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Fig.1 Growth of gametophytic blades of the three P.
yezoensis strains cultured at optimal conditions of 18 °C

and salinity of 26 for 50 d first and then for another 35 d
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Fig. 2 Maximum quantum yield of photosystem II of
the gametophytic blades of the three P. yezoensis strains
cultured at optimal conditions of 18°C and salinity of
26 for 50 d first and then for another 35 d
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Fig. 3 Contents of chlorophyll a (Chl. a), phycoerythrin
(PE) and phycocyanin (PC), and the maximum quantum
yield of photosystem II (F,/F,,) of the gametophytic
blades of the three P. yezoensis strains cultured at
optimal conditions of 18°C and salinity of 26 for 65 d
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Tab.1 Absolute growth rate and maximum quantum yield
of photosystem II (and their correlation coefficient) of the
gametophytic blades of the three P. yezoensis strains
cultured at optimal conditions of 18°C and salinity
of 26 for 50 d first and then for another 35 d

b3 T B wrT YZ-4 TM-18

culturedays  AGR  F/F, AGR FJF, AGR F,/F,
50~55 072 0567 077 0580 150  0.595
55~60 088 0564 1.13 0581 1.63  0.599
60~65 101 0580 1.06 058 280  0.600
65~70 120 0574 142 058 359  0.603
70~75 070 0555 157 0590 394  0.605
75~80 035 0540 261 0593 400  0.607
80~85 023 0523 332 0594 520  0.609
r 0.935 0.918 0.958
P >0.05 <0.05 <0.05

E: AGRARRIIRIAKELES dP I 4ant £ K%/ (em/d), F,/F,fR%
5 A B —RIMBROCRG N EIOCE T &, HARMEKIER
#, PRARATIREER

Notes: AGR denoted absolute growth rate of blade length between every
5d, F,/F,, denoted maximum quantum yield of photosystem II on the
last day of every 5 d, r denoted correlation coefficient, P denoted the
result of #-test

o E K= % 2 J»  sponsored by China Society of Fisheries


http://www.scxuebao.cn

24 BOMMS , A5 : SRS ST 5 dL il R A A0 R e 1 225

R A W TR AR A BB A G
22 SiREXIHRAE K

A i Z R AR TE = R e R ) A K 2 A2 3
NG I S =t e syl
P . WTHY A K AE 25 cCHE AR50, 1
24 T I A R A2 B A 5w ) B N T &

(K 4), 1EARFERSMQ2, 245125 °C) T Mrif 15
15 dJf5, YZ-AR PR 505 wTHY1.16 .
1.35F11.864%, TM-188)F 24K 451 S wThY
2,18, 2.54H13.081%, 2L R &b RAEER T A
KT wT,

80 r —_@— wr

80 r—@— wr 80 [ —e— wr
55 70 7++ ;f/;418 55 70 ++ ;fflS 55 70 ++ ;f/flS
ZE 60} ] 2 E 60 ’ 2 E 60 )
22 50| £ 50 22 50
7% 7% 53
H 40T H5 40 5 40
25 30+ %5 30 gg 30
i%zof = § 20 E%zo/
T E 104 EEIO: 4;;510'/1/:/?
0 —— 0 s 0 :
50 55 60 65 70 75 80 85 50 55 60 65 70 75 80 85 50 55 60 65
B 7R Hkg/d FhgR Hg/d IR A%
culture days culture days culture days
(a) (b) (c)

4 FHUEIBITBENHREEEEFMHCEE18 °CFIELE26)
THEF50 dEBESIRMIE THEEIEF15~35 dEKER
Fig. 4 Growth of gametophytic blades of the three P. yezoensis strains cultured under high-temperature stress for
15-35 d, after being cultured at optimal conditions of 18 °C and salinity of 26 for 50 d

(a) 22 °C, (b) 24 °C, (c) 25 °C
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Tab.2 Absolute growth rates of gametophytic blades
length of the three P. yezoensis strains cultured under
high-temperature stress for 15-35 d, after being

cultured at optimal conditions of 18°C and

salinity of 26 for 50 d
B #ix A K2 /(cm/d)  absolute growth rate
AHyd wT YZ-4 TM-18

culture
days  230C 24°C 25°C 22°C 24°C 25°C 22°C 24°C 25°C

50~55 0.64 037 012 09 076 0.6 1.63 127 1.00
55~60 0.69 027 002 1.1 09 078 1.64 131 124
60~65 033 031 -0.06" 0.94 068 051 196 1.77 0.84
65~70 048 026 b 156 135 b 193 153 b
70~75 025 020 b 130 1.19 b 1.87 140 b
75~80  0.17 0.04 b 120 1.03 b 1.00 0.60 b

