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Effect of marine environmental characteristics on a discoloration
outbreak of Pyropia yezoensis

Sang Yong Lee, Young Hee Kim, Jee Eun Lee and Hyun Il Yoo*

Seaweed Research Center, National Institute of Fisheries Science, Haenam 59002, Republic of Korea

*Corresponding author Abstract: To elucidate the cause of Pyropia yezoensis discoloration, the characteristics
Hyun lIYoo of an aquaculture environment, as well as the morphology and cell structure of P.
Tel. 061-530-3906 yezoensis thallus were examined from 2011 to 2014 in aquaculture farms of the Jeonbuk
E-mail. hiyoo@korea.kr province. P. yezoensis discoloration did not occur in aquaculture farms at Gaeyado
located in the Geum River Estuary but occurred in aquaculture farms of Seonyudo,
Received: 10 October 2019 Munyeodo, Biando, and Docheongri near the Saemangeum embankment in November
Revised: 8 November 2019 2011 and April and November 2014. The injured leaves showed discoloration and
Revision accepted: 11 November 2019 intracellular vacuole hypertrophy. During the study period, discoloration occurred
at concentrations of dissolved inorganic nitrogen (DIN) and dissolved inorganic
phosphorus (DIP) below 5 uM and 0.4 uM, respectively. As a result, Pyropia discoloration
was determined by low concentrations of DIN and DIP. DIN deficiency affects the early
stage and low DIP concentration affects the end stage of aquaculture.
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Fig. 1. Map of the study area showing the location of the sampling sites (St. 1, Gaeyado; St. 2, Seonyudo; St. 3, Munyeodo; St. 4, Biando;
St. 5, Docheongri).
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o 79 M AU 10% WIS AAFS HoLh, & ol8stel AETE L Y I

201430 st w0 2 Qs ] AATe] s2%7k Japan)E SRS,

32t = (DP73; Olympus,

] 7“8}0‘11:}(KM1 2018). A F7HA] Atell Al wAget et 4 GAle] MEle =lst] fsl 2014 e}
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Konica Minolta,]apan)i A B /,‘31/\]3]'93\1—4'(112 10).
A FAe] M= CIE system©l| T2t = 2] (Lightness;
L), M Z]4= (Redness; a), G 2] 4= (Yellowness; b) 2 4]
Skot it gt ]38k Zb Z]4== Munsell Color Chart
(ASM Standard D 1535-96, 1980)°ll 2|5t E&3I
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ANOVA)YE ol831od §ol412 AHaIo8, f o4}
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k=9 FA A 2= SPSS Window Program (Release 10.0,
SPSS Inc.)= A-8-5t] AAISHATE.
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Fig. 2. Map showing the area of discoloration damage of Py-
ropia yezoensis in Jeollabuk-do aquaculture farm by year (St. 1,
Gaeyado; St. 2, Seonyudo; St. 3, Munyeodo; St. 4, Biando; St. 5,
Docheongri).
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gao] UrefLbA] 9Fotth 20141 39 UHE 49 X0 B¢
ol Mok Alelet 471 FAE A et Agetl
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Fig. 3. Discoloration images of the culture net and thallus of Pyropia yezoensis in Jeollabuk-do aquaculture farm in early November 2011 (A,
Gaeyado; B, Seonyudo; C, Munyeodo; D, Biando; E, Docheongri).

FE I FAo] FaEE 49olE F=A B mAoR AANA Az Hh7E SFelE| et JHob ol A= 20141
B o] s} XY e GAO g3t mhE ZfolE 11go] % o} m)s)71 A AYshA] ekt (Fig. 4).
BTk 3 39} 4 Fujs} mjo] f RO A i H]
H7h A=A QA= A (Fig. 4). 3. Z Bzt Axjel M= BN

2015 A4F FA] 27191 20144 11800 LAY S s} o)
o AAE 2011 119 2 20149 397 PR R G| 20149 =2 A e} w8 o] M FAE,
o] o] AFLAolA G s MGl on, FAH AAA R Z77 et YAHFH ] AR5 (2) < B
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Fig. 4. Cell structure of discolored Pyropia yezoensis in Jeollabuk-do agquaculture farm in November 2011, April 2014, and November 2014 (A,

Gaeyado; B, Seonyudo; C, Munyeodo; D, Biando; E, Docheongri).

A2]4=(b)= B4 A G} ZFolE E 3T (Fig. §). 2014
W 49 Z (ALl syt gt 7 dAo] A
A4 ()= -4.101 A5 E 132712 2] HEjolglon 3
2] (b)E 2139147 E 29.97kx] 9] M2 Lrebtt),
20149 119 Z(FA 27)) el sty @get 71 G419
A% () - L6OIAIHE 0.4712] 2] #9190, 34
A% (b)+= 1079145 E 17.37h4] 2] ML= Yepyitt
Aol et MAA agk T bat> st YA 7] o whet
Fgt 2] (p<0.01)E HoH, 2014 38 Lt 11
Z 15220144 49 £ 2FT FEE AT AAA Q]
I (L)t st Ty A7 o) whet fofek 2ol (p<0.01)
£ Hom 2014 3Y & 152 2014 49 29} 11¢Y
Z IFT = ATt (Fig. 5).
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Fig. 5. Location of redness (a) and yellowness (b) values of Pyro-
pia yezoensis on the chromaticity diagram in Docheong-ri aqua-
culture farm. Early stage discoloration; November-December,
Late stage discoloration; late March-early April.
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Fig. 6. Temporal changes in water and air temperature in Gunsan Pyropia aquaculture farm during the harvesting period of 2011 and 2014.
A and B; early aquaculture period, C and D; late aguaculture period.

