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ABSTRACT

Biochemical and histochemical analysis of soybean [Glycine max (L.) Merr.] cv.
Giza 111 plants naturally infected with Fusarium virguliforme were studied to clarify
the susceptibility mechanisms under open field conditions during 2015 growing
season. Lewels of superoxide (O2") and hydrogen peroxide (H202) which are the
major reactive oxygen species (ROS) forms were significantly increased and
accumulated after 3 and 5 days from symptom appearance in infected soybean
plants. Also, electrolyte leakage (EL) values which indicate to the membrane
permeability were increased after 3 days from symptom appearance, while the
activities of catalase (CAT), peroxidase (POX) and polyphenol oxidase (PPO)
enzymes were decreased. In addition, concentrations of chlorophyll A and B were
significantlydecreased in infected soybean plants in comparison with the uninfected
one. Down-regulation of antioxidant enzyme activites might be the key role of
soybean susceptibility to sudden death syndrome (SDS) infection which caused by
soil-borne pathogen F. virguliforme. Antioxidant enzyme activities in infected plants
were not enough for ROS-scavenging and initiated the programmed cell death and led
for sudden wilt of susceptible plants. Plants showed wide range of defense responses
in reaction to initiated invasion by the pathogen, including the production and
accumulation of ROS by the process called "oxidative burst" which is the rapid and
earliest step to produce large amounts of ROS and use them as weapons in a
defense response system. Reactive oxygen species work also as signals which are
able to stimulate other plant defense mechanisms. Steps of reactive oxygen species
production and scavenging are highly dynamic and consists of a complexsignaling
network. Giving more attention to antioxidant enzyme activities and reactive oxygen
species levels is needed for plant breeders in order to create a resistant soybean
cultivars and might be useful for discovering a new alternative disease control
strategies in which safety and decrease the environmental pollutions.
Keywords: Sudden death syndrome; Fusarium virguliforme; Antioxidants; Electrolyte

leakage; Reactive oxygen species

INTRODUCTION

Soybean [Glycine max (L.) Merr.] considered one of the essential food
and industrial crops on global level and its oilseed is the leading oil in the
world (Wilcox 2004). Soybean seeds containing about 30 % of cholesterol
free oil. Among the legume crops, soybean has the highest protein content
(Abdel-Monaim et al. 2011). Sudden death syndrome (SDS) disease which
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caused by soil-borne root fungus F. virguliforme (Aoki et al. 2003) formerly
Fusarium solani f. sp. glycines occurs frequently and cause serious damage
to soybean crop in producing countries. The fungus infects soybean root
systems causing characteristic foliar symptoms which are commonly
appeared after the flowering or pod dewlopment stages as intereinal
chlorosis, mottling and/or mosaic and deweloping rapidly to interveinal
necrotic streaks on the upper leaves (Sanogo and Yang 2001; Scherm and
Yang 1996, 1998 and 1999). In aggressive cases, this is followed by an
intensive wilt which lead to sudden death of soybean plants. In addition,
necrosis of secondary roots and root rot may be appeared on roots and
stems. Through infested soils, the soybean roots and stems under the soil
line are often cowered by a bluish masses of fungal sporulation consist from
macroconidia (Hirrel 1983; Rupe 1989; Roy 1997a). The fungus has been
found in lower stems and roots, but not isolated from soybean leaves (Roy
1997b; Roy et al. 1989; Rupe 1989). Sudden death syndrome disease has
been recorded as a repeated problem causing huge yield losses in seweral
areas of soybean production (Hartman et al. 1995; Rupe and Hartman 1999).
Soybean biochemical and histochemical responses to F. virguliforme
infection were recorded by Lozovaya et al. (2004 and 2006). Plants can
defend themselves against invasion of pathogens by deweloping abroad
range of responsive strategies which in many cases are associating with the
production and scavenging of ROS processes in plants (Hafez et al. 2012).
Gechev et al. (2002); Halliwell and Gutteridge (1999); Hafez and EI-
Baghdady (2013) reported that, the rapid formation of ROS such as
superoxide (O, ) and hydrogen peroxide (H,O,) is considered to be one of
the earliest plant steps toward recognition of pathogens invading plants and
up-regulate antioxidant systems against biotic stresses. It is known that in all
aerobic organisms, ROS are considered products of various metabolic
pathways including electron transmission in chloroplasts and mitochondria,
catabolism of lipids and photorespiration in glyoxisomes and peroxisomes as
well as enzymatic oxygenase reactions. Torres et al. (2006) explained that,
the quick production of ROS in the apoplast in response to pathogen invasion
might propose to coordinate various defensive walls against the pathogens.
Asada and Takahashi (1987) reported that, oxidative molecules are highly
toxic and might lead to the cell collapse. The oxidative burst theory which
explained by Lamb and Dixon (1997) established that the quick production or
accumulation of ROS in the pathogen invasion site is directly harmful to the
pathogen. For awidance of reactive oxygen species damage, plants
protecting themselves by an antioxidant complex which includes metabolites
and enzymes (for example: superoxide dismutase and peroxidases) which
often acts at the reactive oxygen species production site (Lebeda et al. 2001).
Apel and Hirt (2004) interpreted that, some enzymes are working to conwvert
the superoxide into hydrogen peroxide (superoxide dismutase) and also
convert hydrogen peroxide into water and oxygen gas (catalase). Although,
energy of metabolism process is focused on ROS removing by plant cell,
ROS under optimal growth conditions are also generated by cell metabolism
processes (Heath 2000). Antioxidant enzyme activities might be are not
enough for ROS-scawvenging or detoxifying and initiated the programmed cell
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death and led for sudden death of susceptible plants in comparison with
resistant plants.

