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Abstract

In order to explore the influence of different bulk density on soil water infiltration process after
soil cover treatment in gravel area, this study selected two different texture types of soil, Lou soil
and yellow-brown soil, through indoor soil column infiltration test, compared and analyzed the
water infiltration process of gravel soil under different bulk density conditions of these two soils,
and provided theoretical basis for soil cover treatment in such areas. The results showed that bulk
density had a great influence on the infiltration process of the experimental soil in the two
germplasm plots, and the infiltration capacity of the experimental soil decreased with the increase
of soil bulk density. The stable infiltration rate of the two soils was negatively correlated with the
bulk density (R? > 95%), and the effect of bulk density on the stable infiltration rate of Lou soil was
greater than that of yellow-brown soil. At the same time, the larger the bulk density, the smaller
the cumulative infiltration. There was a significant linear negative correlation between the cumu-
lative infiltration and the bulk density of the two soils within 100 min. Compared with the Philip
equation, the Kostiakov infiltration model can better reflect the whole infiltration process of Lou
soil and the infiltration of yellow-brown soil in the first 40 min. The infiltration process of yel-
low-brown soil after 40 min can be well described by linear equation. In the process of soil water
redistribution, the greater the soil bulk density in the same soil layer height, the smaller the water
content, and the soil water content increases with the increase of soil depth. The result of soil wa-
ter redistribution is that the greater the bulk density, the greater the water storage of 0~30 cm soil.
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ZAHM BRI T, R BRI E 2, Ko R AR IR 2] [3].

THEK Y R AR AR LR, BWE B SRR [4], T RENBRE ) E Bk
T LA SR, S E ., LR IR AE[5] [6]. O ISR TR E X LK NIB R
BT 78 2 45 b 76 A X B — BROAS [ o ) AR 45 4 B [7] [8] [9] [10], fE NI —ANFEAY BT, 25
AR 256 R B B - IR Gl R, I 51 N B AR, SR A T A
XFAEKS NBIEmN, RPRPNBE. NSRRI L5 E 3 K msN9], FEHEHAT A
Al B3R N SR EZ R R, FHEFMSER[LL], HEEFEFRZ T REEYR R, LR
SERIREIR . FLBREEDR/DN, LR R IR S, AR NIB 8 T FRAIK[12] [13]. X T & A R EE R ALBR A
K i s I F 2 R T A BRE B . RR S S T LK IS R . 40 Mandal 1 Cerda
S5 47 Sl %) B RE AR 2 R XL 3 M R R S kb X R0 7 5 LR K NBEEAT T, RILBE R A
T SR RE RGN, NB I A8 AR Vi U5 7 BT 08 K [14] [15]: Zavala 85T 1 A B 75 FE 5 AR R ™ AE A1
T BRI [ 1) 5¢ R [16]; Novak S5 AR 43 B 1 AS [RJR BE AT BR 1 20 338 B /K E /K 4r I8 R s,
KA EEKRIBEME ZME[17]; Zhou ZHE A BR S & < 40%Hf, NBRMG/KREE AR S &
MG N2 FAK, ABREE > 40%EF, NIBRAMS/KE A 0K & =B m[1s]: WA £ X%
b LIENB R BRI FL, KR o A L R A 5 K NB I, B AR A R K NE
Rk

M2 AR N AAE AR RILBE AN TUER, LA S ATRZ RTE R R E 4, 4 B s
J A8 B EERAR R, RFLBARRZ s AT e AR S BEATE F BT UK IR TE ISR K 83, 820 T
PR LR S TR R . Rk, BT A R R . R E K NS IR, AT
25 B W& A RS R LR A 1) 2 LR A IS S REAE,  PREAAEAE A RS KT AR I R FL IR A i Z B
e F LK S B IR, DAZ I X T R B A B AL IR AR I B R S8, TR TG
R e LK R H AR B A B L

2. M55 %E
2.1 Bl t%

WG FT R 303 R B B 4 Ok it X T B R R R BR BT SRR, R SR
M LAR 30 em, BLB/INBEZ A HLBTS BRI . R TRAE LI E AR B, 1 2 mm B, SRATDC
B2l 52 % SRR R, T A R AR 1.

