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Abstract 
The knowledge of the nutritional requirements and their relation to the phy-
siology of marine algae growth is key to incorporate new species into aqua-
culture, whose dynamics tend to be largely unknown. The use of Alsidium 
triquetrum in the pharmacological industry depends on its availability in the 
natural environment, occasionally scarce. As macroalgae cultivation gains mo-
mentum worldwide, it is important to know how the effects of nutrients are 
modulated in the thallus during cultivation. The linking of the relative growth 
rates (RGR) of A. triquetrum and their relation with the macronutrients N 
(nitrogen), P (phosphorus) and K (potassium) at the tissue level under cul-
ture conditions constitutes the main contribution of this article. P levels tend 
to decrease as the plant completes its development. Both the concentration of 
N and P are higher in the stipe for the month of July, N (25.31 ± 0.26) vs P 
(0.846 ± 0.02) period when the highest vegetative development is reached. 
The N and P modulate the patterns of the species’ development over the an-
nual cycle, unlike K, which is not considered a limiting factor. When the tem-
perature and lighting are not favorable for growth, the plant simply accu-
mulates these compounds. As environmental conditions change, these stored 
compounds are actively used in their growth. The specimens with an initial 
weight of 50 g present the best accumulated biomass (RGR) throughout the 
annual cycle. 
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1. Introduction 

Nutrient requirements of marine autotrophs are divided into three categories: 
macronutrients, micronutrients and vitamins. Most of these growth elements are 
found in relatively low concentrations in seawater relative to their concentration 
in the macrophyte tissue. For example, N and P are concentrated approximately 
100,000 times in seaweed, while K is concentrated approximately 10,000 times 
over environmental seawater concentrations [1].  

The definition of “limiting nutrients” goes back more than 100 years to Lie-
big’s research [2]. This law establishes that the nutrient that is available in the 
smallest amount with respect to the plant’s other nutrient requirements limits 
the growth rate, assuming that all other factors are optimal. The concentration 
of nutrients in seawater is determined by the balance between the rate of nu-
trient supply (mixing in the water columns, nutrient regeneration, among oth-
ers) and the demand of nutrients (absorption) by algae [3]. This means that a 
very low concentration of nutrients in seawater will not indicate whether the al-
gae are slightly, moderately, or severely limited. In addition, natural algal popu-
lations may obtain nutrients from sources other than the water column, such as 
particulate matter on their surface [4], or animal excretion [5] [6].  

In autonomous systems, nitrogen is the nutrient that most commonly limits 
the growth of seaweeds, phosphorus being the second. Nitrogen is available in 
inorganic forms such as nitrate ( 3NO− ) and ammonium ( 4NH+ ) and in the form 
of organic urea. Nitrate-based growth is called “new production” because the 

3NO−  is supplied externally. For example, from below the thermocline or from 
the rising current [6]. Primary production based on 4NH+  and urea is called 
“recycled production” because invertebrates and fish associated with seaweed 
regenerate them internally within the system [5].  

In production processes on experimental scale, periods of nitrogen-limited 
growth can be overcome by the addition of fertilizer, joining porous pots con-
taining slow-release fertilizer to the lines (see [8]). These N-subsidy practices 
under experimental conditions have had undesirable synergistic consequences 
such as triggering phosphorus absorption [9]. A current trend in aquaculture 
practices has been to mix organisms of different trophic levels, which does not 
always deliver desired effects [10] [11]. The development of different crop tech-
niques to grow seaweed is not only an economic option but is also an ecologi-
cally viable alternative to conserve natural resources [12]. 

Agar is the phycocolloid with the longest history of use. Agar was discovered 
in 1658 in Japan, 200 years before it was introduced into Western countries. This 
polysaccharide, of high economic value, is used today as a gelling agent [13]. How- 
ever, not all agarophytes have quality agar that merits cultivation. Alsidium tri-
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quetrum whose main applications are focused on the pharmaceutical industry 
[14] [15] [16] [17] [18], does not have quality agar. 

The experiences in the management of support structures in cultivars [19], in 
the detection of the main abiotic factors that influence their growth [20], and on 
the succession dynamics of their accompanying fauna [21] undoubtedly make the 
species Alsidium triquetrum a good candidate for mariculture. This article’s ob-
jective is to report for the first time the levels of accumulation of macronutrients 
N, K, P and their relation to the growth rates of A. triquetrum under mariculture 
conditions. 

