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A B S T R A C T 

Sclerotium rolfsii (Sacc.) is the causal agent of stem-rot of groundnut plants which is an important damaging soil-
borne root pathogen worldwide. Arbuscular mycorrhizal (AM) fungi (Glomus fasciculatum) and Trichoderma 
asperelloides have shown potential bio-control agent properties against several soil-borne plant pathogens. 
Interactions between G. fasciculatum, T. asperelloides and soil-borne pathogen S. rolfsii were investigated in this 
present pot culture experiment. The inoculation of G. fasciculatum and T. asperelloides reduced the severity of disease 
but their combinations were most effective in reducing harmful effects of S. rolfsii. The arbuscule percentage of AM 
fungi was affected by presence of T. asperelloides but chlorophyll content got increased by AM fungi or T. asperelloides 
treatments during S. rolfsii attack. The defense related physiological, biochemical and anti-oxidant activities observed 
in roots of groundnut plant significantly increased by single inoculation of AM fungi or Trichoderma. But, the 
combined inoculations of AM fungi and Trichoderma species showed the highest defense related activities. Moreover, 
single application of either AM fungi or Trichoderma species showed potential for the biocontrol of soil-borne plant 
pathogen but their combined application attributed most substantial inhibition in development of pathogen. 

Keywords: AM fungi, antioxidant enzyme, biochemical, bio-control, chlorophyll, defense, disease severity, soil-
borne.  

 

INTRODUCTION 

Sclerotium rolfsii (Sacc.) is an economically significant 

soil-borne pathogen which causes diseases in about 500 

species of plants. The fungus may survive in soil as 

sclerotia for 3-4 years but deep burying affects its 

viability Mehan et al. (1994). It has got distribution in 

tropics, subtropics and warm regions of the world. In 

India the climate is favorable for S. rolfsii in the states of 

Maharashtra, Gujrat, Andhra Pradesh and Tamil Nadu. 

India is the second largest producer of groundnut in the 

world with an annual production of 5.64 million tons in 

terms of cultivated groundnut (Arachis hypogaea L.) and 

it is considered to be an important oilseed crop of India 

(Madan Mohan and Nigam, 2013). However, the 

groundnut plant suffers from wide variety of pathogen 

attack which is being considered as major constraint in 

 its production. Among them S. rolfsii is one of the causal 

agent of stem-rot in groundnut plants. As the fungus is 

soil borne, it has potential to effect yield of groundnut 

pod (Melouk and Backman, 1995) which is why it is 

becoming inevitable to inhibit development of 

pathogens in groundnut plants. S. rolfsii often becomes 

difficult to control chemically hence, planting of resistant 

varieties seems to be an option. But, employing of 

microbial organisms for biological control can be a 

beneficial option because it will lessen the use of 

harmful chemicals. Besides, lesser use of chemicals 

would safeguard our environment in sustainable 

agriculture for our future generations. Among these 

microbial organisms, arbuscular mycorrhizal fungi 

(AMF) of phylum Glomeromycota have the potential for 

sustainable soil-plant systems (Smith and Read, 2008). 

In rhizosphere, the AM fungi help in uptake of nutrient 

and plays role in plant growth promotion with 

synergistic interaction with other micro-organisms 
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(Bagyaraj and Verma, 1995). The AM fungi are also 

known for their ability to control soil-borne pathogen 

(Ziedan et al., 2011). That is why, the role of AM 

association in plant growth and their influence in 

biological control of soil or root-borne pathogens is of 

immense importance in the agricultural system. The AM 

fungi inhibit pathogen by mechanism of competition in 

root zones for its access, improved nutrition and/or 

collaboration of several mechanisms of resistance at the 

same time (Singh and Mukherji, 2006; Whipps, 2004). 

Likewise mycorrhiza, another symbiotic fungus with 

high taxonomic diversity popularly known for a long 

time as Trichoderma (teleomorph Hypocrea) is gaining 

importance which also establishes itself on groundnut 

plants (Kokalis-Burelle et al., 1997; Hermosa et al., 2010; 

Jaklitsch et al., 2013). Trichoderma associations have 

been shown to inhibit pathogen development by 

mechanism of mycoparasitism (Reithner et al., 2011). 

Moreover, the ubiquitous distribution Trichoderma 

species in soil and properties of growth promoter in 

plant makes it good candidature along with AM fungi for 

low input bio-fertilizer to keep our environment clean. 

