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FH P 3k 0 5 AL D AR A I B A AR A A YD k. A
RIGHER 14 4 mx3.5 m FIE KM, FF m &g
BEARIRH AU AT, BN P H O A A K,
TR . RGBT T 4 ST ET,
WS 2%, % 1~4 #4795 1#518 3 mx10 m,
HARE AR 3~6 m [AIFHDIRTR G I8 245N
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A3 mx15 m 2 AMWIHEE ERFEAR IR 4R h
25mx15 m, FHAREAF 4~13 m (A F bl e &t
o 5 S#N 3mx15 m JCHE R A2 X IR
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SCHR[17-18]. F B EvEN S By A ik B, B
REBR R AR A YO B VR S R RS R R R
HIRE, PSRN AR SE AR R T EIRE A,
F A A R 2 A - AR B T L R I s B AR AR S R
TR, HIAMASR B R REIREHH 0.45 um HfL
JEMET 8 5 BI/KEEN 5, 7E 2008 —2010 ST T A%
ORI -

T EWE bR, W HT A Ve VD B A R K3
% 0~5cm (L, IFH 5.0 mm (1R L FRECK A B,
PR CL K — SR 2%, ST, LRNIEL, H
U R 302 16.14 g/kg, HAABEL 10.85 g/kg, +IE
AR, BURRIZ =05 mm MY 4.55%, 3k
£<<0.5 mm 115 95.45%. RIG NI EAHE E P A
ST, AR Ik 8 7 h RS SR O I8 3T 1T 28 G A 4 R KL
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T BRI SR b X AE p RS e S Bk, YRV IR
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N 0.02~4 mg/L.
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Fig.1 Relational graph of particle nitrogen, particle phosphorus
and sediments concentration in surface runoff
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Fig.2 Generalized elementary diagram of dissolve nitrogen and
dissolve phosphorus

XFARE (D), WIEEZ&ME: Clx, 0)=0,C,(x,0) R 133
WIWEIRFEAE, IS4 C0, o) RIAEBE I 85 NS G
WEECH, RIERAZEST Preissmann #3, i2H
MATLAB T EALgmfEn] KA, Hefl 5 H A o I s 4L
AR B v x AT TE] ¢ AR AL

AR, BUKKELN 2.8 m®, BUKK
JiN 4~20 min, W ALFIREYIRUCEEVE BN, L2 g
AR RSOE FE . X TSR S, L% R
AL R B IR R TR et E R A NS .
XTSRS, YRV B R I B R B . B E
g R AR AR, HE T E T

D AR

SEACAE &K NO, A NOy B A m A T Uit
T, EERIERAKM FHAT. RAEAEFRAAE 138K

73 78 90%FLEE L B R A . 25 3CHR[23], IRAH AL
ZRERE R BN F TN
inDN, - conv
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SRR R AR IR R TS e 5 A B AT A
3 FERE55R
3.1 HEEIETMEASTR. B USERNERNGER
56 UE ) FH SCHER[20] R 7K SO R E vb B A% 1 70 R Ve v
HIR R IR, FARE M EA SRR (B 1) oSk
BV AYH IR E IR, 50T 2010 AR FE T
JEH (1#~4) 1 8 IRBUKIREE (IR 1 A 9~16 %)
HIBE . HNRSEFIE LSS Bk 1 Fin.
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Table 1 Simulated values and measured values of particle nitrogen and particle phosphorus concentration in outflow by VFS in contrast
N R RTRL A A LR VR RORL S T
R¥egm 'S LIRS ANRRE Inflow Particle nitrogen concentration in outflow Particle phosphorus concentration in outflow
Experimental ~ Vegetative  Inflow flow/  Sediments BME EEIIIT BRI e T CAnE=
number filter strip (m*s™ concentration/ Simulated Measured Simulated Simulated Measured Simulated
(mgL) values/(mg-L") values/(mg-L™")  deviation/%  values/(mg-L") values/(mg'L") deviation/%
| 34 0.0023 1630 0.3875 0.388 -0.13 0.1132 0.119 -4.87
0.4035 0.386 4.53 0.1180 0.119 -0.84
0.0023 1645 0.3855 0.364 5.91 0.1126 0.113 -0.35
: 3 0.3595 0.363 -0.96 0.1048 0.112 -6.43
0.0023 2845 0.4775 0.468 2.03 0.1402 0.140 0.14
3 3 0.4055 0.376 7.85 0.1186 0.115 3.13
0.0038 1675 0.5235 0.468 11.86 0.1540 0.136 13.24
N ¥ 0.4215 0.421 0.12 0.1234 0.121 1.98
5 1# 0.0023 1735 0.4135 0.437 -5.38 0.1210 0.120 0.83
6 1# 0.0023 2700 0.5715 0.575 -0.61 0.1684 0.159 591
7 2# 0.0023 1670 0.4175 0.443 -5.76 0.1222 0.122 0.16
8 2# 0.0038 1580 0.6695 0.616 8.69 0.1978 0.231 -14.37
9 1# 0.0045 4010 1.9875 2.450 -18.88 0.5932 0.561 5.83
10 2# 0.0041 4910 2.3155 2313 0.13 0.6916 0.744 -6.98
" 34 0.0040 4980 2.3655 2.561 -7.63 0.7066 1.734 -59.25
2.3835 2.905 -17.95 0.7120 0.789 -9.70
12 4# 0.0047 4182 2.2535 2.210 2.13 0.6730 0.840 -19.88
13 1# 0.0035 3748 2.3975 6.448 -62.82 0.7162 0.400 79.05
14 2# 0.0043 2944 2.4595 4.654 -47.16 0.7348 0.865 -15.05
0.0039 3374 2.2715 2.590 -12.30 0.6784 0.610 11.21
13 3 2.3615 1.975 19.55 0.7054 0.590 19.56
16 4# 0.0039 2466 2.5375 3912 -35.13 0.7582 0.676 12.16

