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Introduction
Wheat (Triticum aestivum L.) is one of the key cereal crops of 

Pakistan. It is the essential foodstuff in major part of the world compare 
to other crops especially that are grown in irrigated conditions [1]. In 
Pakistan a number of diseases affects wheat crop. However, among 
frequently occurring diseases of wheat crops in Pakistan induced by 
biotic stresses foliar blight/spot blotch are considered to contribute 
significantly to low average yields of the wheat crop [2]. Under warm 
and humid conditions wheat crop are vulnerable to infection with the 
spot blotch caused by Bipolaris sorokiniana (Sacc). The host range of B. 
sorokiniana among monocotyledonous plants are small grain cereals, 
like Triticum aestivum, hordeum vulgare, Avena sativa, Sorghum 
bicolor and a large number of other grasses. Several plant species other 
than monocotyledons including Brassica compestris, Glycine max, 
Lens culinaris, Vigna radiata, Sesamum indicum, Vigna mungo and 
Pennisetum amaricanum are identified as the host of B. sorokiniana 
[3]. Disease can be seed borne, soil born and airborne. The soil-borne 
conidia are considered the main source of inoculums, which causing 
secondary infection that results in severe foliar disease and yield loss. 
The symptoms of spot blotch are most prominent on leaves after 
heading and on lower leaves are more frequent, appeared as discrete, 
elongate, brown-black lesions [4].

This pathogen can cause the disease on whole-wheat plant (seedling 
blight, root rot, spot blotch lesions and black point of the grain) and 
results a big damage in the quantity and quality of crop yield. The most 
prevalent disease on five commercial varieties i.e., Bhakkhar-2001, 
Inqilab-91, Faisalabad-08, Lasani-2008 and Seher-2006 that were 
cultivated at farmer fields was spot blotch and no variety was found 
free of this disease. The spot blotch disease prevalence was 100% on 
all the Bhakkhar-2001 cultivated fields, whereas the prevalence on 

Inqilab -91, Faisalabad-08, Lasani-08 and Seher-2006, was 14%, 10%, 
5% and 3% respectively [5]. Spot blotch of wheat is managed usually 
by the application of chemicals. Plant based compounds are significant 
sources to replaces chemicals for plant diseases management [6]. 
It is clear that natural products can trim down the populations of 
foliar pathogens and infection expansion, by reproduce thereselve 
as environmentally safe mechanism in integrated pest management 
programs [7]. Different plant species are available in records that hold 
natural compounds that are toxic as antimicrobial agents [8]. Al Hazmi 
[9] studied the effect of Neem extract on mycelia growth of Bipolaris
and found that the Neem seed alcoholic extract was more effective
(25.67%) in retarding the Bipolaris sorokiniana growth than the leaf
alcoholic extract 15.79% and water extract 3.5%. Similarly, a slight but
statistically significant difference in the number of conidia of Bipolairis
sorokiniana was observed between the more concentrated extracts
and the less concentrated extracts of Bouhenia variegata. The two less
concentrated extracts did not control fungal growth [10]. The present
study investigated the efficacy of Eucalyptus camaldulensis leaf bark
and flowering buds extracts in the management of spot blotch of wheat 
under in-vitro conditions.
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Abstract
The inhibitory effect of essential oil of flowering buds and potential extracts of Eucalyptus camaldulensis Dehn 

(leaf, Bark and Flowering Buds) were evaluated on the most aggressive isolate of Bipolaris sorokiniana from wheat 
crop by agar well diffusion, food poison technique and macro-dilution assay. The mycelial growth was evaluated 
over four periods (3; 6; 9 and 30 days from incubation) with nine concentrations of essential oils (0.5%; 01%; 2.5%; 
05%; 7.5%; 10%; 15%; 50%; 100%) and 3 concentrations (01%; 05% and 10%) of effective extracts. E.oil showed 
a maximum zone of inhibition of 90 mm diameter and mycelia growth 0.00 ± 0.00 compares to control 40.00 ± 0.00 
after 9 days of incubation at 50% and 100% concentration. The extracts of F. buds showed the strongest active 
values (P<0.05) with a 29.10 ± 0.92 ZOI compared to water extract (19.80 ± 0.33). The ethanol and methanol fruit 
extracts showed highest minimum inhibitory concentration (08 mg/mL) than water extracts (200 mg/ml) against B. 
sorokiniana, while minimum fungicidal concentration values for ethanol and methanol fruit extract 40 mg/mL and 
water extract 300 mg/mL. Extract treated hyphae were collapsed, damaged or thinner when compared with the 
control. This Study reveals that, F. buds were the potential part of plant. The E.oil and ethanol extract of F. buds 
were consider most effective that shows considerable potency (up to 97% in-vitro inhibition) than the bark and leaves 
solvents extracts, while no inhibitory effect was noticed for the aqueous extract of leaves and bark in combating the 
pathogen.
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Material and Methods
Test organism

