
; 自印自海類
Reprinted from

再于 II 緝號 : 17

Reprtr.t No.

圓圓

VJ
S
祖

月U
可

aEEa

門
U

門
UV2,HU

們rFL門
UTI--anuVLnu

門
UTdauwnb且

》nu且
已
司

nraTJ且
UW.-humi

1989187-193,pp.Val. 37,

自
》-huaBL-ZLnued�-�-W�"nua

可

EEEaDh
、
什UM

血
】HUT--a+Lnbnu且

】gonuwrL
多
tA.

.
句�nuvdhu

自
M-un4d

+
』
包

們
wa-HU自

UW

&E
圓"

兩
AM

F
‘+L

.
可
』a

M
川

red alga Gr:ac 斗.acia tenuistipitata var .liui

n-Ta
心,LghH

n
μ44.?41.HnunuHUM

�-Så

a..Tiu-AUnu
2
叫mz-

們
“

司a
E
可

BA--hunugbnua
》ungbRUHU門uvv

‘

實氣缺乏條件下 Gracilaria tenuistipitata var. liut 的硝酸鹽岐收

江永棉﹒林俊亮

國科會補助計畫攝號 :

NSC-76-0209-BOO2a-02

一 215 一



 



nyoOAMJ-AU
而/-rekumρbtnyequ

n
‘
J

n
可Jl弓JOOl匈

/qJ)4luvaAO
F
δ(OCVJ.npa

冒

EJ
nny--J

Nitrate uptake by nitrogen-starved plants of the red alga Gracilaria

tenuist 學 it, α ta var. liui

Young 品1eng CHIANG and Jiunn-Liang LIN

Institute of Oceanograp 紗 , National Taiwan Universi 紗"
Taipei, Taiwan, Rep. of China

CHIANG, Y.-M. and L 肘 , J. - L. 1989. Nitrate uptake by nitrogen-starved plants of the red alga Gracilaria

troUtst ψ atata var. liui. Jap. J. Phycol. 37: 187-193

Nitrate-nitrogen uptake by nitrogen-starved plants of the red alga Gracilaria trouistipitata var. liui ZHANG

and XIA (formerly called Gracilaria verrucosa) was studied under 25 combinations of temperature (10, 15,20,

25 and 30 � C) and salinity (10, 20, 30, 40 and 50%;;). The plants assimilated all NO)" (200 μM) in the

medium within 24 hours at the combinations of 15 吧 ,20 吧 , 10%;; and 20%;;, but the uptake was slow at

loweI":temperature (lO � C) and at higher salinity (40 and 50%;;).

Nitrate uptake by the plants in. the
“

light" and in the
“

dark" was almost the same during the first 6 hI",

but afterwards, the plants in the light assimilated nitrogen much more rapidly than those in the dark. The
“

light" plants assimilated all of the NO)" (200 μM) in the medium within 20 hI" and continued the assimila-
“

"tion in a new medium. In contrast the - dark" plants assimilated NO)" slowly during the first 24 hI" and stop-

ped the assimilation in a new medium. The basal segments of the N-starved plants absorbed more than

80% of NO3' (200 μM) in the medium within 24 hI", whereas the apical segments absorbed only 40% of it

Key Index Words: Gracilaria-Gracilaria tenuistipitata var. liui-Gracilariaceae-nitrate u,戶 take-
Rhodop 妙的 -sea 曲 eed cultivation.

Gracilaria is a marine red alga which has

been studied extensively because of its com-

mercial value as a source of agar, its. impor-

tance in diet, and its increasing demand in

the cultivation of the sea abalone (CHIANG

1981, EDWARD et al. 1982, CORDERO 1984).
Previous studies have shown that the growth,

agar content and its quality of this alga may

be limited by the amount of available

nitrogen and the rate of nitrogen upt 羽毛e also

can be limited by a variety of environmental

conditions (DEBoER et al. 1978, DEBoER

1979, WANG and YANG 1980, BIRD et al. 1981,
1982, BIRD 1988, LAPOINTE 1981, LAPOINTEet

al. 1984a, b, FUJITA and GOLDMAN 1985,
ROTEM et al. 1986). Those kinds 'of informa-

tion are most useful for purpose of Gracilaria

cultivation. Accordingly, we initiated the

present study to examine the effects of salini-
ty, temperature and light on the uptake of

NOi of Gracilaria tenuistipitata var. liui ZHANG

and XIA (formerly called Gracilaria verrucosa)

which has been cultivated extensivelv in

Taiwan (CHIANG 1981).

