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This study was carried out to investigate the effect of vegetative buffer to reduce runoff and soil and
nutrient loss at highland agricultural area. The soil of experimental field was classified as Ungyo series
(Fine, Humic Hapludults). An area of each field with lysimeter was 50m2(width 2.5m X length 20m) and
was a gradient of 17%. Chinese cabbage (Brassica campestris 1..) was cultivated by general management in
each field. For establishing vegetative buffer, rye (Secalecereale L.), tall fescue (Festucaarundinacea Schreb)
and orchard grass (Dactylis glomerata L..) were planted at the edge of field. Rye buffers were 1m, 2m and
4m wide. Both orchard grass and tall fescue buffers were 2m wide. Vegetative buffers were set up in
September 2005 and chinese cabbage was planted in June 2006. Soil loss, runoff and nutrient loss were
measured from June to August in 2006. Since the precipitation amount was heavy in July, amounts of
runoff, soil erosion and nutrient loss were the highest in July during this study period. In comparison with
control, vegetative buffers of rye 2m, orchard grass 2m and tall fescue 2m reduced runoff by 3%, 1% and
2%, respectively. In comparison among width of rye buffer, rye 1m, rye 2m, and rye 4m reduced by 1%,
4% and 13%, respectively. Vegetative buffers of rye 2m, orchard grass 2m and tall fescue 2m showed the
reducing of soil loss by 59%, 46% and 28%, respectively. In comparison among width of rye buffer, the
highest reducing effect of 88% was observed in 4m treatment. Additionally, vegetative buffer reduced N, P
and K losses in runoff and eroded soil which were 10 to 54%, 7 to 24% and 11 to 21%, respectively. In
different widths, wider vegetative buffer showed lower loss of N, P and K in runoff and eroded soil. As a
result of this study, the vegetative buffer of rye was most effective for reducing runoff and soil loss in
comparisons with other plants. In addition, wider range of buffers recommended for reducing runoff and
soil loss, if possible.
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Introduction

Every year, soil erosion which was generated from an
upland field due to intensive precipitation and typhoon in
the rainy season from June to September was one of very
serious concerns at the highland agriculture area.
Especially, alpine land is vulnerable to be eroded soil by
steep slope and heavy tillage. Soil erosion by water, wind
and tillage affects with both agriculture practices and the
natural environment. Soil loss and its associated impacts

are one of the most important environmental problems at
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highland agriculture area. Precipitation may also move
soil indirectly, by means of runoff with forming rills
(small channels) or gullies (larger channels, too big to be
removed by tillage). With this soil erosion, nutrient
materials such as nitrate and phosphorous could cause
water quality problems in excess of eutrophication.(T.M.
Church ez al., 2005).

To reduce soil erosion, several conservation practices
has been studied such as no-tillage, vegetative buffers and
so on. Vegetative buffer is one of conservation practices
available, which have the potential to reduce agricultural
non-point source pollution (Zeyuan 2003). Conservation
buffers are effective on reducing sediment and nutrient
loss in runoff (Daniels and Gilliam, 1996; Abu-Zreig et
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al., 2003).

A vegetative buffer (also referred to grass hedges) is a
kind of conservation buffers. Vegetative buffers are
narrow strips of stiff stemmed tall grass planted for
controlling soil erosion (Humberto et al., 2004a).
Vegetative buffer may be an economical and ecological
alternative to expensive terraces to control erosion.
(Humberto et al., 2004a). Vegetative buffer may have
reduced performance on erosion reduction in season
when runoff and soil losses are generally high and buffers
are dormant (Tischler ef al., 1994; Ghidey and Alberts,
1998). Vegetation buffers along contour lines present an
appropriate sustainable farming practice, since they slow
down runoff, build up back water, retain sediment and
organic debris and still allow drainage of excess water
due to their semi-permeable nature (Kiepe, 1995).
Consequently, they improve water availability both up
and downstream from the buffer. Sediment trapping
efficiency seems to be inversely related to flow velocity
(Griffioen, 1999; Jinetal., 2000). By reducing the velocity
of overland flow, sedimentation takes place. When using
local available species in the buffer, such a system is a
protection measure that is cheap and easy to install
(Spaanetal., 2005).

