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Management of pepper verticillium wilt by
combinations of inducer chemicals for plant
resistance, bacterial bioagents and compost

Abstract

Inducer resistance chemicals (IRCs) Bion (BTH), chitosan and salicylic acid, bacterial
bioagents, i.e. Bacillus chitinosporus, B. megaterium, B. pumilus, B. subtilis, B.
thuringiensis, Pseudomonas fluorescens and P. putida and compost tea caused a reduction
to the linear growth of the fungus FVerticillium dahliae, in culture plates. In general, P.
Sfluorescens followed by B. subtilis were the most efficient in reducing the linear growth of
V. dahliae. The viability of microsclerotia of V. dahliae was greatly reduced by the tested
bacterial bioagents. In addition, B. megaterium, B. subtilis, P. fluorescens and P. putida
were the most efficient bioagents, where no microsclerotia germinated three weeks after
treatment with these bioagents. In addition, few of microsclerotia germinated when treated
with B. chitinosporus, B. pumilus and B. thuringiensis. However, all the microsclerotia of
the control treatment were viable even three weeks after treatment with bioagents.

The combination and use singly of BTH, B. subtilis, P. fluorescens and compost resulted in
areduction of verticillium wilt in pepper and increase of fruit, photosynthetic pigments, and
vitamin-C compared with the control treatment (infested with the causal fungus). Compost
was the most efficient of single tactics in disease management. Moreover, no apparent
infection was detected when BTH, the two bioagents B. subtilis and P. fluorescens and
compost were used together and the fruit yield, photosynthesis pigments and vitamin-C
were, similar to the control treatment (un-infested soil). Photosynthesis pigments including
chlorophyll a, chlorophyll b and carotenoids as well as free and total ascorbic acid
(vitamin-C) were greatly increased due to the tested treatments, i.e. BTH, both bioagents
and compost in pepper plants grown in infested soil compared with those of untreated plants
(grown in infested soil only). Compost was the best single treatment for minimizing the
reduction in photosynthesis pigments in plants grown in infested soil with V. dahliae, as
well as free and total ascorbic acid compared with plants grown in soil infested with the
causal fungus without any another treatment.
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Introduction

Pepper (Capsicum annum L.)is considered one of the mostimportant
vegetable crops in Egypt for local consumption and exportation.
The economic importance of pepper cultivation in the world can be
explained by its high nutritional value of antioxidants, vitamins and
some other compounds. Therefore, improving the production of this
crop is one of the objectives in agriculture in many countries." Many
complaints have been received from pepper growers due to wilt and
death of plants due verticillium wilt, caused by Verticillium albo-atrum
and V. dahliae, especially when planted following tomato, potato or
strawberry. The causal fungi are widespread in pepper plantations in
Egypt. These pathogens are soil-borne and infect plants through the
roots.? They invade the plant’s vascular system and prevent transport

of water and nutrients. These fungi can infect about 300 species of
host plants, including fruit plants, vegetables, forest trees, shrubs and
flowers, as well as many weeds and some field crops. The fungus V.
dahliae can survive in soil as microsclerotia, which are produced on
the dying tissues of the host plant. Microsclerotia can also survive
over a wide range of soil moisture and temperature conditions.

The infected plants show yellowing, chlorosis and necrosis of
the lower leaves and premature defoliation. Vascular tissues of
basal stem and tap roots have a brownish streak. The losses due to
verticillium wilt can reach more than 80% under favorable wet and
warm conditions.® Soil biology is directly linked to agricultural
sustainability as it is the driving force behind decomposition processes
that break down complex organic molecules and substances and
convert them into plant available forms. Soil microbial communities
are important for sustaining the productivity of soils under sustainable
and organic farming systems. To accomplish such systems, farmers
adopt strategies such as crop rotation, cover cropping, and application
of organic amendments (manures and composts) that increase soil
organic matter and improve soil biology and quality.

Due to the hazardous effect of agrochemicals on human health,
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the demand for organic products is increasing since more consumers
feel that they are healthier than those conventionally grown. Organic
food consumption is part of a way of life and is associated with a
strong interest in nature, society and the environment. One of the
core philosophies of organic production systems is the development
of healthy and productive soil that provides essential nutrients for
plant growth, supports diverse and active soil biotic communities
and balances the entire farm ecosystem.** So, there is a growing
demand for organic products. Management of verticillium wilt is
currently accomplished through the use of soil fumigation by methyl
bromide, use of fungicides and with partially resistant or tolerant
cultivars. However, the application of soil fumigation and fungicides
lead to ozone depletion, off-target pollution and create imbalance
in the microbial community. These products can be unfavorable to
the activity of beneficial organisms and may lead to development of
resistance strains of the pathogens.®

Biological control is a safer and ecologically acceptable
alternative to chemical control in the management of many soil-borne
diseases.*>"$ Biological control of verticillium wilt of pepper can be
achieved by promoting the native antagonists, or introducing alien
antagonists that are found in compost. Bacillus and Pseudomonas
have been found effective in inhibiting many soil-borne pathogens.*>’

3
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The objective of this work is to investigate the role of IRCs, bacterial
bioagents and compost (singly and in combination) on management
of pepper verticillium wilt.

