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Introduction

Desert locust, (Forsk) is one of the serious

pests attacking vegetables and varieties of field crops

(Vallebona , 2008; Shuaibu 2013; Ghoneim,

2015). Plagues of this pest have been recognized as a threat to

agricultural production in Africa and western Asia for

thousands of years (Ceccato , 2007). The current locust

control operations are mainly based on organic pesticides.

(Ouali-N'goran , 2013; Chowdhury , 2014). The

rampant use of these chemicals has played havoc with human

and other life forms. However, these insecticides have serious

problems such as soil, water and turf contamination,

S. gregaria

et al. et al.,

et al.

et al. et al.

development of genetic resistance, toxic residue problems

and increasing cost of application (Aktar , 2009; Abd-El-

Salam and El-Hawary, 2010; Subramanyam , 2012).

Taking these terrible effects into account, many institutions

have intensified their efforts to find environmentally safe

insecticides, such as plant extracts (Bashir and El Shafie,

2013; Granados-Echegoyen , 2015). According to

Prakesh and Rao (1997) species from over 60 plant families

have been identified as possessing insecticidal activity.

Moreover, Sharma (2012.) have reported more than

2,000 plant species belonging to 189 plant families to posses

sources of bioactive organic compounds against insects. In

general, safety characterization of plant extracts has been

et al.

et al.

et al.

et al.

Importance of plant extract formulations in managing desert locust

Schistocerca gregaria

rawisayed@gmail.com

Sayed M. Rawi *, Mansour A. Al-Hazmi , Torkey H. M. and Kamel A. K.1 1 2 1,3

1

2

Faculty of Sciences and Arts, Khulais, King Abdulaziz University, Jeddah, 21921, KSA

Central Laboratory of Pesticides, Agricultural Research Center, 12613, Egypt

*Corresponding Author E-mail:

3

Department of Botany, Faculty of Science, Suez Canal University, Ismailia, 41522, Egypt

Abstract

Key words

Toxicity of n-hexane and methylene chloride extracts of ,

and was evaluated against the newly moulted 2

instar nymph of desert locust (Forsk). Leaves dip bioassays were used to

obtain concentration-mortality data. Treatments of nymphs for 7 and 14 days, leading to

calculation of LC and LC values. A wide range in LC and LC values was exhibited among the

tested extracts. After 14 days of feeding, the product of with methylene chloride solvent

was most active against 2nd instar nymph (LC  =25.13 mg ml ), followed by

(LC50=39.92 mg ml ), (LC  =66.78 mg ml ) and (LC 70.35 mg ml ).

Formulated extracts were investigated by two non-ionic surfactants and two blended emulsifiers.

After formulations with sodium sulphonate as emulsifier, methylene chloride extracts of

substantially increased nymphal mortality, reduced nymphal weight, exhibited adverse

morphogenic effects and raised nymph duration period. Moreover, prolonged exposure to 100 mg

ml of formulated extracts of and decreased effect on hemolymph total

protein, total lipids and glucose contents as well as, on ALAT activity of the studied nymph. These

results document the potential of botanical formulations of and with

sodium sulphonate as emulsifier may prove to be a probable candidate for development of

biopesticides to control desert locust.
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implemented in most research studies. It is worth noticing

that most extracted biochemicals are more subtle, less

intuitively obvious, can cause variety of adverse insecticidal

effects, biodegradable and harmless to the environment

(Khater, 2012; Nyamoita , 2013; Kim , 2015).

In Egypt and other countries various researches on the

effect of botanical biopesticides on desert locust and other

insects have been carried out as an alternative to the currently

used harmful pesticides (Hamadah , 2013; Bashir and El

Shafie, 2013; Abou-Elnaga, 2015). Among tested plants,

is so far one of the most commonly used. The extracts

of showed nematicidal (Gravanis , 2011),

fungicidal (Mahmoud , 2011), antifeedant (Diabaté

,2014), molluscicidal (Singh , 1996) and insecticidal

activities against (Sharma and Khan, 2008). As

reported by different investigators contains a

multitude active ingredients which act in different ways

under different circumstances against 550 insect species.

