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ABSTRACT

Aquaponics is a recirculating production system that combines aquaculture and
hydroponics, in which nutrients derived from fish waste are absorbed by plants and
the purified water is reused in the aquaculture system. This environmentally
friendly agricultural technology enables efficient use of water and nutrients while
minimizing the use of chemical fertilizers, and thus has been gaining increasing
attention as a sustainable agricultural production method. However, in aquaponic
cultivation environments, the nutrient composition of aquaculture water does not
completely match the nutrient requirements necessary for optimal crop growth. As
a result, deficiencies of certain mineral nutrients may occur, which can cause
physiological disorders and reduced productivity in leafy vegetable crops. This study
was conducted to develop eco-friendly management techniques for physiological
disorders to ensure stable production of leafy vegetables in aquaponic cultivation
systems. Seven lettuce cultivars were subjected to artificially induced deficiencies of
iron (Fe), potassium (K), calcium (Ca), and boron (B), and their growth
characteristics and physiological responses were investigated. The results showed
that under iron (Fe), potassium (K), and calcium (Ca) deficiency treatments, most
cultivars exhibited clear growth inhibition, including reduced fresh weight,
suppressed root development, and paler leaf color. Growth inhibition was more
severe when nutrient deficiencies occurred during the early growth stage. In
contrast, boron deficiency did not significantly affect growth or yield in most
cultivars. When iron was added to the aquaculture water in the aquaponic system,
growth improved in all cultivars, with increases in SPAD values and fresh weight,
indicating that iron supply positively influences chlorophyll content and enhances
photosynthetic capacity. Potassium supplementation showed growth improvement in
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some cultivars, although the response varied among cultivars. Taken together, these
results indicate that an adequate supply of iron is essential for stable lettuce
production in aquaponic systems, and nutrient management during the early growth
stage is a key factor for improving productivity. The findings of this study were
applied to aquaponic farms to verify their effectiveness, and an [Eco-Friendly
Management Manual for Aquaponic Lettuce Production] was published, integrating
physiological disorder management and pest and disease control strategies.

The results of this study are expected to serve as fundamental data for
diagnosing physiological disorders and developing eco-friendly management practices
in aquaponic leafy vegetable cultivation.

Key words: Aquaponics, Lettuce, Physiological disorder, Nutrient deficiency,
Eco-friendly cultivation
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KNOs: 253g KNO;: 253g

Ca(NOs),: 3b4g MgSO, + 7TH,O: 185g

EDTA-Fe: 16g = A A NHH:PO,: 138g

H3;BOs3: 3g

MnSOy - HyO: 0.88g
ZnSO, - TH,O: 0.09g
CuSOy - 5H,0: 0.04g
NayMoOy + 2H,0: 0.01g
NaCl: 1.64g
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NapMoOy - 2H,0: 0.01g

NaCl: 1.64g
E 4 oo Ay AF Y =40,000L 71E)
A9 B ¢
KNOs: 253g KNOs: 253g
Ca(NOs),: 3b4g MgSO;, + 7TH,O: 185g
EDTA-Fe: 16g NH,H,PO,: 138g

HsBOs: 3g = w37}
MnSOy - HyO: 0.88g
ZnSO, - TH,O: 0.09g
CuSOy - 5H,0: 0.04g
NayMoOy + 2H,0: 0.01g
NaCl: 1.64g

332 °

2026 AT



OLROLELA FHHF FgHy Agargel aepls g O

AE 2> ofFolxz g2 JAF AR #Ere

2 AP 2024~20259 A7 EEd7IEY W H2Ad A STk vt T g,
2ZuQl, Zte T TETY HF TAE SHANA FFEte B Fo] 34 UskE
] Au) wso] AAsT ofFolx Y oA HE HIFEA ZkS o wksS
B7) Qe HE HUVeA e A9t EDTA-Fe 4g/ES w3 koo A3 A g
S T, 2025\ 4€¥€ 15¥¥ 5¢ 289 AHA® T W AFS AASAT ofFtotE
oA ZEFES H7IeHA s W] wkgE Br] fl8 Z2ES HUSIA %2 A
AF(KHPOY 60g/E, FEAHZ-F(KHCO,) 30g/ES mlF koo H713e A g
a1, 20243 10€ 28¥ 3 20251 3€ 49 AR F el AgS AASATE A

