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SHORT COMMUNICATION

Diff erentiation between Botryosphaeria dothidea 
and Neofusicoccum spp. based on a single nucleotide 
polymorphism in the ITS region

S. Palavouzis, A. Triantafyllopoulou, A.K. Tzima and E.J. Paplomatas*

Summary   Fungi belonging to the Botryosphaeriaceae family are widespread pathogens of many an-
giosperms, causing disease on various high value crops. The most important members of the fami-
ly for the Greek region and other Mediterranean countries are Botryosphaeria dothidea, Neofusicoc-
cum hellenicum, Neofusicoccum mediterraneum and Neofusicoccum parvum. The frequently concurrent 
isolation of Botryosphaeriaceae species from the same host, as well as the extensive host range of B. 
dothidea, necessitate the development of rapid and reliable detection methods. This study presents a 
new and robust molecular diagnostic tool, in the form of a PCR method based on primers designed on 
an SNP (single nucleotide polymorphism) located in the ITS region (Internal Transcribed Region) of B. 
dothidea and Neofusicoccum species. SNP primers constructed with or without added mismatch nucle-
otides were combined with the same upstream universal primer to generate distinct amplicons. When 
evaluated in PCR assays, mismatched primers were found to have the highest diff erentiation capabili-
ty. The potential for further development of SNP assays in order to diff erentiate between species is be-
ing evaluated.

Additional keywords: diagnosis, internal transcribed spacer region, molecular marker, Neofusicoccum, SNPs

mediterraneum and Neofusicoccum parvum 
(Chen et al., 2015; Lazzizera et al., 2008).

To date, species diff erentiation within 
the Botryosphaeriaceae family was based 
on RFLPs (Slippers et al., 2007) or phyloge-
netic analysis of fi ngerprinting data (Abdol-
lahzadeh and Zolfaghari, 2014) and gene se-
quences (Pavlic et al., 2009; Lopes et al., 2017). 
Only at the genus level, primers have been 
developed for detection of Botryosphaeria-
ceous species (Ridgway et al., 2011). The ITS 
region has been a target of choice for the 
design of species specifi c primers due to the 
high sensitivity achieved in single and nest-
ed PCR (Flowers et al., 2003).

With so many plant pathogenic species 
causing disease, the ability to rapidly and 
correctly delimit species and/ or genera is of 
vital importance for the successful manage-
ment of these pathogens. At the same time, 
since some Botryosphaeriaceous species are 
homothallic, an impeding danger arises re-
garding genetic recombination that could 

Botryosphaeriaceae is a family of econom-
ically important phytopathogens, with 
worldwide distribution (Slippers et al., 2007). 
Members of the family are known to infect a 
wide range of woody plants, aff ecting buds, 
panicles, petioles, rachises, fruit, the mid rib 
of leafl ets, shoots and branches. The patho-
gens cause fruit rot, dieback, cankers, pani-
cle and shoot blight (Chen et al., 2014).

Pistachio (Pistacia vera L.) is one of the 
most important hosts for the species in the 
Botryosphaeriaceae family. In Greece and 
other Mediterranean countries, where pis-
tachio cultivation is widespread, the main 
species responsible for high yield loses are 
Botryosphaeria dothidea, Diplodia seriata, 
Neofusicoccum hellenicum, Neofusicoccum 
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lead to host jumps (Batista et al., 2021) or the 
rapid development of resistance of these 
fungi to various fungicides. Along these 
lines, our study presents a robust and quick 
PCR method for the diff erentiation between 
B. dothidea and Neofusicoccum spp. target-
ing the ITS region.

Initially, sequences of N. hellenicum, N. 
mediterraneum, N. parvum and B. dothidea 
were collected from the NCBI database (“Na-
tional Center for Biotechnology Information 
(NCBI)[Internet]. Bethesda (MD): National Li-
brary of Medicine (US), National Center for 
Biotechnology Information,” 1988). Addi-
tionally, sequences for each species, derived 
from isolates of our own collection, were de-
posited on NCBI and utilized in the study. ITS 
sequences of B. dothidea and N. hellenicum, 
N. mediterraneum, N. parvum were aligned 
using Clustal Omega (Madeira et al., 2019). 
Diff erences between sequences of the spe-
cies under study were detected using the 
MEGA software (Kumar et al., 2018). Based on 
sequence similarities, designing of SNP prim-
ers for B. dothidea and Neofusicoccum spp. 
with the SNP base located at the 3’ end and 
combined with a common upstream primer, 
was selected as the preferred strategy.

Downstream SNP primers were designed 
with a common upstream ITS5 primer. SNP 
base was detected on the 3’ end (A on B. 
dothidea sequence and T on Neofusicoccum 
sequence) and matching primers were de-
veloped (T on BotdoITS_384R primer and 
A on NeofusITS_384R primer, respectively). 
However, reproducible and consistent dif-
ferentiation was proved diffi  cult using these 
primers. Thus, new primers were designed 
based on the initial SNP primers. This time 
ITS3, which is positioned at the 5.8s rRNA, 
was used as the upstream primer (Table 1).

Based on the data from Gaudet et al. 
(2009), the newly designed downstream SNP 
primers included a destabilizing mismatch 
within the 3’ end of the primers. The mis-
match was diff erent for each of the down-
stream SNP primers. In addition, a tail of dif-
ferent length between the two primers was 
added on the 5’ end, taking care to keep the 
melting temperature of the primers similar 
(Fig. 1). Primers were checked for their spec-
ifi city and characteristics using the software 
Primer 3 (Untergasser et al., 2012) and IDT 
DNA oligo analyzer (Owczarzy et al., 2008).

The SNP on the downstream primers 
selected between the species, was T for B. 

Table 1. Primer pair sequences utilized in the present study for discrimination of Botryospha-
eria dothidea and Neofusicoccum spp. For primers designed in the present study in the ITS re-
gion, the 3’ SNP base is indicated in bold, the mismatch base is shown in italics & underlined 
and the 5’ tail sequence in italics.

Primer name Sequence (5’ > 3’) Description Reference

ITS4 TCCTCCGCTTATTGATATGC Universal Down-
stream primer

White et al. (1990)

ITS5 GGAGTAAAAGTCGTAACAAGG Universal Upstream 
primer

White et al. (1990)

BotdoITS_384R CAGAGCTTGAGGGTTGT SNP Downstream
B. dothidea primer

This study

NeofusITS_384R CAGAGCTTGAGGGTTGA SNP Downstream Neo-
fusicoccum primer

This study

ITS3 GCATCGATGAAGAACGCAGC Universal Upstream 
primer

White et al. (1990)

TL-MS-
BotdoITS_386R

ATCAGAGCAGAGCTTGAGGGTTAT SNP + mismatch 
Downstream

B. dothidea primer

This study

TL-MS-
NeofusITS_386R

ATGACTATTATTATTAGCAGAGCTTGAGGGTTCA SNP + mismatch 
Downstream

Neofusicoccum primer

This study
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dothidea primer and A for Neofusicoccum 
spp. primer. In order to improve the specifi c-
ity of the PCR, a mismatch was added next 
to the 3’ end. That was A for the B. dothidea 
primer and C for the Neofusicoccum prim-
er. The bases used for mismatch were cho-

sen to ensure diff erentiation effi  ciency and 
secondary structure of the primers. To fa-
cilitate visual gel separation, a 5 bp tail was 
added to the 5’ end of B. dothidea primer 
and a 15 tail on the 5’ end of the Neofusicoc-
cum spp. primer (Fig. 1). Although the prim-

Figure 1. Illustrating the design of downstream primers TL-MS-BotdoITS_386R and TL-MS-NeofusITS_386R for selective 

amplifi cation of Botryosphaeria dothidea and Neofusicoccum spp., respectively when paired with universal primer ITS3. Iso-

lates from our own collection are indicated with an asterisk. Primer position is indicated on partial alignment of 46 bp of 

the ITS region of selected B. dothidea and Neofusicoccum spp. sequences to demonstrate sequence homology and SNPs be-

tween B. dothidea, N. parvum, N. hellenicum and N. mediterraneum. Next to each sequence, the name and genbank acces-

sion number is indicated. For downstream primers TL-MS-BotdoITS_386R and TL-MS-NeofusITS_386R, the SNP is indicat-

ed in bold letters, the mismatch with red letter in black background, while the 5’ tail added to each primer is shown with 

underlined letters.
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er pairs in the SNP primer tool (ITS3 / TL-MS-
BotdoITS_386R / TL-MS-NeofusITS_386R) 
have low delta-G primer-dimer values, mak-
ing their combination in a single reaction 
theoretically possible, the small diff erence 
in the length of generated PCR products 
limits their use as a diff erentiating tool in a 
multiplex reaction.

As a fi rst step, the quality of all genomic 
DNA samples was assessed using universal 
primers ITS4 and ITS5. The conditions for the 
fi nal amplifi cation were as follows: initial de-
naturation at 95oC for 3 minutes, followed by 
35 cycles of 30 s at 95oC, 30 s at 55oC, 60 s at 
72oC, and a fi nal extension period of 10 min 
at 72oC. The 20 μL PCR mixture contained 
1x KAPA PCR buff er with 1.5 mM MgCl2 (Sig-
ma-Aldrich), 200 μM of each dNTP, 500 μM 
of each primer, 1 U of KAPA Taq polymerase 
and 25 ng DNA as template.

For the primer pairs ITS5 (5’-GGAG-
TAAAAGTCGTAACAAGG-3’) / BotdoITS_384R 
(5’-CAGAGCTTGAGGGTTGT-3’) and ITS5 / 
NeofusITS_384R (5’-CAGAGCTTGAGGGTT-
GA -3’) the conditions for the fi nal amplifi ca-
tion were as follows: initial denaturation at 
95oC for 3 minutes, followed by 35 cycles of 
30 s at 95oC, 30 s at 58oC, 40 s at 72oC, and a 
fi nal extension period of 10 min at 72oC. The 
20 μL PCR mixture contained 1x KAPA PCR 
buff er with 1.5 mM MgCl2 (Sigma-Aldrich), 
200 μM of each dNTP, 500 μM of each prim-
er, 1 U of KAPA Taq polymerase and 25 ng 
DNA as template.

For the primer pairs ITS3 (5’- GCATCGAT-
GAAGAACGCAGC -3’) / TL-MS-BotdoITS_386R 
(5’-ATCAGAGCAGAGCTTGAGGGTTAT-3’) and 
ITS3 / TL-MS-NeofusITS_386R (5’-ATGACTAT-
TATTATTAGCAGAGCTTGAGGGTTCA - 3’) the 
conditions for the fi nal amplifi cation were 
as follows: initial denaturation at 95oC for 
3 minutes, followed by 35 cycles of 30 s at 
95oC, 30 s at 64oC, 20 s at 72oC, and a fi nal ex-
tension period of 10 min at 72oC. Lower an-
nealing temperatures 61, 62, 63oC were also 
tested, but 64oC was selected due to higher 
stringency. The 20 μL PCR mixture contained 
1x KAPA PCR buff er with 1.5 mM MgCl2 Sig-
ma-Aldrich, 200 μM of each dNTP, 500 μM 
of each primer, 1 U of KAPA Taq polymerase 

(Sigma-Aldrich) and 25 ng DNA as template.
For the SNP primers assays, DNA from 

the following species was used: B. dothidea, 
N. parvum, N. mediterraneum, N. hellenicum, 
while Diplodia seriata was included as an 
outgroup. DNA from Colletotrichum acutat-
um and Verticillium dahliae were utilized as 
negative controls.

All reactions were performed in a Ver-
iti (Applied Biosystems) PCR machine cy-
cler. After amplifi cation 10 μL aliquots 
from each PCR product were separated by 
gel electrophoresis in 1% agarose for ITS5/ 
BotdoITS_384R and ITS5 / NeofusITS_384R 
PCR amplicons and in 2.5% agarose for 
ITS3 / TL-MS-BotdoITS_386R and ITS3/ 
TL-MS-NeofusITS_386R PCR amplicons in 1x 
TAE buff er (40 mM Tris base, 20 mM acetic 
acid, 1 mM EDTA, pH 8) at 5 V / cm for 100 
min. Gels were stained with Ethidium Bro-
mide (1 μg / ml) for 20 min and visualized on 
a gel documentation system (Lumibis, DNR 
bio imaging systems).

