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Abstract

Background: The potato tuber moth (PTM), Phthorimaea operculella (Zeller) (Lepidoptera: Gelechiidae), is an
important storage pest of potato (Solanum tuberosum L.) in Saudi Arabia and Egypt. Infestation in the store starts
mostly through freshly harvested infested tubers or through moths entering the storage facilities. Larvae mine in
tubers making them unsuitable for sale and consumption. Damage increases rapidly when several generations
develop during the storage period. Larvae are capable of causing damage to the crop either in the field or in the
store. Biopesticides are certain types of pesticides derived from animals, plants, bacteria, and certain minerals.
During the course of evolution, plants have developed, as part of their defensive mechanism, various chemical
molecules, which proved a protection against insect pests, since the overall pressure of insect on plant is much
more than any other herbivore. Biopesticides prepared from plants are reported to have the ability to kill or keep
away the pests. They are eco-friendly. The plant products have additional advantage over synthetic insecticides, as
they are biodegradable, safe to non-target organisms, leave no residues, and decrease the buildup of resistance
strains of insects. Present research is conducted to evaluate the capacity of certain natural local alternative plant
powders against PTM under storage conditions as attempts to providing alternative and novel strategies that can
be used by both the commercial and/or small-scale potato farmers to control the pest in the store.

Methods: Twelve different plants (Zygophyllum, Solanum, Coriander, Arnoglosse, Jasmine, Senna, Colocynth,
Camomile, Harmel, Geranium, Basil, and Mint) locally available in the fields of the Eastern Province of the Saudi
Arabian kingdom were air-dried under a shad at ambient tropical condition. The air dried materials were grinded
into fine powders and kept in tight containers until using. Potato tubers were shacked with the plant powders for a
good mixing, until tubers were uniformly covered and the powders stick well to the tuber surfaces. Different dried
leaves or fruits of the 12 tested plants were powdered to be used at rate of 25 g plant powder per 1 Kg tubers. The
experiments were distributed in a randomized complete block design. Different biological aspects of the treatments
were calculated; damage index to tubers and persistence of protection to the tubers during different intervals of
storage were recorded.
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Results: All plant powders had a reduction effect on the deposited eggs laid on the treated tubers with different
degrees. The dried powders of Coriander, Clocynth, and Zygophyllum reduced egg deposition on the treated
tubers than the control, followed by Jassmin, Senna, Cammomil, and Harmel. The powders of Basil and Solanum
also recorded a moderate reduction in egg deposition. Zygophyllum and Coriander could protect the tubers for
more than 8 weeks. All other treatments greatly minimized the number of emerged moths from the treated tubers
(Fy), as follows: Coriander = Zygophyllum (0) > Basil (17.39) > Geranium (17.85) > Cammomil (18.75) > Arnoglosse
(19.32) > Jasmine (21.62) > Mint (21.69) > Harmel (52.77) > Senna and Colocynth (72.72) > Solanum (100) compared
with untreated tubers (95.17). All treatments had no effects on the tuber germination.

Conclusion: The study showed that all the tested plant powders, at the rate of 25 g plant powder per 1 Kg potato
tubers, could protect the tubers for more than 8 weeks from PTM infestation during storage. The most potent
powders were Coriander and Zygophyllum. All other powders decreased the number of the emerged adults from
the treated tubers, with variable degrees, and decreased the percentage of tubers’ damage index recorded. Besides,

all the tested plant powders had no effects on the tubers’ germination.
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Background

The potato tuber moth (PTM), Phthorimaea operculella
(Zeller)(Lepidoptera: Gelechiidae), is a very important pest
of potato crop (Solanum tuberosum L.) and other solan-
aceous plants in fields and warehouses in Saudi Arabia
and Egypt. PTM infestation in stores causes yield losses
up to 100% (Rondon 2010). Infestation in the stores starts
mostly through freshly harvested infested tubers or
through moths entering the storage facilities. Larvae mine
in tubers making them unsuitable for sale and consump-
tion. The damage increases rapidly when several genera-
tions develop during the storage period. Larvae are
capable of causing damage on potato crop either in the
field or in the stores. Synthetic chemical pesticides have
been used for many years to control agricultural insect
pests including those that damage durable food crops in
storage. However, considerable problem may arise from the
continuous application of these insecticides, including the
development of resistance by insects, pollution of environ-
ment, and hazards from handling toxic compounds (Yuan
et al. 2014; Meyer- Baron et al. 2015). Thus, there is a need
to develop alternatives that are cheap, locally available, easy
to be prepared, and safe to be used for insect control. In
many areas of the world, there are locally available materials
that could be used to protect stored crops and their prod-
ucts against damage by insect infestations. The ancient
Egyptian farmers used to cover or mix their stored crops or
grains with fine ashes, obtained from the kitchen oven fire
by placing these materials on the base of silo after filling
directly above the stored crops. The fine-burned materials
absorb the moisture of the stored substances, the waxy
layer from the cuticle of the insects, and caused cuticle ab-
erration, leading to loss of moister and finally lead to insect
death. Recently, many studies indicated that some wild

