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ABSTRACT

The effects of salicylic acid, flax and caraway ails in
either enhancing or inhibiting the lima bean plant’s
defense against the feeding activity of cotton leafworm
Spodoptera littoralis were tested. Treatments of salicylic
acid as sodium salicylate (NaSA), flax and caraway oils
were exogenously applied to lima bean seedlings.
Antifeeding activity using cotton leafworm larvae for 48
hrs exposure as well as long-term effect of 12 days
exposure were recorded. Plants treated with NaSA had
encouraged the feeding ability by Spodoptera larvae that
showed larger mass after 12 days of feeding with about
49.5% increase in larval growth rate. Flax oil with
linolenic acid as the main component and the precur sor of
jasmonic acid (JA) increased the resistance of the host
plants leading to an increased insect antifeeding activity
and lower caterpillar growth rate by 39%. Treatment of
caraway oil (23.5% carvone, 31.8% limonene) decreased
the eating ability of the plant by caterpillars and hence
inhibited larval growth rate by about 45% as well as
increased average days to pupation with about 1.7 day.
The present results indicate the importance of using
elicitors of plant resistance in pest control programs that
lead to activation of self induced resistance in treated
plants. Flax oil and caraway oil have reasonable effects as
potential inducers of lima bean plant resistance against
cotton leafworm larvae.
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INTRODUCTION

Insect herbivores and plant pathogens are
responsible for about 15-30% crop annual losses in
Egypt as well as worldwide. Because of less
agrochemicals being used and less new insecticides and
fungicides coming on the market due to environmental
concern, research efforts are now being directed for
more acceptable and safe alternatives which are needed
for economically viable and environmentally-safe crop
protection measures. One such possible alternative to
synthetic pesticides is host plant resistance.

Efforts in the area of inducible plant resistance are
now being developed concerning the use of induced
plant genes for insect herbivory and pathogen resistance
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and the potential of using induced resistance (IR)
(Karban and Baldwin, 1997 and Karban and Chen,
2007), or systemic acquired resistance (SAR) (Agrios,
1997), as environmentally safe methods of insect and
disease pest control, respectively. Jasmonic acid (JA) is
an endogenous plant growth regulator in plants. Crop
plants produce JA in response to injury or application of
elicitors which include the expression of defensive
compounds (Chen et al., 2006).

The synthesis of JA takes place via the octadecanoid
pathway. The precursor of JA isoc-linolenic acid (ALA).
ALA is converted to JA by lipoxigenation via the
octadecanoid pathway. Jasmonic acid then facilitates the
induction of plant defensive genes leading to production
and accumulation of proteinase inhibitor proteins,
polyphenol oxidase, steroid glycoalkaloids as well as
release of volatile organic compounds (VOCs) that
attract natural enemies of insect herbivores (Greelman
and Mullet, 1977; Thaler, 1999; Ryan, 2000 and Chehab
et al.,, 2008). Some secondary metabolites with
defensive functions are present constitutively in plants
including terpenoids, akaloids and phenolics. These
defensive molecules and insect antifeedant compounds
(El-Sebae, 1987; Eldoksch and El-Sebae, 2005) and also
lignin are produced via the phenylpropanoid
biosynthetic pathway.

Some investigations showed mutua antagonism
between jasmonic acid and sdlicylic acid pathways
which increase in pathogen resistance and decrease in
insect resistance with the exogenous application of
sdicylic acid (SA), while others indicated cross
protection (Zehnder et al., 1997; Felton et al., 1999;
Walling, 2000 and Iverson et al., 2001). In addition,
Howe et al.(1996) indicated that tomato mutant that was
deficient in the ability to induce defense genes, via the
octadecanoid pathway, was much more susceptible to
damage by the tobacco hornworm (Manduca sexta).
Thaler (1999) showed that foliar application of JA to
tomato plants induced plant resistance to the beet
armyworm (Spodoptera exigua) damage through the
biosynthesis of chemical defensesin tomato plants.

In the present study, using lima bean plants, the
effect of foliar applied salicylic acid as sodium salicylate
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(NaSA) and flax oil (49.7% linolenic acid) as well as
their combination (1:1, v/v) on the induction of plant
resistance against feeding activity by Spodoptera
caterpillars were tested. The efficacy of caraway oil asa
possible inducer of lima bean plant resistance against
caterpillar feeding activity of Spodoptera larvae was
also tested.

