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(1. P EDKF=REREE B K RS AT AR R B Il TR R R SR H S 266071
2. MLINFERS: TLHRIBHEAYBARE S EELEE  Exil 222005)

WE O TS (Ulvaprolifera)td 778 K B4 LR, AXHIR T 4 MEEAT(22.5C. 255C,
28.5°C#n 31.5°C)#n 3 A & JR(NH4Cl, NaNO, 1 NaNO;) T, W&t L) 1k 3558 K IR 35 thy & J 6k 7 R
HANBR., HERE A, 96h W 4 /NiE AT 4105 5t 2 A (TAN, 44 NHy-N F2 NH;) 89 -F 3 %
ok 95 A 14.65, 14.88., 14.48 F1 13.53 pmol/(g-h), 144 h 78 & 40 32 40 3 T 4 A A (NO,-N)
Hy P34 Rk R 40 B A 11.28.10.48.9.11 #1 8.38 umol/(g-h), 144 h 17 &35 & 4b 2 4 3 # A A (NO;3-N)
by T3 ol R 95 Ky 9.41, 8.62. 8.80 Fr 7.35 umol/(g-h); B LA KER AT ENY
" (P<0.01), T &R A& M EKHEE AL EYHP<0.05); EHREAFELAGHT, HEHEKEF
MERENATTRSEK, EERBEAMT, REVEANHL-NE, FENEKARKTA
JE N NO»-N A1 NO3-N Wy 4 K3 55 B E QRN KL &% al&ER WA LFP>0.05), @&
71 NHi-N f2 NO>-N B, AR EW A8, L P HE&F al e BENAARTNAS, T AIE N NO-N
B, #EFHE&Fal e B2 ARREATNES,; REMEQRMFETRAY NENEGEH AR
RBEZMP<001), MERENAST, SABHAFETENE ENLEHNEATNES, H4,
285 CHI31.5CHAMHT, NOs-NAHEAHFL EHE NEWLEY BT T H M &4 24(P<0.05),
FHRAW, BEE 22.5C~31.5CHREN, %3 7 LA KT TAN, NO,-N #1 NOs-N 3 #F )t
TR A B E Rk, BB X NHE-N 8RR R Rk, (B AR A&, 3% 2 NHi-N, NO,-N
A1 NO3-N B 3 B Ry #2 %,

KA wE; AR AF; £k

hESES S917.3  XEHRAEE A XEHS  2095-9869(2019)06-0138-07

VTAEA , Bl 758 H AR ALt B9 AS W 215, X iR
FEFE N B R e, 2014 4F4 X HFRFR 8 s i
K 1.16x10°%t (ML TS, 2015), SR1, FREENTER
X PR AR 8AIK, Thakur 55(2003)8F5E £, 78
XTURFRFE A, CGRXTER B N BEAE N fr S

AT FE AR 23%~31%, HABERE N FZ LR H
FHEM Y SR XAEAE TR R b sk . Helt
LAWY IR, TTRE BSR4 A R A
(NHz-N) ., I il 25 (NOZ-N) FIR 45 A (NO3-N) &5 % it
PETCHLA . Funge-Smith 25£(1999)#F58 % W], NH;-N.
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NO>-N 5] 5 TOHL R 1 B IR ALK AR5 Y ) 2 2
B, FREEKIAT Y NHZ-N T NOZ-N AU 3 X iR
KA, RNGA BB B, 82518 H K
B E B SR X H BRI, BN S
WK, KADGHRESIISA A ITTHL N, P&, Af
VIVE R IR K A ds” . FIHTLE (Gracilarla
tenuistipitata) (2= 4%, 2007). i (Laminaria japonica)
(LHBEY4E, 2013), fizfi(Ulva pertusa) (2575555, 1998)
5% (Porphyra yezoensis) (534, 2008)% kAU
B AL E B IR SR K CAEE N AMRAE T T
2R

