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Development of removal technologies for agricultural canal plant and
silted deposits for efficient waterway management
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Summary

I. Title of the Project

Commercializing Technology Development of Agriculture Canal Soil Sediment

and Water plant Removal for Efficient Water Management
0. Research Achievements and Result

1. Impact of Quantitative

In this project, Four patent registration, two patents pending and in the
process of applying for two patents. Total 7 research papers to the KCI
journals were published. This project were exceeded 8 academic published
and one time was technology transaction and one commercialization was
expected to be launched. In addition, this project was exceeded research
result of 1 manpower training and 1 utilize policy and 5 education and

guidance and 4 exhibition center.

IM. Objectives and Necessity of the Project

The ultimate goal of the project has to propose @O The soil sediment and
investigation analysis of the water plant characteristics and build DB by type
for the Korea agriculture canal, @ Korea type commercializing technology
development of the water plant and soil removal for the agriculture canal, @
Reduction technology development of soil sediment of agriculture canal, @
Field test and effect analysis for the soil and water plant removal
technology (More than 10% of the reduce of people and cost) ®
Commercialization and guideline for the soil and water plant removal

technology for efficient water resource management of the Korea.
IV. Contents and Scope of the Project

1) Research and Analysis of the Water plant Characteristics for Agriculture
Canal, DB Plan

(D Research and Analysis of the Water plant Characteristics for Agriculture
Canal

@ DB Plan of the Types Water plant for Agriculture Canal
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2) Reduction Technology Development of Soil Sediment of Agriculture Canal

D Research and Analysis of Soil Sediment Characteristic for Agriculture
Canal

@ Structural and Nonstructural Technology Development of Soil Sediment

Reduction for Agriculture Canal

3) Korea Type Commercializing Technology Development of Water plant and
Soil Removal Device for Agriculture Canal

@ Development of the Boom and Cutting Device for Water plant Removal
of the Canal

@ Technology Development of the Power Control for Water plant Removal
of the Canal

@ Technology Development of the Grass and Soil Disposal Box for Water
plant Removal of the Canal

@ Commercializing Device Development of the Korea Type for Water plant

and Soil Removal

4) Field Test and Effect Analysis for Soil and Water plant Removal
Technology

D Operation of Establishment Selection of the Test Site and Test
Installation for Commercialization

@ Test and Analysis of Effect for Soil Sediment and Water plant Removal
in the Test Site

@ Research and Analysis for Weeding Influence of Agriculture Canal

5) Development of management system of the soil and water plant in canal
and propose an commercialization plan of the technology

D Development of management system of the soil and water plant in canal

@ User guideline of the soil and water plant removal device and propose

an commercialization plan of the technology

V. Results of the Project

1. Research and Analysis of the Water plant Characteristics for Agriculture
Canal
Research and analysis result of water plant characteristics according to
agriculture canal type, water plant vegetation in soil canal was water flow
disturbed. Types research result for nine regions across the country was no
difference between species of water plants in area, somewhat different among

plant length and green yield and percentage of dry matter in water plant.
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2. Development of Efficient Water plant Management Technic for Agriculture
Canal
It was suggestion weeding period and times of efficient water plant
management. Two canals of reclaimed land and flatland performed tests during
2 years in test fit. Weeding period of efficient management for water plant of
agriculture was considered cutting to the monsoon season before June and
July, and we efficient believe that it will be cutting times activity August to 1

times after June.

3. Research and Analysis for Weeding Influence of Agriculture Canal
According to cutting height of water plant in agriculture canal examined the
effect of recycling of water plant. Recycling height of water plant was the
lowest recycling in cutting below from the water surface. We efficiently
believe that it will be cutting below from the water surface. However, because

spread roots of water plant in soil, is effected root removal than cutting.

4. Research and Analysis of Soil Sediment Characteristic for Agriculture

Canal

Agriculture irrigation and drainage canal collected sample in soil sediment
from 9 major areas according to topography, regional, location. We analyzed
the material composition, component analysis and zone, hydraulic characteristic
of canal for agriculture canal sample. Soil sediment has divided topographically
into the mountain and land and reclaimed land. Soil classification turns out
that was SM in terms of USCS. Fine soil was more soil in a drainage canal
than irrigation canal. Organic content was no significant changes to the
topography. Irrigation canal of topography has seen a similar resulted in
particle size distributions. Drainage canal of topography has seen mountain,

land, reclaimed land order in particle size distributions.

5. Structural and Nonstructural Technology Development of Soil Sediment

Reduction for Agriculture Canal

In a study of soil sediment reduction canal, soil sediment was prevented
through ponding depth control of paddy drainage hole. Also, soil sediment
prevention or reduction structure is used to prevent soil loss into canal. End
of agriculture irrigation canal is little a cross section, and coefficient of
roughness decreases by sediment and erosion. If water level of canal lower
than altitude, cultivation acreage was bad feedwater. Analysis result of soil
sediment reduction operating system, water management technology was need
developing fit for agriculture condition in Korea through launched modern

agricultural water management system.
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6. Field test for Soil Sediment Reduction from Structure Change

Field test for soil sediment reduction of agriculture canal were carried out
by changed structure shape of canal. The standard shape of canal was made
according to the standard of branch canal. Test canal was made straight
concrete and soil canal, reduction canal was made on each of two canal. Test
item measured velocity of flow, particle size distribution, sediment distribution
ratio, suspended sediment concentration. Velocity of flow of the concrete
canal decreased downstream of suggestion canal, soil canal were all coming
down. Particle size distribution and sediment distribution ratio decreased
downstream of canal, and suspended sediment concentration of suggestion
canal was 50% higher than straight canal. This field test result, reduction
effect of sediment was little difference between test canals. Also, reduction
technology of leakage soil from canal slope and drainage hole of paddy
offered to nonstructure technology by using the cross section height adjusts,

vegetation block, sedimentation basin.

7. Development of Boom and Cutting Part

The boom and mower for water plant removal of canal was developed of
Korea type water plant removal device suited for baby tractor. Design and
development of the cutting system for water plant removal, the boom has
designed for the boom and three point linkage mechanism analysis. The
water—plant removal boom of 100 HP heavy tractors has designed length of
14m. The knife of cutting part was developed to withstand in underwater and
slope work.
8. Development of Engine Control Technology

The engine control technology of weeding device developed hydraulic valve
assembly, electronic device, control element, three level controlling device and

emergency shutdown function.

9. Development of Collection Type Grass Mower and Sand Dredging Device
The self—propelled type water plant breaking and collection system
developed weed, pick up, load and discharge work alone. Development system
has managed to secure original technology. The Soil removal device developed
boom and three point linkage working machinery of water plant device for

official use.

10. Korea Type Commercializing Technology Development of Water plant and
Soil Removal Device for Agriculture Canal
Korea type soil removal device was developed tractor drawbar type by

driving engine and motor. The newly developed device was easy to use a
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separate power unit of tractor, and it has good fuel efficiency. Also, the
engine and motor operated to water plant removal and soil dredging device

with eco—friendly.

11. Operation of Establishment Selection of the Test Site and Test
Installation for Commercialization!
The water plant removal device of 50 HP and 100 HP tractors was
understand performance five time tests in Jeonnam Naju, Gwangju. The newly
developed device would have enabled water loss, manpower and cost

reduction for water plant and soil removal method of agriculture canal.

12. Soil and Water Plant Removal Test and Analysis of Effect

The newly developed device was evaluated light weight and miniaturization
than existing excavator weeder. Field test results, drainage waterway
removed over 95% of water plant, kinds of native plants grew up Reed grass,

Ditch persicaria, Humulus japonicus, etc.

13. Research and analysis of weeding influence for agriculture canal and
Field Test Result
The optimal water plant removal method and technology studied nine
regions across the country investigation. Research result, weeding method was
a heavy equipment weeding 43.5%, manpower weeding 56.5% and removal
efficiency was not proportioned costs. Before the field test, figure out
characteristic and kind of water plant. Field test result, waterway weeding

time was 40 minutes and removed over 95% of native plants.

14. Developement of WPSMIS

WPSMIS was developed to information construction and offer system for
business efficiency improvement and cost saving for water utilization facilities
maintenance control. Water utilization facilities DB of KRCC was constructed

to work area, water plant and soil removal report in relation to the facilities
GIS.

15. Soil and Water Plant Removal Technology Manual (User's Guide) and
Commercialization
The technology manual was developed to manage module for water facilities
damage prevention, and maintenance and cost saving. The WPSMIS can check
the time, and the region, and the management agency in the technology
manual and practicality aspects for encouraging maintenance and usability

efficiency of water facilities. Also, The WPSMIS have chosen first
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management state and work area, it makes inquiry and input—output of work
area. The smart function and work management of WPSMIS make work area,

work management, mobile web possible.

VI. Project Accomplishments and Application Plan

1. Project Accomplishments

A. Patent Registration

This Project applied for a patent "Collection Type Grass Mower Apparatus"(P.N.

10—-2013—-0008730), "Boom Type Grass Mower for Tractor with High
efficiency"(P.N. : 10—2013-0110412), "Tractor Mounted Type Grass Mower for
Slope Surface and Water Surface"(P.N. : 10—-2015-0142424), "Tractor Trailer
Type Sand Dredging Device Worked by Engine and Motor"(P.N.
10—2015—-0154157) in canal soil—water plant removal commercial technology
development process. In addition, "Collection Type Grass Mower Apparatus"(P.N.

10—1330266) and "Tractor Mounted Boom Type Grass Mower for Slope
Surface and Water Surface"(P.N. : 10—1552665) is patent pending.

B. Publication of research papers

One paper was not accepted to the SCI listed journals and Seven of the
KCI papers were published in the journals of the KSAE, the TALS. Besides, 8
proceeding papers or poster was presented in the domestic of conferences,

although this was not the study requirement.

C. Technical Trading and Commercialization
When the project finished, technical trading will be presented by royalty pay

plan, The third Cooperative Research Han'a SS Inc. will be commercialization.

D. Policy Suggestion
Policies related to the Water Resource Safety of KRCC and Jeonnam
Regional Headquarters of KRCC were proposed.

E. Manpower Development
One of master of degree were conferred from this study result.

F. Book
We published "Canal Weed Guide"and it was the public relations to research
result. In addition, Development technology carried out public relations with

field test and demonstration of 3 times.
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G. Education and Guidance

Water management and land irrigation for canal water plant carried out
education and guidance with 3 times. Education and guidance and canal
management information system of canal water plant removal device is an

operating.

2. Application Plan

A. Industry Technology Transfer
We have to obtain by agricultural machinery authentication for the FACT of
Ministry of Agriculture, it will be reviewed industry technology transfer

according to regulation of institute of technology evaluation.

B. Utilization and Dissemination

The Agricultural Production Infra Improvement Project or maintenance of
KRCC of FACT for research result system is pushing to the pilot project,
design department of KRCC and offices of local government operation will be

expected responses utilization and dissemination.

3. Expectation

A. Technology Transfer

A low—cost and high efficiency removal technology was expecting to
establish at the quantization technology of soil and water plant for agriculture
canal, evaluation technology for classification of water plant. The water plant

removal device i1s expected most frequently in any other industry.

B. Socio—Economic
We are expecting a cost of soil dredging and labour—saving from canal

sediment reduction.

C. Considering the Efficient Use and Management
We will be able to a budget of 1 billion reduction from the flood and

drought damage by using water plant removal device.
D. Low—cost and High—efficiency Technology Konwhow

The water plant removal device is expected to complaints decline with the

national from field manager, farmer, rural resident's.
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(29 1-2) A8 FZH A o3 EAL AA

2. =9 sig
A=l A9, FxA A AdolA Mowing bucket type, Frail mower type, Rake
type, Small mowing boat type & Th&st FEjE Zt=o HAA] b= F2AAVE
Mkste] Agstgto g 7 stA<l TR AxdE: AAsta ATt
vadat=el vao e FRAAVE MEete] Azzgel ol&Hi Jom E3F,
H 7 e (Mowing bucket type)S F= E @ E o] B3} &7 RLHAA F324|7 7
24 Agsta o (29 1-3) =87 EF(Frail mower type)< W Hyol A ub =}
Ae & F Jdo FE FE HgdoY B 25 Fx Y < 3]
= AHE et AFgeta k(Y 1-4) =3, ZFEFY) (Rake type)2 &4 Ht
oNA FAlel F2E AAL F U AHloln WA ] a2 AEA=HE —'T'—"‘v}/\]ﬁ
Z E55 A o) A=A At P2 FERAAVE 7 &
(19 1-5) T HEEY(Small mowing boat type) ¥ —’T—i 2L
oA ARgo]l 7hed FEHE FFAA F2E AASH] et o] Avh(2

:.:

1_4
ol
o
f

(¥ 1-3) Mowing bucket type (¥ 1-4) Frail mower type



(¥ 1-5) Rake type (¥ 1-6) Small mowing boat type
EAAIALY A AT 4R ZIo mel § 9 AZvE ghnjEo] glomn,
nl o] 749 1992\d AR/ (Water resources development Act)S 23] 799
AREA QD EAbe] tfsl &A1 #e]E ot vk EAMRY = BEAF 7Y 2 L HEALY
A2l #El7F Bop A Ho gloew, o EAY] HViEe AA5dV]e 4
AFEN7IE ol oy Ui £A4 B =39 Wy oer EXAE AAsSIAL Ut
(USEPA 2005, 28 1-7)

598 FRAAY EAAA BF % AA /%S FYH] A ¥m AuAE B4,
FH 0 B 71%S 48w = Aotk e, SR 49 AR F27}
de) Al Qi Ao ool olg wu el % EAL 24 Fe AuA

(29 1-7) =9 799 EAAA
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Ak wkdjo] el e AAolth ek FH oAV Fu A Z9-2 3
2o oHy Aarg e, FHANEE 5 HdéE Fo] Hojrtal gtk oy d NS
219 T8 ANAEE nRIAE JHE Fo] A 20039 == oF 914, 2004
Tol®= 81A% Jart &Y. By & - vlFRe] A4S Foly F£xE A A
o AFTAFAY A 0] = HAe fFEuAr 2dsiA 2
of e FEIE Y =15 5 AAE L 5 Aqvh(aE 1-8
AR A= AR dalA thadst dez2 FxAA7%S Maste] 283
oBM 37 3AQ FR(EFE, HFR) AxTYE A e 53], Ud
cof m=o] AS FFER FRAAE HE FRAA7 JdE TE&AHOR AHAATF
FA el defyt T4 M E A FRVF BEARAMO VTS FEE At 9l
S - yEtE 200008 o] F darmolE Al A FERAAVIE dF FAEN S
H 71GANA G 2 A" T devlTe] FRAAVE AES bf glow F£x
AAZNE At A7)0 Batels JEE Mt Aa 2 Ay FEo] A o
Ak T3 xR S Fx 54 F FEehA ol R & aHow
AstA KatE Aotk flek e ol f R FEAde FRue} o] Zolu}
55 AASH7] st eSS o] &3k AAS HASAT HAMA o #dol &
I AAE FES FAS77F olHh wEbA] o] oy FElAld FE U AL
o] FEoly #H&E A xE 7|ASStY Axx"ES AAATIAL A FABHE F
FE Ao kS Fre devt o)
<E 1I-1> 3] & &-0=2 3 (49 ' m)
E & g 2= v 4 = 3 Al
S ) ZFR 58,537,915 49,435,732 107,973,647
ko)
h=]
A& 57,987,195 18,395,404 76,382,599
o 47 11,988,135 7,889,441 19,877 576
7 A
T35 18,488,491 3,693,604 22,182,095
| 52 17,638,566 13,725,161 31,413,727
VARS
TAE 19,085,695 6,211,644 25,297,339
. 52 28,861,214 2,782.1130 56,682,344
Al 7
T2 E 20,413,009 849,0157 28,903,166
* =4 0 FAAATIREARIARY BAIA R, 2011
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. =
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A FAF BEAL B F2AA B8 AE 2 FA8E o
o Fx - EAAA V%] AFAE | anea 100%
Fad HAAE 71ExA 100%
o Fz-EA AA NEe EAHEA >
=3} FR Az B2 AMzAF A 2L AR Az | 100%
0 2% EA -5z BaAnase | DBTE 2 F2 $x - EA #elAnA s A7 100%
= 2 7le 283 A AN | £2 Fx - EA #EgRASY AL 2 e 100%
T2 FEEAF BEARA A8 gQulol AA 9
o BA - 2xAAN A% TE TR RAGARLeR BeRT AN | 1%
N ; 25z 9 BEAAA D Az =
MR8 A A Ay R | GEDE S A S AR AR ASA 00
83} gekAl Al re °e
EAL - F2AA7] 4 B 7] &3 el 100%
o~ = o~ =
Fx o0 B pRuE A8 9w
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FUE FEFE P EARE A g AA 100%
U FHE FRO BEAHA 54 A 2 £24 100%
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AL | o F2e) BEA AZS A T2 [ Haes A0s 98 /& 728 24 9 728 .
dE 7% 7 S 100%
] 94 Ae 9% 720 $EAAY 24 2
o F79 EAl AL 93 HH‘%;X@ Ne A © Ben 100%
x4 7l A . .
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A2d =R F2AA7] AEER

1. &5324 =AY
FEsEY FERAAVIE FEolEETAE 199995 2001 dl 2 A NER A
24 A= 8 &

207 A Akel 20tH7F BEsol ok A2 6molw, Allx3

= o Z
Im-2omelth FE AASE WL AYALW ol gALel = A ol

zZepzl =29 FA= WA g5 oFE
Fof Atel= 9 g WAd s
A= stz FAE =<

Mowing Bucket?] 7]%<
BAH e Fx g A
of ZhE AT AFES AFYFo] 2500mm, WA Eo]7 4= 10~15kg,
T2 FHd 150bar, &8 Z & 5F2 22litter/min, —r7ﬂ*‘270kg 1ot =¥ A= Cutting
Systeml. 24 = &3 & ¥ o] 7hsetn gEEA wel o3 dHE Pt
AR dHom Fdo dHe FAAACk F1bkg). 77 TAHORA dHE
G@dst= A2 Cutting Knifeo]l™ =3k Cutting Knife®} 3t 27} o] o FHE 33}
1 ZAIRITE 93 Skid &S 3= Finger’} 92™ Cutting Knife¢t FingerE %

AstA FHolFE= 98-S st Knife Lingkage 528 TFAEHO b A}%S Zolr}
250mm, |3 < : 10~15kge] t}.

