OYE T8 TP 2 4B T 21e iy O
72 e 34 A17] A7)
QAT3A B AR azgcr 19| a7d | 494
SR AU 3 9 Aes g e e |2v g CUIEE eay
SVBE S AW T RN WEAe G e s S ey
a9gel | aswnel ¥ e 499
ABSTRACT

This study was conducted to identify the causes of physiological disorders such as
hollow root and internal browning, which have been increasingly observed in
eco-friendly radish cultivation fields in Gyeonggi Province. To achieve this, surveys
on cultivation practices, soil chemical properties, plant mineral composition, and soil
temperature and humidity were carried out. In addition, soil microorganisms were
isolated from these fields and screened for their tolerance to high temperature and
drought conditions, as well as for their indole-3-acetic acid (IAA) production ability,
in order to evaluate their potential as beneficial microbes for improving crop stress
tolerance. Soil chemical analysis showed that, most soils were within the neutral pH
range. Potassium levels were 1.1 to 3.1 times higher than the optimal range in most
farms, and calcium levels were 1.2 to 3.4 times higher than recommended. Boron
concentrations in the soils were 32 to 207 times higher than the required levels.

Analysis of mineral contents in harvested radish showed that, in spring
phosphorus, boron, and calcium were deficient. In autumn all nutrients except
nitrogen were found to be deficient. Soil temperature measurements using data
loggers indicated that soil temperatures reached up to 30-31° C, which was
approximately 3-4° C higher than the air temperature. Soil microbes isolated from
radish fields were screened. Four strains (GP10-2, PJ1-4, GP22-11, and GP1-12)
were identified that exhibited IAA production under high temperature and drought
conditions, similar to those observed under normal conditions.

Key words: Eco-friendly cultivation, Radish, Soil microbes, Physiological disorder
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71(ONSET MX2307, HOBO)E AXA|3t] HlolHE FH3tA L e A
FHFE 7139 73R EN S E D (https://data.kma.go.kr)S a3}
B WE+= NGS(Next Generation Sequencing)S =33Fa] Z:(genus) "/PH/] taxono
my abundance ratioS Wl dle] 7HHZ o7 BEASIAT. 2 EA A nAE B
A SAo] A AEA HHE HAS W22 Zeldo] TSA(Tryptic Soy Agar, BD
Difco) =+ PDA(Potato Dextrose Agar, BD Difco) HjA|ol] X]4+atar 25T ol Al &ka}
o £FEE3 #FE 165 rRNA =& TS SA 5ot

ﬂ%%*?~%ﬂﬂﬁ%;”+iﬂﬂﬁ 3 ek
H &2 A3 150 rpme2 30E3F nRkgk & gsds d
Atk 10°~107) 34 H-& TSA wj= el 100 WA =2ska 25C el A v et AR
B A7), AL FEZE b8 FEYUE et Al AREstr] H7EA 80T o
T4 BRESAY. S dFEY 34 2EHAETL, A WA 238de MY &
EE 40C =2 AA3star TSB(Tryptic Soy Broth, BD Difco) il #] el polyethylene glycol 6
000 10, 20, 30% &=¥HE Hrtste] AE xdo] T E HIXE 2A35to A dstch
IAA(indole-3-acetic acid) W45 wiA]ol| L-tryptophan 0.1%(w/V)E 3 7}ske] wj ks

W eF 45 H 2 ml, salkowski <4 4 ml, 10 mM orthophosphoric acid 100 u & &
Fated oA 258 ¥Eg ¥ 530 nmollA FHEE SAHSAT. XEAN AAHL 2
EA A H((PHCbi MLR-352H)E AH&3te] dub 9 2Ef 2~ 218 AAsFo(x
D HRA HES HEYGS 212 E3sle XE T 1.2 kg¥ dAHA H1 A=Y
> ZTES uEste] B 6-7u] SHAIRE AEHAS Boda 437 AulEtgh

A8 Axto] 3k EA 22+ SAS (SAS Enterprise Guide 8.3) TE 18-S 83} t-
test £ 0E FoHES AASAT

