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Abstract - Bacterial leaf blight (BLB) caused by Xanthomonas oryzae pv. oryzae of the family
Xanthomonadaceae is considered as one of the most serious diseases of Oryza sativa L. An experiment was conducted
to assess the effect of temperature on the resistance pattern-foliage level of juvenile rice. Rice inbred cultivars PSB
Rc82 (Pefiaranda), NSIC Rc160 (Tubigan 14) inoculated with the isolated Xanthomonas sp. and controls were grown
under two temperature conditions (34°C with humidity averaging 62.41% and 36°C with humidity averaging 59.17%)
in an indoor lighting with 12h dark and 12 h light cycle. Evaluation of pattern-foliage response of inoculated plants
revealed that PSB Rc82 is more susceptible to BLB than NSIC Rc160 under both temperature growth conditions
especially in terms of length of the leaf from 0 DAI to 15 DALI. Also, at higher temperature of 36°C, severity of BLB
was limited.
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INTRODUCTION leaf. Infection could also result from wound

Rice (Oryza sativa L.) is one of the most which made when seedlings are pulled from the
important crops and considered as main staple seedbed, when leaves are cut or made by insects
foods for most Filipinos. Philippines, although it [4]. Bacterial leaf blight is a vascular disease in
is a small island nation, is also regarded as one of which lesions appear on leaf which may extend to
the top producers of rice [1], [2]. However, it is the leaf sheath. The lesions enlarge in both length
evident that there are a lot of problems that and width and may have wavy margin. From
farmers encounter which are factors in limiting initial water-soaked greyish or yellowish hue it
the yields from planted rice. Increasing global becomes whitish-straw color in 1-2 weeks [5],
temperature, salt water intrusion, chilling [6]. Bacterial ooze can be observed in freshly
temperatures resulting to water deficit, disease- infected leaves which consist of small, yellowish,
causing microorganism and phytophagous insects spherical masses [7]. Leaf blight may occur at all
are some factors which can cause damaging growth stages but it is more usual in tiller stage to
effects to crop plants thereby limiting their yield. maturity. Damage is due to wilting of tillers
Consequently, establishment of rice in the fields leading to unfilled grains or due to the partial or
and obtaining the maximum benefit by having a total blighting that might cause up to 50% yield
good yield turns out to be a great challenge losses [6]. The other phase of the bacterial blight
nowadays for our farmers. is the Kresek phase where destructive

Xanthomonas is one of the pathogenic manifestation can be observed and the phase
microorganisms that cause devastating disease on where the entire plant wilts and become yellow at
rice plant belongs to kingdom Bacteria, Phylum early tiller stage, resulting in total crop failure [8].
Proteobacteria. It can infect rice from seedling to Xanthomonas oryzae pv. oryzae causes
mature plant and the disease is manifested by bacterial leaf blight (BLB) was proven to
either leaf blight or kresek symptoms [3]. decrease annual rice production in both the
Infection occurs at natural openings like in plants tropical and temperate regions of the world [9].
hydathodes, where excess water passes out of the The disease has become a serious threat to rice
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and several incidences of crop losses have been
reported in several countries. Incidence has been
reported from different parts of Asia, northern
Australia, Africa and the United States [10]. In
Japan, 25%-30% and often up to 50%-60% crop
loss has been recorded while in India and
Philippines up to 10%-81% in some genotypes
[11]. The present yield losses of susceptible rice
crops in the Philippines is about 22.5% in wet
season and 7.2% in dry seasons while in resistant
crops, it is about 1.8%-9.5% [9].

Temperature is a key determinant for
microbial invasion and host evasion. Fluctuations
in temperature due to changing climate can
influence the initiation of plant diseases by
promoting favorable conditions for growth and
development of microorganisms [12], [13]. The
global temperature is expected to rise from 1.8°C
lower scenario to a maximum estimated
temperature of 4°C in 2050s [14]. Thus,
knowing the effect of temperature in the initiation
of disease caused by microorganisms like
Xanthomonas is critical in minimizing the
adverse effects of the pathogen. The objectives of
this study, therefore, are to evaluate the effects of
temperature on resistance patterns in the foliage
of two common rice varieties (PSB Rc82/
Pefiaranda and NSIC Rc160/Tubigan 14) against
bacterial leaf blight (BLB) caused by isolated
Xanthomonas sp. in terms of its morphological
character, the width and length, exhibited disease
index and, disease severity.

