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Abstract

Widnyana, I. K., Sumantra, I. K., Pandawani, N. P., & Ariati, P. E. P. (2019) Induction of total phenol and salicylic 
acid with Pseudomonas spp. suspension as indications increasing systemic resistance on vanilla plant. Bulgarian 
Journal of Agricultural Science, 25(3), 480–485

This study aims to determine the effect of Pseudomonas spp. in inducing the resistance of vanilla plants characterized by 
increasing total phenol content and salicylic acid in vanilla plant tissue after inoculation with Pseudomonas spp. suspension. 
In this study, vanilla cuttings were inoculated with Pseudomonas spp. suspension with a population density of 5 x106 CFU ap-
plied by root immersion, injection of the stem, and injection of vanilla leaves. The results showed that there was an increase of 
total phenol and salicylic acid content in vanilla plant tissue. The highest total phenol content was found in the Pseudomonas 
spp. W80 suspension treatment, which averaged 260.27 mg/g or an increase 106.89% compared to the distillated water treat-
ment as control. The total phenol content average in the 2.6.D (2.6-dichloro-isonicotinic acid (INA) treatment is 240.80 mg/g 
or an increase of 91.41% compared to control. The highest salicylic acid content found in the treatment of Pseudomonas spp. 
W02 suspension is 37.65 ppm or 72.94% increase compared to control, followed by 2.6.D treatment of 32.55 ppm or 49.52% 
increase compared to control. Bacteria Pseudomonas spp.  W02, W68, and W80 isolates has the ability to induce vanilla plant 
resistance with different abilities
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Introduction

Vanilla stem rot disease caused by Fusarium oxysporum 
f.sp.vanillae is the most dangerous disease in vanilla plants 
in Indonesia. This disease causes very large losses and causes 
the death of plants until 50% – 100%, shorten the production 
life from 10 times the harvest to twice, even cannot produce, 
and low fruit quality (Hadisutrisno, 2004). F. oxysporum fsp. 
vanillae which is a soil-borne pathogen and can survive as a 
saprophyte in the soil, capable of destroying all parts of the 
plant at all growth phases, and producing a ground-breaking 
klamidospore for 7-10 years. This fact which causes vanil-
la stem rot disease is quite diffi cult to control (Semangun, 
1996). Until now vanilla stem rot disease has been attacked 
in all regions of Indonesia, such as Java, Bali, North Sulawe-

si, South Sulawesi, North Sumatra, Nusa Tenggara Timur. In 
the world this disease also attacks in major vanilla-producing 
countries such as Puerto Rico, Brazil, Uganda, Tongga, Thai-
land and China. (Tombe, 2010). Transmission of this patho-
gen is mainly through cuttings that are used as a source of 
plant seeds. Vanilla cuttings used by farmers currently have 
an infection risk of 7-32% (Tombe, 1987).

The spread of the disease through the soil has a very im-
portant meaning, because the cuttings are planted on the soil 
of former plants affected, will also die because the base of 
vanilla stems will soon rot. This suggests that soil is a major 
source of infection. Although the infected soil is dried, it still 
contains pathogenic fungal spores (Semangun, 1996). 

Vanilla stem rot disease until now still cannot be over-
come effectively although some research has been done 
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(Nurcahyani et al., 2012). Biological control of stem rot dis-
ease has not been done. In general, there are several biologi-
cal activities of microbial antagonists in suppressing patho-
gens by colonization of rhizosphere, antibiotics, enzymatics 
(hydrolysis), nutritional competition, volatile compounds, 
siderophores and by inducing systemic plant resistance 
(Chet, 1993).

