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The effect of a mealybug infestation on the activity of amino acid decarboxylases in
orchid leaves
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Changes in the activity of lysine decarboxylase (LDC), tyrosine decarboxylase (TyDC), and ornithine decarboxylase
(ODC) within orchid (Phalaenopsis × hybridum ‘Innocence’) leaves, infested by two mealybug species: Pseudococcus
longispinus (Targ. Tozz.) and Pseudococcus maritimus (Ehrh.) were quantified. The pattern of changes was dependent
on the insect species and duration of infestation. P. longispinus feeding increased LDC and TyDC activity after one
week during the total period of observations. This species inhibited ODC activity after one week but increased later.
P. maritimus decreased LDC activity in orchid leaves at all studied terms. TyDC action also went up during the first
week of the infestation and was reduced after two weeks, while ODC was decreased after one day and induced later. The
mechanism for the participation of analysed amino acid decarboxylases in local and/or systemic steps of orchid
responses to mealybug infestation is discussed.

Keywords: lysine decarboxylase; tyrosine decarboxylase; ornithine decarboxylase; Pseudococcus longispinus;
Pseudococcus maritimus; orchid

Introduction

Mealybugs are serious pests of orchids and probably the
most difficult to control pests of Phalaenopsis. Some
individuals from the Pseudococcidae family, especially
young instar larvae, are very active, crawling from one
plant to another, pot to pot, across benches and they can
be found on all plant parts. As all scale insects, they have
piercing-sucking mouthparts that remove sap from
plants. They feed in leaf, stem axils and cause stunting,
leaf yellowing as well as distortion. The damage done to
plants by these scale insects is considerable, causing a
loss of vigor, weakening, loss of leaves, buds, and
flowers through their feeding. In addition, mealybugs
excrete copious amounts of honeydew, which make plant
parts sticky, attract ants, and provide a substrate for sooty
mold. Although there are some mealybugs vector plant
viruses, apparently no orchid viruses are known to be
transmitted by these insects. Mealybugs are not particu-
lar about their host and probably all species of orchids
are susceptible to mealybugs, especially when cultivated
(Ben-Dov et al. 2013). Pseudococcus longispinus (Targ.
Tozz.) called the long-tailed mealybug is widely dis-
tributed in the nature, on a large range of plants, over
most territories of the tropical and subtropical regions, in
addition to greenhouses in temperate zones. It is found
throughout North America and in Africa, Europe, the
Middle East, Asia, New Zealand, and Australia. Pseu-
dococcus maritimus (Ehrh.) so-called the grape mealy-
bug has been encountered in the Nearctic, Neotropical
Oriental, and Palearctic regions. The species is a
polyphage, inhabiting plants which represent 37

botanical families (Ben-Dov et al. 2013). These two
species have a relatively narrow temperature tolerance
but a wide host range. For this reason, mealybugs are
very important pests of ornamentals in glasshouse and
indoor plantscapes as well as being the most frequently
and burdensome pests on orchids. Although a great
number of studies on Sternorrhyncha have been carried
out on main host plants, the majority of the information
concerns aphids, whereas the interactions between plants
and scale insects are poorly described (Bogo & Mantle
2000; Calatayud & Le Rü 2006; Fernandes et al. 2011).
The plant chemical composition is an important deter-
minant of host plant and insect interactions, therefore
understanding these relationships is the main objective
of modern plant protection (Fernie 2007).

It is well known that plant amines and key enzymes
of their biosynthesis are involved in plant responses to
pathogenic fungi, bacteria, and viruses (Walters 2003),
but their role in the plant’s defense against herbivorous
insects is still not clear. A few published reports
suggested that the amino acid decarboxylases state are
an important part of insect–plant interactions and mech-
anism of the phenomenon may be connected with the
degradation of amino acids as nutrients for herbivores as
well as biosynthesis of plant amines and their hydro-
xycinnamic acid derivatives (HCAAs). According to
Tebayashi et al. (2007) and Bassard et al. (2010), the
HCAAs as caffeoyl putrescine, p-coumaroyl putrescine,
and dicaffeoyl spermidine were involved in systemic
responses of Capsicum annuum (L.) to leaf miner
Liriomyza trifolii (Burg.) and Nicotiana attenuata (Torr.
ex Wats.) to Manduca sexta (L.) and Spodoptera
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littoralis (Bois.). Mechanism of HCAAs toxicity to
arthropods is connected with paralysis resulting from a
binding to quisqualate-type glutamate receptors on exos-
keletal muscles and block synaptic transmission (Klose
et al. 2002). Sempruch, Leszczyński, Kozik, et al. (2010)
showed that free PAs such as agmatine, cadaverine,
putrescine, spermidine, and spermine, at 0.1% concentra-
tion, reduced feeding and survival of grain aphid (Sitobion
avenae F.). Putrescine, spermidine, and spermine at a
10 mM level also disturbed the settling behavior of bird
cherry-oat aphid (Rhopalosiphum padi L.) on triticale
(Sempruch et al. 2011). Moreover, free polyamines (PAs)
modified the sensitivity of Plutella xylostella (L.) anten-
nae to odors, influencing its behavior (Zhang et al. 2008).
On the other hand, free tyramine stimulated oviposition of
Papilio polyxenes (F.) on Pastinaca sativa (L.) (Carter
et al. 1998).

