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Abstract. Soesanto L, Saputra DA, Sastyawan MWR, Mugiastuti E, Suprapto A, Rahayuniati RF. 2023. Secondary metabolites of the 

granular form of Pseudomonas fluorescens P60 and its applications to control tomato bacterial wilt. Biodiversitas 24: 2475-2482. 

Bacterial wilt is one of the important diseases of tomatoes caused by Ralstonia solanacearum (Smith 1896) Yabuuchi et al. 1996. Its 

control can be achieved by applying secondary metabolites of Pseudomonas fluorescens Migula 1895 P60 in granular form. The study 
aimed to determine the shelf life of the secondary metabolites P. fluorescens P60' in granular form and its application to manage 

bacterial wilt and the performance of tomatoes. The study was conducted for five months at the Plant Protection Laboratory and 

Experimental Farm, Faculty of Agriculture, Universitas Jenderal Soedirman. A randomized block design was used with four replicates 

and six treatments, consisting of R. solanacearum (control), R. solanacearum + 1, 5, 10, or 15 g, and bactericide (a.i. agrimycin sulphate 
20%). Variables observed were inhibition zone, incubation period, disease intensity, the area under disease progress curve (AUDPC), 

crop height, crop fresh and dry weight, root fresh and dry weight, and phenolic compounds qualitatively. Results of the research showed 

that the granular formula until the 4th week still had an inhibition zone between 21.67-23.34%. However, the granules stored for as much 

as 15 g for four weeks effectively reduced disease intensity by 75.00%, decreased AUDPC value by 74.72%, and increased plant height, 
root dry weight, and fresh crop weight as well 44, 62.5, and 65.65 %, respectively. In addition, the granular formula increased the 

content of tomato phenolic compounds qualitatively. 
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INTRODUCTION 

Tomato (Lycopersicon esculentum Miller) is one of the 

important horticultural commodities in Indonesia, even in 

the world (BPS 2020; Burton-Freeman and Reimers 2011). 

Regular consumption of tomatoes can prevent the 

formation of stones in the urinary tract, jaundice, 

constipation, and cancer (Agrawal and Singh 2009). Aside 

from being a vegetable, tomatoes are also used as raw 

materials for the pharmaceuticals, cosmetic industries, and 

food processing (Bhowmik et al. 2012). According to BPS 

(2020) data, the national production of tomato commodities 
from 2014 to 2018 has fluctuated; constraints on tomato 

cultivation caused the decline in tomato production in 

Indonesia. One is tomato disease, namely bacterial wilt 

caused by Ralstonia solanacearum (Smith 1896) Yabuuchi 

et al. 1996 (Seleim 2014; Kunwar 2020). The bacterial wilt 

of tomatoes causes enormous economic losses each year in 

many tropical and subtropical regions (Zheng et al. 2019). 

The disease causes a 35-95% decrease in tomato 

production (Singh et al. 2015). According to Singh et al. 

(2013), severe attacks due to tomato bacterial wilt disease 

can cause the death of cultivated plants and crop failure. 

Bacterial wilting symptoms occur during the hottest 

part of the day and indicate that the youngest leaves are 

wilting. Only a few leaves will wilt at this stage, and if the 

temperature drops overnight, the plant will recover quickly. 

However, leaves remain green, leading to general wilting 

and yellowing of the leaves and eventual plant death (She 

et al. 2013). Another common symptom of bacterial wilting 

in the field is stunted crops. These symptoms can appear at 
any stage of plant development, but in the field, it is 

common for even healthy-looking plants to wilt suddenly 

during rapid fruit expansion (Singh 2017). The vascular 

bundles are affected in young tomato stems, and long 

narrow dark brown stripes become visible. Stem collapse 

can occur in young succulents from highly susceptible 

cultivars (Lu et al. 2018). However, plants may have 

symptomless infections under favorable conditions for a 

long time. In addition, after infection, pathogens can 

survive in infected plants and then spread from there. 

