University of Nebraska - Lincoln

DigitalCommons@University of Nebraska - Lincoln

Agronomy & Horticulture - Faculty Publications Agronomy and Horticulture Department

1-17-1969

Sweetclover-Weevil Feeding Deterrent B: Isolation and
Identification

W. R. Akeson
USDA-ARS

H.J. Gorz
University of Nebraska-Lincoln

Francis A. Haskins
University of Nebraska-Lincoln, fhaskins@neb.rr.com

Follow this and additional works at: https://digitalcommons.unl.edu/agronomyfacpub

b Part of the Plant Sciences Commons

Akeson, W. R.; Gorz, H.J.; and Haskins, Francis A., "Sweetclover-Weevil Feeding Deterrent B: Isolation and
Identification" (1969). Agronomy & Horticulture -- Faculty Publications. 155.
https://digitalcommons.unl.edu/agronomyfacpub/155

This Article is brought to you for free and open access by the Agronomy and Horticulture Department at
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Agronomy & Horticulture -
Faculty Publications by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln.


https://digitalcommons.unl.edu/
https://digitalcommons.unl.edu/agronomyfacpub
https://digitalcommons.unl.edu/ag_agron
https://digitalcommons.unl.edu/agronomyfacpub?utm_source=digitalcommons.unl.edu%2Fagronomyfacpub%2F155&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/102?utm_source=digitalcommons.unl.edu%2Fagronomyfacpub%2F155&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unl.edu/agronomyfacpub/155?utm_source=digitalcommons.unl.edu%2Fagronomyfacpub%2F155&utm_medium=PDF&utm_campaign=PDFCoverPages

Published in SCIENCE, New Series, Vol. 163, No. 3864 (Jan. 17, 1969), pp. 293-294.

17 JANUARY 1969

Sweetclover-Weevil Feeding Deterrent B:

Isolation and Identification

Abstract. Deterrent B, a compound apparently involved in the resistance of
Melilotus infesta to the sweetclover weevil Sitona cylindricollis, has been isolated
from leaves by a combination of preparative paper chromatography, sublimation,
and crystallization. The compound has been identified as ammonium nitrate.
Isolated deterrent B and ammonium nitrate have identical feeding deterrent
activities. Although the deterrent principle was isolated as the ammonium salt,
nitrate ion is probably responsible for the deterrent activity in vivo.

The sweetclover weevil Sitona cylin-
dricollis (Fahraeous) is the major insect
pest of sweetclover (Melilotus spp.) in

the northern Great Plains of the United,

States. The adult insects feed on sweet-
clover leaves, leaving characteristic
crescent-shaped notches. If present in
large numbers, the weevils can com-
pletely defoliate young plants. One
sweetclover species, M. infesta Guss., is
resistant to weevil feeding (Z).

A bioassay has been developed for
the detection of factors which influence
feeding by the sweetclover weevil (2).
In the bioassay, washed disks of sweet-
clover root tissue are impregnated with
the extracts to be tested and offered to
adult weevils for feeding. The extent of
feeding is measured by determining the
percentage of disk area consumed dur-
ing a given feeding period. In a bio-
assay of various extracts of leaves from
the weevil-resistant M. infesta and a
susceptible species, M. officinalis (L.)
Lam., feeding was strongly stimulated
by chloroform-soluble substances from
both species. Also, water-methanol or
water extracts of M. officinalis leaves
stimulated extensive feeding in the bio-
assay system, but little feeding was ob-
served on bioassay disks treated with
corresponding extracts of M. infesta
leaves (2, 3).

Bioassay of leaf extracts separated by
chromatography has shown that M. in-
festa leaves contain at least three water-
soluble substances which influence
weevil feeding (4). Two of these sub-
stances,, stimulant A and deterrent A,
apparently occur in both M. officinalis
and M. infesta. The third, deterrent B,
was detected only in M. infesta extracts.
Available evidence indicates that de-
terrent B is involved significantly in re-
sistance of M. infesta to weevil feeding.
Deterrent B has now been isolated and
identified as ammonium nitrate.

Young M. infesta leaves were auto-
claved in water as described (3, 4) to
provide an extract of which 5 ml corre-
sponded to 1 g of dry tissue. A 100-ml
sample of crude extract was first sub-

jected to preparative paper chroma-
tography on Whatman No. 3 MM filter
paper with ascending solvents. Solvents,
in order of use, were: (I) isopropyl al-
cohol-concentrated ammonium hydrox-
ide-water (8:1:2); (II) isopropyl
alcohol-glacial acetic acid—water (8:
1:3); and (III) methanol. Water was
used to elute the deterrent B band (loca-
tion determined by bioassay) after each
chromatographic step. After chroma-
tography with methanol, the eluate con-
taining deterrent B was lyophylized to
dryness.

