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ABSTRACT

Thin laver chromatography resolved nine major compounds from  the
60%a-methanol extractables from P1 227687 sova bean (Glycine max (L)
Merrill) leaves. The flavonoids. daidzcin. an unidentified flavonoid X2 (R s
0-19). glveeollins, sojagol and coumestrol exhibited antifeedant and;or
antibiotic effects against the larvae of cabbage looper, Trichoplusia ni Hb.
The results indicate that several compounds in PI 227687 sova beans
contribute 10 its antifecdant and/or antibiotic cffects against T ni. The role
of these compounds in plant resistance to insects is discussed.

Key words: Plant resistance, flavonoids. cabbage looper, Trichoplusia ni,
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INTRODUCTION

Knowledge concerning the role and significance of aliclochemicals in plant defence
against herbivory is of considerable importance. Phytochcmicals, cspecially
acctogenins, tannins, flavonoids, terpenoids and alkaloids, exhibit antifcedant,
antibiotic or insccticidal properties towards insects (Harborne 1982). In ficld crops.
the antiherbivory role of secondary plant substances has been analysed in only a
few cases to clucidate the mechanisms of such plant resistance as a basis for
brecding crop plants resistant to insects.

Diffecrent solvent extractables from inscct-resistant soya bcans have been
reported to be biologically active against stink bug, Nezara viridula L (Jones and
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Sullivan 1979 Kester ef ol 1984); Mexican bean bectle. Epilachna varivestis Muls
(Tester 1977: Smith ¢f al 1979 Chiung et ul 1986, 1987): corn carworm. Hclml{n.s
-ca Boddie (Panda and Dougherty 1975: Dreyer et al 1979; Binder and WJN;
1984): soya bean looper, Pseudoplusia includens Walhker (Hurl et al l‘;t;fi)K.;‘n
cabbage looper. Trichoplusia ni (Hubner) (Leudders and Dickerson 1977 . mI
et al 1986a.b. 19%7). Caballero and Smith (1986) reported that coumcsu"olj phasco
and afromosin in methanol extract of PI 227687 Icuvc§ show unublpnc cchclf
against T includens. L et al (1988) found that mscct-su:'sccpnblc Davis
soya bean contains greater amounts of 4-hexen-1-ol acetate. Z.B-dnmcthyl hcxunfll
un'd 2-hexanal than PI 227687, Tetradecene was identified as a major rcpcll;ml. in
the leaves of insect-resistant soya bean P11 227687 against the fcmulg molh:.of T ni.

As a part of our continuing cfforts to clucidate the hohsn; naturc and
mechanisms of soya beun resistance to insccts, the present studics report the
extraction, separation and identification of ﬂ;xvopmds :.md othcr compou.nds
responsible for antfeedant or antibiotic propertics in the mscq-rcsmmm cultivar
Pl 227687 against the polyphagous pest. cabbage looper, T ni.

EXPERIMENTAL
Plants

Plants of the insect-resistant sova bean (Glyeine max (L) Mernll) c?lllvur
(P1) 227687 were grown in o greenhouse at the US Danry Forage Rc.scurc'h (cmc.r.
University of Wisconsin, Madison. Thiram-treated sceds were germinated in
sterilised and moistened vermiculite in aluminium travs inan incubator at 27 + | .C
under a 16-h photophase. Seedlings were transplanted mto carthen pots (20-cm dia)
containine a sterilised nmuxture of soil, sand and vermiculite (2:1:1 v v). Pl;mlvs
were watered once every 2 days for the first 4 weeks, and daily thereaflter until
harvest. Natural light was supplemented with high-intensity (100-W) Metalare
lighting in a 16-h photophase.

PI 227687 plants were grown to the VE stage of development (thr et al 1971).
Trifoliate leaves TL 3 to TL 7 were harvested and Iyophilised. Dried leaves were
powdered using a pestle and mortar, and the powder was sicved throggh a ?t4-mcsh
screen. The resultant leaf powder was stored in scaled glass bottles in desiccators
until extracted.

