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Establishment of Soil Suitability and Assessment of Wet Injury in
Astragalus membranaceus (Fisch.) Bunge by Soil Properties

Eun Song Lee', Geun Soo Hyeon?, Yong Il Kim?, Jae Ki Chang* and Tae Jin An®'

ABSTRACT
Receive{d: 2021 March 29 Background: Astragalus membranaceus (Fisch.) Bunge is a crop whose underground part has
1st Revised: 2021 May 19 medicinal uses. This study aimed to establish soil suitability for its cultivation and assess wet injury

2nd Revised: 2021 June 24
3rd Revised: 2021 July 21
Accepted: 2021 July 21

in A. membranaceus according to the soil properties.

Methods and Results: The soil texture of the plow layer, drainage grade, soil slope (%), the height
and width of the ridge (cm) were measured at 26 cultivation locations of an 4. membranaceus farm-
This is an open access article ~ house located in Jecheon, Korea with a Good Agricultural Practices (GAP) cultivation contract.
distributed under the terms of the ~ The soil moisture content (%), electrical conductivity (ds/m), and temperature ('C) were surveyed,
Creative Commons Attribution  and the wet injury rate (%) was expressed by the percentage of damaged population in the overall
Non-Commercial License (http://  population. The results showed that 4. membranaceus cultivated in sandy loam soil was less likely
creativecommons.org/licenses/ o be damaged than in clay loam. Moreover, the wet injury rate was low under well drained condi-
by-nc/3.0)) which permits unrestricted ;1,6 Among the soil slopes, the damage was the least in grade B slopes (2% - 7%). In addition,
non-commercial use, distribution, when drainage occurred smoothly along the drainage channel and mulching cultivation was con-
and ‘;e%m: uetion ||n anlz/ ~medlun|1’ ducted, the wet injury decreased

E{;ﬂ, e the orighal workc s propey Conclusions: To establish soil suitability for reducing the wet injury, it is important to cultivate this
crop on sandy loam soil with suitble drainage grade and drainage channel in locations with a grade
B slope (2% -7%) and to increase the height of the ridge to more than 30 cm.

Key Words: Astragalus membranaceus (Fisch.) Bunge, Cultivation, Soil Phyisical Environment,
Soil Suitability, Wet Injury

M A = FET, FAs) e 9 FuEY 5o %8 IF
Weko™ (Kim et al, 2013; Su et al, 2016; Choi et dl.,
3}7] [Astragalus membranaceus (Fisch.) Bunge]= &3} 2019), ol E AHRE W87|" So8 Al

(Leguminosae)°ll &3l &4 oJE{aljido] 2B kg2 Eo] Uof o8 AFLo= QUI7F B AE F et (Im
o} HEE 28 9 oRgsl| Wi Xahte] d¥st 4SS e al, 2010).
flate] wliee} Bpgo] gk EFoA Ak Aol T4 AEFFEO] FFEAL Aol gk HAlo] FTFeHA kg

sith F9lol A8l M=t o My Azt 7besi, T ZEY &M7F SISIIAIY B7)= 334 ha (14) AplEE
i Aol M = 192 AuizE sk, Blad AEs 5 o] 5 vl 192 ha (192 A4S =T (MAFRA,
A gelA = 2| o] thd A7} 7Hsstch 2020), ol A S9E 913 22K R Aol A4t
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ol2s - sl - 28 - FAP| -
AfEA o] 7HAE fEsk o7t At Uzt 9% 45 AE Aste] A7) = gtk (Martin,
e A G F9FE = T8I UV 80 F 5 1953; Asady er al., 1985). L&t} 202003 7H2 7]E2<
velt}, SEuels B 715l &l oA5H el ¢ ZPU}OH tiHale] AESS] B, wigss, TFEAE 59
7] At 7HES ARAE mid JEsgol olgk vt B Bl AT 3719 AmiFA] AR dATe vgE
Z AAolth (Kwon et al, 1982). 53] 20208 & 7% A7 o|t},
2 1,081.9 nmm P, o] FXE 6503 mm (C18)3} 647.7 mm AR AR 7|15 ARt EY ARI) Fo3PH %
190l Blsl wi-¢- 71SFololA (Fig. 1), B 2= a7 ¢ *@ 44' J&Edfd 7191A e} EYRIANE A7 ste] AR
R EATHKMA, 2020). %L TRYS o A= AHS 7E0R o] AR

