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Biological Control of Damping-Off, Root Rot and
Wilt Diseases of Faba Bean by Cyanobacteria
(Blue-Green Algal) Culture Filtrate
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he role of three strains of cyanobacterial (blue-green algal),

ie. Nostoc muscorum, Spirulina platensis and Anabaena
flos-aquae, was evaluated as bioagents on controlling the infection of
faba bean by Rhizoctonia solani and Fusarium oxysporum.
The activity of indole acetic acid (IAA), protease enzyme and total
phenols showed an increase in the filtrates of Nostoc muscorum and
Spirulinag platensis than the filtrate of Anabaena flos-agua. Culture
filtrate of the three cyanobacteria species belonging to three genera
caused significant reduction to the mycelial growth of R. solani and
F. oxysporum. Treating faba bean seeds with any of algal culture
filtrates before sowing in artificially infested soil with any of
R solani and F. oxysporum (pot experiments) or in naturally infested
soil (field experiments) resulted in significant reduction in both
damping-off and dead plants (resulted from infection by root-rot and -
wilt diseases) compared with untreated seeds. Also, both N. muscorum
and S platensis were more efficient in reducing the infection by
damping-off, root-rot and wilt at the high concentration (100%) than
A. flos-aguae. On the other hand, treating faba bean seeds with any of
the tested cyanobacteria filtrates significantly increased seed yield/plot
compared with untreated seeds (control).

Keywords: Anabaena flos-aquae, biological control, cyanobacteria,
faba bean, Fusarium oxysporum, Nostoc muscorum,
Rhizoctonia solani and Spirulina platensis.

Faba bean (Vicia faba L.) is one of the most important legume crops in Egypt.
It is grown mostly to fulfil food and feed requirements for human and animal
consumption: Faba bean seeds are rich in protein and some other compounds (Morsy
and Tarrad, 2005). Diseases are the major constrains to faba bean production in
Egypt, 45 they cause enormous losses in the yield and its quality. The most
important diseases are chocolate spot, damping-off, wilt, root rot, rust and viral
diseases (Morsy, 1993 and Mazen, 2004). In this respect, EI-Morsy et al. (1997),
Mazen (2004) and El-Sayed (2006) isolated Fusarium oxysporum fsp. fabae,
F. oxysporum, F. solari, Rhizoctonia solani and Macrophomina phaseolina from
wilted and rotten roots of faba bean in different parts of Egypt and considered them
the most important and wide spread fungal diseases observed at all locations.

Microalgal metabolites have attacked attention, because they are a resource for
toxins and potential new drugs (Shimizu, 2003). Meanwhile, the nematicidal
potential culture filtrates of the blue-green algae (cyanobacterium) Microcoleus
vaginatus has been tested against Meloidogyne incognita on tomato in pots under
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greenhouse conditions (Khan er al, 2005). In addition, cyanobacterial strains
belonging to the genera Microcystis, Anabaena, Nostoc, Oscillatoria, Nodularia,
Aphanizomenon and Cylindrospermum are known to produce a number of cyclic
peptide hepatotoxins and alkaloid neurotoxins exhibiting algicidal, fungicidal,
pesticidal, cytotoxic immunosuppressive  and enzyme-inhibiting activity,
(Namikoshi and Rinehart, 1996 and Prasanna ef al., 2010). Certain free fatty acids
produced by algae exert inhibitory effect on a variety of aquatic organisms (Mundt
et al., 2003). The inhibition is based on the fact that fatty acids primarily affect the
plasma membranes (Wu ez al., 2006).

