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2025 AFEEAX E AFHF 7|28 173CE AR 1.2T Fof, 20249
T 7S 7SSy, €89 )22 299 5¥E S
\ 27 7FeE A
Atk 53], 993 1092 Hd oy 747 357, 32T

A | 14 [ 2€ | 39 |49 | 5€ |69 | 7€ | 8¢ | 9¥ |10€ |11€¥ | 12¢ | W

2025] 67| 52| 115| 154| 180| 234 | B3| 06| 271| 219 | 144 96| 176

;ﬂ%kﬂ 61| 68| 98| 142 B3| 217 | 62| 212| 233 | 186| 133| 83| 162

oyl 06| -16| 17| 12]-03] 17| 21| 24| 38| 33| 11| 13| 14

2025 70| 59| 114 | 155| 182 ] 231 | 286 | 292| 276 | 230 | 152| 11.0| 180

A 72 82| 110| 150 | 188 | 21.8 | 26,7 | 272 | 241 | 196| 145| 94| 169

PRl A 2
ol
av

vl -02| -23| 04| 05| -06] 13| 29| 20| 35| 34| 06| 16| 11

2025 56| 45| 106| 145| 173 | 222 | 274 | 284 | 264 | 214 | 137| 88| 167

S| 54| 63| 95| 138 | 17.7| 209| 251 | 265 | 232| 182 | 127| 75| 156

[

vl 02| -18| L1| 07]-04] 13| 23| 19| 32| 32| 10| 13| 12

2025 68| 52103 | 138| 165 214 | 274 | 279| 265 | 214 | 145| 99| 168

941 134 | 171 20.7| 249 | 264 | 230 | 185| 135| 85| 157

A
o,
rL
[@))
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D
D

el 07| -14| 09| 04]-06| 07| 25| 15| 35| 29| 10| 14 1.1

2025 65| 521109 | 148| 175] 225|279 | 288 269 | 219 | 144| 98| 173

141|180 | 21.3 | 255 268 | 234 | 187 | 135 | 84| 161
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Bl 03| -18| 10| 07]-05] 12| 24| 20| 35| 32| 09| 14 1.2
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A Ze] AP T4 HrFS 1,3508m=E HWW Rk 325.4mn

Fo HAAN 5¢

2= A (H9]: mm)

2
A9d |14 | 2¢ | 349 | 4¢ |59 |69 | 7€ | 8¢ | 9¢ |10€ |11€¥ |12 | &4

2025| 254 | 614 | 825 239 | 81.8 | &.1 | 1419 | 721|366 | 934 | 53.0| 16.0 | 10631

;ﬂfé‘; 675 | 572| 906 | 8.7 95.6 | 1712 | 2102 | 2723 | 2278 | 95.1 | 69.5| 556.6 | 15023

iu] | 421 42| -81| 68| -138| -861 | 633 | Q2 | 988 | -1.7 | -165 | -396 | 4392

2025| 141 | 946| 915 | 1938 | 3729 | 1981 | 19.1 | 1041 | 442 | 68.3 | 340 | 15.3 | 16100

779 | 1303 | 1870 | 2236 | 2676 | 2768 | 3157 | 2088 | 1004 | 86.2 | 55.6 | 19896

el >
o,
r\"
D
(@]
g

tiu] | 466 | 16.7 | -388 | 6.8 | 1493 | 695 | 207 | 2016 | 1954 | =321 | -522 | 403 | -3796

2025| 169 | 939 | 1332 | 1220 | 3375 | 1809 | 44.7 | 1295 | 5190 | 146 | 553 | 13.0 | 18005

,fi | 775 | 8321394 | 1613 | 1780 | 2319 | 271.3 | 3432 | 2486 | 1140 | 1028 | 78.8 | 20300

tiu] | 606 | 10.7 | -6.2 | -393 | 1395 | 510 | 206 | 2137 | 2704 | 406 | 475 | 668 | 2295

2025| 219 | 624 | 543 | 73.1| 1594 | 1165 | 689 | 1001 | 1906 | 528 | 169 | 12.8 | 929.7

ﬁﬁéh 406 | 478 | 762 | 94.7 | 1177 | 1581 | 1677 | 2019 | 1204 | 56.9 | 60.2 | 40.7 | 11829
O)H] | -187 | 146 | 219 | 216 | 41.7 | 416 | -988 | 1018 | 70.2 | -4.1 | 433 | -279 | -2532
2025| 196 | 781 904 | 1032 | 2379 | 1452 | 68.7 | 1015 | 360.1 | 92.3 | 39.8 | 14.3 | 13508

?‘l’i A | 616| 665 | 1091 | 1332 | 1537 | 207.2 | 231.3 | 2833 | 2014 | 91.6 | 79.7| 57.7 | 16762
oin] | 420 | 116 | -188 | 300 | 84.2 | 621 | 166 | -I818 | 1587 | 0.7 | -399 | 434 | -3254
AR 71*&& 7174 A 573 9 (https://data. kma.go.kr/)
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52.2

-1.3

33.7

65.2

212

1879 | 1&.1

2138
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1487

2435

2017
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1535 | 1574
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2035
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1448

2088

1663

PRl

344 277
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-86
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1342 | 1274

2285

1833
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2355
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1811

o,

1286 | 1455

1930

2087

1411

160.3

1920

1967

5.6 | -181

30.5

10.1

5.2

244

1244 | 102.3

2231

1826

1402

2625

1926

191.2

171.3

A

9.4 | 1310

1963

2063

1560

1726

2197

1874

2066

1507
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-22.1

-158

89.9

18.6

5.2

-154

206
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2285
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1584

2491
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Ve
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At
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561.9
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31
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426.4
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348.7

13
5.0
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ok B E
2025\l = & 2770 @

1o
Ru)
o{u

o] Ao, S tet
d(cl,k 347H)ED} A ;4.3_ 2

fre)
o X
u
s
o
N
N
mr[o[‘

T8 |19 | 2¢9 | 3¢ | 4¢ | 5¥ |69 | 7d | 8¢ | 9¥ |10€¥ |11€ |12¢ | @A

= 1713756 |51 |35

OE

Bd 1031030306 |10 03 100808 01 21 | 1.0 [25.1(34)
20259 | - - - - -2 ] 7 5 6 4 3 - | 27(0)
20244 | - - - - 2 1 - | 2 |62 8 3 4 1 | 26(2)
2023 | - - - 1 1 1 |31 6 2 2 - 1| 17(1)
2022 - | - | - | 2 | - | 113357} 5| 1 |1 | 255
20214 | - 1 - 1 1 | 2] 3 |42 41) | 4 1 1| 22(3)
20204 | - - - - 1 1 - 73] 4Q) | 7 2 1 | 23(4)

¥ ()Y 2AE v 93-S & HE ¢
% g 714 G T8 (https://www.weather.go.kr/)
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2. AFAG EF 3183 EA
7} A FA
2 on pH 7] = Falitk 2L 2+ ol 2 (cmol /kg)
(1:5) (g/kg) (mg/kg) 5 Zs | vtavs
3 iy 6.0 90 347 1.21 7.7 2.4
=5 % 6.1 40 568 1.09 5.9 1.7
o] & & 6.1 45 405 0.76 6.6 1.2
o] T & 5.7 37 708 0.91 5.3 2.1
9 & & 59 44 534 1.22 6.3 2.2
Yy & = 55 36 724 1.32 49 1.7
=9 % 59 A7 643 1.01 6.6 2.1
3 & & 59 52 547 1.06 6.1 2.2
A d E 6.0 49 653 1.29 7.2 2.8
T #HE 59 59 623 1.21 7.0 2.3
5 N F 5.7 58 501 0.96 5.6 1.9
£ 4 5 5.8 83 310 1.10 5.7 1.6
3l A & 5.8 76 444 1.06 6.8 2.0
o} 2} & 5.6 64 504 1.00 5.2 15
4495 6.1 93 283 1.36 8.8 2.7
e 5= 59 56 328 0.99 5.8 1.6
4% 5 5.8 73 516 1.17 6.5 2.0
2 = 59 53 445 1.01 55 2.0
=8 5 59 56 488 0.94 6.4 2.1
3 <t & 5.6 83 320 1.00 49 1.6
4 = 5.8 68 140 0.77 3.4 1.1
A% F 55 42 487 2.39 6.3 3.1
£ 2% 6.3 47 426 1.13 6.3 2.0
st d & 59 77 372 1.38 6.2 2.4
o 9 & 5.9 78 415 1.30 6.4 2.3
3 7 W 6.1 53 507 1.69 7.4 3.1
Z A % 5.8 113 358 1.15 79 2.3
T 2 & 6.5 135 89 0.88 117 2.4
F A | 6.4 44 528 1.09 7.0 1.2
i 6.8 65 192 1.55 16.3 3.2
2715 | 55~65 30~50° 200~300 | 05~0.7 | 50~6.0 | 1.5~2.0
10~150° 5~0. 0~6. 5~2.

MBS E) VSIS B
¥ T 10d SEY E

ok A %]

FA4 AR




. AAEA

o o= pH 7718 | rasl4l 2L 8+ o] =2 (cmol /kg)
(1:5) (g/kg) (mg/kg) FA =1 A S R R -
2 i 5.7 113 291 1.17 6.3 2.2
H 5 5 o.1 124 596 1.52 7.3 2.6
A d F 5.6 100 266 1.10 6.1 2.4
st o & 5.9 33 395 1.35 7.2 2.3
A g 2.7 111 170 1.13 0.7 2.1
A 5.3 37 430 1.37 5.1 1.8
T T E 2.0 93 325 1.11 4.7 1.6
q T E 5.8 114 56 051 3.9 1.9
€4 3 F 5.6 68 672 2.00 75 2.7
st ¥ & 2.0 100 185 0.75 3.5 1.3
g ¥ & 5.6 94 144 0.75 3.4 15
> T & 5.6 99 168 0.73 4.2 15
3+ F 2.0 98 179 0.84 4.3 1.5
E 9T 5.4 131 315 1.16 6.6 2.2
4R F 5.4 129 328 1.13 5.9 2.0
T T T 5.4 129 304 1.00 5.5 1.8
AN 5.3 104 469 1.15 5.7 2.0
H g E 5.2 100 650 1.38 6.1 1.7
A 3 F 5.5 117 255 0.79 5.4 1.8
R 5.3 93 460 1.10 5.7 1.9
A8 F 4.9 132 574 1.42 6.1 2.2
5t & & 5.0 110 152 1.78 6.5 2.5
o A = 6.2 55 445 1.43 7.3 2.6
kg W 5.8 101 245 1.29 7.1 2.4
R | 5.6 145 150 0.87 5.2 19
3o = 5.4 145 326 1.23 6.2 2.2
A AE 5 5.8 129 160 1.13 7.9 2.8
A7 | b5~6.5 lfg:fg;y 200~300 | 0.5~0.7 | 5.0~6.0 | 1.5~2.0
B SIS E VSRS E
¥ FH 109 FEH EdRAE A5
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(204 71, &9 kg/10a)

Al 5 1 = o & ¥ 5 7} & H] B
il =1 1 5 2 S =1 T o -5 Y S -3 A - . O = 5 O S -
e | JE | IJE | JE | I | JE | JE | FJE
N 21.0 23.0 105 115 4.2 46 6.3 6.9
P 18.0 20.0 18.0 20.0 0 0 0 0
K 17.0 19.0 5.1 5.7 7.1 8.0 4.8 5.3
% EH) 2000kg Al&A 7)E T
- pHell & A3uE Al &=F (k9] kg/10a)
E% pH 4.4 o]3} 4.5~49 5.0~5.4 5.5~6.0
Al &= 120~160 120~ 150 80~120 50~80
A A B9 pH: 55~6.0, BH 5 7] 209 Aol A&
Y. 3¢ #AE
O 2% 737 (9 T)
A S 7] | gE~doly] | wol~&F7] | SF Y] ([ AEYFr] | A 5 7]
HAuew 22~28 28 21~23 21~23 28 ~30
HA = 16~23 23 16~18 16~18 24~25
O AlH] g (H9): kg/10a)
A B Al 8] Al 7] Zz7] Ve | %7 L <7 7
T g AT 7.2 3.6 7.2
N 108 2~=< 7.2 9.0 7.2
v &5 4 % 36 5.4 36
Al 18.0 18.0 18.0
S 4.8 2.4 4.8
b 109 2~=< 4.8 6.0 4.8
v 5 4 & 2.4 3.6 2.4
Al 12.0 12.0 12.0
SR s S 6.0 3.0 6.0
K 108 2~=< 6.0 75 6.0
v 5 4 % 3.0 45 3.0
Al 15.0 15.0 15.0
% 9k Hu) 3 Al &
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2.

AE7HE )
O F7h= w2z

4 & AS A s % 4 AJH], BHFHA
3 HARE (A, 3
1 = | FE4 slolislr] | 10158714 58 I
Bl
A}
2 = | A5
s} ESNEA A&
YR I 55 AA Al 557
3 = T ¥ 83 #F
sl | whol7] A A
3 7~1097F8 15~ 3| =411 3] 5 A
4 = | A3} H 557
sk | w7 AR A Eao, 9slr] A | 28l
1A A d ]
5 = 5~74744 10% < TAHd, JIHE
s}
&[22 A dr] H2AFHH
6 = %uﬂ%ﬂ A E, X
s} 3~ 10= 4= H 557
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3 h=R T3 2= =
R A | ARF vhs i 3T 187 A F E A
s= | (VO) | AR A& e 27 |dAFE T
AE = D AEF v OAY S 18 (Al F = ) 4
(3| (VOOI209) | ABAES 9I3E Azl 99 720 | At 2
AT w1 2) AEF v QAT 24 19 Al F R )
(VCOA1209) WOk AR e AL | 20 |pakEeEa B
nl= 3) A v Al Fob 21 (A F & 9] =g
(VCOAI200) | Aab 54 2 Ak g4 | 722 | glapaeiedya}| =T ©
mhs | 4) vkE 2AMGT AgE 20 A F R gy
(VO1200) Axke] 1A 23 sk 0 0
s 5 A% g AdE T U A FE A g
(VOMI209) | 2 Fol Aae 34 T2r dedREd T

AT E 3

2023 AFE S-Ed AFEF v WA =TT B Al wet
7kl REEa S

S7F B olFGAY oF) AU T3 F Folo] AAE HAS
&3 mhE AMY 9 B AA £

(A&d1) —"r%’F TT AW - mE AAE AA

AFdEFE DAY

A g AN (2=T), 5~7AH 7

A X T 3Rk

T8 A AS 2 F5F 5EA F

dE e

Adda dAds F5R(FSAP 2 Cs =4)
£ 2024. 9. 27. F3tel: 2025. 5. 29

A 8] Z(N-P.,0s-K:0): 25-7.7-12.8kg/10a
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O A gHFZ ‘A
O A& 3At F(Nx=T), 4~6Ad &l Fof
O Agujxy: Gy 39k
O ZANEE: S 2 53 54 F
O A= e
- AEEA S FEHGFSAEEY C s =A)
- " 2024. 9. 27. Z=8kl: 2025. 5. 29.
- AH] F(N-P,05-K20): 25-7.7-12.8kg/10a
3. 78 d+Z2%
(AE 1) $F T A JAd & yay 1A
o =3 54
A& ZA7(A9Y) | 2FF(ELY) Z38(%)
44 ) (th =) 2024. 10. 10. 2024. 10. 13. 97.6
541 o) 2024. 10. 10. 2024. 10. 13. 95.3
641 o 2024. 10. 10. 2024. 10. 13. 94.9
74 o) 2024. 10. 10. 2024. 10. 13. 97.7
* Zd7) 9F JAAFY 40%7HA =ds g
Za% 9% Anso s0%lA 2R U
248 (2EF/AW HE5)x100
O A A5 54
A0 ?3—?@11) _ z%}(c@_ %z%}(cm)_ %z@(@_
A5 DET S A5 BT 95N 5[4 455 e
AT 2)| 5.7 | 95 | 35 [49.2(81.1|66.7| 7.8 [34.1]49.0| 96 |184 119
540 | 59 | 9.4 | 3.6 [49.180.3|63.8| 7.9 [34.1|482| 9.8 |19.2|12.2
64t | 6.0 | 92 | 3.0 [47.4|77.7|59.7| 75 326|463 96 | 184|115
7A9 | 58|91 | 36 [45.0]783|635| 7.6 |33.4|48.3| 9.3 |18.0/|11.4
# (2A1Y) 9% 7129 9%, 9% 49 19, 8] 59 209




O Asty- A5 54 (2AHd: 69 109)

AeEre (i) (o) & o

A (e =) 33.2 49.5 42.7 a 6.3
SAIH 334 50.5 454 a 6.3
641 32.4 48.7 42.7 a 6.5
74 31.8 477 39.9 a 6.4

- M -

O T 54 (2t 59 299, 2AL: 69 109)
Aage | EFTE | AT & HE(%) i A E(%)
<kg/10a> (kg/10a) | 271 | A | & | 3 | 2483 | 3
AR =) | 1,803 a* | 1,590 a | 88.1 | 576 | 29.0 | 15| 69 5.0
5AIHH 1687 a | 1,491 a | 89.0 | 629 | 188 | 7.3 | 4.3 6.7
6AIt 1408 a | 1,331 a | 936 | 573 | 220 | 143 | 38 2.6
TAIH 1408 a | 1274 a | 896 | 645 | 158 | 93 | 46 5.8
“Means separation within columns by Duncan’s multiple range test at p<0.05
Y AEGem 7)), FEMA~5cm), SHEUemmT) % UAEE AEFH A8
(AE2) $%F T Add Fof && AAFH HA
O =49 EA
A& Fd71(d¥€Y) | Fd30ALY) Zd8(%)
A o 2l (T =) 2024. 10. 22. 2024. 11. 06. 85.0
AA o - 2 2024. 10. 19. 2024. 11. 02. 84.2
5A o -2 2024. 10. 22. 2024. 11. 15. 77.2
641 Th - i 2024. 10. 25. 2024. 11. 16. 76.1
% 27 F QWG] 40%744 EHE G
28F 9F QA5 0% 2T P
FH8 (2P5/99 FE5)x100




O AR AE A
_ A5 ZHem) AxHem | 924w
B e o s P ) P T pae ot Pt e
BACH=HC)| 4.3 | 7.1 | 3.8 |35.1171.5(61.0( 5.1 [25.1]40.7] 5.1 |14.8|11.6
aelsel | 44 | 68 | 34 [323653/56.1| 52 123.3]40.1| 47 | 129103
SAIN= | 44 | 7.1 | 3.7 [329(66.6/59.7| 5.0 |24.3/40.1| 46 [13.4]10.6
6AIN= | 40 | 6.4 | 3.4 [30.11629|55.0| 51 |22.2/37.0( 4.1 |11.8] 94
¥ (2AY) €5 A 129 99, €5 49 1Y, 787 59 29¢
O A8t A5 54 (A1 69 109)
AedE o) ) IS e
3A A - (=) 32.1 48.0 440 a* 6.3
47 T -2 29.7 38 340 a 6.2
5A) o -2l 30.9 45.1 36.2 a 6.4
641 o 2 29.0 409 294 a 5.1

“Means separation within columns by Duncan’s multiple range test at p<0.05

o T 54 (e 59 209, 241 69 109)
Aol Zomay | AREZsa) & 1 (%) HldEE(%)
ke/l0w) | (kg/l08) | 2o | 4} | 5 | 3 | 239 | 39

3T el (%) | 1,350 a” | 1,205 a | 87.9 | 745 | 0.8 | 126 | 121 | 0.0
A frel | 1,270 a | 1,210 a | 95.7 | 483 | 30.3 | 17.1 | 4.3 | 0.0
SAUEl | 1,204 a| 1,192 a | 989 | 615 | 282 | 92| 05 | 06
64 el | 1,037 a | 1,003 a | 970 | 295 | 41.0 | 265 | 25 | 05

“Means separation within columns by Duncan’s multiple range test at p<0.05

VA% Gem 23, 5% (4~5cm), dFE (demP] RE) ¥ ATE FETFE &
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H e =
W EE Az avrsy I3 22 a3
7]34 %ﬁu]/ﬁ% EZJ{U]%E 1y =X A9 ’ Xﬂ = = 9
T ol s T 59 % A8 24 T = 8 550
S 7“%1\‘/%(:%% 3l 7)< ~'97 213174 A7) 28R
dl &
Tolamwa | ) Egvag g e ge| w AT =
(LT MCOMCAS | A 7% ~26 | AsAAT) B
O
AT e Ty mAvian 98 4% 4% 24 AT =
MCO03MC33 =31 23 8 AT ~'26 (R ARGy T
AEWA | 3) EFugs &g g e 25 (A T = A %A
MOMMCA5 WAl g3 dFES AT | ~27 (e p P e
Eg | 4) EXnAE 44 48 A% 25 A F =,
MCO03MC33 3 dAFAT AT ~'27T |(ReAATw T
1 472
O & Waf HAE vAE AL R 87« AH

2. A5 2 ¥y
(AE 3) =g gidoly WA &8 749
O tidHal: H ol (Elsinoe fawcettil)
O AHW-g: BERABE(Bacillus sp., 3%), "RBE 5K Bacillus subtilis
QST713), T ¢

T T g H] 31
B2 | Bacillus amyloliquelaciens | )z ¢ =251 2(JTP) &5 Aw 2
E;ﬂ. 5“5% %%(BZ B18) _
U] }\g_'t! B18 | Bacillus subtilis « AfFriEds, Adsrtests ¥
= FHB(PedFAE §) +F
B22 | Bacillus velezensis A s AE(123)
O A A7y 14 33 ~73])

- HYT HZF0x10°conidia/mt) 2441 7F $ v A E(1x10%fu/m) G HAE
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O HF 4% F AR AL A
oo |39 FRSE A9
459 | 18 | 28 | 38 | 48 | 53 | 63 | 79
3.27. 3. 281 4. 4. 14. 11. | 4. 18.|4. 25.| 5. 2. | 5. 9.

" &5 oF

O FAEE: AW E

» W E(%)=(C18H /5 =AE 4)x100

* WA ZH%)=[1-(H 2 7] T E/F3 272 2 E)]x100

3. 78 d7A%

O EZ wAE Ao we g guoly wAlay 44
A e & oF HHE(%0) | WA 7H%)
21 = 32.7 ¢* -
A EF o (WET, Bacillus subtilis) | <38 §&| 632 a 79.6
B2 (Bacillus amyloliquefaiciens) ks 9l | 121D 63.1
B18 (Bacillus subtilis) ok3l]l §l=| 304 c 1.7
B22 (Bacillus velezensis) ofaf = | 300 c 3.0

- AP e AYEE AR ok HU A, WAV FARE Vel E AR g Al
¥ Means separation within columns by Duncan’s multiple range test at p<0.05
x AL 25, 5. 23.
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S
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A 7152(50%)

RETA
[e)

1Bt tha SEARE 77]5 AAA

*

(th =)

ol 2

5. Bld: A7

o< oy
Bl | D8 X
° <+ Gl NS B
el w | o
T | B | W | <
o | | ®|F | B
S R I
X N B N N
o TIN | YA | IR | N
| | | e
N BB | HoB | BB | o
T | o | o | e
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3 Ho 2= 3 -
W OEE | Az arsay 73 2% a9x
A% nAE  ERNAE w5 A% A8 2 AFEA
zz | MC g 7l A ~'27 237347 "°
AE AEwA | 1) EAnAE g8 g w2 (A F =
(326 | MCOAMCAS af WAl 7l i ~'26 (K3 AATE} B
AW | EF |2 EFuAE Fg 48 P U AT =
MCO03MC33 &2 g9 9 AT ~'26 | AATT ' ° T
A | 3) EAuAE 28 g Ws| 25 A T =,
MOMMCAS WAl g3 dFES AT | ~27 (e p P e
Eg | 4) EFVAYE g A5 QY 5 AT E 4 o] &
MO03MC33 53 dAFLAT AT ~27 |8 AA7w o
L 7574
O & AS =2 g7t 53 BExvgE Al 2 d87)s5 AY
2. A1 2 %Y
(A8 2) g4d A5 X 834 79
O AlgAE: HF(FA3) « EEA )
O AL T8, EFNAZF(Bacillus sp. 3F), ELFT] A& A A
(Bacillus sp. 3%)
* Al 93
T T g H] 31
B2 | PBacillus amyloliquefaciens AFE 2 w2 (JTP) 2% A 2
= 53 =Y(B2, B18) i
. Agﬁ B18 | Bacillus subtilis * Ariids, IA7Ess H
= S L e R A i
A 1 12
B22 | Bacillus velezensis A A C23)
B55 | Bacillus subtilis
st | AL | Bacillus velezensi A gt
H]‘g%ﬂ]ﬂ] acliius velezemnsis LT
A2 | Bacillus velezensis
O A gHH: AFGE~8Y, € 23]) * AR Aex=: 1 x 10° cfu/ml




O ZAMRHE: ASEAEGHEA, Bdo] 9), AEA RN PO, KO),
FEFPIpH, EC 9), EdE 2A(Er48s &

w A Bl 7
- HE@QJA) LE]A(24. 3)

- G 2 gEE v sdvIed xEAwEe &9

. ool Bl FHA =4 | 384
AelE (cm) (mm) (cm?) (SPAD) (m®)
T 2 224 b” 3.62 ab 17.8 bc 704 a 162 a
B2 25.8 a 3.83 a 21.1 ab 70.3 a 1.71 a
=2
o | B18 249 ab 3.65 ab 23.3 a 71.2 a 1.68 a
v) A =
B22 14.2 ¢ 337 Db 21.7 ab 68.3 a 158 a
B55 23.8 ab 347 b 194 abc 676 a 158 a
Eof
v A= | Al 124 ¢ 332 Db 23.1 a 70.0 a 141 a
A Al
A2 221 b 339 b 164 ¢ 0694 a 144 a

” Means separation within columns by Duncan’s multiple range test at a=0.05
* AL B ASEA 2025, 6. 4.), F3-87(2025. 9. 5.)
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O B FRFY
A 2 U] & T-N(%) P-05(%) K>0(%)
T 2 218 a’ 0.38 ab 2.36 ab
B2 2.67 ab 0.37 ab 2.18 abc
E;‘d—
) /‘gﬂl% B18 248 b 033 b 2.15 bc
B22 2.65 ab 037 b 2.22 abc
B55 2.68 ab 043 a 257 a
B
v A = Al 2.57 ab 034 b 1.96 bc
A A
A2 2.60 ab 0.39 ab 2.43 ab

” Means separation within columns by Duncan’s multiple range test at a=0.05
x AL 2025. 6. 4.

O Ay A+ EFseA
Ex.Cations
;—q 1-3/] IH %_ DH EC O.M. AVPZO5 (CH’DF/kg ) mfN
(1:55) | dm | @k | (mgke) K Ca | Mg (ko)
Al g A 5.6 0.3 59.3 192 1.3 6.9 1.7 -
T 2 55 0.3 42.8 330 1.1 2.6 14 118
B2 | 54 04 41.6 265 1.0 2.2 1.3 129
=
u]%é_ B18 | 5.3 04 41.1 296 1.2 2.1 14 139
Al
& B22 | 5.7 0.3 46.0 278 0.9 3.5 2.0 96
o3
ke
B55 | 55 0.4 42.0 272 1.0 2.7 2.0 125
=F
vRE- | Al | 56 0.4 43.9 250 1.0 3.0 1.8 104
A Al
A2 | 55 0.5 47.0 215 1.1 3.1 1.5 135

« A Al #2025, 3. 14, AlE $(2025. 9. 5.)
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z Bo =3 ]
W EE T A2 arman | 33 2z A9x
71 | =]
e ST AE mAvaE w9 WP Ae U AFE AL
22 WSS 5 e ~o7 |degaTa B AR
(L] e | D) Eduas 38 22 9 24 A F = D, g
AF) | MCMMCA| ol WAl 7% A ~26 | ey B0
B4 2) EAvAE 48 AE A 24 A F = d o] g ©
MCO3MC33 =7 g3 7 A+ ~'26 |RgAAFp T
AEA | 3) EANAE 38 7 Well| B (A F % A e
MCOMCAS| Al 539 @as A7 | ~'27 [Raedya) 75
EY4 4) EFmAE &8 A= S 25 Al F = 9 a0
MOOMCE| %7 Adas A o7 | Ry T
1. AT+ EH
O 7= " WAL nAAE A 2 487 AY

*

A2 (EFF) ZE0E3)
g8l A" 5 H Y (Diaporthe citri)
A& g 2 GRuEA): o 98 $2ke] 140(1,353m?)

RN
A& FA g, "AAE03]), A= 33]) + vkaA|E 35kA|(53)),
HAE(Q23]) + AR siA63), APAR(TAE. A 73])

Ae] W ABE: Bacillus amyloliqueficiens( A F-3A] 1 Ak n] A &)

AL + AR F3AE ERE GEd ws AR

A GHAYE s m e e 1x10%fu/me
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O mAEI Fof Al dxsls g A7
, F 9% [ AAE | 5 .
AEHE g | ) | 2D 27

A0 I B T v X o R

n A& 6.24., 74., 7.14.

TEGE)IEABGS) | 8 3 O | xok717. 7R, &8, 829, 910,
T E Q3] A] E 63)) 8 2 6 ‘_ﬂj}%gﬂ 6%’8573;1% 910, 923
514 B.(73)) 7 0 7 | 624 717, 7R ]18, &%, 910, 9B

O FAVE: WHE YAL, s 5

)

» BH (%)= [(TA+5B+3C+D)/(TN)]%100
= A: ®uke] 13 g 217] o4 B: 11~2070, C: 4~107]. D: 1~371,
E: vl N 2APSE B A

» WA 7H(%)=[1-(A 2] 72| W =/ 2 772 I H &)]x100

35 100

. . 90
A =
1INV LM w \ N UMM WA 70 £
Bl ATV T I e T
o 1| v [ 60 <
i . W | %0
o ' V’ . 50 &
& 15 . 40
=14 W
10 30 :lp_.n
20 7

5 N ii § l 10

0 |.| IJ l a | 1 i M ]. 5 J.l_l ||I x |.|“ 0

5/1 5/26 6/20 7/15 8/9 9/3 9/28 10/23
AP (/Y
sy —dWa2s —HiEs HHIALZ]
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A 2§ o} 3l T E(%) | A 7H%)
2 = 61.6 ¢ -
n A E 93] °Fall 8§l 36.5 b 40.7
n A& 33 + whaA E 53] ofsf = 121 a 80.4
N A= 23] + WA B 63 oFsll §l= 74 a 88.0
A B 73] - 6.9 a 88.8

r - FAEE AYEE AR ok HU A, WAVRE FAYE Vel E AR A Al
¥ Means separation within columns by Duncan’s multiple range test at a=0.05
* ZAFL: 25, 9. 19.

O HAY) A 47 ALHRFIY WS

@)
A2 W& °F 3 W E=(%) | A 7H%)
-2 - 704 ¢ -
n A E 93] ol 8§l 456 b 35.2
n = 33 + whaA| B 53 ofsl = 175 a 75.1
N A= 23] + WA B 63 oFsl fl& 131 a 81.4
WA B 73] - 89 a 87.4

t - A AYEL AR oFs B A8, BAVRE FARE Vel E AbE o Al
¥ Means separation within columns by Duncan’s multiple range test at a=0.05
« AL 25, 10. 25.

- 53 -



A E 23] +
WA B 63

A= 33 +
Wk A H 53]

A& 93]

A

=
-

Za

4.

A7) W EE BAged g B v

A8 F3}A 9]

;‘_(}-
LHERE

O

=

Fo.

75~80% o]

2] 7ol A A 7=

o %

!

5. BaldE AT FAH

—_
w3 oy
o | e | )
T | | R
|| AR
A ! ) ﬂw o
Ko R W | )
|| P ®|E
R R R e
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‘1t 5= (Bacillus amyloliquetaciens B2)

H
=
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ha

MAE + H R (F A 90%), M= + W =(E 4 80%)
A

A F-3hA 2)

* U5 BTAEH(F A Tkg/10a) 7]
2 3ton/10a, MBS s = 1 x 10° cfu/ml

}
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O Aldz&E: WF(FAS) = EF A
O AFGa: MAEZA EFHE
O Aegug: FA¢, W= (Bacillus sp.)

w AlEn| A A FabA) 2) At E(Bacillus amyloliquefaciens B2), B8 T8 2 7|+
O AHgWH: #F(3~8¢, ¢ 23])
x W 3ton/10a, P E HElv % 1 x 10° cfu/ml

O ZAMRHE: ASEA, AEA 42T EYsietd 5

A% GE | gEag | FE | g
T ©

A -8 (cm) (cm) (SPAD) | (kg/10a)

22 (N 1.0) 22.1 a* 1277 b 205 b 2,968 c 100

N 1.0 226 a 13.3 ab 26.8 a 3,472 b 117
AXA o
n| A &
(B2) N 09 22.3 a 13.0 ab 269 a 3,488 b 118
N 0.8 22.8 a 135 a 276 a 3,682 a 124
T2 (N 1.0) 16.1 b 105 b 294 a 1,313 b 100
. N 1.0 175 ab 10.9 ab 30.0 a 1,568 a 119
RYAZ4
BET | maz
(B2) N 09 177 ab 11.1 ab 294 a 1618 a 123
N 0.8 188 a 11.8 a 28.1 a 1674 a 127

¥ N 1.00 A4 100%, N 0.9: 224 90%, N 0.8 A4 80%
(AT /AR < 100

¥ Means within each field(A and B) were separated by Duncan’s multiple range test at a=0.05
x AT AX (2025, 7. 1.~7. 17.), BE7(2025. 9. 24.~10. 29.)
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O FRFY Y F5Y
I FEFH) FEETIUe/l00_|  NUE
N | POs | KO | N | P05 | KO (%)
FA2I(IN10)|[49a | 1.0a |100a| 31c | 06a | 64 a 445 d
AT | N10 /47 a| 09a |[102a| 35b | 07a | 75 a 495 ¢
(B2) NO09|47a| 09a [100a| 35ab| 0.7a | 73 a 99.1 b
NO08|48a| 10a |107a| 36a | 08a | 82 a 64.4 a
Fx2(N10) |52 a| 08a |123a| 37b | 06b | 91 a 534 d
_ N10|/54 a| 09a |122a| 41 a | 07a | 93 a 59.0 ¢

Bx%F TR

(B2) NO09|bda| 09a |124a| 42a | 07a | 96 a 66.9 b
NO08|bda| 09a |121a| 41a| 07a ]| 92a 727 a

¥ N 1.00 "4 100%, N 090 g4 90%, N 0.8 A4 80%
* NUE(E &0l 88 8) (FoFd / Al x 100

Y Means within each field(A and B) were separated by Duncan’s multiple range test at a=0.05
« AL AXZ (2025, 7. 17.), BEZH(2025. 10. 29.)

O AW A-F EFs A

Aue RS G | kg | et Eécaﬁm;;mﬁg) (k)
g
NEA 63| 08 | 262 | 320 | 16 | 149 | 63 | -
DARNIO | 65 | 03 | 297 | 422 | 13 | 146 | 66 | 226
%@] N10| 67| 04 | 280 | 384 | 15 | 165 | 78 | 319
e eriNe| 67| 03 |02 | 32 | 15 | 158 | 74 | 278
NO8| 67| 04 | 290 | 382 | 14 | 154 | 71 | 294
N®d 70| 23 | 691 | 520 | 56 | 145 | 89 | -
DN | 69 | 32 | 731 | 4711 | 57 | 167 | 96 | -
%ﬂ N10| 68 | 35 | 713 | 484 | 53 | 169 | 95 | -
F 0 INew| 70| 31 |69 | s | 56| 173 95 | -
N8| 68 | 32 | 715 | 441 | 58 | 168 | 94

% N 1.0: "4 100%, N 0.9: 22 90%, N 0.8 24 80%
* ZAFLD AZG(AE A 2025, 5. 8, AlEF 2025, 7. 17.)

