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Background

The common bean plants "Phaseolus vulgaris L." is frequently attacked by the two spotted spider mite
(TSSM) Tetranychus urticae, causing a substantial decrease in bean plant growth and yield as well as
leaflet structure. Therefore, for commercial bean cultivation in the field controlling TSSM infection is
necessary.

Results

Foliar application of salicylic acid (SA) or methyl jasmonate (MeJA) on common bean plants before
or after two spotted spider mite infestation proved to be effective in reducing infestations. In most
concentrations these elicitors significantly improved common bean plant growth i.e. had a positive
effect on plant height, number of branches, shoot dry weight and leaf area per plant and bean yield. SA
at 100 mg/l had the strongest positive effect. Moreover, application of elicitors significantly altered
leaflet anatomical characters i.e. increased thickness of leaflet blade, thickness of palisade and spongy
parenchyma as well as thickness of midrib region of the leaflet and changed the dimension of vascular
bundles. Alternatively, TSSM infestation had the opposite effect on these leaflet anatomical
characters.

Conclusion

We conclude that SA or MeJA could be used for controlling TSSM infestation, to improve plant
growth and to improve bean yield in the field.
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Common bean (Phaseolus vulgaris L.) is one of consumption. For example, in Egypt, common bean
the most popular vegetable crops and hence a export reached about 24704 tones in 2006 (FAO,
fundamental source of proteins for human 2009). The two spotted spider mite (TSSM),
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Tetranychus urticae Koch (Acari: Tetranychidae) is
considered a major pests on different agricultural
crops including bean plants. Globally, around 1,200
species of spider mites are known (Zhang, 2003),
but TSSM is the most polyphagous of all and has
been reported overl50 host plants of economic
value (Zhang, 2003; Wilkerson et al., 2005). TSSM
feeds by puncturing cells with its stylets and
draining the contents, thereby producing a
characteristics yellow specking of the leaf surface.
This chlorotic damage reduces the plant's ability to
build carbohydrates via photosynthesis which
consequently results in reduction of the total yield of
vegetable crops. Moreover, following TSSM
infestation secondary infestation by pathogens often
cause substantial additional damage while, finally, it
has been reported that TSSM outbreaks cause
occupational allergic disease in greenhouse workers

(Jee et al., 2000).

A major obstacle in controlling TSSM is the fact
that it rapidly evolves resistance to pesticides
(Geoghiou, 1990). In horticulture, as in Egypt, the
TSSM has been a priority pest. Greenhouse pest
management of TSSM is still largely based on
chemical control since biological control has limited
efficacy against higher mite population densities.
Taken together, TSSM control still a matter of
urgency.

During the last few decades, the need for
sustainable vegetable production has increased to
minimize the damage to environment and health as a
consequence of the use of acaricides. Moreover,
pesticides may also interfere with biological control
since natural enemies often are similarly sensitive to
them as their herbivorous prey, while getting
exposed to these products directly or indirectly after
ingesting pesticide-contaminated prey (Picone and
Tassel, 2002). Thus, it is important to develop pest

control methods that are better compatible with

biological control, like using agents that elicit at low
concentrations natural inducible plant defenses,
from heron referred to as 'elicitors' (Bi et al., 1997).
Such elicitors often are plant hormones or synthetic
analogs. Ozawa et al. (2000) reported that spider
mite feeding on lima bean plants elevated the
expression of acidic and basic pathogenesis-related
genes which could also be induced by the salicylic
acid derivative methyl salicylate (MeSA) and
Jasmonic acid (JA) suggesting that the SA- and JA-
related signaling pathway are induced by spider mite
feeding. In addition they found that both pathways
are involved in the regulation of TSSM-induced
Lima been volatiles that are attractive to the
carnivorous natural enemies’ i.e. predatory mites, of

spider mite.

