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ABSTRACT

Blister blight disease caused by an obligate fungal pathogen, Exobasidium vexans is very common in almost all the tea
growing regions in India. Due to this discase, the green leaf yield potential and tea quality parameters are significantly
affected. In order to control this discase, several fungicide schedules are made available to tea planters. But the fungicide
schedules lead to accumulation of fungicide residues in made tea which ultimately affect the export quality. Keeping in
mind, studies were undertaken to evaluate the various concentrations of Vermi-derma bioformulations amended with
various native biocontrol agents like Trichoderma harzianum (fungi), Pseudomonas fluorescens (bacteria) and Streptomyces
sannanensis (actinomycete) against blister blight disease. The results revealed that there was a significant reduction in
blister blight disease in the trail plots after imposing various treatments of Vermi-derma bioformulations. Among the
treatments tested, a significant discase protection of 72.42%2.08% was registered with copper oxychloride + Contaf
fungicides treatment. On the other hand, the highest green leaf yield of 5401+2.27 kg ha'' made tea was registered with
T. harzianum amended with Vermi-derma bioformulations (1:20 ratio) treatment. Similarly, biometric analysis, physiological
traits and biochemical constituents were also increased in the same treatment. P, fluorescens and S. sannanensis amended
with Vermi-derma bioformulations were found to be on par with each other in terms of disease control and green leaf
vield. Increasing all these parameters might be due to the recovery of leaves from E. vexans infection by the action of
Vermi-derma bioformulations.
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INTRODUCTION

the life cycle extends up to 28 days (Ram & Mouli, 1983). This
pathogen infects only tender tea shoots due to the availability

Tea [Camellia sinensis (L.) O. Kuntz] is grown as one of the
major plantation crops cultivated in more than 40 countries of
Asian and African continents. It is being grown extensively as
a monoculture in regions with an annual precipitation ranging
from 1255 mm to 8500 mm rainfall, ambient temperature
between 14 and 35 °C and a day length of 3.4 to 8.5 hrs, and
from sea level to 2300 to 3250 m in a wide range of soil types that
are acidic (pH) in reaction (Manjukarunambika et al., 2023).
The tea growing areas in India covers approximately 4,65,000
hectares, mostly in the states of Assam (55.4%), West Bengal
(24.0%), Tamil Nadu (9.13%) and Kerala (8.0%).

Blister blight disease of tea is caused by a biotrophic
basidiomycete fungus Exobasidium vexans Massee. The life
span of . vexans is 9-11 days depending upon the weather
conditions. If non-conducive weather conditions are found,

of larger amounts of nutrients and water. It is vigorous during
the monsoon seasons in which many generations of E. vexans
are completed (Figure 1). Tea industry in southern India has
suffered enormous crop losses due to blister blight infection
till date because adequate control measures are not available
for tea planters (Nisha et al., 2018). The annual loss due to this
disease was estimated to be about 18-20 million kg of made tea
and teas produced from discase affected leaves are inferior in
quality (Ponmurugan et al., 2019).

Recently, a large number of organic fungicides and biocontrol
agents have been evaluated against E. vexans for organic tea
cultivation to avoid fungicide accumulation in tea leaves
(Do, 2025). But they are inferior to fungicide schedules
due to immediate action against the growth of pathogen.
In addition, biocontrol agents found to be poor persistence
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Figure 1: Various stages of blister blight disease caused by
Exobasidium vexans in tea leaves (Arrows are showing 1. QOil spot,
2. Development of lesion, 3. Matured lesion, 4. Sporulating lesion, 5.
Initial necrotised lesion and 6. Matured necrotised lesion)

with high cost and economically not feasible (Gnanamangai
et al., 2017). Antagonists like Trichoderma harzianum,
Pseudomonas fluorescens, Bacillus subtilis and Streptomyces
sannanensis were reduced the sporulation of blister blight
lesions very markedly and caused lesions to abort (Elango et
al., 2015). They also possessed strong eradication action on
latent blister lesions which lead stimulatory effect on plant
growth and harness its strong antisporulant action. It has
been reported that plant diseases were successfully controlled
using bacterial, fungal and actinomycete biocontrol agents
in various food and forage crops (Chenniappan et al., 2019;
Nithya et al., 2020).