ﬂlmo

e
1= ol\
o

_l>‘~°

=

L 4% A 24 =0

gur AN 5% 7-100 (1A 35 Bt
Time 6:00 9:00 11:00 13:00 14:00 15:00 17:00 19:00 22:00 23:00
Temp.(C) 18 20 23 25 23 20 18 18 15 15

Light 1 2 3 5 4 3 1 0 0 0
Humid.(RH%) 80 80 60 60 60 70 75 80 80 80
18- Az A7 B B A

Time 6:00 9:00 11:00 13:00 14:00 15:00 17:00 19:00 22:00 23:00
Temp.(C) 18 20 25 30 32 25 23 20 15 15
Light 1 2 3 5 4 3 1 0 0 0
Humid.(RH%) 80 80 60 60 60 70 75 80 80 30

T 1313 800 ml/2E, 23]2F 500 ml/XEE, 332} 500 ml/3E
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7} A8 B ANEY 24
A7 me A9 T BT AFHF 1708), 531468), o] H(106E), 2HH(88E),
BFUSE) +02 Bou(’ 25, FYFAEZAR) ANAFE 1Y, 379

9% BT AN 1057HE 2, 7HeF AW TEIHE 3, 0 259% BT AN 10%
JHE HE 2ABTL AMEE e FF 1,017 m* o2 S7hEE 330~3,300 m?e] 89
2 2AHAT WAGS e bk 5N, R71A0E, 8, B4 BRI,
Ao gUE 52 ALSATT SHAAT. ZHE B/ Uuk 2HYE YT,
£57h A7 2EEE Sk RAE 2 2HEY F 5 20-50 cm ¥ol, o
@2 - T2l o Aol AT 30-120 cm Ao 2 ZAEHUT. BjREe

% FFe BAVIE FE AFEETY AHQET, bR
° C24dol = 49 209 oM,

=
i, AXAYE =AW w7
o}

= b= 20~40 cmE AT L9E gt RE B0 ezt
AL g on, ASL 105719 sl =d NKRIE, 4 84 58 A&t &
B3k e o]lge fiiEe Fr gl Yo, File FE SE7], 4AEY,

A 5ol Mal B AT eHAAT. Fol AR 98 EAol R 2%EE
10%, ANEZYZH Y 70%, RZA 20%), BTA & AH&dtta SF3at. + &7}
% A2 sgon urld kel 3 A4 A4 B, T S55 Ak v
S, st 4% Foloitk

T 3R

® 2. 20249 5 ANER

2t Fa jhif M wAs mw T P oy g
GP1 =4 st 44 =4 1,300  =HH  AF 40 60 & AP
GP4 =d slofg] 5% w2 990 TERFua duk 20 60 & ApEEE
GP7 B4 22Xl 6¢ A 1,300 ER]AEEAL gyl 30 120 & ApEEw
GPI3 Bw 288 I¥ w2 660 ABEME Q¥ 2030 100 & cEpmEe
GPI6 Ao Wde) 4 A 660  AEEW Qe 25 0§ eemn
GPI9 Bw 2Ma) I* =2 660 QoLMm Uw 20 4050 & FAF
PJ1 ZgW Ael 7w 1650 EREH Auk 30-35 100§ 2EREER
PJ4 Igd gl 3 A 2,970 AEEElS guk 25 105§ cEREER
PJ7 AgW g=lEl ¥ A 1,980 Sr1™wls Ak 30 5060 & cERmm
PJI0 AAw Aa] 4 o 990 gul Qw25 105 B ArERs
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gz are WV Lo Foold  A8AA  AHE
UM RE 30 & aw 9o =408 Saelas Sas
Couuls  TE A0 S % QS S Solws  ®
Coulle TE 20440 & ok 9SSz mbolws) iy
Copy  wE 25§ ot e Bz Edone 3
Cos £E 30 & ot e Elzm aw A
Cops £Z 30§ 9 S Bz Eolwe]  F4
Couus @E 35 & NK Qe Qe B EZops =7
Cons == 30 & NK Qe Qe Ezolue mEw
CounT wE 25 & % 9l Bz BLEgell] A%
o TE 25 & au QS Sz B4 =7
% 320243 72T AR
1 =He o
¥ za ;&’ W A =m T FS w23
PI3 wpAw Zel 3 wA 3300 <k AwF 20 50  AEY
PG whEW ChEE B wA 990 g Qw30 70 & ARE
P9 AW A 2 wA 3300 SAWEME 9w 30 30§ RS
P2 AW AgE] 7 =A 1,300 S71dEE A 30 0 F ALF
P25 AW AE 2 w2 1,980 S]d¥lE gdk 30 60 fF HIF
PR AW A4 5 A 2310 99 9w 30 60 & AIY
P31 AW AR 6 A 2,310 HrERE dHE 25 70 - 35
gea TIrE WV Lo sne wlm adem Aema ase
* 24189 F= 30 F  8x A 4 g A= A=
TouRis wE 30 % 9g e e Ef_”j;g; 7
Cousns wE %5 & as s go  blukel F4
o =