2. Materials and Methods  
2.1. Study Area and Experimental Period 

All seaweed beds examined were located between depths of 0.5 to 3 m. Some of 
the beds were occasionally sampled for specific purposes such as those of “Rin-
con de Guanabo” [23˚10'30"N, 82˚05'48"W], which was used for collection of 
specimens, and to evaluate seasonal variations in composition (Figure 1(E)). Only 
those located in the vicinity of “Playa Viriato” were studied on a regular basis 
[23˚6'0"N y 82˚28'0"W] where the crop trials were additionally evaluated (Figure 
1(B)). This locality was chosen for its preferable logistical facilities, the knowledge 
 

 
Figure 1. (A) Geographical location of the Cuba Island; (B) Schematic of the experimental site and loca-
tion of a wild bed of Alsidium triquetrum in Playa Viriato; (C) Approximate location of a rocky substrate 
where wild A. triquetrum was collected; (D) Inner section of the roadstead with the black dot showing the 
approximate location of the experimental farm; (E) Rincón de Guanabo station where some specimens of 
A. triquetrum are collected.   
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of its hydrodynamic regime and the presence of extensive beds of Alsidium tri-
quetrum in its vicinity. 

The collection of biomasses for the various purposes was made either in snorke-
ling or through SCUBA diving. The recording of seasonal variation of biochem-
ical indicators was carried out on a monthly basis to complete the annual cycle. 
The cuttings were always made manually and were carried out in pre-selected 
sectors of the bed. (Figure 1(C)).  

To assess daily growth, treated in the present study as relative growth rate (RGR), 
was expressed in grams (g) and based on the accumulation of macronutrients 
designed to be measured every 60 days (Figure 1(D)), in the two most signifi-
cant periods of the year (winter-summer).  

2.2. Experiments with Cultivated Macroalgae 

Mesh bags were used attached to a fixing structure and suspended in the water 
column with specimens of 25 and 50 g initial weight. Every ten days, five bags 
were removed from each initial weight, in order to be processed. 

Its completion allowed us to quantify the growth and to control it with the 
variations of the biogenetic elements of the species during its period of the greatest 
vegetative development.  

2.3. Data Collection and Processing 

The concentration of phosphorus in the thallus, in the form of P2 O5, was esti-
mated using the technique of the yellow color of the vanado-molybdenum 
phosphoric complex [22]. The Kjeldahl method [23] was used for nitrogen anal-
ysis. To quantify nitrogen and total phosphorus, techniques proposed by [24] 
were applied after oxidation of the sample with potassium sulphate in alkaline 
solution.   

For the analysis of K at tissue level, the material was crushed and ground in a 
rotating mortar of agate balls, sieved through a plastic mesh of 0.6 - 0.66 µ, four 
grams of samples processed. Measurements were based on the direct reading 
method on a Pye Unicam SP-9-800 direct absorption spectrophotometer with 
air-acetylene flame. A concentrated mixture of HCl:HNO3:H2O2 in ratio 1:2:3. 

For weighing, technical scales were used with an error of ± 0.1 g, or when ne-
cessary, analytical scales of 0.0001 g precision.  

2.4. Statistical Treatment   

Results were generally expressed in tables and graphs. Arithmetic means are 
presented with their extreme values or by ±1 SD. When variability was consi-
dered, it was quantified by mean deviation (MD), standard deviation (SD), or 
corrected coefficient of variation for bias [25].   

The small similarity between the coefficients of variation of many experimen-
tal treatments, determined that non-parametric tests would be used in the analy-
sis. For the contrast of two samples, Mann-Whitney Statistic U and the Fisher 
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Median and Exact Probability tests were used, and for the verification of K in-
dependent samples, the analysis of variance of a Kruskal-Wallis range classifica-
tion [26] was used.   

3. Results  

The high concentration of K in the younger parts of the thallus causes a noticea-
ble decrease of the element when, for some reason, the branches fall off (Figure 
2). Although branches and apices did not vary in a conspicuous way, during the 
seasonal cycle, the high concentration of K in them allowed the K to be directly 
and significantly associated with the rate of propagation of the plant, (Figure 3; 
Kruskal-Wallis, p = 0.043), since as K increased, so did its concentration in 
young tissues.  

The P, on the other hand, tends to decrease when RGR increases (Figure 3, 
Kruskal-Wallis, p = 0.029) and the ratio between the oldest parts of the alga and 
 

 
Figure 2. Variation in mean tissue concentration of nitrogen (N), phosphorus (P), potas-
sium (K) in relation to Relative Growth Rate (RGR) change experienced by A. triquetrum 
specimens propagated in bags. Winter. Content expressed in % with respect to dry weight 
(10 x% = µg·g−1). Individuals with 25 g initial weight. Heights referred to extreme values.  
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Figure 3. Mean concentration of P and K on the heel of A. triquetrum according to 
growth rate (≤1.0, ≥1.0 ≤ 2.0 ≥ 4.0, for K (__); ≤ 2.0, and ≥ 2.0 ≤ 4.0, for P (- - -). Culture 
in mesh bags for 30 days. Specimens with 50 g initial weight. Vertical heights defined by 
extreme values.   
 
those of recent formation, which is lower in concentration (Table 1). Together 
with K, it was a biogenetic element with a high environmental connection, in 
correlation with all the physical variables evaluated and, like the Mg, significant 
under the RGR (Table 2).  

