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LW W, e ERALKEA,F /K A,
TER MA&R,FX%

(raREKRFE KA FR/AITHERKEAEAGESASSALELEEHE, LM 110161)

8 E OIS FIDUE S5 R x 2 A e A B RFE (520, L3 1L B R 2 S B X 4, R 3 R ORI R
BLI (A2 HX2104-C: 154 kW Y5 /K 554:40 kW ETE L 19 kW) FIAR [E] B S2 R E80(0, 1,3,5,7,9 ) X ROUS K
LA b 2B VA T RASTAD 52, W A T S KOR AL AR RHAE , ST AN RIS 2 A X - 3 B o
KA FEABFAERI N . S5 R T AL 0~10 em + )2, KA vh ) NELHUAR T S5 + 5825 F 4 B3N 54.17% .56.25% .
46.88% ; LB EE 73 9/ 31.58% .28.07% .29.82% 5 15 K Z 35 F % 19.35% . 16.13% .9.68% , H YRR SEXF - i (1)
R A 0 5, AR F RN 32.29% DA b, 1R RFLBREE S8/ 15.8% LA L, R R AL i 4 19855 K 5 8 35/ 9.6%
Bl 1 SR B0 DN, £ HUMUE 25 10~20 em +J2 BHEA T 1.25 g-em™ % 1.58 g-em™, B FLBRE M 52.16% /N =
38.22% , FHEFHIKFM 27.33% T B 5 20.67% , Ho , KA TE B U S 0 25 8 R FLBRARRAE 7= A S 35 5 i, 77 v A8 12
JINFSATUBBOGT - 458 0 38 I 1) 552 i) = AR T SISV BRI B4 xS - B S RBRE . RS, A RN
2 h Bt A B &5 87.16% . 50.81% , W1 15 3 2 43 771 9 70 87.59% . 70.93% , v RUAL A A AR 15 3 e g 3 v />
92.90% ;3 YK JESE , KAHLIIAL 2 h B3 AB &t W08 #5551 250N 73.29% . 75.67% , KA K /INRIHLAR AT AR 32 34 43
I B YR 74.07% .66.97%; & 5 IR R LG H S ABRHE LR E 25 . 0~20 om )2 H 2 H L AL BRI 55
WA LA R SE 3 A B FRHAE, o, 0~10 em +)2 HIEFBEREE ML A HEABIMEN SR E.
KRR AU LA E T 5 IR K A8
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Characterization of Black Soil Infiltration under Different Mechanical

Compaction Conditions
MA Renming, FU Juan, JIA Yanfeng, FAN Haoming, ZHANG Boxiang, LI Shuang,
ZHANG Xi, YU Mingyao, YANG Mingchun, LI Mengyuan

(College of Water Conservancy/Key Laboratory of Soil Erosion Control and Ecological Restoration in Liaoning Province,

Shenyang Agricultural University, Shenyang 110161, China)

Abstract: To explore the soil properties and soil infiltration characteristics of black soil under different mechanical
compaction conditions, taking the typical black soil of Keshan County as the research object, three types of machinery
(Huaxia HX2104-C:154 kW, John Deere 554:40 kW, and China Haishan:19 kW) were set up in Keshan County to carry
out 0, 1, 3, 5, 7 and 9 simulated compactions on the furrow of soybean land after autumn harvest. The effects of different

mechanical compaction conditions on soil physical properties and infiltration characteristics were analyzed by measuring the
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soil density, water content, porosity, and soil infiltration characteristics. The results showed that in the 0—10 cm soil layer,
large machinery, medium machinery and small machinery compaction bulk density increased 54.17%, 56.25%, 46.88%;
total porosity decreased 31.58%, 28.07%, 29.82%; water content decreased 19.35%, 16.13%, 9.68%. After the first
compaction, all the machinery had the most significant effect on soil prorperties, which increased the bulk density by more
than 32.29% and reduced the porosity by more than 15.8%, while only the large machinery significantly reduced the soil
water content by 9.6%. With the increase of compaction time, the soil bulk density of the 10—20 cm soil layer after
mechanical compaction increased from 1.25 g+cm™ to 1.58 g+ cm™, the total porosity decreased from 52.16% to 38.22%,
and the water content decreased from 27.33% to 20.67%. Among all the machines, the bulk density and porosity of soil
were significantly affected by the first compaction of large machinery, while the influence of medium and small machinery
on the physical properties of soil was mainly due to the cumulative pressure effect. For the first compaction, the cumulative
infiltration volume of 2 h was reduced by 87.16% and 50.81% by medium and small machinery. The initial infiltration rate
was reduced by 87.59% and 70.93%. The stable infiltration rate was significantly reduced by 92.90% by medium
machinery. After three times of compaction, the cumulative infiltration volume of 2 h and initial infiltration rate were
significantly reduced by 73.29% and 75.67% by large machinery, while the stable infiltration rate was significantly reduced
by 74.07% and 66.97% by large and small machinery. There was no significant difference in soil infiltration characteristics
after five times of compaction. Both soil bulk density and soil pore characteristics of the 0—20 cm soil layer affect the
infiltration characteristics of mechanically compacted soil, with soil bulk density of the 0—10 c¢m soil layer being the
dominant factor affecting the integrated soil infiltration characteristics.