Furthermore, the aphid infestation affected the activ-
ity of amino acid decarboxylases within plant tissues and
the changes were dependent on cultivar (cv.) susceptib-
ility, insect species as well as duration of infestation. In
the biosynthesis of PAs within plant tissues, several
amino acid decarboxylases participate. For example,
ornithine decarboxylase (ODC; EC 4.1.1.17) is a com-
mon enzyme catalyzing the transformation of ornithine
to putrescine within plant and animal cells (Walters
2003; Fariduddin et al. 2013). Fabaceae, Poaceae,
and Solanaceae plants contain lysine decarboxylase
(LDC; EC 4.1.1.18) that participates in cadaverine
biosynthesis via lysine decarboxylation (Bagni &
Tassoni 2001). Moreover, tyrosine decarboxylase
(TyDC; EC 4.1.1.25), such as other aromatic amino
acid decarboxylases, participate in biosynthesis of some
defensive plant compounds (Facchini et al. 2000).
R. padi feeding reduced LDC activity within triticale
seedlings during the first week of the infestation.
However, after two weeks an increase in the enzyme
activity was proved in more resistant cv. but not in
susceptible triticale (Sempruch, Marczuk, Leszczyński,
Czerniewicz, et al. 2013). The ODC activity was induced
in tissues of the susceptible cv. and inhibited in more
resistant one after two weeks of infestation. The bird
cherry-oat aphid infestations increased TyDC activity
after two weeks but only in susceptible cv. Changes in
the enzymes activity in R. padi where the triticale was
infested resulted in an accumulation of the amines
(Sempruch et al. 2012). Their levels decreased after
one week of the infestation and again after two weeks,
but did not in less susceptible plants where the content of
cadaverine, spermidine, and tryptamine increased with
simultaneous decreases of the putrescine concentration.
S. avenae feeding also affected the activity of ODC,
LDC, and TyDC within triticale tissues (Sempruch et al.
2008, 2009; Sempruch, Leszczyński, Wójcicka, et al.
2010). The enzymes’ activity was reduced during the
first week of grain aphid infestation (with the exception
of TyDC) and was induced after two weeks (with the
exception of LDC within tissues of susceptible cv.).
The pea aphid (Acyrthosiphon pisum Harr.) increased
ODC activity in pea tissues after one day and at two weeks

of the infestation (Sempruch, Marczuk, Leszczyński,
Kozak, et al. 2013). TyDC activity was increased during
the first week, while LDC activity increased only after
the first day and decreased later. An attack by the
aphids also affected the enzyme activity in root tissues
not directly damaged by the herbivores. The presented
data suggest that amino acid decarboxylation may be
an important part of local and/or systemic plant
responses to feeding of piercing-sucking insects, but
previous studies were mainly focused on interactions
between different aphid species and their host plants.
Since there is no information on the participation of
amino acid decarboxylation in a plant’s response to
mealybug attack, the present paper deals with the
changes in the activity of LDC, TyDC, and ODC
in orchid leaves infested by P. longispinus and
P. maritimus.

Material and methods

Plants

The orchid (Phalaenopsis × hybridum ‘Innocence’)
chosen for the analysis were purchased from JMP
Flowers Gardening Enterprise in Stężyca, where they
were sold as so-called intermediate products (plants
without inflorescence shoots). The experiment was
conducted in the laboratory conditions. The plants were
grown in plastic transparent pots of a diameter of 12 cm,
filled with coarse pine bark bedding, situated in a
cultivation chamber on textile subirrigation mats (Pol-
protex) covered with black agrofabric. The maintenance
of the plants only consisted of flooding with tap water
once a week. The experiment included orchids (after a 4-
week adaptation period) in a phase of seven fully
developed leaves, without inflorescence shoots.