Lo = 0 & N e EEr] gdy E;ngé I=
o8N WE 25 & 9 wle  @We BSdel vk
a0 WE 25 # #% §e Sl A Lo R

& ToORE B g0 @
Cog wE 25 & 9w 9o 7%2}2%% 249 7
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s wa WS wae e T ES wy s
GP16 713 Aebd = 1,650 BALAREER] duk 20 40 o AEET
GP25 714 BW  =x 1,980 Hdg Buw] Lk 15 60 T AFEET
GP28 7} BW 2 660 Hog Eul g€k 15 60 - AFEEER
GP31 7} BW w2 1,980 wHESERR ¥l 25 30 # EFI=
GP19 7}% Hd = 1,320 okst duk 20 70 fr AEET
GP34 7} EW =X 990 NK, 5-AF <yt 25 40 + AEET
GP13 714 BdW =4 1,320 w3dsE AH 20 50 r A=
PJ34 IFHYEF =X 330 et ddr 25 90 o Z2ERET
PJ37 I AEH =2 2310 frak ddk 50 60 o Z2ERET
PJ40 ¥F A =A 990  JFE=EEW AA 20 40 H BENEY
ssa e T 4o sAs wmem sdaw Aena ase
* 25412 = 30 F AVRRA HelE ST ANz A
* 5418 = 40 S QHst N EE|PHH SepRidEs &9
* 5420 = 40 S QHst e = P SepRisE vhe
* BRI FE 35 S QHst R WK B SepRpideE  F
* 2504130 = 25 g R EE7]  wsEdemly WS
C 25430 = 25 s NK R W Eone nE A7}
* 55620 T 40 g RS FAEY  SepREE A
* 25407 d=E 23 g Re HEEH  FEEkbiE A
254025  dh= 25 g N N SR HERe]  rigTi}
* B0 FE 30 SN -1 Re  wAYHE 4, oy I
U 18H F AR EYsEA

AR X187 F AR Eksetd B4 A # 5o YEATE pHE 5.1~7.7

i=]

2

i

Hol AN, 1A Hlik}ﬁﬂﬂﬂw A A ol g st
7}l gﬂro}%{ﬂr A ¥ pH7E 5.5 HIRF & 7.5 23911 45715 AlQsta
A BLE FA gouR 2ttt ECE 357HE AYstaie 25 A W
ojstAth f71E T AA HIARTG E=AUA0E7DH 2 F7H8E7H7L

S o o~ x o
—O{N"HH

T oA A
'3

AL, f JJ S FEe 7 A4 HAG50~4500 T 1.4~3.74) T
|

2o £ do & oof B
o ¥ 4o @ o X Lo

'IT o
A FEe ARAW JEl e St BRE B/ BEsAG
| siEstE T ZF S 3F7HE Adstae F3AH HeERT 1.1-3.14)
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oX
oot
oF
N
>
=
ng
O

