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ABSTRACT 
The chemical constituents of honey locust, Glcditsia 

tri,mmtlws L., leaves were investigated as feeding stimu­
lants for larvae of /lo111ad1111/ti a,1isocmtra Meyrick. A 
water-soluble fraction evoked a significant feeding re­
s1mnse. Several sugars and amino acids were present in 
this extract, but only sucrose and fructose stimulated 
feeding significantly; several amino acids stimulated feed-

The mimosa webworm, 1-Jomadcmla anisoce11tra 
:\feyrick, is a pest of honey locust, Gleditsia triaca11-
t/ws L., in certain midwestern States. Several authors 
have reported studies to develop control procedures 
for the wehworm ( \Vebster and St. George 1947; 
Kennedy and Peacock 1961: English and Hartstirn 
1 %2; Donley 1 %4a, h) hut no one has studied the 
host-specific behavior of the larvae. Although mi­
mosa, • ../lbi:;:;ia j111ibrisscm Durrazz, was the 1st re­
ported host of the insect in the United States, the 
wehworm feeds specifically on honey locust in those 
an•as where mimosa is not found. 

The chemical basis for host selection by the mimosa 
wchworm probably involves chemotactic constituents 
in the leaves that function as feeding stimulants and 
arrestants for the larvae. This paper describes re­
search to isolate phagostimulants for mimosa web­
worm larvae from honey locust foliage. 

METHODS AND RESULTS 

Rmritig and Collcctioti of E.rperimental !llsects.­
The larvae used were obtained by different means. 
depending on the time of year. During summer and 
early fall ( ca. July 1 to Oct. 1), larvae were collected 
on infested foliage which was held in large boxes and 
allowed to air dry at room temperature. In 1-3 days, 
larvae migrated to the top of the boxes, where they 
were collected and held without food before use in the 
hioassays. During the winter months, lan·ae were 
reared in the greenhouse on potted honey locust seed­
lings and saplings. Cocoons for use in the winter­
rearing program were obtained from larvae reared 
during the summer on an artificial diet (Galford and 
Peacock 1968). 

Bioassay Tuliniq11e.-Materials to be bioassayed 
were incorporated in agar-cellulose powder diets and 
were tested in plastic petri dishes. The basic diet 
consisted of agar, cellulose powder, and distilled water 
(1:2:25). In tests that incorporated solutions of 
sugars or amino acids in the basic diet, the solutions 
were used in place of the distilled water. To prepare 

1 Lel,'idoptera: Gln•hi1>terygidae. 
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ing to a lesser degree. The presence of other active water­
soluble constituents is probable, but none was isolated 
during this study. A chloroform-soluble fraction from 
the leaves apparently synergized the activity of sugars 
and other water-soluble constituents but was relatively 
inactive itself. 

the test diet, the constituents for the diet and the 
material to he tested were mixed, heated to 27°C with 
constant stirring, and poured S mm deep into a plastic 
petri dish. One-cm discs were cut from the diet with 
a cork borer after the mixture had cooled. The assays 
were run in IOOX 15-mm disposable plastic petri 
dishes. A filter-paper disc was placed on the bottom 
of each dish, and two 1.5-cm wax-paper squares were 
positioned on the filter paper at opposite edges of 
the dish. A diet disc was placed on each of the wax 
paper squares: one disc was from the control diet, 
and one was from the test diet. The filter paper was 
then moistened with 2 ml distilled water, and 1 larva 
was added to the dish. The dishes were held in a 
darkened temperature-humidity cabinet ( 30°C and 
80% RH) for 48 hr, then larval feeding responses 
were determined. Only last-stage larvae were used 
in the bioassay, because they consumed larger quanti­
ties of the test diets and, therefore, made feeding 
easier to estimate. All larvae were starved for 24 hr 
before the hioassays. 

Normal larvae were active throughout the test 
period. Most of the larvae responded immediately to 
diets containing stimulants and feel intermittantly to 
the conclusion of the test period ( 48 hr). There was 
no evidence that initial feeding on one disc influenced 
subsequent feeding on the other. Responses of larvae 
that pupated or died during the test were not included 
in the data. Positional effects on larval responses 
were eliminated by symmetrical positioning of the 
test diets and by the shallowness of the test arena. 
Also, the tests were conducted in an unlighted cham­
ber to prevent responses to uneven lighting. necause 
larvae tended to move around the edges of the petri 
dishes, the diet discs were positioned along the edges 
to insure that larvae contacted the diet discs. A 
fecal-pellet count was used to estimate stimulatory 
activity of the test diets. 

