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Introduction
Wheat (Triticum aestivum L.) is considered the number one 

strategic food crop in Egypt and is one of the most important 
cereal crops in the world. Its grains are a staple human food and 
straw can be used for bedding and as a fodder for livestock. It 
contributes more calories and protein to the world diet than only 
other cereal crops. It is grown on roughly 200 million hectares 
with an average annual production of 600 million tonnes [1]. 
The cultivated area of wheat in Egypt is about 1.34Mha with an 
average production of 9.5 million tonnes (7.09 t ha-1) [2]. Egypt 
has a currently population of 75 million people and there is a 
need for about 12 million tons of wheat to achieve food security 
and the current wheat production in Egypt does not meet the 
needs of its population and more than 40% of consumption are 
imported annually. 

 Increasing wheat production is one of the main targets in 
Egyptian agricultural policy and great attention needs to be paid 
to minimize the gap between wheat production and consumption.  

 
The Egyptian cultivated area outside the Nile valley and delta 
could be increased by reclaiming new lands and devoting them to 
wheat production and the reduction in losses to both biotic and 
abiotic stress could increase yields across all growing regions. 
Fusarium head blight (FHB) caused by Fusarium graminearum is 
one of the most destructive diseases of wheat and therefore one 
of the most economically important fungal diseases in the world 
[3]. The importance of this disease is due both to yield reduction 
and to contamination of grains with FHB mycotoxin harvested 
from infective ears which are dangerous to both humans and 
livestock [4-6]. Grains infected with FHB are often shrivelled, 
with significantly lower kernel weight, and can be easily blown 
away with the chaff during threshing [7]. The reduction in 
grain size also affects grain quality which in turn affects grain 
processing qualities.

As a consequence of aerobic life for higher plants, reactive 
oxygen species (ROS) are formed by partial reduction of 
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molecular oxygen and requires the co-existence of enzymatic 
and non-enzymatic antioxidants in plant cells to protect 
against oxidative damage by scavenging ROS. Antioxidants in 
plant cells mainly include glutathione, ascorbate, tocopherol, 
proline, glycine betaine and others, which whilst acting as 
redox buffers and important redox signaling components that 
interact with cellular compartments also have crucial roles in 
defense systems as enzyme cofactors. Antioxidants influence 
higher plant growth and development by modifying processes 
from mitosis and cell elongation to senescence and death. Most 
importantly, they provide essential information on cellular 
redox state, and regulate gene expression associated with 
biotic and abiotic stress responses to optimize defense and 
survival [8]. Hafez et al. [9] showed that antioxidants delay 
or inhibit oxidative target molecules such as lipids, proteins, 
nucleic acid and carbohydrates by scavenging oxygen-derived 
species or minimizing the formation of such oxygen-derived 
species. Antioxidant levels in most plants change differentially 
in response to environmental constraints (abiotic stress) and 
can also vary depending on the magnitude of pathogen (biotic) 
stress. Antioxidants are thought to neutralize the harmful effects 
of acute injury caused by reactive oxygen radicals (ROS) released 
during infections [10]. The role of antioxidants in overcoming 
the injurious effects of both abiotic and biotic stress may also be 
attributed to the regulation of plant development as well us up 
regulating plant disease resistance mechanisms [11]. Addition of 
exogenous antioxidants such as ascorbic acid, have been shown 
to lower lipid peroxidation in fungal cells and inhibit sclerotial 
differentiation. Endogenous up regulation of glutathione (GSH) 
also plays an important antioxidant role in cells by decreasing 
ROS level [12].

Salicylic acid (SA) is an endogenous growth regulator 
of phenolic nature, which participates in the regulation of 
physiological processes in plants [13]. It has been recorded 
that SA level often increases after pathogen attack [14] and it 
induces the expression of pathogenesis related proteins and 
initiates the development of systemic acquired resistance (SAR) 
and hypersensitivity. The accumulation of salicylic acid (SA) is 
an important component in the signal transduction pathway 
leading to SAR. Edgar et al. [15] found that exogenous salicylic 
acid treatment prior to inoculation with F. oxysporum activated 
defence gene expression in leaves and provided resistance 
as evidenced by reduced foliar necrosis and plant death. This 
suggests that salicylate-dependent defences may function in 
foliar tissue to reduce the development of pathogen-induced 
wilting and necrosis.

