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ABSTRACT: This investigation was conducted in greenhouses protected, Al-Haram, Ministry of
Agriculture and Land Reclamation, Giza, Egypt during the two seasons 2019/20 and 2020/21 to evaluate
some biological control agents i.e. Trichoderma harzianum, T. viride, Bacillus subtilis and Pseudomonas
fluorescens, as well as the biofungicide -Blight Stop and micronic sulfur treatments to control Leveillula
taurica, the main causal of powdery mildew disease in sweet pepper plants cv. Godeon Hybrid F1. All
previous treatments proved efficacy in reducing disease incidence and severity of L. taurica in vitro and
greenhouses, as well as recorded an increase in productivity, fruit quality, chemical constituents and
enzymatic activity of sweet pepper cv. Godeon Hybrid F1, compared to untreated plants. The treatment of
pepper plants with Blight stop at the rate of 1 L:50 L water recorded the highest percentage of decrease in
disease incidence and severity of pepper plants, and also recorded the highest increase in vegetative
growth, yield, fruit quality such as "total soluble solids and ascorbic acid"; biochemical analysis such as
total chlorophyll; total phenol content, peroxidase and polyphenoloxidase activities during the two growing
seasons, followed by T. harzianum isolate in effectiveness. On the contrary, micronic sulfur treatment
showed less effect compared to other treatments except untreated plants. The study was recommended the
use of biocide Blight stop at a concentration of 1 L: 50 Lwater for sweet pepper cultivation to obtain the
best growth, highest productivity and quality of pepper fruits with the lowest percentage of powdery
mildew infection under greenhouse condition.
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INTRODUCTION greenhouses were around 9.68 million m?
5 .
Sweet pepper (Capsicum annuum L.) has ?ng ?092/8 and 81330 ton, respectively

become a significant vegetable crop in Egypt
and global agriculture due to its economic
importance and high profit and nutritional
worth  for human health (Rajput and
Poruleker, 1998).

The fungus Leveillula taurica (Le'v.) G.
Arnaud (anamorph: Oidiopsis taurica (Le'v.)
Salmon) is the cause of powdery mildew of
pepper due to the optimal temperature as well

In Egypt, it is the second-largest area as relative humidity, one of the most common
dedicated t’o growing  vegetables  in and destructive diseases of pepper crops. Both
greenhouses. The overall area, yield, and in greenhouses and in the field, this disease has

production of sweet pepper grown in the potential to cause significant damage (Kim
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el al., 2009). The development of white
mycelium on the abaxial leaf surfaces and the
emergence of necrotic chlorotic lesions on the
adaxial sides are two signs of powdery mildew
(Tsror et al., 2004). Defoliation, burnt fruit,
and reduced photosynthetic activity result from
the affected leaves falling off the plant.

The application of bio-control agents i.e. B.
subtilis,  Trichoderma  harzianum, and
arbuscular mycorrhizal fungus (AM) can
prevent powdery mildew because they give
plants nutrients that encourage growth
promoting (Kiss, 2003 and Kim et al., 2013).

In greenhouse conditions, T. harzianum T39
greatly reduced Leveillula taurica leaf
colonisation on sweet pepper at temperatures
between 15 and 25°C, although it only
significantly reduced disease at temperatures
around 20 to 25°C. Sulfur, on the other hand,
decreased disease and leaf colonisation at all
temperatures (Brand et al., 2009).

According to Sudha and Lakshmanan
(2009) and Ownley et al. (2010) Leveillula
taurica (Lev.) Arn. is the main cause of
powdery mildew disease on the chilli
(Capsicum annuum L.), which consider one of
the most destructive diseases that reduces
production. Trichoderma viride Per., T.
harzianum Rifai., and Pseudomonas
fluorescens Migula's culture filtrates showed
the greatest reduction in chilli powdery mildew
disease among the antagonistic microorganisms
screened and were also highly effective at
preventing L. taurica's conidial germination in
greenhouse and field trials. In addition, the
chilli leaves' activity for total phenol,
peroxidase, polyphenol oxidase, phenylalanine
ammonialyase, and protein was raised.

