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Abstract

Alternaria porri causing purple blotch disease of onion is a destructive phytopathogen which causes severe loss in productivity.
The present study aimed to unravel the antagonistic potential and efficacy of volatile organic compounds produced by various Tricho-
derma spp. against A. porri causing purple blotch disease of onion through Gas chromatography-mass spectrometry (GCMS)
analysis. Ten isolates of Trichoderma species were isolated from the rhizospheric soil of healthy onion plants. Upon paired plate
technique, the in vitro efficacy of ten Trichoderma isolates were tested against virulent isolate of Alternaria porri isolated from
purple blotch disease infected onion plants. The Trichoderma isolate TIM2 showed 76.29 per cent inhibition on mycelial growth
of pathogen. The effective Trichoderma isolate was identified as Trichoderma hamatum through the analysis of the rDNA of
internal transcribed spacers (ITS) region and it was subjected to GC-MS analysis. The result of GCMS analysis indicated the
highest peak area and retention time with major antimicrobial bioactive compounds like Tetradecane, 2,6,10-trimethy (20.327),
(1.22) and Dodecane, 2-cyclohexyl (20.079), (2.14), Heptadecane (21.222), (9.50), Octadecane (22.379), (3.58), Eicosane, 9-
cyclohexyl (22.578), (1.84), 2-Propenoic acid, pentadecyl ester (23.400), (10.37), 2,6,10,14-tetramethyl (23.567), (10.37), Eico-
sane (27.311), (2.34), Hexadecanoic acid, methyl ester (27.918), (4.43), n-Hexadecanoic acid (29.156), (3.59) and Tetra-
pentacontane, 1,54-dibromo (31.906), (3.33). These bioactive compounds identified through GCMS analysis from the crude
extracts of Trichoderma hamatum exhibited a stronger antifungal activity against A. porri. Hence the application of T. hamatum
for the management of purple blotch disease highly supress growth of the pathogen and reduce the disease incidence.
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INTRODUCTION domestical consumption but also serves as the highest

foreign exchange earner among the vegetables export-
Onion (Allium cepa L.), a bulbous, biennial herb rightly ed (Alpona Roy et al., 2016). Onion is well known for its
called “Queen of kitchen” is an important crop cultivated pungency, flavour, and eco-friendly protectant for
in India and used as a vegetable. It is not only used for  stored grains. It is a temperate crop grown worldwide
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under a wide range of climatic conditions. Medicinal
values of onion are innumerable. The bulb contains
diuretic and heart stimulant properties (Ravichandran et
al., 2012). Onion contains quercetin, a flavonoid help in
delaying or slowing the oxidative damage to cells and
tissue of the body. In India, onion is grown in an area
around 14.05 lakh ha with a production of around
224.27 lakh tonnes and productivity of 17.18 t/ha
(Mahajan et al., 2017). Both biotic and abiotic stresses
affects the productivity of onion. One of the major con-
straints in the production of onion is purple blotch dis-
ease caused by Alternaria porri which causes severe
loss in productivity in field conditions. Purple blotch dis-
ease causes 50-70 % vyield loss and it extends more
than 70% under favourable environmental condition
(Resti and Liswarni 2021). It causes huge loss in seed
production of onion as it mostly affects the seed crops
rather the bulb crops. Chemical fungicides achieve the
successful management of disease but due to the haz-
ardous impact of agrochemicals on the environment,
development of resistant mutants, escalating cost of
pesticides and frequent breakdown of resistance
strongly demand a sustainable alternative management
approach. Hence recent studies have been devoted the
use of biological control as an alternative method for
effective and sustainable disease management
(Jayapradha and raja 2017). Trichoderma is an effec-
tive bio control agents used against a many foliar path-
ogens. Trichoderma evades the pathogens directly by
competing for nutrients and space, it produce antibiotic
and lytic enzymes and thereby inactivates the growth of
pathogen. It indirectly produces various biochemical
and morphological changes in host plants and induces
resistance against pathogen attack (Heimpel and Mills
2017). The aim of the present research was to focus on
the antagonistic potential of various Trichoderma
against Alternaria porri and unravel the volatile organic
compounds (VOC) responsible for the inhibition of A.
porri through GC-MS gas chromatography spectrometry
analysis.