Humic acid (HA) has been shown to enhance natural 
resistance against plant diseases [16] and to stimulate plant 
growth through increased cell division, as well as optimized 
uptake of nutrients and water [17]. Moreover, HA stimulates 
soil microorganism activity which may also interact with plants 
through the rhizosphere [18]. Seaweed extracts (SWE) have 
been shown to enhance plant defense against pest and diseases 

[19] and to influence the physiology and metabolism of plants. 
Seaweed products have also been shown to promote plant health 
by affecting the rhizosphere microbial community.

The work reported in this paper is the result of trying to 
determine whether antioxidants materials and biostimulants 
can be applied exogenously to alleviate induced pathogen 
(biotic) stress caused by Fusarium graminearum under Egyptian 
conditions. This may then provide an agronomic option for the 
alleviation of stress which could be used whilst plant breeders 
and biotechnologists search for genetic and physiological 
solutions to this problem.

Materials and Methods
Two pot experiments were performed at the Experimental 

Station Farm, Faculty of Agriculture, Mansoura University, 
Egypt, during the two growing winter seasons 2012 and 2013 
in order to attempt to counteract or mitigate the adverse effects 
of biotic stress on wheat plants grown in infested soil with 
F. graminearum. Wheat grains and plants with some applied 
antioxidant materials and biostimulants (presoaking and foliar 
spray including Ascorbic acid, Salicylic acid, Humic acid and 
Sea Weed Extract) respectively. Wheat seeds (cv Sakha 93) 
were provided by the Seed Central Administration For Seed 
Certification Testing Stations, Dakahlia Governorate. Seeds (15 
seeds per pot) were sown on November 18th in 30cm diameter 
pots containing 10kg of air dried loamy soil supplemented with 
P2O5 at rate equivalent to 75 kg ha-1 in the form of calcium super 
phosphate (15% P), N in the form of urea (34% N) at a rate of 
178kg ha-1 and K2O in the form of potassium sulphate (48% K) at 
a rate of 75kg ha-1.

Prior to sowing the wheat seed was surface sterilized using 
sodium hypochlorite (0.06% active chlorine) and then presoaked 
for 6 hours in the relevant treatment solution. Treatments were 
reapplied to plants as a foliar spray to run-off with the same 
treatments used at grain soaking 30, 60 and 90 days after sowing 
using a hand-held atomizer. Inoculated pots were filled with soil 
and inoculated with 2% (w/w) of the F. graminearum inoculum. 
The inoculated pots were watered and left for 3 days prior to 
seed sowing to ensure the distribution of inoculum fungus. All 
treatments were replicated 3 times and pots were arranged 
in completely randomized design. All pots were placed in an 
unheated greenhouse.

There were 14 treatments: 1- Un-inoculated control; 
2-Inoculated control with F. graminearum and four biostimulant 
treaments each at three levels of application (low, med, high). 
Ascorbic acid (ASA) and Salicylic acid (SA) were applied at 100, 
200 and 300 mg L-1 and Humic acid (HA) and Seaweed extract 
(SWE) were applied at 1000, 2000 and 3000 mg L-1. The control 
pots were sprayed with distilled water. In both growing seasons, 
samples were taken at 75 days from sowing and the following 
vegetative growth characters were recorded: plant height (cm), 
dry weights of stems and leaves (g plant-1) and flag leaf area 
(cm2). At maturity crop yield and its components were recorded 
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as: number of spikes pot-1; number of grains spike-1; grain yield pot-1 
(g) and weight of 1000 grains (g).

The following chemical constituents were determined in wheat 
plants 75 days after sowing: photosynthetic pigments; total ascorbic 
acid; total soluble phenols and proline concentration. Photosynthetic 
pigments were measured in fresh leaf samples (0.5g from the 3rd 
terminal leaf) extracted by methanol for 24h at laboratory temperature 
after adding a trace of sodium carbonate. Chlorophylls and carotenoids 
were determined spectrophotometrically (Spekol Π) at wave lengths 
452, 650, 665nm and calculated according to the methodology of 
Mackinney et al. [20]. Total ascorbic acid content was determined using 
the 2,6 dichlorophenol indophenol method as described by Ranganna 
et al. [21] (mg 100g-1 fresh weight). Total soluble phenols were 
measured using an assay based on the method of Toivonen et al. [22]. 
Samples containing 10 mg of each extract were hydrolyzed in 1.2M of 
HCl and 50 % MeOH by heating at 80 ᵒC for 3h. After centrifugation 
at 18000rpm, 0.1mL portions of supernatants were mixed with 0.1mL 

