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Weed Science. 1988. Volume 36:441-446 

Germination Stimulants of Witchweed (Striga asiatica) from Hydrophobic 
Root Exudate of Sorghum (Sorgbum bicolor)1 

DAVID H. NETZLY, JAMES L. RIOPEL, GEBISA EJ ETA, and LARRY G.BUTLFR 2 

Abstract. Hydrophobic exudate from roots of sorghum
[Sorghum bicolor (L.) Moench. #3 SORVU 'IS 8768']
contain four p-benzoquinones which in the dihydroquinone 
form are active as germination stimulants of witchweed 
[Strii a asiati-a (L.) Kuntz. r STRLVJ. The three minor 
p-benzoquinones were partially characterized and found 
to Ie structurally similar to sorgoleone, the major p-henzo-
quinone of this exudatc. ilerbicidal activity of the hydro-
phobic exudate was due to concentration- and p11 -dependIc .t 
inhibition of root elongation ii sonic ht not all weeds tested, 
Witchweed has apparently adapted these "defense" corn-
potinds of sorghiui as host -specific germination stimulants. 
..h!ditioial -,,orIh.mJt,,.,x Sorgoleones, p- bcnzoquinones, 
allelochemi cals, contact allergens, I.,ictutca satia, S.RLU, 
SORVU, AMARE. 

INTRODUCTION 

Witchwecd is an arngiosperious, obligate parasite of many
agrononilcallY impo)rtant cereals and legumes. No economical 
method of control of witchweed is available. Witchweed 
seeds will only germinate in the presence of a chemical stinlt-
lant(s), usu1ally exuded from roots of a host plant (8). Use 
of .i stimuant to protnote germinatiot In the absetice of 
a host has been prop( scd is a possbi iethod of control 
(6, 7). Efforts have been made to identitv the natural stilmti-
lant(s) from host plants (, 2, 211) 

Receitly i nvcl compound isolated from hvdro-wasn 

phobic exiidaitcs of 
 rot hairs of sorghtiin o) and identifiedas 2h ledr's o-5 3.-nitioxt ) nd14-',Is -8ll' pentideca-
triea 2 -p bto iiiu noxne (4). The h iglyv unistable dihdro 

quinone fori of this q n, Mtie we na ited sorgo-wtch have 
leone, is active as .i potent gernination stimulant for 
witchwecd (4). lie oxidized, stable quinione form is 
inactive. 


.\long witi s rgoleoie and its dihydroqtinonc, other 

components separable by IlIl' LC(" 
 ) have b~eei detected 

2 CeIVed for Ib5larori MAv I, 1987, and in revised form January
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in the hydrophobic exudate. In this paper, we report that 
three of the components are p-benzoquinones similar to 
sorgoleone. These quinones, in their dihydroquinone form, 
are also active as germination stimulants of witchweed. 

MATERIALS AND METHODS 
Plant growth conditions and collection of root exudates. 
IS 8768 sorghum seeds were surface sterilized and grown 
on filter paper in petri dishes containing distilled water as 
previously d.scribcd (9). Seven days after planting, about 
400 seedliigs with roots still attached to the caryopsis were
dipped in 20 ml of C12 CI, (methylene Jiloride) contain
ing 51) p1 of concentiated acetic acid. '11 I C 12 solution 
was taken to dryness in vacuo (35 C). 

1or studies of soil-grown plants, ABR 6-1' sorghui and 
corn (/Ia iahvts L. '\, 32 ') were grown to maturity in a green
hvuSe In 5-gal pots containing unsterilizecd Terra-lite 3604, 
perlite , and Indiana topsoil mixed in a volume ratio of 
10:3:2, respectivel'. Plants were watered every other day.
t)nce every other week loagland's solution was added. In
tact soil and root systems were placed on a 25-cm-diam 
bichnier funnel containing a 24-cm Whatman -,4 filter paper
disk. Water (14 L) was percolated through the soil to remove 
all water-soluble materials. Methylene chloride (4 L) was 
then percolated through the soil, collected, and taken to 
dryness in vacuo. 
Separation of components. Methylene chloride-soluble
exudate from petri dish-grown seedlings or from soil-grown
plants was separately fractionated by high -performance 

liqtiid chromatography (HPLC) using a 10- by 0.4-cm Li-
Chrosorb (5 pil) C18 reversed- phase column. The solvent 
sy'stem was that of Netzly and Butler (9). Components de
tected at 28) and 420 tim were collected and taken to dry
ness in vacuo. Individual bcnzoquinone fractions may con
tain both the quinone and its corresponding dihydro
quinone. Both are nearly inseparable by the HPLC method 
used here.
 