Several Plant Pathologists were successfully controlled blister
blight discase of tea using bacterial, fungal and actinomycete
antagonists (Baby et al., 2004; Elango et al., 2015; Fauziah et al.,
2019; Dethoup et al., 2022). Application of various plant growth
promoting microorganisms against blister blight disease of tea
was reported by Barman et al. (2020) and Hazarika et al. (2021).
But no efforts were made to find out the efficacy of Vermi-
Derma bioformulations amended with various antagonists to
control blister blight discase and to explore their possibilities
in tea plants under field condition.

MATERIALS AND METHODS

Study Site

Experiments were laid out in naturally infected blister blight
disease tea fields in Madupatty estate, Munnar, Kerala, India
lying at elevation of 1735 m above mean sea level with the
latitude of N 10°07.777" and longitude of E 077°08.453" The
ficlds were planted with a susceptible tea clone TRI-2025
in 1988 at a spacing of 135x75x75 cm with a population of
13500 plants/ha. Experiments were conducted by following a
randomized block design method which consisted of 55 bushes
per plot with five replicates. The contact (copper oxychloride)
with systemic fungicide (Contaf) and promising biocontrol
agents were evaluated for four consecutive disease seasons

(2020-2024).
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Preparation of Vermi-Derma Bioformulations

Vermi-derma formulations were prepared to test the efficacy of
biocontrol activity against blister blight disease of tea plants.
The native isolates of ‘Irichoderma harzianum (MUN T147),
Pseudomonas fluorescens (MUN P572) from Streptomyces
sannanensis (MUN S66) belonging to fungal, bacterial and
actinomycete antagonist; respectively were selected for the
present study. T. harzianum was inoculated on 1.0 L Trichoderma
selective liquid medium and allowed to grow for 14 days (Elad &
Chet, 1983; Chet, 1987). P fluorescens and S. sannanensis were
grown on 1.0 L nutrient and casein nitrate broths; respectively
and allowed to grow for 7 days (Kuster & Williams, 1964). These
were kept in a shaking incubator to promote uniform growth
of the antagonists. After incubation, the broth containing
antagonists were mixed with 5 kg of sterilized vermicompost
along with carboxymethyl cellulose (0.5%) as an adhesive
agent, salicylic acid (0.2%) and ammonium sulphate (0.2%) as
substrates to enhance the growth of antagonists (Ji & Wilson,
2003). These were kept under 5 day’s observation for mass
multiplication. The spore load in the bioformulations was
adjusted to 1x109 colony forming units per gram of sample

(Jayarajan et al., 1994).
Field Application of Vermi-Derma Bioformulations

The bioformulations were soaked in 2.0 L vermiwash (liquid
taken out from the vermicomposting unit after washing
with tap water) in a bucket and allowed to stand overnight
to supply organic carbon to promote the maximal growth of
antagonists (Suriyakumar, 2009). The various concentrations
of Vermi-derma formulation and fungicides were prepared
and sprayed using a knapsack sprayer covering one row on
either side of the tea bush. The recommended fungicides,
copper oxychloride along with Contaf were included in the
treatment schedules for comparison. The disease incidence
in tea shoots (three leaves and a bud) after imposing various
treatments was assessed during every plucking round i.e. at
10 days interval. Green leaf yield in the experimental plots
was recorded during every plucking round and converted to
made tea in kg ha'! using the formula of Ponmurugan and

Baby (2007).
Analysis of Biometric Parameters

Recovery of the treated tea bushes after imposing various
treatments were assessed in terms of measuring the plucking
surface of the bush, number of plucking points containing three
leaves and a bud, internodal length, leaf moisture, dry matter,
leaf thickness and epicuticular wax contents (Sadasivam &
Manickam, 1996; Balasubramanian et al., 2010).

