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Extract from Curcuma longa L. triggers the sunflower immune system
and induces defence-related genes against Fusarium root rot
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Summary. Sunflower (Helianthus annuus L.) has economic value worldwide Fusarium root rot, caused by Fusarium
solani (Mart.) Sacc., is the most important disease in sunflower crops, causing considerable economic losses. Seed
treatment with a turmeric aqueous extract was tested for control of Fusarium root rot. Gas chromatography-mass
spectrometry analysis of the extract identified three major constituents; ar-curcumin, camphor and a-turmerone.
The greenhouse experiment showed that incidence and severity of sunflower root rot were significantly reduced
after treatment with turmeric extract. Plant growth parameters also increased 2 and 4 weeks after inoculation. In
addition, treatment with turmeric extract triggered the sunflower immune system, as indicated by the induction of
host phenolic content and activity of antioxidant enzymes (peroxidase and phenylalanine ammonia lyase). Differ-
ential display-PCR of the treated plants showed distinct profiles of gene expression in response to the treatments.
Of the four bands randomly selected for sequencing and identification, three up-regulated genes that encode
defence-related proteins (glutathione S-transferase 6, ascorbate peroxidase, and defensin) were detected. A time-
course real-time quantitative PCR was carried out on mRNA of the defence-related genes defensin and chitinase
of the treated sunflower seedlings. After 14 d, treatment with turmeric extract enhanced the expression levels of
chitinase by > nine-fold and defensin genes by > four-fold. Based on these results, we recommend treatment of

sunflower seeds with turmeric extract as a disease management method against Fusarium root rot.
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Introduction

Sunflower (Helianthus annuus L.) is one of the most
economically important crops worldwide. It is used
for edible oil production, as a livestock fodder, bird
feed, and for various industrial purposes. Plant dis-
eases, caused by different soil- and seed-borne fun-
gi, are among the most important factors affecting
sunflower production worldwide, and can result in
high yield losses (Rashad et al., 2012; Al-Askar et al.,
2014b). Fusarium root rot, caused by Fusarium solani
(Mart.) Sacc., is the most important disease of sun-
flower (Ghoneem et al., 2014). The symptoms of this
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disease include root, collar, and stem rots, seedling
damping-off and wilting, and stunting of the affected
plants (Harveson and Woodward, 2016).

Control of fungal plant diseases using synthetic
fungicides is possible but undesirable due to poten-
tial deleterious effects on human and animal health,
microorganisms, and the environment (Maitlo et al.,
2015). In addition, new resistant strains of fungal
pathogens may develop resulting from repeated use
of fungicides, especially those with specific sites of
activity (Kitchen et al., 2016). Therefore, there is a re-
quirement for new effective and eco-sustainable alter-
natives for control of fungal plant pathogens.

“Natural” control, using antifungal extracts of
medicinal plants, may provides valuable solutions
to address this issue (Al-Askar and Rashad, 2010;
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Al-Askar et al., 2014a; Ghoneem et al., 2016). These
plant extracts can have good efficacy against the phy-
topathogenic fungi, due to the synergistic antifungal
activity of their various phytochemical constituents
(Gahukar, 2012; Baka and Rashad, 2016).

Curcuma longa L., common name turmeric, is an
herbaceous plant in the Zingiberaceae. It is widely
grown in south Asia and used as a spice, food fla-
vouring, and as a human cosmetic colouring agent.
Turmeric has been traditionally used for many phar-
maceutical purposes, including as antioxidant, anti-
inflammatory, anti-diabetic, hepatoprotective and
anti-carcinogenic treatments (Nasri et al.,, 2014). In
addition, antifungal, antibacterial, antiviral and an-
tiparasitic activities have also been reported (Mogh-
adamtousi et al., 2014). The present study was carried
out to investigate the potential of an aqueous extract
of turmeric for activity against Fusarium root rot of
sunflower, and the genetic and biochemical effects of
the extract on sunflower plants.

Materials and methods
Plant material and extraction

Fresh rhizomes of turmeric were obtained from
a local market (El-Hawag company, Cairo, Egypt).
These were cut into small pieces and air dried for 1
week. The air-dried samples were then ground to fine
powder, of which 100 g was added to 1 L of sterilized
distilled water and left for 24 h. The extract was fil-
tered twice using a filter paper (Whatman no. 1). The
resulting filtrate at this concentration (10%) was used
as a crude extract and kept at 4°C for subsequent in-
vestigations.

Fungal inoculum

An isolate of F. solani (GenBank: KJ831188.1) was
provided by the Department of Plant Protection and
Biomolecular Diagnosis, Arid Lands Cultivation Re-
search Institute, Egypt. The fungus was maintained
on potato carrot agar held at 4°C until used. For fun-
gal inoculum preparation, Petri plates containing po-
tato dextrose agar (PDA, Difco) were inoculated with
discs (5 mm diam.) of 7-d-old culture of F. solani. The
plates were incubated for 10 d at 25+2°C under cool
white light. Fungal conidia were harvested using ster-
ile water and the conidial suspension was adjusted at
3 x 10°conidia mL".
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Analysis of the turmeric extract

Constituents of the turmeric aqueous extract
were identified using a GC-MS-QP 2010 gas chroma-
tography-mass spectrometry (GC-MS) system (Shi-
madzu), equipped with a flame-ionization detector
and a Rtx-5MS column (30 m x 0.25 mm, 0.25 pm
thickness), using helium gas as the carrier. The con-
stituent compounds were identified by matching the
mass spectrum of individual compounds with those
in the NIST11 library (Gaithersburg, Maryland,
USA).

