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ABSTRACT

Powdery mildew disease, caused by Erysiphe cichoracearum, is considered one of the most severe pathogenic threats of
sunflower worldwide. This study discusses how to improve the effect of biocontrol agents, as a more economic and eco-
friendlier alternative to fungicides, by mixing different bioagents (Trichoderma harzianum and Bacillus subtilis) with
different antioxidants (ascorbic acid and salicylic acid), either individually or combined. They were applied to sunflower
during two successive seasons to determine their effectiveness in promoting growth and inducing resistance in sunflower
against powdery mildew disease under field conditions. Results show that all treatments reduced the severity of powdery
mildew disease significantly compared with control. A synergistic effect was noticed when combining T. harzianum and
salicylic acid led to a significant decrease in powdery mildew disease severity in sunflower in comparison to control. In
general, the results suggested that the integration of antioxidants with bioagents showed a better response to control
powdery mildew disease than single treatments. Applied treatments in the field significantly increased all of the studied
growth parameters, plant length, fresh and dry weight. All treatments showed a remarkable increase in physiological
aspects (enzymes activity and total phenol content).
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INTRODUCTION

Sunflower (Helianthus annuus L.) ranks third among several vital oilseed crops. Belonging to Asteraceae, sunflower is
considered a great edible oil, because of poly-unsaturated fatty acid content. Several people in Egypt and worldwide
depend on sunflower for dietary purposes. Sunflower is a short-term oilseed crop that is often ready to be harvested in 90 -
120 days. Its seed oil is a high-grade oil rich in vitamins A, E, D, and K and is often used for culinary and medicinal purposes
(Joksimovic et al., 2006).

Sunflower is susceptible to many diseases mainly caused by fungi. Among these diseases, powdery mildew caused by
Golovinomyces cichoracearum (DC.), (formerly known as Erysiphe cichoracearum), is considered one of the most destructive
diseases that could lead to serious and quality yield reductions (Madhusudhan et al., 2017). Powdery mildew severity and
its progress rely mainly on favorable conditions like moderate temperatures and high humidity (Sujatha et al., 2018). Its
symptoms are very distinctive. White powdery spots, that get bigger as the disease progresses, appear on lower leaves.
Several asexual spores are formed, and the mildew can spread to the rest of the plant (Kulkarni et al., 2015).

Using microorganisms to biologically control plant pathogens was proven to be an eco-friendlier alternate method to
the commonly used traditional methods of chemical treatments. The use of cultural practices, chemical fungicide, and
hybrids resistant to powdery mildew are the main strategies for biologically managing powdery mildew disease of
sunflower (Ons et al., 2020). However, these strategies have their drawbacks since fungicide resistance breakdowns have
resulted from the arbitrary use of fungicide. Moreover, environmental concerns regarding the negative effects of overusing
chemical fungicides have made alternative plant protection methods more favorable (Maroni et al., 2006). The use of
induced systemic resistance is the main emerging strategy that addresses this environmental sustainability issue. Besides
constitutive barriers, plants have inherent inducible defense mechanisms that enable them to defend themselves against
pathogens, such as enhancing their resistance when treated with certain compounds or microorganisms (Oostendorp et al.,
2001).

Plant growth-promoting rhizobacteria (PGPR) applications can control plant pathogens (O’Brien, 2017). This good
PGPR output affects plants both directly and indirectly; impacting plant promotion directly via developing metabolites
which increase plant growth while impacting growth indirectly by removing pathogens through the production of secondary
metabolites. (Prasannath, 2017).

Hence, biocontrol strategies tend to provide a plant protection solution that is environmentally friendly, ecologically
viable, and has great potential to promote sustainable agriculture. They assist useful microorganisms in the soil as well.
Microorganisms in the genera Bacillus, Pseudomonas, Streptomyces, and fungi which belong to the genera Coniothyrium
and Trichoderma are the common biocontrol agents used in the disease control of fungal pathogens (Mmbaga et al., 2016).

Trichoderma spp. are the most heavily commercialized and efficient inoculants used to control fungal pathogens
(Omomowo et al., 2018). They are a type of soil fungi that are saprophytic, free-living, filamentous, often colonizing plants
roots. Some Trichoderma spp., for example, T. harzianum and T. virens are utilized and promoted as biocontrol agents
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against many fungi causing plant pathogens, instead of the chemical pesticides already being used. By triggering multiple
defense mechanisms, Trichoderma species show both resistance induction in plants and direct mycoparasitism of
phytopathogenic fungi (Shoresh et al., 2010). Enzyme synthesis and secretion, secondary metabolites, and antifungal
compounds play a crucial part in all these processes. It was noted by Sawant et al., (2017) that Trichoderma isolates, used as
seed treatment, induced resistance to powdery mildew disease, and dramatically improved plant growth.

