
INTRODUCTION

Bacterial leaf blight (BLB) caused by X. oryzae 
pv. oryzae is considered as one of the most important 
and very serious diseases of rice worldwide, including 
Indonesia (Ou, 1985). Suparyono, Sudir, & Suprihanto 
(2004) reported that the crop loss due to this disease 
was vary between 15-80 %, depending on the growth 
stages when the pathogen attacks  and environmental 
factors. The development of BLB was highly affected by 
humidity, temperature, cultivation methods, varieties, 
and nitrogen fertilizer application. Among those factors, 
varietal resistance was the best alternative to overcome 
the disease. However, this technique is constrained by 
the pathotype development of the pathogen, which 
leads to resistance breakdown. Three rice varieties i.e. 
Conde, Angke and Impara Jete 6 were known to have a 
good resistance against Xoo (Suprihatno et al., 2011). 
In Indonesia, twelve Xoo pathotype groups has been 

identified with different virulence genes levels (Hifni & 
Kardin, 1998). Sudir, Nuryanto, & Kadi (2012) reported 
that pathotype III, IV, dan VIII were the dominant groups 
from the rice ecosystem in Java, Indonesia.

Biological control of bacterial leaf blight diseases 
using the application of endophytic Bacillus species, 
designated strains YC7010 has been reported (Chung 
et al., 2015). The bacterial leaf blight was suppressed 
effectively by drenching the bacterial suspension, 
together with the growth of rice seedlings promotion. 
Similar results were also reported by Lanna-filho et 
al. (2013) on tomato (Xanthomonas vesicatoria) by 
using endophytic Bacillus amyloliquefaciens and 
Bacillus pumilus. Several other endophyte species 
also may increase antibacterial (Strobel & Daisy, 
2003), antivirus (Guo, Liang, & Zhu, 2009), antibiotic 
(Arunachalam & Gayathri, 2010), and antioxidant 
(Anuradha, Jaleel, Salem, Gomathinayagam, & 
Panneerselvam, 2010) activities.
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ABSTRACT 

Bacterial leaf damage or blight brought by bacteria Xanthomonas oryzae 
pv. oryzae (X. oryzae pv. oryzae) is considered as an extremely serious 
disease of rice worldwide, including Indonesia. Induced resistance using 
chemical and biological agents was considered as a method to control the 
disease. The objectives of this research were to analyze of endophytic 
bacteria (Lysinibacillus sphaericus/L.sphaericus) and salicylic acid as 
the inducers of rice resistance against X. oryzae pv. oryzae. This study 
used three-factorial incompletely randomized designs to study the 
effect of endophytic bacteria and salicylic acid on three varieties of rice. 
The results of the study showed that endophytic bacteria and salicylic 
acid induced rice resistance to X. oryzae pv. oryzae. This endophytic 
bacterium was also able to increase the plant height (AUPHGC), the 
number of tillers (AUNTGC), and the number of productive tillers. The 
application of salicylic acid at the concentrations of 10 mM was able 
to suppress the BLB disease and increased the number of tillers and 
1000-grain weight. The result of study showed that the endophytic 
bacteria and salicylic acid could induce resistance of rice varities 
against BLB disease and increased the number of productive tillers.
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The application of chemical substances to 
induce plant resistance has been reported by Babu 
et al. (2003) who showed that induction of disease 
resistance in rice accelerated after treatments 
using acibenzolar-S-methyl (ASM). Meanwhile, 
Faoro & Gozzo (2015) summarized the efficacy of 
Chitosan (CHT) and benzo-(1,2,3)-thiadiazole-7-
carbothioic acid S-methyl ester (BTH) in the control 
of Rhinchosporium secalis and Blumeria graminis f. 
sp. hordei.

Furthermore, the combination of both 
chemical and biological elicited induced resistance 
in pathogen controlling has been widely studied. 
Resistance mechanism induction in foliar tissues 
on arbuscular mycorrhizal (AM) fungi colonization 
in soybean plants, using acibenzolar-S-methyl 
(ASM) as chemical elicitor, led to a significant 
defense reaction in the roots. At the meantime, the 
combination treatment composing of strain INR7 
with a chemical inducer, benzothiadiazole (BTH) 
onto pepper elicited an induced systemic resistance 
response agains bacterial spot (Yi, Yang, & Ryu, 
2013). To the best of our knowledge, the chemical 
and biological combination in pathogen controlling 
for bacterial leaf blight disease has never been 
studied. Therefore, in this study the researcher 
analyses the effect of combination of endophytic 
bacteria Lysinibacillus sphaericus and salicylic 
acid as inducers of rice resistance to X. oryzae pv. 
oryzae.

MATERIALS AND METHODS

This research was conducted from June 
to December 2015. The in vivo research was 
carried out in the greenhouse of Bogor Agricultural 
University. In vitro analysis was conducted in 
the Laboratory of Bacterial Plant Pathogens at 
Department of Plant Protection and Centre for Life 
Sciences and Biotechnology at Bogor Agricultural 
University, Bogor. 

This study consists of three factors in a 
completely randomized design comprising varieties 
namely IR64, Ciherang, Conde, endophytic bacteria 
of L. sphaericus (treatment and non treatment) and 
the concentration of salicylic acid  0 and 10 mM. The 
susceptible variety is IR64, the moderate variety is 
Ciherang, and the resistant variety is Conde. Data 
of the study were analyzed in analysis of variance, 
and results of the study were analyzed by F test, 
while the difference between treatments was tested 
by Duncan’s Multiple Range Test at 5 % level using 

SAS software version 9.2.