Insects

Two species of mealybugs P. maritimus and P. long-
ispinus were reared on Phalaenopsis × hybridum ‘Inno-
cence’ in climatic chamber at 27 ± 1°C, 50% ± 5% RH
and photoperiod 16L:8D for 6 months preceding the
experiment. Five young females or third instar larvae of
each mealybug species (P. longispinus, P. maritimus)
were used in the experiments. These developmental stages
of Pseudococcidae are less mobile than the younger
instars and they remain in one place while feeding.

Plant infestation with insects and sampling

The orchid plants were divided into two groups. Each of
them was colonized with one species of scale insects
(P. maritimus or P. longispinus). Five young females or
third instar larvae of each mealybug species were
transferred onto each plant using a bristle brush. The
number of mealybug individuals on the orchids did not
change for the whole period of the experiment due to the
long pre-reproduction period of these species and their
low mobility. The sample constituted of three plants,
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which were artificially infested by the insects two weeks,
one week and one day (24 hours) before their sampling
to the analyses. After this time the samples were
simultaneously taken from each combination and from
control plants (without the scale insects). The control
plants were similarly grown in another climate chamber
under the same conditions. The experiment was con-
ducted in three replications for each combination. The
same experimental conditions were applied for all the
plants used during this study (temperature 27 ± 1°C;
relative humidity 50% ± 5%, photoperiod L:D = 16:8).
Freshly collected leaves infested by the insects and
control ones were used for chemical analyses. The
mealybugs were removed from leaves before analyses.

Enzyme assays

The freshly collected orchid leaves were homogenized
with 0.2 M phosphate buffer (pH 8.2) containing of β-
mercaptoethanol and ethylenediaminetetraacetic acid
(EDTA) for ODC extraction, 0.2 M Tris–HCl buffer
(pH 5.6) for LDC extraction, or 0.5 M acetate buffer (pH
5.6) for TyDC extraction. The obtained enzymatic
extracts were filtered through two layers of cheesecloth
and then centrifuged at 18,000× g at 5°C.

Enzyme activities were assayed with the use of a
Hewlett Packard 8453 UV-Visible spectrophotometer
according to Ngo et al. (1987) for ODC and Phan et al.
(1982, 1983) for LDC and TyDC, respectively. Enzyme
activity is expressed as μM putrescine (ODC), cadaver-
ine (LDC) or tyramine (TyDC)/1 h enzymatic reaction/1
mg enzymatic protein. The protein quantity in the
enzymatic extracts was estimated with the use of the
Lowry et al. (1951) method.

Statistics

The entomological and biochemical assays were con-
ducted in three independent repeats. The distribution of
obtained data was verified with a chi-square test. The
Kruskal–Wallis test, as a non-parametric alternative to
ANOVA, was applied after rejection of the normality
data (ODC in experiment with P. longispinus; TyDC and
ODC in experiment with P. maritimus). A one-way
ANOVA was used for data with a normal distribution
(LDC and TyDC in experiment with P. longispinus; LDC
in experiment with P. maritimus). The significance of
differences in enzyme activity between the control and
mealybug-infested leaves was checked with the non-
parametric Mann–Whitney U-test or Student’s t-test
dependent on the data distribution. P ≤ 0.05 was taken
to indicate statistical significance.

The arithmetic means with standard errors are
presented in the tables and on the figures. Software
Statistica for Windows version 9.0 (Statistica StatSoft
Inc. 2010) was used for all statistical analyses.

Results

Changes in activity of amino acid decarboxylases
within orchid leaves

Statistical analyses showed significant differences in the
activity of the amino acid decarboxylases in orchid
tissues (Tables 1–3). The results of the ANOVA or
Kruskal–Wallis test were as follows: F3,8 = 17.76 at p =
6.76 × 10–4 for LDC in experiment with P. longispinus;
F3,8 = 20.04 at p = 4.46 × 10–4 for LDC in experiment
with P. maritimus; F3,8 = 29.24 at p = 1.16 × 10–5 for
TyDC in experiment with P. longispinus; H(3,N = 12) =
10.39 at p = 1.56 × 10–2 for TyDC in the experiment

Table 1. Effect of infestation of P. longispinus and P. maritimus on LDC activity (µM cadaverine × mg–1 protein × hour–1) within
orchids leaves.

