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Two cyanobacterial culture filtrates as biocides for controlling damping-off
and root-rot diseases in fennel (Foeniculum vulgare L)
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Abstract

The present study was conducted to evaluate in vitro and in vivo the biological control aptitude of the two cyanobacteria i. e.,
Anabeana variabilis and Nostoc paludosum, cultural filtrates against Fusarium solani, Macrophomina phaseolina and Pythium
aphanidermatum . Culture filtrates of both blue-green algal had antifungal effect against growth of the examined fungi. Under
artificial inoculation conditions in a greenhouse experiment, both algae culture filtrates were found to be effective against
fennel damping-off and root-rot diseases compared with untreated control. Nostoc paludosum culture filtrate was the more
effective than A. variabilis in reducing damping off and root-rot diseases as well as increased activity of hydrolytic enzymes
including peroxidase, polyphenoloxidase, chitinase as well as oil content, soluble proteins and total phenols of fennel plants.
Under natural field conditions during 2020/ 2021 and 2021/ 2022 seasons, both algal had biocidal effect against the fennel
soil-borne diseases and significantly increased growth parameters and plant yield. It was observed that both blue-green algal

filtrates increased volatile oil percentage and its frequency compared with untreated seeds.

Keywords: Algae; fennel; soil-borne diseases; Anabaena variabilis; Nostoc paludosum; oil content.

Introduction

Fennel (Foeniculum vulgare L) is a member of
Umbellifera (Apiaceae). Fennel is considered one of
the most popular medicinal crops in the world, which
is used against some diseases like cholera, biliousness,
dysentery, diarrhea, cough, cold, constipation and as
flavouring agent in manufacturing [1, 2]. Fennel
attacks by fungal diseases cause considerable yield
losses. However, soil-borne pathogens are considered
the major factors for the reduction in fennel yield.
Among these diseases, seedlings damping-off of
seedlings by Pythium spp. and Rhizoctonia solani, root
and crown-rot by Fusarium spp., R. solani, Pythium
spp. and Sclerotium rolfsii, stem-rot by Sclerotinia
sclerotiorum) and Fusarium wilt (Fusarium
oxysporum f.sp. funiculi) are the common and most
serious diseases of fennel in Egypt and in the world [3,
4, 5]. Damping-off and root rot causes seeds, seedling
death at early to late stage resulting in very poor plant
stand which ultimately produces very low yield [6, 7,
5]. High crop yield requires extensive use of chemical
pesticides for protection against fungal pathogens and
these chemical compounds may be phytotoxic to the
plant. Seed treatment and soil drenching reduces the
risk of environmental pollution, health hazard and not

much costly to the growers . The use of biological
control represents one of the strategies to control and
combat harmful pathogens naturally and represents
less harm due to its high nature of sustainability and
its outstanding activity as biocides in the required
doses [8, 9]. There have been many of successful uses
of biocontrol agents of soil-borne fungi causing
seedlings damping off and root-rot [10]. Among all the
microorganisms, algae are one of the chief biological
agents that have been studied for control of plant
pathogens, particularly soil-borne fungi [11, 12, 13,
14, 15, 16]. A number of cyanobacteria and eukaryotic
algae particularly macroalgae, produce various
biologically active compounds, which could be could
operate in biological control of plant pathogens
includes enzymes, peptides, antibiotics and toxins
[17]. Nostoc sp. and Anabaena sp., are the natural
source of biocides against fungi and bacteria [18, 19,
20, 21, 22]. The biofungicidal potential culture filtrate
of the blue- green algae has been tested against
damping-off and root- rot of faba bean and bean [23].
The aim of this study was to evaluate the effect of two
cyanobacteria i. e., Anabeana variabilis and Nostoc
paludosum, cultural filtrates in controlling of fennel
soil-borne diseases caused by Fusarium solani,
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Macrophomina phaseolina, Pythium aphanidermatum
in vitro and in vivo. Also, studying their effect on plant
yield, the activity of enzymes responsible for disease
resistance i.e., peroxidase , polyphenol oxidase and
chitinase as well as oil content , soluble proteins and
total phenols of the grown plants in soli infested with
the tested pathogens.

2. Experimental work
2.1. Materials
Pathogenic fennel fungi: Soil-borne fungi were
isolated from diseased root parts of fennel plants
grown in fields located at El Qanater El-Khairia
location, Qaluobia and Menoufia governorates, Egypt.
Root samples were washed, air dried ,cut into small
pieces, surface sterilized by dipping in 0.1% mercury
chloride solution for two minutes and then washed
again with sterile water. The sterilized pieces were put
in Pert-dishes contained sterilized Potato Dextrose
Agar Plates (PDA) medium and incubated at 28 £ 2 °C
for 5 days. The isolated fungi were purified using
either a single spore method or a hypha tip technique
and then the genera and fungal species were identified
according to Booth. [24] and Domsch et al., [ 25].
Algae: Anabaena variabilis and Nostoc paludosum
were obtained from Dept. of Agric. Microbiol., Nat.
Res. Cent., Cairo, Egypt.
2.2. Preparation of the culture filtration
Pure algal cultures of A. variabilis and N.
paludosum were carried out in modified PG11 liquid
medium [14] under optimal conditions of continuous
white fluorescent light intensity at 950 lux and at 28
°C, for 14 days according to [26, 14, 27]. The biomass
of algal was separated from the culture filtrate by
centrifugation for 40 mins, speed of 8000 rpm at 10 °C
under sterilize conditions.
2.2.1. Antifungal effect of algal culture filtrate
The antifungal effect of algal culture filtrates
was evaluated against growth of the three pathogenic
fungi i. e., Fusarium solani, Macrophomina
phaseolina and Pythium aphanidermatum. Each
filtrate was taken under sterilized conditions and
added to sterilized PDA medium before pouring in
sterilized Petri dishes to give 25 and 50% (v/v). Three
replicates were used for each treatment. All dishes
were inoculated with 4mm discs, 7-day-old of tested
fungi. Plates containing PDA medium with 4mm
discs, 7-day-old of tested fungi only were used as
control (free algal filtrates). Plates were incubated at
25 + 2 °C for 5 days. The linear growth (mm) of the
three pathogenic tested fungi was measured when the
growth of the pathogenic fungi of control treatment
completely covered plate.
2.2.2. Total phenols content.
The total content of phenols was evaluated using
the Folin—Ciocalteu. Methods described by Lamuela-
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Raventds [28]. The absorbance was measured at 765
nm. The results were expressed as gallic acid
equivalent (GAE)/100 g dry sample.
2.3. Greenhouse experiment
The experiment was carried out in pots (25cm),

