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ABSTRACT

This study was conducted to determine the
antifungal activity of the essential oils of the Salvia
officinalis and Salvia tomentosa plants on Asco-
chyta rabiei (Chickpea blight) which is an im-
portant chickpea disease. As a result of the study, S.
officinalis and S. tomentosa plant essential oils were
applied to the isolates of A. rabiei at the doses of 0
(Control), 1, 2, 4, 8, 10 uL petri'. Essential oils are
impregnated on the filter papers sticked to the petri
dish with a micropipette at the application doses
and the lids were immediately covered with a para-
film and left to incubate at the temperature of 23 °C
for 15 days. At the end of the 15-day incubation,
the measurements of mycelium diameters of iso-
lates in petri dishes were carried out with electronic
calipers. As a result, S. officinalis essential oil in-
hibited mycelium growth of Isolate 2 and Isolate 3
by 100% at the dose of 10 pL petril. S. tomentosa
essential oil inhibited the mycelium growth of Iso-
late 3, Isolate 4, Isolate 5, Isolate 6 by 100%. A
difference was found in the responses of Anthrac-
nose isolates to plant essential oils and to applica-
tion doses. S. tomentosa was found to be more
effective on the isolates. The findings indicate that
both of these essential oils can be used as an alter-
native to synthetic fungicides in controlling the A.
rabiei pathogen.
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INTRODUCTION

Being a protein source for people around the
world, edible grain legumes meet the vegetable
protein need of human nutrition by 22% and of
animal nutrition by 38%. Turkey is one of the gene
centers of legumes [1]. Chickpea, which is in the
group of edible grain legumes, is the first plant to
be cultivated [2] and it is one of the important plant
protein sources rich in amino acids such as leucine,
histidine, isoleucine, lysine, phenylalanine, trionin,
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valine, which are of importance in human nutrition
[3]. In Turkey in 2016, the cultivation area of
chickpeas was 360 ha and the production was 455
thousand tons [4]; however, this production amount
is not at the desired level, which may be due to the
fact that the producerss do not apply appropriate
cultivating techniques and the problems, such as,
failure to combat the disease, pests and weeds and
resistant varieties are not as widespread as they
should be.

The grain yield of chickpea is significantly
affected by abiotic factors (drought and salinity,
etc.). In addition, there are more than 50 plant path-
ogens known to affect the chickpea yield adversely
[5]. Among these pathogens, Ascochyta rabiei
(Chickpea blight) is widely seen in the production
areas in Turkey as well as in the world [6] and
causes significant yield losses. In addition to caus-
ing infection in all aboveground parts of the plant,
this fungus causes circular necrotic stains on leaf-
lets and cones. Under favorable environmental
conditions and in the presence of susceptible hosts,
this pathogen causes up to 100% product losses in
chickpea production areas [7, 8].

One of the methods that producers use exten-
sively in controlling Ascochyta rabiei pathogen is
chemical spraying. Researchers have turned to
alternative fighting methods due to the fact that the
chemical drugs used in disease control have detri-
mental effects on the environment and human
health and that the pathogen gains resistance to
these drugs that were used. One of these methods is
the use of herbal medicines. For this reason,
researchers have begun and still continue to carry
out studies on the use of herbal essential oils and
extracts, which are environmentally and human-
friendly, in controlling diseases, pests and weeds.

This study was conducted to investigate the
effectiveness of Salvia officinalis and Salvia tomen-
tosa plant essential oils against 6 different isolates
of Ascochyta rabiei pathogen causing significant
loss in chickpea production areas.
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TABLE 1
The antifungal activity of Salvia officinalis and Salvia tomentosa essential oils on the mycelium growth of
A. rabiei isolates

E ial oil Doses Mycelium growth(mm)
ssential otls ulpetri ! isolate 1 isolate 2 isolate 3 isolate 4 isolate 5 isolate 6

Control 44.42ab"+0.36 33.22a+0.64 32.80a+0.89 45.68a+0.63 38.35a+1.61 45.32a+1.02
1 37.63b+2.48 29.13a+1.64 29.87b+0.09 39.28ab+3.67 33.0lab+1.75 39.16ab+1.34

Salvia officinalis 2 32.02b+5.62 24.01b+2.20 22.26¢+0.10 32.4bc+2.54 28.59b+1.39 34.8bc+3.88
: 4 29.12b+3.90 21.41bc£1.65 20.39d+0.07 27.09¢+2.08 27.82b+1.02 30.52¢+2.82

