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Abstract

Drechslera species are amongst common fungal pathogens of rice, causing leaf spot diseases.
Infection with Drechslera species causes quantitative and qualitative damage to small grains
and rice plants. In the present study, rice rhizosphere mold and yeast fungi were isolated from
El-Dakahlia and El-Qaliubiya governorates. Results indicated that in case of mold fungi,
Fusarium and Aspergillus were the most dominant isolates (520 and 410 CFU per gram,
respectively) while Monodictys and Phaeodactylium represented the lowest ones (10 CFU per
gram for each). Concerning yeast fungi, Stephomoascus and Candida gave the highest CFU
count per gram (90 and 60 CFU per gram respectively). Isolation of pathogens from infected
rice leaves and grains from El-Dakahlia and El-Qaliubiya governorates indicated that
Drechslera specifier gave the highest frequency percentages (56 % and 53.33 % respectively),
while Drechslera rostrate gave 33 % and 26.66 % for both governorates respectively.
Penicillium decumbens thom gave the highest antagonistic activity against Drechslera specifier
(83.9 %). Biological control of Drechslera species could be successfully applied by using
Penicillium decumbens thom as a bio-agent.

Keywords: Antagonism, biological control, Drechslera, leaf spot and rice.
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INTRODUCTION

Rice (Oryza sativa L.) is one of the most important
cereal crops worldwide. It is staple food for more than half
of the world’s population. It's known to be a healthy,
nutritious and multipurpose food because of its complex
carbohydrates structure which is converted by the body’s
digestive processes into glycogen, then stored in muscle
tissues and released as energy when activity demands.
Being the food staple of most Egyptians, rice is locally
consumed at a rate of 35-40 kg/capita/annum (Ahmed,
1998; Jatoi et al., 2015).

Rice crop is subjected to be infected by many factors
that may be biotic (pathogens) or abiotic (environmental
factors). However, major biotic diseases are rice blast,
brown spot, bacterial leaf blight and leaf streak, sheath
blight, sheath rot, Fusarium wilt, stem rot, Tungro virus and
false smut. These diseases either attack rice plants at any
growth stages or infect rice grains post-harvest, which
adversely affect its yield in both quality and quantity per unit
area (Hajano et al., 2011; Arain, 2013).

Brown spot is one of the most commonly occurring and
dangerous diseases worldwide. In Egypt, the disease
comes in the second rank after blast disease; because it
causes both quantity and quality losses in rice crop that
may range from 5-45% loss in the crop yield (Jatoi et al.,
2015).

Rice brown spot disease caused by Drechslera
species, the pathogen attacks the crop from seedling to
milk stage. It attacks coleoptile, leaf blade, leaf sheath and
glume, being most prominent on leaf blades and glumes.
Typical symptoms on rice leaves include, brownish spots
with grey or whitish center, cylindrical or oval in shape
resembling sesame seeds usually with yellow halo. On
glumes; black or dark brown spots are produced resulting
in discolored and shriveled grains. Under favorable
conditions, the fungus may penetrate the glumes and leave
blackish spots on the endosperm. The pathogen has also
been reported to cause brown to dark brown lesions on
panicle stalk at the joint of flag leaf to stalk (Singh, 2005).

Chemical control normally available to reduce
effectively and extensively the effects of brown spot
disease on young plants, but field application of these
chemical fungicides may not always be desirable. Extreme
and inappropriate application of these fungicides affects
human health, animal and environment. Many of these
chemicals are also too expensive for the resource of poor
farmers (Shabana et al., 2008). Our current research may
offer alternative and safe strategies which are economically
reasonable and eco-friendly as biocontrol approach like
botanical pesticides or biological agents for managing rice
plant pathogens (Jitendiya and Chhetry, 2013).