medicinal and ornamental plants have pesticidal properties
showing antifeedant, repellent, growth regulators effects
and/or toxic activities on a wide range of insect pests
(Owusu 2001; Khan and Gumbs 2003 and Onu et al. 2015).
Currently, plants and minerals, known in Africa and Asia,
are tested as protectors for stored products and as alterna-
tives to pesticides to avoid hazards on human beings. Shar-
aby (1988) recorded the sun-dried guava (Pasidium guava)
and Eucalyptus (Eucalyptus globules) leaves as protectors
and toxicants against the rice weevil, S. orizae, and the
granary weevil, S. granaries. Guava leaves were more toxic
for both insect species, while Eucalyptus /ad a repellency
effect. Many plant species, especially from tropical regions,
have the potential to be used as botanical insecticides or as
font of bioactive compounds (Quignard et al. 2003; Shaalan
et al. 2005). Laboratory experiments were conducted by
Chandel et al. (2018) to evaluate efficiency of ten plant ma-
terials against the pulse beetle, Callosobruchus chinensis,
which infested stored chickpea seeds.

This study aimed to evaluate the potential of 12 plant
powders for controlling PTM, as protectors of potato tu-
bers during storage periods or marketing, and their per-
sistence periods in protection.

Methods

Insect culture rearing

A stock laboratory colony of PTM was initiated on po-
tato tubers, Solanum tuberosom (Spunta). The culture
was maintained in rearing wooden cages, the front and
back wall cage were with fine wire gauze and the tope
with a movable door, provided with a fastened sleeve
cloth for insect handling. The cage floor was covered by
a layer of clean sand as a site for pupation, following the
method of El-Sherif (1966). Infested potato tubers,
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Table 1 List of the tested plant powders
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Scientific name Common name

Zygophyllum coccineum Zygophyllum
Solanum villosum Solanum
Coriandrum sativum Coriander
Plantago albicans Arnoglosse
Jasminum grandiflorum Jasmin
Cassia senna Senna
Citrullus cucumis Colocynth
Anthemis desrti Camomile
Rhayza stricta Harmel
Pelargonium graveolens Geranium
Ocimum basilicum Basil
Mentha virids Mint

Family Plant part used
Zygophyllaceae Leaves
Solanaceae Leaves
Umbelliferea Leaves
Plantaginaceae Leaves

Oleaceae Leaves and flowers
Liguminosae Leaves
Cucurbitaceae Fruit

Compositae Whole plant
Apocynaceae Leaves
Geraniaceae Leaves

Labiacae Leaves and flowers

Labiacae Leaves

obtained from the market, were placed in the rearing
cages. When the pupation was completed, the cocoons
were collected from the sand to be used. After emer-
gence of the moths, fresh clean tubers were provided for
oviposition and for starting the experimental cultures.
The culture and all experiments were maintained in Zo-
ology Department, Faculty of Science for Girls, Dam-
mam, Saudi Arabia, under room conditions of (27 +2°C
and 70 £ 5% R.H.) at alight regime of the day 10-h light
and 14-h dark. New clean potato tubers were added
every 10 days for egg deposition and to keep a continu-
ous culture.

Plant powders

The tested plants powders indicated in Table 1 were col-
lected from different fields at Dammam and the desert
around Eastern province of Saudi Arabia. The plants
were identified according the description of Migahed
(1996). The collected plants were dried in a shad at
room temperature (27 +2°C) for some days; the dried
plant parts were pulverized in fine powders with the aid
of electric grinder and sieved. The obtained powders
were stored in plastic bags in a refrigerator at 4 °C till be
used in the experiments.