An elicitor can be any naturally occurring plant
compound as well as synthetic substance that
initiates induced plant defense responses in the
tissue it is applied a fashion comparable to natural
induction by herbivores or pathogens. Hence
elicitors can be used to 'mimic' natural induction
without causing (mechanical) damage while
increasing the plant's resistance to real herbivores or
pathogens. Before the discovery of chemical
elicitors, induced resistance was not a practical tool
for use in agriculture because pre-inducing plants
with biotic elicitors (eg actual herbivores) to protect
against future, possibly more harmful attackers was
too complicated to be feasible (Karban et al., 1997).
However, to use induced plant defense responses as
an effective tool in pest management, it is necessary
to carefully evaluate their effects on plant
performance and yield in a horticultural and/or
agricultural setting.

Jasmonic acid (JA) and Salicylic acid (SA) are
two endogenous signaling molecules implicated in
regulation of plant resistance to herbivores and

pathogens. JA is found in many plant species and is
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involved in regulating diverse plant functions, not
only herbivore and pathogen resistance but also e.g.
senescence (Creelman and Mullet, 1997). JA can be
used to elicit plant defense. In tomato, application of
JA results in induction of proteinase inhibitors and
polyphenol oxidase and in a decrease in the
preference and abundance of many common
herbivores in the field (Thaler et al., 1996, 1999).
Induction of JA-related responses is often obtained
via application of its methyl ester methyl jasmonate
(MeJA).

Salicylic acid (SA) (o-hydroxybenzoic acid), is a
plant phenolic, is widely distributed throughout the
plant kingdom. It is a hormone-like substance,
which plays an important role in the regulation
many aspects of plant growth and development
(Raskin, 1992). However, it is especially famous for
its ability to induce systemic acquired resistance
(SAR) in plants (Ryals et al, 1996) i.e. resistance in
induced but also uninduced distal leaves of the same

plant.

We investigated the effectiveness of the elicitors
MeJA or SA for controlling TSSM infestation under
field condition and also tested their effects on
common bean growth and yield as well as leaflet
structure. We conclude that some, but not all,
concentrations of either compound had positive
effects on plant growth and yield in absence or
presence of TSSM infestation and hence could find
roles to play in integrated pest management on

beans.
MATERIALS AND METHODS

Two field experiments were conducted in
Faculty of Agriculture, Mansoura University in two
successive seasons 2006/2007 to study the impact of
MeJA and SA on TSSM infestation on common
bean plants, and on plant growth, yield and leaflet

structure.

Seeds of common bean cv. Bronco were sown on
March 12 and 9 in the two consecutive seasons
respectively. Seeds were sown in hills 10 cm apart
on one side of ridges 3 m long and 60cm width. All
agricultural practices were carried out according to
the recommendation of Ministry of Agricultures,
Egypt. The plants were divided into four treatment
groups within a complete randomized block design
consisting of four replicates per treatment.
Treatment one consisted of infestation with 50 adult
females of T. urticae per plant dispersed over the
two trifoliate leaves of 15 days-old plants. The
second group was infested the same way as
treatment one but then sprayed with one of the
following solutions; 50, 100 mg/l SA, and 5x107,
10° M MeJA, two weeks after the infestation (35, 40
and 45 DFS). Spraying was conducted by first
spraying the plants with elicitor solution until
dripping after adding 1% tween 20 as a wetting
agent. Spraying was repeated i.e. the first time 21
days post infestation (DPI), the second time 26 DPI
and the third 31 DPI. The third group was sprayed
the same way as the second treatment group and was
then infested with mites after the third spray. Plants
were covered with mite-proof mesh bag. The fourth
group represented as control plants (Uninfested
plants). The densities of all stages of TSSM were
monitored each every 10 days starting when plants
were 50 days old. At each sampling date, 25 leaflets
were randomly selected from each of the treatments
and counting was conducted using a stereo-

binocular microscope.

At full blooming stage (70 DFS) a random
sample of 5 plants from each experimental plot was
taken for determining morphological characters,
photosynthetic pigments contents of the third upper
leaves. Chlorophyll was extracted by methanol after
adding traces of sodium carbonate for 24 hours at

room temperature. Chlorophyll concentration was
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determined spectrophotometrically according to

Lichtenthaler and Wellburn (1985).

