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WE. B(P)HEHIRREEEFRMNRGIE 22—, SEBERECEENAERAMZ . LI #E/NEREE (Chlorella
vulgaris) Jp B RT G, M@ KBV F/ANERBEM A | B SRR MR DG & R AR B 0. g5 R I A ik
WREEVEEI (NOs-N: 1~8 mg/L; PO,’-P: 0.2~1.0 mg/L), /NEREEAEY 2 Z A GBEIKRERZME K, P=0.4 mg/L Bf/h
BREEAKEIF. TESCI USRS N, A uE AP 5 i AN BR O SRS R CR A, A (OND B R 23 56 2 ) Ga Ak i K
PRI k. EMDE BRI E ST, IREAIRE, ANEREEM R P PSTT RN O MR SO A EHRE (F, /F.) ¥E R
SKEZ M, BAEUMIEN F./F, B{E% 0.18~0. 24, F,/F, EW £G4 RIE/DERBEM AR IR . A8 RIR H It H
WFoTE SRR A T B2 M A K.

KR T ANEREE; A(N); BE(P); BEMNE; RAGERHEMME(E/F.)

RESES: TU992.7; QI45.78 XHkER R A XEHES: 1006-7930(2019)01-0007-07

Growth and chlorophyll fluorescence characteristics of

Chlorella vulgaris at low phosphorus concentration

WANG Xiaochang , XU Ke, HUANG Yue, LUO Li
(School of Environmental and Municipal Engineering, Xi'an Univ. of Arch. & Tech. , Xi'an 710055, China)

Abstract ; Phosphorus (P) is usually considered as one of the limiting factors of water eutrophication, and it has has
a great influence on growth and photosynthesis of microalgae. During the experiment, Chlorella vulgaris was
selected as the research object, the biomass growth, absorption and utilization of nitrogen and phosphorus and
photosynthetic efficiency were measured at low phosphorus content. The results revealed that within the scope of
NO,-N: 1~8 mg/L and PO,*-P: 0. 2~1. 0 mg/L phosphorus was the main limiting factor to influence the growth
of C. wulgaris. The optimal supply of phosphorus content for C. wulgaris growth was 0.4 mg + L. Within the
range of experimental phosphorus content, absorption of exogenous nitrogen (N) increased with the increment of
initial phosphorus content. When the phosphorus content was determined, the average value of F,/F, increased
with increment of the nitrogen content, the threshold of F,/F, for phosphorus stress of C. wulgaris was 0. 18~
0.24. F,/F,had a significant correlation with biomass, the absorption and utilization of nitrogen and phosphorus,
using F,/F, can synthetically characterize algae growth status and study on the growth of microalgae under nutrient

stress.
Key words: Chlorella vulgaris; nitrogen(N); phosphorus(P); phosphorus stress; maximum light energy conversion

efficiency of PS [ reaction center (F,/F,,)
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BEFREE . NS A — BT S 2 3 ik
WEFUE 7 3 W 38 X G388 06 & 16 1 32 0 B 4. Li
SRR DU R GE PSIT AL RN, B a0 i R B 2 4
&, T PSIL e ROLREF AL R (FL/F,) % T
RSO B0 Joh 380 B2 IS, kg A 358 A A 0 SRR A R R
B, MO BER F/FLE— R EAE
0.65 Ziti, AFBEFKMBA —E R, HAEMIE S
RIS HGE T B T REE S, Beardall 455
TR DU R Z 5 B T MR AR B 57 S5 W AR K A2 3
R, o 7R e T REAR, 5 A0 MO & 1E A
Sl ERTR G, B R AT U 200 i B
RGN T 2% 0 05 0 5 S A B A S TR F
B, HXHROKBER X — SRR L A

W AROK IR BT R PR e . 2RO IR RIS, H
ANERBEERCAE WL A LR N ER B (Chlorella
vulgaris WEAWFFOM R, HAAERKD . FHERER
R, REEE AW WERM 2 —. AR5 E W
SE/NEREER) LAY B AR bR . MR . IEBRIR
(0 I 1 B0 LA B 2 38 9O S B A Ak, i 7
RBARAC R T /INBR B AR A B A A A% R AR Ak B A

S, AR G /N BRI P TR T /N BR
BEBE AL T8 IR ik Z RS DL K2 Wl 15 L.

