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1.1 HHREXHBER

R XA T KRG E P2 X B i X f BRI
TTRTEE 2 LAY, SEHRIR 1.5 °C, RN & 530 mm.
R 96 B B A7 T Ak 46 47°20.493 ~ 47°20.630, K 4
126°50.354' ~126°50.405' . B 1t 305 m, AR PG % 78.5m,
SHAR 1.42 hma, TEIIA 707K 0E, AR08 L6 258 i IR
Ve . A R PEICERG S, W AR T AR, R bR
W 3.8°, ZUG VI 220, HiEAEER L, 1942
SR HBRGEMTT BV H, BHE T O F b 2B E LK D

0 25 50m
[E ]

T PORGANK S m: #7 K07 AR 2B G & 1), MR A i fE 2 0.2 m.
Note: The wave line represents contour line, the arrow direction represents ridge
direction after the ridge changed, and the elevation difference between the
adjacent contour lineis 0.2 m.

B 1 R R 2
Fig.1 Topography and ridge direction of
experimental slope cropland

1.2 WRAZX
1.2.1 X¥x

BRI 2006 AE%Em XZERT, 12 T/l
FIMLATAKE R L 22, FE AL 2B 4E, BHERFE 15 cm. 2006
SR 103 kKW R RERLE TG, RS mRiZE, ZEm
PR NT 10, HHEREE 18om UULE, S HHET RANZ2
YEREAAR, RIEH —F— 2k, FORKEHRAE, FRISCK L
FIFEFF AR A, AT9R 2 b B A% G B it FH &
K EIE AN AT, FAEAIBEAE 2> 5 A 120 A1 24 kg/hm?;
FKARFPT . B #1554 69, 69 Al 15 kg/hm?, K
T HIE it R 69 kg/hm?.
1.2.2 R¥EFm*

Hh T B T8 AL A 9 H = 4 37 R 5% 5 00 1
PIXAD A, I H A AE Ak T = A 7

HE LI b R A SR P AR v A S, R AT EE R
Jt20m, ZP6 105m, M 102 M, 43 51T 2004 4
1 2016 4F 4 H AT 2 IRIFDL MR FE 2, REFA
FE s #EZ 0~20 em HIERESL, A7 [RIS2E6 = AT 8T .

TIEAEHLE (SOM) F4% (TN) SEFMHTR Y
Hri (ElementarVariolll, #E[E) Wl5E; AU A
PRI e, SR bRk o Ar s 3K AR M 4 5%
PRI SR R ETRL 3BT (DIK-2001, HAD, KA
B A IR R I e Yy g P ) K R N 2 R B FR
JIEEZE G 2~T7 em JFARLll%E, 224 . 2894 0~20 cm
AR S /K A% H] TDR100 (Spectrum Field Scout, 3%
ED W5E. MeZent gy Bk ik 1.
1.2.3 ZdEA 3

K FH SPSS10.0 #h o %t e B AL MR AT 4 L G it
245H7, FHZEE GammaDesign Software 24 & {1 48 2%
B GS+5.30 HEATZS (AR I 0T S 22l 3B AL R
2 B oA

F 1 2004 FFidIG g Z2 A HIEY IR AR
Tablel Soil physical properties before ridge direction changed in 2004

. - - — Eoym— ~
HRYEAL Soil properties Samﬁ:—:f(mber MiniErinLJm{%alue Maxiﬂniz(n{lﬁvdue Medli—lz—aln{%alue J'I\:/Ii:;j;nﬁ Standgtﬁfliation j%CE\:/i?ﬂ Skﬁv%ess Kﬂttogsis
Bk & Clay content/% 102 30.98 44.98 3983 3954 3.08 780  -067 001
77 Bulk density/(g-cm ) 102 0.86 1.42 1.01 1.02 0.09 8.95 078 051

7J‘j§‘;£ il jfbﬁ a;;?éiggl) 87 72.61 93.26 8473 8463 312 368 060 231

FH )44 7K & Field water capacity/% 102 28.35 58.12 475 4146 5.08 1225 020 082

2.38 glkg. 16.70%~31.30%F/1 18.20%~45.60%, 755 %
2 BEREHH o sl s i
Ao 022, 020, 0.15 Al 0.14, ViU ZI L 13