METHODOLOGY

Description of the study area

Isolation and characterization of the
microorganism was performed at the Don
Mariano Marcos Memorial State University-
South La Union, Microbiology Laboratory. The
pathogenicity test was performed inside a
controlled room where the temperature and
humidity can be closely monitored. The growing
of the rice cultivars was done in a mini chamber
following a set up commonly used for gardening
of indoor plants using artificial light [15].
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Collection of infected leaves of rice (Oryza
sativa L.)

Infected rice leaves of rice cultivar PSB
Rc82 showing bacterial leaf blight (BLB)
symptoms were obtained from rice paddies
located in Santo Tomas, La Union, Philippines.
Leaves showing pale-to-green and yellowish-
white wavy margins were removed or cut from
the plant and were placed in plastic containers
and brought into the laboratory. The collected
leaves were rinsed with distilled water and
blotted dry using a clean dry paper.

Isolation and culturing of the microorganisms

The procedure for the isolation and
culturing of microorganism was based from [12]
with some modifications described by [16].
Approximately 0.16 mm? leaf tissues were
excised from the lesion margins using sterile
scalpel. The leaf surface were sterilized with 1%
sodium hypochlorite for three minutes and
washed with sterile distilled water. Instead of
swab method on the diseased portion of collected
leaves, samples were blotted dry and were
directly overlaid on the surface of nutrient agar
medium (Hi-Media Laboratories, India) on petri
plates and incubated at 28°C for 24 hours. The
colonies or bacterial growth which oozed along
the periphery of the excised tissue served as the
source of the next inoculum for successive
streaking for isolation of desired microorganism.
Yellow, mucoid, xanthomonad-like colonies
were transferred using sterile inoculating loop
and sub-cultured in a freshly prepared nutrient
agar (NA) in 150 mm x 15 mm culture media
plates. The growth of the bacteria were initially
compared to the usual growth behavior and
appearance of Xanthomonas oryzae pv. oryzae
based on the study of [9] and [17]. Some of the
microorganisms were also grown in a nutrient
broth (NB) to limit the frequent sub culturing
procedure common in NA plates.

Pathogenicity testing

Pathogenicity test was conducted in a
normal environmental condition with daytime
temperature of 28-32°C and night temperature of
20-25°C with relative humidity ranging from 40-
65 atm. The plants were planted in sterilized field
soil [18]. The inoculum prepared was adjusted to
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optical density of 0.5 McFarland standard (5 x 108
cfu/ml) using distilled water as the diluting agent
to adjust the absorbance. To facilitate the easy
penetration of the microorganisms and successful
virulence, clip method was employed and
inoculated rice were sprayed (3 times full spray
mist) with distilled water every three hours. The
spraying of distilled water is a technique to
establish a growth environment conducive for
BLB initiation and development. After sometime
(i.e. 3 or 4 days to some), the appearance of
patches of pale green to yellowy discoloration on
the leaves confirmed the pathogenicity of the
isolated microorganisms. Moreover, the infected
leaves with BLB symptoms were again sampled
and the microorganisms were isolated and grown
for verification of their identity using the
conventional method of isolating Xanthomonas
oryzae pv. oryzae [9], [17].

Inoculation and incubation

Rice seeds used in the experiment were
obtained from the Municipal Agriculturist Office
of Malasiqui, Pangasinan. The seeds were
identified and certified variety commonly
supplied by the government as aid for farmers or
stock. Upon confirmation of the identity of the
variety of rice seeds, the researchers immediately
proceed to the next step in the study. The seeds
were initially sown in tray containing sterilized
field soil (i.e. do not received fertilizer treatment
for at least 10 years). Sterilization of the soil was
based from the protocol described by [18]. Soil
dug up 20cm deep from the surface was sterilized
by heating the soil for 4 hours with constant
stirring at 100°C. An 820 g of the sterilized soil
was prepared using digital electronic weighing
scale (ACS System, 3208) and were transferred
into each propagation plastics with 17.5 cm
height in maximum and a diameter of 13 cm.

Twenty seeds each of PSB Rc82
(Pefiaranda) and NSIC Rc160 (Tubigan 14) were
initially sterilized by washing them with 70%
methanol and immediately rinsed with distilled
water for 5 minutes and sown. To limit
contamination from the water source, plants were
watered using distilled water. Fifteen-day old rice
seedlings of the PSB Rc82 and NSIC Rcl160
cultivars were clipped inoculated and initially
placed under improvised indoor greenhouse
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lighting [16] for the initiation of Xanthomonas
sp. infection under 12h dark and 12h light period.

