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Ovicidal Activity Of Essential Oils From Some Medicinal And
Aromatic Plants Against The Pulse Beetle, Callosobruchus
Chinensis

Fedai Erler', Hi | al ‘'kDedyaeBaki o s un

!Akdeniz University, Faculty of Agriculture, Department of Plant Protection, AntalyRKIYE
Corresponding Authoe-mail: erler@akdeniz.edu.tr

Abstract: Callosobruchus chinensit.) (Coleoptera: Bruchidae) is one of the most destructive pests
of leguminous seeddhis pest damages chickpeas and cowpexdis in the field and in stockand
causes decreases in the yield and in the nutritional qubdithis study, we evaluated the fumigant
activity of essential oils (EOs) extracted from three aromatic and medicinal plants, rvyttas
communisL.) (Myrtaceae), laurell{aurus nobilisL.) and cinnamon@innamomum verurd. Presl.)
(Lauraceae)against the 048-h-old eggs of C. chinensisunder controlled conditionsFour
concentrations (10, 20, 40 and 80 OL/L air) of e
were used in the bassaysThe results from the study showttht all the EOs had ovicidal activity in
varying degrees, and mortality wasncentration and exposure periedependentBased on the
highest concentration and the longest exposure peciodamonoil caused thehighest ovicidal
activity with a mortality of 81.8% and followed by laurel oil (78.1%). Myrtle oil showed the least
ovicidal activity causing 66.7% mortality of eggs ©f chinensisThese findings suggest that the
tested plant EOs can be used asfbinigants for the control . chinensisn stored pulses.