Materials and methods

Isolation, purification and identification of the

associated fungi to pepper wilt

Pepper plants showing characteristic wilt symptoms (Figure 1)
were collected from Behera, Ismailia, Sharkia, Menofia, Kalubia,
Giza and Fayioum governorates, Egypt. The infected roots were
thoroughly washed in running tap water and cut into small pieces with
lesion having half healthy and half diseased tissue. The cut pieces
were surface sterilized with 2% sodium hypochlorite for two minutes
then subsequently washed in three changes of sterilized water to
eliminate the sodium chlorite. The sterilized pieces were transferred
onto PDA medium in Petri-dishes. Petri-dishes were incubated at
25+2°C and observed periodically for the fungal growth. The isolated
fungi were purified by single spore technique or hyphal tip method and
maintained on sterilized slips in slants throughout this investigation.
The emerged fungi were identified on the basis of their morphological
features and the description of (Figure 1).°"!

Figure | Pepper plants showing symptoms of verticillium wilt.

Pathogenicity test

Formalin disinfested clay soil was infested with 2% pathogen
inoculum (grown on corn-sand medium for two weeks) of the seven
isolates of V. albo-atrum and V. dahliae, each alone, and distributed in
plastic pots (25 cm in diameter). Marconi cv. transplants were dipped
in 1% of the fungicide tachigaren 30 SL (Hymexazol) for 30 minutes
(Summit Agro Comp) to make sure that the transplants were not
infected with any fungal pathogens. Two plants were transplanted in
each pot and five pots were used for each isolate which were arranged
in a complete randomized block. Transplants in uninfested soil were

used as controls. The severity of infection by both V. albo-atrum and
V. dahliae was assessed three months after transplanting. Plant height
and fresh weight of the foliage growth of the survived plants were
measured three months after transplanting.

Source of the antagonistic bacterial bioagents

The seven antagonistic bacterial bioagents, i.e. Bacillus
chitinosporus, B. megaterium, B. pumilus, B. subtilis, B. thuringiensis,
P. fluorescens and P. putida (maintained on nutrient peptone agar
medium) were previously isolated from eggplant rhizospheric soil.?
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Effect of the tested IRCs, bioagents and compost on
growth of V. dahliae in culture

Effect of the IRCs

The effect of the antioxidants Bion (Benzothiadiazole; BTH),
chitosan (cellulose with the hydroxyl at position C, substituted with
an acetamido group) and salicylic acid (monohydroxybenzoic acid)
on the on the linear growth of the tested pathogen was carried out in
vitro. The concentrations of 0.0, 5, 10, 20 and 40mM were prepared
depending on their molecular weight.

The prepared concentrations were sterilized using 0.25um syringe
filter. Each concentration was mixed with the calculated amount of
sterilized PDA medium (at 45°C), n and poured into the Petri-dishes
(20 ml/plate). The medium+IRC were inoculated with Smm discs
of the test pathogen taken from seven day old cultures. PDA plates
inoculated with the test pathogen, but not amended with the IRCs
were maintained as controls. Plates were then incubated at 25+1°C.
Five replications were prepared for each treatment. The linear growth
was measured when the plates of the control treatment were covered
with the fungal mycelia. Inhibition percentage of mycelial growth of
the tested pathogen was calculated by the formula:

[ = (C- T)/C X100
Where;
I = Percent of inhibition in growth of the tested pathogen
C = Linear growth of the pathogen (mm) in control
T= Linear growth of the pathogen (mm) in treatment
Effect of the antagonistic bacteria

The effect of the culture filtrate for isolates of Bacillus megaterium,
B. pumilus, B. subtilis, Pseudomonas fluorescens and P.putida on the
linear growth of V. dahliae was tested using the method by Dennis
et al.”> One hundred ml. of nutrient peptone medium were put in 250
ml flasks and sterilized by steamer for three successive days. The
medium was inoculated with a loop-full of the desired bioagent taken
from a two day-old culture. Inoculated flasks were incubated on a
rotary shaker at 200 rpm for 2 days at 25+1°C. The culture filtrate
was sterilized using a 0.25um syringe filter. The culture filtrate of the
bioagent was mixed with PDA medium in different proportion (0.0, 20,
50 and 75%) and poured into Petri-dishes (20 ml/plate). The medium
was inoculated with Smm discs of the test pathogen, taken from a
seven day old culture. PDA plates inoculated with the test pathogen,
but not amended with the culture filtrate of the tested bioagents were
maintained as controls. Plates were then incubated at 25+1°C. Five
replications were maintained for each treatment. The linear growth
was measured when the plates of the control treatment were covered
with the fungal mycelia. Inhibition percentage of the mycelial growth
of the test pathogen was calculated as mentioned before.

Effect of compost tea

One kg of plant compost (Bio-Pianta, Al-Menofia Fertilizers and
Chemical Company; pH 7.2, EC 34, total nitrogen (%) 1.3 and C/N
ratio 18:1) was soaked overnight in 3-liter water and filtered through
two layers of Whitman 1 filter paper. Measured amounts of potato
broth, dextrose and agar were added to 20, 40, 60, 80 and 100% of the
filtrate and steamed for three successive days then poured in sterilized
Petri-dishes. The medium was inoculated with 5 mm discs of the test
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pathogen cut from a five-day old culture. PDA plates inoculated with
the test pathogen, but not amended with compost filtrate (normal
PDA) were maintained as controls. Plates were then incubated at
25+1°C. Five replications were maintained for each treatment.
Inhibition percentage of the mycelial growth of test pathogens was
calculated as mentioned before.