For the ITS5 / BotdoITS_384R and ITS5 
/ NeofusITS_384R primer pairs, which 
have only one 3’ SNP base as discriminat-
ing factor, annealing temperatures 58-61oC 
were chosen. However, at 58oC there was 
cross-species amplifi cation and above 58oC 
only primer dimers or lack of product. Also, 
the results from each PCR were not easily 
reproducible. PCR with primers B. dothidea 
ITS5/ BotdoITS_384R amplifi ed the expect-
ed fragment in Botryosphaeria. dothidea but 
also in Neofusicoccum spp. and Diplodia. se-
riata (Fig. 2a). In addition, PCR with Neofusi-
coccum spp. primers ITS5/ NeofusITS_384R 
amplifi ed the expected fragment in all spe-
cies, including non – target fungi, C. acutat-
um, V. dahliae (Fig. 2b). In conclusion, the sin-
gle base 3’ SNP primers did not diff erentiate 
effi  ciently and repeatedly B. dothidea from 
Neofusicoccum species. 

For the ITS3/ TL-MS-BotdoITS_386R and 
ITS3/ TL-MS-NeofusITS_386R primer pairs, 
annealing temperatures 61 - 64oC were cho-
sen. In all temperatures that were tested, the 
primers successfully diff erentiated between 
B. dothidea and Neofusicoccum spp., with 
B. dothidea SNP primers amplifying only B. 
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dothidea DNA (Fig. 3a) and Neofusicoccum 
spp. SNP primers amplifying Neofusicoccum 
species only (Fig. 3b). An exception was DNA 
from D. seriata, which showed amplifi cation 
using primers for B. dothidea. That can be 
explained by B. dothidea and D. seriata be-
ing homologous on the base sequences of 
the SNP primer. However, this confusion can 
easily be resolved, based on morphological 

diff erences of D. seriata conidia size, shape 
and color from B. dothidea. Therefore, the 
PCR diff erentiation will be needed only if B. 
dothidea is involved in the analysis. Based 
on the diff erent length of the 5’ tail in SNP 
mismatch primers, the product for primer 
pair ITS3/ TL-MS-BotdoITS_386R was 150 bp 
while for primer pair ITS3/ TL-MS_NeofusITS 
160 bp (Fig. 3). 

Figure 2. PCR with downstream primers bearing a single 3’ SNP paired with the ITS5 primer and annealing tempera-

ture 58oC did not discriminate between Botryosphaeria dothidea and Neofusicoccum spp. a) PCR with primers ITS5/ 

BotdoITS_384R amplifi ed the expected fragment in B. dothidea (B.d), but also in Neofusicoccum spp. (N.p, N.m. N.h.) and 

D. seriata (D.s.). b) PCR with primers ITS5/ NeofusITS_384R amplifi ed the expected fragment in all species, including non-

target fungi. Abbreviations: N.p.=Neofusicoccum parvum, N.m.=N. mediterraneum, B.d.=Botryosphaeria dothidea, N.h.=N. 
hellenicum, D.s.=Diplodia seriata, C.a.=Colletotrichum acutatum, V.d. 70V=Verticillium dahliae strain 70V. Electrophoresis of 

PCR products was performed in 1% agarose gel.

Figure 3. Successful discrimination between B. dothidea and Neofusicoccum spp. using downstream primers bearing a 3’ 

SNP plus mismatch and with optimization of the annealing temperature at 64oC. a) PCR with primer pair ITS3/ TL-MS-

BotdoITS_386R showed amplifi cation of the expected fragment only for B. dothidea (B.d) and D. seriata (D.s.), b) PCR with 

primer pair ITS3/ TL-MS_NeofusITS_386R amplifi ed the expected fragment specifi cally in Neofusicoccum spp. (N.p., N.m., 

N.h.). Abbreviations: N.p.=Neofusicoccum parvum, N.m.=N. mediterraneum, B.d.=Botryosphaeria dothidea, N.h.=N. hellen-
icum, D.s.=Diplodia seriata, C.a.=Colletotrichum acutatum, V.d. =Verticillium dahliae strain 70V. Electrophoresis was per-

formed on 2.5% agarose gel.
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Based on the plethora of species in the 
Botryosphaeriaceae family contributing to 
the same disease complex, molecular tools 
that enable rapid and accurate detection 
and diff erentiation, are deemed critically 
important. In this study, a novel, robust di-
agnostic tool was developed, to detect and 
diff erentiate between species of B. dothidea 
and three species of the genus Neofusicoc-
cum (N. mediterraneum, N. hellenicum, N. par-
vum). These pathogens were selected as the 
focal point of our research because they pre-
vail among species isolated from pistachio 
and other hosts (olive, pomegranate, white 
willow etc.) in Greece (personal communi-
cation with Dr. Tsopelas; E.J. Paplomatas, 
data not shown.). Furthermore, B. dothidea 
by itself is deemed critically important, since 
it emerges as the most widespread patho-
gen of the Botryosphaeriaceae family, with a 
documented presence in more than 24 gen-
era of host plants, many of them of econom-
ic signifi cance, such as pistachio and olive in 
the Mediterranean basin (Batista et al., 2021; 
Marsberg et al., 2016). As such, the ability to 
rapidly and accurately delimit this species, 
while bypassing time-consuming tradition-
al taxonomic tools, is of major importance.

As the initial results showed, primers de-
signed with only a 3’SNP base as discriminat-
ing factor were not successful in classifying 
our isolates. On the other hand, SNPs with 
mismatch next to the 3’ end primers were 
effi  cient at diff erentiating these important 
species. In accordance with previous stud-
ies, SNP primers with mismatch base have 
been found to be more effi  cient in diff eren-
tiating species or alleles compared to 3’ SNP 
base only. Their mode of action involves in-
hibiting or signifi cantly delaying, amplifi -
cation of the targeted sequence (Carvalho 
et al., 2021). In the present study, the incor-
poration of the mismatch in the SNP prim-
er, improved specifi city and enabled the tar-
geting of the ITS region, which is known to 
display high sensitivity due to the high copy 
numbers in genome. The developed one 
step PCR based protocol for diff erentiation 
of Botryosphaeriaceae species is superior to 
other methods, as it requires no additional 

steps such as RLFP- PCR (Slippers et al., 2007) 
or polyacrylamide electrophoresis for SSCP 
analysis (Ridgway et al., 2011). Furthermore, 
its practical application will be of outmost 
importance, especially in the case of peren-
nial plant crops, which constitute a long-
term investment on the producers’ side.

Based on the methods evaluated, PCR 
with SNP primers including a mismatch is a 
robust and fast track protocol to diff erenti-
ate between important species in the Botry-
osphaeriaceae. Further research, into the us-
age of SNP polymorphisms in the ITS region, 
or/and other genetic loci, for the diff erenti-
ation of species in the Botryosphaeriaceae 
family is required.
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ΣΥΝΤΟΜΗ ΑΝΑΚΟΙΝΩΣΗ

Διαφοροποίηση μεταξύ Botryosphaeria dothidea και ειδών 
του γένους Neofusicoccum με βάση πολυμορφισμό ενός 
νουκλεοτιδίου στην περιοχή ITS

Σ. Παλαβούζης, Α. Τριανταφυλλοπούλου, Α.Κ. Τζίμα και Ε.Ι. Παπλωματάς

Περίληψη   Οι μύκητες που ανήκουν στην οικογένεια Botryosphaeriaceae είναι ευρέως διαδεδομέ-
να παθογόνα πολλών αγγειόσπερμων, προκαλώντας ασθένειες σε διάφορες οικονομικά σημαντι-
κές καλλιέργειες. Τα σημαντικότερα μέλη της οικογένειας για την Ελλάδα και άλλες μεσογειακές χώ-
ρες είναι τα Botryosphaeria dothidea, Neofusicoccum hellenicum, Neofusicoccum mediterraneum και 
Neofusicoccum parvum. Η μεγάλη συχνότητα ταυτόχρονης απομόνωσης διαφόρων ειδών της οικο-
γένειας Botryosphaeriaceae από τον ίδιο ξενιστή, καθώς και το εκτεταμένο εύρος ξενιστών του B. 
dothidea, καθιστούν αναγκαία την ανάπτυξη ταχέων και αξιόπιστων μεθόδων ανίχνευσης. Η παρού-
σα μελέτη παρουσιάζει ένα νέο και ισχυρό μοριακό διαγνωστικό εργαλείο που βασίζεται στη μέθο-
δο της PCR με τη χρήση εκκινητών σχεδιασμένων σε σημεία με πολυμορφισμό απλού νουκλεοτιδίου 
(SNP) στην περιοχή ITS (εσωτερική μεταγραφόμενη περιοχή) των ειδών B. dothidea και Neofusicoccum 
spp. Οι εκκινητές SNP που κατασκευάστηκαν με ή χωρίς πρόσθετα νουκλεοτίδια χωρίς ομολογία συν-
δυάστηκαν με τον ίδιο ανοδικό γενικό εκκινητή για να ενισχύσουν διακριτά τμήματα. Όταν αξιολογή-
θηκαν σε αναλύσεις PCR, οι εκκινητές με πρόσθετα νουκλεοτίδια χωρίς ομολογία βρέθηκαν να έχουν 
την υψηλότερη ικανότητα διαφοροποίησης. Αξιολογείται περαιτέρω η δυνατότητα ανάπτυξης δοκι-
μών SNP προκειμένου να γίνει διαφοροποίηση μεταξύ των ειδών Neofusicoccum.

Hellenic Plant Protection Journal 15: 49-56, 2022
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Effi  cacy of fungicide alternatives against late wilt disease of 
maize and their infl uence on plant morphogenesis and yield 
characters

M.M. Abdel-Kader*, M.S.A. Khalil and N.S. El-Mougy

Summary   Effi  ciency of various organic acids, organic salts, essential oils, algae (an extract of Chlo-
rella vulgaris and a commercial product), and bioagents against Magnaporthiopsis maydis, causing 
maize late wilt disease, was evaluated in laboratory and fi eld conditions. For the in vitro tests, iso-
lated M. maydis fi eld strains from Egypt were used. Additionally, in fi eld experiments diff erent appli-
cation methods were tested for their effi  cacy throughout two successive growing seasons. Results 
showed maximum growth inhibition of M. maydis at diff erent concentrations of salicylic acid, ascor-
bic acid, benzoic acid and humic acid as well as sodium benzoate, potassium sorbate, di-potassim 
phosphate and calcium choloride, in descending order. The essential oils of carnation, lemongrass and 
black seed followed a similar trend. The minimum pathogenic fungal growth was achieved when the 
pathogen was exposed to the antagonistic Trichoderma viride followed by Trichoderma harzianum, Ba-
cillus subtilis and Pseudomonas fl uorescens treatments. Under fi eld conditions, the highest disease re-
duction was recorded after treatment with salicylic acid (all application methods), humic acid (all ap-
plication methods), sodium benzoate (seed dressing), carnation oil (seed dressing or seed dressing 
+foliar spray) and the bioagents B. subtilis and P. fl uorescens (soil drench). Overall, all treatments and 
all application methods led to signifi cant lower disease incidence compared to the untreated con-
trol in both growing seasons. Additionally, all treatments achieved an enhancement of plant morpho-
genesis and yield characters. The most eff ective combinations of compounds/bioagents and appli-
cation methods can be considered for future use in IPM management of late wilt disease of maize. 

Additional keywords: application method, biological pesticides, essential oils, organic acids, organic salts, sal-
icylic acid

dan = 315,000 ha/5.9 million tons annually) 
after wheat crop while another 4.5 million 
tons of corn was imported in 2016 (Anony-
mous, 2017).

Late wilt disease in maize is caused by 
Magnaporthiopsis maydis. It is one of the 
main economically important diseases of 
maize in Egypt (Samra et al., 1963; Johal et 
al., 2004). It is considered endemic through-
out Egypt (Sabet et al., 1970), while about 
100% infection occurs in some fi elds and the 
yield losses approach 40-70% in non-resis-
tant cultivars (Johal et al., 2004).