The major objective of this research was aimed to clarify the
biochemical and histochemical inwestigations to study the susceptibility
mechanisms of soybean plants naturally infected with F. virguliforme the
sudden death syndrome fungus. The down-regulation of antioxidant enzyme
activities, ROS lewels, disease sewerity, electrolyte leakage, chlorophyll A and
B concentrations were determined.

MATERIALS AND METHODS

Plant materials:

Research work was conducted under the open field conditions with
soybean cv. Giza 111 during 2015 growing season at the farm of Sakha
Agricultural Research Station, Legume Department, Kafrelsheikh, Egypt.
Soybean plant samples with inteneinal chlorosis, mottling, or mosaic and
interveinal necrotic streak symptoms on the upper leaves and uninfected
plants were collected from two different localities (L1 and L2) of the same
cultivar. In order to the similarity of foliar symptoms between soybean brown
stem rot (BSR) disease and sudden death syndrome disease, stems near the
soil line of infected plants were longitudinally cut and observed for browning
the internal pith. Also, roots of symptomatic plants were examined for root
decay.

Disease severity assessments:

Disease sewerity was recorded at the soybean growing stage (4
months-old) using a \isual disease symptoms (leaf interveinal chlorosis and
necrotic streaks) based on the scale of Mueller et al. (2002), where the scale
started from 1 (no symptoms) to 9 (sewver symptoms). Fifty plants of each
locality were scored wisually for percentage of infected plants. Disease
sewerity index (DSI) was calculated according to the formula of Grau et al.
(1982) for each locality:

— T disease ratings of each plant
 total No. of plants rated x 9

100

Fungal pathogen was isolated by taking a part of infected soybean
plant stems near the soil line and sterilized it by sodium hypochlorite solution
(3.5 %) for 5 minutes. The surface sterilized parts cut into small pieces after
washing by sterilized water and placed on potato dextrose agar (PDA) then
the hyphal tip was obtained and grown into potato dextrose broth (PDB).
Potato dextrose agar was prepared by adding 33 mg/ml streptomycin sulfate
solution with 40 mg/ml neomycin and 39 g Difco PDA/liter) for transformation
the fungal isolate from PDB. Petri dishes with fungal culture were incubated
at room temperature for 7-20 days with fluorescent light (approximately 10 h).
Grown mycelia were investigated microscopically and then identified
according to Leslie and Summerell (2006) system. Pathogenicity test was
done by fungal artificial inoculation to soybean cv. Giza 111 under the
greenhouse conditions by insertion the colonized toothpicks under the
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cotyledons after 15 days from the sowing. Inoculated soybean seedlings were
sprayed with sterilized water and incubated in a greenhouse conditions
(25°C). Toothpicks without inoculum were pricked under the cotyledons of
soybean plants which used as control.

