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Antifungal Efficacy of Plant Extracts and Chemicals against Alternaria
Leaf Spot Disease of Spinach
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Abstract | To check the efficacy of fungicides and plant extracts against leaf spot disease of spinach caused by
Alternaria alternata five plant extracts and five fungicides were evaluated under in vitro and field conditions
by using complete randomized design (CRD) and randomized complete block design (RCBD). In plant
extracts moringa (Moringa oleifera) showed minimum fungal growth (20.790) mm followed by ginger
(Zingiber officinale) (25.910), garlic (A/fium sativum) (28.087), neem (Azadirachta indica) (29.010) and
aloevera (Aloe barbadensis miller) (29.538) mm as compared to control plates, while in chemicals Tilt showed
minimum fungal growth (7.982) followed by Score (10.865), Antracol (11.395), Radomil Gold (11.965)
and Blue Copper (14.390) mm as compared to control. In the greenhouse, the most effective fungicide and
plant extract were applied as tilt and moringa alone and their combination. The plants treated with tilt +
moringa was found effective as compared to alone applications. tilt + moringa showed minimum disease
incidence (15%) followed by Tilt (18.33%) and moringa (32.33%) as compared to control. While under the
field conditions same combination of Tilt + moringa expressed minimum disease incidence (18%) followed
by tilt (20.83%) and moringa (34.50%). By these findings it is recommended to farmers that, Alternaria leaf

spot disease of spinach can be managed by using tilt fungicide and moringa extract.
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Introduction role in food and medicine industries. It is used as
curing agent against constipation, dyspepsia, anemia,

Spinach is one of the most important crops neuritis, obesity, bronchitis and high blood pressure

among all vegetables that belongs to family (Kumar eza/,2013; Bassey and Khan, 2015)

Chenopodiaceae. It is well known due to its taste and

presence of essential elements like magnesium, iron, Spinach crop is susceptible to various bacterial,

calcium, manganese, folic acid and Vitamins (A, B, fungal and viral diseases. Among all fungal diseases

C,and E) (Tewani ez a/.,2016) Spinach play a crucial ~ Alternaria leaf spot is a potential extortion to the
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Management of Leaf spot disease of Spinach

successful production of spinach and causes high
yield losses annually (Thomma, 2003). It is believed
that genus Alternaria causes heavy losses among all
fungal pathogens (Agrios, 2005) and recently it was
observed in Saudi Arabia (Marraiki er o/, 2012).
Characteristic symptoms of spinach leaf spot include
irregular, dark brown lesions along with concentric
rings. Alternaria causes 32 to 57% yield reduction
all over the world. It includes numerous saprophytic
and endophytic species which are responsible for
heavy yield losses (Mamgain ez a/., 2013). Among
all species of Alternaria the A. alternata, A. tenuissima
and A. infectoria are considered to be more harmful
(Simmons, 1990).

Huge quantities of chemicals are used to prevent
the diseases, but these chemicals left lethal residues
which can be very harmful to organisms specially
for mankind (Reshu and Khan, 2012). Different
management strategies are adopted by the various
researchers and farmers towards Alternaria alternata
but the most economical and environment friendly
is the use of resistant varieties but unfortunately
resistant varieties are not always desirable. Spinach
leaf spot disease can also be minimized through the
application of bio control agents and crop rotation,
but when disease appears in epidemic form then
farmer need a quick action and quick action can be
acquired through the use of fungicides and plant
extracts. Extracts of neem (Azadirachta indica) exhibit
significant results against bacterial as well as fungal
diseases (Hanaa ez a/, 2011; Gurjar et al., 2012).
According to IPM (Integrated Pest Management)
fungicides should be applied after the appearance of
typical disease symptoms (Wright ¢z a/., 2002). High
crop quality and best average yield potential can be
achieved by spraying 7 to 10 days interval (De Visser,
1998). Therefore, current experiment was designed
to evaluate five fungicides (Tilt, Score, Antracol,
Radomil Gold and Blue copper) and five botanical
extracts (neem, garlic, ginger, moringa, aloe vera) at
different concentrations against 4. alternata in-vitro
conditions to select the most effective fungicide and
plant extracts with least toxicity to environment.

