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Abstract

The red alga Chondracanthus squarrulosus was cultured under semi-controlled conditions to

evaluate growth (biomass production) with agricultural fertilizers (ammonium nitrate, ammonium

sulphate and urea) vs. analytical grade inorganic salts; sodium nitrate (analytical grade) and seawater

were used as controls. The concentration of each agricultural fertilizer used was 1.95 mg l�1 week�1.

Growth of C. squarrulosus with agricultural fertilizers and sodium nitrate as control showed no

significant differences (Pb0.05). A maximum growth of 5.4% per day and thallus nitrogen content

of 3.4% dry weight were obtained with ammonium sulphate. The results suggest that commercial

agricultural fertilizers can be substituted for analytical grade nutrients with no significant effect on

the culture.
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1. Introduction

Seawater and analytical grade inorganic salts constitute the base for the preparation of

culture media (BoId and Wynne, 1978). Regardless of the complexity and effectiveness of

the media commonly used in the cultivation of algae, production costs are often

prohibitive for commercial cultivation, particularly in seaweed cultivation where large

volumes are required (Craigie and Shacklock, 1989; Bidwell et al., 1985). For the

commercial cultivation of seaweed, it is necessary to consider low-cost alternatives.

The most important nitrogen sources for macroalgae are ammonium (NH4
+) and nitrate

(NO3
�), though not all macroalgae grow equally with these sources. In addition, growth

rates are not always as significant as those obtained with other nitrogen sources (Hanisak,

1983; Hargreaves, 1988).

Due to the high cost of analytical grade inorganic salts, research has been conducted on

possible alternatives that would reduce production costs. Pacheco-Ruı́z et al. (1987)

cultured Chondracanthus canaliculatus (Harvey) Guiry using aerobic digested cow

manure. The medium was effective, inexpensive and a good nutrient source for this

species, and the results were similar to those obtained with other traditional media.

Another alternative is to replace analytical grade inorganic salts by agricultural fertilizers

as nutrients. They are inexpensive and have been used in microalgal cultures,

demonstrating their nutritional efficiency with respect to the f/2 medium (Granados-

Machuca and Buckle, 1984; Valenzuela-Espinoza et al., 1999).

Chondracanthus squarrulosus (S. and G.) Hughey, P.C. Silva et Hommersand

(Rhodophyta, Gigartinales) (previously reported as Gigartina canaliculata and C.

canaliculatus) is an endemic carrageenophyte from the Gulf of California. Its high

carrageenan content (López-Acuña et al., 2002), along with high in situ growth rates, has

motivated several studies to evaluate its potential for culturing (Pacheco-Ruı́z et al., 1992;

Pacheco-Ruı́z, 1999).

This study considers the hypothesis that agricultural fertilizers, like traditional

analytical quality nutrients, serve as nitrogen and phosphorous sources for the culture of

C. squarrulosus, and aims to determine the most appropriate agricultural fertilizer

(ammonium nitrate, ammonium sulphate or urea) for the culture of this species under

semi-controlled conditions.
2. Materials and methods

C. squarrulosus biomass was collected from Bahı́a de los Ángeles, in the Gulf of

California (Mexico). Prior to the experiment, thalli were allowed to grow under semi-

controlled conditions for 2 weeks without the addition of fertilizers, in culture tanks with

open seawater flux. The experiments were performed using a closed system of culture

tanks with continuous air bubbling, and the seawater was changed weekly. The culture

tanks have been described in detail by González-Gómez et al. (1992).

The experiment was done in winter. Fifteen 100-l tanks were used, each containing 500

g of wet thallus under a nitrogen concentration of 1.95 mg N l�1 week�1 regardless of the

nitrogen source used. The agricultural fertilizers tested were: ammonium nitrate
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(NH4NO3), ammonium sulphate ((NH4)2 SO4) and urea (H2NCONH2), as nitrogen

sources, and phosphorous pentaoxide, as phosphorous source. Sodium nitrate (NaNO3)

and disodic phosphate (Na2HPO4) were used as control (analytical grade inorganic salts) at

a concentration of 10:1 (N/P). Pulse fertilization with interrupted water flow was done

twice a week, re-initiating water flow after 3 h. Each treatment was done in triplicate.

Plants were maintained under culture for 4 weeks. A weekly manual harvest was done

removing boldQ parts of the plant until reaching the initial biomass (500 g per tank). Each

tank contained 800 l of culture media. Wet weights of samples were taken with a

dynamometer (F10 g) and the growth was calculated by the difference between initial and

final weight. Specific growth rates were determined by the formula:

SGR ¼ lnWt � lnWið Þ=t�100½

where SGR is the specific growth percentage, Wi is the initial weight, and Wt is the weight

at time t (DeBöer et al., 1978). Harvested material was dried in an oven at 60 8C until

constant weight was achieved. Total nitrogen analysis of the thallus was done by the

modified Kjeldahl method (Strickland and Parsons, 1972).