A standardized inoculum suspension
equivalent to method applied by [19] was initially
prepared. Inoculation using of the microorganism
in the plants was done by opening a wound into
the tip part of the plant leaf. A 4mm incision into
the lamina at the apex and symmetrically 1cm to
each side of the apex was employed using a
scissors pre-dipped with the standardized
inoculum. After this, the plants were sprayed with
fine mist using distilled water once every 3 h to
help maintain a high humidity until the
appearance of symptoms suggesting BLB
disease. At the same time, the control set up will
not be subjected to clipped method while equally
sprayed with fine mist of distilled water.

After 48 h, the 10 inoculated seedlings
each of PSB Rc82 and NSIC Rc160 cultivars and
control were arranged separately in the
improvised growth chambers with varying
temperatures namely, 34°C, and 36°C. We take
note that the temperature considered for this
study were higher than the usual field
temperature during March and April (summer
time) which ranges from 28-32°C. Plant cultivars
were placed individually in a propagation plastic
containing sterilized 820 g of soil and were
watered with equal amounts of 300 ml every 6
hours. Also, as part of limiting the sources of
error in pot experiments like this, weeds are not
allowed to grow in all set ups. No fertilizer or
herbicides were applied during the experiment
and phytophagous insects were driven away or
hindered from interacting with the rice seedlings.
Moreover, as another part of this study, disease
index and disease severity was rated in all the
plants subjected under two different set-ups.
Disease reactions were rated following the scale
1-9 suggested by the International Rice Research
Institute [1]. The following tables below shows
the scale rating used to evaluate the disease index
and disease severity observed in this study.
Assessments were conducted at the 0, 51, 10™,
and 15" day after inoculation (DAI) in which the
uninfected/non-inoculated samples were all rated
zero in the first observation for disease index and
disease severity.
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Table 1. The scale rating and evaluation of disease
severity for BLB Assessment (Green House Test)

Scale Lesion area

No disease observed
Less than 1%

1-3%

4-5%

11-15%

16-25%

26-50%

51-75%

76-100%

©oo~NOoO UM wWNEFO

Disease index

The disease index was calculated for
each treatment. Disease index represent both
disease incidence and symptom severity, and can
be used as an indicator for virus or bacterial
resistance in greenhouse test. Disease index can
be calculated as:

~n(3) +n(5) +n(7) + n(9)
B tn

DI

Where: n(3), n(5), n(7), and n(9) = number of
plants showing a reaction in a scale (3), (5), (7),
and (9) respectively. tn= total number of plants
scored. The resulting DI may classify as resistant
or tolerant, Moderate or susceptible. A DI from
0-3 indicates that the rice plant is resistant. A DI
of 4-6 indicates that rice plant is moderately
resistant and a DI with 7-9 indicates that the rice
plant is susceptible.

Disease severity

Disease severity was also computed.
Disease severity is the percentage of relevant host
tissues or organ covered by symptom or lesion or
damaged by the disease. Severity results from the
size and number of lesion. It generally indicates
the damaged caused by the disease. Disease
severity will be computed using the following
equation.

DS
Sum of all disease ratings

- (Total no. of rating) (max. disease grade)
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RESULTS AND DISCUSSION

Collection, isolation, and inoculation

The initial characterization of the 21
isolates through Gram staining and bacterial
shape evaluation only revealed seven potential
candidates of Xanthomonas oryzae . The seven
rod-shaped isolates were then subjected to further
conventional characterization suggested by [9]
and [17] for the isolation and characterization of
Xanthomonas oryzae pv. oryzae. Specifically, the
authors considered the similar result that would
indicate the highest probability that the isolate
belongs to the family Xanthomonadaceae and
under the genus Xanthomonas. From the
successful seven isolates with similar features of
Xanthomonas oryzae pv. oryzae based on the
conventional method, isolate number 2 (X-2) was
utilized in the study (see Table 2).

