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Water-soluble Factors in Melilotus Leaves Which Influence

Feeding by the Sweetclover Weevil'

W. R. Akeson, F. A. Haskins, H. J. Gorz, and G. R. Manglitz?

ABSTRACT

One factor which stimulates feeding and two factors
which deter feeding by the adult sweetclover weevil have
been separated by preparative paper chromatography of
hot water extracts of Melilotus leaves. The factors were
detected with a bioassay which measures feeding by adult
weevils on sweetclover root disks impregnated with the
extract or fraction being tested. A feeding stimulant
(Stimulant A) and a feeding deterrent (Deterrent A) were
found in both the resistant species, M. infesta, and a
susceptible species, M. officinalis, in approximately equal
amounts. A second feeding deterrent (Deterrent B) was
found only in extracts from M. infesta. All available
evidence suggests that Deterrent B is the factor primarily
responsible for the resistance of M. infesta to the sweeet-
clover weevil.

Additional key words: Sitona cylindricollis, sweetclover
weevil, Melilotus infesta, Melilotus officinalis, paper
chrematography, bioassay, feeding stimulant, feeding de-
terrent.

MONG nineteen Melilotus species tested by
Manglitz and Gorz (5), only M. infesta Guss.
displayed appreciable resistance to feeding by the
adult sweetclover weevil, Sitona cylindricollis (Fah-
raeus). This resistance was confirmed by Gross and
Stevenson (4) and Radcliffe and Holdaway (6, 7).
As a first step in studying the chemical nature
of the weevil resistance of M. infesta, Akeson et al.
(2) developed a bioassay for the detection of factors
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which influence feeding by the adult weevil. The
bioassay employs solvent-extracted disks of sweet-
clover root tissue. Disks are impregnated with the
plant extracts to be tested and offered to adult weevils
for feeding. After the feeding period, reaction of
the weevils is determined by measuring the disk area
consumed.

Initially the bioassay was used to compare the
feeding response of the weevil to the chloroform
and water-methanol phases of water-methanol-chloro-
form extracts of leaves representing M. infesta and
a weevil-susceptible species, M. officinalis (L.) Lam.
(2). Fecding was extensive on root disks treated
with the chloroform phase from cither species; thus,
both species apparently contain a hydrophobic sub-
stance or substances with feeding stimulant activity.
The two species differed greatly, however, with re
spect to the degree of feeding stimulated by the water-
methanol phase. Disks treated with this phase from
M. officinalis were extensively consumed, whereas
only a small amount of feeding occurred on disks
treated with the corresponding phase from M. infesta.
These observations indicate that the resistance of
M. infesta is due to the absence of a hydrophilic
leeding stimulant, or to some combination of deterrent
and stimulant activities different from that existing
in M. officinalis. On the basis of the initial obser-
vations a choice of the alternatives could not be
made.

A chromatographic fractionation of the hydrophilic
weevil-influencing constituents of M. officinalis and
M. infesta leaves has now been accomplished. The
chromatographic purification of a feeding stimulant,
designated Stimulant A, from M. officinalis extracts
has been described elsewhere (1). The further eval
uation of Stimulant A and the chromatographic
purification and subsequent evaluation of two feeding
deterrents, designated Deterrents A and B, are de-
scribed in the present report. As used in this paper
and as defined by Beck (3), a feeding stimulant
refers to a stimulus tending to promote continuous
feeding, while a leeding deterrent is a stimulus
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preventing continuous feeding or hastening the
ermination of feeding.

MATERIALS AND METHODS

In these studies the weevil-resistant M. infesta was repre-
sented by Nebraska Strain M 70°. The weevil-susceptible species
of Melilotus were represented by M. officinalis var. ‘Goldtop’
(F.C. 38,923). All plants for extraction were grown in the
greenhouse.  Sweetclover root disks for use in the bioassay were
obtained {rom field-grown roots of M. alba Desr. var. ‘Ever-
green.” ‘The preparation of these root disks, and procedures
used in the bioassay were described earlier (2).

Preliminary trials indicated that hot water extracts of M.
infesta and M. officinalis leaves elicited the same feeding re-
sponses as the water-methanol phase of water-methanol-chloro-
form extracts. Extraction with hot water as described by Akeson
et al. (1) is operationally simple, and provides for the rapid
inactivation of enzymes which otherwise might alter the active
compounds. Therefore, hot water extraction was used routinely
in this work. Briefly, the extraction procedure was as follows:
Ireshly harvested young leaves were weighed, washed with dis-
tilled water, dropped into boiling water (10 ml/g of fresh
tissue), and boiled for 5 minutes. The hot mixture was homo-
genized for 2 minutes in a blender and then hboiled for an
additional 5 minutes. The homogenate was cooled to room
temperature and centrifuged at 2400 x g for 30 minutes. The
supernatant liquid was flash evaporated at 40 C to a volume
of 5 ml/g of original dry tissuc and stored at —20 C. Calcula-
tions of dry matter percentage were based on representative
leaf samples dried for 6 hours at 110 C.

