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Abstract
The research was carried out on melon (Cucumis melo L. var. inodorus Naud.) in 2006 and 2007 at “Pantanello”
Experimental Farm (40° 24’N; 16° 48’E; 10 m a.s.l.; Metaponto, southern Italy) to evaluate the efficacy of a low en-
vironmental impact control strategy against powdery mildew of cucurbits.
Winter melon was treated with a new anti-oidium formulation, called Stifénia, obtained from fenugreek seeds and
stimulating the plant self-defence. The adopted experimental design included two control strategies (1. biological,
using Stifénia and 2. conventional, using penconazole, myclobutanil and sulphur) and an untreated control (treated
with water alone) applied to two cultivars of inodorus melon (cv ‘Amarillo’ and HF1 ‘Cocorito’, the latter a geno-
type resistant to powdery mildew). Stifénia applications were not effective against the disease; in fact, there were
no differences in percentage of attacked plant surface between treated plots and untreated ones. The melon mar-
ketable yield was significantly higher with the conventional strategy respect to Stifénia and control. Repeated ap-
plications of Stifénia resulted in a significant decrease of marketable yield even in comparison with the untreated
control. The cultivars significantly affected powdery mildew development, since the resistant one (‘Cocorito’) was
attacked later and damaged always lower than the non-resistant genotype (‘Amarillo’). Laboratory analyses carried
out on infected leaves always confirmed that Golovinomyces cichoracearum D.C. was responsible of the disease.
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1. Introduction

Melon (Cucumis melo L.) is an important veg-
etable crop in Italy, cultivated in 22,450 ha in the
open field and 3,497 ha in greenhouses for a to-
tal production of 616,664 t (Istat 2007). Only C.
melo var. reticulatus Naud. and var. cantalupensis
Naud. are present in central-northern Italy; in the
south, open field cultivation occurs exclusively
with the inodorus cultivars while the reticulatus
and cantalupensis types are grown mostly in
greenhouses (Incalcaterra and Vetrano, 2007).

Powdery mildew, a very common disease of
melon, almost always requires specific chemical

treatments for its control; although non-de-
structive, it can cause serious damages both in
open field and in protected cultivation (Brunel-
li, 2007). The main its aetiological agents are
Golovinomyces cichoracearum D.C. V.P. Heluta
(syn. Erysiphe cichoracearum D.C.) and Po-
dosphaera xanthii (Schlechtend: Fr.) Pollacci
(syn. Sphaerotheca fuliginea Schlecht), whose in-
fections induce on melon indistinguishable
symptomatologies. The two mycetes can only be
recognized by microscopic observation of their
respective propagative and conservative struc-
tures. In P. xanthii, conidia are cylindrical and
cleistothecia contain a single ascus with 8 as-
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cospores, while in G. cichoracearum conidia are
ellipsoid and cleistothecia contain 10-15 asci en-
closing only 2-3 ascospores. G. cichoracearum is
a polyphagous pathogen able to infect a large
number of spontaneous and cultivated plants
(Braun, 1995; Garibaldi et al., 2008). In melon,
the fungus mainly affects the vegetative struc-
tures (leaves, stalks, stems), which are covered
by white powder-like spots, while symptoms
rarely occur on the fruits. The damage consists
in lower weight-based productivity and qualita-
tive fruit decline, i.e. loss of aroma and sugar
content. Chemical defence strategies can count
on a fairly large range of active substances with
pre-harvest intervals varying from 3 to 14 days,
which, nevertheless, can give rise to resistance
phenomena. This is can occur with benzimida-
zoles, sterol biosynthesis inhibitors (SBI) and stro-
bilurine analogues, for all of which cases of re-
duced fungicidal efficacy have been reported
(McGrath and Shishkoff, 2003; Fernandez-Ortuno
et al., 2006). Therefore, it would be useful to en-
rich the current defence strategies with formula-
tions having innovative mechanisms of action but
also a low impact on the agroecosystem and short
pre-harvest intervals.

The aim of this two-year study was to assess
the efficacy on winter melon of a new natural an-
ti-oidium formulation, called Stifénia, and ob-
tained from fenugreek seeds (Trigonella foenum-
graecum L.). This product has been provisionally
authorized for use on grapevine in France but it
has not yet been marketed in Italy. As it has no
toxic effects on mammals, insects, pollinators, fish-
es, birds or soil micro-organisms, it is suitable for
use in organic agriculture. The formulation does
not act directly on the pathogen, but when pre-
ventively used it induces plant resistance to pow-
dery mildew due to higher endogenous produc-
tion of compounds such as salicylic acid, jasmon-
ic acid and ethylene (Clergue and Martinez, 2006).