s BHUMEZE D, = V;V’ x100 , VREREAUE : VoASEiME . uEd 1#R8 3 mx10 m, EARFEAHN 3~6 m ARV BRFTE G vy : 2410028 3 mx10 m,

'

HAREEAA 3~9 m [ FPVbRE: 3499 3 mx10 m 1 3 mx15 m 2 AW B R EA I8 48R0 2.5 mx15 m, EAREEAA 4~13 m (A RIS BRI G I 08 ,

T

Note: Simulated deviation D, = r-r

v

%100, V is simulated values, V" is measured values. 1# is combined vegetative filter strip with grass and intercropping hippophae

rhamnoides sub.sinensis in 3-6 m length, and its size is 3 mx10 m; 2# is combined vegetative filter strip with grass and intercropping hippophae rhamnoides sub.sinensis
in 3-9 m length, and its size is 3 mx10 m; 3# is natural grass filter strip with two sections, separately sizes are 3 mx10 m and 3 mx15 m; 4# is combined vegetative filter
strip with grass and intercropping hippophae rhamnoides sub.sinensis in 4-13 m length, and its size is 2.5 mx15 m, the same below.
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W ZAE£20% 2 N, AT DLiZ 2 A 5C 5 FE fE A 55
HH AR I8 37 A A S RS L B R . (]
AR fT 4k A 5 V08 VD R B R BEE 1A RH 2 T RE SR A B
JIT i FH T 852 BORE A HE R P R AR 1 0 8 ST 4 56 5 R
SRR, RIAE S X AR G T R AT — 8 5 o

FEE 1 AT, TEAEYT R BB B
BIRERE R, ORI G AR 22 K,

Wi: 25130 14 K 16 YR H i b Sl SR A4 EU =ik
PR, B 11 RS H AU A B R R e, O
N PIASAME 5 SEIE AR 22K, B 22 3 7E£20% 2 4F
FHJER TR 1% LIKRIE R Ak e v i 2, M
BOJEVD IR B &L 8% 2R POVE B, M AE G T FE R 5 e
PEVPRIRL IR, MG R T HROKIRZE, T LI 2 18 R
ZARNR ZEE B R, EERED R ERE
KABRE, E5 13 W5 4 Je v A 1w 22 A4
—17.23%, F5FIHAH 5 7 FE 7 57 10 B0 2 U HDL(E i 22
(—62.82%) FEEMRIME I Z (79.05%) K HK; LAk,
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R AMRIG , FLEURE DA I R Z ok, AT AEfE
o B A A Hp 8 4y SE A S B RE A Z R .
3.2 HE#HITETIBREER. WEUHRMELNER

T S VA R AS S WAL R B A SR R G
UESRH 2010 4F 5 RBUKRESE (g 1 9 13~16 S HX}
Mg 17 5 MEdE. HSH ek

RAZ BN 200 mm, B FRIE& ARG, HmE -+
WY E YRS, MmN EERESR AN
Je HIEA N BRI 0.27%%, Vi i ATl By 398 Ak
SEIE, HAE N 2.

