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ABSTRACT

The present investigation was conducted to evaluate the insecticidal and
delayed effects of flowers, leaves and stems extracts of Calendula officinalis plant
on the 4th instar larvae of Spodoptera littoralis (Boisd). The four crude extractions
(chloroform, dichloromethane, ethanol and hexane) for each part of the plant proved
high insecticidal activity against the cotton leaf worm larvae by using the residual thin
film technique. All extracts had no toxic effect on the same larvae with leaf-dipping
technique. Residual thin-film treatment of larvae with all extracts produced high
larval and total mortality, iow percentage of adult emergence and sterility. Feeding
treatments reduced the pupal weight, fecundity of emerged adult females, and
hatchability of deposited eggs by these females, which was reflected in high
percentage of sterility. These delayed latent effects were more pronounced in
treatments of larvae with dichloromethane extracts.

Negligible phytotoxicity of the formulation of dichloromethane and
chloroform extracts on cotton plants. The second instar larvae were more
susceptible to the effect of the formulated extracts than that of the fourth instar.
Keywords: Plant extracts, Calendula officinalis, Spodoptera littoralis, insecticidal

activities, delayed latent effects.

INTRODUCTION

The cotton leaf worm Spodoptera littoralis (Boisd.) piay an important
role in cotton production in Egypt, so the success in controlling such insect
will result in improving cotton production. ‘

Organophosphorous, carbamate and pyrethroid insecticides have
been used successfully for the control of the cotton leaf worm. These
synthetic pesticides are expensive, hazardous to human health and to the
environment, also S. litforalis, have highly resistance to several synthetic
insecticides (Georghiou and Lagunes-Tejada 1991).

To date, there are many studies on using inexpensive plant
derivatives that could serve as substitutes for toxic insecticides. Neem seeds
kernel was discovered as a feeding detefrent of locusts (Pradhan et al,
1987). Several workers in India reported it to be an effective antifeedant
against various crop pests such as Spodoptera litura (F.) on castor (Mane,
1968). Extracts of neemn fruits, seeds, seed kemels and bark possess insect
repelient, antifeedant, growth inhibitor and other insecticidal properties
(Jacobson, 1989; Saxena, 1989 and Schmutterer, 1990).

Pesticidal activity of Egyptian plant extracts were investigated by
Saleh et al., 1986 (a & b); Salem, 1995; Amer et al., 2001; Soliman, 2001 and
Hassanein et al., 2004,
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The present work aimed to study the toxicological and biological
latent effects of chloroform, dichioromethane, ethanol and hexane extracts of
flower, leaf and slem of Calendula officinalis plant on the colton leaf worm,
Spodoptera fittoralis larvae.

MATERIALS AND METHODS

1. Preparation ol Calendula officinalis extracts:
a. Collection and preparation of Plant Material:

Calenduia officinalis was collected from the Tenth of Ramadan City in
May and June 2003. The plant was divided into three paris (flowers, leaves
and stems), then left to dry in fresh air for one month. Every par of piant was
milled well by a mixer miller machine to get a powder sample.

b. System of extraction:

Ground flowers, leaves and stems were exiracted according to Kato-
Noguchi ef al, 1994. Weight of 750 grams from each sample was shacked in
a dark vessel with 225 liters of (hexane, chloroform, ethanol and
dichioromethane) for 8 hours. Each extract was filtered in dark vessel
purified and evaporaled under vaccum with rotary evaporator at 40° C to
dryness. Residues of different exiracts were diluted with acetone and made
up to 80, 40, 20, 10 and 5§ mg/ml.

2. Formulation of the extracts:

Active ingredients are biologically active in extremely small quantity,
50 the-chemical has to be prepared in a form that is convenient to use and to
spread over large areas. The preparation of the active ingredient in a form
suitable for use is referred 1o as a formulation.

The biological performance of active ingredient is frequently affected
by the choice of formulation. The maost common formulalion is emulsifiable
concentrate, which represent the largest volume of all pesticide formulation in
terms of consumption. Emuisifiable concentrates are made from active
ingredient, solvent and surfactants, Surfactants emulsifiers were added to
these formulations 10 ensure spontaneous emulsification with good emulsion
stability properties in the spray lank. Careful selection of balanced pair
emulsifier blend (jonic and nonionic surfactant) is frequently necessary to
ensure that emuision dilution stability is maintained over widely differing
climatic conditions and degree of water hardness.

Emulsifier decrease surface tension of spray solution where dreplet
makes spreading on the surface of the leaves and easily penelrates inside
leaves surface.