Objectives of this study were to determine effectiveness
of vegetative buffers in reducing runoff, soil and nutrient
loss according to width and kinds of vegetative buffers.

Materials and methods

Rye(Secalecereale L.) is a cover crop of good character
to cold resistance (Kim et al., 2006). The majority of
pastures in Korea contain tall fescue (Festuca
arundinacea Schreb) and orchard grass (Dactylis
glomerata L.) (Yanget et al., 1985). These are cool-
season perennial grasses and have a good character to
cold resistance (Rimet et al., 2003). It was considered that

Table 1. Physical and chemical properties of soil before experiment.

not only they were useful protecting soil erosion for
winter but also they were helpful reducing soil loss for
summer. For above reasons, rye, tall fescue and orchard
grass were used as vegetative buffer in this study. To
establish vegetative buffer zone, rye (Secale cereale L.),
tall fescue(Festuca arundinacea Schreb), and orchard
grass (Dactylis glomerata L.) were sowed at the edge of
field on September 2005. Zone of rye buffers was
designed with Im, 2m and 4m wide, respectively. Zone
of tall fescue and orchard grass was 2m wide. The
experimental field, which was a gradient of 17% , was
located in Pyeongchang(E 128°44 12", N 37°40 " 25
") in Korea, and have prepared as no-end lysimeter,
described Fig. 1, which has 50m’(width 2.5m x length
20m) in each treatment.

The soil of experimental field was classified as Ungyo
series (Fine, Humic Hapludults) and their physical and
chemical properties with treatments are presented at
Table 1.

The vegetative buffers with rye, orchard grass and tall
fescue were set up in September 2005 and sowed seeds
as the same amount as 200 kg ha''.

Chinese cabbage, transplanted on 22" June 2006, was
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Fig. 1.0utline of experimental treatment was installed in slope
land.

Soil Ex. Cations

Treatments sand silt clay H T-N oM Av.P:0s
Texture Ca Mg
% 1:5 % gkg' mgkg' = - 1S A N —
Control 50.8 282 21 L 5.8 0.5 23.1 227 0.49 34 04
Rye 1m 594 21.6 19 SL 6.0 0.5 19.0 298 0.59 39 1.0
Rye 2m 619 19.1 19 SL 5.3 04 17.7 272 0.59 4.5 0.7
Rye 4m 56.7 243 19 SL 52 0.5 19.0 249 0.58 3.8 0.7
Orchard gr.T 524 24.6 23 SCL 6.1 0.5 19.7 213 0.77 42 0.2
Tall fescue * 543 24.7 21 SCL 5.8 04 21.8 210 0.62 3.8 0.3

" Orchard grass 2m, ¥ Tall fescue 2m
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cultivated with 60cm X 40cm planting distance. The total
amount of fertilizers (286 kg N ha™, 348 kg P ha' and
1,040 kg K ha) was applied. Same amount of fertilizer
was applied in all experimental plots. The basal fertilizer
(100.1 kg N ha”, 348 kg P ha" and 572kg K ha') was
applied 19th June. Topdressing (185.9 kg N ha' and 468
kg K ha™) was applied on July, 12" 2006.

Eroded soil and nutrient loss in runoff were measured
from May to August in 2006. Analysis of nutrients
ingredients in soil and runoff were carried out after
precipitation. The analytical methods for nutrients in soil
were as follows: Soil texture analysis by hydrometer
method, soil pH (Soil : Distilled water = 1:5), T-N (Total
Nitrogen) was used by vario Max CN analysis tool
(Elementar Analysensystem Gmbh, Germany), organic
matter was analyzed by Walkley-Black method, available
phosphate was analyzed by Lancaster method, and
exchangeable cations extraction by 1N-CHsCOONH4(pH
7.0). Extracted cations were analyzed using the ICP
(Inductively Coupled Plasma, Optima 2100 DV of
PerkinElmer, USA.).