Keywords: Bio-fumigant, Bruchidae, plant extract, ovicide, stored products pest

Introduction occurs within the seed wusually at
temperatur e of about 28
The pulse beetle, Callosobruchusmerge approximately 30 days after
chinensis(L.) (Coleoptera: Bruchidaels a oviposition. They mate within a short time,
common species of bruchids and is known tand in the presence otiigable host seeds,
be a pest to many stored pulses. This seriofemales begin laying eggs and adults die
pest damages chickpeas and cowpeasibhothabout 1612 days after emergence. The seeds
the field and in stocks and causes decreases case of severe infestation become
in the yield and in the nutritional quality completely hollow and are unmarketable
(Demianyk et al., 2007; Sharma et al.(Varma and Anadi, 2010; Neog, 2012).
2007). Unfortunately, the use of contact or
The larvae of this species feed andumigant insecticides had always been the
develop exclusively in the seeds of hostfirst solution in controlling this pest. But use
pulses, while the adults do not requiomd of them has had bad consequences, such as
or water and spend their limited lifespan (lincreased resistance, an imbalance of the
2 weeks) in mating and laying eggs orecosystem, and disturbances of the
seeds. Adult females lay their egg®nvironment as there is a risk of toxicity due
individually attaching to the testa of seedsto the problems of residues. In this study, we
After an incubation period of-8 days, the evaluated the ovicidal activity of EOs from
larvae hatch and chew through the seed cadiree aromatic and medicinal plants against
beneath the eggs into the seeds. The firdie pest as the alternative solution to
instar larvae burrow and feed on theurrently  recommended conventional
endosperm and embryo, undergo a series oisecticides/fumigants for its control.
molts and burrow to a position just
underneath the seed coat prior to pupatioMaterials and Methods
Although the seed coat is still intact, a round
1-2 mm hole is apparent at the location Dried foliage of myrtle Nyrtus
where the beetle is pupating. Adult eclosiomommunis L.) (Myrtaceae) and laurel
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(Laurus nobilis L.) and dried barks of untreated eggs. Each concentration of each
cinnamon Cinnamomum verund. Presl.) EO was applied with an automatic pipette on
(Lauraceae) were used for the extracton & bl ot t i ng papatacheddot ri p (
EOs used in the present study. The EOthe lower side of the jar's lid, and then the
were extrated by hydrodistillation using a lid was tightly fitted. Initial tests were
Clevengeitype apparatus (Erler et al., 2009performed  to  establish  appropriate
BasbagciandErler, 2013) Foliage of myrtle concentration and exposure period ranges.
and laurel were collected by the author§he concentrations used for each EO were
from the natural habitats in Antalya. Driedl O , 20, 40 and 8o e L/ L
barks of cinnamon were purchased from aonsideration insecticidal activity of various
local market. Taxonomic identification wasorganic solvents which are generally used in
performed by botanists from the Biologyscreening plant products for insecticidal
Department, Faculty of Science, Akdeniact i vity (Singh and Jain
University in Antalya, where voucher1997), no organic solvent was used in the
specimens of collected species have begmeparation of treatment condeations of
deposited. To extract EO by distillation, 10@¢he EOs. Thus, no material was applied to
g of airdried plant material was put into the control jars. Three different exposure
water (1:12 w/v) for 4 h. Extracted EOsperiods (24, 48 and 96 h) were used for each
were stored in a r edoncenyationa bfo eacha ttrea#neh€ Alln gl a
vials until used for biological tests. Thevialdbhi oassays were conducted
were covered with aluminum foil to avoidrelative humidity of 6%5% in darknss.
exposure to light. Pure EOs were employedfter the various exposures, mortality
in all the tests. counts were made for each concentration X
The insect material used in the study wasxposure period combination, and then the
obtained from a laboratory culture &. eggs on chickpea seeds (dead and living)
chinensismaintained in the Plant Protectionwere transferred to clean jars and incubated
Department of Akdeniz University for 2 for 48 h at the same conditions. Mortality
years. In all the test§-48-hour-old eggs of each concentration X exposure period
C. chinensisvere used. combination was then reassessed unaer
For the fimigation tests, about 10@ults stereemicroscope (26). Unhatched eggs,
of the pest were first collected by mouthwhich had a shriveled and blackened
aspirators from the culture, and therappearance, were counted as dead. Mortality
transferred into a plastic jar (5 L) includingwas expressed as a percentage of the initial
sterile chickpeaGicer arietinumL.) seeds number othealthy eggs in each jar.
for oviposition.The jar was covered with a  All mortality data were corrected using
muslin cloth, tied with rubber bands to Abbott's formula (Abbott, 1925). The data
preventthe entry an@scapingof insectsand  were also transformed to arcsine squra@
also to allow properair circulation. The values for analysis of variance (ANOVA).
insects were allowed to remain there for th&Jntransformed means are presented here.
purpose of oviposition for 48 hours, andFi s her 0 s idarg Bifetenc&S@ILIDh i f
were then removed. Glass jars with 1 ltest (LSD;P O 0.05) was used to test for
capacitywere used as test chamber. Fifteedifferences among the treatment means.
chickpea seeds with eggs were placed in
each glass jar, which was counted as orResults and Discussion
replicate. For each concentration X exposure
period combination, 3 replicates were used, The results of the fumigation assays are
and experiments were repeated twice, thysresented in Table 1.IlAthe EOs tested
the total number of replicates for eachshowed ovicidal activity againsthe 648-h-
concentration X exposure periodold eggs ofC. chinensisunder controlled
combination was 6. Each replicate setonditions.
contained one control jar containing



MO® ! fdz&AFE MO ! fdzAEF NI NFEAP-HGF QRYNKE 1 almbdP Iy N

Table 1. Fumigant toxicity of 3 plant essential oils against the egdsaldésobruchus
chinensis

Exposure period (h) Mean mortality% N S.E.
Concentration (OL/L air)
10 20 40 80
Myrtus communis . 3
24 18. 2RF. 8 24. 8N4 . 40. 8N4 . | 44. 4N2.
48 22.6N4. 32.4N3. 42.8N3. 62. 4N4.
96 28. 6N4. ; 36. 4N4. | 52. 4N4. ( 66. 7N4. ;
_ Laurus nobilis B B
24 26. 8N3. 48.2N2. 56. 2N2. 62.8N4.:
48 38.8N2. 54.6N2. 68. ON4. | 61. 8N4. .
96 44.6N4. 66. 4N3. | 74.6N2. 78. 1N3. .
N Cirlnamomumverum 5 5
24 32.4N4. 38. 4N4. . 48.2N4.; 61. 2N4.
48 38. 8N4. 47.6N3. . 56. 8N3. | 78. 8N3.
96 46. 3N4. | 52.8N3. 66. 8N2. ¢ 81.8N2.
. . Control . .
24 0.0NO. O 2. 8N0. 2 0.0No0. o0 0.0No0. O
48 5. 4N1. 8 5.4N2. 2 0.0No0. o0 0.0No0. O
96 6. 6N2. 2 6. 2N2. 8 5. 4N1. 2 6. 4N2. 4

* For each treatment, means within a line followed by the same Joager letter are not significantly different (LSB;O
0.05).