The Xanthomonas species are regarded
as Gram negative bacteria with rod-shaped cells
(Jonit et al. 2016), KOH test positive [20], [21],
[9], catalase positive [21], [22], [9], oxidase
negative [21], [9], [17], and negative for egg
yolk hydrolysis [23], [17]. However, the study
of [9] revealed that under similar result for all
tests in table 2, except for X-2, the XOR and Xoo-
9 isolates having positive result in starch
hydrolysis were more Micrococcus aloeverae
with 100% and Xanthomonas sacchari with 99%
of similarity respectively using PCR and
constructed phylogenetic tree by NCBI Blast
Tree Method. It was seen that imperfect match
may be due the nature and evolution of
interactions of the microorganisms with their
hosts and with the environment. Meanwhile,
negative result for starch hydrolysis was
described by [17], [23], and [24] for some
Xanthomonas oryzae pv. oryzae (Xoo) isolates.
Thus, in this study the X-2 isolate (Xanthomonas
sp.) was utilized in the Kirby-Bauer Assay.

Table 2. Morphological and  Biochemical
Characterization of Various Isolates of Xanthomonas
oryzae from PSB Rc82 (Pefiaranda).
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Isolate Gram 3% Catal Oxid Hydrolysis D
stain KOH ase ase Egg Starch ,IA PSB Rc82 NSIC Rc160
yolk P LSD  + - LSD
X-1 + + + - - +
X-2 + + + - - - W 370 310 0.60* 430 410 020
B ) ) 0
X-3 + + + + L 587 971 -384* 1326 1299 027
X-4 + + + - - + W 390 350 040 420 430 -0.10
5
X-5 + + + - - + L 598 1051 -453* 1340 1312 0.28
X-6 + + + - - W 380 430 0.20 360 440 -0.10
X-7 + + + - - +
_ L 592 1059 -467* 1340 1322 0.18
Legend: X-1 — Xanthomonas isolate 1
_ W 3.00 400 -1.00 360 470 -1.10
Response pattern-foliage of PSB Rc82 and 1 L 445 1069 624* 1088 1343 255
NSIC Rc160 5 ' ' e ' ' -

Environmental factors are known to
influence the plant-pathogen interaction which is
oftentimes observed as either enhancing or
limiting the disease severity in the infected plant.
Also, disease resistance of plants species is
affected by these environmental factors [25],
[26]. It can also be seen that the influence
exerted by environmental factors like
temperature is governed by the synergistic
contribution of host-pathogen  established
relationship [27]. To be more specific, a
favorable condition is needed for a pathogen to
effectively and continuously cause the disease on
its host and on one hand, for the host to respond
to the pathogen attack to the best of its genetic
potential. Thus, temperature is a critical factor in
the initiation, development and spread of many
plant diseases.

The present study evaluated the
resistance pattern (foliage) of rice cultivars PSB
Rc82 and NSIC Rc160 under 34°C in terms of
mean width and length of leaf. The table below
shows the mean values at 0, 5, 10, and 15 DAI
and the corresponding LSD values and p-values
at 0.05 level of significance (IBM SPSS v. 23).

Table 3. Mean values of the effect on resistance
pattern-foliage of rice cultivars PSB Rc82 and NSIC
Rc160 in terms of width and length of leaves at 34°C.

ISSN 2599-4646 (Print)

Legend: DAI = days after inoculation; W (mm) = width; L (mm) =
length; + =X-2 inoculated; - = X-2 not inoculated; LSD = Least
Significant Difference; * = significant at p = 0.05

In terms of mean leaf width, infected
PSB Rc82 was observed to have significantly
wider result only at the start of observation (0
DAI). Meanwhile, data for NSIC Rc160 showed
no difference (p < 0.05) in the leaf width from O-
15 DAI for both infected and uninfected rice
plants. On one hand, mean length of leaves was
found to be significantly lower (p < 0.05) at 0 -15
DAI for infected PSB Rc82 against the
uninfected PSB Rc82. Interestingly, this behavior
was not observed in the NSIC Rc160 variety.

To evaluate the resistance pattern-foliage
of the two cultivars under different temperature
conditions, another set up under higher
temperature, 36°C, was also conducted and plants
were subjected for evaluation. The following
table reflects the similar parameters and the
computed p-values from 0 DAI to 15 DAI.

Table 4. Mean values of the effect on resistance
pattern-foliage of rice cultivars PSB Rc82 and NSIC
Rc160 in terms of width and length of leaves at 36°C.

