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ABSTRACT

The growing human population worldwide, declines in land and water availability, and challenging climatic changes are
problematic factors in global food production. However, the major limiting factor in agricultural food production is plant
diseases. Plant diseases need to be controlled to maintain the quality and abundance of food, feed, and fiber produced by
growers around the world. Different approaches may be used to prevent, mitigate or control plant diseases. Beyond good
agronomic and horticultural practices, growers often rely heavily on chemical fertilizers and pesticides. Such inputs to
agriculture have contributed significantly to the spectacular improvements in crop productivity and quality over the
past 100 years. However, the environmental pollution caused by excessive use and misuse of agrochemicals, as well as
fear-mongering by some opponents of pesticides, has led to considerable changes in people’s attitudes towards the use of
pesticides in agriculture. Additionally, the spread of plant diseases in natural ecosystems may preclude successful
application of chemicals, because of the scale to which such applications might have to be applied. Consequently, some
pest management researchers have focused their efforts on developing alternative inputs to synthetic chemicals for
controlling pests and diseases. The most effective plant disease management approach requires an integrated strategy
that utilizes biological control agents. This review highlights various biocontrol approaches used in current scenario to
ascertain sustainable agriculture on a global scale.
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INTRODUCTION

Sustainable agriculture is defined as an integrated system of plant production practices having a site-
specific application that will, over the long term satisfy human food and fiber needs; improve
environmental quality and the natural resources based upon which the agricultural economy depends;
make the best use of non-renewable resources and on-farm resources and integrate where appropriate,
natural biological cycles and controls; sustain the economic viability of farm operations and enhance the
quality of life for farmers and society as a whole [1]. New technology in all areas has improved
agricultural production, thus its sustainability. Plant disease has been a major factor influencing food
production and human societal development over thousands of years [1]. Plant diseases caused by a
variety of causal agents such as fungi, bacteria, viruses, phytoplasmas and nematodes reduces crop yields
worldwide [2].The diversity of pathogens harmful to crops is large. Crops can be attacked at different
growth stages: at seedling establishment (root and seed rots), young seedlings (root and collar rots,
seedling blights, wilts), pre-flowering (wilts, leaf blights, yellowing and mottling of the foliage, stunting),
flowering (bud rots, flower blight), post flowering (rusts, blights) and at post-harvest stage (fruit rots).
The same disease can induce diverse symptoms at different growth stages. Man- made activities such as
crop intensification and introduction of new crops or new cultivars of existing crops to new regions as
well as changes in cropping practices, including plant breeding led to the development of serious
epidemics around the globe, mainly because such activities could disturb the balance, which naturally
existed for many generations [3].
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Despite the contribution of scientific and technological advances to significant reductions in the
frequency and intensity of epidemics in recent times, 20-30% of actual production is still lost due to plant
diseases per year [4].

BIOLOGICAL CONTROL OF PLANT PATHOGENS

Biological control of plant pathogens has become an integral component of pest management in light of
the environmental and health issues attributed to the use of fungicides in agriculture. The term biological
control applies to the use of microbial antagonists to suppress plant diseases as well as the use of host-
specific pathogens to control weed populations. In both fields, the organism that suppresses the pest or
pathogen is referred to as the biological control agent (BCA)[5]. These specialized fungi and bacteria are
microorganisms that normally inhabit most soils. Several biocontrol agents have been recognized and are
available as bacterial agents for example Pseudomonas, Bacillus, and Agrobacterinum, and as fungal agents
such as Aspergillus, Gliocladium, Trichoderma, Ampelomyces, Candida, and Coniothyrium[6,7].In their
native habitat, the BCAs compete with other microorganisms for space and food by producing toxic
substances that parasitize and/ or Kkill other soil inhabiting microorganisms such as Pythium sp.,
Phytophthora sp., Rhizoctonia sp. and other plant pathogens [8]. There are four different mechanisms by
which biocontrol agents control other microorganisms; direct antagonism, which results from physical
contact and/or a high-degree of selectivity for the pathogen by the mechanism(s) expressed by the
BCA(s); antibiosis, where the biocontrol agent produces an antibiotic or some type of toxin that kills or
has some detrimental effect on the target organism; predation or parasitism of the target organism,
where the biocontrol agent can attack and feed directly on the target organism or the biocontrol agent
can produce enzymes and some sort of toxins that kills the target organism and then the biocontrol agent
feeds on the dead target; and lastly by induced resistance of the host plant, where it has been known for
the decades that once a plant is infected with the pathogen, that infection triggers some sort of reaction in
the infected host plant that helps keep it from being infected with other pathogens. The infected plant
becomes more resistant to other infections [8].

