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Elevated Atmospheric CO, Affects the Chemical Quality of
Brassica Plants and the Growth Rate of the Specialist, Plutella
xylostella, but Not the Generalist, Spodoptera littoralis

GaDI V. P. ReDDY,T PAuLA TOSSAVAINEN, ANNE-MARJA NERG, AND
JARMO K. HOLOPAINEN*

Department of Ecology and Environmental Sciences, University of Kuopio, P.O. Box 1627,
FIN-70211 Kuopio, Finland

Cabbage, Brassica oleracea subsp. capitata (cv. Lennox and Rinda), and oilseed rape, Brassica
rapa subsp. oleifera (cv. Valo and Tuli), plants were grown under ambient CO, (360 ppm) or elevated
CO; (720 ppm) at 23/18 °C and under a photoperiod of 22/2 h light (250 umol m~—2 s~1)/dark regime
for up to 5 weeks. Afterward, the performance of the crucifer specialist Plutella xylostella (Lepi-
doptera: Plutellidae) and the generalist Spodoptera littoralis (Lepidoptera: Noctuidae) on those plants
was studied. The mean relative growth rate (RGR) of P. xylostella larvae, feeding on both cultivars
of oilseed rape or on the Lennox cultivar of cabbage leaves grown at an elevated CO, concentration,
was significantly reduced as compared to ambient CO,. A negative larval growth rate at elevated
CO, was observed for P. xylostella on both oilseed rape cultivars, but the growth rate was reduced
but positive on cabbage. Conversely, the RGR of S. littoralis on either plant species was not affected
by CO, treatment but was lower on cabbage cv. Rinda than on cv. Lennox. The mortality of the
larvae was not affected by CO, treatment either. At the same time, elevated CO, significantly
decreased the concentrations of leaf phytochemical constituents in oilseed rape, i.e., total phenolics
and total nitrogen, but not in cabbage. The effect of elevated CO, on the leaf glucosinolate
concentrations of both plant species was marginal. In addition, the observed significant changes in
individual glucosinolate concentrations of oilseed rape leaves were not consistent among cultivars.
However, our results demonstrate for the first time quite strong effects of CO, enrichment on the
larval performance of P. xylostella, which is an important pest of Brassica plants around the world.
Further studies are still required to increase our understanding of why elevated CO, differently affects
the performance of specialist and generalist insect herbivores on Brassica plants.
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INTRODUCTION Under elevated C@concentrations, the rate of plant growth
increases, and leaves contain decreased levels of nitrogen and
increased carbon/nitrogen ratiog).( The classical carben
nutrient balance hypothesis (CNBH) (8) predicts that the
fhcreased carbon/nitrogen ratio will subsequently increase the
level of C-based secondary compounds of plants grown under
elevated CQ although further studies have indicated the
conceptual limitations of this hypothesis (e.9,,10). Karowe
and co-workersX1) reported that elevated GPossibly reduces
the concentration of N-containing plant secondary compounds,
ns[uch as glucosinolates in mustard. Glucosinolates are amino
acid-derived secondary compounds characteristic to the Bras-
sicaceae family. They are grouped into aliphatic, aromatic, and
indolyl glucosinolates based on the amino acid from which they
* To whom correspondence should be addressed. ¥868/17 163 230. are derived (1213). The important role of glucosinolates and
Fax: +358/17 163 191. E-mail: Jarmo.Holopainen@uku.fi. their hydrolysis products as feeding deterrents and toxic

T Present address: Agricultural Experiment Station, College of Natural g )
and Applied Sciences, University of Guam, Mangilao, Guam 96923. compounds to nonadapted, generalist herbivotds-(7) and

Itis well-established that the amount of carbon dioxide £CO
in the atmosphere is continuously risir.(This change is one
of the greatest threats to human beings because the concentratio
of atmospheric C®has risen from a preindustrial value of 270
uL 171 to the present value of about 3G 17! and is
anticipated to double by 210@)( Elevated CQ affects the
physiology and growth of plant8(4) and also crop production
(5). To evaluate the total impact of the elevated,@0ncentra-
tion on plant growth and yield, simultaneous changes in the
occurrence of pests and diseases have to be taken into accou

(6).
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feeding and oviposition stimulants for crucifer speciali¢®
20) has been reported.
An increased atmospheric GQoncentration affects the

Reddy et al.

