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Aloe Vera (Aloe Barbadenisis Miller) plant used for centuries for its medicinal, beauty, health and skin care properties. It is a
xerophytic, succulent, pea-green colored plant which contains vitamins, minerals, sugar, enzymes, lignin, salicylic acid,
saponins and amino acids. Leaf spot of Aloe vera caused by Alternaria alternata, is the most significant fungal infection
affecting commercial Aloe vera farming. Current study was designed to investigate the effects of chemicals and botanicals
against leaf spot disease of Aloe vera. For this purpose, infected plants of Aloe vera were gathered Horticultural Research
Area, UAF. The fungus was isolated, purified and identified at Phytopathology Laboratory. Five fungicides and plant extracts
were used with three different concentrations under completely randomized design (CRD). The outcomes of current study
indicated that, among tested plant extracts, Clove inhibited maximum mycelial growth (6.53 mm) followed by Garlic (9.52
mm), Turmeric (10.42 mm), Ginger (11.52 mm) and Black pepper (13.42 mm), whereas among fungicides Tilt showed
significant inhibitory effects against pathogen with minimum mycelial growth (6.60 mm), while Champion was found least
effective among fungicides having maximum fungal growth (13.71 mm). Moreover, under greenhouse conditions most
effective phyto-extract (Clove), chemical (Tilt) and their amalgamation were applied on inoculated aloe vera plants and found
that the combination expressed most effective results against disease with least disease severity percentage (9.92%), followed
by solo application of Tilt (13.82%) and clove (23.82%). It was suggested that Tilt as solo application or in combination with
clove extract could be used as effective remedy to control leaf spot disease of aloe vera, however for home gardens extract of
clove is highly recommended due to non-toxic effects on human health.

Keywords: Clove, Turmeric, Fungicides, Phytoextracts, tilt, Fungal growth, Aloe vera, leaf spot disease, alternaria alternata,
Plant extracts.

INTRODUCTION known medicinal plant. Its broad use in cosmetics,

particularly to cure burns and sunburn, wound healing, and

Aloe vera (Aloe Barbadenisis Miller) belongs to family
Xanthorrhoeaceae (Hekmatpou et al., 2019). It is a short
stem, shrubby, pea green succulent plant that bears flowers in
summer. Its leaves contains 18 (amino acids), 12 (vitamins),
20 (minerals), water, and 75 nutrients in leaves of Aloe vera
(Magluria et al., 2019). It also contains sugars, salicylic acids
having anti-fungal, anti-bacterial, anti-inflammatory,
immune-enhancing and anti-cancerous properties. Due to its
high nutritious value, healing and softening effects Aloe vera
plays a vital role in pharmaceutical and cosmetic industry
(Sultana et al., 2021). It is a wonderful most potent and well-

cell ageing, has gained a strong global reputation. Aloe vera
plants are also beneficial for the immune system and blood
circulation. It is utilized in ayurvedic, homoeopathic, and
allopathic treatment, not only in tribal communities but also
throughout the world (Jadhav et al., 2020).

Among all the fungal diseases, leaf spot of Aloe vera caused
by Alternaria alternata is one of the most significant fungal
disease affecting commercial Aloe vera farming. When
pathogen attack on plant initially spots remain small, oval in
shape and pale brown to black in color. As disease progress,
spots increase in size, in a concentric manner, leading to dead
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appearance. The disease starts from the lower leaves of plant
and slowly transfer to the upper leaves (Blagojevi¢ et al.,
2020). A. alternata is an air borne fungus and has long
survival ability in plant debris (Tozlu et al., 2018). The
pathogen can also survive the winter on tree, surface, and soil
layers of disabled bodies that were 5, 10, 15, 20, and 30 cm
thick, and the soil layer of 10-15 cm had the highest spore
survival rates (Jin-yu et al., 2018). In A. alternata, sexual
spore conidia are produced in conidiophores that are almost
160-200pum in length. Spore dispersion occur through water,
animals, tools and wind. After harvesting, plant debris
remains in the field which act as primary source of infection
(Mamgain et al., 2013). There are different environmental
factors that favor the growth of A. alternata like temperature,
relative humidity, moisture and rainfall. In field conditions,
favorable temperature for the pathogen is 25-30°C. If pH
range is 6-6.50 and relative humidity is 90-100% then disease
rate will be maximum (Gawai and Mangnalikar, 2018).
Species of Alternaria behave like saprotroph, opportunistic
pathogens which cause diseases in human and plants
(Armitage et al., 2020). Pathogenic capability of A. alternata
depends on the production of host-selective toxins. This
fungus also uses cell-wall-degrading enzymes to penetrate in
host plant (Ma et al., 2019).

