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Root-lesion disease, which is caused by Pratylenchus loosi, is one of
the most important diseases currently impacting Iran tea plantations. This
disease causes great economic crop impacts. Northern provinces, which supply
much of Iran’s tea production, have been especially hard impact by root-
lesion disease.The purpose of this study was to biological control the nematodes
as one of the main sections and sustainable agriculture in integrated management
systems, allowing application of Bacillus subtilis in the rhizosphere of tea
plants infected with the root lesion nematode. In order to study this disease,
more than fifty bacterial strains were collected from the rhizosphere area of
the tea plants and screened for their antagonistic activities on the reduction of
the density population of the adult and juvenile of Pratylenchus loosi under in-
vitro condition. Four selected isolates with nematicidal activities were
characterized and identified. All belonged to the species Bacillus subtilis.
Death percentage of juveniles ranged from 62.88% to 86.01% for Bacillus
subtilis (Rh-14) and (Rh-18), respectively. All bacterial strains isolated in this
study had the ability to produce protease. The information obtained was
needed as the first step toward the search for control strategies of root-lesion
disease in tea plantations in Iran.
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INTRODUCTION

Tea, Camellia sinensis(L) D.kuntze, is an edible and evergreen plant which has numerous
medicinal and calmative characteristic. This crop is cultivated on 2.85 million ha and with a total
production of 3.87 MT (million tone) per annum (FAO, 2010). Among the various constrains to
production of tea, plant parasitic nematodes have a significant economic importance (Bridge ef
al., 2005). The root- lesion nematodes (RLNs), a revulsive endoparasite with a board host range,
can cause economic levels of determinate to many crop species (Thies, 1991). This group of ne-
matodes is migratory endoparasite feeding primarily in the cortical parenchyma and thereby caus-
ing severe damage on a wide range of crops (Castillo and Vovlas, 2007). Pratylenchus loosi Loof.
1s known to be a parasite of tea plant in some tea-producing countries such as Sri Lanka, Philip-
pines, Japan, China, Bangladesh, Taiwan, Indian, Vietnam, USA and Australian (Gnanrapragasam
et al., 1993). This nematode is a serious pathogen of tea in Iran (Pourjam et al., 1997a, 1999b;
Seraji, 2007), which cause loss in quantity and quality of tea (Seraji ef al., 2010). Due to the soil
tissue in these areas Pratylenchus loosi can complete 3-4 life cycles in tea plantations, resulting in
the massive epidemics of the disease. The symptoms of tea root-lesion disease are consist of; stunt-
ing, wilting, yellowing and the reduction in the root length. Such symptoms are the result of the
root-system being eradicated by the organism which causes lesion of the roots: The consumption
of chemicals to control root-knot disease has not provided goodresults (Maafi, 2000). One of these
prosperous methods is the biological control, where bacteria represent an important beneficial
group for microbial control and is competent for limiting nematode reproduction. Chahal and Cha-
hal (1993) and Zukerman et al., (1993) reported that Bacillus thuringiensis quenched the popula-
tions of M. javanica and M. incognita. Naghesh et al;(2005) certified the importance of genus
Bacillus. Their results indicated that, cell-free culture filtrates of B. cereus reduced egg hatching
(90%) and caused 100% mortality of juveniles. Siddiqui and Shaukat (2002) noted that
Pseudomonas fluorescent and Pseudomonas aeruginosa reduced M. javanica juvenile permeation
into tomato plants. El- Hamshary et al. (2004) found that Pseudomonas fluorescent and
Pseudomonas aeruginosa affected M. incognita juveniles survival under an in-vitro condition. Use
of bio-control agents such as manure, to enhancement microorganisms is effective in reductioning
nematode habitance in soil (M¢Sorley, 2001). Many studies have shown that rhizobacteria, P.
aeruginosa and B. subtilis, not only inerease the plant growth but also suppress the root-knot pu-
trefaction and nematode compression in the soil (Siddiqui et al., 1999; Siddiqui, 2000; Siddiqui,
2001). B. megaterium was reported to reduce by 50% penetration of both M. chitwoodi and Praty-
lenchus penetrans in potato (Al-Rehiayani et al., 1999). Accordingly, this study aimed at detecting
the role of some baeterial genera which used individually and their antagonistic effect when used
as mixtures against Pratylenchus loosi under in- vitro condition.

