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Abstract Plant root pathogens such as bacteria, 
fungi, nematodes and viruses infect over a thousand 
plant species worldwide, threatening the livelihood 
and food security of small-scale farmers and rural 
communities who rely on the crops. For centuries, soil 
fumigants have been the standard for disease infesta-
tion control; however, due to the hazardous effects of 
these fumigants and their overall species specificity 
failure, there has been a paradigm shift away from 
using chemicals to control plant pathogens in recent 
decades. The use of algae and cyanobacteria-based 
biostimulants in combating plant-parasitic nematodes 
has recently gained the attention of researchers. This 
review intends to elucidate the state of the art of algae 
and cyanobacteria-based biostimulants and their 
bioactive compounds in controlling plant-parasitic 
nematodes. In addition, given that the mechanisms of 

action of these biological biostimulants are not fully 
understood, this review has further elaborated on how 
these organisms and their bioactive extracts suppress 
and control plant pest nematodes. Finally, barriers 
and prospects in commercializing of algae and cyano-
bacteria-based biostimulants are reviewed.
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Introduction

Over 80% of food is consumed by people and most 
of the nourishment for livestock comes from plants. 
However, the availability and security of plants for 
human and animal sustenance are frequently com-
promised by plant diseases and pests (Rizzo et  al., 
2021). Significant staple crop yield losses can be as 
high as 30% globally, costing hundreds of billions 
of dollars in reduced food production (Rizzo et  al., 
2021). Over a thousand plant species are infected by 
plant root pathogens such as bacteria, fungi, nema-
todes, and viruses, endangering the livelihood and 
food security of small-scale farmers and rural popula-
tions who depend on the crops. Plant-parasitic nema-
todes (PPN) are essential and widespread pests of 
many plants (Fig. 1). More than 3000 different plant 
species are affected by PPN (Ralmi et  al., 2016). 
About 10–25% of the world’s yearly crop losses are 
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primarily attributed to plant-parasitic nematodes. 
Thus, nematodes were responsible for up to 60% of 
yield losses in infested fields in South Africa. Most 
of the economic losses are caused by sedentary PPN 
genera, particularly the root-knot (Meliodogyne spp.), 
lesion (Pratylenchus spp.), and cyst (Heterodera spp. 
and Globodera spp.) nematodes, which represent a 
significant constraint (Farmers Weekly, accessed: 13 
May 2022).

Root-Knot Nematodes are a significant subgroup 
of PPNs that are found all over the world. They 
harm both horticulture and agricultural crops and are 
obligatory root parasites of thousands of plant spe-
cies (Kaloshian & Teixeira, 2019). Root galls result 
from infection, impairing normal nutrition and water 

intake. As a result, plants develop slowly, reducing 
quality and production, and cannot withstand other 
biotic and abiotic stresses (Jagdale et al., 2021). Due 
to the effects of global climate change, including the 
emergence of new invasive nematode species and the 
occurrence of virulent populations able to overcome 
plant-resistance genes, the economic burden of these 
parasites is anticipated to continue to rise.

For centuries, soil fumigants have been the 
standard for disease infestation control in agricul-
ture; however, due to the hazardous effects of these 
fumigants and their overall specie specificity fail-
ure, there is a paradigm shift away from the use of 
chemicals to control plant pathogens in recent dec-
ades. Considering the negative impacts of these 

A B

C D

Fig. 1  Impact of different type of plant-parasitic nematodes infestation on crops; A = root-knot nematode, B = lesion nematode, and 
C; D = cyst nematodes
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products, current regulations are limiting the use of 
synthetic products in agriculture. Researchers have 
concentrated their attention on biologically based 
products in the search for more environmentally-
friendly and sustainable ways to increase agricul-
tural productivity, with microalgae and cyanobac-
teria emerging as valuable resources for both crop 
production and protection due to their biofertilizing 
and biostimulating potential (Battacharyya et  al., 
2015; Chiaiese et  al., 2018; Santini et  al., 2021). 
Microalgae and cyanobacteria play a significant 
part in crop protection because they produce bio-
active compounds that stimulate plant develop-
ment and/or activate plant defense mechanisms in 
response to biotic and abiotic stressors. Cyanobac-
terial species are widely known for their beneficial 
role in agriculture’s sustainable microbiome and for 
their potential to take an active part in crop protec-
tion. Algae have long been utilized as fertilizers in 
agriculture. They are among the organisms that are 
most frequently utilized in farming as organic ferti-
lizers. These organic biofertilizers supply nitrogen, 
phosphorus, and organic carbon, which are helpful 
for boosting soil fertility and the growth and devel-
opment of plants. A few types of algae also aid in 
the biocontrol of phytopathogens. As biostimulants 
that target plant growth promotion and tolerance to 
biotic (herbivores, fungi, bacteria, viruses) or abi-
otic (salinity, drought) challenges, algae and cyano-
bacterial have recently been used for crop produc-
tion (Sharma et  al., 2013; Manjunath et  al., 2016). 
It has to be noted that while some algae-based prod-
ucts may offer nutritional value when used in whole 
biomass form as agricultural inputs, the commercial 
seaweed-based or microalgae-based biostimulants 
discussed in the present review are largely known 
for their potential to enhance the plant’s intrinsic 
capacity to improve nutrient use efficiency. Given 
the significance of these findings, the aim of this 
review is to provide an in-depth analysis of the cur-
rent state of the art in algae and cyanobacteria-based 
biostimulants and their bioactive compounds in con-
trolling root-knot and root rot diseases. Furthermore, 
the present review aims to offer useful insights into 
the potential of these biostimulants in encouraging 
healthier crops and more environmentally friendly 
agricultural practices.

