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Abstract | Tomato cultivation suffers significant financial losses due to the root-knot nematode (Meloidogyne 
incognita), while chemical nematicides pose health and environmental hazards. The effectiveness of methanolic 
extracts from two red algae, Liagora farinosa and Galaxaura elongata, which were gathered from Egypt’s Red 
Sea, were examined as long-term biocontrol agents in this work. In greenhouse tests, tomato plants infected 
with 1000 or 2000 M. incognita-second stage juveniles ( J2) were treated with algal extracts at concentrations 
of 0.5%, 1%, and 2%. The plant growth parameters, nematode suppression, and biochemical reactions were 
assessed. The findings showed that both algal species considerably improved plant growth: G. elongata at 0.5% 
raised fresh weight by 58.9%, while L. farinosa at 2% increased shoot dry weight by 101.25%. Both extracts 
decreased root galling and nematode reproduction. Additionally, algal treatments increased the amount of 
crude protein, carbohydrates, defensive phenolics, and nutrient absorption (N, P, and K) in leaves. These results 
demonstrate that extracts from L. farinosa and G. elongata are effective, environmentally friendly substitutes for 
controlling M. incognita, improving tomato resistance and supporting the objectives of sustainable agriculture.
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Introduction

A vital crop with enormous economic value, 
tomatoes (Solanum lycopersicum) produce over 

$100 billion in fresh and processed markets each year 
and supply vital nutrients like vitamins and lycopene 
(Yong et al., 2023). Tomato has been widely grown 
for both domestic and commercial consumption 

due to its rich phytonutrient content (Costa and 
Heuvelink, 2018), which includes ascorbic acid, 
retinol, folate, potassium, carotenoids (β-carotene, 
lycopene, and phytoene), polyphenols, and gly-
coalkaloids (Chaudhary et al., 2018). Lycopene is the 
most researched carotenoid, and the phytonutrients 
in tomatoes account for a major portion of their 
unique nutritional value (Górecka et al., 2020). An 
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estimated 374097.6 feddan of tomatoes were grown 
in Egypt in 2023, yielding 16.5 tons per feddan, for 
a total production of 6211015.96 tons, according to 
FAO statistics (FAO, 2023). However, by reducing 
production by 30 to 80% due to the formation of 
root galls, which hinders the intake of nutrients and 
water and slows growth, root-knot nematodes cause 
significant financial losses ( Jones et al., 2013). Severe 
infestations can result in complete crop failure; losses 
from tomatoes alone are estimated to be between 
$40 and $60 billion annually worldwide because of 
decreased fruit quality, secondary pathogen infections, 
and increased control expenses (Elling, 2013). 
According to Álvarez-Ortega et al. (2019), root-knot 
nematodes may survive in a wide range of climatic 
zones, from temperate to tropical, and parasitize a 
broad variety of plants.

In order to control plant parasitic nematodes (PPN), 
synthetic chemical nematicides with active ingredients 
like carbofuran and methyl bromide have been used 
extensively in the past. However, several of these 
chemicals have been taken off the market because they 
are hazardous to human health and the environment 
(Haydock et al., 2006). As a result, there is a growing 
effort to look for “natural” nematode control and take 
integrated pest control strategies into consideration 
(Peiris et al., 2020; Waisen et al., 2020). Given that 
rising soil temperatures enable many PPN to multiply 
more quickly, leading to population booms and more 
plant damage, this is especially crucial in the face of 
global warming. 
 
The use of seaweed extracts in crops and soils has lately 
drawn attention as a sustainable and environmentally 
benign way to manage PPN numbers, and more 
especially, root-knot nematode populations. Seaweed 
extracts from sustainable sources have been utilized 
as soil conditioners and fertilizers for many years. 
Although their main purpose has been to promote the 
growth of roots and shoots, they are also believed to 
have a biostimulant impact on plants, and enhancing 
their tolerance to both biotic and abiotic stress (Khan 
et al., 2009). The enormous potential of these marine 
organisms for the management of sub-tropical and 
tropical root-knot nematodes may be revealed by 
advancements in diving and cultivation techniques as 
well as the recycling of seaweed wastes (Santaniello et 
al., 2017).