Fluorescent pseudomonas are the most frequently used bacteria for biological control and plant growth
promotion, but Bacillus and Streptomyces species have also been commonly used. Trichoderma,
Gliocladium and Coniothyrium are the most commonly used fungal biocontrol agents [9] Competition has
been exploited by many researchers with soilborne plant pathogens as with the pathogens on the
phylloplane.Baek et al. [10]used nonpathogenic strains of Fusarium oxysporium to control wilt diseases
caused by Fusarium spp. The most common bacteria that have been used for the control of diseases in the
phyllosphere include Pseudomonas syringae, P. fluorescence, P. cepacis, Erwinia herbicola and Bacillus
subtilis. Fungal genera that have been used for the control include Trichoderma, Ampelomyces and the
yeasts Tilletiopsis and Sporobolomyces[11].

SIDEROPHORES IN BIOLOGICAL CONTROL

Iron is an essential nutrient for almost all microorganisms. Ferrous iron (Fe*2) is highly soluble up to a
concentration of 100 mM at pH 7. However, the ferric form of iron (Fe*3), which is needed for growth by
organisms, is soluble at biological pH only to a concentration of 10-9 M, which makes the bioavailability of
iron very low. Fe*3 is not readily consumed by living organisms because of its extremely low solubility;
this restriction means that iron bioavailability is a major limiting factor for living organisms. At neutral
pH, iron bioavailability is much more limited and leads to competition among microoganisms for limited
nutrients. This competition for iron nutrition is one of the mechanisms of biological control for both
bacterial and fungal phytopathogens. Siderophore, coined by Lankford in 1973is present in one of the
major mechanisms of bacteria that is involved in the biological control of plant diseases. These
siderophores are produced in iron-limited conditions to sequester the less-available iron from the
environment and thereby deprive the pathogen of iron, which ultimately leads to inhibition. Both plant
pathogenic fungi and bacteria have been found to be inhibited by siderophore-producing biocontrol
agents [12].In agriculture, siderophores are used to improve soil fertility and biocontrol [13]Kloepper et
al. [14]demonstrated the importance of siderophore pseudobactin production by the biocontrol agent
Pseudomonas fluorescens against Erwinia carotovora.

QUORUM SENSING AS A BIOCONTROL METHOD

Quorum sensing is the regulation of gene expression in response to fluctuations in cell-population
density. Quorum Sensing has been used by many plant-associated microorganisms as part of their
pathogenic or symbiotic life cycle. de Kievit and Iglewski [15]suggested that the ability to block or
promote these Quorum Sensingor Quorum Quenching systems may reveal new strategies for managing
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plant diseases and increasing crop yield. Dong et al.[16]demonstrated first application of QQ strategy in
protection against plant disease by transforming aiiA gene into the phytopathogen Erwinia carotovora to
attenuate its pathogenicity in Chinese cabbage.

CYANOBACTERIA AND ALGAE AS BIOCONTROL AGENTS

Cyanobacteria and algae have been reported to produce unique antibacterial and antifungal bioactive
metabolites that are eco-friendly and may used for the control of phytopathogens. The wide spectrum of
cyanobacterial secondary metabolites include 40.2% lipopeptides, 5.65 amino acids, 4.2% fatty acids,
4.2% macrolides and 9.4% amides [17].The efficacy of two commercial cyanobacterial metabolites, Weed-
Max and Oligo-Mix, against some soil-borne pathogens was evaluated by El-Mougy and Abdel-Kader
[18].These algal compounds, when supplemented in the growth medium, inhibited the growth of root rot
pathogens Alternaria solani, Fusarium solani, Fusarium oxysporum, Rhizoctonia solani, Sclerotium rolfsii
and Sclerotinia sclerotiorum. These compounds have been reported to reduce root rot disease and
improve crop yields when combined with bioagents Trichoderma harzianum or Bacillus subtilis as
integrated soil treatments of vegetable plants.