WFE (Ulva prolifera) & A 2 #6249 5 M4 = 1
AN, ARl B R R 2y FH R e N TE A 5,
2014), WFE HAENAE Som . AR B R R
ZEG AT G (2009)F 7 2 B, R I e A A 4 ]
ik 27.57%/d. L, FIFHWF&E AT ERFRIE L K, AN
IEA ARG, BT UM T g, sk, XHiF
T b SR 5 K il — M 4E R 7E 30°C &£ 4 (Ge et al,
2016), TMWF & B EEN 23°C~26°C (%% 4%,
2016), X Al BEXH & AR Kl K — s . 53 4h,
SR T A SR A 0] R T dE R K IR AR RE , — BRI
B PR IR AT 28, X T BB A SR A 4 )l e
JEE V1R 553 B ' s [ ) 40 2 L E DG RO WP 5 AR K
MEFE R EZEASKE ., FIk, ASHF5EAR 5 IR 77 58
KEAESAEE, EMOLREAMT, RARREGTE
Az K R X AN TR /TR A R 1, B AR & AL B
XTHR T A IR K B Rl R, S KA e i 1k
IR R SR E P2 7K s 55 0 B A R A 4l o

1 #MHETE
11 HHRSRIER RS

WF e B WA G2 LB S 3 0T & A BR S ml L
WHEEREN 2~3 ecm, KRN TR K, i
KRR FR T B N LISMA £/2 5538 00h , 786 BB 7748 (X
DU AT 3 d BV T s 55, s 95 4
1 RN (25.540.5)°C, $hE R 29.5+0.5, YEHRERE N
3000 Ix, YGREEMIA 120 : 12h, CO,#kJEH 700 mg/L .
TR IR W], RERE TR 4 WK BRI K K 4HETE
¥ 2t I R AL B, H R DG A h gk AT
1.2 kgt

e N YURS RS A & R KW T, 435
PRI 0.4 g (), B THAT 700 ml {72 K5I 1000 ml
HOEHT, AT — R PERE SR . RSO, BRER
PRI 4 W, SEm Ao RS I AE (DU R ) th kAT, 1

Fr 55 PR I B A1 5 T 57 AR ]

SERTRE 3 A FEV AR 4 DARIRE L 12 Mk
LA £12 B5FRI PRI R ek B (8.83x10° umol/L)
() NO3-N. NO2-N Il NH;-N, AW & 4 I
f£(22.5°C, 25.5C, 28.5°CHI131.5C), EAbHEE 3 4
HE,

1.3 ZTHERMNE

EiBE 24 h, A BIBUKEE 10 ml FHF B2 A (TAN,
f45 NHy-N 1 NH;), NO,-N Fl NO3-N ¥ BE (10 22 o
I 72 B A PhotoLab S12 (WTW, ), M4 #/EUL
B, Ei3EEHL TAN, NO>-N Fil NO3-N ¥ i HURE &2
I8 T7 1525 LB 41 R 55 (2014) B 75 s o

1.4 HEX AR RIRER RS E R

SR 24, 48, 72, 96 Fl 144 h BRFE XA
[ R B W s 2, 7E 96 h B, /K NH;-N 4b 3
i TAN FEARTHAEFRIS; MAE 144 h B, Kikr
NO;3-N Fl NO,-N FEATHFEFRIS , s & Ao M i %6
M5EF) 96 h, X} NO3-N Fl NO-N [ W i 55 Zi0) 1 5
144 h, R, ASTREVEIRE X & Az K S0 A0 B R 43
FEE N 96, 144 Fl 144 h,

W2 AL >R (Uptake rate, UR)=(C—C, )/(24xm)

A, CHICoy il t A -1 IR AR, B
{8 pmol/L; m WiF & WG &R, P H me,

15 #&EEK

AR AR FERE N, 2 BRI NHy-N
NO3-N F1 NO3-N A FIZH 1555 96 144 Fl 144 h Ji5,
PRV TIEHRE, I E e K,

H K H R (Growth rate, RT)=(W—W)/t

P, W T Wo 439310 by S 36 235 SRR 46 B R 9 35
Wf e, AN mg; AN NHi-N BF, t=96 h, &K
5 NO3-N #1 NOs3-N i, t=144 h,

1.6 XEBEIENH

I FREUAS AL BREL B RV 5 0.2 g, TN ER BT EE 1
BUS P E 222 a MIZEHE MR, WEHESI
BRI Q016 T k.

