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Abstract

Conventional pesticides and antiseptics are no more attractive for consumers where biotechnology and
hyphenated state of art techniques are available to bring innovation and discoveries. The shift from the current,
conventional market to new greenest paradigm can be possible by rational identification and amplifications of
botanicals. These botanicals, in turns can be applied on field or processed further for better action and efficacy.
The mountainous region of Gilgit-Baltistan (G-B) is one of the most appropriate places with huge and unique
floral diversity having great potential for such discoveries. During the current study the four different solvent
extracts from Tanacetum baltistanicum, an endemic species to G-B was thoroughly investigated to determine its
antiseptic potential. The toxicity of only 1% w/v aqueous solution of ethyl acetate, methanol and water extractives
against woolly or apple aphids: Eriosoma lanigerum (Hemiptera: Aphididae), mealy cabbage aphids:
Brevicoryne brassicae (Hemiptera: Aphididae), cabbage caterpillar: Pieris brassicae (Lepidoptera: Pieridae)
after 24 hours was found in the range of 85-95% population mortality, while hexane extractive from
T.baltistanicum was interestingly found 100% repellent against Sri Lankan weevil: Myllocerus
undecimpustulatus undatus (Coleoptera: Curculionidae) on pear plants. This is worth to mention here that no

damage to any pods was observed during and after the application of the formulations.

*Corresponding Author: Muhammad Ismail P4 dr.ismail@kiu.edu.pk

128 | Ismail et al.


http://animaldiversity.ummz.umich.edu/accounts/Hemiptera/classification/#Hemiptera
http://animaldiversity.ummz.umich.edu/accounts/Aphididae/classification/#Aphididae
http://animaldiversity.ummz.umich.edu/accounts/Hemiptera/classification/#Hemiptera
http://animaldiversity.ummz.umich.edu/accounts/Aphididae/classification/#Aphididae
http://animaldiversity.ummz.umich.edu/accounts/Lepidoptera/classification/#Lepidoptera
http://animaldiversity.ummz.umich.edu/accounts/Pieridae/classification/#Pieridae

J. Bio. & Env. Sci. | 2014

Introduction

Current dissatisfaction with chemicals used to control
pests in agriculture has pushed the development of
safer and more sustainable materials and methods for
farmers to use. Scientist are looking for a solution
that provides acceptable control for growers, but at
the same time allows the production of fruits and

vegetables that are safe for consumers.

Biological control measures have been implemented
to manage many serious pests, including arthropods
and nematodes, but chemicals persist as the first
choice of many growers. This is due to the ease of
their use, their reliable efficacy and their relatively
inexpensive cost which make it difficult to compete
with chemicals over biological means. With the
passage of time the botanical insecticide preparations
became in place to offer a potential solution to this
problem. These new pesticides can be formulated
similarly to synthetic chemicals, but are safer for both
the agricultural workers who are in direct contact
with them, and the consumers who may be exposed to
pesticide residuals when food is purchased in the

marketplace (Farnsworth et al., 1985).

The importance of botanical pesticides can be

measured by the rapidly increasing growth of this

Table 1. Plant genera with proven antiseptic properties.

discipline roughly by 10-15% per year. Approximately
3000 research publications have been published on
bio/botanical pesticides between 2004 and 2012.
Despite this effort, there remains much to be learned
about the secondary chemicals of plants. It is
estimated that only 1.5% of total plant species have
been identified and recorded while 98.5% are yet to
be explored. Out of this small proportion of know
plants most of the research on natural products has
been done on just a few plant species and 85% of
known plant species have not been investigated yet
(Butler 2004).

There are many plant secondary metabolites playing
an active role as botanical pesticides against many
microorganisms, insects and flies. In this connection,
abamectin and emmamectin are the key examples of
broad spectrum pesticides which are biologically very
effective as a miticide to replace Dicofol, a traditional
chemical miticide. Some other botanical pesticides
Nimbin,
Matrine, etc (Duke et al., 2010). In order to support
the

include Nicotine, Pyrethrin, Rotenone,

idea of botanical pesticides some well

documented plants genera which are known to have a

potential as insecticides from centuries with

increasing interest in recent years are highlighted in
Table 1.