D
A PSB Rc82
|

NSIC Rc160

WWW.psurj.org/jonas
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+ - LSD + - LSD
W 390 3.80 0.10 390 410 -0.20

0
L 722 1037 -3.15 1194 1119 0.75
W 370 390 -0.20 400 410 -0.10

5
L 714 1051 -337* 1185 1141 0.44
W 370 460 -0.90 4.00 440 -0.40

1
o L 686 1079 -393* 1175 1161 0.14
W 330 500 -1.70* 390 480 -0.90

1
5 L 6.58 1097 -439* 1072 1179 -1.07

Legend: DAI = days after inoculation; W (mm) = width; L (mm) =
length; + =X-2 inoculated; - = X-2 not inoculated; LSD = Least
Significant Difference; * = significant at p = 0.05

Statistical analysis (IBM SPSS v. 23, p<
0.05) revealed that at 36°C both the infected and
uninfected plants of PSB Rc82 and NSIC Rc160
showed that the width generally remained
similar. In terms of mean leaf length, the PSB
Rc82 infected plants starting from 5 DAI to 15
DAI showed a significantly shorter leaf length
while NSIC Rc160 infected and uninfected plants
showed no significant difference in leaf length
from 0 DAI to 15 DAI. Based from the statistical
analyses presented, it appears that the PSB Rc82
(Pefiaranda) is more susceptible to the adverse
effect of the phytopathogenic bacteria mainly
decreasing the leaf length of plants under both
temperature conditions. On one hand, NSIC
Rc160 (Tubigan 14) was observed to generally
remain constant in terms of all the parameters for
both infected and uninfected samples under the
two different growth temperature conditions.

The variety of rice plant can be a factor
in the resistance from pathogen attack. . There are
several varieties of rice which are engineered to
solve problems on their establishment on
Philippine fields and augment the negative effects
of El- Nifio and La- Nifia. According to the report
by [28] and [29], Philippine Rice Research
Institute (PhilRice) introduced new drought-
tolerant variety like NSIC Rc160 also referred to
as Tubigan 14. It was developed as an early-
maturing variety at 107 days resulting to a
maximum vyield of 8.2t/ha. In addition, NSIC
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Rc160 (Tubigan 14) is characterized to have a
longer grain size, fast maturation, and has a
higher milling recovery than PSB Rc82
(Pefiaranda). Based from the actual observation
in the present research, the maturity rate appears
to be really faster in NSIC Rc160 than the PSB
Rc82 where mean width and length are higher in
NSIC Rc160 rice plant samples.

According to [30], PSB Rc82
(Pefiaranda) has a maximum yield of 12t/ha and
matures at 110 days after seeding. It was
described that both the PSB Rc82 (Pefiaranda)
and NSIC Rcl160 (Tubigan 14) has an
intermediate reaction to bacterial leaf blight
(BLB) [31]. Analysis also revealed that PSB
Rc82 exhibited a more susceptible condition to
pathogen adverse impact at 5-15 DAI specifically
for leaf length parameter for both temperatures
compared to a more stable or resistant response
of NSIC Rc160. One possible reason for such
result is the established plant-pathogen
interaction between the plant variety and the
isolated microorganism. One reason causing
effective attack of phytopathogens is the long
established plant-pathogen interaction [26] which
is also similar to the report by [27]. One of the
possible reasons for the pathogenicity of
Xanthomonas is its evolved genetic makeup for it
to cause infection. It means that such genus of
bacteria is able to adapt better, to rice plant PSB
Rc82 (Pefiaranda) than on NSIC Rc160 (Tubigan
14).We have to take note that in this study, the
isolated Xanthomonas sp. was originally obtained
from previously BLB infected PSB Rc82 rice
plants. Thus, the infection is likely to be expected
to be well manifested in the PSB Rc82.

On molecular point of view, genome
sequences from seventeen strains represented by
Xanthomonas suggested that tal genes were
found to be the reason of Xanthomonas
pathogenicity. Trancription activator-like (Tal)
effectors are bacterial type 111 effectors which are
able to promote infection or resistance by
inducing expression of their host’s gene. It means
that for them, these Tal genes are for initiation of
their adverse effect on the plant body or a defense
mechanism they can use against the host plant
[12], [32].
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Effect of temperature on disease index and
disease severity (%0)

Species of Xanthomonas oryzae are
undeniably the notorious cause of severe plant
disease commonly called bacterial leaf blight
(BLB). These disease-causing microorganisms
are also able to tolerate the conditions set by the
environment in order for them to establish
pathogenicity. Environmental conditions that
promotes X. oryzae infection is characterized by
warm temperatures (25 to 30°C), high humidity
(77 to 86°F), rain, and deep water [33]. Bacterial
leaf blight which is the most serious disease of
rice worldwide is caused by the species of
Xanthomonas oryzae. A study stated that there
are at least 350 different plant diseases caused by
Xanthomonas spp. The microorganism is a plant
pathogenic gram-negative bacterium that has
systemic attack on its common host which is
Oryza sativa (rice). It is often the cause of Kresek
syndrome (wilt syndrome) in seedlings and
described as bacterial leaf blight (BLB) in mature
rice plants [34].

