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ABSTRACT 
The primary concern was the removal of numerous soil fumigants and nematicides due to their potential risks to 

human and environmental safety. Fungal pathogens can cause serious diseases in humans and animals. Among these, 

root-knot nematodes such as Meloidogyne incognita and Tylenchulus semipenetrans pose a significant threat, leading 

to substantial damage and yield reduction in various economically important plants. Therefore, this study aimed to 

assess the fungicidal and nematicidal activities of the ethanol extract (EE) and lupeol (L), the major isolates from the 

aerial parts of Reichardia tingitana L. Roth (Asteraceae), against Aspergillus flavus and plant-parasitic nematodes. 

Antifungal actions of EE (10-120 ppm) and L (23.4-281.2 µM) were evaluated through in vitro and in vivo growth 

assays, spore germination inhibition assays, and the efficacy of inhibiting pod and kernel infection. Nematicidal 

activity of EE and L was tested by preparing cultures containing egg masses of nematode species M. incognita from 

infected eggplants and T. semipenetrans from infected citrus roots, using concentrations of 2.5, 5, 10, 20, 40, 80, and 

120 ppm. Results showed that R. tingitana (EE) and (L) exhibited nematostatic or nematicidal effects on nematode 

viability, egg hatch in vitro, and development and reproduction in vivo. Lupeol was particularly effective in inhibiting 

the colonization of A. flavus in peanuts. EE and L demonstrated high toxicity against nematodes in laboratory 

exposure and were effective in controlling nematode infestation in eggplant roots for 45 days. Improvement in plant 

growth parameters, including shoot and root length and weights, varied and was proportional to the doses of EE and 

L treatments. The antifungal and bio-nematicide effects of the ethanol extract from the aerial parts of R. tingitana 

were superior to those of lupeol, which could be attributed to the synergistic effect of phytochemicals in the ethanol 

extract. Both EE and L have potential applications as antifungal and bio-nematicide agents. 

Keywords: Aflatoxin, Aspergillus flavus, false sow-thistle, lupeol, plant nematode, triterpenes. 

List of Abbreviations: EE: Ethanol extract, CC:Column chromatography. L:Lupeol, LC50: the median lethal 

concentration (LC50) values,TLC: thin-layer chromatography,S1:System 1, TMS : Tetramethylsilane as an internal 

standard , PDA: potato dextrose agar medium, DC: Diameter of the colony in the control (mm), DT: Diameter of the 

colony in the treatment (mm), NC: Number of the fungal colony in control, NT: Number of the fungal colony in treatment, 

PF: Final Population, PI: nematode initial Population. 

HIGHLIGHTS 

 The study investigates the fungicidal and nematicidal 

activities of Reichardia tingitana L. Roth (Asteraceae) 

against phytopathogenic fungi and plant-parasitic 

nematodes.  

 The ethanol extract of the aerial parts of R. tingitana 

(EE) and lupeol, a major isolate (L), exhibited 

nematostatic or nematicidal effects on nematode 

viability, egg hatch in vitro, and development and 
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reproduction in in vivo applications.  

 Lupeol effectively inhibits the colonization of A. 

flavus in peanuts. 

 

1. INTRODUCTION 

The genus Reichardia belongs to the dandelion family 

Asteraceae and is native to the Mediterranean and western 

Asia. Reichardia tingitana L. Roth, also known as false sow-

thistle, has been reported to contain volatile oil, triterpenes, 

sterols, and sesquiterpenes. (1) This plant exhibits various 

beneficial properties, including antioxidative, anti-diabetic, 

anti-inflammatory, and antiviral activities. (2) Additionally, 

studies have investigated its insect deterrent and insecticidal 

properties, particularly regarding guaianolides. (3)  

Triterpenes were previously reported to exert an antifungal 

activity (4), and Lupeol was reported as inhibitors for both 

fungal growth and mycotoxin production of toxigenic 

Fusarium species. (5) 

Peanut (Arachishypogaea) is a significant cash crop in 

tropical and subtropical countries. However, due to its pods 

being in contact with the soil, peanuts are vulnerable to fungal 

pathogens. One of the most common storage fungi that 

colonize peanuts is Aspergillus flavus. This fungus is capable 

of causing seed rots, mold growth on seeds, pre- and post-

emergence damping-off, and reducing both seed viability and 

seedling growth in peanuts. (6) Mycotoxins are produced by 

Aspergilli and can contaminate not only food but also 

feedstuffs. It has been reported that at least 25% of the grain 

produced worldwide each year becomes contaminated with 

mycotoxins. Among these mycotoxins, aflatoxins, produced 

by A. flavus and A. parasiticus, are particularly notorious for 

their carcinogenic and immunosuppressive effects. 

Aflatoxins are toxic, low-molecular-weight metabolites that 

can harm plants, animals, and microorganisms. (7) In nature, at 

least 14 different aflatoxins are produced, with Aflatoxin B1 

being the most toxic. Both A. flavus and A. parasiticus can 

produce Aflatoxin B1. (8,9) These fungi commonly infect 

various crops, including peanuts, tree nuts, and wheat. (10) 

Additionally, they pose a serious threat to the health of 

animals and humans, causing problems such as 

teratogenicity, immunotoxicity, and hepatotoxicity. (11) All 

animal species in addition to adult humans are resistant to the 

acute toxicity of aflatoxins also have a high tolerance for 

aflatoxin exposure and rarely yield acute aflatoxicosis. (12) 

However, children are particularly affected, and their 

exposure can lead to stunted growth and delayed 

development. (13) 

Fungal pathogens have the potential to cause serious 

diseases in both humans and animals. (14) However, due to 

concerns regarding the toxicity of existing antifungal 

agents and the emergence of drug-resistant strains, there is 

growing interest in exploring alternative methods to 

control these pathogens, such as the use of plants. Many 

plants contain secondary compounds that have been found 

to have inhibitory effects on harmful bacterial and fungal 

pathogens that affect humans. (15,16) 

Eggplant (Solanum melongena L.) is one of the most 

important and commonly cultivated vegetable crops 

worldwide. Belonging to the Solanaceae family, it is 

extensively grown in regions such as Asia, Egypt, and the 

Middle East. (17) Eggplants are a rich source of essential 

vitamins like C, K, B6, niacin, thiamin, as well as essential 

nutrients including magnesium, phosphorus, copper, 

dietary fiber, folic acid, potassium, and manganese. 