It has been documented that many strains, which belong to the genus Bacillus, especially B. subtilis, are efficient in
biologically controlling multiple plant pathogens (Mahmoud et al., 2021). Producing antibiotics by these bacteria is critical
for disease inhibition (Osman et al., 2017). Bacteria that are gram-positive, in particular strains of B. Subtilis, produce
various antibacterial and antifungal antibiotics and fengycin family lipopeptides, which exhibit significant antifungal
activities and growth suppression abilities of several plant pathogens (Kim et al., 2010). Recently, the B. subtilis strain was
found to be efficient against powdery mildew disease under controlled and field conditions (Hashem et al., 2019).
Activating plants natural defense mechanisms is one of the main modern plant protection systems. Systemic acquired
resistance (SAR) could be induced in various plants by utilizing chemical inducers. Plant resistance inducers are becoming
one of the most important alternative methods for controlling plant diseases, because they are safe and rapidly
biodegradable (Ragab et al., 2009; Radhakrishan et al., 2017).

Antioxidants have been effectively utilized in systemic resistance induction of different plants against several plant
pathogens (El-Gamal et al, 2007; Dutta, et al., 2016). Their effectiveness has been attributed to triggering several
morphological and/or physiological changes in the host’s defense-related compounds, which in turn increase the systemic
resistance (Gore, 2009). Application of ascorbic acid significantly reduced early blight disease incidence of potato (EI-Gamal
et al., 2007), and had a good effect on reducing the powdery mildew disease severity in cucumber and pepper plants (Abd
El-Kader et al., 2012).

Salicylic acid is critical in inducing resistance of plants to pathogens as well. According to Vallad and Goodman (2004),
exogenous application of Salicylic acid has been proven to induce resistance to diseases caused by both bacteria and fungi
in plants. After a pathogen attack, salicylic acid is vital for signalling the initiation of plant defense responses. The mode of
action of salicylic acid can enhance defense mechanisms in the plant tissue (Canet et al., 2010). Moreover, in several crops,
salicylic acid can cause pathogenesis-related proteins (PRP) to accumulate, which results in a decrease in disease incidence.
Application of salicylic acid and ascorbic acid stimulates the production of tomatin (phytoalexin) in leaves and stems of
plants which are toxic to pathogens (Awadella, 2008).

Considering the importance of sunflower plants and the various prospects of their use, coupled with the fact that
powdery mildew disease is one of the most destructive pathogens hindering optimum yield and quality, it is, therefore,
necessary to investigate the pathogenic effect of this disease on sunflower plants regarding some growth and yield
parameters. Therefore, the objective of the present study is to evaluate the effectiveness of different biological control
agents and/or resistance inducing chemicals (antioxidants) instead of fungicides as safer alternative control methods
against powdery mildew disease in relation to their ability to induce systemic resistance mechanisms in sunflower plants.

MATERIAL AND METHODS

Laboratory Experiments:

Propagation of bioagent:

Trichoderma harzianum isolate was grown on liquid gliotoxin fermentation medium (GFM) developed by Brian and
Hemming (1945) for 10 days under complete darkness condition at 252C to stimulate toxin production. Bacillus subtilis
isolate was grown in liquid nutrient glucose medium (NGM) developed by Dowson (1957) for 2 days at 259C. The two
bioagents were prepared as a suspension at a concentration of 30 x 10 CFU / ml (T. harzianum) and 20 x 107 CFU/ ml (B.
subtilis). To increase adhesive efficiency and enhance bioagent distribution on the surface of treated seeds, suspensions
were mixed with 5 % Arabic gum and 0.5 % potassium soap. Both isolates provided by the central lab of organic agriculture,
Agricultural Research Center.

Preparation of antioxidants:

Two organic acids including ascorbic and salicylic acids (antioxidants) were formulated singly and/or combined. The solution
of each organic acid was prepared by dissolving 2 g/ L water. Seeds of sunflowers cv. 162 were separately dipped in each of
these solutions for 30 minutes.