Efficiency of the plant powders

One kilogram of potato tubers, submerged and allowed
to dry, was treated by (25g) of the plant powders w/w
(Raman and Booth 1986, shacked for a good mixing,
until tubers were uniformly covered and the powders
stick well to the tuber surfaces. The treated tubers were
then distributed into five glass jars (2L) capacity; six
newly emerged moths were chosen from the stock cul-
ture (39 +3d), introduced inside each jar, which was
covered with a piece of a black organza cloth. Each ex-
periment was arranged completely randomized at room
temperature of 27 +2°C. Eggs that were laid on the

treated tubers were collected daily for 10 days, and the
infested tubers were collected every day up to the end of
egg deposition at each treatment. The total number of
the deposited eggs/treatment was counted. The infested
tubers at each treatment were left to complete larval de-
velopment, pupation, and emergence of new moths (F;)
after different treatments. For the control treatment, tu-
bers were left without treatments at the same conditions.
Biological aspects evaluated were number of deposited
egg/treatment, % of emerged moths (F;), and duration of
life cycle (egg to adult).

Mean index of tuber damage

The assessment of the mean index of tuber damages
was determined according the following categories
based on degree of larval tunneling visible from exter-
nal examination (Fenemore 1980).

Infestation  Damage category Weighing

category factor

1- Clean No visible of sign infestation 0

2- Slight One or two mines, which could be Xi
removed readily in peeling.

3- More than two mines present,and up to X,

Moderate  one-third of surface showing damage.

4- Sever More than one-third of the tuber surface X3

showing damage.

The maximum possible index was, thus, 30 tunnels/
tuber, if all tubers fall into the severe category according

Fenemore (1980).

No.Slight(X;)+No.Moderate(X,)+No.Severe(X3)
DI Total number of tubers x 10

All tests were replicated 10 times under the storage
condition (27 + 3 °C).
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Persistence of plant powders for protection the tubers from
PTM infestation during different storage intervals

The experiment was run under the storage condition;
submerged 10-Kg clean potato tubers were dried from
being water mixed and shacked well with 250 g from the
tested dried powders, then each treatment was distrib-
uted into 10 2-L jars, each contained 1-Kg treated tuber,
and 6 newly emerged moths were introduced in each
replicate(33 +3Q). Percentage of damage index was re-
corded after different intervals of exposure time (2, 4, 6,
8, 10, and 12 weeks) post-infestation.

Test of potato tubers germination

One kilogram of the treated tubers from each tested
plant powders was left for 2—-3 weeks in a damping
chamber. The growth of buds or sprouts was recorded.

Statistical analysis

The mortality rate was corrected, using Abbott (1925)
formula. All data were statistically subjected to analysis
of variance (ANOVA) through SPSS Computer program,
and significantly different means were separated using
least significant difference (LSD).

Results

Effects of the tested plant powders on biological aspects
of PTM

On the egg deposition

Results in Table 2 cleared a positive effect on the tuber
protection from deposited eggs and appearance of new
emerged moths (F;). As shown in the table, highly
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significant differences were recorded between each of all
treatments and the untreated tubers (control).
Colocynth, Zygophyllum, and Coriander plant powders
recorded very low numbers (1.8, 2.2, and 3 eggs),
respectively, of deposited eggs on the treated tubers,
followed by Senna, Camomile, Harmel, and Jasmine (4.4,
6.4, 7.2, and 7.4), respectively, compared with 29 eggs in
the untreated tubers. Solanum and Basil had the
moderate effects (11.2 eggs) for both. The respective
least protection was found by Mint, Arnolsse ,and
Geranium (16.6, 17.6, and 18.2 eggs), when compared
with the control.

On percentage of the emerged moths (F,)

Data in Table 2 shows that Coriander and Zygophyllum
had achieved a complete protection to the tubers, where
there were no emerging moths observed from the
treated/or infested tubers, followed by Basil, Geranium,
Camomile, Arnolosse, Jasmine, and Mint in different
percentage of F; of emerged moths (means ranged from
17 to 21 moths). Harmal recorded a moderate effect
(52.77%), followed by Senna, and Colocynth (72.27%);
Solanum had no effect on the developing larvae in the
tubers.

On the duration of life cycle

Results in Table 2 indicated the durations of life cycle of
PTM at all treatments (from deposited eggs up to adult
emergence). There was no significant effect (P <0.01) on
the mean duration of all treatments, except for
Colocynths (18.8 day) compared with control (37.6 day).