MATERIALS AND METHODS
Sampling and nematode extraction

Sampling for P. loosi extraction was performed from infested tea plantation in the north
Iran, during the years 2010-2011. Total number of 20 complex samples was collected from infested
tea gardens, yearly. Each sample consisted of dozens of tiny sub samples collected from the depth
of 15 - 25 cm and 20 cm distance from the crown. Each sample was consisted of one and a half
pounds of the soils round the tea roots area and ten gram of tea roots, were later transferred to the
laboratory. Tea root lesion nematode isolation was performed according to the published method
(Jenkins, 1964), and centrifugal separation was performed according to the method of (Coolen and
D’herde, 1972), from collected roots.

Isolation of antagonistic bacterial strains
More than 80 rhizospher soil samples from tea bushes were collected from infected and non
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infected orchards of Guilan province. Samples were collected from the 15 to 20 cm depth of the rhi-
zosphere area. A total of 40 bacterial strains were isolated using serial dilution method on nutrient
agar and King’s B media. In brief one gram soil aseptically suspended in 100 ml sterilized distilled
water containing one gram gelatin and shacked for 30 minutes with 70 rpm. Soil suspensions were
diluted using sterilized distilled water (up to 1x107) and one ml of each sample poured aseptically
on plates containing NA or King’s B media and they were kept at 27+1°C for 72h. Desired bacterial
colony were selected and stroked again on media and finally kept at 4 °C for further investigations.

Evaluation of antagonistic activity of the bacterial strains against root-lesion nematodes
under in vitro condition

Bacterials suspension were prepared in sterilized distilled water and one ml of each sus-
pension was added to 100 ml nutrient broth or King’s B broth and they were shacked for 48 h at
25 °C. Bacterial suspension was centrifuged and the supernatant were used for evaluation of their
antagonistic activity toward Pratylenchus loosi. A total of 30 Pratylenchus loosi active juvenile
were added into one ml of each bacterial suspension and they were keptat 21-23° C for 48 h. Ster-
ilized distilled water was used as control and larva mortality percentage were recorded for analysis.
This experiment was conducted in a randomized completely design with three replications. The
following formula was used to calculate the nematode juvenile' mortality percentage: Mortality %
= =S x 100

Where, Ci= Number of live nematodes juvenile in control treatment and C>= Number of
live nematodes juvenile in other treatments.

Phenotypic features determination of the bacterial strains
The most effective bacterial strains were selected and their phenotypic features were char-
acterized based on the standard bacteriological methods (Shaad et al., 2001).

Protease test

This test was conducted using Skim Milk Agar (casein peptone 5 g, yeast extract 5 g, skim
milk 1 g, glucose 1g and agar 10.5 g per liter). Bacterial strains were grown on the culture and
they were incubated at 27 2 C for 48 hours. The clear zone around the colony of bacterial strains
which indicate protease activity was recorded and analyzed (Olajuyigbe and Ajele, 2005).

RESULTS
Isolation of antagonistic bacterial strains

Analysis of the antagonistic activity of the bacterial strains on Pratylenchus loosi showed
that there was a significant difference in antagonistic potency between isolates. Mortality percent-
age of nematode’s juvenile confined from 62.88 to 86.01%. Bacillus subtilis (Rh-18) showed the
greatest antagonistic activity against P. loosi (Table, 1 and Fig.1).

Phenotypic features determination of the bacterial strains
Phenotypic features of the bacterial strains were determined based on the Schaad et al.,
(2001) which were shown in Table 2 for Bacillus strains.

Protease test

Casease is an exoenzyme that is produced by some bacteria in order to degrade casein. Casein
is a large protein that is responsible for the white color of milk. All tested bacterial strains which showed
antagonistic activity against Pratylenchus loosi produced proteases. Among the tested strains, Bacillus
subtilis RH-18, showed largest clear zone which indicate a high level of protease production (Fig. 2).
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DISCUSSION