Disease symptoms include a rapid wilt-
ing of the lower leaves after fl owering, de-
velopment of hollow and shrunken stalks 
turning to dark yellow-to-brown stained 
pith (El-Shafey and Clafl in, 1999). Magnapor-
thiopsis maydis is a soil-borne fungus that 
enters the tissue of the root and colonizes 

Introduction

Maize is the most-produced cereal world-
wide (Ranum et al., 2014). In Africa alone, 
more than 300 million people depend on 
maize as their main food crop (Ranum et 
al., 2014). In addition, maize is also very im-
portant as feed for farm animals. Current-
ly, maize is grown in more than 170 coun-
tries on approximately 180 million hectares 
of land. Yellow maize represents 90% of the 
world’s production, while in Africa, 90% of 
the total maize production is white maize 
(Ranum et al., 2014). In Egypt, maize is the 
second most important cereal (750,000 fed-
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the xylem (Sabet et al., 1970). Less common-
ly, this pathogen can be seed-borne (E1-
Shafey et al., 1976) and may irregularly cause 
pre-emergence damping-off  under heavy 
soil infestation (Sabet et al., 1970).

In India, Singh and Siradhana (1987) stat-
ed that the highest disease incidence occurs 
when rainfall is above average or at frequent 
irrigation. Nevertheless, it has been shown 
that in Egypt, the frequent irrigation (irriga-
tion intervals of 9-10 days) decreased infec-
tion and excessive soil moisture reduced the 
wilt disease severity (Satyanarayana and Be-
gum, 1996). Also, early sowing (El-Shafey et 
al., 1988) and frequent watering or saturat-
ed soils causing moisture stress (Samra et 
al., 1966) are considered the physical control 
measures of maize late wilt.

Application of systemic fungicides for 
the control of M. maydis should be repeat-
ed several times during the growing season 
because of their limited persistence in corn 
roots, only for 90 days (Singh and Siradhana, 
1989). Moreover, it has been recorded that 
grain treatments with captan, carbendazim, 
carboxin and thiram lead to signifi cant de-
crease in late wilt disease as well as yield in-
crease approximately by 11-91% (Begum et 
al., 1989; Satyanarayana and Begum, 1996). 
Seed treatments with azoxystrobin have 
failed against maize late wilt due to sever-
al factors, i.e., M. maydis isolates, their viru-
lence or chemical sensitivity and environ-
mental conditions (Degani et al., 2019). 

Nowadays a great attention has been fo-
cused on agents of natural origin as a posi-
tive alternative to chemical pesticides, which 
additionally are safe for the humans, animals 
and the environment (Whipps, 2001). With-
in this context, this study tested the fungi-
cidal activity of various organic acids, or-
ganic salts, essential oils and bioagents 
against M. maydis in vitro. In a following 
step, we examined further their effi  cacy in 
situ in two cultivation seasons of maize us-
ing diff erent application methods. Addi-
tionally, the enhancement of plant growth 
and yield characters of maize were also 
evaluated.

Materials and methods

Chemicals and reagents used
The organic acids salicylic acid, humic 

acid, ascorbic acid, and benzoic acid and 
the organic salts sodium benzoate, potas-
sium sorbate, di-potassium phosphate and 
calcium chloride were purchased from Al-
Gamhoria Company Ltd. for Chemicals and 
Medicinal Instruments (Cairo, Egypt).The 
essential oils of carnation (Dianthus caryo-
phyllus L.), lemongrass (Cymbopogon schoe-
nanthus L.) and black seed (Nigella sativa 
L.) were obtained from CID Company, Giza-
Egypt. The essential oils were stored in dark 
bottles at 4ºC until use.

In fi eld trials, the extract of alga Chlo-
rella vulgaris was kindly obtained from Al-
gal Biotechnology Unit, National Research 
Centre, Giza, Egypt. The plant growth pro-
moter/fertilizer Biactive is a commercial alga 
(Ascophyllum nodosum) biostimulant en-
riched with cytokinins, auxins, gibberellins, 
betains, manitol, alginic acid, oligosaccha-
rids, amino acids and natural microelements 
(http://adleragro.com/en/productos/famil-
ia-bioestimulantes/biactive/). 

Biological material
The antagonistic fungal isolates Tricho-

derma harzianum, T. viride as well as the an-
tagonistic bacterial isolates Bacillus subti-
lis and Pseudomonas fl uorescens were kindly 
obtained from the Culture Collection Unit, 
Plant Pathology Department, National Re-
search Centre (NRC), Egypt. Regarding T. 
harzianum, a spore suspension (sporesXwa-
ter) was made from a seven days old culture 
and the fi nal concentration was adjusted 
to108 conidia per 1 mL water using a hemo-
cytometer (Brite-line Sigma-Aldresh). Con-
cerning the in situ trials, the maize grains 
seeds cv. M84 were obtained from the Field 
Crop Research Department, Agricultural Re-
search Centre, Giza, Egypt.

Isolation and identifi cation of M. maydis
Maize samples showing late wilt dis-

ease symptoms were collected from diff er-
ent fi elds and transferred to the laboratory. 
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The root samples were thoroughly washed 
with tap water and dried between two ster-
ilized fi lter papers, then cut into small piec-
es (0.5cm) and their surface was sterilized 
by dipping them in 1% sodium hypochlorite 
solution for 2 min. Afterwards, samples were 
washed three times using sterilized distilled 
water and placed onto fi lter paper to air dry. 
Five pieces of the cleaned and dried sam-
ples were plated into Petri dishes (9 cm) con-
taining PDA medium supplemented with 
streptomycin sulphate at 100 ppm to avoid 
bacterial contamination. The plates were in-
cubated at 25±2°C for 7 days under light/
dark conditions. In the fi nal step the purifi -
cation of the isolated fungi was performed 
by using the hyphal tip method. The puri-
fi ed isolates were subjected to microscop-
ic examination and the isolated fungi were 
identifi ed according to Gilman (1957) and 
Barnet and Hunter (1972). 

In vitro evaluation of the eff ect of the 
tested materials against M. maydis 

The evaluation in vitro of the eff ect of 
the organic acids, organic salts, antagonis-
tic fungi and bacteria against maize late wilt 
was based on the reduction of the linear 
growth of M. maydis. The tested concentra-
tions were 0.125, 0.25, 0.5, 1.0, 2.0, 4.0, 6.0 and 
8% (w:v or v:v) for all materials. The essential 
oils were diluted in sterilized distilled water 
in order to acquire emulsifi ed stocks of high 
concentrations. Moreover a few drops of the 
emulsifi er Tween 20 (Sigma Co.) were add-
ed to the essential oil volumes to obtain an 
emulsion feature. Diff erent weights of each 
organic acid or organic salt as well as diff er-
ent volumes of each feature of essential oil 
emulsion were added to conical fl asks con-
taining 100 mL sterilized PDA medium be-
fore its solidifi cation, to obtain the want-
ed concentrations. Approximately 20 ml of 
each supplemented medium were poured 
into Petri-dishes (9 cm). The control treat-
ment consisted of PDA medium free of the 
tested materials. A mycelial disk (5 mm-di-
ameter) of M. maydis from a seven days old 
culture was placed on the center of the Pe-
tri dishes.

The effi  cacy of the antagonistic bio-
agents, was evaluated in vitro using the dual 
culture technique (Ferreira et al., 1991). Treat-
ments of the bioagents, T. harzianum, T. viri-
de (a mycelial disk of 5mm diameter), B. sub-
tilis, P. fl uorescens (growth streaking) were 
placed onto a PDA plate 10 mm at the edge 
of the Petri dish. A 5-mm mycelial disk of the 
pathogen M. maydis was placed on the op-
posite side of the dish at the same distance. 
The control treatment was inoculated with a 
well of the bioagents treatment or a myceli-
al disk of the pathogen alone.  

In total ten replicates were conducted 
for each treatment. They were incubated at 
25±2°C until the fungus reached full growth 
in the control treatment (10 days); then the 
linear growth was measured (mm).

In situ effi  cacy evaluation of the tested 
materials against M. maydis 

Two fi eld experiments were conduct-
ed during the successive summer grow-
ing seasons 2017 and 2018 at a fi eld locat-
ed at Kafr-Eldawar, Alexandria governorate. 
This fi eld was known for the high natural in-
fection of M. maydis. The tested materials 
which showed a high toxicity eff ect against 
M. maydis in vitro were examined further un-
der fi eld conditions. Additionally, an extract 
of alga C. vulgaris as well as the commer-
cial biostimulat (Biactive) were also tested in 
these experiments. The treatments applied 
in the two successive seasons were the fol-
lowing:

A. Untreated control
B. Soil drench

T. harzianum1. 
T. viride2. 
B. subtilis3. 
P. fl uorescens4. 

C. Seed dressing (1.0g or 1ml/100g seeds)
Salicylic acid5. 
Humic acid6. 
Potassium sorbate7. 
Carnation oil8. 
Lemongrass oil9. 
Chlorella vulgaris10.  extract
Biactive (commercial alga stimulant)11. 
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D. Foliar spray (1g or 1ml /1L)
Salicylic acid12. 
Humic acid13. 
Potassium sorbate14. 
Carnation oil15. 
Lemongrass oil16. 

E. Seed dressing + foliar spray (1.0g or 
1ml/100g seeds +1g or 1ml /1L)
Salicylic acid + Salicylic acid17. 
Humic acid + Humic acid18. 
Potassium sorbate + Potassium sorbate19. 
Carnation oil + Carnation oil20. 
Lemongrass oil + Lemongrass oil21. 

The fi eld experiment consisted of 105 
plots, [3.5m x 3m (10.5 m2) each]. Each indi-
vidual plot comprised of 6 rows. Five plots 
were used as replicates for each test materi-
al and fi ve plots were used as the untreated 
control. Maize grains M84 cv. were sown in 
all plots at the rate of 3grains/hole, 20 holes/
row. The randomized complete block de-
sign was used. All plots received the tradi-
tional agricultural practices, irrigation, fertil-
ization, etc.

Soil drench was applied at the rate of 
250ml (108 cfu/mL) per one m2. Bioagents 
were incorporated individually in the top 20 
cm of the soil surface at planting row sites 
considering relevant treatments (Abdel-
Kader, 1997). Meanwhile, for seed dressing, 
the inoculation of the bioagents was used at 
the rate of 108 cfu/mL. 

Specifi c quantity of the used organic ac-
ids, organic salts and essential oils was add-
ed to water (20L) to obtain the intended 
concentration applied for each treatment 
for foliar spray. All foliar spray treatments 
were applied three times with 15-day inter-
vals starting at the beginning of the fl ower-
ing stage. 

Effi  cacy assessment of the diff erent treat-
ments and application methods was based 
on the disease incidence. The disease inci-
dence was determined using the formula of 
(DI %) = (No of infected plants/ total No. of 
examined plants in each plot) x 100. Reduc-
tion in disease incidence was calculated as 
percentage of disease incidence in certain 
treatment in relation to the percentage of 

disease incidence in the control treatment. 
Monitoring and scouting for disease inci-
dence in all cultivated plots were preformed 
15 days after the third spray treatment. The 
fi eld experiments were carried out at the 
same fi eld for the two successive growing 
seasons (2017 and 2018). Plant growth and 
yield characters of maize were also evaluat-
ed.

Statistical analysis 
The obtained data were subjected to 

IBM SPSS software version 14.0. Analysis of 
variance was determined, and the mean val-
ues were compared by Duncan’s multiple 
range test at P <0.05.

Results

The effi  cacy of various organic acids, organ-
ic salts, essential oils and bioagents against 
M. maydis in maize was evaluated in vitro 
and in situ at the summer growing seasons 
of 2017 and 2018.

In vitro eff ect of the tested materials 
against M. maydis 

The inhibitory eff ect of the organic ac-
ids, salicylic acid, humic acid, ascorbic acid 
and benzoic acid, the organic salts sodi-
um benzoate, potassium sorbate, di-potas-
sium phosphate, calcium chloride, the es-
sential oils carnation, lemongrass and black 
seeds and bioagents T. hazianum, T. viride, B. 
subtilis and P. fl uorescens against the linear 
growth of M. maydis is presented in Table 1. 