Algae‑ and cyanobacteria‑based biostimulants 
in controlling root‑knot nematodes

Plant pathogens are disease-causing organisms that 
include various bacteria, phytoplasmas, viruses, 
nematodes, fungi, and oomycetes (fungal-like crea-
tures). These organisms are widely dispersed in the 
environment and have the potential to negatively 
impact the root, stem, leaf, and fruit of several crops 
in various types of cultivation systems, resulting in 
considerable economic losses. Plant biostimulants 
attract interest in modern agriculture to enhance 
crop performance, resilience to environmental 
stress, and nutrient use efficiency. Various organic 
and inorganic compounds, such as humic acids and 
protein hydrolysates, as well as prokaryotes (such 
as bacteria that promote plant development), and 
eukaryotes like mycorrhiza and macroalgae (sea-
weed), are all included in the category of “plant 
biostimulants” (Colla & Rouphael, 2020). Because 
of their adaptability, high photosynthetic efficiency, 
heterotrophic growth potential, tolerance to domes-
tic and industrial effluent, and antipathogenic, 
microalgae, which include eukaryotic and prokary-
otic cyanobacteria (blue-green algae), are piquing 
the interest of researchers, private establishments 
and plant growers. However, few researchers have 
examined the nematicidal properties of microalgal 
derivatives or their constituents in inhibiting the 
plant-parasitic root-knot nematodes.

In vitro bioassay

In vitro bioassays are valuable for evaluating the 
efficacy of various biostimulants against root-knot 
nematodes. In the case of controlling root-knot 
nematodes, in  vitro bioassays typically involve 
culturing nematode populations in controlled con-
ditions and exposing them to different treatments, 
such as plant extracts, bioactive compounds, or 
potential nematicides. These treatments can be 
monitored and measured to impact nematode mor-
tality, development, and reproduction. Ghareeb 
et  al. (2019) investigated the nematicidal effect of 
three marine algae, Ulva fasciata, Corallina medi-
terranea and Corallina officinalis extracts on egg 
hatching and second-stage juveniles (J2s) mortality 
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of root-knot nematode (Meloidogyne incognita) 
under in  vitro conditions. The algal strain U. fas-
ciata extract significantly increased the mortal-
ity rate of J2s after 12, 24, and 48  h, and had the 
highest activity in suppressing the eggs hatchabil-
ity of Meloidogyne incognita after 3 days with 87% 
reduction compared to Corallina mediterranea 
and Corallina officinalis (Ghareeb et  al., 2019). 
The high nematicidal activity of U. fasciata could 
be because of the polyphenolic and diterpenoids 
compounds which have antibacterial properties 
and potential applications (Silva et  al., 2013). The 
aqueous and methanolic extracts of Oscillatoria 
sp. demonstrated nematicidal efficacy against M. 
incognita, according to a similar study by Ghareeb 
et  al. (2022). Their findings also showed that time 
exposure affected the percentages of mortality and 
egg hatching in M. incognita, with Oscillatoria 
extract showing higher percentages of egg hatching 
inhibition than Oxamyl and methanol extract (96.7 
and 97% after 72  h and 1  week, respectively) and 
exhibiting higher percentages of mortality after 24, 
48, and 72  h, respectively. When compared to the 
untreated control, a study by Holajjer et  al. (2012) 
showed that Synechococcus nidulans had an effect 
with maximal J2s immobility and mortality of 94.2 
and 29.3%, respectively. Also, they found that the 
egg hatching of M. graminicola, Heterodera cajani, 
H. avenae, and Rotylenchulus reniformis was sig-
nificantly inhibited. Additionally, Holajjer et  al. 
(2013) noted that a key mechanism governing the 
immobility or mortality of juveniles inside the egg 
is the diffusion of toxin molecules or ions through 
a semipermeable barrier. However, the size, solu-
bility, and chemistry of the solute and the pressure, 
concentration, and temperature of the molecules or 
solute, all affect how quickly the toxic molecules 
move. They also concluded that more research is 
needed to understand the chemical process of inhib-
iting egg hatching.

Soil treatment bioassay

The use of cyanobacteria and algae in nematode soil 
treatment bioassays is an interesting approach that has 
shown potential for nematode control. The treatment 
of commercial alkaline seaweed extract (Maxicrop 
Original®, Maxicrop International Limited) on Arabi-
dopsis thaliana plants (grown as monoxenic cultures 