concentrations. One chamber received 860 ~* CO, (ambient) and
another received 7206L L~ CO; (elevated) at a thermoperiod of 23/
18°C and a photoperiod of 22/2 h light (2&@nol m~2 s~%)/dark regime.

growth and development of chewing insects, resulting in The CQ exposure was maintained 24 h per day for 5 weeks. The

increased developmental times, reduced fecundity, and decreaseg?

larval and pupal weights [see reviews by Watt et alL)(and
Docherty et al. 22)]. Changes in phytochemical constituents
due to increased CQconcentrations can potentially alter the
nature of important inseefplant interactions 41, 23). The
effects of increased atmospheric £6n damage caused by

edlings were watered daily with tap water and fertilized with 0.1%
Superex (19:5:20 N:P:K, Kekkild, Finland) at the rate of-01%
dL/pot, starting 2 weeks after sowing. The &@atments and seedlings
were rotated between the two chambers weekly to randomize any
systematic chamber effect across the seedlings. The growth chamber
conditions were constantly monitored.

Insect Rearing. P. xylostellapupae were obtained from INRA,

insect pests will be dependent on changes in insect performanceEntomologie et Lutte Biologique, Antibes, France. The rearing of

both at the individual and at the population leva#(25). The
performance of chewing insects feeding ong£riched plants

immature stages was carried out in acrylic polyester gauze cages (60
cm x 33 cm x 33 cm, external dimensions) at 2&, 50% relative

has decreased, followed by an increase in their food consumptionhumidity, and 16/8 h light/dark photoperiod. Each cage contairesl 5

to get adequate dietary nitrogeR6( 27). Also, a decrease in
the water content of leaves after g@xposure, reported by

Johnson and Lincolri2@), might be a reason for the decreased

insect performance.
The diamondback mottRlutella xylostellal. (Lepidoptera:

week old broccoli B. oleraceasubspitalica) seedlings, two small cups

(3 cm diameter) of a honey/water solution (10 wt %/vol) for adult
feeding, and 50 pairs of aduit. xylostella. The plants were replaced
daily. After oviposition, the seedlings were transferred to another cage
for mass rearing of the larvae. Fresh plants were provided every 3 or
4 days for larval feeding. This procedure consistently produced a large

Plutellidae), is a specialist herbivore and one of the most seriousnumber of various stages Bf xylostella. The pupae of t& littoralis

pests of cruciferous plants throughout the wor9); This

were obtained from the Department of Biological Organic Chemistry,

species can also migrate during the early summer to the polarlinstitute of Chemical and Environmental Research-CSIC, Barcelona,

areas where it does not manage to overwind®).(Outbreaks
in the north are related to solar activity peaB&), The cotton
leafworm, Spodoptera littoralisBoisd. (Lepidoptera: Noctu-

idae), is a generalist herbivore that attacks many plant specie
in several plant families, including Solanaceae, Brassicaceae
Poaceae, Fabaceae, and Malvaceae, in many parts of the worl

(32).

S

Spain. The larvae were reared in the laboratory att26 °C and 75

=+ 10% relative humidity with a 16/8 h light/dark photoperiod on slightly
modified artificial diets from those previously reporte&¥§. The eggs
were deposited bys. littoralis females on strips of filter paper in a
plastic Ziploc bag (23 cm long 18 cm width). Groups of early instars

‘larvae were transferred into small plastic containers (3.0 cm kigh

.5 cm i.d.), while later instars were placed in plastic boxes (7.5 cm
high x 17.5 cm i.d.), in both cases with small cubes of artificial diet.

The aim of the present study was to compare the performanceThe lid of the boxes had a few small holes to avoid fungal development.

of two lepidopteran larvae, BrassicaspecialistP. xylostella
and a generaliss. littoralis, on twoBrassicaplants [Brassica
rapa subsp.oleifera L. and Brassica oleraceaubsp.capitata

When the larvae stopped feeding, sawdust was provided for pupation.
The pupae were sexed, and the adults were separated daily by age and
kept in other plastic containers (18 cm long14 cm widex 9 cm