Controlling tomato bacterial wilt has been challenging 

due to the wide host range, limited chemical control 

methods, long soil survival, and genetic diversity of R. 

solanacearum (Konappa et al. 2020). Until recently, 

controlling bacterial wilt is mostly done using chemical 

pesticides. Using chemical control methods for managing 

plant diseases has existed for several decades. However, 

excessive and repeated use of chemical pesticides, such as 
antibiotics and copper compounds, has resulted in a decline 

in helpful microorganisms, residual toxicity on food 

commodities, and bactericide-resistant strains (Le et al. 
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2020). Moreover, using chemical pesticides can cause 

several environmental problems that impact soil and water 

pollution (Ghorab and Khalil 2016), non-target organisms 

(Fishel 2019), and also humans, which impact farmers' and 

consumers' health (Sabarwal et al. 2018). Consequently, 

newer and better methods are needed to prevent bacterial 

wilt. In recent years, significant progress has been made in 

testing alternative control methods, particularly using 

microorganisms (biocontrol) for managing bacterial wilt 

(Mamphogoro et al. 2020). One of them is using the 

antagonist bacteria Pseudomonas fluorescens Migula 1895 

P60 (Soesanto et al. 2021). The granule formulation of P. 
fluorescens is as effective as the granule bactericide in 

controlling the bacterial wilt of tomatoes (Soesanto et al. 

2019). However, applying biocontrol agents in the field 

encounters several obstacles, such as ultraviolet exposure, 

environmental factors, and nutrient availability (Velivelli et 

al. 2014; Abd-Elgawad and Askary 2020). Therefore, 

secondary metabolites from P. fluorescens P60 are used to 

overcome these obstacles. On the other hand, P. 

fluorescens bacteria produce secondary metabolites such as 

antibiotics, volatile compounds, hydrogen cyanide (HCN), 

and phytohormones (Deveau et al. 2016). The biochemical 

properties of P. fluorescens include its ability to produce 

extracellular enzymes such as amylases, proteases, 

chitinases, cellulases, and gelatinases, bind Fe ions, 

generate Indole-3-acetic acid, and form antibiotics and 

siderophores (Deveau et al. 2016; Labhasetwar et al. 2019).  

The secondary metabolite formula of P. fluorescens 

P60 was developed in liquid form (Soesanto et al. 2014). 
The obstacles encountered with liquid formulas are 

impractical to transport long distances, tend to evaporation, 

and limited storage time (Campos et al. 2016). P. 

fluorescens secondary metabolites have the potential to be 

tested in granular forms. Therefore, it is necessary to 

determine its shelf life, effect on bacterial wilting, and its 

performance on tomato plants. 

MATERIALS AND METHODS 

Exploration, virulence, and Koch postulates of 

Ralstonia solanacearum 
Exploration 

Tomato plants with symptoms of bacterial wilt were 

removed from the plantation, cut crosswise at the base of 

the stem, and put into a test tube filled with sterile water to 

observe the bacteria (oose) flow. Next, samples from the 

root were cut and washed with sterile water, and the 

epidermis was removed. Next, the roots were cut into 
smaller pieces with a size of 0.5 cm, and the surface was 

sterilized with 70% alcohol for 30 seconds and rinsed using 

sterile water for 1 minute, repeated twice. The sample is 

then put into 5 mL of sterile water for 1 minute to remove 

the bacterial mass (Rudrappa et al. 2018). 

Virulence 

The exploratory suspension containing bacteria was 

streaked with a loop needle on Triphenyl tetrazolium 

chloride (TZC) medium and incubated for 1x24 hours at 

room temperature of ±27°C (Zapata et al. 2020). Colonies 

of virulent R. solanacearum bacteria are characterized by 

white color, fluid shape, and pink colony center (Garcia et 

al. 2019). Bacterial colonies were transferred to a nutrient 

agar (NA) slanted medium. 

Koch's postulates 

The roots of the tomato seeds were cleaned and 

aseptically injured using a knife. The culture of R. 

solanacearum in a test tube aged two days was harvested 

using 10 mL of sterile water and then put into a new sterile 

test tube, the bacteria were taken using an ose needle, 

stirred, and serial dilutions were made using sterile water, 

so that the density and the volume became 107 cfu mL-1 and 

50 mL, respectively. Tomato seedling roots were injured 

and then soaked in R. solanacearum suspension. The 

seedlings were then planted in polybags, and wilt 

symptoms were observed for two days after planting. The 

success of the Koch Postulates test is marked when the 
symptoms are the same as those observed in the field 

(Soesanto et al. 2019). 

