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B E. HUUSEREE ( Nannochloropsis. sp) YE R 7K 72
FrEE T E R DR, HE R &8 T A>3
MBEMERKKEREERIEM. A3 NP Fe 3
MEFRIRRAERR T B#T T =ZEHE=KF
R, METAEYEMEL S &, 5 R1RW, MU
BIREWAEYRMNED S EYZEF NP Fe3 ME
FEICR BRI  TER B R E FREh v BEYE I, P XA
YREZ K, T Fe X ER & BMEZMRER; Y
N.P.Fe ¥R E /3510 24.6.1.1 #1 0.2 mg/L B, 4=
YR EMELSEYRBER.

PRBRAE Dy 7K 7= I 5E 45 1 R ¥ /K I 9 b
HJT CERL, & S R B RN GRS AR
WIBRAF B IR , TR 2K S B i A
AR BRI IR . R BT R Y, O B SR
AT 5 % 4 B I th W BE IR W T & AR
A SRS B K PR B G A R R
B o EARIE NIRRT Z R0, 72K
FHYRAEREESES RS R EENEM,
P, B FT ERHBE 1 2 & B T K= sh
IR AR EER L.

A CIIERE , MENEA TR ERS
5% 3 AT HE B (1) AEYEER, EY A K #)
ERCBM/NRBEER KM SRMEA RS E
R B RERUR 5 (2) Bk, 2R isy
MERRS MBI RI RIS A Z R
BERF/NREMEAS R, FRGE T RET
PIRR SR P AR BEAE IE W B R AR T E B
RN BER TR, 5555 B 4 b 22 5

078 H 3 : 2014-03-20 fEE B 2014-04-29

MARR: WERLEKFFE D E HBIFOEE,
HEASEN FHRHEGVNEREATEXEE,
A SCHFAIE AL 8 70T T NP Fe X M4l BR 3
EHSRMTW, K3 Fe X & H & &K% mE
KEBTEYEMERD S B REHBERE
U, K EHL B MR TR,
R IGERE ALY BER SR
HESES: Q945.1

ERARAEAD: A

ARE,MAFSRAFMOUETRENA, 5
BRERMEERFLEF/NRENESSEE
BUF RS 5 (3) IR T, Qs 4R g 2 5%
AR R BIMERNREW SR EA Y
BB RN RRA B TR, SRR HaE
TN IRT B RS =AW IS
WEEMER SR, HRERTHENERSE,
Hh  EFRERAE RROR 47, W1 HLAE L bR A 7=
o TR, B, A< SCLLUE 37 38 B 9 BE X 1
EHEEREERN FEMPIRERN,
TG BR BE ( Nannochloropsis sp. ) S B A2 N
2~3 um WEZBHMMBE, HE THE
(Ochrophyta) , & HR 3 4¥ ( Eustigmatophyceae ) , B
ZR¥EFL(Monodopsidaceae ) , 7E7K = FrFE . F A &
JIZ W, TR f0F DL JF e R, IF H R
ARENERRMEANMEMENR S &, A&
BHELME, BT S A A~ RE, B
WXHERSEHTHREFRACRFEZEZE L,

EETH : HEARPFES RS (31201973) ; MW AT WA £ 0 (201205025 ) ; AL 97 bk A 3B 5% 5 1
BHIE ARG & ¥4 (201303003 ) 5 L AR 4 KA BB FR S 0RHER 1L 22 % (42 (2007 - 2013) 5 INAR A LT 7 4E B

FFBR 4 (BS2013HZ018)

EE® I IVEBR(1982—) , %, BYBRBTSE 51, WEFE 07 [ AR B . E-mail :973035865@ qq. com
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BT, EFREXMURREEYBNEO T EY
Wi AR B> A SCEBUN (P 1 Fe 3 R EZE
FRIUR , WHFE T HHR BEXH AU SR Bk A4 ) B R R
HE BRI, X THREERRE TREMBEER
H B A 2R, R 5L bR A
FEH RS R R B SR R R R AR

AR T

1.1 EIes#

AN SL G T RS0, 4% BR 3 B Fh ( Nannochloropsis
sp. ) B E K PR B BT K P IR BT I, =
BLRFIRAIREE g 20 ~25 C, B HR5REEy 50 ~
100 wmol/(m® - s) , b BNy 28, B % 3 WA
B R 2 R,

1.2 EWigit

AL E NP Fl Fe 3 fonR 4 3 1~KF
WREE , LAV VT80 1 Bl 35 SR 2 (£/2) D [a] ok
-, BT AR 1 AKE, B R L (3°) IR
Wit&R, R 1 iR, NITRKFFH N 4.1,
12.3F124.6 mg/L;P TEKF4r5140.2,1. 1
2.2 mg/L;Fe JTLEKF4r 514 0.2,0.6 F1 1.2
mg/L,