The 5000–6000 species of red algae (Rhodophyta) 

are primarily multicellular marine algae, which 
includes several prominent seaweeds (Thomas, 2002). 
According to the literature review, marine red algae 
are abundant in phenolic chemicals, particularly 
bromophenols. According to reports, phenolic 
compounds have a variety of biological effects, such 
as vasodilator, antimicrobial, anti-inflammatory, and 
antioxidant properties (Mayer and Hamann, 2005).

Fucoidans may be more abundant in red and green 
algae (Olsson et al., 2020). Although their precise 
mechanism of action is unknown, these substances 
may give plants a “bio-stimulant-like effect” and 
boost their resistance to abiotic stressors and 
pathogens (Vera et al., 2011). According to some 
research, seaweed extracts may have nematicidal 
effects because they made M. incognita, M. javanica, 
and M. acrita immobile in motility tests (Nour El-
deen and Issa, 2016; Ghareeb et al., 2019). A common 
theme in many publications is the idea that seaweeds 
can make plants more resistant to pests and diseases. 
This idea was recently shown in Arabidopsis, where 
applying Ascophyllum nodosum reduced the number 
of pathogenic bacteria-colony forming units (CFUs) 
linked to plant tissue by triggering the expression of 
genes linked to plant defense responses, such as PR-1 
expression (Cook et al., 2018).

In conjugation with the global movement towards 
sustainable agriculture, the results of this study may 
help create eco-friendly methods for controlling 
the root-knot nematode (Meloidogyne incognita) 
and increasing crop yields. A promising strategy 
for lowering dependency on chemical inputs while 
enhancing plant resilience and health is the use of 
red algae as biostimulants and biocontrol agents. This 
study also emphasizes the significance of investigating 
natural resources, such marine algae, for inventive 
solutions to problems in agriculture.

Materials and Methods

Preparation of the algae 
Liagora farinosa and Galaxaura elongata samples 
were taken from Marsa Allam Red Sea and it had 
been carefully cleaned with fresh water to get rid 
of any clinging debris or related biota then placed 
in polyethylene bags. After removing the epiphytes 
from the algae with distilled water and cleaning it 
with a brush, it was dried in a hot air oven set at 60 °C 
for two days. The samples were mechanically crushed 
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into a powder using an electrical mixer (Manilal et 
al., 2009). 

Algae identification
The Marine Science Department, Faculty of Science, 
Suez Canal University, Ismailia, Egypt, performed the 
morphological identification of the obtained isolates 
according to Borgesen and Fremy (1936).

Algal extract preparation
The crude extracts were weighed as 100 grams of the 
dry weight and each algal species was soaked in 1000 
milliliters of the methanolic solvent for 48 hours. The 
mixture was then filtered and concentrated under 
decreased pressure using a rotary evaporator. Liagora 
farinosa and Galaxaura elongata methanolic extracts 
were applied in three concentrations: 0.5% (0.5 g/100 
ml water), 1.0% (1 g/100 ml), and 2.0% (2 g/100 ml).

Preparation of nematode inoculum
Using the modified nematode extraction method 
described by Hussey and Barker (1973), nematode 
eggs were extracted from the roots of the collected 
galled tomato plants. To remove the soil particles, 
tap water was used to wash the roots then they were 
cut into 1-cm pieces and put in a glass bottle with a 
0.5% solution of sodium hypochlorite (NaOCl). The 
egg masses were manually shaken robustly for three 
minutes in order to separate them from the roots. 
To get rid of the organic waste from the eggs, the 
suspension containing it was subsequently passed 
through sieves of varying diameters. To dispose of 
the remaining NaOCl, the suspension that was still 
on the 400 Mesh sieve was then thoroughly cleaned 
with tap water for five minutes and the recovered eggs 
suspension was put in a beaker. Additional eggs were 
extracted using the same procedure, and they were 
subsequently incubated at 25°C for 48 hours. Live 
freshly hatched juveniles ( J2s) were separated from 
dead juveniles or unhatched eggs using the modified 
Baermann approach.

