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Abstract: This paper focuses on the common dominant green alga in reservoirs algal blooms, Chlorella vulgaris, as the research
subject. Using a homemade CO, concentration stabilizing device, we simulated three CO, concentration conditions: 400 umol/mol
(current status), 800umol/mol (predicted for 2100), and 2000pmol/mol (extreme). A 35-day indoor experiment was conducted in a
constant temperature light incubator to systematically investigate the dynamic responses of algal growth, photosynthetic activity, and
carbon fixation capacity to elevated CO, concentrations. The results indicated that: In the short-term cultivation (within 24d), high
CO, concentrations (800 and 2000umol/mol) significantly stimulated algal density growth, reaching up to 972.8x10°ells/L.
However, in the long-term cultivation (35d), high CO, concentrations inhibited the proliferation of Chlorella vulgaris and shortened
its lifespan. The photosynthetic activity parameters (F,/F, rETR) were not sensitive to changes in CO, concentration. However,
elevated atmospheric CO, levels inhibited the growth of Chlorella vulgaris, indirectly leading to a reduction in its photosynthetic
efficiency. During the proliferation phase (within 24d), the overall carbon fixation of the algal population increased with rising CO,
concentrations, reaching up to 35.919mg C under extreme conditions. However, the carbon fixation efficiency per cell decreased. In
the long term (35d) under high CO, concentrations, the carbon fixation turned negative, transforming the algal population from a
"carbon sink" to a "carbon source," thereby exacerbating CO, release. The study revealed the dual-phase effects of elevated CO,
concentrations on green algae, with short-term promotion of proliferation and long-term inhibition of growth.
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Table 1 BG-11 medium

415y FH(mL/L) BEGM
THRHI(NaNO;) 10 15¢/100mL dH,O
RS 1 (K,HPO,) 10 2¢/500mL dH,0
TR EE(MgS0,.7H,0) 10 3.75g/500mL dH,0

KRGS (CaCl,.2H,0) 10 1.8¢/500mL dH,O
FH IR (CsHyO7.H,0) 10 0.3g/500mL dH,0
Frhf IR 4 (Fe(NH,)3(CeHs01), 10 0.3g/500mL dH,0
2. 2.1 — 4N (EDTANay) 10 0.05g/500mL dH,O
TR HN(Na,CO3) 11 1.02/500mL dH,O

AS W 1 DL

¥: H;BO; MnCl,.4H,0,ZnS0,.7H,0,Na;M00,.2H,0,CuS04.5H,0, Co
(NO3)>.6H0%) 51 41 (2/1):2.86,1.86,0.22,0.39,0.08,0.05.
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Fig.1 Schematic Diagram of Laboratory Equipment and Indoor Experimental Apparatus Placement
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KRR COL R EHEAT T FINM, 100a 5K CO, K
4 WBLAE R 400pmol/mol FF 5 4 800pmol/mol, )
PBEEPIIERE AR BT CO, 5 T i ) i 3
KA 1600pmol/mol 1E 2k ik BE T30 7% 18 1 1 K<
CO, MR P K i a3 L keSS ) AT I T 34
CO, WIE T &, T8 1 2 400umol/mol, T4 2 A
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YO FEL 23 R IAR S« ¥ 4 I 000 2% A1 55 0 i
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R R 22, 5 N S IR R & 1(b) R T
SEIG ERAE TR B A T R TAE & L SE A
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JEIEER A 2000Lux, )R A 121:12D, )4 pH
fHoh 8.5.7 L& B/ NEREEI AL iy i B % 4 10~12d,
AT b s A S 6 R WIS KO 35, BAZE 25 /N K EE 3 IR
SEREIR A= i R, S0 5 I A R R 2 .
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Table 2 Experimental control conditions

B4 BE
HE(C) 20
WL (%) 80
Jeak(1x) 2000
ViU pH 1A 8.5
SRR ] 12h %5/12h 7%
WIgh BG11 Br 734 A (mL) 2500
S A (d) 35
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S T4 J5 R K R — I ) 32 &) 7% 5 14 5 10647 L
FEDAR, 280 0% 5 HORE i 5108 1R 7K sk 2D g A &5 7
GRS AR
1.3 FRFRIIE 5 5 b
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A LRI (TOC) HI ATH B[] Bk g ) (1748 4k b A1,
S IR R RPN T T A S8 AL I FE A K T R
b, AL HE/KH . pH . W F4E(DO) M L 326, LS 3
PHIREEIENT COp R FE (1) Wi . KRAHE. T A7 b 3 R HX
FEFFME  HURE 5 AN 78 55 77 55 A
1.3.0  BEAHOCHRAR W EE AR P
0. 1mL ¥V B ) v EOHE 2 J5 R 10%40 £
62 WA 2 UV B T B AR D S B 45 IR, 2 T
$5 25 A e SN a2