That may be the reason why Trichoderma based 

formulations is making its way into commercial world of 

bio-fungicides (Topolovec-Pintaric et al., 2013). Hence, 

the interactive activities of indigenous microbes that are 

present in rhizosphere have to be utilized for the 

modern day agricultural practices. 

Thus, in the present pot investigation, the interaction 

between G. fasciculatum and T. asperelloides (formerly 

known as T. viride, Mukherjee et al., 2013) were 

evaluated for their individual and combined effects on 

local groundnut cultivar when infected with pathogen S. 

rolfsii. 

MATERIAL AND METHODS 

For a pot culture investigation seeds of local groundnut 

cultivar Western-51 were planted in sterilized soil. The 

biological antagonist Glomus fasciculatum (Gerd.) was 

isolated from the soil as per Gerdemann and Nicholson 

(1963) and their identification was carried out as per 

synoptic keys suggested by Trappe (1982). The G. 

fasciculatum was mass multiplied for three months with 

host Sorghum vulgare grown on 30 cm3 earthen pots 

containing 10-15 kg of sterilized soil and sand in a 

proportion of 1:1 which served as AM inoculum (20 g), 

containing spores along with colonized root pieces. 

Before sowing of groundnut AM inoculum were placed at 

about 3-5 cm below seeds. Another talc based antagonist 

T. asperelloides was obtained from the Microbiology 

Department, Agriculture College, Pune, India and it was 

applied at the rate of 4 g per kg of groundnut seeds 

before AM inoculation and sowing. For pathogen 

inoculum, S. rolfsii was isolated from the fields of Pune 

district which was purified and identified through the 

Division of Agharkar Research Institute, Maharashtra, 

Pune, India. The mass multiplication of S. rolfsii was 

done by taking sterilized sorghum seeds in conical flasks 

by inoculating with 5 mm mycelial disc taken from the 

active periphery of a 7-day-old pure culture of S. rolfsii in 

each bottle which were incubated for 3 weeks at 

temperature 28°C. From this grain culture pathogen 

inoculum were applied below each groundnut plants at 

the rate of 5 g after 15 days of growth. The plants were 

watered at regular periods without any kind of chemical 

application. After 30, 60 and 90 days of growth plants 

were harvested for arbuscule percentage, physiological 

and biochemical parameters from AM/Trichoderma 

treated healthy/infected groundnut plants. 

Enzyme extraction and activity assay: Acid and 

alkaline phosphatase was estimated as per Lowry et al. 

(1954) where substrate solution of acid and alkaline 

phosphatase consisted of 1.49 g EDTA, 0.84 g citric acid, 

0.03 g p-nitro phenyl phosphate dissolved in 100 ml 

water and 375 mg glycine, 10 mg magnesium chloride, 

165 mg p-nitro phenyl phosphates dissolved in 42 ml of 

0.1N sodium hydroxide diluted 100 ml water 

respectively. For enzymes extract of acid and alkaline 

phosphatase sample root (1 g) was homogenized in 10 

ml 50 mМ citrate buffer and 50 mM glycine NaOH buffer 

respectively in a pre-chilled mortar and pestle which 

was filtered through cheese cloth and centrifuged. 

Supernatant was used as enzyme source. In procedure 3 

ml of substrate solution was incubated at 37ºC. 0.5 ml 

enzyme extract was added with immediate removal and 

mixed with 9.5 ml sodium hydroxide 0.085 N (Blank). 

Remaining solution (substrate+enzyme) was incubated 

for 15 minutes at 37ºC. 0.5 ml of this was taken and 

mixed with 9.5 ml sodium hydroxide solution. 

Absorbance of blank and incubated tubes was read at 

405 nm by using UV-visible spectrophotometer 

(Shimadzv-1601). 0.2 to 1.0 ml (4-20 mM) of the 

standard was taken and diluted to 10.0 ml with sodium 

hydroxide solution. The standard curve was plotted and 

amount of acid and the amount of acid and alkaline 

phosphatase was expressed as moles of p-nitrophenol 

released g-1 of fresh weight in roots. 
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Total protein was assayed according to Lowry et al. 