Plant Material and Application of Endophytic 
Bacteria 

Three rice seeds of different varieties i.e. IR 64, 
Ciherang, and Conde were disinfected with sodium 
hypochlorite for a few minutes and repeatedly rinsed 
with sterile water for three times. Then the seeds 
were air-dried and sterilized by hot water treatment 
of 55 °C for 20 minutes subsequently. Afterwards, 
the rice seeds were then soaked in a 24-hour old 
bacterial suspension of 108 cfu ml-1 overnight (or 
for approximately 16 hours). Next, the rice seeds 
were planted in a black plastic tray containing a 
mixture of soil and manure (1:1). After 14 day-old 
plants, they were then moved to pots consisting of 
a sterile soil and manure mixture in a 1: 1 ratio. The 
endophytic bacteria was applied by flushing 108 
cfu ml-1 of bacteria suspension at 50 ml for each 
plant during transplanting process. These isolates 
have been identified as L. sphaericus (Collection 
of the Laboratory of Bacterial Pathogens Plant, 
Bogor Agricultural University) (Parida, Damayanti, 
& Giyanto, 2014).

Application of Salicylic Acid and Inoculation of 
X. oryzae pv. oryzae

Salicylic acids with the concentration of 10 mM 
at 20 mL (HOC9H8COOH, Merck KGaA cas No. 66-72-
7) was sprayed onto each plant every morning for 40 
days. At the 43rd  day after sowing they were ready for 
the the inoculation of X. oryzae pv. oryzae (pathotype 
IV), the leaf margins were clipped in two to three 
places with a scissor surface that was already dipped 
in the 107 cfu ml-1 of bacteria suspension previously. 
The high humidity were maintenanted by wrapping the 
whole plants with transparent plastic for 3-4 days.  

Analyses of The Effect of Endophytic Bacteria 
and Salicylic Acid on BLB and The Growth of Rice 
Plants

Observations of BLB disease on latent period, 
disease severity, infection rate (Van Der Plank, 1963), 
and area under disease progress curve/AUDPC 
(Madden, Hughes, & van den Bosch, 2007) were 
carried out. The observations of disease severity 
were done by observing the severity score every 5 
days after inoculated. The crops  damage criteria 
(modified from IRRI 1996) based on percentage of 
leaf area infected by BLB were as follows: 0;0 < x ≤ 
1 %, 1; 1 < x ≤ 5 %, 2; 5 < x ≤ 15 %, 3; 15 <  x ≤ 25 
%, 4; 25 < x ≤ 50 %, 5; > 50 %.
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The observations of the plant growth and 
yield were carried out on the areas under plant 
height growth curve/AUPHGC, number of tillering 
growth curve/AUNTGC (Cooke, 1998), the number 
of productive tiller, and 1000-grain weight. The 
analyses of defense enzymes were carried out on 
peroxide enzyme, (Hammerschmidt, Nuckles, & 
Kuć, 1982), polyphenoloxidase (Mallick & Singh, 
1980), β-1,3 glucanase (Pan, Ye, & Kuć, 1991), and 
phenylalanineammonia-lyase (Singh & Prithiviraj, 
1997) before and after the inoculation of X. oryzae 
pv. oryzae.

RESULTS AND DISCUSSION

Effects of Application Endophytic Bacteria and 
Salicylic Acid on Bacterial Leaf Blight in Three 
Rice Varieties

The analysis of variance for the varieties, 
endophytic bacteria and salicylic acid, and their 
interactions in three rice varieties in induced 
resistance to X. oryzae pv. oryzae is presented 
in Table 1. Table 1 shows that the influence of 
varieties, endophytic bacteria is affected by latent 
period and AUDPC, while salicylic acid has no 
significant effect. The interaction between varieties 
and endophytic bacteria L. sphaericus significantly 
affects AUDPC, but the rate of infection and latent 
period is not significant. The interaction between 
varieties and salicylic acid significantly affects 
AUDPC, but the latent period and the rate of 
infection are not significant. Similarly, the interaction 

between the endophyte L. sphaericus and salicylic 
acid significantly influences the latent period and 
AUDPC, while the rate of infection is not significant. 
The interaction between endophytic bacteria and 
salicylic acid shows more significant effects on the 
progress of BLB disease.

Table 2 shows that the latent period of Conde 
variety is lower than IR64 and Ciherang. Likewise, the 
value of these AUDPC from this variety is smaller than 
the other varieties. The results shows  that the rate 
of infection and treatment of AUDPC is affected by 
endophytic bacteria, but it is not influenced by salicylic 
acid. This is due to the varieties which have an innate 
resistance to inhibit BLB disease progression. The 
variety of Conde is also reported to have resistant 
genes of Xa7 to BLB disease (Tasliah, 2012).

Endophytic bacteria of L. sphaericus has a 
significant effect on the disease progress of BLB. 
The endophytic bacteria is able to suppress the 
infection rate of the disease and the AUDPC values 
are small compared to controls (Table 2). The 
Ciherang and IR64 varities which are susceptible to 
moderate resistant are induced from susceptible to 
moderate and moderate to resistant in this research. 
The induced resistance of both varieties is built  by 
the bacterium L. sphaericus as the main regulator. 
According to Gnanamanickam, Vasudevan, & 
Velusamy (2004), some strains of Bacillus sp were 
able to stop the growth of X. oryzae pv. oryzae 
colonies and reduced the yields loss in the rice 
variety of IR24 and Jyothi of 36-59 % and 21-60 %. 

Table 1. The analyses of variance of the application effects of endophytic bacteria and salicylic acid in three 
varieties of rice plants  on bacterial leaf blight diseases caused by X. oryzae pv. oryzae on rice

Variables A B C AB AC BC ABC
Latent period 0.78 0.05 0.00** 0.09 0.92 0.01** 0.48
Infection rate 0.00** 0.95 0.23 0.20 0.03* 0.93 0.48
AUDPC 0.00** 0.14 0.00** 0.00** 0.00** 0.00** 0.34

Remarks: A = endophytic bacteria of L. sphaericus; B = salicylic acid; C = rice variety; * and ** indicate significant at the 
probability of 0.05 and 0.01 levels, respectively.

