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Effects of Temperature, Irradiance and Nutrients on the Growth and
Maturation of Conchocelis in Pyropia yezoensis and Pyropia dentata

Hye-Min Seo, Lee-Yoon Han, Woo-Jin Lee, Hyun-Ji Im and Eun-Jeong Park*
Department of Marine Biology, Pukyong National University, Busan 48513, Republic of Korea

The effects of temperature (10-30 °C), irradiance (0, 20, and 100 umol photons-m-s), and nutrient regime on the
growth and maturation of the conchocelis of Pyropia yezoensis and Pyropia dentata were studied. Both species ex-
hibited vigorous growth under specific temperature conditions, with optimal growth at 15 and 25 °C for P. yezoensis
and P, dentata, respectively. Complete mortality was observed at 30°C, and growth was inhibited; however, the cells
remained viable under complete darkness. Conchocelis growth was inhibited and conchosporangial formation was
delayed under nonenriched conditions compared with under nutrient enriched treatments. Conchosporangia were
observed in P. yezoensis at 20-25°C, and in P. dentata under all temperature conditions except 10°C. Temperature,
irradiance, and nutrients interactively influenced conchocelis development. These findings provide a basis for under-
standing stress tolerance of the microscopic stage in Pyropia species under changing marine conditions. This study
has practical implications for establishing effective seed production systems and conservation strategies for natural
Pyropia populations, contributing to the sustainable management of Pyropia aquaculture under future climate sce-
narios.
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& SRR QAR A S 7} Tl ),

Ty 2 723t oJgt sl Adso] 7o) AAlkEol
217 A 0] 43k n 2|1l QItH(Le et al., 2018; Tulandi and Tu-
mangkeng, 2021, A7+ & H£2E 7]5 st ek 2ok
do] =& ol e (Kim et al., 2019), 3327 o] M3l 7
O] Aol P vlA= K102 AGIITHLi et al., 2010;
Zhong et al., 2023). & epe] Zhat 71e] FakA BT
A A2 o]0l 4= QItH(Ma et al., 2020). E3F A 273
7H(1995-2021) f-2fuhet Aot 9 ojsf £3-0] 43743t 4 &
T Y IR AAA T QAN FE7F 3FASkaL Qlrk(Park
etal, 2023). o] 23t YL A st A4S Zefiste] 4
FAYAFT FE Aste] 4 gl o2 H i E ¢t (Amano

M OE

H4(Genus)>  F2A1EE(Rhodophyta),  Fube 27
(Rhodophyceae), 713}2]&-(Bangiales), 713} ¥ Bangiaceae)
of &3, H AlAIH 2.2 188, wrujoll= & 25%0] Hilk|o]
UTHMABIK, 2025). 0|5 5 Y5 S FEOoFA|oF A o) 4]
AR R g Zashel, B8] LelelolAs 1R
AR RA s 2T A AFE O A4S o] FAL ik W A 4b
P AA 62U R FH Y, FAFT 2= YANTHA
(Pyropia yezoensis), S19t] &3] (Pyropia dentata), 25 &3]
(Pyropia seriata)©] 1T} 2024 75, AAFFS oF 550HE 0|
0, SE0 | 3RYOR AR Z 1A =0 AHS 7]|EF

$IEHMOF, 2024). ol ] wel 4 AF] 2|45 210l 4t 1k

and Noda, 1987; Sakaguchi et al., 2003; Nishikawa and Ya-
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4] oA Ak 2HA AT BAE A= AR
A, n)E B35k APIAICEARA, 2n) ©HA| 2] 275 WA o o
gk rgo] AggE|ojof ahm, o= YA Q1 FAEAL A A A5
O] 7|to] & 4= Qlek. A3 Atol wh=rd AVFA o] 2|24 A%
U A% 2AL E U ESo] ke golsh L Ao B
1% }ck(Notoya et al., 1993; Kim, 1999; Kim and Notoya,
2004; He and Yarish, 2006). 7 2] A7 Gk n)x &= F48
S QRO RE 2, 25, FT], FH, dE 5ol e,
ol2fgh 2H4 Q19| Msl= AAE, < A7, A Hol 5 4
o] A EA4 AHA 9l F3FE nIXtH(Tada et al., 2010;
Kim et al., 2012; Cui et al., 2015). 2121} T F-22] A8 A
= Hi-A ©A | 2| A Y A 270-E T EE] S8l o]
o1F 2 ™(Lee at al., 2019; Ma et al., 2020; Yin et al., 2022), 3£
AA| A 9] A= mlu|ek Aot

