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Abstract: Rice is one of the most important food crops all over the world and is consumed
as staple food in many countries. The crop is attacked by several diseases during its life span
which ultimately result in qualitative and quantitative losses. Among these diseases, bacterial
leaf blight (BLB) is one of the most important biotic factors limiting the crop yield
worldwide. Different rice genotypes were tested from time to time against the pathogen races
to find resistant sources against (BLB) disease. Keeping in view dearth of tolerant genotypes,
ten rice genotypes were screened against the BLB disease and disease severity was estimated
according to the standardized method 1%, 2" and 3™ week consecutively, after artificial
inoculation. Seven, out of ten rice genotypes, were highly infected by bacterial leaf blight of
rice. Resistance was not found against the disease in any of the genotypes. Only the
genotype KSK-133 reacted as moderately resistant to BLB. Six genotypes, namely Basmati-
515, Basmati-385, Basmati-370, Basmati-198, KSK-282 and IRRI-6 were categorized as
moderately susceptible. Basmati Pak reacted as susceptible while Basmati super and
Basmati-2000 proved to be highly susceptible to the disease. As there is no existing tolerant
or resistant genotype against BLB, more efforts are required to screen the germplasm sources
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against the BLB.
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1 Introduction

Rice (Oryzae sativa L.) is abundantly grown in the
heavy rainfall areas including tropical and subtropical
zones of the globe (Chapagain and Hoekstra, 2011).
This crop is highly nutritive for human beings and is
source of food for more than half of the global
population, especially Asian countries, where it as a
staple food (Smith and Bruce, 2000; Zafar et al., 2004;
Islam et al.,, 2016a). Therefore sustainable rice
production is important for regional as well as global
food security (Sharma et al., 2012). Pakistan
economy is highly dependent upon the rice crop as
the country is ranked second regarding rice export
(Zahid et al., 2005; Islam and Ahmad, 2016). Total
rice production area in Pakistan is 2850 thousand
hectares with an annual production of 10351
thousands tons (USDA, 2015).
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Attribution License, which permits unrestricted use, distribution, and reproduction in
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Diseases are major yield limiting factor for rice
(Khan, 2015; Ke et al., 2017). More than forty genera
of fungi and bacteria affect this highly important crop
at various growth stages (Khan et al., 2009).
Regarding bacterial attacks, bacterial leaf blight
(BLB), caused by “Xanthomonas oryzae pv. oryzae”,
is one of the most destructive disease causing massive
yield reductions, particularly in Asia (Islam et al.,
2016a; Sharma et al., 2017; Wang et al., 2017). Crop
yield losses by BLB vary depending upon stage of the
infected crop and environmental conditions
(Narayanan et al., 2002). The losses can climb up to
80% in case of the highly susceptible genotypes (Lee
and Khush, 2000). “Kresek” or leaf blight symptoms
are the most important symptoms produced by the
pathogen (Akhtar et al., 2008). Diseased plants
produce sterile panicles without grains (Akhtar et al.,
2003; Khoa et al., 2017). Epidemics of the disease
have occurred several times in  Pakistan.
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Consequently, all the highly aromatic and valuable
basmati genotypes are categorized susceptible against
the disease (Akhtar et al., 2008; Khan, 2009; Ali et al.,
2009; Waheed et al., 2009).

Targeting the disease management, there can be
several options like chemical management (Rehman
et al., 2013; Islam et al., 2016b; Islam et al., 2016c;
Islam et al., 2017a; Islam et al., 2017b), cultural
practices (Islam, 2017) and utilization of resistant
varieties (Noman et al., 2016). From all these, the
best option is adaptability of the resistant genotype
(Ashraf et al., 2013; Ali et al., 2016;; Islam et al.,
2017c; Islam et al, 2017d Islam, 2017).
Unfortunately, we do not have any variety that may
be reckoned as completely tolerant or resistant to the
pathogen (Khan et al., 2008; Samiullah, 2015).
Keeping in view of the importance of the resistant
germplasm in management of the disease, the present
study was carried out to find the BLB resistant rice
genotypes from the available germplasm in the
country.