**: For each treatment, means within a column followed by the same capital letter are not significantly differer®® QSD;
0.05).

Ovicidal  activity was  generally chickpea seeds than myrtle EO. This study
concentration and exposure peried provides promising results for controlling
dependent. Based on the high the peston stored pulses.
concentrat i pamd tife8dhgesd| /To date,afuntigant toxicityof a large
exposure period (96 hjnnamonoil caused number of plant EOs has been evaluated
the highest ovicidal activity with a mortality against a number of storgaoduct insects.
of 81.8% and followed by laurel oil (78.1%).However, no available reports concerning
Myrtle oil showed the least ovicidal activity the ovicidal activity of the EOs tested in the
causing 66.7% mortality foeggs of C. present study again&. chinensiseggs on
chinensis chickpea seeds as fumigants., $iois not

The test on the seed germination usingossible to compare our results with others.
the highest concentration of the EOs and the Comparison of the results presented here
longest exposure period, showed no damagdth  some  previous  investigations
to the germinating seeds. The germinatiodemonstrates that concentration and

rate was about 99%. exposure period are factors affecting the
The results from the study showed thagfficiency of EOs. A similar result was
from the EOs tested¢cinnamonand laurel repot ed by Sara- and Tun- (

oils had comparatively higher vapor effecet al. (2000). Additionally, Rice and Coats
against the eggs of &. chinensison (1994) reported that the most important
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factor affecting the toxic effects of vapors ofindicate that thegleserve future studie$he
plant EOs are mainly monoterpenoiduse of EOs in stored products instead of
components in their composition, and thersynthetic fumigants/insecticides can reduce
was a dstinct correlation between theunacceptable rédues on foods and preserve
fumigant toxicity and volatility. The more both human health and environmental
volatile components were the more effectivguality.

fumigants. They also indicated that there

was a relationship between fumigant toxicity Acknowledgment

and structure of monoterpenes. In general,
ketoneswere more effective than alcohols

The

aut hor s wi s h to t he

and less toxic than aldehydes in the fumigarituba Eker and Athanase Hategekimana

assays. These findings in activity of EOs cafmaster

and Ph.H. students at the

be used in the search for more potent EA3epartment of Plant Protection, Akdeniz
for control of various insect species in storetUniversity, Antaya, Turkey) for helping in

products.
In regard to the chemical commsgition of

insect maintenancé&hey are also grateful to
the Scientific Projects Coordination Unit of

the EOs tested in the present investigatiokdeniz University for financial support.
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Abstract: The studypresents the result of field experiment established on loamy soil in 2014 in
western Slovakia on 27 plots sown by spring barley. We studied the effect of biochar application (0,
10, 20 t/ha) in combination with ammonium nitrate fertilizer (0, 40, 80 kg)\sh selected crop yield
parameters. Total aboygound biomass, total number of plants, ears per plant and final grain yield
were examined. When 40 kg/ha of fertilizer was applied, both doses of biochar significantly increased
the number of plants per’mwhile significant decrease of number of ears per plant was observed. On
the other hand application of biochar at dose 10 t/ha without fertilizer or in combination with 80 kg
N/ha resulted in nonsignificant increase of number of ears per plant. Regéindihgrain yield,
application of 10 t/ha of biochar showed best results; the difference rose in the order 40 kg N/ha < 0
kg N/ha < 80 kg N/ha. We conclude that a single biochar application of 10 t/ha can increase the yield
of spring barley at least in tHiest cropping season.

