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ABSTRACT 

The present investigations on Alternaria leaf spot of cabbage caused by Alternaria brassicicola (Schw.) were 

undertaken with regard to occurrence, identification, pathogenicity, epidemiology and management of the 

Alternaria leaf spot through chemical and non-chemical methods. Pathogenicity tests was used to confirm 

the pathogenicity of fungus which was isolated from leaves. In dual culture test of bio control 

microorganisms with Alternaria brassicicola showed that Trichoderma harzianum had more mycelia growth 

inhibition of pathogen was 40% inhibition over control B. bassiana and T. polysporum was proved to be 
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second best BCAs which inhibit the growth percentage. By using different fungicides, management of 

Alternaria leaf spot were done and epidemiological data was collected. In-vitro evaluation of fungicides 

against Alternaria brassicicola showed that at 500ppm of all fungicides were effective and higher gave 100% 

inhibition. But 500ppm is quite environmental friendly and disease killer too. In-vitro evaluation of different 

plant extracts against Alternaria brassicicola showed that neem and garlic extract showed better results as 

compared to others. The epidemiological studies revealed that moderately low temperature coupled with 

wet humid conditions prevailing during cropping season favor the rapid Alternaria leaf spot development 

on cabbage crop. The study further indicated the positive correlation of the disease progression with 

rainfall and relative humidity where in these meteorological parameters contributed to the extent of 

99.99% towards the development of Alternaria leaf spot. 

Key words: Cabbage, Alternaria leaf spot,  

INTRODUCTION 

Cabbage belong to family Brassicaceae. A cabbages heads are made up of numerously thick, overlapped 

smooth leave that covered smooth terminals buds. Sometime small head of 5-7.5cm in diameters which 

are known as 'cabbages sprout' have no commercially important. Generally, it is biennial but it grows in 

Pakistan as annual crop (Kemp et al., 2008). It grows best in cooled moist climate. In area with comparative 

drier atmosphere, its leave tends to more distinct petioles than in the more humid area. In hot drier 

atmospheres, its qualities become poor. Its germinations are better at soil temp of about 55°-60°F. Temp 

below these and above these are not suited. Well harden seedling could tolerate temp of 21°F-25F. It is 

grown mainly as rabi crop during winter (Maude and Humpherson-Jones, 1999).  Cabbage is an excellent 

source of vitamins C, B, K and Ca. (Hasan and Solaiman, 2012). Cabbage is having several medicinal 

properties. The American Cancer Society and the National Research Council have recommended increased 

consumption of cabbage to lower down risk of certain types of cancer (Birt, 2011). As the second largest 

producer of cabbage is Pakistan in the world, next to China, accounting for 16.55 per cent of the world area 

and 12.79 per cent of the world production (NHB, 2015). Among vegetables, cabbage accounts for 4.25 per 

cent of total vegetable area in Pakistan and 5.5 per cent of total production of vegetables. In Pakistan, it is 

grown in an area of 4.00 lakh hectare with an annual production of 9.03 million metric tons with 

productivity of 22.6 MT/ha (NHB, 2015).  Alternaria leaf spot caused by Alternaria brassicicola (Schw.) is 

one of the most damaging disease of cabbage which appear in during rainy season and causing yield losses 

as high as 50 percent. Alternaria blight infection in cabbage crop reduce both quality and quantity of the 

total production. The Alternaria leaf spot infect the cabbage plant at different stages of plant growth 

including seedling, vegetative and at reproductive stages (Valkonen and Koponen, 2006). Ramsey and Smith 
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(1961) have reported the 50% reduction in the yield of cabbage, cauliflower and broccoli from these 

pathogens in wet season in Pakistan market. Alternaria brassicicola has been reported to cause economic 

losses in crucifers in several different ways (Maude and Humpherson-Jones, 1999).  Alternaria leaf spots of 

cabbages are difficult to manage because there are several source of inoculum including infect seeds, plants 

debris in the soil and nearby infect cruciferous crops and the disease spread rapidly during warm and wet 

conditions affecting significant proportion of the cabbage crop. A. brassicicola (darker leaf spot) are 

common on crucifer vegetables and they have been stated from almost every part of the world on cabbage 

hosts. Black spots diseases are a necro-trophic fungal pathogen including economically important Cabbage 

species (Robert et al., 2004). The study revealed the olive grey to greyish black mycelium with frequent 

septation at regular interval. The study further revealed that conidiophores of Alternaria brassicicola were 

olivaceous, septate and branched while conidia were darker cylindrical to oblong and produced in chains 

of 8-10 spores. The conidia were devoid of any prominent beak and found to have 5-8 transverse and 0-4 

longitudinal septation (Humpherson Jones, 2001). The temperature ranges of 18-24ºC as an optimum 

temperature for sporulation of Alternaria cabbage and 20-30ºC for Alternaria brassicicola where spores 

are produced at 12-14h in both of the fungi (Humpherson and Phelps 2001). The field studies conducted 

by (Sinha et al., 2002) revealed rapid Alternaria leaf blight development on Pakistan mustard at low 

temperature (8-12°C min., 21-26°C max.) and high relative humidity (90%) with annual average rainfall of 