Table 2 Effect of the tested plant powders on some biological aspects of potato tuber moth (PTM) Phthorimeae operculihha

Tested plant No. of deposited eggs Duration of life cycle in days No. of emerged moths % Adult
powder Mean + SE offspring
(F1)
Coriander 1.8+ 0.66dc Oc Oc 0
Colocynth 22+092 cb 188+ 7.59 16+067 ¢ 7272
Zyhgophyllum 30+£189 cb 0c 0c 0
Senna 444081 cb 312+£210a 34+£1.08 c 72.27
Camomile 64+254 cb 350£1.00 a 14+£051 c 18.75
Harmel 72+142 cb 342+020 a 38+107 ¢ 52.77
Jasmine 74121 cb 270+6.80 ba 1.6£067 C 21.62
Basil 1124273 cb 342+1.96 a 16+£06 ¢ 17.39
Solanum 122+222 cb 340+055a 122+£22b 100
Mint 1661149 ab 300+75ab 36+£175¢ 21.69
Arnoglosse 176+477 ab 326+taba 344067 c 1932
Geranium 182+7.17 ab 316136 a 32+139¢ 17.85
Control 290+£7.11a 336068 a 25+586a 95.17
LSD0.05 13.28 11.35 549
LSD0.01 7.31 17.69 15.16

Means with the same letters are not significantly different in vertical column P < 0.05
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Data also shows significant differences in decreasing the
number of emerged adults from the treated tubers,
ranged from complete protection caused by Coriander
and Zygophyllum (0) to 1.4-12.2 moth for all the other
tested plant powders than 25.6 moth in the control. All
the tested powders cleared a reduction in the insect
development and played a role as growth regulators.

Damage index of potato tubers treated with plant
powders

All tested plant powders recorded highly significant
difference (P <0.01) (Table 3). The high protection was
caused by Coriander and Zygophyllum, as they gave a
complete protection to the treated tubers (zero DI) for
both. All the other treatments showed variable degrees
of DI, ranged from 8.78 to 20 compared with 30 in the
control.

Persistence of plant powders along the storage periods

Damage index percentage in Table 4 cleared that
Coriander and Zygophyllum introduced a complete
protection to the treated tubers continuously, 10 weeks
of storage, where no infestation was observed, but
damage increased gradually at the beginning of the 12th
week, with a small percentage of DI (6.5 and 6.8)
compared with that of control (30). On other plant
powders, in the second week of infestation, DI was 8.78
for Colocynth and 20 for Arnoglosse; then, the damage
increased gradually till reaching 18 and 24, respectively,
in thel2th week from storage as no protection was

Table 3 Damage index (DI) of potato tubers treated with
different plant powders

Tested plant powders Tuber damage index

(Mean + SE)
Coriander 0h
Zyhgophyllum 0h
Colocynth 878+085g
Jasmine 1134+063 f
Mint 13331076 e
Basil 1500+ 1.00 de
Camomile 1500+ 1.73 de
Geranium 1656 +091 cd
Senna 17.36£064 ¢
Harmel 1850 +0.50b bc
Solanum 20.00+1.00 b
Arnoglosse 20.00+2.00 b
Control 30.00+£0.00 a
LSD 0.05 1.78
LSD 0.01 224
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noticed. No protection after 12" week of storage at all
the tested powders.

Tuber germination

Observations showed that all treatments had no effects
on the germination of tubers, where the buds or sprouts
appeared on all the treated tubers after 2—3 weeks, when
tubers were kept in a humid place.

Discussion

Obtained data agree with other studies related to the
tuber protection by plant powders and their inhibition
or decreasing of eggs. The olfactory and contact chemo
receptors that were located on the ovipositor, tarsus, and
antennae were repelled by the odor of volatile or
chemical constituents of the plant powder (Sharaby et al.
2002). Plant odor acts as feeding and oviposition
deterrents to a wide variety of insect pests. It was also
effective as a fumigant (Koul et al. 2008). Failure of egg
hatching was due to the inhibition of embryonic
development rather than acute toxicity of the plant
powder (Saxena and Sharma (1972), on embryonic
inhibition in Aedes egypti by volatile oils. Rivera and
Retamoza (2000) mentioned that reduction in
oviposition may have been induced by change in
appearance of the treated crops thus making the crops
unattractive to the insect. Egg-laying inhibition, which is
significant, is responsible for low crop damage, probably
due to egg-laying deterrent effects of some plant pow-
ders. Most insects’ breathe through the trachea, which
usually leads to the opening of their spiracle, and these
spiracles might be blocked by the powders, thereby lead-
ing to suffocation (Komabonta and Falodu 2013).

Sharaby (1988) mentioned that reproduction in the
PTM was significantly reduced when either males or
females were exposed to the vapor of orange peel oil. In
addition, a pronounced reduction in egg production and
egg viability occurred when the moths were exposed to
the odors arising from plant oils. Sharaby et al. (2014)
reported that dusting potato tubers with bulb powder of
Allium cepa (50% conc. mixed with talcum powder)
displayed a highly effective role in the reduction of
deposited eggs as well as adult emergence there from
Allium cepa. Pelargonium graveolens and Cymbopogon
citrates oils caused a high reduction in larval penetration
into treated tubers.

