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Abstract: The control of diseases and insect, pests for securing world is important issue for us. A significant way to find a better treat-
ment for crop is the search for insecticidal, pesticidal and antimicrobial constituents. From many years research in biology and biochem-
istry has made it possible a complete new approach for the protection of plants. As part of our Botanical pesticide research project, nu-
merous compounds from Himalayan plant species of Uttarakhand, India with potential antifeedant activity have been identified. The
plants selected for complete investigations were Boenninghausenia albiflora, Skimmia anquetillia, Glycosmis arborea, Vitex negundo,
Premna barbata, Callicarpa arborea and Clerodendron indicum and the pests selected were the Plecoptera reflexa, the popular defolia-
tor Clostera cupreta, bamboo leaf roller Crypsiptya coclesalis and polyphagous pest Spodoptera litura. The extracts and pure compounds
were also tested against plant pathogens, Agrobacterium tumifaciens, Pseudomonas syringae and Pactobacterium carotovorum for anti-
bacterial activity. In all tested plants B. albiflora and S. anquetillia showed potent insecticidal and antibacterial properties. In addition all
investigated plants of Rutaceae and Verbenaceae family were found to be active against S. litura pest.
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1. INTRODUCTION

Botanical pesticides are the compounds that are derived from
plants and have been in use from a long period for pest control.
Pyrethrum, rotenone, nicotine, sabadilla, and quassin are the only
botanical pesticides used in the Western Hemisphere until the Sec-
ond World War. However, after the Second World War (1939 to
1945), they lost their importance with the discovery of synthetic
chemicals insecticides in the mid 1930s to 1950s [1]. Synthetic
pesticides have rapid action on pests but they are often toxic to
human and animals [2, 3], nondegradable, environmental persistent
and also effects on non targeted organisms [4]. Some synthetic
pesticides like methyl bromide participates in ozone layer depletion
[5], so more target selective and biodegradable pesticides are re-
quired to replace the environmentally persistent chemicals with
broad spectrum toxicity [6]. Botanical insecticides are often effec-
tive alternative to organic pesticides. In 1950, Heal et al. [7] re-
ported approximately 2500 plants in 247 families with some sort of
toxic properties against insects. Simmond et al. [8] identified 59
plant families having potent insecticidal activity and more than
2400 plants species containing pesticidal properties. Among the all
studied plant families Meliaceae, Rutaceae, Asteraceae, Labiateae,
Piperaceae and Annonaceae having promising activity against pests
and plant pathogens [9].

There are different categories of plant secondary metabolites
including alkaloids, terpenoids, steroids, phenolics and cardiac
glycosides, aryl polysulphides, benzonoids, quinoids, flavonoids,
coumarins, sugars etc. These substances enhance the activity of
plant against insects and also reduce the rate of resistance develop-
ment by the pests against pesticides [10, 11]. Alkaloids, quinones,
terpenes and flavones are the major chemical groups seem to be
leading groups in biological activities [12].

Flavones belong to the polyphenolic groups and are essential
for plant growth, development and defense against infection or
injuries by pests. About 3000 verities of flavones are known to date
[13], with several biological properties. Flavones from aerial parts
of Flourensia oolepis [14], Ajuga nipponensis [15], are cause of
strong antifeedant activity against the pests and striped flea beetles
respectively. Coumarin is a type of flavone that is less studied, but
also possesses antifeedant and insecticidal activity [16]. The struc-
tures of active and inactive coumarins as isoimperatorin and im-
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peratorin or xanthotoxin are compared, substitution of groups at
different position (C-4 or C-9) account from the differences in
antifeedant activity (Fig. 1). Some evidences suggested that fla-
vones may the slow capability of insects to habituate [17]. Almost
all flavones are insect feeding deterrent.