Tt 7HES A 509 Bo A AAIZ g Hwe) A=
7} Z71RloH, uj=s 3l HEujgFoAe] 714 AlEd el
A moe 2002% o¥] 2030741 E9-71 30%7HA S

RolaL 20909714 65%7HA] 571 Ao=R o ZH L Stk
(Rosenzweig et al., 2002). T3k 0|3 HE3 8 A
59 SR A9 SR SIS stol ohiz
AAA SR ZE 3 & 9 H] }\gEXJ P
Edjzoln] F2 ARt %
Age) ABZ, 4 5% 5 ¥4
and Waters, 20()3).

a7k e A% HRE
Aqso] EF 97 FEst B w5 o
A QA A 3 T ol 30 ¢ A

3 (Lee et dl., 2015), A7 = (4%%—)4 ol Bxol w
2 ha G SRS G 5l vsted 0%k W2atsd
3, A% ha B Aeswl A4 A% Vs 8307 7
ﬁ:é}ﬁiﬂm—’_ RIF ] ST} (Park et al., 1999).

i UIEE Slsiol G EIRE T 25 72
(pearl millet) 2 55 (cowpea)llA] HH ZEZAE X
1<>F°=] z27] AT FEFE =QqTL HiEoR| i »lE}
(Hirooka et al., 2019). B3t 7] 5Hslol| t)-g-sle] Fall Ag
ol Ae FEFAE A7 Es] AP Qo] Q1914 &
3 i 2ol 294 i F5o s 54 vl At
FHEAL (Kim et al., 2015), HF AP T 2 A

2 A7 X8 bk 3tk (Koo er al., 2014).
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Fig. 1. Precipitation of June, July and August on 2018-2020.
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= 3. 43%11 ettt (Kim er al., 2020b).

S Z1FEANA A7} olel e kA PRe] NEF
A7 (Wongam, Glyeyrrhiza glabra * Glycyrrhiza uralenszs)
o A A A ol AMAAE B Sl
ex A wel A, S 2ABIES o 20173 25
A 7R oF 45T 2%t J%‘%—’P% Azre] Ak
o] 27138k Zlo 2 Yehgtl (Kim ef al, 2020a).

Aaste) AR AN 4 A 57F 2RE F
Aoz Bl Jdu B 2 54 vwd Ax B4l (7]
A Aol f&E EA 100 cm °©]%, A= 2% -
15%0]9, AL 37k 5 AR 013 sl 500 m o3l &
FollA ol M =dthar B EATH (Hyun e al.,
2010). BE3F 23 AR o] B =] 54 FEFS gt
A B0l AlFEo|nL, wirE daahH, AR 7% - 15%
ol 4§ EAlo] 100 cm o]Ae|ar ZulkZz Zlo]7} 100 cm ©]
ZgolH it kmZo] gle EQlA ol 7P w3tk B
27| % SIATE (Jung et al., 2004).

2 715wskz A7 ZPlE) el wsky 9]
of B¥sks A el thlgh Az A Aol A5

asit. mep 2 dve Bl me B
3 g 2AE Ealo] B7] A B B
o) sled AjEA] B B 7%
Wk Fokdoz Bag Al tial Yok -

\_.
A

244

L — e 2
ﬁmim
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= =270

= A}

—

Ty

A THEY S U2

Q75 s3] GAP A} ool A7
Al &A 87 [Astragalus membranaceus (Fisch.) Bunge] &
e GASIgn 2 BN Gl slsheg 24s] 913

H =
2 = 71 B71 A o1

SERELE RS

L
RIS

0:1 AT
A= 2AF tigellA] ALl

A A= ga (A 5 5 EA), b skE
1 =), e (4ot 5 4 ﬂxl), T (H=E 542
A, 8 (&3l 5 3 IA), 2YE (5 ZEA), FFE (1
27), 44 (s 5 3 j—éz])i A ATH (Table 1). 7
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Table 1. Address, field location and agricultural characteristics of survey field in Jecheon, Korea.

