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RE 1995 £ 5 A—1996 4 3 A, @it — K (54t R L RTFR 7P E REMFA EF
WIS AL A FRBE A R B IR B M AL K T . SRR, TR AR A
T.EAHGE S ENHEBRREEARE SAEKEEEEMRX BKLEYE R Al
BRELIRBESE T AL, SR K o S EERA MK, EBFMBIRM T, BT REK o BOKLE
Y& BABMBIREE 9T E. BKKAYH R RRARE T E, SEABERIEEE
FERFEMESQ N 0.8—09 WEEAREEN, o/hT 08 HRECRE. FHMEFBEMNH
ABREAEITEERD KT - 2R, ERATPHEFEREE N FHAE
T 38 xt A HLBE I B BE 0 B00R, B PR SR 0, 1 5 3 PR .

k@in BN PP HREe BKEESY BHEBIREE S

ERSEST Qo481

TR EYW, BKEFLGTEZ WP UEY A K E R, [ 85 w38 A8 A 1L H R SR
A 4K ¥ R (Goldman er af, 1979; Hunter er al, 1981; Perry, 1976; B4EH%E,1992; 4%
INIESE, 19905 22 AN %, 1996) . A SCGE i IR A Y SE R EHLIUE 3R, e AR K o,
B K AL S 4 LA KW TE B R A 15 4 5 AR AL TR AR, BB R T 3 35 A I NO,-N., PO, P7K ¥
B, e T XEHEARE AR ERMNERERH Z BN XR, URBREFHRBFGT
B P W E Y AE K RE CE BURAE .

1 #MRSH*E
1.1 EFXE

34 B B SR BE (Skeletonema costatum) . 31 H B B (Nitzschia closterium) B AKL
RO R TR . BRRAESOER TR S IKRIEELF (1999). HFHRHEABRAERMY
%4 KM EREIER. HERNE R FHHE,

1.2 MEHE

BERLWE. MREA Cd-Cuit R—ERA-BANAENE. B AT HE 6%

W (HK R, 1991).
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BAMEE. MR EAR B E WP, BEM K a(Chl-o) . AL RERM T 5
A% (0.45mm) ST IE ST B, 90% TH HR ¥ VR IR B, o643 6 6 3% W € (Parsons et al, 1984;
EHREARKER, 1991). BEBKKAEY (CHO). BIALH A A (GF/P) B4 5
KA BB E RN E, &2 U & (Parsons er al, 1984; R K4, 1985),

W B B BE 18 7 (APA): IR T KB L+, DA Tris-HCIZ ih 5 (2 JF K
B pH = 8.2, I AJE K (0.04mol / LBEBRZE — 4, i KB KB %) RS, T 25T K
# K Sh, A NaOH-EDTAB KRS, B AIIMA 4-BRE LB AR R A s e a
R -TRE BT 6, T 510nm WELE. FRAER E MR (U KBrO, KBrift B %47 & K
WHE).

2 SRE5ITE
FTHEREANAZELEERNREREWBRE. EREBHERRKe (&

Rl BRLREFRBNGRE. LRERTEES
Tab. 1 The initial and the ending concentrations of the nutrients in the culture experiments and ¢
NO»-NE W € 1

FHIE&E, Cro.p=182, @ =077 HABHIE, Cro,e=199, ¢ =080
Clox 49 88 160 297 60.4 122 25 6.1 104 187 353 671 127 228
o 055 0.69 080 088 094 097 098 029 042 056 071 082 090 094
Gro ~ - - - - 009 362 158 - - - - = 472 151
Cros 008 009 003 - - - - 002 002 002 - - - -
PO~P¥ W % %
R B &S, CNon=405, ov=09] HARHE, Clon=352, on=071
Chor 009 039 059 116 205 399 799 037 055 073 117 199 357 7.79
o 013 042 052 068 079 088 094 043 052 059 070 080 088 094
Cno, N 7.4 3.1 0.5 - - - - 252 10.5 9.5 8.5 - - -
Cro.-s - - - - 002 002 004 - - - - - 005 008

