www.czasopisma.pan.pl P@N www.journals.pan.pl
<D
S~

JOURNAL OF PLANT PROTECTION RESEARCH
Vol. 46, No. 1 (2006)

MECHANICALLY-INJURED WHEAT PLANTS
RELEASE GREATER AMOUNTS OF THE SECONDARY
METABOLITES LINALOOL AND LINALOOL OXIDE

Dariusz Piesik'?, David K. Weaver >3, Gavin E. Peck?, Wendell L. Morrill*3

! University of Technology and Agriculture, Department of Applied Entomology
Kordeckiego 20, 85-225 Bydgoszcz, Poland
e-mail: dpiesik@interia.pl

*Montana State University, Department of Entomology, Bozeman, MT 59717-3120, USA

*Montana State University, Department of Land Resources and Environmental
Sciences, 334 Leon Johnson Hall, Bozeman, MT 59717-3120, USA

Accepted: March 6, 2006

Abstract: Plants under attack of herbivores can emit increased amounts of volatile compounds from
their leaves. Similarly, mechanically-injured plants can emit volatile chemicals that differ both quan-
titatively and qualitatively from undamaged plants. In this experiment, mechanical injury increased
the release of the secondary metabolites linalool (3,7-dimethyl-1,6-octadien-3-ol) and linalool oxide
(5-ethenyltetrahydro-2-furanmethanol) by wheat plants. The amounts released varied significantly
with injury type and the period of time after injury. The time interval for the volatile collection within
the photophase also influenced the amount collected for each day. The increased emission of these
compounds, as a result of injury, may be explained as a defense mechanism against wounding. The
role of these plant volatiles can be further investigated in the context of plant response to mechanical
injury, within the broader context of all types of injury.
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INTRODUCTION

Plants are not merely passive victims of attacking herbivores; they have
evolved an arsenal of physical and chemical defenses to protect themselves (Ras-
mann et al. 2005). All plant species are vulnerable to injury by a number of organ-
isms during their life and are also subjected to mechanical damages. In response
to these injuries, they have evolved defense mechanisms to fend off parasitic or-
ganisms (De Moraes et al. 2001; Cardoza et al. 2002, 2003) or herbivores (Karban
and Baldwin 1997; Agrawal et al. 1999). Inducible defenses based on production
and release of volatile secondary metabolites that attract natural enemies of the
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herbivores were studied. Manipulating these signals may help increase the ef-
fectiveness of these natural enemies as control agents (Dicke and Sabelis 1988;
Turlings et al. 1990; De Moraes et al. 1998; Thaler 1999; Kessler and Baldwin 2001;
Reddy and Guerrero 2004). Other volatile compounds could also have an inhibi-
tory or repellent effect on pest herbivores (De Moraes et al. 2001; Cardoza et al.
2003). Volatile emissions from injured plants have been the subject of research for
many years.

The knowledge of the blend of volatiles that wheat produces may be useful in
understanding the attraction of insect pests to wheat and other cereal crops (But-
tery et al. 1985). Volatile compounds produced by wheat, Triticum aestivum L., were
collected and identified using several techniques (Hamilton-Kemp and Anderson
1984, 1986, Buttery et al. 1985; Hatanaka 1993; Batten et al. 1995). The volatile com-
pounds from wheat are similar to the major contributors to a characteristic odour
of green leaves for other cereals (Buttery et al. 1985). The principal volatile com-
pounds found in wheat and oat seedlings were characterized for attractiveness to
insect herbivores (Quiroz and Niemeyer 1998a), but wheat infested by insects also
produced differing volatile signals as a result of infestation (Quiroz and Niemeyer
1998b). Similarly, laboratory studies showed that Sitobion avenae F., when feeding
together with Rhopalosiphum padi L., probed tissue less, had alonger ingestion
time, and had increased fecundity on wheat seedlings, relative to pure colonies
as a function of the specific odours involved (Johansson et al. 1997). These studies
show that induced compounds can play an important role in modulating the level
of damage associated with injury.

The purpose of the current research was to collect basal information on the
effect of several types of mechanical injuries used to simulate various forms of in-
sect herbivory. The amount of linalool and linalool oxide produced by each type
of wounded and the control wheat plants were quantified. The effect of post-in-
jury duration on the amount of linalool and linalool oxide was also quantified for
each type of wound.

