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Introduction 

The term “bio stimulants” was actually coined by horticulturists for denoting the various 

substances which are used for promoting plant growth without being a nutrient or pesticides. In a 

web journal named Ground Maintenance (http://grounds-mag.com), Zhang and Schmidt from 

Virginia Polytechnic Institute and State University, defined biostimulants as “materials that, in 

minute quantities, promote plant growth”.Kauffman et al. (2007) defined biostimilants as 

‘materials, other than fertilizers, that promote plant growth when applied in low quantities’. 

Kauffman et al. (2007) summarized bio stimulants by introducing a categorization: ‘Bio 

stimulants in a variety of formulations are generally classified into three major groups on the 

basis of their source and content. These groups include products contain hormone, humic 

substances and amino acid containing products. Seaweed extracts contain identifiable amounts of 

active plant growth substances such as auxins, cytokinins, or their derivatives’. Plant bio 

stimulants, also referred as agricultural bio stimulants, are group of diverse substances which can 

be supplemented to the close environment of plants and have positive effect on nutrient uptake 

and plant growth (du Jardin 2012). Although, the application of plant biostimulants in the 

rhizosphere facilitates nutrient uptake and plant growth, however, many of these plant 

biostimulants are reported to alleviate abiotic stresses such as salt, drought and heat stresses (Van 

Oosten et al., 2017).Over the following years, the term ‘biostimulant’ is being increasingly 

applied by the scientific community and literatures increasing the array of substances and of 

modes of actions as well (Calvo et al., 2014, du Jardin, 2012). Truth be told, 'biostimulant' come 

into view as a flexible descriptor of any substance advantageous to plants excluding fertilizers, 

pesticides and soil amendments.Industries and Companies in this particular sector have formed 

many associations, such as ‘European Biostimulants Industry Council’ (EBIC) in Europe and the 

http://grounds-mag.com/
https://www.sciencedirect.com/science/article/pii/S0304423815301850#bib0065
https://www.sciencedirect.com/science/article/pii/S0304423815301850#bib0130
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‘Biostimulant Coalition’ in the USA, with primary aim to dialogue with scientists, stakeholders 

and regulators. Study and understanding of biostimulants and their possible effect has been 

growing at a   significant rate (Colla and Roupharl 2015). The effectiveness of biostimulants, 

exclusively in view with plant growth promotion and nutrient uptake, has been examined (du 

Jardin 2015; Calvo et al. 2014 ;). In addition to plentiful manuscripts, researchers have 

extensively reviewed various classes of specific biostimulantsincludingseaweed extracts, humic 

and fulvic acids, protein hydrolysates,  phosphite, silicon, chitosan,  PGPRs, Trichoderma, 

arbuscular mycorrhizal fungi. 

Table 1: Various types of biostimulants reported to alleviate abiotic stresses in crop plants 

Stress Types of Biostimulants Crop References 

Drought 

tolerance 

Azospirillumbrasilense Triticumaestivum Pereyra et al. 

2012; Hamaoui 

et al. 2001  

Drought 

tolerance 

A. brasilense Lycopersiconlycopersicum Romero et al. 

2014 

Drought 

tolerance 

A. nodosum Camellia sinensis Spann et al. 

2011 

Drought 

tolerance 

Fulvic and humic acids Festucaarundinacea Zhanget al. 

2002;Zhang et 

al. 2000 

Drought 

tolerance 

Fulvic and humic acids Arachispalustris Zhang et al. 

2004 

Drought 

tolerance 

Megafol L. lycopersicum Petrozza et al. 

2014 

Drought 

tolerance 

Sea weed extract Spinaciaoleracea Xu Cet al. 2015 
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Drought 

tolerance 

Sea weed extract Spiraeanipponica Elansary et al. 

2016 

Drought 

tolerance 

Sea weed extract Pittosporum eugenioides Elansary et al. 

2016  

Drought 

tolerance and 

ion 

homeostasis 

Sea weed extract Vitisvinifera Mancuso et al. 