Trichoderma asperellum (Samuels, Lieckf.
and Nirenberg) and Metarhizium anisopliae
(Metschn.) as biocontrol agents were showed
the highest effect in reducing the disease
severity of pepper powdery mildew (Leveillula
taurica) and showed the highest increasing in
chitinolytic and b- 1,3-glucanase enzyme
activities (Lopez et al., 2019).

Regarding to the modes of action of
Trichoderma spp. secretion toxins, proteases,
antimicrobial peptides and other molecules
which act as mycoparasitism and antibiosis,
often in combination with extracellular cell
wall-degrading enzymes (e.g. chitinases and

glucanases), competition for nutrients and
stimulation of plant resistance (Harman et al.,
2004; Mukherjee et al., 2012 and Vinale et
al., 2014). Some Trichoderma spp. also
produce secondary metabolites or differ
antibiotics were determined the pathogens of
powdery mildew and promote the growth of
plants and adaptation of plants to environmental
conditions (Ahmed, 2018).

In order to control the sweet pepper
powdery mildew disease and improve the
productivity and quality of the pepper fruit crop
as a healthy, safe food under greenhouse
conditions, the goal of this study is to assess the
influence of some biological compounds and
micronic sulfur as the safe, non-toxic factors in
the production chain.

MATERIAL AND METHODS
Antagonistic microorganisms

Different biocontrol agents, including
Trichoderma harzianum, T. viride, Bacillus
subtilis and Pseudomonas fluorescens, were
graciously provided by the Central Laboratory
of Organic Agriculture (CLOA), Agricultural
Research Center (ARC), Giza, Egypt.

Commercial biofungicide (Blight stop)

The commercial biofungicide (Trichoderma
spp. 30x108) which used at the rate of 1 L./50
liter water and recommended by CLOA was
used as a comparison with other treatments.

Micronic sulfur

In order to compare the tested treatments to
the suggested Micronic sulfur at the rate of
250gm/100 liter water as fungicide. Micronized
Soreil/Samark  with  70% weight sulfur,
manufactured by Kz, Egypt.

Sweet Pepper seeds

Sweet pepper seeds (cv. Godeon Hybrid
F1), were purchased from Syngenta Company,
Qaha, Qalyubia Gov., Egypt.

Preparations of the biocontrol agents

The antagonistic fungi i.e. Trichoderma
harzianum and T. viride were grown for 10
days at 25x2°C on a liquid Gliotoxin
Fermentation (GF) medium whereas the
antagonistic bacteria i.e. Bacillus subtilis and
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Pseudomonas fluorescens were grown for 3
days at 25+2°C on a liquid Nutrient Glucose
(NG) medium under complete darkness
conditions (Ahmed, 2018).

All cultures were individually blended in an
electrical blender for 2 min, used as suspension

at concentration of (30x1065pores/ml) with a
dilution 1 L:50 liter water which mixed with 5%
Arabic gum and 5% potassium soap and wetting
the leaves, using a sprayer to increase adhesive
capacity and improve distribution of bioagent on
the surface of treated plants.

In vitro assay

Collection of powdery mildew conidia

In the fall of 2019/2020 and 2020/2021,
naturally infected leaf samples of sick sweet
pepper (cv. Godeon Hybrid F1) exhibiting
powdery mildew signs were gathered from
greenhouses of Protected Agriculture in Al
Haram, Ministry of Agriculture and Land
Reclamation, Giza, Egypt. Morphological
characteristics of the powdery mildew
pathogen, i.e. the placement of mycelium on the
host, the presence of dimorphic conidia,
branching of conidiophore, size and shape of
the conidia were recorded. Epidermal strips
from the infected pepper leaves harbouring the
fungal conidiophores and conidia were placed
on glass slides, dyed with lactophenol cotton
blue, covered with cover glass, and then viewed
using light microscopy at 10, 20, and 40x to
determine the causal pathogen. Slides were
stored at 4°C after returning them to the
laboratory, and conidia were measured within
72 h. A minimum of 100 conidia was measured
(Correll et al., 1987).

