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ABSTRACT 
 
Present study was conducted at Department of Botany, Lahore College for 
Women University, Lahore, Pakistan during 2011 to investigate antifungal 
potential of Alstonia scholaris L. against Fusarium solani (Mart) Sacc. In vitro 
screening of leaves and bark of A. scholaris was conducted and various 
concentrations (0, 1, 2, 3, 4 & 5%) were made as treatments T0, T1, T2, T3, T4, T5, 
by adding stock solutions in the ME medium. Control treatments were without 
any addition of the plant extracts. Chloromycetin @ 50 mg  per 100 ml was 
added to avoid bacterial growth. from methanolic extract of leaf and bark. A. 
scholaris leaves extract showed higher antifungal effects over the bark extract 
as observed on in vitro growth of F. solani. Maximum reduction in dry biomass 
of the test fungus (8.14 %) was observed in T1 which was found highly effective 
against F. solani in in vitro bioassay and was selected for bioassay guided 
fractionation. Various organic fractions n-hexane, chloroform, ethyl acetate and 
n-butanol were isolated from this methanolic extract. MIC (minimum inhibitory 
concentration) assay was conducted with these isolated fractions and synthetic 
fungicide Puslan (Metalaxyl + Mancozeb, 72 WP). All the fractions and fungicide 
were serially diluted and various concentrations ranging from 250 to 0.49 mg 
per ml

 
were made. Spore suspension of the test fungus was added in each 

concentration and spore germination and mycelium growth was studied for 24, 
48 and 72 hours of incubation. The chloroform fraction of A. scholaris and 
Puslan (fungicide) effectually reduced the spore germination of F. solani after 
72 hours incubation period with MIC value of 0.49 mg per ml MIC. 
 
KEYWORDS: Alstonia scholaris; Fusarium solani; antifungal; methanolic 

extract; phytopathogenic; fusarium wilt; Pakistan. 

 
INTRODUCTION 

 
The plants extracts have the curative ability, for centuries they are used in 
controlling diseases, but very little work has been done to find out their 
antifungal activity (16, 7). Fusarium solani (Mart.) Sacc, is a destructive 
fungus causing wilt and rot diseases in a large number of plants especially in 
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soybean, tomato, potato, pea and cucurbita spp. (36). This phytopathogenic 
filamentous fungus produces highest damage at low temperature where low 
moisture content also prevails (9, 21). F. solani is a soil borne fungus, it 
produces various symptoms like wilting, chlorosis, early flowering and 
cracking of stem (4). To control this devastating fungus wide range of cultural 
practices and many biopesticides are used throughout the world. Use of 
resistant varieties is another way to control this disease and various varieties 
like Goldrush and Tinian of sweet potato were developed by the scientists but 
did not prove resistant against the pathogen. 
 

Synthetic fungicides are the successful source to combat plant pathogens; 
one example is carbendazim which is used to kill F. solani mycelium (19). 
Use of plant based natural products is a good alternative to synthetic 
fungicide as they are cost effective and non toxic to other biota. Plant extracts 
have the ability to reduce losses caused by pathogenic fungal diseases 
(1,12,15,25,34). Allelopathy is another phenomenon that refers to the 
secondary metabolites produced by one plant or microbe that may be harmful 
or beneficial to the other plant or microbe. This fact has been broadly studied 
in grasses, crop plants, weeds and trees (3,10,26,28). Allelochemicals are 
secondary metabolites including phenolic acids, flavonoids, terpenoids, 
alkaloids that are leaechets, root exudates and decomposed plant residues 
(20) and these allelopathic products of plants found successful in control of 
plant pathogens (29). 
 
Alstonia scholaris,  is well known allelopathic plant used to cure a range of 
diseases and also have strong antimicrobial activity. All the parts of A. 
scholaris contain bioactive compounds particularly leaves. Arulmozhi et al. (5) 
stated that variety of chemical compounds has been isolated form A. 
scholaris i.e. echitamine, ditamine, echicaoutchin, echitenine, losbanine (6,7-
seco-6-norangustilobine B), sitosterol, 17-OAcetylechitamine, ursolic acid, 
caoutchouc, flavonoids, betulin, n-hexacosane,  scholarine, areline,  phenolic 
acids, alschomine, tetra-hydroalstonine. Wang, Fei et al. (33) also isolated 
2,3-secofernane triterpenoids, indole alkaloid, N1-methoxymethyl picrinine 
and alstonic acids A and B. This study was, therefore, aimed to check the 
methanolic leaves and bark of A. scholaris for the evaluation of antifungal 
activity against Fusarium solani.  

 

MATERIALS AND METHODS 
 

Present study was conducted at Department of Botany, Lahore College for 
Women University, Lahore, Pakistan during 2011, to investigate antifungal 
potential of Alstonia scholaris L. against Fusarium solani (Mart) Sacc: a 
pathogen for wide range of economically important plants.  
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Collection of A. scholaris test plant materials 
 
A. scholaris leaves and bark were collected, thoroughly washed under tap 
water and surface sterilized with 1% sodium hypochlorite solution followed by 
sterilized water. These materials were carefully dried in an electric digital 
drying oven at 40 °C and crushed thoroughly to form powder. 
 
