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1. INTRODUCTION

The "rvalnuts" are referable to Juglans, a genus of 20-25 species with a natural distribution
across the Northern Hemisphere and extending into South America. Juglans is a member of
the family Juglandaceae which contains 6 or 7 additional genera including Cruv,a, Cryptocctrva
and a total of about 60 species. Walnuts are corrunercially important as the source of the
edible walnut, the highly prized timber and as a specimen trees. Eating walnuts are usually
obtarned from -/. regia (the colrunon or Persian walnut, erroneousll' known as the English
walnut) - a native of SE Europe and Asia, which has long been cultivated, but are also sometin.res
available locally from other species such as J. nigra (back walnut) - a native of eastern
North America and J. ntajor, J. calfornica and J. hindsii, native to the u,estern u.S.



ILi llis

Grafting of supcrior fnrit-bearing scions of J. regia onlo rootstocks of hlrdier spccics.
strclr as J' ltind'sii or.I. nigra is cornruon practice. The species of ualnnts are in necd
of relis-ion. particularly those from South and Central America, and frorn East Asia. as
more than 60 species have been recognised in the past. At preseut about 20-25
speclcs and ntttnerous varieties are recognised: the better knorln species are listecl in
Table L

ihble L Major spccies ol Jttglart.s (contpiled l ionr various sourccs)

Spec ies Common name Dis t r ibu t ion

Europe/Asia

.1. regio L. Conrr.nor.r or pcrsian rvalnut

.J. ntotrd.slturica Maxinr. Manchurian rvalnut

.1. oi latrr l t i fol irrCarriere .Iapaneses,alnut

,J. cotha|ert,si,s Dode

Nor th  Amer ica 'SoLr th  Arncr roa

S.E .Eulope. Asia: rvidelv planted

N. I : .  As ia

. lapan.  Russ ia

C h i n a

E. I IS :  rv idc lv  p lan tcd

E.L IS and Canad: r

S .W t lS i .  Mcr ico

S  W U S

C a l i l b r n i a

Ca l i ib r r r ia

Mes ico .  Ceu l r 'a l  Anrc r ioa

Mcr ico .  Guatc l la la

Mexico

West Irrdics

.1. rrigro L.

J. citrereu L.

.L t r r t t j r t r  (1brr . )  I le l ler

J. rticrocttrpo Berl.

.1. ltin.l.sii (.Ie pson) .Iepson

J. c'olifonrica S. Wats.

,J olorcluno Shndl. & Williarns

.J.  rnol l i .s  Engclrn.  er  l lenrs l

,1. pv'ifitrnti.s Liebntan

J. .jorttaicensi.s C. DC

.J. d t t.t It.d I i.\ Griseb.

J. ttt'otropico Dicls

Hvb l i ds

Black  la lnu t

I lutternut or ul i i te rvalnut

Ar rzona ua l t rL r t

Lillle '",r'alrr. tt or Texas black vu,altut

C laro  or  N.Ca l i lb rn ia  l ,a lnu t

Ca l i lb r r r ia  l ra lnu t

Cenlral Artrcr ir :an r.r,alnut

Nogal or West Lrdies u,alnut

Argent rna .  Ro l iv ia

Lcuador. Colornbia



Juglans spp., juglone ancl allelopathy

.1. intcrnrcdio = J. nipya x J. regia

J. quttdrungulota - J. cinerea x J. regio

Since antiquity', the walnul tree is knou'n as a sourcc of substanccs hannlul 1o
other lir.ing things. For example. rotting fruits wcre used bl' native North Atnericaus
to stun fish and decoctions of leal'es have long been used b.v fisltertncu to drive \\'onlts
to the soil surface. Many American folk uses for u'alnut. including foliagc as a
repel lent  for  ants and f l ies.  have been descr ibed (313) .  Such uas the balcfu l
rcputat iou of  the n 'a lnut  in  par ts  of  I ta l l ' .  that  i t  is  ca l led "s ' i tchcs '  t rec"  (3()2) .

Holq,cr. u'ahlut also provides amongst the earliest recorded suggcstions of allelopalhr
and to this da1' u'alnut provides tlre best paradigm of allelopathv. r.r hich has attractcd
nluch at lent ion f ro ln the popular  press (3-1.63.  9-5.215.  251)  and conrmuui t r  scnicc
prograrns (99.  126,  138. .  139) .

2.  HISTORICAL BACKGROUND

Earlr nrit ings aboul the ualnul concern the Old World spccics.luuluns regitr-
thc courmon or Persian walnut. The earliest recordcd statcmenl rcgitrding thc harmful
effecls of the rvalnut trces came frorn the Rolnan author Varro (309). urit ing in about
36 B C.. "1.f, Jbr it lstance, /re [your neighbourJ ho.s ott ook-sntvc ort l lrc (()nu)ton

hounrlor.t,, rou vould be wrong to planl olive lree,s ott tha edgc rtf suclt o votttl,.fitt^
tha,se tree,s have a natural atrtipath.v to i l ,srt great lhat, not onl.v,dtt lhe.r.,heor vttrlt ' ,
but even, itt their efforts to escope, bend avo.v itttt'onls toworrl lhe /ontr preci.sel.r'u.s
tloe,s tlte vine i.[planlecl neor cabbage. Like oak lree.s, trolnul lrac.s rreur.r'our fitrrtr. i.f
of lorye size ond stdtlding at little distance.fronr one onolht:r, make il.: nrar.gin.s l<tlall.t'
unltrcductit 'e." Pliuy (224) furlher expandcd on this: "[Thc shadcl o/ the walnut i.s
hcov. t ,and eren ceuse,s heodache in r t rut t l  ancl  i r t jur - t ' to  an.v lh i t rg p lonled in  i t ,s
licinit.t'." and "Zo encJt kind o.f plant,shade i.s eilher a nurse or el,se a.slcp-tttolht,r - al
all evenl.s.fitr the shadow of a volnul lree or e:i lone pitte or o,\pntce or a.silvtr f ir to
louch ott.v plont vhatever i.t uncloubtedl.v poison." Hc also notcs thal. " ' l l te ook uutl
the olive are partecl b.v such inveterote hated thal i.f ona be plonlctl itr tlte holt,.frottr
rrhtch the olher hasbeen tlug out, lhe.r,tlie. lhe ook intleed ol.vt tl.r.,ing if planlctl ttt'rrr
the walnLrt."

These not ions were courmonl l '  re i terated and sourc l inrcs augurenled in
subsequent  natura l  h is tor l '  and agr icu l tura l  l rac ls  in  thc Mcdicra l  per iod.  Of
pa(icular intercst is t lte Andalusian regiou rvhich had a rich historr of agricullural
uriters beginning rvitlt Columella. The Arab rvorld had a numbcr of grcat libraries as
thc Arabs. unlike tlte Europeans. ltad access to paper: holever" thc \ast urqoritr of lhc
books uere bumt during the Christian purges of the l-5th and l(rl lr ccnlrrrics. Alabic
science. maiulv under the influence of Jabir ibn Hai1"am. developed a con-rplex sJstelr
of antipathies and s1'rnpathies, based largelv on supposed cornpositions of tltings fronr
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the elements of water, air, earth and fire (l6l). The few surviving agricultural
rvritings frorn this era seem to have a rnore practical basis. The writings of the l2th
centur)' Andalusian rvriter Ibn Al-Arvlarn rvere largell '  based on a number of
predecessors but these rvorks. notably that of the lOth celtury Persian. Ibn Waltsltii'va
have printed been recently. al-Filaha al l, iabati.v.tra or Nabathean Agricdlture.
cornpiled by Ibn Wahshilya, may owe its origins to ancient Babylonian lritings and.
thus. predate Grcek and Roman rvritings. but the earliest knou'n r,ersion in Arabic
dates to the 8th century'. Ibn WahshiS'a (137) states numerous plant s1mpathies and
ar(ipathies but these comrnonll 'retain an occult influence. In describing thc rralnut he
sa1-s that it is "the opposite o.f the pomegranote vith respecl t<t cold and heot. lt t.s
nrosll.y' hot." In the context of the era. the references to "heat" likell' rclatc lo thc
bitterness Quglone), as later it is stated: "it is rare for the v,alnul kt be atlackecl h.t'
tlisease.r hecau.re the *ee is strcng, hard and hot and thu.s can prorecl it,self [ronr
di,sea.ve and u'eakness. " and "It is ltarnrful because the heat of it.s.fruit is intens<: nncl
the heat cattses pirnples anel black morks." Ibn Al-Arvlarn's rvork. u'hile importanl in
his cra. rvas effectir, 'el1'lost unti l the l9th centurv rvhen translatious appeared rn
Spanish (135) and French (136). although it rvasevidentlv knoln to the l(>th cenlur.\
u'riter, Herrera (129). Ibn Al-Awwam wrote of the n'alnut (translaled from l36): ".,1//

trees planted in the viciriitll dernonstrate antipathy, tritlt tlte exc:eption o.[lhe.lig, rhich
is.fountl to have several p<tittts of agreeabilit.lt."

Hadj of Grenada says "That the walnut is antipathetic to nto.i trees tllat one
vishes to plant in its vicinit.v', except the fg attd the ntul.berr.t', because the volnut is of'
excessive scorching and drytress, which is harmful to allwhich cotne neor it and thiclt
Qre not s.vttrpathetic to il. It destro),s ever.vthingv,hich grov,.t^ berteatlt it, ex(:ept certoitl
winter plants, orfern.v pla,'tts, v,hich one can grov beneoth ir,y bronche.s y,hen it is bore
of ils leaves; when one wa,tl,t to ossociate u'ith cliubing grapevine.s. tlte.t'do tr<tl
succeed at all and fail at the utter limit af enfeeblemetrt."

The l3th centurv rvriter Albertus Magnus (2) described thc n'alnut as
unfavourable to surrounding cultivated plants because of lts "indvelling exlretne loxic
bitternes,i'. Pietro di Crescenzi in his rvork Agricctltura Cotnm<tdorurn (62). uritlen in
1304 and printed in 1471, stated that ualnuts were hannful lo surrounding trees.
Cardano ( . t8)  at t r ibuted the harrnfu l  ef fects of  n 'a lnut  to  the shacle-assis ted
accutnrrlation of "vapo urs'

The writ ings of Pliny and other Latin authors were compiled aud augln€lltcd
rvith information from lbn Al-Awrvan and other Hispano-Arabic u'ritcrs b1- Herrera
(129). He records that the Castil ian nalne for l 'alnut has the mearing of "to hann"-
although it is norv generally regarded that Romance langrngc uanles for u'illuut such
as nogal(Spanish), no.ver (French) and noce (Italian) are derived frour the Lati[ rrr,r
for nut. This etyrnological misconception is paralleled in English. *' i th thc ternr
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"roxiorrs" derived fronr the Latin noxa. meaning hann. Curiouslr.  Fuchs (94) in l-550

cleirned that the unrelated Greek trord for u'alnut kar\. ,on uas l lso derircd frour a uord

nteaning causing l teadache.

The f irst indication of controvers,v concenling the hannful cffccts of lalntt l

appcars in l(16{ in thc writ ings of Erelvn (86). Evel l 'u r\ ; ts a grcal proponenl of

p lau t ing  na lnu t  in  Eng land and he  dcscr ibcd  hou.  in  Burgundr .  u i tc re  ua luu t  i s

plrttttcd itt rrlreat helds bv fartners. "lt i,t sofar.fntn hurtirtg tha r:ntp. that the.r' lottk rtt

t l tcrrt  a.t  o greot l)re.terver. hv keeping, the grorrnd \rur,t t .  IJouclcr. lanttcrs in

13urgrrnd'r '  ar oid plartt ing S,rapcs beneath ualuul ( l t i . l  ) .

A signif icant adlance on rvalnul to\ ici t ]  appcars in thc rrr i t ings of Wbrl idgc
( . 1 1 0 )  r u  1 6 7 7 .  a s  h c  p r o r i d e s  a  s t a t e n r c n t  o l  t h e  u r c c l r a u i s m  o f  i n j r r r r .  s o n ) c  t \ \ o

hundred 1 'ears  p r io r  to  thc  o f tcn  quotcd  s ta tements  o f  S t ickno and Hor  (2 t i l )

Worl idge nri tes: " | 'here is o svnpoth.t '  ond ontipath.t '  i t t  plotrt . t .  . lnt l  t t tatt .r ' . fahulou.s

trorliliott.t !here are concerning tJten, but thi,s i,s c:erloinl.y'ohsen't'rl thel sonre trae.r
t i l l  not thrive under the shacle or r lr ip of 'artothey o.s th<, t l r ip rt . i 'o trulntrt  trec ontl  t t f ' t r

c:herr.r, ere injuriou,s to other tree,s. bec:ouse the leaf is hi!ter antl rlrt'rlrtTt tlt,.;tnt.t'etlr
.ruch trte.s or plattt.s Ihot are ttnder tl."

Wc l l  ind ica t i re  o f  knor l l cdge o f  thc  ua lnu t  rn  Europc  in  t l rc  sc rcn tcc t l r

ccnlun'.  and thc l 'a1 in n'hich Pl inr"s infomration \\ 'as augnlcntcd. is the account of
Es t ie l tne  (85) "  u ' l to  rcgards  t l te  French te rnr  fo r  ua lnu l  as : l l so  r r rcan i r rg  "hannf r r l ' " .

" [ 'he v'olnut is ' t t  species conlntot ' t  enottgh in al l  ports, &'kttotLn lo heor,t t tcl t  a nattt t '

lno.t'erf because it i.s rtoxiou.s Io others rhich ore neighhtturittg. itt tltr ltloct:t rhere it

i . :  plontt ' t / .  ,{  and trt  pe<tplt :  8.et 'en to hahie.y, al l  the more on( :ee.; ht 'et l)eri( tr(e. t l tdl
r. l  n nrotr slaeps helov, he vi l l t raktt upyith greot heayiut:. : . t  ol  lhe htai l  tr t tr l  .vt . \ ' tuntlc( l
l l r t t t  hc  near l . t ' ( :a tu to l  t t to t 'e  h im,sc l . [ .  . In t l  i t s .shade i . s .so  h t t i l  l l tu t  t ru t lun t ,g to r l  r t r t i

Qnnr t tndernt:alh lhere, & that ol,n the r()ots ore of man,el lon.\ cxlcnt. vhrch,slxt i ls t t l l
the lontl  trhcre t l t i .s trac i .s si tuatet l  & planted. 

' l  
hu,s i t  sl toult l  ni t t  h<' plautet l  in u

trt trkohla f iel t l ,  atrd e.tpaciol l . t  in Iho.se u'hir: l t  are r iche,s! ontl  ntt t t t  l t ,r ' t i l t , ,  rather
Iotenl.s the ,\'orth. ()n llle side o.f roads tr elsey'ltere, \'lt?r( llterc ora tro rttltt,r f rrrrt.s
rhir:h c:ott receive tlatnage Ji'ottt thi.s l:'ee. 

'[it 
ploce a tree of artollter,\/)d(rt,.r Ltntt)tt.:

lhent, i l  i . \  t1() l  At1.r ' t t tore use.f i t l  thon putt iug a l i t t le ort isdn ottt t)nq t.r t)  qrcut !r tr i l .s: f i tr
',ralnut lrees vltich ore naturoll.v,greot miners vith llteir large roor.s, rentoy(:' it.:.fitotl
t ' t t ' r t  in (t  l r(n(h, rt  t l te t tn'er.fron i ts oboye hlor 'k.s lht,  sutt,  t \ '  lhe l i !- ,crt . t ' r t /  lhe urr
sl.srt.  l t tr l  hat ourt '  t l te thit t ,q.s o.{ thi.s tutr ld ore lhu.s t :rurtTto,satl ,  lhcre r.s rtr t l  ott .r ' t l t i t t .q
lhu t  ro t r l t l  t t t t l  ho t 'a .sontc  o , l re r . r 'one . \ ,  one nu . \ ' t  no l  l to t t . se  l l t t ' t r t t l r t t t l ,  L , t 'en  l r l r t r t t .  o r
tran.splutrl neor lhe oak, uol evetr place it in a ftench vhere an ooA'hu.s haen plunl<'tl
helbre. hacou.\e the,re tr ' ()  trees hot,e o traturol hatred / i tr  euclt  ot/rr:r .  , \  ( ,utnrtt  ln ' t t
l (rQel her.

Llr  t l tc  c losc o[  the l8 th cenlun ne\ \ ' in fonnat iou bcgan to bc : rddcd.  For
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exrtrnple" in Phil l ips' Pomarium Britannicunt (2201" in addition to urcntion of Plinr. it
is slated that a n'ell knorvn London stralberry-grou'er. Mr. Kccn. has llotcd thal ''1l7(l

wol t t t r  I  i .s .so in jur ious to s l rav 'herrv beds,  that  the.r - ,se l t lc t t t  hear . f ru i l  in  the
nerghbotrrhood o.f that tree." The harmful effect of the w'alnul \\ 'as couunou
knonlcdgc in Europe and for exarnple. appcars in de Stcndahl's novcl of lt i3 l. 1.c
Ilouge el le '\'oir'. "Each of these cur,yed valnuts, said ll. de Rtnql vlterr ltis wife
athrriretl fhern, cosls nte the harvest of a demi-arpent, y'l1eat cotltlot gnnr under it,s
.shade." According to Crozicr (64). the secretary of the Central Horticultural Socictr
of Frar-rcc \\'rote.' "Shrub.s and untlenroocl vill generall.t, thrit,t, otttl .flourish then
plonretl under beech trees, but will n<tt even liye y,hetI plonte(l under thc .shnde ol the
r r a l t t t t l . ^ '

During the latter half of the l9tlr centun i l bccamc apparcut lhat Anrcrican
species- tnosl notabll '  the black lalnut (.1. nigra). also \r 'ere iniurious to other plan(s
Tltis sccnrs to be first recorded in Ihc Transaclion,s of tlte Illinoi.t ,\tote Horticulttrrul
,\rrclclt ' . Firsllr '" Galusha (l0l). in discussing tltat"certain kind.s o,l trtr.\ ure p(,i,\(,tt t( '
on rtrc:ltortf ' . rccorded that his neighboLrr. in planting a ro\\ ' of black ualuul lrccs oll
onc stde of lt is :tpplc orchard" found after l2 vears that alnost all thc ud.iaccnl applc
l rccs lu td d icd.  Iu  187-1.  thcre las a l ive l l  d iscussion a l  thc I l l ino is  Sta lc  Hor l icu l lLr r r r l
Socielr l l93) and Mr. McWhortcr and Mr. Douglas agrccd that black uirlnrrl allcctccl
thc palatabi l i t r ,  o f  grass for  s tock.  Mr Bn'ant  tddcd that  hc hacl  u i tncssecl  b l l tck
rutl ltut kil l ing applc trees s'ithin a radius of about 2-5 uretcrs and hc thouglrt (ha(
italnut rools \\ere in sorne rva\ poisonous. Ho$cvcr. others at thc urccti0g $erc in
disagreetncn{ and. $hen Dr. Sclrroeder comrnenled that rr,ahrut lqlves "c/)ri laitr a gt'cul
pntprtrt iotr o.[ bitter slu./f antl the.t ' enhitter the grourtd anl nrakt: it stck". hc uls
conlrontcd rr ith laughtcr.

Rentarkabh' sirnilar comrnents appcar clsor'hcre in the Amcrican agricultunrl
prcss. A Pennsrlr. 'anian farnrer. Mr. O. Snolbcrger. \\ 'rote to a Famlcrs' Clrrb in Nctr
York (7): "1./ael .satisfiecl lhat I hot'e seen three ctpple trce.r de.stnt)etl ht hlacA'taltrtrt.:
and I heliere the.t 'desto)' grape rines. I lutlge it i .s the vater dr()ppins.,/ irtttt thc
valnur  leave.s lhat  c loe,s the v 'ork." .  In  a d iscrrss io l  before lhc Wisconsin St i t tc
Hort ic t r l tura l  Socict t ' in  188 1.  St ickner ,and Ho1' (281.1 concludcd that  " the tnain r ( ( l . \o t t
vh.t 'vegerotit ' tn loes not l l tr ive under tltese lrecs Iblack s'aluutl r.t the poi.soutttr.t
cltorocter oI the drip."

In l8 f t . l .  an Auter ican repor l  s imi lar  to  that  br  Galusha ( l { ) l )  las publ ishccl
itt att Errglish forcstn'Jounral 18): ",Sblre lhirl.t t 'aars ogo I 1t1s1711,'t l rrn rtrchurul rt l
ohotrt 200 opple tr<'e.r on otte o.f nt.t'Jarms - open prairie. lloving a lot of three to litru'
-.r 'eot' old Ilalnut lree,s gnnring.[ron seetl. I plantetl a /bv ntu'.s ol rltenr on thc n()rrl l
.side tt.t a ttntlhreak. Both ,l id vcll t ' in'.rttnre tintt,. attt l n()t ' .\ '()rne tt i I l tt, vrtlntrt Irt ' t,.t
havt rt 'ocherl a lteight of J0 feet. The .f ir.st rotr of , lpplc trec.t hu.s lrtn{ sittre bct'tt
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killed out. The rest of tlte orcharcl is tloing v,ell; hat,irtg a large c:rop o/'.fruit rluring
the pa,st season and is generallv.fruitfirl. lI'ith nr)'experience, Lthoultl a,r,soon think
of feeding poisott to nr.t,stock os planting such trees near enoueh tt>,lpplc trees to
suhject the latter to their influence. ,\'Iv grove o.f llalnut trees i.\ rttur:h athniracl hv
passer,s-h.v. Thi.s tvrtuld seen, to deprive orhoricultural schenre,s of'the rcmance vrlh
nhich the.t, have heeu surroundecl in lheor!'."

Horvevcr. despite the apparent uidesprcad erpcricncc of thc so-callcd "ualnrrl

toricit l"" Crozier ((r. l) dismissed all such clailns as unsupported.

3.  THE EFF'ECTS OF WALNUTS ON OTHER PLANTS

3.1 Juglans nigru

J.l. l Effccts on crop plants

I .Grapc v ine:  In  the car l l ' tu 'cnt ic th ccntury Hcdr ick (12-5)  s latcd rhat  grapc v i res
\\crc harlltcd by"rvalnut trecs. Tlte injurious effccls of ualnut ucrc knoun,to Schrcincr
and Rccd (261.265) at  thc USDA Burcau o lSoi ls .  bul  ucrc nol  invcst igulcd br  t l rcur

lI. Tomato: The urrfolding of t lrc u'aluut slory rcall l bcgins in thc 1920s. as bot' lr lhc
svmptomalo logl 'and chetn is t rv  of  u 'a lnut  tox ic i tv  ucrc c luc idatcd a l  lhc Vi rg inra
Agr icu l t t r ra l  Expcr i rncnt  Stat ion.  Cook ( ( r l ) .  in  a br ic l  nolc .  dcscr ibcd lhc ur l t i r rg of
torr rato p l l r t ls  as af l tc(ed by , lug lans n isra.  M:rsscr  (  I  t t5 .  l t l ( r )  co l la tcc l  t rurrn
obscn:tl iorts of lt is collcagucs ol thc cflecls of black tvlrlnut otr lonltto. 

' f lrc 
rcsrrlts

f rot t t  a  spra.v- i l tg  exper imenl  uerc par l icu larh 's t r ik i l tg  ( l t t6) :  a  sc l  o l  sura l l  sqrrarc
plots of tomato plants happcncd to be bordcrcd bl lu'o black rralrrul trccs. all tollrto
planls  u i t l t in  l -5  r t t  and l2 tn rcspect ivc l r ' .  o t lhe t rvo t recs \ \crc in jurcd.  Masscr  notcd
that" in a largc allalfa field rvhich contaiucd l solitan black u'alnrrl trce. alfalf ir uas
gencralh 'absent  and replaced b1 'grass u i th in the v ic in i t r  o f  thc t rec and that  t l re
danagc secnted root-related. Massev obsen'ed that black rvalnul injrrred toruato plauts
and potato planls. to a lcsser c\tellt. but not bcets. snap bcans or corn in his honrc
gardclt He subsequentlv scl up l ltrec simplc erpcriurcnls. Hc establishcd lhat u.irlnrrt
root bark added to \\ 'ater culturc would causc uilt ing and bro\\ 'ning of roots of totnato
uithin {8 lt. that root bark added to soil rvould also cnuse poor groulh. but that.rlalnut
soil alone caused no effect. Massel' concluded that t lrere rnust bc soutc loxic principlc
nhich nra l  be in i t ia l lv  insolublc  in  rvatcr  "  or  mai 'a l tcr  chcmicalh oncc i t  lc l r res l l rc
root. He srrrrnised lhat the cheurical u'as l ikelr.the hvdroquinonc.juglonc.

lII. Applc : Schneiderhan (258. 259.260) rcported the dcrnisc of apple trees uhiclr
\\ 'ere l lcar black u'alnttt (rees. appareutll 'a comnronlv knoln problcrn in Mrgil ia t lc
added that  onlv  J .  n igro and. l .  c inerea appeared in jur ioLrs.  as. / .  h indsi l  and, , / .
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calif i trnico supported intercrops. he also regarded ./. regia as not inprrious. ln lhc
course of a curson'Sun'ey in Frederick County. Virginia. Schneidcrhan found cightccn
instances of 'n'alnut in;ur-v to apple trees. The average distance of -18 dead apple lrees
u'as about l l .9 nr from a rralnut lree and the average distancc of l- l inirrred applc trccs
u'as about 1.1.3 m. Schneiderhan speculated that the relatir,ell 'cou.l l l lon occurrence of
u'ahrut toxiciq' in Frederick Countl" mar.be relatcd lo thc shallo$ soil iurd consequcnt
inlermingling roots. He also spcculated thal arnong the local applc rarictics. Stavnlan
mat'be l lrore resistant to rvalnul tosicitr ' . Schneiderhan's obscrvlt ions \\crc confinllcd
br' lhe experienccs of Smith (272) rvhose rvit lnul trecs \r 'ere on rarioirs grlf iccl stock
Srrith also lound that alfalfa suffered on his propertr' Diflcultics uit lr black rvrluul
l 'cre ulso reported frour West ! ' irginia (2 l(). 2l I )

In  1928 Dar. ' is .  rvork ing at  the ! i rg in ia Agncul tur l l  Erpcr inrent  Sla l ior r
i so la ted  j ug lone  f ro rn  bo th  hu l l s  and  roo ts  o f  b l ack  ua lnu t  (70 )  Jug lone  uas
adrnin is tcred to both tonate and potato p lants br  in lec l ion rnto the stenr .  carrs ing
severe effects. Both rtatural and s1'ntheticalh' preparcd -luglonc causcd similar effects
Thc apparent identifrcation of the cause of u'alnut toxicit l '  r las consrrlcred sufTicientlv
inpor tant  to  \ r 'ar rant  ment ion in  thc, \ 'ar r ' I 'nrk ' i ' in te, t  ( l t )  aud to g i l rn  scr l icc: ts  u
scruronic lnctaphor ( 20:l).

The various reports on u'alnul tosicitv rr,hich appeared in thc 192()'s cuuscd
sortre dcgree of panic in certain quarters. as fanners l,ho had uol c\pcrienccd an\
problems rvith ualnut trees imnrediatelv felt threalened. Millcr (19-i) attcurplecl lo
rebut Schneiderhart's colnnlents in describing an old apple orchard containing l 'alnu{.
in  nhic l t  in jured or  dead t ress were not  near  n 'a lnut  l rces.  An edi tor ia l  in  thc
Ila.thington Star (9) ridiculed thc idea lhat the n'alnut tree $'as toric trncl iu alannist
lulanner. attcnlpted lo blame ant'scicntist [Schnciderh:rnl for anl loss of rralnut lrees
due 1o their fcl l ing. Others (28) courpared the effect of n'alnut sirnph to that ol anl

'o1her Ltrge trec c\crl ing a stroug compctil ivc effect. "Ihc confirrnation of . juglouc in
$alnut toxrcifr thctr gencrated a vigorous conlro\rersl 'rr 'hich $as staqcd or'cr sc|cftrl

1 ' ea rs  l a rgeh 'a t  t he  annua l  mee t i r r gs  o f  t he  No r thc rn  Nu t  Grouc rs  Assoc ia t i on .
Scepticisrn abottl u'alnut toxicitt rr 'as led b1.'Grecne (110. l l l) l to citcd a nunrbcr of
rcpor ts  b1 ' farnters c la i tn ing that  p lants grov ac lur i rabl r  undcr  thei r  la inut  t rccs
Hersher ' (130)  tvas outraged at  soule of thc d iscussions at  the 1929 nrect in l l  o f the
Northern Nut Grou'crs Associalion and rcsponded u'ith a facetior"rs ltolc bl,tming i l l l \
p lant  in jun 'on " in langib le poisons" aud there was A rnove to suppfcss ncgutr r r .
inforuration about black s,alnut ( l2).

During thc l9-l0s and l9-l0s there ucre contirrucd. largclr unccclotlrl. rcpofis
coucernius the ef fects of  b lack $al r ru l  on cr thcr  crops (175.  i9 l .  223.  237.  l l t i .  2( r2.
27 1.212.  28+.  32i )  but  of ten the in fornrat iou r ras conl radic ton.  N{acDanic ls .  r rho
I tad a long associat ion u i t l t  the Nor lhcrn Nut  Grou.crs,4ssociat ion.  r ras cr idcnt lv
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spurrcd bv the Association (69) and reported on solne pot e\periurcnls rn uhich lonrato
and alfalfa plants lcre plantcd in'nalnut soil but there appcarcd lrtt le er.idencc of
inhibit ion (175). Walnut hulls placed around a grape vine seented onlv to enhance
gronlh. Tonrato plants plauted close to a black u'alnut tree shorred l itt le adr.crsc eflccl
unti l late iu the scason.. This uork nas continued b1'Broun (-13). lho sltoled that
allalla and tonlato in contact l i th ualnut root bark sere retardcd in germination and
slrongh' inhibitcd in seedhng grollh. Tomato seedlings grorin irt nutrient solutiolls
r i i t h  udded  u .a l lm t  roo t  b i l r k  ue rc  s i gn i f i can t l l  i nh ib i t ed  e \eu  \ \ hcn  g i l en  f u l l
rurr t r icnts b i r t .  par t icu lar l r .  uhcn n i t rogen dcf ic ient .  There uas er . ic lcnt l l  conf l ic t
alnong ualnut grol\ 'crs over the issue of n.alnut toxicit l-" parlicularlr as California
sro\\crs nith plantations of ,/. regia on their o$11 roots or on gralied stock could not
of fer  anv c l idence suppor{ ing a to\ ic  ef fects 117,5) .  and.  in  l9- l t t .  lhc USDA ( . ] (X) t
atlcrupted 1cl defusc thc situation tlrrough the extraordinan' nrcaus of a prcss rcleasc
rciissuring the public of the hamrless uature of $alnut trees. in pafl icular. to loulalo.

Curiousll. thc first detailed e\pcrimenlal uork on the effects of black ualrrrrt
o l i  l o rna to  nas  conduc ted  i n  Ger rnau r ' .  bv  Bodc  (12 :  279 .28 t ) )  Wheu  to rna to
sccc l l i ngs  \ \ ' e re  g ro \ r ' 11  i n  t he  nu t r i en t  so lu l i on  sup l - l o r t i ng  t uo  vc l r -o ld  ua lnu t
sccdi ings.  Bodc could f iud no o idence of  in jun.  concluding that  root  excrct ion o l
l r ig louc \ \ 'as l ' lo t  a  srgni f icant  factor  This is  not  surpr is ing l l l  \ . le \ \ '  o f  the l i rn i tcd
sol i tb i l i l r  o f . jug lone i r t  ua1cr .  but  Bode uas a lso uui l \ \ i t rc  that .prg lone producl ion nrar
bcconte ntore significallt \f i th nraturation of thc irce. He foLrnd that -juglonc rcachcd
tlie soil through leaI leachate. leaf l i tter and also through thc l ittcr crcatcd br nralc
c l t tk !ns.