Effect of the antagonistic bacteria on the viability of
microsclerotia of V. dahliae

Pepper plants grown in soil infested with V. dahliae for three
months were removed and a longitudinal section was cut from each
plant, stored in paper bags, and air dried in the laboratory for one
month to produce microsclerotia. The plants were shaken and/or
crushed by scalpel on Petri-dishes to collect the microsclerotia. One
ml (1x10' cfu/ml. water) of any of the seven tested bioagents (2
days old), i.e. Bacillus chitinosporus, B. megaterium, B. pumilus, B.
subtilis, B. thuringiensis, P. fluorescens and P. putida were added
to each Petri-dish containing the microsclerotia of V. dahliae, shaken
well and air dried for four hours and incubated at 25+2°C. Petri-
dishes without any additions (sterilized water only) were prepared as
controls. The roots of three months old pepper plants (two plants)
were washed thoroughly with tap water then distilled water then
placed in conical flasks (four plants/250ml flask) containing distilled
water (100 ml) for one week to obtain the root exudates. One ml of
root exudates was added to each plate containing microsclerotia (100
sclerotia) plus the biocontrol agent. These plates were sealed with
para-film then incubated in darkness at 25+1°C for one, two and three
weeks (three dishes for each incubation period for each bioagent and
the control.) One ml from lacto-phenol cotton blue stain was added to
each Petri-dish containing any treatment at the time of examination
for microsclerotial germination to kill and fix the germinated
microsclerotia. At each incubation period, 100 microsclerotia were
examined for germination in each treatment and each time period. The
germinated (grown) microsclerotia were examined by the microscope
(10X), counted and the number of the germinated microsclerotia of
each treatment was recorded.

Effect of the combination of IRC BTH, B. subtilis
and P. fluorescens and compost on management of
verticillium wilt and pepper fruit yield

Transplants of the pepper cultivar Marconi were used for this
experiment. The plots (Ix] m) were infested with 2% inoculum
(grown on sterilized corn-sand medium in 500 ml glass bottles) of the
tested pathogen. The plots were divided into the following treatments:

i.Pepper transplants grown in foam trays were irrigated with
Bion (BTH) at 40 mM twice with a five days interval before
transplanting in plots infested with the causal pathogen (three
plots)

ii. Three infested plots with the causal pathogen received 2kg
compost for each plot (mixed thoroughly with the soil), two
weeks before transplanting pepper

iii. Three infested plots with the causal pathogen were infested with
B. subtilis (1x10° cfu/L water) at the rate of 2 L/plot, two weeks
before transplanting pepper

iv. Three infested plots with the causal pathogen were infested with
P, fluorescens (1x10° cfu/L water) at the rate of 2 L/plot, two
weeks before transplanting pepper
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v.A combination of treatments 1 and 2 were utilized (BTH
irrigated on seedlings; compost added to soil)

vi. A combination of treatments 1 and 3 (BTH irrigated on seedlings;
B. subtilis added to soil)

vii. A combination of treatments 1 and 4 (BTH irrigated on seedlings;
P. fluorescens added to soil)

viii. A combination of treatments 2 and 3
ix. A combination of treatments 2 and 4
x. A combination of treatments 3 and 4
xi. A combination of treatments 1, 2, and 4

xii. Infested plots with the causal pathogen were left without another
treatment

xiii. Un-infested plots with any pathogen were left without another
treatment

The plots, in complete randomized block, were then irrigated and
left for three days and then transplanted with plants that had been
dipped in 1% of the fungicide tachigaren for 30 minutes just before
transplanting to kill any fungal pathogens that may have been present.
Sixteen transplants were placed in each plot and three plots were used
for each treatment. The plots were irrigated when it was necessary
and fertilized with the recommended doses as recommended by Min.
of Agric. and Land Reclamation. Disease severity was assessed on
random plants in each plot six months after transplanting and the
average was recorded. Mature fruits were harvested periodically,
counted and weighed.

Disease assessment

Pepper plants were monitored for disease symptoms periodically
until the end of the experiment (each month). Disease severity on
aboveground plant parts was evaluated using a scale (0-5) modified
by Bejarano-Alcazar et al.' based on the percentage of foliage
affected with chlorosis, necrosis, wilting, defoliation as follows:

Where,

0 = No foliar symptoms

1= Chlorosis and/or wilt restricted to the first leaf

2 = Chlorosis and/or wilt extending beyond the first leaf

3 = Moderate to severe foliar symptoms usually with some
abscised leaves

4 = Severe foliar symptoms on the entire plant, and

5 =Dead plant

Disease severity on foliage growth % = Y(nxv)/5N X 100
Where,

n = Number of wilted leaves in each category

v = Numerical values of each category

N = Total number of the wilted leaves

The plants were also rated for vascular discoloration by the causal
fungus using the devised scale (0-5) by Sanogo et al.'* using the
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following formula:
Where,
0= No discoloration

1= Light discoloration evident as spotty areas in the longitudinal-
section of the basal stem and upper part of the root

2= More continuous discoloration covering an area between one
quarter and one half of the basal stem and upper part of the root, but
light in color

3 = Vascular discoloration (moderate in color) evident in a band
encircling almost the entire of the basal stem and upper part of the root

4 = Vascular discoloration darker in color than in 1 or 2, and evident
across most of the vascular tissue in a the basal stem and upper part
of the root, and

5 =Plant severely damaged, vascular discoloration evident throughout
the basal stem and upper part of the root

Disease severity on the vascular % = 3. (nxv)/5 N X 100
Where,

n = Number of infected vascular in each category

v = Numerical values of each category

N = Total number of the infected vascular

Plant height of the grown plants, and the average number of fruits
/ plant and weight of fruits / plant were measured.

