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Fig. 1 Changes of average length and width of blades under different light qualities in P. haitanensis

Different letters indicate significant difference among treatments in the same time (P<0.05), the same below
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Plate I  Observations of colors and shapes of blades under different light qualities in P. haitanensis
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5 cm

1, 5,9, 13 standing for blades of P. haitanensis under white light for 0, 5, 15 and 25 d, respectively; 2, 6, 10, 14 standing for blades of P. haitanensis
under blue light for 0, 5, 15 and 25 d, respectively; 3, 7, 11, 15 standing for blades of P. haitanensis under green light for 0, 5, 15 and 25 d, respectively;
4, 8, 12, 16 standing for blades of P. haitanensis under red light for 0, 5, 15 and 25 d, respectively
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different light qualities in P. haitanensis
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Plate I Observations of vegetative cells from middle parts of blades under different light qualities in P. haitanensis

1, 5,9, 13 showing vegetative cells of blades under white light for 0, 5, 15 and 25 d, respectively; 2, 6, 10, 14 showing vegetative cells of blades under

blue light for 0, 5, 15 and 25 d, respectively; 3, 7, 11, 15 showing vegetative cells of blades under green light for 0, 5, 15 and 25 d, respectively; 4, 8, 12,

16 showing vegetative cells of blades under red light for 0, 5, 15 and 25 d, respectively; scale bars: 100 um
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Fig. 4 Changes of F,/F,, of blades under different light

qualities in P. haitanensis
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Fig. 5 Contents of chlorophyll 2 and carotenoid under
different light qualities in the blades of P. haitanensis
after culturing for 25 days

1.chlorophyll a; 2.carotenoid
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Fig. 6 Contents of phycoerythrin(a) and phycocyanin(b) under different light qualities in the blades of

P. haitanensis after culturing for 25 days

1.white light; 2.blue light; 3.green light; 4.red light, the same below
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Fig. 7 The values of PE/PC and Chl.a/Car under

different light qualities in the blades of P. haitanensis

after culturing for 25 days
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Tab.1 The developmental timing of parthenogenesis of blades under different light qualities in P. haitanensis

B FEITE)/d  culture time

F R
light quality 0 5 10 15 20 25

FIJt  white light  VCs (100%) VCs (100%) VCs (100%) VCs (100%) VCs (100%) VCs (100%)

W6 blue light VCs (100%) VCs (100%) VCs (100%) VCs (88.89%) VCs (44.45%)  VCs (13.90%)
RCs (8.33%) RCs (16.67%)  RCs (5.55%)

PSs (2.78%) PSs (19.44%) PSs (22.22%)

PGs (19.44%) PGs (36.11%)

PCs (22.22%)

556 greenlight  VCs (100%) VCs (100%) VCs (97.22%) VCs (69.45%) VCs (38.89%)  VCs (11.11%)
RCs (2.78%) RCs (5.55%) RCs (8.33%) RCs (5.56%)

PSs (8.33%) PSs (16.67%) PSs (30.55%)

PGs (16.67%) PGs (36.11%) PGs (36.11%)

DPGs (16.67%)

% red light VCs (100%) VCs (100%) VCs (100%) VCs (100%) VCs (100%) VCs (100%)

I VCs AL TEFRAERMIN BN : RCs. WU EFHANN IR PSs tE LSRR BT T AR, PGs. th LN AE A T R AR IR AR PCs. BT
PR AT 2R TR s DPGs. B3 AR TR A A R AT TR %R tH DA 2R I R AR R S U E A b

Notes: VCs. the algae with vegetative cells; RCs. the algae with reproductive cells; PSs. the algae with parthenogenetic spores; PGs. the algae with
parthenogenetic spore germlings; PCs. the algae with parthenogenetic conchocelis; DPGs. the algae with demised parthenogenetic spore germlings; %

represent the percentage of the blades of the above type in total blades
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Plate I Observations of parthenogenetic development in apical parts of blades under blue and

green lights in P. haitanensis

1.vegetative cells at initial stage; 2.vegetative cells under blue light for 5 d; 3.vegetative cells under blue light for 10 d; 4.formation of reproductive cells
and parthenogenetic spores under blue light for 15 d; 5.formation of parthenogenetic spore germlings under blue light for 20 d; 6.formation of
parthenogenetic conchocelis under blue light for 25 d; 7.vegetative cells at initial stage; 8.vegetative cells under green light for 5 d; 9.formation of
reproductive cells under green light for 10 d; 10.formation of parthenogenetic spores and their germlings under green light for 15 d; 11.formation of

