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Abstract 

Sooty mould, Capnodium spp., a saprophytic fungus from the phylum Ascomycota, produces dark-coloured 
colonies on plant surfaces smeared with honeydew of coconut whitefly. This study explains eco-friendly 
biorationals, comprising plant extracts, organic materials, and microbial agents, to control the growth of 
Capnodium spp. Morphological analysis revealed distinct hyphal septation and conical black spores, providing 
insights into Capnodium fungal development. Experiments were conducted using 35 plant extracts, of which 12 
showed significant antifungal properties. Inorganic pesticides cannot be sprayed on coconut to control whitefly, 
as the spray may reach the households, especially waterbodies at households. Extracts of Acorus calamus (Sweet 
flag) exhibited the highest inhibition (98.61% at 50% concentration), followed by Allium sativum (Garlic, 84.06%) 
and Asparagus racemosus (Shatavari, 84.72%). In contrast, extracts of vermicompost tea showed no inhibitory 
effects, while fermented cow urine and distillery spent wash reached 100% inhibition of fungal growth. In 
microbial agents, Trichoderma spp. completely inhibited fungal growth, whereas Pseudomonas fluorescens 
exhibits no effect. The results explained that plant extracts with organic compounds or microbial agents provide 
solutions as an alternative to chemical fungicides. Combining extracts could provide an eco-friendly and 
sustainable strategy for managing Capnodium spp., reducing crop losses and increasing agricultural sustainability. 
These findings contribute to the growing body of research supporting biorational approaches as viable, 
environmentally safe options for fungal management. Field-scale applications are to be tested, and the effect of 
the biorationals on coconut whitefly also has to be determined.  
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Introduction 
Sooty mould are saprophytic fungi from Ascomycota, typically with dark-coloured hyphae, resulting in seemingly 
brown to black colonies on live plants. These types of moulds are frequently connected to whitefly and other 
producers of honeydew, albeit they can also happen in their absence. Sooty moulds can develop into a 
pseudoparenchymatous crust, a pellicle, a velutinous growth, or a thin network of hyphae on leaves and smaller 
twigs. Many sooty mould hyphae have a distinctly mucilaginous outer wall that serves as an adhesive, and quickly 
absorbs water surely keeping the leaf surface moist for a longer amount of time. Upon bigger branches and trunks 
the growths are typically stronger and could appear as spongy or lumpy pseudoparenchymatous stromata (Hughes, 
2018).  
The most frequent genera of fungi that cause sooty mould on garden and landscape plants are Fumago, Scorias 
and Capnodium. A few less frequent genera are Antennariella, Limacinula, Fumiglobus and Aureobasidium. The 
kind of presence of sooty mould-causing fungi depends on several factors, including the host, habitat and insect 
species. A few certain plants or insects are preferred by specific species of sooty mould. Whereas other mould 
species might grow on a variety of surfaces and make use of honeydew made by several insect species (Ipm 2006). 
Sooty moulds decrease plants' photosynthetic potential by large mycelial networks, resulting in chlorosis under 
the mycelia. Hence, sooty moulds hurt crop output and quality (Haituk et al., 2022) especially it over grow on the 
fruits that cause low market value.  
To lessen the negative effects of chemical fungicides on the environment, which can damage non-target organisms, 
contaminate soil and water, and cause pesticide resistance, eco-friendly management of sooty mould is crucial. 
Sustainable substitutes that support ecological balance and agricultural sustainability include plant extracts, 
organic materials, and microbiological agents. They also provide longer-lasting, safer solutions. 
The following objectives were developed for the study 
i. To conduct a morphological study of the sooty mould fungus colony for a better understanding of its 
growth characteristics. 
ii. To explore eco-friendly alternatives to chemical fungicides for the management of sooty mould. 
iii. To assess the antifungal potential of microbial agents in controlling sooty mould fungus. 
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Materials and methods 
These experiments were carried out at the JICA - Plant Protection Laboratory of the Department of Agricultural 
Biology, Faculty of Agriculture, University of Jaffna. 
Isolation and identification of the sooty mould fungus 
Isolation and inoculation of sooty mould 
Whitefly infested leaves of coconut were collected from a home garden at Iranaimadu, Kilinochchi. The leaves 
were cut into small pieces and rinsed in distilled water. Then the sample was inoculated into 9 cm Petri dishes 
containing PDA. Plates were incubated at room temperature (30oC) for five days. The pure culture of the fungal 
isolate was maintained in PDA plates and stored in the refrigerator at 4°C for further use. Mycelial growth rate, 
colour and spore characters of the colony were measured after 3 days of inoculation.  
Screening of plant botanicals against sooty mould fungus 
For this experiment, thirty-five kinds of plant extracts were tested on sooty mould as a preliminary experiment, 
however only 09 extracts were found to prominently inhibit mycelial growth higher than 50%. 
Selection of plant extracts   
Based on the literature research, thirty-five medicinal plants (Table 1)bthat show antifungal properties were 
identified and selected for in-vitro screening against sooty mould fungus.  
 