Inoculum production of Leveillula taurica

Conidial suspensions of L. taurica were
created using Souza and Cafe-Filho (2003)
techniques. Conidia were harvested from the
leaves by drenching the infected leaves in
sterile distilled water. The conidial suspension
was centrifuged twice at 4000 rpm for 30
minutes after being strained through two layers
of cheese cloth. With sterile distilled water, the
conidial concentration was adjusted to 5x10%
per ml for additional experiments.

Efficacy of different treatments on conidial
germination of Leveillula taurica

According to the procedure outlined by
Correll et al., (1987) the pathogenicity of the
powdery mildew fungus was evaluated. The
sweet pepper (cv. Godeon Hybrid F1) plants
growing in the greenhouse where the fungus
growth was obtained. Infected and sporulation
host tissue was collected, kept refrigerated in a
plastic bag and incubated for 24 to 48 hours at
30°C before being used as an inoculum source.
Conidia of L. taurica were directly removed
with the aid of a small paintbrush from
extensively infected pepper plants and dropped
onto glass slides together with drops of the
various biocontrol agents that had been tried or
micronic sulfur which preparation above. The
slides were then placed in moist chambers
prepared by placing two moist filter papers in
the inner surfaces of a Petri plate. Conidia
immersed in distilled water only served as
control. For each treatment, three replications
were produced. Under a light microscope, the
percentage of germination was calculated using
formula suggested by (Kumar et al., 2006)
after the slides were incubated at 25 +2°C for
24 hours.

Control - Treatment of spore germination

x 100

Reduction in spore germination % =

Greenhouse evaluation of different

treatments against Leveillula taurica

In this experiment, four isolates of
biocontrol agents i.e. Trichoderma harzianum,
T. viride, Bacillus subtilis and Pseudomonas
fluorescens, as well as the biofungicide Blight

Control

stop and natural component micronic sulfur
were evaluated to control powdery mildew of
sweet pepper cv. Godeon Hybrid F1 under
greenhouse condition of Protected Agriculture
in Al Haram, Ministry of Agriculture and Land
Reclamation, Giza, Egypt during 2019/20 and
2020/21 two successive seasons. Original high
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tunnel seven greenhouses (6x40m) were used
during the investigation.

The area of each greenhouse plot was 240
m?2 comprised of 3 replicates, raised bed (40 m
long x1.5 m width), with about 50 cm apart and
2.8 m height. Each raised bed was planted with
160 seedlings of sweet pepper. Regarding to
fertilization, mature compost was applied at the
rate of 1.2 Kg/ m? two weeks before the
transplanting date  throughout the soil
preparation (Ahmed, 2013). Nile water was
available in this area with a drip irrigation
system. Greenhouses in this area have history
of high infestation with powdery mildew on
pepper. Sweet pepper (cv. Godeon Hybrid F1)
seeds were sown in ordinary seed boxes filled
with peat moss-vermiculate (1:1, w/w) for 40
days old under greenhouse conditions (25+5 °C
and 75-90% R.H.), then transplanted with three
true leaves to greenhouses on 15" September
2019/2020 and 2020/2021, respectively. Plants
were hooked to a wire to allow growth to 2 m.

Treatment of different bioagents or micronic
sulfur mixed with 5% Arabic gum, and 5%
potassium soap and used as foliar spray
individually in each greenhouse were applied
twice, the first time before the predicted time of
flowering (60 days from transplanting) and the
second was 15 days after flowering (90 days
from transplanting) at the rate of 1 L/50 liter
water of different biocontrol agents and
250gm/100 liter water of micronic sulfur.
Greenhouse sprayed with water served as a
control treatment.

Disease assessment
Disease incidence

The number of diseased plants relative to
the total number of growing plants for each
raised bed was used to calculate the percentage
of the disease incidence, and the average of the
disease incidence was then calculated (Farag et
al., 2018).