Under natural conditions, no direct relationship was observed between the 
tissue concentration of N and the RGR of the algae. In addition, the algae do not 
accumulate it differentially in the tissue (Table 1), which limits its eventual mo-
bilization to other parts of the thallus. However, the seasonal change of both the 
concentration and the stoichiometric ratio between the element mentioned and 
the tissue P is an indirect manifestation of this dependence. The N is gradually 
decreased from the months of February and March until between June and Sep-
tember (1.32 ± 0.22% vs 0.35% d. w (dry weight); U, α = 0.001). Unlike P, the 
seasonal variations in its content in different parts of the thallus were minimal 
(Table 1).   

The relative proportion of N to P changes over the annual cycle from a mini-
mum mean value of the quotient N: P in spring. The proportion of N to P be-
comes stabilized around 24:1. In the period between the end of the spring and 
autumn (Figure 4). 

The bed of A. triquetrum in “Rincon de Guanabo” is located in a shallow and 
relatively protected area, where the periodic influence of soil runoff decreases 
the acute limiting effects caused by a prolonged absence of nutrients.   
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Table 1. Distribution of N and P in two parts of the thallus of A. triquetrum during July 
(J), month in which the species showed its maximum RGR, and April (A), last month of 
the dry period, when the N a P content in seawater was lowest in the annual cycle (mean 
DS values ± referring to three replicates). 

ELEMENT Concentration (mg·g−1 d. w) 

 
Stipe and basal branches Apice 

N 17.83± 0.50 (A) 15.76± 0.60 (A) 

 
25.31   0.26 (J) 21.95   0.62 (J) 

P 
  

 
0.152 ± 0.002 (A) 0.074 ± 0.001(A) 

 
0.846   0.02 (J) 0.539   0.02 (J) 

 
Table 2. Significative correlations between five centesimal components of A. triquetrum 
branches, their relative growth rate and the value of three hydroclimatic factors during 
the months of greatest growth rate. 

MACROELEMENT K Na Mg N P 

K (% d. w.) -     

Na 0.970*** -    

Mg   -   

N    -  

P −0.925*** −0.867***   - 

Abiotic factors      

IT −0.887*** −0.769***  0.662** 0.880*** 

AST (˚C) 0.845***  0.530*  −0.965*** 

MRA mm 530*   −0.920*** −0.597** 

Metabolic balance      

RGR (% day−1)   730***  −0.603** 

IT = inferred Turbulence; AST = average surface temperature; MRA = monthly rain accumulation. *p ≤ 
0.10; p ≤ 0.05; ***p ≤ 0.01. 

 
This fact determined that in relation to the specimens coming from “Playa Vi-

riato”, the average content of N was significantly higher in them (1.82% vs 1.43% 
d. w; U, p = 0.02). 

4. Discussion   

In some beds of Alsidium triquetrum, the maximum value of the ratio N:P never 
exceeded the ratio 24:1. This fact, together with the decrease of the tissue con-
centration of phosphorus (P) during the first two summer months (Figure 4), is 
a demonstration of the nutritional limitations imposed on this species by the 
almost always oligotrophic environment in which it grows. Although some Rho-
dophyceae such as Laurencia intricata J. V. Lamouroux are able to store P in 
low-availability environments as secondary adaptation [27], this ability does not 
appear to occur in Alsidium triquetrum.   
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Figure 4. Tissue concentration behavior of P and the ratio N:P in specimens of A. trique-
trum during the three months before and after June and July, stage in which the species 
showed its highest RGR (median for each stage is represented between parentheses. 
Measured average values ±1 SD).   
 

Nevertheless, emphasized the existence of a general coupling between physio-
logical and morphological properties in algae.  

These authors also consider that the growth in macroalgae can be decoupled 
from accumulation to optimize your available internal concentration.  

The oscillation over the annual cycle of the ratio N:P suggests the combination 
of different limiting factors, responses are different and specific to each season. 
Thus, the symptoms of limitation of N show its maximum expression during the 
spring. Similar results were presented by [28], and confirmed the observations of 
other authors on the link between the internal pattern of variation of N, and its 
seasonal availability in the field, accordingly [29] [30]. 