AMAZE= Booml 2 1 542 FFA] nfx @ FRoAE A4S &
L5 2 5 EYol v PAor Ho dnt 2709 Feo] FHREE kA
ﬁﬂﬁ}”f‘] 7F Tl Eo] ok Hol= 6mEA 0.3m' e =47 A

of HAlE Adste 7les 2 vk Sy FRY &5
EME ‘%‘%OW Aol 6mz &t 77|+ Eo] 27, Add) 3
THEZ FHo] glom AtekS Zol7t 6000mm, =478 Ady 2 owf
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(a) Mowing bucket (b) BOOM

(g 2-1) FEFLY F2A A7
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(b) 2HE Ay F2AAFR
(29 2-5) FAAE A zx7]

2. =2 &g
2.1. Mowing bucket type

of Fvl= FHEY Fx H FE AMAY FxE Al AAT F deE HOEA
EFTRY FxAAE AT dst= Aot Jdste] A&t = vEhe
HEdeg2x F2 5249 wjag2 FxAA o Bds EFE FHA|A Fx2A
A AgozA ALES 1 9t Mowing bucket typed dHatZFAL7l ks < E
sEA FxRAATIY EETE He FHlEA dEdEEdA s 2 EYE A8 &3
A F-HAA Fz ‘
o2 iy WAool F+F& o]Fa o o8 Al %= Water Boardegtal s &3
A 7)ol Al Tizkel] flErs] A AEka 9
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A

(¥2-6) Mowing Bucket Type

2.2. Frail mower type
of A E Aol an e S AT AL & 5 glen FE 52

Hgdoly e 25 gz 9 JB2S A AstE Au|olth, Auj=

oM Jdtets Alx7]e] EEjF H= AvRA WA Skl 2y e TSl 2EE

g ozl R2Eo] 9ol frwHe AP olgale] =y Wrsl HAFL o

of wrebA Folup o] = FEjrh Hrk WA

ZFAA WA Aol o] At Sl Al HdS BAs] 9

rlo
o,
v
rok
o

24
PARES ul

il

aglen 2 A FA Al el e & AEH E7F F-FEo Utk
Al o] Avl= =R APE, A Ao fFAdE el Abgstan ot v o] FH
of Ax7l= FFolMes AHEE 5 gl7] Wil = WolArt Ag Aoz Abgsjof 3
e wHel & = ol
8% 5

(¥ 2-7) Frail mower type
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2.3. Rake type

of gult ANl el B Lt welH A £RAAT T 5 A& Gl
thoolgIs S Bie dm Qe wAd 2R AY Asde RAAA F2 2
52 Aol od) A2AY st A FxAAvelL A% AAdonE
& AUT 5 7] wEe] BA FAGYeIE A H99A ov] meba 29
7% WYoE ¥ 4 Qi Bl dvh @A o FuE FYF FRPo] opeh o
W ER Swel Az Agaa Aok Azyel AUEE Do MES s
40 F5L AAREY e A 7} ool @AS et

pujolu} AlzE EEe] 47
sho] B Aol

(1¥2-8) Rake type

2.4. Cutter bar type

TR FHst U AbHel £x W HEE A AT 4 At} o] Cutter Bar Types
T2 7tRg] THAAV], FEIEe] A_VH7] Sol A E e ALoRA St
ME 7t FAd I =A Bl AMgsta Sl VIFolth Ak MZIUES SEEE
Ao AYA 2ol ThEH £& Ze T2 Hol . o] 7IF FeAdE FA
dofele] A8 =g Ho] Bow vt w94& =z tEFT A A S
Ab-g-o] 7he sttt

(1¥2-9) Rake type Cutter bar type
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2.5. Small mowing boat type
HEEZ ol§sdte] x5 AAsts ALz Uy +2 9 AFA oA A&l 7t
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(¥ 2-10) Rake type Small mowing boat type

2.6. Pontier type
THEFEILEA FE

el T/ FERAAVE = = :

et ok Ty A FEFEE LA 7HF ol o
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>
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(Z¥2-11) Pontier type
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A3 A s BEAEA A
1.2
g4 zd FU9HAY B BAb A, 4

F3ol gRgelel og HARA
AR ool HA e AVEA thRion o

= M)A AAFAY A &L
st Agole AA oEgol gle AAolth a8y dRFoly HFE B 09E
2L i3 HAEY A4 H7EZ A Fojof )

A Tl A= oA 7HA] EAEALS] S AAZ Fotyt AEAA HAEA A EE
S Sg AF g9 o HAEA S fE dEHcte] gle AAolH, HAEAE S/
d, AFF7], &5 Be FAAY Fo gk Aol ol

S 49 Y & AEFo 93 23 QFEAI AdE, iy 3}
W] FH FRY 7Y 5 W FAAE obrlet Aot AT EHAEA ®
e AISH AE 5 YA AH AT 1471A] FEo] wjEy]|FEed wEEE P¢
of MEF7I7F 7heetrh. weba] BlE, 1E A S A dEA = S e R
A EAL] gt el A A 2 287)&S EstE o] Badt AAor

oje} e FRo HAEALY A A 93 2o V% & sAET &4
A2 E A% TR HAEAN AAE HAEAY B, AAAZ A, *RA7], A E
A7), AYZ, Aga, ok T3 2E Ak gAY FA A, AW, FAM]
s & w ook 3}

H [e]
S e AAAE, BHEAY =7 .8y 5EA4S vl dESIY A
T dAHoRE ¥R e AA o
(29 2-12)1 4] (2% 2-13) F29 EAEH 43S HolFa gry wal dA)7}
A HAEAY Aee T2 AMEAY, AFA W, AFA o] AAEAE, A F
o AMEA T, AAAYE HE B2 JES, 74X HE AESo= A= )
201198 A4S, &-ujs FA29e 7288knol ¢F 3,290483m', WG F4A &
2970 220l 21,000m' FAE I Jom, FAHELE oF 569 HE A~8FHI glon, v
FAG7NI) FobetE AAolt <F 2-1>F SR HAEAY] YIS B
gom, <FE 2-2>2 dAxW F

pS|
wolFa gk m# AFAAe] HAEA] AAL TR A6 oste] Aa

BogEd, $E ARAGS ol g8 FI/) AYoR F2 HAHIoY HE4
of w sl ofgte] el FRelE Be FAE A ATk wehA oled &
e AAse were Ax L EAAAZ A0 AT § de 4472 Awal

fro2 gm0 B N D o
T R
o M
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(¥ 2-12) ME2U 9 98 EA

<E 2-1> d=d £4FHH JPLH

(29 2-13) ¥

ol o3t FA 9 EAF 14

20094 20104
TE A | 2% (g9 23 Ry a% 53 o
(km) (m') |(9HLd) (m) (D | (km) (L)
2 A 3,220,081/ 5,258 3,799,055| 5,158 3,311,483 4,888
HES
S| w4 | 9,532 (3,185,996/ 5,189 3,783,332| 5,128 | 7,288 3,290,483| 4,842
o | =
H
o I~
T T
A | (g 34085 | 69 15,723 | 30 | 29 46
<E 2-2> & ¥F=2 Ax € FAH @7l v
o Al A Zx 2 =A 2y
1 oo F7F aon| &7t aon| & 7F
ule A u ] Xe) B alo LR
F(370d) (8,224 5396 | 0.66 |2,075| 1,269 | 0.62 |6,148 0.67
20119 |7,301| 5,191 | 0.71 |1,486| 1,035 | 0.70 |5,815 0.71
= ‘10 T v] 0.05 0.05 0.05
A 09\ o u] 0.1 0.18 0.07
20109¢  |9,018| 5918 | 0.66 [2,370| 1,552 | 0.65 |6,648 0.66
20099 [8,352| 5,079 | 0.61 |2,370| 1,221 | 0.52 |5982 0.64
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<E 2-3> & W52 F4 FJ4H
A = 2 A4 A
iﬂli
A it Al °cerT =] &) ol
TE g ey day A s #7
(k) |(Am)| (R g | 22 | A% |2 | A% | 2F| 39 [H&
(km) |Gm)| (km) |G| (n) | Gt | (2bgd)| (%)
Al 79,603]3,602| 5,598 |7,28813,290|6,522|3,114| 766 | 176 | 4,842 | 86
71 11,349] 450 | 799 |1,061| 411 |1,020| 408 | 41 3 860 | 108
4 127 | 58 149 | 259 | 132 | 256 | 87 3 45 173 | 116
& 49,763 154 | 450 | 382 | 154 | 382 | 154 - - 410 91
9 (23,921/1,198| 912 |1,587 /1,078 (1,178| 998 | 409 | 80 577 | 63
a5 843 | 383 | 863 | 719 | 312 | 716 | 309 3 3 599 | 69
A 12,031 644 | 1,067 |1,873| 641 |1,873| 641 - - 1,164 | 110
3 & 879 | 219 | 679 | 860 | 243 | 593 | 206 | 267 | 37 561 | 83
%=1 635 | 430 | 622 | 520 | 303 | 477 | 295 | 43 8 436 | 70
I e e e R R I R N EE
k| 55 66 67 27 16 27 16 - - 62 93
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(39 2-15) oy A 4T EA AA

(29 2-16) B35 o3 FAEA AA (¥ 2-17) HZE |83 BHEAL AA

2. =2 @&
EAMAIA L A= A=) 483 Ao wel 9y 8l A= dujEo] 3l
(

o
Water resources development Act)S =3l
(e}

ool Al EAtel wia] x2Al #ElE ot v BEAMAEE EAN F 9 ‘il
HEALS] A A27F Hup dA4H FHol low, edd BEAY Hv]lE2 A<
d7le R dFEMNVIE SOl oy i €4 R =& WHor EALE 11]710}
a9tk (USEPA 2005, 1% 2-18 #Ha1).

UG FRAMY BEAAA A B/ AA Ve FHE A ga Akl =
A A R B Vles A8t e Aotk v, euEte] A vt
=27F 4 AAste] = 54z ol Wi wul AA st BEAN £ F2 Az
A gule] Aol Hagh Aot
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A% by £E AEY $E 44 @A AYABRE <E 3-1-10>3 2ok
3-1

<R 3-1-10>00lM B= wkel o] PP A3 20 AE7|3te] 7HE 21 99
of dHZ sz o] 106cm= 7]’” Ao, 74do] 8em=Z 7Hg Ahth Az
Tk 990 46,732(kg/ha)el i, A&+ 7585(kg/ha)o &2 7H =kt 2181 649
qHF FxTF Hu 7L Oﬂﬁﬂ Tz Azxsd # AssdFe 44
21,645(kg/ha), 5907(kg/ha)o 2 &3l 8¥d oH S Fxo] AxFTF B UETHS
2% S7hekl=d, ol &3 cldel Wi Frkrt oA 89 o] foll AgFol wol
R71 Mo AtmEY, webA 9o Ayt wol 1dAte] AgAtel v R

nholH9l 69 oMo dlANE A Ao LA RAoE ARAL

<E 3-1-10>44 FATE AFTY =2 AHAA Y dF A7E Fx 54 AL

o F A 71(4) Z=%(cm) Ay Z == (kg/ha) HEE(%) 1 E 4 (kg/ha)
59 48 14,039 25.2 3,576
6 79 24,278 26.4 6,404
74 78 21,645 26.9 5,907
8¢ 34 35,795 15.7 5,859
9¢ 106 46,732 16.7 7,585
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A% b = vty Fx AA dFHAY] AlgAHdE <xE 3-1-11>3 2}

<E 3-1-11>%4 5942 ART 2 vgelAel 43 A7d 52 54 24

A A171(H) %% (cm) Ay = F(kg/ha) A=E(%) A= (kg/ha)
5¢ 109 12,719 214 2,730
64 217 22,769 189 4,131
74 192 35,309 219 7,927
8¢ 202 34,815 171 5,704
9¢ 201 20,931 20.9 3,484

< 3-1-11>0A4] B wpel o] 2 g A o3 A 699 oHT Fx]
Z7o] 217cmE 7FE o] 145em=E 7H Hom 590] 109cmE 7F¢ gkl B xSy
2 799 o FHs =27 35309(kg/ha)E FHE =9ka, AESH e 7927(kg/ha) o2
74 okt aga 8Yol dFH3 2 AxFH I AERFHe AAGA E0ed,
ol &3l dde] uls] Fulrt =ojA 8¢ o] ol Aol Wolxr] Wwo= AlsH

o webd gle] Az wol 1dxe] A@AMe} nAAAE e} o] Hel 6Lolt 7
g ojdoz AN E AR Aol mEH Ao AR

(" 3-1-29) A AETY 2 2 2 qHA7Z] AF
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x
W 3 TR AR 2 A dFHAAT] AlgEATdE <FE 3-1-12>¢F 2

<E 3-1-12> 93 5952 AETY 2 AUoNY dF A7E $2 54 24

o H A 71(4) Z%H(em) A % (kg/ha) A=5(%) | A= (ke/ha)
5¢ 71 17,500 21.3 3,742
64 96 29,401 24.9 7,285
74 60 15,244 23.1 3,454
8d 72 18,676 19.5 3,621
9¢ 113 18,000 22.0 3,966

<G 3-1-12>01A4 B owpel o] BRIAY T A A Ald el sdsiAl 2
A5713ke] 7HE 21 99 o] o H3 Fxe] o] 113em= 7HE Ao, 7de] 60cm=
74 &kt
7ol CFHT Fxo AxFF B AdEFES 15244(kg/ha) B 3454(kg/ha) 2
A AT wTAR 69l dFHAYT AERSFTF 29401ke/ha)d AEST
7285(kg/ha) .2 AA 3] E3Uvh mEbA 9o AR Hol 1dxke] Al@da B
AT Axpel mpRvtA R Ful o]l 6€ oldog dFHAVE HAc =
a&49 Ao Atndn
W R R el a2 AA AHAY] AdAdE <& 3-1-13>9 2Tk

O_|.4

> rﬂa
-9,

[e)
=
=
K=

<E 3-1-13> 37 5PFE ARTY 2 wielAe dF A7 52 54 24

A H A 71(E) Z7(cm) Az (kg/ha) AEE(%) A& 4% (kg/ha)
5¥ 102 18,707 14.7 2,765
6¢ 186 36,380 22.1 8,014
74 234 50,511 19.8 10,320
3¢ 170 28,189 24.2 5,784
9¢ 201 34,906 134 4,666

<E 3-1-13>014 B vhsh gol PR APT] £ vhge] oFHA] Aub o

4 48T F2 A9 $UR AAS 2R, T JE4Y D5 o

259 10320(ke/ha)e 620 AT F2 wrh AAe] e el s o

Fxel AzFY L ABFFS AR AL, ol a ol Hal Fuit
=

oA 89 o]Fo Aol Holxly] Wlwom Algdh webA ]9 A= Hol |

N
o

Al ok r}L
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Q) B =2 AT
AE Aak 29 AdFe £z AA CdFHAY] AlgAIE <FE 3-1-14>, <E
3-1-15>¢} 2t}
<HE 3-1-14> ZA THTE AETY FE AAHAAY dFH A 78 2 BEA AL
A F A1 7]1(E) Z%(cm) A %4> % (kg/ha) AEE%) | AEFZ(kg/ha)
54 36 24,782 13.0 4,759
64 47 30,556 21.1 6,433
74 51 24,000 234 5,612
84 70 16,935 19.7 3,328

<E 3-1-15> 74k

FALE AGTFY F2 wpgeldg A AVE F2 54 24

I FHA171(4) %% (cm) A x4 F(kg/ha) AEE%) A& F(kg/ha)
5¢ 137 22,032 13.80 3,043
6¢ 153 27,000 16.8 4,535
74 167 38,000 21.2 8,038
8¢ 209 20,455 19.6 4,005
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<3 3-1-14>, <3 3-1-15>9A] B vpe} o] A& A4 =i 57529 Ag
TAME A E T} GAAFE T 22 s & F AT =2 AMAEY 7€
T2 Y AxFHF D AEFFEE 24000kg/ha) Z 5612(kkg/ha)E 629 o= A
2% 9 A5+ % 30556(kg/ha) 2 6433(kg/ha)® A A3 =Avt. =& vl o3
7

ABAAE Syt G2 AFTAsh o] 6AnTt 799 AAF Fxo P
Y W ABEYe] s ol AV% Y % FY G AGTAMG B9
4 A9 69l T8 oJHOR AANE MYt Aol wpFAsth

sz 4t ol

42. A F =TI sUTE x| MY o o|x= &

ATy Yy

TAE BRI A AHIGFE AFsHY] Aste] A= M T dA,
FAE ABE A FRA AFTE 44 3WHE G o wjxste] 2dEet whE
AAEA dF 355 O1349369), @23 AH6YE, 7€), @23 dFH6E, 89),
@33] (64, 79, 8¥) dFHs =%, AxTFE AEE, AELFS FAAHt =
o TR A AWHAARE A FtA 9 wolE FAHPon, MG
S AAT Fxo WAESE A4 23 Fxo FAES A AEAGY Az
FESE SAT Fxo dAT F& dude] METE AFHSY FTUUxR7| 6TCE
AN Az F AEES SAHS L AExFFl AEES F3o AEFFS AES
ATk (19 3-1-32)
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(79 3-1-32) 24 Y€ AT A4 437 3+ 44 AN d

L. A 7E D
obM $2 AlY
73715 tgFe) Fx A4 A0S Addss <& 3-1-16>¢ 2ok

<E 3-1-16>M4 TLUFE AFTY 2 AMHNAL oF 3l5d WE Fx EXRA}

o F 3 4~ Z(cm) Az (kg/ha) AEE(%) | &5 (kg/ha)
13](6€) 95 32,900 19.5 6,428
2364, 79) 66 39,461 27.1 9,740
23)(64, 8¥) 32 51,975 20.6 10,932
33)(6¢, 74, 8¢) 68 50,264 19.2 10,470

<E 3-1-16>0A4 K= upel o] b A[F T o Sl AdE BW 69 13
oF Al AxFHFS 32900(kg/ha)ol il A2 6428(kg/ha) o|th. 6€e o3 +
7€ 13 9 dHS 23] dFH Al AxFHFo] 3946l(kg/ha)lw HEFHLS
9,740(kg/ha)Z 69 13 oFxw} @odrh T3 69 o3 F 8o 1H o o3 23
o F A AxFFL51975(kg/ha)2, HEFHS 10,932(kg/ha)® 2 A FHth A
Z5d 2 AEFFo] Eodth waka 69 o3 & 8€el 13 9 dF sk ol 690l
13] dFAst= A% 649 oFH F 74l 13 o dFAse AET ¥ §&40 Fo=w
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<E 3-1-17> 4 5452 AETY 52 vidolAe] o3 sG] we 2 54 24

o 3 8] 5 %% (em) A 2 F(kg/ha) AEE(%) | A= (kg/ha)
13](64) 183 37,075 19.6 7,296
23](64, 79) 138 36,905 25.3 7,411
23](64, 89) 157 46,259 20.7 9,023
33)(6¢, 74, 8¢) 124 45,238 235 9,332

<R 3-1-17>9) b AT 43 3l A9E B 69l 13 oF A Az

2 37,075(kg/ha)el i1 AEFTFL 7296(kg/ha) olth. 6€el o3 = 7€ 13] t] 49
40}04 23] o3 ] *gi o] 36,905(kg/ha)o.2 AEFTFL 7411(kg/ha)= 69 13]
o Hroh worrh E3 6¢€ olF F 89l 1¥ O oFg 23] oFH Al ARFHFS
46,259(kg/ha) =, A& 9,023(kg/ha)Z thE A TRY x5 9 559
Wtk webA] 2 AP A o] Ao} v R 69 oF $ 8dol 13] ¢ oF 3}
Aol 690 13] dFHst= A 69 dFH F 79 13 ¢ dFHs= AR O =

(19 3-1-33) 2t Algr9 A4 43 sl A4

(2) 4 S (UHX) =2 AT
o P FRe AdTe 2 A dFASls AdAds <E 3-1-18>¢F 2

<HE 3-1-18> BH FUFE AR $2 AW dF Asol HE 2 54 24

o H 3 %7 (cm) Az F(kg/ha) AEE(%) | A= F(ke/ha)
13](6€) 97 18,492 28.0 5,211
2364, 74) 72 23,813 23.1 6,039
23](64, 84) 86 46,326 20.6 8,328
33)(64, 74, 8¥) 66 45,084 18.8 7579

_66_



<E 3-1-18>9 21 AT 47 A5 AE 2 o 696 13 4F A Az
Fo 18492(kg/ha)el i A=42F2 5211(kg/ha) olth. 6€ol] o3 F 7€ 13 ¢
o Fsle] 23] oFH Al AT 23813(kg/ha)°i AEF#HS 6,039kg/ha)= 69 1
5 dHRT Bt wa 62 A3 F 8ol 1M o oA 23 43 A YRFLE
46,326(kg/ha) =, AETHS 8328(kg/ha)Z tf& A FHU AxFdF UL AEFF
otk meka) Sw ApEel el dateh hA R 64 A3 F 899 191 | A3
Aol 6ol 13 o A= zw 64 47 F 79 18 o dFHdE Ang o &
Hel Aoz AmAY. ot AAFT FeAUn 5 4TS e,

o r|r

<E 3-1-19>37 P52 AR 2 uigel 49 A3 A5 mE 52 54 24

o 3 3] Z=7(cm) A Z 4= (kg/ha) A=E(%) | A=2F(kg/ha)
13](64) 184 35,938 19.3 6,960
23](64, 7¥) 167 49,063 23.0 10,580
23](64¥, 89) 182 64,688 21.0 13,123
33](6¥, 74, 89) 151 60,875 22.2 13,099

<E 3-1-19>9] I AT odFH SlF AAE B ] 690 13] dFH A Bz
ZF2 35938(kg/ha)el il A=FF2 6960(kg/ha) ©|th. 6€e] oFH = 7€ 13 ¢
dFsle] 23] ofFH Al AxFwFo] 49,063(kg/ha)o. 2 AEF#FS 10,580(kg/ha) = 6¥
13] o HRm “L%‘:} T 69 oFH F 89l 1 o dFHE 23] oFH A AxFEFS
64,688(kg/ha)=, A=4+2 13123(kg/ha)= & A TR Azl 2L AE5TF
o] Bttt wekA F = /\}“401]/\14 2 3} o} ”VWV]E 69 o3 T 8¢l 13 9 o
Asts Aol 6¥€ol 13 dFHASE A 6¥€ A3 & 7€4 13 o dFHs= HET o
S22 Aom ARHY. o= MAAIF T FRAMA, vy, FIAIA T FRAMAE
L sdd 23S HoFr

_—

(Z¥ 3-1-34) B3 AdTY Hd 37 35 A
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Ak AdTe] =2 AR AFASle Addde <E 3-1-20>9F

<E 3-1-20>34 $A52 AWT 2 AN A3 Aol HE 2 B4 24

o H 8] 5= %7 (em) Az F(kg/ha) A=E%) | d=5F(kg/ha)
13](6¥) 38 24,782 20.3 4,759
23)(64, 74) 60 30,782 164 5,740
23](64, 89) 72 447782 159 7,930
3364, 74, 84) 63 39,068 12.5 6,545

<E 3-1-20>9 A FTEE AYT AA A5 ARE % o 69 13 o4
Al BzaeEe 24782(kg/ha)el i A= 4759(kg/ha) |tk 6€l o3 5 7€
13] o o FHste] 23] o H A AzFFo] 30,782(kg/ha)e 2 e+ 5740(kg/ha)
2 69 18 JAnTt Btk =3 68 A F 8¥el 14 o AT 23 AF A A

