
Seed bio-priming with Trichoderma asperellum effectively 
modulate plant growth promotion in pea
Vivek Singh1, R.S. Upadhyay1, B.K. Sarma2 and H.B. Singh2*
1Department of Botany, Institute of Science, Banaras Hindu University, Varanasi-221005, India
2Department of Mycology and Plant Pathology, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi- 221005, India

*Corresponding author: hbs1@rediffmail.com

Paper No. 450 Received: 16 Dec 2015 Accepted: 6 June 2016

Abstract

Seed biopriming is an advance technique of seed treatment that involves application of beneficial 
microorganisms on seed surface followed by seed hydration. Seed bioprimig is an ecological management 
strategy to control many seed and soil-borne pathogens which provide an alternative to chemical 
treatment. Seed biopriming enhance the initial step of plant development by increased seed germination 
and provide protection before seedling emergence. Trichoderma spp. is widely used as biocontrol agent 
that enhance plant growth as well as inhibits phytopathogens. In the present study, effectiveness of 
biopriming with T. asperellum BHUT8 evaluated for plant growth promotion effect in pea. The results 
showed enhancement in plant growth in the treated plants as compared to control. There was increase 
in shoot length, root length, number of leaves, shoot fresh weight, root fresh weight, shoot dry weight 
and root dry weight by 35.29, 96.49, 28.13, 36.10, 146.26, 30.17 and 77.20 %, respectively, as compared to 
the control.

Highlights

 • Seed Treated with 2.26 × 107 spores ml-1 suspension and bioprimed for 24h
 • Seed biopriming effectively enhance plant growth in pea
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PLANT PHYSIOLOGY

Biological seed treatment is the most effective 
method to protect seeds from soil-borne pathogens at 
early stage of plant development (Singh et al. 2013a;  
Jain et al. 2013) and also effectively reduce the 
dependence on chemical fungicide for diseases 
management (Challan et al. 1997; Pill et al. 2009). 
Seed bio-priming is an advanced and prominent 
technique used to persuade plant health and 
stress tolerance. Most importantly, this ecological 
approach protects the seeds against various 
seed and soil borne pathogens by suppressing 
incidence of a disease (Harman and Taylor 1988; 
Jenson et al. 2004). Seed biopriming involves seed 
coating with a myriad of beneficial agriculturally 
importantly microbes leading to rapid and uniform 
seed colonization (Challan et al. 1997). This promising 

biological seed treatment method provides enhanced 
stress tolerance to the seeds before germination 
(Harman and Taylor 1988; Jenson et al. 2004). 
However, if seeds are infected with unwanted 
indigenous microorganisms, they will proliferate 
during priming and may decrease the survivability 
of useful microbes (Wright et al. 2003), thus it is 
necessary to disinfect the seeds before priming  
(Pill et al. 2009). 
Trichoderma spp. is one of the most common free-
living saprophytic fungi in rhizosphere which 
widely occupy the major share of fungal biocontrol 
agents in biopesticide industry (Woo et al. 2014). 
Trichoderma spp. not only promotes plant growth 
and development but also have broad-spectrum 
antagonistic activities against various soil borne 
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phytopathogens (Singh et al. 2013b, Keswani et al. 
2014). Due to above reasons, Trichoderma has been 
widely used for seed treatment (Taylor et al. 1991; 
Pill et al. 2009; Jain et al. 2014).
Seed treatment is very effective and economical 
compared to drenching as it requires small volume 
of inoculums (Bennett et al. 1992; Pill et al. 2009). 
In seed treatment, resting spores or conidia of 
Trichoderma are applied on the seed surface which  
must get geminated prior to interaction with 
pathogens. The presence of an active fungal agent 
in the spermoplane or spermosphere in enough 
quantity is must to protect geminating seeds (Pill 
et al. 2009). It was reported that Pythium species 
infect the seeds in less than 4 h after sowing while 
spore of Trichoderma needs nearly 12 h to germinate 
(Taylor et al. 1991; Pill et al. 2009). Considering to 
this, bio-priming is considered as the most effective 
method of seed protection. The main objective of 
the present work is to evaluatione the response of 
seed biopriming with T. asperellum BHUT8 on plant 
growth promotion in pea.

Materials and Methods

Plant material

In the present study seeds of pea (Pisum sativum) cv. 
NBR- Ruchi (Noble Seeds Pvt. Ltd., Khera Kalan, 
Delhi) were used. 

Fungal strain and preparation of spore 
suspension

Trichoderma asperellum BHUT8 (Accession no. 
KU533735) was grown on PDA for 7 days at 28 ± 2o C. 
The spores were harvested in sterilized saline (NaCl 
0.85 %) and filtered with sterile muslin cloth. OD 
was observed at 600 nm with OD of 1.026 contained 
2.26 × 107 spores ml-1. The spore suspension was 
centrifuged at 10,000 rpm for 10 minutes. The pellet 
was resuspended in same volume of autoclaved 1.5 
% CMC (Carboxymethylcellulose) (Jain et al. 2012).