The linear fungal mycelium growth de-
creased signifi cantly corresponding to the 
increase in concentrations of all tested ma-
terials. The minimum eff ective concentra-
tion varied among the diff erent tested ma-
terials. Organic acids achieved the highest 
inhibition against the fungal growth fol-
lowed by the essential oils and the organic 
salts. Salicylic acid of the organic acids de-
creased the linear fungal growth from 90 
mm to 6.0 mm at the concentration 0.125% 
(w/v) and led to the maximum growth inhi-
bition (100%) at 0.25% (w/v). Ascorbic acid 
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and benzoic acids followed the same trend 
causing complete fungal growth inhibition 
also at the concentration of 0.25% (w/v). 
Humic acid showed a lower eff ect, achiev-
ing complete fungal growth inhibition at 
the concentration of 0.5% (v/v). The results 
on essential oils revealed that the fungal 
growth was completely inhibited (100%) at 
the concentration of 1% of carnation and 
lemongrass essential oils, while the same ef-
fect was recorded for black seeds oil at con-
centration of 6.0%. As regards the organic 
salts, sodium benzoate and potassium sor-
bate could inhibit the fungal growth com-
pletely (100%) at 1.0%. The lowest inhibito-
ry eff ect was observed with di-potassium 
phosphate and calcium chloride for which 
the maximum fungal growth inhibition was 
recorded at 4.0% and 6.0%, respectively (Ta-
ble 1). 

Concerning the eff ect of antagonis-
tic agents, the fungi showed higher inhibi-
tion than the bacteria. Trichoderma viride de-
creased the pathogen fungal growth from 
90 mm to 7.67 mm followed by a decrease 
to 14.67 mm at the T. harzianum treatment. 
Likewise, the pathogen fungal growth de-
creased to 19.0 mm and 41.0 mm when it was 
exposed to the bacterial bioagents B. subtilis 
and P. fl uorescens, respectively (Table 1).

Effi  cacy of the tested materials against 
M. maydis in situ

Effi  cacy of the tested materials in the fi eld 
trials (most eff ective ones in vitro), based on 
percentages of disease incidence, is present-
ed in Table 2 and Figure 1 for the two growing 
seasons. All treatments/application meth-
od combinations showed higher control of 
disease incidence compared to the untreat-
ed control in both growing seasons. As the 
effi  cacy profi le of the treatments was similar 
in both seasons (comparison between treat-
ments within each growing season), the data 
of the two seasons for all recorded parame-
ters of plant morphogenesis and yield were 
pooled and analyzed together. 

Soil drench with the antagonistic bac-
teria, B. subtilis and P. fl uorescens achieved 
71.1% and 67.7% lower disease incidence 

than the untreated control, respectively. The 
corresponding disease incidence was 18.3% 
at the B. subtilis treatment and 20.5% at the 
P. fl uorescens treatment. The antagonistic 
fungi T. viride and T. harzianum reduced the 
disease incidence by 52.2% and 48.0%, re-
spectively, compared to the control treat-
ment (Fig. 1). 

Regarding the seed dressing treatments, 
salicylic acid and sodium benzoate showed 
higher effi  cacy against late wilt incidence 
followed by humic acid, carnation oil and 
potassium sorbate. The recorded disease 
incidence at these treatments was 13.5%, 
15.0%, 16.6%, 21.7% and 24.6%, correspond-
ing to effi  cacy of 78.7%, 76.3%, 73.7%, 65.8% 
and 61.2%, in respective order. Lower con-
trol of disease incidence was observed with 
Biactive alga extract and lemongrass oil 
(disease incidence 30.0%, 33.3% and 35.5% 
and effi  cacy 51.6%, 47.5%, respectively) al-
though they diff ered signifi cantly to the un-
treated control. 

For the combinations of [seed dressing 
+ foliar spray with the same treatment], the 
highest effi  cacy (> 60%) compared to un-
treated control was recorded at the treat-
ments of salicylic acid, lemongrass oil and 
humic acid, followed by the treatments of 
sodium benzoate, potassium sorbate and 
carnation oil (> 55%) (Table 2, Fig. 1).

A similar trend was also observed for 
the foliar spray application of the tested 
materials. Humic acid followed by salicyl-
ic acid spray treatments resulted in 16.5% 
and 18.3% disease incidence leading to 
74.0% and 71.1% lower disease incidence 
than untreated control. Moderate effi  cacy 
was achieved by the treatments of lemon-
grass oil and sodium benzoate 49.0% and 
44.0%, respectively (Fig. 1). Meanwhile, the 
lowest effi  cacy for foliar spray was record-
ed for carnation oil and potassium sorbate 
treatments; they controlled the disease inci-
dence by 38.5%, 35.9%, respectively (Fig. 1).

Effi  cacy of the tested materials on plant 
morphogenesis and yield characters of 
maize

All treatments exhibited a signifi cant 
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positive eff ect on plant morphogenesis and 
yield characters compared to the untreated 
control (Table 3). At the control treatment, 
the recorded fi gures of plant height, No. of 
leaves/plant, No. of cobs/plant, No. of rows/
cob and weight of 100 grain were 242.0, 12.3, 
1.0, 12.0 and 31.6g, in respective order. The 
most eff ective application method proved 
to be the [seed dressing + foliar spray] fol-
lowed by seed dressing, foliar spray, and oil 
drench with bioagents applications, in de-
scending order.

The highest plant height (297.3 cm) was 
recorded at the [seed dressing + foliar spray] 
application method of [salicylic acid + sali-
cylic acid] followed by treatments of [Hu-
mic acid + Humic acid], [Potassium sorbate 
+ Potassium sorbate], [Sodium benzoate + 
Sodium benzoate], [Lemongrass oil + Lem-
ongrass oil] and [Carnation oil + Carnation 
oil], leading to plant height of 293.0 cm, 
286.3 cm, 280.6 cm, 280.0 cm and 273.0 
cm, respectively compared with 242.0 cm 
in control treatment. The number of leaves 

Table 2. Late wilt disease incidence of Magnaporthiopsis maydis in maize after application of 
various organic acids, organic salts, essential oils, bioagents and algae in fi eld conditions in 
two growing seasons (2017, 2018). 

Treatment

Late wilt disease incidence (%) 

Season 2017
Mean ± s.d.

Season 2018
Mean ± s.d.

Average
Mean ± s.d.

Soil drench

T. viride 29.2 ± 1.4d 31.4 ± 1.2c 30.3 ± 1.9cd
T. harzianum 32.6 ± 1.3bc 33.4 ± 1.4c 33.0 ± 2.0c
B. subtilis 17.3 ± 0.8f 19.3 ± 0.7e 18.3 ± 1.9fg
P. fl uoroscens 19.8 ± 1.2de 21.2 ± 1.3de 20.5 ± 1.3f

Seed dressing
(1g or ±l/100g seeds)

Salicylic acid 14.8 ± 1.1g 12.2 ± 1.4g 13.5 ± 1.7h
Humic acid 17.4 ± 1.3f 15.8 ± 1.6fg 16.6 ± 1.5g
Sodium benzoate 14.3 ± 1.7g 15.7 ± 1.5f 15.0 ± 1.7g
Potassium sorbate 23.3 ± 1.4de 25.9 ± 1.2d 24.6 ± 2.7e
Carnation oil 20.8 ± 1.3de 22.6 ± 1.4de 21.7 ± 1.2f
Lemongrass oil 34.6 ± 1.5bc 36.4 ± 1.6bc 35.5 ± 1.4c
Algae extract 32.1 ± 1.1bc 34.5 ± 1.2d 33.3 ± 1.2c
Biactive stimulant 29.8 ± 1.6e 31.6 ± 1.5cd 30.7 ± 1.3cd

Seed dressing + foli-
ar spray
(1g or l/100g seeds 
+1g or 1ml /1L)

Salicylic acid + Salicylic acid 11.2 ± 0.7g 9.8 ± 0.6g 10.50 ± 1.0h
Humic acid + Humic acid 20.3 ± 0.6de 22.9 ± 0.8de 21.6 ± 1.0f
Sodium benzoate + Sodium benzoate 26.4 ± 0.4d 24.6 ± 0.4de 25.5 ± 2.3de
Potassium sorbate + Potassium sorbate 26.4 ± 0.8d 27.6 ± 0.7d 27.0 ± 0.1d
Carnation oil + Carnation oil 19.2 ± 1.2de 22.0 ± 1.1de 20.6 ± 0.5f
Lemongrass oil + Lemongrass oil 28.9 ± 1.3d 27.9 ± 1.2d 28.4 ± 2.0d

Foliar spray 
(1g or 1ml L)

Salicylic acid 17.8 ±0.7f 18.8 ± 0.9ef 18.3 ± 0.9fg
Humic acid 15.7 ± 0.9fg 17.3 ± 0.6ef 16.5 ± 0.8g
Sodium benzoate 36.6 ± 1.2bc 34.4 ± 1.1c 35.5 ± 2.2c
Potassium sorbate 41.3 ± 1.2b 39.9 ± 1.3b 40.6 ± 1.5b
Carnation oil 38.7 ± 1.3bc 39.3 ± 1.4b 39.0 ± 1.4bc
Lemongrass oil 31.8 ± 1.4c 32.8 ± 1.6c 32.3 ± 0.7c

Control 62.8 ± 0.8a 64.2 ± 0.7a 63.5 ± 0.6a

 Disease incidence (%) for each season was calculated as follows: Disease incidence = No. of infected plants/No. of 
total plants X 100.

 Means ± standard deviations within a column followed by the same letter are not signifi cantly diff erent (Duncan 
multiple range test at P < 0.05).
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per plant followed a similar trend as stated 
above. At the [seed dressing + foliar spray] 
application method the No. of leaves ranged 
between 16.0 - 14.3 leaves/plant whereas 
at the seed dressing application method it 
ranged between 15.3 - 12.6 leaves/plant; at 
foliar spray treatments this number was 13.6 
– 15.0 leaves/plant and at untreated control 
12.3 leaves/plant.

Furthermore, results reveal that the high-
est yield characters were recorded at [seed 
dressing + foliar spray] application method 
followed by seed dressing, foliar spray and 
soil drench with bioagents (Table 3, Fig. 2). 

The highest measured yield characters 
were recorded at the [Salicylic acid + Salicyl-
ic acid] treatment; the recorded No. of cobs/
plant, No. of rows/cob and weight of 100 
grain were 2.0, 13.3 and 39.1g, respectively. 
Moderate results were acquired at the [Hu-
mic acid + Humic acid], [Sodium benzoate 
+ Sodium benzoate], [Potassium sorbate + 
Potassium sorbate], [Lemongrass oil + Lem-
ongrass oil] and [Carnation oil + Carnation 
oil] treatments. The No. of cobs/plant, No. of 
rows/cob and weight of 100 grain were 2.0, 

15.6, 36.5g; 2.0, 15.6, 36.2g; 2.0, 14.0, 35.8g; 
2.0, 13.3, 35.7g and 1.6, 15.3, 35.6g, for each 
treatment/yield character, respectively (Ta-
ble 3).  

A similar trend was also observed at the 
seed dressing treatments. The recorded No. 
of cobs/plant ranged between 1.0-2.0, the 
No. of rows/cob between 11.3-15.0 and the 
weight of 100 grain between 31.9g-35.5g. At 
foliar spray treatments the recorded ranges 
were 1.3-1.6 for the No. of cobs/plant, 12.6-
14.6 for the No. of rows/cob, and 33.1-34.7g 
for the weight of 100 grain, respectively (Ta-
ble 3).

Regarding the soil drench with bio-
agents, the highest plant morphogenesis 
and yield characters were recorded at T. vir-
ide treatment followed by B. subtilis, T. har-
zianum and P. fl uorescens. The plant height 
ranged from 231.3 to 261.6 cm and the No. 
of leaves/plant from 14.0 to 14.3. The record-
ed ranges of No. of cobs/plant, No. of rows/
cob and weight of 100 grain were 1.0-2.0, 
14.0-15.6, and 35.4-36.7g, respectively (Ta-
ble 3). 

Discussion

Control of the late wilt of maize disease 
is very important due to its widespread in 
maize cultivation in Egypt but also in new 
reclaimed soil. In the present study, sever-
al alternative fungicides were studied in this 
respect: salicylic acid, humic acid (organ-
ic acids), sodium benzoate, potassium sor-
bate (organic salts), carnation, lemongrass 
(essential oils), algae products, and biocon-
trol agents, T. harzianum, T. viride, B. subtilis 
and P. fl uorescens. 