1.7 ZitHHr

AR B LT3 (B 45 1 22 (Mean+SD) R /R . it
HEBHEL Kolmogorov-Simirov K 36454 IFE 501
(P>0.05), BL[H 2 J5 22 73 HT (One-way ANOVA)Z & A
NO;-N Fl NO3-N ¥ & FF & X Z IR R GHE 2 5 XL
7 5 HF (Two-way ANOVA) HLESHF & 28 K % |
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A MR MK a MEERAFEZES, WHET
2550 M i DL BE RN /R R AR B, AR AR Y &
Duncan 4, DL P<0.05 A REMHZES, P<0.01 Mk
S

2 SLIGHER

21 Z;l_]um}#in% 14:T ﬁ.ﬁ Iﬁﬁ:u\ﬁﬂ:uﬁﬁ:u\
RIREZW

M 1A AT LUE Y, TAN ¥R EE T FEFGE 55 96 /)N
W, 22.5°C. 25.5°C. 28.5°CHI31.5C 4% i kb B 21
TAN WRE B IR LR 13.6%. 3.2%. 4.8%
M1 16.8%. NO,-N FREZNE, 55 144 /NI, 22.57C .
25.5°C . 28.5°CFl1 31.5°C &k £ AL FRAL NOL-N MR JE 43
WM 1.79. 75.00. 178.58 #i1235.71 umol/L (& 1B).
NO;-N ¥ B T REE IS, SLEE5dnt, 22.5°C, 25.5C,
28.5°CHI 31.5°C 4 JE LIE?H NO;-N ¥k B 4351k
64.29. 78.57. 85.71 F1128.57 umol/L (&l 1C).

=]
g 10001 A +225C #255C +285C ~ 31.5C
B 5 800
§ 82 600
E S §4oo
i ; = 200
s 9% 7 43 7 %6
F5}jE] Time/h
§ 1000 . B +225C -#255C -+ 28.5C - 31.5C
i 5 800
¥ 8 =2 600
%8 §400
Sz < 200
o) 0
Z 0 24 48 72 96 120 144
it [A] Time/h
§ 1000 [ C —+225C -#25.5C -+ 28.5C - 31.5C
i & ~ 800
S § = 600
LS € 400
oL 3
Z %= 200
© 0
z 0 24 48 72 9% 120 144

A A] Time/h
K1 AR R T BERA) . EHEEB)
RS A ()R 2B 1L
The concentration of TAN(A), NO,-N(B) and
NO;-N(C) at different temperature

Fig.1

2.2 Zzl_.'/nnf#i*?%—r:ﬁ: X‘IKH%FE’J”&H’I K

ME 2 a] DUE W, MR ESET, 58X TAN
B I AT 3 S A R, LR NO5-N, W2 NO3-N A9k
/N, 96 h N, 22.5C. 25.5C. 28.5°CHI 31.5C

R AL FRZ X TAN (-3 WG 253 518 14.65
14.88. 14.48 1 13.53 umol/(g-h), 45 IREEALBRL
WA X TAN B ISGH SR AE 24 h BHi R, 45T B Ab B
2 TAN(E 2A) W IGHE R 735124 30.55.37.29 ., 25.42
1 15.10 pmol/(g-h), BEEM ALK, 22.5C. 25.5C
1 28.5°C A FRZH W25 1) TAN MR IS %R 295 R, 48 h
JEWCE R TRE, 31.5CARANE TAN 1K
WCH R I AE 10.93~16.14 pmol/(g-h)Z [ 3 5h . 7EA
[FIREE 41 R, WRE X NOL-N Wl R WL 2B, M
Kl 2B AT LLFE ), 144 h N4 AR ERZE X NOL-N [1y°F-1
W S FE 43 50 11.28.10.48 .9.11 1 8.38 pmol/(g-h).
SCEGHIN], 315 CARERA W £ %F NO2-N - [ WSk %
WRZONT 22.5°C . 25.5CHI 28.5°CAbBR4H . WA 2C
A LAE H, 144 h AL BRL T NO3-N AT 44 08 g ik
RIPHI N 9.41, 8.62. 8.80 Al 7.35 umol/(g-h), 22.5°C
AbFRZEWF E X NO3-N -4 IR ISk 26 b 4 S 90 ) kA 7 22
TR, 25.5°CHI 28.5 CAEFEZH X NO3-N Wi
HORESE DI TR, #E 72 h B YRRE,
512k 13.97 A1 16.57 pmol/(g-h). 31.5°CAabHZH Wi
REERRAT. 96 h ik fIE . J5 LTI