Preparation of secondary metabolites Pseudomonas 

fluorescens P60 granular formula 
Pseudomonas fluorescens P60 was inoculated in 100 

mL nutrient broth (NB) medium as much as 1 loop needle 
and shaken (Daiki orbital) for three days at 150 rpm at 

room temperature (26-28°C). The supernatant was prepared 

by centrifuging P. fluorescens P60 suspension (Sigma) at 

3000 rpm for 20 minutes. The formed supernatant was 

taken, separated from the pellet (Soesanto et al. 2010), 

mixed with 100 mL of 20% xanthan gum in sterile distilled 

water, and allowed to stand for 20 minutes. Furthermore, as 

much as 500 g of sterile talcum powder carrier material 

was mixed and stirred until evenly distributed. The mixed 

formula is then granulated using a meat grinder (Fukuda) 

with a diameter of 5 mm and cut using scissors with 3-5 

mm size. Finally, the formula was baked at 40ᴼC for 48 

hours and stored at room temperature (±27°C) (Soesanto et 

al. 2019). 

Pseudomonas fluorescens P60 secondary metabolite 

granular formula in vitro test 
The in vitro testing phase was carried out by calculating 

the inhibition zone to test the shelf life using a Completely 

Randomized Design consisting of five treatments and four 

repetitions by putting the granular form on NA medium in 

Petri dishes with as many as four granules and incubating 

for one day (Soesanto et al. al. 2019). Next, 100 µL of the 

R. solanacearum bacterial suspension was taken and mixed 
with 4 mL of sterile 0.6% water agar, then poured into a 

Petri dish and incubated for 24 hours at room temperature. 

Granular form tests were carried out at 0, 2, 4, 6, and 8 

weeks of storage by calculating the inhibition zone using 

the formula (Soesanto et al. 2019): 

 

 
Inhibition diameter = Inhibition zone diameter of Granular Form 

– Granular Form diameter 
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Limited field test  
The field test used a randomized block design with six 

treatments and four replications. The treatment consisted of 

plants inoculated only with R. solanacearum as the control, 

plants inoculated with R. solanacearum and added 1, 5, 10, 

or 15 g of granules plant-1, and bactericide (20% agrimycin 

sulphate, 2 mL L-1); so, there were 24 experimental units. 

Each experimental unit consisted of four tomato seedlings 

plant (var. Betavila, a 14-day-old seedling), so there were 

96 plants. The application was carried out by burying the 

granules around the roots of the tomato seedlings to a depth 

of 7-10 cm, then planting them in polybags measuring 30 x 
30 cm and put in an open space at ambient temperature 

(Soesanto et al. 2019). Inoculation of R. solanacearum was 

carried out by pouring the bacterial suspension (100 mL of 

a density of 107 cfu mL-1) onto the roots without root injury 

on the third day after the application of the granular forms.  

Observed variables 
Pathosystem components 

The incubation period was calculated from the time the 

seedlings were inoculated into plastic polybags containing 

a mixture of soil medium and manure until the first 

symptoms of the disease appeared. The units used are days 

after inoculation (DAI). Disease incidence was determined 

by calculating the percentage of wilted plants and total 

plants observed using the formula Ghosh and Mandal 

(2009), namely:  

 
Where: I=Disease incidence; n=The number of affected 

plants; and N=The total number of sample plants observed.  

AUDPC (Area Under Disease Progress Curve) was 

calculated using the formula Paraschivu et al. (2013), as 

follows:  

 
Where: AUDPC = Area under disease progress curve 

(%-weeks); Yi+1 = Observation data of the ith disease 

incidence + 1; Yi = Observation data of the 1st disease 
incidence; ti+1 = time of observation of the ith disease 

incidence +1; and ti=Observation time of 1st disease incidence. 

Growth component 

Plant height was observed at transplanting time and the 

last day of observation by calculating the difference in 

plant height. The fresh weight of shoots and roots was 
measured at the last observation. Fresh plant weight was 

weighed using a digital balance. The dry weight of shoots 

and roots was measured after drying in an oven at 60℃ for 

two days or having a constant weight. 

Qualitative phenol content test 

The phenol content test was carried out qualitatively: 
saponins, tannins, and glycosides. The saponin test was 

carried out according to the modified methods of 

Fahrunnida and Pratiwi (2015). A total of 1 g of sample 

was ground using a mortar, added to 10 mL of distilled 

water, put into a test tube, and shaken, then one drop of 2 N 

HCl was added. The test tube was allowed to stand and 

observed for the presence or absence of stable foam. The 

sample contained saponins when a stable foam was formed 

with a 1-3 cm height for 30 seconds. The tannin test was 

carried out according to Simamora et al. (2021) modified. 