5% 472kg/ha) 2, DEFFS 7930(kg/ha)R ThE APTRo Yz25FF 2
Aeade] Bkt webs 690 13 dFst= A 69 o3 F 74 13 1§ oF
e At o 5849 Ao Almdd,

<E 3-1-21> A4 BUFE ARTY F2 vgo|Ne] 4 Hol BE £2 54 24

o H 8] 5= %7 (em) Az F(kg/ha) A=E0%) | d=5F(kg/ha)
13](6¥) 175 22,032 13.8 3,043
23l(64, 74) 127 24,641 23.0 3,643
2364, 8¢) 151 63,699 21.2 11,856
3364, 7¥, 8¢) 116 35,921 19.3 5,730

¥ 3-1-21>9 AA 752 AT T2 u}r:‘rg] o2 3o AFs B o 64
ol 18] o] A AEFTLS 22032kg/ha)ol i ABFHE 3043(kg/ha)olth. 6o o
FA F 790 18 o Fzke} 23] oA A AL#EW 24,641(kg/ha) 0. & A B e

3,643(kg/ha)= 64 13] oFH Kt Eokoh H3k 69 o3 F 89 1H ©l o3 23]
a2 A AERFFE 63699(kg/ha)®, AEFLE 11856(kg/ha)® The Ao TRt Al
B 745 ol Fokrh weba 69l 13] dFHst= A 69 dFH F 7€ 1
o7 AtRHn olddE b, XY FEAL

A, vrg g F aﬁi A=A Fxo g&42 HHE S AdS AFH3NGF= 13493
5 8€e 1H o oHs= Ao
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%)= AArErF on AtiAE 7R (RFV)+E Holland et al.(1990, DDMxDMI/1.29)¢] A
Akt & sFEsA T (LY 3-1-36)

(29 3-1-36) %9 AI=E7}A BH7F 4

U FHFRY] Fx T SR AMAY vigoA Be FEE AR s Fxe AX
A71 A B 7FAE 7be] Adbs obge] <E 3-1-22>3 Tk

Tz AARTHAE H7Fs7] fete] ARl sHEde] Al A ER] olgE et gho] L
g~ (IRG)SF Ht o] &3l 2 9 Gasx, a2l T34 AFRAEQ 3o
|} Fooll &3e FEREE vlaste] EAEAT AEFRutg A AAEH Eo
558 7MY Bol weElsle %9 9 CPE 142%= IRGS CP 168% K.t} Y2
TDN%E 56.8%% IRG®] 67.2% Kt} vrol RFV7ZE 9302 4t&Hlom o= Al
°] %% 1 IRG P_‘jr ]9 7] uwjio s moldth LE £ AlWHo| 7pg wol B
$ CP7} 138%= sty &% 5 7M =kow TDNE 71.0%
G Xt} ¥ RFV E3% 2122 wf$ =kv)

o]% Ay Fo] AHB4 eFo] 2] wlEel Aow AlmEch o 9 A CPrF
13.4%, ok 129% <=ol™, TDNS wigjuj3y, 3], FolAE o= AT
T FR] AMRZHAE I A A= Holaet 2] CP7E 19.8%, 19.2% = E9kal o]
v T3 qEAA AAEFES] sojg 9] CP 20.2% Xtk WA RF TDNe] 68.6%,
64.9%= 3o x]2] TDN 66.3%¢} vlus)] & wf 2px] gkokrh. 274 viel Abd

_—

Ni

1

of
ol
rlr
ri‘l
ﬂ?
0_L4
]
10

o b

p—4

of de] Bx3 gl unty]e CPE 135%, TDN 63.6% % XA BA 5 o] Alg=A 7}
27F e Aoz Asdth gy £F, Y, avlg] 59 FxE o F A2 Ut
A7V lo] ZH A7 E ] AtE st o= Ve Aol wg- "ol AoR AREY V]S
AE =Y F U HHE AFEHA F2E AMRSEtY ol& F F s FoE AR
Hr}h ol9p e AtmIEA e HIME B W Fxo FES AAse FE, FE, &
P, vt 58 ZAIERE ARSElE AR 2 FxAA WHolg Alsd



<E 3-1-22>FHF=2Y Fx AZA7IE A5 7FX B 7}

w29 | 1| cpo) | EEs) [C. ash(%6) NDF(6) | ADF(%) | NFC(0) | TDN(%) | REV
59 | 215 11 114 5.8 273 10.1 67.3 113
. lea| 130 29 134 63.3 36.0 23 60.5 83
== g | a2 34 125 648 406 1.1 56.8 82
Ave | 142 25 124 630 346 738 615 93
59 | 160 3.1 82 61.7 357 110 60.7 92
L. |ea] 100 2.1 96 69.6 443 838 53.9 73
T lra | 59 22 7.2 70.7 4777 139 512 63
Ave | 106 25 83 673 426 112 55.3 78
59 | 120 34 8.4 489 26.4 274 68.1 130
B 69 | 92 37 12.1 56.8 29.9 182 65.3 108
i 79 | 121 27 77 595 30.1 175 65.2 102
Ave | 1L 34 94 55.0 288 21.0 66.2 113
59 | 119 27 6.4 59.3 31.0 196 64.4 102
69 | 133 20 71 59.9 35.8 17.7 60.6 %

oFA 7 €
79 | 134 26 738 675 40.0 86 573 80
Ave| 129 24 71 622 %6 153 60.8 92
59 | 187 29 10.1 66.8 31.9 14 637 89
69 | 123 28 6.0 714 405 75 56.9 75
e | s 2.1 105 69.6 36.3 33 60.2 81
Ave | 134 24 82 705 394 54 586 78
BolA % 10.7 36 112 5.1 30.3 193 65.0 110
59 | 106 28 113 276 189 477 74.0 251
e | O] 144 39 12.0 32.9 233 36.7 705 200
79 | 164 35 132 348 %53 32.1 685 184
Ave | 138 34 122 31.8 227 389 710 212
69 | 105 40 73 355 2.3 428 68.2 179
gy | 79 | 62 54 46 311 22.2 52.8 714 215
Ave| 83 47 59 333 242 478 69.8 197
IRG 16.3 44 115 51.2 275 153 67.2 123

CP:crude protein, EE:ether extract, C.ashicrude ash, NDF:mneutral detergent fiber, ADF:acid
detergent, NFC:non—fiber carbohydrate, TDN:total degestible nutrients, RFV:relative feed valu
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Tz jj CP(%) EE(%) |C. ash(%)| NDF(%) | ADF(%) | NFC(%) | TDN(%) RFV
5¢ 19.9 2.4 15.6 374 23.6 24.6 70.2 175
o 64 13.5 2.8 11.2 43.5 30.9 28.6 64.5 137
74 7.0 2.0 7.7 52.8 41.7 30.5 56.0 99
Ave 135 24 115 44.7 321 27.9 63.6 137
54 17.7 3.5 9.2 294 224 40.2 71.2 226
PR 64 72 2.3 6.0 55.5 44.0 29.0 54.2 92
74 6.2 1.4 6.3 68.1 57.1 18.0 43.8 61
Ave 104 24 7.2 51.0 41.1 29.1 564 126
549 15.7 3.7 12.6 31.8 17.9 36.2 74.8 219
J 64 15.9 44 15.7 33.7 19.5 30.3 73.5 203
78 15.7 44 19.9 35.7 23.7 24.2 70.2 184
Ave 157 42 16.1 33.7 20.3 30.2 728 202
54 17.0 1.9 9.5 25.1 17.7 46.4 74.9 278
e 64 9.2 2.8 6.6 44.5 32.1 36.8 63.5 133
S
78 6.6 2.2 5.0 63.9 48.2 22.3 50.8 75
Ave 109 2.3 7.1 445 32.7 35.2 63.1 162
59 23.1 4.1 11.1 36.2 26.1 25.6 68.3 176
6€ 19.2 4.8 10.2 40.6 289 25.2 66.1 152
N 74 15.2 5.5 9.3 48.3 36.2 216 60.3 117
Ave 192 4.8 102 41.7 304 24.1 64.9 149
64 11.6 2.9 6.9 45.9 33.1 32.6 62.8 128
o 7 78 13.3 2.8 6.6 49.9 335 274 62.4 117
Ave 124 29 6.8 47.9 33.3 30.0 62.6 122
64 17.0 2.4 5.8 44.6 274 20.2 67.3 141
o} 74 22.6 3.5 154 375 24.1 211 69.9 174
Ave 198 3.0 156 41.0 257 20.7 68.6 158
e
SHeAL ] 78 12.3 3.2 8.1 39.3 29.3 37.1 65.8 157
& of 2] u| =] 20.2 4.2 11.9 375 28.6 25.5 66.3 156

CP:crude protein, EE:ether extract, C.ash:icrude ash, NDF:neutral detergent fiber, ADF:acid
detergent, NFCnon-fiber carbohydrate, TDN:total degestible nutrients, RFV:relative feed valu
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3]

A4 A (toatl nitrogen, TN), F71&, Fadit, A& Fo]&(K, Ca € Mg) % cation
exchange capacity(CEC) 35S A4kt EY pHE o|2daHo=z B4y &
o] H] &S 1:5% 3ol pH Meter(NeoMe+pH 220L, HY technology, Korea) = =743}
ot TNl A g ke FHujAlE 7hete] wallgt & FAAks gl
Kjeldah .82 A8ttt B4 F7]&, Fa&dAh, A8 dol29 FAHL ES
A AE AUEFFEA)(Soiltek KA-P)Z #4819 T},

Lt A7Z
= FHE R B B 549 AgA e <3 3-1-23>9F Zh

<E 3-1-23>4=2 gXd EF9 x5 EA

T P =] 3} A4 ok o] & (cmol+/kg) CEC
i=] T/ = T ARl o
T pH 9% | (a/ke) (cmol+/kg)| TNE®)
Ca Mg K
FHAE 6.2 1.1 10.2 1.6 76 0.9 10.7 0.07
- T FAk 6.4 2.3 162.8 7.4 2.4 0.8 17.1 0.13
™
A e A 7.1 2.4 1425 7.1 7.1 0.6 16.7 0.13
oA ) ok 6.1 2.1 88.7 6.1 1.8 05 16.1 0.11
FRAE 7.3 3.2 10.2 1.6 76 0.9 16.0 0.17
P IR E Ak 6.7 1.0 75.9 39 0.6 0.4 12.2 0.06
BN
121 3= o I
o el 5§ A 6.4 05 81.6 2.0 2.7 05 8.6 0.02
oA ) ok 52 44 149.1 7.2 1.9 0.8 20.4 0.26
5744 57 2.9 101.0 4.2 1.2 0.3 9.6 -
2k} 5.3 0.9 11.3 0.8 0.7 0.2 6.5 -
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3E3-1-23>9 A#RE B ouf 2o AHI wige] pHeE v e
Ae)etar H74 A pH5.7, AFebx] pH5.3 HUul =dth FRAE] uigal 9 3
T2 AW Fo® pHIF =4 et olygt B F5E 5A4E 2AMAY
et abol7b AT FRAMES AL 1 & ZAAY FR EGY {UE
a2 A g Gol 2, CECE w74 A9 atetA] EYGEA T vlus)] &

et

0.

E flsto] HAHZ AAA7] 9 AHIAFE A
gatlov oA vtar @8] aAbeE Zlo] ofyal Ao IAREA] e oA
OAl S tRE 29 oFH T 71 AdHe] e dFsolsE AAstr] $18kd
Al sk o
b A7 g

A= FEAtg e sFeds A7 x4 29 =53, 4, 75, 1L
el g A AAstden, dAH e AF port(100mx50em)e] 72 $2E o Aato]
Aldgt & 2 A7 3 ThR b m g s AT 4 FREE AETE
Am' A (2m>2m)# A xlste] AAlstdth. A port= 34 € 3WHE dIwiow  wjA| s}
o] OFWI FLsA0cm), @FHS] 3, @FHSL] 6m=E dFH F AAsE EolE
AR oH, kA MY FFE AFTAAE 24 2HEE 448 30 GYHoR
v 2] ko] 4= ol 2 (-0cm), @FHF FA3A (Ocm), @FHEY 3em, DAY 6em=
Azt & QA= wolE SAHS AL

ol =0l FHAY 2 201l (IHE2 FH A48+ =& (cm)
(cm) 2 3 6 9 13 16 26 35 42 17 hb
0O 3.2 6.4 145 21.3 26.8 41.0 65.3 85.3 99.3 106.0 116.3
3 2.7 4.5 9.1 14.4 24.6 32.8 59.5 86.3 119.7 132.0 132.7
[ 55 7.7 14.5 24,0 30.9 1.8 75.3 1059 1188 133.7 14086
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160.0

1400 -

1200

1000

800

20.0

26 424 47 55¢d 50cm ol A o
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<X 3-1-25>FZ2dqA SE dF Eolo wE AAFEo]

M A =0 (G2 A 28 Z=H{cm)

0l 5 =0l
(cm) 1 3 6 9 15 21 27 33 39 45 55
-0 2.7 5.5 10.8 17.3 35.8 75.2 87.0 98.0 103.8 107.8 109.0
0 34 8.5 18.0 298 64.5 85.0 999 110.6 115.5 119.1 121.2
3 38 14.0 29.0 43.1 81.0 939 108.6 1195 125.7 131.2 135.9
b 4.6 17.5 36.3 539 94.0 108.3 1221 132.7 138.1 143.9 147.3
160
140
120
100 —— 0
a0 il
g 5
[=1n]
—— 6
40
20
[u] T T T T T T T T T T 1
1 3 (=3 9 15 21 27 33 39 45 55

274 334 394 454 55
(298 3-1-38) F2AA EF9 dF Eo|7} AR MA= F

<3 3-1-24>00A HiE ubep o] o F & 244 oF Eo]lE 6cmE AFHAES W
55cmzZ 7Y =4 AT v 2 oF o] 3cmZ A HAS u 27cm=zE A A S

o
Eol7} 7H gt a8y, o F —f.i 35%1 AEE = 6cm, 3cm, Ocme =42 QA =
o] 7} 105.9ccm, 86.3cm, 85.3cm®E =¢kow o3 F 5594 % FU3 B =olo Ax
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S BT <x% 3-1-25>°4 R upe}l o] F2oAe] Alg A= port AlF ol A<}
= UE2A o7 F 14AFH x5 F4 oldE dHS F -0cm, THY s
ol2 o FH3 Ocm, FHY 3cmolAl odFH, FH 6cmeoll A 01]-14{{ —ff A2 27cm,

34cm, 3.8cm, 4.6cmE AAE o]yt Zoktl o] d A= o FH F 55U7MA BE
Al Tds 235 48 F AAY wetA XE ALY FRAA FE9 @11—2'4 % x H§

i

o2 AW A3 2Ee| dF A Fuolds dASE Fel A Folt g %
onR dFxel2 7Hg AR JoR YEyh
(2 7=
BEo ox T AAEole AF A= <3E 3-1-26>9F #r).

<E 3-1-26>F2dqA H 59 47 Eold BE A=

A -0l = A 48 E=FHem)

ol ol
(cm) 1 3 6 9 15 21 27 33 39 45 55
-0 4.2 8.5 12.0 22.2 504 81.0 1148 128.0 139.7 149.0 165.3
0 5.8 10.2 19.3 38.0 73.2 122.1 158.0 167.3 178.2 185.0 197.8
3 6.1 15.0 28.2 52.7 98.6 147.0 192.1 201.5 205.2 210.6 212.0
b 8.2 21.0 35.1 67.0 125.0 173.0 2184 2271 2303 229.9 2384

300.0 -
250.0
200.0

——-0

150.0 —= =0

3

100.0 5
S50.0 -
0.0 -

1 3 13 g 15 21 27 33 39 45 55

19 (0cm, 3cm, 6cm) 39 (0cm, 3cm, 6cm)
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159 27 33 459 55
(29 3-1-39) ports} 2N 59 dF w7l A PlA= 9F

F59 dFHEol7t A HX = FEFE S5 A8 FES XTERE o] 5to]
H 5 3wk aAbete] FAA] et 2y <& 3-1-26>14 EE npe}l o)
TFRAME 2F3 VAR dFH F 1dANFE 25 79 o2 d9FHTE 5 -
Ocm, THIY L3 =o]Z o FHS Ocm, T 3emolA o3, U 6cmoll Al o 3
st TA= 42(:m, 5.8cm, 6.1cm, 82cm® A AE F=ol7} ittt 315} A dF

7

(3) ZoH
2o« F Azl AFAIE <FE 3-1-27>9 #Z
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<E 3-1-27>FZ2dA ZU9 43 Eold wE AAE

FH 242 01| (0HE A2 == EHem)

o= =0l
{cm)
20 29 36 43 63 84
0 234 51.5 80.7 105.8 145.0 161.3
27.2 51.0 84.6 107.2 147.5 163.3
b 26.7 54.2 83.8 110.0 144.9 161.0
200.0
150.0
()
100.0
wi=3
50.0 )
0.0 e e e S e S s e e m e e e e ]
1 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 55

43 63 84
(29 3-1-40) F=A 29 dF Eo|7l A MAE I9F

agie 4o 5 FEAE odFH & AASHA ZFerh (29" 3-1-40) A A H A
o oF " FFY FEF tE2A Fo] vy A= o3 =] Ocm, 3cm,
6ecmeoll Zgaglo] o e}

fr

T g aAEHA Y B F7]E WA SsY] wdd wE 7)<
ol @ato] 1heo} et} whEba <E 3-1-27>° A4 BE upel o] Zj
o H Zolel #HAGle] dHST F71v LebA TAEHARE HE FV]e] AR R

S =
Mz ojede] e} WA Urbed B 5 Aok aeme zge dHsA A7
d Auns 9% 279 =4S AR} B,
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(4) mop2|
artele] dH F Azl ANPATE <FE 3-1-28>9 2k

<E 3-1-28>52A a2t o3 Eold e ABEol

oll 3 =0l A 24 21 20l IFE A 245 =2Hem)
(cm) 8 12 15 23 30 35
0 3.3 3.7 4.1 4.3 5.1 10.5
3 6.9 8.2 9.0 10.6 11.9 16.1
6 11.7 12.3 13.8 15.6 16.4 19.6

25.0

20.0

15.0 /A.I‘—:.-//" s O
-l
10.0 y — 3

5.0

0.0

8 12 15 23 30 35

234 304 365¢
(2™ 3-1-41) F2oAM vt oF Fol7} A wA= FIF

<¥ 3-1-28>9A HE= nle} o] oF F =
11.7cm= 7H =7 AAsALL w2 o 3 % ] OcmZ <3 3
g wol7b 7HE zshn olH @ 7374‘:‘ oF 5 3BL7HA BE A 5L
ok webA metEld odF T AgAlzolE AEE An FE U RE
A2 o A 7 BA dFsE Aol AA molvl M ZomE oFEow 7}x}
AAg Ao 2 Yyt

cm= o FH WS o
o] 3.3cmZ A
o3 ANE S

= =

ol o o
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<E 3-1-30> #E4 2Fd BE AxTH¥F A AETTF

%em) 135 158 169 175 195 259 268 280 200
ol 6400 13550 21739 22950 29450 45050 50746 160,000 240,000
?kfjg 1712 2738 4404 5316 7438 8057 13073 15445 61643
MAESEF HETH
300000 0000
250000 60000
j:§ —_— ;100[20 —HE Tt
100000 — HE (4243) o @R
20000
50000 10000
o 0 ——
50000 10000 135'.;58 169 175 195 259 268 280 295

<E 3-1-31> Zd9 Ao & WxFHF L AEFF
Z&{cm) 102 131 154 187 195 200 215 229 278
M=xACE
=TS 10,050 10,250 10,500 19,650 19,700 21,950 25100 32,500 36,081
(kg/ha)
AS4
3,137 3,285 3,388 4175 4367 5254 6321 8870 11,358

(kg/ha)

40000

35000

30000

15000 —;;:o"ni’?%']

10000
’ 102 131 154 187 195 200 215 229 278
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el 24 Az

e

A=madate] daaA Adybs <GE 3-1-32>9F 2

<¥E 3-1-32> avtd Y 2o mE AxsF A AT

£%em) 59 67 69 0 7 W 0 12 18]
a'cll_?:c__-"lk_El:
Tome 1333315912 29348 32500 35714 100000 120000 140000 160,000
Az

1,768 3,824 6,313 7,298 8,128 13476 17,684 22606 38438
{kg/ha)

