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" ABSTRACT

An view of worldwide interest and greater public aveareness in finding plant products as the most promising
and ei'n/r)qicn//\' safer alternatives for svnthetic insecticides in posi-fiarvest protection of stored rice. present
stiedy was undertaken to éxplore the potential of leaves of Ruta graveolens (Aruda) as u repellent aguinst S.
or: ae infestations. Leaf powder and solvent extracts of R. graveolens were ev aluated for their conact and
' fumlqanl repellent properties against seven day old S. oryzae adulis. In contact repellency rest, weevils (20
*eachfwere exposed 10 1.0 g, 3.0 g, 5.0 g and 7.0 g of leaf powder mixed with white raw rice grains in u
modified cup bioassay ap]?‘(u atus. Fumigation repellency: of-leaf powder was tested using same dosages and
the number of weevils in a fumigation-repellency chamber. Number of weevils that moved from the bioassayv
~chambier was recorded one hour after weevil introduction. Leaves of R. graveolens were extructed in hexane,
_<.r?I/l\// acetate, methanol, distilled water and different concentrations 10, -50," 100% (v/v) were assessed
~Separately 10 evaluate repellent activity by means of an area preference bioassay. In all experiments, ten
ueev:ls for each were tesled and the number repelled was recorded 30 minutes dfter weevil introduction.
; Htghesl contact and fungam repellent effects were elicited by 7.0 g of leaf powder resulting 96% and 93%
respectively. whilst lowest ‘dose also produced more than 30% repellency indicating extremel: strong
“repellént action of the plam powder. In comparison. agueous extract exhibited the most potent repellen
zetivipy (91%) while other extracts were producing over 0% repellent effects on weevils at the concentration
=] 00’7 evj. Overall /ma'lm:s 0/ the studv suggest that both powder and extracts of R. graveolens leaves
-ould be used as eco- f /end/v ageits for post-harvest rice proleclum
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1. INTRODUCTION

The Sr Lankan economy s primarily based on
agriculture. Among many food crops culuvated.
rice constitutes the main crop in Sri Lanka and
the staple food of Sri Lankans which is more
importantly the livelihood of more than 800.000
tarm famihies (Dharmasena & Abeysiriwardena.
2003).

In spite of the growth of paddy production.
constderable  losses  are  reported 1o occur
throughout the production process. and post-
harvest losses account for 13% of the total loss
(Palipane. 2000). The most significant loss in the
post-harvest operations occurs during storage of
paddy and rice. and is caused by improper and
inadequate facilities. particularly at farm Jevel
(Adhikariavake. 2003). Recent studies have
revealed that grain loss during storage under
normal ware-house conditions due to various
agents of grain deterioration 1s 4-6% and 80% of
this loss 1s due to insect attack (Palipane. 2001).
Rice weevil (Siraphilus orizae). grain moth
(Sitotroga cerealeffa). and red flour beetle
(Tribolium casteneum) are three devaslating
insect pests of stored paddy and rice in Sn
Lanka (Whjavaratne ¢f af.. 2009). Among them.
rice weevil (Sicophilus orvzae) is considered as
the major stored pest of paddy and rice all over
the world {Suvanthmi et af.. 2012).

Since 1930s. svnthetic insecticides have been
used extensively in grain facilities because of
their  effectiveness and  easy application  to
control stored insect pests (Rajashekar et al.
2012). The direct application of an insecticide to
a food commodity will always produce a residue
which will be more or less persistent depending
on the chemical nature of the insecticide used.
This may however create a potential hazard or.
at lcast. a source of possible anxiety to the user
ol the commaodny (FAQ. 1999),

However, the indiscriminate. regular and routine
use of svnthetic insecticides has some serious
drawbacks such as development of resistance
strains.  resurgence,  frequent pest outbreaks,
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environmental problems. ecological imbalance.
and health hazards (Rahman ¢ ol.. 2003).
Higher  public  awareness  of  these  risks.
precautions essential in dealing with traditional
chemical nsccticides (Fields er of.. 2001) and
the poor storage facilities of traditional farmers
which are unsuitable for effective conventional
chemical control (Tapondjou er wl. 2002,
Moreira ¢ ol.. 2007) increase the interest mn
finding safer and alternative stored  product
protectants for insect pest control.

