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Simulation of a soil water retention curve of typical soil and water conservation

engineering measures in the Loess hilly watershed
YU Yang'*?,WEI Wei*>* , CHEN Liding”, FENG Tianjiao””, YANG Lei’, CHEN Die**

1 State Key Laboratory of Simulation and Regulation of Water Cycle in River Basion,China Institute of Water Resources and Hydropower Research, Beijing
100048, China

2 State Key Laboratory of Urban and Regional Ecology, Research Center for Eco—Envrionment Sciences, Chinese Academy of Sciences, Betjing 100085, China

3 Research Center on Soil and Water Conservation of the Ministry of Water Resources, Beijing 100048, China

4 Unversity of Chinese Academy of Sciences, Beijing, 100049, China

5 Department of Ecology, College of Urban and Environmental Sciences, Peking University, Beijing 100871, China

Abstract; Soil and water conservation engineering is an effective measure to prevent water loss. In the semi-arid watershed
of the Loess Plateau, reasonable soil and water engineering development can utilize the limited precipitation, thus promoting
vegetation restoration. In the current study, typical soil and water engineering (e.g., fish scale pits and adversely graded
tableland) in a small watershed located in Dingxi City, Gansu Province were selected, and natural slope with the same

vegetation served as a control. Soil samples at each site were collected from depths of 0—20, 20—40, 40—60, and 60—80
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cm. Soil particle size distribution was analyzed. Soil water retention curves were monitored and simulated by Brooks-Corey,
Gardner and van-Genuchten models. The results indicated that, the effects of soil and water conservation engineering on soil
particle size distribution varied with soil depth. For the soil particle size distribution, the clay content of adversely graded
tableland (10.63% ) and fish scale pits (9.78% ) was significantly higher than that of the control (9.66% ). Meanwhile,
the silt content of adversely graded tableland (71.42%) and fish scale pits (70.74% ) also was significantly higher than
that of the natural slope (67.85% ). Compared with control, soil saturated hydraulic conductivity can be improved by 53.5%
and 46.9% in the adversely graded tableland and fish scale pits, respectively. The Brooks-Corey, Gardner, and van
Genuchten model can well fit the soil water retention curve of different soil and water engineering approaches. Compared
with control, soil available water in adversely graded tableland and in fish scale pits can be increased by 15% and 9%,
respectively. The effects of soil and water engineering on the soil available water in the surface soil layer were more

pronounced after long-term implemention of soil and water engineering.

Key Words: soil and water engineering; soil water retention curve; fish scale pits; adversely graded tableland.
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1 HREXER

5 DX i A H 7 52 P8 e 7 488 ( 104°27'—104°31" E,35°43'—35°46' N) |, i 2 16.1 km?, 4K 1840—
2260 m, ZAETHIGK L 386.3 mm, JB T I T 585+ B WK B35 A0 RO | Mk B R
FEEPTE 79 Afy, WAL 6.8 C ,FHTCFEW 152 d, ITEZE LK &4 1649.0 mm , 4E B AR
72% o bk 4 SRR A+ Y N 3 MR S A R R T AR TR AR AR b
ANTEH, [R5 B A RAR G 380N A9 N T A8 LY 25 ( Caragana korshinskii) A ( Platycladus
orientalis) LI ( Prunus armeniaca) WA ( Pinus tabulaeformis) 2546 H 18 ( Medicago sativa) 4 E , KSR AN
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Table 1 General situation of the experimental site

T . L

SRR RH a0 X BEbG
remecting me'dsures or it an Adversely graded tableland Fish scale pits Control plot

water conservation

FHBE Vegetation JHIA kS LN

Mg Stand age 1972 1972

55/ mHeight 5.71+0.41 5.98+0.53 5.04+0.48

4%/ ecmDBH 8.71+0.49 8.97+0.98 8.35+1.71

A& BT B ( Cleistogenes

s . chinensis) K155 ( Stipa
R AE 1 Vegetation coverage bungeana)) ot }'J_{Z% Tl 16

FRAR AT B ( Cleistogenes
chinensis ) FAf /R ZE S LEAE
( Heteropappus altaicus)

K Stipa bungeana) [r] /R 2% 40
A€ ( Heteropappus altaicus)
( Heteropappus altaicus)

56 JZHB P Canopy 0.3 0.45 0.3
TR 4 1.0—1.5 m K3 w42 4 s N

DU G R A
Specification of F138 1.5-—2.0m WG I, 3% BRI A TR 130

cm, 80 cm F 35 em

engineering measures 5—8°

1 &t RIFa R REMTEE

Fig.1 Diagram of fish scale pits, adversely graded tableland and control site
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T UK SRR IR A TAE S BOR A, >R PR A SRR S A AN [F] TR 5 it -+ ML 2 A5 18 R K
R, OB R Y- YA 45122 (Mean+SD) i 15 2ORFIR | [R]— TR BEAS [R] TR it 22 1) b 25k SR FH o5/ i
R0 (LSD) TR 36 ( | /KSE P< 0.05) , 2 KR Sigmaplot12.5 52,