2. Materials and Methods
2.1 Preparation of artificial inoculums of pathogen
Collection of the diseased leaf samples was
carried out from districts Shiekhupura, Sialkot,
Hafizabad and Gujranwala of Punjab province and
composite sample was generated to draw a
representative sample for bacterium isolation. 5mm
leaf pieces were cut, placed in 75% ethyl alcohol for
some seconds, distilled water rinsing was performed
twice and were further dipped into 300 pl distilled
water for 15-20 minutes in centrifuge tubes (Waheed
et al., 2009). A loopful of bacterium containing water
was streaked on potato starch agar (Sucrose 1.2%,
agar agar 2%, peptone 1.2%) plates were streaked
with a loopful of bacterial water and incubated at
28°C for 72 hours. Using the sterilized wire loops,
bacterial colonies were picked and again placed into
fresh ager plates for purification and multiplication.
Bacterium identification was carried out by
morphological tests, technical bulletin on seed health
tests and gram staining (Baker, 1962; Agarawal,
1989). Further confirmation was done by
pathogenicity test for confirmation of koch’s
postulates upon susceptible varieties (Basmati-2000,
Basmati-super).

2.2 Screening of rice germplasm against BLB
disease

Ten aromatic rice genotypes, commonly sown all
around in Punjab (KSK-133, KSK-282, Basmati-198,
Basmati-370, Basmati-super, Basmati-2000, Basmati
Pak, Basmati-385, Basmati-515 and IRRI-6) Pakistan,

were obtained from Rice Research Institute Kala
Shah Kaku, Pakistan. Nursery was grown in research
area at Faculty of Agriculture, Faisalabad, Pakistan in
2014 and 2015. Seeds were broadcasted on dry land
(1.5 ft. x 20ft, raised beds 1 ft.) for each entry,
covered with wheat straw, then watered with hand
sprinkler thrice a day. Nursery was flooded for 1%
time after four days of sprouting. Rice seedlings, 30
days old, were transplanted (2014 and 2015) in 30
plots (10x6 feet P-P; 23cm L-L; 90cm Plot-Plot
distance) with three replications. All the standard
agronomic practices were applied according to crop
requirements.

From the multiplied bacterial culture, dilution
plate technique was followed to prepare the aqueous
suspension of bacterium (Clifton, 1958). When the
crop achieved its booting stage, with the help of the
scissor inoculated with the bacterial suspension (1
x10® cfu/ml) and using the clipping method, two rows
of each wvariety were inoculated in each plot
artificially by cutting one fourth of top of the leaves
(Kauffman et al., 1973). Humid conditions were
artificially generated by spraying water around the
inoculated plants.

Standard evaluation 0-9 scale, developed by IRRI
for bacterial leaf blight disease (Anonymous, 1996),
was followed for recording the data weekly as 0,
immune; 1, Resistant (1 — 5% area affected); 3,
Moderately resistant (6 — 12% area affected); 5,
Moderately susceptible (13 — 25% area affected); 7,
Susceptible (26 — 50% area affected); 9, Highly
susceptible (51 — 100% area affected).

Gnanamanickam et al (1999) formula was used for
determination of % disease severity.

Total lesion length

% Disease severity = x 100

Total leaf length

3. Results

Data of disease severity were regarded on weekly
basis (consecutive for three weeks) after the
inoculation. No resistance was recorded in a single
tested variety. However, only one variety namely
KSK-133 was categorized as moderately resistant, six
genotypes (Basmati-385, Basmati-370, Basmati-515,
Basmati-198, IRRI-6, KSK-282) were categorically
stated as moderately susceptible. The other single
variety called Basmati-Pak was scaled susceptible
and two varieties (Basmati super, Basmati-2000)
were categorized as highly susceptible to BLB
diseases (Fig. 1).
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Fig. 1. Weekly mean percentage of bacterial leaf blight disease progression in rice genotypes recorded in

September 2014-15.