MATERIALS AND METHODS

Plant Culture. Experiments were performed at the Plant Growth Center, Mon-
tana State University in 2002 and 2003. McNeal spring wheat seeds were sown
daily and plants were grown in a greenhouse with supplemental light and ambient
humidity. The photoperiod was 16L: 8D. Daytime temperature was 22+2°C and
overnight temperature was 18+2°C. Plants were grown two per pot in equal parts
of MSU PGC soil mix (equal parts of sterilized Bozeman Silt Loam soil: washed
concrete sand and Canadian sphagnum peat moss) and Sunshine Mix 1 (Canadian
sphagnum peat moss, perlite, vermiculite, and Dolmitic lime). The plants were
watered four times weekly, and fertilized with Peters® General Purpose Fertilizer
at 100 ppm in aqueous solution twice each week as part of the regular watering
schedule. Fertilizing commenced when the plants reached the third leaf stage.

Wounding. Plants were wounded immediately before each replication of the
experiment. The main stem from each plant was subjected to volatile collection,
while the tillers were outside volatile collection chamber. All plants used were at
the Zadoks 32 stage, with the emergence of an elongating stem section separating
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the first two nodes. At this stage, there are three large leaves projecting upwards

from the area of the elongating stem in addition to numerous more mature leaves

lower on the plant and on the tillers. Five types of injuries were performed on the
plants. These were:

1. Pierced Stem - the main stem was punctured by a small-bore needle (diam-
eter 0.34mm) to simulate the mechanical damage done by an ovipositor or
piercing mouthparts. Five holes were made in each stem.

2. Scraped Stem — the main stem interior was abraded by a single rasp with a large
bore needle (diameter 1.64mm, 3.3cm in length). This was used to simulate
mechanical larval feeding damage inside the stem by a stem-boring species.

3. Top Half Leaf Cut — the distal half of the uppermost leaf on the main stem was
cut off with scissors. The cut was made perpendicular to the main vein run-
ning along the midline of the leaf’s length, leaving a short length of wounded
tissue. This simulated defoliation of leaf tissue by an insect with chewing
mouthparts.

4. Top Quarter Leaf Cut — one quarter of the distal portion of the uppermost leaf
on the main stem was cut with scissors to simulate defoliation. The perpen-
dicular cut was made only to the midline vein of the leaf and then continued
alongside the vein to the tip of the leaf. This removed half of the leaf tissue that
the “Top Half Leaf Cut” treatment did, while increasing the relative length of
the wound on the apical portion of the leaf. This simulated less defoliation by
an insect with chewing mouthparts.

5. Bottom Quarter Leaf Cut — one quarter of the proximal portion of the up-
permost leaf on the main stem was cut with scissors to simulate defoliation.
The perpendicular cut was made only to the midline vein of the leaf and then
continued alongside the vein to the basal portion of the leaf, where it joined
the main stem. Once again, this removed approximately half of the leaf tissue
that the “Top Half Cut” treatment did, while increasing the relative length of
the wound on the proximal portion of the stem. This also simulated less de-
foliation by an insect with chewing mouthparts on a different area of the leaf
than for “Top Quarter Leaf Cut”.

Volatile Collection System. The custom built apparatus (Analytical Research
Systems, Inc. Gainesville, Florida, USA) used to collect volatiles featured a set
of six glass volatile collection chambers that are open at one end to enclose the
growing plant. A flexible Teflon® sleeve was tape-sealed around the base of the
main stem to prevent the collection of excess soil volatiles. The chambers were
40-mm-diameter X 800-mm-long. Volatiles were collected simultaneously from
all six chambers. Each volatile collection chamber was fitted with a manifold
that had 8 ports. Each port was fitted with threaded air inlet caps and threaded
volatile collector ports, both fitted with No. 7 ChemThread inlets (inner diam-
eter 6.35-mm) and sealed using rubber O-rings. A volatile collector trap (6.35-
mm-OD, 76-mm-long glass tube; Analytical Research Systems, Inc., Gainesville,
Florida, USA) containing 30 mg of Super-Q (Alltech Associates, Inc., Deerfield,
Mlinois, USA) adsorbent was inserted into each port, and was sealed by the
O-ring/ChemThread assembly. Purified, humidified air was delivered at a rate of
1.01/min over the plants, and the flow and pressure were maintained by a vac-
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uum pump. The volatile collection system was computerized and had software
inputs, which allowed two event controllers to switch solenoid switches off and
on. These switches allowed the airflow of entrained volatiles to be switched from
one port to another. This capability allowed for the programming of six sequential
two-hour collections from each plant during photophase. Volatiles were collected
from the main stem and the three large, uppermost leaves of each plant only. The
volatile collection sequence (six, consecutive two hour collections) was initiated
immediately after injury, again at two days after injury, and again at four days after
injury. There were seven temporal replicates of each plant and wounding type. For
each collection interval, eleven plants were collected: seven random treatment rep-
licates and four controls. Specific treatment replicates for collection were assigned
randomly each day and experiments were staged daily until the completion of the
experiment. Additionally, one control chamber was collected each day. This control
consisted of the airspace above of a pot containing soil only.

