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Infiltrability of muddy water and universal model for both muddy water and tap

water in planted forest site
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Abstract : Infiltration can affect soil water recharge and soil water availability to plant, surface runoff and soil erosion.
Although there have been many reports on infiltration for forest sites, none of them is conducted with muddy water. Muddy
water is a type of available water resource with sediment from surface runoff and is used for irrigation in the semiarid and arid
areas or direct into plantation sites. This study used 130 field sites 1) to. compare the infiltration of muddy water with tap water
on black locust (Robinia pseudoacacia L.), oriental arborvitae (Platycladus orientalis Franco) plantation sites, ii) to
understand the impact of sediment content, physical clay content of less than 0. 01 mm in the sediment and tree species on
infiltrability on forest soils with various texture classes on the loess Plateau in China, and iii) to develop an universal model to
describe water infiltration on the different forest soils in the region. The muddy water for the infiltration test was divided into
four types according to sediment content, that is 50 g/kg, 100 g/kg, 150 g/kg and 200 g/kg; and each type of sediment
content was further divided into three subtypes according to physical clay content, that is 220.0 g/kg, 249.0 g/kg and 263. 0
¢/kg for light loam in Ansai experimental station, and 419.0 g/kg, 446.0 g/kg and 481.0 g/kg for loam in Chunhua
experimental station. Field infiltration was measured with a double ring infiltrometer at the water head (pressure) of 40 mm.

A volumetric cylinder with an agitator was used to supply muddy water and recorded the amount of infiltration water manually.
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The results showed that muddy water decreased the infiltration capability of soil with light loam and loam, decreased the
transfer capability of rainfall to soil water and impaired the role of forest in water conservation. The infiltrability decreased .
with increasing sediment content, physical clay content and infiltration duration; and was affected by soil texture. Under given
soil texture condition, infiltrability of muddy water.in plantation sites was affected by tree species. Infiltrability under black
locust is superior to that under oriental arborvitae. The universal infiltration models for both muddy water and tap water were
put forward for three stands of two different soil belts at the first time. The models can be used to evaluate the infiltration
capacity of different muddy water in a plantation sites and predict runoff on a small watershed with different plantations.

Key words ;planted forest; Robinia pseudoacacia; Platycladus orientalis; muddy water; infiltrability; infiltration model
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HIBREAM AR R BRI EARHR, L BABHELRFEERY . AEB XRA. TR
I EABKE —F K SHlASY RN LS A& OKEEV YN TR
BABHRBET KENAR . XUKSE L ENEEHERAKILXAAF MR EHBRA TREAMER GEFEX . ETIVKRE
EBMLEMNE. FZ2¥ENERKABET THEARPR, R, B RAREKIE KGR BRI B R FEKX
Hib +MABHENER BEKXKSEHEKABRHXRRA . LEERBMA THARMAANSEKAZHEWEELE S E, 245 M A LR
H. MAXEREHHR. A FIEHART XKEHER XK ERFESKIERFE R ASERABRE S, 50 F H A ) 138 Bt
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VIR AL B KE £ AR W R, B B SR AR o AR T B R IREH
BRI H BB FR I L — B LR A RERN — FREWRKAEFEBERX ;A AR B R E &
R—HBHERXMEMAHHAR, REBRTELERWHRX, T EFHEHE, TFEVFHENE 505.3mm, FHRAKE
1594. 6mm, i 85 FE 1 + B2 A B 8337t/ (km? » a), WK AN T HIH (Robinia pseudoacacia L.) Pk 23 ¥, M43 % B 1111
Be/hm? M T EAEYRE S0%, . B B2 EMN ;B AWM (Platycladus orientalis (L. ) Franco) #K, K A R K6 HE M,
M 1 a, BRATEE 2m X 3m T BB BB TR LA EWRK, 8 F i %, £4 V4 % & 600. 6mm, ¥ % & &
1450. 6mm, i 48, 4F - R AR B Y 5000t/ (km? « a), FEFWATRIBAKR 13 &, K0 FE 1333 tk/hm’* , K T EF MY = E
0% Wi & B8 E; A TIMAIAK 13 &, AR5 8 BF 2000 Bk /hm? , BT B A HE ¥ 35 B 88K, R B 7 M 20 5 3 a8 M A Ak (CKo),
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KRR B, K 1 a, kT8 2o X 2. 5m AN AE L BEAEHY ., RE K ROEE T EFFMESRLEK 1,
X1 BAANRUERARIBIREES T RERSAKRVNELSR
Table 1 Soil density and soil water content before tests of plantation soil in experimentation plots
I ZE A X Ansai test area H Ak, X Chunhua test area
TR A5 K [1E; BN {1t # AR b
HT 15 AR b Plantation site iR Plantation site Plantation site
;I:'ﬁ R New planted site of Robinia New planted site of Robinia of Platycladus
Soil depth pseudoacacia pseudoacacia orientalis
(cm)
TREK  LREE  EMAK  BREE  WAK  HWEE  EWAK  HEEE  DRAK  LREE
# SWC Soil density B SWC  Soil density # SWC  Soil density & SWC  Soil density & SWC  Soil density
(g/kg) (mg/m?3) (g/kg) (mg/m?) (g/kg) (mg/m?) (g/kg) (mg/m?) (g/kg) (mg/m?*)
0~20 82. 0 1.15 77.2 g. 38 108. 3 1. 20 897. 6 1. 18 116. 4 1. 25
20~40 102. 0 1. 33 90. 2 1. 17 127.5 1. 39 102. 7 1. 26 131.1 1. 30
40~ 60 119. 3 1. 32 113. 9 1. 24 140. 3 1. 40 113. 3 1. 31 134. 9 1. 40
60~80 122. 1 1. 30 120.1 1. 28 159. 1 1. 43 139. 8 1. 15 133. 8 1. 27
80~100 132. 6 1. 31 121. 2 1. 30 160. 1 1. 33 145. 4 1. 45 136. 0 1. 31
- 100~120 1. 32 122. 2 1. 32 162. 4 i. 37 1563.1 1. 35 139. 3 1. 31
SWC is soil wate ent
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2.1 HEEKE