parthenogenetic spore germlings under green light for 20 d; 12.demised parthenogenetic spore germlings under green light for 25 d; scale bars: 100 pm
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G 2% 5 00 B A O T A 4R B R I PE A AL
i, SO R R IRIEAAETE BAMAE Y .
Chla5PS 1 . A 5PS [ % UIAH K,
W TR I E MR ELa M, PE. PC
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T TtE, ATREE N T 2R R AR, A
mife a7 5PS A OC A B AR 2 1 & ™. 2R,
W% 5O F # R  Chl.a ., PERIPCH M FH
HEFR AR M FOGI S, U0 LN Bk
A B R & ik A6 G ) AT RE A TE Ik R 740
Pt #L#1 (carbon-partitioning), # %tk W& B EE 1
Frds & A G, DI A e fr R
I AR R, T J5 22 4l i 531k 5
A TR EE T B B L OGRS T IR 5
PR ARG A BB ) S L 1% 338 TR RO A 7 M
g 7T HEFRARK, XAREEILHES T
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A0 R A B DG DR %) L 908 3R 58 RN 40 Y A 24
AR CR T B ) R R R Ak, X ATV DNA
S T R 240 T 3 284 1% TR G A 36 18 AK B (Chlamydom -
onas reinhardtii) F1 ¥t &L 3 (Dunaliella salina) 18
W WA IE D, (HA GO T T 45 53R Bk
NN R R EID e W SR e i) € A VIR R B 1)
Gy FHLHIE A R it — 09T

3.3 BEAMBARELIZERMREHEMEE

SR EER I AT R B RAA EER W, £
AT ) PR P B AL B TR BRI
T2 50 SR FAE A BEAT Ry 2 B IR AR TE Bk = S5
PETC - B 7 — ol A G SR, M R Y
KRBT MR T CRAR) . SRt AR B 90 S 3L
B R ARSE L B 35 5 S Ltk R A R 2
Rk, HLE PR SR T BE A a2 AR, X
SR AR HE A8 i Kk I BL R FEIR K 216 2% (Bangia
atropurpurea) T LA AT, SR, B[] A9 2%
TR AR TR AT i Rk kR, H
WY R I 2T, XU — B s i TR
PEA T 22 AR BTE 1, X 5 806X B BT 2R 1K
A A I S5 R A2, A, LB AR AR
Az B WAy, HF/F, 4R 7R R e 1K
Ve, MYz B, FJ/F, AN 2T RS, TR
AHFGEH, GO R 10 dif 1SR E/F, (6 1 B
TR, 3k 3R I A AR Y A 5 A i A2 3 PR B
SIS N L 1 L2 O 1B o C A /R i e R 2
H o AEGT H I S I T BE fE S2E i ofR 1A
BCFCRAE) . P A T A6 7 R e S B, B
SO, KB AT 5 R ae s =
PR3 T B R O A T R I B A B AT
KRR A T 22 R AK . AN, AT B IR,
IR MR FF, 52 ETE, R X
A B 3 B o K AR X W O Y R I N, 1T
RES MR S AR HDOCA B R A N O 2 Ak
PRI DG 2 i s k] LUE R R S
LA AR T A A AE I Y R B v

HARREE T, SR M- ARAK B B = 800 1 T
TR A A, LT 22O R Oh 58 oK RO (B A
RUEG), (A E MR Z D AT IR B 22 4R
A, AR TR PR B8 A el K A % 1 (] TR O U
B KA BRI Tl D2 B BRZ Y, sk ffifg
1EH 1 K BE A 5 i S BRI K 2 I, K Y
AT LG A BT i, R A B e i K Y

WHOEM, A P AR SR B IR AR 22 4R 1
TEAFDCIR T RS L, L EAET
LR VN N DRV ST E S SIS 7 3 Pl N 7 S N A X
PR S LR B AR PO A T, B 5 AT
B BER [ AR AT P R OETE 4H r diear, iXl g2
P S 3 VS A B4 AN [R] AR A BRI T 3
PEACBIAE A o BeAh, WOGHE K bA 55 Bk A
PR R A, A S PR ST R 5 S 2R AR s R
i 2% 0] 5 2% b S B 8t TR S B AR T U

SE R

[1] AV, $ASEH, $IE~F. BB 6 & 1E H i i &
HALHEI]. M AR, 2008, 19(7): 1619-1624.
Zheng J, Hu M J, Guo Y P. Regulation of photosynthesis
by light quality and its mechanism in plants[J]. Chinese
Journal of Applied Ecology, 2008, 19(7): 1619-1624(in
Chinese).