Lima bean (Phascolus lunatus) plants were raised in a Biotron (14 h photophase,
12 b full-light intensity, ic 300 500 gE m " * s~ ' day temperature, 27+ 1 ‘C: night
temperature, 20+ 1 C: relative humidity. 65+ 53%) for use as a susceptible host
for the cabbage looper. Plants were provided with 30-40 ml of one-half strength
Hoagland's nutricnt solution (Hammer ¢t al 1978) four times (¢ach 6 h) per day.

Insccts

Larvac of the cabbage looper T ni were used to evaluate the antifcedant and/or
antibiotic propertics of the compounds isolated from the leaves of Pl 227687.
Larvac were reared on a pinto bean based artificial diet (Shorey and Hale 1965)
under laboratory conditions (27 +2°C, 12 h daylight and 60+ 5% RH).
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Extraction and fractionation

Lyophiliscd lcal powder (50 g) was homogeniscd in 850 ml 60% mecthanol in an
icc-cooled Waring blender for $ min. Homogenate was filtered through Whatman
No 1 lilter paper, and the residuc was re-extracted five times with 500 ml 60%
aqucous methanol for 8 h on an automatic shaker and then filtered. The residuc
was then cxtracted thrice with ethyl acctate. Combined extractables were
rotocvaporated to dryness at 50+ 1 °C,

Resultant methanol extractables from cach 50 g Icaf powder were dissolved in
200 ml distilled water + 200 ml cthyl acetate, and then transferred into a separatory
funncl. Ethanol (50 ml) was added to the above mixture. and the resultant cthyl
acctate and aqucous phascs were scparated. The aqucous phase was next extracted
five times with 200 ml cthyl acctate + 50 ml cthanol. The volume of the aqueous
phasc was maintained at about 200 ml. Ethyl acctate and water fractions were
rotocvaporated to dryness, and then dissolved in cthyl acetate/cthanol/water
(2:1:1) and 40% ethanol, respectively, to yield 10% stock solutions. These were
stored at 4 C.

Thin layer chromatography (TLC)

Most studied compounds were dselated from the ethyl acctate extracted fraction
by TLC on silica gel plates (250 jim thick and 20 x 20 cm with a 254-nm fuorescent
indicator) (Sigma Chemicals, St Louis. Mo). Other leal extractables and their
fractions, obtained through other solvent systems, were subjected to similar TLC
separations. Each (50 ug) fraction (sample) was spotted with a thin capillary tube
ona TLC plate. Plates were developed in chloroform,acetone/acetic acid (90:10:1)
in closed glass chambers saturated with solvent vapours. Plates were removed
when the solvent front had moved 80% of the plate length. and were allowed to
dry at room tempcrature. Resolved Nuorescent spots were detected under 254 nm
light (Mincral Light Lamp, UVSL-25, Ultra Violet Products. San Gabricf, CA).
The R, values of the fluorescent spots were calculated in relation to the solvent
front.

A commcrcial sample of coumestrol, and glyceollin samples obtained from Dr
N T Keen (University of California, Riverside) and Dr J tbel (Biologisches Institut
It der Universitidt, Freiburg in Briesgau, FRG). were co-chromatographed
with plant extractables. TLC spots from soya bean leafl extractables which had R,
vilues corresponding to known flavonoids or related compounds in chloroform/
acetone/acetic acid (Keen ef ol 1972) or in chloroform/acetone/ammonia (Ingham
et al 1981) were especially investigated further. After initial analytical separations
of Navonoids and rclated compounds on TLC plates. large-scale preparative TLC
of leal extractables was conducted after a thin-band (0-3-0-5 mm thick) application
of the sample. One millilitre of a 10% sample solution was applicd preparatively
on cach 20 x 20 cm silica gel plate. The solution in this casc was applied with a
glass Pasteur pipette (23 cm long) which had been drawn into a thin capillary at
one end. After each application of sample the leaf extractables were dricd under
an air stream from a hair drier.