S.No Name of plant Active principles Uses/applications Ref.
1 Chrysanthemum  parthrins, both pure insecticides, mosquito Dessalgne et al., 2011
species compounds and extracts control agents, antifeedant,
are being used bite inhibition
2 Tanacetum parthrins, both pure Insecticidal Barnes et al., 2007,
species compounds and extracts Eizumi et al, 2008,
are being used Casida 1980
3 Piper species unsaturated amides, Insecticidal Lee 2009
pipernonaline,pellitorine,
guineensine, etc
4 Azadirachta Azadirachtin, azadirachtin insecticidal and toxic Rasheed 2002
species A, and essential oil from towards soft-bodied pests
the plant like aphids, mites, etc.
5 Syzygium 2-methoxy-4-(2- Insecticidal Zeng et al., 2010
species propenyl)- phenol and
trans-caryophyllene
The genus Tanacetum belongs to the family properties.  The  genus Tanacetum (syn.

Asteraceae. These species have received considerable

attention in recent years due to their known biological

Chrysanthemum), containing Ca.200 species, is

distributed throughout Europe and western Asia.
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Preparations from the plants in the genus Tanacetum

have been wused to treat arthritis, asthma,
constipation, dermatitis, earache, fever, headache,
inflammatory conditions, insect Dbites, labor,
menstrual disorders, potential miscarriage, psoriasis,
spasms, stomach ache, swelling, tinnitus, toothache,
vertigo, and worms. These plants also have been used
as an insecticide (Pareek et al., 2011, Maia et al., 2011,
Heptinstall et al., 1992, Ayvaz et al., 2010, Jbilou et
al., 2006, Polatoglu et al., 2011). Chemicals extracted
from Tanacetum parthenium have been used since
ancient times for a variety of medicinal proposes, and
recently has gained considerable prominence due to
its ability to alleviate the symptoms of migraine
headaches (Tian et al., 2013), arthritis and psoriasis
(Venkateswari et al., 2008), and to inhibit blood
2007)).

Parthenolide and a number of related sesquiterpene

platelet aggregation (Desneux et al,
lactones are considered to be responsible for these
activities. Due to its emerging need and importance
the current research is paying great attention to this
field of natural relevance (Isman 2008, Oparaeke et

al., 2005, Antonio 2009, Isman 2006).

In Pakistan there is no encouraging research on
botanical pesticides. There are very few articles
related to the hazardous effects of conventional
pesticides and their applications (Khooharo, et al.,
2008, Zia et al., 2009, Ahmad et al., 2007, Akbar et
al., 2010), along with some research on microbial bio-
pesticides (Ahmed, et al., 2002, Akbar et al., 2012,
Sagheer et al., 2008).

Gilgit-Baltistan (G-B) is basically rich in floral diversity
with a wide spectrum of medicinal values, though no
effort to isolate, identify and develop botanical
pesticides has been established yet in this region. G-B
enormous biodiversity imparts sufficient opportunities
to establish botanical pesticides formulation units.
Unfortunately to date no such unit is in existence in
this region. However, plant products and materials are
being used traditionally in most parts of the G-B. Use
of sawdust, cow urine, tobacco leaves and stalks, sweet

flag, hot pepper etc are not new methods of plant

protection in most villages of G-B. Application of
different pheromones, attractants, poison baits are also
in practice. Recently, agro spray: a mineral oil is also

getting popularity against sucking pests.

