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ABSTRACT 

Groundnut is considered to be an important oilseed crop worldwide and is susceptible to various 

pathogens. Among them Sclerotium rolfsii is one the most important pathogens which causes stem-rot in 
groundnut plants. The present investigation was carried out to suppress harmful effects of S. rolfsii by the 

use of arbuscular mycorrhizal fungi (AMF). In the pot culture experiment AM fungi (G. fasciculatum) 

inoculum was applied before sowing the groundnut seeds or pathogen S. rolfsii. The incidences of stem-
rot were found to be considerably reduced due to pre-application of AM fungi as compared to control 

ones. Moreover, the percentage of arbuscule formation also got elevated notwithstanding lesser arbuscule 

formation in presence of pathogen as compared to healthy mycorrhizal ones. The biochemical and 

antioxidant enzyme activities of phosphatase, protein, total phenols, polyphenol oxidase and peroxidase 
showed significant results which were correlated to ability of AM fungi in resistance to disease or 

pathogen attack. These data indicated the role of AM fungi in bringing up combined defense responses. 
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INTRODUCTION 
Sclerotium rolfsii (Sacc.) is a soil borne destructive fungi of worldwide significance which has a host 

range of over 500 species of plants (Susleendra and Schlosser, 1999). The mycelium of S. rolfsii causes 

stem-rot or wilting which is often difficult to control in groundnut plants even with chemical based 

fungicides. Annually S. rolfsii may account for huge losses to groundnut crop production (Bowen et al., 
1996). Moreover, S. rolfsii was reported to be one of the most destructive pathogen of tropics and 

subtropics (Mukherjee and Raghu, 1997). 

The arbuscular mycorrhizal fungi (AMF) belonging to phylum Glomeromycota (Schubler et al., 2001) 
colonizes almost 90 % of land plants (Smith and Read, 2008). There are several beneficial functions of 

this mutualistic association between fungal and plant partner. When this type of association is established 

manifestation of growth is visible. Also, the AM fungi associations helps host plants in several ways such 

as improvement in dealing with water and pest (Smith and Read, 1997; Farahani et al., 2008) tolerance 
towards abiotic stresses (Feng et al., 2008; Arabi et al., 2013), heavy metal stress (Kramer, 2005), mineral 

acquisition (Azaizeh et al., 1995; Clark and Zeto, 2000), impact on structure of soil (Rillig, 2004), 

nitrogen fixation (Haystead and Grove, 1988) and protection against fungal plant pathogens (Wu et al., 
2013, (Harrier and Watson, 2004). Hence, the symbiotic associations of AM bring about significant 

potential quality to life as a whole in our natural and agricultural ecosystems (Smith and Read, 1997). 

The present pot culture investigation was undertaken to determine various effects in plant against 
pathogen infection by inoculating AM fungi in autoclaved soil. 

 

MATERIALS AND METHODS 

Biological Materials 
The seeds of local susceptible var. Phule Pragati (JL 24) were obtained from Naik Seeds Limited, Pune, 

Maharashtra, India. The AM fungi Glomus fasciculatum (Thaxter Sensu Gerd.) was isolated as per 

Gerdemann and Nicolson (1963) and identified as per Trappe (1982) manual. Mycorrhizal inoculums 
were prepared in an open pot culture of Sorghum vulgare plants which consisted of spores, colonized root 

pieces and soil. Twenty grams of mycorrhizal inoculums were placed below groundnut seeds at the time 

of sowing. The pathogen S. rolfsii was isolated from the fields of Pune, Maharashtra, India and identified 
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through the Division of Mycology, Agharkar Research Institute, Pune, India. Pathogen inoculum was 

prepared by sterilizing sorghum seeds and inoculating it with pure culture of S. rolfsii in conical flasks 

which were incubated for three weeks. The grains served as pathogen inoculum and were applied after 
fifteen days of plant growth at the rate of five grams. 