Fluorescent Pseudomonas spp. has been studied for their 
plant growth-promoting effects through effective suppression 
of soilborne plant diseases. The modes of action play sidero-
phore-mediated competition for iron, antibiosis, production of 
lytic enzymes, and induced systemic resistance (ISR) (Peter 
et al., 2007). Previous research results show that Pseudomo-
nas spp. can improve yield and protect the wheat plants from 
Phytium spp. through the treatment of seed (Weller & Cook, 
1986); protecting peanut crops from stem rot and root patho-
gens Sclerotium rolfsii (Ganesan & Gnanamanickam, 1986) 
and peas from pathogen F. oxysporum f.sp. fi si & Phytium ul-
timun (Benhamou et al., 1996); can induce the resistance of 
cucumber plants against Colletotrichum orbiculare through 
seedlings root treatment (Wei et al., 1991). P. alcaligenes KtS1, 
TrN2, and TmA1 have been shown to suppress Fusarium wilt 
disease in tomatoes (Widnyana et al., 2013). Widnyana and 
Javandira (2015) state that tomato seed treatment by Bacillus 
sp. for 10 to 30 min can spur the germination of tomato seeds. 
Similar research that soaks seed treatment with P. alcaligenes 
for swamp cabbage encourages 25% faster germination, in-
creased yield by 24.4% (Widnyana et al., 2017). Rhizobacteria 
Pseudomonas spp. has a positive effect by occupying the plant 
root tissue surface and providing compounds that are benefi -
cial to plants. Some of these bacteria enter the tissue as endo-
phytes without causing damage or morphological changes in 
plants (Rosenblueth & Martinez-Romero, 2006). 

In this study the cuttings of vanilla were given Pseudo-
monas spp. suspension through roots immersion, stems in-
jection, and leaf injection in the hope that immune effects 
will occur in the induction of systemic resistance of vanilla 
plants to stem rot disease so as to get an effective, effi cient 
and environmentally friendly disease control strategy.

Materials and  Methods

Tools and materials
The tool used in this study i.e. petridish, test tube, er-

lenmeyer, autoclav, plastic bag, laminar air fl ow, centrifuge, 
millipore fi lter 0.45 μm MILLEX®-HA, and encase. The ma-
terials used are 70% alcohol, spirits, aluminum foil, King’s 
B selective media, PDA (Potato Dextrosa Agar), Natrium 
Broth, 2.6-Dichloro-nicotinicacid , sterile planting media, 
vanilla plant cuttings, and aquadest.  

Research methods
This research is an experimental research conducted in 

the lab and in the greenhouse by using a completely ran-
domized design with a factorial pattern. The fi rst factor is 
fi ve inducing materials: Pseudomonas spp.W02 suspension, 
Pseudomonas spp.W68 suspension, Pseudomonas spp.W80 
suspension, 2.6.D (2.6-Dichloronicotinic acid), distilled 
water (control). The second factor is the induction method 
that is: root immersion, injection on the stem, and injection 
on the leaves of vanilla. Each treatment was repeated three 
times so that there were 45 treatment units.

Planting short cuttings of vanilla
This treatment was started by planting 20 cm vanilla cut-

tings on a plastic pot containing 1000 g of sterile planting 
medium with soil and compost composition (2:1 ratio). The 
growing medium sterilized using autoclave for 2 x 2 hours to 
minimize contaminants (Widodo et al., 1993). Watering with 
distilled water is done every afternoon with 100 ml volume. 
Shoots and vanilla roots begin to grow after 6 weeks, and at 
8 weeks of cuttings are ready for induction treatment.

Preparation of bacterial suspension Pseudomonas spp.
Natrium Broth medium (NB) 50 ml volume placed in er-

lenmeyer was inoculated with bacterial culture of Pseudomo-
nas spp. incubated for 48 h at room temperature. There are 3 
(three) isolates of Pseudomonas spp. bacteria used, are iso-
lates W02, W68 and W80. The three isolates of Pseudomonas 
spp. bacteria are non pathogenic and have antagonistic ability 
against F. oxysporum f.sp. vanillae. Furthermore, Pseudomo-
nas spp. suspensions were fi ltered with millipore fi lter 0.45 
μm MILLEX®-HA to obtain a suspension volume as needed.

Treatment of resistance induction with bacterial 
suspension Pseudomonas spp.

The resistance induction treatment with Pseudomonas 
spp. bacterial suspension was performed on cuttings of va-
nilla stems that had grown buds and roots (age 8 weeks) by 
following modifi ed procedures from Hofl and et al. (1996) 
through root immersion, by injection of the stem and by in-
jection of leaves with bacterial suspension volume of Pseu-
domonas spp. of 10 ml each. Population density of bacterial 
suspension Pseudomonas spp. is 5x106 CFU/ml where previ-
ously bacteria were grown for 48 hours on NB medium at 
room temperature.