Greenhouse experiment
The 30-day-old tomato seedlings (cv. Elisa) were 
placed in plastic pots with a diameter of 30 cm 
and filled with 1:1 autoclaved clay and sand soil 
combination, two seedlings in each pot. The plants 
were reduced to one seedling per pot after a week. 
Five days later, newly hatched M. incognita second-
stage juveniles ( J2) at two different levels (1000 J2 and 
2000 J2/pot) were inoculated in holes that were 5–7 

cm deep and 2 cm in diameter around the seedling, 
along with untreated control. Twenty milliliters of 
the methanolic extracts of L. farinosa and G. elongata 
were applied to the plants as a soil drench three days 
later at the aforementioned concentrations. Four pots 
for every algal extract concentration, however, were 
free of nematodes. Plants were watered as needed 
while four pots were treated with Oxamyl (24% L), 
a common nematicide, at a rate of 0.1 ml per pot. In 
addition, four pots of each nematode level (1000J2 and 
2000J2) were used as controls. Four pots of untreated, 
uninoculated plants were used as the control group. 
Pots were set up in a greenhouse with four replicates 
in a randomized completely block design.

Data collection
Plants were carefully taken out of the pots after 45 
days of infection, where both the roots and shoots 
were removed. The fresh and dry weights of shoot 
and fresh weight of roots were measured, along with 
their lengths. The quantity of flowers and leaves was 
also counted. Under a stereo microscope, the number 
of galls and egg masses on each plant root system was 
counted. The Goodey Method (1957) was used to 
extract juveniles from the soil in each pot. The final 
population (Pf ) was divided by the initial population 
(Pi) to determine the reproductive factor (Rf ).

Biochemical analysis 
The leaf samples were dried in an oven set to 70 
°C, and then they were coarsely powdered and wet 
digested. The methods outlined by Mertens (2005a, 
b) and Agrilasa (2002) were used to measure the 
amounts of N, P, and K in leaves, respectively.

Phenolic contents estimation
One gram of fresh tomato leaves from each treatment 
were quickly and randomly cut into tiny pieces and 
macerated for ten minutes in 95% boiling ethanol. 
The macerated material was placed in soxhlet unit 
using 75% ethanol extraction solvent. The extraction 
process was restarted twelve hours later. Ethanol 
extracts were filtered and then evaporated until 
no more ethanol remained. The dry residue was 
dissolved in 5 milliliters of 50% isopropanol. Total 
phenols were measured following the guidelines 
provided by Simons and Ross (1971). In a test tube, 
0.25 milliliters of hydrochloric acid and 0.2 milliliters 
of the sample extract were mixed together, then the 
mixture was boiled for approximately ten minutes. 
Following cooling, 1 ml of the Folin reagent and 5 ml 
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of a 20% sodium carbonate solution were added, and 
the combination was diluted with 10 ml of distilled 
water. A spectrophotometer was used to measure the 
density of the blue color that was produced at 520 
nm after 30 minutes, using chatichole as a blank and 
a standard. Phenol concentration was measured in 
milligrams per gram of fresh weight per minute.

Crude protein and total carbohydrate estimations
Bradford’s Method (1976) was applied to evaluate 
crude proteins. Additionally, the procedures of Je 
(1962) were used to determine the total carbohydrate 
content.

Data analysis
Analysis of variance (ANOVA) (Gomez and Gomez, 
1984) followed by Duncan’s multiple range tests 
(Duncan, 1955) were used to statistically examine the 
data in order to compare means. 

Result

Table 1 shows the effects of two red algae (L. farinosa 
and G. elongata) on the development response of 
tomato seedlings infected or not with the root-knot 
nematode M. incognita, in comparison to the chemical 
nematicide Oxamyl. All treatments significantly 
improved plant growth parameters to varying degrees, 
regardless of the tested concentrations. Liagora 
farinose + 2000 J2s (N2) treatment at concentrations 
of 0.5 or 2% showed a notable improvement in plant 
fresh weight (56.6 and 55.29%, respectively) and 
plant dry weight (82.38 and 101.25%, respectively) 
for infected plants. However, the highest total plant 
fresh weight (58.9%) and a notable increase in shoot 
dry weight (77.98%) were obtained with G. elongata + 
2000 J2s at a 0.5% concentration. Conversely, Oxamyl 
chemical treatments were less effective; Oxamyl + 
1000 J2s (N1) and Oxamyl + 2000 J2s resulted in 
only moderate fresh weight increase of the shoots 
(17.9 and 12.44%) and dry weight (35% and 35.22%), 
respectively. Almost all treatments with red algae 
extracts resulted in a higher number of leaves. Several 
algal treatments, particularly at the 2% concentration, 
significantly improved flowering where treatment 
with L. farinosa + 2000 J2s at 2% resulted in 3.66 
flowers followed by treatment with G. elongata + 2000 
J2s at 2% which resulted in 2 flowers. 

