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Abstract

Background: The damage to agricultural products caused by fungal diseases accounts for approximately 12% of global

production, with a higher impact in developing countries. One particularly destructive disease that inflicts significant damage

on vegetable crops and greenhouses annually is seedling death and bush dieback disease, caused by the Phytophthora fungus.

Currently, producers often rely heavily on chemical fertilizers and pesticides to enhance productivity and product quality.

However, the use of some synthetic pesticides has recently been banned due to their high toxicity and long preharvest interval

(PHI) periods. Biological control of plant diseases and pests is the optimal solution to mitigate the damages caused by synthetic

pesticides.

Objectives: This study aimed to evaluate the in vitro antifungal efficacy of different extracts derived from the aerial shoot of

Indigofera tinctoria against plant pathogenic fungi.

Methods: The aerial shoots of the Indigo plant were collected during the flowering stage from the medicinal plants collection

of the Institute of Agricultural Research, Agriculture Institute Research, Institute of Zabol, Zabol, Iran. Ethanolic, methanolic, n-

hexane, and acetone extracts were prepared by cold maceration with a ratio of 1:10. The antifungal effects of these extracts were

investigated by measuring the diameter of halo growth inhibition under in vitro conditions. The LSD test was used to compare

data means.

Results: Our results showed that the best growth-inhibiting effect was observed with the ethanolic extract at a concentration

of 300 μg/mL (2 mm) after 24 hours of incubation, whereas the diameter of colonies in the control was 27 mm, confirming a

92.5% inhibition of fungal growth. After 48 hours of incubation, the growth of Phytophthora drechsleri mycelium was clearly

evident. In fact, the growth rate nearly doubled within 48 hours, but then at 73 hours, the mycelium grew at a slower rate. The

inhibitory effect of the indigo extract was dose-dependent; as the extract concentration increased, the inhibitory effect became

stronger.

Conclusions: According to these results, the in vitro treatments were more significant when the plant extract concentration

was higher. These findings could be promising for the production of natural fungicides.
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1. Background

Agricultural products are constantly exposed to

pathogenic microorganisms, among which plant

pathogenic fungi cause significant damage in vegetable
fields worldwide (1). The damage to agricultural

products caused by fungal diseases accounts for

approximately 12% of global production, with a higher
impact in developing countries (2). Most losses in

agricultural products occur due to seedling death and

plant death caused by the Phytophthora fungus (3). The
genus Phytophthora, a major agent of plant death, has
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more than 70 plant hosts. This disease is prevalent in

temperate and humid areas, especially in greenhouses.

Chemical control of fungal pathogens and excessive use
of fungicides in plant disease management lead to

complications such as pollination disorders, cancer

caused by toxic residues on food, environmental
pollution, and the development of resistance against

fungicides (4).

Using essential oils, plant extracts, and secondary

metabolites is a novel method for controlling plant

diseases (5). These substances contain complex
compounds that act as toxic biological agents against

pests and plant pathogenic fungi (6). Therefore,

identifying and investigating these compounds can play
an effective role in controlling pests and plant diseases

(7, 8). Pathogenic fungi are the most significant cause of

agricultural product losses in the field and post-harvest
life, as well as increasing the mortality of honey bees. In

general, the use of synthetic fungicides should be

increasingly limited because, in addition to their
negative impacts on the environment and human

health, they have led to increased resistance in plant

pathogens (9).

Recently, research into new applications of plant

materials is increasing, as these materials contain many
secondary metabolites that can be used to produce safe

natural protective compounds (10). Various studies have

highlighted herbal compounds with strong antifungal

and antibacterial properties, such as the green shell of
walnut (Juglans regia L.), which contains large amounts

of polyphenols (11-13). According to researchers,

phenolic compounds and flavonoids play a crucial role
in plant defense mechanisms against pathogenic fungi

(13). On the other hand, the use of some synthetic

pesticides has been banned due to their high toxicity
and long preharvest interval (PHI) periods (14). However,

environmental pollution caused by excessive use and

misuse of agricultural chemicals has led to significant
changes in public attitudes towards pesticide use in

agriculture. Biological control of plant diseases and

pests is the best solution to mitigate the damages
caused by synthetic pesticides (15).

The Indigo plant (Indigofera tinctoria L.), belonging to
the Leguminosae family, originates from India. This

medicinal plant is mentioned in traditional medicine

for its benefits in promoting hair growth, treating
epilepsy, chronic bronchitis, skin diseases like wounds,

asthma, and cancer (16). Alkaloids, proteins, free amino

acids, phenolic compounds, flavonoids, and other

important compounds are found in I. tinctoria leaves.

