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Abstract

The frost heave process from repeated freezing and thawing actions in winter on forest road
cut-slopes is important for forest road maintenance and management. This study investigated
the damages of the forest heave process on forest road cut-slopes by measuring the changes
in the road-cut surface elevation and sediment production and by conducting vegetation
surveys which were aimed at providing information for forest road maintenance plans. The
temperature and humidity differences were determined between the north and south cut-
slopes. T-test showed that the north slope had a lower temperature and humidity than that of
the south slope. Field observations also confirmed frozen soils on the north slopes, indicating
that the north slopes are susceptible to frost heave. Sediment was converted to dry weight per
unit area (g/m’). T-test showed that the north slope produced more sediment than that of the
south slope. The study confirmed that more frost heave occurred on the north cut-slopes than
on the south cut-slopes. Vegetation surveys were conducted on five cut-slope plots. Considering
the dominant species found above the cut-slopes, vegetations in all the plots are expected to
succeed to pine and oak in the future. The dominant species appearing on the cut-slopes of the
study area were exotic species because the elapsed time of the site was only 2 - 4 years.
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Materials and Methods
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Table 1. Characteristics of the study cut-slopes.

Plot Aspect Constructed year Length (m) Slope (%) Soil texture  Elevation (m)
2013-S South 2013 4.0 71 Sandy loam 414.6
2014-S South 2014 3.5 70 Sandy loam 390.2
2014-N North 2014 4.0 80 Sandy loam 377.3
2015-S North 2015 9.5 90 Loamy sand 402.1
2015-N South 2015 4.5 82 Sandy loam 418.1
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Fig. 1. A schematic of the plastic fence and erosion control pins on the study cut-slope.
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Results and Discussion
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Table 2. T-test results of temperature and humidity by slope.

Temperature Humidity
South cut-slope North cut-slope South cut-slope North cut-slope
Mean (°C) -0.58 -141 67.54 69.52
Standard deviation 4.81 4.44 19.32 17.77

The twortail p value (T < t) of all data is p < 0.01.

Korean Journal of Agricultural Science 45(2) June 2018 180



Soil displacement from frost heave on forest road cut-slopes

AR AT} 2T 2
Table 4= FEH|SH 7 10 X 10 2AF70] A3 W Aoln] mE ZAL oA EAEIZA), S2A (@A)
ARGl A), EAFIZ)S SUsP Letith 201389k 201552 21455 F2folm, 2014, 2014, 2015N S
AR 22l o2 Uehir,
Table 5= B2 3 x 3 2A}7:0] Q7 9 Aloln] BE Aol EANSIZANS SUsHA Lhebih. 2015N
2 Al9je BE ZAFPOIA O] Y FL AT A I ol E(E A0, TUE, ST HoE

HEHE AR AE BA8) & A, SAPEC FAFHOA AnlEo] A Uehdom, BAoIN = EAL
FEE el 053t F52] E2FEo| Hot Aujgo] AAs| WA Uehto, 35 ZA ] AdERaol oJsh X
th. wetbA, Y= HEREro)] Soka-2 AN 739, EAREC] thgt QP g3t 5 71 4

8ol g AolE afd B o] kAT A] HEHERo) et thR2e] elizFat #elRe dEAlS Al
A9H 02 mFe SFAto|H, B[P o8 e 2 AR A2 ZAEITE JEAlE & 2R FERF A
A0 = AYe Q] Ho]7} Y= w (Lee et al, 2003), 15 fefizFo] 30| Sobx|A| "t wiahr] oAl &
APE APgu] o] Yot Ml Qltol wh=rd Zofubgo] WAt E Tt k=] wiEol Hjg o] b/ SrollA
o] L5t A2 Foot A g sl Alg27]9] P2 o e mkgo] E3te 4 17 whzel A/

AQl &2 o7k ey =A] ZUEF 8 & Za/dol itk

Fig. 2. Frost heave of the north cut-slopes.

Table 3. T-test results of sediment production.

Sediment production
South cut-slope North cut-slope
Mean (g/m) 81.19 780.88
Standard deviation 85.82293 260.1373

The two-tail p value (T < t) of all data is p < 0.01.
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Table 4. Physical and vegetative characteristics by 10 X 10 m* plot.

Survey plot 2013-S 2014-S 2014-N 2015-S 2015-N

Colony Pinus densiflora Quercus aliena Quercus serrata Pinus densiflora Quercus mongolica

Coordinate N 36°10'30.2" N 36°10'27.8" N 36°10'22.5" N 36°09'48.0" N 36°09'27.7"
E127°32'40.8" E127°32'78.0" E127°32'43.6" E127°32'34.2" E127°32'34.0"

Altitude (m) 414.6 390.2 377.3 418.1 402.1

Bearing/Slope (%) S/71 S/70 N/80 S/82 N/90

Vegetation cover (%)

Tree layer 75 85 80 80 85
Sub-tree layer 30 40 40 15 50
Shrub layer 25 80 70 40 60
Herbaceous layer 35 60 40 50 30
Encquntered
species

Tree layer Pinus densiflora, Quercus aliena, Quercus  Quercus serrata, Pinus Pinus densiflora, Quercus mongolica,

Quercus serrata

Sub-tree layer

serrata, Pinus densiflora,
Alnus sibirica,

Pinus rigida

Quercus serrata, Juniperus Quercus aliena,

rigida, Prunus serrulata var. Quercus serrata

pubescens,

Pinus densiflora
Shrub layer Juniperus rigida, Quercus
serrata, Pinus densiflora,
Prunus serrulata var.
pubescens,