O =1 Z4 Fqge i 77 A4 W Rt 1.2-348 v gt YurF
o2 EY F9 fEH F4E 05 ppmimg/kg) o T8t 127 Ao o
e T4E 8= 3 ¢HA JdH(Muthumanickam, D. and Janaki, D., 2019). %
Zof tisiAdE AR AL AR YA FoEE FQFS VFLE FAMEA
ZAEE EYE2 Qg FFo) oF 32-207H) B2 F4E Tt e ASE YT
5N EYsIEY sRloA & o Friett Aol UAIRE ZE, ZdEol Hotst
A BEE AR Ayt ettt AZEHY FEJIAY FAE AT B o
Hoh 52 53¢ Aoz AT
¥ 5. A B REY IS4
=71 pH EC OM P,Os NOs-N K Ca Mg B
(1:5) (dS/m) (g/kg) mgke (mgke @k G@mdkp) Gandlp) (mgke)
GP1 7.0 1.2 60 1,035 48.9 1.81 7.7 2.8 16.0
GP4 6.4 0.5 38 1,276  10.3 1.28 6.9 1.0 19.6
GP7 6.7 0.6 31 297 1.7 0.70 5.1 1.7 23.8
GP10 6.5 0.3 7 173 124 0.33 4.3 1.8 21.4
GP13 7.1 0.3 25 1,038 2.3 0.84 7.1 14 22.9
GP16(’ 24) 6.9 1.0 45 1,681 27.3 2.17 8.7 2.4 20.8
GP19 51 1.9 40 1,247  64.2 0.64 4.8 0.8 24.3
GP22 6.6 0.4 26 854 15.2 1.03 5.2 1.9 27.4
PJ1 7.3 3.3 53 1,065 62.3 2.08 12.2 2.3 26.9
PJ4 7.7 11 17 662 27.9 1.21 6.9 1.2 17.5
PJ7 6.6 1.1 14 638 441 1.46 5.2 2.0 34.8
PJ10 5.8 2.1 23 900 113.7 154 5.1 1.9 36.0
PJ13 7.7 4.0 34 738 2017 2.3 20.1 3.1 35.9
PJ16 6.3 0.7 19 878 53.2 0.62 7.5 1.7 38.0
PJ19 7.0 2.3 6 208 110.7 0.18 9.9 3.3 40.3
PJ22 6.7 5.8 39 790 3777 1.93 15.7 4.5 44.1
PJ25 5.8 1.5 8 363 1453  0.37 5.3 15 43.8
PJ28 5.2 0.8 18 311 82.5 0.77 34 0.8 37.0
PJ31 6.9 14 19 897 47.2 1.11 7.1 1.7 36.4

Gl <HIt7] 6.3 0.5 43 1,259 4.9 1.39 7.2 1.9 97.0
(2  FE7 6.2 0.5 43 1,165 11.7  0.93 7.3 16  100.8
THI 7] 6.9 0.8 ol 1,079 246 109 111 2.2 100.9
TZ7] 6.8 1.6 49 997 1046 112 110 2.5 1033
27 19 6.0-6.5 2 o3} 20-30 3040 50-150 06000 50-6.0 15-20 b oPd

A A W BEARE A

PJ34

*23): 23

LU A

olot
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BoF & ofHo] A %;q]oﬂ Hold ArZ 395}y %éﬂ XA FILA FE7E T
/\E’] ’

IT"‘
e Bxow vyt * 24d 7}
=

ot O o N o o
o

A H] 8¢l *‘%xﬂ Z o] Al 4~(TC; translocatlon coeff1c1ent) %k% 7g‘ﬂloHEE’i(Glauaa
Cecilia et al, 2010) 222 EnlE <oF 36, 72 2.9, F 1.9, oo 1.3 Axolxu F
of st dolH= A gloy, B AFoix Fo oigh A A3} 0.2~0.4 o] AT

6 24 EIloA £3E To TIHE e
N P K Ca Mg B
7t %) %) %) %) %) G

GP4 B 19+0.1 0.02+0.00 39=*0.2 03+00 01%£00 7.6%+0.5
GP13 e 2.0£0.0 0.02%+0.00 3.4+£05 03%+01 01+£0.0 7.3%£29
= 9.3%£0.7 00030001 1.0+£0.0 02+00 0.1£0.0 44%0.6

