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ABSTRACT 

Total phenols and ortho-dihydroxy phenols from healthy and Sclerotium rolfsii inoculated hypocotyls 

regions of groundnut plants were estimated at different stages of disease development after 10 days of 

inoculation. The contents of total phenol and ortho-dihydroxy phenols were increased throughout the 

sampling period of the disease compared to healthy plants. Phenylalanine ammonia lyase (PAL), 

Polyphenol oxidase   (PPO) and Peroxidase (PEO) activities were also increased at different stages of 

disease development. The results showed that the changes in the levels of phenols, ortho-dihydroxy 

phenols and the enzymes like PAL, PPO and PEO form an important part in the resistance mechanism of 

the groundnut plants against infection with S.rolfsii. 

Keywords: Sclerotium rolfsii, phenols, defence response, phenyl ammonia lyase, peroxidase, 

polyphenol oxidase, groundnut 

 

INTRODUCTION 

Among the soil-borne fungal diseases of 

groundnut, stem rot or southern blight caused by 

S.rolfsii (Doidge and Bottomly, 1931) is a 

potential threat to groundnut production and is of 

considerable economic significance for groundnut 

grown under irrigated conditions (Tiwari et al., 

2004; Ganesan et al., 2007). S.rolfsii causes severe 

damage during any stage of crop growth (Cilliers 

et al., 2000; Ganesan et al., 2007) and attacks all 

parts of the plant but stem infection is the most 

common and serious and yield losses over 25% 

have been reported (Mayee and Datar, 1988). 

Resistance in plants towards pathogens depends on 

various factors. Several authors have demonstrated 

a distinct correlation between the degree of plant 

resistance and phenolics present in plant tissues 

(Nicholson and Hammerschmidt, 1992; Bhagat 

and Chakraborty, 2010). The role of phenolic 

compounds in the host-pathogen interaction is well 

established (Sarma et al., 2002) and constitutive 

phenolics are known to confer resistance indirectly 

through activation of post-infection responses in 

the host. Several studies have shown that some 

phenolics are inhibitors associated with non-host 

resistance (Nicholson and Hammerschmidt, 1992) 

whereas others are formed or increased in 

response to the pathogen infection, and are 

considered to be an important component in the 

defence response of the host to the pathogen 

(Punja et al., 1985; Nicholson and 

Hammerschmidt, 1992) Present investigation was 

undertaken to study the role of phenolics during 

the progression of disease development. 

 

MATERIALS AND METHODS 

Isolation of pathogen:  

During the survey of groundnut fields around 

Srikalahasti and Tirupati areas of Chittoor District, 

and also other Rayalaseema Districts of A.P. 

Sclerotium rolfsii was found to be associated with 

the infected hypocotyls region of groundnut 
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variety TMV-2 at early stages of growth and 

development. The plants showing stem rot or 

southern blight symptoms were brought to the 

laboratory for making isolation according to the 

tissue segment method on PDA, pure culture was 

obtained by transferring the sclerotia to PDA 

plates. The stock culture was maintained on PDA 

slants in a refrigerator at 10ºC and subcultured for 

every two months. 

Disease development 

Method of raising plants: High quality seed 

material (average 95% germination) of groundnut 

variety TMV-2 was obtained from the local 

Agricultural Research.  Sound seeds were surface 

sterilized with 0.1% mercuric chloride for 2-3 min 

followed by repeated washings with sterile water 

and sown in sterilized soil contained in seed pans. 

The seeds germinated and emerge in 4-5 days. 