Table 1. Particle composition of tested soil
= 1 iR T IRFRLA AR

AR A Tb¥i 2~0.05 ¥kL 0.05~0.002 Fhki < 0.002 358 5
A 13.37 77.10 9.53 b+
AR 7.09 65.19 27.72 P AY YT aE

2.2. WFE

TR UK N IBVEIN 3 , AR50 %5 B 43 N T AR K R G, W58 Lk 2 E AN 10 em. & 50 cm
(3% A A MUBE A, B FSRE T NN 2238, (T K . oKD RIS HAk2s BHRS AR, E4% 10 cm,
751 50 em, HEK K Sk HI7E 4~5 emo BERPRLE T FE R E 4 MR EKE, 20518 1.3 glem®. 1.4 g/em®. 1.5 glem®.
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1.6 g/em®, FHARIG HRE T B EEAFE . 5 om FEREAN 1 om B, Bl A RE .
HAERT, EAEER LA, R, HBUGHEE, BT LR, 2 ZEEEG om —F), FEZ
ITHTBALEE, #+mE N 30 cm. HHRMNE — 248, Bk HERZEZ2E . KI8T 10 min &5
1~3 min id3E— RSB EHE, 10 min j5 55 5 min id3¢—¥%, 100 min BLj5, 4B 10~30 min id3%—%,
PRI 4T 300 mine NBREERE, # AT ERAVIGEZ]. 45805 1d. 3d. 10 d fE& B T4+
WAL 5 om IR BRI BB EUEE, JRIE S Z & AKK, AT BRI, ZNIREHTE 22~24C, 41K
BEE 3 K.
2.3. N8

SH AT 45 5, % Kostiakov & Philip #5845 47 Bk b 78 1 Ji5 10 338K 70 NS I R AT AL [19],
Fot HoidE A T IR . Kostiakov A8 A K

I, = K-t" (1)

R, LA tRZIBEFRNEE, cm; t INEBNTE, min; K AZRIEANB R, HYHE L RANBIFGE
FANRANBOR ERANSE, EHE EOETE R BN B BE R, cm/min; a
R NBTEEL, RTINS R RO . NBYVIEWME, S8 KEESER, MENSTAEN
FREEibAT, S8 a M TSNS KA EE R K.

Philip #74A 2K

I, =St% + At @
A SHMIBE, cmmin®®; A AFISRGEH /N T A FKEK), cm/min.
3. BRE R
3.1 NEEBERERTL
10 5r
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Figure 1. Variation of infiltration rate with time
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GFOR, FEAR BRI L, A R R IR B RS, L R R E K EE AT HEK e
NERENIZ W B AT PR AUK, SEUEY 20 NSRRI SO LU BIRKIER]. 14 1
ST A T L DXCAN [R] 5 3 AS [ 72 T 3 NS R B 8] (AL I R, AR, B R AET RIS
B I 18] () A2 A0 $4 FRBL S TR 5 i T AR E R S . NB TR AT Ia B By 3 252 21 - 3L i 34 10
W, T YIRS K BRI, REAUE KR, BUK S AR AL R AL EEEOR, WIIR B R
B TSI R IER L, ENBIFAGH 5 min NS AR R I H PO AR A RRAE, E
HI TR b= IR, HAE A, IR UORIE PR, K NB R B R
BETH, NERPERCN; ANE 10 min Ja, BEABIE RN, L3RR T A 218 N, I
REZILT 0, BN, HIMABFONRENSE, HEAFRFL A RRENS N AR, #14E
20 min PAJE Bk BIF 0 NBRA, T ER I L TE 40 min LLJS A E 8L 2R E NS IRA, HARE— M
X T R RE, MR P T RS ARG, M AR, SRR R, AR
SENSIRE PTG I R ZEA . ABADNBERL T, FmZ, FEERKNSERN, PR+
BIONBEIFFERX . N RPIIZRIT T EZ, WIENS G WK IR N s A S
R LA FE LB -
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Figure 2. Relationship between stable infiltration rate and soil bulk density

B2 RENSRELRAENXR

T AR 2 P RN BRI B 1 A, R RS B TR AR IR N B R IR E B
HEFRELW. fRE NSEERIELIENBERINBR . B 2 Bl 2 PR E ph A E 55
ENBHER KR NPT LAE S, AT 1.3 glem® 8K 3 1.6 g/em?, FaiE N iZ#EZE M 0.365 mm/min
U E] 0.051 mm/min; FEAEE LR E M 1.3 glem® B K F] 1.6 g/lem®, FaiE NS R M 0.065 mm/min J& /)
#]0.012 mm/min, [A—AE T, BEAFELMRE NSERE/NT L, HIE LR R HEIE 5 R LR
ENBERP/MEERERTEGRE. K0t DIEREANSEF SRR EWEENBAKR, M
FKHFENE 2, i EIRGER LA 1, Ak A 3k E NS R E RO, 2 FiUs 2870 (i
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Figure 3. Variation of cumulative infiltration with time
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Figure 4. Relationship between cumulative infiltration and bulk density of experimental soil
E4 A TIRBRNESEESEXR