As much as 1 g of the sample was ground using a mortar, 

added 5 mL of 80% ethanol was then filtered. Next, 3 

drops of 10% FeCl3 were added to the filtered filtrate. The 

formation of dark blue or greenish-black color indicated the 

presence of tannins. The glycoside test was carried out 

according to Simamora et al. (2021) modified, too. As 

much as 1 g of the sample was ground using a mortar, then 

5 mL of 80% ethanol was added, filtered, and dried over a 
water bath. After drying, the fat was removed by washing 

the hexane several times, so the pigment color was lost or 

the hexane solution was colorless. Next, the fat-free residue 

was heated over a water bath to remove the hexane. A 3 

mL of FeCl3 reagent was added, then stirred, and the 

mixture was transferred into a test tube, 1 mL of 

concentrated sulfuric acid solution was dripped through the 

test tube wall (be careful sulfuric acid was corrosive). The 

formation of blue or violet color indicates the presence of 

glycosides. 

Data analysis 
The F-test analyzed data at a 5% error rate. If the 

analysis results show significant and very significant 

differences, Duncan's Multiple Range Test (DMRT) at an 

error level of 5% was applied. 

RESULTS AND DISCUSSION 

Virulence and Koch's Postulates of Ralstonia solanacearum 
The virulence of R. solanacearum bacteria can be determined 

by isolating it on a TZC medium. The isolation results of R. 

solanacearum obtained were according to Garcia et al. 

(2019), isolated virulent R. solanacearum bacteria colonies 

on TZC medium were characterized by a white color, a 

fluid shape, and a pink center of the colony (Figure 1.A). 

The virulence or malignancy of R. solanacearum is determined 

by the ability of the bacteria to produce exopolysaccharide 

compounds. The Koch's Postulates test results showed the 

same symptoms and signs in the field: the plants were 

wilting, and the leaves were drooping (Figure 1.B). This is 

following Chen et al. (2013), which stated that plants 
attacked by R. solanacearum experienced symptoms of 

drooping or wilted leaf stalks, and then eventually, the 

plants would die. Therefore, Koch's Postulate test was 

carried out to confirm the nature of pathogenic bacteria as 

disease-causing agents (Manganiello et al. 2021). 

In vitro test of secondary metabolites of Pseudomonas 

fluorescens P60 granular formula 
Pseudomonas fluorescens P60 secondary metabolite 

granular form test produced an inhibition zone (Table 1). 

The results of the granular formula test showed significant 

differences between treatments. The 0-week shelf life had 

the largest inhibition zone. Therefore, the granular form is 

effective when used in a 4-week shelf life or could 

maintain a decrease in the inhibition zone of 21.67-23.34% 

compared to the control (0-week shelf life). 
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Figure 1. Virulent and Koch's Postulate test. Description: A. R. 
solanacearum colonies on TZC medium; B. Results of Koch's 

postulates 

 

 
Table 1. The diameter of the inhibition zone from the secondary 
metabolite formulation of P. fluorescens P60 during the shelf life 

 

Shelf life (WAS) Inhibition zone diameter (mm) 

0 15.00 a 

2 11.75 b 

4 11.50 b 
6 8.00 c 

8 3.25 d 

Notes: Numbers followed by the same letters are not significantly 

different in the DMRT with an error rate of 5%; WAS=Weeks 

After Storage 

 

 

According to Soesanto et al. (2011), P. fluorescens P60 

produces secondary metabolites such as antibiotics and 
siderophore compounds, which act as fungistasis and 

bacteriostasis. The inhibition ability corresponds to the 

shelf life. The longer it is stored, the lower the inhibition 

effect. That follows Shrestha et al. (2016) opinion that the 

activity of antagonistic bacteria stored yearly against plant 

pathogens will decrease. A decrease in the ability of 

antagonistic bacteria is indicated by a decrease in their 

ability to produce secondary metabolites, which affect plant 

pathogens. Therefore, a decrease in antagonistic activity 

will result in no decrease in plant diseases. The decrease in 

the inhibition zone on the secondary metabolite test based 

on shelf life is thought to have occurred due to the low 

concentration of the secondary metabolite P. fluorescens 

P60 due to the decrease in the concentration of the bacteria. 