of folin-ciocattean reagent and 0.5mL of 20 % Na2CO3 and allowed to 
stand in the dark for a minute. Absorbance was measured at 725nm 
with gallic acid and compared to a standard known concentration. 
The total phenolic content was calculated as milligrams of gallic acid 
equivalent per kilogram of dry weight of extract. 

Proline concentration of leaf tissues was measured according to 
the method of Bates et al. [23]. Approx. 0.5g of plant materials were 
homogenized in 10mL of 3% (w/v) aqueous sulphosalicylic acid and 
filtered. 2mL of the filtrate was reacted with 2mL of acid ninhydrin, 
followed by the addition of 2mL of glacial acetic acid and boiled for 
1 hour at 1000C. The mixture was extracted with toluene and free 
proline was quantified spectrophotometrically at 520nm from the 
liquid organic phase. The data of all experiments were statistically 
analyzed using analysis of variance (ANOVA) according to Gomez et 
al. [24]. The treatment means were compared using least significant 
differences (LSD).

Results
Table 1: Effects of applied antioxidant materials and biostimulant concentrations on growth parameters of wheat plant grown in inoculated soil with Fusarium 
graminearum after 75 days averaged across two growing seasons (2012 & 2013).

Antioxidant

Plant Height (cm) Flag Leaf Area (cm2) Stem    Dry Weight (g) Leaf Dry Weight (g)

Antioxidant concentrations

Low Med High Mean Low Med. High Mean Low Med. High Mean Low Med. High Mean

Control 78.7 75.3 76 76.7 41.2 40.8 42.2 41.4 2.4 2.4 2.4 2.4 2.85 2.85 2.85 2.85

Inoculated   
Soil + water 56 48.6 54 52.9 23.6 24.4 24.2 24.1 1.2 1.2 1.2 1.2 1.65 1.65 1.65 1.65

Inoculated   
Soil + ASA 71.3 72 77.3 73.5 31.9 37.9 38.5 36.1 1.7 2 2.2 2 1.88 2.35 2.55 2.26

Inoculated   
Soil + SA 64.7 66.3 65.7 65.6 31 36.3 36.5 34.6 1.5 1.8 2 1.8 1.71 2.11 2.3 2.04

Inoculated   
Soil + SWE 77.7 76.3 76.3 76.8 36.3 38.9 39.9 38.4 1.8 2.2 2.3 2.1 2.35 2.41 2.71 2.49

Inoculated   
Soil + HA 72.3 73.3 74.3 73.3 31.5 36.8 38.3 35.5 1.6 1.9 2 1.8 1.9 2.14 2.44 2.16

Mean 70.12 68.63 70.6 32.58 35.85 36.6 1.7 1.92 2.02 2.06 2.25 2.42

LSD at   5%

Antioxidant: 
2.6

Conc. : 1.1

Intera-
ction:3.7

Antio-      
xidant: 

2.6

 Conc.

 :0.8

Antiox- 
idant:      
0.23

Conc.              
:0.11

 Intera- 
ction:                 

N.S

Antiox-                 
idant:                    
0.29  

Conc.                    
:0.11

Intera-           
ction: 

2.7

Intera-                          
ction: 
N.S.

ASA (Ascorbic acid) and SA (Salicylic acid): low conc.: 100, moderate conc.: 200, high conc.: 300mg L-1

SWE (Seaweed extract) and HA (Humic acid) low conc.: 1000, moderate conc.: 2000, high conc.: 3000mg L-1.
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All growth characters of wheat plants were reduced when grown 
in soil infested with F. graminearum. Applied antioxidant materials 
and biostimulants led to growth improvements at all concentrations 
of applied antioxidants including higher and moderate concentrations 
which were more effective than the lowest concentration and were 
acting as growth stimulants (Table 1). It was shown that the applied 
antioxidant materials and biostimulants increased growth parameters 
plant height, flag leaf area, stem and leaf dry weight of wheat plants 
grown soil infested with F. graminearum 75 days after sowing compared 
with untreated plants (control). SWE and ASA were more effective in 
increasing growth parameters of plants grown in soil infested with F. 
graminearum and SWE was the most effective in this respect. Higher and 
moderate concentrations of applied antioxidants were more effective 
than the lowest concentration. 

