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INTRODUCTION

Spodopteral littoralis Boisd is a serious pest in Jordan

and the Middle Eastern Countries. It ravages many of the im=

pertant crops and vegetables in these areas.

This thesis has three objectives:

By genitalic comparisons, Wiltshire 1977 reported the

presence of Spodoptera frugiperda in the Jordan Valley.

Therefore it is of prime importance to identify the

species of Spodoptera used in this work.

Also it is intended in this work to find the toxic levels
of three insecticides: lannate (methomyl), dursban(chlero-

pyrifos) and ripcord (cypermethrin) against Spodoptera

littoralis populations in the northern and central parts

of the Jordan Valley. Site and seasonal variations in
the response of the leafworm to the three insecticides
were also points in view, These three insecticides were
chosen according tc the different groups to which they

pertain and to the history of their use in Jordan.

Several authors recomzended the integration of hormones

with insecticides to increase sterility, decrease pupation

and emergence, shortened mals life of S. littoralis ,

Ascher and Nemry 1974, RZl-Guindy et ai.. 975.
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Kesistant S. littoralis to insecticides can be slightly

cross resistant to juvenile hormone analgoues (JHAS) (E1=-Guindy

et al., 1975, El-Guindy and Bishara 1977).

It is then of prime importance to know the effect of
sublethal doses of JHAS and insecticides on the food con-
sumption, prolongation of larval and pupal periods of the

survivors which may acquire resistance to the JHAS.
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REYIEwW OF LITERATURE

Part I : Genitalic Identification Of

Spodopteral littoralis,

Brown and Dewhurst 1975 and Wiltshire 1977 used three
structures in the male genitalia in the identification of

Spodoptera littoralis, thesme three structures are%the clasper,

juxta and the tornutum inside the aedeagus.

Part II : Toxicity Studies,

Spodoptera littoralis, readily acquires resistance to

the insecticides used againast it. In Egypt, the recommended
dose of 60% EC toxaphene/feddan was 1.5=-2 liters in 1956
(Bishara, 1957, cf. Mouatafa et al., 1977) had to be increased
to 3.5=4 liter per feddan ufter two years and again up to 4.5

litern per feddan in 1561,

Brown 1070, reported thst it developed resistance to
toxaphene in Egypt in 1961 and to organophosphorus compounds

and cerbamates aince 196H6,

The larvae of £, littoralis became resistant to insecti-

—

cidaes ot diffearent raten depentineg opt
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1. Insecticides used, taking into consideration cross

resistance of insecticides which are not used (Abdel -Aal 53

al., 1970 cf. Saad et al., 1977).

2. Source of the strain (Odent et al., 1976 in Turkey),

(Zeidan et al., 1974, cf. Moustafa et al., 1977 in Egypt).

3. Higher doses of insecticides provide ample material
for rapid progress in genetic selection (Abdel-Salam and

Mostageer 1969).

Moustafa et al., 1977, revealed that the inheritance of

resistance of S. littoralis to organcphosphorus insecticide
was due to a single gene allele which was partially domineant

as was revealed by Dittrich 1972 in spider mites.

Reversion of insecticide resistance in S. littoralis is

possible if the insecticide treatments ware excluded according

to (El-Defrawi et al., 1964, and Atallah 1971).

Usually a gradual increase in the resistance expressad_
as increases in LC50 is obtained in the first generations
followed by a sharp increase later on. El=-Guindy gE.gA.,1974,
okbtmined this sharp increase in the 8th. generatiom of a

Kalyvobia field strain against phorvel,

5. littoralis developed resistence to different insecti-

cides mt cGiffarent rrtoa. hAsemyding o Movuginfl. 2t al., 1977,
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the worms collected from Abis (Alexandria) developed 9.93
folds tolerance to monitor, 5.32 fold to triazophos and far
less to profenfos during seven generations. JIts cross resis=

tance extended more to organophosphorus and carbamates than

to pyrethroids,

Selection pressure by one organophosphorus insecticide
develops cross tolefance or cross resistance to other organo-
phosphates or insecticides of other groups. Many examplesare
set in support of the different parts of the above statement.
The following references are cited (Hassanein et al., 1958;
El-Toube et al., 1965 ; Maher 1969 ; Helal 1969 ; El-
Sebae et al., 1973j El-Guindy et al., 1974, 1975 cf. Moustafa,
et al., 19773 Salem 1970). As an example of the above state~
ment, the monitor resistant strain developed by Moustafa et
al., 1977, acquired cross resistance to cyolane but cross
tolerance to cytrolane, triazophos and orthene. The triazophos
resistant strain developed resistance to other organophosphates
and more susceptibility to chloropyriphos than the parental
strain. A 10 folds of the LC50 indicates resistance and 2-9
folds indicates tolerance to insecticidesn. The monitor,
triazophos strains were highly susceptible to cyclodienes and
syanthetic pyrethroids. The triazophos resistant strain was
cross tolerant to methemvl, whersss the monitor resistant

strain was slightly croas telerent ta 1%, Moustafa et al.,1977.
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The strains obtained by some of the above authors,showed
similar cross ressistance to certain insecticides and some-
times disagreed in this respect., As an example of tﬁe firat
category : Maher 1965 after indicating seasonal varia-
tion in its tolerance to toxaphene and sevin, assumed that
toxaphene predisposes its populations to become sevin resis-

tant. This was confirmed by El-Toubge et al., 1965.

As an example ¢of the disagreements among strains in cross
resistance to the different insecticides of strains resistant
to certain insecticides, the endrin resistant strains obtained
by El-Sebae et al., 1973 and Helal 1969, cf. Moustafa et al.,
1977, both were susceptible to carbamates., The strain of Ela-
Sebae ot al., 1973 was highly susceptible to zectran,moderately
tolerant to azodrin, cytrolane and dursban, whereas endrin
resistant strain (6.9 folds) was more susceptible than the
parent strain to mesurol, pyrolan, dursban and sumithion,
moderate and low cross tolerant to carbaryl, zectran . and

diptrex ... etc. (Helal 1969).

Cross resistance studies wera useful in finding the
mechaniam of intoxication by certain insecticides. Fahmy and
Fukuto 1970 compared the toxicities of different carbamates
on susceptidble and resistant strains. They reported that the
deacylation of N acyl carbamates to N methyl carbamate is an

important step lcading te reoisorin.

VALSAUIly FUYLIH Ao wweww . o

aliphatic organophosphates esters.

2. El=Guindy et al., 1974 mnoticed that the phosvel
resistant strain developed slight cross tolerance considered
as vigor tolerance against insecticides containing the diethoxy
group as cyolane, cytrolane and dursban. It developed high

cross resistance to monoctrophos.

A correlation is sometimes found between resistance and

the effect of the insecticide on cholinesterase. and .aliesterase

activities,

1. In susceptible and resistant m-parathion strains, a
group of insecticides differed among themselves in their
synergistic, additive and antagonistic actions on both strains
susceptible and resistani: M-parathion and DDT produced
aynergistic effect on the resintant and only additive effect
ocn the ususceptibla strain. According to Ali et al., 1967, the
synergistic effect of insecticides combizationa severely

depressed cholinsaterise sciivity while the g2: ngonistic ones

195939
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mildly inhibited it. This depression was the result and not
the cause of synergism. Whereas aliesterase was depressed to
the same degree regardless of synergism or antagonism. This
agrees with the results obtained by other authors working on

some other insects. The mechanism of Culex tarsalis resistance

to organophosphorus insecticides is enhanced detoxification
and to a less extent the possession of acetylcholinesterase
which is insensitive to organophosphates and carbamate insecti.
cides, Apperson and Georghiou 1974, Also resistance is due to
the insensitivity at the target enzyme acetylcholinesterase to

inhibition by toxicants in Anopheles albimanus, Hafez and

Georghiou 1975,

The green rice leafhopper Nephotettix cincticeps devel-

oped resistance to carbamates through the mechanism of cholin-

esterase insensitivity, Toshikazu and Hiroshi 1971.

2., Abdalla et al., 1973, found that cholinesterase
activity was higher in methyl parathion resistant strain where=

as aliesterase activity was higher in the susceptible strain.

3.Moustafa et al.,1977a,found that Abis strain which showed
higher resistance than Tarh and laboratory susceptible strains,
2lso showed higher choline, ali and aromatic esterase activie-
ties, This rule was, however, not appliad to Tarh and labora«

tory strains, the latter being nore susceptible and has higher
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generation lower than 34,ug/larva for the field collected
(parent) strain. Tolerance of the selected strain to any of
the above insecticides tested was not increased (dursban,
lannate, endrin and gardona). The strains resistant to

gardona or endrin were fully susceptibdle to dimilin.

Part III : Effect Of Juvenile Hormone Analogues,

Six JH analogues were tested by Ascher and Nemny 1974

against big and medium size larvae of S. littoralis, by topical
application: R020-3600 at 20,ug, ZR=-515 and ZR=-619 at S,us per
larva, inflicted 90% mortality in big larvae (3 cm long). The
first was about equitoxic for both sizes, the other two were
age specific more toxic to big larvae, most of the mortalities
occurred in the prepupal stage. The other compounds R06-9550,
ROB-jSk and ZR=512 (hydroprene) were inactive against medium
size larvae, but slightly or moderately (ZR-512) effective
against big larvae., The above experiments were run on larvae
kept on alfalfa at 27°C in basins of saw dust. Forty to one
hundred larvae of each size were used at each concentration

of every compound., Acetone soluticns of the above hormones
were applied hatween the two blac!t spots of the first abdo-

minali segment.