Preparative plates were developed in the solvent systems described above. Each
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plate was removed from the glass chamber after 5 7 cm movement of the solvent
front and allowed to dry in the air. and was then redeveloped to obtain better
scparation of the flavonoid bands.

With chloroform/acctonc/acetic acid (90:10:1) the flavonoids and related
compounds were first harvested in six bands (R, <0-10. 0-11-0-25, 0-26-0-35.
0:36 0-50, 0:51 0-75 and > 0-81). Silica gel was scraped with a clean microscope
shide (2:5 x 7-5 ¢cm). Compounds were extracted from the silica gel with 50 100 mi
of cthanol or acetone, dricd to about I ml in a rotoevaporator at 40+ 1 C, and
re-chromatographed preparatively. Resolved bands from re-chromatography were
harvested individually and extracted with 50 100 ml cthanol or acctone as
described above. Solvent was removed under vacuum. Each band obtained above
was re-chromatographed twice in chloroform 2-propanol (90:10). Such purificd
bands were re-chromatographed in chloroform acetone acctic acid, scraped as
above and extracted with HPLC reagent-grade cthanol. Compounds with R,
0-25. 056 or 0-71 were resohved by TLC in chloroform acetone ammonia
(S0:50:1 v vy The preparative bands were re-chromatographed twice in the above
solvent system. and then once in chloroform acctone acctic acid (90:10:1 v 'v).
Sohvent was evaporated from cach purtficd sample under a stream of nitrogen,
and cach was finally dissolved as a 1% solution i cthanol (reagent grade) in a
scaled glass vial and used in HPLC analyses. Major compounds were obtained
in milligram amounts, and were used for bioassays and structural determinations.
Sample purity was checkhed especially by high performance hquid  (hexane2-
propanol, 90:10),

Antifeedant and or antibiotic effects on first-instar larvace

Antifcedant and or anubotic activity was evaluated against 4- o 6-hour-old
first-instar larvac. Antifcedant activity was bioassaved on leal discs from lima
bean. Fully expanded and mature leaves (dth leaf from the bud) were held between
folds of water-soaked filter paper in an e bov while being brought to the
laboratory. Leaf dises (18 mm dia) were cut with a No 7 corkborer. Discs for the
feeding assay were mounted individually on mscet pins. Two dosages of cach
sample (250 or 500 ug in 30 4l cthanol per disc) were tested, and there were three
repheations. Solvent was allowed to dry under a slow stream of air from a table
fan for | h. Control dises were treated only with 30 gl of cthanol. Each treated
lima bean disc was positoned individually over a filter paper in a 30-ml plastic
cup 1n a no-choice test. Ten first-instar larvace were released on cach disc in the
cup. Each cup was covered with a lid having a water-soaked tissue paper on its
inner surface to maintain the leaf disc in a turgid condition.

Discs treated with 250 ug were rated for insect feeding at 24 h after assay
initiation. The number of laivae that survived was recorded 96 h after treatment.

Discs treated with 530 pge per dise were rated for inscct feeding 36 h after
trcatment. Alter 4 days the larvac were transferred individually to a standard
artihcial dict in a rearing cup. The number of surviving larvac and larval weights
were recorded at 2, 4 and 10 days after trecatment. Data were also recorded on
pupal weight, farval survival, adult emergence and duration of postembryonic
deveclopment.

) -w
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Antifecdant and/or antibiotic cffects on third-instar larvac

Antifecdant and/or antibiotic activity of known compounds or fractions from Pl
227687 soya bean lcaves to third-instar T ni larvac was evaluated on 18-mm-dia,
400-um-thick clderberry-pith discs in a double-choice assay. Elderberry pith discs
were preparced using the modified method by Norris and Baker (1967). Each
air-dried disc was first treated with 800 ug (40 ul of a 2% solution) of sucrosc in
40% ecthanol. Sucrose was uscd as a standard phagostimulant. Sucrosc-treated
discs were dried for | h under a slow air strcam from a table fan. Such dricd discs
were then treated individually with 300 ug (30 ul of a 1% solution in cthanol) of
a given plant compound or fraction, or with just solvent as a control. All discs were
finally dricd under a slow strcam of air from a table fan. There were §5-20
replications per treatment.

