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RESULTS AND DISCUSSION
Morphology of P. aphanidermatum

The microscopic observation of hyphae of Pythium aphanidermatum revealed aseptate and
colorless with antheridia and oogonia as observed in the P. aphanidermatum Wlth antherld|um oogonlum

and oospore caused dampmgoff in cucumber Priyanka et al. (2019) (Figure 1a b). The pathogemcfty test
showed, shrinking of the stem near the collar region and topping of seedling due to rotting. (Figure 1c).
J "lsolation of endophytic microorganisms

g #N
A "_ -~ Endophytic microorganisms were isolated from root and shoot region of tomato to a total of 45

" bacteria, 9 fungi. 3 yeast. and 1 actinobacterium registering maximum endophytes from root region (Table
1). All the isolated endophytes were differentiated based on the morphology (Table 2). Bacteria was
considered as the major group of endophytes in the tomato plants with five major phyla considering
Proteobacteria was the most represented (90 %). followed by Actinobacteria (1.5 %). Planctomycetes (1.4
%). Verrucomicrobia (1.1 %). and Acidobacteria (0.5 %) (Romero et al., 2014). Sen et al, (2019) isolated
yeast endophyte Rhodotorula mucilaginosa JGTA-S1 from Typha angustifolia root. El-Tarabily et al. (2008)
isolated 4.56 Iogw CFU gt of actlnobactena from the fresh root of cucumber and observed that the

colonization was' m the root, they. arealse present in the shoot regjon.
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Screening of endophytes against damping-off pathogen

The isolated endophytes were screened for their antagonistic property against P. aphanidermatum
by dual plate and inverted plate assay. Among the 45 bacteria, nearly 17 were effective against the
damping-off pathogen with 50 to 70 % inhibition. The bacterial isolate TEB11 exhibited a maximum
inhibition of 61.66 % in dual plate assay and the isolate TEB10 inhibited the pathogen by 79.28 % in.the
inverted plate assay. The dual plate assay is the direct interaction of both organisms whereas inverted
plate assay is the indirect effect of volatile mediated inhibition. The inverted plate assay registered a
maximum efficiency for inhibiting growth of the pathogen (Table 3). Priyanka (2019) recorded an inhibition
of P. aphanidermatum at about 40 %, and 36 % by endophytic bacteria such as Pseudomonas aeurginosa
(MPP EB 4 and MPP EB 3) and Achromobacter denitrificans (MPP EB 8), respectively. Similarly, Lopez et al.

(2018R) nheened that amang 11 seed endnnhwvtic hacteria oanlv <ix (4 Rarillis an  Micrnecoceiis an
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RESEARCH ARTICLE
Screening and Characterization of Plant Growth Promoting Endophytic
Microbes of Tomato (Solanum Ilycopersicum L.) combats Pythium
aphanidermatum

ABSTRACT

About 45 bacteria, 9 fungi. 3 yeast, and 1 actinobacterium were isolated
from plant tissues of tomato and screened for their plant growth-promoting
traits and antagonistic activity against damping-off fungus Pythium
aphanidermatum. The bacterial isolate. Bacillus pumilus TEB10 exhibited
pathogen inhibition of about 55 and 79%. while yeast isolate Candida
tropicalis TEY1 showed 30 and 68% in the dual plate and inverted plate
assay. respectively. In addition, the Bacillus pumilus TB10 showed
siderophore, HCN, cellulase, and phosphate solubilization activities.
Similarly. yeast isolate Candida tropicalis TEY1 also exhibited catalase,
phosphate, and zinc solubilization activities. The sterol biosynthesis
pathway end product ergosterol was profiled in secondary metabolites of P.
aphanidermatum suggesting the potentiality of this pathogenesis.

Keywords: Tomato; Endophytes; Antagonistic activity; PGP traits

INTRODUCTION

Tomato (Solanum lycopersicum L.) is one of the important vegetable crops cultivated worldwide. It is
infected by different pathogens and results |;1 significant yield loss. These pathogens infect the tomato
plant at different stages and caused yield Iogé and sometimes death of plant. Among them, one of the
important nursery pathogens is Pythium spp.. an oomycete which causes damping-off disease. The two
types of damping-off, such as preemergence and postemergence. make a loss of seed germination by
killing the seed before emergence and after emergence it kills the seedling by the formation of a water-
soaked lesion in the collar region. It is more widespread in case of moist environment with high relative
humidity. Tender stem with cotyledonary leaves is more susceptible to the pathogen. Reducing the
inoculum in the seeding medium may minimize the disease infection. Several researches comprise of
understanding different mechanisms involved in reducing the disease inoculum are the utilization of
chemicals and microorganisms. These microorganisms act as biocontrol agents are isolated from
phyllosphere, rhizosphere and as endophytes (Strobel, 2006). The endophytes are found to be second
genome of plants and as a whole are called as phytobiome (Lopez et al., 2018). Endophytes play a

significant role in alleviating the biotic stress caused by pathogens.