Materials and Methods

Isolation, identification and purification of A. alternata

Potato dextrose agar (PDA) medium was used for
the isolation of 4. alternata and sterilized Petri plates
(100mmx15mm) were used during experiment to

avoid contamination. Diseased leaves expressing
typical symptoms of spinach leaf spot were obtained
from experimental area of University of Agriculture,
Faisalabad and brought to the laboratory for further
processing. Diseased leaves were cut into small pieces
(2-3 mm) and sterilized by dipping in 70% ethanol.
Diseased parts were placed on Petri plates and then
incubated inanincubator (GEN2 BOD).Temperature
of the incubator was maintained at 21°C. Plates were
observed on a daily basis until grayish white colonies
with concentric rings with wavy, fluffy and velvety
texture were observed.

In vivo evaluation of botanical extracts against A.
alternata

Five plant extracts (neem, garlic, aloevera, ginger,
moringa) were evaluated against Alternaria alternata.
Leaves of moringa, neem, aloe vera were obtained
from UAF while ginger and garlic were collected
from a local market Jhang bazaar, Faisalabad.

Ginger, garlic and leaves of moringa, neem and
aloevera were washed properly and then ground by
adding 50 mL of water in 250g leaves. The materials
were grounded separately by using the electric juicer
machine. Botanical extracts were filtered through
muslin cloth and transferred to plastic bottles. Each
bottle was tagged and kept at Room temperature for
next 24 hours. Each plant extract was evaluated at
two concentrations 15 and 30%. A flask containing
media were mixed with solutions of plant extracts
one by one. Mixed media was poured into petri plates
and inoculated with Alfernaria culture. Petri plates
were incubated and observed on daily basis. It was
recorded that mycelial growth was occurred after 48
hours of incubation.

Following formula was used for determining percent

growth inhibition (PGI) (Islam ez a/., 2004).

X-Y
Percent growth inhibition (PGI) = < % 100

Where; X = Growth of control plate; Y = Growth of
the inoculated plate.

In vivo evaluation of fungicides against A. alternata
causing leaf spot

Five fungicides (Tilt, Score, Ridomil Gold, Antracol,
Blue copper) were evaluated for the management
of spinach leaf spot caused by 4. alternata through
poisoned food technique (Nene and Thapliyal, 1979).
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Table 1: List of plant extracts, their botanical names and antimicrobial components.

Common name Botanical agents Authority Partsused Antimicrobial agents

Neem Azadirachta indica (A. Juss.) Leaves Azadirachtin (Pennington ez a/., 1981)
Moringa Moringa oleifera (Lam.) Leaves Caffeoylquinic acid (Anjorin ez al., 2010)
Aloe vera Aloe barbadensis (Miller L. Burm. f. Liliaceae) Leaves Aloine (Bruneton, 1993)

Garlic Allium sativum (L.) Bulb Alicin (Cavallito ef al., 1994)

Ginger Zingiber officinale (Roscoe) Rhizome  Caprylic acid (Ernst and Pittler, 2000)

Table 2: List of fungicides, their active ingredients and concentrations.

Fungicides Active ingredients

Tilt Propiconazole 25% EC

Blue copper Copper oxychloride 88% W/W
Radomil gold Mancozeb + Mefenoxam 68% WG
Score Difenoconazole 35% EC

Antracol Propineb 70% WP

Potato dextrose media was amended with two different
concentrations of each fungicide. With the help of
Cork borer 6 mm diameter disc of 7-days old purified
fungus colony was transferred to the new PDA plate
incorporated with chemicals. The plates were kept
for incubation at 25 = 1°C. PDA plates without
chemicals were inoculated and used as control. The
fungal colony growth was determined in millimeter.
'The colony growth was recorded at 24 hours’ interval.
Complete randomized design (CRD) was used with

five replications of each treatment.

Assessment of fungicide and plant extract against leaf
spot of Spinach caused by Alternaria alternata, under
greenhouse and field conditions

'The available variety of spinach was grown in plastic
bags in green house and at field experimental plot at
Field area of department of plant pathology, University
of agriculture Faisalabad. All the horticultural and
cultural practices were applied to grow a healthy field.
The best result oriented treatments were used with
three replications of each treatment. Moringa extract,
tilt fungicide and a mixture of moringa extract and tilt
were used at recommended doses for this experiment.
Spinach was inoculated by spraying of water based
spore suspension. After successful development of
disease symptoms, all three treatments were applied.

