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Abstract

In this study, the physio pathological effects of Aspergillus alliaceus (Aa, fungi, biocontrol agent) on Orobanche (parasitic plant)
were investigated by hormone and phenolic substance tests. In experimental group, Orobanches were treated with the fungi,
considering control group was fungus-free. Based on the hormonal tests, in the experimental group, salicylic acid (SA), jasmonic
acid (JA), abscisic acid (ABA) and gibberellic acid (GA) levels significantly decreased, and only indole acetic acid (IAA)
hormone levels were fairly higher than the control group. According to phenolic substance tests, it was found that only gallic
acid, syringic acid and caffeic acid values significantly increased compared with control, and catechin and p-coumaric acid values
were significantly lower. Consequently, it was determined that Aa pathogenesis (1) considerably reduces the effects of all defence
hormones (JA, ABA, SA), (2) operates an inadequate defence based solely on the IAA hormone and several phenolic substances
(gallic acid, syringic acid and caffeic acid), (3) and inevitably the fungi lead the Orobanche to a slow and continuous death. The
results were evaluated in detail in the light of similar recent article and current literature in terms of biocontrol and pathology.
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Introduction

Orobanche (Broomrape) is a parasitic plant that is rooted in
various plants such as tomatoes, sunflowers, cotton, tobacco
and eggplants and it is widely found in the fields of Asia,
Mediterranean and Europe [1, 2]. As the plant is holoparasite,
it provides all water and nutrients from its host [3]. And nat-
urally, Orobanche is one of the most problematic and hard to
fight parasites in the world agriculture [4] and it causes to
increasing rates of yield losses every year.

Although many methods have been applied around the
world, including cultural, agricultural, prevention, biolog-
ical, mechanical and chemicals, no effective control has
not been found yet. Chemical control, in particular, has
prevented more Orobanche parasitism than others. For
instance, better results were obtained from especially her-
bicides with chloritfuron and triasulfuron, in the fight
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against Orobanche aegyptiaca in tomato production [5].
Moreover, imidazolinone herbicides from synthetic com-
pounds are useful at this point. However, these chemicals
have negative effects to the environment and human
health. Therefore, alternative new practices are needed in
the fight against parasitic Orobanche [6].

The healthiest remedy is the use of biological agents effec-
tive only to Orobanche, that is, the biocontrol method [7].
Until now, some effective fungal pathogens have been identi-
fied in biocontrol studies [8—10]. For example, Fusarium
oxysporum Schlecht. f. sp. ortoceras (FOO) inhibited the
Orobanche parasitism up to 90% in tomatoes [11]. Indeed,
Fusarium caused hormonal disorders and intense accumula-
tion of phenolic substances in Orobanche and killed quickly
the parasite [12, 13].

Recently, we discovered a new fungal biological control
agent of Orobanche, Aspergillus alliaceus Thom & Church
[14]. A. alliaceus is very different from other fungal biocontrol
agents with its sclerotial structure, which are composed of
dense fungal mycelia and food reserves. Thanks to the sclerot,
the fungus has been dormant for years in unfavourable envi-
ronments and can return to normal mycelial phase under
favourable conditions. This ability increases their survival ca-
pability under adverse conditions.
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In the Mycobank website [15], there is no record of
any pathogenicity of the fungus on humans, other than
the Orobanche plant species. However, the fungus
caused a pulmonary infection in an acute myeloid leu-
kaemia patient by another Aspergillus taxon, Aspergillus
flavus [16].

Ochratoxin A is a mycotoxin produced by A. alliaceus
[17]; however, no mycotoxin studies of the origin of this
fungus have been found. Though, in general, this myco-
toxin has several harmful effects such as hepatotoxicity,
teratogenicity and immunosuppression, while it was also
carcinogenic in the kidney and the liver [18]. In studies
carried out, the fungus was effective only on Orobanche
due to its very dense starch storage and did not cause any
toxic effect on sunflower [14, 19, 20]. Nevertheless,
Ochratoxin A tests should be performed on both
Orobanche and sunflower in the future.

In our recent works, the irreversible lethal patholog-
ical effects of Aspergillus alliaceus on Orobanche have
been confirmed by histological and transcriptomic stud-
ies [14, 21]. In this study, it is aimed to clarify the
physiological effects of fungi on Orobanche by some
hormonal and secondary metabolite tests in order to fill
this gap. Thus, the pathology of fungus on Orobanche
will be better understood.