80~85 0.07 0.02 b 073 040 b 1.07 053 b

TE: a PRI G EAAAEH, b iORIEE 2R, TR
Notes: a. the blade began to decay and the length decreased, b. the blade
decayed totally, the same below
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Fig. 5 Maximum quantum yield of photosystem II of gametophytic blades of the three P. yezoensis strains cultured

under high-temperature stress for 35 d, after being cultured at optimal conditions of 18°C and salinity of 26 for 50 d
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Fig. 6 Growth of gametophytic blades of the three P. yezoensis strains cultured under low-salinity stress for 25-35 d,

after being cultured at optimal condition of 18°C and salinity of 26 for 50 d

(a) salinity of 15, (b) salinity of 8, (c) salinity of 5
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Tab.3 Absolute growth rate of gametophytic blade length
of the three P. yezoensis strains cultured under low-salinity

stress for 25-35 days, after being cultured at 18 °C and

salinity of 26 for 50 d
. 2% 4K % /(cm/d)  absolute growth rate
B PN
culture wT YZ-4 TM-18
days

15 9 5 15 9 5 15 9 5

50~55 0.50 0.54 0.06 0.62 058 030 191 142 0.77
55~60 0.40 0.64 021 1.26 0.60 0.76 1.09 1.12 1.21
60~65 130 0.26 023 1.04 084 0.03 2.60 1.80 1.10
65~70 0.80 0.72 020 137 031 —0.07"3.43 090 0.52
70~75 035 041 0 1.47 043 -0.06" 1.87 1.03 0.47
75~80 0.25 022 b 080 033 b 1.73 127 b

80~85 0.17 0.12 b 0.55 0.10 b 1.87 090 b
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Low-salinity tolerance of two high-temperature resistant
strains in Pyropia yezoensis
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Shanghai Ocean University, Shanghai 201306, China;
2. National Demonstration Center for Experimental Fisheries Science Education,
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Abstract: The growth and maximum photon quantum yield of photosystem II (¥,/F,) of the blades of two high-
temperature resistant strains (YZ-4 and TM-18) and one wild-type strain (WT, used as control group) in Pyropia
yezoensis were analyzed at high-temperatures or low-salinities, in order to screen out strains resistant to the two
abiotic stresses. The results showed that YZ-4 and TM-18 blades grew faster than those of WT for 50-85 d under the
optimal culture conditions (18 °C and salinity of 26). The ratios of F,/F,, and contents of photosynthetic pigments
were also higher than those of WT. The absolute growth rate and F,/F,, of every strain showed high positive
correlations. In addition, WT blades began to form spermatangia around 70 d, their absolute growth rate and F,/F,
decreased significantly. When cultured at high-temperatures, F,/F,, and absolute growth rates of the blades of
every strain decreased. The higher the temperature or the longer the stress lasted, the greater the decline would be.
FJF, of WT, YZ-4 and TM-18 decreased by 56.7%, 43.2% and 28.7%, respectively, after 35 d of high-temperature
stress at 24 °C. The growth of WT was completely stagnated after 15 d of high-temperature stress at 25 °C.
Meantime, growth rates of YZ-4 and TM-18 were 0.51 and 0.84 cm/d, respectively, indicating that they were
veritable high-temperature resistant strains. The effects of low-salinity stress on the blades were similar to those of
high-temperature stress. After 35 d of low-salinity stress at salinity of 9, F,/F,, of WT, YZ-4 and TM-18 decreased
by 46.2%, 42.0% and 32.0%, respectively. The absolute growth rates of WT, YZ-4 and TM-18 were 0.12, 0.10 and
0.90 cm/d, respectively. Besides, growth of the blades of WT and YZ-4 cultured at salinity of 5 was greatly
affected, in that the blades were deepened in color, curled and rotted after 15 d under stress, while 7M-18 did not
rot at the same salinity of 5 for 25 d. These results indicated that 7M-18 was more tolerant to high-temperature and
low-salinity stress than WT and YZ-4, and the internal reason was that the decrease of F,/F,, of TM-18 blades was
small. It indicated indirectly that F',/F,, could be used as a new index for breeding of stress-resistant strains in P.
yezoensis.

Key words: Pyropia yezoensis; blade; chlorophyll fluorescence; high-temperature resistance; low-salinity
tolerance; abiotic stress
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Plate Morphology of the gametophytic blades of the three strains of P. yezoensis cultured under different high-

temperature or low-salinity stress for 15 d, after being cultured at optimal conditions of 18 °C and salinity of 26 for 50 d
1-7, 8-14 and 15-21 were the gametophytic blades of W7, YZ-4 and TM-18 cultured at one optimal condition (18 °C and salinity of 26), three high-
temperatures (22, 24 and 25 °C), and three low-salinities (15, 9 and 5), respectively. Scale bars represent 5 cm
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