wheba] 2 Aol A e, AR 9 J¥d A &
& =5 o] A& AMIAI Y] A 9 Aol Al P
9524t st o] & flsl theo] 7l 7Hde Akl

3 A 2o A= AVIA ] Aol AsfiE ] A
%517 o Aotk (2) Fol fle dx & 2o A
= AVIAIZEAFEEE Aot ' Ato A= $12) 7S A5t
7] 18l oheet 278 2204 S =8 ARl HARRE A
(P, yezoensis)a} 1B S7)(P. dentata) APFA| Q] A7 9 A2
£4g gzt
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WARFEA(P. yezoensis)®t QW EZ(P. dentata)®] A
= 47 Adebd e sid=t ojzte], depdE A=t 350l
AT Ae A Aee Ade § et 2
Q(1 x1 cm)E As}o] Provasoli's enriched seawater (Pro-
vasoli, 1968) 07} ©7] |2 cj2le] W Tpa} BEe
SEalict. Woleh AL PES MiAI7} 7] Zekado] §
7 2 20°C, 2= 20 umol photons-m?-s™, 345=7] 14L:10D
(light:dark) 274 2] vl QF7]|(MTI-1100; EYELA, Tokyo, Japan)
oA g A|uljH(stock culture)tATt. o] 5 ZhEAbG o] F/d =]
A gk AR Aleste] Aol ALgoleic.

INESPS IS (ES = |

AEA| 2] A2 Heo (2022)2] W& #hatato] =843}t
2 A 0.1 g (wet weight)T} Hall4: 50 mLE Edlt] o
waL, zk dw o) o7t et 450 pm7} =5 A ST Al
A5E A S 12-well plateo] well @ oF 5-7707}F Z3= %
aFict.

13]-2- =2 10, 15, 20, 25, 30°C (£ 0.1°C), 2% 0, 20, 100

o

fll

] .

RA

A - urey

umol photons'm?-s, FUHF(PES A7} o7 Al 7HA] &
Qe xystol Sastelh. o AT PES vjAS
20mL-L! FE® 7L, gFd FEvES Eels
ke AHgstol Qopeie] ehls) Aue A0 Hsla
t}. 0 umol photons' m?s'= UFnE S U 2pgsto] =7
S It e AE-2 14L:10D 27 slof] =343t o,
2 22 3He] Wk PASTh B 1A 12 well-
plateE 275 AR8-3F T}, Well T ¥ o2 3 mL= £33
ow, 10 74 o & A weksl gt 272 @ H& 4A|5)
7] $13ll GeO-Z F7F319ict.

AMEAS] A B A o F s =R (CKXS3; Olym-
pus, Tokyo, Japan)Z o]-§-5to] 2Fs}Glch. AMYA| 2] A2
7k A ejtutct 109 7H4 o 2 FAk9| = A 3070419] o]
£ Image] Z=213(NIH, Bethesda, MD, USA)& &-8-5}¢]
SAstRon, TU A 2Rl A of 5 Eelst
et E3F A (colony )& B/ 3t 7d-9-oll«= s F-&m| 7 (SZ51;
Olympus)& ARg-ste] F7k= Basiglth A8 T2 5, &
T APE o i wasr] 98l BE AMEAIE 20°C, 20 umol
photons-m?s”, 345=7] 14L:10D 270l 10L7F 27} vljoF
8FlaL, o] 717 F 2t S HE X] g2 I A= APE = 7FEsSiT)