Table 1: Screening of botanicals to determine their suppressive effect on Sooty mould fungus 

Treatment Botanicals Family Plant part used 
T1 Acorus calamus Acoraceae Leaves 
T2 Punica granatum Punicaceae Leaves 
T3 Asparagus racemosus Asparagaceae Rhizome 
T4 Azadirachta indica Meliaceae Leaves 
T5 Aloe barbadensis miller Asphodelaceae Leaves 
T6 Curcuma longa Zingiberaceae Rhizome 
T7 Curcuma aromatica Zingiberaceae Rhizome 
T8 Zingiber officinale  Zingiberaceae Rhizome 
T9 Allium sativum Amaryllidaceae Bulb 
T10 Alpinia officinarum Zingiberaceae Rhizome 
T11 Moringa oleifera Moringaceae Leaves 
T12 Ricinus communis Euphorbiaceae Leaves 
T13 Ocimum sanctum Lamiaceae Leaves 
T14 Glycyrhiza glabra Liquorice Root 
T15 Withania somnifera Solanaceae Root 
T16`  Terminalia catappa Combretaceae Leaf 
T17 Tectona grandis  Lamiaceae Leaf 
T18 Syzygium cumini Myrtaceae Leaf 
T19 Cynodon dactylon  Poaceae Leaf 
T20 Lantana camara Verbenaceae Leaf 
T21 Gliricidia sepium Fabaceae Leaf 
T22 Eucalyptus globulus Myrtaceae Leaf 
T23 Andrographis paniculata Acanthaceae Leaf 
T24 Artemisia vulgaris Asteraceae Leaf 
T25 Ocimum basilicum Lamiaceae Leaf 
T26 Cassia alata Fabaceae Leaf 
T27 Cassia tora Fabaceae Leaf 
T28 Piper nigrum Piperaceae Leaf 
T29 Colocasia esculenta Araceae Tuber 
T30 Chrysopogon zizanioides Poaceae Leaf 
T31 Calotropis gigantea Apocynaceae Leaf 
T32 Bauhinia racemosa Fabaceae Leaf 
T33 Centella asiatica Apiaceae Leaf 
T34 Thespesia populnea Malvaceae Leaf 
T35 Solanum trilobatum Solanaceae Leaf 
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Preparation of plant extracts 
Plant parts which are having higher antifungal properties were collected from different field locations based on 
the literature (Table 2) and washed with running tap water to remove adhered impurities and rinsed with distilled 
water, and the surface was sterilised using 3% NaOCl for five mins and thereafter rinsed with distilled water. 
The plant parts of the collected plants were sun-dried and made into powder separately using a sterilized grinder. 
The aqueous extracts were prepared by mixing 10g plant powder with 100 ml of water, if it had the suppression 
effect then the extracts were prepared into different concentrations to check the suppression effect depending on 
the concentration of the extracts. The mixture was kept overnight in the shaker to mix well the sample. Then the 
mixture was filtered through the membrane filter. The supernatant was kept separately. 3.9 g of PDA powder was 
added with 20 ml of water and sterilized. The autoclaved PDA was mixed with plant extract. 
 

