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Abstract

Rice is a major cereal crop which ensure food security to more than half of the global population. Several
biotic factors impact rice grain quality and its final production. White stripe disease, caused by pathogen
Stenotrophomonas maltophilia is considered among the major limiting factor for reducing rice yields and
quality. Present study was performed to understand the white stripe disease, which has been frequently
misdiagnosed as bacterial leaf blight (BLB) due to similar symptoms. A survey was carried out based on
accessibility and farmer participation to monitor incidence and sample collection. The survey was conducted
in districts Faisalabad, Gujranwala, Sialkot, Sheikhupura, and Hafizabad, these districts were selected for their
importance for rice cultivation in Pakistan. The total sample size was around 500 leaves distributed evenly
throughout each study area. The results of study indicated presence of new pathogen of rice. These isolates were
biochemically identified and confirmed by gram staining negative, 3% KOH positive, 5% salt tolerance
positive, oxidase test negative, catalase test positive, starch hydrolysis test negative, nitrate reductase test
positive, indole test negative, lactose test positive, maltose test positive, methyl red test negative, Voges-
prokauer test negative and urea hydrolysis test negative. The pathogenicity test was confirmed that pathogen
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and the Sialkot isolate were the most aggressive isolate among the five isolates collected form the studied areas.
The molecular characterization was accomplished by PCR and sequencing. The results of the phylogenetic
study indicate that this pathogen belongs to a distinct group, as it is distantly related to Xanthomonas oryzae
pv. oryzae (Xoo). This study provides important findings into a novel clade of pathogen causing white stripe

disease in rice.
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Introduction

Rice is a major staple food that feeds over half of the world's population (Mohidem ez 4/., 2022). It is an
important crop around the world, accounting for more than 21% of human caloric requirements and up to
76% of Southeast Asian calorific intake (Zhao ez /., 2020). China leads the rice production with 148.3 metric
ton (Mt), followed by India 120 Mt, Bangladesh 35.3 Mt, Indonesia 34.9 Mt, and Vietnam 27.1 Mt (USDA,
2022). However, Pakistan’s production is much lower and accounted about 7.60 Mt. Asia accounts for 90.6%
of worldwide rice output, making it the world's leading producer (Bandumula, 2018).

Rice production faces several challenges including climate change, soil degradation, new emerging
pathogens and poor nutrient management (Jamal ez 4/., 2023), causing substantial decline in grain yield and
quality (Ashfaq ez al, 2022). Pakistan has reported numerous biotic (bacterial leaf blight, white stripe, rice
stripe virus, leaf spot and rice blast) resistant rice varieties, (Brooke, 2012; Ashfaq ez 4l., 2022). However, White
stripe of rice caused by Stenotrophomonas maltophilia is an emerging global pathogen that cause serious
infections in humans as well i.e., immunocompromised individuals (Brooke, 2012). It also causes significant
damage to rice crops, leading to reduction in quality and yield which ultimately develop negative impact on the
economy of the country (Hu ez 4/, 2021). This disease exhibited symptoms that closely resemble with the
bacterial leaf blight (BLB) of rice. The discase appears as white stripes on the leaves of the rice (Hu ¢z al., 2021)
and under severe cases it may cause approximately 20 percent of yield reduction. However, the percentage of
yield losses may depend on number of variables i.e., crop stage, plant health, severity of infection and the
environmental conditions (Riaz ez 4/., 2016).

It has been reported from China that Stenotrophomonas maltophilia also causes Sanqi root soft rot
disease in rice (Zheng ez al., 2022). Sangi root soft rot is characterized by straight rods of 0.5 by 1.5 um in size
and requires methionine for their growth. The bacterium is motile, reduces nitrate and catalase-positive
(Brooke, 2012; Duan ez al., 2020). The epidemiology of bacterium is complex and multidrug-resistant which
makes it difficult to control (Hafiz ez al,, 2022). To manage this disease farmer utilized several methods,
including cultural, biological, crop rotation and chemical control (Mojica ez 4/., 2019). Moreover, proper land
preparation and soil management are also helpful to prevent the spread of the disease (Cruz-Cérdova ez 4.,
2020). However, there is no effective control for this disease and researchers are working to develop disease-
resistant rice varieties (Cruz-Cérdova ef /., 2020). The primary objective of this study was to explore and
characterize a novel clade of pathogen causing white stripe disease in rice. The survey covered major rice
growing regions i.e., Faisalabad, Gujranwala, Sialkot, Sheikhupura and Hafizabad of Punjab, Pakistan. The
plants exhibiting symptoms such as water-soaked lesions, characterized by a greyish white coloration at the leaf
margins were collected. Additionally, leaves showing BLB disease symptoms were also collected. The preceding
data provides compelling evidence for the need of early diagnosis, enabling timely implementation of effective
management strategies.
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Materials and Methods