Ar to cmergence of ncrmsl ~dults R020-36c0 was as effective
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against medium as against big larvae, whereas ZR-515 and to a
certain extent ZR-619 were less active against medium size
larvae than against big ones. Contrary to Zoecon Corporation
data sheets ZR=-515 which was recommended by the company to be
highly active against Diptera and ZR-512 against Lepidoptera,
the former was much more active than the latter against S.

littoralis.

In conclusion the two authors suggested that it may be

difficult to combat in practice S. littoralis with JH analogues

which are predominantly active during the last larval instar.

Hydroprene {(Altozar) at a higher level than 0'25’M8/ €

caused a high level of sterility to S. littoralis when topi-

cally applied alone in the laboratory. This level became even
higher when chloropyrifos (0.33,ug/g) was applied with Altozar.,
Fewer larvae pupated and fewer pupae gave rise to adults when
hydroprene was applied alone than when it was applied with
chloropyrifos. Treatment with chloropyrifos alone signifi-
cantly increased the length of adult male life, but treatment
with 2.5,ug hydroprene/g with or without chloropyrifos shorte
ened it. On tbh~ cother hand, the duration of adult female was
significantly increased by either dose of hydroprene when com-
bined with chloropyrifos and by the higher dose of hydroprene

applied alone (El-Guindy et ai.. 1975).
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Gwaad et al. (1974) found that ZR-619 (triprene)and Zk-512
had no effect on hatching rate of S, littoralis, but the latter
delayed hatching. 2ZR-777 (kinoprene), ZR-512 (hydroprene),
ZR~520 (ethyl(2E,4E)~11-methoxy-3,7,11-trimethyl-2,4-dodeca~
dienoate) and ZR-619 were applied to the larvae, the mortality
in the larval or pupal stage were 84.9,92, 100,100 resﬁectively
with increase in larval weight. The experiments were done in
the laboratery by applying 3% sprays of the four hormones to

eggs and the 3rd instar larvae.

Abdallah et al. (1974) compared the effact of Bactospeine
to that of JHA R020-3600 applied to the soil. Groups of 20-25

larvae of S. littoralis were then introduced. The severity of

malformations caused by the JHA to larvae in the 4th, S5th,
early and late 6th instars averaged 5,1,7.2 and 6.2 respec-
tively for applications at 10 ppm, and 7.3, 6.1,8.7 and 7 for
100 ppm. Greater effects resulted from the exposure of larvae
to =20il than to treated castor leaves. The effect of JHA could
te detected up to 60 days after application to the soil., The
bactorpeine did not affect pupation, but affected emergence of
adulis,egg production, weight and hatchaliility at 0, 3, 6 and

12 g/liter.

Abdalleh et al. (1574} repsrted R _20-3600 at 0.039-20Mm./8
pura &as a factor of sterility cor partial sterility in emerging

fezalen, Tt reduses katelhobdi.. and produczer . delayed-
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postembryonic development at 0.,0225-0,144ug/egg treatment, 0.009

Mg/egg treated on the day of oviposition caused 89% mortality

in the larval stage, eggs of S. littoralis tolerated the

hormones better on the 2nd and 3rd days,

El-Guindy et al. (1975d)reported that strains of S.

littoralis highly resistant to endrin and aminocarb showed

a slight degree of tolerance to the regulators R-20458 and
ENT-34070, but were susceptible to hydroprene. The low levels
to cross tolerance were considered to be the result of vigor
tolerance. A fenitrothion resistant strain showed higher cross

tolerance to altozar and especially ENT-34070.

Abdel-Aal (1971) found that the vapors of 5- [B-(s-ethyl-
3-methyloxyranyl-3-mathyl-2-pentenyl] oxy] =1,3 benzdioxole
inhibits embryonic growth better than 3-[5~(4-chlorphenoxy)-

3 methyl-j-pentenyl] ~2w=ethyl=2-methyloxirane. The two com-
pounds were equally potent in producing intermediate form
incapable of surviving when applied topically to 6th instar
larvae. When applied to the purae at 6-8Jus/insect, both
hormones produced deformed adults and 90% reduction in ferti-

ity of adults which survived and mated,

Lrypsin-Sgrensen et al., 1977 1reperted that methoprene
does not affect the growth reaspiratory metabolism of the

penunltimate-instar larvae of 5., iiitoraiis which contained
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endogenous JH. In the last larval instar JHA (methoprene)
induced large somatic growth, formation of supernumeraries
were formed. But in any case unlike ssome other species,there

was no hypermetabolic response to juvenoid treatment.

El~-Guindy and Bishara (1977) studied the effect of Ay 22,
342, ecdysterone, and a combination of the two, on adults of

S. littoralis emerging from pupae treated topically at dif-

ferent ages. The experiment was run on a susceptible strain
and on those strains resistant to endrin, fenitrothion and
amino carb (matacil). In general, the effects of Ay 22, 342

(a mixture of isomers of methyl 7-ethyl-9-(3-ethyl-3=-
methyloxiranyl)~j-methyl-2,6-nonadiencate) were more marked
than those of ecdysterones. The synergistic effect of ecdy-
sterone on Ay 22, 342 was evident after treatment of the pupae
when they were 5 and 7 days old. All the three resistant strains,
and especially that resistant to endrin show appreciahble toler-
ance to Ay 22, 342 and ecdysterone separately and in combina-
tion. The symergist piperonylbutoxide did not enhance the
mornhogenetic effects of Ay 22, 342 or ecdysterone in the

strain resistant to aminocarb.

Gelbic and Nemec (1978) reported that topical treatment

of 5. littoralis by 0.2 mg/larva of altosid during the last

inastar or shortly after the molt to the penultimate instar

delaved pupction and elicitzd axtra larval mnl' s, accompanied

by accumulatiocn «f glycogen and fat and changes in water contents.
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MATERIALS AND METHODS

Part 1: Identification Of S. littoralis

Moths from all tests of Part II and III were kept in

10% alcohol pending the dissection of their genitalia. The

genitalic identification of S. littoralis was based on the

work of Brown and Dewhurst 1975, and Wiltshire 1977. Sixty

males genitalia were dissected in Puri's media and examined

from ventral and dorsal sides.

Part 2: Toxicity Studies

1.

Insecticides and concentrations.

The following concentrations were freshly made for each

insecticide in tap water:

8.

Methomyl (lannate) 90% WP (S-methyl N(methyl carbamoyloxy)
thicacetamidate).

Concentrations: 27, 13.5, 6.75, 3.375 and 1.6875%. a.i
Chlorpyrifos (dursban) 40% EC(0,0-diethyl 0-3,5,6-trichloro-
2-pyridyl phosphorothiocate).

Concentrations: 2' 1' 0.5' 0025‘ and 0.125%¢ a.i

Cypermethrin (ripcord) 40%EC(X-cyano-3-phenoxybenzyl 2,2-

7dimethyl-}e(2,2-dichloroviny1)cyclopropane carboxylate) .

Concentrations:1,0.5.0.25,and 0.125%a.i in 1978 experiment,
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and 0.5, 0.25, 0.125, 0.0625 and 0.03125a:i in 1979 experiment
d-Control with tap water,

2. Insects:

{a) Hearing of 5, littoralis in the laboratory and the

field for experimental purposes:

Medicago sativa (alfalfa)and Nerium oleander leaves were

used as oviposition sites inside the cages containing the

mating moths in the laboratory, DBatches of S. litteralis were

incubated at 25°C in plastic cups (200 c¢c). The hatching
larvae were kept on alfalfa leaves for 5 days before transfer-
ing them to alfalfa plants under large cages in the green house

or in the field (Fig. 1 and 4).

Newly designed, economic, half cylinderical 3}.5x1.25x0.7m
muslin cages were set in the green house on half circular wires
0.3 ¢m in diameter, These wires were fixed in the ground from
both ends (Fig. 3) at a distance of 0.5 m from each other. A
side opening 2x0.25 m closed with two zippers was made from
one side of the muslin which is spread along and around the
wires. The edges of the muslin were tightly tacked to wood
timbers 5 x 3 cm placed on the four sides of the cage (Fig. 2).
In the field (Fir. 4 and 5), the sides of the screen cloth cage
vere burried in the ground, those cages were 2 x 1 x 0.7 m in

dimensione.
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The 5 davs old larvae were transferred to the alfalfa
wlanted under the cares. If the alfalfa inside the cages
wecomas insufficient, crop harvested alfalfa could be supplied

to the growing larvac.

Completely developed larvae were enclosed in smaller

wcoden cages 25 x 25 x 25 cm with a layer of sand for pupation.

After 3 days of pupatien, the pupae were sexed and 1 - 2
males with 4~5 females were enclosed in the above wooden cage con-

taining a branch of Nerium oleander (Fig. 6), and a petri dish

which contains sugar solution 107 and a sponge to keep the

roths from drowning in the syrup.

>ome Problems of Rearing.