in Gamborg’s B5Medium) significantly reduced the 
number of deleterious female nematodes (Meloidogyne 
javanica) and number of eggs, compared to untreated 
plants by 84.1, 87.5, 92.2%, and 93.7%, respectively 
(Wu et  al., 1998). The use of blue-green alga Oscil-
latoria sp. water extract considerably decreased the 
volume of galls, egg masses, and female nematodes in 
soybean roots as well as the number of J2s per 250 g 
soil (Ghareeb et  al., 2022). Soybean growth param-
eters, number of pods/plant, and chlorophyll content 
were considerably increased by an aqueous extract of 
Oscillatoria (Ghareeb et  al., 2022). Featonby-Smith 
and van Staden (1983) studied the brown alga Eck-
lonia maxima and found that treatment with seaweed 
concentrate (Kelpak) reduced Meloidogyne incog-
nita galling and encouraged the growth of tomato 
roots. They also found that despite an increase in 
nematodes in the soil following the application of 
seaweed concentrate, there were less nematodes in 
the roots as compared to the control (Featonby-Smith 
& Van Staden, 1983). A similar study was conducted 
by Crouch and Van Staden (1993) who reported that 
soil drench treatment of seaweed concentrate of Eck-
lonia maxima, significantly increased plant growth 
and reduced infestation by Meloidogyne incognita in 
tomato seedlings. The nematicidal potential of three 
distinct microalgae, Scenedesmus obliquus, Chlorella 
vulgaris, and Anabaena oryzae, against Meloidogyne 
incognita on banana (Musa acuminata) plants grow-
ing in potted soil, were examined in a recent study by 
Hamouda and El-Ansary (2017). Their findings dem-
onstrated that, when compared to the untreated control, 
all tested algal considerably resulted in the reduction 
of second-stage juveniles (J2s) in the soil. In a similar 
study, El-Ansary and Hamouda (2014) investigated 
the nematicidal effects of four marine algae species 
(Ulva lactuca, Jania rubens, Laurencia obtusa, and 
Sargassum vulgare) against Meloidogyne spp. infect-
ing banana plants (Musa spp.). Their findings showed 
a much decreased rate of nematode buildup compared 
to the untreated control. This study also showed that 
Ulva lactuca had the highest nematicidal effect, with 
a reduction of 73.68% and 56.78% in the number of 
root galls and the densities of the total population of 
nematodes, respectively, with stimulated plant growth 
(El-Ansary & Hamouda, 2014). Furthermore, when 
compared to the other studied algae and the control, 
their findings revealed that U. lactuca had the most 
significant total phenolic content, which may account 
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for its effectiveness in reducing root-knot nematode 
infections (El-Ansary & Hamouda, 2014). El-Ansary 
et al. (2017) showed that the soil treatment of alginates 
from Colpomenia sinuosa, Turbinaria turbinata and 
Cystoseira myrica significantly reduced the infestation 
of M. javanica (by 80% reduction in egg formation) in 
eggplant (Solanum melongena) roots under greenhouse 
conditions. According to a greenhouse study by Gha-
reeb et al. (2019), in contrast to the untreated control, 
algal extracts from Ulva fasciata, Corallina mediter-
ranea, and Corallina officinalis dramatically reduced 
the production of galls, egg masses, and J2s densities 
in tomato roots. The findings also demonstrated that, in 
contrast to tomato plants infected with the nematode, 
the activity of the peroxidase and polyphenol enzymes 
declined in inoculated control plants and remained 
mostly unchanged in uninoculated plants. The results 
were similar to those of plants treated with the chemi-
cal nematicide oxamyl. Their activities were enhanced 
in plants treated with algal strain extracts. Numerous 
studies have revealed a strong correlation between 
enhanced peroxidase and polyphenol oxidase activi-
ties in pest-infested plants and their resistance traits 
(Kuvalekar et al., 2011; Soffan et al., 2014). Addition-
ally, it has been shown that extracts from some cyano-
bacteria and other microalgae increased the activity 
of plant defense enzymes, boosting the plant’s resist-
ance (Hamouda & El-Ansary, 2017; Ghareeb et  al., 
2019). Gall development and nematode infestation 
were reduced by using dry microalgae powder and 
cyanobacterial inoculants (Hamouda & El-Ansary, 
2017). Certain cyanobacteria have been discovered to 
break down organophosphorus and other chlorinated 
insecticides and act as biocidal agents (Subramanian 
et  al., 1994; Kuritz, 1998; Ibrahim et  al., 2014). A 
thorough understanding of nematode ecology, host-
parasite relationships, and the dynamics of the entire 
ecosystem is necessary to develop successful nema-
tode biocontrol strategies using algae and cyanobac-
teria-based biostimulants. The diversity of nematode 
species, their life cycles, reproductive patterns, host 
preferences, and their interactions with plants are the 
factors that must be taken into account. Yet, as far as 
we are aware, there is little published material, par-
ticularly at the field level, regarding nematode bio-
control. Field-level studies are crucial for evaluating 
the practicality and effectiveness of these strategies in 
real-world scenarios.

Mechanism of action of algae 
and cyanobacteria‑based biostimulants 
on plant‑parasitic nematodes

As the world population increases, crop produc-
tion remains one of the central conundrums facing 
the human race. Several interventions, especially in 
chemical control of pathogens, have been employed 
over the years to ensure food security. However, the 
health risk records and environmental safety concerns 
of these pesticides have led to campaigns against 
the continuous use or application of chemical-based 
pathogen-controlling agents in agricultural fields 
(Berthon et al., 2021; Ammar et al., 2022). Thus, the 
use of more eco-friendlier bio-based measures, such 
as algae and cyanobacteria biostimulants in con-
trolling or managing root pathogens, appears to be 
the future of agriculture (Righini et  al., 2022). The 
detailed mode of action of algae and cyanobacteria on 
root pathogens is largely unknown. However, several 
authors have tried to make some conclusions. Stud-
ies have revealed that cyanobacteria and algae are 
emerging sources of several phytoactive metabolites, 
including carbohydrates, amides, amino acids, alka-
loids, saponins, terpenes and carotenoids as putative 
biopesticides which can be exploited in the agricul-
tural industry for the control of PPN (Berthon et al., 
2021; Asimakis et al., 2022). For example, Hamouda 
and El-Ansary (2017) reported that the three micro-
algae (Scenedesmus obliquus, Chlorella vulgaris and 
Anabaena oryzae) individually or in combination 
were able to significantly control the root-knot nema-
tode M. incognita (reducing the number of juveniles) 
in banana. The algae increased the total phenolic con-
tent and antioxidant levels in plants which could be 
the reason for the population decline of M. incognita. 
Two commercial formulations, Ascophyllum nodosum 
(OSMO® (OSMO® International NV, Diksmuide, 
Belgium) and Ecklonia maxima [Kelpak, Kelp Prod-
ucts Ltd., Simon’s Town, South Africa) were able to 
interrupt enzymatic activities of the hatching process 
and alter sensory perception in tomato (Lycopersicon 
esculentum) roots infected with Meloidogyne chit-
woodi and Meloidogyne hapla (Ngala et al., 2016).

Wu et  al. (1998) suggested that the betaines 
(γ-aminobutyric acid betaine, δ-aminovaleric acid 
betaine and glycinebetaine) present in the alka-
line extract of Ascophyllum nodosum (Maxicrop 
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Original®) induced a defense reaction in Arabidopsis 
thaliana (grown in Gamborg’s B5Medium) against 
root-knot nematodes.

However, more interdisciplinary studies are needed 
to identify, elucidate and unravel the poorly explored 
mechanism of action(s) of these putative bioactive anti-
microbial extracts/compounds of cyanobacteria and 
algae origin, which are presumed to be organ, condition 
and pathogen-specific. The use of microbial (cyanobacte-
ria and algae strains) inoculants as sustainable biofertiliz-
ers and biocontrol agents has received substantial atten-
tion in some regions of the world (Mahanty et al., 2017; 
Shah et al., 2021). However, robust global advocacy for 
environmentally friendly farming practices, such as the 
inoculation of veritable cyanobacteria and algae strains 
against root pathogenes, is required to ensure that the ver-
satility of the environment is protected.