At the stage green pods could be harvested (85
DFS) the following data were recorded; number of
green pods per plant, green pod yield per plant as
well as the fruit composition with respect to ascorbic
acid, total protein, total carbohydrates, acidity and
total soluble solid. In short, total carbohydrates and
the ascorbic acid as well as total acidity and total
soluble solid of fruit were estimated using the
anthrone  method and  2.6-Dichlorophenol
indophenole as described by Sadasivam and
Manickam (1996) and AOAC (1980) respectively.
Protein was extracted from the fruit and estimated
by the method of Bradford (1976). For potassium
and phosphorus determination, dry common bean
pods were digested with HCIO3/H2SO4 until a
sample has become clear cooled and made up to 50
ml using deionized water. Potassium was
determined by flame photometer (Kalra, 1998), and

phosphorous using ammonium molybdate and

ascorbic acid (Cooper, 1977)

Leaflet structure: Small pieces from the midrib
region of the 3™ upper leaflet (second season) were
taken when plants were 70 days old. The samples
were fixed in formalin aceto alcohol for 48 h, then
dehydrated via n-butanole series and embedded in
paraffin wax (52-54 °C melting points). Sections
were prepared using a rotary microtome at 15-17 um
thickness and stained with safranin/light green and
finally mounted in Canada balsam (Johanson, 1940).
Selected sections were examined using microscope

to determining the anatomical changes in leaves

The data was evaluated using One-way ANOVA
to compare the effectiveness of elicitors on the
population of TSSM, and common bean growth as
well as yield and its quality. Means were compared

at P=0.05 to separate means (Norman and Streiner,

2003) using MSTAT-C v.1.2 software.

RESULTS

TSSM population per leaflet days:

Figures (1 and 2) show that the mean number of
eggs, nymph, larvae and adult of TSSM per one
square inch of leaf surface in both seasons at 50, 60,
70 and 80 days of age. The mean number of eggs,
nymph, larvae and adult of TSSM ranged between
145.66 to 817.00; 35.66 to 499.00; 39.66 to 390.00
and 30.66 to 718.33 per one square inch
respectively. The data represented in the same
figures revealed that after artificial infestation
number of all TSSM stages increased significantly
at 50, 60, 70 and 80 days of plant age compared to
natural the infestation. In contrast, treatment with
exogenous application of SA or MeJA at all tests
concentration either before or after artificial
infestation resulted in significant lower number of
eggs, nymphs, larvae or adult TSSM compared to
the artificial infestation. Notably in most cases
application of 100 mg/l SA after artificial infestation
significantly decreased the number of eggs, nymphs,
larvae or adults compared to the same treatment on

the naturally infested plants.

The highest rate of increase of T. urticae adults
was 14.36 as observed after artificial infestation
while the lowest rate of increase was 4.62 and was
observed after application of 100 mg/l salicylic acid
to artificially or naturally infested plants. The rates
of increase after application of MeJA irrespective of
the concentration or of 50 mg/l SA were 7.42, 7.04,
and 7.64 respectively. However, when these same
elicitor concentrations had been applied before the
artificial infestation the rates of increase were 9.77,
13.2, 9.6 respectively and 9.39 after 100 mg/l

salicylic acid
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Growth Characteristics:

TSSM infestation caused chlorotic lesions at
feeding sites and bronze-discoloration of infested
leaves. Moreover, females TSSM produce webbing
on the infested leaflet surface in which eggs are
deposited. In these webs also dust aggregates hence

affecting respiration and photosynthesis.

Plants infested with TSSM were significantly
smaller, had significantly fewer branches and fewer
leaves that were significantly smaller while shoot
fresh and dry weight was significantly lower
compared to uninfested plants (Table 1). In contrast,
exogenous application of SA or MeJA prior to
infestation had the exact opposite effect resulting in
plants that were significantly bigger and heavier
than the untreated infested plants but also than the
untreated uninfested control plants. Here application
of elicitors before infestation resulted in bigger
plants than application after infestation with TSSM.
SA at 100 mg/l was the most effective treatment for
increasing plant growth and had the strongest effect

when applied before infestation (Table 1).