Preparation of a mixture of bioagents:

To increase the efficacy of the different single bioagents on disease control, combinations of the two used bioagents were
prepared. Each mixture was prepared by mixing the two bioagents at the rate of 1:1. The Trichoderma and Bacillus isolates
used in this research were not antagonistic to each other, according to in vitro studies.

Preparation of a mixture of bioagents with antioxidants:

The two bioagents were mixed separately either with ascorbic acid or salicylic acid at the rate 1:1 (v: v) to compare the
effect of these mixtures with the effect of either single bioagent or single antioxidant and to determine their synergistic
effect.
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Field Experiment:

Effect of two antioxidants and two bioagents on sunflower plants against powdery mildew disease under field
conditions:

To study the effects of two antioxidants (ascorbic acid and salicylic acid) along with the two bioagents (T. harzianum and B.
subtilis) singly and/or mixed on controlling powdery mildew disease infecting sunflower seeds and the resultant effects on
plant growth parameters of sunflower, a field experiment was carried out in Agricultural Research Center, Giza governorate
for two successive seasons (2018/2019). The experiment was carried out in a randomized complete block design with five
replicates per treatment. Each plot consisted of three rows, 30 cm wide and 3 m long. Sunflower seeds cv. 162 were dipped
in treatments for 30 minutes and kept in cheesecloths for 3 days before sowing. Treated Sunflowers seeds were
transplanted in infested plots at the rate of 5 transplants/ plot, with five replicates each. Untreated sunflower seeds cv.162
were used as control. All agricultural practices were performed based on Egypt's Ministry of Agriculture's
recommendations.

Experimental design:
Sixty plots were planted with (2-3 seeds/hill) of sunflower. The antioxidants solutions were prepared at a level of 2000 ppm.
Suspension of bioagents was prepared at a level of 0.1 L /10 L distilled water each. The grown plants (2-weeks-old) were
foliar sprayed by treatments 3 times, with 14 days interval. Five plots were treated with tap water to serve as a control. The
other five plots were treated with Topas-100 fungicide (Penconazole) at a dose (2.5 ml/10L). After 60 days from planting
fresh shoot and root weight, dry shoot weight, and shoot and root length data were recorded.
Treatments for each plot were as follows:
. Salicylic acid
. Ascorbic acid
. Mixing salicylic acid with ascorbic acid
. B. subtilis
. T. harzianum
. Mixing B. subtilis with T. harzianum
. Mixing B. subtilis with salicylic acid
. Mixing B. subtilis with ascorbic acid
. Mixing T. harzianum with ascorbic acid

10. Mixing T. harzianum with salicylic acid

11. fungicide

12. Control
Disease assessment:
Disease severity of powdery mildew was recorded periodically at 20 days interval after the disease appearance. Leaves from
each treatment were chosen as randomized samples to determine disease severity and were monitored using (0-5) scale
and recorded according to the method described by Wheeler (1969) as follows:
0 = no infection (leaves are completely healthy), 1= 0.1-3 % leaf area covered by mildew, 2 = more than 3-10 % leaf area
covered by mildew, 3 =more than 10-25 % leaf area covered by mildew, 4= more than 25-50 % of leaf area covered by
mildew, 5= more than 75 % of the plant growth covered by the infection.
Disease severity index of powdery mildew was estimated using the following formula:

¥ (nxv)
ZN

O oO~NOOUL D WN R

D.S.1.=

x100

Where:
D.S.I. = 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.

Treatment efficiency (%) in reducing the disease infection was calculated as follows:

% Treatment efficiency = {(Control-treatment)/Control} X 100
Chemical analysis:
Preparation of enzyme extract:
Enzyme extracts were prepared following the Maxwell and Bateman method (1967). Each treatment's dry tissues (0.5 g)
were ground in a mortar in 3 ml sodium phosphate buffer at pH 6.8 and centrifuged for 20 minutes at 6 °C. For enzyme
assays, the resulting supernatant fluids were processed.

Peroxidase activity (PO):

The activity of peroxidase was measured calorimetrically based on the oxidation of pyrogallol to pyrogalline and using H,0>
at 430 nm (Thimmaiah, 1999). The reaction mixture contained 0.5 ml of 0.1 M sodium phosphate buffer solution at pH=7.0,
0.3 ml enzyme extract, 0.3 ml of 0.05 M pyrogallol and 0.1 ml of 1.0% H,0,, then completed with buffer up to 3.0 ml.
Optical density was measured in all the test tubes. The increase in the absorbance at 430 nm was recorded against blank
with phosphate buffer instead of enzyme extract. One unit of enzyme activity was expressed as changes in absorbance per
min at 425 nm at 25°C under standard assay conditions.
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Polyphenol oxidase activity (PPO):

The activity of polyphenoloxidase was calculated using the Maxwell and Bateman colorimetric method (1967). The reaction
mixture contained 1.0 ml sample extract, 1.0 ml of 0.2 M sodium phosphate buffer at pH=7.0 and 1.0 ml of 10-3 M catechol
and then complete the final volume to 6.0 ml with buffer. The mixture was incubated for 30 min at 30°C. The amount of the
enzyme that produces an increase of 0.001 absorbance units/ mins at 25°C is known as one unit of enzyme activity.