BE (A3 2025. 8. 28, A& S 2025. 10. 29.)
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O Ed vA=d 2 dyaas 24

A& (x ﬂl T:IﬁJ/g) (xﬁi}()éb cﬁi;g) (x/\l}o‘fO Lcﬁi;g) (ﬂg%F;Fi/é isoi?giy))
42 (N 1.0) 174 2.7 29 50.2 a*
N 1.0 21.9 5.7 1.9 985 a
AE | npge
(B2) N 09 29.9 6.4 1.1 58.7 a
N 0.8 18.8 3.9 1.3 98.8 a
FA42](N 1.0) 25.3 3.0 1.6 375 a
B o N 1.0 45.4 9.0 1.0 417 a
(B2) N 0.9 38.4 5.4 0.5 42.8 a
N 0.8 31.8 2.5 0.9 40.6 a

¥ N 1.00 g4 100%, N 0.9 24~ 90%, N 0.8 d4 80%

“ Means separation within columns by Duncan’s multiple range test at a=0.05

* AR A (2025, 7. 17.), BE27(2025. 10. 29.)

* BEOF nAEAy v S Lo #EI AYA AFMAT - AT B, AP 485E 4D)
(N7 2) 22 A% 20 AFAF AT
0 Be ASEA 9 FEA
§ B Aol BF 7] A AELTH | FHEH
Q. = =] ° H 1 H =
Ae-8 (cm) (mm) (cm?) (SPAD) (m°)
T2 2 23.8 2.54 24.5 474 16.1
v A = (B2) 22.3 2.06 24.3 40.0 18.3
x ZAFL: 2025, 6. 11
O B FrFY 2 B FH
=9 SRS A EF4
A 2 U] &
N(%) P>05(%) KsO(%) JE=("Bx) Absk k(%
A g 3.01 0.31 2.56 11.9 1.95
") A E(B2) 2.99 0.29 2.42 115 1.79

* ZARLD 391(2025. 6. 11.), #A(2025. 12. 12.)

|
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ExCations(crrol /kg)
: pH EC | OM. | Av.P:Os NO3-N
A AR | 15) | (@5/m) | (@he) | (ma/ke) K | Ca | Mg (mg/kg)

3¢ Al

o2
N

a1 50 7.4 156 356 29 1163 | 438 -

FAY | 47 5.9 146 589 34 1124 | 40 104

v A=
(B2) 4.6 6.2 147 765 42 | 119 39 66

0 B VAR U FHrEs BA
2 & %Ki Ho}iﬁ At grigs 24
| (x10° cfu/g) | (x10° cfu/e) | ( x 10* cfu/g) | (ug TPF/(g soil day))
T4 g 9.7 5.6 10.6 12.3
v A = (B2) 21.2 10.6 6.1 14.3

* ZAFY: 2025. 10. 2.
B AR MAE TR #RS ABY AZCAT - PATE B, AP AL D)

4. 3 8
(A1) A5 As W AFLAT 97
O A% e WAE A Al FA o] 17-2% folsl TS
O Ak FEFL VAR AP A TeeH, A olgEES W
AE+d2 089 AdolA 7HE =9+
O gFihah 4 VAE AHY Al tda FFstAoY, EAA
Fod S gl
<»\1fa 2) ZHE A% £ FAF AT
() A58 H RS A FH42 FA dn] rAE
ﬂﬂﬂlﬂ%xbl}ﬁﬁ%
O E At 2 WAyt 2EE uAE Ao, A R
FAYFolA =2 Aol oer, d5ias S22 At A

o] 7F ®A%=
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Aog {83 mAES &8t g A 5 &

B o] wmd gel A=sl BASL 9
MEE AR 5 e MR B871E NS 2 BF gs
O g8 9538 We
O MAEEAHADE BEF ANEF A P

T = &
A2 H4 B} & 2~ (Bacillus amyloliquefaciens)

2

i

A=A B3] 79 744) * x{?ﬂ 1x10° cfu/mf,
;HaHP% ETEA ) E%Iﬂ)3EVHh/m

Ak maw | BEAHFke) Sl 80% 7% * A2(5.6 ke/10a)

O A= XHHH A P ECH B ) A &
L e 1895% 27} A mRANS] 80% SEOlE A
- AAo] 88 8NUE)2 5.2~20.0%p 571 = FAZNN 1.0) tiH]
20% ¥lsA7F 7hs
] T A ) b FTEF NUE?
= (kg/10a) (kg/10a) (%)
.0) 2,141(100)" 3.4 49.0
2,520(118) 3.8 54.2

1.0
0.9 2,553(119) 3.8 60.6
0.8 2,678(125) 3.9 69.0

& (FEFTZHAEE) x 100, Y4 X]"r A& FFAHED) = 100
AL FFEAHE K kg/lOa) 7= 100% N 09 A4 90%, N 0.8 A4 80%

AT7NEA

= =1 o
VALY [Ed7ls A5 AL % A
ATALHAD [EAVAE B8 A2 455D AgE=

AT A

(@)
o | AT SEAAEE U7 Ed AAA DTS 0] &4
SIRE (A3} : 064-760-7355, e-mail : dyddn2562@korea.kr)
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O84S =22 Al&aE i 2 X HigsHd it
] &7
FTHHOE {83 MAES E85te sEhE A7t 5 SAEE PO R
s ge
O AlAANIE S HAo] vz Bol dzZta)s)r) dAYsta Qo] HsE AdS
I MNE SETE T By e
0 9542 A8
O MAEMIEH S &85 AL4SF Al H
T &
A= | vHA 8 ~(Bacillus amyloliquertaciens)
A | #FCEY S~ 7Y 1HE) * Agss 1x10° du/nl, FFH(A3): 3E/10a
Aanlssd | TFEANFH(Tk)e] 80% = * A2(5.6 kg/10a)
O ANASSF Al Al v H =) A 534
- TF2 18~25% 57t Aihe EFAVEY 80% TEAAE A FA
- Aol 8FG8INUE)L 5.2~20.0%p =71 = FA8J(N 1.0) th®] 20% RlEA7 7}
EAY T FA ) o FoE NUE*
- (kg/10a) (kg/10a) (%)
FA (N 1.0) 2,141(100)” 3.4 49.0
N 1.0 2,520(118) 3.8 54.2
n| A = N 0.9 2,553(119) 3.8 60.6
N 0.8 2,678(125) 3.9 69.0
M4 HAik A, PALol A (%T%—’F%k/*lﬂla) x 100, YeEEER = (A2 THFA ) < 100
% N 10: Ax EFAMEHTkg/10a) 712 100%, N 0.9: H2 90%, N 08 A% 80%
O 23
O ASEAL D 554
- A FEFE AE A A FAE bl 17~27% FYsHA ST =
= oﬂ;ﬁ‘ o:]; Oﬂ%&_&t}r—ﬂ: /‘E]: 2= Py
Aei 8 (cm) (cm) "(SPAD) (kg/lOa) AT
FA (N 1.0) 22.1 & 12.7 b 255 b 2,968 C 100
AR N 1.0 22.6 a 13.3 ab 26.8 a 3,472 b 117
T HAE | NO09 22.3 a 13.0 ab 26.9 a 3,488 b 117
N 0.8 22.8 a 135 a 27.6 a 3,682 a 124
FA4 2N 1.0) 16.1 b 10.5 b 29.4 a 1,313 b 100
Bz A N 1.0 17.5 ab 10.9 ab 30.0 a 1,568 a 119
T° mAE | N09 | 177ab | 11.1ab | 294a | 1618 a 123
N 0.8 18.8 a 11.8 a 28.1 a 1,674 a 127

CAEFT N FAYT) < 100

¥ Means within each field(A and B) were separated by Duncan’ s multiple range test at « =0.05

¥ ZAMY: AXE

ZH2025.
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O ¥EgdF 2 S5
- 9F dA T FEFEFS AT Aol sflde
- da FFEF2 MAE AY Al ST e, dAol88 &2 vAE+EAA
0.88] A golA 71 =3+

i W= (%) 5T H(kg/10a) NUE?

HE S N | POs | KO | N | POs | KO %)
TAEN 10|49 | 1.0a [ 100a| 3.1c | 06a | 64 a 445 d
AERL L IN10j47a] 09a |102a]35Db | 07a] 75a 49.5 ¢
= S N 0.9147a] 0.9 [100a] 35ab| 0.7a | 73a | 551 b
N08|48a| 10a [10.7a]| 36a | 08 a | 8.2 a 64.4 a
F22N1.0)[52a] 08a 123 a| 3.7b | 06 b | 9.1 a 53.4 d
Byt L IN10|54a] 09a |122a|4la | 07a]93a 99.0 ¢
S [N 09(54a] 09a [124a 42a | 07a | 96a | 669D
NO08|54a| 09a|121a| 4la| 07a] 92a 72.7 a

‘NUE(Z 20| 88 8): (YEFTH

[ A\l x 100

'Means within each field(A and B) were separated by Duncan’ s multiple range test at « =0.05

AL AEZH(2025. 7. 17.), BEZAH2025. 10. 29.)

O s2as
O "AE 288 73 AT AT 371 2 571 &5 S
O 3 g AZS B3 247t~ 72 5 Ads: Y 79
O ZAAR &4 (29 «/10a)
EA4A 24D o] 24(B)

0 7= +& vlE

- AH)E wjekr] Ax Hlg: 252,000
Hj =] H]8- 99,0004

FUEY: 1,043,019

* 1(60kg <=2H x 99

A(A) : 1,394,019¢

0 S7FE= °l9
- TF57) 3,588,083 (537kg/10a)
- vl 87k 2,827H(H 4 1.7kg/10a)

- AlB) : 3,590,910¢

FA T H(B-A): 3,590,910 - 1,394,019 = 2,196,891

Aulg wjeFr] Ax Wl 732l 900,0004(5%8) 180,000 + LA AFE 0] =H0.05) 45,000
+ 8] BS=1](0.03) 27,000 = 252,000
i A] v]-&: 1008) A (EF 3E/10a) 7]+ 150LG0L x 53])) B, A#u)X](660,0004/1%) &
AE VA BAEFEA B (ttp://www.kamis.co.kr/) 7FEAA 371d(2022~2024) =w) 74
(“3, 6,682 /kg) B4t A&
Hlg2714: o2 A 115891¢/¢ 2 QA(FEAAHE 9.2kg/¥) 15,3009 A&
(2024 wdHAs & AAAN B4 71E=A8F)

o]
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k=

-
- =
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M FE AAE A Y 2D wEA a2

x

O 014E2 OISHl AM0H0F ot P

O w2~ Badillus anyldiquetadiens < 100~1,0008 S143t(H 2l s 1x10° cfu ml")
A 3 k7Y FACE AFGBE 10a) A sAHE HUTH
O f71= &8s & 94 7Iso] +3t7] Wil PIRAS S EFAIRIFHY

80% FF(H4 5.6 kg 10a") 0.2 ALEIIAIE= AL FH=HYL

O DgEHEdARIE MaotE F& 21 AUK 9

N

O N33 A s7telA A2 $28(EEA 13 (7kg/10a)2] 0.8~1.08]) =4
2e AYe Az Adgu:

-AEF AEEAL E FFA
_ ol x} oﬂ% oﬂgﬁ\_gat Z,:El: . ey
A S (cm) (cm) | "(SPAD) | (kg 1027 | T
FA2(N 1.0) | 22.1 & 12.7 b 255 b 2,968 c 100
N 1.0 22.6 a 13.3 ab 20.8 a 3,472 b 117
AZH
A& | N 0.9 22.3 a 13.0 ab 26.9 a 3,488 b 118
N 0.8 22.8 a 13.5 a 276 a 3,682 a 124
EA2(N 1.0) 16.1 b 105 b 294 a 1,313 b 100
B N 1.0 17.5 ab 10.9 ab 30.0 a 1,568 a 119
BzAt
uAE | N 0.9 | 17.7 ab 11.1 ab 29.4 a 1,618 a 123
N 0.8 18.8 a 11.8 a 28.1 a 1,674 a 127

(AT FAT) < 100

¥ Means within each field(A and B) were separated by Duncan’s multiple range test at a=0.05
¥ ZAFD: AX A (2025. 6. 6.~7. 17.), BE%(2025. 8. 29.~10. 29.)

CAF FEe MAE AY A FAE oin 17~27% FoskA st o,
M EE 80% FEAAE Aide] FAHE A2 YEsyh
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BF QF FRIFS ALY Aot glen, Ao FEEL nAE A A
bk
O ALolga&2 MAE+dA 084 A olA FAg tiHl 71 FoF 20%7HA]
Wg Aol 7hsd oz vehtsyc
A FEEY R F4Y
. FEFZF%) FEF kg 10a™) NUE*
N | POs | KO | N | POs | KO (%)
Fx8J(N 1.0) 492 | 1.0a |[100a| 31c | 0.6a | 64a | 445d
- N10|47a] 09a 102a| 35Db | 07a | 75 a 49.5 ¢
oS- (N 09|47 a| 09a [100a| 35ab| 0.7a | 73 a | 551D
NO08|48a| 1.0a |10.7a] 36a | 0.8a | 82 a 64.4 a
FAEIN10)|52a| 0.8a 123 a| 3.7b | 06 b | 9.1 a 53.4 d
—_— N10|54a] 09a 122a| 41a| 07a | 93 a 59.0 ¢
vRE N 09|54 a| 09a |124a| 42a | 07a | 96 a 66.9 b
NO08|b54a|] 09a|121a| 4la| 07a] 92a 72.7 a

PNUE(# ol &8 8) (Y57 / AlH=) x 100
¥ Means within each field(A and B) were separated by Duncan’s multiple range test at a=0.05
* ZAFYD AX A (2025, 7. 17.), BE2E(2025. 10. 29.)

O mAEs &3ty ALF 7t mE &5 S devls Age 5T
ARAE A Ags 7 ol =50
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. T8 A2

7k E T (A A, 20249)

0 AW A F EF o5y
: + ax
£ | Aelg | p | EC | OM | TC | TN | ARQ Ex Cation(cmol /kg) | €7
o . (¢} [6) =1
¥ /102 | (15) | @ | Gghe) | 00 | 00 | ke T T g
Al A 45 1.1 68 490 0.37 412 14 | 39| 17| 068
T | 49| 06c| 46c| 332c| 027c| 56 a| 16a| 33b| 13b| 08l a
g A 200 47Db | 06c| 61 b| 442b| 034b| 49 b| 13b| 25d| 09d| 073 ¢
= ¢
+ 400 47Db | 10a| 70 a| bba| 038a| 408 c| 1lc| 29c| 12c| 0™b
800 bla| 08b| 71 a| bl2a| 038a| 306d| 09d| 44a| 26a| 08l a
Al A 6.5 0.2 17 1.20 0.12 283 111 63| 19| 115
) T2l | 66b | 04c| 17a| 120a| 013b| 198d| 09c| 63a| 23a| 12a
s}
’1_\} A 200 64d| 05b| 17a| 124a| 013b| 269 c| 11b| 62a| 20b| 18 a
a4
+ 400 69a| 0ba| 18a| 130a| 015a| 38 a| 14a| bdc| 16d| 127 a
300 65c| 03d| 17a| 12a| 012c| 358 Db | 08d| 57b| 17¢c| 128 a
* Means within each soil type separated by LSD test at a=0.05
x AL AlE M (2024. 8. 23.), Al $(2025. 1. 14.)
- SRBIES A5 f7]E, TEA(TO) TS vto] 24 200kg o A&
TolA 7k
- HIsMI3 B A9 f7lE 2 FEA S A2 1o Aot gl
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O Alg ¥ B 7714 (S0C) 4%

Eok 2 W& SOC £5 “e’é‘?_ SOC.stock®
(kg/10a) (g/kg) (g/cm’) (t C/ha)
) -4 26.7 ¢¥ 0.81 a 65.0 ¢
AF 200 356 b 0.73 ¢ 344 b
2 400 406 a 0.79 b 99.1 a
300 41.2 a 0.81 a 906 b
) -4 9.7 a 1.22 a 348 a
s} 200 10.0 a 1.28 a 383 a
%} 400 105 a 1.27 a 39.7 a
= 800 9.8 a 1.28 a 379 a

? ©AaFHE(t C/ha) = SOCE #H(g/kg) 824 % (g/cm’)x 2 01 (0.3m) x(1-2H2 ¢ #) <10
¥ Means within each soil type separated by LSD test at a=0.05
x ZAFY: 2025, 1. 14.

- vhol s el el A f7eks FH o] FAbshE Al

0 F#7] YEF AHEA

(o4

= = ) ) >~
so | AEME | A5 | 2 9% | 2 | 2F ) 2 |

(kg/10a) | (7) (cm) | (cm) | (cm) | (mm) (kg/7ﬂ) (kg/lOa)

FAg | 299a°| 489 a | 167 a | 299 b [1005a| 2.1 a |10315b

200 3l8a|475a| 171 a|333 a|1040a| 22 a | 10866 b

H|saks| &
400 | 31.7a| 462 a| 169 a|335a|1049a| 22 a | 10497 b

300 295 a | 457 a| 165 a|340a 1071 a| 26 a | 12157 a

* Means separation within columns by LSD test at a=0.05

* AR 2025, 1. 15.

ksl A 1A 2 sk E3YA WEoR s AEA FHt ojye] HAblA
A &] ¥ &

- 457 § ”(Oﬂ _%;é} o) Az ol ek Apolzk gl o
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O #37] ALY FEFF L F59
NEPE G (%) FEF T Z(kg/10a)
=% | (kg/l0a) | N D505 K:0 N | POs | KO

SECIEIECIEAEE Sl B
A48 36| 23 15| 11 |[53| 51 | 185a*| 87b | 366 b
1] 821 200 371 21 |13 11 61| 53 | 209 a 98 ab | 469 a
g 5= 400 381 20 |17 12 |52| 52 | 209 a | 114 a | 468 a
800 421 22 |21 1.1 49| 55 | 221 a | 11.1 a | 464 a
“ Means separation within columns by LSD test at a=0.05
- 2] 5 FREFFE vl oA A TN Frhse AFINS
B (A A, 2025)
0 A¥ A - F EF o5
B Aeug | pH | EC | OM | TC | IN | Avpg, | PxCiomiAe) | 87
¢ | (kg/l0a) | (I5) | @B | @he) | (0 | G0 | le) [ T o Mg @ard
Al A |49 1.0 | 203 146 | 0.79 25 03 | 16 | 04 | 048
S T2l | 52a"| 07a| 211 b| 152b|080a| 2la| 04a|lda|l0a|052a
% g 200 | 52a| 07a| 212b| 153 b |0Ma| 21a| 03a|l6a|llal053a
& 51:— 400 | b3 a| 07a| 215a| 155a |08 a| 20a| 04a|l5a|l0a 054 a
800 | b3 a| 07a| 215 al 155a|0Ma| 22a| 0da|lda|09a|050 a
Al A | 6T 03 | 19 1.3 013 | 418 10 [69 |21 |122
gj]r FA2] | 64| 04a| 17c | 12¢ |013a| 417a| 9a|61c|21c|1.20a
%& g 200 | 65b| 04a| 18bc| 1.3bc|012a| 407a| 08b|64b|22b|114 a
= _%; 400 | 64b| 05a| 19ab| 14ab|013a| 405a| Bb|70a|23a|ll2a
800 | 70a| 06a| 2la| 1lba |[013a| 366 b| 8b|69a|22b|113 a

? Means within each soil type separated by LSD test at a=0.05
x AP AJE A (2025, 3. 19.), Al $-(2025. 7. 21.)

- 3P HIERE R B f7]E, SEA(TO S Hho]l @3+ 400kg

ol Hel ol F7ts)

o] O
2=

- 75 -




O AW F EF H7182(S00) FH
=0} 2] U] & SOC L4 ‘?:l?:i SOC.stock”
(kg/10a) (g/kg) (g/cm”) (t C/ha)
] w5 g 1225 b 0.52 a 1908 a
il 200 1228 b 0.53 a 1940 a
ﬂE 400 1246 a 0.54 a 2035 a
800 1249 a 0.50 a 187.2 a
. w5 g 100 ¢ 120 a 359 ¢
fj 200 105 be 114 a 359 ¢
3 400 11.1 ab 112 a 373 b
= 800 125 a 113 a 2.4 a

? Means within each soil type separated by LSD test at a=0.05

Y EhAaF A% (t Cha) = SOCT#(g/kg) 848 = (g/cm”)x 2 0] (0.3m)* (1-2H2§H ) <10
* AR 2025. 7. 21.

- flE BN SR Fo18 Aok AR, U
S EA = vlo] Q2 Fio] F7tEe ue Aeko| &
O F57] BE AFEA
o} A | AT =% AE =% e ==
° (kg/10a) M (cm) (cm) (cm) (mm) | (kg/70
2 | 207 a*| 471 a | 21.0a | 298 a | 1266 a | 25 a
) . 200 225 a 471 a 204 a 299 a 133.3 a 26 a
kel R T L=
400 199 a 463 b 20.7 a 300 a 138.0 a 26 a
800 21.7 a 46.3 b 199 a 30.7 a 1275 a 26 a
T4 294 a 415 a 181 a 247 a 1158 b 21 a
o 200 293 a 416 a 18.0 a 25.2 a 139.8 a 2.2 a
H|3 3] &
400 30.7 a 41.2 a 174 b 276 a 129.3 ab| 2.2 a
800 296 a 428 a 176 b 245 a 1399 a 25 a

? Means within each soil type separated by LSD test at a=0.05

* AR 2025. 6. 20.(3H4H3 &), 2025. 6. 27.(H] 3}4F3 &)

- R YSEY(2EF

=N
[

)= Azt

Fol Aol 99
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O F3Y) BE FELFY
Y (%)

R
A g 50 a* | 32a | 1.7a | 13a | b5a | 77 a
3141 200 49 a 3.3 a 14 a 12 a 49 a 6.8 a
9= 400 49 a 3.1 a 16 a 12 a 43 a 6.9 a
300 48 a 31 a 1.7 a 12 a 45 a 72 a
2] 2] 54a | 40a | 13a | 13a | 60a | 93 a
H] 8} 21 200 54 a 42 a 1.3 a 1.3 a 6.6 a 9.8 a
o= 400 54a | 40a | 12a | 12a | 73a | 87a
800 53 a 39 a 13 a 13 a 6.3 a 9.1 a

- Ax B FRIFL AL F9 o7t AL

4. A Q&
7t €5 5(2024d =R A uy)

O wpol ek A2 F AT M= pH, w7led FEL7F
oMoz Zrbstm, SHWEES Ao}, 1] &5 E o A
= pHE Aefstyl FA et 2 Aol7) gl =

O EYR7IEA(SOC) FAZFS shit3Eo|A nlo]lext A g 7ol
S/HE TS Emobx = A&ollan, BHEAE Eo A= nlo] At
Al el mek Fo] ]l Zol7b gl e mhol @&k 400kg A 2
A Frhete Agolde

O HgSEoA def AS54(@, =27 )2 HolA
Ak gk 2ol 7k gll o, vhol @2 800kg A ] A = =]
N L

O FRFFFL TA gy weled ATl tha F7s
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B (20253 ZEAH)
O H}ol @2k 400kgeld A FolA 7= FEA7F S7Hsk=
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37 ,‘_,Ti_o T3 2 =
2 EL R EREERL T3 2% A998
71 = o) _ _ N ’ S
JEIEAE wpelonte) sua e e 2, ATl naxy
A E x1 7+ =l ,
- 42| D AFAY sHRAE o8 | 24 A F &
| gare |V OSSN e | e | Haery 88
)
=
ST PRI DA N Pt P
CROICR15 gRe AT BT | T b EReta T
OFE} A
Ty B veledt Rl we g7 | U A FE A
CR%1C§15 "g%oﬂ U] ‘]'E §_31} Hc:)] ~’26 jq"{lzod?:ﬂ% o
Sheh [ 4) wol oAl TSl ME AL | e |4 = o g
é%l.cﬁfé ﬁ% A@%d] U] ‘]LL‘T E_J_’Jr ~'97 |9 G‘:]il_zj]_‘%j—,j_ g«%%
[e]
WA 5) vjol ez} &g Hj 3 24 A F = Al ea
CP01CP14 wasy WA vE N | ~26 | T

2. AT
(AE 1) vlo] 2 Ao 2 ZAd A58y 79
O AdEE ‘dan) (A F7F) + 644
O AL AFEEAA L7 ADEH (LA )

SPPY
O A& FA e, vto] 22H200, 400, 800kg/10a)

« Hho] 9 2} A& #(24~25): 400, 800, 1,600kg/10a

x wpo] @ ap: HA HAME RS 2% 650T o]

« H|ZARE AWM o] Fabo] HlE AFFE(E: 325, 981 6. 2, 7FS 9. 1)

O Al vf xR 2k o w2

O AW 15 AZUEE=HE 1 (190kg/10a)¢F vlo] 2.2 &-8)
O ZAME: B olFey, A% 2 BA5Y §

*

s}
EA#: 2 A(Auger) ©]-& 15~20cm zole] & =13
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(A E 2) A7FH EGIA el ezt Ao ©E A2 AS5a% 79
O AgEF: "G (AMA, F7F2) « 4d4
O Agda: AFA 578 2 (hd &
O g F2g], vkeo] %4200, 400, 800kg/10a)

* Hpo]l Q. 2} HA] BAbE AEE] &% 650C o)A

O Algdul AR Al

O Awy: 35 4% 5 42(15~20cm)

O EAYE: EY oy, A% L A5 B
* A @A (Auger) °]8 15~20cm Zole] & A3

3. F8 4+ 24
(AE 1 mlo]ex Aed e #Fd A5ES 71
) EG Y 2 @254 F7t

O A A B ol3etA

] Ex.Cation
Agug | pH | EC | OM | TC | TN |AvPOs (cmol /kg)
(kg/10a) | (1:5) | (dS/m) | (whe) | (%) | (%) | mgke) [ | oa Mg | (gfend)

21 52 | 050 | 69 | 494 | 0.38 670 1.7 1 60 | 21 | 1.07
200 5.2 | 0.63 80 | 5.76 | 0.40 630 1.7 1 59 | 22 | 1.08
400 50 | 087 | 67 | 485 | 0.36 420 20 | 54 | 16 | 1.13

300 52 | 0589 | 68 | 487 | 0.37 552 17 159 | 16 | 1.14

55~ | 20 | 21~ 200~ |05~ |50~ | 15~
65 | °lst | 50 07 | 60 | 20

# ZAFY: 2025, 3. 25, P ESFA/EFF-3(100cr)

2 olo
1

Z]
&

W

e

4
s

O vl oAt EF EFA

AL
Sl
oy

<A 2> <200kg/10a> <400kg/10a> <800kg/10a>
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O N F EF ol3e
' oA

A g | pH | EC | OM | TC | TN |AvpO;|  @xoiion | B4,

(kg/100) | (1) | @) | @ke) | ) | () | tmghe) | e E ) G
%A% | 50 | 055 | 65 | 469 | 041 | 736 | 1.9 | 101 | 40 | 0.90
200 | 50 | 062 | 66 | 474 | 042 | 614 | 22 | 60 | 23 | 093
400 | 53070 | 78 | 560 | 046 | 627 | 25| 92 | 31| 090
800 | 53 | 060 | 85 | 650 | 043 | 681 | 21 | 91 | 3.1 | 089

Aqme |8~ | 20 |21~ | _ | _ | 20~ |05~ |50~ |5~ | _

A8 | 65 | olet | 50 30 | 07 | 60 | 20

¥ AR 2025. 10. 2., "AEFA/E S (100c)

O npol oz Ao e ¥ B pH % EC ¥}

EC(de-m )

O Alg -3 EY o]zt w3l
pH(1:5) EC(ds/m) £ 490 =% (g/cn’)
A& [ _ . i _ _
(kg/10a) | ABA | 25 | S35 | ARA | AB|S | S3E | ARA | B | SHE
(3¢) | 0% | (% | 3€) | 10® | (%) | 39 | 10D | (%)
T g 5.2 50 | 38a* 0.50 055 [ 100a | 1.07 | 090 | -159 a
200 5.2 50 | -38 a 0.63 062 | -15a | 1.08 | 093 | -139a
400 5.0 53 | 60 a 0.87 0.70 | -195a 1.13 ] 090 | 204 a
800 5.2 531|119 a 0.59 0.60 17 a 1.16 | 0.89 | 233 a

A ESA/E R3] (100cr)
(A F - A" A)/AE A)=100
*Mean Seperation within columns by Duncan’s multiple range test at p<0.05
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O whol ot Hele] W of

Accumulated N20 flux{mg/m)

) =]

H| B AIH[(9. 1)

% AWM (F 7 24cm) A A(8. 18.) — HFo]l .2 FI(8. 25.) — H|EA¥E(9. 1))
O AW F BEF fUIdaFA P
A2 & SOC? LA = E k7] o] SOC.stock”
(kg/10a) (g/kg) (g/cm?) m) (t C/ha)
217 377 b* 090 a 0.2 66.1 b
200 383 b 093 a 0.2 69.0 b
400 45.2 ab 090 a 0.2 794 ab
3800 493 a 0.89 a 0.2 86.7 a

% ZARY: 2025. 10. 2,

"ESR7IEEA(SOC) &% = Fr1E = (g/kg) / 1.724

Yeb A~ EA 2 (t C/ha) = SOCSHH(g/kg) x84 & (g/cm)x 2 0] (0.2m)x (1- A2 3F=F) <10
*Mean Seperation within columns by Duncan’s multiple range test at p<0.05

2) ZAEAS H7)
O wlo] oz} AHeleo] W& A A5 W)

RIS T8 A% (m) T2 7Y (mm)

(ke/102) | ga1a) | 9AU(B) | FHAHB-A) | 68(A) | 9LMB) | BIHLB-A)

3 ] 60 | 64 0425 | 709 | 736 | 27a
200 69 | 73 0.4 a 661 | 687 | 26a
400 64 | 69 05 a 725 | 54 | 29 a
800 66 | 7.1 05 a 701 | 728 | 27a

AR 2025, 6. 27., 2025. 9. 24., vpo] @ &} A ¥

TR (EA) A 2 (S

)i3z0]0.7,

1=}
)

2ok 183/ m’
9 9 10em A A

*Mean Seperation within columns by Duncan’s multiple range test at p<0.05
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O Holot Aol W B 4% SA4

T
(1?/114(1);% ll-!;T)E(Z;tjljl)%ﬂZ N Z o] @i 7)Y AEA ghef
W7D (mm) (mm) (SPAD)
21 6.8 a% A7 a 186 a 3.7 a 721 a
200 6.6 a 4.7 a 20.3 a 36 a 69.7 a
400 5.7 a 40 a 188 a 34 a 674 a
300 6.5 a 4.7 a 20.8 a 3.8 a 69.2 a

M 2AR: 2025, 6. 27, whel Ak AP 2k 183/ m'

‘71504 Bem A A, Y71F- A bem A A, <

B2~

= -

7oA 3~5H A o ZA}

“Mean Seperation within columns by Duncan’s multiple range test at p<0.05

O wholed} Aol WE Be dw H
IR G (%)
(kg/10a) T-N P,Os K0
21 g 271 & 0.32 a 1.83 a
200 2.66 a 0.34 a 191 a
400 213 a 0.34 a 2.16 a
800 271 a 0.35 a 1.96 a

AR AF 2025, 6. 27, e 15Ol 3~5HA o AL

"Mean Seperation within columns by Duncan’s multiple range test at p<0.05

O wlo] A}

e L
A (W 1 O

Aol wE =] 3 Bl

. {0

ool ez e 2k 189/
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O dfo]leat Ao W& A vt
% 74 (mm) <7 (mm)
* £ ZAFY (Y. o) ZAFY (E. A,
fialits 8 14}1. 21 s 12 ( 2. 1) NN
(A) (B) (A) (B)

T4 2] 51.2 5.2 24.0 42.6 58.5 15.9
200 50.4 73.1 22.7 41.9 57.7 15.8
400 50.7 73.8 23.1 43.1 58.6 155
300 50.2 2.7 22.5 42.6 58.6 16.0

% vhol @3k Aeld H e 183/
O wHio] &} A e e Ax7] #Ad 74 54
A | AU & I H5E | BT | D= s
(C2S1) (kg/10a) (g) (%) (mm) (°Bx) (%)
-4 2 2079 a*| 826 a 28 a 149 a 1.15 a
15 200 1924 a | 806 a 29 a 144 a 1.25 a
400 2083 a| 822 a 3.2 a 150 a 1.30 a
300 1933 a | 80.2 a 30 a 14.7 a 1.26 a
wvtol 93 A s 18%/m

"Mean Seperation within columns by Duncan’s multiple range test at p<0.05

(/\Vﬁ 2)

) AFAZ EYA nlolox} X w2

F shety 9 waga Pt

e Asad

O 12% q EF olstshAg
Ex.Cation o
Agyg | pH | EC | OM | TC | TN | AvPOs| (cmol'/kg) 5 e
(kg/10a) | (I5) | dSm) | @ky) | (%) | (%) | (ke K | Ca| Mg @C )
A 2 5.8 7.4 137 | 985 | 094 | 2336 | 6.8 [21.0| 6.9 | 0.90
200 6.0 3.2 50 360 | 0.34 | 2,142 | 35 |129| 35| 1.31
400 5.8 7.1 105 7H8 | 0.78 | 2476 | 6.7 |198| 65 | 1.04
300 5.8 6.0 68 487 | 054 | 2,289 | 48 |16.1| 52 | 1.22
Amwmey | 59~ | 20 |21~ | ] 200~ |06~ |50~ |15~ |
! 65 o5} 50 300 0.7 | 60 | 20
% AR 2025. 3. 17, “AEFA/E 53 (100cn)
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<HF-AH 7> <200kg/10a> <400kg/10a> <800kg/10a>

z Ex.Cation 2
Aegyg | pH | EC | OM | TC | TN | AvPO; A b
(kg/100) | (1:5) | @S | @h) | 06 | (8) | (mghg) ——cmoL/ke) 3

K Ca | Mg (g/cm)

e 6.2 | 27 | 116 | 83 | 085 | 2,391 | 55 | 178 | 5.7 | 0.88

200 64 | 1.3 8 | 617 | 062 | 2131 | 35 | 130 | 39 | 1.14

400 6.2 31 | 114 | 821 | 0.81 | 2325 | 5.7 | 188 | 57 | 0.85

300 6.0 | 29 | 106 | 763 | 077 | 2,357 | 72 | 185 | 6.5 | 091

o5~ | 20 | 21~ 200~ | 05~ | 50~ | 1.5~
65 | °lst | 50 300 07 | 60 | 20

Z]
&

o,

H
i=

2

AR 2025, 10. 2., A EFA/E -3 (100cm)

O Hiol ez} Ao wp& & E<F pH % EC WH3}

804

ECids-m ')
s -

ENE 4 ] ] 78 45 93 168
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O Al -5 E<F ol3ted W3

pH(1:5) EC(ds/m) &4 =% (g/cn’)
A2 Ul & L _ N ] o
(kg/10a) | A A | A & | 45 | AR A | RBISF | S43E | 2B A | -5 | S43E
(34) 1 109) | (%) | (3¢¥) | (10%)| (%) | 39) | 10¥)| (%)

-2 5.8 6.2 |69 a"| 74 2.7 |-634al 090 | 088 |-22a

200 6.0 64 | 67a| 32 13 |-994a| 131 | 1.14 |-130Db
400 5.8 62 |69 a| 71 31 |[-63a] 1.04 | 085 |[-183Db

800 5.8 60 |34 a| 6.0 29 |-Bl7al 122 | 091 |-D4Db

AEFA/ESFF(100cr) (A8 * - A" A)/AIE A x 100
YMean Seperation within columns by Duncan’s multiple range test at p<0.05
(A - A" A)/AE A)=x100

O AW F ES f/RaFH D

A2 U -& SOC? SN T Bk o] SOC.stock”

(kg/10a) (g/kg) (g/cm) m (t C/ha)

=g 67.3 o' 0.88 a 02 a 1115 a
200 199 a 114 a 02 a 1075 a
400 66.1 a 0.85 a 0.2 a 109.7 a
800 615 a 091 a 0.2 a 109.6 a

AR 2025. 10. 2., “ESF7I§A(SOC) s = f71=3sakg/kg) / 1.724
VEF A #H(t C/ha) = SOCE(g/kg) x84 2 = (g/cm®)x 2 0](0.2m) x (1-AH 28 ) <10
*Mean Seperation within columns by Duncan’s multiple range test at p<0.05
2) ZAEAS F7)
O Hlo] x| Heleo] W& A A5 W)

A 2 U] & T4 (') T2 7Y (mm)

(kg/10a) 62(A) | 9¥9(B) | FEB-A) | 62(A) | 99(B) | HII=KB-A)