3 ZBREHS

3.1 EEHLARAL A

THIFA LT YA S 5 Kok BERE L AU ZH A A0 DL 2, ph 6 AT 0 A ) TR 4 it 4= S LA 2 1 2
()22 5 B3 (P<0.05) , EANFERE R, BAKUL, 78 0—20 cm, AN 3 & 3R (11.58% ) Kk
E(73.48%) B TIMAAMA BT (9.73% .68.45% ) LA KK T 1R (9.71% .67.99% ), {HIfFA 1 i 17 5 %) iR

®2 AFRIEBEELERESS

Table 2 Soil particles size distribution of different engineering measures

T AR it/ PR / em

Engineering measures for soil and water HikE (<2um) % WKL (2—'50 pm) % YR (50—2000wm) %
conservation/Depth Clay Silt Sand
i 0—20 9.73+1.40abB 68.45+1.87aB 21.83+3.27aB
Fish scale pits 20—40 9.86+1.28aB 71.61+1.72bA 18.55+2.14bA
40—60 9.95+1.68aB 72.52£2.08bA 17.54+2.3bB
60—80 9.601.43bA 70.39+2.93abA 20.00+3.68abB
R¥H 0—20 11.58+0.49aA 73.48+2.29aA 14.93+2.75aA
Adversely graded tableland 20—40 10.85+1.03abA 71.73+1.62bA 17.43+2.24bA
40—60 10.26+0.79bcA 70.54£0.87bA 19.21+1.28hB
60—80 9.85+0.28cA 69.94+0.64bA 20.22+0.79bB
it JEAE b 0—20 9.71+0.82aB 67.99+2.11abB 22.29+2.77aB
Control plot 20—40 9.57+0.71aC 68.60+2.31aB 21.53+2.87aB
40—60 9.760.52aC 67.29+1.85bB 22.70+2.35aA
60—80 9.60+0.53aA 67.53+2.18bB 22.27+3.20aA

ARG TR R R — TR [FIUREE 2 8] 28 5 B35, N R RS 730 ) — R BE AN [8) TR Rl =22 18] 22 57 503, BB R BN P 2 (B + 45
HE2E.
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FE M Z (BRG] 25 AN 3 (P>0.05) | [RIEF 9 35 b s 2 o Jnd 2 v T35 1R X I ( P<0.05) . 20—40 cm),
T (71.61%) MU G (71.73% ) Kikr 2 5 i3 5 5 BB (68.60% ) |, R s, oy ey 75 12 R 3 1 38 38 v 1 X6 e
(P<0.05) ,fHW# Z 6 JC B & 2 5 (P>0.05) , 40—60 cm, AT (72.52% ) MG (70.54% ) Z 6 85 ki &5
HLBELER(P>0.05) HEH B E T T (67.29%) ., Kiki &G (10.26%) %5 T i 9.
95% ) , [R5 15 (0 3 v T AR (9.76% )
3.2 MRk

TP I JAL B3 €5 RN 1 ok B 2 ] S i A K K25 R B (P<0.05) , AR BE R BA IR (
2), HAARSRUE,0—20 em @R G R F KR IC B35 25 5 (P>0.05) , (H P4 2 .38 0 T3 m 4 R (P<
0.05) , 3% W5 20—40 cm AH[A], JMFAEEITAE 40—80 cm 5XF MR 22 8] 1 A1 K A .2 (P>0.05) ,60—80
em = Z AR KR IO 325 5 (P>0.05) .
3.3 KRR A SR A

3 SV R == i B K 43 G 84580 6 S AR ) R =
TR - K AT 2R AT SR, AR B4 i R

RIZ BB LS R B ( 36 3) AR AS [R5 2 £
A GER TR R ARG AN [R] R B2 | AU 5 25
RIEA—F, W3R 3 AT, X Tl ba £ 85 5Tk 30, van
Genuchten FAIZE 0—20 .20—40 cm 1 40—60 cm FRE
ARG S5 5, 4 031 2 280539l O 0.950.,0.927 Al 0.
898, Gardner PRI 60—80 cm R R ALURS 1 = T H:

VRIS D @28
Saturated hydraulic conductivity/(mm/min)

aB B
a
aB aB
abBC
bAB bAB bB aCl JaA
40 60 80

20
LIRS, X4 4 52 3 43 K UL, Gardner BT 40— A Deph/enm

60 cm PRI RE & T HAB PR, B 40—60 em 4, B2 REIEsELEnngkE

van Genuchten 555 (AR 3DUKS 5 395 T 0.900, A AT Fig. 2 Soil saturated hydraulic conductivity of different
S, 3 P RLS RERE AR LT (400 A5 AR [F) T2 45t £ 47k 4 eneineering measures

P [ - JESRN "~ - NRING SEtk e R — TR BE A R TR R =2 ] 2% 5 1 3% )
FEEI L, HAb, S R A T A e e gy VS TR LRSI Z 2SS P<0.05

RIS SR IEAT LR 3 K 4 FI 5) | HAR R e
2k 1 TSR BN R ) A5 T R FU AR L, 7 r sy Il B X 1) PR ) T P 55 39 T X A L, £ %
ORI R 3 R B B I PR OK DIRE
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Table 3 Parameter fitting of soil water retention curve