Key words: agricultural machinery; compaction; soil properties; water infiltration

ARG R 4 XA Bk [ o R R A e S AR PR R A 25% D b R E R E L A
“HEMRAT . RAE 195948 R DR I A R HE AL LA AL , 22 2019 AE BVTAR M T TR LGS
HUAL R A3 5135 51 97% . 81% F1 85%" . AV MU /K - Ao H i ANH K R4 e 1 A% VR 380% | TR) Bf
fifife I 0 A7 ™ A AUR 1, 2 2 S SR 0™ R BESRR BR, MHUMEE ) K T
50 kPa st 4 % Az - HE RS2 E A7 B AILARAE b 422 3 38 R ik 70 kPal!, BSR40 () 4 FH AL
YR 1 B35 ffi e FH 38 A7 e S, PR + 3 b 3, 3 ) 3 A7 TR S

THEAB AR E KB A L A R — 5, BB KL K. K
VA AE A AT WSO K 2 B ME— 3 A2, & R K AR 3R B B3R, B R HE A B Mg e
KEARBERAAEEE L, 5, S AR R AN T K 6 7 R AR 0 R 5%
KR BBy i A R A EEE XY, BT, REEE TR T R TRE LA B it
I8 WHITRI, S+ BEA B 1Y N A4 I R S AN R . R, G - e b S5 A R
A MU, SR 2 A 39 S K i RN R B R Bl B S A R TG S AR, IX sk Y PR N AR A B
e A SFEr EARARL, DRI R 336 31 S 3500 S ] (0 4 A BRAS tFe S i e T HIEAB I E BN E . DIR
b X A, B LA B2 ok 5, AR B 3R B R A0S P TR A B HLARAE AT 7T 35 8~15
PRI ST AR 5 EE Ik 85%~90% , Hir 10%~80% B T B B B8 37 Z2 R HLAAR IR, (R, BF 5246 1
BUBBE ST 2R - 3 A B RRAE 0 52 X8 T 58 - BEVE 5 R 08 A ML ATUAR Py 4t FH 48 2 R B s PR AR LT
BRI S B0 LR B EES % L,

] P A0 O T LA S0 - S B S5 A 5 R A 9 A O 4 B SCAENIRE B R S 4
FIREE FAEY AR K B - = AR L, B R LA 523 2 (RRIRAS o SMITH 255 i F 53 S [RI LA
Xof 10 496 - 4 R SIS HE i R A LA X 0~30 em 25 T A R A 0T (38 o JRIHE T AR TR B S
(RN, AR 2 5K 3 PR, HR)2 B E T 0K FRFEE .3 . SOLGI S i, R 5L
AT A AR - AL BRI/ 509%~60% . ALK S 38 2k 5 M) - S R S T 5 1+ 8 A8 BUA ST
B T HUBEE ST 3B R B MAE R . T BRI E LI R AL S 5 AR /N X - 5 A B ik
T vl 2 901 512 2 0/ s M A ), L AR OS RN 86% . AL-ESAWT AE5E 128 X b AN [R] i
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b TR SIS A AR, e U SR - A b A B A3 S A 86% I 73% . ik LE 150 44 HH
TRSEEE S AGBRE IS o T N A RO AR A IE 5T 22 0 3 NI, 38 N ESE
L BE /A WA 4 e S - S 2% Ty B S A S M BIL o) B B — PSSR AR T HIRAB RN . SR, 5%
P FH T] AT 552 52 A M S PR i) AU 5 B TR SRR S ), T S i R ) S A T i R A2 2%
2 NWTFEIFANRE TS MR S BRI 0 AT LA S X 1 e PR o K% - 3 B HOAE I BIL AR