Thc rnlcraction ultich has attracted the most detailed studr is thc pronorrnccd
effccl of l 'ahnlt on tomato. Originallr ' . this uas described bv Masscr 1185) and Brooks
(12)  as a u i l t ing phcnomenon.  Bode 132) obsen'ed marked cptn i ts{ \  o f  1hc lca lcs.
prell l i t lurc rcllou'ing of the leaves. shorteucd internodal grolth ancl decreased lalcrl l
Ioot  lor i i la l ion.  N' IacDanic ls  and Pir -urou (176)  rcr rcucd knouledge concerning
rtalnut toxicitr-and confirnted that black rvalnut callsed dauragc to both tonralo und
peonv  p lau ts .  p r i n ta r i h - t h rough  roo t  con tac t .  N {acDan ic l s  t l 72 l  dc ta i l ed  t l t c
s\nptomatologv of tolnato plants grouu near black ualnut. The first sign uas uilt ing.
sontetimes in a strtgle branclt and especrall l 'during da1 tirnc. Sourc affccted plants
evcntual l r  produced ueu groulh f rorn the base.  Esarninat ior  of  lhc s lent  t issuc
ret'ealed discoloured zones. brouning ofthe lascular t issuc and thc prcsence ofx1lcnr
tl loses. uhiclt ural erplain the wilt ing. In ahnost all cases of uilted toulato plants.
MacDaniels u'as able to find one or rnore ualnut roots in contact uith tltc tourato root
bal l  Fur ther  i rork 1177) at tempted to assess ualnu1 darnagc to othcr  Solanaccac
plants.  potato and capsicum (pepper) .  Pota lo p lants d id l i l t .  but  to  a much lesser
crtent thalt tolnato and no trloses u'ere found: the capsicuur plants shoued no obvious
elfccts.
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Tomato plants are unusually sensitive to juglone: l0 ppttt luglonc carl causc
50% reduction of seedling growth. rvhereas 100 ppm juglonc is lcthal (31.1). Tltc
interaction of walnut rvith tomalo plants rvas also investigaled bv DePalma (71. 75).
n'ho used one-year old seedlings of J. nigra in glasshouse and field (rials: holevcr. thc
only inhibition recorded rvas when rvalnut root exlract was applied to tontato plants
and in field e.rperirnents. thc tomato plants colunonlv showed cnhanced grouth lltert
adjacent to $'alnut plants.

It has been reported that walnut mat, affect lhe lastc o[ beets but no{ affect
yield (22 l). The interaction of J. nlgra u'ith crops such as corn and bcan plauted iu
alley cropping systems has been demonstrated in lrcnching cxpcrimeuts (l{(r- l{7)
Wtile competition, particularly for rvater" is of priuc irnportance in such svstcrlls. il
appears that minirnising the contact of crop roots n'ith juglonc is also significant
Kipkcch (155) found that lcaf vegetables varied in sensitir itr to bcing allo'croppcd
with J. nigra: lhe order of sensitivity was Slviss chard (Beto vulgaris) > kale (l3ro.s.sico
oleracea) > lettuce (Lactuca sativa) > parsley (Pelroselinlun crisputn). Nutricuts such
as n i t rogen.  p l tosphorus aud potassiurn \ \ 'ere gcneral l r  h ighcr  in  p lantat ion soi l .
er . ' ident lv  due to increased inputs of  organic lnat ter  b1 '  ualnt r t  bul .  pcrhaps.
compensated by diminished grouth due to inhibition bv uahrul.

3.1.2. Effects on co-;l lanted trees

Black n'alnut may establish poorlv on sites rrhich lack tree corcr (-19). The
use of "nurse spccies". rvhiclt eitlter prolect the voung u'alnut trccs fronr rncclralical
damage or. lnore iurportantlv. enhance thc soil conditions" has becn reconrnrcrrdcd to
accclcrate and irnprove rvalnut grorvth (6, 16, 56, 73.93. 98. 106. 2 1 3. 25+. 30i" i()7).
Much of this pioneering rvork rvas done at Forestry Science Laboratory. USDA North
Central Esperiment Station. Carbondale southcrn Illinois.

Nurse species mav also decrease thc gros'th of compc(ing or allclopathic
r.rrrdergron'tlt species such as the Fe.s'tuca grass (120. 2-t3. 217. 3t)(t). notablr /,.
orundinacea. itselfan allelopathic species and reduce the incidcncc ofualnu( discascs
such as lf icrosphaerellaleaf spot and anthracnose (152. 153). Comnron nrrrse specics
are Pintts spp.. Robinia pseucloacacia. Eleagnus tonhellota and ̂ 'llnu.s g/allno.sa. Whilc
pines are generally sensilive tojuglone it ural'takc tcn vears or so before the effects of
juglone are apparent and. b1' this time. rvalnt( trees are rvell established ((r). Thc usc
of legunres such as black locust (Robinia pseudoacacia) has prored problematic as ils
rapid groutlt overtopped coplanied rvalnuts. lespedeza failcd altogether (5(r). fueneld
(2.{5) tested the ellects of luglone (10't rt to l0-6\I; on l-l hcrbs and shrubs potentiallr '
uscful as covercrops or nrlrse species arrd found that all uere scnsil ire tojuglonc.
Gcnnination and radicle exlensiol ' l  rvere qeneralh' less affecled than shoot elonsatiorr
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and dn' n'eight accuurulation. The species most affected in bioassal sere Lonic:era
maackii, Lespetleza cuneato, TriJit l iunr incantaturtr, .4lnu,s glutino.sa aud I ', leagnu.s
unhcllola. Hou'ever. Ponder et ol. (22(t) found that soil frorn $alnut plantations" u'ith
and nithout ,4ltru.s glulitto^rr/.r or Elaeagnus umbellata^ had no significant effcct on the
gronlh or Rhizobitmr nodulation of the covercrop I, icia vil lo,sa, although inhibit ion
could bc demonstrated through appfication of luglone in sand culturc.

Eleagnus umbellata and.4lnus glutinosa are actinorrhizal and arc capablc of
increasing soil nitrogen through the action of the actinornycele f;rankio. Hou'cvcr" il
l 'as found thal nursc species lnay prospcr for a period of 8-13 1'cars. aflcr uhich lhc
rncreased root svsteln of u'alnut and,/or the apparent accurnulation of .jLrglone in the soil
causes thc decline of the nurse irees (2{6). Contran to thc findings abole (2-15).
juglonc is reportcd to have little direct effect on ,{lra.r grou'lh but affccts nodulation
and the ac l iv i t l  o f  Frankia.  Cur iousl r , .  o f  f ive I ; rankia iso la lcs tested.  thc onc
associated uitlt,J/rr^s crispo" a species rclatir,clv rich in lhc phcnolic pinosr:lvirr. rurs
tltc nost rcsistant to juglone (3 l l. 312). It u'as found that the groulh of f;rankio iu
1,11ft) \\ 'as reduced cxponentially as juglonc concentration incrcascd frorn l()oM to l0-r
M (71). At a conccnlration of l0{M juglone had a selere cflect ou thc grouth. i l
r itro. of thc nitrogen fir i lg srrnbionls l; 'ronkia and llhizohiurl and conccntrations as
lorr  as l0 '6M causcd s igni f icant  inh ib i t ion in  I?hizohiunr ,  ahl rough Rhizobium nas
sligltt lr tt-tore tolcrant at iuglone concentratrion of l0-r M ('72). In frrrthcr erperirnetrts
(205. 206). seedlings o;f ,4lnus glutittctsa \\ 'ere grown hrdropouicallr and it uas found
that.juglonc at concentrations of 2 r l0-s and 2 x l0-n M inhibitcd nilrogcnasc acti\ it\
after onc dav and after f ir 'e dar.s. respectir.eh'. Jnglonc at 2 x l()-5M caused rcduccd
rool rcspiration and plant grolth. Hor.,evcr.. juglonc addcd to soil onlr had an cffcct at
a  concen t ra t i on  o f  l 0 ' 3Mand  th i s  c f f ec t  ceased  a f l e r  22  da rs  c r i dcn t l v  duc  to
detorif ication bv the soil. Contran'to thc rcsults o[Fisher (tt9). thc aulhors found that
a ttel soil reginte did not increase the longo'it1' of the juglonc rn thc soil. Work br
Hcckrnarr and Kluchinski (l2l) suggested thar lcaf l i tter of J. nigro did not contribulc
signil icantl l '  to inhibit ion of nodulatiou or nitrogen fixation in lcguutcs. Pondcr and
Tadros (227)  cxarn incd t l te  ro le of  jug lone i r - r  a  l -1- lcar  o ld r la l r rut  p lantat ion
containing the nurse specics .4,lnu.s glututo,rus and !:, leagnu.s unrhe l latu.s on an upland
si te in  southcrn I l l ino is .  Thel  found that  jug lonc lcvc ls .  nhic l r  nerc s igni f icant l r
grealcr itt l 'alnut-black alder planiings l l ian in purc ualnut or \\alnut-autumu olivc
planl ings.  could be thc cause of  thc re lat rveh'  earh dcnr isc of  b lack a ldcr  t rccs r r r
r ra lnul  p lantat ions.  Ponder (22-5)  a lso exaur ined thc in teract ion ofb lack \ \a lnul  \ \ i th
.1lnu.s glutint,.srr rlnd l i leagnus utnhellota in a l5-rcar old boltornlultd plantation in
sot t thcrn I l l ino is  and.  s imi lar l1 , .  found that  louer  conccutrat ions of  l r rg lonc in  topsoi l
tvcrc associatcd nith plantations coplanlcd u'ith /f. utnhellctta.l ikclr duc to cuhancccl
mtcrobtal degradalion. Pondcr also reportcd that thcre uere dil lercnccs in thc soil
nilr if icrs tn diffcrent plantings. Hotvo,cr. these differcnccs \\crc nol dirccth corrcllr lcd
ut th. i t tg lone.  bt r l  *erc l ikc lv  caused through changes to thc undcrstorc\  \egctu l ro l r
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Uttdcrstanding the dvnarnics of juglone can bc inrportirnt iu ualnut plantation
ll lallagculcnt. particularl l, '  u'here tlre trecs are han'cstcd for l iurbcr. The hancsliug
proccss carr  resul t  in  the re lease of  substant ia l  quant i t ies of  jug lone iu debr is  ancl
through darnagcd roots (58). If i t is desirable to nraintl in intcrcroppecl spccics. i l  uulr
bc prcfcrlblc lo harvest latcr in thc vcar l lhcn juglone lo'cls arc lorr or. if rcplan(ccl
t r i t l t t t t t  sccdl ings rcqui re a conrpc( i t ivc cdg,c.  thcu harvcsl i r rg in  s t r rnrr rerr  r r rar  [ rc
advautagcorrs. Oftcn. thc allelopathic effccts of rvalnut arc unforcsccn. for e\i l luplc.
Gabr ic l  (100)  dcscr ibcs hou an arborcturn for  u,h i lc  b i rc l rcs (scr ics E.rcc lsac)  uus
cs{ablishcd ort a silc *hiclr rvas partlr occupicd bv l2 sr:niving lrccs frorn a l ir i lcd
bl t tck la l t r t r l  p luuta l ion.  Wi th in or lc  vcar  l -5  ou(  of  2(X)  rur ious r rh i tc  b i rc l ics had d icd
and of  l l tcsc.  l i  u 'crc uc i i r  l r  b lack s 'a luul  Dead b i rchcs r rcrc rcplaccd n i th nol  b i rch
plat t t ings and a[ ter  J  vcars.  I  I  o f  thc l i  t rorrb lcd r ra lnrr (  s i tcs again c i r r rse 'd [ r i rc l r
t t tor ta l i lv  ar td a lur thcr  8 b i rchcs l tad srrccrrnrbcd ncar  la l r rLr t  l rccs.  \ \hcrc l rs  t l rcrc ncrc
onl r  {  o lhcr  losscs auar '  l rorn thc ualnrr ls .

T l tc  r rcgat ivc c f fcct  of  b lack u l t lnLr t  on coni fcrs p l l rn tcd nc l r rbr  rs  r rc l l  kuonn
I t t td  s t tppor tcd bv nutucrous obscrvat ious.  u 'hcrc i t  has contr r ronl r  bccn lbrrnd lh i r l
coni l t r  p l i tn t l t t ious.  cspccia l lv  t l rosc of  / ) r r r r r . r  spp. .  cstabl ishcd nc\ l  to  ualurr t  ( rccs
s l rorr  l t ig l t  n lor la l i tv  ucar  (hc conulou bordcr  (5"  +2.  - l - ) .  87.  l  l t t .  2  l  8 .  2-11.  262.  263.
321) Rcsc: t rc l t  r r i lh  - j r rg lonc h i rs  dcrnonstratcd l l r : r t  sccdl ing g, ro\ \ l l l  o f  l ' i r t r r . t .  \ t r ( ,h t t . \ '
c l t r t b c i l t l t i b i t c d b r i t s l i t t l c l s l 0 - T M j u g l o n c ( 5  l ) .  S c c d l i n g s o f / ' l r r i r . \ / / 1 ) l ) r / . \ g r o \ \ n
for  f i -10 r rccks i r t  l t rdropot t ic  cr t l l t rc  u 'crc i r t - jurcd b\  l ( ) - ( )  M. j r rg lorrc .  I  t r t ' t r  l t ,p to la '1t1 ' ,
l ' t t t ' r t  t thre.s i t t ld  l ) i t1 t t . \ ' , r1 , /1 s , ,17r ' , . t  bv l0-5 M juglonc.  l0- -+ Nl  . lug lorrc  k i l lcc l  / . r r r l r
I t ' l t t t t l4St i .s  at td 1 ' lnr r . r  . r t ' / r 'c . r ' / r ' r . r  arrd l ( ) - l  M. luglonc k i l lcd l r l l  lbr r r  spccics ( , )7)  F is l rcr
( l l9)  c lc t t tor ts t ratcd l l t i t t  lhc r t l lc lopalh ic  c f lcc l  o l  b l lck u i r lnu l  o l t  1 ' , r r r ,s  r r , .s / r ro,srr  l ) l r ( l
l ' i r tu . t  s tntbt rs  u i ts  l inkr 'd  u i th  poor  soi l  dra i r ragc arrd assrr r r rcc l l r  longcr  rc tc l l t ion of
. i r r g l onc  i n  t hc  so i l  V tn  Sa rnbcck  ( l 0 l )  conc ludcd  th i r l  sa lu r r t  r u r s  l r  supe . r ' i o r '
cor t lpct i tor  on bc((cr  s i (cs and undcr  conrpct i l ion s l rcss.  probtrb l t  prodrrccd rnorc
. i t rg lonc n l t ic l t  t t l lcctcd p inc.  l toucvcr .  on dccp ucl l  c l ru iuct l  s i (cs.  co-cr is Icncr :  \ \ i l \
possrb lc  l rs  j r rg lonc l l l i tv  r lo l  bui ld  r rp in  lhc soi l .

J. 1..]. Efk'cts on natural vcgctlt ion

Althotrglr . ltr.slon.s' sl lp. arc cortsidcred to be amongst thc trcsl cqurppcd platrts to
I t f lcct  o( l tcr  p l t t l t ts  v ia a l lc lopal ln .  lhcrc are surpnsi r rg l r , [cu c l l t t t r  r r r i  lhc c f fccts  o l -
ual r t t t t  o t l  s t t r rot tnding ' iegcta l ion undor natura l  condi t ions.  l lonclcr .  r t  u ; rs  nol  r rnt r l
195 I  th i l l  Brooks ( -12)  at tc l l lp tcd to docuurcnt  thc e lTccts of  u l lnr r t  on srr r rouudir rs
\ cgc l i t t l o l l  i t t  a  b road  con l c \1 .  a l t hough  u ros t  o f  t hc  t r ecs  s l ud i cc l  uc re  i u  a r r
agr tc t t l t t t ra l  sct t l t lg .  ln  v icrv of  lhcse uel l  knou'n cf fccts .  Corrrad f  - i9)  i r t res l rgatcd l |c
c-ffcct of leitf l trtd hrtl i  crlracls of black u'alnut on lhc gcrnriuation irrrd scecll in!, g,rorrth
of  c ight  dccrdLrot ts  t rccs tnc l r td i r re b l i rck ut luut  i lsc l f .  br r t  fburrc l  no s isn i f icunt  , - . t ' lcc ts
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Thc  e f f cc l s  o f  f r csh  l ea f  ; r nd  hu l l  c r t r ac l s  on  l hc  ea r l \  gen l t i l l l l l l o l l  s t i t g , cs  o f
L,iquitlattthur st.t 'raci.f lua, ] ' latanus ttccit lt:tttali,: and Rohitt itr 7t.;t 'rrt loo<:a(/o \\erc
cramincd ulorc closeh: but anv inhibitor-r' effecl proved tcllrponrr\. Brallou (ltt)

e\anrincd thc effccts of .1. nigro on old hcid srrcccssrou and found llt:tt i t nas itthibilon
to []/rrrrr.s omericana and Froxittt.r,s penn.;.vlvanica. Dc Scisciolo et al. (-17) coltlparcd
the understore)' \ 'cgetation in scr,cral planted mixcd hardu'ood slancls con{aiuing ,.I.
nigro,.lr:cr.sacchctnrn and ()uercu,s ruhrct and could dclcct no quali l ir l irc dil lcrcnccs.
Tl rc  dcnsih of  r rndcrstorc- \ ' \egetat ion r ras ac lual lv  srgni f icaut l l  h ig l tcr  i l1dcr .J .  n igra.
Thc  on l l  s i gn i f i can l  i n l e rac t i ons  reco rdcd  uc rc  pos i l i r c  l r ssoc i i r l r ons  u i l l t  I ?uhu . '
rtccit lentoli:. ( ' irr.oi:u tlttttdri.sulcota itnd Dryrtptcri.:.rpruulo.srr Alt(l iur l lnc\pcclccl
rrcgrti lc intcraclron u ith . l ,taccharuttt sccdlings. Rcccnth. 

'fullo r 'r c/. (2tiu) founcl
that thc root-clinrbing l ianc Rir,s ratl ictttt.s is lcss abundant lhan crpcctcd otr.L nigt'd
and that bark estract can inhibit the genuination of / i. rctt l icclt.s. Thc ubscncc of lhc
hcrb dittarrr' (Cunila origcltoicle,sl under certain hardrrood speclcs lcd rln Saurbcck er
o/. (10-l) to inlcsligatc the cffcct of root- foliage and dccaring lcavcs lcachlrtcs of
scvcral spccies. including.). nigra'. hosocr. t lrc authors could not f incl lnr srgnificant
elfect attributablc to lr l lclopathr'.

3.2. ,lugluns rcgiu

3,2.1,  El lccts  on other  p lants

Tltc Pcrsian ualnut Juglans regia is uidcll grou'u throughoLrt lhc uorld as an
ornatnenlal or crop lrcc. Its inhibiton, effcct on undcrston Vcgclalion is srrpposcdlr
" l c l l  knoun"  (169 ) .  bu l  has  been  l i t t l e  s tud ied  i n  con rpa r r son  l o  b l ; r ck  \ \ t l l nu t
Mol isch (197)  Ibund that  vo lat i lcs f ior t r  Pcrs i r r r r  ualnut  shools ucrc s l ighth inhrb i torr .
Holevcr .  t t tost  in for t t t i t t ior t  lcgarding thc Pcrsr ln  ualnul  sccms arrccdol l r l  Dur ing thc
ei t r l r  lc l t rs  o l  t l tc  b lack ualnul  conl rovcrs\ -  Cal i for r r ia  u i r lur r {  gro\ \ 'crs  r ro lcc l  poor
gro\\lh of plants rrndcr./. regio but lourtd that this could bc rcncdicd tlrrotrgh nrtrog,cn
app l i ca l i on (175 ) .  Gcnc ra l l r . i t i sacccdcdbvAnrc r i c rng ro \ \ c r s t rg recd t l t l t . / .  r r g ra i s
less lox ic  than. . / .  l lgra.  a l lhough resul ts  (222)  i l lus l rate that  thc rc l l r t rvc dcgrcc o l '
i tthibil ion of t lte tuo spccics in bioassal' dcpends on lhc tcst specles. It lras bcen rrotcd
thal  potatocs.  bcaus and a l fa l l 'a  do not  gro\ \ 'uc l l  bcncath la lnul  ( l ( r2) .  ln  uor lhcrn
ittdia.,/. regio is coutrnonlv gro\\ 'r. l  along bunds and tcrracc risers of cultrvatcd l iclds
and thcre is lotr specics richncss undcrneath l lre canopr ln coll lpansorr lo control arcas
(2+.  25)  Fur l l tcr t t torc.  of  e ight  t rccs studrcd,  ,J .  re?ro uas forr r rd to lur rc  lhc nrost
pronot t r tccd cf fcct  in  reducing u intc l  crop b iorn i rss (br '  ( r9 ' l ' , , )  i r r r r l  t r r r  c \  cn l l lorc
pronot t t tccd cf fcct  on sul luncr  crops.  Lcal ' lcachatcs o l ' ,1 .  rcgto $crc lorrnd to inhrbr t
gerr t t inat ior t  o f  scvcra l  agr icu l tura l  spccrcs ( l9 l )  and lcaf  cxt racrs o1. . . / .  r - r r r : ra lcrc
inhib i ton to sccdl ing grost l t  o f  u l teal  aud corn and to gcrr r r iuut ion of  corn"  brr t  not
ltcat t29-1.1. Walnul has also becn irnplicatcd in "soil sickncss" problcurs. lhat is. thc
rc-establ ishr t tcnt  or  l l la l l l tcr l r lncc of  a uulnul  p ianla l ion lnav pro\c c l r l f ic r r l l  for  no

l i
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obvious rcASon (92) While organic courpounds havc bcen idcntif ied in contribuling to
"'soil sickncss" probleurs of fmil spccics such as applc and pcach. thcrc arc no snclr
data aborrt u'alnut. as .vet. and il rnar,bc thal tcrnporiln dcplction of soil nilrogcn br
tuudcrston' r 'cgclalion is the major causc.

Griiurutcr (l l-t). in his irnportant monograph on allclopalln- reurarkcd that irr
its trativc ltabitat in Asia Minor. r 'alnut u'oodland has a rather poor uudcrstorcv uhicli
tttav be l inkcd itt some u'al lojuglone. but he offered no evidence . hr reccnt l irncs. this
vicn ltas bccn coufirured b1' I{ussain et ol . ( 1 3{) u'ho furthcr rcportcd thal. in Pakislan
crops suclt as corn. turuip. potato ancl bcans rvere cornmonlv unthriftv uhcn groun
t tcar  nalnut  l rccs.  The aulhors subsequent lv  found that  e\ t racts of  r ' ,a lnut  leaves^
stctns.  hrr l ls  and bark.  l i l tcr  leach: l le  and ra in leachalc inhib i ted thc gcrnr inat ion and
sccdling grorrlh of corn. trrrnip aud bean. Shool ertracls of ,,/. rcvia rrcrc forrncl tcr
cctttrpletelr itt l t ibit t l te gcrttttnalion of uinlet' lvceds sltch as .l lopacuru.s rrr.r 'rtsurrtit l t ' , t.
Lor:luctt,rall la attd Ilophonrr,s rophoni.strutn. lhilc thc grass Itt l iunr rrrtrlt i l l t trtrrtt ttas
not  s igrr i f icant l r  a f lbcted (30I  ) .  Wi th surnmcr hcrbs"  -  l l raranlhr t . :  ra t rof lexu. t .
Digitario .sttnguittoli,t, Pctrlulaca oleraceo \\,erc signiflcantlv inhibited. uiri le Pnt.rttpi.s
.\t( 'phoniatto itnd.Yonlhium .slrumario \\ 'crc nol. In'ricrr of thc potential cffects o[
luglouc. Bauckurann {22)slrri lcd four clif lcrent urixlrrrcs of grasscs undcr ualnrrt trccs.
and found no effccts of supprcssion.

Kolcsnic l tcnko (  l -5 t t )  notcd thal  oak uas inhib i tcd bv ualnut  l -caf  lcachatcs.
rool c\tracts and soil c\lracts of ./. re,qio have all becn shourr lo dcnronstrittc sonrc
dcgrcc of  inh ib i t ion rn b ioassar '  (23.  1.59.  2-19) .  bul  l i l t lc  c lse is  g i rcn T ' t t . l t  t ' t  a l .
(299) grcu 'rl l t l t.tut sccdlings in excar,ated u'alnu( soil und found no injurious efl-ccts.
rt lt iclt is not sulprising in r, ieu of thc labil iw of luglone in soil as rcportcd uilh .,/.
ni.qra .

J .2.2.  El iects on phl toplanl<ton

I1 has been suggcstcd that ualnuts nrav allccl fresllvatcr biotu throrrgh rtrnoff
lnd/or  t l tc  lcachi r tg o l ' rva lnut  l i t tcr  in  rvatcr :  lh is  uun'bc a par t icr rhr  l t roblcnr  in  arcas
sul lpor t l l lg ,  l la lnt r t  proccssing uhcrc uashiugs arc fcared to lurr ru f ish (232) .  \ \ th i lc
thc cf lccts  o l . iug lor te on aquat ic  ani ruals  are uel l  knoln.  i ts  c f fccts  on phr topl lnkton
a rc  con rpa ra l i vc l r ' l i t t l c  knowu .  Jug lone  r vas  l ound  to  a f f ec t , \ i r l r ogu ra  and
( ' h i l on t r t na . s  a l conccn t ra t i o t r sas lo l ' as l0?M(102 ) "ands lud i c l i l h  F , ' u .q le t t o  s l r oucc l
that pholos\ttt ltctic forins ur'rc lar rrrore scnstive than colourlcss fornrs (26 l) Kr:rlci
i tnd Lvnch (160)  sunocd lhc inhib i ton ef fccts of  u 'ahrnt  hul l  c \ l rec ls  and. juglone on
a ttntnbcr of tnicroorganisms iucluding the cl,anobaclcria ('alothrix. . lrrahae no and
. l nac . r ' . t l i . t  and  thc  g reen  a lgae  I l r ac t cacc t cc r r . s  and  ( ' o t ,  l u . s t r t t t t r .  Ho .uc rc r .
conccntrations of juglonc u'crc irt c\cess of 30 pprn. Randall and Rragg (2i-t) lorrncl
tlt l t t l tc cvanobactcriurtt .\o.rroc conunune and lhc dcslrid Scenetlasnttr.r 'ucrc inhibitccl
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br I  ppr t t . jug louc and t l re  cvauobacter i  t , lnohaena. f lo .s-oquaa t r  0  5 pprn. iuglonc^
rrhc-rcas ('ltktrella p.r'r't,rtoidtt.ra rlas unlflcctcd elcu br lt) pput -f rrglonc. Al tcr.r lcnr
conccnlrations (10 ppb. 10t) ppb). juglonc had a slight stnnulator\ cffcct on Vo,r/oc.
. lnuhae t ta and , \ 'cenedesntu. t .  Kcssler  (  150.  l5 l  )  found lhat  lhc grccn a lgac
(-lostcritrrrr. ,\licras'terias, Pantlorina, I:utlorina and SpintEyr.? \\'cre cr,en lcss scnsililc
lo.iuglonc as thcsc specics rvere eilhcr unaffccted or slroucd slighl slirnulation at 1.7-l
ppnl  ( l ( ) ' jN, I )  jug lone.  Hc.  thus.  concludcd that  thc nrost  l ike l l  c f fcc l  o f  ualurr t
lcrtcltate on lre shu atcr algac las increascd bionrass because of inlribit ion of ltcrbir ores
lulorc scuslt i\ c to juglone.

3.3. Other n alnuftispp.

l, J.cineruria: J.r: inereo. another natir,c of castenl North Anrcnca. is kno\\ 'n as tl lc
buttcrttut^ or less corunronll as thc ntite ualnul. lt is of l i t l le cornurcrcial value ancl is
scldont planted. hcncc. it has not attraclcd attentioll sinri lar lo,/. nigra and./ r 'cgla.
Jones ar td Morsc ( l - l -5)  rcpor ted car l r  obscnat ions uracle bt  A H.  Gi lber t ' t lur t
cinqrrcfoil (Potettl i l la.fruticttsa)" a coliurou rvccd rvas gcncrallv lound dcad u'ithin a
circtrlttr arca oftcn grea(cr than tltc canopl of butternut (,/trgltrtr.; cincrea) trccs arrd l lrat
i t t lur r  sccnt  re latcd to in lcrmiugl ing of  c inqucfo i l  roots \ \ ' i lh  bui tcnru l  roots.  Thc
cr tc t t t  o f  the cf lbct  gcncra l l r  incrcascd r r i th  (hc agc of ' thc t rcc.  l t  l ras u lso bccrr
obscncd lltal J. r ' inereo uas associatcd uith thc dcath of Pinu.s rrrtr.rrt (272). Thc oulr
crpcrirttcnlal uork uith J. c,insrg61 shorred no significant cffccts on (oulirto plants (7{.
75). alt lrough thc plants of J. citrerea \\ 'crc onl,v a lcar old.
l l . . I .mu" ior . '  Thc Ar izon:r  ualnut .  . / .  t t t t t jor^  is  a lso regardcd as an a l lc loputh ic
candidate and.J. mandshuric'a has bcen found to bc inhibiton in bioassal t l92).

The lack of convircing results dcmonstraling rl lclopathr uith ,/. nigro or ./
t 'cg i r t  i t t  a  natur i t l  sct t ing is  r to t  surpr is iug aud is  s inr i lar  lo  thc s i ( t rat ion found r r i th
I'.ucalvptu.s. auolhcr gcnus n'ith a good chcmical anuoun (327" i2ti). Thc rcsLrlts
surtttnarisccl. aborc. couforur l l i th the theories of Rabotnor,(230. 2.1 l). uho suggcsted
thlt allelopallrv is unlikely lo be obvious in natural environurents u'hcrc sclection ovcr
ttt i l l ions of rears has alreadr'f i l tered thosc specics intolcrant of thc torins conccrued.
Conversclr- allclopathv is l ikelv to bc most dramalic in enr,ironnrcnts. cspcciallr thosc
ar t i f ic ia l l r  creatcd sr tc l t  as in  agr icu l turc.  t r i rcrc spccics r r i th  l i t t lc  cocvolut ionar \
histon arc brought together.