The analytical methods for nutrients in water were as
follows; total nitrogen was analyzed by UV
spectrophotometer method, total phosphate was
measured by ascorbic acid reduction method and

potassium cation was analyzed by ICP(Inductively
Coupled Plasma, Optima 2100 DV of PerkinElmer,
USA.). A least significant difference (LSD test) was
carried by using SAS 9.0.

Results and discussion

During experiment period, total amounts of
precipitation were 1,097mm. Monthly precipitation of
June, July and August had been recorded by 35, 958.5
and 103.5 mm, respectively.

In summer, intensive precipitation was occurred in
pyeongchang area from July to August, especially. A
linear relationship shows between the runoft loading and
precipitation amount (Cho and Han, 2001). Total
amounts of water runoff presented Table 2. Table 2
shows that runoff was reduced by 2% in orchard plot, 2%
in tall fescue plot, 1% in rye 1m plot, 4% rye 2m plot and
13% rye 4m plot with respect to the control plot without
vegetative buffer during the experimental period.

The effect of rye 2m in reducing runoff was similar to
that of orchard grass 2m and tall fescue 2m. But in
comparison among rye buffers, effect of rye 4m in
reducing runoff was higher than that of rye 1m and rye
2m (Table 2). Although effect of vegetative buffers on
reducing run off was not great differences, it was

Table 2. Total amounts of water runoff with vegetative treatments and differences of vegetative width during the experiment period.

Treatment Runoff Index Treatment Runoff Index
MT ha' MT ha'

Control 3967 100 Control 3967 100

Rye 2m 3837 97 Rye Im 3961 99

Orchard grass 2m 3913 99 Rye 2m 3837 97

Tall fescue 2m 3891 98 Rye 4m 3483 87

LSDq.s) 5 5

250=D D
:

mConrol  @Ryelm  ORyem

ORyedm  OPrecipitation

Runoff(mm)
Precipitation(mm)

16th Jul.
DAY

Fig. 2.Periodic changes of runoff occurred during the
experiment period in Rye vegetative buffer.
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Fig. 3.Periodic changes of runoff occurred during the
experiment period according to the kinds of vegetation.
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considered that runoff through vegetative buffers ran
down.

Thus, Fig. 2 shows that there was no great difference
among the width of rye buffer in periodic changes of
runoff. The result to reduce runoff of vegetative buffers
was similar to control as Fig. 2 and Fig. 3.

According to Van et al. (1996), grass strips are effective
on filtering sediment from surface runoff as long as
concentrated flow is absent. Therefore, under condition
occurred intensive runoff, it was thought that effective of
vegetative buffer in reducing runoff is less. However,
there are many reports about effect of conservation
buffers in reducing runoff. Surface runoffs, which can
cause soil erosion and sediment transport, mainly have
been occurred when the precipitation exceeded the
infiltration capacity of the soil. Muscutt(1993) also
reported that runoff usually occurs during heavy rain in
case of rising soil water contents over saturation. The
vegetated zones play an important role in minimizing the
soil erosion from arable land, mainly by increasing
nutrients and sediment deposition prior to their export to
the water bodies (Dillaha et al., 1989). Under no-till
conditions, the plots with corn residue and grass hedges
averaged 52% less runoff than similar plots without
switch grass hedges. Under tilled conditions, the plots
with corn residue and grass hedges averaged 22% less
runoff than comparable plots without grass hedges.
(Gilley et al., 2000) Gadorensis and Salvia officinalis L.
was reduced 40 and 30%, respectively. (Victor et al.,
2004). Humberto (2004b) reported that runoff was
reduced by 11% in Fescue Filter strips when compared
with control treatment. Thus, the Buffer strip, which was
composed of two rows of regularly alternating trees
(Platanus hybrida Brot.) and shrubs (Viburnum opulus
L.), with grass (Festuca arundinacea L.) in the inter-
rows, reduced total runoff by 78% compared with no-
buffer strip. (Maurizio et al., 2002). Through Table 2,
runoff difference between the Orchard plot vs Tall fescue

was 1% and Rye plot with same width was more reduced
by 1%, 2%, respectively than they did. This shows that
Rye was as effective as Orchard and Tall fescue in
reducing runoff. In this study, effect of vegetative buffers
in reducing runoff was not great, but vegetation at the
downstream edge of disturbed areas may effectively
reduce runoff volume and peak velocity primarily
because of the filter's hydraulic roughness, and
subsequent augmentation of infiltration (Rafael et al.,
1999).