Present results agree with some other investigations
(Raman and Booth 1986; Lal 1987) who stated that PTM
tubers infestation can be minimized by covering the
tubers with Lantana camara L., L. aculeate, and
Eucalyptus globules plant powders. Rivera and Retamoza
(2000) reported some plants Minthostachys spp., E.
globules, Baccharis spp., L. camara, Chenopodium
botrys, Mentha arvensis, Artemesi vulgaris, and
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Table 4 Persistence of plant powders in protection potato tubers from PTM Phthorimaea operculella infestation during different

intervals of storage

Plant powders Tuber damage index (D) at intervals in weeks

Mean =+ SE

2nd 4th 6th 8th 10th 12th
Zyhgophyllum 0h 0h 0h 0h 480+06f 6.50+028 b
Coriander 0h 0h 0h 0h 680+0.17 f 6.80+0.44 b
Colocynth 8780499 935+030b 1500+ 1.00 f 1667 £067 e 1800+ 1.15e 29.96 £0.03 a
Jasmine 1140+£036 f 1200+ 10059 16.05+2.03 ef 19.00 £ 0.05 de 2005+ 053 de 2998+002 a
Mint 1333+044 ed 1383+0.17 f 1533+033f 1700+ 1.00 e 17331133 e 2960+032a
Basil 1500+ 058 d 1567+033 e 16.66+0.53 de 1890+ 067 de 19.33+£088 de 2997+033 a
Camomile 1500+ 1.00 d 1600+ 067 e 1667 £067 e 1870+ 0.36 de 2133+1.86de 29.59£005 a
Geranium 1660+ 0.53 cd 1747 +023 d 1823+091 cd 22.00+1.70 bc 2233+15bc 29994007 a
Senna 17361037 c 1807+033cd 1967 +0.33 bc 21.33+067 bc 21.33+066 bc 2999+001 a
Harmel 18.52+0.29 bc 1876 £0.03 ¢ 19.00 £ 0.58 bc 19.67+£033cd 20.33+£088cd 2980£0.17 a
Solanum 2000+ 058 b 20.00+0.00 b 20.67 +0.67 bc 2130+ 067 bc 22334145 bc 2999+001 a
Arnoglosse 2000+150b 2067+067 b 2133+067 b 2300+1.00 b 2400+1.00 b 29.99+000 a
Control 30.00+0.00 a 30.00+0.00 a 30.00£0.00 a 30.00£0.00 a 30.00+0.00 a 30.00£0.00 a
LSD 0.05 1.78 081 2.52 2.34 3.07 0.58
LSD 0.01 242 1.10 343 3.24 1.14 0.79

Means with the same letters are not significantly different in vertical column (P < 0)

Lycopersicom hirsutum were efficient to PTM control.
Dried powders of rhizomes of Acorus calamus, leaves of
Melia azedarach, ripened berries of Pper longum, leaves
of Prunus persica, and ripened fruit of Lindera neesiana
were tested as treatments for the control of PTM in the
laboratory (Niroula and Vaidya 2004). Kashyap et al.
(1992) tested the powder of dried leaves of Cannabis
sativa and reported longer than 120 days save in the
storage. Dry leaves of E.globules in powder form showed
a high efficiency in controlling the PTM damage in
potatoes stored for 4 months in Peru (Raman and Booth
1986). Damage of PTM can be drastically reduced by
covering tubers with small cover of leaves of camara
(Lal 1987). Sharaby et al. (2009) mentioned that dried
plant parts (leaves, fruits and seeds) of 14 different
plants were tested in different concentrations with
talcum powder against oviposition of pests. The results
indicated that dried Allium cepa, Curcuma longa,
Colocasia antiquarum, Ocinum basilicum, Dodonea
viscose, and Thuja orientalis had a highly significant role
in reducing oviposition. Sisay and Ibrahim (2012)
concluded that L. camara, E. globulusi, and Pyrethrum
flowers can be used to protect seed potatoes from PTM
damage in storage. Aziza and Asma (2015) reported the
effectiveness of some plant powders in pest control.

Conclusion

The study results showed that the 12 tested plant
powders, at the rate of 25g plant powder per 1 Kg of
potato tubers, could protect the tubers from PTM

infestation for more than 8 weeks during storage. The
most potent powders were Coriander and Zygophyllum
that reduced the survival of Ph. operculella. Therefore,
the tested plant powders can be considered as good
alternatives of the synthetic chemicals for insect control
without any effects on tubers germination.
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