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ERAM BREF UHE AT

(CPEHBZEBEETRAT HS 266071)

RBE T IBIFES—TACFLESEEFRLRAFOEX, 2t A\ TH M 4347 R &
FEREBL . SR T, R al LIEE R b [ B R B B FEREAMAFE K
L] RRFEAE B AR A KW, PR AN E 88%; Bkt ¥ HB AW ER TR, BAFEAE
HNERASYB KL G WERERTFAEXEL, FERAEES. BRAGNALR., U EER
BoR, AR RAHE XN LMK R AR E MR, TSR ER, BER ERAT
BERHE R ERE, BRI T EERBREB KA N ARERERERVEMN.

XKEIA  EH¥E ALFW MRERE B

EHRIET  S968.4

BAKTRALENEERGABEERVWEERNEZ —. FE 80 LI7EEeE B iR
W KPR AR USHEA RGN ER, AL KIBPAH. SHFENRIES
BHGEW EPIBEEAm AR LR E. 830 FERG BRNIMEARIKESSERE
AERK MU EREBENAERET THR. B TRRBRAGHN BB, XEHRERMY
TEEARFERBALRALH THITRIE, BHXEEENTERIBEML R
FARE, VEFEEW KB 3T AR R (ERBEATE, 1989), IRER LR B X R A
V) B A I o ot L AT B L 58, LABA R s X BRI A K R AR IR X R M —
T, R R e 20 SR N T3 A 4 i IR R (LR 22 4 9
1 #RS5A%E

T 19844525 H—7 A7 HEHFSESEX#ITIRKILIE 4 K. KBWTH
5 ¥ 1L B g X R B 3K (Gracilaria lemaneiformis), BN, KE. @F B &K
W, RAEXEEESR, RUBBHMNRY, SHXE T8, BB 5%, 8FEKE
2.3g, BEMEPE 10cm. EHAFEFEKRE L, RFEKT 0.5—1.5mik. KREPMEXHE
RWE R 0.03—0.54umol / L, BEAHRWEE N 0.9—1.9umol / L; /KIBTE 14.9—208C. *#
5 ¥ X e R 26 3R P (6] @R AE ok 40 2B, BD &R R 3d Kb R ER 1 3R U ZE MK BE 8 10mmol / L )
NH,Cl 1& # 7K R UL 1h, SR 58 & B0 /K UE &, B8 1R E i v 3 5% 5 3 BR 40 th[a] B
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BUik. TR —Bf [aab1E 3 S AR B v KR oL 7 AE R xf BR4H, 4 3% 20 48, AHTHEACAL . X
S MAEAEFESESBRARK—K. 86— XAMBRE - RIFUEFEKE,
& $E DeBoer 22 R (198 1) T E A KHEE.

L4k 2 50 H7 B9 RE & T 8] 8K B AR B BE ML EURE, SR B EELDSMT T TR, it 60 B 7
RRA TR P&, SWHEEELRESOCHBPREEESHER., DAMAKRSE
B2 EH Perkin—Elmer 240C T ES X E. EAFRSERBEEATERTH Imol / L
) NaOH $#2 B 24h, R 5% Lowry % (1951) 404, BBKALEYEBEHHH T 80T LU
5% = LB BUS % Kochert (1978) 4 1. WK FHKASY S BEEAER T
75C Lk 80% L BEIR UG & E %k,

MK PR B RN RS B 4 514 BR A XURS 25 (1980) #1 Riddell (1936) I 77 58 E .

