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ABSTRACT

The biocidal activity of certain fungal extracts including Fusarium moniliforme, Aspergillus terreus,
Aspergillus niger and Aspergillus fumigatus were examined in vitro for their potential uses in controlling weeds
and plant diseases. Toxicity trails were conducted with standard trail species including wheat, lettuce, Bacillus
subtilus, Escherichia coli, Candida alibicans and Saccharomyces cervisiae. The medium where the fungi were
grown for 72 h was extracted successively with chloroform, ether and hexane. The residues after evaporation
from the solvents were examined thoroughly against tested species. Generally, the final germination (%) of the
tested seeds was unaffected by fungi extracts. The rate of germination, however, was affected by the extracts.
The seedling root and shoot growth were more affected in comparison with the seed germination (%), and the
best results obtained were for F. moniliforme extracts, chloroform and ether precisely. Re-examine both extracts
of F. moniliforme fungus showed also good activity against test species at all concentrations investigated (55-
330ppm). A noticeable inhibition was observed against tested microorganisms, especially with F. moniliforme
extracts, chloroform extract in the main grading. The results suggest that such fungi may be a source of natural
pesticides, but for this to come to reality, several investigations will be needed in the future. 
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Introduction

Weeds are recognized as the most serious problem facing agriculture development all-over the world, and
herbicides as well as the most effective tool for controlling such kind of pest. However, the intensive use of
such agrochemicals became unacceptable at all at the present time for the great damages might cause on the
environment and public health. Sole reliance on synthetic herbicides has really caused serious problems to the
environment. Using herbicides, as it was established in many published articles, can result in soil and
groundwater contamination and evolution herbicide resistance in weeds. Surface and shallow water in addition
to air are not also away from this (Ongley, 1996, Duke et al., 2000, Spalding et al., 2003, Guzzella et al.,
2006 and Heap 2007). Herbicides at high concentrations can also increase the risk of toxic residues in
agricultural products and hence raising several questions about our reliance on such agrochemicals (Cooper and
Dobson, 2007 and EPA, 2007).

Searching for the alternatives is then obligatory for the many reasons mentioned before. Researchers have
focused on new potential bio-herbicides having different and selective herbicidal mechanisms in comparison
to their synthetic herbicides (López et al., 2008, Dayan et al., 2009 and Kordali et al., 2009). Natural products
from plants and microbes are one candidate that highly received considerable attention in this regard. Although
of paying more attention to plant- derived compounds as one potential source of natural herbicides, microbial
compounds still to be in the precedence of the compounds gaining more advantages in this regard (Hoagland,
1990 and Duke et al., 2002). 

There are approximately 6000 secondary metabolites derived from microorganisms that have been
described, which are classified according to the producing strain. These secondary metabolites are produced
by many genera such as fungi (e.g., Imperfecti, Pencillium, Aspergilli, Cephalosporium, Trichoderma and
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Fusarium) and Basidomycetes (Anke, 1978). These products are also involving highly important structures such
as enzymes, antibiotics, hormones and compounds with anti-germination/growth activity which are considered,
nowadays, one of the main sources in developing already existing herbicides (Duke, 1992 and Bataineh et al.,
2005).

The impression arises that most secondary metabolites possess antimicrobial activity has been also
discussed by many researchers (Frommer et al., 1979, Abell et al., 2006 and Volk and Furkert, 2006). Few
microbial products, however, have been adequately screened for their potential uses as herbicides, although
many of microbial metabolites examined demonstrated herbicidal activity (Duke, 1986 and Duke et al., 2002).
The only known commercial successes of herbicides derived from microbes have been compounds isolated
from non-pathogenic microbes. Bialophose and phosphenothricin are the story most famous in this regard. Both
are Streptomyces products and having a strong correlation that bialophose must be metabolically degraded by
the target plant to phosphenothricin in order to be active (Lydon and Duke, 1999). Bialophose was firstly
manufactured and sold in a limited market in Japan as a fermentation product. Soon after, it was commercially
produced under the trade name gluphosinate. Cornexistin and hydrocornexistin are another successful story of
herbicides made based on natural products from microbes. They are products of a non-pathogenic fungus
Paecilomyces variotii. Both are very phytotoxic and have been patented as herbicides (Fields et al., 1996).
Amagasa et al. (1994) reported that both compounds have different selectivity on crops and weeds. 