Keywords: agriculture, spring barley, biochar, crop yield, fertilizer

Introduction

A number of studies have shown that
biochar from biomass waste pyrolysis is a
promising soil amendment material which
has the potential to mitigate climate
change through increasing soil organic
carbon content and by improving soil
quality and thus increas carbon
sequestration and also reduce greenhouse
gas emissions, and enhance soil quality
(Subedi et al.,, 2017) and crop growth
(Subedi et al., 2017; Jeffery et al., 2011).
Considering the climate change and food
demand by population growth, there is an
assumption that this kind of research will
be still in the centre of attention of
international scientists, public institutions
and food producers. According to Subedi
et al. (2017) biochaamended soils
enhance crop growth and yield via several
mechanismsexpanded plant nutrient and
water availability through increased use
efficiencies, improved soil quality, and
suppression of soil and plant diseases.
Yield response to biochar has been shown
to be more evident in acidic and sandy

soils than in alkaline andine-textured
soils.

The final form of biochar and its
properties depends on its feedstock origin
(subject to availability in a specific
region) and processing conditions. Some
feedstocks already used include wheat
straw (Bruun et al.,, 2014) or sefbr
hardwood from various tree species
(Schulz et al., 2013; Bruun et al., 2014;
Baronti et al., 2010; Nelissen et al., 2015),
cow manure (Uzoma et al., 2011) and rice
straw, bamboo and wood chips (Liepa
Tsakalidy and Barouchas, 2017). Subedi
et al. (2017) premts review of papers
describing the changes in biochar
properties according to the conditions of
pyrolysis. With increasing pyrolysis
temperature the yield of biochar decreases
as well as its surface acidity. On the other
hand with rising temperature pHdreases
as well as increases cation exchange
capacity (up to
600AC) and surface

Under these contexts, we hypothesised
that the application of biochar with long
residence time to the soil can improve the
crop yidd especially if combined with
nitrogen fertilizers and that this effect will

500AC) ,
ar ea



mMmn®d | fdzalt mod |

be specific for biochar type used in the
study as well as initial soil properties at
the study site. The objective of this study,
therefore, was to determine whether the
addition of biochar and biochar with N
fertilizer a ects
of selected agricultural crop in the mild
climate region of Slovakia.

Materials and Methods

Design of the field experiment

Field experiment of the Department of
Biometeorology and Hydrology of the
Slovak University of Agriculture in Nitra,
Slovakia was established at the university
experi ment al site
48A196000606; | on.
mean annuahir temperature and annual
precipitation was
respectively. The soil type is classified as
loamy Typic Hapludalfs (USDA, 1999),
resp. Haplic Luvisol according to WRB
(2006) classification. The initial soll
carbon content was 9.13 g/khe average
soi l pH ( KCI)

Plots of agricultural land (4 m x 6 m)
were organized into a randomized block
design representing replication of one of
nine different treatments:

1. BONOT no biochar and N fertilizer;

2. B1ONOT biochar at 10 t/ha without N
fertilizer;

3. B20NOT biochar at 20 t/ha without N
fertilizer;

4. BON40i no biochar with N fertilizer at
40 kg/ha;

5. B10N4071 biochar at 10 t/ha with N
fertilizer at 40 kg/ha;

6. B20N407 biochar at 20 t/ha with N
fertilizer at40 kg/ha ;

7. BON8OiI no biochar with N fertilizer at
80 kg/ha;

8. B10ON80i biochar at 10 t/ha with N
fertilizer at 80 kg/ha;

9. B20N8071 biochar at 20 t/ha with N
fertilizer at 80 kg/ha.

Biochar commercially produced by
Austrian company Sonnenerde froaper
fiber sludge and grain husks (1:1) by
pyrolysis at ©550AC

was 5.

Pyreg reactor
Germany) was manually applied into the
top of the soil (610 cm) on March 10,
2014. Ammonium nitrate was manually
applied to fertilized plat in dosages

substances were then incorporated into the

soil by disking.Spring barley lordeum
vulgare L. var. Malz) was sown in rows
12.5 mm apart at a sowing rate of 190
kg/ha in March 11, 2014. Plant material
from randomly selected 0.5 m x 0.5 m

square was sampled at the harverst time
on July 14, 2014 and transported to the
lab, where the plants were counted and

roots separated from aboegeound

i nbiobass. Bags wela deparatecafron{ dteans .
1 8 A @ritl 6cOubtédo Lrain was Adeshdd a T h e

mechanical thresher and counted by a

above ground biomass was dried
separately in the
5 days until constant dry weight and then
weighted. Final grain yield was calculated
as a mulplication of total number of ears

Pdr n{, Gimbea ofsgkains pe? 6at &nd
average grain weight at 85 % of dry
biomass (HGCA, 2005).