kept in the greenhouse of Nat. Res. Cent. (NRC). Soil
used (clay /sand 2:1) was autoclaved. All the three
tested fungi were grown on sterilized corn / sand
medium for 15 days at 25° C. Three g of each
inoculum per 1kg soil (clay /sand 2:1) were mixed and
irrigated for 7days period before sowing. Fennel seeds
(local variety obtained from Hort. Res. Inst., Medici.
and Arom. Plants Dept. were surface sterilized using
0.1% sodium hypochlorite for three minutes, and
washed three times with sterilized water. The seeds
were soaked in algae filtrate at the best previous
concentration for 10 minutes according to Scott [29].
Ten seeds of fennel were sown per pot (25 cm in
diam.) and five pots were used as replicates for each
treatment. Control treatment free from algal filtrates
was used. Also, both algal filtrates were sprayed on the
grown plants 15 days after sown at 30 ml / pot.
2.3.1. Diseases assessment

Pre-and post-emergence damping-off were
recorded 15 and 30 days after sowing, whereas the
survived plants were assessed 45 days after sowing
[16, 5].
2.3.2. Enzymes assay

Determination of polyphenoloxidase (PPO):
Polyphenoloxidase PPO activity was assayed by
measuring the increase in absorbance at 420 nm using
a spectrophotometer. Catechol was used as the
substrate following the methods described by Shi et
al., [30]. One unit of PPO activity was defined as the
amount of enzyme that caused an increase in
absorbance of 0.001/minute
Determination of peroxidase (P): Peroxidase (P)
activity was assayed by recording 3 ml reaction
mixture. The reaction mixture contained 0.1 mM
EDTA, 1 ml of 0.2 mol/m3 potassium phosphate
buffer with pH = 7.6, 0.1 ml of 2 mM (NADPH), 0.5
ml of 3 mM DTNB, 0.1 ml enzyme extract. Reaction
initiated by adding of one unit of P activity. Peroxidase
activity was measured at 412 nm using a
spectrophotometer. Protein extract was quantified
using the methods described by Bradford [31].
Determination of chitinase: Chitinase activity was
determined adopting the methods described by Vahed
etal., [32].
Determination of soluble proteins activity: Total
soluble protein was measured following the methods
stated by Stocheck [33].

2.4. Field experiment
The experiments were carried out in a field has a
back history of high infestation with pathogenic soil-
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borne fungi at El Qanater El-Khairia (Bahada
location), Qaluobia governorate during two successive
winter growing seasons (2020/2021 and 2021/2022).
Fennel seeds (local variety obtained from Hort. Res.
Inst., Medici. and Arom. Plants Dept.)were soaked for
10 minutes in any of both algal filtrate before sowing
[16]. The commercial was used as control. Untreated
seeds were used as control treatment. Each plot was 3
x 3.5 m. Twenty five seeds were sown on each ridge
and four ridges / plot (100 plant/ plot). Four replicates
were used for each treatment in complete randomized
plots design.
2.4.1. Disease assessment

Percentage of pre- and post- damping-off were
assessed 15 and 30 days after sowing. Survival plants
were recorded after 45 days from sowing.
2.4.2. Crop parameters

Crop parameters i.e., number of branches, plant
height (cm), dry weight of inflorescences (g) , dry
weight of seeds (g) , weight of 1000 seeds (g) and total
yield / plant (g) were determined at the end of each
growing season for the tested treatments and the
control .
2.4.3. Essential oils assay
Content: Essential oils percentage % of each sample
was determined with hydro-distillation for 3 hours at
Clevenger-type apparatus using 100 g of each sample
according to [34]. The resulted essential oil of each
treatment was separately dehydrated with anhydrous
sodium sulphate and kept in the deep freezer until GC-
MS analyses.
Frequency: The GC-Ms analysis of the essential oil
samples was carried out using gas chromatography-
mass spectrometry instrument stands at the Dept. of
Medici, and Arom. Plants Res., Nat. Res. Cent. with
the following specifications. Instrument: TRACE GC
Super Gas Chromatograph (THERMO Scientific
Corp., USA), the instrument contains a THERMO
mass spectrometer detector. The system was fitted to
the GC-MS device by means of a TG-WAX MS
column (30 m x 0.25 mm, 0.25 pum film thickness).
The analysis was performed using helium gas and the
mass spectra of the compounds were obtained by
electron ionization (EI) at 70 eV and spectral range of
m/z 40-450. The presence and proportions of the
compounds were determined using mass spectra

(Original  Chemicals, Wiley Spectral
Collection and NSIT Library).

Statistical analysis: Experiments were analyzed with
the analysis of variance (ANOVA). The LSD range
tests were used for comparisons according to Steel et
al.,[35]. The means of the treatments were compared
using the least significant difference (LSD) test at the
0.05 level. Experimental data were presented as means
and standard deviations data were analyzed with SAS,
version 9.4 (SAS Institute, Cary, NC).