Estimation of Biochemical Constituents

Tea bush mother leaves were collected from the experimental
plots and ground with acctone (80%) using a chilled pestle
and mortar. The aqueous layer was taken out after filtration
using two folds of muslin cloth to estimate total chlorophyll
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and carotenoid contents as per Harborne (1973) method. Tea
shoots containing three leaves and a bud were ground with
ethanol (80%) and then filtered to estimate various biochemical
constituents such as total sugars (Dubois et al., 1956), nitrogen
(AOAGC, 1990), proteins (Lowry et al., 1951), amino acids
(Moore & Stein, 1948) and polyphenols (Bray & Thorpe, 1954).

Estimation of Physiological Variations

According to Manivel and Hussain (1982), the mother
leaves of tea plants play an important role to synthesize
various biochemical constituents and act as a potent source.
Physiological parameters such as net photosynthetic (Pn)
rate, transpiration (Ir) rate and stomatal conductance (Sc)
were measured in mother leaves using an infrared gas analyzer
(ADC LCA-3, UK) attached with an open type of Parkinson leaf
chamber (ADC PLC-3). The ratio between net Pn rate and rate
of It was calculated to arrive the water use efficiency (WUE)
(Chandramouli, 1992).

Statistical Analysis

Data on screening of Vermi-derma formulations and fungicides
against blister blight disease were subjected to analysis of
variance (ANOVA), critical difference (CD) and standard
error (SE) using SPSS 14.0 statistical (SPSS, Inc. Chicago, IL)
package (Gomez & Gomez, 1984).

RESULTS

Blister Blight Disease Protection

The results of the present study showed that the recommended
copper oxychloride + Contaf fungicides provided a significant
disease protection to blister blight infected tea plants when
compared to biocontrol agents amended with Vermi-derma
bioformulations (Table 1). Copper oxychloride + Contaf
fungicides schedule protected the plants from infection
which accounted for 72.42+2.08% followed by 68.17+2.21%

discase protection in T. harzianum amended with Vermi-
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derma bioformulations (1:20 ratio) treatment. The results
further showed that various treatments protected the discase
to varying degrees and improved the plant health significantly.
P fluorescens and S. sannanensis amended with Vermi-derma
bioformulations were found to be on par with each other in
terms of disease control. The biocontrol agents amended with
Vermi-derma bioformulations were effective moderately in
terms of discase protection but inferior to copper oxychloride
+ Contaf treatment (Table 1). The disease incidence in the
untreated control plots showed the symptoms of defoliating
with chlorosis and heavy flowering.

Green Leaf Yield and Biometric Analysis Observation
of Treated Plants

The green leaf yield was significantly increased in all the
treatments except the untreated control plants (Table 1).
Among the treatments tested, the highest green leaf yield
of 5401%2.27 kg ha'! made tea was registered with a 1:20
combination of T harzianum amended with Vermi-derma
bioformulations treatment followed by 5306%2.15 kg ha-!
made tea with a 1:10 combination. The results on biometric
analysis of tea bush showed that the plucking surface, plucking
points, leaf moisture, internodal length and dry matter contents
were significantly improved after imposing various treatments
(Table 2). These parameters were found to be highest in
I harzianum amended with Vermi-derma bioformulations
(1:20 ratio) treatment. These results were coincided with the
observation of crop yield. The plucking surface and plucking
points were ranged from 6258.3%1.17 to §639.7%2.15 cm? and
141.5£1.54 to 185.0=2.17 per sq ft respectively in the Vermi-
derma bioformulations treated plots, whereas these parameters
recorded were 5250.5%2.12 em? and 133.3£2.50 per sq ft
respectively in the copper oxychloride + Contaf fungicides
treated bushes. The leaf moisture, internodal length and dry
matter contents registered correspondingly were 73.5+2.31%,
4.84%0.55 cm and 24.26%2.35% in T. harzianum amended
with Vermi-derma bioformulations (1:20 ratio) treatment.
Leaf thickness was 325%+3.48 uM and cpicuticular wax was
0.027£0.07 g was noticed in the same treatment (Table 2). The