J. Insects:

Larvae of Spodoptera littoralis were reared on casior bean leaves
under laboratory conditions (25 £ 2°C and 70 t 5% R.H.) for several years
away from insecticidal contamination in Central Agricultural Pesticides
Laboratory.

4. Treatments:
4.1. Crude extracts:

Concentrations of 80, 40, 20, 10 and 5 mg/ml were prepared from
chloroform, dichloromethane, ethanol and hexane exiracts of flowers, leaves
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and stems of C. officinalis. Two methods were used to evaluate the
insecticidal activities of twelve extracls:
4.1.1. Residual thin-film technique:

One ml from each concentration was evenly distributed on the Petri-
dish surface (9 cm in diameter).The soivent was completely evaporated
under laboratory conditions until thin film of piant extract concentration was
formed. Control was treated with solvent only of each extract. Ten 4¢h instar
larvae were exposed to the residual thin film of each concentration for 6 hrs
(Brady, 1966). Each treatment was replicated six times. Mortality counts
were estimated, the LCsy and LCgy values were calculated as Finny (1971)
and the toxicity index as Sun (1950).

4.1.)1. Leaf dipping technigue: (Feeding method)

Castor bean leaves were dipped in each concentration of all extracts
for 20 sec., and then the leaves were left for 30 min. to dry, control leaves
were dipped in solvents. Ten 4th instar larvae were fed on treated and
control leaves and six replicates were used for each concentration and
control. Mortality counted was after 24 hrs then LCsg, LCg and toxicity index
were estimated.

The remaining sutvival larvae from treatment with two techniques
were reared and certain of their biological activities were recorded. Larval,
pupal and total mortality, pupal weight, fecundity of emerged aduit female,
hatchability of laying eggs and sterility percentages were recorded. Mean +
S.E. and significance of difference from control (at P<0.05 & 0.01) were
calculated.

4.2 Formulations:
4.2.l. Phytotoxic effect:

Phytotoxicity of chloroform and dichloromethane extract formulations
were defermined one week after spraying of cotton plants grown in pots and
left under field conditions.

4.2 11, Insecticidal activities:

Second and fourth instar larvae of S. liftoralis were treated with
several concentrations (75000, 37500, 18750, 9375, 4687.5 and 23438
ppm.) of formulated extracts by using leaf-dipping technique. Mortality was
counted after 24 hs., LCs, LCqg and toxicity index were calculated aiso.

RESULTS AND DISCUSSION

Data concerning the toxic effect of chioroform, dichioromethane,
ethanol and hexane crude extracts of flower, leaf and stem of C. officinalis
plant against 4th instar Jarvae of S. littorafis by using residual thin - film
technique are shown in Table (1). The oblained results proved that flower
ethanolic extract was more effective than hexane, dichloromethane and
chloroform exiracts of flower. Dichloromethane exiract of leaves gave more
potent insecticidal action than ethanol, hexane and chloroform leaf extracts.
Chloroform extract of stems was more highly toxic on larvae than those of
dichloromethane, ethanol and hexane. The tested extracts could be
arranged according to their insecticidal action (LCsq value and toxicity index)
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as follows: chloroform of stems (4.3 mg/ml and 100) > dichloromethane of
leaves (5.9 mg/m!l and 72.9) > dichloromethane of stems (15.2 mg/mi and
28.3) > ethanol of stems (24.1 mg/ml and 17.8) > ethanol of leaves (30.02
mg/ml and 14.3) > ethanol of flowers (43.3 mg/ml and 10) > hexane of
flowers (57.7 mg/ml and 7.5) > hexane of leaves (64.3 mg/mi and 6.7) >
dichloromethane of flowers (101.5 mg/ml and 4.2) > chloroform of leaves
(101.7 mg/ml and 4.2) > chloroform of flowers (124.8 mg/m! and 3.5) >
hexane of stems (229.7 mg/m! and 1.9).

From the above mentioned results we can conclude that the crude
extracts of C. officinalis stems were more effective than crude extracts of
leaves and flowers. Chloroform extract of stems and dichloromethane extract
from leaves and stems exhibited higher toxicity against S. litforalis larvae than
other extracts. The activity of these extracts was due to the hydorlyzable
tannins (condensed) and phenolic glycosides in chloroform extract of stems
and dichioromethane extracts of stems and leaves of C. officinalis plants
(Hussein, 1985 and El-Sheikh et al, 2004). On the other hand, the leaf
dipping technique gave no toxic effect on S. littoralis larvae with all extracts.