Materials and methods

As material, 3 objects were used in the study: Orobanche,
Sunflower, Fungus (Orobanche biocontrol agent).

Orobanche seeds were collected from sunflower (cv. HA-
89B) fields Edirne, Thrace region of Turkey, and were identi-
fied as Orobanche cernua L. The sunflower plant is the host for
Orobanche, and the sunflower (cv. HA-89B) used is susceptible
to Orobanche; thus, Orobanche parasitism is provided.

The third object is a fungus used as a Orobanche bio-
control agent, Aspergillus alliaceus Thom & Church
(Fig. 1c). This fungus was collected from dead
Orobanche samples from the same fields. Fungal inocula-
tion and pure culture trials were partially modified by
Aybeke [12, 13] and Herron et al. [22]. Infected
Orobanche tissue with the fungus was surface-
disinfected for 1 min in a solution containing 1.5% (v/v)
sodium hypochlorite, and after rinsing with sterile dis-
tilled water, it was immersed in 70% (v/v) ethanol for
1 min and air-dried. Small pieces of tissue cut from the
leading edges of lesions were plated directly onto half-
strength potato dextrose agar medium (1/2 PDA) [12,
13]. After the incubation at 27.5 °C, the material was
transferred to fresh 20% Czapek yeast—sucrose—agar me-
dia (CYA20S), and grown for 7 days at 23 °C, which was

Fig. 1 a One healthy Orobanche belonging to the control group (fungus-
free) in pots (arrows). b Control group Orobanches on the host (sunflow-
er), removed from the soil (arrows). ¢ The fungus used, A. alliaceus, its
view on 20% Czapek yeast—sucrose—agar media (CYA20S). d Due to
fungal infection, an Orobanche stem with darkened bottom (arrows)
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(the upper sides are still healthy). e Orobanche stems (white arrows)
completely dead by fungal infection, and fungal mycelium residues (yel-
low arrowheads) on it. f Small Orobanches, healthy (on the left),
completely dark and dead (in the middle and right ones) with the accu-
mulation of phenols after the fungal infection
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followed by preparation of pure cultures. This is because
CYA20S was found to be the most efficient formulation
for fungi in trials with different agars [14, 19, 20].

The isolated micro fungi were identified according to Klich
[23] and Raper and Fennell [24] and also the fungal culture
was stocked into CBS (Fungal Biodiversity Centre, Utrecht,
The Netherlands) collection with the code ‘CBS 563.65°.

Plants (sunflower and Orabanche) were grown in pots and
the method of Muller-Stover et al. [25] was applied partially
modified by Aybeke et al. [19]. The pots (140 % 130 mm, no.
3) were filled up to two-thirds with a 1/1 mixture of clay and
sandy soil. Orobanche seeds (fifty milligrammes per kg of
soil; [25]) are poured into the soil and mixed well with a hand
shovel, and then, three sunflower seeds were sown in the pot.
After 14 days, the seedlings were reduced to one so that one
sunflower seedling was left in each pot [19]. The fungus was
kept in stock for future experiments on a special nutrient-poor
agar (SNA) consisting of 1 g KH,PO,4, 1 g KNO3, 0.5 g
MgSO4 x7H,0, 0.5 g KCI, 0.2 g glucose, 0.2 g sucrose and
20 g agar/l at 5 °C [26].

Fungal inoculation experiments were performed by apply-
ing fungus directly onto the post-emergence Orobanche with a
sterile forceps. Two to three square millimetres of CYA20S
agar fungal cultures (Fig. lc) at the tip of the forceps were
used for Orobanche infection tests [12, 13, 21].

Fungus-free Orobanche (uninfected with the fungus) con-
stituted the control group.

All experiments were performed in greenhouse conditions
at temperatures between 15 and 25 °C (within the same day)
or in temperature-calibrated solarium rooms by using HQLR-
lamps (1000 W) under a 16-h light period and 35-40% hu-
midity [27], by adapting the weather conditions to the specific
sunflower—Orobanche life cycle.

Approximately 4-5 days after fungus inoculation, necrotic
damaged Orobanches were (Fig. 1e—f) removed from the pots
and immediately stored in a deep freezer at — 86 °C, for below
specific physiological experiments [12, 13, 21].