R T FErR NIB R 136 ] Green-Ampt NS 7 PG ELRE
BTG NBIE R, X B CARES NBECR, nTRH
B M KEMBEREEIM TSR SR LS

ZH K IRAWASE N K=KnD, K, NSsilmf SKE, +
BEFLBRRE n=100%x(1— 375 8/ IR LU i 5)=47%, 1%
RELMEN 1.4 gom’s XTIRICI, BRSRCHT
JEH IR R — RPNV RN, T AR 2
WA YIROSRE, FEF R REAE R X R E B EmR
&, KA ) A @) . Ron TR
10 °C, T3EEdmEE. HIEESKEM S KR
RS, BUETRE (4) FREYIREZERIE SR S AE DU E
Rl Ay TSR 2B IE R, A LIR TR A %
FRASTEE RO ey a3 b 2 B fE LI AR, ©
SRR A (3) , pHAESZI N 8, IR+
WAL F RN . BESHRSHOTEENER 2 s,
ma (D =K 5 HHEALERNE 3 Frr.

R2 ERTEFHRABSSRIKRETESH
Table 2 Calculation parameters of dissolve pollutant concentration in VFS outflow

MR
- i i~ i 5
R4 ;ﬁr*gr):c Rapidly Con ) Coonnl FEseTiih s TBKE
Vegetative 0./% £ Available e e convlkg K Volume of Infiltration TC/%  clay/%
. matter/ (mg-L™) (mg-L™) 3 3
filter strip (mgkg™) phosphorus/ runoft/m water/m
£e (mg-kg™)
1# 24.67 12.30 5.995 12.049 0.485 8400 0.0537 0.48 1.62 1.755 20
2# 28.77 12.11 4.950 10.688 0.520 8400 0.0549 0.54 1.42 1.767 10
3#(10m) 38.30 16.41 11.921 11.406 0.570 8400 0.0480 0.6 2.48 2.122 40
3#(15m) 38.30 16.41 11.921 11.406 0.570 12600 0.0480 0.3 2.78 2.122 40
4t 42.29 15.22 11.907 7.048 0.406 10500 0.0537 0.2 2.32 2.220 40
S# 29.84 11.14 9.848 11.406 0.660 12600 0.0537 0.81 2.13 1.475 10

T 0, A LIRFIEHARG IR, Couny ANTRIBEMERITEIRE, C wwp ANTIBEREBETTEIREE, conv RS U AL AR T, K 95 Rz 1%

SR, TCHTIERE PSR,

clay HEIEZE PR LG 545 3mx15 m TCHEBE A SR, TR

Note: 6, is soil initial volumetric water content, C « y is inflow dissolve nitrogen concentration, C zy; p is inflow dissolve phosphorus concentration, conv is conversion
factor, K is thin layer transmission coefficient of pollutant, 7C is carbon content in soil layer, clay is clay ratio in soil layer. 5# is control strip without vegetative, size is 3

mx15 m, the same below.

R3 EHTEFHRABSR, BREREEESTNEIEE

Table 3 Simulated values and measured values of dissolve phosphorus and dissolve nitrogen concentration in outflow by VFS in contrast

R A A
i ass ki Dissolve nitrogen concentration in outflow Dissolve phosphorus concentration in outflow
Experimental e . SEME R A M 2 SEME M A 22
Vegetative filter strip . : . p
number Measured Simulated Simulated Measured Simulated Simulated
values/(mg-L™") values/(mg-L™) deviation/% values/(mg-L™") values/(mg-L™") deviation/%
13 1# 12.087 11.732 -2.94 0.420 0.454 8.10
14 2# 10.589 12.155 14.78 0.490 0.457 -6.81
5 3 11.760 9.944 -15.44 0.455 0.590 29.63
12.326 11.167 -9.40 0.400 0.484 21.08
16 4# 7.048 8.934 26.76 0.458 0.459 0.19
17 S# 11.134 11.984 7.63 0.705 0.797 13.03

MR 3 TR, VAERRASR WK AR 5 S
DEFRZZBN s 67% UL LREAS (17 i A5 T8 Jot IR LA 401 Ot
ZAEE20% LA 5 83% LA EAFAS A A8 25 SeU ik P AR AL
IR ZEAEL20% 2 N, 4 HHLFR 57 AR AR e A0 LH A At
JEAT XSRS R BRI RCR, AT ] S AR A e
RIBLH NS . (BAT AR BME IR Z 50K, T 2
TR AMRIE KRR, RIA SR EZBOR, WAERARR
AR AR SR W, ERCHE TR ROV S KRR, AT G
VIR T EESE: sk, B K 25
EBERFIFARNGE, W BIRPPIEHE SR BREE
B, & clay BRSO T E 1,
AR ZERAAGS, mAER BRET RS,