PR A B FE B AR L R = XR T  57 57 i R T S 1L B SRR - A D B0 G, AR 4 A A
WBF RIS E TR B 3 i U 8008 OB B 1 7 e 52 R, A 2 st A AR B0 £ 4 T TR AU LA
52, 3R 5 SR T AL 58— 8, AR R BEAT 3 MR R S I HUEAE 0, 1,3,5,7, 9 RS2 5 BUBLUHL
AU S5, 3 A 5 N S BRI R B SR A, 0 W R A I AN [RIATUBRO R 52 25 T - ey Bt
PN B RS AL , SR A T AU 5205 78 ) B S e+ S8 B FHAIL R, B9 o
b XA AR MV HUBR ) & BRI BEE S, i i DDA 555 S B0 A I 1 18 A 25 R G0 A £ B ) Rt 4
HEHIS R .

1 MR5FEx

1.1 #AREXER

TR0 A7 T R IE VAR 557 /R T oe L B RO (FR42 1267017 ~126°417 , 4645477437 ~48°187 ) .
i LU B R KR 2 KU, FE 2R AR I . AR 2.4 °CL AR X 4 mesT AR TCRE I 122
dZE A7 AR K R 24 500 mm o AF N K A AN YA A0 TR A 2% R 45 TR 7 6-8 Ay, 8 ek
R B JRERES60 om, J& AR JZ B 4 X W58 KA REEY LR S SR E N £,
1.2 REETT

20224F9 H , e HCHE FAS KIS 3 B8 A — 350 (3 °~4 ) 1R Ak HE, , 5 28 1] 1% & 25 mx5 m 14 16 Hek:
o, B 4 25T 2B . [ RASTR E R PL(AE R HX2104-C: 154 kW 2853 /K 554:40 kW 1
LD 2 19 kW) Y B3R AT R R 8 (1,3,5,7, 9 RO BRI, DA 28 1 52 b B %) 28 9 1 Jg Yo R 7 Ak B
Jei ZEVR AR AT RAE A2 o Ry 388 IR 3 FH 1 O i DX %o B, 4 JEGRY B 3 AR 2D R A AL
KoNRIHERIHLA R 43 B ARS8 e 4 FH B A M UUARGEEA 705 28, 4 B HX2104-C R KAIHLIR L 238l /R
554 Sy RUAILA | TR LU OGR4 NRIEL . A AAULBS BRI R 1,

x1 RBEARNSH

Table 1 Parameters of experimental agricultural machinery

B /m MR TE/m
Bl . .
SeHL BT AZU-JL;; | Filit/kg  VIFRAW Wheel track Tire width TE B0V B im
. gricultura .
Name of machinery machinery type Weight  Power I i I it Tyre pattern depth
Front wheel =~ Rear wheel  Front wheel — Rear wheel
15 HX2104-C KALHL
1k
5400 154.00 1.620 1.840 0.378 0.467 0.081
Huaxia HX2104-C  Large machinery
Ayt /R 554 piA 1
IR ,rhj:HLw 2750 40.03 1.450 1.450 0.210 0.315 0.067
John Deere 554  Medium machinery
ple: NG i
A .EP ; /NI
Conversion vehicle 950 19.02 1.270 1.30 0.130 0.170 0.040

Small machinery

(China Haishan)

1.3 WA EK

FH TSR AB Ik HER 1 v LIS FH T S B PR o ) 1 124 R IHCR R OBOA A B vE I 2 -8 AB
KRN FA AL 30 em, 55 20 cm; /R HAE 50 em, 5 40 ecmo A B I0 AT 0K 1o A 3 6 T A0 R 75 900 1
R I~ T A2 XA A ] — RO RO, 3 A ST A A 20 em; ] [a) Y AP ERHE AT DR
HWAKIZEEE 3 em, B — @ B RIESR 1 IRINIRIIDK . 3 A s RS RS, BT DL SR B[] [1] B
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Hy He s 43 BI7E 3,5, 10,15,20,25,30,30 min 5
FEIRIFE 15 minic st o U5 B, 4 B 3 S A R s
[ 1) B A P9 B K e AR 45, T 25 e . A8
BT 2 he ABIREEE A 1,

BRI , BB AB A 0~3 min 2,
Fa i A5 7 N i S 3 /K [ s [ 6] B P 1N B o
KB IEA A S A B R, AR R
120 min, H I 120 min (938 & S8AE R BT A B
. ABHERITE AN

_ 190, (1) '
V= ! H1 ABRBEER
S N v L Son v 2 .4 Figure 1 Infiltration test setup
AoV, RS R I B A B (mmemin™) 5 Q,

RS UM R TR A B8 7K (mL) 5 A g SRR AR (em?) 5 7, D9 28 & O S g s 8] ] B (min ) o
5 n YN 9 ST AB BN

>o.