Biochemical assays of antioxidant enzymes:

For the measurement of antioxidant enzymes activities, infected (3
days from symptoms appearance) and uninfected soybean plants 4 months-
old were used. Three milliliters of 50 mM TRIS buffer (pH 7.8) with 1 mM
EDTA-Na, and polyvinylpyrrolidone (7.5 %) were used for homogenization of
0.5 g detached soybean leaves from localities 1 and 2. Centrifugation was
carried out on 12000 rpm for 20 min. at 4°C for all homogenates. Supernatant
of each homogenate was replaced for measuring the total soluble enzyme
activity using spectrophotometer (UV-160A, Shimadzu, Japan).

Catalase activity

According to the protocol of Aebi (1984), the catalase activity was
measured by spectrophotometer. Breakdown of hydrogen peroxide
enzymatically recorded by decreasing the absorption of ultraviolet at wave
length 240 nm for 3 min. Catalase enzyme activity was calculated by
changing of absorbance per min. per g fresh weight. Fifty microliters of
supernatant from leaf extract were mixed with 100 pl of hydrogen peroxide, 2
ml of 0.1 M sodium phosphate buffer (pH 6.5) in a final wolume 2.15 ml.
Peroxidase activity

According to the protocol of Hammerschmidt et al. (1982), the POX
activity with presence of guaiacol and hydrogen peroxide was measured by
changing the ultraviolet absorbance at 470 nm for 30 sec. ewvery 3 min.
intervals. Fifty microliters of supernatant from leaf extract were mixed with 50
pmoles of sodium acetate buffer (pH 5.6), 60 umoles of guaiacol and 8
pmoles of hydrogen peroxide in a final volume of 3 ml. Peroxidase enzyme
activity was calculated by changing of absorbance per min. per gram fresh
weight.

Polyphenol oxidase activity

According to methods of Coseteng and Lee (1978), the PPO activity
was measured by changing the ultraviolet absorbance at 420 nm. Mixture of
0.1 M phosphate buffer (pH 6.0), 20 mM of catechol solution and 0.05 ml of
the enzyme solution was adjusted to final wolume of 2.95 ml. PPO enzyme
activity was calculated by changing of absorbance per min. per gram fresh
weight.

Histochemical analysis of reactive oxygen species:

Soybean leaves of infected and uninfected plants were cut into small
discs and collected to detect the superoxide (O,) and hydrogen peroxide
(H20,) production in leaf tissues. For detecting the superoxide production,
leaf tissues were vacuum infiltrated according to Hagborg (1970) protocol by
nitro blue tetrazolium (NBT) a classic photometric assay for detection the
superoxide in leaf tissues. According to Adam et al. (1989) the purple
discoloration of leaf tissues was \isualized after adding 10 mM potassium
phosphate buffer (pH 7.8) in presence of 0.1 w/v % NBT (Sigma Aldrich,
Germany). Treated leaf samples with NBT were replaced from the abowve
solution and incubated for 20 min. under daylight, then clearance of leaf
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samples was done in 0.15 % trichloroacetic acid (wt/wol) in presence of
ethanol : chloroform by ratio 4 : 1. Samples left at room temperature for 48 h
and the clearing solution was replaced once during that period (Hiickelhoven
et al. 1999). After incubation period in clearing solution, leaf discs were
immersed in glycerol (50 %) for next visualization. Quantification of leaves
discoloration was done using nicked eyes or by digital imaging system
(Chemilmager 4000, Alpha Innotech Crop., San Leandro, USA). For
detecting the hydrogen peroxide production, leaf tissues were vacuum
infiltrated with 0.1% 3-3'-diaminobenzidine (DAB) a (classic photometric
assay for detection the hydrogen peroxide in leaf tissues in presence of 10
mM Tris buffer (pH 7.8). Samples were transferred from the solution and
incubated under daylight for two hours. Finally, leaves were cleared as
described abowve and the intensity of brown color was estimated according to
Hickelhowven et al. (1999).