Table {1): Insecticidal effect of flowers, leaves and stems extracts of

Calendula officinalis on 4th instar larvae of Spodoptera
littoralis by using residual thin film technique:

it | gl | feogn | o |
Chioroform 799 - 4034 2081 eary | 12 | 38
Dichloromethane J72.61 (_’_1 '560 9) ]160.933?;66. 03] 135 42

§ Ethanol 27 534 1126 Ceces] | 13 | 100

T |Heane  02-1080) fe7soisoq | 140 | 75
Chloroform 592583 | 17avasess | 112 | 42

$ |Dichicromethane Py 05 vasg | 125 | 729

3 Jetano 9688 | pes-izzz | M8 | 143
Hexane 411_.56:"? o1 | piesoerse | "2 | 67
Chioroform ey J;s.asfﬁzow 146 | 100

§ Dichioromethane [11.615—-219@] J39.95?9396.3l 1.24 ZBT

@ |Ethanol nea a2 690 208,21 133 | 178
Hexane 1103%2—9'974311 ng;aﬁiism 142 | 19

Data in Tablas (2 - 6) showed the latent biological effects of twelve
extracts on S. litforalis larvae by using residual - thin film and leaf dipping

techniques.

Table (2) reveals the delayed latent effects of chioroforrn extract of

flowers, leaves and stems of C.

officinalis on 4th instar larvae High
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percentage of initial mortality (mortality of larvae after 24 hrs) was produced
with thin film treatment of stems extract (55 - 100 %) at different
concentration (5 ~ 80 mg/ml), but flowers and leaves exiracts produced very
low percentage of mortality (0 — 33.3% and 0 — 20% respectively). Morality
increased during the moutlting of larvae reached 80, 86.7 and 66.7% with the
low concentration (5 mg/mi) of stems, leaves and flowers extract respectively
at the end of larval stage. All extracts produced high total mortality and low
emergence percentages which reached 86.7 and 13.3% for leaves, 83.3 and
16.7% for stems and 70 and 30% for flowers at low concetration compared
with control 8.3 and 91.7% respectively. No adult emerged from high
concetrations of leaves and stems exiracts, while adult female moths
emerged from high concentration of flower extract could not lay any egg.

In spite of no initial morality, Rower extract produced a higher
percentage of larval and total mortality { ranging from 55 — 85% and 65 -
100%;) at different concentrations than the other two exiracts with leaf-dipping
technique {feeding method). The emergence percentage ranged from 0 to
35%, 48.3 —~ 85% and 55 — 90% for flowers, stems and leaves extracts
respectively at concentrations from 80 — 5 mg/mi, while that of control
reached 93.3%.

A significant decreasing effect in pupal weight was produced with
high concentraion of leaf dipping technique by leaf extract (44.8 and 44.2%),
flower extract (40.1 and 41.7%) and stem extract {33 and 33.2%) for female
and male respectively as compared with control (Table 8). Insignificant
increase in pupal weight was produced by low concentration of the three
extract especially with residual thin film technique. High significant reducing
effect in fecundity (mean number of eggs laied by female moth) was
produced by leaf extract (74.7% at 80 mg/mI) and flower extract (66.3% at 10
mg/ml) with feeding treatments. Also the same effect was produced by
residual thin film treatment with flower exiract (63.2%) at the high
concentration (40 mg/ml). All concentations of the three extracts produced
significant reduction in fecundity with two methods except the low
concentration of leaf extract. Insignificant decrease in hatchability
percentage was pronounced with all treatments. A significant difference was
shown in flower extracts treatment (41.7% at 40 mg/m! concentration). The
reduction in fecundity and hatchability was reflected as a high percentage in
sterility of adult moths which ranged from 37.6 — 78.6% and 65.8 — 75.6% for
flower extract, 28.7% and 21.8 — 80.5% for leaf extract and 15.3 — 50.8% and
422 - 68.9 for stem extract with residual thin film and leaf dipping method
respectively at different concentrations. Flower extract produced a higher
percentage of sterility at the lower concentration (5 mg/ml) with two methods.