Application of seaweed extracts have been found to exert protection against pathogens [19].Abetz and
Young [20]also demonstrated that when an algal extract of Ascophyllum nodosum (L.) was sprayed
onlettuce plants (Lactuca sativa L.)during the growing stage, it reduced plant sensitivity from 18% (in
unsprayed plants) to 12% against diseases.Raghavendra etal. [21]evaluated the effect of a commercial
product of seaweed, Sargassum wightii (Dravya), on bacterial blight caused by phytopathogen
Xanthamonas campestris in cotton. In another study, soil application of liquid seaweed extracts to
cabbage (Brassica oleracea var. capitata) reduced the incidence of damping-off disease in seedlings
caused by Pythium ultimum|[22].

ARBUSCULAR MYCORRHIZAE FUNGI IN PLANT DISEASE CONTROL

The negative antagonistic interaction of the Arbuscular Mycorrhizae Fungi with various soil-borne plant
pathogens is one of the main reasons that it has potential to be used as a biocontrol agent [23]The
Arbuscular Mycorrhizae Fungi (AMF) play an important function in the reduction of plant
pathogens, such as Rhizoctonia solaniand Pythium ultimum and Phytophthora species. The ability
of AMF to control plant diseases improves with the application of organic amendments. AMF stimulates
the activity of beneficial microorganisms in the rhizosphere that are antagonistic to bacterial plant
pathogens. Most plant pathogenic bacteria alter the host plants’ physiology as well as its biochemical
activities, which may be lethal effects. AMF, however, have the ability to reduce the defects in host plants
caused by pathogenic bacteria [24].Different mechanisms have been reported to explain bio-control
by AMF including biochemical changes in plant tissues, microbial changes in rhizosphere,
nutrient status, anatomical changes to cells, changes to root system morphology and stress
alleviation [25]. Mycorrhizal fungi provide a very effective alternative method of disease control,
especially for pathogens that affect below-ground plant parts. AMF have enormous potential to control
the plant pathogenic bacteria that cause soil-borne diseases, because root diseases are the most difficult
to manage and lead to losses in disturbing proportions. Moreover, mycorrhizal symbiosis substantially
influences plant growth under a variety of stressful conditions; their role in biological control of soil/
root-borne pathogens is therefore of immense importance in both agricultural systems and forestry [26].

PLANT GROWTH PROMOTING RHIZOBACTERIA AS BIOCONTROL AGENTS

Several studies have shown that the consortia of plant-growth-promoting rhizobacteria could enhance
biological control for multiple plant diseases through the induced systemic resistance or antagonism.
PGPR suppress plant pathogenic bacteria by the secretion of antibiotics, bacteriocins, and siderophores,
and the induction of systemic resistance. Jagadeesh [27]reported that bacterial wilt caused by Rhizobium
solanacearum was controlled by rhizobacteria in tomato, whereas inoculation of three strains of
fluorescent Pseudomonasresulted in suppression. Several researchers have reported the different types
of antimicrobial compounds produced by bacteria which include volatiles (HCN, aldehydes, alcohols,
ketones, and sulfides), nonvolatile polyketides (diacetyl phloroglucinol [DAPG] and mupirocin),
heterocyclic nitrogenous compounds (phenazine derivatives: pyocyanin, phenazine-1-carboxylic acid;
PCA, PCN, and hydroxy phenazines), phenylpyrrole antibiotic (pyrrolnitrin) and lipopeptide antibiotics
(iturins, bacillomycin, surfactin, and Zwittermicin A) [28,29,30]. Fluorescent pseudomonads and Bacillus
species have also been found to be active in the suppression of plant pathogens. These bacterial
antagonists enforce suppression of plant pathogens by the secretion of the abovementioned extracellular
inhibitory metabolites [31].
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BACTERIOPHAGES AS BIOCONTROL AGENTS

Bacteriophages are natural non-phytopathogenic strains that have the potential to be used in biocontrol.
The use of phages in biocontrol was first reported in 1896 by Ernest Hankin, who observed antibacterial
activity against Vibrio cholera[32].Phage therapy has been found to be an effective tool for the control of
several phytopathogenic bacteria, including Xanthomonas spp. [33], Pseudomonas spp. [34], Erwinia spp.
[35], Pantoea spp. [36], Ralsotnia spp.[37], Streptomyces spp.[38], Dickeya spp. [39] and Pectobacterium
spp. [40]. Phages have been found to have several potential advantages in disease control; bacteriophages
can be readily isolated from bacteria that occur in a range of locations, including soil, water, plants,
animals and humans, as well as hydrothermal vents [41].Phages are self-replicating and self-limiting; they
reproduce only as long as the host bacterium is present in the environment and quickly degrade in its
absence [42].Phages target only the bacterial receptors that are essential for pathogenesis; therefore, the
resistant mutants of bacterial strains are attenuated in virulence [43].Bacteriophages are not only
nontoxic to eukaryotic cells but also are specific [44]. Phage formulations are inexpensive to produce and
can be stored at 4°C in complete darkness for months without a significant reduction in titer [45].