Procurement and culturing of F. solani 
 
F. solani pure culture was obtained from the First Fungal Culture Bank of 
Pakistan, Institute of Agricultural Sciences, University of Punjab, Lahore. This 
pure culture of test fungus was multiplied on malt extract agar (MEA) medium 
in petri plates and incubated for further studies.  
 
Preparation of organic solvent extracts 
 
Twenty grams powdered plant materials was weighed on digital weighing 
balance A x 120 and were soaked in 100 ml methanol (A.R grade) so as to 
get 20 percent methanol extracts. It was left for 3 days at room temperature 
and filtered through an autoclaved muslin cloth. Filtrate was evaporated to 
reduce the volume to 2 ml and volume made up 100 ml by adding distilled 
water. Malt extract (ME) medium was prepared by autoclaving at 121°C and 
cooled down to 50 – 55 ±°C. Various concentrations (0%, 1%, 2%, 3%, 4% & 
5%) were prepared as treatments T0, T1, T2, T3, T4, T5, by adding stock 
solutions in the ME medium. Control treatments were without any addition of 
the plant extracts. Chloromycetin @ 50 mg per 100 ml was added to avoid 
bacterial growth. 
 
Bioactivity of organic solvent extract 
 
In vitro bioassays were carriedout with organic solvent (methanol). Mycelial 
discs of F. solani were prepared using a sterilized 5 mm diameter cork borer 
from tips of 7 days old fungal culture and transferred to each flask. Each 
treatment was replicated three times. Flasks were incubated at room 
temperature for 7 days and the fungal biomass from each flask was filtered 
and dried to constant weight in an electric oven and weighed. Percentage 
growth inhibition of the fungal biomass was calculated by applying the 
following formula: 
 
                                          Growth in control – Growth in treatment 
Growth inhibition (%) = ————————————————————× 100 

                 Growth in control 
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Partitioning of plant material 
 
Leaves of A. scholaris were partitioned with organic solvent in increasing 
order of polarity; n-hexane, chloroform (CHCl3), ethyl acetate (EtOAc) and n-
butanol, respectively. 408g powdered leaves of A. scholaris were thoroughly 
extracted with methanol (MeOH) (1.75 L) at room temperature. The extract 
was evaporated under vacuum on rotary evaporator at 40ºC, yielded 25 g 
sticky mass. This 25 g methanolic extract was partitioned between n-hexane 
and water. The aqueous fraction was repeatedly partitioned with chloroform, 
ethyl acetate and n-butanol (2) by using separating funnel. This partitioning 
gave gummy mass of n-hexane (1 g), chloroform (1 g), ethyl acetate (3 g), n-
butanol (3 g) and remaining (23 g) water fraction. 
 
Bioactivity of isolated organic fraction  
 
Bioactivity of four organic solvent fractions i.e. n-hexane, chloroform, ethyl 
acetate and n-butanol of leaves of A. scholaris were investigated against F. 
solani by minimum inhibitory concentration assay ( MIC). The values of these 
fractions alongwith a reference synthetic fungicide Puslan (Metalaxyl + 
Mancozeb, 72WP) were tested in test tubes by the serial micro dilution assay 
with little amendment (18). The highest concentration of 0.25 g per ml was 
prepared by dissolving 1g of each extract in 2 ml of dimethyl sulfoxide 
(DMSO) and 2 ml of distilled water. This concentration was further serially 
double diluted and the minimum applied concentration was 0.49 mg per ml. 
Seven days old fungal culture was added to fresh prepared nutrient medium 
to reach a final concentration of 1 × 105 and 100 µL of the suspension was 
added to test tubes having 16 cm length and 1.6 diameters. Test tubes 
containing only DMSO and distilled water were used as control. These test 
tubes were incubated at 25-30 °C. MIC was calculated after 24, 48 and 72 
hours. The growth of fungal mycelium was determined visually by using an 
inverted microscope. 
 
Statistical analysis 
 
Data were statistically analyzed using analysis of variance (ANOVA) followed 
by Duncan’s multiple range test (DMR) (31).  

 
 

RESULTS AND DISCUSSION 
 
Data (Fig 1A, 2A) revealed that both leaves and bark methanolic extracts of 
A. scholaris showed antifungal activity. All the applied concentrations of leaf 
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extracts inhibited the growth of F. solani significantly. However, T1 was found 
highly effective followed by T4 and T5  (8.14 & 5.18%). Although T2 and T3 
were found least effective against the test fungus F. solani. Madan, et al. (24) 
also evaluated that organic solvent extract of A. scholaris  poses strong 
antimicrobial activity. Methanol bark extract of A. scholaris exhibited less 
antifungal potential as compared to leaf on growth of F. solani. Reduction in 
test fungal biomass was observed in T1 (5.18%) and T2 (1.18%). 