The irradiance level was regulated using plastic nets over the tanks and measured daily,

during 1 month, at the surface and inside the tanks at the time of maximum irradiance

(1300 h), using a PAR scalar irradiance meter (Model QSL-100, 4k sensor, Biospherical

Instruments). Temperature (maximum and minimum) and salinity of the culture were

recorded. As the cultures did not have an inorganic carbon supply, the pH was not

controlled.

The results of the culture growth in the tanks and nitrogen content were tested for

normality and homogeneity of variances, and a one-way ANOVA was applied. Finally, a

Tukey test was performed to compare differences in the growth and in the thallus nitrogen

concentration by using different nitrogen sources (Zar, 1997).
Table 1

Tukey test for growth values of C. squarrulosus, cultured under semi-controlled conditions with different

agricultural fertilizers

Nitrogen source Calculated value Critical value Significance

Q q

NH4NO3 vs. (NH4)2S04 0.404 3.993 NS

NH4NO3 vs. urea 0.236 3.993 NS

NH4NO3 vs. NaNO3 0.067 3.993 NS

NH4NO3 vs. seawater 4.848 3.993 *

(NH4)2S04 vs. urea 0.640 3.993 NS

(NH4)2S04 vs. NaNO3 0.337 3.993 NS

(NH4)2S04 vs. seawater 5.252 3.993 *

Urea vs. NaNO3 0.303 3.993 NS

Urea vs. seawater 4.612 3.993 *

Na NO3 vs. seawater 4.915 3.993 *

NH4NO3=(NH4)2S04=urea=Na NO3pseawater.
NS=Not significant.

*=Significant.
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3. Results

Growth results of C. squarrulosus indicate that all the nitrogen sources were

capable of sustaining growth, and the Tukey test showed no significant differences in

growth among the sources used (Table 1). However, the control was significantly

different to all (Table 1). Regardless of the nitrogen source used, growth of C.

squarrulosus was above 4% per day after 14 days of culture, but growth in the control

(seawater) was only 3% per day and at the fourth week of culture, growth ceased and

the thallus turned yellow and fragmented. Maximum growth of 5.5% per day was

obtained using ammonium sulphate, while the minimum was 0.4% per day in the

control (Fig. 1).
Fig. 1. Growth of C. squarrulosus cultured under semi-controlled conditions with different agricultural fertilizers

(F=S.E.; n=3).



Fig. 2. Total content of nitrogen in C. squarrulosus tissue cultured under semi-controlled conditions with different

agricultural fertilizers (F=S.E.; n=3).
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Tissue nitrogen indicated that cultures with urea and sodium nitrate were not

significantly different than cultures using unfertilized seawater. In other words, these

two sources of nitrogen were not as efficient as ammonium sulphate and ammonium

nitrate in maintaining tissue nitrogen reserves. The highest content of nitrogen in the

thallus was obtained with ammonium sulphate (3.4% dry weight) and the lowest with

seawater (1.7% dry weight) (Fig. 2). Nitrogen content in thallus cultured in seawater was

significantly different to the initial ammonium sulphate and ammonium nitrate (Table 2).

During the experiment temperature varied from 8.4 to 27.8 8C, with an average of 17.9

8C (Fig. 3A). Maximum incident ambient irradiance at noon ranged from 400 to 3700

Amol quanta m�2 s�1. Inside the tanks, a maximum of 700 Amol quanta m�2 s�1 and a

minimum of 100 Amol quanta m�2 s�1 were recorded (Fig. 3B).

The initial pH value in the control and fertilizer media was 8.2 and the final value was

9.2 before the water change; no significant differences in pH were found among treatments

(P=0.6643). Salinity remained at 34x.
4. Discussion

The results of this study indicate that C. squarrulosus can be cultured using any

nitrogen source and that commercial fertilizer formulations can be as effective as analytical

grade reagent sources of nitrogen. Growth of C. squarrulosus did not exhibit significant

differences among the nitrogen sources tested. The agricultural fertilizers used as nitrogen

source were equally effective as the analytical reagent sources. Maximum growth occurred



