
Plant Archives
Journal home page: www.plantarchives.org

 

Essential oil (EO) of Tagetes minuta L. extracted from aerial parts of plant through hydro-distillation was tested for its chemical 
composition by GC-MS. In order to explore the allelopathic potential of the oil, it was tested under laboratory conditions on a 
common agricultural weed Phalaris minor. The modes of oil application were volatile form (VB), solution form (SB) and oil 
mixed with agar-agar (AAB). Bioassay studies revealed a dose-dependent inhibitory effect of EO of T. minuta on growth of P. 
minor. Most effective mode of treatment was VB followed by AAB and minimum effect was observed in SB. Thus, volatile 
form of EO is best suitable for managing P. minor in agroecosystems.
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INTRODUCTION

The genus Tagetes belongs to family Asteraceae and 
comprises 56 species, of which 27 are annuals and 29 are 
perennials (Soule, 1996). Amongst all species, Tagetes 
minuta L. is most widely studied due to its high-grade oil 
used in food, perfumery, pharmaceutical, nutraceutical 
and agricultural industries (Chalchat et al., 1995; Singh et 
al., 2003). T. minuta is native to South America;however, 
it grows in wild and arable farming systems as a noxious 
weed (Holm et al., 1997). It is a problematic weed of 
pastures and numerous crops (Hulina, 2008) as it may 
colonize waste grounds, roadsides, gardens, orchards 
and vine yards (Bandana et al., 2018). The plant was 
introduced in India for its essential oil (Rao et al., 1988) but 
it has naturalized itself in Himalayan and sub-Himalayan 
regions up to altitude of 2000m in waste places, roadsides, 
rocky hill slopes and cultivated fields of different states 
viz.Uttar Pradesh, Sikkim, Arunachal Pradesh, Nagaland 
and Meghalaya (Maheshwari, 1972). 

Essential oil (EO) of T. minuta possesses pharmacological, 
antibacterial, antiviral, antifungal, nematicidaland 
insecticidal properties (Ali et al., 2014; Shirazi et al., 
2014). Various researchers have reported ocimene, 
dihydrotagetone, tagetone, tagetenone as the major 
components of its oil as revealed through GC-MS 
analysis (Meshkalsadat et al., 2010; Tiwari et al., 2016). 
Rich phytochemistry of essential oil of T. minuta have 
led farmers to grow it under cultivation specially in drug 
growing areas of the world (Chalchat et al., 1995). Despite 
many reports of ethnobotanical and pharmacological 
uses of essential oil of T. minuta, very few reports 
have indicated its possible use in controlling weeds in 
agroecosystems or wastelands (Singh et al., 2003; Lopez 

et al., 2009; Arora et al., 2015, 2016). There is no report 
about the mode of application of EO of T. minuta for 
effective and eco-friendly weed management. With this 
background, present study was undertaken to explore the 
effect and efficacy of different methods of oil application 
on Phalaris minor Retz., a common agricultural weed of 
wheat agroecosystems.

MATERIALS AND METHODS

Plant Material Collection and Oil Extraction

Aerial parts of T. minuta plant were collected at flowering 
stage from Solan and adjoining places of Himachal 
Pradesh, India (30°55’0” North, 77°7’0” East). Shoots 
were chopped and subjected to hydro-distillation for 
2h using a Clevenger-type apparatus. Seeds of little 
seed canary grass (P.  minor) were collected from the 
agricultural fields in and around Chandigarh.
 
Analysis of Essential Oil and Identification of its 
Components

Qualitative data pertaining to identification of relative 
amount of each constituent in essential oil of T. minuta 
was done by Gas Chromatography-Mass Spectrometry 
(GC-MS). Detailed procedure has been reported earlier 
(Arora et al., 2015). 

Growth Bioassay 

To test the allelopathic effect of T. minuta oil on 
test weed, growth bioassays were divided into three 
categories i.e., volatile (VB), solution (SB) and agar-agar 
(AAB) bioassays. In VB, test seeds (surface sterilized 
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Fig. 1: Effect of different modes of application of EO of T. minuta on growth of P. minor. Data are represented as 
mean values. Vertical bars along each treatment indicate standard deviation of means. Asterisks indicate the statistical 
significance (**P ≤ 0.01; *P ≤ 0.05) applying Dunnett t-test.