ABKESHEAKCKMEAFEM, HF , BAKEREFNAX AR HEN T AREMMRNT L ERE RS, ZITEY
43Kk 50 g/kg 100 g/kg. 150 g/kg 1200 g/kg. H TR T L EKEFHEER BRELFFREN M T ENE LR K
B AN SVESHTRIEGE 2. ARES L E PR 4H R R B E . IR Y B0 A A R <<0. 01 mm 4 28 ¥ K5 b 19
EBRERRUREY,
2.2 REFE £2 ANBEKKENESLER

ijﬁxﬁt%z A L #kHb, %ﬂﬁ ] 3¢ R - 8 E‘]ﬁdﬁ'—% 2 Table 2 Sediment content of muddy water in infiltration
G, AR R 2 BT M R R, LUtk sk xperimentation
—H. FHRAREENEAGRABRTAEAS BRA [ OO
W 3 B (Double ring infiltrometer )+13:16:18~ 2014l 2 KI5 & Y & é%iﬁﬁiﬁﬁ@ﬁ(g/kg)
BRUGBRARZETHABER, LEKEMNB(CK) , FA  Actual sediment content in Ansai
R R LRABNE 1304, HP, 5 — AR B W X 26 iﬁﬁifﬁi?ﬁ:ﬁﬁf%mm 16.5  93.0  139.5 186.0
MR —EEEBNS 2AHAERT 2K, AEBKLBEE
A0mmi S HFEKRAFHEY S THE - AEHRHADERBRBSMK, A EHBE ALK, BREKTREHRHE, LR
RBUMETRTABAKENEVE. Aot KEAR T EEHREZFHETHABRRE, B Sk E R, RiFKEEERE, KK
INARTR—IBEBZNENRAPNLIRE -4 2 REERFBHE.
3 BREGW
3.1 BEAFESHELIREKEBAZE
3.31.1 BEXKEUVEMNEBREBRABENEW ELBAHEFHAR—CHBRAT . EXKEUVEFHRREENARMAERKRESR.
MEL1AIUBH BEESUVRANE R AT IIBEKERABRE /. RHIFIVERTEEZREM/MA LB RXAREKS L8
KB B3 A TR KRBEER, HEKSURBER . XFERASEHE.
3.1.2 BEARUSYEEEESENRBRABENEN 1EPFNARELIERBIRVERKE. EELEHR, LEIN
H AR AR T, A S KIS A TEHERERXE, L EFEG LA TEE - CEENTHHE
BREZHNHAKR. X5 L T EHRRBAY—HEFEX. AT B FRMEERNRPEEAF HBHAEFAR, ATi S HEA
BKK PR BRABRMEEREK. BUETR. B BNARY 5ABKEMIERR SR8 UHX & <0. 0lmm P
RSB BH2RESVE—SCL£ G TARYEENESEEKNEBRARME  NB 2 TIE Y BEEE KPP EER

