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Abstract

Background: Bacterial Leaf Blight (BLB) is the most devastating disease of rice. This disease
can reduce grain production by 20-50% and yield by 25%. The disease is widespread in Asia,
United State, Latin America and Australia. In Pakistan, it is reported from all rice growing
areas and it is increasing its area year by year. All famous Pakistan’s Basmati varieties are
susceptible to BLB disease. The most economical way of controlling disease is to produce
resistant varieties. Many different compounds are involved in resistance mechanism in host
including phenolic compounds.

Methods: Plants inoculated with Xanthomonas oryzae pv. oryzae isolates i.e. 78.3 and 2.2
caused disease on all varieties were selected for investigation of phenolic compound.
Randomized complete block design was used in field for inoculation and leaf collections for
phenolic compounds determination. Data was phenolic compounds were analyzed through
factorial ANOVA.

Results: The response of four varieties was different when inoculated with BLB isolate 2.2.
Basmati 2000 variety of rice produced maximum amount of phenolic compounds after one
week of inoculation of bacterial isolate 2.2 while the minimum total phenols were found in
basmati 385 at 0 hrs. of inoculation (before inoculation). Xoo isolate 78.3 produced maximum
phenolic compounds after 2 weeks in Basmati 2000.

Conclusion: Biochemical resistance due to high phenolic contents in Basmati-385 and
Basmati-2000 is suggested. High phenol production may be due to loss of virulence in bacterial
isolates. Both 78.3 and 2.2 Xoo isolates are significantly different in producing total phenols in
all the varieties tested.
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Introduction

Bacterial leaf blight (BLB) disease, caused
by Xanthomonas oryzae pv. oryzae (X00), is
one of the most serious diseases in most rice
growing countries due to its high epidemic
potential and destructiveness to high-yielding
cultivars in both temperate and tropical
regions [1]. Bacterial leaf blight was first
noticed by the farmers in Japanin 1884-85
[2]. In Pakistan, BLB was first reported by
Mew and Majid in 1977 and its incidence was
reported as 10-15, 15-20, 20-25% in Sindh,
Punjab and KPK respectively [3]. BLB was
found in all northern districts including
Muridke, Narang and adjoining areas [4].

BLB occurs at all the growth stages of
rice and is manifested by either leaf blight or
“kresek” symptoms. If plant ever produces
panicles, it results in sterile immature grains,
which are easily broken during milling. Yield
reduction has been recorded about 10-12% in
case of mild infection [5] and in case of
severe infection reduction in yield has been
recorded 50% [6]. When there is heavy
infection, no grain formation takes place. The
causal organism consists of straight rods,
with a single polar flagellum, occurs
singularly or in pairs or sometimes in chains
and is gram negative [7]. The bacterium
enters the plants through natural openings or
wounds where it survives and multiplies in
plant's vascular system, producing typical
leaf blight symptoms.

Defense strategies of plants against
pathogens are several, including the
production of antifungal chemicals, which
are either pre-formed (i.e. already present in
plant tissue in different amounts) or induced
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following infection (e.g. de novo synthesized
phytoalexins). Many of the phytoalexins or
pre-formed chemicals belong to the phenolic
group [8]. Phenolic compounds are
secondary metabolites which are synthesized
in plants. They play a role in plant defense
against pathogens. Accumulation of these
secondary metabolites in plants may play a
major role in plant defense response. Their
activity is related to antimicrobial properties,
involvement in cell wall reinforcement,
modulation and induction of plant responses
[9]. Generally, when a plant is infected, its
phenolic content increases, as a consequence
of a defense reaction to infection [10].

All famous Pakistan’s Basmati varieties
are susceptible to BLB disease [11]. The
present work was designed to study the role
of phenols involve in resistance against
Xanthomonas oryzae pv. oryzae in four rice
basmati varieties by the comparison in total
phenols production before and after
inoculation.

Material and Methods

Collection of diseased material: The rice
leaves affected with bacterial leaf blight were
collected by plant protection division,
Nuclear Institute for Agriculture and Biology
(NIAB). The diseased plants with BLB were
recognized with appearance of yellow to
white water-soaked stripes at the margins of
infected leaves. Some heavily infected plants
were seen with the characteristic yellowish
lesions with wavy edges mainly in the upper
part of the effected leaves.

Isolation and purification of pathogen:
Infected leaves were cut into small pieces,
washed twice with autoclaved distilled water
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and left in autoclaved distilled water for 20
minutes [4]. Leaf pieces were then placed and
bacterial ooze in water was streaked on
Nutrient Agar (NA) medium (Nutrient broth
2.5%, Agar 2%) plates and left in incubator
at 30°C overnight for the isolation of
Xanthomonas oryzae pv. oryzae. After one
night, yellow colonies were picked and
purified on fresh NA plates. Identification
and characterization of pathogen was done by
morphological examination and Gram
staining method and biochemical tests
(Indole test, Voge-Proskauer’s test (MR-VP),
Methyle Red test and Citrate test).