Disease severity

After 30 days of inoculation, disease
intensity was assessed by examining the leaves
from each treatment at random, using a 0 — 4
scale, where 0=no disease; 1=1- 10% leaf area
affected; 2=11 — 25% leaf area affected, 3=26 —
50% leaf area affected and 4>50% leaf area
affected (Reuveni et al. 1998). The percentage

disease index was calculated by using the
formula:

2 (nxv)

DSI %:T x 100

Where:

D.S.I1= Disease severity index, n = Number
of leaves in each category, v = Numerical value
of each category, z = Numerical value of
highest category and N = Total number of
leaves in the sample.

Control -Treatment
Efficacy of diseases % = x 100
Control

Vegetative growth characteristics

Samples of sweet pepper plants from each
treatment were taken at the beginning of
fruiting stage to estimate average plant height
(cm), fresh and dry weights (g/plant) which
determined for three plants pulled off randomly
from each replicate and dried at 70°C.

Chlorophyll estimation

The estimation of total chlorophyll was
done as per methods of Litchenthaler, 1987.

Yield components and quality

The yield was computed as an average fruit
weight kg/plant as well as the total vyield
ton/greenhouse.  Red-ripening  fruits were
harvested from plants during the growing
season. Nine samples of red-ripening sweet
pepper fruits were taken from each
experimental plot to determine fruit quality
parameters i.e., total soluble solids (TSS) using
a Carlzeiss hand  Refractometer and
quantification of ascorbic acid (mg/100g FW)
as described by (A.O.A.C., 2005 and Offor et
al., 2015).

Biochemical changes in sweet pepper plants
due to application of chemicals

In the greenhouse experiment, leaf samples
from the various treatments were taken 1, 3, and
5 days after spraying and used for biochemical
analysis. Five hundred mg of leaf samples from
different treatments were ground with 5 ml of a
0.1 M sodium phosphate buffer with a pH of
7.0 in the enzyme extraction procedure. After
centrifuging the ground materials at 10,000 rpm
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for 15 min, the supernatant was collected and
used as an enzyme source.

Assay of peroxidase (PO)

According to the procedure outlined by
Hammerschmidt et al. (1982) peroxidase
activity was evaluated.

Assay of polyphenoloxidase (PPO)

The Srivastava (1987) method was used to
measure polyphenoloxidase activity.

Total phenol

The standard graph created with various
catechol concentrations was used to calculate
the amount of phenol. The catechol equivalents
of the phenol concentration were estimated as
mg/g of fresh tissue (Bray and Thorpe, 1954).

Statistical Analysis

According to Snedecor and Cochran
(1989), data were statistically analyzed by using

the least significant difference (LSD) values at
the 5%.

RESULTS AND DISCUSSIONS

Identification of the fungus

Microscopically examining the epidermal
strips of infected leaves revealed that long
septate conidiophores were seen emerging
single, in cluster formations, or in bundles
through the stomata of the lower leaf surface.
These conidiophores were derived from
branched endophytic hyphae. Macroscopically
analysis was used to examine the
morphological traits of the powdery mildew
pathogen from sweet pepper. Endophytic
mycelium and dimorphic conidia (pyriform to
obclavate) were the traits seen in Fig. (1). this
pathogen's teleomorphic stage, or sexual stage,
has been observed in several hosts. These
findings concur with those of Correll et al.,
1987; Tsror et al., 2004 and L.ittle, 2006.

Fig. (1). Condispores of Leveillula taurica emerging through a stroma
(arrow) of sweet pepper.