C. U, C SRR, “— kB E, B4 kumol/L

30r 15 0.8
4L a Chop =182umollL b Clo,n =40.5umollL
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Fig.1 The variation of u and the biochemical factors of S costatum with @y and ¢
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%,2000) MR GE R AT WL 1. WIFR A K3 2 (S, 2000) F1 & 4 4L 45 4R BE FR 1
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Fig.2 The varation of u and the biochemical factors of N. closterium with @n and @p

21 BEUEHRNER
211 BAEHSE o & (Chl-a) NO,-N # Ui L 38 o P #h B B AK Chl-a & B35
NO,-N¥T 4 e B2 38 Jin i 386 0, 53X 55 BB (1997) x4 R 1 3 R B R —B. NO,-NH
MR Z £ BR& Chl-ad M. 4 NO,-NAE X Z A, Chl-o & B & B HEMEBEHE. +
BAEER Chl-«E B TABERKR, TEE o H 0.80—0.94 H97EE A L3, Chl-afk /)
BEARNBKMEN /3. FASHEEERChl-oEHEELFWEREN TEE9, H
0.82—0.90 HIFEE WA, Chl-aFBS5u 2EMXRXA KL, . HE5F KA I BEZHLH
£ (FH%,2000) B —2.

PO,-PE WL b, WA BEM Chl-a & & B PO,-PHI 46 ¥ 5 1 fin i BEAR, 22 4k i@ 52
K. Y PO PHERFEN Chl-afa THRIEEHEE. BEChl-oFB5y HTAHXXE (R
£2), 5EF IR ZHZHHEYHIKE Chl-o & BH A (/0 8%E, 1990) A —8. X
fER—KIEFH LIS PO PERZ A EMHEEEKN K —FIAR, &8 NO-NEMLR
G5 R 41T, 3R Chl-af S BUR NO,-NAEREER W, Y POPRZT BAEKZBIRH
Bf, ATRE B NO,-NAIxt 7 R i 4 ML Chl-a. EXFEMFTFH—HIEL. XBF Y PO,
-P¥E H 7.79umol /LET B A F L% Chl-aF BA P, % PO,-PH A KF 32umol/L
B P B &%, Chl-a& B3k 1.40 X 10 "pg/cell, i REFEBIFFE S HIK Chl-« S ES
WTF BH AT
212 BABRKELAYSTE(CHO)  NO-NEWER+, WHEMRACHO S BEE
NO,-N¥J & ¥ BE 19 A8 (L AR AL, ZEAK NO,-N¥K BE I CHO & BB NO,-N¥R B2 3% Jn i 7t & 3 3%
BB A (PRI B 4B B H 328 345 317 NO,-N¥#K B 2 60.4pmol/ LA 35.3umol /LAY X
BEA), ZEBEK. NO,-N#&ERLH 3K Chl-ofR1K, 64 1F A # 55, CHO 5 B
b, BiE NO-NWKEF & Chl-o & BFH M CHO & R E M, B NO,-N{AF R Z CHO &~
BAREANHENEYRNEARSMHA R, B NO,-NWKE 24838 n, b4 £ RH
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CHO 7] K B ¥ AL T PR 1K

PO,~P# L 56 h B 4k CHO B PO,-PH1 8 ¥k B AL U LB 4y, PO, PV B IR B F
F 40 M Chl-a %2 &, Ot & 4 B CHO & T & & # i (Fogg, 1975). B PO,-P¥E H &,
CHO B KBt # LT 1B TR B FRIEENMEME, LRI EARCHOSBEKLET
NO-N#MXH. CHO S B 5y BNMHEXRE (R 2).
2.1.3 BB IE /1 (APA) ERERE H PO,-PA B Bt vl | Fl — R 4r v f A #L
B, —LBERREFRTESN MR W BEREEHI/E A T KA PO, P A A (Perry, 19765 it
TEHE%,1992) . ASCH M TEBERRES T S (APA) 2 S0 i 18] P A5 N 9 40 K 8 4 8 PO,—P
MR, R B AR A VLA HEE 1. APA AR ETHBEA R R,