Pot experiment

Plastic pots (15 cm diam.), previously sterilized
using 5% formadehyde solution, were filled with
sterile sandy-clay soil at 1 kg per pot. Sunflower
seeds were obtained from a local market. They were
surface sterilized using 1% NaOCl solution for 4 min,
then washed twice using sterile water and dried be-
tween two sheets of sterile filter paper. In each pot,
five apparently healthy sunflower seeds were sown
and irrigated as necessary. For seed treatment with
turmeric extract, sunflower seeds were soaked in
the aqueous extract for 12 h before planting. For
the experimental control treatment, five seeds were
soaked in sterile water for 12 h before planting. Fun-
gal infection was achieved by adding 5 mL of the
E. solani conidial suspension around the hypocotyls
of 3-week-old seedlings. Ten pots were treated with
water only and served as an experimental control
treatment. The applied treatments were as follow;
untreated control (C), treated only with turmeric ex-
tract (E), inoculated with the pathogen (P), or treated
with turmeric extract + inoculated with the patho-
gen (E+P). For each treatment ten replicate pots
were used. The pots were arranged in a completely
randomized design in a greenhouse maintained at
24/16°C (day/night), under 12 h photoperiod and at
60% relative humidity.

Analysis of plant growth parameters

Two and 4 weeks after inoculation, 15 plants for
each treatment were carefully uprooted, washed us-
ing tap water and data of germination percentage,
plant height, shoot and root weights and numbers of
leaves were recorded. Shoot dry weights were record-
ed after oven drying at 80°C for 48 h.
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Disease assessments

Disease severity (DS) and incidence (DI) of Fusa-
rium root rot were assessed 2 and 4 weeks after inocu-
lation. Disease severity was evaluated using the 0-5
scale described by Filion et al. (2003).

. ) Yab
Disease severity(%) = 2K x 100

where, a= number of diseased plants with the same
infection degree, b = infection degree, A = total num-
ber of the evaluated plants, and K = the greatest infec-
tion degree. Disease incidence was calculated for each
treatment according to the following equation:

a
Disease incidence(%) = a x 100

where, a = number of diseased plants, and A = total
number of evaluated plants.

Biochemical analyses

For each treatment, 15 plants were collected 2
and 4 weeks after inoculation, and were analyzed
for total phenol content using Folin Ciocalteau rea-
gent (Sigma-Aldrich) according to the method of Ma-
liak and Singh (1980). Extraction and assay for per-
oxidase (POX) was accomplished using the methods
described by Maxwell and Bateman (1967), and for
phenylalanine ammonia-lyase (PAL) enzyme as de-
scribed by Beaudoin-Eagan and Thorpe (1985).

Molecular analyses

Plant samples from the four treatments at three-
times (7, 14, or 28 d after inoculation) were harvested
and immediately frozen for subsequent differential
display PCR (DD-PCR) molecular analyses.

RNA extraction and cDNA synthesis

Extraction of total RNA was carried out from the
sunflower roots (0.5 g) using an RNA extraction kit
(Qiagen) following the manufacturer’s instructions.
The obtained RNA was incubated with DNase for 1 h
at 37°C and quantified using a NanoDrop 1000 spec-
trophotometer (Thermo Scientific). An RT-PCR kit
(Omniscript RT; Qiagen) was used for the synthesis of
cDNA. Each 20 pL reaction mixture contained: 2.5 puL
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of 5x buffer, 2.5 uL of MgCl,, 2.5 uL of 2.5 mM dNTPs,
4 uL oligo (dT) 10 as primer (20 pmol uL"), 2 ug RNA
and 0.2 uL (5 unit pL") reverse transcriptase enzyme
(Omniscript RT, Qiagen)., the RT-PCR amplification
was performed using a thermal cycler (Promega), at
42°C for 1 h and 65°C for 20 min.

PCR amplification and sequence of potential re-
sistance genes

PCR amplification of cDNA was carried out on
RNA from sunflower samples collected 14 d after inoc-
ulation, using three arbitrary primers (A2, A4 and R2)
(Table 1). These sequence 5" primers were selected and
used based on their reproducibility in previous inves-
tigations (Pinto et al., 2004; El-Bakatoushi, 2011). Each
25 pL reaction mixture contained 10 ng cDNA, 2.5 uL
of 5x buffer, 2.5 uL of MgCl,, 2.5 uL of 2.5 mM dNTPs,
1 pLprimer (10 pmoluL™), and 0.2 pL (5 unit uL™) Taq
DNA polymerase (Promega). The PCR was carried
out using a SureCycler 8800 thermocycler (Agilent
Technologies) and the following conditions: one cycle
at 94°C for 5 min, 35 cycles (each at 95°C for 30 sec,
30°C for 1 min, and 72°C for 2 min), and a final cycle at
72°C for 10 min. To overcome the non-reproducibility
of the DD-PCR technique, biological (different plants
of the same treatment) and technical (different ampli-
fications of the same template DNA) replications were
performed in triplicates. The PCR-amplified products
were gel eluted and purified using a purification kit
(Maxim Biotech Inc.). Sequencing of the PCR products
was subsequently accomplished using the BigDye
Terminator Cycle Sequencing kit (Perkin Elmer) on an
automated DNA sequencer (ABI Prism 3100 Genetic
Analyzer; Perkin Elmer). The resulting sequences
were aligned and subjected to BLAST search to assign
putative identities. The nucleotide sequences obtained
were submitted to the GenBank database.

Quantitative Real-Time PCR (qRT-PCR)

Specific primers of the defence-related genes
defensin and chitinase (Table 1) and the refer-
ence  gene pf-actine (forward 5-GTGGGCCG
CTCTAGGCACCAA-3' and reverse 5'-CTCTTTGAT
GTCACGCACGATTTC-3"), were used (Saleha, 2010).
For sunflower plant samples collected at 7, 14, and 28
d after inoculation, qRT-PCR was carried out using
TOPreal™ gPCR 2X PreMIX SYBR Green (Enzynom-
ics) according to the manufacturer’s instructions. The
Rotor-Gene Real Time thermo-cycler (Qiagen) was
programmed at 95°C for 1 min, followed by 40 cycles
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Table 1. Nucleotide sequence of the primers used for DD-PCR.