Table 1: Effect of various Vermi-Derma bioformulations amended with various potential biocontrol agents on blister blight disease

incidence and green leaf yield of tea plants

S. No. Treatment details Disease incidence (%) Yield (kg ha® made tea)*
Pre treatment Post treatment Disease protection”

1 T. harzianum with Vermicompost (1:10) 80.87+1.77 28.50+1.68 64.76+1.98 5306+2.15
2 T. harzianum with Vermicompost (1:20) 80.27x1.77 25.55+2.58 68.17+2.21 5401+2.27
3 P, fluorescens with Vermicompost (1:10) 81.35+2.07 29.11+2.55 64.22+2.11 4697x2.32
4 P, fluorescens with Vermicompost (1:20) 82.07+1.58 28.00+2.07 65.88+2.23 4711+2.51
5 S. sannanensis with Vermicompost (1:10) 81.85+2.27 31.77+1.54 61.19+2.18 4682+2.71
6 S. sannanensis with Vermicompost (1:20) 82.35+1.36 30.55+2.77 62.90+2.08 4812+2.65
7 T. harzianum alone (1:20) 81.87+1.95 35.57+2.08 56.55+1.07 3568+1.90
8 P, fluorescens alone (1:20) 80.93+2.08 36.55+1.87 54.84+1.10 3014=*1.34
9 S. sannanensis alone (1:20) 80.08+2.00 37.53+1.87 53.14+1.12 3122+1.23
10 Copper oxychloride+ Contaf fungicides 81.13+2.07 22.37+1.63 72.42+2.08 4879+2.61
11 Untreated Control 80.33+1.79 95.00£2.35 -18.26+1.07 1045+0.24
SE = 0.23 1.14 2.37 22.89
CD at P=0.05 0.47 2.23 3.78 23.89

Data denotes significantly different and vice versa at P<0.05. *Improvements acquired due to various treatments.
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Table 2: Effect of various Vermi-Derma bioformulations amended with various potential biocontrol agents on biometric analysis
of tea bush with respect to blister blight disease incidence*

S. No. Treatment details Plucking  Plucking points Leaf Internodal  Dry matter Leaf Thickness Epicuticular
surface (cm?)  (per sq. ft)  moisture (%) length (cm)  content (%) (uM) wax (g)

1 T. harzianum with Vermicompost (1:10) 7576.3+2.11 155.5+2.32 70.3+2.11 4.05+0.44 24.14+2.18 298+3.27 0.016+0.05
2 T. harzianum with Vermicompost (1:20) 8639.7+2.15 185.0*+2.17 73.5+2.31 4.84+0.55 24.26+2.35 325+3.48 0.027+0.07
3 P, fluorescens with Vermicompost (1:10) 7339.0+£2.47 157.5*2.44 72.5+2.62 3.81+0.39 23.63+2.65 251+3.28 0.014+0.05
4 P, fluorescens with Vermicompost (1:20) 7363.3+2.21 163.5+2.32 71.5*+1.70 3.18%+0.62 23.30+2.94 266*+3.25 0.022*+0.06
5 S. sannanensis with Vermicompost (1:10) 7157.5+1.15 167.7%£1.75 72.3%£1.53 3.54+0.56 23.19+2.65 274+3.11 0.012+0.04
6 S. sannanensis with Vermicompost (1:20) 7247.5+1.14 170.0=2.81 70.5+2.08 3.60*+1.21 22.23+2.82 284*=3.28 0.023*0.03
7 T. harzianum alone (1:20) 6358.0+£2.10 150.3+1.48 68.8*+1.24 2.33+£1.15 20.74=*1.37 247+3.18 0.014=+0.03
8 P, fluorescens alone (1:20) 6258.3+1.17 143.5+1.55 64.3+t1.34 2.34+1.37 18.26*1.28 241+3.10 0.013+0.04
9 S. sannanensis with Vermicompost (1:20) 6359.3+1.15 141.5+1.54 65.2+1.33 2.33+1.35 18.26+1.28 240%+3.07 0.013+0.04
10 Copper oxychloride+Contaf fungicides 5250.5+2.12 133.3+2.50 53.5*1.22 3.06*1.64 20.25%+2.47 215*2.66 0.012%+0.02
11.  Untreated Control 1345.5+0.15 102.7%+0.14 33.3x1.41 1.06+1.04 08.28£0.90 107*=2.53 0.007=0.01
SE = 15.57 5.57 1.33 1.02 3.22 6.78 0.03

CD at P=0.05 8.17 7.14 3.24 2.11 5.41 9.07 0.12

Data denotes significantly different and vice versa at P<0.05. *Improvements acquired due to various treatments

harvestable shoots collected from Vermi-derma bioformulations
treated experimental plots showed fairly dark green, slightly
more pubescent, slender and reasonably easy to harvest.

