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Abstract

Basil plant is important in the traditional Ayurveda, Unani and Siddha systems of medicine. Basil leaves are used in making
sauces, soups, beverages and as flavouring agent. The whole plant is used to cure cold, headache, cough, colic pain, digestive
disorders, fever etc. Root colonization by Trichoderma spp. also frequently enhances yield and crop productivity. The present
study is carried out to know the effect of NFCCI 2241 (T. harzianum) on growth of the basil varieties in in vivo. For this
experiment following basil varieties are taken. Ocimum basilicum L. is commonly known as Genovese green Basil (O. basilicum
variety-1) and Sweet Basil (O. basilicum variety-2) is another variety in O. basilicum. Ocimum tenuiflorum L. has two varieties
and those are Rama Tulsi (O. tenuiflorum variety–1) and Krishna Tulsi (O. tenuiflorum variety–2).  In present study NFCCI 2241
treated Ocimum species plants showed more shoot length, root length, leaf area and biomass compared to the control treatment.
When the application of NFCCI 2241, biomass enhanced in O. tenuiflorum (variety-1) 139% and in O. tenuiflorum (variety-2)
267.51%. NFCCI 2241 treated O. basilicum (variety-1) plants biomass enhanced up to 109.38% and in O. basilicum (variety-2)
152.90% compared to the control treatment.
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Introduction

Ocimum genus commonly known as basil or tulsi
belongs to Lamiaceae family and comprises of 63
species. It is a native plant to tropical and sub-tropical
regions of the world (Kalita et al., 2018; Walters and
Currey, 2015). Basil plant is important in the
traditional Ayurveda, Unani and Siddha systems of
medicine. It is grown as an aromatic and medicinal
plant throughout the world for its essential oil
production. The essential oil of basil contains
terpenoids and phenylpropanoids, linalool and
eugenol, and estragole, methyl cinnamate, methyl
chavicol, 1,8-cineole, neral, geranial, and

caryophyllene oxide (Ashok et al., 2018, Askarinia et
al., 2019; Raina et al., 2016; Sunita, 2016).

Ocimum basilicum L. also known as Holy basil or
sacred basil or Queen of herbs is native to India and
cultivated widely as a sacred plant. It holds a
prominent place in India and is worshipped by Hindus
as a holy plant. It is also widely cultivated in South
East Asian countries (Alhasan et al., 2020;
Hanumanthaiah et al., 2020). It is widely used in
cosmetic and pharmaceutical industries for its varied
medicinal properties (Smitha and Vandana, 2019). O.
basilicum is commonly known as sweet basil and
Genovese is another variety in O. basilicum.
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Ocimum tenuiflorum L. has two varieties and those are
O. tenuiflorum variety–1 (Rama Tulsi) and
O. tenuiflorum variety–2 (Krishna Tulsi). Krishna
Tulsi and Rama Tulsi are having similar chemical
constituents and common medicinal properties (Das
and Vasudevan, 2006). The leaves of basil are used in
making sauces, soups, salad, beverages and as
flavouring agent. The whole plant is used for treating
cold, headache, cough, colic pain, digestive disorders,
fever, kidney complaints, bronchitis, malaria, skin
disease, arthritis, eye diseases, diarrhoea, fertility,
diabetic, nerves, sharpen memory, ulcers, mouth
infections, and insect bites. Its oil is used directly on
skin to treat acne (SafaaM et al., 2015).

The need for increasing crop productivity and essential
oil production has led to an excessive use of chemical
fertilizers, creating serious environmental pollution.
Due to the importance of medicinal value of the
medicinal plant chemical fertilizers/pesticides usage is
not recommended as small amount of chemical residue
traced in the by-products/active compounds are not
utilized for pharmaceutical purpose. Hence, the use of
bio-pesticides or biofertilizers as an alternative to
chemical based fertilizers/pesticides in agricultural
production is rapidly increasing due to public concerns
about human health, productivity, yield, safety of agri-
food products, consumed and impact to the
environment. Trichoderma spp. have been widely
studied, and reported to have an ability to protect
plants, growth enhancer, stimulant of natural

resistance and as well as to act as soil amendments at a
low dosage. Trichoderma spp. is free-living fungi that
are commonly found in soil and root ecosystems. Root
colonization by Trichoderma spp. also frequently
enhances root growth and development, crop
productivity, resistance to biotic/abiotic stresses and
uptake and use of nutrients, increased carbohydrate
metabolism, photosynthesis, and phytohormone
synthesis (Harman et al., 2004; Stewart and Hill,
2014).

