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Effects of elevated CO, and photoperiod on growth and physiological
performance of seedlings of Ulva prolifera
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Abstract: Ulva prolifera seedlings, which are the main component of the natural "seed bank" of green tide algae, play an im-
portant role in the occurrence and development of green tide. In order to understand the causes of the early outbreak of the
green tide of U. prolifera and provide basic data for its early warning and prevention, we studied the growth and physiological re-
sponses of seedlings after the seedlings being cultured at two different CO, levels (LC: 400 patm; HC: 1 000 patm) in combina-
tion with three different photoperiods (LL: 10 L : 14 D; ML: 12 L : 12 D; HL: 14 L : 10 D). The relative growth rate of seedlings

were significantly enhanced by elevated CO, under three light-dark regimes (P<0.05). The seedlings showed an obvious higher
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growth rate and a lower dark respiration rate (Ry) by HL treatment than by ML treatment. The impact of elevated CO, and illu-

mination time on the photochemical performance was not obvious. Elevated CO, and longer illumination time had negative ef-

fects on chlorophyll a (Chl a), chlorophyll & (Chl b) and carotenoids (Car) content. The results suggest that the growth and

physiological of seedlings are significantly influenced by elevated CO, and photoperiod (P<0.05). HC and HL promoted the

growth of its seedlings and increased the possibility of outbreak of green tide caused by U. prolifera. This study provides basic

data for indepth understanding of the causes of green tide algae outbreak.

Keywords: Ulva prolifera seedlings; Elevated CO,; Photoperiod; Growth; Physiological performance; Green tide
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Table 1 Parameters of seawater carbonate system under different CO, and photoperiod conditions

453 Group o ot BB (O Hicoy
LCLL 8.22+0.01° 361.92+12.43° 1992.63+20.00" 1801.45+21.33"
LCML 8.20+0.02° 387.10+23.49" 2026.25+33.93" 1838.76+36.64°
LCHL 8.21+0.02° 374.86+19.66" 2012.20+37.71° 1822.57+36.83"
HCLL 7.86+0.02" 908.57+41.54 2089.37+34.75" 1973.63+33.03"
HCML 7.93+0.01¢ 760.59+32.15° 2082.15+46.47 1956.44+44.46
HCHL 7.87+0.03 893.73+42.53" 2104.42+37.06" 1986.47+32.13"
415 Group b(COé’)ﬁ/1 b(COy)/ S b(TA)/

(umol-kg™) (umol-kg™") (umol-kg™)
LCLL 179.24+2.22° 11.9440.41° 2251.60+16.65"
LCML 174.7243.49* 12.78+0.78" 2276.87427.12°
LCHL 177.26%6.11° 12.37+0.65° 2267.25+38.27°
HCLL 85.76+3.50" 29.99+1.37° 2194.97+35.74°
HCML 100.6142.63° 25.10+1.06° 2214.06+46.52°
HCHL 88.45+6.54" 29.50+1.40° 2214.06+46.52°

T AFT RN AR BE R 2552 235 (P<0.05). % 4 [,

Note: Different superscript letters represent significant difference (P<0.05). The same case in Table 4.

2.2 CO, FINFERART M E 4 E X £ K IE RN
HE 1 RTRLE I, LC &R, JeRmf K
R TS A K (P<0.05), HL &4 F
AEXT A KR E A (11.5040.13) %-d™', [t LL 5544
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HC A3 T A A KA (9.2140.27) %-d™,
LC 311 12.18%; ML HiFRI}, LC 54 T HUAHXS A=
KIHHR N (9.15£0.20) %-d™"',  HC FRAE 14.41%;
HL %4 F, HC H LC Bi Rl AYAE XS A 1 R 4R
7 27.91%, CO,. JEJRIXFFE 4t e K= T
W g, HACHAERM R (P<0.01, £ 2),
2.3 CO, FRFEE i E S B ESEZ N
£ HC R, WAL A B F/=%
it o7 't R[] A 35 o &k 2 s (P<0.05, &1 2),
HL }i35 T, AR06H R T FiA8RAME (0.68+
0.04), 7E LC}532F, AROCH R T =R
[ AL 2B IR, HL /4T, AR0LE
B EN 0.5140.01, A1 ML &0 FRIAESOECS
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K1 ARICOMIEMIAK T HF w4l f A A KOs R AR
I ARVNGFREIRTE LC 2 T AR b B W 25 5 235
(P<0.05), ANFEREGFEFIRAE HC F0F N AR 25 57 B 3%
(P<0.05); *FIRIFE—LHI T AR CO, KV H] 2 5 i 35

(P<0.05); Ji [tk
Relative growth rate of U. prolifera seedlings under
different CO, and photoperiod conditions

14L : 10D

Fig. 1

Note: Different lowercase letters represent significant difference among
different treatments under lower CO, condition (P<0.05), and different
uppercase letters represent significant difference among different treat-
ments under high CO, condition (P<0.05). Asterisk represent signifi-
cant difference between low and high CO, conditions within a pho-
toperiod treatment (P<0.05). The same case in the following figures.