2006 

Drought and 

oxidative 

stress 

Humic acids Oryzasativa García et al. 

2012 

Salt tolerance A. brasilense Cicer arietinum Hamaoui et al. 

2001 

Salt tolerance A. brasilense Viciafaba Hamaoui et al. 

2001  

Salt tolerance A. brasilense Lactucasativa Barassiet al. 

2006; 

Fasciglione et 

al. 2015 

Salt and 

osmotic stress 

A. brasilense T. aestivum Fasciglione et 

al. 1997 

Salt tolerance Pantoeadispersa/ A. brasilense Capsicum annuum Del Amor et al. 

2012 

Salt tolerance A. chrococcum Zea mays Rojas-Tapias et 

al. 2012 

Salt tolerance A. chrococcum T. aestivum Chaudhary et al. 

2013[25] 

https://link.springer.com/article/10.1186/s40538-017-0089-5#ref-CR25
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Salt tolerance A. lipoferum T. aestivum Bacilio  et al. 

2014 

Salt tolerance Hartmannibacterdiazotrophicus Hordeum vulgare Suarez  et al. 

2015 

Salt tolerance 

and ion 

homeostasis 

Humic acid and phosporous Capsicum annuum Çimrin et al. 

2010 

Salt tolerance Humic acids Phaseolus vulgaris Aydin et al. 

2012 

Salt tolerance Protein hydrolysates Z. mays Ertani  et al. 

2012 

Salt tolerance, 

cold tolerance 

Protein hydrolysates L. sativa Botta et al. 

2013; Lucini et 

al. 2015 

Salt tolerance Protein hydrolysates Diospyros kaki/D. lotus Visconti  et al. 

2015 

Salt tolerance Rhizobium leguminosarum V. faba Del Pilar 

Cordovilla et al. 

1999 

Salt tolerance R. leguminosarum Pisumsativum Del Pilar 

Cordovilla et al. 

1999  

Salt tolerance Sea weed extract Poapratensis Nabati et al. 

1994 

Cold tolerance A. nodosum Kappaphycusalvarezii Loureiro  et al. 

2014 

Cold tolerance Burkholderiaphytofirman Vitisvinifera Fernandez  et al. 

2012; 
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Theocharis et al. 

2012 

Cold tolerance Flavobacteriumglaciei Solanum lycopersicum Subramanian et 

al. 2016[34] 

Cold tolerance Pseudomonas 

frederiksbergensis 

Solanum lycopersicum Subramanian et 

al. 2016  

Cold tolerance P. vancouverensis Solanum lycopersicum Subramanian et 

al. 2016  

Cold tolerance P.dispersa T. aestivum Selvakumar  et 

al. 2008 

Cold tolerance Sea weed extract Z. mays Bradáčová  et 

al. 2016 

Cold tolerance Sea weed extract Arabidopsis thaliana Nair  et al. 

2012; Rayirath 

et al. 2009 

Heat tolerance P. putida T. aestivum Ali  et al. 2011 

Heat tolerance P. putida Sorghum bicolor Ali  et al. 2009 

Heat tolerance Protein hydrolysates Loliumperenne Botta  et al. 

2013 

Heat tolerance Sea weed extract Agrostis stolonifera Zhang  et al. 

2008 

Ion 

homeostasis 

A. nodosum Prunusdulcis Saa  et al. 2015 

Ion 

homeostasis 

SWE L. sativa Möller  et al. 

1998 

https://link.springer.com/article/10.1186/s40538-017-0089-5#ref-CR34
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Ion 

homeostasis 

Protein hydrolysates H. vulgare Cuin  et al. 2007 

Temperature 

tolerance 

A. chrococcum T. aestivum Egamberdiyeva  

et al. 2009; 

Egamberdiyeva 

et al. 2004 

Chilling stress Glycinebetaine L. lycopersicum Park  et al. 2004 

Chilling 

tolerance 

Melatonin Z. mays Kołodziejczyk  

et al. 2016 

Heavy metal 

tolerance 

Protein hydrolysates T. aestivum Zhu  et al. 2006 

 

