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Abstract

This study focused on the selection of appropriate plant species of VFS (vegetative fiter strips) and the
assessment of VFS effects for reducing NPS (non-point source) pollution from uplands. The experimental
field was constructed with 1 control and 6 treated plots in the upland area of 1,500m’ with 5% slope which
is located in Gunwi-gun, Gyeongbuk province. Six vegetation including Chufa, Common crabgrass, Barnyard
grass, Turf grass, Tall fescue, Kenturky bluegrass, were applied to install VFS systems during the study
period from June 2011 to Dec. 2012. The results of this study showed that 6.1 ~77.8% in runoff and 15.6~90.3%
in TS, 499~96.6% in T-P, and 6.7~91.1% in T-N were reduced from the VFS treated plots. Generally high
reduction effects were observed from TS, T-P, T-N, and SS, while BOD, TOC, and NOs; showed low reductions.
The best vegetation type was Turf grass showing higher reduction effects of NPS pollutions and having relatively
easler maintenance efforts compared to other vegetations selected in this study. Based on these results, VES
technique found to be an effective management practice for reducing agricultural NPS pollutions in Korean
upland conditions. Further study needs to be performed through various field experiments with long term
monitoring in order to develop a design manual of VFS system for practical applications.

keywords : VFS vegetation, NPS pollution, uplands, field experiment, water quality
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Table 1. Selected Vegetations for VFS Constructions
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Experiment period

June 2011 ~ Nov. 2012

Vegetation type

= Gramineae: Kenturky bluegrass, Tall fescue, Turf grass (perennial plant)
= Cyperaceae: Chupa (annual plant)
= Gramineae: Barnyard grass, Common crabgrass (annual plant)

Vegetation view
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Fig. 2. Flume Design (a) and Rating Curve (b)
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Table 2. Growth Characteristics of the VFS Vegetations

Vegetation type Chupa Bagrl% Zird (ggtr)ngnrfsns Turf grass Tall fescue Eﬁggﬁg
Plant length(cm) 22 48.3 17.8 13.7 12 14
Stem diameter(mm) 3.86 11.1 x 4.08 2.9 12.8 2.01 0.99 x 1.99
Tiller number 5~9 6~9 3~10 7~10 10~20 10~20
FATE F5109% 20144 10H 977
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Table 3. Mowing Frequency of VFS Vegetations
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Experiment period

June 2011~ Oct. 2011

] Barnyard Common Kenturky
Vegetation type Chupa T e Turf grass Tall fescue [ T——
Mowing frequency 3 4 5 3 3 3
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Table 4. Rainfall-runoff Relationship (2011)

Date Type Rﬁi;rfél)n Plot no. Runoff (m®) | Depth (mm) | Runoff ratio Pizg[helc(%n
1 — — — —
o 2 7.096 147.8 0.800 -
Sept. 8 Artificial 184.8
3 8.500 177.1 0.958 -
4 6.341 132.1 0.715 -
1 0.581 12.11 0.158 -
o 2 0.781 16.27 0.212 -34.2
Oct. 3 Artificial 76.8
3 0.543 11.32 0.147 7.0
4 0.002 11.16 0.145 8.2
1 1.877 39.10 0.401 -
2 2117 44.10 0.453 -13.2
Oct. 22 Natural 97.4
3 1.666 34.71 0.356 11.2
4 1.312 27.32 0.281 29.9
Table 5. Rainfall-runoff Relationship (2012)
Date Type R(arirrllé?)ll Plot no. Runoff (m®) | Depth (mm) | Runoff ratio %Z%gi%))n
1 0.955 19.886 0.163 -
o 3 0.901 18.77 0.153 6.1
May 12 Artificial 122.3
5 0.378 7.89 0.065 60.1
6 0.875 18.222 0.149 8.6
1 1.096 22.840 0.323 -
o 3 0.909 18.931 0.268 17.0
May 26 Artificial 70.7
5 0.556 11.584 0.164 49.2
6 0.799 16.644 0.234 27.2
1 1.255 26.145 0.686 -
o 3 0.504 10511 0.276 59.8
June 2 Artificial 38.1
5 0.279 5.804 0.152 77.8
6 0.295 6.139 0.161 76.5
U A xHY SV FEAolo = Fite] HlalA B A 90.3%, T-P= 75.7~87.8%, T-N& 71.4~91.1%% Z1
7] W Row e 2% F 7P% 2 deson], A RRaesE TS
= —_~ O, _Pl= —~ O, _ NS —~ 0,
3.4 ZAC] HH QAR ED HA = 62.0~89.0%, T-P+= 79.1~84.5%, T-N+< 61.9~87.9%
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Table 6. Pollutant Loads and Reduction Ratio (2011)