MATERIALS AND METHODS

Isolation of A. porri causing purple blotch disease
Onion leaves with typical symptoms of circular to oval,
purple sunken lesions were collected. The pathogen
was isolated by tissue segmentation method in Petri
plates containing potato dextrose agar (PDA) medium.
The pure culture of A. porri was obtained by single hy-
phal tip method. The isolated pathogen was morpholog-
ically confirmed by observing conidia under light micro-
scope (the light to dark brown muriform conidia with
transverse and longitudinal septum) and molecularly
confirmed as A. porri (API1) with the accession number
ON908900 obtained from National Center for Biotech-
nology Information (NCBI).

Isolation of Trichoderma spp. from the

rhizospheric soil

Soil samples were collected from rhizosphere region of
healthy onion plants. Isolation of Trichoderma spp.
were carried out from the soil by serial dilution of the
soil samples and plated on Trichoderma specific medi-
um (TSM). The TSM plates were incubated at (28+2°C)
for two days. Growth of numerous fungal colonies were
observed and Trichoderma spp. were identified based
on the morphology of condiophores and arrangement
of phialides. The fungal colonies of Trichoderma spp.
were transferred to sterile Petri plates containing PDA
medium.

Efficacy of volatile organic compounds against

A. porri.

Paired plate technique was followed to assess the anti-
fungal potentiality of Trichoderma isolates. The ten dif-
ferent isolates of Trichoderma isolated from the soil
where inoculated on the PDA medium and the mycelial
plug of 9mm from the virulent pathogen was inoculated
in the separate Petri plates containing PDA medium
and they were subjected to paired plate technique i.e.,
the two plates were placed face to face cautiously in
such a way that bottom plate contains the biocontrol
agent (Trichoderma spp.) and the upper plate contains
the pathogen (Alternaria porri). The growth reduction of
pathogen was measured periodically. The Petri plate
containing pathogen without biocontrol agent served as
control. The percent growth inhibition of the pathogen
was calculated by using the formula

Pl = C-R/C x100

Where,

Pl - Percent inhibition,

C - Mean linear growth of pathogen in control,

R - Mean linear growth of pathogen in treatments

Eqg.1

Preparation of crude extracts of Trichoderma sp.
The crude extracts of the effective Trichoderma sp. was
prepared by transferring the mycelial disc of 9mm from
the actively growing effective Trichoderma isolate
(TIM2) into 200ml of potato dextrose broth and incubat-
ed at 25°C for seven days. The culture filtrates were
obtained by filtering the extracts using Whatmann no.1
filter paper and then centrifuged for 15mins at 9000
rpm. The metabolites from the culture filtrates were
extracted using solvent ethyl acetate. The solvent con-
taining VOC were concentrated using rotary evaporator
until complete evaporation of solvent. The final output
was diluted with 2ml ethyl acetate and filtered using
0.4p bacterial filter.

Gas chromatography—mass spectrum analysis
(GCMS) of crude extracts of Trichoderma sp.

Various VOC of effective Trichoderma sp. were identi-
fied with Shimadzu Gas chromatography equipped with
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mass detector turbo mass gold containing an Elite -1
(100% Dimethyl Poly Siloxane),30 m x 0.25 mm ID x
one mM df. The conditions employed were the follow-
ing: Carrier gas, helium (1 ml/ min), Oven temperature
program 110 °C (2 min) to 280°C (9 min), Injector tem-
perature (250 °C), Total GC time (45 min), the final out-
put ethyl acetate extracts were injected at 1.0l into the
chromatography. The major volatile organic com-
pounds present were identified using a computer algo-
rithm. The analysis was matched with National Institute
of Standards Technology's library database (NIST) and
the software Turbo mass version 5.1. This GC-MS
analysis was carried out at centre of innovation for ex-
cellence, Agricultural College & Research Institute,
Tamil Nadu Agricultural University, Madurai.

Statistical analysis

The data were tabulated as the mean of three repli-
cates and the data were statistically analysed with the
help of SPSS version 160.data were subjected the
ANOVA at a significant level (p 0.05) and by using
DMRT, the means were compared.

RESULTS AND DISCUSSION

Isolation of identification of Trichoderma Spp.