Materials and Methods

Vegetative plants of G. tenuistipitata var. liui

were collected from an aquaculture pond at

Anp 泊 , Tainan, Taiwan.

Plants of about 5 kg (wet weight) were

grown in a flat-bottom concrete tank

(2.0 m X 4.0 m X 1.0 m) for 3-4 weeks in

unenriched running seawater (about 1.5

volumes of seawater were exchanged per day)

until the plants became pale straw-yellow in

color, which is indicative of a nitrogen defi-

ciency of the plants (RYTHER et al. 1981).

Ep 伊句 tes removed

Before each experiment, nitrogen-deficient

Gracilaria were cleaned to ensure that all of

the nitrogen from the medium had been

assimilated by the Gracilaria plants only. The

procedure used for cleaning the plants was

based on the technique of BIRD (1976). Hav-
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ing removed sand and epiphytic algae, the

plants were immersed for 30 seconds in a

sodium dodecyl sulfonate seawater solution.

The fronds were then transferred to a 0.001 %
(v/v) formaldehyde solution for 30 seconds,

whereupon they were rinsed twice in sterilized

seawater.

A 戶戶aratus

Experiments were carried out in a growth

chamber at 10 � C. For cultivation of the
fronds, 500 ml Pyrex flasks were used and

they were kept in glass-made aquaria

(60 cm X 30 cm x 36 cm) with water of 間 ,

quired temperature which was controlled with

LAMYCON 500 DX IC Controller ther-
mostat. Water in the aquaria was well mixed
by bubbling with compressed air. Irradiance

was provided by cool-white 40-W fluorescent

lamps at 120 μE m-2s
一 1

Preconditioning thallus

Prior to each experiment, cleaned thalli of

5.0::!:0.2 g wet weight were preconditioned by

incubation in 500 ml flasks containing steri-

lized seawater at the required salinity and tem-

perature under an 11 : 13 hr photoperiod and

a light intensity of 120 μE m-2s-1 for 7 days.
Each experimental condition w

duplicate and all experiments were repeated

once.

Nitrate was measured according to

STRICKLAND and PARSONS (1972). C/N
values of the plants before and after each ex-

periment were determined with a Perkin-

Elmer 240 elemental analyzer.

A modified growth medium SWM

(McLACHLAN 1973) (lacking soil and liver ex-

tract, S-3 vitamins and NaNO3) was used.

Salinity was modified by dilutions with distill-
ed water or by concentration of seawater by

heating and was corrected for evaporation

every other day during the experiments. The

pH of the medium was adjusted to 7.5.

as

Experiment I: Effects of temperature

salinity on NOi uptake
and

Combinations of temperature (10, 的 , 20,

25 and 30 � C) and salinity (10, 2030, 40 and

一 218 一

50%;) were used.

Preconditioned thalli of 5.0 士 0.2 g (w 哎
. weight) were inoculated into each flask con-

taining 300 ml medium which had 200 μM
NOi and were grown at the required condi-

tions. Every 24 hr, over a 6-day period,

water samples of 1 ml each were withdrawn

from all cultures and analyzed for NOi con-

centration. In addition, water samples were

also taken from a flask without seaweed to

determine any other loss of NOi occurring.

Experiment II: Effects of light and darkness

on NOi uptake

The thalli which had been preconditioned
for 7 days under conditions of 15 吧 , 20%;,

11 : 13 hr photoperiod and 120 μE m-2s-1
were incubated in four flasks each containing

300 ml medium with a level of 200 μMNOi.
Each flask contained thalli of 5.0::!:0.2 g (wet

weight).