Hence, the present study is carried out to know the
effect of the Trichoderma harzianum on growth of the
basil varieties in pot experiments.

Materials and Methods

Plant material for in vivo experiment: Ocimum
basilicum – variety-1 (Genovese green Basil), and
O. basilicum – variety-2 (Sweet Basil); O. tenuiflorum
- variety-1(Rama Tulasi) Seeds were purchased from
Omaxe world finest Herb Seeds company, and
O. tenuiflorum - variety-2 (Krishna Tulasi) were from
Pyramid seeds company, Hyderabad, India.

Trichoderma harzianum (NFCCI 2241):
T. harzianum is isolated from mint growing area soils,
Hyderabad. The fungal strain is deposited in National
Fungal Culture Collection Institute (NFCCI) Pune,
India.

Fig.1. A. NFCCI 2241 (Trichoderma harzianum) Culture plate and B. Microphotograph

Mass culture of Trichoderma harzianum (NFCCI
2241) preparation: Mass cultures were prepared on
Sorghum and Sand (1:3) medium. Sorghum and Sand
(1:3) was filled in 2 kg polypropylene bags up to one
third. Bags were autoclaved twice at 15 lb pressure.
Five mm diameter discs of actively growing mycelium

of each T. harzianum isolate was cut from the margin
of 3 days old culture of T. harzianum (NFCCI 2241)
and inoculated into the sorghum and sand contained
bags. These bags were incubated at 27 ± 200C for 30
days (Singh and Singh, 2004).
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Pot experiments: Soil application method was used
for application of T. harzianum to plants. About 20g of
T. harzianum inoculum having 2 x 107 cfu/g (colony
forming units) were mixed with the soil in each pot
and without any fungus was added to control pots. The
pots were kept in natural conditions for the growth of
plants. For each treatment, three replicates were
prepared. The experiment was conducted with four
varieties of basil plants with two treatments i.e.,
NFCCI 2241 treatment and control treatment.

Seed germination: For this study 30 seeds per each
variety of basil were taken for one pot. For each
variety of basil two treatments are kept for this study.
Calculate the germination of seeds and percentage
germination in the T. harzianum (NFCCI 2241) treated
pots and control treatment pots.

Analysis of biomass, shoot, root length and leaf
area of basil varieties: The shoot length, root length
and biomass were recorded after the harvest of crop.

The 3rd and 4th leaves area was recorded and average
data was presented in the results.

Results

Seed germination of Ocimum spp. varieties when
treated with NFCCI 2241: The present study is
carried out to know the influence of NFCCI 2241
(Trichoderma harzianum) against the seed
germination of Ocimum tenuiflorum-variety-1 (Rama
Tulasi), Ocimum tenuiflorum-variety-2 (Krishna
Tulasi), Ocimum basilicum-variety-1 (Genovese green
Basil), and Ocimum basilicum–variety-2 (Sweet
Basil). Four varieties of Ocimum species showed
maximum germination when compared to the control
treatments. So, the results are clearly proved that,
NFCCI 2241has positive effect on seed germination of
all 4 varieties of Ocimum species. The maximum
percentage of seed germination was 88.33% observed
in O. basilicum-variety-1, and minimum seed
germination was 53.33% in O. tenuiflorum-variety-2
(Fig.2).

Fig.2. Seed germination of Basil plants treated with NFCCI 2241 (Trichoderma harzianum) & control treatment

