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ABSTRACT

The efficacy of different polar and non-polar solvent extracts of Birbira, Melletia
furrginea (Hochst.) Baker tree seeds namely: Water, Acetic acid, Acetone, Chloroform,
Toluene, and Hexane at different rates were evaluated on Diamondback moth, Plutella
xylostella L. oviposition and egg mortality under laboratory conditions. The leaf
dipping method was used to run both assays. In the assay, full Oviposition deterrence
was recorded at the higher rates of polar solvent extracts. Significantly higher egg un-
hatchability was recorded only at the higher rates for non-polar extracts. Eggs
mortality caused by extracts with Water and Acetone was very high, and have much
smaller LC50 values. In contrast, LC50 was higher for the other extracts. However,
there was a constant increase in the percent kill of egg mass with the increase in the

extract concentration. From this study, it is evident that M. furrgunia extracts with
different solvents possess significant oviposition deterrence and ovicidal effect on P.
xylostella.

Contribution/Originality: The study was carried out on the Evaluation of solvent extracts of Melletia
furrgunia against Diamondback Moth, Plutella xylostella. The paper's primary contribution is finding that M.
furrgunia extracts with different solvents possess significant oviposition deterrence and ovicidal effect against P.

xylostella

1. INTRODUCTION

The Diamondback Moth, Plutella xylostella (Lepidoptera: Plutellidae) is the most important destructive insect
pest of crucifers throughout the world including Ethiopia, Ayalew and Ogol [17; Charleston [27; Liang, et al. [37].
Damage and loss due to feeding by P. xylostella larvae is estimated to billions of dollars each year in the world, with
comparable losses in many other developed countries. The loss is even more staggering in the developing countries
mainly in Asia and Africa, FAO [47]; Gashawbeza [57].

Control of this pest largely depends on the use of synthetic insecticides. But extensive use of synthetic
insecticides resulted in the development of resistance of this pest [67]; [7]. In addition, chemicals can be
environmentally disruptive, eliminate beneficial insects, being direct toxicity to non-target organisms and
accumulation of residues in the harvested produces [87.

Under such conditions the uses of botanical insecticides have been touted as attractive alternatives to synthetic
insecticides as it causes adverse effect on the development and reproduction of pest insects. They are eco-friendly,

economic, effective, safe to prepare, biodegradable, nontoxic and non-pathogenic to animals and humans as well.
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Considering these facts to manage the pests, the present study has therefore been undertaking to study the efficacy
of M. furrginea seed kernel extracts obtained using solvents of different polarity on P. xylostella oviposition
deterrence and ovicidal effects under laboratory condition. So that information thus gathered may be utilized for the

management of this pest under field condition.

2. MATERIALS AND METHODS

Physiologically matured pods of M. ferruginea collected from the premises of Holeta Agricultural Research
Centre (HARC) and neighbouring areas. Pods brought to the insectary at HARC and put aside for few days to dry.
Seeds removed from the pods and seed coats split to remove the cotyledons. The cotyledons were ground to powder
using mortar and pestle under shady condition. The powder kept in a sealed polythene bag in a refrigerator at 4°c
until used for its crude extractions using different solvents. Different polar and non-polar solvents (de-ionized
water, acetic acid, acetone, chloroform, toluene and hexane with the polarity index of 9.0, 6.2, 5.1, 4.1, 2.4, and 0.1,
respectively) used for the extraction of the powder following the procedures used by Mulatu [97. Six samples of 50
gm of powder weighed separately for crude extractions. Each sample mixed with 100 ml solvent in separate flasks.
The mixtures stirred continuously for 15 minutes using a magnetic stirrer at room temperature until homogenous

solutions formed and then left to stand.

2.1. Oviposition Deterrence Bioassay

To study the oviposition deterrence effect of different solvent extracts, excised leaves of cabbage dipped for 1hr,
dislodge the liquid and the cut end of each treated leaf covered with tap water wetted cotton ball. The treated leaves
then put into separate Petri dishes, transferred into an oviposition cage and arranged in a completely randomized
way within the cage.