Progression of disease severity of bacterial leaf
blight was monitored at weekly intervals till
maximum infection was attained. In the first week, 7
out of 10 rice genotypes were infected by bacterial
leaf blight of rice. This represented 70% of the tested
genotypes being infected at very early stage. BLB
infection in this week ranged between 0-50%.
Maximum infection was observed in Basmati-Pak,
Basmati-2000, Basmati-super and Basmati-385. The

disease progressed and spread fast in the second week
as 80% of the tested genotypes, while only two
genotypes remained with no symptoms. BLB
infection in this week ranged between 0-60%. In the
third week, only one tested entry escaped from BLB
infection as all the ten genotypes were infected and
disease symptoms became highly conspicuous (Fig,
2).
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Fig. 2. Overall mean disease severity of bacterial leaf blight of rice in 2014-15.
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4. Discussion

The studies were carried out to find out sources of
resistance in available rice germplasm or varieties
against the BLB disease, but none of the genotypes
was categorized as resistant or tolerant to the disease.
Results were strengthened by the work of different
scientists who conducted similar investigations and
reported no completely tolerant varieties against this
particular disease. Previous reports explain that all the
famous and aromatic basmati varieties were in
susceptible category regarding to the BLB disease.
Based on the results, Basmati super and Basmati-
2000 exhibited most susceptible reaction against BLB
which are in line with the results of Nabeela et al
(2004), Shah et al (2009) and Jabeen et al (2011) who
also categorized these varieties as highly susceptible.
Accordingly to Khan (2000), Basmati-365 is the only
genotype that was recorded as moderately resistant.

In our findings, Basmati-365 proved to be
moderately susceptible as the variety lost its
resistance against the pathogen with the passage of
time. Similar findings were in context with the efforts
of Tasleem et al., (2000) as in his trails at KSK Rice
Research Institute in 1997-98, he could not find any
resistant lines out of 104 new genotypes screened
against BLB disease. Correspondingly, Khan et al.,
(2009) in his field experiments of evaluation of 50
rice genotypes against BLB in 2003-04, none of the
varieties was under categorization of resistant but he
also considered Basmati-365 and Basmati Pak as
moderately susceptible. Furthermore, experiments of
Khan et al (2009) during 1997, 2002, 2006, 2007 and
2008 revealed that no variety in Pakistan exhibits the
tolerance against the pathogen. We further recorded
that IRRI-6 showed some resistance against the
disease. Our results coordinate with those of Akhtar
et al. (2011) who evaluated 47 rice accessions and
observed resistance against bacterial leaf blight
isolates in IRRI-6and KSK-282. But our findings
declare that KSK-282 has lost some resistance against
the pathogen as we categorized the variety as
moderately susceptible. Non aromatic varieties (such
as KSK-133) had some resistance against the
pathogen.

Wabheed et al (2009) reported resistance in some
non aromatic, least famous newly evolving genotypes
against BLB disease i.e. PARC-298, PARC-299 and
PARC-301. The results are more correlated with
findings of Naqvi et al (2015), who tested 40 rice
genotypes, and found only six as moderately
resistance, while the others were moderately
susceptible or susceptible ones. Supporting our views,

Samiullah, (2015) also reported that none of the
genetic entry was tolerant and all were in context of
susceptible or moderately susceptible.

5. Conclusion

Our results illustrate that rice cultivars commonly
growing for cultivation in Pakistan are lacking
immunity against bacterial leaf blight. Tested rice
cultivars are categorized as moderately susceptible to
highly susceptible against bacterial leaf blight.
Basmati super and Basmati-2000 appears to be highly
susceptible, whereas Basmati-515, Basmati-385,
Basmati-370, Basmati-198, KSK-282 and IRRI-6 are
categorized as moderately susceptible to bacterial leaf
blight. These results highlighted urgency or efforts
required to screen the available rice germplasm
sources against the bacterial leaf blight and use for
future breeding program. These efforts will be helpful
to develop rice varieties against bacterial leaf blight
and also possessing good aroma and better yield
potential.

Author Contribution: Both the authors share equal
contribution towards the present form of manuscript.

Acknowledgements: We (authors) have not received
any financial support for this work. We are thankful
to anonymous reviewers and editor for their valuable
comments to improve the manuscript.

Conflict of Interest: The authors have declared no
conflicts of interests.

List of Abbreviations:- BLB: Bacterial leaf blight

References
Agarwal, P.C., C.N. Mortensen and B. Mathur. 1989.

Seed-borne diseases and seed health testing of rice.

Technical bulletin No. 3, Phytopathlogical paper
No. 30. CAB Int. Mycological Inst. (CMI) Kew,
Surrey, UK. pp. 58-59.

Akhtar, M.A., F.M. Abbasi, H. Ahmad, M. Shahzad,
M.A. Shah and A.H. Shah. 2011. Evaluation of
rice germplasm against Xanthomonas oryzae

causing bacterial leaf blight. Pakistan J. Bot. 43(6):

3021-3023.