2 #]
21 BAFMNEKEE

EBEANABBE, BARNEKEE RN, £iX% T H BAE, P EE B &, &
K, EH—FMYEEHELRELD. EFEFNE-AE Z9EXEEHSRALE
KEFERAEEN NS AR AL KEEFHEE T BRAMNFRFRALERAR
gw., ERBREN. FAMKENER A ANHE, BN KKBHE, HAEHFY HEREN
8.6%, Hxt A M H - HEE 1.2%; BHERAFE X x BAKK 0.5%. £3d 44d K FRE XK,
MEHEAEATFHERMTFYKESETHRAN, EEHh AR T ENESRFYHE
23g WME IR LEHITAY 687g, BRARIBAMWE 321g, B E 88%. FHBEMAK BN g1 I+
FEETHT 19em 2 97cm, AT AR K 26cm.

R ERSEEESHRE, UREFEENRALARL B HHOER (%)

Tab.l Growth rates of G. lemaneiformis in fertilized group and controls cultivated
in Maidao area and nitrogen rich Pier area in Qingdao (%)

BH () 7 13 19 28 35 44 F¥E
EEEXErd 6.3 9.7 12.3 10.4 8.8 4.2 8.6
ERHEXaEA 6.3 8.7 11.3 8.3 8.1 1.7 7.4
B 7 AE X 3 BRAH 10.2 10.4 93 12.6 7.2 49 9.1

22 RARKFABMEL

BAXERR BRESBEAC/ NIWEAMEALEZ 2, BARNEESEE 1.60%—
3.25% 2 8], HE AR A R B 1 T xt R4 s R & B E 28.34%—31.30% Z [8], M AE A i g K T
SE; C/ N HAEHE 9.32—19.56 Z 18], Bk H 5 B E. BAREQR, S8kt
AW B FHRAUAYSEOTUMUARBEAR SR KUY Z LW EARE 3. BEAR
TRV ELMEERANTHEEEARN, FREEHAEARSEEH, £623%12% Z
8], 1 % B8 A B, 7 6.07%—11.7% Z &, —HEEAFHENER, BRAKLEYTEN
AEAL A, iR E BRI , 7E 42.7%—50% 2 18] ; X PR 4 B 5, 7F 44.1%—53.9% Z [d]. &5 F8%
KEYH ARG ERRKEEYHELERE, EXTHIEFELLRR, EEAKK &
2.85%—5.23% Z [8]; *F A B, 7F 3.67%—5.44% Z [i]; BB /KAL & ¥ UK o Fak K4k
AYMEEBRREBARTHEH. £4% | MR IETURE, DA . BHTEAEKRK
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R2 ERHERBESMNRAZAREX(TN). DHSR(TOMC/ NELERELD
Tab. 2 Total nitrogen (TN), total carbon contens (TC) and C/N ratio in fertilized
G. lemaneiformis and in control in Maidao area in Qingdao
% & i X HE AL 46 xR X EA
H# (d)
TC C/N TN TC C/N
I 231 3042 13.17 2.31 30.42 13.17
7 1.84 30.12 16.37 1.69 30.31 17.93
13 3.20 29.82 9.32 3.04 29.42 9.68
19 2.74 29.44 10.75 2.75 30.66 11.75
28 2.39 28.34 11.86 2.00 29.19 14.60
35 1.73 29.34 16.96 1.60 31.30 19.56
44 3.25 28.50 11.80 2.11 29.80 14.19

D BEAMERSBEUTENE RS

R3 RAXEFAR(P). REAUESY (TCHO). B2 FEKkL &4 ER (LMWCHO),
UBREARSEKEEHZLEHTL

Tab. 3 Protein (P), total carbohydrates (TCHO), low molecular weight carbohydrates contents (LMWCHO) and

protein/carbohydrate ratio in both fertilized and control G. lemaneiformis in Maidao area in Qingdao