The aim of the present study is to investigate the herbicidal/antimicrobial activities of certain fungal
extracts including F. moniliforme, A. terreus, A. niger and A. fumigatus for their potential uses in controlling
weeds and plant diseases. 

Materials and methods

Materials:

Microorganisms:

All microorganisms (e.g., Fusarium moniliforme, Aspergillus terreus, Aspergillus niger and Aspergillus
fumigatus fungi) including the ones used in bioassay test (e.g., Bacillus subtilus, Escherichia  coli, Candida
alibicans and Saccharomyces cervisiae) were provided from the Natural and Microbial Products Chemistry
Dept., National Research Centre, Egypt. The microorganisms were systemically identified according to
Alexopouls and Mins (1996).

Chemicals:

All are analytical reagents purchased from Sigma Co. and Aldrich Chemical Co. Ltd. Chloroform, ether
and hexane are also HPLC grade.

Test seeds:

Wheat (Triticum aestivum L. cv. Sakha 94) and lettuce (Lactuca sativa L.) were obtained from Agricultural
Research Centre, Ministry of Agriculture, Egypt. Wheat cultivar was specifically selected based on a
preliminary trial from different varieties including Sakha 61, Sakha 69, and Sakha 93.

Methods:

Maintenance and Culturing Microorganisms:

The four examined fungi (F. moniliforme, A. terreus, A. niger, and A. fumigatus) for their potential activity
were maintained on Capeck's Doxs medium with the following constituents (g/L): glucose 20, NaNO3 2, KCl
0.5, KH2PO4 1, MgSO4 7H2O 0.5, Agar-Agar 20. The strains were incubated for five days at 30±1°C and then
used in cultivation. Erlenmeyer flasks (250 ml/flask) containing 50 ml sterile growth medium with the
following constituents (g/L): sucrose 30, KCl 0.25, MgSO4 7H2O 0.5, KH2PO4 0.5, FeSO4 0.0001 were
employed in this purpose. The microorganisms were allowed to grow on the medium at 30±1°C with checking
(200 rpm/min) for 72 h.
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Extraction procedure:

At the end of growth period, the whole constituents were transferred into 750 ml separating funnels and
extracted successively with an equal volumes of chloroform, ether and n-hexane (250 ml x 3 times/each). The
extracts were evaporated under vacuum at 50°C to dryness and then the residues were kept in 5 ml acetone
under -5°C until used in bioassay test.

Bioassay test:

For herbicidal activity, a solution of 50 ml distilled water, 10% acetone, was prepared for all extracts.
Acetone concentration was determined based on a preliminary trial to avoid any toxicity expect the extracts.
Wheat seeds (cv. Sakha 94) and lettuce were examined for their response in this regard. The literature was
reviewed in this context to determine the most suitable species for the bioassay test (Lydon and Duke, 1989,
Duke, 1991 and Duke et al., 2002).

Twenty of each seeds were placed in Petri dishes (9 cm in diameter) on Whitman filter paper No. 1. The
test solutions were added to dishes in different volumes depending on seeds size. They were 3 ml for wheat
and 2.5 ml for lettuce. Distilled water (10% acetone) was used as a control. Six replicates were used for each
treatment in a completely randomized design. The Petri dishes were left to stand at room temperature (19°C
in average) with a relative humidity and photoperiod of 48% and 10 h, respectively. Germination was measured
when the radical length was > 1 mm over 120 h, when all control had germinated. Radical and shoot growth
(cm) were measured twice at 72 h and 120 h to estimate seedling growth rate and also to avoid confounding
with germination time. Preliminary trials had been conducted to determine germination rate of the two tested
species and hence the most appropriate time to determine root and shoot lengths.

