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Interception of Runoff, Sediment, Nitrogen and Phosphorus by Vegetative Filter Strips with Different Width in
a Simulated Experiment
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Abstract: Enormous uses of mineral fertilizers greatly increase crop yields, but may cause water pollutions. Vegetative filter strips (VFS),
which planted along streams or lakes to remove sediments and nutrients carried in runoff, have been regarded as one of the best management
practices in reducing non—point source pollution in many countries. Interception effectiveness of pollutants by VFS is largely dependent on
the width and type( grasses, shrubs, trees, or their mixtures) of VFS and pollutant forms(particle or soluble ). A simulated experiment was
conducted in this study to determine the interception effectiveness of runoff, sediment, nitrogen, and phosphorus by artificial grass—like VFS
with different widths(1 m, 2 m, and 3 m). The interception effectiveness of runoff and pollutants were greatly influenced by the width of VFS
under the same conditions(water flow rate and speed were 0.173 L+s™ and 0.7 m+s™, respectively ). The VFS with 1 m, 2 m, and 3 m width
respectively reduced the outflow of runoff by 32%, 51%, and 69%, and the outflow of sediment by 78%, 88%, and 92%. Correspondingly,
the outflow of total nitrogen was decreased by 65%, 75%, and 84%, and that of total phosphorus by 80%, 93%, and 95%, respectively. The
total outflow of sediment, nitrogen, and phosphorus was significantly positively correlated with the outflow of runoff (amount of sediment ;7=
0.69, r,=0.84, r;=0.63; amount of total nitrogen :r,;=0.98, r,=0.89, r;=0.95; amount of total phosphorus:r;=0.62, r,=0.47, r;=0.41, respective—
ly). The results indicate that grass VFS are very effective in reducing runoff, sediment, nitrogen, and phosphorus and controlling agricultural
non—point source pollution.
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Table 1 Runoff amounts(L) in three vegetative filter strips at different time

FE A 3 ey Se %5 1 min 5 5 min 5 10 min %5 15 min 5 20 min 5 25 min %5 30 min

Width of VFS/m 1st minute Sth minute 10th minute 15th minute 20th minute 25th minute 30th minute
1 5.43+0.20aA 5.92+0.23aA 7.09+0.03aA 7.75+0.17aA 8.55+0.19aA 8.84+1.09aA 8.90+0.43aA
2 3.62+0.26bA 3.54+0.13bB 5.29+0.09bB 5.66+0.06bB 5.73+0.09bB 7.32+0.10bB 7.55+0.40bB
3 1.38+0.24cB 2.41+0.17cB 3.05+0.18¢C 3.23+0.07¢C 4.43+0.12¢C 4.03£0.18¢C 4.99+0.11cC

T : RSB AR NG FRFOR AR A BEAE 5% K225 B3 , A RRE THFORTE 1%KF 27 2% . TR

Note : Different lowercase letters and capital letters in the same column indicate significant differences between different widths at 5% and 1% probability

level , respectively. The same as below.
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Table 2 Sediment amounts(g) in outflow in three vegetative filter strips at different time

AT UE T T8 5 1 min 5 5 min %5 10 min %5 15 min %5 20 min %5 25 min %5 30 min

Width of VFS/m st minute 5th minute 10th minute 15th minute 20th minute 25th minute 30th minute
1 34.4+2.3aA 38.3£2.9aA 45.3+1.6aA 38.0+£3.2aA 47.7+2.4aA 52.1+1.2aA 58.6+2.8aA
2 16.4+2.7bAB 17.3+2.4bB 27.6+0.9bAB 29.5+2.3aAB 23.5+2.1bB 31.4+2.3bB 39.4£2.9bAB
3 9.9+2.1bB 15.3+1.6bB 13.3+2.3¢cB 15.4+2.0bB 17.8+1.4bB 19.4+1.9¢B 19.5+2.5¢B

2.3 BHTEHENR R B RREENRE

Sl SRR R R LT [ ) AR A ] 3 s . ]
Hh S 2 3 A BRI B 2R HE R B I I ) A K
AR AN 5 17 s S 0] 455 sF ] 4 72 1 S A b e e
IEASESCZR B 37 280 Bt i) A2 17 2 T8

Xof AN [ B[] Bt 42 378 37+ 0 e U A
AT, SR R, R R AR BR ) 22 5 8 2 (F=
115.09,P<0.01), B} 3 FfrAS [] 5 B %of S ZR0RE i) J 25

X AN RIS ) fg o 3 R e A T e, SR LR
3. AbFE 1 AL, 5S 1.5.10,20,30 min AR TEHER S
B4 73.0% .70.8% .65.1% .58.1% .56.3% ; AbFE 2 w1,
%5 1.5.10,20,30 min {8 AR50 81.9% |
82.8% 74.3% 71.8% .63.3% ; /b ¥ 3 1 45 1.5.10,
20.30 min [ 2 A PR 4 Bk 92.9% 87.8% .
84.8% .80.8% .76.1% ., 3 FlAbFR ) o S R2 AR Bl T ]
ARSI UL 3, K R, 3 R B MR R S
I ) AR PR 4 5 B S R E A DG R . B4 AT
PEAR RN 1.2 .3 m I, X R A PR A 3 T
65% .75% .84% . WULFIHI, TE—E 5500 T, B v
FRYIA TN , e 3t o o R A AR A AR I R
2.4 T ENRR P AR ENE

