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Abstract    Effects of temperature, salinity and light intensity on growth rates of Gracilaria lichenoides 
and G. tenuistipitata var. liui Zhang et Xia were tested. Eight to ten levels of each factor were first tested 
separately. The best growth rate was obtained under the conditions of 32°C, 30 and 240 µmol/(m2·s) for 
G. lichenoides, and 24°C, 20 and 200 µmol/(m2·s) for G. tenuistipitata, respectively. Then a uniform 
design was used to evaluate the optimal combinations of the three factors. The best conditions for the 
highest daily specific growth rates (% increase in wet weight) are determined to be 31.30°C, 32.10, and 
287.23 µmol/(m2·s) for G. lichenoides (16.26%/d), and 25.38°C, 21.10, and 229.07 µmol/(m2·s) for 
G. tenuistipitata (14.83%/d), respectively. 
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1 INTRODUCTION 
Macroalgae are very important and commercially 

valuable resource for food and pharmaceuticals. 
Historically, seaweeds were harvested from natural 
populations. The increasing food demand has led to a 
dramatic growth of the seaweed industry since the 
20th century (Capo et al., 1999; Yang et al., 2006). 
Species of Gracilaria are the most important ones 
among the macroalgae, because of their high yields 
and commercially valuable extracts (Liu, 1989; 
Troell et al., 1999; Sajid and Satam, 2003). 
Gracilaria species are distributed worldwide, but 
grow mostly in tropic and subtropic sea waters. 
There are more than 100 described species in the 
genus (Bird and McLachlan, 1984; Liu, 1989; Fei et 
al., 1998). Some of them have several good 
characteristics (rapid growth rate, high yield and 
asexual reproduction) for cultivation, such as G. 
chilensis, G. tikvahiae, G. tenuistipitata var. liui 
Zhang et Xia, G. lemaneiformis, and G. eduis (Fei et 
al., 1998). In China, more than 30 species have been 
recorded, and cultivation of Gracilaria started in the 
1950s (Liu, 1989; Yang et al., 2006), with G. 
lemaneiformis, G tenuistipitata var. liui, and G. 
lichenoides being the main species (Liu, 1989; Fei et 
al., 1998; Yang et al., 2006). G. tenuistipitata var. liui 

Zhang et Xia has widely been cultivated in south 
China (Liu, 1989) with well known culture 
techniques (Liu, 1987; Wu et al., 1994; Chen and 
Zhang, 1999). Many studies have also been 
 conducted to understand the ecology (Yarish and 
Edwards, 1982), physiology (Jones et al., 1996; 
Patricia et al., 1997, 2002; Liu et al., 2000; Liu and 
Dong, 2001; Coll et al., 2004) and genetics 
(Hagopian et al., 2004) of the species. 

In this study, we tested the effects of water 
temperature, salinity and light intensity on the 
growth rates of Gracilaria. lichenoides and G. 
tenuistipitata var. liui Zhang et Xia, and compared 
the adaptabilities of the two species to the three 
environmental factors to understand the basic 
biology of G. lichenoides. Our results also provide 
useful information for the development of better 
culture techniques. 

2 MATERIALS AND METHODS 
2.1 Maintenance of Gracilaria 

Gracilaria lichenoides and G. tenuistipitata var. liui 
                                                        
* Supported by the 908 Special Program (908-02-04-07), the National 
Basic Research Program of China (973 Program, No. 2006CB400608), 
and K. C. Wong Magna Fund in Ningbo University 
**Corresponding author: xuyongjian@nbu.edu.cn 



No. 2           XU et al.: Effects of salinity, light and temperature on growth of two species of Gracilaria 351

Zhang et Xia were collected from Dongshan Island, 
Fujian, China and transported to Ningbo, Zhejiang, 
China where the laboratory studies were carried out 
(Fig.1). The healthy algal thalli were selected, rinsed 
with sterilized seawater (25) to remove epiphyte on 
the surface, and then transferred into an isotherm 
(25°C±0.5°C) incubator (220 L) and incubated under 
cool-white fluorescent lamps at light intensity of 
120 µmol/(m2·s) with a 12 h light : 12 h dark cycle. 
The incubator was agitated 4–6 times every day and 
the following nutrients were added into the culture 
media every 3 days: 100 μmol/L of NaNO3-N; 
8 μmol/L of NaH2PO4-P. The nutrient enrichment 
was stopped 1 week before the experiment. The algal 
thalli removed the caulis was divided into 0.1–0.5 g 
filaments for a series of experiments. 

 
Fig.1 Effects of temperature, salinity and light intensity on 

growth rates of the two Gracilaria species. 