(1951) where 1 g of root samples was homogenized in 10 

ml of phosphate buffer and centrifuged at 15000 rpm 

(4ºC). The supernatant was mixed with 20 ml acetone and 

14 µl β-mercaptoethanol for precipitation of proteins. The 

sample tubes were then again centrifuged for 20 min. The 

obtained pellets were dissolved in sodium hydroxide 

solution and used as the source of proteins. Blank was set 

with 1 ml distilled water. A series of working standard 

solution was taken with distilled water. 5 ml of alkaline 

copper solution was added to each test tube and mixed 

thoroughly. After keeping test tubes at RT for 10 min, 0.5 

ml of Folin- Ciocalteau was added, mixed well and the 

tubes were kept in dark for 20 min. The absorbance of the 

blue colour developed due to the addition of Folin-

Ciocalteau reagent was read at 660 nm. A standard graph 

was obtained and the optical density of extract were 

measured and plotted on the standard curve. The amount 

of protein was expressed as protein in µ-1 g-1 fresh weight. 

Polyphenol oxidase (PPO) was measured as per 

Mahadevan and Shridhars, 1982). Root samples were 

crushed and centrifuged supernatant was used as 

enzyme source. 1 ml of 0.1 M phosphate buffer, 1 ml of 

catechol and 0.5 ml of enzyme extract was added to it 

and initial optical density was measured at 495 nm and 

then the absorbance was measured at the interval of 

every 30 seconds for 3 minutes on spectrophotometer. 

The polyphenol oxidase activity was expressed as min-1 

g-1 fresh weight. 

Total phenols were determined according to Malick and 

Singh, (1980). Root samples were homogenized, 

centrifuged and supernatant was condensed on hot 

water bath to 1.0 ml with final volume made up to 50 ml 

with distilled water. From this, 0.5 ml of sample extract 

was taken and adjusted to 3.0 ml with distilled water. 

After preparing a series of working standard solution, 

0.5 ml of Folin reagent was added. After 2 minutes, 2 ml 

of 20 % Na2CO3 was added and then contents were 

boiled for a minute and cooled. Optical density was 

recorded at 650 nm using spectrophotometer. A 

standard graph was prepared on which the 

concentration of the total phenols in the sample was 

obtained. The amount of phenol was expressed as mg 

phenols g-1 fresh weight. 

Peroxidase activity was determined according to Putter 

(1974). Reaction mixture was prepared with 3 ml of 

buffer solution (pH 7), 0.05 ml guaiacol solution, 0.1 ml 

enzyme extract and 0.03 ml hydrogen peroxide solution. 

Initial absorbance was read at 436 nm and then optical 

density was noted at an interval of 30 seconds on 

spectrophotometer. The enzyme activity was expressed 

as min-1 mg-1 protein. 

Total chlorophyll was measured by methodology 

described by Arnon (1949). Leaf sample was grounded 

with 80 % acetone and centrifuged twice until the 

residue became colourless. Finally, the supernatant was 

transferred to volumetric flask. Final volume was made 

to 100 ml with 80 % acetone. The absorbance of the 

solution was read at 663 and 645 nm against the solvent 

blank (80 % acetone) using spectrophotometer. Total 

chlorophyll was expressed as mg chlorophyll per g 

tissue. 

Disease severity was calculated using rating scale of 1-5 

as described by Shokes et al. (1996) as follows: 1=Healthy, 

2=Lesions on stem only, 3=25 % of plant symptomic to 

wilt, dead or dying, 4=26 -50 % of plant symptomic, 

5=>50 % of plant symptomic. Arbuscule percentage were 

determined as per Trouvelot et al., 1986. 

This experiment consisted of eight treatments namely, 

C=control uninoculated, Sr=pathogen S. rolfsii 

inoculated, Ta=T. asperelloides inoculated, Ta+Sr= T. 

asperelloides and S. rolfsii inoculated, Gf=G. fasciculatum 

inoculated, Gf+Sr= G. fasciculatum and S. rolfsii 

inoculated, Gf+Ta=G. fasciculatum and T. asperelloides 

inoculated, Gf+Sr+Ta= G. fasciculatum, S. rolfsii and T. 

asperelloides inoculated. Data were analyzed using one 

way analysis of variance (ANOVA) followed by Duncan’s 

Multiple Range Test (DMRT). Values were mean of ± SE 

(n=3). Duncan’s multiple range test was applied as post 

hoc test at p=0.05. All the calculations were made by 

using a Statistical Package for Social Sciences (SPSS) for 

windows version 9.0 and Microsoft Excel 2007 to 

analyze the data. 