All applied antioxidants increased wheat yield and yield components 
slightly when grown in infected soil compared with untreated plants 

grown in the same soil. ASA, HA and SWE were more effective than SA 
and SWE was the most effective in this respect (Table 2). The higher 
concentrations of applied antioxidants were more effective in enhancing 
wheat yield and its yield components. All of the applied antioxidant 
materials and biostimulants enhanced chlorophylls a, b and carotenoid 
contents in leaves, and slightly increased total ascorbic acid, proline 
concentration and total phenols in the shoot of wheat plants grown in 
inoculated soil with F. graminearum when compared with untreated 
plants (Tables 3 & 4). The applied antioxidants completely counteracted 
the adverse effects of biotic stress on photosynthetic pigments in the 
leaves. Also, applied antioxidants promoted proline accumulation, and 
SA was the most effective in this respect. The ASA and SWE and HA 
treatments were most effective in increasing photosynthetic pigments 
in most cases compared with the other applied antioxidants. The highest 
concentration of any applied antioxidants was the most effective in all 
cases.

Table 2: Effects of applied antioxidant materials and bio stimulant concentrations on yield and its components of wheat plant grown in inoculated soil with 
Fusarium graminearum averaged across two growing seasons (2012 & 2013).

Antiox-idant

Number of spike /pot Number of grain/ spike Grain yield /pot (g) 1000 grains weight (g)

Antio-    xidant concen-         trations

Low Med. High Mean Low Med. High Mean Low Med. High Mean Low Med. High Mean

Control 26 26 26 26 59 59 59 59 60.2 60.2 60.2 60.2 43.2 43.2 43.2 43.2

Inoculated  Soil 
+ water 10 10 10 10 28 28 28 28 8 8 8 8 29.7 29.7 29.7 29.7

Inoculated  Soil 
+ ASA 16 23 24 21 47 52 54 51 27.5 46.4 56.1 43.3 36.1 39.5 45.3 40.3

Inoculated  Soil 
+ SA 14 17 19 17 35 42 43 40 14.3 20.6 26.3 20.4 30.3 31.9 35.9 32.7

Inoculated  Soil 
+ SWE 21 25 26 24 52 57 59 56 40.7 55.4 62.6 52.9 39.3 41.7 43.8 41.6

Inoculated  Soil 
+ HA 14 19 21 18 44 51 52 49 20.2 38.6 43.9 34.2 34.6 41.8 42.6 39.7

Mean 16.83 20 21 44.17 48.17 49.17 28.48 38.2 42.85 35.53 37.97 40.08

LSD at   5%
Antioxidant: 2.6Conc. : 1.2 Antioxidant: 11.0 Conc. :4.0 Antioxidant: 2.6 Conc. : 1.2 Antioxidant: 9.6 Conc. : 3.5

Interaction: 4.0 Interaction: NS Interaction: 4.0 Interaction: NS

ASA (Ascorbic acid) and SA (Salicylic acid): low conc.: 100, moderate conc.: 200, high conc.: 300mg L-1

SWE (Seaweed extract) and HA (Humic acid) low conc.: 1000, moderate conc.: 2000, high conc.: 3000mg L-1

Table 3: Effects of applied antioxidant materials and biostimulant concentrations on photosynthetic pigments of wheat plant grown in inoculated soil with       
Fusarium graminearum averaged across two growing seasons (2012 & 2013)

Antioxidant

Chlorophyll a content ( mg. chl./g. fresh 
weight)

Chlorophyll b content ( mg. chl./g. fresh 
weight)

carotenoids content ( mg. /g. fresh 
weight)

Antioxidant concentrations

Low Med. High Mean Low Med. High Mean Low Med. High Mean

Control 0.323 0.323 0.323 0.323 0.762 0.762 0.762 0.762 0.183 0.183 0.183 0.183

Inoculated       
Soil + water 0.236 0.236 0.236 0.236 0.511 0.511 0.511 0.511 0.121 0.121 0.121 0.121