EERAE . BiHMIKERELE — R E.
4 £ ip

AIHETREZER AR e iR, fE
T =AY, HER RO R BRI
BORAG SRR, B 1 AR AR T A I DR A 4
BEAFACROR, JF S SCMME AT X LERIE . 75 2R AT
BRI TBRS R . BES R SRR 8 MRk
(P<0.05) , AP AR Ak S50 HE R iod dn e 0 KL A5
B LR, SScMEALE, o 86% L LA
WL BT IR LR 22 7E£20% 2 5 91% A _EAEAS Y
TTDRY, 25 B L B VA EE AU i 22 AE£20% 2 N o T LA Ui
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TG R RCR PR A -

PO IE T RGN ISR R R A, WA
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Assessment on retention efficiency of vegetativefilter stripsto nitrogen
and phosphorusin surface runoff based on hydrology and soil erosion
model

Deng Na*, Li Huaien®*
(1. College of Resources and Environment, Hunan Agricultural University, Changsha, 410128, China;
2. State Key Laboratory Base of Eco-hydraulic Engineering in Arid Area, Xi’an University of Technology, Xi’an, 710048, China)

Abstract: Vegetative filter strips can effectively reduce nitrogen and phosphorus load or concentration from agricultural land
to surface water. However, the efficiency of vegetative filter strips vary with soil, hydrology and vegetation condition in
different rainfall-runoff cases through long-term monitoring, so it is important to assess retention efficiency of vegetative filter
strips under single rainfall-runoff condition. Mathematical model is an important tool for the planning and design of vegetative
filter strips. Thus, an ease-to-use assessment model is presented to better assess nitrogen and phosphorus retention effect by
vegetative filter strips under single runoff condition in the northwest area of China with serious soil erosion. The simplified
model proposed involves 3 parts: coupling sub-model, linear correlation sub-model and mixing zone conceptual sub-model.
The coupling sub-model of the vegetative filter strips model (VFSMOD) and the modified universal soil loss equation
(MUSLE) is made to simulate purification effect of suspended solids (mainly means sediments), because sediment retention
efficiency is the combined effect of the sediments entrapped process and the soil erosion or sediments yield process in
vegetative filter strips itself. According to significant correlation with sediments and those particle pollutants on runoff, the
linear correlation method is used to calculate removal effect of particle nitrogen and particle phosphorus by vegetative filter
strips. Infiltration is regarded as the only mechanism to remove dissolved pollutants, namely vegetative filter strips reduce
dissolved nitrogen and phosphorus volume by diffusion and infiltration into soil. Therefore, based on mechanism research of
the interaction of dissolved pollutants in topsoil and surface runoff, and through simplifying pollutant transport in deep soil, the
mixing zone conceptual sub-model is utilized to assess the effect of vegetative filter strips on dissolved nitrogen and
phosphorus. Furthermore, the mass dynamic balance equilibrium within overland flow and soil mixing zone is considered
accordingly; in overland flow, mass balance includes diffusion, infiltration and soil losses, and in soil mixing zone, it is
regarded as uniform mixing and its change covers diffusion and infiltration from runoff, denitrification, leaching, soil losses
and adsorption etc. Among them, the coupling model can predict hydrology and suspended solids transport well by considering
runoff sluicing impact on sediments from vegetative filter strips in surface soil, and the results show that the relative deviations
between simulated and measured concentrations of suspended solids are within +20%, and the determination coefficients
between simulated and measured values is 0.98. The simplified particle nitrogen and phosphorus transport algorithm is
presented by the linear correlation method based on field plot experiment data, and the good prediction in runoff and sediments
also resulted in good prediction of particle nitrogen and phosphorus transport by vegetative filter strips, since adsorbed
nitrogen and phosphorus are the main components of nitrogen and phosphorus in the areas with serious soil erosion. Similarly,
the results also show that the relative deviations between simulated and measured concentrations of particle pollutants are
within +20%. It is obvious that a good prediction of dissolved nitrogen and phosphorus is obtained by the mixing zone
conceptual model, the input and output of the mass balance system of vegetative filter strips consider biological and chemical
processes of dissolved nitrogen and phosphorus in soil mixing zone, and furthermore the detailed analysis and proper
simplification for vegetative filter strips system are presented. The relative deviations are within +20% between simulated and
measured concentrations of dissolved nitrogen and phosphorus. Thus, the combined nitrogen or phosphorus modeling
approach successfully predicts runoff, sediment, nitrogen and phosphorus transport in the areas with serious soil erosion, which
provides the reference for controlling runoff and pollutants transport using vegetative filter strips.

Key words: soils; nitrogen; phosphorus; vegetative filter strips; retention efficiency; assessment
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