'The data was recorded after 7 and 14 days.

Results and Discussion

Evaluation of plant extracts against A. alternata causing

leaf spot of spinach

Among all treatments moringa expressed minimum

Company Concentrations used
Syngenta 0.08,0.12 ml/100 ml media
Syngenta 200, 300 mg/100 ml media
Syngenta 200, 300 mg/100 ml media
Syngenta 0.125,0.185 ml/100 ml media

Bayer Crop science

150, 250 mg/100 ml media

fungal growth (20.790) mm followed by ginger
(25.910), garlic (28.087), neem (29.010) and aloe vera
(29.538) mm as compared to control plates (Table
3). The impact of treatments and concentrations
(TxC) revealed that moringa expressed minimum
fungal growth at concentration of 15% (21.604) and
30% (19.814) followed by ginger, garlic, aloe vera
and neem at concentration 15% (31.050, 26.081,
31.296 and 30.030) mm and at concentration 30%
(19.814, 25.125, 25.740, 27.780 and 27.996) mm as
compare to control (Table 4).The interaction between
treatments and days (TxD) showed that moringa
expressed minimum fungal growth at day 1 (5.583)
mm and maximum fungal growth at day 5 (32.133)
followed by ginger, neem, aloe vera and garlic shown
minimum fungal growth at day 1 (6.083, 6.333, 6.417
and 7.00) mm whereas maximum growth at day 5
(45.967, 45.863, 48.845 and 40.977) mm (Table
5) respectively. Similarly the interaction between
treatment, concentration and days expressed that
at concentration 15% and day 1 moringa expressed
minimum fungal growth (5.833) mm and maximum
growth at day 5 (33.318) mm followed by neem, aloe
vera, ginger and garlic at concentration 15% and day
1 minimum growth (6.33, 6.50, 7.00 and 7.66) and
maximum growth at day 5 (48.063, 50.928, 51.187
and 42.917) mm while at concentration 30% and day
1 moringa expressed minimum growth (5.33) mm
and maximum growth at day 5 (30.948) mm, whereas
remaining treatments expressed minimum growth at
day 1 and concentration 30% (6.3, 6.3, 5.16 and 6.3)
mm and maximum growth at day 5 (43.66, 46.76,
40.747 and 39.038) mm respectively as compared to
control (Figure 1).
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Figure 1: Impact of interaction between plant extracts, their
concentrations and days on fungal growth under lab conditions.

Table 3: Impact of plant extracts on fungal growth under
lab conditions.

S.No Treatments Technicalname Fungal growth (mm)
1 Moringa Moringa oleifera  20.709¢
2 Ginger Zingiber officinale  25.910d
3 Garlic Allium sativum 28.087¢
4 Neem Azadirachta indica 29.010b
5 Aloe Vera  Aloe barbadensis 29.538b
6 Control Distilled water 44.587a
LSD 0.7101

*Mean values with similar letters are not significantly different as
determined with LSD test (P<0.05).

Table4: [, mpact of p/&mz‘ extracts and their concentrations
anfunga/gmwt/_) under lab conditions.

Treatments Concentration (%) Fungal growth (mm)
Moringa oleifera 15 21.604¢g
30 19.814h
Zingiber officinale 15 31.050¢
30 25.125f
Allium satioum 15 26.081f
30 25.740f
Azadirachta indica 15 31.296¢
30 27.780c
Aloe barbadensis 15 30.030d
30 27.996¢
Control 43.837b
LSD 0.5507

*"Mean values with similar letters are not significantly different as
determined with LSD test (P<0.05).

Ewvaluation of fungicides against A. alternata under lab
conditions
Among all fungicides Tilt showed minimum fungal

growth (7.982) followed by Score (10.865), Antracol
(11.395), Radomil gold (11.965) and Blue copper
(14.390) mm as compared to control (Table 6).
Impact of treatments and concentrations (TxC)
revealed that Tilt expressed minimum fungal growth
at concentration of 0.08 mL./100 mL medium (9.435),
and 0.12 mL/100 mL. medium (6.529) followed by
Score at concentration of 0.125 mI./100 mL medium
(12.147) and 0.185 mL/100 mL medium (9.584),
Antracol at 150 mg/100 mL. medium (12.871) and
250 mg/100 mL medium (9.919), Radomil gold at
200 mg/100 mL medium (12.414) and 300 mg/100
mL medium (11.516) and Blue copper at 200 mg/100
mL medium (14.881) and 300 mg/100 mL. medium
(13.899) mm as compared to the control (Table 7).