Catalase activity:

The activity of catalase enzyme was determined as described by Aebi (1974). Enzyme extract 0.1 ml was added to 2.9 ml of
a reaction mixture containing 0.3M H,0, 5% and 0.5M sodium phosphate buffer (pH 7.6). The activity of catalase was
measured by monitoring the reduction in the absorbance at 240 nm as a result of H,0, consumption. Catalase activity was
expressed as unit’s mintmg-lprotein. One unit of enzyme activity was defined as the decomposition of 1umol of H,0, per
min.

Determination of phenolic contents:

Free, conjugated, and total phenols were determined by mixing one ml of the sample extract with 0.25 ml HCl and boiled
in a water bath for 10 minutes then left to cool. One ml of the folin reagent and 6 ml Na,COs, were added. The mixture was
completed to the final volume (10 ml) using distilled water. Color optical density of the reacted mixture was measured on
an absorbance spectrophotometer at 520 nm (Zieslin and Ben-Zaken, 1993). Phenol content was determined as mg/g fresh
weight/min.

Data Analysis:

These experiments were repeated three times to confirm the results. The following data analysis represents the mean of
these results. As outlined by Gomez and Gomez, (1984), data attained were subjected to statistical analysis of variance.
Duncan’s multiple range test at p < 0.05 level was used for means separation.

RESULTS

Effect of two antioxidants and two bioagents on the disease severity of sunflower powdery mildew disease under field
conditions during the two growing seasons 2018 and 2019:

Data illustrated in Table (1 & 2) indicate that disease severity of powdery mildew was significantly decreased by different
treatments, which induce resistance in sunflower plants compared to untreated control. Data also indicated that fungicide
was recorded the highest percentage efficacy in reducing powdery mildew disease severity compared to other treatments.
On the other hand, the combination of T. harzianum and Salicylic acid was the best treatment in reducing disease severity
and recorded the highest efficacy (82.46 and 78.79%) followed by the combination of Ascorbic acid and Salicylic acid (74.80
and 74.24%) during the two growing seasons 2018 and 2019, respectively.

Sunflower seed yield production was significantly varied among different treatments during the two seasons, 2018 and
2019. In this respect, the highest total seed yield in the two seasons, except fungicide treatment, was the treatment of T.
harzianum and Salicylic acid followed by a combination of Ascorbic acid and Salicylic acid.

Table (1): Effect of the two antioxidants, the two bioagents, and a combination of them on the disease severity of sunflower
powdery mildew disease under field conditions during the growing season 2018.

First season (2018)
Treatment(s) Disease Severity% Efficiency (%) Seed yield (kg/plot) Increase (%)

Ascorbic acid 21.3¢ 57.01 1.602bc 25.98
Salicylic acid 15.2h 69.35 1.962p 54.33
Ascorbic acid + Salicylic acid 12.5/ 74.80 2.08ab 63.78
B. subtilis 33.20 33.06 1.32bc 3.94

T. harzianum 17.38 65.12 1.832bc 44.09
B. subtilis + T. harzianum 24.1d 51.11 1.573bc 23.62
B. subtilis + Ascorbic acid 16.8h 66.13 1.91abc 50.39
B. subtilis + Salicylic acid 19.5f 60.69 1.75abc 37.80

T. harzianum +Ascorbic acid 30.1¢ 39.31 1.39bc 9.45

T. harzianum + Salicylic acid 8.7 82.46 2.152b 69.29
Fungicide 6.2k 87.50 2.382 87.4
Control 49.6° -- 1.27¢ --
Means in each column followed by similar letters are not significantly different (P < 0.05) according to Duncan’s multiple

range test.
*Each value represents the mean of five replicates.
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Table (2): Effect of the two antioxidants, the two bioagents, and a combination of them on the disease severity of sunflower
powdery mildew disease under field conditions during the growing season 2019.