Electrolyte leakage assay:

Freshly soybean leaves were cut into small discs (approx. 1 sz) of
infected and uninfected plants. Leaf discs were washed 3 times by deionized
water (2-3 min.), then replaced to flasks contain 25 ml deionized water (Milli-
Q 50, Millipore, Bedford Mass., USA). Aifter 20 h of shaking at room
temperature, the electrolyte leakage (EL) was measured. Electrical
conductimeter (Acromet AR20, Fisher Scientific, Chicago, IL) was used to
record the initial conductivity for each sample vial. For inducing the cell
tissues break, flasks contain samples were incubated at 80°C for 1 h in water
bath (Fisher Isotemp, Indiana, PA), then the flasks were replaced for shaking
(Innova 2100 platform shaker) for 20 h at 2°C. Subsequently the final
conductivity was recorded for each sample wial. Electrolyte leakage
percentage was calculated for each disc according to formula of Szalai et al.
(1996):

EC1

ELzﬁXj.UO

EC1.: initial conductivity; EC2: final conductivity.
Concentration of chlorophyll A and B:
Chlorophyll (Chl.) concentration as mg/g fresh weight of one gram

fresh infected and uninfected soybean leaves was extracted within 5 ml N, N-
dimethyl-formamid for owernight at 5°C, then estimated Chl. A and B
spectrophotometry at 663 and 647 nm as explained by Moran and Porath
(1982). The concentrations were calculated by the following equations: Chl. A
= 12.76 Agez — 2.79 Ags7 (mg/g fresh W9|ght), Chl. B = 20.76 Ags7 — 4.62 Agg3
(mg/g fresh weight).
Statistical analysis:

Obtained data represent the mean + SD. For determination whether
significant difference (P<0.05) existed between mean values, Student's t-test
was used (O'Mahony 1986).
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RESULTS AND DISCUSSION

Effect of F. virguliforme infection on disease symptoms and disease
severity of soybean:

Typical known symptoms caused by F. virguliforme on soybean plants
were observed during reproductive stages, but not frequently at vegetative
stages. Bluish spore masses (Fig. 1 A) which are the first signs of sudden
death syndrome disease were occurred on stems near the soil line (infection
site). Our obtained symptoms were typically similar to those symptoms of
SDS which reported by Hirrel (1983); Rupe (1989); and Roy (1997a).

Figure 1. Disease symptoms of F. virguliforme on soybean cv. Giza 111
(4 months-old), A: classical stem symptoms of sudden death
syndrome SDS disease under the soil line; 1- bluish spore
masses; B: leaf of control plant; C: early foliar symptoms; 2-
interveinal chlorosis and 3- necrosis; D: disease progression;
4- interveinal necrotic streaks; E: pith symptoms of BSR; 5-
pith with brown color; F: classical SDS pith symptoms; 6- pith
with white color.

More commonly “observable” symptoms with interveinal chlorosis and
necrosis along the soybean leawes blade (Fig. 1 C) were evaluated in
comparison with the uninfected leaves (Fig. 1 B). As disease progresses
further, the yellowing between the veins became brown (necrotic streaks) as
the plants died (Fig. 1 D). However, the main damage to soybean plants was
related to the foliar symptoms which are induced by the fungus infection or
production of its toxins (might be mowed systemically over the whole plant)
under suitable wet and warm conditions (Li et al. 2000; Jin et al. 1996).
Splitting stems of infected soybean plants with a sharp knife was achieved.
The pith of soybean plants which diseased with SDS remained basically
white, while in case of BSR disease, pith browning a symptom characteristic
of only BSR occurs within the central pith region instead was found (Fig. 1 E
and F). Also, root decay of symptomatic plants infected with SDS was found,
while with the BSR were not obsered. Disease sewerity percentage in two
localities of soybean naturally infected (L1 = 80% and L2 = 77%) with F.
virguliforme at the growing stage (4 months-old) was significantly increased in
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comparison with the uninfected plants (Fig. 2). These obtained results
suggesting that the F. virguliforme population could increase during the
season by increasing the root system colonization during the plant growth
stages. Our obtained results can be supported by the results published by
Diaz et al. (2013). The identification of F. virguliforme by microscopic
observations (Fig. 3) was achieved and the morphological characters of
monophialides, macroconidia, areal mycelia and Chlamydospores were
typically similar with the published identification system of Leslie and
Summerell (2006). Pathogenicity of the fungus was confirmed by artificial
inoculation of soybean plants under the greenhouse conditions and typical
symptoms to those of SDS which recorded in open field were obtained.