Table 1. The monthly precipitation in Kunsan and the discharge flow of Geum river from 2010 to 2014

Precipitation Jan Feb  Mar  Apr May Jun Jul Aug Sep Oct Nov  Dec Sum (mm)
2010 370 925 638 684 1328 189 3756 3623 1449 88 104 321 13475
2011 89 635 120 733 85.1 2532 6445 2924 86.9 1565 837 152 1634.2
2012 253 85 433 912 23.7 83.2 3052 710.1 1985 542 5277 63.6 1659.5
2013 292 633 621 941 1575 384 293.0 1082 114.2 106 954 266 1092.6
2014 6.9 9.1 899 977 58.2 824 113.2 2932 1282 1287 69.0 645 1141.0
Discharge flow  Jan Feb  Mar  Apr May Jun Jul Aug Sep Oct Nov  Dec  Sum (mil. tonnes)
2010 M3 192 304 294 343 213 388 1,303 1,201 196 122 18 4,788
20M1 136 147 142 122 489 1,013 2,584 2,347 516 262 244 298 8,302
2012 214 199 246 452 115 209 1,018 1,912 2,190 391 362 452 7,760
2013 433 526 295 336 387 598 847 641 496 230 234 164 5,187
2014 154 144 139 149 161 275 250 626 414 474 350 357 3,492
SH7ABHA L 15°C 0] 0] 257k A& E gk, Ht s} wael] o] vAE TS mets] 9
H A D] sk A 20149 39 WHEE 497t S st ojsh7h IAYSHA] ¢keke 2010 197 H 2014
2] €] 422 8.0°CelA] 14.2°C7HA] “d55 ATt (Fig. 6C). A 129712 QEASF A= v W6t 201092
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20148712 AZF FA7 w2 1,092.6~1,634.2 mm # 9
o, sty dAsta] ok 201390l 7P Wk
201290 7 B2 S UERSITh (Table 1). BHA 11
o syt AR 2
2 w2 FA4EE BHelow, 383 119 st
A 20148 o= 2APZIZE S FHAR 22(1,141.0
mm) 7J2 UEFATH(Table 1). E3F SR &4 &
o] e motelr] flo a6 R HRg ARE
gholgt A3t 2010 HH 2014A7H4] A4 35~839E
Holo] vhRaRs B on 2014W0f HAAT 20110
F| o) -5d-& LFERATH(Table 1).

A FA7ZE Bt SEFI) A4 (DIN) 9] skt A7)
A|7to] frelet 2ol (p<0.01)E E S TH(Fig. 7). DIN

L

0|

A
Al =3%4th(p<0.01). 20119 108 27 11¥€ SE7H4]
H|Q e, T &, AReet B 4 A9 DIN 55+
5 uM ©|5F= et (Fig. 7A). 7HoF= 7 FA%e] DIN
It 108 % suM °l5t ot 109 F=5E 10puM ©]
A e 2otk 2014 39 27 H 49 S HIEE
oF U 7 FAHO] DIN HEE suM ©l5He] Zhe 2
Rom, Ffok oF A2 4 A2l DIN 5k SuM ©|
o]t (Fig. 7B). 20149 11¢Y¥ % T, Af I, vt
oF =] 71 FAZ O] DIN FEE SuM ©]5t2 LHERES.
™, 7ok A A2 DIN F== 10uM o3 9] #fa 2
2t (Fig. 7C).

7 FA 71T Bt SEFTHA(DIP) 2 skAs ARt
w2l F-oI5k 2fo] (p<0.01)E BHoH, FA x7]9F %F
2] gt7]o] Yokth(Fig. 8). 2011 109 25 11¥ $%
7HA] v, B, A-RE et EA 2] 4 A1) DIP &
L= 04 uM ofstlom, JRofe 31 FAIA] DIP FE=
0.4uM ©]42] 72 E AT (Fig. 8A). 2014 3¥ 25 H 4
4 F7HA] HRbE, Bk, ARt ZHoke 3 FA
DIP 5+ 0.4 puM °lstl o™, A2l 3 FA%S] DI
i 3 Sollvt 0.4 uM o)4F9] gh2 KTt (Fig. 8B).
20149 119 25 119 E74A] H|teet Bk 3 oF
A1%2] DIP F%+ 0.4 uM ©|5F3.0 1, 7iob 7] FA
O] DIP &&=+ 0.4uM o4 9] 3L-E H3lth(Fig. 8C).

