
ABSTRACT
Cumin (Cuminum cyminum L.) is an essential herb of dryland. Although cumin is an economic cash crop, limited efforts have been 
made for varietal developments. In India, Rajasthan, Gujarat is central cumin cultivar states, the zone under cumin development is 
around 841940 hectares with yearly productivity of 546750 tones, which contributes around 8200 crore rupees yearly. Gujarat, it is 
covering a territory of around 3, 37007 hectares. Several biotic stresses can confine productivity. Cumin is seriously affected by the 
Fusarium wilt disease caused by the soil-borne pathogen Fusarium oxysporum and Fusarium equiseti, resulting in yield losses of up 
to 80% depending on severity of infestation. Biological control has emerged as one of the most promising alternatives to chemical 
fungicides. The experiment was carried out to assess their possible use as bio-agents for several antagonistic fungi and bacteria under 
in vitro conditions using the food poison technique with selected biological control agents. Trichoderma harzianum, T. konngii, T. 
viride, Pseudomonas fluorescens, P. putida, A. niger, A. flavus, Penicillium citrinum, Serratia marcescens, Bacillus subtilis, Bacillus 
cereus, Bacillus amyloliquefaciens, Saccharomyces cerevisiae were used for this study. In-vitro test showed that selected microbes 
were showing antagonistic activity towards F. oxysporum. Trichoderma spp. was the best bio-agent, who had 66 to 81% inhibition 
zone. Aspergillus spp and Pseudomonas spp. emerged as effective bio-agents with 63-67% and 68 to 76% zone inhibition. The aim 
of this study is to become a suitable milestone for future studies and provide with updated information on ways to eliminate wilting 
in cumin.
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INTRODUCTION

Cumin (Cuminum cyminum L.) is widely grown as an 
important spice crop in arid and semi-arid regions of the 
Indian subcontinent. Although cumin is an economic 
cash crop, limited efforts have been made for varietal 
developments (Bhatnagar et al. 2013; meena 2015). The 
fungal disease wilt, caused by the soil-borne phytopathogens, 
Fusarium oxysporum f. sp. cumini (Foc), is one of the major 
threats to cumin production in India and worldwide. It is a 
small, slender annual herbaceous plant, with a glabrous, 
branched stem 20 to 30 cm tall with a diameter of 3 to 5 cm 
diameter tending to hang down under its weight (Özer and 
Bayraktar 2015; Pandey et al. 2016; Didwania 2019).
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It is also used in food for flavor, it has many important 
medicinal. It is also a necessary part of the Indian system 
of medicine called Ayurveda (Singh et al. 2017). It is 
native to the mediterranean and near eastern regions, 
mainly cultivated in India, egypt, Libya, Iran, Pakistan and 
mexico. It is extensively cultivated in India, China, South 
Russia, Japan, Indonesia, Iran, morocco, Turkey, egypt 
and Argentina. India is the largest producer, consumer and 
exporter of cumin in the world. In India, Rajasthan, Gujarat, 
madhya Pradesh, Haryana, Punjab, uttar Pradesh and Bihar 
(Khalequzzaman et al. 2018). India exports cumin seed to 
Bangladesh, Japan, malaysia, nepal, Pakistan, Singapore, 
South Africa, uAe, uK, uSA and many other countries 
(Didwania 2019).

The demand for cumin is moderately increasing in the 
domestic and international market, which plays a vital 
role in the national economy. However, the production 
and productivity of cumin are decreasing year after year 
due to non-availability of good quality seed, slow and 
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uneven germination, and low adoption of seed production 
technologies being some significant obstacles. Seed 
production potential of cumin is also greatly affected due 
to degradation of seed quality, microbial load, a heavy 
infestation of diseases and pests, traditional harvesting 
& processing, unscientific and unhygienic handling post-
harvest and storage (Trivedi et al. 2019). Because of the 
great economic importance of cumin, it is essential to study 
wilt and blight diseases in cumin to control them in best 
possible manner. This can be achieved by paving the way 
for devising management strategies through bio-control.