% (0.4010.01) WA WEMEES (P>0.05), 1
AFRDEHRERIEE IR T, HC B TR IR iR
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Table 2 Two-way ANOVA analysis for effect of CO, and pho-
toperiod on relative growth rate of U. prolifera seedlings

R3 COMMERAMNUEDBHARNRLSGEFEN
WEARFHE5H

Table 3 Two-way ANOVA analysis for effect of CO, and
photoperiod on yield of U. prolifera seedlings

A W df F i E M Sig. A M df F M Sig.
JE:JE A Photoperiod 2 400.896 68  <0.001 JE:JE A Photoperiod 2 6421212 <0.001
co, 1 214.69748  <0.001 CO, 1 203.75758  <0.001
JEJE#AXCO, PhotoperiodxCO, 2 25.87727  <0.001 JEJH#AXCO, PhotoperiodxCO, 2 12.757 58 0.001 1
%2 Error 12 %2 Error 12
08 [=1c b 0, e
O « HCLL
07 I 35 | . LCML [
Z 06 + HCML
=06 | . b £30 ¢
5 | - (23]
g% X bor 25|
04 | T I by
g a T 5 20
o o03 f T i
B ! 15 F
02t w
T F 10 f
01 | =
5 L
0
10L @ 14D 12L : 12D 14L @ 10D ol
JtJE3A Photoperiod . . . . . .
0 200 400 600 800 1000
—] N WA
E2  ARFECOMMEBIKTE T B ELN JE IR PAR/[umol-(m?s) ']
AR TR

Fig. 2 Variation in yield of U. prolifera seedlings under
different CO, and photoperiod conditions

HROLERTI7H (P<0.05), CO,. Y6 B
B NAROCE R T %, HAWREER
ZHAER (P<0.01, % 3),

TWF 5 )1V R XG) B A% 326 3 6 B 2 D R Y 1
g BTt e TR, HAE HL F A M ES
(B 3) o ARG 3 1R H 1 S5 KA X o 4% 3
FOLRERRRCER . WADEERILEE 4, WRDEERE
AN AL BRI 22 S AN 1 % (P>0.05), {H HL X4l i iy
T KM FEL 336 TR A RE A I ACR A7 .35 1
PEHEVER] (P<0.05)

T T X A [ A 3 W 4 DR S o 1 £ e
FEL G S 80U KA AR 3 3 . S RE R K
R ARADERR AR 7 225 HT T, SR AR

K3 AFECOMIERIZAIE T e 4 iy
HAXTHL LB AR (rETR)
Fig.3 rETR values of U. prolifera seedlings under different
CO, and photoperiod conditions

S XL (A f SRR L TR R . SEREFIFHAK
TP M BRI (P<0.01); AN[E] CO, Wk EE £ %)
A1 Y Fe KR L A% 33 3 3R 7 AR A I 3 R e
(P<0.01), H.IEFZMmLE FOERER AR (P<0.05);
S JEHAAT CO, X 4l i G RE I AL AT i 38 B
YE (P<0.05), 1% 5 ARG B AL 3R | fpd
DGR TG WAL HAEH] (P>0.05, 4 5),
24 CO, MFXFAITHE LD E S G REFIFR
R R A R
CO, FIGJRPINTF & 4l i G HR AT
PRI B E I (P<0.01), MEOCEEELE
FEACHAE (P>0.05), XFIFHGH AN b #2385 AE

R4 TECOMAFMEHTHENENE B FEREER rETR) 5HEXRHREMUSSH
Table 4 Best fitted parameters of relationship between rETR and light intensity of U. prolifera seedlings under different CO, and
photoperiod conditions

LCLL LCML LCHL HCLL HCML HCHL
FRATRT B FAL BB rETR 22.59+3.18% 19.2542.79° 30.49+5.06" 21.68+1.28° 13.56+3.59° 36.69+3.97°
JGHREFI AR o 0.16+0.00° 0.19+0.05® 0.26+0.03° 0.1840.05 0.23%0.07° 0.41%0.05¢
HIFIESR Ey 138.81420.64"  109.04+43.75"  120.90+29.12°  131.90+47.43"  69.36+34.08°  91.41+20.22°
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RS CO, RNV HAXS VR E 4h i R e M B B 2k
REMSSBHNERFTEST
Table 5 Two-way ANOVA analysis for effect of CO, and

photoperiod on best fitted parameters derived from light
response curve of U. prolifera seedlings

