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ABSTRACT
Alternaria alternata and Fusarium sp. are causal agents of fruit rots in grapes. Therefore, 
efficiency of chemicals, botanicals and antagonists has been estimated for the management 
of fruit rots of grapes. The current study was conducted at Department of Plant Pathology, Pir 
Mehr Ali Shah Arid Agriculture University, Rawalpindi during 2019 to identify the most efficient 
technique to control rots of grapes by different treatments  of chemicals i.e. (salicylic acid, 
copper sulphate, sodium bicarbonate, topsin-M) at three concentrations (0.05, 0.2 and 0.4%) 
were applied. In addition, botanicals including aqueous extracts of eucalyptus, Murraya koenigii 
and Putranjiva roxburghii at concentrations (0.5, 1% and 2%) were also evaluated against the 
test fungi. Negative control included the raising for fungal cultures without any treatment with 
chemicals or botanicals. Efficiency of antagonists (Trichoderma sp.) was estimated by dual 
culture technique.  Trichoderma sp. growth on media plate referred as positive control.  Percent 
growth inhibition (PGI) was measured in both techniques by measuring the radial growth of 
treatment and comparing with negative and positive control respectively. The results of the study 
showed that salicylic acid at all concentrations completely inhibited the growth of Fusarium sp. 
and Alternaria alternata. Copper sulphate also completely inhibited growth at concentrations 
of 0.2, and 0.4% However, sodium bicarbonate and Topsin-M were least effective against both 
pathogens. Among botanicals, aqueous extract of Murrayakoenigii and Putranjiva roxburghii 
significantly controlled Fusarium sp. and Alternaria alternata. In dual culture technique, 
Trichoderma sp. successfully inhibited (52%) growth of Alternaria alternatawhile 48% growth 
of Fusarium sp. compared to the control. Chemicals such as salicylic acid, copper sulphate, 
botanicals (Putranjiva roxburghii and Murraya koenigii) and Trichoderma sp. as biocontrol 
agents are effective against the grapes pathogens. Therefore, these control measures must be 
adopted for grape fungal disease management and must be incorporated in integrated disease 
management strategy.
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INTRODUCTION
Grapes crop (Vitis vinifera L.) is ranked 4th after 
citrus, apple and banana in world fruit production and 
consumption (FAO, 2016). In life span, grapes always 
remain vulnerable to stresses especially caused by 
fungi. Fungi are capable of attacking grapes both at 
pre and post harvest.  Major fungal diseases of grapes 
reported all over the world include  powdery mildew 
(Erysiphe necator), Downy mildew (Plasmopara 
viticola), Anthracnose (Colletotrichum goleosporioides), 
Fruit rot ( Fusarium sp. and Altenaria alternate), Gray 
mold (Botrytis cinerea) (Bézier et al., 2002; Soytong 
et al., 2005). Fruit rotting fungi attacks wide varieties 
of fruits both at pre and postharvest level. Rots first 
appear as small yellowish spots along the margins of 
the leaf which gradually enlarge and transform into 
brownish patches with concentrated rings. Severe 
infection leads to drying and discoloration of leaves. 
Symptoms appear on infected berries in the form of 