Efficacy of different treatments on conidial
germination of Leveillula taurica

Presented data in Table (1) show that all
treatments  significantly  reduced  spore
germination of L. taurica the main causal of
sweet pepper cv. Godeon Hybrid F1 powdery
mildew. The highest reduction was observed
with treatment of biofungicide Blight stop

followed by Trichoderma harzianum at
reduction in spore germination of L. taurica,
being 84.62 and 76.92%, respectively. On the
contrary, micronic sulfur was showed the
lowest inhibition in spore germination, being
53.85% in comparison with other treatments.
These results are in harmony with those
previously recorded by Elad (2000), Kiss
(2003); Sudha and Lakshmanan (2009).
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The pronounced antifungal activity of
Trichoderma spp. degraded the cell wall
pathogen due to the production of lytic enzymes
such as chitinases, peroxidase,
polyphenoloxidase, glucan 1-3 B- glucosidases
and protease (Mausam et. al., 2007; Brand et
al., 2009 and Ahmed, 2018). Over all, the
antagonist  fungal filtrates were found
significant in inhibiting germination of L.
taurica conidial spores (Kumar et al., 2006).

Bacillus subtilis occupied the second rank
after Trichoderma spp., this might be due to
that it produces a group of enzymes, which

dissolve the cell wall of the pathogen (Ahmed,
2013), antibiotics such as bacterocin and
subtilisin, volatile compounds and phytotoxic
substances (Hoagland and Cutler, 2000).

Pseudomonas fluorescens occupied the third
rank after the previous antagonists, this might
be due to enable production of bacterial
allelochemicals,  including  iron-chelating
siderophores, antibiotics, biocidal volatiles,
Iytic enzymes and detoxification enzymes
(Compant, et. al., 2005 and Ownley et al.,
2010).

Table (1). The effect of different treatments on spore germination of Leveillula taurica

Different treatments

Spore germination %

Reduction in spore germination %

T. harzianum 6.0
T. viride 7.0
B. subtilis 9.0
P. fluorescens 10.0
Micronic sulfur 12.0
Blight stop (T. harzianum) 4.0
Control (Untreated) 26.0
LSDat0.01 1.10

76.92
73.08
65.38
61.54
53.85
84.62
0.00
2.14

The impact of several treatments on the
powdery mildew of the sweet pepper cv.
Godeon Hybrid F1 in greenhouse condition
during the two seasons of 2019-2020 and
2020-2021

Disease parameters (incidence and severity)

The results in Table (2) demonstrate that, all
tested biological control treatments
(Trichoderma harzianum, T. viride, Bacillus
subtilis and Pseudomonas fluorescens, as well
as commercial preparation, Blight stop (T.
harzianum) and natural compounds (Micronic
sulfur) led to a significant reduction in the
incidence and severity of powdery mildew
disease on sweet pepper cv. Godeon Hybrid F1
treatments in the 2019/20 and 2020/21 seasons
compared to the control treatment.

Blight stop biocide had the best efficacy
(82.89 and 83.70%), followed by T. harzianum
isolate (80.25 and 79.26%) in reducing disease
incidence and severity during the two seasons
2019/20 and 2020/21, respectively. On the
contrary, micronic sulfur showed the least
efficacy (68.72 and 58.15%) in controlling the
disease. (68.72 and 58.15%) compared with
other treatments rather than control treatment.

The field results can be interpreted
according to both the effect of biotic factors
which produce growth regulators (Harman et
al., 2004; Mukherjee et al., 2012 and Vinale
et al., 2014) and the chemical effect of
antioxidants (Lopez et. al., 2019), which play a
clear role in improving plant physiology,
metabolism and induce systemic resistance
(ISR) (Kumar et al., 2006; Brand et al., 2009
and Kim et al., 2013).
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Table (2). The effect of different treatments on disease incidence and severity of sweet pepper
powdery mildew under greenhouse condition during 2019/2020 and 2020/2021 seasons