Second season (2019)
" " S
Treatment(s) SeD\I/Zi?tsyi % Efficiency (%) S(T(:‘;Jlloetl;i Increase (%)

Ascorbic acid 19.7bc 62.69 2.272bcd 42.77
Salicylic acid 16.5d 68.75 2.65abc 66.67
Ascorbic acid + Salicylic acid 13.6¢ 74.24 2.72eb 71.07
B. subtilis 25.72 51.33 1.89bcd 18.87
T. harzianum 17.0d 67.80 2.572bc 61.64
B. subtilis + T. harzianum 20.9b 60.42 2.04abcd 28.3
B. subtilis + Ascorbic acid 18.3dd 65.34 2.6712bc 64.15
B. subtilis + Salicylic acid 20.6° 61.33 2.63bc 63.52
T. harzianum +Ascorbic acid 24.82 53.30 1.82¢d 14.46
T. harzianum + Salicylic acid 11.20 78.79 2.79% 75.47
Fungicide 8.9f 83.15 2.812 76.73
Control 52.88 - 1.59¢d -
Means in each column followed by similar letters are not significantly different (P < 0.05) according to Duncan’s multiple
range test.

*Each value represents the mean of five replicates.

Effect of two antioxidants and two bioagents on vegetative characteristics of sunflower under field conditions during the
two growing seasons 2018 and 2019:

Data in Tables (3 & 4) illustrate the vegetative characteristics of the two antioxidants (Ascorbic acid and Salicylic acid) and
the two bioagents (B. subtilis and T. harzianum) on plant growth of sunflower cv. 162. Out of the treatments, T. harzianum,
as well as B. subtilis combined with salicylic acid, showed remarkable improvement in total plant fresh weight and dry shoot
weight of infected sunflower. However, the dual treatment of T. harzianum and salicylic acid appeared to be most effective
in increasing total plant fresh weight (63.5 and 61.3%) and shoot dry weight (99.4 and 119.0%) compared to control during
the two growing seasons 2018 and 2019, respectively. Using B. subtilis alone, the lowest values in fresh and dry shoot
weights were noticed. It was obvious that plots receiving fungicides showed a significant (P<0.05) increment in fresh shoot
weight (57.8%) and shoot dry weight (120.4 and 140%) compared to control during the two growing seasons 2018 and
2019, respectively.

Table (3): Effect of the two antioxidants, the two bioagents, and a combination of them on vegetative characteristics of
sunflower against powdery mildew disease under field conditions during the growing season 2018.

First season (2018)

Length (cm) Weight (g) Total Increase Shoot Increase
Treatment(s) Shoot Root Shoot Root fresh % dry %
weight weight

Ascorbic acid 70.7% 39.32 72.8¢ 3.48a 76.28f 28.7 10.40< 55.7
Salicylic acid 106.8f 30.24 76.54 2.29a 78.79¢ 40.3 11.04¢ 65.3
Ascorbic acid + Salicylic acid 109.3¢ 27.0¢ 80.1¢ 3.36a 83.46°¢ 48.7 11.72bc 75.4
B. subtilis 102.68 18.8" 64.9f 3.04a 67.918 21.0 8.40de 25.7
T. harzianum 142.82 21.68 84.4b 3.08a 87.480 55.8 10.92¢ 63.5
B. subtilis + T. harzianum 125.7¢ 33.0° 72.68 3.442 76.04¢ 35.4 9.76¢ 46.1
B. subtilis + Ascorbic acid 97.3i 34,5bc 76.44 3.282 79.684 41.9 10.80°¢ 61.7
B. subtilis + Salicylic acid 118.7¢ 32.5¢ 80.7¢ 3.242 83.94¢ 49.5 10.92¢ 63.5
T. harzianum +Ascorbic acid 100.0 33.6¢ 72.8¢ 3.202 76.00¢ 354 10.88¢ 35.9
T. harzianum + Salicylic acid 126.8¢ 30.14 88.72 3.082 91.782 63.5 13.322b 99.4
Fungicide 132.0° 25.6¢f 84.8b 3.80° 88.60P 57.8 14.722 120.4
Control 86.41 24.0f 52.7¢8 3.442 56.14h 0.0 6.68° 0.0
Means in each column followed by similar letters are not significantly different (P < 0.05) according to Duncan’s multiple
range test.

*Each value represents the mean of five replicates.
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Table (4): Effect of the two antioxidants, the two bioagents, and a combination of them on vegetative characteristics of
sunflower against powdery mildew disease under field conditions during the two growing season 2019.