No Address Field location texst(L)JirIe” Iigr;igzge Séggs) Ridg(eémh)e 8t V\r/iel Ti/:)ry
1 Seongam-ri, Deoksan-myeon Not measured CL WD D 18 5
2 Dojeon-ri, Deoksan-myeon 36° 54'14'N/128° 0911"E CL WD B 18 0
3 Dogi-ri, Deoksan-myeon 36°52'51"N/128° 14'02"E SiCL WD D 18 5
4 Dogi-ri, Deoksan-myeon 36°52'53'N/128° 14'02"E, CL WD C 18 5
5 Seongo-ri, Deoksan-myeon 36°53'58"'N/128° 10'50"E L WD C 10 95
6 Hacheon-ri, Susan-myeon 36°57'59'N/128° 13'09"E SiCL WD D 13 40
7 Banghak-ri, Baegun-myeon 37°0851"N/127° 59'57"E SL WD D 30 40
8 Banghak-ri, Baegun-myeon 37°08'23'N/127° 59'53"E SL WD D 30 80
9 Banghak-ri, Baegun-myeon 37°08'23'N/127° 59'53"E SL WD D 30 80
10 Wonwol-ri, Baegun-myeon 37°07'32"N/128°00'41"E SL WD B 20 40
11 Myeongdo-ri, Bongyang-eup 37°0823"'N/128° 07'59"E SL WD C 37
12 Myeongdo-ri, Bongyang-eup 37°0921"N/128° 0801"E SL WD B 37
13 Myeongdo-ri, Bongyang-eup 37°0922"N/128° 07'60"E SL MWD B 37 35
14 Myeongdo-ri, Bongyang-eup 37°09'23'N/128° 08'02"E SL WD B 37 5
15 Dohwa-ri, Songhak-myeon 37°11'02'N / 128° 14'43"E SL WD B 38 40
16 Dohwa-ri, Songhak-myeon 37° 1104"N / 128° 14'42"E SL WD B 37 10
17 Dohwa-ri, Songhak-myeon 37° 1104"N / 128° 14'43"E SL WD B 33 90
18  Sinwol-dong 37°09'50'N /128° 10'59"E SL WD B 43 0
19  Sinwol-dong 37°09'48'N/128° 1116"E SL WD B 45 40
20  Sinwol-dong 37°0932'N/128°1121"E SL WD B 30 10
21 Sinwol-dong 37°0933'N/128°1121"E SL WD B 30 20
22 Sinwol-dong 37°08'52"'N/128°1126"E SL WD B 40 20
23 Duhak-dong 37°07'38'N/128° 14'07"E SiL SPD A 35 100
24 Dongmak-ri, Geumseong-myeon  37°06'27'N/128° 1327"E L WD C 40 5
25  Dongmak-ri, Geumseong-myeon  37°06'27'N/128° 1327"E L WD D 40 40
26 Dongmak-ri, Geumseong-myeon  37°05'21'N/128° 12'57"E SL WD B 30 0

YSoil texture; SL (sandy loam),

L (loam), SiL (ilt loam), CL (clay loam), SiCL ilty clay loam).

Jdrainage grade; WD (well drained), MWD

(moderately well drained), SPD (somewhat poorly drained). *soil slope; A (< 2%), B (2% - 7%), C (7% - 15%), D (15% - 30%), E (30% - 60%), F
(> 60%).

$ 2% A% B, B B4, SR, A4, 5 ol 5 HuEe v2 8AR) 2 49 FE (oam, L), 2]
& 2RI SO R MrE B4 A, TR M glo] WY ANE RS YAE Apely 53 WE
SJuA| AL 7 Se) Feld A B 2Ask o] gy BEE WSl FER O & BAAE 2

2. EMTH

EREEEENE

- WA & Gilt loam, SiL), Z27)7F AL H2Ad ) 7}
Aol glom e XS B 4 glew 3em - 6 cm

B3] wu} £71ee] o] BelEm Aol Ak A% 4

BEEEEEE Rt

Wi 209 W) £712te ol gslel Hud 713 }z@ el
£ =7 % gom B 2 FAAH ¢
E AR B 5 YL BEo| HX) e A% *F’&E (sandy
loam, SL), £71eto 2 HlujA me71 =7} golt & %
MAA G Ao] ORE AT B uEolxy 4
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o (clay loam, CL) 83 2 7= A ol Az o)
29 3cm - 6 cn o] HlmwA F ghsoiXe A% vAb

A 2 U4E (silty clay loam, SiCL) 522 Z}z} 5319 t)

3. S
£ i3 S W S5t AF EPRAL P (RDA,

=



oj2s - sEs -
20180 SIAse] fA, T, A9, B Thee] Fed
54 9 50 cn ol EAL olgdt] F 6 SHOE 1P

Art.