Recently, it has shown that a number of antagonistic plants contain biocontrol activity
against nematodes by choosing antagonistic bacterial in rhizoflora and can repress the plant-par-
asitic nematodes (Westcott and Kluepfel, 1993), and at the same time elevating the plant growth
(Hoffman-Hergarten et al., 1997; Kloepper et al., 1992; Sikora, 1992; Oostendorp and Sikora,
1986). Identically, fungal endophytes such as Acremonium coenophialum have been found to re-
strict Meloidogyne marylandi and Pratylenchus scribneri attack (West et al., 1988).This is the first
report of bacterial antagonism against Pratylenchus loosi. In the present study, four isolates of
Bacillus bacteria possessed a pronounced nematicidal activity. These active isolates showed vari-
ation in their potency to reduce nematodes juvenile belonging to Pratylenchus loosi ranged from
62.88 to 86.01%. Four strains including Bacillus NJ46, Bacillus Na22, Bacillus NJ2, and Bacillus
NJ57 were among the potential control agents that decrease P. brachyurus populations as much as
68.1-73.9% (Harni et al., 2007). A number of studies have reported direct antagonism by other
Bacillus spp. against plant-parasitic nematode species belonging to the genera Meloidogyne, Het-
erodera and Rotylenchulus (Kloepper ef al., 1992; Siddiqui & Mahmood, 1999; Insunza et al.,
2002; Meyer, 2003; Ruzo, 2005). Meloidogyne incognita galling on tomato, cucumber and clover
was suppressed following the application of the bacterial soil macerates or root treatment (Zavaleta-
Mejia and Van Gundy, 1982). Similarly, Sikora (1988) reported that treatment of sugarbeet with
Bacillus subtilis controlled M. incognita, M.arenaria and Rotylenchulus reniformis. There have
been also some reports indicating to the generation of metabolites by rhizosphere bacteria causes
nematode eggs degrading (Westcott and Kluepfel, 1993), decrease egg hatching (Oostendorp and
Sikora, 1990), affects the vitalism of second stage juveniles (Becker et al., 1988) and degrades
specific root exudates resulting in reduced attraction and penetration (Oostendorp and Sikora,
1989). In this study, all bacterial strains produced protease. RH-18 strain produced the largest halo
and RH-27 strains produced the lowest zone (Fig. 2). Previous studies have suggested that micro-
bial proteases may contribute to infection of hosts by degrading the host’s protective barriers
(Ahman ef al., 2002; Huang ef al.,.2004).

The most compelling evidences to support microbial proteases as virulence factors derived
from the researches on protease deficient mutants (Ahman ef al., 2002; Tian et al., 2006). For ne-
matophagous fungi, it is believed that extracellular serine proteases are involved in several steps of
the infection: releasing nutrients for pathogenic growth, facilitating penetration by degrading proteins
of'the cuticle, and digesting the host tissue. It has also been shown that bacterial proteases can degrade
and digest nematode cuticle or even kill the hosts (Ahman et al., 2002; Clarkson and Charnley, 1996;
Meyer, 2003; Mortoneet al., 2004). It is well known that the cuticle of nematodes is rigid and composed
of proteins and chitin, especially the outer part that is covered by a layer of proteinaceous membrane,
which is an effective barrier protecting nematodes from damage from the environment (Tunlid ez al.,
1994). All bacterial strains isolated in this study had the ability to produce protease. The enzymes pro-
duced by these bacteria were able to reduce the nematode population size in the field.

Literature Cited

Ahman, J., Johansson, T., Oslen, M., Punt, P.J., Van den Hondel CAMIJ J. and Tunlid A.S. 2002.
Improving the pathogenicity of a nematode trapping fungus by genetic engineering of a
subtilisin with nematotoxic activity. Appl. Environ. Microbiology. 68:3408-3415.

Al-Rehiayani, S., Hafez, S.L., Thorton, M. and Sundararaj, P. 1999. Effects of Pratylenchus neglectus,
Bacillus megaterium, and oil radish or rapeseed green manure on reproductive potential of
Meloidogyne chitwoodi on potato. Nematropica 29,37-49.

Becker, J. O., Zavaleta-Mejia, E., Colbert, S.F., Schroth, M. N., Weinhold, A.R., Hancock, J.G.
and Van Gundy S. D. 1988. Effects of rhizobacteria on root knot nematodes and gall formation.
Phytopathology 78: 1466—1469.

Journal of Ornamental and Horticultural Plants, 2 (4): 243-250, December, 2012


www.SID.ir

Bridge, J., Coyne, D. and Kwoseh, C.K. 2005. Nematode parasites of tropical root and tuber crops.
In: Plant Parasitic Nematodes in Subtropical and Tropical Agriculture. Revised 2" Edition.
Luc, M., Sikora, R. and Bridge, J. (Eds), pp. 221-258. CAB International, Walingford, UK.

Castillo, P. and Vovlas, N. 2007. Pratylenchus (Nematoda: Pratylenchidae): Diagnosis, biology,
pathogenicity and management. Nematology monographs and perspectives. Leiden: Koninklijke
Brill NV.

Chahal, P.P.K. and Chahal,V.P.S. 1993. Effect of thuricide on the hatching of eggs root-knot nematode,
Meloidogyne incognita. Current Nematology, 4(2),247.

Clarkson, J.M. and Charnley A.K. 1996. New insights into the mechanisms of fungal pathogenesis
in insects. Trends Microbial. 4:197-203

El-Hamshary, O..M., El-Nagdi, W.M.A. and Youssef, M.M.A. 2004. Genetical studies and antagonistic
effects of a newly bacterial fusant against Meloidogyne incognita root-knot nematode, infecting
sunflower and plant pathogen Fusarium oxysporum. J. Genetic Engneering and Biotechnology
(NRC), 2(2), 233-246.