Chromatography of hot water extracts for the detection of
active factors and determination of Ry values were accomplished
essentially as described by Akeson et al. (1). Active factors were
partially purified by first chromatographing crude extracts on
1814 X 2814-cm sheets of Whatman No. 3 filter paper with
an ascending solvent consisting of isopropyl alcohol, ammonium
hydroxide, and water (8:1:2, v/v/v). Development of the
chromatograms was continued until the solvent had reached a
height of 15 cm above the base line. After air-drying, horizontal
sections corresponding to the three active factors were cut from
the appropriate portions of the chromatogram. The three bands
vere eluted with water, and the cluates were re-chromato-
graphed on separate chromatograms which were devcloped with
a solvent consisting of isopropyl alcohol, acetic acid, and water
(8:1:3, v/v/v). Bands corresponding to the three active factors
again were eluted with water to give partially purified fractions.
For usc in the tests to be described, active fractions were diluted
such that 1 ml of eluate represented 0.16 g of dry leaf tissue.

The bioassay procedure of Akeson et al. (1,2) was used in
testing crude extracts and eluates for stimulant or deterrent
activity. Weevils fed very little on root disks treated with water
or non-active fractions; thus, extensive consumption of disks
indicated the presence of material(s) with feeding stimulant
activity.  Feeding deterrent activity was detected by mixing
equal volumes of Stimulant A eluate and the fraction being
tested and subjecting the mixture to bioassay. Deterrent activity
was indicated if an appreciable decrcase was observed in the
extent of feeding on disks treated with the fraction plus Stim-
ulant A as comparced with disks treated with Stimulant A alone
or Stimulant A plus non-active eluates.

RESULTS AND DISCUSSION

Ry wvalues for Stimulant A and B in the two
chromatographic systems described in the preceding
section of this report are listed in Table 1. Values
also are shown for the methanol solvent. Among
10 solvent systems tested, only these t_h.ree effected
satisfactory separation ol Stimulant A and Deterrent
B. The similarity in chromatographic behavior of
Stimulant A and Deterrent B indicates that these
two compounds may have similar structures even

*This strain of M. infesta originated in Algeria and is a seed
increase from a sample obtained from George Stevenson and
Hugo Gross, Canada Dept. of Agriculture, Brandon, Manitoba,
Canada, as Brandon No. 61-98.

though they have opposite effects on weevil feeding.
Furthermore, the relative insensitivity of the chro-
matographic behavior of these two factors to changes
in solvent pH (compare solvents I and 11, Table 1)
indicates a probable absence of free jonizable groups
in the compounds. The behavior of Deterrent A
appears to be influenced by pH, but the effect is
not striking. As suggested by the values included
in Table 1 and, as further discussed in the remainder
ol this report, both M. officinalis and M. infesta
appear to contain Stimulant A and Deterrent A,
but Deterrent B was detected only in M. infesta.

Results of the bioassay of crude extracts and
partially purified active factors are shown in Table 2.
Little feeding occurred on disks treated with distilled
water or the crude hot water extract from M. infesta
leaves, but extensive feeding occurred on disks treated
with the M. officinalis extract (comparison A). These
differences are similar to those observed in the assay
of the water-methanol phases of water-methanol-
chloroform extracts (2).

Stimulant A appears to be the only feeding stimulant
present in hot water extracts of M. officinalis leaves
(1). Comparison B (Table 2) indicates that M.
infesta also contains this feeding stimulant, and that
it is present in about the same concentration as
in M. officinalis. Thus, the resistance of M. infesta
is not caused by the lack of this teeding stimulant.

In feeding assays, comparisons were made of disks
treated with Stimulant A alone and Stimulant A
combined with an equal volume of the appropriate
deterrent {raction. As shown by the results of compar-
ison C (Table 2), both M. infesta and M. officinalis
contain Deterrent A which, under the assay conditions,
caused a substantial reduction in weevil feeding.
The Deterrent A potency of the M. officinalis fraction
was about equal to that of the corresponding M.
infesta traction; thus, the weevil resistance of M.
infesta cannot reasonably be ascribed to Deterrent A.

In the Deterrent B assay (comparison D, Table 2)
a striking difference between the two Melilotus species
was revealed. Under the assay conditions used, the
Deterrent B fraction from M. infesta virtually elim-
inated [eeding, while the corresponding M. officinalis
fraction appeared to have no effect. These results
indicate that Deterrent B may account for the
resistanice of M. infesta to weevil feeding. This ten-
tative conclusion is supported by comparison I
(Table 2), in which equal volumes of Deterrent A
and Stimulant A were mixed with either Deterrent
B from M. infesta or the corresponding fraction
from M. officinalis. ‘The close similarity of these

Table 1. Ry values for Stimulant A and Deterrents A and B
separated from hot water extracts of Melilotus leaves. Values
are based on ascending chromatography, Whatman No. 3
filter paper, solvent ascent of 15 cm.