Algal Extract 

Marine algae commonly known as seaweeds constitute a vital part of marine coastal 

ecosystem.  These seaweeds comprise of the multicellular marine algae that frequently reside in 

the coastal area of the oceans where proper substrata present. Approximately about 9,000 species 

of macroalgaehave been estimated and are broadly classified into three primarycategories based 

on their pigments. These classes are brown, red, and green algae or Phaeophyta, Rhodophyta, 

and Chlorophyta; respectively. Among them second most abundantly present group having 

approximately 2000 species is brown seaweeds. These seaweeds attain their utmost biomass 

levels near rocky shores of the temperate zones. They are the most commonly used seaweeds in 

agriculture (Blunden and Gordon 1986) and, among them, Ascophyllumnodosum (L.) Le Jolis is 

the most investigated species and used in agriculture (Ugarteet al. 2012).  

In addition to A. nodosum, other species of brown algae such as Laminaria spp., Fucus 

spp., Sargassum spp. and Turbinaria spp. are currently being used as biofertilizer in agriculture 

(Hong et al. 2007). These seaweeds have a potential of prominent source of organic matter and 

nutrient and thus have been used as soil conditioner for the centuries (Mettinget al. 1988; Temple 
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and Bomke 1988).  Approximately 15 million MT of seaweeds are produced annually, and a 

significant portion of these products are used as biostimulants and biofertilizers. A range of 

commercially available SWEs are being used in agricultural and horticultural plants (Table 2). 

Extensive researches and studies have revealed the various beneficial effects of SWEs on plant 

health and growth, improved crop yield and elevated tolerance to the biotic and abiotic 

stresses(Beckett and van Staden 1989; (Fig. 1). 

 

 

Figure 1: Main key mechanism by seaweed extracts 

The role of SWEs in alleviating the cold stress in crop plants has been studies. In recent 

investigations the research work has focused on SWEs and their potential role in enhancing 

tolerance to the chilling stress. Bradáčová et al. 2013, has tested multiple extracts for their 

capacity to enhance cold tolerance in maize. He reported that the extract rich in Zn and Mn were 

only able to mitigate the cold stress via enhanced ROS response. These outcomes specify that 

nutrient deficiency in plant induced by cold stress can be overcome by applying SWEs to 

advance oxidative stress tolerance. In priorresearchwith corn seedlings subjected to root chilling 

stress and treated with essential micronutrients confirmed the efficacy of nutrient seed priming 

(Imran et al. 2013) 
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SWEs have been extensively used in horticultural crops and trees. A. nodosum extract is 

reported to increase the fresh and dry weight in spinach plant under drought stress. Lettuce plant 

treated with SWEs showed enhanced cotyledon growth resemblance to potassium fertilization 

(Mollar et al. 1998)Grape plants subjected to the foliar application with marine bioactive 

isopropanol extract of microalgae showed increased stomataal conductance and leaf water 

potential under drought stress 

Table 2: Commercially available seaweed products used in agriculture 

Seaweed Name Product Name Manufacturing Company Application 

Ascophullumnodosum Acadian® Acadian Agritech Plant Growth stimulant 

A. nodosum Agri-Gro Ultra Agri-Gro Marketing Inc. Plant Growth stimulant 

Lithothamnioncalcareum Acid Buf Chance & Hunt Ltd. Plant Growth stimulant 

A. nodosum Espoma The Espoma Company Plant Growth stimulant 

A. nodosum Alg-A-Mic Biobizz Worldwide N.V. Plant Growth stimulant 

A. nodosum Kelpro TecniprosesosBiologicos, 

S.A. de C.V. 

Plant Growth stimulant 

A. nodosum Kelprosoil Productos del Pacifico S.A. 

de C.V. 

Plant Growth stimulant 

A. nodosum Stimplex Acadian Agritech Plant Growth stimulant 

A. nodosum Synergy Green Air Products Inc. Plant Growth stimulant 

A. nodosum Tasco Acadian Agritech Plant Growth stimulant 

A. nodosum Maxicrop Maxicrop USA Inc. Plant Growth stimulant 

A. nodosum Nitrozime Hydrodynamics 

International Inc. 