P13 B 40+0.3 008+£0000 1.1+01 0.2+£01 0.1%£0.0 4.4%£3.0
PIl6 A 5.0+£04 0040000 1.2+0.0 0.2x0.0 0.1%=0.0 N.D.?
e 3.6+0.1 004£0000 14+0.1 0.2+00 0.1%0.0 N.D.
P19 A 9.5%£0.0 00KB+0002 1.2x£0.2 0.2+01 0.1%0.0 N.D.
e 42+0.1 0006+0002 14+0.2 03+x01 0.1+0.0 N.D.
P22 A 48+0.6 00060000 1.2+0.0 0.3x£0.0 0.1%=0.0 N.D.
e 3.3£0.2 0060000 1.2+0.1 0.3%+0.0 0.1+0.0 N.D.
PJo5 A 5.6+0.3 0040001 1.6+0.0 03%£0.0 0.1+0.0 N.D.
e 44+0.2 006*£0000 15+04 03x0.0 0.1+0.0 N.D.
PJ28 A 5.1+0.5 004+0000 1.3+06 03x0.0 0.1%+0.1 N.D.
g 3.2+0.1 004£000 11+03 0.3x01 0.1=%0.0 N.D.
PI31 s 42+1.2 0008+£0001 1.1+0.2 03x01 0.1+0.0 N.D.
B 3.1+£04 0060002 0.5*+05 01+01 0.1=%0.0 N.D.
GP16 e 20+01 06+01 48*+11 04+01 01%£0.0 20.6%4.0
P34 o 2.2+0.0 0700 48+01 1.3£00 0.3+0.0 106.4%+0.3

e 3.9+409 05+01 48+1.0 04%+01 0.1£0.0 253+17
A7 ZEtr] 3.2-4.5 0.4-0.5 3.1-5.7 2.0-3.2 0.2-0.4 68-132
RS 4.5-5.5 0.4-0.5 3.9-5.7 3.1-3.6 0.3-0.4 27-49

V24 ZEIH FALSHIPDAEGSFAAE AA 274
N.D.; Not detected
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g A AY9] 7 9 FTE
ZAF A 99 72 B A ARE X 7, 8o AASAT &, 7SR BT H
710l BAFET FolA L Y& FAola 6€9 Hir|e2 21CE, 892 0CE
ZHeA T 53] 9€7HA 69 FFo o] ASHAG ArFe AxE, AGEE
ztol7b Al YERG S F55749 717 8oA & o 5379 AS537], 7t
o AF ZF7]d 19 FFE We AR FATHG
®7.HT 3 A7 V1L 8 AeE
A9 TE & 48 58 6€ (A TE & 4¢ 5¥ 6¥
193 12.7 18.0  22.0 193 11.8 17.2 215
66199 WO6H) 7374 62183 (B2 149
7 1260) o 15.2 172 23.0 71260 s94 14.0 16.3  22.2
EH* =1 Q32 142 BB (S =2 74219 429 (612D
95 12.3 16.5 22.5 s95 11.0 157 218
e 66199 UI2H @8ABD @82 2y 3
(;]_5 gk 10.3 16.3  20.9 = gk 108 16.8 214
O]Ei) 23 94.6  158.7 2184 R 23 102.3 139.2 212.0
= ) 24 222 1406 96.7 Frm 24 233 130.7  56.7
25 1285 104.0 203.4 ’25 1405 98.2 159.7
gk 74.9 935 130.2 Hdgk 74.2 102.0 107.4
23 10 8 14 23 10 7 13
Ardas 24 6 8 7 Brds 24 5 7 9
’25 9 12 11 ’25 7 11 11
x 4 71744 7135702 (https://data.kma.go.kr/)
® 8 FH 39 7R TR W A
A FE & 88 98 108 (A FE & 88  9¥  10¥
193 25.2 216 12.9 193 256 21.8 136
a8 (2D 6925 @) (20 820D
7 |4C) 94 274 230 13.8 7 1240 4 27.6 23.4 14.4
(€20 =2k @R3P (DR @AY (€S =2k Q23D WU @A
195 26.3  21.2 14.2 " g 265 215 149
@83 (-3 (-9 @930 7 819
H gk 24.9 19.9 12.6 == H gk 240 185 11.2
DS 23 2478 431 465 ((;]_f 23 2559 56.3 385
rm 24 921 1142 524 | o)1) A ‘24 1465 178.0  57.2
25 379.3 2705 1973 25 3547 279.8 187.0
gk 282.9 1345 50.1 Hdzk 346.3 1201 52.1
’23 9 4 5 23 12 11 5
AEdasE 24 10 11 7 ArEdsE 24 11 11 7
25 12 12 15 25 15 12 14

