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Binucleate Rhizoctonia (BNR) fungi are essential for the germination of vanilla seeds. Chemical control of the soil-borne pathogen
might adversely affect BNR. The purpose of this study is to determine the effect of Nicotiana tabacum extract biopesticides and
Fusarium oxysporum f.sp. vanillae (Fusarium) on vanilla plant nutrient content induced by BNR. Materials and Methods. The
research design was completely randomized design with two factors and three replications. The first factor was biopesticide
(dosage of 0, 10, 20, and 30 ml/seedling), and the second factor was the application of Fusarium. Results. The increase in the
nitrogen, phosphorus, and potassium content of vanilla was affected by biopesticides and Fusarium inoculation. Fusarium
inoculation has no significant effect on nitrogen and phosphorus levels but significantly affects potassium levels. The biopesticide
dosage is significant for nitrogen, phosphorus, and potassium. The interaction of biopesticides with Fusarium inoculation did not
significantly affect the parameters of nitrogen and phosphorus content, but significantly affected potassium content. Conclusion.
The application of biopesticides and Fusarium inoculation after induction of BNR can increase nitrogen, phosphorus, and
potassium content of vanilla plants.

1. Introduction

In 1819, vanilla came to Indonesia, brought by Marchal
from the Botanical Garden of Antwerpen. The production
of vanilla began in Central Java and East Java. Then, in the
1960s, it was expanded to Nangro Aceh Darussalam,
South Sumatra, Lampung, and Bali. In 1990, the pro-
duction of vanilla was grown in the east of Indonesia,
especially in North Sulawesi, North Maluku, and East
Nusa Tenggara [1].

Rhizoctonia is a disease-causing prolific fungus that can
make a sclerotium-resistant structure in plant residues. The

nucleus inside the cell distinguishes the degree of patho-
genicity based on anastomosis (fusion). The group is di-
vided into 14 anastomosis groups, and the group is divided
into 3 based on its role (saprophytic, PGPF, and mycor-
rhizal). Based on the number of nucleus per hyphae,
Rhizoctonia is divided into three main groups, namely,
uninucleate, binucleate, and multinucleate [2]. Binucleate
Rhizoctonia (BNR) acts as mycorrhizae which can increase
the resistance of plants from drought and the growth of the
plant [3]. On the other hand, this fungus can obstruct the
development of Fusarium oxysporum f.sp. vanillae (Fusa-
rium) in vitro [4].
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Synthetic fungicides are the most popular disease control
measure used worldwide by the farmers on various crops [5].
This practice has the potential to kill not only the Rhizoc-
tonia pathogens of crop plants but also the BNR. Bio-
pesticides are used an alternative to synthetic pesticides for
safe pest control. The use of plant-based pesticides provides a
double advantage, i.e., producing safe products to humans as
well as no pollution to the environment [6]. Previous studies
on Nicotiana tabacum extracts produced by using solvent
extraction as well as pyrolysis methods have shown a sig-
nificant effect of those extracts on various fungus and insects
[7-12]. The extract reduces the protein content of robusta
skin, resulting in reduced attack by insects [11, 12].

Fusarium is a pathogen present in the soil, and it can
infect roots and causes vanilla stem rot disease. It can live as
a saprophyte in the soil for 2-4 years. This transmission
occurs very quickly through groundwater splashing, water
flow, insect attack, contaminated soil, and cuttings of sick
plants [13]. Previous work has shown that the treatment
dosage of phosphorus and cow urine had a significant effect
on chlorophyll and proline content of the vanilla seed [14].
Death of vanilla plants due to the attack of Fusarium oxy-
sporum f.sp. vanillae can reach 50-100% [15]. Hence, it
needs an appropriate control method at the time of breeding
and biological control while planting with biopesticides.

Nitrogen is a component of chlorophyll and, therefore,
essential for photosynthesis, and also it is the basic element
of plant proteins. Plants obtain nitrogen by absorbing either
nitrate or ammonium ions through the roots, and it en-
courages the uptake and utilization of other nutrients, in-
cluding potassium and phosphorus, and controls the overall
growth of plant [16]. Phosphorus plays a major role in the
growth of new tissue and in the synthesis of ATP and is
responsible for the regulation of protein synthesis [17].
Potassium functions in enzyme activation, stomatal activity
(water use), photosynthesis, transport of sugars, water and
nutrient transport, protein synthesis, starch synthesis, and
crop quality. The effects of K deficiency can cause reduced
yield potential and quality long before visible symptoms
appear [18]. In fertilization management strategies, potas-
sium is widely considered to have a role in the mechanism of
signaling cascades activation. This mechanism includes
triggering reactive oxygen species, phytohormones (ethyl-
ene, auxin, and jasmonic acid), calcium ions, and phos-
phatidic acid [19].