Hormonal analysis

Healthy (control) and infected Orobanche stems (experimental/
test group) (200 mg frozen Orobanche samples) were extracted
with the TissueLyser LT (Qiagen, TissueLyser LT) [28] with
minor modifications [29]. After lysis in a 2-ml extraction tube
for 2 min, a 100-mg pellet was mixed with 1 ml extraction
solvent (methanol/isopropanol, 50:50 (v/v) with 0.5% of am-
monium formate) in an Eppendorf tube. This mixture was
vortexed rapidly under freezing conditions and then centrifuged
at 10,000 rpm for 10 min at 4 °C (Bioer Mixing Block MB-
102). The supernatant was filtered through a 0.22-um PTFE
filter. Extracted samples (200 pl) were analysed by UPLC-
ESI-MS/MS (API4000 QTrap; Applied Biosystems).

For authentic hormonal activity analysis, standards of each
hormone (indole acetic acid, TAA; gibberellic acid, GA;
abscisic acid, ABA; salicylic acid, SA; jasmonic acid, JA)
were loaded onto the MS/MS system to determine fragments
and voltage conditions. Then, mixtures of the five hormones
were prepared in concentrations ranging from 0.05 to
50 pg/kg to establish five points for calibration. Calibration
curves for each hormone were generated using Analyst soft-
ware (Applied Biosystems). Samples (50 pl) were then
analysed by UPLC-ESI/MS-MS and Spark UPLC system
integrated with an Applied Biosystems QTRAP 4000
(Applied Biosystems).

Chromatographic separation was performed on a
Phenomenex Luna 3 pm C18(2) 100 9 2.0 mm column at
40 °C. The solvent gradient used was 100% A (99.5%
H,0:0.5% ammonium formate) to 100% B (99.5%
MeOH:0.5% ammonium formate) over 5 min. The gradient
profile for hormones was constructed as follows: ((time in
min)/A %): (0/98), (1/2), (3/2), (4/98), (5/98). Hormone anal-
yses were performed with a Turbo ion spray source in negative
ion mode with MRM options in the Analyst software. The
curtain gas was set at 10 a.u., the source temperature was
400 °C, and ion source gases 1 and 2 were both 20 a.u. The
declustering potential was set at 100 V. The source voltage
was 3500 V [29].

Secondary metabolite analysis
Chemicals, standards and reagents

Formic acid (98—100%), methanol (Hypergrade LC MS), iso-
propyl alcohol (2-propanol) and DMSO were purchased from
Merck, Darmstadt, Germany. Ammonium formate (HPLC
grade) was from Sigma—Aldrich, Germany. Reference stan-
dards, gallic acid, catechin, 2-5 dihydroxybenzoic acid,
trans-caffeic acid, syringic acid, trans-sinapic acid, trans-p-
coumaric acid, trans-ferulic acid, resveratrol and salicylic acid
were from Fluka and protocatechuic acid was purchased from
HWTI Analytik Gmbh, Germany. MTT (3(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazo-lium-bromide) was pur-
chased from Biomatik Cambridge, Ontario. Phosphate-
buffered saline (PBS) and molecular biology grade water were
from Gibco, Invitrogen, Carlsbad, CA, USA. The resistance
of ultra-distilled water used for instrumental analysis was
18.2 M€

Liquid chromatography and mass spectrometry
conditions

Phenol analyses were performed on an Agilent 1200 infinity

LC in combination with the Agilent 6460 Triple Quadrupole
MS/MS System, equipped with a Jet Stream Electrospray
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ionization source (Agilent Technologies, Palo Alto, CA,
USA). The analytical column was Agilent Poroshell 120
EC-C18 (4.6 9 50 mm, 2.7 Im particle size) and set at 25 °C.
Mobile phase A consisted of UPW, 0.2% ammonium formate
(v/v) and 0.2% formic acid (v/v). Mobile phase B consisted of
methanol, 0.2% ammonium formate (v/v) and 0.2% formic
acid (v/v). The flow rate was 0.3 ml/min at ambient tempera-
ture. The injection volume was 1 pl and the LC gradient
conditions were as follows: 0—1 min, 70% A, 30% B; 3—
7 min 30% A, 70% B; 9-10 min 50% A, 50% B; 11—
12 min; 70% A, 30% B. The run time was 12 min.