Seed bio-priming with T. asperellum BHUT8 
The seeds of pea were surface sterilized with 1.5 
% sodium hypochlorite (NaOCl) for 5 minutes and 
rinsed thrice with autoclaved distilled water and 
dried under laminar air flow on autoclaved blotting 
paper (Jain et al. 2012). The surface sterilized and 
dried seeds were treated by soaking in the spore 

suspensions prepared as described above and seeds 
treated with CMC only acted as control. The seeds 
were dried under sterile air stream in laminar air 
flow for 2 h (Singh et al. 2013a). The seeds were 
placed in the moist chamber at 98 % relative 
humidity and 28 – 30°C, and maintained for 24 h 
(Jensen et al. 2004).

Pot Trial

A soil mixture of vermicompost and sandy soil (1:3) 
was filled in the autoclavable polypropylene bags 
and sterilized for three consecutive days at 15 lb 
pressure for 30 min in an autoclave and was filled 
in 150 ml thermocol glass. The bioprimed pea seeds 
were grown under controlled environment in a 
plant growth chamber (Model LGC – 5301, Daihan 
Labtech Co., LTD) with light duration of 14 h and 
dark 10 h having relative humidity range of 50 – 70 
%. Air temperature of the plant growth chamber 
ranged from 22 to 28°C, while night temperature 
was maintained at 18°C. The plants were grown in 
thermocol pots of 150 ml volume with 10 replicates 
for each treatment and a control set was maintained. 
4 seeds per pot was sown and irrigated manually 
every alternate day. Plants were harvested from 
each control and treatment set after 15 days of 
germination and the samples were analyzed for 
plant growth promotion parameters such as shoot 
length, root length, number of leaves, fresh weight 
and plant biomass. Fresh weight was measured 
immediately after harvesting while for measuring 
dry biomass, plants were dried in oven at 60°C for 
48 h.

Statistical Analysis
Statistical analyses were performed using SPSS 16.0. 
To assess the potential of fungal isolate on plant 
growth, standard errors of means (SE) for each 
treatment were calculated. 

Results and Discussion 
Seed priming is an important tool to improve 
emergence of crops, especially under the stress 
conditions (Pill et al. 2009; Rakshit et al. 2014). Earlier 
works showed that combining seed priming with 
biocontrol agent application ultimately resulted in 
improvement in crops and different methods were 
utilized for biopriming (Harman and Taylor, 1988; 
Callan et al. 1991; Jensen et al. 2004). Trichoderma 
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Fig. 1: Plant growth promotion in pea after seed boipriming with Trichoderma asperellum BHUT8. A: Control plants;  
B: Treatment (Bio-primed).

Fig. 2: Different plant growth promotion parameters analyzed on pea after seed bio-primed with of T. asperellum. Results 
are expressed as means of ten replicates and vertical bar indicate the standard deviation of the means.
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spp. is the most common saprophytic fungus 
in rhizosophere which act as mycoparasite on 
pathogenic fungi and on the other hand it stimulates 
plant growth as well  (Singh et al. 2013b; Meena et al. 
2016; Rakshit et al. 2015b). Trichoderma spp. is a well 
known biocontrol agent used in seed biopriming 
(Harman and Taylor, 1988; Pill et al. 2009). 
In the present study, we evaluated the effect of 
biopriming of pea seeds with T. asperellum BHUT8   
on plant growth.  The results showed enhanced 
plant growth in the treatment as compared to the 
control plants (Figure 1). There was increase in 
shoot length, root length, number of leaves, shoot 
fresh weight, root fresh weight, shoot dry weight 
and root dry weight by 35.29, 96.49, 28.13, 36.10, 
146.26, 30.17 and 77.20 %, respectively, as compared 
to control (Figure 2). Similarly, Saxena et al. (2015) 
reported enhancement in root and shoot lengths 
along with dry weight of plants with significant 
increase in the number of leaf in the plants treated 
with the Trichodemra isolate  BHUF4. It was well 
studied that Trichoderma spp. enhances plant 
growth by increasing nutrient uptake (Harman et al. 
2004; Rakshit et al. 2013) along with induction of 
secondary root development through auxins and 
indoles production (Contreras-conrnejo et al. 2009, 
2014a,b). Phosphorus is an important nutrient that is 
essential for plant growth and development which 
is generally present in unavailable form. Many 
microorganisms including Trichoderma spp. produce 
organic acids and phosphatase that solubilise the 
unavailable phosphate to available phosphate that 
can be easily absorbed by plants. Trichoderma spp. 
also helps to increase the nitrogen use efficiency in 
plants (Rakshit et al. 2015a).
Singh et al. (2013a) studied the effect of triple 
microbes i.e. Trichoderma harzianum THU 0816, 
Pseudomonas aeruginosa PHU 094 and Mesohizobium 
sp. RL 091 on plant growth in chickpea. They 
reported that the triple microbe combination RL091 
+ PHU094 + THU0 816 showed enhancement in the 
plant growth parameters as compared to control 
and other treatment combinations. The increased in 
growth parameters may be due to the contribution 
of substances produced by the three microbes. 
Biopriming of chickpea and rajma seeds with 
Pseudomonas fluorescens OKC, Rhizobium sp. RH4 
and Trichoderma asperellum T42 enhanced in seed 
germination and plant growth parameters (Yadav et 
al. 2013; Singh et al. 2014). Similarly, Jain et al. (2015) 

