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ABSTRACT

Thin laver chromatography resolved nme major  compounds  from  the
61 a-methanol cxtractables from Pl 227687 sena hean (Glycine max (L)
Merridl) leaves. The fluvonads. dendzem. an udenified flaconend X2 (R,
0-19). glveeollins, sopagol and coumesirol exlubued antifecdant and/or
antibionc effecis agamst the larvac of cabbagye looper, Trichoplusia ni Hb.
The results mdicate that sceveral compounds m Pl 227687 soyva heans
contribute 10 its antifecdant andjor antibiotic cffects against T ni. The role
of these compounds i plunt resistance 10 insccls is discussed.

Key words: Plant resistance, flavonoids, cabbage looper. Trichoplusia ni,
soya beans, Glycine max. antifeedants, antibiosis, phytoalcxins.

INTRODUCTION

K nowledge concerning the role and significance of allelochemicals in plant defence
against herbivory is of considcrable importance. Phytochemicals, cspecially
acetogenins, tannins, flavonoids, terpenoids and alkaloids, exhibit antifeedant.
antibiotic or insccticidal propertics towards insects (Harbornc 1982). In ficld crops,
the antiherbivory role of secondary plant substances has been analysed in only a
fcw cases to clucidatc the mechanisms of such plant resistance as a basis for
breeding crop plants rcsistant to insects.

Diffcrent solvent cxtractables from inscct-resistant soya beans have been
reported 10 be biologically active against stink bug, Nezara riridula L (Jones and
* Present addercss: Cereals Eatomology. International Crops Rescarch Institute for the Semi-Arid
Tropss (JICRISAT). Patancheru PO 502 324, AP. India.

s>
4 Sci Food Agric 0022-5142/91/503.50 © 1991 SC1. Printed in Grent Britain



H C Shome, D M Neowris

Sullivan 1979; Kester ¢f ol 1984); Mexican bean bectlc. Epilachna curivestis Muh
(Tester 1977: Smith ¢t al 1979: Chiang 1 ol 1986, 1987): corn carworm. Ildm{ncs
:ca Boddic (Panda and Dougherty 1975; Dreycr of ul 1979; Binder and Waiss
1984); soya bean looper. Pseudoplusiu includens Walker (ﬂaﬂ et ol 1983). and
cubbage looper. Trichoplusia ni (Hubner) (Leudders and Dickerson 1977; Khan
et al 1986a.b. 1987). Caballero and Smith {1986) rcported that ooumauolt phascol
and afromosin in mcthanol extract of Pl 227687 lcaves show amibi?uc cﬁecgs
against T includens. Liu et al (1988) found that insecl—mfocpubk Davis
soya bean contains greater amounts of 4-hexen-1-ol acetale, Zl-dtmhyl hexanal
and 2-hcxanal than Pl 227687. Tetradecene was identificd as a major repellant in
the lcaves of inscct-resistant soya bean Pl 227687 against the female moths of T ai.

As a part of our continuing cfforts to clucidatc the holisli; naturc and
mechanisms of soya bean resistance to insccts, the present studics report the
extruction. separation and identification of flavonoids ;md othcy compoqnds
responsible for antifeedant or antibiotic propertics in the insect-resistant cultivar
P1 227687 against the polyphagous pest. cabbage looper. T ni.

EXPERIMENTAL

Plants

Plants of the insect-resistant soya bean (Ghcine max (L) Mernll) cultivar
(P1) 227687 were grown in a greenhousc at the US Dairy Forage Rescarch Ccnlgr.
University of Wisconsin. Madison. Thiram-treated sceds were germinated in
sterilised and moistened vermiculite in aluminium trays in an incubator at 27 + 1 'C
under a 16-h photophasc. Secedlings were transplanted nto quhcn pots (;0-cm dia)
containing a stcriliscd mixturc of soil. sand and vermiculite !2:!:! vv) Planl-s
were watered once cvery 2 days for the first 4 wecks, and_dzuly thereafter until
harvest. Natural light was supplemented with high-intensity (100-W) Mctalarc
ighting in a 16-h photophase. _
hﬂ»:' 2n27687 planl‘: wcrcpgrown to the V8 stage of development (FFhr et al 1971).
Trifoliate Icaves TL 3 to TL 7 were harvested and lyophilised. Dried leaves were
powdered using a pestlc and mortar, and the powder was sicved lhrm:gh a lftmcsh
screen. The resultant ieaf powder was stored in scaled glass bottles in desiccators
until extracted.