Two of the four flasks were wrapped with

aluminum foil and then enclosed in a light-

tight container. Then both sets of cultures

were returned to the same conditions as those

of the precondition, except that 24 hr illumina-

tion was provided, instead of 11: 13 hr

photoperiod. Water samples were taken

from each culture eve 叮 2 hr over the initial
24 hr to determine the level of residual NOi.

After 24 hr, the medium of all cultures was

replaced with fresh medium, and the experi-

ment was continued for additional 6 days.

Every 24 hr, water samples were taken from

each culture to determine the NOi concentra-

tlOn.

Experiment III: Uptake of NOi by the apical

and basal segments

Thalli were treated for 7 days under the

same conditions as those in Exp. II and were

cut into two portions (apical and basal) of

segments, each measuring 3.0 cm and

weighing 5.0::!:0.2 g (wet weight). Then the

segments were inoculated into 300 ml

medium with 200 μM NOi and were grown
under the same conditons as in the previous

culture. Every 2 hr, the concentration of

NOi in the culture media was measured.
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Results

Experiment I
No measurable amount of NO:) was lost

from the flasks without plant. Thus any loss

from the flasks containing the Gracilaria could

be assumed to have been due to assimilation

by the algae.

As shown in Table 1, the thalli grown in

the combinations of 15
� C, 20 � C, 10%;; and

20%;; assimilated all of NO:) in the medium

within 24 hr. In general, plants grown III

lower saliriities (1 0-30%;;) assimilated NO:)

more rapidly than those grown in higher

叫 inities (40 and 50%;;). Those grown at 15-

25 � C absorbed 85-100% of the NO:) within

4 days. However, plants grown at 10 and

30 � C assimila 叫 NO 于 more slowly than

those grown at other temperatures regardless

of the salinity.

Experiment II

The results (Fig. 1) of this experiment show-

ed that NO.] uptake in the
“

light" and in the

"dark" was essentially the same within 7 hr

after the initiation of the experiment. After

7 hr, however, the plants grown in the
“

light"

began to assimilate more NO 于 than those in

the
“

dark". For example, after 20 hr the
“

light" plants had assimilated all NO:) in the

Table 1. Uptake (% of initial concentration, 200 μM NOn of nitrate-nitrogen by nitrogen-

starved Gradlaria ttnuisl� 戶 ilala var. liui at different temperatures and salinities

Temp
( �C)

Sal
(%;;) Day 0

nul

nUAUAUAUAU

'A
何
Fh

句

JAT

民
J

0.0

0.0

0.0

0.0

0.0

15

AUAUAUnv

《U

'injh

。

JATe3

0.0

0.0

0.0

0.0

0.0

20

hununununutinr-qJATRJ

0.0

0.0

0.0

0.0

0.0

2 另

nunuAUnvn

吋

-i

舟,
甸
甸

JA
勻

,HJ

0.0

0.0

0.0

0.0

0.0

30

nUAUAUAUAU

�-�-Qg,
甸
甸

3AYF3

0.0

0.0

0.0

0.0

o. 。

Day 1

16.2

26.3

30.9

8.6

1.8

100.0

100.0

54.2

40.0

26.2

100.0

100.0

38.7

24.2

18.3

72.8

64.3

34.4

16.5

10.8

18.2

29.8

24.8

11.6

10.4

Uptake

Day 2 Day 3 Day 4

30.1

37.3

47.5

26.6

18.9

64.9

72.5

62.0

44.2

32.6

75.9

83.5

71.9

58.7

42.8

87.0

79.3

48.4

92.5

88.5

49.6

100.0

100.0

71.2

53.2

42.9

31.0

74.0

58.7

45.5

85.8

62.8

58.4

86.9

79.3

43.5

23.7

22.0

100.0

89.6

63.5

46.5

40.8

100.0

84.9

60.2

58.1

34.6

40.5

36.5

20.6

18.7

44.0

63.8

49.4

32.6

31.1

78.0

87.9

69.4

54.8

49.4
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Fig. 1. Decrease of nitrate-nitrogen in the

medium due to the uptake by nitrogen-starved
Grac 均 Tla tmuzs 呻叫a var. liui in the light (一 ) and in

the dark (一)
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Fig. 2. Changes of nitrate-nitrogen in the

medium due to the uptake (or release) by Gracilaria
terzuzstz 戶的 ta. var. liui in the light (一 ) and in the dark
(一 ) after the materials experienced the same condi-

tions as shown in Fig. 1

medium, whereas the
“

dark" plant had
assimilated only 65%. In addition, Fig. 2

shows that plants in the light continued to

assimilate NOi from the fresh medium while

those in the dark actually lost some of the

previously assimilated NOi to the medium.