TR + HEEE em Brooks-Corey Gardner van Genuchten
Engineering Depth hy, N R2 a b R2 @ n m R?
i 3T 0—20 0.167 0.238 0902 0.003 3.792 0.872 1.902 1.283  0.221 0.950
Fish scale pits 20—40 0.135 0.216 0.882 0.001  4.088 0.846 2.013 1.248  0.199 0.927
40—60 0.103  0.199 0.869 0.001 4377 0.875 2.021 1.240  0.193 0.898
60—80 0.092 0.186 0.875 0.001 4.712 0976 1984 1.228 0.186 0.916
KRG 0—20 0.220 0.238 0918 0.003 3.856  0.895 1.502  1.285  0.222 0.966
Adversely graded tableland 20—40 0.171  0.229 0911  0.002 3.968  0.880  1.949 1.268  0.212 0.953
40—60 0.095 0.173  0.716  0.002 4.144  0.870  2.343 1.196  0.164 0.837
60—80 0.164 0214 0.899 0.002  4.200  0.868 1.693 1.262  0.207 0.941
Xof HERE 3 0—20 0.177  0.194 0943 0.001 4.861 0.909 1.783 1.210  0.174 0.970
Control plot 20—40 0.231  0.193  0.930 0.002 4.791  0.907 1.458 1.224  0.183 0.963
40—60 0.186  0.219 0916 0.002  4.189  0.887 1.713 1.259  0.206 0.959
60—80 0.147  0.211 0913  0.001 4317 0.876 1.936  1.240  0.194 0.954
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Fig.3 Soil water retention curve of different depth of adversely graded tableland- Pinus tabulaeformis
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Fig.4 Soil water retention curve of different depth of fish-scale pits- Pinus tabulaeformis
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Fig.5 Soil water retention curve of different depth of control plot

KA SRR B 4, HRRTA, BEHT KO3 & 0 35K o H BUAIK, 0—20em, f 5T (0.136 cm’/
em?®) JZHEE (0.135 em’/em® ) HIEAROK S TXTHR(0.106 em®/em®) o 54 AN FEIVEEE (0—80 cm) FiZ
TR A RUK SR B Z AR (0.118 em®/em®) |, M5 (0.138 cm®/em® ) FIR A (0.129 em’/em?) 3
BB ROK 553 8 = 15% 1 9%

F4 ARIBEELTERERKEE

Table 4 Soil available water content of different engineering measures

TR W THEAHOK FH AT 7K o

Engineering Depth/cm Soil available water/ (cm®/cm?®) Field capacity/ (em®/cm®)

13537 Fish scale pits 0—20 0.136 0.206
20—40 0.132 0.204
40—60 0.144 0.221
60—80 0.141 0.223

I E 0—20 0.135 0.205

Adversely graded tableland 20—40 0.122 0.194
40—60 0.122 0.198
60—80 0.139 0.213

X} BEFEHI Control plot 0—20 0.106 0.199
20—40 0.110 0.206
40—60 0.127 0.205
60—80 0.130 0.200

4 itig

AT ol S TR AR B0 - MU ZE A | - M7 T A o o0 T SRS 9 T 28 A 00 8 A, il 5 B
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HE SRR N, AU 2 5GTE T HK o AL, S G TR T R 5 A ROK A

50
Y / N\
9080 / / 7&

L( / 10
100 0
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BHRL Silt/%
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B 6 miE BT AR R IE A S B AU X

Fig.6 Soil texture distribution of fish-scale pits- Pinus tabulaeformis, adversely graded tableland- Pinus tabulaeformis and cotrol site
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SRR TR BT R o AN () TR A LR A M il (3 2) | WFE X LR A T 2y
ATTERRIAR H (2—2000 wm) B2 APRL, W0RLAT & FE BB/ BRI, (AR 10% 11, By DU
A (8 2R O | A B B UK RO R R B B X TR GO T O, £ 6
G5 RO E KIS R (I 6) o o i WOURLEOR Bk B 28 AR i A S 2
T FIAURLZE 1, W FOCHAF K BE 1 AR OK RE 4 2% , TR It BE A% Jin o - S URL A0 4L, ity - 33 I st , DA T 145
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R, R R TR M A S R 1 A UK 4, o A A
BURUS Y 648 BOK 88 2 % B8 43 B3 &5 15% F1 9% , %F &;Zg:ﬁ
F2 A HOK A R o L, s A Q
BIREUSIE I B b7 oK e, MR AR I o Q
TR R A S A T8, ERSR T 2 450 R 4 725 A K @Q
43 AR IR T BRI 1 B S5 M 95 5 | SR IX 1 Q
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RIS BRI B RO SRR, | L)
RO TR LA RO BIE, T TRk | (S L)
HEFL BB, B FLBROREL , 4% 7 59, /I e i
J3, RALBE K S st HE TSR e /N AL R K f%
Sy A FER RIS T A ERAE | 3t R BT X 1 14
IR B AR JELA E7 mieaginsinREE IEERETIER
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