T 2 1.1 1.3 0.2 a’ 23.3 27.3 40 a
200 1.3 1.7 04 a 29.9 32.8 19 a
400 1.1 14 0.3 a 26.2 32.1 59 a
800 1.0 1.2 0.2 a 24.1 26.6 25 a

o AR 2025, 6. 27., 2025. 9. 25.
ZFE(EA) A Z(F T )xmolx0.7, YHET9 ¢ 10ecm A A

YMean Seperation within columns by Duncan’s multiple range test at p<0.05
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O npolezat AHeled mE EE(A3EA]) A5 54

. N oy

Cante | =TT e [ Ao [aes v

(ZH/7HAD) (mm) (mm) (SPAD)

21 6.7 a* 43 a 186 a 37 a 783 a
200 6.6 a 4.3 a 20.6 a 3.6 a 76.8 a
400 5.6 a 40 a 18.8 a 48 a 76.4 a
800 7.8 a 4.3 a 20.8 a 3.8 a 76.6 a

% ZARY: 2025. 6. 30,
7154 bem A A, Y714 Sem A4

*Mean Seperation within columns by Duncan’s multiple range test at p<0.05

O Hfo]x} Ao WE Ha FETH
A2 & G (%)
(kg/10a) T-N P,0: K-0
21 3.31 & 0.40 a 295 a
200 3.32 a 042 a 2.84 a
400 3.18 a 043 a 3.01 a
300 3.26 a 044 a 3.14 a

¥ A2 AFH: 2025, 6. 30, & &

715l A 3~5H A b FA

“Mean Seperation within columns by Duncan’s multiple range test at p<0.05

O ol oA Azl ol whE %7 #a v

1 (mm

th
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O whol o}t Aejo] W #2 ud

2] 7 (mm) %74 (mm)
A 2 U] & A (9. o) ZAFA(E. d)
(ke/10) = o) of = n o
84 | 121 | B | &4 | 121 | B
(A) (B) (A) (B)

T4 g 441 70.8 26.7 37.0 54.3 17.3
200 445 71.1 26.6 36.5 519 154
400 447 70.6 25.9 36.9 55.8 18.9
00 439 71.3 274 364 544 18.0

O Hlo] 2 =} Ao W& H&7] 32 F2 EA
ZAMY | AguE 5 NS5 | 395 9= i
(4. 9)| (kg/10a) (g) (%) (mm) (°Bx) (%)
T4 2 1583 a”* | 773 a 32 a 154 a 1.15 a
200 1556 a 759 a 34 a 156 a 1.15 a
12. 18.
400 158.2 a 78.0 a 3.1 a 156 a 1.05 a
800 161.8 a 773 a 3.2 a 156 a 1.19 a

"Mean Seperation within columns by Duncan’s multiple range test at p<0.05

4. A 8

(A& 1) vloloxt Ao we 7+

O pH % EC% Hbo] Qx| A ] o w
O olital A ¥4 wA e
of| A 245.2mg/m'O. = H}o]Q
Eo %ﬂﬂ-/xﬁLEk UJ
49.3g/kg, 86.7t C/haZ T & 4

O
oA 2zt
JHOR EUS

O AEAF(F
ol = A=

]U]

=

i

o3 A

A= =) NC }

s

=
= ’—T/H

-] 2] of] A

ko

[¢]

mg/m’, 800kg = 2]+
J,C_L 7:16]:.9. E.O]

800kg/10a=] &] 7+

200kg A 2] ®uk

J =) wlo] oz} g 7ke] %o A



(AE 2) 973R4A EFA ntolat A]dl w

ECE nbo] @ A} A o] kol

=i
=

O pH

ale

Fof 2}

=i

W
il I
| w | % | W
AR i S
= =0 i\
o | | |
Jo | m | o
| % | o
- I | B | R
A S S
| JoB | JoB | HoB
P | P | P
e wdr | e
| | E
q | e e
il
R =1 T
- = | HoB) | HoBl
T e
T
o
.|y| ‘Llﬂé_ﬂon_
I= Xty
i o+7 J)J
= o IR
TERE
(o)
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A D AR A
ujoloste] 44 87l A

T 0
W e

F ok
(Code)

F 24
CR

7]

Ho]' zﬂ

CPO1CP14

03

Eas

[e]

T |CROICRI12

=

7]

3L

(2L

1m0

_#OL

- 90 -

A

AW

X

1 )

o
=

- AlBj#E] 7189, 24), F9110. 30, 11. 19, 12. 9.) sAugAe] =3

O A& FA e, vto] 22H200, 400, 800kg/10a)

¥ AEMNL

(A 1) vle] ezt Al wE ¢
O A



(AE 2) vlolxt Ao mE BEge AFEHR T
A FES Aad(BEFe)

A AIFA ol

£ F-A 2, vke] 2.2H200, 400, 800kg/10a)

AT wi A A

2A G BB L B, AR5 5

ol

O O O O O
N
AL
=

3. %8 47 A%
(N8 1) vl 9% Aele] me 4BF KER T4

O @55 An7It st 713 ML= AEA)

5 , @385 —mass nheE 18 et
160 -
5 140
¥ I 12 4
i /]
g "! »
PR P .
: :|. ‘AR L
8 4
A
w4 ’ I : I l I I
AN 2 DS A UM TN MO MY 20T B Aan SYE Bant BAm WAAS O MABNS  MMAS MMM BAMS BRRS BANS
A INBEER
e 4%

AR 24~7250 W RE A EA]
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O Ad A-F E EA
S on | AUWE | e8un [ Fasrgd | sASRgY
v (kg/10a) (g/cm) (%) (%)
e A - 1.12 - 24.62
=32 1.44 18.32 26.39
o 200 1.40 19.31 26.97
AE ¥
400 1.23 17.00 20.90
800 1.23 16.36 20.14
« wlol oA 2o A zALl: 24, 9. 15, Hlo] 4 =9 F zAll: 25 3. 23,
AN AEFA/ESFE-3 (100cr)
VEReRgY BERRR Tz A - A% F)/AER
gAERGY 2R R T g YL
O NG AT EF A
ERS) AR JUE- o EC OM. | Av.P,Os| Ex.cation(cmol' /kg
= | (kg/10a) | P (dS/m) | (g/kg) | (mg/kg) | K Ca | Mg
=42 | 69 0.4 180 | 1085 | 06 | 99 | 46
e | 200 | 69 05 17.0 921 | 05 | 98 | 50
2400 |69 0.4 167 889 | 05 | 94 | 49
300 | 68 0.3 169 27 | 05 | 88 | 45
=8 | 67 05 175 | 1106 | 06 | 84 | 42
e w200 | 7.0 0.4 17.0 759 | 04 | 84 | 46
5400 |68 0.4 176 751 | 04 | 81 | 44
800 | 65 05 180 636 | 04 | 77 | 41
4wl | 60~65| 20018 | 7L 20| 350~450 | 06~07 | 50~60 | 15-20
« wlo] 03 ol A zAll: 24, 9. 15, wlo] 0.3} Eol T zapel: 95 3. 23,
L AF m e E/a e E) §718 §e 8
O #87] AEF AN AFEA
2] -8(kg/10a) 3 (cm) % (cm) A4 (mf) A< (g)
A 7 37.8+428 b*| 139+187 b | 31.1+367 a | 216646596 a
200 352383 ¢ | 135169 b | 2824315 b | 169.8+49.73 b
400 377+482 b | 145184 a | 286302 b | 203.3+66.71 a
800 402422 a | 149216 a | 285352 b | 211.1+64.08 a
% =3k '25. 3. 19.

“ Mean Seperation within columns by Duncan’s multiple range test at p<0.05
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TEEE%)

. 1R} A o=

Ggltm | (en) () @ || 10151200125 9y
"R | 16g | 28g | 26g | 30g | =

AE] | 2604329 o | 107741586 a | 17B6M3 a | 95 | 276 | 219 | 295 | 105 | 1.0

200 | 24.8+370 b | 111651727 a | 164846249 a | 143 | 248 | 362 152 76 | 1.9

400 | 26.4%3.40 a | 10681606 a | 1772:501 a | 95 | 248 286 | 276 | 86 | 1.0

800 | 2604329 a | 109141346 a | 178500 a | 5.7 | 29| 371 | 48| 86 | 1.0

* =8 25, 3. 19.

” Mean Seperation within columns by Duncan’s multiple range test at p<0.05

O #%7] AET FHEA

] ~ - H] A= S (0
Azl | F5E | AEFY| AEL AR
(kg/10a) | (kg/10a) | (kg/10a) | (%) A WUk | olAb | ALy
f (] o
T | 5543 a* | 4063 a | 733 | 267 | 95 | 115 | 57
200 | 5093 a | 3494 a | 686 | 314 | 143 | 95 76
400 | 5476 a | 3647 a | 666 | 334 | 95 96 | 143
800 | 5528 a | 4262 a | 771 | 229 | 57 9.6 76
* g 25, 3. 19.
t AESE 0F 1keol 4 25ke WOl Sl A F MAELS A9, AN FaE

v R A2, vhekgel, sl
* Mean Seperation within columns by Duncan’s multiple range test at p<0.05

5.0

40

w
=1

XS5 1-N (%)
g

1.0 4

0.0 -

x A}

36 3.7

O Hlo]lox} Ao e d5F A

4.0

3.8

0 200

400

80| 2%t £ U (ke/100)
A5 T-N gk

(o)}
=

1’25, 3. 19.

X 45 T1.C (%)

10.0 1

0.0 A
800
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30.0 A

200 4

39

4 39.6

39.5

0 200
80| 2% £UF (kg/100)
A4 T-C &%

400

40.0

800




(A1d 2) vlo]at A mE 2238 AFaH 7%
O BREE AW Et 1 WS )
‘ —ws g 2 242
180 4
160
140
X 120
51 ||, | ) E1:
5 W ,"I' .I' ..-l. : i 4
L iy ]
54 ]
14 0 T T T T T T
ol loucbblioia-nmolatidoatrales i HANS MG MMNS MMM B BRNS BAnS
e TN
7] e
AR '24~'251 A 718
O AE A5 ES 594
S w | AUNE | BAEE | s8R @Y | BATETD
v (kg/10a) (g/cm') (%) (%)
Ald A - 0.88 — 23.23
T# ] 1.18 27.38 32.15
N 200 1.15 29.01 33.35
- 400 0.98 29.53 28.94
300 1.02 29.96 30.55
* Hlo] @2} T A ZAFY: '24. 8. 26., Hlol 2} T & 2ARY: 25, 3. 23.
P AYED AR A/ G (100ar)
VERREEY BEYRE TARE A - Az F/AEL
CGAFEYY FYFE TP EUE
O A d-% EY 35t
o RS o EC OM. | Av.P,0Os | Ex.cation(cmol'/kg)
= (ke/l0a) | P | (dS/m) | (g/kg) | (mg/kg) | K | Ca | Mg
A A - 5.1 0.5 43 590 0.6 4.4 1.1
T A g 5.1 0.4 47.0 640.5 0.4 3.6 0.7
R 200 5.1 0.4 449 657.7 0.4 3.5 0.8
= 400 5.6 0.4 45.6 568.3 0.5 5.7 0.8
300 5.6 0.3 45.8 540.2 0.4 5.2 1.2
A4 -6 | 2.00]3}F | 21~50 | 350 ~450 | 06~07 | 50~60 | 1520

=
* Hpo] @ 2} £ A ZAFY: 24, 8. 13, wlolea} FY T HAFY: '25. 3. 23.
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O #87 B2 AFEA

A2 & S =% | |F b= 3178 %
(kg/10a) (g) (cm) (cm) (cm) (7)) (cm)
FA 2 | 12334201 ay | 309608 b 3744523 b |19.7+2.19 a| 1654278 ab 2.4+1.06 b
200 121612137 b |HA6£764 a) 6369 b | 198+259 a 1544246 b | 231+1.22 a
400 LISIFA63 b |56.046.37 a] 33444.39 ab| 19/74324 a| 1544221 b | 235t1.35 4
300 1,3552170 a  |50.8+580 a]40.143.3H a | 2124283 a| 1714332 a | 25+1.25 b
« 87]: 25, 2.19. ~ 3. 10.

“Mean Seperation within columns by Duncan’s multiple range test at p<0.05

EHIEEE T DR

A 2 U -& st 5 3} a1 S} & 317 7
(kg/10a) (g) (mm) (mm) (mm)
A9 480.4+86.6 a” | 82.7+7.88 a 11954990 a | 52.0£3.87 ab
200 456.6+92.0 a | 81.9+8.30 a 118.0£8.79 ab | 51.4+4.73 a
400 460.1+85.0 a | 79.3+8.46 b 115.9+7.72 b | 484511 b
300 471.7+75.3 a | 83.6¥7.62 a 119.4+8.19 a | 51.8%4.71 ab
* 87]: 25, 2.19. ~ 3. 10.

“Mean Seperation within columns by Duncan’s multiple range test at p<0.05

O wholost Aol W nEel

2 W& & e H| o5&
(kg/10a) (kg/IOa) (%) (%)
A 2,029 a* 98.0 2.0
200 1,767 a 93.6 6.4
400 1,718 a 91.7 3.3
300 1,836 a 39.8 10.2
*=2k7]: 25, 2. 19. ~ 3. 10.

AESE T 11~12cm, 75 330g ol &3t A T HlAAEE xﬂ )
VRIAFEZE S H(daT Yy &) = U (Fo x ]uh:)ﬂ_ tro Hx]

*Mean Seperation within columns by Duncan’s multiple range test at p<0.05
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nlol o 3} Aelo] uhe BEEel F9d e
<EAFY: 250 3. 10>

U T-N()
T Kz0(%)

0 00 400 800 0 00 400 B0O 0 200 400 800
HH0| 22 S U (kg/10) o] 2.8 ST (kef10a) | 2% S U (ke/10a)
a3 T-N 3 o T-N &% o) KO ¥
4. 3 <«

(A& 1) vol ez Ao e d35F AFa7% 79

O

Hlo] @ 2} 400, 800kg/10a A& 7-olA &AL =7} 7+

0
ol
i
ol
ort
flo

el
22 800kg/10a #&]tolld 93 A =,

1
5 st FEFFS vl AT FR ANS
A

A A kel wEd A T-N

(N9 2) vrolext Ao e neZe AFED 7Y

@)
O

fhol &4 400ke/10a AR PN §AUEI sk AgIele
EF 3h8gd 2 whol @ &F 400, 800kg/10a M 27 oA pH %

Ca¥ ol F7hste A% RAS

B2 AFEAE 80kg/l0a A2l TN FF, 94, A7t 5
s AEe Bae

T O ©
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= A FETFS 200kg/10a A 2ol A 2k, 800kg/10a A &+

o 5 9l ¢] T-N 3}&Fo]

o A

oln
BR

ol
;OO
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ie}

Nlo
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L A N RN
N e R I e
R I\ T [
| o | B | N | | R
Wo | Nk | R | o | =
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0
IO

=N
o

3} A2

UE]/\C_)]

=

'25. 6. 30,
26. 2. 14,

o)
=

+A]

=

e}

Jet

[e)
&4/ D 30% w9k E: n

'25. 3. 17.
25. 9. 17.

e

=

4,5

5

=

o
%=)1x100

4

7 )

ar
=0
&= A
=]

=

==
T

¥ A= AN
'25. 9. 10.

'25. 3. 10.

)

@4 / C 30~60%

F
- 98 -

F(200, 400, 800kg/10a) E &

=

A
=X

O

¥ 1ol
o™

A~
IT

YW (Plasmodiophora brasicae)

S
A2

<

5) Hpe]Qa} 2§ i

e, nlel

A / B 60~80%

I
w4 (m')
1,322
1,000

e
-

H
[1-(A g7 2 =/5A 2] 79

HOP xﬂ
(CP01CP14)

(%)= [(TA+5B+3C+D)/(7N)]*100

%601/

R ANIEE

Az R
< A 7HO%)
A=

O A2 HH:
3
A

2wl 2+

=13

=
=

*

2.




W

==
T
@)
40
35
G 30
;u'-;: 25 E
o 20 3o
uH <
] 15 =0
L % I 10
2 L
. 1 | [, ‘.1 ||
3/1 3716 3/31 4/15 4/30 5/15 5/30 6/14 6/29
ZFAFR (Y
-_sy —UISE EARE
AR 717 &
30 100
90
25 80
O 20 70
el 60 E
o) E
E;HU is 50 ﬂi
% 10 - "
5 l 20
o 1 ||II 1 " | (R | P 1 : L :“
a/11  8/26 10/11 10/26 11710 1125 12710 12/25 19 1/24 2/8
FAFR(E/Y)
— i —WAI2(C) —EYSE
A Aul 71785
O % A AFKEAH L WY wyE
> Q _ _ ]
IS | 2 em) | 9% em) | A50D) | 3 ) | 3 F() | B
T8 | 32.0 b* 174 b 84 a 76.2 b 404.0 b 78 a
200 31.3 b 179 b 32 a 76.4 b 398.0 b 77 a
400 36.5 a 20.0 a 85 a 7716 a 419.0 a 75 a
300 34.8 ab 19.0 ab| 83 a 771 a 416.0 a 75 a

” Mean Seperation within columns by Duncan’s multiple range test at p<0.05
x AL 25, 6. 30.
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O A% A AREA D BT B
> 9 _ _ i
(NS | 2 em) | 9% em)| AEOD) | 2 | 315 () | BY=C
T2 2] 489 b” 189 b 18.2 a 87 b 4239 ¢ —v
200 549 a 20.0 ab | 182 a 32.0 ab 5227 b -
400 54.1 a 208 a 189 a 33.8 a 5747 a -
300 53.8 a 19.7 ab | 164 a 33.7 a 526.3 b -
? Mean Seperation within columns by Duncan’s multiple range test at p<0.05
T
* AL 725, 2. 12.
O AW AT A-F EF olz}ety
RN EC | OM | AVPO; Ex.cation(cmol ' /kg) ;% Zé
(kg/10a) | Pl @) @k | ek | K | Ca | Mg | i
AlEd —* 6.3 0.70 | 398 | 1,152 | 1.1 9.8 2.3 1.02
FA4e | 6.2 070 | 356 | 1,233 | 1.3 9.9 2.2 0.95
NEE 200 6.4 042 | 330 | 1211 | 1.2 9.5 2.1 0.92
=400 6.3 049 | 344 | 1,333 | 1.2 95 2.2 0.90
300 6.1 069 | 352 | 1,250 | 1.2 9.4 2.1 0.93
SRR RS 60~65 | 203} | 21~50 | 3D~ | 06~07 | 50~60 | 15~20 -
S AUE D AR fle
¥ AN EA: ZAEY B A AEGA NAHE F3)
« EAlF A7) (M2 A)25. 3.7, (A8 F)25. 5. 27.
O A=A A A5 EF o]gshA
: v a2
BRI O EC | OM | AvPO, | Ex.cation(cmol /kg) 5 i;_
(kg/10a) dS/m) | (g/kg) | meke) | K Ca | Mg | (g/o)
NgA] — | 61 | 064 | 382 | 1,020 | 08 | 90 | 25 | 125
A | 6.2 0.66 386 | 1,120 | 09 9.2 2.0 0.98
e 200 6.3 0.59 354 | 1,042 | 0.8 9.0 2.0 0.99
=400 6.4 0.51 365 | 1,034 | 0.8 9.2 2.1 0.95
300 6.2 0.54 372 | 1,065 | 0.7 9.1 2.1 0.94
SRR RS 60~65 | 20]3} | 21~50 | 3)~H) | 06~07 | 50~60 | 15~20 =

Co AYNE R AEE e
W SALE ARG AR, F39)
« EGAF A7) (A2 )25, 9.7, (A2 F)26. 2. 16,

#2409

PAR=RE

%PH: = =2
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O Hfolezl A7+ B u alsy UL zA}
- dPCR 7%+ 9% W Plasmodiophora brassicae Ath% W% A= ZAx}

) 2] & (kg/102) DNA copy<“(copy/ml) | % 1g9 copy<(copy/g)
2 2 3,202.52 384,306.61
200 3,023.51 422,829.60
400 3,023.02 362,761.21
300 3,045.13 365,421.02
T (LREE )Y 0.57 64.40
* copy: &4 %ﬁXH AR
ST (MR Pl 5y wale] gl i neze A 27

« EUNFH A7) 25, 5. 7.

4. Ha
O ol YA 400kg HelTe] Z2365em), DE20.0cm), 32
(77.6mm), 77 (482mm), 82%(4190g)¢] 7} AL Lpeh
O Hio]xt Fdo wE TR E= 400, 800kgol A 75%°] LYHEE
et o, ol Hel o= e
O wpoleat A, FAe o] B W sy B dxe
Aol AA ergke
5. BldE A7 FAA
ATAAE | F ¥ & & A w89 TA4%
49 A e 6 7 Al 0 8] Y Y T
_ 3 R Er e o ]
5) utoledt B8 (G o DT T Helgm wa wazn
L e R A=cde o
A e At GL S A TS L e anes aE
?j_ A T E % 3L = [
NG e A0 9 | PCR 434
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A oA )

g Eu) 4d Ay
g En” 43 A

: 2025. 3. 20.
O AAAY & 4 A4

]

Vil
FT060615
] o

A
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J2] 7 1) 2.6m x 2.0m 7fAAAE, 2) 26m x 2.0m °|=

g
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A

- gz
O AMAAD B 9t

O A v =

O

(Ad 2) ol

Ho
-
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7
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3. 8 d+Z2%
(AE 1) =59 Zdxd A A%
O A Td A2 B 28 1A

iRt
N,
-
ol
-4
oX,

T k- po ® Ir A|® Irﬁl 'If 4 ' $°|E’JI‘"7|
ofe le |0 o 'I'I Iil'] " -
e e e el o ol (870! i A
o1 [o)o |oloe i"""'l'l » WA F=
e o r—]—-.‘f—s? ol o o lo I [eXet tlal .
e, e i*l' oloe eloelfelel o, 0!
B o | offe e 1| o J’" l SI2A 7|F
w! . X “_v
<AAAY 3.0m x 2.0m> <A AE 26m x 2.0m>




O 7FAAAEH(2.6m x 2.0m)

T : '
) Lo

ool e
. \
S -

CRL| <AE>

ﬂ ‘j/] LH % o] ol
. o] ok o] =iH
o 5| S Sr AT
P CHENR L (%) (%)
e 99.8 19.4
H
MAAAE | 3.0m x 2.0m ; 42122 2§
o5t 57.0 10.5
= 63.5 57.1
\=]
MAAAE | 26m x 2.0m E 1?@ 5;'2
b 28.4 40.0
AF 93.5 79.5
o = 2 :
o] = & | 26m x 2.0m g} ggg ggg
g ot 73.2 58.7
¥ ZAFY:D 2025. 10. 2.
% AFR WA 7] A F-olukA 71 (SMHL00, 7] o] Bou)
# ARG 4, F Fol 8 o|%P9) B5AE nqse] WA 18] &9 BF
% Al 2Z upA S =3 FoF 1a u)lg 54 (https:/labs.tineye.com)
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(A& 2) ol58 3ol g AdF3=EA JA HH

0 4% A BE SR
- = A B =0 =38 A7

Q = T o

A8 (cm) (cm) (cm) (m')
NAAA S 66.4 59.4 92.6 0.26

o] % 3 40.4 53.9 85.3 0.13
t-test¥ Fokok ns ns *kok

¥ AR 2025. 10. 2.
VR (EA) <A = (5 )<= 0] x0.7
Yns, *, *x sk Nonsignificant or significant at p<0.05, 0.01 or 0.001, respectively

= o 2= = X o =
O g d4 F &5 % des A5 54

. i e
S A e e o E T T ; 57
(%) Oh) (cm) (%)
2 € 10.6 a" 879 a 24 b 350 a 60.0
10cm 79 b 675 b 26 Db 268 a 45.8
20cm 9.1 ab 68.6 b 5.0 a 310 a 37.8
30cm 9.9 a 388.3 a 35D 39.5 a 27.8

Jm

¥ AAd: 2025, 8. 18, = A 5A AR 2025, 10. 2.

e vy /F A P A

(w71l A mpA R o E HA A do))/(HEl T B 2 o])x100

YO 2 7R/ F<5 7FA) <100

“Mean Seperation within columns by Duncan’s multiple range test at p<0.05

; i
<
- . - ¥
}' L
- -

<20cm>

¥ owy

<30cm>
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oln
ok
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4B 5 3. 22. 4. 30. 10. &. 50.3
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o0 U H-2%=(TC) -3 = (umol m™? s7)
= A S (r) p-value A3 A (1) p-value
24 0.547 0.2617 - -
34 0.9205%** 0.0094 - -
44 0.885% 0.0190 0.395 0.4384
54 0.9395: 0.0054 0.511 0.3007
64 -0.303 0.5600 0.328 0.5261
74 0.197 0.7090 0.828x* 0.0421
84 0.722 0.1051 0.907: 0.0125
9¢ 0.676 0.1406 0.892: 0.0169
7% x*xSignificant at p<0.05 or 0.01, respectively
- 3~5¥ H2Ee @43 Bl Arie =2 4o FHS RS
O #}d A7) o= 2l
H x3t AT ‘
__L_E]E] %/\ 2
X T Intercept B SE t p R VIF
1 Hit e
(3~59) -17276 | 310.14 | 67.772 | 45762 | 0.0102 | 0.840 -
U3
(03‘;5‘0” -2137.3 | 279.28 | 158.86 | 1.7581 | 0.1770 | 0.842 | 4.189
2 =
T U 57866 | 25993 | 0.2226 | 0.8381 4.189
P&
(3~59) -131.96 | 195.35 | 60.903 | 3.2076 | 0.0490 | 0.952 | 2.024
R ST
(7~99) 41756 | 1.5757 | 2.6501 | 0.0770 2.024
e
(3~59) -3957.7 | 246.87 | 62.182 | 3.9702 | 0.0580 | 0.984 | 4.254
4 | vb) & A= 24159 | 10992 | 2.1979 | 0.1590 4965
23} 7 -0.6121 | 0.1448 | -4.2287 | 0.0516 1.450
- (2d 1) -17276 + 310.14 * B 2%
- (3| 2) -2137.3 + 279.28 * PHFLLE + 57866 * W F A5
- (24 3) -131.96 + 19535 * Ht>% + 41756 * F=F
- (&9 4) -3957.7 + 24687 * B> + 24.159 = W & A<

+ -0.6121 = 2344
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3 15.359 152 0986 | 29144 | 29025 | -11.926 | 11.926| 04
4 14.367 146 568 | 2804.6 | 27687 | -=30.921 | 35.921 1.3
5 14.319 150 799 | 27203 | 271177 | -8617| 8617 03
6 14.180 145 667 | 26004 | 26379 | 37533 | 37533 | 14
D i 0.000 | 18822| 0.7
RMSE” 22.934

3100 A

3000 A

2900 4

0|27 (Predicted)

2800 A

2700 A

2600 A

B2y
1:171Ed

3|4 (v = 0.84x + 460.2)

R? = 0,840
RMSE = 72,90

2t (Predicted)

=
=

|

2600

2700 2800 2900

AlH|Zt (Observed)

<24 1>

3000 3100
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3100

3000

2900

2800

2700

2600

< 0.7%, RMSE+ 22.934¢%]

2y
——— 1m7Es

B4 (y=0.84x + 452.7)

R? = 0,842
RMSE = 72,31

2600 2700 2800 2900 3000

AlH|Zk (Observed)
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3100




e - e

SiEad = 1:1 Iz 3100 S 17;1 ZN1E=M

P (y = 0.95x + 137.7) M (y = 0.98x + 45.5)

Shicin 3000
= =
L 23
S S 2000
%5 2900 =
4 [
=) o
e S
Al 2800 - Kjr 2800
E=3 k=3

27004 2700

R? = 0.952 R?=0.984
RMSE = 39.89 RMSE = 22,93
26004 “ 2600
2600 2700 2800 2900 3000 3100 2600 2700 2800 2900 3000 3100
2 A2t (Observed) A2k (Observed)
3] 3 4 4
<FEdg 3> <Eg 4>

O F+8 374 QR & FT7IdE 7|19 A=F W3} v

N

100 200 300 60
FHSARE (MJ/m?) HE2FHHST (E/10a)

400 500 600 700 0 20 40 80 100

% ZA7IZE 8. 12.~9. 30.

o - AAFF(W/m') ##F(=/10a)
A S (r) p-value A S (r) p—value
5¢ 0.561 0.2464 0.161 0.7604
64 0.383 0.4539 0.366 0.4758
74 0.352 0.4943 -0.467 0.3505
84 0.805% 0.0534 -0.639 0.1717
94 0.8073 0.0521 -0.549 0.259

= xx. Significant at £<0.05 and 0.01, respectively
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o7& (T) FOF2 = 2H(T)
244
A (1) p-value A (r) p-value
49 -0.033 0.9502 0.391 0.4431
54 0.033 0.9501 0.068 0.8987
6% -0.599 0.2085 -0.274 0.5997
74 -0.393 0.4407 -0.041 0.939
8 -0.369 04723 0.286 0.583
9< -0.459 0.3596 0.546 0.262
* xxSignificant at p<0.05 and 0.01, respectively
- TR o] FAA FelAdS gldloy, AEES 8~9¢ 9F
AAL I Ao IS HA 69 o= Ho 93-S Yehl=
733k
O %A F4 o= nd
wdl | W | Intercept s A t R° | VIF
H= H erce
N e S SO S P
bE| IA)2E
1 Jjg——%f%ﬁ)o 03048 | 00046 | 00232 | 40748 | 00152 | 0806 | -
DE| JAL2E
Sed | 36075 | 00763 | 00466 | 16364 | 02003 | 0819 | 3251
2 =
ZF3)2=ak
68:3‘%3 -0.0042 | 0.0088 | -0.4708 | 0.6699 3.251
DE| JAL2E
ST | mror | 00140 00280 | 04835 | 06765 | 0973 | 531
= poar
3 7 ij;f -0.0134 | 0.0050 | —2.6635| 0.1168 4.629
(8~99)
Q=
MG 30212 | 08992 | -3.3598 | 0.0783 1708
64)
- (249 1) -0.3048 + 0.0946 = 8~9<¥€ UA}k
- (24 2) 36075 + 00763 = 8~9Y AAL=EF + 00042 * 8~9Y FHraF
- (22 3) 77791 + 00140 = 8~9¥ AL + -0.0134 = 8~9¥ FHArF

+ -3.0212 * 649 o=
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4 16047 | 2515 | 20798 | 14330 | 14188 | 0.990 | 0990 | 1.0
5 18535 | 13560 | 20301 | 17418 | 17234 | 1.068 | 1.088| 1.1
6 1549 | 27775 | 20349 | 14810 | 14764 | 0312 |0312] 03
i 0008 | 0859 | 09
RVISE* 0.167
RMSE-= /%; (v, —v,)?
- A FH SR Hd Lx8L 0.9%, RMSEE 0.167¢

W5 150 155 160 165 170 178
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<2 1>

45 150 155 160 165 170 17
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JATE | VHZEAEGLHEAT) | T A7) /7]
o LHof| &3 _
o} 9 /A % 3} ] 9 AU S EENE DR
ol A ~vte w9 A1 g FTED BA FE Cang
D AR weele | Wz | 24 A F v Ao
ER (FIOB615) | ~'28 | mlelkssiggay @0 ™
2) A9 A%-#F Wdole £1 | 9 | B (A F % Ay,
2 A (FIoae1l) | ~"28 -3 ™
3) vk %83 WOlE FH | (w5 e o 1 o | AT
<1 = Zj]'% 24 Xﬂ = = '?f_l_
DoEE AT AL AN ermes | <26 ks 4
989 | vz, 719, 2, Mo, AEns
ABSTRACT

This study was conducted in Jeju to analyse the relationships
between growth characteristics and environmental factors at each
growth stage of garlic, as well as to develop a yield prediction
model. The experiment was carried out from 2023 to 2025, and the
growth period was divided into six stages: emergence, vegetative
growth, overwintering, clove differentiation, bolting, and bulb
enlargement. Growth characteristics and environmental factors,
including temperature, solar radiation, and soil conditions, were
analyzed. Garlic growth increased gradually until the overwintering
stage and increased rapidly after clove differentiation, while
underground growth also increased significantly after March.
Correlation analysis revealed weak relationships between growth
characteristics and yield during the early growth stages, but leaf
number at the bolting stage showed a strong positive correlation
with yield. Multiple regression analysis identified leaf number at
the bolting stage and soil temperature at the clove differentiation
stage as major explanatory variables. The yield prediction equation

showed high explanatory power (R* = 0.999) and low prediction
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error (RMSE = 14.10, MAE = 12.57). Therefore, the model presented
in this study can be used as a reference for garlic growth research

and yield prediction.

key words: garlic, growth stage, environimental factors, yield prediction nodel
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(KOSIS, 2025).

s A 27
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st v Aoz AxbsATHA (1)).

GDD(growing degree day, C-d) = Z[(Tmaxt Tmin)/2-Tpl] (1)
o 714 71 A &%(Ty, base temperature)= 2+ AA o] AXH+= 7]+
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GDD: Growing degree days, T avr: Average Temperature, T max: Maximum Temperature,
T min: Minimum Temperature, R.H: Relative Humidity, C.T: Canopy Temperature,
R.F: Rainfall, W.S: Wind Speed, Rad: Radiation, S.M: Soil Moisture, S. T Soil Temperature
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ABSTRACT

1) Research of Storage Improvement Technology for Distribution
Control of Domestically Bred Cold Kiwifruit ‘Gamhwang’
This study focused on improving the storage quality and distribution efficiency of
the early-harvest kiwifruit variety ‘Gamhwang’. Since kiwifruit is a climacteric fruit,
post—-harvest management significantly affects its quality, making effective storage
technologies essential. Among physical pretreatments, pre—cooling and pre—-drying were
examined, with pre-drying showing higher sugar and acid content and delayed
ripening compared to other treatments. However, fruit softening progressed after 8 -
10 weeks, indicating that shipment within 10 weeks is optimal for maintaining
firmness (=2 kg/8 mmo). For medium- to long-term storage, chemical treatments
using potassium permanganate (KMnO, ) and 1-methylcyclopropene (1-MCP) were
evaluated. Both treatments effectively delayed ripening by controlling ethylene activity.
The 1-MCP treatment maintained firmness up to 14 weeks but showed inhibited
artificial ripening if storage was too short, suggesting that shipment before 14 weeks
1s most suitable. KMnO, treatment also maintained acceptable firmness up to 10
weeks, making it applicable for medium-term storage. Overall, pre-drying is effective
for short-term storage, while 1-MCP and KMnO, treatments are suitable for
extending storage duration. Appropriate selection of pretreatment methods can improve

fruit quality, delay ripening, and optimize distribution timing for ‘Gamhwang  kiwifruit.

Keywords: Gamhwang kiwifruit, Postharvest storage, 1-MCP, KMnO,
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2) Study on the Development of Processing Materials and
Commercial Products Using Domestically Bred Gold Kiwifruit

This study aimed to establish optimal processing conditions for value—added
ingredients derived from domestically bred gold kiwifruit cultivars, ‘Sweet Gold' and
‘Gamhwang’, and to evaluate their applicability in processed food products.
Concentrated materials were produced using vacuum concentration (70°C, 200 mbar)
and atmospheric concentration (100°C) in both paste and juice forms, while powdered
materials were prepared by hot-air drying, dehumidified drying, and freeze drying.
The results of the characteristics research indicated that vacuum-concentrated juice
exhibited superior quality in terms of sugar content, color retention, vitamin C, and
total polyphenol preservation in both cultivars. Among the drying methods,
dehumidified drying provided the best condition of color stability, antioxidant activity,
and economic feasibility, making it the most practical processing method. A consumer
survey involving 293 participants revealed strong demand for convenient and
health-oriented dessert-type products. Based on these findings, milk jam formulated
with dehumidified dried powder and konjac jelly incorporating vacuum-concentrated
juice were developed. The milk jam containing 5.6% powder showed optimal physical
stability, the highest sensory evaluation, and improved antioxidant capacity. Increasing
the concentration level in konjac jelly improved both functional properties and visual
quality. Overall, this research established standardized processing techniques for gold
kiwifruit concentrates and powders and demonstrated their potential application in
functional processed foods, thereby contributing to the value—added utilization and

industrialization of domestically bred gold kiwifruit cultivars.