20119 997 1297HA] H|HE, Tk, AfEet &
A 7 FAAC] DIN:DIP H|= 26:1 ©|5F3. 2™, 7of

> oY gl o

ae]

d

A study on the discoloration of Pyropia yezoensis

—e— Biando

—O— Munyeodo
—w— Seonyud0
—A— Gaeyado
—&— Docheong

DIN(uM)

—e— Biando
—O— Munyeodo
—w— Seonyudo
—A— Gaeyado
—&— Docheong

B 20 -

DIN(uM)

1 2 3 4 5
2014
C 30 §
—e— Biando
—O— Munyeodo
25 —w— Seonyudo

—4A— Gaeyado
—&— Docheong

DIN(UM)

Fig. 7. Comparisons of temporal changes in dissolved inorganic
nitrogen (DIN) concentrations in Jeollabuk-do aquaculture farm
during the harvesting periods of 2011 and 2014. A and C; early
aquaculture period, B; late aquaculture period. The red dotted line
indicates the critical concentration in the discoloration outbreak of
Pyropia yezoensis.

T 7 A7) DIN:DIP Hl&= 119 ZOf%F 36.4:1 o] ATh
(Fig. 9A).2011'd 11°€o]] Zraslr} ¥ vIQt:, e
o} Aa= 71 %FAAO] DIN:DIP = 7.9~13.9 HAAC
o, =32 71 F241%°] DIN:DIP Hl&= 15.8~18.9 H 9=
LFERSITE. 2014 297 E] 497HA] H|QHE, Bkl 5
T 3 A7) DIN:DIP Hl+= 26:1 ©]5F3 .o, 7Hofzo}
T3 A SA7C] DIN:DIP Hl= 26:1 01430 3h2 H3
T} (Fig. 9B). 20149 995E 129 Z71A] H|IIE, R,
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Fig. 8. Comparisons of the temporal changes in dissolved inor
ganic phosphate (DIP) concentrations in Jeollabuk-do aguaculture
farm during the harvesting periods of 2011 and 2014. A and C;
early aquaculture period, B; late aquaculture period. The red dot-
ted line indicates the critical concentration in the discoloration
outbreak of Pyropia yezoensis.
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A and C; early aquaculture period, B; late aquaculture period. The
red dotted line indicates the critical concentration in the discolor
ation outbreak of Pyropia yezoensis.

0] g Ajolz WAISIH, o5 Al4o] gheFo] Ria)
7 guo 2 B Zoa A 9tk (Amano and
Noda 1987; Sakaguchi et al. 2003; Zhang et al. 2009). T3t
Ueki et al. (2010)2 FF A= (E4, ¢, F)ol 29HE3
2 0 7 QA Ak Slge] gastel, GRAL 2k, A
= v o3 o} AE7He) e} vehdtin B s}
Ak B Ao A9 HARE A Pl st 2
A1 (20119 119, 20144 487} 20149 11€) 9] &F
my|ojoFd o] e 2 slolgt A}l Fotr 2 A Q)5 47



A Ho A DIN®| §&=7} s uM ©lst3.e ™, DIP9| =7t
0.4 uM ofot= Yeht 7 gAo] Ae o} 9l o vy
L oJorad 2 o] 7k Ao o5 HlSH Shalgle] Ao 2 of
DE| QT TS A E O] HQ Ariake Bayoﬂ/ﬂ“ DIN 5%
7} 7 uM ©]5}ol| A, Seto Inland Sea®l|A]+= DIN 57} 3uM
o]stof| A WA} © ™ (Matsuoka et al. 2005; Hori et al.
2008), Tokyo Bay©ll A1+= DIP2] ‘57 0.2 uM o5t A &
57} AASkeleh 2| s} WAof ke HlAl=
SERVNQYFHY TF HHE AR gelEo] & A
Aol FARRE 7oA sty YIS (Matsuoka
et al. 2005; Ishii et al. 2008; Tanda and Harada 2012).

Ishii et al. (2008) O oFAl HRARRL]Z] 0] AGof WQ
A48} Q19] Hl-g+2 26:1°|H, DINT} DIPO] 5k H|S
off A BS& AlRtoles §EF719%AS Aok
Ao A AR E 7] 9FAIAo] DIN:DIP Hl:= 94 27]
o 7.5~20.5 HLIACH, FAL7] = 18.0~34.2 HIE
e A 271 Ho} oFA] T7lo] 2 & Btk o
2hA oFA 2710ll= DINO], ¥4 B7)oll+= DIP F=7t A
O] o] Algta s Fe Uz AR FHET E3T
A GA ] st HJ H“EHb AZAE o]-&sto] FgA]
o7 BXo] 7M5s Zor A 912 (Kotani 2000;
Lee et al. 2018), & 1ol A s} HAE A 7] of| whe} At
Al 2] 2po]7F 1= et o] 27t st FA| o] Ae
ztol= AletEE §EF719FE %‘-?roﬂ o2 A4 9]
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