The obtained results revealed that sal-
icylic acid, ascorbic acid and benzoic acid 
followed by humic acid achieved maximum 
growth inhibition (100%) of M. maydis at 
concentrations of 0.25% and 0.5% (humic 
acid). Meanwhile, the same eff ect was re-
corded at 0.5% of sodium benzoate, potas-
sium sorbate and at 4.0, 6.0% of di-potassim 
phosphate, calcium choloride, respectively. 
Ismail et al. (1988) reported that germ tube 

Figure 1. Reduction (%) in maize late wilt incidence in re-
sponse to in situ soil drench, seed dressing seed dressing + 
foliar spray or foliar applications of several fungicide alterna-
tives (average for growing seasons 2017, 2018). Reduction in 
disease incidence was calculated as percentage of disease in-
cidence in certain treatment in relation to the percentage of 
disease incidence in the control treatment.
Tv= Trichoderma viride, Th= Trichoderma harzianum, Bs= 
Bacilus subtilis, Pf= Pseudomonas fl uorescens, Sa= Salicylic 
acid, Ha= Humic acid, Sb= Sodium benzoate, Ps= Potassium 
sorbate, Ca-Carnation oil, Lg= Lemongrass oil, Ae= Algae ex-
tract and Ba= Bioactive stimulant.
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length and spores germination of Fusari-
um oxysporum f. sp. lycopersici and Asper-
gillus fumigates were inhibited by salicylic 
acid. Also, Shashi-Chauhan (1989) report-
ed that salicylic acid proved its high toxicity 

against the mycelial growth of Trichophyton 
mentagrophytes, T. tonsuran, T. violaceum, T. 
rubrum, Microsporum gypseum and Epider-
mophyton fl occosum. Induction of disease 
resistance by applying salicylic acid against 

Table 3. Eff ect of organic acids, organic salts, essential oils, bioagents and algae on plant 
morphogenesis and yield characters of maize grown in fi eld conditions (average for grow-
ing seasons 2017 and 2018).

Treatment 

Plant morphogenesis and yield characters

Plant
Height

(cm)

No. of 
leaves/
plant

No. of 
cobs/
plant

No. of
 rows/ cob

Weight of 
100 

Grains/g

Mean ± s.d. Mean ± s.d. Mean ± s.d. Mean ± s.d. Mean ± s.d.

Soil drench

T. viride 231.3 ± 40.0a (b) 14.0 ± 1.0b 2.0 ± 0.0d 15.6 ± 2.0d 36.1 ± 1.0f
T. harzianum 242.3 ± 24.9b 14.0 ± 1.0b 1.6 ± 0.5bc 14.3 ± 2.0bc 35.4 ± 0.7e
B. subtilis 261.6 ± 10.4d 14.3 ± 1.5b 1.6 ± 0.5bc 14.0 ± 0.0bc 36.7 ± 0.4f
P. fl uoroscens 258.3 ± 25.5c 14.0 ± 0.0b 1.0 ± 0.0a 15.3 ± 1.5d 35.6 ± 0.1e

Seed dressing (1.0g or 1ml/100g seeds)

Salicylic acid 285.6 ± 11.0d 15.3 ± 0.5c 2.0 ± 0.5d 12.6 ± 2.3a 35.2 ± 1.5e
Humic acid 276.6 ± 23.0e 14.6 ± 1.1b 1.6 ± 0.0bc 13.3 ± 1.1b 35.5 ± 1.6e
Sodium benzoate 277.3 ± 11.2e 14.0 ± 0.0b 1.3 ± 0.5b 15.0 ± 1.0d 35.1 ± 1.3e
Potassium sorbate 277.6 ± 20.4e 15.0 ± 1.0c 1.3 ± 0.5b 12.6 ± 2.3a 34.7 ± 0.9d
Carnation oil 275.0 ± 13.2e 15.3 ± 0.5c 1.3 ± 0.5b 11.6 ± 1.5a 32.6 ± 1.4bc
Lemongrass oil 271.0 ± 27.6e 15.0 ± 2.0c 1.3 ± 0.5b 13.3 ± 1.5b 31.9 ± 3.0a
Algae extract 282.0 ± 17.3f 14.0 ± 0.0b 1.0 ± 0.0a 13.3 ± 1.1b 31.9 ± 0.7a
Commercial algae biofertilizer 253.0 ± 14.4c 12.6 ± 0.5a 1.3 ± 0.0b 11.3 ± 2.3a 32.4 ± 1.2bc

Seed dressing + foliar spray (1.0g or 1ml/100g 15.3seeds 1.0+1g or 1ml /1L)

Salicylic acid + Salicylic acid 297.3 ± 4.0g 16.0 ± 1.0d 2.0 ± 0.0d 13.3 ± 1.1b 39.1 ± 1.1g
Humic acid + Humic acid 293.0 ± 5.2g 15.3 ± 0.5c 2.0 ± 0.0d 15.6 ± 0.5d 36.5 ± 2.1f
Sodium benzoate + Sodium ben-
zoate 280.6 ± 5.5f 14.6 ± 2.0b 2.0 ± 0.0d 15.6 ± 1.5d 36.2 ± 1.8f

Potassium sorbate + Potassium 
sorbate 286.3 ± 9.2f 15.0 ± 0.0c 2.0 ± 0.0d 14.0 ± 0.0bc 35.8 ± 3.8e

Carnation oil + Carnation oil 273.6 ± 8.0e 14.3 ± 0.5b 1.6 ± 0.5bc 15.3 ± 1.1d 35.6 ± 1.1e
Lemongrass oil + Lemongrass oil 280.0 ± 5.5f 15.3 ± 0.5c 2.0 ± 0.0d 13.3 ± 1.1b 35.7 ± 1.8e

Foliar spray (1g or 1ml /1L)

Salicylic acid 261.1 ± 6.5d 14.3 ± 1.1b 1.6 ± 0.5bc 13.3 ± 1.1b 35.1 ± 2.3e
Humic acid 256.3 ± 4.1c 14.3 ± 0.5b 1.3 ± 0.5b 14.0 ± 0.0bc 34.7 ± 0.2d
Sodium benzoate 247.3 ± 6.0b 13.6 ± 0.5ab 1.3 ± 0.5b 12.6 ± 3.0a 34.1 ± 0.4d
Potassium sorbate 256.6 ± 11.5c 14.6 ± 0.5b 1.6 ± 0.5bc 14.0 ± 2.0bc 34.1 ± 0.4d
Carnation oil 250.6 ± 11.8c 14.6 ± 0.5b 1.6 ± 0.5bc 14.6 ± 2.0bc 33.9 ± 0.9c
Lemongrass oil 260.6 ± 2.5d 15.0 ± 0.0c 1.3 ± 0.5b 13.3 ± 1.1b 33.1 ± 0.2c

Control 242.0 ± 9.0b 12.3 ± 0.5a 1.0 ± 0.0a 12.0 ± 0.5a 31.6 ± 1.5a

 Means ± standard deviations within a column followed by the same letter are not signifi cantly diff erent by 
(Duncan multiple range test at P < 0.05). 
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several soil-borne plant pathogens, i.e. fun-
gal root rot and wilt pathogens (Chen-Chun-
quan et al., 1999; Mandavia et al., 2000), as 

well as fungal foliar diseases (Sathiyabama 
and Balasubramanian, 1999; Cameron, 2000) 
have been reported. In addition, foliar appli-

Figure 2. Corn cobs in maize plants treated with organic acids (salicylic acid, humid acid), organic salts (sodium benzoate, 

potassium sorbate) or essential oils (carnation oil, lemongrass oil) by [seed dressing + foliar spray] application, compared 

to untreated control plants, in fi eld trials.
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cation of humic acid proved to be eff ective 
in reducing early blight disease incidence in 
tomato plants (Farouk et al., 2012). Likewise, 
Saad et al. (2014) reported the inhibition ac-
tivity of some antioxidants (ascorbic, ben-
zoic, citric, salicylic acids and Bion 50 WG®) 
on the growth of the economically impor-
tant pathogenic fungi Alternaria solani and 
Fusarium solani in vitro, while linear growth 
was decreased by increasing their concen-
trations. 

El-Mougy et al. (2008) observed that or-
ganic acids, i.e., ascorbic, benzoic, citric and 
sorbic as well as organic salts, i.e., potassium 
sorbate and sodium benzoate at concentra-
tions of 4% and 2%, respectively, complete-
ly inhibited the growth of causal agents of 
sour rot, green and blue molds of lemon 
fruits in vitro and the disease incidence un-
der in vivo conditions. Sofos et al. (1986) and 
Sofos (1992) found that sorbic acid and its 
salts could inhibit various microorganisms 
(bacteria including sporeformers) as a result 
of a change in cell-transport function, the 
inhibition of enzymes involved in the glyc-
olytic pathway or tricarboxylic acid cycle, in-
hibition of RNA, DNA, and protein synthesis, 
or the uncoupling of the oxidative phospho-
rylation in mitochondria. Cheng and Pip-
er (1994) reported the depletion of ATP in 
conidia of Saccharomyces cerevisiae after ex-
posure to sorbic acid.

The essential oils of carnation, lemon-
grass and black seed showed growth inhi-
bition of M. maydis in vitro and in situ when 
applied as seed dressing, [seed dressing 
+ foliar spray] or foliar spray. Essential oils 
have been generally reported as the main or 
adjuvant antimicrobial compounds in plant 
disease control (Kaur and Arora, 1999). Such 
compounds diff er to conventional antimi-
crobials in structure and mode of action (Na-
scimento et al., 2000). Berhanu et al. (2020) 
stated that the phytochemicals occur natu-
rally in the plant leaves, fruits, stems, bark, 
seeds, and roots, and defend and protect 
the plant against various diseases. For ex-
ample, the antimicrobial activities of Carissa 
spinarum revealed an antibacterial activity 
against Staphylococcus aureus, Staphylococ-

cus aureus ATCC 25923, Methicillin-resistant 
Staphylococcus aureus (MRSA), Bacillus sub-
tilis, Salmonella typhi, Escherichia coli, Esche-
richia coli ATCC25922, Escherichia coli DSM 
1103, Pseudomonas aeruginosa ATCC 35032, 
Pseudomonas fl uorescence, Proteus mirabi-
lis, Mycoplasma mycoides and Streptococcus 
species. Several compounds that have anti-
microbial eff ects have been detected in the 
tested essential oils i.e., citral, geraniol, bor-
neol and citronellol in lemongrass oil (Gan-
jewala and Gupta, 2016); eugenol, α-pinene, 
myrcene in carnation oil (Kirillov et al., 2017); 
9-eicosyne, linoleic acid, palmitic acid and 
antioxidants in black seed oil (Dinagran et 
al., 2016) (www.holisticonline.com/Herbal-
Med/_Herbs/h280.htm).

The treatments with the antagonistic 
fungi T. viride, T. harzianum, B. subtilis and P. 
fl uorescens decreased the pathogenic fun-
gal growth down to 7.6, 14.6, 19.0 and 41.0 
mm, respectively, compared with 90mm 
linear growth in untreated control. Pau-
litz and Bélanger (2001) reported that dur-
ing the past ten years, over 80 bio-control 
products have been marketed worldwide, 
based mostly on Trichoderma sp., Ampelo-
myces quisqualis, Bacillus sp., Ulocladium 
sp. and Pseudomonas sp. Abdel-Kader et al. 
(2012) have showed that reduction of pow-
dery mildew and downy mildew diseases of 
cucumber, cantaloupe and pepper as well 
as early and late blights of tomato and pep-
per was achieved by spraying with the bio-
agents, T. harzianum, T. viride, B. subtilis, P. 
fl uorescens and S. cerevisiae. Regarding their 
mode of action, it has been shown that Ba-
cillus sp. synthesizes diff erent metabolites 
that act as antifungal agents (Ahimou et al., 
2000; Moyne et al., 2001). 