Based on above incentives and in order to make and
identify an efficient replacements for currently used
synthetic materials, we started working to strengthen
the capabilities in the production and application of
newer generation of botanical pesticides formulations
with a view to reducing the risks in the use of toxic
crop protection chemicals and their old formulations,
ensuring safety to the environment, farmers, workers,
and minimize the residues of pesticides on food crops.
A valid mixture of botanical pesticides extractives
from Tanacetum baltistanicum Podlech is thoroughly
investigated and formulations were applied on field to
determine the toxicity of each formulation (1% w/v)
against target pests on apple trees: Malus domestica
Borkh., cabbage, Brassica oleracea var. capitata, and
pear trees: Pyrus communis L. The results were
amazing and very unique. The toxicity of ethyl
acetate, methanol and water extractives against
woolly or apple aphids: Eriosoma lanigerum
(Hemiptera: Aphididae), mealy cabbage aphids:
Aphididae),
cabbage caterpillar: Pieris brassicae (Lepidoptera:

Brevicoryne brassicae (Hemiptera:

Pieridae) after 24 hours was found in the range of 85-
95% population mortality, while hexane extractive
from T.baltistanicum was interestingly found 100%
repellent against Sri Lankan weevil: Myllocerus
undecimpustulatus undatus (Coleoptera:
Curculionidae) on pear trees. In addition to this, no
damage to any pods was observed during and after

the application of formulations.

The aim of this research was to improve the life of
local inhabitants of the G-B region in particular and
all over Pakistan in general through agricultural
developments, fruits and vegetables free from
chemical residues and production of greener
environment friendly botanicals ensuring consumer
protection by replacing the conventional pesticides.

In the end, this research was designed to benefit the
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local communities to improve social, economical and
environmental aspects of their lives through scientific

discoveries applicable in agriculture.

Material and methods

Plant material

The whole plant material of T.baltistanicum Podlech
was collected from the Sumayar Valley of district Hunza-
Nagar, Gilgit-Baltistan from an altitude of 5100-5300 m.
above the sea level in August 2013. The plant was
identified by Dr. Sujjad Haider, a Resident Botanist at
Karakoram International University (KIU), and a
specimen was kept for reference at the Herbarium of the

department of biological sciences, KIU.

Extraction and fractionations

Dried and ground plant material of T.baltistanicum
(2.9 Kg) was extracted three times with distilled
methanol and the solvent was evaporated on a rotary
evaporator. The crude methanolic extract (ca. 204 g)
was then successively partitioned by solvent-solvent
fractionation into three major fractions, n-hexane (50
g), ethyl acetate (60 g), and water (94 g) (Fig. 1). All
the 4-major fractions, methanol, n-hexane, ethyl
acetate, and water extractives were further processed
to make the botanical formulation (1% w/v) to test its
toxicity against wooly or apple aphids, mealy cabbage
aphids, cabbage caterpillar and Sri Lankan weevil on

pear trees.

Dried Plant Material

Collection of Plant Material

Methanol Extract I

\]

y
| Water Soluble Extract

! }

Hexane Soluble Extract | Methanol Extract

Ethyl Acetate Soluble Extract

| Water Soluble Extract

Y

Preparation of extractives formulations for further application

A J

On filed Applications

> |_eed extractives

Fig. 1. Work Plan for the preparation and application of botanical extractives from T.baltistanicum.

Preparation of botanical formulations
The spray formation was made by weighing 5 g each
of methanol, n-hexane, ethyl acetate, and water

extracts in 500 ml flasks separately, and dissolved

with 100 ml distilled water. To each flask further
added 5 g of bar soap and 5 g of starch to make the
solution viscous and sticky. The final volume of each

flask was made to 500 ml by addition of distilled
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water to make 1% (w/v) solutions of methanol, n-
hexane, ethyl acetate, and water formulations. These
formulations ware then labeled and shacked well
before tacking to on-field application. These
formulation were applied on field and observations
were taken immediately after spay at the intervals of 1

h as well as 24 h after the treatment.

On-field applications

The trials were conducted on the research forms of the
Agriculture Department, Kachura, Skardu, situated in
northern areas of Pakistan. The field used for each trial
had an area of about 25 m2. The treatment consists of
four different formulations of T.baltistanicum extracts
(methanolic, ethyl acetate, n-hexane and water) against
woolly or apple aphids: Eriosoma lanigerum on apple
trees, mealy cabbage aphids: Brevicoryne brassicae
and cabbage caterpillar: Pieris brassicae on cabbage,
and Sri Lankan weevil: Myllocerus undecimpustulatus
undatus on pear trees. For each treatment the sample
area were divided in to five equal quadrants while
taking 1/5th area as a control. The wooly aphids on
apple and aphids on cabbage were sampled from the
control area before the spraying between 7:00 am and
8:00 am by using magnifying lens and collection net.
The insects were assessed by randomly picking 10
plants per plot placing them in a glass bottle containing
30% ethanol and next day the insects found were
identified and counted, while the butterfly caterpillar
on cabbage and flea beetles and black bugs on pear was

visibly counted on 5 plants in the same quadrants.