Onc treated and one control (sucrosc only) disc were offered in opposed positions
to a larva in a double-choice assay. The two discs were placed S mm apart and
anchored uniformly into an underlying but filter-paper-covered wax layer with an
inscct pin. A filter paper soaked with 2 ml water was attached to the inner surface
of the top of the petri dish arcna to keep the discs moistened. One newly moulted,
4-h-starved but water-satiated, larva was rcleased in cach petri dish arena. After
20 h exposure to the larva. cach disc was measured (cm?) for the remaining arca
using an automaltic lcaf arca mecter (LI 3100, LI-COR Inc, Lincoln, NE). After
the disc area measurement, the control discs were removed {rom the petri dishes
and the larva was conlined with only the treated disc. A larva was allowed to
consume about 90% of such a trecated disc before being transferred into a 30-mli
covered plastic cup containing 20 ml artificial diet to study the antibiotic effects.
Time taken by the larvac to consume the treated discs was recorded cvery 4 h.

Larvac were weighed on a Mecttler microbalunce before and 5 days alter initiation
of an experiment. Once on artificial diet, times to complete larval and pupal
development and the pupal weight were recorded. Growth rates of the larvae were
computed as described by Waldbauer (1968).

Statistical analysis

Treatment means were compared using a two-sample t-test, or the least significant
difference (LSD).

RESULTS
TLC resolution of leaf extractables

Sixteen fluorescent spots were detected analytically from the cthyl acctate fraction
of mcthanol extract. Compounds resolved in solvent system | (Table 1) at R, 0-10
(daidzein), 0-16 (flavonoid X1), 0-19 (flavonoid X2), 0-23 (chlorophyll A), 0-27
(coumestrol), 0-30 (carotcnoid A), 041 (sojagol), 0-47 (glyceollins) and 0-81
(carotcnoid B) were the major components in Pl 227687 soya bean. They were
purified in scveral-milligram amounts by TLC to study their biological and
chemical properties. Less abundant flavonoids resolved at Ry 0-25 (glyccofuran +
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TABLE |
11.C R, vitlues of major resolved components in the 60% mcthanol extractables® from
PI 227687 sova bean leaves, or authentic compounds.® in five solvent systems

Compound R, valuc in indicated solvent sysiem’
taund prep R )

/ 2 3 4 5
Daidzein® 010 0-26 0-05 0-67
Unidentified flavonoid X1° 016 0-26 032 0 0-64
Umidentified favonoid X2¢ 019 00 -
Chlorophyll A® 023 065 072 0-76
Coumestrol? 0-27 043 041 021 0-69
Coumestrol® 0-27 0-39 0-21 —
Carotenoid A° 0-30 0-50 0-52 0-24 0-73
Sojagol® 041 0-59 0-55 008 0-76
Glyceollins® 047 - 0-41,0-58 024,038 —
Glyeeolhin HI? 027 - 041,017 0-25 -
Glyceeollins® 0:27.0-31 041,017, 045 0-2% -
Carotenomd B 077 079 078 0-71 076

* See "Compound” column,

" See “Thin layer chromatography (TLC) in “Methods and materials”.

"System 1 (chloroform acetone acetic acid. 90:10:1 v vy system 2 (chloroform acetone
ammonea, SO:50:1 v v)system 3 (chloroform 2-propanol. 90:10 v v ) system 4 theaane ethyl
acctate methanol, 60:40:2 v v); and system S (benzene ethyl acctate methanol, 40:30:30
VN

ghyceocarpim), 0-56 (isoformononctin) and 0-71 (9-0-methyl ghceofuran) in
chloroform acctone ammonia (50:50:1 v, v) (Ingham er al 1981) were also purified
and studicd for their biological effects on T ni.