Algae are one of the chief biological 
agents that have been studied for the con-
trol of plant pathogenic fungi, particularly 
for soil-borne diseases (Hewedy et al., 2000). 
Cyanobacteria (blue-green algae) and eu-
karyotic algae had been reported to pro-
duce biologically active compounds, that 
have antifungal activity (Kulik, 1995; Schle-
gel et al., 1998), antibiotic and toxic activ-
ity (Bonjouklian et al., 1991; Kiviranta et al., 
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1993). Moreover, Anabaena spp., Scytone-
ma spp., and Nostoc spp. have been report-
ed to be effi  cient for controlling soilborne 
fungi causing damping-off  disease as well 
as the growth of soil fungus Cunninghamel-
la blakesleana (Frankmolle et al., 1992; Chet-
sumon et al., 1993). Also, Kulik (1995) report-
ed that culture fi ltrates or cell extracts from 
cyanobacteria and algae applied to seeds 
protect them from damping-off  fungi such 
as Fusarium sp., Pythium sp. and Rhizocto-
nia solani. Furthermore, El-Mougy and Ab-
del-Kader (2013) reported that commer-
cial blue-green algae extracts, Weed-Max 
at 2g/l (extracts in powder phase), and Oli-
go-X at 2 ml/l (extracts in liquid phase) could 
suppress soil-borne fungi causing root rot of 
cucumber, cantaloupe, tomato, and pepper 
plants under plastic greenhouse conditions 
and enhance the antagonistic ability of bio-
agents, fungi, bacteria and yeast. 

It should be highlighted that the appli-
cation method on the effi  cacy of the treat-
ments was also important since the [seed 
dressing + foliar spray] application achieved 
signifi cantly higher effi  cacy against disease 
incidence followed by seed dressing, foliar 
spray and soil drench application methods. 
Nevertheless, all tested application meth-
ods led to signifi cantly lower disease inci-
dence, and better plant morphogenesis and 
yield characters. 

All treatments had a positive signifi cant 
eff ect on maize plant morphogenesis and 
yield characters compared to the control. A 
possible eff ect of the tested compounds on 
plant nutrition cannot be ignored, i.e., SA as 
foliar application had a positive eff ect on in-
creasing rocket yield and N, P, K, Fe, Mn, and 
Zn concentrations in leaves (Ahmed et al., 
2002). Kalarani et al. (2002) reported that in-
creasing nitrate reductase activity and chlo-
rophyll content of tomato plants after SA 
spray as a distinct role. Likewise, humic acid 
is a heterogeneous mixture of many com-
pounds which improve soil fertility and in-
crease nutrients availability, enhance plant 
growth, yield, and decrease the harmful ef-
fect of stresses through various mechanisms 
inside plants and soil (Unlu et al., 2011; Mo-

raditochaee, 2012). El-Beltagi et al. (2017) re-
ported signifi cant increase in plant growth 
and yield characters as well as changes in 
the leaf chemical composition of cotton 
plants by foliar application of potassium cit-
rate (PC) and salicylic acid (SA). In addition, 
microalgae Chlorella vulgaris is used as bio-
fertilizer and soil conditioner in agriculture 
systems (Song et al., 2005) and part of mi-
cronutrient foliar fertilizers (Shabaan, 2010). 
The tested commercial product Bioactive is 
also known to bring additional benefi ts to 
the plant at diff erent growth stages such 
as development of the root, increasing vig-
or and photosynthetic effi  ciency, or a larger 
number and quality of the produced fruits 
(http://adleragro.com/en/productos/famil-
ia-bioestimulantes/biactive/). 

Conclusion

In the present work, seed and/or by foliar 
application of the tested organic acids and 
salts, essential oils, algae, and soil drench 
application of the tested bioagents could 
achieve signifi cant reduction of maize late 
wilt disease incidence in vitro and in fi eld 
conditions. Overall, these compounds could 
be considered for potential use in IPM pro-
grams for the control of M. maydis, promot-
ing sustainability in maize cultivation. 

This research was fi nancially supported in part 
by In-House Project No. 11030132 of Nation-
al Research Centre, Egypt entitled “Integrat-
ed Management of Diseases Aff ecting Maize 
Crop during Vegetative Growth and Storage 
Periods”.
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Αποτελεσματικότητα εναλλακτικών μυκητοκτόνων κατά 
του φυτοπαθογόνου μύκητα Magnaporthiopsis maydis στον 
αραβόσιτο και επίδραση στη μορφογένεση των φυτών και σε 
χαρακτηριστικά της απόδοσης

M.M. Abdel-Kader, M.S.A. Khalil και N.S. El-Mougy

Περίληψη   Μελετήθηκε η αποτελεσματικότητα διαφόρων οργανικών οξέων, οργανικών αλάτων, αι-
θέριων ελαίων, φυκών (εκχύλισμα Chlorella vulgaris και εμπορικού προϊόντος) και βιολογικών παραγό-
ντων κατά του Magnaporthiopsis maydis, που προκαλεί τον όψιμο μαρασμό του αραβοσίτου, σε συνθή-
κες εργαστηρίου και αγρού. Για τις in vitro δοκιμές χρησιμοποιήθηκαν στελέχη του M. maydis που απο-
μονώθηκαν από το πεδίο στην Αίγυπτο. Επιπλέον, σε πειράματα αγρού σε δύο διαδοχικές καλλιεργη-
τικές περιόδους δοκιμάστηκε η αποτελεσματικότητα διαφορετικών μεθόδων εφαρμογής των παρα-
πάνω παραγόντων. Τα αποτελέσματα των in vitro δοκιμών έδειξαν μέγιστη ανάσχεση της ανάπτυξης 
του M. maydis σε διαφορετικές συγκεντρώσεις σαλικυλικού οξέος, ασκορβικού οξέος, βενζοϊκού οξέ-
ος και χουμικού οξέος καθώς και βενζοϊκού νατρίου, σορβικού καλίου, μονόξινου φωσφορικού καλί-
ου και χλωριούχου ασβεστίου, με φθίνουσα σειρά. Παρόμοια τάση έδειξαν και τα αιθέρια έλαια γαρύ-
φαλλου (Dianthus caryophyllus L.), λεμονόχορτου (Cymbopogon schoenanthus L.) και μελάνθιου (Nigella 
sativa L.). Η ελάχιστη ανάπτυξη του παθογόνου επιτεύχθηκε με την έκθεση στον ανταγωνιστή μύκη-
τα Trichoderma viride και ακολούθως στους μικροοργανισμούς Trichoderma harzianum, Bacillus subtilis 
και Pseudomonas fl uorescens. Υπό συνθήκες αγρού, η μεγαλύτερη μείωση της ασθένειας καταγράφηκε 
στις εφαρμογές με σαλικυλικό οξύ (όλες οι μέθοδοι εφαρμογής), χουμικό οξύ (όλες οι μέθοδοι εφαρμο-
γής), βενζοϊκό νάτριο (επικάλυψη σπόρων), γαρυφαλέλαιο (επικάλυψη σπόρων ή επικάλυψη σπόρων 
σε συνδυασμό με ψεκασμό φυλλώματος) και τους βιολογικούς παράγοντες B. subtilis και P. fl uorescens 
(ριζοπότισμα). Συνολικά, όλες οι επεμβάσεις και όλες οι μέθοδοι εφαρμογής οδήγησαν σε σημαντικά 
μικρότερη συχνότητα της ασθένειας σε σχέση με το μάρτυρα και στις δύο καλλιεργητικές περιόδους. 
Επιπλέον, με όλες τις επεμβάσεις επιτεύχθηκε ενίσχυση της μορφογένεσης των φυτών και των χαρα-
κτηριστικών της απόδοσης. Οι πιο αποτελεσματικοί συνδυασμοί ουσιών/βιολογικών παραγόντων και 
μεθόδων εφαρμογής μπορεί να ληφθούν υπόψη για μελλοντική χρήση στην ολοκληρωμένη διαχείρι-
ση της ασθένειας στον αραβόσιτο.
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SHORT COMMUNICATION 

First record of Sphenophorus placidus vestitus (Coleoptera: 
Curculionidae: Dryophthorinae) in Cyprus

E. Kakouris1, C. Makris2 and J. Demetriou3,4,5*

Summary   The Nearctic weevil Sphenophorus placidus vestitus Chittenden, 1904, an alien pest which is 
known to infest turfgrasses is reported for the fi rst time on the island of Cyprus. A single specimen was 
collected from Famagusta (Ammochostos), Protaras in 2012. The species distribution and possible eco-
nomic impacts are shortly discussed. A checklist for the alien Dryophthorinae of Cyprus is presented.

Additional keywords: alien species, Eastern Mediterranean, island invasions, Rhynchophorini, Sphenophorina

tatus (Goeze, 1777) and the alien S. placidus 
vestitus (Chittenden, 1904) [=syn. S. venatus 
vestitus (Say, 1832)] (Alonso-Zarazaga et al., 
2017; Prena, 2018). Up to date, out of these 
species only three have been found to in-
habit Cyprus (S. abbreviatus, S. piceus and 
S. striatopunctatus) (Alonso-Zarazaga et al., 
2017). 

Native to the Nearctic zoogeographic 
realm, S. placidus vestitus has been acciden-
tally transported outside its native range 
to the Palearctic, reaching Eastern Palearc-
tic countries such as Iraq, Japan, Korea and 
Qatar (Aoyagi et al., 1990; Yang et al., 2009; 
Pelletier, 2005; Aletby et al., 2015). In the 
Western Palearctic, the species has been re-
ported in France (including Corsica) (Orous-
set et al., 2008; INPN 2021), Greece (Koroty-
aev and Apt, 2018), Morocco (Pelletier, 2005; 
Alonso-Zarazaga and Sánchez-Ruiz, 2009), 
and Spain (including Canary Islands) (Alon-
so-Zarazaga and Sánchez-Ruiz, 2009). This is 
the fi rst record for S. placidus vestitus in Cy-
prus.

A single specimen was collected alive 
in Cyprus, Famagusta (Ammochostos), Par-
alimni, Protaras (35.0205 oN, 34.0516 oE), 
15.vii.2012, 0 m alt., within 10-20 m from the 
coast, on the surface of the sea (Fig. 1). The 
specimen was identifi ed by C. Makris using 
the identifi cation key of Alonso-Zarazaga 
and Sánchez-Ruiz (2009) and its identifi ca-
tion was later confi rmed by Mr G. Kakiopou-

The subfamily Dryophthorinae consists of 
1200 species in 152 genera which are wide-
spread throughout the globe and divided in 
fi ve tribes: Cryptodermatini, Dryophthorini, 
Orthognathini, Rhynchophorini and Strom-
boscerini (Oberprieler et al., 2014). The tribe 
Rhynchophorini includes some of the most 
notorious alien to Europe beetles, attack-
ing woody monocotyledons, such as Rhyn-
chophorus ferrugineus (Olivier, 1790) and Di-
ocalandra frumenti (Fabricius, 1801) infesting 
palm-trees, Scyphophorus acupunctatus Gyl-
lenhal, 1838 mainly associated with agaves, 
and representatives of the genus Sitophi-
lus Schoenherr, 1838 being common stored 
product pests (Sauvard et al., 2010). 

Only six species of the genus Spheno-
phorus Schönherr, 1838 are distributed in 
the Western Palearctic, namely, S. abbrevi-
atus (Fabricius, 1787), S. meridionalis (Gyl-
lenhal, 1838), S. parumpunctatus (Gyllenhal, 
1838), S. piceus (Pallas, 1776), S. striatopunc-
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los. The specimen is deposited in the private 
collection of C. Makris. 

This record constitutes the fi rst report 
on S. placidus vestitus from the island. The 
circumstances under which the specimen 
was collected do not permit any identifi ca-
tion of host-plants or other ecological pa-
rameters. However, as Protaras is a famous 
touristic resort situated along the coastline 
which maintains open areas covered by im-
ported turfgrass, the specimen most proba-
bly originated from the coast of Protaras. As 
the main introduction pathway for the spe-
cies has been related to the import of turf-
grasses (Aletby et al., 2015), an accidental in-
troduction to the island via the horticultural 
pathway is hypothesised.

Sphenophorus placidus vestitus has been 
identifi ed as a major pest of turfgrasses in 
both its native range and invaded coun-
tries, commonly found in golf courses (Hat-

sukade, 1997; Yang et al., 2009; León-García 
et al., 2012) and orchardgrass (Kuhn et al., 
2013). The distribution of the species with-
in Cyprus, the presence of established pop-
ulations and any adverse economic impact 
on the island are currently unknown, as the 
presented specimen stands out as the sole 
individual of S. placidus vestitus detected on 
the island. Nevertheless, given the exten-
sive coverage of urban and semi-urban sites 
in Cyprus with turfgrass (e.g., golf courses, 
football fi elds, hotels, municipal parks and 
other tourist sites), S. placidus vestitus could 
potentially infl ict a serious economic bur-
den towards the maintenance of turfgrasses 
in the tourism industry, such as hotels and 
sports facilities creating yellow spots due 
to the drying of lawn (Alonso-Zarazaga and 
Sánchez-Ruiz, 2009; Aletby et al., 2015). 