Estimation of photosynthetic pigments and ascorbic
acid (vitamin-C)

The photosynthetic pigments (chlorophyll a, chlorophyll b and
carotenoids) were estimated spectrophotometrically according to
Metzner et al.'s Ten gram fresh weight of pepper leaves, taken from
five randomly plants, were homogenized in 85% aqueous acetone for
10 min. The homogenized tissues were centrifuged (10.000 rpm for
10 minutes), and the supernatant was adjusted to 100 mL with 85%
acetone and measured against a blank of pure 85% aqueous acetone
at three wavelengths of 452.5, 644 and 663nm. Dilutions were used to
determine the concentrations of the pigment fractions.

Both free (FAA) and total ascorbic acid (TAA) were estimated
spectrophotometrically according to the procedure mentioned by
Hodges et al.'® Fresh leaf tissues (3 g) were weighed and placed in a
50mL centrifuge tube and 10 mL of ice-cold 5% (w/v) metaphosphoric
acid was added, followed by homogenization at the speed of 15,000
rpm for 1 min in an ice—water bath by use of a homogenizer. The
homogenized tissues were centrifuged at 7000 rpm for 15 min at 4°C,
and the supernatant was filtered through Whitman No. 4 filter paper.
The filtrate was used for estimating FAA and TAA by converting
dehydro-ascorbic acid (DAA) to FAA with dithiothreitol. Both FAA
and TAA were estimated spectrophotometrically at 525 nm. The
concentrations of FAA and TAA were calculated by using the standard
curve (all R%2>0.99) of L-ascorbic acid and their difference was equal to
the concentration of DAA. The content of chlorophyll a, chlorophyll b
and carotenoids was calculated using the formula of Arnon:'”
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Chlorophyll a (mg/ml) = 12.7A4663 — 2.69A4645,
Chlorophyll b (mg/ml) = 22.9A4645 — 4.68A4663, and
Carotenoids (mg/ml) = 4.75A4452.5 — 0.226C(a + b),

Where,
AA is the absorbance at the respective wavelength.
Statistical analysis

Data were statistically analyzed using the standard procedures
for complete randomized block and split design as mentioned by
Snedecor et al.'® The averages were compared at the 5% level using
least significant differences (LSD) according to Fisher."

Results

Isolation, purification and identification of the

associated fungi to pepper wilt

Isolation procedures from pepper roots of plants showing
characteristic symptoms of wilt collected from Behera, Ismailia,
Sarkis, Menofiya, Kalubia, Giza and Fayoum governorates yielded
190 fungal isolates belonging to six genera. The isolated fungi were
purified and identified as: Alternaria spp., Fusarium oxysporum, F.
solani, Macrophomina phaseolina, Pythium ultimum, Rhizoctonia
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solani, Verticillium albo-atrum and V. dahliae. The fungus F.
oxysporum had the highest occurrence and frequency, with 35 isolates
for a frequency of 18.4%, followed by V. dahliae (33 isolates and
a 17.4% frequency), and Alternaria spp. (28 isolates and 14.7%
frequency). The least frequently isolated pathogens were P. ultimum
(14 isolates and 7.4% frequency), M. phaseolina (16 isolates and
8.4% frequency) and R. solani (17 isolates and 9.0% frequency). The
occurrence of the isolated fungi from the six governorates was similar.
The isolates of V. albo-atrum and V. dahliae were selected and tested
for their pathogenicity to choose the most virulent one (Table 1).

Pathogenicity test of the seven isolates of V. albo-atrum
and V. dahliae

All isolates were pathogenic to pepper (Table 2). Isolates of
V. dahliae were more aggressive than isolates of V. albo-atrum.
The isolate from Menofia governorate of V. albo-atrum was more
aggressive than other isolates of the same species, with a wilt severity
on foliage and the xylem of 22.2 and 24.8%, respectively and with the
shortest plant height (30.9cm) and lowest foliage fresh weight (117.6
g/plant). An isolate from the Giza governorate of V. dahliae was the
most aggressive from that species, with a wilt severity of 25.1 and
29.5% on foliage and the xylem, respectively and with the shortest
plant height (28.0 cm) and lowest foliage fresh weight (117.0 g/ plant).
Both fungal species isolated from Behera and Fayoum governorates
resulted in the lowest wilt severity.