As they were the most effective extracts, chloroform and ether extracts of F. moniliforme fungus were re-
examined in vitro at different concentrations including 55, 110, 220 and 330ppm. Wheat and lettuce were used
again under the same circumstances already mentioned above as test organisms. Each treatment was replicated
six times.

For antimicrobial activity:
B. subtilus (gram +ve ), E. coli (gram – ve), C. alibicans and S. cervisiae were examined in this regard

for their response. The bioassay test was done following the methods of Margaret and Donald (2004) and
Cristiano et al. (2008) using 9-cm sterile glass Petri dishes and PDA medium (potato dextrose agar) including
the test solutions. Four replicate were used for each treatment in parallel with the control. The dishes were
incubated at 30±1°C for 24 h and the inhibition zone was measured for each organism.

Statistical analysis:

Germinated seeds were counted daily for each replicate after an interval 24 h and were presented as a
percentage of the control. Radical and shoot lengths were measured over a 48 h interval and were averaged
within each Petri dish. All data were statistically analyzed using ANOVA followed by the least significant
differences test at p = 0.05 and 0.01 (Snedecor and Cochran, 1990)

Results

The effect of applying fungi extracts on seed germination (%) is shown in Table (1). Generally, the final
germination (%) was unaffected by fungi extracts. In contrast, the rate of germination was affected by the
extracts. Only one type of response was observed in this regard. The tested seeds had germination delayed at
the early 48 h and diminished by time. A particular activity was observed with chloroform and ether extracts
in comparison with hexane extracts.  

Seedling growth was more affected by fungi extracts than seed germination (%), although variations
between species were evident in this regard (Table 2). Generally, chloroform and ether extracts were more
effective than hexane extracts and they even had a similar trend over the two examined species. Aside from
being more effective against tested species, the effect was also constant over time. Chloroform extracts,
however, fluctuated in their activity against tested species but they were, to a large extent, more effective than
hexane extracts, which approximately failed to achieve any significantly inhibitory effect against tested species.
The internal comparison between the fungi themselves showed F. moniliforme as the most effective over all,
particularly with chloroform and ether extracts, which entirely reduced lettuce growth (100% growth inhibition)
and wheat by up to 97.1% in comparison with the control (Table 2).
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Table 1: Effect of different fungal extracts on seed germination (%) of test seeds. (Values are expressed as a percentage of control.
Controls were set at 100%)

Fungi Extract Assayed seeds
----------------------------------------------------------------------------------------------------------------------------
Wheat (Triticum aestivum L., Sakha 94) Lettuce (Lactuca sativa L.)
------------------------------------------------------- ----------------------------------------------------------
48 h 72 h 96 h 120 h 48 h 72 h 96 h 120 h

Fusarium moniliforme Chloroform 79.7 96.4 96.4 96.4 91.3 94.2 97.3 97.3
Ether 85.9 98.8 98.8 98.8 95.8 97.3 98.9 98.8
Hexane 96.3 101.3 101.3 101.3 98.9 103.3 106.2 106.2

Aspergillus terreus Chloroform 89.8 100.1 100.1 100.1 91.2 98.6 100.0 100.0
Ether 91.3 100.1 100.1 100.1 85.0 95.6 100.2 100.2
Hexane 102.6 102.6 102.6 102.6 98.5 104.4 104.4 104.4

Aspergillus niger Chloroform 92.4 101.4 101.4 101.4 88.2 103.3 103.2 103.3
Ether 98.8 102.6 102.6 102.6 86.8 94.4 94.4 94.37
Hexane 96.3 100.1 100.1 100.1 86.6 94.3 100.4 100.4

Aspergillus fumigatus Chloroform 97.4 101.3 101.3 101.3 88.5 100.6 100.6 100.6
Ether 94.9 102.6 102.6 102.6 89.7 95.6 115.0 115.0
Hexane 101.4 102.6 102.6 102.6 85.4 103.6 110.5 110.6

Control 100 100 100 100 100 100 100 100
LSD 5% 1.6 N.S. N.S. N.S. 12.3 N.S. N.S. N.S.
1% 2.1 N.S. N.S. N.S. 16.4 N.S. N.S. N.S.

