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INTRODUCTION

Phytophagous insects are known to dominate global biodiversity (Strong et
al,, 1984; and World Conservation Monitoring Center, 1992) and the two most
considered variables in studies of the impact of global environmental change on
phytophagous insects and their host plants are CO; and temperature (Bazzaz, 1990;
Coller et al., 1991; Cammel and Knight, 1992; Dewar & Watt, 1992; Lambers,
1993; Lincoln, 1993; Lincoln et 4/, 1993 and Lindroth e al., 1993). Because of
carbon dioxide’s critical role in photosynthesis, such increase in global atmospheric
CO, levels will have a profound effect on the growth of crop plants (Acock, 1990).
Because the composition of plant tissue often changes when plants are grown at
elevated CQ, concentrations, insect herbivore performance after feeding on such

tissue may also be affected.

To investigate how the increase in atmospheric CO, may influence
plant/insect interactions. fed on leaves from cotton plant Gossypium barbadens
(Malvaceae) grown under ambient (350 ppm) and enriched {700 ppm) CO, regimes
to the 3™, 5" and 6" instar larvae of Spodoptera littoralis (Boisd.) and measure their
food consumption and growth. The experiment also examines how the carbon
supply rate of plants influences herbivore feeding and growth.

MATERIAL AND METHODS

The cotton seeds of Gossypium barbadens (Giza 85) were provided from
the Ministry of Agriculture, Dokki, Cairo were germinated, 5 seeds / 4 liter soil, in
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plastic box containing sand and clay through summer season from May till
September (2000-2001) during summer season. Fifteen days after germination,
plants were randomly divided into 2 groups, 20 each, one for ambient (control) CO;
regime (350 ppm) and the other for the eariched CO; treatment (700 ppm).

In the first group (ambient CO; regime) the plastic pots were placed in the
garden of the Department of Entomology, Faculty of Science, Cairo University. A
certain distance was observed between successive planting pots to avoid overlapping
of green shoot and to reduce mutual shading. A large muslin cloth net was set to
cover most of the field area to avoid severe damage to cotton by insect pests, The
mean weekly maximum and minimum temperature ranged between 40.4-45.7°C and
20-25.2°C, respectively. The mean weekly maximum and minimum relative
humidity ranged between 65-76% and 20-45%, respectively. The meap monthly
precipitation was zero and the photoperiod was 14D: 10L.

In the second group (enriched CO, regime), the pots were placed in 80 L x
80 W x 8¢ H m specially designed glass houses (see Carlson and Bazzaz, 1980 for
details). Natural lightening which ranged from 600 p mol m™ s to 2000 p mol m? s
' (Fajer, 1989) was primarily used, although a white fluorescent Philips lamps,
programmed to maintain a 12 D: 12 L light regime, added additional light at 1000 p
mol m? s when light levels fell below 600 u mol m? s™.

The temperature regime, inside the glass house, (35-38°C) was controlled
automatically by a thermostat and recorded using a Traceable® Digital Thermometer
(with £ 1°C accuracy, 1 digit resolution). Relative humidity fluctuate between 70-
85 %, CO; cylinders were used as a source of CO, to maintain the concentration
inside the glass house at 700 ppm. The flow rate of inlet air stream of CO; was 0.1
I/min. No natural or artificial fertilizers were added to the soil. Growing cotton
plants were watered with tap water every 3 days and rotated within glass house
within CO, treatment every week in order to minimize pseudorepiication and glass
houses effects. Cotton plant leaves used during feeding experiments were obtained
from 45-75 day old cotton plants from both ambient (350 ppm) (control) and
enriched (700 ppm) CO, regimes.

Leaf quality was measured to help explain the variability observed in
consumption of food. The leaves used were obtained from 45-75 day-old cotton
plants G. barbadens . For the chemical analysis, total pigments was extracted and
determined according to the method described by Fadel (1962) and Sestak et al.
{1971). Total free amino acids were determined as amino-N according to the method
described by Russell (1944). Total soluble sugars was extracted from plant material
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according 10 the method presenied by Upmeyer & Koller (1973). The reducing value
of soluble sugars was measured by the Nelson’s test as described by Clark and
Switzer (1977). The non-reducing sugar was determined according to Gaines (1973).
Insoluble sugars was extracted and determined according to Streeter and Jeffers
{£979). Phenolic compounds were extracted from dried tissues of shoot system
according to the method of }indal & Singh (1975).