A number of management strategies have been used to
combat the disease. Natural disease resistance is environment
friendly way of controlling plant disease and reduce the use
of chemicals. Resistant varieties can prevent the spread of
disease. If resistant varieties are not available and disease is
in severe form then the use of fungicides is recommended
(Nelson et al., 2018). Chemicals are quick in action and they
are easily available, they can slow or stop the development of
new symptoms. When fungal infections spread quickly in the
field, farmers have no choice except to use fungicides
(Dukare et al., 2022). Fungicides act in a number of ways, but
the majority of them destroy fungal cell membranes or
prevent fungal cells from producing energy. Due to this
reason chemical fungicide Mancozeb was used against leaf
spot of Aloe vera caused by Alternaria alternata. It controlled
the pathogen growth at a very low concentration of 100ug/ml
(Ghosh et al., 2016). Horsfield et al. (2010) conducted an In-
vitro experiment on four different fungicides azoxystrobin
(Amistar 250 SC), trifloxystrobin (Zato 50 WG),
tebuconazole (Folicur 250 EW) and Signum 334 WG
(boscalid+pyraclostrobin) to check the growth of A.
alternata. Signum (boscalid+pyraclostrobin) and Folicur 250
EW (tebuconazole) showed the most inhibitory effect
against A. alternata.

But excessive use of chemicals has become threating to
human health and are phytotoxic. That’s why plants extracts
are used as an alternative approach against different plant
diseases. Plant extract has been used to implement a new way
to controlling diseases that affect quality food production.
Plant extracts contain a variety of bioactive components that

can inhibit the growth of fungi (Choudhury et al., 2018). Plant
disease management through phytoextracts are environment
friendly, non-hazardous, and non-polluting. Different studies
showed suppressive effects of botanicals against A. alternata
by using poisoned food technique. Sharma et al. (2021) found
significant inhibitory effect of Calotropis gigantea, Alstonia
scholaris, Zingiber officinale, Allium sativum, Azadirachta
indica, Datura stramonium against A. alternata. Similarly,
turmeric and neem extracts were found highly effective
against the pathogen when used at 50% concentration
(Nagaraju et al., 2020). Keeping in view all the findings from
different studies, contemporary study was designed to
investigate the potential of synthetic fungicides and
phytoextracts against Alternaria alternata causing leaf spot of
aloe vera.

MATERIALS AND METHODS

Sample collection, isolation and purification of pathogen:
For isolation of Alternaria alternata, infected leaves of aloe
vera were collected and brought to the Mycology Laboratory,
Department of Plant Pathology, UAF for further study and
diagnosis. Diseased samples rinsed with tap water for making
samples dirt free. For isolation samples cut into small pieces
by taking half diseased and half healthy portion. Using 1%
sodium hypochlorite, small sample pieces were surface
sterilized for 30 seconds and then rinsed two times in distilled
water, after that samples were placed on sterilized blotter
paper for drying purpose. PDA media was poured into Petri
plates in laminar air flow chamber. After solidification of
PDA, samples were transfer to petri plates with the help of
sterilized forceps. Petri plates were wrapped, labeled and
incubated at 25+2°C temperature for 48 hours in the incubator
(Senanayake et al., 2020). Single hyphal tip method was used
for the purification of fungus. Small amount of mycelium was
taken from the edge of cultural plate with the help of sterilized
inoculating needle in laminar air flow chamber and
transferred to the fresh PDA. The pure culture of isolated
pathogen was studied under compound microscope for
morphological characterization like colony shape, color,
spore size and shape of the pathogen (Hassan et al., 2022).
Pathogenicity test: For the confirmation of pathogen
association with host plant, Koch’s postulates were followed.
For this purpose, healthy aloe Vera plants were grown in
earthen pots. One-month old plants were firstly surface
sterilized with 1% sodium hypochlorite, then artificially
inoculated by placing a 5 mm disc of one-week old pure
culture of A. alternata. Disease symptoms were observed
regularly for one week. From diseased leaves, re-isolation of
the pathogen was performed and compared with the old one
on the basis of morphological characters.