2.2 Uni-factor trials 

The effects of three individual environmental 
factors (water temperature (T), salinity (S) and light 
intensity (L)) on specific growth rates (SGR) of the 

two Gracilaria species were investigated using batch 
culture (n=3). The influence of each factor was tested 
for different levels as following: nine salinity levels: 
0, 5, 10, 15, 20, 25, 30, 35, 40; eight water 
temperature levels (°C): 8, 12, 16, 20, 24, 28, 32, 36; 
10 light intensity levels (μmol/(m2·s)): 20, 40, 60, 80, 
100, 120, 160, 200, 240, 300. Triplicate 500 mL 
flasks were setup for each level with 400 mL media 
and 0.500 8 g±0.010 6 g fresh Gracilaria added into 
each flask. We also added 1 mL of 2.5 mmol/L 
NaHCO3 (final concentration was 6.25 μmol/L) into 
each flask to avoid carbon limitation. The flasks were 
kept under cool-white fluorescent lamps at light 
intensity of 120 µmol/(m2·s) with a 12 h light:12 h 
dark cycle.  

2.3 Uniform trials 

Ideally, a design for large scale cultivation should 
be used to test the effects of multiple factors and their 
influences on the growth of the algae. Unfortunately, 
factory design often requires a large number of 
experimental units which is difficult, if not 
impossible, to accommodate. To overcome this 
challenge, Fang and his colleagues (Fang, 1994; 
Fang et al., 2000) proposed a “space filling” 
experimental design, the “Uniform Design”, in 
which a subset of combined levels of the factors that 
are uniformly scattered on the experimental domain 
are selected and tested. Then a regression analysis, 
based on the results of the Uniform Design, is used to 
predict the optimal combinations of factor levels and 
the resultant outcome.  

Based on the results of the uni-factor trial, we 
selected 10 levels of salinity, temperature and light 
intensity within the suitable range of growth for the 
Uniform Design trial (Table 1). The uniform trial 
design table (U11 (1110)) and trial scenario are listed 
in Table 2. 

Table 1 Experimental factors and their levels 

Levels Salinity Temperature(°C) Light intensity 
(µmol/(m2·s)) 

1 5 10 (8) 20 
2 8 12 (10) 40 
3 12 15 (12) 60 
4 16 18 (15) 80 
5 22 21 (18) 100 
6 24 24 (21) 120 
7 28 27 (24) 160 
8 32 30 (27) 200 
9 36 33 (30) 240 
10 40 35 (33) 300 
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Table 2 Experimental design (be specific) and the results 

Trial number Salinity Temperature(°C) Light intensity(µmol/(m2·s)) SGR(%/d) 

n1 [1] 5 [5] 21 (18) [7] 160 0.002±0.000 (0.052±0.009) 
n2 [2] 8 [10] 35 (33) [3] 60 0.005±0.000 (0.115±0.032) 
n3 [3] 12 [4] 18 (15) [10] 300 1.524±0.056 (0.807±0.156) 
n4 [4] 16 [9] 33 (30) [6] 120 5.254±1.026 (1.846±0.426) 
n5 [5] 20 [3] 15 (12) [2] 40 0.921±0.079 (1.560±0.393) 
n6 [6] 24 [8] 30 (27) [9] 240 10.25±1.105 (12.607±2.105) 
n7 [7] 28 [2] 12 (10) [5] 100 1.301±0.103 (5.256±1.103) 
n8 [8] 32 [7] 27 (24) [1] 20 0.151±0.021 (0.246±0.015) 
n9 [9] 36 [1] 10 (8) [8] 200 -1.108±0.235 (0.588±0.225) 
n10 [10] 40 [6] 24 (21) [4] 80 4.187±0.307 (9.535±0.908) 

Table 3 Comparison of the suitable and optimal growth conditions with the two species of Graciaria

Uni-factor trials Uniform Design trials 
Grarilaria speices Environmental factors 

Fitting range Optimal Optimized results 

Temperature (°C) 24–36 32 31.3 
Salinity 20–35 30 32.1 

Gracilaria lichenoides 

Light intensity (μmol/(m2·s)) 120–300 240 287.23 
Temperature (°C) 16–32 24  25.38 

Salinity 10–30 20 21.1 

Gracilaria tenuistipitata var. 
liui 

Light intensity (μmol/(m2·s)) 100–240 200 229.07 

 
Each uni-factor and uniform experiment lasted for 

seven days. During this time period, the flasks were 
agitated 4–6 times every day. Gracilaria was 
weighed in the beginning and at the end of the 
experiment. 