Disease incidence % Disease severity %

Different treatments

2019/20 2020/21 Mean Efficacy* 2019/20 2020/21 Mean Efficacy*

T. harzianum 9.90 10.30  10.10 80.25 55 5.7 560 79.26
T. viride 11.40 1220 11.80 76.93 6.1 6.3 6.20 77.04
B. subtilis 13.80 1410 1395 72.73 8.4 8.6 8.50 68.52
P. fluorescens 14.30 1540 1485 70.97 9.8 10.1 9.95 63.15
Micronic sulfur 15.50 16.50 16.00 68.72 11.2 11.4 11.30 58.15
Blight stop (T. harzianum) 8.70 8.80 8.75 82.89 4.3 45 4.40 83.70
Control (Untreated) 50.60 51.70 5115 0.00 26.4 27.6 27.00 0.00
LSDat0.05 1.41 1.42 0.10 0.12

application of natural compound and bio-
control agents gave good effect on the previous
growth characteristics when compared with the
control treatment. These results are in
agreement with those reported by Lorito
(2005); Khandelwal et al. (2012); Babu and
Pallavi  (2013) who  mentioned that
Trichoderma  spp.  causes  conspicuous
improvement in the aforementioned crop

Vegetative growth characteristics

Regarding role of bio-control agents and
natural compounds, data in Table (3) illustrate
that there were significant effects on some
growth characteristics in terms of plant height,
fresh and dry weights per plant compared with
untreated plants. The most effective treatments
regarding the previous vegetative growth
characteristics were recorded when plants were

treated with Blight stop (75.78 cm, 474.5g and
146.68g), followed by that treated with
Trichoderma harzianum which recorded (74.27
cm, 465.2g and 143.25¢) in plant height, fresh
and dry weight during the two growing seasons
2019/20 and 2020/21, respectively.

Moreover, the other treatments of sweet

parameters during the two growing seasons.

In addition, these variations may be due to
the variation in genetic pool of the sweet pepper
cultivars and/or the effects of climatic change
on vegetative growth. Similar results were
reported by Harman et al. (2006) and Farag et
al., (2018).

pepper plants on one raised bed with

Table (3). The effect of different treatments on plant height, fresh weight and dry weight of sweet
pepper plants under greenhouse condition during 2019/20 and 2020/21 growing

seasons
Plant height (cm) Fresh weight (g) Dry weight (g)
Different treatments

19/20 20/21 Mean 19/20 20/21 Mean 19/20 20/21 Mean
T. harzianum 73.67 7486 7427 462.6  467.7 465.2 142.67 143.83 143.25
T. viride 7112 7213 7163 4533 4555 4544 14053 14155 141.04
B. subtilis 69.58 70.83 70.21 446.2 4484 447.3 138.46 139.48 138.97
P. fluorescens 66.75 67.85 67.30 437.1 4433 440.2 136.17 137.33 136.75
Micronic sulfur 65.33 66.13 6573 3855 396.8 3912 13522 136.53 135.88
E;ig?;nsfﬁﬁ) (T. 7522 76.33 7578 473.4 4756 4745 14563 147.73 146.68
Control (Untreated) 57.13 5820 57.67 2191 221.2 2202 123.62 124.75 124.19
L SDat0.05 1.60 1.62 3.12 3.22 2.31 2.33
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Yield and its components

Presented data in Table (4) indicate that,
spraying any of the tested biological control and
natural compounds according to the organic
agriculture law as a recommended biocide
treatment  significant increased  vyield
components i.e. No. of fruits/plant, fruit weight
(9), yield/plant (kg) and total yield/greenhouse
(ton) compared to untreated sweet pepper cv.
Godeon Hybrid F1 plants during the two
growing seasons 2019/20 and 2020/21.

Blight stop as biocide was recorded the
highest significant increase in yield components
and being, 47.65, 144.6, 6.89 and 3.31 in (No.
of fruits/plant, fruit weight (g), yield/plant (kg)

and yield/greenhouse (ton)), respectively and
followed by T. harzianum isolate and being,
44.15, 140.6, 6.21 and 298 in (No. of
fruits/plant, fruit weight (g), yield/plant (kg)
and vyield/greenhouse (ton)), respectively in
comparison with control treatment. In the
contrary, micronic sulfur treatment showed the
lowest effect compared to the other treatments
rather than control treatment during the two
seasons. These results are in harmony with
those of Reuveni et al., 1998 and Ahmed,
2018 who observed the mode of action of
biocontrol agents due to produce growth
regulators and resistant inducer which help to
increase the vyield productivity and quality
(Halil et al., 2011).