 
(a) 

 
(b) 

Plate 1: Procedures for getting plant extract to inhibit the growth of Sooty mould (a): Shaking the powdered 
plant parts with a shaker (b): centrifuged plant extract 

 
Antifungal activity of plant extracts 
The food poisoning technique (Sah et al., 2021) was used as a method to check the inhibitory effect of plant extracts 
on sooty mould. 15ml of PDA with plant extract was poured into the Petri plate and allowed to solidify. 5mm 
diameter discs were obtained from a 140-day-old pure culture of sooty mould using a cork borer. The mycelial 
segment was transferred to plant extracts or organic matter mixed PDA medium. Petri dishes containing PDA 
without plant extracts were used as a control. The treatments were replicated four times. The inoculated Petri 
dishes were sealed by parafilm and incubated at room temperature (30oC). The diameter of growing colonies of 
the fungus was recorded from 24 hours after inoculation to the time taken for the fungus to fully cover the 9 cm 
Petri dish. 
The percentage growth inhibition (I) was calculated using the formula given below (Sivakumar, 2002 )                    
I%=(C-T) /  C 
I= Percentage of inhibition of fungus by plant extracts  
C=Radial growth in control 
T=Radial growth in the treatment 
Collection and Preparation of Distillery spent wash, Fermented cow urine and Vermi tea 
Distillery Spent Wash (DSW) 
One litre of distillery spent wash was obtained from the Araly distillery unit, Jaffna. The collected distillery spent 
wash was kept in two conical flasks. One is maintained as unsterilized. Another conical flask with distillery spent 
wash was sterilized with the help of an autoclave at 121o C for 15 minutes. 10%,30%, and 50% of the concentration 
of the distillery spent wash was taken from sterilized and unsterilized ones, with each concentration having four 
replicates. and these measured DSW were added to PDA.  
Fermented urine 
One litre of fermented urine was obtained from the farm of the Faculty of Agriculture, University of Jaffna. The 
collected fermented cow urine was kept in two conical flasks, from which one was sterilized with an autoclave at 
121oC, 15 psi for 15 mins. The other one was kept as unsterilized. Different concentration (10%, 20%, 50%) of 
fermented cow urine was taken from sterilized and unsterilized conical flasks. and added into the petri dish with 
15ml of sterilized PDA. Each treatments with different concentrations was maintained with four replicates. 
Preparation of Vermi tea 
Vermicompost was made with bedding material made up of cow dung. Then the vermicompost was sieved and 
500 grams of fresh vermicompost was weighed by the electrical balance. That was soaked in one litre of non-
chlorinated water and blended thoroughly to create the vermi tea. An aquarium pump was used to aerate the 
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solution during a 1–2-hour brewing period. Following that, the suspension was filtered through muslin cloth and 
stored in a sterile glass for use as a treatment to control the sooty mould fungus. 
 The prepared vermi tea was kept in two conical flasks one was maintained as sterilized with the help of an 
autoclave. Other is maintained as unsterilized. Different concentration of the vermi tea (10%, 30%,50%) were 
poured into the 15ml of PDA with four replicates in each concentration. 
Effect of different biocontrol agents Trichoderma sp. and Pseudomonas spp on mycelial growth of sooty 
mould 
Effect of Trichoderma spp on Sooty mould 
Under in-vitro conditions “Dual Culture Technique” was used as described by (Morton and stroube,1955). For the 
experiment 15ml of sterilized PDA medium were poured aseptically into sterilized petri dishes under laminar flow. 
5mm disc of antagonist and test organism were cut from 14 days old culture by sterilized cork-borer and was 
placed opposite in Petri dishes containing PDA medium.  
The disc was placed in a straight line at one centimetre from the corner of the Petri dishes. Potato Dextrose Agar 
plates inoculated with sooty mould alone were treated as a control. Four replications were maintained. The 
inoculated Petri dishes were maintained at room temperature and radial growth of Trichoderma and sooty mould 
was recorded for five days from inoculation. The inhibition zone was estimated based on the formula given by 
Vincent (1947), as the percentage of inhibition 
I%=(C-T)/C x 100 
I=Inhibition of mycelial growth 
C = Growth of pathogen in control plate (cm) 
T= Growth of the pathogen in dual cultures (cm)  