Analysis of the content of total phenol and salicylic 
acid in vanilla plant tissue

The total phenol and salicylic acid content was analyzed by 
HPLC (High Performance Liquid Chromatography) method 
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by taking 100 g of plant part consisting of leaves, stems, and 
root of vanilla plant with the same proportion. Taking part of 
the vanilla plant was done 60 days after the cuttings of vanilla 
were induced with Pseudomonas spp. suspension. The result 
analysis to the total phenol and salicylic acid content will be 
compared quantitatively between control, induction treatment 
with Pseudomonas spp. suspension and induction with 2.6.D. 
(2.6-dichloro-isonicotinic acid (INA).

Results

The total phenols content in vanilla plant tissue 
The result of statistical analysis shows that there is a very 

real interaction (P> 0.01) between applications of Pseudomo-
nas spp. suspension to the total phenol content in vanilla tis-
sue. The total phenol content in vanilla plant tissue after be-
ing treated with Pseudomonas spp. suspension is presented in 
Table 1. The highest total phenol content found in the Pseudo-
monas spp. W80 suspension treatment were injected via stem 
is 277.9 mg/g or an increase of 121% compared to distilled 
water treatment as a control, followed by Pseudomonas spp. 
W80 injected through leaves is an average of 261.8 mg/g or 
an increase of 108.1% compared to distilled water treatment. 

Treatment of induction with chemicals 2.6.D can increase 
the total phenol content of 94.8% compared with distilled wa-

ter treatment. The data shown in Table 1 shows that the sus-
pension treatment of Pseudomonas spp. through root immer-
sion, stem injection, and injection of the leaves proved able 
to increase the total phenol content in the vanilla plant tissue. 
Among the three isolates of Pseudomonas spp. which is used 
in the treatment, there is one isolate that can increase the to-
tal content of phenol exceeds the induction ability of 2.6.D is 
Pseudomonas spp.W80 isolates injected through the stem or 
vanilla leaf. When viewed the treatment mechanism of bacte-
rial suspension Pseudomonas spp., the injection of suspension 
through the stem causes the highest increase of total phenol 
which is average 212.96 mg/g, followed by leaf injection is 
212.08 mg/g, and through root immersion of 193.68 mg/g.

The two-way difference test between vanillary resistance in-
duction treatment and its application to the total content of phe-
nol in vanilla plant tissue, showed that the highest total phenol 
content was found in suspension treatment of Pseudomonas spp. 
injected via stem (277.95 mg/g), via leaf injection (261.80 mg/g), 
and root immersion (241.13 mg/g), and all were not signifi cantly 
different from other treatments, as presented in Table 2.

Effect of Pseudomonas spp. suspension treatment to 
content of Salicylic Acid on Vanilla Plant Tissue 

The result of salicylic acid content analysis on vanilla 
plant tissue after being treated with Pseudomonas spp. 

Table 1. The total phenols content of vanilla plant tissue induced by Pseudomonas spp suspension (mg/g)
Material for induction Procedure of resistance induction Average 

Root immersion Stem injection Leaf injection
Pseudomonas spp W02 199.8   j 209.4   h 199.4   j 202.87
Pseudomonas spp W68 179.1   k 206.6   i 218.7   g 201.47
Pseudomonas spp W80 241.1   e 277.9   a 261.8   b 260.27
2.6.D 222.6   f 245.1   d 254.7   c 240.80
Distilled water 125.8   l 125.8   l 125.8   l 125.80
Average 193.68 212.96 212.08

Note: the numbers followed by the same letter are not signifi cantly different in 5% Duncan Multiple Rings Test