1.3 ¥EFS5HH

B9 4~ 500 mL = ff 500, B nh B R 28
HJHE7K 400 mL, #2 BIER R ITRIKKMA B 7L
g E TR B, AR5 E 80 mL X HUBE MR 5 000
r/min B0 5 min, KB _EVE, K AR TR
F 400 mL EFREM =AM (M E 20%) .
W = Pt & T v FE R 4% K ( DHZ-032LR, H
RETER , L) iR GG I% IR 23 C B RsRE
80 |.1,mol/(m2 +s),JeHEEL 14: 10, %E4e 5 10 d
BUHAKEH, ARG EZE8E 2 mL T4
HNAT 4 66 BEH (U2010, H L, AR5, HA)
LWRE ODysy 0 43 5EX FJZBEW 200 mL,5 000 1/
min B30 5 min YA BELH M, TOIE A WZE /K P % 2
W EBRWEHRERN 1.5 mL B0, B%T
B 24 h RE, BRBAX(D)IHEEYE:

Y=(m1—m0)/11 (1)
XP Y NEYRE(gL)sm NELENER
(g);m ARG TREENREBELENER
(g) ;0 NPT BCER M RFR (L) .

THJ5 WO it (5 i Leco 25 H 52 434X (FP-
528, RAFR, BHRM, XEH) s EHE &,

HHEAL N

P=6.25xN (2)
KA :P HEHGE (%) ;N K Leco HH T HT
IFTE R ECR B 2 H B

EATRITEARN:

Py=YXPX1000 (3)
P, HEAE (mg/L) ;Y EY R P HE
HE®,

1.4 HELE

S¥F SPSS 11. O(SPSS Inc. ,Z s, HE
B, 36 ) X EHE AT B R 2K 7 254347 (one-way
ANOVAs) G5 R ¥8 + i (M £ SD) R
No BAIEREZESR WA Duncan KT LA
BEARIZESR, Y P <0.05 B, RREFBE,

2 R

2.1 FEEFHEXNRBEHEEMENRIT
Wz 1 Pias N P Al Fe 3 FfvE IRk iU BEX
MR BEEVEMELTRYE M. 0Dy
MES A Y B B R A R IE HE K 5, R BT 0D,
7R B4R O BE AT LAAR S st s AR W B9 AR A5
N.P.Fe B¥kE 474 24.6,1.1 #1 0.2 mg/L A}
PrafAs Y B, O 0. 053 g/Lo HISR 2 7R,
BEE N BRI, LY BA LT B HEE P
WERTH &, BB ETHE TR E S
BE%E Fe WK TR, AW BRI NETHEET
50 A (R AE AR ST v B 91 B P9 349 06 . 3 1k
Z5(P>0.05) . MRZEKFE,PHRENEY
BHEIRK.
2.2 EEEFHEIBMEKERRSENTM
2 N.P.Fe ¥k E 4510 24.6.1.1 #1 0.2
mg/L BT ARG M E B & B, b 42. 16% , 7]
WFZHEE T TR M E - B ks, O 22. 34
mg/L(F 1) MK 2 Fim, lE N WERTHRE,
EAGRESLTHR EIRES (BB EEXE
5 (P>0.05) ;KeE PWREMTHR, EHSEEHN
SLItE THENEH, BB EEER (P>
0.05) ;i Fe WEEHI T, EEH & BRIAN L
TR ER#EE,0.2 mg/L H 5 HAH 4 BA
BEWZSF(P<0.05) . MEZEKFFE,Fe HE
XEA SR RERK, 4 Fe JEHN 0.2 mg/L
i, A SRBR B B B & R AT 36% Ll b, A
A (R 1)
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F1 N.P#Fexfl @K EEYVENEAREXMPERRITELHRER
Tab.1 The orthogonal design and results of the effects of N, P and Fe on the biomass
and protein content of Nannochloropsis sp.

B %/ (mg/L) LR R
Fe N P [ AR/ (g/L)  EASR/% AR/ (mg/L)
L1 4.1 0.2 0.2 0.213 0.026 39.15 10.18
L2 4.1 1.1 0.6 0.304 0.036 30.39 10.94
] 4.1 2.2 1.2 0.302 0.045 30.41 13.68
LI 4 12.3 0.2 0.6 0.256 0.033 26.48 8.74
LS 12.3 1.1 1.2 0.341 0.050 29.46 14.73
LK 6 12.3 2.2 0.2 0.252 0.031 36.12 11.20
L7 24.6 0.2 1.2 0.300 0.038 29.76 11.31
S8 24.6 1.1 0.2 0.335 0.053 42.16 22.34
L9 24.6 2.2 0.6 0.282 0.034 27.55 9.37