B, A5, 2, 2F AAF 52 $EAEH 712 e 2,

[>

Ho o to 1T
4 2

BN
>
rr
B

AE D ofFolx Y2 HAIF 1A A Aer|le sHdF
20251 59FH 10971A B ko] ofFfolx g 27| FUlAA HFAES
FR8ETE 2 ARS gwstr] 9] EDTA-FeE w3 4g/E $£3Fo 8 Hulsg o
A3l A2ZFKHPO) 60g/EFH Feh4tzZ-F(KHCOs) 30g/E<
[e)

=
=
WF FFHEE AN 2EF RES £l T TL A4 2L F YL

o 1

F QAA0E WASGON, FRES: stolvehE
MrEE R 1054 ARt APAel A% S A

s
HE & obFolEY 2 GAF 2874 27

oholEY s AAF 1A el Aaet B
a9y,

3. 23 & 1#
AY D opFolx Y~ gAF $8EY 24 =4

FAAuol A HE A9 H oz 100% AASGE W, B AYT RE ZZFo|
7 g AR Ago] A=A Gl BolFAT enHE EFAE
A akglo] o st 1. 2ol Ao FFH A 2%, 4, ¢
SPAD, AJA %ol 7b4 =9k, 2 AW HeoAe AutAoR Ko stk
5. Ao A= A2 FAF FPAH B Gro A F2IF JTS = 7
Aaz LA gon, d TFol Z/EIE P24 FFo| Z7l8te] AE Aol
A Marschner, 2012). £ AFHE B M7} oA SPAD 7tz YA Zo]
shatel A ol A3 Mg D MM ke FAH JES nH oz By
Ak A Aol Al 3 Agor ATH AHA-AWAN 27 AFAA
37 Aoz 2t HAE(BH-ADRG Ago] Fastgdon], B3 2l M o
HEls, Feasols EFAE AT FHATL glo] 27 A% DA
A gFe FaAol sel=EUrh

& W w3
% BY1ee FUste Mrde B

>
X
i

1

ofN h o

Alesise ¢ 333



B 2 24, ¢ 2D

ARG A AW, 9 A TR
1% 1 A Agel BE AE E2E A4 27 F WSEH (AD)

334 o 20254% AHGTEIA



ofRotzY]

[>
o8
2
qu
r
ri
oX
ox
o

Yl
()g.IE
-}
o
N
>
=
ng

Q

[}

:

i
ol o -
#.}wl =

skt A A A9, S 39 mEuhg PAGE A 29, 2 D

Felowlohs AN, A AW, S AP Felevlohs Wl A AW, % AP
0% 1 A ARl mE 4% FF3Y FY 27 F U8y

Wesgrlzd ¢ 335



O
i[id
K]
g
2
4J
P
o
muy
B
1

rdo
2

re
4J

¥ 5 2 Ao BE AF TFE YSEA
= - 23 93 g =B =3 A Z!
3 A ) em em em @ AP gx
AT 17.9 17.8 15.9 35.1 21.0 28.0 133.2a
Jhol g} A28 170 16.3 14.0 22.8 27.0 20.8 114.7b
AR 152 14.8 12.9 19.3 23.0 25.7 67.3c
AP T 14.7 13.8 12.7 15.0 19.4 20.1 63.6¢
AT 27.4 26.0 12.4 36.8 27.2 31.4 169.1a
2ol P28 25.0 23.8 12.5 25.7 32.2 27.4 161.5a
v oA"Y 235 21.6 11.9 22.5 24.6 35.2 69.4b
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A3\ 13.6 134 11.9 20.5 18.8 27.3 68.2°
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AT 30.2 17.9 13.5 23.4 22.1 27.6 117.7%

ol s 2 Ad-2d 281 16.0 13.3 24.1 23.5 24.3 112.6°
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o Ad-2d 382 20.1 11.2 30.2 29.2 36.3 117.4°
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AR 17.8 12.9 6.0 21.9 22.3 41.1 39.7¢
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A% 22.4 19.5 16.2 31.6 17.6 25.7 167.2¢
a4 20.3 18.8 16.4 34.6 19.1 18.4 171.6°

7hel = e 298 205 19.0 15.0 33.1 16.9 21.2 162.3*
2HT 21.7 19.9 17.0 38.3 17.9 20.3 181.1°