AL AsAY EFo] ofF gAY EFC] Wit 2 F
o] A QoA =o] W] 2 vl W] WA= 75 vig-
Y5 (excessively drained), £43°] H|3 FHZ ol UjFE
o] WEYe] AL ks A Y& (well drained), Tr7-]
9 F57E o wein B whHo] WimjR 55 JEHIE e
73 °FF 45 (moderately well drained), frA<F F57F =
YAY Aslrl7t e motd dF AF 717 Bl %
&3 AEHE dol Qe AS o EFF (somewhat poorly
drained), A4 F77F w9 =AY A7 A
23] &y Q= A B (poorly dralned) 'rr747]' ”H-r
@AY Eo] Role o A (very poorly
drained)©. 2 &3} T}

S e EF

4. ANTZE 2 F0 =N

27 Are @ BEGEZAF W (RDA, 2018)0] <] Aste
ZAAF=A (Suunto Tandem- 360PC/360R G Clino/Compass,
Vantaa, Finland)E AF&-8te] dgollA AA] A7 100 molA]
T AR 7187 &, Ewols A5l WEEE ¥
slFom (Fig. 2), A (<2%, HEA), B 2% - 7%, "I$-
okl A, C (7% - 15%, oFal A, D (15% - 30%, 73
2D, E (30% - 60%, A3 AN Z2|3L F (> 60%, WS- A
gk AAhe] 6 TROE FEIINOH HEZS FE EO
Filys A 9 3 HiEo g =43

5. &exs fFeE WRE: U 2%

TR (%), A7HAEE (ds/m) 2 2% (Crs BEYE
ECA =% A4 (wet Sensor Probe Type, RF sensor, Seoul,
Korea)s ©]&3t] X FHANA 20 cm Zo|7kA] 243 o
3 REE Fste] ks Hatste] AT

6. 2| DAL Tlollg

7} 57 A 9719 A 3 2 7 & gEne
2 2ARIIE #9l2 Q1d A slge A Aol
Investigation
point \ Slope:x %
*

28 - |

- QHEHE

A AR AAA7E AR SR HlES MRS R AT
.. damaged area
Wet te (%) = ———— x 100
et injury rate (%) total area
2 o o3
1. &35 Soll 8%

Edoll w2
l

EY =214 340 M 37| [Astragalus membranaceus
(Fisch.) Bunge]2] ﬁ"ﬂ s FAe7] flal AES B4
wE 37 &3 AEE ZARKIT. AA 26 PR Zol|A

19.2%0) 335 }~ 5 DA} AUE @ARE 2FE o)A Aul
Foul 80.8%7} AFE (FE, PIARFEWIN AujE Ao
2 ItEIT (Table 2). AYE Au] A= A At

M Aol e AYE, Bxde Bd Agde] B
AGE, M e TR YR B AR, b=

vl Aegmel A AulEIe,
ek Qlsie] B shpol} Wezglo] o) Ad
Hge gy £F3 Fo) AshHey ot B ) $2Y

27 B Y2 dg8] FFEA Xsh7] wWiEe|th (Carpenter

and Mitchell, 1980; Tripepi and Mitchell, 1984; Ro et al.,

1995). SFGAHES FE AHE o]&sl7] wjEel| AESS

EAo] = A5l w4 T3 o ah, ZEpAls ARF

BEollA o] 7P =3 e o] A2 Zog 8t

AT (Lee et al., 2000).
g2 AL AR AES B4 mE &7]e] arkEe g

ST AFEANME IS 11.0% Hom AFFEA ]

JARES 36.2%= YERSTE (Table 2).
AEF) B4 A7 G2 Felel 4

L oAUk x|&A 7o ub A] 2ok EAle SR

Sl 4oz s Ao HAE 1Y &
2 AAAR PG olsh Bastel vl AL

mAb el A W F4E gEA) e} 4

AGE 28] relsh HE we Ao maE w9

(Sohn et al., 2009).
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Fig. 2. Soil slope measurement method.

276



7| iR 7 |1E dE

Table 2. Comparison of water content, electrical conductivity, temperature and wet injury rate according to the soil texture.