Spectrometry. 'if NMR spectra oif the separated compo
nents from petri dish-grown IS 8768 sorghum were obtained 
ap.,Asst.at 470 MIIz 6 using a 5-nin probe, locked on deuterium of 
the solvent CDCI 3 and referenced by tetramethylsilane (0.00
ppm). Electron impact :nd chemical ionization (isobutane) 
mass speetronietry was performed at 70eV (100C), and
bigh resoli maasspetroetr ' was performed at 7)eV 
(200 ) ,a 
(200 C)

Germination and growth 
 hioassays. Individual components,
sorgolcone mixtures, or the hdrophobic exudate were re

i 
dissolved in methanol, quantitated Ameolar = 20,00) at
\ 28 6 (4)1, and tested for stinulation of witchweed germi
nation or for herbicidal activity. For witchweed germination
bioassays, cxudate samples (< 1 ing) from petri dish-grown 

0,0
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or soil-grown plants were dissolved in 200 MI of absolute 
methanol, and a lO-pil portion was added to a well o:' a dico
titer dish containing about 50 preconditioned seeds of witch
weed submerged in 1 ml of sterilized 112 0 (11). Three serial 
dilutions (100-fold each) of the above assay mixture were 
also tested. The assay was performed in an incubator without 
light (27 C) and the percentage germination was determined 
48 h after stimulant was added. Control solutions were: 
positive, 1 ml aqueous solution containing 10 MIof methanol 
and 10 6 M strigol; negati.-, 1 ml of double-distilled 1120. 

For herbicidal bioassays, exudate from petri dish-grown 

IS 8768 sorghum seedlings was used. Solutions of hydro-
phobic exudate containing I rag or 4 jug of sorgoleones/1.5 
ml methanol were separately applied to 9-cm-diam filter 
papers (1.5 ml/disk) completely saturating the paper. After 
evaporation of the methanol, 10 or 20 plant secds that had 
been imbibed in distilled water for 6 h were surface dried 
and placed in each petri dish. Distilled water (2 ml) or5mM 

sodium phosphate buffer (2 nil), pli 5.5 or 7.5, was added 
to the petri dishes. Actual concentrations of sorgolcones 
could not be determined because sorgoleones are not readily 
soluble in aqueous solutions. Therefore, only the known 
amounts applied to the filter papers were reported. After 
4 days, the seedlings were individually weighed and the length

of echrimayhootandorrot as measured.of each shoot and/or primary root was masued.386 

RESULTS AND DISCUSSION 

Chemical characterization of exudate components. A typical
HPLC chromatogram of th,: hydrophobic exudate frem 
petri dish-grown IS 8768 sorghum contained sorgoleone I 
and its dihydroquinone 2 [previously characterized (4)], 
as well as five other components, A, 3, 4, 5, and 6 (Figure 1). 
Four of these components (3, 4, 5, and 6) had UV-visible 
spectra identical to that of sorgolcone I (Figure 2). Labile 
component A, the only detectable nonquinonoid compound 
present in the hydrophobic exudate, elutes from the IIPLC 
within the first 1.5 min (Figure 1) and has an absorbance 
peak around 482 nm. Though HIPLC chromatograms of 
exudate from soil-grown BR 64 sorghum were similar to 
those of IS 8768, only IS 8768 components were collected 
for structural characterization. 

Electron impact mass spectrometry of components 3, 
4, and 5 showed very similar fragmentation pattcrnis to that 
of sorgolcone I (Figure 3). The apparent moleculhr ion (M) 
assignments for sorgoleone I (m/z 358) and components 3 
(m/z 360), 4 (m/z 386), and 5 (m/z 362) were supported 

by chemical ionization mass spectrometry data in which 
(M+H)+ ions were the base peaks. As with sorgolcone 1, 
components 3, 4, and 5 had ions at m/z 167, 168, and 169
 
that represent a typical quinone (Q) fragm:ntation pattern

corresponding to Q+, Ql-T, and QH 2 +. respectively (Figure

3). 