The optimized MS analysis parameters were as follows:
gas temperature was set at 325 °C, the nebuliser gas pressure
was set at 45 psi, the nozzle voltage was set at 500 V, the
capillary at 3000 V, sheath gas temperature at 400 °C and
sheath gas flow at 12 L/min. Multiple reaction monitoring
(MRM) was performed on the positive and negative ion mode.
Data acquisition was performed with Mass Hunter (version
B.06.01) software. Nitrogen (N2) was used as the collision
gas at 1.12 mTorr. Calibration standard mixes were prepared
in 50% UPW, 25% methanol and 25% isopropanol at calibra-
tion concentrations of 1-200 ng/ml.

Statistical analysis

All tests were repeated independently three times and differ-
ences in data of, hormonal, and metabolic tests of control and
experimental groups were compared by ANOVA, which
means separation by Duncan’s test using SPSS 18 software
at a significance level of p <0.05, as described our previous
studies [12, 13, 21].

Results
Hormone analysis results

GA, the amount of hormone in the experimental group (A.
alliaceus-infected Orobanche group) was almost 10 times
lower than the control. Amount of GA hormone in experimen-
tal group 7.58 ng/ml (£80), control hormone value
77.74 ng/ml (+56) (Fig. 2).

ABA, the amount of hormone in the experimental group is
quite low compared with the control. Experimental group,
88.11 ng/ml (+ 1.68); control, 142.49 ng/ml (+3.22) (Fig. 2).

IAA, the hormone of the test group (139.43 ng/ml; £31)
was significantly higher than the control group (93.62 ng/ml;
+1.25) (Fig. 2).

SA, the values of the control and test groups
(5.90 ng/ml; £19) and (5.28 ng/ml; +12), respectively,
were close to each other.

JA, values of the test group (32 ng/ml; +02) were signifi-
cantly lower than the control (58 ng/ml; +029) (Fig. 2).
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The values of all hormones except IAA were considerably
lower than those of the control.

The highest hormone levels were observed in the ABA
control group and then in the IAA experimental group (Fig.
2). The hormone values of the SA group are similar.

The lowest hormone values were observed in JA control
and experimental groups (Fig. 2). According to statistical
analysis, hormone values of all experimental groups were sig-
nificantly different from those of control (Fig. 2).

Secondary metabolite (phenols) analysis results

Catechine, the amount of this phenol in the control group was
9.55 ng/ml (+ 21), while in the test group it was 3.16 ng/ml (+
14). The value in the test group is considerably lower than the
control (Fig. 3).

Gallic acid, in the test group, the value of this phenol in-
creased almost 4-fold compared with the control. The control
value was 6.22 ng/ml (+1.39) and the test group value was
27.02 ng/ml (£ 1.15) (Fig. 3).

Syringic acid, the experimental group increased 3 times
more than the control group. Control, 10.24 ng/ml (£ 52);
the experimental group, 30.15 ng/ml (+ 16) (Fig. 3).

Caffeic acid, in the test group, the value of this phenol
increased almost 10-fold compared with the control.

P-coumaric acid, the value in the test group is well below
the control (Fig. 3).

Phenol amounts in catechine and p-coumaric acids are
considerably lower than those of control; on the contrary,
in gallic acid, syringic acid and caffeic acid, phenol
amounts are quite higher than control values. The highest
increase is caffeic acid. The value of this phenol is 10
times higher than in the control. The value increases/
decreases in other phenols changed almost 3-6 times
compared with the control (Fig. 3). According to statisti-
cal analysis, all experimental group phenol values were
significantly different from those in the control (Fig. 3).

Discussion
According to hormonal tests

GA, ABA and JA hormones decreased significantly compared
with control. Although the SA values were close to each other
in the control and experimental groups, the difference was
significant. The IAA hormone in the experimental group
was significantly higher than the control group. In other
words, during the pathogenesis of A. alliaceus, only the IAA
hormone was significantly elevated in the Orobanche, while
the other hormones decreased considerably.
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Fig. 2 Hormone levels in control and experimental groups. IAA,
indoleacetic acid, F=5819,094, df=3, P=0.0000*%; GA, gibberellic
acid, F=1710,269, df=3, P=0.0000%; ABA, abscisic acid, F=
993,159, df=3, P=0.0000%; SA, salicylic acid, F=55,878, df=3, P=
0.0000*, JA, jasmonic acid, F'=72,827, df=3, P=0.0000*. The

Several functions of plant hormones

As ahormone, gibberellins (GA) have different effects such as
seed germination, elongation, flowering, stimulation of pho-
tosynthetic activity, the formation of sex features flowering
and fruit formation [30].