Totally ten Trichoderma isolates were successfully iso-
lated from the soil samples collected from rhizospheric
region of onion plants using Trichoderma specific medi-
um (TSM). Ten isolates of Trichoderma spp. were
named as TIM1, TIM2, TIT1, TITR1, TIR2, TIS1, TIS2,
TID1, TID2 and TIV1. All ten isolates exhibited mor-
phological and cultural variability. Their conidiophore
morphology, arrangement of phialides and conidia were

observed under the microscope. They formed well
branched conidiophores containing primary conidio-
phores and secondary conidiophores. Three phialides
are formed at right angles at the end of the secondary
conidiophore in a triangle manner. This is the typical
morphology of Trichoderma type conidiophore (Various
Trichoderma spp. produces this type of conidiophore
except T. virens). Molecular confirmation was done
only for the effective isolate obtained from the paired
plate technique.

Antifungal efficacy of volatile organic compounds

The results of in vitro assay evaluating antifungal activi-
ty of ten different Trichoderma isolates against Alter-
naria porri revealed that the isolate (TIM2) inhibited the
mycelial growth of the pathogen at 76.29 percent fol-
lowed by the isolate (TID1) with 74.80 per cent reduc-
tion over control which was shown in Table 1 and Fig
1. The genomic DNA from the effective isolate was
isolated and further amplified by polymerase chain re-
action (PCR). The DNA sequence obtained was sub-
mitted to the NCBI and identified as Trichoderma
hamatum. Accession no. of ON920706 was obtained
for the effective isolate by NCBI. The inhibition of my-
celial growth of Alternaria porri was due to the emission
of various (VOC) volatile organic compounds produced
by the Trichoderma hamatum. Propyl benzene is the
key compound for the inhibition of various foliar patho-
gens, including A. brassicae, Alternaria alternata, A.
solani, Fusarium oxysporum (Meena et al., 2016). Be-
sides the antifungal activity, the volatile compounds
produced by the Trichoderma induce resistance in
plants against various diseases and helps in growth
promotion (Narayan et al., 2006, Siddiquee et al.,

Table 1. Efficacy of volatile organic compounds produced by Trichoderma spp. against Alternaria porri by paired plate

technique

) 8" Day 15" Day
S. No. ;Z(I::tc;:erma Mycelial growth Mycelial growth Per cent growth reduction over

(cm) (cm) control (%)

1. TIM1 2.0 2.7 69.36 (56.39)°
2. TIM2 1.0 2.1 76.29 (60.86)°
3. TIT1 2.1 29 67.40 (55.18)°
4, TIR1 1.9 2.6 70.74 (57.25)°
5. TIR2 1.9 2.7 69.34 (56.39)°
6. TIS1 1.8 2.5 71.84 (57.95)°
7. TIS2 2.2 3.1 65.18 (53.84)
8. TID1 1.4 2.3 74.80 (59.87)°
9. TID2 2.0 2.8 67.99 (55.54)°
10. TIV1 2.4 3.3 63.70 (52.95)°
11. control 4.5 9.0 00.00
CD(0.05) 0.737

*Mean of three replications;Values with different superscripts are significantly differ from each other at p<0.05;Values in the parenthesis

are arc sine transformed values
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2012).

GC-MS analysis of Trichoderma hamatum

The crude extracts of T. hamatum was reported to have
the following important bioactive compounds such as
Tetradecane, 2,6,10-trimethy (20.327),(1.22), and Do-
decane, 2-cyclohexyl (20.079), (2.14), Heptadecane
(21.222), (9.50), Octadecane (22.379), (3.58), Eico-
sane, 9-cyclohexyl (22.578), (1.84), 2-Propenoic acid,

pentadecyl ester (23.400), (10.37), 2,6,10,14-
tetramethyl (23.567), (10.37), Eicosane (27.311),
(2.34), Hexadecanoic acid, methyl ester (27.918),

(4.43), n-Hexadecanoic acid (29.156), (3.59) and
Tetrapentacontane, 1,54-dibromo (31.906),(3.33) which
are shown in Fig. 2 and antimicrobial containing com-
pounds like Tridecane (13.519), (1.74), 1,2-
Dimethyltryptamine (17.445),(3.43), 2H-Pyran-2-one, 6-
pentyl (17.780), (8.11), 1-Dodecanol (18.089), (3.52)
and 2,4-Di-tert-butylphenol (19.086), (1.48) with their