The Petri dishes were left open in the cages and 3 pairs of newly emerged naive adults of P. xylostella were
introduce and provided with 10% sugar solution soaked in cotton balls. The total numbers of treatments were 438,
with 8 replications. A total of 48 adults were run per treatment in the assay. All the cages covered with cloth to
produce dark condition for the adults. The introduced adults allowed mating and ovipositing for 3 days and all the
adults removed afterwards. The number of laid eggs checked and counted on leaves and in the inner surface of the

cages after 72 hrs.

2.2. Ovicidal Bioassay

To study the ovicidal effect of different solvent extracts, 40 fresh untreated excised cabbage leaves were taken
from the greenhouse and put in a bigger cage. Then after 5 pairs of newly emerged naive adults were introduced in
a cage containing cabbage leaves and allowed to mate and oviposit. Mating is expected to occur soon after
emergence from the cocoon.

All the adults removed afterwards after the oviposition period was over (i.e. after 72 hours). Eggs that were laid
on each leaves in each mica cages were counted and recorded. Eggs that were counted up to 25 on each leaf
recorded and labelled on pieces of paper with pencil and pinned to the leaf stalk with small pins. Leaves, which
contain 25 eggs for each concentration, dipped for 80 seconds into each extracts of the serial concentrations,
prepared in the bowls. After 30 seconds, eggs that received same treatment were taken out, dried on paper bowel,
placed into each transparent square plastic cage and kept at room conditions until any egg hatchability is completed
or died. Each experiment replicated five times along with appropriate control. The hatch rates were assessed 48
hours after treatment by the following formula.

% of eggs mortality = Number of hatched larvae x 100

Total number of eggs
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2.3. Statistical Analysis
All the experiments laid in a completely randomized design (CRD). For the data to all the extracts one-way

ANOVA [10] was used. Mean comparisons were conducted using Tukey Kramer honest significance test, and P

value was set at 5% probability level.

3. RESULT

P. zylostella adults were inhibited to oviposit on cabbage leaves treated with Water and Acetone solvent
extracts at the higher rates Table 1. The number of eggs laid by female P. xylostella on treated and the control
leaves did not differ significantly at the lowest concentrations (0.2% w/v) of Toluene extract.

No oviposition deterrence observed in the extract of Acetic acid at all the rates and at the lower rates of
Toluene and Hexane. Number of eggs laid became decreasing in the extracts of Chloroform as the rate increases
and no eggs were laid at the higher rate (1.4). The oviposition deterrence effects of the other extracts were similar

and showed increased deterrence as concentration increases Table 1.

Table-1. Mean (£SE) eggs laid by adult, P. xylostella on cabbage leaves treated with different solvent extracts of M. furrginea seed powder.

Rates Water Acetic acid Acetone Chloroform Toluene Hexane

0 8.00%1.87Ba 8.00£3.11Bb 8.60%1.86Ba | 9.00%4.15Aa | 9.80%4.58Aa 10.80+1.83Aa
0.2 1.8010.58Eb | 10.40%+1.32Ab | 4.8010.86Db | 6.60*+1.43Bb | 10.60+2.85Aa 7.60%+1.57Bc¢
0.4 0.80%0.20Ec 6.0015.02Ac 1.00+0.44Dc | 2.00%£1.14Dc | 7.80%2.31Ab 8.6014.27Ab
0.6 1.2+0.73Eb 10.20% 1.27Ab | 2.60%+2.11Db | 5.00+1.64Cb 7.40%1.86Bb 5.40£1.80Cd
0.8 0.40£0.24Dc 11.60+4.30Aa | 0.80£0.37Dcd | 1.6010.87Cd 5.60%£2.67Bb 4.60£1.50Be
1.0 0.0£0.00Ec 9.20+4.20Ab | 0.2040.784Dc | 0.00+0.00Ee | 2.00+1.04Cd 4.40%1.56Be
1.2 0.2+0.24Cc 7.001+0.70Ac¢ 0.4010.40Dd | 2.00+1.26Cc 4.20+1.85Bc 4.8010.96Be
1.4 0.0£0.00Cc 4.60% 2.29Ad 0.00£0.00Ce | 0.00+0.00Ce 2.20%2.66Bd 2.00£1.09Bf

Note: Means followed by the same letter (lowercase) within a column and (uppercase) within a row are not significantly different at P=0.05 [107.