Terpene is a largest class of natural products and was demon-
strated to be toxins, repellents or attractants to other organisms [18-
20]. Clerodane diterpenoids are well known insect antifeedant [21].
Jodrelin and scutalpin isolated from Scutellaria are much active
neo-clerodanes against pests [22]. Monoterpenes isolated from
peppermint (Mentha piperita) had been reported for the insecticidal
activity [23]. Terpene as pyrethroid disrupts the insect nervous
system by acting on the voltage-sensitive sodium channel protein of
the nerve membrane [24]. By inducing repetitive discharge in
nerves in place of single impulses, the nervous system becomes
hyperexcited, which results in rapid, uncoordinated movement and
paralysis in target organisms. Most of triterpenes having antifeedant
activity against insects and pests they reduces feeding by acting on
central nervous system.

Alkaloid is heterogeneous group of alkaline, organic, com-
pounds containing nitrogen and usually oxygen, possess various
biological activities. They are produced by a large variety of organ-
isms, including bacteria, fungi, plants, and animals. Alkaloids in
plants have been also reported as antifeedant and insecticidal
agents, sesquiterpene pyridine alkaloids from Maytenus chiapensis
reported to strong antifeedant activity against Spodoptera littoralis
[25], other alkaloids from Erythrina latissima [26], Stemona japon-
ica [27] and Fagara macrophylla [28] against Spodoptera littoralis,
Spodoptera frugiperda and other relevant agricultural insect, pests.
Antimicrobial alkaloids were also reported from Zanthoxylum tet-
eraspermum and Zanthoxylum caudatum [29]. Veratrum alkaloids
as veratridine, cevadine and sabadilla are usually applied as an ex-
tract (sabadilla) against insects. The mode of action of the veratrum
alkaloids is similar to that of the pyrethroids.

A quinone is a class of organic compounds that are formally de-
rived from aromatic compounds. Quinones are well known for their
antimicrobial properties, juglone and lapachol from walnut and
alkanet reported for antibacterial and antifungal activities [30-32].
Nortriterpene quinone from some Maytenus Species (Celastraceae)
was reported to active against Codling Moth, Cydia pomonella [33].
Prenylated quinones of Baja California and Baja Chihuahua are
reviewed to defense against phytophagous insects and pathogens
[34]. Quinones act as respiration inhibitors on fungi. Naphtaqui-
nones are act as growth inhibitors, some quinones altered metabo-
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Fig. (2). Structures of active and inactive coumarins.

lism leading to disturbance in the feedback mechanism exist be-
tween insect neuroendocrine system, fat body and gonads [35].

Juvenile hormone plays a crucial role in the regulation of the
molting and metamorphosis processes in insects. A special category
of compounds that disrupts insect juvenile and molting hormone
activity had been previously discovered from plants [36] these type
of anti-juvenile hormonal compounds are called juvenoids. The
treatment of crops with juvenile hormone showed inhibition in
normal growth of insects and results in their death. Juvocimene 11
form Ocimum basilicum [37] and prococenes | and Il from Agera-
tum houstonianum (Asteraceae) (Fig. 2) act as antijuvenile hormo-
nal compounds that include a lethal, precocious metamorphosis in
immature stages of many insects and also makes sterilize the adult
females [38].

2. ROLE OF BOTANICAL PESTICIDES IN AGRICULTURE

About 30% of world crop production loss is mentioned by
pests, insects and microorganisms [39]. Agricultural tropical coun-
tries as India suffer from severe loss of agriculture crops by pests.
In India every year Rs. 25, 000 - 50, 000 crore worth of crops is
destroyed by pests and insects. Farmers spend excess of their in-
come in synthetic pesticides to get rid of these natural enemies.
Synthetic pesticides not only effects on pests but also produce
harmful effects on environment and human health. Synthetic pesti-
cides affected more than thirty lac people all over the world from
which more than 2.2 lac people have died due to illness as cancer,
hepatic disorders and nervous disability produced by synthetic pes-
ticides, these are also cause of infertility and blindness in mammals.
Insect and pests also developed resistance against these pesticides
on long use. In recent years there has been considerable force on
consumers and farmers also to reduce or replace synthetic pesti-
cides in agriculture to overcome with all these hazards. We are in
need of effective tools to fight against pests, although we have a
rich source of plants that could be treated as botanical pesticides.