The virus disease ravaged the larval population several
times during this work in the green house in the early spring.
The screen cloth cages in the field were the best habitat for
limitiang the infecticn. tHowever other problems arose, as for
exanrple the heavy infestation by the alfalfa aphids in the
field ard greenhouse, Also thc drastic field conditions as
the cold spells which occur early in the spring, procduced

“Loos e moths,

-t newly designed cage whiz) co=t oenly 5 JDs was helpful

3 3

in tr: greenbouse during winter “imnz, In the field they did

nat produce the reguired nuerptrs of larvae dqae to the cold
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A4 view showing wire fixing in the ground,
for making a rearing cage for S.littoralis.

3

Figo
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Caged moths with » branch of HNerium oleander

andd 2 svgar syruvp for feeding and eviposition,.
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e Equipments

LY

Syringe microburet - Model No. 5132 manufactured by

Micrometric Instrument Company. “leveland-OHIO was used.

1 e I'rocedure

Larvae were starved for 24 hours. Then were treated
topically by 3.1 of the above working solutions on the first
abdominal segment between the two black spots. After treat-
ment the larvae were watched carefully unfil the drop of in-
secticide which was applied to its back permeates or dries up.
The larvae which turn upside down or lcocose some of the applied
dose by contact to the surroundiag surfaces were excluded. Then
the larvae were separately put in plastic cups (100 cc)
covered with toilet paper and put at room temperature(averagaZd%)a
Then they were scored for mortalities after 24 hours. Dead
and semi dead larvae were countad after poking or prodding

themn with a pencil to ensure their death,

The mortality percentages wsre adjusted by Abbott's formula
FPirnoay 1971. Three replicates were run for vach concentration

of ir ecviiades on four seprnrats zrouns of 3. littoralis.

A

Thos stuadard methods <:t fer detection of insecticide

resistenss in lleliothis zea and 1. virigcens {‘nnonymous 1969)

-
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were mostly applied in this work. As no diapause problems in

5. littoralis as in H. viriscens or H. zea, the larvae were

not held individually on synthetic media or subjected the moths

to certain light regime,

In this work eggs or newly hatched larvae were sampled
for the toxicological tests (not any larva used was beyond F,
as recommended) from alfalfa fields and larvae were bred on
the alfalfa in the laboratory until they attain more than 3 cm
in length. Treated larvae were held on the diet during the
postreatment observation period. Mortalities of the control
in this work never reached 10% at which results should be

discarded,

Fifty larvae at each of the five dosages (taken in two
years period) and a control were treated on each of 3-5 dif-

ferent days.

Part 3: Effect Of Sublethal Deses Uf Hormones And

Insecticides On lLeaf Consumption.

1. Reagents and working solutions:

a. ZR-51%{Altosid){methoprene) 1%{(isopropyl 1,;1l-methoxyl-
3,7y11-trimethyldodeca~-2,4~diencate).
be. C1BA 13339 L thyl h-(b-henzyl phenoxy}-3-m9thy1-2-butenoatd

<, Ripcord 0.02% d=CUosntrol with sthanol or water.
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2. Equipments:

a. Syringe Microburet Model No. 5132 (Micrometric Instvi-
ment Co.-Cleveland-CHIO).

b. Photometric areameter (1.7-COR-Model 3100 Areameter}

3. Larval stock was obtained as mentioned above.
o, l'rocedure.

Two to three replicates of ten or twenty (4th instar)
larvae each {2-2.5 cm long) were topically treated by each of
the above reagents. The larvae were starved for 24 hours
before treatment to eliminate the interference of previously
consumed food with the toxicity or larval development for
ripcord or hormones treatments. The larvae were treated each
with 3/M1 of the working solutions topically applied on the
first abdominal segment (between the black spots). Then they
were separatelyv put in 100 cc plastic cups containing a dry
sand layer o»f two centimeter depth, the cups were covered with
toilet paper for aeration. The treated larvae were daily pro-
vided each by 3-4 leaves of alfalfa and allowed to eat to

their fill.

The consumed foliage was daily determined by measuring
the leaf area before and afier feeding bv wvsing the photo=-

metric areameter, the accumulated leaf consumptions of each

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



28

larvae were given in cm2 till pupation or death. Mortalities
in the treated and control larvae were daily recorded. Special
attention was paid to screening pupal and adult abnormalities
€.g. as curly wings retention of larval colors on pupal seg=-
ments etcees. - The normal pupae were sexed and each couple
were separately placed in a cage (25 x 25 x 25 cm), pending
their emergence. Adults were provided with sugar solution

10% , and a branch of Nerium oleander for oviposition. The

longevity of adults and pupal period were recorded.
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RESULTS

part 1. Identification of S. littoralis

The juxfg is a shield shaped structure midway on

the ventral region of the penis, it is derived from the fused

gonapophyses of the 9th segment gonopods. It has a function

in supporting and guiding the penis (Fig. 7).

The aedeagus (Fig. 8 a and b) is the terminal portion of

the penis or phallus, the caudal end of aedeagus invaginates

and forms a structure called the vesica or endophallus. The

invaginated endophallic tube is the vesica, it is eversible

from the tip of the aedeagus, often bears various sclerotized

spines, scobinate patches... etc. termed cornuti. The cornutum

enters into the bursa copulatrix and may serve a close fitting

into it.

Ventrally, claspers of S. littoralis were broadly dilated

Also the juxta appears

Ba) |1t

at bese and located on the valves,
from the ventral side with its rectangula® shape (Fig.

arpears £ixed on the ventral side of the asdeagus and arti-

culaitvd with #he sacculus.

The aedeagus was examined deyrselly to see the cornutum,

which i= obtuse, rounded apizas : vith a smpl? subapical tooth
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and a tuft of needle-like hairs with brown color (Fig. 8,b).

Part 2: Toxicity Tests

The toxicity dats tabulated in tables (1,2 and 3)
were analysed by different statistical methods, These methods
were used to secure the three important toxicity parameters:

LDSO‘ L.D and slopes of the probit regression lines, Fig. 9,

90
10 and 11); also their standard errors and fiducial limits
were calculated, The fiducial limits were mostly used to
verify the significance of the differences among each of these

parameters and the others. The statistical analysis of the

data was performed by the following methods:

a. X2 test to check the right positions of the probit

regression lines which were eye fitted, tables (1,2,3).

b. Finney probit analysis and the simplified Litchfield
method, table (4) to obtain the standard errors of the

toxicity parameters and their fiducial limits.

¢. Duncan Multiple Range Test (DMRT'), table (5) was used to
check the significance of the differences in these para-
meters {ippendices I,XII and III) versus the overlapping
of the Jiducial limits (St:iel and Terrie 1960). The
overiapping of the fiduscizl limits is considered in this

work am A simpla meas:re of .o u-signific uce. This simple
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method was used by Kunkel 1973, in his work on the effect

of the JH on Blatella gprmnnica.

samples of S. littoralis were collected from two regions

in the Jordan Valley, Shouna in the north and Dier Alla in the

middle of the Valley in two different seasons 1978 and 1979.

Three insecticides were chosen against S. 1littoralis on
grounds of the history of the insecticides used against it in
Jordan. Lannate was officially used since November 1971
(according to the Certified Insect Records of Ministby of
Agriculture , dursban as a close second to it as it was used a
mouth later in far less areas, whereas ripcord is not used
yet. 1In addition each of these insecticides pertain to a

different chemical group.

To follow the yearly variation in the response of the
leafworm to these three insecticides, the 5. littoralis was

sampled from both areas in October 1978 and 1979.

The three toxicity parameters, LD50, LD90 and the slopes
of the probit regreasion lines, are in full agreement on the
fvliowing declining ordor of the toxiczity of the three insecti-

cides to S. littoralis in Jorden Valley:

ripcoxrd :) duraban:>> lannate. This order was clearly

observed in both sampling sites snd yvears regerdless of the

the Litchfield method. The two ma:thods however completely
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by the Litchfield method, table (4).

Duncan Multiple Range Test (DMRT) {Appendix I) showed
that only slopes of lannate 197¢ and 1979 and dursban lines
of Shouna 1978 were insignificant from each other, table (5).
However, slopes of lines of each of the three insecticides
significantly differed from the slopes of the others except
for few exceptions as shown in table (5). These exceptions
of the slopes which do not significantly differ from one

another as shown by DMRT are:

1, Lannate-Shouna 1978 and 1979 on one hand, dursban Dier

Alla and Shouna 1978 on the other hand.

2. Kipcord Shouna 1979 and dursban Dier Alla 1978.

The overlapping of the fiducial limits of the slopes of
the above six insecticide 1lines showed significant differences
between slopes of lannate and ripcord. Also it showed signi-
ficant differences between lannate and dursban except dursban
Shouna 1978 (table 6) which overiapped with the fiducial limits
of all the four lannate lines. Slopes of dursban apd ripcord
aiffercd significantly from each othergras indicated by the
ranges of their fiducial limits, However the DMRT showed
ingignificant Jifferences batwern durshan Dier Alla 1978 and

ripeord Shouna 1979, table (5).