Analytical Methods. Volatiles were eluted from the Super-Q in each volatile
collection trap with 225 ul of hexane. After this 7 ng of decane was added as an
internal standard. Volatiles were analyzed by coupled gas chromatography-mass
spectrometry (GC-MS). The GC was an Agilent Technologies 6890 instrument
fitted with a 30-m DB-1MS capillary column (0.25-mm-ID, 0.25 pum film thick-
ness; ] & W Scientific, Folsom, California). The temperature program increased
chromatography oven temperature from 50°C to 280°C at 10°C/min The MS in-
strument was an Agilent Technologies 5973. The identification of volatiles was
verified with authentic standards purchased from commercial sources that had
the same GC retention times and mass spectra.

Statistical Methods. The amounts of linalool and linalool oxide for each
plant at each collection interval were subjected to the analysis of variance. The
independent variables included injury type (INJURY), days after injury (0, 2 or
4 DAYS), and collection interval in each day (each consecutive two hour interval
— HOURS). The interactions were included in the model. Mean amounts were
separated after analysis of variance using Tukey’s test for significant differences
at a =0.05.

RESULTS

Overall, greater amounts of linalool (Table 1) and linalool oxide (Table 2) were
released following mechanical injury relative to the control. A significant amount
of variation was explained by injury type for both linalool (F = 20.5, DF = 5) and
linalool oxide (F = 9.6, DF =5). There were significant interactions between injury
types and days for both compounds, and for linalool there was also significant in-
teraction between injury types and hours, as well as a significant three-way inter-
action (Table 3). Within injury types, only the two “Quarter Cut Leaf” treatments
had significantly greater amounts of linalool than the control (Table 1), although
all injury types had greater amounts of this compound relative to the control.

In contrast, the “Pierced Stem” and both “Quarter Cut Leaf” injury types
caused the release of significantly greater amounts of linalool oxide, while all
injury types released numerically greater amounts (Table 2).
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Table 1. The amount of linalool collected from mechanically-injured and control wheat plants

INJURY
HOURS
DAYS collection C([)rrlltIiOl Piserced Scraped 1l"opfhalf CIuT:rlZer zsztrotg;
interval & [lt:r? stem [ng] e?n c]u t leaf cut leaf cut
& 8 [ng] [ng]
0-2 0.70 2.90 4.44 0.88 4.16 4.34
2-4 1.44 2.59 3.41 1.78 5.44 8.41
0 4-6 1.63 3.09 3.27 2.28 6.28 9.01
6-8 1.22 2.84 4.82 1.31 2.96 5.20
8-10 0.32 0.75 0.69 0.24 1.35 0.66
10-12 0.16 0.27 0.24 0.00 0.32 0.16
Mean 0.91 2.07 2.81 1.08 3.42 4.63
0-2 0.66 1.39 1.19 1.21 11.68 2.46
2-4 191 1.61 1.58 1.12 15.70 3.12
’ 4-6 0.84 1.86 1.59 1.37 30.06 3.55
6-8 1.84 1.23 1.18 0.68 20.97 2.78
8-10 0.06 0.64 0.63 0.57 2.03 0.90
10-12 0.00 0.12 0.09 0.53 0.25 0.27
Mean 0.89 1.14 1.04 0.92 13.45 2.18
0-2 0.19 4.28 1.14 0.64 1.43 1.25
2-4 0.27 3.00 0.91 0.77 2.78 1.67
4 4-6 0.21 4.09 0.99 0.74 3.16 1.41
6-8 0.13 4.44 0.95 0.55 2.48 2.17
8-10 0.07 1.76 0.68 0.24 0.98 0.95
10-12 0.00 0.17 0.07 0.00 0.14 0.16
Mean 0.14 3.12 0.79 0.49 1.83 1.27
0-2 0.52 2.86 2.26 0.91 5.76 2.68
2-4 1.20 2.73 1.97 1.23 7.97 4.40
Mean for 4-6 0.89 3.01 1.95 1.46 13.17 4.66
DAYS 6-8 1.07 2.84 2.32 0.85 8.80 3.39
8-10 0.15 1.05 0.67 0.35 1.45 0.84
10-12 0.05 0.19 0.14 0.18 0.24 0.20
Mean for INJURY 0.65 211 1.55 0.83 6.23 2.69
0-2 2.49
2-4 3.25
Mean for 4-6 1.19
HOURS 6-8 3.21
8-10 0.75
10-12 0.17