AT 31.2 27.4 14.6 35.9 24.9 32.9 193.9*

s =)ol A-EH 315 28.2 16.0 34.8 32.3 28.7 197.9%
B v AE-%d 308 26.0 13.6 39.8 27.3 33.8 167.3*
2HT 32.5 28.0 14.7 46.9 27.6 22.5 187.5°
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AHT 25.2 22.1 14.0 90.2 24.3 25.0 173.9°

AT 20.1 17.6 9.6 32.7 20.5 314 89.9°

0w s A-Ed 19.2 16.7 9.2 37.3 21.2 26.0 100.0°
- T AR 204 17.3 8.9 38.3 21.2 33.0 95.1%
2HT 19.3 17.1 8.4 41.9 20.5 25.9 90.1°

AT 32.5 26.5 12.9 34.2 22.9 33.8 180.2%

=8y A-Ed 30.1 27.8 13.2 29.2 24.3 30.3 172.7¢
B 29 302 25.5 12.0 36.2 23.9 35.1 166.6*
2HT 28.8 25.0 12.0 47.2 21.8 26.3 154.3°

AT 17.1 14.7 13.4 30.3 16.8 23.5 124.0°

ERES A-EH 17.3 15.0 12.3 28.7 20.0 16.5 125.7¢
ot Ag-RY 177 14.7 12.3 31.7 17.6 18.1 133.1*

2HT 17.0 14.9 12.3 31.9 17.2 18.9 122.8°
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o mE A% £ 237 yeyt mEuid 5 94 AAITe] 163.7 g/FolA
7+

1976 g2 $14) Ay B ey Ao ¥ azedo F3
F A A AAFT 2F0l gasts 3 G, 2hdsd 2o FEe A
1 AAZF Aolzt mmA A eob FF x}om BeS HUY 5 Ak w
@A obFotEY s AuilA BE FES BF 542 xejdel U Bely Pe
7 e Aow BeHE
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O:

== = o= =3 J x =z} o= ) =
T 4 A7t (cm %m %rr—b (EI;B ‘(gvfr SPAD /?;gﬁl‘j

- 1=} 12.1 11.1 9.2 19.4 20.1 11.4 32.6

7.;;} 2%} 13.3 12.5 10.6 23.6 33.8 8.8 41.4

PREE Bt 12.7 11.8 9.9 21.5 27.0 10.1 37.0
5 1=} 19.2 17.5 18.7 43.4 26.3 28.3 220.8

Z'JE7} 22F 19.8 16.3 15.2 36.5 36.7 26.5 145.0

" H 19.5 16.9 17.0 40.0 315 274 182.9

- 1=} 17.9 16.7 7.6 20.5 24.7 20.1 37.0

;;} 22 23.8 20.4 12.0 29.9 58.3 21.1 134.2

Z ol i H 20.9 18.6 9.8 25.2 41.5 20.6 85.6
= 2 1=k 32.4 26.5 17.5 90.8 48.0 36.4 330.1

At 22 30.0 24.9 18.0 32.3 65.5 35.2 336.5

- T 31.2 25.7 17.8 41.6 96.8 35.8 333.3

- 1=} 12.1 11.6 7.9 23.2 20.9 15.3 38.8

7.;;} 23} 12.8 12.0 9.0 274 32.7 17.7 43.9

ol " Ht 12.5 11.8 8.5 25.3 26.8 16.5 41.4
= 2 12 16.6 15.6 15.5 44.9 311 29.2 239.1
7'427} 22t 15.6 14.7 14.3 49.4 40.4 28.3 179.1

© Bt 16.1 15.2 14.9 47.2 35.8 28.8 209.1

5 1=} 16.4 14.6 7.4 23.8 23.7 24.1 37.6

A 22 18.8 14.1 8.1 27.8 33.3 18.3 41.4

PAREN b B 17.6 14.4 7.8 25.8 28.5 21.2 39.5
= 2 1=} 21.6 18.9 14.4 90.1 35.0 33.3 196.3
A7t 22 24.7 20.2 13.0 36.8 46.6 37.1 174.9

i H 23.2 19.6 13.7 43.5 40.8 35.2 185.6

- 1=k 13.3 11.8 5.6 23.8 19.1 20.0 37.5

i;;} 22 16.3 13.4 7.7 26.1 34.8 22.7 69.2

o Hg = " H 14.8 12.6 6.7 25.0 27.0 21.4 53.4
- - 2 1=} 20.5 17.1 10.7 52.9 28.4 37.5 138.6
A7t 22} 19.7 17.1 9.9 38.1 44.9 37.2 170.1