MATERIALSAND METHODS

Test plant

Lima bean seeds (Phaseolus lunatus L.) were sown
in sandy loam soil which was placed in 10 cm diameter
plastic pots and placed in a greenhouse. Plants were
allowed to grow for 30 days before exposure to
chemicals or caterpillars. Plants were placed in rows
according to each treatment and six replicate plants
were made for each treatment. Plants were watered as
needed through the entire experiment.

Application of chemicals and natural oils

Water solutions of 0.05% sodium salicylic acid
(NaSA), 0.05% flax oil and 1% caraway oil were
prepared for the chemical treatments. Stock solutions of
NaSA and flax oil (5%) were prepared with water. Ten
ml of each stock solution were then added to 990 ml of
deionized water to obtain the desired concentrations of
0.05% for NaSA and flax oil. Five drops of Tween-40
(detergent) were added in each of the prepared solutions
to allow equal distribution of solution on the lima bean
plant leaf surface and to improve the ability of the plant
to absorb the solution more readily. Deionized water +
Tween-40 was used as a control solution. Caraway oil
was obtained by cold pressing extraction of caraway
seeds. NaSA and Tween-40 were supplied by EI-Nasr
Pharmaceuticall Chemicals Co., Cairo, Egypt.
Commercial flax seed oil was purchased from a local
food store. The plants were sprayed by a hand spray
bottle twice one day prior and one hour prior to the
application of the caterpillar bioassays. Each plant was
sprayed with about 2.5-3.0 ml of NaSA, flax oil,
caraway oil, control or both NaSA and flax ail
solutions.

Chromatographic analysis of flax oil

A sample of flax oil was diluted by diethyl ether and
1.5 ul was injected to a gas chromatography 6000 series
GC system controller coupled to flam ionization
detector (FID). Authentic linolenic acid was used as a
standard material. The GC analytical conditions were as
follows: injector temperature, 220°C; program, 140°C
(held for 5 min), ramped to 240°C at 4°C/min. Detector
temperature was 260°C. Nitrogen gas was used as a
carrier gas.

Bioassays

1. Short-term (48 hours) cater pillar s bioassay

A laboratory strain of the cotton leafworm
(Spodoptera littoralis) was continuously reared on
castor bean leaves. Five 3" instar larvae of the cotton
leafworm were placed together with a treated and
weighed lima bean leaf from exogenously sprayed lima
bean plants in a Petri dish (9 cm diameter) and alowed
to consume the diet for 48 hrs. Four replicates were
made for each treatment including the control. The
leaves were removed after 48 hrs exposure and weighed
to determine the percentage eaten by the larvae. The
average of feeding activity of 20 larvae per each
treatment was calculated. The feeding inhibitory activity
and acceptability of treated leafy diet was determined
using the equation of Wada and Manukata (1968) for
feeding ratio determination as follows: Feeding ratio =
B/A x 100, where A = amount of diet consumed in
control and B = amount of diet consumed in the treated
diet.

2. Long-term (12 days) cater pillars boassay

The second instar larvae of S littoralis were selected
for assaying the foliar-applied selected natural oils and
chemicals on lima bean seedlings. The larvae were
allowed to consume foliage for 12 days on the treated
and control leaves present in plastic vials, each via
contains five 2" instar larvae were placed together on
treated lima bean leaf which was changed every two
days by fresh one. The vials were covered and
maintained at about 26°C. After 12 days of exposure, the
larvae were removed and weighed and then they were
transferred back to the normal leafy diet. The vials were
checked daily for pupation. The reduction of larva
weight after 12 days of exposure served as the criterion
for insect antifeeding activity.

Data of caterpillar weights and lima bean leaf
weights were statistically analyzed using anaysis of
variance (ANOVA) with multiple comparisons tested
with the Duncan’s method. The P value (0.05) was used
for deciding the degree of significance of the treatments.