Growth Conditions and Experimental Design 

Plants were grown in greenhouse condition in pots. Plants were watered at regular interval of times with 
no addition of any kind of other chemicals. The experiment consisted of randomized complete design 

block (RCBD) in triplicates and consisted of four treatments as follows: [1] Uninoculated Control (C); [2] 

Control + S. rolfsii (C+Sr); [3] G. fasiculatum inoculated (Gf); [4] G. fasiculatum + S. rolfsii inoculated 

(Gf+Sr). 

Parameters Measured  

Disease Incidence 

For incidences of disease above ground stem-rots were observed weekly as per Kokalis (1992). 
Arbuscule Percentage 

Randomly selected root samples were cleared in 10 % KOH at 90°C for 1 hour and stained in 0.01 % 

trypan blue according to Phillips and Hayman (1970) for 10 minutes. The fungal structures were 
visualized under a compound microscope and the measurements of arbuscule percentage by G. 

fasciculatum were determined by Trouvelot et al., (1986). 

Biochemical Parameters 

Acid and alkaline activities in roots were determined by p-nitro phenol released at 405 nm in 
spectrophotometer described by Lowry et al., (1954). Protein content in roots were determined by Folin-

Ciocalteau reagent which was read at 660 nm described by Lowry et al., (1951). Total phenols in roots 

were determined as per Malick and Singh, (1980) by using Folin reagent and reading optical density at 
650 nm. Polyphenol oxidase activities in root were assayed by using catechol and optical density were 

read at 495 nm as per Mahadevan and Shridhar (1982). Peroxidase activities in roots were determined by 

monitoring guiacol and hydrogen peroxidase at 436 nm as described by Putter (1974). 

Statistical Analysis 
Data’s from the greenhouse experiments were subjected to analysis of variance (ANOVA) followed by 

Duncan’s multiple range test (DMRT). Differences at P=0.05 were considered significant. The values are 

expressed as mean ± SD. All the calculations were made by using a Statistical Package for Social 
Sciences (SPSS Inc. 1999) for windows version and Microsoft Excel 2007 to analyze the data. 

 

RESULTS AND DISCUSSION 

Disease Incidence 

The AM fungi associations have been believed to increase the resistance in plants against pathogen attack 

by induced systemic resistance as compared to improved nutritional requirements of plants (Fritz et al., 

2006). The data in Figure 1 showed that the AM fungi (G. fasciculatum) inoculation significantly reduced 
the number of incidences of diseases caused by the S. rolfsii. As the non-mycorrhizal groundnut plants in 

presence of pathogen (C+Sr) demonstrated higher incidences as compared to mycorrhizal diseased ones 

(Gf+Sr). There were no visible symptoms observed in healthy-mycorrhizal or control ones. Here, the 
results demonstrated that the AM fungi association must have employed the mechanism of competition 

with pathogen for access of root zones which led to prevention of pathogen development (Singh and 

Mukherji, 2006). The data obtained here may be correlated to the presence of arbuscules in diseased 
mycorrhizal plants (Gf+Sr) even though it demonstrated lower percentage of arbuscules when compared 

to healthy mycorrhizal ones (Gf). 

Arbuscule Formation 

The obtained results showed that there was formation of arbuscules in the groundnut roots which 
confirms colonization by AM fungi (G. fasiculatum) was successfully established. The percentage of 

arbuscules were found to be highest in only healthy mycorrhiza (Gf) inoculated groundnut plant as 

compared to diseased mycorrhizal ones (Gf+Sr) (Figure 2). The observation of lower arbuscules may be a 
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result of competition between AM fungi and pathogen. Similar observations of lowering in AM fungi 

colonization were reported by Aysan and Demir (2009) in bean plants. 