1 R 5F*®

1.1 LIEMARERE

T 5T % 4 % B3 38 /NBR 88 (Chlorella vulgar-
is), %5 : FACHB-24, W8 8t FE w3 A Y it
.
1.2 $EFEMH

SEIE SR B R 8 43 0 L NaNO; #l K, HPO,
RIERE, 2 2% (b K B8 5T 5T B bR ifE ) (GB3838-
2002)V 2K KT, [Ny 2 3% 5y SORI A5 I X6 R I8
o SR BRI S 0, A5 B 2R M R AR AR K
WEESN P=0.445 mg/L, BE 173 1 PR A
WREZ. BRAEMBEZSN, HREFRITLEHSH BG-11
KSR e 7 DL K AE KB AT v . e il
1000 mL #EFZHEH IMABLHI 8 500 mL A [\ 58 i iR
JER R RE FR AL, KT 121 C K 30 min, XK
WM A E T R EG PR AN E =0, RE
.

x1 TRXBAEANVNBRBRERE

Tab.1 N and P concentration of different treatment groups in the experiment

o N WS /mg - L'
P ¥ /mg - L
N1=1 N2=2 N3=3 Ni=6 N5=38
P1=0.2 N1: P1=5.0 N2: P1=10 N3: P1=15 N4 : P1=30 N5 : P1=40
P2=0.4 N1: P2=2.5 N2 : P2=5.0 N3 : P2=7.5 N4 : P2=15 N5 : P2=20
P3=0.5 N1: P3=2.0 N2 : P3=4.0 N3 : P3=6.0 N4 : P3=12 N5 : P3=16
Pi=1 N1: P4=1.0 N2 : P4=2.0 N3 : P4=3.0 N4 = P4=6.0 N5 : P4=8.0

1.3 EMpER

B M BG-11 B A fEE R AR R
(MGC-250P, big—1a, ) ok NBREEE: 55 2
FHECH, S ERP 2~3X10° cells » mL ",
SRJE XF /N BR B E AT LR P AL P . B0 B U LA
4 500 r/minff ¥ 3T H IR AT, &0 20 min,
Zbr bW, N BEIR 2 oh B E WO DU B e
HE 3R TELEHEMES LEAEZRBRA. Bn
BG-T1RF 580, MEATVLHRAL ], 3k 4 R, &wEHIL
e Ak B 1) D N A [F) SR BE R SR Ak, )
UREERP B AL 2 X107 cells - mL ', FfJEA 25 C
SelEE IR, 4 5 000 Tux (9% HE o BE MR AT 1%
F&, JCHRAIRIEI B 4335k 12 h = 12 h, KR
BLSR AR 7 3 S BN, o I % 0 = 3.
1.4 KBWAHAE
4.1 PEA0HE B (AD) Bl E

% 40 M 1 %5 70 B A (Cellometer® auto T4

Nexcelom , USA) . #HlEit %4k (Nexcelom Biosci-
ence , Cellometer Auto T4 slide) JE47 340 M1 2.
H SPSS 20. 0. 0 A8 0 2. 2 1k 4 4
4.2 WM& a ERNE

KO BUNKR B 2 3R a, FF 54
A DL 1 i ) L
14,3 Rk E

10 % vh B 1 R 00 00 S SR P ORUIRE A I
IR LR 25 FH A 22 TR 43 DI Ol B vk D) o e 55 &
(GB11894-89)M71,
L4 4 MERIOESHHN =

78 UK S 5 >R A A ) i 2t 3 9 A (MAXT Tma-
ging PAM, fH[E, WALZ)N & /NERE A 4538 5
JEBEC, RO S E R AR L. B2 mL REERE
on, TEREIERZ 15 23 85I &R S 08otth 2. W
ERRTF A SEL g BT S A IR (F,), A&



5513

EweR, % RBRARE T Wil /NEREE Y A IS B2 H M 4 R PRI 5T 9

JEBEATIR Ak PG (2 800 pmol + m ™ - s ') AbBE,
PL—A koo e Ar ik, BEJG GH, PR AR R
PO (F.), ZJEATIF Al LS| 6 & 78 A i1
HH(75 pmol - m * - s ), FRUNFaE 5 Bk T
TRk b oG RS, — IRk b &% SRS 7 AR DG A O R
B RPN (F.). Hoh S B8R ¥ 7R 3
RFEGASHHEER F/F. @R (1),