Keywords:  Gold kiwifruit, Processing  technology, Vacuum  concentration,
Dehumidified drying

3) Developing Consumer-Preferred Products Using Domestically
Grown Gold Kiwifruit

In the study on the development of distilled liquor process and products using gold
kiwi, the domestically cultivated ‘Gamhwang variety, which is being promoted as a
specialty in the Jeju region, was utilized to establish a development and production
process for low-—alcohol distilled liquor preferred by consumers. The composition of
gold kiwi ‘Gamhwang’, including moisture, sugar content, and organic acid content,
was analyzed, and the brewing suitability was studied, including yeast and raw
material mixing conditions. Distillation yield, general components, aroma components,

and sensory evaluations were conducted by distillation method (vacuum distillation,
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atmospheric distillation, etc.), and consumer preference surveys by alcohol content
were conducted (sensory evaluations by liquor manufacturers, sommeliers, and
consumers). In this way, the product development and prototype manufacturing
process for low-alcohol fruit distilled liquor were established. A study on the
production process and product development of a highball-type alcoholic beverage
utilizing gold kiwi distillate was conducted. A 40% (v/v) kiwi distillate fermented
with "Gamhwang” and then distilled under reduced pressure served as a base. A
sensory evaluation was conducted with 10 alcohol manufacturers and researchers. The
optimal blending ratio of alcohol, anhydrous citric acid, crystalline fructose, lemon
flavor, lemon concentrate, and citric acid was determined to satisfy consumer
preferences. This led to the development of a highball-type alcoholic beverage and the
establishment of a prototype manufacturing process.

A study on the vinegar fermentation process and product development using gold
kiwifruit utilized the domestically cultivated "Gamhwang” variety. This study analyzed
the organic acid and residual alcohol content of vinegars produced by different
fermentation methods, acetic acid strains, and fermented liquor manufacturing
methods. Sensory testing was conducted with experts and consumers to select
high—quality gold kiwifruit fermented vinegars with high consumer preference. A
production process for the selected gold kiwifruit fermented vinegar was established,
along with a prototype manufacturing process. Lastly, in the research on the
production process and product development of non-alcoholic beverages using gold
kiwi fermented vinegar, the goal was to develop a non-alcoholic vinegar beverage
based on kiwi vinegar selected through research on the development of optimal
fermented vinegar using gold kiwi ‘Gamhwang’, and to pursue health and low calories
and to satisfy consumer preferences, a vinegar beverage was developed using allulose,
a low-—calorie sweetener, and Jeju specialty lemon and honey, and a sensory test was
conducted on experts and consumers to select a non-alcoholic vinegar beverage
preferred by consumers, and a product production process for gold kiwi fermented
vinegar beverages was established and a vinegar beverage prototype manufacturing

process was set.

Keywords: Gold kiwifruit, Fruit Distilled Liquor, Fermented Vinegar
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28 & o B AXAH 2|0 THE 7| AHE ZE2 FH(25)

T X2d I FE2 B30 ZUC

B 3. HE X2H ol F2 X 82 2410, 16.
& (°Bx) AretEE (%) A& (kg/P8mm) H2E(%)
7.2+£0.7 1.63%0.1 5.710.2 16.5+£1.1

1-MCP X1a|(24L=I10—‘3J16%) Me|+d HY ME

13 4. WH2AE HYYH

I

il
2ofAM AE7|ZE Se HAUHS=E SIISIU=2H g2 o
2 KMnOg4 2|7t A& 143714 22220 22 #+&5 RAGI{H. ==
2loilM 7H =20 MY 14577 RS0M 2tctks 2(A
UCHE 4, OF 5). 0lof AZ7|ZF HF== 1-MCP 2|7
Fa2|of vlof 65, AYZHEZFO Bl 452 AA7|ZH0|
HEE2 AHY7[20] BUgr+E ZE He|oM Stcte 322 22| 240]7t QUL

H 4 2|2 Mg 7o E d FE 2o}

ZAF A7)
42712H 1026 | 11.09 | 11.23112.08 | 12.21 | 01.04 | 01.18 | 02.01 | 02.16 | 02.29
Q3| @) | 63 | BF) | (10 | (12 | (14D | (16D | (189 | (20

Fxel | 112a | 11.7a|133a|139a | 144ab| 140a | 135a | 133a| 144a| 139a
KMnO4| 11.7a | 116a | 133a | 138ab 148a | 128b | 135a| 140a | 141a| 135a
1-MCP| 106a | 124a | 126a | 125b | 134b | 123b | 136a | 133a | 132a| 134 a
£x2[ | 129b|139a|113b|09b | 073¢c|097b|074b|072a|065b|074b
KMnOg4| 136 abl 1.54a | 143a | 144 ab 121 b | 123 abj 095a | 075a| 084 a| 083a
1-MCP|164a | 142a|134abf 150a | 152a| 132a|092ab|] 0.79a | 0.70 ab] 0.75 b
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10.26
(25)

11.09
(4=)

11.23
(65)

12.08
(85)

12.21
(1059

01.04
(123

01.18
(145

02.01
(165

02.16
(183

02.29
(209

392 b

323b

303 b

1.4 6C

124 b

082 ¢

062 b

054 b

051 a

0.64 b

501 a

397b

323b

334b

193 b

1.74 b

1.36 ab

082 a

064 a

089 a

521 a

502 a

465 a

461 a

392 a

328 a

205 a

0.86 a

071 a

0.70 ab

005 a

0.16 a

025 a

032 a

039 a

043 a

043 a

043 a

050 a

052 a

0.07 a

0.14 a

025a

0.28 a

040 a

040 a

045 a

050 a

0.%4 a

0.56 a

1-MCP

0.09 a

014 a

023 a

032 a

036 a

041 a

050 a

052 a

056 a

059 a

Z Means separation within columns by Duncan’s multiple range test at p<0.05.
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FURY TEIIS LB REAT| ZHS 9lsh SHAITION TRt 2HH HHY

St= 0| BIEAISHH, HI|XHEMe 22|, Z7|HE0Ms 1-MCP 2|7t
=] (@]

-

B 5 AelE =52 AE J|¢o| mE Y 2 HE

AL Al7]
A&71ZH10.26 [ 11.09 [ 11.23 12,08 [12.21]01.04|01.18|02.01|02.16 | 02.29

2F) | 4=) | 6F) | 8F) | (105 | (125 | (145 | (165) | (18F) | (20
Held 52

222| |14.8a%| 15.0a |15.0ab| 14.6a | 15.1a | 13.9a | 16.0a | 14.4a | 14.2a | 14.5a

KMnO4 | 15.3a | 149a | 15.7a| 14.5a | 15.0a | 14.1a |15.5ab| 14.1a| 14.2a | 15.1a

1-MCP | 13.7a | 14.1a| 13.5b | 13.9a | 13.2a| 12.9a | 13.1b | 13.2a | 13.5a | 14.8a

22| [0.38b|0.30b|0.49b | 0.41b|0.57b | 0.75b | 0.94a | 0.59¢c | 0.68b | 0.53a

| KMnOg4 | 0.34b | 0.29b | 0.40b | 0.58b | 0.59b | 0.83b | 0.67a | 0.95a | 0.94a | 0.55a

A
(o]

et
o

1-MCP | 1.14a | 143a| 1.12a | 1.39a | 1.35a| 1.11a | 0.67a |0.85ab| 0.73b | 0.73a

£2{2| | 0.45b | 0.40b | 0.69b | 0.54b | 0.37b | 0.53b | 0.24b | 0.59b | 0.42b | 0.35b

4=
(kg/d>8 KMnO4 | 0.42b | 0.46b | 0.55b | 0.57b | 0.56b | 0.53b |0.49ab| 0.97a | 0.77a | 0.68a
mm)

1-MCP | 1.66a | 1.58a | 2.03a | 1.80a | 1.25a | 0.93a | 0.54a |0.81ab| 0.46b |0.52ab

Z Means separation within columns by Duncan’s multiple range test at p<0.05.
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? Means separation within columns by Duncan’s multiple range test at p<0.05.
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3.80%

0.30%

2 ZHMO2
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. o
7.3%, pH 3.42, Hueit 7 = i )
‘s Ziot=2oHo ofe D7 0°Bx, AMSIEF 2.4%, pH 3.83, Huedf 81.12 Z4& 1|Q| &t
1 2IsH gAML EAF 23H0| A RRE AHRJUS SOISHICHE 22)
H 21. ‘AQEZL AHEHR 2Y EY (RAIY: °25. 3. 14)
Y= (Bx) AEHRH(%) pH M (Hueg))
73.5 73 3.42 72.6

(RAFY: 25 3. 14)

o
2= (°Bx) AFetEE (%) pH M (HueZf)
27.0 2.4 3.83 81.1

CAF>

AQEZE AEHR 2YUS 8% A E HEfo] UIM IS o 22 TE=
A HSHACH 2% 2SS 3.2%(SP1)0IM 7.2% (SPE)7IA| CHAHCZ ZItAI7|1, K0k M
A%, Y HE2 Y5t RAIGHH & 682 ARE A RSIUCHE 23). 2 Alzs A=
2 2E235| S8t & 85~90ToAM & 102 3027+ 71E35I0 =2A|7|1, Qe A=5t {2
Hoj| 2XsH & LA = 4T0M LY EASHUCH A 14)

H 23 ‘ARESE Agdzx 22 28 L3Y A= Higy|

A =Z(g) z
M= ez 22 e 8 FEL o g (9)
SP?1 16(3.2%) 319(63.8%) 500
Sp2 20(4.0%) 315(63.0%) 500
SP3 24(4.8%) 311(62.2%) 153 12 500
SP4 28(5.6%) 307(61.4%) (30.6%) (2.4%) 500
SP5 32(6.4%) 303(60.6%) 500
SP6 36(7.2%) 299(59.8%) 500

’SP(Sweetgold Powder): 'AEZE’' M&HZ 2%
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0.0
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180.0
. 1500
S,1200
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Lo
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M.E
__o._._

SP4 SP5 SP6

5P3
pH

spP2
SP6

SP1
SPS

6.0
5.5
50
4.5
4.0
3.5
3.0
5P4

T
[+ %

5P3

SP3  S5P4 SPS SP6

SP2

—

SP1

30.0

250
200

15.0

g0 100
5.0

0.0

=

[01]
—

=

SP5  SP6
““—"———q_“__mq_;“_
SP1  SP2

SP4
50.0
40.0
30.0
10.0

0.0

32
0
w00
I 200

SP2  5P3

SP1

N
70
wir

H

T3 15, BEI9 APIESC YR
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off THE Az
: SP6(7.2%)

H 24, MEZ XA}

Me
A2
L a b

SP1 68.0+£1.64 0.9+0.16 10.4+£0.70
SP2 65.1£1.01 1.3%0.20 11.0+£0.68
SP3 63.5+£0.63 1.3%0.23 11.8+0.73
SP4 61.7£0.29 1.940.18 13.7+£0.05
SP5 60.0£0.41 2.310.26 13.5+0.38
SP6 58.5£0.75 2.3£0.07 13.4+£0.63

SP3 SP4

il ral
O 17. BEF[S] ASESE USH
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§>P E %:I- E'ék

= (kcal/1009) 348.9

EJ 312 (9/100g9) 21.2

22 (%) 441

I_ (%) 1.5

CHHZ (g/1009) 5.5

OF2(85~90T), 102302 A% (9/1009) 27.7
7tE, gF (9/1009) 19.2
E|'X| 83"7'” 7:”% 7‘1% Ei}xp:g (9/1 Oog) 17.2
EHA|Y (g/100g) 0.0

=2 AEIE (mg/1009) 25.7

LIEE (mg/1009) 56.9

Zt& (mg/100g) 242 4

2 (mg/1009) 0.0

%*% (mg/100g) 373.1

Al0|d® (9/1009) 3.5

HIEFRIA (1U/1009) 17.4

HIEFZIC (mg/1009) 40.9

2 U3 =2 34 L Y4
(FYHE>

3 = 3

A2k (kcal/1009) 60.6

Et=23+= (9/1009) 14.1

T (%) 84.3

2E (%) 0.7

CHeiZ (g/100g) 0.9

I%* (9/100g) 0.1

=& (9/1009) 6.8

342 (g/1009) 0.0

EHAZ[E (9/1009) 0.0

=2 AE|E (mg/1009) 0.0

LIEE (mg/1009) 3.5

Z& (ng/1009) 16.2

A (ng/1009) 0.0

2t2 (ng/100g) 271.2

A0 47 (9/1009) 0.0

HIEFRIA (1U/100g) 0.0

HIE}F2IC (mg/100g) 13.7

g 2orde| Az 34 4 JYHE
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22°Bx2 ZYot, OrAHZE(K.S.0s5) 50ppmE Z2[5t0] 10A[7F Hx[et & 255
O|F 2tZooll &2 Fermivindt NIBRFGC000502008 22t ¥Estl LEREE 15C

o fo o
N
ul
9]

£ Zeloted 157t LESIUCH O 28). €2 S5 T YUHES M 2o, €3
A2 11.3~11.7% =2 F 20| i, 25T &€& RANAM 15CEL} 2F 0.1

~0.3% = LIEHATHE 31).

H 30. 257|9 S&F50 dget =22 & &= =4 o HigH

A&7 GK-Y1-15 GK-Y1-25 GK-Y2-15 GK-Y2-25
) 2,000 2,000 2,000 2,000
H&Hg) 200 200 200 200
50 &5 Fermivin™” Fermivin NIBRFGC00050200"** NIBRFGC00050200
AEEY 0.55g 0.55g 2.8mf" 2.8mf
O S 0.12 0.12 0.12 012
Els=22t={(o) 15 25 15 25
Clsw) |7_+(°EI¢) 15 15 15 15

&R HZ4: 8x10°CFU
**Ferm|V|n(Y1). DSM Food Specialties B.V., Alexander Fleming Ham, The Netherlands
“"NIBRFGC00050200(Y2): =Mt S22 35 L=ttt ES2L2 = A= o232 719IZ0ioiM =

oI 2p= oHIE= =2
2= 25 7=

g 28. 719 S&FF A= =M 2 LY

Alg=t GK-Y1-15 GK-Y1-25 GK-Y2-15 GK-Y2-25
LAZ2(%(v/V)) 11.4£0.10 11.7£0.17 11.3£.0.06 11.4£0.06
pH 3.62%0.01 3.42+0.01 3.60+0.02 3.57+0.02

A (%) 23.8£0.10 25.1£0.20 22.4+0.06 23.1£0.15
SHEFHUCZ, %) 1.78+0.03 1.89+0.02 1.68+0.03 1.73£0.01
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HP-FFAP(Length 30mm x Film 0.25zm x 1D 0.32zm)
Initial 40C (2 min) - 10C/min - Final 150C(4 min)

Hewrett Packard 7890, O|=

FID

7171

2 ND: Not detected.
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29
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™ |

17

oD

15

o
o
EE

oD

=y

1l0

0l

Al LIERR

o, &

14 (%)

3.9

1.5]12.0

1.0

0.5

(%) + A4Z(%)

3

wo
XU

38|38 |4.2|42 41

3814533304547 |39
32 (138[40]29(39|45 |44
36 (139|34129|37|44 |39

1.0]05]05]05

1.0
3.6 | 3.2

1.5
+0.5|/+0.5|{+1.0/+0.5/+1.0{+1.5

2 (%)

40139 40| 39| 41

1.9 3.1

1.0105

29122 (37]3.7]35

1.5

30(32(28]20(35]38|30

2513221
3.8|3.8|4.1

2

A
4
F

ok
SF

A7|85¢] 3.3 3.1

>

ol
0

13 116.3|17.7{16.1

14.5

16
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65°Bx)2 ESAIERZ (www.esfood kr)OlM FUSH Af

o2& H|o|A FJ9| 2[4 H
SFEFL 95%(v/v) FEE 40%(VV)=E

ot

[e]
FEELE 5.0~85%((v/v) HeZ 24

(100%,
=



o
J
]
nx
>
ol

FECE O 23 40%((vv) ZIISEFe 40%(v/v) SIMFHEES 1112 diE
OIFASELE 65%(v/V)2 UF A|ZT} G 2
7S BIQUCHE 39).

H 39. 50|28 H|0|& 7 Hig HE- 2= =48 J2: Bt

HHFF 40% (v/v) ?|19ISFT 40%(v/v)2 3|5t FHO| Biig HIE
HlE
1:1 1:2

A4F2(%)| 50/60/65|70]75/80/85|50|60|65|70/75/80]|85
ot 3914447 |45|43|38|35|3.7|44/46/40]43]40/3.9
S| 32139/46|48,48|45|46(22|28|28[28/3.0/38|36
2y 3345|4844 |42 |40,40|30|45|44|45|42|37|3.0

Z5D8=1 354047 |45|45|41[43]28|30[4.1]35|/39/38|29
Al 113.9/16.8/18.8/118.2117.8116.4116.4/11.7/14.7/15.9/14.8/15.4/15.3/13.4

% 40%(v/v) 7|9ISFF 40%(v/v) SHFES 101, 122 Hight & dAlle doteld YRS
5.0% /), 6.0%(/V), 6.5%(V/v), 7.0%W/N), 7.5%(/N), 8.5%(v/v), 8.5%(V/N)Z ZHst A=

ZEO| M'Z'I% Hoz zYst| floll, ¥REBEF 6.5% (/)2 A
FO| RS 0.1%, 0,2%, 03% HEg=2 22t dIIsty, H2ssUE 0.05~
0. 2%(W/V) HR[OlM CHASt HIEZ HiRSt & 16712 AldFE RASIUCH 2& AlR0=
pH 2tEHdS &E5 f7| Llsff LHAMLEE 0.06% (W/V)E < =
Yoz s 7|I2: WIS

0.10% (w/v) ZEo| 712t
71 2ot 50| A|lF0l| 7+

L 0.2% (w/v)et 2les=st
of ZZt 2§ J|SEoME 2D &

k-
o

2 | FrTEd 0.1%(w/hy) | R 0.2%wh) | FeTtEL 0.3% (w/v)

e )_' 0.05/0.10/0.15/0.20|0.05|0.10| 0.15]0.20 | 0.05]0.10|0.15| 0.20

o 19125139143 /40 147 /45|32 4035|2318
27| 38,140,381 3938|40|39 42 38|41 |42 |43
2l 2312813914042 |46 |44 36|39 |35|32 |28
SeAIeE| 21 1251381404045 |42 /38|37 /137(33]23
A 10.1/11.8]154116.2] 16 | 178 17 [148]154]/148] 13 [11.2

% 65%Wwh) HIPKS 20 2870RE 01%, 02%, 03% HIEZ High T 223 Soeqeilt
0.05%wA)~0.2%wWA) 2 BIZZE BIRISH 1671l ARHpH 2Fdd F01 2l 7 AHES O, O6%(w/v)§ 22 2R

AL 0.2% (w/v), 255U 0.10% (w/v), HHELEUHES 0.06% (w/v)E &7fsto] 4t
0|2t pHE =Y SI0|I2& H|0|& /0| TS FOI5t7| flof 2 NS Cie HIE



+ M%) 1 (%)
101203040 2. 10/2.0/30] 40

o 1.3[1.7]30]24/38 4538423228 |15]22]44|29
| 2832|3633 3.7[38[38]39]36[35]30|34[39|36
Fial 19]122(35/283848 40|45 |32]30[21]25]45|32
SNEE|20/23(36(26,40|47 39|42 |34|129|22|26]45|3.3
A 80194 113.7]11.1/153/17.8/155/16.8/13.4/12.2/ 88 [10.7]17.3]13.0

% 6.5%(v/v) HIO|AFRO| AL 0.2%(W/v), Sl2s=H 0.10%(w/v), THUYLES 0.06% (W/V)
ot = 4 L UGS A2 1%~3%, 28N UGS HSE= EET 14709] A=

6.5%(v/v) HIO|A 70| LOj2} G0j9| 2[4 Higt =S H&S =, S0 Eest7| 9
off 2f2et 7|eleks ttyet HlE2 2gste 7|k FUHE ZAISIL O 2o, & =
£ U=E2= A8ste ZRENH =2 7|9EE S8E W V2Rt MEHeR [ =
A LEHRTE £3] 228 0.2%2t 7|191e 0.15%E &H &7tet Al=7t Ohe-Sef7|ese

7
oM 7ty 24t B7IE LUACHE 42).

& 01101 |01 |021]02]|02
' ' "~ | +0.1 | 4015 | +0.2 | +0.1 | 4015 | +0.2

o 3234|3540 | 44 | 43 | 43 | 45| 44 | 30| 33|35
7| 1211923 38| 40| 32| 45 | 48|29 |10] 201|009
A2t 1331363739 |41 |43 | 47 |49 | 44 | 34| 33|32
ZPIGT| 32 135|361 40 | 43 | 41 | 48 | 47 | 43 |29 | 28| 238
Al 1109(124|131|157|16.8|159|183|189| 16 |103| 114|104

% 6.5%(v/Vv)Q HIO|AZRO| AT, GRE IS = =T UF, 71T U=, A2 JIEE
H2Y =8% 14719 2sHIt AR

SlolE eS| ¥F= Z=0i| tist BigllE A+ 24, 2|4 U222 2RlE 7|9 stol=

AE2 dgez g2 = JUSFoIH AHZEst 40%(v/v) 711572, 40%(v/v)2 3¢t

—7—’8% 1:1 HIBE AESIRCL o702 1%wh), AY 2% wh), Fa7adt

2% w/v), HE2SFY 0.1%w/v), TFHULLHES 0.06% W), 22 0.2%(v/v), 7|9

@ 0.15%(w/v) 2|1 A4 78.03%(v/v)E HIESIHH 7| =2d= HESIUL. 7|2k

b(w s
A2 9lol slol2 100mY HE 22j0lA 20(122hS 2715KM, CO.2 0.4%WA) Salist
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YYUstol AFelole A2=2 25719 Si0l2 €2= 3= A2 8= 24

ol
ol

FACHAE 30).

| e |
I
| gEz Az
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| Z2QU0H R (YA, ATF
1
5%
(ZRAM(LT 40%), 51N FH(LEZEY
1
2712 38 URS Y 2H(6
(712 0|2, 1AL 7|93
1
| co, 8
!
| 271 + 33 s2lojA 122 2ot
!

=E7|9 0|18 Az
=E7|9E &8¢!
g SET|9 A
OflAl 24AI2t
IS Y20z 20249 7|/SFF Y o
Saccharomyces  cerevisiae NIBRFGC00050200 w3 Al&dt
Acetobacter pasteurianus SRCM101480 22 (Al &r=0|
Acetobacter pasteurianus KACC92047P % B (TO|LSHLAA Q)
oHH, 2024G4H HEPol 2 HEZS A%t 1
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.75+0.087% (w/v)2 LEFGCHE 43). 0|2{st &
Rl 9F 7% (viv)el 7|19l EEFE H=S22 A zstV|o F=ot0, 28E 3V

|
OjM YRS LEES SHFH= 0| HAHSICID WS

_

ofi

]
u
on

Y O
ne J

fo

H 43, 2E7|9| E&9 F

2= (°Bx) pH ZAMH(% (W/V))
11.9+0.06 3.2+0.07 1
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2% (wWN)2F 11% (w/v)R Z7VstL), Saccharomyces cerevisiae NIBRFGC00050200 €25
0.25%(w/v) &2 =2 HEZoIFLE Y= 25T RAE YEI|0M 77t 20, &
- =]

2L o

Z2 3 OIRO|UZ 083 Gms0] & ZRO| JI9| YR YRS MZFACHIY 31),

fol

E 44, BO7|9|(2E) gEMZ HZE 2% JI9l YEF 34
Al =579 FEE(GK-S2%) | =E719 EY(GK-511%)
=579 25U(g) 20,000 20,000
MEH(g) 400 2,200
0 Ehan NIBRFGC00050200 NIBRFGC00050200
AE8(0) 5 5
LELE(0) 25 25
YE7|ZHYS) 7 7

A7) 4B WAOR MZF 7|9 WETO| YDSTAS BN T, MY 2%2 HII
GK-S2% Alg+=  7.220.08%(v/v), AHE 11%E &It GK-S11% Algd+e
11.8£0.12%(/)2 LIEHHCE 0% ZAMEO| HpHet ARLELO 7%HWA)E UZ27| 9
2t WERS 22 SN $ 4R BAFUS0, 1 ARE B 450) HABHACH
UDSELE 7% )2 UG BC7I9 WAETO| AR FUS WS ZI, GK-S2% AFT
=E7|9 4 2 95.32%(v/w)H2H, GK-S11% Ald+E 53.44%(v/iw)E LIEHG
Ch 3, 719 AR HZO| HHH YDSEA0 T%WMR ZHF MM B4 TR

GK-S2% A&7t 1.3640.036% (W/v), GK-S11% A&T7F 0.60£0% (wW/v)Z2 2AEUC
Ole GK-S11% AFTIt e AR0| YISEL(11.8£0.12% (V)M 7% VN2 oF
1.6741 SMEl= AN EE 20| Ytz dich o ME ZFn= TEHEC
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H 45 32 7% YE5F 42
A=t GK-S2% GK-S11%
ZE7|9 2% (v/w)) 95.32 53.44

HELZZ(%(v/V)) 7.0£0.10 7.0£0.12
HIZ 0.988+0.0020 0.990+0.0032

pH 3.48+0.026 3.77+0.042

At 22.6+0.06 10.0£0.10
SAHFMUCZ, % (W) 1.36+0.036 0.60+0.000

AJSCA 7% (vy) ZEI|Q YERE 0|23 2HEAZ MRS H 490 AHA|EH &2 b
SHHO| Tt 435t o0, A ool 20| 225 A|R5t1 AlZE A ZSICH
- Z2AR) LIS 7% YEF(GK-S11%, GK-S2%) 740 =ALF  Acetobacter
pasteurianus SRCM101480 &% 1059 £=  Acetobacter pasteurianus
KACC92047P HHQQH 342 HZ3l0 30T, 77 HiY
- AZAR) LI 7% YLER(GK-S11%, GK-S2%) 70% Tk 2 30%= Y1
30, 307t ©= HigtRo| Yadto| wet Y=
ZE Aol gteg 23 s 02 320 AHAISHC
H 46, BE7|9 '4E USAX HZEE st EHEHTE
= =LE7|19 g2+ = = dteec | Yo7t
e 58 ez | ¥F98 T @
GK-S11%-KS? dZ|
GK-S11%-KL | 1T%EY 82 = | yAcco2047p | met
7%= S|AM5H gre o
GK-511%-KA (GK-S11%) S71F¢
GK-S11%-SS SRCM101480 | &z
- 30 30
GK-52%-KS A2
CKS2% KL yopet iy & | KACC92047P o
7%2 5|A5H grE ol -
-S2%- Az
OKB2%755 (GKS2%) | spcm101480 o
GK-S2%-SL mil;
2 KS: KACCP29047P2%, stof2|of 20| Ax|, KL: KACCP29047PZ%, 350rpm bt

KA: KACCP29047P=, 1
SL: SRCM101480, 350rpm

L2 AAaEg, SS: SRCM101480,
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t = uiimes o1
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o - . = e/ ) ==
& |-'\ | "
o - 1{
22 Az |waRY 2AEFE, Laywd 93/9E U 1oL 7I9NE 3y, 2R
O3 32, BE7I9 YERS 08% AZ AZ IHy
o7| €2 2USR 30¥ =4 FES A= 4 AT Az BEFE OAFOUS
O|Z3 12t oltet =, 5T O[StOM 15¢ Oy =d-2atso] a2 Sl WAL 0
= YU=20| =R G=F AOJHS 0|83l 4SAUUS A 2 F, 1RE OIS At
E5t0] 517 U2 2N 2T Az HRE A=A 33, O 34).
% TIRE Ot ofR|of A=ZF COfH| 2= (celatom diatomite, CAS No. 68855-54-9)
0.01%E At8sH OIUHExRA S5 Ydot =, AZ0| #2ES 0.02% H7foto] westA E&st
1 Y UMM Ofatets M2 +ASHAUT

w4 @7|12 du= AA

g 33, g2t e

Fruit{(Gold Kiwi)
Yeast(Saccharompces cersvisiae

Sugar —l
MNIBRFGCOOO50200)

Alcoholic fermetation

CaH Oy — 2O, H-OH + 200
Arrebic
Gliacoss or fructoss Elyvl aleabol Carbon dioxide
AW 1ED 46 44

Ethyl alcohol
Acetic acid bacteria
1 (Acetobacte pasteurianus
SRCM101480, KACCI2047P)

Acetic acid fermetation

Adr
C:HaOH g OO0 H + H0
Arede seid bacreris
1 Ethyl aleshel Aceric acid
MW 46

Acetic acid

a8 34, Mz Az A S8
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AEFEZ2 3097
(GK-S11%-KS, GK-S11%-SS, GK-SZ%-KS,
(GK-S11%-KL, GK-S2%-KL, GK-S2%-SL) &
off S4F 20| 0421ol i?ﬂ r PLCE.
7% (v/v)Z2 4

5t YISELE 17 8%(v/v)77r2| %01
| = 53. 44%(V/W)) =
%-SS AlgTol z|

gt
=2 o

meE ghg

AlgiTol

EF QE_'_

o= ol

Oll
)
X
LA
o\°
X
>
o [
£

EE}-

R —

2

o

HHS X

719l E=F

GK-S11%-KS
+0.1% (W/V)2

St
o

—~

7t
7| %
et G

=
S

K-S11
0f =2 LIEHTCE
CERIENR)
4.310.1%(w/v), 4.0+£0.06% (w/v),
Acetobacter  pasteurianus  SRCM101480

KACC92047P #FECH 24 MY 50| Cia

227}

oA
T

H 47, 2403

A
e

21t GK-S11%-SS, GK-S11%-KS, GK-S2%-SS A|&+7}
3.9+0.26% (w/v)2 =H ZHEE e,

Acetobacter

ol

2+2t

o

pasteurianus
UACHE 47).

AE+E

ol

SER,

(% (W/v)

Sl oy
(% (W/v))

GK-511%-KS

ﬁ

1.0174£0.0012{1.016£0.0017

4.0+0.06

3.2+0.06

GK-S11%-KL

rx

1.016£0.0021|1.0152£0.0026| 4.7+0.10

2.5£0.17

2.520.1

GK-S11%-KA

i8S

1.017£0.0029(1.016+0.0017| 4.2+0.10

AN

2.6x0.06

0.7+0.00

1.9+£0.12

GK-S11%-SS

ﬂ

1.025£0.0026|1.024+0.0026| 5.7+£0.06

7.1£0.10

4.3+0.10

2.9+0.06

GK-S2%-KS 1.024+0.0035|1.023+0.0040| 6.2+0.17

5.2+0.17

2.8+0.06

1.8+£0.00

GK-S2%-KL

=

1.020£0.0017(1.019+0.0017| 5.5£0.10

5.0£0.20

2.8+0.10

2.0+0.00

GK-52%-SS

ﬁ

1.025£0.0029|1.024£0.0026| 6.9+0.17

6.4+0.06

3.9£0.26

1.8+0.06

El{oX |EJ [oX [o¥ | N | [oX
ﬂ

GK-52%-SL

rx

1.022+0.0029

1.021+£0.0040| 5.8+0.06

4.1+0.12

1.7+0.06

2.3+0.00

Alz2 A2

Ea= =225} onHo“A-II H|_|_|H|'AFO A=

o‘rr-_ oTT

gt
=

ol

A1, tartaric acid, malic acid, citric acid,
UAL &3Z de g =AM dE 1y
= 95. 32%(v/w)§ ==
K-S11% Al@TS0 HIoH
Sz ZA|0f SRE R

=

=)
9| 3to|

o

tgé 2

rZ-l

=2
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2130l th3h lon chromatographyS

S2%

- Oo

QAo z,
Ol GK-S11% A|EFECH Of
IHHO|AM  succinic acid

AR

Loo=2

0|85t DO
lactic acide =2E7(¢
HHEE F71M422 SOIZACHE
A E150] *
A0l =2 d¥sS

Z2510] A

el

7|l

7|¢

w71
Q=0

St2F

A
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-
2=
o
N=
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H 48. 2 |7|4 &gk &4 (B2 @ % (w/v))
A T1H Tartric Acid | Malic Acid Citric Acid Lactic Acid |Succinic Acid

GK-S11%-KS

0.003+0.0006

0.055+0.0020

0.240+0.0023

0.008+0.001

0.017+0.0026

GK-S11%-KL

0.002+0.0006

0.049+0.0017

0.209+0.0049

0.007+0.0023

0.015£0.0021

GK-S11%-KA

0.005+0.0010

0.016+0.0026

0.127£0.0070

0.005+0.0000

0.011+0.0015

GK-S11%-SS

0.005+0.0006

0.046+0.0012

0.232+0.0053

0.008+0.0006

0.015+0.0026

GK-52%-KS

0.009+0.0021

0.075+0.0064

0.384+0.0103

0.008+0.0012

0.018+0.0031

GK-52%-KL

0.003+0.0000

0.055+0.0056

0.224+0.0081

0.007+0.0020

0.014+0.0021

GK-52%-SS

0.013+0.0006

0.114+0.0061

0.550+0.0026

0.012+0.0006

0.266%0.0101

GK-S2%-SL

0.007+0.0017

0.057+0.0031

0.304+0.0093

0.007+0.0010

0.018+0.0012

% lon Chromatographys

o|lgst 27

Ab

—

Hr

—

M
2

22

Instrument
Column
Column Temp
Solvent system
Detector
Pressure

Flow rate

Metrohm 850 Professional IC
Metrosep Organic acid 250/7.8

30 °C

Organic acid - H;SO, 0.002m?
Conductivity Detector
2.76 Mpa
0.5m2/min

AMEFEZ AH=e 4

M SYUsH

GK-S11% Algd+50| 7|%

o

9|

Alz
Ut b

o

HtS
=2

F2F

Fatof|

e
UMM HluMS

95.32%(v/w)2l GK-S2% A

53.44%
»s

HO} MUk

(v/w) 2
oz o
At

I3
Ls

o
A=3
=

oo 0

|
sts ddste B 2Lt =2 AEEOEH)e F
GK-S11%-SS(7.140.1%(W/Vv)), GK-S2%-SS(6.4+0.
ofet 2aE Sall 712

HOM o =ahH

HiS shafk2
2 ot

06 %(W/v))

—

GK-511%-KS(7.3£0.17 % (W/v)),
GK-52%-KS(5.120.12% (w/v)) ©22 =2 LIEFLCE
J|FYOIL) WBHECE Fa e WHO| 4
& AR 35).

Az|eg HHOIM  GK-S11%-KS A&7t
K-11%-SS(7.1£0.1% (W/v)), GK-S2%-SS A|&T(6.4+0
dgos 7IEez2 Hortgd Fe, Y19 o¥
KACC92047P 35 ZHEF GK-S11%-KS Al@77t 7+
SRCM101480 @5 A8 GK-S11%-SS A&7 AA| E4t

[ -
HoZ, & AFTO M2 2 DF HUZ 7|9 Az HZo|
THCHE| 94t

Of2{gt e A
A =0 (o]
= ;

S

.06
53.

stako|  7.320.17% (w/Vv) 2,

% w/V)EE =2 LEHS
44%(v/w), HRE=

45 ZWME Uet
1
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-
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o7 EHatiEgRo Tl A=t Z=719 A=00| Mo Az 2 FF7 A= SARARE A4t
102 tHee2 HSEIIE 2Ale 20, ndt = S7|FY 2= YLD J2 = LY
o2 205 sty ZEAZ AN MEtHoR =2 ds deE S50 25719
Az A0 71y AEet 22 YAC=E FIERH. 5o SV Y2 €= Y S =
RG22 ftot Aetz Qlolf Azof Myt of0] k=M VY w2 & =20, 257
el Az Az0l= FHYS YYYS SQISIAUCLE. Eot S-S 2[ABC=E AEQ2%)et =
THO, 28¥S Hluy BO| H7H(11%)et E2FE A H=E A=e F7t 542

2 o 4517 BIEIUCH

£ Acetobacter pasteurianus KACC92047P HHLYMZ ALESH A[EAECH Acetobacter
pasteurianus SRCM101480 =2 #F& HITot A[AF0M s Hot HEHHC2 =2
LIEFSICEH 2sdA 2uE IEHEHE, 2 1%, 7|19 & 53.44%(v/w) ZRHOIA
SRCM101480 2% @S AEStL Y2YE YYo= 24 WEF GK-511%-SS AIFT7}
Ay, &7, e, £ Yot 22 BIIE EUCHE 49).