Pathogen was isolated from diseased wheat plants. Those were 
infected by the mother culture of most aggressive isolate of Bipolaris 
sorokiniana in the research fields of crop disease research institute 
(CDRI) NARC, Islamabad and maintained on Potato dextrose agar 
(PDA) growth medium until used. 

Collection of plant material

Different plant tissues of Eucalyptus camaldulensis were collected 
from healthy mature trees growing in the Botanical garden of Pakistan 
Forest Institute, Peshawar. The collected samples were identified at the 
Department of botany of Pakistan Forest Institute, Peshawar. 

Preparation of plant samples

Samples of leaves bark and flowering buds were washed thoroughly 
with tap water twice to remove residual soil debris then sterilized in 
10% bleach and again washed with distilled water and dried under 
shade at room temperature for two or three weeks to make it suitable 
for grinding. Then crush into fine powder by mechanical grinder. The 
sample obtained were store in airtight bottle until required for further 
analysis.

Water extracts

Powder (10 g) was put in a conical flask. Further to this were added 
100 ml of sterilized water and boiled when volume of the water were 
concentrated to 25 ml then stopped boiling and filtered through a eight 
fold muslin cloth after that filter through whatman No.1 filter paper. 
The filtrate was further concentrated by using water bath complete 
dryness [11].

Organic solvent extracts

Powder (10 g) was extracted with 100 ml solvents (methanol, 
ethanol) by cold maceration on rotatery shaker for 3 days and filtered 
through Whatman No.1 filter paper. Further, the extracts were 
concentrated to complete dryness using rotary evaporator under 
reduced pressure. The volatile oil was extracted by hydrodistillation. 

Antifungal bioassay

Determination of mean diameter and biomass production of 
the culture: Different extracts and crude oil at different concentrations 
were tested against the test pathogen by agar well diffusion and food 
poison technique [12]. For this, 5 ml of Eucalyptus E.oil was mixed with 
Tween-80 (0.05%) and further diluted with 5 ml of tripled autoclaved 
water thus 5 ppm stock solution was made. This stock solution was 
further diluted with sterilized water to give the concentrations of 0.5, 1, 
2.5, 5, 7.5, 10, 15, 50, and 100 ppm. Each concentration in one ml was 
mixed uniformly in 25 ml of PDA (potato dextrose agar) for Bipolaris 
sorokiniana. From then on, a mycelial disc of about 6 mm diameter was 
inoculated in the centre of each Petri plate. The mycelia disks were cut 
from the periphery of a 08-day old culture. For the control treatment 
Tween–80 (0.05%) mixed with sterilized water instead of extracts 
was used. Five replicates of each treatment were used in a completely 
randomized design. The Petri plates were then incubated at 28 ± 2°C 
and results were record from the 3rd day until complete growth in 
control plates. Similar experiments were also performed for different 
solvent extracts at different concentrations. The MICs (minimum 
inhibitory concentrations) were determined. To determine minimum 
fungicidal concentration (MFC), subculture 10 μl from non turbid test 

tubes, Negative or blank (inoculums containing but no extract) and 
positive tube (extract containing but no inoculums) on PDA plates and 
incubates on 28 ± 2°C until growth was seen in the control subculture. 
If there is no growth this indicated minimum fungicidal concentration 
[13]. Now to determine the effect of different solvent extracts and E. oils 
on the dry weight of the Bipolaris sorokiniana, one ml of each treatment 
was added to 20 ml sterilized growth medium (PD broth) in 100 ml 
flask and inoculated with a 5 mm disc of test pathogen culture. Control 
treatment containing 1 ml of Tween-80 (0.05%). After 10 days of 
incubation fresh and dry weights of mycelia of (Bipolaris sorokiniana) 
were determined [14]. 