Total soil losses from all treatments are presented Table
3. Plot of rye 4m was effective in reducing soil loss was
the greatest among all treatments. Table 3 shows that soil
loss was reduced by 88% in rye 4m, by 62% in rye 1m,
by 59% in rye 2m, by 46% in orchard grass and by 28%
in tall fescue comparing with control treatment. This
result means that vegetative buffer is very useful to
decrease soil erosion.

Comparisons of soil loss volume between the different
kinds of vegetative buffer showed that rye 2m was more
effective than orchard grass 2m and tall fescue 2m. Also,
in comparisons of rye buffers according to width, rye 4m
was most effective than rye 1m and rye 2m. It was
speculated that the lager width of vegetative buffer, the
lesser soil loss. But what rye 1m was more reduced soil
loss than rye 2m is out of one's reckoning. It seems to be
not different from capability in reducing soil loss between
rye Im and rye 2m under this study situation. As for this
reason, it was needed more research about hydrology and
physics of soil surface. There are many reports about
effectiveness of vegetative buffer in abating soil loss.
Grass hedges effectively reduced soil loss on erosion
plots with similar cropping practices as compared with
plots without hedges. (Cullum et al., 2007). Grass hedges
averaged 53% less soil loss than similar plots without
grass hedges (Gilley et al., 2000). Vegetation buffers
reduced soil erosion by 40-60% on plots with an effective
buffer. (Spaan et al., 2005). Reductions of sediment

Table 3. Total amounts of soil loss from all treatments during the experiment period.

Treatment Soil loss Index’ Treatment Soil loss Index
MT ha' MT ha'

Control 129 100 Control 129 100

Rye 2m 53 41 Rye Im 49 38

Orchard grass 2m 70 54 Rye 2m 53 41

Tall fescue 2m 93 72 Rye 4m 16 12

LSDq.s) 4 4

" Index: treatment/Control X 100
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discharge varied between 50-60 and 60-90% for strips of
1 and 4-5 width, respectively. (Vandijk et al., 1996).
According to another report, the annual ratio of soil loss
for conventional-till plots with grass hedges to without
hedges was 0.25. (McGregor et al., 1999).

There are no researches about how vegetative buffer
reduce soil erosion. To find out this reason, it was
obtained the buffering effect of vegetative buffer. The
buffering effect was calculated by multiplying average
number of stem per m* by average diameter of stems
which values of Table 4 was measured on July 2006.
Table 4 shows that buffering effect of rye is higher than
that of orchard grass and tall fescue. As the value is high,
the occupancy ratio of vegetative buffer per area becomes
high. The higher that value is, the higher buffering effect
trapped soil sediment is. Consequently, soil loss is
decreased. As Table 4 shows, what effect of rye in
reducing soil loss was highly coincided with what
buffering effect was high.

Soil loss, as showed in Fig. 4, was mainly occurred
when the amount of precipitation was over 100 mm since
13" July. When soil loss was measured on 30" Aug, it
was almost not founded. During this period, runoff
occurred so much and soil lossals ooccurred greatly.