Survey and sample collection

A survey was carried out based on accessibility and farmer participation to monitor disease incidence
and collection of white stripe disease samples from districts Faisalabad, Gujranwala, Sialkot, Sheikhupura and
Hafizabad, Punjab Pakistan based on their importance for rice cultivation. The total sample size was around
500 leaves distributed evenly throughout each sampling area (Figure 1). The plants exhibiting symptoms such
as water-soaked lesions, characterized by a greyish white coloration at the leaf margins were collected in brown
paper bags. Additionally, leaves showing BLB disease symptoms i.c., water-soaked lesions, marginal bacterial
ooze on infected leaves, were also be collected to observe the difference between both diseases. These samples
were brought to the laboratory for isolation and stored in the refrigerator at 4 °C until further processing.

Locations
Hafizabad

Sheikhupura
Faisalabad

Gujranwala
Sialkot

Figure 1. Location of survey areas for sampling of diseases infected leaves

Isolation and purification and multiplication of the pathogen

Nutrient agar (NA) media was prepared to isolate, multiply and purify the pathogen. A weighed
amounts of water and nutrient agar were added in the conical flask and stirred to make homogenous mixture
and covered with cotton plug, later autoclaved at 121 °C and 15 psi for 15 minutes along with petri plates. The
disease samples were cut into 2-3 mm size with infected part and surface sterilized by dipping into 70% ethanol
for 1 minute and dipped in distilled water for 2 minutes and placed for air dry in the laminar air flow. Samples
were placed on already poured NA media plates, plates were wrapped and carefully labelled with date and
sample number and placed into incubator at 28 °C for 24 hours. The observed bacterial colonies around the
sample of rice were streaked on fresh NA media plate and again placed in the incubator at 28 °C. After re-
streaking, the pure colonies of bacterium were observed on NA media plates and preserved in 50% glycerin
solution at 4 °C for further evaluation.
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Biochemical and physiological tests

All the isolates were identified morphologically by observing their colour, type of colony and performed
biochemical tests viz., Gram staining, 3% KOH test, (Holt ¢z al., 2000; Mubeen ¢t al., 2015) 5% NaCl salt
tolerance test, starch hydrolysis, oxidase test, nitrate reduction test, Indole test, Maltose test, Lactose test,
Voges-Proskauer test, Methyl Red test and Urea hydrolysis test, respectively.

Pathogenicity test

The confirmation of the bacterial isolates’ pathogenicity was undertaken by fulfilling Koch’s postulates
(Juhasz et al. 2013). To prepare the bacterial inoculum, the bacterial culture was grown at a 28 °C for 16 hours
at 250 rpm. The obrtained bacterial suspension was subjected to centrifugation and optimized to a final
concentration of 10° cfu/ml with a spectrophotometer (Hoque and Mansfield, 2005). Rice seeds were sown in
pots and inoculations were done by clip and dip method and pots were placed under greenhouse condition.
After 15 days of inoculation data were recorded and re-isolation of the bacterium from disease showing leaves
was performed and observed bacterial colonies to fulfil the Koch’s postulate. The entire experiment was
undertaken in greenhouse conditions.

Evaluation 0f most aggressive strain

Establishment of nursery
Nursery of a single rice variety, KSK-515 was brought from Rice Research Institute, Kala Shah Kaku,

31°4426.36"N and 74°15'11.33"E Punjab, Pakistan.

Clip and dip inoculation

Each strain bacterial suspension was prepared in Nutrient broth (NB) media by shaking at 28 °C for 16
hours at 250 rpm.

Data recording

Data was recorded after every 6 days intervals of inoculation for three times (Table 1).