Table 2. The effects of endophytic bacteria, salicylic acid, and rice variety on latent period, infection rate, 
and AUDPC of bacterial leaf blight diseases

Treatment Levels Latent period Infection rate AUDPC

Endophytic bacteria Control 6.00 0.94 a 1 040.72 a
L. sphaericus 5.44 0.53 b    861.68 b

Salicylic Acid 0 mM 5.78 0.73    978.73
10 mM 6.17 0.74    923.67

Variety
IR64 5.75 b 0.76    996.33 a
Ciherang 5.67 b 0.87 1 002.4   a
Conde 6.50 a 0.59    854.85 b

Remarks: According to Duncan’s Multiple Range Test, values with different letters in a column are much different.
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The interaction effects of the variety and 
endophyte are significant on the disease progress 
of BLB.  The rate of infection of Ciherang variety 
treated with endophytic bacteria L. sphaericus is 
lower than those without endophytes. Similarly, the 
AUDPC value of endophytic bacteria treatment in 
the same variety is lower than the control.

This condition is allegedly caused by 
compatibility between host genotype and 
endophyte in triggering resistance induction in 
rice plants so that susceptible and moderates 
varieties could improve  their level of resistance 
on BLB disease. The endophyte bacteria of L. 
sphaericus have the ability to introduce resistance 
in rice against the blight disease which is caused 
by endophyte that has already colonized the entire 
plant and inhibited the growth of this pathogen and 
the pathogenesis process in the plants tissues. 
The endophytes induced resistance through the 
elicitation of plant defenses compounds such as 
antibiotics and phytoalexin to inhibit dispersal of 
the pathogen. A recent research reported that 
bioactive phytochemical compounds produced 
by endophytes were potential to be biological 
control agents (Joseph & Priya, 2011). Allegedly, 
the endophytic bacteria of L. sphaericus produce 
bioactive compounds that could suppress the 
disease progression of BLB. According to  Melnick, 
Suárez, Bailey, & Backman (2011), L. sphaericus 
endophytic bacteria was isolated from the cocoa 
plant as a potential biological agents in the control 

of cocoa pod disease (Monilia fructicola).
Salicylic acid does not significantly affect the 

disease progression of BLB (Table 2). However, the 
results showed that 10 mM salicylic acid treatments 
were more effective in hindering the progression of 
BLB disease compared with controls. Salicylic acid 
as a regulator of the defense system of plants can 
activate plant defense compounds needed by plants 
to inhibit the growth of this pathogen. Vlot, Dempsey, 
& Klessig (2009) reported that salicylic acid has an 
important role in inducing plant resistance through 
the activation of defense compounds needed 
by plants to inhibit the growth of pathogens. SA-
mediated defense responses promote resistance 
against the rice bacterial blight pathogen.

The interaction effects of varieties and 
salicylic acid are significantly shown on disease 
progression of BLB (Table 3). By spraying 10 mM 
salicylic acid on IR64 variety, it could reduce the 
disease. This suggests that IR64 has proved to 
be induced resistance through the application of 
salicylic acid to inhibit dispersal of BLB disease. 
Salicylic acid is able to suppress the disease 
progression on this disease because of the ability of 
salicylic acid to trigger plant defense signal to form 
compounds such as the defense of the genes of 
PR-1 and phytoalexin to suppress the disease. The 
results of pre-test study of various concentrations 
of salicylic acid (0, 5, 10, 15, and 20 mM) revealed  
that 10 mM was the best concentration to induce 
resistance of rice against X. oryzae pv. oryzae.

Table 3. The effects of interaction  among endophytic bacteria, salicylic acid, and rice varieties  on latent 
periods, infection rate and AUDPC of bacterial leaf blight on rice

Variety Endophytic bacteria Salicylic acid
Control L. sphaericus 0 mM 10 mM

Latent period (days after inoculation)
IR64 5.83 5.67 5.67 5.83
Ciherang 5.67 5.67 5.17 6.17
Conde 6.50 6.50 6.50 6.50

Infection rate
IR64 0.1008  ab 0.50 c 0.92 0.59
Ciherang 0.1272  a 0.47 c  0.82 0.92
Conde 0.0554  c 0.62 bc 0.47 0.71

AUDPC
IR64      1 200.17  a         792.50    c      1 155.50  a         837.17  b
Ciherang      1 237.83  a         767.00    c      1 110.50  a         894.33  b
Conde         684.17  c      1 025.53   b         670.20  c      1 039.50 b

Remarks: According to Duncan’s Multiple Range Test, values with different letters in a column are much different.
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Generally, salicylic acid content in  rice plants 
is so high that if the spraying of these hormones 
exceeds the concentration required by the plant, it 
will have an antagonistic effect on the induction of 
plant resistance. According to Silverman et al. (1995), 
endogenous salicylic acid content in rice plants 
amounted to 30-40μg. The results showed  that when 
the concentration of salicylic acid increased, it would 
affect the acceleration of BLB progress.  Salicylic acid 
application is potential to improve plant resistance, 
however, the effect is highly dependent on the 
compatibility between the host genotype and salicylic 
acid. The incompatible of variety with the applications 
of salicylic acid can pose a risk of phytotoxicity, 
but, with compatible varieties it will increase the 
plant resistance and promote  the plant growth. 
Hoerussalam, Purwantoro, & Khaeruni (2013), stated 
that C20 line increased resistant status of being 
susceptible to be moderate resistant to resistant.  
Furthermore, the resistance is still visible to the S1 
generation descendant. This strains most responsive 
to these four kinds of elicitor (Bio1, Bio2, Abio1, and 
Abio2) and the increased status of susceptible to 
moderately resistant and become resistant to downy 
mildew (Peronosclerosopora maydis).