 
Plate 2:Pure culture of Trichoderma 

 
Effect of Pseudomonas sp. on Sooty mould                             
Suspension of Pseudomonas was streaked in the nutrient agar medium. After that the plates were incubated for 24 
hours at 30Oc.  
For dual culture, 20 ml of sterilized PDA medium was poured into the sterilized Petri dishes under the laminar 
flow condition. The antagonistic bacteria were streaked one cm from the edge of PDA in a 9 cm diameter Petri 
dish as shown in the Plate 3. After 24 hours of incubation at 28°C, a 5 mm disc of an actively growing 14 days old 
culture of sooty mould was inoculated at the centre. Plates inoculated with alone sooty mould were maintained as 
a control. Plates were incubated for three days at 28℃ and the percentage of inhibition of radial growth (PIRG) 
was recorded using the following formula (Sariah, 1994).  
PIRG = (R1-R2)/R1 ×100  
R1= Radial growth of sooty mould 
R2=interacting with antagonistic bacteria 
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Plate 3: Pure culture of Pseudomonas 

 
Analysis 
Statistical Analysis 
Each experiments were arranged according to the Complete randomized design (CRD) in two factor factorial and 
the data were statistically analyzed using SAS package 3.81 (Enterprise edition). Post hoc test was performed 
using the Duncan Multiple Range Test (DMRT) at 95% of the confidence level. 
Correlation Analysis 
Correlation analysis was performed to understand the relationships between different plant extracts and organic 
materials based on their inhibitory effects against sooty mould. This analysis aimed to determine if there were any 
associations between the inhibitory patterns of various treatments, which could suggest common bioactive 
compounds or similar modes of action. 
The Pearson correlation coefficient (r) was calculated to measure the linear relationship between inhibition rates 
of different treatments at varying concentrations. The value of r ranges from -1 to +1: 
• +1 indicates a perfect positive linear relationship. 
• -1 indicates a perfect negative linear relationship. 
• 0 indicates no linear relationship. 
The correlation coefficients were calculated separately for each concentration (10%, 30%, and 50%) to observe 
how the relationships changed with varying levels of the treatment. A heatmap was created to visualize the 
correlation matrix, using color gradients to represent the strength and direction of the correlations. Darker shades 
indicated higher positive or negative correlations, while lighter shades indicated weaker correlations. Correlations 
with p-values less than 0.05 were considered statistically significant, indicating that the observed relationships 
were not due to random chance. 
Based on these correlation patterns, treatments with r values close to +1 were identified as having similar inhibitory 
patterns, while treatments with low or negative correlations suggested distinct inhibitory properties. 
 
Results and Discussion 
 
This chapter describes the findings of the experiments conducted to determine the objectives proposed to find a 
solution and discusses the literature obtained from the published research papers and sources which are 
documented in Chapter 3. 
Colony morphological characters of sooty mould culture 
Sooty mould grown in PDA is shown in Plate 1. It had a full growth in a 9cm petridish within 3 days, specific 
growth rate of this fungus is not reported in any reports because the growth rate may be affected by environmental 
conditions (Smith et al., 1980). It first created white colour mycelium but after 7 days it turned into black colour. 
The texture of the colonies was primarily in velvety but some of the areas displayed a powdery appearance. The 
surface of the colonies was smooth with slight radial grooves visible under magnification. Circular-shaped colonies 
were observed but after one-week irregular edges were also observed in the colony similar report byAguirre-
hudson et al. (2014). After 3 days of incubation at 30oC, 9cm of growth is observed. The pigmentation was higher 
in the center compared to the periphery of the colony. Spore production was started after 10 days of inoculation. 
The spores were observed as scattered small black dots on the upper surface of the colony. 
The morphological characters were also observed in the microscope by doing the hanging drop technique. The 
septation was observed in the hyphae of the fungus. The spores was in black with a conical shape, these 
microscopic characters are alinged with (Hughes 2018) observed characters.  
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(a) ( b) 
Plate 4 : Colony of Sooty mould (a): In 3 days after inoculation (b): In ten days after Inoculation 

 
Evaluation of plant extracts with different concentrations against Sooty mould fungus 
 
Table 2: Inhibition percentage of different plant extracts at different concentrations against sooty mould fungus 
(Capnodium spp) under in vitro condition 