{. JUGLONE

Tltc  a l le lopath ic  ef fects of  the rvalnuts havc bccu r rsual l r  ascnbcd to thc
conrpouud knonn as juglone.  a l lhough th is  approach is  l ikc lv  ovcr l r  srnrp l rs t ic
Indccd. t lrcre is a varictl '  of othcr secondary metabolites in,lug,lans. uhich have bccn
i rnpl icatcd in  a l lc lochetn ical  in teract ions.  inc luding phenol ic  ac ids ( .1 L l17.  131) .
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f lavor to ids (181.27 ' / ) -  arn ines ( l ( r8)"  a lka lo ids (30) .  terpcncs (19.  169)  and of  coursc.
naphthalcnvl derir,atires. Juglone (-5-hyd1ea1-1.-l-naphthoquinonc or 5-hvdrosr -l. l-

naphthalenedione) is  oue of  the naphthoquinones.  uhich occr l r  in f tcqrrcnl l \  i lnd
usuallv in srnall aulounts iu plants. houcver. -juglone is an oddilr in that occurs irr
relatir ' 'c abundance. It is of great interest (o ecologists as it has beclr iruplictrlcd l l l  ir
r r ide arra l '  o f  a l le loc l tcrn ica l  in lerect ions.  inc luding a l lc lopathr .  l ts  gcucr l lh  rcuch
at'ailabil i tr ' . i ts rclative ease of isolation or prcparation and its predictablc pcrforurancc
in bioassaY have rnade it a cornmon subject in allelopathic trork. for csaurplc. irr
c lassrool l l  exper i tnents ( l { -3.  198,  271.  285.  322)"  theorct ica l  aud ntcthodological
s tudics in  a l le lopath\  (82.  269.315.  317)  and b ioassar ,s ludics of thc corn; tarat ivc
to.ricit. l  of various organic cornpounds (2;12). Juglonc has also been tlrc srrb-iqct of
nurnerous postgraduate d isser ta( ions in  the p lant  sc iences (3 i .  f - i .  7J. '76.81i .  l5( ) .
166 .2 .18 .239 .268 .  314 ) .  Jug lone  r vas  f i r s t  i so la led  i n  l 8 - i 6 .  bu l  nan rcd  j ug lonc  i n
1877 and becaure prirnarih' of intercst as a dl'estuff (32()). Jrrglonc is an orangcish
cornpound u'hiclr sublirnes lt l-5,5oC. It can be noticcd rvhcn fresh bark is stripped
frour s'alnut roots or fresh fmit hulls are cut. as lhe tissuc lums Icllouislr due to thc
formalion of juglone. There is sorne dispute over lhe natural occurrcncc of "1uglonc.
Dauglrertv ct al. ((t8) mainlain that juglone is restricted to the Juglandaccae. ahhough
they onlv tested the Juglandaceae and closely relaled families. Juglonc occurred in all
se\Ierr species of ,Iuglons crarnined and in some species of relatcd geuera such as
Car.y'a, Plo(1'corva, Pterocar.v,o- C.vclocar.va. However. therc arc also rcporls of
juglone occurr ing in  genera of  unre lated farn i l ics.  Lomat io (Proteaccac)  (11)6) .
(laesolpinio (Caesalpiniaceae) (203) and -4strogala,s (Fabaccae) ( 179) It lxrs :rlso bccn
reported as a tnetabolite ol 'r 'arious fing|. Pettici l l iun tl iyersunt yar. ortrcunt 196). lt
rnutant form of lbrticilliun dolrliae (283) and \'I1,c11tn1ro"rolla ./ijien,ris (282\.

Research by Dorv Chernical Co. has. apparentll'. suggestcd thal UV radiation is
required for the biosYnthesis of juglone. u'hich mav explain rvhv sontc csperirrrcnrs
tvit lt -/. nigro in glasshouses. rvltere most of the UV radiation uas losl. r iclded ncgil l ivc
results (17-l). Horvever, in direct confl ict rvith this is a stalentcnl bv Clinc and Neclr'
(57). nlto maintained that juglone concentrations are higher irr glasshousc secdlings
than in field grou,n specilnens. Recent lork bt'Renessc (238) indicatcs lcnf c\tracts
of J. nigro ttnd ,). regia become tnuch more inhibiton aflcr exposurc to 02 arrd firll
l igltt. shich suggests tlrat pltotocatalvsis is involved. Juglone can bc biosrnthcsiscd
througlr an apparent ne\us of pathrval's rit ich originate nith o-succirl lbenzoic ucicl
(199) .  der ived f ront  thc shik imic ac id paths 'at ' (see Figure l ) .  Juglonc is  u ' rost
abundant in the plant as a gll 'coside of cr-hydro-iuglone (1.-1.,5-trihyclrosvnaphlhalcnc)
rtlt ich. follon'ing enzl'matic hydrolysis to release the sugar. is rcadilv oridiscd to
jttglotte undcr aerobic conditions. Juglone or its prccursors utt\. participatc i lt lhc
fonnation of more cornplex colnpounds including mcthvlatcd forms (27). sclcral
lug lone o l igonters"  inc luding d i rners.  l r i rners and possib l r ' .  lc t ranrcrs l rarc bccrr
identif icd irt l issucs fron Jtrglan.r' spp.. but their fhnclion is unkuou n ( 122. l l  I . I l2 )
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Thc lact  that  f reshl l ,cut  tva lnut  lu l ls  q i l l  lunr  f i rs th rc l lou r t i l l t  jug lor ic  and ther t

turn black" after further oxidation. indicates that other corr.rpounds catr bc easil l

fomrcd frorn.juglone (l l3). The fate of juglone in tlte cnr,iroutncnl has rcccntlv been

elucidated (sec Figure l) and degradation proceeds enzltttaticallv via the actiott ofthe

bacteria Pseutlotrtona.s puticlo Jl or J2 trtich. ultimatelr'. forrus 2-ltldroxvlnuconatc
scmialdehr dc and pvnn,ate (202. 2-10. 21I ).

At one pointluglonc itself l,as thought not to occur uaturall l  in plant t issue bu1
was  though t  t o  bc  p resen t  on l l  i n  t l t e  f o r t n  o f  a  g l r cos idc  o f  l . l . - 5 -

trihrdroxrnaphlhalene (s-hvdrojuglonc). It is no'w accepted that -juglone. in addition
to lts prccursors and b1'-products. can be found in plant t issucs. alt ltough nlosl oflcn i l l

snrall quantit ies. Hol'ever" in some structurcs. such as in fruits of ,/. regia. therc can
bc a distinct gradicnt of juglone and its concentratiou is greatcst iu tlte cpiculicular
rrar. n'lrcrc its concentration has been recorded as constitnting up lo 29.8oh of the u'as
(228).  Simi larh.  Binder  et  o l .  (27)  found that  jug lonc and -5-h ldrox l '  - - l -oxo-u-

lclralone or 2.3-dilr ldro--5-lty'droxy'-1".1-naphthalenedionc (p-hvdrojuglonc) comprised
l8 6% (18.2 pprn) and 3.3'2tr (3.2 ppm) of thc naphthoquinonc compouuds o[pcelings
of unripe black I 'alnul (J. nigra) fmits u'hereas. for the uhole hull. these quanlit ics
changcd lo 26Vn and 567n" re spcctiYell ' . It is no1 kno$'n $,hethcr.juglone concctttration
changcs rvith the agc of thc tree: cxpcrirncnts rvith l 'alnul sccdlings hale oftcn sho'n'u
litt lc allelopathic actir. in' (e.g. 30.1). Horr'cvcr. eveu cotl ' ledons of genninated ualuut
sccds contain the p-glucosidase required to convert hydrojuglone-p-glucopvranoside to
the agh'conc o-h1'drojugone rvhich. under aerobic conditions. rapidlv oxidises 1o the
nore stable juglone (83).

Pedersen (21.1) has shou'n that elcctron spin resonance spcctroscopv is a rapid
and siniple technique for assaf ing juglonc/hvdrojuglone frour srnall plant samples: hc
found lhat. in eight species of Juglan,s scrcened. the leaf conccnlrations \\ 'ere 1.1-2.9
tttg/g DW basis. although the technique which detects orlho- lntd poro-qniuols. lhus.
nleasrrre s 'total 

.;uglone'" Rccentll'. Girzu et a/. ( l t)5) havc providcd a melhod for thc
specific determination of juglone from frcsh samples. using high-pcrformance liquid
chrouratographr'. Girdling esperinrents suggest that juglone is prodLrced in the lcalcs
or othcr green tissncs and lhcn translocated via thc phloern.(37). Pralaviera cr a/.
(229) found that the xrlan sap of ,/. regia coulaincd.jLrglone and could causc grafting
failLrrc. Thc juglonc concentration in lhc rl lern sap of . l . regict has bccn found
suffrcicnt to inhibi{ secdling grouth in bioassar' (229,291).

{.l.Pcsts managcmcnt
Tlte raison d'ctre for juglone. l ike rnost sirnilar secondary urelabolitcs. rs l inkcd

primartlr '  1o dclcnce against a range of enernies includiug insects. neuralodcs. bactcria
and fungi. Juglonc is rvell established as a deterrent to insects (10-1. 108. l l6. I+1.
2()8. 13-). 295. 318) and insecls l.hich feed on meurbers of the Juglandaccac comuronlr'
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arc less affected br.juglone (295). As is often the case in the coursc of coevolrrt ion. a
fcrv itrsects l lt ich feed selectivell '  on.Iuglans have cxploited the toxicitv of.juglonc. lbr
cxanrpf c. tlte lan,ae of the chn'somelid beetle Gctstrolitto ctcpre ,r,ro sccrele juglonc lo
detcr ant predators ( 189). The rcadl' ar,ailabil i ty ofjuglone has attracted sorne intcrcst
in exploit ing its properties as an insecticidc (3 l. 250).

Juglone has been shorvu 1o plal :r role in discase resistaucc irr scab c:rrrscd br
( ' lad() , \por iut t r  cor . \ : igenum (31 .  80.  329) .  ualnut  b l ight  causcd br  . \ r l r t l r r  )nt ( ) i to . \
conpe.ttris (-52) and antlrracnose caused by (intnnonio leptost.t:lo (-57,1. gails causcd b1
Ph.y'llox'era spp. (12-l) and lTusiclatlium e.ffitsunr (123). Juglone has bcen emplolcd as
a successful treatrnent against some fungal plant pathogcns (275). It aplrcars to ollbr
the firsl l inc of dcfencc against invasior.l as it is, for exanrple. an cffccti le inhibilor of
conidia gennination in C. can'igenumbul has no effect on subsequcnt colotrt, groulh
or spontlation (329). This accords rvith lhe unusualh'high concentration of,jr-rglonc irr
t ltc cuticle. There is considerable seasonal variation in.juglonc quantit ics in diffcring
tissucs and juglone is usualh nrost abuudant during the voungcr slitBcs of thc plant
stnrcturc.  For  esample.66lsz, jani  et  a l .  (37)  reponed that  jug lonc a i l i t i t rs  i ts  h ig,hcsl
lelcl irt leavcs in Junc and in nuts in Septcnlber. Juglonc also appcars to acl i ls a
plt 'r.toalexin and is cotrttnortlv found to bc nrore abundanl in dlurage'd or inlcctcd
t isst tcs (80"  l l5"  l2- l ) "  a l though Hedin et  a l .  ( l22)  found lhat  thc en. lounl  of  - to t r r l

- iug lot re ' .  inc luding i ls  precursors.  docs not  increasc in  danragcd l issrrcs of  pcc;r r r
Juglonc has also been found to increasc the activity of polr,pholoxidasc irr t ' i tro (2,))
and. t lttts. tnav also plav an ancil larv rolc in dcfcnse. The prcscncc o[.jrrglorre l l l  rool
l issne t t tav be l inked to i ts  nelnatodic idal  ef fccts (9 l .  l7U).  An cnigut l r t ic  fcarr r rc  of
.Iuglan: spp. is that. dcspitc the presencc of . juglone. rlosl spccics appci)r lo bc cu;lrtrlc
of  lbrming nr ,corrh izac.  bolh endotrophic and cctot rophic (c .g i9"  2(r6) .  uhrc l r
s t tggcsts that  the fungal  associates har ,e urechanisnrs capablc of  dctor i f r rng or
scqucs te r i ng  j ug lonc . '  Marked  i n t raspcc i f i c  r , a r i a l i on  t o  r . as i cu lu r -a rb r r sc r r l l r r
cofonisirt ion rvithin sccdlings of.1. nigra (81) support this rierr.

{.2.Germination and secding grorvth
As iuglone is  a naphthoquinot tc  i t  is  ven react i r .e  in  b io logical  srstcrr is .  r thrc l r

probablv expla ins u l tv  i t  gencra l l r  is  nol  recorded iu lar l ; ,c  anlo l l l l ts  tn  hcal l l r  l t l lnr
t issue.  T l terc arc nt l l l lc rous s ludies u 'h ich havc dcnloustr t lcc l  thal  . j r rg lorrc  c ln rn l r r t t r t
gcr tnt t ra l ion and sccdl ing or  p la l l t  groulh ( t t t t .  l3 :1.  267.3211or i tccc lcnr lc  scucsccncc
(-53). ittcluding one n'lt ich ltas attculptcd to asscss lhc eflect of substrtrrt ion trltc ancl
posi t ion u i th in lhc napht l roquinones (276) .  Anrong thc fcu corr r r r ronl r  occurnl l r . l
napl t thoquinoncs.  p luntbagin (2-nrc lhoxr- ,5-h ldrosr-naphthoquinonc) .  fo l loucd br
. iug lonc.  are the most  inh ib i lon.  Generalh.  jug lone can acl  rcadi l r  ru o.uc l i r t roni
rcduclion reactiot-ts and. as a reductant. ma\, couconritantl l '  crcalc polcntialh harntfLrl
frcc radicals such as superoxide ald hrdroside (267). Juglonc can bc usccl i ls an
ar t i f ic ia l  c lect ron acccptor  in  thc Hi l l  rcact ion (2J9" 2t t9) :  i t  is  a r rscf i r l  too l  in  cc l l
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b io logv generalh '  as an e lect ron acceptor  and as an inhib i tor  of  numerous cel l
proccsses. especiallv those lhich rell on thc nrovemeut of cations such as K+ or Ca++
across mcrnbrancs (90. 207. 3()8) Juglone has bceu for,rnd 1o dismpl the actir it ics ol
rnitochoudria and chloroplasts. These cffects and othcr urav be duc to its rcactioll \\ i t l i
t l r io l  groups (127.  128.  l -s7"  170.209.216" 211.219).  Juglone appcars to have thc
abil in to inlerfere uith the slnthesis (S) phase of the cell division qcle lhich mal be
due" agrin. to its reactivih.nith thiol groups and ma1 hare potential as al auti-cancer
drug 1 l {8) .  Juglone cau af fect  basic  p lant  proccsses such as cel l  d ivrs iou.  ce l l
c longat ion and root  format ion (60.  l -56) .  and i t  behavcs as a t rp ica l  p lant  gro l th
substance iu bioassar. in har ing a grcrtter effcct on radicle groulh than on hvpocol11
gronllt (29-i). Its sirnilaritr to svntiretic plant horurones- such as uaplithalene acetic
acid.  suggests that  i t  rnar-act  as a p laut  hornrouc undcr  cer ta iu c i rcuurstances (  l .12.
6() . )  Nlorc recent l r . . jug lone has bcen shonn to pror) lo tc  rool  forr t l r t iou i r r  nalurr l
seedlutgs (11(1.  l+ l )

5.  VARIABILITY IN THE EFFECT OF W.A,LNUT

Probabh' t l te  urost  rcr ing issuc regarding a l le lopathv in  ualnut  is  lhe rar iabi l i t r
of thc effcct. This occurs for several rcasons. (a) markcd di{Tererrccs rr.r the abundancc
of  jug lone and associated napht l toquinones a lnol lg  and r i i thr r r  the d i f fcrcnl  rva l r rut
spccies.  (b)  d is t inct  seasonal  d i f fcrenccs in  thc occurrcncc of  n i rphlhoqurnoncs in
i ia l t tu t  spccies.  1c)  d is t inct  d i f fereuccs iu  t l ic  susceplrbr l r t r  o f  p l i rn t  spcclcs to l la lnrr t
alielopathl'and (d) gcographical diffcrenccs rn allclopathic cflcct of rralnul drrc largch
to l iglrt conditions. soil conditrons and soil uricrobiologr.

5.  1.  In tcrspcci f ic  and int ras l lcc i l ' ic  v i r r i l t ion

Juglone is regarded as a constituent of nrost. if not l l l . of the knoun u,uluut
specics. artd has been cotrfinucd (cither as.juglonc or ln'do.prglorrc) irr./ ir.g/rlrt rttst 'tr, ./
regia,  . l .  c inereo,  . l .  tnant l .shut ' ico.  . /  .  t r rc ty t t r .  , / .  t t i i t t r r t i /o l t r r .  , / .  \  tn t t ' t ' t t t t ' r l t t t  t  Jr .
vilntttreono. .1. ,\tenocerpo. .I.y11pp.1yy1s, ./. r 'utlta.tt ir.sl.r as ucll tts sonrc sltccics ol t lrc
rc lated Juglaudaceac gencra ( -or ' \ 'c t .  l ) t ( t1 t ( (u ' td .  c tc  (6 | i .  l { ) .1 .  2111 Anrouq . / r t ,J lu t r . t
spp.  t t  is  gencral l - r  considcrcc l  t l l t t  t l tc  h ighcst . l r rg lonc conccr l t r i l t ions t i lc  lor r r rc l  in , /
n lqra and that  th is  spccics l tas becn obscrrcd 10 c in lsc lhc luost  darr l rgc to othcr  p l iu l t
species.  Hon'cver .  Mat lce\ ' (192)  in  b ioassars u i th, . / .  i t rar t t l .s l tur tcu, ,J  ntgra and.  /
regra foturd tltat aqueous foliar of c\tracts ol J. tttant[.sh 1/r/.]1/ \\erc l lrost iulubilon. lt
is rlortlt noting that lc|els ofjuglonc harc bccn found in l)rentttt.r11 spl) colnpalltblc
to thosc in , lug lon. :  spp (2 l - l ) .  Thus.  l l i is  gcutrs  a lso uarrants s lud\  l ls  un a l le lopat l i ic
crndidate.

\Vhi lc  thcrc h i ts  bccn cousrdcrablc nork on t l rc  scasonrr l  rur iabi l i t r  o f . jug lonc rn
ualnt r l  (see belou) .  but .  l i t t le  uork has bccu donc on in t raspcci f ic  rar iu l ion I l  h ls
bccn real iscd that  in  the uut-grouiug industn lhrs f t rcct  hus grc: r t  ln lpor tancL-  u l
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brceding progranrs as iuglone lcr ,e ls .  par t icu lar l i  in  pccan.  havc bccn l inked to
rcsistancc against larious pathogens. Although it is cr idcnt that thc eflcct of u'aluut
ou o lher  vcgetat ion can bc qui le  var iable ( .12.  2++) the causcs can bc urani fo ld.
Atnong the fcu date on iutraspecificvariatron rn juglonc in ualuut. Lcc and Carnpbell
(167) found that the ./. ntgra culi ivar'Ohio'had significantlr l lrcatcr conccntratibn of

-irrglone in the hulls than did thc cull ivar 'Thomas' and an unuaurcd seedling. but thc
s i tme cul t i rar  had the lou,cst  jug lone lcre ls  i r - r  i ts  fo l iagc.  Cl ine : rnd Necl r  1-s71
rcportcd unusualh '  h ig l r . jug lone ler ,e ls  (11.2 rng/g leaf  DW) in onc par l icu lar  t rce
iunorrgst  t l tc i r  sanrples.  De Scisc io lo at  a l  "  (11)  fouud up to lcn- fo ld r l r ia t iou o1 '
juglonc cottccutrations in soil under sevcral diffcrcnt rvalnrrt trccs: hou'ever. nhilc
l l t esc  occu r red  on  d i f f e ren t  so i l s .  t he rc  appea red  no  co r r c l a l i on  u i t h  an1 ' so i l
paranrcter. Rencsse (238) found that three diffcrent vancties of ,/ t 'agia diffcred
nrarkedll in their perforrnance in various bioassal's. Thcrc nral or rnal not bc
vai' ialion in juglolrc conccntration u'ithin a single trce: Lce and Curnplicl l ( l(r7) lbund
no diffcrerrce in iugone coucentrations from sarnples collccted fronr lhc rrplrcr uud
lo\\ 'cr parls of a trce. uhcrcls Coder (58) recorded significantlr highcr.jrrglonc lcrcls
in thc lorvcr  par ts  of the lcafcro\ \ 'n .  possib lv  due to d i f fercnccs i l r  pholosrnthcsrs or
l i ght-induced decav of mctabolites.

Anotlter l i tt lc studied aspect of juglone variatron in ualnul rclatcs to thc agc of
the tree. 11 is courmotrly reported that toxicrtv problems. for eranrplc" sit ir nurse crop
specics. are not apparellt for scveral 1'ears and then therc is a relati lcl l rapid dcclinc of
l lte nurse trees This situalion ura]'be related to a genuinc phrsiological diffcrencc
be trvectr voung aud adult u'alnut trces (32" '71" 

75. 221)" or is rnorc l ikclr an esprcssion
o[ ; t  . iug lonc threshold in  soi l  bc ing reached duc to an incrcasing root  s ls tc l l r  a l )d

-;uglone load. Iu onc stud)'(167). a t\\ 'o-\ 'car old black n'alnut scccll ing uus fcrrrncl to
i l , , ,% ,  jug lone concentra l ion of  7.73 pprn (DW basis)  in  l ts  roots in  Scl r tenrbe r .  uhrc l r
uas sir t imes thc conccntratiorr found in lhe foliaec.

5,2, Seasonal l 'ariation

Most inr,esligators have found that the abundance of . juglonc rn thc spccics
ktrorvn to conta in l t igh levels  of  jug lonc.  such as .1 .  n igra.  confornr  1o t l ic  p lu l i r
I tpparc l lcv t l teor l ' .  that .  is  a l le lochernicals  occur  in  t issucs dur ing thc perrods nhcrr
l l tn  arc most  v t r lncrablc to hcrb i r ,orcs and/or  palhogcrrs T l i is  occrr rs .  t rp ic l r l l r .
during lcaf opcning and dunng fnrit foruration and is reflcctccl irt rcportcd high lercls
of  jug lone in le i tves in 'June/Juh and h igh levc ls  in  fnr i ls  in  Aug,ust  -Scptcrnbcr

Houevcr .  lhe mcnths s l ros ing rnar inur  can van'auroug cul t i rars ( l ( r7)  The ovcnr l l
s i t ua t i on  i s  f u r t he r  co rnp l i ca t cd .  as  d i f f e ren t  i uvcs l i ga lo rs  huvc  n rcasu rec l  t hc
abundance of diffe rcnt compounds undcr lhc nrbric of "iuglouc'". As jrrglonc is toric.
i t  is  usual lv  s torcd as t l te  more benign rx-hvdro. juglonc g l rcosidc Tl rus.  sonrc
i r r r .cst igators sccking purc. juglonc in  r ra lnLr t  t issuc uun obta i r r  lou vr lucs (c .g.  32.6(r )
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l'hile other investigators have chosen to measure juglone 'potcntial' or 'total juglone'

through successive qxtraction in an oxidising environment. u'hich mealls that juglone

precursors. such as g-hl'droquinone. form juglone during tlte ertractiolt process: For

eranrple. Borazjani et al. (36) found thatjuglone levels in,L nigra leavcs averaged
about 1.3 nglg (fresh tveight) during the grorving season and peaked in Jture. u'hich

accords with the data of otherw'orkers (109. 122. 123). Whilst Coder (58) used thc
same methodology as the preceding rvorkers, his data appear to be in error" as he
reported leaf concentrations of potential juglone of about 0.1 mg/g (dr-l rreight). uhiclr
ruas about a hundred-fold difference. The link between juglone concentration and
development of the structure is emphasised by results from Hedin et al. (123) tt 'ho
found that immature J. nigra leaves forrned in the late groulng season (September)
had l.15 mg/g (FW) compared to 0.0{,5 mg/g in the rnore conllrlorl older senescing
leaves. Data from -/. regla shoots shou, also a build-up of juglone during lhe grou ing
season u'ith a peak. firstll', in May and then again in July (292, 331).

As discussed previously', juglone is convertible u'ith the h1'drojuglones and
capable of fonning glycosidcs. Thus, part of the problem in assessing the abundancc
of juglone in rvalnut tissue is in determining rvhat exact rnethods have been used for
juglone extraction and measurement. A comparison of tu'o reports frotn the satne
gronp illustrates thc discrepuncies in the literature: Carnal et al. (50) extracled dricd
lear,cs of ,./. regia and found no juglone. rvhile Girzu et al. (105) c\tracted fresh (Mat )
leaves of ,./. regio and rccorded specificalll' juglonc. rrsing spectrometn'. levels of about
0.5% (fresh rveight basis). rvhich n'ould convert to about 5% (dn'l 'eight basis).

5.3. Variation in the effcct of Juglans nigra on othcr plants

At first" concern about black walnut centred on its effects on apple. grapes. tolnatoes"
potato€s and alftlfa but. once the problern becarne linkcd to the chernical substancc juglone.

lltere becarne fqrr in sorne quarters that black r,r'alnut was a "'poison tree" aud tnar. have to be
eradicated frorn the landscape. In 19-51. Brooks (32) finallv tackled the problcm of ultich
plants \\'ere and lere not a-ffected b1'black l'alnut as. o\,cr the course of 12 1'cars. hc lud
sun'eled the effects of solne 300 rnature trces on neighbouring vegetation in fir'e diferent
States. His data are sorner.rlul diffrcult to interpret as he provides onll' sirnplc lrcquencies of
sone 60 lrcc species. 35 slrubs and vines and 123 hertaceous species rvithin and u'ithout the
root sprcad of black ualnut but Brooks does describe those species utich hc iudges to be
tolerant or intolerant ofblack rvalnut.

There have been nurnerous reporls of the effccts of black l'alnut ancl/or jLrglonc

on indir,idual species but there have been no serious attculpts to document the effcct of
black u'ahut on vegetation pattcrning. Eflects somtimes defl comuron sense: tosrcil-r
mav be luorc apparent severirl lneters from the trunk. even outside the canopl. becausc
the roots nearest the trce arc too deep to rnake conlact u'it l .r othcr roots (221). Clearh.
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therc  i s  n  ide  var ia t ion  in  the  respousc  o f  p lan t  spcc ics  tL r  u  a l t tL t t  b t r l  thc re  ca t r  a lso  be

r l t r .as l tc l t f i c  r .a r ia t io l  i l t  to le ra l l ce  o f  sa lnu t  courpor tuc is  s tLc l t  l s . jL rg l t l l l e  (2J i  ) .  in  rcccn t

vca ts .  t l  cgns iderab le  vo lume o f  in tb tn ra t ion  hasbecot -ne  a ta i lab le  lh rc , t rg l t  agc l l c lL 's  s t i ch  l t s

ihe Amclican Holt icult irral Socret1,. unir,ersitv e\tension ser-r ' ices aud It t trserics: i t ' i t ic l t  ol-this

has bcen drssen.r irratcd in leafle( for.nr and or iu electrouic form via thc Itr tetnet. \ . \ ' i r i lc r lrost

of '  t l ' r is iplblmatirtn is r-u.rsubstantiated. n.u.rch o1- i t  has bcctr gcuetated bl erpelrettcecl t l t

p lo tess iona l  s ro \ \e rs .  The ia l ious  l i s ts  o f  p lan ts  recordec l  tu  t l t i s  ce t r tu t ' r 'as  be  ing  l f f l c tec l  o r .

unlf l 'ecte-d bl,black l  alnLrt are cci l lated in' fable 2. Reltolts soutetintes conttacl ict ol lc al lot l)cf .

for exarnple. as in the case of persinunon andholl l ' .  tr lerhaps becattse of intraspeci l lc variattot l

i1  thc  q 'a l6u t  t rees  obsr .ned.  c l i l i e r -en t  cu l t i va ls  used o t .  mo le  l i ke ly .  so i l  d i t fe lences .

Fulthclmole. assessntent of sensit ir  r f .v- may varv becaust '  of dit ' fer iug r l lethodology: a plant

sr-rch as I.ontc'c ' t ' t t  nrtucl;r i is ve l  sensit ive to juglorte in bioassal '  or hvdloponrc cultLrre (244 )

but may glor.,  sat isfactol i l r .  uncler l leld concl i t ions. Thele are some groups strch as t lre conifer.s

(P i r rop l i y ta ) .  Be tu laceac .  H l i caceae.  O lcaceae.  Rosaceae and So lanaceae.  n 'hcre  there  is  l i

high percentage crf plants r.eprl . tecl as al ' f  ected by black s alnut. I tr  t t tost o( ' these gr 'ot ips l l rcrt '

l s  a t  leas t  oue n ten tbe l  uh ich  appcars  to  be  res is tan t  and.  cont t r ro t t l y .  i t  i s  a  sp t ' c tes  u 'hosc

r ra t r r r -a l la r rgcco inc ic less i th tb .a Io l  . | t tq ! t r t r . rs i tp .a r tdo t 'C , rn r rspp.  Fo lc rar t lp lc . thecot l f le ts

Jtt i t tpL't ' ! ts lr i .ql lrr i l r l r .r  Pit t t ts yir{ i t t t , i  / / . t  anrl  / l \ lg.r LLItt( t( l t l t . \ i . \ .  Rltot lot latrth'rt t t  pt ' t ' t ( ! \ ' t i IL ' t tot( l( ' . \

rn ihe Ericaceac. Fc,t ' .si t l trLt spp. ul t i te Oleaccae: Crtt t t t t ' , .u.s spp.. ("r ' r /arrrrt , . ,hl t t t t . t t t ,  \ l t t l t r 's

: t t r t ) r t t t t ' i t t .  Pr t t t t t r :  : , r ' to l i t t t ' l t l d  R l r l ; r r . s  r , ' t t ; r l c t t t t t i t :  i r l  thc  Rosacr -ae :  au t j  P l tvs t t l i s  jpp  l l l  i nc

Sq la laceae.  lu l i l r c l  ien . is  s r - rppor - t  to  ihe  argunrents  o t  Rabot t to r  (230.  :3  i  )  l t t c t - i t io t tu t i

p t ' c r  io r rs i r ' .  A t  thc  spcc i f  i c  l c r  e i .  l t  sL 'c l1 ts  i l l so  t i ra t  ihc re  a re  c l t i t i i  t t i . s  l l l a t  l r c  ' - t l r , . t s i i l i l i r

rL 's ls tau i  io  t i re  c i l ' ec ts  o t 'b i l ck  N l l t l t t t .
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Table 2. Species rvlticlt are rcported as affccted or unaffected b1' Juglans ttigra

z - )

Division/Fanilr'/Sp Comuron name Affected Unaffectcd

EQLISETOPII \ ' l " t
Ecpu.settun ttrvense

PTEROPIIYT.\
A :; pl e n i u n p I a I yn ew' on
Arn),nufil spp.
.4thy n r r n a s p lent o r cl e.s
.1th1'nun lhe l)' pte ro ides
Bott yc ltitLtil dt s se ctutt
B. tlts:ecttun t,ar. obltcluunt
Ij u lb i n o p.v t s b ul h o.s ct
D e n n.t t t t:tl t i tt I l I t1 c tt I o b Lt
Dr|optert.\ ct ls|0ta
Dryopl erl s t nternt ecl i tr
Dryopten s nttn'grn alt s
Dr10ptens spinuloscr
A Iotteuc ci a strut htopter i s
Anoclea senstbilis
()snnnda cinnanomea
Pol),stichum spp.
P o 11,sti c h u m oc ro s ti c hot d e s
fibodsia obntsa

LYCOPODOPIIY'TA
L; copodiunt c antp Ia n atum v at -

.flabellt.fbrnte

PINOPHYT.\
Juniperu.s chinensr.s
,luntperus rirgrnidna Red cedar

Lunx kuentp.fin
I\cett ubie,t
I'inu.s den.st.flora
Pinu.;1e.fteryt
Putrts tnttgo
Ptnu.; ntgra
Ptntt.v restnostt

Ptnus rigidct
PintLs sh'obu.;

Prnrrs ,rlites/l r.'
P intLs tueda
Pintrs lhundhergt
Ptnt ts r t rgtntuna
'[hu1tt occrdentalts

Horsetarl

Eborrt' spleenrvort

Lorvland ladl'6t'tt
Silvery spleenrvort
Dissection grape lent
Conlrton gr:rpe lent

Hiry-nceuted f'ent
Crc'sted rvoocl t-em
Intcmrediate shicld l-enr
Itlarginal shield 1-em

Oslrich lim
Senstive fem
Cimrarnon l'em

Christrnas fenr
Obtuse \Vootlsiii

Japanese larch
Nonvay spruce
Japirnese led pine
.Teliiel'pinc
Srriss nrourtrrn prne
Austrian pine
Red pine

Pitch pin"'
White pine

Scotch prne
t oblollv piuc
.Iapanese black ptne
Scrub pine
Arborvltac

l 6
1 6 . 6 7
261.