The interaction effects between the endophytic 
bacteria and salicylic acid is significantly shown 
on disease progression of BLB (Table 4). Both of 
these inducers potentially affect the induction of 
plant resistance singly or together as compared with 
controls. The results showed  that the treatment  with 
endophytic bacteria individually  was able to suppress  
the BLB. The latent period of the treatment of Ciherang 
and 10 mM salicylic acids  was not significantly different 
from controls. The treatment with endophytic bacteria 

and salicylic acid singly on latent period was longer 
compared to the control. The rate of infection  did not 
significantly show disease progression of BLB, but the 
lowest infection rate  was obtained in the treatment of 
endophytic bacteria and salicylic acid compared to the 
controls.

According to Tamaoki et al. (2013), the 
application without jasmonic acid, salicylic acid 
activated the defense system against blast disease of 
rice plants, otherwise if jasmonic acid was activated 
then the effect could suppress the salicylic acid. 

The research indicated that the synergistic 
effects occured between endophytic bacteria of 
L. sphaericus and salicylic acid induced the plant 
resistance against BLB. However, the mechanism 
between endophytic bacteria of L. sphaericus and 
salicylic acid together suppressesing the disease 
progression of BLB was unknown. Mur, Kenton, Atzorn, 
Miersch, & Wasternack (2006) said that the gene 
expression of jasmonic acid (PDF1.2 and Thi1.2) and 
salicylic acid (PR-1 on tobacco) would increase if they 
were applied in low concentrations and would have a 
synergistic effect. Allegedly, many possibilities  may 
occur if the application of salicylic acid and endophytic 
bacteria given in low concentrations causes synergism 
in inducing plant resistance to BLB disease.

Growth of Response and Yield of Three Rice 
Varieties that was Induced Resistance with 
Endophytic Bacteria and Salicylic Acid

The analysis of variance for the effects of va-
rieties, salicylic acid, endophytic bacteria and their 
interactions  can be seen in Table 5, while the sig-
nificance tests of the varieties, salicylic acid and en-
dophytic bacteria and their interactions on growth 
and crop of rice varieties  are presented in Tables 
6, 7, and 8.

The effect of varieties on the growth of rice 
plants affects plant height (AUPHGC) and the num-
ber of productive tillers (Table 6). The plant height of 
Ciherang and Conde varieties increased compared 
with IR64. The conde variety had higher total pro-
ductive tillers. The results showed that IR64 and Ci-
herang varieties had  a better growth response and 
yield  through the production of 1000 grain weight. 
It is because  the two varieties allocating  more en-
ergy  are directed to the production, while Conde 
tends toward the plant resistance. The resistant va-
rieties tend to allocate costs for plant defense physi-
ologically, while susceptible varieties are directed to 
the production of yields Walters & Heil (2007).

Table 4. The effects of interaction between endophytic 
bacteria and salicylic acid  on latent periods, infection 
rate and AUDPC of bacterial leaf blight on rice

Endophytic bacteria Salicylic acid
0 mM 10 mM

Latent period (dai)
Control 5.56  b 6.00  ab
L. sphaericus 6.44  a 5.89  ab

Infection rate
Control 0.93 0.53
L. sphaericus 0.95 0.53

AUDPC
Control 1 154.44 a 803.02  c
L. sphaericus    927.00 b 920.33  b

Remarks: According to Duncan’s Multiple Range Test, 
values with different letters in a column are much different.
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Table 6. The effects of endhophytic bacteria, salicylic acid, and rice variety on AUPHGC, AUNTGC, the 
number of productive tillers and 1000-grains weight

Treatment Levels AUPHGC* 
(unit/week) AUNTGC* Number of 

productive tillers*
1000-grain 
weight (g)*

Endophytic bacteria Control 696.08 a 189.31 a 16.17 b 23.75
L. sphaericus 660.77 b 199.41 b 17.61 a 23.28

Salicylic acid 0 mM 681.02 187.49 b 16.83 23.91 a
10 mM 676.79 201.23 a 16.94 23.11 b

Varieties
IR64 661.69 c 195.33 17.67 a 23.96
Ciherang 676.02 b 193.53 15.00 b 23.67
Conde 707.61 a 194.53 18.00 a 22.92

Remarks: According to Duncan’s Multiple Range Test, values with different letters in a column are much different. (P ≤ 
0.05); * = corrected data with control (without X. oryzae pv. oryzae).

Table 7. The effects of interaction between endophytic bacteria, salicylic acid, and rice varieties on 
AUPHGC, AUNTGC, the number of productive tillers and 1000-grains weight

Variety Endophtic bacteria Salicylic acid
Control L. sphaericus 0 mM 10 mM

AUPHGC (unit)*
IR64 664.53 c 638.85 cd 669.51 c 633.87 d
Ciherang 631.01 d 739.03 a 671.64 c 680.39 bc
Conde 704.78 b 710.23 b 701.91 ab 713.10 a

AUNTGC*
IR64 196.83  bc 196.83  bc 184.80  b 205.87  a
Ciherang 172.01  d 216.05  a 170.37  c 216.70  a
Conde 202.08  b 186.35  c 207.30  a 181.13   bc

Number of productive tillers
IR64 17.00 18.33 17.17 18.50
Ciherang 14.50 15.50 15.83 15.33
Conde 17.00 19.00 17.67 17.17

1000-grain weight (g)
IR64 23.50 23.53 23.67 23.75
Ciherang 23.33 24.00 23.67 24.17
Conde 23.75 22.83 23.25 22.58

Remarks: According to Duncan’s Multiple Range Test, values with different letters in a column are much different. (P ≤ 
0.05), * = corrected data with control (without X. oryzae pv. oryzae).