Table 5: Impact of Interaction between plant extracts
and days on_fungal growth under lab conditions.

Treatments Fungal growth (mm)
Days

D1 D2 D3 D4 D5
Moringa 5.583r 17.626p 21.714n 26.4891 32.133j
oleifera
Zingiber 6.083r 18.9650p 29.573k 39.849h 45.967¢
officinale
Azadirachta  6.333r 18.2680p 31.840] 42.744f 45.863e
indica
Aloe 6.417r 19.8100 30.140k 42.478fg 48.845d
barbadensis

Allium sativum 7.000r 18.2950p 27.9651 35.318i 40.977gh
9.983q 24.497m 52.458c 64.332b 71.663a
1.5879

Control

LSD
*Mean values with similar letters are not significantly different as
determined with LSD test (P<0.05). D1= After 24 hours; D2= After
48 hours; D3= After 72 hours; D4= After 98 hours; D5= After 122

hours.

Table 6: Impact of fungicides on fungal growth under lab

conditions.

S. Treatments Active ingredients Fungal
No. growth
(mm)
1 Tilt Propiconazole 25% EC 7.982f
2 Score Difenoconazole 35% EC 10.865¢
3 Antracol Propineb 70% WP 11.395d
4 Radomil Mancozeb + Mefenoxam 68%  11.965¢
gold WG
Blue copper Copper oxychloride 88% W/W  14.390b
6  Control Distilled water 42.953a
LSD 0.3894

"Mean values with similar letters are not significantly different as

determined with LSD test (P<0.05).

June 2022 | Volume 35 | Issue 2 | Page 383



Management of Leaf spot disease of Spinach

Table 7: Impact of fungicides and their concentrations on
fungal growth under lab conditions.

Treat- Concentrations Fungal growth
ments (mm)
Tilt 0.08mL/100 mL. medium 9.435h

0.12mL./100 mL medium 6.529i
Score 0.125mI./100 mL medium 12.147f

0.185 mL/ 100 mL medium 9.584h
Antracol 150 mg/100 mL medium 12.871e

250 mg/ 100 mL medium 9.919h
Radomil 200 mg/100 mL medium 12.414ef
il 300 mg/100 mL medium 11.516g
Blue 200 mg/100 mL medium 14.881c
€OPPET 300mg/100 mL medium 13.899d
Control  Distilled water 42.548a
LSD 0.5507

“Mean values with similar letters are not significantly different as
determined with LSD test (P<0.05).

Table 8: Impact of fungicides and days on fungal growth

under lab conditions.

Treatments Fungal growth (mm)
Days
D1 D2 D3 D4 D5

Tilt 0.412s 3.310p 9.6971 11.698k 14.795i
Blue copper  1.047rs 8.185m 13.267j 19.902g 29.550d
Score 1.348qr 4.4370 11.395k 15.210i 21.937f
Radomil gold 1.973q 6.863n 9.5931  17.243h 24.152¢
Antracol 2217q 4.5820 9.6721 15.613i 24.892¢
Control 6.500n 24.437e 52.147c 63.051b 68.632a
LSD 0.8708

"Mean values with similar letters are not significantly different as
determined with LSD test (P<0.05). D1= After 24 hours; D2= After
48 hours; D3= After 72 hours; D4= After 98 hours; D5= After 122

hours.