 

 
Figure 1: Disease incidences (%) in roots of AM or non-AM or S. rolfsii inoculated groundnut 

plants 

C+Sr: Control + S. rolfsii; Gf+Sr: G. fasiculatum + S. rolfsii inoculated, n=3. DAS=Days after 

sowing 
 

 
Figure 2: Arbuscule percentage in roots of AM or non-AM or S. rolfsii inoculated groundnut plants 

Gf: G. fasiculatum inoculated; Gf+Sr: G. fasiculatum + S. rolfsii inoculated, n=3. DAS=Days after 

sowing 
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Figure 3: Acid phosphatase activity (moles of p-nitrophenol released g

-1
 of FW) in roots of AM or 

non-AM or S. rolfsii inoculated groundnut plants 

C: Uninoculated Control; C+Sr: Control + S. rolfsii; Gf: G. fasiculatum inoculated; Gf+Sr: G. 

fasiculatum + S. rolfsii inoculated. Means with the same letter are not significantly different from 

each as per Duncan’s Multiple Range Test (P<0.05), n=3 

 

 
Figure 4: Alkaline phosphatase activity (moles of p-nitrophenol released g

-1
 of FW) in roots of AM 

or non-AM or S. rolfsii inoculated groundnut plants 

C: Uninoculated Control; C+Sr: Control + S. rolfsii; Gf: G. fasiculatum inoculated; Gf+Sr: G. 

fasiculatum + S. rolfsii inoculated. Means with the same letter are not significantly different from 

each as per Duncan’s Multiple Range Test (P<0.05), n=3 
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Figure 5: Protein content (protein in µ

-1
g

-1
 FW) in roots of AM or non-AM or S. rolfsii inoculated 

groundnut plants 

C: Uninoculated Control; C+Sr: Control + S. rolfsii; Gf: G. fasiculatum inoculated; Gf+Sr: G. 

fasiculatum + S. rolfsii inoculated. Means with the same letter are not significantly different from 

each as per Duncan’s Multiple Range Test (P<0.05), n=3 

 

 
Figure 6: Polyphenol oxidase enzyme activity (min

-1
g

-1 
FW) in roots of AM or non-AM or S. rolfsii 

inoculated groundnut plants 

C: Uninoculated Control; C+Sr: Control + S. rolfsii; Gf: G. fasiculatum inoculated; Gf+Sr: G. 

fasiculatum + S. rolfsii inoculated. Means with the same letter are not significantly different from 

each as per Duncan’s Multiple Range Test (P<0.05), n=3 
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Figure 7: Peroxidase enzyme activity (min

-1
mg

-1
protein) in roots of AM or non-AM or S. rolfsii 

inoculated groundnut plants 

C: Uninoculated Control; C+Sr: Control + S. rolfsii; Gf: G. fasiculatum inoculated; Gf+Sr: G. 

fasiculatum + S. rolfsii inoculated. Means with the same letter are not significantly different from 

each as per Duncan’s Multiple Range Test (P<0.05), n=3 

 

 
Figure 8: Total phenol content (mg g

-1
 FW) in roots of AM or non-AM or S. rolfsii inoculated 

groundnut plants 

C: Uninoculated Control; C+Sr: Control + S. rolfsii; Gf: G. fasiculatum inoculated; Gf+Sr: G. 

fasiculatum + S. rolfsii inoculated. Means with the same letter are not significantly different from 

each as per Duncan’s Multiple Range Test (P<0.05), n=3 
 

Phosphatase Activity 

The occurrences of phosphatase are ubiquitous in plants, animals and microorganisms. The secretion of 

phosphatase into rhizosphere under P-deficient condition is believed to be involved in organic P 
mineralization (Duff et al., 1994). The present data demonstrated in Figure 3 and 4 revealed that the 

activities of phosphatase in the roots of groundnut plants showed higher activity in mycorrhiza inoculated 

groundnut plants as compared to non-mycorrhizal or control ones. The elevated responses of acid and 
alkaline phosphatase were higher in only mycorrhiza (Gf) treated groundnut plants as compared to 
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mycorrhizal diseased (Gf+Sr) or control ones. The reason for fluctuation in phosphatase activity may be 

obstruction in acquisition of phosphates in the groundnut plants. That is why lower acid or alkaline 

phosphatase activities were observed in diseased ones but their activities increased due to mycorrhizal 
colonization. The phosphatase activities have been suggested to be more in mycorrhizal association than 

non-mycorrhizal plants (Krishna and Bagyaraj, 1985; Tarafdar and Claassen, 1988). 