N=2.2. 2 (1)

XN BT K /N Bk (1 41 i %, 10cells/L; 4
SO T AR, 400mm*; 4, A TSI R mm*; v, 7k
R 5 A FR, 10mL; Vy A VS0 AR5, B 0. 1mL;
H KRB AR BT AR 100 -S43 /N R B
A0 gL H cell.
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Bt 2380 Chla 506 AE. IR, 2R 32 501G
A LRAELS K20 e A R A2 4k.Chla SR JH I
FEMUEREAT I E 1 SE I 10mL B, 1 vE J5 A

_ 110X (Agyg = Aysg) =216 X (Agys — Aysy) +11.64 % (A — Ai50)]-V,

90% PN P A< B, BEYE PR SR AL 24h J5 B0, 2 S5 43
T 630,645,665 F1 750nmd4 K- R FIE T
WGBS A A R )

Chl.a

A rh:Chla NAEETHK AR a ¥, mg/m’;460.

Agass Agsz~ Azso 77 NPEE K 630,645,663,750nm
NG VoA B AR mL; V, h FEEE 2 A
1 mL;0 A EL A LYEFE, em.

Fu/Fu LT PS IR AR N RS R G RE
RO A Az e B e 0,02 N TR A AR
R FDERER I BE RS 1 i OBk
B (F/ F o) MR FL 1~ 328 3803 (bETR) A48 FH V2 Vi
FLW) 53 25 9¢ H6 AL (PHY TO-PAM-IL,WALZ, £ [ ) ]
RN R ST B S U RANEE: S v
Hi B 31, 28 3ok I A AR, AN S 56 Kf dmin 41y S 56 v
ZINBREE P B AT I 5 O3 1. ).

1.3.2  KJFFRFRIGIE KRR K B R v, pH
fER A5 0 pH B E G E %5 il 4 (DO) R H
AMI A AT O 8 , L2 22 (TDS) i H 2 2 50K
JSUO3 AT ASC( 3 T A AT PR ) rp DA T 5
1.3.3 BRI E  SBR(TC). IR
(TIC)~ A HLEK(TOC) M FERI ] TOC A WLk 73
A (TOC-L, By, H A)HEAT I & .
1.3.4  Gevhort  BEASRE S R I P O S 4 A5
HXP S84, 335 AT Z5CH 40 B 0 06T P A B A ) R
BEAT logo™ DTAL B, LA I 240 B 45 B 10 57
J5 72,2 Ja R SPSS26 X sl it B Hin b AT HRL N 55 %
AT, A origin X SEEG A B HEAT 32 B4 43 i IR G
PEII AT, Gt 5 W PERE 2 P<0.05.
1.3.5 /NEREE R R EEA AT Lk
1T AAER, I HEEK CO, mRith A b e AR
54441 By Behrenfeld 2519 1996 4FE4 W IR
AR ARG

NPP = P* .PAR -T-Chl.a 3)
X NPP )2 A 77 S B mgCl(m?-d); PPy Hpr
Maxz a A )85 e S A AR AE B mgC/
(mgChl.a-s);PAR 4 PS II [K%F MBE B ) K/,
umol/(m*s);T A I K, d;Chla- -4 3% a WJE,
mg/m’.

/N TR [ T v 12 25 2 3 K (3) HEAT B, %5 FE 2

@

B AFAE e B VR ] A7 AE VA i PP ml 44
MR P R SRR a PR I LA, FERR DA
Fu/FutETR T 40 i rh 52 56 6 22 52 1 1)
T AL A P Y PAR # ok rETR B AT [ 8% 1)
b, B s T A i P ) L g e R A
HHCR, T WA % P S IR 1) H I (12h).