Variables A B C AB AC BC ABC
Plant height (AUPHGC) 0.00** 0.49 0.00* 0.00** 0.03* 0.04* 0.17
AUNTGC (number of tiller) 0.92 0.00** 0.00** 0.00** 0.00** 0.23 0.19
Number of productive tillers 0.00** 0.75 0.00** 0.08 0.50 0.00** 0.71
1000-grain weight 0.99 0.00** 0.10 0.74 0.30 0.92 0.99

Table 5. The analysis of variance of the application effects of endophytic bacteria and salicylic acid in three 
varieties of rice on the rice growth and yield

Remarks: A = Endophytic bacteria L. sphaericus; B = salicylic acid; C = rice variety; * and ** indicate significant at the 
probability of 0.05 and 0.01 levels, respectively.
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The interaction effects between the varieties 
and endophyte could stimulate the growth of plant 
height and number of tillers of the Ciherang variety 
compared with both other varieties. Treatments  us-
ing endophyte bacteria of L. sphaericus increased  
the number of productive tillers more than without 
endophyte (Table 6). This suggested that the endo-
phytic bacteria of L. sphaericus also acts as a pro-
moting growth bacteria of rice plants.

Some species of endophytic bacteria  are 
able to produce hormones that stimulate plant 
growth bacteria. Endophytic bacteria of Strepto-
myces sp. EN1 straining isolated from a medicinal 
plant are able to produce phytohormones IAA (Lin 
& Xu, 2013).  Allegedly, the endophyte bacteria of 
L. sphaericus has a role as plant growth promoting 
bacteria of rice plants on Ciherang variety so that 
the 1000-grain weight of this variety is better than 
the other varieties. Although Conde variety has a 
larger number of productive tillers, the production 
declines more than the other two varieties. This is 
conceivably because of the variety of Conde prefers 
to use its energy resources for defense, while the 
two other varieties use their energy directly for pho-
tosynthesis and carbohydrate production.

Spraying of 10 mM salicylic acid is able to 
increase the number of tillers (AUNTGC) and the 
weight of 1000 grain (Table 6). Salicylic acid is 
known to increase the photosynthesis and produc-
tion of carbohydrates required by plants. According 
to Hayat, Q., Hayat, S., Irfan, & Ahmad (2010), the 
attributes of salicylic acid can stimulate plant physi-
ology and biochemistry processes such as nutrient 
uptake, cell elongation, cell division, regulation of 

source/sink, enzymatic activity, protein synthesis, 
photosynthesis activity and increase the antioxidant 
capacity of the plant.

The interaction effects between the variet-
ies and salicylic acid  is able to increase the plant 
height and number of tillers (Table 7). This is caused 
by the influence of host genotype and salicylic acid 
which affect the plant growth and increase yields  
by increasing the number of productive tillers and 
1000-grain weight. According to Nagasubramani-
am, Pathmanabhan, & Mallika (2007) the applica-
tion of 100 mM salicylic acid  can increase not just 
the plant height, but the leaf area, plant growth rate, 
and total dry matter production on baby corn.

The interaction effects between the 
endophytic bacteria of L. sphaericus and salicylic 
acid  are able to increase the growth and yield (Table 
8). The number of productive tillers of this treatment 
has increased compared to the controls. This was 
caused by the symbiosis between the two inducer 
to stimulate growth of the rice plant. Mattos et al. 
(2008) said that Burkholderia kururiensis endophytic 
bacteria found in rice plants act as a plant growth 
promoting bacteria and increase the production 
of dry beans. Endophytic fungal symbiosis and 
exogenous SA application assist  plants in relieving 
the negative effects associated with osmotic stress 
through the decrease of biomass losses when 
compared to non-inoculated plants. These findings 
suggest that the application of SA application has 
a positive effect on microbial colonization whilst its 
combination causes plant growth to be reprogramed 
under various periods of drought stress (Khan et al., 
2013).

The Activity of Enzymes in Plant Defense in  three 
Rice Varieties  that  were Induced Resistance 
with Endhopytic Bacteria and Salicylic Acid

The activities  of each enzyme in the plant 
defense inducing three rice varieties resistance to 
BLB disease are presented in Table 9. The results 
showed  that the application of salicylic acid and 
endophytic bacteria indicated an increase  of 
enzymes activities after pathogen exposure.  The 
activities of peroxidase, β-1,3-glucanase and PAL 
increased  after the inoculation on the combined 
treatment of Ciherang and IR64 varieties and 10 
mM salicylic acid and endophytic bacteria of L. 
sphaericus (Table 9).