3. Results

3.1. Antifungal effect of algal culture filtrate

Data in Table (1) indicate that both tested algal
filtrates were effective against the linear growth of
tested fungi.  N. paludosum filtrate was the more
effective than A.variabilis in reducing linear growth of
F. solani, M. phaseolina and P. aphanidermatium.
Since, N. paludosum filtrate  significant reduced
linear growth of M. phaseolina ( 2.66 £ 0.20 mm) with
97.00 £ 0.20 % reduction, F. solani (4.33 £0.88 mm)
equal 95.13 =+ 0.97% of reduction and
P.aphanidermatium (5.33 + 0.88 mm) equal 94.00 £
0.94% of reduction when compared with untreated
control (90.00 £ 0.00 mm).

3.2. Total phenols content

The crude extract of the A. variabilis and N.paludosum
algal filtrates gave positive tests for total phenols
content (Figure 1). The estimation of total phenols
content in the crude extract revealed that N. paludosum
contained 59.7 mg GAE/100 g, meanwhile A.
variabilis contained 32.6 mg GAE/100 g.

3.3. Greenhouse experiment

Library

Total phenal. mg GAEI00 g

n
Nostoc patudosum Anabeana variabilis

Figure (1) Total phenols content of the crude extract
of A. variabilis and N. paludosum , algal filtrates

Table (1) Evaluation of the tested algal filtrates in reducing the linear growth of tested fungi in vitro.

Treatment Linear Growth (mm) of tested fungi

M. phaseolina F.solani P.aphanidermatium

Conc.(%) (mm) %oR** (mm) %R (mm) %R
A.variabilis 25 2433+4.25* 7293+473 20.00+2.08 77.73+231 19.00+2.64 78.83+2.94
50 1560 +2.21 8260+246 10.60+0.83 88.16+095 9.66+1.20 89.23+1.35
N. paludosum 25 960+1.13 89.30+£1.28 10.00+1.15 88.83+1.29 11.33+0.88 87.33+0.97
50 266+020 97.00+0.20 4.33+0.88 9513+0.97 533+0.88 94.00+0.94

control 90.00 = 0.00 90.00 = 0.00 - 90.00 + 0.00
LSD 2.67 2.33 3.65 1.96 1.67

*Experimental data were showed as means + standard deviations
The means of the treatments were compared using the least significant difference (LSD) test at the 0.05 level.
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**0pR= Reduction percent
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3.3.1. Data in Table (2) indicate that A. variabilis
and N. paludosum filtrates were  effective in
suppressing  damping-off and root-rot diseases of
fennel. Additionally, results Show that N. paludosum
filtrate was superior than A. variabilis filtrate in
reducing damping-off and root-rot diseases.
Otherwise data indicate that N. paludosum decreased
damping-off caused by F. solani from 3.40+0.44 to
0.80+0.30 %, whereas reduced root-rot from

2.00£0.28 to 0.20+0.03% equal 80.0% reduction and
increased the survived plants from 4.45+0.72 to
9.00+0.33% under greenhouse conditions. The results
reveal that M. phaseolina was less affected by A.
variabilis, which  decreased damping-off from
4.60+0.39 % in control treatment to 1.40+0.26 %,
root-rot from 2.4040.28 to 1.00+0.42 % and increased
survived plants from 2.96+0.46% in control treatment
to 7.60+0.61 %.

Table (2): Efficacy of the tested algal filtrates in controlling the tested three pathogenic fungi under greenhouse conditions.

Treatments % Damping-off and root-rot caused by
F. solani M. phaseolina P. aphanidermatium
Damping Root-rot ~ %Survival Damping  Root-rot  %Survival Damping  Root-rot  %Survival
off plants off plants off plants
A. variabilis 1.00£0.27*  0.60+0.21  8.40+0.32 1.40£0.26  1.00+0.42  7.60£0.61 1.20£0.17  0.60+0.15  8.20+0.14
N. 0.80£0.30  0.20£0.03  9.00+0.33 1.20£0.37  0.60+0.24  8.20+0.37 1.00£0.31  0.60+0.24  8.40+0.40
paludosum
+ve control 3.40£0.44  2.00£0.28  4.45%0.72  4.60£0.39 2.40+0.28  2.96+0.46  4.40+0.68 1.20£0.32  4.40+0.98
(treated with
tested fungi )
-ve control 0.00£0.00  0.00£0.00  10.0+0.00  0.00£0.00  0.00£0.00  10.0+0.00  0.00+0.00  0.00£0.00  10.0+0.00
(untreated
with tested
fungi)
LSD 1.66 1.63 3.33 3.33 4.69 1.69 3.33 178

*Experimental data were showed as means + standard deviations

The means of the treatments were compared using the least significant difference (LSD) test at the 0.05 level.

3.3.2. Enzymes assay

Results in Figure (2) indicate that both of algal filtrates
increased the polyphenol oxidase activity with the
three tested fungi .The highest increase was obtained
with N. paludosum,  which increased polyphenol
oxidase activity by 0.15, 0.12 and 0.13 mg/min,
respectively, followed by A. variabilis, being 0.11,
0.09 and 0.08 mg/min compared with untreated
control and inoculated with M. phaseolina, F. solani
and P. aphanidermatium, being 0.014 ,0.013 and
0.011 mg/min, respectively. Meanwhile, un-
inoculated control recorded 0.017 mg/min.
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Figure (2) Effect of the tested algal filtrates on poly
phenyl oxidase activity of fennel plants grown under
artificial with the three tested pathogenic fungi.