Many microorganisms from the rhizosphere can
positively influence plant growth and plant health and are
referred to as PGPR (Plant growth promoting rhizo-
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microorganisms). These microbes can act as biocontrol
agents in several ways, including niche exclusion, bio
antagonism and induction of induced systemic resistance
(ISR) against infection by fungal, bacterial and viral
pathogens in different plant speciesince biocontrol is a key
component of integrated disease management (Shyamala
and Sivakumaar, 2012). Biological control practices
require an integrative approach, and more knowledge than
chemical control (Alsohiby et al., 2016).

The aim of this work was to study the in vitro capacity
of fungi to control Drechslera spp. which causing brown
spot disease of rice plant.

MATERIALS AND METHODS

Samples collection
Rice rhizosphere soil

Rhizosphere soils obtained from fields cultivated with
rice plants from El-Dakahlia and El-Qaliubiya governorates
were used in this study during year from 2014-2015.
Infected rice plant parts

Infected rice plants with typical symptoms (grains and
leaves showing brown spot symptoms) were collected
randomly from El-Dakahlia and El-Qaliubiya fields during
2014 season. Samples were collected and labeled in
plastic bags, stored inside ice box, and brought to the
laboratory for further studies.

Isolation and identification of rice rhizosphere fungi

Ten grams of rhizosphere soil transferred to 250 ml
Erlenmeyer flask containing 100 ml of sterile distilled water,
and then the samples were shaken and left to settle down.
10 ml of the supernatant solution was transferred to 250 ml
Erlenmeyer flask containing 90 ml of sterile distilled water.
This dilution was prepared from the concentrations of 10™
to 10™. Aliquots of 0.1ml was spread with a sterile glass rod
over the surface of three isolation media (i) Sabourad’s
yeast extract agar (SYA) (ii) Potato dextrose agar (PDA)
and (iii) Czapek's Dox agar (CDA). The petri-dishes were
incubated at 28+2°C for 5-7 days. 10 replicates were used
to confirm the results. The colonies were purified and sub-
cultured on their selective media then stored at 4°C in
slants (Chandrashekar et al., 2014).

Fungal isolates were identified to the genus and
species levels according to the macroscopic features
(texture and color) and microscopic features (slide culture
technique) by staining with lacto phenol cotton blue and
examined under compound microscope for conidiophores,
conidia and arrangement of spores (Chandrashekar et al.,
2014) according to the references of: a) Carmichael et al.
(1980) for hyphomycetes; b) Ellis (1971) and (1976) for
dematiaceous hyphomycetes; c) Hesseltine (1955) and
Gilman (1957) for general Mucorales; d) Gilman (1957),
Toussoun and Nelson (1968) and Booth (1971) for the
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genus Fusarium; e) Pitt (1979) for the genus Penicillium
and f) Raper and Fennelli (1977) for the genus Aspergillus.

Isolation and identification of rice pathogens

Diseased leaves pieces collected randomly from EL-
Dakahlia and EL-Qaliubiya fields were immersed in
absolute alcohol, surface sterilized in one percent sodium
hypochlorite solution for 30 seconds, rinsed three times in
sterilized water, dried with sterilized filter paper then placed
in sterilized Petri dishes containing freshly prepared PDA
medium. Five grains and pieces of diseased plant parts
were placed in each Petri dish and incubated at 25°C for
five days to induce sporulation of the fungi. Growing fungal
colonies were purified and multiplied on PDA slants then
stored at 4°C. The isolated fungal species were identified
on the basis of their morphological and microscopical
characteristics (Hajano et al., 2011; Venkateswarlu et al.,
2015).

Calculation of the isolation frequency of fungal
pathogens was carried out using a total of 20 and 25
leaves and grains samples from EL-Dakahlia governorate
respectively and a total of 30 samples from both leaves and
grains of EL-Qaliubiya governorate. Isolation frequency
was calculated as follows:

Fr (%) = (ns/N) x 100

Where: Fr = Frequency; ns = the number of isolates

and N = the total number of collected plant samples.

Identification of Drechslera species

Identification of Drechslera species was based on
morphological and microscopic characteristics of the
culture growing on PDA media at 28+2°C for 7 days using
the references of Ellis (1971 and 1976).