However, this crop is highly susceptible to pollution 

caused by root-knot nematodes, particularly those of the 

genus Meloidogyne, such as M. incognita. (18) While 

several nematicides are available for managing the root-

knot nematode crisis affecting vegetables like eggplant, 

their use is expensive and poses environmental hazards. (19) 

Traditionally, nematicides have been applied to control 

nematodes. However, there has been growing concern 

over the removal of numerous soil fumigants and 

nematicides due to their potential risks to human and 

environmental safety. (20) An alternative approach involves 

using plants as sources of compounds for sustainable 

management of plant-parasitic nematodes. This approach 

focuses on economically significant nematode species, 
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such as root-knot nematodes of the genus Meloidogyne, 

which have a wide range of hosts and pose threats to 

various annual and perennial crops. (21) In our study, we 

found that the roots of Pulsatilla Koreana exhibited strong 

nematicidal activity against Meloidogyne incognita after 

48 hours, with an LC50 of 92.8µg/ml. This suggests that 

triterpenoid saponins from P. Koreana have the potential 

to be explored as natural nematicides for developing new 

agents to control root-knot nematodes. (22) Additionally, 

the citrus nematode T. semipenetrans is considered the 

most predominant and economically important pathogen 

causing significant damage to citrus trees in orchards and 

nurseries. (23) In the current study, we evaluated the effects 

of the ethanol extract (EE) and lupeol (L) isolated from R. 

tingitana on the colonization of Aspergillus flavus in 

peanuts. We also investigated their nematicidal effects on 

egg masses of nematode species Meloidogyne incognita, 

found in infected eggplants, and Tylenchulus 

semipenetrans, found in infected citrus roots. 

 

2. MATERIAL & METHODS 

2.1. Plant material 

Aerial parts of Reichardia tingitana were obtained 

from Benghazi, Libya and identified by Dr. Reem Samir 

Hamdy, Professor of Plant Taxonomy, Botany 

Department, Faculty of Science, Cairo University, Giza, 

Egypt. At the Museum of the Pharmacognosy Department, 

Faculty of Pharmacy, Cairo University, 

https://goo.gl/maps/v6PsvJp6KJW52PkH8, the sample of 

the plant code 2015419 is deposited.  

2.2. Extraction 

The air-dried powdered aerial parts of R. tingitana (500g) 

were extracted by cold percolation with 95% ethanol (3L) 

until exhaustion. The ethanol extract was evaporated under 

reduced pressure, resulting in 120g of greenish-brown semi-

solid residue. The dried residue (50g) was then suspended in 

distilled water and successively partitioned between n-

hexane, chloroform, and n-butanol saturated with water, 

yielding 13g, 1g, and 7g, respectively. 

2.3. Separation of the components of the n-hexane 

extractive 

On a silica gel column, the n-hexane extract (10g) was 

chromatographed using n-hexane and n-hexane-ethyl 

acetate mixtures as the eluent. Twenty milliliters of each 

fraction were examined by TLC. Fractions that showed 

major spots were chromatographed on a silica gel column 

using n-hexane-ethyl acetate mixtures as the eluent. 

Lupeol was isolated as the major compound, identified by 

spectral data and comparison with previously reported 

data. (4) Both the ethanol extract of the aerial parts and the 

main isolate were subjected to tests to evaluate their 

antifungal and nematicidal effects. 

2.4. Estimation of the antifungal effect  

2.4.1. Isolation of fungal pathogen: 

Peanut pods were cut into small pieces (2-5mm), and 

kernels were disinfected for three minutes using 2.5% 

sodium hypochlorite, rinsed three times in sterile distilled 

water, and then dried between layers of sterile filter paper 

(Whatman, No. 1). Ten groups of peanut pod pieces and 

kernels, each with five pieces of pods and kernels, were 

plated out on 15 ml of potato dextrose agar (PDA) medium 

(5 pieces of pod or kernel per plate) and then incubated at 

25°C for 6 days. Subculturing was repeated several times 

to obtain pure cultures from mycelial tips, which were 

preserved on PDA slants until identification. The isolated 

A. flavus was identified based on colony and 

morphological characteristics. (24) The culture of the A. 

flavus strain was preserved on a PDA slant in the lab.  

2.5. In vitro growth inhibitory assay 

The stock solution of each R. tingitana sample (EE and 

L) was prepared by adding it to the PDA medium to 

achieve concentrations of 10-120 ppm. The medium was 

poured into Petri dishes and inoculated with equal discs 

(9mm in diameter) of the A. flavus pathogenic fungus. 

Plates containing mycelium discs without plant material 

were used as a negative control. All plates were incubated 

at 28 ± 2°C for 4 days. Fungal growth was measured as 

colony diameter, and the toxicity of plant materials against 

https://goo.gl/maps/v6PsvJp6KJW52PkH8
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A. flavus was expressed as the percentage of mycelia 

inhibition using the formula: Inhibition of Growth (%) = 

(DC – DT) / DC × 100, where DC represents the diameter 

of the colony in the control (mm) and DT represents the 

diameter of the colony in the treatment (mm), as defined 

by Ismail et al. (25). 

2.6. Spore germination inhibition assay 

Fungal spores were collected using sterile distilled 

water containing 0.1% Tween 80, from PDA plates after 7 

days of growth at 28°C. Final concentrations of spores 

were adjusted to 1.45 × 106 spores/ml. for the assay; 

autoclaved PDA medium (20ml) was mixed with 

concentrations of (10 - 120 ppm) of samples of EE, L, and 

1.45 × 106 spores and then poured into Petri plates (10cm 

diameter). After solidification, plates were incubated at 28 

± 2 °C for 4 days. The percent germination reduction of 

spores was determined by the next formula:  

Inhibition of spore germination (%) = NC –NT/NC×100 

 

Where, NC: Number of the fungal colony in control, 

NT: Number of the fungal colony in treatment. 