FAO. 2010. Current situation and medium-term outlook for tropical fruits. Sugar and Beverages
Group, Raw Materials, Tropical and Horticultural Products Service; Commaodities and Trade
Division, Food and Agriculture Organization of the United Nations.

Gnanapragasam, N.C., Mohotti, M., Sureshkumar, B. and Udamulla, G.P. 1993. Effect of JAWAN
aneem based natural pesticide in controlling nematode pests of tea. S. L. J. Tea Sci. 62 (2): 47-52.

Harni, R., Abdul Munif, A. and Mustika, [.S. 2007. Potential of endophytic bacterial to control
lesion nematode (Pratylenchus brachyurus) on patchouli. Haiti journal of biosciences pp. 7-12.

Hoftman-Hergarten, S., Keuken, O., Gulatin, M. and Sikera R.A. 1997. Yield responses and biological
control of root knot nematode, Meloidogyne incognita, treated with Bacillus cereus. In:
Plant growth promoting rhizobacteria - present status.and future prospects. Proc. Int. Workshop
Plant-Growth-Promot. Rhizobacteria.Eds. A Ogoshi, K Kobayashi, Y Homma, F Kodama,N
Kondo and S Akino. pp. 364-367. 4th Jpn.-OECD Joint Workshop, Sapporo. JPN.

Insunza, V., Alstrom, S. and Eriksson,K.B.2002. Root bacteria from nematicidal plants and their
biocontrol potential against trichodorid nematodes in potatoes. Plant and Soil 241, 271-278.

Kloepper, J.W., Rodriguez-Kabana, R., Mclnroy, J.A. and Young R.W. 1992. Rhizosphere bacteria
antagonistic to soybean cyst (Heterodera glycines) and root-knot (Meloidogyne incognita)
nematodes: identification by fatty acid analysis and frequency of biocontrol activity. Plant
Soil 139, 75-84;

Luis, O.R. 2005. Physical, chemical and environmental properties of selected chemical alternatives
for the pre-plant use of methyl bromide as soil fumigant. Pest Management Science 3;315-321.

Maafi, Z.T. 2000, Study of Pasteuria penetrans group on some plant parasitic nematodes and their
host ranges in the North of Iran. [ranian Journal of Plant Pathology 36: 221-231.

Mcsorley, R. 2001. Multiple cropping systems for nematode management: A review. Soil and Crop
Science Society of Florida Proceedings 60: 132-142.

Meyer, S.L.F. 2003. United States Department of Agriculture Research Service programs on microbes
for management of plant-parasitic nematodes. Pest Manag. Sci. 59:665-670.

Morton, C.O., Hirsch, PR. and Kerry, B.R. 2004. Infection of plant-parasitic nematodes by nematophagous
fungi: A review of the application of molecular biology to understand infection processes
and to improve biological control. Nematology 6:161-170.

Nagesh, M., Asokan, R. and Mohan, K.S. 2005. Partial characterization of novel nematicidal toxins
from Bacillus cereus “Frankland 1887 and their effect on root-knot nematode, Meloidogyne
incognita ( Kofoid & White) Chitwood. J. Biological Control, 19 (1), 65-69. Anzeiger fur
Schadlingskunde Pflanzenschutz Umwesltschutz, 6(2),35-3.

Oostendorp, M. and Sikora, R.A. 1986. Utilization of antagonistic rhizobacteria as a seed treatment
for the biological control of Heterodera schachtii in sugar beet. Rev. Nematol. 9, 304.

Journal of Ornamental and Horticultural Plants, 2 (4): 243-250, December/ 20312


www.SID.ir

Oostendorp, M. and Sikora R.A. 1989. Seed treatment with antagonistic rhizobacteria for the suppression
of Hetrodera schactii early root infection of sugerbeet. Rev. Nemotology 12, 77-83.
Pourjam, E., Kheiri, A. and Geraert, E. 1997. The genus Pratylenchus Filipjev, 1936 (Tylenchida:
Pratylenchidae) from north of Iran. Mededelingen Faculteit Landbouwkundige en Toegepaste

Biologische Wetenschappen, University Gent. 62/3a: 741-756.

Pourjam, E., Waetenberg, L., Moens, M. and Geraert, E. 1999. Morphological, morphometrical
and molecular study of Pratylenchus coffeae and P. loosi (Nematoda: Pratylenchus). Proc.
Int. Symp. Crop Prot., 64: 391-401.