L. (Brassicaceae)] exposed to ambient and elevated CO high). The adults were fed with a 10% sucrose solution. Both insect
concentrations. The specific objectives were (i) to determine cul_tures were maintained at our I:_:\boratory for several generations before
the mean relative growth rate (RGR) for the larvae of both insect being ”S_ed in the current experiments. o
species reared drassicaplants grown in ambient and elevated Chemical Analysis. _Three leaves were detached from individual
COy, (ii) to determine the total phenolics and total nitrogen plants for total phenolics and total nltfogen (N) analyses. The total
' . . iy . . . phenolics were extracted from oven-dried (4%) and powdered leaf
concentrations in the leavesBfassicaplants grown in ambient 1,40 rial with 80% (volivol) aqueous acetone and analyzed with Folin
and elevated C&and (iii) to compare glucosinolate concentra- - ciocalteu reagent using tannic acid as the reference star@BjdFor
tions in the leaves oBrassicaplants grown in ambient and  total N analysis, the leaf material was oven-dried af6Qpowdered,
elevated C@ Shifts in ecological interactions, such as the and analyzed using the Kjeldahl technique (39).
movement of an insect species from one type of host plant to  Glucosinolate Analysis.The extraction of glucosinolates from both
another, are potential sources of speciati®8).(Specialists and  plant species was based on the method reported i®tfieial Journal
generalists are at opposite ends of the ecological specializationof the European Communiti¢40) with slight modifications. Two leaves
spectrum 84), and a longstanding notion in evolutionary theory Were detached from the middle part of each 5 week old plant,
assumes that specialists are derived from genera88js (e |m_med|ately_ frozen in Ilqmq nltroge_n and freeze-drlgd for 75 h. The
hypothesize that since the specialists have adapted to feed onhyfied material was placed in a desiccator and kept in a freezer (—20
on a specific host plant family, any physiological changes in C) until analysis. Each sample was individually ground with a mortar

. . and pestle using liquid nitrogen, and a 300 mg sample was weighed.
host plants caused by G@nrichment, such as changes in total ¢ ified reference seed material [obtained from the Community Bureau

phenolics, total nitrogen, and glucosinolate concentration in plant 5 Reference (BCR program of the Commission of the European
leaves, will affect the growth of the specialist to a much greater communities)], having indicative values for individual glucosinolates,
extent and even in an opposite directi@b) to effects on the  was used to verify the correct application of the method. Therefore,
growth of generalists. Generalists have already adapted to a wide200 mg of sample of reference seed material was also weighed
range of plant defenses, and they might be less affected by thesimultaneously into a separate test tube. The tubes were boiled for 3
phytochemical changes. min in a water bath. Four milliliters of boiling water and 200 of
sinigrin solution (2.5 mmol/l) as an internal standard were added into
each test tube. The extracts were shaken with a Vortex mixer, heated
again in a water bath for 5 min, and centrifuged at 2200 rpm for 5
Plant Growth Conditions. Seeds of oilseed rap® (rapasubsp. min. The supernatant solution was taken into a new test tube. One
oleiferaL., cv. Valo and cv. Tuli; Boreal Ltd., Jokioinen, Finland) and  milliliter of boiling water was added to the sediment of extracts, shaken
cabbage (cv. Lennox, Enkhuizen, The Netherlands, and cv. Rinda, Bejowith a Vortex mixer, and centrifuged for 5 min. The supernatants were
Zaden BV, Warmenhuizen, The Netherlands) were individually sown combined and filtered with 0.48m syringe filters (Millipore, France).
in 1 L plastic pots filled with peat and sand (3:1). Thereafter, 40 sown One milliliter of the supernatant was loaded into a balanced minicolumn
pots of each plant species were transferred to grow in computer- prepared from DEAE Sephadex A-25 (Fluka Chemie, Buchs, Switzer-
controlled growth chambers (36) with either ambient or elevated CO land) resin. The columns were washed twice with 2 mL of 0.02 M

MATERIALS AND METHODS
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sodium acetate buffer (pH 4), and glucosinolates were desulfated Tapje 1, Mean Concentration (+ Standard Error) of Total Phenolics
overnight by adding 7L of purified sulfatase lelix pomatiatype ~ and percent Total Nitrogen in the Leaves of Cabbage (Lennox and
H1) into the columns. The desulfated glucosinolates were eluted from Ringa Cultivars) and Oilseed Rape (Valo and Tuli Cultivars) under
the column with 1.5 mL of water. The samples were placed in the ampient and Elevated CO,2

freezer (—20°C) until analysis.