Statistical Analysis of Da.fa .. -Differences in fecal­
pellet counts were analyzed for significance by the 
t-test for paired comparisons. Because the data con­
tained a wide range of values and frequent zeros, the 
actual fecal counts (X) were subjected to the trans-

formation Y = yX + % (Rao 1965) to stabilize the 
variance before the t-test was applied. Extract frac­
tions and pure compounds were designated active 
feeding stimulants if the differences in the means of 
the transformed values (Y) were significant at the 
5% level. 

Feeding Preference for Various Plant Specfrs.-In 
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Table 1.- Feeding responses of mimosa webworm larvae to leaf powders of honey locust, mimosa, and sevcrnl 
nonhost plants. 

Materials being com1>ared 

A B 

:Mean fecal count Mean fecal 
No. ------· 

larvae ltA 
count 

JtB difference• 
---------------

(l)" (1) + Gleditsia triacantlws (0.4g) 10 0.0 87.5 87.s•• 
(1) (1) + Albi:;:;ia j11librissmi (.4 g) 10 1.3 1.0 0.3 
(1) (1) + Gleditsia japo11ica (.4g) 10 .0 85.4 85.4** 
(1) (1) + A lbi:;:;ia lophantha ( .4 g) 10 .0 0.0 .0 
(1) + Gleditsia triacantlws (0.4g) (1) + Albi:;:;ia julibrissan (.4 g) 9 31.7 .6 31.1** 
(1) + Gleditsia triaca11thos (0.4g) (1) + Gleditsia japonica (.4 g) 9 12.8 40.6 27.8** 
( 1 ) + G ledi tsia triaca11 thos ( 0.4 g) (1) + Albi:;::ia lophmrtha (.4 g) 8 37.5 2.5 Js.o•• 
( 1) + Gleditsia triacanthos (0.4 g) (1) + Ulm11spu111ila (.4g) 5 16.0 1.0 15.0* 
(1) + Gleditsia triaca11thos (0.4g) (1) + Robinia pse11doacacia (.4 g) 5 42.0 3.0 39.0* 

• • = Difference exceeds 5% level of significance; Student's t·test of transformed data (y = v· x + ~;); *' = Differmee exc,·,·,ls 
1 % level of significance. 

b Basic diet: agar, 0.-1 g; cellulose powder, 0.8 g; clistillecl water, 10.0 ml. 

the initial phase of this study we compared the feed­
ing responses of webworm larvae to air-dried foliage 
of honey locust, G. triacan.thos; mimosa, A. julibris­
san; and nonhost plants including G. japonica Miq., 
A. loplwntlta Benth., Robinia pseudoacacia. L., and 
Ul11111s p11111i/a L. Fresh foliage was collected, air­
dried at 2s·c for several clays, and powdered in a 
Wiley mill to pass a 20-mesh sieve. The powdered 
foliage was stored at -20°C until ready for use. Sig­
nificant feeding occurred only on the 2 Gleditsia 
species when larvae were offered a choice between 
the basic diet and each of the following: G. triaca11-
t/zos, G. japonica, A. j11librissat1, and A. lopliantlw. 
Very little feeding occurred on A. j11/ibrissa11, al­
though this is the implied host of the mimosa web­
worm (Table 1). These results with A. julibrissan 
leaf powder are in agreement with experiments where 
larval feeding on living foliage of potted honey locust 
seedlings greatly exceeded that on mimosa foliage 
l Peacock 1967"). Larval preference for honey locust 
may be explained by the fact that the experimental 

o J. W. Peacock. 1967. An investigation of the chemical con· 
stituents of honey locust, G/C'ditsia triacantlios L., as phagostimu­
lants for larvae of the mimosa webworm, Homadattla al/Ji::::iae 
Clarke. Ph.D. thesis. Ohio State l'niversity, 88 p. 

strain of insects used in this study is better adapted 
to honey locust as a host plant. 

Table 1 also shows feeding responses when lan·ae 
were offered a choice between G. triacantlws leaf 
powder and each of the other species, including ( ·. 
p11111ila and R. psc11doa.cacia.. Honey locust leaf pow­
der stimulated feeding significantly more than any 
of the other 5 species except G. japonica. G. japo11ica. 
a species that this insect does not encounter in the 
field, stimulated feeding significantly more than the 
normal host, G. triaca11tlws. Therefore, the 2 Glcditsia 
species must contain active feeding stimulants. 

