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Combined effect of CO, and diuron on the growth and
photosynthetic physiology of Chlorella sp.
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Abstract: Due to the increasing human activities, the rising CO, levels in the atmosphere are causing
acidification of water, significantly affecting the physiological activities and ecological functions of
phytoplankton. Additionally, the widespread use of organic pollutants such as diuron is entering rivers,
lakes, and seas through surface runoff, which will also have adverse effects on aquatic phytoplankton. This
study exposed Chlorella sp. to four diuron mass concentrations (0, 0.2, 1, 5 ug/L) and two CO, levels
(LC: current atmospheric CO, level, HC: 1 000 patm) to investigate the effects of single factors and
their interactions on the photosynthetic physiological characteristics of Chlorella sp. The results showed
that under high carbon conditions, compared to the control group, the group with 0 pg/L diuron mass

concentration had a 16.7% increase in growth rate and a 126% increase in photosynthetic rate, showing a

KRB 2024-03-26; 1&iTHHEA: 2024-04-21

EE&WB: 1LHA ARERITL LS (BRI H ) (JSZRHYKJI202206) 5 13548 ACHOL = TR R (JATS [2023 ]
478)

EZ ' B (1991—) , J, W05, B985 oI s A 2%, (E-mail) 529374496@qq.com;,

BIEIEE: REH (1979—) , B, 4=, Mid, TF58 05 AR EEZR A%, (E-mail) jtxu@jou.edu.cn.



5114 AR COy 5 EUR R X/ INER B A KRS A AR B A A A0 9

significant positive effect. Under low carbon conditions, medium and high mass concentrations of diuron

decreased the growth rate of Chlorella sp. by 15.0% and 29.0%, respectively, and the photosynthetic rate by

28.5% and 44.6%, respectively. There was a clear interaction between CO, and diuron. Under the combined

effect of high CO, and high mass concentration of diuron, the growth rate of Chlorella sp. decreased by

27.2%, indicating that diuron can counteract the positive effect of CO, on Chlorella sp. The study reveals

that in the context of future rising atmospheric CO, levels, acidification exacerbates the toxic effects of

diuron on Chlorella sp., further reducing the primary productivity of aquatic phytoplankton, posing a threat

to the stability and health of aquatic ecosystems.
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I TARE SR, KX COL KFERBTHH,
M Tl # 6 BT B9 280 ppm b F+ 2 S A 47 423 ppm
(https: /www.estl.noaa.gov/igmd/ccgg/trends/gl_trend.
html) , R COp /K EFFIHE B BRI BAL, WNEH
BRAG. AKIRBRIR L R G R 55, XK A AW i A
B FMABRESRENRE LT AR W2, 37
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VLR 15 R B R, LRI M A TR
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AW A 7 B R UK B Y CO, A B T M
ERMHE, BATRAMS S8R, 5B
Gb, /NERBERE RS RAOK I E SR ER A LIS R, 7T
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TLRE ) #EHI IR R ko BT RIREE 20 °C, DGR
150 pmol/ (m*s), YL HE A Mt 12:12 h, & PR 48 h
i B — IR BRI LAPR /R B A FHE B K

SEHHEIAS CO, AKF43 528 420 patm  (fIRER,
LC), ZFI KR CO, /K5 1 000 patm  (fFHK, HC),
AL 2100 £ KR, CO, /K. TR LBKILIEF
T 12 0 A B R B R PR (182.4~439.4 ng/L) 1121,
AT RE 4 NBEERERE (W 0 pg/L; K
BRRWE: 0.2 pg/L; PREWKE: 1 ng/L; BEEWK
BE:5 pg/L), BHAE IANEE . HkbER CO,
K 2l CO, Sk 5 ES[TE CO, MEEFFA T
RARETEKEREASEFRP; KL EY
CO, /K PMEEHBAZESR, BT ICHRF/EHES
BE, AR REFED R 3 21 d, FRRNE—K
ANREEHAERK B, RRHARKBERMENRE, AHEE
TR A S BN E
1.2 EbAEREENE

BRI E —R/NRE AR B R, BHEER
B 10 pL Lugol 57 Bl &, FIEE AW T8k (DSI-
01, RBAUHS) 75 B35 (DM500, £ Leica) Tt
TR T B MES 12 d () 514 d (1) 1
BAMEE TR ARER, A

