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ABSTRACT

Pepper is one of the most exported crops in Vietham. However, pepper farms are usually
threatened with diseases, causing deaths over the large areas. The main features of pepper
diseases are the abilities to spread rapidly and cause mass death, without recovery or prevention
methods. Therefore, the research and production of biological products are essential to prevent,
inhibit and resist to fungal diseases. This research focuses on identification of the mold species
isolated from the compost, and investigation of their cellulolytic activity, inhibitory or resistant
abilities to fungal diseases on the pepper tree (Piper nigrum), in order to produce biological
products for fertilization. The results showed that, 2 strains (C1-1 and C1-2) of Aspergillus oryzae
was isolated and identified had the fungal resistance to Phytophthora capsici and Pythium, which
cause rapid death on the pepper. Therefore, these types of molds can be combined to produce
biological products for practical use in agriculture.
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TOM TAT
Phan ldp, tuyén chen cac chiing ndém méc tir phan compost c6 khd néing phén gidi cellulose cao

va han ché bénh n@m Phythium, Phytophthora capsici trén cay tiéu

Hoé tiéu 1a mét trong nhitng néng san cé san lwong xudt khdu cao nhat Viét Nam. Tuy nhién,
nhitng viron tr(;ng tiéu thuong hay bi de doa boi cac logi dich bénh, gdy chét trén dién rong. Ddc
diém chinh cia dich bénh trén cay tiéu 1a kha ndang lay lan nhanh va gy chét hang loat, khéng cé
cach phuc hoi hodc ngan chan khi dich bung phét. Vi thé, viéc nghién citu va tao ra nhimg ché
phdm sinh hoc ¢é kha ning phong ngira, ikc ché va doi khdng véi cdc lodi ndm bénh 14 van dé can
thiér. Pé fai tap trung, phan ldp va dinh danh cdc chiing ndm moc trong phan compost ¢6 khd ndang
phan hiiy cellulose va khang nam bénh trén cdy tiéu dé dinh ra hudng tao ché pham sinh hoc két
hop trong qud trinh bon phan. Két qua nghién ciru da phan ldp va dinh danh dwoc 2 ching CI1-1va
C1-2 thuge lodi Aspergillus oryzae c6 khd ndng dsi khing véi hai ching ndm bénh Phytophthora
capsici va Pythium gay ra hién nirong chét nhanh trén cay tidu, cé thé sit dung két hop cic ching
Ndm moc ndy dé san xudt ché pham sinh hoc ding trong thue tién.

Tir khoa: Aspergillus oryzae, d6i khang, hd tiéu, nAm mdc, phan compost, trc ché.
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1. Introduction

Vietnam is currently the world’s largest pepper supplying nation, accounting for
approximately 30.4% of global total pepper production. About 95% of Vietnam's pepper is
exported to more than 80 countries and territories, which obtains an export turnover of
more than $1 billion per year [1], [3]. However, the sustainability of pepper production, as
other crops, is highly dependent on its own anti-pest ability. In addition to the attack of a
root-knot nematode, six viruses and two insects, peppers are easily infected by five
pathogenic fungi on their trunk, leaves, roots and seeds. In particular, rapid death due to
Phytophthora sp., yellow leaves due to Fusarium sp., Phythium sp. and Meloidogyne sp.
are the popular causes of the pepper garden recession [1], [4].

Currently, biological products mainly used in pepper plants by farmers are from
Trichoderma fungi, Bacillus subtilis, etc. These products are capable of inhibiting the
growth of fungal pathogens in the short term without effects on ecological environment,
pepper quality as well as farmers’ health [1], [3], [4]. In this study, fungal species with the
resistance and growth inhibition abilities to pathogenic Phythophthora capsici and Pythium
fungi, are isolated and identified from the compost created from the domestic solid waste.
The success of this study is a basis for the preparation of specific biological products with
wide applications in the pepper cultivation.

2. Research methods
2.1. Samples for the isolation of fungi

Compost was produced from the following components: dried cow dung, grass,
vegetable waste and etc. during the 8-week aerobic incubation in the solid waste
laboratory, in the Institute of Environmental Science, Engineering and Management, at
Industrial University of Ho Chi Minh City [5], [6]. Microorganisms were isolated from the
samples immediately after sample taking, and the following experiments were performed
continuously during 6 weeks.