Inoculated               
Soil + ASA 0.275 0.288 0.308 0.29 0.66 0.689 0.715 0.688 0.149 0.159 0.177 0.162

Inoculated                 
Soil + SA 0.268 0.277 0.299 0.281 0.655 0.685 0.699 0.679 0.148 0.152 0.171 0.157

http://dx.doi.org/10.19080/artoaj.2017.12.555853


How to cite this article: Sakr MT, Sarkassy NM Fuller MP. Exogenously Applied Antioxidants and Biostimulants Counteract the Adverse Effect of Biotic 
Stress in Wheat Plant. Agri Res & Tech: Open Access J. 2017; 12(4): 555853. DOI: 10.19080/ARTOAJ.2017.12.555853.0094

Agricultural Research & Technology: Open Access Journal 

Inoculated  Soil 
+ SWE 0.288 0.311 0.32 0.306 0.689 0.711 0.725 0.708 0.17 0.173 0.182 0.175

Inoculated  Soil 
+ HA 0.272 0.287 0.306 0.288 0.666 0.688 0.705 0.686 0.149 0.157 0.174 0.16

Mean 0.277 0.287 0.299 0.657 0.674 0.686 0.153 0.158 0.168

LSD at   5%
Antioxidant: 0.043         Conc. :0.03 Antioxidant: 0.034        Conc. :0.019 Antioxidant: 0. 043     Conc. : N.S  

Interaction: 0.051Interaction :N.S Interaction: N.S

ASA (Ascorbic acid) and SA (Salicylic acid): low conc.: 100, moderate conc.: 200, high conc.: 300mg L-1

SWE (Seaweed extract) and HA (Humic acid) low conc.: 1000, moderate conc.: 2000, high conc.: 3000mg L-1

Table 4: Effects of applied antioxidant materials and biostimulant concentrations on Biochemical constituents of wheat plant grown in inoculated soil with 
Fusarium graminearum averaged across two growing seasons (2012 & 2013).

Antioxidant

Total ascorbic acid content in shoot (mg/100g F.w ) Proline  concentration (mg/g d.w) Total phenols (mg/100g F.w )

Antioxidant concentrations

Low Med. High Mean Low Med. High Mean Low Med. High Mean

144 144 144 144 1.8 1.8 1.8 1.8 40 40 40 40

Inoculated  Soil + water 177 177 177 177 4.4 4.4 4.4 4.4 48 48 48 48

Inoculated  Soil + ASA 244 311 363 306 3.6 3 2.8 3.1 71 78 84 77.7

Inoculated  Soil + SA 222 291 311 274.7 3.9 3.5 3.2 3.5 66 70 74 70

Inoculated  Soil + SWE 299 394 424 372.3 3.3 2.9 2.5 2.9 81 87 95 87.7

Inoculated  Soil + HA 236 298 322 285.3 3.8 3.3 2.9 3.3 69 74 79 74

Mean 220.33 269.17 290.17 3.47 3.15 2.93 62.5 66.17 70

LSD at   5%
Antioxidant:46.3              Conc. :20.1 Antioxidant: 0.5 Conc. :0.2  Interaction: 

0.7
Antioxidant:13.4             Conc. :6.5

Interaction:75.6 Interaction: N.S

ASA (Ascorbic acid) and SA (Salicylic acid): low conc.: 100, moderate conc.: 200, high conc.: 300mg L-1

SWE (Seaweed extract) and HA (Humic acid) low conc.: 1000, moderate conc.: 200, high conc.: 3000mg L-1

Discussion
It was shown that all applied antioxidants could fully or partially 

mitigate the harmful effect of biotic stress of wheat plants grown in 
soil inoculated with F. graminearum. Applied antioxidants slightly 
enhanced growth and yield parameters as well as photosynthetic 
pigments. Moreover the endogenous non-enzymatic compounds such 
as total ascorbic acid, total phenols and proline were increased due 
to exogenously applied antioxidants. These compounds are known to 
improve plant resistance of wheat plants grown under biotic stress. 
SWE and ASA were the most effective in increasing resistance of wheat 
plant against F. graminearum. 