Plant length and Biomass when treated with
NFCCI 2241 and comparison with control: The
application of  NFCCI 2241 to the Ocimum plant
varieties enhanced plant length and biomass when
compared with control treatment. Among the four
varieties of Ocimum spp., O. tenuiflorum (variety-
2) showed maximum shoot and root length of 35.90cm
and 30.45cm respectively. In control treatment the
shoot and root length was 24.63cm and 14.63cm

respectively. Minimum shoot and root length was
24.18 cm and 20.73 cm respectively in NFCCI 2241
treated O. basilicum (variety-2) whereas in control
treatment of O. basilicum (variety-2) plants the shoot
and root lengths observed was 17.27cm and 17.00cm
respectively (Fig.3). All the four Ocimum varieties
showed enhanced biomass in NFCCI 2241 treated pots
when compared with control treatment. Maximum
biomass was recorded in O. basilicum (variety-2)
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with 7.92 gms and minimum in O. tenuiflorum
(variety-1) with 2.79 gms. When compared to control
treatment, the two varieties of O. tenuiflorum (variety-
2) treated with T. harzianum (NFCCI 2241) showed
145.76% increases in shoot length and 267.51%
increase in biomass. In the same manner, when
compared to control, the two varieties of O. basilicum

(variety-2) treated with T. harzianum (NFCCI 2241)
showed 140% increases in shoot length and 152.90%
increase in biomass (Fig.4). Hence, this results proved
that all varieties of Ocimum plants showed positive
effect in the growth and biomass when treated with
NFCCI 2241 than control.

Fig.3. Ocimum species plants shoot and root length
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Fig. 4. Plant Shoot lenght, Root length and Biomass enhanced by NFCCI 2241 when compared with control.

Fig. 5. Pot experiments of  Basil varieties
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Leaf area of Ocimum plants in treated with NFCCI
2241 and control treatments:

Maximum leaf area of 3rd and 4th was observed in
O. tenuiflorum, (variety-1) when treated with NFCCI
2241 than O. tenuiflorum (variety-1) was 218.00mm2

and 255.00mm2 respectively when compared to
control treatment. Among the two varieties of
O. basilicum, O. basilicum (variety-2) treated with
NFCCI 2241 showed maximum leaf area of 3rd leaf
with 336.67mm2 and 4th leaf area with 379.17mm2 in
comparison to control.

Fig. 6. Leaf area of Ocimum plants when treated with NFCCI 2241 and control treatments

Discussion

The present study proved that four varieties of
Ocimum plants having possitive effect when treated
with NFCCI 2241. When treated with NFCCI 2241
(T. harzianum) more shoot length and root length,
biomass were observed compared to control treatment.
Trichoderma species are widely reported as plant
growth promoters (Ousley et al., 1993; Vessey,
2003; Whipps, 2001; Yedidia et al., 2000).
Trichoderma species promote nutrient uptake by
secreting organic acids to dissolve minerals and
activate nutrients in the soil, increased carbohydrate
metabolism, photosynthesis and phytohormone
synthesis (Altomare et al., 1999; Shoresh et al.,
2010). Trichoderma secretes cell wall-degrading
enzymes such as chitinases, cellulases, proteinases and
produces secondary metabolites in the rhizosphere to
improve nutrient cycling and enzyme activity in the
soil. Yedidia et al., (2001) reported that, Trichoderma
colonised in root system by application of
T. asperellum to the cucumber that has been showed
enhance the availability of Phosphate and Ferrous to
plants, with significant increases in biomass, shoot

length and leaf area. Arpana, (2000) revealed
maximum biomass in studied influence of Glomus
mosseae and T. harzianum on medicinal plant
Andrographis paniculata (Kalmegh). Enhanced
biomass and yield observed when T. harzianum
(NFCCI 2241) is applied to Mentha arvensis (Rahel
Ratnakumari et al., 2014). The treatment with
T. hamatum or T. koningii increased the productivity
of lettuce, tomato and pepper plants up to 300%. Thus,
the growth promotion probably due to production of
plant hormones or increased nutrients uptake of the
plant (Altomare et al., 1999; Chet et al., 1993),
strengthens the plant defence mechanism (Shoresh and
Harman, 2008; Woo and Lorito, 2007; Zimand et al.,
1996). Plant seeds treated with the spores of
Trichoderma spp. increased the rate of seed
germination (Benitez et al., 1998). In present study
Ocimum species plants showed a significant variation
in growth when the application of NFCCI 2241
(T. harzianum). When application of NFCCI 2241 to
O. tenuiflorum (variety-2) showed maximum shoot
length and root length compare to O. tenuiflorum
(variety-1).
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When compared to control treatment, O. tenuiflorum
(variety-2) treated with T. harzianum (NFCCI 2241)
showed 145.76% increases in shoot length. When
application of NFCCI 2241 to O. basilicum (variety-
2) showed maximum shoot length and biomass
compare to O. basilicum (variety-1). When compared
to control, O. basilicum (variety-2) treated with
T. harzianum (NFCCI 2241) showed 140% increases
in shoot length. When the application of NFCCI 2241,
biomass enhanced in O. tenuiflorum (variety-1) 139%
and in O. tenuiflorum (variety-2) 267.51%. NFCCI
2241 treated O. basilicum (variety-1) plants biomass
enhanced up to 109.38% and in O. basilicum (variety-
2) 152.90% compared to the control treatment.

