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                    Abstract
The seaweed extract Kelpak® made from the kelp Ecklonia maxima is registered as a biostimulant for use in agriculture. It elicits many beneficial responses including improved root and shoot growth, higher yields and greater resistance to abiotic and biotic stresses. Previously, cytokinins, auxins and polyamines were identified in Kelpak®. The aim of the present study was to quantify other groups of plant growth regulators (PGRs)—abscisic acid (ABA), gibberellins (GAs) and brassinosteroids—that may be present in E. maxima and Kelpak®. Kelpak® samples harvested between 2008 and 2010 and stored for up to 26 months were analysed using ultra performance liquid chromatography tandem mass spectrometry. ABA levels were below the limits of detection in E. maxima but were detected in low concentrations in Kelpak®, ranging from 0.31 to 20.70 pg mL−1 Kelpak®. Eighteen GAs were found in E. maxima and Kelpak® with concentrations from 187.54 to 565.96 pg mL−1 Kelpak®. The biologically active GAs (GA1, GA3, GA4, GA5, GA6 and GA7) comprised less than 3 % in Kelpak®. Although GA13 (a final product in the metabolic pathway) was present in low concentrations in E. maxima, very high concentrations were present in Kelpak®. The brassinosteroids brassinolide (BL) and castasterone (CS) were identified in E. maxima and Kelpak®. Concentrations varied with harvest and storage time, ranging from 384.72 to 793.23 pg BL mL−1 Kelpak® and 62.84 to 567.51 pg CS mL−1 Kelpak®. It is likely that this cocktail of natural PGRs present in Kelpak® may act individually or in concert and thus contribute to the numerous favourable physiological responses elicited by Kelpak® application to plants.
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	ABA:
	
                    Abscisic acid

                  
	BL:
	
                    Brassinolide

                  
	CS:
	
                    Castasterone

                  
	GAs:
	
                    Gibberellins

                  
	MRM:
	
                    Multiple-reaction monitoring

                  
	PGRs:
	
                    Plant growth regulators

                  
	UPLC-MS/MS:
	
                    Ultra performance liquid chromatography tandem mass spectrometry

                  



References
	Anderson RJ, Bolton JJ, Molloy FJ, Rotmann KWG (2003) Commercial seaweeds in southern Africa. In: Chapman ARO, Anderson RJ, Vreeland VJ, Davison IR (eds) Proceedings of the 17th International Seaweed Symposium. Oxford University Press, Oxford, pp 1–12

                    Google Scholar 
                

	Bajguz A (2009) Isolation and characterization of brassinosteroids from algal cultures of Chlorella vulgaris Beijerinck (Trebouxiophyceae). J Plant Physiol 166:1946–1949
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Bajguz A, Hayat S (2009) Effects of brassinosteroids on the plant responses to environmental stresses. Plant Physiol Biochem 47:1–8
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Bajguz A, Tretyn A (2003) The chemical characteristics and distribution of brassinosteroids in plants. Phytochem 62:1027–1046
Article 
    CAS 
    
                    Google Scholar 
                

	Beckett RP, van Staden J (1989) The effect of seaweed concentrate on the growth and yield of potassium stressed wheat. Plant Soil 116:29–36
Article 
    CAS 
    
                    Google Scholar 
                

	Beckett RP, Mathegka ADM, van Staden J (1994) Effect of seaweed concentrate on yield of nutrient-stressed tepary bean (Phaseolus actuifolius Grey). J Appl Phycol 6:429–430
Article 
    
                    Google Scholar 
                

	Craigie JS (2011) Seaweed extract stimuli in plant science and agriculture. J Appl Phycol 23:371–393
Article 
    CAS 
    
                    Google Scholar 
                

	Crouch IJ, van Staden J (1994) Commercial seaweed products as biostimulants in horticulture. J Home Consum Hortic 1:19–75
Article 
    
                    Google Scholar 
                

	Divi UK, Krishna P (2010) Overexpression of the brassinosteroid biosynthetic gene AtDWF4 in Arabidopsis seeds overcomes abscisic acid-induced inhibition of germination and increases cold tolerance in transgenic seedlings. J Plant Growth Regul 29:385–393
Article 
    CAS 
    
                    Google Scholar 
                

	Featonby-Smith BC, van Staden J (1984) Identification and seasonal variation of endogenous cytokinins in Ecklonia maxima (Osbeck) Papenf. Bot Mar 27:527–531
Article 
    CAS 
    