The ability to improve both vegetative and reproductive 
growth was demonstrated by the fact that G. elongata 

and L. farinosa at 0.5% concentration generated the 
most leaves (11) and flowers (8), while L. farinosa at 
1% concentration produced the highest increase in 
total plant fresh weight (26.51%) for uninfected plants.

Algal treatments continuously surpassed the control 
group, especially in terms of flowers production, 
despite the latter’s moderate growth parameters. 

The nematicidal effects of each treatment on 
development of M. incognita infecting tomato plants are 
shown in Table 2. In comparison to untreated controls 
(N1 and N2 alone), both L. farinosa and G. elongata 
substantially decreased nematode reproduction. 
Higher algae concentrations (2%), among the 
evaluated treatments, were more successful in lowering 
gall formation and nematode development. Liagora 
farinosa + N2 treatment decreased total nematodes 
to 1280.8 (compared to N2 alone = 4350.6), galls to 
77 (compared to N2 = 196.5), and egg masses to 53 
(compared to N2 = 139). Likewise, a 2% concentration 
of G. elongata + N1 reduced the overall number of 
nematodes to 1022.3 (compared to N1 = 3180.3) and 
galls to 65 (compared to N1 = 150), as well as the egg 
masses to 36.8 (compared to N1 = 99.3). 

Nematodes were almost completely eradicated 
by chemical treatment (Oxamyl+N1= 346.1 total 
nematodes, 20 galls and 9.5 egg masses). However, 
algae particularly at 2%, showed biologically 
equivalent suppression. Although damage was 
generally increased by higher nematode inoculum 
(N2), algae were still able to provide resilient control, 
indicating their potential as environmentally friendly 
alternative substitutes for chemicals.

The percentage of nitrogen in tomato leaves, an 
essential nutrient for plant growth and protein 
synthesis, is shown in Figure 1. In comparison to 
the control and chemical treatment (Oxamyl), the 
nitrogen concentration in uninfected plants was 
higher after treatments with red algae, G. elongata 
and L. farinosa. Higher concentration (2.0%) of each 
alga was likely more effective at improving nitrogen 
content than lower concentrations. This rise suggests 
that treatments with algae enhance the intake and 
usage of nitrogen, which is necessary for the proper 
growth of plants. Lower nitrogen levels in only 
nematode treatment indicated less effective nutrition 
uptake or availability.
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Table 1: Impact of two red algae (Liagora farinosa and Galaxaura elongata) on growth of tomato cv. Elisa infected 
or not infected with M. incognita under greenhouse conditions.
Treatments *Con.

(%)
Plant growth parameters

Length (cm) Fresh weight (g) % In-
crease

Shoot dry 
weight (g)

% In-
crease

 Number
of leaves

 Number
of flowersShoot Root Shoot Root Total plant

Infected
L. farinosa +N1 0.5 73.0a-c 20.66cd 25.50b-d 4.90gh 30.4d-g 32.75 2.36f-i 31.11 9.90ab 0.00g