Many studies have noted the biological properties of

Indigo, including antimicrobial, antioxidant, anti-
seborrheic dermatitis, anti-psoriasis, anti-inflammatory,

and anti-acne effects (17).

2. Objectives

The present review aims to provide comprehensive

information on the antifungal effects of the Indigo plant
under in vitro conditions.

3. Methods

3.1. Plant Sample Preparation

Indigo medicinal plant seeds will be cultivated in the
medicinal plants collection of the Institute of

Agricultural Research, Agriculture Institute Research,

Institute of Zabol, Zabol, Iran. The aerial shoots will be
collected during the flowering stage. After removing

waste materials, the samples will be dried in the shade

at normal room temperature and then crushed into
small particles using an electric mill.

3.2. Extraction Methods

Ethanolic, methanolic, n-hexane, and acetone

extracts will be prepared by cold maceration at a ratio of

1:10. Specifically, 10 g of plant powder will be soaked in
100 mL of the respective solvent in Zimax glass

containers for 48 hours on a shaker at normal room

temperature. The mixture will then be filtered through
Whatman No. 1 filter paper.

3.3. Investigating the Effect of Plant Extracts on Pathogenic
Fungi In Vitro

These experiments will be conducted at the Plant

Biotechnology Research Institute, University of Zabol. To

determine the growth rate and growth inhibition
percentage (MGI), the following method will be

employed. Initially, plant extracts will be mixed with

PDA medium by dissolving each extract in 20% Tween
and then combining them at concentrations of 60, 120,

180, 240, and 300 ppm. Ridomil-mancozeb powder, at a

concentration of 1:000 in PDA medium at 40 to 45
degrees Celsius, will be used for fungicide treatment,

while distilled water and 20% Tween will serve as the

control culture medium.

After transferring the treatments to sterile Petri

dishes and sealing them, 5 mm disks will be prepared

https://brieflands.com/articles/gct-162066


Mohkami Z et al. Brieflands

Gene Cell Tissue. 2025; 12(2): e162066 3

from the edge of a 7-day-old fungal colony using a cork

borer and transferred to the center of the

aforementioned dishes. These will be incubated at a
temperature of 25 degrees Celsius. The diameter of the

fungal colony will be measured with a digital caliper on

the 10th and 14th days, and the difference will be
recorded as the colony growth rate. To determine the

inhibition percentage of mycelium growth, the fungal

growth rate will be measured 14 days after cultivation,
and the inhibition percentage of growth will be

calculated using the following formula (18). The LSD test

will be used to compare data means.

A: Colony diameter in the control; B: Colony diameter
in treatment.

4. Results

In vitro evaluation of the fungicidal effects of

different extracts of the Indigo plant against

Phytophthora drechsleri isolates demonstrated that the
diameter of hyphal growth varied depending on the

treatment and the duration of incubation. After 24

hours, the control treatment with distilled water was
the least effective at all doses. The most significant

growth inhibition was observed with the ethanolic

extract at a concentration of 300 μg/mL, resulting in a
hyphal growth diameter of 2 mm. In contrast, the

diameter of colonies in the control was 27 mm,

confirming a 92.5% inhibition of fungal growth (Figure
1).

Figure 1. Effect of Different Indigo extracts on the hyphal growth of Phytophthora
drechsleri in vitro after 24 h of incubation at 25°C

After 48 hours of incubation, the growth of

Phytophthora drechsleri mycelium was clearly evident. In

fact, the growth rate nearly doubled within 48 hours;
however, by 73 hours, the mycelium exhibited a slower

growth rate (Figures 2 and 3).

Figure 2. Effect of Different Indigo extracts on the hyphal growth of Phytophthora
drechsleri in vitro after 48 h of incubation at 25°C

Figure 3. Effect of Different Indigo extracts on the hyphal growth of Phytophthora
drechsleri in vitro after 72 h of incubation at 25°C

The results of the present study indicated that with
increasing concentrations of Indigo extract, the

inhibitory effect on the growth of fungal mycelium was

enhanced. The highest inhibitory effect was observed at
the 300 μg/mL concentration (Figure 3).