Materials and Methods

Preparation of cuiture filtrate:

Pure algal cultures of the cyanobacteria Anabaena flos-aquae, Nostoc muscorum
and Spirulina platensis were.grown in a medium described by Watanabe (1951) at
the Lab. of Phycol., Dept. of Botany, Fac. of Sei., Cairo Univ., Giza, Egypt, under
continuous fluorescent white light. The light intensity was kept at 200 Lux and
temperature 28+2°C, except for Spiruling platensis, which was grown on Zarrouk
medium (Zarrouk, 1966) and temperature of 30+2°C, The cyanobacterial biomass
was separated from the culture medium by centrifugation {(40min, 8000g,10°0),
under sterile condition. The Supernatant containing extraceilular products was
sterilized by 0.22 pm Milipore membrane,

Effect of culture filtrate on the linear growth of the two pathogenic fungi:

The filtrate of the three tested ¢yanobacterial strains was taken under sterilized
conditions and added to the autoclaved PDA medium just before pouring the
medium to give 25, 50, 75 and 100% (v/v) algal filtrate concentrations then poured
in sterilized Petri-dishes (9 cm. in diameter). Four Pefri dishes were prepared for
sach concentration. The dishes were inoculated with 4mm discs taken from
7-day-old PDA fungal cultures.

"7 ~"Plates containing PDA medium without algal filtrates were used: as control, The-

plate were incubated at 2542°C for 5-days .The linear fungal growth of cach of
R. solani and F. oxysporum was measured when the pathogenic fingi completely
covered control treatment by determining the mean of colony growth diameters
(Cobb et al ., 1968).

Lstimation the activity of indole acetic acid- )

Colorimetric estimation of indole acetic acid (IAA) was carried out by gas Houid
chromatography in the Principal Central Lab., Fac. of Agric., Ceiro Univ. (Du and
Xu, 2000).
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- Estimation the activity of protease enzyme:

Protease activity was determined by modified procedure (Tsuchidia er al., 1986)
using 2% casein in 0.2 M carbonate buffer (pH 10) as a substrate. Casein solution
(0.5m1y with an equal volume of suitable diluted enzyme solution was incubated at
40°C. After 10 min the reaction was terminated by addition of 1 m] of 10%
trichloroacetic acid. The mixture was centrifuged, supernatant was taken to
Smlof0.44 M N3 2CO jand 1 ml of two-fold diluted Folin—Ciocalteau reagent was
added. After 30 min the colour developed was read at 660 nm against reagent blank
prepared in the same manner., Tyrosine served as the reference standard. The optical
density of these solutions was measured.

Estimation of pherolic compounds: '
The total phenolic compounds was determined by Folin-Ciocalteau method
(Meda er al., 2005) in the Principal Central Lab., Fac. of Agric., Cairo Univ.

Greenhouse experiment:

Pathogenic isolates of . oxysporum and R. solani were grown on barley sand
medium for 15 days at 25+2°C, Clay pots (30 cm in diameter) were sterilized by
dipping in 5% formalin for 5 min and then left in open air till dryness. Also, the soil
was sterilized by 5% formalin. Soi] infestation with each fungus was carried out at
the rate of 3% of soil weight, then distributed into the pots, irrigated twice at 3 days
intervals before sowing to enhance fungal growth. Faba bean seeds (cv. Giza 40)
previously soaked for 12 hours in any of the tested concentrations of the three
cyanobacterial filtrates were sown in the pots at the rate of 10 seed/pot. Untreated
seeds (12 h soaking in water only), were sown as control (check) treatment. Three
pots were used as replicates for ach particular treatment, Percentages of pre— and
post—emergence damping-off were recorded 15 and 30 days after sowing,
respectively. Survived plants were also counted 60 days after sowing.

Field experiment:

The experiments were carried out in a field naturally infested with the causal
organisms of damping-off, root-rot and wilt diseases of faba bean located at the
ekperimental farm of Ety El-Baroud, Agricultural Research Station (Behera
governorate) during two successive growing seasons, i.e. 2008/2009 and 2009/2010.
Faba bean seeds (cv. Giza 40) previously soaked for 12 hours in any of the tested
soncentrations of the three cyancbacterial filtrates or untreated ones, were used for
sowing. Field plots contained § ridges occupying an arez of 10.5 m? (3.5x3m).-Two
seeds / hill were sown with 25 cm apart between hills, Perceniages of damping-off
(the average of pre-, post-emergence) and dead plants (resuited from root-rot and/or
wilt) were recorded 30 and 60 days after sowing. At the end of the growing season,
seed yield was harvested and weighed as kg/plot and the average was recorded,