The slopes as measured by Finvey's method represent the
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bare reality of the lines slopes as they are directly measured
from the line. The probit units were divided by the corres-
ponding log doses units which strictly apply to definition of
the slope of any line. Also slopes determined by Finney's
nethod conformed well with the calculated slopes of the lines
as determined by the maximum likelihood method, Finney 1970,
Therefore, the slopes as defined by Finney's method are used
in combination with LD and LD to verify the resistance of

50 90
S. Jittoralis to lannate.

According to this method 1annaterlines were always the
flattest of all the other lines., The probit regression of
dursban were steeper than those of lannate except in Shouna
1973. Dursban lines were flatter than ripcord lines except in
Shouna and Dier Alle 1979. The flatness of the probit regres-
sion lines of lannate strongly proves the resistance of the
leafworm to lannate. Finney's method conformed well with the
calculated slope of the line as determined by the maximum

likelihood method.

The yearly variation was exrected in the light of the

seasonal variation mentioned hy Maher et al.,, 1965. S.littoralis

1id not manifest such variation in both places from which it

wa: sua.pled in Jordan. LDS“ and LDyo data when analysed by

the DMIT (Appendix IX and 1II) did not show the yearly
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variations in the response of the leafworm sampled from both
locations to the three insecticides, table (5), However, when
the fiducial limits of the LD50 were teated by overlapping,
table (6), lannate in both locations and ripcord in Shouna
only showed no significant yearly variations, Only dursban
which showed this yearly variation in both locations. On the
other hand the fiducial limits of LD903 of lannate, dursbhan
and ripcord overlapped in both places, showing no significant
yearly variation. Whereas the DMRT showed yearly difference

in lannate Shouna only, table (5 and 6).

Site variations proved insignificant in ‘both years by the
o#erlapping of the fiducial limits of LDsos and Lngos or by

the DMRT, table (5 and 6).

The overlapping of fiducial limits which is a simple
estimation of non-significance conformed with DMRT in
most cases and differed with it in few cases. The results
analysed by Finney's Probit method are used to draw conclusions

from the toxicity data in this dissertation.

As ripcord is a new insecticide newly registered in
Jardan btut is not vet used, it can be considered as a standard
jn:zerticide. Whereas lannate is a widespread insecticide which
was extensively used in Jordan for nearly the last nine years.

Dursban on the other band is sparingly used although it was
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introduced shortly after lannate. The usage periods of these
three insecticides are well reflected in the present data, In
addition to the flatness of the lannate probit regression
lines relative to ripcord, the 25-88 X differences in the LDsos
»f the two insecticides lannate and ripcord are good indica-
tions of the resistance of the leafworm to lannate. -These dif-
ferences are augmented 90-155,4 X when the two insecticides

were compared on the basis of LD table (6).

g0°

The crosas resistance between durshan and lannate is

clarified by differences in LD 0% of dursban versus the

5
standard insecticide ripcord in the season of 1979 only. These
differences approximately ranged from 12-15 X, and decreased

to 5-6 X on LD basis, table (6). However these differences

90
may be due to field selection pressure from dursban per se
which was sparingly used in Jordan in the last few years rather

than to c¢ross resistance with lannate or other insecticides,.

Part 3: The Effect Of Sublethal Doses Of JHAS And Ripcord.

The effects of ripcord, ZR«515 and C1BA on the average
consumption of alfalfa leaves were studied during the first
3ix days after treatment and during the rest of the larval
periecd (from the beginning of fourth instar which was 2-2.,5 cm

long until pupation).in addition to their effect on the larval

The effect of the above treatments on the pupal period
{Appendix IV.d} showed no significant effect between the dif-

ferent treatments., It was noticed that the pupal period in-

creased by these cliemicals from 15.94 to 21.U07 and 22.9 days

with C1BA and Zk=515 treatment , and to a less extent 20.8 days

by ripcord,{table 7).
The effect of a sublethal dose of ripcord and the hormones

(ZR-515 and C1BA) on the average daily consumption of food
showed that ripcord significantly reduced it when compared with

the other treatments and the control, as shown in table (7).

The effect of the above chemicals on the average daily
consumption in the first six day= (Appendix IV.a) is in cone
formity with their effect on the average daily consumption
of larvae through the larval stagc. The average daily con-

sumption (Appendix IV.b) was le=s tham the average consumption
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in the first six days except in ripcord survivors only. This
was due to the fact that the daily consumption was stopped or
drastically reduced few days after treatment with ripcord then

was gradually restored.

Ripcord significantly decreased average leaf consumption
from 1%4.53 to 11,42 cmz/larva. The total leaf consumption by
ripcord survivors 69,205 cm® is less than control 96.04 cnal
larva and far less than the survivors of the two hormones

ZR=515 135.95 cm® and C1BA 111.4 em>/larva.

In comparing CiBA with ZR-515 the latter induced higher
mortalities 50% versus 37.5%, but C1BA did not encourage
higher total leaf consumption than ZR-515. Actually C1BA
induced higher daily average consumption but did not prolong
the larval stage as ZR=515 did., The higher daily consumption
caused by C1BA in comparison with ZR-515 may be attributed
to increasing growth and the overall metabolic intensity
(Kryspin-S¢@rensen et al., 1977}, or to more accumulation of
glycogen and fat or to change in water content (Gelbic and

Nemic 1978).

Ags less larvae were available for the ZR-515 than for
C1BA, the above comparisons between the two JHAS should be
conservatively accepted but not disregarded. Assuming that

the two compounde have parallel effect and their parameters
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sampled from Dier Alla end Shounawnorth in Oct. 1978 and 1979

NON Z : T05oE95% 1LDooe95H
- | : 2, Slope 'Piducial 1Fiducial
-¥) v nw | B nwx | baSy ‘li71ts {limits
i I . p.ls larvauus/larva
] | ! . §
54 | 0.636 | 31.80 | 18,1261 | 10, 332|1 2240, 2259' 3.9+2 h3.5+25.
1% | 0,606 30.30 {26,361 22, 934{
72 | 0,526 | 26.30 | 30.771 ,36 002 ;
57 | 0,409 | 20.45 | 30,062 | 44,190 |
18 | 0.282 | 14,10 | 24,957 | 44.174! ‘ !
336 122,95 130,277 157 632 ’ '
320&.95%f1050=2 : Slog:LD90=0 .1295,S.E=12.9642, 95%L1D, 0=25.41
b1 } o.as&i 12.70 07.239 | 4.126:2, 65+0.075 ,18.5+3.11 59+18.27
39 | 0.343; 17.15 | 14.921 - 12.981" :
> | 0.624{ 31.20 , 36,504 | 42.710;:
3% ; 0.622 ) 31.10 {45;717 b 67. 204 |
94 | 0.254 | 12,70 22,479 !39.788!
5781 i104.85 126.860 166.809"

57.95%£LD :3 i1 St0 S.LD

90

=0.066'1.S.E=9.32ft.95%1‘1.0 =18.27

90

Deposit

18 |

© 91,80 /
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| 0,636 | 18.126, -10 332'1.140.2195 3.6552.16 52+35.2
95 | 0.587 | 28,90 |25.143 | 21.874. ;
40 | 0.563 | 28.15 {32.936 |3B.535 |
55 | o.h12 ! 20.60 !30.282 | 4,145 :
D5 | 0.345 1 17.25 !30.533 55-053;
91 | 126,70 137.020 168.929 i
;02'95“£L050f211§j; Sl‘s.LDgo=0.1501,S.B=17.9591,95%fL090=35.2 3
12 ; 04253 ! 12,65 = 7.211  4.110 ;2 <5940.257 29.3+3.367 '60218.2575
61 | 0.hk2 | 22,10 119,227 16.727' T
31 ! 0.548 | 27.40 32.058 37.508. —
34 | 0.577 | 28.85 Ah2.h10 |62.342! =
B 1 17.25 ' 17.25 ,30.533 ' 54.043
0638 108.25 131.439 174.730

1.7178,950L0, (34367 ; S

g.LD =0,0675,5.E=9. 31‘!8 95%fLD -13 b

90 90

—-—




Spodoptera littoralis collected firxom Dier alla and Shouna«north
e ' . -
) clone Dyo295%  |LDgoto5% !
k) o P Fiducial Fiducial .
L) nw nwx nwx b+ Sy limits limits f
4us/1arva u, /larva i
00 | 0.621] 31.,05| 17.699| 10.088 2.38:9.3713‘4.9;1.188 17+5.44 !
09 | 0.591] 29.55| 25.709| 22.366 5
45 | 0,3771 18.85]| 22,055 25,804 t
B4t | 0.,154] 07.70] 11.319 16.639 | {
38 87.15| 76.782{ 74.897 l |
. | '
1.95%fL050=1.188 ; slog.L090=0.071,s.a:z.7765.9S%fL09055.qu : ;
90 | 0.616] 30.80] -0.924| ©.028 |1.57+0.234 | 1.4850.394]9.6524.28 :
03 | 0.548| 27.40| 15.618 8.902
15 | 0.405| 20.25| 17.618 15.327
W40 | 0.238] 11.90| 13.923 16,290
28 121.80| 54,727 | 42.840
14201, 95%FLD5=0.3941 3 Slog.LDgo=0.09Bﬁ,S.E=2.1888,95%fLD;0=4.28CH ;.

191
138
»48
256

133

,6938,95%¥ILD(x1.358 § S, .