Table 8. The effects of interaction between endo-
phytic bacteria and salicylic acid on AUPHGC and 
the number of productive tillers

Endophytic bacteria Salicylic Acid
0 mM 10 mM

AUPHGC*
Control 655.08 c 706.96 a
L.sphaericus 666.47 bc 686.11 b

Number of productive tillers*
Control   16.67 bc   17.00 b
L. sphaericus   15.67 c   18.22 a

Remarks: According to Duncan’s Multiple Range Test, 
values with different letters in a column are much different. 
(P ≤ 0.05), * = corrected data with control (without X. 
oryzae pv. oryzae).
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This was caused by both inducers that 
could enhance the accumulation of PR-protein 
compounds and other defense compounds  in both 
varieties. The indicator of a systemic induction of 
resistance among them accumulates formation 
pathogenesis of related protein (PR-proteins) 
(Chen, Belanger, Benhamou, & Paulitz, 2000). The 
PR-protein group commonly known among other is 
peroxidase (Ramamoorthy, 2001). The peroxidase 
function is to enhance the cell wall degradation 
enzymes produced by pathogens through the 
formation of structural proteins on the cell wall. 
Peroxidase is an enzyme that serves as a catalyst 
in the final stage of the process of biosynthesis 
of lignin and hydrogen peroxidase. Several other 
types of enzymes have reported to increase  their 
activities after receiving treatment with biological 
agents, such as peroxidase, phenylalanine 
ammonia-lyase (PAL) and polyphenol oxidase 
(Chen, Belanger, Benhamou, & Paulitz, 2000). In 
this study, the induction of resistance that occurs 
was affected by the enzymatic activity causing 
susceptible and moderate varieties and capable of 
induction resistance to BLB disease.  Furthermore, 
the inducer could also spur the growth and yields of 
rice plants.

CONCLUSION

The treatment of endophytic bacteria of L. 
sphaericus was proven to be effective in inducing 
plant resistance to BLB disease. There  was an 
interaction between the varieties and endophytic 
bacteria of L. sphaericus in inducing the plant 
resistance to BLB disease. Similarly, the interaction 
between the varieties and salicylic acid could induce 
resistance of rice plants against pathogens. The 
endophytic bacteria and salicylic acid  were found to 
be effective as  inducers of the rice plant resistance 
to BLB disease as well as plant growth promoting.

Acknowledgment

This work was supported by Doctoral 
Dissertation Grant in 2016 ( Doctor Desertation 
Grant 2016) of contract number: 035/SP2H/
DPRM/II/2016 funded by the Ministry of Research, 
Technology and Higher Education of the Republic of 
Indonesia.  Part of this resarch was also supported 
by Partnership Programme on National Agricultural 
Research and Development 2015 (KKP3N), Ministry 
of Agriculture, Republic of Indonesia with contract 
number:44.26/HM.240.I.1/3/2015.K.

REFERENCES
Anuradha, V. E., Jaleel, C. A., Salem, M. A., 

Gomathinayagam, M., & Panneerselvam, R. 
(2010). Plant growth regulators induced changes in 
antioxidant potential and andrographolide content 
in Andrographis paniculata Wall.ex Nees. Pesticide 
Biochemistry and Physiology, 98(2), 312–316. 
http://doi.org/10.1016/j.pestbp.2010.07.002

Arunachalam, C., & Gayathri, P. (2010). Studies on 
bioprospecting of endophytic bacteria from 
the medicinal plant of Andrographis paniculata 
for their antimicrobial activity and antibiotic 
susceptibility pattern. International Journal of 
Current Pharmaceutical Research, 2(4), 68–68. 
Retrieved from http://www.ijcpr.org/Issues/Vol2I 
ssue4/243.pdf

Babu, R. M., Sajeena, A., Samundeeswari, A. V, Sreedhar, 
A., Vidhyasekeran, P., & Reddy, M. S. (2003). 
Induction of bacterial blight (Xanthomonas 
oryzae pv. oryzae) resistance in rice by treatment 
with acibenzolar-S-methyl. Annals of Applied 
Biology, 143(3), 333–340. http://doi.org/10.1111/ 
j.1744-7348.2003.tb00302.x

Chen, C., Belanger, R. R., Benhamou, N., & Paulitz, 
T. C. (2000). Defense enzymes induced in 
cucumber roots by treatment with plant growth-
promoting rhizobacteria (PGPR) and Pythium 
aphanidermatum. Physiological and Molecular 
Plant Pathology, 56(1), 13–23. http://doi.org/10.1 
006/pmpp.1999.0243

Chung, E. J., Hossain, M. T., Khan, A., Kim, K. H., Jeon, C. O., 
& Chung, Y. R. (2015). Bacillus oryzicola sp. Nov., 
an endophytic bacterium isolated from the roots 
of rice with antimicrobial, plant growth promoting, 
and systemic resistance inducing activities in rice. 
Plant Pathology Journal, 31(2), 152–164. http://doi.
org/10.5423/PPJ.OA.12.201 4.0136

Cooke, B. M. (1998). Disease assessment and yield loss. 
In D. G. Jones (Eds.), The epidemiology of plant 
diseases (pp. 42-72). Dordrecht, NL: Springer. 
http://doi.org/10.1007/978-94-017-3302-1_3

Faoro, F., & Gozzo, F. (2015). Is modulating virus virulence 
by induced systemic resistance realistic? Plant 
Science, 234, 1–13. http://doi.org/10.1016/j.plan 
tsci.2015.01.011

Gnanamanickam, S. S., Vasudevan, P., & Velusamy, 
P. (2004). Biological control of bacterial blight 
of rice in India with rice-associated bacteria: 
Insights into mecanisms. Paper presented at the 
Proceedings of the 1st International Conference 
on Bacterial Blight of Rice, Tsukuba, Japan.

Copyright © 2017 Universitas Brawijaya

33

Christoffol Leiwakabessy et al.: Endophytic Bacteria and Salicylic Acid as Inducers Resistance......................................

http://doi.org/10.1007/978-94-017-3302-1_3


Guo, B., Liang, Y., & Zhu, Y. (2009). Does salicylic acid 
regulate antioxidant defense system, cell death, 
cadmium uptake and partitioning to acquire 
cadmium tolerance in rice? Journal of Plant 
Physiology, 166(1), 20–31. http://doi.org/10.101 
6/j.jplph.2008.01.002

Hammerschmidt, R., Nuckles, E. M., & Kuć, J. (1982). 
Association of enhanced peroxidase activity 
with induced systemic resistance of cucumber to 
Colletotrichum lagenarium. Physiological Plant 
Pathology, 20(1), 77–82. http://doi.org/10.1016/0 
048-4059(82)90025-X

Hayat, Q., Hayat, S., Irfan, M., & Ahmad, A. (2010). Effect 
of exogenous salicylic acid under changing 
environment: A review. Environmental and 
Experimental Botany, 68(1), 14–25. http://doi.or 
g/10.1016/j.envexpbot.2009.08.005

Hifni, H. R., & Kardin, M. K. (1998). Grouping of Xanthomonas 
oryzae pv. oryzae isolates using IRRI near-isogenic 
lines of rice. Hayati, 5(3), 66-72.