2.2. Methods for isolation of fungi

0.1 mL of diluted compost was pipetted into Czapek medium (30g Saccharose, 1.0g
K2HPOs, 0.59 MgSOg4, 0.5g KCI, 0.01g FeSOs, 3g NaNOs, 20g Agar, 1000 ml distilled
water; pH 5.0 - 5.5). The compost droplet was spread across the agar surface in Petri dishes
by sterile glass spreaders. These Petri dishes were then placed upside down, sealed and
kept at 37°C in the incubator chamber for 5-7 days [7], [8]. Based on the differences in
colony morphology and color on the agar surface, mold species were selected and cultured
repeatedly on new Petri dishes to obtain the pure lines, which were then stored on agar
slants in test tubes.

2.3. Investigation of cellulose-degrading potentials

CMC medium was made from 3g NaNOs, 1g K:HPO4, 0.5g MgSO4, 0.5 KCI, 0.01g

FeSO., 5g CMC, 20g agar, 1000mL distilled water, pH 7.0 — 7.4 and sterilized at 121°C;
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1.0 atm for 30 minutes, then poured into sterile petri dishes. A small amount of biomass of
the isolates above was taken and implanted in the center of the agar plate by using an
inoculation loop. Each species was repeated 3 times. After incubation at 37°C for 5-7 days,
small droplets of Lugol reagent on the agar surface would create a colorless bright
hydrolysis halo zone around the colony [9], [10]. The diameter (d) of the colony and the
diameter (D) of the hydrolysis halo were measured. The higher the D-d ratio was, the
higher cellulose-degrading ability was.
2.4. Investigation of fungal resistance

The resistant activity of the isolated fungal strains to the pathogenic fungi was
evaluated by co-culture method on PDA medium (200g potato extract, 20g glucose, 20g
agar, 1000mL distilled water, pH 7, 0 - 7,4) [4], [12]. Pythium fungus was provided by the
Open University of Ho Chi Minh City and Phytophthora capsici fungus was provided by
the National Science and Technology Development Fund. Respectively, one pathogenic
fungus was implanted in the center of each petri dish, together with one fungal strain
isolated from the compost at the position of 3.0-5.0 cm away from the pathogenic fungus.
Growth-inhibiting ability was determined after 4-to-7-day culture at 37 °C.
2.5. Fungal identification methods

Identification of isolated fungal strains relied on macroscopic and microscopic
observations. Macroscopic observations included morphological characteristics, mycelia
color and spore color on the medium seen by the naked eye. Microscopic observations
included specimen preparation, fungal mycelia and spore imaging under the microscope.

Then, the results were compared with the classification system of B+-Dang Vu Hong
Mien (2015) to identify the name of mold species isolated from the compost [13].
3. Results
3.1. Results of fungi isolation

Table 1. Isolation and evaluation of appearance frequency of fungal species

Mark Macroscopic observations Mark Appearance Macroscopic observations
(No) Colony color Spore (No) frequenc Colony color Spore
e and diameter color a y and diameter color
c11 ot White, Light C1-13 N White to dark Light
4cm green brown, 5cm brown
White, Dark . Opaque
C1-2 +++ C1-14 + White, 1.5cm p.q
2cm yellow white
. . Very
. Light 0 hite, .
Cl4 ++ Pale white, 5cm 'g C1-15 + paque white light
brown 6cm
brown
CL5 s Milk white, Black C1-16 N Milk white, Light
5cm 3.5cm brown
C16 s White to Black C117 ot Pale . white, Cinereou
yellow, 1.5cm spreading S
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develop
Opaque white, 2/(Ij|rlnk white, Onanle
C1-7 + spreading Grey C1-19 + p. f
* yellow  white
develop .
medium
c1-8 . Whit, Light 1 o1 59 " White, 15cm VWK
3cm brown white
Pale white
G hite, . " Light
C1-9 +++ ray white Grey blue | C1-21 + spreading '9
4cm orange
develop
Cl- ++ Milk white, Blue C1-22 + White, 4.5cm Op{;lque
10 4.5cm white
White
C1- Dark hite, Vi | .
++ ar White, ey pate C1-23 + spreading Pale blue
11 5.5cm blue
develop, 10cm

* The proliferation of these species excreted substances turning the medium to yellow.

