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Abstract

The potato tuber moth (PTM), Phthorimaea operculella (Zeller 1873) (Lepidoptera: Gelechiidae), is a destructive pest
of stored potatoes and potato crop. Biopesticides are certain types of pesticides derived from animals, plants, and
bacteria. Botanicals are especially efficient in the form of antifeedant, repellent, protectants, and growth-disrupting
hormones. They are also sources of secondary metabolites that are safer than synthetic insecticides. Present
research was conducted to evaluate some botanical extracts as natural local alternatives against PTM under storage
conditions. Twelve different 80% ethanolic plant extracts were tested on PTM during storage condition (30 ± 2°C
and 70 ± 5% RH) at a light regime of the day 10-h light and 14-h dark. Biological parameters of the pest, evidence
of the potato tubers damage, and continuation of protection to the tubers were recorded. Extracts of mint,
zygophyllum, coriander, arnoglosse, harmel, and solanum indicated a total inhibition of egg deposition at 2.5%
concentration; also, they provided high protections to the potato tubers from the PTM infestation for about 3
months and without observations’ effect on tubers germination. Senna, colocynth, and basil reduced the number of
deposited egg/female. Jasmine, geranium, and chamomile recorded a low potential on egg deposition. Basil
showed the highest potency in decreasing development of larvae that hatched from eggs, therefore, reduced the
number of next adult offspring (F1) and followed by jasmine and geranium. Variable levels of extracts’ protection
can be arranged according to their damage evidence as follows: basil > colocynth > jasmine > geranium > senna
> chamomile.
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Background
The potato tuber moth (PTM), Phthorimaea operculella
(Zeller 1873) (Lepidoptera: Gelechiidae), is an oligopha-
gous insect species found worldwide attacking solanasis
family, causing great losses in potatoes’ quantity and
quality. It is a very economical pest of potato crop dur-
ing storage and marketing (Rondon, 2010). Moths infest
tubers during storage at harvesting and/or through

entering the store outlets. Tubers become unsuitable for
sale or consumption after infestation, then its damages
increases gradually after several insect generations dur-
ing the storage period. Application of chemical pesti-
cides led to a contamination and pollution of
environment, causing intoxication of non-target benefi-
cial insects and development of pesticide resistance
among target insects (Mathew, 2016). The plant king-
dom is a source of secondary metabolites or phytochem-
icals for self defense, some of them have biopesticide
potentials (Isman, 2008), such as phenols, flavonoids,
terpenoids, quinines, tannins, alkaloids, saponins,
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coumarins, and sterols, which have significant variations
in their impact effects against many insect pest species
(Mathew, 2016). Many studies have shown that wild me-
dicinal and ornamental plants have pesticides properties
showing antifeedant, repellent, growth regulators effects,
and/or toxic activities on a wide range of insect pests
(Sharaby, 1988; Onu et al. 2015 and Chandel et al.
2018).
Present studies aimed to evaluate the potentials of

usage of 12 plant extracts as biopesticides against the
PTM, providing a protection to stored tubers in the
stores and through marketing, and evaluate the period
of their continuation for injury prevention.

Materials and methods
Phthorimaea operculella stock culture
A stock colony of PTM was initiated on potato tubers,
Solanum tuberosum L. Infested potato tubers were
maintained in rearing wooden cages, described by El-
Sherif (1966), in a storage room at 30 ± 2 °C and 70 ±
5% RH, at a light regime of the day 10-h light and 14-h
dark. After pupation, the cocoons were collected and the
moths emerged were used in different experiments. New
clean tubers were introduced every 20 days in order to
maintain the insect culture.

Plant extracts
Twelve different plants (zygophyllum, solanum,
coriander, arnoglosse, jasmine, senna, colocynth,
chamomile, harmel, geranium, basil, and mint), locally
available in field of the Eastern Province of Saudi
Arabian Kingdom, were air-dried under a shade for 2
weeks (Table 1). The air-dried materials were grinded
into fine powders and kept in tight containers until
use. Different prepared plant powders were extracted
by ethanol 80% and soaked as mentioned by Freed-
man et al. (1979). Each crude extract was mixed at

2.5% with talcum powder (magnesium silicate) as
inert carrier substrate. Potato tubers were shacked
well with 25 g of the extract treated with talcum
powder/1 kg tubers until tubers were completely cov-
ered and the treated powders stacked well to the
tuber peel. The experiments were distributed in a
randomized complete block design. Different bio-
logical parameters of the treatments were calculated
and damage evidence to tubers and continuation of
injury prevention during different intervals of storage
were recorded.