Glucosinolates were identified by high-performance liquid chroma- Cabbage

tography (Hewlett-Packard series 1050, 1040 M Series Il detection
system) using a reversed phase capillary column (HP LiChrospher 100

main effects/P values (ANOVA)

RP-18, 5um, 250 mmx 4 mm) with a guard column (HP LiChrospher, ambient CO,  elevated CO, ~ CO,  cultivar ~ COx cultivar
100 RP-18, 5um, 4 mm x 4 mm). A gradient elution from 0% total phenolics (mglg dry wt)
acetonitrile to 25% acetonitrile during 45 min was utilized. The flow  |ennox  41.9+071  422+065 0.065 0.168 0.333

rate of the mobile phase was 0.8 mL/min, the column temperature was Rinda 42.5+0.40 439+0.44

30 °C, and the detection wavelength was 229 nm. The identification nitrogen (%)

of individual glucosinolates was based on corresponding peaks in |epnox  0.60 + 0.04 0.65+006 0282 0212 0.928
reference material and their relative retention times. The results were Rinda 0.53 +0.01 0.60 +0.07

calculated by using the peak area of each compound and the peak area

and concentration of internal standard and expresseanas g-* dry Oilseed Rape
weight. .

Larval Growth Rate. The RGR forP. xylostellaand S. littoralis main effects/p values (ANOVA)
larvae feeding on oilseed rape (cv. Valo and Tuli) and cabbage (cv. ambient CO,  elevated CO; ~ CO,  cultivar  COp x cultivar
Lennox and Rinda) leaves was measured. Fully expanded leaves from total phenolics (mg/g dry wt)
both plant species were cut and inserted individually into Eppendorf Valo 152+05 122+14 <0.001  0.085 0.089
tubes containing tap wateP. xylostellaor S. littoralis second instar Tuli 13.7+03 121+02
larvae were weighed (Sartorius Microbalance MP3, Satorius AG, nitrogen (%)

Gottingen, Germany) and introduced individually onto the leaf inside Valo 32+0.1 1.8+0.0 <0.001  0.729 0.459
a plastic container with a lid. The larvae were kept at°25 50% Tuli 29+03 19+0.2

relative humidity, and 16/8 h light/dark photoperiéd.xylostellaarvae

were allowed to feed for 3 days on cabbage and 2 days on oilseed = statistical significance of the main effects is given. N = 6 for cabbage, N =
rape.S. littoralis larvae were allowed to feed for 3 days on cabbage 8 for oilseed rape phenolics, and N = 4 for oilseed rape nitrogen.

and 4 days on oilseed rape. The feeding periods were different because

the larval feeding rate d?. xylostellawas higher on oilseed rape than OH-ql brassicin. g brassicin. and 4-methoxval brassi-
on cabbage, whereas f8r littoralis, the larval feeding rate was higher glucobrassicin, glucobrassicin, & ethoxygiucobrass

on cabbage than on the oilseed rape. After feeding, the larvae wereCin), @nd one glucosinolate belonging to the aromatic glucosino-
weighed again. The mean RGR of larvae was calculated using the latés (gluconasturtin). The major glucosinolates were 4-OH-

following formula: glucobrassicin, glucoiberin, and glucobrassicin, constituting
about 28, 26, and 21% of the total glucosinolates, respectively.
RGR= [In(final weight) — The proportion of gluconasturtin was about 15% of the total
In(initial weight)] x time™* [mg(mg x day) ] glucosinolates, whereas the other compounds were less common
(proportion of each<5%). In the leaves of both cabbage
From each cultivar, 1520 replicate plants were used in bokh varieties, the concentration of the total glucosinolates (Mann
xylostellaand S. littoralis tests. Whitney, P = 0.529) was at the same level in the ambient and

Statistical Analysis.All of statistical analyses were performed with

SPSS for Windows, version 10.0 (SPSS Inc., Chicago, IL). Treatment \yiiney p = 0.064) increased the concentration of the only
means and standard errors were calculated among varieties within