Estimation of total phenols in basmati
varieties of rice: Four varieties of basmati
rice (Basmati-370, Basmati-385, Basmati-
2000 and Basmati-super) were sown in glass
house. 60 days old rice plant varieties were
inoculated with bacterial culture prepared in
nutrient agar medium for 48 hrs. on water
shaker at 35 °C. Extraction and determination
of total phenols were made according to
Sarwar et al, [12]. Plants inoculated with
isolate 78.3 and 2.2 caused disease on all
varieties were selected for investigation of
phenolic compounds. Samples of leaves were
collected from healthy and diseased plants of
all four of basmati on zero hour, 24 hours,
one week and two weeks after inoculation.
On zero hour sampling leaves were
inoculated (without bacterial inoculation).
Each plant sample was weighed 1 g and cut
into small pieces and put into methanol and
boiled for 5 minutes until the green color
came out. Methanol was decanted and plant
tissues were homogenized in tissue
homogenizer polytron. The samples were
again boiled for 5 minutes and then filtered it
through whatman No.1 filter paper and
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residue were washed with 80% acidified (0.1
% HCI conc.) methanol. Methanol collected
from step 1 and filtrates were pooled together
and then methanol was evaporated by using
Rota evaporator at 450 C and collected the
aqueous layer. Aqueous portion of extract
was washed with n-hexane in separating
funnel three times until no green color in
aqueous layer was left. Final volume of
extract was made as 2ml for zero hour
samples and 4ml for 48 hours, one week and
2 weeks, with distilled water which was used
for determination of total phenols. The
concentration of phenolic compounds in the
above water extracts was determined by
using the Folin Ciocalteau reagent according
to the modified method [13]. The 0.2ml of
extract were taken in test tubes and added 4ml
of 4% Na2CO3 solution was added, then 0.2
ml of Folin Ciocalteus reagent was added
with constant shaking on vortex mixer.
Absorption was measured in Double beam
Spectrophotometer at 750 nm after 30
minutes.

Results

Morphological and Biochemical
characterization of Xoo isolates:

Colonies of Xanthomonas oryzae pv. oryzae
were cultured on Nutrient Agar plates.
Colonies were yellow, circular, translucent,
smooth, convex, opaque and even in surface
and margin. For the identification of
Xanthomanas oryzae pv. oryzae microscopic
studies were carried out by Gram staining
method. Isolates were found Gram-negative
and rods were cultured on NA slants and
stored in refrigerator at -4°C.Confirmation of
pathogen was also carried out by biochemical

183 | Advancements in Life Sciences Vol. 1, Issue 3



characterization of the isolated bacteria. Four
Biochemical  tests  (Indole,  Voges-
Proskauer’s (MR-VP), Methyl Red and
Citrate tests) were performed for the
biochemical characterization of the Xoo
isolates. Both isolates showed negative
reaction to Indole, and VP while positive to
Citrate utilization. Isolate 2.2 showed
positive response to Methyl red test while
78.3 showed negative result (Table.1).

Estimation of total phenols concentration:

The results of total phenols found in four
basmati varieties before and after inoculation
with Xoo isolate no. 78.3 and 2.2. Basmati-
Super variety of rice produced maximum
amount of phenolic compounds after one
week of inoculation of bacterial isolate 78.3
while the minimum total phenols were found
in basmati 385 at 0 hrs. of inoculation (figure
1). After 48 hours of inoculation, Basmati
2000 contained maximum  phenolic
compounds followed by Basmati-super while
after one week of inoculation no significant
difference in phenol concentrations was
observed between Basmati 385 and Basmati
2000. Overall different trends in phenol
concentration at different timings in different
varieties was observed which may be due to
different resistant genes and biochemical
pathway of resistance. The response of four
varieties was different when inoculated with
BLB isolate 2.2. Basmati 2000 variety of rice
produced maximum amount of phenolic
compounds after one week of inoculation of
bacterial isolate 2.2 while the minimum total
phenols were found in basmati 385 at O hrs.
of inoculation (figure 2).