L. farinosa +N1 1 73.0a-c 20.33cd 21.60f-h 6.60e-g 28.3f-h 23.58 2.26h-j 25.55 8.66a-c 1.00e-g

L. farinosa +N1 2 70.6a-d 24.33a 23.40c-f 7.50d-f 30.9c-g 34.93 2.70b-h 50.00 8.30bc 1.33e-g

L. farinosa +N2 0.5 73.6a-c 20.33cd 26.70a-c 7.33d-f 34.0a-d 56.60 2.90a-e 82.38 9.00a-c 0.66e-g

L. farinosa +N2 1 68.0b-e 20.00cd 19.90g-i 10.53a 30.4d-g 40.00 2.11ij 32.70 7.33c 0.00g

L. farinosa +N2 2 69.0b-e 20.00cd 27.53ab 6.20e-g 33.7b-d 55.29 3.20a 101.25 9.00a-c 3.66bc

G. elongata +N1 0.5 68.6b-e 23.66ab 22.20e-h 6.00e-g 28.3f-h 23.58 2.53d-i 40.55 8.66a-c 0.33fg

G. elongata +N1 1 75.0ab 19.33d 24.00c-f 8.80a-d 32.9b-e 43.66 2.70b-h 50.00 8.60a-c 1.00e-g

G. elongata +N1 2 68.0b-e 20.60cd 25.73b-d 9.70a-c 35.4ab 54.58 2.35f-i 30.55 8.30bc 1.33e-g

G. elongata +N2 0.5 68.0b-e 20.00cd 24.56b-f 10.00ab 34.5a-c 58.90 2.83a-f 77.98 9.00a-c 0.66e-g

G. elongata +N2 1 71.3a-c 22.60a-c 21.76f-h 8.80a-d 30.6d-g 41.00 2.29g-j 44.02 8.00bc 0.00g

G. elongata +N2 2 70.6a-d 20.33cd 22.50d-h 8.00b-e 30.6d-g 41.00 2.41 e-i 51.57 8.33bc 2.00de

Oxamyl+ N1 71.3a-c 20.60cd 22.20e-h 4.80gh 27.0gh 17.90 2.40e-i 35.00 8.33bc 1.00e-g

Oxamyl+ N2 69.0b-e 19.30d 19.50g-i 4.90gh 24.4hi 12.44 2.15ij 35.22 8.33bc 0.66e-g

N1 alone 60.0fg 20.60cd 19.20hi 3.70h 22.9i ---- 1.80jk ----- 8.00bc 0.00g

N2 alone 54.0g 16.50e 17.90i 3.80h 21.7i ----- 1.59k ---- 7.33c 0.00g

Uninfected
L. farinosa 0.5 70.0a-d 20.00cd 25.70b-d 6.50e-g 32.2b-f 8.05 3.10a-c 10.70 11.00a 8.00a

L. farinosa 1 67.0c-f 21.00b-d 29.70a 8.00b-e 37.7a 26.51 3.00a-d 7.14 9.33a-c 3.00cd

L. farinosa 2 64.0d-f 21.00b-d 22.70d-g 7.70c-e 30.4d-g 2.01 2.60c-i ---- 11.00a 3.66bc

G. elongata 0.5 63.0ef 24.00a 23.90c-f 4.80gh 28.7fg --- 3.30a 17.80 11.00a 8.00a

G. elongata 1 71.0a-d 20.00cd 26.20bc 5.40f-h 31.6b-g 6.04 3.30a 17.80 11.00a 5.00b

G. elongata 2 71.0a-d 24.00a 24.80b-f 9.00a-d 33.8a-d 13.42 2.85a-f 1.780 10.00ab 5.00b

Control - 76.6a 21.60a-d 25.30b-e 4.50gh 29.8e-g ----- 2.80a-g ----- 9.00a-c 1.66d-f

L.S.D 5% - 7.24 2.817 3.373 2.137 3.90 0.51 2.56 1.44
N1= 1000 J2s, N2= 2000 J2s of M. incognita. *Con.= red algae concentration. Each value presented the Mean of four replicates. Means in 
each column followed by the same letter(s) significantly are not different (p≤0.05) by Duncan’s multiple range test.

Figure 1: Percentage of Nitrogen in tomato leaves 
infected or un-infected with M. incognita as a result of 
treatment with two red algae (Liagora farinosa and 
Galaxaura elongata) and chemical treatment (Oxamyl). 
Each algal extracts were at concentrations of 0.5%, 1%, 
and 2%. 

Figure 2: Percentage of Phosphorus in tomato leaves 
infected or un-infected with M. incognita as a result of 
treatment with two red algae (Liagora farinosa and 
Galaxaura elongata) and chemical treatment (Oxamyl). 
Each algal extracts were at concentrations of 0.5%, 1%, 
and 2%. 
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Table 2: Impact of two red algae (Liagora farinosa and Galaxaura elongata) on the reproduction of M. incognita 
infecting tomato cv. Elisa under greenhouse conditions.
Treatments *Con. (%) Nematode population in Total nematode 