RERSULTSAND DISCUSSION
Short-term bioassay

The effects of sodium salicylic acid (NaSA), flax ail
and their combination (1:1, v/v) as well as caraway oil
on caterpillar antifeeding activity during 48 hrs exposure
period are presented in Table (1). The dataindicated that
the treatment of lima bean plants by caraway oil (23.5%
carvone, 31.8% limonene) caused the superior
antifeeding activity against caterpillars (3 instar larvae)
during 48 hrs feeding period and showed 64.3%
reduction in feeding activity compared with the control
followed by flax oil (49.7% linolenic acid) by about
52.4% feeding inhibition and then the mixture of flax ail
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plus NaSA with 33.4% feeding inhibition. NaSA has no
antifeeding activity against Spodoptera larvae during 48
hrs of exposure and data showed no significant

429

Table 1. Antifeeding activity of foliar-applied NaSA, flax oil and caraway oil against 3™

instar larvae of Spodoptera littoralis (Boisd.)

Aver. wt. of diet 2 consumed _ , Feeding
Treatment ) Feedingratio .

per 5larvaeduring 48 hrs inhibition

(%) (% of controal)

(Mmg+SD) (%)
NaSA * (0.05) 78+11° 92.8 7.2
Flax oil (0.05) 40+ 7° 47.6 524
NaSA + flax ail (0.05+0.05) 56+ 5°2 66.6 334
Caraway oil (1.0) 30+ 7° 35.7 64.3
Control 84+ 10° 100 0.0

INaSA = sodium sdlicylic acid

2Different letters indicate significantly different results (P<0.05) using Duncan’s multiple range test.

differences between leafy diet consumed in control and
those treated by NaSA.

Long-term bioassay

Results after 12 days caterpillars feeding period are
presented in Table (2). The data showed significant
effects of exogenously applied NaSA, flax oil aswell as
caraway oil on the defense of lima bean plants against
insect herbivory. Caterpillars (2™ instar larvae) of S
littoralis after 12 days of exposure on NaSA-treated
lima bean leaves grew 49.5% larger than those on
control and 145% larger than those grown on flax oil-
treated plant leaves. Caterpillars fed on flax oil-treated
leaves showed 39% reduction in growth rate compared
to the control, whereas those fed on plant leaves treated
by flax oil + NaSA exhibited 26% reduction in growth
rate.

These data of long-term bioassay of caterpillars
weight indicated that foliar application of NaSA made
lima bean plants more susceptible to Spodoptera larvae
damage and that flax oil (49.7% linolenic acid) made

lima bean plants less susceptible to Spodoptera larvae
damage. Reduced resistance in plants treated by NaSA
may be due to the well-known phenomena where SA
blocks the production of allen oxide synthase (AOS), a
necessary enzyme to produce jasmonic acid through the
octadecanoid pathway (Fig. 1). As a result, the plant
becomes unable to produce the defensive compounds
such as polyphenol oxidase (PPO) and/or proteinase
inhibitors (Pls) and, subseguently, becomes more
palatable to the herbivore (Thaler et al., 1999 and
Fidantsef et al., 1999). In addition, Ryan (2000)
indicated that the major insecticidal gene products in
induced tomato plants are proteinase inhibitors and
polyphenol oxidase, both of which are interfering with
insect digestion and then nutrient uptake. On the other
hand, plants treated by flax oil containing 49.7% alpha
linolenic acid, which is the precursor of jasmonic acid,
showed significant reduction in caterpillar feeding
activity with a reduced weight gain than those feeding
on control leaves as well as showed increase in average
daysto pupation (Table 2).

Table 2. Effect of NaSA, flax oil and caraway oil on cotton leafworm S. littoralis weights and

daysto pupation

M ean weight of *?

Treatment ) Caterpillar weight ~ Average® days
caterpillars _
(%) (% of control) to pupation
(mg+SD)
NaSA (0.05) 142 + 18° 149.5 235+05
Flax oil (0.05) 58+7°% 61.0 25.0+0.2
NaSA + flax oil (0.05+0.05) 70+11% 73.0 24.2+0.5
Caraway oil (1.0) 52+8% 55.0 255+1.1
Control 95+ 13" 100.0 238+0.8

ICaterpillars consumption (2™ instar larvae) on treated lima bean |leaves was allowed to proceed for 12 days.
Different letters indicate significantly different results (P<0.05) using Duncan’s multiple range test.
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3Averages based on 20 larvae tested in 4 replicates of 5 larvae each. The larvae were transferred back to normal leafy diet after 12

days.