Results in Figure (3) present that, both of algal filtrates
increased the peroxidase activity with the three tested
fungi M. phaseolina, F. solani and P.
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aphanidermatium .The highest increase was obtained
with N. paludosum, which increased peroxidase
activity by 0.653, 0.304 and 0.2305 mg/min,
respectively, followed by A.variabilis, being 0.403,
0.225 and 0.198 mg/min, respectively compared with
untreated control inoculated with any of the three
tested fungi, being 0.193, 0.176 and 0.131 mg/min,
respectively. Meanwhile un-inoculated control
recorded 0.0854 mg/min.

Peroxidase

08

Comrol  Conoal-M Conoul F Convwl P Nosoc  Nosos  Nosoe  Anabeana  Anabeana

eana
paludosum - paludosum - pal udosum - varibiis- W vanabilis-F vaniabiis- P
] F P

02
) i i
]
Anab

Figure (3) Effect of tested algal filtrates on
peroxidase activity of fennel plants grown under
artificial with the three tested pathogenic fungi.

Results in Figure (4) show that both of algal filtrates
increased chitinase activity with the three tested fungi
M. phaseolina, F. solani and P. aphanidermatium. The
highest increase was obtained with N.paludosum,
which increased chitinase activity by 840.704,
678.3605 and 683.25 ppm , respectively followed by
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A. variabilis, being 629.166, 530.122 and 517.704
ppm, respectively compared with untreated control
inoculated with any of the three tested fungi, being
592.5, 561.7 and 542.8 ppm as glucose respectively.
Meanwhile non inoculated control gave 513.8 ppm as
glucose.
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Figure (4) Effect of tested algal filtrates on
chitinase activity of fennel plants grown
under artificial with the three tested
pathogenic fungi.

Results in Figure (5) reveal that, both of algal filtrates
increased the soluble proteins activity with the three
tested fungi M. phaseolina, F. solani and P. a
phanidermatium .The highest increase was obtained
with N.aludosum, which increased soluble proteins
activity by 47.6, 46.0 and 52.5 mg/ml, respectively
followed by A. variabilis, being 45.6, 42.8 and 39.6
mg/ml, respectively compared with untreated control
inoculated with any of the three tested fungi, being
40.7, 40.2 and 39.7 mg/ml, respectively. Meanwhile
un-inoculated control signalized 39.8 mg/ml.
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Figure (5) Effect of tested algal filtrates on
soluble proteins activity of fennel plants
grown under artificial with the three
pathogenic tested fungi.

3.4. Field experiment

3.4.1. Data presented in Table (3) reveal that both of
algal filtrates reduced reducing (Pre- and Post-
emergency) damping-off. Also, data show that,
A.variabilis and N. paludosum , filtrates were found to
reduce the disease incidence compared with control
during the two successive growing seasons of
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2020/2021 and 2021/2022. N. paludosum showed the
highest effect in reducing disease incidence 1.75+0.47
and 2.50+0.26% followed by A. variabilis, being
2.25+0.62 and 2.71+0.28% during the two successive
growing seasons (2021 and 2022), respectively in
comparison with the control.

3.4.2. Data presented in table (4) that applying any of
the tested algal filtrates for treating fennel seeds
increased yield growth parameters in both seasons of
2020/2021 and 2021/2022 growing seasons . N.
paludosum was the most effective than A.variabilis
which showed the highest increased in plant height,
number of branches, dry weight of inflorescences ,dry
weight of seeds ,dry weight of 1000 seeds, and plant
yield during the two successive growing seasons being
197.0£17.5 cm, 9.3+1.1 , 219.0+20.8g, 192.0+18.4g,
29.3+3.4g, 510.9+23.4 g, respectively in the
2020/2021growing season and gave 214.0£24.1cm,
27.0+3.5g, 310.0+36.0g, 196.4+17.0g, 31.2+2.0g,
649.5+64.0g, respectively in 2021/ 2022 growing
season in comparison with the control.

3.4.3. Effect of the tested algal filtrates on volatile oil
percent of fennel seeds and its components: Data
shown in Figure (6) show that both A. variabilis and
N. paludosum filtrates increased oil percentage in
fennel plants compared with treated commercial
biocide and untreated control . The highest oil
percentage was observed in plants treated with N.
paludosum, which increased from 0.18 to 1.55%.
Meanwhile, A. variabilis increased oil percentage
from 0.18 in control treatment to 1.5 % and the
commercial biocide gave moderate effect (0.95%).

Ollparcantage’

Oilpercentage %

N. pafudosum A, variabitls Commarcial Contral

biscide

Figure (6) Effect of the tested algal filtrates
on volatile oil percent of fennel seeds.

3.4.4. Effect of the tested algal filtrates on volatile oil
composition: A total of 14 components were identified
by GC-Ms from the essential oil of fennel plants. The
composition of essential oil is shown in Table (5). N.
paludosum was superior in increasing all the
compounds of the essential oils than A. variabilis
filtrate. N. paludosum increased the main compounds
of the essential oils (estragole) from 77.17% in control
treatment, 86.76% in commercial biocide to 87.17%.
Meanwhile, A. variabilis increased the percentage of
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estragole from 77.17 to 86.84%. L-fenchone and L-
fenchone were also found as major components, which

increased in fennel plants treated with N. paludosum
the same results were recorded with N. paludosum.

Table (3): Effect of tested algal filtrates in controlling fennel soil borne disease under field conditions during 2020/ 2021 and
2021/2022 growing seasons.

Treatment 2020/2021 season 2021/2022 season
Damping Root-rot % %Survival Damping Root-rot % %Survival
off incidence Plants off incidence Plants
A. variabilis 1.50+0.50*  0.75+0.25  2.25+0.62 22.7510.62 2.25+0.09 1.00+0.00 2.71+0.28 18.53+3.77
N. paludosum 1.25+0.25 0.50+0.28 1.75+£0.47 23.25+0.47 1.75+0.02 0.75+0.25 2.50+0.26 15.00+4.48
Commercial 1.50+0.50 1.25+0.25 2.75+0.62 22.25+0.62 1.75+0.25 1.25+0.25 3.00+0.40 22.00+0.40
biocide
Control 7.25+1.88 2.50+0.64 9.75+1.25 15.25+1.25 7.50+0.64 3.00+0.91 10.50+0.86 14.50+0.86
LSD 0.6 0.65 2.3 2.65 241 0.66 2.23 2.63

*Experimental data were showed as means + standard deviations
The means of the treatments were compared using the least significant difference (LSD) test at the 0.05 level.

