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Abstract — ‘Pyropia (=Porphyra) chlorosis’, in which the thallus of Pyropia turns yellow or white, is known to
occur when the concentration of dissolved inorganic nitrogen in seawater is below 0.07 mg 1" This phenomenon
was first reported in the laver farms cultivated near the western and southern Korean coastal waters in 2010 and
2016.In 2017, it was reported again from the laver cultivation farms near Geumgang Estuary, causing serious dam-
age to the aquaculture industry. The purpose of this study is to analyze the factors contributing to Pyropia chlorosis
near the Geumgang Estuary in 2017, and is based on a combination of previous and recent data pertaining to cli-
mate and nutrient concentrations in this geographic area. Based on the studies, the amount of precipitation in the nearby
Geumgang Estuary during September to November (the starting period of laver cultivation) in 2017 was less than
half of the amount recorded in 2014~2016, resulting in fewer discharges through the Geumgang Estuary. The total
nitrogen concentration in the Geumgang basin has decreased gradually. Subsequently, it was reaffirmed that inade-
quate nutrition was the cause of Pyropia chlorosis in the laver cultivation farms. In addition, the excessively high
density of facilities available for laver cultivation may be another contributing factor in Pyropia chlorosis. To
reduce the agricultural damage caused by Pyropia chlorosis, aggressive efforts are needed to ensure a continuous
supply of nutrients via development of solid fertilizers, and control of discharge from Geumgang Estuary Dike. As
well, studies may be necessary to evaluate the appropriate facilities available.
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#og AgshaL Q= A olthMal2000]). 531, 7] A
skl glo] 2 FalE QlélE How Wl nAdEe] el o
71782 gt o 27 ofstell ofst AulA Ao ® v 5 9l
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ATH(Table 1). M3} d2fo] dojihi= 719] T 7Moo
ol %31 Q= HANFHZ (Pyropia yezoensisy e =011, SRl
EZ(P dentatay?} FHFHEZ(P seriata)|F = A= AT} S
37} Lot ol FUE FEE AT ), v tha
2}o]7F AAA T DIN T 5= 20163 sliEolA 0.074 mg 'S A2
Slal= 0.007~0.047 mg 1! LI, g W2 ghe 7153191t} 2010
W Xl 9) DIN H §5E 0.030 mg I, 201630 LA A
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Fujiwara et al.[2008F= {2elA] st 21 GA|9] Shas] g1/

71 kXA 1) 3145 DINT DIPS] =02 QIst 70|19, DIN %
35 pM(0.07 mg I'), DIP 54 0.5 pM(0.016 mg I') ©]5}e)]
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Table 1. Domestic Pyropia chlorosis damage area, species, and DIN amount (Data from NIFS[2017])

Appearance period Damage area

Dec. 2010 Heanam, Jeonnam
Dec. 2010 Gunsan, Jeonbuk
Dec. 2010 Buan, Jeonbuk
Dec. 2010 Boryeong, Chungnam
Dec. 2010 Seocheon, Chungnam
Nov. 2016 Goheung, Jeonnam
Dec. 2016 Heanam, Jeonnam
Dec. 2016 Goheung, Jeonnam
Nov. 2017 Seocheon, Chungnam

Species Dissolved Inorganic Nitrogen (mg ')
P. dentata, P. yezoensis 0.047
P, yezoensis 0.007
P, yezoensis 0.043
P, yezoensis 0.031
P, yezoensis 0.021
P, dentata, P. yezoensis 0.019
P. seriata, P. yezoensis 0.074
P, dentata, P. yezoensis 0.031
P, yezoensis 0.017
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Fig. 1. Average DIN concentration at several sites in Geumgang Estuary from 2014~2017 (Data from NIFS).
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Fig. 2. Amount of precipitation in Geumgang Estuary from 2010~2017 (Data from KOSIS).

3,000

1,500

1,000

Dischargge flow (10n 1\4;“'1")

500

0

2010

2011

nomenon occurred.

2013

2014

2015

2016

2017

2012
Fig. 3. Discharge flow of Guemgang Dike from 2010~2017 (Data from KRC). Arrows indicate the period in which Pyropia chlorosis phe-

L 35 F0 WS ARE FRE Fof| Rup ARlsHll A E A sEiRelA 7 A E AR ST R Aol
7} Q= Zlo® AlmEn A(T-N) F55= 2008 o] F A &A% Fhrdhe 0=
shrelo® fRlE = UlS B9 99 s oAl A sl ol(Fig 4), A B R H5 vlEe] Wl
FER FE Wiske] elew RS ¢ ik whbA SR & whE Ah I R 4 gEke] B3 dlew A
51737 R AIAE) A5 (NIER, http/waternier.goknE &1+ A3} & Z o7 53 4= 3]
10
9 4
O
8 .
7 4
T6{ @ ®
o0 00 ( 7 y=-0.034x + 5.0
R T T
<4 o 00 ® .“'".--m.-...... ............. % e® o o0® ®
° ° . 0 ¢ @ ..“ ............... O
3 o @ B¢ g O ®
2 4
1 .
0
1| EMlo|n|o|s [ Mlo|n|p| s [FMolNIp|s [EiMolNp| s [EMoi]p]s [EfMol{p]s [eMlolx[p|s | e Mlos|p|s [ Mlo|n|o| s [ Mlo/N|p
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Fig. 4. Monthly variation of total nitrogen (T-N) concentration inside the Geumgang Estuary Dike from 2008~2017 (Data from NIER).




T 1 7 st Al 14 385
60,000
=
2
= 50,000 r
S
I3
S 40,000 r
e
-9
E 30,000
S
B
= 20,000 r
=
Q
)
z 10,000 r
=
0 T T T T T T T T T
2008. 2009. 2010. 2011. 2012. 2013. 2014. 2015. 2016. 2017.
Sep.~ Sep.~ Sep.~ Sep.~ Sep.~ Sep.~ Sep.~ Sep.~ Sep.~ Sep.~
2009. 2010. 2011. 2012. 2013. 2014. 2015. 2016. 2017. 2018.
Apr. Apr. May May May Apr. Apr. Apr. Apr. Apr.
Fig. 5. Production of laver cultivation from 2008~2018 in Chungnam Province, Korea (Data from KOSIS).
5,000 - S Cultivati 150 , e B,
e 3o} 71 op2) Z7)0] 315 QI A|ejelAe] vk Z5est 3
54000 Ao wRe, el 37 0] 5 el B DIN Fi3)
S 1o ANAQ 7as) Bio] 1o ARl 3% 50 4glo] Bg
. Ao AgEle 40w AlRHr). o S ES Hulsl HAke]
52,000 A 3 FAReA A AeEaeate] 34 aAR A
S 1,000 DIN 559] 558 743171 % 3FA7H(Matsuoka et al.[2005]; Hori
et al.[2008]; Ishii et al[2008]; Kawamura[2012]; Tanda and
0 o
2010 2011 2012 2013 2014 2015 2016 2017 Harada[2012]; [2013]), 2017 571 2] A=Ed=lee] ol 54
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