Higher piants are a rich source of unique
insecticides (Dev & Koul. 1997) and have been
used for hundreds of vears. but were displaced
from the market by svnthetic insecticides. Those
plants plant derived products  deserve
consideration for use in stored msect pest controt
because they  are convenient 1o use  and
environmentally safe (Singh ¢t af.. 2010). The
use of plants in the protection of stored grains
against insect infestaton has been an age-old
practice among small-scale farmers in Sr1 Lanka
{(Palipane. 2000). Scientific evaluation and full
documentation of plants for insect .pest
management purposes is still lacking. though
medicinal plant research has gained more
consideration (Chikokura er af.. 2011).

and

Hence the present study has been undertaken to
explore the repellent potential of the leaves of
Ruta graveolens 1o suppress Sitophilus orvzae
infestations in the view of worldwide interest
and greater public awareness in finding plant
products the replacement of svnthetic
isectictdes o the post-harvest protection of
stored rice and paddy.

for

2. BACKGROUND

The control of rice weevil infestarions has been
promarily through the use of fumigants and
residual chemical insecticides to augment the
more obvious approach of hvaiene. Treatment of
rice. with those syathetic nsecnicides is not
recommended as the nice 1s meant for human
consumption because of direct and indirect
health hazards (Bello er af. 2001). Greater



T

ko

ZRSTE

b2
“

“Bublici awareness of these risks has increased
~..worldivide interest in finding safer insecticides

or alternative stored product protectants to

replaceA conventional insécticides and- fumigants
‘ (Paranagama et al., 2003).

feret tvpes of plam preparations - “such as
powderq solvent extracts-and whole ‘plants are
being investigated for their insecticidal activity
Amcludlvng their action as fumigants, repellents,
_.anti-feedants,  anti-ovipositions and  insect

growt -regulators (Khoshnoud ez al., 2008). The
-"Lise of. plants in the protection of stored grains
against insect infestation has been as age-old
- practice among small-scale farmers in Sri Lanka.
) of  Qcsimum  sancturm
Azadirichta indica  (Neem),

(Ma‘durutﬁala)
. Citrus. Spp- Vzle\ negando (Nika), Cwrcuma
I(mgva (Amukaha) Eucaliptus terreticornis have
beén sedat 1% dose rate. for insect control in

storage. of arains (Pdhpant. 000)

Therefor'e” . the scnenm' cp community  at
_mternatlonal level is Iooking for the
devek)pment of safer; cosl effective  and

enwronndntall\ tmndly clltundme products
- from’; 'lants‘ for effective: «.unlrol of insect pests
,Ldurmg orage (Tripathi.er al., 2008)

RIALS AND METHODS

healthy leaves of Rua
were  collected  from
Thest‘:' were \\'dbhtd air

ﬂlass
llds i a

C prior 1o use.

.md sluud

' fror 'mtestud stock of rice- in local
“market and then reared on wholl\
rice grains i’ g,lzm jars wvered with muslin

cloth held in p!ace with rubber bands for the

were’
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passage of air at 29 £ 2°C and 84 + 2% relative
humidity. One week old adult rice weevils were
used for all experiments.

3.3. Preparation élhd Extraction of Plant
Material '

Sixtv grams of dried powders of Ruta

graveolens (Aruda). were extracted sequentially

with the solvents of Methanol (99.85%) and
distilled water using soxhlet apparatus (Shanti
Scientific Industries, India) in three consecutive

“terms. The extraction was preceded up to 18

un-infested
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graveolens

62°C. Methanol extract of Rwa

(Aruda) was further partitioned
between n-Hexane (95%) and Ethyl Acetate
(99.5%). The resulting extracts were then
subjected to solvent evaporation at 63"C using
rotary evaporator (Microsil, India) unul they
were reduced approximately to 50 mit and were
subsequently stored in the refrigerator at 4°C.-
These final products were then re-dissolved in
respective solvent to obtain required dilutions of
10, 50 and 100% (v/v) in each plant extract for
experimental use.