Soil texture” Distribution ratio (%)” ~ Water content (%) EC (ds/m) Temperature (C) Wet injury rate (%)”
CL 19.2 27.0+9.3 0.8x0.4 25.9+3.9 11.0+0.2
SL 80.8 14.6+3.8 0.4x04 25.8+2.6 36.2+0.3

Ysoil texture; CL [clay loam including SiCL (silty clay loam)], SL [ sandy loam mcIudmg L (loam)]. ?distribution ratio (%) was expressed as a
percentage of the number of field with corresponding soil texture in the total 26 field. *'wet injury rate was expressed as a average value of each
wet injury ratio corresponding soil texture on the Table 1.

14.6%37100 A ST AFE B4R ko] 2 vjo] & FX|oMe %E (WD, well drained), °F7F 43 (MWD,
gt} (Table 2). T3t B ECE AYENA 0.8 ds/m, AF%  moderately well drained), °F7F &3 (SPD, somewhat
BEollM 04 dsmAL EYSEE AT 259T, AFSE poorly drained)?] 3 7KXZ FEEHATH (Table 3). ©] 5 &
A 258C AT} (Table 2). 5 270] 78 o} AA < 92 390 sl om okrh o

T skl GAA wigEES FE 2oy & ofk ERF 2710] 3.8% A AT i Xyo] ozt
(Table 1, No. 6) AakF frdell o3 Mg o] Hgo] o E7F XA 3ol 19.0%= 7P Esken &7
Astglon, rakd AdE BEdog vt ALEE el 100.0% A 2S 1T £ UL (Table 3). ¥iF
A aE7E Es] o] Foix|R] ot Ak FAIZF WP S T G719 Follo IS MAE FaI0RE Zgsio
A 7] 14 S 40%7F AL st H“ga AoF gy 1S 0171 fIg APHAR wijesHo] Fg 270
AL (Fig. 3A), 25219 A4 Fele v esiict (Fig sttt

-

Aoy oln

011

3B). ol E EY WA FFolQ Fusarium 43 & =ES w5 e s Alxd S EAE
A o] Aol A=) (Fig. 30). B A g o BRI CAM = A7t A% WSk Fo
am gukd JF A Al Ao 45 oE st &

2. B~ S3oll 2 Sdll 3% & o] S-H ATy B UEAY (Lee ef al., 2013).
B i ‘E%E Ag EFZAL Wl 78t (RDA, HiE T W o} A AAE AT W I BAE
2018) A, T, Askrel, EY @ Ju3 54 5wt 2] FAlg ¥0L 35 F UEF WiFERE HER X

Esle] B 6 502 1Pre] WS B 26 o) 2 sk 2w ash 247 7t AN Felvt A 8

Fig. 3. Wet injury by soil texture in Hacheon-ri, Susan-myeon field. (A); furrow moisture stagnation occurence in loamy soils, (B);
poor fruitng condition of the pods, (C); red pigment accumulation by Fusarium spp.

Table 3. Comparison of water content, electrical conductivity, temperature and wet injury rate according to the drainage grade.

Drainage grade” Distribution ratio (%)” Water content (%) EC (ds/m)  Temperature (C) Wet injury rate (%)”
WD 92.3 16.7£6.8 0.5+£0.4 25.7%x2.9 28.3+0.3
MWD 3.8 12.0 0.3 25.4 35.0
SPD 3.8 19.0 0.4 28.0 100.0

"Drainage grade; WD (well drained), MWD (moderately well drained), SPD (somewhat poorly drained). ?distribution ratio (%) was expressed as
a percentage of the number of field with corresponding drainage grade in the total 26 field. *wet injury rate was expressed as a average value of
each wet injury ratio corresponding drainage grade on the Table 1.
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O|OA

o4 .5

A .
Ly —

oll& FES BEAo] el HE AUA T (Table 1, No.
6), 27t Hr g AR o} Fo| U7 Hsf ol
21E8A 9] TAP) iAoz AT (Fig. 3A).

T Ao E F5 olF =o|7F 35 enE E=Qke
U} (Table 1, No. 23) A|th7} HAEY S w4271 A=
2] oo} F57t A&HRS v A 5= Qe £30] A&
Al ZAZE 100% RARo = Fxrb o sl
(Fig. 4A). ol¢h= 4oz F4He 71 IR ¥4 4
Aol 5 W] dx|ste] HARE mEk vt GEstA o]
Fox Ao Fsjrt Aom AEA IAF Fss YeRA]
Qk9kT} (Table 4; Fig. 4B; Table 1, No. 26).