Seraji, A., Porjam, Z., Maafi, T. and Safaie, N. 2007. Biology and population dynamic of tea root
lesion nematode(Pratylenchus loosi) in Iran. Iran. J. Plant Path. Vol. 43:42.

Seraji, A., Pourjam, E., Safaie, N. and Maafi, Z.T. 2010. Effect of tea root lesion nematode, Pratylenchus
loosi, on tea quality in Iran. Proceedings of the 4th International Conference on O-CHA
(Tea) Culture and Science, October 26-28, 2010, Shizuoka, Japan.

Siddiqui, M.R. 2000. Parasites of plants and insects. Wallingford, UK: CABI Publ. 2" ed.

Siddiqui, [.A., Ehteshamul-Haque, S. and Ghaffar, A. 1999. Root dip treatment with Pseudomonas
aeruginosa and Trichoderma spp., in the control of root rot-root knot disease complex in
chili (Capsicum annuum L.). Pak. Journal of Nematology 17: 67-75.

Siddiqui, [.A., Ehetshamul-Haque, S. and Shahid-Shaukat, S.2001. Use of Rhizobacteria in the
control of root rot and root knot disease complex of mungbean. Journal of Phytopathology
149: 337-346.

Siddiqui, I.A. and Shaukat, S.S. 2002. Rhizobacteria-mediated induction of systemic resistance
(ISR) in tomato against Meloidogyne javanica. Phytopathology 150, 469-473.

Sikora R.A. 1988. Interrelationship between plant health promoting rhizobacteria, plant parasitic
nematodes and soil microorganisms. Med. Fac. Landbouww.Rijksuniv. Gent, 53/2b, 867-878.

Sikora, R.A. 1992. Management of antagonisti¢ potential in agricultural ecosystems for the biological
control of parasitic plant nematodes. Annu. Rev. Phytopathol. 30, 245-270.

Thies, J.A. 1991. NCR-138 Committee (Alfalfa Diseases) Report. Twenty-second Central Alfalfa
Improvement Conference, p:28. Proceedings of the Ames, lowa Conference, June 1991.
CAIC, Columbus, Ohio.

Tian, B.Y., Li, N., Lian, L.H., Liu, J.W., Yang, J.K. and Zhang, K.Q. 2006. Cloning, expression
and deletion of the cuticle-degrading protease BLG4 from nematophagous bacterium
Brevibacillus laterosporus G4. Arch Microbiol186:297-305.

Tunlid, A., Rosen, S. and Rask, L. 1994. Purification and characterization of an extracellular serine
protease from.the nematode trapping fungus Arthrobotrys oligospora. Microbiology 140:
1687-1695.

West, C.P.,, Izekor, E., Oosterhuis, D.M. and Robbins, R. 1988. The effect of Acremonium coenophialum
on the growth and nematode infestation of tall fescue. Plant Soil 112, 3-6.

Westcott, S.W. and Kluepfel, D.A. 1993. Inhibition of Criconemella xenoplax egg hatch by
Pseudomonas aureofaciens. Phytopathology 83, 1245-1249.

Zavaleta-Mejia, E. and VanGundy, S.D. 1982. Effects of rhizobacteria on Meloidogyne infection.
Journal of Nematology. 14, 475-476.

Journal of Ornamental and Horticultural Plants, 2 (4): 243-250, December, 2012


www.SID.ir

Tables

Table 1. Antagonistic activity of the bacterial strains isolated from tea rhizospher against
Pratylenchus loosi in laboratory.

Bacterial Strain Name Juvenile mortality (%) Statistical Group
Bacillus subtilis(Rh-18) 86.01 A
Bacillus subtilis(Rh-40) 72.94 BC
Bacillus subtilis(Rh-14) 62.88 C
Bacillus subtilis(Rh-27) 74.47 AB
Control 15.63 D

Table 2. Phenotypic features of the Bacillus strains that are antagonist against Pratylenchus loosi.

Bacterial strain RH-40 RH-14 RH-27 RH-18
Gram reaction + + + +
Motility + + + +
Starch hydrolysis - - - -
Anaerobic growth in glucose broth + + + +
Growth 45 C + + + +
Growth 5 C - - - -
Growth pH 5.7 + - + +
Growth 7% NaCl + - + +
Growth 1 % NacCl + + + +
Acid from: Xylose + - + +
Arabinose + + + +
Mannitol + + + +
+: Positive reaction; - : Negative reaction
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Fig.1. Effect of Cu concentration on the accumulation of Cu in the roots of A. rosea
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Fig. 2. The aura created by different bacteria.
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