Principal chemicals that impart such activity include

alkaloids, terpenoids, acetogenins, flavonoids and limnoids

(Debashri and Tamal, 2012) which are active against 550

insect species. On the other hand,

and are ornamental plants and grows

spontaneously and widely in several Southern Mediterranean

and Middle Eastern countries and are often used in traditional

medicine in many countries and till now have received

renewed attention as biopesticides (Torkey , 2009;

Boulogne , 2012; Božovi , 2015).

Despite diverse use of plant extracts in variety of

purposes, including pest control, their applications face many

disadvantages. The active ingredients of natural botanical

extracts in their raw or unformulated state are not usually

bitter choice for pest control. They may not mix well with

water, chemically unstable, difficult to handle or store,

difficult to apply for good pest control, and poorly absorbed

so their effect is slow. These problems have encouraged

recent researches worldwide to make effective extracts by

adding inert ingredient chemicals or formulates that might

influence a more target effective way. However, there is a

paucity of information on application of formulating extracts

from plant sources for pest control. Pesticide formulation

developed from , and

have shown high insecticidal potency against

malaria vector (Okumu , 2007) and

fitness of adult (Al-Fifi, 2009). However,

formulated botanical extracts are higher acting mortality

agents and unlikely produce satisfactory results. The present

study was carried out with the objective of demonstrating the

biological activity of formulating and non-formulated

extracts of and

against 2 instar nymph and to

determine the efficacy and potentials of using any of these
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nd

biopesticides as choice candidates in the control of this insect

pest.

Desert locust ( ) (Orthoptera:

Acrididae) was raised by a sample from the established

culture of g Center, Giza, Egypt. The insects were reared

under crowded breeding conditions outlined by Hunter-Jones

(1961). Newly hatched hoppers were kept in wooden cages

with wire-gauze sides (40x40x60 cm) and a small door on

upper side to allow daily feeding and cleaning. The bottom

was covered with 20 cm layer of sterilized sand. Each cage

was equipped internally with 60 W electric bulbs for

lightning and warming (32±2°C). Relative humidity varied

from 70-80% following introducing of fresh food plant to 60-

70% several hours later. Successive generations were raised

before getting the nymphs for present experimental work.

Along the period of this study insects were fed on clover

.

Based on

preliminary studies, methylenechloride (CH C ) or n-hexane

(C H  ) extracts of four parts of different plant species

belonging to four families were screened for nymphicidal

properties. The plant species screened were seeds of

(Meliaceae), fruits of (Cucurbitaceae)

from Saudi Arabia and leaves of (Umbelliferae) and

(Labiatae) from the fields of

Gizagovernorate, Egypt. The collected parts were cleaned

and separated under room temperature, grounded in electric

mill and kept in tight closed amber colored glass containers

for protecting from light. The extracts were carried out

according to Freedman (1979) method, by soaking 500

g of the plant powder in a separate glass bottles containing

one liter of methylene chloride or n-hexane for4daysat room

temperature (25±1 ºC). The combined suspensions of each

part of the studied plants were filtered over an hydrous

sodium sulphate then it was evaporated under reduced

pressure using a rotator evaporator at 30 ºC. In all cases, the

crude extract was transferred quantitatively to a clean and

weighted flask and kept in the refrigerator until diluted by a

similar volume of the solvent to get the stock solution. For the

biological, biochemical, and nymphicidal effects, stock

solutions were diluted to the desirable concentrations (10-

100 mg ml ).