H 49 zihaxE, UYL AH=E 7|9 Azl 7|2k Bt

Al MY &7 M= o 2 A
GK-S11%-KS 4.2 3.8 4.5 4.6 4.0 21.10
GK-S11%-KL 3.2 2.8 3.0 2.8 2.5 14.30
GK-S11%-KA 1.8 1.5 2.0 1.8 2.3 9.40
GK-511%-SS 4.0 4.5 4.8 4.4 4.4 22.10
GK-S2%-KS 4.3 3.5 3.6 3.3 3.4 18.10
GK-52%-KL 3.4 3.0 3.1 2.5 2.9 14.90
GK-S2%-SS 4.4 4.0 4.6 3.8 4.0 20.80

GK-S2%-SL 3.9 2.9 2.5 2.6 2.6 14.50

% FR U MZAZ ZAR L AP} 100S HUCR RAHRM BSEIF MA|

% GItEE= 1(very bad)~5(very good)2 E7tet & Bdils HA|

Che asmo} 2 MYE 7|A=R GK-S11%-SS AEFE
! .= 7= AHAIE 49 E 2= A=RS

2 ZAISIY 0|, ZAF Zils B 50, B 51, B 5201 AH|AISHCY.

Ase & =222 2=




50. 7|19 M=o AHIZIHE F& Bt

MEZAL 22}

L42.9%) > EE(36.7%) > 0/E(20.4%)

P4(49.0%) > 2E(32.7%) > 0IE(18.4%)

=494 L4(46.9%) > BE(34.7%) > 015(18.3%)
AH 24(55.1%) > 25(38.8%) > 0|&(6.1%)
st L4(55.1%) > BE(30.6%) > 0|15(14.2%)
5F HE(46.9%) > 24(30.6%) > 015(22.5%)
24(51.0%) > EE(28.6%) > 015(20.4%)
ZoHEIt +

14 286%)

9 (184%)

2(41%)

%2 92

I 51, 7|9AlZ MUl OIET U 20jol3 AHAHE EA W}
molae HezAf 21t
L2421 8(46.9%), L2EE Z2X(38.8%) Y k=r=2
= 1]'E=2 ,
= TO8= (8.2%) 2|0l N22(6.1%)
AR 7ICH CRE| BHEE | DHZ(49.0%) > HE(28.6%) > BUHE(22.4%)
Al AE CfH| OIEEE | DHE(44.9%) > HE(30.6%) > E0HE(24.5%)
MU0l HE OIZE | DIZ(51.0%) > EE(30.6%) > EUE(18.4%)
HE(42.9%) > 0K 942 24(30.6%) > TOHE 24(26.5%)
55 Tojolat . OjE H(HTA| TONE 2 + RONE 20), OISR S 2 (M5
045HA] oS 2 + TOfarA oS 2
ol = alols FYAE(0~68)(65.3%) > SHIAS(7~8H)(285%) > 381
zo| 2303t

M WA 271

(2439)

=(9~104)(6.1%)
21 (g

a3l =2 5)(67.3%),

(46.9%), &2 C|Z21(20.4%),

(57.1%),

7t4 S2-0PY
E(8.2%)

=51(of

(==}

at

—

40
N

+ o

. U0l 2US + 2UF)
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2H|Z} F7E ZRE HIYLE, AAHE 7 Atgs 82t 20| =25t
1. B2} G0l AsE Az AFel 241Y

2T HYE SE7[91 M=o YLE0| AeHA0|0{A, AB|ZF BIto| RS oF 507 LHe
o

—

Ol
S

o 22|18 Az(500m) ¥ BEE A=z HEFS S| MZESt7| OfH{Ct £t A% 2
M7t SHEE(2] ofof, 2|8 Ee= S=ECZ Y| PR A| Y= 20m AEYH AzE
AH[ZE BB 2 AFStU2M, O] Ho| AE Olshe L PHEE SHOM £HE 20102
2AZ5tRUCt 22|81 SRE AR9| & FZ0| FESIA| AU, E7 S=2E AzR9| FR
Y 3|4 Hg, 28 YY, Rz =2 Y SOl st QHUTF AS= R 90F AH|Z} HILO
=M zefst A2 TTE[ACE

2. AH|IZL WL ANE BtESH SE7(9 Az AHE i wot

22|18 7|9 AMzes HE Q28 ARet RASE #3222 Ei S 5% (VVE 2
Astl, 500m 2 1,000m S| E HEI2Z HEFSI5tC 228 SE7|9 Alze i
TS 5% (VW2 RESI0 15m A HELE EFst, AHIZPVF A 282 + U
g TR0 28 LYS s B[SO

o)) S249: 7|19Az AE(15m) 1700 8 E= B 200~300mE 5|AM5H0] S25HH,

|20l @2t =ZO0[L OI0|E AldES F7tst0] S8dll= FLt.

CHS, 7HMAFEES BtEot0] 83 500m2| GK-S11%-SS Al8F YEA2E HR5H¥ L, 24t
=2 4 =L BIIE HASIALL 2 Al MStixdisty gEASFgsint st 209
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(FE-Az AR A dSA ZEHE M2 510 M UCt O 2D
Szt AMA S S0 Cist BEEET 70.0~90.0% 22 IA T

SEE DR 65.0%, ‘EE 350%=2 MEHHoZ ZZHZQI LIS Hiorct 5t
20 o

o

=

g'y
A
5O 1= N HJ

ob = & 04 g =AM At FOHY A 55.0%, ‘=& 40.0%, ‘FOHSHA|
2 10.0%=2 SE3I0] 455t 7590 3o A2 UHEAUCHE 53).

I~
J
ook
J
>

ISZAF 23}

o o = L
o DEZ(70.0%) > £&5(20.0%) > =2E(5.0%) > 01 ET=E(0%)
A0 DFEZ(80.0%) > £&(15.0%) > =2E(5.0%) > O ETE=E(0%)
A DEZ(85.0%) > £&(10.0%) > =2PE(5.0%) > O ET=E(0%)
ok DEE(90.0%) > EE(5.0%) > =P5(5.0%) > 012 22=(0%)
4 DEZ(50.0%) > EE(45.5%) > 22E(4.5%) > 01 22(0%)
Sl Pl TEE(65.0%) > 2E(35.0%) > =PE(0%) > 0P =RE(0%)

0K Z4(55.0%) > 25(40.0%) > TliskA| giE Z(5.0%) > X
TaliskA| S Z(0%)

A0.0H,
I: P

ool

r HO2 UIiE0], BE|Y UH'S BRH AU ME
¥ wEAZ A2 3YS OIS 20| YU O LEZ HZ) JIUS TS 3,
MY l9l HEY OfH| 11%wh) HIEIOl YES 22°Bx2 S, JI9| BYS

=
=
Ct. 0| Y2842 of 1.78] 2/45t0] EIREET 7% (V)8 =2E7|9 EEFE S5,

@ gYaiAlz AHZR) o7 EIEIS=s T7%0N) dH BFECl 30% EO
Acetobacter pasteurianus SRCM101480 &2 #F 2.63%(w/v)E HZs &, gtotz|of
SO} A4St M2 Y 30CE REE QFHIOIE 0N Hx| Mefjz 77 HiYsI F2E
HZBCH O|F Z20| UHZ| 2EF 70%E R7t2 EQsty, $ERE 30T RUAM
2| MEHZ 30Ut =4 HERE RWSICH 24 YWEIF 2tmaE Az YEHR a0y E

A F SiCt. 0|2 5T 0|5te 4

=
O|23f ojulste] ZAF &2k oF 7% (w/v)Q| Az Btg 2loig 4=
& RUOM EHs =5 t
oF 40% 7}5

un o



E7[9] Alz= 500m 2 1,000m EF9| R2[Ho| HYst,
LB 87(0f 2.2t ZYE AF2 ddVIE 0l
2ot = A20|M 2450l SE719 2EAz AHES 24
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L8 (ZE=719) A4

7%(v/v) 719 &&2F A =x

l

2 AE

012 A U STAUR A

=
gz 27

i
fa)

olgst Ol 2 2=510] 2E7|Q A &5
22°Bx, AE} 7|9 2EZOH C{H| 11% 247}

Saccharomyces cerevisiae NIBRFGC00050200 2 0.25%(w/v) 27t

U0 E= OIES A ub|2 SRS 027|510
ATSES 12%() telel Fieigaz 8

£ oF 1.781 FII5I0d 7% (viv) 25719 €25 A=

7%(\/v) gz O%REFOH e, f cetobacter pasteurianus
|=F=)

SRCM101480 &2 2.63%(w/v)E

20| LA L2 70% TS ore|of 7t= g1 30C=2
ZESt] F2| HEHOA 302t €=

5;% HF oie] A 2 40%E HII5HH SN 5% (w/iv)=
5C O|3te] dYA|Lo| 250 A5 A

54 7|12 = A A

FZ2E o3 7|94z 2A20]| 0.03%(WA)Q| TRES E51510] LEITA Ofap |2 Ofat
= ZA} &2 5o ZC7|9 AlzE & ol
AE 2T \ A (0f| HES P 65T 2ER 20~3087F 7Sl £Fo02 AR
3, AE s || Az B2 5% (wh) BEFI9 AIZE Yse AEs
O& 38, MPEl BE7|9 YEA 20| AE M 33T




=57\ 2=A2E 28T HYERE = Yusd 2 4F HE(25)

YEAZE BT 22 N Y2 5719 EEE 0|88 EEAz HE FFEN=
HEE 257191 A=E HIO[AZ 510 AHIZF Mo HIEISY Az 88E LS A
Oolct. Mz == d¥ Y ANZ=c| EME0 FEstd ohefet AHAES| 7|28 SFA7|
71 floli, AZ=2e2| HO|RQ YE22AL; AT 22E Esls As Ve ZHERE 29
StR2n, = AFoME 2 £& Al7| SLR(Z2 Qo it 2= A H==2 AESHA
Ct. ot 30| HdS flol 25 2 ZOE2=2 EESIAL: HEE A= SEs A2 FF
=2 =0F d&E7t & AHIAE UY22 HsdAE HAISH0 AB[RF U2 B|ZISY 4
z2 Z8E UYst, 2TH2Z AHF YU Y= HESH Az 2 AASS ARGt}
SFRALH.

=279 €EAM2E EES HEIES 22 NEO| AES Mz ER= 2E7I9I EEO

MEF 1% (w/v)E A7t & Saccharomyces cerevisiae NIBRFGC00050200 €22 &5
2 =22 Ml LTSS T%(w/v)E RAEStL, O0|E Acetobacter
pasteurianus SRCM101480 ZAtROZ ZAF BFSA|H RS 24 &&F oF 7% (w/iv)Q| =
E719] AMzEI9 ®F 53.44%(/w)E AESIUCE HE YEE2AE ESAEHE
(www .esfood kr)OlA TSR, OFFFAIOFEE (F)010[H|F &R S0IA Hitst HES AR
St =2 ASOM FYet 2eit 2f2E AFESHRIC
(0]

o
= =
Alz 22 H|0|AQ| HiEH| MAS Q5 YEB2RA 5% (WNE 255+ 5|40 g
OiH| ZE7(9] AZE 2~7%(w/v) HRZ A7t AlRE A|ZRot, 27 L A= KR JAt
At AFAE 10008 a2 T[S WIS HAISHRICE 1 2y, 7|AZRE 5% (w/v) &
2tk AlZ7F S, ADJ| 73 L MEHA TSN Tt 4%t HULE Hot HIZREY =
E719 Az 289l 2[4 Hig HE82 MYEJUCHE 54).

B 54 AZ #oMHIZ0) 02 A23R J|sC
NzatEg | @) s %t 2y L
2% 2.4 2.6 2.7 32 10.9
3% 3.2 4.4 3.8 4 15.4
4% 4.3 4.6 4.3 4.7 17.9
5% 4.7 4.3 4.5 4.6 18.1
6% 4.9 3.4 3.6 3.8 15.7
7% 4.7 2.1 2.5 2.8 121

YEZ2A 5% W) 7I9IMZ 5%(whv)E S8t 828 Y22 O &S Qs Ot
AOlES 0.5~3.0%(w/h) EHRIZ 22 Ikt 7|sk= @I7tE ZAlet 21, OPFAORE
20%wNh)E d7teh Al=7t Qe Jdnt e V(S =0M Tt f4t BUIE ARUACHE 55).



B 55 E€E IO OE AzS= 7|2k Bt

d=dot HlE 7 s ot Y A
0.5% 4.5 3.9 2.7 3.6 14.7
1.0% 4.4 4.2 3 3.9 15.5
1.5% 4.3 4.1 4.1 4.2 16.7
2.0% 4.5 4.4 4.5 4.4 17.8
2.5% 4.6 4.4 4.3 4.3 17.6
3.0% 4.8 4 3.9 3.7 16.4

BCoI9 AMZE B HIYDS SRO| M WIS JIAMZ 5%Wh), BY ¥

2A 5% (wh), HEB 2%wh), HAL 88% (AR HHFIUCD, JSE BAS 9lsh A

S2 100mY 22 S240l2 29(122)8 HII5HR, CO.Z 0.4%(wh) B3f5t0] Tj7|3
20| B2 U s SN J1Y HBE HOZ BErE/UC

—O.EFN

—

=
— o
7] Highle= X1|:7:°

ﬂlH
N
N
Jo
E
ﬂJQ
> U

o
=5 0%, ‘B& 35.0%, UF 5.0%=2 dit
Z—*.QE %@@ GOtE AT L5 BYRSY 7|9 A= =0 oig o oY ZAME

Toig 2 ’40 0%, ‘2& 50.0%, ‘TOH5t2 10.0%2 SESIH d&3 7tsd0
2

== ZM éﬂh LEAzO| O 49, MY, & =M ‘U=F ZH HIE0| 55.0~
L_

b
mjo
N J
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S

[

55.0%

(10.0%) >

A

o=
= A

Lo Be by

(0%)

=3

o

OE=(55.0%) > £=(40.0%) > 22E5(5.0%) > O =22E(0%)
oK Z4(40.0%) > ES(50.0%) > TOHoHA|

0F=£(45.0%) > £&(45.0%) > =22(10.0%) » Oi? 22=(0%)
DEZ(85.0%) > £&(15.0%) > =22E(0%) » OiF ET=E(0%)
DFEZ(80.0%) » £&(15.0%) > =TE(5.0%) » O ET=E(0%)
DEE(75.0%) > £&(20.0%) > =CE(5.0%) > O E8=(0%)
DEE(60.0%) > £5(35.0%) > 2PF(5.0%) > OIR 29=(0%)

ToH5H|

2
S/

7155

1)

=

b2

I
o

A7}

H 56. 257(9

S w Mo Jl oF X B R
N ofn < n X o o W X
o & = gl Mo &5 o
T 0| 100 o+ X0 N - =

K Hin & O KR
o 7 Gy A XS Ao oy = N _%ﬂ Gl
g = < o N ol 3
=T 7! %ogwaﬁuﬁ ﬂﬂa_z_.___zulﬁ
% g = e.m“%yﬂ Eml__nmmg.w_
M = < N — o L
= ~ < H_o o o 2 o r_oﬂ_ jof 1o
+ I o ] a2, < 3 =1 =
oMo U _ By o o oM@ =
ol + T o T 5 o <
o 2 ATy d S <G
Mo s -1 53 o 3

Wor A DE YW S T B
N e T P .o ko
20l R . 0l zo o - _
T =5 [ o d s AR o
U T TRy o s S K
Ao T 5 Nm___mm_ﬂuroo_ﬂﬂu_:w.ﬁ)m

- o I.|L| e —= > =
B T _sms Mgl so
o Wo X H ol W Q = _ o oo o W ;K T o

Mo~ N X -6l © 5 N M2 X
bl N X0 < ol oo & <t <t o ©
RN ol 7 = 5! T 0 &K 2T Hio M 0

= —_ —_— <Nl T J— |||I_|_ <
N N @r__F_ o =~ KU &M m_l___m S <l ou oF U= ._H_M <r Jo
Bl F o R =D otm Q SIS
L BR = ol M = L op wl :_inm__mol__.u_r,?
Fre 3 WMoyt ma ko
A A I T R N - ST B o o

< St IR QW molof T80
. T, N Poln ol g KD [
~ ol ™ < L_d_ my| of __ Ho RS I _._.w_ H___lo 03
W= ao o B T W B oop B
W Smmo AW T g
+ =0 NMogp 530 RO gy o WS X

0l = —_ = ~_ ol o ao ﬂoA gl Yo
U T2 Ao S N g
ol olic [ I He YK mop®d 2
o & 2 _.__or__n_oﬁwo qi_w.nokozf%u
Tl mMEET _FmT g’ el s
/\ﬁvnn_ﬁ.._ _ < 37 _Jd N _ o o Unl_ _ o0 a
UEe Wamyggw_ o8Xq .  TXy
e ( RO = X T NO T VoK 200 —r O
% % W W RSN o

o R o W w ~ wo JJ ®O
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719 =Mz B8 AES =

-
=
7|9 g EF 5344%(v/w) RHUSZ YESH =G  Acetobacter pasteurianus
SRCM101480 #== ZAt YH=5t0 ARt AMZE 5% (w/v) AMEStL, 24 L2224

= — =
5%w/v), BE 2%Ww/v), AT 88%(NE HIFSL 7|s: Fds fl6l Az 8=
100m£‘3 gdlz s2t0|& 29(122h)2 A7Ist, CO.E 0.4%(w/v) &8sst & L=F0|ls ZHO|
SUSHY ASetote 40| BlEREY 25719 Az 289 2[4 4 S22 HHEY

CHaZ 41, O 42).

| &2 85 473 2 A4 | [2S ot L 3
|
2e719 Nz A7} iio 24(88% (v/v)0ll £4F 8H2F 7% (w/iv) BEF|Q Az 5% (wW/i)E
|
| J=zx A} | | 228 24 Oy 22294 5% (WHS BT 24
|
| 4E 3ot || 84 hY| OFIAIOF HE 2% (w2 BB

5&

0~2CT2 dztz|= LHE30| CO, sHIE HZASI0] 3~5Y7t ErLGtat
0l CO, &20| 0.4% (w/v)7t =2 251A|Z

|
=% =5 845
|

AL 222 H2tM HO|l 29/100mL7t &5 YR0|& ol 22 &

U

2lojA8 27t
|
| % 28 499 || 2y U erMst B A2SRE UR0|E M| Yn £ UL

|

a7 Pasteurizer &#7|5 0|83l0{ 65C2 22 20~30827 7t€ste &
- Foz M@
|

A & 2 | Lwas sisl Mzgmol Wt o ajojz Bxsio) XEs;
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Z|dstEl 7|19 SFF L 510|2 dEf D23 E, JALEAz U HYIZ AMRZEY
N2 SESH ARI|e2 SAFE T8, 2= ARYUA0| BEZSHE A J|s0|de=2
712 2% =2 A Itz &0 7|0{e & JSAL=E Tt 7[9E 8§ 7|&
MZot 2EHetE 22 U S8 HES AMYSHY E2 0fF 78 2 Mitste Aoz Ity
SIRSM AHZE 40| £2tE0| 7|0 ZH(HE 57), oid Z& 7|9 19,900kgsS OS]
7t o[ Tt Yo| SUIAS JSCHO| 7|0 Ziez ZYECHE 58)

« 7|19 SER(10 ¥, oIt 10t)), 7|19 YBSSI (30 M, Tt 4HY), 7|9l LEAIZ(10HE,

CHob 20kY), 7[QAlZS2 (20 7H, Tt 44 9)
B 57. SE7(9] 2 WY AHEZ9 BAYE &4
E=dH 24(A) o2y 24(B)
o 37tz|= 0]
o 37t&= H|E: - 71985 10 H AAHEIE 10,0009)
- RE AR AL T2 AH 28 U HH - 7|9 €22 S5 30 H AT 4,0009)
- Az AHR-H 43| - 719 EEAZ 100 & MAHEYE 10,0009)
- A(A) : 100,000,000% - 719 AzSE 20 H AAHTIE 4,0009)
- Al(B) : 400,000,000
o =Z4=2lo4(B-A): 400,000,000 - 100,000,000 = 300,000,000¢
H 58. 2E7|9] 4 MY HE Mo 2 s7tAS S 7|0 24
:ru=l 9|o =z2= 9'"?" 9"?' 9|O| AMzo g
o TI oTT T OEF_?_%%E tél-jA_!z Tl |maeT
ZE AE MR 42HY, 7H) 10,000 30,000 10,000 20,000
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ABSTRACT

This study was conducted to implement a more objective and
reliable data collection system for 'Kanpei’, a major greenhouse
citrus cultivar in the Jeju region, using artificial intelligence (AI)
and computer vision technologies. Furthermore, it aimed to develop
a mobile application capable of conveniently estimating fruit load
using 1mages captured with a mobile RGB camera. To develop the
fruit recognition model, an extensive dataset of 29,351 labeled
images was compiled from the 'Kanpei’ variety between 2023 and
2025. The precision of fruit recognition was highest with the
MobileNet MultiHW AVG architecture, achieving a performance
score of 0.735 under a learning rate of 0.9 and a batch size of 8.
Regarding the performance of the AI models, both MobileNet V2
and MobileNet MultiHW AVG showed that regardless of the
learning rate, a larger number of samples in the training dataset
resulted in a lower total loss rate, ranging from 24% to 27%. In
the machine learning results for the fruit load prediction regression
model, the Linear Regression model demonstrated the best
performance, with a coefficient of determination of 0.76 and a

prediction error of 13.67.

key words: Smart Farm, Computer Vision, Artificial Intelligence, Citrus.
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ol= AA A ZEAMA7F ksE w7bA] tfr]ste] 29 ol A <)
g 5 Ao AAZE A2 B AdE FHENT. dEE d
2 942 Image Transformation ©HAS A A olu| A9 %=t F
NS A5t Wy olvx]+= TfLite ConverterE &3 thxg

i HdeEjel olmx] "Mz wWEegiv. wekd 'l = Tilite

Inference =55 AA v sh5d TifLite =2 oA A4 A S
st o ZHgtor AAHHE A ®lA = TiLite Tensors
To Detections FAES Z3] AA| AA 9% ARl 7x wWEZ
Fgste] A2 4o FA3 SsdAnchorsE 7IWko® AA A A
2 FxE WA A3 FEEE =o|7] s THE A A
A T AF T e AAE A A AA A BEEE FHA S St
Atk HE SA4E AA ARE dAydy vhsd 92E 2 gy Wy
o7 W33 F Annotation Overlay ©AE Ed] 9 4=H oju A
ol AAE HolER AA FAE FHete] AzsdE AA Q14 A
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O Flow Limiter

o - HEe AR RS Fol7] 9 2124
input_video %JEJ_U]—X] ‘:H 7] 75_]_1 CQ a O] El] x] _{‘[\_%
' A &g
WLy O Image Transformation

- 49 olmx] Wg(=7], TIY] TF)
O TfLite Converter
- A717F WskE = oluAE olnA
HA 2 W3
« on|x|&lAf: o|o|X| HjolE{e| Chxtel b
e O TfLite Inference
- o]lu] A Bl Ao A TensorFlow Lite® 92
Agsto] A GA =9 BH
— * Tensorflow Lite: 2HIY SolAM Hed 22
= TiLiteTensorsToDetactions A|"'C":"<2.=!- zlk_ 9}{5% OI'I_ —L?Eo
i O TfLite Tensors To Detections
- AF8-2 3413 SsdAnchorse 7]Who &
Tensorflow Lite2 9o A AAE 7+HA
DetectionLabelldToText Eﬂ*ﬂ% Z:]!-X] H—-qui E]i%
: O Non Max Suppression
- FAe mE AA A2 A
O Detection Label Id To Text
= - Q1 Aol D S AA s v
*"'“"—‘-33_fr”:""’”a?-' O Detections To Render Data
S A gAE Fe Y

output video O Annotation Overlay
- 4 olulxs A HrES BT &

8

Oy 2. oln A AA Q1A Alxd" FRE
A2 folgAle malzY 3AR"E 7HELS Random Forest,
Gradient Boosting, SVR, XGBoost, A& 3|7 &igl&S o] &3to] 3
A Ead AAGA TG xS AASIE T AA Q1A Ao n g
A3 QFA T st AL MobileNet2 MultiHW AVG, MobileNet
9?\@(31 1). A% 7&3@% #&l learning rate, batch
= o P E=ie /\]—O]-

E
TN
10
oZ:
4
e
fl
ﬂtl
g
PN

2) A% AT AALS 7Nk R AsHA FAE ] Eakd 2 AWt v o FE] A o] Ao
Aetsk 2719 2dl(Howard et al., 2017)
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E 1 AAQY QAT 2,

M Test Average .
odel Input Image Procisi CPU Latency | Model Size
. . recision

architecture Size (%) (ms) (MB)
MobileNet V2 256x256 88.4 48 11

MobileNet
MultiHW AVG 256x256 88.5 56 13
3. 2% ¢ &

2023 RS ojujx] AME 2008 & e R QFA T Ed EgF
A3t 2@d A5AEE G580 dWd Suss dolHe 279
o8k Hkz] ok Ao g UEEd o]l: do]E MZo 27} Ao
& shhol 3yl FESHA] g Az AdEtHE 2). 202493
o= olmA AEEL 191ACR st W ekl Aw 9
o12] AW Ei= MobileNet MultiHW AVG REdo] <55 (09, 3HH 2
HhE ghgol AREH = dlolEl 9] G 7H(batch size) 871%1 ZeolA A
SARIF 0736 & AoR A HATHE 3). HolH M=o $7}
Wi ot 157 2e5E AT A% mde ABARI} Eol
A= AEgS YR THGEE 2, 3).

2.9 1A 2d HZ dolHAl A5(2023)

(n=200, Epochs=50)

Model learning batch Average Average 3 x

architecture rate size Precision” Recall¥ Fl-score
0.3 8 0.464 0.380 0.418
0.3 4 0.465 0.374 0.414
MobileNet 0.6 8 0.481 0.382 0.426
V2 0.6 4 0.470 0.376 0.418
0.9 8 0.517 0.381 0.439
0.9 4 0.507 0.395 0.444
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it | e | PR | e, | R | Flscore’
0.3 8 0.478 0.370 0.417
0.3 4 0.445 0.347 0.390
MobileNet 0.6 8 0.480 0.351 0.405
MultiHW AVG 0.6 4 0.491 0.353 0.411
0.9 8 0.484 0.368 0.418
0.9 4 0.502 0.378 0.431
“ Average Precision: ¥4S 14T of A2k A F AR oS3k A v &
Y Average Recall: A HHdE 5 Aoty A2 A=A v &

* Fl-score(A 5 A %) F1— score=

# 3 3A A4

v

2 X (Precision x Recall)

< Hl°lH

Precision + Recall

Al A]

A A5 (2024).

(n=1,911, Epochs=100)

architecture | Crate” | e | Precian’ | Reealt | F1-score’
0.3 8 0.806 0.658 0.719
MobileNet 0.3 4 0.804 0.656 0.718
V2 0.9 8 0.821 0.665 0.729
0.9 4 0.795 0.648 0.709
0.3 8 0.810 0.662 0.723
MobileNet 0.3 4 0.791 0.654 0.711
MultiHW AVG 0.9 8 0.825 0.671 0.735
0.9 4 0.771 0.645 0.699

“ Average Precision: ¥2 & <Q124E dof Qa3 A F AR oS53 Ao H&

Y Average Recall: AA H4E 5 Aoty A& A=A v &

* Fl-score(A 5 A %) Fl— score=

il
=2
rlu
Ry
o
N
N
S
32
=
=

2 X (Precision x Recall)

4= Al
L
| A

Precision + Recall
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of AR5 =
FBETE
77 ARd
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st Slo=




T~

JaFste] 5%k A3 MobileNet V2, MobileNet MultiHW AVG

g Sl st AEE ElolE e
MEo| 24~27% HHAZ SolA| =
= FEY dolH A%e Zuel wu
40 ola mee] AL} FAEE AL AAFRT

N
-~

P
T
%
o] St
=k

oy ofl

(n=200, Epochs=50)

Model architecture learning rate” batch size’ total loss™
0.3 8 0.5374
0.3 4 0.5297
MobileNet 0.6 8 0.5287
V2 0.6 4 0.5341
0.9 8 0.5358
0.9 4 0.5241
0.3 8 0.5615
0.3 4 0.5676
MobileNet MultiHW 0.6 8 0.5522
AVG 0.6 4 0.5573
0.9 8 0.5682
0.9 4 0.5394

” learning rate: E 4l o] -4751/] 7be A duptt w2 A FHEEAE A A
¥ batch size: St Edo] gFel= doly AEF9 g
* total loss: A £

bl

5 A olal wdl A= go| Al £24(2024).

(n=1,912, Epochs=100)

e

Model architecture learning rate” batch size’ total loss™
0.3 3 0.2424
MobileNet 0.3 4 0.2949
V2 0.9 8 0.2530
0.9 4 0.3226
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Model architecture learning rate” batch size’ total loss™
0.3 8 0.2657
MobileNet MultiHW 0.3 4 0.3251
AVG 0.9 3 0.2788
0.9 4 0.3845
=

* learning rate: X @o] A JlF X dup} w2 A FHIG=AE AH
¥ batch size: $tH o Edo] g5l doly AEF9 g

* total loss: AA &2

AR RR e B dEe 98 539 Madd 39 wd

S v A3 Ay A3 37 (Linear Regression) Rdo] ZAA A<
0.76, B+ ddl A 1367= 7HE 53 Aes HUHEWUTHE 6). 4wk
Aog Ay 37 Ed2 dHolgHe Wy 1 #AVE B =2 2
45 Holed, & AFdA FE=E olux 7§k EXEo] et
Aot APA AAAAE FA4st = YERAT ®E) Random
Forest % XGBoost®} #Z2 HFAE HAdY EHs2 AUdo= &
des B ol T HlolH 9 F(n=289)7} EHo H3Io H]a)

] olm] %

>
' = =
FHZ FOE RGB 7hvetz 99 gz NHE = g d
Zo| 7}538le, & AALY muld 7)o M % dak Bl glo] AA
2 Au2E FAT £ JdE 7Ed A b Ao wdd
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£ 6 HIF dZg WAy 59 2dd 2445 2 oA
Haldy FgARd
eI 9 = Random Gradient
= |
Tz ]3]:] A9 87 Forest Boosting SVR XGBoost
B 4
A | oo | B8 | o0 |28 | 00| 28| on | B2 oy
_-‘L] - - . -
Al AT AT Al Al
g=sk | 289 | 0.76 | 1367 | 0.72 | 1518 | 0.71 | 1511 | 0.49 | 209 | 0.69 | 15

Y (BAg—dEE)?
Y (A= 5)?
v @ ZH(Mean Absolute Error) : MAE= (1/n) x ¥_ |2 A2t — o Z3k]|

rARAST L R Score=1-—

(0.75~0909 3% 58 4%)

Tgu Asuzias 5Y7EH TFgu #758rHs $Y7I&H Tegyu A7nuziis $Y7IE

i\
= T, k= 12 adld Be dmade o vdeo 1o Begin nanng
_—
21445 107 @
&= 8074 — ~
20471212223
b I
ol L) #A:15cm, 3 %cm @ @
SBEBY  yup: foim) 20H: frm) 50): fmm) BEAIZH i
R P = 040+ R = 040 +
E|Of 1A - 10 + E|Of lAfa = 10 +
Ol ad - 1074 @ Delegate CPU - Delegate CPU -
04 &==: 8074 2%  Mobilenet_v2 - 2%  Mobilenet_v2 -
Y 2EF 14 g sl q i
(Z]'__Tq__/r_’ 374_/‘;]‘37] ‘%l,‘ /}_Eﬂ]) /\]—%—Z]— }%.-_7(5] 7]'6‘(;—()1—57’]'T) /\]—%—Z]— /\EX{; 7]'6‘(57’]'%37])

Iy 30 dEdA &g AolA.
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Another look at statistical

On pixel-wise explanations for non-linear
- 248 -

Yungion M.(2009).
learning theory and regularization. Neural Networks Volume

22, Issue 7:958-969.

V.,

&3
Bach, S., Binder, A., Montavon, G., Klauschen, F., Miiller, K. R., &

classifier decisions by layer—-wise relevance propagation. PLoS

Samek, W.(2015).
ONE, 10, e0130140.

1

£

Cherkassky,

1.



Guy, Farjon., Huijjun L. Edan, Y.(2023) Deep learning based
counting methods, datasets, and applications in agriculture: a
review. Precision Agriculture, 24:1683 - 1711.

Howard, A.G., Zhu, M., Chen, B., Kalenichenko, D., Wang, W,
Weyand, T., Andreetto, M., & Adam, H.(2017). Mobilenets:
Efficient convolutional neural networks for mobile vision
applications. arXiv preprint arXiv:1704.04861.

Linker, R. (2017). A procedure for estimating the number of green
mature apples 1n night-time orchard i1mages using light
distribution and its application to yield estimation. Precision
Agriculture, 18:59 - 75.