Plant

Duration of infestation

One day (�X ± SE) One week (�X ± SE) Two weeks (�X ± SE)

Control 29.92 ± 1.34
Infested by P. longispinus 26.14 ± 0.98 49.66 ± 2.97 25.90 ± 4.15
t3; p 2.24; 9.87 × 10–2 6.03; 3.81 × 10–3 0.92; 0.41
Infested by P. maritimus 14.84 ± 2.39 19.31 ± 1.43 13.76 ± 1.12
t3; p 5.48; 5.40 × 10–3 5.36; 5.86 × 10–3 9.12; 8.01 × 10–4

Note: Student’s t-test; comparison of LDC activity within orchids leaves infested by the insects and control ones.

Table 2. Effect of infestation of P. longispinus and P. maritimus on TyDC activity (µM tyrmine × mg–1 protein × hour–1) within
orchids leaves.

Plant

Duration of infestation

One day (�X ± SE) One week (�X ± SE) Two weeks (�X ± SE)

Control 32.95 ± 1.58
Infested by P. longispinus 57.18 ± 3.44 37.14 ± 0.56 62.80 ± 3.86
t3; p 6.41; 3.05 × 10–3 2.51; 6.62 × 10–2 7.17; 2.01 × 10–3

Infested by P. maritimus 36.66 ± 1.27 85.61 ± 8.16 21.54 ± 0.35
U3; p 0.00; 4.95 × 10–2 0.00; 4.95 × 10–2 0.00; 4.95 × 10–2

Note: Student’s t-test; comparison of TyDC activity within orchids leaves infested by P. longispinus and control ones. Mann–Whitney U-test;
comparison of TyDC activity within orchids leaves infested by P. maritimus and control ones.
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with P. maritimus; H(3,N = 12) = 9.36 at p = 2.49 × 10–2

for ODC in experiment with P. longispinus and
H(3,N = 12) = 10.42 at p = 1.53 × 10–2 for ODC in
experiment with P. maritimus.

It was stated that LDC activity decreased in orchid
leaves after one day and two weeks of P. longispinus
infestation and significantly increased after one
week (Figure 1; Table 1). This species also induced an
increase in TyDC activity and the changes were statist-
ically confirmed after one day and two weeks (Figure 1;
Table 2). A similar tendency was observed in the case of
ODC but only after two weeks. During an earlier period
(after one week of the infestation), significant inhibition
of the enzyme activity was proved (Figure 1; Table 3). In
the case of interactions between P. maritimus and orchid
plants, LDC activity significantly decreased during all
experimental periods (Figure 2; Table 1), and TyDC
activity increased at the first week and decreased later
(Figure 2; Table 2). Moreover, a fluctuation of ODC
activity in the leaves of P. maritimus-infested orchid was
observed. It was induced after one day and two weeks
and inhibited after one week (Figure 2; Table 3).

Discussion

The obtained results suggest that TyDC was strongly
involved in the biochemical responses of orchid against
the mealybug infestation, since the both studied insect
species induced an increase in the enzyme activity.
However, the duration of the response in the case of

individual insect species was different. The significant
changes in TyDC activity were observed after one day
and two weeks of P. longispinus infestation and during
the first week of P. maritimus feeding. Kmieć et al.
(2014) in the earlier studies concerning P. longispinus
observed similar changes in physiological parameters
(electrolyte outflow, malondialdehyde content and anti-
oxidant enzymes activity) reaching high values during
the initial period of orchid’s infestation. In plant tissues,
TyDC is involved in the biosynthesis of tyramine and
their HCAAs, and such defensive compounds as cate-
cholamines in Solanum tuberosum (L.), hydroxypheny-
lethanol glycoside – verbascoside in Syringa vulgaris
(L.), simple alkaloid phytoalexin – hordinine in Hor-
deum vulgare (L.), benzylisoquinolines and their deriva-
tives in five plant families (Facchini et al. 2000;
Świędrych et al. 2004; Hagel & Facchini 2005; Cordell
2013). According to Kanbar et al. (2004) tyramines are
toxic compounds produced by coccoid bacteria Melisso-
coccus pluton in honeybee pupae after transmission by
the mite Varroa destructor. A lethal dose of tyramine on
4- to 5-day-old larvae was 0.3 mg. The compounds were
also characterized by an inhibition of mobility for
protozoon Stylonychia lemnae and high membrolitic
activity against human red blood cells. Tyramine is
good substrate for monoamine oxidase (MAO) and
affects the hydroxyl radical formation (Schmit & Fergen
2004). However, the phenomenon was still described
only in animal tissues. In addition, tyramine is precursor
in the biosynthesis of octopamine that functions as

