
Chemical Science Review and Letters  ISSN 2278-6783 

DOI:10.37273/chesci.cs205309520        Chem Sci Rev Lett 2023, 12 (46), 145-152       Article cs205309520  145 

Review Article 

Efficacy of Eco-Friendly Biostimulants in Enhancing the Performance of 
Ornamental Crops: A Review 

Rosalind Lallawmzuali* and Arun Kumar Pal 

Department of Floriculture and Landscape Architecture, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur,  

West Bengal-741252 

Introduction 

The trends in crop production over the past years has imposed a huge challenge in sustaining an economic input and 

output. Advancement in technology has necessitated a relevant strategy with scientific approach that includes 

quality planting materials and improved production practices, especially with the evident impact of climate change on 

plant growth and development. The aim to enhance production and meet the global needs caused by an exponential 

growth of the population has resulted in an increased use of chemical fertilizers as agronomic practice over the past 

years [1, 2]. 

It is a known fact that overuse of chemical fertilizers and pesticides has a detrimental effects on the environment, 

human health as well as soil fertility creating an enormous interest in organic production. However, we are aware of 

the lower yield of organic production in comparison to conventional agriculture [3]. Thus the search for a reliable 

approach to achieving sustainable system that is eco-friendly, but at the same time gives quality produce and in the 

quantity that will suffice the demands of the population is highly crucial. A promising agronomic tool and sustainable 

approach considered in the recent years is the use of naturally derived biostimulants, which is gaining interest globally 

[4, 5]. 

Biostimulants 

The word ‘biostimulant’ was first used by Zhang and Schmidt [6] and mentioned it as ‘‘materials that, in minute 

quantities, promote plant growth’’. Du Jardin [7] later gave a more comprehensible definition of biostimulant as ‘‘any 

substance or mixture of substances of natural origin or microorganism applied to crop or soils with the aim to enhance 

nutrition efficiency, abiotic stress tolerance and/or crop quality traits regardless of its nutrients content’’. The use of 

plant biostimulants have been reported to alter the biological, biochemical and physical properties of soil [5], 

improves nutrient use efficiency [8, 9] and increase crop yields [10]. It affects the root growth and root architecture 

[11, 12] and also enhances the performance of plants under abiotic stress [13]. 

In reality the use of biostimulants have been around for many years now, however due to the rising interest of their 

use as an environment friendly input has resulted in the expansion of its market in the recent years. The global market 

for these products was estimated at USD 2.6 billion in 2019 with a projected value in 2025 at over USD 4 billion [14]. 

The use of these biostimulants are thus emerging as a considerable crop management practice and its application can 
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be considered as an innovative environmental friendly approach [15] and a sustainable strategy to enhance crop yield 

even under stress conditions [16, 17]. 

Classification and role of biostimulants on ornamental crops 

Biostimulants are generally classified into some major categories which have been accepted as the official 

classification by a number of researchers [18-20]. 

Seaweed extracts 

The bio-stimulatory effect of seaweed has been recorded recently although it has been reported to be used as a source 

of organic matter since many years back [7]. Seaweeds are green, brown and red marine macro-algae (Table 1) and 

are composed of a mixture of complex polysaccharides, fatty acids, vitamins, phytohormones and mineral nutrients 

that are known to stimulate plant growth and improved its productivity [21, 22] Brown algal seaweed (Ascophyllum 

nodosum) particularly has been extensively and successfully used in agriculture since the 12th century [23]. The use of 

seaweed extracts in recent years has gained popularity due to their potential use in organic and sustainable agriculture 

[24]. Seaweed liquids are often applied as foliar spray or as soil drench and are able to enhance plant growth and 

performance improving yield and productivity, increase tolerance to abiotic stresses, photosynthetic activity, and 

resistance to pathogenic attacks of several crops [25]. 

Table 1 Different classes of seaweed with important species 

Class Important species 

Brown algae 

(Phaeophyceae) 

Ascophyllum nodosum, Cystoseira myriophylloides, Durvillea spp., Ecklonia 

maxima, Fucus spp., Hydroclathrus spp., Laminaria digitata, Padina pavonica, 

Ralfsia spp. Sargassum spp. 

Red algae (Rhodophyta) Acanthophora spicifera, Cyanidium caldarium, Gelidium serrulatum, Gracilaria 

spp., Kappaphycus alvarezii, Laurencia johnstonii, Macrocycstis pyrifera, Porphyra 

perforate, Nereocystis spp.  

Green algae (Chlorophyta) Caulerpa spp., Codium spp., Enteromorpha prolifera, Ulva spp. 