RESULTS 

In results (see Figure 1 and 2), the acid and alkaline 

phosphatase activities got enhanced in treatments such 

as Gf, Gf+Sr, Gf+Ta and Gf+Sr+Ta as compared to their 

respective control ones after 30, 60 and 90 days of 

sowing but highest phosphatase activities were 

observed when both AM fungi and Trichoderma were 

inoculated in presence of pathogen (Gf+Sr+Ta) 

(5.692±0.167 pnp/g for acid and 6.900±0.181  pnp/g for 

alkaline phosphatase) after 90 days of sowing. The acid 

and alkaline phosphatase activities were lowest due to 

the presence of pathogen (Sr) when no inoculations of 

AM fungi or Trichoderma were made (2.724±0.184 
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pnp/g for acid and 2.397±0.167 pnp/g for alkaline phosphatase) after 90 days of sowing. 

 
Figure 1. Acid phosphatase activity in roots of groundnut plants (W-51) inoculated with G. fasciculatum (Gf) and T. 

asperelloides (Ta) alone or 3in combinations infected with S. rolfsii (Sr) and at different period of growth. 

 
Figure. 2. Alkaline phosphatase activity in roots of groundnut plants (W-51) inoculated with G. fasciculatum (Gf) and 

T. asperelloides (Ta) alone or in combinations infected with S. rolfsii (Sr) and at different period of growth. 

The protein activity was observed to be increased 

(0.111±0.011 mg/g) after 60 days in pathogen inoculated 

groundnut (Sr) than only Trichoderma inoculated healthy 

plants (Ta) (0.110±0.009 mg/g). Protein activities were 

higher in diseased AM fungi (Gf+Sr) (0.224±0.009 mg/g) 

and Trichoderma inoculations (Sr+Ta) (0.175±0.012 mg/g) 

after 90 days of sowing. Especially when compared to 

healthy combined application of AM fungi/Trichoderma 

after 90 days of sowing (Gf+Ta) (0.212±0.006 mg/g). 

However, the highest activities were noted when combined 

application of AM fungi and Trichoderma were made in 

diseased groundnut plants (Gf+Sr+Ta) (0.236±0.013 mg/g) 

after 90 days of sowing (Figure 3). 

The PPO activity as illustrated in Figure 4 increased due to 

pathogen inoculation (Sr) (0.714±0.098 min-1 g-1) than 

healthy Trichoderma inoculation (Ta) (0.622±0.079 min-1 g-

1) after 30, 60 or 90 days of sowing. But, the PPO activities 

were enhanced in diseased Trichoderma (Sr+Ta) 

(0.867±0.146 min-1 g-1) or AM fungi treatments (Gf+Sr) 

(1.092±0.080 min-1 g-1) as compared to single or combined 

application of healthy AM fungi (Gf) (0.833±0.101 min-1 g-1) 

or Trichoderma (Gf+Ta) (0.967±0.063 min-1 g-1) treatments 

after 90 days of sowing. However, the highest PPO activity 

was observed in the combined application of AM fungi and 

Trichoderma in presence of S. rolfsii in groundnut plants 

(Gf+Sr+Ta) (1.167±0.151 min-1 g-1) after 90 days of sowing. 
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Figure 3. Protein activity in roots of groundnut plants (W-51) inoculated with G. fasciculatum (Gf) and T. asperelloides 

(Ta) alone or in combinations infected with S. rolfsii (Sr) and at different period of growth. 

 
Figure 4. Polyphenol oxidase (PPO) activity in roots of groundnut plants (W-51) inoculated with G. fasciculatum (Gf) 

and T. asperelloides (Ta) alone or in combinations infected with S. rolfsii (Sr) and at different period of growth. 

The total phenol activity observed in groundnut roots 

showed increase in their content in control pathogen 

treatment (Sr) (0.216±0.011 mg/g) than healthy 

Trichoderma treatment (Ta) (0.182±0.014 mg/g) after 

60 days of sowing. The higher content of phenols was 

observed in healthy AM fungi (Gf) (0.299±0.014 mg/g) 

or in diseased AM fungi treatments (Gf+Sr) (0.324±0.019 

mg/g) but total phenols were higher in healthy 

combined treatment of AM fungi and Trichoderma 

(Gf+Ta) (0.330±0.014 mg/g). However, the phenol 

content was observed to highest in combined application 

of AM fungi and Trichoderma in presence of S. rolfsii 

(Gf+Sr+Ta) (0.534±0.028 mg/g) after 90 days of sowing 

(Figure 5). 