elevated CQ@ and ambient C@ treatments. The main effects and aromatic glu_cosinolate (_glu_cqnasturtin) in_ the leaves of the
interactions of treatment and cultivar were analyzed with two way L€nnox cultivar. Other individual glucosinolates were not
analysis of variance (ANOVA) (GLM procedure) in the cases of affected by CQ. When the glucosinolate concentrations were
phenolics and nitrogen. The data from larval RGR were analyzed using grouped into indolyl, alkenyl, and aromatic glucosinolates
two way ANOVA or Student'st-test. The major results from the  (Figure 1), no other significant changes other than a change in
glucosinolate analyses were not normally distributed, and the difference the concentration of aromatic gluconasturtin could be found.
bet\_/veen treatments was analyzed using the nonparametric Mann— |4 qilseed rape leaves, 15 individual glucosinolates were
Whitney U-test. found as follows: nine alkenyl, four indolyl, and two aromatic
glucosinolates (Table 2). The major glucosinolate was gluco-
RESULTS nasturtin, constituting about 40% of the total glucosinolates.
Total Phenolics. There was a significant reduction in the total  Progoitrin, glucoraphanin, glucobrassicanapin, and glucobras-
phenolics extracted from the leaves of oilseed rape grown at sicin constituted about 10% of each, and the other compounds
the elevated C®concentration (P< 0.001, Table 1). The were less common. The concentration of all indole glucosino-
difference between the total phenolics extracted from the leaveslates showed a decrease under elevated, G€ing only
of cabbage grown at ambient and elevated, €@nhcentrations  significant for 4-OH-glucobrassicin (Table 2).
was not significant (P= 0.065,Table 1). On the other hand, in the leaves of cv. Tuli, there was a
Nitrogen. There was a significant reduction in the nitrogen general increase in the concentration of indole glucosinolates
content of leaves of oilseed rape grown at the elevated CO specifically in neoglucobrassicin (MartwWhitney,P = 0.026).
concentration (P< 0.001,Table 1). The difference between  Gluconasturtin (ManaWhitney,P = 0.046) concentration were
the nitrogen content of cabbage grown at ambient and elevatedalso increased at elevated €@ able 2). When glucosinolate
CO, concentrations was not significant (P 0.282,Table 1). concentrations were grouped into indolyl, alkenyl, and aromatic
Glucosinolate Analysis.In cabbage leaves, 10 individual glucosinolatesKigure 2), elevated C@significantly increased
glucosinolates were found as follows: six alkenyl glucosinolates the concentration of aromatic glucosinolates (Makivhitney,
(glucoiberin, progoitrin, gluconapolieferin, gluconapin, gluco- P = 0.046). The oilseed rape leaves of Tuli cultivars grown in
brassicanapin, and glucoerucin), three indolyl glucosinolates (4- elevated CQ had significantly (Mann—WhitneyP = 0.016)

elevated CQ@ (data not shown). C&only marginally (Manr-
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Table 2. Concentrations («mol g~* Dry wt) of Individual Glucosinolates (Standard Errors in Parentheses) in the Leaves of Oilseed Rape (Valo and
Tuli Cultivars)?

ambient CO; elevated CO,
glucosinolate trivial name Valo Tuli Valo Tuli
alkenyl glucosinolates
3-methylsulfinylpropyl glucoiberin 0.011 (0.007) 0.000 (0.000) 0.024 (0.024) 0.052 (0.037)
R-2-hydroxy-3-butenyl progoitrin 0.046 (0.013) 0.086 (0.043) 0.102 (0.034) 0.038 (0.028)
S-2-hydroxy-3-butenyl epiprogoitrin 0.020 (0.020) 0.062 (0.006) 0.008 (0.008) 0.077 (0.045)
4-methylsulfinylbutyl glucoraphanin 0.069 (0.007) 0.132 (0.053) 0.038 (0.015) 0.050 (0.024)
2-hydroxy-4-penteny! gluconapolieferin 0.005 (0.004) 0.000 (0.000) 0.000 (0.000) 0.014 (0.014)
5-methylsulfinylpentyl glucoalyssin 0.040 (0.022) 0.000 (0.000) 0.099 (0.072) 0.000 (0.000)
3-butenyl gluconapin 0.009 (0.004) 0.000 (0.000) 0.000 (0.000) 0.000 (0.000)
4-pentenyl glucobrassicanapin 0.065 (0.027) 0.055 (0.036) 0.157 (0.092) 0.068 (0.056)
4-methylthiobutyl glucoerucin 0.071 (0.037) 0.000 (0.000) 0.000 (0.000) 0.063 (0.063)
indolyl glucosinolates
4-hydroxy-3-indolylmethyl OH-glucobrassicin 0.059 (0.014) 0.018 (0.007) 0.011 (0.004)** 0.055 (0.033)
3-indolylmethyl glucobrassicin 0.070 (0.023) 0.040 (0.014) 0.025 (0.010) 0.095 (0.032)
4-methoxy-3-indolylmethyl 4-methoxyglucobrassicin 0.019 (0.005) 0.048 (0.024) 0.013 (0.005) 0.023 (0.009)
1-methoxy-3-indolylmethyl neoglucobrassicin 0.019 (0.006) 0.002 (0.002) 0.000 (0.000)* 0.055 (0.019)*
aromatic glucosinolates
benzyl glucotropaeolin 0.000 (0.000) 0.000 (0.000) 0.011 (0.011) 0.000 (0.000)
2-phenylethyl gluconasturtin 0.301 (0.068) 0.257 (0.088) 0.224 (0.111) 0.498 (0.052)*
total glucosinolates 0.800 (0.077) 0.644 (0.176) 0.712 (0.185) 1.087 (0.136)"