0.599
0c.419
0.292
0.140

29.95
20.95
14 .60
07.00

72.50

17.071
18.227
17,082
10.290

62,670

9.731
15.857
19.986
5.126

60,700

'LD90

1.71+0.3914

2,2+1.36

=o.0854.s.s=2.3969.95%fL090=k.696 :

12.2+4,7

158
349
)00

752
228

787

;2322.95%fL050=o.4551 3 slogao.1085,s.E=2.8199.§5%fL090=5.527 3

0.629
0.624
0.548
0.419
0.286

34,60
31.20
27.40
20.95
14,30

128.45

-1,038

8.424
15,618
18,227
16,730

57.961

0.031

c2,.274
08,902
15,857
19.575

46.609

1.435:9.22J

1.27+0.455

11,345,527
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Table 4: Slopes and LD, of lannate, dursban and ripcord
-~

against S. littoralis sampled from Dier Alla and

Shouna-north in 1978 and 1979 analysed btv lLitch-

field methed.

Treatment i Slope LD50 and fiducial limits
. {
Lannate
Dier Alla 1978 8.01 ! 113(78.73 - 162.73)
Dier Alla 1979 8.03 i 105(72.88 - 151.27)
Shouna 1978 6.31 |, 105(73.17 - 150.66)
Shouna 1979 7.18 ! 112(79.28 - 158.21)
Jursban ! E
Dier Alla 1978 6.51  © 3.9(2.70 - 5.62)
Lier Alla 1979 . 2,38 ! 18.5(15.61 - 21.92)
“houna 19768 ' 7.21 § 3.65(2.33 = 5.70)
Shouna 1979 2041 1 19.3(16.24 - 22,93)
Ripcord _ i
| Dier Alla 1978 2,59 : 4.9(3.95 - 6.07) j
Dier Alla 1979 4,32 © 1.,48(1.06 - 2.06) i
Shouna 1978 3.76 i 2.2(1.52 - 3.18) E
Lhouna 1979 ; Slis £ 1,27(0.86 - 1.86) i
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Table 5: Significance test DMRT of the treatments of

lannate, dursban and ripcord against

S.

1ittoralis sampled from Dier Alla and Shouna-=-

north in 1978 and 1979.

Treatment é Slope; LD50 L090
| ;

Lannate : : .
Dier Alla 1978 ! 1.1 1132 1600 2P
Dier Alla 1979 1.09" , 105° 15002
Shouna 1978 | 1.2550 ! q05® 1100P
Shouna 1979 | 1.15" 1129 14002

; :
Durshan ; 5 l
] ) | b
Dier Alla 1978 | 1.20 E 3.9 43.5°
, b ;
Dier Alla 1979 | 2.65 ' 18.5 59°
. ! £h : b c
Shouna 1978 Co1.1 N  3.65 52
b N
Shouna 1979 ' 2.59 1943 60°
[
Ripcord
. c ¥ c
Dier Alla 1978 P 2.30 h.9 17
i ’ ok
Dier Alla 1979 | 1.57' 1,48 9.65°
t 8 b
Shouna 1978 1 1.71° 2.2 12.2°
; T ' b c
Shouna 1079 i 1.43 S 1.27 11.3
¥

L]

Msan separation within columns 2

test at the 5% lavel.

13
b

Duncen's maultiple range’
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s with fiducial limits of

Table 6: Slopes, LD..s and LD
lannate, dursban and ripcord against b littoralis *55'
sampled from Dier Alla and .Shouna-north in 1978 %_
and 1979 calculated by Finney's method, A
0
Treatment Slope(b) + s, i.ngo Eg
‘ -
l.annate i O
Dier Alla 1978 1.1(1.06-1.141)  113(69.71-156.29) h600(233.18-2966JE
Dier Alla 1979: 1.09(1.049-1.131) 105(63.06-146.94). psuo(194.26-2805.5
Shouna 1978i 1.25(1.161-1, 339)1105(68 45-141.44) 11100(358.66-1841,,
Shouna 1979; 1.15(1,094-1.206)" 112(69.23-154.77) h400(153.5&-2646:§
“nrshan : 3 f?
Dier Alla 1978; 1.22(1.169-1,271) 3.9(1. 9- 5.9) 43.5(18.05-68. 54)°
Dier Alla 1979  2.65(2. 575-2.?25)118.5(15 39,21, 61)459(h0 73-77.27>
Shouna 1978 1.18(1.052-1.148)] 3.65(1.49-5.81) }52(16 8-87.2)
Shouna 1979, 2.5&(2.424-2.656)§19;3(15,93&19.66)‘60(41 74-78 25)
; {
liipcord ! ) ]
Dier Alla 1978' 2.38(1.99-2.76) ,'h.9(3.71-6.08) 117(11 56~22.,44)
Dier Alla 19?9- 1.57(1.515~1.625)" 1.48(1.08-1.87) }9 65(5 37-13.93) :
Shouna 1978% 1.71(1.23-2,18) ;-.u(o Bh-3.56)" 12.2(7.5-16.9)
Shouna  1979) 1.47(1.421-1.519) 1,27(0,81-1.72) !11 3(5,77-16.82)

!
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Table 7: Effect of sublethal doses of Z2R~515, C1BA 13339 and ripcord an larval
leaf consumption, larval and pupal periods and the wmortalities of larvas

and pupae of Spodoptera littoralis. .

[

| No. of | Total Average daily| aAverage daily Average |Average [, of{Mortse T
! treated Conaump~- |leaf consump-j leaf consump-i larval [pupsl jobrer= lity |
Treatmant larvae | tion tion in the from treat- perioad _vpﬂwoﬁ ?ﬁw mw9EWcM§+
2 first 6 days ! ment until _ | in days ;jin dayz adultsipu;se
cu”/larva of ,treatwent | pupation nsr; m m R :
_ _ cn /larva larva _ | m m ;
M» ” m ” N " .”!Jlﬁiu'-‘i.
3 " @ a I b _ ' ' :
Control ~»° ;- Wmior " u.’ Owﬂ i ﬁh— OWU , m mcaﬂ i #ﬂo@w,u M Om\uu " pide ] "
: _ : ) { )
ZR-515 . 20 i 139.95"  15.39° t15.13" 9.25" 1 22096 7/10 | sc m
| | p | | | . |
_ m a a a \ bL ; m m m
C1BA 13339 4o | 111.40 16.95 15.78 7.06 . 21,07 th/asi 2vls _
_ ; | m | " \
: _ . b b b \ w i
Ripcerd i 40 ! 69.20"° __ 10,54 11.42 ! 6.06 , 20.870o/21 | ke |
! : ﬁ i m “ ”
: . ; \
! ] | | e : _

Z Mean separation within columns by Duncan's multiple range test at the 5% level,
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DISCUSSION

The genitalic identification of the males (of which

parental larvae survived the chemical treatments) in this work

proved that they were S. littoralis, and not the other species

of Spodoptera and especially not S. frugiperda which was

reported in the Jordan Valley by Wiltshire 1977. The three
genitalic parts: claspers, juxta and cornutum in the sixty

males used were positively those of S. littoralis according

to Wiltshire 1977 and Brown and Dewhurst 1975.

Up from one case of resistance in 1908, there were 12
species with resistant strains in 1940 and more than 364 in

1975, Georghiou and Taylor 1977.

Fnctors which influence the evolution of resistance in-
clnde the initlial frequency and dominence of alleles which
scnfer resistance, inward noigration of unselected individuals,
refucia, dose of insectiride snd timing of application,Georghiou
ar! Tevior 1977. Thoay examined and quantified the discrete
i, "iuence of certain genetic and biological factors in the
¢ :wlttion of resistance. Tra cperational factors concerned with
~1 stetura of the chemical, its persistance and relation to
earlier used chemicalz can ke counrolled in contrast to the

gentic and the majeriry of tihe biclogical fuc ors. Also the
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2, The yearly replenishment of S. littoralis population

after the drastic suwmmer conditions by inward immigrants

which dilutes the genetic pool of this leafworm.

3. The reproductive disadvantage of the resistant leafworm,

Atallah 1971 and Abo-Elghar 1971.

The operational factors, Georghiou and Taylor 1977, as

timing of application, dose of insecticide, spot spraying etc....

are not controlled in the Jordan Valley. The Jordanian farmer
is intensively applying insecticides af the appearance of
symptoms and not at economic injury level. Pesticide sales in
Jordan attained more than 2600 tons of 318 different pesticides
at the cost of more than 2.4 million J.Ds in the last four years
(1976-1979) according to the certified insecticide record -
Ministry of Agriculture - Jordan. The lannate sales attain
more than 260000 JDs far @ore than those of dursban 12800 JDs.
This may overbalance all the above genetic factors and accele~
ratez the formation of resistant strains in Jordan. Therefore,
it i2 highly expected from the usage of the three insecticides
that lannate stands ocut es the insecticide which had a strong
ii0ld melective pressurn. Its intensive use in the last nine
vears jnduced resistance fnto the population of the leafworm
ar:i 1ay be crose resigtarce to other inesecticides as dursban

or pyrsthroids as ripcord.
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The source of the leafworm may have its role in the rate

of the evolution of resistance in S. littoralis , Odent et al.,

1976 in Turkey, Moustafa et al., 1977 in Egypt. Therefore it
was sampled from two locations north and center of the Jordan

Vﬂ.lley.