11-1 NMR spectra of these three minor components con-

firmed the presence of a methoxyl (8 3.9,s,3HI), hydroxyl
 
(6 7.2,s,11H), and hydrogen (65.9,s,1H), which were nearly 

identical chemical shift values for those same substituents
 
of sorgoleone 1, indicating that these substituents on the 

quinone ring have the same regiochemistry. A series of low 


442 

-

) 
00 
CN1 

Lii
 
0
 

Z 3 
m 
c'_ A 
0 
c-' 
MT', 

4. 8 1 
0 8 12 

TIME (rain) 
igure 1. HPLC separation ot hydrophobic exudate from root hairs 

of pectri dish-grown IS 8768 sorghum. Chromatgrams of soil-grown 
BR 64 sorghum were similar. Components are sorgoleone-358 (1); 
dihydroquinoneof (orgoleoe-358(2); sorgoleone- 360(3): sorgolone-
A. (4); sorgolconc-362 (5); herzoquinione 6; and a labile, component 
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Figure 2. Absorbance spectrum representative of sorgoleone- 358, 
sorgolcone-360, sorgolcone-386. sorgoleone-362. and henzoquinone 
6 isolated from petri dish-grown IS 8768 sorghum. 
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molecular ion fragments 14 m/i. units apart and the NMR structure, we suggest that collectively they be called sorgosignals (61.2-- 1.4) containing multiple hy'drogcns indicated leones, and individually Ihe identified on basisthe of theirthat the fourth suhstituent on the quinone ring of each of molecular weights (Figures 1 and 3).these mino components was a long aliphatic chain. [irom The small aniunts ohtained of purified components Athe above data and high resolution mass spectrometrv, it and 6 precluded extensive chemical characterization of thesewas deduced that the aliphatic suhstituent oil components two components. IHowever, from the mass spectrum of corn3, -1. and 5 consisted of two douec bonids in a 15-carhon poncnt 6 , major ions at rn/i. 133, 134, 135, and its UV spectrachain, three douhble bnds in a 17-carbon chain, oneand (identical with sorgoleones) suggest it to he a benzoquinonedouble bond in a 15-carltoi chain, rcspcct lIgure 4).(iely and we have referred to it as "bcnzoquinonc 6".SincC thesc comtpounds aIpparentl. difter nlv ightlv in Germination activity of exudate fractions. Stimulation of 
witchwecd germination by the hydrophobic exudate, sorgo
leones (combined), And individual components from petri
dish-grown IS 87o8 sorghun seedlings was compared to 
that of strigol. one of tile itost effective stimulants of' witch
weed germination k nown 5) ([ablc I ). With respect to) 

A Strlgol, the II d ro phlohlC CXtidate ;lso cLnsists of50 highlyeffectl c siiil,Linits f witclwcd grinatli. lhe degree 
of cftfi C V I'tr tIeI cN lt(IdIC r it'[ill' is ons crvaitivc vdhtue, 
since their colicelitriions shown (able arc notI) the actual

358 concctr,,hi u l i t rhil tCeCnt thcl tit'l I0 "',, solvation of 
tile known .liint, ipplied ,t + the nearh \water-insoluble 
Ilatri1,l. 'ScCo dls,V• exLd;tte' fl;Ctioll c'01ncentritions are 
ised upon the Aimount It inactive, stabile quinones and 
nt that (of act c, Untstalc dilvdhoquinoncs that arc gen
crallv present in aniounts to one to two orders of magnitude

B 50 360 lower than the indicated concentration of the quinlnes. 

500 

C 50 

OH 
386 B 

I H3 CO'v 

OH 

D 50.1 362 

0 100 200 300 400 H. _OR03CO 

M/Z I'oiure .4. Structures of A) sorgoleone-358. 1B) dihydroquinone of 
3. l icass .\) orgtdonc- 358. Bi) solgi Iconc- 3oil, 

sorgoleone-358. and C) sorgoleone-360. R chain withFigure , petra ot 15-carbontwo doule hlonds; sorgoltone- 386. R = 17-carbon chain three(C) sorgo citoitn 38, ind )) sorgi lcotn -3(2 isolatcd fromi pt'nri dish- with
double bo lds sorgolcone-362. R = 15-carbon chain with one double
grown IS 8768 sorghm. 
 biond. 
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Table 1. Efficacy of stimulation of witchwced germtination by hydro-
phobic exudate, sorgolcones, and individual components front petri
dish-grown IS 8768 sorghum seedlingsa 