population
***RF Number of 

galls
****RGI Number of 

egg masses
****EI

Soil / pot Root
**D. S Females

L. farinosa +N1 0.5 2095.0de 31.5b-d 81.5cd 2208.0cd 2.21 113.0cd 5 65.8de 4
L. farinosa +N1 1 1850.0e 25.8b-f 70.0c-f 1945.8d 1.95 88.5d-g 4 59.5d-f 4
L. farinosa +N1 2 1300.0 f 22.3e-g 49.3g 1371.6e 1.37 63.0g 4 39.3gh 4
L. farinosa +N2 0.5 2337.5cd 29.8b-e 77.8c-e 2445.1c 1.22 93.0d-f 4 62.3d-f 4
L. farinosa +N2 1 2062.5de 28.3b-e 83.0c 2173.8cd 1.09 101.5c-e 5 70.0cd 4
L. farinosa +N2 2 1202.5fg 12.8hi 65.5d-g 1280.8e 0.64 77.0e-g 4 53.0e-g 4
G. elongata +N1 0.5 1815.0e 16.3g-i 59.0fg 1890.3d 1.89 73.8fg 4 45.0gh 4
G. elongata +N1 1 1800.0e 25.0c-f 62.5e-g 1887.5d 1.89 74.8e-g 4 49.0f-h 4
G. elongata +N1 2 955.0g 17.5f-h 49.8g 1022.3e 1.02 65.0g 4 36.8h 4
G. elongata +N2 0.5 2450.0c 32.8bc 105.5b 2588.3c 1.29 127.8bc 5 80.8c 4
G. elongata +N2 1 1870.0e 23.0d-g 78.3c-e 1971.3d 0.99 96.0d-f 4 64.5de 4
G. elongata +N2 2 1012.5fg 12.3hi 59.0fg 1083.8e 0.54 69.5fg 4 48.3f-h 4
N1 alone 3025.0b 33.8b 121.5b 3180.3b 3.18 150.0b 5 99.3b 4
N2 alone 4100.0a 74.3a 176.3a 4350.6a 2.18 196.5a 5 139.0a 5
Oxamyl+ N1 322.5h 7.8i 15.8h 346.1f 0.35 20.0h 3 9.5i 2
Oxamyl+ N2 212.5h 12.0hi 23.3h 247.8f 0.12 29.0h 3 12.5i 3
L.S.D 5% 324.7 8.7 17.02 433.99 - 27.4 - 14.1 -

N1= 1000 J2s, N2= 2000 J2s of M. incognita. *Con.= red algae concentration, **D. S= Development stages *** RF= (Reproduction Factor) = 
nematode initial population/ nematode final population. ****Root gall index (RGI) or egg-masses index (EI) was determined according to the 
scale given by Taylorand Sasser (1978) as follows: 0= no galls or eggmasses, 1= 1-2 galls or eggmasses , 2= 3-10 galls or eggmasses, 3= 11-30 
galls or eggmasses, 4= 31-100 galls or eggmasses and 5= more than 100 galls or eggmasses. Each value is the mean of four replicates. Means in 
each column followed by the same letter(s) significantly are not different (p≤0.05) by Duncan’s multiple range test.

The amount of phosphorus, a nutrient necessary 
for energy transfer and photosynthesis, in tomato 
leaves is shown in Figure 2. The nematode-alone 
treatment (especially at N2) showed the lowest 
phosphorus content. The most effective concentration 
of each alga was the higher one (2%). This increase 
shows an improvement in the uptake and utilization 
of phosphorus, which is essential for the plant’s 
metabolic activities. Only the phosphorus levels of 
the nematode-treated plants decreased, indicating a 
decrease in nutrient availability or uptake efficiency.

Figure 3 shows the proportion of potassium, an 
essential nutrient for water regulation and enzyme 
activation, in tomato leaves. All concentrations of 
both algal species (L. farinosa and G. elongata) are 
expected to increase potassium levels in infected 
plants. The effect is likely concentration-dependent, 
with the 2.0% application rate showing higher 
potassium levels than the 0.5% rate for both algal 
species. The potassium content was significantly 
affected by treatment with different concentrations of 

L. farinosa + N1. Improved nutrient uptake and stress 
tolerance are suggested by plants treated with algae 
having higher potassium contents. Lower potassium 
levels in the nematode-alone treatment suggested less 
food availability and weakened stress reactions.