Primer Sequence Reference

A2 5-GAAACGGGTGGTGATCGC-3'

A4 5'-GGACTGGAGTGTGATCGC-3'

R2 5-CAGGCCCTTC-3'

Chit F 5-CTGCAGTGTCAGCAGCTGAT-3' Mazeyrat et al., 1998
R 5-CTGCACCAGATGGGCGATTT-3'

Def F 5-GTGAGAAGGCAAGCCAGACA-3" Huetal., 2003
R 5-TCAAGGTTTGGCTGTCGCCT-3'

each at 95°C for 15 sec, 55°C for 15 sec and 72°C for
20 sec. The comparative method (Ct) was used to ana-
lyse the data (Schmittgen and Livak, 2008).

Statistical analyses

The data obtained were statistically analyzed us-
ing the CoStat system (CoHort Software), version
6.4 (CoStat, 2005). The data were firstly subjected to
analysis of variance (ANOVA), and the means com-
parisons were carried out using the Duncan's multi-
ple range test (Duncan, 1995) at P < 0.05.

Results and discussion
GC-MS analysis of turmeric extract

Seven compounds were identified in the aqueous
extract from turmeric rhizomes (Table 2). The ma-
jor constituents were ar-curcumin (26.9%), camphor
(18.6%), and a-turmerone (14.9%). Four constituents,
octadiene, methyl hexyne, - pinene, and cyclooctene,
were also present in lesser proportions. These results
are similar to those of Singh et al. (2010).

Atleast 235 compounds have been identified from
different parts of turmeric plants (Li et al., 2011). In
rhizomes, curcuminoids are the main components
with varying content depending on source of plants,
agricultural conditions, geographical location, and
extraction method. Curcuminoids are yellow diaryl-
heptanoid pigments, which represent the principal
active compounds (Lv and She, 2010).

Effects of turmeric extract treatment on root rot of
sunflower

The results presented in Table 3 show that infec-
tion with F. solani led to high levels of disease in-

cidence and severity that gradually increased with
time after inoculation. Pre-treatment of sunflower
seeds with turmeric aqueous extract before plant-
ing significantly reduced root rot incidence and se-
verity compared to the untreated inoculated treat-
ment.

These results are similar to those of Islam and
Faruq (2012) for turmeric extracts used against seed-
ling damping-off of tomato, eggplant and chilli pep-
per. Antifungal activity of turmeric extract has also
been reported by Wongkaew and Sinsiri (2014) against
the fungal pathogens Alternaria alternata, Pythium sp.,
and F. oxysporum f. sp. lycopersici. This fungitoxicity
can be attributed to the chemical constituents of tur-
meric extract. Among curcuminoids that constitute
the major components, the polyphenolic compound
curcumin has been reported as an antifungal, antibac-

Table 2. Chemical constituents of aqueous extract from tur-
meric rhizomes.

Peak ¢ Retention  Peakarea gy, Compound
1 6.40 5.80 23657 B- pinene
2 14.18 26.94 88121 ar-curcumin
3 21.30 18.55 63180 Camphor
4 25.76 1.62 35408  Cyclooctene
5 31.64 10.81 41003 Octadiene
6 48.35 14.85 31658 a-tumerone
7 51.70 9.60 13549 Methyl

hexyne
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Table 3. Mean Fusarium root rot incidence and severity in 2 or 4 weeks after different treatments were applied to sunflower

seeds.
Disease incidence (%) Disease severity (%)
Treatment*
2 weeks 4 weeks 2 weeks 4 weeks

Control (C) 0" 0° 0° 0°
Extract (E) 0° 0° 0° 0°
Pathogen (P) 40.3 £1.13° 55.4 +1.20° 37.3£0.93 44.3 +£1.01°
Pathogen + Extract (P+E) 22.9+0.97° 37.3+1.06° 16.8 +0.87° 23.1+0.94°

* Values are the means of fifteen replicates + standard errors

** Values of each column followed by the same letter are not significantly different according to Duncan’s multiple range test (P < 0.05).

terial, antiviral, and antimalarial agent (Moghadam-
tousi et al., 2014).

In addition to numerous biological properties,
recent studies have demonstrated the antifungal ac-
tivity of curcuminoids against several fungi includ-
ing phytopathogens (Alnashi and Abdel Fattah, 2016;
Amalraj et al., 2016). This activity may be attributed
to the polycationic nature and/or to inhibition of the
synthesis of particular enzymes (Tongnuanchan and
Benjakul, 2014). Camphor is also one of the major
components of the turmeric extract. This terpenoid
has high antifungal and antibacterial activities, in
synergism with other extract components (Chen et al.,
2013). a-turmerone is another major component of the
turmeric extract, which possesses antifungal activity.
Dias Ferreira et al. (2013) reported reductions in myce-
lium growth, conidial viability, sporulation, and mor-
phological changes in Aspergillus flavus treated with
the essential oil from C. longa. In addition, p-pinene
has also been reported as a potent fungitoxic agent.
da Silva et al. (2012) reported the complete killing of
Candida albicans inoculum within 1 h from treatment
with (+)-B-pinene. Therefore, the control activity of
the turmeric extract against root rot of sunflower is
likely to be due to synergistic antifungal effects of the-
ses chemical constituents.

Effects of turmeric extract treatment on sunflower
growth parameters

Mean values of the measured sunflower plant
growth parameters 2 and 4 weeks after inoculation
with F. solani and /or treatment with turmeric extract
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are presented in Table 4. These included reductions
in the growth parameters of the inoculated plants
compared to uninoculated plants. The negative ef-
fects of the resulting disease increased with time from
inoculation. In contrast, increases in the percentage of
the means of percent seed germination, plant height,
shoot and root weights, and numbers of leaves were
recorded in the plants treated with turmeric extract
compared to the non-treated control plants. These pa-
rameters increased with time from inoculation. Fur-
thermore, the turmeric extract treatment reduced the
negative effects of disease on the plants compared to
the untreated, inoculated plants. In addition to dis-
ease control, turmeric increased seed germination and
seedling growth for the non-inoculated treatment.