Acknowledgments

Authors are thankful to Dr. A. Vijaya Bhasker Reddy,
Assistant Professor, Department of Botany, Nizam
College, Hyderabad, India, for his support and
providing the study area.

Conflicts of interest: There are no conflicts of
interest.

References

Alhasan Ali, S., A. Majeed Kadhem, A. Maryam and
Dalal Tareq, A. 2020. Growth and Yield
Response of Basil (Ocimum basilicum L.) to
Different Rates of Urea Fertilizer Under Field
Conditions. IOP Conference Series: Ear. Envi.
Sci. 553: 012044.

Altomare, C., W. A. Norvelli, T. Bjorkman and
Harman, G. E. 1999. Solubilization of
phosphates and micronutrients by the plant-
growth-promoting and biocontrol fungus
Trichoderma harzianum Rifai 1295 - 22. Appl
Environ Microbiol 65: 2926-2933.

Arpana, J., 2000. Mycorrhizal association in medicinal
plants and response of Kalmegh (Andrographis
paniculata Nees.) to VAM and a plant growth
promoting Rhizomicrorganism. M.Sc. thesis,
University of Agricultural Sciences. Bangalore.

Ashok, K.S., M. Vijaysimha and Mahamood, Md.
2018. The Tulsi, Queen of Green Medicines:
Biochemistry and Pathophysiology – A Review.
Int. J. Pharma. Sci. Rev. Res. 50(2): 106-114.

Askarinia, M., A. Ganji, F. Jadidi-Niaragh, S.
Hasanzadeh and Bahram Mohammadi, B. 2019
A review on medicinal plant extracts and their
active ingredients against methicillin-resistant

and methicillin-sensitive Staphylococcus
aureus. J. Herb. Pharma. 8(3): 1-12.

Benitez, T., J. Delgado-Jarana, A. Rincon, M. Rey and
Limon, C. 1998. Biofungicides: Trichoderma as
a biocontrol agent against phytopathogenic
fungi. Rec. Res. Dev. Microbiol 2: 129-150.

Chet, I., Z. Barak and Oppenheim, A. 1993. Genetic
engineering of microorganisms for improved
biocontrol activity; in Biotechnology in plant
disease control Chet J (ed), Wiley Liss. Inc.
New York. PP 628.

Das, S. K., and Vasudevan, D. M. 2006. Tulsi: The
Indian holy power plant. Nat. Pro. Rad. 5: 279-
83.

Hanumanthaiah, P., P. Hazaratali, C. Abreham, H.
Abeba and Girum, T.B. 2020. Tulsi (Ocimum
sanctum) – a myriad medicinal plant, secrets
behind the innumerable benefits. Ara. J. Medi.
Arom. Pla. 6(1): 105-127.

Harman, G. E., Charles, R., Howell, V. A., I. Chet and
Lorito, M. 2004. Trichoderma species —
opportunistic, virulent plant symbionts. Nature
Reviews Microbiology, 2: 43–56

Kalita, C., A. Saikia, A. Sarma, K. Saikia, A. Saikia
and Saikia, A.K. 2018. Antibacterial and
antifungal property of three plants against oral
microbes. J Mahatma Gandhi Inst. Med. Sci.
23:73-76

Ousley, M.A., J.M. Lynch and Whips, J.M.
1993. Effect of Trichoderma on plant growth: A
balance between inhibition and growth
promotion. Microbiol. Ecol. 26: 277-285.

Rahel Ratnakumari, Y., A. Nagamani, C. K. Sarojini
and Adinarayana, G. 2014. Effect of
Trichoderma species on yield of Mentha
arvensis L. Int. J. Adv. Res. 2(7): 864-867.