In vivo efficacy inhibition of pod and kernel infection   

Peanut pods and kernels (susceptible variety Giza 3) 

were surface sterilized by soaking them in a 0.1% aqueous 

solution of mercuric chloride for 3 minutes, rinsed with 

sterile distilled water, and then five pods and kernels each 

were placed separately in a sterile Petri dish (10 cm 

diameter) on filter paper. Six replicates with five pods and 

five kernels each were maintained. These peanut pods and 

kernels were treated with a requisite concentration of 120 

ppm of EE and 281.2µM of L separately and inoculated 

with A. flavus by gently applying a conidial spore 

suspension (1×106 spores/ml) to the surfaces of the pods 

and kernels, followed by incubation at 25°C. To maintain 

high humidity, sterile distilled water (1-2 ml) was added 

every day during the first five days. After six days of 

incubation, the percentage incidence of A. flavus in the 

treated and untreated samples was determined by counting 

the number of kernels contaminated by A. flavus. The 

selection of concentrations was based on effectiveness, 

with a focus on choosing the lowest concentrations that 

could be used effectively, with their effects exceeding 50% 

on nematodes. This allowed them to be relied upon in 

establishing the toxicity threshold and calculating LC50.  

2.7.  Evaluation of the nematocidal activity 

2.7.1. Nematode culture 

Culture preparation of egg masses from each nematode 

species, root-knot nematode (M. incognita) from infected 

eggplant, and T. semipenetrans from infected citrus roots, 

was performed. Root tissues were placed in tap water for 

egg hatching. The egg suspension was poured onto cotton-

wool paper and incubated at 28±2°C to obtain freshly 

hatched juveniles (J2). Juveniles were collected within 48 

hours and used. (26) 

2.7.2. Mortality test  

A stock solution of each R. tingitana sample (EE) and (L) 

at concentrations of 2.5, 5, 10, 20, 40, 80, and 120 ppm was 

prepared by soaking the specified amount of each material 

(EE and L) in distilled water. One milliliter of nematode 

suspension containing 100 freshly hatched juveniles of 

Meloidogyne incognita and Tylenchulus semipenetrans was 

added to a fixed volume of the samples in Petri dishes 

(80mm). Additionally, 100 freshly hatched second-stage 

larvae of M. incognita were placed in 5ml of distilled water 

as a control. All dishes were incubated in an incubator at 

(25±2°C). After 24, 48, and 72 hours, the juveniles were 

counted for mortality and non-mortality under a stereoscope 

microscope. The death of nematodes was confirmed by 

keeping them in tap water for 24 hours. The percent mortality 

was calculated from an average of three replicates. 

2.7.3. Greenhouse experiment  

A greenhouse experiment was conducted to study the 

effect of R. tingitana on the nematode population of 

Meloidogyne incognita. One-month-old eggplant 

seedlings, Solanum melongena cv. White Balady, with 

uniform size, were transplanted singly into 15cm clay pots 

filled with sandy clay soil (2:1, v:v) at rates of 120, 80, and 

40 ppm per pot. One week later, each pot was inoculated 
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with 2000 freshly hatched juveniles of Meloidogyne 

incognita. Each treatment was replicated three times. 

All treatments were arranged in a completely randomized 

scheme under greenhouse conditions at a temperature of 

35±2°C. Additionally, three control treatments were 

performed, including the bio-product (The tested Micronema 

(Bionematicide containing bacteria, supplied by the 

Agriculture Research Center, Giza, Egypt, from DOTRA Co, 

Haram, Giza, Egypt) applied at recommended rates as a soil 

drench by suspending the required quantity in 12ml. One 

week later, each pot was inoculated with 2000 freshly hatched 

juveniles of M. incognita. There were also untreated infected 

plants and untreated plants. Pots were watered periodically 

every two days, and the plants were harvested after 45 days 

from the time of inoculation. 

2.7.4. Percentage reduction in nematode 

enumeration and plant growth parameters determination 

The soil of each pot was processed for nematode 

extraction using the sieving and Baerman–pan technique 

(27). The count of second-stage juveniles (J2) within the 

soil of every pot was determined using a Hawksley 

counting slide and a stereoscopic microscope. Similarly, 

average records of eggs/egg masses were determined by 

washing four randomly selected egg masses per root 

system of every replicate in 1% sodium hypochlorite to 

release eggs from the egg matrix. The released eggs were 

then suspended in water and counted using a stereoscopic 

microscope. Galls and egg masses and their indices were 

evaluated, and collected juveniles were counted. The 

reduction percentage in gall formation, egg mass 

production, as well as female and juvenile numbers, were 

calculated using the following formula: 

R% =Treatment - Control infected X 100 

                 Control infected 

 

The final population and nematode build-up were 

calculated for all treatments. The final population (PF) 

included the total number of juveniles in the soil, egg-

masses, and females. The rate of build-up, denoted as 

(PF/PI), was determined by dividing the nematode final 

population (PF) by the nematode initial population (PI) (PI). 

(28) Plant growth responses, including shoot length, fresh and 

dry shoot weights, as well as root fresh weight and length, 

were measured and calculated for all treatments. 

The data were subjected to analysis of variance 

(ANOVA), as outlined by Snedecor and Cochran. (29) 

Treatment means were compared using Duncan's Multiple 

Range Test at a 5% level of probability. (30) These analyses 

were conducted using SPSS Program version 16. 