0.3mm. The study also inferred that disease intensity increased with the increasing plant age from 21-71 

days old plants while inoculum from cultures 15-35 days was more virulent than older inoculum. The in 

vitro evaluation studies conducted by (Ganie et al., 2013) revealed that amongst the five non-systemic 

fungicides evaluated by poison food technique against Alternaria solani, mancozeb 75WP proved most 

inhibitory at different concentration levels followed by propineb 70WP and captan 50WP. Kudela et al, 

(1978) reported the significant control of Alternaria blight on cauliflower by the periodic use of foliar 

spraying with a thiram mixture + benomyl alternated with mancozeb. Singh et al. (2001) found that 3 

periodic spray each of mancozeb or ziram @ 0.2% as efficacious against Alternaria leaf spot of cabbage. 

(Valkonen and Koponen, 2006) obtained significant control of damping off of Chinese cabbage due to 

Alternaria brassicicola by seed dressing with thiram @ 0.2%. 

By keeping in mind the economic importance of Alternaria leaf blight, current research being planned with 

following objectives: 

1. To assess the epidemiological factors involve in spreading of disease. 
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2. To evaluate the efficacy of different chemicals for management of Alternaria brassicicola in-vitro 

conditions. 

MATERIALS AND METHODS 

DISEASED SAMPLE COLLECTION: 

Cabbage plants that show classical symptoms of leaf spot were collected from the diseased cabbage field 

of Ayub agriculture research center Faisalabad (AARI) and all these samples were carried in the 

polyethylene bags in order to be protected from dehydration and then they were brought to the lab of 

Mycology, Department of Plant Pathology, University of Agriculture, and Faisalabad. 

PREPARATIONS AND STERILIZATIONS OF MEDIUM. 

Fungi have a special medium on which it grows vigorous. PDA media (potatoes starches 20g, glucoses 20g, 

agars 20g and distil water 1000ml) were prepare and sterilize in autoclaves at 1210C at 15psi for 20mint. The 

media were pour in sterilize petri plate and allowed solidify the medium. PDA medium, a generalized 

purposed medium was prepared by uses of following ingredient: 

Agar Agar  =  15g 

Potato starch  =  20g 

Glucose            =  20g 

                                Water      =  1L 

All the ingredient was take and add into the cleaned medium bottles and volume were fill up to 1000ml by 

used distill water. All the contents were mix thorough in the medium bottles by place on magnetic stirrers 

for about 10min. Medium were autoclave along with petri plate and glass ware at121C, 15psi pressures for 

20min in an autoclaves. The sterilize, cooled medium were pour in sterilize Petri plate at the rate of 

20ml/plate and allow to solidify under laminar hood.  

ISOLATION OF FUNGAL ISOLATE:  

Pieces of infected leaves with water soaked area were used for the isolation of the test fungus. Small bits of 

1 to 3 mm size were taken from the junction of diseased and healthy portions with the help of sterilized 

blades. These bits were surface sterilized with mercuric chloride (0.1%) for 10 to 20 seconds and washed 

thrice with sterilized distilled water and subsequently transferred to potato dextrose agar (PDA) slants under 

aseptic conditions and incubated for 3-4 days at 25 ± 1oC. The isolated fungus was purified by hyphae tip 

method for its 
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The root and stem of the diseased plant was cut into 5-6cm piece, wash with tapped water and surface 

sterilize with 2% NaHCl for 2mint. The piece was give 2 washing in sterilize water and blot on sterilize filter 

papers to dry. The piece was then plate on PDA provide with suitable antibiotics like 10µl streptomycins for 

the isolations of suspects fungus in petri plate for each isolates collect from different location. All plate was 

place at 25±2°C in an incubator for 5-7day for retrieval of pathogens. The colony of suspect with some other 

colony were recover. 

PURIFICATION AND IDENTIFICATION OF PATHOGEN 

Purifications of pathogens were done by myceliums transferred and hyphal tips methods. After purifications, 

cultures of each fungi isolates were multiplied on PDA for study their cultures and morphological characters. 