FNesrIed
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AG7)17F 2 Eke] &%, gAz=usleko] Wl golEEAR =43 AT 9),
° 3 93 G AN Hur)ernth oF 3-4C =4 JE
Wtk SAFESFE He-AA FEe FA%E AR Uyt

- A0 =Y SR TRCE ET
S SR g we #4324  ww =
GP19 ~ 25 6/1~7/3 16.3 23.1 31.1 0.12 0.20 0.32
PJ34 25 61623 14.8 22.9 31.9 0.17 0.25 0.36
GP20 ~ 25 95924 19.6 24.4 30.7 0.28 0.30 0.34
GP21 25 9592 19.2 24.3 30.6 0.28 0.33 0.37

S5 - 0.35

0.30
25

| o.2s
20

- 0.20
15

-{ 0.18

10 [
- 0.10

——— Soil temperature (°C)

B - ——WVolumetric water content (m3/m3) o.06

o 0.00
06/01/2025 00:09:17 06/06/2025 10:09:17 06/11/2025 20:09:17 06/17/2025 06:09:17 06/22/2025 16:09:17

Date

vl A F7F EGHIRE 2184 € A EA AE £

TEZ4) WAA v A E(Xanthomonas campestris 5)°] #oldt=A] #<2135}17)

3 s7PE EYrAE SEAE 103 F FsHdddA rdES B3 23, E
ol = Xanthomonas campestris7t 74 Z&%E A &k, +Fo] Fo\AE Alternaria spp.,
Cladosporium spp., Fusarium spp.©] ¥¥ 7t A% AZHJT T FTEHoA=
Enterobacter kobei, Raoultella planticola, Penicillium digitatum, Rhizopus microspores
o BTN HEHo] WA mAEo] A= AL oflgta AdsiR L, 3 A
AE 238 APdAXE Fa Bde 439 A3 vjAsA o
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042 T8 AP 2 B8 P og oy Q
10. =4} 57} E9F A4 taxonomy abundance ratio (Genus level) (%)

=7} Alternaria spp. Cladosporium spp. Fusarium spp.
GP1 N.D.* N.D. 0.08
GP7 0.04 0.08 N.D.
GP13 0.20 0.44 0.85
GP16 N.D. N.D. 0.16
GP19 0.12 0.65 1.05
PI1 0.12 0.08 0.28
PJ4 N.D. N.D. N.D.
PJ7 0.16 0.73 1.05
PJ10 0.28 0.65 0.20
PJ13 N.D. N.D. 0.24
PJ16 N.D. 0.24 1.82
PJ22 N.D. 0.28 N.D.
PJ25 N.D. N.D. 0.53
PJ28 N.D. N.D. 1.09
PJ31 N.D. N.D. 1.21
logio( Abundance )
0 2
- & & & S & B & D &
R e B
AN N AN
A A AN AN A A AN AR AN
g_ Aspergillus
g_ ;Unclassified
g_ Cladosporium
g__;Unclassified
g Agaricus
g_;Unclassified
f_Sordariaceae g Other
g Gymnoascus
g__Mortierella
g__Acremonium
k_ Fungi_g_ Other
g Mrakiella
g _Mrakia
p_Ascomycota_g_ Other
g_ Curvularia
g_ Trichoderma
g Fusarium
g_ Tausonia
g_ Psathyrella
g__;Unclassified
*N.D.; Not detected
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6, ] Ao g Agsts Ayl Aoz
o, &% Ao 2EH AP FHS AT FEHEE AT eSS Gt