 

3.  RESULTS 

3.1. Isolation and identification of the major 

component of n-hexane extract  

Lupeol was isolated as the major phytochemical in the 

hexane-soluble fraction of the ethanol extract from the 

aerial parts of R. tingitana. Its identity was confirmed 

based on spectral data; 1HNMR and 13CNMR (400MHz, 

and 100 MHz CDCl3) which are presented in Table 1 and 

compared with previously reported data. (4) Lupeol was 

obtained as white needle crystals (50 mg) and crystallized 

from methanol with a melting point of 210-212°C. It gave 

a positive response in the Liebermann–Burchard test, 

indicating the presence of a triterpenoid skeleton. A violet 

color was observed with P-anisaldehyde / H2SO4 spray 

reagent. The IR spectrum exhibited absorption bands of 

hydroxyl group at 3415 cm-1 as well as olefinic bond 

absorption band at 1642, 880 cm-1 and 2945, 2869 cm-1 for 

(C-H). EI Mass (70eV) m/z: showed a molecular ion peak 

(M+) at 426.7 calculated for C30 H50 O with characteristic 

fragment ions at 411 (M+- Me), 393 (M+-Me-H2O), 365, 

299, 297, 245, fragment ions at m/z 220, m/z 207 (allocate 

the hydroxyl group at C3 position), m/z 218, m/z 205 and 

m/z 189 all in accordance with the lupene skeleton4. The 

1HNMR spectrum (400 MHz in CDCl3) in Table 1 

exhibited seven tertiary methyl groups and the vinylic 

methyl at δ 1.69 ppm. In addition, a signal at δ 3.15 with a 

coupling of ~3 and 6 Hz is indicative of C3-H α-

orientation. Two vinylic proton signals at δ 4.59 and 4.70 
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ppm are indicative of a terminal methylene group at C-20. 

13CNMR (100 MHz, in CDCl3) in Table 1 confirmed the 

chemical shift assignments for lupeol, which were 

consistent with previously reported data. (4) The ethanol 

extract of the aerial parts and the main isolate were then 

tested for their antifungal and nematicidal effects.

 

Table (1):  1HNMR and 13CNMR (400MHz, and 100 MHzCDCl3) of lupeol 

Position δH ppm δC ppm 

1  38.7 

2  27.4 

3 3.23 (1H,m) 79.0 

4  38.8 

5  55.3 

6  18.3 

7  34.6 

8  40.8 

9  50.4 

10  37.1 

11  21.1 

12  25.1 

13  38.0 

14  42.8 

15  27.6 

16  35.5 

17  43.0 

18  47.9 

19 2.36 (1H,t) 48.3 

20  150.9 

21  29.9 

22  40.0 

23 0.78 (3H, s) 28.0 

24 0.81 (3H, s) 15.3 

25 0.85 (3H, s) 16.1 

26 0.96 (3H, s) 15.9 

27 0.99 (3H, s) 14.5 

28 1.05 (3H, s) 18.0 

29 
4.59 (1H, br.s, H-29a) 

4.70 (1H, br.s, H-29b) 
109.3 

30 1.70 (3H,s) 19.3 
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3.2. Antifungal activity 

3.2.1 Inhibition of mycelial growth  

The results of antifungal screening with various 

concentrations of EE and L from R. tingitana are presented 

in Table 2. In this study, EE exhibited a greater reduction 

in mycelial growth compared to L. All concentrations 

showed inhibitory activity against the fungus A. flavus. 

Different concentrations of R. tingitana extract inhibited 

the growth of A. flavus in vitro, as shown in Table 2. 

Among them, the concentrations of 100, 110, and 120 ppm 

were the most effective in reducing the radial growth of the 

fungus, while the concentration of 10 ppm was the least 

effective in inhibiting the radial growth of this fungus. 

 

Table (2): Effect of different concentration of crude extract (EE)and Lupeol (L) from R. tingitana on the percentage 

of reduction in fungal growth and spore germination of Aspergillus flavus 

Plant 

materials 

Concentration 

(ppm) 

Diameter of 

colony (mm) 

%of 

inhibition 

(%) 

%of germination                 

(%) 

(%)Inhibition of 

spore germination 

EE 10 77 7.2 100 0 

20 70 15.7 95 5 

30 65 21.7 87 13 

40 52 37.3 80 20 

50 50 39.8 78 22 

60 45 45.8 68 32 

70 41 50.6 53 47 

80 39 53.0 45 55 

90 37 55.4 37 63 

100 28 66.3 35 65 

110 25 69.9 28 72 

120 19 77.1 22 78 

L 10 82 0.0 100 0 

20 81 1.2 100 0 

30 78 4.9 97 3 

40 75 8.5 86 14 

50 68 17.1 81 19 

60 57 30.5 74 26 

70 55 33.0 58 42 

80 53 35.4 48 52 

90 44 46.3 40 60 

100 41 50.0 38 62 

110 37 54.9 32 68 

120 29 64.6 27 73 

  

Control                 100 82 0.0 100 0.0 

EE: Ethanol extract of the aerial parts of R.tingitana,L: Lupeol 
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3.2.2. On spore germination 

The data presented in Table 2 demonstrate a reduction 

in spore germination of A. flavus due to the inhibitory 

effects of the two tested samples of R. tingitana (EE and 

L). The highest proportion of spore germination was 

observed at 30 ppm of EE and L from R. tingitana, with 

percentages of 87% and 97%, respectively. Conversely, 

the lowest percentage of spore germination was observed 

at 120 ppm of EE and L, with percentages of 22% and 

27%, respectively. Lupeol (L) appears to be more effective 

in inhibiting spore germination than EE. 

3.2.3. Inhibition of pod and kernel treatments 

The in vivo inhibitory activities of active R. tingitana 

samples on A. flavus incidence in peanut pods and kernels of 

the susceptible variety (Giza 3) were determined and the 

results are presented in Table 3. Inoculation of A. flavus on 

pods and kernels resulted in 100% infection after 6 days in the 

absence of treatment. However, when peanut pods and 

kernels were treated with EE and L of R. tingitana at a 

concentration of 120 ppm immediately before, during, or after 

inoculation, A. flavus colonization was completely inhibited. 

There was no significant difference observed between 

the three treatment timings with EE of R. tingitana in terms 

of the inhibition percentage of A. flavus (100%). On the 

contrary, the percentage of A. flavus incidence was 

significantly reduced when treated with lupeol (L) of R. 

tingitana immediately after inoculation (100%) for both 

pods and kernels. In the case of lupeol treatment two days 

before inoculation, the incidence of A. flavus decreased to 

90% for both pods and kernels. Similarly, when treated 

two days after inoculation, the incidence decreased to 80% 

for pods and 90% for kernels.  