The Kresek syndrome is known to be the
most destructive symptom of the disease caused
by X. oryzae. Leaves of the rice plants starts to
roll up and turn to grayish green and eventually
turning to yellow. Symptom usually starts from
the formation of somewhat water-soaked stripes
on the leaf blades of rice then its increase on
width and length coverage and eventually turning
into yellow and white that may occupy the whole
leaf blade with high severity. It was described to
attack the xylem of the rice plant and often starts
infection through entrance at the hydathodes
regions at the leaf tip and margins, stomata, and
through wounding [34]. It multiplies in the
intercellular spaces of the underlying epithelial
cells and may eventually spread in the mesophyll
[33].

Another essential part of the present
research is the evaluation of the pathogenicity of
the isolated Xanthomonas sp. to the two different
rice cultivars grown under two different
temperature conditions in terms of percent
disease index (DI) and disease severity (DS). The
following Table 5 shows the result for plant
varieties under 34°C.
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Table 5. Mean values of the effect on resistance
pattern-foliage of rice cultivars PSB Rc82 and NSIC
Rc160 at 34°C in terms of disease severity and disease
index.

2 PSB Rc82 NSIC Rc160

I + - LSD + - LSD
D 190 000 190* 240 0.00 240*

° IIZ) 2111 000 21.11* 26.67 0.00 26.67*
SD 350 130 220* 410 110 @ 3.00*

° III) 38.89 1444 24.44* 4556 1222 33.33*
?) 420 160 260* 450 110 @ 3.40*

é IID 46.67 17.78 28.89* 50.00 1222 37.78*
SD 500 170 330* 490 110 3.80*

é Ig) 5556 18.89 36.67* 54.44 1222 4222*

Legend: DAI = days after inoculation; W (mm) = width; L (mm) =
length; + =X-2 inoculated; - = X-2 not inoculated; LSD = Least
Significant Difference; * = significant at p = 0.05

Under growth temperature condition of
34°C and from 0 DAI to 15 DAI, both the PSB
Rc82 (Pefiaranda) and NSIC Rc160 (Tubigan
14), showed statistically significant (p<0.05)
difference in the exhibited disease index (DI) and
percent disease severity (DS) of the infected and
uninfected plants. All the varieties follow the
same response wherein the uninfected plant has a
significantly lower DI and DS in an increasing
manner from 0 DAI to 15 DAI. On one hand, a
similar evaluation was conducted to evaluate the
DI and DS for plants under 36°C. The following
table shows the summary of the result of the
statistical analysis of the gathered data.

Table 6. Mean values of the effect on resistance
pattern-foliage of rice cultivars PSB Rc82 and NSIC
Rc160 at 36°C in terms of disease severity and disease
index.

D
A PSB Rc82
|

NSIC Rc160

+ - LSD + - LSD

WWW.psurj.org/jonas

ISSN 2599-4654 (Onling)



Journal of Natural and Allied Sciences
Vol. Ill. No. 1, pp. 1-12, January — December 2019

D 18 000 180* 210 0.00 2.10*
° IIZ)ZO.OO 0.00 20.00 23.33 0.00 23.33*
SD4.40 120 320~ 380 130 2.50*
° II348.89 13.33 3556* 4222 1444 27.78*
?)5.20 130 3.90* 410 130 2.80*
é IIZ)57.78 14.44 4333* 4556 1444 31.11*
SD5.40 130 410 420 130 2.90*
é II360.00 1444 4556* 46.67 1444 32.22*
S

Legend: DAI = days after inoculation; W (mm) = width; L (mm) =
length; + =X-2 inoculated; - = X-2 not inoculated; LSD = Least
Significant Difference; * = significant at p = 0.05

Similarly, under growth temperature
condition of 36°C and from 0 DAI to 15 DAI,
both PSB Rc82 (Pefiaranda) and NSIC Rc160
(Tubigan 14) revealed a significant (p<0.05)
difference in the exhibited disease index (DI) and
percent disease severity (DS) of the infected and
uninfected plants. All the varieties follow the
same trend wherein the uninfected plant has a
significantly lower DI and DS in an increasing
manner from 0 DAI to 15 DAI. It can be infer
from the mean DI and percent DS values from
Table 5 and Table 6 that pathogenicity are usually
higher in plants grown under 34°C specifically,
the infected plants often found to have greater
computed DI and percent DS. This phenomenon
is seen as a factor of temperature as well as
dependent on the optimum condition of the
Xanthomonas sp. isolate for its pathogenicity.