Table | Occurrence and frequency of fungi associated with pepper wilt of samples collected from seven Egyptian governorates during August 2016

Occurrence of the isolated fungi at %

Isolated fungi

Behera Sharkia Ismailia Menofia Kalubia Giza  Fayoum Total Frequency
Alternaria spp. 4 3 4 3 4 6 4 28 14.7
Fusarium oxysporum 4 6 5 4 6 5 5 35 18.7
F. solani 2 4 5 3 4 2 3 23 12.1
:'ha;::opl:‘n‘;mi"a 3 3 2 | 2 3 2 6 84
Pythium ultimum | 2 2 3 3 2 | 14 74
Rhizoctonia solani 3 4 3 3 4 3 4 24 12.6
Verticillium albo-atrum 3 2 3 2 2 3 2 17 9
V. dahliae 5 4 4 5 6 5 4 33 17.4
Total 25 28 28 24 31 29 25 190 -
Table 2 Pathogenicity test of the seven isolates of both Verticillum albo-atrum and V. dahliae using transplants of pepper plants (Marconi cv.), greenhouse
experiment
% Disease severity on Plant Foliage fresh
Foliage Growth Xylem  Vascular Height (cm) Weight (g)
Governorates
VA* VD VA VD VA VD VA vD
Behera 16.6 20 20.1 23.8 37.6 32 127.2 123.8
Ismailia 19.7 22.8 229 27.3 35 29.8 122.4 118.2
Sharkia 19.1 22 22.1 26.1 35.2 29 123 119
Menofia 222 224 24.8 28 30.9 29.5 117.6 110
Kalubia 20.3 23.2 233 28.7 345 29 120.2 115.8
Giza 21.4 25.1 23.4 29.5 31.8 28 121 117
Fayoum 18.4 20 20.3 25 36 314 125 122
Control 0 0 0 0 42.9 429 165.8 165.8
LS.D.at 5% 23 2.1 2.1 2.2 2.5 2.4 4.8 4.6

* = V.albo-atrum ,** = V. dahlia
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The severity of verticillum wilt was negatively correlated with
plant height and foliage fresh weight. No apparent symptoms of wilt
were observed on the control plants which also had the tallest plants
(42.9 cm) and the highest foliage fresh weight (165.8 g). V. albo-
atrum and V. dahliae were successfully reisolated from the diseased
plants, completing Koch’s postulates.

Effect of the tested IRCs, bioagents and compost on
the growth of V. dahliae in vitro

Effect of the IRCs

Bion (BTH), chitosan and salicylic acid resulted in significant
reductions to the linear growth of V. dahliae compared with the
control treatment (Table 3). The inhibitory effect to the linear
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growth increased with increasing IRCs concentration. BTH was
the most effective chemical at reducing fungal growth at all tested
concentrations, and completely inhibited growth at 20 mM.

Effect of the bioagents

The culture filtrate from the bioagents (Table 4) resulted in a
significant reduction to the linear growth of V. dahliae compared
with the control treatment. This reduction increased with increasing
concentration. P. fluorescens caused the highest inhibitory effect to
V. dahliae followed by B. subtilis, with an average growth of 45.8
and 46.8 mm, respectively (Table 4). B. chitinosporus followed by
B. pumilus was the least effective at reducing growth of V. dahliae
with an average growth of 57.1 and 55.9 mm, respectively. The other
bacteria resulted in intermediate control.

Table 3 Effect of three ICRs on linear growth (mm) of Verticillium dahliae, 9 days after inoculation at 25+1°C

IRCs Average linear growth (mm)* at IRC concentration (mM) Mean
Bion 90 82.2 50.8 0 0 44.6
Chitosan 90 854 586.6 14.4 10 48.4
Salicylic acid 90 86.6 55.8 17.4 13 50
Mean 90 84.7 53.7 19.1 7.7 -

LS.D.at 5 % for:
IRCs (I)= 2.5, Concentrations (C)=2.9 and | x C = 3.1.

Table 4 Effect of Bacillus spp. and Pseudomonas spp. culture filtrate on the linear growth of Verticillium dahliae, 9 days after inoculation at 25+1°C.

Linear growth (mm) at concentration of culture filtrate (%)

Bioagents 0 25 50 75 Mean
B. chitinosporus 90 79 41 18.4 57.1
B. megaterium 90 734 342 10.2 52
B. pumilus 90 78.6 38 16.8 55.9
B. subtilis 90 66.2 30.8 0 46.8
B. thuringiensis 90 75.8 372 16.4 54.9
P. fluorescens 90 64.2 28.8 0 45.8
P. putida 90 68.6 33 14.6 51.6

Mean 90 722 347 88

L.S.D.at 5% for:
Bioagents B = 2.0, Conc. (C)= 2.3 and Bx C = 3.2.

Effect of compost tea

Compost tea resulted in a significant reduction to the linear growth
of V. dahliae compared with the control treatment (Table 5). This
reduction increased with increasing concentration of compost tea. In
addition, the causal fungus failed to grow at the concentration of 75%.

Table 5 Effect of compost tea on the linear growth of Verticillium dahliae, 9
days after incubation at 25+1°C.

Concentrations (%)  Average linear growth (mm)

25 72.6

50 36.6

65 0

0 90
LS.D.at5 % 2.7

Effect of bacterial bioagents on the viability of V.
dahliae microsclerotia

The viability of microsclerotia was greatly reduced by the bacterial
bioagents (Table 6). B. megaterium, B. subtilis, P. fluorescens and P.
putida were the most efficient bioagents, where no microsclerotia
germinated three weeks after the treatment with these bioagents. In
addition, few microsclerotia germinated due to the treatments with B.
chitinosporus, B. pumilus and B. thuringiensis. All the microsclerotia
in the control treatment were still viable after three weeks.