40, A —225C+255C +285C —315C
¥okias
BE7 3
= 5 o5
R
2221
S8 s
24 48 72 9%
Bfla] Time/h
=~ 18;B . . o 21 50
PR +225°C #255°C +285C —31.5C
HWEr 14
SEal
Z. s g_ 6
523 4
24 48 72 96 120 144
5} [8] Time/h
~18,C —+225C #255C +28.5C —31.5C
ok 16
HET 14
= B, 12
5210
g Z ) 8
zZ'LE 6
585 4
Z°8 %

24 48 72 96 120 144
fisf ] Time/h
K2 RFENREE FWFE XS EA(A) ., WAESEB)
IR 25 58 (C) g Mg Wi o 3
Fig.2 Effects of different temperature on TAN (A), NO,-N
(B)and NO3-N(C) uptake rate of U. prolifera
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MZEEAE P RS BB ILE 1. NE1TUE
W, AR AT, IR Y A KR W)
B E R (P<0.01), AT, AUURX
B K R A 2 R0 (P<0.05) o AR SRR 451 T,
TFE B A K S 3R Bt 2 L %) T o TR AR AT, A )R
JEAMET, AU NHy-N B, W8 m4 KR LT
NO;-N HI NO3-N., Hur, YN 22.5C, AN
NH;-N B, #FE A Kl R ok N 31.5°C, AU
4 NO3-N i}, W8 B4 KR e/ o TR AR
MR E a & EA RN, HEIA EE(P>0.05),

A B NH;-N F1 NO>-N i, BEIRER T E, BE T

et a WS ERWA T E R, AN NOs-N
B, Wres Rt aRER a il 5 2 e BRI T E 1 3
T B RN IR B N R R A
I (P<0.01), 7E 22.5°C . 25.5CH1 28.5C4MFF,

AU NH4-N A1 NO>-N B, WS 2K % NE 58T
i 25 2 5 (P>0.05), {H¥I] & LT NO;-N 4b¥4
(P<0.05). BHEIRBERTR, AR E HIAE b
R EYETEESE, Hrh, 75 28.5CH 31.5C4%
FF, NOs-N AFRLAFFH h IS M E W& R
T T HA 45 A P2 (P<0.05) . T B R IR X & AR K
HOR | MRE a IS MRS EYALEEM.

x1 FREBEMRRFHETHEEKRMHEREK

Tab.1 The growth of U. prolifera at different temperature and nitrogen source
T IR LR SUES MR a ESEN N
Temperature (C) Nitrogen source Growth rate (mg/h) Chl-a (mg/g) Carotenoid (mg/g)
22.5 NH;-N 13.44+1.15% 0.276+0.010° 0.140+0.009%
NO;-N 8.57+0.59°F 0.222+0.018* 0.133+£0.006%
NO3-N 7.72+0.47% 0.430+0.010° 0.180+0.010°
25.5 NH;-N 9.93+0.62" 0.313+0.011% 0.138+0.011°
NO>-N 7.16+0.46°% 0.265+0.014° 0.138+0.007°
NO;-N 7.22+0.36°% 0.415+0.007° 0.205+0.012°
28.5 NH;-N 6.78+0.35% 0.237+0.016™ 0.144+0.012°
NO;-N 7.18+0.78°¢ 0.32620.011¢ 0.153+0.011°
NO3-N 5.17+0.19° 0.262+0.013% 0.239+0.014°¢
31.5 NH;-N 6.030.34" 0.407+0.017° 0.203+0.008"
NO>-N 3.50+0.20" 0.315+0.016 0.184+0.011°
NO;5-N 3.31+0.23* 0.404+0.015° 0.264+0.009°¢
W [E % Factors W ZEJ7 2438 P {H P-value of two-way ANOVA
WHE  Temperature (C) 0.006 0.370 0.004
ZF  Nitrogen source (N) 0.022 0.179 0.001
REX A TemperaturexNitrogen source 0 0 0

T AR RN S

Note: Different letters indicated significant differences

3 itip
31 RS T R S R

AT R, EROCIEANET, 4 MREATEH
H, BFE X NHZ-N . NO,-N Hl NO3-N 44 W i fig
LR EAE 22.5°C~31.5CTLRE AN, & IERFE
o ARIEEE AT, Wrdxt NHy-N A M i R ok
F NO2-N F1l NO3-N Fy Wz i e 5 | B 5 25 % NHy-N
B HORIICRE T . X SIRE )% (2016) % T AR
EAMET, TR NH-N 0 I i3 SRk Tl A0 45
FIE—BN . X AT RE R P A R A B NO3-N I