Second season (2019)

Length (cm) Weight (g) Total Increase Shoot Increase
Treatment(s) Shoot Root Shoot Root fresh % dry %
weight weight

Ascorbic acid 77.4b 31.72 70.5¢ 2.982 73.482bc 45.7 8.924ef 53.0
Salicylic acid 83.2b 27.3ef 71.69¢ 1.87°2 73.473bc 45.8 10.76bcd 84.6
Ascorbic acid + Salicylic acid 96.5° 25,9cdef 74.2¢ 2.532 76.732b 34.4 11.152 91.3
B. subtilis 81.3b 22.0f 60.7f 1.892 62.59« 24.4 7.628 41.6
T. harzianum 100.7° 24 2def 77.1° 1.952 79.052 56.8 9,130def 69.7
B. subtilis + T. harzianum 100.8° 28.6abc 71.2de 2.872 74.073bc 46.9 8.41¢f 56.3
B. subtilis + Ascorbic acid 80.9b 30.92b 72.9¢d 2.452 75.35abc 49.5 8.794ef 63.4
B. subtilis + Salicylic acid 98.4b 28.1abed 78.22b 2.192 80.392 59.5 9.77¢de 81.6
T. harzianum +Ascorbic acid 85.8° 29.82bc 70.4¢ 2.132 72.53abc 43.9 9.54cdef 77.3
T. harzianum + Salicylic acid 114.9° 26.9bcde 79.32 1.992 81.29bc 61.3 12.772 130.7
Fungicide 117.62 23.7def 77.5% 3.152 80.652 60.0 12.952 140
Control 74.9b 21.9f 48.68 1.182 50.414 - 5.838 --
Means in each column followed by similar letters are not significantly different (P < 0.05) according to Duncan’s multiple

range test.
*Each value represents the mean of five replicates.

Effect of two antioxidants and two bioagents on phenolic contents of sunflower under field conditions during the two
growing seasons 2018 and 2019:

Results represented in Tables (5 & 6) show that phenolic contents including the free, conjugated, and total phenols were
noticeably greater in some treated plants than the control during the two growing seasons 2018 and 2019. The highest total
phenolic contents were induced by fungicide followed by the combination of T. harzianum and salicylic acid treatment
which recorded (14.06 and 12.07) in the first season and (1.63 and 12.95) in the second season. Data indicated that phenol
contents were affected by the tested bioagents and antioxidants in sunflower during the two growing seasons 2018 and
2019.

Table (5): Effect of the two antioxidants, the two bioagents, and a combination of them on phenolic content of sunflower
against powdery mildew disease under field conditions during the growing season 2018.

First season (2018)

Treatment(s) Phenol compone'nts (mg/g fresh weight/min)
Total phenols Conjugated phenols Free phenol
Ascorbic acid 4.60f 2.05f8 2.55@b
Salicylic acid 6.75d 4.9de 1.852b
Ascorbic acid + Salicylic acid 8.29¢d 6.32cd 1.972b
B. subtilis 5.10¢f 3.42¢f 1.682b
T. harzianum 8.27¢ 6.23¢ 2.04ab
B. subtilis + T. harzianum 9.76¢ 7.45¢ 2.312b
B. subtilis + Ascorbic acid 6.92de 4,69 2.322b
B. subtilis + Salicylic acid 6.88de 3.96¢f 2.922
T. harzianum +Ascorbic acid 9.61¢ 7.55¢ 2.062b
T. harzianum + Salicylic acid 12.07° 9.66° 2.41%
Fungicide 14,06 11.622 2.442
Control 3.45f¢ 2.31fe 1.14ab
Means in each column followed by similar letters are not significantly different (P < 0.05) according to Duncan’s multiple

range test.
*Each value represents the mean of five replicates.
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Table (6): Effect of the two antioxidants, the two bioagents, and a combination of them on phenolic content of sunflower
against powdery mildew disease under field conditions during the growing season 2019.