2. Materials and methods

The research was carried out in open field with
medium-texture soil in 2006 and 2007 at “Pan-
tanello” Experimental Farm (40° 24’N; 16° 48’E;
10 m a.s.l.), Metaponto, Southern Italy. Each
year, the soil was ploughed to a depth of 30 cm,
followed by harrowing tillage, levelling and pre-
transplantation fertilization with, respectively,
80, 80 and 150 kg ha-1 of N, P2O5 and K2O; plas-

tic mulching was laid down by covering 80 cm
wide bands of soil with black LDPE (50 µm
thick). Melon seedlings, at the stage of 3rd-4th

true leaf, were transplanted on May 26th 2006
and June 5th 2007, spaced at 1-m intervals in
rows 2 m apart so as to create a density of 0.5
plants m-2. Throughout the crop cycle, watering
was carried out with a drip irrigation system (2.5
l h-1) placed under the plastic mulch, with drip
holes every 20 cm. Post-transplantation fertil-
ization involved the total supply of 40 kg ha-1

of N, 70 of P2O5 and 50 of K2O by fertirriga-
tion. Phytosanitary defence was performed with
chemical treatments against either phytho-
patogenous fungi or insects if necessary.

For the trials, we used two inodorus melon
cultivars from “Seminis Italia” seed Company:
‘Amarillo’ and ‘Cocorito F1’, the former not re-
sistant to powdery mildew and the latter resis-
tant to it. All anti-oidium treatments were car-
ried out with sprayer powered by a 2-cycle en-
gine; spray pressure was 5-6 bar and water vol-
ume varied from 400 to 800 l ha-1 according to
crop development degree.

In both years, the experimental soil surface
was divided into three large plots for conven-
tional treatment (‘conv’) with traditional for-
mulations, biological treatment (‘bio’) with
Stifénia and untreated control, respectively.
Each plot was divided into two 42 m2 sub-plots
(6.0 m x 7.0 m) for the two melon cultivars.
Therefore 6 experimental treatments were to-
tally obtained, that were arranged in a split-plot
complete block design with three reps setting
the anti-oidium defence strategies in the main
plots and the cultivars in the sub-plots.

Plants of the ‘bio’ treatment plots were
sprayed with Stifénia (a wettable powder for-
mulation) 6 times in 2006 and 5 times in 2007.
Treatments were spaced 8 days apart beginning
from crop taking root, with a dose of 1.5 kg ha-1.
In the ‘conv’ treatment plots, plants were al-
ternately treated, every two weeks, with sys-
temic formulations 3 times in 2006 and 4 in
2007. The used fungicides were topas 10EC (p.a.
penconazole 10.2% at a dose of 50 ml hl-1) and
thiocur 12 (p.a. myclobutanil 6.2% at a dose of
40 ml hl-1); moreover, wettable sulphur (200 g
hl-1) was applied two weeks before harvest. The
control plants were sprayed with water alone.

To assess powdery mildew diffusion and
damage severity, visual inspections of the cen-
tral row (7 plants) of each plot were carried out,
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every week, starting from crop taking root. For
each plant, 5 leaves were inspected, assigning to
each one a score according to 5 levels of attack
(0 = absence of attack; 1 = attack involving 1-
25% of the leaf surface; 2 = 26-50% of attack;
3 = 51-75% of attack; 4 = 76-100% of attack).
The same scale was adopted to assess the dis-
ease severity symptoms on the melon fruits. One
week before the harvest of each cultivar, 10
symptomatic leaves were sampled to identify
the causal agent of the disease. The leaves were
observed under the stereomicroscope for the
possible presence of cleistothecia. At the same
time, the mycelial growth on the leaves was used
to make fresh preparations for light microscope
observations. Molecular diagnostic methods
based on Polymerase Chain Reaction (PCR)
were also used to identify the aetiological agent.
In the last years PCR has been used in plant
pathology for diagnostic purposes (Camele et
al., 2005; Duncan and Cooke, 2002) since it saves
time and is more sensitive and accurate than
traditional diagnostic techniques. Infected
leaves were washed with sterile distilled water
to remove the conidia, which were concentrat-
ed by filtering and centrifugation and then sub-
jected to sonication. The total nucleic acids were
extracted with a commercial kit (Dneasy Plant
mini kit, Qiagen) according to the manufactur-
er’s instructions. The DNA was amplified using
the primer pair ITS4/ITS5 (White et al., 1990)
whose targets are the internal transcribed spac-
er regions (ITS) of ribosomal DNA (rDNA).
Sterile distilled water and DNA extracted from
healthy melon leaves were used as controls. Am-
plification was carried out according to the fol-
lowing protocol: initial cycle at 94 °C for 3 min,
55 °C for 30 sec, 72 °C for 1 min followed by
33 cycles at 94 °C for 30 sec, 55 °C for 30 sec,