B4yl 3718 ¢+ Ak

(5) +2AtRIOl +x0 £
FEAMe EFLrze 239 4zFd L A

3-1-33>¢9} 2t}

b

¥

e
o
o
_V‘_l‘
o
o
i
r
2
ih
&
rr
/N
=5

<E 3-1-33> FEAH 259 £

Z&(cm) 31 55 {0 90 112 130 191 21 237

Mx AT

(ka/ha) 1,600 9,650 13,550 21,250 28,571 34,375 45,000 50,000 70,000

O A2

ds+3 538 2,008 3,086 4,962 6,433 8,446 10,638 10,982 13,438
(ka/ha)
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A 2d 2o EAFA ARV AL
PSR-

o-guete] FEWA L oF 9989741 ha® 2/3 o]Aro] ¢lof 5o FAF o 9lom,
Aol 7hsd HAAE FE 174 % AES 1,736,798 haol™, o] FolA =o] 10.1
%= 1,010,287 ha, o] 7.3%2 726511 ha® T4 %ol Utk E3], & WA 798 %
= FEHORE 808475 hav’t 74 FHAIA] SHE il = Aot &R
Ao ¢k 98638 kmel i, 527 63,333 km, ¥l =7F 35205 kmE, 20119 4,
] Rk IEMJO 7,283kmell  F 3,290,483m’, Ml fFgA =AHL 297040
21,000m =4 9o FAuE&L oF 569 AE LaFH3 o wd FAdr})
7} F7beke AA l (KRC, 2013).

el e BYYAl dd A7 A Aol 4@ Jagel $YL ol
Fgsta Ak FA Ao fEel el AR Fe Fesdd ve FYAYO
2 wEs wadth A olste] WASRE EF F2& EA hadld vF Im3
AT A% 309 E9 1sem AL Fol FAHE Ao ANHD FES I
s A71E 9ol vl o2 <lshe] SujEEe] Hzsl EAL HH®h HAd

EAbE ole% BAA e ohe £ o9 BAE WAL £4 46

AS FARE BAGE EAE AT AU & T T4AAL 2RAA

2ol FANAL HYHE At A%, AR Sl AR % HARAE:
A ool A Be ADEN ALl o8 AAIAY ABEIE
= oas) olegel gl Aotk e SR Zold WFE ER 09
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4] 7F A HekA ¥k (Rooseboom, 1975).
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B2 olFojA A oAF R AL Ao Wt Ao EHAHA g Ao
At (Saenyi, 2004).
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(¥ 3-2-3) HiFE A2 A

<E 3-2-1> A59 EAA ZAX

NepdA
O"r / e} =
Alad | = F2 ), (%) o) s
g A7 | g |9 e | FER
LL PI 4.76mm | 0.074mm
A5 | AIU | NP NP 99.59 1.23 4.16
52 | 7 | AIM | 4884 | 594 | 93.26 1.34 10.04
sl | AID |34.02 | 4.14 | 97.62 1.55 6.48
701—%
RS
A5 | ADU| NP NP 97.76 0.85 6.59
w2 | =5 | ADM | 65.06 | 8.17 | 84.89 0.93 12.36
AT 35 | ADD | 30.59 | 0.90 | 76.23 1.84 5.60
A
A5 | BIU NP NP 91.03 0.56 5.37
L2 | 7 | BIM | NP NP 89.19 1.26 6.45
e w sl | BID | 58.44 | 6.11 | 95.31 0.81 9.98
= =
4T
A5 | BDU | 3253 | 1.13 | 88.37 851 6.45
wl<== | =5 | BDM | 35.00 | 3.14 | 86.26 4.67 6.54
35 | BDD | 41.43 | 5.60 | 98.40 3.10 9.16
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<E 3-2-1> AR EAHA AR (AF)

Alag | ee e HERSEA s aaen LA I
g | A7 | e | A '
LL | PI |4.76mn|0.074m | (%)
4% | CIU | NP | NP | 7143 | 440 | 281
852 | 25 | CIM | NP | NP | 9233 | 570 | 2.88
A | Am 3% | CID | NP | NP | 9552 | 2.07 2.29
A s 4% | CDU | NP | NP | 8655 | 022 | 254
Wez | 2% | CDM| NP | NP | 9319 | 156 | 195
% | CDD |35.71 | 393 | 89.08 | 2.06 | 6.12
4% | DIU |32.68| 240 | 9645 | 1.28 | 5.64
g%z | 2% | DIM | 2851 | 273 | 9991 | 262 | 4.96
2 #% | DID | NP | NP | 9821 | 149 | 2.39
Eh 45 | DDU | 37.24 | 426 | 99.78 | 0.79 | 7.20
W42 | 25 | DDM | 3548 | 590 | 9936 | 195 | 7.89
%% | DDD |36.32 | 4.03 | 99.95 | 2.67 | 751
4% | EIU | NP | NP | 9877 | 017 | 1.34
g2 | 2% | EIM | NP | NP | 9924 | 012 | 0.79
A | zu % | EID |21.67| 1.21 | 9864 | 024 | 1.19
A 4% | EDU| NP | NP | 9959 | 134 | 1.79
W42 | % | EDM | 2529 | 091 | 99.30 | 155 | 3.62
% | EDD |40.24 | 921 | 9970 | 1.83 | 882
4% | FIU |34.35] 2.90 | 6822 | 1.23 | 6.11
g2 | =5 | FIM |36.06 | 558 | 8859 | 050 | 7.63
A % | FID |36.22| 641 | 9733 | 074 | 632
A 4% | FDU | 5456 | 1494 | 99.17 | 070 | 13.45
Mgz | 257 | FDM | 43.60 | 11.79 | 87.88 | 1.06 | 4.92
%% | FDD |35.00 | 0.82 | 7556 | 2.01 | 478
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LL | PI |A476m | 0.074m | (%)
5 | GIU | 2826 | 237 | 91.83 1.27 5.98 SP
STZ2 | T | GIM | 45697 | 272 | 98.69 4.48 8.71 ML
= 3
B sH+ | GID | 3524 | 258 | 95.30 4.37 6.59 ML
LLE
o} %] 5 | GDU | 2478 | 1.00 | 99.37 | 1599 2.57 ML
o L
W42 | 57/ | GDM | 25.25 | 257 | 98.02 8.29 3.02 ML
s | GDD | NP NP | 98.65 7.87 4.25 SM
% | HIU | NP NP | 85.67 0.82 2.99 SP
42 | T | HIM | NP NP | 84.33 5.25 2.26 SM
@ Al S+ | HID | 34.80 | 441 | 95.03 4.43 4.61 SM
x| 5
Ho 5 | HDU | 36.73 | 655 | 85.31 1.68 3.94 SM
Al ek
W2 | 55 | HDM | 3549 | 547 | 94.36 5.29 3.30 ML
St | HDD | 27.20 | 223 | 94.62 6.77 2.09 SM
A5 | IIU | 50.07 | 598 | 95.80 0.68 8.60 SM
L2 | FF | IIM | 3773 | 229 | 69.35 0.28 4.21 SM
Az st | IID | 5725 | 220 | 81.16 0.76 14.10 SM
S
oo 5 | IDU | 3404 | 3.35 | 87.19 7.67 4.99 SM
3k
W2 | FF | IDM | 52.03 | 806 | 95.04 1.23 8.95 MH
st | IDD | 39.86 | 493 | 94.00 1.66 5.70 SM
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(r) ¥ MEE QEEEIA

(¥ 3-2-4) 88 YEEX

<E 3-2-2> A8 #5A4AF 2L FEAF

A% | 0180 | 0.270 | 0.370 | 2.056 | 1.095

g2 | 5 | 0013|0028 | 0088 | 6769 | 0.661

= S5 | 0012 | 0.027 | 0140 | 11.667 | 0.434
el A5 1 0018 | 0.033 | 0085 | 4722 | 0712
M4= | FH | 0018 | 0.027 | 0054 | 3.000 | 0.750

5 | 0019 | 0.052 | 0160 | 8421 | 0.889

A5 1 0260 | 0450 | 1.230 | 4731 | 0.633

g2 | F5 ]0039 | 0125 | 0900 | 23.077 | 0.445

A | am % | 0039 | 0.145 | 0300 | 7.792 | 1.820
A ek 45 | 0066 | 0420 | 1.300 | 19.697 | 2.056
a2 | FH | 0009 | 0.025 | 0085 | 9.444 | 0.785

% | 0018 | 0.070 | 0.190 | 10556 | 1.433

FF | 0009 | 0.048 | 0.280 | 29.787 | 0.857

g%= | FH | 0270 | 0675 | 2700 | 10.000 | 0.625

At S5 | 0063 | 0500 | 2.250 | 35.714 | 1.764

L A5 | 0140 | 0350 | 1.240 | 8857 | 0.706
W= | 5 | 0009 | 0020 | 0076 | 8444 | 0585

S5 | 0011 | 0.045 | 0.400 | 36.364 | 0.460
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A5 ] 0165 | 0425 | 0.860 | 5212 | 1.273

452 | =% | 0015 | 0160 | 0580 | 38.667 | 2.943
AR 3% | 0.015 | 0.033 | 0.210 | 14.000 | 0.346
& A5 | 0036 | 0330 | 0.770 | 21.389 | 3.929
W42 | FF | 0015 | 0.055 | 0585 | 39.000 | 0.345

S5 | 0.046 | 0.280 | 1.800 | 39.130 | 0.947

AH ] 0.060 | 0.780 | 1.800 | 30.000 | 5.633

$42 | ZH ] 0038 | 0320 | 1.350 | 35526 | 1.996

g | EE 35 | 0011 | 0.023 | 0.047 | 4273 | 1.023
o5 AE 1 0.022 | 0.042 | 0.130 | 5909 | 0617
M2 | FHF | 0004 | 0018 | 0.195 | 45349 | 0.365

35 | 0.002 | 0.019 | 0.059 | 39.333 | 4.079

A& 10150 | 0.350 | 1.700 | 11.333 | 0.480

452 | =% | 0130 | 0230 | 0400 | 3.077 | 1.017
75 3 | 0.200 | 0.450 | 1.200 | 6.000 | 0.844
=7 A5 | 0450 | 0.850 | 1.700 | 3.778 | 0.944
W= | FF | 0170 | 0340 | 1.000 | 5.882 | 0.680

35 | 0017 | 0.053 | 0.650 | 38.235 | 0.254

AF | 0.003 | 0.007 | 0.039 | 15.000 | 0.540

$4=2 | ZHF ] 0003 | 0038 | 0269 | 89.667 | 1.789

7 7] 35 | 0170 | 0360 | 1.250 | 7.353 | 0.610
o 5 A5 | 0012 | 0.017 | 0059 | 5130 | 0.426
ME=2 | FHF | 0004 | 0012 | 0220 | 52.381 | 0.156

3% | 0.006 | 0.016 | 0.127 | 19.844 | 0.315

AE 10390 | 0.660 | 1.400 | 3.590 | 0.798

g2 | 2% 0920 | 1500 | 2500 | 2.717 | 0.978

g | =W S5 | 0380 | 0.840 | 1.450 | 3.816 | 1.281
=4t A5 | 0170 | 0.400 | 0.740 | 4.353 | 1.272
W2 | FF | 0050 | 0.200 | 0.430 | 8.600 | 1.860

35 | 0.005 | 0.013 | 0.036 | 7.200 | 0.939

AF | 0014 | 0.300 | 3.200 | 228571 | 2.009

452 | 2% | 0012 | 0045 | 0.650 | 54.167 | 0.260
7 35 | 0.015 | 0.037 | 0.360 | 24.000 | 0.254
2 8 AF | 0.006 | 0.016 | 0.041 | 7.069 | 1.077
M2 | FH | 0060 | 0420 | 1.800 | 30.000 | 1.633

35 | 0.280 | 0.950 | 3.000 | 10.714 | 1.074
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<E 3-2-4> QAAGE 7|3 a529 99 F F5F

Rickh 71?};;&& S?Ijésféjizgiog;% PCa3d A 22
e %3714l 1278 9mm 486.12
39 e 1239 1mm 472.19
o) & o] 2 7] 4 1370.8mm 518.28
o o] 7] 1349 2mm 510.72
&7 A7) 2 1285 7mm 488,50
2o} 2ot o) 1250 4mm 476.14
3o w74 1163.6mm 145.76

EFAAAAKE BARA] 9Fe T Edel 1iE 54 Uehis

A, BFE WA, BeFR, BETE AT R F4A 59 #d Heja.
A
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X
)
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O

H
|4 5. 2007). B A QA= Wischmeiers (1971)
Wischmeier®}t Smith(1965), =22 i1 Erickson(1977)¢] 473 =
E2 FA4T # don, 2 AT BRI delA S5

%% Erickson®] 47t Zxe H&ste] Edesgtoz Fiste] 4SS

Lo
~
S
A
o
H
=]

<E 3-2-5> EYF @2 EXIAA
H A K-factor 3 K-factor 3 K-factor
7= 0.055 o+ 0.24 ol g 0.79
7+ 0.039 A A 0.04 A= 0.039
+E 0.33 AR 0.55 A Ak 0.054
A 0.66 MNE 0.16 A A 0.17
Ak 0.03 A1 AE & 0.018
L 0.32 s 0.32 9 0.53
e 0.053 <4 0.21 A= 0.044
& 0.054 S 0.16 5 0.66
B 0.041 T 0.29 Al =7 0.22
o} 0.05 A 0.06 2] 4k 0.044
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& 3 o1zt = A AP A o] 2l A}(SlopeLength Factor) <}
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A Bl EFo] HolAlE AFo| ¢ B duUArt dedttE AES kg s AR
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AR LSt EFAA WAL 9 4 (2-3-5)3% 2ol Dol AL A
S Few Agar

LS = (X/22.3)m x (0.065 + 0.045xS + 0.0065xS2) <2} 2-3-5>

o714, X AAEH, SE AAFE(%), mS A HEGAE

..........

(b) Al 8=+
(29 3-2-8) A7d AFAA

- 105 -



bol e AR A v B e st o

I3

&

AA YA =

-

T

A 3] £ 2HC)

A
2

] & o ol A

X

-

)
~

ofy

A

0

—

A
<
o
50

171 Aol Aok 2 A A

4

O]

el 4%

[e)

T

A Ee A e AMe 5 Aol A
o #eE T TEAAGe W

o]
Hel

7R 2y Abge] |

KeN
=

2 =2 7

°F 102
A F o A= 0.19]

1
e

-
o

N

B2 T

Al 7FeRA 9L 0.02, WA

[e)

(b) A
A=

X

8

. HFE S(2003)

< 007, =2 03, & 023 2L FHolY FA= 002 A A
(29 3-2-9) A7E 44

1=
(a) TEAT

<E 3-2-6>4 A3 EAA(C)

SCH I B BN O N O N
ole|e|ele|e|e|o
o)
=
Tl 2o
Slolo|lo|lolo|lols
oo |ojo|oo &
plllllll

N N N B RS NS -
Elwwloclo|lo|lo|S
SO | = F|Q|Q
e
ul
™
T - t~
2} —
X

A

_

o

e palcics i
<! _ X

i < T X
N

<

- 106 -




7o EXyEge Temp_value P gt

= 2 5/10.0 0.5

ks 2 5/10.0 0.5
= 3 10/10.0 1.0
z=A 4 10/10.0 1.0
LA 6 10/10.0 1.0

A7 e A 9 1 10/10.0 1.0
e 5,7 10/10.0 1.0
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<E 3-2-8> A Y9Ed FHIE FIE4 T™ F=&

T HAE(=EXx) ™ (= x) ™
S 37°37 716" 376043.416 128°59 " 40.6 ” 376043.416
44 36°39 “ 309”7 260122.700 127°40 " 2367 260122.700
o] 37°20 " 15”7 251471.243 127°34 " 53.7" 251471.243
=2t 36°10 " 58.2 " 213166.988 127°8 498”7 213166.988
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(7) EI=E ol %

<E 3-2-9> WA HE ALFALF

% Q—'ﬂ R Ok x] Al 2k <) 2k o [e] 2k
fo | WA oham/ | 08 Eiggr;) | m?‘—;sj:o/;}mcg
(ha) hr)
5QF 0 476.14 0 0 0
4 372 472.19 19,758.4 73,50125 5,526,410
el 8 488.5 87.9736 704 529.3
A 256.23 486.12 20,839.4 5,339,679 4,014,796
< 0.1071 445.76 2.998 0 0
=4k 10.08 510.72 1,087.38 10,961 8,241.4
o] 7 0 518.28 0 0 0
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<3 3-2-10> YiAAGHE HAYH

7 e S AREOCD |
Ao | wa (m®/storm) — — Ez}vg%} Q%ﬂ,s%k
(ha) | = w o ng w o XS_E_ gg (m*/storm)|  (m?)
Qb | 344 0 0 0 198 | 761 | - -
949 | 36 |5526410 2,214,653 3,311,757 | 37.2 | 94.7 | 717 | 3962436 |1,628957
3R | 269 | 5293 212 3173 | 212 | 779 | 552 | 292 120.0
% | 378 | 4,014,796 | 1,608,889 | 2,405,907 | 19.3 | 75.4 | 52.9 | 2,123,827 |873,105.3
F-oF | 29.1 0 0 0 |208|773| - - -
=2 [1716| 82414 | 3303 | 49384 | 127 | 652 | 442 | 3643 | 14976
o] | 36.8 0 0 0 195 | 756 | - -
(8) HEZALE SB EAENY HE
RULSEZ| M < o4 $#43¢ Agdor vm @ P72 gake] o] &gk A
ANGE T4 ARE 2ASAT. ArE 012de] Ty waggen, <
3-2-11>3} o] FelAFe #HFE RUSLE F2%9) 8% 94 %3ha, AshAF
o #ade) fAT 1%% H4 %P ok RUSLEAMon 78 §23e §9
gl BE AR @ Aol Fzel HAnths AR sel F@ gloluw oldld A
o]% ol gtk & - WlFE AT feo] obd AAE ) Afdozy

roof
rol
o

Q&= FA2S FUhete RUSLE 71 3hs & Aol § ®oli: Ao ey

Weld, & u5E HAREAE asAoR pYe] daAE N2 24 AnE
2 noh s BAskel FAsE Aol Fastth B AT AE 2012d% A9y
FaAas gEHOR FAAA ¥ A FAARE FHse] F stk
<HE 3-2-12>% FolETA EERE FAARON, <E 3-2-13>< 20124% P9~
Abe] EAAR, <HE 3-2-14>% 2012d% FAAr] EHARE HYE slolth

<& 3-2-11> 20129 %= FAHZF3 RUSLE A% H

"

20129 = =4

2 (t/ha/yr) RUSLE 2 #(t/ha/yr)

il

YA 1.49 18.82

Al 8} 2] - 0.02 2.40
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<E 3-2-12> $iEFA EERE FAAE

2k Chl &4 2Hm)
o FAAE A | ARG | gt
- (m) (m) A | g | A
2010 2667} A 538,310 192,297 | 99,198 | 15910 | 83,288
7 7] 2011 3787 & 638.622 272.423 | 119.735 | 10.376 | 109.359
2012 664702~ | 1,201,456 | 434,243 | 200,162 | 24,064 | 176.098
Al 2010~2012 618704~ | 1,068,248 | 394,407 | 188,199 | 1,951 | 186,249
2010 28671 2= 430,843 151,336 | 65,377 1,140 64,237
& 2011 4657l & 736,188 293,899 | 102,021 | 5,333 96,688
2012 595704 | 2,286,079 | 474,447 | 170,467 | 11,952 | 158,515
2010 6857l A 985,631 312,744 | 100,390 | 3,304 97,087
et 2011 1,14170 4~ | 1,738,085 | 675,805 | 291,109 | 12,580 | 274,534
2012 1,94570 4~ | 2,088,760 | 1,091,151 | 596,021 | 21,528 | 575,380
2010 371704 | 1,244,288 | 265,277 | 156,427 | 87,457 | 68970
A5 2011 640704~ | 2,078,648 | 896,129 | 351,447 | 108,158 | 243,289
2012 737704 | 2,040,728 | 959,908 | 372,191 | 126,526 | 245,665
A 2010~2012 254070 A&~ | 2,420,552 | 1,468,655 | 555,532 | 29,253 | 526,279
2010 4827 A 467,253 272,794 | 145946 | 7,767 | 138,179
A& 2011 1,08370 4~ | 895,995 584,420 | 241,781 | 11,296 | 230,485
2012 93371 4 826,479 646,591 | 251,663 | 22,760 | 228,904
2010 61971 2 729,006 523,977 | 175,319 | 14,637 | 151,447
At 2011 791704 | 1,349,032 | 816,803 | 237,149 | 18,581 | 218,568
2012 920704~ | 1,788,728 | 979,784 | 256,528 | 42,461 | 211,391