The powder obtained was next sub-
limed at 0.2 mm-Hg and 100°C. The
sublimate was washed from the cold
finger with a small quantity of methanol,
and the resultant solution was trans-
ferred to a graduated centrifuge tube.
Deterrent B was precipitated from the
solution by the addition of five volumes
of ethyl ether. After centrifugation
(2000g, 5 minutes), the supernatant was
decanted and the precipitate was taken
up in a small volume of methanol. To

Table 1. Feeding deterrent activity of various
levels of isolated deterrent B and ammonium
nitrate. Quantities shown were mixed with a
quantity of stimulant A extracted from 8 mg
(dry weight) of young M. officinalis leaves in
a total of 0.15 ml of H,O. The resultant solu-
tion was applied to five bioassay disks. A
single experiment consisted of five disks of
each treatment offered to a population of two
adult weevils per disk in a 145-mm petri dish
as previously described (2). The percentages
are means (* S.E.) based on five such ex-
periments. )

Treatment Disk area
Quantit: consumed
(mg) y Substance (%)
Stimulant A
(control) 56.1 = 3.1
0.05 Deterrent B 36.6 =28
0.05 NH/NO3; 359+24
0.10 Deterrent B 17.0*£25
0.10 NH/NO;3 16.8 1.5
0.20 Deterrent B 76+14
0.20 NH/NO; 6.6 1.1
0.40 Deterrent B 1.4+05
0.40 NH;NO;3 21+1.0
0.80 Deterrent B 0.0 0.0
0.80 NH/NO; 0.0 0.0
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Fig. 1. Infrared spectra (determined with a Beckman model IR-5 spectrophotometer)
of feeding deterrent B isolated from M. infesta and of ammonium nitrate in KBr pellet.
(A4) Deterrent B, 5 mg; (B) ammonium nitrate, 5 mg; (C) deterrent B, 2 mg; and

(D) ammonium nitrate, 2 mg.

the methanolic solution, n-butyl alcohol
(0.1 volume) was added, and the solu-
tion was allowed to stand at room tem-
perature. Upon standing, methanol evap-
orated from the solution and colorless,
needle-like crystals formed. The crystals
were further purified by two more crys-
tallizations from the methanol-butyl
alcohol system, after which they were
washed once with butyl alcohol and
twice with ethyl ether. Washed crystals
were dried in a vacuum (1 mm-Hg) at
40°C for 30 minutes to remove traces
of ether. The yield of crystals from 100
ml of crude leaf extract was 48 mg.
Elemental analysis of the crystalline
deterrent B disclosed the following per-
centages: H, 5.31; O, 59.31; N, 32.30;
C, trace (< 1); and ash, trace. This com-
position corresponds reasonably well to
that of ammonium nitrate (calculated
percentages: H, 5.04; O, 59.96; and
N, 35.00). The isolated material melted
at 169° to 170°C (uncorrected, alumi-
num block) while known ammonium ni-
trate melted at 169.6°C. The ultraviolet
absorption spectra of aqueous solutions
of deterrent B and ammonium nitrate
were identical, with molar extinction co-
efficients of approximately 15,400 and
7.0, respectively, at the 204 nm and 303
nm absorption maxima. The infrared
spectrum of deterrent B also coincided
with that of ammonium nitrate (Fig. 1).
The Ry values for deterrent B and am-
monium nitrate, respectively, in the three
solvent systems used in the initial purifi-
cation steps were as follows (15-cm sol-
vent ascent): solvent I—0.56, 0.55; sol-
vent II-—0.55, 0.53; and solvent III—
0.60, 0.55. Both deterrent B and am-
monium nitrate were detected on the
chromatograms as absorbing spots under
short-wavelength ultraviolet light (peak
near 254 nm). The feeding deterrent
activity of the isolated compound was
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quantitatively similar to that of reagent
grade ammonium nitrate at all levels of
treatment (Table 1). Thus, the activity
of isolated deterrent B appears to be due
to ammonium nitrate rather than to im-
purities which might be present in trace
amounts.

On the basis of preliminary tests, the
feeding deterrent activities of potassium
nitrate and sodium nitrate appear to be
very similar to that of ammonium ni-
trate. In addition, nitrate assays of
young M. infesta leaves indicate a level
five to ten times as high as that in com-
parable M. officinalis leaves. Therefore,
the hypothesis is advanced that in
young, intact leaves of M. infesta and in
crude aqueous extracts of such leaves,
nitrate ion is the feeding deterrent. The
ammonium salt was probably formed
during the first chromatographic puri-
fication, inasmuch as this step employed
an ammoniacal solvent.
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