I
" A

(2)

A an S BRI IREL
14 TEBUAMRNE

3 L T TR, A SRR AB 17K 53 AB IR BETE 20 em DA, IR 4R 0~20 em )2 TR &
FIEYFRVERT . FH 100 en®bRIEFS T FEASRE TR B W) 4 10 em 432 R 3R 2 20 em 1Y JFIR R,
RZE3ANEE 96 MM

TR RS AR B LBRE AR B AL R AL R SR IR JTIE I T A S LA ZH
K LB TR T ™ A HLUR S AR PR P 28 f vkl e ™, R0+ e A A B an 3R 2.

®2 It E R AR

Table 2 Basic physical and chemical properties of soil in the test site

+Z/em AHE/Ng-cm™) KL% kil % WKL/ % A+ 35 T b AU kg™)
Soil depth Bulk density Clay Silt Sandy Soil texture Organic matter
F5e —
0~10 0.96 34.00 46.67 19.33 ﬁj@i%ﬁg&i 49.18
Silty clay
10~20 1.25 25.00 40.33 34.67 e 45.55
Loam

L5 HiELESSH

K H Microsoft Excel 2021 Fl Origin 2021b X #4fg 4b BEFNGE 143 H7 5 JH BRI 2R J5 22 53 7 (One—way
ANOVA) 17 i B A (p<0.05) ; L) Spearman 33847 A M 4347 . 38 H Canaco 5 %) H3E A B HFHIE Y
YN T AT U4 3BT (redundancy analysis, RDA) .

2 HERSHMH

2.1 HUMERS HIERERNH N

2 AT AT, 72 0~10 em )2, RHEA FARLIERH 0.96~1.50 g-em™, S REE N, +- 445
B, KA v R R INBY BB SRS A R A N [ R 42.719%~54.17% . 32.29%~56.25% Fil
33.33%~46.88% . RIIHUHE S5 78 g i@ A A ALBCE W . o RS, e
SR O b 2 R R R /NIRRT S R A R R S8 A 0y i Y 2 4 N 44.79% ,32.29%
36.46%. WIS, KHIHUBAR Lo /NS K BURLAH T 52 5 A S s oy B2 o RAMHLAR i R SE R
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Bifi R SE R B i A S A AR R A NP E 5 R SE , Bl R SE OB i - g
FAF AR E S ILAF, PR NS R RIHUAR L TG 8 25 55 . DI R SR B 34 i ] LA
il RSV E I B, ZUUR SR, 3R SRARE S0/ [R5 WU A TR 22 5% . £ 10~20 cm
+ 2, B E ARG B R 1.25~1.58 g-em™, R SERBOG N, AR H SR A I e HAH o~
10 em )2 B &, HI IR AR 28 , A p A /NRUHLAR e S J5 4 38 25 35 88 i [ 43 590 0 7.94%~
25.4% .0.00%~19.05% F10.79%~11.90% . T WK JE S, KBUHUI T S 4 825 51 AH LboAR He 5% 4 198 I 35 1
JN7.94% i A8 ONRUHLAE R SIS H IR T SR RS RIEA L C B 2 S R, AR SIS £
WAELDEES . 3RS, KRG BT AH b B N E R B3, & TR RSE,
HUBRIR] G B2 22 5 0 I K IR 2> U S X TR 2 M 7= A= 5 i i o R0 /N IR LA 8 o 25 52
BN 7= A 1) SRR F R 2 3 = A 5

a.0~10 em 1 )22 Soil layer b.10~20 cm 1 )2 Soil layer Aa

—
(=2}

Ba
=

Aa
Aa A BCa
o ABa a 5
Az BCa Apea B T Co R A [Tt Bfaaa i

r=BaAa

R '])_ll_aia?a apg g }%
1 pd

0 1 3 5 7 9 0 1 3 5 7 9
IRVS U/ JE SR

Compaction times Compaction times

,_
'S

Bulk density
o
XX
KHE/ (grem™)
Bulk density
o

KE/ (geem™)
XK

—
(=]