Both Basmati 2000 and Basmati super
contained maximum phenolic compounds
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after 1week of inoculation. In Basmati 370,
an increasing trend in phenol concentration
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Figure 1: Estimation of total phenol concentration in
Basmati varieties before and after inoculation with Xoo
isolate 78.3. Error bar indicate the standard error of
three replicates
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Figure 2: Estimation of Total Phenol Concentration in
Basmati varieties before and after inoculation with Xoo
isolate 2.2. Error bar indicate the standard error of three
replicates
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Isolate = Color Opacity Size Surface Center Elevation Margin = Shape Indole Voge- Methyle = Citrate
No test Proskauer’s Red test test
test
(MR-VP)
2.2 Light Translucent Small Even Light Convex Even Circular - - i +
Yellow
78.3 Yellow = Translucent Medium  Even Dark Convex Even Circular - - - +

Table 1. Morphological and biochemical characterization of Xoo isolates

K Source Degrees of Sum of Mean F Prob
Value Freedom Squares Square value
2 Time after inoculation 3 11.034 3.678 79.0041 0.00**
4 Varieties 3 13.590 4.530 97.2992 0.00**
6 AB 9 3.110 0.346 7.4230 0.00**
8 Xoo isolates 1 0.289 0.289 6.2023 0.015*
10 AC 3 0.380 0.127 2.7224 0.0516NS
12 BC 3 0.891 0.297 6.3823 0.0007*
14 ABC 9 2.405 0.267 5.7406 0.000**
-15 Error 64 2.980 0.047
Total 95 34.679
Table 2. Analysis of variance (ANOVA) showing interaction among concentration, Xoo isolates, varieties and time after inoculation
(*Significant ** highly significant, NS: Non significant)
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Time Variety Isolate Mean
0 hr Basmati-370 Xo0 78.3 1.138 gh
Xoo 2.2 1.108 gh
Basmati-385 Xoo0 78.3 1.813 ef
Xo00 2.2 1611 f
Basmati-2000 Xo00 78.3 1.472 fg
Xo00 2.2 1.820 ef
Basmati-Super Xo00 78.3 2.221 bcd
Xo00 2.2 2.297 bcd
48 hrs Basmati-370 Xo0 78.3 0.922 h
X00 2.2 0.922 h
Basmati-385 Xo0 78.3 1562 f
X00 2.2 1.468 fg
Basmati-2000 Xoo 78.3 2.059 cde
Xo00 2.2 1.067 h
Basmati-Super Xo00 78.3 1.692 ef
X00 2.2 1625 f
1 Week Basmati-370 Xo00 78.3 1.782 ef
Xo00 2.2 1.782 ef
Basmati-385 Xoo 78.3 2605 b
X00 2.2 2.384 bcd
Basmati-2000 Xo00 78.3 2.035 de
X00 2.2 2563 b
Basmati-Super Xo00 78.3 2.278 bcd
X00 2.2 2.430 bcd
2 Week Basmati-370 Xo00 78.3 1504 fg
X00 2.2 1504 fg
Basmati-385 Xoo0 78.3 2.438 Dbcd
Xoo 2.2 2.311 bcd
Basmati-2000 Xoo 78.3 3480 a
X00 2.2 2490 bcd
Basmati-Super Xo00 78.3 2475 bc
X00 2.2 2.400 bcd
Table 3. Table of mean showing interaction among different treatments and varieties (Mean value
with in caliimn fallawed hv the came letter are nat cionificantlv different at n< 0 .08\

was observed with respect to time after induction of phenols production in four rice
inoculation while for rest of three varieties varieties at different timings (Table.2).
have different trend of phenols accumulation. Significant interaction was observed between
Analysis of variance indicate that both Xoo four rice varieties and times after inoculation.
isolates 78.3 and 2.2 differ significantly in Behavior of four rice varieties was different

at different time for phenol accumulation.
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Four varieties interact with Xoo isolates with
respect to phenol accumulation and behavior
of four varieties was significantly different.
Significant difference in phenol
accumulations was observed in four basmati
varieties at Ohours to 2 weeks. Inoculation
with different Xoo isolates have significant
effect on phenol accumulation but matter of
time of phenol accumulation and varieties
were of big concern. Although Basmati super
accumulate phenolic compounds,
significantly different against both isolates of
Xoo but that may be due to innate resistance
of Basmati super against Bacterial leaf blight
or both isolates have different level of
virulence. If a variety accumulates phenolic
compounds immediately after inoculation i.e.
48 hours to 1 week, although higher
concentrations of phenols are phytotoxic”
that will lead to hypersensitive response and
whole resistance cascade of rice plant
become activated. Decrease in phenolic
compounds accumulation in later stages may
be because of two reason. One may be due to
phytotoxic effect of phenolics and second
may be the successful infection of Xoo
isolate which make variety susceptible.
Similar trend was observed in rest of three
varieties (Table 3)

Discussion

Defense strategies of plants against
pathogens are several, including the
production of antifungal chemicals, which
are either pre-formed (i.e. already present in
plant tissue in different amounts) or induced
following infection (e.g. de novo synthesized
phytoalexins). In both groups of chemicals,
those synthesized in secondary metabolism
are especially interesting. Many of the
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phytoalexins or pre-formed chemicals belong
to the phenolic group [8]. Phenolic
compounds are secondary metabolites which
are synthesized in plants. They not only play
a role in plant defense against pathogens but
also possess biological properties such as:
antioxidant, anti-apoptosis, anti-aging, anti-
carcinogen, anti-inflammation, anti-
arthrosclerosis, cardiovascular protection,
improvement of the endothelial function, as
well as inhibition of angiogenesis and cell
proliferation activity. Most of these
biological actions have been attributed to
their intrinsic reducing capabilities. In the
current study phenolic compounds produced
in four different rice varieties against two
Xoo isolates were analyzed.