One week old seedlings were used for inoculation 

purposes. 

a)  Inoculation: 

Ten days old oatmeal-sand culture of S.rolfsii was 

thoroughly mixed with sterilized soil at 10%. This 

inoculum-soil mixture was then distributed in 12" 

diameter earthenware pots and left undistributed 

for two days. After this period, one week old 

seedlings grown in seed pans were lifted carefully 

without causing much damage to the root system 

and transplanted into the pots. They were watered 

on alternate days and kept in an open atmosphere.   

c). Disease indexing: The plants were periodically 

examined for the progress of the disease. Samples 

were collected at random from four pots each time 

at ‘0’ hours, 2 days, 5 days, 9 days and 11 days 

after inoculation. The pots, from which samples 

drawn were rejected.  Almost all the seedlings 

collapse by 11 days after transplantation. The 

progress of disease in the hypocotyls of the 

seedlings could be differentiated into the following 

five fairly distinct stages, on the basis of lesion 

development.  

Stage 1: (0 hours, i.e. immediately after 

inoculation): Healthy seedlings 

Stage 2: (2 days after inoculation): The early or 

young phase, characterized by water-

soaked appearance of invaded portions 

of hypocotyls which remained almost 

colourless or were light brown in colour.  

Stage 3:(5 days after inoculation): The 

intermediate stage, in which the lesion 

surface become brown to dark brown in 

colour. 

Stage 4: (9 days after inoculation): Well 

developed, dark necrotic lesions often 

girdling hypocotyls. This marks the final 

stage in lesion maturation. The lesions 

also show sunken appearance.                                                                            

Stage 5:(11 days after inoculation): Characterized 

by dry appearance of the lesion surface. 

Downward destruction or rotting of the 

tap root occurs and then the seedlings 

wilt and die. 

Symptoms characteristic of each of the above 

stages of lesion maturation are shown in Figure 1.     

Collection of host tissue 

For extraction of phenolics, hypocotyl regions 

with lesions and the corresponding hypocotyl 

portion of healthy seedlings were collected at the 

five different stages of lesion development cited 

above. They were washed thoroughly with 

distilled water to remove adhering soil particles 

and used immediately for extraction. 

Extraction and estimation of phenolics:   

The method of extraction was similar to that 

described by Mahadevan et al., (1965). The plant 

material was chopped into small pieces and one 

gram of the material was transferred to about 10 

ml of boiling 80% ethanol, extracted for five 

minutes on a boiling water bath by refluxing and 

cooled in tap water. The material was 

homogenized in a mortar with pestle and squeezed 

through a wet cheese cloth. The material was 

transferred back to a small quantity of fresh 

boiling 80% ethanol and reextracted for five 

minutes. Both the extracts were pooled and 

centrifuged. The supernatant was concentrated on 

boiling water bath to 5 ml. 
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Estimation of ortho-dihydric phenols: 

Ortho-dihydric phenols (OD) were estimated by 

employing Arnow’s reagent, which is specific to 

ortho groups (Johnson and Schaal, 1957).  To one 

ml of the ethanol extract in a test tube, one ml of 

0.5 HCl, one ml of Arnow’s reagent and 2 ml of 

1N NaOH were added. The volume was raised to 

12.5 ml with distilled water and the light pink 

colour which developed immediately was read in 

Spectrnic-20 colorimeter at 522 nm. A reagent 

blank was obtained with one ml of distilled water 

instead of ethanol extract. The quantity of OD 

phenols in the sample was calculated from a 

standard curve prepared for an authentic sample of 

catechol. 

Estimation of total phenols: 

To one ml of ethanol extract in a test tube, one ml 

of Folin-Ciocalteu reagent and 2 ml of 20 per cent 

sodium carbonate were added. The mixture was 

heated on a boiling water bath for exactly one 

minute and cooled, resulting in the development of 

blue colour. It was diluted to 25 ml with distilled 

water and absorbance was determined in 

Spectronic-20 colorimeter at 725 nm. A blank was 

maintained with one ml of distilled water in the 

place of ethanol extract. Total phenols were 

calculated from the standard curve plotted for 

catechol. 