Amount of soil loss was about 120 MT ha" in control

Table. 4. Buffering effect of vegetative buffer trapped eroded soil.

plot after on July 13". Meanwhile, amount of soil loss
was 15 MT ha' in Rye 4m plot, which was about 12% of
that of control. Figure4 shows that rye vegetative buffer
plot was moree ffective in reducing soil loss than orchard
grass, Tall fescue, and all vegetative buffers were
effective in reducing soil loss when compared with
control plot. Fig.1 presents that effect of rye 4m was
higher than that of rye 1m and rye 2m. Those results
demonstrated that vegetative buffer has a value as
conservation practice in conserving soil loss. However,
application of vegetative buffer to upland field brings out
decrease of cultivation area. Under this situation,
economic revenue of farm owner decreases. To solve this
problem, it is required a support from policy of
government. That policy has not considered yet in Korea.
But there is CRP (Conservation Reserve Program) in
USA for conservation practice in agriculture. The CRP is
a program designed to encourage farmers to help protect
sensitive landscapes from erosion. It is managed by the
United States Department of Agriculture (USDA) Farm
Service Agency, and is implemented on behalf of the
USDA's Commodity Credit Corporation. In effect, the
CRP works by providing monetary compensation to
farmers as an incentive to take agricultural land out of
production, and allow natural vegetation to return.

No. of culms Diameter Dry weight of Dry weight of Buffering
Treatment . s 2 .2
inm-(A) of culms(B) shoot m root in m effect(A B)
no. mm g g
Rye 476 44 984.7 298.5 2094.9
Orchard grass 712 22 4724 163.8 1589.8
Tall fescue 472 3.0 280.1 110.2 1400.5
LSD(0.05) 274.2 112.7 25.5
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Fig. 4.Soil loss measured from three vegetative buffer types
over the course time.
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(Timothy T. Loftusand Steven E. Kraft, 2003.)

Nutrient losses in runoft of all plots are shown in Table
5. All treatments were more effective than Control in
reducing T-N in runoff. In comparison among rye 2m,
orchard grass 2m and tall fescue in reducing T-N loss and
T-P loss in runoff, effect of rye 2m was lower than those
of Orchard grass and Tall fescue. Dissolved nutrient
trapping in runoff was not as efficient and sometimes an
increase in nutrient losses has been reported. (Dillaha et
al., 1989)

In comparison among rye buffers, effect of rye 4m in
reducing T-N, T-P and K in runoff was higher than that of
rye Im and rye 2m. Comprehensively, rye 4m was the
most effective than other plots in reducing nutrient loss in
runoff. Table 6 shows that rye 4m reduced 63% of T-N,
28% of T-P and 30% of K in runoff when comparing
with control treatment.

As above comments, soil loss occurred greatly when
heavy precipitation falls after on July 13th. And then
nutrient loss in soil was occurred plentifully during that
period, which soil loss occurred so much. Table 6
presents that total amount of nutrient loss in soil and total
soil loss amounts. Table 6 shows that Rye was the most
effective in reducing T-N loss in soil when it comparing
to other vegetative buffers. When control plot compared
with rye 2m in T-N. rye 2m more reduced by 59%.

In comparison among rye buffers, rye 4m reduced by
82% in T-N, by 94% in Av. P20s, by 84% in
exchangeable cation K. This result demonstrates that rye
4m was effective both in reducing soil loss and nutrient
loss. Other vegetative buffers including rye Im, 2m were
effective in reducing nutrient loss to compare with
Control plot. Though the effect of vegetative buffer was
not effective enough in nutrient loss in runoff, all
vegetative buffers were effective in reducing nutrient loss
in soil. As sediment is deposited from runoff in these
vegetated zones, sediment-bound nutrients are also
removed. Vegetative buffer can minimize erosion or trap
sediments in surface runoff and thereby decrease nutrient
leaching to outside. Meanwhile, Table 5 and Table 6
show that K" loss was higher in runoff than in soil. Victor
et al. (2003) reported that a greater proportion of K' is
transported in runoff than in soil sediment.

Conclusion

Through this study, it was investigate that vegetative
buffer was effective to reduce soil erosion and outflows
of nutrient material from soil. Therefore, to conserve soil
at highland agriculture area, vegetative buffer must be
applied. Among vegetative buffers were used in this
study, rye buffers on reducing soil erosion and nutrient

Table 5. Nutrient loss occurred from runoff during the experiment period.