" H 20.1 17.1 10.3 45.5 36.7 374 154.4

- 1=} 15.1 13.9 6.4 14.9 16.8 21.9 16.6

j;;} 22k 20.9 17.3 7.9 22.8 33.6 24.9 50.2

2 = uht © Bt 18.0 15.6 7.2 18.9 25.2 23.4 334
- 5 1=} 31.7 27.6 16.0 42.4 32.3 38.3 252.9
%37} 22 30.7 25.8 13.9 37.5 45.5 36.8 237.0

" Bt 31.2 26.7 15.0 40.0 38.9 37.6 245.0

- 1=} 10.5 9.5 7.4 154 18.1 13.8 40.8

i;;} 22 15.1 11.1 9.8 19.4 33.8 11.0 70.2

ﬂaig\_ i H 12.8 10.3 8.6 17.4 26.0 124 55.5
vl ol 1=k 16.9 15.0 15.5 32.5 25.4 28.0 173.3

;‘j;} 22 18.9 14.0 11.9 24.6 35.2 13.1 124.8
" Ht 17.9 14.5 13.7 28.6 30.3 20.6 149.1

¥ 1k 92 0 25 314~3/19, A4 4/15, 58 5/13, 22k =E 1 25 4/28~5/2, A2 528, 475} 6/23
¥ EDTA-FeZ w5 Fo: 4g/=
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£ 10. ofFolEY A o4 BE HAvle] W 4E EZW PKEA

- o . =4 9% 4= =g == FETE
3 AT @ o m @ @ A g

o 1=+ 18.7 16.7 16.2 31.8 30.9 25.2 127.0

_';]_ 2} 15.3 154 13.5 31.7 26.5 28.1 111.0

F}o| =@} R 17.0 16.1 14.9 31.8 28.7 26.7 119.0
- 1=} 21.2 20.7 19.3 27.7 22.5 26.7 141.9

%;i 22} 18.8 17.8 16.6 38.3 24.3 22.9 132.4

" ot 20.0 19.3 18.0 33.0 23.4 24.8 137.2

- 1=} 29.6 26.4 15.1 31.9 54.0 36.0 197.8

_';]_E' 2} 27.8 25.3 14.7 35.5 49.4 31.9 210.1

Zm ol o 28.7 25.9 14.9 33.7 51.7 34.0 204.0
b 2z 1=+ 30.7 29.2 15.3 31.4 25.6 32.9 165.4

7»(4‘;? 2} 314 27.3 17.7 37.6 49.6 37.8 238.3

" ot 31.1 28.3 16.5 34.5 37.6 35.4 201.9

. 12+ 18.5 17.5 15.1 33.7 33.3 28.5 148.0

7]_‘:' 22} 16.9 16.7 13.3 36.7 29.9 27.7 144.6

Balg) ot 17.7 17.1 14.2 35.2 31.6 28.1 146.3
= 2= 1=+ 18.7 19.0 15.3 33.3 24.6 24.1 149.0
7-(4;3]__ 2} 16.6 17.1 14.5 39.7 27.0 23.3 173.5

® o 17.7 18.1 14.9 36.5 25.8 23.7 161.3

e 1=} 24.9 22.1 14.5 35.8 51.2 37.3 202.9

—r;]_‘:' 2} 21.5 20.5 13.7 34.2 42.5 38.8 1774

PRRE N 23.2 21.3 14.1 35.0 46.9 38.1 190.2
= L= 12+ 25.0 23.5 15.4 32.1 32.4 33.3 206.3
%;ET_ 22} 24.6 22.1 15.1 48.2 42.1 36.2 227.3

Y ot 24.8 22.8 15.3 40.2 37.3 34.8 216.8

o 1=+ 18.7 17.8 9.9 32.8 334 37.3 97.7

_';f 2} 18.7 17.0 9.1 33.5 27.3 36.0 102.6

o= ot 18.7 17.4 9.5 33.2 30.4 36.7 100.2

- - . 1=} 20.3 19.3 10.4 27.2 21.4 36.5 95.3
%;T} 22} 21.6 19.0 10.8 41.8 30.6 33.8 137.2

" ot 21.0 19.2 10.6 34.5 26.0 35.2 116.3

- 1=} 32.6 30.0 15.0 30.9 45.8 39.4 182.6

_';]_E' 22} 27.5 25.2 11.5 33.4 34.5 34.3 144.8

F=nh} ot 30.1 27.6 13.3 32.2 40.2 36.9 163.7
- e 1=+ 32.6 31.1 15.1 27.8 19.6 33.6 189.8
7»(4‘;? 2} 314 28.0 14.0 45.6 40.8 37.5 205.4