investigated application of three microbe consortium 
in pea that resulted improved growth and yield 
with reduced disease compared to control and 
single and double microbe applications following 
challenge with the pathogen Sclerotinia sclerotiorum. 
Thus we concluded that seed biopriming is a very 
effective method for seed treatment that ultimately 
results in enhancing the plant growth in pea. 

Acknowledgments
Authors are thankful to Department of Biotechnology, 
New Delhi, India for awarding project grant (BT/
PR5990/AGR/5/587/2012). Authors are thankful to 
Department of Biotechnology, New Delhi, India  
and Technology Development component of the 
ICAR Seed project for providing financial support.

References
Becker, J.O. and Schwinn, F.J. 1993. Control of soil-borne 

pathogens with living bacteria and fungi: Status and 
outlook. Pesticide Science 37: 355-363.

Bennett, M.A., Fritz, V.A. and Callan, N.W. 1992. Impact of 
seed treatments on crop stand establishment. Hort 
Technology 2: 345-349

Callan, N.W., Mathre, D.E. and Miller, J.B. 1991. Field 
performance of sweet corn seed bio-primed and coated 
with Pseudomonas fluorescens AB254. Horticultural 
Science 26: 1163-1165.

Callan, N.W., Mathre, D.E., Miller, J.B. and Vavrina, C.S. 1997. 
Biological seed treatments: factors involved in efficacy. 
Horticultural Science 32: 179-183.

Contreras-Cornejo, H. A., Macías-Rodríguez, L., Cortés-
Penagos, C., and López-Bucio, J. 2009. Trichoderma 
virens, a plant beneficial fungus, enhances biomass 
production and promotes lateral root growth through 
an auxin-dependent mechanism in Arabidopsis. Plant 
Physiology 149: 1579-1592.

Contreras-Cornejo, H.A., Macías-Rodríguez, L., Herrera-
Estrella,  A. and López-Bucio, J .  2014a. The 
4-phosphopantetheinyl transferase of Trichoderma 
virens plays a role in plant protection against 
Botrytis cinerea through volatile organic compound 
emission. Plant and Soil 379: 261-274.

Contreras-Cornejo, H.A., Macías-Rodríguez, L., Alfaro-
Cuevas, R. and López-Bucio, J. 2014b. Trichoderma 
spp. improves growth of Arabidopsis seedlings 
under salt stress through enhanced root development, 
osmolite production, and Na+ elimination through 
root exudates. Molecular Plant-Microbe Interactions 27: 
503-514.

Harman, G.E. and Taylor, A.G. 1988. Improved seedling 
performance by integration of biological control 
agents at favorable pH levels with solid matrix 
priming. Phytopathology 78: 520-525.



Seed bio-priming with Trichoderma asperellum effectively modulate plant growth promotion in pea

365

Harman, G.E., Howell, C.R., Viterbo, A., Chet, I. and Lorito, 
M. 2004. Trichoderma species—opportunistic, avirulent 
plant symbionts. Nature Reviews Microbiology 2: 43-56.

Jain, A., Singh, A., Chaudhary, A., Singh, S. and Singh, H.B. 
2014. Modulation of nutritional and antioxidant 
potential of seeds and pericarp of pea pods treated 
with microbial consortium. Food Research International 
64: 275-282.

Jain, A., Singh, S., Kumar Sarma, B. and Singh, H.B. 2012. 
Microbial consortium–mediated reprogramming of 
defence network in pea to enhance tolerance against 
Sclerotinia sclerotiorum. Journal of Applied Microbiology 
112: 537-550.

Jain, A., Singh, A., Singh, S. and Singh, H.B. 2013. Microbial 
consortium-induced changes in oxidative stress 
markers in pea plants challenged with Sclerotinia 
sclerotiorum. Journal of Plant Growth Regulation 32: 
388-398.