Insect bioassys

Newly third and fifth instar larvae of S. littoralis were used. Each CO,
treatment had 20 replicates of 10 larvae / box (12 W x 6 H x 18 L cm) and each
replicate was treated as a single unit. Larval crowding was avoided since it may
affect the rates of feeding and growth (Waldbaeur, 1968). Clean and fresh cotton
leaves from the two CO, regimes were supplied everyday to the larvac. Uneaten
leaves were removed and newly fresh ones were provided, The 3™ and 5™ instar
larvae in each replicate were weighed daily. The average fresh weight of larvae,
fresh weight of faeces, fresh weight of food ingested and the weight gained were
determined. The consumption index (C.L); the growth rate (G.R.); the relative
consumption rate (R.C.R.); the efficiency of conversion of undigested food to body
substance (E.C.1.); the efficiency of conversion of digested food (E.C.D.) and the
approximate digestibility (A. D.) were determined according to Waldbauer (1968).
Exuviae were measured with the faeces since they are not a part of the insect at the
end of the experiment (Reese and Beck, 1976).

Analysis of the variance (ANOVA) and Duncan’s multiple range test were
used. All statistical computations were carried out using SAS programm (Anonymous,
2000).

RESULTS AND DISCUSSION
Chemical composition of leaves

Phytochemical analyses revealed the significant main effects of carbon
dioxide (tablel). The mean total soluble sugars concentrations of the cotton leaves
grown at days 45, 60 and 75 in ambient (20.612 £ 1.218,20.055+ 0415 & 15.724 +
0.224 mg. g-1 d.wt., respectively) and enriched (28.383 + 0.636, 25.259 £ 0.302 &
20.962 = 1.622 mg. g-1 d.wt., respectively) CO, were significantly (P < 0.05)
different. The mean content of reducing sugars acquired high valve at day 45
(10.253£0.168& 11.21620.303 mg, g-1 d.wt.} in ambient and enriched CO; regimes,
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respectively. Under enriched CO, regime a highly significant (P < 0.01) increase in
the mean reducing sugars concentration while a significant (P < 0.05) increase in the
non-reducing sugars was observed. Under enriched CO, regime, a significant (P <
0.05) increase was observed in the mean total carbohydrates.

The phenolic concentrations decreased as cofton plant grew older and a
highly significant (P < (.01) increase was detected in the mean phenolic contents
(table 2). The mean nitrogen concentration significantly (P < 0.05) decreased as the
cotton grew older under both CO; regimes with a significant (P < 0.05) lower
nitrogen concentration under enriched CO; regimes (table 2). 7

Measures of plant quality during the present study are thus of importance in
understanding plant-insect interactions under enriched CO, environment, because
insect feeding and growth are a function of both the variation in nutrition between
plants and the variation in the response to plant quality by insects. Results obtained
in table 2, revealed that exposure of the cotton G. barbadens to enriched CO, (700
ppm) resulted in decrease in the concentration of chlorophyll a,b and a+ b leading
to starch accumulation as reported in several plant species by Cave et al. (1981);
Wulff & Strain (1982); Delucia et al. (1985); Ehret & Jolliffe (1985); Oberbauer ef
al. (1985); Khavae-Neyad (1986) and Radoglou & Jarves (1992). Moreover, the
increase availability of fixed CO, also increased the proportion of soluble sugars and
starch as cited by Cave ef al. (1981); Yelle er al. (1989); Vu ef al. (1989); Bazzaz
(1990); Kuehny et al. (1991) and den Hertog er al. (1993}, The accumulation of
carbohydrates is thought to dilute the concentration of foliar protein (Sionit, 1983)
making them a comparatively poorer sources for phytophagous insects (Lincoln et
al., 1984; Kuehny et al., 1991; Williams et al., 1997 a & b). Also increase in
phenolic concentration might affect growth and feeding responses of the cotton leaf
worm §. flittoralis,