Prepara.fion- of Honey Loc11st Leaf-Powder E.r­
tracts.-To isolate the feeding stimulants from hone,· 
locust leaves, air-dried leaf powder was first extracte;l 
by percolation with 95% ethanol until the solYent 
passing through the leaf powder became nearly color­
less. The crude extract was evaporated to near dry­
ness at 40°C on a rotary flash evaporator. The ex­
tracted leaf powder was air dried. Hioassays of tht· 
crude ethanolic extract demonstrated the presence of 
feeding stimulants. The extracted leaf-powder residm· 
was somewhat active hut considerahlv less stimulaton· 
than unextractecl leaf powder (Tahie 2). The crud~• 

Tahle 2. - Feeding responses of mimosa \\'ebworm larvae to honey locust leaf po\\'der, leaf po\\'der extracts, and 
extract fractions. 

Materials heing compared :I.lean fecal count :l.kan fecal 
··----- -··----·-· ~ll. count 

A B larvae lt:\ Jtll diffcrenn•• 
----------··---

(1)" ( 1) + Glcditsia triaca11tlros leaf powder (0.4 g) 10 0.0 95.0 <)5,0** 
( I) (1) + Glc11ditsiti triaca11thos leaf powder (.8 g) IO 1.0 76.5 75.5•* 
(1) (1) + 95% ethanol extract of leaf powder ( .2 g) 23 .0 95.7 95.7** 
(1) (1) + 95% ethanol extract of leaf powder ( .4 g) 7 .7 88.6 87.9** 
( 1) (1) + ethanol-extracted leaf powder residue (.4 g) 48 .4 5.1 4.7 .. 
(1) (1) + ethanol-extracted leaf powder residue (.8 g) 10 .5 5.0 4.5 .. 
(1) (1) + water solubles (.2 g) 10 1.5 35.0 33.5** 
( I l (1) + water solubles (.4 g) 24 .0 55.4 55.4° 
( 1) (1) + water solubles (.8 g) 10 1.0 41.5 40.5*"' 
(1) (1) + chloroform solubles (.1 g) IO 1.5 5.0 J.5 
(1) (1) + chloroform solubles (.2 g) 8 .0 7.5 7.5 
(l} (1) + chloroform solubles (.4 g) 10 1.5 7.5 6.0* 
---·-

• Basic diet: agar, 0.4 g; cellulose powder, 0.8 g; distilled water, 10.0 ml. 
• * Difference exceeds 5% le,·el of significance; Student's t-test of transformed data (y = \0x+J-;;-j; 0 Diffen·m·,• ,.,.,.,.,.,!, Ir; l,·n·l 

of significance. 
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I Honey locust leaf powder1 

EXTRACTION BY PERCOLATION WITH 95° % ETHANOL 

I I 

Extracted leaf- f 95% EtOH extract1 I 
powder residue2 

PARTITION BETWEEN CHCl 3 

r I 

I Water solubles1 I I Chloroform solubles3 I 
PRECIPITATION WITH 30% LEAD SUBACE TATE 

I 

I Precipitate I r Supernatant1 I 

ION EXCHANGE ON AMBER LITE IA - 120 

I 

I EIU'ant I I Retained on column I 

ION EXCHANGE ON ELUTE 
AMBER LITE IRA-400 

NH4 0H 

I Cation fraction 1 I 
I I 

I Retained on column I I Eluant1 I 

ELUTE HCI 

I Anion fraction I 

1 Active alone. 
2 Residue of activity remained, but small in comparison to unextracted leaf powder. 
3 1 nactive alone; active in combination with 0.1 M sucrose. 

F1G. !.-Fractionation scheme for 95% ethanol extract of honey locust leaves. 

ethanol extract and all suhsequent extracts and ex­
tract fractions were tested at concentrations propor­
tional to 0.8 g honey locust leaf powder in the hasic 
diet. Fig. I shows a schematic outline of the frac­
tionation procedure for the ethanol extract. 

The ethanolic extract was first partitioned between 
chloroform and water. The extract was suspended in 
distilled water and extracted 5 times with equal vol-
111nes of chloroform. The resulting chloroform frac­
tions were combined, dried o,·er anhydrous sodium 
sulfate, and the soh·ent was removed with a flash 
l'\'aporator. The chloroform solubles, when tested in 
tlw hasic diet, were inacti\·e. The water fraction was 

reduced to dryness, and hioassay showed it to contain 
feeding stimulants (Table 2). 