Plant Growth stimulant 

Microcystispyrifera Agro-Kelp Algas y 

BioderivadosMarinos, S.A. 

de C.V. 

Plant Growth stimulant 

Red Marine Algae Emerald RMA Dolphin Sea Vegetable Plant Growth stimulant 
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Company 

Durvelleapotatorum Seasol Season International Pty 

Ltd. 

Plant Growth stimulant 

Ecklonia maxima Kelpak BASF Plant Growth stimulant 

Durvelleaantarctica Profert BASF Plant Biostimulant 

 

Conclusion 

Abusive use of synthetic chemicals in agriculture has led to the hazardous effect on the human, 

animal and ecosystem health. Safeguarding the food security for increasing population while 

maintaining the ecosystem harmony is the prime challenge for the scientists. Crop production is 

hampered by various biotic and abiotic stresses. Various strategies have been used to alleviate 

the abiotic stresses in crop plants. Various biostimulants, mainly seaweed extracts have been 

reported to mitigate the abiotic stresses in crops. These SWEs have provided the sustainable 

solution to the crop management under abiotic stresses. Further investigation and studies is 

required to understand the mechanisms of these SWEs and other biostimulants.  

References 

Ali SKZ, Sandhya V, Grover M, Kishore N, Rao LV, Venkateswarlu B. Pseudomonas sp. strain 

AKM-P6 enhances tolerance of sorghum seedlings to elevated temperatures. BiolFertil Soils. 

2009;46:45–55.  

Ali SKZ, Sandhya V, Grover M, Linga VR, Bandi V. Effect of inoculation with a thermotolerant 

plant growth promoting Pseudomonas putida strain AKMP7 on growth of wheat (Triticum spp.) 

under heat stress. J Plant Interact. 2011;6(4):239–46.  

Aydin A, Kant C, Turan M. Humic acid application alleviates salinity stress of bean (Phaseolus 

vulgaris L.) plants decreasing membrane leakage. Afr J Agric Res. 2012;7(7):1073–86. 

Bacilio M, Rodriguez H, Moreno M, Hernandez J-P, Bashan Y. Mitigation of salt stress in wheat 

seedlings by a gfp-tagged Azospirillumlipoferum. BiolFertil Soils. 2004;40(3):188–93 

Barassi CA, Ayrault G, Creus CM, Sueldo RJ, Sobrero MT. Seed inoculation with Azospirillum 

mitigates NaCl effects on lettuce. SciHortic. 2006;109(1):8–14.  



 

IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 

Research paper© 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 10, Iss 04, 2021 

 

1310 

 

Beckett RP, Van Staden J. The effect of seaweed concentrate on the growth and yield of 

potassium stressed wheat. Plant and soil. 1989 May 1;116(1):29-36. 

Botta A. Enhancing plant tolerance to temperature stress with amino acids: an approach to their 

mode of action. ActaHorticulturae.2013. doi:10.17660/ActaHortic.2013.1009.1. 

Bradáčová K, Weber NF, Morad-Talab N, Asim M, Imran M, Weinmann M, et al. 

Micronutrients (Zn/Mn), seaweed extracts, and plant growth-promoting bacteria as cold-stress 

protectants in maize. ChemBiolTechnol Agric. 2016;3(1):19. 

Calvo P, Nelson L, Kloepper JW. Agricultural uses of plant biostimulants.Plant and soil. 2014 

Oct 1;383(1-2):3-41. 

Chaudhary D, Narula N, Sindhu SS, Behl RK.Plant growth stimulation of wheat 

(Triticumaestivum L.) by inoculation of salinity tolerant Azotobacter strains.PhysiolMolBiol 

Plants. 2013;19(4):515–9 

Çimrin KM, Türkmen Ö, Turan M, Tuncer B. Phosphorus and humic acid application alleviate 

salinity stress of pepper seedling. Afr J Biotechnol [Internet]. 2010;9(36). 

http://www.ajol.info/index.php/ajb/article/ view/92903.Accessed 16 Nov 2015. 