PO,-PE M LK H, 5 PO-PHIMREE B H o APA HRFFE—RMWEEHEH. WHE
WEER, PO, PRE, Bk APAF AR,  BURAABRANHRRLEKTE.
B ibs, PRI E & H APA S5 EAE —BM A BRX R, T E 2b 1 E PO,-PHKkE %
57 H 32T 3 APA FHi oy BEAR A BT 4R BT (PO,-PEVEAEE 2), W H A Z L E A A
BRANMBRNDIHERENERKER, I RLEAABERANBRNE IR P E KR
i,

NO,-N#Z M K, ¥4k APA B NO-NEIHG K BT+ ‘W FH i, Rk T PO,~PHI XS R &
MERERMEEHER. PALR D APA G FRERXXE (X 2).

R2 FHEVESELUERSERKER WHXE
Tab. 2 The relationship between the biochemical factors and u of the phytoplankton

NO;-NI 1 % 3
EICES BAZERE
Chl-a=—11.4+31.9u r=0.91 n=1 a<0.01  Chl-a=3.85+4.30u r=0.85 n=1 <00l
APA=—1.08+3.464 r=0.89 n=7 a<0.0]  APA=-0.49+12.7u r=0.74 =1 a<0.05
PO PR L 1
RGeS FAELR
Chl-a=16.7-21.0u4 r==099  n=7 a<0.01  Chl-a=7.63-10.1u =—083 n=6  2<0.01
CHO=64.6-91.4u r=—098 =6 a<0.01 CHO=10.1-18.1u =-098 n=6  a<0.01
APA=3.17-4.77u =—093 =7 a<0.0l APA=243-73.54 =-098 n=5  a<00l

22 EFRAKFEHEENIEFREUHXER

UEFRERFFERARRo FAERKFNERUSE REB 1.2, HEEL1H
NO,-N.PO,-P IR, 0 T o SREMEIRRUH KRR, ERFMEIIARL 3+,

B 3 A, AP BETE AR . AR &, BEFR . SRR WA E FFRET &£ IRH
BACFFIE R A, KERUN o o, HHREARTT. TE o (6B IR B AR e R H S B X
8] & ISR AL IR K. BHRE, Loy o, FT 0.8 KR FRATIE A #1 b7 & BEBR &
X5 R

BEAL, P B A AL A AR R A S R B iy T & B R R A LB A £ R 51
. R A RO RE A0 BT, SRUPR R xof R D BT A 3R T S B R CRE A (%
BRSE, 1999) MM A A HLBERE 77 85k , B BR B xR w8/, 0 55 2 B AR .
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Tab. 3 The relatonship between the biochemical factors and the nutrients limitation coefficients

o %k E BABERER
on <OS0EME 1. HFREPOPHHHFR on <0B2EME 1. FAEEENSPOPREENR
2. Chi-a & FHEEKE B, on < 0.56/5 PO~PH LR A&
3. CHOH Chl-a 7T /2 Bf o /b i 2. Chl-g 4 FHEZ &M
B (on=0.88) T FE 3. CHOREAZ AR B ARE
4. APARK 1, 5 B o B/NE Chl-a &2
[T
4. APASUE
ox>090F A 1. HFBNO-NT BLFA& o> 090BER 1 BHEBNO-NH B4
2. Chi~ufb TR B ML & 2. Chl-ab THREHEIFHEAR
3. CHOHE B B %4, B on H 3. CHOE B R 2 M 4, B on =0.71
IR 1
4. APAEHPO—PHIxt R 2T F 5 4. APAEPO~PHI 3 A 21 F &
o <0.80BEPRE | HFEMPPO~PIEAET L, APA o <088BEMRE 1. HEFHFBFPOPHFET L. APA
a1 FE
2. Rl R R xR ML BE TT 3R, 2. B ABERAEIBRHENR
TE gr < 0.52JENO-NA H HF| 3%, EPOPIERE T 2 R NP
£ BB K%, B g < 0.70/5NO-N
3. Chl-u¥fi pv B AKIT £ FH ) BT A
4. CHORE pr AR L 3. @p <0.70/5Chl-aFF i LF
4. ¢p <0.70/5CHOF R L H
or >0 80BERI A 1. KSR PPOPHELE R or > 0.88BEEI AR 1. KM PPOPHHM &
2. Chl-af 4+ 3 5 40 Mg 5 BB 2. Chi-aHAEKEREAEEE M
BAK BE T R REHK W LA RS
. CHOBE % ki M1k 3. CHOR B B2 i I+
3. MPO-PY S AN oA B4 4. APARE
AF, Chl-att 3 L7 # %, CHO
WHTHE
4. APARIK
3 HiE