MATERIAL AND METHODS

To study the isolation and identification of pathogen, the 
sample of wilted plants were taken from the cumin field. A 
small part of the infected stem was taken and sterilized with 
0.01% sodium hypochlorite, followed by three washes by 
sterile distilled water. The tissue was then placed on Potato 
dextrose agar medium plates. The stem was allowed to grow 
on Potato Dextrose Agar medium plate for 2 – 5 days at 
room temperature in dark condition and further sub-cultured 
to obtain pure isolates. The culture was maintained on PDA 
for immediate use and for long term use, the culture was 
stored at 4°C (yadav et al. 2020; Aziz et al. 2021).

To study the characteristics and spore morphology, the 
measurements of conidia and conidiophores were made 
with the help of ocular micrometer (Booth1971; Vevre et 
al. 2021). To study the culture collection, three isolates of 
Trichoderma spp. was collected from Junagadh Agriculture 
university. Aspergillus spp., Serratia marcescens, Bacillus 
spp., Saccharomyces cerevisiae, Pseudomonas fluorescens, 
P. putida were obtained from the microbiology Department 
of Sir Purshottamdas Thakordas Science College. 
Penicillium citrinum were isolated from soil using the 
specialized medium (Vevre et al. 2021).

To study antagonism of bacteria and fungi, Trichoderma 
harzianum, T. konngii, T. viride, Pseudomonas fluorescens, 
P. putida, A. niger, A. flavus, Penicillium citrinum, Serratia 
marcescens, Bacillus subtilis, Bacillus cereus, Bacillus 
amyloliquefaciens, and Saccharomyces cerevisiae were 
tested for their antagonistic activity against F. oxysporum 
in dual culture technique. Culture disc of each potential 
antagonist and test pathogen were taken from 7-days old 
culture and transferred aseptically to 90 mm petri plates 
on opposite sides. The disc of F. oxysporum was placed 
2-days earlier than the antagonist to compensate for the 
slow growth of the pathogen. The distance between the 
inoculum points of test pathogen and antagonist was kept 
as 5 cm. The disc of test the pathogen placed at the centre 
in separate Petri dishes served as a control. The inoculated 
plates were incubated in a Biological oxygen Demand 
incubator at 28±1°C. observations on growth of antagonists 
and F. oxysporum from the centre of the disc towards 
the centre of the plate was recorded after seven days of 
inoculation. The growth inhibition of pathogen over control 
was calculated using the formula given by (Vincent 1947; 
yadav et al. 2020).

RESULTS AND DISCUSSION

Isolation and identification: Sample were taken from 
infected plant parts confirmed Fusarium was the causative 
pathogen in the cumin field belonging to the geographical 
location of Ravi Pura Kampa, Aravalli district, north 
east Gujarat. After surface sterilization, the same were 
inoculated in PDA plates and incubated at room temperature 
in dark condition for four days (Figure 1).

Figure 1: Image of Pathogen culturing on PDA medium

The mycelial morphology of pathogen was observed as 
white mycelia, with presence of grayish spores. microscopic 
observation was done by LABomeD microscope (Figure 2). 
The fungus forms studied were sickle shaped macroconidia, 
ovoid microconidia and chlamydospores (Figure 3). The 
microconidia of isolate were small, 1/2 celled and hyaline 
with oval to Reni form and oval to oblong with slightly 
curved shape. Length of spore ranged from 3.48 to 17.38 
µm, the width ranged from 2.30 to 4.55 µm. macroconidia 
were long, slightly curved or boat shaped, variable in size 
and smoothly rounded or pointed at the tip, mostly with 2 
to 5 septa and hyaline in colour. Length ranged from 16.89 
to 59.30 µm, while the width ranged from 4.08 to 6.98 
µm. Chlamydospores were thick walled, hyaline in colour, 
varied in shape, produced intercalary and terminal, single 
and in pair or in chain identification (Table 1).

Figure 2: Microscopic observations of spore

Antagonism of bacteria and fungi: Bio-agents used 
effectively inhibited mycelial growth of Fusarium 
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oxysporum under in vitro conditions. The maximum 
inhibition (81 %) of F. oxysporum was observed with the 
treatment of Trichoderma harzianum, T. konngii 80%, T. 
viride 70%, Pseudomonas fluorescens 76 %, P. putida 70 
%, A. niger 68 %, A. flavus 67%, Bacillus subtilis 44 %, 

Bacillus cereus 43%, Bacillus amyloliquefaciens 44 %, 
Penicillium citrinum 83.8 %, Serratia marcescens 50 % 
and Saccharomyces cerevisiae 49% inhibit. The  data is 
presented in (Table 2).