Jain, A., Singh, A., Singh, S. and Singh, H.B. 2015. Biological 
management of Sclerotinia sclerotiorum in pea using 
plant growth promoting microbial consortium. Journal 
of Basic Microbiology 55: 961-972.

Jensen, B., Knudsen, I.M., Madsen, M. and Jensen, D.F. 2004. 
Biopriming of infected carrot seed with an antagonist, 
Clonostachys rosea, selected for control of seedborne 
Alternaria spp. Phytopathology 94: 551-560.

Keswani, C., Mishra, S., Sarma, B.K., Singh, S.P. and Singh, 
H.B. 2014. Unraveling the efficient applications of 
secondary metabolites of various Trichoderma spp.  
Applied Microbiology and Biotechnology 98: 533-544.

Meena, S.K., Rakshit, A. and Meena, V.S.  2016. Effect of 
seed bio-priming and N doses under varied soil type 
on nitrogen use efficiency (NUE) of wheat (Triticum 
aestivum L.) under greenhouse conditions. Biocatalysis 
and Agricultural Biotechnology 6: 68-75.

Pill, W.G., Collins, C.M., Goldberger, B. and Gregory, N. 
2009. Responses of non-primed or primed seeds of 
‘Marketmore 76’cucumber (Cucumis sativus L.) slurry 
coated with Trichoderma species to planting in growth 
media infested with Pythium aphanidermatum. Scientia 
Horticulturae 121: 54-62.

Rakshit, A., Pal, S., Rai, S., Rai, A., Bhowmick, M.K. and Singh, 
H.B. 2013. Micronutrient seed priming: a potential tool 
in integrated nutrient management. SATSA Mukhaptra 
Annual Technical Issue 17: 77-89.

Rakshit, A., Pal, S., Meena, S., Manjhee, B., Rai, S., Rai,  
A., Bhowmick, M.K. and Singh, H.B. 2014. Seed 
bio-priming: a potential tool in integrated resource 
management. SATSA Mukhaptra Annual Technical 
Issue 18: 94-103.

Rakshit, A., S. Pal, S. Meena, B. Manjhee, S. Rai, A. 
Rai, M.K. Bhowmick, and H.B. Singh. “Seed bio-
priming: a potential tool in integrated resource 
management.” SATSA Mukhaptra Annual Technical 
Issue 18: 94-103.

Rakshit, A., Singh, H.B. and Sen, A. 2015a. Nutrient use 
efficiency: from basics to advances. New Delhi: Springer.

Rakshit, A., Sunita, K., Pal, S., Singh, A. and Singh, H.B. 
2015b. Bio-priming mediated nutrient use efficiency 
of crop species. In Nutrient Use Efficiency: from Basics 
to Advances 181-191 Springer India.

Saxena, A., Raghuwanshi, R. and Singh, H.B. 2015. Trichoderma 
species mediated differential tolerance against biotic 
stress of phytopathogens in Cicer arietinum L. Journal 
of Basic Microbiology 55: 195-206.

Singh, A., Jain, A., Sarma, B.K., Upadhyay, R.S. and 
Singh, H.B. 2013a. Rhizosphere microbes facilitate 
redox homeostasis in Cicer arietinum against biotic 
stress. Annals of Applied Biology 163: 33-46.

Singh, A., Sarma, B.K., Upadhyay, R.S. and Singh, H.B. 
2013b. Compatible rhizosphere microbes mediated 
alleviation of biotic stress in chickpea through 
enhanced antioxidant and phenylpropanoid activities. 
Microbiological Research 168: 33-40.

Singh, S.P., Singh, H.B., Singh, D.K. and Rakshit, A. 2014. 
Trichoderma-mediated enhancement of nutrient uptake 
and reduction in incidence of Rhizoctonia solani in 
tomato. Egyptian Journal of Biology 16: 29-38.

Taylor, A.G., Min, T.G., Harman, G.E. and Jin, X. 1991. Liquid 
coating formulation for the application of biological 
seed treatments of Trichoderma harzianum. Biological 
Control 1: 16-22.

Woo, S.L., Ruocco, M., Vinale, F., Nigro, M., Marra, R., 
Lombardi, N., Pascale, A., Lanzuise, S., Manganiello, 
G. and Lorito, M. 2014. Trichoderma-based products 
and their widespread use in agriculture. The Open 
Mycology Journal 8

Wright, B., Rowse, H. and Whipps, J.M. 2003. Microbial 
population dynamics on seeds during drum and 
steeping priming. Plant and Soil 255: 631-640.

Yadav, S.K., Dave, A., Sarkar, A., Singh, H.B. and Sarma, B.K. 
2013. Co-inoculated biopriming with Trichoderma, 
Pseudomonas and Rhizobium improves crop growth 
in Cicer arietinum and Phaseolus vulgaris. International 
Journal of Agriculture, Environment and Biotechnology 
6: 255-259.