hours at

3.4. Contact Effect « of

Powders

Repellent Leaf

Contact repellency was tested according to the
standard method adopted by Mohan and Fields
(2002) with some modifications. Portions of 1.0,
3.0, 5.0 and 7.0 g of leal powders ot‘ Rutu
graveolens corresponding to 3.33, 10.00. 16.67
and 23.33% (w/w) concentrations were welghed
and each added into a small plastic cup (height §
cm. diameter 7.5 em) which contained 30 g of
clean. undamaged and uninfested rice wrains.
The grains in ‘the controls comained no leaf
powders. The top "4 height of the small plastic
cup was perforated using a soldering cun
(220V/240V. 40W, China). Those holes were

- made 1o allow the weevils 10 escape from the

plastic cup it ‘they are repelled by the leaf
powders. This small plastic cup was then placed
mside a large plastic bottle (height 13 ¢em.
diameter 7.3 cm) to trap the weevils that arc
moving out through the holes of the small plastc
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cup. One week old. 20 adult weevils were
introduced into each smali plastic cup. Before
onset of each experiment, holes were covered
for 10 minutes to let the introduced rice weevils
scttle down inside the plastic cup. The bio-
apparatus was then covered with muslhin cloth
held in place with rubber bands to allow the air
passage for weevils. The number of repelled
weevils in the large plastic bottle was counted
one hour after their introduction to calculate rice
weevil  repellency. The  experiment  was
replicated five times.

3.5. Fumigation Repellent Effect of Leaf
Powders

The bio apparatus used was somewhat similar to
the setup in the contact repellency bioassay but
with some alterations (Mohan & Fields. 2002).
The bottom of the small plastic cup was
removed and replaced by a nylon cloth which
was then fitted with a small plastic container
(height 4 ¢cm. diameter 5 cm) to place the leaf
powders inside the latter. This adjustment
allowed the vapour of leaf powders inside the
container to pass through the cloth and reach the
weevils. Leaf powder was then put in the plastic
container. and 30 ¢ of clean and uninfested rice
grains were placed in the small plastic cups. One
week old. 20 adult weevils were introduced into
the small plastic cups. 1 .0. 3.0. 5.0 and 7.0 g of
leat’ powders were tested separately. The grains
in the control test contained no leaf powders.
Number of repelled weevils in the large plastic
bottle was counted one hour after introduction.
The experiument was replicated five times.

3.6. Repellent Effect of Leaf Extracts
F

The repellent effect was evaluated using the area
preference bioassayv adopted after McDonald
{1970). Talukder and Howse (1993) with some
modifications. The test area consisted of a
Filtermann® (123 mm) paper that was cut into 2
halves. One half of the filter paper was treated
wirth | ml of each prepared concentration (10. 50
and 100% (v/v)) of respective leaf extracts
(Methanol. n-Hexane. Ethvl acetate, water) as
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uniformly as possible. The other half (control)
was treated onlv with Im! of the respective
solvent. Both the treated and control halves were
then air dried to evaporate the solvent
completely. A full disc was carefully remade by
attaching the treated half the control half
lengthwise. edge-to-edge with adhesive paper
tape. Each remade flter paper was then placed
in a petri dish and 10 ¢ of clean and uninfested
rice grains was uniformlv distributed over it as
an attractant for the rice weevils. One week old.
10 adult nice weevils were released in the center
of each filter paper disc and cover was placed"
over the petri dish. For each leaf extract and
each concentration. [0 replicates were made..
The number of weevils present on each halt was
counted 30 minutes after the introductton of rice
weevils.

3.7. Analysis Of Data

All data obtatned for repellency bioassavs were
subjected to one-wav analvsis of variance
(ANOVA) using Minitab 14.0. Tukev's multiple
comparison test was used 1o separate meéan
values of the experiments. where significant
differences existed (p<0.05). Comparisons
between concentrations of leaf extracts were
analvzed using the General Linear Model
(GLM).