8. 474 AA

Fogdx
ARTAD TR 2 & AF AW FALT
3| %5
9% Mo | #1948 38| 0| O
e ettt g | £ RS B2 °
G i G| 5T | 7 I
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I =N =3 -
WEE D A aramn 33 22 a9m
B FHEAD AT FEAE 88 AEF | B AF =,
| FR - Fx TIEAY ~’28 |WRifssARE O C
Fx7N% | D) AF WD e AFF . AFED
(FRFR22) Iz NEA e s i I
1 4757

O A Y9FAikEo] BU7kx] 43 5714 SUHE S &
2. Al ¥ WU
(AN 1) gdF 4z £

O AldAE: &, A5

O A&

- A 1) HaATSF, =) 2 2w ulghe](70:30, 50:50)

o mE A 2w EHE(ZFA))
% AZ 24 7w 120%, HE 252 22T
- Ay 2) $F L% 20+1, 25+1C
e EA QI A d R ) W 70:30, 7FEE 120%

- A8 3) 7} 100, 120, 150%

s g g A (FEHE]) wighe) 70:30, HE % 25+1C

O A 3 9, 784 ndE, A, 7 T
(N8 2) &52d ¥
O AldAE: & AFvd(Fd)

O AHZug: T2 (FH1W, K2, Y263)

% Az 24 MR 120%, WE S % 25+1C
O ZAGE: F:& Y, /hEH nYE, AT, AE 5

O ANdAsE: & AFuL(F4d), T84 &

O A& 7F=100, 120, 150%), <4 717K7, 14, 30Y)

=
w Az 22 dEA e, 55 K2, A-wd wjehe] 70:30, HE 2% 25T
O At dxe g, 7HAd 9w, A, AR, VIEE 5



3. F8 dA+Z23
(ANg 1) gF ¢ =4 44
<A 1> TEA 2 oupen

O waA 2 afgule] e ogels 54

et | b u@hE | 2me | g

() (°Bx) (%) (%) pH

70:30(F A 2]) 14.9+0.06 ¢ 9.0+0.31 g 1.4£0.01 39

. 50:50(F A 2]) 12.7£0.00 d 10.2+£0.06 1.5+0.02 3.9

o 70:30(Z ~H) 11.4+£0.06 13.0£0.50 d 0.9+£0.01 45

50:50(Z2~H) 11.9+0.06 e 11.2£0.35 e 1.4+0.03 4.2

70:30(F 2]) 15.1£0.00 b 15.2+0.35 b 1.3+0.02 4.3

o 50:50(F A 2]) 15.1£0.06 b 16.0£0.49 a 1.3+£0.01 4.4
)

70:30(22=4) 16.4£0.06 a 151£0.23 b 1.4+0.03 44

50:50(Z2~4) 16.4+0.00 a 145+0.51 ¢ 1.5£0.03 45

CobgE g F AR 24, TAN B A1) Fae ANow Bad g
Y Means separation within columns by Duncan’s multiple range test at p<0.05
* A B0 FAHR) ¥ 107 TS Y, 229 18 TColA] 167 # &

¥ 7 EF 120%, e 2% 22T

O aA 2 wigvld W& 7|3 %(n=10)
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0 cadmy oA | | ew | e | ww | 4T
7030(%H2) | 26 | 35 | 24 | 18 | 2%
| sosoAe) | 31 | 40 | 32 | 25 | 28 31
T L0808 | 31 | 26 | 24 | 19 | 2 28
5050(2~%) | 38 | 35 | 18 | 14 | 18 15
70:30(%A42) | 81 | 69 | 61 | 61 | 69 7
5050(%5e) | 81 | 71 | 67 | 58 | 64 74
7030(=~8) | 64 | 61 | 65 | 61 | 58 68
5050(=~8) | 64 | 63 | 67 | 56 | 63 64
%P AAE T8 AR(l A BUE~7 ) SUE)R Pk F 100802 A




O W £xol uhe Pz} A ojskety 54 g
3 — £ »
¥ - — p— §
e o ; — = oy
- uf:.i't_-'t‘&l N ' i I;A:E:’Iﬁ?ﬂth -
HeA nEE 4
E £ —
* z// - =
O"h ’ :'c;.'l'ﬂ ’ 5’3 E’.‘"—‘\il TS _83
W WREEE)
A48 S Abek gk
O g 259 & 7|35 (n=10)
= = BEA
Aeg | A g | e | oew | oam | AT
20+1(C) 87 62 65 52 62 65
25+1(C) 77 63 63 70 62 63
¥ YAE 7H HEA g EvE~7 g v E g4 1008 o2 Skt
<AH7 3> 7
O Fhsarel w2 olsetd 54
delge | PR ABE | B9 #F | dHe g AdS
Aels (°Bx) (g/100ml) (%) (%) pH
10096 20.0+£0.00 a” 8.2£0.39 a | 124%0.21 ¢ 1.3+0.01 4.2
120%% 17.0£0.06 b 5.1£0.39 b | 13.4£0.17 b 1.3+0.01 4.2
150% 12.5£0.03 ¢ 2.1£0.05 ¢ | 14.4+£0.22 a 1.2+0.02 4.1

Z Means separation within columns by Duncan’s multiple range test at p<0.05.
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(A4 2)

xR du
=

O X FRo W gFel olsety 54
o | HERNBE | @AY 9F] 2w §F | 4dF
A (°Bx) (g/100ml) (%) (55 | PH
bRl | 18.3£0.00 b* 79005 b | 125+0.25 ab | 1.4+0.03 a | 4.2
K2 19.0+0.06 a 85+0.11 a | 135+0.78 a 1.3t0.05 b | 4.2
Y263 14.4£0.06 c 55+0.03 ¢ 12.0£0.36 b 1.4+0.01 a 4.2
? Means separation within columns by Duncan’s multiple range test at p<0.05
O EE Tl e g5 Ak
A
* &
1= L a b
bz RelR) 45.8+0.56 -0.4+£0.03 2.3+£0.04
K2 45.0+£0.55 -0.2+£0.01 2.30.03
Y263 48.8+0.67 -0.2£0.02 3.8+0.15
#* YAl w1 9928 a -0.11, b -0.05
O 8% FTFo W& g59 73 %(n=10)
A& Al ok ook &k A I 3 1] = g e
o] =l 69 52 63 56 52 58
K2 50 78 70 61 67 65
Y263 67 61 56 50 54 56
¥ YAE 7TH HE=1 v EVES~7 v )2 HUE 1008 o2 3kl
(A8 3) FF = 2710 AA
O bl W ok o|5e 54
g | TR TBE] 299 @9 | @we g9 | A9
AEE (°Bx) (g/100ml) (%) (%) pH
1009 19.2+0.00 a” 8.2t0.12 a 12.7£0.25 ¢ 1.2+0.02 b 4.2
1209 17.3£0.06 b 6.9£0.24 b 13.6£0.25 b 1.2+0.02 ¢ 4.2
150% 12.9£0.00 ¢ 2.320.01 ¢ 14.5+0.32 a 0.8£0.02 d 4.1

“ Means separation within columns by Duncan’s multiple range test at p<0.05
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O 5ol whe obre M
SERES GRE
° L a b
100% 25.9+0.13 -0.1£0.05 -0.7£0.12
120% 27.1+2.04 -0.1+0.05 -0.6+0.09
150% 28.3+0.41 -0.1£0.02 -0.9+0.24
O %A7Izkel WE kFo| 0|5ty 54
7d 19.2+0.00 a” 82012 ¢ | 127#0.25 b 12+O 02 4.2
14 19.3+0.00 a 91+0.19 a | 12.7+0.06 b | 1.2+0.00 4.2
30 19.0£0.12 b 86+0.08 b | 13.5+0.15 a | 1.3+0.03 4.0
“ Means separation within columns by Duncan’s multiple range test at p<0.05
% WA =, Aewd vl 70:30, e E 25+17C, 7 100%, S5 K2
4. A Q&
ANE 1) g5 ¢x =40 4A
O &aAl vl A3}, A= ARE /\] 7H84d 13 (15.1~16.4°Bx) %
diis FF145~16.0%)°] F5 o] =A yEbskon, 2-mRl
(F-=12]) wign] 70:30 ZL_ZjOHH XWW. N2&=7f 7V ekl
O =+ A4, Wg 2% 25T ZdA 784 13 E(18°Bx)Y 3
9 F=F(7.25g/100mL)e] 20C =7 thv] =gkow, ¢4aE& 3H=F
(13% #3)& FA5HAA G920 5 758} $5898
O Y= A, 8 2% 25C 7V 100% 2 78 ¥R

FE@. 5g/100 ml),
Y263 }'?1_?_01] Hlgl 25 =7
wo} w gF A
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4 Bl Al 2 AR = . |,
22 | (Code) A 2 AR A 7|17+ A5 = ) =}
o ] o

S RS e e e g B e B U}Mj;%i o1
A (1) ASAE EanA AL | 5 (A F E Qg
1C021704 7= ZlEk ~28 u];q%q;qxu =
ZVEBIAR 2) AN fAA A w95 A R ],
1C021799 AFAul 7]& st ~28 u]a%o,;qxu S

SRR

O A AdAH-E Fauw A vjx] Al A A 2 54 =4

2. A8 & U
(A 1) AEAuRE EaHA F5 oA iz AH 24 254 2AK2025)

O AAFFT: (T2A) Fols, (F24) A=701

O A&

- R FUTE 59 80% -+ A (M) 20%

- Al A A 80%+ A (M) 20%
e A A U 7EA], QA 28 Y T

O ZAM & &3 vixE 54, i AAGEE o

@)

R e, AA| who]

iz
En)
—_&,
=
D)
o,
Jm
o,
EN

>
ﬁ_l

o A (%) n] 2~ (ppm)

P K Ca Mg Na B Cu Fe Mn Zn

T oy (015 06D | 005d 006D | 79¢ [19b | 53b | 43¢ | 97d

%L?/Pjr 00a |0/4b|lMOa|021b|00BDb |154b |47b | 08ab | 349 cd | 03 cd
27

W42 [030a [107a[02b[030a|007b |[115bc|62b |[10l0ab | 467 ¢ |2B7he

A HEE 02 b [011c¢ |06 b |006d|[007b [21a [38b |1370ab | 87d |100d

Al 02Ha [0/Db|0AOb|[021b|012a | 52c |[35b |1&69ab |108b |3/2b

Zgt] 014ab |08 b 031 b|012c |00 80c |24a |2413a |2Zi8a |6lba
"Mean separation within columns by Duncan’s multiple range test at p > 0.05

- 256 -




<AL A3 5 >
Sy

v Al = pH(1:10)
T-C (%) T-N (%) C/N ratio
ATy 54 ¢ 43.08 b 0.22 c 200.82 b
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ABSTRACT

This study was conducted to establish soil moisture management
techniques suitable for Jeju soil conditions by identifying the soil
moisture retention calibration

characteristics and developing

equations for soil moisture sensors. To construct soil moisture
retention characteristic curves by soil types, water content under
eight pressure treatments was measured for 17 soil series. For the
for major

sensors, three soil types and four types of soil moisture sensors

development of calibration equations soil moisture
were selected, and sensor readings were compared with volumetric
water content or soill water potential. Soil moisture retention
characteristic curves were developed by analyzing water content
under different tension treatments. The results showed that soils
with higher organic matter

volumetric water content at the

content tended to have higher

same soil water potential.
Differences between sensor readings and volumetric water content
or soll water potential were greater in black and dark brown soils
it 1s considered that

soll moisture management in Jeju soils should consider organic

than in brown soils. Based on these results,

matter content, and that calibration 1s essential when using soil
moisture sensors.

key words. soil moisture, moisture retention characteristics, soil
moisture sensors, calibration equations
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3. 78 d+2%
O % &7t HIsAE S
=n EPS 914k 7] =
(kg/10a) (kg/10a) (kg/10a) (kg/10a)
= 41.5 216 29.9 1,490
# 69.3 62.3 54.6 3,030
A 11.0 6.4 8.3 367
R 36.4 26.9 29.0 1,482
* n=18
Oz AwiA E<FstehAd
|0 | | R | el e T e | oo
a Mg g/Kg
<t 9.5 3.8 85 468 4.5 15.2 0.7 282
o 7.1 10.3 162 1,161 11.2 29.6 114 912
HAx 4.4 0.8 22 47 0.9 4.7 2.1 o7
RS 0.2 3.5 38 405 3.8 15.8 49 2178
AAHL] | 6.0~7.0 | 20]3} (%1:15%) 300~300 | 05~08 | 50~60 | 15~20 -
* n=32
* Z2AFA] 7] 2025, 2~3.(H & AXE )
O 34 A B g 1t ZaaA
T pH EC OM. | AvP.Os | ExK | Ex.Ca | ExMg | NOs-N
EC -0.49™
O.M. -0.43" | 067"
Av.P,05 0.25 | -041° | -061™
Ex.K 0.04 0.19 -0.08 0.12
Ex.Ca | 059 0.03 -0.05 0.12 0.36"
Ex.Mg 0.37° | -0.08 -0.32 0.35 053" | 049"
NOs-N | -0.29 0487 | 0527 | -059™ | -0.03 -0.11 -0.05
* Pearson correlation coefficients, * p<0.05, *x p<0.01, **x*x p<0.001




O #A AujA] B ASEA
EAe] wode] | BeH 013‘312751 A A= =L
= (cm) (mm) (cm?) (cm) (cm) (SPAD)
ot 19.6 3.23 22.4 9.5 3.8 76.1
Z o 24.3 3.76 36.3 134 5.1 82.2
HA 14.0 2.58 14.8 76 3.0 70.3
=Sk 19.2 3.22 21.5 9.3 3.6 76.2
* n=32
% ZAFA 7] 2025, 7
O 7 AujA] & Sk
T2 5 k(%)
T
A2 (T-N) 21 AHP05) 7] (K,0)
it 2.81 0.37 2.28
Z o 3.13 0.54 341
HA 2.15 0.26 1.03
=k 2.85 0.37 2.36
* n=32
* ZARAL 7] 2025. 7.
O EYgstyd-2AaA(5d) S 1 AaaA
T35 (%)
T
A2 (T-N) A1 AHP05) 7] (K0)
EC -0.26 -0.26 0.21
O.M. -0.38" -0.41" -0.07
NOs-N -0.16 -0.26 -0.11
Av.P,Os 0.46™ 0.50™ 0.37"
Ex.K 0.40" 0.32 0.75™*

¥ Pearson correlation

coefficients, * p<0.05,
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H(N 0.5, 19))

-
-

K

H

SF
=&t
SF01SF13

= 5} 3}

SFO1SF13
A H] Z(30-25-25 kg/10a) 7]+

EgHE | AFA

_|(_)'_

?_

As 2

O A& EFAHIN 14)),

al

A

2.

)

Y Al AIH]

lE2a AHA B 7ECsA7IEd)>

N
=
o

o

15.0 [ 25.0| 25.0

6.3 | 30.0 | 25.0 | 25.0
6.3 | 30.0 | 25.0 | 25.0

6.3

3.8 | 6.3

75 | 6.3
75 ] 6.3

(kg/10a)
9.4
9.4
9.4

- 300 -

56| 94

94 | 11.3| 94
94 | 11.3| 94

9.4

N PO|KO| N PO KO| N |POs| KO | N | POs | KO

11.3 ] 94
11.3 | 94
56| 94

N
1uj
N

0.54H

T8




ST EEEY
. P
e D Ec,l OMl AvP 297 Ex.cations(ad” kg ') NOg—l}T
1) | @bm) | @led | omk) [ | | g | k)
39 | AFd | 50 | 6% | 1% | 36 | 20 | 152 | 48 | -
O 49 | 5%Ba| 15la| Ba | 39a U2a| 40a|4156a
6¢ a\%gﬂﬁ) 50a | b0 a | 157a| Al a 2P a| 142a| 43a| 3721 a
st W 51a | 5%a| 1%5a| 56a | 310a| 46a| 44a| 4184 a
> (N 141)
ElS
O 50a | 39a| M9a| H7a | 226a 133a| 35a|Mda
98 | lomp | Bla| 2%a| 1Ba| S6a | 237a| M4a| 33a|207a
| 52a | 2%a| 152a Bia | 20a| 42a| 36a| 2564
39| AR |54 | 240 | M | W |26 | 95 |69 | -
O 53a | 20a| Ma| 26a | 263a] 96a| 66a| HU8a
69 | o | 53a | 28a| Ba| Za | 25a| 93a 60a| R3a
Hlsjak il 03a | 209a| TMa| 2Z¥a 20a| 90a| b6a| &9a
< (N 1)
15
S| 54a | 20a| Ma| Ma | 3Ba| 97a| 77a|1H6a
98 | Jomp | 59a | 207a| Ta| 2Ta | 280a| 98a 72a| ®R6a
(I\?T‘lﬁ) o3a | 2W¥a| MWBa| Aba 249 a 94da | 7la|l249a

” Mean separation within columns by Duncan’s multiple range test at a=0.05
« AL 2025, 3. 17. / 2025. 6. 16.~17. / 2025. 9. 17.~18.

- B ghetA

<= I E, vEte e RS Azt Aolvt il
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O A=A AHEA

AR =3
Azwe | T T S T [aea [ 99 | 9% | 9neae

() | (m) | () | (@ | (@ | (SPAD)

SO | W1 | M3a | #8a| 25a | Usa | Wa| 0a | GBa

gj\é (N%?HW 144 a 7l2a | 20a| 23a | 20a | 108a | 4la 632 a
(1\317&;1]1) 153 a B6a | Ala| 27a | D3a | l7a | 4la 640 a

%Nookf]lﬁ)] 180 a Dila | 49a| 38a | Ziba | ll7a | 43a 630 a

Hlﬂﬂg (N%%]HH) 208 a Tl5a | 27a| 34a | 29a | 108a | 42a 683 a
(1\?51]1) 197 a D8a | 29a| 36a | Hdba | lda | 43a 695 a

FHEA(m?) = 7FREA) x AR(ER) x Fo] x 0.7

VARERELANA 10cm A A

C B b 7ol A 3~5UA 2

Mean separation within columns by Duncan’s multiple range test at a=0.05
* ZAFY: 2025. 6. 9.~11.

|
o
M

dol 5 A%

= == BA A T
O ¥ FRFF U B £
B - 2]
A 2 U] & T-N P>0Os5 K-O g = AT S N H]
(%) (%) (%) (°Bx) (%) o
ok
o f]lﬁﬂ)] 30l a’ | 03la | 256a | 985a | 291a | 34a
shAk 4]
3 E (N 058 298 a 0.30 a 262 a 980 a 248 a 40 a
(N%f]lﬂ) 29la | 028a | 244a | 960a | 268a | 36a
oF
(ENO f}lﬂu)] 245 a 031 a 2.03 a 9.23 a 2.34 a 39 a
H] g}k 4]
3 E (N 058 2.40 a 0.27 a 170 a 9.10 a 2.06 a 44 a
(Njﬂ—lﬂl]ﬂﬂ) 257 a 0.30 a 1.86 a 893 a 211 a 42 a
z 13

= 7HA 71 F-el A 3~5d A <

¥ Mean separation within columns by Duncan’s multiple range test at a=0.05
x AL B9 2025, 6. 9.~11. / A 2025. 10. 10.

_ KXol

= %

o

FEEF R A

3T o
E‘;é]t
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T8 SEL
Allicin Bruceoside A
1 mh= () 25.11 ND
2 vl (o gHE) 50.72 ND
3 o ARy ND ND
4 A T25 ND ND
5 H| 2} - ND ND
6 Aol = ND ND
7 o <5 U ND ND
8 A= ND ND
9 3l of 7 ND ND
10 A A AL ND ND
11 = (d ) ND ND
12 &% ND ND
13 72 7 o] ND ND
14 2P H-(Q) ND ND
15 HERSE S ND ND
16 3l o} ND ND
17 31 v} =} ND ND
18 g} Ql ND ND
19 =] ND ND
20 TEAHFE ND ND
21 | R =t ND ND
22 D ND ND
23 a1 ND ND
24 HH M E ND ND
25 5 ND ND

% ND: Not Detected

R
= X

Bruceoside A

l

N
=
R

AIRb=) el ARt Allicin®]

1 =
FEzodA HEHA
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O AEF=E s UA &3
A & AM=2=~(n
ae | Aww e e e ] e
1 = (g ) 9.2 9.2 9.8 2.3
2 ul= (o §HE) 8.4 8.2 7.8 22.5
3 ATy 94 94 8.8 12.0
4 A T2 10.0 10.0 9.8 2.0
5 H] Zp L5 9.8 9.6 9.4 6.0
6 A g = 10.0 10.0 10.0 0.0
7 o 5 - 10.0 9.8 9.8 2.0
8 A g =4 10.0 10.0 10.0 0.0
9 3oy 10.0 10.0 9.6 3.6
10 A 31 AL 10.0 10.0 9.9 15
11 (A ) 10.0 10.0 9.9 1.5
12 &= 10.0 10.0 10.0 0.0
13 7N 7 o] 10.0 10.0 10.0 0.0
14 2P () 10.0 10.0 10.0 0.0
15 n] = 2} 2] & 10.0 10.0 10.0 0.0
16 g ol 10.0 10.0 10.0 0.0
-2 2 10.0 10.0 10.0 -

- vhs (e e AT T2AZE F A0l 10% ool A

O ofdd od a5 WA a7
AL & ﬁgﬁ M Z=2=(n -
as | Ay e e e | e
1 v v} =} 10.0 10.0 10.0 0.0
2 SIs| 10.0 10.0 10.0 0.0
3 a=a= 10.0 10.0 10.0 0.0
4 T HF 10.0 10.0 9.8 2.0
5 i RE A=) N 9.4 3.4 6.6 32.3
6 H L 10.0 9.8 9.8 2.5
7 o] 9.8 9.6 9.6 4.0
3 HHWE 9.8 9.6 9.2 8.0
9 E}< 9.6 9.6 9.6 4.0
- 2] 10.0 10.0 10.0 -
- YT 2AIRE 3 AREEo] R3%=E 7Y a3t =4 e
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O %4%7 & (Allicin, Bruceoside A) 4 A3} Allicine vlE F

4.

T
)

W A

A

o]

|

= X
==

o] ¥ o, Bruceoside A

& =
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‘Tq'xﬂ ‘11?_‘_0]: 37 a 9 ‘)l:%g 2 =
2 & s g avsan | 1Y 25 392
Il TAE 25 A FE Y
a7 | SAd | sluAd sedassay 2. AT = ogw
Cs) 26 |X3E AT
AP 1) He=e) uegpl Folky 25 A F R 8 gy
CIBCHA)| WAIB soRisesg | < Wy °1 8N
1. 97 5%
O mEFa) wFEUY FAFTRAL Hob LS Fal HoESR
5% Anz Beaan @
2. A5 2 %y
O A2E: B2 Z2(‘'SK3-085)
O WAl wiaF Wi (Plutella xylostella)
O Ald=wek HEgEFFrE 74 5 6F 5%
e F & A @ SRR
1 OFSE W 3} aF _
SRR L P B & ST A R MR A
e E fA 200 | 50m¢/10a | AP0 s
s EF 4353 | 50 | 1000108 | (o o
e el 2009 | wawzo | 2000 |
Heehdems ohgssia 189 | 30108 | (10 ) olf%;] (6L/102) 71% T_E_%k
AZAF A5l | 50 | smila | 400 =g S0 AE
5l ajoral O ek 304 30#H
AEed & 100} 200mt10 | (61 /104) (6L/102)
Apol2etdeZs oA | 45 | 100n/10a | 0N Goul
=rrEEsE - 41 (6L/10a) (6L/10a)
7 A 2 - - - - - | -
O Alg7]E: HEFH(ES)
- E27] %‘/ <. DJI T30/XR 110015
- H]8& % 10.0km/h, AFEED 4m, v =0]: 2m, FdAME R 4031
O AP~ Q( *é)- AFA 5 ofde] 2631(7 A2 F4)



O Al THl AR T4 T Es oA 3RkE
T & A | bR | S |7 Am)| AW A ()| F 48R m)
- B 1 6 260 | 1560
A 2 3 6 10 60
w1y 2,235
oy (BRI | O 1 6 100 600
A 2) 1 3 3 5 15
O ZAGE hm-oke] % e RarEA)
- oFE ABFECHIAY A B3 TY T BT A+ wkEg 50mte] o)
- sl ohAlAE 3,5, 7 A F Anak ol 4 24
- ek arEak oAl EE &I whgar)
O FANEN AF 71438 x 23 ATSEANEFN71% AFDA
A 9 PAEE(%) |AWAAZ(C) FH(C) | BAFEm/s)
10. 20. 67.3 19.0/16.0 169 1.0
10. 21.(AED)| 762 179/15.8 173 1.1
10. 2. 796 19.4/16.7 19.4 1.4
3. 78 d742a%
O FFFAHAFT HFAAHY 34 )
A% ok A7 BEE ) 917 | A7}
4 pws | guks | maks | ¢ (DMRD) (%6)
MEFETOE FA 76 | 632 | 613 | 623 | 623 | d | 377
soEs o gsEA | 76 | 237 | 184 | 173 | 198 80.2
HEehdeag yssall 76 | 392 | 307 | 333 | 344 | b | 656
AFAFE Ag5sA | 78 | 403 | 463 | 553 | 473 | ¢ | 527
S EEEIERER 76 | 173 | 141 | 289 | 201 | a | 799
Aolzebdel=s o4 | 79 | 244 | 313 | 250 | 269 | ab | 731
7 A 2 78 | 987 | 1000 | 1013 | 1000 | e | -
CV(96) —=mmmmmmmmmm oo 110




- fAA Y 3Y F WAVbE 29dER AdeskA 7 80.2%,
Selgd FEA} 199%F HohS
O FaXANHT FAAT 7H F)
A& kA /‘]}7@ 55 (%) o 2k | WA 7F
K SR TwrE | gukE | mirE | 9 i ((DMRD)] (%)
WEFE ) E G 76 | 487 | 467 | 429 | 461 d | 545
s EY dgsatAl | 76 79 | 105 | 107 9.7 a | 904
el =2 aassiAl 76 | 291 | 280 | 293 | 288 c | 75
QA=A H oA | 78 | 195 | 150 | 184 | 176 b | 826
degd e 76 8.0 77 | 132 9.6 a | 905
AolZEtde=E o4 | 79 | 146 | 250 | 184 | 194 b | 809
7 A g 78 | 1000 | 101.3 | 1025 | 101.3 e -
CV(%) —— e 9.0
- FAHY 74 T FAVbE 2IUEY A5SkA 7 90.4%,
gy gdd F8A7F 05% 2 =0=
O ofajzAl
. FHHE (0~5)
M Az | w9 i
HEFE T E A 0 0
AU Ed AgFhA 0 0
zi}iﬁ‘r‘éﬂz—% ﬁé‘—?ﬁ‘rXﬂ 0 0 ora] ¢l
) = AL, o a4 A 0 0
g g feHA 0 0
Aol Setd gl ZE HA| 0 0
- MEEFUE GAE TG ZE FAAA FaAt Ae
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ST

Aol H7)= HrAoRE 0.60~0.64mm ©
21.4~29.7% ©o|A &

A MR o A7|= HFA O R 0.37~0.39m ©] e

5] AR EE BE A oA 76ukE] ooz A

o sl AdstAd =

A Ay AVMES dgdsiAlet vegd FEAle W
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AZEF 904% ooz AFAl A JIECTAE 90%0] )l
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AaEAT Fokvw VBEZRAE A F A, o] £ v
FEFY T ALAAT TAFIA, THSA TE AEE o]& 3
A 5 FEAT 2R AA F 12AFHAE S =1 14,
= gEA 471, AEY =9 11, F4AY A5 629 = 59
AatE GAsA T

PGl F2 HHF FFT S 24/253 2223 727119 A
EAS 2APele] otEAJobd o] W E = ‘A nCi047 5 4A15S A
sttt R EE S 249 uiw) ZL_%LOM ABE BHFE gH
5 s A

TIERE g SF& Fsto] 7FSEF02D), "Fan’(22), ‘A3 (22),
THITE o9, ‘dEZEP(23), ‘HhuE’(23)=
FERIEHsAT. T3, el AT AEFT WHHEF 65
AFAGoll 3 ste] 2870 A Aol 18%hatel ek A A|E o] A 3F
T delA FA4 T TS T 4FFO g Apirls A9
AEs AFE F28 2 Yrh(21~26). TFS3 kA A A #E oA
] 2/3 At 4 wlﬂl A TollA =5 B FEo]

=k gmn AR Aufrlsel] #g AFolA = A

, v P
AL pol A 24 9 Hugo] £& E4L BT wEY APS
9% AT ATNE 7 9 HelE WA Fgol olFHA w3

] AA
EEE R L U&Z}%OH gste] 22~26dH 6EE 46% 7}
= iognh A AuE 98 A
55w Awq 519, % 165 59 #AGAT. FFRF T 3-4d79]
iS5 3950l B0% EeAH, JA %
g% 9o e wE @ Looxelel ERE 2564
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(1 719 & o} EdHHA+A+ =k
7194 2 ol AT Boke IUSA F=Y19 4 L AFA Yol
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4 54 24 A

Adkl AlEE | 2AY 3 | 31E | 35 (F8E 9 E ’L@%kﬂﬂﬂmrqﬂz%‘x}? A
A AYE) | (YD [(mm)| A5 | (g) | (%) (°Bx)| (%) | (@ax) | "' (7)) | oJH
AWCI043 o
- (%7U039) 05/03/05| 441 | 954 460|655 195 | 07 | 206 A | 48 | ohu
54 [ACI0M ; -
iy 25/01/03| 624 1167 | 1138 | 788 | 163 | 23 | 186 4 | 00
+ _

Amcioq 2Y12/12) 715 1030 1774 | 782|110 | 18 | 96| & | 07

(ISBMO) o) 19181 700 | 963 11561 | 759 | 91| 17 | 131 2 | 03 | -
95/01/16| 544 | 977 | 881 712|147 | 20 | 187 | & | 00 | -

A WCI048 - i

ooty | 25/02/04) 519 | 047 | 779 722| 141 | 18 | 199 & | 00
25/003/05 555 | 927 906|711 141 1.1 | 198 & | 00 | -

2 05/01/16| 656 872 1423|722 123 | 16 | 235 A | 00

A WCI049 -

(o) | 25/02/04) 659 | 850 1509 | 67.1| 121 | 14 | 200 o | 48 | chi)
95/02/19| 60.8 | 943 1498 | 651 125 | 13 | 208 | A | 18
25/01/03| 61.0 1024 1134|719 | 133 | 13 | 248 2 | 00 | -

A 1050 - i

vang) | 25/02/04) 616 | 999 |125.4| 743|136 | 13 | 250 | 8 | 00
95/03/05| 57.1 1146 | 892 695| 149 | 10 | 174 & | 00 | -

s gk 17U o 10pAI2BE < 4] e, 1TW- ol 1028 < He] SARRE, 15BM- ok x el

“EHAR) — sHolH®)

O AW ABY Be 54
ANRA &
b | AR | B e | oeldln pe | 9w | 52
B K I B & S IRCC
7
A 1. Ci043 '23/724
(170039) (24) 6.3£1.0 2.3£0.5 43.5+4.0 | 65.8£5.2
A Ci044 | '23/24
(17W149) (24) 5.8+1.7 1.8+0.5 36.7+2.3 | 68.916.3
% GHA-SPAD ZAFY: 2025. 6. 13, & 7 AR 2025. 6. 16.
e N 450 AR EA A BT & A

7N
A8 dsa e 3d AT 57HA 71Fel A 3~5HA 9

, *#x 1 Nonsignificant or significant at p<0.05 or 0.01, respectively

E!
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Sk
SEAPMTE | 510 9 22,9 86.9 106 233

6
A B3 e o] pHAFO]H (pH differential method)
]o} Catania, 2010%3)EF2 5 47,6, 22 1183, 4719 36.7(mg L")

(o]et
(AAZA et d, 2021 EF 23 35.7(mg-L 1)

Viw e

<A ACi043 / 2025. 3. 5.> <A ACi044 / 2025. 1. 3.>

# QLEAlobd g
s QPEAOhY o3

O A AlE 4 AR

<A WCi049 / 2025. 2. 19.> <A 2LCi050 / 2025. 2. 4.>
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bow now | me | PSR eum | E4 | 24 |l e
S L AN ho TN 8 | A NS (%) | ()
[e]
gij aE | 654 | 487 2 0.4 3 15 0.0 0
s | 9=
T | g 1050 | 636 1 0.2 1 1.0 0.0 0
[e)
gfg} B | 782 615 39 63 | 55 | 14 | 164 9
[e]
gij At | 395 309 o 00| o | 00 | - -
ifg} ghalg | 631 | 631 93 | 147 | 185 | 20 | 119 | 22
[e)
B || a3 314 2 | 70| 20 | 13 | 345 | 10
Qs | whpE | 781 | 781 2 0.3 2 | 10 - -
1 o
H%jl% gij 36| 155| 8 | 548 | 365 | 43 | 438 | 160
[e]
7}& ek gij 574 62 0 0.0 0 0.0 - -
2H Lm0 a0 | 00| 0| 00 | - | -
10x3 6,675 | 4784 | 244 51 | 640 | 26 | 314 | 201
% WHj7) 7k 2025, 5. 2.~18.
% 2R 717 2025, 10 20.~11. 13,
¥ v 2025, 10. 22.~11. 14.
23} A F EA7F DI w29 v
(A1g 2) we) A AAe EXHAHA
243 ] 2 T8 = 25 AAY 314 , e B3
(6571 iﬂ‘)j (4570 ) D g=E AL TNA &=
Al /}BU Z] B 2= 5] <) 2= 51 =) =
X =] =R EZJ—'— H ;'T‘ = ;'T‘ =1 =
- T () () (%) (%)
etz A Cia=y 8 8 3 375
AAeF 743k 6 6 1 16.7
AAeF Al = 31 31 3 9.7
A (F ) 3%t 45 45 7 (15.6)
% B 2025 4. 23, BHE 2AFA: 2025, 10. 15,
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T | g | e | FFAE | AA e
wow |y ow | Ea T TEE | w4 S A% FEE
(3}) O G I/ DO N I E
5-A] 8} 83 40 0.0 0.0 0 - -
11D125
313 187 41 2.4 1.0 1 1 1
%jﬁzﬁli D163 | 896 | 167 | 222 | 17 62 46 28
A gk 11D125 435 2 50.0 4.0 4 3 2
974 | s | 263 | 31 | 581 | 54 97 35 16
SHAI(E ) | b&ES 1864 224 (26.5) (3.0) 164 85 51
w wHf 77k 2024. 4. 24.~5. 9., 5L 2024. 12. 10., F&5L: 2025. 4. 10.
% W23 11D o) 91 34 A]28.5 ' @ﬁg’
0 25\ AFFE H3I: 5xF 24323}
EE 2w | oweEs | w2594
2~ ’ ~ VA =
. 7 = >~ e} 380 95. 2. 20.~27. | AARCE)
7+ 693 |25 2.20.~27. | AACE)
o o = g} 372 |'25.2.21.~28. | AACE)
- 7+ 510 | '25. 2. 21.~28. | #ACE)
Al 15 7 3 A77 '25. 5. 2.~16. | 7 (BE)
B 523t 2,432
(A1 2) oa) AA A EAF AA

O '11\d o]F wujA A EAZA(24/°25): 6870 A FA}F
AL Fe L e W 54 A AEA 2%
('24. 11.~'25. 3.) (1423 6870 A)) °m o

_ 1 5

e | A 27| 0 | B DR G AR I o S
A caye) mm)| A5 | (@) | 06) |CBo)| o) | (o) |V R ION) | e
16A111 |25/03/05] 73.8|114.0|174.8| 80.7| 14.4| 1.38| 30.1| 4 | 0.0 | o} | vy
16A382 |25/02/18| 79.5|113.5(219.7| 85.8| 15.4| 095|218 4 | 00| 0 | -
w S| EE 16A- o) 9 7hA| 285 x 1] B of
) — welde)  TTHER 107 o4
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P

<A ACi046 / 2025. 2. 18>

AT ATAE ;4 | 2AY 273 A9 | 35 | A5E | 3 AR ol
RA8) ({9 — © (YD (mm) | A5 | (g) | (%) (°Bx)| (%) | o
'22/12/00] 79.9 1128.3 1213.0| 79.9 | 12.9] 0.66

f]ﬁﬂgolg%z (%8) (;‘:ﬁﬂ]) 12/ 817 1124.31 2260 82.8 | 13.3| 0.72 | thj

'24/12/10] 76.0 1 134.1|174.9| 86.3 | 13.5] 0.73

ﬂgﬁ%? <%§) (7?;;%% oS04 759 | 112312053 898 13.1| 2.16 | th)

s ARG 11D R385 1, 16A— o 93} 4285 1] shoF

Ay o
%)

ﬁ]%% (iiéé) —‘:E-;g_ ﬂ_o‘:ﬂlﬂlz 1?]— Zi]‘ 7;”

Ml % N % % | %

X

A L Ci032 (,%8) (7(}%) 0.5 1,78391.5] 29 | 1.5 1,812/93.0/ 136 | 7.0

PR 2025. 5. 14.
YZEAFZ]1ZE 2025, 5. 18.~17. 4.
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0 AT B B4
AFEA 2
AEY | pe A | sl | 9 wd | wsns g9
(7R A ) (71) e (cr) (SPAD)
7H‘T(7H)
<fg§%§8§2) 48410 ¢ | 23+05a | 635450 a | 700%35 a
A 3Ci036
eI080 | 68215 b | 23+05a | 553+82c | 689<36 ab
<fg§%;§%g) 75:06 ab | 20+00 a | 450+31d | 671427 b
DO 45006 ¢ | 10500b | 598+#41b | 69.4+35 ab
iﬂgg}gg$ 6016 be | 18%05a | 373+34e | 699+41 a
?ﬂgﬁggg? 85410 a 23405 a 348426 e | 715432 a

% ZARY: 2025. 6. 11.

‘o) 13} 1] 285 x V] 5F o

23 13BG- A A < mdl 2.2, 16A-
# oAdWd 9 4R P BT B JRelA 3~5uA 2 A

E N 450 AR EA A A & AL

YMean seperation within columns by Ducan’s multiple range test at p<0.05

O A%E F3t 54
A 1. Ci035 154 227 0.7 44 28.6
A 1. Ci036 68 178 0.4 16 23.5
A L Ci037 24 150 0.2 0 0.0
A 2 Ci038 9 151 0.4 1 1.7
A 1. Ci039 296 178 1.7 36 29.1
A 1. Ci040 2173 212 1.3 1 0.4

AR 3449 R](2025. 4. 30.), 73}7%—?(2025 7. 2.)