Table 2: Effect of different fungal extracts on seedling growth of test seeds.
Fungi Extract Assayed seeds

----------------------------------------------------------------------------------------------------------------------------
Wheat (Triticum aestivum L., Sakha 94) Lettuce (Lactuca sativa L.)
-------------------------------------------------------- ----------------------------------------------------------
Root length (cm) Shoot length(cm) Root length(cm) Shoot length (cm)
------------------------ ------------------------- ------------------------ ---------------------------
72 h 120 h 72 h 120 h 72 h 120 h 72 h 120 h

Fusarium   moniliforme Chloroform 0.18 0.21 0.62 2.11 0.00 0.00 0.00 0.00
Ether 0.41 1.74 0.58 3.13 0.00 0.00 0.00 0.00
Hexane 1.56 6.67 0.86 4.04 1.11 2.70 0.28 1.91

Aspergillus terreus Chloroform 1.18 5.58 0.64 3.55 0.96 3.63 0.27 1.57
Ether 1.18 5.88 0.74 3.47 0.22 1.30 0.19 1.33
Hexane 1.70 7.03 0.80 3.92 0.84 3.20 0.26 1.71

Aspergillus niger Chloroform 1.36 6.42 0.62 3.65 0.67 2.34 0.23 1.42
Ether 1.57 6.45 0.74 3.64 0.22 0.84 0.21 0.87
Hexane 1.58 6.48 0.79 3.94 0.83 2.49 0.28 1.52

Aspergillus fumigatus Chloroform 1.42 6.28 0.74 3.76 0.65 2.45 0.21 1.63
Ether 1.29 6.14 0.66 3.67 0.00 0.74 0.00 0.88
Hexane 2.22 7.57 0.98 4.14 0.72 2.35 0.29 1.64

Control 2.33 7.31 0.90 4.02 0.72 1.66 0.28 1.74
LSD 5% 0.31 0.86 0.12 0.25 0.23 0.46 0.03 0.23
1% 0.42 1.16 0.17 0.33 0.31 0.61 0.04 0.31

Table 3: Effect of Fusarium moniliforme extracts at different concentrations on seed germination (%) of test seeds. (Values are expressed
as a percentage of control. Controls were set at 100%)

Extract Conc. (ppm) Assayed seeds
----------------------------------------------------------------------------------------------------------------------------
Wheat (Triticum aestivum L., Sakha 94) Lettuce (Lactuca sativa L.)
------------------------------------------------------- ----------------------------------------------------------
48 h 72 h 96 h 120 h 48 h 72 h 96 h 120 h

Chloroform 55 93.6 96.1 96.1 96.1 101.9 100.7 100.7 100.7
110 93.8 101.3 101.3 101.3 89.9 97.5 97.5 97.5
220 88.6 97.5 97.5 97.5 91.5 93.1 93.1 93.1
330 82.0 93.5 93.5 93.5 91.6 93.2 93.2 93.2

Ether 55 91.0 97.4 97.4 97.4 99.2 103.5 103.5 103.5
110 91.3 98.8 98.8 98.8 94.7 100.3 100.3 100.3
220 93.8 96.3 96.3 96.3 95.6 97.1 97.1 97.1
330 93.6 92.4 92.4 92.4 96.1 99.5 99.3 99.3