Effect of the combination of BTH, the bioagents B.
subtilis and P. fluorescens and compost on management
of pepper verticillium wilt and fruit yield

The IRC Bion (BTH), the bioagents B. subtilis and P. fluorescens
and compost either singly or in combination, caused a significant
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reduction in verticillium wilt severity and discoloration of the xylem.
Pepper plants also had a significant increase in the number of fruit
and fruit weight in response to these treatments either singly or in
combination (Table 7) compared to the V. dahliae infested control.
Compost was the most efficient disease control treatment in this

Table 6 Effect of bacterial bioagents on the viability of Verticillium dahlia
microsclerotia over time.

Viability (%) of microsclerotia

Bioagents .
foag over time (week)

regard compared with the other three types of disease management, One Two Three
i.e. BTH and both bioagents when each of them was used alone. In Bacillus chitinosporus 86 38 12
addition, the values of wilt severity were higher on the foliage growth i
. . . . B. megaterium 74 32 0

than those on the xylem vesicles. No apparent infection by V. dahliae
was observed when the combination of BTH, both bioagents and B. pumilus 76 29 5
compost was used and the produced fruit yield, were similar to the B. subtilis 63 22 0
.contr.ol' treatment‘ (uninfested soil). In addmonz pepper plants grown B. thuringiensis 7 28 5
in soil infested with the causal fungus had the highest disease severity
and produced the lowest fruit yield (20.7 fruit and 0.465 kg/ plot). Psuedomonas fluorescens 60 17 0

. S . . P. putid 70 26 0

The severity of verticillium wilt on both foliage growth and xylem putica
Control 100 100 100

vesicles was reflected on the number of fruit and weight (yield).

Table 7 Effect of the combination among the IRC BTH, the bioagents Bacillus subtilis and Pseudomonas fluorescens and compost on the management of pepper
Verticillium wilt (Marconi cv.) as well as fruit yield, plot experiment

% Wilt severity on Weight fruits

Treatments No. of fruits/Plant

Foliage growth Xylem vesicles (kg)/plant
Bion (BTH) 10,1 8.9 237 0.858
Compost (C) 7.7 6.6 29.9 0.995
B.acillus subtilis (BS) 9.2 7.3 25.2 0.97
Pseudomonas fluorescens (PF) 9 7 32 0.985
BTH +C 5 32 36 .19
BTH + BS 5.7 3.8 35 1.18
BTH + PF 5 3 382 1.2
C+BS 3 1.8 40 1.25
C+PF 25 1.4 40 1.25
BS+PF 38 2.1 39 1.17
BTH+ C+BS+PF 0 0 44.6 1.32
Control (Infested soil) 239 359 20.7 0.465
Control (Un-infested soil) 0 0 46.4 1.38
LS.D.at5 % 29 3.1 42 0.132

Estimation of Photosynthesis Pigments and Ascorbic
Acid

The contents of the photosynthesis pigments and free and total
ascorbic acid were elevated in the tested treatments compared with

V. dahliae (ranging from 40 to 64% higher than the infested control),
while Bion had the lowest concentration of photosynthetic pigments
and total ascorbic acid among control treatments (ranging from 29 to
55% above the infested control). The infested control had a reduction
in photosynthetic pigments ranging from 28 to 42% compared to the

the infested control (Table 8). Compost had the highest concentration

uninfested control, and a reduction in ascorbic acid ranging from 39
of photosynthetic pigments and ascorbic acid for plants infected with

to 43% (Table 8).
Table 8 Effect of Bion, bioagents and compost on the photosynthesis pigments (chlorophyll a, chlorophyll b and carotenoids) and total ascorbic acid of pepper
plants infected with Verticillium dahliae.

Photosynthesis pigments* Ascorbic acid**

Treatment
Chlorophyll -a Chlorophyll -b Carotenoids Free Total

Bion 1.45 I.15 0.85 322 45.7
Bacillus subtilis 1.52 1.18 0.87 31.7 46.9
Pseudomonas fluorescens 1.53 1.2 0.88 32 47.3
Compost 1.6 1.25 0.9 33.1 49.2
Control (Infested soil) [ 0.89 0.55 21.7 32
Control (uninfested soil) 1.38 1.31 0.95 38 524

*mg/g fresh leaves weight, **mg/100g fruit fresh weight
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Discussion

Farmers are interested in reducing dependence on chemical
inputs. Instead, disease management should rely more on principles
of Integrated Pest Management (IPM) such as sanitation, biological
control, resistant cultivars, induced disease resistance. A model
describing the several steps required for a successful IPM has been
developed by McSpadden Gardener et al.,’ where modern agriculture
and horticulture must combine several objectives that seem to be
almost mutually exclusive: to satisfy the nutritional needs of an
increasing human population and to minimize the negative impact on
the environment. In addition, 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. Today,
there are strict regulations on chemical pesticide use, and there is
political pressure to remove the most hazardous chemicals from the
market. 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. Among these alternatives are those referred to as
biological controls.?!