a Statistical differences between treatments among each according to the Mann—-Whitney test; **P < 0.01; *P < 0.05; N = 8; Tstatistical significance between treatments
in the Tuli cultivar according to the t-test; P = 0.067.
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Figure 2. Concentrations of indolyl, alkenyl, and aromatic glucosinolates
in oilseed rape leaves of Valo and Tuli cultivars in ambient and elevated
CO, treatment. Error bars are the standard errors. Asterisks indicate
significantly different levels according to the Mann—Whitney test (P < 0.05);

indolyl alkenyl aromatic
Group of glucosinolates
Figure 1. Concentrations of indolyl, alkenyl, and aromatic glucosinolates
in cabbage leaves of Rinda and Lennox cultivars in ambient and elevated

CO, treatment. Error bars are the standard errors; N = 8. N =8
more aromatic glucosinolates than the corresponding leaves 0f(18% decrease with Lennox and 25% with Rinda), but these
the Valo cultivars (Figure 2). changes were not statistically significant (Figure 3).

Larval Growth. The mean RGR ofP. xylostellalarvae P. xylostellafeeding on oilseed rape leaves grown in the
feeding on the C®enriched Lennox cultivar of cabbage enhanced C@®environment lost weight during the experiment,
declined 60% as compared to ambigpnt {= 2.191,P < 0.05), producing negative RGR values, which were significantly lower

while that of larvae feeding on the elevated £gpown Rinda than RGR values for larvae feeding on leaves grown in the
cultivar declined only 43% (i 10= 1.363,P > 0.05) (Figure ambient CQ environment (Figure 41g 1, = 4.568,P < 0.001

3). The RGR of the generali§. littoralis showed a declining for the Valo cultivar;tio1s = 3.204,P = 0.004 for the Tuli
trend on CQ@-grown cabbage leaves as compared to ambient cultivar).
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Figure 3. Mean RGR of P. xylostella and S. littoralis larvae during 3
days of feeding on cabbage leaves of Lennox and Rinda cultivars grown
under ambient and elevated CO,. Error bars are the standard errors.
Asterisks indicate a significant difference at the P < 0.05 level according
to the t-test. The sample size, N = 20, at the start of feeding experiment.
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according to the t-test: **P < 0.001; **P < 0.01. The sample size, N =
20, at the start of feeding experiment.

o
w

Mean RGR (mg mg . day")
o o
- [

o

RGR values for the generali§, littoralis, feeding on oilseed

rape leaves grown in elevated g@ere only slightly lower

J. Agric. Food Chem., Vol. 52, No. 13, 2004 4189

The mortality was low in this feeding study, ranging from 0 to
10% across treatments.

DISCUSSION

We observed that the elevated £@ecreased the larval
growth rate of thBrassicaspecialist (P. xylostella) feeding on
both tested cultivars of cabbage and oilseed rape, while the
generalistS. littoralis was less affected. The study by Stancy
and Fellowes 41) provided the first empirical evidence that
the cabbage aphi®revicoryne brassicagl.) (Homoptera:
Aphididae) reared on Brussels sprout plafsdleraceasubsp.
gemmifera) grown under elevated €@as larger and ac-
cumulated fat, while there was no change in the growth of the
generalist green peach aphMyzus persicagSulzer) (Ho-
moptera: Aphididae). Some phloem-feeding insects have ex-
hibited better performance when provided with plants grown
under elevated C£)7, 42). In contrast, in our study, the growth
of the generalist §. littoralis) larvae was not significantly
affected by CQon either of the studied plant species. However,
the effect of elevated C{bn insect herbivores is dependent on
both the plant and the insect species under std@y45). Agrell
et al. @6) reported that it would be possible to rank host plants
grown under elevated Cased upon their deleterious effects
on insect performance.