Hoerussalam, Purwantoro, A., & Khaeruni, A. (2013). 
Induksi ketahanan tanaman jagung (Zea mays L.) 
terhadap penyakit bulai melalui seed treatment 
serta pewarisannya pada generasi S1 [Induced 
resistance of downy mildew on maize (Zea 
mays L.) by seed treatment and its inheritance 
in S1 generation]. Ilmu Pertanian, 16(2), 42-59. 
Retrieved from http://download.portalgaruda.or 
g/article.php?article=132012&val=302

IRRI. (1996). Standard evaluation system for rice (4th ed.). 
Manila, PH: International Rice Research Institute.

Joseph, B., & Priya, R. M. (2011). Bioactive compounds from 
endophytes and their potential in pharmaceutical 
effect: A review. American Journal of Biochemistry 
and Molecular Biology, 1(3), 291–309. http://doi.
org/10.3923/ajbmb.201 1.291.309

Khan, A. L., Waqas, M., Hamayun, M., Al-Harrasi, A., Al-
Rawahi, A., & Lee, I.-J. (2013). Co-synergism 
of endophyte Penicillium resedanum LK6 with 
salicylic acid helped Capsicum annuum in 
biomass recovery and osmotic stress mitigation. 
BMC Microbiology, 13(1), 51. http://doi.org/10.11 
86/1471-2180-13-51

Lanna-filho, R., Souza, R. M., Magalhães, M. M., Villela, 
L., Zanotto, E., Ribeiro-Júnior, P. M., & Resende, 

M. L. V. (2013). Induced defense responses 
in tomato against bacterial spot by proteins 
synthesized by endophytic bacteria. Tropical 
Plant Pathology, 38(4), 295–302. http://doi.org/1 
0.1590/S1982-56762013005000011

Lin, L., & Xu, X. (2013). Indole-3-acetic acid production by 
endophytic streptomyces sp. En-1 isolated from 
medicinal plants. Current Microbiology, 67(2), 
209–217. http://doi.org/10.1007/s00284-013-03 
48-z

Madden, L. V., Hughes, G., & van den Bosch, F. (2007). The 
study of plant disease epidemics. St. Paul, USA: 
American Phytopathological Society (APS Press).

Mallick, C. P. & Singh, M. B. (Eds.). (1980). Plant 
enzymology and histo-enzymology. New Delhi, 
IN: Kalyani Publisher.

Mattos, K. A., Pádua, V. L. M., Romeiro, A., Hallack, L. F., 
Neves, B. C., Ulisses, T. M. U., … Mendonça-
Previato, L. (2008). Endophytic colonization 
of rice (Oryza sativa L.) by the diazotrophic 
bacterium Burkholderia kururiensis and its ability 
to enhance plant growth. Anais Da Academia 
Brasileira de Ciencias, 80(3), 477–493. http://doi 
.org/10.1590/S0001-37652008000300009

Melnick, R. L., Suárez, C., Bailey, B. A., & Backman, P. 
A. (2011). Isolation of endophytic endospore-
forming bacteria from Theobroma cacao as 
potential biological control agents of cacao 
diseases. Biological Control, 57(3), 236–245. 
http://doi.org/10.1016/j.biocontrol.2011.03.005

Mur, L. A. J., Kenton, P., Atzorn, R., Miersch, O., & 
Wasternack, C. (2006). The outcomes of 
concentration-specific interactions between 
salicylate and jasmonate signaling include 
synergy, antagonism, and oxidative stress 
leading to cell death. Plant Physiology, 140(1), 
249–262. http://doi.org/10.1104/pp.105.072348

Nagasubramaniam, A., Pathmanabhan, G., & Mallika, V. 
(2007). Studies on improving production potential 
of baby corn with foliar spray of plant growth 
regulators. Annual Review of Plant Physiology 
and Plant Molecular Biology, 21, 154-157.

Ou, S. H. (1985). Rice diseases (2nd ed.). London, UK: 
Commonwealth Mycological Institute.

Copyright © 2017 Universitas Brawijaya

34

Christoffol Leiwakabessy et al.: Endophytic Bacteria and Salicylic Acid as Inducers Resistance......................................

http://download.portalgaruda.org/article.php?article=132012&val=302
http://download.portalgaruda.org/article.php?article=132012&val=302


Pan, S. Q., Ye, X. S., & Kuć, J. (1991). Association of 
β-1,3-glucanase activity and isoform pattern with 
systemic resistance to blue mould in tobacco 
induced by stem injection with Peronospora 
tabacina or leaf inoculation with tobacco 
mosaic virus. Physiological and Molecular Plant 
Pathology, 39(1), 25–39. http://doi.org/10.1016/0 
885-5765(91)90029-H

Parida, I., Damayanti, T. A., & Giyanto. (2014). Potensi 
bakteri endofit sebagai agens penginduksi 
ketahanan tanaman padi terhadap Xanthomonas 
oryzae pv. oryzae [Potential of endophytic 
bacteria as inducers agents rice resistance 
against Xanthomonas oryzae pv. oryzae]. 
Paper presented at the Proceedings of National 
Seminar on Plant Protection Indonesia II, Plant 
Protection Strategy in Strengthening Agricultural 
Systems Facing the ASEAN Free Trade Area 
(AFTA) and the ASEAN Economic Community 
(AEC) in 2015 (pp. 189-197). Bogor, ID: Faculty 
of Agriculture IPB.