Table (4). Efficacy of tested algal filtrates on growth parameters and yield / plant under field conditions during 2020/ 2021 and
2021/2022 growing seasons.

Treatmen 2020/2021 season 2021/2022 season
t
Plant height No. of Dry Dry Weight of yield / Plant No. of Dry Dry Weight of yield /
(cm) branche Weight of Weight of 1000 plant height branches Weight of Weight of 1000 plant
s/ Inflorescen Seeds seeds (g) 9) (cm) / Inflorescen Seeds seeds (g) @)
plant ces Q) plant ces Q)
@ (@
A. 170.0+26.4* 9.0+1.5 147.046.5 165.0+16.0 29.9+1.8 256.3+26.9 185.3+3.78 24.3+5.4 215.0+11.5 133.648.7 28.0+4.1 219.0+14.7
variabilis
N. 197.0£17.5 9.3+1.1 219.0+20.8 192.0+18.4 29.3+3.4 510.9+23.4 214.0+24.1 27.0£3.5 310.0+36.0 196.4£17.0 31.0+2.0 649.5+64.0
paludosu
m
Commerci 183.0£15.6 6.3+1.1 170.3+10.8 140.0+14.6 23.6+5.6 248.9+34.4 180.0+28.9 23.8+2.8 201.7419.7 126.6+9.6 26.7+1.8 288.5+36.2
al biocide
Control 150.0425.1 3.6+0.8 156.0+28.0 96.0+7.8 21.7+14 75.0+11.8 171.0£20.5 8.0+1.5 156.2+26.7 108.9+6.0 22.0£1.5 110.0+3.7
LSD 3.65 0.3 5.36 4.63 0.33 8.53 453 1.66 6.63 4.85 13 8.76

*Experimental data were showed as means + standard deviations
The means of the treatments were compared using the least significant difference (LSD) test at the 0.05 level.

Table (5) Effect of the tested algal filtrates on volatile oil composition of fennel seeds.

Components %, Area
A. variabilis N. paludosum Commercial biocide Control

o-Pinene 0.37 0.59 0.31 0.28
a-Phellandrene 0.19 0.21 0.17 0.15
D-Limonene 5.41 9.78 481 4,59
Eucalyptol 0.32 0.71 0.123 011
trans- a —Ocimene 0.30 0.50 0.26 0.15
¢-Terpinene 0.24 0.50 0.19 011
L-Fenchone 6.77 6.91 6.41 6.12
Limonene oxide 0.05 0.10 0.05 0.05
Trans-Limonene oxide 0.02 0.02 - -
Camphor 0.02 0.05 - -

Estragole 86.84 87.17 86.76 77.17
Fenchyl acetate 0.11 0.24 0.09 0.07
d-Carvone - 0.06 - -
Anethole 0.54 1.35 0.53 0.02

4.Discussion

Fennel plants suffer from the infection by many fungal
soil-borne fungi such as F. solani, M. phaseolina and
P. aphanidermatium that attack the plants from
seedling to maturing and caused damping-off and root-
rot diseases. Acquired resistance by beneficial
microorganisms appear to be effective and alternative
to chemical fungicides in controlling soil-borne
diseases [36, 2]. Culture filtrates of two cyanobacteria
(blue-green algal) i.e., Anabeana variabilis and Nostoc
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paludosum were effective in vitro and in vivo. In vitro,
the growth of the three pathogenic fungi were
significantly decreased by the culture filtrate of
A. variabilis and N. paludosum at 25 and 50%
concentrations. In this concern, the filtrate of N.
paludosum was more efficient in inhibiting the growth
of the three pathogenic fungi. This inhibition may be
due to that the filtrate of Nostoc contains a wide
variety of compounds with biological activities such
as phenols, antibiotics, enzymes and toxins [37,38,
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20]. Salem et al. [38] showed that methanol extract
of Nostoc sp. have antifungal activity against A. niger,
R. solani and F. oxysporum. Cyanobacteria produce
various secondary metabolites having hormonal, toxic,
antimicrobial and  antineoplastic  effects .
Kshetrimayum and Surya [20] reported that all the
extracts of Nostoc inhibited the growth of F. culmorum
due to a lipopeptide compound. In general, chitosanase
homologs and microcystin show fungicidal activity
and have also been present in Anabaena laxa, A.
iyengarii, and A. fertilissima. Phenolic chemicals
substances are good electron donors because their
hydroxyl groups directly increase antioxidant effects,
reduce free radicals and scavenge oxygen in biological
systems, preventing oxidative stress of wild vegetables
[39].