Physiological and Biochemical Response of Treated
Plants

Physiological traits such as Pn rate, Tr rate, WUE and SC and
biochemical constituents like total chlorophyll, carotenoid,
sugars, nitrogen, proteins, amino acids and polyphenols
were also increased in T. harzianum amended with Vermi-
derma bioformulations (1:20 combination) treatment
(Tables 3 & 4). All these physiological parameters were
reflected in the estimation of biochemical parameters in treated
and untreated plants. The enzyme activities viz., cellulase,
peroxidase and polyphenol oxidase were recorded the maximum
in the same treatment similar to that of biometric, physiological
and biochemical analysis (Figure 2). Pn and It rates recorded
were 9.88+0.06 per mol min? m?and 4.38%0.63 mol s?m?
respectively and WUE and SC recorded were 3.82+0.56 and
0.47+0.02 mol s?m? respectively in the same treatment. The
results on the estimation of chlorophyll and carotenoid contents
indicated that these were found to be highest in 1. harzianum
amended with Vermi-derma bioformulations treated bushes
which were estimated as 2.78+0.29 and 0.58=0.09% by
mass. The same trend was observed in estimating total sugars
(5.13%0.18%), nitrogen (4.33+0.21%), proteins (3.87+0.79%),
amino acids (0.88+0.03%) and polyphenols (23.65%3.46%).
It was noticed that there was a reduction in physiological and
biochemical estimations in fungicides treated and untreated

control bushes (Tables 3 & 4).

Among the two different kinds of Vermi-derma combinations
such as 1:10 and 1:20 ratios evaluated, 1:20 combinations
were performed better in terms of enhancing green leaf yield,
biometric, physiological and biochemical activities in the leaves
than fungicides treated bushes due to growth promoting effect.
Among the different biocontrol agents tested, T. harzianum
belongs to the bacterial community was found to be significantly
better than fungal and actinomycete antagonists in protecting
tea plants and enhancing all the plant metabolic parameters.
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DISCUSSION

In southern India, tea estates resort to chemical control
measures against blister blight disecase with the onset of
monsoon and continue till the end of the season. With
the escalating cost for blister blight disease management,
efforts could be taken to reduce the number of fungicide
applications with long residual action and high efficacy
and also by avoiding unwarranted spray applications (Han
et al., 2024). To keep in mind, attempts were made to
evaluate biocontrol agents amended with Vermi-derma
bioformulations at different combinations to achieve better
control of blister blight disease with long residual action
which in turn enhanced the green leaf yield. Intensified use of
contact and systemic fungicides to enhance crop production,
has resulted in environmental and groundwater pollution,
pathogen resurgence and resistance breakdown and evolution
of fungicide tolerant (Sanjay et al., 2008). In order to meet
these challenges, viable alternatives to control blister blight
discase are being sought and the use of antagonistic microbes
is one of the promising approaches (Sreenivasaprasad &

Manibushanarao, 1990).

A significant disease protection was observed upon foliar spray
of copper oxychloride+Contaf fungicides (72.42%2.08%) not
only due to the disease control mechanism but also due to
their phytotonic effect (Table 1). Kalim et al. (2000) reported
that systemic fungicides like Contaf is well known for direct
action on the pathogen in terms of inhibiting the spindle
formation during mitosis. The highest green yield was observed
in the trial plots treated with biocontrol agents amended
with Vermi-derma bioformulations which accounted in the
range of 3014%1.34 - 5401 +2.27 kg ha" made tea (Table 1).
Vermi-derma bioformulations (1:20) containing I harzianum
registered the highest crop yield about 5401%2.27 kg ha' made
tea followed by S. sannanensis (4812+2.65) and P, fluorescens
(4711%£2.51). Amendments of biocontrol agents in Vermi-
derma bioformulations resulted in increasing the overall plant
metabolism. According to Papavizas (1985) and Windham et al.
(1986), Trichoderma spp. is known to produce a wide spectrum of
antibiotics to suppress the development of the pathogen in situ
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Table 3: Effect of various Vermi-Derma bioformulations amended with various potential biocontrol agents on physiological variations
in the mother leaves with respect to blister blight disease incidence*