dark brown purple patches on rachis and bunch stalk 
just below connection with the shoot.  Diseases mostly 
progress at a temperature range between 12-25ºC 
with rain showers. Recently, different rotting fungi are 
reported from Pakistan such as Fusarium proliferatum, 
Alternaria alternata, Pestalotiopsis sp. and Mucor 
fragilis that found causing rots in grapes (Ghuffar et 
al., 2018 ). However, there is lag phase exists in grape 
pathology as hardly any noticeable local effort on 
control of grape fruit rot diseases.   
Nevertheless, different management strategies are 
adopted to control fungal diseases of grapes. These 
strategies include chemical, physical, cultural and 
biological control. Fungicides provide most ready-
made solution against fungal pathogens but not free of 
health hazards. Many of these fungicides are actually 
banned in developed world such as European Union. 
The most commonly used fungicides used against 
grape fungal pathogens include tetraconazole, maneb-
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group, Topsin-M, captan, fluazinam and penconazole. 
Integrated disease management (IDM)  program is 
adopted in various parts of the world to replace the 
sole use of pesticides (Abbey et al., 2019; Grimalt 
& Dehouck, 2016). Bio-control agents (BCA) and 
bio pesticides are integral part of IDM. Among BCA, 
Trichoderma spp. is the most effective, economical 
and less laborious techniques to counter plant 
pathogens especially fungi. In addition, Trichoderma 
spp. can easily isolated from rhizosphere, wood and 
decaying plant material. However, Trichoderma spp. 
strains used an array of mechanisms such as plant 
resistance induction, mycoparasitism, antibiosis and 
competition for nutrients and space against pathogenic 
fungal counter parts (Vinale et al., 2008).  Botanicals 
and plant hormones are also considered as part of 
biological control. Exogenous application of harmones 
such as salicylic acid and jasmonic acid helped control 
many pathogens (Reymond and Farmer, 1998). 
Plants naturally contain antimicrobial compounds 
called phytoanticipins which helped counter pathogen 
ingresses. Plants such as Murraya koenigii and 
Putranjiva roxburghii are known for having antimicrobial 
activities against human pathogens but never been 
tested against fungal plant pathogens(Kumar, 2015).
Therefore, this pilot study was planned to evaluate 
different control measures (chemicals, antagonist and 
botanicals) against fungal pathogens of grapes. In vitro 
evaluation gave promising results in case of salicylic 
acid (SA), copper sulphate (CuSO4), Trichoderma sp 
and botanicals (Murraya koenigii, Putranjiva roxburghii). 
These findings needed to be further exploited in vivo 
assays before to be incorporated into IDM.

MATERIALS AND METHODS  
The fungal pathogen Fusarium sp.was isolated from 
infected berry samples collected from grape vineyard 
at University Research Farm, Koont. Fungal pathogens 
A. alternata and antagonist Trichoderma sp) were 
obtained from department of Plant Pathology, Pir Mehr 
Ali Shah Arid Agriculture University, Rawalpindi during 
2019. Leaves of eucalyptus sp. were collected from 
PMAS-AAUR while leaves of Putranjiva roxburghii 
and Murraya koenigii were collected from National 
Agriculture Research Centre (NARC), Islamabad. 
Collected leaves were rinsed, dried and crushed to 
fine powder with the help of sterilized pestle mottle. 
Moreover, 20 g dried powder was added in 200 ml of 
bottles containing aqueous and methanol solvents. 
Bottles were plugged with sterilized cotton wool and 
kept on orbital shaker (150 rpm) for 48 hours at room 
temperature. The extracts were filtered with Whatmann 
No.1 filter paper. Then solvent evaporated through 
rotavapour and its volume was made one-fourth of the 

original volume and kept in air tight bottles in refrigerator 
at 4°C (Narasinga-Rao and Kaladhar, 2014).

Isolation and characterization of fungal pathogen
The infected portion along with healthy part was cut 
into small pieces and surface sterilized. Dried infected 
portion aseptically shifted to petri plates having potato 
dextrose agar (PDA). The inoculated petri plates were 
incubated at 25 ± 3˚C for 7 days. Slides were made 
and fungus identified by using mycological keys. The 
pure cultures were obtained by hyphal tip method 
(Singh, 1983).
 
Evaluation of chemicals and botanicals by food 
poisoning technique
Different concentrations (0.05%, 0.2% and 0.4%) of 
salicylic acid (SA), topsin-M (TP), copper sulphate 
(CU/CuSO4), sodium bicarbonate (NA/NaHCO3) 
and aqueous leave extracts (0.5%, 1% and 2%) of 
Eucalyptus sp, Putranjiva roxburghii, and Murraya 
koenigii were evaluated against fungal pathogens 
through food poison technique. Chemicals were added 
to media plates just before pouring. Plates free of 
chemicals were used as control. Discs of one week old 
fungal culture were obtained with help of sterilized cork 
borer. Fungal discs in both treatment and control were 
place in the center of media plate containing PDA. All 
plates were put in incubator at 25°C for one week. 
Each treatment repeated thrice. The radial growth of 
the infection agent were noted by using the formula 
(Vincent, 1947).