Wk Eshigk, TTEFESAER, MXF NHy-N Al
AR EFEREN B sh I HL(Pritchard et al, 2015), A
SR, F—AIEFET , WrE X TCALE R IR I 2
Bl IR B A . ARAE T AF QO3S TR
XoF TCATUAS 8 ) FE X i 8 g 7 P AL ) 00, R B Xo W
FIHTCH R I RE AT 5 m, SilR(GOC)FMET,

SRS (Ulva linza) i i KOG A E I RE T 5 Bol il
FEAALE T RE T 56% o 2 W BE w2 T IF 25 119 Joc ik i g 2%
IR E ROCAEHRE ). MRIBELLAFQ012)0F 58 T
AFEREE(5°C~32°C) . ARFREE(14. 20, 26 1 32)
XS BRI R R A FE A 52 e, R B R 20°CHYT,
WERELERKRERES, 5 37.80%., MAMFRT, &
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IR EE S 22.5°C, BEA MR BTH e, W 0 TEHLA
HHTH AR FEAR, MR T IR FKIRAEAEAE30°C A2
£1(Ge et al, 2016), FWIXFIR T fLFR5H i TR RS
=, AT BN AN O LA R R

32 AREBEFHETRENTEERKEZRNIID

ALFE W 5 7E P9 Y R AL i 1 A K —
HUARSEAAERFLR C. N AP0 & 22 09 4 B e
(Xu et al, 2009). %t #2237 2 FE (CE FHASE, 2010),
JCRE(REIN AR S, 2010), EFRER(FCESE, 2015)% 0
ZHERHT A AR, MHERRERET,
MEXT W B M AERKER AN D E W, RitE4
(2000)F 55 T HRLEEXT W F AR K A2 R I, W B TEK
R 10°C~30°CHaE N, WrTLIEE AR, &idERK
JKIR K 15°C~25°C o A9 LI, 1F 22.5°C~31.5Ciik
FEYSRIN, WEWRARAR, HMHRRRBIT,
Bl TR B T, WA ARG R R TR R T R
Al BE R I RS AR K KRR T A K
f iy L, BT AR O L SR i, DA ReR
(Wen et al, 2005), X5 54t E45(2000) ¢ THF & feid
A KKIR AR — B0 . P T 255 (2009)/F 5% &
B, KRR T 32°C, WFEREAATE 3 do mAFsE
WFETE 315 CKIRZAM FREIEH 4K, X REZH N
WENERE-ZEDKE  CRAE R SEHZ L
AHETFLAEH MR, AN R, MR E
M, AR E A KR B, B
K N SRR N AR B R B JE Y
Fic 25 AR S (R T %, 2016) 0 FRiL 50140858 T
ATl AR L OB UR G 3R 6 0 e B (Platymonus
subcordiformis) £ K i 52 i % R, LA NH,-N i Z IR
HAEKEFRRTL NO;-N A, X 540545 5%R
B—8 . —BOE, OB NHy-N WE
FHshiz i, i NO2-N Al NO3-N 25 HiAb 20 i U IR
BT Ehick, Wik, NHy-N W5 T i A g 0k
(Pritchard et al, 2015), X5A&RMFR LT HFEXS
NH;-N AT I3 R K T NO3-N Hil NO3-N 45t
2, MRS (2004)HF58 T A [l B R X BR 4%
#fi 4> 3 (1sochrysis galbana) 3011 #5552, K& K
NO;-N [WIEFCR I FRS R . XS5 AT 2R
WAEATIER) o PRy, ARV EIR A B vk 3 X i
FAERMNE RIS