 

Table (3): Effect of different concentrations of crude extract (EE) and Lupeol(L) from R. tingitana on the 

percentage of reduction in A. flavus incidence 

R. tingitana 

treatments 

(120ppm) 

Treatment time 

A.flavus 

incidence (%) 

Inhibition over 

control (%) 

Pods Kernels Pods Kernels 

EE Immediately after 

inoculation 

0d 0c 100a 100a 

Two days before 

inoculation 

0d 0c 100a 100a 

Two after before 

inoculation 

0d 0c 100a 100a 

L Immediately after 

inoculation 

0d 0c 100a 100a 

Two days before 

inoculation 

10c 10b 90b 90b 

Two days after before 

inoculation 

20b 10b 80c 90b 

Without  (control)     100a 100a 0d 0c 

Means within the same column followed by the same letter are not significantly different according to Duncan’s multiple 

range test (P≥0.05). EE: Ethanol extract of the aerial parts of R.tingitana , L: Lupeol  
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Plants produce a variety of compounds as a defense 

mechanism against various microorganisms, including plant 

pathogens and environmental organisms. These compounds 

are indicative of the effective protection mechanisms 

developed by plants. Consequently, plants and their 

secondary metabolites offer a promising source of structurally 

diverse active compounds, including antimicrobials. (31) 

Lupeol, a triterpene belonging to the lupane class, has been 

previously reported to exhibit potent antibacterial and 

antifungal properties. (4) The ethanol extracts of the aerial parts 

of R. tingitana showed superior inhibitory activity against the 

fungus Aspergillus flavus compared to lupeol. This difference 

in activity may be attributed to the synergistic effect of the 

secondary metabolite components present in the ethanol 

extract. In global peanut production, contamination with A. 

flavus and aflatoxins is a significant challenge, as these 

mycotoxins are of great concern due to their toxicological 

impact on humans and animals. (32) Raji and Raveendran (33) 

have reported that water extracts from Asteraceae members 

exhibit strong inhibitory effects on the growth of A. niger 

compared to species from other plant families. They suggest 

that specific compounds with unknown functional groups 

present in Asteraceae members may play a role in inhibiting 

fungal colonies. This observation may explain the fungal 

inhibitory properties observed in the Asteraceae family 

member, R. tingitana. In line with this, both EE and L at a 

concentration of 120 ppm from R. tingitana inhibited A. 

flavus incidence in peanut pods and kernels. 

Extensive research has been conducted to investigate 

the antifungal activity and potential mechanisms, as well 

as the in vitro and in vivo anti-aflatoxigenic efficiency, of 

natural products derived from medicinal plants against A. 

flavus. (34,35) 

3.3. Nematicidal activity 

The impact of R. tingitana EE and L extracts at seven 

concentrations (2.5, 5, 10, 20, 40, 80, and 120 ppm) on the 

mortality percentage of newly hatched M. incognita and T. 

semipenetrans juveniles is presented in Table 4. In general, a 

positive relationship has been observed between nematode 

juveniles' mortality percentages and extract concentration at 

three different exposure times. Larval mortality percentages 

increased with the increase of R. tingitana extract 

concentration from 2.5 ppm up to 120 ppm. Table 4 also 

demonstrates that the tested concentrations of EE were 

superior to those of L in terms of larval mortality percentages 

at all exposure times, with mortality values of 98.2% and 

91.8%, respectively, after 72 hours.  

Furthermore, the records in Table 4 illustrate the 

efficacy of R. tingitana EE and L on the mortality 

percentage of T. semipenetrans juveniles at the seven 

concentrations (2.5, 5, 10, 20, 40, 80, and 120 ppm). Both 

EE and L reduced the activity and induced mortality in the 

nematode. It is also evident that the tested concentrations 

of R. tingitana EE were superior to those of L in terms of 

larval mortality percentages at all exposure times, with the 

highest mortality (93%) occurring at 120 ppm within 72 

hours and the lowest (33.33%) at 2.5 ppm. Conversely, L 

recorded the highest mortality (88%) at 120 ppm within 72 

hours and the lowest (24%) at 2.5 ppm. 
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Table (4): The nematicidal effects of R.tingitana (EE& L) on mortality percentage of T. semipenetrans and M. 

incognita juveniles under different concentrations at different exposure times. 

Treatment Conc. 

T.  semipenetrans M.  incognita 

%Mortality(J2) / Time % Mortality(J2) / Time 

24h, 48h. 72h. 24h, 48h. 72h. 

 EE 2.5 29.77 32.22 33.33 31.33 35.33 38.12 

5.0 33.54 39.00 42.77 36.00 41.00 49.67 

10.0 41.66 43.32 49.99 43.77 46.65 58.00 

20.0 42.87 46.00 53.11 45.66 55.76 63.75 

40.0 50.66 53.33 89.65 66.53 72.54 83.87 

80.0 53.22 65.33 91.00 79.55 88.60 92.44 

120.0 69.00 84.33 93.00 80.88 89,92 98.22 

L 

 

2.5 20.00 23.07 24.00 25.30 28.62 33.97 

5.0 25.77 26.99 38.23 32.33 35.45 39.93 

10.0 30.76 31.22 40.34 35.43 41.66 55.21 

20.0 32.46 42.00 49.22 45.00 53.55 66.23 

40.0 35.76 45.77 65.33 65.43 69.00 84.00 

80.0 52.08 75.00 84.37 69.77 72.78 88.66 

120.0 63.33 79.34 88.00 75.87 85.55 91.89 

Check   00  00  00 00  00 00   00 

Conc.:concentration, EE: Ethanol extract of the aerial parts of R.tingitana ,L Lupeol. 

 

3.3.1.  Efficacy of R.tingitana application on M. 

incognita development infected eggplant (Solanum 

melongena) under greenhouse conditions. 