1 6
261
5. I 6. 3.1. 67. ll9.
176.  221.  270
l 6
1 6 . 6 7 . 8 9 . 2 1 8 .
221.  211
16. 6"/. 244
1 6 . 6 7
261

l 6

i 6

1 6
8+ .  22  1
l 6
l 6
1 6
l 6
221
l ( r
l . + .  1 5 . 2 5 1
1 6
1 6 . 9 5
77
1 5 . 8 . 1 . 2 2 1
1 4 . 1 6 . 8 4
1 4 .  1 5 .  l ( r . 9 5
I  i  ) ) l

1 5 . 8 . 1 . 9 5

l 6

l 6

l 1

1 6 "  1 7 . 3 . 1 . 6 7 .

8 4 . 1 7 6 . 2 2 1 . 2 7 0

1 7

l(r.  I  7

l ( ,

1 6 . 1 7



2 1

I)sugo canuclensr.s

CYPER.\CEAE
C'are.r spp. Sedges

DIOSCORET\(-'EAE
Dir.sscorea villosa

IRID.\CEAE
Crocu.s spp.

1l.r spp.
Irt.s stbericct

I,II,IAC'EAE
Alliunt cepa

I lenerocall i.s l i t lva
1/o.rttr spp.

[]osto fbrtuttet

l lo.slu lanctlblia

l lo . ; tu  n t tn  g tnu lc t

Ilosta ttndttlal<t

Canadian hernlock l . l .  16.  17.  67.  8.1.  2_i  I

II1 lli s

}T,\GNOI,IOPHYTA
LILOPSIDA
ANIARYLI,IDACEAE
Galanthus nival . is  Glory-o1'- the-snow 14.  15.84.95,z,s l
,Vdrclr.rt r spp. Daffbdil (t^7

^'.1r cl,rjilJ' Jolln F,velyt'.
' l  i tsurpassable ' . 'K ing Al l ied ' .
Ice Follies' et a/. Datrodil 16
Na rci s su.g'Cheerlitlness',
' \tllolv Cheerfulness.
'Geraniurn'.'fe1e-a-tete'.
'Sundial ' .  February Gold '  Narcissus 216.  176.221

ARACEAE
.{lrsaema tripht,lluil Jack-in-the-pulpit 15, 16. (r7. 81.95.221

. lsarum europueunt Wi ld g inger 1-{ .  15.  16.  8-1.  251

(]()TI\IELINA(]F],^\E

L'ontnelrno coflnunis Virgina dar'llorver 1(,
T'r'udescantia rtrgtntanu Spidc'r$od 1-+. 15. 8.1. 251

l 6

\\rild vanr

Croctrs

Iris

()nion

Davl i lv
Plantarn l i l r
Plantarn l ih
Plantarn l rh
Plantarn hl r
Planlarn l i l r

l 6

1 { .  1 5 .  l ( ; .  t i . l . 9 5 . 2 5 1

16 .221
1 .1 .  15 .  8 .1 .  95

t6 .  67 .  176 .221 .283

Asparogu.s olficuralts Asparaeus 16.270.283
(lhtonttdoxcr ltrcilliae (ilorv-oi--the-snorv 15^ 8.1.251
('olchrcttnt sp. r\utuulll crocus 67. 176.221
('onvalltna ntutalr.s l-ilv<tt'-rhe-valle\ 223
F,nthroni t tnt  spp.  Dog-tooth v io let  15.  8.1.95.  221
He tnen t co l l i s  spp .  Dav l i l r '  15 .  16 .67 .8 .1 .95 .251

l . +
LS. 8.1.  9- i .  221
1 , 1 . 2 5 1
1 . 1 . 2 5 1
t . l
t . l

223



Juglans spp., juglone and allelopath.t 2-i

fIyuanthoides spp.
I l;nct n thor d es h i s pa n icus
Hyounthtts x
Ht'ttanthu s'Citv of Ilaarlem'
Htcrcinthus onentaIis
lllrrolr cvs
liiirll ' Enchantrnent'.
.\sian hvblids
Itnope spp.
:\ lttsc ari botrt'oides

( )phtopogon spp
Pollgonatwn spp.
Po lygo nalt un c oilt iliutahon
Sctllu siberica
'[t'tq'r71t 

11 716t
Trilliunt spp.
Trilltuu cerntuut
Tt'i I litLn grand ifl orunt
Ti t i tpa sp.
'lit 

ltpt g e rgi i ' Toronto'
firlrpr s Danrrn '\\rhi'te

\blcano'. Cum Latrde'
Titlrpa s 'i\lcrry Widorv'.
'\\'est Point
Zrrlipa s 'Blue Parrot"
L-\,uldri0 spp.
LituItnu grandiflora
(;ttt|ana per.fbIiata

ORC]IIIDAC][,AE
Hdbenuyld l06sr.,
Sptranthes grucrlis

POAt]EAE
)grostrs o lbct
.4ndropogon rtrgnicus
.4rrh en crt herwn e I a li t r.s
.Jlena sp.
Bronts sp.
Docttlis gionerutur
Ddnihontd sptcut.r
Fe.;tuca elunor
f 'esttLcLt

l l o lcu  lunat t rs

Holcts nollt s \:un egottt,t '
Lo l i tn t  sp .

.\ lu h I e n h erg u.t r hreh er t
j '  t nt crrtn c la nde st t n unt

r)hietnil pruten.\it

ftoa conpressct

f)oe l14ten\ts

Spanish bluebell
Spanish bluebell
Hyacirrth
Ilyacinth
Hyacinth
Lily

Li lv

Grape hl,acinth

lr,Iorrdo grass
Solomon's seal
Solomon's seal
Siberian squill
lbad lily
Ti'il l ium
Nodding trilliurn
\\'hite wake-robin
' l u l i p
' Iu l ip

Tul ip

Tul ip
Parrot tulip

Big merrl,bells
Bellrvorl

Slender ladies lresses

Redtop

Titll o:rtgrass
C)at
Brome grass
Orchardgrass
Povenv grass
Fescue
Titll fescrre

Velvet grass
Rl'c
Nimbleui l l
I)eer tongrre grass
Tinrothv grass
Clnada irluegrass
herttrrckY bluegrass

2 5 i
14 .  I  5 .  84
lr l
84
1 5 . 2 5 1
221

t 6 . 6 7
1 4 .  1 5 .  1 6 . 8 . 1 . 9 5 . 2 5 r

84 .221
84
1 4 .  1 5 . 2 2 1 . 2 5 1
1 5 .  1 6 . 8 4 . 2 5 1
1 5 . 8 . + . 2 2 1
15. 16.  67 .  221
1 . 1 . 8 4 . 2 5 t
1 4 . 8 . + . 2 5 1
2 8 3
8 . r , 95

14 .  8 .+ .  95 .  2 ,51

8.1

l . l .  15 .  t i . I . 9 , 5 .251
l 6

l 6

16 .  3 .+ .  67 .  171 .221

1 6 . 3 : l

1 6 . 3 4
16 "  3 .1 .67 .  l ' 74 .221

3.1^ 67
270
3.1
1 6
. )+
1 6 . 3 4
16 .  l : l
1 6 . 3 1 . 6 i . 1 1 6
l 6
1 6 . 1 4 . 6 7 . 2 1 1 . 2 2 1 . : 7 0

t b

1 6

221

t 6

3 4 . 2 7 3

34.  176.221



2 6

stIil-.\(rE.{!t
Snnlacrnu rucenoso False spikenard

a,) , /1.^ spp.
\1. \ ( ; \oLIoPSlD.\
.\( r!tR\cti..\Fl
)cer spp.
.4cer g tnnu lu

Il'i ll i.s

\\'heat
Conr

(irccnbriar

lrlaple
( i i rurala maple 24t

Iletl uaple
Sttgar maple
Silvr'r nraple

77
1 6 . 6 7

Fragrant sunrc 16
Drr arf'sLrnrac
Srrtootlt surtrac
St:tghorn suntac
Poistxr  iv t  287

Pirparv

\\'ild canrt
Sr leet  c ic lcv
Parsnip

Pcr ix ' ink le

American hol l r '  
'16.  

251
IUichigan holh.  l6

I lercules c lLrb I  6

16.  3-1.  ( i7

1 ( t .  . 1 . 1 .  1 7 6 .  2 2 1 .  l 7 ( ) .  : t 1

l 6
1 6

221

l ( r .  l 7
1 6 .  t 7
l -1.  I  ( r .  I '1 .  l+8" 2- i  1
16 .  2 .18
I 6

l ( r
l 6
I 6
t 6 . . r . 1 . 2 2 1

1 6 .  t 7

1 6 . 1 4 . 2 7 0 . 2 r i 1
l 5
1 ( r .  1 7 - 1 .  2 2 1 .  2 8 3

1 5 . 2 2 1

l 7

[ i  t I t c tL tn  ue \ t t \ : ]uu
,:(au 1)1Lt\ '.\ 2 5 8

..)cer trt:gtuttlo Bos elder

.  )cc r  n t  g r tun  B lack  r r rap lc

. l c { r  po ln t . t l t tn t  Japanese r l rp lc

. tc t t  p1 l l111r1111r r ,  c l t . s .yecntm . lapanesent l tp lc

icat '  nt  l ) t  ui l |

. ' tCef SatCChdt!un

)cer suacl1(t I I t1I lDl

. \ \ . \(rARt)t, \CE.\E
l l h t r . ;  <anoc lensrs

l?htr: c:opulinu

Rlttr.t gluhrtt

! lh tL t  h t r t t t

l i h t t \  t i t t i t ( : (u1 . \

^\\NO\.\Cts,..\E
) .s t rnu tu  tn lobu

.\PI.\CE.\l, l

l )u t tc t t ;  c t t ro t t t

, \ | y r rh t .s  u Ipe . : t t  t t

Pt r.\t11r1cu .\tt l t \:a

. \P(XrYN.-\CU.\E
I  i n cL t  n t t no t

.\QI'I t.',()t-I.\CE.\F,
llex opuca
llex verttctllalcr

.\R.\ I,I.\(]E:\8,

.4 l  Ct|1i t  \pt11(). \ t t

ARIS'r 'OLO('H t. \Cn.\ l : ,
. - l r t . s t i t l r . t t  h t< t  t ) t ( t c t  opht l lu  P ipe  v in . '

\s'l'tiR.\cit..\I
icht l leu nt l lelbl i tun Conrrnotr vamon 16.. l .+.27()
- l t l th  j . ( ) \ tL t .pp  Rag*eed 16 .  . l - l
i i l l(: i l t lLtttd spp. Prrsst's tocs I 6

l 6



./us/an.s ,tpp., 1ug/one ancl allelopath.t 2 7

.- lster spp.

l lrrlenr spp.

C u I e n cl u I ct o.f fi c t n al t s
(-htconwu inh hus
(- h rt s u t't t I rc nn r n t spp.
(.-hrrsunthennun spp.
( '  h t  t  : t tn t  l tenr t  n  Ieucun l  he  nu tn
(' I ry s u n t h e m t u n nt o r t.fo I i u nt
L'/r.ul//, spp

D c' t1d t tt t1 t h e t n (1 sp.

Dorotlctun spp.

Elephantopus spp.

firtgeron onntttt.*

Iirt gero n pfu lu tlel p h u s
Ert pu lrntu m c Oe I d st i nuil1
Et t ltut o r t t Ltn pr t pureunt

!lt: l tntrnt spp.

l lt i tc:tnrluts spp.

H e I t ttnr htL y I ub e ro s un

ilt{u.1il: i l  splt.

f{ t e r uc nn auro /)t icunt

LuLtucu s?p.

L t  g t i l t t  na  sp . 'Desder lona '

I'rLnttnthes spp.
]lutl[,echq hrrta
Senecto,luretrs
Solrcirrgo spp.
TLra-r'crcrittt sp1t.
['ernonra spp.
Zr nntt spp.

I } . \LSI\TIN,TCElIE
Inpttrcns spp.

BE(;()NI,{CI]-\E
lJrqonid \pp.
Begonta r senpervrens

BE RBERII) . . \ ( ] I ' . IE
iJat  herts cundjen, \ ts
llptnerlnrn snp
i 'ocioLt ht l l tL n e ntotlt

i) oclc; p h rl I r un ne I r o tt tn t

BIaTt'L.\t'l:,,\ta,
) l t iu , \ .g l tu rnos0

. ' i l n t t t ,11"s .v61

Eetutu tl l)<t

,dslcr
IJeggar-ticks
Pol rnarigokl
Chicory
Shasta daisl
Clrrysanthentun
Ox-eve daisv
Chrysanlhenrum
Thistle

Lcopord's-bane
[,lephant's lirot
Daisl,fleabale
Philadelphia fleabane
NIist-florver
.loe-Pye rveed
Sncezerveed
Strrflog cr
Jenrsaleln arlichoke
I Iau,kn'ced
Orange haukrveed
\\'ild lettucc

Riltllcsnak!--root
Brorvn-eyed susan
Golden ragrvort
Golderrod
Dandelion
Irotrrveed
Zrnnir,

Jervelrveed

Regonia

13cgonia

.\nrri lcall barlrerr1

ip in red i r rn r

\ lavapp le

\ lavapp le

-i,ulopean 
aldcr

l i t r roo lh  aJdcr
l ir itc hirch

Srvec t  b i rch
'.-rl lorv 

brrch

l i r r  e r  b r rc i r

16. 3.1.  8;1.  270
16. -r+
l . + . 8 . 1 . 2 5 1
1 6
l 6
1 -+ .  15 .  2 ;18
'l 
6

16.  3. .1

1 . + .  1 5 . 8 4 . 2 5 1
l 6
1 6 . 3 J
t 6
l 6
I 6
1 6
l 6
t . + .  1 5 .  2 5 1
l(r
1 4 . 1 5 . 2 5 1
l 6
2 5 1
l 6
l 6
l ( r .  3 {
1 6 . 3 . 1
1 1 .  1 6 . 3 1 . 2 7 0
1 6 . 3 J
8 1 . : 7 0 . : s . r

I 6

I - 1 . 3 - 1 . : 7 0

:.i l

l ( i
, r .1.  1) : .  l l  l
2 2 1
I : .  l { ) . 8 , 1 .  t l

l h

270.283

l 6

251

57 "  211
l b
i 6 ^  1 0 0

i 6
' ( ,

l r



2 8

Be l t t  I  a  n  t  g r  a '  Hcr i lage
(0rp tnus  curo l tn tana

Cory'17rt lmencana

BIGNONIACE.{E

BORAGINACEAE
l[y'otor,t 

"r.AI)'o.sotis alpestrts
'\'[.)' o s a t i s s\' lY d t I ca
['rrlnonaria spp.

BRASSICAC]E;\E
Brctssica spp.
Br0.r.si ca oleraceu var.
Brct s stca oler.lcea \af
Denlarra spp.
IIe:peris ntolronalts

I]T]XACEAE
Pctchysandra spyt.

C'AES.\I,PINI,\CEI\E

C t s s i a  n a r i l a n & c u

Cu s.s to ntcitans

CANTPANTILACEAE

CantpanuIa arnet icana
(-unTtanula latifolia

C],\PRIFOLI.{CEA[:,

Lontcera spp.

Lontcera  sp .

Lontcero canaden.st.t

Lontceru  n tauck iu

Lontcero  td t l t  t c ( l

Lontcera  ty los le tn t

Srrnrblcrus c(tn lden st s
I ih t t rn t rn t  spp .

I ' i  ht o nt r t n a c er i l  r, '  I r t tnt

I i hurnurn dentInun

l ih r tn l ln t  T r , r ru ru

I i l , r ln t tn t  opu l t t . s

I  i  h r tn t tn t  p l i cLr t run

I  i  hu  rn t tn t  p runr  lb  I  t tun
t ihurn t tD l  s tebcr ld i r

C-\R\'OPH\'LLACE.\II

Cera.;tttnt scandens

Dienth t !s  a f ln r 'n0

:;iellund i lte.lt.t

II-i I I i.s

Riler birch
American Ironrbearrr
IIazelnul

l 6

I  ( l

l 6

t + .  1 6 . 8 . 1 . 2 1 t ( . 2 i tC a ta I 7t a b igno n rc ide sColnnton catalpa

Forget-me-not
Forget-rne-not
Forget-mertot
Lungworl

Nlustard
irotrltrs Cauliflorver
cdpitata Cabbage

223

16. 67.  r i . l .  270

1 5 .  l 2 r
8 +
t 4 .  1 6 . 8 . 1 . 2 5 1

l 6
2 t{3
: R 3

l ( '

2 )  I
Toothwort

\\'i ld senna
\\'ild sensitive plant

T.rll bellllorler
Bellflorver

Honeysuckles
Red-bud honeysuckle
.\nerican tl\.hotr.r'rr',.0'.
Aniur honevsuckle
Tularian honevsuckle

liulopean tlv lronevsuckle
Connron c'ld.r$errv
Vibunrtun
\ I r rp le- leavecl  r , ibuntunr
.{rrou.wootl
\\hvfaring tre.' r'iburrrtrnr
Eru opealr cranbcrry bush

vibunlunr

DoLrhle-filc vibunrunr
Black harv
Sicbold vilrumunr

N'lousc-elr chickuccd
Depllbrd pirrk
Chicks ccd

t 6

t 6
214

l 6
1 6

I  t '
l J .  1 5 .  8 . + .  2 5 1

221
2 li.l

16 .  17 .  ( t 7

1.+.  16.  1 7.  2.18.  25 1.  } i . r

221

l 6

l 6

l 6

16 "  176

l ( ' _  I  7

l 6

81.  22  r
l 6

t 6 _  l 7

I 6

1 6
l 6
t "+



.Juglan-s spp., juglone and allelopath.v

CEl,;\STR{UllAE
Celastrus .tcandens Clinrbing bittersuect 16

Ernrrlrrui.s spp. 221

Euorytrnrs alattLs lluming bush lT6- 221

Etonynus atilcrlcanus Slrarvben'1 bush 16

Etrontnnts ettropea Ertropeau spirtdletrce l(t- 17

EtLonynttLs ltcnmltontant:r \ltldo.'ttouulus 16. 17

? ( )

('II[,NOI'ODL\CE.{E

Betu vrlgan;
CLL'SI-\CEAE
lI1'pencun spp.

Corruts anonunt
('orntts.flondtt

CR.{SST'L.\C]EAE
Seduu ucre
SedrLn spectohi le
Sechtnt ternatrun

Ct'S( lti I.\(llr.\E
(-r.rcrl.r spp.

Sugar trcct

St. Johr's sofl

Si lkr ,dogrvood l ( r
Florveling dogrvood

Golden-carpct
Showy stonc'crop
Slonecrop

Dodder

l ( , .  3 ' 1 .  I  76 .221 .270 .283

1 6
l 6

16 .  283

Ilypertcun prolificun Slurbbl'St. Jolm's u'ofl

CO\\'OI,\'[TLACEAE
Can'olttltt.s ctr\Jensts Field biud*eed 16

Iponoett tncolor l\,loming glorl' ?51

Iponoea tricolor Nloming glorl 14. 8{
'lleavenlv Blue'

coRN.{cE.{tt
Cornr: ulternt.foltd AltematcJeaved dogwood l 6

1 6 .  l 7

1 . 1 .  1 5 . 8 . { . 2 5 1
l . + . 8 . { . 2 5 1
I 6

l 6

107

1 6

EB[,r-.\('D.\8,
Dto:ptro: \\rgnldnd Pcrsirnmou 16

EL.{E^{GN.\CU,.\E,
Elueognus tngtrstr./blra Rr.rssian olive 16. 244
f:lLtei]guL! tunbellata .{utunur olive 211

ERI(].\(]E.{E
. l - -cr lea spp.  Azt lea 16.  84.  l7(r .  221.27()
( inVrrsrrcir spp. Huckleberrv 16. 3,1
Ktt lnt t t  la t t fb l ta l \ lountain laurel  16.  34" 84.  l '76.221 .

11Elr.r \pp Pieris 
223' 270

Rhotlodenclron spp. Rhododcnclron 16. tt.l. 176. ZZl.27o
Rhotlorlenclron catavhtense 221
Rhotloclentlron nornnlun Rhododendron 221



3 0

Rhododendron
pertclwnenotdes
Rhoclodendron ri Exburv
hybrid 'Balzac'

Rhododendron x Knap
Hi l l  hybr id 'c ibral rar ;
I,hccinrun spp.
I hcc i n t r nt c orytnb osutrt

FABAC]EAE
IJ1ptist.t australis
('aragana arborescens
(-ercts canaden,sts
Corontlla variq
Detmodium spp.
G le d i t,s t ct tr ia ca nt hos
G I ed i I s i a tr iac an t ho s.f,
(il-t,ctne nux
Lespedeza spp.
LespedeLt cuneatct
Lespede:a sttpt{laceu
tl.ledicttgo spp.
I fediccrgo satrvtt
,\lelrlonr.s spp.
Phu:eolu.s l r tnutus
Phuseolus vtlg.tris

Pisrtn satittunt
Ro bi ni a pseutloacac itt'[r 

i I b I t t u n h1, b n d i.fb I t unt
7i'r/b|iun h1,bridunt
Trifoliun incarn0lunt
Trilbltttm pratense
'/t'rfoiiun 

repens
7i i./blrrrtn sp.
l.?crtt./itba
I  tCt( t  \ . t l losLt

F,\GAf]EAI'
(. 'a.\taneu dentotLr
Custanea nollts.stna
Fugtt.; grun<lifolia

Qrterus .tpp.

Ortercns alba
()rtercrt,t borectlrs
'Ji let'cu.\ 

cocclnea
()t rerctt.s t nb nt:urta
()ttet ctt.y rubrct

Quercu.s.rtellatct

Qt te rcu .s  ve lu f inu
Pt rtr,l.tRI.-\fttr.{E
[)t ce nl ra c uct t I I ur itt

Pinrterbloonr

Rlrododentlron

Rhododendron
Blueberry
Highbush bluebern

8 4 . 9 5 . 2 4 t i . 2 5 1

8 4 . 9 5 .  2 4 8 . 2 5 1
16 .  34 .  176 .  221 .  270
1 6

fiilis

t4.  84.  248

Blue falsc indigo
Siberian peashnrb,
Rcdbud
IIairy velch
Tick trefiril
Honey locusl

inennis 'l'hotnless 
lroney locust

Sol,bean
L:spedeza
Sericea Iespcdeza
Korean lcspedeza

Allalth
Srveel clove.r
Linra bc'an
\\hx bcan: snap bcan

rct
Black locust
Alsike clovcr

Crirtrson c-lover
R.:d clover
\\'hi1e clover
FIop clovc'r
Broad bean
[lairy vetch

Chdstnut
Chinese chestnrrt
B!.c!.h
Oak
\\,hite oak
Red oak
Sr;arlet oak
Shingle oak
Norlhern rc,cl oak
Post oak

Dutcllnan's brceches

t 6 ,  1 7 . 8 1 .  2 7 0

l(>
1 6
t 7
t6 .  l 8 . l
1 6 . 5 6

z l t .  221
l ( r
1 6 . 6 7 .  1 7 6 . 2 2 )
t 6 .  ( ; 7 .  1 7 6 . 2 2 1 .

283
l 6
l ( ;

1 6 .  1 4
I 6 . 3 . 1 . 2 2 1
l ( ,
3 1 . 2 7 0
225

t 6
744

244

244
244
3 4
t 6 . 6 7 .  t 7 6

270

3 4
t6. 67. 211

2 l{.t

I 6
119

241

l 6

t 6

l 6
221
l ' 6 . 1 7
l 6

1 6 .  t 7
1 6 .  t 7

l 6

l - s



GENTI.\N.\CE.{E
Gennuna spp.
GenttLtna asclepiadea
(ientitna septenfda

GEruNIAC!)AE
(i eran t tutt ro b ( rU anwil

Geranmn .\anguneun

IIA]\INIANIELIDACEAE
HdililnLtnells |ilginidna \\'itch-hazel
Lttytdanbtr s\'raci1Iua Srveetgum

Juglans spp., juglone and alleloytath.t

Gentian
Gerrtian
Gerrtian

Herb roberl

Cranesbi ll

3 l

84
221
15 .  221

l . l .  L i .  1r i .  l { .1.  95.  251

l . l .  t 5 .  r 6 .  8 . 1 .  2 5 1

1 6 .  l 7

l 6

t . + . 8 + "  2 5 1

16 .221

HIPPO(]ASTANEACEAE
Aescultts glabra
..letcultts octtndrct

H\'DROPIIYLLACEAE
Hy droph 1'l I r m t' i rgt ni an wtl

JUGL.{NDA( E.,\8,
Cttryo sp.
Jttglant ctnerea
Jugktns nrgra

L.{NII.\CEAE
.4itqa reptan.s
Colers spp.
C ol I t n ton n ca na ele n s i s
Curul(1 orryatnOt(les
Glechoma hederuceu
Hedeona ltulegtoides
Leonwtts cdrdioca
\lentho ppenta
t\lonarda spp.
,l lanarda didrrtitt
-\ lonctrda .listtt lo.sct
it Iontrda punctalct
\epetLl hederdceo
Prunella vtlgarr,s
Prnurthennrn spp.
5aA,ra spp.
Stttcht : b.t :<tntina
Thyntt::erp;tllr1171
Thrnt  ts  v r  pt  l l  t  un I  unngtnostLs
Thtnrts se rprl I utl cocci neus

LITTRA(]E.{E
Lindetr hrn:o1 n
s{7rr"l/rzti |unrioIium

Ohio btrr'kc1'e
Srveet buckeve

Virginia rvaterteaf

Hir:kort'
\\'hite rvalnut
Black wahrut

Bugleu'eed
Coleus
Rich-rveed
Dittany
(hound ivy
Perrnl'ro1al
I\{otherworl
Peppermint
Becbalm
Beeblanr
\\'ild bergamot
Holsernirrt
Gi Il-over-the-grorurd
Heal-a l l
Nlorurtain nrint
Salv ia
l . i t I l l D s  e t n

l 6

l 6
9 5

l 6

z / - a

223 1 4 .  1 5 . 8 . 1 . 9 , i . 2 5 1
270
t 6
303
lr+
l 6
t 6
16^  270
8:l
l 5
l . + .  1 6 . 2 5 1
l 6
t 6
1 6 . 3 - t
1 6
91 .  173 .221
l t .  l - s .  l l J . 2 5 l

Sprcebush
Sirssaltas

1 6 .  l 7
l 6



) L II'illi.s

I,OBEI,I.TCE"\E
Loheha rnl lata
Lohel ias07,1,r"r ,
Lobehet.sprcatct

II'THR..\(]EAI.],
('upheu peliolct

Fruttttu.; ntgro

L tg t t ,s t r tLn t  sp .

Si rrrrgrr spp.

St rtngu \ per.\tc0

Srrtngo \:ul4ut t.\

Inclian tobacco
Grcat lobelia
Spiked lobel ia

Clamml,cuphea

Black ash
Prir,et
L i lac
Persian l i lac

1 6 . 3 4
l 6
1 6

1 6 . 3 4

l 6
NI.{(,lNOLI:\CEAE
bnorlendron tulrpi.fera Tulip tree 244
.\lagnolto spp. lr{agnolia 2Zl
.\lagnolra acwntnata Cucumber tree 16
1f agnolta .soulungiana Saucer mngnolia 16, 67. 1'76

NI-{L\:\CEAF:,
. l lcea roseo Hol lyhock 1 '1,  15.  84.  251
Ilrbr.rcrrs spp. Hibiscus 251
I l ibtsct t . ;  esct t lentus Okra 270
Hihrsctt,s st rtacus Rose-ot'-Shlron 14" 8-+
\lttlt,u rotuncltfblra Common mallow i6

\ IENISPERTI.{CEAE
\lent:1tt:t'nntntconadense Moonseed

]\IOR\CE.\F],
,\lont: ulhu \\'hite mulberrv
.\ fonrs rul:rn Retl rnulberry

\\'ss.\cFt,.\tt
.\ i .r.yir .rriyzrrcl Black gum

ol,E-\CE.\8,
( 'hronanthrts t ' trgtntcat Fringe-tree

f:'or*rhru spp Forsvthiir
Forl1thia .\uspensa \\'eeping forsllhia
Fruxtlnrl untenclna White ash

l 6

I 7
l 6

t 6

l b

1 6 . 8 . + . 1 7 6 . 2 2 1 . 2 5 1
l . l

16 .211
t b

16 ,67
16.84.2 '70.283 221
t76 .221

Corrnrron lilac 116.221

ON.\(;Ii..\CE.\E
(  t r i  t i r i r  , l t t , t t l t  r t t t l c u l t t  a j

()enetheru spp. llr-cning prinrrose 1 6
O<:t tctheru. f rut ico: t t  Evcning pr inrrose 1.1.  15.  251

O\:\I-lD.\(-'11,.\ll
()rrr/r.r spp. \\irod sorcl 16. .l-



Juglans spp., juglone antl allelopatlt.t,

Creeping ladv's sorel

16, 67 . 84, 1'7 6.
22 r . 2 ' 10

Thrifl 223

PLU}IBAGINACEAE
.lnnenu tulgans t,at
lL lucl leOna

Polygala songutnea lvlilkrvort

( hctlts corntcttlalt

PAEONIACEAE
Paeona spp.

POLYCONACEAE
Fugoprrun sp.
Rtrlte.r' spp.

Buckrvheal
Dock

t . l .  1 , 5 .  8 { .  2 :  I

1 6 .  t 7

l 6

3 4
l 6

l .+

Peony

PAPAVERACEAE
Sangttinu'n canudensis Bloodroot

PL.\NTAGIN,\CE.4.E
Pluntctgo nulor Colmnon plautail 16

Illunlu-?o lonceolalunt English plantain I (r

PL:\TINACIDA[,
Pldtdnus occitlentalis Svcarrrore

POLEIIONIACEAE
[ 'h lo.r  panraiata Surnmer phlor  14.  15.  16.  8{ .  25 l .  28i
Polenont lu] i  replans.  Jacob's ladder 223 l .+.84.95.2- i l

POITGALA(]EAE

PORI't'LACi\CE.\,8
('/.n ,orrd spp. Spring beauty l 6
t . - lat lontu \ l rgrmco Spr ing beaulv '  I  5

PRIIIT'I,AC[,,\Ii
C)c lctnenspp. Cvclatnen 15.  l2 l
PrmtLlu spp. Prilnula 221
l'nwilu x poltuntha Polyanlhus priurrose l.l. 15. ll-1. 2-i i

R\NI'\(:t'L.\('E.\[,
.lnenone spp. 