Effects of the plant extracts on some biological
parameters of the PTM
Treated tubers were distributed into 5 glass jars (2 L
capacity); 6 newly emerged moths were collected from
the stock culture (3♀ + 3♂), introduced inside each jar,
and covered with a piece of a black organza cloth. Each
experiment was arranged completely randomized at
storage room. Eggs laid on the treated tubers were col-
lected daily for 10 days. Infested tubers were collected
daily also till the end of egg deposition. Total number of
the deposited eggs/treatment was calculated. The
infested tubers at each treatment were left to complete
larval development, pupation, and emergence of new
moths (F1). For the control, two tests were run, the first
tubers were left without treatments, and the second, the
tubers were treated by talcum powder only. Biological
parameters were the number of deposited egg/treatment,
% of emerged moths (F1), and developmental period
(egg to adult).

Evidence of tuber damage
Tuber damage index (DI) were estimated and illustrated
in Fig. 2, showing the different strength of plant extracts
applied in protection. Assessment of the mean index of

Table 1 List of the tested plant extracts

Scientific name English name Family Plant part used

Zygophyllum coccineum L. Zygophyllum Zygophyllaceae Leaves

Solanum villosum Miller Solanum Solanaceae Leaves

Coriandrum sativum L. Coriander Umbelliferea Leaves

Plantago albicans L. Arnoglosse Plantaginaceae Leaves

Jasminum grandiflorum L. Jasmine Oleaceae Leaves and flowers

Cassia senna L. Senna Liguminosae Leaves

Citrullus cucumis L. Colocynth Cucurbitaceae Fruit

Anthemis deserti Boiss. Chamomile Compositae Whole plant

Rhazya stricta Decne Harmel Apocynaceae Leaves

Pelargonium graveolens L. Geranium Geraniaceae Leaves

Ocimum basilicum L Basil Lamiaceae Leaves and flowers

Mentha viridis L. Mint Lamiaceae Leaves
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tubers’ damage was determined according the equation
recorded by (Fenemore, 1980) as

DI ¼ No:Slight X1ð Þ þNo:Moderate X2ð Þ þNo:Severe X3ð Þ
Total number of tubers

� 10

Where
Clean (0) = no visible of sign infestation
Slight (X1) = one or two mines, which could be re-

moved readily in peeling
Moderate (X2) = more than two mines present, and up

to one-third of surface showing damage
Severe (X3) = more than one-third of the tuber surface

showing damage
All tests were replicated 10 times under the storage

condition of the stock cultures.

Protecting stored tubers from PTM infestation
Ten kilograms of clean potato tubers were mixed and
shacked well by 250 g of treated talcum powder that was
previously mixed with the tested plant extracts (25 gm
extract/1 k talcum powder). Each treatment was distrib-
uted into 10 2-L jars that contained 1 kg treated tubers
and 6 newly emerged moths, introduced to each repli-
cate (3♂+3♀). Percentages of damage index were re-
corded at different intervals of exposure time (2, 4, 6, 8,
10, and 12 weeks), post-egg deposition, and hatching.

Test of potato tubers germination
One kilogram of the new treated tubers from each tested
plant extract was left for 2–3 weeks in the storage room,
then the growth of buds or sprouts was observed and
percent of tubers germination was calculated.

Statistical analysis
Mortality rate was corrected using Abbott’s formula
(Abbott, 1925). All data were statistically subjected to
analysis of variance (ANOVA) through SPSS Computer
program (IBM SPSS Statistics for Windows, Version
22.0. Armonk, NY: IBM Corp. released in 2015), and sig-
nificantly different means were separated using least sig-
nificant difference (LSD).