Antifeedant and or antibiotic cffects of isolated compounds to first-instar larvac

Leafl dises treated with 250 pg of daidzein, coumestrol, lavonoid X2 and glyvecollins
reduced feeding (P <0:05) by the first-instar larvae under a no-choice condition
(Table 2). Eighty-three per cent or less of the larvac survived on leaf discs treated
with flavonoid X2, coumestrol, glyceolling and sojagol as compared with 97%
survival on the control leal disc.

AL 500 pg per leal disc. feeding at 36 h was signiticantly (P <0:03) reduced by
daidzen, flavonoid XI. sojagol and glyceollins. Larvac weighed significantly
(P <0-05) less when they were fed on a disce treated with daidzein, lavonoid X2
and coumestrol for 48 or 96 h. Weight gain by the larvac was lower when they
were fed on discs treated with flavonoid X2 and sojagol. Daidzcin. flavonoid X1,
chlorophyll A, coumestrol. sojagol, glyccollins and carotenoid B increased the
larval period as compared with the sucrose control (Table 3). In this no-choice
situation. daidzein. flavonoid X2 and carotenoid A significantly (P <005) reduced
pupation. Flavonoid X2 significantly (P <0-05) reduced pupal weight. No
trcatment significantly altered the pupal period. Daidecin. chlorophyll A and

Resstance m sova bean to cabbage looper RAL

TABLE 2
Autifeedant and antibiotic activitics of TLC-resolved compounds or [ractions in 60%
methanol extrastables from P1 227687 soya bean leaves against lirst-instar larvae of cabbage
looper T ni

Compound 250 pg dise S0 py dise
Dumagye  Larval — Damaye rating Larval weight Weight
rating survival ——— (my) gain
36 h (1my)
2davs 4 days
Daidzcin 35000 97 3t 0-36* 0-84¢ 0-48
Unidentified
flavonoid X1 RO K el 97° 383« 0-41° 093 0-52
Unidentified
flavonoid X2 317 80 3-50° 0-3§° 0-71° 0-36
Chlorophyll A 396% 97° 467 041 089" 048
Coumestrol 300 73 367" 0-33 081" 048
Carotenoid A 383 9ON 4-00™ 0-43¢  0-89*~ 046
Sojagol 4-50° 77+ 317 0-39*  0-77* 0338
Glyceollins 367" R} 3-50¢ 0-50"  091% 0-41
Carotenoid B 4-17™ Clh 383 041 087 0-46
Control (sucrosc) 4-67° 97° 4-50™ 049 09t™ 042
+SE (pooled) +0-37 +64 +0-33 +004  +009

Each lima bean leaf disc was treated with 250 or 500 g of cach compound or fraction. Ten
first-instar larvac were confined in a no-choice assay with the treated disc in a 30-ml plastic
cup for 96 h.

Damage ratings: 1. <104 disc arca consumed; 2, 11-25%: 3, 26 40" 4. 41 60% and 5.
> 600 disc arca consumed.

 “ Values in a column followed by the same superscript letter are not significantly different at
P <0-05.

sojagol lengthened the post-cmbryonic developmental period. Adult emergence
was signilicantly (P <005) reduced by daidzein, Navonoid X1 and X2, carotenoid
A. coumestrol, glyceollins and sojagol. All compounds caused a significant increase
in abnormal adults with deformed wings as compared with the sucrose control.

Antifcedant and ‘or antibiotic eflects of isolated compounds to third-instar larvae

Daidzein, Navonoid X2, coumestrol, carotenoid A, chlorophyll A, and sojagol
showed antifcedant activity towards third-instar larvac in onc or both scts of
similar cxperiments (Table 4). Chlorophyll B, carotenoid B. isolormononctin
and glyccofuran + glyccocarpin showed phagostimuluai activity. Larvac took
significantly morc time to consumc discs trcated with flavonoids X1 and X2,
coumestrol, carotcnoid A, sojagol, glyccollins and carotenoid B.