Lima bean (Phascolus lunatus) plaats were raised in a Biotron (14 h phc:tophfuc.
12 h full-light intensity, ic 300-500 uE m =¥ s ', day tcmperature, 271 1°C: night
temperature, 20+ 1°C; relative humidity. 65;!:5:'/.) for use as a susceptible host
for the cabbage lopper. Plants were provided with 30-40 mi of onc-half strength
Hoagland's nutrient solution (Hammer et al 1978) four times (cach 6 h) per day.

imsects

Larvac of the bbaaelooperTnivmeuwdweuluautbeuMm;udlor
m&kmo:nh‘ammmmm from the leaves of Pl 227687.
Larvae were reared on a pinto bean based artificial dict (Shorcy and Hale 1965)
" under laboratory conditions (27 £ 2°C, 12 h daylight and 60+ 5% RH).
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Extraction and fractionstion

Lyophilised kcal powdcer (S0 g) was homogcenised in 850 ml 60% methanol in an
icc-cooled Waring blender for S min. Homogenate was filiered through Whatman
No 1 filter paper, and the rcsiduc was re-extracted five times with 500 mi 60%
aqucous methanol for 8 h on an automaltic shaker and then filtered. The residue
was then catracted thrice with cthyl acetate. Combined extractables were
rotocvaporated to dryncss at 50+ 1°C.

Resultant methanol extractables from cach 50 g Ical powder were dissolved in
200 ml distilled water + 200 mi cthyl acetate, and then transferred into a separatory
funnci. Ethanol (50 ml) was added to the above mixture, and the resultant ethyl
acctate and aqucous phascs were scparated. The aqucous phase was next extracted
five times with 200 ml ethyl acctate + S0 ml cthanol. The volume of the aqueous
phasc was maintained at about 200 ml. Ethyl acetatc and water fractions were
rotoevaporated to dryness. and then dissoived in ethyl acetate/ethanol/water
(2:1:1) and 40% ecthanol, respectively, to yield 10% stock solutions. These were
stored at 4 C.

Thin laycr chromatography (TLC)

Most studied compounds were isolated from the ethyl acetate extraucted fraction
by TLC on silica gel plates (250 yem thick and 20 x 20 cm with a 254-nam Auorcscent
indicator) (Sigma Chemicals, St Louis. Mo). Other leaf extractables and their
fractions, obtaincd through other solvent systems, were subjected to similar TLC
scparations. Each (50 ug) fraction (samplc) was spotted with a thin capillary tube
on a TLC platc. Plates were developed in chloroform/acctone/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 tempcraturc. Resolved fluorescent 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 commercial sample of coumestrol, and glyceollin samples obtained from Dr
N T Keen (University of California, Riverside) and Dr J bl (Biologisches Institut
il der Universitit, Freiburg in Briesgau, FRG). werc co-chromatographed
with plant extractables. TLC spots from soya bean lcal extractables which had R,
values corresponding to known flavonoids or rclated compounds in chloroform/
acctonc/acctic acid (Kcen et uf 1972) or in chloroform/acctonc/ammonia (Ingham
et al 1981) werc especially investigated further. After initial analytical scparations
of flavonoids and related compounds on TLC plates, large-scale preparative TLC
of leaf extractables was conducted after a thin-band (0-3-0-S mm thick ) application
of the sample. One millilitre of a 10% samgie solution was applied preparatively
on cach 20 x 20 cm silica gel plate. The solution in this case was applied with a
glass Pasteur pipetiec (23 cm long) which had been drawn into a thin capillary at
onc end. After cach application of sampie the leafl extractables were dried under
an air stream from 2 hair drier. e