Akhtar, M.A., M. Zakria and F.M. Abbasi. 2003.
Inoculum build up of bacterial blight of rice in
rice-wheat cropping area of Punjab in relation to
zero tillage. Asian J. Plant Sci. 27: 548-550.

Akhtar, MA., A. Rafi and A. Hameed. 2008.
Comparison of methods of inoculation of
Xanthomonas oryzae pv.oryzae in rice cultivars.
Pakistan J. Bot. 40: 2171-2175.

Ali, A., Khan, M.H, R. Bano, H. Rashid, N.I. Raja,
and Z. Chaudhry. 2009. Screening of Pakistani

(12)

Journal of Environmental & Agricultural Sciences (JEAS). Volume 11



Islam and Awais, 2017. 11: 9-14. Journal of Environmental and Agricultural Sciences (ISSN: 2313-8629)

rice  (Oryzae sativa) cultivars  against
Xanthomonas oryza pv. oryzae. Pakistan J. Bot.
41:2595-2604.

Ali, Q., M.Z. Haider, W. Iftikhar, S. Jamil, M.T.
Javed, A. Noman, M. Igbal and R. Perveen. 2016.
Drought tolerance potential of Vigna mungo L.
lines as deciphered by modulated growth,
antioxidant defense, and nutrient acquisition
patterns. Braz. J. Bot. 39(3):801-812.

Anonymous, 1996. Standard Evaluation System for
Rice. 4thedition, IRRI, Manila, Philippines. p. 20.

Ashraf, M.A., M. Rasool, Q. Ali, M.Z. Haider, A.
Noman and M. Azeem. 2013. Salt-induced
perturbation in growth, physiological attributes,
activities of antioxidant enzymes and organic
solutes in mung bean (Vigna radiata L.) cultivars
differing in salinity tolerance. Arch. Agron. Soil
Sci. 59 (12):1695-1792

Baker, F.J., 1962. Handbook of bacteriological
technique. Butterworths, London. p. 28-30.

Birla, D.S., K. Malik, M. Sainger, D. Chaudhary, R.
Jaiwal and P.K. Jaiwal. 2017. Progress and
challenges in improving the nutritional quality of
rice (Oryza sativa L.). Crit. Rev. Food Sci. Nutr.
57(11): 2455-2481.

Chapagain, A.K. and A.Y. Hoekstra. 2011. The blue,
green and grey water footprint of rice from
production and consumption perspectives. Ecol.
Econ. 70(4): 749-758.

Clifton, C.E., 1958. Introduction to bacteria. Il
Edition McGraw Hill Book Co. Inc., New York.
Gnanamanickam, S.S., V.B. Priyadarisini, N.N.

Narayanan, P. Vasudevan and S. Kavitha. 1999.
An overview of bacterial blight disease of rice and
strategies for its management. Current Sci. 77(11):

1435-1444.

Islam, W and M. Ahmed. 2016. Inhibitory effects of
organic Extracts against Aspergilus flavus and
their comparative efficacy upon germination of
infested rice seeds. PSM Microbiol. 01(2): 79-84.

Islam, W. 2017. Management of plant virus diseases;
farmer’s knowledge and our suggestions. Hosts
Viruses. 4(2): 28-33.

Islam, W., A. Rasool and Z. Wu. 2016c. Inhibitory
effects of medicinal plant extracts against
Tribolium castaneum (Herbst) (Coleoptera:
Tenebrionidae). Mayfeb J. Agric. Sci. 3: 15-20.

Islam, W., A. Riaz and Z. Wu. 2017a. Variation in
patterns of pinhead and fruiting body formation of
Pleurotus ostreatus (Jacq. Fr.) upon different

weeds and agricultural waste substrates. PSM Biol.

Res. 2(1): 51-55.

Islam, W., A. Riaz, M. Zaynab and Z. Wu. 2016b.
Efficacy of different weeds and agricultural
substrates for cultivation of Pleurotus ostreatus
(Jacq. Fr.). Asian. J. Agri. Biol. 4(4): 108-113.