HWAKER =(n N, —1n No) /(¢4 — t9) »

FH: Ny Fl No 53 BI4RER ¢ F0 1o B R4 BE
1.3 BRERGXGERENE

i A Clark 48 H.#% (Oxygraph plus, 3% [H Han-
satech ) g PR B HR AL A B, 3 1 X IR R
L1 B H B BEAT ARG B 2 mL BEAE S A R AR
REMZEN, IERES 22 WELSERREEN
150 pmol/ (m*s) , i3 B3 R AT HIE R E; WE
IR AE B Y638 K 0 pmol/ (m?-s) , 3@ A%
i, ¥R B B E R /K B 48 (DHX-2005, B 5 A BRAXES
lEA FRAT ) #EHA 20 °C.
1.4 HEERXSHNE

i AquaPen-C %5t Y (AP-C100, Photon Systems
Instruments) J %8 2% F 56 S H, 1Bk v B 1%
BN 3 000 pmol/ (m*s) o FIHREE IR £ 8 ST AR X
B F s R SR R . W& P RS 3
4 10, 20, 50, 100, 300, 500 1 1 000 umol/ (m?*s)
SEHUEARH

rETR = PAR/ (axPAR?*+bxPAR+c) ,

K #: PAR i34 35& (pmol/ (m*s) ) ; a, b, ¢ K #

25, B4R Eilers H 2V AR, Bad e, b M c
43 503t B H B KA T L A% 3 T 8 rETR pax R
JEER FHBCER o FIHAFDEIR I,
TETR pnax =1/ (b+2xSQRT (axc) ),
a=1/c,
I = tETR 5 /a6

1.5 BESEIE

BRI 100 mL B, i@ B RERGESE
3| GF/F [ (Waterman, 8 ) , %I 5 mL Jo 7K H B2
B 4 °C BEEA B I AL R £ 5.0 HL(5 000 g,
10 min) B>, B_E B AERER{H (ReadMax 1900
Plus, R INEAEYRHHARAT) 4510 % 480,
510, 652, 665 Fll 750 nm Ak F R IKAE, I 4R EK a FI2E
B N E KR B BF 2% Ritchie 7] f1 Strickland
228 AR N
p (Chla) =16.516 9% (Aggs—Ar50) —8.096 2x (Agsy — Azs0)

p (Car.) =7.6x ( (Aago—A7s0) —1.49% (As19—4750) ) o

1.6 HiESh

A BEBRRNAIR—LEEHFTINTER
W« PIME + bRiEZE 7, FIUE R 2 447 (two-
way ANOVA) f% CO, SEEEREX/NREM AR
R FRER OLEHER. ARETERNE ML E
YERS, BIS/KTPRE R 95%. # FI K E 7 % (one-
way ANOVA) 43¥r A [5] i 5 ¥R BE 1R 0B [ X /N Bk 3
WHARKER, IFRER, LEER. AREENE
ZEVEE W, LA T R0 43 BT LB /N ER B
ANE COy 7K-4b 8] B b AR 4 B3R, IR IR R |
AHE AEXERNBERHER,

2 &R

2.1 EKER
WME 1R, 0 pg/LEREAS, HCRE R
AR HE/NEREE MY L AR 3 8 (P<0.05) , HC F/hER
B AR BN 1.30+0.03, 5§ LCTFHLEST
16.7%, TEFREE ¥R BF = 0.2 pg/L B, HC & B {8
#AER (P>0.05) , &£ HC &4 F, . R E WK E
R (=1 pg/L) BB BB HI/NEREEMN A Kl 2
(P<0.05) , /NEREEMI LA K R 73514 0.96+0.04,
0.81+0.03, S5 X A, INREW AR EER S
BT T 26.5% 1 37.6%, 7E LC &£ 4T, . B &
BYREHER (=1 pg/L) BEREMH/DEREA
AR R, /INERER A H AR H RS0k 0.95+0.06,
0.80:£0.06, 5 xF & 41 M tk 4+ B F B& T 15.0% #n
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[3] %5 . CO, 5 [ X /NEK i AR 4 RO & A= BRI &2 A 800 11

28.5%, [FBf, CO, SR /MRENHARER FEBENZIFHALELD,

F1 CO, EHEEMNKEMILERER, FIRER, KAER, HEERa REAZ MW NERFTESHE
Table1 Two-way ANOVA of CO, and diuron on the growth rate, respiration rate, photosynthetic rate, chlorophyll a, and
carotenoids of Chlorella sp.