Statisticad analysis: 7

Data obtained were statistically analyzed using complete randomized and split
design blocks suggested by Sredecor and Cochran (1967). Averages were compared
at .05 level of probability using least significant difference (L.S.D.) as mentioned
by Fisher (1948).
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Results

Effect of cyanobacterial filtrates on mycelial growth of R. solani and F. oxysporum:

It is clear (Table 1) that all concentrations of the three cyanobacterial filtrates
resulted in significant inhibitory effect to the fungal growth of the two tested fungi.
The reduction in the linear growth was increased with the increasing in the
concentration of the cyanobacterial filtrates. The filtrate of N. muscorum and
5. platensis completely inhibited the mycelial growth of both fungi at concentration
of 100% followed by A. flos-aquae, which recorded intermediate effect. At the
concentration of 75%, S. platensis completely inhibited the linear growth of
F. oxysporum, while in the case of R solani the reduction reached to 95.0%.
In addition, N. muscorum tesulted in 89.4 and 82.8% inhibition for the growth of
both fungi at the concentration of 75%, respectively.

Table 1. Effect of cyanobacterial filtrates on the linear growth of R. solani and
F. oxysporum, 5 days after incubation at 25+2°C,

Rhizoctonia solani | Fusarium oxysporum
Tested cyanobacteria C(f;:; ) ;;‘rlg;at’:; Redg/ction ;rlc?vi?h Redlol/ction

- (mm) (%) (mm) (%)
0.00 90.00* | 0.00 90.00 0.00
: 25 55.5 - 386 49.3 452
Nostoc muscorum 50 35.0 61.1 27.5 69.4
75 13,5 82.8 9.5 89.4
100 0.00 100 0.00 100
0.00 90.00 00.0 90.00 0.00
25 20.0 71.83 16.3 81.9
Spirulina platensis 50 13.3 85.2 5.7 93.7
. 75 4.5 95.0 0.00 100
100 0.00 100 0.00 100
0.00 90.00 0.00 90.00 0.00
25 73.5 18.3 79.3 11.9
Anabaena flos-aguae 50 61.3 319 67.7 24.8
. o = : 75.....1 ST 358 58.3 352

100 443 -50.8 50.5 438 |

L.S D.at 5% 2.87 —-m 0.99 — |
* Average of 4 replicates.
Pot experiment : ‘ o

It is evident (Table 2) that the three cyanobacterial filtrates caused significant
reduction to pre-and post-emergence damping-off caused by the two tested fungi
compared to the control treatment. In this respect, the filtrate of S. platensiz when
used at 100% resuited the highest reduction to both pre-and post-emergence
damping-off. The respective averages for pre-emergence damping-off were 6.7 and

0.0% and for post-emergence damping-off were 13.3 and 6.7%, for infection by
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Table 2. Effect of soaking faba bean seeds (cv. Giza 40) in each of the three
cyanobacterial filtrates on the incidence of pre-and post-emergence
damping-off sown in infested soil with R. solani and F. oxysporum

under greenhouse conditions
Rhizoctonia solani Fusarium oxysporum

Tested Cone.| Pre- Post- Plant Pre- Post- | Plant
cyanobacteria | (%) |emergence|emergence| survival emergence|emergence| survival

(%) % | @ | ) | (%)

25 20.0 20.0 60.0 20.0 16.7 63.3

Nostoc 50 20.0 16.7 63.3 16.7 13.3 70.0

MUSCOTHm 75 16.7 13.3 70.0 16.7 10.0 73.3

100 10.0 16.7 733 13.3 10.0 76.7

25 13.3 20.0 66.7 16.7 10.0 73.3

Spiviliiia 50 10.0 20.0 70.0 13.3 10.0 76.7

oliiteris 75 10.0 16.7 73.3 13.3 6.7 80.0

160 6.7 13.3 80.0 10.0 6.7 83.3

25 33.3 16.7 50.0 30.0 13.3 56.7

Anabaena 50 333 10.0 56.7 26.7 133 60.0

flos-aguae 75 26.7 13.3 60.0 20.0 16.7 63.3

100 26.7 10.0 63.3 20.0 133 66.7

Control 0.00 ! 40.0 36.7 23.3 33.3 20.0 46.7

L.S.Dat5% | - 2.72 3.05 6.11 5.96 2.28 6.13

R. solari and F. oxysporum, respectively. Meanwhile, N. muscorum resulted in 10.0
and 13.3% for pre-emergence damping-off and 16.7 and 10.0% for post-emergence
damping-off, respectively. On the other hand, the filtrate of 4. flos-aquae was of low
efficiency compared with S. platensis and N. muscorum in this regard.