Growth and feeding efficiency of the 3* and 5" instar larvae

Data presented in Table (3) showed that the mean fresh weight of larvae
showed no significant differences (P > 0.05) in the 3™ and 5" (instars. The mean
fresh weight of faeces increased significantly (P < 0.01) in case of 5" instar larvae.
Insignificant differences (P > 0.05) were observed between the mean fresh weights
of food ingested of the 3 and 5" larval instars when fed leaves grown under both
CO, regimes. Although the mean weight gain increased through the larval
development, a highly significant (P < 0.01) difference was observed in case of the
5™ instar larvae when fed cotton leaves from both CO, regimes.



TABLE (I)
The mean carbohydrate concentrations of the cotton plant Gossypium barbadens grown under ambient (350 ppm) and enriched (700 ppm)
CO,; regimes at different harvest days.

Total soluble . Non-reducing Total
Reducing sugars Insoluble sugars
sugars Mean £ S.E. (mg sugars Mean £ S.E. (mg. carbohydrates
Harvest days C_Oz Mean £ S.E. (mg. g-1d.wt) " | Mean £ S.E. (mg. g1 dwt) Mean +S.E. (mg.
regimes g-1 dwt) T g-1d.wt) o g-1d.wt)
350 20.612 £1.218 10.253 +0.168 11.646 +£2.373 16.685 +0.202 37.297 £ 1.1153
43 .
700 28.383 £0.636 11.216 +0.303 17.167 +0.884 17.252 +£0.272 45,634 +10.4485
350 20.055 = 0415 8966 +1.157 9.801 £0.516 15.292 % 0.479 35.347 £0.1366
60
700 25259 +0.302 9.983 £0.193 15276 +0.492 16,321 +0.223 41.58 +0.361
350 15,724 +£0.224 6.708 =0.019 7.381 +£0372 14.15 £ 0.165 29.874 £0.105
75
700 20962 +1.622 8.343 £0.173 14,254 +1.627 15.989 £1.074 36.952 £0.75

L31



The mean pigment fraction, nitrogen and phenolic concentrations of the cotton plant Gossypium barbadens grown under ambient (350 ppm)

TABLE (II)

and enriched (700 ppm) CO; regimes at different harvest days.

Chlorophy!l a Chlorophyll b Chlorophyll a+b Nitrogen Phenolics

Harvest CO, Mean + S.E. Mean + S.E. Mean + S.E, Mean + S.E. Mean = S.E.
days regimes (mg. g-1 d.wt.) (mg. g-1 d.wt.) (mg. g-1 d.wt.) (mg. g-1 d.wt.) (mg, g-1 d.wt.)
350 1.23 £ 0.051 0.379 £ 0.035 1.61 £ 0.86 0.689 £0.019 0.688 +0.016
* 700 0.903 £0.005 0.301 +0.009 1205 £0.013 0397 £0.023 1.561 £0.016
350 1275 £0.067 0.409 +0.034 1.684 +0.101 0.537 +0.035 0.649 = (.014

® 700 0.99 +0.021 0.361 +0.009 1.351 +£0.019 0.273 +£0.017 1.556 0.016
350 1.491 +0.05 0.494 +0.02 1.986 +0.067 0.518 £0.019 0.564 +0.013
” 700 1.281 x£0.017 0.437 £0.005 1.717 £0.022 0.239 +0.017 1.351 +0.008

881
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TABLE (11I)
The mean values of growth and feeding responses of 3, 5" and 6" instar larvae of
Spodoptera littoralis fed cotton plant leaves Gossypium barbadens grown under

ambient (350ppm) and enriched (700 ppm) CO- regimes.