RERNERX . EXKZRBAZRE/D, BE/MEESYEERNTERRHERX.

50 100 150 200

49.5 99.0 148.5 198.0

e

500 - 800 - }
—e— CK (KO —e— CK (F§7K)Y
400 . - 49.5g/kg® 700 . _m_ . 46.5 gkg®
Eg - - A- - 99.0g/kg 600 | - -A-- 93.0g/kg
-2 300 500
" 2
o 400
<% 20
* &
100
100
0 ] i L ] 0 ]
1 15 35 55 75 95 115 135 5 15 35 55 95 155 215 275
Aig B Duration (min)

1 HEXSVEMAIRERBEKRZRBAZRNEH

Fig.1 Influence of sediment content on cumulative infiltration of muddy water in Robinia pseudvacacia plantation site

(D) /K Tap water as control; Q) # K Sediment content

3.2 AIHWRES K LIBEKEBRABZENBE AR HEE
M AR HEBRERAKPSERFHA MEETBRRESSBERUEN T EBAYFRMWNBIERAERAKER . LIEABHRBL

REZHZIEE T MBEIFAEE XA FE SR T 895 & AR R AR AR AR K R KA B E S KRBT 1
Gt (F 3. MR STUFD AV MFHHERIMERNAARNELT BEXKRRABERILARAESR . K, MK
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500 800
¢ K CKY o %k ck® |
W RPRE 220.0g/kg? B RPRAE 419.0g/keg®
~ 400 | A EDREL249.0g/ke A VR 446 0g/kg
E, X PR 263.0g/kg 600 - X YR 481.0g/kg
5
$ 5
< 400
;s
g
E
& 200

| | |
5 25 45 65 8 105 125 145 ] 65 125 185 245
A# it Duration (min)

B2 BAEDHFYHERESENRZTAZENE W

Fig. 2 Influence of physical clay content on cumulative infiltration of muddy water

(DTap water as control; @Physical clay content of sediment

HERKEBABRE R THMEMBHEKRZRBRAZE. EdNAMB T EEE LI RFREIKELVRASHAE LR, MK
0~80cm +/ER L EFEHI X TRIBEMAMA L IREE, FNWAMAERE L REESKESS TRE. b, AR A
IHMEKEBEBRABENER , BEARIMRGELIKIHERE. LEDEEFRURFTHESEHBPESR.
SHRIFATEHAFERRIE 1 a gIFTELS A G RO BHEHE 13 a FRNMMAATHB I ENRRAEBR . TR
&6 KGR KA B s/ s WA AR 3b 8 B A B R F , LUV G A B i Bl /08 JE B K, B 3k o f A I K & 70 & <100
g/kg HALHEAMBTHER BB . R WA TR EXA. FRBUHEBENAZERSFERBHEEFLEZER (>
0.05); MIBHEMSE 13 a EHWRIBMALHBEKABBRMABEEZNHAE S FHREMB, TEKABUEEAB KRSV R
BRI 5 Xt , & PR <150 g/kg.<<0. 0lmm P ERERR & B <<446. 0 g/kg B B K RBRAB B SBN ABERY
HER THEMNM; BEVRE=150 g/kg i, RRABR BZ/DTHEAN T (p<<0.01 ), BN ABER UM HAEH KR
BABRERR . FEHABERNELER.
3.3 ATHHBEKABHENSEE TS BRAER
MEREZI A UE S NTHRHEEKABSHFKABHL, EAER., HABEBEAUEEKEYE . THERBAX,. WH
SAIMWHERX. B TEKABHERAREZ , HEH L TAERHEK. Bk, MEEXNEZ2BREHEBTRETSEE . XAY
BRI ENT AL BB YK R BRA R KA B A EAERER, X — SRR ATHRBERKABILER D #3
WEZEHMMAIRABRBNLE BARMBMASHEARBEKA ST HEER. UEKABEME., KGRI TE 4.
LAz 4 Z B S HOVEM , N H Levenberg-Marquardt IR MBI G K it 747, ﬁtﬂ%ﬂ(ﬁj‘?ﬁﬂi S5HEKABEHER,
22 B - I, = 5.854494q « T 8691355+4