There are certain diseases which are
promoted in the warm areas of the globe while the
other plant diseases commonly appear in
temperate regions. Several studies showed that
temperature can affect the pathogenicity of many
microorganisms. A study by [35] revealed that
bacterial spot caused by Xanthomonas perforans
and X. gardneri in tomato is affected by
temperature. It was found that 20°C promotes the
severity of disease in tomato plants caused by X.
gardneri. However, the higher temperature at
30°C supports the further development of
bacterial spot primarily caused by X. perforans.
Similarly, it was emphasized that common
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bacterial blight is a warm weather disease. At the
range of 28°C to 32°C, Xanthomonas can cause
greatest damage. In the study by [12] focusing on
Phaseolus vulgaris or common bean, common
bacterial blight caused by Xanthomonas
axonopodis pv. phaseoli and Xanthomonas
axonopodis pv. phaseoli var. fuscan was found
to be more severe in the lower temperature of
28°C than on higher temperatures of 30, 32, and
34°C. Moreover, the higher temperature of 34°C
was found to be lowest for both strains of
Xanthomonas.

Although the bacterial strains were
reported to survive at temperature range of 25-
35°C, the result was found to be affected by the
optimum temperature for the growth of common
bacterial blight disease-causing microorganisms
which is within the range of 28-32°C. Other
reports suggested that Xanthomonas can be
infective at temperature ranges from 28°C to 32°C
[36] and 25°C to 35°C [37], [38]. In the present
investigation, 34°C falls under these several
ranges that would support the optimum growth of
Xanthomonas spp. while 36°C falls outside this
range. Temperature was also shown to be a
driving force for the initiation and development
of wheat streak mosaic disease caused by a virus
(WSMV). It was shown that lower temperatures
at 10 and 15°C impaired proliferation of WSMV
in Tomahawk plants while, higher temperatures
promotes the severity of the disease [25]. Inis
interpreted that in this study, that temperature is a
limiting factor in the pathogenicity of the disease-
causing microorganism for BLB. The higher
temperature at 36°C was observed to impede the
severity of the disease by lessening the
pathogenicity of the isolated Xanthomonas sp.
since it is outside the range of its optimum
condition. Meanwhile, 34°C can be a better
condition for the pathogenicity of the isolated
Xanthomonas sp. causing the BLB.

In connection to a higher disease severity
in the lower temperature, the virulence is an
essential characteristic of the bacterial pathogen.
The major factors utilized and regulated by
bacterial pathogens include type Ill secretion
system (T3SS), polysaccharides, extracellular
enzymes, toxins and plant hormones. Many
Gram-negative bacterial pathogens are known to
use T3SS which is encoded by the hypersensitive
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response and pathogenicity (hrp) gene, for their
pathogenicity. The hrp gene is found to occur in
at least 20 genes in a cluster. Pathogens use this
to export bacterial effectors mostly under
AvrBs3/PthA family into their host with the aid
of chaperon proteins like XopJ and XopF1l
needing HpaC (hrp-associated protein). In
Xanthomonas sp., the expression of this gene is
controlled by regulators HrpG and HrpX. The
AraC-type HrpX protein controls the expression
of genes in hrp and other effectors. Once effectors
are delivered into the host, these can activate the
expression of certain genes that will disrupt the
normal processes of the host plant. Another way
that promotes Xanthomonas sp. pathogenicity is
thru the wuse of polysaccharides. The
lipolysaccharides (LPS), lipooligosaccharide
(LOS), and extracellular polysaccharide (EPS)
present in  Gram-negative bacteria like
Xanthomonas sp. is utilized for their
pathogenicity. In fact, the O-polysaccharide (O-
chain) which the main hydrophilic component of
the LPS is needed for the transport of the bacterial
effectors into the host cells. The use of
extracellular enzymes (EPS) is also a
characteristic of Xanthomonas sp. particularly it
has been observed in Xanthomonas oryzae pv.
oryzae (Xo00). Xanthomonas is seen to use the
extracellular enzyme as virulence factor by
overexpression of protein that codes for an
enzyme Xylanase that effectively degrades xylan
which is a component of the xylem vessels [34].