T2, 25, JdE 2] 2 FY AVIA Al mA = 9

R ver. 4.5.02 AFE-31QITH S H2AM] L Lev-
ene's test= 2151, F£8 a9l W A52hg ait BAS
913l Three-way ANOVAE A A5HATE 72217t = 7%,
Tukey's HSD A& F3l| AFF24S =831 9t

7 W& HSIth(P<0.001, Table 1). WARFEZ AMIAl=
15°C¢] 100 umol photons-m?s'of A Z}(2,967 £ 64 pm,
mean+se)2 A5G (Fig. 1A), Sl E7-2 25°C2] 20
umol photons'm?s'ofA 2 AYASFATH?2,623 £262.2
pm, Fig. 1B). BARFE ] AFSA| 2] -9 15°C, 20°Cofl 4] 2]
A A4S B, 10°C, 25°Colq Agto] Azshlrt vl o)
HF 7 AP 10-25°C71) 4-0] Al45a4:2 Aol |
&Aoo Z7lsle AFFS B tHTable 1). 30°C2] IL-L-0) 4]

& At slutt)E7] AMgATe] et on 1 9] A
Ao A= AV EC] 5 APE s TH(Fig. 2m, 2n, 20, Fig.
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Fig. 1. Conchocelis length (um) of Pyropia yezoensis and P. dentata after 80 days of culture under different temperature (10, 15, 20, 25 and

30°C), irradiance (0, 20 and 100 umol photons-m™2's™), and nutrient (Nutrient enriched, Non-enriched) conditions. Bar heights represent

the mean conchocelis length for each treatment, with error bars indicating standard deviation (n=3). Each panel shows the results for one

nutrient condition and species.

Table 1. Three-way ANOVA and Tukey’s test for the effects of temperature, irradiance and nutrient on the growth of conchocelis of Pyropia

yezoensis and P. dentata

P. yezoensis P. dentata

df F-value P-value df F-value P-value
Temperature 4 114.887 <0.001 4 223.343 <0.001
Irradiance 2 390.959 <0.001 2 652.068 <0.001
Nutrient 1 311.023 <0.001 1 440.713 <0.001
Temperaturexlrradiance 8 32.385 <0.001 8 56.418 <0.001
TemperaturexNutrient 4 28.656 <0.001 4 36.082 <0.001
IrradiancexNutrient 2 78.078 <0.001 2 138.388 <0.001
TemperaturexIrradiancexNutrient 8 9.287 <0.001 8 8.690 <0.001
Tukey's test (P=0.05)
Temperature 15=20>25=10>30 25>20>15>10>30
Irradiance 100=20>0 100>20>0
Nutrient 0>X O>X
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Fig. 2. Pyropia yezoensis conchocelis after 80 days of culture
under different temperature and irradiance conditions in nutrient-
enriched seawater. Images are arranged by columns (irradiance: 0,
20 and 100 pmol photons-m?-s?) and rows (temperature: 10, 15,
20, 25 and 30°C). Scale bar=100 pm.

Z5 EZE AMSA] el foldt gk wHTH(P<0.001,
Table 1). & 5] AMFA| 2% 0 wmol photons m?-s19] &=
Aofxl= Aol AAIsklom, Ao B & 4do] ¥k
2 th(Table 1, Fig. 2, Fig. 3). A% £& & ox7ol|A ok
3 e ARAIS 20°C, 20 pmol photons m-s2] A1 3] o] A]

047t 31 EAIZS wf AaA)7} 3551 S A7 Ae
ZlsHylt. ofnf 10°Co] oA viFstl e AMIAlES

15-25°Ce] oA v st AMSASET 1.54)] =2
Al Ay#51 % th(data not shown).

oJoFed o] M7} Gt ARAMA AJAFo] 9-0] 8t TS u|H o
(P<0.001, Table 1), T % L% JokdS H7sh Ag7e] Apak
A 21011 5217} A oF 20 200 o 2 2l