CO;, regimes
{ppm) Ambient Enriched ®)
(350 ppm) (700 ppm) value
Larval stage Mean £ S. E. (g} | Mean £ S, E. (g))
! 3™ instar
+' Fresh weight of larvae 0.277 £ 0.009 0.251£0.015° | 0.202
Fresh weight of facces 0.056+0.004% | 0.048+0.009° | 0.443
Fresh weight of food ingested 0.176£0.100° 0.17x£0.011° 0.695
Weight gain 0.116 % 0.006 ° 0.113£0.003° | 0.703
5™ instar
Fresh weight of larvae 2.03+£0.191° 1.563£0.167° | 0.139
Fresh weight of faeces 0.476£0.024" 0.742£0.04° | 0.005
Fresh weight of food ingested 1.761 £0.093 2.071+0.117° 0.106
Weight gain 1.072£0.047* 0.761:0.046° | 0.009
6" instar
Fresh weight of larvae 3.755 £ 0.069 * 3.134+0.12" 0.011
Fresh weight of facces 1.005 £ 0.046 ° 1.097 £ 0.025 0.154
Fresh weight of food ingested 3.923 + (.035° 4,569 £0.289" 0.091
Weight gain 1.613£0.087° 1.379£0,023* | 0.061

-Means in rows followed by the same letters are insignificantly different (P > 0.05)

-Means in rows followed by the different tetters are significantly different (P < 0.05, P < 0.01}
During this study, although the 3™

their feeding behavior, only the 5" instar larvae showed an increase in leaf

consumption of significantly (P < 0.01) high leafl soluble sugars and starch, despite

that during our study we did not measure the amount of leaf area consumed but leaf

damage was clearly visible as compared to the control (ambient).

instar larvae of S. littoralis modified

The significant (P < 0.01) decrease in the growth rate of the 5" instar larvae
of 8. littoralis might have probably resulted from their inability fully to compensate
from the diets reduced nitrogen (Slansky & Scriber, 1985). Similar results were
reported by Lincoln and Couvet (1989) for the 4" instar larvae of S. eridiana and by
Marks and Lincoln (1996) for S. frugiperda. Also the mean larval faecal matter of
the 5™ farval instar was significantly (P < 0.07) more than in case of the 3"instar
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larvae revealing that food eaten remains undigested despite consumption were more
on cotton leaves grown in enriched CO, regime.

TABLE (IV)
The mean values of nutritional indices of the 3%, 5" and 6" instar larvae of
Spodoptera littoralis fed cotton plant leaves Gossypium barbadens grown under

ambient (350 ppm) and enriched (700 ppm} CO, regimes.

CO; regimes (ppm) Ambient Enriched ®)
Larval stage Nﬁi‘:‘ ipsm E)I 1\/(17::1)11::[’;.] :: value
_3_a—instar
E.CIL 65.78 £ 0.763 * 66.948£2.413" | 0.669
E.C.D. 96.612+0.831° | 93.216x2.815" | 0312
A.D. 62.361 £0.652" | 66.554+0.638° | 0.338
G.R. 0.203 + 0.003 ® 0.201+0.004* | 0.708
C.L 0.305+0.01° 0.304+0.011° | 0.925
R.C.R. 0.985 +0.032® 1.022+0.036* | 0494
5™ instar
ECL 60.941+1.489° | 36.713+0.148" | 0.0001
E.CD. 83.575+2.676° | 57.272+0.8132° | 0.001
AD. 72.953 +0.5568° | 66.949+0.572° | 0.001
GR. 0.194 + 0.006 * 0.153£0.006° | 0.008
CL 0.369 +0.035° 0.421£0.016° | 0.252
R.C.R. 1213£0.043° 1.666+ 0.048% | 0.002
6" instar
E.C.L 41.076+ 1.843* | 30.351x1.391° | 0.009
E.C.D. 55.281+2.978° | 40.069+2.343° | 0016
A.D. 78.365+0.538° | 73317+£1.012° | 0.012
GR. 0.132£0.025° 0.119£0.005° | 0.625
ClL 0.289 + 0.008 " 0.369+0.007* | 0.002
R.C.R. 1.354+0.029° 1.934+0.038° | 0.0003

-Means in rows followed by the same letters are insignificantly different (P > 0.05)
-Means in rows followed by the different letters are significantly different (P < 0.05, P <0.01}
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The mean efficiency values of both conversion of ingested food (E.C.1.) and
digested food (E.C.D.) showed a highly significant (P < (.01) differences in case of the
5th instar Jarvae fed cotton leaves grown in enriched CO2 regime. The mean values of
approximate digestibility (A.D.) revealed insignificant (P > 0.05) difference in the case
of the 3rd instar larvae and highly significant (P < 0.01) difference in case of the Sth
instar when fed cotton leaves grown in enriched CO2 regime.