Length of Conidia                       Septation                       Shape
Macroconidia Micro Macro Micro Macro

16.89 to 44.18 0 to 1 3 to 4 septa oval to oblong Slightly curved

Table 1.  Morphological characters of pathogen

Figure 3: Microscopic observations of mycelia and spore

No. Name of  Zone of   
 microorganism Inhibition of
  isolate (mm)

1 Trichoderma harzianum 81
2 T. konngii 80
3 T. viride  70
4 Pseudomonas fluorescens 76 
5 P. putida  70
6 A. niger,  68
7 A. flavus 67
8 Penicillium citrinum 83.8 
9 Serratia marcescens 50 
10 Bacillus subtilis 44
11 Bacillus cereus 43
12 Bacillus amyloliquefaciens  44
13 Saccharomyces cerevisiae 49 

Table 2. In-vitro antagonistic effect of microorganism on 
pathogen  

The present findings corroborate with the reports of Cook 
and Baker (1983), who reported that Trichoderma and 
P. citrinum effectively inhibited growth of the Fusarium 
oxysporum which may be due to the fungi static effect. In 
the present investigation, maximum disease control was 
observed in Trichoderma spp.  and Pseudomonas spp. It was 

also reported by Abou-Zeid et al. (2003) Pieta and Pastucha 
(2004) Abo- Sedera (2005) el-Khair et al. (2010) and 
otadoh et al. (2011) that treatment of Trichoderma album, 
T. hamatum, T. harzianum, T. koningii, Trichoderma reesei 
and T. viride provides adequate protection against Fusarium 
spp. In alignment with Deepak et al. (2008) research, results 
of the present study revealed that the maximum inhibition 
of radial growth of F. oxysporum f. sp. cumini was 81% in 
the treatment of Trichoderma harzianum and 68 % in A. 
niger (Deepak et al. 2008; Rathore et al. 2020).

Chawla and Gangopadhyay (2009) have successfully used 
Trichoderma harzianum, T. viride, P. fluorescens, and B. 
subtilis to reduce wilt incidence of cumin plants, and this 
could support the present study. others have previously 
reported suppression of disease by Bacillus spp (Dukare 
and Paul 2021). (yu G et al. (2010) and wang et al. (2011) 
observed 44.4 % to 73.9 % inhibition of F. oxysporum. 
Kumar and Dubey (2012) reported that T. harzianum and 
T. viride also gave satisfactory control of Fusarium wilt in 
chickpea and coriander. Tan (2015) reported that Serratia 
marcescens showed 78.7 % inhibition of pathogen in 
banana wilt (Tan 2015; Dukare and Paul 2021). Hussain et 
al. (2016) observed that the 95.24 % inhibition zone was 
observed by Penicillium spp. against the pathogens similar 
to present study. Kumar et al. (2016) tested the efficacy of 
different fungal and bacterial antagonists against the wilt of 
cumin and found that P. fluorescens was highly inhibitory to 
the pathogen in vitro condition. Dhar et al. (2018) checked 
out efficiency of a Serratia marcescens to manage root rot 
disease in tea. Bubici et al. (2019) reported at least 143 
articles about disease management using biocontrol agents 
the findings of the current work are also matched with 
Rathore et al. (2020).  Dukare and Paul (2021) observed that 
Pseudomonas sp. nS 1 and Bacillus sp. nS 22 displayed 
the potential as bio fungicide under in vitro condition which 
is similar to current finding (Rathore et al. 2020; Dukare 
and Paul 2021).