Storage within eight weeks and room temperature are 

thought to affect the concentration and effectiveness of the 

secondary metabolite of P. fluorescens P60.  

According to Khameneh et al. (2019), the ability of an 
antimicrobial agent to inhibit microorganisms depends on 

the concentration and antimicrobial type produced. The 

higher the concentration of the antimicrobial agent, the 

larger the zone of inhibition formed. This is due to the 

higher concentration of antimicrobials, the more active 

substances contained in it, so the effectiveness in inhibiting 

bacteria will increase and produce a wider zone of 

inhibition. Conversely, at low concentrations, the 

antimicrobial content contained in an antimicrobial 

substance will be less; thus, its activity will decrease. Other 

factors that affect the decrease in the inhibition zone are 

thought to be temperature and storage (Campos et al. 

2016). Storage carried out at room temperature allows 

contamination of the formula, thereby affecting the ability 

of the formula to inhibit bacterial growth (Morgan et al. 

2006).  

Application of P. fluorescens P60 secondary metabolite 

granular form against bacterial wilt of tomato 
The analysis results between treatments and control did 

not show a significant difference in the incubation period 

of bacterial wilt (Table 2). However, in general, it can be 

seen that the application of P. fluorescens P60 secondary 

metabolites granular formula was able to affect R. 

solanacearum. That proved the secondary metabolite of P. 

fluorescens P60 in this form can play an active role in 

inhibiting the development of wilting pathogenic bacteria. 

Furthermore, applying these secondary metabolites with a 

more granular form tends to suppress the incubation period 
longer. This is presumably because the more secondary 

metabolites of P. fluorescens P60, the higher the 

antimicrobial concentration. According to Keswani et al. 

(2020), the higher the concentration of antimicrobial 

ingredients, the more active substances it contains, so the 

effectiveness in inhibiting bacteria will increase.  

Disease incidence in the controls significantly differed 

between treatments (Table 2). The control and bactericidal 

treatments showed the highest disease incidence; 

bactericides have minimal effect on tomato wilt, it implies. 

Treatment of 15 g granular form of secondary metabolites 

P. fluorescens P60 resulted in the lowest incidence, 

reducing disease incidence by 75% compared to the 

controls. The ability of P. fluorescens P60 secondary 

metabolites in granular formulas to suppress disease 

incidence was consistent with in vitro testing. The 

inhibition zone in the test showed that the secondary 
metabolite of P. fluorescens P60 granular formula could 

inhibit the growth of the pathogen, thereby reducing the 

incidence of the disease. The secondary metabolites of P. 

fluorescens contain several antifungal and antibacterial 

compounds (Prabhukarthikeyan and Raguchander 2016). 

Meanwhile, the AUDPC value for tomato bacterial wilt 

significantly differed between the control and treatment 

(Table 2, Figure 2). Applying 15 g of the secondary 

metabolite granular formula of P. fluorescens P60 reduced 

the AUDPC value by 74.7%. The high AUDPC value in 

the control treatment was due to the absence of the 

application of P. fluorescens P60 secondary metabolites or 

bactericides, which resulted in R. solanacearum being able 

to develop and infect plants without hindrance, causing the 

plants to wilt and die. Lower AUDPC scores are associated 

with lower disease progression and are consistent. The 

lower the AUDPC value, the lower the ability of the 
pathogen to develop and cause disease (Carisse 2016). 

Another factor that affected the high AUDPC value in the 

control treatment was due to the variety of tomato plants, 

which were reported to be susceptible to R. solanacearum 

(Wang et al. 2019). Susceptible varieties are more easily 

infected with R. solanacearum, resulting in high disease 

severity (Caldwell et al. 2017). This is consistent with the 
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higher incidence of bacterial wilt and the incubation period, 

which tends to be faster in the control treatment than the 

application of P. fluorescens P60 secondary metabolites 

granule and bactericidal formulas. The application of the 

bactericide has not been able to match the application of 

the 15 g granular formula of P. fluorescens P60 secondary 

metabolites, the severity of R. solanacearum was higher on 

plants treated with bactericide as compared to the 15 g 

granular application. 