TIS1 vs API1

TIS2 vs API1

peak area, retention time (RT) and molecular formula
along with molecular weight are listed in Table 2 and
Fig. 3 and the chemical structures are in Fig. 4. Besides
the antimicrobial activity, the compounds like 6-n-pentyl
-2 H-pyran-2-one has the ability to reduce the produc-
tion of mycotoxin deoxynivalenol produced by F. gra-
minearum (Bharose and Gajera 2018a, b). Hexade-
cenoic acid is a compound produced by various Tricho-
derma spp. which shows both antibacterial and antifun-
gal activity against numerous plant pathogens. The
mechanism of action of hexadecenoic acid damages
the cell wall of the targeting organisms (Al-Marzoqi et
al., 2015) noted the antibacterial activity of hexade-
cenoic acid which damaged the cell wall and cause
lysis of Salmonella typhi. Similarly the heptadecenoic
acid has a strong antifungal activity against Sclerotinia
sclerotiorum under in vitro condition (Vinodkumar et al.,
2017). The findings of present study are in accordance
with (Aldakheel et al., 2020), who reported that culture

PAIRED DISH
TECHNIQUE

CONTROL

Fig 1. Efficacy of volatilea organic compounds produced by Trichoderma spp. against Alternaria porri by paired plate

technique.

TIC

1,237,245
2H-Pyran-2-one, 6-pentyl

Heptadecane

N

-

Dodecane, 2-cyclohexyll

Eicosane, 9-cyclohexyl

Hexadecanoic acid, methyl ester

n-Hexadecanoic acid

: —
10.0 20.0

— 1 T T
30.0 40.0 45.0

Fig. 2. Gas chromatogram of antifungal compounds identified from crude extracts of Trichoderma hamatum
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Table 2. GC-MS compounds of Trichoderma sp. with their nature

S.No Name of the compound RT Peako MW Molecular Specific role  Reference
area % g/mol formula
Antifungal .
1. Tridecane 13519 174 184  C13H28 activity (Yassin et al,
2021)
2. 1,2-Dimethyltryptamine ~ 17.445  3.43 188 Ci2Hienz Antifungal (Chen et al.,, 2020)
Antifungal
3. i:;g‘l’_ra"'z'one’ 6 17.780  8.11 212 C15H32 activity (Rao et al.,, 2022)
Antifungal
4, 1-Dodecanol 18.089  3.52 186  C12H260  activity ;%?g?eetha etal,
Antifungal
5, 2,4-Ditert-butylphenol ~ 19.086  1.48 206  C14H220  activity ;%?g?eetha etal,
antibacterial (Pucot et al.,
6. Dodecane, 2-cyclohexyl- 20.079 2.14 252 C18H36 activity 2021)
Tetradecane, 2,6,10- Antifungal (de Brito et al.,
7. trimethyl- 20.327 1.22 240 C17H36 activity 2022)
Antifungal .
8. Heptadecane 21222 9.50 240  CATH36 and antibac-  ishma etal,
) o 2017),
terial activity
9. Octadecane 22379 358 254  CigHag  ~ntifungal (Rajaofera et al.,
activity 2019)
. Antifungal (Alsultan et al.,
10. Eicosane, 9-cyclohexyl- 22578 1.84 364 C26H52 activity 2019)
1. 2-Propenoic acid, 23400  4.01 282 C18H3402 ant}b.acterlal (Aldakheel et al.,
pentadecyl ester activity 2020)
12. 2,6,10,14-tetramethyl- 23567 1037 240  C17H36 Antifungal (Sheoran et al.,
activity 2015)
13, Eicosane 25794  6.20 282 C20H42 ~ Antifungal (Alsultan et al.,
activity 2019)
14, 1,2.-Be.nzened|carboxyllc 26.006 310 C24H3804  Antifungal (Chen et al., 2020)
acid, bis(2-methylprop
15. Eicosane 27311 234 280  C20H40 Antifungal (Alsultan et al.,
activity 2019)
. . . . (Zohair et al.,
16. ;efz‘:feiano'c acid, me- 7918 443 278 C16H2204 ':;ti'\tﬁnga' 2018, Chowdhury
Y y et al., 2020)
Antifungal (Masiulionis and
17. n-Hexadecanoic acid 29.156  3.59 270 C17H3402  activity
Pagnocca 2020)
18. Eicosane 29.945 2.84 366 C26H54 Antifungal (Alsultan et al,
activity 2019)
Tetrapentacontane, 1,54 C54H108Br antibacterial (Samy et al.,
19. -dibromo- 31.906 333 914 2 activity 2013)
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Fig. 3. Chemical structure of important antifungal compounds produced by Trichoderma hamatum
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Fig. 4. RT and Peak area of major antifungal compounds