C – T
    I = ——— x 100

C
I = Percent inhibition C= Colony diameter in control 
T= Colony diameter in treatment

Evaluation of antagonist by dual culture 
technique 
Trichoderma sp. (BCA) was tested under treatments 
i.e.  negative contol  (without any treatment) and 
present growth  inhibition bioassy Trichoderma sp. 
against A. lalternata and Fusarium sp. in three different 
replications against the fungal pathogens to observe 
the mycelial colony growth under invitro conditions. The 
test was conducted by dual culture technique. Mycelial 
discs of both antagonist and potential pathogen was 
put on same petri plate almost 3 cm apart. In case of 
positive control, a disc of same size and age of potential 
pathogen were put separately in another petri plate 
having same media. After seven days, diameter of 
growth discs (mm) of potential pathogen present along 
and separately from antagonist was noted (Sundar et 
al., 1995).
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Experimental design and statistical analysis
The experiments were conducted in a Complete 
Randomized Design (CRD) with three replicates. All 
data were analyzed by ANOVA, and evaluated at α = 
0.05 (Steel et al., 1997). Analyses data were performed 
with Stat graphics (Vargas et al., 2012).

RESULTS AND DISCUSSION

Collection and Isolation of pathogens
Fungal growth recovered from infected grape berries 
that were collected from university research farm, 
Koont. The recovered fungus was confirmed as 
Fusarium sp. through microscopic analysis (Fig. 1A 
& B)). Pure culture was made by hyphal tip method. 
Pathogenicity test confirmed the virulence of Fusarium 
sp. isolate on fresh and healthy berries at 5-7 days of 
post inoculation under disease conducive conditions. 
Inoculated berries also confirmed the Koch’s postulates 
in terms of symptoms and morphological features 
(Koch, 1884). 

Evaluation of chemicals by food poisoning 
technique
Results revealed that there was considerable variation 
among different chemicals in inhibiting fungal growth 
on media plates at concentrations (0.05%, 0.2%, and 
0.4%). In case of A. alternata, the maximum 100% 
growth inhibition was shown by salicylic acid at all 
concentrations compared to control. However, CuSO4 
completely inhibited growth of A. alternata at 0.2 and 
0.4% concentration. However, 70% growth inhibited at 
0.05%.  (Fig. 2 A, & B: Fig. 3 A).
Invitro analysis showed that Topsin-M inhibited A. 
alternata growth 25.8, 28 and 38% at concentrations 
0.05, 0.2 and 0.4%, respectively. It is pertinent to 
mention that NaHCO3 only inhibited 1.5, 5.8 and 4.2% 
at concentrations 0.05, 0.2, and 0.4%, respectively 
(Fig. 2 C & D: Fig. 3 A).
The results showed that maximum growth inhibition 
was observed in SA (100%) in all concentrations 
against pathogen of Fusarium sp compared to negative 
control. CuSo4 completely inhibited growth of Fusarium 
sp at 0.2 and 0.4%, however, 65% growth inhibited 

at 0.05%. Invitro analysis showed that Topsin-M 
inhibition growth of Fusarium sp 17, 30 and 42.8% at 
concentrations 0.05, 0.2 and 0.4% respectively (Fig. 2 
A & B, Fig. 3 B).
The minimum growth inhibition was observed in 
NaHCO3 i.e. 14, 14.6 and 16.9% at concentrations 
0.05, 0.2, 0.4%, respectively. In the chemicals 
copper sulfate at concentration (0.2% and 0.4%) and 
salicylic acid at all concentrations showed best result 
against A.alternata and Fusarium sp, both pathogens 
maximum inhibition growth were SA and copper sulfate 
in treatments. (Fig. 2 A, B & D: Fig. 3 B).

Evaluation of botanicals by food poisoning 
technique
The results of study showed that aqueous extracts 
of eucalyptus were least effective 3.4, 4.6 and 6% 
inhibition against pathogen A. alternata and Fusarium 
sp.  8, 13 and 14.6% at concentration 0.5, 1 and 2%, 
respectively. However, the aqueous extract of Murraya 
koenigii and Putranjiva roxburghii showed maximum 
growth inhibition (100%) against A. alternate at all 
concentrations (Fig. 4 A, B & C: Fig. 5 A & B). The 
efficacy of aqueous extracts of Murraya koenigii and 
Putranjiva roxburghii vary against Fusarium sp.  The 
aqueous extract of Putranjiva roxburghiiat 2% complete 
inhibited Fusarium sp. growth. However, Putranjiva 
roxburghii only inhibited 60% and 69% at concentrations 
0.5 and 1% respectively. Aqueous extracts of Murraya 
koenigii inhibited growth of Fusarium sp.  60 and 67% 
at concentrations 0.5 and 1%, respectively. (Fig. 4 A, B 
& C: Fig. 5 A & B).