Data in Table 5 reveal that R. tingitana EE and L, when 

applied at rates of 40, 80, and 120 ppm/pot, exhibit bio-

nematicidal potential. This potential was compared with the 

bio-product Micronema, used as a standard bio-nematicide 

at a dose of 12 ml/pot against Meloidogyne incognita 

infecting eggplant. The results showed a significant 

reduction in gall formation, egg masses, the final 

population, nematode build-up, and egg production per egg 

mass compared to the untreated control. 

Differences in nematode reduction were evident among 

the treatment doses. The higher the dose, the greater the 

decrease in nematode numbers, with the maximum dose of 

120 ppm/pot yielding the best results. There was a 

noticeable decrease in nematode juveniles (J2) per soil 

across all treatments, regardless of the concentration levels.
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Table (5): Effect of R.tingitana (EE and L) on M. incognita development infected eggplant( Solanum melongena)  

under greenhouse conditions. 

Treated Dose / pot Galls/ root %R In soil %R Egg masses / root %R 

Eggs/ 

egg mass 

%R Females %R F.P %R R.B 

 

 

 

EE 

120ppm 69a±4.10 88.24 479a±3.48 87.95 18a±1.15 92.82 95a±2.08 80.80 48a±2.08 86.47 640 a±5.49 87.39 0.32 

80ppm 96b±5.51 83.64 1114e±7.02 71.98 26b±1.15 89.64 156c±1,00 68.48 61b±1.00 82.81 1357d±12.35 73.27 0.63 

40ppm 157de±10.14 70.18 2117g±16.67 46.67 68d±3,00 72.90 242f±1.45 51.11 98d±1.45 2.397  2525f±15.68 50.26 1.26 

L 

120ppm 138c±8.37 76.49 727b±14.53 81.71 63d±1.45 74.90 139b±1.35 71.91 117e±1.53 67.04 1045b±18.01 79.41 0.52 

80ppm 179e±2.89 69.50 1312f±6.11 67.01 101f±2,08 59.76 167cd±0.58 66.26 161f±0.58 54.64 1741e±11.46 65.70 0.87 

40ppm 235f±2.79 59.96 2263h±29.63 43.09 121g±3.84 51.79 203e±6.01 58.98 213g±6.01 40.00 2810g±24.53 44.65 1.40 

Bio product 12ml 127c±2.87 78.36 

853d 

±4.26 

80.08 76e±186 69.72 175d±2.19  81c±0.88 77.18 1127c±10.99 80.08 .56  

Check ----- 587g±18.02 ------- 

3977i 

±14.53 

------ 251h±1053  495g±3.18  355h±0.88 ---- 5077h±13.75 ----- 2.53 

F. value  389.20 ------ 3766.03 ----- 1114.78 ----- 805.33 --- 526.70 ----- 6965.75 ------ -----  

P. value  00  0.00  0.00  0.00  0.00  000  -----  

* All values are the mean of three replicates. Numbers following “±” represent the standard errors (SE). Different letters in the same column indicate statistically significant differences at the 0.05 

probability level according to the Duncan test.EE: Ethanol extract of the aerial parts of R.tingitana ,L Lupeol,R:reduction,R.B: rate of buildup, F.P:final population. 

 

For instance, both EE and L at the highest 

concentration level of 120 ppm/pot significantly reduced 

the percentage of nematode juveniles, with reductions of 

87.39% and 81.71%, respectively. The lowest reduction in 

juvenile count, 46.76% and 43.09%, was obtained at a 

concentration of 40 ppm, respectively. As the 

concentration increased, the number of galls progressively 

decreased. The highest reduction, 88.24% and 76.49%, 

was observed at a concentration of 120 ppm in both EE 

and L treatments, respectively, while the lowest reduction 

was 72.39% and 40.00% at a concentration of 40 ppm. 

Counts of egg masses per plant in most treatments were 

significantly lower than those in the control. The highest 

percentage reductions in egg mass production, 92.82% and 

74.90%, were achieved at a dose of 120 ppm/pot in both 

EE and L treatments, respectively. Counts of nematode 

females within the roots of eggplants treated with R. 

tingitana EE showed that the higher dose resulted in lower 

female counts. The highest percentage of reduction in 

females was 86.47%, while the lowest was 72.63%. In the 

case of the L treatment, the highest concentration resulted 

in a reduction of 67.04%, and the lowest concentration led 

to a reduction of 59.84%. 

On the other hand, both EE and L suppressed the final 

nematode population values, with averages of 87.39% and 

79.41% at a concentration of 120 ppm, respectively. In 

comparison, Micronema, used as a standard bio-nematicide 

at a dose of 12 cm/pot, suppressed the final nematode 

population values with an average of 77.80%. The 

calculated rates of build-up revealed a similar trend, with the 

higher-dose treatments (EE and L) resulting in nematode 

populations folding by 0.42 and 0.52, respectively, at the 

highest concentration of 120 ppm, compared to 1.26 and 

2.53 folds in the control treatment.  

3.3.2. Growth response of M. incognita-infected 

eggplant plants as influenced by of R.tingitana (EE and 

L) application  

Improvement in plant growth parameters, such as shoot 

and root length, as well as weights, varied and correlated 

with R.tingitana EE and L treatments at different doses 
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(Table 6). The concentration of 120 ppm in the EE 

treatment resulted in the best outcomes, with significant 

increases in fresh weight (91.68%), dry weight (81.00%), 

shoot length (28.21%), and leaf count (40%). In 

comparison, the L treatment at the same concentration 

caused increases of 68.75%, 33.33%, 25.64%, and 20%, 

respectively. On the other hand, the lowest concentration 

of 40 ppm in the EE treatment led to percentage increases 

of 31.25%, 31.19%, 10.98%, and 20%. In contrast, the 

standard bio-nematicide, Micronema, at a dose of 12 

cm/pot, showed significant percentage increments in fresh 

weight (68.75%), dry weight (57.43%), and shoot length 

(18.33%). Therefore, the EE of R.tingitana exhibited the 

most significant improvement in plant growth parameters. 