This study aims to determine the effect of Nicotiana
tabacum extract as biopesticide and the Fusarium oxy-
sporum f.sp. vanillae (Fusarium) on vanilla plant nutrient
content induced by BNR. The BNR induction will decom-
pose the Fusarium, which then improves the availability of
nutrients for vanilla growth. This research will also help to
understand the mutual interaction between biopesticides
and Fusarium to increase the productivity and health of the
vanilla plant.

2. Materials and Methods

The research was conducted in the greenhouse with a
temperature of around 30°C from February until July 2017 at
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the Department of Agronomy, Faculty of Agriculture, Tunas
Pembangunan University, Surakarta, Central Java, Indo-
nesia. The vanilla plant was protected by 80% paranet. The
humidity of the room was 60-70%. The greenhouse relies
only on natural sunlight, which in our place is stable from 6
am to 6 pm (around 12 hr).

2.1. Biopesticide Preparation. The biopesticide was prepared
by the EHRE extraction method form Nicotiana tabacum
var. Virginia origin leaves [7]. This method was carried out
at a low temperature and moderate extraction time (ethanol
boiling point, 1 atm, 6 hours, 150 rpm) to obtain optimum
biopesticide yield.

2.2. BNR Preparation and Inoculation. BNR was isolated
from vanilla roots. Then, the isolates were incubated on a
PDA medium. BNR testing was carried out by Koch’s
postulate. The growing fungus was then transferred and
incubated into a sterilized corn medium for three days at
30°C. After that, 10 g of BNR from the maize medium was
transferred to the plant’s root.

2.3. Soil and Sand Preparation. White sand was collected
from Klayar Beach, southern part of Pacitan, East Java.
Cleaning of sand was carried out by using clean water prior
to sterilization. Alfisol soil was collected from Jambu district,
Semarang city, Central Java. Soil was cleaned from the
remaining roots, stems, and stones prior to sterilization.
Sterilization was carried by using the autoclave at 120°C for 1
hour.

2.4. Fusarium Preparation and Inoculation. Fusarium was
isolated from vanilla stems that had disease symptoms. Then
the isolates were incubated on a PDA medium. Fusarium
testing was carried out by Koch’s postulate. Then, the
Fusarium isolate was reproduced in the PDA media. The
incubation time was 7 days at 30°C. A Petri disk of Fusarium
was mixed into 75 g sterile sand media. Each vanilla plant
was then transmitted with 5g of this mixture. The trans-
mission was placed around the base of the vanilla stem.

2.5. Efficacy Test. Seedling of 10 vanilla seeds from tissue
culture was planted in the polybags containing 600g of
sterile soil medium along with BNR inoculation. After 5
week of BNR inoculation, the prepared biopesticide was
sprayed onto the vanilla plant. The biopesticide spraying was
done every two weeks in the morning time (between 7 and 8
am), while Fusarium was applied on the same day at around
4-5 pm. This method was also used in the previous studies
[20].

Various dosages of biopesticide, i.e., 0, 10, 20, and 30 ml/
L (Ng, N3, N», and N3), were applied. The second factor in
this study was the inoculation of Fusarium, i.e., with and
without Fusarium inoculation (B, and B;).

The root was cut and inoculated into the PDA medium
to grow the BNR. Hyphae were taken from this medium and
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TaBLE 1: Single factor of biopesticide dosage and Fusarium inoculation

Treatments Code Dosage Nitrogen content (%)  Phosphorus content (%)  Potassium content (%)

NO 0 ml/L 5.00% 1.15% 4.04*
Biopesticide N1 10 ml/L 5.23° 1.34° 4.44°

N2 20ml/L 5.73¢ 1.47¢ 4.50°

N3 30 ml/L 5.76° 1.53¢ 4.25°
Inoculation of Fusarigm B0 Without Fusarium 5.45% 1.37° 4.50°

B1 With Fusarium 5.41% 1.38% 4.12°

Numbers in the same column followed by the same letter are not significantly different according Duncan’s Multiple Range Test (DMRT) at a 5% level.

TaBLE 2: Interaction of biopesticide dosage and Fusarium inoculation.

Nitrogen (N) %

Phosphorus (P) %

Potassium (K) %

Treatment

Without F* With F* Mean Without F* With F* Mean Without F* With F* Mean
0ml/L 1.72° 1.61% 1.66° 0.39* 0.37° 0.38° 1.45¢d 1.24° 1.34¢
10 ml/L 1.74% 1.75% 1.74% 0.45° 0.44° 0.45° 1.47c-¢ 1.49¢f 1.48%f
20ml/L 1.93° 1.89° 1.91% 0.48* 0.50° 0.49° 1.57gh 1.43¢ 1.50°8
30ml/L 1.88° 1.96° 1.92° 0.50* 0.52° 0.51% 1.5¢c-g 1.33° 1.41°

*F = Fusarium oxysporum f.sp. vanillae; number in the same column followed by the same letter are not significantly different according to Duncan’s Multiple

Range Test (DMRT) 5%.

placed onto a glass object with Safranin dye staining.
Methylene blue dye staining was used to observe the peloton.
Both observations were done by using the binocular mi-
croscope MICRON Brand Doctor’s Binocular Research
Microscope BINO CXL with 50x magnification.

