT 2017 AEAN 2018 AERCPE K. R E R AT AL

AFEHHER X E = R (R 2) o 2017 FFIH
M HHER T CK. NH. SM Al PM AL B () T K~ F- 1y 77
B304 1 574.46. 2 000.04. 1 806.55 F1 4 795.19 kg/hm?,
AHXT T CK, NH. SM H1 PM 7351387 27.03%. 12.85%FH
204.56%. 2018 FHHHLEHHERE I T S8R ZE = ey
W24 35 939.17. 36 976.50+ 39 279.60 Al 43 672.50 kg/hm?,
FHXTT CK, NH. SM A1 PM =843 31 2.89%- 9.29%-
21.52%. MIIAikE, MEHAH B FREL, A
[FEFHER I TR R8N, SR =R
CK FEE AL N IN; NH A PM P25 5e i in 5 B,
Werbr= e, WO RAC, B RET S SM SRR E I,
WoF e WK, SRR

R2 TRFBERERIIEH M TEIR AL ERRDRE
RN
Table 2  Effect of different tillages on yield of maize and potato at

Treatment .
location

CK

NH

SM

PM

AFHFAEFAERFAFE

different slope locations of sloping land (kg.hm?)
Posiil Hhi B S LR
Treatment Slope location Maize Potato
+ 1197.67+363.60d 29 200.50+£638.47¢
CK i 1 555.26+48.79d 37 503.00+749.56¢
T 1 970.45+36.12¢ 41 114.00+902.14a
= 1 897.00£100.81b 36 571.50+354.26b
NH th 1 934.72+£900.46b 41 310.00+313.60b
T 2168.41£842.13b 33 048.00+417.89b
i 1519.64+17.21¢ 38 839.50+457.68b
SM h 1 723.02+51.62bd 38 070.00+512.44¢
T 2 177.00£195.77b 40 929.30+297.65a
[ 4261.45+717.12a 42 687.00+734.55a
PM i 4397.524506.28a 48 357.00+821.66a
T 5726.61+638.48a 39 973.50£657.92a
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2.3 T REHIEHERET LIEF O RIEMFEE /IR AL A
S

X 2017—2018 PIEIEYIAEA [R5 1F
T, ANFEYAL IRy AR PP R Z BRI (3 3),
FHHER I ISR Ay . MEW = A 2 8] 1) 22 S A
=, RO A BRI N . 2017 12018 FEH3EH PG
TE A [R) B A i bt A AS [R) 3 67 3 R AR 2 3% %2 =
(P<0.01) , TIBHEAESHHERE I 7] 2017 FFRILH B
FER (F=1.88, P<0.05) , 2018 ERI NN EEXER
(F=117.71, P<0.01) , Y72 [8] 2017 F1 2018 F¥JR I
M B 2R (F=3.43 Ml F=19.60, P<0.01) . TIEAH%

(F=6.74, P<0.01) , 2018 {FiE3& (F=3.91, P<0.05)

TR 2017 FHHER I WA RE (F=21.63,

P>0.05) , 2018 FEEEEH (F=5.72, P<0.01) , Hifiz
@ 2017 4EEE (F=10.89, P<0.05) , 2018 FEAEE
(F=1.18, P>0.05) . 2017 SE/=SAEA R HE R it 2 5] Al
ANFEYALZ MR MR EE Z R (P<0.01) , 2018 4F
PR AE N [F) BAE 1 i 2 B AN [ 35 A6 2 8] 240 2 0 o O 3%
ZE5 (P<0.05) o SRSk, Seyipth HIEFR o FEY =
BN I, 2 R TR TR, (R,