The lack of phosphorus is accentuated in the stage of rapid multiplication. 
The mean element concentration value was significantly higher than the magni-
tude reported by [31]. The tropical macroalgae typical of environments with high 
concentrations of carbonate in sediments (0.07% vs 0.16% d. w). Its decrease in 
Alsidium for basal branches and apex increases RGR, possibly reflecting a low 
external availability. Phosphorus may be considered less limiting than N in the 
marine environment [7] [32].  

It can be immobilized in carbonate in sediments, when in them, the hetero-
trophic processes are not significant [33] [34].   

This phenomenon also causes manifestations of deficiency in epilithic ma-
croalgae [31]. 

Temperature or lighting limitations are capable of uncoupling the tissue con-
centration of some nutrients from the growth rate [35] [36]. This phenomenon 
is capable of restricting net algal productivity [31].  
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Probably, the slowdown of growth and the rapid senescence observed at mid- 
summer in specimens of some beds, is induced by this nutritional deficit and 
catalyzed by the increase of respiratory processes as the temperature increases. 
These events seem to correspond with what was observed by [37]. 

The 25 g specimens presented a greater amount of senescent tissue and did 
not grow favorably under the culture conditions (Figure 2) regardless of the cul-
ture site. 

The balance between the limiting effects caused by N and P will depend on the 
persistence of the algal bed throughout the annual cycle and the more or less ep-
isodic nature of the growth of the specimens that integrate the bed. In depleted 
areas, with very low nutrient levels, the transition between vegetative phases is 
evident, and, in extreme conditions, after a winter recovery, senescence begins 
rapidly during the spring. When the degree of beneficial environmental condi-
tions is greater, as it happens in the beds located in “Playa Viriato” where the 
vegetative development is dramatic until the end of the summer and the period 
of senescence, shortens between this time and winter. When the temperature 
and light is not favorable for growth, the plant simply accumulates these com-
pounds. As environmental conditions change, these compounds are actively used 
in the growth of the algae. Our results are similar to those indicated by [36] for 
dilution of these compounds at the tissue level. 

When the environment is favorable, such as at Playa Viriato, Alsidium is 
present almost all year round with robust and vigorous specimens (large amounts 
of biomass in young branches and apices). Only at very specific moments in the 
annual cycle, environmental severity is reflected. In this event, the senescent 
forms are not evident. They are characterized by having small young biomass, 
thorn branches and withered basal parts. A diametrically opposite case happens 
with the populations of the Rincón de Guanabo, where environmental condi-
tions are extreme and the plants end up completely disappearing for months 
from the natural environment. 

In shallow areas, there are greater variations in temperature. This allows the 
accumulation of N [36] [38]. This balances internal availability [29]. 

The hydrodynamic also increases the efficiency of the removal of sediments, 
with the consequent mobilization of interstitial water towards the water column 
and a greater constancy in the nutrient pulses [39]. Under these mild conditions, 
changes can be restricted only to variations in the proportion of population mor-
photypes e.g. Playa Viriato.  

The minimum concentration of some biochemical components was associated 
in species with transition stages between opposite seasonal phases. 

During the course of these seasonal phases, the combined action of tempera-
ture and nutrient level in the medium is completed and helps relieve the depres-
sive effect that any of these factors may induce by themselves [40]. 

Without limiting physical factors acting at some point in the annual cycle, 
seasonal variations in biochemical composition will reflect, to a greater extent, 
the nutritional status of the plant. As the water or the climate becomes more fa-
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vorable, as occurs in the beds of “Rincon de Guanabo”, the extreme variations of 
the composition tissue will be less accentuated, masking the seasonal pattern.   

The oscillations in the components N, P and K around the central values tend, 
however, to become more frequent. Similarly, the respective CV (coefficients of 
variation) will become higher.  

The trend towards an increase in the proportion of organic Carbon when the 
plant is N-deficient has been well documented at various scales [41].   

At the level of the organism, due to the hyperbolic character of the protein vs 
carbohydrate, with respect to the amount of N in the medium [42]. At the me-
tabolic level, this has been confirmed by the increase in the percentage of carra-
geenan in some species kept in a poor environment of N [43] or after receiving a 
moderate pulse of the element N [44]. 

Modern agricultural practices have shown that it is only through rigorous phy-
tosanitary control, use of selected varieties and efficient agro-technology that al-
gal yields are substantially increased [21].  

The profitability of the process will depend on the balance between operation-
al requirements, survival and productivity, factors all intimately related to the 
applied propagation technique.  

This last aspect becomes very important when marine plants are grown in the 
natural environment.  
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