4

g h
oy

a=1-+ 1.35091 X 107°S — 1. 09566 X 107°5% 4 3.91822 X 107°*P — 3.07520 X 107°P? R* = 0.9786, F = 91.43
f=— 6.02050 X 107°S + 6.08043 X 1078.S8% — 4.67661 X 107°P 4+ 1.83030 X 10°°P* R*=10.9642, F =53.79
AL R B Ak I, = 10. 075583 « T 748453+28

H,

e *

a=1—9.36122 X 107°S + 1.21360 X 107 °S* + 1.59766 X 1072 P — 3.20640 X 107 °* P* R, = 0.9123, F = 20.81

B=—1.94141 X 107*S + 1. 63056 X 107°S5% — 1.72209 X 1073 P + 2.72478 X 107° P? R? = (.9455, F = 34.72
FEAY ) FH AK [,=7.190962¢a » T 72056+#
HH,
a=1—1.69513 X 107%S — 3.64319 X 107°S2 + 3.10738 X 107* P — 8.20304 X 10 ¢ P? R?=0.9769, F = 88.76
B =—1.603 38 4 5.29231 X 107%8% 4 1.19110 X 107° P — 5.25519 X 1078P? R? = 0.9400, F = 31.31

R, HEKEU R (g/ke) P HEKRBYH<0. 01 mm YRR & 8 (g/ke).
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EI XHEBERFET . EMHXERR M FRREXHREEKS

MEABRRBIYEE.

IR, 5 J0HG LA 3 1 30 BB 20 B R B A MR 19 R A B,
AkS 5 E SRR RS YR B 0~
FiE+ 0~481 g/kg) W R ABEELZW
BENEBFBENRIT 0.2 EETEH
EEBEKTF0.05 TEBELR BERMME,

()58
X515
PR, F{E 5 s2 )

- 0~198 g/kg,
15 R B 4

AR 3 -

E(I)!E

RS RS 7, 7 F90 0 R 95 ] -
- 0~186 g/kg) AE Y EERR B GRIE L 0~263 g/kg,
. —JCE & EE A
-1 g R R, AL AR AR AR RERA S
0.001 TEBEESR . B TR B K