Figure 3: Percentage of Potassium in tomato leaves 
infected or un-infected with M. incognita as a result of 
treatment with two red algae (Liagora farinosa and 
Galaxaura elongata) and chemical treatment (Oxamyl). 
Each algal extracts were at concentrations of 0.5%, 1%, 
and 2%. 
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Percentages of total carbohydrates in tomato leaves 
infected with M. incognita under various treatment 
conditions is displayed in Figure 4. Compared to the 
control group, the addition of red algae in uninfected 
plants had a substantial impact on the amount 
of carbohydrates. The algae G. elongata generally 
outperformed L. farinosa, especially at higher 
concentrations. Lower percentages of carbohydrates 
were seen in untreated controls and infected 
treatments (nematode alone), indicating that algal 
treatments increased plant metabolic activity even in 
the presence of nematode stress.

Figure 4: Total carbohydrates content in tomato leaves 
infected or un-infected with M. incognita as a result of 
treatment with two red algae (Liagora farinosa and 
Galaxaura elongata) and chemical treatment (Oxamyl). 
Each algal extracts were at concentrations of 0.5%, 1%, 
and 2%. 

Figure 5: Crude protein content in tomato leaves infected 
or un-infected with M. incognita as a result of treatment 
with two red algae (Liagora farinosa and Galaxaura 
elongata) and chemical treatment (Oxamyl). Each algal 
extracts were at concentrations of 0.5%, 1%, and 2%. 

The crude protein content of tomato leaves, which 
is closely correlated with nitrogen availability, is 

displayed in Figure 5. In comparison to nematode-
only treatment, the combination of G. elongata and 
L. farinosa at different concentrations probably 
resulted in higher crude protein levels. The effect is 
likely concentration-dependent, meaning that 2.0% 
concentration resulted in higher protein levels than 
0.5% concentration for both algal species. This implies 
that treatments with algae improve protein synthesis, 
which benefits plant resistance and growth.

Figure 6: Total phenols content in tomato leaves infected 
or un-infected with M. incognita as a result of treatment 
with two red algae (Liagora farinosa and Galaxaura 
elongata) and chemical treatment (Oxamyl). Each algal 
extracts were at concentrations of 0.5%, 1%, and 2%. 

The total phenol content of tomato leaves, which is a 
measure of the defense and stress response of plants, 
is depicted in Figure 6. In contrast to the chemical 
(Oxamyl) and control treatments, the application of 
L. farinosa and G. elongata probably raised the levels 
of total phenols. Since phenols are known to aid in 
plant defense against infections, a higher phenol 
concentration in plants treated with algae indicates 
improved resistance to nematode infection. It was 
found that the phenol concentration was high in the 
nematode-only treatment. Phenol levels were lower in 
the chemical treatment and control group, suggesting 
less robust stress responses.

Discussion

There is no denying that using chemical nematicides 
to eradicate plant parasitic nematodes has a negative 
impact on people, animals, and the environment. As 
a result, the need for safe, sustainable, and effective 
alternatives to get rid of this kind of pests has grown. 
The results of this study showed that applying two 
red algae at different concentrations resulted in a 
considerable decrease in the population of the root-
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knot nematode M. incognita in soil and roots under 
greenhouse conditions. Even in the presence of 
nematode infection, L. farinosa and G. elongata both 
markedly enhanced tomato plant growth metrics 
including plant length, fresh weight, dry weight, 
and flower production. This outcome is supported 
by research by Kumar et al. (2024), which found that 
seaweed and products produced from it have been 
used to boost immunity, promote plant development, 
and lessen biotic and abiotic stressors. Studies on the 
brown seaweed Ascophyllum nodosum have shown that 
it can improve nutrient uptake, root development, 
and overall plant vigor in a variety of crops (Khan et 
al., 2009). 

Improved growth metrics in infected plants relative to 
untreated plants showed that the administration of L. 
farinose and G. elongate lessened the detrimental effects 
of M. incognita on tomato plants. This implies that 
algae might have nematode-suppressive or nematicidal 
effects. Previous studies have demonstrated that some 
algal extracts can lessen root galling and prevent 
nematode multiplication. Sargassum, for example, 
has been shown in trials to be helpful in reducing 
nematode populations and enhancing plant health 
(Rahman et al., 2020). Additionally, Belmouden et al. 
(2025) concluded that the extracts of Sargassum vulgare 
and Cystoseira humilis attained the maximum juvenile 
mortality (83 %) after 72 hours. Also instead of 
additionally, S. vulgare exhibited the highest inhibition 
of egg hatching (82%). According to phytochemical 
analysis, S. vulgare showed strong nematicidal activity 
despite lower compound concentrations, whereas C. 
humilis had the highest levels of total phenolics and 
flavonoids.