2.4 Comparison trail 

Under the optimal conditions attained by the 
uni-factor trail [32°C, 30, and 240 µmol/(m2·s) for 
G. lichenoides; and 24°C, 20, and 200 µmol/(m2·s) 
for G. tenuistipitata] and uniform trail [31.30°C, 
32.10, and 287.23 µmol/(m2·s) for G. lichenoides; 
and 25.38°C, 21.10, and 229.07 µmol/(m2·s) for 
G. tenuistipitata], the growth rates of both Gracilaria 
were investigated. 

2.5 Data analysis 

SGRs (Specific Growth Rates) were calculated 
using the formula: SGR (%/d)=[(Wt/W0)(1/t) −1]×100%, 
where W0 is initial wet weight (g) and Wt is the wet 
weight at the end (g); t is experimental days (d). 

The results of the uni-factor and uniform design 
trials were analyzed by one-way ANOVAs with 
significance level at P=0.05. SGRs of the two 
Gracilaria species were compared by Student’s t-test 
with significance level at P=0.05. Results of the 
Uniform Design trials were analyzed with the 
software package SPSS 10.0, when P<0.05, variable 
was inducted, and eliminated at P≥0.10. The 

regression analysis was used to predict the most 
suitable conditions for the highest SGRs for each 
Gracilaria species. 

3 RESULTS 
3.1 Uni-factor trials 

In the batch cultivation, the growth temperature of 
Gracilaria lichenoides and G. tenuistipitata var. liui 
was tested for the range of 12–36°C and 8–32°C, 
respectively. When temperature was below than 
12°C, the growth apex of G. lichenoides’ thalli 
turned white and the alga stopped growing before the 
whole thalli turned white and died. The critical 
temperature for G. tenuistipitata growth was 8°C. 
The optimal growth temperature was 32°C for 
G. lichenoides (13.98%/d), and 24°C for 
G. tenuistipitata (9.86%/d). The suitable temperature 
ranges were 20–36°C and 16–32°C, respectively 
(Fig.1). 

In the tested salinity setting range of 0–40, both 
Gracilaria species were dead at salinity 0 (distilled 
water), but grew under the salinity range of 5–40. 
The optimal salinity for G. lichenoides growth was 
30 (with SGR of 15.78%/d) and 20 for 
G. tenuistipitata (SGR of 9.12%/d) (Fig.1). The 
effects of salinity on the growth rates (Student’s t-test) 
between the two Gracilaria species were significant 
(P<0.05), with G. lichenoides growing better under 
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higher salinities than G. tenuistipitata did. 
Both Gracilaria species grew in the light intensity 

range of 20–300 μmol/(m2·s). G. lichenoides had the 
highest growth rate of 15.97%/d at 240 μmol/(m2·s), 
whereas G. tenuistipitata had the highest growth rate 
of 11.04%/d at 200 μmol/(m2·s) (Fig.1). 

Both G. lichenoides and G. tenuistipitata could 
grow at light intensity range of 20–300 μmol/(m2·s), 
temperature range of 12–36°C or 8–32°C, and 
salinity range of 5–40. However, the optimal growth 
condition of each factor was different between the 
two Gracilaria species, especially salinity (Table 3).  

3.2 Uniform trials 

Ten trials were carried out for the two species of 
Gracilaria (Table 2).  

The regression results between the growth rates 
(SGRs) of G. tenuistipitata and the three 
environmental factors–temperature (T), salinity (S), 
and light intensity (L) are expressed as: 

4 2 2 2 2 2 4

5 2

34.246 0.143 1.025 1.930

3.26 10 3.95 10 2.38 10 3.26 10
9.09 10 ( 0.935, 17.068, 0.01)

Gracilaria tenuistipitataSGR L S T

L T S TL
LS R F P

− − − −

−

= − + + +

− × − × − × + ×

− × = = <

 

where TL and LS are an interaction between T and L, 
L and S, respectively. 

With optimum-selection analysis, the most 
suitable growth conditions for G. tenuistipitata are 
obtained as: salinity of 21.10, water temperature of 
25.38°C, and light intensity of 229.07 µmol/(m2·s), 
which would result in the highest theoretically 
(predicted) SGR of 16.768%/d (Table 3). 

The regression results between the growth rates of 
G. lichenoides and the three environmental factors 
are expressed as: 

2 4 2 4 2 3 2

3 2

10.902 0.268 0.400

5.787 10 1.58 10 6.02 10 6.23 10
3.808 10 ( 0.966, 57.844, 0.01)

Gracilaria tenuistipitataSGR L S

L L T S
TL R F P

− − − −

−

= − + +

− × − × + × − ×

+ × = = <

 

With optimum-selection analysis, the most 
suitable growth conditions for G. lichenoides are 
obtained as: salinity of 32.10, water temperature of 
31.30°C, and light intensity of 287.23 µmol/(m2·s), 
which would result in the highest theoretical 
(predicted) SGR of 17.432%/d (Table 3). 