ENZYMES AS BIOCONTROL AGENTS

Plants have evolved chitinases, peroxidases (POs), and polyphenol oxidases (PPOs) are defense enzymes
that are induced in plants during pathogenesis [46].Chitinases are defense proteins with antimicrobial
activity. Some chitinases have also been found to possess lysozymal activity [47] and thus responsible for
conferring resistance to bacterial pathogens. Peroxidasescreate a physical barrier to limit pathogen
invasion in host tissues by catalyzing the cross-linking of cell wall components in response to pathogen
infection [48], where such enzymes have been implicated in the oxidation of phenols [49], lignifications
[50], plant protection [51]and elongation of plant cells [52].Polyphenol oxidases uses molecular oxygen to
oxidize common ortho-diphenolic compounds (e.g., caffeic acid and catechol) to their respective quinones
[53].

ANTIMICROBIAL PEPTIDES AS BIOCONTROL AGENTS

Endogenous antimicrobial peptides have emerged as potential biocontrol agents for the protection of
crops against pathogenic bacteria [54]. These peptides have been found in a variety of mammals,
amphibians, insects, and plants, and play important role in host defense systems and innate immunities
[55].Natural antimicrobial peptides exhibit a broad spectrum of activity against bacteria and fungi. They
are lytic, and have synergistic activity with conventional antibiotics. When Ferre et al [56]synthesized
short peptides and evaluated them against Erwinia amylovora, Ps. syringae, and X. vesicatoria, bactericidal
activity at micromolar concentrations was observed.

NANOPARTICLES AS ANTIMICROBIALS

Nanoparticles are particles with at least one dimension within the 1-100-nm range. Particles within this
size range have unique physical and chemical properties, including large surface to mass ratio, high
reactivity and unique interactions with biological systems [57]. Some of the above properties make them
excellent antimicrobials, and some properties make them ideal carriers/delivery systems for other
antimicrobials. The antimicrobial activities of most nanoparticles result from three major aspects:
photocatalysis, physical damage to the microbial cell envelope and the release of toxic metal ions.
Nanoparticles with photocatalysis activity are mostly metal oxides, such as Cu0, TiO2, ZnO and Fe3;04 [58],
and metals, such as Ag [59]. During photocatalysis, reactive oxygen species (ROS) are generated in the
form of hydrogen peroxide, hydroxyl radicals and peroxide [60]. These ROS are toxic to microorganisms,
as they can damage cellular constituents, such as DNA, lipids and proteins, resulting in bactericidal and
bacteriostatic effects [61]. In one study, a nanoparticle formulation of titanium dioxide (TiO2) induced
photocatalysis, resulting in antimicrobial effects against the bacterial spot pathogen Xanthomonas
perforans [62]. ZnO and Ag NPs have also been found to exhibit promising antimicrobial activity against
[63]. The association of nanoparticles with a support material has been shown to possess promising
antimicrobial effects. Bare nanoparticles tend to form agglomerations that weaken the antimicrobial
activity [64]. Grapheme oxide (GO) has been used as support material to grow Ag NPs, significantly
reducing agglomeration and enhancing the antimicrobial activity against the bacterial spot pathogen X.
perforans[64]. In addition to antimicrobial activities, nanopartic have also been reported to be efficient
delivery systems for many other antimicrobial compounds. Multiple nanoparticle delivery systems, such
as hydrogel, dentrimers, liposomes, carbon nanotubes, micelles, and microand nanoemulsions, have been
studied for the delivery of various active ingredients [65]. Among them, nano-emulsions have shown
promising delivery of an agriculturally important herbicide [66]and a nano-emulsion formulation was
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reported to enhance the permeability of the antibiotic ampicillin through the citrus cuticle into the
phloem via a foliar spray targeted against Huanglongbing disease [67]. As the plant cuticle (wax, cutin and
pectin) acts as the major barrier preventing antimicrobial compounds from penetrating into plant tissues,
and as many plant-pathogenic bacteria infect the phloem and xylem tissues, the development of
antimicrobial delivery technology which penetrates through the cuticle may have wide applications in the
control of bacterial plant diseases. In summary, Nanoparticles possess many desirable traits that may
make them excellent antimicrobials for the management of microbial plant diseases in the future.