o 107452 $R-SEHE 11). |vA 2
A 3

f

Rl

2(40°C), A=PEG 6000 10%, 20%, 30%
0% 7oA el vlwste] Aol Brb53E
S 239 e JAsPY. oo & - 1R Z7NA #5929 [AA(ndole-3-acetic
acid) WASS 2389493 A3, 1 - A J 45 o] UEbA e
FFES AYsta HFFE AEIAHE 12). A FFES ez I =4
(T1, 30C, PEG 0%)3 ~Ed# 2 ZA(T2, 40C, PEG 20%) vjoF A7t wl2 JAA AJA
T WstE B4 A" D, gt 2dq A9} FARSHA 12 - xR 2HAAE
IAA A o] 943+ 473(GP10-2, PJ1-4, GP22-11, GP1-12)& A &slH ).

o~

4
Ny

i

11 24 578 FHE EGUAE 75 5

= THY e @x & s Y ®e @x &
GP1 > 24.5.22. 12 GP19 * 24.5.22. 10
GP4 ’ 24.5.22. 10 GP22 ’ 24.5.22. 14
GP7 ’ 24.5.22. 8 PJ1 * 24.5.24. 5
GP10 ’ 24.5.22. 10 PJ4 ’ 24.5.24. 8
GP13 * 24.5.22. 6 PJ7 * 24.5.24. 4
GP16 ’ 24.5.22. 7 PJ10 ’ 24.5.24. 13
12 1L - Az 27494 1AA AP S 2384 (530 nm absorbance)
PEG ¥&= PEG ¥%=
= h ol = s
25 2= 10% 0% | T TE % 10% 20%
Lo 30C  0.240  0.184 0.132 P09 30C  0.128 0.118 0.106
40C  0.356 0.246 0.189 40°C  0.148 0.172 0.117
30C  0.467  0.335 0.261 30C  0.140  0.099 0.078
P1-4 1
G 40C  0.113 0.103 0.101 PL- 40C  0.185 0.113 0.098
30C  0.147  0.110 0.107 30C  0.247  0.190 0.127
P1- 1
P15 40C  0.101 0.094 0.140 P 40C  0.218 0.116 0.088
30C  0.218 0.162 0.141 30C  0.136 0.122 0.126
GP1-8 CGP194
40C  0.169 0.170 0.138 40C 0140  0.104 0.131
30C  0.186 0.123 0.111 30C  0.322 0.221 0.293
GP1-9 (€225
40C  0.109 0.140 0.095 40C  0.419 0.101 0.197
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2T EE Gy PElGowj°= = 0% | T T g PElGO'ngE 20%
232 14 1 1 1 104
an pe o oM MR Lo e 1o e o
I RS
0C 0338 0126 031 0C 0549  0.40 0.281
P ?10°c 0.26? 0.657 0.288 Pli-2 ?10°c o.izg 0.112 0.133
P we om ows o |70 mc o ows o
P wc o oms  orm |77 mc oo o1 ows
Pt e om  ons  ows |77 we ow o010 o1
P we om0 o [P e o1 on0  ows
0C 0126 0151  0.177 30C 0141 0108  0.098
PO e o158 0194 0186 | P00 soc 0233 0182 0138
P2 0 ot oms o | ™™ s ons  olos oo
P 0 gos 0w o |™ mc o 0wt ot
P50 o ows oo | ™ s os  owr o
P06 wc o ons  oms |P™B e om0 ows
P S o 0w oo
T1 122 TSB + 0.1% tryplophan, 30°C 160pm . T2 172 TSB + 0.1% tryplophan+20% PEG, 40°C 160rpm
e

GP1-2 GP1-10 GP1-12 GP4-10 GP10-2 GP22-11 P4 015 | GP1-2 GP1-10 GP1-12 GP4-10 GP10-2 GP22-11 PJ14 o0s
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oh. &t g 2EH X AN HEA FIAE FF HuEE HA)