- P A R R 7 Yo o3 S h R M2¢% a K MR
= Fli P FE Pl Fli P Fi Pl Fi Pl
CO, 15.58 0.001 47.58 <0.001 47.58 <0.001 2.547 0.130 0.052 0.823
FlasnS 110.08 <0.001 23.07 <0.001 23.07 <0.001 38.896 <0.001 7.047 0.003
CO,x FREL[E 5.14 0.011 6.02 0.006 6.02 0.006 0.430 0.734 0.478 0.702
W IMHEEREEBELE R (P<0.05),
x A A [ JLC & R E K, 4 (0.029+0.006) pmol/ (cell-h) ,
I : . B i 76 HC 54, 16 BB vk 8 B2 R X /N ER B 1 e
T L. T 2 M (P>0.05) , . 7 Bk
% O8] ] I Ke B 5 5 25 900 24 /1N BR 3 B9 5% & B 3R (P<0.05) , 15
§ 0 pg/L B2 B A o4 B T RE T 47.4% F1 67.3%,
30 B R EWE NS ng/L B, A EREBE, N
| (0.039+0.002) pmol/ (cell-h) , Bk |, /NBREEFE
0
‘ ‘ ‘ W, 3 TR O 2 R P B e R R VR B RS I T
0 0.2 1.0 5.0

ORI TR M / (nge L")
E: “* 7 PR —FEREREWRET AR CO KFZRF R
EHER (P<0.05), REFEBERER— CO, kP TR HHEE
RERREZRABEEZS (P<0.05), TH,.

1 A[E CO, 7K EHEEFTEIRE T NKEIL KRR
Fig.1 Specific growth rate of Chlorella sp. under different
mass concentrations of diuron and CO,

2.2 FRIRRFEMN S EE

W 2a fis, £ LC 44T, K. PREKE
B R Xof /)N BRI A G B3 S R (P>0.05) ,
TR B R R B I R R S D ) /N IR A I R s S
(P<0.05) , 7 HC £&MF, . BB E S ERE
% 5 E R/ NERBE A PP 2R (P<0.05), 5 0 pg/L
BB R AR 4 B T B T 60.0% F1 65.7%. FERLE
R EYEER 5 pg/L B, FPIRHERHAR, H (0.08+
0.000 81) pmol/ (cell‘h) ,,

W 2b s, FEXT A H, BF Co, KFTF
W/ANEREOE S MEFAEBEHER (P<0.05),
HC 838 # T/NERBE MG HE L F, K (0.118+
0.005) pmol/ (cell'h) , 5§ LC HAHHIRE T 126.6%.,
LI, LC &4 F, K BT & ¥R BE &5 R X/
REH LA EET B EFHEE MW (P>0.05), #. &
BB B W R RE O B E N BRI ROk A R
(P<0.05), 50 pg/L R EBEAML AN TRET
28.5% # 44.6%, T E &R B Wk E B 5 png/L B,

W o CO, 5 B [ 43 ) Xof /1N BRI F) VP S 6 A
JeE RN BEE M (P<0.01), R PEX/N
TR A IRR I 3E R 50 BRI W R EAE
(P<0.05) (WED,

0.0561
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Fig.2 Respiratory rate (a) and photosynthetic rate (b) of
Chlorella sp. under different mass concentrations of diuron and CO,
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HEINZEETHE K, YR KT 400 pmol/ (m?'s) B, &
Wik T VA, FIRY, Bl S R BB R M, AT
HLF 15 28 R AWK 76 LC &4 F, B R
B B I KA TG R R S AR R
WIIE RN, P, R B T B YR B A B A 4
F (P<0.05) ., ERERERE S ng/L B, BT
T3 B R S AEES 38 36+3.5, 138123, 5
X} B LAH A B T RET 54.3% F1 33.5%, 7E HC &1
T, B RAHXS H T 38 R AR A R B R R
BRI TR, R REWRE 5 ng/L B, 4031
R 32+2.0, 137421, 5 0 pg/L BB A M 55T
F&T 62.2% F1 40.8% ( .3 2) . W& 4 fr7n, HC X}
IR B KRB TR E 5 E WY (P>0.05), &
TR R EWERN TR, fEBEMH/NREN R KR
F7=% (P<0.05) , #£ LC &M TF, B ERERE N
5 pg/L Bf/NEREE B K E Fr=REAK, HF 0.54+0.02,

