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ABSTRACT 

In the present study crude and partially purified extracts of leaves of Terminalia arjuna were assayed for antifungal activity 
against Pythium aphanidermatum by Poisoned foood technique. The test fungus was isolated from diseased rhizome of ginger which 
was procured from Jhadol (Udaipur). Partially purified extracts of leaves of test plant were analyzed for presence of secondary 
metabolite like flavonoids, alkaloids, volatile oil, steroids, tannin, carbohydrate, fat and saponin by qualitative phytochemical analysis. 
Standard fungicide Bavistin was also assayed by poisoned food technique against the test fungus. 

Among the crude extracts 50% hydroalcohol gave the best result. No inhibition was observed in aquous crude as well as 
partially purified extract.  Further among the partially purified extracts the acetone showed the best activity and gave 31.8% mycelia 
growth inhibition against P. aphanidermatum. Bavistin showed 90.14% mycelia growth inhibition. 

Results obtained showed presence of various secondary metabolites in different organic solvents in the leaves of test plant as 
well as antifungal activity against Pythium aphanidermatum.    

 
Keywords: Terminalia arjuna, Pythium aphanidermatum, Secondary Metabolites, Poisoned Food Technique, Phytochemical  
                    Analysis. 
 
INTRODUCTION 
Plant 

Terminalia arjuna (Roxb.) Wight & Arn. Commonly known as “Arjun”.  T. arjuna is a deciduous and evergreen tree belongs 
to family Combretaceae. Arjun, holds a reputed position in both Ayurvedic and Yunani systems of medicine. T.arjuna has important 
pharmacological, ethnomedical, phytochemical, clinical, pharmacognostical significance. It is also reported that T. arjuna also has 
anti-inflammatory, anti-mutagenic, antioxidant, hypotensive, anti-atherogenic, and anti-carcinogenic activity (Amalraj and Gopi 
2017). 
 
Ginger 

Ginger (Zingiber officinale) a perennial rhizomatous herb, belongs to the family Zingiberaceae. Ginger is an important 
commercial cash crop of this family grown for its aromatic rhizomes which are used as a spice and a medicine, and also an important 
foreign exchange earning crop (Poudyal, 2012). India is a major producer of ginger in the world it is also the largest exporter all over 
the world. 

 
Ginger is commonly used to treat various types of “stomach problems,” including motion sickness, morning sickness, colic 

upset, gas, diarrhea, nausea, cancer treatment and vomiting. Other uses include pain relief from arthritis or muscle soreness, menstrual 
pain, upper respiratory tract infections, cough and bronchitis. In foods and beverages, ginger is used as a flavoring agent it is also used 
for fragrance in soaps, cosmetics, as an ingredient in laxative, anti-gas, and antacid medications etc. Ginger has also important 
including its antimicrobial, anti-inflammatory, blood pressure-lowering, cholesterol-lowering, antiplatelet aggregation, 
chemopreventive, antioxidant, and hypoglycemic properties. 

 
Soft Rot 

Soft rot is one of the most destructive diseases of ginger caused by Pythium that results in heavy yield losses. The disease is 
also known as rhizome rot or Pythium rot. Eleven species of Pythium were listed by Dohroo, (2005) as causal organism of soft rot of 
ginger in different parts of the world, but the species most commonly associated with soft rot of ginger is P. aphanidermatum 
(Poudyal, 2012; Agripedia, 2014).  

 
The disease is both soil as well as seed-borne. Pythium infection can occur at all stages in ginger plant during growth even at 

storage condition. Roots, developing rhizome, buds, and collar regions are mainly affected (Dohroo, 1993). The fungus multiplies 
with the availability of water and soil moisture. The disease spreads either through diseased rhizomes or through the spores present in 
the soil.  
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MATERIALS & METHODS 
Plant Collection and Identification: Fresh plant leaves of Terminalia arjuna were collected from Garden, University College 

of Science, Mohanlal Sukhadia University, Udaipur, Rajasthan, India. The herbarium specimen was identified by Dr. Vinod Maina, 
Head, BSI (Botanical Survey of India) Jodhpur, Rajasthan, India, where a specimen voucher no. T.A. 021 was deposited.  

 
For the use of T. arjuna in the study leaves were first disinfected with 0.1% HgCl2 and subsequently washed twice with 

distilled water, shade dried and mechanically powdered. Dried and powdered leaves were used for preparation of crude as well as 
partially purified extracts. 

 
Extract Preparation 

Cold as well as hot extraction procedures were followed to procure crude and partially purified fractions respectively.  
 
Cold Extraction 

Crude extracts were prepared according to the method as suggested by Shadomy and Ingraff, (1974). According to this 
method cold extraction was done in water, 50% hydro alcohol as well as in absolute alcohol. 20 gm dried powdered plant leaves were 
suspended in 100 ml of solvents in separate flasks (alcohol,water and 50% hydro alcohol) for 48 hrs. The suspension was then filtered 
through Whatman filter paper no.1 and vacuum dried with the help of rotary vacuum evaporator. The dried residue was used as extract 
and solvent was recycled.  
 