M 2017 FA 2018 SEPHAFRE, BHEHE ISl & BHE
PRLFRTHG Inaze 2 S B, AE R it S A S S o7 2R A ik

WAL TR 2 18] 2017 4R 2% (F=1.35, P<0.05) , 2018 4R 5. RUVBHER T A 8 CHW 7= s, s 1IE
w#E (F=0.5, P>0.05) , AL ZI[H] 2017 2 ik ie Rz /1, BHIE LK TR BIEE .
T3 20172018 R M T IRFT 9. AR BRI LI R AR
Table 3  Analysis of slope locations effect on soil nutrients and crop yield of sloping land in 2017 and 2018
) N 2017 2018
T H 7 SRR —
SE =A== R
ftem Source 1 iy iy gf %gié” BHMS F P Ei& B2 T IR SS #77 MS F P
b3 3 0.8 0.3 0.6 0.007" 3 1923 64.1 742 P<0.01"
- DA 2 36.6 183 392 <0.01" 2 59.7 29.8 345 <0.01"
O
Organic  Kblx I fir 6 3.1 0.5 12 0.4 6 1.6 0.3 0.2 1.0
matter
1R 18 8.4 0.5 18 15.6 0.9
BA R 23 459 23 267.5
osi| 3 208.0 69.3 1.9 0.017 3 43818 1460.6 117.7 <0.01"
- Yehsr 2 253.4 126.7 34 0.002" 2 486.4 2432 19.6 <0.01"
Ve
Available b xIf fir 6 268.8 44.8 1.4 0.3 6 62.5 10.4 0.8 0.6
N
W7 18 665.0 36.9 18 223.4 12.4
MR 23 1126.4 23 5091.6
b 3 30.4 10.1 14 0019 3 6.1 2.0 0.5 0.7
o e hr 2 101.4 50.7 6.7 0.007" 2 31.3 15.7 3.9 0.039"
o O
Available g P <3 i 6 126.7 21.1 29.1 <0.01" 6 26.8 45 1.2 0.4
p
R 18 135.4 7.5 18 72.1 4.0
KA R 23 267.2 23 109.5
b3 3 1880.8 626.9 21.6 0.1 3 821.1 273.7 5.7 0.006"
N W 2 631.4 315.7 109  0.017 2 112.6 56.3 12 0.3
gm0
Available 4B x5 fi7 6 426.9 712 9.0 <0.01" 6 517.8 86.3 3.0 0.049"
K
R 18 521.8 29.0 18 861.3 479
BAR R 23 3034.0 23 1795.0
osi| 3 64084 771.0 21361590.0 149.0 <0.01" 3 279 972 004.0 93324 001.0 3.8 0.02"
feie A 2 49603740 2480187.0 173 <0.01" 2 231229 937.0 115 614 968.0 47 0.016™
i Crop  AbHIxIf AT 6 14169240 2361540 2.0 0.1 6 601 192 954.0 100 198 826.0 18.4 <0.01"
yield
1R 30 4302511.0 143 417.0 30 731 579 489.0 24 385 983.0
MR 35 73 347 656.0 35 1242 781 430.0

HE: HRORIE 001 R PERWEE, * FORME 0.05 KT EREE.
Note: **indicates significant difference at the 0.01 level, and * indicates significant difference at the 0.05 level.

2.4 AREHESEEXHEYRRRIF BRI
I A [F RS T N PR 20 B4 H AT %N
(F4), 2017 FAFBAEREE S METK, NH, SM F

PM ) N. P FFR 5 B RS & 6.47%F0 11.75%.
7.92%F1 16.83%- 217.03%F11 241.59%; PM 4 N. P F)
FH 2B 5w T Hofth 3 A3, NH. SM 5 CK Z 8] N
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PRI R EZRAEE. 2018 FF L% NH. SM. PM A3
THIN. PRI ZES IR E 26.40%F1 17.37%. 89.43%F!1
44.62%. 97.31%A11 49.66%. HHF, N IEFHZEK 2 AN EE

i SM A1 PM 2 [a) 22 7 AN 2, HAth S B ERS e 1) £
S, PAEFIHZ CK Ml NH Z AR5, SM fl PM
ZIRIAEE, HADSHHERS e R E R T,

R4 TRHEERMERRDHREN. PAAERHME

Table 4 Effect of different tillages on utilization of N and P in maize and potato