Sphenophorus placidus vestitus rais-
es the number of non-native weevils of 
the subfamily Dryophthorinae (tribe Rhyn-
chophorini) in Cyprus to 7 species, name-
ly: Rhynchophorus ferrugineus (Olivier, 1790) 
(Kontodimas et al., 2006); Scyphophorus acu-
punctatus Gyllenhal, 1838, (Vassilliou and 
Kitsis, 2015); Sitophilus granarius (Linnaeus, 
1758) (Georghiou, 1977); Sitophilus oryzae 
Schoenherr, 1838 (Georghiou, 1977); Sitophi-
lus sculpturatus (Gyllenhal, 1838) (Georghiou, 
1977); Sitophilus zeamais Motschulsky, 1855 
(Gözüaçık et al., 2015); Sphenophorus venatus 
vestitus Chittenden, 1904 (present study).

We would like to kindly acknowledge Mr 
George Kakiopoulos for validating the identifi -
cation of S. placidus vestitus as well as the two 
anonymous Reviewers for their corrections 
and comments on the manuscript. 
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ΣΥΝΤΟΜΗ ΑΝΑΚΟΙΝΩΣΗ

Πρώτη καταγραφή του Sphenophorus placidus vestitus 
(Coleoptera: Curculionidae: Dryophthorinae) στην Κύπρο

Η. Κακούρης, Χ. Μακρής και Ι. Δημητρίου

Περίληψη   Το Βορειοαμερικανικό σκαθάρι Sphenophorus placidus vestitus Chittenden, 1904, ένα ξενι-
κό έντομο που είναι γνωστό ότι προσβάλλει χλοοτάπητες, αναφέρεται για πρώτη φορά στην Κύπρο. 
Ένα μοναδικό δείγμα συλλέχθηκε από την Αμμόχωστο, στον Πρωταρά το 2012. Γίνεται αναφορά στη 
διασπορά του εντόμου και τις πιθανές οικονομικές επιπτώσεις. Παρουσιάζεται μια συνοπτική λίστα με 
τα ξενικά είδη Dryophthorinae της Κύπρου.

Hellenic Plant Protection Journal 15: 72-75, 2022
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SHORT COMMUNICATION

First record of the Nearctic Ozognathus cornutus (LeConte, 
1859) (Coleoptera: Ptinidae: Anobiinae) in Cyprus

J. Demetriou1,2, G. Kakiopoulos3 and A.F. Martinou2,4*

Summary   The Nearctic spider beetle Ozognathus cornutus (LeConte, 1859) is recorded for the fi rst 
time in Cyprus during entomological surveys on alien Eucalyptus spp. The biology of this alien species 
is still understudied. A short overview of the species distribution and ecology in the Mediterranean is 
presented, adding a new host plant for the beetle.

Additional keywords: alien species, Eastern Mediterranean, Eucalyptus, non-native, spider beetles

During entomological fi eld surveys con-
cerning alien insects on Eucalyptus spp., 
three male Ozognathus specimens were col-
lected and identifi ed using species diagno-
ses of Zaradník and Mifsud (2005) and Sten-
house (2017). The specimens were deposited 
at the National and Kapodistrian University 
of Athens, Greece as part of the fi rst author’s 
MSc Thesis.

Material examined:
Cyprus, Limassol (Lemesos), Marina (Molos), 
(34.6750o N, 33.0475o E), 0 m alt., collected 
during beat-sheet sampling on Eucalyptus 
spp., urban area - municipal park by the sea, 
23.iv.2021 and 14.v.2021 (Fig. 2), 2 males col-
lected. 
Cyprus, Limassol (Lemesos), Port, (34.6453o 
N, 33.0008o E), 0 m alt., collected during 
beat-sheet sampling on Eucalyptus spp., 
windbreaker near crop, 31.iii.2021, 1 male 
collected. 

The ecology of O. cornutus is still rather 
unknown and the species has been record-
ed at a wide range of habitats including ag-
ricultural, coastal, urban and woodland ar-
eas (Zaradník and Mifsud, 2005; Miłkowski, 
2019; Trócoli et al., 2020). Ozognathus cornu-
tus is regarded as polyphagous, being asso-
ciated with 38 diff erent host plants (Bazza-
to et al., 2021). In Mediterranean countries, it 
has been collected from various plant spe-

The New World genus Ozognathus LeConte, 
1861(Ptinidae: Anobiinae) is represented by 
11 species native to North and South Ameri-
ca (White 1974; 1975; Zahradník and Mifsud, 
2005; Trócoli et al., 2020). Originating from 
the Nearctic zoogeographic realm, Ozogna-
thus cornutus (LeConte, 1859) has been acci-
dentally introduced outside its native range 
to the Western Palearctic, where it has been 
recorded in France (Allemand et al., 2008), 
Germany (Allemand et al., 2008), Gibraltar 
(GONHS, 2017), Israel (Miłkowski, 2019), Ita-
ly (including Sardinia and Sicily) (Cusimano 
et al., 2015; Bazzato et al., 2021; Cerasa and 
Lo Verde, 2021), Latvia (Telnov et al., 2016), 
Malta (Zahradník and Mifsud, 2005), Portu-
gal (Madeira) (Zahradník and Mifsud, 2005), 
Spain (including Canary Islands) (Bercedo et 
al., 2005; Viñolas, 2017; Trócoli et al., 2020), 
Switzerland (Germann and Schmidt, 2017), 
Tunisia (Zahradník and Mifsud, 2005) and 
the United Kingdom (Stenhouse, 2017) (Fig. 
1).
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cies such as Allium sativum, Carduus spp., Eri-
obotrya japonica, Euphorbia characias, Ficus 
carica, Fraxinus angustifolia syriaca, Phoe-
niculum vulgare, Phoenix dactylifera, Reta-
ma monosperma, Robinia pseudocacia, Quer-
cus suber, Scheffl  era arboricola and Scolymus 
hispanicus (Bercedo et al., 2005; Miłkowski, 
2019; Trócoli et al., 2020; Bazzato et al., 2021) 
as well as from dried fruit of Prunus amygd-
alinus (Allemand et al., 2008). The beetle has 
been regarded as saproxylophagous, feed-
ing on decaying plant tissues such as dried 

fruit and woodborers’ faeces in galleries as 
well as inhabiting galls of various Cecidomy-
idae and Cynipidae (Miłkowski, 2019; Trócoli 
et al., 2020; Cerasa and Lo Verde, 2021). 

Although, eucalypts in the sampled ar-
eas were heavily infested with Glycaspis 
brimblecombei Moore, 1964 lerps (Limassol 
marina) as well as galls of Leptocybe inva-
sa Fisher and La Salle, 2004 and Ophelimus 
maskelli (Ashmead, 1900) (Limassol mari-
na and port), no associations or interactions 
with O. cornutus were observed. 

Figure 1. Distribution map of Ozognathus cornutus (LeConte, 1859) in the Western Palearctic. 

Figure 2. Male Ozognathus cornutus (LeConte, 1859) collected in Limassol city centre, dorsal (A) and lateral view (B). 
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According to Cusimano et al. (2014) more 
records are anticipated as the presence of 
O. cornutus in Europe has been associated 
with international trade. During our surveys, 
one specimen was collected from Limassol 
port which is the island’s largest commercial 
port, while the other two male specimens 
were collected from the Limassol marina, 
approximately 3 km from Limassol port. This 
potentially pinpoints the original point of 
entry of O. cornutus to the country. The pres-
ence of O. cornutus in Cyprus does not come 
as a surprise, given its extended presence in 
the Mediterranean Basin and recent records 
from neighbouring Israel (Miłkowski, 2019). 
Due to the wide range of native and non-na-
tive host plant species, O. cornutus is expect-
ed to become widespread in Cyprus. 

We are highly grateful to Prof. Margarita Ari-
anoutsou and Dr Canella Radea (National and 
Kapodistrian Univeristy of Athens, Greece) for 
overseeing the MSc Thesis during which fi eld 
surveys took place. We are also thankful to the 
two anonymous reviewers for their valuable 
comments and corrections to the manuscript. 
This work was funded by the State Scholarship 
Foundation of Cyprus (IKYK) during a post-
graduate scholarship awarded to Mr Jakovos 
Demetriou for his MSc studies.
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ΣΥΝΤΟΜΗ ΑΝΑΚΟΙΝΩΣΗ

Πρώτη καταγραφή του Βορειοαμερικανικού σκαθαριού 
Ozognathus cornutus (LeConte, 1859) (Coleoptera: Ptinidae: 
Anobiinae) στην Κύπρο

Ι. Δημητρίου, Γ. Κακιόπουλος και Α.Φ. Μαρτίνου

Περίληψη   Το Βορειοαμερικανικό σκαθάρι Ozognathus cornutus (LeConte, 1859) καταγράφεται για 
πρώτη φορά στην Κύπρο κατά τη διάρκεια εντομολογικών ερευνών σε ξενικά είδη ευκαλύπτων. Η βι-
ολογία του ξενικού αυτού είδους είναι ακόμη σε μεγάλο βαθμό άγνωστη. Παρουσιάζεται μια σύντομη 
επισκόπηση της κατανομής του είδους και των φυτών ξενιστών του στη Μεσόγειο, προσθέτοντας ένα 
νέο φυτικό είδος ξενιστή για το σκαθάρι.

Hellenic Plant Protection Journal 15: 76-79, 2022
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Biological parameters of grape phylloxera, Daktulosphaira 
vitifoliae, on local grapevine varieties in central Syria – 
Implications on their susceptibility

I. Idris1*, A. Asaad1, K. Houssian1 and I. Kalefa2

Summary   Biological parameters of phylloxera local strains as well as infestation were studied on Syr-
ian grapevine varieties including Baladi, Salamone, Karawane, Hafarzale, Gharbe and the American re-
sistance rootstock (ARR-B41) (Vitis vinifera x Vitis berlandieri). Root artifi cial infestation method revealed 
signifi cant diff erences in phylloxera population between the majority of tested varieties comparing 
to the ARR-B41 rootstock. Hafarzale and Karawane have shown the lowest population of grape phyl-
loxera, with a similar level of resistance to rootstock ARR-B41. Furthermore, Salamone and Gharbe are 
more conducive to grape phylloxera reproduction. Field investigation has shown signifi cant diff erenc-
es between the local varieties and ARR-B41 in terms of the average number of galls “nodosities”. Over-
all, Hafarzale and Karawane tended to form signifi cantly fewer galls than the other varieties. 

Additional keywords: B41 rootstock, galls, grape varieties, nodosities, phylloxera, tuberosities

nett et al. (1996) reported that once a vine-
yard is infested with grape phylloxera, it is 
estimated to stop its production in about 
two to fi ve years. Grape roots are damaged 
by phylloxera through the formation of 
fl ashy galls, “nodosities” on immature roots 
by the expansion of the root cortex, while on 
mature roots they are known as “tuberosi-
ties”, and the root system weakens over time 
as a result (Kellow et al., 2004). These galls 
are used by phylloxera to extract stored nu-
trients, such as sugar and amino acids, and 
can support populations with high repro-
duction rates (Omer et al., 2002; Lawo et al., 
2011; Idris and Arabi, 2014). Thus, the infesta-
tion of phylloxera destroys the root system 
of grapevine, while the new phylloxera type 
may adapt to resistant rootstocks (i. e ARR-
B41) (Granett et al., 2001). 

Several control methods including pes-
ticides, radiation and soaking in hot water 
would be only useful in the isolation and 
treatment of quarantine grape phylloxera 
(Granett et al., 2001; Makee et al., 2008; Ma-
kee et al., 2010, Adam et al., 2012; Adam et 
al., 2013; Adam et al., 2021). Yet none of these 
methods are eff ective to control the insect. 
Grafting susceptible species onto American 
phylloxera-resistant rootstocks remains the 
most eff ective phylloxera control method 

Introduction

Syrian vineyards (Vitis vinifera) cover more 
than 70,000 hectares, producing about 
540,000 tons of grapes annually (Makee et 
al., 2010). Since the end of the 19th centu-
ry and the beginning of the 20th century, 
the grape phylloxera Daktulosphaira vitifo-
liae, Fitch (Hemiptera: Phylloxeridae), has 
spread worldwide through plant materials 
(Granett et al., 1985; Triska et al., 2018). In Syr-
ia, phylloxera was fi rst discovered on the lo-
cal grapevine variety Doumani in 1935 and 
caused catastrophe in the Douma region 
near Damascus. Subsequently, it invaded 
Syrian nurseries and quickly settled in Syri-
an vineyards (Balachawsky and Mesnil, 1935; 
Idris and Arabi, 2014). 

