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Effectiveness of switchgrass vegetative filter strip in intercepting pollutants and promoting plant biomass
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Abstract : The serious soil and water erosion in the Loess Plateau has caused non—point source pollution and shortage of water resources. In

this study, a series of simulated rainfall experiments with 6 rainfall intensities were conducted using the self—designed efficient agricultural
water filter system. The pollutant outputs under different rainfall intensities were measured. The purification efficiencies and biomass pro—
duction of the Switchgrass Vegetative Filter Strip( VFS) with different lengths were also evaluated. Results indicated that : 1)with increase

in rainfall intensity, the concentrations of sediments and total phosphorus(TP) in overland flow increased, while total nitrogen (TN ) concen—
trations decreased. COD decreased initially but increased thereafter; 2 )Both 3 m— and 5 m—-length VFS significantly reduced sediment and

TP concentrations, with no significant differences between these two lengths. The COD reduction happened only in the 5 m—-length VFS.

However, neither of these two lengths of VFS reduced TN concentrations; 3 )Yield and quality of switchgrass in the VFS were better than

those of field—grown switchgrass. In the VFS, switchgrass closer to the runoff entrance yielded higher biomass. The dry matter yield, protein

yield and starch yield of switchgrass were respectively 29%, 53%, and 23% higher in the VFS than in the fields. The present results indi-
cated that switchgrass in VFS utilized soil and water resources efficiently and would have promising applications in the Loess Plateau area.

Keywords: simulated rainfall experiment; switchgrass Vegetative Filter Strip (VFS ); purification effect; yield and quality promotion
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Figure 1 Diagram of experimental system

1.1.1 BN ES

N TSP W 3 2 R LSS B, i P I AL /55 8 m,
A o 9 A I AL Sk v A R LA RN Sk g ol R R
TR o ZEXRT SR FLAR R/ IN S B RRI SR B 22 [B) P O R
&, ANEEE VR AR RN RN 6.8.9.10,
11,12 mm, 7 X} 07 B9 e W 5 B 4351 R 0.8.,0.9..1.2.
1.9.2.1.2.3 mm-min™" [ 4LK FEAL 22 HE , B IR RN
T2 B0 T 6 W R R AT R, ORUERE R 5] B Ik
75% . R TAESE R IBORE 5 4520k, R I BF A
50~70 min 2 [i]

1.12 #£HES

LMARGIEK 6 m B8 1 m, PR 1SR RREE I
1. 5 A L FE R S B a1 A
MUT & 0.54% , &R & it 0.04% , &8 & i 0.14%.,
TR AT 3 d IR 1 AT - I s hi ke, B
I A= o BT it 78.12 g WhIR — A AN 195.32
g IRZE, Bl 667 m* F-1jita F 13.3 kg BERR — 204 Al
333 kg FRE . WIRIEM AT B R RERZMIE L,
e+ JERE Ny 20 em, 432 FE I IF 4R I HE 4 5 BEAE 1.30
grem” AT
1.1.3 Wi p I R 4

IR IE R 5 m 58 1 m, i TR R
BRI o RIS MR R Ah T 2013 4F 5 1, #E R
H 1.5 gem? RIS UATT, WIR B IR 20 23 em,
B THIFR M0 B2 25 9% o 4300~4400 - m™, 5
FERTF 80%,

1.2 Kt 55%

E T UK 2R G 1 A P L ARAMRL B R T K E
BEFE N, A PSP T I IETE RSE MR . B
WSS F 2013 4F 8—9 J [M]iEA T , % S B0 A UK 4 W 1]
B A ] — 2, DAORIE RIS 2R 40 N 48 5 K 2 LA
[ AR B uE A PR B NIRRT, 2 5 T A H
(Om) BEES AT 3m F15mAb, FEFIFLG, 7 H4b
FRIRARAE I, SR PR S A8 A6 25 W T 27— OBORE L 1
UCHURE 30 min J5 1755 RIURE, £5 BTIATHC 4 442
WFE . FERUGRR G , BOUK s E b i R 2 R
T BRAE T b g RIS 0, DADSEER T UG
B 52 o

RS it T B2 T e BORE > R A 70 2, 0 4
PR R &R B A (TN) S (TP fifk 5 A
(COD) . Yo il o R M T3 5 SV i I >R
FHME T B R R AR AL — 55 A e T s BB i
KRB B A8 A —HBR 2 43 O BE 112 COD SR AT 3E



316

RAIMERF 217 EIRRET L.