Ex 戶eriment III

The results of this experiment shown in

Fig. 3 indicate that segments of the basal por-

tion assimilated about 80% of NOi in the
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Fig. 3. Uptake of nitrate-nitrogen by the
apical (一 ) and basal (⋯ ) segments of nitrogen-
starved Gracilaria tmuistipitata var. li,

medium within 24 缸 , whereas those of the

apical one assimilated less than 40% of the

original concentration. However, segments

of the apical portion increased their wet

weight and produced more new branches

than the basal segments after 7-day cultiva-

tion (unpublished data)

e
Discussion

Earlier studies (LAPOINTE and RYTHER

1979, RYTHER and HANISAK 1981) on the

culture of Gracilaria have shown that healthy

plants can lose their dark reddish-brown color

and become pale-yellow when they are held

under very low NOi concentrations. The

change in color is indicative of nitrogen defi-

Clen 句 , with C/N values changing from about

6 to nearly 30, after stocking in the tank with

unenriched running seawater. Plants used in

this study indicated a change in color from

dark reddish-brown to pale-yellow, while

C/N values increased from about 5 to 15, in-

dicating nitrogen deficiency

Rapid N-assimilation by N-starved
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Gracilaria depends upon carbohydrate

reserves (RYTHER et al. 1981), which in turn

are affected by temperature and salinity

EHRKE (in GESSNER 1970) found that

photosynthetic rates of Fucus serratus,

Plocarnium cocconeum and Enteromorpha compressa

were higher than respiration at lower tempera-

tures � 20 � C). In this experiment, the N-

starved Gracilaria growing at 15 and 20
� C

assimilated NOi more quickly than those

growing at 30 � C. This could be due to the

rate of photosynthesis of these plants ex-

ceeding that of respiration, thereby increasing

their carbohydrate reserves during the precon-

ditioning period. Therefore they may have

been able to assimilate NOi more rapidly at

the expense of carbohydrate reserves. On

the other hand, a
beyond the optimum range for growth of the

plants, the rate of respiration exceeds that of

photosynthesis (EHRKE in GESSNER 1970),

thereby reducing the carbohydrate reserves.

This may explain the slower assimilation of

NOi at 25 and 30
�C than at 15 and 20

� C.

The low uptake rate of NOi at lOoC might

be due to the slow metabolic rate of the plants

at this temperature.

HUANG (1980) found that G. tenuistipitata

var. liui showed the highest photosynthetic

rate at 鈞。 C in salinities of 10-20%; and that

the rate decreased as the salinity increased

from 20 to 50%;. These findings agree with

our present results that plants can assimilate

more NOi in lower salinities (1 0-30%;) than

in higher ones (40-50%;). These results sup-

port the observation of GESSENER and

SCHRAMM (1971) that although both photosyn-

thesis and respiration decrease with increased

salinity, salinity affects more photosynthesis

than respiration.

RYTHER et al. (1981) found that N -starved

Gracilaria assimilated more ammomum-

nitrogen following exposure to daylight than

did plants held in the dark, and showed that

N -starved macroscopic algae can assimilate

nitrate in the darkness, as can microalgae (cf.