Hot Extraction 

Reflux method of solvent extraction was used for successive separation of different partially purified organic constituents 
present in dried plant material by following the procedure as suggested by Harborne, (1984) and Kokate et al. (1990). This method 
involves continuous extraction of powdered dried plant material in soxhlet apparatus with a series of organic solvents. Solvent series 
used for successive separation was as follows: Petroleum ether → Benzene → Chloroform → Acetone → Methanol → Water.  

 
40 gm dried leaves powder was kept in soxhlet extraction unit and extracted with 280 ml of organic solvents in a series of 

non-polar to polar solvents as shown above. 
 
Phytochemical Analysis 

Qualitative methods were used for the identification of different secondary metabolites or phytochemicals present in the leaf 
extracts of Terminalia arjuna. Tests were done according to methods suggested by Kokate et al. (1990).  

 
Alkaloids: Presence of alkaloids in the partially purified fractions were tested by performing Mayer's test, Wagner's test, Hager's test.  
Small amount of extract was stirred with few drops of dilute HCl and filtered. The filtrate was tested with various alkaloids and 
observed for development of coloured precipitate. 
 

Reaction with Mayer's reagent produces a cream-coloured precipitate; Hager's reagent gives yellow precipitate while 
Wagner's reagent results in formation of reddish-brown precipitate. 

 
Volatile Oils: Sudan III test was used to detect presence of volatile oils. Development of red colour on mixing with Sudan III 
indicates the presence of volatile oils.  
 
Tannins: Development of green colour on addition of FeCl3 in the extract indicates the presence of condensed tannins whereas blue 
colour indicates the presence of hydrolysable tannins. Saponin: Foam test was used to detect presence of saponins. Small amount of 
extract was diluted with 20 ml of distilled water; then shaken in graduated cylinder for 15 minutes. Formation of a layer of foam at 
surface indicates the presence of saponin.  
 
Carbohydrates: It can be detected by Molish’s test and Fehling’s test. Small amount of extract was dissolved in 5 ml distilled water 
and filtered. Development of purple colour on addition of few drops of α-napthol and concentrated H2SO4 to the filtrate indicates 
presence of sugars. Similarly small quantity of filtrate was heated with equal amount of Fehling A and Fehling B solution. 
Development of brick red colour indicates the presence of carbohydrates.  
 
Flavonoids: Alkaline reagent test was used to detect flavonoids in which a small amount of extract was mixed with aqueous NaOH. 
Development of reddish brown colour shows presence of flavonoids.   
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Sterols: Liebermann's Burchard test was used for detection of phytosterols. Small amount of extract was mixed with 2 ml CHCl3 and 
1 ml of acetic anhydride. Subsequently concentrated H2SO4 was added gradually through the side of the test tube. Formation of 
brown coloured ring at junction of two layers indicates the presence of sterols. 
 
Sample collection (Ginger): Infected ginger rhizomes along with soil attached with it were collected from ginger farms at Jhadol 
(Udaipur). Infected samples were procured in sterilized polybags. 
 
Isolation and Identification of Pythium aphanidermatum 

For isolation of test fungi the rhizomes were cut into small blocks, surface-sterilised in 0.5% sodium hypchlorite for 3 
minutes, rinsed in sterile distilled water, blotted dry on sterile filter paper and placed (3-5 mm in length) onto water agar (WA), PPP 
agar (0.10 g of pimaricin, 0.05 g of penicillin, and 0.05 g of polymyxin per liter in corn meal agar) and PARP agar (0.005 g of 
pimaricin, 0.25 mg of ampicillin, 0.01 g of rifampicin, and 0.10 g of pentachloronitrobenzene per liter in corn meal agar) (Eckert and 
Tsao, 1962; Jeffers and Martin, 2010) respectively for isolation of Pythium species. Plates were incubated in the dark at 25±1°C for 2 
days and examined for the presence of Pythium colonies. The characteristic feature of Pythium species is development of white 
cottony growth which grows faster than other fungal species, so actively growing hyphal tips from periphery of the plate extending 
from ginger block were transferred to fresh PDA medium and for cultural characteristics they were also transferred to different media 
(CMA, PCA, PDA, WA, V8A) and incubated at 28°C. Test fungi were also isolated from infected soil by using Green Pea Baits as 
well as by Serial Dilution Method by following the process as described by Sinclair & Dhingra, (1995) respectively. 
 