Results and discussion
Biological parameters
Present investigation cleared significant effects (P < 0.01)
of all the tested extracts on the mean number of depos-
ited egg on the treated tubers laid by female moths ex-
posed to the treated tubers. Six of the 12 tested extracts
induced complete protections were mint, coriander,
zygophylum, arnoglosse, harmel, and solanum (Fig. 1).
They had oviposition deterrents, followed by the other
extracts with different degrees of protection: senna, colo-
cynth, and basil with a mean number of deposited eggs
ranged from 3 to 5 eggs/tuber, compared to 26.2 and
31.6 for the 2 control tested (talcum powder and un-
treated tubers), respectively. Extracts of jasmine,

Fig. 1 Effect of botanical extracts on some biological parameters of Phthorimaea operculella
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geranium, chamomile, and basil induced lower protec-
tions than the other previous mentioned extracts, where
the number of deposited eggs ranged from 12.4 to 16.2
eggs/tuber. Basil decreased the developmental period
(from egg-laying to moths of F1) and also played a role
as a growth regulator. Basil extract reduced the depos-
ited eggs and resulting moths and induced some toxicity
for the developing larvae, produced low insect popula-
tion, and protected the tubers from infestation to a great

extent. Senna > colocynth > basil > jasmine > geranium,
achieved great reductions in egg deposition with some
effects on the larval development inside the infested tu-
bers. They had some toxicity to the larval development.
Chamomile had the least toxicity. All the 6 extracts
caused tuber protection by variable means, as repulsions
from a distance with a complete protection as mint,
coriander, zygophylum, arnoglosse, harmel, and sola-
num. Other extracts showed growth retardants or

Table 2 Continuity of extracts in preventing the stored tubers from PTM infestation during different periods

Tested extracts 2 weeks 4 weeks 6 weeks 8 weeks 10 weeks 12 weeks

Mean ± SE

Mint 0 f 0 f 0 f 1.80 ± 0.68 f g 4.70 ± 1.80 g 5.33 ± 1.60 h

Coriander 0 f 0 f 0 f 3.70 ± 0.0.29 f 4.30 ± 0.14 g 4.45 ± 0.18 h

Zygophyllum 0 f 0 f 0 f 3.17 ± 1.80 f 3.44 ± 0.27 g 4.11 ± 0.46 h

Arnoglosse 4.67 ± 0.33 e 6.33 ± 0.67 e 7.33 ± 1.45 e 7.33 ± 1.45 e 8.53 ± 1.99 f 9.66 ± 1.60 f

Harmel 0 f 0 f 0 f 3.97 ± 0.70 f 4.70 ± 0.79 g 5.52 ± 0.60 h

Solanum 0 f 0 f 0 f 0 g 6.50 ± 0.40f g 6.70 ± 0.32 gh

Basil 5.93 ± 0.37 e 6.73 ± 0.27 e 6.73 ± 0.27 e 8.17 ± 0.99 e 8.93 ± 0.68 f 9.04 ± 0.76 fg

Colocynth 12.00 ± 1.15 d 13.00 ± 1.53 d 13.33 ± 1.67 d 13.33 ± 1.67 d 14.80 ± 2.50 e 15.74 ± 1.58 e

Jasmine 17.67 ± 0.33 c 18.30 ± 0.33 c 18.66 ± 0.33 c 19.56 ± 0.64 c 19.70 ± 0.61d 19.70 ± 0.60 d

Geranium 18.67 ± 0.33 c 19.67 ± 0.33 c 20.00 ± 0.00 c 20.86 ± 0.86 c 21.78 ± 0.89 cd 22.44 ± 0.22 c

Senna 22.33 ± 0.88 b 23.00 ± 1.16 b 23.67 ± 0.67 b 23.67 ± 0.67 b 24.03 ± 0.49 bc 24.03 ± 0.48 bc

Chamomile 23.05 ± 0.76 b 24.17 ± 1.01 b 25.10 ± 0.59 b 25.10 ± 0.59 b 25.43 ± 0.72 b 25.53 ± 0.62 b

Talcum powder 28.00 ± 0.33 a 28.36 ± 0.33 a 29.33 ± 0.30 a 29.77 ± 0.23 a 29.77 ± 0.23 a 29.40 ± 0.29 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 1.79 2.33 2.42 2.33 3.19 2.49

LSD 0.01 2.46 3.19 3.32 3.24 4.31 3.34

The maximum possible index was thus 30 tunnels/tuber, if all tubers fall into the sever category according Fenemore (1980)

Fig. 2 Evidence of damage for potato tubers treated with different botanical extract
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toxicants with variable degrees: senna > colocynth >
basil > jasmine > geranium > chamomile as indicated in
Fig. 1.