HSD Tukey a = 0.05 for INJURY (I) =1.83
HSD Tukey a = 0.05 for DAYS (II) = 1.06
HSD Tukey a = 0.05 for HOURS (III) = 1.83
HSD Tukey a=0.05 I/Il = 3.17

HSD Tukey o= 0.05 II/I = 2.61

HSD Tukey o = 0.05 I/IIl = 4.48

HSD Tukey o =0.05 III/I = 4.48
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Table 2. The amount of linalool oxide collected from mechanically-injured and control wheat plants

INJURY
HOURS
DAYS collection C([)ntliOl Pierced Scraped "ll"opfhalf ql?:rlzer 23:12211‘
interval g S[’:r? stem [ng] e[an c]u t leaf cut leaf cut
& & [ng] [ng]
0-2 0.18 0.19 0.78 0.00 0.44 0.53
2-4 0.14 0.31 0.55 0.00 0.36 0.76
0 4-6 0.31 0.19 0.80 0.22 0.46 2.27
6-8 0.09 0.18 1.00 0.00 0.21 0.84
8-10 0.01 0.04 0.15 0.00 0.00 0.00
10-12 0.02 0.00 0.00 0.00 0.07 0.00
Mean 0.13 0.15 0.55 0.04 0.26 0.73
0-2 0.00 0.13 0.50 0.28 148 0.62
2-4 0.10 0.53 0.20 0.21 3.26 1.01
” 4-6 0.16 0.68 0.51 0.00 3.63 1.12
6-8 0.00 0.42 0.32 0.12 3.25 4.67
8-10 0.00 0.00 0.00 0.12 0.79 0.37
10-12 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.04 0.29 0.26 0.12 2.07 1.30
0-2 0.23 1.19 0.00 0.54 0.54 0.71
2-4 0.00 1.67 0.00 0.21 1.65 0.51
4 4-6 0.25 2.16 0.19 0.58 0.84 1.04
6-8 0.21 2.12 0.00 0.08 0.73 1.17
8-10 0.14 1.01 0.00 0.30 0.75 0.78
10-12 0.00 0.29 0.00 0.00 0.00 0.00
Mean 0.14 141 0.03 0.28 0.75 0.70
0-2 0.14 0.50 0.43 0.27 0.82 0.62
2-4 0.08 0.83 0.25 0.14 1.76 0.76
Mean for 4-6 0.24 1.01 0.50 0.27 1.64 148
DAYS 6-8 0.10 091 0.44 0.07 1.40 2.23
8-10 0.05 0.35 0.05 0.14 0.51 0.38
10-12 0.01 0.10 0.00 0.00 0.02 0.00
Mean for INJURY 0.10 0.62 0.28 0.15 1.03 0.91
0-2 0.46
Mean for 2 0.64
HOURS 4-6 0.86
6-8 0.86
8-10 0.25
10-12 0.02

HSD Tukey o = 0.05 for INJURY (I) =0.52
HSD Tukey o = 0.05 for DAYS (II) = 0.30
HSD Tukey o = 0.05 for HOURS (III) = 0.52
HSD Tukey o0 =0.05 I/II = 0.89

HSD Tukey o0 =0.05 1I/1=0.73



www.czasopisma.pan.pl P@N www.journals.pan.pl
<D

Mechanically-injured wheat plants... 35

The variation in the amounts of linalool (F = 9.8, DF = 2) and linalool oxide (F =
4.3, DF = 2) were also significantly explained by the post-injury interval (0, 2 or 4
days). The overall amount of linalool produced across all injury types was signifi-
cantly greater immediately after injury (day 0) and at two days after injury than
for four days after injury (Table 1). In contrast, the amount of linalool oxide was
significantly lower only immediately after injury (day 0) when compared to two
days after injury (Table 2).