Second season (2019)

Treatment(s) Phenol compone'nts (mg/g fresh weight/min)
Total phenols Conjugated phenols Free phenol
Ascorbic acid 3.92f¢ 2.58f 1.342
Salicylic acid 4.37% 2.40f 1.972
Ascorbic acid + Salicylic acid 8.01¢ 6.15¢ 1.862
B. subtilis 5.21ef 3.56¢f 1.56°
T. harzianum 6.87de 5.09de 1.782
B. subtilis + T. harzianum 10.31° 8.360 1.952
B. subtilis + Ascorbic acid 7.22de 5.34de 1.882
B. subtilis + Salicylic acid 6.95d 4.88de 2.07°
T. harzianum +Ascorbic acid 9.85b¢ 8.03bc 1.822
T. harzianum + Salicylic acid 11.632b 9.4820 2.152
Fungicide 12.952 10.662 2.292
Control 2.798 1.72f2 1.072
Means in each column followed by similar letters are not significantly different (P < 0.05) according to Duncan’s multiple

range test.
*Each value represents the mean of five replicates.

Effect of two antioxidants and two bioagents on oxidative enzymes of sunflower under field conditions during the two
growing seasons 2018 and 2019:

Concerning the formation of oxidative enzymes in sunflower, the obtained data in Figures (1 & 2) indicate that the lowest
values of oxidative enzyme were detected in control. Generally, the two antioxidants and the two bioagents either
individually or combined succeeded to increase enzymes activity, In this respect, the highest activities in all determine
enzymes were induced by a mixture of T.harzianum with salicylic acids compared to any treatments rather than fungicide
during the two growing seasons 2018 and 2019. Data also recorded that salicylic acid was the most effective than ascorbic
acid on three oxidative enzymes. While two antioxidants were mixed in the rate (1:1) were recorded more effect. When
bioagents were evaluated regarding oxidative enzyme, T. harzianum showed the highest effect than B. subtilis on
peroxidase (PO), catalase and polyphenoloxidase (PPO) as single treatment while, a mixture of them due to synergistic
effect increased oxidative enzyme activities during the two growing seasons 2018 and 2019.

First Season
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Figure (1): Effect of the two antioxidants, the two bioagents, and a combination of them on oxidative enzymes of sunflower
against powdery mildew disease under field conditions during the first growing season 2018.
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Figure (2): Effect of the two antioxidants, the two bioagents, and a combination of them on oxidative enzymes of sunflower
against powdery mildew disease under field conditions during the second growing season 2019.

DISCUSSION

Fungicides have serious polluting effects on humans and the natural environment. Therefore, the current trend in pest
management is to rely primarily on using biocides and resistance inducing chemicals instead. In this study, the tested
treatments are engaged in the bio-physiological processes of the infected plants. They are important in plants' defense
mechanisms against invading pathogens.

Salicylic acid combined with T. harzianum has proved to be the most efficient tested treatment in this study during
the two growing seasons. Using these treatments can eventually decrease reliance on the use of fungicides in managing
plant pathogens of both sensitive and resistant populations, which can, in turn, lead to a reduction in losses of food and
eventually the costs of production, which is going to encourage farmers to adopt an integrated approach instead of a
fungicide-based one (Ons et al., 2020). The data revealed that the treatment salicylic acid combined with T. harzianum
caused a significant reduction of sunflower powdery mildew disease with a significant increase in yield and vegetative
characteristics such as fresh weight and plant length compared to the control treatment in the two growing seasons, which
coincides with the findings of Abdel - Kader et al. (2012). These results also confirmed earlier reports that exogenous
salicylic acid induces resistance against pathogens infecting sunflower plants, accumulates in pathogen-infected tissue, and
improves the growth of the host plants (Alkahtani et al., 2011).

Our results indicated that antioxidants have the potential in suppressing powdery mildew disease and can be a viable
alternative to less eco-friendly synthetic fungicides. They have effectively been used to induce systemic resistance in
different plants against several plant diseases (Mmbaga et al., 2016). Plant cells utilize ascorbic acid for the synthesis of
mitochondria hydroxyproline proteins which in turn control the development of cyanide-resistant respiration. Ascorbic acid
seems to affect plant growth regulation by controlling biosynthesis of proteins containing hydroxyproline. This process is
indicated by a number of the biological mechanisms of defense in plants (Kim et al., 2010).

The current study shows the high efficiency of the bioagent T. harzianum in reducing disease severity of powdery
mildew in sunflower during the two growing seasons. These findings agree with Oyoo-Okoth et al. (2011). Trichoderma is
usually a remarkable model for studying biocontrol since it is abundant, easily extracted and cultured, quickly grown on
numerous media, impacts different pathogens, functions as a mycoparasite, competes competently for location and food,
make antibiotics, possesses an enzyme mechanism that can attack a great variety of plant pathogens (Islam et al., 2008),
and acts as an inducer of resistance (Abd EI-Moity, 2001).