These results are similar to those reported by Pal
et al. (2013), who recorded increased germination pro-
portions of soybean and maize seeds when treated
with 0.5% turmeric extract compared to untreated
seeds.

Biochemical changes

In addition to the direct antifungal effects of tur-
meric extract, another possible indirect mechanism
may be responsible for disease control. Turmeric ex-
tract may trigger the defence responses of sunflower
plants against the root rot pathogen. To test this hy-
pothesis, effects of turmeric extract treatment on the
total phenol content and POX and PAL activities were
evaluated.

The data presented in Table 5 show the effects
of turmeric extract on the total phenol content and
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Table 4. Mean seed germination and parameters for sunflower plants, the seedlings of which received different treatments
of Fusarium solani inoculation and / or turmeric extract application, at 2 and 4 weeks after treatment.

Germination (%) Plant height Shoot fresh weight Shoot dry weight
Treatment* (cm) (9 (9)
2w 4w 2w 4w 2w 4w 2w 4w
Control (C) 79.7 £1.2** 82.6+0.5° 7.6+0.10° 16.940.9®° 3.240.21° 6.6+0.15° 0.48+0.04° 0.99+0.03°
Extract (E) 90.0 £1.1*  91.6+£1.1* 8.9+0.11* 19.0+0.7* 4.1£0.23* 7.5+0.22® 0.64+0.03" 1.1+0.04*
Pathogen (P) 65.0+1.0° 69.7+0.7¢ 5.5+0.09° 10.9+0.6° 2.8+0.11° 5.440.13° 0.39+0.02° 0.7620.01°

Pathogen + Extract (P+E)  76.0 £1.0° 79.3+0.6° 6.5+0.10 15.7+0.6* 3.1£0.10° 6.5+0.21° 0.48+0.03" 0.99+0.03"

Root fre(sgl; weight Root dr()slJ )weight No. of leaves
Treatment*
2w 4w 2w 4w 2w 4w
Control (C) 1.6£0.13*°  2.240.14*® 0.10+0.03" 0.15+0.03" 2.5+0.40° 3.6+0.50°
Extract (E) 1.7£0.21*  2.4+0.09* 0.11+0.03* 0.16£0.05* 3.0£0.61*  5.6+0.71°
Pathogen (P) 1.140.17¢  1.5+0.15% 0.06+0.01¢ 0.09+0.02¢ 2.0+0.33°  2.6+0.64°

Pathogen + Extract (P+E)  1.4+0.12°  1.9£0.12° 0.08+0.02° 0.12+0.03° 2.3+0.54> 3.0+0.36"™

* Values are the means of fifteen replicates +SE.
** Values of each column followed by the same letter are not significantly different according to Duncan’s multiple range test (P < 0.05).

Table 5. Mean amounts of total phenol, and activities of peroxidase (POX) and phenylalanine ammonia-lyase (PAL) of sun-

flower plants, the seedlings of which received different treatments of Fusarium solani inoculation and / or turmeric extract
application, at 2 and 4 weeks after treatment.

Total phenol POX PAL
Treatment* (mg g™ fresh wt) (Umin™ g” fresh wt) (Umin™ g fresh wt)
2w 4w 2w 4w 2w 4w
Control (C) 7.22 +0.114%* 6.27 +0.08¢ 17.55+0.094 7.16 +0.06¢ 16.83+0.15¢ 11.16+0.07¢
Extract (E) 10.46 £0.15° 8.29 £0.10° 37.7+0.07° 18.57+0.15° 21.4340.12° 17.55+0.13°
Pathogen (P) 13.70 +0.21° 10.39 +0.16" 26.74+0.10¢ 9.24+0.13¢ 18.61+0.11¢ 14.37+0.11¢

Pathogen + Extract (P+E) 15.37+0.15° 11.47 +0.14° 53.27+0.11° 22.77+0.09° 25.32+0.21° 20.13+0.10°

* Values are the means of fifteen replicates +SE.
** Values of each column followed by the same letter are not significantly different according to Duncan’s multiple range test (P < 0.05).

POX and PAL activities in sunflower plants. Two Treatment of seeds with turmeric extract also in-
weeks after inoculation with F. solani, significantly creased amounts of these compounds compared
greater total phenol content and activities of POX with the untreated controls. The greatest amounts
and PAL were recorded for the plants inoculated of total phenol, and greatest POX and PAL activi-
with F. solani than for the uninoculated plants. ties were recorded for the inoculated plants treated
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with turmeric extract. However, these parameters
decreased after 4 weeks.

Devi et al. (2013) reported induction of these de-
fence enzymes in sunflower plants infected with Al-
ternaria helianthi. Plants have several defence mecha-
nisms against invading fungal pathogens. Among
these, production of antimicrobial compounds, such
as phenolics, and the release of defence-related en-
zymes have been reported (Ghoneem et al., 2016).
Antimicrobial activity of phenolic compounds has
protective roles in plants by limiting the spread of
invading pathogens from infected to healthy cells
(Mazid et al., 2011). There is also positive correlation
between hydroxylation of phenolic compounds and
their toxicity to microorganisms (Mansfield, 2000).
Induction of the enzyme POX is another biochemical
mechanism of plant defence (Ghoneem et al., 2016). In
the presence of hydrogen peroxide, POX oxidizes the
phenols to toxic quinines. In addition, POX has role in
lignin and suberin polymerization in plant cell walls,
providing physical barriers to prevent the spread of
pathogens (Fagerstedt et al., 2010). PAL has also been
reported to contribute to plant resistance. This en-
zyme catalyses the conversion of L-phenylalanine to
trans-cinnamic acid, the first step in the biosynthesis

M C E

P E+P

1 kb

500 bp

200 bp

M C E

of polyphenol compounds including lignin, flavo-
noids, phenylpropanoids and phytoalexins (Ngad-
zeet al., 2012).