Botanical pesticides also called green or organic pesticides are
used widely until the 1940s. Botanical pesticides are alternative to
synthetic pesticides, pests and pathogens are unable to developed
resistance against these pesticides. Pyrethrum (Chrysanthemum sp.)
[40], rotenone (Derris Sp.) [41], azadirachtin (Azadirachta indica)
[42], and nicotine (Tobbaco) [43], quassin (Picrasma excelsa) [44],
veratridine and cevadine (Cucumis sativa and Lactuca sativa) [45]
are main compounds that were isolated from plants and used as
pesticides from many years. Some other allelochemicals as Thymol

Juvocimene Il

(Thymus vulgaris), ajugarin | (Ajuga remota), abietic acid (Pinus
sp.) and canavanine (Leguminaceae sp.) are also includes in most
potent botanical pesticides [46]. Piperine is the major constituent of
Piper nigrum (Piperaceae) has toxicity against several insects and
repellent to adult corn earworms Heliothis zea [47]. 2-Tridecanone
is a naturally occurring insecticide from the wild tomato species
Lycopersicon hirsutum f. glabratum provides them resistant to at-
tack by a number of insects, pests of the cultivated tomato, it is
found in the tips of in glandular trichomes which around on the
foliage [48] (Fig. 3). Plants like Albizia labbeck, Annona squamosa,
Butea monosperma, Ficus indica, Madhuca indica and Azadirachta
indica used as a pesticide since ancient time. More than hundred
insects and belongs to different orders can be easily controlled by
using plant species [49]. Keeping in view all the facts, in present
study we address the impact of extract, fractions and compounds of
selected locally available three plants Boenninghausenia albiflora,
Skimmia anquetillia and Glycosmis arborea from Rutaceae family
with four plants of Verbenaceae family Vitex negundo, Premna
barbata, Callicarpa arborea and Clerodendron viscosum to test
their activities against pests, insects and micro-organisms.

3. PLANTS OF RUTACEAE AND VERBENACEAE FAMILY
AS PESTICIDAL AND INSECTICIDAL AGENTS

Rutaceae is a wide class of plants it contains 160 genera and
1,700 species spread throughout the world. Plants of Rutaceae fam-
ily are earlier reported for their insecticidal and pesticidal, antimi-
crobial and other biological activities [48]. This family belongs to
citrus plants that have a variety of terpenes, alkaloids and flavon-
oids. Terpenes like limonoids are most potent active against pests,
insects as well as on micro-organisms [50-52]. Pyranocoumarins,
furanocoumarins from Stauranthus perforatus (Rutaceae) caused
significant inhibition of growth of Amaranthus hypochondriacus
and Echinochloa crus-galli [53]. Quinolinone alkaloids have been
detected with antifeedant and growth inhibitor activity [54, 55].
Alkaloids and terpenoids present in Teclea afzelii are reported for
its antimicrobial action [56].

Verbenaceae family includes some 35 genera and 1, 200 spe-
cies, mainly tropical plants are the members of this family. Plants of
this family are well known for their activity against pests, insect
and other microorganisms. They are rich source of terpnes, fla-
vones, phenolic glycosides and sterols that responsible for their
biological activities. Cleodandrum viscosum is reported for its re-
pellent action on Tribolium confusum [57], Vitex negundo leaf ex-
tract shows larvicidal activity against Japanese encephalitis vector
and various adult vector mosquitoes [58]. Terpenoids isolated from
leaves of Vitex negundo possess antifeedant activity [59]. Vitex
peduncularis [60], Callicarpa erioclona Schau., Callicarpa fari-
nosa and Sphonodesma friflora [61] are reported for their antimi-
crobial activity. Essential oils of flowers and leaves of Lippia
turbinate, Lippia polystachya, Lippia multiflora verbenaceae family
contains a large number of terpenes, cause of their potent insecti-
cidal, antifeedant and repellent properties [62, 63].