A highly significant (P < 0.01) difference between the mean growth rates
(G.R.) was observed only in the 5™ instar larvac meanwhile insignificant (P > 0.05)
difference was obtained in case of the 3" instar larvae. The mean consumption index
(C.1) values did not differ significantly (P > 0.05) between the 3 and 5™ instar
larvae. Only insignificant (P > 0.05) difference was observed between the mean
values of the relative consumption rate {R.C.R.} for the 3™ larval instar (table 4).

From results obtained it appeared that there was a tendency for the
efficiency of conversion of ingested food (E.C.1.) and the efficiency of digested food
(E.C.D.) by S. littoralis larvae to decrease with age although insignificant (P >
0.05) differences in the (E.C.I.) and (E.C.D.) were observed when the 3" instar
larvae fed foliage from the two CQ, regimes. The insignificant (P < 0.01) decrecase
observed in case of the 5™ instar larvae when fed cotton leaves from the two CO,
regimes might be attributed to the increase in leaf carbohydrate levels of G.
barbadens which might enhance digestibility (Slansky and Rodrigueg, 1987) as well
as low nitrogen also account for an important proportion of the relative consumption
and conversion efficiency. it appeared that the early instar (3" instar) S. littoralis
larvae were more selective feeders and choose more digestive foliage from the
intervein regions of the leaf, also their metabolic rate was higher than older ones and
hence more of the digested food is available for conversion to body substance
(E.C.D.). Meanwhile, older larvae (5% instars) were more generalized in feeding and
ingested different parts of foliage such as leaf vein, which contain large quantities of
indigestible crude fiber. Thus, it is likely that the 5™ instar larvae have lower
metabolic rate than younger ones (3" instars). The low E.C.D. in 8. littoralis larvae
suggests a less precise correspondence between its requirements and the level of
nutrient balance of its diets.

Perhaps the higher approximate digestibility {A.D.) in S. littoralis \arvae is
an adaptation that might compensate for a decrease in the (E.C.D.) and (E.C.1)
resuiting from nutritional imbalances (Waldbauer, 1964). Similar results were
recorded by Soohoo and Fraeukel (1966) for the 5™ instar Prodemia which
compensate for its lower E.C.D. by showing higher A.D. However, Hiratsuka (1920)
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reported that the E.C.I. and A.D. decline together and about the same rate in case of
Bombyx. Srivastava er al. (2002) showed that A.D. of 8. lirrura was almost equal in
both CO, conditions

Thus, the present results revealed once more that the leaf nutritional quality
might be reduced at enriched CO; ecosystems. Furthermore, herbivory was related
to key measures of leaf quality, even in the most preferred plant species.

SUMMARY

Results from laboratory feeding experiments have shown that elevated
atmospheric CO, can affect interactions between plants and insect herbivores,
primarily through changes in leuf nutritional quality occurring at enriched CO;. To
understand such effect 3" and 5™ instar larvae of the cotton leaf worm Spodoptera
littoralis (Boisd.) (Lepidoptera: Noctuidae) were fed leaves of their major host
plants, cotion, Gossypium barbadens (Malvaceae) grown in either ambient (350
ppm) or enriched (700 ppm) CO, atmospheres. Despite consuming more foliage,
from the two CO, treatments, the mean fresh weight of the 3" and 5 instar larvae
does not differ meanwhile the mean fresh weight of feces increased in case of the 5™
instar larvae revealing a reduction in the efficiency of conversion of ingested food
(E.C.1) and digested food (E.C.D.) as well as in approximate digestibility (A.D.) on
enriched CO; —grown plants. The digestive efficiency of §. litforalis larvae decline
with growth. Moreover, the mean consumption index (C.1.) values for both 3 and
5" instar larvae did not differ. This study suggests that feeding by herbivores on the
leaves of C; plants may increase as the level of atmospheric carbon dioxide rises.
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