The activity of peroxidase enzyme was observed to be 

higher in diseased groundnut plants (Sr, Sr+Ta, Gf+Sr, 

Gf+Sr+Ta) with their respective healthy ones (C, Ta, Gf, 

Gf+Ta) as illustrated (Figure 6). The higher peroxidase 

enzyme activity in healthy groundnut plants was 

observed in combined application of AM fungi and 

Trichoderma treatments (Gf+Ta) (0.0096±0.0016 min-1 

mg-1 protein) followed by single treatment of AM fungi 

(Gf) (0.0069±0.0010 min-1 mg-1 protein), Trichoderma 

(Ta) (0.0048±0.0008 min-1 mg-1 protein) or control 

ones (0.0036±0.0008 min-1 mg-1 protein). However, 

the highest peroxidase activity was observed in 

combined application of AM fungi and Trichoderma in 

diseased groundnut plants (Gf+Sr+Ta) (0.0155±0.0008 

min-1 mg-1 protein) followed by single application of 

AM fungi (Gf+Sr) (0.0119±0.0010 min-1 mg-1 protein) 

or Trichoderma (Sr+Ta) (0.0107±0.0005 min-1 mg-1 

protein) (Figure 6). 
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Figure 5. Total phenol activity in roots of groundnut plants (W-51) inoculated with G. fasciculatum (Gf) and T. 

asperelloides (Ta) alone or in combinations infected with S. rolfsii (Sr) and at different period of growth. 

 
Figure 6. Peroxidase (PER) activity in roots of groundnut plants (W-51) inoculated with G. fasciculatum (Gf) and T. 

asperelloides (Ta) alone or in combinations infected with S. rolfsii (Sr) and at different period of growth. 

In the present investigation, the typical stem-rot 

symptoms appeared after 30 days of sowing only. The 

observation showed that there was decrease in severity 

of stem-rot due to treatment with AM fungi by 55.56 % 

(Gf+Sr) or Trichoderma by 58.33 % (Sr+Ta) in groundnut 

plants as compared to diseased non-inoculated control 

ones by 66.67 % (Sr) after 30 days of sowing. The lowest 

severity of disease was observed in groundnut plant 

where combined inoculations were made with AM fungi 

and Trichoderma by 41.67 % (Gf+Sr+Ta) after 90 days of 

sowing (Figure 7). 

The colonization by AM fungus (G. fasciculatum) observed 

in groundnut roots were determined by percentage of 

arbuscules which were significantly higher in only AM fungi 

healthy treatment by 62 % (Gf) followed by dual treatment 

of G. fasciculatum and T. asperelloides by 48 % (Gf+Ta), than 

diseased G. fasciculatum treatment by 36 % (Gf+Sr) and 

diseased G. fasciculatum and T. asperelloides treatment by 

30 % after 90 days of sowing (Gf+Sr+Ta) (Figure 8). 

The content of chlorophyll was observed to be lowest in 

presence of pathogen where no inoculations of AM fungi 

or Trichoderma were made in groundnut plants after 30, 

60 and 90 days of sowing. But the content of total 

chlorophyll as illustrated in Figure 9, indicated highest 

increase in combined inoculation of G. fasciculatum and 

T. asperelloides in absence of pathogen S. rolfsii (Gf+Ta) 
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combined inoculations of both G. fasciculatum and T. 

asperelloides were made showed maintenance of good 

chlorophyll content (18.455 mg chl./g for Gf+Sr+Ta) as 

compared to single application of either G. fasciculatum 

(Gf+Sr) (17.924 mg chl./g) or T. asperelloides (Sr+Ta) 

(14.829 mg chl./g) after 90 days of sowing (Figure 9). 

 
Figure 7. The percentage disease severity in groundnut plants (W-51) inoculated with G. fasciculatum (Gf) and T. 

asperelloides (Ta) alone or in combinations infected with S. rolfsii (Sr) and at different period of growth. 

 
Figure 8. The percentage arbuscules in groundnut plants (W-51) inoculated with G. fasciculatum (Gf) and T. 

asperelloides (Ta) alone or in combinations infected with S. rolfsii (Sr) and at different period of growth. 

