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ABSTRACT

Screen housetest of eight biopesticide formulation Bacillussubtilisagainst downy mildew, Per onoscler ospor a philipinensis,
on corn plant. Corn downy mildew (DM) caused by Peronosclerospora spp. is a major constraint to the decline in maize
production because it can cause yield loss up to 100%. So far, DM was successfully controlled with metalxyl fungicide. But
lately, the effectiveness of this fungicide has begun to decline, so there is a need for an appropriate and environmentally
friendly control alternative, one of which is the use of biological control agents. The aim of this study was to know the
influence of eight types of biopesticide formulation of Bacillus subtilis in controlling DM of corn plant. The study was
conducted at the screenhouse of the Indonesian Cereals Research Institute at Maros from November to December 2016. The
treatments were arranged in arandomized block design with nine treatments and three replications. The treatment consisted
of seed treatment with eight types of B. subtilisformulations (TM4, TM 3, BNt4, BNt5, BNt6, BNt8, BJ6, and TLB1) and one
treatment with sterile water (control). The variety used was Anoman which is known to be highly susceptible to DM. The
variables observed included number of germination, the incidence and incubation period of disease, plant height, and dry
weight of the plant. The results showed that the eight B. subtilis formulations had the potential to suppress DM in corn. The
symptom of DM began to be seen at 18 daysafter planting (DAP) on the treatment of BNt8, while the controls have been seen
at 12 HST. B. subtilis TM formulation has the highest potential to suppress DM with the percentage of disease suppression

reaching 63.1%.
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ABSTRAK

Pengujian rumah kawat delapan formulasi biopestisida Bacillus subtilis terhadap penyakit bulai Peronoscler ospora
philipinensis pada tanaman jagung. Penyakit bulai yang disebabkan oleh Peronosclerospora spp. merupakan kendala
utama penurunan produksi jagung karena dapat menyebabkan kehilangan hasil hingga 100%. Selama ini bulai berhasil
dikendalikan dengan fungisidametalksil. Namun akhir-akhir ini, keefektifan fungisidatersebut sudah mulai menurun sehingga
diperlukan aternatif pengendalian yang tepat dan ramah lingkungan, salah satunya adalah penggunaan agens pengendali
hayati. Penelitian bertujuan untuk mengetahui pengaruh delapan jenis formulasi biopestisida Bacillus subtilis dalam
mengendalikan penyakit bulai P. philipinensis padatanaman jagung. Penelitian dilaksanakan di rumah kawat Balai Penelitian
Tanaman Serealia, Marosdari November sampai Desember 2016. Perlakuan disusun dalam rancangan acak kelompok dengan
sembilan perlakuan dan tiga ulangan. Perlakuan terdiri atas perlakuan benih dengan delapan jenis formulasi biopestisida B.
subtilis(TM4, TM3, BNt4, BNt5, BNt6, BNt8, BJ6, dan TLB1) dan satu perlakuan dengan air steril (kontrol). Varietas yang
digunakan adalah Anoman yang dikenal sangat rentan terhadap bulai. Variabel pengamatan meliputi jumlah tanaman tumbuh,
persentase serangan dan masa inkubasi penyakit, tinggi tanaman, dan bobot kering tanaman. Hasil penelitian menunjukkan
bahwa kedelapan jenis formulasi B. subtilis memiliki potensi menekan penyakit bulai padatanaman jagung. Gejala penyakit
bulai baru nampak terlihat pada 18 hari setelah tanam (HST) pada perlakuan BNt8, sedangkan pada kontrol sudah terlihat pada
12 HST. Formulasi B. subtilis TM4 memiliki potensi yang paling tinggi untuk menekan penyakit bulai dengan persentase
penekanan penyakit mencapai 63,1%.

Kata kunci: agens pengendali hayati, inokulasi alami, perlakuan benih
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INTRODUCTION

Corn has an important and strategic role in
maintaining food security, therefore it is necessary to
increase domestic corn production (Fahmi & Sujitno,
2015). Aside from being a source of protein, corn is
also used as animal feed ingredients. However, the
productivity of corn cultivated by farmerstill variesin
several areas of corn production areas in Indonesia
(Pakki & Burhanuddin, 2013). One of the causes of the
low production of cornisdueto theincidence of pests
and diseases (Soenartiningsih et al., 2008). However,
according to Sujiprihati et al. (2012) who assembled
hybrid corn varieties with high yield and resistance to
downy mildew that there were five sweet corn lines
showed resistant to downy mildew with the incidence
ranging from 0.0 to 7.0%. Corn downy mildew disease
caused by Peronosclerospora spp. isamajor problem
in increasing corn production in Indonesia because it
can cause yield loss up to 100% (Rustiani, 2015). The
highincidence of downy mildew can resultin adecrease
incorn production bothintermsof quantity and quality,
even in severe incidence it can cause crop losses
(Talanca & Tenrirawe, 2015).