=7t Z*}“Foib & HTh ZEete] gaRl Al ool e o Jleus It
S 2EYAEL - 1F) 2H00M AEAeh B o FEe vlashy] As) A=A
WEZ ZE 79175‘0}921?}. b 210A AF3E At § Q] ], B4, e, A, vl &
g GHb 270AM AujE Aol 2EH 2 ARG Fon|stA| w3}l ZF ATt
Zpol7F IMATHE 13). B i FolM= Sast ZFol AT wolvd A& Bl

o gt 27 k&5 Edo] 2Ed 2 ZAAAET WA UERGTHE 14). A it
A #FSd el £E AA S FHstaA sigloy 2E Aujntegs 7 BE7kA] Blist
7] APy 2EH 2 AR N 5 B ASA S8 HER JIAAE AdHes

AR FAJNAGS] NZARel dhsl] A 2133t AR

s WAVt Yol B s
AL A AT A0 YUSHIAA HATHABAE A7 AP,

3E 13 it B 2Ed 2 =AM A A=A D) FUIEE

=

N (%) P (%) K% Ca®% Mg % B (ppm

9ul 62401 05+00 3.2+01 25+01 08+00 76.9+84

AE 2Efs 59401 04+00  3.2401  16+00 04+00 51.6+21
Pvaue* 00172 00071 07608 00005 <0001  0.0071

*P value: two-sample t-test for control(n=9) and experimental(n=9) group
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R 3

AT pH EC OM P50s5 K Ca Mg B
* (1:5)  (dS/m) (g/kg) (mglkg) (analkp (andkg (Enokg (mg/kg)
N 4.9 0.9 10 221 1.50 5.7 2.6 254

ARk 5.2 0.6 10 221 1.39 5.3 2.4 25.0
Aujs 2EH~ 51 0.8 10 249 1.54 5.2 2.7 27.5

Pvaeg® <0001 0.3619 09063 0.2199 0.0316 0.7993 0.2584  0.0013

*P value: two-sample t-test for control(n=9) and experimental(n=9) group

692 o 2025uE AR



0°
0

T A Egozre v

3
5

F71 S8l dRE Auid g =AE AEjA - st

°

4. 3 8
21g shop

o] ~EH
tom o Avs

3

3
b

el

o

A o
el el
%0

&

_.—

gy K|

ojn

olJ
1o

Tl

1,017 m*o. &

i

0

i

ol
X
Bl

sl

A Az} A

o)
_roT
&

=
1=}
R

2]
o 5

A

23

EEEAC

al

i
oo

A elskars

A 9)
o 717k A W)

=

=
s7b7h #7

39l 457}
S

=
& [e)
A

SAE A4 W97k Aol 2UA

55 H|¥F == 75
<)

27 HeluhA kgt

.

A3} pH

=

=

9]

(350~450) Bt} 1.4~3.7v © =T

H
He R 1.1~3.19)

3

5
1.2~3.44 © =Stth S2ol

S
L

il

Tlo

o))
R

1

o] 32~207+}

=3
o

i

o

i
T
e

o)
nk

~

;o,._
i+

)
;O,._
—
fiTe)

o}
oF
TR
fvze]

I

_
fiTe)

—_
fiTe)

]_

o) meo] A

, AGEE Aeo7h 24 YEs . 4571 T &

Aleszy ¢ 693

i A Har|eHo of 3-4C w4 YENH.

el gepel At

al

=
.
i



Al =9t BEY &8 SolAs a0k ZFol AFTE FonT AolE B
ow Ayt 2o =EH EWo] 2EHZE ARG YA YElET

v &% ZEo] 2Edf 2 ARY S A% FE&udE A2 VhesAde Edsta
2 5 AR A 7 EGRAES 2Aedd A3 duk 249k A
SHAl 1 - dx 2HAqAE [AA AdsS UeEWe 4v97(GP10-2, PJ1-4,
GP22-11, GP1-12)& A&stAith

ool AA}E FIEY FrImTt A el ztel, B Y WA Fol vt
of B¢ Fehd, A=A B4 23 T8I FII ARBATE HolA &g
AL 5 75 Pl F AR ARdY. #8% EYrdES & 2EH2 Y
S, 2= 4% ZXIPGPR) 7I5& Tl 4 44 fFolrdd 4&S stuz, &%
T8 E &8 7 AF 5 F7HA AUt 28sn
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