In another more recent study, virulence
of Xanthomonas oryzae pv. oryzae was described
to utilized histone-like nucleoid-structuring (H-
NS) proteins to regulate its virulence during rice
infection. The H-NS family of protein is known
to be conserved in the Gram-negative bacteria.
The xrvC gene of the H-NS protein family was
found to regulate virulence of the bacteria
Xathomonas oryzae pv. oryzae (Xoo) Philippines
strain PX099” [39]. In the study by [32], it was
found that Xanthomonas pathogenicity can be the
result of adaptation of Xanthomonas to common
bean Phaseolus vulgaris. Genome sequences
from seventeen strains  represented by
Xanthomonas suggested that tal genes were
found to be the reason of Xanthomonas
pathogenicity. Trancription activator-like (Tal)
effectors are bacterial type 111 effectors which are
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able to promote infection or resistance by
inducing expression of their host’s gene. It means
that for them these Tal genes are for initiation of
their adverse effect on the plant body or a defense
mechanism they can use against the host plant.

Resistance mechanism of plants infected by
Xanthomonas spp.

There are 29 R genes that confer rice
resistance to Xoo and among the 29, six were
cloned namely Xal, xa5, xal3, Xa21, Xa26 and
Xa27. Meanwhile, the avr genes of Xoo which
confers the pathogenicity of Xoo were also first
cloned in the Philippines namely, avrXa7,
avrXal0, and avrXa27. Pattern-triggered
immunity (PTI) and effector-triggered immunity
(ETI) was observed to play a role on the pathogen
responses. Using Arabidopis thaliana as a model
plant, they found that ETI signaling is activated
at relatively low temperature (10-23°C) while
they shift to PTI signaling at moderate elevated
temperatures (23-32°C) [34]. Mutants grew in
elevated temperatures shows features of
enhanced PTI but reduced ETI responses. Thus,
immune responses by plants are also affected by
environmental factors [13]. To [40] the optimum
temperature for rice growth is within the range of
25-32°C). In their study, a set up greenhouse for
rice cultivars (shirudi, fajr, local tarom, hybrid,
and line 843) growth at normal temperature was
maintained at 32°C and at humidity between 80-
85%. It was found that colder temperature at
13°C showed a significant adverse effect at 1%
level on all treatments wherein affecting the
number of panicles, length of panicles, the
number of full, empty, total grains, and yield. The
present study utilized two growth chambers that
exhibit temperature conditions higher than the
suggested optimum growth temperature of Oryza
sativa L. as reported by [40]. It was found that at
higher case scenario, temperature above optimum
level of the susceptible plant or its variety is not a
key factor in the pathogenicity. In fact, both PSB
Rc82 (Pefiaranda) and NSIC Rc160 (Tubigan
14) were previously known to exhibit an
intermediate reaction to bacterial leaf blight
(BLB) while PSB Rc82 is resistant to blast
disease. Moreover, PSB Rc82 known as the
progeny of IR64 belongs to the inbred lines of
PSB rice varieties in 2004 known to have
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resistant genes that could control bacterial leaf
blight [31]. However, the result of the this study
does not support the resistance of PSB Rc82
against the Xanthomonas sp. isolate instead, the
present investigation showed that at higher
temperature the infecting-microorganism will not
be favored to establish an enhanced
pathogenicity.

CONCLUSION

The result of the experiment indicated
that the initiation and development of bacterial
leaf blight (BLB) disease at low or high
temperature caused by the Xanthomonas sp. on
the two rice cultivars ( PSB Rc82 and NSIC
Rc160) can be affected by previously established
specific plant-pathogen interaction. Evaluation of
pattern-foliage response of plants inoculated with
Xanthomonas sp. isolate from PSB Rc82 revealed
that PSB Rc82 is more susceptible than NSIC
Rc160 under both temperature growth conditions.
The higher temperature at 36°C was observed to
impede the severity of the disease by lessening
the pathogenicity of the isolated Xanthomonas sp.
since it is outside the range of its optimum
condition. Meanwhile, 34°C can be a better
condition for the pathogenicity of the isolated
Xanthomonas sp. causing the BLB.
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