Preparative plates were developed in the solml‘synm described abovc Each
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plate was removed from the glass chamber after $- 7 cm movement of the solvent
front and aliowed to dry in the air. and was then redeveloped to obtain betier
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, <010, 0-11-0-25, 0-26-0-3S.
0-36-0-50, 0-51-0-75 and >0-81). Silica gel was scraped with a clcan microscope
slide (25 x 7-5 cm). Compounds werc extracted from the silica gel with 50 100 mi
of cthanol or acctone, dried 1o about | ml in a rotocvaporator 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 acctone acctic acd. scraped as
above und cxtracted with HPLC rcagent-grade cthanol. Compounds with R,
0-25. 0:56 or 071 were resolved by TLC in chloroform acctone ammonia
(50:50:1 v/v). The preparative bands were re-chromatographed twice in the above
solvent sysiem. and then once in chloroform acctone/acctic acid (90:10:1 v v).
Solvent was evaporated from cach purificd samplc under a strcam of nitrogen.
und cach was finally dissolved as a 1% solution in cthanol (rcagent grade) in a
scaled glass vial and used 1in HPLC analyses. Major compounds were obtained
in milligram amounts. and were used for bioassays and structural determinations.
Samplc purity was checked especially by high performance liquid (hexane 2-
propanol. 90:10).

Antifcedant and. or antibiotic effccts on first-instar larvac

Antifcedant and/or antibiotic activity was cvaluated aganst 4- to 6-hour-old
first-instar larvae. Antifeedant activity was bioassayed on leaf discs from lima

bean. Fully expanded and maturce leaves (4th lcaf from the bud) were held between

folds of water-souked filter paper in an ice box while being brought to the
laboratory. Leaf discs (18 mm dia) were cut with a No 7 corkborer. Discs for the
feeding assay were meunted individually on inscct pins. Two dosages of each
sample (250 or 500 xg in 30 u! cthanol per disc) were tested, and there were three
replications. Solvent was allowed to dry under a slow strcam of air from a lable
fan for ! h. Control discs were trcated only with 30 s of cthanol. Each trcated
lima bean disc was positioned individually over a filier paper in a 30-ml plastic
cup in a no-choice test. Ten first-instar larvac were released on cach disc in the
cup. Each cup was covered with a lid !\avmg a water-soaked tissue paper on its
inner surface to maintain the leaf disc in a turgid condition.

Discs treated with 250 ug werce rated for inscct feeding at 24 h after assay
tnitiation. The number of larvae that survived was recorded 96 h after treatment.

Discs treated with 500 pg per disc were rated for insect fecding 36 h after
treatment. Aler 4 days the larvac were traasferred individually to a standard
artificial diet in a rearing cup. The number of surviving larvac and larval weights
‘were recorded at 2, 4 and 10 days after treatment. Data were also recorded on
pupal weight, larval sumul aduh cmumee and dmnon of pmmbryomc
development. .

Antifecdant and/or antibiotic cffccts on third-instar larvae

Antifecdani and/or antibiotic activity of known compounds or fractions from Pl
227687 soya bean leaves to third-instar T ai larvae was evaluated on 18-mm-dia,
400-um-thick ciderberry-pith discs in a double-choice assay. Elderberry pith discs
were prepared 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) ol sucrose in
40%. cthanol. Sucrose was used as a standard phagostimulant. Sucrosc-treated
discs were dried for | h under a slow air stream from a table fan. Such dried discs
were then treated individually with 300 ug (30 ul of a 1% solution in cthanol) of
a given plant compound or [raction, or with just solvent as a control. All discs were
finally dried under a slow strcam of air from a table fan. There were $-20
replications per trcatment.

One treated and one control (sucrosc only ) disc were offered in opposed positions
to a larva in a doublechoice assay. The two discs were placed S mm apart and
anchored uniformly into an undcrlying but filicr-paper-covered wax layer with an
insect pin. A filier paper soahed with 2 ml water was attached to the inner surfuce
of the top of the petni dish arcna to keep the discs moistencd. One newly moulted,
4-h-starved but water-satiated. larva was relcased in cach petri dish arena. Aler
20 h exposure 1o the larva. cach disc was measured (cm?) for the remaining arca
using an automatic leal area meter (LI 3100, LI-COR Inc, Lincoln, NE). Afer
the disc area measurement, the control discs were removed from the petri dishes
and the larva was confined with only the treated disc. A larva was allowed to
consumc about 90% of such a trcated disc before being transferred into a 30-mi
covered plastic cup containing 20 mi artificial dict to study the antibiotic effects.
Time taken by the larvac to consume the treated discs was recorded every 4 h.

Larvae were weighed on a Mcttler microbalance before and 5 days after initiation
of an experiment. Once on artificial diet, times (o completc larval and pupal
development and the pupal weight were recorded. Growth rates of the larvac were
computed as described by Waldbauer (1968).