N P
O BB AKX g e S Tl % M b BUCE R
Year Tillages Treatment  Typers  stems and leaves Total absorption Utilization rate  Tubers stems and leaves Total absorption/ Utilization
Ngkg™") Ngkg™") /(kg.hm™) 1% Ngkg™") Ngkg™") (kg.hm?) rate/%
i A [X 15.0 79 3.8 1.9
ok X 31.13 15.15a 543 3.15a
ZHK 10.3 2.6 3.0 1.2
WG X 19.8 8.8 32 2.5
TR 33.14 16.13a 6.08 3.52a
o1 Bk FHKX 12.8 32 2.8 1.1
Maize Bt IR X 18.1 10.2 3.8 2.6
s EIEK 33.61 16.35a 6.35 3.68a
THX 13.2 3.6 3.0 1.5
WG X 17.5 10.8 34 22
pv TEHEE 98.70 48.03¢ 18.56 10.76b
FHKX 14.2 4.0 2.9 1.1
WA [X 13.9 12.4 1.1 0.9
ok TEREK 34.39 16.74a 33.18 19.23a
THX 16.8 17.5 0.8 0.3
WG I X 20.9 18.1 1.2 0.9
TR 43.49 21.16b 38.93 22.57a
oy HE FHKX 17.6 18.8 0.8 0.3
Potato i I [X 22.0 20.1 1.4 1.1
SM ﬁ@HE; 65.17 31.71c 47.96 27.81b
THX 18.9 18.5 0.9 0.4
i A [X 19.5 17.5 1.2 1.1
pv K 67.87 33.03¢ 49.65 28.78b
ZHK 18.1 16.9 0.9 0.4

E: NEFEFRIRA RSB 0.05 KT R,

Note: Lower case letters indicate that different treatments are significant on levels of 0.05.

3 i

HHETE S 2 som HIE R MR EE AN AR R 2
—. Almaraz 252 e W, R FEHEESRS it B Tx 3%
RISEahFEE . IR, HRE . HE@E~ R,
TR SN, T 5] SR R i B35 2
Tt o BHETT O S5 HLIIT 2 i 1R PR 558 2 A 2 R T A
H, WHMEHE T, CO, & Pl & I 2 T R FFS
Er, Rt FFE S SR LT, b T
¥ CO, WHE, HRTF LAY R, &P
N, MRS R B R S T ROKB R AR T 1 I
TR RENR R . FEAE G T AL A AR
IR0y E ROV, A T AR FEA AL, AT CK, NH.,
SM FI PM 3 Fisi it T ) T 438 ML A R & A BT
Tie AERXS T IR . AR — NIRRT A,
KHZ 3 Fiis s A K. X5 2 Hhalf ok H s o
HHBEERIEBENAS R, T 3 R i Ve IR RO %
ES RS PM ACBE T 38 S0 ik, H5HAL 3
FEHE U EREE, REHETP RS LA, 32
AR T g L X 78 S e = IR AR e R, i
B0 18 2 W S v g EE I o

e HAE S —Fh 5 e AR 7K L3 R R R B b 2 7R
TEZ A R E R T 35855 o et . RS S5 AR Wik
SIS TRV, o B EE M R R K LR R &
B 5 AL i IR AR IE . RSP 5
KW, FHEH R T KRR G R RIEA . BEUR AR

Ao BRE S R A R I BES A 13957
TP IR TUR T, B AR 2R A0 B ) 5%
TP R A R, TR 2R+ R AT 2 21 5 A BT
DU 2 ol BES O PRI, 0 I BRI 1Y
ORHE S BRI o A TE 38 I X S5O - 38 5% 7 AE AN [F]
BHERE I T B3R A I UK A, CK AR 1357 73 Bl
AL E L IZETR N, oD W S
IR AFAEY IS A MK, TR G R IR s 2
FIEFRD AR EEZ SIEZ—. NH. SM Al PM
3 MBS CK 2 [MFR 70 225 B35, T 3 Mt 2 [4]
EFRARZE, BRI R 2 10 2 2, it
— UL A [T $i e bt 3 - 398 57 73 AR AL A0 7 A AR ALE
FER NI SR — 7 TR A R T R
RN ERAAL, 53— T3 T R B AR K ik B AR A B 7 i
B WAL 2017 A1 2018 SEPIAFERE, A HHEFR
(ISE N, AE ORI PR R Tt 2% 1 PRI 2S00 20 58 »
MR 2 ) 1) 22 S T S B o R B 445 M m] A 2850 BEL
WroR k@i, Hlgg LIRREh 7y, IR 3K
TR IIILIIE RS o« AR 52 F PR 106 HdiE 1 3 A 45
HIpIDEhe, AT Rt 2D R AR E A i ok
BEAT RO AIE RN 563 .