Fractionation of the Waler S0l11bles.-The water 
solubles were redissolved in water and treated with a 
slight excess of 30% (w/v) lead suhacetate as an 
initial purification step. The precipitate was filtered 
off and washed twice with water. The supernatant 
was then treated with H 2S to remove the lead. The 
precipitate was suspended in water and also treated 
with H 2S. Then both fractions were filtered sepa­
rately with suction on a Buchner funnel. The result­
ing filtrates were dried and bioassayed. The precipitate 
portion was inactive (Table 3), thus eliminating pro-
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Table 3. - Feeding responses of mimosa webworm larvae to fractions resulting from the lead subacetate and 
ion-exchange treatment of the water solubles. 

Materials being compared 

A B 
No. 

larvae 

Mean fecal count Mean fecal 
count 

difference' 
-------------------- ---·-·-··- ·----·-·-

(1 )b (1) + lead subacetate supernatant (0.2 g) 
(1) (1) + lead subacetate supernatant (.4 g) 
(1) (1) + lead subacetate precipitate (.2 g) 
(1) (1) + lead subacetate precipitate (.4 g) 
(1) (1) + cation fraction (.1 g) 
(1) (1) + cation fraction (.2 g) 
(1) (1) + anion fraction ( .1 g) 
(1) (1) + neutral fraction (.3 g) 

9 
10 
9 
7 

10 
9 
9 

22 

1.1 
0.0 
.0 
.0 

4.0 
.o 

3.3 
.0 

32.8 
62.5 

1.1 
2.9 

13.0 
18.3 
7.2 

71.6 

31.7* 
62.5** 

1.1 
2.9 
9.0 

18.3** 
3.9 

71.6** 

• * = Difference exceeds 5% level of significance; Student's t-test of transformed data (y = \' x + ~ii); •• = Difference ex,•,•,•cls 
1 ,;;, level of significance. 

"Basic diet: agar, 0.4 g; cellulose powder, 0.8 g; distilled water, 10.0 ml. 

teins, nucleotides and nucleosides, plant acids, starch, 
tannins, phenols, saponins, and acidic polysaccharides 
as active constituents of the water solubles. 

The supernatant fraction stimulated larval feeding 
(Table 3). Materials not precipitated by lead sub­
acetate that are likely to he found in the supernatant 
fraction include amino acids, amines, amides, ureides, 
hctaines, purines, dextrins, sugars, and sugar alcohols. 
Since certain amino acids and sugars are known to 
he feeding stimulants for other insects, it was con­
ceivable that these compounds could stimulate feeding 
in mimosa webworm larvae. Therefore, the super­
natant fraction was subjected to TLC to determine 
which sugars and amino acids were present in this 
mixture. Before chromatography, the supernatant 
fraction was fractionated on ion-exchange columns. 
The supernatant was dissolved in water and passed 
through a lX 10-cm column containing Amberlite IR-
120 cation exchange resin (20-50-mesh). This col­
umn was eluted with water and the eluant was 
passed through a IX 10-cm column containing Am­
berlite IRA-400 anion exchange resin (20-50 mesh). 

This column was also eluted with water. The eluant 
was dried, bioassayed, and found to he active. This 
neutral fraction was retained for sugar analysis hy 
TLC. The amino acids retained on the IR-120 resin 
were eluted from the column with 10% and 30% am­
monium hydroxide. The eluants were combined, dried, 
bioassayed, and found to he slightly active. This 
fraction was also retained for TLC. The anion frac­
tion was eluted from the IRA-400 resin with HCI, 
dried, bioassayed, and found to he inactive. Table 
3 summarizes these data. 

Thi11-La'j•er Clzromatograplzic Tcclwiquc for Quali­
tati?.•e Analysis of Sugars.-The thin-layer technique 
reported hy Wolfrom et al. (1965) using thin layers 
of microcrystalline cellulose powder, gave satisfactory 
sugar separation. 

Fifty % ethanol solutions of all standard sugars 
(0.05%) and extract fractions were applied to chro­
matoplates in amounts varying from I to 10 µliters. 

Plates were developed using a mixture of t1-hutanol, 
glacial acetic acid, and water ( 3: 1: 1). After develop­
ment, the spots were located using the silver nitrate/ 

Table 4. - Feeding responses of mimosa webworm larvae to certain pure sugars and sugar combinations. 