Statistical analysis

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

RESULTS
TLC resolution of lesf extractables

Sixteen fluorescent spots were detected analytically from the ethyl acetate fraction
of methanol extract. Compounds resolved in solvent system | (Table 1) at R, 0-10
(daidzein), 0-16 (Aavonoid X1), 0-19 (Aavonoid X2), 0-23 (chlorophyll A), 0-27
(coumestrol), 0-30 (carotenoid A), 041 (sojagol), 0-47 (glyceollins) and O8I
(carotenoid B) were the major components in Pi 227687 soya bean. They were
purified in scveral-milligram amounts by TLC to study their biological and
chemical propertics. Less abundant Bavonoids resolved at R, 0-25 (glyceofuran +
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TABLE 1§
LU K YAIUCE OF MaJ0r ITI0IVEU COMPONCTIS I LG OU7e IMCIRANOI CRITACIADICS IWOW

Pi 227687 soya bean leaves, or suthentic compounds.” in five solvent systems

Compaund R, rulue in indicated sedvent sysiend
tund prep R )

! 2 J 4 s
Daidzein® 010 — 026 008 067
Unidentified lavonoid X1* 016 02 o HER 0-64
Unidentified Ravonoid X2° 019 o -
Chiorophyll A* .0 0-65 on 07
Coumestrol® o7 043 o4 oM 069
Coumestrol® o — ow o -
Carotenoid A* 03 0-50 082 0M 075
Sojagol® 041 059 055 00s 07
Glyceolling® 047 — 041, 0-84 024,013
Glyceollin 111* 1 304} — Odl. 017 02S o
Glyceolling® 027,031 041,017, 0:48 02 -
Carotenoid B* 077 09 0% o 07

¢ Sce ‘Compound” column,

* Sec *Thin layer chromatography (TLCY in "Methods and materials’.

“ System 1 (chlorolorm acetonc acetic acid. 90:10:1 v,v): system 2 (chioroform acetone
ammonia, $0:50:1 vv). system 3 (chloroform, 2-propanol. Y0:10 v, v); system 4 theaanc, ethyl
acetate;methanol. 60:40:2 v.v): and system § (benzene cthyl acctate methanol, 40.30.30
v vy

glyccocarpin), 0:56 (isoformononctin) and 0-71 (9-O-methyl glvoeofuran) n
chloroform/acetone ‘ammonia (50:50:1 v,/ v) (Ingham ¢t of 1981) were also punified
and studied for their biological cffects on T ni.

Antifecdant and/or antibiotic effects of isolated compounds to first-instar larvace

Leaf discs treated with 250 g of daidzein. coumestrol. lavonoid X2 and glyccollins
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 larvae survived on leal discs treated
with flavonoid X2. coumestrol, glyceollins and sojagol as compared with 97%
survival on the control leaf disc.

At S00 ug per leaf disc. feeding at 36 h was significantly (P <005) reduced by
daidzein. flavonoid X2. sojagol and glyccollins. Larvac weighed significantly
(P <00S5) less when they were fed on a disc treated with daidzein. flavonoid X2
and coumestrol for 48 or 96 h. Wcight gain by the larvac was lower when they
were fed on discs treated with flavonoid X2 and sojagol. Daidzein. flavonoid X1,
chiorophylt A. coumcstrol. sojagol. glyceollins and carolenoid B increased the
larval period as comparcd with the sucrose control (Table 3). In this no-choice
siluation. daidzcin, lavonoid X2 and carotenoid A significantly (P <0:05) reduced
pupation. Flavonoid X2 significantly (P<005) rcduced pupal weight. No
‘lmmwmﬁcmﬂyakmdthepupdpenod.mn.dumowynkmd

" Restmance m suya hvan 10 cabbage beuper »

TABLE 2
Antilecdant and antibiotic actvities of TLC.resolved compounds or fractions in 0%
MCIREN CXIFACIADICS ITOM 1 L4 /087 302 UCAR ITEVES QAN W -1AMar IRTYac OF cavoage

looper T wi
Cromspunmed 28 pg dhse 00 pg dise
Damvge  Liwval  Dussge rating Larvul weight W e
reting Mt —e {myg) pain
Jo h (mg)
S davs 4 davs