4. RESULTS AND DISCUSSION

The repellent effect of leaf powders of R
graveolens on rice weevils after an hour of
exposure in  the contact and  fumigation
repellency bioassavs are shown in the in Table 1.
According to the resuits, 1t was evident that all
the doses elicited significantly higher repellent
actions after an hour from the weevil expgsure
when the leaf powders were used in both contact
and vapor forms in comparison to the cantrol
which gave no repellency at all. The contact and
fumigation repellent effect of R. graveolens leaf
powders progressively increased with  the
increase in dose. R graveolens manifested
strong contact and fumigant repellent actions
accounting to 96.00 + 3.18 and 95.00 # 3.54
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respeulvel\ Even tlu lowest dose of 1 g was
able’ «to produce over 50% fumigation’ repellent
actuvnt) within an hour thus indicating the strong
effectiveness of R. graveolens leaf powders as
‘fumlgants

‘__Tablé 1. Repellent effect of leaf powders of
‘Ruta graveolens on S. orvzae after | hour in the
- contact and fumigation repellency bioassays

s Dose *Mean % Repellency £ SD

RO Contact Fumigation
L (g) Repellency Repellency
" Control (.00 = 0.00% 0.00 £ 0.00°

I 69.00 £ 4.18° 58.00 +2.74"

3: 83.00 £ 5.00¢ . :79.00 = 4.18¢

8! 93.00-+ 2.73¢ :90.00 £ 3.54¢

.7 96.00 + 3.18¢ 95.00 £ 3.54¢

;*?Méains followed by the same lettérs within the
¢columns are not significantly different (Tukey’s
xf'%test at! p<0 05)

R

‘Mean Percentage Repellency + SD for five
;.repl_lca,tes (n=100)

‘Data’ on the effectlvencss of R _graveolens leaf
extracts on S or\..ae adulls (Table 2) showed
that all the extracts ehcuted weevil repellency
A\\hlch ranged between 72% - 91% within 30
mmutes after exposure at the highest
conc’en‘trauon tested. ’

;T'ble 2 Percentage r¢pel|encv for the leaf
"extracts of R. graveolens on S'tl()ph:lm oryzae
".-aﬂer 30 minutes of exposure in the area
_gpreference bioassay

Eéo friendly allernatives for storage pest management

*Mean Percentage Repellency = SD for ten

replicates (n = 100)

T1- 10%v/v; T2- 50°/ov/v; T3 - 100%v/v

Over 60% repellem -action was noticed at the
lowest concentrations for all the extracts within
the same ‘time period after treatment. The
aqueous leaf extract was found to be the most
effective causing 91% repellency followed by
methanol and ethyl acetate based leaf extracts
whereas hexane based leal extract was the least
elfective (72%) indicating the lower level of
repellency. It is noteworthy that repellent rate of
the leaf extracts were increased with the increase
in the concentrations.

~Plant products notably in the form of leaf

powders and leaf extracts having considerable
potential in repelling ubiquitous stored grain
insect pests are gaining tremendous importance
in the insect pest management programs around
the world. Rura graveolens which has been used
as the key plant in the present investigation is a
perenmal semi- shrubby plant cultivated in up-
country of Sri Lanka (Jayaweera, 1982; Kirtikar
& Basu, 1987). It is given internally for hysteria.
amenorrhoea epilepsy and flatulént colic while it
is used externally as a rubefacient (Jayaweera,
1982:- Warier ef al., 1996). Leaves are used in

_cases of rheumatalgia (Dassanayake & Fosbery.