Colla G, Rouphael Y. Biostimulants in horticulture. Scientia Horticulturae. 2015;196:1-34. 

Creus CM, Sueldo RJ, Barassi CA. Shoot growth and water status in Azospirillum-inoculated 

wheat seedlings grown under osmotic and salt stresses. Plant PhysiolBiochem. 1997;35(12):939–

44. 

Cuin TA, Shabala S. Amino acids regulate salinity-induced potassium efflux in barley root 

epidermis. Planta. 2007;225(3):753–61. 

Del Amor FM, Cuadra-Crespo P. Plant growth-promoting bacteria as a tool to improve salinity 

tolerance in sweet pepper. Funct Plant Biol. 2012;39(1):82–90.  

Del Pilar Cordovilla M, Berrido SI, Ligero F, Lluch C. Rhizobium strain effects on the growth 

and nitrogen assimilation in Pisumsativum and Viciafaba plant growth under salt stress. J Plant 

Physiol. 1999;154(1):127–31. 

Du Jardin P. Plant biostimulants: definition, concept, main categories and regulation. Scientia 

Horticulturae. 2015 Nov 30;196:3-14. 

duJardin P. The Science of Plant Biostimulants–A bibliographic analysis, Ad hoc study 

report.European Commission; 2012. 



 

IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 

Research paper© 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 10, Iss 04, 2021 

 

1311 

 

Egamberdiyeva D, Höflich G. Effect of plant growth-promoting bacteria on growth and nutrient 

uptake of cotton and pea in a semi-arid region of Uzbekistan. J Arid Environ. 2004;56(2):293–

301 

Egamberdiyeva D, Höflich G. Influence of growth-promoting bacteria on the growth of wheat in 

different soils and temperatures. Soil BiolBiochem. 2003;35(7):973–8.  

Elansary HO, Skalicka-Woźniak K, King IW. Enhancing stress growth traits as well as 

phytochemical and antioxidant contents of Spiraea and Pittosporum under seaweed extract 

treatments. Plant PhysiolBiochem. 2016;105:310–20 

Fasciglione G, Casanovas EM, Quillehauquy V, Yommi AK, Goñi MG, Roura SI, et al. 

Azospirillum inoculation effects on growth, product quality and storage life of lettuce plants 

grown under salt stress.SciHortic. 2015;195:154–62.  

Fernandez O, Theocharis A, Bordiec S, Feil R, Jacquens L, Clément C, et al. 

BurkholderiaphytofirmansPsJN acclimates grapevine to cold by modulating carbohydrate 

metabolism. MPMI. 2012;25(4):496–504.  

García AC, Santos LA, Izquierdo FG, Sperandio MVL, Castro RN, Berbara RLL. 

Vermicomposthumic acids as an ecological pathway to protect rice plant against oxidative stress. 

Ecol Eng. 2012;47:203–8 

Hamaoui B, Abbadi J, Burdman S, Rashid A, Sarig S, Okon Y. Effects of inoculation with 

Azospirillumbrasilense on chickpeas (Cicer arietinum) and faba beans (Viciafaba) under 

different growth conditions. Agronomie. 2001;21(6–7):553–60 

Hong DD, Hien HM, Son PN. Seaweeds from Vietnam used for functional food, medicine and 

biofertilizer. Journal of Applied Phycology. 2007 Dec 1;19(6):817-26. 

Imran M, Mahmood A, Römheld V, Neumann G. Nutrient seed priming improves seedling 

development of maize exposed to low root zone temperatures during early growth. Eur J Agron. 

2013;49:141–8. 

Kauffman GL, Kneivel DP, Watschke TL. Effects of a biostimulant on the heat tolerance 

associated with photosynthetic capacity, membrane thermostability, and polyphenol production 

of perennial ryegrass. Crop science. 2007 Jan;47(1):261-7. 