Plant extract Inhibition percentage (%) 
 10% 30% 50% 
1. Sweet flag 79.69±0.73a 83.14±0.77a 98.61±1.67b 
2. Khus 0d 46.08±0.36c 64.86±2.37a 
3. Pepper 0d 0d 4.38±1.35d 
4. Turmeric 40.22±2.98c 53.39±2.69e 75.83±2.62a 
5. Wild turmeric 41.86±2.9c 52.92±2.28e 81.25±0.52a 
6. Asparagus 30.86±2.25c 52.92±2.82e 84.72±1.66a 
7. Lesser galangal 0d 22.61f 42.22c 
8. Garlic 45.83±6.11c 65.47±1.39g 84.06±1.75a 
9. Indian winter    cherry 0d 50.83±4.19e 63.97±3.29g 
10. sickle senna 28.81±3.27c 32.64±1.38c 43.89±1.92c 
11. Gliricidia 0d 16.75±2.04f 51.94±2.62e 
12 .Mugwort 3.75±3.18d 42.22±1.92c 52.22±2.46e 

 
Values having the same letters in a column are not significantly different according to DMRT at 0.05 α  
The inhibition percentage of different plant extracts with different concentrations is shown in Table 3 From the 
35-plant extracts only 12 plant extracts showed inhibitory effects against the Sooty mould fungus, those 12 plant 
extracts performance are described in Table 3. From twelve  plants, only nine plant extracts shown an inhibitory 
percentage of more than 50%. The highest inhibition (98.61±1.66%) was observed in sweet flag plant extract .at 
the concentration of 50% as of inhibition. And 10% concentration of this plant extract show 79.69±0.733% 
inhibition and 30% of this plant extract shows 83.14±0.766 % inhibition. These results revealed that chemical 
compounds which are present in the sweet flag plant have high antifungal properties against the sooty mould 
fungus compared to other tested plant extracts. Next to the sweet flag significant inhibition percentages found in 
the asparagus (84.72%) and garlic (84.06%). turmeric (75.83%) wild turmeric (81.25%), turmeric (75.83%). 
 Other than this plant extracts like Colocasia, neem, liquorice, country almond, castor, Bermuda grass, Centella, 
ginger, teak, pomegranate, eucalyptus, bidi leaf tree, milkweed, jamun, moringa, holy basil is didn’t contribute to 
the suppression of the sooty mould. Which means there is no significance in these treatments. So chemical 
compounds which are present in these plants are not suitable for the control of sooty mould or the concentration 
is may not be enough for the growth of the inhibition of the growth of the fungus. So the further study need to 
optimize the concentrations wants to see the efficacy of the chemical compounds to suppress the fungus.the 
chemical compounds that show antifungal properties against sooty mould fungus depend on the concentrations.  
When the concentration increases in higher percentages their inhibitory property also will increase in higher levels, 
which is also reported by (Dellavalle et al. 2011). For example, the wild turmeric which shows 41.86% as its 
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inhibition percentage, changes to 65.47% when the concentration is increased from 10% to 30% and then reaches 
a higher inhibition percentage of 81.25% at 50% concentration. Indian winter cherry had 0% inhibition in 10% 
concentration of the plant extract suddenly reaches the inhibition percentage of 50.83% when the concentration at 
30%. The results revealed that inhibition efficacy of the plant extract correlate with the plant extract concentration. 
 

 
                                      (a)                   (b)                    (c)                              (d)                     (e) 

Plate 5: Comparison of growth of different plant extracts with control (a): Indian winter cherry, (b): 
Asparagus, (c): Lesser galangal, (d): Garlic, (e): Control 

 
 

 
(a)                (b)                         (c)                (d)                  (e) 

 
Plate 6: Comparison of growth of Sooty mould in different plant extract and in control(a): Wild turmeric (b):  

Pepper (c):  Mugwort (d): Turmeric (e): Control 
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            (a)                     (b)                           (c)                      (d) 

Plate 7: Comparison of growth of Sooty mould in different plant extract and in control (a):Khus (b):Sickle 
senna (c) Sweet flag (d):Control 

 