H 81 (d) &M XREAEA B ig X x A
P TCHO LMWCHO P/TCHO p TCHO LMWCHO P/TCHO
1 8.67 49.6 3.93 0.17 8.67 49.6 3.93 0.17
7 7.36 50.0 5.61 0.15 6.41 49.7 5.44 0.13
13 11.68 43.7 3.30 0.27 11.70 44.1 3.67 0.27
19 10.41 429 5.23 0.24 10.12 449 4.59 0.23
28 8.77 45.5 4.67 0.19 7.32 47.1 5.10 0.16
35 6.23 47.1 5.07 0.13 6.07 539 5.29 0.11
44 12.00 427 2.85 0.28 7.86 44.8 4.14 0.18
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Fg. | Inverse relationship of total

nitrogen (TN) and total carbohydrates
(TCHO) in G.lemaneiformis in Maidao

area in Qingdao

HEYESENTHERTIHEXNXR, IEASER
FRARE, BROK LA S RS RZAR., WHE 1,
3 Wit54H%it
3.1 HEEREEAREKNXER

RBERE R, ZHRARBXEBEKFEAKRELE
£ tumol / L, A7 2umol / L £4, BT RERER
HEX, RAEBEELB I ERREKNREETF.
1 3 6] KR AL, S A TGN AR T &I, (i
AE 20 A 4 5 B bE B2 4 T AR T e X IE X 3 BRI K F
HERBEPESEX S BAEKEFEMNN 1.7%, £ K
BEALTEHRSWHRT, EEATEERRF 42% 8
HKE =EENBAETN 88%. TAX—HHER
DIEREERKPER. MW, F N8R,
R R AN IUE T £ H UL & DeBoer(1979) # Bird
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% (1982) M B sk FE /K RBUS R R &5 R, T H R 5 RREME =GR EF R
£ o 3 AR A RKOAL 22 4H B R
32 AEREREAERARARBHXER

EARBRFIUBWERSENEARSE, EHEHAESBAZEESHANUE, B
FHANRBRBSEHEEERMA. X-ERXW, EEEMERKZGHRERSET, B
AREMEAEFTERATAK HFEAEREFEIRAFE. ERBHE 13K, ERHICHM
BARWETREENEE, ToREERNABKPEHE R RERERYOF R RE
BHRFRIEAMSE. RBEERIR. X AMEHEHEATAK RACHE AT
A BARWE T EKEE., HEHEEERNEMESOED, BEERKREEBAT
BB, ERBEHW MELEKAZE EEARKAANEFBLEAMS, SEASEREYA
BB 54%. X — R AW, B et e B R UR L, 7EH R A KT ENFE B
BEIVRAMEUEHEERNTEE., X—SRMUEBXAFRKIE T HBEM% (1989), Bird
%% (1982). Lapointe % (1979) # Lapointe (1981) 7£ I 37K 4 = 53 VL% /& 5 3 A {E Y 1R 36 45
R.ATAFFEEXBRKEEARRK BARNERPEE, BEXRARAMESHE
Jr, BT A TR T 703k B Bm AL, iE & AN 0 AR B AR, AT DR Bt K™ &,
33 ERMEREREAERKULESWRAMNXR

EARK S, BARNERA. BERR SR KA. K2 FHRKLEWZRFER
MEMXR, XEH, BAERKS FERSRM S ANE KB EARH, mEEH &
BT E, AR, FAARR TR ARG R, S m 4 RS RALe
s MR ZR, MRS RS RBKEEY. ERAREREASERAAR.
X—HREEEEHHIKERBHERE B GEHAE, 1989), X 3%,
DeBoer (1979) B (X 7E FRFALE #) f5 B E B2 LB AL, LRI TRk W E R, iR E
PIEEAEERERHE SAR AR 32%, RABEEGAL T L8 RIK (luxury
consumption) KPR . TEXFF IR T, AT E IEMAE, (4 3k BB RFEE KKKTF, ME
MTBmAKEMBHEMES KRR,
34 XWNERAXEEFREHMKIT