<% 3-2-13> 20129 % HLAA TAAE

o] X a2 AY
914 ?Hf:] HTWL | ER 24 %)
A Ak Nay | ¢ stm | BA e
A eE | 8% Ag | 7z
(m) (m) (m) | (m) | AA | 94 | AH]
4 1197 2 808,291 | 105017 | 174 39 41,417 | 1,750 | 39,667
AL | &% | &9 FoAA 2,200 1,250 0.6 0.2 150.0 | 150.0
A4 | 2% xdy FAAA 1,500 840 0.6 0.2 100.0 | 100.0
=<+e]523
49 | 0% | meor &5 2,000 625 06 02 | 750 | 750
w2
4 | Fol | 3 | F3FEFAA | 2250 2,310 05 0.2 231.0 | 231.0
A | ol | s | duiaEAA 1,500 1,560 0.6 0.2 187.0 | 187.0
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A L= A g
22w 2 A o] o Eé = = (m')
A | W | s A4 | 7
(m) (m) (m) | (m) | @A | 0= | 4
A | 54 | AF FE -2k 1,700 630 06 0.3 1130 | 1130
A | €Y [ HAET | 7874 2,250 300 2 0.2 1200 | 1200
49 | dx | a4 a4 714 700 625 05 0.1 310 | 310
2o =9 | =¥ @A 3,000 1,350 0.6 0.1 81.0 81.0
Y | % | AlE A 57k 2,100 740 0.6 0.1 440 | 440
A9 | Y | Hg ?i = 1,100 620 06 0.1 370 | 370
&TE
AT | AT | &3 SN 2,000 1,250 06 0.1 750 | 750
24| 9 | A GAEEE 3,000 1,180 05 0.2 1180 | 1180
A | g4 | 7t ST 700 630 05 0.3 94.0 94.0
A | 24 | A% A A 1,000 625 0.6 0.2 75.0 75.0
29 | 719 | A AT 2,050 2,050 05 0.1 1020 | 102.0
A7
A | v | £ | £3FHSAH | 1550 1,550 05 0.1 770 | 770
Ad | "4 = Zd ol 1rA 800 800 05 0.1 400 | 400
A9 | A | JFE | 93 852 | 150,000 200 25 05 250.0 250.0
2 A | AE | S04 &2 | 150,000 300 2 0.4 240.0 240.0
AY | &% | AE | Sk 42| 150,000 | 1,000 25 05 | 1,250.0 1,250.0
AL | A | AR | 974 $52 | 150,000 300 2 05 300.0 300.0
2 | SA | A= ifj] b 1,500 1,000 06 03 180.0 180.0
&T =
4 | 2% | A% | A s 770 400 25 0.3 300.0 300.0
A9 | 2F | =9 E%j 7?70% 1,500 1,000 0.6 0.3 180.0 180.0
29| 2% | AA iiffﬂ ffj 1,700 1,700 1.7 0.2 578.0 578.0
2L | &% | 4 ?gﬁﬂ Hizj 1,000 1,000 1.7 0.3 510.0 510.0
AL | S | F=& i}imﬁf 1,500 1,000 1 0.4 400.0 400.0
4l | SA | &= i;ﬂu sz 500 350 2 0.4 280.0 280.0
A | Fol | & | s 470 470 4 0.5 940.0 940.0
A5 | A | g3 ] 260 260 3 0.4 312.0 312.0
Al B i R ERE ] 300 300 3 06 540.0 540.0
4 | A | o9 TG 470 470 15 04 282.0 282.0
Jz | A7 | 99 A H‘}im i 50 50 20 05 500.0 500.0
AT | B4 | &5 i H"Lij i 200 200 6 05 600.0 600.0
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214 Suje2 Ad g
% AF ! = 2 ('
AE || EE Ay | o
(m) (m) (m) | (m) | AA | o1& | Z4]
AY | dx | AE (A5 gHFR ] 2088 1,600 1 0.3 480.0 480.0
A& Ax | FH |4 &HFE| 1,980 660 1 0.3 198.0 198.0
4 | A% | w=AF | w4k gul5R | 2520 660 1 0.3 198.0 198.0
A% A | st | a4 gusR | 1,970 660 1 0.3 198.0 198.0
o . _ | AelnA ¥ i
A€ 0 £ 3 FRAT, 600 600 1 0.3 180.0 180.0
; Tk
A9 | w9 | e | T 650 650 1 03 | 1950 195.0
(3] HH =
e . L, | g : _
A2 el | & qare) 650 650 1 0.3 195.0 195.0
Al—o]:y_ o
=] © ] F ¢ v 5
g | ke | ok |, NEgaz 500 500 1 0.4 200.0 200.0
- g Fr 4
] 2 =] AF 5
99 | 7} o} A5 5 ebgol 500 500 1 0.4 200.0 200.0
g% W | A | #1244 1,700 900 05 0.3 135.0 135.0
AL | He | | TR R 700 500 25 0.4 500.0 500.0
AL g | 9% | 9% sz 1,700 800 25 05 | 1,000.0 1,000.0
A7 | A9 | I | O mieE 700 400 25 0.3 300.0 300.0
A g
2 | g | Al R 3,200 850 0.7 0.4 238.0 238.0
) 2= ) 2
ER R
Ad | W | FF R 2,400 650 0.7 0.4 182.0 182.0
Hlj =] A
} - 58 E,
g | Ho] | 39 3,400 680 0.7 0.4 190.0 190.0
Hjj 4= %) A1
- _ g sl&,
44 93 4,500 850 0.7 0.4 238.0 238.0
) 4] 2
AT | 5ol | AT A gl 5 2 1,500 960 15 0.4 576.0 576.0
42§,
A€ ” o2 N 3,700 820 0.7 0.4 229.0 229.0
Wl = =2
_ _ S| §;]_g] Q‘y
A g A3} e 2,500 510 0.7 0.4 142.0 142.0
W=
= " A | HlR 3,600 820 0.7 0.4 229.0 229.0
AL | W | T | FAEEMEE | 1,800 370 0.7 0.4 103.0 103.0
i Bo|3-15 4,
A | Bol | ek | T TF 3,500 850 0.7 0.4 238.0 238.0
Hlj =2 A
) n e
=] © " o = =
44 sl PR 4,500 850 0.7 0.4 238.0 238.0
- A2l g,
A4 ¢ 2 A ° Hf] 2,300 330 0.7 0.4 92.0 92.0
w2
N 20|25 &,
A4 g 24 N ° 4,300 850 0.7 0.4 233.0 238.0
Hjj 4= %) A1
i Bol4E &,
A4 d A N ° 3,300 850 0.7 0.4 233.0 238.0
W) A
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A Lz Ad o
5 A} ! = 2 2 (1
59 8% A | T3t
(m) (m) (m) | (m) | AA | o1& | Z4]
50358
” Lo} =il o,
=< 2214 4,200 700 0.7 0.4 196.0 196.0
71g | AE A 4,000 1,500 0.6 0.3 270.0 270.0
=7 FANFRE 1,200 800 1 0.3 240.0 240.0
A A S = 1,000 800 1 0.3 240.0 240.0
39 | Fgus= 1,200 1,000 0.8 0.3 240.0 240.0
AE | AsueR 1,800 1,600 1 0.3 480.0 480.0
9 | FY A A 1,000 800 1 0.3 240.0 240.0
e ! AL
BSH A = % v
S N P 465 465 05 04 | 930 93.0
Al
28 | 5 B 1,710 1,710 15 0.3 769.0 769.0
W) 52
H.Q /\],/\ )\]—_/’: = -
58 s 615 615 0.5 0.3 92.0 92.0
gl | 7bE | MR 1A 1,220 610 0.5 0.3 92.0 92.0
ol | &= | AR 234 610 610 0.5 0.3 92.0 92.0
ol | A4 A B 524 920 920 0.5 0.3 138.0 138.0
wol | HE | ¥ 2x4 613 613 05 0.3 92.0 92.0
wol | TE B 344 460 460 05 0.3 69.0 69.0
9 | A= AR 200 200 0.6 0.4 480 480
A L1244
2w | AL e 2,000 2,000 15 05 | 1,500.0 1,500.0
w2
A2kt
2| AL B 1,300 910 3 06 | 16380 1,638.0
w2
A k2] A
2| AL _ 920 920 1 0.5 460.0 460.0
w2
A 5137 A
| A | o 300 300 05 04 | 600 60.0
L2
_ A F11AA
)
2| 4 PO 700 700 0.5 0.4 140.0 140.0
_ A H-9x] A
9 | AA . 500 500 05 04 | 1000 100.0
<) ‘I“i
] B &5
99 | A | o8A | 2 4_}:} 500 500 06 04 | 1230 123.0
4 | 9 | 9 ZF2A4 A 300 300 0.5 0.4 53.0 53.0
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<E 3-2-21> N B84E FF& TF

A | YA AT | FEHH |[F2Y % | Cd Cu As Pb Hg |Cr6+
A5 [ 167 17.74 |1 9.65] 12,63 | 0.0323 | Non

&FR Z% 1196 | 1152 | 591 | 10.08 | 0.0518 | Non

79 35 | 240 | 14.23 | 859 | 11.57 | 0.0356 | Non
%2 A5 284 ] 21.26 | 1.07 | 18.34 | 0.0530 | Non
i 5= =2 Z% 450 | 30.76 | 5.01 | 23.46 | 0.0587 | Non

s | 157 | 1502 | 0.62 | 8.83 | 0.0425 | Non

A 2.47 | 2761 | Non | 14.06 | 0.0361 | Non

EFR %% 276 2037 | Non | 15.16 | 0.0411 | Non

x| EE 35 285 16.99 | Non | 9.48 | 0.0323 | Non
4T A5 | 275] 1856 | Non| 9.30 | 0.0108 | Non
ol 5= =2 %% | 284 17.92 | Non | 10.26 | 0.0124 | Non

s | 221 11.72 | 2.26 | 11.36 | 0.0139 | Non

A5 | 158 1503 | 0.84 | 9.09 | 0.0375 | Non

EFR % | 1.27]111.89 | 3.49 | 7.26 | 0.0163 | Non

7 5% |126| 276 | Non | 7.42 | 0.0242 | Non
77 AF 1090 | 1519 | 2.79 | 6.51 | 0.0200 | Non
ol 5= 2 %% | 1.38] 440 |Non| 886 |0.0283 | Non

5 | 084 249 | 321 5.04 | 0.0309 | Non

A5 170 | 950 | 1.15| 15.41 | 0.0322 | Non

EFR %% 116 1033 | Non | 11.24 | 0.0261 | Non

7 7] 5 | 2.01 | 1955 | 2.50 | 14.75 | 0.0122 | Non
o] 3 A5 165 13.15 | 0.96 | 13.49 | 0.0356 | Non
i 5= =2 5 169 1026 | 0.80 | 14.82 | 0.0303 | Non

% | 1.29| 432 |0.22 | 5.86 | 0.0243 | Non

A% | Non| 066 |0.07]| 028 |0.0767 | Non

&FR %% | 267 3691 | Non | 15.02 | 0.0668 | Non

ax| =¥ 35 | 1.88| 9.28 | Non | 12.10 | 0.0418 | Non
=k AH 1194 | 887 |Non| 961 |0.0435 | Non
i 5= =2 %% | 184| 961 |Non|11.81|0.2968 | Non

s | 170 | 2544 | 1.97 | 13.37 | 0.0680 | Non

A5 1219 1581 |6.39 | 12.20 | 0.0238 | Non

&FR 5 215 29.84 | 0.94 | 2152 | 0.0590 | Non

7 S5 229 4154 | 1.22 | 21.36 | 0.0519 | Non
34l A5 | 2.81 | 56.37 | 0.05 | 28.18 | 0.0793 | Non
o 5= 2 %% | 252 65.71 | Non | 36.61 | 0.0481 | Non

S5 236 29.74 | 1.18 | 14.79 | 0.0498 | Non
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<E 3-2-21> AN 8E TE& FF (AX)

Ay | RNAATF | F2HEH | =29 | Cd Cu As Pb Hg |Cr6+
5 274 | 35.13 | 3.71 | 21.69 | 0.0086 | Non

L= > T 0.83 | 298 | 0.38 | 3.22 |0.0091 | Non

=1 S 117 | 1.35 | 062 | 491 | 0.0099 | Non

g3 A5 114 | 1.26 | 050 | 4.81 | 0.0153 | Non

w2 > T 150 | 2063 | 0.56 | 6.93 | 0.0360 | Non

EiRis 1.51 | 14.04 | Non | 11.84 | 0.0152 | Non

5 099 | 1.74 | 0.02 | 3.76 | 0.0120 | Non

L= > 5T 093 | 0.76 | Non | 3.65 | 0.0068 | Non

7= A& S 153 | 1471 | Non | 11.86 | 0.0085 | Non
2| <t A5 0.88 | 2.35 | Non | 3.58 |0.0164 | Non
v = =2 > 57 092 | 250 | Non | 5.07 | 0.0054 | Non

3} 2.17 | 10.56 | Non | 19.38 | 0.0066 | Non

5 2.36 | 10.33 | 1.49 | 14.20 | 0.0288 | Non

&= = 57 219 | 9.49 | 0.75 | 14.84 | 0.0349 | Non

A 3} 229 | 858 | 2.19 | 15.11 | 0.0226 | Non

o} 5 215 | 32.15 | 0.68 | 25.40 | 0.0273 | Non

) 4= = = 5 2.04 | 15.33 | 0.09 | 22.22 | 0.0315 | Non

ER Non | Non | 0.08 | Non | 0.0358 | Non

<E 3-2-22> EYL49%8H7FE € EZodAdIH 7= (2009. 10)

FeAdT-HIE EgeduArE
T %

Area 1 | Area 2 | Area 3 Area 1 Area 2 Area 3
Cd (mg/kg) 4 10 60 12 30 180
Cu (mg/kg) 150 200 2000 450 1500 6000
As (mg/kg) 25 50 200 75 150 600
Pb (mg/kg) 200 400 700 600 1200 2100
Hg (mg/kg) 4 10 20 12 30 60
Cr6+(mg/kg) 5 15 40 15 45 120

AR TEETdEFS EdedreIed B Aty 25 wtste] @
dol FHEHAY tFo] daskx] Foy, 67F Am A% Ee AFdM HEHA
okaL, el AFelA Rl=3 FTEETEFSE BAAR AAA G o] B 490
o2 Aol ws) A vEbsal, BHAA G e ko] AR A G ol HA A
FET oA SA YEst
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<& 3-2-23> A PE FEEHF

T = AHA] ¥ A] A A
Cd 2.11 2.01 1.64
Cu 20.86 22.05 11.54
Heavy As 3.54 1.33 0.78
metal
(mg/kg) Pb 11.04 15.14 12.02
Hg 0.03 0.06 0.04
Cro+ Non-detection Non-detection Non-detection

f%‘%oﬂfﬂ STF2EG WeRM v =

T = L= il = =
Cd 1.91 1.93

Cu 18.40 17.90
Heavy As 2.26 1.44

metal
(mg/kg) Pb 11.62 13.84
Hg 0.04 0.05
Cro+ Non-detection Non-detection

42 ElHEA MEE gt HE

)

golsEe HAEAE AEARZAY ARG HeAE By Aol nEER
A AEARA(RRERZAL, 20090 FAVFES o He4e %7}6}912‘31,

&
FAIFS <F 3-2-21>7 2T}

O
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Aol AMEE AEE 5 AFA ALTF AATA ALY EAIRZ AFAR fF
Juol & -uFRe HAHE ARE oz MAsden, B - gty 54
¥ 3-2-22>3 Zrh Algo] AlgE A BE SIRFA SW-SMow EFHoH
0.074m A &2 105%01H AZxGATHE 1.89/m Y Ao = eyt

<E 3-2-26> APARY £ - 874 54

Atterberg Percentage of sieve
Limits (%) passing (%) yd OMC

GS USCS
Sample| 171 | pr | 476m | 2.0m | 0.074mn

(t/m") (%)

N.P | N.P 95.6 73.8 10.5 1.89 | 2.65 | 141 [SW-SM

Aol AgE ARE AY B FAAGNA A5AR FYHo 52
4ue Az FuAd 5ol Solsel ARWE ARE MBS Park ot ol
(0132 A% & - wlpRel HAE EAR 2Ase] A, A, AHA 534 ¥

HAEAL d=E ZAFEAT. & Alfel AH8¥ AlRE Park et al. (2013)°] A3 2
o} vlwste] (19 3-2-36)3} FZo] =AIFATE 7E AFoA AAE YEEEFA
I vlatsto] Al ARRE AlRe MR s A HAEARSE FARE Ao ® UEH
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(d) N"E A5 AH
(29 3-2-40) AP +A

(19 3-2-4De 2ALE F29 FRO ME HAEA BZE THUE S5
HARE Ng2 $ste] el ol A48 masde fRs A9 Zade
=
ol

-
2 13 Ag ZAUE $2 29 HHG4e Ao FaAF No. 0 ARl HdE
Hols $Abe AL mPen], 2FA No. 3 oletolAE Ao A9 gl Aow
Jegth 2adE F2d 2447 No. 1@m) olsldl e HAug s} 449
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Zo ApolE Holal YA, AGE FAE FR 2= F AolE HolA Fe AL
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(29 3-2-44) ZaAFYE 29 §29 A3}
(5) 23CE =22 7|2t St E Xz vl
(19 3-2-45)% WAVINES 2aPE FREE HH¥8 EAFS vud ol
SElvel wdE AFAE 49 FEPH 24 858 FHEY) ARl 9gnd
TRSHA HH, WNFES e AsdA wek AriEEe e WEtE Holu v
el FaH g4 e HHEAGe] REE A4 LS FH/NOR wels
of mlaslr] flske], WAV &5 FEEe] AVIER dAsvE PR 49FE 9
A7) 6719 B9 F2ol HAY EAFoR #iste] nasnk nuAdve F7
S ARA fJAe] 7Hd Aa st Aol F81% No. 1M 3} No. 292 A ¢] g
AEES] FHAZFS sl #4713 ko] 3k HAFS Ay ZAYE F
2T 1428, A ZAYE F2 1HLS 1415, At S3E 2 2HL2 1805 =
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(6) Z232E 2o R53} EMEZ A
(71 3-2-46)2 iaaz sz 553 4% BAS Yed Aolth No. 0%H
No. 17h4 453 8t2rs BEatd §42 No2A AR Ee dssel 4%y 2w
E F2E o 0.10m/s, xﬂ o AdE 2 1ML oF 0.09m/s, Ao ZABE = 29
o 00Tm/sE FARAL. AN RaE Feh A RaNE Frel fLus
=2 Aol HolA ¥m g o & Ak EA AT A 2 $2AA
e 2 Aoz Ueutn QAT FRF0R 45% 2 Fo|F wolx ¥t Ao
veRTh EALe olgAE & 4ol wet Aol wdthy @ o), Ak 22
YE FRoA thh 22 A EAF XM &0 BV WO ® Alm ¥t
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1. M &

U FEdTe a#E 7Aoo Qste] HE Al Qe og FrE
T2 R EAAA AQL ofue AAoln w3k wdzrde] AnkA A 7 A 8E A 3}
e gy Ao mEEor Addor i dA, A R s olEETAL
of Al FdA LAl Ha vk =wW FRAAY] VlefEe dasolEe Al
FolEA ol 2001 ool FRAAVI(AEG) 728k TS FRAAVE
Mstd o, AE Zuo] Ui 52 AT o 7o Fo] ¢hye o] BAH=

dd A&stel mFstdon, 20089 Fx2AAVE MY, BEdR oy, =476
To=

&l

. A AN ol Mowing bucket type, Frail mower type, Rake type, Small
mowing boat type & T&s FEIZ Zharo] HAAo| vt FRANAVIE st A
g3t o 2y 74 st Al FRo AxdeE A v Ud @ =gl wl ool A
= FERAAVE AEEte] Az ol&H doem 53], ¥ EY (Mowing
bucket type)2 FE EZH| F3 T FHAAA F2AA AE7|E2A AREsta 3l
o =27 E}Y(Frail mower type) ¥ HroAwh =4S & 4
2o Hgdoly}p e ERFHY Fx 9 = =+
a9tk old FE #YTIEe] A=A 19
Waterschappen #} 7]=19] Irrigation District )2 3% A77]#Q0 = 5ol&FAL &
ofEzATol 7w/ FX2E A% 7lEuF{IF o] FoAA A= Fstd o A9

J & 3 o]

Fol71 4 (F)FelsS) el A

Ot

2
ro
N
>
=
M
fr
N
>
)
o,
I
0
il
iy
et
s
3
%2
v

(¥ 3-3-1) Mowing bucket type (298 3-3-2) Frail mower type
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o] AM¥ I Stk EZ &2 T2 WEY THS e eARYE BRATIAY F
Fom HErIAe] dolz A% H&o] =A LA e dAoln. 53] I,
TR R TR S 79 Eget] ofda, A]ie] ofd® shaE A Ee 247
AZF Askr] e 2 A9 5o Ax, 2ee 2 o7 Fo]l &4 s 3 Y
AZF el dAds] ¥ ok Eef A5, 1990 Zol HolgwdA v 3 o
e TR FAAAME AzAde] THed $8F A8 oA BEAIE ATy
7] A2t : AT

%]
FaEAIA" s =F] 20061 F7IA FAAE HARILA ] 9

G AP AEY T W AR

A2 o] &3 2e7|= n 2 BomfordAF

e3]
=
2 BushhogAt, ¥i-9] SanyokikiAl, =79 KUHNAL, 7]l 9] VandaeleAl o] A7

NS kst gl Agolth.