Table 1. Disease aggressive index scale by lesion length

Scale Lesion length (cm) Aggressivity Index
0 0 A-virulent
1 1-5 Least aggressive
2 6-10 Less aggressive
3 10.1-15 Moderately aggressive
4 15.1-20 Highly aggressive
5 20.1-25 Severely aggressive

Molecular characterization

DNA Extraction and PCR

The DNA of bacterial isolate was extracted by using modified CTAB method and DNA pellets were
washed with ethanol and dried for PCR reaction (Igbal e# 4/., 2021). For amplification, specific primers were

used. In PCR protocol denaturation (94 °C), annealing (50 °C) and extension (68 °C) was adjusted for 1
minute, 1 minute and 2 minutes for 34 cycles, respectively and a final auto-extension step of 72 °C for 5
minutes. After staining with ethidium bromide (100 pg/ml) was used, the amplified DNA was separated on a
1.0% (w/v) agarose gels (0.5x TBE buffer) and subsequently observed under ultraviolet trans-illuminator.
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Statistical analysis

Completely Randomized Design (CRD) was used to measures the leaf area affected (LAA) percentage
at that time in in-vivo conditions. The analysis of variance (ANOVA) on recorded data were performed at 5%
significance level. Fisher's Least Significant Difference (LSD) test was used in context to ANOVA to compare
the mean of all isolates formed lesion length (Steel ez 4/., 1997).

Results

Survey and isolation

A sum of 150 isolates were isolated from collected samples for White Stripe and BLB. The relative
occurrence of both diseases was determined by examining the isolated colonies. The twenty-seven isolates
formed small, yellow, raised and circular colonies of Stenotrophomonas maltophilia (Figure 2), 99 isolates
formed small, pale yellow and circular colonies of the Xanthomonas oryzae pv. oryzae (Xoo), 17 isolates formed
small and irregular shape colonies of both the diseases and remaining 9 samples gave some unknown pathogen
on NA media plates (Figure 3). Stenotrophomonas maltophilia, the causal agent of white stripe of rice were
isolated from 18 percent of the total samples collected (Figure 4).

Figure 2. Sia-5 isolate colonies colour and shape
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Figure 3. Relative percentage of BWS infections in Hafizabad (HA), Sheikhupura (SKP), Faisalabad
(FSD), Gujranwala (GRW) and Sialkot (SK)
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Figure 4. Relative percentage of isolates in all the five districts of Punjab under survey

Biochemical tests

For identification and biochemical characterization, the bacterial isolates were subjected to different
biochemical tests. The isolates were determined to be gram negative by showing pinkish colour (Figure 5), 3%
KOH positive by producing thread like string, 5% salt tolerance positive by showing salt sensitive, oxidase test
negative by showing dark purple colour, catalase test positive by showing bubbles formation, starch hydrolysis
test negative by not producing zone, nitrate reductase test positive by showing the red colour, indole test
negative by showing the yellow colour of reagent layer, lactose test positive by shows a rise in hydrogen content,
maltose test positive by showing colour change from red to yellow, methyl red test negative by showing yellow
colour, Voges-prokauer test negative by showing yellow colour at the top of tube and urea hydrolysis test
negative by showing yellowish colour.
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Figure 5. Sia-5 isolate result of Gram Staining under microscope

Pathogenicity test confirmation by fulfilment of Koch’s postulates

After 15 days of inoculation, all the plants exhibited disease symptoms and re-isolation of the bacterium
from disease symptoms were performed and observed bacterial colonies to fulfil the Koch’s postulate.

Evaluation of most aggressive isolate of S. maltophilia through Clip and Dip inoculation method

After 6,12 and 18 days of inoculation, all the plants exhibited disease symptoms and the data was noted

by measuring the LAA percentage. The Sialkot isolate exhibited the highest level of aggressiveness compared to
the other four isolates (Figure 6 and Table 2).

——HA-3 —=&-SKP-1 FSD-4 —«GRW-2 —%-SK-5
35

30
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% age of infected leaf area

6 DAYS 12 DAYS 18 DAYS

Figure 6. Aggressiveness of Sia-5 isolates of surveyed samples collected from different Hafiz Abad,
Sheikhupura, Faisalabad, Gujranwala and Sialkot etc at three different intervals
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Table 2. Lesion Length formed by isolates in 6, 12 and 18 days

Lesion length (cm)
Isolate 6 days 12 days 18 days Average
HEF-3 5.9 10.05 18.69 11.54
Shk-1 6.4 9.7 20.85 12.31
Fsd-4 3.78 9.23 17.32 10.11
Gjr-2 4.76 9.98 18.08 10.94
Sia-5 6.3 16.06 29.96 17.44

Molecular characterization

DNA was extracted through the process of lysing the bacterial pellets and universal primers were utilized
for DNA amplification using PCR. This PCR product was then subjected to gel electrophoresis under
fluorescent light. The identified DNA was commercially sequenced (Figure 7).
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Figure 7. Dendrogram representing genetic relationships between isolates