Biochemical Activities 
The content of total proteins as showed in Figure 5 revealed higher levels in roots of groundnut plants in 

presence of pathogen (C+Sr). However, the mycorrhiza inoculated diseased ones (Gf+Sr) showed highest 

total protein level followed by only mycorrhiza (Gf) treatments or controls ones. The elicitation of host 

protein synthesis is considered to be brought about by pathogen penetration in host plants which it leads 
to the restriction of pathogens (Adrienne and Barbara, 2006). The specific defense mechanisms that are 

involved in reducing the pathogen attack by way of mycorrhizal symbiosis are compound production of 

pathogenesis-related (PR) proteins (Conrath et al., 2006) which were reported as one of the major defense 
mechanism involved in the inhibition of disease development in plants (Van et al., 2006).  

Generally plants express peroxidase activity which is involved in lignification of host cell wall during 

pathogen interaction (Maksimov et al., 2014; Saikia et al., 2006). Hence, the levels of peroxidase activity 
were found to be more in diseased non-mycorrhizal groundnut plants (C+Sr) as compared to healthy 

mycorrhizal (Gf) or control ones. But, the peroxidase activity elevated to highest extent in mycorrhizal 

diseased groundnut plants (Gf+Sr) than any other treatments. In the present experiment the peroxidase 

activity must have increased the mechanism of cell-wall reinforcement due to pathogen attack and the 
role of AM fungi in bringing peroxidase activity may be correlated to the observations of Goicoechea et 

al., (2010) in which peroxidase specific activities were elevated due to inoculation of mycorrhizal fungus 

against Verticillium dahlia Kleb. of pepper plants. 
In the development of the plants, low molecular compounds such as phenolics plays significant role and 

its release and synthesis may be induced by biotic as well as abiotic factors (Joachim et al., 2007). The 

role of phenols has been studied extensively in suppression of pathogen attack as it is responsible for 

providing barriers to pathogen attack and helps in building mechanical strength to cell wall (Conceica et 
al., 2006). The results of our investigation showed that the total phenols were increased due to presence of 

pathogen (C+Sr) in non-mycorrhizal groundnut plant as compared to control ones. However, in presence 

of pathogen the mycorrhizal groundnut plants (Gf+Sr) showed highest total phenol activity which shows 
role of AM fungi in induction of total phenol activity. In our results, the activities of PPO was higher in 

diseased groundnut plants (C+Sr) as compared to healthy mycorrhizal (Gf) or control ones which 

signifies their role in reducing harmful effects of pathogen S. rolfsii. As PPO activity is attributed to their 
possible involvement in oxidation of polyphenols into antimicrobial compounds such as quinones which 

plays significant role during pathogen attack (Ahl et al., 1992). The results demonstrated that the highest 

PPO was observed upon mycorrhizal inoculation in diseased groundnut plants (Gf+Sr). Thus, it supports 

the role of AM fungi in getting higher PPO activity. Moreover, the results can be correlated with Raj et 
al., (2006) who showed higher levels of total phenol and PPO in resistant varieties. From the results of 

present experiment, we may conclude that AM fungi colonization ensued into beneficial role in groundnut 

plants by reducing the incidences of diseases caused by pathogen S. rolfsii. Moreover, the association or 
establishment of AM fungi resulted into induction of several defense related activities such as 

phosphatase, protein, total phenols, polyphenol oxidase and peroxidase in the roots of groundnut plants. 
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