[2] Figueroa F L, Aguilera J, Niell F X. Red and blue light
regulation of growth and photosynthetic metabolism in
Porphyra umbilicalis (Bangiales, Rhodophyta)[J].
European Journal of Phycology, 1995, 30(1): 11-18.

[3]1 JuQ,Xiao H, Wang Y, et al. Effects of UV-B radiation
on tetraspores of Chondrus ocellatus Holm (Rhodophy-
ta), and effects of red and blue light on repair of UV-B-
induced damage[J]. Chinese Journal of Oceanology and
Limnology, 2015, 33(3): 650-663.

[4] BREZE, BURIE, MG, 55 AFEDEHRLEDGIEX IR %

3 2R AR AL R A R IR S IR [T ], 7K™ 44,
2017, 41(2): 230-239.
Han J J, Zhong C H, He P M, et al. Effects of different
light-qualities on growth and physiological characteri-
stics of free living conchocelis of Pyropia haitanensis[J].
Journal of Fisheries of China, 2017, 41(2): 230-239(in
Chinese).

[5] Terborgh J. Effects of red and blue light on the growth
and morphogenesis of Acetabularia crenulata[J]. Nature,
1965, 207(5004): 1360-1363.

[6] Clauss H. Effect of red and blue light on morphogenesis
and metabolism of Acetabularia mediterranea|M]//Brachet
J, Bonotto S. Biology of Acetabularia. New York:
Academic Press, 1970: 177-191.

[7] Wennicke H, Schmid R. Control of the photosynthetic
apparatus of Acetabularia mediterranea by blue light[J].
Plant Physiology, 1987, 84(4): 1252-1256.

http://www.scxuebao.cn


http://www.scxuebao.cn

904

Ko AR

43 %

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Liining K, Dring M J. Reproduction, growth and
photosynthesis of gametophytes of Laminaria saccha-
rina grown in blue and red light[J]. Marine Biology,
1975, 29(3): 195-200.

Liining K, Neushul M. Light and temperature demands
for growth and reproduction of Laminarian gametoph-
ytes in southern and central California[J]. Marine Bio-
logy, 1978, 45(4): 297-309.

Wang W J, Sun X T, Wang F J. Effect of blue light on
early sporophyte development of Saccharina japonica
(Phaeophyta)[J]. Marine Biology, 2010, 157(8): 1811-
1817.

Zhang X, Li D P, Hu H H, et al. Growth promotion of
vegetative gametophytes of Undaria pinnatifida by blue
light[J]. Biotechnology Letters, 2005, 27(19): 1467-
1475.

Miiller S, Clauss H. Aspects of photomorphogenesis in
the brown alga Dictyota dichotoma(J]. Zeitschrift fiir
Pflanzenphysiologie, 1976, 78(5): 461-465.

P, B0, RO6 AR U & R ALK A
R A AR RS R (D], K AR AR 224, 2014,
38(2): 257-261.

LuJJ, Li D H. Effect of light-emitting diode light
quality on the growth and physiological and biochemical
characteristics of Nostoc sphaeroides[J]. Acta Hydrobiolo-
gica Sinica, 2014, 38(2): 257-261(in Chinese).

Tsekos I, Niell F X, Aguilera J, et al. Ultrastructure of
the vegetative gametophytic cells of Porphyra leucost-
icta (Rhodophyta) grown in red, blue and green light[J].
Phycological Research, 2002, 50(4): 251-264.
Lopez-Figueroa F, Niell F X. Effects of light quality on
chlorophyll and biliprotein accumulation in seaweeds[J].
Marine Biology, 1990, 104(2): 321-327.

Riidiger W, Lopez-Figueroa F. Photoreceptors in
algae[J]. Photochemistry and Photobiology, 1992, 55(6):
949-954.

Godinez-Ortega J L, Snoeijs P, Robledo D, et al. Growth
and pigment composition in the red alga Halymenia
floresii cultured under different light qualities[J]. Journal
of Applied Phycology, 2008, 20(3): 253-260.
Sutherland J E, Lindstrom S C, Nelson W A, et al. A
new look at an ancient order: generic revision of the Bangi-
ales (Rhodophyta)[J]. Journal of Phycology, 2011, 47(5):
1131-1151.

http://www.scxuebao.cn

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

TN A, A, S5 IR
PR, 2008, 32(1): 131-137.