P 4 Sy U S e e R T s e B S ) g 7 A o
R EIPBon, S BETR E S E] 2 A OE R B
H I Tl v R o s [ (%) i T R T R AT, (R AR fEAS
Ko T E BB A AR T b, Ab 3 1 H
i Bt 25 V) ) S TN, L S e R 2R I
I ZR (r,=0.68 ) ; AL FH 2 FIALFE 3 A I A o
B[] (9 S AR AE . RISERE R 1 m B, Hi
Tl o R 0 A Ak 2 TR, FLYG e Y B R R
TN — @ RR B, e bt e () AR (L R AR G5 R
A8 o NP AN [ s ] B AR 3 3+ %)l 2 7 o A ) i )y 22
A3 0T BER BN NI A B 22 5 B 25 (F=157.76,P<0.01 ),
B 3 FlAS ] A 5 B o 52 M 8

XFAS R B[] fg K R i R T b A, A5 IR L3R
4, REFE 1 P55 1.5.10.20,30 min Y SRR 2640
14 90.9% .76.7% .83.6% . 73.7% .77.4% ; AL 3 2 w1,

0 1 m:y=-0.004x+10.35,r=0.68 , P<0.01
# 2 m.y=-0.003x+10.22,r=0.55,P<0.01
I £ 3m:y=-0.005x+10.17,r=0.84, P<0.01

10400

N

L

e Concentration of total
nitrogen/mg

001 m.y=1.18x+58.63,r=0.92, P<0.01
1207 2 m.y=1.412433.08,r=0.93 , P<0.01
100+ £ 3 m:y=0.95x+17.55,7=0.88, P<0.01

A4 Amount of total nitrogen/mg

Mool 1 1 '
0 5 10 15 20 25 30
t/min
S “0; O 1 m:y=—0.57x+71.51,r=—0.92, P<0.01
g # 2 m:y=—0.68x+83.77,r=-0.93, P<0.01
&% 100f
2 £ 3 m:y=-0.463+91.22,r=-0.88, P<0.01
= 13 .
%@ 90y OIS B g
g I L) e e A
= 1 - T Ly e
3 80?*“'“. -i L Sty A
Be . W Rt & o
® g 70?'*%35&..:; . L L o
2 i PR Ty = - - 1
2o TR, o it
= 50!
0 5 10 15 20 25 30
t/min

B3 3 MEEERTRETHEEARE SE8
MERREEREREEL
Figure 3 Changes of concentrations , amounts, and interception
percentages of total nitrogen in three vegetative

filter strips over time
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Table 3 Total nitrogen in outflow(mg) in three vegetative filter strips at different time
AL LI e %5 1 min 5 5 min 5 10 min %5 15 min 5 20 min 5 25 min %5 30 min
Width of VFS/m 1st minute 5th minute 10th minute 15th minute 20th minute 25th minute 30th minute
1 55.46+3.99aA 60.11+6.71aA 71.95+4.49aA 78.67+4.36aA 86.59+4.12aA 89.46+4.24aA 90.31+4.00aA
2 37.03+3.06bB 35.18+3.89bB 52.76+3.86bB 56.75+3.85bB 58.04+3.40bB 73.53+4.02bB 75.81£3.67bA
3 14.15+3.05¢C 24.69+3.28cB 30.91+3.02¢C 33.08+3.57¢C 39.24+8.33cC 40.80+3.32¢C 49.15+3.60cB
Q{Jﬁtrﬁﬁ?ﬁﬂ@ 4. A E'j\ljléi—\‘ i E/]‘u\ﬁf:‘[:—‘ékzlzﬁ 25 ‘-\' 1 m:y=-0.02x+1.17,r=-0.33, P=0.08
N e N — | 2 m:y=-0.002x+0.41,r=-0.20, P=0.30
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m 55 B9 B9 5L (Elymus dahuricus Turcz. ) 158 18 7 X b

TRV BRSSO EECR A 73% .21% |
33% ;75 [E 5 SF PR KB L 12 m FE I 5 55 (Festuca

arundinacea) 3L EM X F AR IR VD BOEEECE R
84% ;Lee E 5 KB ,16.3 m T A WAL B2 (Pan—
icum virgatum )IARASE A 32 AT X L R AR T h e v
Eﬁu&%@iﬂ@ﬁéﬁ%ﬂy 97% .94% 91% ., AWFFE K
bR TERE AN IR 1.2.3 m N, AU B 5k v
ﬂ?xﬂlom#%ﬁi/\”l K 32% 51% .69% , ST 1
LRSI R 78% | 88% 92% , %t AR 53 5
H 65% 75% 84% , *F B AR 5 R 80% |
93% .95%. ii'%%tﬁﬁﬁi B —EER A5 T
B SRR S R 2 AN K, HESLDRIAL X AT g
SR E T DI RE A RN EAF B R . 5t
ABLRR I AL, T RE 3 R f T Bl A A

t/min
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Figure 4 Changes of concentrations ,amounts, and interception
percentages of total phosphorus in outflow in three vegetative filter

strips over time

58 BE DR 3R LA X e i v R FH 5 ol gk 22 AU AR
P ZER SRR o AR EYE H 10°, B E A X
BBE, DRI okl i e TP AR S L SR s TR 5, DA



BN 4 R IR S BRI A X AL DR AR S £ R 727

&R 4 AEIRE 3 M3 EEHR SRR HREBE LR (ng)