 
Figure 9. The chlorophyll content in groundnut plants (W-51) inoculated with G. fasciculatum (Gf) and T. asperelloides 

(Ta) alone or in combinations infected with S. rolfsii (Sr) and at different period of growth. 
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Figure 10. Growth responses of groundnut plants after 90 days of G. fasciculatum, T. asperelloides treatment and 

pathogen S. rolfsii inoculation. 

  
Figure 11. S. rolfsii (Sr) showing white mycelial growth in 
soil. 

Figure 12. Vesicular colonization (Ves.) in the roots of 
groundnut plants after 90 days of AM inoculation (20X). 

 

DISCUSSION 

The application of antagonists (G. fasciculatum and T. 

asperelloides) in various combinations with pathogen S. 

rolfsii (see Material and methods) resulted into variable 

physiological, biochemical and anti-oxidative enzyme 

activities in groundnut plant (cv. W-51). For instance, 

the variation in acid and alkaline phosphatase activities 

signifies the role played by G. fasciculatum and T. 

asperelloides in bringing of inorganic phosphates. As the 

phosphatase activity is required for the maintenance of 

cellular metabolism in plants (Tabaldi et al., 2007). 

Moreover, the increase in phosphatase activity due to 

AM association in rhizosphere has been studied as it 

gives rise to alterations in phosphorous supply (Allen, 

1995). The hyphal networks of AM fungi are specialized 

structures which are responsible for the uptake of 

nutrient (phosphate) in host plants. That is why, in the 

present study phosphatase activities were observed to 

be higher due to AM inoculations. Moreover, the highest 

phosphatase activities was observed in the combined 

application of G. fasciculatum and T. asperelloides in 

presence of pathogen (Gf+Sr+Ta) after 90 days of sowing 

which may be correlated to lower severity of disease 

during that period. Also, there was lower percentage of 

arbuscules after 90 days of sowing which is considered 

to be the site of nutrient exchange (Parniske, 2008). So, 

the increased phosphatase activities in spite of lower 

arbuscules demonstrated possibility of direct 

involvement of phosphatase enzyme in the acquisition of 

phosphorous. 

The cell wall of plant contains proteins that actively 

works during cell growth and strengthens the wall of 

host plants during defense resistance (Freeman and 

Beattie, 2008). Hence, the results obtained in the present 

study may be correlated to increased protein content 

during S. rolfsii attack and highest protein being 

observed in combined treatment of AM fungi along with 

Trichoderma (Gf+Sr+Ta) in groundnut plants as 

 Control                Sr              Ta                Sr+Ta               Gf                     Gf+Sr  Gf+Ta             Gf+Sr+Ta 

Ves 

Sr 
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compared to any other treatments. The inhibition of 

fungal pathogens due to mycorrhiza (G. versiforme) 

colonization is associated with activation of 

pathogenesis-related proteins by Li et al. (2006) in Vitis 

amuren Rupr. against Meloidogyne incognita and 

Saksirirat et al. (2009) reported enhanced PR protein in 

tomato when treated with Trichoderma spp. isolates 

against Stemphylium solani. 

The accumulation of PPO plays an important role in 

plants defense mechanism for inhibition of pathogens by 

the mechanism of cell wall reinforcements (Ngadze et al., 

2012). That is why, from the present investigation it was 

noted that S. rolfsii inoculation (Sr) led to significant 

increase in PPO activity as compared to T. asperelloides 

(Ta) or G. fasciculatum (Gf) inoculations. The PPO 

activity increased even more in diseased groundnut 

when inoculated along with G. fasciculatum (Gf+Sr) or T. 

asperelloides (Sr+Ta) but highest PPO activity was 

observed in dual inoculation of both G. fasciculatum and 

T. asperelloides (Gf+Sr+Ta) in presence of pathogen. In a 

similar way, Mathur and Vyas (1996) and Jayalakshmi et 

al. (2009) reported higher polyphenol oxidase in 

mycorrhizal and Trichoderma treated plants 

respectively. 

In plant, one of the earliest responses to the pathogen 

attack is accumulation of phenolics for lignin synthesis 

or peroxidase enzyme activity which also possesses 

fungitoxic activity (Sasaki et al., 2004). Hence, the 

present study demonstrated that total phenol and PER 

activity was increased due to pathogen inoculation with 

or without G. fasciculatum and T. asperelloides but was 

significantly highest when both G. fasciculatum and T. 

asperelloides were inoculated in presence of S. rolfsii. 