(2) 5 At
®ps=Yield=(F,—F)/F, =AF/F,’ (1)
F./F, = (F,—F,)/F., (2)

Kok FOARABSENG, Qoo Fll Yield ¥ 4E HETE
TEF PSIT SEBR 0 AL 27 & 1 7= &

2 HR5WR

2.1 EEBEREXNEBE/NBKERZE(AD) KRN

[ € IR E P=0.2, 0.4 mg/L, AIu%KE
ST, SELImAAn) AD {H2ER8/NP>0.05), MW
P=0.5, 1 mg/L %#TF, ADEZREZF (P<
0.05). HHIMATFISLE R B AT, P<<0.4 mg/L
SRy /INER G K 1 PR TP 2%

ASI)E 5 SRR /NBRBE ) AD B 52 & 1
P, W ERA, B EE 0.2 ¥ F 0.4 mg/L
I, ADEBFEZ I K, w2 AD HZ M 4.30X
10%~5.20X10° cells + mL "H¥4 % 4. 20 X10°~7. 10
X 10° cells - W P>0.4 mg/L i}, &
& ADEHZ A 3.0 X 10°~7.4X10° cells -
HH AT 1 P<<0. 4 mg/L B, 4 i i i B RE A2 32 A
BREEMAEL; P>0.4 mg/L I, 32 5 85 X /N
BREENATH B e EMOR A 2. Pr DUEE 3 A e
FEWE T, P=0.4 mg/L B} 5w /N ER EEE K.
B AR I AE 0. 47 mg/L BRIRE K AF T,
ANEREEEE O R Bl oK. X5 A4 it —
[E T2 SREB . P<<0.4 mg/L I, RKEL
AD {ER A EA R 2, HL3 e B 0 LA 25 % /1
BREEETHA MRIAE N, wTRERZ K P<<0.4 mg/L
I, BETE N EER I 7, S NEREE K,
MY P>0.4 mg/L &MT, AD SFEERIKEN
B R, BRI EIR B A T AD %
L ATE
2.2 EBEREMIEFEPEFHREA T

EARYIIG AR E T, S NEREx N #l
P )RR DLE 2. HRAEIE 2(a) T 50 R SR E
P<0.4 mg/L BT, SME#BEHEM 0. 2 mg/L
Wz 0.4 mg/L I}, fEN=1, 2, 3. 6, 8 mg/L
TEOLT, NEREEXT A IR S N T 21. 5% .

mL .

mL ',

6.0E+067

4.0E+06F

—— N=1 mg/L P=0.2 mg/L
—8— N=2 mg/L P=0.2 mg/L
—&— N=3 mg/L P=0.2 mg/L
——= N=6 mg/L P=0.2 mg/L
—— N=8 mg/L P=0.2 mg/L

2.0E+06}

FESR B/ cells - mL™

0.0E+00 . L . .

1 2 3 4 S 6 g/ 8 9 10
s} a)/d
(a)

—o— N=1 mg/L P=0.4 mg/L
[ = N=2 mg/L P=0.4 mg/L
—&— N=3 mg/L P=0.4 mg/L
| —— N=6 mg/L P=0.4 mg/L
—— N=8 mg/L P=0.4 mg/L

8.0E+06

6.0E+06

4.0E+06}

PR/ cells + mL™

2.0E+06}

1 2 3 4 5 6 7 8 9 10
IR} a)/d
(b)

—o—N=1 mg/L P=0.5 mg/L
—&—N=2mg/L P=0.5 mg/L
—4—N=3 mg/L P=0.5 mg/L
——N=6 mg/L P=0.5 mg/L
—N=8 mg/L P=0.5 mg/L

8.0E+06

6.0E+06

4.0E+06

P/ cells + mL™

2.0E+06

L
0.0E+00

I} T)/d
(c)

—e—N=1 mg/L P=1 mg/L
8.0E+06 —a—N=2mg/L P=1 mg/L
—4—N=3 mg/L. P=1 mg/LL
——N=6 mg/L P=1 mg/L
——N=8 mg/L P=1 mg/L

6.0E+06F

4.0E+061

B cells « mL™!