Ve B AR A A B 16 x5 26 7750
W Ff) B BB R o R B AR R B, AR TS
e, MR w . AEFT A . S PSRRI 1h ity 2 52
wfEYI R, L7 R LA o I e e e I 2 A D
WEFERM], DI 24 MR AL 600 mm /e A5 R 5 5



132 My TFESHR (http://www.tcsae.org)

2020 4F

b IX PR A 12 AN AL SR K M B 2 /N 22 FH RS AT 7 i A 3
77 HAER R, RS R TR R S G R
IR, R oc. Wi A R R E
giit ot CRIPERHE TR 8 5 10.92%. A
WHRAIRRY], X T CK, 3 MR A T
XA P AR A 2R, BRI
it LU AN 2 $ B AL TSR D S DR A A 4 it el 5
KA, SHEEHKY . FR B RE NS
Ko NI PG EAMAE AR RS, B A3 A N
B, A5 RAZIRAN TR 38555 . Ko LLEAEYI )
M L PR SBASE ZSONERTE ST, 6F AT TSRS B ) AT 7 SR SR
oA R BRI FE S T3 TR e fb . B RB AL S TR 1
AL AN AL B A R

4 £ i

D M TALGTE, BRI+ E A
Y+ o 3 AP AL B 2 1R bk R A AL
TGRSR, (H 3 R A 2 R AN R
LI A BT R, R 2R b i i
A R AT AR AR

2) HIEFRO AR AL A 2 A R, R W]
BRI o A G PR AL R B AL S A
AR BEE WAL B BT AT N, R AR
R ZBYARIE . ZBVA+REAT B o A 22V H A o 3
Tl it BE 0 H 55 30 N, R B O3 . ST
Wb BN AR R K, $E i (A
22 5 E B S IR AR A 2%

3) AFEBHERE RS B R . A %4t
AR, ZBVARIRE L ZBIAREAT 7 o A 2R A+ 3t R i A
RN B B 1 H A B2 32N, N P A

LES/TTR

(& % x #]

[1] Lz, BEHHHR BRI K LR R 2], B 7R,
2019, 50(8): 49.

[2] R, AME, XN, 2 RK L RFRE IR AR ST
IS SR D). RS A&, 2017, 29(10): 170-172.
Wu Jie, Sun Xu, Liu Xiaoyan, et al. Discussion on the
application and future development of soiland water
conservation in the treatment of ecological environment[J].
Environment and Development, 2017, 29(10): 170-172. (in
Chinese with English abstract)

[3] Blum W E H. Soil degradation caused by industrialization
and urbanization[J]. Advances in Geoecology, 1997, 31:
755-766.

[4] BRIEAR, SHARME, &857, & ET R IIFMAIELRT
TR IR RO ]. Al TRESR, 2019,
35(3): 256-267.
Chen Zhengfa, Shi Dongmei, Jin Huifang, et al. Evaluation
on cultivated-layer soil quality of sloping farmland in
Yunnan based on soil management assessment framework
(SMAF)[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2019,
35(3): 256-267. (in Chinese with English abstract)

[5] Bronick C J, Lal R. Soil structure and management: A

[6]

[13]

[14]

[16]

review[J]. Geoderma, 2004, 124(1):3-22.

JOALHE, XGRS, k. S ANFEIREAE RSB LR
LA HUBRR R RIS (D], LR, 2019, 56(3):
638-649.