In vitro antagonistic activity of rhizosphere fungi
against Drechslera species

Rhizosphere fungi were examined for their antagonistic
activity against brown leaf spots and grain pathogens by
using dual culture technique. The isolates were streaked-
inoculated to one side of PDA medium (Hassanein, 2010;
Hassanein et al., 2010) then incubated for 3 days to allow
the production and diffusion of metabolites into the agar. An
agar disk containing leaf and grain spot pathogens
mycelium was placed into the opposite side of the
inoculated plates. Pathogens mycelia discs were also
placed on un-inoculated potato dextrose agar separately as
controls. Cultures were incubated at 28+2°C for 6 days and
the plates were examined for inhibition of pathogens
growth. The level of inhibition was determined as described
by Yuan and Crawford (1995). Briefly, the level of inhibition
was defined as the subtraction of the pathogens growth
radius {y, (in cm)} of a control culture from the pathogen’s
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growth radius in the direction of antagonistic fungus colony
{y (in cm)}, where A y =y ¢ — y. Inhibition was indicated
when myecelial growth of pathogens in the direction of fungi
colony was retarded.

RESULTS
Isolation and identification of rice rhizosphere fungi

Thirty filamentous fungal species belonging to 12
genera and 5 yeast species belonging to 4 genera were
isolated from rice rhizosphere soil of El- Dakahlia and EI-
Qaliubiya governorates (Tables 1 and 2).

A total number of 1370 CFU per gram were isolated
from EL-Dakahlia governorate represented the highest
CFU per gram count (720 CFU per gram) while EL-
Qaliubiya governorate represented by 650 CFU per gram
(Table 1). Also, Stephanoascus sp. and Candida spp.
represented the most dominant yeast species and
represented by 90 and 60 CFU per gram respectively.

Fusarium and Aspergillus were the most dominant
genera and represented by 520 and 410 CFU per gram
respectively while Monodictys and Phaeodactylium
represented the lowest ones (10 CFU per gram for both).

Concerning yeast fungi, Table 2 showed that genera
Candida (C. guil. And C. utilis) and Cryptococcus were
isolated only from EI- Dakahlia governorate while
Rhodotorula was recorded only in El-Qaliubiya. On the
other hand, the genus Stephanoascus was recorded in
both governorates and represented by 70 and 20 CFU per
gram respectively. In general, the large numbers of yeast
were isolated from El- Dakahlia governorate rather than El-
Qaliubiya governorates.

Isolation and identification of rice leaves and grains
pathogens

In this study, 8 fungal species were isolated from the
pre-harvest rice leaves and grains samples showing brown
spot symptoms. Table (3) showed that, the highest
numbers of isolates were recorded from leaves (29
isolates) while the lowest one was obtained from grains (6
isolates) from El-Qaliubiya governorate. Drechslera
specifier showed the highest percentage frequency
43.33 % and 40 % isolated from leaves of El-Qaliubiya and
El-Dakahlia, respectively. Drechslera rostrata followed
Drechslera specifier in frequency percentage value (25 %
and 23.33 % isolated from leaves of El-Dakahlia and El-
Qaliubiya, respectively). Photomicrograph of Drechslera
rostrate and Drechslera speciefer isolated from naturally
infected rice plants are indicated in Figures (1) and (2)
respectively.
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Table 1. Count and frequency of mould fungi