Photosynthetic pigment:

Chlorosis is a typical symptom of plants infested
with TSSM and may result from loss in chlorophyll
due to mite feeding in combination with necrosis-
like cell death. Accordingly we observed a
significant reduction in chlorophyll a, b, and total
chlorophyll content as well as total carotenoids in
the artificially infested common bean leaves
compared to clean healthy leaves (figure, 4a). in
contrast, these same pigments had increased
significantly after exogenous application of SA or
MelJA, either before or after infestation compared to
infested or healthy plants with the strongest effect
obtained by 100 mg/l SA (Figure 4a).

Finally the Chl , ratio increased significantly by

TSSM infestation but decreased significantly when

also SA or MeJA had been applied as compared to
healthy untreated control plants while application of
SA at 100 mg/l prior to the infestation had the

strongest effect.
Leaflet structure:

The leaves of the bean plant as shown in figure
(5) are dorsiventral, that is, have a palisade
parenchyma localized on the upper surface of the
blade (adaxile) and a spongy parenchyma on the
lower surface (abaxial). The palisade parenchyma is
made up of elongated cells, densely packed and
arranged perpendicularly to the epidermis. The
spongy parenchyma cells show different forms and
constitute the major part of the mesophyll cells
arranged in an irregular fashion, with a smaller
number of chloroplasts compared to the palisade

cells, as well as large intercellular spaces

Application of SA or MeJA at all concentrations
caused an increase in the thickness of midrib region
of common bean leaflet with the strongest effect of
SA at 100 mg/1 (Table 2 and Figure 5). This increase
is coincided with the increase in length and width of
the main vascular bundle (Table 3). Application of
the higher MeJA concentration (10° M) decreased
the width of vascular bundle specially when applied
after infestation, meanwhile when used before

infestation it gave the same width as healthy plants.

Application of SA or MeJA at all concentrations
increased the thickness of leaflet blade in
comparison to healthy or infested plants. This
coincided with an increase in the thickness of the
layers of palisade- and spongy-parenchyma as well
as that of the upper and lower epidermis. In contrast,
the higher concentration MeJA when applied after
infestation caused the leaflet blade to become
thinner. In most cases SA at 100 mg/l resulted in the
stongest increase in leaflet blade thickness compared

to natural or artificial infestation. Finally, leaflets
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infested with TSSM had thinner leaflet blades and a

thinner main vascular bundle.

Yield and fruit quality

The bean yield and its components i.e. pod
number per plant, pod yield/plant and pod length) as
well as yield quality (expressed as total protein,
ascorbic acid, total carbohydrates contents and the
total percentage of soluble solid, total acidity
percentage, phosphorous percentage and potassium
percentage) was significantly lower after artificial

TSSM infestation compared to unifested untreated

controls. In contrast, application of SA or MeJA,
especially 100 mg/l SA significantly increased yield
and its components as well as yield quality
compared to infested plants. The highest yield and
good quality was obtained after application of
elicitors especially after 100 mg/l SA when applied
before infestation which increased pod number per
plant, pod yield per plant, pod length, TSS%,
protein, and ascorbic acid, carbohydrates, total
acidity percentage, phosphorous percentage and
potassium percentage compared to natural or

artificial infestations (Table 4).
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Figure 1 Average number of T. urticae eggs (A), nymph (B) per cm? on plants of 50, 60, 70 and 80
days of age respectively after elicitor treatments or artificial infestation in the second season
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o
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Figure 5 Common bean leaflet internal structure as affected by elicitors under 7. urticae infection
after 70 days from sowing during second season
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DISCUSSION

World wide crop losses without the use of
pesticides and other non-chemical control strategies
is estimated to be about 70% of crop production,
amounting to 400 billion US Dollars. Moreover,
pests often adapt to pesticides via natural selection
just as they adapt to natural plant resistance. The use
of chemical pesticides not only results in rapid
build-up of resistance but their non-selectivity often
affects the balance between pests and their natural
predators which are also often used in biological
control. Although using 'matural' plant elicitors can
not abolish herbivores to become resistant they can
be much more environmental friendly since they are
active in relative low amounts and do not likely
interfere with the well-being of carnivorous insects.
We showed that treatment of bean plants in the field
with SA or MeJA improved plant growth, yield and
yield-quality profoundly and decreased natural and
artificial spider mite infestations. In our hands these
treatment did not have any negative effects on plant

growth or productivity.