Danizen ysr 9T r 13 084 048
Unudentified

flavonoid X1 LR Kol 9 38 041 09~ 052
Unidentified

favonoid X2 ar ) 3-sor 038 one 036

Chiorophyll A Joe™ 9 407 041 089" 048

Coumestrol o0 7) AN Yo oy o~ 048

Carotenoid A 3y~ 9o~ 400~ 043"  089™ 0-46

Sojagol 450 m RE b o 0¥ o+ 03

Glyceollins 3o 8y 350 oo 091> 0-41

Carotenoid B 417 S~ 3z 041 OB~ 0-46

Control (sucrose) 467 97 4-50™ 049 09I~ 042

+ SE (poolcd) 1037 +64 +0-33 +004 +009 —

Each lima bean leafl disc was treated with 250 or 500 ug of each compound or fraction. Ten
first-instar larvac were confined in a no-choice assay with the treated disc in a 3J0-mi plastc
cup for 96 h.

Damage ratings: 1, < 10% disc arca consumed; 2, 11-25%: 3, 26-40"4: 4. 41-60% and S,
> 6D0% disc arca consumed.

* * Values in a column foliowed by the same superscript letter are not ssgnificantly diffcrent at
P <008.

sojagol lengthened the post-embryonic developmental period. Adult emergence
was significantly (P <0-0S) reduced by daidzein, fluvonoid X1 and X2, carotenoid
A. coumcstrol. glyceollins and sojagol. All compounds caused a significant increase
in abnormal adults with dcformed wings as comparcd with the sucrosc control.

Antifcedant and ‘or antibiotic cffects of isolated compounds (0 third-instar larvae

Daidzein, flavonoid X2. coumestrol. carotenoid A, chlorophyll A, and sojagol
showed antifcedant activity towards third-instar larvac in one or both sets of
similar cxperiments (Tabic 4). Chlorophyll B, carotenoid B, isoformononetin
and glyceofuran + glyceocarpin showed phagostimuluai activity. Larvae took
significantly more time to consumc discs treated with flavonoids X1 and X2,
coumestrol, caroicnoid A, sojagol, glyceollins and carotenoid B.

Larval weights at § days were significantly (P <005) reduced by sojagol and
carotenoid B (Tabie 5). Glyceofuran + glyceocarpin  and  isoformononetin
significantly (P <0-0S) increased the mass of 5-day-old larvac. Growth rate of
larvac was slower (P <005) when fed in a no-choice situation on a disc treated
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TABLE 3
Antibiotic effects of TLC -resolved compounds or fractions in 60% methanol extractables
from P1 227687 soya bean leaves on first-instar larvac of T wi'

Compound  Larval Pupal Post-embryonic  Pupal  Pupation  Adwit  Abwermal
period  period  developmental wt (%)  omergemce aduits
tdays) (duvs) period (days) (my) (%) %)

Daidzein 1994 11-2 3~ 2604 o 6asQor 150
Umidentified

flavonoid X1 19-¢ 110. 300" 246 761 730 167
Unidentifled

flavonoid X2 186" 110 29-6° 295 00" 7040 00
Chiorophyll A 20-1 116 ur 2821 867  BOO™ 13-3
Coumestrol 198 106 M)4* 241 800+ 767 3o
Carotenoid A 187 108 295 259 667 67 X0
Sojagol 04* 108 - 493 73 633 33
Glyceolling 196 107 33~ h Thy 83 T3 00
Curotenoid B 198~ 112 - 2880~ % 7 UARR o
Control tsucrosc) 18-1° 11 9.4 h ¥ I 9y 9y¥

L
'-b

+ SE t(pooled) £ 0} - + 04 +39 +89 +79

' Ten larvae were fed in a no<choiee assay on i lima bean leaf dise treated with SO0 g of
one compound for 4 days. and then reared on artificial dict.

“ * Values in a column followed by the same superscript letier are not sgnificantly different
at P <008,

with flavonoid X2. chlorophyll A. coumestrol. carotenoid A and sojagol. The
flavonoid 9-0-methyl glyccofuran also significantly (P <0-05) reduced the larval
growth rate. The larval period of those fed on a disc treated with chiorophyil A,
coumestrol or carotenoid B was significantly (P <0-05) lengthencd. Pupal weight
was significantly reduced on chlorophyll A, coumestrol. and chiorophyll B. The
pupal period (Tabic 5) was lengthened by daidzein, flavonoid X2. chiorophyil A,
carotcnoid A. sojagol and carotenoid B.