Grape phylloxera is considered to be the 
most harmful pest to grapes. In Dara Prov-
ince located in southern Syria, it was esti-
mated that 82.5% of vineyards were infested 
with phylloxera (Al-Chaabi et al., 2012). Gra-
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(Fossen, 2005). Noteworthy, some resistant 
rootstocks have either lost their resistance 
or became less resistant to phylloxera after 
years of use (Granett et al., 1985). For exam-
ple, the rootstock ARR-B41 which is still re-
sistant in France, it is not resistant in Califor-
nia vineyards, creating and urgent need to 
replant new vines with a suitable resistant 
rootstock (Granett et al., 1983; De Benedic-
tis and Granett, 1993; Makee et al., 2004). In 
most cases, rootstocks usually restrict the 
growth due to incompatibility of roots be-
tween rootstocks and grafted vines, reduc-
ing the vigor of grafted varieties (Makee et 
al., 2010; Idris and Arabi, 2014). According to 
previous research, in Dara Province (south-
ern Syria), 89% of grapevine varieties graft-
ed onto American rootstocks resistant were 
incompatible (Al-Chaabi et al., 2012). 

This study examined the population dy-
namics of grape phylloxera on fi ve local 
grapevine varieties planted in central region 
of Syria and the resistant rootstock ARR-B41. 
Biological parameters of phylloxera, i.e., fe-
cundity, egg laying period, development 
time of nymphs, number of galls “tuberosi-
ties”, and survival rate of adults were consid-
ered. In addition, the number of galls “no-
dosities” located on the roots during the 
growing season were evaluated in the fi eld.

Materials and Methods

Establishment of phylloxera colonies
Grape phylloxera was originally collect-

ed from the infested roots of local grapevine 
varieties in the middle region of Syria. Col-
onies of phylloxera were established in our 
laboratory according to protocols of previ-
ous work (Idris and Arabi, 2014).

Biological parameters of phylloxera and 
infestation in the laboratory

Healthy fresh roots with a diameter of 
4-7 mm and a length of 5-7 cm from local 
grape varieties (Baladi, Salamone, Karawane, 
Hfalzale, Gharbe) and the American phyllox-
era-resistant rootstock ARR-B41 were col-
lected from the fi eld. Twelve roots of each 

variety were cleaned with tap water and 
wrapped separately with wet cotton wool. 
Ten phylloxera eggs from the laboratory col-
ony were placed on each root (total of 120 
eggs in each local grape variety and ARR-
41B). Three to four infested root pieces were 
transferred onto a wet paper in plastic Pe-
tri dishes (diameter=12 cm, depth= 1 cm) as 
described by Makee et al. (2010) thus there 
were four replicates per variety. Ventilation 
was possible through a cloth–screened hole 
(1-1.5 cm) at the Petri dish lid. The dish edges 
were fi xed with parafi lm, kept in plastic box-
es with fi rmly fi tting lids, and brooded in in-
cubator at 25°C and 75% relative humidity. 

The infested roots were examined under 
a microscope for newly hatched nymphs, 
and the survival rate of adults were calculat-
ed using the following formula: % = (number 
of eggs hatched - number of nymphs that 
died/ number of eggs hatched) x 100. A to-
tal of 25 females were selected from the four 
replicates of each variety group (5 root piec-
es of each group X 5 females on each root) 
and the roots were then transferred to other 
plastic Petri dishes, held in plastic boxes with 
tightly fi tting lids under the same conditions 
as described above. The following repro-
ductive parameters were measured for each 
female: fecundity (number of eggs), oviposi-
tion (period during which eggs are laid), and 
developmental time (from egg to egg). Ob-
servations were made of the number of tu-
berosities that formed on the roots.

Infestation in fi eld conditions
The experiment was carried out at about 

12 kilometers north of Homs (Al Mukhtar-
eyah: 34°80’42. 37” N 36°73’96. 97” E) (ap-
proximately 539 mm of rainfall during the 
growing season from November 10 to May 
30. Stems of local varieties Baladi, Salamone, 
Karawane, Hafarzale, Gharbe and ARR- B41 
were selected (n=228). After immersion in 
a 2000 ppm solution of Indole Butyric Acid 
(IAA) for 2 minutes, 48 stems of each vari-
ety were planted in 10-L plastics pots with 
sterile moist soil. Four months later, plants 
infested with phylloxera eggs (50 eggs per 
plant) were planted in the fi eld, one square 
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meter apart, line by line. In the following 
year, 12 plants of each variety were uproot-
ed, root samples were collected random-
ly from each plant (about 100 cm), cleaned 
roughly on the spot and stored at 7°C for 
transportation to the laboratory. The num-
ber of nodosities was determined by a mi-
croscopic examination of each root.   

Statistical analysis
The statistical analysis was done using 

the STATISTIC program version 6 (Statsoft, 
Inc. 2003). Data were subjected to analysis 
of variance at 5% signifi cance level (P= 0.05). 
Data were transformed into square roots 
where appropriate. Signifi cance of diff er-
ences between means, were performed ac-
cording to Tukey HSD test. 

Results and discussion 

Grape phylloxera infestation intensity is af-
fected by environmental factors such as 
temperature, humidity, soil, grape variety 
and genotype (Makee et al., 2010; Powell, 
2012; Hoff mann et al., 2016). The assessment 
of biological parameters is a good method 
of determining the grapevine root suscep-
tibility to phylloxera (Idris and Arabi, 2014). 
The results showed signifi cant diff erences 
between local grapevine varieties in Syria 
and the resistant ARR-B41 rootstock for bio-
logical parameters including, fecundity, ovi-
position (egg laying period), developmental 
time of nymphs, and number of tuberosities 
(F= 441.35, df= 5, P<.005; F= 223.2, df= 5, P< 
0.005; F=25.8, df= 5; P<0.005; F=55.6; df= 5, 
P<0.005, respectively) (Fig. 1). These biolog-
ical parameters were signifi cantly lower in 
Akrawane and Hafarzale compared to the 
other local varieties. In contrast, on these 
varieties and ARR-B41, it took the same 
amount of time for phylloxera nymphs to 
reach adulthood. According, to the study 
by Makee et al. (2010) local varieties phyl-
loxera reproduction abilities on their roots. 
The survival percentage of phylloxera adults 
on roots was not signifi cantly diff erent be-
tween the Hafarzale variety and ARR-B41, 

but it was low in comparison with the oth-
er local varieties (F= 182.3, df= 5, P<0.005) 
(Fig. 2). 

The number of nodosities diff ered sig-
nifi cantly between the local varieties and 
ARR-B41 in spring, summer and autumn 
(F=179.08, df=5, P<0.0001; F=176.216, df=5, 
P<0.0001; F=102.96, df= 5, P<0.0001, respec-
tively), and Hafarzale was the variety with 
the lowest nodosities (Hafarzale, ARR-B41, 
Baladi, Gharbe, Karawane, Salamone). Root 
galls signifi cantly increased in spring and 
summer but decreased in autumn (Fig. 3). In 
winter, none of the studied varieties formed 
nodosities on the roots (Fig. 3). There is a 
strong correlation between the adaptabil-
ity of grapevine varieties to phylloxera re-
production and the number of nodosities 
(Lawo et al., 2011). 

Grapevine genotype, virulence of phyl-
loxera strains and growing season conditions, 
i.e., dominant temperature in winter, are key 
factors infl uencing the grapevine resistance 
to phylloxera. According to Hoff mannet et 
al. (2016), phylloxera forms galls on suitable 
vine roots due to the eff ect of two main pa-
rameters, the plant genotype and the grow-
ing season. No formation of root galls in 
the examined local grapevine varieties dur-
ing winter indicates that local season con-
ditions infl uence the insect distribution and 
lifespan. In central Syria, the temperature can 
drop to -10oC for many days during winter, 
and the mean temperature is 1-3oC for sev-
eral months. These low winter temperatures 
may play a crucial role in preventing phyllox-
era from reproduction due to mortality from 
freezing (Korosi et al., 2012). In temperate cli-
mates, phylloxera can survive winter in high 
density on grapevine roots even on Ameri-
can resistant rootstocks (Hoff mannet et al., 
2011; Hoff mannet et al., 2016). 

Omer et al. (1997) suggest a reduced di-
rect impact of environmental conditions, 
such as the impact of temperature on phyl-
loxera’s population dynamics. As noted by 
Eissenstat et al. (2005), the majority of root 
growth in grapevine occurs between spring 
and summer and the roots usually do not 
grow near the harvest time or the dormant 
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Figure 3. Number of galls “nodosities” on roots of local grape-
vine varieties in Syria and the phylloxera resistant ARR-B41 
rootstock during the growing season. Diff erent capital letters 
on columns of the same color indicate signifi cantly diff erent 
means ± standard deviation at P < 0.05 (Tukey HSD test).
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season when the soil is cold. Grapevine is 
the only host plant for grape phylloxera, so 
its nutritional value and chemical compo-
sition changes during the season and con-
sequently the composition of food sourc-
es may aff ect the life cycle of phylloxera. In 
addition, the plant-mediated life cycle stag-
es may also be altered by the microbial root 
and soil community structure or symbiosis 
association (Huber et al., 2007; Vorwerk et al. 
2007). Therefore, we believe that the forma-
tion of galls is aff ected by the growth time of 
roots (spring to summer) resulting in inten-
sive propagation of phylloxera on new roots, 
and the development of phylloxera stages is 
related to the state of the root system (Bal-
biani, 1874; Cornu, 1878). The varieties Ha-
farzale and Karawane, which had fewer galls 
compared to the other local varieties, may 
be considered for use as rootstock vines re-
sistant to phylloxera infestation and repro-
duction.

Conclusion

The assessment of sensitivity to grape phyl-
loxera infestation of fi ve native grape vari-
eties in Syria in comparison to the resistant 
rootstock ARR-B41, based on biological pa-
rameters of the insect and gall formation 
capacity under the same conditions, sug-
gests that Hafarzale and Karawane can be 
included in the list of resistant grape variet-
ies against phylloxera.
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Βιολογικές παράμετροι της φυλλοξήρας της αμπέλου, 
Daktulosphaira vitifoliae, σε τοπικές ποικιλίες αμπέλου στην 
κεντρική Συρία – Επιπτώσεις στην ευαισθησία των ποικιλιών

I. Idris, A. Asaad, K. Houssian και I. Kalefa

Περίληψη   Μελετήθηκαν οι βιολογικές παράμετροι τοπικών στελεχών της φυλλοξήρας της αμπέ-
λου καθώς και η προσβολή στις ποικιλίες αμπέλου της Συρίας, Baladi, Salamone, Karawane, Hafarzale, 
Gharbe και στο Αμερικανικό ανθεκτικό υποκείμενο ARR-B41 (Vitis vinifera x Vitis berlandieri). Η τεχνητή 
προσβολή στις ρίζες έδειξε σημαντικές διαφορές στον πληθυσμό της φυλλοξήρας μεταξύ της πλειο-
νότητας των ελεγχόμενων ποικιλιών σε σύγκριση με το υποκείμενο ARR-B41. Οι ποικιλίες Hafarzale και 
Karawane είχαν τον χαμηλότερο πληθυσμό φυλλοξήρας, με επίπεδο αντοχής παρόμοιο με αυτό του 
υποκειμένου ARR-B41. Επιπλέον, οι ποικιλίες Salamone και Gharbe φαίνεται να ευνοούν περισσότερο 
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την αναπαραγωγή της φυλλοξήρας. Το πείραμα στον αγρό έδειξε σημαντικές διαφορές μεταξύ των το-
πικών ποικιλιών και του ARR-B41 όσον αφορά τον μέσο αριθμό όγκων. Συνολικά, οι ποικιλίες Hafarzale 
και Karawane έτειναν να σχηματίζουν σημαντικά λιγότερους όγκους από τις άλλες ποικιλίες.

Hellenic Plant Protection Journal 15: 80-86, 2022
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