AL 100% RS FokE BA] Hg- o] e
19.0+ 1.5%= UEPO™, 7S 403 +4.1%= o=
Hjs] oF 2 8 =UTH B BANE wiet sl 988 o]
FA F4H oAM= o] FEFHS 104+0.7%5 U
Epfiglom, oA = olrth oF 2 v H2 21.6+42%=
1At

oA o]gETh AL A oZ o
7b T oA W Ho g o] o)Fsle] AR £
Ve 9] o) WEkem AuyEth £y "xolA 7]
AxEE FFA 048 + 0.0 ds/mS LERHo] o]&ke] 7]

Axe A7k 038 + 0.1 dsmETh Hgon, Eger=

rlo

Pt =N [e]

s IW| - kI

olgo|A] 28.0+0.1CE 9] 263 +0.6CAANET} =3k,
21EA IAF FEl7t YepA] ok S48 IA9] Ag- 7]
AxEE FZoa 025+0.1 dy/me=Z e} o]Ze] 73
0.15+0.10 ds/m®] #tS WeRlio] aelld o =%, BEY
2= ool 242+ 13C, o] AL 222+0.7CE 1V}
Efjo] o]FellA B =2 e YeERfTH
3. 4A S80l WE Soll A=

AAIEAE o]&3ste] AAolx HAS Altele] WiEEE £
Alste] F 6 SHOE FESIS wl, 2 26 /o] AP X
NHE A (<2%), B 2%-7%), C (7%-15%), D (15% -
30%)°] 4 7HA] THOE FHEEATH (Table 5). 7 554 &
Aol HES A 57 38%, B 57 53.8%, C 55 15.4%,
D 55°] 26.9%Att. A A F7F 1 2olAqd A FFel
AE IAPE 100% Ao, B ZAK] =l 7
3= 2%-7% (B SH)IA 225%% 7P Wk HAkwst
S7FIAA C S7lAE 27.5%, D SF°IM= 414%E Y
ERAT} (Table 5).

A&A 73 A Al A SE2 Falldll rlAE Fa%1e
2 A8t BEY AAE mEt st 483] o] RojAA &
= AL 293} 238 ZAAPT 15% o= ZolAH
o2 A% Fa|7} 23 o7 WA s Aoz TelHE) ut

=

R

=

ol

1>

Table 4. Comparison of water content, electrical conductivity, temperature and wet injury rate according to drainage formation in Duhak-

dong and Dongmak-ri, Geumseong-myeon field.

No. Field location Water content (%) EC (ds/m)" Temperature (C)  Wet injury rate (%)

2 37°07'38"N 19.0+1.5 (Ridge) 0.38+0.06 28.0x0.5 100
128°14'07" E 40.3x4.1 (Furrow) 0.48+0.03 26.3+0.6

26 37°0521"N 10.4=0.7 (Ridge) 0.15+0.10 24.2+1.3 0
128°12'57"E 21.6%+4.2 (Furrow) 0.25+0.09 22.2x0.7

VEC; electrical conductivity. ?wet injury rate was expressed as a percentage of injuiried individuals area in the total cultivated area.

ol YV,
#50 Yr 5 -
Poorly @irained soil
s L g L

Well drained soil

Fig. 4. Wet injury by drainage condition in Duhak-dong and Dongmak-ri, Geumseong-myeon field. (A); poorly drained soil in the
lowland, (B); well drained soil drainable along the slope.
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A A& e Fafol tElEitE 2% - 7%2] - kst
o] AuAAQ] Ao S
of} Tl W B I EA AR o

SEO
How PP % 5 9

L
4 k. 7397k A48

Yibd Maele] F7F A A=
AAREZE 12% - 13% (C 55)2] kst A3 (Table
1, No. 5) ZA7Ae} A71 Wo 2 F58 FAste] AL
7171 AA WAL 95%Z A5 (Fig. 5A).

ARA 49 T w7F A= 2] FRe
7%-8% (C Sw)° °Fst ZAME o] F3U3L (Table 1, No.
24; Fig. 5B), &% 3 20%-22% (D 55)2 ZAE ]
T T35 AP E 2530tk (Table 1, No. 25; Fig.
5C). AolA = aIARgo] 5%l 231 Zo] Hlg)] st e
40%=2 37t AEd ole F5 ¥4 WIo] £ A I
218k 2719 FAARI sHellA o] Hs7t %17] white|h.
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pu
ju

oN

i

oy o

u

—_

=9
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7kl

Ed

o] Jsi7t 7tsE Aes F5Hn (Fig. 50).