Molecular investigations

Differential display-PCR

Differential display-PCR of the sunflower plants
showed distinct profiles of gene expression in re-
sponse to the applied treatments. Nine up-regulated
genes and eight down-regulated genes ranging from
100 to 1500 bp were detected in the differential display
band patterns (Figure 1a, 1b, and 1c). For the band
profile of the A2 primer, four up- and three down-
regulated genes were detected in the of turmeric ex-
tract plus F. solani (E+P) treatment compared to the
experimental control (Figure 1a). The band profile for
the A4 primer showed four up-regulated genes and
two down-regulated genes (Figure 1b). One up- and
three down-regulated genes were detected for the
E+P treatment in the R2 band profile R2 compared to
the control treatment (Figure 1c).

Four up- and down-regulated genes from the
three band profiles were selected and sequenced. The
sequences were analyzed using BLAST and FASTA,

P E+P M C E P E+P

Figure 1. DNA fingerprinting of the DD-PCR using different arbitrary primers; A2 (a), A4 (b), and R2 (c) with reference to
the selected bands for sequencing (arrows). M, 1.5 Kbp DNA marker; 1; untreated plant (C); 2, plant treated with turmeric
extract (E); 3, plant inoculated with Fusarium solani (P), and 4, plant inoculated with F solani and treated with turmeric

extract (E+P).
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as well as through direct comparisons with other
gene sequences available in the GenBank database.
The four sequences were successfully identified ac-
cording to the alignment analysis showing high simi-
larity (97-100%), and were deposited in the Genbank
database under the accession numbers listed in Table
6. The sequences were identified as the glutathione
S-transferase 6 gene (up regulated), the Kunitz-type
trypsin inhibitor gene (down regulated), the ascor-
bate peroxidase gene (up regulated), and the defen-
sin-like protein encoding gene (up regulated).

The three up-regulated genes encode defence re-
lated proteins. The glutathione S-transferase gene
family encodes a group of enzymes that are involved
in key plant bioprocesses, such as hydroperoxide de-
toxification in response to various biotic and abiotic
stresses (Islam et al., 2015). They have vital roles in the
inhibition of necrosis caused by pathogens through
detoxification of the organic hydroperoxides of fat-
ty acids, thereby preventing cell death (Dixon et al.,
2010). Induction of the glutathione S-transferase 6
gene is an important defence response to pathogen
attack (Liaoet al., 2014; Ahn et al., 2016). On the other
hand, ascorbate peroxidase, an antioxidant enzyme,
catalyses decomposition of hydrogen peroxide into
water using ascorbate as an electron donor, protect-
ing plant cells against adverse conditions caused by
pathogen attack (Caverzan et al., 2012). Pechanova
and Pechan, (2015) reported that triggering this en-
zyme is among the defence mechanisms of maize
plants in response to infection by A. flavus, Fusarium
spp., and Curvularia lunata. The defensin gene family
encodes antimicrobial and cytotoxic proteins that are
produced in plants as resistance mechanisms against

Table 6. Nucleotide sequences of selected bands from the
differential display-PCR.

Length Accession

No. Gene (bp) No.

1 Glutathione S-transferase 6 463  MF072371
(GSTF6)

2 Kunitz-type trypsin inhibitor 498  MF072366
mRNA

3 L-ascorbate peroxidase 2 538  MF072372
(APX) mRNA

4 Defensin-like protein 220  MF072369

Triggering the sunflower immune system

pathogen attack (Abdallah et al., 2010). This is con-
sistent with what has been observed in this study.
Up-regulation of these genes confirms the triggering
effect of turmeric extract on the immune system of
sunflower plants against infection with F. solani.

gRT-PCR

A time-course qRT-PCR was carried out with
mRNA of the treated sunflower seedlings to assess the
expression of defence-related genes of chitinase and
defensin (Figure 2a and 2b). This showed an increase
in the expression of both genes after 7 d, in response
to inoculation with F. solani or treatment with the tur-
meric extract. Relative expression of both genes was
greater in case of the inoculated seedlings treated with
turmeric extract (treatment E+P) than in the other
treatments. For all treatments, the relative expression

AACq expression
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Figure 2. The relative gene expression of chitinase (a) and
defensin(b) in sunflower plants inoculated with Fusarium
solani and / or treated with turmeric extract at 7, 14 and 28 d
after inoculation, using qRT-PCR. C = control, E = extract-
treated, P = F. solani inoculated, and E+P = extract-treated +
inoculated.
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levels of both genes reached maximum at 14 d after
inoculation. Compared to the control treatment, treat-
ment (E+P) gave the greatest expression levels for chi-
tinase and defensin genes, compared with the other
treatments, resulting in a mean increase of 9.6-fold for
chitinase and 4.3-fold for defensin. After 28 d, the ex-
pression levels of both genes decreased compared to
those at 14 d, but they were still greater than at 7 d.
The expression levels of both genes were greatest for
the treatment (E+P), followed by the treatment (E).

Chitinase catalyses the degradation of chitin, the
main constituent of fungal cell walls, and induction
of chitinase is an important plant defence-related re-
sponse against invading fungal pathogens. Chitinase
therefore acts as an indicator of the plant defence re-
sponse (Abdel-Fattah et al., 2011). Plant defensins are
cysteine-rich peptides that have antimicrobial, enzyme
inhibiting, and heavy metal resistance properties (Van
der Weerden and Anderson, 2013). Despite of their
multifunctional activities, the main effects of plant de-
fensins are against phytopathogenic fungi (Lacerda et
al., 2014). The role of defensins in plant innate immu-
nity against pathogenic fungi has been extensively re-
ported (Van der Weerden and Anderson, 2013; Lacerda
et al., 2014). Two mechanisms of action of antifungal
defensins are described; interaction with the negative-
ly charged molecules in fungal cell walls, causing per-
meability disturbance and cell leakage, or interaction
with phospholipids leading to induction of reactive ox-
ygen species and activation of programmed cell death
(Hegedus and Marx, 2013). Induction of chitinase and
defensin genes in response to treatment with turmeric
extract can explain the increased resistance of sunflow-
er plants against infection with F. solani.

