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Abstract Vitis vinifera or common grape vine is familiar enough to the human race owing to its industrial
importance. This plant can survive for 350-400 years. The plant under consideration is a historical one because wine
has been extracted from this plant since the period of the Mughal emperor Jahangir in 1630. In medieval India, under
the rule of the Mughals, the city of Agra flourished. The Mughals continued to live in the Agra Fort for years where
they had a unique vineyard in the name of Anguri Bagh built by Jahangir in 1630. In the present day, the sole
remnants happen to be one or two plants, which too are badly infected with pathogenic fungi. Three such detached
leaves were collected and the organism isolated was found to be Guignardia sp. Characters on the basis of
reproductive structures were established, as well as the SPM (suspended particulate matter) count was determined
and compared with the control, which indicated substantial air pollution. Fungicide bioassay was performed and the
reduction in percentage germination and germ tube length on application of the fungicide was 14.49% and 24.14 μm
respectively in absence of sugar, and 88.46% and 9.8 μm respectively in presence of sugar.
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1. Introduction
Shah Jehan built Anguri Bagh or the Garden of Grapes
in 1637 in Agra Fort. The garden was known for
harvesting choicest of grapes and flowers throughout the
year. It was designed to be a pleasant retreat or the
paradise garden for the royal ladies and ensured their
privacy. The soil of this garden was procured from
Kashmir to augment the plantation of grapes. In the
present scenario there are only two grape vines left out of
all which unfortunately are infected. Acid rain in Agra has
been one of the threats due to Mathura oil refinery and
325 iron foundries and 3 railway shunting yards [1]. Acid
rain is a form of precipitation that is unusually acidic,
meaning that it possesses elevated levels of hydrogen ions
and it contains a mixture of sulfuric and nitric acids
depending upon the relative quantities of oxides of
sulphur and nitrogen emissions [2]. It can have harmful
effects on plants, animals, aquatic animals and
infrastructure. Various microorganisms and microbial
processes get affected because of changes in soil
properties due to acid rain [3]. One major problem is the
dominance of fungal population who prefer the acidic
ambience. In our study, we speculate the presence of
Guiganardia sp, a common grape pathogen [4] based on
microscopical studies. Fungicides such as fludioxonil,
pyrimethanil and pyrimethanil and imazalil used together

has been found effective against the Guignardia citricarpa
causing citrus black spot (CBS) disease in Murcot,
Valencia and lemon plants [5]. The incidence of CBS
reduced from 76.8%, 79.6%, and 69.5 % to 6.8%. 7.1%
and 5.5% in Murcott, Valencia and Lemon respectively.
Blitox (dicopper chloride trihydroxide) used in our study
with various combinations such as in presence or absence
of sugar and fungicides based on the approach given by
Saurov et al for combating Mycovellosiella in Syzygium
samarangense [6].We found the reduction in percentage
germination and germ tube length on application of the
fungicide as 14.49% and 24.14 μm respectively in absence
of sugar, and 88.46% and 9.8 μm respectively in presence
of sugar Hence, spraying fungicide at an optimum
concentration can be carried out with the consent of the
Agra Fort authorities. We can opt for cryopreservation of
the germ plasm [7], liming of the soil [8] and use of leaf
litter ash [9] to increase the alkalinity of acidic soil. Thus
preserving vegetation, fields, shrubs which defines the
history of the site is as important as preserving buildings,
sculptures or monuments.

2. Materials and Methods
2.1. Sample Collection and Preliminary
Analysis
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The infected grape leaves which had fallen were
collected. The leaves were brought to the laboratory and
the area was measured and the weight was measured to
calculate SPM (Suspended Particulate Matter). To
calculate SPM the initial weight was taken and then the
leaves were washed with distilled water and was allowed
to dry overnight. Then the weight of the leaf was taken the
other day and the water which was used to wash the leaf
was utilized for water analysis.

2.2. Isolation of the Pathogen
As the pH was acidic it was speculated that fungal
pathogen are most likely to be present so for their isolation
we made PDA (Potato Dextrose Agar) slants and sections
of the infected leaf was inoculated under aseptic
conditions. Fungal growth started appearing after 10 days
in the inoculated slants.

2.3. Microscopic Study of the Isolated
Pathogen
The mycelia growth of the mold was taken with the
help of a loop and then teased on a slide containing Lacto
phenol cotton blue. The slide was covered with the help of
a cover slip and was observed under the microscope at
400X.

2.4. Leaf Sectioning
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The infected leaves were carefully sectioned, stained
with lacto phenol cotton blue and observed under the
microscope to look for any trace of infection. The pictures
are given below.