Larval weights at 5 days were significantly (P <0-05) reduced by sojagol and
carotenoid B (Table 5). Glyccofuran + glyccocarpin  and isoformononctin
significantly (P <0-05) increased the mass of 5-day-old larvac. Growth rate of
larvae was slower (P <0-05) when fed in a no-choice situation on a disc treated
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TABLE S
Antibiotic effects’ of 300 pe per disc of TLC-resolved compounds or fractions in 60%%
mcthanol. Extractable from Pl 227687 sova bean leaves on third-instar larvae of cabbage
looper, T ni

Compound Initial Wrof Larval Larval Pupal  Pupal
lurval Jeeding growth period wie periad
wi larva afier rate (days) (myg)  (davs)

(my) S duvs '

. Chlaroform acctone acetic acid (H-10:1)
Fraction including the

flavonoid daidzecin A R ekt 59-29h 0-1837f 20-5* 190-8M¢ 9-0*
Unidentiicd Navonord X1 1y -4¢ §2-54h 0186/ 290 199.ahd 83
Unidentihied flivonond N2 274 34 40 008y 234 2427 10-3°
Chlorophyll A 26T d0-4* 0-095* 240 §20-4¢ 10:0F
Coumestrol 2379 674N Oy 248 1260 7-8"
Carotenoid A ALTS Rab SR O £ 0-08%"* 235 2063 10y
Sojagol KRR 40-6¢ 0117 2000h 0 2128 o0
Glyeeolling 29.8def REERECH 01714 IR 21 ?-:1"" §-5
Chlorophyil B 20:59 64 o™ O ASRE s 5900 g
Carotenond B 20t 40-2¢ 01289 270/ 2083 !

Chiloroform acetone anunonia (59:50: 1)
Glyceofuran + glyccocarpin . 307/ 106-2¢ 0212 19y 185 7M4 80
Loformononctin 29847 1089° 02217 M R I.‘\‘%J)"" :«i‘?“
9-0-Methylglyceofuran 278 5014 0103 225M 20 :‘(»()"
Control (sucrose) MO o83 0174 2yt 204-\.)“" S0
+SE (pooled) +212 + 945 +0018  +072 + 1448 +0-29

{ . . . . .
Bach Lanva fed inca no-chorce assay on 300 g of a given compound or fraction applied
to g dise

Values followed by the same letter ma column are notstatistically ditferent at £ < 0-05.

exclusively on a given cultivar. Highly inscct-resistant cultivars such as P1 227687
may thus produce more pronounced antibiotic clfects on the insect than were
Qbsgrvcd with individual compounds, fractions in these experiments. In the present
hmited-exposure experiments. the antibiotic effects of some compounds continued
through the entire insect-developmental period. cven after the larvae were
l(;\l\sfcrrcd to the control aruficial dict. Rearing of insects on such an artificial
dict after their feeding on chemically treated discs may also cause a reversal of
some antibotic effects. However, the observed antifeedant and antibiotic effects
on the larvac strongly implicate these specific compounds as components in the
soya bean plant’s defence mechanism against herbivorous insects.

Synthesis and production of individual lavonoids such as daidzein glyceollins
coumestrol. sojagol. isoformononctin, glyceofuran, glyceocarpin and‘ 9-O-mcth~l.
glyceofuran are interdependent (Keen et af 1972: lné.ham et al 1981). Some gf
(hcsc compounds arc precursors or metabolites of others in the general Navonoid
bnosynthcu.c process in plants (Keen et al 1972; Keen and Paxton 1975: Ebel 1986)

‘ Flavonoids appear to be major contributors to holistic chemical defences aguin.sl
inscct pests in soya bean and apparently other plants. Their structural

Resistagice in soya bean to cabbage looper 361

identification, location within a given plant, relative proportions in specific plant
tissucs, biological activities and inducibilitics by given environmental stresses need
much further investigation (o utilise their potential as a mechanism of resistance
to herbivores in ficld crops.