01/\

EAE A7h Al B 9 %
EATE b AAsel Ao 4ok 2 4

ZAHE /7Y )
T FZANET 5/E5)*100
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O A-sd 23 3 3

FEEE R
Ay | NET | wan [ saa [ A% | 9w | 2w
AR | AR | AR08 | AR018) | AR e)
A 1L Ci035 69 43(62) 7(10) 19(28) 0(0) 0(0)
A 1L Ci036 47 13(28) 17(36) 17(36) 0(0) 0(0)
A 1L Ci037 10 4(40) 4(40) 2(20) 0(0) 0(0)
A 1L Ci038 24 13(54) 9(38) 2(8) 0(0) 9(37.5)
A 1.Ci039 278 89(32) 138(50) | 51(18) 0(0) 0(0)
A 22 Ci040 34 6(18) 16(47) 12(35) 0(0) 0(0)
* AR 2025. 7. 2
® AsH 15 2Ab
4. 3 8
(AE 1) e 448 o
O 52 1,8643 wujste] 1647 SxbolM AR 855 FHEshal+

(Ag 2) we) A4 HAS &4 HAA

O 6870A FAZAF 3 27415 (16A111, 16A382) A&l
- ANCIs: =37 39, G 144°Bx, FAR= 2o 352 170g W]
- AWCIME: $87] 29, B 154°Bx, TAR= glon 358 220g W9

=

rr e

=

(A 3) AL AT 54 HA

O AuCi032 A& =A= 12} 93 439G, 18.~6. 29.) &<t 91.5%
A st o) 23 HFik= 1796, 10.~25.) &<t 1.5% T8 =

O A Ci035, A Ci036, Al Ci039e] & o] 235~29.1%= H=+

O 678 T AnCi035, A Ci038= FHF & Hl&o] 50% o]do=
=%aL, A wCi036, AaCi039, AnCi0d02 &3 Hl&o] =%+

O 71g¥hk= o] flglar, 22} AL AaCi0380] 37.5%0= 7Y =
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3 .1_,1=_‘_o T3 3
W OEE | A aAavsan 33 2% 39m
g e | FEUL S MEFAETY | 21 AFE Y
’ 2= @"6‘%
Sk FT nFED PR AT ~'26 FrdT
iscds 1) 7he3F 1w ePgAilel 21 Al FE Y ga
FT060615 ek A+ ~'26 | AT °°°
figds 2) ‘Gan] AQujr]se] g 21 A F = 4 2~ Q
FT060615 A ~'26 | AT C°°
iscds 3) A3 Aul 7)ol B3 21 Al FE A g
FT060615 AT ~'26 | AT c°°
iseds 4) wR ARERe) S gk Al 23 (A T = A = 7 o
FT060615 ~'25 | T
1. A2

(AE 2) 7l AHF A3 A9

@)
O
O

*

O

O

[¢]
AldES 7= 8dA

AL AFSEAAET]7 =S ADE2Z (A S)

A2l
Az 1) AsheA 715 13 2/3 A, FAw
A2 2) 2AA(30%), AR (10%), £
e

el D) AAuAY B, Avjs, A7) 5

[} =
el 2) Fae, A=) 3l Fd T
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(A 5) 7he¥F R4 Fde AT A E
O AAEFF: 7h=d 8dA
O ANdAAL: AFEEAAEFTA7 =Y A2 FAF)
O A& e vk 5 e A7
- AYA7] A B E2urGd T
- A
@ sFaLe] 3/4 A vz Ay 3 FA
@ Ms~Aegt F7 A 102 74 02% 24 gAML A

O ZAFE: s, e ahg, Ao, AR, AASY 5

3. %9 472
(92 AL AuF AR A
0 =% shaby Wl

ge | A" | pH | EC | 718 | PO | K Ca | Mg
e | (1) | (dS/m) | (g/kg) | (mg/kg) (cmol+/kg)
FHlT | 6.50 1.30 67.0 117.0 2.05 13.15 3.35
99 0.74) 6.30 1.40 74.0 151.0 1.82 13.58 3.34
1.04) 6.20 0.90 67.0 107.0 1.29 10.30 2.49
1.59] 6.20 1.20 70.0 99.0 1.29 11.35 2.33
FH | 6.60 1.23 66.3 63.3 1.90 16.80 2.57
99 0. 74} 6.60 1.80 69.0 70.7 1.93 15.60 2.54
1.0#} 6.40 1.60 65.7 43.5 1.53 13.48 2.07
1.59] 590 1.38 67.9 42.6 1.20 10.75 1.71
FHl | 7.00 0.85 62.5 79.0 1.80 13.95 2.56
94 0.74) 6.80 0.86 64.5 74.0 1.52 14.13 2.58
1.0#} 6.80 0.87 57.7 38.0 1.31 12.41 2.38
1.54] 6.10 0.90 67.8 42.0 1.15 8.67 1.85
el | 6.66 0.69 73.2 174.7 1.41 15.20 3.60
o5 0.74) 6.83 0.80 67.2 104.0 1.52 15.03 3.33
1.0#j 6.47 0.89 69.0 N 1.14 11.87 2.47
1.59) 6.13 1.04 70.3 105.7 1.23 11.47 2.73
% AR A A7) 39 e BulE Ay A
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O < 54
A 2 & dAol(mm) | 2 F(mm) T A (en) SPAD
T4 107.9 b” 46.1 b 299 b 545 ¢
0.7} 1015 b 419 c 257 ¢ 61.2 b
1.0%H 1054 b 44.3 bc 285 bc 66.0 a
1.59) 1229 a 495 a 354 a 66.5 a

AR 2025. 7. 1.
“Mean separation within columns by Duncan’s multiple range test at p<0.05

o W} EA 54
Aus | @5 W e | G | Go | e
wH3 | 7344 | 1738 a| 32a | 123Db | 053 be | 249 a
o7 | 761a | 1892a| 29a | 129ab | 060 ab | 246 a
1.09) 76.2 a 1854 a 29 a 129 a 0.61 a 254 a
154 | 767a | 1914a| 32a | 124ab | 052¢c | %54 a
% ZARY: 2024. 12. 15.
"Mean separation within columns by Duncan’s multiple range test at p<0.05
O Ag™d
@) A2 )4 45 0H/5) A (kg/5)
o) 46.0 b 104 b
- 0.74) 689 ah 13.8 ab
(12.5) 10w 769 a 148 a
1,54 784 a 150 a
o) 785 a 124 ab
o 079 497 b 105 b
(12. 15) 10w 693 a 12.8 ab
1,54} 82.4 a 147 a

"Mean separation within columns by Duncan’s multiple range test at p<0.05
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(AE3) 71S3F AA UH Ag
<AHP 1> A2HPEA A A7
O zs} 9 3 54

e |5 FEONARTA) | ANFOAFLA) | ohe]
A= | AEHE T s [ws A | A | A | 0

FAw 14.3 7.8 a’ 6.5 a| 04 00a| 03a 2.3

22 1 1/3 A | 26 13b | 13c| 00| 00a| 00a 0.0

2/3 A | 69 39b | 30b| 03| 02a | 0la 4.3

TAE 172 94a | 78a| 09 | 02a| 07a 52

23 | 1/3 Ad 2.7 15b | 12c| 01 | 00a| Olc 37

2/3 A 6.0 27b | 33b| 05| 0la| 04D 8.3

TAE 12.7 75a | 52a| 10| 04a| 06a 79

24 1 1/3 Ad 2.8 19b | 09c| 02 | O1b| 01D 7.1

2/3 At 0.3 23b | 30b| 05| 01b| 04a 94

TAE 23 | 138 a | 8 a| 22| 1lal| 1la 99

25 | 1/3 Ad 6.7 48Db | 19b] 03 | 00a | 03b 4.5

2/3 Adt | 111 64b | 47b] 15| 10a| 05b 13.5

s ZAAT) B F), DUSET D)
“Mean separation within columns by Duncan’s multiple range test at p<0.05
YAIRRA] ZIFo AR /357 AT A, A RA RN RE 2/3FE dd A

o 7 54

aw Adus | B8 5 e &G | Gy | e
FAG | 726 173.6 2.7 13.6 0.68 26.4
22 | 2/3 A | 781 207.2 3.0 13.2 0.63 255
t-test” & & ns ns ns ns
FAaG | 734 a | 1805a |29 a | 133 a 064 a | 278 a
23 | 1/3 A | 745 a | 1792 a| 30a | 128 a 057 a | 269 a
2/3 At | 735a | 1728 a| 28 a | 128 a | 063 a | 275 a
A | 707 ab| 1679 a| 22 ab | 128 b 060 a | 224 a
24 [1/3 A | 658b | 1359 b|22b | 126D 056 a | 225 a
2/3 A | 722 a | 1642 a| 27 a | 142 a 064 a | 230 a

¥ AL 2022~2024. 12. =
“ns, *, *x. Nonsignificant or significant at p<0.05 or 0.01, respectively
YMean separation within columns by Duncan’s multiple range test at p<0.05

- 333 -




<A 2> ARZFA WE A
O AW W& 23 A=
HE A 2 & st H] A ] 2= (7H/5A)
! 2.2 a’ 99.7 a 08 b
22 I A 1.7 a 61.2 b 15 a
kA 1.7 a 815 b 1.2 ab
44 1.0 a 142.8 a 06 b
23 AR 12 a 94.2 a 10 a
°Fd A 1.1 a 94.6 a 11 a
44 12 a 125.0 a 20 b
24 AR 1.1 ab 112.3 ab 2.6 ab
°Fd A 1.0 b 944 b 2.8 a
44 12 a 112.3 a 1.0 Db
25 AR 1.0 b 60.6 b 2.3 a
°Fd A 1.1 ab 60.9 b 2.3 a

w 2Ab: B 4
% 2AIEe 24 W
* A A A== AQGEGHY 30%, 10%, F44) 7o 2 Fi

“Mean separation within columns by Duncan’s multiple range test at p<0.05

o

FIn] 7.
o]
=

f

O T 54

e | s 274 | w1z | wmeA| 9w | A | s
A= AW o | @) | mm) | CBx) | 9 | (a®)

o2

638 a* | 156.0 a 2.6a 140 a 0.75a | 262 a
702 a | 1599 a 2.7a 131 b 067b | 261 a
693 a | 1567 a 2.6a 137 ab | 069 ab | 264 a
676 b | 1454 b 3.0a 136 a 102a | 213 b
732 a | 1797 a 2.4b 131 a 079 b | 247 a
w5 a | 1912 a 3.4a 136 a 077 b | 234 ab
661 a | 1345 a 2.6a 139 a 066 a | 235 a
717 a | 1662 a 2.6a 131 b 060 ab | 220 a

713 a | 1677 a 2.8a 129 b 055 b | 225 a

 ZAFY: 2022~2024. 12. =
“Mean separation within columns by Duncan’s multiple range test at p<0.05

22

o

o

o

o | o | o2
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w
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(ANE 5) 7 FHAA 50“1—% N A
o A@AL e Aelda
Aﬂﬂ%ﬂ'%(%) =} 7l -©
Aeg | sk : — A
Al 12k 22} ©
A 2 0.45 a” 97.8 94.5 3.3 2.2
A A ] 0.41 ab 94.7 92.1 26 5.3
e W | 035 b 94.9 92.3 2.1 5.1
shgul AL UbRel B4, BBl 24 148 dgstel xab

HHAH] A7) 7H§}7l(4 sh~Aglsa 5717 ) 109 14 A

AR m ke A g dA Fole] 3/4 AR E A AMU~59Y)

Ay AR Aed 4 154 HGar|~ g FR7] 19 144 ARG 1.~7. 3)
"Mean separation within columns by Duncan’s multiple range test at p<0.05

4. 4 8

(A 2) 7HS3F Alv = 44 AlE

O AlH|FFo] BEFE ¢ WA 2 SPAD &2 S7tetA =
O #}A F42 Agd zkol7t gl

O ™ AHFo] BEF5F =
(AE 3) 73 A 4 A E
O A¥rx 2/38(1/3F)A Zap&o] 7MF =
O Aol e ZF4= FHA L FHAAAA
(A1E 5) V<3 AR F4S A A E

O H#& JUHAIH AHYA =& TS BAS

- 335 -



ol 7}

AN —_
i <
% Mo | g
| | % | M
I
T | o )
R w
- do | NR )
e | F
X0 %o uwo N
- TSI | BE | AT
=1 - -
| 4B | JoB! | HoB
T | | I
A | e |
B 2m =
4 ZTAT ZT&% zT_,T
=W | T8 | =35
b K| x| Hox
o M- e
I = | HoB) | MHoB!
~
—_ ;OL
s oW
7o Ko
_— M T
ﬂ R ‘H_AIL
= m@ T -
= N B
-

._.,_o.o

ﬁo

ATAY W
O FEATAAR B/ Au) AR A& AL HA=

73

o AW
o EE D
T ~ =
D MM =
O ~
ok o7 Mo 7% Am
R
T oor
ﬁo hA\ .uNO m.x P —
‘WIL l’ Orv —_ 1m0 \U‘Hﬂ”
,A.._ = X
EmueE
]
R
Mo X = 0T o =
| ﬂ/yM " =} A
M-
B
O
Mo o
| B
W]
IR
X
N
™ o
N T
M-
B/
oF
B
N E
o =
4
H]
w7
~

- 336 -



51l .51__0 =3 -
WEE T Az avsmw 33 2% a39x
% e Y S R AEE] 21 AF =49 Az
A FT uFE AP AT ~'26 | TAT °
ks 1) 7R aEd ALl 21 (A ¢ = 2= Q.
FT060615 w3k A ~'26 | A T 20 °
| 2) 2=ER Aujried] B3 21 A F E Y g
FT060615 A ~'926 ;,q__/r: L:rqu_ © 0 ©
kigds 3) ‘Az Ajujrsel #gH 21 A F = Y 2= Q.
FT060615 AT ~96 |F} 220 L3} 8O
R | 4) RN AR SR T ) 23 AT A

FT060615 ~%5 |gpmed L a T

L 7574

- AYD AAEA SN 12, 34 ¥
- A 2) BAAG0%), FAA10%), FAA
0 =AY E

- A1) AARAY g, v, FHAT] T

- AE2) #FAag dujar] 2 FAEE F
(A" 4) 237’ ol st 7= A

O AdEZ: ‘dxn)’ 6 d A

A
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)
- A % P 98 B
=z
z=
s}

qnl, Aeeaks, o], A, 5, ONE
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3. 8 A+ 2%

(Ag 2) ‘@@=z

18 A4

<AY 1> 2R A A

o AY AF ARRA 4% 54

2 AR =X o nf) 4= AR X =

A | AN T e A | fes | e
R has 58 | 28 a| 30a | 16 [0la| 15a 21.6
22 1 134 | 25 |10b| 15b | 05 [00a| 05D 20.0
34 dek | 40 1 10b | 30a | 1.0 |[00a| 1.0 ab 25.0
R ks 59 |13 a| 46a | 15 |0l a| 14a 204
23 V2dd |19 [ 02b| 1.7b | 05 [00a| 05D 26.3
Y4 A | 27 | 03b| 24b | 09 [00a| 09b 33.3
R has 37 {0Z2a| 35a | 15 |[00a| 14 a 40.5
24 | 1244 | 28 |0la| 27ab| 06 [00a| 06D 214
Y4 A | 22 [ 0la| 21b | 07 [00a| 07b 31.8
R has 91 | 22a| 69a | 30 [10a| 20a 33.0
25 | V2Add | 42 | 10b| 32b | 07 [00a| 07D 16.7
4 At | 92 | 19a | 73a | 31 |[10a| 21 a 33.7

“Mean separation within columns by Duncan’s multiple range test at p<0.05

VAR EZ] 7R A EE 1/35F Ad A, *AyEA] V) Fe ARy 345 dd A
SIEREEY
3] A 3= b1yl A= o} ALk 3] 11 A0
wE | Adue | F5 | HE PRI G SRR
FAE | 694 ar | 1582 a | 26a | 161 a| 110 a| 262 a
22 11/2 A | 716 a 1535 a 24 b 143 a| 094 a| 257 b
3/4 A& | 705 a 152.8 a 2bab| 148 a| 095 a | 268 a
FAT | 691 a 1595 a 27 ab| 161 a| 145 a | 26.8 ab
23 | 1/2 A& | 717 a 1558 a 2.8 a 165a| 1.10 b | 260 b
3/4 A+ | 719 a | 1543 a | 256b | 167 a| 142 a| 288 a
FAG | 793 ab| 1929 ab | 3.7 a 146 b| 085 b | 261 a
24 1 1/2 A9 | 762 b 184.0 b 3.4 a 157 a| 101 a| 269 a
3/4 A+ | 809 a | 2014 a | 37a | 153 a| 093 a| 259 a

AR 2022~2024. 12. =
“Mean separation within columns by Duncan’s multiple range test at p<0.05
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<AHE 2> AR ZF HE A
o ARl mE AR
[ A 2] & st ] H ¥4 2k k= (7))
44 0.26 a” 172 b 7.3 a
22 AR 011 b 473 a 25 b
k7 0.22 a 30.0 b 43 b
a4 0.30 b 26.2 b 17 a
'23 AR 0.77 a 076 a 0.8 b
ok A A 0.71 a 48.8 ab 18 a
44 051 a 42.8 b 09 a
24 AR R 0.81 a 65.4 ab 1.1 a
ok A 064 a 712 a 1.2 a
a4 0.16 a 24.2 b 45 a
'25 AR 0.15 a 35.8 a 3.0b
kA 0.16 a 24.1 b 45 a

¥ ZAMA 7] 3] 40 =, g9 7. A

w Al

ke

T
AE =

AFEGHE 30%, 10%, +44) 7IFo=2 T3

“Mean separation within columns by Duncan’s multiple range test at p<0.05

o &4 54
T4 826 a” | 2325 a| 31a |135b | 083 a | 274 a
22 AR 74.2 b 1712b| 29b | 143 a| 102 a | 253 a
ok A l2 ab | 2103 a| 30 ab| 137 b | 092 a | 247 a
44 | 691b | 1587 a| 27a |160a| 142 a | 274 a
'23 AR 719 ab | 1592 a | 27 a | 158 a | 1.29a | 291 a
ok A 719 a 1628 a | 27 a | 159 a | 128 a | 284 a
T4 28 ab | 2579 a| 32a | 150a | 101 a | 254 a
'24 AR 75.2 b 2006 b| 31b [141 b | 081 b | 254 a
ok A 34.2 a 2641 a| 32a | 138b | 095 a | 258 a

¥ ZARY: 2022~2024. 12. =
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"Mean separation within columns by Duncan’s multiple range test at p<0.05
(N 4) ‘@29’ goli3t & AF
O uu A e g Gy

A e 32(%) 23} &
SRR A H] o
7 17 25} (%)
73 ] 0.18 85.4 63.0 22.4 14.6
ul31] 7] 2 0.27 88.3 53.6 34.7 11.7

% Sl Ak U B, A, % ogae] 24 108 Agekel 24}
% wkm A d: 2024. 9. 20.
% AR 24 AE 4 134 G5~ e $57] 19 344 246 L ~ 7.3)

O =7 W3}

L]
o

08/15 08/30 09/14 09/29 10114 10729 11713 11/28 08/15 08/30 09/14 0929 10/14 10/29 11/13 11/28
=41 - 342 =8|~ 2]

——

¥ ZAM7IZE 2024, 8. 165.~12. 1.

08/31 0915 09/30 10115 10/30 11/14 11/29 08/31 09/15 09/30 10/15 10/30 11/14 11/29
-e-40H2| -~ FHe| -4z -& 542
. ZAP7I7E 2024, 9. 1.~12. 1.
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BA | Bo} 52 & |3
22 | (Code) TA 2 AREAE et 2% | FAR
af o A | FEd 84 WAF ARFd | 21 A FE A
Az | FT 2EQ YL AF | ~'26 AFAFH 7
WD) VR EE ARl 21 (A F R
FT060615 Ny Sog |zt ay B8
Wk | 2) gmn) Al 2@ 21 (A FE A g
FT060615 AT ~'26 | C O
21 3) AR Auwrled @ 20 A F E A g
FT060615 A ~26 [P Fa} ©°
R | 4) RN AR SRR ) 23 A T
FT060615 ~'25 |9} pra T
1. A543

2. A=

i)
T
z,

i

>
o,
)
(i
o2
e
o
>,
o,

o Aeug

- A AAEA AN 1/2, 3/4 FE AW, FAd
- A22) BAAE0%), FAA(10%), F

0 2AFE

- AU AREAY 25, A5
- A2) F3he, Avjay), HAED

=
v 5
(N 4) 2% ZRY F4L 93 ADAY

- A1) 2ol o]Fdl gl HA = I A
- A A7) 649 sk A A3 A
- AR 149/, 183/, 223/’
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@O A AJ5xc6d T

@ FHAR 24RR 0.

0 A FE

- AP seu), A2, G, D A% 9 FASY, S 5
- A2 s, A, A9, dRAT, Do, AAEL 5
3. ¥8 4+ 2%
(ANE 2) ‘A A AF
<A7 1> AHEA 2D A7
o Az A-F AnEA A% 54
[ Erovases Tamsovase T,
CEAIE T as [ gam | A | an | g | P800
A 27 | 10 a” 1.7 a 09 | 01a| 08a 33.3
22 11/2 Ak 10 | 00 a 1.0 b 01 | 00a | 01D 10.0
3/4 Aekx| 30 | 1.7 a 1.3ab| 05 | 01 a| 04 ab 16.7
4" 164 | 16 a | 148 a 23 |04 a| 19 a 15.7
23 | 1/2 A& | 55 | 15 a 4.0 b 07 | 03a| 04b 8.8
3/4 A | 117 | 23 a 94 b 26 | 05a| 21a 25.3
FAY 1102 | 18 a 84 a 26 [ 04a| 22a 25.8
24 1 1/2 A9 | 74 | 21 a 5.2 b 15 1 03a]| 13b 20.3
3/4 A | 68 | 16 a 53 b 20 | 04a| 160D 29.8
T 41 | 1.7 a 24 a 04 | 00a| 04 a 9.8
25 | 1/2 Ad | 28 | 16 a 1.2 b 01 1 00a| 01D 3.6
3/4 A | 37 | 14 a 2.3 a 03 | 00a| 03 ab 8.1

“Mean separation within columns by Duncan’s multiple range test at p<0.05
VAR A 7| Ho RE 12588 A A
AT A T HARE 3/M4FE A A
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SIERY

S = 51l Ry L= o} A} &k 2k 3] 53] A4

am | Azug | 5 | FE PR S T e
A 81.1 a* 2255 a 35 a 123a | 068 a| 214 a

22 |12 A4 | 782 b 2155 b 3.4 a 130a | 0718 a | 204 a
3/4 At 3l.4 a 2201 a 35 a 127a | 074 a| 198 a
FAG 827 a 255.0 a 42 a | 149 a|l1l26a| 259D

23 | 1/2 A9 | 797 ab | 2341 ab | 36 ab | 147 a| 132 a| 273 ab
34 A& | 767 b 2098 b 29b | 148 a| 116 a| 289 a
A 79.2 b 2267 b 41 b 125a | 101l a| 221 a

24 | 12 A 36.4 a 2006 a 45 a 125a | 111 a| 224 a
34 Ak | 848 ab | 2615 a 42 b 116 b | 094 a | 212 a

¥ ZARAI7]: 2022~2024. 1. =

“Mean separation within columns by Duncan’s multiple range test at p<0.05

<Ae 2> AFFol nrg A
O AR wE AP

dx A2 -8 st H| A ¥}H] 2k k4= (7H)
T4 0.15 a” 42.6 a 2.8 a
22 FAA 0.10 a 504 a 23 a
ok A 0.15 a 425 a 3.3 a
T4 A 1.20 b 409 a 23 a
23 AR 445 a 331 a 10 a
F A 142 b 244 a 2.4 a
7 1.35 b 224 a 21 a
24 FAA 245 a 25.2 a 1.1 b
°FHA 1.23 b 224 a 22 a
T4 A 012 b 52.3 a 25 a
'25 AR 0.29 a 54.8 a 2.7 a
k7 0.18 b 374 b 30 a

% ZARALZ)]D 3 H] 2025, 4. 20, 9 ¥H] 2025, 7. 3.

w Aed 1A

T
AE =

AFETHS 30%, 10%, +44) 7IFo=2 T3

"Mean separation within columns by Duncan’s multiple range test at p<0.05
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o &4 54
Ho A 2] 27 Iz | A | G | AR | e
- (mm) (g) (mm) (°BX) (%) (ax*)
T4 69.7 a” | 2010 a| 30b | 140 a | 078 a | 170 a
22 A 763 a | 2106 a| 32ab| 125a | 096 a | 192 a
ok A 913 a | 2518 a| 42a | 123 a | 061 a | 192 a
T R6a|25l4al 43a | 148 a | 127a | 259 a
23 AR 5 b | 2210a| 35bab| 146 a | 129 a | 262 a
ok A 793 b | 2254 a| 32Db | 145 a | 125 a | 269 a
T4 839a | 2529 a| 38a | 127b | 100 a | 221 a
24 i 836 a |2334a| 32b | 134 a | 105a | 224 a
oF 7 4] 820a |2332a| 33b | 129b | 103 a | 233 a
¥ OZAMA 7] 2022~2024. 1. =

"Mean separation within columns by Duncan’s multiple range test at p<0.05

(NE 4) ‘AF FR4 FeE AT AFA

<A 1> Fgpggol olF8 w3 A= FF A

O 3 fEd Ae WE
_ e e A Ael 3
Q@ T ¥
Heluls () FAFONF) | AAFON/F)
143/ m’ 4.5+1.5 85.0£19.3 49.0+£3.6
182/’ 3.4+0.4 112.3+10.3 61.0+7.9
227/’ 3.4%0.5 144.3+48.6 76.0£12.0
¥ ZAFY:D 2025. 7. 4.
<A 2> AHH BHEE AT AFc6E TA) AA L FGHEAHE] A
ANgA el W A G
A 1}yl 98- (o =k 71 ©
I EEErCIN )8
A 13 27 (%)
A4 g 0.66 a 97.6 92.0 0.6 2.7
6d A7 0.54 b” 97.2 92.9 4.3 2.8
A A A H] 052 b 94.5 90.0 4.5 2.5
% SRl Ak grel B, A B odere) 34 )W dgeke] 24
% ARAIE A S s~ A FR17 4 102 A A
¥ 69 ol 2025. 6. 9. / 6€= AAY 2025. 6. 16.

% AT 24 A 7 1539 deb)~ Qe $87] 19 147 246, 1~7. 3)
"Mean separation within columns by Duncan’s multiple range test at p<0.05
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A & AT T A7 ARE7]/5-\E7]
H 2= 3
B4 2 AraAy (3 EF T ava  m9s
"?"E]%]_ "9'1'/‘3 ?l'%%’ }1\1%%‘9] :‘_q' é":. 21 ’26 Xﬂ % &= %]_ ;g,/:_‘g_
LED AL AT (FT) HdFEAdTFH| °°
¢ = by = t{]__%} ) ) A = E % PN
‘c)l 2= FL& ?1_7131- ) -’ Xﬂ % = '?CJ_ ] 2= Q
U o S e S
‘ ERK) PN - ?1—7]- 9 9 xﬂ _Zr' E '?':J_ A<
J SF 3 L ] 2= Q.
1= =z O~F] 1 ?_]_'71:]:' 1q 0 xﬂ = = 4 =
qelgo] | e wanl, A% A5, FASA 59
ABSTRACT

This study was conducted to evaluate the effects of tree shape on
mechanical spraying efficiency, pesticide deposition characteristics,
nsect pest control efficacy, light penetration, fruit quality and yield
in a citrus greenhouse cultivation system. ‘Gaeulhang’ and
‘Woorihyang’, citrus cultivars developed by the Jeju Special
Self-Governing Province Agricultural Research and Extension
Service, were trained into open—center and bi—axis tree shapes, and
mechanical spraying was performed using a small speed sprayer.
Mechanical spraying efficlency was assessed based on the
reduction in spraying time compared with conventional labor—based
spraying, and pesticide deposition characteristics were evaluated
using water—sensitive papers. Light penetration within the canopy
and fruit quality parameters were investigated for three consecutive
years after tree training. Mechanical spraying reduced application
time by an average of 419 compared with labor-based spraying.
The bi—axis tree shape showed uniform pesticide deposition
exceeding 90% throughout the canopy pesticide deposition on the
leaf back suraces of western scaffold branches. Daily cumulative
soloar radiation within the canopy was higher in the open—center
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tree shape, particularly after midday. The bi-axis tree shape
resulted 1in higher soluble solids content and earlier peel coloration
in ‘Woorihyang’, whereas no significant differences were observed
in ‘Gaeulhang’. However, fruit yield per tree was higher in the
open—center tree shape for both cultivars. These results suggest that
the bi—axis tree shape 1s advantageous for improving mechanical
spraying efficiency and labor-saving practices in protected citrus
production.

key words: ‘Gaeulhyang, ‘Woorihyvang, Labor Saving, Tree shape

1. d7+&5%
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5 9] Rololix w5 A7y 2o &

[€)
Anj 7l ol -‘QPJE Aol
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Aa g bl #E2 718 R AEsh At A a"s 5otk

TAE 48] Urt A THKIm et al,1996; Lee et al., 2022), 352
St Aol = 71AIsE A g W2 Aol wmpETE A F 5 7Fol A
AwE = a2 gy dEdA =dE FFo=2 Uy F3&
MARAEH o2 Aujsta Yot

ol A FH > A FuUiet mEwE A3t F83 IS PA=
8RloF Yan et al(2023)2 T3 wE AXALY, 7€, =¥
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AeE a7k vt stk AR S-S x4 5484 71A A A
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R il R e
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B FARAE ZAAT] ol AIHFEH FE7|7HA 159 (Ao =E
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T AAste] Fx, A, A9AE ARG HY. GRS HAY
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¥ A ZxEH(Y): A4 T BA 2ppm 37.3£2.32, BA 5ppm 49.3+2.34 4~ 8 #

- WY 5F A= EE ATl Alx &3t A dAE, Ao
S3tEHA BoP FHE §78AS

- Alx &3+ BA 2ppm Ay eolA 37.312.32¥¢, BA Sppm A Tl
X+ 493+234°]°ﬂ HZ = A=
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ot AR F48kR o, BA Sppm AHgoAE o T =77}
o 2 PR = FAY VAV yel okt 524 AES B
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(¢ 4) %) ) ) S2E(%)
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BA 2ppm 79 a | 41306 | 382 a 75
5 BA 5ppm 112 a | 783+40 | 332 a 33
BA 5oomNAA Tppm | - - -
% 24 A% A5 B/7h B FREE agd AA ¢ Q 5e 2] dARARAD)

“Mean separation within colums by Ducan’s multiple range test at p<0.05
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3. ABSTRACT

Zh dEgE2= Aw Add 55 AT

To explore the domestic production of lutein (an eye health
functional food ingredient currently entirely dependent on imports)
this study assessed the viability of open field marigold cultivation
in the Jeju region. Cultivation trials were conducted from 2024 to
2025 at three altitudes (100, 200, and 300 m above sea level) during
both spring and autumn cropping seasons. Five marigold cultivars
were evaluated for growth, yield, and lutein content.

Growth assessments revealed that the ‘Coco’ cultivar exhibited
the most vigorous growth, recording the greatest plant height and
flower width among the evaluated cultivars. Regarding total flower
yield, the highest average yields per 10 ares (10a) were recorded at
200 m in spring (182.3 kg) and at 100 m in autumn (204.1 kg).
Notably, the ‘Coco’ cultivar specifically achieved the maximum
flower yields among all groups, reaching 232.8 kg and 281.4 kg per
10a 1n the respective optimal conditions. While altitude had no
statistically significant effect on lutein content, clear differences
were observed between cropping seasons and among cultivars.
Lutein content was consistently higher in the autumn crops
(averaging 5.8 - 5.9 mg/g) compared to the spring crops (averaging
36-45 mg/g). The ‘Coco cultivar consistently presented the
highest lutein content (up to 83 mg/g) across all cultivation
conditions, demonstrating superior performance in both yield and
quality.

However, the lutein content of the Jeju cultivated marigolds was
generally lower than that reported in major overseas producing
countries (5-20 mg/g). Consequently, the economic feasibility of
industrial lutein extraction appears limited, as processing these raw

materials for functional food ingredients requires high cost
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supercritical fluid extraction. Therefore, utilizing high vyielding
cultivars such as ‘Coco’ and ‘Inca II' for premium flower tea
production or ornamental landscaping 1s recommended as a more

economically viable alternative to industrial lutein extraction.

. FEUHEd & Wt FHQ §F v

This study aimed to evaluate the efficiency of different extraction
processes using marigold (7agetes erecta L., cultivars 'Coco’ and
'Marvel II'’) grown in the open field in Jeju, which offers the
advantage of low production costs. Three extraction methods were
compared: 70% ethanol extraction, subcritical water extraction, and
supercritical fluid extraction (SFE) using carbon dioxide with an
ethanol co-solvent. The initial lutein content of the raw material
was higher in 'Coco’ (5.6 mg/g) than in 'Marvel II' (4.2 mg/g).
Among the evaluated methods, SFE demonstrated the highest
extraction efficiency, yielding lutein concentrations of 434.7 - 476.3
mg/L. Conversely, subcritical water extraction showed limitations in
extracting fat-soluble lutein. Furthermore, the final lutein content of
the SFE extract reached 819.9 mg/g, successfully satisfying the
Korean Ministry of Food and Drug Safety standards for health
functional foods (560 - 840 mg/g).
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ABSTRACT

To explore the domestic production of lutein (an eye health
functional food ingredient currently entirely dependent on imports)
this study assessed the viability of open field marigold cultivation
in the Jeju region. Cultivation trials were conducted from 2024 to
2025 at three altitudes (100, 200, and 300 m above sea level) during
both spring and autumn cropping seasons. Five marigold cultivars
were evaluated for growth, yield, and lutein content.

Growth assessments revealed that the ‘Coco’ cultivar exhibited
the most vigorous growth, recording the greatest plant height and
flower width among the evaluated cultivars. Regarding total flower
yield, the highest average yields per 10 ares (10a) were recorded at
200 m in spring (182.3 kg) and at 100 m in autumn (204.1 kg).
Notably, the ‘Coco’ cultivar specifically achieved the maximum
flower yields among all groups, reaching 232.8 kg and 281.4 kg per
10a in the respective optimal conditions. While altitude had no
statistically significant effect on lutein content, clear differences
were observed between cropping seasons and among cultivars.

Lutein content was consistently higher in the autumn crops
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(averaging 5.8 - 5.9 mg/g) compared to the spring crops (averaging
3.6-45 mg/g). The ‘Coco cultivar consistently presented the
highest lutein content (up to 83 mg/g) across all cultivation
conditions, demonstrating superior performance in both yield and
quality.

However, the lutein content of the Jeju cultivated marigolds was
generally lower than that reported in major overseas producing
countries (5-20 mg/g). Consequently, the economic feasibility of
industrial lutein extraction appears limited, as processing these raw
materials for functional food ingredients requires high cost
supercritical fluid extraction. Therefore, utilizing high yielding
cultivars such as ‘Coco’ and ‘Inca II' for premium flower tea
production or ornamental landscaping 1s recommended as a more

economically viable alternative to industrial lutein extraction.

key words' marigold, lutein, health fiinctional food
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2. A& H}H

oA 2024358 202597HA] AFA G s kT Aol g
7N A FelA FREAT. AH TS ﬂhz—ﬁl o=
100m), H¥€5 AAdEE 200m), HLS BA GG 300m)oll z+zt
sk A FEoEE f%*ﬂﬂ%ﬂ wEI, Y7, CERRY,
‘50 57 FFOIUT w2024 = zHHHA B9 AV gRd
BAE FFoll gkt AAskAt AwiNe s 1 13 2o

e WE

¥ 1. Au L.