DISCUSSION

The results indicate that several compounds contribute towards antifeedant and/or
antibiosis activity in Pl 227687 to the cabbage looper, T ni. Some fractioas also
showed phagostimulant activity. TLC resuits for Pl 227687 leafl extractables in
five solvent systems (Table 1), including ones used in ious classical analyscs
of such chemicals from soya beans (Keen et of 1972; Ingham er ol 1981) and the
overall biocassay results (Tables 2-5) support the concept that specific flavonoids.,
‘daidzein, the unidentificd favonoid X2 (R, 0-19), coumestrol. sojagol and the
glyccollins, act as antifecdants and/or antibiotics against this insect. Carotenoid
A and chiorophyll A fractions also showed some antifeedant and/or antibiotic
”Mu lhcdmnalmcd Chlomphyll 8. carotenoid B. isoformononctia, and

o
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TABLE 4

1

Antsicedamt activity of TLC-resolved compousuds or fractions in 60% mcthanol eatraciables
from Pt 227687 soya bean lcaves against third-instar larvace of cabbage looper, T ai

Compound Unconsumed disc areu (em?) Time
taken o
Experiment | Experiment 11 cunsume
treated
Treuted Control Treatod Controd dise ()
Chiorvfvem, acetone 'acetic acid (W0:10°1)
Daudrein 1-28 + 008 1-11 $ 008 11142007 11102007 e
Unidenttied
flavonod X1 1104006 106+ 008" 14008 11264008 s
Unidentified
flavonoud X2 11212008 102+007 1:1304£006° 1142008 ss
Chlorophyll A 144 +008* 1124011 1:1344006° 1072012 4
Coumesirol 1-22+006° 1074008 1-3 $006* 0974010 49/
Carotenoid A 1594001 119+ 006> 1:133+00% 1162007 Ly
Sojagol 1-194+005 03 +02) 11384002  105+00W 477
Giyceotiing 09 £ 013 112401} 1120013 100£0-12° 45%
Chiorophyll B 096+011°  13+006° 120 M 09008 43
Carotcnoid B 0:67+011" 1382005 1304018 1-23+016° $3m
Chloraformiucetone ammunsiu (5030 1)
Glyceofuran +
glyceocarpin -~ — 1144000 1124 £0-06° k¥
Isoformononctin = — 090+ 008 1-28 +007 1)
2-0-Mcthyl
glyceofuran _ - 1-226 4004 116 +006° 4y
Untreated (sucrose)
control 1-28+008° 1-244010" 1-26 + 005"  1-49 +002° 41
SE + 11

Each e!dcrbtrry pith disc was trcated with 300 ug of the indicated R, compound or

wethh scnemce £acbh ‘-n-n---O

Poin abiman 4 e o

M mmtmal Ml sas

-~ -
" s T‘w BUA VPR . W WITRT WY WEEE WAl S 3R M v'.l, Wlll BUCEVBY . GWWIT WA PV IRIIWY

was cooducwd as a two-choice assay. and there were 5-10 replications. Disc area was
measured 12 h afler experiment initiation.

* / Pairced values in a column (within an cxperiment) followed by the same letier are not
significantly different at P <040S.

Flavonoids in legumes have previously been shown to reduge feeding by insects
(Russell et al 1978; Sutheriand et af 1980; Chiang and Norris 1983). Isoflavonoids
phascol, coumestrol and afromosin have been reported (o be antibiotic toward
larvac of P includens (Cabalicro and Smith 1986). The concentration of the
phytoalexins glyceolling in soya bean tissue has been correlated with antifeedant
activity against the Mexican bean beetle (Hart o1 of 1983). A flavonoid fraction of
Ical extractables from Pl 227687 has been reported to reduce feeding by 7T ni
(Khan e of 1986a).