isolated from rhizosphere of rice plants cultivated in El- Dakahlia and

2018; 3(2):43-54

El- Qaliubiya
Genus Genus Species Species CFU per gram Total
number number El -Dakahlia | El-Qaliubiya | CFU
. 1 Alt. citri - 10
! Alternaria 2 Alt._dianthi i 50 60
Total genus count - 60
3 A. aculaetus 10 150
4 A. candidus 20 -
5 A. famigatus feresenius - 10
2 Aspergillus 6 A. flavipes 40 -
- 410
7 A. nidulans - 160
8 A. parasiticus 10 -
9 A. terrus - 10
Total genus count 80 330
3 Cladosporium 10 Cl. cladosporiode_s 30 60
11 Cl. state of venturia - 10 100
Total genus count 30 70
12 F. fusarioides 30 -
13 F. lateritium 200 -
14 F. moniliforme 70 -
F. moniliforme var
4 Fusarium 15 anthophilium 20 50 520
F. moniliforme var
16 . - 30
subglutinans
17 F. poae 60 30
18 F. solani - 30
Total genus count 380 140
5 Gliomastix 19 Gli.. cerealis 60 10 70
6 Monodictys 20 Mono. castaneae - 10 10
7 Nigrospora 21 Ni. state of khuskia oryzae | 60 - 60
22 P. decumbens - 20
23 P. dimorphosporum 20 -
8 Penicillium 24 P. digitatum 10 -
25 P. minioluteum - 10 70
26 P. verrucuola 10 -
Total genus count 40 30
10 Phaeodactylium 27 Pha. alpiniae 10 - 10
11 Thielaviopsis 28 Thi state of ceratocystis 40 - 40
moniliforme
. 29 Tri. lignorum 10 -
12 Trichoderma 30 Tri. glaucum 10 - 20
Total genus count 20 -
Total count 720 650 1370
46
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Table 2. Count and frequency of yeasts isolated from rhizosphere of rice plants cultivated in El- Dakahlia and El-
Qaliubiya

Genus Genus Species | o oo CFU per gram Total
number number | =P El -Dakahlia | EI- Qaliubiya | CFU

. 1 C. gulieurimondii 10 -
1 Candida —

2 C. utilis 50 - 60

Total genus count 60 -
2 Cryptococcus 3 Cr. laurentii 30 - 30
3 Rhodotorula 4 Rh. mucilaginosa - 10 10
4 Stephanoascus 5 St. sp. 70 20 90
Total count 160 30 190

Table 3. Isolation frequency of fungal pathogens recovered from rice plants from El- Dakahlia and EI- Qaliubiya

El- Dakahlia El-Qaliubiya
Genus Species Leaves Grains Leaves Grains
No. of Fr? No. of Fr? No. of a No. of a g
isolates (%) isolates (%) isolates Fr (%) isolates Fr (%)

Alt. betroselini 1 5 - - 2 6.66 1 3.33
Alternaria

Alt. cinerariae - - - - 1 3.33 - -

D. rostrata 5 25 2 8 7 23.33 1 3.33
Drechslera

D. specifiera 8 40 4 16 13 43.33 3 10

F. graminearum 1 5 2 8 2 6.66 - -
Fusarium F. merismoidescorda - - 2 8 - - - -

F. sporotrichoides 2 10 - - 1 3.33 - -
Pyricularia Pyricularia sp. - - - - 3 10 1 3.33
Total isolates 17 10 29 6
Total samples 20 25 30 30

a: Frequency (Fr %) = (ns/N) x 100
Where,
ns: the number of isolates where a genus species occurred
N: the total number of collected plant samples
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Fig. 2. Photomicrographs of Drechselara specifiera isolated from naturally infected rice plants.

In vitro antagonistic activity of rhizosphere fungal
isolates against brown leaf spot pathogens of rice
plant

Result showed positive antagonistic activity of 15
isolates from rhizosphere fungi against leaf spot pathogens
Drechslera specifiera and Drechselara rostrate shown in
Table (4) and (5) and Figures (3) and (4).

Table (4) and Figure (3) showed that Penicillium
decumbens, P. dimorphosporum, Cladosporium state of
venturia and CI. cladosporiodes have positive antagonistic
activity against Drechslera state of cochlibolus specifier

and gave inhibition percentage of 83.9%, 72.8%, 67.9%
and 63.1% respectively. The highest antagonistic activity
was recorded by Penicillium decumbens.