2.0E+06F

0.0E+00 e
1 2 3 4 5 6 7 8 9 10

i fal/d

(d)

1 AEAEFREHTEEMCENERRKR
Fig. 1 The growth status of C. vulgaris with

different nutrient concentration

14.2% . 9.4% . 5.2% F1 4. 6%, 205 % 8% 5 1
T, R HE A A TR A, R R
JEA BT /N ER BEW WA 0, A e B Sl R
SRR EAR % WM& P>0.4 mg/L
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B, /NEREES A AR A R i R W B 22 3] N P it
HRBENLEE W, HAE N=2 mg/L i, 2%
MRk B R, b 95.4%. ML Ak SR w kg
R, AR RS AT . W, 24500k
JEARAREY (N<C3 mg/L), W E R Ak E, 28
BRBELA K SR R, $23E 100%0. W pk
HFESES , AR R 2 bl 2 PR A

HH & 2(b) W] 51 : 4 6 A3 28 1l R 0% AS ) 5
F AL PRALIRF] 100 0 W BRI B () ARl Y4 P=
1 mg/L W /INER 388 % Wl 60 W i 1) B2 R AR 5 5~ 7
K, HLwE R A SE PR 5 ORI H A3 ARk B Ak

HEN—Le, FHF B, BIERE (Synechococcus
sp ) TERE VLR AL BE RS (%) T W Wir 9 28 LE R 2 I B
100 £5), AL 25 R AH T, P=0.2 mg/L
GRFREL LA 0 W61 2 5/ R M O
FARIOAE H: P—0.4 mg/L AL {E N— 2 mg
- LI ZNEREERT B 1) W U ROR B i, R SRR A
WRE R 2 AR ) e &5 1 P>>0. 4 mg/L B,
AR BE B 19 AR W A BRI E B IR ER . X — 4
Bt — P TAE P<<0.4 mg/L W}, @ik 3%
B il /N B GsE B GHK  7E FR T 3R

100 * N=1mg/L P=0.2 mg/L
R | I 0 = N=2mg/LP=0.2 mg/L
90 e e o o & ¢ 1 4 N=3mg/LP=0.2mg/L
. 8 . - ; =+ N=6mg/L P=0.2 mg/L
801 i = _ ~ N=8mg/L P=0.2 mg/L
. . ° N=1 mg/L P=0.4 mg/L
= 70 O N=2 mg/L P=0.4 mg/L
]::.‘. 60 ° . N=3 mg/L P=0.4 mg/L
= = s = e - N=6 mg/L P=0.4 mg/L
= 50 = N=8 mg/L P=0.4 mg/L
= T . = s ® * N=1 mg/L P=0.5 mg/L
® 40t t = N=2 mg/L P=0.5 mg/L
= e - N=3 mg/L P=0.5 mg/L
30 - 0 ® = ¢ N=6 mg/L P=0.5 mg/L
oob s & t . = Q;—S mg;]]: z:O.S n}i/L
Y g 3 * N=1 mg =1 mg
10 i s . = N=2mg/L P=1 mg/L
i ¢ 4+ N=3 mg/L P=1 mg/L
0% ¢ N=6 mg/L P=1 mg/L
12 3 4 5 6 7 8 9 10 - N=8mg/LP=1mg/L
i f)/d
(a) A AR
100 s 2 = = v g ® g-°N=l mg/L P=0.2 mg/L
: = 2 = N=2mg/L P=0.2 mg/]
90 v _ o 2 : & * N=3mg/LP=0.2mg/L
2 . * N=6 mg/L P=0.2 mg/L
TR e
= hd = =1 mg, =0.4 mg
L z N=2 ma/L P=0.4 ma/L.
= 60 = N=3 mg/L P=0.4 mg/L
= = N=6 mg/L P=0.4 mg/L
_‘Z‘g 50 A . L] N=8 mg/L P=0.4 mg/L
B s e m + N=1mg/L P=0.5 mg/L
Saf & = = N=2mg/L P=0.5 mg/L
& PUR + N=3 mg/L P=0.5 mg/L
g 30 * N=6 mg/L P=0.5 mg/L
20 - N=8 mg/L P=0.5 mg/L
* N=1mg/L P=1 mg/L
10 = N=2mg/L P=1 mg/L
+ N=3 mg/L P=1 mg/L
0 * N=6 mg/L P=1 mg/L
1 2 3 4 5 6 7 8 9 10- N=8mg/LP=1mg/L
Hf)/d
(b) IEWRE R