.
X

XXX

e
=]

— j(ﬂ*}”i_&lﬂrge machinery FARIPLIEM edium machinery X3 /MM S mall machinery

ANFNR S =7 B2 s R HUBRAS [7] e S 802 1] 22 57 5 25 (p<0.05) 5 AN RN 7 B 3o [ F S CBOA TR UG 2 Th) 22 5 86k 25 (p<0.05)
T
Different capital letters indicate significant differences between different compaction times for the same machinery (p<0.05); different lower

case letters indicate significant differences between different machinery for the same compaction times (p<0.05). The same below

B2 #HUEITERENFN

Figure 2 Effect of mechanical compaction on soil bulk density

2.2 HUHESEXT L EEFLBRAFERI M

2R3 A H1,0~10 em 12, LS FLBE AR LIS B R 39.629%~57.43% Bl SEURECE N, + 488,
LB B 2 T Rk g, AN | e 78 S /N ML R S I 3 8L R RE 43 53k /) 22.81%~31.58% . 15.79%~
28.07% F119.30%~29.82% , HP RIHLAEAH LA HY Ko /INBRIMLAR , I 4 8 S FL B R RS /N KA P AL /)N
RURUAK 1 U0 S 3988 FL BB A BE A S - 49 1) W 25 BRI, A 43 1A 22.559% . 16.68% F1120.18% o
BB, R RIAUABAH L 28 R /NRUATA 22 55 0 2. P SIS R OG5 LA 52 I 498 B L Bt e ot ik
G2, B TS AP S I AFLBR R TC R 25 50 10~20 em )2, R3S FL B AR AL [ R
38.22%~52.16% , Bl = SE UGG NN, - 58 S AL B B S el /N R e, RS e NI R S
FLER /NG B 23591 R 10.35%~26.73% . 3.95%~15.82% F112.88%~20.61% ., KA Fh BIMLA & U5 52 5
38 AL BRSO TR 52 - SR FE 0 1 S D 10.35% F18.03% , i /MR WL E .35 24 5% 2 3 IR
S /NRIHUAR 5 R 52 - 39 R Bb S 208/ 13.86% , W, B S SIS 85 i, 398 5 FL B R 4 6 80k op
RUBLAR S /NSR>S K FHUI ; 28 9 RS2, KA rh AU /INARUATLAR, e S0 4 8L Bt B 104 5% i 347 36 381 e
K, KA S o BB Z (A AE A B 22 5% 0 0~10 em )2, 3B FL B B AR LI H hy 38.919%~
48.55% iR SCURESE N, B LRSS SRR T RS K A NI SE R A AL
it S5 A 4 5910 8.9490~19.86% . 3.91%~15.65% Fil 8.69%~18.35% ., £ WA B UK E 5L 5 £ 38 B4 FLER
JE 5 2R R 52 - AH LA T W 3 25 S5 2 3 RUER AL, KRB S/ NI S I IR A AL SR R 4
HEAH LG 500 S 11.64% F111.43% , R RINUAEZE AR B3 5 58 7 RESE, TR RUHLA R 52 J5 3 B4
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FUBRE A5 R SE A L 2 080N 12.15% . (EARTE R, sh ALHLAE S A /N AL TE B IR
SAMEEILE 2R BE  H3REL)G, SV E LR EEILRE R LR EZES . 10~20 cm
2, R LB A AL A 38.019%~49.01% . B FE SEVR B N, B 45 FLIR B AR 5L T ka3, K
AU R INBUAILA HS S R A L BB AR A B 430 R 10.69%~22.44% (1.71%~14.26% 1 5.22%~
20.04% , HRIHLARAR LR Y Ko/ NRIBIABLASMAR KR IR 92 . R S/ NI B R 52, B LR EE AR LU AR e
S A3 ) ik A 10.69% F15.22%; 28 5 YRS, AR LT S /5 -3 B A LR SR S8 TS AR L
EW/N10.30%. 0~10 cm 1)2, HHEAEBESLBRE AR 0.019%~8.88%. AU E T SL 5 LIRS
LI B LU e S 49834 sk, R g B/ INRUHLAR 23 30/ 81.64% . 86.49% F1198.31% ., Bifi 5K
G, 3R B LB T B A e, HAPUMIE R AL E R E R E 2. 10~20cm 12,
THEEBEFLBUE ARG} 0.21%~4.21%, BEFESSRESE N, 1383 B FLERE SRR FREEH, K,
FRR NI RS2 3R B A FLBR BE AR 5.08%~93.33% . 24.44%~68.89% Fl1 33.65%~55.78% , K
RIESCRIEBE LB MR . AU E KRS e B E SRR T E X553
YOS, KAHLAR R 2 J5 3 B A5 LB 5 o 1 5 38 AH b 8 3506k 84.13% , i +h 4 K /N ARSI e
SR SR E i - 3 B A LIRS R S T B 2 S A LR Rt e i E 2=