A G R B IR A AR TR 5 (201 e,
THEAT AR N 256 TR B [ e 5 B2 (mgC). oA T
JSC SR BB A R0 bl T B A S R A
Chl.a [¥] FUAE AT R 2 24 B Chila 5 S S T 1D 8] A%
% (mgC/(mgChl.a-d)).
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WE 2R3 A LR K5 & 59587, pH
HL AR A A 3535 DAy 2 A T T v, M AR 1) 52 R
BWTF e A8 S28 1~3d N,pH (A /Mg R,
B S R HEAT SO A E RN K COp KRR
W T S UK A pH (T . W 2(b) TR, 3 A4
TR IR AR EE A BB ITE 20 C A%
B, B AN 2°C.DO S8 AR AE K T (i 25
BEVER T S W5 =4 AR )5 (I #ER)
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51.7%, T30 2 H 7K A4k DO LB S4B B 1%, 1y 49.24%,
s TR 7K DO W ARIEEISZE 38% L L. i
2R3 A THLH L 3R AR A5 — SOt BT
FLiEFa, A8 2243 i 0.022,0.021,0.032S/m,3X Ik
HTE 3l COL IR E N 597 /INBREE, TR 1) N 7K A4 e 5
RAY 72 SN,
2.2 AN[F COy WRBE N /N B 5 i 4 25 5 1
B4k

WL 3 BT, SEEG TR AR i, 3 R a0 T (386 40 35
JE N 9.4x10°cell/L.3 T 00 T Fr/INER 56 55 FEE A5 iy
24d R FFFFE K AR KRR ) T 3> T4
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A.Chla 10840 R EE DA 3, IR BRI

11.0

DULE— & FE R FnT LU W /N ER 6 A 1 11 58 59
5 R A M [ A AR B 2 TR () 6 2R 454 Chla [RH]46
W 30.10mg/m’, T35 1 71 /NBRP Chla W5 7 %
J& 1d 353 K1 (980.30mg/m’), T4 2 5 T 3
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m’. 990.20mg/m’).

22.0

- ISl
105l (a)pH1A 15 | (b)7Kifi
100+ 21.0
[~20.5 |
o 95 =
220.0f
o, 940 =
<19.5
8.5 —=— 400pmol/mol 19.0F —a— 400umol/mol
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Fig.2 Variation of pH, water temperature, DO, and conductivity with time at different CO, concentrations
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Fig.3 Temporal changes in algal cell density and chlorophyll a (Chl.a) at different CO, concentrations
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Fig.4 Temporal variation of F,/F,, and relative electron transfer rate rETR at different CO, concentrations
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PL21d N5 fL 0 5(a)Fros Lok 1T R ik
B (TC) £ 8 vy, IF fE B J5 1d 18 2 &%
(38.27mg/L), T-45 2 A1 T30 3 1 [P R BE(TC) 3 2
BT Ea S, AR 26d K1 29d ik e
(21.97 F127.13mg/L), b 5 43 7] 4E 19.03 F122.43mg/L
BT Bl ] S(b) T 7,3 AN L0 L TCH LB
(TIC) F AR AL A FASEABL, by 22 15 U B 19 K A S 36 5
21d J5 0L 3 IS EH LR FE(TIC) 2 Pk 5 K

O LG 1AL 2 Ak TR, iZi%HBI‘/ﬁL 3

/J\fﬁeﬁ%ﬁq&%%%m&xﬁziﬁm S5 B 5(eM
5] 6,3 A~ 400N B A LR FE(TOC) 7E 55 50 /iy 21d
By SEPOE T, AR5 21d 5 T 2 NS AT HUR
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BB 1R S AU E(TOC) 4k 223 K I 1
SR 1d Ik B B i 33.87mg/L, Lt 2 AL 3
A HUBRIR B (TOC) #RAE 28 21d 3k B f i i
(17.76 F123.10mg/L).

40 10 40
@TC o |PTIC | (eyroci— 400umot/mol
B O3 §35 i — —800umol/mol
2 30 ) £30 - - - 2000pmol/mol
g E7 b
=25 = 225
2 2 &
¥ 20 &S < | =20
5 =4t I
E—; 15 s} _. s 15
Q3 5
10 = P S0 |
2 =
5 | 5t
0 0 0

0 5 10 15 20 25 30 35
BRI (d)
K s

0 5 1lo1‘52‘oz|53|o35
Rig#mt Il (d)
ANIF] COL R B R iR FE B ) ) A5 4k 35

0 5 10 15 20 25 30 35
KR IR IR (d)

Fig.5 Trends of carbon concentration with time at different CO, concentrations
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Fig.6 Plot of carbon concentration versus time at different CO, concentrations
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XPH/NREAKE RN 11 AT T
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B % F L L rETR. Fo/F A1 DO E. &l 8 1]
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R PRI T 2R B /N Bk LE AE v 280 [ B O AR
W5 DAY B A0 8 5 . pH (B 2 R MO CO,
HIR L (P<0.05), pH {ELA4b T 7~10 Z [A] I,CO, BA
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Fig.7 Results of principal component analysis of growth

parameters of Chlorella vulgaris
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