2.1 MZEAREHBEIIEBNR. £EFKSIEZTHRE SOM. TN FIZK & AT MAFER KA S (IE 2).

[ A RAUR IR TR AR AR AR, SOM A TN 1Y

2.1.1 @it F o A5 RBAETF 0.1~1.0 Z[A], Ayrhamn Ay B8, i

MG B A . P BORME . BME
P 22 FIAR S R Aok S i — 2 e 1 81k . A it
MR, BRZERT (2004 4E), RZHIE (0~20cm)
FHHLRE (SOM). &% (TN). ZZBEREE & KELEE
KB, AR 758 19.27~52.64 g/kg. 0.95~

Ma, —/NRITEMmE RN, TIEMRE N B
AR S A BRI AR R R R A
Tl ZES, HFR G /K SRRk — D m R 3L gtk
7 ) S o

B H 1942 T BON#EHL A 2006 47K F i
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WoelE, KERIKVE, HEMh B Rt EYohE
BRFE, EBRIFZVRTHET, #1595 LSRR
W, PR, TN “BYEY, NEEE LR
RV HEE . 2004 4RI B T Hhbe b S0 3w /N X
MeERER, EEFMERR RN 9.8%, iR ARE
N 35.2 tthm?, Bl i #3% - 2 4F ik JE 5 9 3.5 mm., HH ]

) ELWL R By B S R g b 2R 4 i ) AR
BT B 2B AT, AR R “Br 2R, ik
207, R FUR AR EE . S 64 a R AIK LR
Flb SRR L IREIRA 0 A, IS B b
JE L3 SOM. TN ALI3EE /KRB RA R K T EH P &,
HET A - B AN H A

£ 2 TLZERE (2004) fF (2016) HIBMIRZHGFITF SR

Table2 Classic statistic analysis of soil properties before (2004) and after (2016) ridge direction changed

S G ) - FEAHL HR/ME RRAE e FHME Rl AR5 RHL
HHETEH Soil properties L Year Sample number Minimunvalue Maximumvalue Medianvalue Mean Standard deviation CV
X 2004 102 19.27 52.64 30.20 3119 6.76 0.22
HHUF Soil organic matter/(g-kg ™)
2016 102 22.85 51.01 33.75 33.80 5.60 0.17
) 2004 102 0.95 2.38 1.39 145 0.30 0.20
42A Total nitrogen/(g-kg™)

2016 102 0.90 2.09 1.36 142 0.26 0.18
§ 2004 102 16.70 31.30 22.30 23.19 3.46 0.15

B GRS K Z Water content of ridge/%
2016 102 11.27 37.87 21.50 22.27 6.21 0.28
. 2004 102 18.20 45.60 31.00 30.61 4.43 0.14

ZEVHAFE K E Water content of furrow/%
2016 102 18.27 4353 30.27 30.49 5.04 0.17

HMZE 10a f5 (2016 ), FJ=1:4E (0~20cm) SOM.
TN, ZE G 2B E7K 2 ARG 5351 22.85~51.01 g/kg-
0.90~2.09 g/kg. 11.27%~37.87%FI1 18.27%~43.53%,
A S 2Ky 59 0.7, 0.18. 0.28 F11 0.17 (WL 2), SOM
TN Er ARy DA K AR S R B FRAIG, R B itk +
PR SRR IR, A PR 3% SOM AT TN =5 8] 5 5 P 11
fER, {EA57E 0.1~1.0 28], J&hE&EmEaas,

IR M REN], SISt i R SR A £
BRI GETH b, AT B R AR FAL IR R
CPE) RHETREE CETEERAE S /50, HZ
LI RE AR E () BRI, M LIRS v s B - 38 3 1 R 1) 225 )
AL o
2.1.2 WGitFE o

OG0T 53 BT R R 8 25 AR R A A H0ME 7 A 75 05 2 B
HALSER G B AG, BUEARDT 25 M9, Z 56 At
FLIX 13 SOM Fl TN &8 &IES M, HESKEL
XPBU R JE P RS A A, WA 102 A, il 2 i
Gt ek, R 3 A HHHE L3E SOM. TN FK 4
TR E R R AN S, R e IR
SOM il TN & & REUH N 0.99, IS KERE R
$th e 0.88 DL L, FRIFHSAS TR B G s iy
BEIR 4 A IR I 2 0] 3 T AT