2.6. N, P, and K Analysis. Nitrogen of vanilla plant tissues
was analyzed using Kjeldahl methods [21]. Phosphorus and
potassium of plant tissues were analyzed using the dry
ashing or wet ashing (HNO;-HCLO,-H,SO, triacid method
or HNO;5-HCLO, diacid method) [22].

2.7. Statistical Data Analysis. Analysis of variance
(ANOVA) was carried out in this study. If there was a
difference between treatments, then it was tested further by
using Duncan’s New Multiple Range Test (DMRT) at a 5%
level. Regression and correlation analyses were carried out to
find the relationship between direct and indirect influence
[23].

3. Result

The effect of a single factor of biopesticide dosage and
Fusarium inoculation on N, P, and K of vanilla plants is
depicted in Table 1.

The results of data analysis (Table 1) showed that the
dosage of biopesticides influenced the N and P content.

The effect of interaction of biopesticide dosage and
Fusarium inoculation on N, P, and K of vanilla plants is
depicted in Table 2.

Numbers in the same columns of N and P treatments
followed by the same letter indicate the interactions were not
significantly different according to Duncan’s Multiple Range
Test (DMRT) 5%. Meanwhile, the K treatment shows dif-
ferent letters, which indicate the interactions were signifi-
cantly different.

The regression analysis of Fusarium treatment on vanilla
plants is depicted in Table 3.

4, Discussion

4.1. The Effect of Biopesticide on the Binucleate Rhizoctonia
(BNR). Figures 1 and 2 show that the inoculated BNR
during vanilla planting has an impact on the resistance,
infecting the root part of the intracellular hyphae in the form
of a solid winding called a peloton. This phenomenon was
also similar to other studies [3, 24]. The ability of BNR to
degrade chitin shows that it can be classified as a bio-
pesticide. The use of microorganisms as biopesticides can
provide many benefits because they act as enzyme producers
and plant growth-promoting fungi (PGPR) that produce
growth regulatory metabolites and provide nutrients to
plants [3, 25, 26].

BNR infects and forms peloton in the vanilla plant tissue.
Then, the decomposition of the infected Fusarium lysate cell
walls inhibits the conidia germination of Fusarium in vitro.
The decomposed Fusarium provides nutrients. Thus, the
existence of Fusarium is not as a pathogen but a source of
nutrition for BNR.

The biopesticide from Nicotiana tabacum extract used in
this study did not disturb the function of endogenous bi-
nucleate Rhizoctonia (BNR), which is very essential in the
vanilla farming to avoid water stress.

4.2. The Effect of Biopesticide and Fusarium on the Plant
Nutrient. Table 1 shows that the biopesticide application has
significantly increased the N, P, and K content of the vanilla
plant. However, the Fusarium has significantly increased
only the K content of the vanilla plant. The increase in the N
content was as result of biopesticide and Fusarium inocu-
lation. The biopesticide has some N-containing compounds
or groups such as 3-(1-methyl-2-pyrrolidinyl)-pyridine
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TABLE 3: Regression analysis of Fusarium treatment on vanilla plants.
Linear equation analysis
Without Fusarium With Fusarium
N y=0.067x+1.65 R*=10.6998 r=0.84 y=0.119x+ 1.505 R*=0.9797 r=0.99
p y=0.036x+0.365 R*=0.9391 r=0.97 y=0.051x+0.33 R*=0.951 r=0.97
K y=0.025x +1.435 R*=0.3776 r=0.61 y=0.021x+1.32 R*=0.0605 r=0.24

FiGure 1: Hyphae binucleate Rhizoctonia (BNR) of the vanilla root
under the binocular microscope (50x magnification).

Sum

FIGURE 2: Vanilla root tissue inoculated by BNR: (x) peloton and
(h) internal hyphae, under binocular microscope (50x
magnification).

(CioH14N,), 3-methyl-pyridine (C4H,N), 4-hydroxypyr-
idine (CsHsNO), and 1H-indole (CgH,N) [24].