As suggested by Ali et al. (2019), seaweed extracts may 
be somewhat effective in reducing PPN fecundity 
and abundance, mostly in lab and greenhouse 
environments. Because seaweeds contain special 
compounds like fucoidans and alginates, which may 
act as elicitors to prime plants for future pathogen 
defense, the literature suggests that seaweed extracts 
may be useful to protect plants against biotic stress, 
even though the exact mechanism of action for such 
phenomena is largely unknown. A plant may be better 
able to protect itself from pests and diseases if its health 
is improved by using fertilizer to increase nutrition. In 
this case, using seaweed extracts may frequently help 
to lengthen the roots and guarantee that the plant 
has access to more nutrients. Three substances were 

obtained from the chromatographic fractionation 
of the chloroform extract of L. farinosa collected 
from the Red Sea: methyl-β-D-xylopyranoside (1), 
glycerol-2-α-D-glucopyranoside (2), and thymidine 
(3) (Hammoda et al., 2007). 

The red sea algae G. elongata is regarded as a source 
of bioactive chemicals since it may generate a wide 
range of secondary metabolites with a wide range 
of biological activity. Red algae contain compounds 
that have been found to have antimicrobial, antiviral, 
antifungal, and antioxidant properties (Abdel-Raouf 
et al., 2017). 

It could be logical to speculate that a reduced 
hatching rate might be the cause of lower adult and 
J2 abundances, and hence, less obvious galling. The 
most crucial factor to consider may not be dosage 
rates but rather application timing, as different dosage 
rates sometimes appeared to have minimal impact on 
RKN populations (Williams et al., 2021). Overall, 
M. incognita population reduction was greatest 
when seaweed was applied. A plant’s capability to 
effectively react to PPN attack through mechanisms 
like reallocating resources to shoots, producing 
defensive phytohormones like jasmonic acid, and/
or strengthening roots may be partially responsible 
for this, as may the production or lack of nematode-
repelling volatile organic compounds (VOCs) (Da 
Silva et al., 2019).

Improved nutrient uptake and stress tolerance are 
suggested by the higher levels of nitrogen, phosphorus, 
and potassium in plants treated with algae. This 
outcome is supported by research by Solorzano-
Chavez et al. (2019), who found that applying K. 
alvarezii extract to rice plants’ roots improved their 
uptake of N and K, which raised the plants’ levels 
of amino N. Increased plant defense mechanisms 
against nematode infection are indicated by the 
rise in total phenol content in plants treated with 
algae. This outcome supports the findings of Lola-
Luz et al. (2014), who found that adding seaweed 
extract significantly increased the amount of health-
promoting phenolics and flavonoids in broccoli.

Seaweed extracts (SEs) have been investigated as 
natural biocontrol agents, soil conditioners, and 
biofertilizers in light of the growing trend toward 
organic and sustainable farming. They are essential for 
boosting plant development, soil health, and resistance 
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to pests, illnesses, and abiotic stresses such drought, 
salinity, and extremely high or low temperatures 
(Singh et al., 2025).

Conclusion
 
Indeed, seaweed extracts may be utilized to treat 
RKN infections, and when compared to alternative 
approaches they may provide less expensive methods 
of Meloidogyne treatment. Although the exact 
mechanism is unknown, this raises an intriguing 
research question. The findings of this study represent 
promising results for the use of seaweed for purposes 
other than biostimulants. After more investigation, 
seaweeds might be utilized in integrated pest 
management programs on a variety of crops to 
lessen RKN damage in addition to acting as a soil 
conditioner. Seaweed is an intriguing option for PPN 
control since it can be harvested sustainably, is safe to 
use, and has no known negative environmental effects. 
This is particularly true in light of the removal of 
synthetic nematicides from the market of pesticides. 
Future studies could examine the processes via which 
of these algae work, improve application techniques 
and assess how well they work with other crops and 
in the field.
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