The control method used so far is the treatment
of seedswith metallaxill fungicides (Muisetal., 2013).
Theineffectiveness of the use of metallaxill fungicides
ondowny mildew on maizein several placesin Indonesia
raises speculation that there are genetic variations in
species of Peronosclerosporain Indonesia (L ukman et
al., 2013). P. philipinensiswas only found on theisland
of Sulawesi, while P. maydis and P. sorghi were found
in amost al islands in Indonesia (Muis et al., 2016).
Corn seedscirculatingin Indonesiaboth hybrid and open
pollinate have all been treated with metallaxyl fungicide.
Pesticide application continuously for along time can
causeresistanceto plant pest organisms (Burhanuddin,
2009). For this reason, an alternative control method
against downy mildew is needed.

Theuseof biological control agentsisoneof the
control methods against downy mildew that safe for
consumers and the environment. It has been reported
by Sadoma et al. (2011) that the application of
Trichoderma viride, T. harzianum, Gliocladium
virens, and Bacillus subtilis singly and in combination
has positive interactionswith each other in suppressing
the development of P. sorghi. The application of
endophytic fungi as a biopesticide agent has been
reported by Amin et al. (2013) that the treatment of
Beauveria sp. isolates effectiveto control downy mildew
Peronosclerospora spp. In other tests, the application
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of Bacillus sp. and Pseudomonas sp. were able to
suppress the devel opment of downy mildew caused by
P. maydis with the highest emphasis on Pseudomonas
sp. UB-PF5 was 50% (Jatnika et al., 2013). The use of
Plant Growth Promoting Rhizobacteria (PGPR) B.
subtilis UB-ABS 4 and 5 can suppress incidence of
downy mildew Peronosclerospora spp. up to 50%
(Zainudinet al., 2014).

This study aims to determine the effect of eight
isolates of B. subtilis biopesticide formulations in
controlling downy mildew caused P. philipinensis.

MATERIALS AND METHODS

Research Site. This research was carried out in the
screen house of the Indonesian Cereals Research
Institute at Maros from November to December 2016.
The seeds used were Anoman variety. The treatments
were arranged in a randomized block design with nine
treatmentsand threereplications. Thetreatment consists
of eight biopesticide formulationsthat weredistinguished
based on thelocation of theisolates collected in several
districtsof South Sulawes and oneisolate collected from
South Kalimantan i.e. B. subtilis TM4 (location 4
Malino, Gowa), TM 3 (location 3 Malino, Gowa), BNt4
(location 4 Bone), BNt5 (location 5 Bone), BNt6
(location 6 Bone), BNt8 (location 8 Bone), BJ6 (location
Bajeng, Gowa), and TLB1 (location Bati-Bati, Tanah
Laut, South Kalimantan) and sterilized distilled water
as control treatment.

Seed Treatment. Two hours before planting, the seeds
were treated by mixing 3 g of B. subtilis formulation
with a concentration of 10° cfu g with 100 g of corn
seeds, then air dried.

Planting. Seeds were planted in the screen house that
aready has source inoculum of downy mildew. Plot size
was 5 x 6 m, planting space was 75 x 25 cm, one seed
per hole. Fertilization was given 10 days after planting
by applying Phonska with the dose of 300 kg hat.

Observation and Data Collection. Observations
were carried out every day for three weeksto determine
theincubation period for downy mildew. Other variables
observed were disease incidence, plant height, and dry
weight of corn plants. Percentage of disease incidence
were calculated by the formula:

Number of infected plant

0
Number of plant observed x100%

Disease Incidence=
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Experimental Design and DataAnalysis. Treatments
were arrange in randomized completely block design
with 9 treatments and 3 replicates. Datawere analyzed
using variance and continued with the Tukey test at a
significant level of 5%.

RESULTS AND DISCUSSION

In general, eight biopesticide formulations of B.
subtilis have the best effect on the growth and on the
dry weight of plants (Table 1). If the TM4 formulation
gives the best effect on the plant growth (100%) and
dry weight (2.1 kg), then the BNt8 formul ation treatment
shows the incubation period of downy mildew was 18
days which was slower than other treatments (Table
2).

Satigtically, theincidence of downy mildew inall
treatments was not significantly different, except for
TM4 treatment starting 4-5 weeks after planting (WAP).
Thelowest percentage of downy mildew incidence until
the end of the observation occurred in the formulation
treatment of B. subtilis TM4 at 54.4% (Figure 1). The
results of this study are almost the same as the results
obtained by Hoerussalam et al. (2013) which concluded
that the use of Plant Growth Promoting Rhizobacteria
(PGPR) Biol and Bio2 caninduce corn plant resistance
to downy mildew through seed treatment. The use of
bacterial inoculant as a seed treatment has also been
reported to be able to increase cob weight per plant,
growth speed and germination of seed and reduce the
incidence of downy mildew on sweet corn (Sonhgji et
al., 2013).