Table 3 shows the effect of interaction dosage of bio-
pesticides and Fusarium inoculation was not significantly
different for Nitrogen and Phosphorus contents. The bio-
pesticide treatment with the presence of Fusarium has a
slightly higher correlation coefficient (r=0.99) than that
without the presence of Fusarium (r=0.84). Table 1 shows
that the biopesticide dose significantly affected the content of
Nitrogen, Phosphorus and Potassium. However, the effect of
the Fusarium dose alone was not significantly different on
the nitrogen and phosphorus content. On the contrary,
Table 2 shows that increasing the doses of biopesticides and
adding Fusarium inoculation significantly affected the po-
tassium content. Regression analysis (Table 3) also con-
firmed this as indicated by the correlation coeflicient values
r=0.61 (without Fusarium) and r=0.24 (with Fusarium).

This fact reveals that after induction of BNR, the addition
of this biopesticide kills the soil-borne pathogens, i.e.,
Fusarium oxysporum f.sp Vanillae, and can increase vanilla
plant nutrition. This means that the biopesticide interacts

mutually with BNR to increase the N, P, and K content in the
vanilla plant. This mutual interaction to increase the nutrient
in the vanilla plant is important because all the nutrients are
essential for the plant growth and productivity.

Nitrogen is an essential component of proteins, genetic
material, chlorophyll, and other key organic molecules. All
organisms require nitrogen to live. It ranks fourth behind
oxygen, carbon, and hydrogen as the most common
chemical element in living tissues [27]. Deficiency in these
compounds directly affects feeding power, growth, and
reproductive power, inhibits reproduction communication,
decreases hatchability of eggs, and inhibits the formation of
chitin [28].

Phosphorus elements affect flowering, pollination, and
maturation of fruit. The P content of tissue is affected by its
availability in the soil. It is influenced by the state and uptake of
soil microorganisms that are transferred to plants through
plant roots [29]. P is the main element used by the plants for
growth and energy sources, in the form of organic compounds.
BNR that is induced in vanilla seeds requires phosphorus,
which is utilized by BNR fungi in the form of sugar-phosphate,
the oxidation of nucleoprotein, and protein phosphorus [15].
Phosphate is an important element of protein formation and
cell metabolic processes of organisms [30].

Vanilla which is induced by Rhizoctonia binucleat
(BNR) then infected with Fusarium influences the increase
of plant phosphorus content [31]. Phosphorus is an essential
nutrition for plant growth. A huge amount of phosphate is
present in the soil, but around 95% to 99% phosphorus is
unavailable, so it cannot be used by plants [32]. The most
important chemical reaction in nature is photosynthesis. It
utilizes light energy in the presence of chlorophyll to
combine carbon dioxide and water into simple sugars, with
the energy being captured in ATP [33].

According to the statistical data (Table 2), the increase in
potassium was strongly related to the interaction between
the application of biopesticides and Fusarium. This inter-
action may dissolve K into available forms that are easily
absorbed and utilized by plants. K is an essential nutrient
and also the most abundant cation in plants. The concen-
tration of K* in the cytoplasm has consistently been found to
be between 100 and 200 mm, and apoplast K" concentration
is between 10 and 200 or even reaches up to 500 mm. K plays
essential roles in enzyme activation, protein synthesis,
photosynthesis, osmoregulation, stomatal movement, en-
ergy transfer, phloem transport, cation-anion balance, and
stress resistance [34, 35].

In K-sufficient plants, the synthesis of high-molecular-
weight compounds (such as proteins, starches, and cellulose) is
markedly increased. They thereby depress the concentrations
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of low-molecular-weight compounds, such as soluble sugars,
organic acids, amino acids, and amides in the plant tissues.
These low-molecular-weight compounds are important for the
development of infectious diseases, inferior plants, and plant-
derived inhibitors (K-sufficient plants) [36]. K also can increase
plant resistance to pathogens due to increased phenol con-
centrations [35].

K is associated with water, nutrients, and carbohydrates
in plant tissues. Potassium is involved in enzyme activation
within the plant, which affects protein, starch, and adenosine
triphosphate (ATP) production. The production of ATP can
regulate the rate of photosynthesis. Potassium also helps to
regulate the opening and closing of the stomata, which
regulates the exchange of water vapor, oxygen, and carbon
dioxide. If K is deficient or not supplied in adequate
amounts, growth is stunted and yield is reduced [29, 37].

5. Conclusion

The biopesticide from Nicotiana tabacum extract used in this
study did not disturb the function of endogenous binucleate
Rhizoctonia (BNR), which is very essential in the vanilla
farming to avoid water stress. This study has also revealed
that after induction of BNR, the addition of this biopesticide
kills the soil-borne pathogens, i.e., Fusarium oxysporum f.sp
vanillae, and can increase vanilla plant nutrition. This means
that the biopesticide interacts mutually with BNR to increase
the N, P, and K content, which in turn has very important
roles in the health and productivity of the vanilla plant.
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