In-vitro management of A. alternata through chemicals:
Five different chemicals (Tilt, Cabrio top, Amistar top,
Champion, Nativo) were evaluated against A. alternata at
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three different concentrations (50ppm, 100ppm, 150ppm)
with three replications of each treatment by using poisoned
food technique. Stock solution of fungicides was prepared by
following their active ingredients to make different
concentrations. Required concentration of stock solution
added in semi cooled PDA media in conical flasks. Then the
amended media was transferred into Petri plates (90 mm) and
every plate were inoculated with a 6 mm disc of mycelium
obtained from one-week old pure culture of A. alternata using
a Cork borer. While un-amended media was used for control
plates. All the plates were swathed with parafilm and labelled
with a undying marker. Data was recorded with 24 hours of
intervals till one week (Akram et al., 2018).
Table 1. Chemicals, their active substances and
mechanism of action against A. alternata
Fungicides Active Mode of Action References
Ingredients
Cabrio Top Pyraclostrobin

Blocks the energy (Younas et

supply of the fungus so a]., 2021)
it does not spread

further in the plant

Tilt Propiconazole ~ The known targets of ~ (Somani et
azoles are the al., 2019)
demethylase enzymes
involved in ergosterol
biosynthesis

Amistar Top Azoxystrobin + Reduces mycelial (Mahoney et

difenoconazole ~ growth, inhibits al., 2015)

mitochondrial
respiration, prevents
spore germination, and
is effective against a
variety of plant
pathogenic fungus

Champion  Copper Strong contact effect as (Younas et
hydroxide well as cellular protein  g]., 2021)
disruption
Nativo Trifloxystrobin  Interferes with the (Shietal.,,

+ tebuconazole  fungus's ability to build 2020)

its cell wall. It prevents
fungus from
reproducing and
expanding further

eaf spot of Aloe vera

In-vitro management of A. alternata through plant extracts:
Five plant extracts (Ginger, Garlic, Clove, Turmeric, Black
pepper) were used against Alternaria alternata. Ginger,
garlic, clove, turmeric and black pepper were purchased from
local market of Faisalabad. All the specimens were air dried
and grinded to fine powder by using electric grinder machine.
Three different concentrations (5, 10 and 15%) of each plant
extract was prepared by adding 5, 10 and 15g of plant powder
into 100 ml PDA media. Then, that amended PDA media was
transferred into Petri plates (90 mm) and 6mm disc of
mycelium from one-week old pure culture of A. alternata was
taken by using cork borer and placed on the center of the petri
plates containing treated PDA media. Then plates were
wrapped with parafilm and labelled with permanent marker.
Data of mycelial growth was recorded with 24 hours of
interval till one week (Subedi et al., 2019).
Assessment of most effective synthetic chemical and phyto-
extract, solely and in amalgamation against leaf spot of Aloe
vera under greenhouse environment: For in-vivo
experiment, aloe vera plants were grown in earthen pots
(15%17 cm) containing sterilized soil (2 Kg/pot). Artificial
inoculation was done by using spore suspension containing
1x108 spores/ml of water. After appearance of typical disease
symptoms, the most effective treatments under lab conditions
i.e. fungicide “Tilt” (Propiconazole) and plant extract “Clove”
(Syzygium aromaticum) were sprayed by using hand sprayer,
individually and with combination. Three concentrations (0.5,
1 and 1.5%) of each treatment was used. Distilled water was
used as control treatment. The experiment was designed under
completely randomized design (CRD) with three replications
of each treatment to minimize the chance of error. Data
regarding disease severity percent was recorded for 21 days
with 7 days of interval.

RESULTS AND DISCUSSION

Assessment of plant extracts against Alternaria alternata
causing leaf spot of Aloe vera under lab conditions: All the
treatments expressed significant effect on mycelial growth.
Among all the phytoextracts maximum inhibitory effect was

Table 2. Plants, their scientific names, antifungal compounds and mode of action used against A. alternata.