ACKNOWLEDGEMENTS

This rescarch was supported by the College of Agricultural and Life Sciences,
University of Wisconsin, Madison: and in part by funds from US Hatch Project
No 2786. CRGO,;USDA Rescarch Grant No 84-CRCR-1-1501 and the University
of Wisconsin AID Title X! Strengthening Grant. We thank Charles Roland and
Ed Marti, University of Wisconsin, Madison. for assistance in structural
identifications of involved flavonoids; and Dr N T Keen (University of California,
Riverside) and Dr J Ebel (Biologisches Institut I der Universitiit, Freibuerg im
Bricsgau, FRG) for glyccollin samples. We thank Ms Lynn Martinsen and Mr |
Krishna Murthy for assistance in preparing the manuscript. Approved as Journal
Article No 764 by ICRISAT.

REFERENCES

Binder R G. Waiss Jr A C 1984 Effects of soybean leafl extracts on growth and mortality
of bollworm (Lepidoptera; Noctuidae) larvae. J Econ Entomol 77 1585-1588.

Caballero P, Smith C M 1986 Isoflavones from an inscct resistant variety of soya bean and
the molecular structure of afromosin. J Nut Prod 49 1126-1129.

Chiang H S. Norris D M 1983 Phenolic and tannin contents as related to anatomical
parameters of soybean resistance to agromyzid bean flies. J Agric Food Chem 31 726-730.
Chiang H S. Norris D M, Ciepela A, Qosterwyk A, Shapiro P, Jackson M 1986 Comparative
constitutive resistance in soybean lines to Mexican bean beetle. Entomol Exp Appl 42

19-26.

Chiang H S. Norris D M. Cicpicla A, Shapiro P. Oosterwyk A 1987 Inducible versus
constitutive P1 227687 soybean resistance to Mexican bean bectle, Epilachna varivestis.
J Chem Ecol 13 741-749.

Dreyer D L. Bidner R G, Chan B G, Waiss Jr A C, Hartwig E E. Beland G L 1979 Pinitol,
a larval growth inhibitor to Heliothis zea in soybeans. Experientia 35 [182-1183.

Ebel J 1986 Phytoalexin synthesis: the biochemical analysis of the induction process. Ann
Rer Phyvtopathol 24 235-204.

Fchr W R, Caviness C E, Burmood D T, Pennington J S 1971 Stage of development
descriptions for soybeans. Glycine max (L.) Merrill. Crop Sci 11 929-931.

Hammer P A, Tibbits T W, Laughans K W, McFarlane J C 1978 Bascline growth studies
of *‘Grand Rapids’ lettuce in controlled environments. J Amer Soc Hort Sci 103 649-655.

Harborne J B 1982 Introduction to Ecological Biochemistry. Academic Press, London.

Hart S V. Kogan M, Paxton J D 1983 Effect of soybean phytoalexins on the herbivorous
inscets Mexican bean beetle and soybean looper. J Chem Ecol 6 657-672.

Ingham J L. Keen N T, Mulheirn L J. Lyne R L 1981 Inducibly formed isoflavonoids from
leaves of soybean. Phytochem 20 795-798. '

Jones W A. Sullivan M J 1979 Soybcan resistance to the southern green stink bug Nezara
viridula. J Econ Entomol 72 628-632.

Keen N T. Paxton J D 1975 Coordinate production of hydr..yphascollin and the yellow




H C Sharma, D M Norris

fluorescent compound PAK in soybeans resistant to Phytophthora megasperma var. sojae.
Phytopath 65 635-637.

Keen N T, Zaki A Z, Sims J J 1972 Biosynthesis of hydroxyphascollin and related
isoflavonoids in discase-resistant soybean hypocotyls. Phytochem 11 1031-1039.

Kester K M. Smith C M. Gilman D F 1984 Mcchanisms of resistance in soybean (Glycine
max (L.) Mcrnll) genotype Pl 171444 to the southern green stink bug, Nezara viridula
(I..) (Hemiptera: Pentatomidae). Environ Entomol 13 12081215,

Khan Z R, Norris D M, Chiang H S, Weiss N E, Oosterwyk A S 1986a Light-induced
susceptibility in soybean to cabbage looper, Trichoplusia ni (Leipdoptera: Noctuidac).
Environ Entomol 15 803-808.