Statistical analyses
Reported results
standard error of the mean. Gway

ANOVA (analysis of variance) & OO0 . 05

was carried out, statistically sgnificant
differences  between  control and
treatments were identified using the
Fisher's least significant difference test (at
P O 0.05) in
15.1.2 software (Statpoint Technologies,
Inc.,USA).

Results and Discussion

Following selected crop vyield
parameters were evaluated: total above
ground biomass (Figure 1), total number
of plants (Figure 2), number of ears per
m? (Figure 3), number of grains per’m
(Figure 4), number of ears per plant
(Figure 5), grains per ear (Figure 6) and
final grain yield (Figure 7).

Application of biochar in combination

1 0 dightal ske@ countem @rainé ah@ the mest,of

ar

fwathr fertil®z€r at 40ikgiha tic ot havenany a

(Pyreg

t h accocdn@ po expeenmemntal plant Bote t er s

oven

e
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effect on the amount of above ground
biomass (Figure 1). Intestingly, the same
value of 10.83 t/ha was obtained for
treatments B1ONO and BONS8O, thus we can
assume that the effect of biochar
application at 10 t/ha without fertilization
would have the same effect like the
conventional fertilizing with N at 80 kg/ha
(without biochar amendment). The highest
aboveground biomass was observed at the
B10ON80 treatment that is combination of
both soil amendments.

Application of fertilizer or biochar itself
did not increase the number of plants per
m? (Figure 2). But when 40kg/ha of
fertilizer was applied, both doses of
biochar  (B1ON40  and B20N40)
significantly increased the number of
plants per rh by 31 %. Regarding the
number of ears per nfFigure 3), similar
trend like at the aboveground biomass was
observed. Application of fertilizer
gradually increased the number of ears
from 440 (control BONO) to 477 ears at 40
kg/ha and 589 ears at 80 kg/ha (increase by
34 %). Biochar application at 10 t/ha
without fertilizer intervention (B10ONO)
increased the amount of ears péray 23
%. In contrary biochar at 20 t/ha caused
decrease at all fertilization leveldhe
same trend like for aboveground biomass
and number of ears per’rwas observed
also for number of grains per(fFigure 4),
however the observed differences were

Figure 1. Effect of

higher. Biochar application at 10 t/ha
(B1ONO) increased the number of grains
per nf by 43 % while N fertilizer at 80
kg/ha without biochar (BON8O) by 37 %.

Significant decrease after biochar
application was observed at N fertilizer
application at 40 kg/ha for ¢hnumber of
ears per plant (Figure 5). While application
of biochar at 20 t/ha had neutral (at 0 and
80 kg/ha fertilizer application) or negative
effect, biochar applied at 10 t/ha had
positive (at 0 and 80 kg/ha fertilizer
application) and negative effect(at
mentioned 40 kg/ha fertilizer), but these
differences were not significant. nOthe
other hand the effect of biochar and
fertilizer application was more neutral
regarding the number of grains per ear
(Figure 6), with less positive impact of
fertilization. Surprisingly, application of
biochar at 10 t/ha  without fertilizer
increased the number of grains in ear by 21
%.

While application of 20 t/ha showed
neutral up to slightly negative effect on
final grain yield (Figure 7), application of
10 t/ha of bichar showed better results.
The difference in final grain yield rose in
the order 40 kg N/ha < 0 kg N/ha < 80 kg
N/ha. Interestingly, single application of
biochar at 10 t/ha (B1ONO) had similar
effect like N fertilizer application at 80
kg/ha (BON8O treament).

bi ochar and fertilizer

standard error; n = 3). Different letters indicate significant difference at P < 0.05 according to

LSD multiplerange test.

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