3.3 Comparison trial 

Fig.2 shows the theoretical growth rates that are 
calculated by the formula, and the actual growth rates 
obtained under the various experimental conditions 
of temperature, salinity and light intensity. The 
highest SGRs from the Uniform Design (17.05%/d 

and 16.26%/d) are slightly lower than their 
corresponding theoretical values (17.432%/d and 
16.768%/d) for both Gracilaria lichenoides and 
G. tenuistipitata. However, the highest SGRs from 
the uni-factor studies (15.74%/d and 14.83%) are not 
only substantially lower than the theoretical values 
for both species, but also significantly lower than 
those from the Uniform Design (Fig.2).  

 
Fig.2 Comparison of growth rates among the theoretical 

values, Uniform Design and uni-factor trials. 

4 DISCUSSION 
4.1 Uni-factor trial 

Gracilaria tenuistipitata var. liui Zhang et Xia is 
mainly distributed in Hainan and Guangdong 
Provinces in south China (Wu et al., 1994). There 
have been extensive studies on the growth of the 
species. Wu et al. (1994) found that the suitable 
ranges of temperature and salinity were 20–30°C and 
14–27 in an outdoor study. However, in another 
outdoor study, Chen and Zhang (1999) found that the 
suitable temperature range was 17.5–27.5°C (with 
the optimal of 22.5°C) and suitable salinity range 
was 7.2–26.9 (with the optimal of 13.7). In the 
laboratory, Liu and Dong (2001) found that the alga 
grew fast with temperature between 20 and 30°C, 
and the fastest (10.5%/d) at 25°C and light intensity 
of 10 000 lx. Xu et al. (2001) found that at 21–26°C 
and pH 8–9, the alga had high uptake rates of N and P. 
At light intensity of <95 400 lx, the uptake rates of N 
and P by G. tenuistipitata and its growth rate 
increased with increasing light intensity (Liu and 
Dong, 2001; Xu et al., 2001). The results of 
uni-factor trials in our study fall in the same ranges as 
reported in these previous studies (Table 3 and 
Fig.1).  

Gracilaria lichenoides is a commercially 
important species of algae. The name of the species is 
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currently regarded as a synonym of Gracilaria edulis 
(S. G. Gmelin) P. C. Silva (Huang, 1994). It is not a 
native species of mainland of China and was initially 
introduced into Fujian Province by abalone farmer 
from Taiwan where it has been cultivated for years 
(Liu, 1989; Chen and Zhang, 1999). There is also a 
natural high-yield of the species in India (Sajid and 
Satam, 2003) and Philippine (Kaladhara et al., 1996). 
Several studies reported that the alga favors high 
temperature, and is able to endure a big range 
variation of light intensity, temperature and salinity 
(e.g. Jones et al., 1996). In this study, the results from 
the uni-factor trials are similar to these listed in Table 
3. Compared with G. tenuistipitata, Gracilaria 
lichenoides appeared to like high temperature and 
high salinity conditions more (Fig.1 and Table 3), 
suggesting that it is more suitable to culture the 
species in high-temperature waters in South China. 

4.2 Uniform Design trial 

According to the results of the Uniform Design 
study, the optimal growth conditions of the two algal 
species are as: salinity of 21.10, temperature of 
25.38°C, and light intensity of 229.07 µmol/(m2·s) 
for G tenuistipitata, and 32.10, 31.30°C and 
287.23 µmol/(m2·s) for G. licheniods. These are 
slightly different from the results of the uni-factor 
trials (Table 3). The uni-factor trials obviously did 
not consider interactions between the factors. 
According to the growth rates in Fig.2, we consider 
the results of Uniform trials more precise. Moreover, 
utilization of Uniform Design could compensate the 
shortage of logistic limitations. For example, due to 
the fact that the isotherm incubator limited the levels 
of light intensity, there was a big difference between 
uni-factor trials and Uniform Design. Uniform 
design could overcome the above-mentioned 
shortages (Fang, 1994; Fang et al., 2000). Clearly, 
the uniform trial is more suitable than the uni-factor 
method considering all these differences. The 
interactions among the three factors are shown in the 
regression formula of the Uniform Design. For 
example, the growth of G. tenuistipitata is affected 
not only by a single factor, but the interactions of all 
the factors. 

Gracilaria lichenoides is an excellent 
artificially-cultured species. Its cultivation is 
increasing in China. More studies of the culture 
techniques, and the ecology, physiology and genetics 
of the species will be conducted in future. The results 
from this study will provide some basic and useful 
information for the future studies.  
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