Determination of sporulation rate and Conidia characteristics 
of the culture: The sporulation rate measurement was done at 10 days 
of culture. For conidial recount the conidia from different treated plats 
were removed by using 10 ml of sterile distilled water containing 0.05% 
Tween 20 and filtered using eight fold gauze, to remove remains of 
culture medium and mycelia, and count it in hemocytometer. 

The morphological effects caused by the oil and extract were 
determined by the comparative analysis of the structures (Hypea and 
conidia) observed in the control and in each of the treatments under an 
optical microscope at (100 ×).10 μl of fungal suspension were placed on 
microscope slides in order to determine the size of the conidia. These 
observations were performed by means of a Leitz- SM-Lux microscope, 
provided with micrometric ocular lens, under a 400 magnification 
(Periplan GF 10 X Leitz-Wetzlar). Thirty measurements were performed 
for each treatment and the greatest and smallest dimensions were study 
and considered as length (L) and width (W), respectively.

Results and Discussion
Effect of Eucalyptus extracts and E. oil on radial mycelial 
growth, percentage growth inhibition of B. sorokiniana at 
different concentrations

The inhibitory effect of different extracts of Eucalyptus sps, against 
the growth of disease causing agents have been reported previously by 
Rakotonirainy & Lavedrine, [15]. In the present study the inhibitory 
effects of Essential oil and Ethanol, Methanol and aqueous extracts 
of different parts of Eucalyptus camaldulensis were evaluated against 
the pathogen that causes Spot blotch of wheat crop. However, it was 
observed that the ethanol flowering buds extracts of Eucalyptus 
camaldulensis, produced very significant antifungal activity against 
Bipolaris sorokiniana.

Figure 1: Treatments of Ethanol: E.control: CBE: Camaldulensis Bark extract; 
CLE; Camaldulensis Leave extract; CFE: Camaldulensis Fruit extract.
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In relation to diametric growth, the percentage inhibition was 
evaluated at four extract (ethanol, methanol water and essential oil) of 
leaves, flower buds and bark of Eucalyptus camaldulensis. Results of E.oil 
and flower buds extract show complete inhibition of mycelia growth 
until 5 days, and after 15 days of incubation the percent inhibition 
ranged from 97%, 91%, 67% and 98% respectively. There is only a dead 
protoplast observed that having no hyphea and conidia. While 100% 
of E.oil showed complete inhibition after 30 days of incubation. That 
does not agree with the results of Katooli et al. [16]. According to them 
50% and 100% of Eucalyptus camaldulensis E.oil inhibit the growth of 
Bipolaris sorokiniana only until 5 days and after 30 day of incubation 
there in no inhibition of such treatments.

Figure 2: Zone of inhibition made by E.Oil treatments.

Figure 3: Conidia treated with control treatments.

Figure 4: Conidia treated with oil treatment.

Figure 5: Hypea treated with control treatment.

Figure 6: Hypea treated with oil treatment.

B. 
Ext. Extraction 

solvent Part used

Color Size No of septa

Shape of conidia
Conidiophore Conidia

Length (μ) Width (μ)
Conidiophore ConidiaConidiophore Conidia Conidiophore Conidia

E.
 c

am
al

du
le

ns
is

 D
eh

n.

Ethanol

Leaf Light  brown Olivaceous brown 62-177 29-60 5-7.5 15-23 4-7 2-6 Elliptical or oval

Flower Buds Light  brown Olivaceous  brown 58-155 30-60 3-6 12-30 2-6 1-4 Elliptical 
Bark Light  brown Olivaceous  brown 81-187 50-80 6-8.5 20-25 4-7 2-5 Elliptical or oval

Methanol

Leaf Light  brown Olivaceous  brown 80-183 50-70 6.41-8 20-30 2-8 1-5 Oval with round ends
Flower Buds Light  brown Olivaceous brown 57-173 24-75 5-7.6 18-30 4-8 2-6 Oval to elliptical 

Bark Light  brown Olivaceous  brown 80-189 50-80 5.8-7.3 20-30 2-8 2-6 Oval with round ends

Water

Leaf Light  brown Olivaceous  brown 60-170 30-70 6-7 15-25 2-9 2-6 Oval slightly curved 
Flower Buds Light  brown Olivaceous  brown 80-172 50-60 6-8 20-30 4-8 2-6 Elliptical or oval