Under artificial inoculation conditions in a
greenhouse, results showed that culture filtrates of
cyanobacteria (blue-green algal) i. e., A. variabilis
and N. paludosum applied to seeds and sprayed on the
grown plants protected fennel plants against damping-
off and root-rot caused by F. solani, M. phaseolina
and P. aphanidermatium in compared with the
commercial biocide and untreated control. Algal
filtrate can be used as one of the important
elements for controlling a large number of soil-borne
pathogenic fungi. The fungicidal activity with the use
of the culture filtrates of the A. variabilis and N.
paludosum strains is strongly suggested to be due to
the presence of bioactive compounds as well as
enhanced natural defense mechanisms of oxidative
enzymes i.e., peroxidase, polyphenol oxidase,
chitinase and soluble protein against the three
pathogenic fungi. Results of the study showed an
increase in the defense enzymes such as peroxidase
and polyphenyl oxidase that are critical biochemical
markers for a host's defense mechanism against
pathogens. Similar results were obtained by Ingle and
Deshmukh [40] stated that peroxidase and polyphenyl
oxidase were concerned in oxidation of phenols and
polyphenols respectively as well as plant cell wall
lignification to prevent pathogen infestation. Kumar et
al. [41] showed under controlled conditions a low
disease severity was observed, along with an increase
in polyphenol oxidases and peroxidases, were also
triggered in pathogen-unchallenged coriander, cumin,
and fennel plants by applied Anabaena species, A.
laxa, and by Calothrix elenkinii as biomass culture.
Thapa et al. [42] obtained that the isolates of Nostoc
spp., Anabaena spp., and C. elenkinii have the same
habitat of the pathogen M. oryzae due to increase in
the leaf antioxidant enzymes polyphenol oxidase,
peroxidases activities involved in plant defense
induction.

Plants manufacture chitinase enzymes as a part of their
defense system against invasive fungal infection as
assist in the breakdown and assimilation of fungal cell
walls and degrade hyphae [43]. Proteins are rich
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macromolecules that represent the main functions of
living cells. Sabatini et al., [44] reported that total
soluble proteins are studied as an index of metabolic
changes under stress conditions.

Under natural field conditions, seeds and plants
treated with culture filtrate produced by the two tested
cyanobacteria performed better efficiency against
damping-off and root-rot diseases. This indicates that
the treatment with the cyanobacterial culture filtrate
successfully expressed antagonistic action against
pathogens and enhanced plant resistance. This
inhibitory effect is mostly due to the presence of
antifungal compounds that inhibited the fungal spore
growth. According to Devappa et al.,[9] the aqueous
extracellular product from cyanobacterium Nostoc
muscorum was efficient to control the plant pathogens
Rhizoctonia solani and Sclerotinia sclerotiorum and
reduced the spreading of Erysiphe polygoni causing
powdery mildew on turnips, damping-off disease in
tomato seedlings, and Botrytis cinerea on strawberries
and also reduced the growth of some saprophytes and
pathogenic fungi as Aspergillus oryzae, and
Chaetomium globosum Sclerotinia sclerotiorum and
Rhizoctonia solani. At the same time, it promote plant
growth, yield, oil contents and its components. Algae
contain many phytochemical compounds that
stimulate and help plant and crop growth and increase
its tolerance to various stresses. Alwathnani and
Perveen [45] noticed the effect of Nostoc calcicola
and N. linckia, on the root, shoot length, fruit number,
and weight of tomato in two stage (after 50 and 100
days of the plantation) due to the different
components of the extracts .

Cyanobacteria and green bacteria have also been
known to be effective in plant growth and as a
biofertilizer. In this regard [46,47] used organic
fertilizer enriched with Anabaena variabilis and A.
laxa which helped to enhance and increase soil organic
carbon, nitrogen fixation, and significantly increase
plant growth, quantity and quality of tomato yield and
its content of mineral elements.

Anabaena variabilis and a Nostoc sp. increased
germination of seeds, plant resistant, growth and yield
when utilized as biofertilizer and biofungicides
[48,49,50,51].

5. Conclusion

The present work indicated that A.variabili and N.
paludosum had antifungal activities against the causal
agent of fennel soil-borne diseases in vitro and in vivo
experiments. Our study indicated that N. paludosum
had a high content of phenolic compounds. In vivo
experiments, N. paludosum filtrate was more effective
than A.variabilis in reducing soil-borne diseases,
enhancing plant resistance, showing an increase in the
defense enzymes like peroxidase (P), polyphenyl
oxidase (PPO), chitinase and soluble proteins and
promoting plant growth, yield and oil content .



498 Z. Sara, Khder et.al.

6. Conflicts of interest
The authors declare no conflict of interest.

7 References

[1] Khan, M.and Musharaf, S., Foeniculum vulgare
Mill. A Medicinal Herb. Med. Plant Res., 4 (6),
(2014), 46-54.

[2] Ibrahim, E., Abd Rabbu, Hala S. Motawe, Hemaia
M. Hussein, S. and Mater, J. Improved growth, yield
of seeds and oil production of fennel (Foeniculum
vulgare var. vulgare) plants. Environ. Sci., 11(7),
(2020), 1112-1120.

[3] Carlucci, A., Raimondo, M. L., Colucci, D. and
Lops, F. Streptomyces albidoflavus strain caral7 as
a biocontrol agent against fungal soil-borne
pathogens of fennel plants. Plants. (2022), 11(11),
1420.

[4] Shaker A., and Alhamadany, H. S. Isolation and
identification of fungi which infect fennel
Foeniculum vulgare mill and its impact as antifungal
agent. Bull. Irag nat. Hist. Mus. 13 (2), (2015), 31-
38.

[5] Khalequzzaman, K. M. Management of foot and root
rot disease of fennel. Nippon J. of Environ. Sci.
(2020), 1(4), 1012.

[6] Shabbara, M. H. M., Karima, A. M., Yousria, A. E.
A., and Ahmed, E. A. E. Comparative analytical
economic study of the high vyield varieties
production of Foeniculum vulgare Mill. (Fennel)
between Arabic Republic of Egypt and India. ME. J.
of Agric. Res. (2018), 7(4), 1514-1520.

[7] Dilip Singh, and Bharatpur, k. v. k. On-farm
assessment of technological innovation of fennel
(Foeniculum vulgare mill) cultivation. Int. J. Curr.
Microbiol. App. Sci., 6(7), (2017), 1504-1509.

[8] Kumar, A. Book Microbial Biocontrol: Food
Security and Post-Harvest Management. Springer.
(2022), Vol. 2, PP. 334.