'fhrntblsvecd 16
.)nentone apennia Z2l
lnentone qrunrluelolia .\neri!'an u'ood irnertronc I 5

.-icyult:,grtt ct:t,r ttleo Colorldo coluntbine 16

.i,qttltgt ciutLtclen.\t; \\'tld colunrbin.- 16
l  l d r . r r i  r s l ) p .  C l cn ra t r s  l . l -  8 "1 . : 51
I ' lcntot t t ternl loru S\ \eetautruDDclcmat is l ( r .  17
(- lemtt ts \ ' t rq lnt i lnL1 \ ' i rg i r r 's  t ron" ' r  I r ,
L. runthr  h. tenul i , ;  \ \ ' in te l  i rconi tc l - t -  15- t i -1.251
l l t r i lehort r . t  spp.  I le l lc t ror . '  8-1.  :21
llirnttncttltL.; spp. Crol lbot 1 6



- t l

i  I u nt I n (:r t I t I s . l t c L t t '  t tr

[<0 ntLn ctt ltL.\ repe n -t

7 ' l t i t l r c t r r tn t  sp .

RI IA ] \ INA(JEAIJ

C e  t t l td  h t t  s  d t t t t ,  t  t t  l tn t Is

ItoS.\( 'FlAt,l

. ' i  nt el a t r c ht er c u n a de n.s t.s

.4 r on t u at' b r t tr.f tt I r a
(. 'otone.tsler sp.
('t {ttdegu.\ spp.

C.l clonra oblongtt
(-ierl l spp. .\ 'ens

Len't.t luponr(.Lt
Ke r r  t  0  lu  pon rc .L '  P len i f lo la

.1./1ii ru r spp.

,1lafu.r sp. c\'. 'Sta]'n)an'

.l /a/rus spp.

f, ltt l tt.c corondrict

I Iolls hcrpa

I' h;,s oc trprts oprtI ilb I iI t.\

f' o tenlr I I <1 c anaclen s t s

Pote nt t I I d fi l tt t co.t.t

L'rttnu,t cunertcana

f't trntt.t ctt ' tttnt

Prttntt: cera.su.g

P r t t n t t : pe n n st l\: dn i c u,tt

[ ' r t t n t i ,  / t e r s t c u
Prttntt: :erott nct

l' t I u1 | t.\' .\' rt b h i t't e | | Lr

[ 't ttr]|ts tontentos0

Prrtntr.s virgtniana

Pr tacan lha  sp .

1 ' \  l  l t s  co i l1 l t l I I t1 |s

I'rrus calleryontl

Rll>as <pp

Ro,vr spp.

flo:u i: l ttn.'nsi.s

Ro. rc t  t t t tn t tn t t

Rrhrs  spp.

l l rb r rs  spp.

Rttbtt.y occrdenlults

I?tLbttt oclottrt tL.y

Rt t l,t t s Pro",rr,,,o tt t

Rt t l l .\cE.\I j
( i0lrtun spp.
(laIirun odorcrltun

Rt r'.\('t,1.\E

Pi lc*on
Br.rttercup
I\leadorv rue

Ne$ Jd'se\'leil

Serviceberrl
Red chokc-bern
Coloneaslcr
Hanthonr

QLt ince
l ( i
Kerria
Douhle-florrer ken'rn
Applr's

Crabapple
American crab
Hopa crabapple
Nine-trark
Corrlnon cinquefoil
Shnrbbt' cinqueloil
\\rild plunr
SNeet clrerrv
Sorrr cherry
Irire clrr'rrv
Pcach
Black cherrv
\\'eeping Higan cherI1
Nanliing chern
Choke chern'
Firetlronr
Pcar
Callery pear
Currant
\\'ild rrise
Fairv rose
Fairy rose
Blackbern
Red raspbern
Black raspberry

Purple ll orvering rasptrerry
Dewbern,

Bedstrau'
Srveet u oodmff

l 6

l 6
l 6
84 .  95

t( t .  34. r<"1. 176.
211.  221.  270

67. 221

67. r '76
l 6

16.  t76 .221
1 6
283
210
l 6
? l  I  ) ) l

1 6
l 6
1 6
t 6
84 .221

t 6
l 6
16 .34 .  176 .221

1 6

t 6
16. ) .70

1 6 . 1 7
l 6

2 1 0 .
1 9 1
17 ( r ^  191
1 6 . 6 7
1 6
16. ( ;7

T 6

II'i ll t,s

223
l : l

I i .  l 2 l

l 9 l
1 6 .  I 7

l 6
l 6
1 6 .  1 7 6 . 2 2 1

16. 31.  77.  95.  176.  221.  274

2 5 1

16 .  l . +
1 ' 1 .  1 5 . 2 5 1



.Iuglans .spp., juglone and allelopoth1

l.dnthot\'lrnianurcannn Pricklvaslr

S. \ I , I ( " \CEAE
Petptlttt sp. Poplar
Saltx ntgrtr Black uillou

S.\\IBT]T'ACEAB,
SonhtrcrLs conudensts Colnnon elderbern, 16

S,\PIND.\( ]L,AE
Koelrenena panicu.lata Goldenrain-tree
SA\IIRd(;ACEAE
..lsti1be spp.
Heuchero spp.
Heuchert x bu:oides
'Plu ie de leu '
Ilrdrangeo sp-

l 5

l 6

1 6

Ht,lrungeuorborescens \\'ildhydrangea
Phtlutlt:lphu.t spp It.fock orange

SCROPHIII,.{RIACEAE
I'erhLtscan hlattona N4oth mullein 16
lbrbosctrnt thap.sus Conrmon mullein 16
Ibronrcu.filr.formrs Cr!-eping veronica 1.1
I'eroruca olfictnahs Common speedrretl 16

SNIAROTTBACEAE
.lilunthus glandulosaTree ofheaven 16

False spiraea
Coral bells

Coral bells
Hydrangea

Carolina sih erbell

Daphne

l 6

t6 ,283

t 6 . 8 4 .  t ' 7 6 . 2 2 1
1 6 , 3 4 ,  8 4 .  1 7 6 . 2 2 1 .
2 t0 .  211,2 ' t0 .283
I J I

1 6
16. 3 '1.  8 '1.  116.210.
2rr .270

1 6

1 6 . 1 " 7

1 4 , 1 5 . 8 4 . 9 5 . 2 5 1
t5.  t6.  221

1 4 . 8 4

16. 84.  95
95 .  zz l

I 7

1 6
221

sot,.\\.\uE.\8,
( LtpslctLlu unmttutt Pcpper

Ltcoperstconescttlentum Tornato

lliicoliuno tabaccuttt Tobacco

Ph,r'.ra/r.r spp. Grourrd cherry
Solunun at'tutlarz Nighlshade
Solununt nelongena Eggplant
Salunnil tttberotilnt Potato

ST.\PTIYLE..I,CEAE
-\taphl led trr.lollu Bladder nut

s]'\'R.\(:.\C}t.{E
Ilaleuu curoltntt

I ' I I \ ' \ IEI ,EA(]E. \E
i . )Lr p h t  tL t  nt :  -e re t  t  ; t t

1 6 .  l 7

l . l . 1 l - l . 2 , i l



3 6
Ili ||i.s

T'II,IA(:DAE
Tt ltu tunertcancr
Tt I ra httteroph.t.i ltr
Tilia plutyphl'ltos

t]Li\I.\CDAE
Celtr.r occidentalrs
[,ilnnts antertcttntt
I ll nnLt liilvct

TiRTI(]AC]EAE
Pr lea prtntltt

vI()L.{CE.\E
I i olct spp.
Iiola canadensrs
l,iola cornuta
Iioltt.;orornt
I iola x vittrockiana

VITAC]EAE
Pa t he n oct.s st r s c1t u nquefoli a

I  i r r r  spp.
litr.y t'inikrtt

Bassrvood
\['hite basswood
Bigleaf linden

Ha!-kberry
Atnerican e|n
Slipperl'elrl

Cleanveed

\icrlet
Canada violel
Homed violet
\lbody blue violet
Pansv

\rirgina creeper

\\'ild grape
Grape

t6 .67
l 6

o t

l 6

1 6 .  t 7

1 6 .  1 7
l 6

t 6

1 6 . 3 1 . 2 7 0
1 4 .  1 5 .  8 4 .  2 , 5 1
14 .  15 .  8 .+ .  251
i ' 1 .  t 14 .2 - s1
I ' 1 .  r i 4 . 2 5 1 . 2 8 3

l : 1 .  1 6 .  - 1 4 .  9 1 .  1 7 6 . 2 2 1
2 5 1 . 2 7 0
16_  31 .  176 .  221 .  270

5.4. Soit effects

A central issue in assessing the importance of.juglone in allelopatln. lras bebn itslo^ger''it1' a'd mo'ement in the til J"!ro"e can persist iu the sorl for more tha' a-\'ear follo\\ing tree removar. particularrv irirr. sturnp has uol becn krlrecl (22 r ). Fisrrer(89) investigated three 22-2i lear-old ;rr;; plantations of ..t. nigrrt and I)inu.s. .\.rrol)u.\Irtrd P' re'\'in.^ra itt south*eslei' ontarlo. C*uau. I' cach ptarriition. rrrrec soir t'pesrt'ith different drainage were represented. pincs gro*.i'g near \villullt trces ou rlrc rrclldrained Brant soil shon'ed no;ffects: itror" o,r the imperfectlv drarned Tuscola soil
;ti,T'.:.l'Tffllr#j:*o 

gro*rh onJ,i,or. on trre pooirv draireJ coruood so' \\crc
a,r. e\peri,ne"r b" odd;il; :'fllT ;:"::',T:,i'.i,:,1:,:'f:''J ffi': 

',"",,i 
#,:,:'i,1j'j:ieither "uet" or'.dn," and nronitor.a itr.o*ntration for 90 dals ustng bioassu.r. Thc

1.:  ̂ t111, 
at, its. plir.rotoxicilv after :0 dars rrnd iuglorre \\,as nor duccrabtc afrcr 6()da\s. \\ 'hcreils trre \\'et soir contirrucd ta inhibit scedring gro$1rr a,rd rrirrbour.jugroncthrorrgh lltc entire 90 dn1'5. n"t".ri,",iions orlugto,re rn lhc ficlct br po'dcr ancl

]:i:::^(iiilar 
an uprand sire in southe.,r iiiinoir'rr'r,cd thar tl,.r.'r,u, a gradic'r or'l l lglolle couccntratioll a\va-\'frottl a *'alnut trec a.d do*'n*ard i' rhc soil. '. itlr a



. I t Lg I a ns,s p1t., .j ugl one and a I I e I ctp ut h.t'

maximal  mean value of  3.9-5 f rg/g (about  2 x  l0- '  M) soi l  in  topsoi l  (0-8 cm).  A

comparison of mixed plantings of black walnut and auturnn-olive lEleagnus untbelluta)

with rvalnut and European black alder (Alnus glulitzo,:ct) on similar soils revealed a

significantly different juglone regirne, l ikely caused by diff 'ering microenvironmental and

microbiological conditions (226, 227). Fligher juglone levels in black alcler nrixed

plantings rvere consistent with the earlier decline of this species compared to autuntn-

olive. It r'vas also found that nodulation in Eleugnus ungustiliilia co-planted with J. nigra

did not occur rvhen planted on bottolnland soils, rvhereas there rvas good nodulation in

upland soil: whether this difference is related to differing .juglone regimes in the soil was

not studiecl (332). De Scisciolo cl al. (77) investigated the seasonal variation of.juglone in

soil, f inding that the pattem conlbrmed with jrrglone levels generally reported in the plant

parts, rvith peaks in spring and autumn.

An often forgotten f-act is that the effect of walnut trees seems to develop with

nraturation of the trees and, thus, may not be a problern in young plantings. According to

Rietveld (244), there is a build-up period of l2-2-5 years before the et-fects ofjuglone may

be noticeable. lt is frequently observed that walnut may be grown successfirl ly in the

cornpany of a nurse species such as Alnuls glutirutsu, Eleagnu.r unthellatu or even pine for

several years befbre any darnage is apparent (244).

Another l i tt le studied aspect is the effbct of juglone on soil arthropods and soil

formation in general: the soil uncler rvalrrut is l ikell ' to be different from neighbouring soils

because  o f j ug lone  o r  o the r  f ac to rs .  B rooks  (32 ) ,  i n  h i s  su rvey  o fb lack  r va lnu t  s i t es ,

fbund that  so i l  under u 'a lnut  rvas uni ibrnr ly  r rore a lka l ine,  wi th d i f ferences in  pH of

up to 0.7.  Wood and balk par t ic lcs f l 'or r  t rees conta in ing juglone,  Cur j 'u  i l l ino iensi ,s

3 7



3 8 II'.i lli,t

and,/uglan.r nigra. are reporled 1o dccompose rnuch rnore slo't\ll than those liont olltcr
hardu'ood species (.1) and earth\\'onns havc been recorded as bcing scarce irl ualurtt
areas (176). Summers and Lussclrhop (286) found that cores of walnul soil. uhen
rcnroved be1'ond the influence of the u'alnut canopv. increascd in both arlhropod
t.uturber and dir,ersity. Moreover. the authors concludcd lhat the grcaler aurounl o[ soil
orgatric nratter associatcd l ' i th l 'alnul could bc ascribcd to thc gcneral rctardation of
dccomposer organisms.

The latc  of  jug lone in soi l  has bcen surpr is ingl r ' l i t t lc  s tudicd uul i l  rcccnt l r .  I t
I t as  bccn  sugges l cd  t ha t  j ug lonc  l c r , c l s  i n  so i l  nu r l  dcc l i nc  as . l r r g l o r r c  bccou rcs
i l tcor l ;ora lcd in(o soi l  org l rn ic  rna( ter  ( l l t l t .  253) .  i ls . jug lonc l l ts  bccrr  rc l tor tcc l  i r r
dcgntdal iorr  products o[  humic ac ids f rorr r  undcr  ualurr t  ( {7) .  or  sorbcd onto col lo ic l l l
parliclcs (89) Thc suggeslion has bccn srrpported in parl b1 thc [rndings slrouing tlrc
lou rccovc4'of  jug lonc af lcr  i l  had bccn addcd to s tcr i lc  so i l  (77) .  This  sould a lso
crphin short-tcrrn inlribit ion as found" for cxurnplc. b.r Conrad (-i9). I l has also bccrr
strggcslcd lh:tl thc sccruiug variirbil i t l '  of ./ugluns allcloplr(hv nra,r. in plrl. bc drrc lo
var i i t t ion in  t l tc  abi l i t r  o f  nc ighborrr ing p larr ls  to  t i tkc up and dctos i f r ' . jug lonc f ronr  (hc
soi l  (  296 )

Rcl(crtmrticr ct ol. (2-Il l). in Cerurant. f irst drscovcrcd i lr black urrlnut soil all
acrobic.  l l lo l i lc  Gr i tn t -ncgat i r ,c  rod-bactcr iuur .  idcn( i f icd ; rs  1) . icur1()nt ( )no5 l tu t i t lo  J l .
capab l co f t t r c tabo l i s i ng lug lonc :  f u t ' l l r c ru ' o r ksho r l cdascco r rds t l a rn / l  p r r t i t l a  J2u l s
i tb lc  lo  c lcgradc lugor tc  (202) .  Givcn u g l r rcosc sor l rcc-  t l ro  corr ld  con\cr t  - j r rg lorrc
s lcprvrse 1o 2- l tvdroxrmrrconic ac id Schrrr id t  (2-5-5)  i r r  lhc t j .S.  dcnto l ls t r i l (cd t l l i t t  i l
b i tc tcr i r t t r t .  idcnt i f icd a lso: ts  l ) .s t ' r r t l t t t t tont t r .  co l lcc lcd l rorn uul r l r t  so i l .  u l rs  cal l ; rb lc  of
r l rp id l l  r r rc t l tbo l is ing . l r rg lonc.  l - l is  rcscarc l r  suggcstcd that .  r rudcr  acrobic corrd i l ions.
j r rg lor tc  u l ts  unl ikc lv  to pc l 's is l  in  so i ls  i r l  s igrr i f icunt  corrccrr tnr l ions us t l rc  bactcr i r r r r r
I t t d  t r  h i g l t  a f f i r r i t r  f o r . j r r e l onc .  Th i s  po in l  i s  no (euo r t l r l  us  i t  i nd i cu t cs  t hu t
l l lcast l rc l l lc l l ts  of  so i l  jug lone r t t r rs t  bc c lonc nrorc or  Icss r r r r rncc l iu lc l r  to  havc lnr
t t tc i t t l i t tg"  as cxt rac(ablc. luglonc lcrc is  c lur  dcc l iuc u i t l r i r r  i r  rc l l r t ivc l r  shor t  pcnod r l l '
t i r t rc  (< - t  h)  and cal t  be rcduccd Io < lVo of  or ig inal  conccntrat iou u i (h in 13 l r  t7") .
Wi l l ianrson:rnd Weidenhurucr  (325)  argucd lhat .  r rh i lc  P.satr t f t turot tu.s  rnav bc l rn
cf lcct i rc  s ink for  - iug lonc.  i t  should bc renrcnrbcrcd that  t l re . jug lonc prodLrct ion rs
conl i t tuous.  and thal  p lanl  roots a lso rna. \ 'ac l  as juglouc s i l tks and lhrrs  cornpctc for
sotl . i ttglottc. Fttrt ltertnore . thev obscrrcd that thc producls of . jLrglorrc dcgracllrt ion
i l t rorrg l t  I ) ' t ' r tdonrot t t r ,s  rer t t i t in  largc l r  unkrrou n-  arrc i  thesc in  therr rsc ive-s rnav bc
ai lc lopath ic .  Schmidl  (25(r )  rcp l ied t l ra t .  despr te ihcsc r rnccr t i r i r r t ics.  i l tcrc  rcrnaius r ro
c lcar  n idcncc t l ta t . iug lone j r t  so i l  ca l lses a l lc lopathrc in i r ib i t ion.  a posi t ion t r i r ich hc
rcccnth rcstated (257).

Finallr ' . anolher problent rvhich confronls rcscarchers is thc nrobil itv of . iuglone
in soi l  A lmost  a l l  detenrr inat ions o1 '  so i l  jug lonc i ra le becu pcr fonucd through
e.\tractiotl of soil rr ' i th clt lorofonu. Expcriureuts i ltter)rpting to rccoler_iuglonc (-i0-200
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pg) added to 100 g soil demonstratcd that rapid subsequent aqueous c\lraclion l0 urin
laler rielded less lhan l% otthe added juglone (77). Weidcnharncr et al. (31(r)*statc
that thc solubil it l 'of juglone is 52 pprn or about 3.5 mM" uhich is ccrtainlr adequatc
10  causc  sc le re  g ro rv th  i nh ib i t i on .  bu t  i t  uou l t l  seem tha t . j ug lone  becou tcs
prcfcrcntialh adsorbed b1' soil particles or organic nlaucr.

6.  DISCUSSION

Whilc thc genus,Iuglan-s provides l 'hat arc probablr the urost uidcll acccptcd
cxau tp les  o f  a l l e l opa th i c  p lan ts  i t  n rus t  be  conc ludcd  tha t  t he rc  s t i l l  r s  no
urtatnbiguous dernonstratiouof its cffcct. In a pro'ious papcr (326). I have argued that
thcrc are sir critcria requircd to dcuronstrate allclopathr. (A) a paltcrn of inhibilron
(orassociatiou) of onc species u'ith anothcr. (B) lhc putatirc donor plant nrr-rst lrroduce
btologicallr active substanccs" (C) the putativc donor nurst hale a nrodc of relcasc of
a l lc lochcnr ica ls  in to lhc cuvi ronnlcnt .  (D)  lhcrc tnusl  bc u nrodc of  a l lc lochcnr ica l
lransport and/or accumulalion in thc en'r ' ironlncnt. (E) the rcceiler plant nrust har.c
sonle nrcans of allclochcrnical uptakc and (F) the obsen'ed svurplours and patlcrn of
g rou th  ca l l no t  be  e rp la incd  so le l y ' b r  p l l s i ca l  o r  o thc r  b i c l l i c  f ac to rs .  s t r ch  as
conlpetr l lon or  hcrb i r  on.

What  is  c lcar  in  l l te  c : tsc o[ la lnut  is  that  lhcrc is  uel l  kr roun (a l lhough uot  lhat
uc l l  docrrnrcntcd)  in tcract ion u i th sc lcra l  p lanl  spccics Thc spccics of  ualnul  i r rc
kt toun to conla in substanl ia l  quant i t ies of  naphthoquinoncs.  par t icr r l l t r lv  act l lc  iu  thc
forr t r  o f  jug lonc.  as le l l  as o lhcr  phcnol ic  courporrnds.  l l  is  lcss c lcar  hou cract l r
. iug lonc is  rc leased into thc cnl i ronnrcnt .  a l though utos l  uccounts ag,rcc thut  i t  is
rclcascd as a \\ 'atcr-soluble glvcosrdc of l ldro-juglone. u'hich is then hrdrollscd and
orrd iscd to form lhe act i rc . jug lone Houo'cr . jug lonc is  not  par t icu larh rnobi lc  in  thc
soil and it appears that it is rcadih'adscrbed br. soil organic matter. nearbr roots. or
bactcr ia .  I t  has a lso bccn argucd that"  as juglonc is  rapid l l  mctabol ised bv soi l
bactcr i r .  i t  is  unl ikc l r '10 cvcr  rcach conccnl r i i t ions in  soi l "  aud conscqncnt l l  in  roo1s.
sufl lcicnt lo cause anv apprcciablc cffccl. Dcspitc attculpts (c.g. 2(rft.y. uo one has as
rc[  dct t to t ts l r l t tcd thal  lug lonc rs  actual l l  lakcn up br  p lant  roots.  a l though lhcrc arc
I l t l t l lc rot ls  g lass l tot rsc cxpcr i rncnts uhich pror . idc dat i l  or r  t l rc  c l lccts  oI  lug lonc on
planl grorth. particularlr, iu aqucous culturc.

Thcrc ts certainh' loo rnuch q,idcnce to couclude that u'alnut has no cheurical
cffcct on ncighbouring planls. Hou'er,gr. it ccrtainlr rcnrains for morc and bcltcr uork
to bc done. Manr qucstions nced to bc ans'ucrcd lhrough nrorc cri l ical uork.. For
crat t tp lc .  tv l ta t  is  thc cf fcct  of  ualnut  in  r ls  natur l l  cnv i ronmcnt ' l  Hou grcal  is
t t t t raspcci f ic  ' r 'ar ia t ior . r  in  l rg lor tc  product ion ' l  Hotv docs . jug louc cntcr  a rcccptor

t 9
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plant' l ls thcrc an,v correlatron betrveen juglone concenlratiou iu uit luttt t issue and in

soil and rcccplor plant respollse? Will iuvestrnent in juglone rcscrrrclt lcacl 1o leacl 1o

tangiblc bcncfits in agriculture. forestry'. pltarutacl or othcr areas'J

ACKNOWLEDGEMENTS

I n ' ish to thank the fo l lou ' ing indi r , iduals l l 'ho gcncroush'assis ted in  acccsstr tg
resou rccs.
Mr.  Abdul  Chafoor  Abdul  Rahccrn.  Mclborr rne Ius l i tu tc  of  Asian Lr t r tguages and
Socictics. Univcrsitr of Mclbournc. Prof. Toufic Fahd. Slrasbourg. Fntnce. Ms Dianc
Forrcst. Universit l ol-Califol 'nia at Davis, Mr Janres Cornelius. I l l inois Statc Historical
Suno.  Uurr ,crs i t ' r 'o f  t l l ino is  -  Urbana-Chanrpaign"  Mr.  Bob Sick lcs.  lorva Str t tc
Unircrsitr" Arncs. Dr. Jerry Vrn Saurbeek. USDA Forcst Scnicc. North Ccnlral Forcst
Expcrinrent Station. Nlissouri. Mr. Gan Austin. Morehead Siate Uui\ersit1. Kcttluckr.
Prof  Marsha Fanning.  Lenoir -Rhvne Col lcge.  North Carol ina.  Nl r .  Paul  Hol tncr .
Sorrthem Connecticut Stale Univcrsit l

REFERENCES

! . . \ ja t r .  i3 .  i19 t i - ' t ) .  l : j - l i c t . r  r> /  J tLg l t ,ne  i5 - - t - l  ' tuph thoc l t r t i tone)  an  ( ' t i l t t . ;  in t l i t t l to i t  r /n  ! ) t ) in t t i t t tL t  ( - i i i t i t ) ! \

t i ' .uphpv f i1 r '  , , ,1 rh tn tmt  I t i11c l . ) .  \ l .Sc .  thesrs .  \L 'es tcnr  l l l i no is  t  T r r i le rs rn .

l .  . \ lber t r rs  l \ Iagnr rs  (1867) .  De I 'ege tab i l ibus .  Ber l in :  E , .  Rc ' inc r .

3 .  . { l k l r i ru 'a ja l r .  A . \ { .  (1997) .  S t r t r l ies  on  the  au t i rn ic rob ia l  ac t i v i t v  t - : l  . iuu lun ,y  re l t t . t .  i r t r t t rL !11  r ,111 11 '1 t  '1 r

( -  h i n e : c  \  [ e d i c  t n e  2 5  :  i  r j - ' r 3 0 .

- { .  . \ l l r s ,x -  F .L .  and \ lu rph1-  R. IL  (  1962) .  C( ) l ) rpar r t i !e  ra tes  o l 'dL 'conrpos i l io l l  in  so i l  r r t  r r , \ r t l  an t i  l r r rk

par t i c les  o fsevera l  l ta rduoot l  spec ies .  . ' i o l1  Sc ience Sot : je tv  o f  , ' l n te r t t t r  J ) t t c t t t iu t ! ;26 :  -163- - i ( r t

5 ' - \ | t l r e n . F . \ \ ' ' r . o r r ( l 9 6 8 ) ' I n c o n r p l r t l b i 1 i t r , l r l . l l 1 a c k i r . a l I l r t t a n t 1 r c t l p i n e ' ' t l l l l l t | i t l r l

, tnd  Fr ; re ,s ln  l l i tnonrh ly  l leseurch  l - i : t t ' . ,21  .  i9 .

i r .  - \ 1 t l r . ' r t .  i r  \ \ '  r ' o n  ( 1 < ) i 6 j .  
' i t ' n - r e o r  

R g r t r / / . . ;  , ' i  
' l  

i t r n n t r i !  i t t i < i  , ' : : ' t i : j - : r i g  ' ) '  i  
" t t .  

' , : t , l  . l i r t ' - ' ,  . l  t t '  t ' t '

PlantLrtton. Reporl O-\-2"15. i ireat Lakcs Forest Rr'scrrcir C'.r)lre. Crnadil. :2 l)p.

7. .\nonr ltotts ( I 87 I ). Does black * alnut destrr.r ' l iuit 11gg5? t116i l l ; !r trui l 'rg: t i  . irr ir : - l i) I

11 .  . \ r ro l r r r r r r r r rs  (1883) .  Po ison in  rva lnu l .  i ' o re : ; t t ) :  a  magt t : ine  tb r  the  cc t tn i^  1 . ] l J

9 .\rirnrrriorrs ( 1 926). ls the $'alnut poison? LLh th r ngton l i tar 1926(:\ugusr i): 8.

l { ) .  . \n , r t t rn ie i t t s  t  !929a) .  E lack  rv i r !nu t  t rc -e  e i fce t  uoon p la r r t  i i fe .  . l l ra l r . ' , r , r  \ . l i r . . / r - ' r r r r , r ;  -11 :  -8 .

i  1  .  . \111- -111111u, , .  i  1929h\ .  \ \ ' u ln r r t  p , ' i s t tn  i so ia le t l  , ' .a r r '  : , ; rk  T in te . :  1 ( )  l  c i r  :  h -  i  i .

l 2  \ - n o t t v i t t o t L s ( 1 9 : 9 c ) .  \ \ i r u i d h i t i c ' c r i t i c r s r r t o l ' b i a c i r l v a i n u t t r e e .  i , , r ( , r / . . 1 ?  . \ t i t . l o ! 1 t  ) t ! t  - l M .
. i 3 . ' u \ t r o t r r . t u o t t s ( l 9 9 5 i ' \ V i r i n r r t l | l ( . i b r l t l e n } t l t t c s i c i t l . . ' : l u t l

i - i . '  \ i t o r t r r n o t t s  ( i 9 9 ( r ) .  i i i t i i t t t t T o t t c t t i .  \ l i c h i g r r r  S t a t c  l ' n r l c r s i t r  i : i l a n s l r n .

, 1 . * . \ . t t t r r t r t t t t r t t s ( 1 9 9 8 a ) . ( l c t t l e n t n ? 1 , - ; t l e i u n r t . s . ! , ' , : , " j i r t h e l l . t i t l t r ' !  i . ' ( )  l j i l k P r r ; s c i r r r i n i i , : r c r r n i a l :
' . { ) . *  1 .n ( )n \n r ( )us  (19( . )8b) .  B ixck  t t i i nu t  l ( r , \ ' ; . i I r .  t i r ce t  7 r i ; .  l ) ! ' l ) r r t r ; tE t ) t  r r t  t l r r r l je r r l t r r r . ' .  \ l i c l t i r : , rn  S i . i t r

r  t r i r .e rs i tv  GT-1025.



J u gl a n.sspp., .i u g I t :, n e o n d o I I e I o 1t 11 t '1.1

17.* .\ronvrlous (1998c). Black vulnut lo.vc/$'. I)a\\ 'es -.\rborelurn.

i8.E \ror:rrrrous (l 998d;. IIAlnlft toflcit),. Geocitic's.

19 .  . \ re r .  .1 . .  \ \ ' i l r re r .  . \ . \ f .  . - \ t k inso l t .  R .  Asch l r ra r r .  S . i r l .  I -ong,  \ \ i .D . .  \ lo r r i son .  C ' .1 . .  rn t l  0 l . z rk "  l ) . \1 .  t  19911.
' l ' c r p e n e s  

c r n i t t e c l  l r o u t  a g r i c u l t u r a l  s p e c i e s  l i r u n d  r n  C i i l i l b r n i a ' s  C c n t r r l  \ a l i c r  . l o t r t r r u l  o t

G e op hy s i c a I Re.s ett rc h l.,i t m o s p h e re ) 9 6 : 9329 -9 33 6.

2Cr . . \u \ong.  T .K. .  \ \ ' cs t f l l l .  B . . . \ .  an t l  Russe l l .  R . l - .  (1963) .  Pharnraco log ic r l  aspcc ls  o t . juL lo t t . ' l o t tc , tn  7

23 5-239.

2 1 . . \ r r e l t c l t t .  \ ' . .  D e l t p o o r . . { . R .  a n d  \ [ a h n r o d i a n .  \ t .  ( i 9 7 3 ) .  J t r g l o n e :  t h r  c c h t i o t o \ r c  p r i r r c i p l c  t t ! ' [ ' t t t i ' c u t t ' r

! r ctx t n t I i t i  r u. l:) i1 \ ' l  oc h ent i s t r r, '  1 2 : 300 1 -3 00 2.

22 .  Rruckr r ranr r .  \1 .  (1974) .  ( i r rsnr rschungen f i i r l \ ia lnuss ln l tgen.  . \ l i t te th tngen | lebe  tLnd Uetn ,  Ob. : tbu t t  t tn t l

,\ i 'rLc htevertrert i lng 24 : 3 79-38.1.