Fndonhvtic microhes live entire ar nart of their life cuele inside the tissiies of living nlants and
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The molecular characterlzatlon of endophytic yeast TEY1 SﬁgWéﬂ the amplicon size of aroun
600bp and compared..in. NCBI database showed 99.8 % similarity with Candida tropicalis where th

A,

effective bacterial isolate TEB10 showed the amplicon size of 1500bp and cbmpared in"NCBI databas
A

showed 99.8 % similarity with Bacillus pumilus. - " . . - gl ENEX
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The effective bacterial B. pumilus TEB10. showed positive for siderophore activity by changing th
blue background to orange halo around the bacterial colony whereas C. tropicalis TEY1 did not showge
siderophore activity. Lopez et al. (2018) observed that seed endophytic bacteria Bacillus sp. an
Acenitobacter sp. produce siderophore. Protease activity was observed for B. pumilus TEB10 by th
formation of the halo zone around the colony but not in C. tropicalis TEY1. Catalase activity was detecte
for the yeast C. tropicalis TEY1 by the formation of oxygen when H20. was added to the culture. Th
bacterium (B. pumilus TEB10) showed positive for HCN and cellulase activity whereas C. tropicalis TEY
was devoid of HCN and cellulase. B. pumilus TEB10 showed positive for phosphate solubilization while th
C. tropicalis TEY1 did not solubilize phosphate (Table 4 and Figure 3). Amaresan et al. (2012) isolated 8
bacterial endophytes in which many produced siderophore, solubilized phosphate, and not all isolat
exhibited amylase, protease. cellulase, and lipase activities. Nutaratat et al. (2014), observed that th
endophytic yeast from rice and sugarcane solubilize phosphate, zinc, and showed catalase positive
Rodotorula mucilaginosa isolated from T. angustifolia solubilize calcium phosphate and improved ric
). Whereas in the case of zin
Abdallah (2018) reported that th
isolated endophytic bacteria solubilize phosphate, while some strains such as Pseudomonas geniculat.
CT19 (KR818061) and Bacillus subtilis SV5 (KR818065) did not solubilize phosphate.

growth when inoculated in low phos;;hate media (Sen et al., 20

s
solubilization, the bacterl;(shpwed negatlve and yeast shgwed' posr(

Profiling secondary metabolites produced by pathogen

The compounds present in the ethyl acetate fraction of P. aphanidermatum was Thieno[2,:
d]pyrimidine-6-carboxylic acid, 5-; methyl-4-oxo-3-[2-(pyrrolidin-1-yl)ethyl]-2-thioxo-1; L-Pipecolic acid; furar
3-one; [(2-propenyloxy)methyl]- Oxirane; Thymine; 4H-Pyran-4-one; Dodecanoic acid; Methyl myristoleate
Methyl tetradecanoate: 12-Methyl-oxa-cyclododecan-2-one; Linolenic acid; Methyl stearate; 9.1Z
Octadecadienoyl chloride; Eicosatrienoic acid; Ergosterol; Docosanoic acid (Table 5 and Figure 4). Thes
metabolite compounds might be responsible for the induction of disease in plants and for the growth an
survival of the pathogen. The compound ergosterol is absent in the oomycetes which is the target site fc
many fungicides. The lack of complete set of genes in sterol biosynthetic pathway made the pathoge
resistant to fungicides. But in this study the GC-MS analysis showed the presence of sterol compounc
Lerksuthirat et al. (2016) showed that ergosterol which is the primary constituent in cell membrane, wa
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pathogen P. aphanidermatum was faster than that of the endophytes. Hence, the inhibition was between
10 to 25 % in dual plate assay and less than 15 % in the inverted assay. The endophytic fungi, Aspergillus
terreus inhibited the P. aphanidermatum with an inhibition zone of 8.7mm and reduced the spore
production (Halo et al.. 2018). Vinayarani and Prakash, (2018) found that endophytic T. harzianum
TharDOB-31 inhibited the damping-off fungi. P. aphanidermatum registering 70 % inhibition.

In dual plate assay. the endophytic yeast inhibited the pathogen growth of up to 30 % inhibition.
Whereas the inverted plate assay demonstrated up to 68% inhibition exhibiting changes in the morphology
of the mycelia. Whereas other yeast isolates such as TEY2 and TEY3 didn't inhibit pathogen growth
effectively. In inverted plate assay. when the exposure of volatile was removed, the pathogen gets back to
its normal growth, suggesting that the volatile act as a fungistatic rather than fungicidal. A similar result
was obtained for the rhizospheric yeast Torulaspora globosa DMKU-RP31 produce significant volatile
compounds that inhibited the plant pathogen Fusarium moniliforme, Helminthosporium oryzae and
Rhizoctor]ia_‘solani (Nutaratat et al., 2014). The endophytic yeast such as Saccharomyces, Torulaspora,
and Delyquyqes isolated from Tagetes erecta, Azadirachta indica and Carica papaya inhibited Fusarium

solani, F. oxysporum and M. phaseolina (Fareed et al., 2019).

The effective isolate among the bacteria against P. aphanidermatum was Bacillus pumilus TEB10,
which showed maximum inhibition in volatile mediated interaction of about 79 % and also recoded
significant inhibition in a dual plate assay. Among the yeast, the isolate Candida tropicalis TEY1 was
effective in inhibiting the pathogen growth in volatile based interaction than in dual plate (Figure 2). Since
indirect interaction marked effective than direct interaction, the volatile based biocontrol mechanisms may
attribute efficient management strategy. Amaresan et al. (2012) observed that, among the 82 endophytic
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bacteria, the isolates BECS3, BECS6, and BECS7 showed multiple attributes and demonstrated plant

growth promotion properties through a tomato- and chili-based bioassay under greenhouse conditions.

Identification of effective isolate
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