4. MATERIALS AND METHODS

Plant Material. Rutaceae family: Leaves of B. albiflora were
collected from Nagdev region at a height of 2200 m from Ut-
taranchal, India in September, 2003. S. anquetillia (leaves) col-
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Fig. (3). Structures of some botanical pesticides.

lected from Tungnath Chopta, Uttaranchal, India at 3200 m height,
G. arborea (leaves) were collected from Rajaji National Park, Ha-
ridwar, Uttaranchal, India. All plants were identified by the tax-
onomists of Department of Botany, HNB Garhwal University, In-
dia. A voucher sample has been deposited in herbarium of Depart-
ment of Chemistry, HNB Garhwal University, India.

Verbenaceae family: two plants P. barbata (leaves) and C. ar-
borea (leaves) were collected from Kotdwar, Uttarakhand, India in
the month of August, 2008. The leaves of C. viscosum were col-
lected from Rishikesh, Uttarakhand, India in the month of August,
2009. Collection of V. negundo (leaves) was made from Srinagar,
Garhwal, India in August, 2008. Collected plans were identified by
Botanical Survey of India, Dehradun, India and voucher specimen

Rotenone
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has been deposited there with voucher specimen numbers BSD
Accession No. 112669, BSD Accession No. 112670, BSD Acces-
sion No. 112672 and BSD Accession No. 112671 for each plant
respectively.

Extraction and Isolation. Shed dried leaves (4 kg each) of B.
albiflora, S. anquetillia and G. arborea were individually extracted
with 95% ethanol (EtOH) (four times) combined extracts of each
plant were separately dried at 45 °C under reduced pressure . Dried
EtOH extracts of B. albiflora and S. anquetillia were fractionated
with n-hexane, chloroform and methanol however EtOH extract of
G. arborea was fractionated with n-hexane and n-butanol (n-
BuOH). n-BuOH fraction of G. arborea was further fractionated
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Fig. (4). Compounds isolated from leaves of selected plants from Rutaceae and Verbenaceae family.

with chloroform (CHCI3), ethyl acetate (EtOAc) and methanol
(MeOH).

For isolation of compounds MeOH fraction of B. albiflora (42.6
g) was subjected to column chromatography over silica gel 100-200
mesh by elution with CHCI;: MeOH of increasing polarity to fur-
nish twelve fractions which were pooled on the basis of same TLC
pattern to make seven (F1-F7) fractions. Further column chroma-
tographic purification of fraction F5 was led to the isolation of three
active compounds, murraxocin (1) [64] (110 mg) in hexane: EtOAc,
70: 30, murralongin (2) [65] (30 mg) with hexane: EtOAc, 60: 40
and albiflorin-3 (3) [66] (42 mg) on elution of hexane: EtOAc, 60:
40. Column chromatographic separation of MeOH fraction of S.
anquetillia (50.0 g) had been carried out on silica gel 100-200 mesh
using CHCI;: MeOH as mobile phase with elution of increasing
polarity yields nine fractions of different polarity (F1-F9). Re-
column chromatography of F2 leads to the isolation of two antibac-

terial compounds skimmin (4) [67] (82 mg) with CHCI;: MeOH,
92: 8 and skimminan (5) [68] (98 mg) in CHCI3: MeOH, 85: 15
eluate. MeOH fraction of G. arborea (32.7 g) was separated over
silica gel 100-200 mesh with CHClI3: MeOH, one active compound
isolated as 7-O-(6-O-a-L-rahmnopyranosyl-B-D-glucopyranosyl)-
3,3',5,7-tetrahydroxy-4'-methoxyflavanone (6) [69] (46 mg) with
CHClI3: MeOH, 85: 15 (Fig. 4).