Plant pathogens isolated from pepper with wilt symptoms in seven
governorates in Egypt were Alternaria spp. Fusarium oxysporum, F.
solani, Macrophomina phaseolina, Pythium ultimum, Rhizoctonia
solani, Verticillium albo-atrum and V. dahliae. These fungi are known
pathogens of pepper.>7-2>2*

Pathogenicity test of the seven isolates of both V. albo-atrum and
V.dahliae indicated that all isolates of both fungi caused wilt symptoms
and the Giza isolate of V. dahliae was the most aggressive one.

The inducer resistance chemicals (IRCs) Bion, chitosan and
salicylic acid; the bacterial bioagents, i.e. Bacillus chitinosporus, B.
megaterium, B. pumilus, B. subtilis, B. thuringiensis, Pseudomonas
Sfluorescens and P. putida and compost tea resulted in significant
reduction to growth of V. dahliae in culture. Culture filtrates from
P. fluorescens and B. subtilis were the most efficient in reducing the
linear growth of V. dahliae in culture.

The fungus V. dahliae survives in the soil and crop debris as
microsclerotia. Microsclerotia enable the fungus to tolerate drastic
environmental conditions and become dormant in the soil for many
years in the absence of the susceptible host. Moisture and root
exudates of the susceptible hosts stimulate the germination of the
microsclerotia which can directly penetrate roots, colonizing the
root tissue to the water-conducting xylem vesicles, which ultimately
become plugged with the fungus, resulting in wilt symptoms. The
fungus can be dispersed with infected transplants, machinery,
vehicles, irrigation water, wind, and on particles of infested soil on
farm implements.” Infection by nematodes can result in earlier or
more severe verticillium wilt of pepper.

It is well known that treatment with bio-preparations of P.
Sfluorescens induce systemic resistance as the main mechanism of
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activity on a plant.*® P. fluorescens can produces different types of
antibiotics including active 2,4-diacetyl-phloroglucinole (2,4 DAPB),
which control diseases.?*?” P. fluorescens may control plant pathogens
also by siderophere production, nutrient competition and the induction
of systemic resistance.” Meena et al.?’ reported that reduction in
infection by the plant pathogens and increases in plant height and fresh
weight of the treated plants might be due to P. fluorescens production
of indole acetic acid as a growth regulator as well as some antibiotics,
i.e. pyrrolnitrin, pyoluterin and 2,4-diacetyl phloroglucino. Protection
of plants from disease by induction of systemic resistance is a new
approach. This is much less harmful to the environment as compared
to agrochemicals applied to control plant diseases.*® Bacillus-based
biological control agents (BCAs) have great potential in integrated
pest management systems; however, relatively little work has
been published on integration with other IPM management tools.*!
Unfortunately, most research has focused on BCAs as alternatives to
synthetic chemical fungicides or bactericides and not as part of an
integrated management system.

It has been found that the use of Bion (BTH), B. subtilis and P.
Sfuorescens and compost resulted in significant reduction to the severity
of verticillium pepper wilt with significant increase to the fruit yield
in comparison with the infested control treatment. In addition, the
combination between any of the tested treatments was more efficient
in reducing disease severity and increasing fruit yield than using them
singly. Moreover, the combination of BTH and the two bioagents
and compost was the best treatment which resulted in no apparent
infection by V. dahliae and the highest fruit yield (not significantly
different than the un-infested control). The combination of compost
plus either bioagent also resulted in fruit yield that was similar to the
un-infested control. Compost may provide a suitable medium for
reproduction and establishment of the added bioagents and saprophytic
microbes in soil. IPM is a sustainable approach to managing pests by
combining biological, cultural, physical and chemical tools in a way
that minimizes economic, health and environmental risks. Therefore,
this work evaluates the integrated use of a material which stimulates a
systemic plant resistant response (Bion), B. subtilis and P. fluorescens
as BCA with compost. This protection is known to be related with
the induction of the phenol pathway but the particular metabolites
involved have not been determined yet. This suggests fungal growth
impairment by both direct toxic effect as well as plant cell wall
reinforcement.*?

The mechanism of systemic acquired resistance is apparently
multifaceted, likely resulting in stable broad-spectrum disease control
that could be used preventatively to bolster general plant health, and
resulting in long lasting protection.®

The use of organic agricultural amendments such as the composted
plant debris in this respect can be advantageous both in soil fertility,
recycling of agricultural residues and could provide a powerful tool
for management of soil-borne plant diseases. Several composts
and/or composts fortified with bioagent used as soil amendments
reduced pathogens propagule density and protected plants from soil-
borne plant pathogens.® Therefore, although disease management
effectiveness by compost can be variable, the economic and
environmental benefits derived from its use can minimize operator
distrust. In addition, compost may act as a nutrient source and provide
a conducive environment for the bioagents that must outcompete or
inhibit plant pathogens.
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Composts have been shown to suppress several diseases in the
field, although the effects have been generally smaller and more
variable than in container experiments.** The disease suppressive
effect of compost generally increased with rate of application.
Compost inclusion rates of at least 20% (v/v) are normally required
to consistently obtain a disease suppressive effect, particularly in
peat-based media, but significant disease suppression has been found
at lower inclusion rates in soil.* Co-biotrophic bacteria re-colonized
composts most rapidly (24-48 h) after peak heating of compost.*
The predominant biocontrol agents in this group included Bacillus,
Pseudomonas and Pantoea species. In addition, Lockwood* indicated
that edaphic microorganisms stimulated by compost amendments
contribute to the suppressive activity of the amended soil through
four control mechanisms, i.e. antibiosis, competition, predation
hyperparasitism and the induction of systemic acquired resistance in
the host plant. It is supposed that Bacillus spp. could have diverse plant
responses involved in synthesis and accumulation of antimicrobial
phytoalexins,”” induction of hypersensitive response,*® production of
defence-related proteins and siderophores,*#® production of activated
oxygen species,*' and modification of plant cell wall by deposition of
callose.*