FI4n A 2= M EZ[T]. K

Yan X H, He L H, Huang J, et al. Cytological studies on
Porphyra haitanensis Chang et Zheng (Bangiales,
Rhodophyta)[J]. Journal of Fisheries of China, 2008,
32(1): 131-137(in Chinese).

R, X, A, S dm 5 SR S A i e B 1Y
LLRPRIBAR[T]. W EK =R, 2004, 11(6): 549-553.
Zeng Q G, Liu B Q, Yang R, et al. Morphogeny of
conchocelis thalli from single somatic cell clone cultivat-
ion of Porphyra haitanensis[J]. Journal of Fishery Scien-
ces of China, 2004, 11(6): 549-553(in Chinese).

FEN U B, BRIRAE, S5 RS B A B
gl 25y B [J]. mHAE W, 2007, 17(2): 205-210.

Yan X H, Li L, Chen J H, ef al. Parthenogenesis and
isolation of genetic pure strains in Porphyra haitanensis
(Bangiales, Rhodophyta)[J]. High Technology Letters,
2007, 17(2): 205-210(in Chinese).

Kato M, Aruga Y. Comparative studies on the growth
and photosynthesis of the pigmentation mutants of
Porphyra yezoensis in laboratory culture[J]. The Japan-
ese Journal of Phycology, 1984, 32: 333-347.

FENGEE, BERE R, REUHK, 5. ISR N T ERRAZ K
MITEAS 5 73 B [J]. K= 244, 2005, 29(2): 166-172.

Yan X H, Liang Z Q, Song W L, ef al. Induction and
isolation of artificial pigmentation mutants in Porphyra
haitanensis Chang et Zheng (Bangiales, Rhodophyta)[J].
Journal of Fisheries of China, 2005, 29(2): 166-172(in
Chinese).

Porra R J. The chequered history of the development and
use of simultaneous equations for the accurate determina-
tion of chlorophylls a and b[J]. Photosynthesis Research,
2002, 73: 149-156.

Parsons T R, Strickland J D H. Discussion of spectrop-
hotometric determination of marine-plant pigments, with
revised equations for ascertaining chlorophylls and
carotenoids[J]. Journal of Marine Research, 1963, 21:
155-163.

Beer S, Eshel A. Determining phycoerythrin and
phycocyanin concentrations in aqueous crude extracts of
red algae[J]. Marine and Freshwater Research, 1985,
36(6): 785-792.

Figueroa F L, Aguilera J, Jiménez C, et al. Growth,

pigment synthesis and nitrogen assimilation in the red


http://www.scxuebao.cn

4 1

BhEKE, . KREDEBLEDYG X 15 352

PERRA ) AL R B A RS AR 52 TR 905

(28]

[29]

[30]

[31]

(321

[33]

[34]

alga Porphyra sp. (Bangiales, Rhodophyta) under blue
and red light[J]. Scientia Marina, 1995, 59: 9-20.
Jayasankar R, Kulandaivelu G. Influence of different
wavelengths of light on photosynthesis and pigment
constituents and absorption spectra of Gracilaria spp.
[J]. Journal of Aquaculture in the Tropics, 2001, 16(4):
359-371.

BEE. =ML A E R R ELET FE[D].
T &y oh R BT I A B (AT ST AT, 2007: 1-101.
Li Y X. Comparative study of pigmentary system of
photosynthesis on three red algae[D]. Qingdao: Univers-
ity of Chinese Academy of Sciences (Institute of Oceano-
logy), 2007: 1-101(in Chinese).

Wu L, Zhang G K, Lan S B, et al. Longitudinal photo-
synthetic gradient in crust lichens'thalli[J]. Microbial
Ecology, 2014, 67(4): 888-896.

Hannach G. Spectral light absorption by intact blades of
Porphyra abbottae (Rhodophyta): effects of environme-
ntal factors in culture[J]. Journal of Phycology, 1989,
25(3): 522-529.

Gantt E. Pigmentation and photoacclimation[M]//Cole K
H, Sheath R G. Biology of the Red Algae. Cambridge:
Cambridge University Press, 1990: 203-219.

Carmona R, Vergara J J, Pérez-Lloréns J L, et al.
Photosynthetic acclimation and biochemical responses of
Gelidium sesquipedale cultured in chemostats under
different qualities of light[J]. Marine Biology, 1996,
127(1): 25-34.