A =l
MIE F2-EA AA7I71Y @4 A8 H7EE sto] w25 E84%S d1et
3 EARGZRAA AR A8 B wES 10% o AR wIEFRe IRY A
g FrRAAA g8 71ENEe FasT
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SEWAE | AEADZIEN | 4EmMY  TEUSAMY | EAHA
HENADAL)  AAYAN) | REAAEANE JlEa() 71714 )
guyzduss  SHYaEyE3 sEmgy  REASIEANE edesmas
‘ +EYANMENZE  WAYENY  EEAAHAA sympag || TIgHAE
1A= : 5 x| [ mmmanoos | | SREH 44U AE i
(2012) ZER/M U0| 3= CADGCATAB OISR S HIZKOIRS, i EAAS TERE T3
SEUNAENIE WAYTSABAON  ClAB0| T4 2E ot zam g | LA
suomA aMe  MAIZZEIISHE  AEoZEagy  FREFHRS A
i 2= O S T Y
Mg 7oz ot 45 SN HOE 5
A8z M oTeE Y ATEY0| e
85y 2 G EERCEE 42749 £ ROIDE| E2i| 3583
NHIZ HE S S4 L7 NHZ HE UENAHAMERS  FUUBZA N WA HEY
22y WAZRE N crugd  URRZAMYOR SHENEELTE
2AA T 2 AR HE MENARAS T SUNUEZHA 939 UHdE Al Y
(2013'9) :
o2 P HRPSH 4 2E5H TAE Y
4 WE MhIE A
4% EARA Holg 8
MHE 7o 8t L Rati= B
AREHE
g TEAA 7|7| JHE ' ENHA 7|7I e
SR U TE AHE B EA 7|7\ EREpTY
S5 T EH 0] DL EZ AJAE M EAH A BLEE A|AE Ms 57
DT =3 HEH0f BLER A28 7Y [ BLEE AL }
(20149) FEH7 717| 45 ¥t SAH2 7] 45 )
» EEER LRl «
HSHIAES S0 1A 20 U 4NN | SR AEN 2ISEE N [ LUAE 13ETE 22 S
2. TE TZMAHE St ¥ oFF oH
21. TEMAHE FHEAMAH, S HAAH & Jj
7t. 3¥Ed 3 & @3 dAHAYE
25.8~36.8kW(~50ut=)w AFEHH A3st Ja MAYSES 48t 3%
gi-zo] 7hsstes etk 53] 50ntEE st ® = 7F4(Lower hitch spacing)-<
870 mme] i 100vFE F-& 1,010 mmeltt. EFEE 373 g3 IAEFFEE

A
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<E 3-3-1> EYHSE 399 FARETA

Category upper'linkﬂmh i slower v Lower hitch spacing Tractor drawbar power
0 17 mm (9%") 17 mm (94") 500 mm (20") <15 kW (<20 hp)
1 19 mm (%4") 22.4 mm (74") 718 mm (26") 15-35 kW (20-45 hp)
2 255 mm (1") 28.7 mm (1 14") 870 mm (32") 30-75 kW (40-100 hp)
3 31.75mm (1 14") | 37.4 mm (1 716") 1010 mm (38") 60-168 kW (80-225 hp)
4 45mm (1 %4") 51 mm (2" 1220 mm (46") 135-300 kW (180-400 hp)

]

A ¢ f
(¥ 3-3-4) EFHE F2AAZXY 3" J =2 (5098 F(Category 2),
1007} 3 F(Category 3))

©

:
©
>
&,
>
rf
4o
offt
o
off 1o N

B> o

g 3-3-5). wkA B Az EdE FF LE
A, AlZx ZL 900mm, AlZx ol 30, 55 2 80
EE 50vbg =¥ 1007k woll diske] CATIAS
CADE o] &3 MAAE st vh (1™ 3-3-6, 71¥ 3-3-7).
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(29 3-3-5) 50vtHF AFEHAH Bd AAYF

(29 3-3-6) 5078 EHEHFY F2 F AXZARAZR £ “251H)

(29 3-3-7) 1007+ HPFEHH 2 & AxZFA AAG(HN 147 H)
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460

(¥ 3-3-8) FxAAE AAL AL (&9 mm)

(¥ 3-3-9) FxAAE A7AG AFAFAZF 900 mm, SUPIAE, FZF 59kg)
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1008EF F2AAE 7EL‘é*(Flaﬂ Mower Knife) AA 2 AJZ3E A2 Flail

7HE Aedol A et AMEstdal Zd2 Triple Spiral Rotor®
2 AA (53 =Y 10—2013—0110412, AAaEo] §
Ay A2y & B

Mower type©]
T8t e FAE T2kg ©]
a3 2dE ZAy 2 g9 oz AA, =53] 10-1552665,

AxFA) Az

(a) 100785 Az (F2A71)8& AAIHESEY 10-2013-0110412)
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() Alz(FxAE 2d AAE

(298 3-3-10) 100w 5 F=xAAL AL 2 AFAFHAZEF 1000 mm)

I

St=d] 100vHE 5 F2AIAE 2 3 A3 (4 star rollers with cutting disks)< +%
R

AAZ 1.8 mol HAAsHA A|FES A 2e o)

(¥ 3-3-11) 100985 F2AAE HAAST I B AFF(FE2AAF 1,800 mm)
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2l 500} 2T 1000+ 3 EUEY SEHMADA HY AISE

S0vhElE EUEY sxAAGAE 42 AA = AP, we] dol 24 2 3
TE ABIAS Foko] Bl AWHS PESAYD EdE A% Gy Fuo
Felste] A W AAE AL A

(a) EAQEHE FxAAZA (1)

=ik

(b) EHHE F2AAFA (2)

(¥ 3-3-12) 508 EHHE F2AAZA(AZF 900 mm)

10078 5 EYEE 247443

P
Y
Y
]
rlo

<
T

= x2S 06~1.8 moldl, &% AA =
(4 star rollers with cutting disks) 7 %3}, ¢ 2

EX I

] 74 & sl (Boom lengths
b she 3 EdE e HE ok
FEsto] A ASE AT EY

¥
EA L ARl thstel vttt

2 x 250 cm), A4 98 S E3 Hu o
A & X (Hydraulic support wheel 19.0/45-17)°l
H3 $xA4A7] M AE A}k ol Hol U
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(b) EHHE F2AAEA $H

(¥ 3-3-13) 1007t EHAHE F2AAZA(F2AAF 1800 mm)
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<% 3-3-2> EIHY FxAA7] ML AL

EdE 22y .
- 2] = Z 5 ~ 8.
i covteEat ooty | ) 25~ 80m
H 1 & = 10 km/h ©]3} T d & = 2 km/h °]%¥
Az A ¥ | I¥Y, Fraild 5 | 2 4 F F B3
A A & = A o] A o] 3A o) = i Hd 8.0 m
L 6 m °]% Az 3 &7 60%
A =3 &2 605 A < 90dB ©] s}
3. 5128 2 £EMHE SHAHO 7= M
31. TE=EMAHE SEHAA7|&= M
7 metdH gl A, MAEx X HEEZ ZzE
- 50nHE S SuE 2YA, HEEY AFEY AVAAEE otget ow {9t
EYcolmwly NE AFASES FASL EYH HY 12VE o] & =F
179cc/rev, F< 18mm= AA(o|EgolAF)std o E

=
L
Fomnt Fed 7 RS JTsh

<HIAAE BSHE>

(29 3-3-14) 5078 & F2AAE FHEE ZHA AZEF R A7INE" 2Ax
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- 100V &= f+4EE
ZAA zeol 3BAlE Ao Vs, HIZEAA
f FxAAZIZ] A
@ Aol M AHE-Abek 2
AE Azds gdsiit

<% 3-3-3> FZ2AAEL FLEH

Job PR A W FeUn &
&

Z 21 (Bluetooth) 55 o] &3 54
717kl A7 U 7Hg A Ao kRS 4

Attribute

Value

Series

High Pressure HB Series

Displacement

076 cc [4.6 In3/rev]

Housing Mount

4-Hole Square Mount {Side Ports)

Porting 1/27 BSP.F With 1/4” Drain
Shaft J2mm Straight Ext
Paint Option Black
Valve Cavity Option and Installed Valve Mone
Add on Option Standard
Miscellaneous Option Mone
<¥ 3-3-4> FxAAE FAE=
Attribute Value
Series High Pressure HB Series

Displacement

409 cc [24.9 in3/rev]

Housing Mount

4-Hole Square Mount {Side Ports)

Porting T/8" O-Ring With 7/16™ Drain
Shaft 1-1/4" 14 Tooth Spline

Paint Option Black

Valve Cavity Option and Installed Valve Mone

Add on Option Standard

Miscellaneous Option Mone
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(29 3-3-15) 1007185 FX2AAE 88 ZYA|(Tway electric hydraulic control valve)

. = o L
datol FAL 5 A= AT s AxA]de] dud o] AUt &
AR EREY Bl FHow J)gold 5 YEF Fowy 58 F
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o] wjEzrd ol wig- A HEFEY 10-2013-0008730 FAH +& dx FA, E

Z ). A2AAE A" 20,000m’, FEI EE
o

0-1330266 +=711% <& 9

1
Z2 1,500 mm, E4ro] &

s
Y

I

2

1,2002] ¥ o] t}.

(29 3-3-17) A58 x5 2 Fz2A2d
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51. SHMEHR
sHEAYERE <3F 3-3-5>¢ #Zol FAstd e, (¥ 3-3-18)~ (¥ 3-3-23)%
ro] 97l R oz FAF A,

T8 5 & A
3AHFA =Yg |- EFYHY 3dH A AAdEHE 7=
TYF XJE |- EFdHY FES Azl A
dojute |- dwwe Seez o ArAEE 2%
TE =zl - AlxEH 7ts4€ HEZ PGP315A
S 22 -9 4 ) AdY #E8 HE ISP3.2D
Solenoid valve |- & % o} Ao A7jAo] s WH
R - EdHY S9E HEY FHTAAS AT 9 BA654)
eAFe |- EdEs SdH dEe §9 47 29
waws | VRIS G SRAwr 8 AzS A Aue
A g8 F= TFEvHE

(29 3-3-18) 3¥g= =4 ¢
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(¥ 3-3-19) 59

Ay
B
o
I

(29
3-3-2
0 7
Joj k2, f4HE =
X Solenoi
id valv
e
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(29 3-3-21) F4d=2

(1§ 3-3-22) L9 (FE¥Ad=e)
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(¥ 3-3-23) BzuH

52. & ¥ &%
h=y

=]
o

=

rr

= % <3 3-3-6>, (¥ 3-3-24)~ (19 3-3-27)% o] FAstArh

ht

<#E 3-3-6> & H ¢HF T4

R I a9
w % 4 zdd |- =83 der SR EAY M)
w A9y - SD80-1420, Stroke 1,115 A€
o 4494 - SD70-1010, Stroke 740 A ¥t
o g A9y | - SD60-1470, Stroke 1,200 A €t
= Addd - SD60-660, Stroke 390 4 ¥t

o 2 S |- 3/4, 1/2, 3/8, 1/4 i@ @ s A2 T4
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(¥ 3-3-24) &

: 'l,.:lfnllldn..‘
[F1)

(29 3-3-25) ¢
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(29 3-3-27) & &%
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5.3. M &8 =%
AzASre Agstel 2P wHom, <E 337>, (IY 33-V)~(2¥
3-3-32)¢} 2t

<E 3-3-7> AzxIJ=F 74

T A 5 R Ao
Mo =g el - A3} ¢ TR A Bz 0] (942%700%668) = 4,
- FA(32T)= 2, ATOS80A &
REHAA AR |- At dFugde I A
s ol g - F11-010, 30CC(4,500rpm)
[ - A3t ¢ A ZXZ(R00mm)Fa, ZEZAA6.0T)5 4,
Az =
ATOS80A] &
A =2 - A 0 ZaZdo)xFA(25%117%5)F 4, 2 28EA
Bl - A3 0 A4 0114, 2 o] (780mm) =4

g LIS [ 07 BB L B o u.u 1L Y S T TR R R I L] [

L L W P ’Il!f’l"" Fr

_u.o‘v.'\‘\t"\““ NETEY AT
rf \\\‘!’l’l"fl"-fﬁl.-‘
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Effect of Barley Mixtures on Forage Production and Soil
Characteristics in Drv Riverbed of Ansancheon

Kim, Jong-Duk-Ko, Ki-Hwan-Kwon, Chan-Ho

This experiment was carried out to determine the forage production and soil
characteristics in mixtures of barley and annual legumes at riverbed. The dry
matter (DM) and total digestible nutrients (TDN) in barley and hairy vetch mixture
were higher compared to other mixtures. Barley. single cropping was the highest in
DM content. Comparing different mixtures, barley and crimson clover mixture was
higher than other mixtures in DM contest. The crude protein (CP) content of barely
and hairy vetch mixture was highest, but ether extract (EE) and TDN contents were
lower than other mixtures. Barely and hairy vetch mixture significantly removed
organic matter and phosphorus from riverbed through forage production (P<0.035).
The total nitrogen (TN) of barley and hairy vetch mixture was highest because of
high nitrogen fixation in riverbed soil. Single barley was highest in organic matter
(OM) of soil. Comparing different mixtures. barley and crimson clover mixture
was higher than other mixtures in OM contest. The available P2035 of soil in
barley and crimson clover mixture and barley and rape mixture were higher than
others, and that of barley and hairy vetch was lower than other mixtures. The
barely and hairy vetch mixture was highest in cation exchange capacity (CEC)
content. Therefore barley and hairy vetch mixture is more suitable in forage
mixtures because of high forage production and protein, and reduction of soil

phosphorus in riverbed.

Key words : barley, mixtures, forage production, soil characteristics, riverbed
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Al g o] A st Asr15E wHstat AAEsich
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ShitdelA Yuel Eatzglo] abx AT EF S4o njxe A 703

O ™Mz 3 2

B AEE s A FAA R AR Eniage gl u AleAadn o
o] olgtata B4 FlEty] $18ked 20006 109 8URE 2010 59 18R] A= g
ARA] A QbAoA gl B Ao FAlG 232 BF SAEE 5T (barley,
Hordeum vulgare L.), +r3l|(forage rape, Brassica napus L.), 2% 228 (crimson clover,
Trifolium incarnatum L.) % & o] 218 A (hairy vetch, Vicia villosa Roth)E o] &}l ch.

2 Age Pue)et Eaxgd gelate 43 3uEe Jay w2 HAlEeoen
AT B em(L54m)2 Sk A@e] At Fre] 23, dude ags 2=
o] Eatxd, Jee e Exfad, A dojeu Ay Evxzge ok 3
weleh Eoagel o8 232 BFE FEF] 70%9) 30%E zHd BFEgich ZE 9
AulE A RA ALRZE A 7@ el Hule) setula s Alulaks] @tk

AlgA e 714 AL 7 glol 129 £ ARE BY YFEE AEr]
o dof = Aol 7h gl ot e old(70.0mm)el] v)Eke] 1% 7| 7H(144.4mm)o] 74.4mm
7} R 3kck(Table 1).

Table 1. Mean temperature and precipitation at Suwon, 2009 to 2010

Temperature (C) Precipitation (mm)
Month
2009-2010 Normal 2009~2010 Normal

October 15.7 134 215 9.3
November 6.9 6.1 47.0 29.8
December -0.7 1.0 92 14.6
January -4.4 3.2 112 7.8
February 1.4 -1.0 18.5 142
March 46 4.5 16.5 =152
April 9.6 1.2 20.5 379

Mean 47 4.5 Sum 144 4 70.0
W34 % UERAE SAAIA 194 4N Yk Fol ofF AU AR 12

o}z ot 73 92 48 A ZAlsHCH

HEE, —v‘ir%‘—f‘a* 9 EAL vmabr] skl =8 Al AlE T oF 1,000g2] AlEE A

Hato] 65T 2] w4 EAZ7|0NM 5U7 A0 AEE 20mesh EEA S FE
Wiley Mill2 2i5}3ich
Neutral detergent fiber (NDF) & acid detergent fiber (ADF)i= Goering %2 Van Soest "'
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704 HEY-278- AT

(1970) 2.2 #-418}90c}h. A W(ether extract, EE), &3] (crude ash, CA) % =5 (crude
protein, CP) ¥4 AOACH(1990)ol 2)7|8ke] #A18teich B4 f-4d §h 8B (non-fiber
carbohydrate, NFC) §+3F-& NFC = 100-(NDF%+CP%+EE%+AC%)2| 4ol o]ato] #|4ka}sict
(Kim et al., 2009).

7} 8hod U 4= (total digestible nutrients, TDN)& & 48181} &2 AataA| & 7pxch
£ #Hol 278l ADF2] EAx] o) 2|3 7|4k4] TDN=88.9-(0.79 x ADF%)°l| 2]&le] 4h&
5191 tH(Holland et al., 1990).

Ecko] o|5laty 5AE FAELY] 218k #HE 8 Foll 0-20em ool A AlF EH o,
FEAEY Fdaiatgl AFaAl 247 F(RDA, 2003)00 2 A 6}ke] pH, 3% 2x(total nitrogen,
TN), 718, Fa004h A& 9ol &(K, Ca % Mg) & cation exchange capacity(CEC)
£ FMsioith By pHE ol2dAFY oz Edn B v &S 152 3t} pH Meter
(NeoMe+pH 220L, HY technology, Korea)2 Z743}20th EF TN A1 g b4t
o] FujalE 7}ato] g F F44k83A Q) Kieldah'] o2 #4513tk B 718
4L Tywin' 22 4R #9 o] OM-1 A& H7letd {7188 A7) dA 9
&AL OM2A kS H7lste] whgE FxlEte] f7]ES ZEsle] EGgEM A8
A2l 2233 5 A (Soiltek KA-P; Hanson Technology, Korea)® #-413H3ith E9k] &4t
Lancasters], #|#H4] ko] (K, Ca % Mg)Z IN ammonium acetate= 7 &3 ¥ ICP(Induc-
tively Coupled Plasma: VISA-MPX ICP-OES; Varian, USA)= A5k o

E7 2] 2] = SAS(2000) package program(SAS version 8.01, NC, USA)& o|-&-3le] 24|51
oo eld#7 U e #HAFA 7 H(least significant difference tes)Z 2] 5F 95%
FEoA HAsU

obabaol A Ane] Enpagte] AS54 U Alx 442 Table 2014 Bz vhe} ot
e Fg oA Ay gL A9 gldlon, Eue Euxgte] gty okailtt. g
Z3E B 8em FEoE AAEZE Agbalglon, sojulw A el 7]7t 66em
2 o2 ae] ol vlste] vk FALRREA A2 QS ejelw A a7t e A
2] ol wla] feoloz FolM B Aol vle] AEgol FdlE T8t ot
SRR oA e duele 2oy FolMe Fre s} solau e Enpxge] e =
grr}l A% 9 TDN ko] Wtk 2012)E YRS A AF Aol 3.86%/ha
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ShibdelA Yeel Edzie] Alx 43 EY S46 plHEe g 705

olgtm sto] ¥ Al@o] W A4t 4.249%kghakich AT} ol BHHREA Y 7] S} v
480 FaE Ao] Heo g Bk vk 3 F(2005)2 FEAPAM AlgAEe
Ao Belol fae] Expage dEAFo] 7475kghaclfl ot B AL 4,629
kg/haZ Kim et al.(2005)2] A44+eFe] 62% 0|9t o)& sjetu| R} BB S ALLalA] ¢
2 Zlo] FFe 7hd B2 A4S vA Aol @& Aow wagn Fues oz
wx2] AlE(Jo, 2012)°) A= 3 2loll ulate] fake] 33% FHE o B Ao e &
shof] njste] Fwele}l AojEu ] Ex 279 AEFE] 9% T Bk sEf

G AHE B WA FALRE AT B ddEez dAv RHste Al =4
watu, Belel dlojele A g Eujg A4 slojevHe] AirnA o Qate] Yabgko] =
7hate] Aol EAl viebdot

Table 2. Effect of barley mixtures on the forage production in the dry riverbed of Ansancheon

LOG | DIS | Plant | Drv Yield
Treatment RS Bix Helght | Hatice Fresh I DM ‘ TDN
~(1-9)- -cm- Yo kg/ha--———e-

Barley 2 1 55 244 17,543 4,248 2432
.Bérle.yﬂ:.rimsnn clover 3 1 52 26.7 13,829 3,686 2..02'?
Ba.rley+Rape i E “4 1 58 253 18,252 | 4,629 2,522
.“Ba.rlc;';l!a;ry vetch 3 1 6.6 240 18,356 7 4397 7 2304
Mean 3 1 58 25.1 16,995 4249 2321

LOGRIS=lodging resistance, DISRIS=disease resistance. DM=dry matter, TDN=total digestible nutrients.
2. AbE7HA

Extz3h AR 7HAE Table 3014 HiE whel o] zubula x4l NDF @22 e
7holl fo] & el zbo]7} QlloLt, %58, ADF, TDN % NFC @2 A zto] 9132 7
o7} glgleh, ek ke Fojelu X EXTF7} 13.8%% EF ATl vld A =5t
o1} zx4a TDN §3e 71 WokthP<0.05). 22|42 Rl dup77t sojjvw s Z1}
T 9 Fa) EahTol vld] EUhchP<0.05). 3% FHE B 048%E HL FEo|o
g7 el atole Ak

NDF @eke wg] wabpel sjojg|w ] o7t Aoz yold] 4H7o] 54
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FAIRE 97l 5120, ADF §%2 Fo4 2 glslod 2e dapr) dgdoz v g
ol a] o7t gold Hele] 48g0] AlA e g ¥9kt)l TDN ¥ NFC ¢k 2e
a7t Ao H oz gokn sojeu X Ea7rt AdHoes detou EAHe o4
2 ik Jo2012)9) et R g AlGElH @@ %ial%— At AQAtaEdn vw
gt & Alge] zuwlE s}l TDN @3fo| Hol Fao] $-Fa1oldh ol std2A 7} # %=
wrh £49] oo ofsto] Wl ol gakol ‘—7}6?01 Fdol ¥ Zog wokE
W Kim et al(2005)2] 22|92} f-a9) Al Fan vjme u 2 AJFS NDF 9 ADFEHaEe
oL, 2Euda TDON 43FE HAh 53] DN §3# 71202 2%t Ho] getn) sl
HHIE AMEEA o ZALRS FAL Yol ZAste IS B 4 9k

Table 3. Effect of barley mixtures on the forage quality in the dry riverbed of Ansancheon

CP ‘ EE ' CA I NDF [ ADF l TDN | NFC
Treatment
%

Barley 8.13 4.96 8.89 5431 40.56 56.86 23.71
.BarlanClnmsnn clnvcr 6.08 244 9.88 60.51 I 4289 il .55 02 y .21 08 .
. .Barley+Rape . 6.97 1.88 979 63.60 7 43.55 54.50 ) 17 75 ut
Barley+Hairy vetch 1380 | 191 936 | 5680 | 4635 | 5228 | 185

Mean 8.75 2.80 9.48 58.81 40.56 54.66 20.17

CP=crude protein, EE=ether extract, CA=crude ash, NDF=neutral detergent fiber, ADF=acid detergent fiber,
TDN=total digestible nutrients, NFC=non-fiber carbohydrate.