filtrates of T.harzianum suppressed the mycelial growth
of Fusarium spp. (Tomah et al., 2020) proved that vari-
ous bioactive compound like quinolone, heptadecane,
heneicosane, 6-pentyl-2H-pyran-2, phenol, 2-(6-
hydrazino- 3pyridazinyl), 17-methoxy-4-methyld- homo-
18-norandrosta one, eicosane, nonadecane, benzene
propianoic acid, dibutyl phthalate and hexadecane pro-
duced by Trichoderma citrinoviride has a strong anti-
fungal activity and showed an growth inhibition of
77.8% against fungal pathogens. Dodecane a bioactive
volatile produced by Trichoderma spp. which showed

higher level of mycelial growth inhibition against asper-
gillus niger and some plant pathogenic bacteria (Pucot
etal., 2021).

Conclusion

The present study indicated that the bioactive com-
pound such as Tetradecane, 2,6,10-trimethy (20.327),
(1.22), Heptadecane (21.222), (9.50), Octadecane
(22.379), (3.58), n-Hexadecanoic acid (29.156), (3.59),
Dodecane, 2-cyclohexyl (20.079), (2.14), Eicosane, 9-
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cyclohexyl (22.578), (1.84) and 2H-Pyran-2-one, 6- 9.
pentyl (17.780), (8.11) present in the extracts of T.
hamatum possess a strong antifungal activity against
A. porri. These compounds are highly known for fungi-
static activity on A. porri. As a result, the talc or liquid-
based application of Trichoderma hamatum under field
conditions is highly effective against the purple blotch
disease of onion caused by Alternaria porri. The soil
application of T. hamatum was effective against many

soil-borne and foliar pathogens. 11.

Conflict of interest
The authors declare that they have no conflict of
interest.

REFERENCES

1. Aldakheel, Reem, K., Rehman, S., Almessiere M. A., 13.

Khan, F. A., Mohammed A. G., Mostafa, A. & Baykal A.
(2020). Bactericidal and in vitro cytotoxicity of moringa
oleifera seed extract & its elemental analysis using laser-
induced breakdown spectroscopy. Pharmaceuticals, 13
(8):193, https://doi.org/10.3390%2Fph13080193.

2. Alsultan, Wael, Vadamalai,G., Khairulmazmi, A., Saud, 14.

H.M., Al-Sadi, A. M., Rashed, O., Mohd Jaaffar, A. K. &
Nasehi A.(2019). Isolation, identification and characteriza-
tion of endophytic bacteria antagonistic to Phytophthora
palmivora causing black pod of cocoa in Malaysia. Euro-
pean Journal of Plant Pathology, 155 (4):1077-1091,

https://doi.org/10.1007/s10658-019-01834-8. 15.

3. Alpona, Roy, Islam, A. F. S. M. & Tabassum R.(2016).
Morphological features and yield evaluation of onion
(Allium cepa L.) genotypes in acid soil. International Jour-

nal of Plant Breeding and Genetics, 10 (3):116-124. 16.

4. Bharose, A.A. & Gajera H.P.( 2018). Antifungal activity
and metabolites study of Bacillus strain against aflatoxin
producing Aspergillus. J Appl Microbiol Biochem, 2 (2):8,
https://doi.org/10.21767/2576-1412.100024.

5. Chen, Hua, J., Xiang, W., Cao, K.Z., Lu, X,, Yao,S.C,,

Hung,D., Huang, R.S. & Li L.B.(2020). Characterization of  17.

volatile organic compounds emitted from endophytic
Burkholderia cenocepacia ETR-B22 by SPME-GC-MS
and their inhibitory activity against various plant fungal
pathogens. Molecules, 25 (17):3765, https:/
doi.org/10.3390/molecules25173765.