'The interaction between treatments and days (TxD)
showed that Tilt expressed minimum fungal growth at
day 1 (0.412) mm and maximum fungal growth at day
5 (14.795) followed by Blue copper, Score, Radomil
gold and Antracol shown minimum fungal growth at
day 1 (1.047, 1.348, 1.973 and 2.217 mm) whereas
maximum growth at day 5 (29.550, 21.937, 24.152
and 24.89) mm (Table 8), respectively. Similarly the
interaction between treatment, concentration and
days expressed that at concentration 1 (0.08 mL/100
mL medium) and day 1 Tilt expressed minimum
tungal growth (0.71 mm) and maximum growth at

day 5 (16.827 mm) followed by Score, Blue copper,
Radomil gold and Antracol at concentration 1 and day
1 minimum growth (1.730, 1.117, 2.447 and 2.563)
and maximum growth at day 5 (24.683,30.383,24.573
and 28.873 mm) while at concentration 2 (0.12 mL/
100 mL medium) and day 1 Tilt expressed minimum
growth (0.113 mm) and maximum growth at day 5
(12.763 mm) whereas remaining treatments Score,
Blue copper, Radomil gold and Antracol expressed
minimum growth at day 1 and concentration 2 (0.96,
0.977, 1.50, and 1.870 mm) and maximum growth
at day 5 (19.190, 28.720, 23.730 and 20.910 mm),

respectively as compare to control (Figure 2).

Treatments  Conc

Treatments Days

Antracol 1 “l ‘ t ”» u i 5
@ Tit 4

| N v s

« it 2

Biltox 1 i wd Bn eee P i 1
A score 5

2 i wed kh o ¢ score 4

W Score 3

Control 1 AM E “_ vV W oo |® Sore 2
W Score 1

2 M t’ « Y ¥mes 4 Dithane 5

4 P> Dithane 4

Dithane 1 - * i d A Dithane 3
4 @ Dithane 2

2 .. ‘:A E i W Dithane 1

[ ] @ Control 5

Score 1 w i H § M‘ W Control 4
4 Control 3

2 i.z .-“ t » Control 2

A control 1

Tilt 1 E“ "i o @ Bitox 5

. W Biltox 4

2 Ed “ i @ Biltox 3

WV Biltox 2

0 10 20 30 40 50 60 70 4 sitox ]

5

Fungal growth (mm) P sotraco

Figure 2: Impact of Interaction between fungicides their
concentrations and days on fungal growth under lab conditions.

Assessment of fungicide and plant extract against leaf
spot of spinach caused by A. alternata under greenhouse
conditions

Spinach plants treated with Tilt+Moringa showed
minimum disease incidence (15%) followed by Tilt
(18.33%) and Moringa (32.33%) as compared to
control (Table 9).The interaction between treatments
and days (TxD) showed that Tilt+Moringa expressed
minimum disease incidence at 10 days (18.33%)
tollowed by Tilt and Moringa at 10 days (22.33
and 35.666%). While after 20 days Tilt+Moringa
expressed significant reduction in disease incidence
(11.66%), followed by Tilt and Moringa (14.33 and
29%) (Table 10).

Assessment of fungicide and plant extract against A.
alternata under field conditions

Among all Tilt+Moringa showed minimum disease
incidence (18%) followed by Tilt (20.83%) and
Moringa (34.50%) as compared to control (Table 11).
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'The interaction between treatments and days (TxD)
showed that Tilt+Moringa expressed minimum
disease incidence at 10 days (19.33%) followed by Tilt
and Moringa at 10 days (24.00 and 38.33%). While
after 20 days Tilt+Moringa expressed significant
reduction in disease incidence (16.66%), followed by

Tilt and Moringa (17.66 and 30.66%) (Table 12).

Table 9: [, mpact of treatments on disease incidence under
greenhouse conditions.

S.No. Treatments Disease incidence (%)
1 Tilt+Moringa oliefera 15.000c

2 Tilt 18.333¢

3 Moringa oliefera 32.333b

4 Control 70.833a

LSD  3.9886

*"Mean values with similar letters are not significantly different as

determined with LSD test (P<0.05).

Table 10: Impact of interaction between treatments and
days on disease incidence undergreen/muse conditions.

Treatments Disease incidence (%)
Days

D1 D2
Tilt +Moringa olicfera 18.333ef 11.667g
Tilt 22.333e 14.333fg
Moringa oliefera 35.667c 29.000d
Control 55.000cd 86.667a
LSD 5.6407

*"Mean values with similar letters are not significantly different as
determined with LSD test (P<0.05). ** D1= After seven days; D2=
After fourteen days.

Table 11: Impaci of treatments on disease incidence
under field conditions.