The use of synthetic chemicals in managing plant dis-
eases is being vigorously campaigned against (Warra & 
Prasad, 2020), thus, developing more eco-friendly tech-
nology has become an interesting research area (Ghazy 
et al., 2021). Gold and silver nanoparticles (due to their 
safety records) can be synthesized using cyanobacteria 
and algae antimicrobial active principles, which may 
then serve as potential control agents against plant root 
pathogens (Terra et  al., 2019; El-Sheekh et  al., 2021). 
Furthermore, cyanobacteria and algae antimicrobial 
activities against plant pathogens have mainly been con-
ducted under controlled laboratory conditions. There-
fore, extensive field trials are required to maximize their 
crop protection potential, especially against more resist-
ant plant root pathogens.

Bottlenecks in the commercial use of algae 
and cyanobacteria‑based biostimulants

The algae and cyanobacteria are by far one of the 
most diverse groups of organisms, their wide range 
of physiological and biochemical characteristics 
makes them ideal sources of many natural products 
with a wide range of uses (Vu et  al., 2018). How-
ever, like any other technology in its infancy, many 
challenges hinder the mass production and commer-
cialization of algae and cyanobacteria-based stimu-
lants. These bottleneck areas include the absence 
of a standardized cultivation technology (Borowit-
zka, 2013; De Morais et al., 2015; Vu et al., 2018), 
lack of techno-economic and ecological analysis 

for feasibility (Ronga et  al., 2019; Alvarez et  al., 
2021; Perveen et  al., 2022), a better understanding 
of the application techniques (Das et al., 2010; Gül-
mez et al., 2010), precise molecular mechanisms of 
action of the products from algae (Holajjer et  al., 
2013) and limited research on the compatibility of 
the technology with other pest management tech-
nologies (Holajjer et al., 2013).

Lack of standardised production techniques

The use of algae as biostimulants in farming is 
still in its infancy and strategies for processing 
and applying algal material are yet to be developed 
and standardized for nematode management (Rana 
et  al., 2012), while for plant growth and nutrient 
management, it is well established (Shukla et  al., 
2019; Shukla et  al., 2021; Gupta et  al., 2023). 
Before engaging in the expensive and time-con-
suming commercial cultivation of algae and cyano-
bacteria-based biostimulants, it is critical to obtain 
the right raw material pure or axenic cultures (Vu 
et al., 2018). A mixture of communities is always 
problematic in mass production as the organisms 
may actively compete for nutrients and affect the 
quality of the produce (Vu et al., 2018). Also, for 
standardizing production protocols and maintain-
ing the quality of the biostimulant, it is important 
to accurately identify the best biological producer 
for a particular biostimulant and adjust its produc-
tion conditions (Borowitzka, 2013). Cultivation 
conditions also affect the metabolic pathways of 
microorganisms; hence, optimization for direct 
synthesis of specific bioactive compounds needs to 
be done (de Morais et  al., 2015). There are con-
tradictions in the types and quantities of biostim-
ulants produced by the studied algae and cyano-
bacteria between studies because of non-standard 
production approaches (Balouiri et  al., 2016). 
Standardization of the cultivation technology will 
help produce comparable and reproducible results 
for use in mass production (Das et al., 2010).

Techno-economic and ecological feasibility

The large-scale production of algae and cyanobacte-
ria-based bioactive products is economically unfea-
sible (Alvarez et  al., 2021). Performing detailed 
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techno-economic and ecological analysis is important if 
the mass production of biostimulants is to be sustainable 
(Bravo-Fritz et al., 2016). The economic and the ecologi-
cal feasibility of production of biostimulants used in crop 
protection has not been done, while according to Bravo-
Fritz et al. (2016), working on the potential of algae as 
an alternative to fossil fuel in energy production indi-
cates that the current technology of algae production is 
still not sustainable. Ronga et al. (2019) also reported the 
same when algae were used as biofertilizers, concluding 
that the production process could be more economically 
competitive than the commercial fertilizers when algae 
was used as an alternative source of nitrogen fertilizer 
for plant growth. There still exists multiple challenges in 
the economic viability of significant production of algae 
and cyanobacteria-based bioactive products, with most 
of the costs coming from production costs (Thomassen 
et al., 2016). Advancing technological improvements for 
economically feasible, large-scale production of quality 
biostimulants is still required (Thomassen et al., 2016). 
There are three significant ways in which the production 
costs of algae could be minimized. Firstly, since algae are 
versatile and grow in a broad range of nutrient sources, 
the use of wastewater streams would decrease the costs 
and environmental impacts of algal cultivation (Danesh-
var et al., 2018; Alvarez et al., 2021). Secondly, instead 
of focusing on the production of one product, multiprod-
uct biorefinery could prove much more economical (Lam 
et al., 2018; Yadav & Sen, 2018). Algae and cyanobacte-
ria have a wide range of physiological and biochemical 
characteristics, that can naturally produce many differ-
ent bioactive compounds (Perveen et  al., 2022). Unfor-
tunately, currently, a technology to access all different 
product fractions from algae does not exist; hence a lot of 
valuable components are discarded or remain underval-
ued (Lam et al., 2018). Lastly, crude material from algae 
could be applied as soil amendments to manage soil 
borne plant pathogens (Alvarez et al., 2021). The appli-
cation of biostimulants as soil amendments will cut the 
costs of biorefining the material for producing specific 
biostimulants (Postma et al., 2017).