The effectiveness of the treatments for
controlling TSSM may be due to the inhibition of
photosynthesis of infested leaves and accelerated
transpiration, leading to the drying out and
premature fall of the leaves (Flechtman, 1979;
Cheong et al., 2002). The decrease may be due to
the inhibition of pigment biosynthesis which may
results from the alteration in mineral nutrition or
lack of assimilates which drain towards the TSSM
or to the effect of ROS on these pigments (Stacey
and Keen 1996). In damaged plant tissues there is an
induction of ethylene biosynthesis that, in turn, has
been associated with the induction and acceleration
of abscission (Taiz and Zeiger, 1998). For this
reasons, it would be important to vertify the effect of
damages caused by the TSSM on ethylene

production of common bean plants. Moreover, the
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infestation with 7. urticae resulted in increasing the
production of reactive oxygen species (ROS) which
destroy membrane permeability, and proteins as well
as nucleic acid which decreased plant growth and
yield. Moreover, the infestation leads to decreasing
the content of nitrogen and phosphorous due to its
effect of ion uptake which results from destroy
membrane permeability (unpublished data). The
stylet of mite penetrates the adaxial epidermis,
reaching the palisade layer. They fed on the cell
contents, destroying the chloroplast in the area
restricted to where feeding takes place leading to the

appearance of chlorotic areas (Flechtman, 1979).

In the present study the data indicate that
application of elicitors decreased significantly
TSSM population on the leaves. This reduction may
be due to activation of plant induced systematic
resistance (Repka, 2001). Generally elicitors may be
served as a stimulatory effect on secondary
metabolites production (Gundlach et al., 1992).
Results indicate that elicitors especially SA
stimulated the accumulation of soluble phenolic
compounds in common bean leaves (unpublished
data). This accumulation may be due to inhibition
catalase activity (unpublished data), which in turn
induces PAL gene expression and synthesis of
phenolic compounds (Vermerris and Nicholson,
2006). Yet total phenols have long been considered
as important defense-related compounds whose
levels are naturally high in resistant varieties of
many crops (Gogoi et al., 2001). Results also proved
that application of both elicitors increased
significantly ion contents i.e., N, P, K and Ca in
common bean shoot which reflect to increasing plant
growth and plant resistance to pests due to its role in
plant metabolism, such as promote the development
of thicker outer walls and stability of plant
membrane in epidermal cells, thus preventing pests

attack (Marschner, 1986). In this concern, increasing
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of nitrogen in plant stimulate synthesis of phenols
and lignin content. All these are parts of the defense

system of plant against infection (Marschner, 1986).

The application of both elicitors increased the
total chlorophyll content of common bean leaves
(Figure, 4a). This increment may be due to
stimulating pigment formation and enhancing the
efficacy of photosynthetic apparatus with a better
potential for resistance and decrease in
photophosphorylation rate usually occurring after
infection (Amaresh and Bhatt, 1998). Elicitors was
found to increase potassium content (Farouk et al.,
2008), which may increase the number of
chloroplast per cell, number of cell per leaf and
consequently leaf area (Possingham, 1980). This
result was supported by Farouk (2005) and Farouk
et al (2008) on pea and cucumber plants
respectively. The stimulating effect of elicitors on
chlorophyll content may be due to stabilizing the
active site of enzymes and photosynthetic reactions
(Rahman et al., 2002), and increased nitrogen
accumulation in plant shoot (unpublished data)
which might have served in enhancing chlorophyll
synthesis. Finally both elicitors activated the
synthesis of carotenoids which protect chlorophyll
from oxidation and finally increased chlorophyll
content as reported in this study. Moreover, salicylic
acid significantly increased chl. a, chl. b and
carotenoids recording maximum values at 100 mg/l
(Figure, 4a). In addition, the stimulating effect of
elicitors on chlorophyll pigment may be due to
enhancing cytokinin, auxin, GAs content. These
results are in agreement with those obtained by
Gharib (2006) on sweet basil and marjoram,
Tiirkyilmaz et al. (2005) on bean, and El-Mergawi
and Abdel-Wahed, 2007) on maize plants who
found that salicylic acid caused significant increased