Table (4). The efficacy of different treatments on yield and its parameters of sweet pepper under
greenhouse condition during 2019/20 and 2020/21 seasons

No. of fruits /plant Fruit weight (g) Yield/plant (kg) Yield/greenhouse (ton)

Different treatments
19/20 20/21 Mean 19/20 20/21 Mean 19/20 20/21 Mean 19/20 20/21 Mean

T. harzianum 431 452 4415 1395 1417 1406 6.01 640 621 083 307 298
T. viride 418 420 4190 1378 1409 1394 576 592 584 276 284 280
B. subtilis 384 396 3900 1357 1323 1340 521 524 523 55y 250 251
P. fluorescens 35.1 373 3620 1343 1311 1327 471 4.89 4.80 2.26 2.35 2.30
Micronic sulfur 34.7 369 3580 129.1 1288 129.0 4.48 4.75 4.62 2.15 2.28 2.22

Blight stop (T.
harzianum)

Control (Untreated) 22.2 233 2275 824 83.3 82.9 1.83 1.94 1.89 0.88 0.93 0.90

46.6 48.7 47.65 1432 1459 1446  6.67 7.11 6.89 3.20 341 3.31

L SDat0.05 1.66 1.88 2.28 2.26 0.43 0.45 0.10 0.12

Fruit quality parameters best one on controlling powdery mildew
disease and increasing in total chlorophyll
(26.55 and 26.99 mg/100 g FW), total soluble

solid (TSS, 8.1 and 8.2%) and ascorbic acid

The effect of different treatments on sweet
pepper quality parameters of total
chlorophyll, total soluble solids and ascorbic

acid under greenhouse conditions during
2019/20 and 2020/21 seasons

Presented data in Table (5) including total
chlorophyll (mg/100 g FW), total soluble solid
(TSS) and ascorbic acid (mg/100 g FW) show
that, a great increase in sweet pepper cv. Hybrid
F1 plants contents due to the role of different
biological control and natural compounds on
controlling sweet pepper powdery mildew.
Treated plants with Blight stop biocide was the

(140.5 and 141.4 mg/100 g FW), respectively,
followed by T. harzianum biocontrol agent
during the two successive growing seasons
2019/20 and 2020/21 compared with untreated
plants.

On the opposite trend, micronic sulfur as
natural compound showed the least effective
treatment in total chlorophyll (24.15 and 24.45
mg/100 g FW), total soluble solid (TSS), (6.1
and 6.2%) and ascorbic acid (131.6 and 132.8
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mg/100 g FW), respectively during two seasons
in comparison with untreated plants.

These results indicated that all treatment
kept sweet pepper plants healthy and supported
its optimal growth, which could be emphasized
by too low chemical contents in the control
treatment. This finding could be clarified by
(kumar et al., 2008; Ali and Ayoub, 2017 and
Ahmed, 2018) who confirmed that the use of
alternatives to chemical pesticides such as
biological control and natural compounds have
high efficacy in controlling powdery mildew
disease by changing the biochemical
metabolism of the plant to improve the systemic
resistance acquired by the plant which help to
increase the content of chlorophyll, total soluble
solid and ascorbic acid in plants, in addition to
that it produces healthy, safe food that is free of
toxicity and it is environmentally friendly
(Nielsen, 2017).

Influence of biological preparations and
micronic sulphur on total phenol and
enzyme activity in response to the emergence
of the Leveillula taurica disease and sweet
pepper cv. Godeon Hybrid F1 plant
resistance

According to the role of biological control
and natural compound in controlling the

Leveillula taurica of sweet pepper, which led to
a significant increase in the enzymatic activity
of both peroxidase (PO) and polyphenoloxidase
(PPO), as well as, an increase in the phenolic
content within the treated plants in comparison
with control treatment during the two growing
seasons 2019/20 and 2020/21 under greenhouse
conditions. Data in Table (6) show that Blight
stop was the best treatment in increasing
activity of PO (1.22 and 1.32), PPO (0.71 and
0.73) and total phenol (0.49 and 0.50) more
than other treatments, while micronic sulfur
was the lowest effective one compared with
untreated plants.