Maximal antibiotic cficcts of given compounds may not have been observed in
these 3 because the larvac were exposed o 250-500 ug of these
compounds for 2-4 days whereas under natural conditions a larva usually fecds
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rAmibioﬁc effects' of 300 disc by ke pounds
#g per disc of TLC-resolved com, or fracti i
methanol. Extractable from Pl 227687 soya bean icaves on third-instar hna:,: m
looper, T wi

Compound Initial Wrof Lavrral Larval Pupal  Pupal
lorval  foeding  growth  peried wi  peried
w! larva after  rote (days) (my)  (dars)

() S duys '

. Chilorojormiacetonelacetic acid (W 10 |
H:ctkm including the ’

avonoid daidzein 243 592~ 183/ 205" 190%™
Unidentified Bavonoid X1 19-4° 525 0186 9% 1996 :?:
Unidentified flavonoid X2 27.4% 43 008y 24% 22T oy

Chiorophyll A 207 464*  0095*  40* 1204 100
Coumestrof kALY pand 674 o119~ b8 1360r 7.8
Carotenoid A 251 441" 00%%" 235% 063 100
Sojagol 348 406" O1IT™ 0™ 225% o4y
Giyceollins 208%7 34-3% OIS 2™ 34w 8§
Chiorophyil B 5% 646™  O14SAR 215 190 e
Carotenvid 8 24 40 0128 21¢¢ 208 ¥ 10’
Chivroform, acetone ammonia (59: 30: 1)
Glyceofuran + glyceocarpin = 3077 106-2* ony 194r IXS$- 7  xor
hoformononctin 28«7 1089 o2/ AR b {2 of ol
9-0-Methylglyccofuran 15%  S01* 0103* 225~ o e
Control (sucrosc) 209 o83 0174 A NMNIR xqr
£ SE (poovled) +2:42 1+ 948 $0018 2072 1445 20

! Eat::'g larva fed in g no<choive msay on 300 ug of a given compound or fraction applicd
to a disc.
* 7 Values followed by the same letier in a columa are not statistically different at P < 008,

exclusively on a given cultivar. Highly insect-resistant cultivars such as Pl 227687
may thus produce more pronounced antibiotic eficcts on the inscct than were
c_'bserved with individual compounds/fractions in these experiments. In the present
limited-cxposure experiments. the antibiotic efiects of some compounds continued
through the entire insect-developmental period. even after the larvae were
transferred to the control artificial diet. Rearing of insccts on such an artificial
dict alier their feeding on chemically treated discs may also cause a reversal of
some antibiotic effects. However. the observed antifecdant and antibiotic effects
on the larvae strongly implicate these specific compounds as components in the
sova bean plant’s defence mechanism against herbivorous insects.

Synthesis md production of individual flavonoids such as daidzein, glyceollins.
coumestrol, son:ol isoformononctin, glyceofuran, glyceocarpin and 9-O-methyl
glyccoluran are interdependent (Keen ef ol 1972; Ingham et of 1981). Some of
'twumm:mmmmhoﬁmdmmmmm flavonoid
ho;ynthgt{cmin plants (Keen et of 1972; Keen and Paxton 1975; Ebel 1986).

Flavonoids appear to be major coatributors to holistic chemical defences against

tect nests in soya bean and apparcatly other plants. Their structural

idcntification, location within a given plant, relative proportions in specific plant
tissucs, biological activities and inducibilities by given environmental stresses need
much further investigation 1o utilise their potential as a mechanism of resistance
to herbivores in ficld crops.
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ABSTRACT

Cell walls of 1all fescue Festuca arundinacea Schreb and coastal
bermudagrass Cynodon dactylon L Pers were treated sequentially with
increasing concentrations of sodium hydroxide (0-1 s 10 10 v) to release
monomeric and dimeric phenolic acids. (E)-p-Coumaric and (E)-ferulic acids
were the major monomers released. Most of the saponifiable feruloyl groups
(97% for tall fescue. 89% for coastal bermudagrass) were released with
0-1 st sodium hvdroxide. Much lower proportions of suponifiable
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'-
diliydroxy-3.3 -dimethoxy-a-truxilhc acids, und were mainly releused with
0-1 m sodium hydroxide. Similar proportions of the monomers and dimers
were released from the cell walls of each grass with the 0-1 s and 1 m sodium
hvdroxide sequential treatments. 1t is probable that most if not all of the
monomers and dimers released by the sequential alkali treatments were
originally ester linked 1o the cell walls. If it is assumed that the cell wall
bound dimers are formed photochemically from p-coumaroyl and feruloyl
groups during plant growth, it is calculated that, for the iwo grasses, between
12 and 17% of the monomer units were converted (o dimers.

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