For preparation of extract formulation, two types of

non-ionic surfactants (Polyethylene glycol 600 dilourate

(DL) and Hamadol B (HD)) and two blended emulsifiers

(Spectrum-EA-770 and Spectrum 3A (Sodium sulfonate)

were used. The nonionic surfactants were provided by the

Egyptian company for starch, yeast and detergents,

Alexandria, Egypt and the tested emulsifiers were attained by

Materials and Methods

Culture of insects :

Plant extraction and formulations of botanicals :

S. gregaria

Medicago sativa
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Suyog Chemicals Pvt. Ltd. The formulated crude plant

extracts were prepared according to the method of Knowles

(2008). To prepare 100 ml formulate form, 20 g of crude

extract and 3 g of the selected emulsifier or surfactants were

dissolved in 100 ml butanol-xylene mixture (1:1), mixed

carefully, warming was used if necessary, filtration took

place then transferred quantitatively to a 100 ml glass stopper

volumetric flask and mixture of solvents was added to the

final volume.

Before doing the experiment,

different concentration levels (10-100 mg ml ) of n-hexane

and methylene chloride extracts derived from

(seeds), (fruits), and and

(leaves)had been prepared. In addition, nymphs

were divided into 10 groups (30 newly molted penultimate 2

instar nymphs each) In each group, individual nymph was

isolated in a glass vial provided with a thin layer of sterilized

sand as a floor and all vials were located in a large cage having

a suitable electric bulb. For the bioassay of toxicity, nymphs

were daily allowed to feed for 14 days leaves of ,

once dipped in the appropriated plant extract concentration

for 10 min. For each concentration three replicates were

tested. Similarly, the toxicological studies of the laboratory

prepared formulated extracts were also carried out in the

same manner as mentioned before, using different

concentrations of formulated extracts with methylene

chloride which is the best choice. For control groups, nymphs

were allowed to feed leaves dipped either in n-hexane or

polyethylene chloride. Throughout the tested periods, dead

nymphs that showed no response with head movements or

exhibited peristaltic contraction when touched with a fine

brush were scored and removed and the mortality count was

recorded daily and corrected according to Abbott s formula

(Abbott, 1925). After 7 and 14 days of daily feeding the LC  ,

LC and slope were calculated for general mortality,

according to the method of Finney (1971).

For evaluation of each

plant extract on growth, development, metamorphosis and

morphogenesis of the tested nymph at different exposure

periods, the newly molted 1 instar nymphs of laboratory

culture of was selected and divided into three

groups and subgroups of 30 individuals in each. Group-I

included two subgroups, one was fed on leaves intoxicated

with methylene chloride and the second on leaves intoxicated

with n-butanol, and regarded as control groups. Group-II

included our subgroups, and set up to assign the biological

effects of the tested botanical extracts with n-hexane. Group-

III included six subgroups, four for testing the biological

effects of plants with methylene chloride solvent before

formulation and two for testing the biological effect of

extracts with methylene chloride

Toxicological studies :

Biological and biochemical studies :

-1

nd

,

st

A. indica

C. colocynthis A.majus M.

microphylla

Zea mays

S. gregaria

A.

Indicia and C. colocynthis

50

90

post formulation. For all the previously selected groups,

control and treated nymphs were allowed to feed daily on

maize leaves dipped for 10 min in 100 mg ml of the

appropriate treatments for 20 days. Every day, nymphs

duration time, weight gain, and percentage of nymphal

deformation changes at different exposure periods were

carefully observed and calculated.

To investigate the biochemical effects of the

formulated tested extracts three groups 50 individuals for

each were prepared, one for control, and the 2 and the 3

were fed for 20 days with leaf maize intoxicated either with

the formulated extracts of or , at the

dose level 100 mg ml . At the end of the tested periods,

hemolymph samples of control and still alive treated nymphs

of was drawn from the coxal joint through

micropipette and 6 pools from 10 instars was prepared,

centrifuged at 3000 rpm for 10 minutes and the supernatants

so obtained stored in a vial containing an equal volume of

buffer (0.05 m KCl, 5 mM EDTA, 1 mM PMSF and 1 mM

PTV in 1 liter of distilled water) and kept on crushed ice till

used for determination of total protein (Bradford, 1976), total

lipid (Zollner and Kirsch, 1962), and glucose (Webster,

1996) contents as well as the activity of ALAT (Reitman and

Frankel, 1957). All biochemical determinations have been

carried out by using appropriate reagent kits purchased from

Biodiagnostic.