Exudate fractions Amount[) Germtnattone 

(ag/assay) M 

Hydrophobic exudated 3.5 92 90 39 6 
cSorgoleoncs (combined) 3.5 63 0 0 0 

Sorgoleone-358 3.5 52 0 0 0
Sorgoleone- 360 3.5 25 0 0 0 
Sorgolcone- 386 3.5 25 0 0 0 
Sorgolcone- 362 3.5 15 U 0 0Benzoquinonc 6 3.5 0 0 0 0 
Componcnt A 3.5 0 ... 
Strigol (pos.control) 0.35 100 100 84 5 
t120 ( neg control) 0 0 0 0 0 

aValues are an average of two experiments 
b
Values are based on theoretical 100"u solvation and the atiount 

of stable quinones. Hlt actual amnouints of acti'e principle (unstable 
dihydroquinonc) and ,ice actual amtounts solubili/ed are iuch less 
t,,,,not known. 

C.oluns to tlte right o5 theC first columi of data represent three 
100-fold serial dilutions tiott the initial exudatc fraction concen
trations given, 

dxudate i all compontit.; lbeled in 1
Hyropoe 

Sorgolcones are quinontcs It trough 5 combinted (Figure 1). 


All of the individual sorgolcone fractions were active 
as germination stimulants of witchwced; presumably each 
contained a small amouns ( f its correspotdig dihydroquitnone
form responsible for the stimulant act isiv. The combined 
and individual sorgolecne fractions were much less active 
than the hydrophobic exudate. When these solution were 
tested again for activity a week later, the hvdrophobic exudate 
retained its potency while the combined ianl individual sorgo-
leone fractions generally lost 60 to 700o of their activitv' 
It is likely that these losses of activitv were due to further 
oxidation of the f ihydroquinones to the inactive qu inones. 
It is not kno\,n why the dihyd(roquinotics ii the hydropholiic 
exudate remained muchi more active for i loiger period
of time than those same individual, purified components. 
It may be that component .1 and/or ienzoquinone 6 Con-
tribute in sonic wa to stabilizing the dihydroquioncs of 
the hydrophobic exudatc. It is significatnt that purified benzo-
quinone 6 or cotlponent .1 were not active as germination 
stimulants. 

The application of nitrogen (amnionia, urea) to the soil 
is reported to diminish witchweed parasiliiatintiiii infested 
fields (13). Because this treatment could elevate Soil IMl, 
we investigated tle effect of plI ott the capacit vof the h'dro-
phobic exudate frt petrt dish-grown IS 8768 sorghum 
to stimulate witchweed germination. Vhen aliquots of ro t I 
exudate were stored for 0 day's at roonm temperature insolu-

tions ranging from 141 3.3 to 10.2, significant germination 

activity was found (only in the samples between pl 3.3 and 

4.4 (Table 2). Therefore, the cultural practice of applying 

4-44 

Table 2. Effect of differing pH prctrcatments of hydrophobic exudate 
from petri dish-grown IS 8768 sorghumn seedlings on the ability of 

a.
 the exudate to stinulate the germination of witchweed 

Germi nationb 

Amount of Apparent pH
 

sorgolcones 
 3.3 3.4 4.4 4.8 5.4 6.6 7.6 8.0 9.6 10.2 

(ng/assay) V'0) 

1500 31 90 10 0 1) 0i 0 70 0 
15 0 6 2 0 0 0 0 0 0 0 

a eydrophobic
exudate (0.3 Ing sorgolcorics) was dissolved 11111 
ml methanol To teln I -ilaliquots, was added 100 ;l of differing 
nixturcs of 5 M acetic acid and 5 M trictthanola.nlinc. Apparent 1)11 
was deternni by pl of the mttlIl'no0mc solilonms and)d taking 1(( 

adding them to 3 ml H,.( and the pll detcrtoincd with a pHl meter. 
Aliquots were taken to dryness and assa'cd aN described iIMATE-
RIA1.S and MI-IFDS 

a '
 
Values are an average of tkio experimnts., 

ash to the soil to dininish witchweed parasitism (13) may 

be partially explainable at the germinaltion level. Increased 
Sigure night cause a more rapid oxidation of the dihvdrjsoil plimquinone forms of sorgolcones to the inactive qtllloncs 
Lack of haustoria initiation activity of sorgolcon,,. After 

geriminat otn, witchwei ind ither root parasites require 
a chemical signal to initiate development of the hatistoriuln 
(14, 15, 10). This organ attaches and penetrates into the 
host vascular tj,;sue. Neither the iydrophohlc exudate nor 
the individual sirgoleones frot IS 8768 or lRf 61 sorghun 
swere consistentl active as hatistorial inducers of witchweed. 