On the other hand, antagonistic activity of the
rhizosphere fungi against Drechslera rostrate is indicated in
Table (5) and Figure (4). Results showed that Aspergillus
terreus gave the highest antagonistic percentage against
D. rostrate (82.3 %) followed by Aspergillus parasiticus, A.
aculetus, Penicillium dimorphosporum and P. digitatum
with equal inhibition percentage (77.5 %).
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Table 4. In vitro antagonistic activity of the selected rhizosphere fungi against Drechselara specifiera

Drechselara specifiera
Antagonistic fungus
Yo Y Ay % inh.
Penicilli
enicillium decumbens 206 033 173 83.9
Penicillium dimorphosporum
ciium dimorphosporu 2.06 0.56 15 72.8
| i tate of turi
Cladosporium state of venturia 2.06 0.66 14 67.9
Cladosporium cladosporiodes
poriu porl 2.06 0.76 1.3 63.1

Where:
Y o : Pathogen growth radius of a control culture (cm).
y : Pathogen growth radius in direction of the antagonistic fungus colony (cm).
AY=Yo-V.
% inh. : Percentage of inhibition (Ay /vy o).

(b)

(d) (e)
Fig. 3. In vitro antagonistic activity of the selected rhizosphere fungi against Drechselara state of Cohlibolus specifier, where: (a)
Penicillium decumbens; (b) Penicillium dimorphosporum; (c) Cladosporium state of venturia; (d) Cladosporium
cladosporiodes; (e) Control.
49
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Table 5. In vitro antagonistic activity of the selected rhizosphere fungi against Drechslera rostrata.

Drechslerarostrata
Antagonistic fungus
Yo Y Ay % inh.
Asperdgillus terrus 1.16 0.2 0.96 82.3
Aspergillus parasiticus 1.16 0.26 0.9 775
Aspergillus aculaetus 1.16 0.26 0.9 775
Penicillium dimorphosporum 1.16 0.26 0.9 77.5
Penicillium digitatum 1.16 0.26 0.9 77.5
Cladosporium cladosporiodes 1.16 0.3 0.86 74.1
Aspergillus flavipes 1.16 0.33 0.83 715
Monodictys castaneae 1.16 0.43 0.73 62.9
Gliomastix cerealis 1.16 0.43 0.73 62.9
Rhodotorula mucilaginosa 1.16 0.46 0.7 60.3
Aspergillus candidus 1.16 0.53 0.63 54.3

Where: y o : Pathogen growth radius of a control culture (cm); y: Pathogen growth radius in direction of the antagonistic fungus colony (cm);

Ay = yo-Y; % inh. : Percentage of inhibition (A y /y o).

DISCUSSION

The rhizosphere microbial communities effect plant
growth and resistance to disease or even plant death
depending on the degree of parasitism and pathogenicity.
So that, existed different microorganisms in the rhizosphere
could be used as biocontrol agents against plant diseases
(Abou-Zeid, 2008). Antibiosis, myco-parasitism and food
competiton are the main mechanisms of these
microorganisms in biological control (Ranasingh et al.,
2006; Ghildyal and Pandey, 2008; Umamaheswari et al.,
2009). It is required to develop efficient selection
approaches to choose biocontrol organisms that can be
produced in a large scale at low cost and that retain their
viability and efficiency for long periods (Igbal and Ashraf,
2017).

In the present study, 30 filamentous fungi species
belonging to 9 genera and 5 yeast species belonging to 4
genera were isolated from EI- Dakahlia and EI- Qaliubiya
governorates. These results were almost in accordance
with those obtained by Venkateswarlu et al., 2015, who
indicated that rhizosphere myco-flora represent in genera
Fusarium sp., Aspergillus sp., Penicilliumsp., Rhizopus sp.,
Penicillium sp., Trichoderma sp. and Alternaria sp.