PS5 R G E 2 ERIRBEALER 4 51k 25 18] 5 i
PG RGBT LE],  RIRESS S 4h 1 K7 R BE AL A
TAEA LG, RIS, SHE TN ERE T,
BFEHIE . BERE . K. BEN. ISR, BENLET A
FIEEVE, BFITR. MAE. BHE. MEEY LK
IKLAORFFFE . BZBRT, FMREBESKERGHSESH
FAE N 25.5%%), HoAth 3 Btk ELAE 38 /N T 25%, J@ ok
FUR S (A E ARG, U B R A R A T TR E K
PR, IRz ) S S MR P AT B R S M IR R
M2k 10a )b, Frt3E SOM &&Esbh, Hih 3 FrikiRbee(E

R GHIEE R, 75 25%~75% |8, FHAIIES)
VEF KG9, 73 8] 5 ARV B 9 Z0AR v S50 . AR
e DX 3 A PR R A 0 TR A DR BE RS I B, B2 —
Rz MR G om0 55— sl SR A7 AR 23 (A 5 5%
RIS . SZBJEBONZERT, Br4% SOM & EAR AR AR
Gb, HAth 3 FhbIEIRRAFE N, RSB K L
DRAF e P 4 4075 18] AE OGRS, PRI T 7 72 1) S Jot
P, AR KRR AL LR FE A, K R RR B
Y EUARE: [F) S %7 4 6
# 3 ¥ ERBITISEA KRR S
Table3 Theoretical models of semivariogram
and their parameters

HERER R FEAEY Bepppon e RO
N 5
Soil properties  Year Sample Best model %Dﬁ Range %
number Nugget/Sill  /m
AP Soil 2004 102 MR 0175 2026 099
organic
manerg/l(g.kg—l) 2016 102 EPERIR 0124 2026 0.99
44 Totd 2004 102 RV 0234 2026 0.99
nitrogen/(g-kg ) 2016 102 MR 0396 1547 099
EEEBL 2004 102 BR#ER 0117 5107 0.99
& 7KZ Ridge
wate}: fc:,meng% 2016 102 HOREIA 0469 1932 097
B AFL 2004 102 [y s 0255 2004 0.98
F /K Furrow
A 2016 102 BRARAT Y 0.290 719 0.88

water content/%

2.2 MZHIGEHERLIESOM. INFIKHESETEANER
Hx

M4 A Y E AT IR U R B AR Y, S5
WIS X AT 78 X Sk AT o BLAS (Kriging) #ifE )5, 4
il iR e ARl (EED ZF R A
2.2.1 3 SOMAF

13 SOM & &4 H 3 ) B E 4R AR, W
SO A B A 2 M 280 B A X R b B B AN [ T o
X3k, Hyg B, 2R ZEE, LIRE M
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TERIUNYE by Wb R L g R AR E, 4805 0 Ui
R, DA o e B e K AR it g e ) . 2R RS
YWe2B(E 64 a fadi#th 13 SOM & & 2585045 WL 2a,
ENAEFIEE, BT b 3 G0 B . 2R IR Y
b AR AR R G R T 14 SOM 1) 2 ) 23 A
fiE, 3 b 1358 SOM & 5 i i A2 FH T AR s P AR AR
Wb BB TR R, REJHEEERENH, F
B MRLIREZ TR, ERTTR X R E 8+
W &, Yoh 3% SOM g 440 30 glkg A4
+ZE (A ) HE, EE (B) 4h5E, SEORIX#
AB 1B Z I, T3 SOM &R K. & 10a
Ji, 3% SOM & & B BRI A 3G N, (L2 [a] 20 A A Ak
FREE BT AR O (B 2b)s

SR b S K AR R i, B P B0 il K 3R
A, B EAT W 3T BRI A UM R I
TH] FH e DA BN PR, in iz s /b 36 FE R (] 5 471
FEIEERE B, ARICE XS K SRR R A
g, e i e 2B T (2004 4F) FZE 10 a 5 (2016
) AHWEHUARER 102 MR R EATHEOREI G, B AR

a. 20044F U HT H A HUR & &
a. Soil organic matter content before
ridge direction changed in 2004

e N-SHFEAL-FF; W-ERFF-AKR: SOM RERLFEGHR. TFH.