Data in Table (3) cleardy indicate that the treatment with
dichloromethane exiract of flowers, leaves and stems produced deleterious
effects on cotton leaf worm development by using recidual thin film and leat-
dipping techniques. High mortality percentages of larvae were produced with
three extracts at different concentration by two methods of treatment. The
total mortality ranged from 86.7 — 100% and 70 - 100% for leaf extract, 80 -
100% for stem extract and 53.3 ~ 80% and 55 — 90% for flower extract with
thin film and feeding methods at concentrations from 5 — 80% mg/ml
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respectively as compared with those of control (6.6 ~ 3.4%). A significant
decreasing effect in pupal weight resulted from feeding treatment with leaf
extract (48.6 & 50.2, 46.2 & 51.6 and 37.5 & 47.5%) and stem exlract 43.4 &
38.1, 41.8 & 38.6 anrl 39.8 & 40.8%) at concentrations of 20, 10 and 5 mg/ml|
for female and male pupae respectively (Table 6). High concentrations (80,
40 and 20 mg/mf) of flower extract gave the same effect (45 & 44, 37.5 &
457 and 32.7 & 40.8%) on female and male pupae. The three extracts
preduced low percentage of adult emergence and reduced their fecundity.
The reduction in number of deposited eggs was significantly pronounced with
all concentrations of extracts by residual thin film, but feeding method
produced a highly significant reduction effect expanded from high to low
concentration which reach to 64.5, 69.5 and 71.2% for flower, leaf and stem
extracts at 5 mg/ml concentration. Very low percent of egg hatchability 44.4%
was produced by stem extract at the lower concentration of feeding treatment
compared with control (85.7%). Also, a higher sterility percentage 85% was
produced by this extract. Flower and leaf extract produced low percentages
in hatchability (53.1 and 48.7%) and high sterility (73.7 and 82.5%) at the
same concentration. Dichloromethane extractration of stem proved a
superior toxic and delayed effects on S. littoralis larvae by two methods of
treatment.

Table (4) reveaied that the residual thin film treatment with flowers,
leaves and stems produced high percentages of larval mortality and total
morality and reduced the pupal weight, emergence and fecundity of adult
moths. The reduction in fecundity of females was highly significant with
flower and stem extracls treatment (81.9 and 72.6%) at concentration 20
mg/mi (Table 6). This effect was produced also, by feeding treatment of the
three extracts at all concentration. A significant reduction in hatchability
percentage was produced by feeding treatment with flower extract (39.9% at
20 mg/ml) and leaf extract (58.4, 57.2, 47.1 and 45.6% at 40, 20, 10 and 5
mg/ml) and stem extract (60.5, 57.9, 45.1, 42.3 and 34.7 at 80, 40, 20, 10
and 5 mg/ml). High percentages of sterility resulted from flower extract
treatment (95.4, 69.9 and 60.6% at concentrations of 20, 10 and 5 mg/mi)
with residual thin film, while leaf extract produced the same effect (88, 86.3,
826 and 78.9% at 40, 20, 10 and 5 mg/m! concentration) with feeding
methed treatments. Ethanol extraction of leaves was the most potent than
that of flower and stem,

The delayed latent effecls of hexane extract of flowers, leaves and
stems on 4th instar larvae of cotton leafworm are revealed in Table (5). Ali
extract produced high total mortality percentages ranging from 76.6 — 96.7%,
66.7 — 93.4% and 80 ~ 93.3% for leaves, flowers and slems respectively at
different concentrations (5 — B0 mg/m! with residual thin fiim treatments)
compared with the value of control (6.7%). Insignificant decrease in pupal
weight was presented in these treatments. Feeding method produced certain
signifcant decrease in male and female pupai weight wilh high concentrations
of leaf and flower extracts. Two treatments produced reduction in egg laying,
but this effect reached high percentages with leaf extract (80 & 66.4%) at
high concentrations (40 & 20 mg/ml) with flower extracts {75.5, 71.1, 64.5 and
57.4%) and stem extract (75, 73.7, 64.7, 63.3 and 55.1%) at all
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concentrations of feeding treatments. Hatchability percentages decreased
with the increase of the three extracts concentration, by feeding treatments.
A higher percentage of sterility produced by high concentrations of the three
extracts by feeding, but with treatment of low concentration, flower extract
proved superior in increasing the sterility, which reached to 33.1% and 69.2%
with residual thin film and feeding method treatments.

Hassanein Amal et al.,(2004) reported that the four crude extracts
(hexane, chloroform, ethyl acetate and ethanol) of Anthemis melapodia and
Artmesia monosperma plants caused high total mortality, high reduction in
egg laying rate (for the adult female moths resulting from survival larvae) and
egg hatchability, which was refelected in sterility percentages. The effects
were more pronounced in residual thin film than leaf-dipping technique
particularly with the higher concentration used.