Disease severity HLl mL2
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v
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Figure 2. Disease severity percentage of SDS-susceptible soybean
cultivar G111 (4 months-old) naturally infected with F.
virguliforme in two localities (L1 and L2). Control: uninfected
soybean; Infected: soybean infected with F. virguliforme.

(

Figure 3. Microscopic observations of F. virguliforme: A- Monophialide;
B- Macroconidia; C- Areal mycelia with macroconidium and D-
Ch: Chlamydospore. Used scale bars: A = 10 pm; its
magnification = 20 um; B = 5 ym; its magnification = 20 ym; C
=10 um and D = 2 um.
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Effect of F. virguliforme infection on antioxidant enzymes activities in
soybean:

Antioxidant enzymes activities in susceptible soybean plants naturally
infected with SDS fungus were undertaken. According to the obtained results,
antioxidant enzyme activities of CAT, POX and PPO hawe been down-
regulated in infected soybean plants after 3 days from symptom appearance
with SDS pathogen in comparison with the uninfected plants (Fig. 4). It is
clearly known that the plants can defend themselves against pathogens early
through initial responses playing an essential role in the stimulation of ROS
detoxifying or scavenging enzymes. Foyer and Noctor (2005); Mittler et al.
(2004); Van Breusegem and Dat (2006) reported that, antioxidant enzymes
are working in two ways for keeping up ROS in steady state level. First way is
working in normal cases without stresses to promote the plant growth
dewvelopment and signaling by hormones, while the second one is working for
supplement responses toward biotic or even a biotic stressors. Equilibrium
between ROS generating and scavenging is very important to protect plants
against damage, but in case of pathogen attack the equilibrium often disturb
and the sudden increase of ROS may happened causing serious damage to
structure of plant cells. Howewer, the sensitivity and specificity of plant cells to
ROS are associated with the antioxidant level of a given cell at a given time.
Torres et al. (2006) explained that, the accelerated production of ROS in the
apoplast in response to pathogen invasion might propose to coordinate
various defensive walls against the pathogens. The rapid increase of
antioxidant enzymes activities may be revealed after inoculation with Phoma
medicaginis to resistant lines of Medicago truncatula (Djebali et al. 2007) and
is also happened with mungbean (Vigna radiata) when sprayed with elicitors
obtained from Mcrophomina phaseolina (Vidhyasekaran et al. 2002).
Scawvenging of ROS or detoxification of its excess reported to be happened
by antioxidative program which consists of enzymatic [catalase, peroxidase,
polyphenol oxidase, superoxide dismutase, guaiacol peroxidase (GPX),
ascorbate-glutathione (AsA-GSH), monodehydroascorbate reductase
(MDHAR), ascorbate peroxidase (APX), glutathione reductase (GR) and
dehydroascorbate reductase (DHAR)] and/or nonenzymic [tocopherols,
ascorbate (AsA), glutathione (GSH), carotenoids and phenolic compounds]
antioxidants (Noctor and Foyer 1998).