 

Table (6): Plant growth parameters of eggplant (Solanum melongena) affected by Meloidogyne incognita and 

treated by R.tingitana (EE and L) in different concentration under greenhouse conditions 

Treatments Dose/pot 

Shoot Root 

Length (cm) %Increase 

Fresh 

Weight g) 

%Increase 

Dry 

Weight (g) 

%Increase 

Leaves 

(no) 

%Increase Length(cm) %Increase 

Fresh 

Weight(g) 

%Increase 

EE 120ppm 41.33d ±1.86 28.21 30.67d±1.86 91.68 6.23d±0.37 81.63 7.00 c±0.33 40.00 22.67abc±1.20 22.05 20.60d±1.40 31.57 

80ppm 35.67abcd±0.33 16.82 25.67c±2.40 60.43 5.50cd±0.35 60.34 6.00bc±0.33 20.00 21.33abc±0.88 17.15 16.67c±0.33 23.99 

40ppm 33.33abc±0.33 10.98 25.00c±0.58 31.25 4.50b±0.15 31.19 6.00bc±0.33 20.00 21.00abc±2.08 15.85 15.33c±0.33 17.35 

L 120ppm 39.33bcd±0.67 25.64 27.00cd±2.00 68.75 4.57b±0.47 33.23 6.00bc±0.58 20.00 25.67c±0.67 31,16 16.00 c±0.58 20.81 

80ppm 37.67bcd±1.45 21.23 21.00b±0.58 31.25 4.13ab±0.12 20.40 5.00a±0.58 -- 21.33abc±0.67 17.15 15.33c±0.33 17.35 

40ppm 33.33 abc±5.51 10.98 19.33ab±0.33 20.81 3.87ab±0.03 12.82 5.00a±0.00 -- 19.67ab±3.84 10.16 14.33bc±0.33 11.58 

 Bio 

product 

12ml 36.33abcd±2.03 18.33 27.00cd±0.58 68.75 5.40c±0.32 57.43 6.00ab±0.00 20.00 24.00bc±1.15 26.37 15.33c± 1.33  17.35 

Healthy  30.67ab±2.87  3.26 28.00cd±1.15 75.00 6.07cd±0.12 76.96 7.00c±00 40.00 19.67abc±3.84  10.16 16.00c±.58 20.81 

Check - 29.67a±0.33 ----- 16.00a±1.15 ----  

 

3.43a±0.07 ------ 5.00ab±0.33 ------ 17.67a±0.33 ---- 12.67ab±0-

63 --- 

-- 

F. value -  ----- 35.65 ----- 20.62 -----   54.20 ----- 46.06  

P. value  0.00 ----- 0.00 ----- 0.00 -----   0.00 ---- 0.00 ---- 

All values are the mean of three replicates. Numbers following “±” represent the standard errors (SE). Different letters in the same column indicate statistically significant differences at the 0.05 probability level according to the Duncan test. EE: 

Ethanol extract of the aerial parts of R.tingitana ,L Lupeol. 

 

Additionally, R.tingitana (EE and L) exhibited high 

toxicity against nematodes in laboratory exposure tests and 

proved effective in controlling nematode infestations in 

eggplant roots over a 45-day period. Furthermore, 

improvements in plant growth parameters, such as shoot 

and root length and weight, were observed and varied 

depending on the R.tingitana (EE and L) treatments at 

different doses. The induction of resistance in susceptible 

host plants against invading nematodes has been a 

significant goal in developing nematode management 

programs. The application of amino acids to infected 

plants may elevate protein, lipid, and phenol levels (36) 

thereby activating physiological processes in plants to 

resist and overcome invading pathogens.  

Many plant products associated with resistance 

responses to nematodes belong to classes of compounds 

such as alkaloids, glucosides, and organic acids. (37) Some 

metabolites found in several plant species have been tested 

for their nematicidal activity. For instance, Tithonia 

diversifolia (Hemsl.) A. Gray, which is rich in alkaloids, 

can suppress egg hatching of M.incognita by up to 98% 

starting from 2 days after incubation. The ethanol extract 
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of Alstonia scholaris flowers, when subjected to 

chromatographic examination, yielded several triterpenoid 

compounds that demonstrated nematicidal effects. (38) 

Numerous plant species worldwide are known to possess 

pesticidal properties. The application of botanicals, 

biological control, and soil amendment approaches is 

widespread, primarily due to their environmental safety. 

Several tested plants and phytochemical isolates with 

reported in vitro or in vivo nematicidal properties have 

been documented. (39) The mechanisms of action of plant 

extracts may include denaturing and degrading proteins, 

inhibiting enzymes, and interfering with electron flow in 

the respiratory chain or ADP phosphorylation. (40) 

 

4. DISCUSSION 

A wide variety of compounds are known to be 

produced by plants to defend themselves against various 

microorganisms, including plant pathogens and 

environmental organisms. These compounds are indicative 

of the effective protective mechanisms developed by 

plants. Consequently, plants and their secondary 

metabolites offer a promising source of structurally 

diverse active compounds, including potential 

antimicrobials. (30) Lupeol, as a lupane class triterpene, has 

been reported to exert potent antibacterial and antifungal 

properties. (4)  

The aerial part ethanol extracts of R. tingitana 

demonstrated superior inhibitory activity against the 

fungus Aspergillus flavus compared to lupeol. This 

difference may be explained by the synergistic effects of 

the secondary metabolite components present in the 

ethanol extract. Worldwide peanut production faces a 

significant challenge due to contamination with A. flavus 

and aflatoxins, which are of great concern due to their 

toxicological effects on humans and animals. (31) Raji and 

Raveendran (32) reported that water extracts of Asteraceae 

members exhibited the strongest effect in reducing the 

growth of A. niger compared to species from other 

families. They suggested that specific compounds with 

unknown functional groups present in Asteraceae 

members may play a role in inhibiting fungal colonies. 

This may explain the antifungal properties observed in the 

study species of the Asteraceae family, H. radicata. 

Consistent with these findings, both EE and L at 

concentrations of 120 ppm from R. tingitana inhibited A. 

flavus incidence in peanut pods and kernels. The 

antifungal activity and potential mechanisms, both in vitro 

and in vivo, of natural products derived from medicinal 

plants against A. flavus have been extensively 

investigated. (33,34)  

R. tingitana (EE and L) exhibited high toxicity against 

nematodes in laboratory exposure experiments. 

