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INTRODUCTION

The biological control of plant pathogens 
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ABSTRACT

Five strains belonging to the genera Ceratocystis, Curvularia, Idriella, Phytophthora, 
and Rhizopus were screened for antifungal activity using the microdilution method. 
All culture filtrates showed inhibitory effect against at least one out of ten tested 
plant pathogenic fungi. The highest fungistatic activity was recorded in cultures of 
Rhizopus spp., which was equivalent to that of Captan and even greater than that of 
Benlate, well-known fungicides. Strains of Rhizopus spp. and Idriella spp. showed 
fungicidal activity similar to that of Captan against most plant pathogenic species 
tested. The strains studied showing fungistatic and fungicidal activity may be sources 
of antifungal compounds.

Key words: Antifungal activity, fungicidal activity, fungistatic activity, plant 
pathogenic fungi.

has become important as the use of 
chemical pesticides and fungicides has 
been questioned due to environmental 
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and human health hazards1. A number of 
microorganisms (bacteria, yeasts, fungi) 
have been identified and patented for 
postharvest control1,5,9. This antagonistic 
activity is supported by diverse 
metabolites produced by each particular 
microorganism. In the case of fungi, they 
also have the ability to produce bioactive 
substances capable of acting as antifungal 
metabolites4,8. In this work, we searched 
for compounds from fungal fermentation 
broths of our screening program, which 
can inhibit the growth of plant pathogenic 
fungi.

MATERIALS AND METHODS 

Strains. Antifungal potential was assessed 
in the following strains: Ceratocystis 
adiposa (E.J. Butler)C. Moreau (LAT-
005), Curvularia spp. (LAT-009), Idriella 
spp. (LAT-019), Phytophthora drechsleri 
Tucker (LAT-030), and Rhizopus spp. 
(LAT-033). All fungal strains are deposited 
at the LATEX culture collection.
 Culture media. Standard potato dextrose 
agar (PDA, Bioxon) was used for culturing 
all strains. For cultivation in liquid media, 
three broths were used: 1) Potato dextrose 
broth (potato infusion 30%, dextrose 2%), 
pH 5.1±0.6, at 25 C; 2) V8 broth (V8 juice 
Herdez® 20%, CaCO3 0.3%), pH 6.0±0.7, 
at 25 C; and 3) Production medium (sucrose 
4%, corn flour 2.5%, yeast extract 0.05%), 
pH 6.4±0.5 at 25 C. Cultivation on petri 
dishes (90 mm diameter) using agar media 
was performed at 27 C for 4-7 days. Liquid 
cultivation was performed in Erlenmeyer 
flasks (250 ml) containing 50 ml of each 
medium. Flasks were incubated at 27 C for 
4-7 days under agitation (150 rpm).
 Culture filtrates. Spore suspensions (105 
spores/ml) of plant pathogenic fungi were 

obtained from 4-7 day cultures on PDA 
medium. A sample (1 ml) of the suspension 
was inoculated into 250 ml Erlenmeyer 
flasks containing 50 ml of potato dextrose 
broth for Ceratocystis adiposa, Curvularia 
spp., and Rhizopus spp. In the case of 
Phytophthora drechsleri and Idriella spp., 
V8 broth and Production medium were 
used, respectively, for obtaining inoculum 
and cultures filtrates. Ten Erlenmeyer 
flasks for each fungus were inoculated 
and maintained under continuous agitation 
(150 rpm) for 4-7 days at 27 C. Fungal 
biomass was separated from the culture 
media (culture filtrates) by filtration 
through Whatman no. 4 paper, while 
culture filtrates (250 ml) were freeze-dried, 
and resuspended in 3 ml of sterile distilled 
water. These culture filtrates were later 
used for further bioassays.
 Bioassays and organisms tested. In vitro 
fungicidal and fungistatic activities of 
culture filtrates were assayed in duplicate 
using the microdilution method7. Alternaria 
citri Ellis & N. Pierce (LAT-001), A. tenuis 
Link (LAT-003), Glomerella cingulata 
(Stoneman)Spauld. & H. Schrenk (LAT-
011), Cochliobolus lunatus R. R. Nelson 
& Haasis (LAT-007, LAT-008), Gibberella 
fujikuroi (Sawada)Wollenw. (LAT-015), 
Geotrichum spp. (LAT-016), Setosphaeria 
turcica (Luttr.)K. J. Leonard & Suggs. 
(LAT-018), Pestalotia spp. (LAT-023), 
and Ulocladium spp. (LAT-038) were used 
to detect growth-inhibiting compounds. 
Spore suspensions (105 spores/ml; 50 µl) of 
these strains were inoculated in a microtiter 
plate containing 100 μl of potato dextrose 
broth per well, and a sample (diluted 
1:8) of the resuspended culture filtrate 
(100 μl) from strains studied. All plates 
were incubated at 27 C for 72 h. Benlate 
(Passa Agrobiologicos, Mexico; a.i., 
50% benomyl) and Captan (TomenAgro, 
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Mexico; a.i., 80% C9H8Cl3NO2S), 
commercial fungicides, at 1.25 mg/ml 
were used as controls. These fungicides 
have differing inhibitory mechanisms: 
systemic (Benlate) or mediated by contact 
(Captan).
 Fungistatic and fungicidal activity. 
Fungistatic activity, the capacity to 
inhibit fungal growth, was determined 
by observing the microtiter plate and 
measuring the absorbance at 600 nm 
(A600)6. The inhibition percentage (I) for 
fungistatic activity was calculated as 
follows: I= 100 x [A600 (positive control) - 
A600 (sample)/A600 (positive control) - A600 
(negative control)], where the positive 
control are spore suspensions plus potato 
dextrose broth, the negative control is 
potato dextrose broth, and the sample 
are culture filtrates, spore suspensions 