Control 100 100 100 100 100 100 100 100
LSD 5% 10.8 N.S. N.S. N.S. N.S. N.S. N.S. N.S.
1% N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
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Table 4: Effect of Fusarium moniliforme extracts at different concentrations on seedling growth of test seeds.
Extract Conc. (ppm) Assayed seeds

--------------------------------------------------------------------------------------------------------------------------
Wheat (Triticum aestivum L., Sakha 94) Lettuce (Lactuca sativa L.)
------------------------------------------------------- ----------------------------------------------------------
Root length (cm) Shoot length (cm) Root length (cm) Shoot length (cm)
------------------------ ------------------------- ------------------------- ---------------------------
72 h 120 h 72 h 120 h 72 h 120 h 72 h 120 h

Chloroform 55 1.53 5.74 0.56 3.31 0.62 0.76 0.19 0.69
110 1.48 4.59 0.58 3.09 0.00 0.73 0.00 0.64
220 0.89 2.69 0.50 2.79 0.00 0.00 0.00 0.00
330 0.44 1.25 0.51 1.65 0.00 0.00 0.00 0.00

Ether 55 1.43 5.63 0.64 3.30 0.62 1.21 0.20 0.75
110 1.10 5.24 0.57 3.26 0.44 0.77 0.17 0.76
220 1.05 4.28 0.56 3.16 0.35 0.64 0.18 0.66
330 0.93 4.46 0.54 3.14 0.00 0.49 0.00 0.51

Control 1.32 5.05 0.63 3.25 0.60 1.42 0.20 0.98
LSD 5% 0.17 0.63 0.06 0.31 0.03 0.13 0.02 0.10
1% 0.23 0.85 0.08 0.41 0.05 0.18 0.03 0.13

Table 5: Effect of different fungal extracts on the growth and development of test microorganisms.
Fungi Extract Test microorganisms

------------------------------------------------------------------------------------------------------------------------------
Bacteria Yeast Fungus
-------------------------------------------------------- --------------- ---------------------------
Bacillus subtilus Escherichia coli Candida Saccharomyces
(g +ve) (g -ve) alibicans cervisiae

Fusarium moniliforme Chloroform ++ ++ + +
Ether + - ++ +
Hexane + + - -

Aspergillus terreus Chloroform - + + -
Ether - - + -
Hexane + - - -

Aspergillus niger Chloroform - ++ + +
Ether ++ + + +
Hexane + + - -

Aspergillus fumigatus Chloroform + ++ + +
Ether + ++ - -
Hexane - + + -

- = no effect, + = slight inhibition, ++ =strong inhibition. The results were recorded as an inhibition zone for the test microorganisms.

Based on the extraordinary effect F. moniliforme extracts particularly with chloroform and ether extracts,
it was decided to continue with such source of extracts in more advanced researche. Chloroform and ether
extracts were tested in this context at different concentrations as shown in Tables (3, 4). No significant effects
were observed on seed germination (%) at any of the concentrations examined. In contrast, seedling root and
shoot growth were significantly affected by the different concentrations. Overall, lettuce seedlings were more
sensitive than wheat seedlings, and the effect increased as the concentration increased. That was also persistent
over time. The highest inhibition rates were observed with the concentrations 220 and 330ppm. Meanwhile,
the lowest inhibition rates were observed with the concentrations 55 and 110ppm; they were, to a large extent,
close to the control. Yet, chloroform extract was much inhibitory than ether extract. Chloroform extract
precisely at the highest concentrations entirely reduced seedling growth of lettuce (100% inhibition) and wheat
by up to 75.3% in comparison with the control (Figure 1).  

The effect of fungi extracts on the growth and development of the different assayed microorganisms is
presented in Table (5). Generally, the extracts reduced the growth of the different species, although there were
significant variations between the organisms. A remarkable inhibition was observed on g +ve and g -ve bacteria
as well as tested yeast (Candida alibicans), but less on S. cervisiae fungus. Chloroform extract of F.
moniliforme was comparatively the best in this regard.  