5. Discussion

Percentage of fungi growth inhibition =
A − B

A
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The present results demonstrated that Phytophthora

drechsleri affecting cucumber plants could be controlled

by Indigo extracts in vitro. These findings suggest that
ethanolic and methanolic extracts of the Indigo plant

could effectively reduce the growth of Phytophthora

drechsleri. Higher doses of these extracts, specifically at

240 and 300 μg/mL-1, were able to suppress the

mycelium development of Phytophthora drechsleri and

could be used to prevent infection by this fungus. These
results align with those of Mehmet Colak (19), who

reported the antifungal and antimicrobial properties of

plant extracts from Indigo, demonstrating the
inhibition of Rhodonia placenta and Trametes  versicolor

growth over 16 weeks according to the standard TS 5563-

EN 113 (1996) method. Consistent with our findings,
Deguit (2010) reported the antifungal activity of the

butanol fraction of Indigo methanolic extract against

Aspergillus niger, with a mean inhibition zone of 1.667
mm (1, 2).

Other researchers have investigated the antibacterial,
antifungal, and anthelmintic activities of Indigofera

heterantha extracts. The results showed that at 100

mg/mL, methanolic bark extract inhibited Bacillus

subtilis with a 20 mm zone of inhibition, followed by

methanolic root with a 19 mm zone, while aqueous root,

aqueous bark, and aqueous leaves showed no activity.

Methanolic flower, aqueous root, and aqueous bark did
not exhibit any antibacterial activity (20). Researchers

have reported that Indigo is rich in bioactive

compounds such as alkaloids, glycosides, tannins,
flavonoids, and saponins, which are responsible for its

medicinal properties (20).

Footnotes

Authors' Contribution: This Study was designed by Z.

M. and Y. F. Acquisition of data and analysis and

interpretation of data was done by D. R. in a cooperating
proses. Drafting the manuscript was done by F. B. and he

had the responsibility to supervise the study.

Conflict of Interests Statement: The authors have no

conflict of interest to declare.

Data Availability: The data presented in this study are
uploaded during submission as a supplementary file

and are openly available for readers upon request.

Funding/Support: This research was supported by

Research Institute of Zabol, Project code: PR-RIOZ-1401-

9027-1.

References

1. Bajpai VK. In Vitro and In Vivo Inhibition of Plant Pathogenic Fungi

by Essential Oil and Extracts of Magnolia liliflora Desr. Journal of

Agricultural Science and Technology. 2012;14(4):845-56.

2. Sitara U, Niaz I, Naseem J, Sultana N. Antifungal effect of essential oils

on in vitro growth of pathogenic fungi. Pakistan Journal of Botany.

2008;40(1):409.

3. Etebarian HR. [Diseases of vegetable and cucurbit and their control].

Univ Tehran. 2012;40(1):600. FA.

4. Pal KK, McSpadden Gardener B. Biological Control of Plant

Pathogens. The Plant Health Instructor. 2006.

https://doi.org/10.1094/phi-a-2006-1117-02.

5. Soković M, van Griensven LJ. Antimicrobial activity of essential oils

and their components against the three major pathogens of the

cultivated button mushroom, Agaricus bisporus. European Journal of

Plant Pathology. 2006;116(3):211-24. https://doi.org/10.1007/s10658-006-

9053-0.

6. Rasooli I, Moosavi ML, Rezaee MB, Jaimand K. Susceptibility of

microorganisms to Myrtus communis L. essential oil and its
chemical composition. Agriculture Science Technol. 2018;(4):127-33.

7. Cowan MM. Plant products as antimicrobial agents. Clin Microbiol

Rev. 1999;12(4):564-82. [PubMed ID: 10515903]. [PubMed Central ID:

PMC88925]. https://doi.org/10.1128/CMR.12.4.564.

8. Amini M, Safaie N, Salmani MJ, Shams-Bakhsh M. Antifungal activity

of three medicinal plant essential oils against some

phytopathogenic fungi. Trakia J Sci. 2012;10(1):1-8.

9. Meazza G, Dayan FE, Wedge DE. Activity of quinones on

colletotrichum species. J Agric Food Chem. 2003;51(13):3824-8.

[PubMed ID: 12797750]. https://doi.org/10.1021/jf0343229.

10. Oliveira I, Sousa A, Ferreira IC, Bento A, Estevinho L, Pereira JA. Total

phenols, antioxidant potential and antimicrobial activity of walnut

(Juglans regia L.) green husks. Food Chem Toxicol. 2008;46(7):2326-31.

[PubMed ID: 18448225]. https://doi.org/10.1016/j.fct.2008.03.017.

11. Fernández-Agulló A, Pereira E, Freire MS, Valentão P, Andrade PB,

González-Álvarez J, et al. Influence of solvent on the antioxidant and

antimicrobial properties of walnut (Juglans regia L.) green husk

extracts. Industrial Crops and Products. 2013;42:126-32.

https://doi.org/10.1016/j.indcrop.2012.05.021.