" ot 32.0 29.6 14.6 36.7 30.2 35.6 197.6

_ 12+ 19.1 15.0 13.2 30.4 36.6 29.2 128.8

7]_‘:' 22} 14.0 13.8 11.3 34.6 25.0 26.5 131.6

RS e N 16.6 14.4 12.3 32.5 30.8 27.9 130.2
o} L= 1=} 17.5 15.8 13.5 28.6 17.1 19.4 126.2
%;3]: 2} 14.3 13.1 12.2 27.2 22.3 25.5 111.0

i ot 15.9 14.5 12.9 27.9 19.7 22.5 118.6

¥ 12E === 0 24 10/1~-10/4, A2 10728, <=5k 11/26, 22k 3= ° 25 2/3~2/7, A2 3/4, & 4/1

 QHE(KHPO) 60g/E, F84HEF(KHCO) 30g/ES W 7}
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AE 3D ofFolxz Y2 AF 1A YA #AEre 54 F

20253 5YHE 10€7tA B Friol A EDTA-FeE 143, S84245< 63 A g
SR I(E 1D, ¢H4F E7lol A EDTA-FeE 43, T84Z5S 73, #H34 S 118 A
2t THE 12).

® 1L ofFotx g2 Y] wrF Ay &2 W&

717HE/Y) 71 A& H AL

5/1~10 5/7 EDTA-Fe 144g/w =

5/11~20 5/16 EDTA-Fe 144g/w =

5/21~31 5/22 EDTA-Fe 144g/¥ =

6/1~10 6/5 EDTA-Fe 144g/w =

6/11~20 6/12 EDTA-Fe 144g/W =

6/21~30 6/26 EDTA-Fe 144g/v| =

7/1~10 713 FEE 1.6kg/Ml =, 7/4 EDTA-Fe 144g/wl=

7/11~20 7/11 EDTA-Fe 144g/w =

7/21~31 7/21 EDTA-Fe 144g/Wl=, 7/31 Zs FHAH]

8/1~10 8/6 FerabtE 1.8kg/Ml=

8/11-20 8/11 Fer4tzd& 1.8kg/Ml=, 8/13 Zrs AW A,
FerabZ-§ 1.8kg/Hl =

8/21~31 8/23 Fer4kZE 600g/Hl =

9/1~10 9/2 EDTA-Fe 144g/¥l=, 9/10 EDTA-Fe 144g/#| =

9/11~20 9/17 EDTA-Fe 144g/¥ =, Fe-2-2F 1.8kg/Ml =

9/21~30 9/23 EDTA-Fe 144g/¥ =

10/1~10 10/1 EDTA-Fe 255g/#] =, 10/8 EDTA-Fe 144g/# =

10/11~20 -
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OFE WRARY Eat - I. fofl A

312, ofFolx g Atk FUF AeAs] e W&

71ZHE/Y) &7F AYul & H| 3L
5/1~10 5/6 #H 34 1kg/Wl =, EDTA-Fe 100g/# =
5/11~20 5/11 # &4 500g/Hl =1, 5/18 #H3}A 1kg/H =
5/21~31 5/25 Ql4kzHE 100g/¥ =, EDTA-Fe 100g/¥l =

54 Tkg/M=1 - 3, 500g/H] =2

6/1~10 6/10 #H3}4 500g/Hl =1, JA4H2-F 100g/HI =1, 150g/# =2:3

6/11~20 - A ZA
6/21~30 6/22 Q1 4z+E 100g/H =1, 150g/8 =23 A EA
7/1~10 -
7/11~20 7120 QAAHZE 150g/M =
=, Q4B =1,

719131 7/27 EDTA-Fe 1001%/()121/Hﬂ,:23 2% 200g/W =1
8/1~10 8/9 Q4+Z-F 200g/M =
8/11~20 8/17 F3+4] 500/ =, 8/17 Q1AZHE 200g/H =
8/21-31 8/22 784 500g/H =