Furthermore, they proved effective in controlling 

nematode infestations in the roots of eggplants over 45 

days. The improvement in plant growth parameters, such 

as shoot and root length and weight, varied and correlated 

with the doses of R. tingitana (EE and L) treatments. The 

induction of resistance in susceptible host plants against 

invading nematodes has been a major goal in the 

development of nematode management programs. The 

application of amino acids to infected plants may lead to 

elevated levels of proteins, lipids, and phenols. (35) These 

compounds, in turn, activate physiological processes in 

plants to help them respond to and overcome invading 

pathogens. 

Many plant products associated with resistance 

responses to nematodes belong to classes of compounds 

like alkaloids, glucosides, and organic acids. (36) Some of 

the metabolites found in various plant species have already 

been tested for their nematicidal activity. For example, 

Tithonia diversifolia (Hemsl.) A. Gray, which is rich in 

alkaloids, can suppress egg hatching of M. incognita by 

98% within 2 days after incubation. Chromatographic 

examination of the ethanol extract derived from the 

flowers of Alstonia scholaris revealed several triterpenoid 

compounds that demonstrated nematicidal effects. (37) 

Numerous plant species worldwide are known for their 

pesticidal properties. The application of botanicals, 
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biological control methods, and soil amendments, among 

other strategies, is considered environmentally safe. (41-43) 

Several tested plants and phytochemical isolates with 

reported in vitro or in vivo nematicidal properties have 

been documented. (38) The mechanisms of action of plant 

extracts may include protein denaturation and degradation, 

enzyme inhibition, and interference with electron flow in 

the respiratory chain or with ADP phosphorylation. (39)  

           

5. CONCLUSION  

The antifungal and bio-nematicidal effects of the 

ethanol extract (EE) from the aerial parts of R. tingitana 

are greater than those of lupeol (L). This difference can be 

attributed to the synergistic interactions among the various 

secondary metabolites present in the ethanol extract, which 

are responsible for the observed activities. Both EE and L 

have the potential to be used as antifungal and bio-

nematicidal agents. 
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 النباتية على الفطريات الممرضة للنبات تقييم إمكانات مبيدات الفطريات والنيماتودا في والديدان الخيطية

Reichardia tingitana (L.) Roth 
 

 4,1عمر صبرى ، 1,3صباح الجيد، 2عبير الحديدى، 2غناء ممدوح عبد الرازق ، *1عبير محمد على السيد

 
 .مصر، القاهرة،قسم العقاقير كلية الصيدلة جامعة القاهرة 1
 .مصر ،القاهرة ،المطرية ،ركز بحوث الصحراءم ،قسم وقاية النبات ،وحدة أمراض النبات 2
 .مصر ،القاهرة ،أكتوبر 6جامعة  ،كلية الصيدلة ،قسم العقاقير 3
 مصر. ،جامعة هليوبوليس للتنمية المستدامة ،كلية الصيدلة ،قسم العقاقير 4

  

 ملخـص
الإنسان والبيئة. يمكن أن تسبب مسببات كانت إزالة العديد من مبخرات التربة ومبيدات النيماتودا هي الشغل الشاغل لسلامة 
و   Meloidogyne incognitaو  ،الأمراض الفطرية أمراضًا خطيرة للإنسان والحيوان. تتسبب العقدة العقدية الجذرية

Tylenchulus semipenetrans  في حدوث ضرر كبير وانخفاض في الغلة للعديد من النباتات الاقتصادية. لذلك، 
 lupeolو  (EE) راسة هو تقييم أنشطة مبيدات الفطريات ومبيدات النيماتودا لمستخلص الإيثانول كان الهدف من الد

(L)  ؛ عزلة رئيسية للأجزاء الهوائية منReichardia tingitana L. Roth (Asteraceae)  على 
 Aspergillus flavus   والنيماتودا الطفيلية النباتية. تم اختبار التأثيرات المضادة للفطريات لـEE (10-120  جزء في

ميكرومتر( من خلال مقايسات في المختبر والنمو في الجسم الحي ومقايسات تثبيط إنبات  23.4- 281.2) Lالمليون( و 
خلال  Lو  EEن تم اختبار نشاط مبيد النيماتودا من على التوالي. في حي ،الجراثيم وفعالية تثبيط عدوى القرون والنواة 
من جذور  T. semipenetransمن الباذنجان المصاب و   M.incognitaتحضير كتل بيض من أنواع النيماتودا 

كانا  (L)و  R. tingitana (EE) .جزء في المليون  120و  2.5،5،10،20،40،80الحمضيات المصابة بتركيز 
والتطور والتكاثر في الجسم الحي.  ،وفقس البيض في المختبر ،ا للنيماتودا لحيوية الديدان الخيطيةنيماتوستاتيًا أو مبيدً 

شديد السمية ضد الديدان  Lو  EEفي الفول السوداني. كان  A. flavusدورًا فعالًا في تثبيط استعمار   Lupeolيلعب 
يومًا.  45صابة جذور الباذنجان بالديدان الخيطية لمدة كما أنه فعال في السيطرة على إ ،الخيطية في التعرض المختبري 

 Lو  EE كان التحسن في معاملات نمو النبات من حيث الفروع وطول الجذور والأوزان متغيرًا ومتناسبًا مع معاملتي 

من يمكن بجرعات مختلفة. تتفوق التأثيرات المضادة للفطريات والمبيدات الحيوية لمستخلص الإيثانول في الجزء الجوي 
على تأثير اللوبيول الذي يمكن تفسيره على أنه التأثير التآزري للمواد الكيميائية النباتية في   R.tingitanaاستخدام 

 مستخلص الإيثانول. كعوامل مضادة للفطريات ومبيدات حيوية.
 .الترايتيربين ،ا النباتيةالنيماتود ،اللوبيول ،الشوك الكاذب ،الرشاشيات فلافوس ،الأفلاتوكسين الكلمات الدالة:
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