The aim of

this study was to test the effect of water hardness in eleven

physical and chemical properties of the formulated botanical

extracts. The assay was preformed firstly by preparing hard

water by dissolving 0.304 g of anhydrous calcium chloride

and 0.139 g of magnesium chloride hexane hydrate in

distilled water and make up to 1 liter. This provides water

with a hardness of 342 mg l calculated as calcium carbonate

(WHO standard hard water). For soft water preparation one

part of the previously prepared solution was diluted with nine

parts of distilled water to give 34.2 mg l hardness (WHO,

1989).

For physical properties determination, 5 ml of the

previously prepared formulated extract was poured into 100

ml graduated cylinder containing 95 ml of tap, hard or soft

water. After shaking, the cylinder was left to stand and then

used for determination of spontaneous stability, emulsion

stability, foam test, sedimentation, pH values, conductivity,

surface tension, viscosity, salinity and heat stability.

Date obtained was analyzed by student

( ) test according to the equation of Dixon and Massay (1957).

Significant difference were established at P<0.05 and P<0.01

levels.

-1

nd rd

-1

-1

-1

A. indica C. colocynthis

S gregaria

t

Physical properties of formulating extracts :

Statistical analyses :

Effect of biopesticides on S. gregaria
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Table 1 :

Exposure Extract
n-hexane Methylene chloride

period plant

Toxicity of plant extracts against 2 instar nymphs of

7 days LC 139 - - - 59.93 83.31 103 122

LC 3700 - - - 787 135 287 6480

Slope 3.01 - - - 1.15 1.07 2.89 1.76

14 days LC 1200 - 182 249 25.13 39.92 66.78 70.35

LC 1640 - 1380 1320 296 584 534 1500

Slope 1.13 - 1.46 1.77 1.2 1.1 1.42 1.09

( ); ( ); ( ); ( ) LC  : Median lethal concentration; LC  : Acute

lethal concentration; -: Plant extract is ineffective

nd

S. gregaria

Azadirachta indica A.i. Citrullus colocynthis C.c. Ammi majus A.m. Mentha microphylla M.m. ;

A.i. C.c. A.m. M.m. A.i. C.c. A.m. M.m

50

90

50

90

50 90

Results and Discussion

Today great efforts have been achieved to investigate

plant sources to get natural compounds for their insecticidal

activities against insect pests. The present work revealed the

effect of four plants extract either with methylene chloride or

n-hexane on the 2 instar nymphs of . Methylene

chloride extracts of the studied plants were most effective and

exhibited highest LD values. The efficacy of the extracts

was found in the following order: > >

> after 7 and 14 days of daily

treatment (Table 1). Moreover, formulation of methylene

chloride extracts of and with sodium

sulphonate as emulsifier yielded more efficient specific

botanicals in controlling the 2 instar nymphs and the LD

values were decreased by 39.87 and 61.523 of and

, respectively, as compared with toxic values of

their non-formulated forms (Table 2). Moreover, with regard

to somatic growth of penultimate instar nymphs, the

depressed weight gain was generally recorded as an effect of

all the studied botanicals The most dramatically maximal

depressed in weight gain was observed after exposure to the

extracts and with methylene chloride and

reduction in weight level was -66.29% and -57.30% as

compared to control group. On the other hand, the more

suppressing action of the extract on weight gain of nymphs

was detected after exposure to formulated extracts of

and and the surviving nymphs

exhibited -68.54% and -71.91% decreases in their weight

gain (Table 3).