Raina, P., M. Deepak, C.V. Chandrasekaran, A. Amit,
W. Narendra and Ruchika, K. 2016.
Comparative analysis of anti-inflammatory
activity of aqueous and methanolic extracts of
Ocimum basilicum (basil) in RAW264.7,
SW1353 and human primary chondrocytes in
respect of the management of osteoarthritis. J.
Herb. Med. 6(1): 28-36.

SafaaM, M., Emamm.Abou E.G, S.A. Nahed, Shayeb,
E, Y. A. Ghatas and Amal A.S. 2015. Effect of
some fertilizers on improving growth and oil
productivity of basil (Ocimum basilicum L.)
CV. Genovese plant. Egypt . J. of Appl. Sci. 30
(6): 384-399.

Shoresh, M., and Harman, G. E. 2008. The molecular
basis of shoot responses of maize seedlings to
Trichoderma harzianum T22 inoculation of the



Int. J. Adv. Res. Biol. Sci. (2021). 8(7): 138-145

145

root: a proteomic approach. Pl. Physiol 147:
2147-2163.

Shoresh, M., F. Mastouri and Harman. G. E. 2010.
Induced systemic resistance and plant responses
to fungal biocontrol agents. Annu. Rev.
Phytopathol. 48: 21-43.

Singh, A., and Singh, H. B. 2004. Control of color rot
in mint (Mentha spp.) caused by Sclerotium
rolfsii using biological mean. Curr. Sci. 87:
362–366.

Smitha, G. R., and  Vandana, T. Seasonal Variation in
the Essential Oils Extracted from Leaves and
Inflorescence of Different Ocimum Species
Grown in Western Plains of India. Ind. Crop.
Prod. 2016, 94, 52–64. DOI: 10.1016/j.
indcrop.2016.07.041.

Stewart, A., and Hill, R. 2014. Applications of
Trichoderma in plant growth promotion. In:
Gupta VK, Schmoll M, Herrera-Estrella A,
Upadhyay RS, Druzhinina I, Tuohy MG (eds)
Biotechnology and biology of Trichoderma.
Elsev. 415–428.

Sunita, V., 2016. Chemical constituents and
pharmacological action of Ocimum sanctum
(Indian holy basil-Tulsi). J. Phytopharma. 5(5):
205-207.

Vessey, J.K., 2003. Plant growth promoting
rhizobacteria as biofertilizers. Pl. Soil. 255: 571-
586.

Walters, K. J., and Currey, C. J. 2015. Hydroponic
Greenhouse Basil Production: Comparing
Systems and Cultivars. HortTechn. 25(5): 645-
650.

Whipps, J. M., 2001. Microbial interactions and
biocontrol in the rhizosphere. J. Exp. Bot. 52:
487–511.

Woo, S. L., and Lorito, M. 2007. Exploiting the
interactions between fungal antagonists,
pathogens and the plant for biocontrol. In:
Vurro M, Gressel J (Eds.), Novel
Biotechnologies for biocontrol agent
enhancement and management. IOS, Springer
Press, Amsterdam, Netherlands. pp 107-130.

Yedidia, I., A. K. Srivastva, Y. Kapulnik and Chet, I.
2001. Effect of Trichoderma harzianum on
microelement concentrations and increased
growth of cucumber plants. Pl. Soil. 235–242.

Yedidia, I., N. Benhamou, Y. Kapulnik and Chet, I.
2000. Induction and accumulation of PR protein
activity during early stages of root colonization
by the mycoparasite Trichoderma harzianum
strain T-203. Pl. Physiol. Biochem. 38: 863-
873.

Zimand, G., Y. Elad and Chet, I. 1996. Effect of
Trichoderma harzianum on Botrytis cinerea
pathogenicity. Phytopathol. 86: 1255-60.

How to cite this article:
K. Shobha and Y. Rahel Ratnakumari. (2021). Influence of Trichoderma harzianum (NFCCI 2241) on
growth of some Ocimum species. Int. J. Adv. Res. Biol. Sci. 8(7): 138-145.
DOI: http://dx.doi.org/10.22192/ijarbs.2021.08.07.015

Access this Article in Online

Website:
www.ijarbs.com

Subject:
Bio-control

Quick Response Code

DOI:10.22192/ijarbs.2021.08.07.015