2 -1 .  IJ t r ts tc tsk j i .  O. . \ .  (1971) . . l i x i cos is  d l ' (ndhard  so i l s  in  depet rdcr rc t  t>n  eco loq ie l l  e r r td i l i (n ls  and h io , i t rq i r -a l

p c e L t f i a r i t t c s  t r l '  l l t t i t - b c r r r r n g  p l a n t s  I R u s s i r n l .  I n .  l : t : t o l o g o - l ' t o k l t t n t t t l t t ' . ; L t ?  (  ) \ n / ) ] 1

I :dDt lode i . \ t | i | i t  l l a .y ten t t  v  F t tc t t . seno-akh.  (F .d . .  . \ . \1 .  ( i r r r r l z insk i i ) .  pp  47-50 K ic r  :  \ r r t rLor  r

Dunrka .

l . l .  l l h r l l ,  I l . l ) . .  K a l c t h r .  \ 1 . S .  a n d ' l o d ; r r i a .  N . P  ( 1 9 9 7 ) .  \ l l c l o p a l h i c  e r c l u s i o r r  o l  r r n t l e r s l r . r e r  c r , ' p s  b r
r { ! ' o l b r e s l r v t r e ! - s o l C ; a r h \ \ ' a l } l i n r r i u i r s . . l l l e l o p ( t t h r ' , / o t u  n r i i  J : . 1 2 1 - . 1 2 1 (

25.  I ) ln t l .  F l . l ) .  i rnd ' fo r la r i r .  N .P ( i i . ,92) .  S tuc l ies  on  l l l c lopat l r rc  rxc l r rs r r r r  o i  undcrs to rc \  b r  s r rnc  aqro l r r l cs t r r

t rcc  c rops  o l '  ( ia r l twa l  I l i n ta l r  ava .  In .  . i i i e iopath l  tn  , '1g t  o< , r :os l  s te r i r r  (L r is . .  I ) .  l  r ru ro  iu ld  S .S.

Nanval). p. 129. Flisar : t lan,ana .{gricultural L.Tlrir,ctsrtr '.

36 .  BhLt ran .  K .C. .  i JhLrvan.  D.K.  anc l  Podos.  S . l \1 .  (1991) .  l - ree  ra t l i ca l  c r r l tanccr  renoh io l ie  i s  an  i l l (h r ! - ! - r  ( ) i

calirract irr rabbil. Free Rudtcol Researi:h (:oDDnmi(:itt lo/!t 12-73. 6{)9-620.

2 7 .  B i n d e r .  i l . ( i . .  B e r t s o n .  \ 1 . E .  a n d  F l a t h .  R . - - \ .  (  1 9 t i 9 ) .  i i i g h t  I  . J - n a p h l h o r l L r i n ( ' n ! ' s  1 l ' ( ) l r l  I t t . . . t f  t t u \

Fh) tocherrtt.vrr) 28 . 2itr9-280]l

l 3 . R i r b t . \ \ ' . ( i . ( 1 9 2 9 ) . L l l a c k * a h l r ( 1 r r ' c s c l l c ' c t s c r p l a i r r . ' d . , ' u n e r ; c t t n . \ t u . i t t t ;  t t t t i  ! 9 2 9 ( . \ r r q r r s t ) :  5 1 .

l 9  l S l r r g c r r r r : r r o r a -  l , \ .  r r : d  S h c h c r i r a r t o r s k i r -  L . R .  i  l ' . ) 1 5 )  l . l l ! 1 1 , r t ' 1 . - . l r t ; t f l l t i r r r l L r i l t r r t . ; r n d  s r p o l r i r i : , ' n  i i t r
J c l r \  i t v  o f  p r r l v p h c u o l o r t t l a s e  i ' r n  r i t r . r i  I i t r r s s i a n l .  I n :  [ : t : t o i o g , t  i , r ' i ; h i r u i c h e s L : 1 .  (  ) , , t 1 t ' \  \
I ' : / r t l n o L i e t \ t \ ' t I c t  R A s r c n t i  r ' ! r t o l s e n o : a k h .  ( l l d . . . \ . \ 1 .  ( i r o r l z t n s k i i ) . 6 : . 1 7 - l t  K i c r  :  \ r l r r l , i r I r

Dtrnrka.

30 .  I l i a in r .  K .  (1962) .  Ihe  presence r ) fn ico l ine  in  p ian ts .  i ' l o ra  152:  1 i1 -172.

. l l .  I J l r rsz rk .  i : .  \ l \ \ ' ro l .  .1 . .  i l r r ina tha .  . i .  I ) ro rdz .  f l  l r rd  Chnr ie le r r i cz . . , ' .  1  lD( ) ( ) ) .  I . ] l l i c t i \ cnvss  o l ' r r r l i l c r ' r l ; r r r1s

o i  i J i lu l t  o r ie , in  r l  Dro tce l ion , r i  packag!ng  r r ra tc r i ; r l s  lg r t i r rs t  s t6 r 'agr ' t l l scc ts .  . . r / , / t r i l r r l  , l i ' . : ,op i t t , , i

" ,n tonrc  iog t  I  I  { } :  95-  i  00 .

] 2 . B o t l c . i t ' I t ' i l 1 ) 5 8 ) . i . ] e l l | : i q e . ' , r t t K e t t t t t l r i s ' r i l c ' i . ' ' u t t l t i s c l t c r

5 l  :  J . l0 - -180.

- l l .  f i r r t . .  j . \ .  l j ) i < , i \  . , ' i t ! . . t i t t t e  \ l u j t . \  n ' , ; t ; t i D n  t ) i  , u g i ( ) t ; € ; t 1  n ( : l t t l ! , ! t t t : ) . \ . . . i L l r , , r j .  , , i  , r , ) . \ r 7 | t  / r , , ,
, / (e . r ;  r t !n i  -L , ' .  ; r r i . , .  l  l .  Sc .  l l i es rs .  K i l l sa r  - \ l r te  i ' n i , .  c t . i t r .

] { ' l ] o c s . 1 , . i { ' l i 9 t 6 ) ' . \ ] l . ' i o n i i t i 1 \ ' : l l i r l l l l i l i i j i l t c r l ] . 1 | | ] i | i ) . i . . \ . e i 1 p i l l l r i s , ' ' 1 n e | i ( i : 1 i ' . \ ' ' | L ] . , { ' ] ' ) i ] 1 | ! i ]

.15 .  B( \ r i i ; ' l ; t l i ; .  \ .  i  19S l  t .  , . ; cc i . r7 'e ice  , t1  , j11E1y:714 "4n to1g : i t t ln t t t  tn t ;  | ! : c i : t t r ;e {  . \ c r j r / . ) / r . j l  !L t2 t t l i t ) i . \
' i : " t ? 1 1 : r :  ' 1 1 1 : ; t ; ' i  

; 1  i . r r t i e . s  : ' t 1 1 S i C C i t i l o i l .  t t , t C t  i h e  l n t i t r e : i t r t  t t l  i i t t t , r t h  1 7 . € 2 t L l . i t ( , r . , , ) . 1
'  t ) r . .e :1 ! i  i ! t t t ) t : . .  .  lh  D.  t i tes is  . , f i ss rss iop i  S t i l te  I  i i t \  e : \ r r \ .

3 6 .  i l o r r z l t n i .  . " . .  G r a ' , g . .  C . l { .  r i n d  f l e d i n .  ; ' . - \ .  l i : ) ! i l ) .  . \ : r L i n e r '  , - r i  i r i g l o n c  i . ' r c l s  . r ; r o r : g  r r i l l n u l s  , l r t i
r ickirrrcs. !r::ctin i)ttarter!t '  17( I ) : 9-l - l

i " .  i l o r r ; : 1 ; r r t i -  \ . -  { i r a r e . : .  i - ' . } 1 .  : , : r d  [ i e r r i r r .  P . \ .  I  l 9 ) ] i j ) .  ( ) c c L r r r e l e c , ) r  : u i t r o r ) ! ' 1 n  r l l . r r ) l r s  l r s s r i c : , ' 1  1 r . 6 . s ; 1 , 1 1 1 . t
j r r lLd  s l ) ! ' J i , i s .  ,  ! : t  tq )u t i t / , \ r ( ,X , \ '  ' 5  i  +  i ( l - l  -+2  L

+ t



+ -!, I{'i I I i,s

. l l i .  l i l r t l r r r r -  ( ; i .  (197.1) .  the  l?o l , :  < tnd . i l i e lop t th tc  l . . l l l ec t , . t  r> l  . i t t ,q lu t t . s  t1 t :J tu  tL l  o ld  i t t ' l t l  v r (cs r r tz t l  \ l  Se

thesrs .  I r r rpon i r -  Kar rsas '  l :a t rs rs  S ta lc  Co l lcgc .

.19 .  I l r i r rksor lh .  l t . . l .  and  Fa i r l ie .  l ) .11  {190-s1 .  11 .4rn ,Funoncs  : l rc  e ( rn rne l i { i \ c  r } ' \ r -n .p t )dL '  inh ib i to ls  o l ' l l l \ ' - l

pr()(einirse. Btocltinrca er Riopht itc.t ,- lcla l25J: 5-8

. 1 ( ) . I J l s s e n r o r e t .  \ . a n d \ { i c h a u d . . l  ( 1 9 1 7 ) . S r r r t u r . ' n o u v e l l c c l a s s c d c t r t e d i c a n r c t r t t l c h l r . - r t t  l ( s ( l t t i t l , \ t t u \

p!'ro\\ 'd.s. Bti lcttn (]etu'rul de Therupettttt lrrc l leclicctiu et (-htrttriqtcale l(t9:75<)-766.

. l l .  lh r la .  I j . .  .h ron tc r rsk i .  \ \ '  and  Su i i r t ck ,  L .  {1960) .  ( )ccur - r ' cucc  o1 'c : r l le ic  l c i r l  in  s t rnc  rnc t l ie i t t r r l  phn ts .

. jC I d j ) { ) I t, t1 1 Lt t: i) h.t rDt d. ettl t. d I 7 -l() t -30(r.

"12  Brooks  \1 . ( i .  (1951) .  l , . l l i c ts  o1 'b l : rck  l ra lnu t  t rces  an t l  ther r  p r ( )duc t (  on  o ther ' \ ' cqc t r t r ( )n .  l l . t t r  I ' i ru t t t ;L t

. ig r tc tL l tu t  t t i  F ) ty :e rn twnt  S tu t r t t  i J r t l le t t  n  JJ?  1- .17

J1 J l r i l r t r .  l i . l .  ( l r )42) .  I r r jL l r ioLrs  rn f i r rence o l 'ha lk  o l  b lack  \ \ i l l nu t  o r )  scc( l l inqs  ( ) l  l { ) r ) rn lo  r r r r t i  a l t i l l l t .  \ , , , r4

\ j i r  ( }a r la r . '  .4  t :o t  tu t ton , . innu i r i  l?c l to t  l  J . ]  :  97- l ( i2 .

. 1 J ' l ] t . t l r r t r . ( ) - I l ' l r n t l ( i r e e l r . . I - ' . I ' ( l 9 f i 7 ) ' ( ) \ i d a n t s 1 r e s s : a g l s s i l l l c a p 1 t r t ' r c l t l o r r l i t l l r i ; t c l t c t r t r r t | l e r a 1 l r

S c t t ' n c e  R e s e o r c A  1 5 :  9 - 1 2 .

-15. LJrLrner. \t. l l . ( I 969). \\rrlnLrt and pinc don'1 uri\. /.b/'e.r/ I:urtner 2ll : l5

!(r. Canrpbell. ( i. l l . and l)a*son. ,f.O. (I989). (irorrlh. r 'reld. anrl r,rlue proicctiol)s for black \\nhurt intelp)atl l ina,s

nrth black altler and autunut olrve. I 'orthern Jotrnal ol .4,p1tlted Fttresln 6 . 179-t32.

-17 .  Cr rbr l las .  I . .  . \ndreus .  1" .  lnd  N le tche.  lU .  (1972) .  Cor r t ro l l ing  c l l i c t  o l ' s rxnc  l i l t c r  conrp( )nen ls  11)  1 l )c

fbnnat ion  rnd  propcr t i cs  o f thc  o rgan ic  n ta t te r  o fa  ca l i l carc r tus  b tou t t  so i l .  l j rL l le t ; t t  t . i i t  !  1 .c , ;1 ,

. \ ' t t l t t tna le  Su1re t1s711g c l ' , ' l g ronon i le .  e t  le . \  lna l i l \ t r re . \ ' . l l tD t (n t . i l te ' \  l { :  2 -15- l t ' l

{11 .  C ' r r r la r r , r .  ( } .  ( l55 f l ) .  l ) (  Sr rh l r l t t . t rc .  N( )nnrbero  l .  [ )c ( rc r r r r r r .

4 !1 .  C l r rncuu.  \ \ r . l l . -  C la rk .  l lB .  \ \ ' i l l i anrs .  R .D. .  I la ru rah .  P I i .  (1976) .  I l : r r rh roods  p i ru r tcd  in  o l t i  t l c lds  1hr , rcd

b1 'p r io r t reeco lc r .  l ; 'S i ) . l  l i o r t : s tServce l le . teLuch[ )epur  N( ' -13{ :  l -16 .

50 .  Can la t .  - . \ . .  Pe t i t . f can- l r re \1e t .  C . .  N lu l le r .  D .  and [ , ln r i r rson .  . f . -L .  (1993) .  Pcrccn tase o f  p l inc ip i r i  corupor ' r ! ' l ] l s

in the Ieaves ofnalntrt.,/rrqlcrnt s regta L,. [ ' luntes i letltctnales et i 'ht tetrhertrpte 2(>: --1 I 2- ].19.

51 .  C i rse .  P . I  r rnd  Fur rk .  i ) .1 ' .  (1973) .  T l r t  cc .mp lcx  c t l i c ts  o f  j t rg lo r re  ( )n  thc  g ro \ \ l l l  o l  p inc .  spn lec .  , rn i l  l r reh

s ! ' c d l r n g s .  l n : P r r . t c e e d r n g t o f  t h e t r i l i h , \ u ' o t t h . l n E t l c a D I : o t , t t t B t t t l o , t t l l , l i ' : ' l t o l .  i l . d s . . ( ' . \ .  I l o l l i s

iu ld  - - \ .L .  Sc lu r l lace) .  p .  . .122

5 l . C h i r t l o ( - G r n d l l i r t l i r . l l ( 1 9 9 . 1 ) . l l a c t c - r ' i o s e d u n o v c r . ( f ( ) ! l n ( ) s i s p l l c n o l j r l u c s c t r . s r s l i u l e . .  i 4 1 , ' t i ' 1 1 t t . t \ ) 1 :

3  1 - .12 .

j . l  C l ra r r .  \ - .S . \ .  a r rd  Rr ro .  S .S l { .  (199+) .  l -he  c l l ' cc t  o l ' ccnr i l r  l ) l r cno l i cs  ( rn  \cnc \ rc l lec  ( \ l  l rd is l l  l i l , l ' i t , t , : t , ,

r? t r ) ru . t  L . )  lea l  cLscs .  Jourwt l  o l  l ' hyo lo .q icc t i i l e .seurch  7 :  . l l -4 .1

54.  C l ten-  R.  and l ' i g r ra te l lo - .1 . .1 .  t1997) .  l io le  o i ( [ l l nor ]e  in le r r l . ' t l i r l cs  l s  c lcc l ron  s l lu l t l cs  u r  l i c r ) t ( )n  i rn r l

photoass is ted  l rcn ton  or ida l io i l s  ( ) fa ro l r la t i c  cornpor tnds .  I :n | i lo ) lD te ]1 l t t l  S<r t ' i1c t :  i t r1 . l  [ (Lh t lo i t ) .< . ]

3 1 :  2 3 9 9 - 2 1 0 6

55.  C larL . . \ . \1 . . , I t r rgcr ts .  T . \1 .  and l iu f lb rd .  C.D.  (1990) .  Ant rn r ic robra l  ac l i v i t v  r ) l  yuq lu rc .  I ' l r , r ' /o / l r r ' r ' r i1 r r '

1?e i. <rrl jr {: I l  - 1 ..1

5( r .  C l r t rk .  I ' .U .  and \ \ ' i l l i anrs .  R .D.  (  1979) .  B lack  *a ln rn  q r ( ) \ \1h  inc . ! ' i r s ! 'd  bv  i ' r1 ! ' l l l i u l t r rg  \ \  r t l l  n i l r ( )gL ! l - l i \ i ng

slrrtrbs anci trccs. Proceedtngs lndtun.lturlent ol St:ente tlu: t i8-91

- i 7  C l r n c .  S  a n d  N c c l r .  D .  ( 1 9 8 1 ) .  R e ) a t i o n s h i p  b c t \ \ c c n  j u r e n i l c - l c a f ' r c s r s t r n c e  1 r i  . r r r l h r r u r o s e  r u r c l  l l t c

prcscncc of jrrgltue antl hvdro.ltrglonc s.hlcos ide in bllck u ir Inu(. [ 'h.rtotl,tt ht> lr ' :<.t 7-l : ) f i- i - I S t

58 .  Codc ' r ' -  K .D.  (1983) .  Se lsona l  changes o l ' - l t tg lone po lcn t ia l  in  i cevcs  o t  b iack  \ \ i th lu t  ( , . / i ( .q / .11 \  n t lq r , . t  | . . \

.Jottrnttl ol ( 'henttcctl Ecologl 9 . l2O3-1712.

i9 C<rrrftrt l. (1.\\ ' . (1973). The ElJbcts ol l lhter Ettruct.; F|otn Jtryluns D!lltc1 |.. ()n l ltL'.<(i l i lu1u!i()t l . l  \ ' t ttt|t '

Dec tc l t t c t t t s  Tree  Spec ie ; .  l \ l .Sc .  thes is .  \ , lo rc l read.  Kent r rukr .  \ [o r ' . ' h tad  S l r r tc  I  r r i r  c rs i t r .



Juglans spp., luglone and allelopalhl,,

60. Compton. Nl.E. and Preece, J.E. (1988). Etrect ofpheuolic courpounds on totracco callLrs and blaclbern
shoot cultures. Journal o1'the,4ntertcan Societl,.for Horticttltural Scrence 173: 160-l(r3.

61. Cook. Ll.T. (1921 ). \\rilting caused lrv u'alnul lrces. Ph)topathologl 77 :31('.

62.  Crescenzi .  P- d i  (1171).  De.4gncul lura I i t lgare.  \ 'enczia:  . lohannes Rub.-us.

63. Crosbrr .\.L. (1976). \\/alnut lrees: lhcsc tree's nrav bc hazarclorls 10 thc h.-rlth ol'thcir nciqhLrouring plrnls.
( ] reen Scene 1976 (Nor.)  :  12-13.

6.1. Crozier. A.A. (1891). I'opulor Errors .4l1out Plents. Ann Attor : Regtstcl Putrlislring Co.

65 Daglislr, C. (1950a). The isolation and identilication ofa hvcil'ojuglonc glucosid.. occurlirrg in the rrlrtrt.
Biochemistry Jotrnal 4J : 452-457

66. Dagl ish.  C.  (1950b).  The determinat ion and occr i r rence ofa hl ,drol rg lone glu, :oside i r  1hc ui r lnul .
Brochentistt'r Journal 47 : 459-462.

67. Dana. Irl.N. and l-errrer. B.R. (1986). Black rvalntrt tosicitv. Hone lard & (iurclt:n IIO-11)3. (*)

68.  Drughert l  \ \ ' . .  Snr i th.  S. .  \ \ ' igal^ C. .  \ :erhoek.  S.  and \ \ ' i l l ianrs.  S.  (1995).  Distr ibrr l ion ol - - i -hrdroxr-1.- l -
naphlhoquinone arrd other n i rphlhot lu inone der ivalr res in thc Juglaut l r rccae ( \ \ i l lnut  l i rnrr l r )  and
related lanrilics. Cttrrent Toprcs rn I'lant I'hystolog-r'15 : 3-15-3J7.

69. Drvidson, .l. (1939). Sonte.urtituswcred questions. Norlhern,\:rr1 (irr)rler',s ,;.\soctLtttotl ,4t1ntLtl Repot t 3(t
58-66.

70. Daris, E.F. (1928). .The toxic principle of Juglan.s nigra as identified l'i1h srrrthelic jugl,rne" ancl its eft-ects
on tourato and allallb plitnls. Anerican Jotu nal ol'Botanr 15: 620.

'  11.  Darmon. J.O.,  Knorvl ton,  S.  ancl  Sun. S. I I .  (1981).  The efcct  of juglone conccntr i l t lon on the gro$lh o l
Frailkia in il!,'o. Foreslrr Research Reporl. Departnrenl of Foreslrr,. Iinrlcrsil) of lll inois 8l-2.

| 72 Darvson,J.C). and Se1'rlour. PE. (1983). Ell-ec1s ol'.fuglonc concentrntiolr on gtxrth in vilro ol Frtnhcr
fu13 . rndRft i - -obi tun. iapontc lun Stra in 71.  . Iournul  o. l ' ( 'hentcal  [ )colog,1 '9 l l75- l184.

7.1. Dtrvson. J.O. and Virn Sanrbeek. .'I.W. (1993). Intcrlhntinq soodv nurse crops ploln()t.s clill ircrrlial grxrth
of bhck rlalnut saplings. In: Prcceechttg.t o.f tle Qth (-('ntrul lldnl\v)c,d l;ort,.;t (lon.fbrt:nce (.I:.rls..

A. l { .  Gi l lespie.  G.R. Parker.  P}- , .  Popc;rnd Ci .  I t ink) .  pp.455-46.1.  ( ;S[) . i  I iore.st  S. , tn i t :e ( ienerul
'lbchn 

tca L Report N(l-161.

71.  DcPairnr .  N.K.  (1982).  .4 l lektpalh l '  tn the Juglundacsde. l \ I .Sc.  thesis,  Southern Connect icLr t  State Col lcgc.

75. DePairla. N.K. (1983). Allelopathic e{licts of butlernut and black ualnut seecllings on tolllxto!'s. ,\'orthern
\-ut (iroy,ers ,4ssociatton Annual Report 71 : 123-129.

?6. De Sciscicrlo. B. (1988). The Se:asonal Pattern of Juglone in Soil Beneath.luglan; nrgru (black trerlntLtt
und the [nflue nce of J . n gra on I]nders torv lbgetatrcn. tr [. Sc. thesis. S\ racuse: Sttle I :n i\ crslt\' ,)f
\er , lbrk.

77 De Sciscio lo.  B. .  Leopold.  D.J.  ant i  \Val tou.  D.C. (1990),  Seaser l ta l  fa l t r . rns of  juqlorre i r r  soi l  herr t r l l r
Jugians ntgra ib lack rvalnut)  and int l t rence ofJ.  ntgra on unt lers lorv \eqelat ion.  iot lnt t i  o l
C'henical Ecology I6 : I I I l-i 130.

78  D idn ' .N . .Dub reu i l . L . andP inkas . \ 1 . ( 1994 ) . . \ c t i v i r yo fan t l r oqu i l r on i candnaph th r rqu ino l i c c r r r r r p t ' unds
on oral  bacter ia.  Pharmozie {9:  6E1-683.

i 19 Didrv, N.. l ' irtkas. lvl. and Dubreuil. L. (1986). Artimicrobial aclivity of sornc naplrthotltriuones found ur
plants. .4,nnales tie Pharnaae Fruncd!s 11 : i3-18.

80.  Diehl .  S. \1.  Ciraves.  C. l { .  ancl  Hedin.  PA. (1992).  Cr lochertr ie- i r l  rc .sponses ol 'p. -can to ( - laLle: l )ont i l l

co^,igenum'. tn .situ loctlization and clrrantificalion of lirngitosic pherrols. f'h1'toputltologl Il2 .
0 . r 7_ l0J  I

1l L. Diron. R.K. ( 1 992). Secd sourcc and lesicLrlar-lrbuscular rnr coririzal sy,rnbiont allicts grrrrlh o[ ./rrqlclr r
zrgru seedlings. ,lev Fotests 2 203-211

I 3



-+ .l tl"i ll is

82. Dornbos.  D.1. .  and Spcncet.  ( ; .F.  (1990) Nir tLr lu l  pr t rc lucts p l l \1oto\ ic i1r :  r  b ioassrr  sLr i t i rb lc f i r ' . r t r l l l

tp t iur t i t ics ofs l ight l r ' \ \ '11!-r -s() lubl ! .  c , r r t tpt r t r r t t ls .  . l< i tLr f la l  at i  t 'h< 'nt tc4l  1.<t , l ' , ,4 l ( t  - l l r - l i2

83.  Durotrx.  L. .  Delnrot te.  l . ' . \1. .  Larrccl in.  J .NL. Kcravis.  G. and .Ttrval icurancl .  ( ' .  (199E).  l l ls ight  i1]1o
naph thoqu inone  n l L ' t abo l i sn l .  B -g i r r cos i dasc -c i r t a l v s . ' d  hvd ro l r r i s  o t  h r r l r o . i t t { l onc  l t - l ) -
elitcopvrenosidr'. B i oc h e n u c a I J ou r n a I 333'. 27 5 -283.

84.  El l is .D.J.( I995).  [J lackrvahlut1oxic i l t , . .4.mer ican]{arrrat l i l i ra l  Socie4 Re.sorLtcelJui let tn I I I :  I -3.

8--i. l-sticrrrre. C. ( 1689). !'.4griatlture ct Alcrrson Ilttstttpte. Lvon: Clauric Caflcrorr & Chitrlcs .\tttr

86.  l ivc lvn.  . f .  (1661).  S) h, . r ,  or :  u Dtscotu se o/  Foret t  7 id(rr .  I - (nd()u :  Rort l  Socic l r .

87.  l ;ar le.  l ) .C.F.  (1976).  " fak.-  i t  o l f l " .  Fore,r t r - r 'Chronrcle 52 :  265.

88, l . . ishcr. ' \ , ' f ' ( l995). .4 l |c lopu|hlc | ' ' . | ! i lc t :o i . I 'eui . [ ' ;
t l l inoen,srs on Let t t rce Seecl  Gerninut ion und t l rorrh ( 'onelu lecl  r ' t th [ { l ' ] . ( ' . .Jncr l r 's t .s .  l lo t tors
thcsis. Ilickor1. Noith ('arolina : Llnoir-Rhure Collcge.

89.  | is l ier .  R. l ' .  (1978).  J i rg lo le inhib i ts  p ine gronlh rurder ccr ta iu rnoisture ' r 'c 'g i lnds.  , ' .b i l  . \ 'crenrr 'S.) . / ( t1 o/

Arnertcct  Journol . l2 :  801-803.

9{) .  I ; loreani .  l \1. .  For l in.  A. .  Bcl l in .  S. ,  and Carpent lo.  L (1995).  Struclure- l . t rv i t r  le l i i t ionship f i r r  th. '
i nh i b i t i on  o l ' ca rd i ac  se reop lasm ic  r e t i cu l un l  Ca .+  ATPase  ac t i v i t v  bv  n rph thoc lu i i r o l t es .
Bioche: rl,estrt ur'td l,{olecular Bioloey lnternuttonui 37 . 7 5'7 -7(>3.

91.  Fol tcrcr .  R.  and I r lenr iug.  I I . \ \ ' .  (1991 ) .  1 'he et l iuts ofp l r rnrbagin on devclop:rent  o l ' the parrs i t ic  nert r i t todcs
l laenoncht,s contor tus ant l  , . lscrr l ls  . \ t { ! in .  ( -onpdrct t ive Broth. ' i l t ! : l t  r  LLt t i l  l ) [1.1 t lp la 'qt  ( ' .
(.-ahtpLt ttlive Phurntt:tiagi und Tortc,.ilo!:.) l00: 519-5J2.

92.  Fregoni-  NI .  (1962).  La srrccessi<xre del le p iante r t r txrree:  probler t r i  rc let i r i  a l  r lnrpi r r l i .  dc l  l iu t t tc l i  r  dc l
v i la i .  I ) r r i l r ;o l t t t ra 71' .  463--17 1 .

93.  I rc idr ie l t . .T. \ [ .  and Darvsou.. f ( )  (198,+).  Soi l  r r i t rogen cerr leentrr t ion ar1(1.- / r .g/ i / /?. r l?rgr i i  grrr r t th in r t t i red
plcrts $'ith nitrogcn-iising,llnL,s, Eleognrs- Le:;pedesa antl Rohrnta spcdlcs. (-r/i?./../tttrt ./ottt ttcrl ol
Fore,yt F,esearch l{: 86.}-868.

9-1.  Ft tc l ts .  I - .  ( l550).  l 'Hts lotre des Planles nt .s enContntenl .?rr?s.  l , \ ,u1i  B.  Arrroulhet

95.  I ruchs.  L.  (1995).  l {aking pear-e u, i th b l lck rvalnuts.  .4tnerrcan Hort ic l i l t ,ool tst  7{  :  l . i -1,5.

9( , .  Ful inr() to.  \ - . -  \ i rkotanra,  E.-  l 'akahashi .  I ' . .  I 'za l i r .  .1. -  ) , lorookr-  \ . .  Lsrrnodo. IL rnd l r tsLr i r , r .  l - .  (  l9 t6) .
Sludies on l l rc  tnclabol i les o l ' l : 'enic: t l l i t0 i l  t l i t 'er .vt t t t  \ i \ ' .  Lt t i l€ t r i l ] .  L ( ' l te 'Dt tc i t i  t t i lL l  I )h<t t t i l . t . ru l i i .u l
BrLlk: t t t t  iT<tk) t , )  31.  t - {97 i  500.

97.  I runk.  l ) .T. .  Casc,  P.1. .  Rie l1,e ld.  \ \ iJ .  and Phares.  l i .E.  (1979).  F. i l ;c t  of juglonc on the grorr th ofeoni f i lo t rs
sec'dliltgs. Forest Sctence 25 : 452-4-5.1.

98.  Furrk.  D. f . .  Schlesinger.  I l .C.  and Ponder.  f .  (1979).  - \utunrn-ol ive as a rrurse plant  l i r  b lack rr r r l r rLr t .
Rot tntcct l  Gd--{r t le l {0(Suppl)  :  Sl  t0-11. f .

99 . *  I r t t n t .  R .C . ; r nd  l \ { a r l i n " .T .  ( 1993 ) .  B l ack  r va l nu t  t ox i c i t l . l o  p l au l s .  hun r l ns  l nc l  ho r scs .  ( ) h i r r  S ta t c
I inivcrsilv E,rlensiorr Faclsheet ]{YG- I I 48-9 3.

100. Gabriel. \\/..1. ( 197-i). .\llelopathic ell-ects of black rvalnut ou rr{rite birches. .JorLrnal ol'l:ot (.\tr,\'73 : 2.1-l-
237.

l ( ) 1 .  ( i a l t t s l r a .  O . I i .  ( 187 ( ) ) .  O .B .  Ga lusha  repo r l  uJ - i n t e rn l  -  app les .  T tan . sc t , r t on t  o l  t h t '  l l l t no t . :  S tu t t :
llrir rrcttltrtral Socrel_r: \erv Series {: 78-86.

102 .  ( i i t r r t r i r n r t .  L .  a t c l  von  A rx .  A :  (  l 9 -17 ) .  . { n l i b i o t i c s  as  p l i u l t  p l r r s r r r i r  p ,> i sons .  l l .  Ba t  t ch rL  t l , : r
rchtret:erischen botant.tchen Gesellschalt 57 : l7.l-183.

103.  Gibbs.  R.D. (1974).  ( l l ternoluxononl  ct . /  F lovertng l ' ' iunt .s.  t  \ ro lunrcs.  \ lorr t rc i r l  :  t r lc( i i l l -Qrrr 'cn 's
I  r t r r  crs i l r  I t rcss. .