Application techniques

With most of the studies of biostimulant compounds 
done in vitro, the development of active compounds 
is only complete once the applicability of such prod-
ucts is tested under field conditions (Das et al., 2010). 
In vitro studies lack the effects of host response and 

the impact of soil physical, chemical, and biological 
properties on the efficacy of the biostimulants in their 
use in controlling soilborne diseases (Gülmez et  al., 
2010). Suitable field markers are required to evaluate 
the efficacy of bioactive compounds from biostimu-
lants and their modification in different soil types 
(Alvarez et al., 2021). There is a need to evaluate dif-
ferent methods and timing of application/dispersal of 
biostimulants, whether it be soil drenching or foliar 
application before, after or during planting; the best-
used equipment for the dispersal, should be formu-
lated as a slow release or not (Yan et al., 2013).

Compatibility with other technologies

Algae and cyanobacteria-based biostimulants have 
great potential to be used in agriculture. However, the 
exact mechanisms of how these biostimulants inter-
act with plants and soil are not yet fully understood. 
The use of algae and cyanobacteria-based biostimu-
lants needs more information on potential synergistic 
effects or their interaction with other beneficial soil 
organisms on plant growth and soil health (Hola-
jjer et al., 2013; Alvarez et al., 2021). Studies on the 
effects of biotic and abiotic soil properties on the 
performance of these biostimulants still need to be 
investigated to better understand the impact of these 
microorganisms on plant growth and soil health. 
Endophytes may be important in this process as they 
can interact with algae and cyanobacteria-based 
biostimulants, further influencing their effects on 
plant growth and soil health. Investigating the interac-
tions between different microbes may help us under-
stand the overall effect of algae and cyanobacteria-
based biostimulants on plant-soil systems.

Future prospects

The future prospect of technology is entwined with 
its ability to meet the ever-changing technological, 
social, ecological, and economic environments and 
the maximum exploration of the full potential of that 
technology. Compared to about 250,000 species of 
higher plants, several million species of algae and 
cyanobacteria are believed to exist. However, only a 
few hundred have been investigated (Coêlho et  al., 
2019). Thus, many bioactive compounds remain 
in these organisms that have not yet been identified 
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(Lam et al., 2018). Large-scale screening of algae and 
cyanobacteria could yield many bioactive chemicals 
with potential uses in crop protection and many other 
industries (Perveen et al., 2022).

The prospects of algae and cyanobacteria in crop 
protection are enormous and is becoming even greater 
in the developing world. These include (i) advanc-
ing technology to make algae and cyanobacteria pro-
duction economically sustainable, environmentally, 
and socially feasible for large-scale production, (ii) 
future research in large-scale production technolo-
gies, formulation, and delivery could greatly assist in 
commercialization (Holajjer et  al., 2013). (iii) Algae 
and cyanobacteria provide novel methods to develop 
micronutrient-dense staple crops in addressing the mal-
nutrition prevalent in many developing countries. The 
technology could be borrowed from the use of microal-
gae in the biofortification of crops (Rana et al., 2012). 
(iv) Genetic engineering of algae and cyanobacteria to 
produce more bioactive compounds can be undertaken 
(Holajjer et al., 2013). This could increase productiv-
ity and reduce technology production costs (Rajneesh 
et al., 2017). (v) Identification of the molecular mecha-
nism of biological algae and cyanobacteria compounds 
on soilborne diseases could result in efficient use of the 
products to control the pests (Holajjer et al., 2013). (vi) 
Nanotechnology has recently been used to successfully 
manage pest-infected plant crops (Prasad et al., 2021; 
Yan et  al., 2013). The nano-encapsulation of biologi-
cal materials, such as those from algae and cyanobac-
teria, could be beneficial in avoiding the use of haz-
ardous chemical pesticides and offers several benefits 
over chemical synthesis, including eco-friendliness 
and compatibility with other pest management tac-
tics (Saratale et al., 2018). (vii) Combination of algae 
and cyanobacteria-biostimulants with other biologi-
cally active compounds to improve the performance 
of the product. Yan et al. (2013) reported that coating 
cyanobacteria powder with Carbopol reduced pesticide 
adsorption resulting in a slow-release formulation.

Conclusions

Due to the substantial limitations placed on the use of 
chemical pesticides, current control technologies need 
to be improved to enable the proper management of 
root parasites. Therefore, it is critical to identify new 
possible pesticidal sources that can be used to create 

novel, secure, and efficient control methods. Using 
algae-based or cyanobacterial-based biostimulants may 
reduce the dependency on synthetic nematicides for the 
sustainable management of root pathogens. However, 
previous studies have demonstrated the capabilities of 
algae and cyanobacteria as biofertilizers and biocontrol 
agents. However, when using these organisms or their 
extracts/compounds, it is essential to optimize (e.g., 
standardization of active doses, time of application, 
mode of application) them for particular crops. The 
current review highlighted the potential use of algae- 
and cyanobacteria-based biostimulants along with their 
bioactive compounds managing of root pathogens. 
However, there are still gaps that need to be filled, 
necessitating the use of numerous empirical trials that 
will facilitate its use in the field settings and increase 
mass crop production.

Acknowledgements The authors would like to acknowl-
edge the National Research Foundation (NRF, Grant Num-
ber 145740 and CSRP2204041882) for financial support. 
This work was supported by the University of KwaZulu-
Natal, South Africa, and Palacký University Olomouc, Czech 
Republic.

Authors’ contributions Sithole N and Gupta S: Conceptu-
alization, data curation, investigation, writing – original draft, 
and editing; Dube Z and Ogbe A: data curation and review, 
Gupta S and Van Staden J: funding acquisition; Van Staden 
J: Supervision, project administration, review and editing. 
All authors have read and approved the final manuscript for 
publication.

Funding Open access funding provided by University of 
KwaZulu-Natal. National Research Foundation, South Africa, 
Grant Number 145740 and Grant Number CSRP2204041882.

Data availability The authors confirm that the data support-
ing the findings of this study are available within the article.

Declarations 

Ethical approval Not applicable.

Competing interests The authors have no competing inter-
ests to declare that are relevant to the content of this article.