Fan Yalin, Liu Xianzhao, Gao Lei, et al. Effects of
fertility-building practices on soil organic carbon loss with
sediment in sloping cropland of red soil[J]. Acta Pedologica
Sinica, 2019, 56(3): 638-649. (in Chinese with English
abstract)

JkAN, TkJIEH, dRAEEL S5 AMEF FIVE XS VR P B A
B AR R R R[] AL TRE2A 4R, 2019,
35(22): 216-224.

Zhang Li, Zhang Naiming, Zhang Shiying, et al. Effects of
AMF and intercropping on crop yield and soil nitrogen and
phosphorus loss by runoff on slope farmland[J]. Transactions
of the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2019, 35(22): 216-224. (in
Chinese with English abstract)

Dalal R C, Carter O R. Soil organic matter dynamics and
sequestration in Australian tropical soils[J]. Advances in Soil
Science, 2000, 4: 283-314.

FE. BRAbE A B R PR 3R R AR
FIK B4 BOM ST [D]. Hv: PEdbRMRHERA:, 2013.
Wang Xu. Nutrient Restoration Effect and Water Erosion
Precention and Control of Slope Farmland of Conservative
Tillage Loess Plateau in Northern Shaanxi[D]. Yanglin:
Northwest Agriculture and Forestry University, 2013. (in
Chinese with English abstract)

#Ho . A LR A 75 2OK BRI AE[T]. AR
), 2018(2): 51-53.

Blaikie P, Brookfield H. Land Degradation and Society[M].
London: Methuen, 1987.

SERME, AR, Bk Lo BB R
A R PP a3 e B2 ()], Ak TRE 2R, 2019,
35(18): 118-126.

Shi Dongmei, Jin Huifang, Jiang Guangyi. Degradation effect
of soil erosion on tillage-layer quality of slope farmland and
its evaluation trend[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2019,
35(18): 118-126. (in Chinese with English abstract)

VR, SRR B s m RS F R I LR
WEFE[I]. L3R, 2017, 54(3): 670-681.

Xu Yan, Zhang Renzhi. Dynamics of soil phosphorus as
affected by tillage on the loess plateau in central Gansu,
China[J]. Acta Pedologica Sinica, 2017, 54(3): 670-681. (in
Chinese with English abstract)

Fekx, MUE, Wk, S R PERHEN 3L R
B X /N 2 7 R R SRR BRI R R (D). A E TR S
AERL2ER, 2011, 17(3): 539-544.

Wang Gailing, Hao Mingde, Xu Jiguang, et al. Effect of
conservation tillage on wheat yield and soil physicochemical
properties in the south of loess plateau[J]. Plant Nutrition and
Fertilizer Science, 2011, 17(3): 539-544. (in Chinese with
English abstract)

Igor Dekemati, Barbara Simon, Szergej Vinogradov, et al
The effects of various tillage treatments on soil physical
properties, earthworm abundance and crop yield in
Hungary[J]. Soil & Tillage Research, 2019, 194: 1-12.
TR, DR VEBHE XT3 B b 135 57 7 A Rp B K b B #2834
FIRFSEID]. M. PEABRMBHE R, 2015.

Tan Chunjian. Effects of Consercation Tillage on the Soil



%18 1

TR BHESE X S SR b 38 5% 23 2 A S RER 2R AR 5

133

[17]

[19]

(21]

[24]

Nutrients Maintenance and Control of Water Erosion of
Sloping Farmland[D]. Yangling: Northwest Agriculture and
Forestry University, 2016. (in Chinese with English abstract)
TkAHE, BkfR, EHEE, & BHMEKAFPHERESRHEE
B IR K e N [0]. R LK 2= 254, 2019,
24(6): 26-37.

Zhang Dongmei, Zhang Wei, Jia Chunxia, et al. Effects of
different tillage and mulch treatments on the soil environment
and yield of dryland maize[J]. Journal of China Agricultural
University, 2019, 24(6): 26-37. (in Chinese with English
abstract)

TkES, dkEM, XIFE, & R 7 URBHE RS X 1l
¥ 5 K43 FIF R sz ma ). AL EEIR . 2019, 50(3):
250-261.

