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Abstract--Plant secondary compounds such as tannins may influence her- 
bivore choice. To determine if herbivory was influenced by tannin concen- 
tration, Spodoptera eridania larvae were given a choice of Lotus corniculatus 
plants whose chemical profiles were altered by fertilization. Herbivores chose 
plants that had been grown with symbiotic nitrogen fixation as their only 
nitrogen source more often than fertilized plants. Choice was related to pro- 
tein concentration, but not to tannin concentration. 
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INTRODUCTION 

Plant secondary, chemicals  may have a variety of  effects on herbivores (Rosen- 
thal and Janzen, 1979). For  example,  some herbivores may have increased 
growth when fed on tannins (Bernays et al . ,  1983), while others may be unaf- 
fected by tannins (Smiley and Wisdom,  1985; Fox and McCauley ,  1977) or 
adversely affected by tannins (Rossiter  et al . ,  1988; Feeny,  1970; Bryant et al . ,  
1987). This spectrum of  results appears to be related to how adapted on her- 
bivore is to tannin (Berenbaum, 1983). 

Manuwoto et al. (1985) determined that high-tannin diets fed to the gen- 
eralist  herbivore Spodoptera eridania Cramer  (Noctuidae,  southern armyworm) 
decreased larval feeding and consequently lowered larval growth. Scriber (1978) 
also noted that although cyanide in Lotus  corniculatus  L. (birdsfoot trefoil) did 
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not affect choice of S. eridania larvae, larvae began to exert a choice late in the 
experiments, although the cause was not known. Since L. corniculatus produces 
condensed tannins (Jones et al., 1973) in addition to cyanogenic glycosides, 
and tannin concentration increases as plants grow older and larger (Briggs, 
1990), it seems possible that tannin concentration of L. corniculatus may have 
affected choice of S. eridania. 

I report here the results of experiments that relate S. eridania choice among 
L. corniculatus plants whose chemical concentrations of condensed tannins and 
protein were altered by the addition of nitrogen fertilizer. 

METHODS AND MATERIALS 

Plants. Experimental plants were obtained from a stock population of L. 
corniculatus started from seed in 1985 and maintained until 1987. In early May 
1987, nine 13- to 15-cm shoot cuttings (replicates) were made from each of 14 
randomly selected genetic individuals (genotypes). Cuttings were labeled, 
treated with rooting hormone, and placed in sand under mist. After roots formed, 
plants were inoculated with Rhizobium and transplanted to 4.4-liter pots con- 
taining soilless mixture lacking nitrogen (peat moss, perlite, vermiculite, triple 
phosphate, dolomite limestone, and micronutrients) in early June. Pots were 
placed on plastic sheets within a fenced (chicken wire) enclosure in an open 
field located in University Park, Pennsylvania. Plants were watered daily 
throughout the experiment. 

Three replicates per genotype were distributed among three fertilization 
treatments (126 plants). Fertilization began on June 23, three weeks after trans- 
planting, and continued until plants were harvested for choice tests; July 26 was 
the last harvest. Plants in one treatment (Zero N) obtained nitrogen solely from 
symbiotic nitrogen fixation. Plants in the other two treatments were fertilized 
five days a week throughout the experiment. Each plant in the low N treatment 
received approximately 0.03 g of ammonium nitrate (in solution) five days a 
week, while high N plants received approximately 0.13 g. Excess solution com- 
monly flowed from the pots. 

Insects and Choice Tests. S. eridania eggs were generously donated by the 
FMC Corporation of Princeton, New Jersey. Eggs began hatching on July 13. 
Hatchlings not used immediately for choice tests were placed on a wheat-germ 
diet (120 g wheat germ, 33 g sucrose, 25 g casein, 8 g salt, 2 g sorbic acid, 1 
g methyl paraben, 10 g vitamin premix, 15 g agar, and 800 ml water). 

To determine if any chemical measures affected insect choice, all nine 
replicates of an L. corniculatus genotype (three replicates x three N treatments) 
were brought into the lab, and any flowers and fruits were removed. From each 
fertilization treatment, all three replicates were clipped at the root-shoot junc- 
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tion and immersed in water; 10 stems were recut underwater to approximately 
15 cm in length and inserted into Aqua-pics. Excess shoots (leaves and stems) 
were flash-frozen in liquid nitrogen, freeze-dried, and stored at - 3 0 ~  until 
analyzed. Three cuttings, one from each fertilization treatment, were taped in 
alternating patterns to the same wall in each of 10 transparent plastic chambers 
(12 x 17 • 31 cm), and disinfected with 10% Clorox before use. Ten larvae 
were removed from artificial diet, and one larva was added to each chamber. 
Larvae were only tested once. Chambers were kept in a 23~ 16 hr day-8 hr 
night growth chamber. 

Two plant genotypes were tested simultaneously over a 45-hr period in 
each of seven trials between July 14 and 26, utilizing first to fourth instar larvae. 
The cutting (zero N, low N, or high N) that an herbivore was eating was noted 
three times over the 45-hr period. If  a larva fed on more than one cutting (a 
common occurrence), larval choice was visually scored at test termination as 
the cutting that sustained the most damage. Cuttings were never completely 
defoliated. For every plant genotype-fertilization treatment combination, choice 
was designated as the number of larvae, out of 10 replicates, which mostly ate 
cuttings of that treatment. 

Chemical Analyses. Because choice tests were set up to determine within- 
genotype choice, cyanide concentration was not determined. The cyanide con- 
centration in L. corniculatus rarely varies between replicates of a genotype, 
regardless of fertilization treatment (Briggs, 1990). Scriber (1978) also found 
that L. corniculatus's cyanide did not influence S. eridania choice. 