 
  
Fig.  1 (A & B). A. scholaris methanolic leaf and bark extracts effects on in 

vitro growth of  F. solani. Significant different showed by 
letters values obtained from DMRT. Standard errors 
represented by vertical bars. 

 

While other applied concentrations stimulated the fungal growth (Fig 1B, 2B). 
Antifungal potential of A. scholaris studied by earlier scientists also support 
our findings (13, 14, 30). The toxicity of A. scholaris might be due to the 
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nucleophilic and electrophilic systems present in plants and their action in 
coordination with proteins might lead to the strong antifungal activity (23). 
Phytochemical analysis of A. scholaris showed the presence of rhazimanine 
indole alkaloid, sitsirikines indole alkaloid and alstonamine which might be 
responsible of A. scholaris antifungal activity (6, 27, 37). 

 

 
A: Leaf extract 

 

 
 

B: Bark Extract 
 

Fig. 2 (A & B). Increase/decrease in F. solani biomass in percentage 
due to the effects of methanolic leaves and bark extract 
of A. scholaris. 

 

MIC bioassay was performed with n-hexane, chloroform, ethyl acetate,         
n-butanol and fungicide Puslan (Metalaxyl+Mancozeb, 72WP). Various 
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concentrations (0.49 mg/ml and 250 mg/ml) were made to test MIC against F. 
solani after 24, 48 and 72 hours incubation period (Table. 1).  
 
Table 1. MIC values of various organic fractions of methanolic leaf extract of A. 

scholaris and fungicide against Fusarium solani, after 24, 48 and 72 hours 
incubation periods.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mycelium present: + Mycelium absent 

 
 
Results obtained after 72 hours incubation period revealed that Puslan 
(metalaxyl + mancozeb 72 % WP) and chloroform fractions were found most 
effective in reducing the fungal growth and spore germination of F. solani with 
an MIC value of 0.49 mg per ml. It was observed by earlier scientists that 
chloroform fraction isolated from different plants have antifungal potential 
against a number of phytopathogenic fungi (11,17,35). Followed by  
 
 
 
 
 
 
 
 
 
 
Results obtained after 72 incubation period revealed that Puslan (metalaxyl + 
mancozeb 72% WP) and chloroform fractions were found most effective in 
reducing the fungal growth and spore germination of F. solani with an MIC 
value of 0.49 mg/ml. It was observed by earlier scienctists that chloroform 
fraction isolated from different plants have antifungal potential against a 

Fractions 
Concentration ( mg ml

-1
) 

250 125 62.5 31.25 15.62 7.81 3.90 1.95 0.98 0.49 

                     After 24 hours incubation 

Control (H2O) + + + +  + + + + + + 

Control (DMSO) - - - - - + + + + + 

n-Hexane - - - - - - - - - + 

Chloroform - - - - - - - - - - 

Ethyl acetate - - - - - - - - - - 

n-Butanol - - - - - - - - - + 

Metalayl + 
Mancozeb 

- - - - - - - - - - 

                     After 48 hours incubation 

Control (H2O) + + + + + + + + + + 

Control (DMSO) + + + +      + + + + + + 

n-Hexane - - + + + + + + + + 

Chloroform - - - - - - - - - - 

Ethyl acetate + + + + + + + + + + 

n-Butanol + + + + + + + + + + 

Metalayl + 
Mancozeb 

- - - - - - - - - - 

                    After 72 hours incubation 

Control (H2O) + + + + + + + + + + 

Control (DMSO) + + + + + + + + + + 

n-Hexane + + + + + + + + + + 

Chloroform - - - - - - - - - - 

Ethyl acetate + + + + + + + + + + 

n-Butanol - - - - - + + + + + 

Metalayl+ 
Mancozeb 

- - - - - - - - - - 
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number of phytopathogenic fungi (11, 17, 35). Followed by chloroform, n-
butanol fraction also displayed distinct antifungal potential with 15.62 mg/per 
ml MIC. Dimethyl sulphoxide (DMSO) and aqueous treatments encouraged 
the fungal spore germination while n-hexane and ethyl acetate were not 
found effective against F. solani. Similarly, ethyl acetate and n-butanol 
fraction retarded Alternaria solani spore germination (13). The nature of 
compounds is variable and probably different solvents are preferred by 
different compounds that lead to variable antifungal activity of tested organic 
fractions. Versha et al (32) studied the antifungal activity of leaves of A. 
scholaris and observed that extracts of chloroform showed pronounced 
antifungal effects against Aspergillus niger and A. flavus. A. scholaris 
contains echitenines, ditamine,  ditaine, fatty acids, alkaloids and resinous 
material (5,8,22) which might be responsible for its strong antifungal potential.  
So, the chloroform fraction was found highly antifungal and this may be 
further used for the isolation of natural antifungal compounds.  

  
CONCLUSION 

 
 It was concluded that leaves of A. scholaris were extremely antifungal against 

F. solani, so the chloroform fractions of this plant should be further 
investigated to isolate pure compounds which would be used as nature 
friendly biofungicides against Fusarium solani. 
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