R3 HUESEX T IEFLRHERI R

Table 3 Effect of mechanical compaction on soil pore characteristics

THAL FE SO0 0~10 cm 1 )2 Soil layer 10~20 cm 1 )2 Soil layer
FURFAIE )
Soil pore  COmPaction - JRUAL b ORI IINELHLAR KA ORI IINELHLAR
characteristics times Large machinery Medium machinery Small machinery Large machinery Medium machinery Small machinery
0 57.43+0.03%  57.430.03 57.43+0.03% 52.16£0.01%  52.16+00.1%  52.16+0.01%
1 45.84+0.02%0  47.85:0.01% 44.48+0.01% 46.76+0.02%  47.97+0.02%¢  50.66+0.01%
BFLIEE % 3 43.51+0.02%¢  44.31x0.01%%  43.87+0.01% 42.53:0.01%  50.10:0.01"%  44.93+0.01%
Total porosity 5 41.85+0.017  45.52+0.02%  42.83+0.01%  42.07+0.01% 4634001  43.59+0.02%
7 42.40+0.01%C  43.06+0.01°"  39.87+0.02% 43.47+0.01%  48.11+0.02F¢  42.58+0.01"
9 39.62+0.01"  41.20+0.01" 42.74+0.01% 38.2240.02"  43.91+0.01"  41.41+0.04>
0 48.5540.05%  48.55+0.05% 48.55+0.05" 49.01+0.01%  49.01+0.01*  49.01+0.01%
S 1 44.2140.01°%  46.65+0.01°%  44.33:0.01*®>  43.77+0.01®  47.18+0.01*®  46.45+0.01%
B % 3 42.90+40.015C  43.82+40.01°%¢  43.00+0.01%  42.03+0.01%  48.17+0.01%  43.57+0.01¢
Capillary 5 41.5140.015¢  44.93+0.02°%¢  42.15x0.015%  41.55+0.01%  43.96+0.01%  40.54+0.01"
porosity 7 41.92+0.01%  42.65:0.01%C  39.64x0.03¢ 40.89:0.01%  45.99:0.01%  41.25:0.01™
9 38.91£0.01%  40.95+0.01¢ 42.370kC 38.01£0.01"  42.02+0.01  39.19+0.02%
0 8.88+0.04% 8.88+0.04% 8.88+0.04% 3.15£0.01% 3.15£0.01% 3.15£0.01%
R 1 1.63+0.01% 1.20+0.01% 0.15+0.01% 2.99+0.02% 0.98+0.01% 4.210.01%
FLIRE /% 3 0.61£0.01% 0.490.01% 0.87+0.01% 0.50+0.01% 1.93+0.014 1.36£0.01 45
Non—capillary 5 0.34+0.01% 0.590.01% 0.68+0.01% 0.52+0.01% 2.38+0.01% 3.05£0.014%
porosity 7 0.48+0.01% 0.41x0.01% 0.23+0.01% 2.58+0.0145 2.12+0.01% 1.330.01%
9 0.01£0.01% 0.25+0.01% 0.37+0.01% 0.21+0.01% 1.89:£0.014 2.22+0.024%

R F RS TR AR R AU 1) R 52 B2 (7] 22 57 .35 (p<0.05) 5 7R ) /NG <7 RE 3 R A ] R S8 YR BOR R =22 1) 25 5 1 3 (p<
0.05) . FHFHHE NP EIMEARERZE (n=3)

Note:Different capital letters indicate significant differences between different compaction times of the same machinery (p<0.05); different low-
er case letters indicate significant differences between different machinery for the same compaction times (p<0.05). Data in the table are mean+

standard deviation (n=3).