Table 2. The 2-way difference test results between the resistance-inducing material treatment and the application meth-
od to the total content of phenol in the vanilla plant tissue
Treatment Isolate of Pseudomonas spp. 2.6. D Distilled 

water
LSD 
5%Isolate  W02 Isolate W68 Isolate W80

Root  immersion 199.75 b 179.09 c 241.13 c 222.60 c 125.80 a 3.89
c d a b e

Stem injection 209.39 a 206.62 b 277.95 a 245.09 b 125.80 a 1.81
c d a b e

Leaf injection 199.39 b 218.71 a 261.80 b 254.70 a 125.80 a 1.73
d c a b e

LSD 5% 2.12 4.39 3.02 2.82
Note: the same letter behind the average number in the same column indicating the treatment of the plant-inducing material does not give a signifi cant effect 
in the LSD5% test level to the total phenol content in the vanilla plant tissue; the same letter below the mean number on the same line shows no signifi cant 
effect in the LSD5% test level between the treatment effects of the Pseudomonas spp. suspension treatment to the total phenol content of vanilla plant tissue
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suspension with HPLC method is presented in Table 3. 
The highest salicylic acid content is found in the Pseu-
domonas spp.W80 suspension treatment which is 37.364 
ppm or increased 71.63% compared to distillated water 
as control, followed by 2.6.D treatment of 32.500 ppm or 
increased 49.52 % compared to distilled water. Further-
more on the suspension treatment Pseudomonas spp.W68 
of 31.990 ppm or 46.94% increase compared to distilled 
water, and the lowest is on the treatment of suspension 
Pseudomonas spp. W02 is 25.762 ppm or only increased 
18.34% compared with distilled water treatment.

When viewed from the treatment procedure of Pseu-
domonas spp. suspension, the highest salicylic acid con-
tent is found in the immersion of root is 35.650 ppm, then 
followed by injection of suspense through stem that is 
33.371 ppm and injection of suspense Pseudomonas spp. 
through the leaves of 26.216 ppm.

The result of 2-way difference test between the treat-
ment of the induction material and its application to the 
salicylic acid content in vanilla plant tissue showed that 
in the root immersion treatment, the highest salicylic acid 
content was found in the treatment of 2.6 D (40.43 ppm) 

not signifi cantly different with Pseudomonas spp. W02 
suspense treatment (39.31 ppm), but signifi cantly differ-
ent from all other treatments, as presented in Table 4. In 
the treatment of stem injection, the highest salicylic acid 
content was found in Pseudomonas spp. W02 treatment of 
42.58 ppm and signifi cantly different from all other treat-
ments.

Discussion

Phenolates are categorized into simple phenols (ors-
inol, 4-methylresorinol, 2-Methyl resossinol, resorcinol, 
catechol, hydroquinone, pyrogalol and fl oroglusinol) and 
phenolic acids (galat, protokatekuat, gentisat, p-hydroxy-
benzoate, siringat, vanilate and salicylate). Lignin is a 
phenol polymer present in plant cell walls, along with cel-
lulose causing stiffness and robustness of the plant stems. 
There is a close relationship between lignin and the pres-
ence of phenolic acid in the same leaves of the tree.

Research conducted by Benhamou et al. (1996), which 
induces resistance of tomato plants with citosan. When 
applied by spraying and dyeing the root it is proven to 

Table 3. Salicylic acid content of vanilla plant tissue induced by Pseudomonas spp. suspension (ppm)
Material  for induction Procedure of resistance induction Average 

Root immersion Stem injection Leaf  injection
Pseudomonas spp. W02 39.31    c 42.58    a 31.06   f 37.65
Pseudomonas spp. W68 25.35    h 25.13    h 26.26   h 25.58
Pseudomonas spp. W80 27.80    g 36.02    d 33.84   e 32.55
2.6.D 40.43    b 33.46    e 25.63   h 33.17
Distilled water 21.77     i 21.77    i 21.77   i 21.77
Average 35.650 33.371 26.216

Note: the numbers followed by the same letter are not signifi cantly different in the 5% Duncan Multiple Rings Test

Table 4. The 2-way difference test results between the resistance-inducing material treatment and the application meth-
od to the salicylic acid content in the plant tissue vanilla
Treatment Isolate of Pseudomonas spp 1.6 D Distilled water LSD 