Plant extract Scientific name Antifungal compound

Mode of action References

Ginger Zingiber Gingerone, Exhibit their anti-inflammatory effects in a (Saedisomeolia et al.,
officinale dihydrogingerone and variety of ways, including possibly by 2019)
dehydroshogaol preventing the activation of signaling
pathways.
Garlic Allium sativum Allicin Disturb the activity of enzymes either stop (Borlinghaus et al., 2014)
bacterial and fungal growth or destroy
cells
Turmeric Curcumalonga  Curcumin It inhibits the growth of fungi & bacteria  (Zheng et al., 2020)
Clove Syzygium Phenolic compounds It suppressed the disease index of fungus  (Jing et al., 2017)
aromaticum (eugenol, eugenol acetate)
Black pepper  Piper nigrum Alkaloids and phenols It inhibits the enzyme activity (Takooree et al., 2019)
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exhibited by clove with minimum mycelial growth 6.53mm
followed by garlic (9.52), turmeric (10.42), ginger (11.53) and
black pepper (13.47) mm (Table 3). The interaction between
treatment and concentration showed that clove was found
most effective at all three concentrations i.e. at 3%
(10.18mm), 5% (9.53mm) and 7% (8.46mm) (Table 4).
whereas the interaction between treatments and days
expressed that black pepper was least effective at all the time
intervals with 15.40, 14.60, 13.85 mm growth as compared to
other treatments while minimum mycelial growth was found
by using clove extract at 3" day (5.76 mm) (Table 5).

Table 3. Invitro assessment of phyto-extracts against A.
alternata causing leaf spot of Aloe vera.
Phyto-extracts Mycelial growth (mm)

Invitro assessment of chemical fungicides against
Alternaria alternata causing leaf spot of Aloe vera: All the
treatments exhibited significant mycelial reduction of A.
alternata. Among all fungicides, minimum mycelial growth
of A. alternata was showed by Tilt (6.60mm) followed by
Amistar top (8.27mm), Cabrio top (10.19mm), Nativo
(12.14mm) and Champion (13.71mm) (Table 6). While, the
interaction between treatment and concentration expressed
that Tilt showed maximum myecelial inhibition at 50ppm
(8.12mm), 100ppm (6.42mm) and 150ppm (5.26mm)
concentrations as compared to other treatments (Table 7).
Impact of interaction between treatments and days indicated
that Champion was found least effective with maximum
mycelial growth at all three days (12.65, 13.83, 14.65 mm)

Cloves 6.53+0.58ad whereas Tilt was found most effective with least mycelial
Garlic 9.53+0.63b growth (7.77 mm) at 3" day of application (Table 8).
Turmeric 10.42+0.87ab

Ginger 11.52+0.78¢c Table 6. Mean mycelial growth of A. alternata after

Black pepper 13.42+0.39¢c application of different fungicides under

Control 25.53+0.48a laboratory environment.

LSD 0.90 Fungicides Mycelial growth (mm)
The column values sharing same letters do not differ significantly Tilt 6.60+1.05ac
according to LSD test (P<0.05) Cabrio Top 10.19+0.49b

Nativo 12.14+0.74d

Table 4. Invitro impact of interactions between phyto- Amistar Top 8.27+0.74b
extracts and concentrations on mycelial growth Champion 13.71+0.85ab

of A. alternata Control 40.000.64¢

Phyto- Myecelial growth LSD 0.82
extracts 3% 5% 7% The column values sharing same letters do not differ significantly
Cloves 8.18+0.74c  7.13+0.89c  6.26+0.83b according to LSD test (P<0.05)

Garlic 11.65+1.02c  11.23+1.02cd 10.17+0.85ab
Turmeric 12.96+1.30ac 12.37+0.84b 12.01+0.64c Table 7. Invitro impact of interactions of different
Ginger 14.40+0.83b 13.49+0.49b 12.79+0.89c fungicides and their concentrations on mycelial

Black pepper 15.40+0.94ad 14.60+0.84b 13.85+1.04ac growth of A. alternata.