After 7 day of incubations at 25±2°C, colonies diameters, sporulations, colonies character and pigmentations 

was recorded. Seven isolates were purifying from the disease sample. Identifications were done by used 

accessible literatures special on the bases of plates colors, colonies patterns, and presences of conidias, 

spore shapes, sizes and structures by slide preparations for microscopies. (Keogh et al., 1999; Barnett and 

Hunter, 1972). Different slides were prepared for the identification of the pathogens form those petri plates 

which have pathogen cultures. After that in order to identify the pathogens, examination of the slides was 

performed under the compound microscope, where they were identified by morphological characteristics 

of it like septations, spores shape and colony growth of A. brassicicola. 

PATHOGENICITY: 

Nursery were sown in earthen pots to check the virulence of isolate and for conformation of their 

pathogenicity. For artificial inoculation spore suspension were prepared. The suspensions were applied on 

healthy plants by syringe method.   

After getting the pure culture of pathogen, spore suspensions were formed in the distilled water. The 

pathogen suspension was applied by proper usage of the technique than this pathogen suspensions were 

injected into the healthy leaf of cabbage plants with the help of syringe. After that the infection were 

appeared in the healthy plants with in few days of approximately 10-15 days and the data of the disease 

will weekly basis recorded. 

EPIDEMIOLOGICAL STUDIES: 

To evaluate the epidemiological factors which are responsible for spread of disease like wind speed, rain 

fall, temperature etc. were recorded from Metrological center of crop physiology in University of 

Agriculture Faisalabad.   
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IN-VITRO MANAGEMENT OF ALTERNARIA LEAF SPOT THROUGH CHEMICALS:  

The relative efficacy of some systemic and non-systemic fungicides were evaluated in vitro at four different 

concentration levels of 250, 500, 750, and 1000 ppm of different fungicides which are available in market. 

Testing of fungicides in lab condition were performed by using poisoned food technique. 

IN-VITRO MANAGEMENT OF ALTERNARIA LEAF SPOT THROUGH PLANT EXTRACTS:  

The relative efficacy of some Plant extracts were evaluated in vitro. Fresh leaves of Neem, Garlic, Dharak 

and marigold from field and wash them under running water and then grind in pestle and mortar with 

distilled water and make homogeneous paste. Testing of Plant extracts in lab condition were performed by 

using poisoned food technique. 

IN-VITRO MANAGEMENT OF ALTERNARIA LEAF SPOT THROUGH BIOCONTROL AGENTS:  

The relative efficacy of some biocontrol agents were evaluated in vitro. Six different fungal culture were 

grown in lab at 25+2oC temperature. Take fresh media plate mark two pole and put both cultures aside and 

then measure the reading of growth inhibition for one week.   

STATISTICAL ANALYSIS: 

CRD design were used in order to do the lab experiment. The recorded data were subjected for analysis of 

variance at 0.5 % level of significant. Randomize complete block design (RCBD) were used for field trials 

and statistical comparison between treatments. 

RESULTS AND DISCUSSION 

SYMPTOMOLOGY: 

Alternaria leaf spot caused by Alternaria brassicicola (Schw.) which is one of the most widely distributed 

and damaging disease of cabbage which appear in serious proportion during rainy season and causing yield 

losses as high as 50 per cent. Alternaria blight infection in cabbage crop reduce both quality and quantity 

of the total production. The Alternaria leaf spot infect the cabbage plant at different stages of plant growth 

including seedling, vegetative and at reproductive stages. The temperature ranges of 18-24ºC as an 

optimum temperature for sporulation of Alternaria cabbagee and 20-30ºC for Alternaria brassicicola where 

spores are produced at 12-14h in both of the fungi.  
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Fig 1: Figures given below shows the visual symptoms of Cabbage leaf spot in field under natural and 

artificial inoculum stress of disease. 

FIELD EVALUATION OF CABBAGE GERMPLASM FOR ALTERNARIA LEAF SPOT 

Out of 6 varieties one was resistant, 1 moderately resistant, 1 susceptible and 4 highly susceptible. 

Table 4.1: Disease incidence 

Disease Reaction %age Rating 

Highly Resistant  0-10 

Resistant 11-20 

Moderately Resistant 21-30 

Susceptible 31-50 

Highly susceptible 51-100 
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Figure 2: Field trail sown in Department of Plant Pathology. 