A AP A Ao Al 1S BRIt Th(Fig. 1). ESF J 9
H7F AP Fo A T F BT 40UARE A4S AL
u, F37F A ol e FAIE FABHA] 9ok, Ao g
Aoz A 25 ekl Sld 4= YIIChFig. 4).
AR APl Gddel H7HE 20°C, 25°C 240
AN EEH R 40Ut AR Aol AS wEE gl o
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Fig. 3. Pyropia dentata conchocelis after 80 days of culture un-
der different temperature and irradiance conditions in nutrient-en-
riched seawater. Images are arranged by columns (irradiance: 0, 20
and 100 umol photons-m?-s™) and rows (temperature: 10, 15, 20,
25 and 30°C). Scale bar=100 pm.
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20

100

Irradiance (umol photons-m2-s")

Fig. 4. Conchocelis of Pyropia yezoensis and P. dentata cultured
for 80 days under different levels of irradiance in non-enriched
seawater. a—f, P. yezoensis cultured at 15°C under 0 (a, d), 20 (b,
e), and 100 umol photons-m?-s! (c, f); g1, P. dentata cultured at
25°C under 0 (g, j), 20 (h, k), and 100 umol photons-m?-s (i, 1).
Scale bars: 100 um in (a—c, g—i); 50 um in (d-f, j-1).
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Fig. 5. Conchosporangium formation of (A) Pyropia yezoensis and (B) P. dentata conchocelis after 80 days of culture under various tem-
perature (10, 15, 20, 25 and 30 °C) and irradiance (0, 20 and 100 pmol photons-m?-s™) conditions in nutrient enriched (@) and non-enriched
(o) seawater. All cultures were maintained under a 14L:10D photoperiod. The symbols indicate the formation rate of Conchosporangium as

follows: *, 5-10%; **, 10-30%; ***  30-50%.

(Table 2), o157} Z7}3ko] 802Aoli= 25°C, 100 wmol
photons m>s! Ag oAl ZtEahd FAEC] 50%E 713
=7 UebdthFig. SA). 9EHE 7R ATl e 2
of upe} 2w GAR] ols} ehton], A8 F7 A
7 71% 12%(100 pmol photonsm?s™) ZZofA AZXE
(20 umol photons m?s"E} 2 G FHES B
CHFig. 5). B FFES H7IsHA] & Aol A= A<l
A A E e, 25°C, 100 umol photons-m2-s o A= 50U A},
20 umol photons'm?-s'o]| A= 702t ZFEApd g Ado] ]
£ =9I cK(Table 2). €4371(0 wumol photons-m2-s™)o]| A}
A ER AE7IA AMEAIZE 4 %50kA) 229k Fig 6a, 6d).

BB 7] A 10°CE Aot BE 204 4ol
T I tHFig. 5B). 20°C, 25°C ZAol|A FFY H7h A
TollAl= 3042k, T 7F Aol A= 40U Ao Zha Ak
F7go] AlAE Sltk(Table 2). AY F= A% 71 25°C, 100
umol photons-m?-s' ZA A ZFEZ FAE0] 30-50%=
71 9831, 15°C, 20°C, 30°Col A= 257 Ad4-E0] 30% ©]

312 Wdth(Fig. 5B). £3], 30°Coll A Al&3HA] o8-S AR =

P. yezoensis P. yezoensis
non-enriched

P. dentata
nutrient enriched

@)

P. dentata

nutrient enriched non-enriched

20

Irradiance (umol photons-m2-s)

100 |GEnE

Fig. 6. Conchosporangium formation in Pyropia yezoensis and P,
dentata after 80 days of culture under different irradiances (0, 20
and 100 pmol photons-m?s™) and nutrient conditions. P. yezoen-
sis cultured in nutrient enriched (a—c) and non-enriched seawater
(d-f); P. dentata cultured in nutrient enriched (g-i) and non-enriched
seawater (j-1). All samples were maintained at 25°C under a
14L:10D photoperiod. Scale bars=50 pum.