Conclusions

The present study has demonstrated that treat-
ment of sunflower seeds with the turmeric extract
induces resistance against F. solani. The triggered de-
fence responses include increased phenol content and
activation of the oxidative enzymes POX and PAL.
In addition, some defence-related genes were over
expressed. Based on their eco-safety and efficacy, we
conclude that turmeric extracts have potential for
management of the economically important disease
Fusarium root rot of sunflower plants. Further eval-
uation of turmeric extracts should be carried out in
field situations to evaluate efficacy in practical crop
production.

34 Phytopathologia Mediterranea

Acknowledgments

The Deanship of Scientific Research at King Saud
University funded this research, through the research
group no. RG-1438-036.

Compliance with ethical standards

This research did not involve any human and/
or animal experimental subjects. The authors declare
that they have no conflicts of interests.

Literature cited

Abdallah N.A., D. Shah, D. Abbas andM. Madkour, 2010. Sta-
ble integration and expression of a plant defensin in tomato
confers resistance to Fusarium wilt. GM Crops 1, 344-350.

Abdel-Fattah G.M., S.A. El-Haddad, E.E. Hafez and Y.M. Ra-
shad, 2011. Induction of defense responses in common bean
plants by arbuscular mycorrhizal fungi. Microbiological Re-
search 166(4), 268-281.

Ahn S.Y, S.A. Kim and H.K. Yun, 2016. Glutathione S-trans-
ferase genes differently expressed by pathogen-infection in
Vitis flexuosa. Plant Breeding and Biotechnology, 4, 61-70.

Al-Askar A.A. and Y.M. Rashad, 2010. Efficacy of Some Plant
Extracts against Rhizoctonia solani on Pea. Journal of Plant
Protection Research 50(3), 239-243.

Al-Askar A.A., KM. Ghoneem,Y.M. Rashad, WM. Abdulkhair,
E.E. Hafez, Y.M. Shabana and Z.A. Baka, 2014b. Occurrence
and distribution of tomato seed-borne mycoflora in Saudi
Arabia and its correlation with the climatic variables. Mi-
crobial Biotechnology 7(6), 556-569.

Al-Askar A.A., YM. Rashad and W.M. Abdulkhair, 2014a. Eval-
uation of the antimicrobial potential of selected medicinal
plant extracts against some plant and human pathogens.
Journal of Pure and Applied Microbiology 8(1), 159-168.

Alnashi B.A. and A.A. Abdel Fattah, 2016. Antimicrobial activ-
ity of raw and nano turmeric powder extracts. Middle East
Journal of Applied Sciences 6, 787-796.

Amalraj A., A. Pius,S. Gopi and S. Gopi, 2016. Biological activi-
ties of curcuminoids, other biomolecules from turmeric and
their derivatives - A review. Journal of Traditional and Com-
plementary Medicine7, 205-233.

Baka Z.A. and Y.M. Rashad, 2016. Alternative control of early
blight disease of tomato using the plant extracts of Acacia
nilotica, Achillea fragrantissima and Calotropis procera. Phyto-
pathologia Mediterranea 55(1), 121-129.

Beaudoin-Eagan L.D. and T.A. Thorpe, 1985. Tyrosine and phe-
nylalanine ammonia-lyase activities during shoot initiation
in tobacco callus cultures. Plant Physiology 78, 438—441.

Caverzan A., G. Passaia, S.B. Rosa, C.W. Ribeiro, F. Lazzarotto
and M. Margis-Pinheiro, 2012. Plant responses to stresses:
role of ascorbate peroxidase in the antioxidant protec-
tion. Genetics and Molecular Biology 35, 1011-1019.

ChenW.,, I. Vermaak and A. Viljoen, 2013. Camphor-A fumigant
during the black death and a coveted fragrant wood in an-
cient Egypt and Babylon-a review. Molecules 18, 5434-5454.



CoStat 2005. Cohort Software, 798 Lighthouse Ave. PMB 320
Monterey, USA.

Devi, PA., S. Mohan and J. Rajalakshmi, 2013. Induced defence
response of sunflower to Alternria helianthi by biocontrol
consortia. Journal of Today’s Biological Sciences: Research &
Review 2, 29-43.

Dias Ferreira F.,, S.A. Mossini, EM. Dias Ferreira, C.C. Arrotéia,
C.L. da Costa, C.V. Nakamura and M.Jr. Machinski, 2013.
The inhibitory effects of Curcuma longa L. essential oil and
curcumin on Aspergillus flavus link growth and morphol-
ogy. Scientific World Journal 2013, 343804.

Dixon D.P, M. Skipsey, and R. Edwards, 2010. Roles for glu-
tathione transferases in plant secondary metabolism. Phy-
tochemistry 71, 338-350.

Duncan D.B. 1995. Multiple ranges and multiple F test. Biom-
etrics 11, 1-42.

El-Bakatoushi R., 2011. Identification and characterization of
up-regulated genes in the halophyte Limoniastrum mon-
opetalum (L.) Boiss grown under crude oil pollution. Journal
of Genetic Engineering and Biotechnology 9(2),137-148.

Fagerstedt K.V, EM. Kukkola, V.V. Koistinen, J. Takahashi
and K. Marjamaa, 2010. Cell wall lignin is polymerised by
class III secretable plant peroxidases in Norway spruce.
Journal of Integrative Plant Biology 52, 186-194.

Filion M., M. St-Arnaud and S.H. Jabaji-Hare, 2003. Quantifica-
tion of Fusarium solani f. sp. phaseoli in mycorrhizal bean
plants and surrounding mycorrhizosphere soil using real-
time polymerase chain reaction and direct isolations on se-
lective media. Phytopathology 93, 229-235.

Gahukar R.T.,, 2012. Evaluation of plant-derived products
against pests and diseases of medicinal plants: a review.
Crop Protection 42, 202-209.

