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                    Abstract
Diseases such as “ice-ice” and “goose bumps” are responsible for loss of almost 70% of infected Kappaphycus production. To improve the growth of K. alvarezii and reduce the impact of diseases, the effect of the commercial Ascophyllum nodosum extract was tested. Five grams of apical branches of each K. alvarezii variant (n = 6) were bathed at different extract concentrations (e.g., 5, 10, 15, 20, 25, and 30 g L−1) for 1 hour. To test the effect of the extract on epiphytes apical tips were not cleaned. After 2 weeks, the epiphytes such as Cladophora sp. and Ulva sp. disappeared. Polysiphonia subtilissima survived but its appearance was weak. The highest K. alvarezii growth rates were observed at extract concentrations of 15 and 20 g L−1 (p < 0.001), almost double the expected for a 45-day production cycle used at Sepetiba Bay, Brazil. These results show that the extract was efficient at improving the growth of K. alvarezii and reducing the presence of some epiphytes.



                    
    


                    

                    
                        
                    


                    
                        
                            
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Growing micropropagated Kappaphycus alvarezii and mitigating ice-ice disease and the incidence of macro-epiphytes using an extract of the brown alga Ascophyllum nodosum at three different seeding techniques
                                        
                                    

                                    
                                        Article
                                        
                                         22 August 2023
                                    

                                

                                Ida T. Capacio, Paul John Paguergan, … Anicia Q. Hurtado

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The comparative efficiency of a brown algal-derived biostimulant extract (AMPEP), with and without supplemented PGRs: the induction of direct, axis shoots as applied to the propagation of vegetative seedlings for the successful mass cultivation of three commercial strains of Kappaphycus in Sabah, Malaysia
                                        
                                    

                                    
                                        Article
                                        
                                         16 December 2017
                                    

                                

                                Majid Majahar Ali, Mohd Zaidey Bin Sani, … Anicia Q. Hurtado

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Effect of short-term immersion of Kappaphycus alvarezii (Doty) Doty in high nitrogen on the growth, nitrogen assimilation, carrageenan quality, and occurrence of “ice-ice” disease
                                        
                                    

                                    
                                        Article
                                        
                                         29 June 2014
                                    

                                

                                Maria Rovilla J. Luhan, Sheryll S. Avañcena & Jonalyn P. Mateo

                            
                        

                    
                

            
        
            
        
    
                        
                    

                    
                        
                            
    
        
            
            Use our pre-submission checklist
            
            
            Avoid common mistakes on your manuscript.

        

        
            
                
            
        

    


                        

                    

                    
                        
                                
                                    Introduction
The worldwide success of the carrageenan industry is based on cultivation of species of Eucheuma J. Agardh and Kappaphycus Doty collectively referred to as euchematoids (Ask and Azanza 2002). One of the major problems for the commercial cultivation is the disease known as “ice-ice” that cause tissue bleaching (Vairappan 2006) and fragmentation of the thalli (Largo et al. 1997). Vairappan et al. (2008) comment that this disease was first reported in the Philippines by Trono (1974) being further related to unfavorable environmental factors in cultivation sites by Uyenco et al. (1981). It was reported that Vibrio–Aeromonas and the Cytophaga–Flavobacterium complexes were responsible for inducing the “ice-ice” disease in individuals exposed to high temperature, low salinity, and irradiance (Largo et al. 1995a, b, 1997, 1998).
Another critical problem is the disease known as “goose bumps” caused by epiphyte infection by filamentous algae such as Neosiphonia savateri (Hariot) M.S. Kim et I.K. Lee (Vairappan et al. 2008) and misidentified as Polysiphonia sp. (Hurtado et al. 2006) that usually attaches to the cortical layer of the host which promotes an opening to bacterial infection (Vairappan 2006; Hurtado et al. 2006; Vairappan et al. 2008). Both, “ice-ice” and “goose bumps” are responsible for significant decreases in biomass production and carrageenan quality in countries such as Philippines, Indonesia, Malaysia, and Tanzania (Vairappan et al. 2008). Recent studies showed that a Neosiphonia (reported as Polysiphonia) infestation caused the loss of more than 70% of Kappaphycus production at the Calaguas Island, Philippines (Hurtado et al. 2006). In order to address this problem, the entire farming operation needs to be removed until the next farming cycle and the contaminated crop cannot be used for the production of future seedlings (Hurtado et al. 2005).
Seaweeds have been used as agricultural fertilizers for many years and their potential use is not fully explored (Guiry and Blunden 1991). Studies using extracts of the brown algae Ascophyllum nodosum (Linnaeus) Le Jolis as soil drench and spray have shown that they can improve growth rates, reduce pests, consequently increasing crop yields, as well as improving the overall quality of the product (Blunden et al. 1996; Leach et al. 1999). As some land plants showed positive growth results under the A. nodosum extract administration, the aim of this research was to verify the effects of a commercial A. nodosum extract to improve the productivity of Kappaphycus alvarezii (Doty) Doty ex P.C. Silva, to mitigate epiphytes and disease.