IN-VITRO MANAGEMENT OF ALTERNARIA BRASSICICOLA 

IN-VITRO EVALUATION OF BIO-CONTROL MICROORGANISM AGAINST ALTERNARIA BRASSICICOLA 

In dual culture test of bio control microorganisms with Alternaria brassicicola showed that Trichoderma 

harzianum had more mycelia growth inhibition of pathogen was 40% inhibition over control B. bassiana 

and T. polysporum was proved to be second best BCAs which inhibit the growth percentage.  

 

Fig. 3: Alternaria brassicicola with the interactions of different bio-control agents  
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Fig 4: The bar graph shows the % age inhibition in growth of Alternaria brassicicola under effect of 

biocontrol agents.  

Table 2: ANOVA for growth inhibition Alternaria brassicicola by bio-control agents over control 

Source of 

Variance 

D.F SS MS F P 

Treatments 5 8.345 2.236 4.56 0.0001 

Error 24 4.322 0.233   

Total 29 12.667    

 

IN-VITRO EVALUATION OF FUNGICIDES AGAINST ALTERNARIA BRASSICICOLA 

In this food poison technique were used and Alternaria brassicicola were plated on 4 different 

concentrations and mycelia growth inhibition of pathogen was measured. It was found that 500ppm of all 

fungicides were effective and higher gave 100% inhibition. But 500ppm is quite environmental friendly and 

disease killer too. 
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Fig 5: Figures below shown the Alternaria brassicicola interaction with different chemical fungicides. 

 

Fig 6: The bar graph shows the % age inhibition in growth of Alternaria brassicicola under effect of Chemical 

fungicides.  

 

Table 3: ANOVA for growth inhibition Alternaria brassicicola by Fungicides over control. 

Source of 

Variance  

Df SS MS F P 
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Treatment 3 21.234 0.3464 2.345 0.0001 

Replication 2 3.345 0.054   

Error 42 56.342    

Total 47 80.921    

 

 IN-VITRO EVALUATION OF PLANT EXTRACT AGAINST ALTERNARIA BRASSICICOLA 

In this food poison technique were used and Alternaria brassicicola were plated on 4 different 

concentrations and mycelia growth inhibition of pathogen was measured. It was found that Neem and 

garlic extract showed better results as compared to others. The neem extract at 7.50 and 10% showed best 

results. The garlic extract showed maximum inhibition at 10%. 

 

Fig 7: Figures below shown the Alternaria brassicicola interaction with different plant extract. 
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Fig 8: The bar graph shows the % age inhibition in growth of Alternaria brassicicola under effect of Plant 

extracts.  

Table 4: ANOVA for growth inhibition Alternaria brassicicola by Plant extracts over control. 

Source of 

Variance  

Df SS MS F P 

Treatment 3 22.264 2.3464 3.345 0.0001 

Replication 2 4.447 0.354   

Error 42 59.342    

Total 47 83.931    

 

ENVIRONMENTAL CONDITIONS CORRELATION TO DISEASE SEVERITY. 

Number of environmental variables i.e. maximum temperature, minimum temperature, relative humidity 

and rainfall in relation with disease severity and results are given below in the form of graphs. 
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Fig: 9: Relation of disease severity with relative humidity. 

 

Fig: 10: Relation of disease severity with maximum temperature. 
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Fig: 11: Relation of disease severity with minimum temperature. 

       

 

 

 

 

 

 

 

 

Fig: 12. Relation of disease severity with rain fall. 
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Table: 5: Correlation between environmental variables with disease: 

 

The epidemiological studies revealed that moderately low temperature coupled with wet humid conditions 

prevailing during cropping season favored the rapid Alternaria leaf spot development on cabbage crop. The 

study further indicated the positive correlation of the disease progression with rainfall and relative humidity 

where in these meteorological parameters contributed to the extent of 99.99% towards the development 

of Alternaria leaf spot. As the humidity increased the disease incidence was also increased. As temperature 

increased the disease incidence was also increased. Survival studies suggested that the recovery of 

pathogen was higher from infected tissues buried in soil as compared to kept on soil surface. Survivability 

of the pathogen was greater in debris containing stems than the leaves. The pathogen was recovered in 

considerable proportion in stem plant debris even after seven months storage period. 

CONCLUSION 

The evaluation of chemical and non-chemicals under field conditions revealed that amongst all the 

treatments, the treatment combination consisting of soil application of Trichoderma harzianum @ 

2.5kg/50kgFYM/ha in combination with black polythene mulching and four periodical sprays of zineb @ 0.2 

% at 10 days interval proved most efficacious in limiting the Alternaria leaf spot disease and provided the 

highest cabbage head yield (370.2 q/ha). 
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