Results and discussion

From the last one decade, the interest in botanical
insecticides has been increased due to environmental
concerns and growing insect resistance to
conventional insecticides. Botanical insecticides are

derived from plants which are greener in nature.

The only 1% aqueous solution (w/v) of four different
extractives from T.baltistanicum showed various
degrees of pest species reduction and insect repellent
activities. These very diluted aqueous formulations
from T.baltistanicum also offered highest level of
protection to both flowers and pods. The most active
insecticidal fraction from T.baltistanicum was
methanolic extractive with 95% mortality rate on 24
hours of treatment while hexane extractive was found
to be most potent with 100% repellent activity against

M.undecimpustulatus undatus on leaves of pear trees.

The hexane formulation was applied on pear trees
(P.communis L.) infected by Sri Lankan weevil:
M.undecimpustulatus undatus. It was interesting that
5% of M.undecimpustulatus undatus were found
dead after half an hour of the spray and the
application of extractive, while the plants was found
free from all insect pests in 24 h of the treatment.
These are amazing results and this fraction of
T.baltistanicum can be now used a potent botanical
insect repellant against M.undecimpustulatus
undatus (Table 2). In addition to this, the application
of this extractive can be expended to determine its

toxicity against other insect pests in future.

Table 2. Summary of results of T.baltistanicum as insecticide and insect repellent.

Observation after treatment (%

. mortality)
S:No. o mulation Pests Jronp—
pray After 24 h
(30 min)
1 Hexane Sri Lankan weevil 5 10
100% repellent
2 Ethyl acetate  mealy cabbage aphids and cabbage 5 90
caterpillar
woolly or apple aphids 10 85
Methanol woolly or apple aphids 15 95
Water woolly or apple aphids 10 90
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The ethyl acetate formulation was applied on both
apple trees (M.domestica Borkh.) affected by woolly
or apple aphids: E.lanigerum and cabbage
(B.oleracea var. capitata) attacked by mealy cabbage
aphid:

P.brassicae. The toxicity and efficacy of ethyl acetate

B.brassicae and cabbage caterpillar:
extractive against B. brassicae and P.brassicae on

cabbage showed 5%  population mortality
immediately after the treatment while 90% of subject
insect were found dead after 24 h of post treatment.
This extractive was further tested against
E.lanigerum on apple where 10% of these pests were
killed after 1 h and 85% after 24 h of post treatment

(Table 2).

The methanolic formulation from T.baltistanicum
was applied against E. lanigerum on apple where it
was found most potent with 15% dead population
after 1 h and 95% after 24 h of post treatment. The
formulation of water extractive was also tested
against E.lanigerum on apple trees where it showed
the toxicity rate of 10% and 90% mortalities after 1 h

and 24 h of post treatment, respectively (Table 2).

These findings will really help to improve the life of
local inhabitants of the GB region in particular and all
over the world in general through agricultural
developments, fruits and vegetables free from
chemical residues and production of greener
environment friendly botanicals ensuring consumer
protection by replacing the conventional pesticides.
In addition to this, it will also benefit the local
communities to improve social, economic, and
environmental aspects of their lives through scientific

discoveries applicable in agriculture.

should be

intensified on the use of this material against some

In conclusion these investigations
other common pests and also need to consider related
plant species for its potential as botanical insecticides.
Moreover, this research should be extended to isolate
and find out the active ingredients of these
formulations by using advanced state of art

chromatographic and spectroscopic techniques. The

results presented in this study have shown that the
botanical formulation from T.baltistanicum is
effective, safe, and cheap for the control of many
insect pests without damaging the pods and

degrading the environment.
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