Ttem TS* TP T-N** SO
PlOtTrlalnol23Mean123Mean123Mean1123Mean
Control [3,140| 4,458 | 6,884 5.873|11.04|9.594 2.958(1.0010.933 2,800 (5,750 | 4,842
Chupa [ 2,6503,754 | 4,991 2.942|4.361|3.377 0.54110.934|0.623 1,764 4,020 | 2,665
Bi;ﬁ{e’ird 1,243|2,407 2,258 2.056 | 3.456 | 3.070 0.355|0.476 | 0.340 1,014 2,743 (1,399
Pollutant C
loads borans | 1L647| 1,783 1,983 1.991 | 2.848 | 2.792 0.385|0.375 | 0.245 1,045(1,193( 1,272
( /L) crabgrass
e Turf grass| 377 | 749 | 668 0717|1512 |2.331 0.26310.2730.267 677 | 444 | 740
Tall fescue| 688 |1,030|1,163 1.1162.904{ 2.629 0.417]0.5250.340 407 | 1451 | 778
gigtgﬁreg 345 1,694 (1,377 0.91012.307 | 1.650 0.358(0.3810.273 268 | 1277 | 812
Chupa | 156 | 158 | 275 | 196 | 499 | 605 | 64.8 | 584 | 81.7 | 6.7 | 33.3 | 40.6 | 39.0 | 30.1 | 45.0 | 38.0
Barffilnyeatrd 60.4 | 46.0 | 672|579 | 65.0 | 687 | 680 | 67.2 | 88.0 | 52.4 | 636 | 680 | 649 | 522 | 71.1 | 62.7
Reduction
rate ggg;ngggs 7941599 | 71.2 | 70.2 | 66.1 | 742 | 709 | 70.4 | 87.0 | 625 | 73.7 | 744 | 638 | 79.3 | 73.7 | 723
0
G0 |t grass| 880 | 832 90.3 | 87.2 | 87.8 | 86.3 | 75.7 | 834 | 91.1 | 72.7 | 71.4 | 784 | 766 | 92.3 | 84.7 | 845
Tall fescue| 78.1 | 769 | 83.1 | 79.4 | 81.0 | 73.7 | 726 | 75.8 | 85.9 | 476 | 636 | 65.7 | 859 | 74.8 | 839 | 815
Kenturky
bluegrase | 800 | 620 | 800 | 77.0 | 845 | 79.1 | 828 | 821 | 87.9 | 619 | 708 | 735 | 907 | 7.8 | 832 | 839
Ttem BOD' cop” NO;- TOC™
PIOtTnalnol23Mean123Mean123Mean1123Mean
Control | 3.30 | 201 | 2.09 16.42[18.18{19.58 175 [ 2.00 | 152 433580 | 050
Chupa | 3.30 | 146 | 1.44 14.73]1752|13.76 135 | 1.70 | 1.45 402|532 | 044
Bi;fillﬁrd 1.89 [ 129 | 1.97 8.05 | 11.61[10.44 143 [ 129 | 1.14 424 | 476 | 0.01
Pollutant C
loads Crg&?;’;s 329 1195|199 4781974 |11.16 174 | 167 | 1.15 413 | 4821 023
(mg/L)
& Turf grass| 3.13 | 1.83 | 1.94 623 | 579 | 651 116 | 1.18 | 1.15 268 | 348 | 0.01
Tall fescue| 3.20 | 1.76 | 1.44 549 | 791 | 7.03 172 [ 1.88 | 1.33 390 | 421 | 0.01
gﬁggﬁz 248 1159 | 1.59 372 | 867 | 647 142 [ 163 ] 1.21 3.10 | 451 | 0.24
Chupa | 0.0 | 276|310 195|103 | 36 | 297 | 145|231 151 | 47 | 143 | 72 | 83 | 129 95
Bi;ﬁﬁrd 4271360 | 55 | 281509 | 36.1 | 467 | 446 | 185|355 | 248 | 263 | 2.1 | 180 | 976 | 39.2
Reduction
cate CEQ{DZT;;S 03 | 29 | 47 | 26 | 709|464 | 430|534 | 06 | 166 | 243 [ 138 | 47 | 170 | 540 | 252
[9)
SO P grass| 52 | 65 | 7.3 | 63 | 62.0 | 681 | 667 | 656 | 335|409 | 242 | 329 | 381 | 40.0 | 97.2 | 584
Tall fescue| 3.1 | 125|310 | 155 [ 666 | 565 | 64.1 [ 624 | 1.4 | 60 | 127 | 6.7 [ 100 | 274 | 976 | 450
{fﬁg&g@s 250 | 21.0 | 241|234 | 773 | 523 | 67.0 | 655 | 186 | 185 | 202 | 19.1 | 283 | 22.2 | 5255 | 343

“TS: Total solids, “T-P: Total phosphorus, ““T-N: Total nitrogen, ™
"BOD: Biochemical oxygen demand, " COD: Chemical oxygen demand, " TOC: Total organic carbon.
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SS: Suspended solids.