Number of eggs laid on the inner surface of the Petri dishes within the Cages at different rates and different
solvent extracts of M. furrginea were presented in Table 2. On comparing different extracts and rates, very small
number of eggs was deposited in the inner surface of the petri dish at the lower rates of the extracts of Water,
Acetone and Chloroform. However, No eggs were deposited at the higher rates of these extracts. In contrast to this,
number eggs deposited were higher in all the rates of Hexane and at the lower rates of Toluene extracts. Significant

numbers of eggs were deposited on the inner surface of the cages for all the rates of Acetic acid.

Table-2. Number of eggs laid on the inner surface of the Petri dishes within the Cages at different rates and different
solvent extracts of M. furrginea.

Rates | Water Acetic acid Acetone | Chloroform Toluene Hexane

0 13 8 11 16 20 18

0.2 - 11 3 2 20 20

0.4 3 2 - - 2 5

0.6 6 10 4 11 10

0.8 4 9 - 9 - -

1.0 - 7 2 - 5 16

1.2 - 3 - 3 6 9

1.4 - 8 - - - 2

Note: (-) indicates no eggs laid on the inner surface of Cages.

Figure 1 shows the effect of different solvent extracts of M. furrginea on P. zylostella eggs hatchability at
different concentration. Percentage of eggs un-hatchability was higher at the higher rates of Water followed by
Acetone and Chloroform. These insecticides were also better than the others even in the lowest applied dose.
Percentage of eggs un-hatchability increases as the rates increases. There was no significant difference in the

percentage of eggs un-hatchability between the control, Acetic acid and Toluene.
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Figure-1. Number of eggs un-hatchability of P. zylostella on cabbage leaves treated with different
solvent extracts of M. furrginea.

3.1. LC50 of Different Solvent Extracts of M. Furrginea against P. Xylostella Eggs

Significant lethal effects of the solvent extracts on eggs, found five days after treatment compared with the

controls were presented in Table 8. Water was the most toxic to P. xylostella eggs followed by Acetone and

Chloroform. On comparing the efficacy of different solvent extracts, Water and Acetone extracts were found to be

the most effective in ovicidal activity with the LC50 value of 0.28 and 0.30 respectively. Chloroform extracted M.

furrginea revealed moderately ovicidal activity with the LC50 value of 0.51 mg/ms3. Hexane and Toluene solvent

extracts of M. furrginea showed the least ovicidal effect. However, acetic acid extracted M. furrginea had no eftect on

the hatched eggs.
Table-8. LC 50 M. furrginea extracts of different solvents against P. xylosttela Eggs.
Extract type | LCwo(mg/m?®) | 95% confidence limits lower & upper limits | Intercept | St. error
Water 0.2366 0.0797, 0.4587 0.0511 0.0506
Acetic acid 1.3163 0.6275, 3.2819 0.0976 0.0495
Acetone 0.3065 0.2358, 0.9666 0.2415 0.0492
Chloroform 0.5128 0.1204, 0.5940 0.4128 0.0501
Toluene 0.5340 0.8358, 2.2857 0.1699 0.0500
Hexane 0. 5899 0.2688, 1.0948 0.2034 0.0495
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Figure-2. Probit mortality graphs of different solvent extracts of M. furrginea against P. xylostella Eggs.
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3.2. Percentage of Different Solvent Extracts of M. Furrginea against P. Xylostella F.ggs mortality

Figure 2 shows the toxicity of different solvent extracts of M. furrginea against P. xylostella eggs at different
concentration. Percentage of eggs mortality was higher at Water extracts followed by Acetone and Chloroform.
These insecticides were also better than the others even in the lowest applied dose. Mortality of M. furrginea eggs
increases as the rates increases in these treatments. However there was no significant difference in the percentage of

eggs mortality between the control, Acetic acid and Toluene.

4. DISCUSSION

In the present study solvent extracts of M. ferruginea against P. xylostella ovipostion activity and ovicidal effects
were effective. P. xylostella adults were inhibited to oviposit on cabbage leaves treated with Water and Acetone
solvent seed extracts at the higher rates. The deterrence oviposition of P. xylostella adults by these solvent extracts
suggesting that the deterrent effect of the M. ferruginea seed extracted with Water and Acetone is probably due to
the rotenone content of the seeds and the solvent type in extracting the bioactive compounds.