The plant height analysis showed significant differences 

(Table 3). The 5, 10, and 15 g granular formula treatments 

differed significantly from the controls. Treatment of 5, 10, 
and 15 g of P. fluorescens P60 secondary metabolite 

granular form could increase plant height compared to the 

control by 37.6, 35, and 44%, respectively. This is in line 

with the incidence of the disease that occurs. The less 

incidence of disease experienced by plants indicates the 

plant is healthier. Healthy plants grow better than plants 

diseased by bacterial wilt, increasing plant height. The 

increase in plant height is also thought to be due to the 

influence of the secondary metabolite of P. fluorescens 

P60. According to Soesanto et al. (2011) and Meliani et al. 

(2017), P. fluorescens can produce Indole-3-acetic acid 

(IAA), which can support plant growth. This is supported 

by Suresh et al. (2021) that P. fluorescens, in addition to 

producing IAA hormones, also produce various secondary 

metabolites, including siderophores and hydrogen cyanide 

(HCN), and shows potential efficacy not only in fighting 

phytopathogenic fungi but also in stimulating plant growth, 

so that plant growth will be accelerated. 

 

 
Table 2. Effect of Treatment on pathosystem components 

 

Treatments Incubation 

period 

(DAI)(tn) 

Disease 

incidence 

(%) 

AUDPC (%-

weeks) 

control 14.75 a 75.00 b 284.38 a 
 1 g 21.63 a 43.75 ab 187.50 b 

 5 g 24.63 a 25.00 a 134.38 c 

10 g 23.25 a 25.00 a 103.13 c 

15 g 25.44 a 18.75 a 71.88 d 
bactericide 22.44 a 37.50 ab 162.50 b 

Notes: Numbers followed by the same letter in the same column 
are not significantly different in the DMRT, with an error rate of 

5%. Disease incidence data is transformed with  DAI= 

days after inoculation; Bactericide = 20% agrimycin sulphate 

 

 

  

  

  
 

Figure 2. AUDPC value of tomato bacterial wilt 
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The canopy fresh weight analysis showed a significant 

difference (Table 3). The treatment of 10 and 15 g of 

secondary metabolite P. fluorescens P60 granular form 

significantly differed from the control, increasing fresh 

shoot weight by 61.72 and 65.65% compared to the control. 

The increase in crown weight is in line with the inhibition 

of the development of pathogenic bacteria so that the plants 

are healthier. In addition, the increase in plant fresh weight 

was in line with the presence of P. fluorescens P60 

secondary metabolites, which produce IAA. Egamberdieva 

et al. (2017) explained that IAA could increase the growth 

of lateral roots and plant biomass. 
The canopy dry weight showed no significant 

difference between the treatments and the control, although 

the control plants showed a lower crown dry weight (Table 

3). That indicated the secondary metabolite of P. 

fluorescences P60 had not been able to increase the dry 

weight of plant shoots. However, there was a tendency to 

increase the dry weight of plant shoots in the treatment. 

Therefore, it is suspected that the nutrients from the 

growing media obtained by tomato plants have not met the 

required nutrient requirements. This follows the opinion of 

McDonald et al. (1996) that no significant difference in 

plant dry weight between treatments indicates that the 

nutrient requirement absorbed by the plant is insufficient to 

meet the plant's needs. Furthermore, Gerlin et al. (2021) 

and Kashyap et al. (2021) added that the physiological 

processes of tomato plants are hampered due to R. 

solanacearum developing in the xylem at the roots and 

base of the stem, then spreading to all parts of the plant and 
causing blockage of xylem by millions of R. solanacearum 

cells, resulting in the transport of water and nutrients from 

obstructed land. 

The root dry weight analysis results showed a 

significant difference (Table 3). The treatment of 5, 10, and 

15 g of P. fluorescens P60 secondary metabolites granular 

form was significantly different from the control and 

increased the root dry weight by 52.6; 59; and 62.5%, 

respectively, compared to the control. Soesanto et al. 

(2010) explained that applying P. fluorescens P60 

supernatant at planting and 5 days after planting increased 

the dry weight of plant roots from 50.21 to 56.69%. 

Meanwhile, the root wet weight analysis results showed no 

differences between treatments (Table 3). However, the 5, 

10, and 15 g of the granular formula increase the fresh 

weight of the roots. According to Soesanto et al. (2021), P. 

fluorescens P60 produces IAA, affecting root length, root 
surface area, and the number of root tips. 