FRANBERNEIHR)E N E A, s RIS R TP REKE, TaRnE L
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T8 EERE AR AL R AR S KALBR, ANBd R BB 68 ) 22 L b RALRR & & 5 70 A A2 BE RS 1 [20]
Ty 398 R ) e o o) 3 e FL R R R SRR, AT DL S e S g v LUK IR B DL B
AR, TIRARMN, RS ElE, NEBlkg, Ko sEikoR[21]. 2 MR i A
78 25 E N 100 min N R2RNBERAEFRWE 3 s, WEIRRT LG, ASEZS E IR & 1) (8]
BOAN I RARNS ESBE N R R s in, EE i Z), AEERK RSB EBR/, 2 B4 100 min
ARNBEEREL R R ELEGMIER>0.95), HELSEBBARZIAWKRZWME 4 Fin. HE 40
B, b2 E N 1.3 glom® HNE] 1.6 g/em®, RAINB RN 71.36 cm kb H 21.99 em; B ARHER E
M 1.3 glem® 80 1.6 glem®, BAE M 28.25 cm JE/b F) 16.45 cm. gL LUE L, T RS
BREATREREMER, FEEK, NBRETEE,

3.3. FRIRM., BRETHMEONEER

Table 2. Fitting results of infiltration model of Lou soil
2 BEINSEBINAEER

Kostiakov N\ &5 Phlip Ni&15 24
25 (glem®)
a Klo R’ S A R?
1.3 5.776 0.521 11.086 0.988 5.294 6.64E-4 0.987
14 4.116 0.494 8.332 0.999 4.157 0.0078 0.999
15 4.505 0.613 7.349 0.995 3.591 3.21E-7 0.329
1.6 3.953 0.634 6.235 0.981 3.274 1.02E-9 0.754

Table 3. Yellow-brown soil infiltration model fitting results

=3 BRI NSRANEER

Kostiakov A& 157 Phlip N\iB 4%
72 5 (glem®)
o Kla R? S A R?
1.3 5.387 0.583 9.249 0.990 4.893 0 0.711
14 3.566 0.497 7.174 0.992 3.590 0.00195 0.992
15 3.122 0.526 5.942 0.987 3.081 0 0.954
1.6 2.168 0.464 4.670 0.992 2.224 0.0405 0.992

it — U AR A 55 )R K NS R R s 1% F Kostiakov & Philip A5 2 5 47 ik b
A R NS RTINS A TLSE AR 2, RN B AR AT AL A o R R
(e 3), HNBLFRTE 40 min GBI —H R AEAT, PASBIEY AL 100 min RS R 254
#, R o o BEAR PR, 1T 40 min 23 31K Kostiakov. Philip A 20304, B9 o K FH 2k A X4,
PLAERNS 4, HE 2 fie 3 WLUEH, BRSNS EE LT 40 min BT
Kostiakov 1R &5 A H 4, RPHEIKT 0.98, 1 Phlip B2 ) AR 0L 45 B4 25, 15 B Phlip %
REARAE — MY HEER, BEAMRE LK NB R E R 2 . # A+ 40 min LUS
(N5 I FE R FH 26 5 R B S5t 31534 (R® > 0.95) » K1t ] F1| ] Kostiakov #8882 Fb 3% i) N5 it 72
BEATHE— 2B HT

K [ARRTHNB IG5 — N RAL R BRI RS BRIV NS R, 5257 3 T 5 L5 M
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SO TR R R AY, WG S KRR, M KR 32 R BN T A LB o A R AE
T AL (AR A R Iy TR E AR, AEEK, FLRRERN, RS, Wk 2. & 3 W
B 2 IR, KELZ TS, 18 25 5 1.3 glem® 34K 3 1.6 glem® IS, K A H1 5.776 /)N 51 3.953,
FEREIE Il 5.387 JR/hE 2,168, HEAR L EEAE LN K EENTEL KR NBYI, RELE
FH ) R AL B A 3 3 R 35 P R B de e ik, X e K 32 B SR R AL R MR, AR )R
B, FEAMLE, KA Z, RET Ko NEhmE, R EFRREKS, WHYENSEE

B MRS E IR, THERFLBRIED, WIHE NVBREIIFEAK. DR, KO(E S 30 H Bl 25 2 0 31 O T ks
.