23 HIHEE TS KRN

FH & 3 AT, 0~10 em )22, £ MUK 52 5 38 5 KR AR A 25.009%0~32.00% Bl e S VR Bl
i, EHEE KRR R, KA h A NEURLA S 435 KR A3 51 R R4 9.68%~19.35% .5.38%~
16.13% F13.23%~9.68% . KM T U 52 - HE 5 7K S8AH LR 52 I 2 T B 9.68% , 111 Hh 784 /NI AL
BB S S 48 K R B H 25 SR B35 5 & 3RS, KA p A NRUHLA R SR 3 KR
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555K He 52 4 HEAH Eb 35 8 0k D 43 BE D 12.90% . 5.38% F13.23%, [EAR R, 56 155 3 IR 3K
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Figure 3 Effect of mechanical compaction on soil moisture content
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Table 4 Relationship between the number of compaction and various soil properties

0~10 cm + )2 Soil layer 10~20 cm )2 Soil layer
P2 - -
A ri(‘ujlfural Ik R? A R
& - Simultaneous equations p Simultaneous equations P
machinery type
FHLR
x HLE y=—0.46exp(—x/0.38)+1.42  0.94 <0.001%%  y==0.27exp(-x/3.57)}+1.54  0.67  <0.001%**
Large machinery
25 U}
HH . EP&ELW y=—0.45exp(-x/0.95)+1.42  0.90 <0.001**  y=0.03exp(—x/-3.95)+1.24  0.86  0.003**
Bulk density Medium machinery
N T
. J m‘ﬁ y=—0.41exp(—x/0.55)+1.37  0.88 <0.001%#%  y=-0.12exp(-«/2.35)+1.37  0.19 0.262
Small machinery
1
jti}b*ﬂ‘m y=15.69exp(—x/0.81)+41.66  0.94 <0.001%*  y=11.18exp(—x/1.76)+40.79  0.80  <0.001%**
Large machinery
SALBREE RIBLA
%L%E EP mfiﬁ y=14.05exp(—x/0.94)+43.3 091 <0.001** y=50.87-0.67x 0.57  <0.001%*
Total porosity ~ Medium machinery
N 7
: i‘;*}“ﬁi y=15.13exp(-x/0.53)+42.29  0.92 <0.001%*  y=12.06exp(-x/3.58)+40.55 0.97 0.01%%*
Small machinery
FHLR
x *ﬂfiﬁ y=7.83exp(—x/2.49)+40.14  0.82 0.007#*  y=8.75exp(-x/1.98)+39.71  0.82  <0.001**
Large machinery
= o i i
EE_‘ " {L%))L, EP&*}LW y=10.32exp(—x/8.78)+37.75  0.82 0.04*  y=-3.65exp(—x/-9.28)+52.11 0.58  <0.001%**
Capillary porosity Medium machinery
JINEY T
) HLTHQ y=6.96exp(—x/1.43)+41.42  0.80 0.026%  y=10.25exp(-x/3.67)+38.74  0.95  <0.001%*:*
Small machinery
1
I ﬁi*ﬂhﬁﬁ y=8.53exp(—x/0.53)+0.35 0.99 0.002%#* y=2.65-0.24x 020  0.001**
.arge machinery
B LEE AL
Non-—capillary . . y=8.45exp(—x/0.42)+0.43 0.99 0.002%* y=2.52-0.07x 0.06 0.181
it Medium machinery
porosity
N
J i*ﬂw y=7.51exp(—x/0.02)+0.78 0.97 0.003%#* y=3.31-0.18x 0.14 0.782
Small machinery
) N
j(i*ﬂl*ﬂ‘i y=4.86exp(x/1.32)+26.03 0.82 <0.001** y=27.14-0.43x 031  <0.001%**
Large machinery
Gk R Al
. AR 'T@J‘}U@i y=31.05-0.49x 0.78 <0.001** y=27.33-0.56x 0.83  0.001**
Moisture content Medium machinery
JINEY i
) *}Lw y=4.18exp(—x/5.84)+27.48  0.63 0.001%* ¥=27.00-0.40x 0.66 0.15
Small machinery
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Figure 4 Infiltration characteristics of different mechanically compacted soils
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RS A R R A R A OC 5 R R ALRUE | R LB B AR AR B AL S
2h BIFABE R FFEAX, 5918 R LFRB R W IEAC . 10~20 em 12, 1IE& ABFHIE
H5REH R FEAAC; HEAILEE B EBES S 2 0 it AB &R W3R B IEM

RS TENSHEHTESYIEMER Spearmantlx R

Table 5 Spearman's correlation coefficient between soil infiltration characteristics and physical properties