The obtained results are in agreement with
those obtained by Lopez et al. (2019) who
insured that the application of biological control
effects on powdery mildew of sweet pepper
plants in addition to increasing its chemical
content (Ahmed, 2018). Treating sweet pepper
plants with sulfur as environmentally friendly
compounds led to control of powdery mildew
disease and increased the metabolic activity of
sweet pepper plants and recorded the highest
content of total phenols and oxidative enzyme
activity compared to the other treatments
(Sudha and Lakshmanan, 2009 and Farag et
al., 2018).

Table (5). The effect of different treatments on total chlorophyll, total soluble solids and
ascorbic acid of sweet pepper under greenhouse condition during 2019/20 and

2020/21 seasons

Total chlorophyll

Total soluble solids Ascorbic acid

Different treatments (mg/100 g FW) (TSS %) (mg/100g FW)
2019/20 2020/21 2019/20  2020/21 2019/20 2020/21
T. harzianum 26.00 26.55 7.6 7.8 138.8 140.2
T. viride 25.87 25.99 7.2 7.3 137.4 138.3
B. subtilis 25.33 25.55 6.7 6.9 135.7 136.5
P. fluorescens 24.88 25.00 6.3 6.5 133.8 134.9
Micronic sulfur 24.15 24.45 6.1 6.2 131.6 132.8
Blight stop (T. harzianum) 26.55 26.99 8.1 8.2 140.5 1414
Control (Untreated) 15.00 16.35 4.1 4.4 85.0 87.1
L SDat0.05 1.06 1.07 0.01 0.02 2.19 2.28
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Table (6). Effect of different treatments on peroxidase (PO), polyphenoloxidase (PPO) activity
and total phenol of sweet pepper under greenhouse condition during 2019/20 and

2020/21 seasons

Peroxidase (PO)

Different treatments activity mg/ml

Total phenols
(mg/100 g FW)

Polyphenoloxidase
(PPO) activity (mg/ml)

2019/20 2020/21 2019/20 2020/21 2019/20 2020/21
T. harzianum 111 112 0.68 0.69 0.47 0.48
T. viride 1.02 1.03 0.63 0.65 0.45 0.46
B. subtilis 0.97 0.99 0.55 0.57 0.42 0.43
P. fluorescens 0.93 0.95 0.51 0.53 0.39 0.41
Micronic sulfur 0.83 0.85 0.44 0.47 0.36 0.37
Bhght rfﬁ‘r’ﬁ) (T 1.22 1.32 0.71 0.73 0.49 0.50
Control (Untreated) 0.30 0.32 0.27 0.29 0.12 0.13
LSDat0.05 0.24 0.25 0.11 0.12 0.10 0.11
CONCLUSION Not applicable.

The objective of this study was to assess a
number of biocontrol agents, including
Trichoderma harzianum, T. viride, Bacillus
subtilis, and Pseudomonas fluorescens, as well
as, the biofungicide Blight stop and micronic
sulfur treatments were used to control the
powdery mildew disease of the sweet pepper
cv. Godeon Hybrid F1 during the two
successful growing seasons in 2019/2020 and
2020/2021 as an alternative to fungicides to
reduce the toxicity of chemicals in the food
chain and produce enough food of high quality
and quantity. All the treatments showed
efficacy in reducing the incidence and severity
of Leveillula taurica-caused powdery mildew
disease and improving the vyield and its
components, quality, chemical components, and
enzyme activity of sweet pepper cv. Godeon
Hybrid F1 plants as compared to untreated
plants. Concerning chemical composition, total
soluble solids (TSS), total chlorophyll and
ascorbic acid, as well as the biochemical
analysis, i.e. total phenol, enzyme activities of
peroxidase (PO), and polyphenoloxidase (PPO),
were all highest in the treated sweet pepper with
Blight stop at the rate of 1 L: 50 liter water
during both growing seasons compared to the
control treatment.
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