b. 20164F 225 A PR & &
b. Soil organic matter content after
ridge direction changed in 2016

T3 SOM & EA AR (L 20). BiZEHT 2004 4+
% SOM TR &0 ¥ 31.19 gkg, 5% 10 a )5
(2016 ) .13 SOM ~F¥4Jii & 73 M 33.80 g/lkg, 10 a
/)1 SOM &&En T 2.61 gkg, BN 8.4%. =
] 113 SOM & & AR &R aI/INX B 3.7%5F,
R4y DX IR 0, HE v AV 0] 5 0 Ak 3 e 22 (LIS 20 6
2.2.2 B INEF
BAHE CHN 95%LL EUENSAE, —ESE
MR A, BB R TN & & (K 3a) 5-1:4% SOM
BA AL B 50 A, B3 b R IR R, Ak
FH 4 A AR08 T . 2028 10 a Jo BRyEIEInS S = oh, s
2B J5 1) 338 SOM 5 2% (] 43 A AH AL o 3K b 305 [H] 43 A7 4
TR T RIA R K IR R TS, 2B RT (2004 4F) 13%
TN PR E 5% 145 gkg, 28ALTEHE 2518 0.95~
2.38 g/kg. SEmtiZE 10 a J511 2016 4E 3 TN P4 &
SYHUN 1.41 glkg, ZEALTEHE N 0.90~2.09 g/kg, 10alil+
TN S8 R T 004 gkg, BIFELT 2.8%. Z50H) -+
58 TN &2 R I AT AL 3G I, 3 B 38 350 5T
Iy MR BEAR, PR IX 48 5 S AR 1) 63% (LI 30).

fo\&

7

c. 2004—20164F HIBA YR F R

c. Variation of soil organic matter content
between 2004 and 2016

Note: N-Sindicates north to south; W-E indicates west to east; SOM indicates soil organic matter. The same below.

B2 ZEAVRESEZNSH AL
Fig.2 Spatia distribution of SOM contents and its variations

TN/(gke™)

a. 20044 2R TR ARSI’
a. Total soil nitrogen content before
ridge direction changed in 2004

E: TN R LSRR
Note: TN indicates soil total nitrogen.

b. 20164F B ZE/5 T ARG’
b. Total soil nitrogen content after
ridge direction changed in 2016

TR

Variation of TN/(gke )

c. 2016—2004 2 A & EAL
c. Variation of total soil nitrogen
content between 2004 and 2016

B3 LELEALSETENSMAALL
Fig.3 Spatia distribution of TN contents and its variations
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22,3 BEAKFE Wr B H A, 2B G AR IS KR A BE K

2016 4 4 H A e AL |, KRR 2004 42 [F] )
W 102 AR, e BRI ZE 4 0~20 om +
WEKE, Fiit kI 2016 A1 2004 42 78N, P
ERRILLEZN (WFE 2. RS2 E0T R
P, oZE G B K A El R G 5 B ) A A) E AR SR
SRR H A S (LR 3), RS S ZE 5510
TIEE KR A B A e, RIRRAR /K 3 et 3K
oy 2R FL LI, B K R ARFEER .

3 7K R 2 [R) A3 AT B AT B R s BB S K iR
g BoK HARFR R (K 4). 2004 4 A F LIk 281k,

&b‘“’b\/\\,
AN
’L'B\Q

o -4 /Qx,@\&
a. 20044E 2B R 2800 1 A KR

a. Soil water content in furrow before ridge
direction changed in 2004
T WARE S KE,

Note: W indicates soil volume water content

ridge direction changed in 2016

b. 20164E 25 220 Ak F

b. Soil water content in furrow after

BB AL, LA b S R A N B H T, &
FRAR YUY 22VA el TR 3 T IR P, AR AE X B
FES rh B AT R il e M L X . A SO - AR B I 2B FE )
2016 F, ZEm A A, IR A KR AMEA WA
F RN AR, EAF AR 2 1) H P R R AR R AR,
FEEGERIBEHNLEE TS, RKETEER
REZZIRIzHs, N TS, FRIRT R3S KRz
AR J e, JCI R I GRoK BE 7 W20, R PR IR
SBOR M ATV A5 S R 3B R AR AR P A