Aczwwy of indole acetic acid, protease enzyme and total phenols in cyanobacterial
Siltrates:

The production of indole acetic acid (IAA), protease enzyme and total phenols in
the culture filtrates of N. muscorum, S. platensis and A. flos-aquae is shown in
Table (3). Cbtained data indicate that both S. platensis and N. muscorum were more
effective than 4. flos-aquae in increasing the activity of mdole acetic amd protease
enzyme and fotal phenols. .

Table 3. Activity of indole acetic acid (IAA), protease enzyme and total phenols
in the colture filtrates of three cyanobacteria

Tested . ; i 1AA
evaridbndberin Protease (IU mI™) | Total phenols (%) ugle F, wt
Nostoc muscorum 0.217 0.145 1.370
Spirulina platensis 0.245 0.258 2.826
g 0.012 0.090 1.150
flos-agquas
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Field experiments :

Data in Table (4) show that both damping-off and dead plants were significantly
reduced due to soaking the seeds in any of the tested cyanobacteria filtrates before
sowing compared to control treatment (untreated seeds). In this regard, the filtrate of
A. flos-aquae was the lowest efficient in reducing damping-off than filtrates of
S. platensis and N. muscorum at the high concentration, being 16.4, 10.9 and 11.9%,
on the average, respectively. On the other hand, the effect of the three filtrates on the
incidence of dead plants was significantly differed, being 7.2, 4.6 and 4.9%, on the
average, respectively. Control treatment recorded 27.4 and 14.9% for damping-off
and dead plants percentage, on the average, respectively.

The reduction in both damping-off and dead plants (due infection by root-rots
and wilt diseases) was significantly reflected on the produced seed yield. In this
respect, seed previously soaked in S. plarensis filirate produced the highest seed
yield than that treated with N. muscorum and A. flos-aquae, being 6.0, 5.3 and 4.8
kg/plot, on the average, respectively. Control treatment produced 4.1 Kg / plot.

Table 4. Effect of soaking faba bean seeds (cv. Giza 40) in each of the three
cyanobacterial filtrates on damping-off, dead plants and seed yield
during Z008/2009 and 2009/2010 growing seasons under field
conditions at Ety El-Baroud Experimental Station

Damping-off | . Dead plants Seed yield
Tested Conc. (%)* (o)** L {(kg/plot)
cyanobacteria| (%) | 2008 | 2000 | V2% 2008 | 2005 [ 3008 [2009 167"
/09 | /10 /09 | /10 /09 (/10
Nostoc 75 12.8 | 13.5 |13.2 ] 5.3 6.8 |61 |53 149]5.1
TMUSCOTHm 100 {113 | 124 |119145 |53 |49 |55 50|53
Spirulina 75 (102 | 128 |11.5/45 |53 (49 |57 |52 155
platensis 100 195 122 (109143 |48 |46 |62 |58 |60
Anabaena 75 1178 1193 |18.6 |83 |95 189 |48 |46 |47
Jflos-aquae 100 | 155 | 173 |164 |65 |78 |72 149 |47 438
Control 0.00 ! 263 | 285 |274 | 145 | 153 [149142 [3.9 | 4.1
Mean - 00 148 [166 | - |68 |78 - 152149 -
L.8.D at 5% for: ]
Treatment (T) = 0.67 0.22 0.11
Concentration (C) = 111 0.26 0.13
Growing season (G)y= 0.56 0.86 0.23
TxC = 1.92 0.46 025
Tx G = n.s LS n.s
Cx G = .S n.s n.s
TxCxG = n.§ n.8 1.5