CHALLENGES AND FUTURE PERSPECTIVES

To meet the challenge, plant disease management strategies, current agricultural practices and plant
disease management strategies must change. Three components (society, economics and ecology) should
be considered in future plant disease management strategies. Providing safe and adequate food for
society is always the most important task of plant disease management. Plant disease management
should strike to ensure food security and social stability by increasing crop productivity, reducing food
contamination by microbial toxins, and guaranteeing the supply of diverse and reasonable priced foods.

ACKNOWLEDGEMENT
The authors are grateful to Hon’ble Vice-Chancellor, Kurukshetra University, Kurukshetra, Haryana, for
providing necessary infrastructural facilities for carrying out the research work

REFERENCES

1. Palmgren, M.G., Edenbrandt, AK. Vedel, S.E., Andersen, M.M., Landes, X., @sterberg, ].T., Falhof, ], Olsen, L.,
Christensen, S.B., Sandge, P., Gamborg, C.,, Kappel, K,, Thorsen, B.J. and Pagh, P. (2015) Are we ready for back-to-
nature crop breeding? Trends in Plant Science;20: 155-164.

2. Waddington, S.R, Li, X, Dixon, ]J.,, Hyman, G. and de Vicente, C. (2010) Getting the focus right: production
constraints for six major food crops in Asian and African farming systems. Food Security;2: 27-48.

3. Buddenhagen, LW. (1977). Resistance and vulnerability of tropical crops in relation to their evolution and
breeding. Annals of New York Academy of Science; 287: 309-326.

4. Oerke, E.C. (2005) Crop losses to pests. Journal of Agricultural Science;144: 31-43.

5. Lewis, J.A. and Papavizas, G.C. (1991). Biocontrol of plant diseases: the approach for tomorrow. Crop Protection;
10:95-105.

6. Atehnkeng, ], Ojiambo, P.S, Ikotum, T., Sikora, R.A, Cotty, P.J. and Bandyopadhyay, R. (2008). Evaluation of
atoxigenic isolates of Aspergillus flavus as potential biocontrol agents for aflatoxin in maize. Food Additives &
ContaminantsPart A; 25: 1266-1273.

7. Gilardi, G, Manker,DC, Garibaddi A, Gullino ML (2008) Efficacy of the biocontrol agents Bacillus subtilis and
Ampebmyces quisqualis applied in combination with fungicides against powdery mildew of Zucchini. Journal of
PlantDiseases Protection; 115: 208-213.

8. Lorito, M.V,, Farkas, S., Rebuffat, B, Bodo, Y. and Kubieck, C. (1996) Cell wall synthesis is a major target of
mycoparasitic antagonism by Trichoderma herzianum. Journal of Bacteriology; 178:6382-6385.

9. Hoitink, H.A. (1986). Basis for the control of soil borne plant pathogens with conposts. Annual Review of
Phytopathology; 24:93-114.

10. Baek, ].M., Howell, C.R. and Kelerney, C.M. (1999). The role of extracellular chitinase from Trichoderma virens
Gv29-8 in the biocontrol of Rhizoctonia solani. Current Genetics; 35:41-50

11. Haggag, M.W. and El-Gamal, S.N. (2001).Efficiency of the antagonist Tilletiopsis pallescens formulated with some
natural oils for biocontrol of the powdery mildew in greenhouse cucumber. Pakistan Journal of Biological
Science; 4: 1244-1250.

12. Ishimaru, C.A. and Loper, J.E. (1992). High-affinity iron uptake systems present in Erwinia carotovora subsp.
carotovora include the hydroxamate siderophore aerobactin. Journal of Bacteriology; 174: 2993-3003.

13. Hider, R.C. and Kong, X. (2010). Chemistry and biology of siderophores. NaturalProduct Reports; 27: 637-657.

14. Kloepper, JW., Leong, ]J., Teintze, M. and Schroth, M.N. (1980).Pseudomonas siderophores: A mechanism
explaining disease suppressive soils. Current Microbiology; 4: 317-320

15. de Kievit, T.R. and Iglewski, B.H. (2000). Bacterial quorum sensing in pathogenic relationships. Infection &
Immunity; 68(9): 4839-4849.