8 17.59¢+0.98 17.42¢+1.28 14.89¢+0.42 14.97d+2.39 17.35¢+2.03 21.72d+2.35

10 12.52¢+1.03 0.00d+0.00 0.00£+0.00 8.09d+4.06 16.00c+2.90 16.75d+2.26

Control 45.42a+0.51 43.60a+0.61 42.90a+0.63 41.21a+0.44 34.15a+0.61 38.74a+0.65

1 33.89b+0.54 38.22b+0.52 42.13a+0.60 35.37b+0.68 30.82b+0.55 27.88b+0.59

Salvia tomentosa 2 29.24¢+0.62 34.33¢+0.52 37.57b+0.54 28.38¢+0.49 21.78¢+0.63 22.65¢+0.60
4 27.22d+0.59 32.58d+0.51 27.12¢+0.61 22.22d+0.51 16.36d+0.54 17.41d+0.59

8 20.18e+0.60 26.54e¢+0.62 19.56d+0.65 20.77d+0.60 10.12e+0.61 16.23d+0.60

10 18.62e+0.55 15.77£+0.48 0.00e+0.00 0.00e+0.00 0.00£+0.00 0.00e+0.00

* Means in the same column with the same letter were not significantly different by ANOVA (a = 0.05)

MATERIALS AND METHODS

Obtaining Plant Material and Essential Oil.
The plant material, Salvia officinalis and Salvia
tomentosa, was collected from Tokat province in
2014-2015 by taking the aboveground parts. The
essential oils were obtained from the plant materials
dried in the shade at room temperature using the
hydro-distillation method with the help of Cleveng-
er apparatus. The obtained essential oils were stored
in the refrigerator at 4 °C until use.

Development of Fungus Cultures. The Asco-
chyta rabiei isolates used in the experiment were
obtained from stock cultures in the Phytochemical
Laboratory of the Department of Plant Protection,
Agricultural Faculty of Ahi Evran University. The
A. rabiei isolates obtained from stock cultures were
transferred to the PDAs and were incubated at 22+1
°C for 12 hours in the dark period and for 12 hours
in the light period. The mediums developed in 7
days were used in studies.

Determination of Antifungal Effect of the
Essential Oil in In-vitro Conditions. To determine
antifungal activity, about 10 ml of PDA medium
was prepared in 60 mm diameter petri dishes for the
development of disease agents. 5 mm-diameter
mycelium discs were transferred to the middle of
the petri dishes that paper was pasted. M. spicata
essential oil in the concentrations of 0 (Control), 1,
2,4, 8 and 10 ul petri’! was added onto the paper
pasted with a micropipette. Petri dishes were cov-
ered with a parafilm and incubated for 15 days at a
temperature of 23+1 °C for 12 hours in the dark and
for 12 hours in the light period.

At the end of this period, the development of
fungal mycelium (colony) was measured by elec-
tronic calliper. The applications were conducted 4
times with 2 repetitions. The percent inhibition of
different doses of essential oil was calculated by
comparing the mycelium development in the essen-
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tial oil-containing petri with that of the control petri
[9].
MGI=100x(dc-dt)/dc
MGTI: Mycelium Growth Inhibition rate (%)
dc: Mycelium development in the control petri
dt: Mycelium development in the petri con-
taining essential oil

Statistical Analysis. The significance levels
of the differences between the treatments were
determined by analysis of variance (ANOVA) and
the means were compared using the DUNCAN test.
The statistical analyzes were conducted using SPSS
software program (Ver.15.0, SPSS). The data ob-
tained in the experiment were analyzed by Probit
analysis and LCsp, LCoy values were calculated
using the SPSS 15 analysis program.

RESULTS AND DISCUSSION

The infections caused by plant pathogenic
fungi cause loss of yield in agricultural products,
both in the field and after the harvest. In addition,
they lead to significant damage due to the fact that
they are also the infection sources in the following
years. Determination of environmental and human
health effects of chemical medication, which is one
of the methods used to prevent these losses, and
resistance problems caused by in disease agents
made it difficult for producers to work on control-
ling diseases. For this reason, researchers have
begun to work on natural compounds that may be
alternative to synthetic pesticides. It has been re-
ported in various studies that plant extracts and
essential oils have a significant effect on plant
pathogens [10-14].

It is revealed by this study that the effective-
ness of Salvia officinalis and Salvia tomentosa
essential oils against the isolates of 4. rabia patho-
gen which is an important chickpea disease. The
antifungal activity performed by the essential oils
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on the isolates is shown in Table 1, 2 and 3 and in
Figure 1 and Figure 2.

Salvia officinalis essential oil had different
levels of effect on A. rabiei isolates. This effect
varied depending on the increasing doses of S.
officinalis essential oil and on the isolates. Isolate 2
and Isolate 3 are the most sensitive, while Isolate 5
and Isolate 6 were the isolates that showed the
highest resistance at the highest dose of the essen-
tial oil. S. officinalis essential oil inhibited myceli-
um growth of Isolate 2 and Isolate 3 by 100% com-
pared to the control (Table 1; Figure 1).

S. tomentosa essential oil was found more ef-
fective than S. officinalis on A. rabiei isolates.
When compared to the control, S. tomentosa essen-
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tial oil inhibited the mycelium growth of Isolate 1
and Isolate 2 by 59.00% and 63.85%, respectively,
while it inhibited the mycelium growth of other A.
rabiei isolates (Isolate 3,4,5,6) by 100% (Table 1,
Figure 2).