Table 3. Effect of infestation of P. longispinus and P. maritimus on ODC activity (µM putrescine × mg–1 protein × hour–1) within
orchids leaves.

Plant

Duration of infestation

One day (�X ± SE) One week (�X ± SE) Two weeks (�X ± SE)

Control 288.68 ± 1.10
Infested by P. longispinus 289.91 ± 12.43 244.56 ± 13.40 470.17 ± 4.80
U3; p 4.00; 0.83 0.00; 4.95 × 10–2 0.00; 4.95 × 10–2

Infested by P. maritimus 184.20 ± 1.10 367.40 ± 13.22 275.7 ± 9.89
U3; p 0.00; 4.95 × 10–2 0.00; 4.95 × 10–2 0.00; 4.95 × 10–2

Note: Mann–Whitney U-test; comparison of ODC activity within orchids leaves infested by the insect and control ones.
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a neuromodulator, neurotransmitter, and neurohormone in
an insect’s nervous system (Lee et al. 2009; Varlinden
et al. 2010). Thus, free tyramine stimulated the oviposi-
tion of P. polyxenes on P. sativa (Carter et al. 1998).
However, octopamine is a target for toxic essential oils in
insects. Such essential oils constituents as eugenol and
thymol may block octopamine receptors and potentially
stop working through tyramine receptor cascades (Rattan
2010). The importance of TyDC for insect–plant inter‐
actions is still not clear. Sato et al. (2013) showed that
concentrations of tyramine were 4.5-times higher in the
soybean strain with a higher resistance against foxglove
aphid (Aulacorthum solani Kalt.) than in the susceptible
one. Tyramine is located downstream of tyrosine and
shikimate, which was present at a higher concentration
in the resistant strain before aphid introduction. Grain
aphid infestation caused a fluctuation of TyDC activity
within tissues of susceptible triticale cv. and a constant
increase in the more resistant one (Sempruch et al.
2009). The increasing tendency of the enzyme activity
was also observed after two weeks of R. padi feeding,
but only in the case of susceptible triticale cv. (Sempruch,
Marczuk, Leszczyński, Czerniewicz, et al. 2013). In
addition, TyDC activity was increased within pea
tissues during the first day of A. pisum infestation
(Sempruch, Marczuk, Leszczyński, Kozak, et al. 2013).
The presented results suggest that the pattern of the
biochemical plant responses to piercing-sucking insect
attack is strictly dependent on herbivore species. A
biochemical plant defense may be elicited by compo-
nents of aphids’ saliva and/or wounding of epidermal,
mesophyll, and parenchyma cells during their probing
behavior (Goggin 2007; Giordanengo et al. 2010).
Mechanical wounding of transgenic tobacco induced
activity of TyDC and tryptophan decarboxylase, and
increased the tyramine, ferloyltyramine, and 4-coumar-
oyltyramine levels (Guillet & De Luca 2005; Hagel &
Facchini 2005). Moreover, systemic plant responses
induced by aphid and other hemipterous insects may be
signalized by jasmonic acid (JA), salicylic acid, ethyl-
ene, abscisic acid (ABA), and gibberellic acid (Morku-
nas et al. 2011; Takemoto et al. 2013). According to
Świędrych et al. (2004) TyDC was activated in potato
leaves in response to ABA treatment, and the amount of
tyramine increased in the giant knotweed (Fallopia
sachalinensis Schm.) treated with methyl jasmonate
(MeJA) (Noge & Tamogami 2013).