Lindera obtusiloba,
Lespedeza bicolor,
Zanthoxylum schinifolium

Herbaceous layer  Pteridium aquilinum var.
latiusculum, Quercus

variabilis, Smilax china,

Carex lanceolata, Quercus

Zanthoxylum schinifolium,
Ligustrum obtusifolium,
Quercus aliena, Quercus
serrata, Quercus variabilis,
Euonymus alatus, Alnus
sibirica, Lindera obtusiloba,

Rhus trichocarpa, Elaeagnus mongolica, Juniperus rigida,

umbellata

Quercus aliena,
Quercus serrata,
Dictamnus dasycarpus,

Pueraria lobata, Clematis

aliena, Prunus serrulata var. apiifolia, Lespedeza bicolor,

pubescens,

Lindera obtusiloba,
Rhododendron
mucronulatum, Rubus

crataegifolius, Spodiopogon

cotulifer, Zanthoxylum
schinifolium, Lespedeza
bicolor, Pinus densiflora,
Disporum smilacinum,

Lindera erythrocarpa,

Carex lanceolata, Spiraea
prunifolia f. simpliciflora,

Vicia amoena,

Rhus trichocarpa, Celastrus

Parthenocissus tricuspidata flagellaris, Parthenocissus

tricuspidata, Ligustrum
obtusifolium,

Iris rossii,

Thalictrum filamentosum
var. tenerum,
Arundinella hirta, Prunus
sargentii, Smilax sieboldii,
Veratrum maackii var.
Jjaponicum

and 7 other species

densiflora, Alnus sibirica,
Quercus aliena

Quercus aliena, Quercus
variabilis, Alnus sibirica,
Juniperus rigida

Rhododendron
schlippenbachii,
Rhododendron
mucronulatum, Lindera

obtusiloba, Quercus serrata,

Prunus sargentii, Quercus

Quercus variabilis, Robinia
pseudoacacia, Lindera

erythrocarpa, Zanthoxylum

schinifolium

Rhododendron
schlippenbachii,
Rhododendron
mucronulatum, Smilax
china, Quercus serrata,
Quercus aliena, Quercus
variabilis, Pteridium

aquilinum var. latiusculum,

Carex ciliatomarginata,
Prunus sargentii, Pinus
densiflora, Pyrola japonica,
Viola mandshurica,
Zanthoxylum schinifolium,
Rubus crataegifolius,
Staphylea bumalda,
Potentilla fragarioides var.
major,

Arundinella hirta

Quercus dentata Pinus densiflora

Quercus dentata, Juniperus Quercus mongolica,
rigida, Quercus aliena, Juniperus rigida
Robinia pseudoacacia,

Pinus densiflora

Juniperus rigida, Rhododendron

Robinia pseudoacacia, mucronulatum,

Lindera obtusiloba Juniperus rigida,
Quercus mongolica

Quercus variabilis, Quercus Rhododendron

dentata, Rhododendron mucronulatum,
yedoense, Robinia Quercus mongolica,
pseudoacacia, Quercus Juniperus rigida, Carex
aliena, Ampelopsis ciliatomarginata, Pyrola
brevipedunculata f. _Japonica, Quercus
citrulloides, Ligustrum variabilis, Cephalanthera
obtusifolium, longibracteata,

Carex siderosticta, Iris rossii,
Pteridium aquilinum var.
latiusculum, Quercus
acutissima, Carex
lanceolata, Pinus densiflora,
Sorbus alnifolia, Prunus
sargentii, Atractylodes
ovata, Lindera obtusiloba,
Juniperus rigida

and 9 other species Lindera obtusiloba, Prunus
sargentii, Pteridium
aquilinum var. latiusculum,
Carex lanceolata, Lilium
lancifolium, Atractylodes
ovata, Corydalis speciosa,
Rhododendron yedoense,

Artemisia stolonifera

The bold type is dominant species in each plots. All research site’s topography are cut-slope and soil color are taupe. All research site’s species composision are mixed forest and forest
type are secondary forest. All research site’s radiation are normal and soil humidity are dry.
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Table 5. Physical and vegetative characteristics by 3 X 3 m’ plot.

Survey Plot 2013-S 2014-S 2014-N 2015-S 2015-N
Coordinate N 36°10'30.2" N 36°10'27.8" N 36°10'22.5" N 36°09'48.0" N 36°09'27.7"
E127°32'40.8" E127°32'78.0" E127°32'43.6" E127°32'34.2" E127°32'34.0"
Altitude (m) 414.6 390.2 3773 4181 402.1
Bearing/Slope (%) S/71 S/70 N/80 S/82 N/90
Vegetation cover (%) 75 85 10 30 0
Herbaceous layer  Festuca Festuca Eragrostis Festuca % Plants do

arundinacea 55%,arundinacea 70%,curvula 5%, 1 arundinacea 5%, not grow due to
Eragrostis curvula Lolium perenne Alnus sibirica, 1  Lolium perenne  sediment

1%, 5%, Eragrostis ~ Pinus densiflora, 20%, Eragrostis
curvula 5%, curvula , 5%,
1 Pinus densiflora, 1 Erigeron 1 Robinia 3 Lysimachia
annuus, pseudoacacia clethroides,
1 Lespedeza 2 Lespedeza 2 Lespedeza
bicolor, bicolor, bicolor,
2 Alnus sibirica 2 Zanthoxylum 1 Robinia
schinifolium, pseudoacacia
1 Quercus aliena,
1 Rubus
crataegifolius

The bold type is dominant species in each plots. All research site’s topography are cut-slope and soil color are
taupe. All research site’s radiation are normal and soil humidity are dry.
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