Because ascorbate is a substrate for cell wall peroxidases, it may play 
a role in the regulation of cell wall lignification, particularly through its 
capacity to inhibit the oxidation of phenolic compounds by peroxidases 
[20]. The pathogen-induced increase in the peroxidase activity of the 
cell wall would be effective only in the absence of ASA. Exogenous 
salicylic acid treatment prior to inoculation however, appears to activate 
defence gene expression in leaves and provide increased F. oxysporum 
resistance as evidenced by reduced foliar necrosis and plant death. This 
suggests that salicylate-dependent defenses may function in foliar tissue 
to reduce the development of pathogen-induced wilting and necrosis 
[21]. Salicylic acid (SA) is an endogenous growth regulator of phenolic 
nature, which participates in the regulation of physiological processes 
in plants [22]. It has been recorded that SA level often increases after 
pathogen attack and it induces the expression of pathogenesis related 

proteins and initiates the development of systemic acquired resistance 
and hypersensitivity [25]. Klessing et al. [26] stated that SA appears to 
regulate the delicate balance between pro- and anti-death functions 
during the hypersensitive response. Salicylic acid accumulates at a high 
concentration in the immediate vicinity of incompatible infection sites 
and is considered a key endogenous regulator of defense responses, 
being involved both in localized defenses and in systemically acquired 
resistance [23]. Evaluation under artificial infection in greenhouse 
conditions indicated that all natural compounds (mannitol, oxalic acid, 
citric acid and ascorbic acid, the polyamines spermine and omithine and 
1% anti-transpirants were effective against the pathogens Phytophthora 
infestans and Alternaria solani [24].

Humic acid enhanced natural resistance against plant diseases 
[25] and a stimulation of plant growth through increased cell division, 
as well as optimized uptake of nutrients and water has been reported 
[26]. Moreover, HA stimulated the soil microorganisms [27] which may 
have a biotic control effect. Several reports have indicated the efficiency 
of HA in reducing some plant diseases. In this respect Scheuerell et 
al. [16] reported effective treatments for suppression of grey mould 
disease caused by Botrytis cinerea. HA is a suspension based on 
potassium humates which can be applied successfully in many areas 
of plant production as a plant growth stimulant or soil conditioner for 
enhancing natural resistance against plant diseases and pests [28] which 
consequently can increase plant yield. Foliar application of HA were 
also shown to enhance antioxidants such as á-tocopherol, â-carotene, 
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superoxide dismutase, and ascorbic acid concentrations in 
turf grass species [29]. Any factor such as HA which causes an 
increase in photosynthetic pigments will generally lead to an 
increase in carbohydrate content. El-Ghamry et al [30] stated that 
all morphological parameters, yield components and chlorophyll 
content were significantly increased by the application of HA 
(2000ppm) and interacted with amino acids. 

Seaweed extracts have also been shown to enhance plant 
defense against pest and diseases [30] and can serve as an 
important source of plant defense elicitors [31,32]. Plants protect 
themselves against pathogen invasion by the perception of signal 
molecules (elicitors) which include a wide variety of molecules 
such as oligo and polysaccharides, peptides, proteins, and lipids, 
often found in the cell wall of attacking pathogens [33,34]. 
This work clearly demonstrated that exogenous applications of 
applied antioxidants and biostimulants can be a useful method 
to alleviate biotic stress and counteract yield reductions in wheat 
and opens the possibility of using exogenous applications to 
alleviate biotic stress in the agronomic situation. This study did 
not attempt to assess the economic aspects of these treatments 
but such an assessment would clearly be necessary to assess 
the efficacy of applications in an agronomic situation, however 
both antioxidants and biostimulants are readily available and 
are currently used agronomically without a full understanding 
of their modes of action. Further work is necessary to investigate 
whether these compounds could be combined to work 
synergistically as they have different cellular modes of action. 
The results indicate that there are exciting opportunities for the 
alleviation of biotic stress.

Conclusion
These results clearly demonstrate that exogenous 

applications of antioxidants materials and biostimulants could 
be used to counteract or mitigate fully or partially the harmful 
affects of pathogen (biotic) stress (F. graminearum) on both 
physiological aspects and growth parameters of wheat plants. 
They are capable of restoring yield potential and may be useful 
in agronomic situations.
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