16. Dong, Y.H, Xu, J.L,, Li, X.Z. and Zhang, L.H. (2000). AiiA, an enzyme that inactivates the acylhomoserine lactone
quorum-sensing signal and attenuates the virulence of Erwinia carotovora. Proceedings of National Academy of
Science USA; 97(7): 3526-3531.

17. Singh, RK, Tiwari, S.P.,, Rai, A.K,, Mohapatra, T.M. (2011). Cyanobacteria: An emerging source for drug discovery.
Journal of Antibiotics; 64: 401-412.

18. El-Mougy, N.S. and Abdel-Kader, M.M.(2013). Effect of commercial cyanobacteria products on the growth and
antagonistic ability of some bioagents under laboratory conditions. journal of Pathology; 11 bp,
doi:10.1155/2013/838329.

BEPLS Vol 9 [5] April 2020 117|Page ©2020 AELS, INDIA



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44,
45,

46.

Jain and Pundir

Subramanian, S., Sangha, ].S., Gray, B.A,, Singh, R.P.,, Hiltz, D., Critchley, A.T. and Prithiviraj, B. (2011). Extracts of
the marine brown macroalga, Ascophyllum nodosum, induce jasmonic acid dependent systemic resistance in
Arabidopsis thaliana against Pseudomonas syringae pv. tomato DC3000 and Sclerotinia sclerotiorum. European
Journal of Plant Pathology; 131: 237-248.

Abetz, P. and Young, C.L. (1983). The effect of seaweed extract sprays derived from Ascophyllum nodosum on
lettuce and cauliflower crops. Botanica Marina 26: 487-492.

Raghavendra, V.B., Lokesh, S. and Prakash, H.S. (2007). Dravya, a product of seaweed extract (Sargassum wightii),
induces resistance in cotton against Xanthomonas campestris pv. malvacearum. Phytoparasitica; 35: 442-449.
Dixon, G.R. and Walsh, U.F. (2002). Suppressing Pythium ultimum induced damping-off in cabbage seedlings by
biostimulation with proprietary liquid seaweed extracts managing soil-borne pathogens: A sound rhizosphere to
improve productivity in intensive horticultural systems. Proceedings of XXVI International Horticultural
Congress, Toronto, Canada, pp. 11-17.

Tahat, M.M,, Sijam, K. and Othman, R. (2010). Mycorrhizal fungi as a biocontrol agent. Journal of Plant Physiology;
9:198-207.

Halos, P.M. and Zorilla, RA. (1979). VAM increase growth and yield of tomatoes and reduce infection by
Pseudomonas solanacearum. Philippines Agriculture 62: 309-315

Hooker, J.E., Jaizme-Vega, M. and Alkinson, D. (1994). Biocontrol of Plant Pathogen Using Arbuscular
Mycorrhizal Fungi. In: Gianinazzi S, Schhepp H (Eds.).Impact of Arbuscular Mycorrhizas on
Sustainable Agriculture and Natural Ecosystems, Birkhauser Verlag, Basle, Switzerland, pp: 191-209.
Linderman, R.G. (1994). Role of VAM fungi in biocontrol. In Mycorrhizae and Plant Health. Pfleger FL, Linderman
RG (eds.). St. Paul, MN: The American Phytopathological Society, pp. 1-27.

Jagadeesh, K.S. (2000). Selection of rhizobacteria antagonistic to Ralstonia solanacearum causing bacterial wilt in
tomato and their biocontrol mechanisms. PhD Thesis. University of Agricultural Sciences, Dharwad.

de Souza, ].T., de Boer, M., de Waard, P., van Beek, T.A. and Raaijmakers, ].M. (2003). Biochemical, genetic, and
zoosporicidal properties of cyclic lipopeptide surfactants produced by Pseudomonas fluorescens. Applied
Environmental Microbiology;69: 7161-7172.

Ahmad, F., Ahmad, I. and Khan, M.S. (2008) Screening of free-living rhizospheric bacteria for their multiple plant
growth promoting activities. Microbiology Research;163: 173-181.

Bouizgarne, B. (2013). Bacteria for plant growth promotion and disease management. In Maheshwari DK (ed.).
Bacteria in Agrobiology: Disease Management. Springer-Verlag Berlin, Heidelberg:, doi: 10.1007/978-3-642-
33639-3_2.

Mariano, R.L.R, Silveira, E.B,, Assis, S.M.P., Gomes, A.M.A, Oliveira, 1.S. and Nascimento, A.R.P. (2001). Diagnose e
manejo de fitobacterioses de importancia no Nordeste Brasileiro. In: Michereff S], Barros R (eds.). Protegdo de
Plantas na Agricultura Sustentdvel. UFRPE, Recife, Brasil. pp. 141-169.