33 AEBEZFHTRRMAEEEXLGEBENS
%7 i

R EOC G QRS S B —E R

AT LS e A 285 PR 0 HEO 5 A P 5 RE AR 52 ) (T BH B

2010), H, MK a BkEEE, Wikt
AREPEE ARG, 2014), HEEZ GBS R,
2014). EFEERE L, 2016) MR E (SR, 2014)
R, AR P, BEMAEXETSE ald
WA, IR M RIR A A, YT RERS
EHMLEER a iy, RS AR, X
5 A 5% v R AR UR R A K HOR 1 S5 18
Je—8 . AR NHZ-N il NO,-N i, Bifi 25 15 5 1Y
T, WFEMaE al B AETHEBEE, mERE
4 NO3-N B}, WF&EMHLRE a & & 2 eI TS
kR, MakE a S ThE, X TRER B A5
SRR AR, Y MTHE, MreEdiRETatE a
B ARG REKBERNRHYERE, LIE RN AR R
5o B o AL R IR Y 5 T LA I T B 7 B AT BE ) 2R
5, RS EK BT . 2R b R R Bk
B A O EZ —, BEWBOLREMIER, Wik
N E S PN (Xia et al, 2005), AAFFEH, &
FE RN IR & 2 8 N RS A
SO, 3K e PR A B e B B SRR SR IR R i ARk, BB
MU ORI 15 328 Y i 4 it 72 T REA Tk s, sk 4 -
BEREAI (AR5, 2010), BEEIRENTIE,
HALFA RS MRS RN ET RS,
X ] RESEREE KR TR, S EWLAR N =A EAE
i, LA A N 2 DL R AR D (Xia
etal, 2005), WEMANE—HAERZSRE, B
BREAMOER, S2FBUERESBE AL, SECH
A K A2 F0H (Han et al, 2008), Xt S5AHSE T ir &
FR) A S R it T T 8 T 2 AR ARG AR B A — B0

£ % X #

Chen JY, Lin D, Huang J, et al. Effect of different nitrogen and
phosphorus  sources on the growth of Platymonus
subcordiformis. Journal of Fujian Fisheries, 2014, 36(4):
258-263 [BRghlk, MY, e, % ARIRME. BEEE SR
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Cheng LW, Zou DH, Zheng QS, et al. Effects of temperature and
light intensity on the nitrate uptake kinetics of nitrogen
starved and replete Ulva lactuca.Chinese Journal of Ecology,
2010, 29(5): 939-944 [FEWHEL, “RENF, FBHHL, % LI
FILE X SR B M Fn o 52 25 4 A 28 (Ulva lactuca) i)
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I A

Effects of Temperature on the Growth Rate and
Nitrogen Uptake of Ulva prolifera

GE Hongxingl’z, CHEN Zhao', LI1J ianlﬂ), CHANG Zhiqiangl, ZHAO Fazhen'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao 266071; 2. Jiangsu Key Laboratory of Marine
Bioresources and Environment, Jiangsu Ocean University, Lianyungang 222005)

Abstract Marine macroalgae is used as a biofilter for aquaculture wastewater treatment. Marine
macroalgae is used as a biofilter for aquaculture wastewater treatment. Ulva prolifera was cultivated at
four different water temperatures (22.5°C, 25.5°C, 28.5°C, and 31.5°C) with a different inorganic nitrogen
source (NH4CI, NaNO,, and NaNQO;) for each temperature to evaluate the purification efficiency of
marine macroalgae U. prolifera on wastewater; all measurements were carried out in triplicate. The results
show that, in the temperature range 22.5°C~31.5°C, the TAN uptake rates were 14.65, 14.88, 14.48, and
13.53 umol/(g-h) in 96 h; the nitrite and nitrate uptake rates were 11.28, 10.48, 9.11, and 8.38 pmol/(g-h)
and 9.41, 8.62, 8.80, and 7.35 umol/(g-h) in 144 h, respectively. Both the temperature (P<0.01) and the
nitrogen source (P<0.05) had significant effects on the growth rate of U. prolifera. The growth rate
decreased as the temperature increased; further, at the same temperature with an ammonium source, U.
prolifera showed the largest growth rate, followed by that with nitrite and nitrate sources. For the
ammonium and nitrite sources, the content of chlorophyll a (Chl-a) increased with an increase in
temperature; however, for the nitrate source, the content of Chl-a decreased first and then increased. Both
the temperature and the nitrogen source had a significant effect on the carotenoid content (P<0.01), which
increased with an increase in temperature. In the temperature range of 28.5°C~31.5°C, the carotenoid
content in the nitrate source were found to be significantly higher than that in the other sources (P<0.05).
The temperature and nitrogen source, thus, has a significant influence on the growth rate, Chl-a, and
carotenoid content of U. prolifera. Overall, the TAN uptake rate was the highest, followed by the nitrite
and nitrate uptake rates. However, the inorganic nitrogen uptake rate decreased as the temperature
increased.
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