Table 4 Total phosphorus in outflow(mg) in three vegetative filter strips at different times

FE R T v B % 1 min % 5 min %5 10 min % 15 min %5 20 min %5 25 min % 30 min
Width of VFS/m Ist minute 5th minute 10th minute 15th minute 20th minute 25th minute 30th minute
1 3.74+0.62aA 9.67+0.78aA 6.79+0.66aA 7.81+1.27aA 10.90+1.13aA 9.67+0.82aA 9.36+0.97aA
2 1.42+0.42bB 1.84+0.30bB 1.57+0.09bB 2.06+0.20bB 2.50+0.26bB 2.38+0.28bB 2.62+0.21bB
3 0.30+0.06cC 0.92+0.03¢cC 1.95+0.03cB 0.53+0.14cC 1.04+0.08¢B 0.85+0.10bB 0.89+0.01bB
x5 pRE GRVE BREURBBESHHEXES T
Table 5 Correlationship between runoff, sediment, total nitrogen and total phosphorus
I I 98 SN i e i =¥ i JSY7i3
Width of VFS/m Factors Runoff Amount of sediment  Amount of total nitrogen ~ Amount of total phosphorus
1 itk Runoff 1.00 - — -
Je?b i Amount of sediment 0.69%* 1.00 — —
& Amount of total nitrogen 0.98#* 0.72% 1.00 —
B Amount of total phosphorus 0.627%* 0.46%* 0.61%* 1.00
2 I Runoff 1.00 — — —
Je?b i Amount of sediment 0.847%* 1.00 — —
S & Amount of total nitrogen 0.897%* 0.75%% 1.00 —
B Amount of total phosphorus 0.47%* 0.53%* 0.49%* 1.00
3 FEE Runoff 1.00 — — —
JevbE Amount of sediment 0.63%%* 1.00 — —
S & Amount of total nitrogen 0.95%* 0.697%* 1.00 —
BB Amount of total phosphorus 0.41%* 0.37* 0.42% 1.00

TE* MR EE 5% B3 5% FIRREAE1 %K P 3 o ISR FHH roes=0.35 ,r00=0.45 ,n=30,

Note : * and ** indicate that correlation coefficients are significant at 5% and 1% probability level , respectively. n=30.

M FEA B =R A RN RS BT, o
Tl K35 A R e 8 e (B BE A DRI A8
W U TR BITE SR O
PE AR R 05 Yo RO T A o AR S5 AR
B VAT I S E R 1.2.3 m, X 5 T HP0R
Ff 0.5.1.1.5.2 m B vE B B IR, T/ N T 95 K
G R AED Lee SFFPSEH 12 m A1 16.3 m 1Y
PEREUEE o AT L, R A AR TS Y AR
AN FTRESE: T I8 AR S R ), AR 4 Rt 72
UL T IX L AN, ZEHOCIF S B A AT
T A HL_ 1A R A B AR AR VD Y S, BIA 4
ZEFF 25 T 00 R B P AR T AR VD AE Syt
ARG R P T ik 22 A AR ), B AU AR
LR ) 3T 0 EE 2 R 3 REL S AL BB
FH B R R S 00 50 1 P i DI B 4 bl 4 /s A
Bload AT ROBHA RN o IEAh , AR ST A 2 BRA B U
RV VD R A S B RE T i 8 T e A3
T AR R 3, R AR P R . Ho, 3 m TERY
R o Yy X AR I e v R R DA B Bl A 2 AR d
AT ik 86% .94% 92% .97% .,

XA ISR A P, 8 W AR
155, R 8 A7 A AR T AR U , A 1A
BT P AL BRI LR I T A B3, AT SE B
RARR IR RO . XPRID TS AR R ML
(B2 U REAE I ZEAT ) I AR 54T, T L o
FERARR AP R OR B R VD, RN AR R T
M REARARTXTIETD O BEAF RE T o AR B I X
AR O AR BEL S 3 S S AR R AR TR AR VD AE G , Bk
VAR BT T« (L) R R D8 B A 7E , AT LA 242
TR, IR ARAR i it MUK BE T, 2R
i — 7 OB A A BB B 5 (2) AR U TR AL
BN RS S BIGR 2 L rh, AT REAR 1423 %0 AT
WER W FRIZ BE

4 ZEig

AW FEE 2L PR , 2 I T AN L
R DY 3 8 X AR e v RV DL K BB i 2 A
RO AR ZEE . (1) M TS50 1.2.3 m i,
R FUAE A Ao S X AR I I 12 R o 1R 32% .51%
69% ; XTI VP A3 T8% (88% .92% 5 Xif A
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