Nutrient Loss Nutrient Loss

Treatments Treatments

T-N T-P K T-N T-P K

kg ha' kg ha'
Control 86(100) 51(100) 31(100) Control 86(100)T 51(100) 31(100)
Rye 2m 54(62) 52(101) 36(116) Rye Im 54(62) 54(105) 28(90)
Orchard grass 58(67) 46(90) 28(90) Rye 2m 54(62) 52(101) 36(116)
Tall fescue 75(87) 50(98) 28(90) Rye 4m 32(37) 37(72) 22(70)
LSDoos) 8 5 4 8 5 4
" Index: treatment/Control x 100
Table 6. Nutrient loss occurred from soil during the experiment period.
Nutrient Loss Nutrient Loss

Treatments Treatments

T-N Av.P20s Ex.K T-N Av.P:0s Ex.K

kg ha' kg ha'

Control 367(100) 52(100) 18(100) Control 367(100)" 52(100) 13(100)
Rye 2m 153(41) 34(65) 8(44) Rye Im 151(41) 32(61) 8(44)
Orchard grass 296(80) 32(61) 11(61) Rye 2m 153(41) 34(65) 8(44)
Tall fescue 330(89) 46(88) 16(88) Rye 4m 63(18) 3(6) 3(16)
LSDw.s) 4 4 4 4 4 10

" Index: treatment/Control X 100
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loss from soil were more effective than other buffers.
Especially, as rye buffer of 4m wide could reduce by
88% soil loss, by 82% total nitrogen, by 94% Av. P20Os
and by 84% ex. K in nutrient materials from soil in this
study, it was considered that rye buffer of 4m wide is
useful vegetative buffer on reducing soil and nutrient loss
of highland field.
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B Qe 19 ARG BASE $AFT EFA 9UEY 2L 2aAE 930409 59
g Q7al Aael A Aol ALE ERel EFS LEEOIL I 26m AT 20ml A
lysimeteroll A Al Q3T AFEAE AALE 17%S 71 AApdoly, vjFES AQu sttt S22 ol &

¥ %222 Rye(Secale cereale L.), Tallfescue(Festuca arundinacea Schreb) Orchardgrass(Dactylis glomerata L.)
ojth. o] 52 AARE ofeff Fiel 2AFAT ¥ AU FL 1m, 2m, 4mE FRUL, Orchard grass9t Tall
fescue™ 2m= AASAY. FFAUE A7) A& 7 2£E 20053 9¥€o] F=£39 7, wiFE 20061 6
'éoﬂ AAEA BT FATE dEd 5T S 2006 695REH 8Y7tA] £ s fAF
F ESHATE 2 Q¢ FATS A7 JFE 780 M =3t FAFE FAAIE 454U =
_1,}-‘2 ek vys] & o, 2m2 Fo] 22 SF AU A $8L 3%, Orchard grass 1%, Tall fescues=
2% Az &H7F AT Fo] thE S S AW HlaLel A, Im= 1%. Rye 2m= 3%. Rye dm+ 13%
o] AZaHA7E dehyt Rye 4me &37F 7 Eodth ESFFAARSHAA hEF9 Bl uE v, 2m &5 4
o £ T4 AUE 59%, Orchard grass 46%, Tall fescue 28% EYHAS Eole ALE Yeh) 712 ZoA
SR BA7F P Fodth Fo] bE o8 AW WM Ime 62%, 2mE 60%, dme 88% ] E
G AR &37F vEh dme] B3 EGRAS Adeted 7P £2 235 Btk 99, AT E
oAl @IS N, P, K & A#olMe o8 2mAS A4l A 2+t 54%, 16%, 11%, Orchard grasse Z+72}
22%, 24%, 22%%. Tall fescue™ 10%, 7%, 12% JFEEFES A TLEFAA FolA Fo] 2 dmdllA
FEeEd FEALEATL 7PE FohTh o] A9 @er, %74)\%& Edfd Adade s2EsAAU e
Z2F] ARUET Fobx FAF, ESFA 123 dYEE F
A|7F mapAolet Azt
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