Bark Light  brown Olivaceous  brown 70-180 40-83 6.5-8 20-30 2-9 2-7 Oval with round ends

Control

Ethanol Light  brown Olivaceous  brown 74-190 40-90 6-8 20-32 2-7 2-7 Oval with round ends
Methanol Light  brown Olivaceous  brown 53.2-190 20-90 5-8 15-30 2-8 1-6 Oval with round ends

Water Light  brown Olivaceous  brown 81.36-193.21 50-90 6.42-8.71 20-30 2-9 2-7 Oval with round ends

Table 1: Conidia characters of Bipolaris sorokiniana subjected to different concentrations of the of Eucalyptus camaldulensis Dehn extracts.
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Although the MIC (Minimum inhibitory concentration) of water 
extract of flower buds against Bipolaris sorokiniana was higher (200 
mg/ml) than that for ethanol, methanol extracts of flowers buds (08 
mg/ml). While the MFC (Minimum fungicidal concentration) values 
for ethanol and methanol extracts of flowering buds were 40 mg/mL 
as compared with water extract 300 mg/mL. E.oil showed a maximum 
zone of inhibition of 90 mm diameter and mycelia growth 0.00 ± 0.00 
compares to control 40.00 ± 0.00 after 9 days of incubation at 50% 
and 100% concentration. The ethanol extract of flower buds of E. 
camaldulensis showed the strongest active values (P<0.05) with a 29.51 
± 0.71 ZOI (Zone of inhibition) compared to methanol and water 
extracts 28.80 ± 0.91, 19.80 ± 0.33 respectively.

The mycelia growth inhibition and MIC studies reveal that the 

ethanol extract of Eucalyptus camaldulensis flower buds is more potent 
of the three extracts in inhibiting the test organism of spot blotch of 
wheat. It was seen in the whole study that when the concentration of 
extracts in the growth medium increases the inhibition of growth also 
increased. Similar effects of a variety of other plants products that are 
effective against Bipolaris sorokiniana were reported by several authors 
Hasan et al and Perello et al. [17,18].

Effect of eucalyptus extracts and E. oil on sporulation rate, 
conidia characteristics, fresh weight and dry weight of B. 
sorokiniana at different concentrations

The colour, length, width and number of septa of conidia and 
conidiophores of Bipolaris sorokiniana treated with different treatments 
were measured under the microscope. In control treatments conidial 

Botanical 
extracts Concentration 

(%)

Color Size No of septa

Shape of conidia
Conidiophore Conidia

Length (μ) Width (μ)
Conidiophore ConidiaConidiophore Conidia Conidiophore Conidia

   
   

 E
. e

ss
en

tia
l o

il

0.5% Light  brown Olivaceous Brown  70-187 40-70 6-8 20-30 2-9 2-7 Oval with round ends
1% Light  brown Brown to olivaceous 66-188 36-80 5-8 15-32 2-9 2-6 Oval with round ends

2.5% Light  brown Olivaceous Brown  62-161 30-60 6-8 15-23 4-8 1-6 Oval with round ends

5% Light  brown Olivaceous to dark 
brown 57-164 30-60 6-8 17-30 4-8 2-5 Oval with round ends

7.5% Light  brown Olivaceous brown 50-130 20-32 5-7.3 11-19 2-7 2-5 Oval to elliptical 

10% Light  brown Olivaceous Brown  50-128 20-30 4-8 10-20 2-7 1-5 oval

15% Light  brown Olivaceous Brown 55-166 50-70 4-7 20-22 1-6 1-4 Nearly round

50% Light  brown Olivaceous Brown 46-149 18-55 4-6 10-21 1-5 1-4 Oval to Nearly round 

100% - - - - - - - - -

C
on

tr
ol Water Light  brown Dark brown 81.36-193.21 50-90 6-8 20-30 4-9 2-7 Oval to elliptical 

Tween 20 Light  brown Olivaceous Brown  70.2-190 40-90 6-8 20-30 2-9 2-6 Oval with round ends

DMSO Light  brown Olivaceous Brown  74-190 40-90 6-8.5 20-30 2-9 2-6 Oval to elliptical 

Table 2: Conidia characters of Bipolaris sorokiniana subjected to different concentrations of the essential oils of Eucalyptus camaldulensis Dehn.