The AM fungi or Trichoderma-specific peroxidase 

activities in the present investigation indicates their 

increased expression during their associations in host 

groundnut plants against pathogen S. rolfsii infection 

when compared with control ones. This concept may be 

correlated to the works of Blilou et al. (2000) who 

showed increase in peroxidase activity in mycorrhizal 

tobacco plants and Christopher et al. (2010) showed 

significantly higher level of peroxidase activities were 

induced in tomato by T. virens against Fusarium 

oxysporum f sp. lycopersici than control ones. 

The significant decrease in severity of disease in 

groundnut cultivar (W-51) was observed in the present 

study by application of G. fasciculatum and T. 

asperelloides. The decrease in severity of disease was 

brought about considerably AM application (Gf+Sr) as 

compared to Trichoderma application (Sr+Ta) but 

combination of G. fasciculatum and T. asperelloides in 

presence of S. rolfsii (Gf+Sr+Ta) was found to be most 

effective when compared to any other treatments. 

Similarly, Sennoi et al. (2013) demonstrated lowest 

disease incidence (30 %) caused by S. rolfsii in 

Helianthus tuberosus L. in combined inoculation of AM 

fungi (G. clarum) and T. harzianum. In the present 

investigation, the G. fasciculatum may have played 

significant role in pathogen (S. rolfsii) resistance by the 

mechanism of improved nutrition (Smith and Read, 

2008) or root damage compensation (Whipps, 2004). 

The decrease in severity of disease brought upon by T. 

asperelloides may be due to their mechanism of 

mycoparasitic activity (Druzhinina et al., 2011). 

In general during development of AM colonization, a 

tree-shaped structures known as arbuscules (bush or 

little tree) are formed which are thought to be the site of 

nutrient exchange between the AM fungi and host plant 

(Parniske, 2008). In the present study, the colonization 

by AM fungi in terms of percentage of arbuscules was 

noted which showed variation in their percentage with 

G. fasciculatum or T. asperelloides or S. rolfsii 

inoculations. Here, in only G. fasciculatum (Gf) treatment 

showed highest percentage of arbuscules probably due 

to hardly any competition for space and nutrients 

offered by either T. asperelloides or pathogen S. rolfsii 

followed by Gf+Ta, Gf+Sr and Gf+Sr+Ta treatments 

where T. asperelloides and S. rolfsii may have influenced 

the percentage of arbuscules. In a similar study the 

frequency of arbuscules has been reported to be reduced 

in Phaseolus vulgaris L. due to the presence of pathogen 

Fusarium solani (Al-Aksar and Rashad, 2010). 

The absorption of light is in plants is carried out by 

antenna complexes comprising chlorophylls which can 

dispose photon energy required by the plants (Taiz and 

Zeiger, 2002). Thus, the chlorophyll which is a major 

chloroplast component plays significant role during 

photosynthesis and in overall good condition of plant 

health. In the present study, the increased content of 

chlorophyll demonstrated the importance of G. 

fasciculatum or T. asperelloides inoculations alone or in 

combinations. Also, in the presence of pathogen S. rolfsii, 

combined inoculation of G. fasciculatum along with T. 

asperelloides were found to be most effective in 

groundnut plants as compared to their single 

inoculations. Moreover, the beneficial associations of AM 
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fungi and Trichoderma species may be correlated here 

which are known to improve photosynthetic efficiency in 

host plants (Sheng, 2008; Harman et al. 2012). Likewise, 

the study by Tanwar et al. (2013) demonstrated that the 

chlorophyll content got increased significantly in 

combined inoculation of AM fungi and T. viride than their 

single inoculation in broccoli. 

CONCLUSION 

In conclusion, the beneficial application of microbial 

inoculants (G. fasciculatum and T. asperelloides) in the 

present investigation demonstrated the possible 

opportunities in decreasing the harmful attributes of 

soil-borne pathogens in a biological way and also, 

showed the potential economical alternative for costly 

chemical fertilizers. The decreased severity of disease 

due to single application of AM fungi or Trichoderma 

before plantation of groundnut plants suggests their 

capacity to inhibit soil-borne plant pathogens but their 

combined inoculations resulted into better inhibition. 

Furthermore, the up-regulations of various 

physiological, bio-chemical and anti-oxidant enzyme 

activities by AM fungi and Trichoderma treatments 

suggest its ability to biologically protect the groundnut 

plants from soil-borne plant pathogen. Thus, it opens up 

low input agriculture system with environmental 

friendly application aspects. 
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