B2 FARAEFFGTEZEMKESHREE

Fig. 2 Daily absorption rate of C. Vulgaris with different nutrient concentration

2.3 EBEREXMMHEZE a FEWF M

AFVR . R B NEREE A 2 3K a & 8
i 3 R, & SR 2H M 45 2%k BE i ) ) BEAS L)
JEHEE R R RA . DU 2 A R v R AR A T N ER
B 2% 2 B, FE R B KR il BE AR T
55.05% ~ 72.17% . 0 ~ 41.25% . 28.13% ~
49.55% . 38.66%~64.95%. Ht P=0.2 mg/L
A PR TE AR SR I ) - 23 IR B R, PR IR R R
MIE 2(b)RTELE ), P=0.2 mg/L AP HLE R
13918 5 B v ) R e e AWM, T e TR IR Ab
UG8 TRk ey, TR B ANEREE R N R AEAE 0 AL B
AR, HREHRM S ENEE RS

—, PS54 a Ak, WY P=0.4,
0.5 F1 1 mg/L i, HALAFTEM (N=6 mg/L),
WS FET ORI s W, A T2k 3 a 18
KA FaE; i N<6 mg/L & F, MEFENEK
SPE TR A R SZ P, R R, O e 35 2
SR B S g2 REHETERK, N
M I 483 a IREEFEAR, DEWAREESR0F T, g
% a SRl E R R w2 P<<0. 2 mg/
Lo, /NBREE (S 20 & kS i 20 9 il
2.4 EBSREINMHEERE LN

AN )40 Gty 4 W A S0 i 3 /N R 9B O &V K
R anE 4, LA GERNE F./F.3
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ﬂf’?%%a/mg <L U‘i‘éi%a/mg - L

U‘I‘i’%%ahng <L

2.2

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

2:2

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

1.8

o N=1 mg/L P=0.2 mg/L
2 N=2 mg/L P=0.2 mg/LL
2 N=3 mg/L P=0.2 mg/L
® N=6 mg/L. P=0.2 mg/L.
2 N=8 mg/L P=0.2 mg/L

R Ta)/d
(a)
o N=1 mg/L P=0.4 mg/L

o N= 2mg/LP 0.4 mg/L
3 mg/L 4m;,/]
sN=6m

/ 4 mg/L
a N=8 mﬂ/LP 0. 4mv/L

5 6
i Ta)/d
(b)
oN=1 mg/L P=0.5 mg/L
8N=2 mg/L P=0.5 mg/L
oN=3 mg/L P=0.5 mg/L
.P=0.5 mg/LL
.P=0.5

I 2 3 4 5 6 7 8 9 10
i Ta)/d
(c)

oN=1 mg/L P=1 mg/L

8N=2 mg/L P=1 mg/L
8N=3 mg/L. P=1 mg/L

B

FHEN, WME 1(a) K 3(a) iR, P=

0.2 mg/L LI AD B A28 3 a I 8 K

3 T U 458 1k 39 AR B S A, AR X B
RIVANE 7 R B 3R 5 W Z B Tl R L

AR, Fo/F 0B E AR UK E 25 T AD

F/F
=]
)
O

[/=#=N=1 mg/L P=0.2 mg/

=N=2 mg/L P=0.2 mg/L
“*~N=3 mg/L P=0.2 mg/L

021" ——N=6 mg/L P=0.2 mg/I.
0151 N=8 mg/L. P=0.2 mg/L.
0'1 1 1 1 1 1 1
1 2 3 4 5 6 10
I l)/d
(a)

0.7t1

0.6

0.5}

2.2 "N=6 mg/L P=1 mg/L
2} @N=8 mg/L P=1 mg/L

L

B3 AEEFREHTEENKEHEE aNTUER
Fig. 3 Chlorophyll-a trend of C. vulgaris with

U‘f’?%%a/mg -
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1 2 3 4 5 6 7 8 9 1
HfTal/d
(d)

different nutrient concentration

S —— N=1 mg/L P=0.4 mg/L
|
58 —&= N=2 mg/L P=0.4 mg/L
- =*= N=3 mg/L P=0.4 mg/L
02t =4 N=6 mg/L P=0.4 mg/L
= N=8 mg/L P=0.4 mg/L
0'11 2 3 4 5 6 11
I il/d
(b)
0.65
0.6
0.55T
;\: 0.5
=
0.45 )
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