FR6  CO,FINFEHAX N E S e A E R IRE R
WEERHESH

Table 6 Two-way ANOVA analysis for effect of CO, and
photoperiod on net photosynthetic rate and dark
respiration rate of U. prolifera seedlings

AiEd F M Sig, AbEd F I 2EE Sig.
F AR 45 7 % rETRmax LA HHE P,
JEJE ] Photoperiod 2 19.590 67  0.001 00 J&JEH] Photoperiod 2 68.17951 <0.001
CO, 1 9.78851  0.008 71 CO, 1 76.31200 <0.001
JEJEHixCO, PhotoperiodxCO, 2 3.74384 0.054 52 JEJE#IxCO, PhotoperiodxCO, 2 3.60582  0.059 39
122% Error 12 1%2% Error 12
JERERI AR R Ry
JEJE ] Photoperiod 2 921637 0.003 76 J&JE ] Photoperiod 2 32.090 00 <0.001
CO, 1 5.97377  0.030 92 CO, 1 52.590 09 <0.001
YEJEHIxCO, PhotoperiodxCO, 2 59461  0.01605 SERIIXCO, PhotoperiodxCO, 2 872018  0.004 59
%22 Error 12 12 Error 12
TG Ey
. . 300 ¢ "
SEJE 1 Photoperiod 2 2.79956  0.100 49 = LC
275 + = HC % (T3
€O, 1 247703  0.14150 I 250 | B b [
5 225 t A a
SEJEIxCO, PhotoperiodxCO, 2 0.36105  0.704 27 =200 & —% x
E N T
22 Error 12 S 175
= 150 f
s 125 |
F (P<0.05, 3 6), LA R G IR a] 1) 4E zﬂﬁ 100 |
o0
NN . 275 |
K@ wsahn (K 4), {8 LC &1FF, LL Al ML %GR 2 o]
LG R T B E 2R (P>0.05), 751K 25 |
(189.14+7.24) 1 (201.14+3.57) pmol-(g-h) ™', B 0L 14D LL: 1D 14L: 10D

8T HL JE AR 5O & 3R [(223.77+1.46)
umol-(g-h) '] HC Z&{F T, HL ECRALGHLAHESR
ik (257.92+7.46) umol-(g-h) ™', H LL. ML HAY
SN 26.13% . 10.95% (P<0.05), HC BEFFEE{K
FEG A BRI E T LC KRR, JF7E ML,
HL SE RS FRA SR o 2 25 5 (P<0.05),

W& S0 1 I I s 38 Bl ' BB s ] 2 K f&2 CO,
W TR g (18 5). LC 3G TR, BARpIT
W R AR TE A [ O A 19 Ak B A T W M 2= R
(P>0.05), fm{EHEE HL 557 50 F [(46.19+
0.42) pmol-(g-h) ', HC &M T, FFUEHA S HE
AR AE a3, 78 HL AHE Rk B R (H [(63.68+
1.75) umol-(g-h)™'], W3 EHF ML i) (47.37+2.93)
umol-(g-h) ™', LL A (45.89+1.70) umol-(g-h) ™'
(P<0.05), WEWGHCREEE CO, MR BT & s,
S 9I7E LL A HL 855 R B 22 5 (P<
0.05).

J6 & ¥ Photoperiod
K4 ARCO,MDEFMIAE FF&E 4ot G 22k

Fig. 4 Net photosynthetic rate of U. prolifera seedlings under
different CO, and photoperiod conditions

2.5 CO, FRFEHMUEHH I EBENHNT

WFESIHT Y Chl a 5T 705000 75 ' IR A A] 7 4
KB TR (P<0.05, K 6), LC. HCALHF,
Chl a B/ 807E ML 5350620 510 (0.6240.09) .
(0.3340.02) mg-g ™', ko LL BEFRM4 5600 9% . [
fik 42%, HL 53840 Chl a B 250K F LL,
439 (0.4240.06) F1 (0.29+0.04) mg-g™'. HC AR
T Chla Fis %, HAE ML, HL 853855000 225
B3 (P<0.05),

WE 7 fiR, MR E A, a4
Hi Chl b o3 70 BRI 1 2 70 W R A1 1 28 b 3
(P<0.05), £ LC #5352 5514F, Chl b Bt /&
E B AE ML AL HEZH [(1.1640.17) mg-g™'], J&
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Fig.5 Dark respiration rate of U. prolifera seedlings under K7 ARRICOMIECEMACE T &M 5Eb
different CO, and photoperiod conditions Ak,
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Fig. 6 Chl a mass fractions of U. prolifera seedlings under
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