Materials being compared Mean fecal count Mean frcal 
------- No. -~·---· count 

A B• larvae *A *B differenceh 
-·---- -· ·-

(1)" (1) + D(-) fructose (0.01 M) 10 0.5 2.0 1.5 
(1) p> + D(-) fructose (0.05M) 10 1.5 8.0 6.5 
(1) 1) + D(-) fructose (0.1 M) 10 1.5 17.0 15.5* 
(1) (1) + D(-) fructose (0.2111) 10 .0 11.5 11.5** 
(1) (1) + D(-) fructose (0.5 M) 10 3.0 1.5 1.5 
(1) (1) + D(+) sucrose (0.01 M) 10 2.5 6.0 3.5 
(1) fl) + D(+) sucrose (0.05M) 10 .0 2.5 2.5 
(1) 1) + D( +) sucrose (OJ M) 10 .0 6.5 6.5* 
(1) (1) + D(+) sucrose (0.2M) 10 .5 31.0 30.5•• 
(1) (1) + D(+) sucrose (0.5 M) 10 .5 7.5 7.0* 
(1) (1) + D(+) glucose (0.1 M) 17 .3 0.3 0.0 
(1) (1) + D~ +) glucose (0.2 M) 15 1.3 1.7 .4 
~1) (1) + D +) glucose (0.4M) 15 .0 1.0 1.0 
1) f 1) + D(+) glucose (0.8M) 15 .0 4.0 4.0 .. 

(1) + sucrose (.1 M) 1) + fructose (0.1 M) 9 .0 21.1 21.l** 
(1) + sucrose ( .1 M) 1) + sucrose (0.05 M) + fructose (0.05 M) 14 3.6 22.1 18.5** 

• 10.0 ml sugar solution at indicated molarity replaces distilled water in the basic diet. 
b * = Difference exceeds 5% level of significance; Student's t-test of transformed data (y = ,; x + ¼); ** n;ff~rPn,~ rx,~rcls 

1 % level of significance. 
• Basic diet: agar, 0.4 g; cellulose powder, 0.8 g; distilled water, 10.0 ml. 
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sodium hydroxide reagent ( Trevelyan et a.I. 1950) 
or the aniline/diphenylamine reagent ( Schwimmer 
and Bevenue 1956). 

TLC of the neutral fraction indicated that sucrose, 
glucose, and fructose were the primary sugar consti­
tuents in this fraction. Galactose, ribose, and rham­
nose were tentatively identified and probably occurred 
at a relatively low concentration. All of the sugars 
identified hy chromatography were assayed for feed­
ing-stinmlant activity. In addition, raffinose was as­
sayt•cl because of its importance as a feeding stimu­
lant for other insects ( Thorsteinson 1960, Heron 
J l)65). ( ;;t!actose, raffinose, rhamnose, and ribose 
\ITre inactive at all concentrations. Table 4 gives 
responses of larvae to fructose, sucrose, and glucose. 
Sucrose and fructose were stimulatory at the con­
centrations tested, and both were most active at the 
0.2 111 Ie,·cl. A high concentration (0.5 lll) of fructose 
was apparently deterrent to larval feeding. D-glucose 
did not stimulate larval feeding except at a concen­
tration too high to he found in host foliage ( 0.8 111), 
although chromatography indicated it was a major 
constituent in the water solubles. 

Stimulant activities were compared between su­
crose, fructose, and sucrose-fructose mixtures, be­
cause larvae ingest both sucrose and fructose when 
feeding on honey locust foliage. In tests comparing 
stimulant activity of 0.1 M sucrose and 0.1 M fructose, 
larvae preferred fructose. \\'hen stimulant activity 
of O.l JI! sucrose and a mixture of sucrose (0.05 M) 
and fructose ( (l.05 M) was compared, there was 
significantly 11101-e feeding on the mixture than on 
sucrost' alone (Table 4). This result would not he 
expected if the stimulant activity of the individual 
sugars in the mixture was additive, thus indicating 
a possible synergistic effect of the combination. Heron 
( 11)65). in tests on Clwristm1c11ra f11111ifcra11a (Cle­
mens), found similar synergistic effects of the com­
bination of sucrose and fructose. 

Thin-Layer Techniques for the Analysis of Amino 
Acids.-The total larva feeding stimulant activity of 
the fructose-sucrose combination was less than the 
total activity of the lead suhacetate supernatant frac­
tion, suggesting that this fraction had stimulatory 
constituents in addition to sugars. The cation frac­
tion was therefore chromatographed for amino acids 
by the TLC technique of Jones and Heathcote ( 1966) 
using microcrystalline cellulose powder. 