{HE B &K

Z'(RD 01—0 77829F{)_01:7- O].)n

3 s LA [ B0

2 y=a+bx, X

ZHF WG R o.f 25K

e RRBEN

R RY , T I {E 5 e W

Sk A SRR A SR .
T3 AT ZEARBRASEINBNNEERZNEMAEL
Table 3 Influence of tree species on cumulative infiltration and infiltration rate of muddy water
& PR (CK) 13 B PRI A o ﬁ%ﬂﬁ%ﬂg .
. 13-year-old Platycladus 13-year-old Robinia
BEKgUR New planted site orientalis site pseudoacacia site
Sediment Bﬁﬂ‘ﬁlﬁ /\éﬂjﬂﬂ‘
content  Toysicalclay - Duration g ispgy Ap#EZ: REABRI ABEE, RBABRI  ABEE
(g/kg) content(g/kg)  (min) Accumulation Infiltration Accumulation Infiltration Accumulation Infiltration
infiltration rate infiltration rate infiltration rate
(mm) (mm/min) (mm) (mm/min) (mm) (mm/min)
&K Tap water 0 5 33. 96 6. 79 25. 20 5. 04 34. 04 6. 81
0 125 273. 09 1. 48 229.43 1. 41 364. 74 2. 39
0 185 342. 32 1. 15 312. 58 1. 36 507. 94 2. 49
419.0 5) 27. 72 5. o4 16. 37 3. 27 32.74 6. 55
419. 0 125 172. 42 0. 80 151. 52 0. 51 190. 68 2. 08
419. 0 185 218. 30 0.75 180. 10 0. 49 226. 01 1. 66
446. 0 5 21. 66 4. 33 12. 21 2. 44 21. 83 4. 37
46. 5 446. 0 125 164.11 0.42 104. 45 0. 55 167.59 0. 66
446. 0 185 186. 71 0. 36 130. 95 0. 44 199. 80 0. 49
481. 0 ) 20.13 4. 03 10.13 2.03 17. 40 3.48
481. 0 125 103. 54 0.42 06. 14 0.49 103. 80 0. 39
481. 0 185 125. 87 0. 31 119. 26 0. 38 124. 37 0. 33
419.0 5 23. 07 4. 61 14. 30 2. 81 32. 48 6. 50
419. 0 125 124. 54 0. 42 103. 68 0. 45 145. 26 0. 45
419. O 185 147. 87 0. 38 126. 54 0. 36 165. 52 0. 31
446. 0 5 20. 25 4. 05 9. 35 1. 87 11.43 2.29
93. 0 446. 0 125 104. 30 0. 33 70. 94 0. 35 95. 89 0. 44
446. O 185 121. 01 0. 25 90. 16 0. 30 115. 89 0. 31
481. 0 5 13. 36 2. 73 6. 24 1. 25 10. 39 2. 08
481. 0 125 67. 18 0. 22 61. 35 0. 24 72. 89 0. 34
481. O 185 79. 57 0. 19 70. 43 0. 23 87. 28 0. 22
419. O 5 21. 60 4. 32 11.43 2.29 17. 93 3.59
419.0 125 113.12 0. 33 70. 66 0. 35 98. 23 0. 36
415. 0 185 131. 75 0. 28 94. 32 0. 29 115.12 0.27
446. 0 5 17. 89 3. 58 6. 24 1. 25 7. 28 1.46
139.5 446. 0 125 93. 01 0. 30 40. 30 0. 22 59. 25 0.29
446. O 185 106. 90 0.22 54. 34 0. 23 73. 55 0. 21
481. 0 ) 13. 66 2. 73 5.72 1. 14 8. 57 1. 71
481. 0 125 63. 56 0.19 32.76 0. 15 12. 67 0. 20
481. O 185 75. 02 0.16 41. 08 0.12 53. 50 0.16
419.0 o 19. 96 3. 99 8. 06 1.61 12. 47 2.49
419. 0 125 99. 79 0. 28 56. 92 0.33 75.12 0.29
418. 0 185 115.59 0. 24 72. 77 0. 24 89.16 0. 22
446. 0 5 13. 66 2.73 5.72 1. 14 6. 76 1. 35
186. 0 446. 0 125 73. 70 0. 27 35. 88 0.19 418. 36 0. 22
446. 0 185 86. 88 0. 20 48.10 0. 20 61.10 0.21
481. 0 S 10. 36 2. 07 5.72 1. 14 6. 76 1. 35
481. 0 125 47. 41 0.17 32.76 0. 15 35. 40 0. 20
481. O 185 57. 46 0. 14 41. 08 0.12 45. 33 0. 14
4 Hig
(DA T A F M A B B 5 KA B A X VEK REAB RIS WK & 0 R A 055 LA I 0 o