S BAMELTRERT 24.3%, 7 HC & 4F, BEpg
JREWE NS ng/L it R EFroR K, 7 0.56+
0.02, 50 ng/L BEREAMELTFET 20.4%,

120 K€ HC o
o e (0.2 [ %
o =10 5 :
s 90t Y v 5.0 ;/ —
. N
= S
g L
- 60
=
=
ZE 30r
0

0 ‘ ZbO ‘ 460 ‘ 660 ‘ 860 ‘ 1 d()O
SEE / (umol-m™2s7!)
B3 ZEARE CO, SHEEREXRE TH/NEENE
FRBEZE
Fig.3 Relative electron transfer rate of Chlorella sp. under
different mass concentrations of diuron and CO,

&2 AECO, EHREERERE T/MKEMNRVALRF ANE., R AEXNBFEREZMBMNNE

Table 2 Apparent light energy utilization efficiency, maximum relative electron transfer rate, and saturation light intensity of

Chlorella sp. under different mass concentrations of diuron and CO,

B R AR / (ng L) CO, /K F- FADCREFZCE o IR RANF AL R rETR e (AL £/ (umolm 2s71)

0 LC 0.38+0.01%4 79+4.42C 208+15°F

HC 0.37+0.01%8 85+5.0°P 232420%F

02 LC 0.38+0.04%4 102+7.5°¢" 270+20°F"

' HC 0.37+0.01°B 83+4.120 227£129F

X LC 0.42+0.06** 49:+0.4°C 118+16F

HC 0.39+0.02°8 53+2.7°0 137£13%F

s LC 0.27+0.03% 36+3.59C 138+23<F

HC 0.24+0.02°8 3242.0P 137£21°F
I o -7 i, CO, iz .3 42 B /N BR WO 4 32 o 10 LUK

a a e
I B ot (P<0.05) o /NBREEM-L 3 a HO 5T B VR B I 005 [ R
L b N
0.6 ¢ BWRERMFEEEEIR, 72 LC 4T, BOERRER
o B> 1 pg/L W, AR @ E M NRIEHR R a IRV
g; 047 FE (P<0.05) , FERCERE R BIREEH 5 pg/L B, HH4 R
b a IR B WK E B AR, 4 (0.092+0.03) pg/eell, 5%} &
021 M T MET 65.7%, 76 HC 24T, B8 e I 12 o
BE= 0.2 pg/L B, BEFRERT/NIREHZEK a WK
0 0 0.2 1.0 5.0

B R B / (ng L7h)

4 AE CO, 5HEMEREIRE THI/NNGRREREFTF
Fig.4 Maximum photochemical efficiency of Chlorella sp.
under different mass concentrations of diuron and CO,

2.4 BEEE
mE SN, FERERE R ERE R pg/L

BB (P<0.05) , ZEFEREREIWRE R 5 ng/L B,
MR E a WRERERMK, # (0.12+0.02) pg/eell,
50 pg/L BB EHAMELTRET 57.0%, CO, XF/NER
BEHE M RPRERE LB EMNE W (P>0.05),
e LC &4 F, /NSREESSHI B MR A0 B vk B B RO
BEERKENARITBEEEZSR (P>0.05), 7% HC
KT, BHE MR EIRE R RBRER
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FHRBHE, EHEREEREKE N 5 pe/L B, K
W MR RERE R, 9 (0.10£0.01) pg/eell,
50 pg/L BEREAMETRET 38.9% (LA 5) .
MR PR, BEREX/NRBEH R K 2 5RD
MR FRE W BB E M (P<0.05), CO, 5
R RE X/ NIREER H R 2 MIKWAB PRI T RIE