Kołodziejczyk I, Dzitko K, Szewczyk R, Posmyk MM. Exogenous melatonin improves corn 

(Zea mays L.) embryo proteome in seeds subjected to chilling stress. J Plant Physiol. 

2016;1(193):47–56. 



 

IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 

Research paper© 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 10, Iss 04, 2021 

 

1312 

 

Loureiro RR, Reis RP, Marroig RG. Effect of the commercial extract of the brown alga 

Ascophyllumnodosum Mont. on Kappaphycusalvarezii (Doty) Doty ex P.C. Silva in situ 

submitted to lethal temperatures. J ApplPhycol. 2014;26(1):629–34.  

Lucini L, Rouphael Y, Cardarelli M, Canaguier R, Kumar P, Colla G. The effect of a plant-

derived biostimulant on metabolic profiling and crop performance of lettuce grown under saline 

conditions.SciHortic. 2015;23(182):124–33.  

Mancuso S, Azzarello E, Mugnai S, Briand X. Marine bioactive substances (IPA extract) 

improve foliar ion uptake and water stress tolerance in potted Vitisvinifera plants. AdvHortic Sci. 

2006;20(2):156–61.  

Metting B, Rayburn WR, Reynaud PA. Algae and agriculture.Algae and human 

affairs.Cambridge University Press, Cambridge, UK. 1988:335-70. 

Möller M, Smith ML. The significance of the mineral component of seaweed suspensions on 

lettuce (Lactucasativa L.) seedling growth. J Plant Physiol. 1998;153(5–6):658–63.  

Nabati DA, Schmidt RE, Parrish DJ. Alleviation of salinity stress in Kentucky bluegrass by plant 

growth regulators and iron. Crop Sci. 1994;34(1):198–202. 

Nair P, Kandasamy S, Zhang J, Ji X, Kirby C, Benkel B, et al. Transcriptional and metabolomic 

analysis of Ascophyllumnodosum mediated freezing tolerance in Arabidopsis thaliana. BMC 

Genom. 2012;13(1):643. 

Park E-J, Jeknić Z, Sakamoto A, DeNoma J, Yuwansiri R, Murata N, et al. Genetic engineering 

of glycinebetaine synthesis in tomato protects seeds, plants, and flowers from chilling damage. 

Plant J. 2004;40(4):474–87. 

Pereyra MA, García P, Colabelli MN, Barassi CA, Creus CM. A better water status in wheat 

seedlings induced by Azospirillum under osmotic stress is related to morphological changes in 

xylem vessels of the coleoptile. Appl Soil Ecol. 2012;53(1):94–7. 

Petrozza A, Santaniello A, Summerer S, Di Tommaso G, Di Tommaso D, Paparelli E, et al. 

Physiological responses to Megafol® treatments in tomato plants under drought stress: a 

phenomic and molecular approach. SciHortic. 2014;22(174):185–92 

Rayirath P, Benkel B, Mark Hodges D, Allan-Wojtas P, MacKinnon S, Critchley AT, et al. 

Lipophilic components of the brown seaweed, Ascophyllumnodosum, enhance freezing tolerance 

in Arabidopsis thaliana. Planta. 2009;230(1):135–47.  



 

IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 

Research paper© 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 10, Iss 04, 2021 

 

1313 

 

Rojas-Tapias D, Moreno-Galván A, Pardo-Díaz S, Obando M, Rivera D, Bonilla R. Effect of 

inoculation with plant growth-promoting bacteria (PGPB) on amelioration of saline stress in 

maize (Zea mays). Appl Soil Ecol. 2012;61:264–72.  

Romero AM, Vega D, Correa OS. Azospirillumbrasilense mitigates water stress imposed by a 

vascular disease by increasing xylem vessel area and stem hydraulic conductivity in tomato. 

Appl Soil Ecol. 2014;82:38–43. 

Saa S, Olivos-Del Rio A, Castro S, Brown PH. Foliar application of microbial and plant based 

biostimulants increases growth and potassium uptake in almond (Prunusdulcis [Mill.] D. A. 

Webb). Front. Plant Sci. 2015;6:87. 