[9] Devappa, V., Sangeetha, C. G. and Jhansirani, N.
Bioprospecting of diseases of horticultural crops in
India. In Emerging Trends in Plant Pathology.
Springer, Singapore. (2021), pp. 425-455.

[10] Mohamed, E. lbrahiml, Hala, S. Abd Rabbu,
Hemaia, Motawe M. and Hussein, M.S. Improved
growth, yield of seeds and oil production of fennel
(Foeniculum vulgare var. vulgare) plants. J. Mater.
Environ. Sci. (2020), 11(7), 1112-1120.

[11] Kollmen, J. and Strieth, D. The Beneficial Effects
of  Cyanobacterial  Co-Culture on  Plant
Growth. Life. (2022), 12(2), 223.

[12] Shah, S. T., Basit, A., Ullah, I. and Mohamed, H. I.
Cyanobacteria and algae as biocontrol agents against
fungal and bacterial plant pathogens. in plant
growth-promoting microbes for sustainable biotic

Egypt. J. Chem. 65, No. SI:13B (2022)

and abiotic stress management. Springer, Cham.
(2021), pp. 1-23.

[13] Haggag, W. M., Hoballah, M. M. E. and Ali, R. R.
Applications of nano biotechnological microalgae
product for improve wheat productivity in semai aird
areas. Int. J. Agric. Technol. (2018), 14, 675-692.

[14] Salem, O. M., Abdelsalam, A., and Boroujerdi, A.
(2021). Bioremediation potential of Chlorella
vulgaris and Nostoc paludosum on azo dyes with
analysis of metabolite changes. Baghdad Sci
J, 18(3), 0445.

[15] Abada, K. A., Ashour, A. M. A., Morsy K. M. M.
and Amany M. F. Attia. Role of blue-green algae in
managing damping-off and charcoal-rot diseases of
bean. Int. J. of Sci. & Res. (2016), 7, 2229-5518.

[16] Renuka, N., Guldhe, A., Prasanna, R., Singh, P.,
and Bux, F. Microalgae as multi-functional options
in modern agriculture: current trends, prospects and
challenges. Biotechnol. adv. (2018), 36(4), 1255-
1273.

[17] Yadav, P., Singh, R. P., Patel, A. K., Pandey, K. D.
and Gupta, R. K. Cyanobacteria as a biocontrol
agent. In Microb. Biocontrol: Food Sec. and PH.
Manag. (2022), pp. 167-185. Springer, Cham.

[18] Basavaraja, B., Hullur, N. and Shashidhara, K. S.
Effect of algal extract on the seedling attributes of
important vegetables and field crops. J. of Pharma.
and Phytoch. (2020), 9(3), 1027-1030.

[19] EI-Sheekh, M., Mohamed, A. Deyab , Hasan,
Reham S. A., Abu Ahmed, Seham E. and Elsadany,
A.Y. Biological control of Fusarium tomato-wilt
disease by cyanobacteria Nostoc spp. Arch. of
Microbiol. (2022), 204:116, 1- 24.

[20] Kshetrimayum M. D. and Surya K. M.
Antimicrobial activities of freshwater
cyanobacterium, Nostoc sp. from timidly wetland of
Mizoram, India: an identification of bioactive
compounds by Gc-Ms. Int. J. of Pharm. Sci., and
Res. (2022), 2320-5148, PP. 1- 9.

[21] Righini, H., Francioso, O., Martel Quintana, A., and
Roberti, R. Cyanobacteria: a natural source for
controlling agricultural plant diseases caused by
fungi and oomycetes and improving plant
growth. Hortic. (2022), 8(1), 58.

[22] El-Khateeb, N. M. and Nehela, Y. The dual
inoculation with Rhizobium sp. and cyanobacterial
extracts enhances the common bean (Phaseolus
vulgaris L.) responses to white rot disease caused by
Sclerotinia sclerotiorum. ME. J. Appl. Sci. (2019),
872-887.

[23] Morsy, K. M. M. Biological control of damping-
off, root-rot and wilt diseases of faba bean by
cyanobacteria (blue-green algal) culture filtrate.
Egypt.J. Phytopathol., 39(2), (2011), 159-171.

[24] Booth, G. Fusarium Laboratory guide to
identification of major species. Kew, Survey



TWO CYANOBACTERIAL CULTURE FILTRATES AS BIOCIDES FOR CONTROLLING DAMPING-OFF 499

England, Common wealth Mycological Institute,
(1977), pp: 58.

[25] Domsch, K.I., Gams, W. and Anderson, T.,
Compendium of Soil fungi. Vol.1. Acad. Press. Inc.,
London, (1980), pp: 859.

[26] Ho-Sung, Y., Lee, M. H., Xiong, J. and Golden, .J.
W., Anabaena sp. strain PCC 7120 hetY gene
influences heterocyst development. J. OF
Bacteriol., 185(23), (2003), 6995-7000.

[27] Paulo, O., Nuno M. M., Marina S., Narciso A. S.
Couto , Phillip C. W., and Paula T., The Anabaena
sp. PCC 7120 Exoproteome: Taking a Peek outside
the Boxb5, (2015)7 130-163.

[28] Lamuela-Raventés R.M. Folin—Ciocalteu method
for the measurement of total phenolic content and
antioxidant capacity. In: Measurement of antioxidant
activity & capacity. New York: Wiley( 2018) p.
107-15.

[29] Scott, J. M. Delivering fertilizers through seed
coatings. Journal of Crop Production, 1, (1998),
197-220.

[30] shi, C., Dai, Y., Xu, X., Xi, Y. and Liu,Q., The
purification of polyphenoloxidase from tobacco.
Protein Expression and Purification, 24(1), (2002), 5
1-55.