2P0
T

\%<#f X N
Q gqxg’ Q
c. 20044F R G T A KR d. 201 64E R 25 22 A I A /KR

c. Soil water content in ridge befor d. Soil water content in ridge after
ridge direction changed in 2004 ridge direction changed in 2016

B4 HENELREREKEZN A
Fig.4 Spatial distribution of soil volume water content before and after ridge direction changed

3 W’

3.1 HEEXNE LTI I SOM F1 TN B9S2
CL A B 9022 B3 1+ 398 SOM 128 7 [ = B E vk T
IK IR T AL R A i #2202, b+ SOM &
BRI R AL LR FE E ) NEid fE OFRJG
20~40 a). EBidfE FRJE 40~120 ). “F#5ksh 3
AN B, TE K I 2 T B (1 3 A R A7 A AR PR A T Ak
B B2, ENAEAT K I R B B P Y B TR
+-3% SOM & PR, Sk RS S 1t
VFAR /b 7 B A 1 4% HH 1338 SOM 2 B G T4 5, D0 1)
IR R, e TP S SR BN WL RN
i U )P A FE ARE AL A ), 12358 SOM & & R %A,
AP 9T 45 S s AT 2028 10 a5 233 SOM 38 1
8.4%, B4t e HH T %™ AR Tk R A R A S e A5 v N 2B
it 5 A Aot ) T KRR, MR AR R O R
B9 2B R ) 9.8% A1 35.2 t/hm? [ ik 2B 5 1t
0.48%711 0.43 t/hm? 12, CLf A fe VPR i M, Hxkk
BT B 7T XGE LB BE R 3 SOM & $h 35~
60 g/kg, KT 30 glkg 4K EB o7 T ™ HAZ Pl A 3
RT3 R b A AT AR P SR ML T T i
w22, w5t X TG R A P 5h SOM Ji 4> S (e
33~35g/kgl!, DAzt SOM &8 AKX T4
R SRR TR T AR R . T B AR XA T R
T 2220 SOM &4 40N 50 glkg, TP, A&
FH 7 25 1 S S50 3R At vk e VR IO, e 28 3 Bkt
TEEZRTE, WARGEEYAE 3 B A7 = e 1
BRI TG EEDORIE . A ABFFE R, i3t LK o

AP EFRERY, MZBEHRER 25N 0.48%,
AR B AR R AR 2R 49.4 mm, XA I KR 78 B T
b, fERNBEROK, WEERSEWMET, SZEER
R T KT S B4 ) Pl 2B T 1335 A 3 750 kg/hm?
FEm %) 2 518 A1 9 000 kg/hm?, {EVIRR &R, b B4 EA
Kz B UIME, B B, AR R A
T ZH R A Y 3 R TR LR B D A 3,
IR TR TR,

HEh, OA MR ZH0EE R KRR e i T
1 SOM Al TN & &, ehess HIERR &, $2 Ttk = )12
ARG R TN, SRR AR AN, MZEnTR
ot 5 g P EE P4 7 MR TR — 2 R R X I TN &
EARTE B b 3 R R STt K R AR S, AF
WrE s A N, T AR RATY e A% G 1 it AL 8 it FH A RER
BHEAMAEAE, HEEK, BEBEERKR, HEHnr
HREE I -9 HLEE SR LR 53 A 0 R R A
TR TN 8 TR, ST M S it 7K - CRRr e it 3 In 1
Wi B2, T TN &8 P ReEA RE, ZiR
A LR YIN T4 E 2B AR et 7y, ASMEZESL
Jii K AR R, B ROE 1R
3.2 WHHESHAEIEEARRELIERERT
BEREMRE