CONCLUSION

The findings of the present study showcased a significant 
value of microorganism; it has been widely used as a 
biocontrol agent against many fungal pathogens. Among 
the tested isolates, Trichoderma harzianum, T. konngii, T. 
viride, Pseudomonas fluorescens, P. putida, A. niger, A. 
flavus, Penicillium citrinum, Serratia marcescens, Bacillus 
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subtilis, Bacillus cereus, Bacillus amyloliquefaciens, 
Saccharomyces cerevisiae was the most suitable candidate 
as they exhibited the capacity to inhibit maximum growth of 
the fungal pathogen. This study may enhance the knowledge 
in identifying the potential isolates for future use as a 
biocontrol agent against wilt disease of cumin. In future, it 
would be of interest to further investigate the potential of 
T. harzianum, T. konngii, T. viride, P. fluorescens, P. putida, 
A. niger, A. flavus, P. citrinum, S. marcescens, B. subtilis, B. 
cereus, B. amyloliquefaciens, S. cerevisiae isolates under 
controlled and field conditions as a biocontrol agent against 
cumin wilt.
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REFERENCES
 Abd-el-Khair, H, Khalifa, RKm and Haggag, KH (2010). 

effect of Trichoderma species on damping off diseases 
incidence, some plant enzymes activity and nutritional 
status of bean plants. J Am Sci, 6(9): 486-497.

 Abou-Zeid, n m, Arafa, mK and Attia, S (2003). 
Biological control of pre- and post-emergence diseases on 
faba bean, lentil and chickpea in egypt. egyptian Journal 
of Horticulture Research, 81(4), p.1491.

 Arora, D K, yadav, P, Kumar, D et al. (2004). evaluation 
of cumin varieties for resistance to blight and wilt diseases. 
Journal of mycology and Plant Pathology, 34(2), pp.622-
623.

 Aziz, A H m, Abdalla, m e, A nada, m G et al. (2021). 
management of Cumin Blight Disease Caused By 
Alternaria burnsii By using Green Chemicals and 
Biofungicides. Journal of Plant Protection and Pathology, 
12(4):337-346.

 Bhatnagar K, Tak S, Sharma R, et al. (2013). management 
of cumin wilt caused by Fusarium oxysporum f. sp. 
cumini through chemical and biological agents. Indian 
Phytopathol, 66:101–102.

 Booth, C (1971). The genus Fusarium. Common wealth 
mycological Institute, Kew, Survey, england. 9:237 

 Bubici, G, Kaushal, m, Prigigallo, m I, et al. (2019). 
Biological control agents against Fusarium wilt of banana. 
Frontiers in microbiology, 10:616.

 Chawla, n and Gangopadhyay, S (2009). Integration of 
organic amendments and bioagents in suppressing cumin 
wilt caused by Fusarium oxysporum f. sp. cumini. Indian 
Phytopathology, 62(2):209-216.

 Cook, R J and Baker, K F, (1983). The nature and practice 
of biological control of plant pathogens. American 
Phytopathological Society.

 Deepak, P, Saran, P L and Lal, G (2008). Control of wilt 
and Blight Diseases of Cumin through Antagonistic Fungi 
under In vitro and field conditions. notulae Botanicae Horti 
Agrobotanici Cluj-napoca, 36(2):91-96. doi: 10.15835/

nbha3627
 Didwania, n, (2019). Diseases of cumin and their 

management. Diseases of medicinal and aromatic plants 
and their management, 339-352.

 Dukare, A and Paul, S, (2021). Biological control of 
Fusarium wilt and growth promotion in pigeon pea 
(Cajanus cajan) by antagonistic rhizobacteria, displaying 
multiple modes of pathogen inhibition. Rhizosphere, 
17:100278.

 Haggag, w. m. and Abo-Sedera, S. A (2005). Characteristics 
of three Trichoderma species in pea-nut haulms compost 
involved in biocontrol of cumin wilt disease. Intl. J.Agri. 
Biol. 7:222–229.

 Hussain, I., Alam, S S, Khan, I, et al. (2016). Study on the 
biological control of fusarium wilt of tomato. J entomol 
Zool Studies, 4(2):525-8.

 Indianspices.com (2021). Spices Board. [online] Available 
at: <https://www.indianspices.com/sites/default/files/
majorspicestatewise.pdf> [Accessed 6 August 2021]. 

 Khalequzzaman, K m, uddin, m K, Hossain, m m et al. 
(2018). effect of fungicides in controlling wilt disease 
of cumin. malaysian Journal of medical and Biological 
Research, 5(2):.69-74.