2.5. Preparation of Spore Suspension and ReInoculation in a Healthy Grape Leaf to
Validate Koch’s Postulate
The spore suspension was prepared with the tube where
dark greenish growth was observed with a white outline
grown in PDA slant tubes. Sterile water was poured in the
tube so that the fungal growth was submerged under the
water. The sporulated area was scratched with a clean
inoculating needle. The suspension was filtered with a
muslin clothe.
The inoculums density of the spore suspension was
measured under hemocytometer, which was calculated as
1.4x 105 spores/cc of inoculums.
One leaf was taken and was divided into four quadrants.
One was for control and the other was treated as spore
suspension.
Five drops each of 20 µl of sterile water was taken in
each quadrant of leaf-1 that served as control and kept in a
moist chamber; likewise five drops each of 20 µl of the
spore suspension were given in each quadrant of leaf-2 as
experimental and kept in a moist chamber in the same
manner.

2.6. Fungicide Bioassay
System
S+w
W+s+f
S+s+f
S+s+w

Table 1. Showing the addition of each component on the slide to carry out the fungicide bioassay
Spore suspension
Sugar solution
Fungicide solution (0.2%)
Sterile Water
Final Sugar Concentration (2%)
(µl)
(µl)
(Blitox) inµl
(µl)
10
10
0
10
10
10
2
10
10
10
2
10
10
10
2

The spore suspension of the potential pathogen was
prepared from the slants containing fungal spores by
washing the surface with sterile water and then sieving out
the resulting solution. The spore suspension was used to
obtain the spore density by using haemocytometer.
Dextrose sugar solution of 6% was prepared in 10 ml of
sterile water. Fungicide (Blitox) solution prepared with a
concentration of 0.2%. Four grease free slides were
labeled as spore + water (s + w), water + spore +
fungicide (W + s + f), sugar+ spore+ fungicide (s + s + f)
and spore + sugar+ water. (s + s + w).

3. Results and Discussion
3.1. Result of Sample
Preliminary Analysis

Electrical conductance = 52.25 S.m-1
pH= 5.6

3.3. Result of Isolation of Pathogen

Figure 1. Picture showing the fungal pathogen isolated from the infected
inoculated leaf

Collection

and
3.4. Result of Microscopic Studies

Total SPM count
= weight of the leaf before washing
− weight of the leaf after washing
=.2548 − 02112 g
= 0.0436g

3.2. Analysis of Water

Figure2. Picture showing the chlamydospores
macroconidia from the fungal pathogen isolated

(left)

and

the
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3.5. Result of Leaf Sectioning

3.6. Result of Koch’s Postulate

Figure 4. Picture showing the result of spore re-inoculation of Grape leaf
(L-R) Control leaf showing no spots and the experimental showing
distinct spots after 24 hours of incubation
Figure 3. Picture showing the infected area of the leaf showing the
presence of spores and fungal growth

3.7. Result of Fungicide Slide Bioassay

Table 2. Showing the inoculum density, percentage density, standard error against mean percentage germination, average germ tube length
and the standard error of the mean of the average germ tube length
Inoculum Density
Percentage
Standard Error against Mean
Average germ tube length
Standard Error of the mean
System
(spores/ml)
germination
percentage germination
(µm)
of average germ tube length
S+w
1.4 x 105
24.6
2.36
27.09
6.79
W+s+f
1.4 x 105
10.11
1.81
2.95
0.33
S+s+f
1.4 x 105
8.94
0.95
1.84
1.84
S+s+w
1.4 x 105
97.4
2.48
11.64
3.015

4. Discussion
The SPM count was compared with that of the control
which indicated substantial air pollution. Also the
characters of the fungi and the nature of infection,
reproductive structures suggest the involvement of
Guignardia sp, a common pathogen of grape vines.
Fungicide bioassay was performed, the reduction in
percentage germination and germ tube length on
application of the fungicide was 14.49% and 24.14 μm
respectively in absence of sugar, and 88.46% and 9.8 μm
respectively in presence of sugar indicating that the
fungicide can be used as a potent inhibit of the pathogenic
fungi.
Various methods can be adopted to maintain the
existing germ plasm by cryopreservation ,liming of the
soil to maintain the correct pH of the soil and if not
enough then leaf litter alkalinit for neutralizing soil acidity
can be carried out for amelioration.

5. Conclusion
The acidification of the soil(pH 5.6) due to the acid rain
condition prevailing has brought significantly hastened the
growth of fungus showing where microscopic analysis and
reproductive structure matches with the profile of
Guignardia, a common grape vine pathogen. Hence if we
find suitable measures to control the acidification then
these two remaining historical plants can be conserved.
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