S.No. Treatments Disease incidence (%)

1 Tilt+Moringa oliefera  18.00d
2 Tilt 20.83c
3 Moringa oliefera 34.50b
4 Control 80.83a
LSD 2.8155

*"Mean values with similar letters are not significantly different as

determined with LSD test (P<0.05).

Numerous diseases are the cause of yield reduction in
spinach, but the most destructive is the spinach leaf
spot.Itisa potential threat for the successful cultivation
of spinach. When disease appears in epidemic form,
then farmers are forced to use something which has

a quick action for example botanical extracts and
fungicides. For this purpose, in current experiment
five botanical extracts (Neem, garlic, aloe vera,
moringa, ginger) and five fungicides (Antracol,
Radomil gold, Tilt, Blue copper, score) were evaluated
against A. alternata. Numerous botanical extracts are
mostly preferred against 4. alternata because of their
least toxicity towards humans and the environment.
Among five botanical extracts moringa expressed
minimum fungal growth followed by ginger, garlic,
neem and aloevera on comparison to control.

Table 12: Impact of interaction between treatments and
days on disease incidence under field conditions.

Treatments Disease incidence (%)
Days
D1 D2

Tilt+ Moringa oliefera 19.33f 16.66f

Tilt 24.00e 17.66f
Moringa oliefera 38.33¢ 30.66d
Control 68.33¢ 93.33a

LSD 3.9817

"Mean values with similar letters are not significantly different as
determined with LSD test (P<0.05). D1= After seven days; D2=
After fourteen days.

While the interaction between treatments and their
concentrations revealed that moringa expressed
minimum fungal growth at concentration of 15
and 30%. Outcomes of contemporary study are
supported by the work of (Zaffer ez a/., 2015) who
studied the methanolic and ethyl acetate extract of
moringa oliefera against Rhizopus stolonifera and
Microsporum gypsum and found that ethyl acetate
extract significantly inhibited growth of M. gypsum
while methanolic extract inhibited R. stolonifera.
Results of current experiment are also in line with the
findings of (Sharma ez a/., 2007) who described that
neem (Azadirachta indica) extract showed significant
inhibition in the radial growth of Alternaria solani by
43.3 and 26.7% at 0.1 and 0.01% concentrations. The
results of the present study are favoured by the work
of (Ho ¢ al., 2007) who evaluated different botanical
extracts and reported that the botanical extracts
showed significant reduction in mycelial growth of
Alternaria.

No doubt the inappropriate use of chemicals may lead
to environmental pollution and health hazards, but
when diseases appear in epidemic form, then farmers
are bound to use chemicals which are quick in action.
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For this purpose, in the present study five fungicides
were also evaluated at different concentrations to
check the fungicides with least toxicity level.

Among all fungicides Tilt showed minimum fungal
growth as compared to other fungicides while the
interaction between treatments and concentrations
revealed that Tilt expressed minimum fungal growth
at concentration of 0.08 mL/100 mL media and 0.12
mlL/100 mL. media. Maximum mycelial growth was
observed with the application of Blue copper at 200
mg/100 mL medium and 300 mg/100 mL. medium
on comparison to the control. The results of the
present study are also in agreement with the work
of (Sadana and Didwania, 2015), where they applied
seven different fungicides against Alternaria solani at
three concentrations and got the outstanding results
by mancozeb at 1500 ppm concentration. Similarly,
(Anwar ez al., 2015) also investigated miscellaneous
tungicides against Alternaria alternata by using disc
plate tactic and found the desirable results. Study of
(Kamble ez 2/.,2000) also in in line with current study,
where fungicides were evaluated against Alternaria
alternata the causal organism of leaf spot of tomato,
among all mancozeb was found most effective

tollowed by copper oxychloride and iprodione.

Results of current experiment are in line with the
work of (Kumar ez /., 2013) who also used Score
(fungicide) and reported that it showed significant
results against 4. solani. Results are also supported
by the study of (Valvi ez a/., 2019) who used seven
different fungicides against Alfernaria and reported
that mancozeb 75% WP significantly inhibited
fungal growth followed by propiconazole. Results
expressed that mixture of both treatments Tilt +
Moringa showed minimum disease incidence (15%)
followed by Tilt (18.33%) and Moringa (32.33%) as
compared to control, while in field Tilt + Moringa
showed minimum disease incidence (18%) followed

by Tilt (20.83%) and Moringa (34.50%).
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