S MGt nEME, g A B ER.
W, MEAZRGINERSGR, GR-FE. 5/
B mKE WlERE. WEMEES. LK, LHE
BRE DR &l 53 G E L E LB S, 1]
SE A VTR P DR 1) 25 ) S R P e P R AR K . A B
M, WHIFRNKRE, NRLEL RKLRE, T3
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TIEPRR A T IR, WK ORERE S K Rk,
AT BE PR AR 1k 3 B0 g R s i) S v, 4 s ()
HAHOCPERE &, AR R ZE)S, 1.3 SOM &Eis:
53 G E B 17.5%F N 12.4%, 25[8) H AR 1Y
hn, AFFET RN 202.6 m, FREAZK T OREFHE A BRAK 135 0%
AR B3 TN SRS H 5 S EER
23.4%3 5 39.6%, 7 [A) HAH ISR L s FUAR &, AR
Tl 202.6 m 4%y 154.7 m, X 5 A KBRS SO
R4 TN S & R, i B EBAIS R SRS e i o,
¢ W S it 5 e A 2B i 4 TIN5 ) 4 1A A S o P 0 59
) S M NG SR . MZERTfE, B AT
H 3B Ky Iy 22.3%F0 23.2%, ZEVE 435y 30.5%FH
30.6%, &ML T AR KINZER, HISG T K I
P EERGENIE, 268 H 11.7%F % 46.9%, 24
FH 25.5% 1 42 29.0%, H o ZE A 1R 5 1) 25 [A] AR 50748 ek
2B 5 i HR AR 23 (A AH O, 2B 5 82 1 510.7 m (K 2] 193.2 m,
B 1 200 m PR F) 2016 £E11) 71 m, R UK LR ER S
FEIE N T NS SR R, A B K TR R K
oy B ECHIVER . teah, R RG22 07 v 2 i 1
TIEVRR A A, BE B st A ARk,
2B SR VR ZE 1A ) L S K AR, RN, a2 2B
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| mproving mollisols or ganic matter content as downslopetillage
replaced by contour tillagein field scale

Zhai Xingyu'?, Zhang Xingyi®™, Li Hao?, E Lili"?, Chen Shuai?, Zhen Huaicai*?, Gu Siyu®
(1. College of Resources and Environmental Sciences, Northeast Agricultural University, Harbin 150030, Ching;
2. Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Harbin 150081, China)

Abstract: The Mallisols degradation induced by water erosion is a big issue in the slope farmland of northeast China. Ridge
direction as the same with contour line (contour tillage) could markedly decrease surface runoff and soil loss compared to
downslope tillage, which was wildly applied to control soil erosion in the northeast of China. In order to identify the recovery
of soil organic matter (SOM) under contour tillage, 102 soil samples were collected and measured in a 1.4 hm* and 3.8° slope
farmland by standard grid method in Guangrong village, Heilongjiang province, northeast China, and the soil properties such
as SOM and soil water content were measured and compared before and after 10 years of contour tillage by classic statistics
(CS) and geostatistics (GS) analysis. The results showed: 1) There was no difference of soil water content before and after 10
years of contour tillage by CS analysis, while GS analysis could well reveal the spatial variation of soil properties in the field
before and after ridge direction changed by Range, ratio of Nugget to Sill and spatial distribution maps. 2) The Range of soil
water content decreased from 510.7 to 193.2 m, which revealed the spatial heterogeneity of soil water content decreased by
contour tillage, namely the water redistribution by surface runoff declined after 10 years of contour tilleage. Meanwhile the
ratio of Nugget to Sill of soil water content increased from 11.7% to 46.9% indicated that the spatial autocorrelation level
changed from intense to medium. 3) The soil erosion was well controlled by contour tillage in the field with the surface runoff
coefficient decreased from 9.8% to 0.48%, and annual soil loss changed from 35.2 to 0.43 t/hm?. 4) The SOM in the top soil
layer of 0-20 cm was increased with 2.61 g/kg and improved by 8.4%, except for a decrease of 3.7% in a small area of the west
part of the middle-upper part of the slope after 10 years of contour tillage. 5) The soil total nitrogen (TN) content in the top soil
layer of 0-20 cm decreased with 0.04 g/kg and reduced by 2.8%. The TN content increased in the upper slope and foot slope,
as that in most part of the middle and lower slope decreased and the area amounted to 63% of the total. Therefore, in order to
improve the soil fertility of degraded farmland, water and soil conservation measures are not enough, more nitrogen fertilizer
should also be added properly. This study presents important references for soil and water conservation in the Mollisols slope
farmland of Northeast China
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