In rioots of sorghunt. 2,t- iimet hoxy-p- benzoq uinone 
has been extracted and identified as t haustorical inducer 
of switchwced (3). This and several other natural compounds 
known to induce haustoria are not active as germ ination 
stimulants (3, 16). These two separate signals, stimulation 
of germination and initiation of the haustoriun, are trig
gered by two separate groups of compounds in sorghum. 
Distribution and quantity of sorgoleones in rxudates. For 
petri dish-grown sorghumin cultivars studied (IS 8768, IS 
0469, Dana r, P 967083), we found the imout nt of exudate 
ranged from 1.5 to 2% of the dry weight of the roots. There 
is little accumu lation of sorgolecnes in the roots. Less than 
10% of the antount collected as exudate can be recovered 
froi hlonogcnates of the same roots. 

Using tile procedure for sorghum, no sorgoleonz-s have 
becn dcetected from roots of foxtail millet (I'Pe'his'tum ainier
camMI L.), corn (lea mays L..'Pioneer [.3369'), white and 
red winter wheat (Ttiticum ast'utm L.), barley (llordeum 
tnlgar I..'Canadian bonanza'), (.r- from commercial varieties 
of mu ngbean (Pbaws'olu a r'io I..) or rye (.-catle cer'ah' 
.).
 

Soil-grown plant studies. Sorghum grown in petri dishes 
optimizes visualization of the release of these compounds 
(9). It is important to establish their presence also in soil
grown sorghum. To be sure that the production of the 

Voluic 36. Isuc 4 (July). 1988 

.AN
 



--- 

WEED SCIENCE 

quinone-rich exudatc was not an artifact of petri dish-grown 
seedlings, we tested for these comp,.unds from both BR 64 
sorghum and A6 32 corn plants grown in a greenhouse in 
identical potting soils is described in MATERIALS and 
METHODS. Soil containing sorghum roots yielded 160 to 

10 - 4 230 mg (equivalent to to 1() mol/L in the soil) of
soigoleones, but soil containing corn roots yielded none. 
Alternatively, after the sorghum or corn roots had been 
carefully removed, CII 2 CI extraction of the soil also yielded 
significant quantities o)f sorgoleones (again only from soil 
in which sorghum had grown), which were strongly active 
as germinatin stilmulants Though corn is a natural host 
for witchwced, sorgolmites were not present in the extract, 
nor was there any ictivii IIn tile extract. It is Prohable that 
the gerninatioln 51llinilolani(si t corn ac Illuch imore labile
under the conditions used here 

Our data indiiatc thit the hN'dIr(phi)bic O)IpoLnds (f 
sorghum ittigril tiniiic h i slirface IntoIthe soil. [lic 
extent ot tile 1lglatm, tle stlililv i't the copllnillds 
in soil, and their interiactiis wlth microorganisms is tin1-
known. [lie rapid cmnverswil tront the active gertmination 
stittlillailt to the Inttitie quitiic, al(ng with its hiydrophohic 
character, results in limiteld s(oil ttllit\ and provides a 
restricted rhi/osplcrc pr ntiton /one I lese charalcter-
istics are idea is .i hlost signat !ir s.\itchwced gernittwn, 
This strat egy ,cIsr\es witchweed seeds 'Ind lpt in i/s 
ipportunitics ot ll)st it tachnit. 

Physiological roles of sorgolcines. Iyro l)h,bc1 exudate 
trim petri dish-gri-wn I 87o8 siirgh,.int, at appled ait llnts 
it I trig ot sirgletiies petri dish under iuinbutlcret con-

ditins. severcl itlid rIt() eiit'gil Oot littlce ili 
satirI I. '(;reAi I kcs seedliitgs li, 80", and seedling tresh 
weight decreased lix -13"' Cimiparud to, cttrols klablc 3).
II)wever,1 at i ntiis ,t 4 pig/pctri dish there was a slight
 
increase in root clung,itlion ; lettuce 
 itl pll 7 5 amd no sig
nificant diffcrences at phi 5 5 (liable 4) At pi1 7.5, tile sante 

amitunt ot sorgoiconei. inhihited rcdriiot pigwced (.liia 

riintlii r tro/h ,.s\s 1. - AM I.-\lI) root elo tgation y 6%' 
(Table 4. Neither IS 8718 sorghum, tall ilorningglory

Ilpolno',a irplu'' (.) 
 Roth : PII1'1U, nor vclveticaf 


(-'hut/oll tb'coibtrastl Medic. - BUTI') were affected by 


lTb' 3. I'Ifets of sorgoleones and other naturally occurring con-
pounds front sorgltuii on lettuce seedling germination and growtha. 