Another calculated parameter substantiated the

toxicity of the studied botanical extracts was also attained

through nymphal duration. At all exposures, relative duration

of nymphal instars was longer as insects developed into a

more advanced stage. After exposure to the studied phyto-

botanicals with methylene chloride, 3 instar nymphs

attained highest life expectancy and not reach the 4 stage as

more than 15% of all the nymphs died. These findings were

highly correlated with the application of the formulated

nd

nd

rd

th

S. gregaria

A. indica C. colocynthis

A. majus M. microphylla

A. indica C. colocynthis

A. indica

C. colocynthis

.

A. majus A. indica

A.

indica, C. colocynthis,

50

50

botanical of and . Mortality rate was

highly increased and reached more than 50%. Relative

duration of nymphal instars was longer and the 2 instar was

not able to reach the 3 stage (Table 4). Moreover, it is

important to mention that, treatment with botanical extracts

of methylene chloride resulted in a disrupted metamorphosis

of the studied nymph. More potent effects, however, was

attained by application of the tested formulated forms (Fig.

1).

Several reports about toxicity of extracts from

different plant species belonging to various families are

available (Hamadah , 2013; Asobara , 2014; Kim

, 2015). One of the most famous plants used is neem tree

from which extracts and preparations have been

assessed against different insect pests, including

(Sharma and Khan, 2008). On the other hand, insecticidal

potency of and in

their crude or formulated forms have received little attention.

Few research studies through literature survey have shown

effectiveness of against

(Torkey , 2009), and

against and

A. indica C. colocynthis

et al. et al. et

al. A.

indica

S. gregaria

C. colocynthis, M. microphylla A. majus

C. colocynthis Aphis craccivora and

S. gregaria et al. M. microphylla C.

colocynthis Bemisia tabaci Aphis craccivora

nd

rd
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Fig. 1 : Schistocerca gregaria
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Table 3 :

Solvent Treatment Nymph instar

2nd 3rd 4th 5th

Duration % Duration % Duration % Duration

Duration (days) of nymphs in response to 20 days feeding on treatment with 100 mg ml of non-formulated and formulated plant

extracts

Normal Control 2.7±0.3 - 4.3±0.3 - 6.7±0.3 - 7.7±0.3

hexane 5.7±0.3 112.8 13.7±0.3 215.6 10.0±0.3 140.2 -

3.7±0.3 37.6 10.3±0.3 138.6 14.3±o.3 115.2 -

4.7±0.3 75.2 1.3±0.3 161.7 15.3±0.3 130.2 -

4.7±0.3b 62.8 10.7±0.3b 146.2 14.7±0.3 120.1 -

Methylene Control 2.9±0.4 - 5.1±0.6 - 6.4±0.8 - 7.2±0.4

chloride 6.7±0.3 131.0 13.7±0.3 168.6 - - -

F 7.7±0.3 165.5 - - - - -

5.7±0.3 96.6 12.0±0.6 135.3 - - -

F. 7.3±0.3 151.7 - - - - -

5.3± .3 82.8 8.7±0.3 70. 6 - - -

5.3±0.3 82.8 9.3±0.3 82.4 - - -

( ); ( ); ( ); ( Formulated

Data are presented as Mean±SD;Means followed by different upper-case letters in the same row are

significantly different ( );% was calculated as compared with the control group in the same row.; -no duration; . n=10 replicates, repeated

three times

S. gregaria

A.i.

C.c.

A.m.

M.m.

A.i.

.A.i.

C.c.

C.c.

A.m.

M.m.