Ramamoorthy, V. (2001). Induction of systemic resistance 
by plant growth promoting rhizobacteria in 
crop plants against pests and diseases. Crop 
Protection, 20(1), 1–11. http://doi.org/10.1016/S 
0261-2194(00)00056-9

Silverman, P., Seskar, M., Kanter, D., Schweizer, P., 
Metraux, J. P., & Raskin, I. (1995). Salicylic acid 
in rice (biosynthesis, conjugation, and possible 
role). Plant Physiology, 108(2), 633–639. http://
doi.org/10.1104/pp.108.2.633

Singh, U. P., & Prithiviraj, B. (1997). Neemazal, a product 
of neem (Azadirachta indica), induces resistance 
in pea (Pisum sativum) against Erysiphe pisi. 
Physiological and Molecular Plant Pathology, 
51(3), 181–194. http://doi.org/10.1006/pmpp.19 
97.0112

Strobel, G., & Daisy, B. (2003). Bioprospecting for 
microbial endophytes and their natural 
products. Microbiology and Molecular Biology 
Reviews, 67(4), 491–502. http://doi.org/10.1128/
MMBR.67.4.491-502.2003

Sudir, Nuryanto, B., & Kadi, T. S. (2012). Epidemiologi, 
patotipe, dan strategi pengendalian penyakit 
hawar daun bakteri pada tanaman padi 
[Epidemiology, pathotypes, and strategy to 
control bacterial leaf blight on rice plant]. Iptek 
Tanaman Pangan, 7(2), 79-87. Retrieved from 

http://pangan.litbang.pertanian.go.id/files/02-
Sudir.pdf

Suparyono, Sudir, & Suprihanto. (2004). Pathotype profile 
of Xanthomonas oryzae pv. oryzae isolates from 
the rice ecosystem in Java. Indonesian Journal 
of Agricultural Science, 5(2), 63-69. Retrieved 
from http://www.ejurnal.litbang.pertanian.go.id/
index.php/ijas/article/download/669/454

Suprihatno, B., Daradjat, A. A., Satoto, Suwarno, Lubis, 
E., Baehaki, Sudir, Indrasari, S. D., Wardana, 
I. P., & Mejaya, M. J. (2011). Deskripsi varietas 
padi [Description of rice varieties]. Subang, ID: 
Balai Besar Penelitian Tanaman Padi.

Tamaoki, D., Seo, S., Yamada, S., Kano, A., Miyamoto, A., 
Shishido, H., … Gomi, K. (2013). Jasmonic acid 
and salicylic acid activate a common defense 
system in rice. Plant Signaling & Behavior, 8(6), 
e24260. http://doi.org/10.4161/psb.24260

Tasliah. (2012). Gen ketahanan tanaman padi terhadap 
bakteri hawar daun (Xanthomonas oryzae pv. 
oryzae) [Resistance gene on rice to bacterial 
leaf blight caused by Xanthomonas oryzae pv. 
oryzae]. Jurnal Penelitian dan Pengembangan 
Pertanian, 31(3), 103-112. Retrieved from http://
ejurnal.litbang.pertanian.go.id/index.php/jppp/
article/view/580

Van Der Plank, J. E. (1963). Plant diseases: Epidemics 
and control. New York, USA: Academic Press. 
Retrieved from http://krishikosh.egranth.ac.in/bit 
stream/1/2061764/2/IISR-358.pdf

Vlot, A. C., Dempsey, D. A., & Klessig, D. F. (2009). 
Salicylic acid, a multifaceted hormone to combat 
disease. Annual Review of Phytopathology, 
47(1), 177–206. http://doi.org/10.1146/annurev.p 
hyto.050908.135202

Walters, D., & Heil, M. (2007). Costs and trade-offs 
associated with induced resistance. Physiological 
& Molecular Plant Pathology, 71(1–3), 3–17. 
http://doi.org/10.1016/j.pmpp.2007.09.008

Yi, H.-S., Yang, J. W., & Ryu, C.-M. (2013). ISR meets 
SAR outside: Additive action of the endophyte 
Bacillus pumilus INR7 and the chemical inducer, 
benzothiadiazole, on induced resistance against 
bacterial spot in field-grown pepper. Frontiers 
in Plant Science, 4, 122. http://doi.org/10.3389/
fpls.2013.00122

Copyright © 2017 Universitas Brawijaya

35

Christoffol Leiwakabessy et al.: Endophytic Bacteria and Salicylic Acid as Inducers Resistance......................................

http://pangan.litbang.pertanian.go.id/files/02-Sudir.pdf
http://pangan.litbang.pertanian.go.id/files/02-Sudir.pdf
http://www.ejurnal.litbang.pertanian.go.id/index.php/ijas/article/download/669/454
http://www.ejurnal.litbang.pertanian.go.id/index.php/ijas/article/download/669/454
http://ejurnal.litbang.pertanian.go.id/index.php/jppp/article/view/580
http://ejurnal.litbang.pertanian.go.id/index.php/jppp/article/view/580
http://ejurnal.litbang.pertanian.go.id/index.php/jppp/article/view/580
http://krishikosh.egranth.ac.in/bitstream/1/2061764/2/IISR-358.pdf
http://krishikosh.egranth.ac.in/bitstream/1/2061764/2/IISR-358.pdf

	_GoBack