FEHACH 7 ] 4= 77 (1) DR2800 {8 #% 2 /K J5i 43 B 43 ik
FrsE

LD AT P 58 K 2014 AEAIAE IR
R T T HOAE , W15 P WA R A e o 114 A
RS o BUREAE b 180 8 7 10 /K Pl D8 37 2R 0 e 3 1L
ThGRVRNRLIB , 3 F o 2t Ity RS P L3 K P e
KRR . DA MIAS R ol R st 1) R - 345 F— 3K
49 0t AUV K S B R it L i MR R A ol R 1
FER P ASEATIRIG /N X, I HAEKAE AR T4
PRI I FE bR AL FE bR i = i AR AR (5 A
VERY S . AR R/INEE A 1 mx ] m, i IR
HEFT Ay B ORE , FE D BEE S5 A5 AF 7 INSEE I 10 A
T TR HET 0 BAR IR R 45 B 3 MR EE,
XoF A543 B ZE A P A 2R SR 5 i, HE L
B A AR R B TR RIE ) 5 it MR BB AP AR 2 1 T
R A TS R, YE A B R O H vk
Wl
1.3 HHESW

K FH SPSS18.0 X[ HE #4777 20 . B Ltk
FHAA 58T o SR Origin9.0 #4222

SR FH V5 Yy o 5k ) o PN A AR
PR A XA 5 Yo eSO e —T5 )

- 1201
_§ | y=19.1x"°
z 100F ., -
= I R*=0.98
3 -’
g 80+
S 5
Bl
EEE .
4 40+ -
£ .-
an | -~
> 20+ -
D |
- Ol 3
0 0.5 1.0 1.5 2.0 2.5
Fi 5% Rainfall intensity/mm+min™
- 705'
i | y=55.60"%
% 60f '
£ R=0s6
2 S0F . T .
g .
§ 4of
<9 1
s
S 30t
z |
e
o8 20F
Kt
® 10}
0 0.5 1.0 1.5 2.0 2.5

5% Rainfall intensity/mm *min™

2 AEFETE

JoHE R P F Dk AR, e WA A B Ity %o %95
QW RCR B . 15 e B W HIRR R (Y
HRITEN

( CI_CZ)

R=TXIOO%

KR TS YW T W B HIECR , %5 C, S A TS
P &g, g(mg) - L7 C, AN RN HURE W iR 4k (3.5
m) {5 e & i, g(mg) - L7

2 GRS

2.1 AEIFISR IR AT H 5 4 H 4 AE
TR AT ol 0 FARS I i g o2 3 e S AR b A 5
SRR AR B 1 R iR S AT Y ok
AT B RO o Y R SR NI, — 7 TR T ol i
BT b 2 R, O R IR T FORR,
[ F, W 4 T <l 40 RE 3% s I TR 2 AR A 2R 3™, A
SEMAR TR PR AT QMBI RE ST 5 o5 — il
SRR G, AR IR ) ] BE Tt
T3 B UL A YR V05 S B 5 A T T 4 o AR
TS g A A X AN ] R SR A R T e
kAU GORL E T 2 BT PO 2), iDL Y AR

H VD TR RE RN SR PG TG . SR A 0.8 mm-

- 257

- | — ;

£ 207 R=099 L

= | —

= |

= 1I5F )

5} | -

3 |

S 1ot «*

= |

|

1 ST

% |

5 |

0 0.5 1.0 1.5 2.0 2.5

Fi5% Rainfall intensity/mm *min™

L 30y

::::m | y=18.1x"7

< 25} L ]

E R*=0.76 -

g 20 .‘ - -

g | T '*- ¢

g 15. [

s |

g 10

|

&1 5f

a |

=} |

© 0

0 0.5 1.0 1.5 2.0 2.5
FF 3 Rainfall intensity/mm+min™
MPSEMEE

Figure 2 Concentrations of pollutants in overland runoff under different rainfall intensity



NI BRI S RO R B 317

min”™ H K 1.9 5] 2.3 mm-min™ J5 25 PRI
M 114 g- L7 IG5 103.1 g- L7, 1 8.1 /%,
5 B R 550 1 A0 PR AT S e A o A
(R=0.98,P<0.01), 5 2= 7 55 NI 36 19 2518 —
3 AR P ) E B B R SR R I R S
oo MR M 0.8 mm e min™ K F| 2.3 mm-min™ B,
B BB E R A 9.9 mg- L7 4 1.2 £k 3
21.9 mg- L™, FLFif R 5 38 10 %) 7 34 a AT LR G b T
e PR ECRIA (R?=0.99, P<0.01) 423 VR & Bl
TR SR B B I0A Ds/b i Y, 24 RT3 A 0.8 mm - min™
HERF] 2.3 mm-min™ B, F3HR A B 60.2
mg L7 (&5 46.0 mg L™, Jil /b 23.5% , 42 i BUA &
it T R 3 0 LU R K0 TE 2008/ (RP=0.86, P<
0.01), &Jirh COD & HEFfFR SR 34 ISR BLA e/ Ns
Wanp e, 4 M 0.8 mm e min™' 3K F] 2.1 mm-
min™, 2% H COD & E /> 28.7%, M 13.9 mg-L™,
55 R B B2 AR, ol N SR R R £y T X
iR (R*=0.76 , 5 Ty BRI AR5 2.3 I i 80H
A, YRR N 2.3 mmemin™ B, R 9 COD A
Wik E] 24.9 mg- L7,