A significant portion of the variation in the amount of linalool (F = 11.9, DF = 5)
and linalool oxide (F = 6.9, DF = 5) was explained by the collection interval. The last
collections each day (8-10 hours and 10-12 hours) obtained significantly less linalool
than the greatest intermediate collection intervals (24 hours and 6-8 hours) (Table
1). A similar trend was seen for linalool oxide with significantly less collected later
(8-10 hours and 10-12 hours) compared to the amounts for the intermediate collec-
tion intervals (4—6 hours and 6-8 hours) (Table 2). The variance contributions for both
linalool and linalool oxide showed significant interactions across some explanatory
variables, indicating that the effects of collection day and collection interval for each
day varied by injury type (Table 3).

Table 3. The contribution of each of classification variables to the variation in the amount of linalool
and linalool oxide produced by mechanically-injured wheat plants

Linalool SS DF MS F p
Intercept 4152.71 1 4152.715 160.1175 0.000000
INJURY 2658.50 5 531.700 20.5009 0.000000
DAYS 509.45 2 254.724 9.8215 0.000063
HOURS 1547.71 5 309.541 11.9351 0.000000
INJURY xDAYS 3286.08 10 328.608 12.6702 0.000000
INJURY x HOURS 1546.47 25 61.859 2.3851 0.000193
DAYSxHOURS 373.65 10 37.365 1.4407 0.158169
INJURY x DAYSx HOURS 2240.53 50 44811 1.7278 0.001830
Error 16806.15 648 25.935

Linalool oxide SS DF MS F p
Intercept 199.667 1 199.6674 96.59707 0.000000
INJURY 99.628 5 19.9256 9.63980 0.000000
DAYS 17.939 2 8.9694 4.33930 0.013427
HOURS 71.384 5 14.2769 6.90700 0.000003
INJURY xDAYS 112.167 10 11.2167 5.42653 0.000000
INJURY xHOURS 67.293 25 2.6917 1.30223 0.148857
DAYSxHOURS 21.054 10 2.1054 1.01857 0.425817
INJURY xDAYSx HOURS 97.256 50 1.9451 0.94103 0.591135
Error 1339.425 648 2.0670

Some other general comparisons for linalool production were apparent from
these experiments. Linalool release by “Pierced Stem” plants was clearly highest
across the collection intervals on the fourth day after injury, peaking at a mean of
4.4 ng over the

6-8 hour collection interval (Table 1). In contrast, the amounts of linalool for
the “Scraped Stem” were highest immediately after injury, peaking at a mean of
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4.8 ng over the 6-8 hour collection interval, and were much lower for subsequent
days (Table 1). For the “Top Quarter Cut Leaf”, the greatest amount of linalool
was collected at two days after injury, peaking at a mean of 30.1 ng over the 4-6
hour collection interval, which was the greatest mean amount for any two hour
interval (Table 2). In contrast, the amount of linalool collected for the “Bottom
Quarter Cut Leaf” was greatest for the same interval (4-6 hours), but during the
day the injury occurred (Table 1).

Looking at the trends for linalool oxide production, the patterns were similar
for the amounts of linalool released by “Pierced Stem” and “Scraped Stem” in-
jury. The greatest amount collected was at 46 hours of the fourth day after injury
for the Pierced Stem (mean of 2.2 ng), while the greatest amount for the “Scraped
Stem” was a mean of 1.0 ng collected at 6-8 hours on the day of injury (Table
2). However for the “Quarter Cut Leaf” injuries the results appear different for
linalool oxide compared to linalool with the greatest production for the “Top”
(mean of 3.6 ng for the 4-6 hour collections) and the “Bottom” (mean of 4.7 ng for
the 6-8 hour collections) occurring at two days after injury (Table 2).

DISCUSSION

Plants can produce secondary metabolites, which act as signals modifying the
development or behaviour of other organisms without having direct physiologi-
cal activity (Chamberlain et al. 2000), although these compounds may also play
arole in defense against pathogens (Wang et al. 2003). This integration can be
apparent from the effects induced by host plants on insect physiology and behav-
iour, including reproduction, and by the plant defense responses to herbivorous
insects (Reddy and Guerrero 2004). However, volatiles emitted from plants in re-
sponse to insect damage can vary with insect feeding habitats (Rodriguez-Saona
et al. 2003). Hoballah and Turlings (2005) reported that any type of surface dam-
age commonly causes plant leaves to release green leaf volatiles.