The determinants and pathways of induced resistance stimulated by
bioagents and other non-pathogenic microbes has been characterized
to a limited degree.”* The first of these pathways, termed systemic
acquired resistance (SAR), is mediated by salicylic acid (SA), a
compound which is frequently produced following pathogen infection
and typically leads to the expression of pathogenesis-related (PR)
proteins. These PR proteins include a variety of enzymes some of
which may act directly to lyze invading cells, reinforce cell wall
boundaries to resist infections, or induce localized cell death A second
phenotype, first referred to as induced systemic resistance (ISR, is
mediated by jasmonic acid (JA) and/or ethylene, which are produced
following applications of some non-pathogenic rhizobacteria.
Interestingly, the SA- and JA- dependent defense pathways can be
mutually antagonistic, and some bacterial pathogens take advantage
of this to overcome the SAR.

Bion (BTH) is an acquired systemic resistance elicitor, which
reduces many fungal diseases.**” This protection is known to be
related to the induction of the phenol pathway but the particular
metabolites involved have not been determined yet. This suggests
fungal growth impairment by both direct toxic effect as well as plant
cell wall reinforcement.

Organic farming is gaining worldwide acceptance and is becoming
a major target for sustaining the quality of degraded soils due to the
intensive use of synthetic chemicals for increasing crop production.
The use of bioagents, such as bio-fertilizers or bio-pesticides is an
integral part of organic cultivation, especially in vegetable cultivation.
The nature of the organic amendments, the microorganisms present,
the properties of the soil, and environmental conditions are key factors
that can influence the populations of soil-borne plant pathogens and
the crop to be protected. Using organic amendments, antagonistic
microorganisms and inducer resistance chemicals in managing
soil-borne pathogenic fungi introduces an alternate strategy to the
prevalent use of synthetic chemicals. The mixtures of bioagents have
the advantage of exercising a broad spectrum activity, enhancing the
efficacy and reliability of biocontrol and ensuring greater induction
of defense enzymes. Plant growth in organic amendments greatly
depend on the functions performed by soil microbes particularly

Copyright:

©2018 Abada etal. 125

in the secretion of nutrient supply. The build-up of active soil
microorganisms, is critically important for sustaining the productivity
of soils in organic cultivation systems. Therefore, research is needed
to identify and characterize locally available amendments and the
impact of antagonistic organisms as related to potential of soil-borne
pathogen management. The single management approach or practice
such as a biological amendment or organic amendment, alone will
probably not be effective in establishing disease suppression, but
multiple approaches as combinations of many tools, which are
coordinated together as part of an integrated management of soil-
borne fungi may be successful.

Biological control of root diseases is largely based upon competition
between the bioagents and the pathogens. Competitive colonization of
the rhizosphere by the bioagents and the use of available resources is
thought to exclude many rhizosphere.”

The viability of microsclerotia of V. dahliae was greatly reduced
by the tested bacterial bioagents. In addition, B. megaterium, B.
subtilis, P. fluorescens and P. putida were the most efficient bioagents,
and resulted in the complete inhibition of microsclerotia germination.
In addition, few microsclerotia germinated due to the treatments with
B. chitinosporus, B. pumilus and B. thuringiensis. The bioagents had
to be added to the soil at least one week prior to transplanting pepper
to affect the viability of microsclerotia.

The photosynthesis pigments including chlorophyll a, chlorophyll
b and carotenoids as well as free and total ascorbic acid were greatly
increased due to the tested treatments, i.e. BTH, both bioagents
and compost in pepper plants grown in infested soil. Compost was
the best treatment for reduction the impact of verticillium wilt on
photosynthesis pigments as well as free and total ascorbic acid. Plants
grown in un-infested soil and without any another treatment recorded
the highest values of photosynthesis pigments as well as free and
total ascorbic acid. The impact of the treatments on photosynthetic
pigments and ascorbic acid may be due to the reduction in the activity
of green plastids and vitamin-C metabolism. Similar results were
obtained by Pennypacker et al.*® and Hunter et al.* When a plant is
subject to physical or physiological stress, the free ascorbic acid can
be oxidized into dehydro-ascorbic acid.'

Conclusion

Strategies to manage verticillium wilt was presented that were
effective for reducing inoculum density of V. dahliae and were not
harmful to the environment or human health. The use of IRCs, and
bioagents and organic compost could be used in combination as a
management strategy or a part of an integrated management program.
They provide eco-friendly alternatives to reduce the incidence and
severity of verticillium wilt in pepper.
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