Azmat S et al. (2024). Not Bot Horti Agrobo 52(2):13547
Discussion

Rice production faces several challenges that can decrease its quality and production. These challenges
are diverse in nature and can be caused by various factors. Pakistan has reported several diseases affecting rice
crops, including bacterial leaf blight, white stripe, rice stripe virus disease, and leaf spot. White stripe of rice
caused by Szenotrophomonas maltophilia is an emerging global opportunistic pathogen causing serious infection
in humans (Brooke, 2012). The discase-causing white stripes to appear on the leaves of the rice plants, leads
toward reduction in both yield and quality, which may have a negative impact net return (Hu ez 4/., 2021).

The primary objective of this study was to explore and characterize newly emerging disease in major rice
growing regions of Punjab i.ec., Faisalabad, Gujranwala, Sialkot, Sheikhupura and Hafizabad, respectively.
Thorough examination of the plants during surveys it was observed the existence of additional symptoms along
with BLB. However, these symptoms exhibit a significant similarity to the symptoms of BLB disease. Out of
150 isolates from collected samples, 37 developed small, yellow, elevated, and circular colonies, 99 formed light
yellow and circular colonies, and 16 formed small and irregular colonies on NA medium plates. The isolates
were determined to be gram negative by showing pinkish colour, 3% KOH positive by producing thread like
string, 5% salt tolerance positive by showing salt sensitive, oxidase test negative by showing dark purple colour,
catalase test positive by showing bubbles formation, starch hydrolysis test negative by not producing zone,
nitrate reductase test positive by showing the red colour, indole test negative by showing the yellow colour of
reagent layer, lactose test positive by shows a rise in hydrogen content, maltose test positive by showing colour
change from red to yellow, methyl red test negative by showing yellow colour, Voges-prokauer test negative by
showing yellow colour at the top of tube and Urea hydrolysis test negative by showing yellowish colour of the
medium. Similar results were observed during the KOH and gram staining test performed by the Jonit ez 4/.
(2016) that confirmed the Xoo bacterium were gram-negative exhibiting pinkish colour under the microscope,
respectively. Tests of both Xoo and Stenotrophomonas maltophilia were revealed that both pathogens exhibit
similar behaviour under identical conditions.

To fulfill Koch’s postulates all isolates were evaluated for a pathogenicity test. It has been shown that
the plants exhibited identical symptoms to those observed in samples collected from the field. Following the
pathogenicity test, Sialkot strain exhibited the highest level of aggression compared to the other four isolates.
The complete identification was achieved through PCR. The PCR product was viewed under fluorescent light
following gel electrophoresis and pure product was commercially sequenced. This sequence was evaluated using
NCBI BLAST procedure and it was found the sequence was distinct from the rice BLB pathogen Xoo. The
BLAST result showed similarity with Stezotrophomonas spp. and confirmed that the disease was caused by the
Stenotrophomonas maltophilia. The highly similar sequences were downloaded and phylogenetic tree analysis
were undertaken and it was observed this novel pathogen is not among the rice pathogens and found different
from the Xoo. It exists between Stenotrophomonas spp, hence this pathogen was a new addition tonovel clade of
rice pathogens. The present study was in line with research done in by Singh ez 4/. (2014) who studied at the
manner and confirmed that Stenotrophomonas maltophilia is the causal organism of white stripe disease of rice.
It was also confirmed that the S. maltophilia is the casual organism of white stripe disease of rice in India and

postharvest fruit rot of Lanzhou lily (Hu ez /., 2021).

Conclusions

This study helped in identification of a previously unnoticed disease known as White Stripe, which has
been frequently misdiagnosed as BLB due to similar symptoms. White Stripe was found to be present in
approximately 18% of rice-growing areas surveyed in Punjab, including districts like Hafizabad, Sheikhupura,
Sialkot, Gujranwala, and Faisalabad of Pakistan. The isolated pathogen causing White Stripe was identified as

9
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Stenotrophomonas maltophilia, and it helped to distinguished it from common rice pathogen Xoo. The
phylogenetic analysis indicated that this pathogen represents a novel clade among plant pathogenic bacteria
affecting rice. Based on these results, it has been recommended that further research and monitoring efforts
should be dedicated to study White Stripe discase's epidemiology and implementation of disease management
strategies, which may differ from those used for BLB, to minimize its impact on rice yields.
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