Table 2

Tukey test for total nitrogen content in tissue values of C. squarrulosus, cultured under semi-controlled

conditions with different agricultural fertilizers

Treatment Calculated value Critical value Significance

Q q

Initial vs. (NH4)2 SO4 0.424 4.751 NS

Initial vs. NH4NO3 0.271 4.751 NS

Initial vs. urea 2.212 4.751 NS

Initial vs. NaNO3 2.012 4.751 NS

Initial vs. seawater 5.506 4.751 *

(NH4)2SO4 vs. NH4NO3 0.694 4.751 NS

(NH4)2SO4 vs. urea 2.635 4.751 NS

(NH4)2SO4 vs. NaNO3 2.435 4.751 NS

(NH4)2SO4 vs. seawater 5.930 4.751 *

NH4NO3 vs. urea 1.941 4.751 NS

NH4NO3 vs. NaNO3 1.741 4.751 NS

NH4NO3 vs. seawater 5.236 4.751 *

Urea vs. NaNO3 0.200 4.751 NS

Urea vs. seawater 3.294 4.751 NS

NaNO3 vs. seawater 3.494 4.751 NS

Initial=(NH4)2SO4=NH4NO3=urea=NaNO3.

Initial=(NH4)2SO4=NH4NO3pseawater.
Urea=NaNO3=seawater.

NS=Not significant.

*=Significant.
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with ammonium sulphate (Fig. 1), which also enhanced pigmentation and rigidity of the

thallus. In addition, we observed that total nitrogen content (Fig. 2) was higher with this

compound than with other nitrogen sources. Similar results were found by Bird (1982) for

Gracilaria tickvahiae.

Both sodium nitrate and urea were equally effective stimulating the growth of C.

squarrulosus, but these agricultural fertilizers yielded lower growth per day than

ammonium sulphate. The difference in growth may be attributed to nitrogen availability.

Reduced sources of nitrogen like ammonium frequently produce high growth rates.

Algae in natural environments are exposed to different sources of nitrogen. Ammonium

is available from remineralization processes. Nitrate can be received from coastal

upwelling and urea is a major excretory product of zooplankton (Parsons and Harrison,

1983). Species may show preferences for one of these sources. It has been well

demonstrated that some species of alga grow better on nitrate as nitrogen source. Such is

the case of Gelidium amansii Lmx (Yamada, 1961, 1972) and Palmaria palmata Lin.

(Morgan and Simpson, 1981). Urea is considered a good nitrogen source but studies have

shown that it only contributes c50% of the nitrogen demand for Chondrus crispus

Stackhouse (Neish et al., 1977), Gelidiella acerosa (Forssk.) Feldman and Hamel (Probyn,

1981) and Giffordia michelliae (herv.) Hamel (Lobban et al., 1985). However, some

species have been found to grow in the same way using ammonium or any other nitrogen

source, such as Porphyra tenera Kjellman (Iwasaki, 1967), Ulva fasciata Del. (Mohensen

et al., 1974) and Codium fragile (Suring.) Hariot (Hanisak, 1979). This is the case of C.



Fig. 3. Temperature and irradiance values during the culture of C. squarrulosus under semi-controlled conditions

with different agricultural fertilizers.
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squarrulosus, the results of this research showing that this alga can be cultured using any

nitrogen source.

Of the nitrogen sources tested in this study, we recommend the use of ammonium

sulphate because the resulting colour and rigidity characteristics of the plants are the same

as those collected in situ. Morgan and Simpson (1981) demonstrated that the addition of

nutrients (especially nitrogen) enhances growth and pigmentation. This fact was better

observed using ammonium sulphate, which also indicated the nitrogen condition of the

thallus (Bird, 1982). The highest concentration of nitrogen found with ammonium sulphate

showed that C. squarrulosus not only grows well with ammonium sulphate, but also stores

it. Similar results were observed for Gracilaria tikvahiae. This species uptakes nitrogen

from the environment and stores it for posterior growth (Bird, 1982; Dortch and Conway,

1984).

The irradiance and temperature variations were within the natural conditions for growth

of C. squarrulosus (Pacheco-Ruı́z et al., 1992). Therefore, differences in growth among

the different treatments tested in this study are attributed to differences in the nitrogen

source used.
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Temperatures higher than 30 8C cause the death of the plant. In this study, the highest

temperature recorded was 27 8C, the lowest was 8 8C and the average was around 18 8C,
which is the optimum temperature for the growth of C. squarrulosus (Pacheco-Ruı́z et al.,

1992; Pacheco-Ruı́z, 1999); therefore, the culture was not affected by the temperature.
5. Conclusion

This study demonstrates that commercial agricultural fertilizers can be substituted for

analytical grade inorganic salts as a source of nitrogen with no significant effect on the

culture of C. squarrulosus. The use of agricultural fertilizers constitutes a viable

alternative to reduce costs and this biotechnology is a feasible alternative method in the

commercial aquaculture of macroalgae.
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López-Acuña, L.M., Pacheco-Ruı́z, I., Hernández-Garibay, E., Zertuche-González, J.A., 2002. Characterization
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