Extraction and assay of Polyphenol oxidase and 

peroxidase: 

The procedure adopted for determining the 

activities of polyphenol oxidase (PPO) and 

peroxidase (PEO) was essentially that of 

Fahrmann and Dimond (1967).In a chilled glass 

mortar (0
0
C) 0.5 g of freshly harvested material 

was ground with 20 ml of 0.1M ice cold phosphate 

buffer and centrifuged at 2000 rpm for 10 minutes. 

The supernatant was made up to 25 ml and used 

for assay. The enzyme extracts were prepared in 

buffer of pH 6.1 for PPO and pH 7.2 for PEO.  

To determine the PPO activity, catechol (0.1 M) 

was used as the substrate. The reaction mixture 

consisted of, 0.5 ml of enzyme extract, 0.2 ml of 

0.1 M catechol, 2.3 ml of 0.1 M phosphate buffer 

pH 6.1. Change in absorbance at 400 nm at 

intervals of 15 seconds from zero time of reaction, 

was determined using a Spectronic-20 colorimeter. 

For PEO activity the reaction mixture was 1ml of 

enzyme extract, 0.1 ml of 0.2M pyrogallol and 0.5 

ml of 0.01M hydrogen peroxide.  Activity 

was measured by the change in absorbance at 430 

nm at 15 sec intervals from zero time. Specific 

activity of the enzyme was calculated according to 

the method of Fric and Fuchs (1970) and 

expressed as per mg protein. 

Extraction and assay of Phenylalanine 

ammonia lyase (PAL-ase) activity: 

The activity of phenylalanine ammonia – lyase 

(PAL-ase) was determined according to the 

method of Biehn et al., (1968) with slight 

modifications. One gram of freshly harvested 

material was ground in a chilled mortar  with 10 

ml of ice cold 0.1M borate buffer, pH 8.8, at 4-5
0
C 

in cold room. The homogenate was filtered 

through several layers of muslin cloth. The extract 

was then centrifuged in the cold at 10,000 g for 30 

min. The supernatant was made up to 15 ml and 

used for the assay of PAL-ase activity. The 

reaction mixture consisted of 2 ml of enzyme 

extract, 1 ml of 0.05M L-phenylalanine and 2 ml 

of 0.1M borate buffer pH 8.8. The reaction 

mixture was incubated for 1 hr in a test tube at 

40
0
C and then the reaction was stopped by adding 

0.1 ml of 5 N HCl. A zero time control prepared as 

described above was assayed at the same time. 

The acidified reaction mixture was evaporated to 

dryness, the residue dissolved in 0.05 N NaOH 

and the absorbancy were measured at 268 nm in 

Hilger and Watts Spectrophotometer.  The values, 

in terms of cinnamic acid formed    were 

calculated from a standard curve prepared for 

known amounts of cinnamic acid. 

 

RESULTS 

Ortho-dihydroxy phenols of healthy and S.rolfsii 

inoculated hypocotyls of different stages of 

disease development were extracted after 10 days 

of inoculation. Results (Figure 2) showed that 
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ortho-dihydroxy phenols (OD phenols) in healthy 

groundnut hypocotyls increased gradually 

throughout the sampling period. The inoculated 

plants contained higher concentrations of OD 

phenols, as compared with healthy ones, from the 

time of initiation of the disease. At later stages of 

disease development, when the rotting developed 

fully, the extent of increase was significant.  

Similarly results revealed that the total phenol 

content also increased slightly with age, in healthy 

plants. Infection with S.rolfsii was associated with 

more increase in total phenol content of the 

infected hypocotyls. 

Changes in enzyme activities 

Polyphenol oxidase (PPO) 

The results (Figure 3) PPO activity was increased 

with increasing the stages of disease development. 

The activity of the enzyme showed slight and 

gradual increase in the healthy hypocotyls. 

Infection had a pronounced effect on PPO activity 

and resulted in steep increase at various stages of 

disease development. 