Seaweed extracts on ornamental crops 

Few researches had been conducted to evaluate the efficacy of seaweed extracts on the performance of ornamental 

crops over the years with evidence of positive response. Seaweed extracts at 20 % resulted in maximum plant 

biomass, number of flowers and dry weight of rose flowers [26] and when sprayed at 5 %, it increased the plant 

height, number of primary and secondary shoots as well as number of productive shoot and leaf area of Jasminum 

sambac [27]. Chrysanthemum recorded high yield per hectare when treated with Ascophyllum nodosum at 5 ml/L 

[28]. The number of pseudobulb and pseudobulb perimeter of Dendrobium nobile Lindl var Sonia was found to 

increase with brown sea weed extract (Biovita) at 1% concentration [29]. Both vegetative and flowering 

characteristics were induced in annuals like amaranthus [30], pansy [31], Tagetus [32], Dianthus [33], petunia [34] 

and salvia [12]. The treated begonia plants had better nutrient uptake and higher free proline content in roots upon 

treatment with seaweed extracts at 0.25 % [35]. 

Botanicals 

Plants extracts which are used in pharmaceutical or cosmetic products and also in plant production for its medicinal 

values are the botanicals having biostimulant activity [37]. They contain bioactive compounds which are known to 

enhance plant productivity as well as protection. Many plants like moringa leaf extracts, pongamia seed extract, 

lantana leaf extract, chrysanthemum leaf extracts, ginger extracts etc. are widely used by farmers.  

Botanicals on ornamental crops 

Botanical extracts had proven effective in several ornamental crops rendering their use as an efficient input for crop 

production. Leaf extracts like moringa leaf extracts at 5 % had resulted an increased corm diameter and biomass of 

gladiolus [38] whereas it led to rapid corm sprouting, high leaf chlorophyll and longest vase life of Freesia hybrida 

[39]. Application of ginger extracts at 15 mg/L had increased the total soluble sugars, phenol, anthocyanin content, 

and carotenoid content with higher volatile oil yield in Rosa damascena [40]. Higher percentage of chlorophyll with 
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improved vegetative and floral characteristics was recorded when banana peel powder was applied at 10 g per plant 

on the flower Narcissus daffodil L. [41]. 

 

Figure 1 Marigolds 6 weeks after applying seaweed at transplanting. A = control; B = I cm seaweed concentrate 

applied to the soil; C = 2 cm seaweed concentrate applied as a foliar spray [36]. 

Humic acids and fulvic acids 

Humic and fulvic acids have been used as an agricultural inputs many years for their effects on microbial 

communities, plant growth and nutrient availability [14, 42, 43]. Humic substances (HS) are the natural constituents 

of the soil organic matter, that is produced as a result of decomposition of plant, animal and microbial residues and 

are basically the end-products of microbial decomposition and chemical degradation of dead biota in soils [20, 44]. 

Humic substances in soils are divided into three main fractions: humic acids, fulvic acids, and humin. These 

substances improve the physical, physicochemical, chemical and biological properties of the soil thus increasing the 

soil fertility. 

Humic acids and fulvic acids on ornamental crops 

Application of humic acid recorded more number of spikes and flowers per plant with increased blooming period in 

Antirrhinum majus [45], better yield per plant in chrysanthemum [46], more branches and flowers per plant in petunia 

[47] and increased flowering duration in carnation [48]. The chlorophyll and chemical components of leaves like N, 

P, K were observed to be higher with humic acid application in gladiolus [49] and tuberose [50]. Foliar application of 

fulvic acid resulted in increased plant height, stem thickness and more number of shoots in the foliage plant Dracaena 

[51]. 

Chitosan and other biopolymers  

Chitosan is a deacetylated form of the biopolymer chitin that is produced naturally and industrially [52]. These 

substances are used to induce resistance to abiotic stresses like drought, temperature and salinity by building defence 

against plant pathogens. Chitosan induces stomatal closure via ABA-dependent mechanism resulting in its ability to 

enhance stress tolerance in plants [53]. The common sources of raw materials for chitosan manufacturing are shrimps 

and crabs while lobsters, crayfishes and oysters have also been utilized [22]. 

Chitosan on ornamental crops 

The efficacy of chitosan have been assessed for the pre and post-harvest performance of different ornamental crops. 

Its application has been reported to extend the vase life of cut carnations [54] and heliconia [55]. Chitosan is widely 

known for its function to increase stress tolerance in crops, thus evident by the enhanced proline, K+, Ca+2, phenols, 

leaf water potential, antioxidants, and leaf water content in Chrysanthemum morifolium [56] and increased stomatal 

index in tiger orchid [57]. It also enhanced the growth of protocorms and bulbs of orchid and tuberose [58, 59].The 

application also proved useful in increasing the number of leaves per plant of Eucomis bicolor [60]. 

Inorganic compounds 

The beneficial elements like cobalt, silica, selenium and sodium promotes plant growth, improves the quality of 
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produce and tolerance to abiotic stress. Their mechanism in enhancing crop growth is attributed by their ability to 

influence plant hormones and enzymes signalling, cell wall rigidification and protection against pathogens [52]. 