3. 298 AAEH

shaldlael QgL 4718, A4, olo] UEAH g clFedEde 2oy
ol gslol Aok B AW 717 B AAe) Aulg b ghstn FAw SEsigen
2 ZAREA s AR AYLVEE 0FED AA2] Edolth HARA o]
#7188 F8shA gon stavtel JUUoR B St B, A 4 s 8

=

A 484 Hake] AL REE UrkA "ok o] f718 Sole die o] EFE] e
bl AlAtgo] B24E, AR gl ne—r% AAEE 2999 %2 Fred, Table 4=
zAlg 2goz a3 oA 2B AAHE 2d2as oo

i

o
NQEANN AgE RI1BE A ZARE B4 A4S ZAE AN Aud
$718e 0% obd Wom WMERT ZAE Av] A §7)8 BT VETL kT 38453
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oA Fuel EsEstol Alz A EY 540 AE 9% 707

kgolgleow, Aed R G2 Eob17 4,175.0kghas 71 wboh F3 E37 d4 A
AE had F7F 51.8kgollon], sojju] A Eohe] A9 ef Al 38 £EQ 969
kg/hao] HAE A7 5% HP<0.05). oAl A2 A9 d4x ngFFo] glenz &AA
o olur) W Foz wuEL; Hale) Pike] 7l o Z njfo] W4 AAFE
77}@ Aoz werEc) o4t AARE had HH 12.6kgol o), dof2jul %] Eo+o
A9 e 2ol ula] FoH oz e 17.8kghadl 214bE A7 S chP<0.05). 214te] A
§ A AZeI
ol4te] AnE & u| AlRZEES FHe} Ttz upel SRR A A4 F 9] A
Ag o2 21E & F Urk A FrlE, Aa % Qo] A
A & AlRFEY] il BETS 8
ok 4= gloh webs shd R oA AbrbEe] A
of 7lejghe vt agtn & gl

&
fr
e
>
o2t
o
2
=11
Y
o
1o
oZ
rw—‘
off
ii

AAZo] B AL

W A=

gle
ZALg AHet opuz) ahale] st

Table 4. Effect of barley mixtures on the removal of a pollutant in the dry riverbed of

Ansancheon
oMY TNY TPY
Treatment
kg/ha
Barley 3,904.4 55.6 9.4
Bar]ey-v-Crir‘nsun. [;10\';3; B 33160 36.6 T . 9.1
o e i ...4 = - g 142
...Bar]emery e i ..3 = 9... o g 178 P it
Mean 3,8453 60.2 12.6
LSD(OIO,S) B e 5.0:4 < A '1:59

OMY=organic matter yield, TNY=total nitrogen yield. TPY=Total phosphorous.

SHabdel A Y H e iﬁ%l’@‘—ﬂ FUEA S Table 59141 2= vhe} Zo] B¢ pH, A<
A Eok ZHE(K) @ CEC ¥ At felHQl Aelzt )lsich B pHE E37l
Hakstel wel woly) ko, dojeu| x| Exhago] thE ATl vlste] Blrh(P<
0.05).

Ax mAsHo] $47 Al sojgulA 2gto] b TR Bkl HAATN)
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Beol w33, E¥e #7118 FFE e duvt A B, Eukxd SN e R
¢} AgE 2209 23] {718 @Fol sotort Al foH2l Aol gl

Eoko] faEelat 9k Fuele) age FEW 2 FA 2ol Ex, Fuae Fojg
%] Z3HE Sol(P<0,05) SHH A Eqko] o AAo| 7lejEgint. ¢+ Eoke| CEC 9
& Auels sofeu A o] 7MY Ed

ool AaE F & o shAF AN FBHER ZAIRE AvaEte AL FH 7
Aol 7lojatglont st gelAldo wel A E ahA ¥z ALH FEE YA
Ak A Adabdol shol Aol satrt T Huele FofulAE End FR
o slelelul A9 dangor Qdate] Pado] Friste] FA4el Friateien, 77
T o] Trhl wel Aol Tl FrkEte] stARARSH A AAF] F
7hete] BRIl @A) gaste e FANL 71qE F s e Hrt
=ik

Table 5. Effect of barley mixtures on the soil characteristics in the dry riverbed of

Ansancheon
Avil. Exchangeable cation
- pH TN oM P.O, CEC
Treatment s K ‘ Ca Mg
«(1:5)- %% Yo -p/kg- B 1118 S N
Barley 6.74 0.16 495 68 0.71 14.80 3.19 15.71
Barley+Crimson clov::r. . .5:.59“ ﬂiS | .4:.'.'5 il 91 0.28 347 385 16.35
Barley+Rape 6.08 ().I'T“ | .3,72; T 90 “ 223 | .3_.92 3.01 ‘ 14.8‘n'l
BarleytHairy veich | 525 | 019 | 301 | 35 | 035 | 628 | 345 | 1810
Mean 5.92 0.17 412 71 0.89 7.12 345 16.25
LSDmOS} JERL, .D..57 < - - 0.70‘ NS i NS B 1 135 7

TN=total nitrogen, OM=organic matter, CEC=cation exchange capacity.

V.8 g

SanAolA dueieh DM FAAEL Eusio] Az AL B EHE RAbe
u}, eratd SHARAME Anee} sojuAe Evzgel te 2guc UE

S

TON Sfo] Baith 2 £8 A dREe YJue v} by woon, EREw 3
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SHbHYM YRe) Estzge] Al 4443 EF E4o] plx= oy 709

dlMe Hrels AygEgas 2P & 2guc gt Exlzge zuwy gae
duele} slofeul A =g 71 '?&24 ZA|%3 TDN %2 714 okl =A12 4
Aol ¥3bd FHeREd e AAFL Yueg dojeuA 2ol £7)2 T o4t mFo)
A FrelH o R ElthP<0.05). it N Hue) zuzile] ES4L A4 Y
°] T3 Fuelo} sojeju ] 2go] e =gt g AAATN) FEko] Bkt
W EYY 718 FHE Aue gt sh gmn, Enzd Foas Anee ays
S2H X0l F71E gEFo] Eodth EYY FEUA e Fuee) U a9
FrA z=vhol wa, AuEle} ola] A =g wkatth Eoke] CEC @3e Fre)e) &)
olg] WA x2ge 459 l"u 73-4£ Tl B O Aue) sejaux gl
Atz Aol §4dta, = A4k gheko] wlol dtd el 277
Aol anxQ Aoz wgh

I'
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QHARHOIA O|E2IQt 20| J2IA EIIZEEI0| AEAMAM T EQF EA0
OIxl= I
ZZES . D78 - MEISS.

'Flekelobnldl &1, A Eslalal e s fel it A H O ER ke E

Effect of Italian Ryegrass Mixtures on Forage Production and Soil

Characteristics in Dry Riverbed of Ansancheon
Jong Duk Kim', Ki Hwan Ko® and Chan Ho Kwon®
'Division of Animal Husbandry, Cheonan Yonam College, Sunghwan, Cheonan-8i 330-709, Korea,
’Dcpanmem of Golfl Course and Horticulture, Keimyung College University, Daegu 704-703, Korea,
]Collcgc of Animal Science, Kyungpook National University, Sangj 742-711, Korea

ABSTRACT

This experiment was carried out 10 order to determine the forage production and soil characteristics in mixtures of Nalion
ryegrass (IRG) and annual legumes at the riverbed, The IRG and hairy veich mixture had the highest in fresh, dry matier (DM) as
well as total digestible nutrients (TDN) yields among the forage mixtwres. Further IRG and hairy veleh mixture had the highest in
DM content. The erude protein (CP) content of IRG and hairy veich mixwre was the highest, Whereas non-fiber carhohydrate
(NFC) and TDN contents were lower compared (o other mixtures, The total nitrogen (TN} of IRG and hairy vetch mixture was
the highest duc to high nitrogen fixation in the riverbed soil. The IRG and rape mixiure was the highest in organic matter (OM)
of soil. Morzover, the available 305 of soil in IRG and crimson clover mixtures was higher compared 1o other mixtures, Further,
the IRG and hairy veich mixwre was the highest in cation exchange eapucity (CEC) content, Therefore IRG and hairy vetch
mixture is more suitable in forage mixtures due to high forage production and protein as well as high soil CEC content at the
riverbed.

(Key wonds : [alian rycgrass, Mi Forage production, Soil cf istics, Riverbed)

1. A = ool upel LAY b3l ¥y sHaler TER 2l
ol EAE ahae 29eyle] FHABI, melw), 2lag
el =0 o] w2 akur) wm, v|AS H]l ool ¥Irtem wel Fgatw gl wbd REd ahie
o] 7Fegt ciesl FAxle] syt olel @ Adolv) Wi AR-E& Yisls 71Bg )
Faze ff4 WEe Fobsta gk oA F-RE Bha1aE Aol A ALBAHER QAR ol 4% 4 9l 3
2, 3pH2], SHHNZ] F& WG EALN G4k sbdo]l  Holi= alizpaEe Mme|, Fle), o|Etz|et ez}
yasich 58 sga|o)A] Abitabh A z2AR 4 elon, SapEe mgs Fuw), sojemxlvt glew,
ik R A BE RGRY 0x, AARBME 5 AR 28-S Ha7F ATHRDA, 2005).
75 8 4 sick sh3l Aol A] ARE A4RAAl A FA FErle) o)gehr] f13 Ay gmE AL
@ A Ak sk Aulel Fne And AFR o Yy FylEel gxel Hglel AlREAE Ho|vize
glerd, Exi= &halel zlhe @) Aol 2§ Hv| A Hrietm glesd, S8 ojualel ele]z2ebA(lalian
, BHELAA R, A1 f2) wlell Zlejgt 45 e ryegiass, Lolium multiflonm Lam.), K8, 29 5 B 4}
A, Al SRR A] 2AbR Alatel 9|§ H4Hsvle] nAE s Ao of3le]l RAR AFL A3 WA 5
Ao A7k sPzabs did fel) glek 58 838 - gIC(MIFAFF, 2011).

i -

s 4y 4
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it o)ute)el elelzelzag] Azt 2A B4l 8} *l‘ﬂ“l (lalian ryegrass, Lofium uudwk»w Lam), d(ﬁnp:

sjolabialt uals: soial ylslalol zisla gyl S 6 pl( Sedan)i Slglul Al§le] alalytis olybzlel glold

e T b e o AR
sy §l AbRSE “'31-4 atige) 40'3’- o) i}& ﬁ-ﬂ Tnfu.‘uw incarnatum L) y ﬂ‘*lcill*h‘.lnuy veteh, Vicia
1 A = % i siek
Agerals) b vEA B A}ns} Z1gol fRlelei(Choi ¥ AHE ogelgt dlolire]ls) EMZEHE W@ldlol
o al, 2011, Sco, 2009; Seo et al,, 2013) 42l 3ol vhiy wialE dAjstgled, AT d4L

Ao viah ARk A gAel i W BHdME e ﬁr_“’r o gt ..}o]_wl»-sl AfE gevlg Enpz

DA 2005 o LR 111 Lo e 2}l = jepalob @
v ga) 4eleko]l 130000 o] £EICl(Shin and Go, 2011). olzzelzel slefejulxe] Enxghe Folvkh olguel @

ToF A G0l W oiolei WA e Botel—E e e o P S e e e
wis Flelsk FulAEdo o al, 2008 Kim el al, 2002a; 30%ik 747 Algalgll 2] Alule shiyAl AbahE

2002b), SVIZHE(Sco of al., 2000)3F AZatgel Alg O[E ADT JTEel Wpef SvisE Servia g AEerA wer |
zlees. 2000y S Jpysiglon) olglilel 2lo] ¢ Al

z2t EubAflE vl EY Aol Ry gERsE AYT o Aozt giglevt

iﬂ -, * 3 . 5% 5o % pito 0 ol el :!J-ﬂ-o Ju{,.mm wlalol Alsl-al'lhl,uag!gﬁ£l

wAoR Ayzgi o8 4 gliz ol ol FH  15.6 mm7k WRTI(Table 1).

SRR o ’31'}«4 Abg 2 "3"‘|°I 27h4 B4 A n |,|| '“é’l 31’4/1“! 194} 9’)1'7-1 %H—x:
W‘c Z%w L JOE -3 B b B b L
M AdHer 1/ 7HEA 3 °l ﬂﬂlﬂ% g 4 ATE ‘i?{*l f*l-b}‘ﬂ‘i

A gt sloluetzael LAYl WE AR AEE, AE49 @ FA% vael A8 % Ad
Axt Gokel B4 ulasol AbmAESl AN S84 AYFY ¥ 1000g2) Al Aol 65T E94 ¢

$71% & Fdstazt dAlshich Euaziola 59k Azxesic). AR 20 mesh EEAE
23 Wiley Mills ¥4sioich
n. Mg 9 by Neutral  detergent  fiber(NDF) ' acid detergent fiber

(ADF)¥* Goering % Van Soest WH(1970)28 ¥A{8i5)

¥ oAe shalgalola ojgulel wholniE)sel EupZ u). AAB(ether extmet, BE), 42 ilcrude ash, CA) B Z

e geleigle W AbRAAA Y wekel oldtitH S4%  wudende protein, CP) H4E ADACH(I990)A =iAst

)y gistel 2009 109 8N 20108 58 18U EAlslgich w58 (non-fiber carbohydrte, NFC)

A 47|n obaba] el QibHolAM Sasiglel ¥ Algdel  §HER NFC= 100-(NDF% CPYHEEY%ACA%)2] 4o 2|3}
SAE 2TE BY SAAER olgEgh ¢elnzh  of AAERICHKIm e al, 2009).

Table 1. Mean temperature and precipitation at Suwon, 2008 to 2010

Temperature (T) Precipitation (mamn) -
Mo T 20092010 Normal 2009-2010 Normal
"~ October 157 134 215 93
Noveriber 69 6.1 470 298
December 0.7 1.0 92 14.6
January ~4.4 32 1.2 7.8
Febnuary 14 -10 185 142
March 46 45 165 152
April 96 12 B 205 379
Mean oy 47 T s " Sum 144.4 1288
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Zh481o) A% Wtotal digestible nutrients, TDN)& 71
22 &3) e 4TS hecks Ael Aslel ADF2)
410 e]§l A4k TDN = 88.9-(0.79  ADF%)ol 2] ale]
4HZ8F8l N Holland et al,, 1990).

90 olstery BA& xAbEly)
ol 0-20em Zolollx] AHBIglen], FEAFY wive
A izl WA 7| ERDA, 2003)] 24 Eke) pH, Hds
(total nitrogen, TN), 7148, FrASI4, 218k ol (K,
Ca % Mg) % cation exchange capacity(CEC) $Hb& 14
stgich el pHir oSy B fe| n&&
1:558 @] pH Meter(NeoMetpH220L, HY technology,
Korea)2 Z4#gch B TN #Ayye 75 il
il AlE 7lete] WEag F G4l 4kai e ER) Kieldah! ' 2.5
#4881, 2] {718 £4L TyrinW i Y3 7ke
Eokoll OM-1 Ajeky #Hrlstel F7IEE 4ehalzlE gl
s} AbEt& AR OM-2 AlokE risle] Whg-g Fylele]
#7184 WHlste] EYEA G YT = A(Soilick
KA-P; Hanson Technology, Korea)iw #*8laich. =ekel
THERANE Lancasterd, #18H41 el (K, Ca % Mg)&
IN ammonium acetate® &% 4 ICP(Inductively Coupled
Plasma: VISA-MPX [CP-OES; Varian, USA)E #4&9jc)

EAA 2= SAS(2000) packuge program(SAS
8.01, NC, USA)E o|gata 4alsigiom], alapgsrzt v
iy A2l 74 (least significant difference tes) &
o5& 05% Sl fgsisich

sletel A 48 ¥

version

m 23 g 33
1. MESH U duy
Qrabdlols] o)gbelel wholliehs Fatafle) Al Ajgt

Table 2. Effect of Italian ryegrass mixtures on the forage

48 Table 204 R wpel b sS4 WA e
Aelzlel aol7}l gigler), 2HE Ayl g2 EHEx
Bol vl a@)se) 23k eolylElel 2le|ia) st &
spapire) Eubzeitel daHe ko gabadte] Hi
#o] atcl HA Kim et ol(2002b)2] )3iell al@ig &
o) AEEE delpmA)gt By 44 PaHe] @ o2
Feh Ak dXg Wl

ghal gl sl aakaol My olgte|gh Rfo| u)2e] Eabad)
Foll M4z olgtulgh glo)zzebAst slof2|ulzle] & uzito|
vhe afhac 4F A8 Y TDN el 713 welen
A 7o) E1%9l frel4de glolck olslEgt #lelawls
48 A AfEs Mol xgte] b % eti(p<0,05).
bl Alg A el Al A A gE ¢ Kim et al. (2002b) ®
Jo2012)2] Aol ghlrl Eained AlE AE 4
TDN 4:dfo] Yol ¥ Alg)a} il Ak wigich o)
#oAe st Alo)ge] S4Y VRS Al88HA
ehe ubgl vl Algle AbsLzlEaEellAl A AulgE 8le]
Algiel el fIRloR JgHHI.