72 °C for 1 min and a final cycle at 94 °C for
30 sec, 55 °C for 30 sec and 72 °C for 10 min.
The amplified products were visualized with a
transilluminator after electrophoresis in 1.2%
agarose gel and staining with ethidium bromide
in presence of a molecular weight marker (1-kb
DNA ladder, BRL Life Technologies). After fur-
ther electrophoresis in 1.5% agarose gel, the
same products were sampled, purified with the
QIAquick Gel Extraction kit (Qiagen) and di-
rectly sequenced. The resulting sequences were
compared with those available in data banks.

For both cultivars and in both years, the sam-
pling was carried out in the last 10 days of Au-
gust when the melon peel presented the typical
yellow colour. Successively, the number and
weight of all mature fruits in each plot (7 plants)
were recorded and they were classified as mar-
ketable or waste. Furthermore, on 5 marketable
fruits, the following characters were recorded:
mean weight, equatorial and polar diameter,
width and length of the ovarian cavity, weight
of the placenta and seeds, thickness of the peri-
carp, soluble solids content (°Brix) of the pulp
(mesocarp) with a digital refractometer, consis-
tency with a penetrometer, and dry substance
content after desiccation of pulp samples in a
ventilated stove until constant weight.

All agronomic collected data were statisti-
cally analyzed by ANOVA and mean values
were separated by Fisher’s Least Significant
Difference Test.

3. Results

3.1 Climatic trend

Figure 1 shows that the maximum temperature
reached the highest values in the last 10 days of
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Figure 1. Ten-day minimum and
maximum temperature trends re-
corded during the two melon crop
cycles compared to pluriannual
(1991-2005) values.
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June 2006 (mean 36.7 °C) and 2007 (mean 34.8
°C), in the second 10-day period of July 2007
(mean 34.8 °C) and in the third of August 2007
(mean 34.3 °C). The highest minimum temper-
ature values were recorded in the last 10 days
of June 2006 (mean 20.4 °C) and the last of Au-
gust 2007 (mean 22.2 °C). In both years, the
mean maximum temperature was never less
than 30 °C from the second 10-day period of
June to the last of August, and on some days it
exceeded 40 °C (June 20th and August 20th 2006,
June 21st and 26th and July 24th 2007).

Figure 2 shows the 10-day rainfall trend dur-
ing the two melon crop cycles. From May to Au-
gust 2006, rainfall was concentrated in the first
10 days of June (15 mm), in the first (17.4 mm)
and second 10-day periods (24.6 mm) of July
and in the first (14.6 mm) and second (13.8 mm)
of August. In 2007, the rainfall was low and less
frequent, occurring mainly in May (9.8 mm in
the first 10-day period, 15 mm in the second and
11.2 mm in the last) and June (18 mm in the
first 10-day period). There was a complete lack
of rain for all of May 2006 and from 13 June to
24 September 2007.

Figure 3 shows the trend of relative air hu-
midity. The maximum and minimum relative hu-
midity values were lowest in the last ten days
of June 2006 (71.7% and 21.4%) and the last
ten days of July 2007 (60.5% and 15.2%), while
they were highest in the first ten days of May
2006 (94.4% and 42.1%) and the first ten days
of June 2007 (98% and 45.9%).

3.2 Development of the disease

In 2006 (Fig. 4), the first powdery mildew symp-
toms were observed on 18 July on some control
‘Amarillo’ plants. In the second survey (July 24th),
the disease continued to be absent in ‘Cocorito’
but was very evident on ‘Amarillo’ plants with a
mean attack intensity of 1.3 and with non-signif-
icant differences between the two defence strate-
gies (‘conv’, ‘bio’) and the control. In the last
three surveys, the attack was increasingly severe
in ‘Amarillo’ up to the maximum attack degree
(4) at the end of the crop cycle. The resistant
genotype (‘Cocorito’) presented first symptoms in
the third survey (July 31st) but they were mild and
not generalized since they only involved some
control plants treated with water alone; although
the attack subsequently increased, the disease was
never severe, as shown by the low level of attack
at the end of the crop cycle (mean 1.3). No pow-
dery mildew damage was observed on the fruits
of conventionally and biologically treated plants.
In all surveys and in both cultivars, the two anti-
oidium strategies resulted in statistically similar
classes of attack, which did not differ from 
control.