<0. 0l mmPHE L EERRAIVRYBLERRAHARX. BRUREEXNERKABHNEZRHEENXSHFENAZ LREBZAFHX

K. BKEREEH T AL

CARHL SR A B BE 0 BRAR T A AR A9 7K U8 B8 57 AE

1, 0855 1 HiZZK 5 3

- K Boih T K BB BE
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Table 4 Infiltration models of muddy water into plantation site
4 e B Physical 4 VW Sediment L()=AT#
Stand clay content(g/kg) content (g/kg) A; B, R N F
2 0.0 0.0 5. 854494 0. 869135 0. 99850 22 6300. 36
K 222. 0 49. 5 5. 446320 0. 732342 0. 99941 20 15283. 98
23 222.0 99. 0 3. 615798 0. 755143 0. 99887 20 7981. 957
i 222.0 148. 5 3. 078041 0. 717659 0. 99931 20 13011. 216
A 222.0 198. 0 2. 627607 0. 712846 0.99441 17 1330. 238
T 249. 0 49. 5 2. 144987 0. 825753 0. 99910 16 7744. 119
] 249. 0 99. 0 1. 796862 0. 831958 0. 99806 16 3605. 586
® 249. 0 148. 5 1. 653961 0. 839151 0. 99876 16 5620. 181
K 249. 0 198. 0 1. 633045 0. 800167 0. 99831 16 4124. 589
@ 263. 0 49. 5 1. 537520 0. 878355 0. 99829 15 3797. 643
263. 0 99. 0 1.100204 0. 902182 0. 99688 15 2075. 914
263. 0 148. 5 0. 957197 0. 901399 0. 99913 15 7442. 240
263. 0 198. 0 0. 764070 0. 933073 0. 99977 15 28527. 324
=3 0.0 0.0 10. 075583 0. 748453 0. 99930 28 18500. 764
e 419.0 46.5 18. 206571 0. 490162 0. 99285 18 1106. 627
13 419. 0 93. 0 20. 198579 0. 409344 0. 99242 18 1043. 472
53 419.0 139.5 9. 681171 0. 480654 0. 99481 18 1528. 695
A 419.0 186.0 6. 664833 0. 502421 0. 99462 18 1475. 378
T 446. 0 46. 5 11. 019440 0. 562307 0.99168 14 712. 388
) 446. 0 93. 0 5. 307355 0. 590890 0.99416 14 1018. 349
i 446. 0 139.5 2. 936427 0. 619957 0. 99859 14 4250. 683
g 446. 0 186. 0 2. 837956 0. 588179 0. 99892 14 5551. 367
) 481. 0 46. 5 8. 960382 0. 508424 0. 99548 15 1428. 993
481. 0 93.0 4. 743595 0. 561311 0.99761 15 2714. 407
481. 0 139.5 3. 887667 0. 498738 0.99772 15 2846. 657
481. 0 186. 0 2. 529107 0. 545702 0. 99657 15 1882. 835
Vi 0.0 0.0 7.190962 0. 720560 0. 99880 15 5388. 975
it 419. 0 46.5 5. 347059 0. 655571 0. 99478 16 1331. 666
13 419. 0 93. 0 5. 964917 0. 583241 0. 99904 16 7310. 693
i 419. 0 139. 5 4. 766159 0. 566404 0. 99970 16 22968. 334
A 419. 0 186.0 2. 679016 0. 623235 0. 99850 16 4666. 811
T 446. 0 46. 5 4. 538407 0. 646486 0. 99958 15 15367. 672
] 446. 0 93. 0 3. 759193 0. 610680 0. 99934 15 9816. 088
o2 446. 0 139.5 1. 942844 0. 638093 0. 99667 15 1940. 977
K 446. 0 186. 0 1.864331 0. 621723 0. 99727 15 2370. 840
® 481.0 46. 5 4. 036904 0. 649164 0. 99736 15 2447. 985
481. 0 93. 0 2. 528608 0. 656267 0.99472 15 1221. 778
481. 0 139.5 2.130573 0. 565557 0. 99905 15 6825. 384
481. 0 186. 0 1. 998889 0. 560033 0. 99953 15 13922. 626

(D Denote plantation of 23-year-old Robinia pseudoacacia at Ansai; @ and @ Denote plantations of 13-year-old Robinia pseudoacacia and

Platycladus orientalis at Chunhua, respectively

(DALIHBEKABREIEEAIARBIAERTSE KEEEKABITEBEKAL, HBATTKE HZEXABHGEY
KT, HP, 5BHEKRRE 1 a BFEHMHIALE, BHEMNSE 13 a AWM L EEFE K EKRBRAZEHE
/N TR B R AR ST 13 a AR B E KA BRE A BB . BEEKABRENMEABKREENART R, Mg L, HEK
SWE <150 g/keg, HIBR Y 1 <C0. 01 mm P EH KB & 8 <446.0 g/kg B, BB M HLE K A B BE IR, ZFEK SV R =150
g/kg . WVEKABEESI W/

ELXNEK BEKABGSHW . BHT 3IMKIFTKBEKSEKAKARHE,

IR, itk RRHA.EHEKSLRE 0~

198 g/kg TEEIN XM ESHRUEZ R LEEZFER  #H P RHPTHERNEKSBEKAZERERY, BBJHTHERBEKA

BH, XA MUAREKFENEKERAZE.
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