plus potato dextrose broth6. Fungicidal 
activity, the capacity to kill fungal spores 
or mycelium, was performed according to 
the results from fungistatic activity tests. 
Sterile petri dishes containing PDA were 
inoculated with a sample solution from 
those wells that showed abscence of fungal 
growth. These petri dishes were incubated 
for 96 h, at 27 C. No fungal growth after 
this period indicated fungicidal activity.

RESULTS AND DISCUSSION

All five culture filtrates assayed were 
capable of exerting fungistatic activity 
against at least one of the tested organisms 
(Table 1). Growth inhibition was as good 
as that obtained with the Benlate fungicide. 
Only culture filtrates from Rhizopus spp. 

Table 1. Fungistatic activity of culture filtrates against several plant pathogenic fungi, using two 
commercial fungicides as controls. 

Organism tested  Fungistatic activity of culture filtrates (Inhibition percentage)  Fungicides

  Ceratocystis Curvularia Idriella Phytophthora Rhizopus  Benlate Captan
  adiposa spp. spp. drechsleri spp.

Alternaria citri 89±0.9 40±0.6 46±0.1 60±0.8 87±0.0 23  93
Alternaria tenuis 20±0.1 68±0.4 43±0.5 87±0.3 86±0.7 55  90
Glomerella cingulata 12±1.7 72±0.9 58±0.6 60±0.2 80±0.4 24  75
Cochliobolus lunatus (LAT-07) 63±1.0 67±0.5 75±0.2 73±0.3 96±0.2 93  100
Cochliobolus lunatus (LAT-08) 51±0.2 59±0.3 77±0.0 68±0.3 95±0.5 42  100
Gibberella fujikuroi 66±0.6 53±0.3 49±0.6 75±0.2 93±0.4 90  95
Geotrichum spp. 59±0.8 61±0.8 69±1.0 75±0.9 99±0.3 58  98
Setosphaeria turcica 39±0.1 59±0.6 47±0.5 58±1.0 92±0.1 88  100
Pestalotia spp. 84±0.5 78±0.7 64±0.5 80±0.4 96±0.4 75  100
Ulocladium spp. 88±0.9 56±0.5 53±0.9 71±0.5 86±0.3 86  100
Average 57.1b 61.3b 58.1b 70.7c 91.0a,c 63.4b 95.1a

a,b,c Data with the same letter are not significantly different based on the Tukey-Kramer test (P < 0.05).
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achieved inhibition of growth similar to 
the Captan fungicide, showing potential 
against different plant pathogens. These 
findings are in accordance with the 
isolation of diverse bioactive substances 
from species of Ceratocystis, Curvularia, 
and Rhizopus, such as tyrosol, geraniol, 
citronellol, curvularine,  curvulic acid, 
rhizoxin, and fumigaclavine B2,3,8.
 Fungicidal activity of culture filtrates 
was obtained with 1:8 dilutions of culture 
filtrates, after 96 h of incubation (Table 
2). By contrast with fungistatic activity, 
culture filtrates from Idriella spp. showed 
fungicidal activity against all tested 
organisms, being similar to the effect of the 
Captan fungicide. Rhizopus spp. showed 
fungicidal activity against most tested 
organisms, except Gibberella fujikuroi and 
Geotrichum spp. The strains studied of 
Idriella spp. and Rhizopus spp. may be a 
potential source of antifungal compounds 
or other bioactive metabolites. 

Table 2. Fungicidal activity (+) of culture filtrates against plant pathogenic fungi, using two commercial 
fungicides as controls. 

Organism tested   Fungicidal activity   Fungicides

  Ceratocystis Curvularia Idriella Phytophthora Rhizopus  Benlate Captan
  adiposa spp.  spp. drechsleri spp.

Alternaria citri + -  + - + -  +
Alternaria tenuis - -  + - + -  +
Glomerella cingulata - -  + - + +  +
Cochliobolus lunatus (LAT-07) - +  + + + -  +
Cochliobolus lunatus (LAT-08) - -  + - + -  +
Gibberella fujikuroi - -  + - - +  +
Geotrichum spp. - -  + - - -  +
Setosphaeria turcica - -  + - + -  +
Pestalotia spp. - -  + + + -  +
Ulocladium spp. - -  + - + -  +
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