There was an increase of LDC activity after one
week of P. longispinus infestation and ODC activity after
one week of P. maritimus and two weeks of P. long-
ispinus feeding which has been proved in our works – it
may suggest their participation in long-term responses.
Sempruch, Leszczyński, Wójcicka, et al. (2010) and
Sempruch, Marczuk, Leszczyński, Czerniewicz, et al.
(2013) proved that induction of LDC activity was typical
for response of less susceptible triticale cvs. towards
against cereal aphids were developed after two weeks of
the infestation. It might accelerate metabolic transforma-
tion caused disturbances in equilibrium between essen-
tial amino acid lysine content and cadaverine level, as

the product of decarboxylation of this amino acid.
Decrease in nutritive value of plant tissues for insects
may be resulted from this response. In addition, cada-
verine strongly reduced body mass and survival of the
grain aphid at 0.1% concentration in in vitro conditions
(Sempruch, Leszczyński, Kozik, et al. 2010).

According to Xu et al. (2004) exogenous MeJA
increased ODC transcript levels in transgenic tobacco.
The phytohormone inhibited the expression of arginine
decarboxylase (OsAdc1), S-adenosylmethionine decar-
boxylase (OsSamdc), and spermidine synthase (OsSpds)
genes in transgenic rice (Peremarti et al. 2010). It also
reduced the level of free PAs and elevated concentrations
of their conjugates in the roots and shoots of potato
plants (Mader 1999). In the case of tobacco, MeJA
increased the activity of arginine decarboxylase,
ODC, and S-adenosylmethionine decarboxylase, accu-
mulation of conjugated PAs derivatives with simultan-
eous decreased levels of free putrescine, spermidine, and
spermine (Biondi et al. 2001, 2003). Result of our earlier
studies (Sempruch et al. 2012; Sempruch, Marczuk,
Leszczyński, Czerniewicz, et al. 2013; Sempruch, Marc-
zuk, Leszczyński, Kozak, et al. 2013) suggested that
common plant PAs and key enzymes of their biosyn-
thesis may be involved in short-term (local) as well as
long-term (systemic) plant responses against the aphid
infestation. Moloi and van der Westhuizen (2006)
showed that the response of wheat provoked by Russian
wheat aphid (Diuraphis noxia Mord.) infestation had a
typical local hypersensitive response (HR) nature. React-
ive oxygen species were generated during earlier HR
events in response to some aphid species (Thompson &
Goggin 2006; Mishra et al. 2012). Cereal aphids
S. avenae and R. padi also induced oxidative stress in
triticale tissues that was especially strong within less
susceptible cultivar (Łukasik et al. 2012). PAs participate
in a plant’s tolerance to oxidative stresses through the
stabilization of proteins, nucleic acid, and phospholipids
of cellular membranes. Mandal et al. (2014) showed that
application of putrescine to hydroponic medium reduced
the generation of protein oxidation as well as moderated
activity of guaiacol peroxidase, glutathione reductase,
and catalase in Salvinia natans L. treated by hydrogen
peroxide. On the other hand, PAs may be oxidized with
diamine oxidase and polyamine oxidase, and the trans-
formation generates large quantities of H2O2, inducing
the next steps of stress responses (Mohapatra et al.
2009). According to Sempruch et al. (2012), Sempruch,
Marczuk, Leszczyński, Czerniewicz, et al. (2013)
and Sempruch, Marczuk, Leszczyński, Kozak, et al.
(2013) plant with high susceptibility to R. padi and
A. pisum were characterized by induction of ODC
activity and over accumulation of putrescine under the
aphids infestation. It might be at last partly connected
with degradation of nonprotein ornithine that high con-
centration in wheat tissues was negatively correlated with
S. avenae intrinsic rate of natural increase (Ciepiela &
Sempruch 1999). On the other hand, putrescine negatively
influenced feeding behavior and survival of S. avenae
and disturbed seedling of triticale seedlings by R. padi
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(Sempruch, Leszczyński, Kozik, et al. 2010; Sempruch
et al. 2011). ODC is also involved in biosynthesis of
putrescine HCAAs that participate in systemic responses
of C. annuum to L. trifolii and N. attenuate toM. sexta and
S. littoralis. Thus, we conclude that the phenomenon
should be studied in the future.

In conclusion, we can state that TyDC was involved
in orchid-mealybugs interactions during shorter and/or a
longer term of the infestation. However, LDC and ODC
participated rather in long-term responses. The pattern of
changes in the amino acid decarboxylases activities was
dependent on mealybug species and duration of infesta-
tion. It is possible that the differences in the patterns of
the changes in activity of studied enzymes induced by
particular maealybug species are dependent on their
biology, and especially on the feeding behavior. However,
this phenomenon needs further, more complex studies.
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