24 2] o]
4 3 Q. ) | A A # (ke/l0a)
2024 | 2025 N-PO -KO -5 H
& - 4. 8. 11 - 18 - 185 - 1,000
70x35
7h= 9.3. ] 9.5 11 - 18 - 185 - 1,000

¥ 24 & A\ A 100m4. 14, ZA]), 200m4. 1., ), 300mE. 2., 5-4)

3. 4% #H 1%
7b = A
2024 % & AE) Al vEEE F24F a9 oAR CHA 53T A
=

-
Ashela ae] mE AL 54 % 29 2o xuEE
3H %A

¥ 2. BjAF EF9 a1 AS EA1(2024)
- sl A2t | g TRY . -
¥ 7H(§j§_ L_Ef) T(%_ o) % (cm) %*3%(cm)
100m 5. 10. 23.3 28.2
200m 5. 6. 6. 18. 23.9 345
300m 5 8. 22.0 28.4

* A2 100m4. 14, ZA]), 200m«. 1., &), 300m4. 2., &73)
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29 W2 100m FEIL
AstFo]l MY 20gC® H2 200m E oA 168.3kg/10a0. & o]

7 BT

¥ 3 CEHRY EF9 xaud % EA(2024)
ame | A 2 (kg/100)°
gn | B¥T | age _ _ _ i
(78/5) 12} 22} 3z} A=}

@M 1. 30)] 6. 4) |6 11)] 6. 19)]
100m | 160a° | 15b 11 | 80 | 245 | 791 | 112.9¢
200m | 175a 2.0a 52 | 82 | 80 | 719 | 1683a
300m | 186a 176 | 160 | 56 | 332 | 901 | 150.0b

2k Ekel 28 AZV|oA T2A17 50TCE AZRE F 10a® SHAkSE o] Sk
YMean separation within columns by Duncan’s multiple range test at p<0.05
o 2 FH 3ol 7P =& wld meetd AR 1~4xHA] ekl

# A2 100m(4. 14., ZA]), 200m4. 1., ), 300m4. 2., 54)

el gse] i L
a7l Bol A% FHQ Faro] wolA

=5 FaL FH < o F(mg/g)
100m 6.0b”
B A 200m 6.8ab
300m 1.5a

“Mean separation within columns by Duncan’s multiple range test at p<0.05
% gAd: 100m4. 14., =A]), 200m4. 1., A7), 300m4. 2., 54)
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F 6. %L B EFFo mE ¥ 54(2025).
=] Zj.}—— ﬁk‘%k(kg/lOa)
23| 229 |G| 482 4 [ o9 | 3% | 47
T
@70 5.19) 6. 26 6.9 |6.19)
Hz=Amg | 105 1.6 0.6 8.8 16.0 38.7 64.0
=gl 15.1 19 0.4 135 63.5 412 | 1185
100 Y 7HI 16.3 19 2.1 9.7 99.0 50.1 | 1259
m
Efj At 9.7 14 0.4 10.9 19.2 24.6 52.1
S5 11.1 2.3 0.0 11.6 45.5 46.7 | 103.8
Bt 13.2 1.8 0.8 10.6 41.1 46.7 99.2
tzeARE | 21.0 1.2 0.6 4.4 15.1 82.2 | 1024
=g 41.8 1.3 0.5 104 44.3 162.7 | 218.0
200 Y 7H 39.7 14 0.1 8.8 66.1 151.1 | 226.1
m
Efj At 16.9 14 0.0 5.7 17.3 73.2 96.3
S5 33.4 1.7 0.0 0.5 10.8 2215 | 2328
3Tt 30.6 1.5 0.8 6.2 37.3 138.0 | 182.3
oAl 11.1 0.9 0.0 4.9 11.5 22.0 38.4
=g 14.8 1.0 0.0 10.9 23.6 24.2 8.6
200 Y 7HI 13.8 1.1 0.0 14.5 185 217 60.7
m
Ejj At 8.9 1.0 0.0 9.4 14.1 14.5 38.0
S5 21.3 1.2 0.0 10.5 33.5 61.7 | 105.7
it 15.0 1.1 1.6 9.7 22.7 37.6 71.5
¥ |- s %ok * * * Hok ok
EL | *k %k * %k sk ok %k
J\:LJ_—L;E* 77777777 *k %k * % * * ok ok *k
R=IoN

Data were analyzed by ANOVA, and significance was determined at p< 0.05 and 0.01.
¥ x k% gnd *** Indicate significance at p< 0.05, 0.01, and 0.001, respectively.

% A4 48, B2 100m-2], 200m—37, 300m-%-4
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el s Zu 9 F3e we FHd FFe F 794 2ok T
2 S FEF0l MY w2 FHS FEe Baen, o W=l
AP, Q7D o w yEiwtew, ‘taAde’ FFo] M Wt
FFo wegt FHQ o] Aol FHH aly o wE 23 o
AbE AT sEHY Aol2 FAHAT
E 78R3 9 FF e FHA EH2025).
¥ =& FH S & (mg/g)
v =7 ¥ g 2.1
npE ] 4.0
o) 7} I 3.2
100m B 2 39
EE 49
o3 36
] 2~ 7] B g 2.1
ohE I 4.2
J 7} 34
200m B 2 35
EE 5.6
2 T 3.7
U =7 B g 2.8
npE ] 45
o) 7} I 44
S00m B 2 42
AT A 6.5
3 1t 45
B ns”
= 0000 | *ok
FARFF T ns

Data were analyzed by ANOVA, and significance was determined at p< 0.05 and 0.01.
¥ x k% gnd *** Indicate significance at p< 0.05, 0.01, and 0.001, respectively.

% A2 4,8, A2 100m-FA), 200m—47], 300m-54
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. 7hE A
20243 ~20251 % 7HS Al wlgE=e 23 9 FF o2 AS
EAL % 81 2o A EF YA F59 % #Ha =

=

= . JdL

2 = ‘ 3 > ] vl

Zo] Foa ‘IF FFTol o] A 2FHo] HATH

¥R ¥ % EFF mE AS 54(2024~2025).

g3 gz M IRTE Y 29em | 220w

Ox=AWgy | 10. 4. 30.3 395

nhE ] 10. 6. 416 52.7

100m )71 10. 4. 39.6 49.8

Ef 4t 10. 8. 37.0 42.1

EE 10. 12 61.8 74.4

gx=#Awg | 10. 6 29.6 34.3

nhE ] 10. 8. 41.9 53.0

200m )71 10. 3. 12. 11. 38.9 50.9

Ef A 10. 7 36.0 439

EE 10. 16 53.6 70.1

gx=#Awg | 10. 6 24.0 26.0

nhE ] 10. 7 295 35.8

300m o] 7} I 10. 5. 29.2 36.2

Ef A 10. 9. 25.6 31.8

EE 10. 16. 51.0 60.1

¥ gAY 9. 3.(24), 9. 5.(°25), A A4 100m-2#], 200m-"3], 300m-573

Heglzee 13 % FFo e v 54 1 99 Zrh vt
SerE gl Sk 4%E Btk 100m EielM 10a" H+t
T o] 2041kggi 71 wekom 200mell A 128.3kg, 300mol] A
726kgo 2 UEY it mold S E o]l A 3 A
*)FJE 100mell A 411702 7Hd Bt FTH=25 e
% o] FeFo] 281.4kg/10alo 2 7b wotth 1 ¢

WHEIU, BAE, ‘T aAWE Fol T

=R
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#F 9 %3 B FFd mE s 54(2024~2025).

. e | A Xijﬂ}; T (kg/10a)

A WS e )/ e LA | 2x | 3 | ax | 5 | A
oz~AWE] | 337 | 11 | 65 | 40 | 326 | 45.7 | 434 | 132.1
B0 | 394 | 14 | 50 | 140 | 599 | 83.0 | 46.6 | 2084
00 AT | 528 | 1.1 | 104 | 196 | 656 | 782 | 615 | 2354
B A 377 | 12 | 39 | 79 | 567 | 526 | 423 | 1635
EE| 418 | 19 | 08 | 37 | 779 [127.1| 719 | 2814
e 411 | 13 | 53 | 99 | 586 | 77.3 | 53.2 | 204.1
oA | 225 | 09 | 64 | 30 | 84 | 137 | 383 | 69.8
BT | 324 | 13 | 64 | 168 | 247 | 485 | 50.6 | 147.0
00 A7 O | 37.2 | 11 | 147 | 107 | 307 | 439 | 445 | 1445
Bl At 269 | 1.1 | 95 | 88 | 270 | 256 | 380 | 1089
EE 320 | 16 | 04 | 63 | 436 | 468 | 744 | 1714
e 302 | 12 | 75 | 91 | 269 | 357 | 49.2 | 1283
tlz=AHE | 9.9 09 | 24 | 24 | 67 | 114 | 131 | 36.0

B | 111 | 13 | 12 | 45 | 7.8 | 162 | 306 | 60.2

00m J7b0 | 193 | 1.0 | 58 | 6.0 | 177 | 21.0 | 276 | 781
B A 143 | 12 | 06 | 7.0 | 121 | 140 | 31.7 | 653
EE 196 | 17 | 02 | 24 | 214|281 | 71.3 | 1233

7 3t 148 | 12 | 20 | 45 | 131 | 182 | 349 | 726

% A2 9. 3.(24), 9. 5.(25), B2 2 100m-2A, 200m—47, 300m-%24




% 2 7o ,
o= A% @ Fibsiwol golar JE AT A AP

(Bhattacharyya et al., 2010).

FH 2 AW xuRY APy FFo o G| ¢ FHvh
B 2 (PG 3.6~45mg/eg) Bt 71S A8 (HH 58~59mg/g)ol A F
HQl o] dwrdo= =A vey 7ts Azt fEd o2

(—

Gt Eae] BE @3 ot EAHOL wolsA @A vve)
A}
¥ 10 B3 2 E2o wE gl $HE(2024~2025).
A =5 FHQ s (mg/g)
o 2~ A H g 3.8
ey 5.8
SERT 5.8
100m B A 5.9
D 5.9
0~ 7] 8 g 35
SRRy 6.3
SER 6.2
200m B2 50
) 8.3
5 5.9
o 2~ AHH g 35
H T 5.8
SER 6.4
S00m B A 5.4
EE] 8.0
5 5.8

w429 9. 3.(24), 9. 5.(25), A4 100m-FA, 200m—47, 300m-%4]
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) (i et al, 2007, Ingkasupart et al., 2015)
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5. 234&E

A= (A1) [#8TE A 2 9
oS | EAR | AFAY WIEE FE 54

6. AL d

AEeJFELAA, 2024, 2023 HE U ARG AFE AAAH 57,
4 E o] FE A A,

AERZAT 2022, FEQ FEE A dPEE O FAL 2
% ¥4 AHa A7 wuA,
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cultivars of Indian marigold flower (Tagetes patula L.) extracts.
Journal of Agricultural and Food Chemistry. 58(14):8259-8264.

Hadden, W.L., R.H. Watkins, L.W. Levy, E. Regalado, D.M.
Rivadeneira, R.B. van Breemen, and S.J. Schwartz. 1999.
Lutein, zeaxanthin and phorbol esters in marigold (Tagetes
erecta) extract. Journal of Agricultural and Food Chemistry.
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ARAY AT EE #4914 e
Al = | AFAY vygsE FF5 54
g § & of| 39
A Ao AF wEEE, FF, 23, FH FF
O 7
O AFAGNAE W=7t dAFFH Fd5 5 THSE E
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O e 4532 U&
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3 ARERE 8o 7tk
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£ °f Mzl 2E $2% 54 U REQ (2248~ 25718 BT)
L OHE T 17O
O s=5&53
O AFAS viglEgs 5 54 ANE Al 84, o 2 54 &
SEm . LA E | MASHE B2 F 8% 314% 71& M
ANEAE | AF4 wEEE A5 AF NS vteA HE
FEHAA =7 AdAzET} kA E
ATARA | FATAEA (Xilﬂ; :%62—7]60-;47&1,]e€-r;iﬁ cﬂcoljlz;é)kc?rea.kr)
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O 953X e
O AFAY Uﬂal*# % =4
- =5 mEN, Y7, 2R
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- ZAE: QS 9 FEEA, FH FF
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O F59 A% E4(24~'25)
= A 7Y A
3T = Z=7% ZE - == Z Ak z=Z
3kl I (crr(lj) (cm) Al FEH (crrf) (cm)
R=| 34.2 40.7 =] 41.6 52.7
100m | A7 345 46.0 100m | A7Hn 39.6 19.8
5 43.5 59.9 A 61.8 74.4
S EERT) 36.2 477 T 41.9 53.0
200m | A7 343 48.0 200m | A7 38.9 50.9
a3 193 65.8 EE] 58.6 70.1
R 224 277 EERT 295 35.8
300m | A7 22.2 275 300m | A7 29.2 36.2
a3 32.3 47.2 EE] 51.0 60.1
¥ A2 A 100m/ 2 ZEATER], 200m/AAA HEZA, 300m/EAHE YL E=4
-8, b A BE = FEol 230 AW xFo] YL
O F59 S E4(24~'25)
= Al 7+S Al
.| A= | A=z .| A= | A=z
x| F39 | GO | daw | ¥ omwm | w39 G0 | daw | Sy
T (g/An) | (kg/10a) T (glm) | (kg/10a)
opE | 151 19 | 1185 opE | 39.4 14 | 2084
SENRIBTE 19 | 125.9 Jdsh1 | 52.8 1.1 | 2354
100 B 100
™ U=z [ 111 | 23 | 1038 M T a3 | 418 | 19 | 2814
g7 | 14.2 20 | 1161 g7 | 447 15 | 2417
opE | 418 1.3 | 218.0 opEq | 324 1.3 | 147.0
SENT 7 14 | 226.1 SENT 2 11 | 144.
soom 27" 39 6 ooom 27" 37 5
=23 | 334 1.7 | 232.8 =23 | 320 16 | 1714
g7 | 38.3 15 | 2256 J7 | 33.9 1.3 | 154.3
uhE ] 14.8 1.0 58.6 /RN 11.1 1.3 60.2
Jshi | 13.8 1.1 60.7 Jshn | 193 1.0 78.1
00 B 00
00m oo o3 | 12 | 1057 | SO0 oo [ 196 | 17 | 1233
g7 | 16.6 1.1 75.0 g7 | 167 1.3 87.2

- AglrE 100m F318 7 Aol A ‘YIHI 7 52870/ FE 7+ B
- Az A3FS 100m £3.2 B AuljelA ‘Z3'7}F 23g/MOE 7 FAYS
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2 Syl MY BYL ‘=,
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A T & AT TP A7) 7]
ATEF | T3 2 5
A L AF-FA B (Code) ;ﬂ A A 2 2}
AFA Wz A7) SHE AR 5& 24 A F = 9 o} Xy =
Ve AE (IC) |~ 9 REFH ©°F
al T 3L =z 7 Q;I;g.;_(}‘:’ ,24 A T = % ==
D e A Ao g o | I 21 S S e
2) FEUHe mE was=s TEREAS) o A FE A g
FHQ &= Hw (IC031977) Ao 2 &} oo
Aelgo] | MElzms, FHQ, AT E
ABSTRACT

This study aimed to evaluate the efficiency of different extraction

processes using marigold (7agetes erecta L., cultivars 'Coco’ and
'Marvel II') grown in the open field in Jeju, which offers the
advantage of low production costs. Three extraction methods were
compared: 70% ethanol extraction, subcritical water extraction, and
supercritical fluid extraction (SFE) using carbon dioxide with an
ethanol co-solvent. The initial lutein content of the raw material
was higher in 'Coco’ (5.6 mg/g) than in 'Marvel II' (4.2 mg/g).
Among the evaluated methods, SFE demonstrated the highest
extraction efficiency, yielding lutein concentrations of 434.7 - 476.3
mg/L. Conversely, subcritical water extraction showed limitations in
extracting fat-soluble lutein. Furthermore, the final lutein content of
the SFE extract reached 8199 mg/g, successfully satisfying the
Korean Ministry of Food and Drug Safety standards for health
functional foods (560 - 840 mg/g).

key words' marigold, lutein, health fiinctional food
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ABSTRACT

This study was conducted as an on-farm demonstration trial to
promote the rapid distribution of the newly selected ‘Haechan’ sprout
soybean variety. Its primary objectives are to disseminate mechanized
harvesting technology, reduce labor requirements, and ultimately
increase farm income. Four on-farm demonstration sites were
established to evaluate the performance of the soybean -cultivar
‘Haechan’. The results showed that ‘Haechan’ reached maturity 4 days
earlier than ‘Pungsannamulkong’ and 14 days earlier than ‘Aram’. The
number of pods per plant was highest in ‘Haechan’, and the cultivar
exhibited strong resistance to lodging. In terms of yield, ‘Haechan’
produced 279 kg per 10a, which represents a 162 increase compared
to ‘Pungsannamul-kong’ (240 kg per 10a).

key words: soybean new variety, cultivation techniques, expansion of
cultivation area
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[ I7+23

O #& &7} HIBAE & () kg/10a)
B U S 2AEEY 5 e
T A | elar |zl | A | olar | Zel | Ba | ol | Ze
g 16 | 119 | 62 19.1 | 163 | 144 | 30.7 | 282 | 200
stk
EZFHX 3.5 47 | 33 13.7 | 10.8 | 9.8 128 | 132 | 121
g 108 | 103 | 38 189 | 136 | 116 | 29.7 | 239 | 16.0
| kAl
EEHEX 5.5 75 | 33 147 | 122 | 111 | 155 | 146 | 126
« BHAE E9} HIBHMEE 7t 571 HIRARRE RolE ANUS

O #H& AMA B34

pH EC | Av.P.Os | Ex.Cations(comis/kg) | O.M. | NOs~N

T
(1:5) | (dS/m) | (mg/kg) K Ca Mg | (g/kg) | (mg/kg)

ShAr o 52 3.5 339 226 | 11.04 | 3.81 118 244

2‘ —
EZHXt 0.8 1.9 229 1.21 785 | 2.73 28 136
o 54 2.1 679 1.79 8.33 | 3.27 49 183

H| Sho

EZEZHX 0.7 1.6 364 0.72 438 | 1.83 18 136

O #H& HBEAEY|E AALS 23 NPK 58 AujA g

N
- NP@Z L AFEEAAEEA7sd AL 2(MFAZA A F, ZEA)
0 1

- AgU&: NPK 2+ 0, 0.5, 1, 1.5, 24}
_ B 2AHE(8) | 27HE68, Y R
TS aalan | zel | mx | zal | mx | za | @z ad] g
=Y
11.0 | 25.0 | 5.0 6.3 4.3 19.0 13.0 30.0 | 25.0 | 18.0
(kg/10a)
« 7| E-(IH ) STEEAL 21 o H|ZALS ™ g
- A A EY 3
- oH EC AV.P,0s Ex.Cations(comlc/kg) O.M.
- (1:5) (dS/m) (mg/kg) K Ca Mg (g/kg)
Al o 5.3 0.6 535 1.04 3.04 1.1 24
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B E7h M BAE (%1 kg/10a)
U5 RAS(EY 5 ME
= Fa | oldh | ZE| | A | M| Zal | A | k| 22
g 1832 | 126 | 84 | 136 | 11.0 | 54 | 254 | 236 | 138
sttt
EEHA | 109 | 84 9.9 7.4 5.3 57 | 138 | 10.7 | 10.2
g 138 | 159 | 65 | 141 | 129 | 11.7 | 279 | 288 | 182
H| 2h&t
FEHEX 76 | 123 | 57 85 | 115 | 62 | 119 | 178 | 7.7

« 2| £t HISKMNS|E ZF STt H[RARZE A0l 8RS

0

pH EC | Av.P,Os | Ex.Cations(comls/kg) | O.M. | NOs-N

e (1:5) | (dS/m) | (mg/ka) | K Ca | Mg | (gkg | (mg/ko)
o 52 | 30 327 | 22 | 109 | 31 | 117 | 225
st
ZZEHEA | 06 | 20 255 | 07 | 50 | 14 | 27 186
oy 57 | 38 954 | 31 | 133 | 42 | 41 290
H| Sk
EEHEA | 07 | 241 480 10 | 59 | 25 | 17 215
O Wi HEAMEY]E RS e NK &5 AuA Y
- AN @A B ZRAAZA AAHE NS, ZEAN))
- g8 NK 2+ 0, 05, 1, 1.5, 2
. 2= 2HE(18) | HE2Es, 22 sHA|
TE Taaxas|ze | az | zal | @z | za | wx| ez
7| =
132 | 257 | 7.8 44 | 26 | 132 | 78 | 264|257 156
(kg/10a)

2w oH EC AV.P,Os Ex.Cations(comly/kg) O.M.
= (1:5) (dS/m) (mg/kg) K Ca Mg (g/kg)
Al o 5.7 0.4 193 0.3 8.7 1.4 183
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W EEZ B (cmolt/kg) W ESZ-E (cmol+/kg)
wetMzEDL o Zig gtk 2HA(s7F =AD Zi2| |2 X4
« AMRHERX] |2 A e 2 E EQF QIRHEC-AlA, REolik-eldt mekd ZHE-ZiE))
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O (FARA) vZALEH Ao WE 2247t Ao 7 FoJ2 84 FHa) S
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e
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ShAr = 6.3 0.9 268 14 155 | 24 80 56.7
2‘ —
EZFHEXt 1.5 0.3 284 0.7 12.2 1.8 62 43.2
E= iy 53 0.8 660 1.0 5.7 1.6 47 38.7
SER
EZFHEXt 1.0 0.3 317 0.5 6.8 | 09 26 33.7
O FAUE vIEAE7]IE 28 9% NPK 53 A
- A @A AFA N 2704
- AgUg: NPK Z+ 0, 0.5, 1, 1.5, 24}
274g | =78 R
Eélj % AL h [ AL ~ [ O'='|'7
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-AE A EY EEA
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= (1:5) (dS/m) | (mg/kg) K Ca Mg (g/kg)
AXEZ 6.6 0.3 9 0.6 5.8 2.8 19
Bx &t 5.8 0.3 209 0.9 4.9 1.2 40
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xR A 1072081 ME2[FollA TR Bpen, SAN welds IH Al
MEAH|Z2 21.5kg/10a(13] & 7|&, @HE+RHE 13])
« QI&E g Zi2|= Ald[Zof| wE ghS0| gl =7t "W Ald[2Fl 1HZ2K10.0kg/102)0
x{E st
O fFAUE EAA v 71 A%« JHiAE Z2ojol EAEA 2A BN
O A4
25
— 15.0 —_ L TV
S 120 . S 20 T
‘T:. : » * - = o P Rernrert :"'- 15 =-0.0398x + 24.86
2 9.0 '....-----""‘yauuusuvzsm 2 i s vt i
6.0 - o 10 =G,
<+ 30 : 3 5
foln =<
Rl 00 500 1000 150.0 200.0 0 50 100 150 200
oF O
E¥ 771=(e/ke) E% 57|12 (g/kg)
w7|= Ykt AagaEk 2A(s7FH =AD A H|ZFHA(ERE E)
— 200 25 Sas
1] — Trrenaa, $ae
2 150 S 20 DAL TETPPPRR
o N> 0. 04421( + 7 7533 =
= 10.0 o Yo 8% L wenieen sanenttt s 15 = -0.1006x + 24.588
m £ - ...l ame® 1] " 5 10 Rl = 0.9952
L ]
&+ 50 o b i
fojn = 5
d 0.0
Kl 0.0 200 40.0 0.0 80.0 100.0 .
1] 10 20 30 40 50 60
EY R71E8(g/k
A2 gl £% 27|2(g/ke)
2712 saim WAEST B(sT A A2 vl REHA([sHIE )
« SRS EQRR AfuiAlY Z1t |lo] sTKEHYEE) H AlH[ZH21.6kg/10a)oll 284 ME
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O ZAAE &4 (49: ¥/10a)
EAH 24 (A) ]2 24(B)
o 57 += o<
D &5 F7k 53,3259 /10a
- A 37H(25kg/10a)0l WHE 249 St
* H@ =M M8 A| = 4,674 kg/10a
* T3 AlH|Z X8 A| = 4,649 kg/10a
o S7FE & vl&: T gl @ Hl& A7 6,325 /10a
- HlZ AZHE A 15, <14t 08 2 0.7/10a)
of ME HlE A
* HlE@ FEHEh HA-0IA-2+2]=20.7-9.3-94 kg/10a
* HS AlH|Z: AA-QIALZHE]=222-10.2-10.2 kg/10a
- A(B) : 59,650
o FAFYUB-A): 59,650
« AE T4 aT ToiAIE HEA| A8 (http:/at.agromarket.kr) 20243 Tofresd e Y

g 71A4(2,1338/kg) M E

- 4

H|=7 A4 sl s 2Rl =4 7 IBA1EE): 24 15300%
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BAoH| 12309 UsRE 1580 M2
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- FEd Bl A 27%, S4F 73%
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O AAAE £ATs FE oB7)% AL D Faro] B o4

* e HEY: gGAFHIIEH(A) A4z, Az
O AFE 2035 S3A&ZY A, o7 AHd A

O AAA &9 TARE W&

(0 95FHE 78

0 AF FRE

'\__

REw wE A 27%, F4F 73%

AEEASLECE

247k~ v EFF(2023): 390.2

= COqeq.

A7k TR NIF vE 58%, oMkl 41%, olAkSlRkE 1%

Ho

o TSk 1337
gz I ;1

HAAlE B ok

1%

g . B 150 o 0
ERi0-eg HE mCHY mN20 =CO2
DR ERPIA fﬁ—’;cii? H1% (%)
H A H CH,4 0.02 0.005
ERBAEY N.O 100.5 25.7
g;ﬂj ) 22747 | CH,, NLO 0.0 0.0004
A B4 & CO, 0.1 0.04
QNS CO, 4.6 1.2
=5 | AULE CH, 91.3 234
(73%) | 7}#=8 %8 | CHy, N2O 193.7 49.6
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AZE 2A7F2 8= %H(1990~2023) (&) A E COreq)

T 1990 1995 2000 2005 2010 2015 2018 2022 | 2023

Hj 1.3 1.2 0.8 0.3 0.1 0.0 0.0 0.0 0.0

A
A EF 1145 | 1449| 1198 | 103.2 87.8 87.8 91.7 | 1023 | 100.5

i cavay 0.7 0.5 0.4 0.4 0.4 0.3 0.4 0.1 0.0

A 3] A& 0.0 0.0 0.0 0.3 0.2 0.2 0.2 0.1 0.1
[ANE 230 167 7.9 49 4.6 5.0 5.1 4.4 4.6

A=A | 1394 | 1632 1289 | 1091 | 93.0| 934| 974 1069 105.2
Ayts 699 | 729| 658| 690| 87| 876| 883| 88| 913

7R m A Y 57.0 941 | 126.8| 149.1| 186.0| 1981 | 1949| 191.6| 193.7

SAAA | 1269 | 167.0| 192.6| 2181 | 268.7 | 2858 | 283.2| 2803 | 285.0

4A 2664 | 330.2| 321.4| 3272 | 361.8| 3792 | 380.6| 387.2| 390.2

- 2018~2023 HARE LAV}~ wlET A U =7 991 BN
- FAFE =D RE: (18) 380.6ME COyeq. — (23) 390.2HE COeq. 2.5% 37D
- AEEE: (C18) 97.4HE COeq. — (23) 105.3HE CO-eq. 8% =71

*Fa a9k g FAEYF F7K10,122 — 11,071 ton N)
L ZAEE (18) 28320 E COpreq. — (23) 2854 E COpeq. (0.6% =71

* 78 Al IS AT S7H36,757 — 40,466)

o
S

=

- 2022~2023d FHHET 2472 WS AP 2 S Q) 24
- FHAREN+ELDEE (22) 387.2HE COreq. — (23) 390.24HE CO-eq. (0.8% =71
- A RE: (22) 106.935E COr-eq. — (°23) 105.3-E COs-eq. (1.5% 74
* 78 82l gshhs AR 7411432 — 11,071 ton N)
- ZARRLE (°22) 280.3HE CO-eq. — (°23) 285HE CO-eq. (1.7% =7D
*F8 80l IEF AT F7H39,071 — 40,466),
HRAME) AT S57H467,788 — 472606

S
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O At 2472 /78 9= (1990~2023) (&%l: A = COreq))

T Hl =< 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2018 | 2022 | 2023
AA 230 167 7.9 52| 48 5.3 53| 45| 48
CO, | 3N & - - - 0.3 0.2 0.2 0.2 0.1 0.1
[ANE 230| 16.7 7.9 49 4.6 5.0 5.1 44 4.6
AA 1043 | 135.1 | 1541 | 1733 | 212.8 | 226.8 | 224.3 | 221.6 | 225.4
H A v 1.3 1.2 0.8 0.3 0.1 0.0 0.0 0.0 0.0
CHy | =AY 0.5 0.4 0.3 0.3 0.3 0.2 0.3 0.0 0.0
AEE 699 | 729| 658| 690 87| 876| 883| 888| 913
JlERwAE | 325| 607 873 | 103.7| 129.7 | 1389 | 135.7 | 132.7 | 134.0
AA 139.1 | 1784 | 159.4 | 148.7 | 144.2 | 1471 | 151.0 | 161.2 | 160.1
N,O SAANESY | 1145 1449 | 1198 | 1032 | 878| 878 | 91.7| 102.3| 100.5
ZA57Aa2E | 013 010 0.07| 0.08| 007 005, 008| 001| 0.00
JWERwAe | 245| 334 395| 454 | 563| 592| 592| 588| 596
A 266.4 | 3302 | 321.4 | 327.2| 361.8 | 379.2| 380.6| 387.2| 390.2

- OB A HiE S TiEE f4AROlA HE

W HiE2 7SR 59%, FWEE 41% 1A, B} ZErbakazke ol wu|gh
oRsldA: HlEE FARNEY B%, 7Sy 37% A, ZEAkabE ofF wlm|gt
] d=as}
O AF= AAA dHlED] 153} Bl FAFE 2A7E AVe =
O TUHT 27t WiEd Ao A= 4 2 A=55x% 244 &8
O A&7sd sHEE 2 945H 2de A a4 AF 3 JAEA A
O =7l 2t sdF&E =247t2 A= 5 715dE #d4d d4 Al AAH ds
O #48 J3 Ie7leFE 55
O 1 F&7le ¥ I5HE
AW | FgRof deLerIEs LA | AR
. AEE =8 AuA 3 (S3E) 24
1 |7hees Zole] el A7 dlge 2022 | iz
2 | FAHAEEA | 20199 =7F 247k QIMIER|(1990-2017) &8 | 2019 | o] H7
3 | FAEEA | 20199 =7F 2472 QIHER](1990-2017) 28 | 2018 | °fA
) 2006 IPCC A3 2§ 74715 sHoF A&
xolsA = o=
i Rl 27k QNEE g 2024 | 5%
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4l E¥)(Greenhouse Gas Inventory)@ =7} A9 =& 7] o]

2 AT B2FY - A9 18, o B 32
3} 7

NELE T AL glom, Ak uE
(e}

22y 8 of

_<|>4
[ SYURE 28IIA =32 HEA 4FoLUL ?
O 24712 HjEES IPCC(Z | astl B3k ARt Folalel =71 47k~ JHEE]
AR, ol w}ﬂ} EIEk %%AE(%%HXPE)Q} EATE o] &3t AHRTh
&) FAF x ol HA(N0) BlEA S

O %‘?jl‘%%j—ﬂ F8 HH%%-% XHHH(tﬂxHHH, TARAAEY, AEZAA *@Al%,
[AaAE)e} F4EUEE 2 7tEERAE)olH, o2 sAuwdME fI1E
o] grjzloz EaEHEA WA= WEH(CHy), TANEIAHE A5 =
7tEEme] gL o5 mMEEHe= oM E AN0) 18
HH%H% o] 2F3IEFA(COy) & AHE FU T

B
0 HE SEE 2MJ1A JMIED] B2 7

rok
jus)
e

e rlo

O 2023 7|& AF TYPHFET 2472 AWEZE &85t 4AHA S o)
390.2 A ECOeq.c1™, FEEEE Al 27%, F4F 73%, 247t~ &
Wk 58%, o}bAbE}A 4 41%, 18]l o] A+EERA 1% HlFE AATUG

O 53|, AujF-EL FAANEGNA wEF = oRkistdA viFo] /M EHU

= AFAY AujF-Zo 247t 5SS AdAe davs AR A7 A

= /I - giko] vl RIS o ¢ don, ojd il 247k JIHE

= g= 8 2

283t A9
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=
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] AE7)& FEAR
g & TE| e A= =97 % 28 | | 27
A AR A Aol A 7&xd
A | AFANYG & EY F FULE9EZ AL %
2§ % ok TUHA
A A o | B, §7109Ed, %A
0 vj 7

O AFAY T E¢F F719EE A S
a I Bt =
T = (mg/kg)
1 Cadusafos(Z}F+AFE ) 0.043
2 Ethoprophos(°l] & 3 2 3 *) 0.034
3 Fenitrothion(¥ Y E 2 %] &) 0.035
g8y & 4 Phorate(Z #| ] E) 0.012
8 oF 5 Tebupirimfos (8] -3 ¢ 3 *~) 0.036
6 Terbufos(E -3 2~) 0.064
3t A 0.224

G711A EA] Eitol

) B wuy

- AlF D B WA 7190 Bl Eo] 024me/kgOF 7|EX|2]
oF 1/45 5:322%)0l Batr] o= WA 7FERTE Wy whe 5E9)

= AF W EFe WA JE gib] S dd fEo EHY
o, ‘A AF BUBA ] FgHoR GAHL YSL HAFE

O 93 &7

O AFAA & B T ArIed=d A4 dF Ales &3

—
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3
~
o
off
ok

oM,
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2
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et

oy

A
AR A7 eNE

AF7EA|

A |CHA 5 RS-2021-RD009652) 51EE F &7
rul = [ %7]3%%@ EHE‘]% ‘;_l 3;:]_-7(%]_?,]6-]1/(6] r§7]'jﬂ7:":|‘L-:iq‘

e AFEHARA =57 sl A7Nd= A7+ ol Agwl
= 3} - . —mail : wi
e (K3} : 064-760-7363, e-mail : wjdaks22@korea.kr)
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ac Az agm & oF A & (mg/kg, ppm)
o et Ar Ao 3 ks
Dimethomorph(t W E &2 32) 0.010 0.712 0.160
Fluazinam(Z 5o} A &) 0.395 0.395 0.395
Fludioxonil(ZF U544 0.011 0.011 0.011
Fluopyram(Z 5 2. 3] &) 0.047 0.268 0.177
Fluquinconazole(ZF#H 3 U %) 0.038 0.194 0.090
Fluxapyroxad(Z 5 A3 g} =) 0.049 0.061 0.055
Hexaconazole( | A} 7 L&) 0.017 0.017 0.017
Metalaxyl( & eh2) 0.031 0.065 0.048
Metconazole(W E Z &) 0.012 0.237 0.064
Pydiflumetofen(3] t] &5 v £ ) 0.061 0.113 0.087
Pyraclostrobin(3] &t 2 ~E 2 11) 0.011 0.093 0.037
Pyribencarb(3] 2] #l 7} B.) 0.029 0.029 0.029
Thifluzamide(E] &5 A}ufo] =) 0.035 0.048 0.042
Bifenthrin(H] S E &) 0.022 0.160 0.048
Boscalid(®. 2~Z+g] =) 0.056 0.060 0.058
Cadusafos(F}FAFE 22)* 0.018 0.067 0.043
Chlorantraniliprole(Z 2 #HE g = 0.026 0.104 0.065
Chlorfenson(E Z 2 3 4x) 0.017 0.019 0.018
Chlorfluazuron(Z 2 2 & ol &) 0.010 0.043 0.019
Clothianidin(Z Z gl o} 4 ) 0.023 0.023 0.023
Cyantraniliprole(A} o] StE 2 d 2] L &) 0.018 0.031 0.023
Cyclaniliprole(Alo] Zet d 8] X &) 0.012 0.012 0.012
Dinotefuran(t] = €] 57 &) 0.012 0.045 0.028
Endosulfan_sulfate( =43 A5 o] E) 0.066 0.066 0.066
Ethoprophos( ol B3 & ¥ 2 )* 0.013 0.105 0.034
= Fenitrothion(¥ Y E 2 €] =)= 0.035 0.035 0.035
= Flubendiamide(ZF 4l t] 0}‘:’]‘ O] =) 0.024 0.072 0.045
Flufenoxuron (&5 9| &4~ 0.014 0.014 0.014
Fluxametamide(Z S A} H| E}U]' 0] =) 0.011 0.011 0.011
Fosthiazate(3E 2~ E| o} A o] E) 0.026 0.026 0.026
Imicyafos(o]v] A] o} 3 >~ ) 0.010 0.028 0.017
Lufenuron(F 3| &) 0.012 0.013 0.013
Metaflumizone(" E} & F 7] &) 0.011 0.012 0.011
Phorate(3Z & 0] E )= 0.011 0.013 0.012
Pyridalyl(&] €] & 9) 0.051 0.135 0.083
Tebupirimfos(E] F- 3] ¥ 3 2 )x* 0.027 0.058 0.036
Tefluthrin(H EFFE#) 0.034 0.285 0.137
Terbufos(E] §- 3 2~ )= 0.058 0.070 0.064
Thiamethoxam(E] o} ¥ 5-4}) 0.042 0.193 0.106
Alachlor(¢ &2 22) 0.035 0.068 0.048
Butachlor(FEIE22) 0.046 0.068 0.057
Az Linuron(&8] 7 &) 0.023 0.028 0.025
Methabenzthiazuron(™ EfWl ZE] o} &) 0.021 0.025 0.023
Metolachlor(H E& 22 2) 0.025 0.516 0.164
Pendimethalin(Z t] W &) 0.025 13.257 1.065

I Rl A=A
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1. 347]«¢¥ 949
o =} T 8 8} &
56. 10. 1.| O AlF=sd7isd A
57. 5. 28.| O A% FAYSRE A
62. 4. 1.| O AlFes&AgThor Hyd HAANIGS} AeH}E 7)
1. 2. 1.] O ATt Ald=r AAd 0= 33 AA)
']87. 9. 7.| O A= ANHH=E FEI} A5 NHATFETFE Al 1065)
'90. 12. 31.| O A= AEHE A HEFAEe AAZEHRZ A
'92. 3. 3.| O AgF A A ZARKEE YoAlE HATE 2 Al 1430%)
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