Previous researches established that the pathogens may defeated by
the plant resistance through production of POX and PPO which participating
in the defense system responding (Ray et al. 1998; Hafez et al. 2014;
Abdelaal et al. 2014). The mechanisms of soybean susceptibility response
toward infection with SDS seems to be correlated with the down-regulation
and decrease of POX activity. Similarly, the sensitive response happened
because late recognition of pathogen and the plant sudden wilt was parallel
with decreasing of POX activity. The oxidation process of phenolic
compounds to quinines by POX and PPO is wery important against
pathogens and act as antimicrobial activity. Accordingly, plants can prevent
and inhibit the pathogen growth inside the cells by generating a toxic
environment which may directly stopped the pathogen dewelopment and in
the same time deweloped the cell death action. Family of peroxidases
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consists of complicated proteins which are universal in plant tissues causing
cell wall relaxation and plant elongation during defense reaction by using
H,O, in oxidoreduction of different substrates (Almagro et al. 2009). There
are a lot of reactions might be regulated by POX activity such as the balance
in cell wall components between cleavage and cross-linking through H,O,
and ascorbate concentrations (Passardi et al. 2004). CAT activity was also
decreased in soybean leaves of infected plants in the results obtained. This
decrease in catalase activity may not provide its protection from oxidative
damage caused by H,0O, Catalase enzyme is playing an essential role in
plant defense reaction by dismutation H,O, to oxygen and water. The
obtained results are in agreement with El-Khallal (2007) who found that,
antioxidant enzymes activities in leaves under F. oxysporum infection
increased and were effective in scavenging mechanism to eliminate H,O, and
O, which produced in leaves of resistant plants. Degrading enzymes of
H.O, (peroxisomes are the major sites of production during photorespiratory
oxidation and oxidation of fatty acids) in plants existed through several types,
however CAT enzyme is very important because of its fast turnover rate and
dos not require any cellular reducing equivalents (Scandalios et al. 1997; Del
Rio et al. 2006; Corpas et al. 2008).

Therefore, from our obtained results we suggested that, the down-
regulation of antioxidants may be partially related with the soybean
susceptibility to SDS fungus infection. Low obtained values of antioxidant
enzymes activities in susceptible soybean plants may be due to the absence
of resistance gene expression. Our theory could be supported with previous
results of Polkowska-Kowalczyk and Maciejewska (2001) who found that the
peroxidase enzyme activity did not change when Solanum (sensitive
genotype) cell culture was treated by elicitors of Phytophthora infestans
culture filtrate.
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Figure 4. Antioxidant enzymes activities of peroxidase (POX),
polyphenol oxidase (PPO) and catalase (CAT) respectively in
susceptible soybean cultivar G111 infected naturally with F.
virguliforme after 3 days from symptoms appearance in two
localities (L1 and L2). Control: uninfected soybean; Infected:
soybean infected with F. virguliforme.

Effect of F. virguliforme infection on levels of reactive oxygen species
in soybean:

Brown discoloration of hydrogen peroxide (H,O,) and purple
discoloration of superoxide (O, ) indicated to the intensity of ROS lewels in
the infected and uninfected soybean plant leaves which cleared from
chlorophyll (Fig. 5). Lewels of ROS mainly H,O, and O, significantly
accumulated after 3 days from symptom appearance in infected soybean
plant leaves in comparison with uninfected plants. Previous reports
demonstrated that there is a distinct correlation between inhibition of plant
pathogens in resistant plants and ROS generation, but the relationship
between these two events (i.e. ROS accumulation for disease resistance) is
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not entirely clear (Kiraly et al. 2103). Reactive oxygen species production in
soybean plants by chloroplasts (energy transfer during photosynthesis
process or during oxygen molecules reduction), mitochondria and
peroxisomes, could inhibit its toxins or even Kkill pathogens early after
infection. Seweral plant responses seems to be mediated by ROS when
acting as signaling molecules in low concentrations, while causing damage to
cell components when acting in high concentrations (Sharma et al. 2012).
Moreover, in susceptible plants, pathogen growth is uninhibited and
accordingly disease symptoms appeared possibly because there is nho ROS
accumulation after infection (Harrach et al. 2008; El-Zahaby et al. 1995). The
heaw brown and purple discoloration intensity indicated to increased levels
of O,” and H,O, respectively (Fig. 6 and 7). Color measurements on
soybean leaves resulted by DAB or NBT staining indicated that, levels of
ROS were significantly increased in infected plants in comparison with the
uninfected one after 3 days from symptom appearance and still increased
also after 5 days (Fig. 6 and 7). It has been reported that O,  is usually the
first ROS to be generated in response to pathogen invasion. Hydrogen
peroxide plays dual role for stimulation the cellular protective genes (healthy
case) and localization death of infected cells (Martinez et al. 2000; Atia et al.
2005; Levine et al. 1994). Catalase and peroxidase enzymes are able to
degrade the H,O, which generated by superoxide dismutase enzyme.