4. 5= o W= Soll A<

T5 E0|8 4 59oE FEIE W 77 AHshe HlE
10 cm -20 cm F52 23.1%, 20 cm -30 cm F52 3.8%,
30 cm -40 cm 5L 53.8%, 40 cm °)} F5L 192%

om (Table 7), 75 o] T JZAES 10 cm -20 cm oA
25.0%, 20 cm -30 cm oA 40.0%, 30 cm -40 cm oA 37.1%
AL 40 cm o FEOIA 21.0%= d#go] flo] FEe| =
ol F921e ofd Zog FZH} 71E HAH vl w2
A =], 7o) £ SUE A% A4 F5 =0l 40 en
Rom ek fERE 4A ol& F& Ayt Sl &3
oAtk (Yoo et al., 2007).

wem ety BAoE e WA W BHsl 34
A 5 olo] mEE ol WAe] Aol7t AT (Fig. 6,
1

Table 8). W3te] PA| o] F5 Fol= BF HHHOZ 30 cm
RO AR Fol7} Wil Un7E F2 FRolxe ol
7F B =3 YHI7h g2 StellM e vAF s & A
yepdlon A 2 AR 40%0] E9Th (Fig. 6A). ©]
= il o B =EgUA Fa WS S8 04t Al
o Agst T% =o|rl 30 emE =9MA AR fAlEIAT
(Lee et al., 2015).
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Table 5. Comparison of water content, electrical conductivity, temperature and wet injury rate according to the soil slope.

Soil slope”  Distribution ratio (%)” Water content (%) EC (ds/m)® Temperature (C) Wet injury rate (%)
A 3.8 19.0 0.4 28.0 100.0
B 53.8 14.4+5.1 0.5+0.4 25.9+3.1 22.5+0.2
C 15.4 18.7+3.5 0.6+0.4 24.9+1.1 27.5%+0.5
D 26.9 19.9£10.2 0.4+0.4 25.9+3.1 41.4x0.3

USoil slope; A (< 2%), B 2% - 7%), C (7% - 15%), D (15% - 30%), E (30% - 60%), F (> 60%). “Distribution ratio (%) was expressed as a
percentage of the number of field with corresponding soil slope in the total 26 field. *EC; Electrical conductivity. ¥Wet injury rate was expressed
as a average value of each wet injury ratio corresponding soil slope on the Table 1.

Fig. 5. Wet injury by drainage in Duhak-dong and Dongmak-ri, Geumsong-myeon field.

¥

(A); wet injury occurrence in the field with

right angle between the field slope and the ridge direction, (B); wet injury non-occurence on the field with gentle slope, (C); wet
injury occurrence on the field with steep slope without mulching cultivation.
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Table 7. Comparison of water content, electrical conductivity, temperature and wet injury rate according to the ridge height.

Ridge height (cm) Distritubion ratio (%)”  Water content (%) EC? (ds/m) Temperature (C) ~ Wet injury rate (%)
10-20 231 26.3%8.1 0.7+0.4 26.0x3.4 25.0x0.4
20-30 3.8 7.8 0.1 20.0 40.0
30-40 53.8 14.3+2.8 0.4x0.4 26.0£2.6 37.1x0.4

40 19.2 14.9+3.6 0.5x0.4 26.4x2.0 21.0%+0.2

Ddistribution rat|0 (%) was expressed as a percentage of the number of field with corresponding ridge height in the total 26 field. EC; electrical
conductivity. Jwet injury rate was expressed as a average value of each wet injury ratio corresponding ridge height on the Table 1.

Fig. 6. Wet injury by height and width of ridge and impact of slope and direction of ri
comparison with high wet injury in low, narrow ridge and low wet injury in high, wi

the right angle between the field slope and ridge direction.

o]k Uu] 7k FEakell 2kol7h AT (Table 8). o] BA]o|
A TARSo] 40%el 23 AL EARe] AAje} FEo] wlsko]
AAT Ao F1Re) E The Wk DA (Table 1, No.
9pINE TH Arle}l FE WEko] 27S o]Fo] Ax| TH

WA 80% F7)7F WA} FEE Ao} AF B ols}
¥ SME W71 AR AESIAT (Fie. 6B)
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