Ghoneem K.M., SM. Ezzat and N.M. El-Dadamony, 2014.
Seed-Borne Fungi of Sunflower in Egypt with Reference to
Pathogenic Effects and their Transmission. Plant Pathology
Journal, 13, 278-284.

Ghoneem K.M., WI.A. Saber, A.A. El-Awady, Y.M. Rashad
and A.A. Al-Askar, 2016. Alternative preservation method
against Sclerotium tuber rot of jerusalem artichoke using
natural essential oils. Phytoparasitica, 44(3), 341-352.

Harveson R.M. and J.E. Woodward, 2016. Pathogens of sun-
flower. In: Compendium of Sunflower Diseases and Pests(R.M.
Harveson, S.G. Markell, C.C. Block, T.J. Gulya, ed.), APS
Press, St. Paul, MN, USA, 14-16.

Hegedus N. and F. Marx, 2013. Antifungal proteins: more than
antimicrobials? Fungal BiologyReviews 26, 132-145.

Hu X., D.L. Bidney, N. Yalpani, J.P. Duvick, O. Crasta, O. Folk-
erts and G. Lu, 2003. Over-expression of a gene encoding
hydrogen peroxide-generating oxalate oxidase evokes de-
fense responses in sunflower. Plant Physiology 133, 170-181.

Islam M.T. and A.N. Faruq, 2012. Effect of some medicinal
plant extracts on damping-off disease of winter vegetable.
World Applied Sciences Journal 17, 1498-1503.

Islam M.R., K. Chowdhury, M.M. Rahman and M.M. Rohman,
2015. Comparative investigation of glutathione S-trans-
ferase (GST) in different crops and purification of high ac-
tive GSTs from onion (Allium cepa L.). Journal of Plant Sci-
ences 3, 162-170.

Kitchen J.L., F. Van Den Bosch, N.D. Paveley, J. Helps and F.

Triggering the sunflower immune system

Van Den Berg, 2016. The evolution of fungicide resistance
resulting from combinations of foliar-acting systemic seed
treatments and foliar-applied fungicides: a modeling anal-
ysis. PLoS ONE 11, e0161887.

Lacerda A.F., E.A. Vasconcelos, P.B. Pelegriniand and M.F.
Grossi de Sa, 2014. Antifungal defensins and their role in
plant defense. Frontiers in Microbiology 5, 116.

Li S.,, W. Yuan,G. Deng, P. Wang,P. Yang and B.B. Aggarwal,
2011. Chemical Composition and Product Quality Con-
trol of Turmeric (Curcuma longa L.). Pharmaceutical crops 2,
28-54.

Liao W.,, L.Ji, J. Wang, Z. Chen, M. Ye, H. Ma and X. An, 2014.
Identification of glutathione S-transferase genes respond-
ing to pathogen infestation in Populus tomentosa. Functional
and Integrative Genomics 14(3), 517-529.

Lv H. and G. She, 2010. Naturally occurring diarylheptanoids.
Pharmaceutical Crops 5, 1687-1708.

Maitlo W.A., G.S. Markhand, A.A. Abul-Soad, A.M. Lodhi and
M.A. Jatoi, 2015. Evaluation of various fungicides against
Fusarium solani (Mart.) Sacc. causing sudden decline dis-
ease of date palm (Phoenix dactylifera L.) in sindh, Pakistan.
Pakistan Journal of Phytopathology 27(1), 7-13.

Maliak C.P. and Singh M.B., 1980. Estimation of total phenols in
plant enzymology and histoenzymology. Kalyani Publishers,
New Delhi, India.

Mansfield J.W., 2000. Antimicrobial compounds and resistance.
The role of phytoalexins and phytoanticipins. In: Mecha-
nisms of resistance to plant diseases (A. Slusarenko,R. Fraser, L.
Van Loon, ed.), Kluwer Academic Publishers,Netherlands,
325-370.

Maxwell D.P. and D.F. Bateman, 1967. Changes in the activities
of some oxidases in extracts of Rhizoctonia-infected bean
hypocotyl in relation to lesion maturation. Phytopathology,
57,132.

Mazeyrat F, S. Mouzeyar, P. Nicolas, D. Tourvieille de La-
brouhe and G. Ledoigt, 1998. Cloning, sequence and
characterization of a sunflower (Helianthus annuus L.)
pathogen-induced gene showing sequence homology with
auxin-induced genes from plants. Plant Molecular Biology
38, 899-903.

Mazid M., T.A. Khanand F. Mohammad, 2011. Role of second-
ary metabolites in defense mechanisms of plants. Biology
and Medicine 3(2), 232-249.

Moghadamtousi S.Z., H.A. Kadir, P. Hassandarvish, H. Tajik,
S. Abubakar and K. Zandi, 2014. A review on antibacterial,
antiviral, and antifungal activity of curcumin. BioMed Re-
search International 2014, 186864.

Nasri H., N. Sahinfard, M. Rafieian, S. Rafieian, M. Shirzad and
M. Rafieian-kopaei, 2014. Turmeric, A spice with multifunc-
tional medicinal properties. Journal of HerbMed Pharmacol-
ogy 3(1), 5-8.

Ngadze E. D. Icishahayo, T.A. Coutinho and J.E. Van der
Waals, 2012. Role of polyphenol oxidase, peroxidase, phe-
nylalanine ammonia lyase, chlorogenic acid, and total solu-
ble phenols in resistance of potatoes to soft rot. Plant Disease
96, 186-192.

Pal G., K. Pooja and P. Kumar, 2013. Enhancing seed germina-
tion of maize and soybean by using botanical extracts and
Trichoderma harzianum. Current Discovery 2(1), 72-75.

Vol. 57, No. 1, April, 2018 35



A.A. Alsahli et al.

Pechanova O. and T. Pechan, 2015. Maize-pathogen interac-
tions: an ongoing combat from a proteomics perspective.
International Journal of Molecular Sciences 16(12), 28429-
28448.