From 6 compost samples, 20 mold species were isolated, marked from C1-1 to C1-
23. The appearance frequency of these species was divided into 3 levels: most frequent
(+++), less frequent (++) and rare (+) appearance. The frequency of appearance of one
species was evaluated based on the appearance times when compared to those of other
species.

All fungal species had substrate mycelium with opaque color to opalescent color,
embedding in the nutrient agar, among them, C1-19 made the medium become yellow. The
colony diameter of these 20species varied from minimum of 1cm (C1-C19) to maximum
of 10cm (C1-C23). The colonies of only 3 species (C1-7, C1-17 and C1-21) spread all over
the agar surface, but did not develop into characteristic colony clusters. All 20 species
produced fungal spores after 7-day culture with various colors: orange, brown, blue and
black.

Regarding appearance frequency, 5 species most usually seen were C1-1, C1-2, C1-
5, C1-6 and C1-9. Eleven species with low appearance frequency were C1-7, C1-8, C1-13,
C1-14, C1-15, C1-16, C1-19, C1-20, C1-21, C1-22 and C1-23.

3.2. Investigation of cellulose-degrading activity

The cellulolytic activity was evaluated by measuring hydrolysis halo diameter of

cellulase enzyme secreted from 20 isolated species, as illustrated in Table 2 and Figure 1.
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Table 2. The proportion of cellulolytic fungi isolated from the compost
and their cellulose-degrading potentials
Hydrolysis halo diameter The number of

Cellulolytic degree Percentage (%0)

(mm) fungal species
No 0 4 20
Weak <10 10 50
Average 10-14 4 20
Strong 15-20 2 10
Very strong > 20 0 0

Figure 1. Hydrolysis halos of C1-1 and C1-2 species

The result showed that, 4 isolated mold species did not have cellulolytic activity,
whereas, other species had this activity with weak to average degree. Among them, two
highest cellulolytic species were C1-2 and C1-1 with the largest hydrolysis halos diameter
of 16mm and 14mm, respectively. Therefore, 16 species in 20 isolated fungal species with
cellulose-degrading ability can be used in fertilization to promote humus production.
3.3. Investigation of resistance ability to pathogenic Phytophthora capsici

The resistance ability to pathogenic fungi of 20 isolated species from the compost
was investigated by co-culturing, in which Phytophthora capsici grew together with every
isolated fungal species. This ability is divided into two types of anti-proliferative
mechanisms: (1) Inhibiting activity: useful fungi inhibit the growth of pathogenic fungi,
but do not kill them completely and (2) Resisting activity: useful fungi extirpate
pathogenic fungi by creating resistance circle to prevent the proliferation of pathogenic
fungi.
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The result showed that 10 species had the resistance to pathogenic Phytophthora
capsici. Among them, 9 species had inhibiting activity, and 1 species (C1-19) could create
resistance circle to Phytophthora capsici with the circle diameter of 18mm (Figure 2).
Hence, the resistance of these species to Phytophthora capsici is mainly based on the
growth inhibition, which could be owing to the nutrient competition and inhibition of
secondary products excreted from the growth of useful fungi to the development of
pathogenic fungi.

Figure 2. The inhibition activity of C1-6 species to the proliferation of P.capsici (A)
and the resistance activity (resistance circle) of C1-19 species to P.Capsici (B)

3.4. Investigation of resistance to pathogenic Pythium

The experiments on the resistance to pathogenic Pythium were carried out similarly
to the experiments of Phytophthora capsici. The result showed that 11 mold species in
total could be resistant to the development of Pythium, among them, only C1-19 species
could create the resistance circle and other species had inhibitory activity to the growth of
Pythium (Figure 3).

The research on resistance to two popular pathogenic fungi — Phytophthora capsici
and Pythium showed that 8 fungal species isolated from the compost could inhibit
simultaneously the proliferation of these both pathogenic fungi, especially, C1-19 species
could create resistance circle to both Phytophthora capsici and Pythium. The culturing
period of these isolated species was 2 to 6 days enough to perform their resistance to the
pathogenic fungi.
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Figure 3.The resistance circle of C1-19 species to Pythium

In summary, the study on resistance to pathogenic Phytophthora capsici and Pythium
showed 10 species (accounting for 50% of isolated fungal species) with inhibitory action to
Phytophthora capsici and 11 species (55% of isolated species) with inhibitory activity to
Pythium. Among them, 8 species (accounting for 40% of isolated species) prevented the
growth and spread of both Phytophthora capsici and Pythium.