Azadirachta indica A.i. Citrullus colocynthis C.c. Ammi majus A.m. Mentha microphylla M.m.); Azadirachta indica (F.A.i.);

Formulated Citrullus colocynthis (F.C.c.);

p<0.05; t-test

-1

a a a

b b b

b b b

b b b

b

a a a

b b

b

b b

b

b b

b b
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(Farghaly , 2009), and the repellent activity of

against adult beetles of (Parveen , 2013)

The present work revealed toxic effect of four plants

on the 2 instar nymph. Among the tested solvents with

methylene chloride extracts were more toxic by about

40.39% as compared to the extracts with n-hexane. These

findings are in accordance with several investigators using

different organic solvents (Capinera and Sandoval-Mojica,

2011; Wendakoon , 2012; Said , 2013). These

differences might be due to the properties of the methylene

chloride, which is sufficient to extract most phenolics from

plant tissues (Mohamed , 2013). On the other hand,

differences in the toxicity of the studied plants with same

solvent might be attributed to many factors, including plant

specific differences, types of extracted active in gredients,

and differences in their phyto-chemical constituents of the

extracted chemicals at same solvent (Ahmad , 2009).

Now, it is well established that alkaloids and phenolic which

et al. A. majus

T. castaneum et al. .

et al. et al.

et al.

et al.

nd

possess biological properties are the largest and most

ubiquitous groups of plant parts (Ali , 2013; Uma and

Sekar, 2014). George (2002) found that phyto-botanical

chemicals may jointly or independently contribute to produce

bio-activity against the 2nd instar nymph of in

combination with saponin which acts on plasma membrane

via interaction with cholesterol and phospholipids. De-Souza

(2004) tested botanicals my induce micelle formation

which disrupts the structure of cell membrane and affects the

function of plasma membrane proteins and Na /K /ATPase

pump. The influence of the recorded toxicity values,

however, may be attributed to the constituents and quantities

of the extracted chemicals of the two tested solvents. This

difference leads to different events and a variety of effects on

the tested nymph. One note that seen is the strong anti-feeding

activity with the application of and

than and This effect, however, is

mainly reflected in the corresponding body weight gain As

reported by several investigators strong antifeedent

et al.

et al.

S. gregaria

et al.

A. indica C. colocynthis

A. magus M. microphylla.

.

+ +

Effect of biopesticides on S. gregaria

Table 2 :

Plant

Toxicity
7 days exposure 14 days exposure

Toxicity of formulating methylene chloride plant extracts on the 2 instar nymph of

LC50 31.39 42.3 15.11 15.36

LC90 1040 4710 146 351

Slope 0.84 1.22 1.19 1.06

Formulated LC  : Median lethal concentration; LC  : Acute lethal concentration

nd

S. gregaria

Azadirachta indica (F.A.i.); Formulated Citrullus colocynthis (F.C.c.);

F.A.i. F.C. c. F.A.i. F.C.c.

50 90
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Table 5 :

Parameter Control Plant extract

Effect of methylene chloride formulated extracts on some biochemical parameters in the hemolymph of instar nymph

ALAT (U ml ) 21.54±0.18 20.40±0.15 19.39±0.08

Total lipids (mg dl ) 7.08±0.07 4.26±0.08 4.69±0.10

Total protein (mg dl ) 32.96±0.27 28.59±0.25 29.59±0.15

Glucose (mg dl ) 66.00±0.73 38.00±0.80 47.00±0.89

Formulated Within columns, means (±SD) followed by the same letter do not

differ significantly (p > 0.05)

S. gregaria

Azadirachta indica (F.A.i.); Formulated Citrullus colocynthis (F.C.c.);

F.A. i. F. C. c.

-1 a b b

-1 a b b

-1 a b b

-1 a b b

bioactivity of may be attributed to the presence of

limonoids, which are the most potent feeding deterrent for

different insect species. on the other hand Cucurbitacine E

isolated froolocynthis has been reported as a potential

antifeedant compound against (Torkey

, 2009). However, further experiments should focus on the

antifeedant effect of the studied plants over time on

.

In combination with methylene chloride, extracts of

exhibited more toxicity and

lethal concentration was increased by 50%. The LD values

were found to be 15.11 mg ml for neem and 15.36 mg ml for

. Moreover, exposure to formulated forms of

retarted growth and the 2 instar

nymph did not reach the 3 form and weight gain decreased to

-68.54 and -71.91 due to application of and

in their formulated forms. Moreover, after 20

days of exposure to 100 mg ml of formulating extracts of

and treated nymphs showed more than

A. indica

Aphis craccivora et

al.