Zhang Xia, Zhang Yulin, Liu Dan, et al. Effects of planting
methods and tillage systems on soil structure and water use
efficiency[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2019, 50(3): 250-261. (in Chinese
with English abstract)

R, BEE, SR, % ARBHERS X2 H g
Tk fits & A AR P07k BRI H A 2 ma [J]. bR %3,
2016, 31(4): 220-226.

Li Chunxi, Chen Huiting, Ma Shouchen, et al. Effects of
different tillage methods on carbon storage of soil and
utilization efficiency of water and nitrogen in wheat[J]. Acta
Agriculturae Boreali-Sinica, 2016, 31(4): 220-226. (in
Chinese with English abstract)

FH], SARME, EP. AR S EE R A S R
UK. K ARFF4R, 2017, 31(1):
30-36,42.

Yu Yali, Shi Dongmei, Jiang Ping. Effect of different soil
management measures on controlling soil nitrogen and
phosphorus loss from slop farmland[J]. Journal of Soil and
Water Conservation, 2017, 31(1): 30-36,42. (in Chinese with
English abstract)

B3, BREE, F%ete, & SRR RIFREAR N A
FH K AR R 208 Je LI SR e B s [J]. R BHR S
WEE2ER, 2016, 33(1): 72-79.

Ma Chuangong, Chen Jianjun, Guo Xianhua, et al. Effects of
different cropping patterns on soil and water conservation
benefits and soil nutrients loss on sloping land[J]. Journal of
Agricultural Resources and Environment, 2016, 33(1): 72-79.
(in Chinese with English abstract)

Jaug, EREE, i, & E T XA R T
T 7K 9 2R 0T 42 ol A 6 R 00 T B2 0], K = AR R 5
2019, 26(4): 7-12.

Zhou Han, Yan Junxia, Li Hongjian, et al, Response of soil
and water loss on different underlying surfaces of sloping
farmland to erosive rainfall in the loess area of western
Shanxi Province[J]. Research of Soil and Water Conservation,
2019, 26(4): 7-12. (in Chinese with English abstract)

MR, SR, BRAEME, SE. KL {RERRE X S L
BRI A SR m[T]. LEEHL, 2017, 48(3): 707-714.
Li Haiqiang, Guo Chenjiu, Cai Chuxiong, et al. Effect of soil
and water conservation measures on temporal and spatial
variability of soil nutrients in sloping farmland[J]. Chinese
Journal of Soil Science, 2017, 48(3): 707-714. (in Chinese
with English abstract)

HR A N B JLAN [ PRI (R 430, 38 HLBS R0 s EE A% TR A
SEA-2 MV : HI615-2100[S]. dbaT: o EFREERL 2
Jfitt, 2011.

[25]

[26]

[27]

[28]

[29]

[32]

[33]

[34]

Almaraz J J, Zhou X, Mabood F, et al. Greenhouse gas fluxes
associated with soybean production under two tillage systems
in southwestern Quebec[J]. Soil and Tillage Research, 2009,
104(1): 134-139.

MRER, XIJRME, REE, & ORI B X 4e b
X 22 M 3 A HE R S e (0], b [ R SRR,
2016(2): 7-13.

Xu Yu, Liu Zhaohui, Zhu Guoliang, et al. Effects of
greenhouse gas emission under different agricultural
management practices in wheat field in the North China
Plain[J]. Soil and Fertilizer Sciences in China, 2016(2): 7-13.
(in Chinese with English abstract)

SR, W, WE, & OAFRPHER G~ RERH %
CHys CO, HETBURFIE S MR 2R (1], 5 X B 53R,
2018, 32(12): 26-33.

Lt Jinhui, Wu Jun, Zhang Jun, et al. Characteristics and
influencing factors of soil CHy and CO, emissions under
different tillage measures[J]. Journal of Arid Land Resources
and Environment, 2018, 32(12): 26-33. (in Chinese with
English abstract)

A R R B EIE LRI R R K
SMAD]. VLRH: VERHAORS:, 2013,

Dong Zhi. Accumulation of Soil Organic Matter and Maize
Growing Process by Different Stover Mulching Quantity in
No-Tillage System[D]. Shengyang: Shenyang Agricultural
University, 2013. (in Chinese with English abstract)

fFESCHE. FAES E S BV E RS XS LI R Y R R oK
ARKMIMRPID]. KR KFREET RS, 2015.