KhanZ R. Ward J T, Norris D M 1986b Role of trichomes in soybean resistance to cabbage
looper. Trichoplusia ni. Entomol Exp Appl 42 109-117.

Khan Z R. Ciepicla A, Norris D M 1987 Behavioral and physiological responses of cabbage
looper to stcam distillates from resistant and susceptible soybean plants. J Chem Ecol
13 1903-1915.

Leudders V. D, Dickerson W A 1977 Resistance of sclected soybean genotypes and
segregating populations to cabbage looper feeding. Crop Sci 17 395-396.

L, S.-H., Norris D M. Marti E 1988 Bchavioral responses of female adult Trichoplusia
m to volatiles from soybean versus a preferred host lima bean. Entomol Exp Appl 49
99-109.

Norris D M. Baker J E 1967 Feeding responses of the beetle Scolvtus 1o chemical stimuli
in the bark of Ulmus. J Insect Physiol 13 101-119.

Panda N. Dougherty D M 1975 Note on the antibiosis factor of resistance to corn carworm
in pubescent genotypes of soybean. Indian J Agric Sci 45 68-72.

Russell G B. Sutherland O R W, Hutchins R F N, Christmas P E 1978 Vestitol: a phytoalexin
with insect feeding deterrent activity. J Chem Ecol 4 571-579.

Shorey H H, Hale R L 1965 Mass rearing of the larvae of nine noctuid specics on a simple
artificial medium. J Econ Entomol 58 §22-524.

Smith C M. Brim C A, Wilson R E 1979 Feeding behaviour of Mexican bean beetle on
lealentracts of resistant and susceptible soybean genotypes. J Econ Entomol 72 374-377.
Sutherland O R W, Russell G B, Biggs D R, Lane G A 1980 Insect fecding deterrent activity

of phytoalexin isoflavonoids. Biochem Svst Ecol 8 73-75.

Tester C F 1977 Constituents of soybean cultivars differing in inscct resistance. Phytochem
16 1899-1902. '

W;snkit:uusr G P 1968 Consumption and utilization of food by insccts. Ade Inscct Physiol

229-288.

Sci Food Agric 1991, 85, 365-375

Monomeric and Dimeric Phenolic Acids Released from
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ABSTRACT

Cell wualls of tall fescue Festuca arundinacea Schreb and coastal
bermudagrass Cynodon dactylon L Pers were treated sequentially with
increasing concentrations of sodium hydroxide (0-1 s to 10 v) to release
monomeric and dimeric phenolic acids. (E)-p-Coumaric and ( E)-ferulic acids
were the major monomers released. Most of the suponifiable feruloy! groups
(97% for 1all fescue, 89% for coastal bermudagrass) were released with
0-1 M sodium hydroxide. Much lower proportions of saponifiable
p-coumaroyl groups (67% for tall fescue, 46% for coastal bermudagrass)
were released with this treatment. The major dimers from both grasses were
4.4’ -dihydroxy-a-truxillic, 4,4'-dihydroxy-3-methoxy-a-truxillic, and 4,4'-
dihydroxy-3.3 -dimethoxy-a-truxillic acids, and were mainly released with
0-1 s sodium hydroxide. Similar proportions of the monomers and dimers
were released from the cell walls of each grass with the 0-1 s and | v sodium
hyvdroxide sequential treatments. It is probable that most if not all of the
monomers and dimers released by the sequential alkali treatments were
originally ester linked to the cell walls. If it is assumed that the cell wall
bound dimers are formed photochemically from p-coumaroy! and feruloyl
groups during plant growth, it is calculated that, for the two grasses, between
12 and 17% of the monomer units were converted to dimers.

Key words: Festuca arundinacea, tall fescue, Cynodon dactylon, coastal
bermudagrass, cell walls, p-coumaric acid, ferulic acid, substituted
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