and imbibed) were placed equidistantly on 15 cm wide 
Whatman no. 1 filter paper moistened with 8 ml of distilled 
water and T. minuta oil was applied on lid of Petri dishes 
using concentrations 1, 2, 4 and 8 µg per Petri dish and 
sealed immediately with parafilm to minimize the loss of 
volatile vapours. In SB, same concentrations of oil were 
prepared using Tween 80 as emulsifier and 8 ml of each 
concentration was used per Petri dish. Seeds of test weed 
were placed equidistantly and Petri dishes were sealed 
immediately. In AAB, different concentrations of EO were 
applied on Whatman filter paper and immediately poured 
30 ml of 0.9% agar-agar solution over it. Test seeds were 
placed over gelled agar-agar and Petri dishes were sealed 
immediately with parafilm. A similar treatment without 
loading of oil and using same volume of distilled water 
in all bioassays served as control. For each treatment, five 
replicates were placed in a completely randomized design 
in growth chamber, maintained at standard conditions of 
light, temperature and humidity. After seven days, seed 
germination was noted down for all bioassays and seedling 
length and dry weights were measured. Dose response 

curves between concentration of oil and germination 
response of plants were drawn. Data were subjected to 
one-way analysis of variance (ANOVA) followed by 
separation of treatment means from the control at p ≤ 0.01 
and 0.05.

RESULTS AND DISCUSSION

27 Compounds were identified in essential oil of T. 
minuta constituting 95% of the oil. The oil was found rich 
in monoterpenes both hydrocarbon as well as oxygenated 
types. In another publication detailed composition of T. 
minuta EO has been published (Arora et al., 2015). cis-β- 
Ocimene and dihydrotagetone were the major components 
of oil. Many reports in past have identified similar 
compounds in essential oil of T. minuta (Meshkalsadat et 
al., 2010; Ghiasvand et al., 2011; Amri et al., 2013; Ali et 
al., 2014).

Dose response curves (Fig.1) of EO of T. minuta on 
germination and early growth of test plants showed 
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significant inhibition of P. minor. The allelopathic 
inhibition by EO was statistically significant in all 
treatments, however, in VB, reduction in germination, root 
length, shoot length and dry weight was more than SB as 
well as AAB. At 2 mg/Petri concentration, reduction in 
root length was 95.6% in P. minor. Similarly, reduction 
in shoot length was 60.2%. Germination and dry weight 
reduction also followed similar trend.

Thus, present study confirmed allelopathic potential 
of EO of T. minuta which is in accordance with earlier 
reports related to use of essential oils in weed management 
(Chaturvedi et al., 2012; Alipour and Saharkhiz, 2016; 
Benchaaet al., 2018 etc.). However, the use of T. minuta 
EOin different forms (mode of treatment: VB, SB and 
AAB) has not been related to its allelopathic potential 
in any report till date. On the basis of this study, it can 
be recommended that volatile form of EO of T. minuta is 
best suitable for controlling P. minor in agro-ecosystems. 
Future scope of this study lies in exploring herbicidal 
potential of foresaid recommendations at field level in 
correlation with wheat crop that may further confirm the 
use of EO of T. minuta as a bioherbicide.

ACKNOWLEDGEMENTS

We would like to thank Department of Botany, Panjab 
University, Chandigarh for providing suitable facility for 
undertaking this study. The author would also like to thank 
DAV College, Jalandhar for providing excellent support.

REFERENCES

Ali, N.A.A., F.S. Sharopov, A.G. Al-kaf, G.M. Hill, N. Arnold, 
S.S. Al-Sokari, W.N. Setzer and L. Wessjohann (2014).
Composition of essential oil from Tagetes minuta and 
its cytotoxic, antioxidant and antimicrobial activities. 
Nat. Prod. Commun. 9(2):265-8. 

Alipour, M. and M.J. Saharkhiz (2016). Phytotoxic activity 
and variation in essential oil content and composition 
of Rosemary (Rosmarinus officinalis L.) during 
different phenological growth stages. Biocatal. Agric. 
Biotechnol. 7:271-278.

Amri, I., L. Hamrouni, M. Hanana and B. Jamoussi(2013). 
Reviews on phytotoxic effects of essential oils and 
their individual components: news approach for weeds 
management. Int. J. Appl. Biol. Pharmac. Technol. 
4:96–114.

Arora, K., D.R. Batish, H.P. Singh and R.K. Kohli (2015). 
Allelopathic potential of the essential oil of wild 
marigold (Tagetes minuta L.) against some invasive 
weeds. J. Environ. Agric. Sci. 3:56-60.