Abedon, S.T., Abedon, C.T., Thomas, A. and Mazure, H. (2011). Bacteriophage prehistory. Is or is not Hankin,
1896, a phage reference? Bacteriophage;1(3): 174-178.

Ceverolo, E.L. (1973). Characterization of Xanthomonas pruni bacteriophages to bacterial spot disease in prunus.
Phytopathology; 63: 1279-1284.

Kim, M.H,, Park, SW.,, Kim, Y.K. (2011). Bacteriophages of Pseudomonas tolaassi for the biological control of
brown blotch disease.journal of the Korean Society for Applied Biological Chemistry;54(1): 99-104.

Nagy, J.K,, Kiraly, L. and Schwariczinger, I. (2012). Phage therapy for plant disease control with a focus on fire
blight. Central European Journal of Biology;7(1): 1-12.

Thomas, R.C. (1935). A bacteriophage in relation to Stewart’s disease of corn. Phytopathology;25: 371-372.
Fujiwara, A., Fujisawa, M., Hamasaki, R., Kawasaki, T., Fujie, M. and Yamada, T. (2011). Biocontrol of Ralstonia
solanacearum by treatment with lytic bacteriophages. Applied Environmental Microbiology;77(12): 4155-4162.
Goyer, C. (2005). Isolation and characterization of phages Stscl and Stsc3 infecting Streptomyces scabiei and
their potential as biocontrol agents. Canadian Journal of Plant Pathology; 27: 210-216.

Adriaenssens, E.M., Vaerenbergh, ]V, Vandenheuvel D, Dunon V, Ceyssens PJ, Proft MD, Kropinski AM (2012) T4-
related bacteriophage LIME stone isolates for the control of soft rot on potato caused by “Dickeya solani”. PLoS
One7(3): 1-10.

Lim, J.A, Jee, S, Lee, D.H., Roh, E., Jung, K, Oh, C,, Heu, S. (2013). Biocontrol of Pectobacterium carotovorum subsp.
carotovorum using bacteriophage PP1. Journal of Microbial Biotechnology;23(8): 1147-1153.

Letarov, A. and Kulikov, E. (2008). The bacteriophages in human- and animal body-associated microbial
communities. Journal of Applied Microbiology;107: 1-13.

Lang, ].M,, Gent, D.H,, Schwartz, H.F. (2007). Management of Xanthomonas leaf blight of onion with bacterio-
phages and a plant activator. Plant Disease;91(7): 871-878.

Kutter, E. (1997).Phage Therapy: Bacteriophages as Antibiotics Olympia. Washington: http://www.evergreen
.edu /phage/phagetherapy/phagetherapy.htm (accessed April 2014).

Summers, W.C. (2001). Bacteriophage therapy. Annual Review of Microbiology;55: 437-451.

Iriarte, F.B., Balogh, B., Momol, M.T. and Jones, ].B. (2007). Factors affecting survival of bacteriophage on tomato
leaf surfaces. Applied Environmental Microbiology;73(6): 1704-1711.

Chen, C, Belanger, R.R.,, Benhamou, N. and Paulitz, T. (2000). Defense enzymes induced in cucumber roots by
treatment with plant-growth promoting rhizobacteria (PGPR) and Pythium aphanidermatum. Physiology and
Molecular Plant Pathology;56: 13-23.

BEPLS Vol 9 [5] April 2020 118|Page ©2020 AELS, INDIA


http://www.evergreen

Jain and Pundir

47. Majeau, N,, Trudel, ]. and Asselin, A. (1990). Diversity of cucumber chitinase isoforms and characterization of one
seed basic chitinase with lysozyme activity. Plant Science;68: 9-16.

48. Saikia, R, Kumar, R. and Arora, D.K. (2006).Pseudomonas aeruginosa inducing rice resistance against Rhizoctonia
solani: Production of salicylic acid and peroxidases. Folia Microbiology;51: 375-380.

49. Schmid, P.S. and Feucht, W. (1980). Tissue-specific oxidation browning of polyphenols by peroxidase in cherry
shoots.Gartenbauwisenschaft; 45: 68-73.

50. Saparrat, M.C.N. and Guiller, F. (2005). Lignolitic ability and potential biotechnology applications of the South
American fungus Pleurotus lacioniatocrenatus. Folia Microbiology;50: 155-160.