Xie Wenyan. Effect of Different Mulching Methods on Soil
Environment of Rainfed Cinnamon Soil and Related Maize
Responses[D]. Taiyuan: Taiyuan University of Technology,
2015. (in Chinese with English abstract)

W2, BR, ATHL & R &M T ZRERE R
T T R 4 3 AR I AR A R AE [J]. o B K R LR FFE R
2015, 13(3): 32-38.

Lin Yi, Qin Feng, Zheng Zicheng, et al. Characteristics of
variations in soil surface micro-topography and soil erosion
on the cross ridge slope under different rainfall conditions[J].
Science of Soil and Water Conservation, 2015, 13(3): 32-38.
(in Chinese with English abstract)

JtRSE, AR, XA, S BHMERE I R AL
YRR M [T]. K LARFEE, 2019, 33(2):
49-54.

Zhou Yiwen, Dai Cuiting, Liu Yaojun, et al. Effects of
cultivation measures and rainfall intensities on the slope
erosion in red soil sloping cropland[J]. Journal of Soil and
Water Conservation, 2019, 33(2): 49-54. (in Chinese with
English abstract)

T, KAE, B, & RIS E SR A L
B RS AE T [I). KB ORFFAAR, 2017, 31(6): 15-19.
Ren Ruixue, Zhang Fengbao, Yang Mingyi, et al
Characteristics of sediment organic carbon loss during slope
erosion process[J]. Journal of Soil and Water Conservation,
2017, 31(6): 15-19. (in Chinese with English abstract)
PRERES, XM, AW, 2 R EPHERS S BES IR
PPRIIFEMA[T]. P E S AR, 2018(1): 146-152.
Chen Jingrui, Liu Jia, Wang Huiming, et al. Effect of
conservation tillage on soil nutrient loss from a steep
hillslope soil[J]. China Soil and Fertilizer, 2018(1): 146-152.
(in Chinese with English abstract)

MRER, S48, s, % EEaUr Ri& N E +



134

Fk TREZAR Chttp://www.tcsae.org)

2020 4F

B LA B I]. T EAR SR, 2014, 35(4):
403-409.

Chen Yuzhang, Chai Shouxi, Fan Yingdan, et al. Effects of
mulching models on soil temperature and yield of winter
wheat in rainfed area[J]. Chinese Journal of
Agrometeorology, 2014, 35(4): 403-409. (in Chinese with
English abstract)

EFRE, 2GR, TS, RN AL K R A
T AR AR, EYE IR SRR, 2015,
21(4): 884-897.

Wang Xiukang, Li Zhanbin, Xing Yingying. Effects of mulching
and fertilization on maize yield, soil temperature and nitrate-N
distribution[J]. Journal of Plant Nutrition and Fertilizer, 2015,
21(4): 884-897. (in Chinese with English abstract)

[36] mL%, ZEAFy. FHASFTEL s AR B R0 B R D

TERIBLEI 4[], A TREZR, 2005, 21(7): 15-19.
Gao Yajun, Li Shengxiu. Cause and mechanism of crop yield
reduction under straw mulch in dryland[J]. Transactions of
the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2005, 21(7): 15-19. (in Chinese
with English abstract)

[37] W2, AR, 20E, & PEETERHET T

TR MERHE SEWAET=[T]. P EARILES, 2007,40(9):
1914-1924.