3 ifie

ARMBERHMLHEFRLRZ —, EEE
AT 40 B 2H R A, X A B Ak T R RO 8
i, REASLE B L SE A 1 Rl 230 & JR 4
T ERANEAYR(EEREAR) KEET
I, T Sk L P9 R S BR ) o ( B S5 R AR T R )

Mg BFHE T A 3 PR YREE A1
T RARENER SRR EBE R (K
2) , IR, A5 SCHT 2R 19 B I R R R J3E 5 A RE 6t
RIS ERBEAL TR AR BEE RIEWE KT
m YRR HBMEZ IR (R2) , IR TR
TR A AR R 07 T B AR

®2 N.PHFe RMRKELENESEASEIIEALROLE

Tab.2 The comparison of the effects of N, P and Fe on the biomass and protein content of Nannochloropsis sp.

W/ (mg/L) YR/ (/L) Wz BHE R/ % Wz
4.1 0.036 +0. 010 33.32%5.05

N 12.3 0.038 +0. 010 0. 006 30.69 +4.94 2.63
24.6 0.042 +0.010 33.16+7.88
0.2 0.032 +0. 006 31.80+6.58

P 1.1 0. 046 +0. 009 0.014 34.00 +7.08 2.64
2.2 0.037 +0. 008 31.36 +4.36

0.2 0.037 +0.015 39.14 £3.02*

Fe 0.6 0.034 0. 001 0.010 28.14 +2.02 11.00

1.2 0.044 0. 006 29.88 +0.49

e« R RIZERAE 2R B3, P <0.05,

BT TS A R P I S EA R
feiish & B ER FEANBIE S, 2 58
YR A AR B AU S R A BE 3, LU
LZRImMBR L XN . BT BE
OB A SRR A R (EE R
WSRO M K o FEA USRI
BEAMFT el sk Bk B A R AE 5 & B3 3
THeTHRE TR S (R 2) , RISk
MAERMEBRBAR D RIE K BERE (1.1
mg/L)

BEMBEAT RN MEBILR, ROEAE
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FH A0 [ R R IR A P A % 40 B £ R N I 2T
REE AR5, 72 3% 26 S A0 8 J5 o 72 Hh R
BEERTERNIER. BEFEY ™ 5kkiz
T B S PN 4 R R B I IF R R, R AR K
HEBEHEEERN, X Fe’ BE/NT 10 nmol/L
B, V7 Yl B A T ¢ o 0 8 P AR K DA B S R AN
EHEE A Y2 28R, 240F1 000 ~
10 000 nmol/L B 3 A< 1K BI| B {4 1E # A= K MR BE
Y, 2435 %) 30 000 nmol/L B, 4 4% BE B 1) A=
KZBME], AW EBAM . 7EASC 3 PPk B4
BT, EYENHRBEET S MBEHTEEEE
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&, MEASRERSGFM TREIIFEERDE
(%£2), LIV 803558, 78 Fe' WM 1.2 x
10 *FEZE 1.2 x 10 ° mol/L B, /NERBE A K
TREREZR,BRENEERFBEATHEE,
M 11.8% FHE & 56. 6% 47, X M TEIE B T 78
HE B TS & AR A i, 5
A HRIE—3

SRR, HUSRENEYRMER S &
¥13Z 3| N.P.Fe 3 g FRITER WM, ALK
BIRIWCETE N, P X AEYE KWK, MW
Fe X R & &R MK, 2§ NP .Fe ¥k B4
H424.6.1.1 F10.2 mg/L Bt AW &= B FEH
BRYBIER.
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The effects of nitrogen, phosphorus and iron on biomass and protein content
of Nannochloropsis sp.

SUN Chun-xiao, WANG Zhong-quan, ZHOU Quan-li, QIAO Hong-jin, WANG Ji-ying, ZHANG Li-min
(Key Laboratory of Marine Ecological Restoration, Shandong Marine Resource and Environment Research Institute, Yantai
264006, Shandong, China)

Abstract : Nannochloropsis sp. is commonly used as weaning feed in aquaculture, the protein content of which
plays an important role in the growth and development of seedlings of aquatic animals. In this paper, three
kinds of nutrients, N, P and Fe, were tested by orthogonal design methods at three levels on Nannochloropsis
sp. The biomass and protein content were determined at the end of experiment. Results showed that both
biomass and protein content of Nannochloropsis sp. were influenced by the levels of N, P and Fe; among the
range of nutrient concentrations of this paper, P had the greatest impact on the biomass while Fe had the
greatest impact on the protein content; when N, P, Fe concentrations were 24. 6, 1. 1 and 0. 2 mg/L
respectively, both the biomass yield and protein content were the highest.

Key words: Nannochloropsis sp. ; nitrogen; phosphorus; iron; protein content
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