Open Access  This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 



811Phytoparasitica (2023) 51:803–813 

1 3
Vol.: (0123456789)

in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit 
http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

 References

Alvarez, A. L., Weyers, S. L., Goemann, H. M., Peyton, B. 
M., & Gardner, R. D. (2021). Microalgae, soil, and 
plants: A critical review of microalgae as renewable 
resources for agriculture. Algal Research, 54, 102200.

Ammar, E. E., Aioub, A. A., Elesawy, A. E., Karkour, A. M., 
Mouhamed, M. S., Amer, A. A., & El-Shershaby, N. A. 
(2022). Algae as bio-fertilizers: Between current situa-
tion and future prospective. Saudi Journal of Biological 
Sciences, 29, 3083–3096.

Asimakis, E., Shehata, A. A., Eisenreich, W., Acheuk, F., 
Lasram, S., Basiouni, S., Emekci, M., Ntougias, S., 
Taner, G., May-Simera, H., & Yilmaz, M. (2022). Algae 
and their metabolites as potential bio-pesticides. Micro-
organisms, 10, 307.

Balouiri, M., Sadiki, M., & Ibnsouda, S. K. (2016). Methods 
for in vitro evaluating antimicrobial activity: A review. 
Journal of Pharmaceutical Analysis, 6, 71–79.

Battacharyya, D., Babgohari, M. Z., Rathor, P., & Prithiviraj, 
B. (2015). Seaweed extracts as biostimulants in horticul-
ture. Scientia Horticulturae, 196, 39–48.

Berthon, J. Y., Michel, T., Wauquier, A., Joly, P., Gerbore, J., 
& Filaire, E. (2021). Seaweed and microalgae as major 
actors of blue biotechnology to achieve plant stimulation 
and pest and pathogen biocontrol–a review of the latest 
advances and future prospects. The Journal of Agricul-
tural Science, 159, 523–534.

Borowitzka, M. A. (2013). High-value products from micro-
algae-their development and commercialisation. Journal 
of Applied Phycology, 25, 743–756.

Bravo-Fritz, C. P., Saez-Navarrete, C. A., Herrera-Zeppe-
lin, L. A., & Varas-Concha, F. (2016). Multi-scenario 
energy-economic evaluation for a biorefinery based on 
microalgae biomass with application of anaerobic diges-
tion. Algal Research, 16, 292–307.

Chiaiese, P., Corrado, G., Colla, G., Kyriacou, M. C., & 
Rouphael, Y. (2018). Renewable sources of plant 
biostimulation: Microalgae as a sustainable means to 
improve crop performance. Frontiers in Plant Science, 
9, 1782.

Coêlho, D.F., Tundisi, L., Cerqueira, K.S., Rodrigues, J.S., 
Mazzola, P.G., Tambourgi, E.B., & Souza, RR. (2019). 
Microalgae: Cultivation aspects and bioactive compounds. 
Brazilian Archives of Biology and Technology, 62.

Colla, G., & Rouphael, Y. (2020). Microalgae: New source of 
plant biostimulants. Agronomy, 10, 1240.

Crouch, I. J., & Van Staden, J. (1993). Evidence for the pres-
ence of plant growth regulators in commercial seaweed 
products. Plant Growth Regulation, 13, 21–29.

Daneshvar, E., Zarrinmehra, M. J., Hashtjin, A. M., Farhad-
ian, O., & Bhatnagar, A. (2018). Versatile applications 
of freshwater and marine water microalgae in dairy 
wastewater treatment, lipid extraction and tetracycline 
biosorption. Bioresource Technology, 268, 523–530.

Das, K., Tiwari, R. K. S., & Shrivastava, D. K. (2010). Tech-
niques for evaluation of medicinal plant products as 
antimicrobial agent: Current methods and future trends. 
Review. Journal of Medicinal Plants Research., 4, 
104–111.

De Morais, M.G., Da Silva-Vaz, B., De Morais, E.G. and 
Vieira-Costa, J.A. (2015). Biologically active metabolites 
synthesized by microalgae. BioMed Research Interna-
tional, 2015, 835761.

El-Ansary, M. S. M., & Hamouda, R. A. (2014). Biocontrol 
of root-knot nematode infected banana plants by some 
marine algae. Russian Journal of Marine Biology, 40, 
140–146.

El-Ansary, M. S. M., Hamouda, R. A., & Eldemery, S. M. 
M. (2017). New approaches for controlling the root-knot 
nematode, Meloidogynejavanica by alginate and its effect 
on eggplant DNA pattern. Egyptian Journal of Biological 
Pest Control, 27, 155–163.

El-Sheekh, M. M., Hassan, L. H., & Morsi, H. H. (2021). 
Evaluation of antimicrobial activities of blue-green algae-
mediated silver and gold nanoparticles. RendicontiLincei. 
ScienzeFisiche e Naturali, 32, 747–759.

Featonby-Smith, B. C., & Van Staden, J. (1983). The effect of 
seaweed concentrate on the growth of tomatoes in nema-
tode infested soil. Scientia Horticulturae, 20, 137–146.

Ghareeb, R. Y., Adss, I. A., Bayoumi, S. R., & El-Habashy, 
D. E. (2019). The nematicidal potentiality of some algal 
extracts and their role in enhancement the tomato defense 
genes against root knot-nematodes. Egyptian Journal of 
Biological Pest Control, 29, 1–10.

Ghareeb, R. Y., Abdelsalam, N. R., El Maghraby, D. M., Gho-
zlan, M. H., Eman, E. A., & Abou-Shanab, R. A. (2022). 
Oscillatoria sp. as a potent anti-phytopathogenic agent 
and plant immune stimulator against root-knot nematode 
of soybean cv. Giza 111. Frontiers in Plant Science, 13, 
870518.

Ghazy, N. A., El-Hafez, A., Omnia, A., El-Bakery, A. M., & 
El-Geddawy, D. I. (2021). Impact of silver nanoparticles 
and two biological treatments to control soft rot disease in 
sugar beet (Beta vulgaris L). Egyptian Journal of Biologi-
cal Pest Control, 31, 1–12.