6. Chowdhury, Kumar, S., Majumdar, S. & Mandal V.(2020). 18.

Application of Bacillus sp. LBF-01 in Capsicum annuum
plant reduces the fungicide use against Fusarium ox-
ysporum.  Biocatalysis and Agricultural Biotechnology,
27:101714, https://doi.org/10.1016/j.bcab.2020.101714.

7. de Brito, Maria, V., Fonseca, W. L., Mafezoli, J., Barbosa,

F. G., Nunes. F. M., Mattos M.C.D., Jodo EA dos Santos, 19.

Francisca, S.A., Vieira,R.F. & Hilton C.R.(2022). Biologi-
cally Active Volatile Organic Compounds (VOCs) Pro-
duced by Rhizospheric Actinobacteria Strains Inhibit the
Growth of the Phytopathogen Colletotrichum musae. Jour-

nal of the brazilian chemical society, http://dx.doi.org/10.2  20.

1577/0103-5053.20220037.
8. Heimpel, George, E. & Nicholas J. M.(2017). Biological
control: Cambridge University Press.

10.

12.

Jayapradha, C. & Yesu R.(2017). A review of eco-friendly
management of Alternaria species. Indian Association of
Hill Farming, 0970-6429.

Jishma, P., Hussain, N., Chellappan, R., Rajendran, R.,
Mathew, J. & Radhakrishnan E.K.(2017). Strain‘Ispecific
variation in plant growth promoting volatile organic com-
pounds production by five different Pseudomonas spp. as
confirmed by response of Vigna radiata seedlings. Jour-
nal of applied microbiology,123 (1):204-216, https:/
doi.org/10.1111/jam.13474

Mahajan, Vijay, Benke, A., Gupta, A. J. & Singh M.
(2017). Garlic (Allium sativum L.) research in India. Pro-
gressive Horticulture, 49 (2):101-112, http://
dx.doi.org/10.5958/2 249-5258.2017.00024.0

Masiulionis, Virginia, E. & Pagnocca F. C.(2020). /n vitro
study of volatile organic compounds produced by the mu-
tualistic fungus of leaf-cutter ants and the antagonist Es-
covopsis. Fungal  Ecology, 48:100986, http:/
dx.doi.org/10.1016/j.funeco.2020.100986.

Meena, Mukesh, Zehra, A., Dubey, M. K., Aamir, M., Gup-
ta, V. K. & Ram S. U.(2016). Comparative evaluation of
biochemical changes in tomato (Lycopersicon esculentum
Mill.) infected by Alternaria alternata and its toxic metabo-
lites (TeA, AOH, and AME). Frontiers in plant science,
7:1408, https://doi.org/10.3389/fpls.2016.01408

Marzoqi, A., Hussein, A., Hameed, I.H. & Salah A. I.
(2015). Analysis of bioactive chemical components of two
medicinal plants (Coriandrum sativum and Melia azeda-
rach) leaves using gas chromatography-mass spectrome-
try (GC-MS). African Journal of Biotechnology, 14 (40),
2812-2830, https://doi.org/10.5897/AJB2015.14956.
Narayan, Shalini, Lata, K. P. & Kotasthane,A.S.(2006).
Genetic relatedness among Trichoderma isolates inhibit-
ing a pathogenic fungi Rhizoctonia solani. African Journal
of Biotechnology, 5 (8):580-584, ISSN 1684-5315.

Pucot, jayson, R., Dapar, M. L. G. & Demayo C.G.(2021).
Qualitative analysis of the antimicrobial, phytochemical
and GC-MS profile of the stem ethanolic extract from An-
odendron borneense (King and Gamble). J Complement
Med Res, 12 (2):231-239, http://dx.doi.org/10.5455/
jcmr2021.12.02.27.

Rajaofera, Nelly, M. J., Wang, Y., Dahar, G. Y., Jin, P,
Fan, L., Xu, Wenbo Liu, L. & Miao W.(2019). Volatile or-
ganic compounds of Bacillus atrophaeus HAB-5 inhibit the
growth of Colletotrichum gloeosporioides. Pesticide bio-
chemistry and  physiology, 156:170-176, https://
doi.org/10.1016/j.pestbp.2019.02.019.