 
Correlation Between Plant Extract Based on Inhibition Percentage 
The primary purpose of conducting correlation analysis on the antifungal activity of various plant extracts against 
sooty mould is to identify potential synergistic effects and relationships among the extracts. By examining 
correlation patterns, researchers can determine whether certain plant extracts share similar inhibitory properties, 
which may indicate the presence of complementary or overlapping bioactive compounds.  
This analysis helps in understanding the interactions between different extracts and can provide insights into 
developing effective botanical mixtures with enhanced antifungal activity. Additionally, the correlation analysis 
can reveal unique properties of specific plant extracts that show weaker or distinct inhibition patterns, suggesting 
that these extracts might require different concentrations or combinations for optimal effectiveness. The findings 
from such an analysis are essential for guiding future research on optimizing the use of plant-based bio-fungicides 
in eco-friendly agricultural practices. 
The idea of utilizing correlation analysis in evaluating the effects of plant extracts is supported by the research 
conducted by Dellavalle et al. (2011) and Singh et al. (2023). Studies have shown that synergy among bioactive 
compounds in plant extracts can significantly enhance their antifungal properties compared to their individual 
effects. The concept of synergistic effects and correlation analysis in plant extracts has been previously reviewed 
in other phytochemical studies that aim to understand plant–fungus interactions and to improve the efficacy of 
natural fungicide (Díaz Dellavalle et al. 2011);(Singh et al. 2023)  
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The high correlation coefficients (0.99 or 1) observed between Sweet Flag, Turmeric, Wild Turmeric, Asparagus, 
and Garlic indicate that these extracts exhibit highly similar inhibitory patterns against sooty mould. However, it 
is important to note that similar inhibition percentages do not necessarily imply similar chemical compositions or 
modes of action. For instance, different sets of bioactive compounds could produce comparable inhibition results 
due to varying mechanisms, such as disrupting cell walls or inhibiting fungal enzyme activity. 
However, based on the work of Dellavalle et al. (2011) it can be intuitively expected  that the bioactive chemicals 
contributing to the inhibitory potential of these various extracts could be complementary or overlapping. There 
aren't many relationships between Pepper and Indian Winter Cherry and other plant extracts. Pepper exhibits 
poorer correlations than the other extracts, particularly with Khus (0.72) and Indian Winter Cherry (0.66). This 
could mean that Pepper has a distinct mode of action or less potent inhibition than the other extracts. Indian Winter 
Cherry also correlates less with others, suggesting unique properties of its inhibitory action. These results suggest 
that these extracts might not be as effective overall or that they might require other chemicals or amounts to act as 
an inhibitor. 
While Khus's correlations with most extracts are moderate (0.72 with Pepper, 0.88 with Wild Turmeric, and 0.87 
with Sickle Senna), which suggests that its inhibition potential is not as strong as extracts like Sweet Flag, 
Turmeric, or Garlic, it still shows notable inhibition, particularly in specific concentrations. Gliricidia and 
Mugwort show moderate correlations (0.9–0.95) with most extracts, indicating that their overall inhibitory 
potential is slightly lower than that of other extracts like Garlic and Sickle Senna, with slightly weaker inhibition 
potential overall. When compared to highly correlated plant extracts like Sweet Flag and Turmeric, Pepper and 
Indian Winter Cherry stand out in terms of their correlation patterns. These outliers show that Pepper and Indian 
Winter Cherry may have unique inhibitory profiles and may not follow the same trends as the other more correlated 
extracts. 
To make definitive conclusions regarding the similarity of bioactive chemicals, further phytochemical analysis 
and studies comparing the chemical profiles of these extracts would be necessary. Without such evidence, it is not 
possible to conclusively state that these extracts contain overlapping or complementary compounds. Thus, while 
the inhibition patterns observed are noteworthy, further research and references are required to confirm any claims 
regarding chemical similarity or mode of action. 
 
Evaluation of inhibition of organic materials in the growth of sooty mould fungus. 
 
Table 3: Inhibition percentage of organic materials at different concentrations against sooty mould under in vitro 
condition 

Organic material Inhibition percentage 
                 10%               30%              50% 
Distillery spent wash    
(Sterilized) 

100a 
 

             100a 100a 

Distillery spent wash   
(Unsterilized) 

100a 100a 100a 

Fermented urine  
(Sterilized) 

100a 100a 100a 

Fermented urine 
(Unsterilized)  

100a 100a 100a 

Vermi tea  
(Sterilized) 

0b 0b 0b 

Vermi tea  
(Unsterilized) 

0b 0b 0b 

All the values in each column having the same are not significantly different according to  DMRT at 0.05. 
 