SYRETT 1962). The same phenomenon is also

shown in our study on the assimilation of

nitrate-nitrogen by N-starved Gracilaria (Fig.

s

2). The plants in the
“

light" and in the
“

dark" showed no substantial di 叮erencc In

the uptake of nitrate-nitrogen during the first

six hours of the experiment. This observa-

tion suggests that the carbohydrate reserves In

both plants were almost equal at first

However, the
“

light" plants were able to

maintain or increase their carbohydrate con-

tent due to photosynthesis and hence were

able to continue NOi assimilation under

light condition. On the other hand, the
“

dark" plants continued to deplete their car-
bohydrate reserves and ultimately began to

lose the ability to assimilate NOi ﹒ Rapid N-

assimilation by starved algae depends upon

carbohydrate reserves and ceases when those

reserves are depleted (SYRETT 1962). In their

study on two red macroalgae, D'ELlA and

DEBoER (1978) found that decreases in

nitrogen uptake rates occur m response to

nitrogen satiation of the seaweeds. This was

also true for G. tem 山 t伊itata var. liui when the

medium of both the
“

light" and the
“

dark"

was replaced with fresh one after 24 hr. The

plants in the 可 ght" continued to 的 similate

NOi but at a slower rate, and only 72% of

NOi added was assimilated after 6 days in
contrast to 100% in the first 24 hr. Plants in

the
“

dark" did not assimilate any NOi, but

actually lost some.

The color of the basal portions of the plants

used in this study was generally slightly

darker than that of the apical ones, suggestmg

that the basal region had more pIgment

available for photosynthesis than the apical

ones. This appeared to be the case as the

photosynthetic rate of the basal portion was

almost 1.5 times higher than that of the apical

one (unplished data). ROSENBERG and

RAMUS (1982) found that N-starved plants use
;troO"f'n source for cellplgment-protelh as a nitrogen source

division, and since cell divisions are usually

more active in the apical part than in the

basal part of a plant, the apical parts would

tend to lose their pigments more quickly than

the basal ones. This was confirmed when the
apical segments produced more branches

than the basal ones after 7 -day cultivation.

In conclusion, our findings on the condi-

- 221 一
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tions for nitrogen uptake by nitrogen starved

Gracilaria could be helpful in choosing time

for adding fertilizers to Gracilaria ponds.
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江永棉﹒林俊亮 : 窒素欠乏集件下 lζ置力、机走紅藻
GraciZaria tenuistipitata var, Zi 叮叮硝酸墟吸收

紅藻C命7悶a叫C口t向l仰a叮n均α len叫lJ.!S叫IIψ t叫ala var. liui ( 從來 Gracilaria verrucosa 主且于 u:.tt 元也仍
) 全窒素欠乏海水中已置 L 、元後 , 溫

度 5 段措 (10, IS, 20, 芯 ,30 � C) 主極分 5 段階 (10,20,30, 刊 , SO%;) Z- 組合 }y-lt t -: 2 S 仍朵件下℃硝酸態蜜素仍吸收老

調心元。 ISoC 及 (f 20 �C 左 10%;; 及 (f20%;; 仍組合 b-tt-C'v 土 24 時間以內 t乙培地中 tJ) NO," (200 μM) 比全τ吸收主才 L

允系 , if£ 溢 (lO � C) 高墟分 (40 及。:'SO?O(;) 下 ...c� 主吸收 t 主運力 '0 元。倘酸態窒素 tJ) 吸收 t 土初的 tJ)6 時間比明采件下一亡

也暗香』件下可? 也笈、句 v1 拉力 '0 允斜 , 司�tJ) 後仗 , 明采件下 tJ) 藻体 tJ) 方力 h陪余件下 tJ) 藻体止。 ;急速扭吸收女示 L 允。

明采件下仍讓体 t 主 20 時間以內 t之培地中間
) NO] - (200 μM) 安全τ吸收 L. 新 u' 培地位移寸主主 !?v:' 吸收全統付

t-: 。之 tu 乙持 L. 精采件下η藻体 �1 初 /J6 tJ) 24 時間 t 土 NO3- 堂。司〈句吸收 L. 新 u' 培地ι移才主吸收全停止

Lt, 斗。窒素欠乏藻体仿基部并 \:1:. 培地中 IT) NO, - (200 μM) tJ)80% 以上空 24 時間以內ι吸收 L 允泌 , 先揣部并 l 土 b

f/)'40% 女吸收 L 元吃 Vt-c' 志丹允。 ( 台灣台北市固立台灣大字海洋研究所 )
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