— L1|

Control

— L2

Infected -[

o
. f 4
N\ b
(S
| - . o
2 ‘
0,” H,0, 0, H,0,
3 days after symptom appearance 5 days after symptom appearance

Figure 5. Reactive oxygen species accumulation: purple discoloration
of superoxide (0,”) and brown discoloration of hydrogen
peroxide (H;O,) in infected and uninfected soybean plants
after 3 and 5 days from symptom appearance with SDS
disease under naturally infection in two localities (L1 and L2).
Control: uninfected soybean; Infected: soybean infected with
F. virguliforme.
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According to our obtained results of ROS levels mainly H,O, and O,
which were significantly accumulated after 3 days from symptom appearance
in infected soybean plant leaves in comparison with uninfected plants and still
increased till 5 days from symptom appearance. In our study, we suggest that
the increasing of ROS lewels ower the time may be led to initiate the
programmed cell death and the sudden death of susceptible soybean plants
was happened. Recently, early accumulation of ROS after pathogen infection
play essential dual role in host resistant and non-host resistant
plant/pathogen combinations. The first role is killing or inhibiting the
pathogen, while the second is stimulating the antioxidants activity in plants
later (Hafez and El-Bagdady 2013; Hafez 2015). The dual role of early
accumulation of ROS could be called "immunization of plants" (Hafez et al.
2012).
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Figure 6. Levels of superoxide (O, ) in infected and uninfected soybean
plants after 3 (upper diagram) and 5 (lower diagram) days from
symptom appearance of SDS disease under natural infection
in two localities (L1 and L2). Control: uninfected soybean;
Infected: soybean infected with F. virguliforme.
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Figure 7. Levels of hydrogen peroxide (H,0O,) in infected and uninfected
soybean plants after 3 (upper diagram) and 5 (lower diagram)
days from symptom appearance of SDS disease under natural
infection in two localities (L1 and L2). Control: uninfected
soybean; Infected: soybean infected with F. virguliforme.

Effect of F. virguliforme infection on electrolyte leakage in soybean:

Soybean membrane damage was evaluated through electrolyte
leakage (membrane permeability, integrity and cellular compartmentation
indicator) under fungus infection. For measuring the cell membrane damage
in response to biotic stresses, electrolyte leakage was used (Adam et al.
2000; Sriram et al. 2000) and also was used with biotic stresses (Pearce
2001; Zhou et al. 2005; Abbas 2012). Electrolyte leakage values were
significantly increased in soybean plants naturally infected with F. virguliforme
after 3 days from symptom appearance compared to the uninfected plants of
the same cultivar (Fig. 8). Cellular membrane defect (increasing permeability
and ion leakage) caused by pathogen attack is considered to be one of the
most popular effects after infection and could be determined by electrolyte
efflux. Plant reactive oxygen species are always generated by the
unawidable leakage of electrons onto O, from the electron transport
activities of byproduct of various metabolic pathways localized in different
cellular compartments or chloroplasts, mitochondria, and plasma membranes
(Del Rio et al. 2006; Blokhina and Fagerstedt 2010; Heyno et al. 2011).
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Figure 8. Electrolyte leakage in infected and uninfected soybean plants
after 3 days from symptom appearance with sudden death
syndrome SDS disease under natural infection in two
localities (L1 and L2). Control: uninfected soybean; Infected:
soybean infected with F. virguliforme.

In the present work, infection by F. virguliforme did increase the
electrolyte leakage of susceptible soybean plants than with the uninfected
plants. The SDS fungus depends on the soybean host cells for essential
metabolic compounds, this could be the result of pathogen-host compatibility.
These results supported by results obtained by Hafez et al. (2014) which
chemical compounds and/or abiotic stresses could change the ability of
plants to be resistant or susceptible through their changing in membrane
permeability. Membrane damage following chilling has been evaluated by
electrolyte leakage (Wright and Simon 1973; Simon 1974). Leakage points
may result from the appearance of membrane domains presenting various
configurations as a result of cold-induced changes in lipid phases (Leshem
1987), or from damage of membrane, particularly as regards lipids (Harwood
1997). Consequently, plant susceptibility could be induced using high
temperature which effect the membrane permeability by increasing the
electrolyte leakage values (Garraway et al. 1989). Also the ethylene affects
membrane permeability (Goodman et al. 1986). This could be the way for
understanding the relationship between uptakes the nutrients by pathogen
and loss of host cells' components.