Bioagents have an effect not only on the outside of the plants, but also on their internal metabolism, resulting in
improvements in plant components (Ziedan et al., 2005). Application of T. harzianum generally protects crops, especially
sunflower, against the powdery mildew disease. It also helps enhance vegetative characteristics of sunflower which has
important economic effects such as a decrease in the usage of fertilizer, a reduction in crop duration, an increase in yield,
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offering an eco-friendly approach for managing crop disease, all while being economically viable (Omomowo et al., 2018).
This means that it can play a key role in sustainable modern agricultural practices. Trichoderma has a few mechanisms that
promote plant growth through improving nutrient availability and intake, leading to effective nutrient uptake, and
enhances photosynthesis processes in plants (Harman, 2004). This stimulates plant growth and increases both disease
control and the yield of treated plants (Hernandez-Suarez et al., 2011).

In the current study, treatments showed remarkable increase in physiological aspects (oxidative enzymes activities
and total phenol content) during the two successive growing seasons, especially T. harzianum combined Salicylic acid. This
combination had the highest efficiency reducing disease severity of powdery mildew disease. This agrees with Houssien et
al. (2010) who stated that a mixture of salicylic acid and Trichoderma allows access to both peroxidase and
polyphenoloxidase activities. Oxidative enzymes mechanisms impact infected plants in two different ways; firstly, inhibiting
the pathogen by suppressing its life cycle via the direct action of oxidative enzymes, and secondly, restricting the pathogen
and enhancing the biocontrol action through inducing mediated phenolic compounds (Mayer, 2006; Saleem et al., 2012).
This would also fit the recommendation of the fungicide resistance action committee to lessen the chances of resistance
development by reducing the selection pressure on pathogens (Ons et al., 2020). Hafez et al., (2018) found a positive
correlation between resistance and oxidative enzymes. Peroxidase also creates hydrogen peroxide that are poisonous to
several pathogens, and an increase in its activities, as well as polyphenol oxidase, can prevent disease from spreading via
producing phenolic barriers around infection (Elsisi, 2019). Salicylic acid increases the activity of oxidative enzymes (EI-
Lethy et al., 2011), by oxidizing phenolic compounds to quinines, which are essential in the defense mechanism against
pathogens, triggering an increase in antimicrobial activity (El-Khallal, 2007). As a result, they can be actively involved in
impeding pathogen production by quickening the cells death near the infection site, inhibiting the disease spread through
producing a poisonous environment that prevents the development of pathogens in the plant (Khalil and Ashmawy, 2019).
All the tested treatments showed an increase in total phenols compared with control which enhanced the plants’ ability to
inhibit infection and disease progress, these results are in accordance with the results of Daayf et al. (1997).

T. harzianum had a greater effect than B. subtilis when the tested bioagents were evaluated regarding oxidative
enzyme. However, salicylic acid combined with T. harzianum showed the highest effect on catalase enzyme, during the two
growing seasons. Catalase can participate in defense mechanism of plants pathogens by their action on the cell walls of
invading pathogens through removing the harmful oxygen derivatives that are a typical feature in stressful conditions
(Foyer et al., 1994). Catalase activity reduces the amount of hydrogen peroxide in diseased tissues that can build up to toxic
levels before being converted to water and free oxygen that possesses its activity. Enzyme activities were increased by
salicylic acid application (Chen et al., 1993). Another study by Hamza et al. (2017) indicated that when infected with
powdery mildew, biochemical alterations occurring at the cellular stage were observed.

Mixing antagonists may result in an antagonistic effect that can subsequently reduce the effectiveness of treatment
(Robinson et al., 2009) or cause a synergistic effect and enhance their effectiveness (Yousef et al., 2010; Yobo et al., 2011).
However, this study revealed that the efficiency of dual treatment was higher than individual treatments. This synergistic
effect can be ascribed to the complementary effects between the various treatments. Several studies reported mixing
biocontrol agents with antioxidants to control different pathogens (Abd El-Moity, 2001; Abdel-Kader et al., 2012). This
enhancement is caused by harmonic and compatible factors between them.

CONCLUSION

In conclusion, this study has shown that the combination between antioxidants and bioagent has reduced powdery mildew
disease on sunflower. They proved to have the potential to be a more economically viable and eco-friendlier alternative to
hazardous chemical fungicides. Moreover, they are efficient protection treatments because they enhance induced
resistance in sunflower plants against diseases and can be used in integrated disease management.
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