in photosynthetic pigments content in leaves. In this

study an increase in chlorophyll content were

attained by MeJA at 70 Days old.
In addition, application of both elicitors
decreased chl , ratio which play a curricular role in

stabilizing photosynthetic processes which reflect to
increasing photoassimilate and pod yield. The
physiological significance of the decreased the ratio

of Chl  during leaf infestation with TSSM, it is still

unclear due to contradictive results from different
studies. BjoErkman, (1981) suggested that the

decrease in Chl  ratio can improve the capture of

far-red radiation and helps to maintain an optimal

energy balance between PSI and PSII. Therefore,
the decrease in Chl , ratio may be required for

TSSM  infested plants to readjust their

photosynthetic balance while under stress.

Foliar application with elicitors in both season
showed in most cases a significant increase in
common bean growth parameters, especially 100
mg/l SA. These increases may be attributed to
elicitor's effect on physiological processes in plant
such as ion uptake, cell elongation, cell division,
enzymatic activation, and protein synthesis. In this
concern, salicylic acid enhanced growth of wheat
(Shakirova et al., 2003), pea (Farouk, 2005) and
cucumber (Farouk et al., 2008) plants. Moreover,
El-Bahay (2002) reported that salicylic acid has the
potentiality to exert a suppressive or simulative
impact on various growth aspects of lupine
seedlings through their direct interference with the
enzymatic activities responsible for biosynthesis
and/or catabolism of growth promoting and

inhibiting substances.

The increase in common bean yield may be due
to role of elicitors in stimulation of physiological
processes which reflected on improving vegetative

growth (Table, 1) that followed by active
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translocation of the photoassimilate from source to
sink in common bean plant due to increasing leaf
blade thickness as well as dimension of vascular
bundles as a results of elicitors application (Table 2,
Fig 5). In this concern, salicylic acid might be
regulating plant growth by increasing enzyme
activity as a-amylase and nitrate reductase, which
accelerate the sugar translocation from the leaves to
developing fruit (Sharma et al., 1986). Moreover,
application of both elicitors lead to increased
potassium content (unpublished data), which
enhancing photosynthetic pigments and capacity,
and subsequently dry matter accumulation (Umar
and Bansal, 1995). In addition, application of
salicylic acid inhibits ethylene production leading to
increasing fruit number and consequently increased
fruit yield per plant (Leslie and Romani, 1986).
Generally, plants treated with salicylates or methyl
jasmonate had higher yield in many plant species,
cultivated either in greenhouse or in open conditions
(Abdel-Wahed et al., 2006; Igbal and Ashraf, 2006;
Farouk et al., 2008).

Concerning yield quality, it is noted that
application of both elicitors at both concentration
improved yield quality as compared to infested or
control plants, these results are agreement with those
obtained by Sarangthem and Singh (2003) who
found that the level of N, proteins and nitrate
reductase activity were increased in Phaseolus
vulgaris by foliar application of SA at 0.1%.
Similarly, Haroun et al. (1998) found that low dose
of salicylic acid (2.5 mM) significantly increased
total carbohydrate content in seed lupine. Moreover,
Farouk (2005) and Farouk et al., (2008) indicated
that, under greenhouse and open field conditions,
application of both SA or MeJA increased
significantly pea and cucumber fruit quality
respectively as regard to the content of ascorbic

acid, protein, carbohydrates and some ions.

19

In conclusion, it may be possible to replace
conventional chemical pesticides with any of the
tested elicitor's specially Salicylic acid at 100 mg/I
due to its safety for human and environment and
thus provided both economical and ecological
efficacy. In addition to the effectiveness using
elicitors in controlling TSSM population and
increase yield and quality of common bean under

field conditions.
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