3.5. Identification results of isolated fungal species

After experiments in the resistance of 20 isolated species, these mold species were
identified by macroscopic and microscopic observations. The result was obtained by
comparing macroscopic and microscopic observations, as illustrated in Table 3. The result
showed that only 11 species were determined according to the classification system of B¢
Dang Vu Hong Mien (2015), other species were the coincidence.

The result showed that all mold species belonged to mesophilic group, with 8 species
(72.7%) of Aspergillus genus, other species of Amblyosporium, Coccidioides and
Cladosporium genus. Compared to the study of A. Anastasi et al., 2005, the fungal
community isolated from the compost comprised of 66 species belonging to Aspergillus,
Cladosporium, Acremanuon and Penicilium, among them, lower than 50% were
Aspergillus [5]. This difference can be owing to the components of the compost, which
decide the microorganism system in the compost [6], [14].

With regard to the cellulolytic potential, the study of Khokhar et al., (2012) isolated
17 fungal species except Aspergillus. Among them, 3 species had excellent cellulose-
degradation ability, with the highest hydrolysis halo diameter of 9cm for Penicilium and
Trichoderma after 7 days [7]. Pham Bich Hien et al (2011) isolated 2 species among 55
fungal species with the maximum cellulolytic halo diameter of 2.8cm, but could not
identify the name of these 2 species [10]. Therefore, compared to previous studies, this
research isolated and determined two cellulolytic fungal species (C1-1 and C1-2)
belonging to Aspergillus oryzae with the halo diameter of 14cm and 16cm.
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Table 3. Identification results of fungal species isolated from the compost

5 Macroscopic | Microscopic $ 5 X Macroscopic | Microscopic Lo
et Observation | Observation Bt Mt | S Observation | Observation Salife: Namss
C1-5, dspergillus vergi
Asperaill
Cl-6 Jger. C1-10 oi'h?ace:
Cl-1 Aspereillus Coccidioides
C1-2 orv-ae C1-19 w
= Aspergillus Cladosporium
C1-22 fumgang || ©1-20 Spp.
C1.9 Asglre}:gﬁus CLo1 Ambb'osgommr
crayatus spp.

C1-19 species with high anti-proliferative ability to pathogenic Phytophthora capsici
and Pythiumwas classified into Coccidioides genus. This is a hazardous genus because it
causes coccidioidomycosis disease, commonly called as rift valley fever with serious
consequences. Thus, Coccidioide fungiare only researched in laboratories with
accreditation of biological safety, 11 grade. And therefore, they are not allowed to use for
preparation of biological products in agriculture despite their high resistance to pathogenic
fungi on crops, especially on pepper plants.

4.  Conclusion

This study isolated 20 mold species in the compost incubated from municipal solid
waste in aerobic conditions. Identification of 11 species among these 20 species showed
that 8 species belonged to Aspergillus genus (72.7%), and other species belonged to
Amblyosporium, Coccidioides and Cladosporium genus.

Among these 20 species, 16 species had cellulose-degrading ability with the
minimum hydrolysis halos diameter of 2mm. Two species (C1-1 and C1-2) identified as
Aspergillus oryzae had the highest cellulolytic activity with the hydrolysis halos diameter
of 14mm and 16mm, respectively.

The results show that 8 fungal species isolated and identified from the compost had
the growth inhibition and resistant ability to two pathogenic fungi Pythium and
Phytophthora capsici. Although Coccidioides sp. (C1-19) had high anti-proliferative
abilities to fungal pathogens, it would not be biologically safe enough to be utilized as
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biological products. In addition, C1-1 and C1-2 species belonged to Aspergillus oryzae
with high cellulolytic potential and resistant ability to these two pathogenic fungi.

In conclusion, compost produced from domestic solid waste is a large reservoir for
fungal species. In the compost, Aspergillus oryzae (C1-1 and C1-2) can be used to produce
biological products for fungal diseases on pepper plants due to its high anti-fungal
characteristics. Finally, it is essential to extend this research to produce more
environmentally friendly biological products with reasonable costs for agriculture and
pepper industry in particular.
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