31 BRIKTFEmFHEY K AELHLMLE. BEKPHEE  FEZANEREE
VAU EYITENARRTRE o B, ERRERMET, BETREK o THBRK.
BAKMEYEREEREMAS HERTER o R AL MR, BMEBMRETE I HE
X FERTIRAR., EBREKAET, BATEE o KLY I BNBIERREE 1Y
Ftm. BoKALE Y BUR BOR R B 2 %

32 XEFHAKTHER, FHEEYECARNELSERERAEDLEXR. AR
FIRGT HEE SEANBURRBENSERKREREEMX, BRZHET, HRE
a. ARG YE R, BRBUERIMEEE N 5 KERE NTHEX,

33 FWHHEYEEAER EEEERERHERR LK Mo, N 08—09 MIEBHAN XER
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ET, 9> 09 BERRRK, ¢ < 0.8 TINEREFHRERE.

34 TRIBEAEMPAZEREMEEEREKFNELE —EEF, HRELEIRN
T KB HTEBEFET AR, T8 T & R85 R R B8R, KR H x %
W B2 /) s B A 32 1 B o B B R MR SO o A ALBE A A BE D B3R, BEER 3 K e B, T 5
ZRARHFRH.

3 % x W
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EFFECTS OF NUTRIENTS ON SOME BIOCHEMICAL
CONSTITUENTS AND PROPERTIES OF SKELETONEMA
COSTATUM AND NITZSCHIA CLOSTERIUM

LI Tie, SHI Zhi-li, LI Jun, ZHANG Jin-liang

(College of Chemistry and Chemical Engineering, Ocean University of Qingdao, Qingdao, 266003)

Abstract Variations of some biochemical constituents and properties of the two marine diatoms
Skeletonema costatum and Nitzschia closterium with nutrients concentrations of culture medium, and
their relationship with growth rate are studied in batch culture from May 1995 to Mar. 1996. The
biochemical factors include chlorophyll-a, carbohydrate and the activity of alkaline phosphatase.

The results indicate that the contents of chlorophyll-a in the algal cells are mainly influenced
by nitrate, and the contents of carbohydrate are obviously affected by chlorophyll-a. Under the
condition of nitrogen limitaton, the contents of chlorophyll-e and the activity of alkaline
phosphatase in the algal cells are low and are positively correlated with relative growth rates (u).
The content of carbohydrate in the algal cells increases accumulation, then decreases because of the
low contents of chlorophyll-a. Under the conditions of phosphorus limitation, the contents of
chlorophyll-a, carbohydrate and the activity of alkaline phosphatase increase and are negatively
correlated with y. Carbohydrate accumulate more than that under the condition of nitrogen limitation.

The biochemical factors vary distinctly in the range of ¢ from 0.8 to 0.9. It is surplus when
@ > 0.9, limited while ¢ < 0.8,

The biochemical factors of the two species vary differently with nutrents. S. costatum’s uptake
ability of nitrogen is high so mnitrogen limitation has litde effect on it. The uptake ability of
phosphorus and the ability of utilizing organic phosphorus by N. closterium are high, and it is
affected little by phosphorus limitation, but is likely to be influenced by nitrogen insufficiency.

Key words Nutnents Phytoplankton Chlorophyll-a Carbohydrate The activity of
alkaline phosphatas
Subject classification number Q948.11