Table 2. Time course of conchosporangium formation in Pyropia yezoensis and P. dentata conchocelis cultured under different nutrient (N),
irradiance (I, pmol photons'm?-s™), and temperature (10-30°C) conditions

P. yezoensis P. dentata
N | 10°C 15°C 20°C 25°C 30°C N I 10°C 15°C 20°C 25°C 30°C
0 - - - - - 0 - - - - -
) 20 - - Day 40 Day 40 - ) 20 - Day 50 Day 30 Day 30 -
100 - - Day 40 Day 40 - 100 - Day 50 Day30 Day30 Day60
0 - - - - - 0 - - - - -
X 20 - - - Day 70 - X 20 - Day 70 Day40 Day 40 -
100 - - - Day 50 - 100 - Day 70 Day40 Day40 Day70

O and X indicate the presence or absence of nutrient enrichment, respectively. Numbers represent the initial day of conchosporangium

observation for each condition.
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HoAoAs 42(10-30°C), =0, 20, 100 pmol
photons-m?-s™), FLFAC7} FH7H 2 2 A-g-o] AR
AT} et AFSA| S A F Aol mlA]= kel oSt
ZAFSEATE F Y AMIA Aol At S A,
AL R 15°C, St &7 25°Coll A 22 F| e & A%
5h3itt. o]+=Kang (2017)0] AJAIgE AR AFEA| o] 2] 4]
A 4=2(15-20°C)F A1, Slute] &4 AMgA 9] 25°C A
7 212 271 9 A] Notoya et al. (1993), Zhong et al. (2016)2]
H 119} B3kttt Heo (2022)9] Atoll A= WARFE A o
vt E71 9] sz (shell-living conchocelis)7}F 30°Coll A
2147F AERF A 0 2 W HE Qo 2 Aqtoll A= f2]At
A1 (free-living conchocelis)E 80452t 30°C Ao A uljof
S Ul 5 L5 APEstelc. ol FUT S& 20
= ARl 27100 45 9 54, vk 7IRle] el 2R
o] Tepa 4= Q3= ARSI i A ol A= AVIAI S AFE o
B Y FR AHE0e Wsk] uhsol A A1 A
H& H ol AVISE 7Hs S wiAIE o= glet. whebA L
7049 Aegt & 717 sk HaiA= ARE AR
= FIske 55 A7 Fasith 53], 2T ol 7| e= ¢l
3l 30°C o]/e] AL Ay Rl o} A& A 7ko] F7F8HaL Q=
T & A4 sl2f ol A& 7Rt A BA S ffel e
W/l thgt B717F B2 & AR

doA AVSAlE A Ao, 25220 umol
photons m?s1)2} =2(20°C)°| S|EEH F7H/d M7} thA|
A=A o] A== As IS o] 2fgt A= Ab
AT RN E YA 717 BE 7Hss, 8 27101 &
A= g4 35 7]4ko] @43k 4= Q5= AlAkRT 1
L AT} a120] A o 2 2851 0 umol photons m
2161, 30°C 2NN AR} B8 EA) Zoka Apsieict
(data not shown). ©]+<= F+ =3t Q¢lo] B4 o2 2835+ 7
9, APAle) A 512 s efo] AT AL Bojs 2
dtojet, oheh i A2 7714 Q1 Sk B of| A vl Y] F -
o] E7tu|ste], &Pt efxr o] FFHEA] X5k HAZE EA S
o} o= g A AT = e ThdR AR A
& o, SRt 2ol A O AMIA AE} 315 THe A Hrk
AdstA e v ot

P& H7F offofl whE AMIA] A Blaet Aah, JF
A7V A7 R AR ol vlsf oF 26 o) =2 A%
Holok WAREH R O] A, @9 A7 ARl A= Bt
1,500 pm o]/39] A2 Bl Rb, F7F Adl ol A= o
600 um =0l ZLA FFH Aol AV Q] S AlRtsh=