Linolenic acid

SA block —»

Octadecanoid pathway

(AOS) & (AOC)

Jasmonic acid

2
Defense gene expression
Pls PPO VOCs

Fig. 1. Pathway of jasmonic acid (JA) synthesisin plants, also showing the point of inhibition

by salicylic acid (SA) in the pathway

JA then enhances the production of secondary
metabolites and defensive compounds via the
octadecanoid pathway. The data also indicated that
treatment of caraway oil increased plant resistance to
eating by caterpillars with 45% reduction in larva
weight as well as increased average days to pupation by
1.7 day compared to the control. This promising insect
antifeeding activity of caraway oil may be due to its
main monoterpene components, carvone (23.5%) and
l[imonene (31.8%) (Eldoksch and Hassanein, 2007).
Iverson et al.(2001) indicated that JA, endogenously or
exogenously applied on plants is necessary for defense
against insect herbivory and SA disrupts JA
biosynthesis leading to reduced resistance to the feeding
insects. The phenomenon of reduced insect resistance in
lima bean plants treated by NaSA in the present work is
potentially attributed to the increased SA levels or
inhibition of JA biosynthesis. Increased antifeeding
activity in lima bean plants treated by flax oil with
49.7% oc-linolenic acid may be due to the induction of
JA biosynthesis that takes place via the octadecanoid
pathway. Thaler (1999) reported that foliar JA
application on tomato plants increased levels of
polyphenol oxidase an oxidative enzyme implicated in
resistance against severa  insect  herbivores.
Furthermore, Omer et al.(2000) demonstrated that foliar
jasmonic acid application on grapevines induced
resistance in plants against the Pacific spider mite,
Tetranychus pacificus McGregor as well as the root-
feeding grape Phylloxera, daktulosphaira vitifoliae
(Fitch).

It can be concluded that the present results indicate
the importance of using dlicitors of plant resistance in
pest control that leading to activation in plants of
induced resistance in a vaccine form. Flax oil (49.7%
linolenic acid) and caraway oil (23.5% carvone, 31.8%
limonene) increased the defensive mechanisms and

insect antifeeding activity of the plant. They are
potential inducers of lima bean plant resistance that

significantly inhibited feeding activity and growth rate
of caterpillars.

REFERENCES

Agrios, G.N. (1997). Plant Pathology (4" ed.). Academic
Press, San Diego, CA.

Chehab, E.W.; Kaspi, R.; Savchenko, T.; Rowe, H.; Negre-
Zakarov, N.; Kliebenstein, D. and Dehesh, K. (2008).
Distinct roles of jasmonates and adehydes in plant-
defense responses. Journal of PL0oS 3 (4), e 1904.

Chen, H.; Jones, A. and Howe, G. (2006). Constitutive
activation of the jasmonate signaling pathway enhances
the production of secondary metabolites in tomato. FEBS
Letters 580: 2540-2546.

Eldoksch, H.A. and Hassanein, F.M. (2007). Efficacy of plant
oils and their monoterpenes in addition to powder
formulation and seed cake of caraway oil on bacterial wilt
incidence in potato. J. Pest Cont. & Environ. Sci., 15 (2):
1-12.

Eldoksch, H.A. and El-Sebae, A.H. (2005). Plant natura
products as a source of new and environmentally safe
pesticides within IPM programs. Egyptian Journal of
Agriculture Research 83: 1127-1145.

El-Sebae, A.H. (1987). Biotechnology in pest control with
special references to natural products, 2™ National
Conference of Pest & Diseases of Vegetables & Fruits,
Ismailia, Egypt, pp. 19-38.

Felton, G.W.; Korth, K.L.; Bi, JL.; Wedey, S\V.; Huhman,
D.V.; Mathews, M.C.; Murphy, J.B.; Lamb, C. and Dixon,
R.A. (1999). Inverse relationship between systemic
resistance of plants to microorganisms and to insect
herbivory. Current Opinion in Plant Biology 9: 317-320.

Fidantsef, A.L.; Stout, M.J,; Thaler, J.S,; Duffey, S.S. and
Bostock, R.M. (1999). Signal interactions in pathogen and
insect attack: expression of lipoxygenase, proteinase
inhibitor 1l and pathogenesis-related protein P4 in the
tomato, Lycopersicon esculentum. Physiol. and Molec.
Plant Pathol. 54: 97-114.