Table 4: Evaluation of different parameters of fermented cow urine, distillery spent wash, vermi tea  

Organic material  TDS (mg/l) PH 
Distillery spent wash (Sterilized)  1741 6.4 
Distillery spent wash (Unsterilized) 1734 6.2 
Fermented cow urine  (Sterilized) 1600 5.8 
Fermented cow urine (Unsterilized ) 1587 5.6 
Vermi tea ( sterilized ) 500 7.0 
Vermi tea ( unsterilized ) 400 6.8 
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Fermented cow urine both sterilized and unsterilized was shown a 100% inhibition rate against the sooty mould 
fungus, it indicates strong antifungal properties. This effect may be due to the presence of bioactive compounds 
like phenols, ammonia, and other antimicrobial compounds which are present in the cow urine and also nutrient 
in a rich condition due to  higher TDS (Singh Rawat et al. 2020).  
Distillery spent wash also contribute to the complete inhibition of the fungus. This also due to the high organic 
compound content (higher TDS)  and also presence of organic acids and alcohols that possess antifungal property 
(Kaushik et al. 2018). In contrast vermi tea’s inhibition percentage is 0. It may be due to the absence of specific 
chemical compound/ nutrient which is required to inhibit the sooty mould fungus. The results suggest that the 
antifungal activity is influenced by both the chemical composition and the pH of the organic materials. 
  

 
                   (a)                     (b)                       (c)                       (d)                           (e) 

Plate 8:Comparison of growth of sooty mould in different plant extract and in control (a) Distillery spent 
wash( sterilized ) (b) Distillery spent wash (unsterilized ) (c) Fermented cow urine ( Sterilized) (d) Fermented 

cow urine (unsterilized) (e) Control 
 
These images indicates in plate 7 ,that there is no growth of Sooty mould in the treatments. Zero growth rate is 
observed. 
 
Figure 1:Inhibition percentage of Sooty mould in organic material at different concentration 
Figure 3 shows the inhibition of Sooty mould using the fermented cow urine, distillery spent wash with different 
concentration of inhibition but the inhibition percentage remain as 100% even though the concentration is reduced. 
 
Evaluation of Antifungal activity of Trichoderma species against Sooty mould fungus 
 
Table 5:Day by day growth of Trichoderma against Sooty mould 

Organism Growth                                         
(cm) 

    

 1stDAC 2ndDAC 3rdDAC 4thDAC 5thDAC 
Trichoderma sp 1.5  2.6 3 4.7 9 
Sooty mould 2.5  5.2  6 4.4 0 
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Plate 9: Gradual growth of Trichoderma in Dual culture with Sooty mould (a) 1 DAC (b) 2 DAC (c) 3 DAC (d) 

4 DAC (e) 5 DAC 
 
The colony of Trichoderma and Sooty mould grow normally without any interruption until the second day after 
inoculation. The third day Sooty mould mycelial  growth is slightly inhibited by the Trichoderma. Because 
normally the growth of Sooty mould will reach 9cm after 3 days of incubation. but the mycelium was only reached 
6cm and other  spaces of the Petri dish was encroached by Trichoderma   
Gradually Trichoderma was spread to the petri dish fully and suppress the sooty mould. Growth of Sooty mould 
in control is 9cm and the  growth  of Sooty mould in dual culture in 0. So the results revealed that  the inhibition 
percentage of the Trichoderma to Sooty mould fungus is calculated as 100%.  So the Trichoderma fully control 
the sooty mould. Sooty mould have the antifungal activity against many fungus through their mechanisms such as 
mycoparasitism, competition and production of antifungal compounds (Mukhopadhyay and Kumar 2020). 
 
Evaluation of the antifungal activity of Pseudomonas species against sooty mould fungus 
Table 6: Day-by-day growth of Sooty mould in control and in Pseudomonas inoculated culture plate 

 Colony diameter cm 
 1st DAC 2nd DAC 3rd DAC 
Dual culture  2.7 5.2 9 
Pure culture 2.9 5.8 9 
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Sooty mould culture was grown normally like the control one without any interruption in the dual culture . Within 
three days the fungus was grown fully to 9cm in diameter and covered the petri dish fully.There is no suppression 
effect of Pseudomonas for sooty mould fungus. So radial growth of the pathogen in control and the radial growth 
of the pathogen in dual culture were equal of 9 cm (0% inhibition).0. Pseudomonas inhibit many fungus species 
(Goswami et al. 2015). Due to the superficial growth and environmental conditions may be unsuitable for 
controlling of the sooty mould with Pseudomonas bacteria. 
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