From the above mentioned results we it may be concluded that the
residual thin film treatments of C. officinialis extracts produced high initial total
mortality and low pupal weight, adult emergence and sterility. The feeding
treatments caused low initial mortality, decrease pupal weight, female
fecundity and hatchability of deposited eggs and high percentages of sterility.
Two methods of treatment produced malformation in larvae, pupae and adult
which caused the appearance of intermediate phases. These delayed effects
were proportional to increasing of concentration of all extracts.
Dichloromethane extract of flowers, leaves and stems produced a deleterious
effect on the development of S. litforalis larvae, than that of chioroform,
ethanol and hexane.

Saleh et al, (1986 a) reported that petroleum ether extract of
Argemone mexicana, Poinciana regia, Tagetes erecta and Tagetes patula
plants inhibited the growth of cotton leafworm and delayed the
metamorphosis process, also, these extracts produced marked ratio of
deformed aduits. Although, these plant extracts did not have direct killing
effect on the studied insect, they showed a definite interaction with one or
more of the physiological process of insect which may result in possible
population control of insects.

Negligible phytotoxicity were observed one week after the successive
spraying of cotton plants (grow in pots under field conditions) by the
formulated dichloromethane and chlorofrom extracts of C. officinalis flowers,
leaves and stems.

Data presented in Table (7) reveal the toxic effect of the formulated
dichloromethane and chloroform extracts of flowers leaves and stems of C.
officinalis on 2nd and 4th instar larvae of S. fittoralis. The tested formulations
are arranged according to their efficiency (LCsy's value and toxicity index) as
follows: dichloromethane extract of; stems (8695.8 & 12664.3 ppm and 100
T.1.) leaves (11600.7 & 18042.2 ppm and 75 & 70.2 T 1) and flowers (13711.2
& 20305.6 ppm and 63.4 & 82.4 T.1.) chloroform extract of flowers (15368.2 &
21743.3 ppm and 56.6 & 58.3 T.1.), leaves (23410.9 & 31021.2 ppm and 37.1
& 40.8 T.1.) and stems (35191.6 & 45421.1 ppm and 24.7 & 27.9 T.1.) for 2nd
and 4th instars larvae respectively. These results reveal that the 2nd instar
larvae were more, susceptible to the effect of dichloromethane and
chloroform extract formulations than larvae of 4th instar.
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The formulations of dichloromethane extract of sltems, leaves and flowers
proved a highly toxic effect on S. fittoralis |larvae than those of chloroform
extract.

These resuits may have practical implication in providing long-term
controi of cotlon leafworm in the field. in addition, natural pesticides are safer
than synthetic to the beneficial organisms and environment (Schmutterer
1995).

Table (7): Insecticidal effect of formulated Dichloromethane and
Chloroform extracts of flowers, leaves and stems of
Calendula officinalis on 2nd and 4th instar larvae of
Spodoptera littoralis by using thin film technique:

y a q
S B| Formulated |  LCs (mgimi) LCoo (mgiml) | g, | Toxicity
s E Extract [Fiducial Limits] [Fiducial Limits} P Index
13711.25 TA7x10°
Flowers | 114397 4 16515.9] | (82184 — 1.88 x 10°| 138 | 634
g 11600.7 96505.8
g |Leaves | 96232 139156) |1641606-1.5x10% ¥ | T
S 8695.8 76782
z | O [M™ | [1137.5- 10420.5] | (519627~ 107 x 10 | M4 | 190
~ 15368.2 1.35x10°
Flowers | (13760.7 - 18616.6] |[93507.99 - 2.23x 109 136 | 966
. 234109 204x10°
g |-eaves | 1493573 28077.5]| 11.3sxa0*-3sex0y| 4 | 371
= 35191.6 3.54x10°
O |Stems 1262106~ 46137.9] | A0 - 227x10% | 128 | 247
203056 1.5x10°
Flowers | (17049.3 - 24530.08] |[1.06x10° —2.4x10%| 148 | 824
o 180422 1.43x10°
S |-eaves | 1150008 - 21808.9] (998039 - 2.32x10%| 42 | 702
g 12664.3 1.26x10°
g | O [Pte™S (103879 15408.1]|[861027 —2.13x10%9| 28 | 100
< 217433 1.7x10°
Flowers | 118512.5 - 26514.9] |[1.46x10° - 3.6x107| 143 | 583
. 31021.2 2.14x10°
S |-eaves |(25828.3 - 38365.2] | [1.46x10° -~ 3.6x10%)| 5% | 408
= 45421.1 3.33x10°
O [Stems [36731.96 — 59180.1} [2.11x105—6.3x105] 1.48 279
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