In 2007, powdery mildew was first recorded
on 20 July but only on ‘Amarillo’; however, the
degree of attack was mild (0.2 and 0.4) and sig-
nificantly lower with ‘conv’ than with control
and ‘bio’. After 6 days (July 26th), the attack lev-
el in this cultivar ranged between 1.3 (‘conv’)
and 2.2 (‘bio’), and the leaves of ‘Cocorito’ al-
so showed mild symptoms of the disease. In the
next two surveys (July 31st and August 6th), the
disease continued to develop more strongly on
‘Amarillo’, reaching a mean degree of attack of
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2.6 and 3.2 on the two dates, while the resistant
cultivar was clearly less affected (degree of at-
tack 0.6 and 0.8 respectively). In both cultivars,
the conventionally treated plants showed a
milder degree of attack than all the others, while
those treated with Stifénia were attacked sig-
nificantly more severely than the control plants.
On the last two observation dates (13 and 20
August), ‘Amarillo’ was severely affected by
powdery mildew, with the maximum degree of
attack (4), and there were no significant differ-
ences between the defence strategies and the
control. On the same dates, the powdery mildew
attack was very limited in ‘Cocorito’; 20 August
20th, i.e. the day before harvest, the degree of
attack was still below 3. Moreover, in both sur-
veys, the intensity of attack with the conven-
tional treatment was significantly lower than
control, whereas the results with the biological
and control treatments were statistically similar.

3.3 Identification of the disease aetiological agent 

Stereomicroscopy observations of the infected
leaves and light microscopy observations of the

mycelial growths did not reveale the presence
of cleistothecia. Instead, elliptical conidia mea-
suring 31-40 x 20-25 µm were observed. The
conidia, observed in a 3% KOH solution, were
lacking fibrosin bodies (Kable and Ballantyne,
1963). PCR amplification with the ITS4/ ITS5
primer pair produced visible amplicons of
around 600 bp. No amplification products were
found when DNA was extracted from healthy
melons or when the DNA was replaced by ster-
ile distilled water. The resulting sequences were
very similar and closely related to those of G.
cichoracearum when compared with data bank
sequences using BLAST software (Altschul et
al., 1997). Microscopic observations and, above
all, gene sequencing of the ITS region indicat-
ed G. cichoracearum as the species responsible
for the powdery mildew on the tested melon
plants.

3.4 Yield response

Melon productivity in the two-year research was
conditioned by the factor Year (table 1), which
significantly affected the main morpho-produc-
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Figure 4. Distribution of powdery mildew(1) in relation to the defence strategies used with the two melon cultivars grown
in open field conditions in two years.
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Table 1. Effect of anti-oidium control strategies on morpho-productive and qualitative characters in two inodorus melon
cultivars grown in open field conditions in two years.

MORPHO-PRODUCTIVE AND QUALITATIVE CHARACTERS 

Yield Fruits
marketable total mean diameter pericarp pulp

per per weight polar equat. thick- dry soluble consi-
plant plant ness matter solids stency
(no.) (t ha-1) (no.) (t ha-1) (g) (cm) (cm) (mm) (%) (°Brix) (kg cm-2)

Years (A)
2006 2.4 35.2 2.6 36.8 2942 15.4 24.4 5.8 13.2 14.6 3.4
2007 3.3 48.5 3.4 49.1 2988 16.3 25.9 10.1 11.3 13.6 4.7
Significant (1) ** ** ** ** n.s. ** ** ** ** ** *

Anti-oidium strategies (S) 
‘Conv’ 3.0 44.1 3.1 45.4 2953 15.8 25.3 8.2 12.6 14.8 4.3
‘Bio’ 2.7 40.3 3.1 41.6 3006 15.8 25.0 7.7 12.0 13.7 4.2
‘Control’ 2.8 41.2 3.0 42.0 2936 16.0 25.1 8.0 12.1 13.8 4.5
LSD 0.05P 0.14 2.1 n.s. 1.0 n.s. n.s. n.s. n.s. 0.4 0.8 n.s.
LSD 0.01P - 2.7 1.5 - -

Cultivars (Cv) 
‘Amarillo oro’ 2.2 33.3 2.5 34.6 2994 15.9 26.5 7.6 11.6 13.4 3.5
‘Cocorito’ 3.5 50.5 3.6 51.3 2936 15.8 23.8 8.3 12.9 14.8 5.2
Significant (1) ** ** ** ** n.s. n.s. ** * ** ** **

Interactions (1)

A x S n.s. * n.s. ** n.s n.s. n.s. n.s. * * n.s.
A x Cv ** ** ** ** n.s. n.s. n.s. n.s. n.s. n.s. n.s.
S x Cv n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
A x S x Cv n.s. n.s. n.s. ** n.s. n.s. n.s. n.s. n.s. n.s. n.s.