Islam, W., J. Zhang, M. Adnan, A. Noman, M.
Zaynab and Z. Wu. 2017b. Plant virus ecology: A
glimpse of recent accomplishments. Appl. Ecol.
Env. Res. 15(1): 691-705.

Islam, W., M. Awais, A. Noman and Z. Wu. 2016a.
Success of bio products against bacterial leaf
blight disease of rice caused by Xanthomonas
oryzae pv. oryzae. PSM Microbiol. 01(2): 50-55.

Islam, W., M. Zaynab, M. Qasim and Z. Wu. 2017c.
Plant-virus interactions: Disease resistance in
focus. Hosts Viruses. 4(1): 5-20.

Islam, W., Z. Wu and S.U. Islam. 2017d. Host-
Pathogen interactions modulated by small RNAs.
RNA Biology. Accepted

http://dx.doi.org/10.1080/15476286.2017.1318009.
Jabeen, R., T. Iftikhar, M. Ashraf and I. Ahmad. 2011.

Virulence /  aggressiveness  testing  of
Xanthomonas oryzae pv. oryzae isolates causes
BLB disease in rice cultivars of Pakistan. Pakistan
J. Bot. 43: 1725-1728.

Kauffman, H.E., A. Reddy, S.P.Y. Hsieh, S.D. Merca.

1973. An improved technique for evaluating
resistance of varieties to Xanthomonas oryzae pv.
oryzae. Plant Dis. Rep. 57: 537-541.

Ke, Y., H. Deng, S. Wang. 2017. Advances in
understanding  broad-spectrum  resistance to
pathogens in rice. Plant J. 90(4): 738-748.

Khan, J.A., H.M.I. Arshad, F.F. Jamil and S. Hasnain.
2008. Presence of BLB epidemic in some areas of
Punjab. Pakistan J. Phytopathol. 18: 15-19.

Khan, J.A., H.M.I. Arshad, F.F. Jamil and S. Hasnain.
2009. Evaluation of rice genotypes against
bacterial leaf blight (BLB) disease. Pakistan J.
Phytopathol. 21(1): 26-30.

Khan, M.A. 2015. Molecular breeding of rice for
improved  disease  resistance, a  review.
Australasian Plant Pathol. 44(3): 273-282.

Khan, T.Z, M.A. Gill and M.G. Khan. 2000.
Screening of rice varieties/lines for resistance to

bacterial leaf blight. Pakistan J. Phytopathol. 12(1):

71-72.

Khoa, N.B., T.V. Xa and L.T. Hao. 2017. Disease-
reducing effects of aqueous leaf extract of
Kalanchoe pinnata on rice bacterial leaf blight
caused by Xanthomonas oryzae pv. oryzae involve
induced resistance. Physiol. Mol. Plant Pathol.
100: 57-66.

(13)

Journal of Environmental & Agricultural Sciences (JEAS). Volume 11


http://dx.doi.org/10.1080/15476286.2017.1318009

Islam and Awais, 2017. 11: 9-14. Journal of Environmental and Agricultural Sciences (ISSN: 2313-8629)

Lee, K.S and G.S. Khush. 2000. Genetic analysis of
resistance to bacterial blight, Xanthomonas oryzae
pv. oryzae rice. Rice Genetics Newsletter. 17: 72.

Nabeela, Z., S. Aziz and S. Masood. 2004.
Phenotypic divergence for agro-morphological
traits among landraces genotypes of rice (Oryza
sativa L.) from Pakistan. Int. J. Agric. Biol. 62:
335-339.

Nagvi, S.A.H, R. Perveen and S. Chohan. 2015.
Evaluation of virulence of Xanthomonas oryzae pv.
oryzae against rice genotypes. Int. J. Agric. Biol.
17: 1186-1192.

Narayanan, N.N., N. Baisakh, C.M. Vera Cruz, S.S.
Gnanamanickam, K. Datta and S.K. Datta. 2002.
Molecular breeding for the development of blast
and bacterial blight resistance in rice cv. IR50.
Crop Sci. 42: 2072-2079.

Noman, A., R. Bashir, M. Ageel, S. Anwer, W.
Iftikhar, M. Zainab, S. Zafar, S. Khan, W. Islam
and M. Adnan. 2016a. Success of transgenic
cotton (Gossypium hirsutum L.): Fiction or reality?
Cogent OA. 2: 1207844

Rehman, A., S. Mehboob, W. Islam and N.A. Khan.
2013. Reaction of gram (Cicer arietinum L.)
Varieties against gram blight disease (Didymella
Rabiei (Kovatsch.) Arx) and its management
through foliar fungicides in rain fed areas of
Pakistan. Pakistan J. Phytopathol. 25(01): 07-14.