S.

gregaria

A. indica and C. colocynthis,

C. colyconthis A.

indica and C. colocynthis

A. indica C.

colocynthis

A.

indicia C. colocynthis,

50
-1 -1

nd

rd

-1

60% disrupted morphogenic changes as compared to 15 %

deformation in control group, and adult deformity was

blocked completely and dead insect presented evident signs

of deformation. Moreover, data presented in Table (5) clearly

revealed a significant decrease on total lipids, total protein

and glucose contents, as well as, in ALAT, on haemolymph of

nymphs after exposure to tested formulated extractsof

. .

The current results are in agreement with previous

published reports on the effect of various crude

phytochemicals including and

against various insect pests (Senthil Nathan 2013;

Hamadah , 2013;Girma , 2015). Prolongation of the

developmental periods and subsequently the retarded

development can be explicated by delaying effects of the

plant extracts on ecdysis and transformation of insects. In

addition, higher mortality of last instar nymphs after

exposure to the formulated extracts may be due to more

metamorphosis inhibiting effect, which is possibly based on

A.

indica and C colocynthis

A. indica C. colocynthis

et al.,

et al. et al.

S.M. Rawi et al.458

Table 4 :

Solvent Treatment Initial weight 20 days after % Increase as compared % Reductionas compared

treatment to initial weight to control group

Nymphal weight gain (mg) of instar nymphs in response to 20 days feeding on 100 mg ml of non-formulated and formulated plant

extracts

Normal hexane Control 230±7 940±9 308.69

210±12 380±19 80.95 59.57

190±6 500±6 163.16 46.81

200±6 470±6 135 50

210±6 480±6 128.57 48.94

Methylene chloride Control 210±3 890±5 324.81

170±1 380±11 123.53 -57.30

F 200±12 280±12 40.0 -68.54

170±3 410±3 141.18 53.93

F. 200± 9 250±9 25.0 -71.91

200± 9 300±3 50.0 -66.29

190± 9 410±9 115.79 -53.93

( ); ( ); ( ); ( ) Formulated

Formulated Means followed by different upper-case letters in the same row are significantly different (p<0.05; t-test)

*maximum survival time; . n=10 replicates, repeated three times

S. gregaria

A.i.

C.c.

A.m.

M. m.

A.i.

.A.i.

C.c.

C.c.

A.m.

M m.

Azadirachta indica A.i. Citrullus colocynthis C. c. Ammi majus A.m. Mentha microphylla M.m. ; Azadirachta indica (F.A.i.);

Citrullus colocynthis (F.C.c.);

-1

a a

a b

a b

a b

a b

b b

a b

b b (15th day)*

a b(5th day)*

a b

a b
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disturbance of hormonal regulation program (Garriga and

Caballero, 2011) and/or inhibition of number of

physiological processes, such as metamorphosis and

morphogenesis (Lingampally , 2014) and possible direct

effects on cells undergoing mitosis as suggested by Orozco-

Barocio (2013). Moreover, imbalancing of energy

requirements of lipid, protein and glucose were attained. It

was found that all decreased in the present study, which

means that, the tested formulated botanicals triggered more

physiological changes affecting various facets of nymphal

biochemicals. According to Costa (1984) and Shoukry

(2003), reduction in carbohydrate contents of different

instar larvae after exposure to insecticides was mainly due to

inhibition of amylase and decreased hydrolyticrate of

glycogen. Besides, as reported by Lohar and Wright (1993)

lipid depletion in hemolymph of .

(Coleoptera: Tenebrionidae) has been due to the effect of

insecticide on the adipokinetic hormone that controls lipid

metabolism. Decrease in protein content may also indicate

physiological adaptability to compensate for insecticidal

et al.

et al.

et al.

et al.