BEXBEHEZEIEM (P>0.05),
0.40, [ JLC
L Bl HC
032 2 A
?
S 024
ab
o i B
£ o016t BC
= 1 . e
& 008 be
=
0
0.30[
024
T
T 0.18]
3 L
? 0.12[ A 7
o | AB - AB
S 0.06
2 L B
QU a
0,

0 0.2 1.0 5.0
BRI / (pg L)

5 ZEARE CO, KFSHEERERE TR M
ZEa EXNETMERERE

Fig.5 Chlorophyll a and carotenoids content of Chlorella

sp. under different mass concentrations of diuron and CO,

3 it

PR IR X K, CO, AKTEFH RS A BRI L,
RAYFEABRKE R, MTFRKGE, EABE
FW, CO, KTFHE AR R AR B3, YooK SR B L I
3l P K ) 2 K (2930) | R E HR, CO, YR
FHE BB EFT/INRE AR AL & 3, AR
EIETRUN, X 5ILAT B A 45— B, e iRm
Re R IKIE T, ANRBER AR R, oA R AT
ER GBI T BE 2 R, FUAH/NRIERT
T 32 31 B VA BE MRS RE (0.2 g /L) , SXATRES /D
BRUE (0 A0 M R AU N B R R I . R R,
TENER MR B b, B/ MO A LIS E
HiZ B, Bah, HBNE R B R E R Y
TIN5 Je B e S 2 R B B 52

HRRFETRERD, REERESH KA
R, BRBHILRE, IFRRRELIA IR Rk 3
ZHRERMHPL, FFUARSENEDUEE ML
AR E, TP LIS MRASE A, DER
FWYISRANFE a WREWREAFEHREE REWRE
WIFHET T B, XS A ER RN LR A K
B3], x5 Stachowski-Haberkorn P41 f #F
RER -, HHARERTREERTHREREN T
Bk, T PSIL A TE 4, T PSIL 15 i R AR W] LAYE
HOGE R ERI IR S . Sl P e R
FEWET, PSIMNEREF=RZAHERENE
M, AR AR JBA BRI R B T %, [
B, B R AE of EL T 38 33 8 R 9 R M Y B 80 B
HEFREWENABET T B EARLE S, BRE
BT, IR AEKERER 16.7%. L& HEREE
126.5%, 2B EWIEE N . REEKEHE
R 43 (5 /N BRI A A 1 R PR AR 15.0% AT 28.5%,
& PR 28.5% F1 44.6%, R T HHE R E
o P LS T A 3 A B 8 R A A T I
PUANAIER, BRAEMFEARP AR,

HEARESRGH, EYPr G F B
ARZEMN, LINRESEROFANZRRFN K
AR, URFRZEBETEZMERYZ T, Hit, ML
FRERNHEEF, BELENREHE T RIFE
YHEAERAEEAESER N, —TRT LI
HEYREXT GFFEHERE MRS, EEYHEER
B, 25 CO, T bR R A kT HE Sl sz ma 1261,
SR S5 W IR Ak U RV A o Bl e B 38 hn T %o
FHRE BRI EIER, IR TR Y B R B R 7
AU, B, 755 H A G RERT, BRIl
1F 171 3% 7 32 B, 7T B8 & RilA Y15 3 Py 5 7 i
WY RIAFE R, EmARFE b, R R
YR 0 pg/L B, CO, BB B3 (8 #F /R B A A 7
RIOGAER, ERMBERZ)E, P REEKE
AITRELRE, BB B 25 40 i = Bk KF T/ R B9 A K
R, A HEBMITRER, RAKEREERK CO,
XH/NEREE B IE TSN, HBERES CO, FEBEN
ZXEER(ED,

LR, ERRAMT, BORE/NREE A
KER, EEEE. BB TFRYEARAZEM,
TR B R B VR o/ NER SR B M R B
IR, X g R R, BOEREREFEE CO, X/hak
B IETH R, 7E R E KRR COp KT 1 & 44
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T, CO, SERUE BEX/NEREEFF TR B E R BAEA, M
R/ANERBEAI R b E R BEH AR ALK A
AR B2 R, KB SO R IC AL 8 2 2R
BWRERFETR, XX oA R TR /DR A4
FEE RN, BE AT BE R R K BRI A, kAR
HEBRGEHRA RN,
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