Xie Ruizhi, Li Shaokun, Li Xiaojun, et al. The analysis of
conservation tillage in China-conservation tillage and crop
production: reviewing the evidence[J]. Scientia Agricultura Sinica,
2007, 40(9): 1914-1924. (in Chinese with English abstract)

Effects of tillage measures on soil nutrients distribution and fertilizer use
efficiency on gentle slope farmland

Lei Jinyin!, Lei Xiaoting®, Zhou Lina'*, He Jingin, Jia Aiping?, Yu Jianjun®, Zhang Hui®, Lu Fang®
(1. Institute of Agricultural Resources and Environment, Ningxia Academy of Agriculture and Forestry Sciences, Yinchuan 750002,China;

2. Ningxia Yinchuan Municipal Agricultural Technology Extension and Service Center, Yinchuan 750002, China; 3. Guan ting Agro-technical
Service Center Yuanzhou District Guyuan City, Guyuan 756000, China)

Abstract: The research was carried out on 10° slope land of southern Ningxia during 2017-2018, and four different tillage
measures, including conventional tillage (CK), furrow-ridge tillage (NH), furrow-ridge + straw mulching (SM) and
furrow-ridge+plastic mulching (PM) were employed. The results showed that NH. SM and PM significantly increased the
content of soil organic matter and available nitrogen compared with CK, increasing by 18.50% and 14.47%, 18.22% and
17.64%, 21.75% and 18.71%, respectively, however, there was no significant difference between the three tillage measures.
The topsoil organic matter and available nitrogen of CK treatment increased from up slope to down slope showing the risk of
losing from slope land. Whereas, NH, SM and PM exhibited the function of weakening the slope location effect, with the order
of organic matter and available nitrogen from high to low: mid slope> down slope > up slope. Compared with CK, the soil
available phosphorus and available potassium on slope land was decreased, where the soil available phosphorus under PM
significantly was lower than others. The soil available phosphorus and available potassium showed low losing risk from slope
land. The difference between tillages is mainly related to fertilizer input and crop absorption and utilization. NH, SM and PM
significantly increased the crop yields, and the yield of maize and potato were increased by 27.03 % and 2.89%, 12.85% and
9.29%, 204.56% and 21.52%, respectively, showing significant slope location effect. From the perspective of slope distribution,
as the slope position changes from up slope to down slope, corn yields gradually increased under NH, SM and PM. Potato
yields of CK increased gradually with the slope position changes from up slope to down slope; Its NH and PM increased firstly
and then decreased, with the highest yield on mid slope and the lowest on down slope; Its SM decreased firstly and then
increased, with the highest yield on down slope and the lowest on mid slope. Two mulching tillage methods, SM and PM,
significantly improved crop N, P fertilizer use efficiency, and in the first maize planting season they were increased by 7.92%
and 16.83%, 217.03% and 241.59%, respectively, while in the second potato-planting season, they were increased by 89.43%
and 44.62%, 97.31% and 49.66%, respectively. The variance analysis was performed on the soil nutrients and crop yields at
different slope positions under different tillages in 2017 and 2018. From the perspective of soil organic matter and crop yield
analysis, tillages and slope positions both showed extremely significant differences between 2017 (P<<0.01) and significant
differences in 2018 (P<<0.05). From the perspective of available nitrogen analysis, tillages showed significant differences
(F=1.88, P<0.05) in 2017 and extremely significant differences (F=117.71, P<0.01) in 2018, slope positions both showed
extremely significant differences in 2017 and 2018 (F=3.43 and F=19.60, P<0.01) . From the perspective of available
phosphorus analysis, tillages showed significant differences (F=1.35, P<0.05) in 2017 and no significant difference (F=0.5,

P>0.05) in 2018, slope positions showed extremely significant differences (F=6.74, P<0.01) in 2017 and significant
differences (F=3.91, P<0.05) in 2018. From the perspective of available potassium analysis, tillages showed no significant
difference (F=21.63, P>0.05)in 2017 and extremely significant differences (F=5.72, P<0.01)in 2018, slope positions showed
significant differences (F=10.89, P<0.05) in 2017 and no significant differences (F=1.18, P>0.05) in 2018.Hence, it was
believed that protective tillages focused on furrows and mulches can effectively block the nutrients lose, combat soil nutrients
migration on slop farmland, and increase crop yield and fertilizer use efficiency.

Keywords: soil; erosion; tillage method; gentle slop land; slop location effect; fertilizer use efficiency
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