                    Google Scholar 
                

	Hofman PJ, Featonby-Smith BC, van Staden J (1986) The development of ELISA and IRA for cytokinin estimation and their application to a study of lunar periodicity in Ecklonia maxima (Osbeck) Papenf. J Plant Physiol 122:455–466
Article 
    CAS 
    
                    Google Scholar 
                

	Honnerová J, Rothová O, Holá D, Kočová M, Kohout L, Kvasnica M (2010) The exogenous application of brassinosteroids to Zea mays (L.) stressed by long-term chilling does not affect the activities of photosystem 1 or 2. J Plant Growth Regul 29:500–505
Article 
    CAS 
    
                    Google Scholar 
                

	Hradecká V, Novák O, Havlíček L, Strnad M (2007) Immunoaffinity chromatography of abscisic acid combined with electrospray liquid chromatography-mass spectrometry. J Chromatogr B 847:162–173
Article 
    CAS 
    
                    Google Scholar 
                

	Jiang F, Hartung W (2008) Long-distance signaling of abscisic acid (ABA): the factors regulating the intensity of the ABA signal. J Exp Bot 59:37–43
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Kim SY (2007) Recent advances in ABA signaling. J Plant Biol 50:117–121
Article 
    CAS 
    
                    Google Scholar 
                

	Kingman AR, Moore J (1982) Isolation, purification and quantification of several growth regulating substances in Ascophyllum nodosum (Phaeophyta). Bot Mar 25:149–153
Article 
    CAS 
    
                    Google Scholar 
                

	Khan W, Rayirath UP, Subramanian S, Jithesh MN, Rayorath P, Hodges DM, Critchley AT, Craigie JS, Norrie J, Prithiviraj B (2009) Seaweed extracts as biostimulants of plant growth and development. J Plant Growth Regul 28:386–399
Article 
    CAS 
    
                    Google Scholar 
                

	Metting B, Zimmerman WJ, Crouch IJ, van Staden J (1990) Agronomic uses of seaweed and microalgae. In: Akatsuka I (ed) Introduction to applied phycology. SPB Academic Publishing, The Hague, pp 589–627

                    Google Scholar 
                

	Nelson WR, van Staden J (1985) 1-Aminocyclopropane-1-carboxylic acid in seaweed concentrate. Bot Mar 28:415–417
CAS 
    
                    Google Scholar 
                

	Papenfus HB, Stirk WA, Finnie JF, van Staden J (2012) Seasonal variation in the polyamines of Ecklonia maxima. Bot Mar 55:539–546
Article 
    CAS 
    
                    Google Scholar 
                

	Prinsen E, Redig P, Vandongen W, Esmans EL, van Ockelen HA (1995) Quantitative analysis of cytokinins by electrospray tandem mass spectrometry. Rapid Commun Mass Spectrom 9:948–953
Article 
    CAS 
    
                    Google Scholar 
                

	Schaffelke B (1995) Abscisic acid in sporophytes of three Laminaria species (Phaeophyta). J Plant Physiol 146:453–458
Article 
    
                    Google Scholar 
                

	Singh I, Kumar U, Singh SK, Gupta C, Singh M, Kushwaha SR (2012) Physiological and biochemical effect of 24-epibrassinoslide on cold tolerance in maize seedlings. Physiol Mol Biol Plants 18:229–236
Article 
    PubMed Central 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Stirk WA, van Staden J (1997) Comparison of cytokinin- and auxin-like activity in some commercially used seaweed extracts. J Appl Phycol 8:503–508
Article 
    
                    Google Scholar 
                

	Stirk WA, Arthur GD, Lourens AF, Novák O, Strnad M, van Staden J (2004) Changes in cytokinin and auxin concentrations in seaweed concentrates when stored at an elevated temperature. J Appl Phycol 16:31–39
Article 
    CAS 
    
                    Google Scholar 
                

	Stirk WA, Bálint P, Tarkowská D, Novák O, Strnad M, Ördög V, van Staden J (2013) Hormone profiles in microalgae: gibberellins and brassinosteroids. Plant Physiol Biochem (in press)