Control 20.64+0.74b  20.63+0.89c  21.63+1.95b Fungicides Mycelial growth

LSD 0.93 S0ppm 100ppm 150ppm
The column values sharing same letters do not differ significantly Tilt 8.12+1.32c 6.42+0.85¢c 5.26+0.72ac
according to LSD test (P<0.05) Cabrio Top  12.23+0.74b  9.97+0.59b  8.37+1.00b

Nativo 13.9740.49c 11.79+1.42ac 10.67+0.07bc

Table 5. Invitro Impact of interactions between phyto-  Amistar Top 9.37+0.84d  8.50+0.73b  6.94+0.58ac
extracts and days on mycelial growth of A.  Champion  15.06+0.73b 14.50+0.75a 11.57+0.98a
alternata. Control 40.00+1.32a 40.00+0.58d 40.00+1.03b

Phyto- Mycelial growth LSD 0.79
extracts Day 1 Day 2 Day 3 The column values sharing same letters do not differ significantly

Cloves 5.76+0.75a  6.92+0.72ac  8.62+0.58ac according to LSD test (P<0.05)

Garlic 10.68+0.85c 12.28+0.98a 14.54+1.49b
Turmeric 14.53+0.49b 15.65+0.84ac 17.83+0.64ab Assessment of phyto-extract and chemical fungicide, solely

Ginger 11.58+0.85ab 13.14+1.03b 14.01+0.64a and in amalgamtion against leaf spot of Aloe vera under

Black pepper 17.32+1.05ac 20.25+1.49b 20.81+0.72ac greenhouse environment: Findings showed that all the

Control 33.04+1.03bc 38.05+0.85bc 39.01+0.75a treatments expressed significnat effect on leaf spot of aloe

LSD 0.79 vera under greenhouse conditions. Among all three

The column values sharing same letters do not differ significantly
according to LSD test (P<0.05)

treatments, Clove+Tilt showed minimum disease severity
(9.92%) followed by Tilt (13.84%) and Clove (23.82%) as
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compared to control (30%) (Table 9). The impact of treatment
and concentration (TxC) expressed that Clove+Tilt showed
minimum disease severity at all three concentrations i.e.
0.5%, 1% and 1.5% (11.48, 10.45, 7.83%) respectively
followed by Tilt and Clove (Table 10).

Table 8. Invitro impact of interaction between fungicides
and days on fungal growth of A. alternata.

Fungicides Myecelial growth

Day 1 Day 2 Day 3
Tilt 5.41+1.32¢c  6.62+1.03b  7.77+1.30ac
Cabrio Top  9.12+1.49b 10.22+1.30d 11.24+0.72ac
Nativo 11.09+0.84ac 12.13+1.02c  13.20+0.85bc
Amistar Top  7.10+0.92b  8.27+0.64a  9.45+0.89a
Champion  12.65+0.74c 13.83+1.49b 14.65+0.83b
Control 40.00£0.64ab 40.00+1.03c  40.00+0.85ab
LSD 0.79

The column values sharing same letters do not differ significantly
according to LSD test (P<0.05)

Table 9. Mean disease severity (%) after application of
most effective phyto-extract and chemical.

Treatment Disease severity (%)
Tilt+Clove 9.92+0.59b

Tilt 13.82+1.42ac
Clove 23.82+0.73b
Control 30.00+0.43a
LSD 0.90

The column values sharing same letters do not differ significantly
according to LSD test (P<0.05)

Table 10. The impact of treatments and their

concentrations on disease severity (%0).
Treatment Disease severity (%0)

0.5% 1% 1.5%

Tilt+Clove  11.48+0.48b 10.45+0.58ad 7.83+0.72ac
Tilt 16.47+0.52ab 13.49+0.63b 11.52+1.00b
Clove 26.47+0.58ac 23.49+0.87ab 21.52+0.31bc
Control 30.00+1.42ac 30.00+0.78c 30.00+0.58ac
LSD 0.83

The column values sharing same letters do not differ significantly
according to LSD test (P<0.05)

Table 11. The impact of treatments and time interavls
(weeks) on disease severity (%0).

Treatment Disease severity (%)

15t week 2" week 39 week
Tilt+Clove 8.78+1.42ac  9.91+0.94ad 11.06+0.87b
Tilt 12.81+0.73b  13.85+0.75ab 14.81+0.64c
Clove 22.81+0.75a 23.85+0.29bc 24.81+0.48ac
Control 30.00+0.58d 34.00+0.85d 39.80+1.49b
LSD 0.95

The column values sharing same letters do not differ significantly
according to LSD test (P<0.05)

The interactions between treatments and days (TxD) showed
that maximum disease severity percentage was expressed by
the solo application of Clove (22.81, 23.85 and 24.81%) at 7™,
14™ and 21% day, whereas least disease severity percentage
(8.78, 9.91, 11.06%) was recorded by the application of
combination of Clove+Tilt at same days (Table 11).