* included pre-, and post-emergence dampiﬁg-off.
** included dead plants caused by root-rot and wilt diseases.
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Discussion

Acquired resistance by using biotic-agents as biological control seems to be one
of alternatives to substitute for, or at least to decrease the use of fungicides in plant
disease control. Excessive and improper use of pesticides including fungicides
presents 4 menace to the health of human, animal and environment (Guzzo et al.,
1993). The present study was planned mainly to investigate the possibility of
minimizing the infection by damping-off, root rot and wilt diseases of faba bean
using the filtrates of three cyanobacteria as a biological control agents. The obtained
data revealed that the culture filtrate of any of the three cyanobacteria, i.e. Nostoc
muscorum, Spirulina platensis and Anabaena flos-aquae contained a wide variety of
compounds of biological activities such as antibiotics and toxins (Carmichael, 1992
and Kulik, 1995). However, the growth of the isolated fungi from roots of faba bean
was seriously affected when subjected to the filtrates. The reduction in the growth of
Rhizoctonia solani and Fusarium oxysporum by increasing the concentration of the
three cyanobacterial filtrates was significant. The most effective filtrates were
S. platensis and N. muscorum, which completely inhibited the growth of both fungi
at concentration 100% (crude filtrate). Meanwhile, 4. flos-aquae recorded
intermediate effect. In addition, S. platensis filtrate completely inhibited the linear
growth of F. oxysporum at concentration 75%. Similar results were reported by De
Caire et al. (1987) and De Caire et al. (1990) who found that the growth of the plant
pathogens, S. sclerotiorum and R. sclani, was inhibited by cells extract or extra
cellular products of N. muscorum. De Cano et al. (1990) found that phenolic
compound in extracts from cells of N. muscorum significantly inhibited the growth
of Candida albicans and Staphylococcus aureus. Also, Frankmolle e al. (1992a)
reported that crude ethanolic extracts from Anabaena laxa inhibited the growth of
Aspergillus - oryzae, Candida albicans, Penicillium notatum, Saccharomyces
cerevisiae and Trichophyton mentcgrophytes. The fungicidal compounds were
isolated and purified and given the 1ame laxaphycins A, B, C, D and E and their
structures were determined by Frankmélle er af. (1992b). In addition, Abo-Shady
el al. (2007) reported that cyanobacteria filtrates strongly inhibited the pathogenic
fungi isolated from leaves, stems and roots of faba bean. Moreover, mycelial
growth of several pathogenic fungi such as F. oxysporum, Penicillium expansum,
Phytophthora cinnamomi, R. solani, S. sclerotiorum and Verticillium albo-atrum
was_ inhibited by the methanol exiracts of cyanobacterium Nostoc stram ATCC
53789 (Biondi et al., 2004).

Conirel of damping-off, roo!t rot and wilt diseases of faba bean using
cyanobacteria filirates of N. muscorum, S. platensis and A. flos-aquae caused
significant reduction to both damping-off, root-rot and wilt diseases, either in pot or
field experiments, compared to control treatments.

The obtained data showed that the filirate of cyancbacteria was able to reduce
pre-and  post-emergence damping-off mortality caused by R soleni and
F. oxysporum and increased the survived plants compared with the control under
greenhouse conditions. In additior; the efficiency of the three cyanobacterial filtrates
was positively correlated with the activity of the protease enzyme, total phenols
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compounds and indole acetic acid, where the treated seeds with the culture filtrate of
the former two cyanobacteria were more efficient in decreasing the infection by
damping-off  and increasing survived plants compared with the third
cyanobacterium. These results are in conformity with the obtained data by De Caire
et al. (1990) who reported that extracellular products from N. muscorum are
promising as a biological control of soybean seedlings damping-off. Kulik (1995)
mentioned that filtrates or cell extracts from cyanobacteria were applied to seeds as
protectants against damping-off fungi such as Fusarium sp., Pythium sp. and
R. solani, Moore (1996) showed that Nostoc sp. (GSV 224) has a potent fungicidal
activity and can be used in the treatment of plants and agricultural crops for disease
control.