Gülmez, D., Çakar, A., Şener, B., Hasçelik, G., Karakaya, J., & 
Gulmez, D. (2010). Comparison of different antimicrobial 
susceptibility testing methods for Stenotrophomonas malt-
ophilia and results of synergy testing. Journal of Infection 
and Chemotherapy, 16, 322–328.

Gupta, S., Bhattacharyya, P., Kulkarni, M. G., & Doležal, K. 
(2023). Growth regulators and biostimulants: Upcoming 
opportunities. Frontiers in Plant Science, 14, 1209499.

Hamouda, R. A., & El-Ansary, M. S. M. (2017). Potential of 
plant-parasitic nematode control in banana plants by 
microalgae as a new approach towards resistance. Egyp-
tian Journal of Biological Pest Control, 27, 165–172.

Holajjer, P., Kamra, A., Gaur, H. S., & Dhar, D. W. (2012). In 
vitro nematicidal activity of a terrestrial cyanobacterium, 

http://creativecommons.org/licenses/by/4.0/


812 Phytoparasitica (2023) 51:803–813

1 3
Vol:. (1234567890)

Synechococcusnidulans, towards plant-parasitic nematodes. 
Nematology, 14, 85–92.

Holajjer, P., Kamra, A., Gaur, H. S., & Manjunath, M. (2013). 
Potential of cyanobacteria for biorational management of 
plant-parasitic nematodes: A review. Crop Protection, 53, 
147–151.

Ibrahim, W. M., Karam, M.A., El-Shahat, R.M., Adway, A.A. 
(2014). Biodegradation and utilization of organophos-
phorus pesticide malathion by Cyanobacteria. Biomed 
Research International, 2014, 392682.

Jagdale, S., Rao, U., & Giri, A.P. (2021). Effectors of root-knot 
nematodes: An arsenal for successful parasitism. Frontiers in 
Plant Science, 12, 800030.

Kaloshian, I., & Teixeira, M. (2019). Advances in plant-
nematode interactions with emphasis on the notorious 
nematode genus meloidogyne. Phytopathology, 109, 
1988–1996.

Kuritz, T. (1998). Cyanobacteria as agents for the control of 
pollution by pesticides and chlorinated organic com-
pounds. Journal of Applied Microbiology, 85, 186S–192S.

Kuvalekar, A., Redkar, A., Gandhe, K., & Harsulkar, A. 
(2011). Peroxidase and polyphenol oxidase activities in 
compatible host–pathogen interaction in Jasminum offici-
nale and Uromyces hobsoni: Insights into susceptibility of 
host. New Zealand Journal of Botany, 3, 351–359.

Lam, G. P., Vermuë, M. H., Eppink, M. H. M., Wijffels, R. 
H., & van den Berg, C. (2018). Multi-product microalgae 
biorefineries: From concept towards reality. Trends in Bio-
technology, 36(2), 216–227.

Mahanty, T., Bhattacharjee, S., Goswami, M., Bhattacharyya, 
P., Das, B., Ghosh, A., & Tribedi, P. (2017). Biofertilizers: 
A potential approach for sustainable agriculture develop-
ment. Environmental Science and Pollution Research, 24, 
3315–3335.

Manjunath, M., Kanchan, A., Ranjan, K., Venkatachalam, S., 
Prasanna, R., Ramakrishnan, B., Hossain, F., Nain, L., 
Shivay, Y. S., Rai, A. B., & Singh, B. (2016). Beneficial 
cyanobacteira and eubacteria synergistically enhance bio-
availability of soil nutrients and yield of okra. Heliyon, 2, 
e00066.

Ngala, B. M., Valdes, Y., dos Santos, G., Perry, R. N., & Wese-
mael, W. M. L. (2016). Seaweed-based products from 
Ecklonia maxima and Ascophyllum nodosum as control 
agents for the root-knot nematodes Meloidogyne chit-
woodi and Meloidogyne hapla on tomato plants. Journal 
of Applied Phycology, 28, 2073–2082.

Perveen, K., Bukhari, N. A., Al Masoudi, L. M., Alqahtani, A. 
N., Alruways, M. W., & Alkhattaf, F. S. (2022). Antifun-
gal potential, chemical composition of Chlorella vulgaris 
and SEM analysis of morphological changes in fusarium 
oxysporum. Saudi Journal of Biological Sciences, 29, 
2501–2505. https:// doi. org/ 10. 1016/j. sjbs. 2021. 12. 033

Postma, P.R., Lam, G.P., Barbosa, M.J., Wijffels, R.H., Eppink, 
M.H.M., & Olivieri, G. (2017). Microalgal biorefinery for 
bulk and high-value products: Product extraction within 
cell disintegration. In: Miklavčič, D. (Eds.), Handbook of 
Electroporation (pp. 2205–2224). Springer, Cham.

Prasad, R. D., Charmode, N., Shrivastav, O. P., Prasad, S. R., 
Moghe, A., Sarvalkar, P. D., & Prasad, N. R. (2021). A 
review on concept of nanotechnology in veterinary medi-
cine. ES Food and Agroforestry, 4, 28–60.

Rajneesh, Singh, S. P., Pathak, J., & Sinha, R. P. (2017). 
Cyanobacterial factories for the production of green 
energy and value-added products: An integrated approach 
for economic viability. Renewable and Sustainable Energy 
Reviews, 69, 578–595.

Ralmi, N. H. A. A., Khandaker, M. M., & Mat, N. (2016). 
Occurrence and control of root-knot nematode in crops: 
A review. Australian Journal of Crop Science, 10, 
1649–1654.

Rana, A., Joshi, M., Prasanna, R., Shivay, Y. S., & Nain, L. 
(2012). Biofortification of wheat through inoculation of 
plant growth promoting rhizobacteria and cyanobacte-
ria. European Journal of Soil Biology, 50, 118–126.

Righini, H., Francioso, O., Martel Quintana, A., & Roberti, R. 
(2022). Cyanobacteria: A natural source for controlling 
agricultural plant diseases caused by fungi and oomycetes 
and improving plant growth. Horticulturae, 8, 58.