5%Isolate  W02 Isolate W68 Isolate W80
Root immersion 39.31 b 25.35 a 27.80 b 40.43 a 21.77 a 2.41

a c b a d
Stem injection 42.58 a 25.13 a 36.02 a 33.46 b 21.77 a 2.11

a d b c e
Leaf injection 31.06 c 26.26 a 33.84 ab 29.00 c 21.77 a 2.03

b c a c d
LSD 5% 1.83 1.46 8.05 2.54 0.40

Note: the same letter behind the average number in the same column indicating the treatment of the plant-inducing material does not give a signifi cant effect 
in the LSD 5% test level to the salicylic acid content in the vanilla plant tissue; the same letter below the mean number on the same line shows no signifi cant 
effect in the LSD 5% test level between the treatment effects of the Pseudomonas spp. suspension treatment to the salicylic acid content of vanilla plant 
tissue
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trigger the resistance of tomatoes to F.oxysporum f.sp.
radicis-lycopersici. The growth and development of 
pathogens become inhibited due to the rapid accumula-
tion of new macromolecules such as β-1.3 glucans, phenol 
compounds and lignin. There is a correlation between the 
levels of plant resistance with phenol content in the plant 
tissue.

Salicylic acid is a compound penolik that naturally 
occurs in plants, a major component in plant resistance 
locally or systemically. Colonization of tobacco plant 
roots with P. fl uorescens strains CHAO, and leaf inocula-
tion with Tobaco Mozaic Virus TNV causes an increase in 
salicylic acid content in leaves (Maurhofer et al., 1994). 
Salicylic acid is transported to the leaves from the point of 
inoculation to induce systemic resistance.

The bacteria with the fi ltrate it produces when it enters 
the plant tissue will get a response from the plant tissue 
in the form of a hypersensitive reaction, which is a sud-
den reaction in response to an infection. Hypersensitive 
reactions lead to increased respiration of plant tissues 
(Agrios, 2005). In normal conditions the respiratory pro-
cess follows the path of glycolysis and the Krebs cycle 
and oxygen uptake is performed by the enzyme cytochro-
moxidase. The stimulating effect of induction by bacteria 
cause cytochromoxidase activity increases so that oxygen 
uptake increased in the initial respiration. In further res-
piration due to higher respiratory rate of oxygen uptake 
by relying on cytochromoxidase to be insuffi cient, conse-
quently the secondary metabolic activity of the tissue is 
increased and oxygen uptake is assisted by polyphenolox-
idase and its respiratory trajectory leads more to the pen-
tose cross. This leads to more form phenol compounds, 
such as phytoalexin which is toxic to the pathogen. With 
the increased activity of polyphenol oxidase, some of the 
phenol compounds are oxidized into quinone compounds 
that are much more toxic than phenol, so plants become 
resistant to pathogens. This is consistent with the state-
ment of Peer et al. (1991) which states that the Pseudo-
monas sp. strain Wcs 417 r inoculated in carnation plants 
will cause the plant resistant to disease wilt F.oxysporum 
f.sp dianti because the content of phenol compounds in 
the plant increases. In addition to the stimulation to form 
phytoalexin or phenol compounds, bacterial suspension 
inoculation may also release the phenol compound bound 
in carbohydrates of the plant tissue, so that the previously 
inactivated phenol compounds will become active. For 
example the Venturia inaequalis fungus when applied to 
the apple leaf will produce β-glycosidase, this compound 
can release phenol (Floretin) from carbohydrates so that 
the crop resistance increases (Agrios, 2005).

Conclusions

• From the research that has been implemented can be 
concluded as follows:

• Treatment of bacterial suspension Pseudomonas spp. in 
the cuttings of vanilla plants either through roots, stems or 
leaves can induce the systemic resistance of vanilla plants as 
indicated by increasing total phenol and salicylic acid con-
tent in vanilla plant tissues

• The highest total phenol content was found in bacte-
rial suspension treatment of Pseudomonas spp. W80 isolate 
was 260.27 mg/g or an increase of 106.89% compared to 
distilled water treatment as control; in the treatment of 2.6.D 
(2.6-dichloro-isonicotinic acid (INA) the total phenol con-
tent 240.80 mg/g or an increase of 91.41% than control

• The highest salicylic acid content is found in the bac-
terial suspension of Pseudomonas spp. W02 isolate that is 
37.65 ppm or increase 72.94% compared to control, fol-
lowed by treatment 2.6. D (2.6-dichloro-isonicotinic acid 
(INA) equal to 32.55 ppm or increase 49.52% than control

• Bacteria Pseudomonas spp.  W02, W68, and W80 iso-
lates has the ability to induce vanilla plant resistance with 
different abilities
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