Evaluation of biocontrol agent (Trichoderma sp.) 
by dual culture technique
The results of current study revealed that BCA 
Trichoderma sp. was effective against A. alternata 
and Fusarium sp. In dual culture Trichoderma sp. 
successfully inhibited 52% growth of A. alternata while 
48% growth of Fusarium sp. compared to control (Fig. 
6 B).
In vitro assays of chemicals showed that SA was the 
most effective against both A. alternata and Fusarium 
sp.SA completely inhibited the growth of both fungi. 
NaHCO3 was least effective followed by fungicide 
Topsin-M. These results are in line with findings of 
previous scientists (Abo-Elyousr et al., 2009; Raziq et 
al., 2008).  It is possible to mention that Topsin-M most 
commonly used fungicide against fungal pathogens of 
grapes (Nita et al., 2007). The most obvious reason 
of Topsin-M failure in laboratory is because of fungal 
pathogens developed some kind of resistance against 
T.M. Resistance against fungicide in fungi is quite 
common phenomenon. Therefore, it is recommended 
that fungicides belonging to different groups must be 
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used to avoid the resistance (FRAC, 2019).
Despite known antimicrobial properties, aqueous 
extracts of eucalyptus failed to inhibit fungal growth. 
Our results are similar to other researchers (Yela et al., 
2016) but results are in contrast to many researchers 
who reported effectiveness of eucalyptus extracts 
(Vilela et al., 2009) against plant pathogens. To our 
knowledge no studies on plant extracts of Murraya 
koenigii and Putranjiva roxburghii against grapes 
pathogens done. However, these plants are being 
used in treatment of human diseases because of their 
antimicrobial properties (Vignesh and Moorthi, 2017). 
Antagonist (Trichoderma sp.) showed effectiveness 
against A. alternata and Fusarium sp.in dual culture. 
Trichoderma sp. successfully inhibited 52% growth 
of A. alternata while 48% growth of Fusarium sp. 

Compared to control. A clear zone of inhibition appeared 
in plates having both BCA and pathogens. Similar 
results reported by different scientists in the world 
(Abhiram and Masih, 2018). Trichoderma sp. killed 
plant pathogenic fungi through mechanisms such as 
mycoparasitism, antibiotic production and competition 
for resources (Vinale et al., 2008). Many biopesticides 
such as Ecoderm, binab-T, Tricontrol, Bio-Tam and 
Biovidi based on Trichoderma sp. are now successfully 
used against different plant pathogens (Sachdev and 
Singh, 2016). In addition to direct killing, Trichoderma 
sp. as are also considered as plant growth promoting 
rhizo fungi (PGPRF). As PGPRF, fungus not only 
promotes plant growth but induce systemic resistance 
(ISR) in plants against various pathogens (Koike et al., 
2001).
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The study gave concise data about the effectiveness 
of chemicals and botanicals against fungal pathogens 
prevailing in Pothwar region. Unconventional chemicals 
such as SA and aqueous extracts of relatively new plants 
Putranjiva roxburghii and Murraya koenigii inhibited 
the growth while much established control measures 
Topsin-M and aqueous extracts of eucalyptus failed. 
In future, it is better to evaluate efficacy of control 
measures in laboratory before application to field.

CONCLUSIONS & RECOMMENDATIONS
In vitro assays showed that chemical SA, CuSO4 and 
aqueous extracts of Putranjiva roxburghii and Murraya 
koenigii were able to control fruit rot and gray mold 
fungi of grapes.

•	 Trichoderma sp. also showed prominence against 
fruit rot and gray mold fungi of grapes in dual culture 
technique. 

•	 It is recommended that SA, CuSO4 and aqueous 
extracts of Putranjiva roxburghii and      Murraya 
koenigii and Trichoderma sp. must be incorporated 
in IDM program of grape diseases. 

•	 The use of Topsin-M must be minimized to avoid 
resistance in local fungal population.
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