Protecting stored tubers from PTM infestation
Protection for more than 3 months at significant level P
< 0.01 was achieved (Table 2). All extract treatments
had not affected tuber germination. Solanum gave pro-
tection for 8 weeks, then infestation appeared at 10th
week, with 6.5 eggs/tuber till 12th week, with 6.6, while
mint, coriander, zygophyllum, and harmel exhibited pro-
tection for 6 weeks, then infestation increased slowly
until the 12th week, with a very low infestation, reached
1.8 to 7.3% at 8th week increased to 4.11 to 9.66% at
12th week. Basil had less protection to the tubers than
the previous extracts at 12th week. Its protection was
9.04 compared to 30 at the control treatments. The
other reaming extracts could arranged ascendingly in
their protection up to the 12th week as follows: colo-
cynth 15.74 < jasmine 19.7 < geranium 22.44 < senna
24.03 < chamomile 25.53 compared with the 2 control
talcum powder 29.4 and untreated tubers about 30 mean
number of infestation/tuber. Damage evidence of the po-
tato tubers treated with the plant extracts showed 6 ex-
tracts that completely protected the tuber from
infestation were mint, coriander, zygophyllum, arno-
glosse, harmel, and solanum, followed by basil < colo-
cynth < jasmine nearly = geranium < senna =
chamomile, compared to the high infestation of both 2
control experiments, talcum powder and untreated con-
trol tubers (Fig. 2). The effect of the tested plant extracts
was related to their phytochemical constituents and sec-
ondary metabolites of active ingredients extracted by
80% ethanol alcohol (riat and ohri, 2018). The present
results agree with some other investigations. The pres-
ence of the basil extract played a role as repellent against
the female moth, which possess olfactory and contact
chemoreceptors that repelled by the odor of volatile che-
micals of plants. Sharaby et al. (2002) speculated that
plant odor acted as feeding and oviposition deterrents to
a wide variety of insect pests. Recently, numerous studies
indicated that many wild medicinal and ornamental
plants have pesticidal properties, which show antifeed-
ant, repellent, growth regulator effects, and toxic activ-
ities on a wide range of insect pests (Khan and Gumbs,
2003; Sharaby et al. 2009; Stevenson, 2014, and Onu
et al. 2015). Sisay and Ibrahim (2012) concluded that L.
camara, E. globulus, and Pyrethrum flowers can be used
to protect seed potatoes from damage. Sharaby et al.
(2012) reported Allium cepa, Pelargonium graveolens,
and Cymbopogon citrates oils caused great reduction in
larval infestation of treated tubers. Mahmoud et al.
(2017) recorded an effect of basil leaves powder and
their ethanolic extract against the 3rd larval instar of

Anopheles arabiensis. Plant odor acts as feeding and ovi-
position deterrents to a wide variety of insect pests. It
was also effective as fumigant (Koul et al. 2008). Ethano-
lic extract of the tested mentioned plants induced prom-
ising effect as a protector for the potato tubers against
the PTM infestation during storage period and market-
ing, and reduced the need for the use of chemical insec-
ticides and its associated risks. Obtained results
suggested an interesting opportunity to develop bio-
logical pesticides based on plant extracts for the control
of serious lepidopteran pests during storage that may
affect production and the national economy.

Conclusion
Some plant extracts induced a complete protection of
treated tubers from PTM infestation during storage.
Great effects were found in development and metamor-
phosis of the larvae. Obtained results suggested develop-
ing new available bio-insecticides based on plant extracts
that succeeded to control PTM and protect the tubers
for 3–12 weeks during storage and marketing without
any effect on their germination.
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