Eight biopesticideformulations of B. subtilishave
the ability to suppress the development of P.
philipinensisin corn plantswith apercentage of disease
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suppression of 5.3% to 63.1% (Figure 2). The highest
suppression of downy mildew incidence was shown by
the formulation of B. subtilis TM4 with 63.1%. It was
suspected that the location of soil sampling for TM4
isolatesisan extremetypeof soil, thusalowing microbes
obtai ned fromthe soil to have abetter antibioticinhibitory
mechanism than isolates obtained from ordinary soil.
Accordingto Suriani & Muis(2016) antagonist bacteria
B. subtilis not only inhibits conidia germination and
appressoria formation, but also inhibits haustoria
development and fungal myceliael ongation through the
mechanism of production of antibiotic compounds. Awais
et al. (2010) suggested that the main antibiotics produced
by B. subtilisincluded polymyxin, difisidine, subtilin,
mycobacillin, and bacitracin.

Theroleof formulation of B. subtilisinthegrowth
of corn plantsis shownin the results of observations of
plant height and dry weight of corn plants. In general,
plant height in the treatment formulation of B. subtilis
was better than the control (Table 2). Application of
formulation of B. subtilis hasan effect on plant height,
the formul ation application has an average plant height
between 70-103.5 cm, while in the control, the plant
height reachesonly 59.7 cm. Thisisthought to berelated
tothelow intensity of disease attack in the treatment of
B. subtilis formulation, in accordance with the results
of the study of Asputri et al. (2013) that the incidence
of downy mildew can affect plant growth. In addition,
B. subtilis is an PGPR which has an effect on directly
producing plant growth hormones. Zongzheng et al.
(2009) reported that inoculation B. subtilis SY1 had a
large effect in shortening germination time, increasing
shoot index, and promoting radical growth and embryo
in plant nursery.

Table 1. The effect of eight biopesticide formulations of B. subtilis on plant height and dry weight of corn plant

Plant height (cm) Dry weight of plant (kg)
Treatments 2 WAP 5WAP 6 WAP
B. subtilisTM4 52.0 103.5 2.1
B. subtilisTM3 53.0 85.9 2.0
B. subtilis BNt4 53.3 75.9 14
B. subtilis BNt5 51.6 87.9 1.6
B. subtilis BNt6 49.0 70.5 1.3
B. subtilis BNt8 53.1 70.0 1.2
B. subtilis BJ6 51.8 73.4 1.3
B.subtilisTLB1 515 79.8 15
Control 45.8 59.7 1.0
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Figure 1. The devel opment of downy mildew for three observationsin various treatments (bars of the same color
and followed by the same letter are not significantly different according to the Tukey test of 5%).
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Figure 2. Percentage of suppression of downy mildew in various treatments.
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Table 2. The effect of eight B. subtilis formulations against percentage of plant growth and incubation period of

downy mildew

Treatments Germination (%) At 7 DAP Incubation period (day)
B. subtilisTM4 100 15b
B. subtilisTM3 93 15b
B. subtilis BNt4 91 15b
B. subtilis BNt5 88 17 ab
B. subtilis BNt6 82 12c
B. subtilis BNt8 86 18a
B. subtilis BJ6 88 12c
B. subtilisTLB1 84 17 ab
Control 84 12¢c
Coefisien of Variation 12.8% 6.4 %

Numbersin the same column and followed by the same | etters are not significantly different based on Turkey test

at 5% significant level.

Disease incidence that tends to be lower in the
treatment of seedswith formulation of B. subtiliswhen
compared to controlsisthought to contribute positively
to the dry weight of plants (Table 2). The dry weight of
plantsin thetreatment of B. subtilisformulation reached
1.2 kgto 2.1 kg, whereasin the control treatment only
weighed 1.0 kg. The use of bacterial inoculants as seed
treatment has also been reported to be able to produce
a better vigor index and growth speed than the control
treatment on sweet corn seeds (Sonhagji et al., 2013).
Thisissupported by the results of astudy by Utomo et
al. (2010) that higher crop productionisassociated with
lower rates of downy mildew, lower leaf chlorosis, and
higher photosynthesis ahility.

CONCLUSION

The biopesticide formulation of B. subtilis has
the potential to suppress downy mildew incidence on
corn. Theformulation of B. subtilis TM4 hasthe highest
potential to suppress downy mildew with a percentage
of disease suppression of 63.1% and isalso ableto delay
theincubation period up to 7 DAP.
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