Materials and methods
Three variants of K. alvarezii (e.g. green, red and brown color morphotypes) were cultivated in vitro under different concentrations of an alkaline extract prepared from the brown alga A. nodosum. This extract is composed by protein/amino acids—3–5%, lipid 1%, alginic acid 12–18%, fucose-containing polymers 12–15%, mannitol 5–6% and others carbohydrates 10–15% and is manufactured by Acadian Seaplants Limited (Dartmouth, Nova Scotia, Canada). The K. alvarezii samples were acquired at a farming site located at Praia Grande, Itacuruçá Island, north of Sepetiba Bay, Rio de Janeiro State, Brazil (22°57′02″S and 43°54′22″W). K. alvarezii voucher material was included in the Herbarium of the Botanical Garden of Rio de Janeiro (RB 425.507).
Kappaphycus alvarezii variants were cleaned of epiphytes, using clamps and paper towels so as not to damage the tissue and acclimated for 30 days in 5-L glass tanks (water temperature—22 ± 2°C, water surface irradiance—130 ± 5 μmol photons m−2·s−1, photoperiod—12 h day, salinity (PSS)—35 ± 2 and pH—8.1 ± 0.3). To test the effect of the A. nodosum extract on epiphytes, the apical tips of K. alvarezii (both control and tested) were not cleaned after the acclimatation period and the epiphytes were identified using taxonomy literature and classified using the nomenclature adopted in Algaebase (Guiry and Guiry 2008) and maintained under the same conditions.
After acclimatization, the algae were bathed in different concentrations of A. nodosum extract (e.g., 5, 10, 15, 20, 25 and 30 g L−1 of seawater) for a period of 1 h (period determined for future use on large scale farming). Following this, six replicates of each K. alvarezii variant with 5 cm (weighting 5 g ± 0.2 each) were placed in Erlenmeyer flasks with 1 L of seawater under aeration for 2 weeks. In the control treatment, the apical tips were not exposed to the extract. The seawater was filtered in ester cellulose membrane (0.45 μm—Millipore). Growth was estimated as daily growth rate calculated according to the formula DGR = 100 × [ln(W
                        t / W
                        o) / t], where W
                        o is the initial dry weight and W
                        t is the final one and t time of cultivation (Reis et al. 2006).
The difference between the daily growth rate of K. alvarezii variants cultivated in seawater (control) and the ones exposed to different A. nodosum extract concentrations were analyzed using the Mann–Whitney Test since data were not homogeneous. The interaction of the K. alvarezii variants and different concentrations of A. nodosum extract on the daily growth rate of K. alvarezii were tested using two-way analysis of variance and the post-hoc Tukey test was used to distinguish significantly different means. The normality (Shapiro–Wilk) and homogeneity of the variances (Cochran) of the different treatments were tested. The statistical analyses were performed using Statistica 6.0 StatSoft® at the 95% confidence level (p < 0.05). Data were expressed as mean ± standard deviation (SD).


Results
After 14 days of laboratory cultivation, the Kappaphycus alvarezii variants bathed in the Ascophyllum nodosum extract had almost doubled the daily growth rate of the other ones cultivated in seawater (control, Z = 2.88, p < 0.001, Fig. 1). A positive interaction of the three K. alvarezii variants (two-way ANOVA, F = 4.50, p < 0.001) and different concentrations of A. nodosum (two-way ANOVA, F = 219.00, p < 0.001) was observed. The highest growth rate of K. alvarezii was obtained in cultures with extract concentrations of 15 and 20 g L−1 followed by 25 g L−1, 30 g L−1 and the lowest growth at 10 g L−1 followed by 5 g L−1 (two-way ANOVA, F = 32.71, p < 0.001). The green and brown variants had higher growth values than the red variant (Fig. 1).

Fig. 1[image: figure 1]
Growth rate of Kappaphycus alvarezii variants under different concentrations of Ascophyllum nodosum extract. Square median, rectangle lower and upper quartile, vertical bar non-outlier range, and circle outliers


Full size image


                     After 2 weeks of cultivation, Cladophora sp. and Ulva sp. were not found on K. alvarezii in all extract concentrations (e.g., 5, 10, 15, 20, 25, and 30 g L−1), however, Polysiphonia subtilissima Mont. in all tested concentrations forming small red patches along the thalli.


Discussion
Robertson-Andersson et al. (2006) examined the effects of Kelpak® commercial extract made from Ecklonia maxima (Osbeck) Papenfuss on the red alga Gracilaria gracilis (Stackhouse) Steentoft, Irvine, et Farnham cultivated in vitro and later experimentally in commercial cultivation to verify the effect of this extract on the growth of Ulva lactuca Linnaeus obtaining significant results on growth rate (control—2.8% d−1 and best treatment result—1:1.000 concentration 6.1% d−1). Different from our study, the extract was added to the seawater where the algae were being cultivated. Also, Provasoli-enriched Seawater (PES) was added to the seawater since the Kelpak® has low nutrient concentration.
The growth of K. alvarezii of 5.9% day−1 obtained on the treated samples compared with the 2.4% of the control samples show a promising result for commercial productivity since the period of cultivation and algae exposure to infection could be reduced. The high growth rates of the algae exposed to A. nodosum extract might be related to natural plant hormones, which induce a cytokinin-like activity playing a major role on increasing the production of antioxidants and cell division (Salisbury and Ross 1992). Probably, this effect can develop resistance to K. alvarezii against stressful abiotic factors such as temperature and irradiance making it less suitable to the dangerous effects of “ice-ice”.
The elimination of the epiphytes Ulva and Cladophora at concentrations of 15 to 25 g L−1 of A. nodosum extract could be related to the species tolerance limits to these concentrations since they were present at concentration of 5 and 10 g L−1. P. subtilissima proved to be more tolerant than the other epiphytes since this alga survived higher extract concentrations (25 to 30 g L−1). At these concentrations, the daily growth rate of K. alvarezii presented lower values than in 15 and 25 g L−1 but the algae still presented higher growth rates than the ones cultivated without the extract and in lower extract concentration.
These results show that the A. nodosum extract was efficient improving the daily growth rate of K. alvarezii and also can be used to mitigate some epiphytes that major cause problems in the crop loss.
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