8/27 ZeribZ-E 400g/Wl =, #3k4 900g/H =
0/1-10 9/4 B4 500g/M =, FEALE 200g/H =,

9/7 # kA 500g/W =, FEHLE 200g/H =
9/11~20 917 Zea2F 200g/¥ =
9/21~30 9/24 A} HWE 300g/H =, 9/28 FEALF 200g/H] =
10/1~10 10/8 €25 200g/W =

10/11~20  10/12 #H &4 500g/¥ =, 10/15 F&4H2-F 200g/H =

9 5olA HRELE HAE sTtelA 5 Tl 77 589 E A&7t Bk
™, 8~9dol= Hoj —Zr% 179 dAst A Fe FrtolA e 6€3 8ol F 0.39

ojstz A LAY
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OfROLELIA HXHE XIRtH Afa|RfsH Rta|0|a Ny @)

om
rg
ne
o=
1424
4>

80

(7H/F)
ok!
a2
re
rx

AL

T

»

o
T

g1
£

wl 20 +
0.0 [ T v T & T v T ® Im_l

5/14 5/28 6/12 6/25 7/11 7/24 8/8 820 9/3 9/17 10/1 10/15
ZAA7I(E/%)

I3 5 olFelx s FrME ©@W 2a A%

® 1304 A3 EES WY wrbolA 569 slH@se)e) Asz 0%
wgrom, 893 99 AF(bPe A 535-631%cler, ThE Avlels
71.2-90.5% oItk 4t Bk ME FEo] 59 %mn Yol S8 70.0% 62
Sl A@sieel AN 7034 5Y Eol ASEALD A= 65740)2
al, & Al7lddlE 74.4~934% % ¥lnl3 =94t

=
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Ao

3 13, opFotx g2 FUPE AH(FF Jholveh) ASAE

T
=AY 23 97 9% 2R 23 -
=7} €/Y) (em (Em (m (cm) @ ?gg 71—;— }?;/ﬁ;: }g(;)g
T T o

5/14 27.0 23.3 20.1 43.7 21.4 347.4 134.0 38.6
5/28 24.9 17.5 18.3 37.0 9.2 197.5 63.1 32.0
6/12 17.0 14.5 16.6 32.9 15.2 256.9 77.5 30.2
6/25 18.0 16.1 14.8 254 15.0 170.0 67.6 39.8
7/11 22.1 18.8 16.1 23.0 7.1 107.0 89.6 83.7
724 20.5 18.4 15.9 24.8 8.2 116.7 83.1 71.2

3y
8/7 17.5 15.6 15.2 33.3 9.7 76.7 48.3 63.1
8/20 20.3 17.3 16.7 20.5 11.2 135.9 72.7 93.5
9/3 17.6 13.9 11.5 26.3 5.7 88.8 74.7 84.1
9/17 19.0 16.9 15.2 26.7 13.3 97.5 66.4 68.1
10/1 - 15.8 15.1 14.8 10.9 88.6 80.2 90.5
10/15 194 17.0 15.6 36.2 10.1 105.7 92.0 87.0
5/16 21.7 17.3 17.8 45.3 28.2 257.6 180.4 70.0
5/28 18.0 15.5 15.2 38.3 21.8 120.3 103.4 86.0
6/12 17.3 16.6 15.6 41.3 19.3 141.0 110.6 78.4
6/25 19.2 17.3 16.1 36.1 15.8 154.2 108.4 70.3
7/11 19.2 17.0 15.2 33.7 11.3 105.0 82.9 79.0
ob4r 7124 20.5 17.4 14.9 33.5 144 109.1 81.2 74.4

8/8 19.5 16.5 15.6 35.6 15.0 111.3 73.1 65.7
8/20 20.7 18.1 16.8 274 13.7 100.7 75.1 74.6
9/3 17.6 15.6 13.1 30.3 10.8 105.6 81.0 76.6
9/17 20.6 18.0 15.6 37.0 17.4 145.9 117.0 80.2
10/1 20.8 19.0 16.8 39.8 20.1 154.9 142.4 92.0
10/15 18.1 17.2 17.7 37.0 19.3 138.3 129.2 934

% A71E 57} E5Uel whek AR Aol 9
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OIROIEYA WMT HYY M BAS MY O