Kim et al(2005)2 sHyaube] Al aels] fay9)
AT T Evp A9 A AnzE ok bl
ol @b Adala] ok Bl Al EdE§e
A8 Aiae Ynlsl) olelg 2o Figksic

upea | AMlakx] eha Al RAHEE AlEh: sk
ol x| Frpztgre| Enbzmgto] A4 @afel 7]e)shis
Zlo8 gvtE gl

oo
nnT

2. AMB2tx|

@opzgel AlR7HEL Table 3904 MAs nigl gle] =
2 ahaeg Ag)slamis M Aol ATtk frel gl
ato|7h glolcl(p<0.05). HEPWE g3k )] Al F3

production in the riverbed of Ansancheon

Treatment Ll:{(:‘? gg Plant height Dry matter Froah ‘;ﬂd —
wrrers (1_9) ...:.-.. o e wer 0/5 e .. kﬂha wesssrmrasatreRnrasar
Italian ryegrass (IRG) 2 1 115 22.1 22,100 4,886 2,793
IRG + Crimson clover 3 1 105 219 24388 5,822 3247
IRG + Rape 2 1 114 233 24916 5,798 3222
[RG + Hairy veich 2 | 114 274 24 806 6,811 3,498 ¥
T Memn Siai 2 D %2 2053 589 3190
LSD (0.05) 0.84 NS NS NS

LOGRIS = lodging resistance, DISIRIS = disease resistance, DM = dry matter, TDN = total digestible nutrients,

-1l
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Table 3. Effect of Italian ryegrass mixtures on the forage qualily in the riverbed of Ansancheon

Treatment -, i EE CA NDF AP TDN NIC
P % P S S T S SR G Rl

il yegrios (IKG) 811 248 1018 55,94 4214 56.19 23,29
IRG + Crimson clover 10.24 210 10,83 5527 4287 5587 21,55
IRG + Rape 835 276 9.53 5197 433 55.57 27.39
IRG + Hairy velch 15.02 264 10.13 56.41 47,60 5130 15.79
T Me 1043 2.50 013 5490 4356 5498 22.01
LSD (0.05) .66 NS 0.88 172 1.80 235 177

P = crude provein, 1 — ether extract, CA = caude ash, NDI = neutral detergent fiber, ADF - acid detcrgent fiber, TDN = total digestible

nuirients, NFC = non-fiber carbohydrate.

o] watou, ul4frAthesHiNEC) Y Al Rl
2b4 szgkel (P<0.05),

PaLabgell ] EaAbEEHER] &', Hlel, wel W el
@lof ghe|aebssk el Rubsgela e|gtulgt el
222} il xgel v mghuch g ghiga TON
whebee Eo)Ela ADE 8 NDFEIEHE qhidlel 7P $8
4ol slgel(Kim et al, 2005). %% Kim et al
omb) Alglels el sleleulaiel Eadlsilel 2ls)
o gl de] Z/bEbaL ELaa e TON @3l F7iet
qlch wiel Jo(z012yel AlFlell M gk £uE ol
ulzlel AR RS Eabi 49 avked ghge Fvt
#9loL), ADF, NDF ¥ TDN §3& @0l ujel atelz}
glgleh whehd Abszbal el ke B ow] gk
& Aelg v ddis| a2 vidiEy] old slem
shsl e, =9 i glpdnie) AR R AlisaEe)
oz Abiel Tas AdE geol Wrket 4 2l TDN
s} qlulz gk wrhel ow viad AEsHA g
sl H-Ael Ay GE el S} AlRAHEg Evteie) ol §
&g Zo] FE gks] gl

noi

3, LUBE HMHEA

oA 7 Eer gale] AulE 8 ebska Fabt
dlgalgl ety £AERA Fatstel AAY FYginie
sgsa AAel o), slaleA el folEE 8
Shx| eronl dhalulitel] fuFgleit WAl ¥ Wyl XA
0 Aakg il sl 4ae el RN b gl
), o] fvl4 Gollis Hiel 9lo] wgbslo] gl A4t
go| B4, PPl EETEH AVNE 29409
oke ZFMECHKim et al, 2013), &h3lelMe] o¢iHE

o

F7l4, da, glol tliEHold, Table 43z £AIR PO
& oahal el s 2)g Al gl el %olch

Mgl g g Y 2R ey 4
G oabst Alefslel Al ABAbEL 7S A k3 greR
wiEyglc) appsaela] Aiknl ook elelia)l
£qte] ek A% @9e 89.73%e0)d, hag AdEe
52159 kpelglew, ale|det doljejuz a4z} 6,121.0
kphad ZH4 wol AAB A (p0.05). Wi s He
ARk Zhet 1,64%2F 98.0 kghelglow), slojejw ) &
upatel 44 eb Hele) 20 o4 el 163.4 kyhaol
it AAsgthp<0.05). slolelvixle) Bg di nHY
Feo] gove FAzlg olBy) g Ao Fihs}
olgte|qt Zlol et Aol 71 oz v|Ste] 4
4 AARSE T A ki),

Sco of al(2000)% el vilA)e] 4)4date} x| spate] 7
Gikel U@ Algdn AQHT 1T2kgNhal FEY 4
e w28} 16 kgNMwst vl-9- stehar shglch et
X Supapge] Evhs Adhre) dandgel 2@ £
woh 24re) dandel At At g uvtgd 4
il 58| shapalolA EupAiiEHEe] o &8 Aol
950l A ol geba x4l Waue slsfe] Abi
ztg Adehe A& 142z AahE Y ¢ AR AL
2 yhebs e

o|ulgl ele)zzelsel Wit gl4k @k W AMAHYL z}
2 034% 4 183 kghaolow, slojalulx] Bupe] 7
& B} Edpel vjd) el B8 254kphad) Q1S
A A8t tHp=0.05), gl4te]l 45 @Al igelch shalel 4
olopaly wAlsked) 7b3 FAE sel ULE FAlsh:
slelg el W Al Aot shale] Al 7|

sHz whrh Acka 8 4 9lch

A O

o8
A
F3

4
i =

A2
W

12-
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Table 4. Effect of Italian ryegrass mixtures on the removal of a pollutant in the dry riverbed of Ansancheon

Organic matter

Total nitrogen Total phosphorous

Treatment s

3 Content  Yield Content Yield - ) Yield
e gy

Itlian ryegrass (IRG) 89,82 4,388.5 1.30 63.4 0.35 173
IRG 4 Crimson clover 89,17 51916 1.87 95.4 0,33 18.6
IRG + Rape 20.47 5,245.1 1.34 774 032 18.6
IRG + Hairy vetch RO.87 6,121.0 240 163,7 037 254
Mo 8T 52189 164 98.0 0.34 18
LSD (0.05) 0.88 697.6 0.27 23,1 0.04 3.6

4, BEUME
Y ofgrajjl glel ks Eulade] BUS5AL Table
sel4] R viel go), 24 avdsele] 944 sle]ev
3 2ol O Zgtuck BYe] ARATN) #ide] ot
t}, Kim et al.(2013b)2) A&l elabyl byl oz
# Ewtazgrel BEgel #igtud vlel#le] Ealgt 49
Ha A Boo dioha snalgle). wikd MRE A
&b e sy A gy} ghofac felEie 5
8 SatEx0 Efl A7) BE& 407 AHEgY
golel {714 Sake fall xgbe] 7H4 Eoted) ¥4
Aol fel4le giglch whul Eelel &SI Fue Ay
gau] xgpo] lgglrl. o)l A Eay| F3le] v}
Zol visted Q1 A#7} © f AeR o AH e}
Eoke| CEC $e ojgelst elelmalas) sjeieula)

&

m

o

A5hel vhEE el ok £4=8 2 0Hp<0.05). )= Table 2
o)A 1l wps} zro] dlojg|ulA affe| vlit AT ol
Hjsle] x| 4te] ol & 4 ) xape] EY
A& Wel 74 sleg eyl

elddel i E3hal o wll sy HelA) 7
AMRE Aiehs 28 A s iel rlejgbalen) ahuly.
2 yhallglel wie) Al e 2da A& BHER oy
dgk #elntis & ARYLE AUE S Aol ¥
o} Aaj4de] gigiv). elgke|et o] 1)l #o] vl
E 7 slojeinxe] drugeir glale] #ge)
At Agstado] Frkslel WAl4el Eristglen], H4yel
Aated Fod 2lsle] B F2 AAs e Fesiel 8
Fpx2] elskg A7isle] #He| Aol 2]elg sle
7 ksl ey

(v
B 4l

PR

125

"
&

|
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Table 5. Effect of ltalian ryegrass mixtures on the soil characteristics in the riverbed of Ansancheon

Treatment pH ™ OM - “-—Ex‘:h“n-gwblc c'iu'on CEC
P05 K Ca Mg o
- o158y e e Yy o U ann Q’I‘S e v ool Tk
Italian ryegrass (IRG) 6.62 0.15 445 43 0.29 44.32 4.35 15.38
IRG 4 Crimson clover 5.53 017 4.67 97 0.36 1041 434 17.48
IRG + Rape 643 015 574 [ 0.34 12,75 419 16.13
IRG + Hairy vetch 6.27 0.18 4.89 66 033 34.22 379 17.82
Mean - G‘ZA-I_ n 016 4.‘;4 68 0.33 - 24.68 a 417 16,71
LSD (0.05) 0.52 NS NS 14 NS 12.26 NS 1.83

TN = total mirogen, OM = organic matter, CEC = cation exchange capacity.

o |5
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V.2 ¢

iAol elykulel ol aelLRG)SE WY
g Eujsto] Abx Ay EY A4S 2AERd,
okl shalgAlelAl: olgtelql gle|abss) djof] w3
2] galzgte] chE auct A&, A4 B pEe] b
g, elgtaler Ealasttel 43k Al s slelelv
A el 7b Eokv)h Enpaghel AMRZEH )it &)
olg|oja] 23l ghwld fheke gkevt TDN # ol
S EHENFC) FHENE b ATl vlstel staicl
ulapa] g4 w4sdoel 448 dolelwa) mite] vl
2t B el AALIN) dhge] wch Wt 29
f7l WRe S 2300 7 Eatev), £Yel fad
A drube Age s fype] ) BYe CEC ¥
4 o|steigh ghelTibss) sefe|vx 2y Fila
vl el4be] ziHE AEhtel W el wiEdE AlEEkA Kk
shainlel s 4% AlgEEe Aulg o olgtelgl utelz}
28} glojajmae] Edxiel o Edafuct Az
shado] weol Eake] 7Ael 9 alvlel 218 sHE 4 Al
del ga7) F& Ao gEgivh

V. AR A

®oglgtis 2012615 EE S 167 g 2 GPET)
2| Afler HOANr) SR 5. : 312043-03-1-
HDO30)el A 51 yhel S alx|glc)
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Bl BE v S e Ba&AR] ok o Fade d=ED fled &4 ST
N EE HEAd W Bk, REsng B e EdAe SRR Huoee gog dyeich
i B A dEcEE el B3l wudss] 897 dasch ol& ¥k Sl
ol mamapef cf¥ B4HE 24, BN olF MM MR FE Pl el Boac

B d3eide Ay S, 43, 93, A o8 fuis-e g ERAST I MYy fdses) 4
. TR, U By 2ape BEYSE AT, ARE G sy =] BHE Ryl
EAE Oddee A HAL AT 7lad e #Y 7l2 Aleg Ha3na) gt

PP o el pEAAEY 439 P2, 3T O 48 THYAL] Gufss] By maps] dispe
FilehE RUSLEY Y& oRale Raapgen slajohs fhxipeld s Fdaleg e e gua;
Hoh 3 oHab 4be] YA Sl gl dies] w3y mapa) e AdRES may 20§03
M 2 yEpgdo s, AERe WaiaR YXFr e doe eyt WEe) 7R mag 2
Arg] We 4R SRE AFE FEe] geo] U= Zr)7 Y He|F)h gl o UEpdcy 2y
+ FEHHA g3 Sred deens Ay s QEHE uZs B oEaHs SR Hay i
i =3y 2agdc 437 o 2 Moe uepdth, §78es e A% o= 2 ielE
Eo|7 g, wWsmtdot faay friEae] B8 2Tt MR ow yepg

A - HA=A], a2, Y, RUSLE?|Y

ABSTRACT

The objective of this smdy was to evaluste the performance of selected sediment reducton
methods o reduce sediment discharges from drain and imigadon of different land types(ovmtin,
Flamen, Reclaimed land). This study was camied out to analysis for the soil loss and sediment of
drain and imigaton by comparing EUUSLE method and amount of sediment from amowmt of dredzing
data of Kores Fural Corporation. The resalts of stady were analysised and summerzed as follow.
Size of soil sediment from the upper region of drain and imzstion of mountsin: bigger than
lower region. But in case of flatten and reclaimed land size of soil sediment from the upper and
lower region of drain snd imigation did not classified In case of companion drain and Imigaton
without claszifying of land type, size of codl sediment fom imgation is bigger than drain Orgamnic
content of drain is mmch more than imgstion

Eey wonds - Drain, Imimgon, Soil sediment Peclaimed land, Orgamic comtent BLSLE

l ing aahor: Secng Yoom Lin
Tal: +52-43-261-2572

Fax +E2-43-271-3022

E-mail: seilsh73@chungbuk ac ke
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Analysis Characteristics of Physical - Chemical and Smdy on the Recyeling of Sediment in Rural Canal

T QAT S
Park, Jung Koo - Lim Seonz Yoon + Song, Cluag Seoh

ABSTRACT

In Eorea, length of trrigation and draim canal iz sbout 98,638 km In the case of 2011, dredsing on the imigation and drain canal
was 7,288 km shout 3290483 m', cost of dredging was abour 5.6 billion won and cost of dredging incesses every year (Fomes Rural
Comrmmity Corporation, 2013)

In the case of land reclamation, the problem of cross-contamination due to leachate after landfill is expected, causing sanmaton of
the landfill site. or complaints of lndfill local residents. a mumber of problems The ocesn landfill is possible if the items of 14 types
a5 defined in the Zea Pollution Prevention Law confmined in sediment soil, such as chromium In terms of cost and lsbor, it is peed
to develop a technology walizing a processing method rezsomsble sediments for imizstion and dramage canal

The ohjective of this stady was to analyze the characteristics of the sediment deposited om the imigation and drain camal it is to
provide basic data for the scheme that can be efSciendy mecycled sediment deposited on the imigation snd dmin canal

Keywords. imgston dmin sediment, soil sediment reclaimed land
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Prediction of Sediment according to Type of Rural Canal

£33 - YU
Song, Chang Seob - Lim, Seong Yoon

Drevelopment of the economic methods and the desizn of the sandard section: needs the more project fund and land than ever Leads fo the objection of
enlargms canal amangement to need economic comstruction method development and standard design for supparting it.
The ohjective of this srady was to evaluate the performance of selected sediment reduction methods fo reduce sediment discharges from drain and

irmigarion of different land rypes (Moontain, Flaten, Reclaimed land).

This study was camied out to amalyziz for the soil lozs and zediment of dram and irization by companing BIP3LE methed and amount of sediment from
amount of dredging dafa of Eorea Rural Corparation. The results of stady were apalyzed and summarized as follow.

Size of sodl sediment from the upper region of drain and fmigation of moeuntains bigzer than lewer region. Bat in case of flaiten and reclaimed land, size
of sedl sedment from the uppar and lower regron of drain and mmigation did not classifisd. Incase of comparisen dmin and imgation without classifying

of land type. size of soil sediment from imigation is bigger than drain.

keywords: Imigartion: drain: soil sediment: reclaimed land RUTSLE: agricultural canals
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Food and Faural Affairs, 2008).
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EE AP A e 2 o g7 fle He e 2 el Ay
gl 2ol S| Hale) & astohn RoEpech (¥, 2011,
UL BHEAH T F, vk 5o 340 L9213
2 20ah= Ao g2 ERdct (Yoon et al, 2008).

2], 3, 7R e uhE R 2 TR RFEsMe WE
2 Rs FREew, SPRtMLE 22 Hg2 Vel
Szl FURFY A7 o] AR SMo 2 HReY
I graoflds 22 g2 5P, wimat ol = MLo| 257
e WyEbCh (Park et al, 2014).
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ElHE= #o 2 Lepyoh(Park et al, 2014).
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Research on the Sediment Characteristics in Change Structural Shape of Agricultural Irrigation

WER - UBE . s
Park, Jung Koo - Kim, Myeong Hwan - Song, Chang Seob

The objective of this snady was to evaluate the performance of selected sediment reduction mm)dsmmduoesedmmdlsdwgaa[hm drain amnd irrization

of different tvpes {concrete canals, sofl canals). This sdy was carried out toanalvsis for the suspended sedi 5 and sed

of drain and

irrigation by velocity of flow. The resulis of study were analysised and summerized as follow. Sedimentation characteristics and size of soil sediment from
the concrete and soil canals of dowrnstream smaller than upstream. Suspended sediment concentration and flow times from the suggestion camals bigger
than open canal. Structural shape of the canal decreases the veloeity of flow alao affects the suspended sediment concentration and flow times.

Keywords: Concrete canal, Soil carsal; Sediment; Suspended load
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The Survey of Native Grasses at Agriculture Waterway for Water
Management Efficiency
H J Lee', S H Park', H. H. Song', 8. G. Jung'. 5. H. Lea', M. J. Kim" J H. Les'. K. H, Ko
C. H. Kwan®, J. K. Kim?, J. D. Kim'

' heenan Yomum College, Cheonpn 330-708, Kores, Do, of Goll' Course and  Honiculure, Keimy ung
College University. Dacga 704-Tod, Kores,  Depi. of Animal Scignce, Kyungpook MNatlonel Universiy.
Sangioe-si T42-71 1, Konea, miok Wian Company, Dungai=ro, Dongan-gu, Ay ang-si, Cyeongi-do
43 0-080, o)

Rey wonds @ Mative grasses, Cumting frequency. Cumting time, Forage quality, Yield
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Evaluation of Soil Characteristics and Nutritive Value of Native

Grasses in Agriculture Waterway
S H. Park', H. J. Lee', H, H. Song, J. §. An', E. 5. Jang', M. J. Bae'. Y. 8. Yu',
J. K. Kim®, and J. D. Kim'
('Cheonan Yooam College, Cheonan 330-709, Korea; *Mokwon Company, Asyeng-si, Cyeongi-do 431-080, Koreg)

Key womds : Waler plant, Cuiting date, Soil characieristics, Nulritive value
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10. Detemintion of cutting date and interval on native grass management of
agricultural waterways (&f& 4 x)

Farm Ecoramy, and Gragsland Culture and Soclely

Determination of cutting date and interval on netive grass managemunt of agrieultural walerways

Jong Duk Kim'". Hyun Jin Lee', Hee Hyung Semg!, Jong Kwan Kim', §, Ray Smith’

I heonan Yomam College, 313 Yenam-ro, Sunghwar-eup, Cheonan-si, Chungnam-do 330:709, Korea
Mok Won Campany, Dongan-ro, Dongan-gu, Anyang-si, Gyeongi-do 431-080, Kores

*College of Agriculture, Food and Environment, University of Kentucky, Lexinglon, KY 40546-0091
"Comesponding avthor: goatkim@gmail.com

s provide a bufler zone between crop fields and adiacent rivers or streams. The
objective of this experiment was 10 determinate the effect of cutting date and interval of native grasses for water
management efficiency of agriculiural walerways. “The experimental design was i randomized compleie block ina
split arangement with four replications, Main plots consisted of two locations, Pyeontack (rice paddy field’s
waterway) and Danjin (reclaimed field's waterway), ind subplots congisted of cufting date and cuning interval
{sinple, double and triple], There wils a significant location and cutting date effect on dry manier (%DM) content
and  significant location effect on DM vield The DM and DM yield of native grasses at the Dangjin location
wasg higher than that of Pysongtack location. The June cutting showed the highest %DM Pysongtack, however
the July cutting wan highest a2 the Dangjin, Significant mam effects ( |ocation and cutting time) were observed for
most measized parmmeters except DM gress yield, Fresh vield of grasses sl Pyeongtaek was higher than Crangjin,
and fresh vield of the doubls cut (Tune and August cut) was the ighest among the cutting miereal. The DM yield
of grasses was significantly different among the cutting interval treatments, The double cut (June and Avgust cul)
amd the triple curt were higher than othver cutting intervals. In conclusion, these resulis showed differences in grass
production on waterways as 8 result of location, cuting date and cutting interval. Based on this research, the
cutting dale of native prosses in Korean walcrways should be June or July, and a cutting interval of twice per

ETOWINE SEascn,

Abstraci: Agriculiural walerway

Key words: waterway, cutting date, cutting inferval, location, native grasses
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Effect of Cutting Date and Interval on Native Grass Management of
Agricultural Water Ways in Reclaimed Land
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12. Detemintion of cutting date and interval on native grass management of
agricultural waterways in South Korea (&= g i)

Paper |D; 470
Theme 2, Grassland production and utilization
Sub-theme 2.6. Interdependence of grassland and arable lands for sustainable cereal, forage and livestock production

Determination of cutting date and interval on native grass management of agricultural waterways in
South Korea

Jong Duck Kim"', Hvo Won Lee’, Joung Kyong Lee’, Jong Kwan Kim®, Ki Hwan Ko
“Cheonan onam College, Sunghwan, Cheonan-5i. Korea

‘Korea National Open University, Seoul, Korea

‘Foundation of Agri. Tech. Commercialization. Suwon, Korea

Mok Won Co., Anyvang, Korea

"Keimyung College University, Dacgu, Korea

'L’::urrespondim_z author e=mail : goatkimigemail.com

Keywords: Curnting date, Cutting interval, Location, Natives grasses, Waterway

Introduction

Agricultural waterways provide a buffer zone between crop felds and adjacent rivers or streams, Walerways are
important resource for agriculture water management, water guality and biodiversity conservation. The total lincar
distance of waterway in Korea is about 180,000 km, and about 40% are concrete and about 60% are grassed warterways.
At present, the percentage of concrete waterways is increasing because of their water management efficiency, Some argue
that continued expansion of concrete waterways is not sustainable because it leads to potential-degradation of the earth's
environment. This concern has led to renewed efforts o use grassed waterways as an alternative to concrete, In addition,
grassed waterways enhance the environment-friendly image of agriculture that Korea farmers want to promote, The
ohjective of this experiment was to defermine the effect of cufting date and interval of native grasses for water
management efficiency of agricultural waterway.
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Amlysis of Sediment acconding to Velocity of Flow and Type of Rural Canal
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Development of removal technologies for agricultural canal plant
afflicient walerway managamanl
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