Collected and shed dried leaves of P. barbata, C. arborea, C.
viscosum and V. negundo (5 kg each) were separately extracted
with 95% ethanol at room temperature. Combined extracts of each
plant leaves were separately dried uder reduced pressure at 45 °C
and fractionated with n-hexane, CHCI; and n-BuOH. n-BuOH frac-
tion of P. barbata (58.23 g) was subjected to column chromatogra-
phy over Silica gel 60-120, by using gradient elution of MeOH:
CHCI; yielded ten fractions which were pooled on the basis of TLC
analysis to make five fractions (F1-F5). Further flash column chro-
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matographic purification of F4 on silica gel 230-400 mesh with the
gradient elution of MeOH: CHCI;was led to the isolation of quer-
cetin (7) [70] (40 mg) by MeOH: CHCls, 90: 10 and Premcoryoside
(8) [71] (41.0 mg) with MeOH: CHCI;95: 5. Hexane fraction of C.
arborea (60.0 g) was subjected to extensive column chromatogra-
phy on silica gel 100-200 mesh by elution with hexane: CHCIl3 mix-
tures of increasing polarity to furnish twelve fractions, on the basis
on same TLC pattern fractions were pooled to make eight fractions
(F1-F8). Re-column chromatography of F-3 afforded 5, 3'-
dihydroxy-3, 7, 4’-trimethoxyflavone (9) [72] (39.0 mg) with elu-
tion of 90: 10 CHClj3: hexane, calliterpenone (10) [73] (44.0 mg)
isolated from CHCI; elution. Tannin free n-BuOH fraction of C.
viscosum was chromatographed over silica gel 100-200 mesh by
CHCI;: MeOH mixtures of increasing polarity, 7-p-cinnamoyl-
oxyugandoside (11) (54.0 mg) and 7-B- coumarroloxyugandoside
(12) [74] (42 mg) both were isolated with 20: 80 MeOH: CHCl3
eluate from this fraction. n-BuOH fraction of V. negundo (56.2 g)
was subjected to column chromatography over silica gel 100-200
mesh, eluted with EtOAc: MeOH mixtures of increasing polarity
this was furnished nine fractions, on the basis of TLC analysis the
fractions were mixed to make six fractions (F1-F6), further chroma-
tographic purification of F-4 over silica gel 230-400 mesh was led
to isolation of vitexicarpin (13) [75] (60 mg) and 2'-p-hydroxy-
benzoyl mussaenosidic acid (14) [76] (57 mg) with EtOAc: MeOH,
80: 20 and 90: 10 respectively (Fig. 4). All isolated compounds
were characterized by the study of their UV, IR, 'HNMR, *CNMR
and mass spectroscopy data. Known compounds were identified by
the comparison of their spectroscopy data from reported literature.

5. GENERAL EXPERIMENTAL PROCEDURES

The UV spectrums were recorded in Beckman 64 spectropho-
tometer. NMR spectrums were held on Bruker AVANCE 500 at
500 MHz for *H and for 125 MHz *3C. Silica gel 100-200 mesh,
(Qualigen) was used for column chromatography and silica gel G
(Merck) used for TLC.