Miinzner P, Voigt J. Blue light regulation of cell division
in Chlamydomonas reinhardtii[J]. Plant Physiology,
1992, 99(4): 1370-1375.

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Zachleder V, Kuptsova E S, Los D A, et al. Division of
chloroplast nucleoids and replication of chloroplast DNA
during the cell cycle of Dunaliella salina grown under
blue and red light[J]. Protoplasma, 1989, 150(2-3): 160-
167.

Forster R M, Dring M J. Interactions of blue light and
inorganic carbon supply in the control of light-saturated
photosynthesis in brown algae[J]. Plant, Cell & Envir-
onment, 1992, 15(2): 241-247.

Charnofsky K, Towill L R, Sommerfeld M R. Light
requirements for monospore germination in Bangia
atropurpurea (Rhodophyta)[J]. Journal of Phycology,
1982, 18(3): 417-422.

Kolber Z, Zehr J, Falkowski P. Effects of growth
irradiance and nitrogen limitation on photosynthetic
energy conversion in photosystem I[[J]. Plant Physio-
logy, 1988, 88(3): 923-929.

Lopez-Figueroa F, Niell F X. Red-light and blue-light
photoreceptors controlling chlorophyll a synthesis in the
red alga Porphyra umbilicalis and in the green alga Ulva
rigida[J]. Physiologia Plantarum, 1989, 76(3): 391-397.
Drew K M. Conchocelis-phase in the life-history of
Porphyra umbilicalis (L.) Kiitz[J]. Nature, 1949, 164(4174):
748-749.

L. F A ARFE BRI R SRR R FHER ST
TRARFE AR AL FUER D). 35 8 oh [ MRS, 2014: 1-
122.

Wang W B. Exploring the variation of solar spectral
characteristic in atmosphere and ocean using principal
wavelength[D]. Qingdao: Ocean University of China,
2014: 1-122(in Chinese).

http://www.scxuebao.cn


http://www.scxuebao.cn

906 KopE o R 43 45

Effects of different LED light-qualities on growth,
development and physiological characteristics of the unisexual thallus in
Pyropia haitanensis

ZHONG Chenhui', HAN Junjun’, TANG Longchen', HE Peimin’®, ZHANG Peng®, LINQi"

(1. Fisheries Research Institute of Fujian, Xiamen 361013, China,
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China,
3. Zhejiang Mariculture Research Institute, Wenzhou 325000, China)

Abstract: In order to explore the optimum spectral components for growth and development of thallus of Pyropia
haitanensis, the effects of different light qualities (white light, WL; blue light, BL; green light, GL; red light, RL)
from light-emitting diode (LED) illuminations on the vegetative growth, developmental differentiation, maximal
quantum efficiency of PS II photochemistry and photosynthetic pigment contents of female thalli were studied.
Results showed that the average length and fresh weight of thalli under WL after 25 days culturing were 2.42-3.86
and 2.64-4.50 times higher than those of thalli cultured in monochromatic light qualities, respectively. The growth
rate of thalli was fastest when cultured in polychromatic WL, while it was limited in the monochromatic lights
(BL, GL and RL). RL and GL were significantly adverse for the synthesis of phycobiliproteins. Compared to WL,
the phycoerythrin contents of thalli under RL and GL decreased by 44.1% and 43.2%, respectively, and the
phycocyanin contents of thalli decreased by 11.6% and 12.5%, respectively. However, the phycoerythrin and
phycocyanin contents of thalli under BL were increased by 94.3% and 16.2%, respectively, compared with that
under WL, and the highest F/F,, values kept on a continuous uptrend through the whole culturing period
suggested that thallus had long-term acclimation to BL. It was noteworthy that both GL and BL accelerated cell
differentiation and rapidly motivated the parthenogenetic development in the apical parts of thalli, while WL and
RL never had such effects. The pathway of parthenogenetic spores developing into normal parthenogenetic
conchocelis were promoted by BL, but blocked by GL. All of the parthenogenetic spore germlings in GL
overflowed their cell inclusions and finally hollowed and demised. These results indicated that monochromatic
lights limited the vegetative growth of thalli, and significantly affected the photosynthetic pigment components and
the maximum photochemical efficiency (F,/F,,) of PSII, yet BL was favourable for parthenogenetic development
of unisexual thalli. It also provided a reference for the further studies on the light adaptation mechanism of the

thallus in P. haitanensis.
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