(1) * = Significant at P ≤ 0.05; ** = Significant at P ≤ 0.01; n.s. = Not significant difference.

tive and qualitative characters. For example, the
marketable yield increased from 35.2 t ha-1 in
2006 to 48.5 t ha-1 in 2007, while the °Brix de-
creased from 14.6 to 13.6; the mean weight of
the melons remained virtually unchanged at 2.9
kg. The anti-oidium treatments also had a sig-
nificant effect on the productive and qualitative
characters (Tab. 1). The conventional treatment
provided a higher marketable yield in terms of
both weight (44.1 t ha-1 vs. 40.3 t ha-1 for the bi-
ological treatment) and quality (°Brix 14.8 vs.
13.7). The higher yields with the conventional
treatment were due to the higher number of
fruits per plant rather than a mean weight dif-
ference (not significant). In the first year, the re-
peated Stifénia applications (‘bio’) resulted in a
decrease of the marketable (Fig. 5) and total
yield (data not shown) also with respect to con-
trol plants; in the same year the soluble solids
content (Fig. 5) and the dry matter (data not
shown) of fruits were significantly lower in
Stifénia treated plots.

The ‘Cocorito’ hybrid was significantly more
productive (+17.2 t ha-1) than the ‘Amarillo’ cul-
tivar and produced higher-quality fruits, as
shown by the higher sugar content, dry sub-
stance (%) and consistency (Tab. 1). The high-
er productivity of ‘Cocorito’ was more evident
in the second year, as shown by the significant
“Year x Cultivar” interaction (Tab. 1).

4. Discussion and conclusions

The results of this research indicate that Stifé-
nia is not efficacious against powdery mildew of
melon in the conditions adopted in the trials.
The conventional products were able to contain
the disease severity but the level of protection
was barely sufficient. This is likely due to the
appearance of paghoten strains insensitive to
the action of the synthetic anti-oidium products,
which thus lose their efficacy (Brunelli et al.,
1996; La Torre et al., 2001; Santomauro et al.,

Camele I., Campanelli G., Ferrari V., Viggiani G., Candido V.

24

Treatments

•Italian Journal 4-2 2009  8-07-2009  14:56  Pagina 24



2003). To prevent this, defence strategies that
minimize the risk of development of resistant
strains should be adopted. It is advisable to lim-
it number of treatments with the same active
principle and, above all, to use products with
different action mechanisms.

Satisfactory results were obtained with the
‘Cocorito’ hybrid, which was able to limit pow-
dery mildew attacks. In fact, this cultivar was on-
ly mildly infected by the pathogen and the at-
tack occurred much later than in ‘Amarillo’,
which does not have genes of resistance to pow-
dery mildew. ‘Cocorito’ also presented higher
productivity and quality of the fruits.

The decreased production observed with the
use of Stifénia (‘bio’), evident in conditions of
severe (‘Amarillo’) and ‘mild’ (‘Cocorito’) pow-
dery mildew attack, needs to be explained.

The identification of new defence strategies
against powdery mildew, perhaps the most im-
portant disease of melon and frequent cause of
decreased production and qualitative fruit de-
cline, is essential to promote melon growing in
southern Italy, where there are several areas
with optimal conditions for this crop.

The general primers PN23/PN34 are well es-
tablished for the molecular identification of the
aetiological agents of powdery mildew (Bardin
et al., 1999). Species-specific primers called
S1/S2, G1/G2 and L1/L2, based on sequence
variations of the ITS region and specific for P.
xanthii, G. cichoracearum and L. taurica were
recently designed (Chen et al., 2008); they are
able to amplify a portion of rDNA of these fun-
gi of, respectively, 454, 391 and 374 bp. Devel-

opment of these primers has allowed the iden-
tification, also in mixed infections, of P. xanthii
and G. cichoracearum by means of multiplex
PCR (Chen et al., 2008).

The possibility of rapid, sensitive and, above
all, early identification of the aetiological
agent(s) of powdery mildew of melon will also
allow the development of more effective forms
of control of these pathogens, which can differ
in pathogenicity toward cucurbits (Epinat et al.,
1993).
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