Silicon is a commonly used biostimulant and is known to alleviate abiotic stresses such as drought, salt and nutrient 

stress. 

Inorganic compounds on ornamental crops 

Elements like silica has substantiated its importance for postharvest treatment in many flower crops. Silica 

nanoparticles not only improved the longevity and postharvest quality of cut roses [61] but also increased the 

concentration of calcium, protein, pigment intensity and degree of transparency in gerbera [62]. The treatment of 

Tagetes patula with potassium silicate at 5 ml/L had also increased the percentage of essential oil [63]. Selenium has 

been found to be beneficial in increasing the phenolic content and antioxidant activity of Narcissus [64]. The 

senescence of rose was delayed by cobalt chloride application by increasing the water uptake and increasing the vase 

life [65]. 

Protien hydrolates and other N-containing compounds 

Amino-acids and peptides mixtures are manufactured by chemical synthesis or enzymatic protein hydrolysis from 

agroindustrial by-products of plant sources (crop residues of corn, soyabean etc) and animal wastes (collagen, 

epithelial tissues etc). These products are used as effective plant biostimulants [7, 18, 19]. Amino acids are readily 

absorbed, transported, and utilized as a source of nitrogen and carbon for plants resulting in indirect effects on plant 

growth and development. They improves soil structure and increases the microbial activity thus enhancing the soil 

fertility.  

Amino acids and protein hydrolysates on ornamental crops 

Different types of amino acids are being in use for improving the quality and performance of several crops. Arginine 

and asparagine has positively affected the leaves and flower characters of nasturtium [66] while it caused increased 

number of shoots in wild rose [67]. Tryptophan and ascorbic acids increased the fresh and dry weight of leaves with 

more weight and length of Spathiphyllum wallisii spathe [68]. Amino acid application also significantly increased the 

number of floret and inflorescence in Freesia hybrida [69], increased chlorophyll and carotenoid content in gerbera 

[70] and proliferate the floral characters in carnation [71]. 

Animal derived protein hydrolysates enhanced leaf and root, nitrogen content, photosynthetic rate, transpiration 

rate and stomatal conductance of Antirrhinum majus L. hybrids [72] and also resulted in significant improvement in 

net photosynthesis and stomatal conductance of petunia [73]. 

Beneficial Fungi and bacteria 

Beneficial fungi such as mycorrhizal fungi aids nutrient uptake and mineralization and assist with stress tolerance 

[74], whereas Trichoderma releases growth enzymes and increase nutrient use efficiency. These fungal-based 

products are applied to plants to promote nutrition use efficiency, tolerance to stress, enhance quality and crop yield 

[75]. Beneficial bacteria, specifically plant growth promoting rhizobacteria (PGPR) are also known to stimulate plant 

growth by improving soil structures, supplying nutrients and production of hormones thus enhancing plant response to 

biotic and abiotic stress [76, 77]. 

 

Figure 2 Plant size (Growth index) evaluations of petunia; negative control (NC) petunia treated with biostimulant 

products 1 and 2 containing multiple species of beneficial bacteria and fungi, and product 10 containing Bacillus 

subtilis [78]. 
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Beneficial fungi and bacteria on ornamental crops 

Arbuscular mycorrhizal fungi improved the flower characteristics of zinnia with increased fresh and dry shoot weight 

[79] when it was applied in combination with Bacillus subtilis, the total oil yield of geranium was significantly 

increased because of the increase in biomass production [80]. Tuberose when treated with phosphate solubilising 

bacteria (PSB) recorded high production of bulb per plant [81] and minimum days of bulb sprouting when treated 

with arbuscular mycorrhizal fungi in combination with GA3 [82]. Plant growth promoting bacteria (PGPR) has been 

found to improve the phytochemical characteristics and increased the essential oil content of rose cv Black prince 

[83]. 

Conclusion 

Biostimulants are now being considered as an effective environment friendly input in crop management and 

production. The use in ornamental crops, however is comparatively lesser compared to fruits and vegetable crops. A 

wide range of scope is available as they offer effective and sustainable approach to enhance crop productivity which 

could be incorporated in an integrated crop management system. More research prospects are also available in 

grasping the underlying mechanisms of biostimulants, their mode of action and plant responses at the physiological, 

biochemical, and molecular levels. Progressive precision farming in crop management and demands of farmers and 

consumers for alternatives to synthetic inputs are inevitable and could trigger more demands to the use of 

biostimulants in the years to come.  

The general knowledge and awareness would help in commercialization and large scale application of 

biostimulants at farmer’s level. The idea is to ensue limited use of chemical fertilizers which as we know is becoming 

a threat to the environment each day. Improving crop performance and less contribution to soil, air and water 

pollution is the consistent impact we are currently striving to achieve in the farming community. 
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