[31] Bradford, M. A. Rapid and sensitive method for the
quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Ann.
Bioch. 72, (1976), 248-254.

[32] Vahed, M, Motalebi, E., Rigi, G., Noghabi, K.A.,
Soudi, M.R., Sedeghi, M. and Ahmadian, G.,
Improving the chitinolytic activity of Bacillus
pumilus SG 2 by random mutagenesis. J. Micro-
biotechnol. 23(11) ,(2013),1519-1528.

[33] Stocheck, C. M. Quantitation of Protein. Methods
in Enzymology 182, (1990), 50-69.

[34] Egyptian Pharmacopoeia, General Organization for
Governmental Printing Office, Ministry of Health,
Cairo, Egypt, (1984), 31-33.

[35] Steel, R.G.D. and Torrie, J.H. Principles and
Procedures of Statistics, New Stoscheck, CM.
(1990). Quantitation of Protein. Methods in
Enzymology 182, (1980), 50-69.Y ork: McGraw-Hill
Book Co.

[36] Khalequzzaman, K.M., Mahfuz Alam, Md. and
Hossain, M.M. Seed treatment with fungicides for
controlling foot and root rot of Lentil. J.of Sci.
Achievem. 2 (10), (2017), 1-5.

[37] Mohamed, Heba 1., El-Beltagi, H.S. and Abd-
Elsalam, K.A., Plant Growth-Promoting Microbes
for Sustainable. Springer, ISBN 978-3-030-66587-6
(eBook, PP., (2021), 1 - 23.

[38] Salem, Olfat M.A, Hoballah E.M, Ghazi, Safia M.
and Hanna Suzy N., Antimicrobial activity of
microalgal extracts with special emphasize on
Nostoc sp. Life Sci J; 11(12), (2014), 752758.

[39] Aryal, S., Baniya, M.K., Danekhu, K., Kunwar, P.,
Gurung, and R., Koirala, N.Total phenolic content,

Egypt. J. Chem. 65, No. SI:13B (2022)

flavonoid content and antioxidant potential of wild
vegetables from Western Nepal. Plants. 8(4), (2019),
2-12.

[40] Ingle, R.W. and Deshmukh, V.V., Antifungal
activity of PGPR and sensitivity to Agrochemicals.
Ann. PI. Protec. Sci. 18, (2010), 451-457.

[41] Kumar, M., Prasanna, R., Bidyarani, N., Babu, S.,
Mishra, B.K., Kumar, A.; Adak, A,; Jauhari, S.,
Yadav, K. and Singh, R. Evaluating the plant growth
promoting ability of thermotolerant bacteria and
cyanobacteria and their interactions with seed spice
crops. Sci. Hortic. , 164, (2013), 94-101.

[42] Thapa, S., Prasanna, R, Ramakrishnan, B.,
Mahawar, H., Bharti, A., Kumar, A,
Velmourougane, K., Shivay, Y.S. and Kumar, A.
Microbial  inoculation elicited changes in
phyllosphere microbial communities and host
immunity suppress Magnaporthe oryzae in a
susceptible rice cultivar. Physiol. Mol. Plant
Pathol. , (2021), 114, 101625.

[43] Danouche, M., El Ghachtouli, N., El Baouchi, A.,
and El Arroussi, H. Heavy metals phycoremediation
using tolerant green microalgae: enzymatic and non-
enzymatic antioxidant systems for the management
of oxidative stress. J. of Environ. Chem. Eng.
(2020), 8(5), 104460.

[44] Sabatini, S.E., Juarez, A.B., Eppis, M.R., Bianchi,
L., Luquet, C.M., and Molina, M.D.C.R., Oxidative
stress and antioxidant defences in two green
microalgae exposed to copper. Ecotoxicol. and
Environ. Saf. 72(4), (2009), 1200-1206.

[45] Alwathnani, H.A. and Perveen, K. Biological
control of Fusarium wilt of tomato by antagonist
fungi and cyanobacteria. Afr. J. Biotechnol. 11(5),
(2012), 1100-1105.

[46] Gupta,V., Ratha, S.K., Sood, A., Chaudhary, V.
and Prasanna, R. New insight into the
biodiversity and applications of cyanobacteria
(blue-green algae) prospects and challenges. Algal
Res 2, (2013), 79-97.

[47] Prasanna, R., Chaudhary, V., Gupta, V., Babu, S.,
Kumar, A., Singh, R., Shivay, Y.S. and Nain, L.,
Cyanobacteria mediated plant growth promotion and
bioprotection against Fusarium wilt in tomato. Eur.
J. Plant. Pathol. 136, (2013), 337-353.

[48] Guo, S., Wang, P., Wang, X., Zou, M., Liu, C., and
Hao, J. Microalgae as biofertilizer in modern
agriculture. In Microalgae biotechnology for food,
health and high value products Springer, Singapore.
(2020), pp. 397-411.

[49] Bao, J., Zhuo, C., Zhang, D., Li, Y., Hu, F., Li, H.,
and He, H. Potential applicability of a
cyanobacterium as a biofertilizer and biopesticide in
rice fields. Plant and Soil. (2021), 463(1), 97-112.

[50] Ammar, E. E., Aioub, A. A., Elesawy, A. E.
Karkour, A. M., Mouhamed, M. S., Amer, A. A., and
Nouran A EI-Shershaby. Algae as Bio-fertilizers:



500 Z. Sara, Khder et.al.

Between current  situation and future
prospective. Saudi J. of Bio. Sci. (2022).
[51] Kapoore, R. V., Wood, E. E., and Llewellyn, C.
A. Algae biostimulants: A critical look at microalgal
biostimulants for sustainable
agriculturalpractices. Biotechnology
Advances, (2021). 49, 107754

Egypt. J. Chem. 65, No. SI:13B (2022)