GA rapidly decreases when the plant encounters biotic and
abiotic stress [31]. GA is a dense crosstalk with other hor-
mones, and its levels fall rapidly if a stress is met during
development. Therefore, GA has a negative role in defence,

numbers in the columns define standard error data. * indicates
significant differences between control and Aspergillus infected
experimental groups according to one-way ANOVA, Duncan test (p <
0.05)

but GA signalling mediates stress tolerance through the con-
trol of cellular redox homeostasis [32].

ABA is a hormone that makes seed dormancy and sup-
presses floral induction and is particularly important in re-
sponse to abiotic stress [33, 34]. Additionally, ABA can in-
crease or decrease plant resistance compared with pathogenic
agents (bacteria, fungi), whereas it always increases resistance
to viral pathogens [35-37]. Therefore, ABA is a multifaceted
effective hormone; therefore, its response varies according to
bacteria and fungi and to their function in the infection
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Fig. 3 Phenol levels in control and experimental groups. Catechine, F'=
292,923, df=3, P=0.0000%; Gallic acid, F'=70,490, df=3, P=
0.0000*; Syringic acid, F'=1503,436, df=3, P=0.0000*%; Caffeic acid,
F=403,271, df=3, P=0.0000*; P-coumaric acid, F'=154,457,138,

process. As a general information, ABA response develops in
necrotrophic interactions [38]. For example, ABA activated
disease-resistant and callose formation against fungal patho-
gen Leptosphaeria maculans in Brassica napus and
Arabidopsis [39].

Various phytopathogenic fungal agents synthesise ABA as
a virulence factor ABA is important in mutualistic interactions
between host plant and pathogen [40, 41], and its deficiency
reduced the pathogen effect as described in the examples be-
low (tomato, Bortyis cinerea; tobacco, Ralstonia
solanacearum; Arabidopsis, Plectosphaerella cucumerina;
and rice, Magnaporthe oryzae) [42—45].
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df=3, P=0.0000*%. The numbers in the columns define standard error
data. * indicates significant differences between control and Aspergillus
infected experimental groups according to one-way ANOVA, Duncan
test (p<0.05)

SA is involved in plant defence activation against fungal
pathogens, bacteria, sap-absorbing herbivore biotrophs and
hemibiotrophs [46, 47]. SA-dependent responses are triggered
by chewing herbivor insects and other biotrophic pathogen
attacks [48]. Following local pathogen attacks, systemic ac-
quired resistance (SAR) is initiated by activation of the SA
and activation of the pathogen-related genes [49]. For exam-
ple, SA-inducing genes are activated in Strawberry during
Colletotrichum infection.

JA is an important hormone especially in defence against
mechanical injury, insect herbivor, abiotic and biotic stress
conditions, defence against nematodes, heavy metal, cold
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stress, drought stress, salt stress and UV stress, and changes
caused by seasonal and circadian rhythms [50, 51].

Auxin (IAA) is known as multifunctional growth and de-
velopment regulators in plants [52]. Auxin is the main regu-
lator of almost all aspects of plant growth, morphogenesis and
including adaptive responses to environmental stimuli. It also
plays a key role in integrating environmental stimuli into
growth adaptations [53].

When plants are exposed to environmental stresses,
auxin signalling decreases under ROS accumulation, and
thus cause a decrease in plant growth and development
[54]. Thus, it is more resistant to stress. For instance,
auxin accumulation decreased in rice and tomatoes have
under salt stress [55]. Indeed, in tomato, IAA concentra-
tion decreased by 75% with salt stress. Nevertheless, the
accumulation of IAA in in wheat ears was 300 times
higher than control (fungus-free) during Fusarium
graminearum (fungus) infection, and IAA application sig-
nificantly suppressed Fusarium culmorum infection in
barley [56]. Against Al toxicity in wheat, auxin signal
transduction provides resistance by increasing malic acid
concentration [57]. In addition, under some viral attacks,
the plant could partially run into the auxin signalling path-
way [58]. In potato, auxin caused resistance or sensitivity
to infection depending on the type of pathogen
(necrotrophic or biotroph) [59]. Therefore, upon these ex-
amples above, it is understood that resistance is provided
by auxin or other auxin antagonist hormones, depending
on the host plant and the type of pathogen [60].