Pinto PM., M.A. Resende, C.Y. Koga-Ito and M. Tendler,
2004. Genetic variability analysis among clinical Can-
dida spp. isolates using random amplified polymorphic
DNA. Memérias do Instituto Oswaldo Cruz 99(2), 147-152.

Rashad Y.M., G.M. Abdel-Fattah, E.E. Hafez and S.A. El-
Haddad, 2012. Diversity among some Egyptian isolates of
Rhizoctonia solani based on anastomosis grouping, molecu-
lar identification and virulence on common bean. African
Journal of Microbiology Research 6(37), 6661-6667.

Saleha Y.M., 2010. Gene expression and histopathology al-
terations during rat mammary carcinogenesis induced by
7,12-dimethylbenz[a]anthracene and the protective role of
Neem (Azadirachta indica) leaf extract. Journal of American
Science 6, 9.

Schmittgen T.D. and K. J. Livak, 2008. Analyzing real-time
PCR data by the comparative C; method. Nature Proto-

cols 3, 1101-1108.

da Silva A.C.,, PM. Lopes, M.M. de Azevedo, D.C.M. Costa,
C.S. Alviano and D.S. Alviano, 2012. Biological activities
of a-pinene and B-pinene enantiomers. Molecules 17, 6305
6316.

Singh G., L.P.S. Kapoor, P. Singh, C.S. de Heluani, M.P. de Lam-
pasona and C.A.N. Catalan, 2010. Comparative study of
chemical composition and antioxidant activity of fresh and
dry rhizomes of turmeric (Curcuma longa Linn.). Food and
Chemical Toxicology 48(4), 1026-1031.

Tongnuanchan P. and S. Benjakul, 2014. Essential oils: extrac-
tion, bioactivities, and their uses for food preservation,
Journal of Food Science 79(7), 1231-1249.

Van der Weerden N.L. and M.A. Anderson, 2013. Plant de-
fensins: common fold, multiple functions. Fungal Biol-
ogy Reviews 26,121-131.

Wongkaew P. and W. Sinsiri, 2014. Effectiveness of ringworm
cassia and turmeric plant extracts on growth inhibition
against some important plant pathogenic fungi. American
Journal of Plant Science 5, 616-626.

Accepted for publication: December 28, 2017
Published online: February 14, 2018

36 Phytopathologia Mediterranea



	Pruning practices influence infection and dissemination of Calosphaeria pulchella, the cause of Calosphaeria canker of sweet cherry
	Mónica Berbegal and Josep Armengol
	Insights on a founder effect: the case of Xylella fastidiosa in the Salento area of Apulia, Italy
	Matteo Ramazzotti1,*, Fabio Cimaglia2,3,*, Antonia Gallo2, Francesco Ranaldi1, Giuseppe Surico3, Giovanni Mita2, Gianluca Bleve2 and Guido Marchi3
	Extract from Curcuma longa L. triggers the sunflower immune system and induces defence-related genes against Fusarium root rot
	Abdulaziz A. ALSAHLI1, Ibrahim A. ALARAIDH1, Younes M. RASHAD2 and Elsayed S. ABDEL RAZIK2
	Genetic diversity and infection sources of Rosellinia necatrix in northern Israel
	Mery DAFNY-YELIN1, Orly MAIRESSE1, Jehudith MOY1, Shlomit DOR2 and Dan MALKINSON3,4
	A zinc, copper and citric acid biocomplex shows promise for control of Xylella fastidiosa subsp. pauca in olive trees in Apulia region (southern Italy) 
	Marco SCORTICHINI1, Jianchi CHEN2, Monica DE CAROLI3, Giuseppe DALESSANDRO3, Nicoletta PUCCI4, Vanessa MODESTI4, Alessia L’AURORA4, Milena PETRICCIONE1, Luigi ZAMPELLA1, Francesco MASTROBUONI1, Danilo MIGONI3, Laura DEL COCO3, Chiara Roberta GIRELLI3, Fil
	Antifungal potential and defense gene induction in maize against Rhizoctonia root rot by seed extract of Ammi visnaga (L.) Lam.
	Younes M. Rashad, Dalia G. Aseel and Elsayed E. Hafez
	Isolation and pathogenicity of Phytophthora species and Phytopythium vexans recovered from avocado orchards in the Canary Islands, including Phytophthora niederhauserii as a new pathogen of avocado
	Cristina Rodríguez-Padrón1, Felipe Siverio1,2, Ana Pérez-Sierra3 and Ana Rodríguez4
	Macrophomina phaseolina associated with grapevine decline in Iran
	Farnaz Abed-Ashtiani, Abolfazl Narmani and Mahdi Arzanlou
	Identification of Ulocladium atrum causing potato leaf blight in Iran
	Mehdi Nasr ESFAHANI
	Vascular wilt of teak (Tectona grandis) caused by Fusarium oxysporum in Brazil
	Rafaela C. F. BORGES1, Mônica A. MACEDO1, Cléia S. Cabral1, Maurício Rossato1, Maria G. Fontes1, Maria D. M. SANTOS1, Maria A. FERREIRA2, Maria E. N. FONSECA3, Ailton REIS3 and Leonardo S. BOITEUX1,3
	Focus issue: “Plant Health Sustaining Mediterranean Ecosystems”, the theme of the 15th Congress of the Mediterranean Phytopathological Union
	Plant microbiota: from model plants to Mediterranean crops
	Matteo Chialva and Paola Bonfante
	Emerging pathogens as a consequence of globalization and climate change: leafy vegetables as a case study
	Giovanna Gilardi1, Angelo Garibaldi1 and Maria Lodovica Gullino1,2
	Fungicide models are key components of multiple modelling approaches for decision-making in crop protection 
	Tito Caffi and Vittorio Rossi 
	Can we breed for durable resistance to broomrapes? 
	Diego RUBIALES
	Effective chemical management for prevention of aflatoxins in maize
	Christina S. LAGOGIANNI and Dimitrios I. TSITSIGIANNIS