Insect antifeedant assay. The insecticidal assay was carried
out on major pest of shisham Plecoptera reflexa, the popular defo-
liator Clostera cupreta and bamboo leaf roller Crypsiptya cocle-
salis. Tests were carried out at 20-26 °C in semidarkness. Leaf discs
of young shisham plants were sprayed with an aqueous emulsion
containing the plant extracts, fractions of selected plants and their
isolated compounds at different concentrations. After spray coating
had dried, the discs were placed in Petri dishes and five third instar
Plecoptera reflexa, Clostera cupreta or Crypsiptya coclesalis larvae
were placed on the discs for three days. Six discs were used for
each concentration. Evolution was made on a percentage mortality
basis.
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Pest antifeedant assay. The dual choice leaf disc method as
performed. Field collected Ricinus communis (Castor oil plant)
were cut to circular discs (180 cm?) with the median vein as the
marker between two equal halves. Extracts and compounds were
dissolved in acetone and water, sprayed on the right half of circular
leaf disc to have the concentration of 2.5 pm/cm? leaf area for ex-
tracts and 50 pm/cm? for compounds, left half of leaf as treated with
one ml acetone as control. After drying each leaf disc was placed in
a Petri dish 15 cm. diameter. Five freshly moulded third instar lar-
vae of Spodoptera litura from laboratory culture were placed in
center of and left to feed for 24 hrs. Five replicates were maintained
for each extract and compound. After 24 hrs the larvae were re-
moved and unfed area in treated and control halves were measured
by using AT area measurement meter. Percent Feeding Index (PFI)
was calculated as:

% Area fed in treated
PFI=*100

(% Area fed in treated + % area fed in control)

In case of growth inhibitors, Percent growth reduction is calcu-
lated as.

Treatment weight
% Growth Reduction= 100 — *100
Control weight

Antimicrobial assay. Three prominent plant pathogens, Agro-
bacterium tumifaciens (MTCC 609), Pseudomonas syringae
(MTCC 1604) and Pactobacterium carotovorum (MTCC 1428)
were procured from Microbial Type Culture Collection Institute of
Microbial Technology (MTCC, IMTECH), Chandigarh, India). P.
syringae were grown in nutrient agar (HIMEDIA) and P. caroto-
vorum in Trypticase Soy Agar media (HIMEDIA). Disc diffusion
method [77] was used to determine the zone of inhibition. Bacterial
pathogens at their active log phase were spread over media plates.
Subsequently the sterile discs of 5 mm diameter of filter paper were
prepared. From a stock solution of 6 mg/ml, 200 and 500 pg of
plant extracts and isolated compounds were applied to discs. The
discs were air dried and then placed on a lawn of the test organism.
The plates were incubated at 28 °C for 24 hrs. DMSO and MeOH
were used as control. The zones of inhibition were observed around
each disc.

6. RESULTS

Extracts, fractions and isolated compounds of all selected plants
were tested for their antifeedant, insecticidal and antimicrobial ac-
tivities against Plecoptera reflexa, Clostera cupreta, Crypsiptya
coclesalis insects, Spodoptera litura pest, with three plant patho-

Table 1. Antifeedant Activity of Investigated Plants of Rutaceae Family Against S. litura

Plant Particular Percent Feeding Index (Mean+SD)
B. albiflora Hexane fraction 44.34 £6.12
CHCl, fraction NS
MeOH fraction 14.02 +11.05
2 (pure compound) 50.24 +1.08
3 (pure compound) 4324 +2.41
S. anquetillia Hexane fraction 35.23+2.87
CHCl, fraction NS
MeOH fraction 49.10 £4.17
G. arborea Hexane fraction 46.71 £4.07
CHCl, fraction NS
MeOH fraction 50.21 #5.21

Values are expressed as mean + SD.
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Table 2. Insecticidal Activity of Investigated Plants of Rutaceae Family

Negi et al.