Cross relations between hormones and comparison
with the present results

In addition, there is an antagonistic relationship between JA
and other hormones (IAA, ABA and SA) in the process of
fighting stress [61], and depending on the type of pathogen,
defence response generated by fine tuning crosstalk relations
between these hormones [62, 63]. At this point, the JA and SA
signal form the backbone of the defence response [64].
However, according to present results, all 3 hormones
(ABA, SA and JA), which are very important in defence, are
significantly lower than the control group (Fig. 2). In addition,
according to Maggio et al. [65], GA decline and ABA increase
are important in adaptation and struggle against stress.
However, GA values have decreased considerably like these
3 defence hormones (Fig. 2).

According to the analysis of phenolic substances
(secondary metabolite)

Gallic acid, syringic acid and caffeic acid values were signif-
icantly increased in experimental groups. On the contrary,

catechine and p-coumaric acid values were significantly lower
than the control. All these differences are significant (Fig. 3).

Various effects of phenolic substances

Syringic acid has anti-oxidant, anti-endotoxin, and anti-bacte-
rial, anti-cancer and also has cardio protective effect [66, 67].

Gallic acid has strong anti-fungal, anti-oxidant, anti-carci-
nogenic, anti-oxidative, anti-mutagenic and anti-
inflammatory activities [68]. Gallic acid also protects tissues
and organs from the damage of toxic compounds [69].

Caffeic acid derivatives are anti-inflammatory, anti-apopto-
tic, anti-oxidant, anti-viral, anti-proliferative, neuroprotective,
immunomodulatory, anti-inflammatory, anti-carcinogenic and
neuroprotective effects [70]. It prevents cancer metastasis, re-
duces cancer proliferation and viability [71].

Catechin and p-coumaric acid have also anti-oxidant, anti-
cancer, anti-bacterial effects are available [72, 73] and their
values were significantly lower than other phenols and control
group (Fig. 3). At this juncture, no information on the
synergistic/antagonistic interaction between phenols was
found; however, it is clear that the pathogenicity of A.
alliaceus accelerates the metabolism of gallic acid, syringic
acid and caffeic acid in the Orobanche while reducing the
biosynthesis of other phenols. As phenolic compounds are
used against the attack of microorganisms, insects, herbivores,
and they have anti-microbial effects [74]. These changes in
phenol levels are thought to be due to A. alliaceus pathoge-
nicity and its different effects on phenol biosynthesis path-
ways. Indeed, after fungal infection, all Orobanches have
darkened and died, as described in Fig. le—f.

Relationship between present results and previous A.
alliaceus study

Based on the our recent transcriptomic study, during
Orobanche pathogenesis of A. alliaceus, it was determined
that A. alliaceus (1) activates only siiperoxide dismutase
(SOD) from anti-oxidant enzymes, (2) induces free radical
damage, (3) damages protein synthesis metabolism, (4) in-
hibits other anti-oxidant (except SOD) and apoptosis-based
defence reactions and ultimately lead to a slow and contin-
uous death [21].

According to present hormonal results, A. alliaceus de-
creases considerably the effects of all defence hormones (JA,
ABA, SA), and activates IAA hormone at highest level. In
addition, it is evident that mainly secondary metabolite-
based defence is carried out and which could not reduce the
damage of the fungus. This is because Orobanche is dying
completely (Fig. le, f) and none of the abovementioned dam-
ages have been repaired by the IAA. In short, our previous
study [21] and present results showed parallelism.
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Different pathogenic effects of Fusarium and A.
alliaceus on Orobanche (for comparison purposes)

In a previous study, Fusarium oxysporum (fungus) was found
to cause serious hormonal disorders in Orobanche, inducing
an only SA-based defence, and rapidly increasing the values
of'some phenols and finally killing quickly Orobanche [13]. In
other words, the effect mechanisms of the Fusarium and
Aspergillus fungi on Orobanche were different from each oth-
er, and this was probably due to their unique mycotoxins.
Consequently, A. alliaceus disrupted the hormonal balances
in the Orobanche, weakened its defence and eventually killed
Orobanche slowly.
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