10.1.  ( l i l t rer1.  l ] .1. . .  l laker.  .1.E.  and Norr is ,  D. i r l .  (1967).  Juglone (5-hldro.rr -1. .1 'nrphlhrrr ;u i r rone) l ionr  Crrvr
o|ata a dctcrrilnt to fcedrng bv Scolytus rnultistrialus. Jottrnal o;f ln:ect l'h;..stologt l3r 1453-



Juglans .spp., juglone and ollel<tporh.1'

105. Girzu, Nl., Fraisse, D., Cantat, A.P, Carnat. A. and Larrraison, J.-L. (199S). High-perfbrnrancc liquicl
chrornatographic rnethod forlhe determirratiorr ofjuglone in fresh walnul lettes. Jottrnal of
C hromatographl'l t05: 3 I 5-3 I 8.

Gordon. A.NI. and \\rill ianrs. PA. (1988). Interclopping valuable hirrrlrvood tree species and agricultural
ctops. Agrologi.\t l7(3 ) : l2- I 4.

Gordon. J.lL (1981). Persintrnorrs under black walnlts. Pontona ll(4) :220.

Govr'rlor. H.L.. Schultz. J.C. and Appel. H.N{. (1997). Impact ofdielary allelochcrnicals on g\ps\ nrorlr
(L;nantru dspdt) caterpillars: inrportauce of nridgut alkalinitv. Journal ol In.:ect Ph1'siologl J3:
n  69 -1  1  75 .

Grales, C,H.. Hedin. PA. and Langhans, \ilr. (1979). A sunev ofiuglone levels among pecan. hickorr,
and rvalttut. hl Pn>ceedtngs ,4nnual Conventton of Southea,st Pecun (irotrers ,.lssocrttrtc,n. pp.
103-l I L Hilton Ilcad. South Carolina : South!.astenr Pecan (irorvss ;\ssociarion.

I l 0  ( i r eene .K . \ \ 1  ( I 929 ) .The tox i c?e f l bc to f t heb lackua lnu t .  N l t t ( ] r owe r (Do \ t n tne roL t . f , u . ) 7 (3 ) : l - 3 .

ll I. (ileene. K.\\'. ( 1930). The loxic (?) e1lbct of the black walmrt. .\'orl,4el n .\'ut ( irotrers ,'1.s,soc:tution .-jnt.uLul
Re1x t r t 20 :  152 -157 .

l l2 ( i r ies.  G.. \ .  (19 ' l3ca).  J t rq lonc (5Jndrosr-1.4-naphthot lu inone) -  a pron) is ing l i r r rq ic i t lc .  I 'h . t rop, t r l t , t i r tgt
3 3 :  l l 1 2 .

l l3 Gr ics.  Ci .A.  (1943b). . lLrgloue -  the act ive agent in rvalnut  tor ic i t r ' .  . \ 'or thern , \ ; t t  ( i rot rers. , lssoct t t t to l
.4nnual  Report3{  :  52-55.

l l4.  Grt i rnrncr.  ( i  (1955).  l ) te ' ( legen.set t tgt  Beetn. f lusxrng Hoherer Pf l tn:en - , , i l le lo1>athte. . Iena:  ( i r rstar .
Fischer

l l5.  Gueldner.  R.C..  \htes.  I .E, . ,  Rei l l l ' ,  C.c. ,  \ !bod.  B. \ \ ' .  and snr i lh.  \1.T.  (199.1) .  Lcvr ' ls  o la hydro.guglore
gl t rcoside i I r  dcveloping pecau leavcs in re lat ion to scab suscept ib i l i r r . . Iot r r rut l  o l  the . . i t ler tcaz
H o rnar l tura I  S oct  e4,  l l9 .  49 8-504.

l l6 ( iLr j r r .  ( i . f . .  Rao- R.\ ' .S.  ar t t l  Slukrrr i r r t r . . \ . \ : l l .  (199.1) .  Rioact i r i t r  o l ' r r r rLrmlh , )Lelrn '1rg plLrrr rbrql r r , , i r ls
agarnst rnsecrs. Phstophaga ltrluclra.s) 6: l l 7-l l9

l l7.  GLrpta,  S.R..  Ravindranath.  R.  ancl  Seshadr i , ' f  R.  (1972).  polvphenols o lJ1tgl . ln. \  t r rgr t r .  I 'h t rochentt . ; r r t .
| 2631-2636.

l l8 Haasis.  FW (1930).  Foresl  p l tn lat ions al  Bi l tmore,  N.C. t lSD: l  I l tscel l i tneotL\  l ) t rb l r ( : t t t ron 6l  :  l  -10.

l l9.  Hartnrann.  H.  (1981).  \ \ ra lnut  roots in a chestnut  gardcn.  Zl re, \ i r r :hel t3 l (J) . .6.

l20 llatrser. C.E. (1982). .1!lelopathic EJlect.s of'Festuca trnLndtnttce.t on the (jrotrtlt r,>l'.lugl(rlt.t ntgt..!
Seedlngs. l\[.Sc. thesis. Soulh*'est N{issouri Stale l_tnivcrsit\,.

l2 l  Hecln l i rn.  J R.  and t ' luchinskj .  D.  (1995).  Sortean nodtr lat ion and r i t roqclr  l i ra l i r r r  orr  soi l  anrencled r i th
plant resitluc.s. BtoIogy ancl FetttIttl oi SotI 20: 2.ql-288.

l22 l ledin.  PA..  Col l t rnr .  D.H..  Lr t tghaus.  \ lE.  and Graves.  C.H. (1980) I ) is t r ibur iorr  o l  jugl r r r re lnr l  re later l
contpottl'tds in pecan and their ellect on [--tt.sic]cdrunt elltr.stun. Jotu nttl of ..igrta:ttlhrtLtl ttntl l:itril
Chenusuy28 :3 .10 -342 .

123. llcdirr. P \.. Langhans. \'.E. antl Ciraves. C.ll. ( 1 979). Itlcrrtificiltior) ol .iuglonc in pccln as possiblg firgtor
of  resistance lo l :ustc ladium el l i t .s t t t r t .  Jotu. t t t . l  of  , lgncul tura!  uncl  Iaocl  Cl tct t t ! . \ t r \ .27 . .92-9J

124. I ledin.  P. \ ' ,  Necl .  \ \ ' . \ \ i ,  Burks,  N{.L.  and Gr i rn le l  E.  (19l i5) .  F lvalual ion o1'p lant  const i luents associ i r ted
uith pecan Ph,ry'/o"rercr gall fb''alio,. -rou nal of-Chenticctl licolog,t, ll : 473-4g,1.

125 .  Hed r i ck .  t ' P .  ( 1905 ) .  The  re l a t i onsh ip  o f  p l a r r l s  i n  t he  o r c l r a rd  [ ' r oceed tn .q . '  o l  t l t e  Soc te r t  l o r
I iorttcttIntrLtI Sc:ience l9Q3 : 7 2-82.

l26 l le inr i r r r r r .  \1.F.  r rnd Stcrer tsrrn.  \ \ ' .R.  (1982).  \ \ la l r r r r t  ant l  bul tcrnut  tosic i l r ' .  I  r t t . t : t : t I t  o l  I l r t<. t tn. ; r r t
('ooperattve Ertenston Servce [)oaunent.\3182 : l-2.

+-.)

106

t07

108

109



I 6 I t ' i l l i .s

127. He.il. .\.N{.. Eirrhellig. F.A. and Raslt'russr'rr. .1.A. (1993). Iill lcls of juglonc on qroltlr. plrutosrllltesis. .rntl
respiration. Jorrrnal ofChentrcol Ecologr l9 : 559-i68.

128.  I l " - l l .  LN(.^ Ein l re l l ig .  F.A. .  I lasrrrussen.. l .A.  and Qrrah.  S.  1199- j ) .  l r l l ' . 'c ts o1'sor ' : :o lcorrc and. iuql( )ne {n l
liutclions oi rsolaled chloroplasts and nriloc-hondrin. I:n: Plunt Srqnol.s rn ltltttru(:tto11.\ tttll ()thrl

Organisn.s.  (urrent  7 'o lncs rn Plant  Ph; ,s io log-r ' r r r l .  l l  (Eds. .  J .C.  Schul tz and L Raskru).  pp.  2.15-
236. Rockville. i\Iarvland : Allclican Socretv olPlarrt Phvsiologlists.

129.  I l . - r rera.  ( ;  . \ .  ( l5 l  I  ) .  Ohra c le .4gucrt lht ra. . { lcala de l lcnares :  . - \ l r ras ( iu i lL. r t  t lc  I l roear.

l . l (1.  I lcrshcr ' .  . f . \ \ ' .  (1929).  Some intcrest ing t l ; t ta on t l tc  toxic c l l , \c t  o l  u i r l r ru l  spdcics ( )n thcrrrsc l res rurr l  crc l r
rrtlrcr. .\lrt ( )rotrer rDotrnulNtovn. Po. ) 711t: 3

l3 l .  I l i rakarra-  K. .  Ogirr . -  E.-  j \ [o l r r rosl r i ru.  . l .  ant i  Yei inra-  Nl  (  l9 l i6) .  \ r f  hthrx lurr ] ( \nrs l i t rn . l r r r i l r r r r t lacrau
I 'hyt  oc hem i  s t  n '  25:  I  494-1 495.

132.  I Io.  C. \1. .  \ \ \ r .  S. l l .  ancl  \ \ 'u .  C.C. (1990).  ! . ra luat ion ol  thc cor l l ro l  ( ) l 'n)( )s(pr i t ( )cs ur t l r  i r rs . 'c l  srorr l l t
regt t lators.  Kuo l l .s t r rng I  Hxrch Ko H:ueh I 'sa (-hrh 6.366-174.

13.1.  l l radi l ik .  J . -  Henntarrr tova.  L.  and Fiserova.  H.  (1986).  l ' , l lcc1 of  sonrr  phcrxr l ic  cor ly()ur ld\  ( \n ! ' , r ( r \ \ t l l
c o r r r - l a t i o n s  i n  l l a x  ( 1 , r n r r l l  t r , \ t l a t i . \ ' . \ t i l t u t i l  L , . ) .  , - 1 c t u  l .  n ! \ , ( t \ t l u t t s . l t r r c t t l t t t r r r t  I . u t . i t l r o .

.Jgrononticu |lrno 31(1) : 39-76.

1 3 . - 1 .  I l t r s s a i n .  1 . .  I h s a r t .  L  a n d  K i l .  I l . - . S .  ( 1 9 9 1 ) .  . \ ) l e l o p a t h i e .  e l l i c l s  , r t  \ \ i t l t l u l  p l l n t s  ( . . l t g l t t u t  / ( , . g / { 7  1 . . )  ( ) r l

f ' ) r i l  e l ( )p  sprc t ! ' s . . {Of r r . i /?Jo t t rna I  o l  }Jo l t r t t . l  f - l  :  r3 - I0 (1 .

l .3 ,s .  11 t "  i r f  - . \ \ \ \a l l )  (1802 l .  L ib ro  de  . ' l g r rcu l t t t ra  ( l rans l .  . I . .A .  Banrprc r i ) .  \ [ac l r id :  ln rp r ' .  f l t r t  . \ l s r>  Pu l r l i s l rcd
rn  Scv i l l . '  (  I  878)  and \ {adr id  (  I  988) .

l l ( . .  I l tn  i r l - \ ru ln t  (186-1-7)  Le  L tv re  c le  l ' . l gnc t t l t tL re  d  lbn-u l - . , j vu tn  ( t r i lns i .  C lcn ldn l - \ lu l l c t ) .  l ' : r r rs :  \

l : ranck .  . \ l so  pub l i shed in  
' l i rn is  

(  1977) .

l -17 .  Ibn  \ \hhshr r la .  (1995)  l -  . ' l g r tc t t l t toe  . \ tuh . r tae i le .  
' f raduc t ton  

cn  droh( ,u t tnh tc (  i t  . lh r t  l J t t l : r . i i un tL l  h
' ,11r  

u l -Kusdanr  connu . to t ! . t  Ie  nc ;n r  d  lbn  I lhhs t t ' . yc t  1 l l ' - \ '< t  t rec le t .  i ( ) i l t t :  l l  \ cd .  l .  l ' i rh r l t .  I J i rn r ls

I r rs l i lu t  F ranqars  de  Da l ras .

l . l l l . * . l a u t i r t t . R . ( I 9 9 2 ) . \ \ ' i l t i n q l o n r a t o c s . H a r t r c t t l t r t r e d .  l l o r n c l ) e , s t  : \ t r l r ' 2 2 . l u l r : 1 2 7 - 1 2 9

lJ9  ' ' . l i ru ton-  R (199-s ) .  B lack  ua ln r r t  to \ i c i t \ . lh l ' l l c l l t r re  { -  f ! t ) t1 (  l ' ( , \1  \ r , l r . . r  2 ( -  \ [a r :  ao

l ' 1 ( ) . . h r - . \ l l t t t t : t n r l . ( . . 1 ) o u r r t r s . l l . S o t t a . l ] . . ' l l r u r v i r r r . l l . . \ l i g i r i a c . l . . i r n i l s a l t ( i ! ' n ) l l t r r r . l l . { i g g j r . l r r r i n r l r l r

a t l c l  p l tVs i r l l< r91  o f r l t i z , tq . ' r t c . i s  in  l t t t l  \o r ldv  spcc ics  ( l c rTr ro l r r  t (D t l ( t ) ' t r ( /? \  i t I ( l .1 /1 i . t / ' i l / r . \  / /1 . f / i /  \
. . i l , ! l i t t l ; t . e , v l i t ) ' l n : 1 : . t l t ' , , l l . i r . . r . | ' 0 | 1 | r ] b l i t Q | 1 | O | . . o r e ' \ |

l : i ' c rnce  ( l - t l .  \1 .  t }nne l - \ [as rnrber t ) .  pp .  79-9 l .

l ' l l .  . la r - . ' \ l l e lu r l ld .  C . .  Per rg .  S . .  (ape l l i .  l ' .  r rnd  Conru .  l ) .  (199.1) .  \ l i e ropropagr t io t r  o l  l r r l r r id  \ \ i r l1 ' )u t  l rccs i
s(rnrc l;tclofs rrrr olvr'd in rootinq. . l c tt i l  o rt u. rt l n t ru e Sll. 1 1 7- 1 24.

1 ' { 2 . . l c r t s e n . l . I i . a n c l \ \ t l l r t r u t t r e . l : . ( 1 9 6 2 ) .  ' f h e c r r o l o g i c a l e f l ' e c t o l g r o u t h i n h i b i t o r s o r r e \ e r s c r l r o o t s o l  
i i i i o

/ n / r o a n t l P i s l t r r l  . \ L t t t r \ t D . P r o c e e z d t n g s o l t h e S o t t t h D L t k o t a , , i c u d e t n t  o l S c t t , t t < : . e  J l : 1 . 1  1 - 1 . 1 6 .

l ' 1 1 . . 1 . ' s a i t i s ,  R . ( i .  a n c l  K r a n l z . . \ . . 1 .  ( 1 9 7 2 ) . . l r r g l o n e :  i u r  o r g a n i c  c h . . r r r i s t r r - c c o l o S \  i l l ( r i r e t t ( ! n  s r p c r i r n e n t
. io r t rnL t l  o l  ( 'henucu l  [ :& t . .a t tan  t9 :  "13( r - .1 ]7 .

1"14 .  . lo l t t t so t r .  K .S.  an t l  I  c l to r r .  ( i . \ \ ' .  (1996) .  I th rs io log ica l  r rnd  t l ie la r r  i r r t lucnecs  r )n  ln i ( igu t  t r ( i ( ) \  ron( l i l i ( ) l t s  J r l
gc r rc l r r l rs t  Lep idoptc r l r . r  la ,nae. .Journ t t l  o i  lnsec t  Ph) . . \ to logr  12 .  I9 l - l9 t i i .

l . l 5 . . lo r tc 's .  L .R.  a r r t l  \ lo rse .  \ \ . .1 .  ( l ,X , . l ) .  The shr t rhhr  c l rque l i r i l  as  a  r rced.  I i rn ton t . i ,q r t , . t t I r ruLr l  1 . . t1 : t ' run t , t r
S t t t t to r t  . lnnuo l  Repor t  16  :  173- l '79

l -16 . . l r rse-  S .  (1997) .  In t t : rspec t . l t c  ln te ruc l to l . \  tn . - l l l eycropp ing .  the  [ 'h , r . : t t t lo .g , r  t rn l  I ) t c t . t ,eoLI ]cn t t \ t r . l

l ' \ l t l r ten l  I ' t t l tng .  , l l l e loputh1 ,  J t tg lun .s  t l tSro .  Ouerc t t . \  rubr t t  /eu  i l tu , t  \ .  ( .o r tps t r t ron t .  P l t . f )
thc . i s .  Pr r ld r rc  L  n ivc rs i t r .



Iuglan.s spp , juglone ond ollelopatlt.t

l - l f  .L rse .  S . .  Ben jnmrr .  T . .  S t l l l .  l . .  C i i l l cspr r ' . . \ .R . .  l l oorc r .  \ \ ' .1 , . .  \ lensc l .  D . lJ . .  Sc i l c r t .  . l . l t .  a r rd  I l i ch lc .  l ) . .1 .

t l91)7) .  R io logr  a r rd  ec , l ro rn ics  o fa  b leck  r ra lnu t -eor r r  a l lev  c ropprng s rs le r r r  h t .  l , ' i to t r i t , t lg t  l i t r

th t  :  rL t r re  , t t  l J luc :k  I I l l nn t .  [ ' roceet l tn :4s  r ' i  the  f i t th  R io t l ;  l l i t l n t t r  S i r lp l r r r r l r  l .SD. i  ]  o re . , : r

Ser r tce  ( ienero l  Techntcn l  Repot  /  \C-  I  9  l .  pp .  203-208.

148.  K lmer .  H. .  Ko ide .  T . .  Ko . t in ra .  T . .  Hash i rno to .  \ ' .  a r r r l  Haseqaue.  \1 .  (1998) .  Inh ih i t ion  o l 'ee l l  g rou ' (h  in

c t t l t t r r t  b r ' ( lu l l lones .  ( -un t :e r  B to there tpy  und l lud toph. tn i ldce tu tco l . \  13 :  185- l8 l l .

1 .19 .  Krs t tn ro l r t .  \1 . \ l  (1971) .  F t rng ic ida l  ac t i r i t r  o fphr lonc i t les  l ionr  q re . 'n  le r r res  a r r t l  unr ipe  per ie l rTrs  o l

r t r f r t t t t s  IRr rss ian ] .  l ' chen le  Zapt r l ; r . i :e rhu td :h tn tk i t . \ /edr t : rn .s l ,ogo in . ; tu t r tc r  33  :  7 - l -85

l 5 t i .  K c s s l c r .  C . 1 ' .  (  1 9 8 5 )  T h e  . i l l e l o p u t h l c  ] l l l . ' c t . \  o l  . / r t s l o n e  t 5 - h . r ' L l r o x t  l . - l - t 1 u D 1 1 t h , ) q t r r n ( ) t t t ' t  . ) 1 1

l t r i . sh t t t : t t . t  . i l ga i  t  i to t t l : .  \ l .Sc .  t ) resrs .  l l l ( )on tsbr t rq  I 'n i r  c rs r t t .

15 f  Kess lc r .  C  l .  (1989) .  H l t 'ec t  o l  . jug lone on  l ies l l ra te r  r lga l  g ror r th .  - lo r t rnu l  c t /  ( 'h tn t t tu l  Lco lo ,q - r  l i

l 52  Kcss fer .  K . .1 .  (1985) .  Cornpan i t r t  p lan t i r rg  o1-b l l ck  ua ln t r t  * i lh  aLr lu r ru r  o l i ve  lo  cont ro l  . \1 tco . ;1 rh t , . t re l lu

le r l  spo t  o f  r ra l r l t l .  ln .  [ ' r cceec l tngs  o i  th t ,  j th  (  en t ru l  H t t , ^ood [ :o re \ t  t -o t1 i ( , rc i \ c ( .

l 5 - l  K c s s l ! ' r .  K . . I .  ( l 9 l l l ' i ) .  C o r r r p l r r r i o n  p l l t n t i n g  o t  h l a c k  u r l n u t  r r i t h  a u t u u ) u  o l i v c  t o  c o r l l r o l  \ \ a l 1 1 u 1

i rn l l r r rcnosc .  Phr t r tpu thr . t log t  T8 :  1606

l i l  K i u t .  S . - 1 1 . .  l . e c .  K . - S . .  S o n .  J . - K . . . 1 c .  G . l l . .  l ^ - e .  J . - S . .  L e e .  C . I L  a n d  C h e o r r e .  C . J .  ( 1 9 9 8 ) .  C \ 1 ( ) l o \ i c

.onrpoullcls t iour t ire roots ot.-/Lgl(rrJ rnand;hurtca. Jottrnal ol .\ 'cthrrul Protlrrclr 6l: 6-l--l-(r{5.

l ]5  K tp fec l r .  l i .C .  (1195) .  The j : i i ec t .s  o i  S tqar , \ lap le  L l .cer  :ucc l to r tun  . \ la r . t l t . )  an< l  l J lucL  I l c t ln t r  i J t ty i tLn t
r t t g t r t  . i . - )  r l t  S o r l  | t - e r t t l t l t .  l ' t e l t n t t n o t t  . i . s . ; e s s n e n l  o f  T h e t r  . 1 g r c t . t ? \ t 1 1  .  P h . l ) .  t h c s i s -  \ l c C i i l l
I  l l i \  c rs r t \ -  \ lon t r r ' r r l .

l5 t ' .  l r l t r r r l .  lL  (1 ( )76) .  Chrnqes  o fe , ro r r lh  . ' l ongat ion  in  r r tea l  and bar lc r  co leopt i les  e rus( 'd  b \  sonr ! 'pheno l i i

su l )s l i lnccs .  l l to log tu  (Bra l i s ln  a . l  3 l  :  281-286.

157.  Kocppc I ) .1 r .  (1972) .  Sorne reac t ions  o f i so la tcd  conr  n r i tocho l td r ia  in l l r renccd br  jL rg lo r re .  l ' h . ts ro l r , 'g i r t

P lu t l t i t , ' t ( t t t  21  .  87  -91 .

158.  Kr r fcsn icher f io .  \1 . \ .  (1968) .  R iokh tn tchesbe I ' :a tn tov l t ) 'anr )u  Dre t ,e .sn)k l t  l l t s ren t t .  \ loskva:  L ! ' sn i l \ r

Pl onl\ shl! ' lulost'

159 .  Krzhr ' r 'n ikor :  LG.  (1978) .  A l le lopath ic  po ten l ia l  o fon lamenta l  loodv  and s l r ru l rb r  p lan ts  l l {uss iau l .  In :

I ' r t , i . l t :n t )  . i l l e lo l ) ( r r r1  (Ed. .  . \ . \1 .  (hodz insk i i ) .  pp .  95-96 .  K i . ' r '  :  \aLrkor r r  I )u rnk i .

l ( '0 .  Nr . r l i l .  \ \  \1 .  lnL l  I -u reh-  D. l ,  (1978) .  I 'he  inh ib i t ion  o f  \ rnous  n) lc ro -orqrn is lns  b r  e r r rc lc  ua ln r r t  l r t r l l

e \ t r rc ts  and iug lone.  lhc rohrcs  Le l te r . r  {  :  175-181.

l6 l .  | ' r i r t t s .  P .  (1942) .  . lab i r  lbn  l l ; rvvanr .  Cont r rbu t io r r  a  1 'h is to i le  cL 's  idees  sc ie r r l r l i t l uc 's  t lans  i ' I s lanr .

. \ len to t re . t  l ) [e :en te . \  a  l ' ]n .s t t t ru  c l  Eg lp te  15 :  l - .106.

l62 .  Kroeb. ' r .  1 . .  (19 .1( i ) .  P l la rze ' t i l i eur rdscha l ie r t  -  P l l i rnzenJ jendscha l icn .  Dte  l )hL t rDtu : te l .275.

l 6 3 . L r E a n g c ' . I : . ( 1 9 5 1 ) .  L ' a c t i o n b a c t e r i c i d e d e l ' e r t r a r t d e s f e r . r i l l c s c l e J t t g l c t n s l a g i c r l .  [ i r e r r c h ] . ( ' r ; r r r T r t e . t
I k :nc l t t . y  t l r . ,  se tnc t ;  de  iu  Soc te te  c )e  B to loge 1J t  :  2097-2098

l6 '1 .  I . rg range.  I r .  (1956) .  L ' t c t i ( ) r1  i rn t ib io t iq r ic  de  Jug lc tns  rega 1 . .  ( -c . lnp fe .s  J len t l l t \ . le \  sennt ' cs  t l c  l i t

Sc tc r t l te  , le  BLo log te  150:  6 l - l -61 j .

I t r 5  I r r t q h r u s . \ . E . . l l e d i n . P . \ . a r r d C i r a l c . s . ( ' . 1 { . ( 1 9 7 8 ) . 1 : u n q i l o \ r c e h e r r r i c r r l s i n p c c r n l i s s u e . / ) / . 1 / ? t / r l e , r r r . .

l?epat re r  62  :  39 .1-898

1 6 6 .  L c c .  K . - C .  ( 1 9 6 7 ) .  . \ , ' L i t t t r c  o t l d  ( ) c c l t l t n c e  o l  J t r p l o n e  i n . / t t . q i r r n t  n t q , t  i .  \ l . S c .  t h e s i s .  K , r n s r s  S 1 ; t l e

l i t r r  c rs r tv

167.  l te .  K .C.  and Carnpbe l l .  R . \ \ '  (1969) .  \ i r tL r re  a r r t l  occur rc l rce  r i l  . jug lonc  in  / r rg l t rn ,  n t .q r t .  |1 r t r t . ; c r t 'nce  I

: 2 9 7 - 2 9 8 .

lo8 .  Lenrbeck .  l i .  lnd  Sko l l t sch .  G.  (1981) .  D is t r ib r r t ron  o l ' sc ro tonr r r  r rJ l t c lL rn \  / . cqr r /  sL ' .ds  d r ln r lq  on toqenc l re

devrfoprlent rurtl qc'rrnrnrticrn. /ettsthrtit i i ir Pllun-enpht \talDgie l l l :. l :19-.1,5.1

t 1



+u I l ' i  I I i .:

169.  Lenrbcrko \ ' i cs .  E . .  i l o1hc l ! i .  F . .  and I Ic tes i .  [ i .  (1987) .  Sor i l r  phv tochcnr iea l  c l )a f t l c t rns t i cs  ( )1 . .1 ] r ! / , / , r \

regLt  L .  Ac ta  Ph<t rnaceu l rcu  I lungar tca  57(3 /4)  :  133-142.

l '70 .  I , i .  I j . l I . .  N ish i rnura .  l l . .  I Jasegaua.  K .  and N l izu tan i .  J .  (1993) .  Sonrc  phvs io log iea l  c l l . ' c t '  e r rd  t l t r

possible rrtechattisrn ol 'action ol' juglone in plants. Zosso Kenkttt 3a:714-222.

l 7 f  . i \ l a c D a n i e l s .  l . . I I . ( 1 9 7 7 ) . R l a c k r v a l n u t l o \ i c i t \ . \ : € r y ,  I b r k ' l ' i n e s  S e p t l l : 4 3 .

I  72 .  \ lac l )an ic ls .  L .11 .  (  I  9 t l0 ) .  Fur ther  observa t ions  on  thc  lo r ic i t r  o f  b lack  r r  a l r ru t  on  t ( \n r i r locs  i t t t t l  s , r r rc  o l l rc r

p f  a r r ts .  - \b r r f te r r  Nr t l  Grnsers . {s \ocrc , lnn  . t lnn t rc t l  }k , l l r v t  7 l :  112-126

l 7 J .  \ l a c D a n i e l s .  L . H .  ( 1 9 8 1 ) .  E i g l r t t  r e : r r s  r r i t l t  t l r c  h l a c k  u r r l n r r t .  . \ r o r ' l f i g l n  l \ ' t t t  ( i r t t t t t ' r ; . l r . s o < t r r t t o n  . i n t t r t , t l

Repor t  72  :  l1 '7 -152.

17 . { .  \ lac l )an ie ls .  L . l l .  (1982t .  I te rsPect i r ,e  on  thc  b la r ' l  rva ln r r l  t r r i c i l r  l ) ro l ) i ! ' rn  -  r l ) l ) i fen l  a l l c rq ics  1o  r ] r r r r r  i r t l r l

l r r r l sc .  , \b l thern  A 'u l  ( )n tvers . , l s loc i t t t i tn . '1nn t rc t l  [?epor t73  .62-65 .

1 7 5 .  i t l a c l ) a n i c l s .  l , . l l .  a n d  \ l u c r r s c h e r .  \ \ ' . C .  (  1 9 4 1 ) .  I l l a c k  r v a l r r u t  t o x i c i t r ' .  , \ : r t r t h c t  n  N r r /  ( i r l i r  l r  '

. i sso i : tu l ,on  , lnn to l  Re1:or t  3 l  :  17) . -179.

1 7 6 .  \ l a c l ) i r r r i r ' l s .  L . l l .  a r r t l  [ ) i n n o r v .  D . 1 , .  ( 1 9 7 { r ) .  \ \ ' a l n t r l l o x i c i t v -  a n t r r r r o l v c d  p l o b l c r r r .  \ ' o t r h t ' t r t  \ / r t ( i / 1 , r , ' 7 .

. 1.\ r( )(. t u t t o i l  .. l  n nr t u l I?.c y;'rt 67 : l l  l- 122.

1 7 7 .  \ l a c l ) a n i c l s .  L . l l .  r r n t l  I ' r a l l .  \ . 1 .  ( l 9 l i 2 ) .  ( ' o n t p r r r i r l i r r c  c l l c c l s , r l  b l : r c k  r r r t l r t t t l  l o t i c i t r  \ ) l )  l r ) r l r i r l r i f \ .

po ta locs  i lnd  pcppcrs .  Nt ' t lhe :n t . \ ) r /  ( i row, r ' . r  . l sv t< : tu l to t l  . ln r t t t r t l  l l t ' 1 , r , r l  7J  57- ( ' :

l 7 l t .  \ l a h u . j a r t .  I l . .  | . a u r .  I ) .  a n d  l l a . l a l .  [ ' . 1 . .  ( 1 9 9 2 ) .  N c n r i r t a c i d a l  a c l i v i t r  o l ' p h c n , r l i e  c , r r u P , r u r r d s  r r q r i n ' t

.\ l  el otdogtnt: t1togn ll i l . .\ 'entdrologt.t,\ l  ?Ll t l( t o neu 211 217 -).lr).

179.  Ntar ichkov l t -  L .  and Kt r r r r rnore .  I ] .  ( l9 l { l ) .  I so la t ion  o l  l la r r rno i t l s  i ln ( l  sonrc  l cc r t r r rp : r r r r i r rg  subs t lnec .

l i r r t t  thc  abor ,e -grour t t l  l )a r l  o l ' sonre  , . l . r t rugu l t rs  c t :n t r r r l l t rn tL . : .  l i rn r i l v  LcgLrn t inos i tc  f l i t t ss r tn l
I ' y r thkn tv  l i r rnuc t< t  9 :  o l -7 .1 .

l l l 0 .  \ l a l k i r r g .  L . 1 . .  ( 1 9 1 0 ) . . l u g l o r r e  ( 5 - h v d r o x r ' - 1 . , 1 - n a p h l h o r l r r i n o r r c )  r s  i l  l i s h  t o r i c i r n l ) .  . l t ) t ! r i l t r l  t ) t  t l t .