Selvakumar G, Kundu S, Joshi P, Nazim S, Gupta AD, Mishra PK, et al. Characterization of a 

cold-tolerant plant growth-promoting bacterium Pantoeadispersa 1A isolated from a sub-alpine 

soil in the North Western Indian Himalayas. World J MicrobiolBiotechnol. 2008;24(7):955–60. 

Spann TM, Little HA. Applications of a commercial extract of the brown seaweed 

Ascophyllumnodosum increases drought tolerance in container-grown “hamlin” sweet orange 

nursery trees. Hort Science. 2011;46(4):577–82. 

Suarez C, Cardinale M, Ratering S, Steffens D, Jung S, Montoya AMZ, et al. Plant growth-

promoting effects of Hartmannibacterdiazotrophicus on summer barley (Hordeum vulgare L.) 

under salt stress. Appl Soil Ecol. 2015;95:23–30.  

Subramanian P, Kim K, Krishnamoorthy R, Mageswari A, Selvakumar G, Sa T. Cold stress 

tolerance in psychrotolerant soil bacteria and their conferred chilling resistance in tomato 

(Solanumlycopersicum Mill.) under low temperatures. PLoS ONE. 2016;11(8):e0161592. 

Temple WD, Bomke AA. Effects of kelp (Macrocystisintegrifolia) on soil chemical properties 

and crop response.Plant and Soil. 1988 Sep 1;105(2):213-22. 

Theocharis A, Bordiec S, Fernandez O, Paquis S, Dhondt-Cordelier S, Baillieul F, et al. 

BurkholderiaphytofirmansPsJN Primes Vitisvinifera L. and Confers a better tolerance to low 

nonfreezing temperatures. MPMI. 2012;25(2):241–9.  

Ugarte R, Sharp G. Management and production of the brown algae Ascophyllumnodosum in the 

Canadian maritimes. Journal of Applied Phycology. 2012 Jun 1;24(3):409-16. 

Van Oosten MJ, Pepe O, De Pascale S, Silletti S, Maggio A. The role of biostimulants and 

bioeffectors as alleviators of abiotic stress in crop plants.Chemical and Biological Technologies 

in Agriculture. 2017 Dec 1;4(1):5. 



 

IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 

Research paper© 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 10, Iss 04, 2021 

 

1314 

 

Visconti F, De Paz JM, Bonet L, Jordà M, Quiñones A, Intrigliolo DS. Effects of a commercial 

calcium protein hydrolysate on the salt tolerance of Diospyros kaki L. cv. “RojoBrillante” 

grafted on Diospyros lotus L. SciHortic. 2015;185:129–38. 

Xu C, Leskovar DI. Effects of A. nodosum seaweed extracts on spinach growth, physiology and 

nutrition value under drought stress.SciHortic. 2015;12(183):39–47.  

Zhang X, Ervin EH.Cytokinin-containing seaweed and humic acid extracts associated with 

creeping bentgrass leaf cytokinins and drought resistance. Crop Sci. 2004;44(5):1737 

Zhang X, Ervin EH.Impact of seaweed extract-based cytokinins and zeatin riboside on creeping 

bentgrass heat tolerance. Crop Sci. 2008;48(1):364–70. 

Zhang X, Schmidt RE, Ervin EH, Doak S. Creeping bentgrass physiological responses to natural 

plant growth regulators and iron under two regimes.HortScience. 2002;37(6):898–902. 36.  

Zhang X, Schmidt RE. Hormone-containing products’; impact on antioxidant status of tall fescue 

and creeping bentgrass subjected to drought. Crop Sci. 2000;40(5):1344–9. 

Zhu K, Zhou H, Qian H. Antioxidant and free radical-scavenging activities of wheat germ 

protein hydrolysates (WGPH) prepared with alcalase. Process Biochem. 2006;41(6):1296–302.  

Zhu K, Zhou H, Qian H. Antioxidant and free radical-scavenging activities of wheat germ 

protein hydrolysates (WGPH) prepared with alcalase. Process Biochem. 2006;41(6):1296–302 

 