Extraction 
solvent

Eucalyptus camaldulensis extracts Eucalyptus camaldulensis E. oil
Conidial germination Conidia recount Conidial germination Conidia recount

Part used Germination pattern Sporulation No of 
spores/10μl Concentration Germination pattern Germination 

% Sporulation No of 
spores/10μl

Ethanol

Leaf Mostly unipolar sometime 
bipolar +++ 87-173 0.5% Mostly unipolar, 

nominal bipolar 28.2 +++ 5-57

Flower Buds Mostly unipolar sometime 
bipolar + 24-83 1% Mostly unipolar, 

nominal bipolar 19.45 +++ 2-10

Bark Mostly unipolar sometime 
bipolar +++ 96-204 2.5% Mostly unipolar, 

nominal bipolar 18.65 +++ 6-23

Methanol

Leaf Mostly unipolar sometime 
bipolar ++ 75-170 5% Mostly unipolar, 

nominal bipolar 17.45 +++ 1-13

Flower Buds Mostly unipolar sometime 
bipolar + 54-155 7.5% Mostly unipolar, 

nominal bipolar 15.85 ++ 2-8

Bark Mostly unipolar sometime 
bipolar +++ 80-183 10% Mostly unipolar, 

nominal bipolar 11.19 ++ 1-2

Water

Leaf Mostly unipolar sometime 
bipolar +++ 115-192 15% Mostly unipolar, 

nominal bipolar 10.86 ++ 1-3

Flower Buds Mostly unipolar sometime 
bipolar +++ 81-115 50% Mostly unipolar, 

nominal bipolar 8.92 + 0

Bark Mostly unipolar sometime 
bipolar +++ 128-262 100% Mostly unipolar, 

nominal bipolar 0.06 - 0

Control

Ethanol
Methanol

Water

Mostly unipolar sometime 
bipolar

Mostly unipolar sometime 
bipolar

Mostly unipolar sometime 
bipolar

+++
+++

++++

101-190
73-178

171-275 DMSO Mostly unipolar, 
nominal bipolar

75.04 ++++ 20-84

Table 3: Data on Sporulation and conidial germination of Bipolaris sorokiniana treated with eucalyptus sps treatments.
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variation were around 20-90 micron in length and 12-30 micron in 
width having 1-7 numbers of septa, oval with round ends or elliptical 
shape and olivaceous brown to dark brown in colour. Conidia affected 
by essential oil and flower buds extract were very small oval to nearly 
round and with only 1-4 or without septa compared to conidia 
affected by control treatments. On the other hand, the conidiophores 

variations were around 46-189 micron in length and 3-8 micron 
in width having 1-9 septa and light brown in colour. Extract treated 
hyphae were collapsed, damaged or thinner when compared with 
the control treated hyphae. Only the measurements of conidia with 
control treatments are similar as reported by Muchovej et al. [19]. They 
observed that B. sorokiniana presented conidia more than 75 micron 
long and less than 25 micron wide. There were significant differences 
between different treatments that affect the sporulation rate of Bipolaris 
sorokiniana. Such as E. camaldulensis flower buds extract (ethanol) 
and 50% E.oil treatments have very poor sporulation rate however, 
there is no sporulation observed for the treatments of 100% E.oil. The 
sporulation rate decreases as the concentration of treatments were 
increases. In present study there were no biomass production observed 
at 100 and 50 percent Essential oil treatments. However the biomass 
production observed at flower buds ethanol, methanol extracts were 
very poor. Similarly a significant decline in the biomass production 
of Macrophomena phaseolena due to different solvent treatments of 
Eucalyptus citriodora extracts was observed by Javaid and Hafiza [20].

Conclusion 
All treatment either E. camaldulensis different parts extracts or 

E.oil were effective to inhibit the Bipolaris sorokiniana colonies growth 
and spore germination. But the ethanol extract of flower buds was 
found more potent in combating pathogen. From the economic point 
of view, treatments of E.oil and flower buds extract applied at 1% and 
7.5% concentration causing the management of pathogen up to 71% 
and 76%, were found more profitable compared to treatments of E.oil 
and flower buds extract applied at 10% and 50% concentration that 
causing the management of pathogen up to 97% and 98%.
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