Rotenoid compounds have previously been evaluated largely as insect toxicants and the doses of this active
compounds used have been required to cause high levels of mortality on target pests [57. Similar to this result,
recent findings showed that oviposition by a species of beetle, Monochamus alternates and Callosobruchus maculatus
was deterred by rotenone [117]. Oviposition deterrence was not observed in the extract of Acetic acid and at the
lower rates of Toluene and Hexane. Acetic acid solvent extracts showed no deterrence effect on P. xylostella
oviposition at the lower rates of the extracts suggesting the bioactive present in the botanical may not be extracted
efficiently by the Acetic acid solvent. In our study, it is possible to see that the deterrence of oviposition can be
explained by both the effectiveness of the solvent to the extract, the bioactive compounds and the presence of
chemical compounds primarily (Rotenone) contained in the extracts.

Very small numbers of eggs were deposited in the inner surface of the petri dish at the lower rates of the
extracts of Water, Acetone and Chloroform. However, No eggs were deposited at the higher rates of these extracts.
This suggested that there might have been sufficiently large amount of the active compounds released over 72 hrs
and deterred the gravid females from laying their eggs even on the inner walls of the Petri dishes within the cages.
Numbers of eggs deposited on the inner surface of the Petri dishes within the cages were higher for all the rates of
Acetic acid, Toluene and Hexane extracts. However, numbers of eggs deposited were insignificant as the rates of
these extracts increases. What is very interesting to notice here is that the deposition of eggs on the inside surface
of the cages decreased significantly like on the leaves with the increasing rates of application of the extract and no
eggs were deposited away from the leaves at 1.4 mg/ml. This shows that the higher rates of crude extract with
polar solvents completely arrested the oviposition response by P. xylostella adults.

Number of P. xylostella eggs un-hatchability on cabbage leaves treated with different solvent extracts of M.
furrginea increases as concentration increases. This fact was recorded by Liu, et al. [127] The highest number of
unhatched eggs was recorded from Water followed by Acetone and Chloroform. In all the other extracts egg
hatching was significantly lower at the tested concentration increases. This was found to be because of the ovicidal
effects of the solvent extraction increases as the rate increases. However, increasing the extract concentration had
no effect in eggs hatching of the solvent extracts of Acetic acid and Toluene.

The ovicidal effect indicated here in this study might be due to a contact toxicity of these solvent extracts.
Similar to this result (137 reported lufenuron has ovicidal activity on Lobesia botrana (Lepidoptera: Tortricidae) in
contact treatment. Regarding the effect of solvent extracts of M. furrginea on eggs of P. xylostella the present study
showed that water extracts of M. firrginea has best contact toxicity followed by Acetone on eggs compared to the
other tested solvent extracts. One possible explanation for this could be these solvent extracts might have high
active ingredient (a.i) than the other botanical insecticides as water is more efficient for extracting these compounds

than the other solvents.
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In the present study, although Hexane had an ovicidal effect on P. xylostella, it was not as good as the effect of
Chloroform. This could be due to difference in their respective extracting capability. Microscopic examinations of
the un-hatched eggs revealed that majority of the eggs killed at the very early stages of development in Water and
Acetone extracts. It also found that some neonates died before they hatched from the eggs, implying that the

insecticides on the egg surface were toxic to the neonates when they contacted with these materials while hatching.

5. CONCLUSION

It is concluded that among the Birbira, M. furrginea seed extracts with different solvents Water and Acetone
extracts were deterred P. xylostella adults from laying eggs. All the other solvent extracts were found effective in a
concentration-dependent manner. Eggs hatchability was significantly affected at the higher concentration of all the
solvent extracts except Acetic acid. Similar to the higher dose treatments Water extracted M. furrginea caused the
highest and excellent egg mortality followed by Acetone. Among the other solvent extracts examined water and
Acetone extracts had the greatest efficacy on P. xylostella oviposition and eggs mortality. Hence, the use of water

and Acetone extracts of M. furrginea is an excellent alternative to prevent damage to vegetables caused by P.

xylostella.
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