In general, it has been found that the filtrate of each of N. muscorum and
S. platensis was more efficient in reducing disease incidence and increased the seed
yield / plot in field experiments. Meanwhile, filtrate of A. flos-aguae was the lowest
one. However, the potential activity of cyanobacteria to inhibit certain soil borme
diseases could be attributed to produce a wide range of plant growth regulators such
as abscisic acid, ethylene, jasmonic acid, auxin and cytokinin-like substances as well
as the cytokinin isopentenyl adenine (Ordog and Pulz, 1996 and Strik ef al., 1999)
and these substances can also influence fungal growth (Zulpa ef al., 2003). On other
hand, some species of cyanobacteria can fix nitrogen and thus add significant
amount of this element to the soil in temperate and tropical regions (Metting, 198 1.
Shtina (1991) reported the methods for stimulating the growth of cyanobacteria in -
agricultural soils include proper fertilization and irrigation regimes, and adding life
cyanobacteria and their metabolites to soil (algalization). In addition, many
cyanobacteria produce many varieties of secondary metabolites particular antibiotics
and biotoxins (Carmichael, 1992).

The antifungal activity has been due to the presence of plant bioactive
compounds, ie. total phenolic compounds, total saponins and alkaloids in the
cyanobacteria culture filtrates employed as natural defence mechanisms against
pathogenic bacteria, fungi, viruses and pests (El-Mahmood and Ameh, 2007). There
are a number of reports on the antifungal activity of phenolic substance extracted
from cyanobacteria. De Cano et al. (1990) found that phenolic compounds in
extracts from cells of N. muscorum significantly inhibited the growth of Candida
albicans -and Staphylococcus -aureus. Furthermore, Samapundo ef -al. (2007)
observed that the phenolic compounds such as, vaniilic and caffeic acid treatments
caused reduction in F. verticillioides and F. proliferatum growth. Sekine ef al.
(2009) detected that phenclic hydroxyl compounds have antifungal activity against
white-and brown-rot fungi.

indole acetic acid was produced in the cyanobacterial culture filtrates and (e
capacity of indole acetic acid biosynthesis has been found in free-living =nd
symbiotic cyanobacteria of the genera Nostoc, Chlorogloeopsis, Calothrix,
Plectonema, Gloeothece, Anabaena, Cylindrospermum and Anabaenopsis
(Sergeeva et al., 2002).
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The activity of protease enzymes in the cyanobacterial filtrates revealed that
hydrolytic enzymes may contribute to the fungicidal activity of the cyanobacterial
strains, besides other bioactive compounds, including indole acetic acid (Tantawy,
2011). ‘

Conclusion

For a number of reasons, cyanobacteria are suitable candidates for exploitation
as biocontrol agents of plant pathogenic bacteria and fungi. Cyanobacteria produce
a large number of antibacterial and antifungal products, many can be grown in
quantity in mass culture, and they are not a threat to the environment (except for the
production of toxic blooms in freshwater and marine habitats and slimy areas on turf
by a relatively small number of cyanobacteria). Nevertheless, there are two
important considerations that have to be taken into account: (1) Although it has been
reported in many studies that cyanobacteria is capable of producing substances
in vitro that can inhibit the growth of bacteria and fungi, it still remains to be proven
that these substances are produced in nature. However, even if it is shown that
cyanobacteria do not produce antibacterial and antifungal substances in vivo, the
substances produced by them in vifro may prove useful in controlling bacterial and
fungal plant pathogens. (2) Since the majority. of species of cyanobacteria are
obligate photoautotrophs, they will not be able to grow blew the surface of the soil
in the vicinity of germinating seeds or plant roots. In addition, many cyancbacteria
are not terrestrial but are found in freshwater and marine habitats.

Formulations of intact cyanobacteria and microalgae could be applied to the
above-ground portions of plants and it is possible that they might offer protection
against pathogenic baoteria and fungi. However, it a greater chance of success might
be attained with formulations of culture filtrates or cell extracts from cyanobacteria
applied to seeds as protectants against damping-off fungi such as Fusarium spp.,
Pythium spp. and Rhizoctonia solani or sprayed on leaves to protect them from the
pathogenic bacteria and fungi.
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