ZIGNBIRE o AT W IENIB 8 1 ISR RGE o AR, NI RE 738 pel B R, S 2 MRS
% 2. & 3TLLEH, BERBERIE LR EX o (00 RM AN, 38 4 Bl 25 3 (0 184 0 2 300 3% ¥
Kadh, M8 EH 1.3 g/em® B KF] 1.6 glem® I, o {EFH 0.521 HINF] 0.634; x4 -+ U bt 2% 5 1)
WK, o RN, 47 R E R 1.3 glem® K F] 1.6 g/em® i, o fE H 0.583 Ji/NF 0.464. X T4k
Ui, LA, K NIBRE T BE I A0 RO R R, AN, LK NB R
LIRS ] (0 S P FE 1S, RIAEAK oy RRNE Il de L, R MK, il Gl s i L1 o
AL D00 i 25 T 184 KT 2 LA (R N A, X R B T RO RS BAR RS, A RALR S R,
TR ER/NSAEESHAER, I EHBIE NS AN, 75 5O NS B I 3 i s B/, W
HoazmMERE SBERERLR. HEFRMBKGLE, FEXLSIR o @KL, HEAE
M, KALBRRZ , -3 P R AE AR Bt K TR s N ALER 2 rh, IR R R LR
Mz, AN TR F NSRRI, Rk, BRI G RS . A ER K
fy et by, HOCFLRR S AR, FLRR 2 1)l - 3 R S5 78 0 5 N5 2, P 98 A0 KK R
LKA ENFLBRET, T KRR D ER, AT REUN A, FEEHEH A, KT
TR NBRIH Y7, B FABAAER IR, NBRE S0 R, R, o (f 5 30 H 6 25 3 1 KT
BREES . Klo W BT BEA NGB, BAKS, HEBRNSR IR, NG, et
AR, Klo YREZS B R KT/, RIPE# R EEK, BB/ RN, SARE L
1 RN B S RRAAAEH BT, 5 RRNB R A 092840 0] & MR Ar il ik, B MR
I8 75 2 (1 386 K )

Table 4. Linear fitting results of yellow-brown soil after turning
4 BAFRIETRLEINEER

It = at + b
7 % (glem?)
a b R?
1.3 0.06454 22.13329 0.99504
14 0.04429 20.98801 0.98907
15 0.02237 16.98222 0.98767
1.6 0.01384 15.17097 0.96204

3.4. MR E KKK EKE RN

I K 7 o A IR WA % SR R K o S R A, 3T ELR R 3K 2y B Rk DA R A
Pk 7>k [21] [22]. B 5. 14 6 p ot BEERIR AN R A EE RN R NSRS RN %) 5 )
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MRE N L, 3, 10d W& LZRESKEDMMLE. EABLERNZ], LR LI EFEEL, £
Al — LR R, LA B ORI SRR, R T R RO A R A D, R KR
JIEES, MAEL R, HTAAERKREIZE. BEMRIARS, 155 2 85l 2K 7 [ iR
%, HRBESETRK. SR EEREY, ERFAMEBIEFEIERT, 23Kk 3k
BEFRZRT LS, H0A1d, 3d. 10 d S fEp A sl N, A R oK o A N IS R
%, MHHEAIEDURE, £E 10 d WE T30 3K 7 B AT RN BOR, 3K 7 & S BE R A
MR, HAFBUNE GRS . SR NBRIZHRN ], 53 N T K 585U,
TS A R R B 5 T34, 3 EAE 1 d B, 1.3, 1.4 glem® A E F FZ2 HH0K S CAB RS, K
T EERHOK&&E, Mt -t E R 10 d W4 2SR oA .
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Figure 5. Distribution of water content in each soil layer under different soil bulk density of Lou soil
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RAENB LG %2 LK & BN S R T H LMK E ARG RE, Wk 7 R, Ak
A X L 0~30 om /K RN R, (ELK B MY, AN LIRGEKEROC, BEER
W ROHERS , 25 E /N E KR B R IR R T B R K SOk B8 . N 1.3 glem®
i, MAIEEIS %12 10 d &, /K& 12.2 cm J&/NE 5.8 cm, I/ T 52.5%; & H A 1.6 glem® i, 7K
B HAIUG1 9.6 cm I/NE 7.9 cm, AU T 17.7%. #A7E R4 E N 1.3 glem® I, MGG %1% 10d /5,
fiti KB H1 11.8 cm JB/N % 6.4 cm, Tl T 45.8%, 25 H 1.6 g/emP i, -3 /K B M 11.0 cm /b £ 9.7 cm,
A T 11.8%.
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Figure 6. Water content distribution of each soil layer under different soil bulk density in yellow-brown soil
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