Standard solutions of amino acids (0.3%) and the 
extract fraction in 10% isopropanol were applied to 
the chromatoplates in amounts varying from 1 to 5 
p.liters for the standards and 10 to 20 p.liters for the 
extract. The plates were developed in 2 directions 
using 11-butanol, glacial acetic acid, and water (3: 1: 1). 
The amino acids were located using the ninhydrin/ 
cupric nitrate chromogenic reagent ( Moffat and 
Lytle 1959). 

Amino acids positively identified in the cation 
fraction were: aspartic acid, glycine, serine, alanine, 
pro! ine, <>-aminohutyric acid, val ine, phenylalanine, 
and isoleucine. In addition, glutamic acid, threonine, fL 
aminobutyric acid, and tryptophan were tentatively 
identified and apparently existed at a low concentra­
tion in the cation fraction. L-alanine, glycine, L­
proline, DL-a-aminobutyric acid, /;1-aminobutyric acid, 
L-serine, L-phenylalanine, L-valine, L-isoleucine, and 
L-aspartic acid were tested for feeding stimulant ac­
tivity. Of these, only L-alanine was significantly stim­
ulatory at the concentrations tested, although some 
feeding was observed on glycine and L-proline (Table 
5). No feeding occurred on any of the other amino 
acids tested. 

A synergistic effect of combinations of sugars and 
amino acids has been reported by Thorsteinson 
(1960) and Heron (1965). Therefore, the feeding 
response of wehworm larvae to L-alanine, L-proline, 
and glycine, each in combination with 0.1 M sucrose, 
was investigated to determine if such a synergistic 

Tahlc 5.-Feeding responses of mimosa webworm larvae to certain amino acids and sugar-amino acid combinations. 

Materials being compared 

A B 

( 1) b ( 1) + L alanine (0.05 M) 
(1) (1) + L alanine (.1 M) 
( 1) ( 1) + L alanine ( .2 M) 
(1) (1) + L alanine (.5 M) 
(l) (1) + glycine (.01111) 
(1) (1) + glycine (.05 M) 
{l) (1) + glycine (.1 M) 
( 1) (1) + glycine (.2 M) 
(1) (1) + L proline (.01 M) 
(1) (1) + L proline (0.05M) 
(1) (1) + L proline (.1 M) 
(l) (I) + L proline (.2 M) 
(l) + sucrose (0.lM) (1) + sucrose (.lM) + L alanine (0.lM) 
(l) + sucrose (.lM) (1) + sucrose (.lM) + L alanine (.DSM) 
(1) + sucrose (.1 M) (1) + sucrose (.1 llf) + L proline (.01 M) 
(1) + sucrose ( .1 M) (1) + sucrose ( .1 M) + L proline ( .OS M) 
(l) + sucrose (.IM) (1) + sucrose (.lM) + glycine (.OlM) 
(1) + sucrose (.1 M) (1) + sucrose (.1 M) + glycine (.05 M) 

• * = Difft•rence exceeds S 0'r lt>vel of significance; Student's t~test of transformed data 
b Basic diet: agar, 0.4 g; cellulose powder, 0.8 g; distilled water, 10.0 ml. 

11ean fecal count Mean fecal 
No. count 

larvae xA :tB difference" 

9 1.7 8.3 6.6* 
10 1.0 2.5 1.5 
9 0.0 10.6 10.6* 

10 1.0 22.5 21.5* 
10 .0 0.0 0.0 
10 .0 .5 .5 
10 .0 .0 .0 
8 .0 2.5 2.5 

10 .0 .0 .0 
9 .0 1.1 1.1 

10 .0 2.0 2.0 
9 1.1 1.1 .0 
8 1.3 20.6 19.3* 

10 9.0 17.0 8.0 
9 2.2 13.3 11.1 * 
9 1.7 17.8 16.1 * 

10 17.0 10.5 6.5 
9 7.2 12.8 5.6 

-- - ~·-- - - ------ -~ ----~-

(y =\IX + ~). 
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Table 6.-Fecding responses of mimosa webworm larvae to Skellysolvc B extracts of honey locust leaf powder. 