Pathogenicity testing 

It was done by using randomized complete-block design. Inoculum was prepared from test pathogens which were growing 
separately on potato dextrose agar (PDA). Seven days old mycelial mat of test pathogens was harvested by washing with 10 ml of 
sterile distilled water and then suspending the mycelial mat with 100 ml of tap water in a conical flask. Conical flask was placed on 
magnetic stirrer for about 1 hour to make the mycelial suspension homogeneous. Then 50 ml of mycelial suspension was used as 
inoculum to infect one month old ginger plantlets growing in 12 x 15 cm size polythene bags containing standard pot mixture.   
 
Antifungal Activity of plant Extract 

Antifungal activity of crude alcohol, 50% hydro alcohol as well as aqueous extract of various parts i.e., leaf and stem bark of 
Terminalia arjuna was done by Poisoned food technique (Groover and Moore 1962). 100 mg of extract was dissolved in 10 ml of 20% 
methanol (2ml methanol + 8ml sterilized distilled water) to prepare stock solution of 10mg/ml concentration. 1 ml of stock solution 
was added in 9 ml of freshly prepared sterilized medium. Molten sterile medium was poured into sterilized petridishes and allowed to 
solidify at room temperature. 6mm disc of fungal culture taken from three days old culture plate was placed inverted in the poisoned 
plate (PDA plate containing plant extract). Controls were also maintained along with test samples. The antimicrobial activity was 
interpreted by % inhibition in growth of test fungi. 
 
RESULT 

Phytochemical Analysis: Results of phytochemical testing of T. arjuna leaves extract obtained in different solvents are given 
in table below. Tannin was found in all fraction’s flavonoids were also present in all fractions except water, alkaloids, steroids, volatile 
oil, carbohydrates, saponin were found in different fractions but fat was absent in all the fractions studied.  
 
Table-1: Phytochemical Screening of Various Fractions of Terminalia arjuna Leaf Extract 

Fractions  Carbohydrate Steroids Volatile 
oil 

Saponins Alkaloids Tannins Fat Flavonoids 

PE +ve -ve -ve +ve -ve +ve -ve +ve 
Benzene -ve -ve -ve -ve -ve +ve -ve +ve 
Chloroform -ve -ve +ve -ve -ve +ve -ve +ve 
Acetone +ve +ve +ve -ve -ve +ve -ve +ve 
Methanol +ve +ve -ve +ve +ve +ve -ve +ve 
Water +ve +ve -ve -ve -ve +ve -ve -ve 

  + ve -Present, - ve- Absent     
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Table-2: Antifungal activity of T. arjuna crude extract against Pythium aphanidermatum 
S.No Extract Type  Test Pathogens % growth Inhibition Average Mean ± S.D 
1. Aquous P. aphanidermatum NA   NA NA NA 
2. 50% Alcohol  20.2 21.3 21.5 21.0±0.7   
3. 100% Alcohol  10.5  9.9 10.8 10.4±0.45 

             NA: No Activity 
 
Table-3: Antifungal Activity of Various Fractions of Terminalia arjuna Leaf Extract against Pythium aphanidermatum 

S.No Fraction                  % Growth Inhibition Average  Mean ± S.D 

  R1  R2  R3  
1. Petrolium 

Ether 
17.2  17.8 18.1 17.7±0.45 2 

2. Benzene 12.3  12.5  13.1  12.63±0.41 3 
3. Chloroform 9.2  9.0  8.5  8.9±0.63 4. 
4. Acetone  31.2  32.3  31.9  31.8±0.55 6 
5. Methanol 9.9. 9.5  9.5  9.63±0.23 7 
6. Water NA  NA NA NA 
7. Control (C1) NA NA NA NA 
8. Control (C2) NA NA NA NA 
9. Bavistin 89.21 90.10 91.11 90.14 

 

            
Antifungal activity of different partially purified leaf extracts of T. arjuna against Pythium aphanidermatum1.Petrolium Ether, 2. 
Benzene, 3. Chloroform, 4. Acetone, 5. Methanol, 6. Water, 7. Bavistin, 8. control/containing PDA only. 
 
DISCUSSION 

Results indicate that leaves of Terminalia arjuna exhibits the antifungal activity against ginger root causing fungi Pythium 
aphanidermatum. Secondary metabolites present in plant extracts are responsible for their potency to produce antimicrobial activity 
and important for defence mechanism. Phytochemical studies revealed the presence of steroids, alkaloids, saponins, flavonoids, 
tannins and carbohydrates in the extract.  

 
CONCLUSION 

From the above studies it can be concluded that the test plant Terminalia arjuna contains various secondary metabolites in 
leaves, which were identified in different organic solvents. From various solvents used the acetone extract showed the highest activity 
against the test fungus Pythium aphanidermatum. Hence it can be concluded that the test plant, plant powder/extract/combination of 
herbal contents like cow-dung or oil cakes with plant powder can be used against the test fungi against the synthetic fertilizers to 
combat with the notorious pathogen like Pythium. 
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