S. No. Treatment details Pn rate Tr rate WUE SC

1 T. harzianum with Vermicompost (1:10) 9.03+0.78 3.51+0.55 3.13+0.36 0.36%+0.02
2 T. harzianum with Vermicompost (1:20) 9.88+0.06 4.38+0.63 3.82+0.56 0.47+0.02
3 P fluorescens with Vermicompost (1:10) 7.72+0.19 3.90+0.42 3.14+0.37 0.31+0.01
4 P fluorescens with Vermicompost (1:20) 8.28+0.45 3.77+0.37 2.87+0.32 0.28+0.02
5 S. sannanensis with Vermicompost (1:10) 7.08+0.41 3.68+0.80 2.88+0.45 0.32+0.02
6 S. sannanensis with Vermicompost (1:20) 8.08+0.51 3.63+0.74 2.63+0.62 0.33+0.01
7 T. harzianum alone (1:20) 6.47+0.32 3.55+0.61 2.55+0.41 0.28+0.01
8 P, fluorescens alone (1:20) 5.64=0.65 2.23+0.54 2.05+0.41 0.21+0.01
9 S. sannanensis alone (1:20) 5.77+0.66 2.24+0.53 2.04+0.42 0.22+0.02
10 Copper oxychloride+ Contaf fungicides 5.11+0.50 2.08+0.32 3.63+0.67 0.31+0.02
11 Untreated Control 3.23+0.13 1.12+0.20 1.15+0.14 0.10+0.01
SE = 1.52 0.44 1.45 0.15

CD at P=0.05 2.23 1.32 2.87 1.12

Pn rate - Photosynthetic rate (per mol.min? m?); Tr rate - Transpiration rate (mol s?m?); WUE - Water use efficiency (Ratio of Pn/Tr rate);
SC - Stomatal conductance (mol s? m?). Data denotes significantly different and vice versa at P<0.05. *Improvements acquired due to various treatments

Table 4: Effect of various Vermi-Derma bioformulations amended with various potential biocontrol agents on biochemical variations
in the mother leaves with respect to blister blight disease incidence*

S. No. Treatment details Chlorophyll  Carotenoid Sugars Nitrogen Proteins ~ Amino acids  Polyphenols
1 T. harzianum with Vermicompost (1:10) 2.70*+0.27 0.55+0.08 5.06*+0.15 4.88+0.14 3.24+0.16 0.81+0.03 22.11*3.18
2 T. harzianum with Vermicompost (1:20) 2.78x0.29 0.58%=0.09 5.13%0.18 4.33%£0.21 3.87+£0.79 0.88%£0.03 23.65%3.46
3 P, fluorescens with Vermicompost (1:10) 2.72+£0.17 0.48+0.07 4.60%=0.17 4.28+0.11 4.87%0.13 0.84%0.02 21.37+4.04
4 P, fluorescens with Vermicompost (1:20) 2.73+0.18 0.50+0.05 4.70*+0.16 4.28+0.13 4.07*0.13 0.77%+0.02 21.94+4.33
5 S. sannanensis with Vermicompost (1:10) 2.72+0.17 0.52+0.05 4.27+0.08 4.17+0.11 4.89+0.10 0.72%+0.02 21.84+4.62
6 S. sannanensis with Vermicompost (1:20) 2.60+0.17 0.41+0.06 4.23+0.09 3.38+0.10 2.87*+0.09 0.68%+0.02 20.66*+0.87
7 T. harzianum alone (1:20) 1.83+£0.15 0.32+0.04 3.66*+0.07 3.25+0.08 2.54+0.07 0.65*+0.01 20.82*1.15
8 P, fluorescens alone (1:20) 1.64+0.16 0.30*+0.03 3.28+0.08 2.13*+0.07 2.23+0.08 0.62*0.02 19.43+1.44
9 S. sannanensis alone (1:20) 1.69+0.17 0.29+0.03 3.23+0.07 2.13+0.09 2.0340.05 0.64*+0.02 19.75*1.44
10 Copper oxychloride+ Contaf fungicides 1.58+0.23 0.27+0.07 2.05+0.07 3.55+0.05 2.17+0.06 0.54+0.03 16.47+1.73
11 Untreated Control 0.52*+0.01 0.14+0.02 1.80*+0.05 1.14+0.04 1.24+0.04 0.28=%0.01 12.34+4.91
SE + 1.06 0.07 1.17 1.22 1.32 1.10 2.05