Hamdy A. Eldoksch and Abdel-Khalik H. EL-Sebae: Effects of Foliar-Applied Salicylic Acid, Flax and Caraway Oils on Caterpillar ... 431

Greelman, R.A. and Mullet, JE. (1997). Biosynthesis and
action of jasmonates in plants. Ann. Rev. Plant Physiol. &
Plant Mol. Biol. 48: 355-381.

Howe, G.A.; Lightner, J.; Browse, J. and Ryan, C.A. (1996).
An octadecanoid pathway mutant (JL5) of tomato is
compromised in signaling for defense against insect
attack. Plant Cell 8: 2067-2077.

Iverson, A.L.; Iverson, L.R. and Eshita, S. (2001). The effects
of surface-applied jasmonic and salicylic acids on
caterpillar growth and damage to tomato plants. Ohio
Journal of Science 101: 90-94.

Karban, R. and Baldwin, I.T. (1997). Induced responses to
herbivory. University of Chicago Press, Chicago, IL.

Karban, R. and Chen, Y. (2007). Induced resistance in rice
against insects. Bulletin of Entomologica Research 97:
327-335.

Omer, A.D.; Thaler, J.S.; Granett, J. and Karban, R. (2000).
Jasmonic acid induced resistance in grapevines to a root
and leaf feeder. J. Econ. Entomol. 93: 840-845.

Ryan, C.A. (2000). The systemin signaling pathway:
differential activation of plant defensive genes. Biochem.
Biophys. Acta 1477: 112-121.

Thaler, JS. (1999). Jasmonic acid mediated interactions
between plants, herbivores, parasitoids and pathogens: A
review of field experiments in tomato. In: Induced plant
defenses against pathogens and herbivores. Biochemistry,
Ecology and Agriculture, pp. 319-334. Agrawal, A.A.,
Tuzun, S. and Bent, E. Eds, APS Press, St. Paul,
Minnesota.

Wada, K. and Manukata, K. (1968). Naturally occurring insect
control chemicals. Isobolidine, a feeding inhibitor and
cocculolidine, an insecticide in the leaves of Cocculus
trilobus DC. J. Agric. Food Chem. 16: 471-474.

Walling, L.L. (2000). The myriad plants responses to
herbivores. Journal of Plant Growth Regulators 19: 195-
216.

Zehnder, G.; Kloepper, J; Yao, C. and Wei, G. (1997).
Induction of systemic resistance in cucumber against
cucumber  beetles by plant  growth-promoting
rhizobacteria. J. Econ. Entomol. 90: 391-396.



432

ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL.30, No.4 OCTOBR- DECEMBER 2009

A el
g g\ S35 OLSIN & 593 9 Sk Lol 20 Ly ) LS By 1 3 ) 3T At s
ol (98593 8,0 Bl skl Ao gl Cluldll Js

Fldl el ke (2SN e gae

ddad slall W Saljy Lol Sl aeglas a3 J) o
oY dny B el Jims 3 L) ) ool L o) i)

e sty agl S ey alalal) QTGEL:;J\ G ol L
ddad) bLas e 2és A8 0sed %YV, A O 2S %YY,0
By Sl sodl Jdee 3 pLET U] ol L % 2l oG Ll
s A el B pb sde e 3 B3l e %t
s ),V Al el dal

A 2a gliad) 35821 31 sl 8T il a o A
@ ey SBY 2l b p 3 ol i) s oL
Lol bl dlobas O . BL) L) 51001 s plil) banss 4
sael gy s B0 el 30 SOy OSU) gj e USS
pomd o SUL (3 Al e glal) Lo aless a2 51508

U.Ja_ﬁ\ d)j 3.5).5 C)Gﬁ

O e IS gy Shedldl ae G s g

Lol UL agldd) e slill 5,08 Lo o Ladw 3y S,
Slpsl Gy okl Gy 833 50 DB B bl Ao
tpe Sype e el aet pn T es Ll
e by 2 S ey ol ey Ly ol
Bdad) Ll Jomed @ (V1)) Aoy OLSI) ujy bl
EA sl ey aAlelal) Lol 1ol e ladll 5,y 8345 )
O el o s ) Y sk JobT s e Ly sl
BA) 5,0 camd pgpall OVl dblbll UL
e VY A Ol Bl ol oSy 4 ad o Rl
alal) | 3l sl Jame 3 3545 %8d,0 A & Ay
@y Ll plll Wl %ga, v e sl O o
o)t b bl el el e