Results analysed by DMRT showed that there was no signi=-
ficant site variations in the resistance of the leafworm to the
three insecticides. Also there was no yearly variation in their

toxicities expressed as LD50 and LD The slopes of the pro=-

90°
bit regression lines did not apply to the above rule only in
the case of ripcord 1978, 1979 and dursban 1979. Therefore the

presence of two different strains of S. littoralis in the north

and center of the Jordan Valley is declaimed for two reasons:

1. The difference in the toxicity of the three insecticides

expressed as LD__=s and LD .8 to the leafworms sampled

S0 90
from the north or center of the Valley proved insigni-
t*icant by DMRT. Also their fiducial limits were over-

i
lapping conferming the insignificance of the site varia-

tions except ripcord 1978.

Ce Allezyme variatione in the natural population should be
studied according to 5luss snd-Graham 1979 to settle the
aveclutivn of twe differ~nt strains in the north and center

of the Yalley.
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There are different ways to reveal and quantitate the

resistance of a pest to the insecticides:

(a) Hesistance can be quantitated in comparison with a
laboratory susceptible strain, Harding et al., 1977«f. Crowder

t al., 1978.

(b) Resistance can be measured by the determination of

LD50, L090 and slope of the probit regression line of different

insecticides. The field insects showed higher LD50, LD90 values

and flatter slopes to the insecticides which they tolerate than
to the other insecticides especially those which were not used

i

before in field application, All et al., 1977, and liall et al.,

Unfortunately an international agreement on the limits
which are put to consider an insecticide being weak to a cer-
tain pest is not at hnnd.l Except for considering 10 X dif-
ference a3 a limit between tolerance and resistance according
to Keiding 1956 c¢f. Toppozcda 1966, also except for such dif-
ferences in LDsos given by other workers on other insects,

there ig no other standerd to compare the relative resistance

of €. littoralis to the thre=z insecticides.

Thye differsnce in LD50: of lLannzte and dursban obtained

hzs work ageinst 5. litioreliec may ba accepted or not

Vo ek

accepted as resistance levsls when ccwpared with other resis-

er

.

+ane - levels in othe  ipnsocta. Tho oaldrin resistant strains

k.
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of three rootworms Hylemia spp. showed resistant levels to

aldrin higher than the susceptible strains 504X, 1213X, 947X,

and to chlordane 119, 238, 90 X, Harris 1971, These differences

far exceeded those obtained in this work.

The methyl parathion tolerant field Heliothis viriscens

in Arizona showed higher LD50 values and flatter slopes than
the susceptible (domestic) strains to bidrin and permethrinj
about 6X differences was noted between the LDsos, Crowder et
al., 1978. Davis et al., 1975 cf. Crowder et al., 1978
reported a 5X higher susceptibility to permethrin in an
organophosphate susceptible strain compared with field col-
lected strains of tobacco budworms in Texas., Harding et al.,
1977 cf, Crowder et al., 1978 reported a 21X difference in
LD_.s of bidrin between laboratory methyl parathion suscep-

50
tible and field collected strains of tobacco budworm in Texas.

In Arizona levels of tolerance to methyl parathion had
incressed by 1977 to 12X the 1972 values with decreasing dose

probit mortality slope values, and 20X when compared to the

demostic strain of Heliothis viriscens which has been in cul-

ture without insecticidc challenge since 1965, Crowder et al.,

1979.

In Jordan there is no toxicity data of lannate against

S, littoralis since its introduction in 1971 and of dursban
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which was introduced few months later.

In Arizona pyrethroids are recently introduced against
the organophesphates resistant tobacco budworm. Spectacular
differences in theilr toxicities and those of organophosphat?
are noted. All et al., 1977 reported that permethrin had an
LDSO of 0.12/ug/g compared to 0.53,ug/g for methyl para- |
thion (about 4.5 X differences)., The difference between these
two compounds was even more pronounced for the Arizona popula-
tion in which a 132 X difference was noted, Crowder et al.,

1979.

In Jordan, the spectacular increase in the concentrations

of lannate sprays against S. littoralis in the three years

~

1972, 1973 and 1979 supports the resistance build up of the
leafworm to lannate. It was recommended in 1972 to use 6g of
lannate 90% per 20 liters of water Annonymous 1973, It was
further increased to 8g/20 liters of water in 1973, Kabour
1973. 1In 1979 a drastic increase of the dose to 10-15 g/20

liters water was recommended, Sodah, 1979,

In Jordan Valley on LD50 basis ripcord was many times
{srbout 25-88X) more toxic than lannate and far less times
12-15 X(in 1979) more toxic than dursban. Also dursban was

many times about (5-28) more toxic than lannate,( table 6).
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consumption in the firat six days which is less than

the cumulative daily consumption.

The total leaf consumption was increased over that of

the control by the JHA treatments, while it was decreased

in ripcord treatments,

PR, o

.-
.
__-Jf
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CONCLUSION

Spodoptera littoralis in the north and center of the

Jordan-Valley had developed resistance to lannate {(due to

its intensive use in the last nine years), and some tolerance
to dursban {which was less used than lannate). No signifi-
cant vearly or location variations (with few exceptions) were

observed on the basis of LD_.s and LD_.s in the toxicity of

50 96
the three insecticides to the insect, which may indicate that
there is no different strains of the insect in the north and
center of the Jordan Valley. 5o it is time to apply judi-
ciously dursban or other organophosphates to prolong their

useful life time and then in the long run ripcord or other

pyrethroids in these areas,

Juvenile hormone analogues (JHAS) are less toxic than
insecticides and they increase the average larval period,the
average pupal pericd and the total leaf consumption, so they
should not be used alonez unless they are generally equitoxic
to insecticides or the JHAS are integrated with compatible
inseeticide=z, which wili restiriet the demage of the survivors

and belance ithe adverse gffe:ts of the JHA survivors.
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APPELLIN ¢

Duncan Multiple Raugs .sut ki) on slopes of the
three insecticides (iunnate, acrsban and ripcord)
against Spodoptera iittoral;-: aampled from Dier Alla
and Shouna-North in 1973 und i979.

I.a; Slopes per plot for the three insccticides against
é. littoralis in 19?8.

Area
Dier Allas Shouna-North
P I| IX| III Total ¥ I IX | 111l Total

Insecticide

Lannate 1.17)1.19] 1.05] 3.411.13] 1.07 1.49]1.07] 3.63 h.21
Dursban 1.48]1.41| 1.08| 3.97 1.321 1.,07|1.13[1.34| 3.54 k.18
Ripcord 2.2312.3111.85| 6.39 |2,13 1.5211.3812.02]4.92 B.64
Total 4.8814.91)3.98{13.77 3.6€[4.00[4.43|12.09

I.b: Total slopes per plot for the year 1978,

Rep. -
ﬁ;sﬁxxh\ﬁﬁhﬁr I I1 I¥I | Total X
Insecticide
Lannate 2.24 [2.68] 2.12] 7.04 2.35
Dursban 2.55 |2.54] 2,42 7.51 2.50
Ripcord 3.78 3069 3087 11.31 3.77
Total 8.54 {8.91| 8.41 25.86
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I.c: Analysis of variarce !ox the slopes of the year 1978.

T r Observed| ltequired F
Source c¢f variation [df s . M%S H F 5% 1% ...
Total 17| 2.38342
Main plots 8| 1.52801%
Blocks 2{ 0.0224
Insecticides 2! 1.8274 | 0.9137 | 46.85 | 6.94 18
Error(a) 43 0.0782 | 0.0195
Areas 1| 0.1568 | 0.1568 2.53 7.71 21.20
Area X blocks 2] 0.,2597
Areas X insecticides| 2| 0,2422 | 0.1211 1.95 6.94 18
Error(d) 4| 0.2475 ¢ 0.0619

I.d: Slopes per plot for the three insecticides against
S. littoralis in 1979.

Area
Dier Alla Shouna-=North
Reps

I IX III| Totali X I IX III| Total] X
Insecticide
Lannate 1.0311.031.14| 3.20 (1,06} 1.15|1.12{1,03]| 3.30 .10
Dursban 31.5212.4912.80] 8.81]2.93 | 2.,5712.58|2.40( 7.55 R.51
Ripcord 2,222,000 (1.41 | 5.63 1.87 | 1.4211.31|1.63] 4.36 [1.45
Total 6.77 |5.52 535 |17.64 5.14{5.01!5.06 |25.21
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I.e: Total slopes per plo: for the year 1979,

; T _ [
RGp ™ ! ! ; - :
11 I7I ] Total X
Insecticide :
Lannate 2.18[ 2,151 2,17 6.50 | 2,17
Dursban 6,09, 5.07 .20;16.36 5.45
}
Ripcord 3.64 .31 1 3.04}1 9.99 13.33
Total 11.91]10.53 bo.41 12,85

I.f: Analysis of variance for the slopes of

the year 1¢€79.