Our obtained results suggested that, infected soybean plants cannot
protect their cell membranes and lost its components because of the
pathogen attack, howewer the cell membranes of uninfected plants was not
affected. Present results are in agreement with those obtained by Houimli et
al. (2010).

Effect of F. virguliforme infection on chlorophyll A and B
concentrations:

Chlorophyll A and B concentrations were decreased in infected
soybean plants after 3 days from symptoms appearance compared to the
uninfected plants (Fig. 9). It is common that plant photosynthesis process
might be affected either biotic or abiotic stresses. Foliar damage by fungal
infection is correlated with the photosynthesis and the arte of respiration

1452



J. Plant Prot. and Path., Mansoura Univ., Vol.6 (10), October, 2015

(Scholes 1994). It seems that concentrations of chlorophyll A and B are
highly correlated with the degrees of infection. The phenomenon of
photosynthetic process inhibition by pathogens damaging leaf tissue has
been already explained in literature of Giocoechea et al. (2001) and Robert et
al. (2004). Similar results were obtained by Moriondo et al. (2005) and
Lindenthal et al. (2005) in squash plants infected with downy mildew and
wheat cultivars inoculated with stripe rust Puccinia striiformis. Photosynthetic
steps could be related to the genes encoding chlorophyll a/b-binding proteins
which appeared in response to pathogen invasion (Xin et al. 2012). In our
results, chlorophyll A and B were decreased perhaps due to spreading the
pathogen or its toxin within the infected soybean plants. This thought to
destabilize the cell structural integrity, which reduces chlorophyll pigments in
soybean infected with SDS disease and might be due to the decrease in the
number and abnormal chloroplasts form in the mesophyll tissue. Decrease of
chlorophyll concentrations could be correlated with the increase in disease
severity.

Chlorophyll A mLl =2

mg/g fresh weight
o ] N w E~Y (V] ()]

Control Infected

Chlorophyll B ELl ®mL2

mg/g fresh weight

Control Infected
Figure 9. Chlorophyll A (upper diagram) and chlorophyll B (lower
diagram) concentrations in infected and uninfected soybean
cultivar after 3 days from symptom appearance with sudden
death syndrome SDS fungus under natural infection in two
localities (L1 and L2). Control: uninfected soybean; Infected:
soybean infected with F. virguliforme.
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The obtained results represent one of the first studies focused on
decreasing of antioxidant enzymes activity levels (down-regulation) of which
the key role of soybean susceptibility to sudden death syndrome infection
caused by soil-borne root pathogen F. virguliforme. From the viewpoint of
biochemical and histochemical changes as well as changes in the activity of
antioxidant enzymes in plants in response to the fungal infection. Results
suggested that susceptibility of soybean plants to F. virguliforme infection is
characterized by the decrease of antioxidant enzyme activities which is
parallel to plant cell death. Disease sewerity percentage in two localities of
soybean naturally infected with F. virguliforme at the growing stage (4
months-old) was significantly increased. Lewels of superoxide (O,") and
hydrogen peroxide (H,O,) the major forms of reactive oxygen species (ROS)
were significantly increased and accumulated after 3 and 5 days from
symptom appearance in infected soybean plants. Electrolyte leakage (EL)
values which indicate to the membrane permeability were increased after 3
days from symptom appearance, while the activity of antioxidant enzymes
such as catalase (CAT), peroxidase (POX) and polyphenol oxidase (PPO) as
well as chlorophyll A/B concentrations were significantly decreased.
Antioxidant enzyme activities in infected plants were not enough for ROS-
scavenging and initiated the programmed cell death and led for sudden death
of susceptible soybean plants. Therefore, a detailed understanding of the
biochemical processes responsible for this interaction remains unclear. It
could be recommended to plant breeders for creation a new soybean
cultivars ower-accumulating antioxidant enzyme activities as well as ower-
expressing antioxidant genes as well. This could decrease the environmental
pollutions as a result of using fungicides which are harmful for human health
and causes to much hard currency. Giving more attention to antioxidant
enzymes activity and ROS lewels are needed and might be useful for
discowering a new alternative disease control strategies.
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