Solvent system

I I 1
Isopropyl Isopropyl
alcohol 8 alcohol 8
NH; OH 1 Acetic acid 1
Factor Species Water 2 Water 3 Methanol
Rf Rf Rf
Stimulant A M. officinalis 0.47 0.45 0.43
Stimulant A M. infesta 0.47 0.47 0,43
Deterrent A M. officinalis 0.08 0.23 0. 00
Deterrent A M. infesta 0.08 0.23 0,00
Deterrent B M, infesta 0.56 0.55 0.60
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Table 2. Feeding by sweetclover weevils on sweetclover root
disks treated with crude hot water leaf extract or chroma-
tographically purified fractions of Stimulant A, Deterrent
A, or Deterrent B. Each comparison was replicated five
times. Each replication within a comparison included five
disks per treatment. All disks within a replication were
mounted in a feeding dish with a population of two weevils
per disk.

: i Percent
Solution used in bioassay (ml)* disk area
Crude Blank Stimu- Deter- Deter- consumed
Comparison Water extract fractiont lant A} rent A} rent B Mean + 8. E.
A. Crudeextractassay
Control 0.15 8+ 2
M. infesta 0,15 251
M. inalis 0.15 4 + 3
B. Stimulant A assay
Control 0.10 0.05 41
M. infesta 0.10 0.05 52 2
M. officinalis 0.10 0.05 556+ 3
C, Deterrent A assay
Control 0.05 0.05 0.05 57+ 3
M. infesta 0. 05 0.05 0.05 19+ 3
M. £ 0,05 0,05 0.05 222
D. Deterrent B assay
Control 0. 05 0. 05 0.05 47 + 4
M. infesta 0.05 0. 05 0. 05 241
M. officinalis 0.05 0. 05 0.058 49 + 3
E. Combination of the 3 purified fractions
M. infesta 0.05 0. 05 0.05 4+1
M. off i 0. 05 0. 05 0,058 49 + 4

* Volumes shown were applied to 5 root disks each of which was 9 mm in diameter and
0.1 mm thick. Thus, an average of 0,03 ml of solution was used per disk. Appro-
priate dilutions were made so that I ml of crude extract represented 0. 05 g dry plant
material, and I ml of chromatographically purified fraction represented 0,16 g dry
weight. + Eluate from a section of blank chromatogram with same Rf as factor be

ing tested, 1 M. officinalis was the source of Stimulant A used in comparisons C,D,
and E, and of Deterrent A used in comparison E. § M. officinalis eluates were

taken from a band with an Rf corresponding to the Rf of Deterrent B.

results to those obtained in comparison A strongly
suggests that Deterrent B is the principal factor re-
sponsible for the wide differences noted with crude
extracts of M. infesta and M. officinalis.

Results of testing various concentrations of Stim-
ulant A and Deterrents A and B are presented in
Fig. 1. Clearly the extent of feeding varied with
concentration of each of the factors, and the re-
sponse per unit of active factor was considerably
ereater at the lower end of the concentration scale
than at the upper end. However, the relationship
between extent of feeding and concentration of active
factors is somewhat variable, and it is not linear
for any of the factors. Therefore, the bioassay can-
not be used as a highly accurate means of determining
concentrations of these substances.

As previously indicated, active f{ractions were di-
luted such that equal volumes of fractions represented
equal quantities of plant tissue. Assuming no losses
during extraction and chromatographic purification,
an artificial mixture of equal volumes of the Stim-
ulant A and Deterrent B fractions, for example,
should contain these two active factors in the same
ratio as that existing in intact M. infesta leaves.
It is interesting to note (Fig. 1) that a 2:1 ratio
ol Deterrent A to Stimulant A was required to
reduce feeding to a very low level, whereas a com-
parably low level was reached by use of a 1:1 ratio
of Deterrent B and Stimulant A. Either Deterrent B
is a much more potent feeding deterrent than Deter-
rent A, or it is present in M. infesta leaves at a
considerably higher concentration than is Deterrent A.

STMULANT A &=ttt

DETERRENT A @=——t——e

DETERRENT B~ @-——--—--#

220 (%)

DISK AREA TONSU:

O 005 0025 0.050 0100

VOL OF FACTOR (ML)

Fig. 1. Effect of concentration of Stimulant A, Deterrent A,
and Deterrent B on consumption of root disks by the sweet-
clover weevil. The Stimulant A and Deterrent A fractions
used in these tests were obtained from M. officinalis while
Deterrent B was obtained from M. infesta. For the Stimu-
lant A series, each volume shown was diluted to 0.15 ml with
water, and five disks were treated with the resulting solution.
For the two deterrents, each volume shown was mixed with
0.05 ml of Stimulant A and enough water to bring the total
to 0.15 ml, and five disks were treated with the resulting
solution. Feeding conditions were similar to those described
in Table 2. Each point represents the average of 25 disks
(five replications of five disks each). Vertical lines above
and below each point illustrate the magnitude of the standard
error.
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