CD at P=0.05 2.17 0.13 2.53 2.63 2.55 2.24 3.87

Data denotes significantly different and vice versa at P<0.05; *Improvements acquired due to various treatments and results were expressed by % by
mass

8 and plant growth promoting substances like auxins, cytokinins
5 ®Cellulase = Peroxidase = Polyphenol Oxidase and gibberellins to enhance the plant metabolism.
]
26 .
s The results presented in Tables 2 to 4 showed that all the
25 . . . ) . .
] i biometric, physiological and biochemical parameters were
:§ 4 ‘ increased significantly after imposing various treatments.
g3 } However, all these parameters were highest in treatments
g2 | w ‘ where different combinations of Vermi-derma bioformulations
g | ) . .
- | ‘ F were sprayed. Increasing all these parameters might be due to
‘ the recovery of plants from E. vexans infection and biocontrol

T1 T2 T3 T4 T5 Té6 T7 T8 T9 TI10 Ti11
Treatments

treated plants are physiologically more active compared to that
of the fungicides treated and untreated control plants. As per
the statement of Gnanamangai et al. (2017), when the plants
are physiologically active, biochemical constituents and enzyme
are synthesized in more quantity (Table 4 & Figure 2) which
resulted a significant improvement in crop yield (Table 1) and
their attributes (Table 2).

Figure 2: Effect of various biocontrol agents amended with Vermi-Derma
bioformulations on enzyme activities of blister blight disease infected
tea leaves (Values were mean with standard deviations of triplicates
[T1 - T. harzianum with Vermicompost (1:10); T2 - T. harzianum with
Vermicompost (1:20), T3 - P. fluorescens with Vermicompost (1:10);
T4 - P. fluorescens with Vermicompost (1:20); T5 - S. sannanensis
with Vermicompost (1:10); T6 - S. sannanensis with Vermicompost

(1:20); T7 - T, harzianum alone (1:20), T8 - P. fluorescens alone (1:20); Irichoderma bioformulations have proved to be successful in

T9 - S. sannanensis alone (1:20, T10 Copper oxychloride + Contaf
fungicides; T11 - Untreated Control]
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controlling some of the primary as well as secondary root diseases
(Borthakur & Dutta, 1992), Phomopsis canker (Ponmurugan &
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Baby, 2007), grey blight (Sanjay et al., 2008), red rust (Ramya
et al., 2013) and bird’s eye spot (Gnanamangai et al., 2017)
diseases of tea plants. Anusuya and Jayarajan (1998) reported
the solubilization of insoluble phosphates into soluble form
in the vermicompost formulations amended with Trichoderma
spp. Since vermicompost formulations had more number of
phosphates, ‘Irichoderma spp. were solubilized phosphates
effectively due to acid and alkaline phosphatase enzymes and
secreting phytohormones along with organic acids which in

turn were useful to enhance the plant growth (Bagyalakshmi
etal., 2017).

CONCLUSION

It is concluded that the control of blister blight disease of tea
through Vermi-Derma bioformulations was found to be very
effective in reducing the disease severity and also improving
the plant growth metabolism simultaneously. The present study
might be useful for a considerable foreign exchange through tea
powder export based on the quality attributes and free from
chemical residues in tea.
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