1985). It is reported that herbal tea made with

‘ruta leaves reduces high blood pressure and

sciatica. Also, it was known practice in Sri

" Lanka to use ruta leaves for infantile catarrh

’i o *Mean % ‘Repellency + SD
A Dose | Hevane Edyl Methanol Water
e b . Acetate : :
- 63.00 % 65.00 £+ 74.00 = 80100 +
| 6.75° 9.72¢ | 8.43* - 8.17*
0 66.00 £ 74.00 £ ¢ 83.00+ | 83.00+
AL 9.67° 6.75% | 527
SR T200 | 79.00= ) 8400 % 91.00 =
7.89° 8.76* | 8.43b 8.76°

‘ uVleans followed by the same letters within the
‘columns are not mgbmflcantlv different according
wthe Tuke\ s test at’ P<0 05

b
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(Fernando,- -1982). In Central Province of Sri
Lanka, the leaves pounded with salt and are
applied locally for scorpion sting (Kirtikar &

Basu, 1987). The bitter leaves of R. graveolens

are a -traditional seasoning in Mediterrancan
countries where it is used to flavor meats, fish,
salads, and egg and cheese dishes. In Africa.
especially in Ethiopia. fresh leaves are used to
flavor coffee (Harsha & Latha. 2012).

Since there is no published material on using R
graveolens leat powders in the suppression of
stored product insect pests. this study represents
the first record of their repellent potential in
controlling Sitophilus oryzae infestations. The
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findings of the present study explicitly showed
that the leat” powders of R graveolens have
extremely high potential in protecting rice from
rice weevils  with their great contact and
fumigation repellent activities within an hour.
With regard o extracts of the leaves of R.
wraveolens (Hexane. Ethyl Acetate. Methanol
and aqueous). aqueous extract exhibited very
strong repellent activity whereas that hexane
extract elicited comparatively lesser repellent
activity against  rice weevils. Onlv a few
bibliographical data are available on the
potential of R graveolens leaf’ extracts on
ditterent insect species and also in contrast. data
of its repellent properties against S. orvzue are
ambiguous. Rojht er al. (2012) revealed that.
cthanol based leaf extract of R. graveolens was
highlv: repellent  against  bean  weevils
(Acanthoscelides obtectus). A studv conducted
by Potenza ef al. (2006) evaluated the mortality
of aqueous and acetone leat” extracts of R
araveolens against the maize weevil (Sitophilus
zeamais). However. the varving activity elicited
by different leaf extracts of R graveolens
indicates that the chemical compounds involved
in repellent effect against rice weevils excrted by
cach extract may not be uniformly present in the
plant (Rahman er «al., 2007). Therefore the
repellent activity of the leaf extracts is probably
due to the number of secondarv metabolites
pulled up by each extract by itself in accordance
with the respective polarity of the extracts or the
great  eftectiveness  exerted by the  major
constituents sporadically. However biological
activity of leaf extracts is generally atributed to

some  particular  compounds.  a  svneraistic
phenomenon  among  these  metabolites  may

result in a higher biological activity compared to
the  isolated  components  according 10
Berenbaum. 1985: Hummelbrunner & Isman.
200tand Neiro eof «l. 2010. It has been
suggested that this occurs due 1o the fact that

plants usually present defenses as a suite of

compounds. not as individual ones enhancing
cfiectiveness of the major  constituents
through a variety of mechanisms (Berenbaum.
PUS>: Newro er al.. 2010).

the
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5. CONCLUSION

The present investigation has brought out the

great contact and fumigation repellent efficacies

of both leaf powders and the leaf extracts of R. |
graveolens in providing grain protection and .
may be exploited for rice weevil control in an
environmental-friendly Therefore.  the
leaves of Ruta graveolens may be recommended
as cheap. casily available at farmer level and
non-toxic agents and can be utihized as a very
successtul candidate in the development of bio-
insecticides in - controlling  Sitophilus  orvzace
infestations. Further studies are required to find
out the repellent potential ot the leaves of R
graveolens on other stored insect pests as well.
Since the leaves of R graveolens are opulent

wan .

with the fumigant activities. it would be "
worthwhile extending the study  further to

identify the specific volatile components which
are  eftective against  Sitophilus — orvzae
infestations. It 1s likely that detailed studies on,
the structure and mode of action of the,
biologicallv active volatile compounds would.
open up the path for the commercialization of,
such volatiles i future. ‘
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