A AR - A
T8 290YS FRISH) ol 2 A9 7Hd 5 sl 'Y
I A 2o A= AV &) Aol AT, Ad<=ohA] ¢
& ZoltbE Y A x|3H= Aot} Lin and Stekoll (2013)
of Aol A e FFE A7 Aol A Gl bk A 45 AL

o

A o] GE4 aghgol F-oJskA Wt e, 53] P abbottae, P
pseudolanceolata, P. pseudolinearis®] 7-5-, 8| %7]7ko] Zof
A5 A4 gheko] A1&4 02 fagitial Hilsteitt. of2
Tt A= YA Aol Fed Maef e AAIskaL A
A g2 Ao =M AP 9] Aol R ARl G vl

2 4 9122 AR T, 2 Aol ol EAsH 24

1oy -
o H9] R T ABTY) A AFBHA] 4 A
HQl S A3k 202 ehgon, o]t oJopy A =

oM = Ft & T APYF o= 2 agho) AEo] 7hs

4

HIAREY 7] AMHE 20-25°CollAl, Qb &3] AMA=
10°CE A3 HE g2olA] Zahd- Fstqiet. At
FE APIAI7E 20-25°Coll A Ad<3E A= Li et al. (2010)
o] 1o} A 2|5hod, SluielE7) AIAIZ} 10°CE Aelstr 4
3k AL Kim (19099)0] 4-2.0] A5T4E ZEAY B4 8
o So5HA Z/kaicka Warat At SAITE £ Ao
A1 0 umol photons-m?-s'9] A= F F BF ZFEA}
Jo] FAER] ¢Fgke™, 100 umol photons'm?-s'9] X%
2704 ZtzAhd FAEC] A Ykt o2t At
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B E A okt Aol fAlsith o)= AV 9] s 9
S QA S ol4pe] Weko] Waolnl, whe A% =
 SIAE TEE $go) ek ANAY F e Ak
o}, 184} Terada et al. (2020)2 SHAMEY (P, yezoensis f.
narawaensis) AH3AE 1,000 umol photons-m2-s19]] 6A] 7+ =
SAZS o) F2el a&(QPSI)o] AsHE AL, o] F Aol
231t 2 Ao A% Fv/Fm (maximum quantum yield of pho-
tosystem II) &]550] HojupA] QFQIrtar K Asieh. wheba] a1
257} APA|S] A4l M= A RElstoh SR e o
b2 i 717} 255715 oA e F74E % A7t
dagt Ao s woteh Jdd 28 AV Aol 74
29l A= v RO AV s E4 -2 250l A
Algta o g o] oA 4= 32 FRlskSIth. ol= AMSA 9] A
SO HEEA] At Bl skA] fom, 23 g2zdo] U4 4
= o[ S EH JFHe] AP AHoAE ZtEAhd B4
o] 7Fe 3t Uehdit). 3ol = sl f oAl A2 o= 2
Aolal Q)= AT W 914 = (Park et al., 2023)E 1129
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o vjAE FE= A FFH FA7RE AVIA A
A2 GFA 7R vl A= At AVIA| o] 52 FF
A FA7REIA Fg A A7 ARl vish ZEARd HA4E
= Sou, A F4 A= 7R e gHlsk i uhet
A 7H (1) "9 A 2ol A= AVEAIo] ko] AlslE

(<]

H

H AsshA] o2 Aloltt = FRA o 74k B3
A A= AVSAIY AFE o] obd AR AR 7F e E Rl
30°CY] a2 2400 = 7 T AP B APk &
3] YT} Alpp-o] H9hA 0 2 283 Aol ol A = APE s
Aornz 7hE (2) Y i S0l A= AVSAIZE AP
g Aot AAshe AikE UeRdlch 2 A Aike A4
of Aol A AL TAIRD AREA 2 A B Aol 2, 2
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