Discussion

The effect of applying F. moniliforme, A. terreus, A. niger and A. fumigatus extracts on seed germination
(%) and seedling development of certain selected mono- and dicotyledonous species as well as certain
microorganisms was studied In vitro for their potential uses in controlling weeds and plant diseases. The data
showed good impact on reducing seedling root and shoot growth rather than seed germination (%). Root
growth was particularly more sensitive than shoot growth and the effect was more pronounced with chloroform
and ether extracts than hexane extract for all examined fungi. Hexane extracts in most cases showed a
stimulatory effect instead of inhibitory effect against tested species.
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Fig. 1: Effect of Fusarium moniliforme chloroform extract at different concentrations on seedling growth of
tested seeds at 72 and 120 h growth stages.

The results refer to the existence of several bioactive agents in the four examined fungi. Papers dealing
with microorganisms containing phytotoxic agents are numerous. Alternaria species are one of such most
important examples that received considerable attention in this regard. Tentoxin, a cyclic tetrapeptied
compound, is approximately isolated from all species of Alternaria. It causes sever chlorosis in many of the
problematic weed species associated with soybeans and maize without affecting either crop (Duke and Lydon,
1987). Maculosin was another bioactive agent isolated from Alternaria species (i.e., A. alternate). The
compound was extremely toxic to knapweed Centaurea maculosa (Strobel et al., 1990). AAL-toxin, a product
of A. alternate, was also isolated with different biocidal activities (Abbas and Boyette, 1992). Three additional
phytotoxic agents e.g., deoxyradicinol, radianthin and radicinin were also found in A. helianthi (Tal et al.,
1985). Bialophose and phosphenothricin (from Streptomyces spp.) are the compounds most famous in this
regard. They were commercially produced under the trade name gluphosinate, and used effectively in
controlling broad- and narrow- leaved weed species in many crops like soybean and maize (Duke et al., 2002).

Obviously the data showed F. moniliforme as the best over all, emerging from the extraordinary effect on
tested species, especially lettuce seedlings. There are many researches that support this finding. Fusarium
species were found to produce several phytotoxic agents such as the fumonisins, fusaric acid, enniatin, and
moniliformin (Abbas et al., 1991). Fumonisins are the most popular and the ones received considerable
attention in this regard. They were isolated from F. moniliforme Sheldon strain in the main grading and certain
other related fusaria species as F.  proliferatum. Fumonisin B1 is one of such most important forms of
fumonisins (Abbas and Boyette, 1992 and Abbas et al., 1992). The compound proved activity against many
weeds and plant species as many as jimsonweed (Datura stramonium L., # DATST), common sunflower
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(Helianthus annuus L.# HELAN), prikly sida (Sida spinosa L.# SIDSP), northern jointvetch [Aeschynomene
virginica (L.) B.SP.# AESVI], spurred anoda [Anoda cristana (L.) Schlecht. # ANVCR], and common
duckweed (Lemna minor L. LEMMI) (Abbas et al. 1995). 

Noticeable inhibition was also observed for the different extracts against test microorganisms including B.
subtilus, E. coli, C. alibicans and A. niger. However, there were significant variations between these organisms
in their response to the extracts. This could be related to the organisms themselves or the activity of the
extracts in another side. 

The most common thing between the two influences, either for controlling weeds or microbial diseases,
is that F. moniliforme was the best over all, particularly with chloroform and ether extracts. This might open
the door for two guesses. The first is that F. moniliforme produces a compound (or might be more than one)
that has/have the same ability to reduce seed growth as well as microbial growth. The second is that there are
two kinds of compounds and each takes its role in activity (separately).

It has been suggested that these fungi might contain bioactive compounds to be used as natural pesticides,
especially as herbicides. But for this to come to reality, several investigations will be needed in the future to
understand the nature and behavior of such chemicals under different agroecosystem conditions. 
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