 Kumar S, Gangopadhyay S, and Godara S (2016). 
Antagonistic potentiality of bioagents against wilt of cumin 
(Cuminum cyminum) caused by Fusarium oxysporum f. 
sp. cumini. Indian J Agric Sci, 86(10):1350–1356.

 Kumar, D. and Dubey, S.C., (2012). management of collar 
rot of pea by the integration of biological and chemical 
methods. Indian phytopathology, 54(1):557-559.

 meena, R. S. (2015). Characterization and evaluation of 
cumin (Cuminum cyminum L.) germplasm. Int. J. Seed 
Spices 5: 99-102.

 otadoh, J A, okoth, S A, ochanda, J et al. (2011). 
Assessment of Trichoderma isolates for virulence efficacy 
on Fusarium oxysporum f. sp. phaseoli. Tropical and 
Subtropical Agroecosystems, 13(1):99-107.

 Pandey, S, Patel, m K, mishra, A et al. (2016). In planta 
transformed cumin (Cuminum cyminum L.) plants, 
overexpressing the SbnHx1 gene showed enhanced salt 
endurance. PLoS one, 11: 0159349.

 Pieta, D and Pastucha, A (2004) Biological methods of 
protecting common bean (Phaseolus vulgaris, L.). Folia 
universitaris Agriculturae Stetinensis Agricultura, 95, 
pp.301-305.

 Purkayastha, G D, mangar, P, Saha, A, et al. (2018). 
evaluation of the biocontrol efficacy of a Serratia 
marcescens strain indigenous to tea rhizosphere for the 
management of root rot disease in tea. PloS one, 13(2):01- 
27. doi:10.1371/journal.pone.0191761

 Rathore, R, Vakharia, D n and Rathore, D S, (2020). In 

Charan et al.,



BIoSCIenCe BIoTeCHnoLoGy ReSeARCH CommunICATIonS                In VITRo eVALuATIon oF BIoConTRoL AGenTS 1045

vitro screening of different Pseudomonas fluorescens 
isolates to study lytic enzyme production and growth 
inhibition during antagonism of Fusarium oxysporum f. sp. 
cumini, wilt causing pathogen of cumin. egyptian Journal 
of Biological Pest Control, 30:1-8.

 Singh, R P, Gangadharappa, H V and mruthunjaya K 
(2017). Cuminum cyminum–A popular spice: Anupdated 
review. Pharmacogn. J. 9:292-30.

 Tan, D, Fu, L, Han, B, et al. (2015). Identification of an 
endophytic antifungal bacterial strain isolated from the 
rubber tree and its application in the biological control of 
banana Fusarium wilt. PLoS one, 10(7): 0131974.

 Trivedi, V, Kalyanrao S n and Patel D A (2019). effect of 
pre-sowing seed treatment on seed emergence and yield 
parameters in cumin (Cuminum cyminum L.). International 
J. Seed Spices, 9(2):73-76.

 Vavre, K B, Kakade, D S, Patait, n n et al. (2021). 
morphological and cultural characteristics of Fusarium 

oxysporum f sp. gladioli. Journal of Pharmacognosy and 
Phytochemistry, 10(1):594-597.

 Vincent J m (1947). Distortion of fungal hyphae in the 
presence of certain inhibitors. nature 159: 850.

 wang, T, Duan y, Liu B, et al. (2011). the colonization of 
two strains of antagonistic bacteria of Fusarium oxysporum 
in banana. Genomics and Applied Biology, 30(3):342-
350.

 xue, C, Penton, CR, Shen, Z, et al. (2015). manipulating 
the banana rhizosphere microbiome for biological control 
of Panama disease. Scientific reports, 5(1):1-11.

 yadav, K, Damodaran, T, Kumari, n, et al. (2020). 
Characterization of Trichoderma isolates and assessment 
of antagonistic potential against Fusarium oxysporum f. sp. 
cumini. Journal of Applied Horticulture, 22(1): 38-44.

 yu, G, Cheng P, wang, y, et al. y (2010). Control effect of 
Bacillus subtilis strain TR21 on Panama disease of banana 
Brazil (musa spp.) in fields. Chinese Journal of Biological 
Control, 26(4):497-500.

Charan et al.,