i s Ry & I AR AR W T A
B, oW iR e i A I i 3 [
VEFI R &5 58, T i 39 fim i A28 3 o 2 il =2 38 A, DT
S A It s G e i o AR T AL S A
190 7 TG 2T, /AW (5 N N T s RS X VAR

i T B R SRR () X 0 . X5 H AT A —
SR, AN RIS YL AEAR I e B R SR AR Ak
FABAN] ARG U VD AR £ S Y B RN 5 X 3G i i
BN, SRR AT 45— BEM COD Frim
I T 558 114 18 0 T B/ , 5 (R ARSI IF Y 4 e
AHIEE o 75 YL DAEAR Tt v i 0 AR O B R i ) 28 A 5
YIRS HEAT ¢, VRV RSB E AR I LUK 25 1
Az, EAEF COD FEAE I H ) 3222 DAV A A 1)
T iz o I 1 A 9 AR ol B R e ) B4 i A T 5
P I SO 25 () 008 D ARl e o I 8 114 284 T
HIN o VAR AR ) SO AR T R S BRI T 7 B R R 1)
HEOMEAT — 2 MFE RN, AT G AR I Hh S &
COD [Py H 75 et W I 50 A3 I s/ e 24 W a8 R 2.3
mm-min' 5, Z2 0 H COD & & W3S Il 58 54 M5
FE SR W A A G B A AL 2 4 T
Felaerb, PR AARAE T S A ST A g I 2 20221 TR I A 52
K 0F T, UM sk F] 2.3 mmemin™ B}, & 4 H A R
R FEORW R A N2 COD &= ry3g .,
22 ARKE#EFETESERPARTLMES
BRA LI

FE A VAT T A Rt i s Je BE g, 98/ M2 I
T, AR TR b RE Ty, B e v A TR , AT I
FL PEFAER IRV RS X I8 SO A
FRAIERE b, 408 TS R BRI R AR A 8t X5
YRR AR LR 1 R 1 B MR

P8 T A I £ R U D L BN BRI COD Y A

® 1 TREEERITRFIERARRRPSEYSE

Table 1 Concentrations of pollutants in runoff water after passing through different widths of VFS

B P REB U AR P TV S i 42 3 m R

SERL gy o 3% Rainfall intensities/mm min”
Pollutant content VFS width/m 0.8 0.9 12 1.9 2.1 23

P Er 0 11.4+1.6a 15.8+2.6a 32.4+6.2a 55.4%5.2a 86.124.0a 103.1£21.7a
Sediment concentration/g- L™ 3 1.6+0.1b 2.4+0.4b 1.9+0.5b 2.5+0.5b 2.2+0.4b 6.2+2.8b
5 0.720.1c 0.5+0b 0.820.1b 0.620.1b 0.520.1b 1.4+0.2b
S 0 9.9+0.7a 11.1£1.2a 12.6+1.6a 19.9+4.8a 20.7+1.2a 21.9+3.5a
TP concentration/mg-1.™ 3 2.420.3b 2.020.3b 2.020.6b 3.9+1.9b 4.8+1.7h 5.0+1.1b
5 1.120.2b 1.3£0.2b 0.920.1b 1.6:0.4b 1.4+0.4b 1.420.3b
SRR 0 60.2+1.6a 57.0+0.8a 50.0+1.8a 50.8+3.7a 45.5+0.3a 46.0+2.3a
TN concentration/mg- L™ 3 59.8+1.3a 55.8+0.5a 48.0+0.9a 45.8+1.9a 45.0+0.2a 42.6+2.8a
5 59.4+1.5a 54.2+1.2a 44.920.4a 44.9+2 8a 44.620.1b 39.745.5a
COD #r &t 0 19.5+0.7a 17.3+0.3a 18.5+0.5a 16.0+0.4a 13.9+0.5a 24.9+0.5a
COD concentration/mg+ L™ 3 19.8+0.6a 8.4=1.1b 17.1:0.4a 14.9+0.3a 12.1:0.2b 19.9+0.2h
5 13.5£0.4b 7.6+0.9b 15.7£0.4b 13.0£0.3b 11.1x0.3b 13.7+0.2¢

T FAE R RSV G A R FBERR 59K 35 22 5

Note: Different letters within a column for a pollutant indicate significant differences at 5% level.
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Table 2 Yield of switchgrass under two growing conditions

Ry = T8 & Dry matter EOR G E TN B AR ViV ey JEM i Starch yield/
Growing method yield/kg-hm™ Protein content/% Starch content/% Protein yield/kg-hm™ kg hm?
SRR 16 500+1118a 12.9+0.5a 13.3+0.3a 21285 2 194.5

K IR 12 750+206b 10.9+£0.4b 14+1.4a 1 389.75 1785

T : RSB AR 7 BRIR 5%KF- 225 B3

Note: Different letters within a column indicate significant differences at 5% level.
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