Confirmation of pathogen is a
prerequisite and essential part of the studies.
For this purpose morphological, microscopic
and biochemical characterization of the
isolated bacteria was recorded. Our
observations were very much similar with the
already  reported  characteristics  of
Xanthomonas oryzae pv. oryzae [14]. Four
Biochemical  tests  (Indole,  Voges-
Proskauer’s (MR-VP), Methyl Red and
Citrate tests) were performed for the
biochemical characterization of the Xoo
isolates. Both isolates showed negative
reaction to Indole, and VP while positive to
Citrate utilization. Isolate 2.2 showed
positive response to Methyl red test while
78.3 showed negative result. Methyl red test
detects the production of acid during
fermentation of glucose. Red color is positive
and yellow shows that it is a negative
bacteria, so it very helpful in bacterial
identification. This assay determines if an
organism metabolizing pyruvic acid utilizes
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mixed acid pathway and produces acid end
products that are detected by the indicator
methyl red. Positive MR is indicated if the
methyl red reagent remains red. Negative
result is indicated if the reagent turns yellow-
orange. A positive result is indicated by the
presence of a red color that develops within
15 min. No color change indicates negative
VP [15]. Xanthomonas spp. exhibits negative
results to Indole, Methyl Red and Voges
Proskauer’s tests. Our results (Negative to all
three tests) are in agreement with the already
reported characteristics of Xanthomonas spp
[16].

Phenol concentrations were found
significantly different in different treatments.
Maximum amount was found in third
treatment i.e. after one week of inoculation
while minimum concentration was observed
at first treatment that is before inoculation.
Significant differences were found among the
behavior of varieties in production of
phenolic compound against the infection of
Xoo isolates. Basmati Super variety of rice
produced maximum amount of phenolic
compounds after one week of inoculation of
bacterial isolate 78.3. The bacterial isolates
78.3 and 2.2 are also significantly different in
inducing phenol production. Bacterial isolate
78.3 induced higher phenol accumulation in
super variety of rice after one week of
inoculation. Interaction of treatment and
variety also has pronounced effect.
Maximum  phenolic compounds were
observed after one week in Basmati super
variety of rice. Combination of treatment
with bacterial isolates has no effect on phenol
accumulation while different varieties show
different response against different bacterial
isolates.
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Our  results show that phenol
concentration gradually increases after
inoculation but in susceptible variety
accumulation is very slow. As bacteria cause
successful infection, phenol concentration
starts to reduce. Rice varieties Basmati-385
and Basmati-2000 are susceptible against
both bacterial isolates although phenolic
compounds start to accumulate but reduce
after one week which may be due to
successful infection or deterioration of
phenolic compounds within the plant. In
basmati super and basmati 370 varieties of
rice phenols accumulate at faster rate and in
high concentration but in second week of
inoculation phenolic compounds in plants
start to reduce which may be due to
phytotoxic effect of the pathogen or higher
phenolic ~ compounds/concentration  in
pathogen as compared to plants. Similar
results were previously reported [17]. He
found that phenolic contents in rice leaves
against Xoo increased significantly one day
after inoculation and the maximum
accumulation of phenols was observed two
days after inoculation. Phenolic compounds
accumulate in higher concentration and at
faster rate in systemic acquired resistance
after induction through chemical signal or
through pathogen.

In conclusion, rice varieties Basmati-385
and Basmati-2000 are susceptible while
Basmati-super and  Basmati-370  are
moderately susceptible. Some sort of
resistance due to high phenolic contents can
also be suggested which may be due to loss
of virulence in bacterial isolate 78.3 because
both Xoo isolates are significantly different
in producing total phenols in all the varieties
tested. Biochemical resistance is very
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complex mechanism so in addition to
phenolic compounds, accumulation of
peroxidase, catalase and other pathogenesis
related proteins should also brought under
consideration. The finding of this study will
be helpful for the rice breeders to determine
those genes which trigger phenol production
or genes involve in phytoalexin production.
Management of Xoo can be achieved through
spray of those chemical compounds which
trigger phenol production.
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