Aloe vera (Aloe barbadenisis Miller) belongs to
Xanthoraceae family. Aloe vera is grown all over the world
because of their nutritional value. The aim of study was to
find out the pathogen associated with leaf spot disease of aloe
vera and its management through synthetic fungicides and
phytoextracts. Whereas management trials through
phytoextracts was carried under lab and greenhouse
conditions by followed Complete Randomized Design
(CRD). Isolated pathogen was recognized as Alternaria
alternata through morphological characters and comparison
with literature.

The findings of contemporary study expressed that among
botanical extracts clove showed effective control with
minimum mycelial growth (6.53 mm) against A. alternata
under lab conditions, whereas black pepper was found least
effective with mycelial growth 13.42 mm as compared to
control. The results of current study are supported by Sharma
et al. (2021) who conducted the experiment In-vitro
conditions. Six phyto-extracts (Calotropis gigantea, Alstonia
scholaris, Zingiber officinale, Allium sativum, Azadirachta
indica and Datura stramonium) were tested using the
poisoned food method against A. alternata at 5, 10, and 15%
concentration. Garlic extract at a dose of 10% suppressed
myecelial growth 100 percent in plants.

Similarly, Shingne et al. (2020) evaluated five different plant
extracts (garlic, tulsi, eucalyptus, neem and turmeric) against
A. alternata through poisoned food technique, where findings
expressed that turmeric rhizome significantly inhibited
mycelial growth (54.92%) followed by neem leaf extract,
garlic bulb extract, tulsi leaf extract, and eucalyptus leaf
extract. The findings of current study are also supported by
the work of Rizwana et al. (2016), they conducted an
experiment to check the effectiveness of Ginger against A.
alternata, ginger dry powder was extracted from ethanol and
treated in lab conditions at various doses ranging from 0.5
percent to 5.5 percent. The pathogen's mycelial growth was
inhibited at all dosages. At the highest concentration of 5.5
percent, mycelial growth was inhibited around 90.4%.

In current study five synthetic fungicides viz Tilt
(propiconazole),  Amistar  top  (azoxystrobin  and
difenoconazole), Champion (coper hydroxide), Nativo
(trifloxystrobin+tebuconazole) and Cabrio top
(pyraclostrobin) were also evaluated against A. alternata
using three different concentrations, where findings showed
that Tilt and Amistar top exhibited significant inhibition with
least mycelial growth (6.60 and 8.27 mm), while Cabrio top,
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Nativo and champion expressed minimum effect on fungal
growth under invitro conditions.

Results of the current study are supported by Horsfield et al.
(2010), they assessed four different fungicides i.e. Amistar
(Azoxystrobin), Zato (Trifloxystrobin), Folicur
(Tebuconazole) and Signum (Pyraclostrobin) against A.
alternata, however, Signum and Folicur suppressed
maximum mycelial growth, additionally, Bavaji et al. (2012)
used eleven fungicides such as Captan, Blitox 50,
Chlorothalonil. Dithane Z-78, Thiram, Aureofungin,
Monoceren, Ridomil MZ. Tilt and Difoltan at 50, 100, 250
and 500pg/ml concentrations and found most significant
results by using Tilt and Blitox-50 at 500pg/ml. Whereas, the
mixture of clove extract and tilt fungicide indicated most
effective results against leaf spot of Aloe Vera under
greenhouse conditions. The same has been discussed by
Kachelo et al. (2022), where they used combination of tilt
fungicide and moringa extract against leaf spot of spinach
caused by A. alternata and found prominent decrease in
disease incidence percentage.

Conclusion: Results of contemporary study showed effective
inhibition of Altrenaria alternata causing leaf spot of aloe
Vera by using botanical extracts and fungicides. Among
botanical extracts clove showed noticable results under
invitro conditions which recommended that use of
phytoextracts could be a better management approach instead
of hazardous fungicides. However, in the case of sudden
disease outbreak Tilt fungicide can be a suitable option for
significant disease control.
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