Rizzo, D. M., Lichtveld, M., Mazet, J. A., Togami, E., & 
Miller, S. A. (2021). Plant health and its effects on food 
safety and security in a one health framework: Four case 
studies. One health outlook, 3, 1–9.

Ronga, D., Biazzi, E., Parati, K., Carminati, D., Carminati, 
E., & Tava, A. (2019). Microalgal biostimulants and 
biofertilisers in crop productions. Agronomy, 9, 192.

Santini, G., Biondi, N., Rodolfi, L., & Tredici, M. R. (2021). 
Plant biostimulants from cyanobacteria: An emerging 
strategy to improve yields and sustainability in agricul-
ture. Plants, 10, 643.

Saratale, R. G., Kumar, G., Banu, R., Xia, A., Periyasamy, 
S., & Saratale, G. D. (2018). A critical review on anaer-
obic digestion of microalgae and macroalgae and co-
digestion of biomass for enhanced methane generation. 
Bioresource Technology, 262, 319–332.

Shah, S.T., Basit, A., Ullah, I., & Mohamed, H.I. (2021). Cyano-
bacteria and algae as biocontrol agents against fungal and 
bacterial plant pathogens. In: H. I. Mohamed, H. ED. S. 
El-Beltagi, & K. A. Abd-Elsalam (Eds.), Plant growth-
promoting microbes for sustainable biotic and abiotic stress 
management (pp. 1–23). Springer, Cham.

Sharma, H. S. S., Fleming, C. C., Selby, C., Rao, J. R., & 
Martin, T. (2013). Plant biostimulants: A review on the 
processing of macroalgae and use of extracts for crop 
management to reduce abiotic and biotic stresses. Envi-
ronmental Biology of Fishes, 26, 465–490.

Shukla, P. S., Mantin, E. G., Adil, M., Bajpai, S., Critchley, 
A. T., & Prithiviraj, B. (2019). Ascophyllum nodosum-
based biostimulants: Sustainable applications in agricul-
ture for the stimulation of plant growth, stress tolerance, 
and disease management. Frontiers in Plant Science, 10, 
655.

Shukla, P. S., Borza, T., Critchley, A. T., & Prithiviraj, B. 
(2021). Seaweed-based compounds and products for 
sustainable protection against plant pathogens. Marine 
Drugs, 19(2), 59.

Silva, M., Vieira, L., Almeida, A. P., & Kijjoam, A. (2013). 
The marine macro algae of the genus Ulva: Chemistry, 
biological activities and potential applications. Ocean-
ography, 1, 101.

Soffan, A., Alghamdi, S. S., & Aldawood, A. S. (2014). Per-
oxidase and polyphenol oxidase activity in moderate 
resistant and susceptible Vicia faba induced by Aphis 

https://doi.org/10.1016/j.sjbs.2021.12.033


813Phytoparasitica (2023) 51:803–813 

1 3
Vol.: (0123456789)

craccivora (Hemiptera: Aphididae) infestation. Journal 
of Insect Science, 14, 285.

Subramanian, G., Sekar, S., & Sampoornam, S. (1994). Bio-
degradation and utilization of organophosphorus pesti-
cides by cyanobacteria. International Biodeterioration & 
Biodegradation, 33, 129–143.

Terra, A. L. M., Kosinski, R. D. C., Moreira, J. B., Costa, J. 
A. V., & Morais, M. G. D. (2019). Microalgae biosynthe-
sis of silver nanoparticles for application in the control of 
agricultural pathogens. Journal of Environmental Science 
and Health, Part B, 54, 709–716.

Thomassen, G., Urko, E. V., Miet, D., Bert, L., & Steven, P. 
(2016). A techno-economic assessment of an algal-based 
biorefinery. Clean Technologies and Environmental Pol-
icy, 18, 1849–1862.

Vu, C. H. T., Hyung-Gwan Lee, H., Chang, Y. K., & Oh, H. 
(2018). Axenic cultures for microalgal biotechnology: 
Establishment, assessment, maintenance, and applica-
tions. Biotechnology Advances, 36, 380–396.

Warra, A.A., & Prasad, M.N.V. (2020). African perspective 
of chemical usage in agriculture and horticulture - their 
impact on human health and environment. In Agrochemi-
cals Detection, Treatment and Remediation Butterworth-
Heinemann, pp. 401–436.

Wu, Y., Jenkins, T., Blunden, G., von Mende, N., & Hankins, 
S. D. (1998). Suppression of fecundity of the root-knot 
nematode, Meloidogyne javanica, in monoxenic cultures 
of Arabidopsis thaliana treated with an alkaline extract of 
Ascophyllum nodosum. Journal of Applied Phycology, 10, 
91.

Yadav, G., & Sen, R. (2018). Sustainability of microalgal 
biorefinery: Scope, challenges, and opportunities. In 
S. De, S. Bandyopadhyay, M. Assadi, & D. Mukherjee 
(Eds.), Sustainable energy technology and policies. Green 
energy and technology. Springer.

Yan, Y., Hou, H., Ren, T., Xu, Y., Wang, Q., & Xu, W. (2013). 
Utilization of environmental waste cyanobacteria as a 
pesticide carrier: Studies on controlled release and photo-
stability of avermectin. Colloids and Surfaces B: Biointer-
faces, 102, 341–347.

Publisher’s note Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.


	Algae and cyanobacteria-based biostimulants in controlling plant-parasitic nematodes: a sustainable approach for crop protection
	Abstract 
	Introduction
	Algae- and cyanobacteria-based biostimulants in controlling root-knot nematodes
	In vitro bioassay
	Soil treatment bioassay

	Mechanism of action of algae and cyanobacteria-based biostimulants on plant-parasitic nematodes
	Bottlenecks in the commercial use of algae and cyanobacteria-based biostimulants
	Lack of standardised production techniques
	Techno-economic and ecological feasibility
	Application techniques
	Compatibility with other technologies

	Future prospects
	Conclusions
	Acknowledgements 
	References