W E AT UESERE A B AN A EFRS, ke A TR 58 E.
SREBERZAEAWKEILTESR. Hanisak (1979) #1 DeBoer (1979) #8482 tH i3 “FUHG F Wk &~
S, AU EREERGHRA. FIUMHIEORER SORBERE 1.8%—20% 4. L
B —tRdE, AREFHIECHEERSEBRAFARE LA THR A EHEANEERR,
BERLATHAEARSE., C/NUEMEARSBKLAMZ B EHARGEREXRRTGH
R. —BIAKN,C/NIWAEE 10 LT, BEAEKARE: C/ NWELE 10—15 ZH, BiEE
R & FF 46 A G A1 (DeBoer, 1981). ZEA KBS, YEESEMKT 19% B, HC/NH
EHEET 15, B AXBMERAERREANABERRS, I RGN A RTHEER
MHEEHRR. Lapointe (198 FHH . ILEMNEAELHSANEARES RN 20%, £ A B
BEEEEEHA. FIEAETH. EARBS, FESABRMNIINEBLA; EEHIH
ATHEAZFEEGC MEEASABELTHARAEAZ TH, BAE2HERE. BHAIRA
R AR AL SR A TR R AU SRS TR R 3R % TR B A B A — Fh O Bk
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KT UEERRAERBREBALEUBEEARKNTE. B, A THFANER
38 B AT B BRAEAE, AT AR B A K B E M.

AR ENTBRUEYERAKIEEGYHNTHERNHANXR, BMERMAGHE
A5 R FERE, AR T KL G B, RE K=&,

MENERERLTREARSTURZFHyEMGIT, BEUEEAEE.C/NK
HEEAIEIR, AT LA E W 05 5 0080 38 1 £ 190 A9 A8 A0 R B 3 A 1T B AR BB SRS
A 18 A 1 E B (8] 5 66 AR 3R .
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EFFECT OF INTERMITTENT NITROGEN FERTILIZATION ON
GROWTH AND CHEMICAL CONSTITUENTS OF
GRACILARIA LEMANEIFORMIS

HUANG Xiao—hang, WEN Zong—cun, PENG Zuo-sheng, WU Chao—yuan

(Institute of Oceanology, The Chinese Academy of Sciences, Qingdao, 266071)

Abstract The effect of ammonium nitrogen fertilization on growth and chemical constituents of
cultured Gracilaria lemaneiformis was studied using the data collected from the Maidao area in
Qingdao from May to July, 1984. The thalli were tied on floating ropes and kept 0.5— Im
underneath the sea surface. The total nitrogen level (NH,—N + NO,-N) in ambient seawater was
0.93—2.44umol / L and the seawater temperatures were 14,9—20.8C during the experiments. For the
nitrogen fertilized group, the thalli were intermittently immersed in the seawater with a NH,CI
concentration of 10mmol / L for 1 hour at 3—day intervals. The samples for chemical analysis were
collected before fertilization. For every 6—9 days, the weight and length of the thalli were measured
and growth rates calculated. The results show that the fertilized thalli had an average growth rate of
8.6% per day, 1.2% higher than the unfertilized group. This growth rate was close to that cultivated
in the nitrogen rich Pier area (Tab. 1). At the end of the experiment, the average biomass of
fertilized thalli was 687g/ rope. It was 88% increase over that of the contrel group. Chemical
analysis shows that there were slightly higher levels of total nitrogen (Tab. 2) and protein content
(Tab. 3) in fertilized thalli, indicating that the absorbed nitrogen was mostly utilized for growth. The
total carbohydrate and low molecular weight carbohydrate contents were slightly higher in the control
group (Tab. 3). An inverse relationship of total nitrogen with total carbohydrates and proteins with
low molecular weight carbohydrates was observed (Fig.1). The accumulation of nitrogen in fertilized
thalli at later periods of cultivation suggests that to halt nitrogen fertilization at this time may help
the accumulation of polysaccharide and increase the output of the agar., For efficient nitrogen
fertilization, different methods for evaluating critical nitrogen point are discussed; the simplest way is
observing the thali pigments variation in order to determine the proper time and strength of nitrogen
application.
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