Plant Name Particular Mortality (%)
1 2 3
B. albiflora EtOH extract 70.0 75.0 -
1 Pure compound 80.0 85.0 -
S. anquetillia EtOH extract 55.0 50.0 -
G. arborea EtOH extract - - -
(1) C. cupreta, (2) P. reflexa, (3) C. coclesalis
Table 3. Antibacterial Action of Investigated Plants of Rutaceae Family
Plant Name Particular Conc. pg/disc Zone of Inhibition (mm)
1 2 3
B. albiflora EtOH extract 500 - - -
S. anquetillia Hex. fraction 500 - - -
CHClI, fraction 500 - - -
MeOH fraction 500 15 07 10
200 12 08 09
4 Pure compound 500 08 - -
200 07 - -
5 Pure compound 500 12 10 10
200 09 09 07
G. arborea EtOH extract 500 - - -
Hex. fraction 500 - - -
CHCl, fraction 500 - - -
MeOH fraction 500 16 06 18
200 12 - 14
6 Pure compound 500 11 - -
200 09 - -
(1) A. tumifaciens, (2) P. syringae, (3) P. carotovorum
Table 4. Growth Inhibitor Activity of Investigated Verbenaceae Plants Against S. litura Pest
Plant Name Particular Mortility (%) Growth red. (%)
P. barbata Hex. fraction 13.00 26.01
CHCl, fraction 25.00 43.93
BuOH fraction 11.00 23.69
C. arborea Hex. fraction 50.00 93.19
CHCl, fraction 30.00 89.50
BuOH fraction NS NS
C. viscosum Hex. fraction 83.33 94.55
CHClI, fraction NS 12.73
BuOH fraction NS NS

gens as Agrobacterium tumifaciens, Pseudomonas syringae and
Pactobacterium carotovorum. The extracts and fractions of three
plants of rutaceae family with two compounds (2 and 3) isolated
from B. albiflora shows significant antifeedant activity against S.
litura (Table 1).

Ethanolic extracts of B. albiflora and S. anquetillia and one
compound (compound 1) from B. albiflora showed potent insecti-
cidal property (Table 2) but G. arborea of the family was found to
inactive.

Testing results of antibacterial activity confirmed that plants of
rutaceae family possess antibacterial properties, plant extracts, frac-
tions and two compounds (4 and 5) from S. anquetillia with one
compound (compound 6) isolated from G. arborea were identified

active against selected plant pathogens while B. albiflora was found
to inactive (Table 3). Insecticidal action of B. albiflora and com-
pound 1 were also reported in our previous communication [64].
Plants of verbenaceae family investigated by us were not found
active against insects and micro-organisms, but possess much better
growth inhibitor activity against S. litura pest.

The results demonstrated that CHCI; fraction of P. barbata
showed 25.0% mortality.Hexane fraction of C. arborea showed
50% mortality. Again hexane fraction of C. viscosum found to be
active against S. litura with 83.33% mortality. 20% mortality
showed in hexane fraction of V. negundo in comparison with 0.005
% Triton X 100 was treated as control (Table 4). These results sug-
gested that C. arborea and C. viscosum are most potent growth
inhibitors while P. barbata and V. negundo were showed moderate
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activity against S. litura. Compounds isolated from these plants
were not showed growth inhibitor activity.

7. CONCLUSION

Natural pest controllers like botanical pesticides are safer to the
user and environment because they break down into harmless com-
pounds within hours or days in the presence of sunlight. Botanical
pesticides are considered as plant protection agents. The agriculture
food products that are produced in ecological farms by using natu-
ral fertilizers along with natural pest controllers are safe for human
health and our surroundings. In this connection our study demon-
strated the impact of plants of rutaceae and verbenaceae family on
insects, pests and micro-organisms. B. albiflora and S. anquetillia
(rutaceae) possess good insecticidal property. Ethanolic extract,
fractions and compounds from B. albiflora and S. anquetillia were
found to active against selected plant pathogens but only MeOH
fraction of G. arborea shoed activity against pathogens, all antibac-
terial activities were carried out at a comparative concentrations of
500 and 200 g/ disc. In addition all investigated plants of rutaceae
and verbenaceae family were found to active against S. litura pest.
Hexane fractions of C. arborea and C. viscosum (verbenaceae)
were found as fine growth inhibitor with 50.00 % and 83.33 %
mortality. Further research is required in this area to find out an-
other potent alternative of synthetic pesticides.
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