In general, the glucosinolate concentrations in the leaves of
Dutch cabbage cultivars and Finnish oilseed rape cultivars were
rather low as compared to the studies conducted elsewdhere (
49). Oilseed rape leaves had about two times higher total
glucosinolate concentrations than cabbage. At the time of harvest
in separate experiments, all sampled plants were at the same
developmental age, which is important when determining the
differences between treatments and cultivars within experiments
(50). CQ enrichment had only a marginal effect on the
glucosinolate concentrations of cabbage leaves, while oilseed
rape leaves were shown to be somewhat more responsive.
However, the responses of different oilseed rape cultivars were
not consistent with respect to the génhrichment. Accumulation
of gluconasturtin in oilseed rape leaves, as detected in our study
after elevated C@in the Tuli cultivar, has earlier been reported
to be correlated with disease resistans#)( Indolyl glucosi-
nolates are known to increase after insect-feeding damage and
chemical elicitor treatment$1—53), but in our study, elevated
CO, decreased two indolyl glucosinolates in the leaves of the
Valo cultivar. It has been suggested by Karowe etHl) that
changes in nitrogen allocation with crucifers under elevated CO
are species specific. They found decreased foliar glucosinolate
concentrations at elevated g@nly with mustard but not with
radish or turnip. To our knowledge, there are no corresponding
earlier studies with oilseed rape or cabbage.

Both nutrients and secondary metabolites in plant leaves are
important in determining the leaf quality as food for herbivores
(54). The leaf chemistry is known to be more sensitive to high
CO;, concentrations than to low G@oncentrationsgs). Stancy
and Fellowes (41) reported tht oleracegplants reared under
elevated CQ@conditions (650 vs 350 ppm) were larger and had
decreased water and nitrogen contents in the leaves. Reductions
in gypsy mothLymantria disparL. (Lepidoptera Lymantriidae),
performance on aspen were associated with,-{D@uced
increases in phenolic glycosidesg). Nutrients and the second-
ary chemistry of birch and maple were also affected by, CO
but there were no parallel changes in gypsy moth performance.

than those measured for larvae feeding on leaves grown inAlthough leaves of red maplécer rubrumL. (Aceraceae), had

ambient CQ levels: 9% lower in Valo and 17% lower in Tuli

significantly higher total phenolics concentration when grown

(Figure 4). These differences are not statistically significant. in enriched CQ, no significant effect on the growth &f dispar
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larvae was observe®%). However, Coviella et al5{) recently 9)
reported that cottorGossypium hirsuturh. (Malvaceae), plants

had lower N concentrations and higher C:N ratios when grown
in elevated CQ leading to adverse effects on growth and
survival of Spodoptera exiguéHiibner) (Lepidoptera: Noctu-
idae). Although the results of Stancy and Fellow&E) (suggest

to a certain extent that changes in host plant quality could affect
the specialist sucking herbivoreB.( brassicae) but not the
generalist sucking herbivoreM( persicae), it still remains
unclear from our study why the RGR &f. xylostellalarvae

was reduced oBrassicaplants grown at elevated GQOwhile

that of S. littoraliswas not affected. However, this kind of study
should be further expanded to investigate the impact of different
plant surface structures, such as trichomes and trichome
exudates, epicuticular waxes (58), and leaf toughness on insect
herbivore performance to help us to understand why, CO
enrichment affects the specialist and generalist performances
differently.

In conclusion, our results suggest that larval growthPof
xylostellais negatively affected by elevated @CHowever,
long-term experiments under elevated LC@ith multiple
sequential insect generations are required to judge how elevated
CO;, concentration could affect the plartierbivore interactions
in the future, as already suggested by Hun2&) @nd Williams
et al. (55). In addition to these studies, the effects of elevated (16)
CO, on plant volatiles (59) and plant signaling to predators and
parasitoids at the third tropic level should be encouraged and
considered as a priority in the future research. 7)

(10

11

12)

(13)

(14)

(15

~
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