The current research also indicated that Aspergillus
and Fusarium were the most dominant genera and
represented the highest genera in their CFU per gram soil
count isolated from EI- Dakahlia and EI- Qaliubiya
governorates soils. These results were in agreement with
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the previous investigations. Fusarium is one of the basic
constituents of fungi in the rhizosphere and rhizoplane of
many Egyptian plants. Fungi other than Fusarium were
also reported such as Aspergillus and Penicilium were
commonly isolated from the rhizosphere and rhizoplane of
both plants (Abdel-Hafez et al., 2009; Ismail et al., 2009).

Our research work also indicated that the large
number of isolated yeast in their CFU count was isolated
from El-Dakahlia governorate rather than El-Qaliubiya
governorates. These results agree with those reported by
Frey (2007) who found that the distribution of microbial
biomass, including yeast cells, most likely reflects
environmental heterogeneity, which is typical for
underground biota. The environmental condition and the
type of soil play a vital role in the distribution of yeast and
the microbial biomass (Whitfield, 2005).

This study revealed that two Drechslera species
(Drechslera specifiera and Drechslera rostrata) were
isolated from naturally infected rice plants grown in fields of
El- Dakahlia and EI- Qaliubiya governorates. At the same
time, other fungal agents were commonly seen during the
isolation of Drechslera sp. such as Alternaria spp. and
Fusarium spp. This might be due to association of different
fungal flora such as Bipolaris oryzae, Alternaria spp and
Fusarium spp. may be due to varietal genetic
characterization to germinate which was close agreement
with the findings of Naeem et al. (2001) and Hafiz et al.
(2013).
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@ h) @)

0) (k) 0)

Fig. 4. In vitro antagonistic activity of the selected rhizosphere fungi against Drechselara rostrata, where:

(a) Aspergillus terrus, (b) Aspergillus parasiticus, (c) Aspergillus aculaetus, (d) Penicillium dimorphosporum, (e) Penicillium
digitatum, (f) Cladosporium cladosporiodes, (g) Aspergillus flavipes, (h) Monodictys castaneae, (i) Gliomastix cerealis, (j)
Rhodotorula mucilaginosa, (k) Aspergillus candids and (I) Control.
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Drechslera avenae is considered to be the cause of
Drechslera leaf spot on oats and some grass species in
Europe (Pronczuk, 2000), in both parts of America (Clear et
al., 2000 and Mehta, 2001) and in Africa (Scott, 1995).
Various Drechslera species were previously isolated from
various crops in Egypt. Ghany (2012) isolated Drechslera
dactylidis which reported that cause leaf spot disease or
southern leaf blight of Maize in Egypt. Also, EL-Shahir
(2014) isolated Drechslera neergaardii from broad bean in
Upper Egypt.

In vitro inhibition of fungi has been attributed to some
factors such as antibiotic production and pH changes in the
medium. Jeffries and Young (1994) revealed production of
extracellular metabolites (such as antibiotics and Iytic
enzymes) was one of the mechanisms of antagonism
between two fungal isolates (Hassanein et al., 2016). In
vitro experiments showed that thirty five fungal isolates
were obtained from the rhizosphere sail of rice plants and
examined for their ability to produce inhibitory compounds
against two Drechslera sp. in PDA plates. Out of 35
rhizosphere isolates, fourteen isolates showed antagonistic
activity against the pathogenic fungi and P. decumbens.
From the all above, two isolates only showed strong and
remarkable antagonistic activity namely (Penicillium
decumbens thom) against Drechslera specifier and
Aspergillus terrus against Drechslera rostrata).

The strong antagonistic activity of Penicillium
decumbens and Aspergillus terrus are with agreement with
Hossain et al. (2007) who demonstrated that some species
of Penicillium are well known for their antagonistic activity
against pathogens by producing antibiotics and induce
resistance in plants by activating multiple defense signals.
Getha et al. (2005) and Gachomo and Kotchoni (2008) also
stated Aspergillus spp. had also been reported inhibitory to
several plant pathogens. Finally, Waing (2015) showed
stated that P. decumbens showed antagonistic interaction
when paired with F. semitectum.
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