	Swaczynová J, Novák O, Hauserová E, Fuksová K, Síša M, Kohout L, Strnad M (2007) New techniques for the estimation of naturally occurring brassinosteroids. J Plant Growth Regul 26:1–14
Article 
    CAS 
    
                    Google Scholar 
                

	Symons GM, Ross JJ, Jager CE, Reid JB (2008) Brassinosteroid transport. J Exp Bot 59:17–24
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Tanimoto E (2002) Gibberellins. In: Waisel Y, Eshel A, Kafkafi U (eds) Plant roots—the hidden half. Marcel Dekker, New York, pp 405–416

                    Google Scholar 
                

	Tarakhovskaya ER, Maslov YI, Shishova MF (2007) Phytohormones in algae. Russian J Physiol 54:163–170
Article 
    CAS 
    
                    Google Scholar 
                

	Turečková V, Novák O, Strnad M (2009) Profiling ABA metabolites in Nicotiana tabacum L. leaves by ultra-performance liquid chromatography-electrospray tandem mass spectrometry. Talanta 80:390–399
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Urbanová T, Tarkowská D, Novák O, Hedden P, Strnad M (2013) Analysis of gibberellins as free acids by ultra performance liquid chromatography-tandem mass spectrometry. Talanta 112:85–94
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Weiss D, Ori N (2007) Mechanisms of cross talk between gibberellin and other hormones. Plant Physiol 144:1240–1246
Article 
    PubMed Central 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Yamaguchi S (2008) Gibberellin metabolism and its regulation. Annu Rev Plant Biol 59:225–251
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Yokoya NS, Stirk WA, van Staden J, Novák O, Turečková V, Pěnčík A, Strnad M (2010) Endogenous cytokinins, auxins, and abscisic acid in red algae from Brazil. J Phycol 46:1198–1205
Article 
    CAS 
    
                    Google Scholar 
                

	Zaharah SS, Singh Z, Symons GM, Reid JB (2012) Role of brassinosteroids, ethylene, abscisic acid, and indole-3-acetic acid in mango fruit ripening. J Plant Growth Regul 31:363–372
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgments
The University of KwaZulu-Natal (South Africa) and Kelp Products (Pty) Ltd are thanked for financial assistance. This work was further supported by the Ministry of Education, Youth and Sports of the Czech Republic [LK21306], the Centre of the Region Haná for Biotechnological and Agricultural Research [ED0007/01/01] and the Czech Grant Agency [grant no. 206/09/1284]. The authors also give sincere thanks to M.Sc. Marie Vitásková for her excellent technical assistance.


Author information
Authors and Affiliations
	Research Centre for Plant Growth and Development, School of Life Sciences, University of KwaZulu-Natal, Pietermaritzburg Campus, P/Bag X01, Scottsville, Pietermaritzburg, 3209, South Africa
Wendy A. Stirk & J van Staden

	Laboratory of Growth Regulators, Palacký University and Institute of Experimental Botany AS CR, Šlechtitelů 11, 783 71, Olomouc, Czech Republic
Danuše Tarkowská, Veronika Turečová & Miroslav Strnad

	Centre of the Region Haná for Biotechnological and Agricultural Research, Faculty of Science, Palacký University, Šlechtitelů 11, 783 71, Olomouc, Czech Republic
Miroslav Strnad


Authors	Wendy A. StirkView author publications
You can also search for this author in
                        PubMed Google Scholar



	Danuše TarkowskáView author publications
You can also search for this author in
                        PubMed Google Scholar



	Veronika TurečováView author publications
You can also search for this author in
                        PubMed Google Scholar



	Miroslav StrnadView author publications
You can also search for this author in
                        PubMed Google Scholar



	J van StadenView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Wendy A. Stirk.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Stirk, W.A., Tarkowská, D., Turečová, V. et al. Abscisic acid, gibberellins and brassinosteroids in Kelpak®, a commercial seaweed extract made from Ecklonia maxima
                  .
                    J Appl Phycol 26, 561–567 (2014). https://doi.org/10.1007/s10811-013-0062-z
Download citation
	Received: 25 February 2013

	Revised: 30 May 2013

	Accepted: 31 May 2013

	Published: 15 June 2013

	Issue Date: February 2014

	DOI: https://doi.org/10.1007/s10811-013-0062-z


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Abscisic acid
	Agricultural biostimulant
	Brassinosteroids
	Gibberellins
	Plant growth regulators








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.92.194.96
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    