0~10 cm 12 Soil layer 10~20 em )2 Soil layer
N . EBESL . B
w < o BE . e PR, B .
FFAEAE BE okR RAME L, WX BE O ARR RILERE ., fLBE
Infiltration Bulk Moisture Total - - Non—cap- Bulk Moisture Total - -~ Non—cap-
haracteristies . . Capillary . . . Capillary .
characteristics density content porosity . illary density content porosity . illary
porosity X porosity X
porosity porosity
2h it
. -0.66%* 0.33 0.62%* 0.59%* 0.56* -0.5% 0.32 0.49%* 0.55%* 0.35
2 h Cumulative
infiltration
Initial —0.65%* 0.37 0.65%* 0.62%* 0.65%* -0.59* 0.34 0.58%* 0.57* 0.52%
infiltration rate
Stable -0.66%* 0.30 0.71%* 0.68%* 0.59%* -0.47* 0.38 0.67%* 0.73%%* 0.38
infiltration rate
B A SR AR R B A 0.05 F10.01 K-
Note: * and ** indicate correlation coefficients significant at the 0.05 and 0.01 levels, respectively.
K5 RIERB R W E AR BE AL E <
S v [ e N w e NP20
HHBHEAREEIEM G, B 0~20 em /2 1
5 N A SR SL B AR 34 5 e MU 5E - B R ™
. . N s P10TpY(
fif {H0~10 cm +J2 HHEVEFUE M ABIENE 2t 2= \pif
WHE, LHATR LU ME P 3 g
; - , W gy it N s T ,
BRESI IS B BORZ RS IR AR B2 I
. T . N SM20
PRI T L8 FLBAR DL R AZ AL, T S AT 4 SR,
HE B 2%, HESLBRZS A 22, RN, o
FHOKIS NB R 2 -0 RDA1(80.91%) 10

X7 0~20 cm 1 )2 HHEARE | E KR LALB B
FRAE 5 LA BRIE AT IR 730 B (RDA) . i
5 AT, 55 1 HE ORI 2R 2 HE T il 0% g R R 0 i)
4 80.91% F1 1.54% , RFHFE T 82.45% 1) LA
BARL, 0 ASEA R B Y S R A
FRIERI KR R . 0~10 em + )2 HIEA T (61.1%, F=

25.1,p=0.002) J& ® Wi 25 LA B RHAE R £ &

WE, X5z EAEFEPRPE AR —2. X 2N

Oy b A LR R W A PR L, A BOR 1
W S AL B /N T SR B R e S AB

B/
7

BD10.0~10 em 4 2 +HEA H (g em™) ; BD20.10~20 ecm + 2 + A &
(g+em™);TP10.0~10 em + )2 +HERFLBREE (%) 5 TP20.10~20 em + )2 +
HEBFLBE (%) ;CP10.0~10 em /= HIEBEFLEUE (%) 5 CP20.10~20 cm
+ 2 + B A FLBREE (%) s NP10.0~10 em -+ )2 + e BAFFLIRE (%) ;
NP20.10~20 em + /2 HEAEBEFLBEL (%) ;SM10.0~10 em /2 H 1K
(%) ;SM20.10~20 cm +J2 FIEF KA (%) 5 SIR. 1 IFLE A (mm -
min™"); FIR. +3E9)35 4 % (mm-min™) ;CL.2 h R A B (mL)

BD10 refers to soil bulk density (g+cm™) in the 0—10 cm soil layer; BD20
refers to soil bulk density (g+c¢m™) in the 10-20 cm soil layer; TP10 refers to
total soil porosity (% ) in the 0—10 cm soil layer; TP20 refers to total soil
porosity (%) in the 10-20 cm soil layer; CP10 refers to soil capillary porosity
(%) in the 0~10 cm soil layer; CP20 refers to 10~20 em soil layer soil capillary
porosity (% ); NP10 refers to 0—10 cm soil layer soil non—capillary porosity
(%); NP20 refers to 10-20 cm soil layer soil non—capillary porosity (%); SM10
refers to 0—10 cm soil layer soil moisture content (%); SM20 refers to 10-20 cm
soil layer soil moisture content (% ); SIR refers to soil steady infiltration rate
(mm + min™"); FIR refers to soil infiltration rate (mm * min™'); CI is the 2 h

cumulative infiltration volume (mL)

BE5 HES TENSHIES TEYIEERRDAS T
Figure 5 RDA analysis of infiltration characteristics
and soil physical properties of mechanically
compacted soil
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