12. Stampar F, Solar A, Hudina M, Veberic R, Colaric M. Traditional

walnut liqueur – cocktail of phenolics. Food Chemistry.

2006;95(4):627-31. https://doi.org/10.1016/j.foodchem.2005.01.035.

13. Mikulic-Petkovsek M, Slatnar A, Veberic R, Stampar F, Solar A.

Phenolic response in green walnut husk after the infection with

bacteria Xanthomonas arboricola pv. juglandis. Physiological and

Molecular Plant Pathology. 2011;76(3-4):159-65.

https://doi.org/10.1016/j.pmpp.2011.09.006.

14. Satish S, Raveesha KA, Janardhana GR. Antibacterial activity of plant

extracts on phytopathogenic Xanthomonas campestris pathovars.

Letters in Applied Microbiology. 2002;28(2):145-7.

https://doi.org/10.1046/j.1365-2672.1999.00479.x.

15. Guleria S, Tiku AK. Botanicals in Pest Management: Current Status
and Future Perspectives. Integrated Pest Management: Innovation-

Development Process. 2009. p. 317-29. https://doi.org/10.1007/978-1-

4020-8992-3_12.

https://brieflands.com/articles/gct-162066
https://doi.org/10.1094/phi-a-2006-1117-02
https://doi.org/10.1007/s10658-006-9053-0
https://doi.org/10.1007/s10658-006-9053-0
http://www.ncbi.nlm.nih.gov/pubmed/10515903
https://www.ncbi.nlm.nih.gov/pmc/PMC88925
https://doi.org/10.1128/CMR.12.4.564
http://www.ncbi.nlm.nih.gov/pubmed/12797750
https://doi.org/10.1021/jf0343229
http://www.ncbi.nlm.nih.gov/pubmed/18448225
https://doi.org/10.1016/j.fct.2008.03.017
https://doi.org/10.1016/j.indcrop.2012.05.021
https://doi.org/10.1016/j.foodchem.2005.01.035
https://doi.org/10.1016/j.pmpp.2011.09.006
https://doi.org/10.1046/j.1365-2672.1999.00479.x
https://doi.org/10.1007/978-1-4020-8992-3_12
https://doi.org/10.1007/978-1-4020-8992-3_12


Mohkami Z et al. Brieflands

Gene Cell Tissue. 2025; 12(2): e162066 5

16. Xu Y, Wu M, Feng XZ, Yin XB, He XW, Zhang YK. Reduced carbon dots

versus oxidized carbon dots: photo- and electrochemiluminescence

investigations for selected applications. Chemistry. 2013;19(20):6282-

8. [PubMed ID: 23526652]. https://doi.org/10.1002/chem.201204372.

17. V SS, S GK, N MD. GC-MS Analysis and Phytochemical Screening of

Indigofera tinctoria (Linn.) Leaf Extract Characterizing its Medicinal

Use. International Journal of Ayurvedic Medicine. 2020;11(2):289-99.

https://doi.org/10.47552/ijam.v11i2.1540.

18. Riccioni L, Orzali L. Activity of Tea Tree (Melaleuca alternifolia, Cheel)

and thyme (Thymus vulgaris, Linnaeus.) Essential Oils against Some

Pathogenic Seed Borne Fungi. Journal of Essential Oil Research.

2011;23(6):43-7. https://doi.org/10.1080/10412905.2011.9712280.

19. Colak M, Göktaş O, Özen E, Koca I, Cetin T. Research on the usage of

antifungal and antibacterial properties of indigo (indigofera

tinctoria l.) colorant used as a wood preservative. Wood Res.

2015;60(6):953-62.

20. Bhat SA, Zargar MI, Wani SUD, Mohiuddin I, Masoodi MH, Shakeel F,

et al. In-vitro evaluation of Indigofera heterantha extracts for

antibacterial, antifungal and anthelmintic activities. J Pharm Health

Care Sci. 2024;10(1):7. [PubMed ID: 38268049]. [PubMed Central ID:

PMC10809583]. https://doi.org/10.1186/s40780-024-00328-y.

https://brieflands.com/articles/gct-162066
http://www.ncbi.nlm.nih.gov/pubmed/23526652
https://doi.org/10.1002/chem.201204372
https://doi.org/10.47552/ijam.v11i2.1540
https://doi.org/10.1080/10412905.2011.9712280
https://doi.org/10.1080/10412905.2011.9712280
http://www.ncbi.nlm.nih.gov/pubmed/38268049
https://www.ncbi.nlm.nih.gov/pmc/PMC10809583
https://doi.org/10.1186/s40780-024-00328-y