Source of wvariation {df S5 MS Lbserved Required F
F 5% 1%

Total 17| 9-8657

Main plots 81 8.7303

Blocks 2! 0.2316

Insecticides 2| 8.3321 | 4.166 |99.665 | 6.094 18

Error(a) 4] 0.1671 | 0.0418

Areas 1] 0.3281 | 0.3281] 3.0691 |7.71 21.20

Areas X blocksa 2] 00,1721

Areas X insecticides| 2| 0.2070 | 0.1035| 0.9682 | 6.94 18

Error(b) 41 0.4277 | 0.1069
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I.g: Total slopes per insecricide plot over the two years

(1978 and 1975).

N ‘”‘7 E .T ; - —:.
; Ingecticides - i1, I*Al Total , X i
i ~ ) - ! | !
! ! T I ; |
, Lannate P beh2] 50830 4.29: 13,54 b.51 |
' | } : ! i :
| Dursban g 8.6k’ 7.61: 7.621 23.87; 7.95 ¢

! | | B | :
y Ripcord ! 7.39 | 7.001 6.91 21.30| 7.10
: : ; , : ‘ i
Total 120,45 115.44 18,82 58.71 | ;

' ‘ 1

.

L

{

'
i

I.h: Analysis of variance of slopes over the the two yeara.

f;ource of variation !df ; SS : MS i Observedi Required F E
T B S A
éTotal 217 524.03215 E i §
fMain ﬁlots g 8 % 9.935#; ; E %
' Blocks P2 ; 0.2257 | ; ; ;
EInsecticides } 2 i 9.6407% 4.8203E 279.43"% 6.94 18 :
' Error(a) 4! 0.0690 ! 0.0172] | E
ZYears 1 % 2.71&53 2.7145E 23.16° g 5.99  13.74;
zYears X insecticidesg 2 f10.6789} 5.3394; us.55°" | 5.1 10.92:
| Blocks X years 2 0. 4214 ! 0.2107, , |
EBlocka X inaecticidoJ ; i { E
! X years D4 ] 0.2319! 0.0704 ?
EError (b) ie E 0,7033 | 0.1172!
l | :

1
1

[ - -

TP
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v a2
Correction factor (c)} = (Sg'ill» = 191,49

SS Total = (2.24)z cesees (3.08) ~ ¢ = 24,0321

(4.42)% ... (6.91)"

SS Main plots = 5 — = c = 9.9354
(20.4532... (18.82)°
S8 Block = 3 - ¢ = 0.2257
(13.54)2 s (21.3)2
$5 Insecticidss. = - ¢ = 9.,6407

6

SS Error(a) = S5 Main plots - SS insecticides =55 blocks=0,069

(25.86)% + (32.85)°
SS Years = ' - c = 2.,7145
9

(7.06)% ... (9.99)2
5SS (insecticide X years) = -c-insecticides
3

- 5S years = 10.6789.

(8.58)% ... (10.41)°2
55 Blocks X years = 3 -c= S5 blocks =55 years,

= 0.4214

SS Blocks X insecticides X years = 55 total~SS Main plots
- SS years - SS insecticides X years - S5 blocks X

yvears = 0,2819.

$SS Error(b) = S5 Blocks X years + SS blocks X years X insecti-

cides = 0.7033.

MS treatment
MS error

MS = == . F =
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Mean separation by DMRI method:

& 9 10 11 12

R
\n
[=a
-3

P 1 2 3
2,93 2,51 2.13 1.87 1.64 1.45 1.32 1.21 1,18 1.13 1.10 1,06

1 1.02 1,02 1,02 1,02 1,02 1.02 1.02 1.02 1,02 1,02

S$S8Dh=0.1483 0.1512 0.1512 0.1512 00,1512 0.1512 0.1512 0.1512 0.1512 0.1512 0.1512

2.93 2.51 2.13 1,87 1.64 1,45 1.32 1.21 1.81 1,13 1.10 1,06

a b c d e f fg gh gh h h h

* Values of R 5% from tables.
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Duncan Multi

+le Range Test (DMRT) on LD

(lannate, dursban and ripcord) against Spodoptera littoralis sampled

APPENDIX II

50

5 of the three insecticides

from Dier Alla and Shouna-North in 1978 and 1979.

il.a: rvmcm per plot for the three insecticides against S. littoralis.
Axrea
Dier Alls ! Shouna~North
== | 1w Jeeem] £ ] 1] x| -
T 11X Tot X | I
| Insecticidos- | 11 M | otal | | 1 » X uHHH _eonmw X m
m m i f “ 3 : : H .ﬂ
; Lannate . 105 1132 | 115 ;352 mwmo.mm“ ww.o"pmw.co _ 94 _upm 104 i
e o e — e P . m. R - T RTEY TP -_ . ——— |+Fi.' B e B et l.nml.l.l.l..l.l!.,.. A o — .+\¢.|.l!..|'l.l| JUPERRIN Y ISU ....IJ
. Dursban © 4.0l 30950 4 1 12,75, h.25] :.mﬁ 3.75 1 h.650 13 1 4. 33 “
A — cam - - s LTI ICRIPTY SRS -ﬂ ....:.3-.1..4.‘ e | - i R |vn| e B b R
i Ripeurad m m.mom 5 “ p.qu pm.mm“ m.;aw 1.91 1. mu ke “ 7.53] 2.51 |
N A EpT S - -|‘,“ i.:,-,.l-eg.:ﬂi, f:--+-:|-..,;-e-::-f- ——— h-=a||;-ﬁ;:;!i:::;
' Totes w HHA.LO 140.95 123.75, 381 | 1100.5,129.28 | 102.75!332.53| M
- - - C—— ....l.. . B et DI PR plr L (—l‘l! o lril 4 e ———— ......_ o - o ——e— ‘..I;II\P.I! I.I..l..nl..lc—ll - et ?
II.b: Total ramOu per plot for the year 1978.
. T g o
“ | m 1 - _
_ 1 | 11 ! xxr ! Totar | X |
f Hbmonﬁvovna | i I ! m
) PR - -.11~ s R S
! Lannate | Hom .00! 256. cc_mcw 00 664. 00} 221.3 |
4-.||l||||l.r»| — e - ﬁ...ili ——— -‘.I.M|< —r— - l.— — .. |||Ill-|l|'l|.f| — 1|~ e - e .—
P Dursban W. 9.40 ! ﬂ.ﬂo“ 8. mmh 25, um_ 8. mm M
L L B PR -t e e e e A ewadme e Cemm e - * e e h imeme
{  Ripcord | 8.40, 6.53] 8.85 23781 7.92 m
b e “: - ‘.|n.i.¢ - --h» .- .r - : “ -
| .
! Total | 216.80° 270.23! 226, mc 713. mu_ “
L - . o
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IlI.e: Total hcmom per plot for the year 1979,

I

” /ﬁ | | w “ i
M ! : i L% _
i Insecticides~t 1 m i1 ! 111 “Hoﬁmw i X |
i ] : i
| Lannate ﬂpmo c. 237.0}259. oo.mam oo_mmm 33 _
| Dursban | 36.11 40. m_ 39.50]116.10 38.70 |
: ' t
i Total 1229, m_:mc.udwcm 17 m»m 77 m
— )
1I.%: Anulysis of variance for the rum s of the year 1979.
wourcee wi variation M&H ” 55 m M5 wcvaH<on Required F
L ! ! 5% 1%
H 13 T
_ | |
Total “ 17 w mmmru .28 m m _
Main rlot M 8 45246.20 ¢ m “
f : !
Blocks M 2 459.14 m “ “ _
Insecticides m 2 Mpuwom.pm | 21999.22 “»»H.mmam.. | 6.94 18 “
Error (a) 4 w 788.61 1 197.15 | w M
Areas 1! 0.286  0.286 0.0034 7.71 21.20 |
Areas X blocks 2 ~ 256.03 | w | “
Areas X »:mnnn»owaou_ 2 “ 6.79 “ 3.39 _ 0.0409 i 6.94 18 “
' | i i
Error (b) 4 | 331.98 | 82.99 | | _
i ! |
] _ | ] i
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Ji.g: Total rcmcw.cmﬂ insecticide plot over the two years(1978 and 1979)
e B
Lo Bep. | g | IIT | Total | X
f.»&wonwwnwam_ i
| ?..|i-n.:,|ri.....|-n...l;.1l.:-!..lt1l:-.*...il e et e e e e wat .p..llld !..l...l..ll]v.
” l.annate “ 389. ccv 4913, cch 486.00 1135C 00 _:mo.oo
! Dursban ' 45,50 48.20) 48.15 ] 141.85 1 37.28
* x»wnoﬁa w m.:c, 9.73 12.52 34.45 _ 11.38
e e e e 4..!!!-.!!1 lllll l_r. f
1 Total .h;rm.ﬂo“ 550.93] 528.67 [1526.30 |
U SN RS T +
IZ.k: Aralysis of variance of rcmom over the two years.
Source of variation df | ss i ms jobserved } Required _
I _ ! 5% 1% |
Total _»w wumuwow.ucw “ " _
Main plots _ 8 Mpmuuup.uu_ m “ w
Blocks [} M 1004 .36 _ _ _ _
Insecticides m 2 "Muqmuw.mmm 88939.811 145.36 Y 6.94 18 “
Erroxr (a) Pa o 2447.35 1 muﬁ.mrm | |
Years _ 1 mpu.»m“ mru.am“ 3 M 5.99 13.74 “
Years X insecticides | 2 804,36 ! pom.ﬂm_ 2.36 I 5.14 10.92 ﬂ
H . |
Blocks X years _ 2 pmr.cm“ ! |
Blocks X w:mannwo»an " ! ; M m
X years Py 565.21] 141.30; 0.8318 m
Error (b) |61 1019.27] 169.87] M “
[ i i i !