Seet out SeedlIng
Cumpouild Amount germination length fresh wt 

(lig/hlish) %) (it) (ing) 
None (cotrol) I) 97 14 14 

Sorgoleones 1 99 2 8 

Apforol 1 99 13 13 

l.uteoforol 1 
 98 14 13
Apigeninidin 0.1 97 12 16 

luteolinidin 0. I 98 11 15 


it.lCIIt'V lettuce seeds were placed i each ptri dish and assay*ed, 
as described lit MATERIALS and METIHODS. Values represent aii 

average of two experiments. 
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sorgolcones under our test conditions. Both concentration 
and pil are important factors in determing the severity of 
herbicidal activity In addition, sorgoleones appear to be 
,elective rather rhan broad range in their effects. 

Sorgoleones are also active as contact allergens. Approxi
mately 500 jug of nydiophobic exudate dissolvwd in methanol 
was appl.ed to the forearm of two human subjects re-sulting 
in an itchy rash which persisted for sevcral days. Sorgoleones 
are similar in hoth their effects and their stvucttrcs to the 
urushiols, the princip'c allergens in p lison iv%(18). We sug
gest that sorgoleones normally function as allelochemicals 
inhibiting the growth of certain plant competitors of sor
ghum ('0). Witchweed has apparently adapted to utilize 
these 'defense" compounds of sorghun as host recogni
tion cue:, f,,r successful germination.

i.droqinone forms of sorg'o!cunes arc the fiist com

pounds tb.t have been identified as gerimination stimulants 
fromt roots otf a witchweed host. Strigol is a potent stinu
lant previouslS' isolated front cotton, ,a nonhost for witch 
wccd (5). Its structure is quite different from that of sorl;o
lcones. Hoth sorghun and corn roots are also known to 
exude water-solble germination stimutlants (17, 19, 20), 
but no struCtures have heen identified. 

Attnlips have been liad c to promtote suicidal germina
thin (il witchwecd using trap crops and ethy'lenc, hut these 
approachcs have not proven to le effective in third world 
countircs where the effects of witchwecd are particularly 
devastating 12). The dihydroquinone forms of sorgolcones 
provide i new molecular ntodel, simple ilt structure, that 
activel' promotes gelinilati of this parasitic weed. Only
their solubility and stability appear ti limit their applica
tion as control chemicals, Future research is required to 

l ibuh -r Effect of sorgolcotes ott the growth of lettuce, sorghum, 
tall inormiigglory, pigweed, and velvctlcafa. 

Iengt hb 
Aitounit of Roots Shoots 

I'lalit sorgoleones p11 5.5 pl 7.5 pHl5.5 ptH 7.5 

(ag/dish) - iruii
 
lettuce 4 
 13 3 14" 3 12 3 6 0 2 

0 14 3 10- 2 14 4 13 '- 3 

Sorghum 4 38 7 3- 8 7 3 8' 2ti 42 13 37 8 10 2 6 -1
 
Fall rnorningglory 
 4 41 12 42 16 28 8 25 9 

0 49 15 5i) 15 33 8 26 * 12 
Redroot pigweed 4 13 o 6* 2 6 4 4 2 

0 18 5 18 5 7 -1 7 ! 6 
Velvetleaf 4 36 11 36 5 14 6 14 4 

0 ... 36 5 ... 15 2 

Feil seeds were placed in each pelri dish and assayed as described
 
it MATERIALS and METIODaS. 
 Values are aii average of three ex
pernieit s. 

)Asterisk (*) c-notes significant differences between treatments
(4 ug/petri dish) and controls (0 tag/petri dish) at P<O.01 based on 
Student's t-test. 
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determine if these c haracteristics can be improved while 
retaining prontotion ot gerlination. The relativelv simple 
structure of there sorgofleones comlpared to strigol 5) sug- 7.stsuctre of thesposible to esconoparedto sthi/e t5) r-
gests 
it mlay he possible to ectonilal' synthesize It rc
stable, vet active analogucs to be used is "suiitlal" germi- 8 

nation stimulants for the cventuta cradicatlon ot the weed 


(6). 
9 
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