HE £ obFotzYx GRAF A8 BelrlE R U3
obFolEY s GAF 187 ALAAN) WaAE BA1ES G W

W, A A A BRS¢ Qe Fo AgAsiel O aE ek, ada Beise
e Y & AAHeR AYstit. £ ofFotx s &
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Q) Eord ARARY Zat - I. |of AR

ANE D obRolzus GAF FEAY 34 =4

b gelAEl A Be AAHOZ 100% AASEEL W, Y AWT BE FFOIA
we) W& AR Y%l AXHYL GAo] LoHAT emAS FFoA
£ AFA 2ol H ek Hol AWMz IR Aod 23, 4%,

QZ, SPAD, WA Fol 4 BRT, W AP ANE AnHoR Ago] 7t

T Agel o5 Bl AT Bl ANHT Bol uHoH, Agre A
fo] AAHT Yol ANAEL AFolAth BFo FFHoE FFH AoA
BAF] 1 BT, BF AW Aol Ao gl Fastar

o T4 ARAAE BEF AW A B A 2ol A3
Heov, AgRE A%l AAST W, Fekd FFA Lol
Folgith AAFL AolAE AAF BE FFoIA BT, 3 ,
AYToRT, ABT 2olon, 4% A/ntks F9 2% Aol B
2 W, A% Az 57k 0% Aso,

e Ba AW AL B W A AS Ashsh YA Wik

N 2 okRolEYx QAT AP Belsle

7). ofFolmus gfolse] AL ArMR ATl Pz ATE mud A, of
Folw U oFolse] AEDTA-FOL H7Het Aelold e 4% B2 4%
o] AuH o P

. obobmY s golgel BEL A/MR AT TH AT mwd A,
Fholsler, WE, Lk} FFNAE A7 A £Fo] wgrout, Zeay
ohim FFoAE Wl AFoldw, UmA FFoIAE Aol7h gt

HE 3 obFolx Yz AAF A8 YA BslE F/HIS2025)

7. 59%E 109704 By s7tol A EDTA-Fed 145], SR4252 63 A2ahlw,
QLA 7bo) 4 EDTA-Fe 43), SRA2EL 73, 3442 118 Helshsin.

G EHNEGE R SrbelM 59 Feel F9 5890E wash wetom, 8-04
o= Aol Y 179 HASACh e FoelAE 685 89 FT 039 ©f
sh2 Al A ST,

o dFe AEES B9 BotelA 569 @Y AL 0% Rerom,
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=

8€3 99 s=(uhe JslE 53.5~63.1%°1R o™, T2 A7]dE 71.2~90.5%
O19AT}. QHE BIbIAE AEEO] 5U Feol YWl AL 700%, 62 ol
A (EeDY 3= 70.3%, 8¢ = A (FAEEY IME 65.7%°] AL
TLE A7)+ 74.4~93.4%= vl A =3ttt

NP O obFolEY2 QAT VA BAZIE AR 2
O obotEY o] WS Yo gslsh WAFS FHOE AR H O B3]
% W WA,

5. & &1

ANA, A8, &40, o)Fd, H29F, 2024. ofFolxz Y2 AujoA Vo] FEF
&, A5 3 ¥ A= dx éﬂilxl 33(1) 55-62.

Aol AW, A5, 9 E, A, 2019, ofFolx s YEs o] &% A
gt AlF N tiRbsbAEsk e AL 45(3) 307-317.

AAY, A=, AR, AL, dAdo], olFF, 2021. ofFotx gz AaAwrle
F/NEARAA S AV IEEdrIEed 20219 AldAFR A 288-301.

oz, H7|Y, ZulE, H29F, 2022. HEFHEY obFotxrY oA kA AVE2

RN B

o

E4. A zdsks]# 311): 67-76.
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6. A723 FEAE
O Tobelzys 4% A A7 wel W] (482
O obolzmUzold 43 G¥an FAE AT w2 PPQEBE, 20259)
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Q 2ok @AY Fat - 1. o F
7. 979 HA

] Fod=
A F-3A T a& SR S
opFfolzy A | AP | LAATH | FHATH |0l A F| ARAAFZE | O | O | O
AT AR | TF5ATA | AT | AT (R Al FRAASHE O | O | -
s #e 2 2 2 AedRAREAE - | - |0
Zle e ” ” ” HTAA W #F dololo
” ” ” GAZFE A4 & Hololo
” ” FEATR ol AE A El 5o -
” ” ” BAIA ARG AL | || 5
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