Tenebrio molitor L

stress (Ribeiro , 2001). Animals require high energy

under stress conditions and the energy demand may have led

to the stimulation of protein catabolism. Decrease in protein

content might also be due to a mechanism of lipoprotein

formation, which might be used to repair damaged cell and

tissue organelles (Sancho , 1998).

Based on plant physical nature, combination with

sodium sulphonate as selected emulsifier makes better

physic-chemical properties of and

phyto-botanicals (Table 6, 7). From the data recorded in

Table 6, it is clearly evident that in comparison with Hamadol

B, polyethylene glycol-600 and spectrum EA-700, sodium

sulphonate as emulsifier proved the lowest creamy and oil

separation (0.1-0.3) in hard and soft water and the bitter

choice was indicated by extract (0.1) in hard water.

Also, as recorded in Table 7, the formulation of and

with such emulsifier proved satisfactory

properties of stability (40-50 %), surface tension (29-35 dyne

cm ), viscosity (10.59-11.57 m poise) and pH (6.02-7.97)

et al.

et al.

A. Indicia C. colocynthis

A .indica

A. indica

C. colocynthis

-1

Effect of biopesticides on S. gregaria

Table 7 :

Extract F. F. .

Test Tap water Hard water Soft water Tap water Hard water Hard water

Physical properties of methylene chloride formulated extracts of and in tap, hard and soft water

Spontaneous stability (%) 50 45 40 48 44 44

Conductivity(μ MHOS) 320 800 170 300 800 800

Surface tension (dyne/cm) 34 29 35 36 30 30

Viscosity(m poise) 11.57 11.23 10.59 10.8 10.6 10.6

PH 6.93 6.02 6.85 7.97 7.59 7.59

Salinity 0

Foams 0

Sedimentation nil

Emulsion stability pass

Heat test pass

Cold test pass

Formulated ( ); Formulated ( .)

Ammi majus Citrullus colocynthis

Azadirachta indica F.A.i. Citrullus colocynthis F.C.c

A.i. C.c

Table 6 :

Emulsifier Plant Solvent Creamy and oil separation

Hard water Soft water

Emulsion stability designation of formulating mixtures in hard and soft water and n-butanol as co-solvent

Hamadol B CH C 3.5 3

C6H14 5 3

Polyethylene glycol 600 CH C 4 5

C6H14 4 4

Spectrum-EA-770 CH C 2 2

C H 3 2.5

Sodium sulfonate CH C 0.1 0.3

C H 0.2 0.2

( ); ( ); ( ); ( ) Formulated

A.i.

C.c.

A.i.

C.c.

A.i.

C.c.

A.i.

C.c.

Azadirachta indica A.i. Citrullus colocynthis C.c. Ammi majus A.m. Mentha microphylla M.m. ; Azadirachta indica (F.A.i.);

Formulated Citrullus colocynthis (F.C.c.)

2 l2

2 l2

2 l2

6 14

2 l2

6 14



On
lin

e C
op

y

Journal of Environmental Biology, May 2016

S.M. Rawi et al.460

which are in accordance with WHO specifications. For pH

test, the prepared formulated extract of gave the low

value (6.02) than (7.59) in hard water.

Moreover, the prepared formulation of and

influenced satisfactory stability in dispersions

(salinity, suspensions, and foams) which indicates that

sodium sulphonate form a crucial change and these changes

were found to stimulate more pesticidal activity. As reported

by Abou yousef (2010), reduced values of pH of

formulating solutions led to more attraction between the

extracted particles and surface of treated plants. Farghaly

(2009) postulated that increase in viscosity and electrical

conductivity of the formulated extract coupled with increased

mortality rate due to increased deposition and penetration of

the formulated extracted particles in the target organs.

In conclusion, the results of the present investigation

showed that methyl chloride extracts of and

in combination with sodium sulphonate

emulsifier exhibited best biopesticidal performance against

2 instar nymph of .
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