Peroxidase (PEO): 

Infection resulted in considerable increase in the 

activity of peroxidase at all stages of disease 

development (Fig. 3) compared with the 

corresponding healthy controls. The activity of 

peroxidase showed a slight and gradual increase in 

the corresponding infected hypocotyls. 

Phenylalanine ammonia-lyase activity (PAL-

ase):  

Results (Fig.3) showed that PAL-ase activity of in 

healthy plants, the activity was increased gradually 

throughout the experimental period. In infected 

plants, its activity was also higher as compared 

with healthy controls. The increase was more 

pronounced from stage 3 onwards. 

 

DISCUSSION 

In the present study, total and ortho-dihydric 

phenols increased with the disease development 

compared to healthy seedlings. Increased synthesis 

of existing phenolic compounds, synthesis of new 

compounds and increased activity of phenolase are 

typical symptoms of diseased plant tissues. 

Perturbations in phenolic metabolism due to 

infection by a wide range of fungal pathogens 

have long been recognized and have been covered 

in a number of reviews (Rohringer and 

Samborskui, 1967; Gupta et al., 1987).    

The role of phenolic compounds in the host-

pathogen interaction is well established and 

constitutive phenolics are known to confer 

resistance indirectly through activation of post-

infection responses in the host (Sarma et al., 

2002). Several studies have shown that some 

phenolics are inhibitors associated with non-host 

resistance (Nicholson and Hammerschmidt, 1992) 

whereas others are formed or increased in 

response to the pathogen infection, and are 

considered to be an important component in the 

defense response of the host to the pathogen 

(Hammerschmidt et al., 1982; Punja et al., 1985; 

Nicholson and Hammerschmidt, 1992; Bhagat and 

Chakraborty., 2010) Present investigation revealed 

marked increase in total phenol content in the 

infected tissues than in the healthy ones. This 

suggests an increased synthesis of phenols not 

only with aging of plants but also their further 

stimulation as a result of infection. Increase in 

total phenol content in infected plants was also 

observed by several workers in various host-

pathogen interactions (Farkas and Kiraly, 1962; 

Reddy and Rao, 1974; Brahamchari and Kolte, 

1983; Mahto et al., 1987; Sindhan and Jaglan, 

1987; Padmanabhan et al., 1988). 

The content of ortho-dihydric phenols also 

increased predominantly with infection. Similar 

results were also observed by others in many host 

pathogen interactions (Sharma et al., 1983; Gupta 

et al., 1985; Sindhan and Jaglan, 1987). These 

phenols are resistant factors because they become 

highly reactive upon oxidation and may result in 

the formation of substances toxic to the pathogen 

or which inactivate enzymes including hydrolytic 

enzymes produced by plant pathogenic fungi 

(Byrde, 1963; Patil and Dimond, 1967).The 

increased accumulation of phenols in the infected 
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tissues may be explained by their release from the 

glycosides or esters by enzymatic (β-glycosidase) 

activity of the pathogen and /or the host tissues 

(Noveroske et al., 1964 a; Pridham, 1965), 

enhanced synthesis by the host, through shikimic 

acid pathway (Neish, 1964), production of 

phenolic compounds by the parasite (Farkas and 

Ledingham, 1959)   or migration from uninfected 

tissues (Rubin and Artsikhovskaya, 1964). 
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Fig. 1: Groundnut seedlings inoculated with S.rolfsii.  Stage-1 (immediately after inoculation), 2, 3, 4 & 5 

of disease development on stems until the maturation of lesions. 
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Fig.2:Effect of S.rolfsii infection on ortho-dihydric phenols and total phenols of groundnut hypocotyls at 

different stages of disease development.  Results are expressed as mg/g fresh weight material in both healthy 

and infected tissues. 
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Fig.3 Effect of S.rolfsii infection on the activity of enzymes (polyphenol oxidase, peroxidase and 

phenylalanine ammonia – lyase, of groundnut hypocotyls at different stages of disease development 
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