Samiullah, R., A. Salman, M. Sarwar, M. Umar, A.
Hussain, A. Habibullah, M. Nazir, S.M. Hussain,
Ayatullah, M. Nasir and |. Akbar. 2015.
Evaluation of indigenous rice germplasm for
resistance to bacterial leaf blight and yield
performance. J. Entomol. Zool. Stud. 34: 449-453.

Shah, S.M.A., H. Rehman, F.M. Abbasi, M.A. Akhtar
and A. Rafi. 2009. Resistance characterization of
wild relatives of rice in response to bacterial leaf
blight. Pakistan J. Bot. 41(2): 917-925.

Sharma, P., L. Bora, K. Puzari, A. Baruah, R. Baruah,
K. Talukdar, L. Kataky and A. Phukan. 2017.

Review on bacterial blight of rice caused by
Xanthomonas oryzae pv. oryzae: Different
management approaches and role of pseudomonas
fluorescens as a potential biocontrol agent. Int. J.
Curr. Microbiol. Appl. Sci. 6(3): 982-1005.

Sharma, T.R., A.K. Rai, S.K. Gupta, J. Vijayan, B.N.
Devanna and S. Ray. 2012. Rice Blast
Management Through Host-Plant Resistance:
Retrospect and Prospects. Agric. Res. 1(1): 37-52.

Smith, A. and D. Bruce. 2000. The Emergence of
Agriculture.  Scientific American library, A
division of HPHLP. New York, USA.

Tasleem, U.Z.K., M.A. Gill and M.G. Khan. 2000.
Screening of rice varieties/lines for resistance to

bacterial leaf blight. Pakistan J. Phytopathol. 12(1):

71-72.

USDA. 2015. Foreign agriculture services. Grain and
feed annual Islamabad. Gain Report Number.
1517.

Waheed, M.A., I. Ahmad, H. Sirajuddin, H. Ali, A.Q.
Khan and A. Khan. 2009. Evaluation of rice
genotypes for resistance against bacterial leaf
blight. Pakistan J. Bot. 41: 329-335.

Wang, J., D. Tian, K. Gu, X. Yang, L. Wang, X. Zeng
and Z. Yin. 2017. Induction of Xal0-like genes in
rice cultivar Nipponbare confers disease resistance
to rice bacterial blight. Mol. Plant-Microbe
Interact. 30(6): 466-477.

Zafar, N., S. Aziz and S. Masood. 2004. Phenotypic
divergence for agro-morphological traits among
landrace genotypes of rice (Oryza sativa L.) from
Pakistan. Int. J. Agric. Biol. 2: 335-339.

Zahid, M.A., M. Akhtar, M. Sabir, M. Anwar and A.
Jamal. 2005. Genotypic and phenotypic
correlation and path analysis in coarse grain rice.
Proceeding of the International seminar in rice
crop. Oct 2-3. Rice Research Institute, Kala Shah
Kaku. 29.

INVITATION TO SUBMIT ARTICLES:

Journal of Environmental and Agricultural Sciences (JEAS) (ISSN: 2313-8629) is an Open Access, Peer
Reviewed online Journal, which publishes Research articles, Short Communications, Review articles,
Methodology articles, Technical Reports in all areas of Biology, Plant, Animal, Environmental and
Agricultural Sciences. For manuscript submission and information contact editor JEAS at
dr.rehmani.mia@hotmail.com

Online Submission System http://www.agropub.com, http://www.agropublishers.com/jeas.html

Follow JEAS at Facebook: https://www.facebook.com/journal.environmental.agricultural.sciences

Join LinkedIn Group: https://www.linkedin.com/groups/8388694

(14)

Journal of Environmental & Agricultural Sciences (JEAS). Volume 11


mailto:dr.rehmani.mia@hotmail.com
http://www.agropub.com/
http://www.agropublishers.com/jeas.html
https://www.facebook.com/journal.environmental.agricultural.sciences
https://www.linkedin.com/groups/8388694