Rao, Yuxin, Zeng, L., Jiang, H., Mei, L. & Wang Y.(2022).
Trichoderma atroviride LZ42 releases volatile organic
compounds promoting plant growth and suppressing
Fusarium wilt disease in tomato seedlings. BMC microbi-
ology, 22 (1):1-12, https://doi.org/10.1186/s12866-022-
02511-3.

Ravichandran, Kavitha, Ahmed, A. R., Knorr, D. & Sme-
tanska 1.(2012). The effect of different processing meth-
ods on phenolic acid content and antioxidant activity of
red beet. Food Research International. 48 (1):16-20,
http://dx.doi.org/10.1016/j.foodres.2012.01.011.

Resti, Z. & Liswarni Y.(2021). Endophytic bacterial con-
sortia as biocontrol of purple blotch and plant growth pro-
moters of shallots. In /OP Conference Series: Earth and

1037



Oviya, R. et al. / J. Appl. & Nat. Sci. 14(3), 1031- 1038 (2022)

21.

22.

23.

24.

Environmental Science, (Vol. 741, No. 1, p. 012009). IOP
Publishing.

Samy, Selim, A., Mohamed, H. A., Mona, S. M. & Mona
F.W.(2013). Antibacterial activities, chemical constitutes
and acute toxicity of Egyptian Origanum majorana L.,
Peganum harmala L. and Salvia officinalis L. essential
oils. African journal of pharmacy and pharmacology, 7
(13):725-735, http://dx.doi.org/10.5897/AJPP2013.3518.
Sangeetha, Chinnusamy, Krishnamoorthy, A. S., Kumar,
N. K. & Pravin I. A.(2018). Effect of headspace and
trapped volatile organic compounds (vocs) of the chinese
caterpillar mushroom, Ophiocordyceps sinensis
(ascomycetes), against soil-borne plant pathogens. Inter-
national Journal of Medicinal Mushrooms, 20 (9), https://
doi.org/10.1615/intjmedmushrooms.2018027311.
Sheoran, Neelam, Nadakkakath, A. V., Munjal, V., Kundu,
A., Subaharan, K., Venugopal, V., Rajamma, S., Eapen,
S. J. & Kumar A.(2015). Genetic analysis of plant endo-
phytic Pseudomonas putida BP25 and chemo-profiling of
its antimicrobial volatile organic compounds. Microbiologi-
cal research, 173:66-78, https://www.sciencedirect.com/
science/article/pii/S0944501315000233.

Siddiquee, Shafiquzzaman, Cheong, B. E., Taslima, K,
Kausar, H. & Hasan M.(2012). Separation and identifica-
tion of volatile compounds from liquid cultures of Tricho-
derma harzianum by GC-MS using three different capillary

25.

26.

27.

28.

columns. Journal of chromatographic science, 50 (4):358-
367, https://doi.org/10.1093/chromsci/bms012.

Tomah, Athafah, A., Alamer, I. S., Li, B. & Zhang Z. L.
(2020). A new species of Trichoderma and gliotoxin role:
A new observation in enhancing biocontrol potential of T.
virens against Phytophthora capsici on chili pepper. Bio-
logical Control, 145:104261, https://doi.org/10.1016/
j-biocontrol.2020.104261.

Vinodkumar, S., Nakkeeran, S., Renukadevi, P. & Malathi
V. G.(2017). Biocontrol potentials of antimicrobial peptide
producing Bacillus species: multifaceted antagonists for
the management of stem rot of carnation caused by Scle-
rotinia sclerotiorum.  Frontiers in microbiology, 8:446,
https://doi.org/10.3389/fmicb.2017.00446.

Yassin, Taha, M., Mostafa, A. F., Al-Askar, A. A., Sayed,
S.RM. & Rady A.M.(2021). Antagonistic activity of Tricho-
derma harzianum and Trichoderma viride strains against
some fusarial pathogens causing stalk rot disease of
maize, in vitro. Journal of King Saud University-Science,
33 (3):101363, https://doi.org/10.1016/j.jksus.202 1.10
1363.

Zohair, Moustafa, M., Ahmed, A., Sadik, M. W., Hamed,
E. R. & SedikM. Z.(2018). Promising biocontrol agents
isolated from medicinal plants rhizosphere against root-rot
fungi. Biocatalysis and Agricultural Biotechnology, 15:11-
18, https://doi.org/10.1016/j.bcab.2018.04.015.

1038