The results obtained from the phenol content test, which 

included saponins, tannins, and glycosides, qualitatively 

showed that the control treatment had the least phenol 

content compared to the treatments of the P. fluorescens 

P60 secondary metabolite granular formula and the 

bactericide (Table 4). The phenol content in the treatments 

was at least 1 g treatment. This is consistent with the high 

incidence of the disease and the fastest incubation period in 

the treatment of 1 g of P. fluorescens P60 secondary 

metabolite granular formula when compared to treatments 

of 5, 10, and 15 g of same and bactericide. The phenol 

content in the 5, 10, and 15 g treatment of P. Fluorescens 

P60 secondary metabolites granular formulations tended to 

be almost the same. The phenolic compounds' content 

indicates that the phenolic compounds produced affect the 

induced resistance of plants to pathogens (Babenko et al. 

2019).  

The high incidence of the disease and the fast 

incubation period of tomato plants due to attack by R. 

Solanacearum that causes bacterial wilt disease in the 

control are consistent with the low phenol content. 

Nicholson and Hammerschmidt (2003) and Misra et al. 

(2023) stated that phenolic compounds play a role in plant 

resistance to attack by pathogens. If the content of phenolic 
compounds is low, the plants are less resistant to 

pathogenic infections. The content of phenolic compounds 

in P. fluorescens P60 secondary metabolite granules varies 

according to disease severity and incubation period. The 

disease was less intense and had a longer latency when 

plants were treated with P. fluorescens P60 secondary 

metabolite granules compared to the controls of P. 

fluorescens P60 secondary metabolite granular formulation. 

This aligns with the phenolic content of the processed P. 

fluorescens P60 secondary metabolite granule 

formulations, with similar trends. Simamora et al. (2021) is 

P. fluorescens alone or combined with secondary 

metabolites from Trichoderma asperellum could increase 

the saponin, tannin, and glycoside content of the plant. 

 

 

 
Table 3. Average plant height, shoot fresh weight, root fresh 

weight, shoot dry weight, tomato plant root dry weight due to 

treatment measured on the 28th days 

 

Treatments PH (cm) FWS (g) 
FWR 

(g) 
DWS (g) DWR (g) 

Control 18.72 a 4.90 b 0.92 a 0.41 a 0.09 a 
1 g 27.41 ab  7.16 ab 0.99 a 0.71 a 0.16 ab 

5 g 30.00 b  7.08 ab 1.70 a 0.91 a 0.19 b 

10 g 28.81 b 11.73 a 1.31 a 0.88 a 0.22 b 

15 g 33.44 b 13.07 a 1.81 a 1.22 a 0.24 b 
Bactericide 26.38 ab  7.58 ab 1.27 a 0.68 a 0.16 ab 

Note: Numbers followed by the same letter in the same column 

are not significantly different in the DMRT, with an error rate of 

5%. The data of crown fresh weight, root fresh weight, shoot dry 

weight, and root dry weight were transformed with √x. PH=plant 
height; FWS=Fresh Weight Of Shoots; FWR=Fresh Weight Of 

Roots; DWS=Dry Weight Of Shoots, DWR=Dry Weight Of 

Roots; Bactericide =agrimycin sulphate 20% 

 

 

 
Table 4. Results of phenol analysis in each treatment qualitatively 

 

Treatments Saponins Tannins Glycosides 
No. of 

analysis 

control + + + 3 + 

 1 g ++ + + 4 + 

 5 g ++ ++ ++ 6 + 

10 g ++ +++ ++ 7 + 
15 g ++ ++ +++ 7 + 

bactericide ++ ++ + 5 + 

Note: a little (+), enough (++), a lot (+++) compared to control. 

Bactericide = agrimycin sulphate 20% 
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In conclusion, the P. fluorescens P60 secondary 

metabolites in granular formula showed good antagonistic 

activity up to the 4th week of storage and suppressed the 

inhibition zone between 21.6-23.3%. Treatment of 15 g of 

P. fluorescens P60 secondary metabolites granular formula 

reduced the incidence of tomato bacterial wilt by 75.0% 

and the AUDPC value by 74.7%. Treatment of 15 g of P. 

fluorescens P60 secondary metabolites granular formula 

increased plant height, root dry weight, and shoot fresh 

weight by 44, 62.5, and 65.6%, respectively. Treatment of 

P. fluorescens P60 secondary metabolites granular formula 

increased the content of phenolic compounds in tomato 
plants qualitatively. 
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