In this experiment, we noted that different types of mechanical injuries in-
duced the release of greater amount of potential secondary metabolites in elon-
gating wheat plants. The increases in linalool and linalool oxide were quite dis-
tinct depending on injury type. Systemically released compounds like linalool
are known to be induced by caterpillar feeding damage, slightly increased by
mechanical injury, and are not released in significant amounts by undamaged
cotton plants (Rdse et al. 1996, 1998). Engelberth et al. (2004) demonstrated a spe-
cific function of green leafy volatiles (GLV) in priming the defenses of corn plants
against herbivorous insects. GLV commonly emitted by plants in response to me-
chanical damage induced intact undamaged corn seedlings to rapidly produce
jasmonic acid (JA) and emit sesquiterpenes. Moreover, tomato plants (Lycopersicon
esculentumy), in response to insect feeding, released both locally and systemically
elevated levels of volatile organic compounds (Farag and Paré 2002). Koschier
et al. (2000) demonstrated that western flower thrips (Frankliniella occidentalis)
were attracted by linalool. Banchio et al. (2005) reported that Minthostachys mollis
plants responded to mechanical damage by dramatically increasing the concen-
tration of the two most abundant monoterpenes (menthone and pulegone) in
their essential oil.
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Rodriguez-Saona et al. (2001) demonstrated that cotton plants treated with ex-
ogenous methyl jasmonate emitted elevated levels of linalool compared to those
for similar plants damaged by herbivores, showing that this compound is an
inducer of secondary metabolism. In the case of the current experiment, with
only different forms of mechanical injury to immature wheat plants, the results
are quite unexpected, particularly in the context of earlier findings comparing
only one type of mechanical injury to either herbivory or an undamaged control.
The dramatic treatment effects observed encourage further investigation of the
ecological role of these active substances in response to varying levels of damage
to different target tissues, and to fully establish their context in plant defenses
in general (Ninkovic et al. 2003). In particular, it might be expected that excising
25% of a leaf would produce more volatiles than excising 50% of an identical leaf
would, because our methods produce larger wounds this way. However, the dif-
ferential delays in maximal production of these compounds across injury types,
over time and across collection intervals merit further investigation.

CONCLUSIONS

1. Different types of mechanical injury permitted the collection of greater
amounts of the secondary metabolites linalool and linalool oxide compared
to control wheat plants.

2. For most wounding types, the greatest collection of linalool and linalool oxide
occurred at 2 days after injury. Within each post-injury interval — zero days,
two days, or four days — the greatest amount collected was obtained at the
intermediate part of the photophase, typically collection intervals from 4-6 or
68 hours. Collection intervals from 8-10 and 10-12 hours always had lower
amounts of both compounds.

3. Mechanical injury in which the top quarter of the leaf is cut induced the plants
to produce the highest amounts of linalool and linalool oxide.
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POLISH SUMMARY

WPLYW MECHANICZNEGO USZKADZANIA PSZENICY NA ZWIEKSZONA
PRODUKCJE WTORNYCH METABOLITOW LINALOLU | TLENKU LINALOLU

Rosliny pod wpltywem ataku roslinozercdéw moga emitowac¢ wigksze ilosci
lotnych zwiazkéw ze swoich lisci. Podobnie, mechanicznie uszkadzane rosliny
emitujq lotne zwigzki réznigce sig ilosciowo i jako$ciowo od roslin nie uszkadza-
nych. W tym eksperymencie mechaniczne uszkadzanie pszenicy spowodowato
wzrost wydzielania wtérnych metabolitéw, takich jak linalol (3,7-dimethyl-1,6-
-octadien-3-ol) i tlenek linalolu (5-ethenyltetrahydro-2 furanmethanol). Uwol-
nione zwigzki rdznily sig istotnie w odniesieniu do typéw uszkodzen i czasu jaki
uplynat po uszkodzeniu roslin. Takze czas pomiedzy kolejnymi kolekcjonowa-
niami istotnie wptywatl na ilo$ci uwalnianych lotnych zwigzkéw. Wzrost emisji
tych zwigzkdw, jako rezultat uszkodzen, moze by¢ thumaczony jako mechanizm
obronny przeciwko uszkadzaniu. Rola tychze zwiazkéw powinna by¢ dalej ba-
dana w kontekscie reakgji roélin na rozne typy uszkodzen.
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