Arora, K., D.R. Batish, H.P. Singh and R.K. Kohli (2016). 
Comparative account of allelopathic potential of 
essential oil of Tagetes minuta L. and its major 

component cis-β-ocimene. Ann. Plant Sci.5 (9): 1428-
31.

Bandana, K., R. Raina, M. Kumari and J. Rani (2018). Tagetes 
minuta: an overview. Int. J. Chem. Sci. 6(2):3711-
3717.

Benchaa, S., M. Hazzit and H. Abdelkrim (2018). Allelopathic 
effect of Eucalyptus citriodora essential oil and its 
potential use as bioherbicide. Chem. Biodivers. 15(8), 
e1800202.

Chalchat, J.C, R.P. Garry and A. Muhayimana (1995). Essential 
Oil of Tagetes minuta from Rwanda and France: 
chemical composition according to harvesting 
location, growth stage and part of plant extracted. J. 
Essent. Oil Res. 7(4): 375-386.

Chaturvedi, S., J. Pandey, V.C. Dhyani, S.K. Guru and R. 
Kaushal (2012). Phytotoxic potential of Eucalyptus 
leaf essential oil to control Parthenium hysterophorus 
L. Allelopathy J. 29(2): 315-324.

Ghiasvand,  A.,  M. Nasseri, S. Morasaalsadat, M. Meshkatalsadat, 
R. Sadeghi-Sarabi, S. Shadabi and M. Borzoei (2011). 
Chemical characterization of cultivated Tagetes minuta 
L. by use of ultrasound-assisted head space SPME and 
GC–MS. Chromatographia 73:1031-1035. 

Holm, L.G, J. Doll, E. Holm, J.V. Pancho and J.P. Herberger 
(1997). World Weeds: Natural histories and 
distribution. John Wiley and Sons Inc. New York.

Hulina, N. (2008). Wild marigold-Tagetes minuta L. New weed 
on the Island of Hvar and new contribution to the 
knowledge of its distribution in Dalmatia (Croatia).
Agric. Conspec. Sci. 73:23-26.

Lopez, M.L., N.E. Bonzani and J.A. Zygadlo (2009). 
Allelopathic potential of Tagetes minuta terpenes 
by a chemical, anatomical and phytotoxic approach. 
Biochem. Syst. Ecol. 36:882-890.

Maheshwari, J.K. (1972). Tagetes minuta Linn. in Shimla hills. 
J. Bombay Nat. Hist. Soc.69:451.

Meshkatalsadat, M.H, J.S.S. Moharramipour and M. Nasseri 
(2010). Chemical characterization of volatile 
components of Tagetes minuta L. cultivated in 
South west of Iran by nano scale injection.  Dig. J. 
Nanomater. Biostructures 10(5):101-106.

Rao, R.R., H.J. Chowdhery, P.K. Hajra, S. Kumar, P.C. 
Pant, B.D. Naithani, B.P. Uniyal, R. Mathur and 
S.K. Mamgain(1988). Flora Indicae Enumeratio-
Asteraceae. Botanical Survey of India. Ser. 4. 
Government of India, New Delhi.

Shirazi, M., H. Gholami, G. Kavoosi,V. Rowshan and A. 



1416

Komal Arora

Tafsiry (2014). Chemical composition, antioxidant, 
antimicrobial and cytotoxic activities of Tagetes 
minuta and Ocimum basilicum essential oils. Food Sci. 
Nutr. 2:146-55.

Singh, V., B. Singh and V.K. Kaul (2003). Domestication of 
Wild Marigold (Tagetes minuta L.) as a potential 
economic crop in western Himalaya and north Indian 
plains. Econ. Bot. 57(4):535-544.

Soule, J.A. (1996). Infrageneric systematics of Tagetes. 
In: Compositae: Systematics. Proceedings of the 
International Compositae Conference, Kew, 1994, 
vol. 1. Hind, D.J.N. and H.J. Beentje, (Eds.).  Royal 
Botanic Gardens, Kew, pp. 435–443.

Tiwari, A., P. Goswami, B.S. Bisht, A. Chauhan, R.S. Verma 
and R.C. Padalia (2016). Essential oil composition 
of African marigold (Tagetes minuta L.) harvested 
at different growth stages in foothill agroclimatic 
conditions of North India. Am. J. Essent. Oil Nat. 
Prod. 4(3):04-07.