A 

(l)b 
(2). 
(2) 
(2) 
(2) 

Materials being compared 

B 

(1 ) + extract ( 0.8 g) 
(2) + extract (0.01 g) 
(2) + extract (0.03 g) 
(2) + extract (0.05 g) 
(2) + extract (0.1 g) 

Ko. 
larvae 

11 
23 
23 
24 
24 

:!\fean fecal count 11can fecal 
~- --------·---· count 

xJ\ .itB difference' 
----- -- ---------

3.6 5.5 1.9 
11.3 25.4 14.1 * 
4.8 24.8 20.0"'* 
4.2 41.5 37.3** 
3.5 35.0 31.5** 

n * = Difference exct·t'ds 5'tr level of significance; Student's t-test of transformed data (y - \ x + :'~) ~ •• == Difft>rt:nct• c:>xct•t'd:,; 
1 ':~- ll'\'el of significance. 

h Hasic diet: agar 0.-1 g; cellulose powder 0.8 g; distilled water 10.0 ml. 
1• Ba~ic diet + 0.1 M sucrose. 

effect existed for this insect. These amino acids were 
chosen because of their relatively high concentration 
in host-plant extracts and because they were the only 
acids on which some feeding occurred. A significant 
enhancement of feeding stimulant activity resulted 
irom the sucrose/alanine and sucrose/proline combi­
nations when lan·ae had a choice between these mix­
tures and 0.1 :\[ sucrose ( Table 5). A synergistic 
effect from these sugar-amino acid combinations is 
suggested, because the resulting actiYity of the mix­
ture was greater than would be expected if the stimu­
latory activity of sucrose and the individual amino 
acids was merely additiYe. Again. as in tests on sugar 
combinations, the activity was less from the sugar­
amino acid combinations than the activity from the 
lead subacetate supernatant of the water solubles. 

It was concluclecl from the results obtained from 
bioassays on sugars and amino acids that none of the 
sugars, sugar combinations. amino acids, or sugar­
amino acid combinations gave feeding stimulant activ­
ity equaling that of the lead subacetate supernatant 
fraction. These results suggested that this fraction 
could contain stimulants in addition to sugars and 
amino acids. Because water-soluble plant constituents, 
other than sugars and amino acids. including glyco­
sides. have shown feeding stimulant activity for in­
sects. it is possible that such chemical compounds in 
honey locust foliage could influence feeding in web­
worm larvae. 

Fractionation a11d Bioassa}' of the Chloroform Solu­
blcs.-The chloroform solubles from the chloroform­
water partition of the 95% ethanol extract were inac­
ti ,·e when bioassayed in the basic diet ( Table 2). 
Hmveyer. combination of the chloroform extract with 
the stimulatory sugar, sucrose ( 0.1 llr), resulted in 
feeding that suggested a synergistic effect. 

In an attempt to isolate leaf constituents responsible 
for this synergism, batches of honey locust leaf pow­
der were exhaustively extracted by percolation with 
Skellysolve B.' Rioassay indicated that this Skelly-R 
extract, in combination with 0.1 M sucrose, had syn­
ergistic properties that were comparable to those of 
the chloroform solubles. This fraction was relatively 
inactive by itself (Table 6). The extracted leaf pow­
lier also was active, probably because of the presence 
of actiYe water-soluble constituents. However, when 

7 Skelly Oil Co., Kansas City, :Mo. 

offered a choice between the extractecl ancl uncx­
tracted leaf powder, the Janae fed more on the un­
extractecl leaf powder. 

Column. Chromatoyraphy of the Skclly-B Extract. 
-Preliminary data indicated that the Skelly-B ex­
tract was adsorbed effecti\'ely on a silicic acicl/celite 
column and could be eluted with benzene-chloroform 
systems. Column chromatography of the Skelly-B 
extract was performed as follows: 10 g of extract 
were dissolved in benzene and pipetted onto a column 
of silicic acid ( 100 mesh)/ celite ( 4: 1). The column 
was eluted with benzene and the following benzene­
chloroform mixtures: 99: 1. 98:2. 96:4. 92:8, 84: 16, 
50:50. and 25:i5. The column was then eluted with 
100% chloroform and finally washed with 100% 
methanol. Fifteen-ml fractions were collected, pooled 
in groups of 3, and dried under vacuum at 40°C. 
Each pooled fraction was weighed, and the weights 
,, ere plotted graphically to form an elution diagram 
(Fig. 2). Fractions representing peaks on the 
elution diagram were reclissolYecl in henzene. pooled, 
dried under vacuum, and weighed. The elution dia­
gram shows points where the cuts were made for 
each of these fractions. 