Table 7. Pollutant Loads and Reduction Ratio (2012)

sk

Item TS T-P* T-N™* SS™
Plot it 512 | 526 | 6.2 |Mean| 512 | 526 | 6.2 |Mean| 512 | 526 | 6.2 |Mean| 512 | 526 | 6.2 |Mean
Control | 446 |1,783|1,185 3.160 | 2.323|3.002 12.01| 4.16 [9.546 97 11,353| 610
Turf grass 1| 257 | 291 | 257 2.265|1.54010.421 5.65 | 3.67 [4.873 8 | 72 | 10
Pollutant | Turf grass 2| 350 | 306 | 241 3.26010.614|0.655 13.56| 3.40 |7.496 17 | 51 | 19
loads |y grass 3| 184 | 184 | 214 1.075]1.3560.101 1.96 | 2.94 |2.500 2 4 5
(mg/L)
Kenturky
bluegrass 1 185 | 187 | 217 0.51210.6980.104 1.11 | 2.27 | 2.688 0101 ] 10
Kenturky =
Pluegrass 2 197 | 200 | 220 0.78610.42410.117 1.92 | 2.08 | 2.683 3 21 5
Turf grass 1| 424 | 83.7 | 783 | 681 | 284 | 33.7 | 86.0 | 494 | 53.0 | 11.8 | 49.0 | 379 | 91.8 | 94.7 | 984 | 95.0
| Turf grass 2| 215 | 828 | 79.7 | 61.3 | 0.0 | 736 | 782 | 506 | 0.0 | 183 | 215|133 | 825|96.2 | 969 | 91.9
Reduction
rate Turf grass 3| 587 | 89.7 | 819 | 76.8 | 66.0 | 41.6 | 966 | 68.1 | 83.7 | 29.3 | 73.8 | 62.3 [ 979 | 99.7 | 99.2 | 989
(%) Kenturky
bluegrass 1 585|895 | 817|766 | 838|700 | 965|834 |90.8 | 454 | 71.8 | 69.3 | 99.9 |100.0| 98.4 | 99.4
Kenturk‘y 558 | 838 | 81.4 | 75.3 | 846 | 81.7 | 96.1 | 87.5 | 84.0 | 50.0 | 71.8 | 68.6 | 96.9 | 984 | 99.2 | 98.2
bluegrass 2
Item BOD' cop" NO;- Toc™
Plot Date | 5191526 | 62 [Mean| 512 | 526 | 62 [Mean| 512 | 526 | 62 [Mean|5.12 | 526 | 62 [Mean
Control | 1.49 | 1.85 | 4.89 12.8 [27.24|18.24 42.32116.52(22.00 172|134 ] 193
Turf grass 1| 0.13 | 0.00 | 2.26 948 | 814 | 3.72 25.03114.75| 8,52 168 | 180 | 11.3
Pollutant Turf grass 2| 0.31 | 1.79 | 4.03 12.38| 462 | 562 51.32110.88|12.65 1621104 | 11.8
(loa‘/ii) Turf grass 3| 247 | 364 | 2.33 502 | 654 | 3.04 6.46 |11.58| 7.14 24| 149 | 146
mg
Kenturky _ -
bluegrass 1 1.30 | 1.93 | 3.66 362|394 | 476 4931912 | 653 135 11.0 | 146
Kenturky - - N
Pluegrass 2 216|248 | 212 5.78 | 3.20 | 3.50 5.18 | 8.83 | 6.59 2451954 | 10.2
Turf grass 1| 91.3 [100.0| 53.8 | 81.7 | 259 | 70.1 | 796 | 585 | 409 | 10.7 | 61.3 | 376 | 2.3 |-34.3| 415 | 32
Turf grass 2| 79.2 | 3.2 | 176 | 333 | 3.3 | 8.0 | 796 | 553 |-21.3| 341 | 425 | 184 | 58 | 224 | 389 | 224
Reduction
rate Turf grass 3|-65.8|-96.8| 51.3 |-37.1| 60.8 | 76.0 | 796 | 72.1 | 84.7 | 299 | 675 | 60.7 |-30.2| -11.2| 24.4 | -5.7
(%)
Kenturky 128 | 43| 252|112 | 71.7 | 85 [ 796 | 789 | 884 | 448 | 703 | 67.8 | 215|179 | 244 | 21.3
Pluegrass 1 . . ) . . ) i . . . ) . . . . .
Kentur‘lfy -4501-34.1] 56.6 | 75| 54.8 | 883 | 79.6 | 742 | 87.8 | 46,5 | 70.0 | 68.1 |-42.4| 288 | 47.2 | 11.2
bluegrass 2
“TS: Total solids, “T-P: Total phosphorus, ““T-N: Total nitrogen, ~SS: Suspended solids.
"BOD: Biochemical oxygen demand, " COD: Chemical oxygen demand, "TOC: Total organic carbon.
FATE F5109% 20144 10H 981
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