Freeze-dried shoot material was ground and a subsample was removed and 
extracted in 70 % acetone for tannin quantification [vanillin or leucoanthocya- 
nidin (LA); Folin-Denis or total phenolics; and hemoglobin binding or astrin- 
gency assays; Schultz and Baldwin, 1982; Schultz et al., 1981]. A subsample 
of shoot material also was analyzed for protein content using a microprotein 
assay (Bradford, 1976; Compton and Jones, 1985) 

Statistical Analyses. General Linear Models (GLM) (SAS, 1982) were used 
to determine if insect choice was influenced by fertilization treatment, time of 
test, or any chemical measures. GLM was also used to determine if fertilization 
treatment was related to tannin or protein concentrations. When fertilization was 
significant main effect, Tukey's  HSD (SAS, 1982) was used to determine how 
treatments differed. 

R E S U L T S  

Plant Chemistry. Plants grown under the different fertilization treatments 
differed in LA (P  = 0.04) and total phenolics (P = 0.001, Figure 1) but did 
not differ in astringency (P  = 0.19). Low N plants had higher LA concentra- 
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Fio. 1. The influence of nitrogen source on leucoanthocyanidins (LA), measured as 
percent wattle tannin equivalents (% WTE); astringency, measured as percent tannic 
acid equivalents (% TAE); and total phenolics (T. phenolics), measured as % TAE, of 
Lotus corniculatus. Mean tannin concentration plus standard error. Different letters within 
an assay indicate significant differences between treatments (P < 0.05). 

tions than high N plants, while LA concentration in zero N plants was not 
different from either of the fertilized treatments. Total phenolics followed the 
same basic trend, except that both low N and zero N plants had higher total 
phenolics than high N plants. 

Plants grown under different fertilization treatments also differed in protein 
concentration (P < 0.01, Figure 2). Zero N plants had higher protein concen- 
tration than low N plants. Protein concentration of high N plants was not dif- 
ferent from either the zero N or low N plants. Differences in protein and tannin 
concentrations may be related, in part, to altered allocation to growth, repro- 
duction, and nitrogen fixation in the different fertilization treatments (Briggs, 
1990). 

Choice. Choice of S. eridania was not influenced by time (P = 1.00), but 
larval choice was different among fertilization treatments (P = 0.01, Figure 
3). Larvae chose to eat zero N plants more often than low N plants (P < 0.05). 
Larval choice of high N plants was not different from either of the other treat- 
ments (P > 0.05). When larval choice was examined in relation to plant chem- 
istry, S. eridania choice was associated with protein concentration (P  -= 0.01), 
but not with astringency, LA, or total phenolics (P  > 0.80). 
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FIG. 2. The influence of plant nitrogen source on protein concentration, measured as 
percent bovine serum albumin equivalents, of Lotus corniculatus. Mean plus standard 
error. Different letters indicate significant differences between treatments (P  < 0.05). 
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FIG. 3. Spodoptera eridania choice of stem cuttings from Lotus corniculatus plants of 
a single genotype whose propagules were grown under three nitrogen treatments. Mean 
choice (plus standard error) of  10 choice test replicates (reps) for each plant genotype; 
N = 14. genotypes. Different letters indicate significant differences between treatments 
(P  < 0.05). 
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DISCUSSION 

Time did not influence the outcome of choice tests. This suggests that 
choice was not influenced by either any seasonal fluctuations in plant chemistry 
or larval age. 

Because Manuwoto et al. (1985) saw a decrease in food consumption and/ 
or growth rates of S. eridania fed on high-tannin diets, I expected S. eridania 
larvae would choose low-tannin plants more often. Contrary to my hypothesis, 
tannin concentrations were not associated with herbivore choice in this experi- 
ment. The nondeterrence of tannins may be related to several factors. First, 
although LA and total phenolics varied among treatments, plants in the different 
fertilization treatments did not differ in astringency (Figure 2). While the LA 
and total phenolic assays measure structural aspects of tannins, the astringency 
assay is a measure of the protein-binding ability of tannins that may render plant 
tissue unpalatable to herbivores (Bate-Smith, 1973). Astringency is known to 
deter vertebrate herbivores (Oates et al., 1977; Woodruff et al., 1982). Because 
there was no difference in astringency, larvae may not have detected any tannin- 
based differences in the offered choices. Therefore, there may have been no 
basis for food choice. 

Second, tannin levels may have been so low in experimental plants that 
larval choice was not affected. Although the experiments by Manuwoto et al. 
(1985) did not measure astringency, they included approximately 7% con- 
densed tannins in S. eridania diets. L. corniculatus plants used in this experi- 
ment contained approximately 4.5 % condensed tannins. Without measures of 
astringency, it is dangerous to compare tannins from different sources, but it is 
possible that the larvae in the Manuwoto et al. (1985) experiments experienced 
relatively higher tannin levels. 

Larval choice was related to protein concentration. Larvae chose to eat 
zero N plants, which typically contained higher protein concentrations, more 
often than they chose plants in either the low N or high N treatments. While it 
is possible that other, unquantified, compounds may have influenced herbivore 
choice, protein concentration appears to have a major influence on S. eridania 
choice at low-tannin concentrations. Nitrogen content of food has been shown 
to have a greater influence on herbivores than tannins in several other systems 
(e.g., Fox and Macauley, 1977; Smiley and Wisdom, 1985; Yokoyama and 
Mackey, 1987). 

These results suggest that although tannins are known to depress S. eri- 
dania food consumption (Manuwoto et al., 1985), the low levels of L. corni- 
culatus tannins examined in this experiment did not protect plants from this 
herbivore, and susceptibility to herbivores appears to increase as protein con- 
centrations increase. It is likely that plants with relatively higher protein levels 
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may suffer more damage as long as tannin concentrations are too low to influ- 
ence herbivore choice.  
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