In dose-response trials, the values LCsp and
LCyq values S. officinalis essential oil on the isolates
of A. rabiei (Isolate 1, 2, 3, 4, 5, 6) was found 6.57,
5.78, 5.48, 5.70, 7.85, 7.57; 13.11, 10.75, 10.19,
11.23, 15.48, 14.85, respectively (Table 2) .

In the dose-response trials in the current study,
the LCso and LCyg values of S. tomentosa essential
oil on A. rabiei isolates were found 1.15, 8.45, 6.03,
5.40, 4.60, 4.39; 16.77, 15.98, 9.89, 10.52, 8.81,
9.90, respectively (Table 3).
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FIGURE 1

The inhibition rates of Salvia officinalis essential oil on A. rabiei isolates (%)
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FIGURE 2

The inhibition rates of Salvia tomentosa essential oil on A. rabiei isolates (%)
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TABLE 2
The dose-response results of S. officinalis essential oil on A. rabiei
Al}tracnose LCso LCo Slope + Standard error X2

isolates

isolate 1 6.57 (4.82-9.45) 13.11 (10.01-21.46) 0.20+0.016 18.21
isolate 2 5.78 (2.87-12.11) 10.75 (7.38-31.70) 0.26+0.018 61.83
isolate 3 5.48 (2.73-10.60) 10.19 (7.08-26.59) 0.27+0.019 59.57
isolate 4 5.70 (4.17-7.75) 11.23 (8.83-16.74) 0.32+0.017 18.28
isolate 5 7.85 (5.72-12.75) 15.48 (11.31-29.86) 0.68+0.016 18.84
isolate 6 7.57 (5.69-11.27) 14.85 (11.19-25.45) 0.18+0.016 16.22

TABLE 3
The dose-response results of S. tomentosa essential oil on A. rabiei
Al}tracnose LCso LCo Slope + Standard error X2

isolates

isolate 1 1.15(3.80-31.7) 16.77(10.52-124.30) 0.133+0.015 32.73
isolate 2 8.45(6.36-13.28) 15.98(11.84-29.19) 0.17+0.016 16.62
isolate 3 6,03(4.00-9.07) 9.89(7.51-17.48) 0.33+0.21 4431
isolate 4 5.40(2.02-13.01) 10.52(7.01-39.63) 0.25+0.018 68.69
isolate 5 4.60(2.35-7.77) 8.81(6.30-18.14) 0.30+0.20 48.26
isolate 6 4.39(0.39-12.65) 9.90(6.30-56.49) 0.23+0.018 70.66

The difference that occurs in both sage species
arises from the differences in the proportions and
the compounds of the essential oil compositions
that the species contain. The main component of the
S. tomentosa species collected from Tokat province
was determined B-Thujene, while the main compo-
nent of S. officinalis essential oil was determined 3-
Thujanone [15]. Salvia species are rich in terms of
biological activity. In the studies carried out on
biological activity, it was reported by researchers
that Salvia species have antibacterial [16], insecti-
cidal [17], antioxidant [18], antiviral [19], antimi-
crobial [20], antifungal [21] and herbicidal effects
[22]. Salvia species contain phenolic compounds
and flavonoids having phytotoxic characteristic in
their constituents [23].

In similar studies, researchers investigated the
activities of different plant essential oils and ex-
tracts on A. rabiei. Zerroug et al. [24] reported that
A. rabiei never developed mycelium at doses of 1.5,
3, 6 mg/ml of Saccocalyx satureioides Coss. Et.
Dut. plant essential oil. In similar studies, plant
extracts were investigated for their activity on A.
rabiei mycelium development.

In controlling A. rabiei, the usability of the n-
hexane extract of Datura Metel [25], the water,
ethanol and n-hexane extracts of the leaf, fruit, root
and shoot shell of Syzgium cumulus [26], the organ-
ic solvents of allelopathic trees [27], the organic
solvent extracts of Tagetes erectus plant [28] and
Chenopodium album extracts [29] has been re-
vealed.
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CONCLUSION

The researches that carried out on the potential
of the secondary metabolites, such as, plant essen-
tial oils and extracts to be an alternative to pesti-
cides in fighting against the pathogens, diseases,
pests and weeds in economically important plants
continue to be the primary studies. This study re-
vealed that S. officinalis and S. tomentosa essential
oils have a high level of antifungal effect on the A.
rabiei isolates. It was determined that this effect
differs according to isolates and sage species. To-
day, these studies have become more valuable ow-
ing to the fact that the fungicides used for disease
control create resistance problem in plant pathogens
and in addition to that their detrimental effects on
the environment and people have been revealed. In
the current study, it has been suggested that S. offic-
inalis and S. tomentosa essential oils could be used
in controlling the disease.
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