51. Hammerschmidt, R, Nucckles, R. and Kuc, J. (1982). Association of enhance peroxidase activity with induced
systemic resistance of cucumber to Colletotrichum largenarium. Physiology and Plant Pathology; 20: 73-82.

52. Goldberg, R, Imberty, A., Liberman, M. and Prat, R. (1986) Relationships between peroxidase activities and cell
wall plasticity. In: Greppin H, Peneland C, Gaspar T (eds.) Molecular and Physiological Aspects of Plant
Peroxidases. University of Geneva, Geneva pp. 208-220

53. Mayer, A.M. (1987). Polyphenol oxidases in plants—Recent progress. Phytochemistry;26: 11-20.

54. Zasloff, M. (2002). Antimicrobial peptides of multicellular organisms. Nature;415: 389-395

55. Garcia-Olmedo, F., Molina, A. and Alamillo, ].M. (1998) Plant defense peptides. Biopolymers;47: 479-491.

56. Ferre, R, Badosa, E. and Feliu, L. (2006). Inhibition of plant-pathogenic bacteria by short synthetic cecropin A-
melittin hybrid peptides. Applied Environment Microbiology;72: 3302-3308.

57. Zhang, L. Gu, FX, Chan, ].M.,, Wang, A.Z, Langer, RS. and Farokhzad, 0.C. (2008) Nanoparticles in medicine:
therapeutic applications and developments. Clinical Pharmacology Therapy; 83: 761-769.

58. Li, Y, Zhang, W.,, Niy, J. and Chen, Y. (2012). Mechanism of photogenerated reactive oxygen species and
correlation with the antibacterial properties of engineered metal-oxide nanoparticles. ACS Nano; 6: 5164-5173.

59. Choi, 0. and Hu, Z. (2008). Size dependent and reactive oxygen species related nanosilver toxicity to nitrifying
bacteria. Environment Science & Technology; 42: 4583- 4588.

60. Manke, A, Wang, L. and Rojanasakul, Y. (2013). Mechanisms of nanoparticleinduced oxidative stress and toxicity.
Biomedical Research International; 2013: 942916.

61. Storz, G.and Imlay, J.A. (1999). Oxidative stress. Current Opinion in Microbiology; 2: 188-194.

62. Paret, M.L, Vallad, G.E., Averett, D.R, Jones, ].B. and Olson, S.M. (2013) Photocatalysis: effect of light-activated
nanoscale formulations of TiO(2) on Xanthomonas perforans and control of bacterial spot of tomato.
Phytopathology; 103: 228-236.

63. Lok, C.N., Ho, C.M,, Chen, R, He, QY. Yu, WY, Sun, H, Tam, P.K, Chiu, J.F. and Che, C.M. (2007). Silver
nanoparticles: partial oxidation and antibacterial activities. Journal of Biological and Inorganic Chemistry; 12:
527-534.

64. Ocsoy, I, Paret, M.L,, Ocsoy, M.A,, Kunwar, S., Chen, T., You, M.X. and Tan, W.H. (2013) Nanotechnology in plant
disease management: DNA-directed silver nanoparticles on graphene oxide as an antibacterial against
Xanthomonas perforans. ACS Nano; 7: 8972-8980.

65. De, A, Bose, R, Kumar, A. and Mozumdar, S. (2014) Targeted delivery of pesticides using biodegradable
polymeric nanoparticles. Antimicrobial Agents & Chemotherapy; 49: 249-255.

66. Lim, CJ.,, Basria, M., Omarc, D.,, Rahman, M.B.A,, Salleh, A.B. and Rahman, RN.Z.R.A. (2012). Physicochemical
characterization and formation of glyphosateladen nano-emulsion for herbicide formulation. Industrial Crops
and Products; 36: 607-613.

67. Yang, C, Powell, C.A, Duan, Y., Shatters, R. and Zhang, M. (2015). Antimicrobial nanoemulsion formulation with
improved penetration of foliar spray through citrus leaf cuticles to control citrus huanglongbing. PLoSOne; 10:
e0133826.

CITATION OF THIS ARTICLE

P Jain and RK Pundir. Integrative Approaches to Control Plant Pathogens- A Comprehensive Review. Bull. Env.
Pharmacol. Life Sci., Vol 9[5] April 2020:113-119

BEPLS Vol 9 [5] April 2020 119|Page ©2020 AELS, INDIA