Mean separation: By Duncan Multiple Range Test (DMRT) method.

s & aar A3 44177 2

—+

LSD = 27.9315

1nk 1.7 10

s_41 &4.11% 4.25

2.51

2.05

ﬂIWOO
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IIl.x: LD, s per plot for the three insecticides against S. littoralis in 1978.

Duncan Multipla Range Test (DMRT) on LD

{laanate,

APPENDIX IIX

90

from Dier Alla and Shouna-~North in 1978 and 1979.

90

3 of the three insecticide

durasban and ripcord against Spodoptera littoralis sampled

Area
m Dier alla | Shouna-North
- " I
T—~&ep. m o e o gy _ -
mHummne»ow 5 _ 1 m 1I mHH» “ Fotal w X | I “ IX “ I1X _ Total X
. . . i i ! |
mvmunpﬂm Mawoo.c 1550.0; 1950 “pmoo o 1600. ooﬁupmom mmc“ pmo.o* 3840, o, 1280.0
' Dursban w um.ow \L.m~ 60 | amm.m" 42,8 | mm_ pw“ 40.5! 15k, m_ 51.5 |
f- i ) I ' ;
wmparos, L 19,b¢ Hm.o, 23 i 60.8, 20.26 uuw u” 17 .5 ¢u.m_ 14 .5
: T : ; i r T i
L To bl ,kum.mwaaoo.mwmcuu kmmw.u“ wummmm wcm“ 1538 4038 _ “
iII.b: Total rmwo per plet for the year 1978.

! ep. M ! “ * - ]

_ {1 ] I | IIX | Total x o

| Insecticide i “ { \

| n — : —

f i _ ! .

| Lennate 2780.0{ 2430.0 ufc.om B640.0| 2880.0 _“

i

" Dursban “ 101 “ m“.m“ Hoo.mw 283. om 94,3 _

_ ! i " |

“ Ripcord H um.m“ 3t m po.m“ uor.wh 34.7 M

: u 0 T T

! Total m mwuu.mm 2542.5, 3571 “ 9027.3] m

| _ ,
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ITI.c: Analveis of variance for the LD

s of thes year 1978.

90

R e o e e I
“ . # “ [ | ob ..—4 !
i et i served Required F |
m Source of variation | df _ S5 MS w F “ 5% 1% _

w..l v —— ..-ls...ll:..(f.l.ilnr....illlll-rI_..l...l,l.ln..llll TR P S SRS S — e ——— s s e —— _

b rotal 17 |8538966.49 | M ! “

| Main plots ! 818186868.99 * ,

| Blocks m 2| 90421.60 |

| Insecticide. | 2| 7929419.98 3964709.99 236.602 " | 6.94 18

| krroxr (a) Loy 67027.41!  16756.85]

| Areas 1] 90881.200 90881.20]  2.147 7.71 21.20

| Areas ¥ biocks 2 29040.90 i i "

! H H

| arsas X insccticides| 2 , mmmmu.upm uuwpo.mm" 0.7428 ” 6.94 18 ﬂ

| Error (1) | 4| 169294.09] 42323.52: w

o P | “ “ _
i ! ) | _ _ !

: : _
me.pd Lbgos per plot Tfor the three insecticides against 5. littoralis in 1979.
Area
“ W |  Dier Alla Shouna-North m
e [ 1] 2z Tz | 2
_ Insecticidgesy I | I | 11 "eo*up | X X | 11 | III | Total | X
4 w 4

ﬂ Lannate amco.omummch 1870 mmumo.omuuuu.omwuoo.om»ﬂmc.o"mooo.o_mOmo.c_ﬁmmu.oo |
| Dursban 58.0, 66] 60 m ﬂmp.om 61.3  60.0 m;.o” 64 .0 umm.o“ 62.60 |
¢ Ripcord ‘ m.wm m_ 13 m 27.9 _ 9.3 um.mm ﬂw.mh 7.2 um.mm 12.16 w
| I ! ” h |
! Total mnmmp.o_awm:_ 1943 “mmUH.w“ "Huqm.m_ﬂmum.m“noun.mwmmqr.m_ m
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Iil.e: Total LD, 8 per plot for the year 1979.

90
_ Sp. | | * _ . ﬂ
| ReR: '\ x j 1z | 1II | Total | X #
Insecticides™ ! | | i
. | } ; m
' Lannate | 2900.0] 3600.0 | 3870.0 | 10370.0 ;| 3456.6
| bursban | 118.0f 130.0! 124.0] 372.0 | 124.0
| Ripcord | 23.4 20.81 20.2] 644 21.4
Total _ 3041 .4 uﬂmo.mm pour.mw 10806.4

IIL.f: smalysis of variance for the rcwom of the year 1979.

P Goupce ov variation | df SS MS Observed | Required F
S ! ! F I 59 19
m Total mpu “wpqmmowm.uw# w |
m Main piots | 8 ]11709561.92 | | | |
M Blocks M 2 ; mkumo.omﬂ “ m w
| Tnsceticides “ 2 mpuwmmmmw.mo_ 5729444 .84 | 86.065 16,94 18 m
_ Error {a) “ 4 ! mmmmmm.mm“ 66571.07 | " M
" Areas “ 1 ! 3680.80 | ummo.mo“ 0.9082 “u.u» 21.20 “
w Areas X blocks w 2 m pkrwm.rm_ ” _
| Areas X insecticides " 2 i 24150.86 w pmoqm.guw 2.9797 wm.op 18 “
Error {(b) “ 4 _ »mmow.u»_ w w
1 J | ;

5052.42 |

’_.

i
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TXX.g: Tuial FDQOm por insecticide plot over the two years(1978 and 1979).

———— o " e B o Y S e S M et A W Al e — e oAl AL b =k S o —

wf:f Rep o # | m _ H-:-i:;.
t { i IT | III | Total X
“ Insecticidse 1 m l% f
B e B S S
w Lannate % momo.cﬂ mouc.o“ 7300.0 “HwOuo.o 6336.6
| Dursban “ 219.0 nuu.m_ 224,5 | 655.0; 218.3

i I
| Ripcord | 66.27 51.8% 60.7 | 178.7 | 595
NN NPNS SUIMIUCTIRII NESUIRSPRPUG! RN SOOI NI ]
| Total “ mwmw. 6293. u*-wmmm.r “uwmpu 7

i

O - AURUNURUUUNY WU U |

ITI.h: Analysis of variance on‘rchu over the two years (1978 and 1979).

T iource of variation |af | §s | wMs | observed | w@am»nog %
U SN SRS NURUDUIY NN N S
| Total | 17 1 39946663.83 | | m ﬂ
i Main plots “‘ 8 W 39157326.83 | | _ |
“ Glocks _ 2 m 244504 .00 m . ! m
m Insecticides | 2 ! 38430598.11 muwnHmwww.omﬂ 159" w 6.94 18 w
t Error (a) | 4 .m 482224.,72 | 120556.18| w _
w Years “ 1 “ 153801.00 “ HmumOH.ooM 3.187 ﬂ 5.99 13.74 _
| Years X insecticides | 2 | 346022.16 ﬂ 173011.08{  3.585 i 5.14 10.92 |
m Blocks X MbmaOﬁwanau” 2 w Hcmuur.uo, m “ w
| X years m 4 W 184399 .28 m 46099.57! 0.9553 “ “
e A N i W siicd AR ﬂh

Mean separation: By Duncan Multiple Range Test (DMRT) method.

1773 1683 1600 1380 62.6 61.3 51.5 42.8 20.26 14.5 12.16 9.3
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IV.c: Average larval purisd {days) for S. littoralis,

e+ it ——— g A - 4 mim ks im ok M b b e oo M om e 4 e
T . i ———— e ¢ bk e =y

3 i B . }
1 ; ' .

| .1/ 1I. IXI; Yevald ! X ;
| Treatmenti~ i ’ i ;
! control § 8.35 r6 60} 4.90. 19.85! 6.61
ZR-515 :11.go 9.40; 7. 105 27.76! 9,25 |
. C1BA 13339 | 7.30 ;7. so' 6.40' 21.20 7.66 |
E Ripcord E 7.12 .7.,85 3. 5~i 18.20; 6.06 !
L~Tota1 | 34,03 31 08 '21.90] 87.01
VI [ k..._.._......-_-._.-4_._.__...,._L e e+ a et ke g S o e S s

Analysis of variance for average larval period

' Source of variation! df . S5 . MS | ObserEd‘ RBQU1PBG F

f o e S e 5% 1%
rOtal : 42 86; rﬁ. "'"‘"“"‘""‘ —-g—— T T "t

i  Blocks 2 }20 o1, ; i

i Treatments P03 §17-55§ 5.85 | 6.64‘ 54.76 6.78

- Brror | 6! 5.3 ' 0.88 ; 1

SN N TSRS A R

LSD = 1.62

Mean separation by (DMRT) method:

9.25 7.06 6.61 6.06
a b b b
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