Each fraction was hioassayed in combination with 
0.1 :IL sucrose. Table 7 summarizes the results of 

F1G. 2.-Elution curve for Skellysolvc B extract on 
silicic acid-celite column. Elution solvents: A, 100% 
benzene; B, benzene-CH Cl, (99: 1) ; C, benzene-CH Cl, 
(98:2); D, benzene-CHCI, (96:4); E, bcnzene-CHCI, 
(92:8); F, benzene-CHCI, (84: 16) ; G, benzene-CHCI, 
(50:50); H, benzene-CBC!, (25:75); 1, 100% CHCI,; 
J, 100% !\IeOH. 
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Table 7.-Feeding responses of mimosa webworm larvae to silicic acid column fractions of Skellysolve B extracts. 

1[aterials being compared Mean fecal count Mean fecal 
- ····------·-- ---·-----·-· ----··-·-- Xo. count 

A B larvae SA SB difference• 
-- ---·---·-

(2)b (2) + fraction 1 (0.025 g) 7 4.3 29.3 25.0* 
(2) (2) + fraction I (0.05 g) 7 23.6 6.4 17.2 
(2) (2) + fraction 1 (0.1 g) 8 11.3 32.5 21.2 
(2) (2) + fraction 2 ( 0.025 g) 5 21.0 20.0 1.0 
(2) (2) + fraction 2 (0.05 g) 8 18.l 28.8 10.7 
(2) ( 2) + fraction 3 ( 0.025 g) 9 13.9 31.1 17.2* 
(2) (2) + fraction 3 (0.05 g) 44 9.7 43.0 33.3** 
(2) ( 2) + fraction 3 (0.1 g) 12 5.8 32.9 27.l** 

--------- - . --· ------ ·------

• • = Differt"nce exct'eds 5% level of ~ignificance; Student's t-test of transformed data (y == v· x + Hd, •• = Difference exct"eds 
1 t7., level of significance. 

" Basic diet + 0.1 M sucrose. 

assays on fractions 1-3. Only fraction 3 gaYe con­
sistently significant feeding in combination with su­
nose, although some feeding occurred on fractions 
1 and 2. No feeding occurred on fractions 4 and 5. 
Fraction 3 was subse<1uently chromatographed on 
thin-layer plates of silica gel G. After development 
in hexane/diethyl ether (4:1). the plates were heated 
and then treated with sulfuric acid/ ethanol ( 1: 1). At 
least 6 spots were readily discernible, indicating the 
need for further fractionation. 

D1SI.TSS10N AND CONCLl'SIONS 

This study has confirmed the oligophagous feeding 
behavior of mimosa webworm larYae. Leaf powders 
of G. triacantlros and G. japo11ica were acceptable for 
larval feeding, while those of A. julibrissan, A. 
lopha11tha, U. p11mila. and R. psc11doacacia were un­
acceptable. 

This insect-host plant relationship is complex, and 
larval feeding is probably regulated by seYeral chemi­
cal constituents of the foliage acting in a synergistic 
or additive fashion. 

Chemical analysis of the water-soluble constituents 
of honey locust foliage indicated the presence of 
se,·eral sugars. Two of these, sucrose and fructose, 
were actiYe feeding stimulants. In addition to active 
sugars, several water-soluble amino acids were shown 
to be present, and at least 3. alanine, proline, and 
glycine, stimulated larval feeding. Furthermore, syn­
ergistic effects from combinations of sucrose and 
fructose, and from combinations of sucrose and amino 
acids were found. Unidentified stimulatory chemicals, 
other than sugars and amino acids, were likely pres­
ent in the water-soluble materials from honey locust 
foliage, because feeding stimulation from the water­
soluble fraction exceeded that stimulation from all 
sugars. sugar combinations, amino acids, or sugar­
amino acid combinations tested. 

There is at least 1 chloroform-soluble constituent 
in honey locust foliage that synergizes the stimula­
tory activity of sucrose. It was possible to partially 
purify the chloroform solubles by solvent partition 
and chromatography, but attempts to isolate the syn­
ergistic chemical (s) in pure form were unsuccessful. 

According to the definition presented by Beck 
(1965), the sugars and amino acids shown to be 

stimulatory for webworm larvae would be classified 
as true feeding stimulants, i.e., materials tending to 
promote continuous feeding. Although the technique 
of fecal-pellet counting used in this study does not 
permit a sharp distinction between feeding incitants 
and feeding stimulants, the active chloroform-soluble 
material probably is an incitant (a material that 
eYokes the biting reaction) because this material did 
not induce high rates of defecation unless it was in 
combination with the stimulatory sugar, sucrose. 
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