. I tr err t:tr n I i.r h So<:t ety 99: 5 10.

l S l .  \ l r r r k r r r q .  L . 1 . .  ( 1 9 ? l )  \ l . ' t h o d , r l ' l i s b  c u l l r r r r ' .  [ 1 . S  l ) ; l l c n l  . l - 6 0 2 - ] r - 1 .

1 8 2 .  \ l a r s t o n . . \ . .  N l s o r r t l r i . . l . l ) .  a r r t l  l l o s l L ' 1 1 n l a n n .  K .  ( l 9 l { . 1 ) .  N r r J r h ( h o , 1 t r i n , n . ' s  ( ) 1  1 . ) r o J l ) \ / , ) r , r \ i r / , r r 1 , r / i / r \ i . r '

t f t c i r  n ro l l r rsc jc i t la l  rnd  l i rng ic i t la l  ac t i v i l i . . s .  l ) lan tu  , \ l< ,J tcu  5 l l :27 ' ) -281) .

l t . i . ] . \ l a n i n . I I ' ( l 9 5 7 ) ' L - h c n l t t : u ] , ) s p e c | l o | . I . ' t : o l

o t '  .  \g r i cu  l tu re .

I t { . . l .  \ lasc i ; rn ! . i t ) l i . . l ' .N1 . .  \ \ ' a l lacc . . l  \ \1 .  r rn t l  l l acor r . . l .R .  (1991) .  Cot r t r ibu t i ( )ns  l ( r  r r r rdcrs lan t i inc ,  thc  ehcr r r r r ' r r l

a l r s r ' l ) r l  o f  J l t g l L t n . \  n / 8 f i I :  t h ! '  i s o l i t t i o t t  a r r r l  i d c t t l i l l c r t t i o t t  o l ' l l i t r t l t t r l t t l  c ( ) n s t i l l l . l l l s .  . l t t , ,  t i , , t t t

. lo l rnu l  o f ' l l o tun1 8{ )  (6  Supp l . ) :  I t ) ( r .

f  3 , i .  \ lasscr ' .  . - \ .1 ] .  (1925) .  . \ r t laqon is t t t  o l  l l r c  r ra lnu t  ( .J rLg ldn , \  n tg ru  L .  i t :n ( |  . J .  ( :n t ( ) !u  L . )  in  cc r t r r in  l ) l r r l
r t ssoe r l t ions .  l>h ; ' to l tn tho lo ,q t  l5  :  771-7 t t l .

l , \ 6 . \ l a s s c r . . \ . 1 : ] . ( 1 9 2 8 ) . - \ r c r n l t t r c c s p o i s o n o u s t ( ) o l h c r t r ! ' c s a l ) d p l r n t s ' . )  l t l o t r t ' t ( i r r ; r r l r l 5  - l

l 8 7 . \ l r l l t c u s .  l t . S . ( 1 9 9 5 ) . . i t l ! t ] t t ( r  . r r T l r n r r a s r t c s t o r g i u ) i s n l l i r r r r r . ' l s r r r i r r q s L r p c r r r r i i l c - r r c < l i l 1 . ( l  l ( 1 \ i . , 1 \ , / . ' ,

R, t t l  t ct rl.s t n b t t t I t t gt t t ntl .\ I e tl t '  t n c lt l  : ') | t) t)7.2.

138.  \ l : r th r r r .  S . l l  (1972) .  Spcc t roscr rp ic  anc l  chcnr ic i r l  c r i t l c r rcc . r l  t l r iuon . .s  i r r  s , ' i l  l r t r r r r r rs .  ] , ,1 /  ) . t r r r . .  l l . ]

r  36-  r  39.
l S 9 .  \ l r t t s t r d i r .  K .  a r r t l  S u g l r u , l r , r .  I ; .  1 l 9 l i ( ) ) .  I ) c l e n s t r . ,  s c c r c t i ( ) n  , r l ' c l r r v s o r n c l r d  l r r r r r r c  (  l t r t . : o t r t . i , t

| tgu l t ip t tnc t i l tu  co .s le l lu  (N la rser r l ) .  ( . - .  p t tp r t l t  L .  a r rd  ( i r r . r l t r r l tnd  t l . , l . ) t (ss . t  l l ah  (Cr , l c i t f le r r

Chrr solrtelida.'.1., lp pl r etl E nto nto lopy u ntl Zut i r:g1' 1 5 : 3 l (r--120.

191) .  \ l : r t s tu t r t r lo .  \1 . .  \ l i sa l i .  S .  and Ch ibr r .  S .  (1998) .  - \ ro rn : r l i c  h r t l rosv  con lpour ) . l s  as  inh ib i t , r rs  l i r r  p r r ; t t . rs . l

o l ' h c r p r - s  s i r n p l c r  v i r u s  t r p e  l .  a r r d  l h e i r  L r s e  a s  a n t i l l c r p c \  a q c n t s  l p l t e n t l  t .  / t , t n i < i t i .  i l i l r r .  l r  1 2 9

l0 - l -1 .



Juglan,s .spp., juglrne ond ollektpalhv

l , ) l  \ l r t to t r r .  H . ( i .  ( l9 . l . l ) .  . . \  conr r r re rc i i l  b lack  { l lnu l  vcn lu re .  . \b / . t / te rn  . \ t ! l  ( i r r t x t . t . ) t :ac r t t l t t t l l  ' ' t t t t l tLu l

f iep t t r r  35  .79-82

192.  \ la tvcer .  \ .N I .  (199.1) .  , . l l l e lopat i )L r  kak  l 'uk to r  Lko logrchc .sLot  Srg / t .  Srnr r ra  :  S i t t t ra rskoe Kr t i z l t t toc

lzdiltel 'stlo.

193.  \ l c \ \ 'hor te r -  Doug l i rs .  13rSant  and Schroedcr  (1874) .  I ) i scLrss j \ \ t r .  l i u t t \ t t c t to r t :  r t l  rh t '  l l l t r t r t t s  S t i t t ' '

l lorriuilhtrLtl Social-r '. Nerv.Series 8 : 66-67.

191.  \ l c l l i rn ia .  N . l l  (198.1) .  In f luc r rce  o f lea l ' l cach i r l cs  o fcer la in  r looc lv  spcc ies  i r t  us r ic t t l l L t ra l  c rops .  / ; rc r ' t r t i r

, lo t i rnu l  o i  Eco log , r '  l l  :  E2-86.

195.  \ l i l l c r .  . \ .G.  (1926) .  \ \ ra lnu ts  a r td  app les .  Farn t . lowna l  1926( .Ju \ ' )  .  17 .

l r ) t ,  \ l i r i r . \ l . a n t l  
' l h L r n r s o n .  

l t . H . ( 1 9 7 3 ) . N a p l r t h o t l L r i n o n . ' s i n L o n t L r l r u  s P c c i c s . . l ' l t _ t t r r c l r t : t t t t s r t t  1 2 : 1 . 1 5 1 - l . l 5 l

l9 l  \ l i r j i r ch .  l l .  ( i917) .  l te r  5 ,n r r , , . t . ,  e t i le r  J ) i l . tn : r  ( t t ! l  d te - - lnderc  - , ) i lek t l ,u th t t . . l c t ta .  ( iu . t : t r  l i r sc l te r

l 9 1 ' ( \ [ o s c l e r . \ I I . ] a n t l l \ r r r c s . \ \ ' ' F ' ' ( l 9 7 d ) ' [ J a t L 1 t 1 . \ ' | l 1 1 | 1 4 | ' a 1 l u l r a | o l ' ) ' ' S l t t r t l l l l l b a r l l

199  \ l i i l f c r .  \ \ ' . - t l .  r rnd  J - . ' i s tncr .  l t , .  (197( t ) .  l . . l - t raph lh . r t l t r ino l tc -  nn  i r t le r t t t c t l ia tc  i t t . j r rg l , r t t c  ( , i -hvdr ,x r -1 . '1 -

nirplrthoquinone.; biosvnthesis. l '  h) t oc h cn t s t t t, l5: .10 7-"l l 0.

2 ( ) t )  \ l i i l l eL .  \ \ ' . -L ' .  a r r t l  Lc is tncr .  i : .  ( i97 t ia ) .  I \ l c ta t ro l i c  rc la t ion  bc tue . l  nap l r th . r le r r . 'L l . ' r i r l t i r cs  iu . . / r r t - / . in r

I)h1 toc ltt:nt :t ry 17 : I 7,-15-l 738,

201 \ l t i l l r r .  \ \ ' . -L ' .  an t l  l -e is tner .  E .  ( l97 l lb ) .  r \g l1c-ones  and g l l c t rs rdcs  o l ' ( ) \ \gena l .d  l r i lp l r t l ta lL ' t l cs  r t i td  a

gftrc<rsvltransl'er:rsc fronr -/rrglcrrrs. Ph)\ochenustt ') '11 1739-1712.

202.  \ t i i l l c r .  l l .  and  L inqcns .  F .  (1988) .  l )cg ladat ion  o f  l -4 - r raphtho t ;L r inor rcs  bv  l ' . i . ' r r r1or l , ;nd \  p t t r t lu

Bt oi r t.qi c u I ( '  hc nti.tt  ̂'  I I oDpe- Se1 I er 369 : I 03 I - I (1,13.

2 ( ) 3 .  \ a q c s h * r r .  ( i . .  R a d h a k r i s h n u i a l r . I l .  i r r r d  N ; r r a l i r l u .  1 . . 1 , .  ( 1 9 , \ - { ) .  ( l r c u r o l a r r r r o r r r  o l  I  c r r r z r r l r r r i . r .
( - r t t ren t  Scrence 53 :  ta l3 -81 ,1 .

20{. \rr ' lor. C.\\ ' . (1930). ' lhe 
Secrt,t o.f the Stngng //ecrrt. \\ 'anrer I\ 'c-ss.

2 ( )5 .  \c r rc .  I . . \ .  tnd  D lssr rn .  J .0 .  (1989a) .  J r rg lon . -  reduces  gr ru th .  n i l rogr 'nasc  r rc t i r i t r .  an t l  r r ro l  r ! ' sp i r i r l i ( ) l

o f  ac t inorh iza l  b lack  a lde l  seed l ings .  .J r . tu rn t t l  o / 'C l te 'nucu l  l ' ; co  log- r '  l5  182- l -181( '

2 ( ) ( ) .  \ea \d .  L ' \ .  rnd  l )auson. . l .O.  (1989b) . . lug lone: . ' t i i c l s  on  b lack  a lder  ph ls io logv  rn t l  i t s  de tor i l i c l l i o i t  i r r

so i l .  I r r :  7 f i c  Co) t tu l l t tnX QtLes t  lb r  QtLa l t t l  .  Proc" 'e t l i r rgs  o l  the  I ;our lh  l )1 r rc l  \ \ ' r r l r ru t  Sr r r rpos i r tu r .

(Fd . .  J . t . .  Phe lps) .  pp .  182-192.  Walnu t  Counc i l .

107 \ . r rhauscar l i s lc .  K . .  \  i c r l i r rg .  \ \ ' .  and  \ \hgrer .  I l .  (1997) .  Scrccn ing  o fp lan l  e r t rac- ls  rnd  p la r r l  cons t i luc r l t s

l irr c.rlciurn-clrlrrnel lr locking iri l ivit\ ' . Ph.l tolr edrc tne l '  6'7 -7 1 .

208.  \o r l i s .  l ) . \1 .  (11)77) .  Rr r le  o l ' r 'epc l l i r t r l s  a i r t l  d . ' t c r la r r ts  rn  l l cd i r rg  o l ' . ( , ' co l i t r i r  t t iL l t ! . \ t t  tu i t , :  l t r ' .  l t , , : r  i ' i i tn i

l?e . r i t rcncd ar l 'es t r .  (Ed. .  l ' . . \ .  l l cd in ) .  pp .  2 l  5 -23{ ) .  \ \ ' ush ing te l r .  l ) .C . :  . \n r t r i c ru r  C 'hcnr ie r t l  Soe ie t r .

209 Oht i r .  \ .  S i ra l ingrn t ,  P . l r { . .  l , i n .  S .  au t l  l ke l , r la .  N .  (  197: l ) .  l so la t i ,>n  r ' i '  nap} r t } ra , , l r in  l ionr  ua l r tL t t
'On iqurunr i 'a l ld  

i1s  i l rh ib i to rv  ac t ion  on  o \ ida t rve  phosphorv la t ion  rn  n r i t r -c l ro r r< l r ia  , r i rL rcor r  l l  :

23 5-2.1 I

210. oflon. C.R. (19;13). tp;rt le 10 thc t-ann. I l ' izrt l irgtnto )gtctdturol l-..tpenneni Stti l tott I lr l lettn 3111: 1-5(t.

2 l l .  Or to r r .  C . l l .  rnd  .Tennr :  f i .  (  1948) .  Researc l t  p . r rvers  o f  thc  la fn l .  I I t . \ t  l ' ] rgn ta  . . lgnc t t i t t t ro l  I ' , xpannt tn r

Stttton Bulletin f,3{: -1-.15.

l l 2 .  [ ) r r t l h l s u r a d h i .  \ 1 . ; r n t l  I ] a h u .  \ 1 . ] { .  ( 1 9 7 3 ; . . 1  r r c $  b i s j r i q l , r n c  l i ( ) n l  i l , g / r t ? r . !  / c g / . /  r ( ) ( ) [  b i l r l

l )h \ I ( ) .  he t ,  t  \ t r \ '  71  :  2012-201f .

2 l l .  Prsch lc .  \1 . \ [ ' . .  Da lson.  J .O.  and Da l i t l .  L t .B .  (  1989) .  So i l  l r i t rosen ur inera l i z r t ion  in  p lan ta l iu r ts  o l . l t ig i t t t t ,

/1r8/u i l{erplall led rrith E/,rcngrils lt,ttbellLtlLl itntl. l lntts glutino;tt. f ' lunt untl S'>tl I18: -13--12.

214.  Pcdersen.  J . , \ .  (1978) .  \a lu ra l l r  occr l r r ing  q t r ino ls  and ( l l l i no l tes  s l r rd i r ' t l  r rs  !qn i ( lu in (n lcs  b r  c lec t r ' , rn  sP in

rcs( \ ranee.  Pht  t t . t chent r . : t r t '  17  :  775-778.

+ 9



5 0 Il'i I I i.s

2 1 5 .  I ) c . ' p l c s .  I r . . \ . ( 1 9 t l 1 3 ) .  I l l a c k u a l r r u t - b o t h c r s o n r e l t e a u l r ' .  ( ' ( ) t ( n t t \ ' . l r t r t t t t , t l  t \ 1 t . . \ 1 , ) r t t \ . l i . i l 5 :  . ' l ( ' - - l {

2 l ( r .  I , . ' r tu . . l i r s .  .1 . .  R ibascarbo anc l  G i les .  I . .  (  1996) .  l : , l l t c ts  o l 'a l l . ' l oc l tc t t t i ca ls  o t t  p l i t l t t  t ' cspr t i t t i ( ) l l  i t l l ( l  ( ) \

rso topc  t i ' ac t ionr t ion  b1 ' the  a l tc rna t ivc -  o r ic lusc .  Jo t t rncr l  c t l  ( -her t t rc t r l  L '< ' t t l t t t t ' 22 '  80  l - l (05 .

217.  I ,e r l ingr ' r ' . .1 . . \ . .  . \ngs t .  \ \ ' .  i ruc l  Schu 'azenbach.  I l .P .  (1996) .  K inc t ics  o1 ' l l t c  l cc l t rc t io t l  o l ' l l c r i rc l r lo . ' l l t i r t t

. iuu . l r )nc  i l  so l r r t i i rns  c t tn la i t r ing  l t vc l rog . ' t t .  i :u t ' t t t t t ' t t t re r t lu l  Scren t ; " :  t rnc l  
' l t : c l tn t t l r ' r ' : r ' 30 :  

2 "1( ) l ( - . l l l

218 .  I )e r l r .G.S. (1932) .Sonre  t r -eeant r rgou is rns .  f ' roceet l tng , ;o f ' lhe l '< ' r t t t s . \ ' l vu r t ru . i c t rL . le r r t t ' ( ) lS t : t€ t1c€  6 :136- l

219.  l )c r1 r ' .  S . l : .  (1967) .  Inh ib i t ign  o f  respr r : r t ion  bv  jug lonc  in  Phust :o i t t . !  a l ld  -1 . i r r . )p ( ) t \ tL ( ) t t  l J t t l l , : f  t t t  t ' t
' l i t t ' t 'ey 

lJorunrcul (.  lul ,  91 '  26-30.

I ) l r i l l r p s .  l l  ( 1 8 2 ( )  t .  l ' o r r t c t t ' t r L y
( i r s u i  ] J r t t u t i r .  [ , o n c l o r t  .  " l  .  & . 1 .  . U t t t t a t t

p rcc l rn l r i la .  ( ) .  (198.1) .  I l l ack  rva lnu l  to \ l c11 \ ' .  j ' ' t t c tshee l .  \ l i r t t s l l r  o f ' . \g , r i c t r l t t r rc  r t t t t l  l :o , rc l -  ( ) r l ta r l ( )  ( i

0 5 0 ) :  1 - 2 .

2 2 2 .  l , i r r t e r r r e .  K . l l .  a u c l  1 ' e r p o .  . \ .  ( 1 9 7 7 ) .  T h c  p h . ' n o r n c n o r r  u f  q e r t t t i r t a l i t t t t  l l l c l r > p l t l r v  i t t  I r l t t t t ' i l l  r t

e \per i l l te l l t : t l  e r tv i r< tnn ten t  IHungar i  iu . ] .  L t l tp t t t '  . Juno. :  
' l  

t t t l r> t t t t t t l t ' r t r  / ' /< ' t . r  i r i '  l . . l r t t t t lu t r t r  u (?

2t53-217 |

223.  P i ronc .  P .P.  (1938) .  
' l ' l re  

dc t r in ten ta l  e t lbc t  < t f  u 'ah tu l  ( 'u l  rhododendrons  ar tc l  i t thc r  r t r t t r t t l t c t t l i r l s .  . \ r / r ' r . '

l ) r . sec t . te  . \ 'o re , r  (N J  . \g r ic  E ,sp l  S tn)  l1 ( . t )  :  1 - -1 .  .Uso i r t :  , \ ' r t r lhern  \ - r { I  i  i r t r i l r z r ' . {  .  i . \ ' \ r / .  / r r l l1

. lnn t t i t l  Repor t  311 73- - /  1  (  I  939) .

22 . - t  P l in r  thc  F l l c le r .  (19 ,50 .  l9 - r6 ;  \ 'u r tu 'a l  f { r .s to r '1 '  ( ' l l ' ans l .  F I .  Rack l ra r t r "  \ \ ' l l  S .  .L l tcs )  \ i r l t t t r t cs  \  r r r rd  \ - l

Lorrclorr :  \ \ ' i I I  iarn FIeirrenrann I-tci . .

1 2 5 .  l ) o u c l g .  I i  (  1 9 8 7 ) .  . \ l l c l o p a t h i c  i r r t e r l c r . . r r c c  o f ' b l a c k  u a l u t r t  l r c c s  r r t l l t  t t t t r o g c t t - l i r t t t r - t ,  l l l i r t t t s  l r l  l l ) l \ c '

p lan t ings .  In : .4 l le loc l te tn icq ls ;  Ro le  rn . lg r tc ' r t l l r re  un t . l  l : l t t ' e ' . t t t ' .1 ' .  \C lS  Sv t t tp t rs t t t t t t  Ser ies . l l ( i  ( l . t l .

G . l t .  \ \ ' a l l c r ) .  pp .  195-2( )4  \ \ rasb i r rg ton .  I )  C l  . \CS.

22r i .  l ' onde l ' .  F . . ' l ' a t1 ros .  i \1 .G.  and l -ac l ros .  S . l l .  ( l9 f i7 ; .  l - . t l i c ts  o l ' . j r tgk rnc  ur  q r ( ) \ \1 l t  and t t t rc l t t l r t t io t t  o l ' l t r t t r l

ve tch .  - \ 'o l l l re t 'n  , \u t  ( ] t r t ve t ' : ;  , l s .socr t t l tou  . lnn t tu l  Re l t t , t ' t  t *  ,  -11 , - - r ( )

227.  Ponc le r ' .  I r .  and Tr tc l ros .  S . f l .  ( l ' )85) . .h rg lonc  c ( ) l l cc l l l ra l ion  rn  s , l l  bcuc l r l l t  b l l t ck  n r r l r r t r t  t t t te tn la r t te t l  r r r lh

n i t roger r - f i s i l l g  spr 'c ies .  .Jo t t rna l  a . f  ( -hernrcu l  l l co iog . t ' l l  ;  ! .37-9{2

2 2 [ l . l ) r . a s a c 1 . R . I ] N . : t r l d ( i t i l z . P . - ( i . 1 | 9 9 0 l . S t r r t i r c c r r ' a s c s l l . t l t r t | u ' i l \ c S n | l t l l i t r i t s . l l . r r a l t t t t l . | , t . t t ' | t l t . l t t ' t l t t t ' . l '

29' 2097-2099.

229.  l ) r -a ta r , ie ra . ; \ .G. .  Knn inrk i .  A .H.  anc l  Rurgo.  K .  (1981) .  ( i ro* th  i r t l t ib i to rs  tu  r r ' l c t r t  e ru t la les  o l  l ' c rs t t r t

rr ' ;r lnuts (Jrtglans rerqia L.) and thcir possitr l . '  role in gral i  l i r i lure. . i , t to ntt i  6l  tht '  .) t t tet ' tL'ot1 So, ' ts1t

lot t  iorf ict i l t trct l  Sctence 108 ; I  ()- l : l - l  0-t-5

230. Rabottror ' .  T., \ .  (197'7). 1-he signif ic-ance of th..  coerolutron ol 'olgtrrtrsrrrs l ix ' thc lbrrt t i t l io ' l  () l  pl l \1()ecl l() \cs

IRtrssian]. Bltdleren'! , !osl:ot, ,skogo () l tsl tc: l te.sh,(t  l . \ ; l )) ' l t t t( l ( . t  [)r ' t rot] t .  r  )Lltcl  l ] t t t l r tgrc:hett i ;rr t l2: 9l- l0l

2 3 1 .  I t a b o t r r o r ' "  
- f . . \ .  

( l 9 t ( 2 ) .  I n r p o r t a n c . '  o 1 ' t h c  c ' r ' o l u t i o r r a r v  a p p r o a c h  t t l  l l r c  s l t r c l v  o l ' a l l c l r r p i t t l t t .  . \ ' l r  i c  i

. lottrnol o/ f . .c:ology 12 127-130

232.  Rad is .  I ' } . .  Sc ' ig le - \ lu ranc l i .  F .  l l cno i t -C iuvo t .  J .1 . .  r r r rd  Kr iubok .  S .  (199- l ) .  l i r r i c i t r  o f 'na l t t t t l  l t t t sk -s i ts l r i r tg

\ \ i l te rs  l l i t te r  Re,secr rch  26 .  l5 t )3 -1506

2 3 . ] . R l t r r a d c . S , a t t c l I ) l r l i d . S . B ' ( l 9 8 . 5 ) . Q t t i t t t l t r c s l r s p l l I l 1 t . g f 0 \ r . t l r r c g t r l a t r l t . s . l ' l t t r t t ( i t l , l r t l l ] | | g t t t | t t t r i t . l ' J : . 1 - 1

2 . ] 4 . R a n c 1 a I l . \ - . I ) . a n d I } r i r g g . . I . D . ( i 9 I l 6 ) ' l : f . l . . ' c t s t l f ' i t r q l t l r r e ( 5 ' . h r t i r ' o s r . 1 . . l . r r i r 1 l l r t l r r l ( l t l i l l ( ) l l ! ' ) ( ) l . | t | l e i t l i l !

. l n o h d e t l ( t  l l o t - r t r l t t u e r .  . \ ' o . r / r r c  c o D t t ) n t t 1 (  a t t d  . S c ' s r r e < l < t , t t i l t L . s  u ( : t r n t n t ( t t t L ' , .  l ) r  t t t  t : c ' t l  t r t . ! \  r ) !  |  i t l

"4 . rkan.s t t . v  . .1cudenty  o l 'Sc ;enc 'e  -10  :  52-55 .

235.  Rao.  R. \ .S .  and Gr r ia r .  G. l  .  (199,5) .  
- l  

u r i c i t r  o f  p l tu r rbag i r r ; rnd . i r rg lo r rs ' to  lhc  eggs  o t ' t l t c  eo t t r r t t  s t r l r l ) t r .

[ ) t , s t le rc r t .s  koentg t r .  I in ron to log tc t  E . rpe  r t r r ten ta l i s  e t , , lpp l tc t t ta  77 :  189-192.

2) . t J

221



,/uglans spp., juglone ancl allclopath.r'

236.  I l . ' i nk ing .  O. . \ .  (19- l -3 ) .  Possrb le  t r lack  rva lnu t  tos ic i t v  on  lour r r to  and cabbaqc.  \ , ' i t r lher t t  \ r l  (  i r ' , i r  , ' r '

, - i  sso t : ta l r r .x r , ln t r tn l  I?e1:or t  3 {  :  56-58 .

217 I le ink i r rg .  ( ) . . \  (19-17)  I ] lack  rva lnu t  i s  c leac l l r , to  ton l i r toes .  1 - ' l rn re t  ( | ro t re r  J - l  :  -1 .1  5 -

2 .18 .  I t cnesse.  D.  r 'o r r  (1997) . .  Erpc ' r in ren te l le  L . ln te rsuchunger r  und koncept ionc- l l c  l ' l r c r l cqur tgen l l i t  e t t t

sc recn ing- \ 'e r tahren  des  a l le lopat l r i schen Poten t ia ls  ausgeu ' i ih l t c r  I lauu t i t t ' t c l r  ( . /u ,q1( / r t . !  spp .

Eucull 'ptt t .s c:t trnaldtt lensrs). Bethe/ie:t t  cler Tropenlancit 'n ' t .  Deut,\che.; lnstr lr t l  Ir t t '  l i 'ostt . : t l t t '  r t i tcl

Srth!ntprsche l .Ltnclvirt .schal i ,  I  ini t ,er.; i t i r  ( ie.sqmlhoch.scrr le Arr, i ,rc,1, I I ' i l : t :nhttrL.t t ' i r  5l l :  l  -2(tt ,

2 .19 .  Rc l le r r r r ra rer .  I { .  (1985) .  ( ln te r ,s r tchru lgen:ur  En1 ' rnu t ik  dc ,s  huk le r te l le t t . .1  r tg lon t rhh t t t te :  I t t i t t tg ,u r t l

Dissertat iorr.  I  i rrr versit i i l  I  Iohenlreint

l{().  I l r ' t lcrrnri t i r ' r ' .  I I . .  Ktrpas" [ : .  arrr l  [ , i rrgens. F. ( l9f l3). Degracl ir t ion r>f" juglone bt [ ' . :ertt l r>rttott i . t .s l t tr l rclu .11

l :1 . . . \ lS  . \ l r c t ' c tb to logv  Le l rc r .s  l9  :  193-195.

l l l . l l r ' t tenrn l i c r .  I I .  a t tc l  L i r tgors .  I ' .  ( l9 t l5 ) .  l )u r i l l ca t ion  and sonrc  p roper t i cs  o f  t r ro  rso l i tne t io r r i t l  . l t t l t l , r r t c
Itvths las. 's l iotu / ' .yerrr1o t)rot ' ta.\  prtt iclu J1. Brologtcal ( 'heni.stt '1 '  I{op1te-,\a.t ' l t  r  3(t(t .  6.1 7-t,-1t, .

] . l ] ' l { e r t r o l t | s . ' I . . ( l 9 8 7 ) . C o n t p a r a 1 t r ' c - e | l t c t s o | . l r l i c r c l i c c o t l l p t l t t l t t 1 s l t t t t 1 t 1 t t i l l r l t t c s o r l . i r r h i l l i t l .

gennr l la t ion .  .1nnuI  s  o l  l In tun) '  6 l l  2 |  5 -223.

l l3  I l i c t \e ld  \ \ ' . .T .  (1979\ .  l , . co loe ica l  iu rp l i ca l ions  o1 'a l l c ' lop i r th r  i r r  tb res t r r .  ln :  l l t : .gcner t r t r r tg  (  )uL t  l t

[ , ' p landL lur t l v 'o r , td l . 'o res t .s .Pr<>ceed ings ]9-9 , lo lu tS .  I I i ' tgh tF-ore .sn ' . t ' ( -on l i ren t t ' ( l . c ls  I I . . \ .  I Io l l

a n d  B . C .  I ; i s c h e r ) .  p p . 9 { ) - 1 1 2 .  \ \ ' e s t  l , a l l r e t t c  :  P u r c l u c  I i n i v c l s i t r .

211.  R ie tve ld .  \ \ ' . .1 .  (1981) .  
' l ' hc '  

s ign i f i cauce o f  a l l , . ' l opa thr ,  in  b lack  rva lnu l  cu l tu ra l  s \s tcnrs .  . \ ' t t t ' th t ' r 'n  . \ , , t t l
( i t ' over t . - l ssoc t t t l ton . - lnn tu l  | lepor tT2 :  l l7 -13-1 .  : \ l so  p t rb l i sh" -c l  in  1982:  l ' $1 . t .  1  7 : r , , ' " . r ' /  Se l tL r . r '
( ]enerul ' l 'ec'hnrcul 

Repot t  N(l  7{ :  73-t16.

215 I |c l rc ld .  \ \ ' . J .  (19113) . . \ l l c ' lopa th ic  c l lbe ts  o l ' j ug lo l te  < l t t  gc l l t ina t ion  anc l  q ruu lh  r r l ' sc rcnr l  l te r l ' r i rec . ' t t s  ru td

r r r rodv  spcc ics .  . lo r t rna l  r t l  ( 'he tn tcu l  [ i c 'o log ; '  9 :  295-3( )8 .

2 { 6 .  I { i c t r e l d .  \ \ ' , . 1 . .  S c h l e s i n g e r .  I t . C .  a n d  K e s s l c r .  K . J  ( l 9 t l 3 ) .  . \ l l . - l o p a t h r e  u ' l l c c t s  o l ' l . r l l c k  r r u l n t r t  t i n

l r t t t ' o p c a r t b l a c k n l d c ' r c o p l a n l e d a s . l n u r s ! ' s p e c i c s . J o t t r n a l  o l ( - h e n t t c u l  I i t ' o i o g . r ' 9 : l l l 9 - l l . l . l

217 .  R ink .  ( i .  and  \ : iu r  San i l r t - -ck .  . l  \ \ ' .  (1985) .  \a r ia t ion  a lnong b lack  r ra lnu t  s . ' c t l l i r tg  l iu r r i l i cs  l )  r ! ' s i s t lncc  to

contpe t i t r r . ln  anc l  a l le lopath t .  P l t tn t  and So i l t l f l :  3 -10 .

2-18  *  l l r r l r insor t .  I l  (1998) .  P lan t  f r ienc l .s  o f ' the  b luc l "  va ln t t t . . , \nc r ican  I lo r l i cu l lu l i r l  Soe ic t r .

2 . {9 .  I loshch in , r "  \ .D .  ( I97- l ) .  Rcduc ing  po \ \ ' c ' r 'o l ' *ooc l r ,p l : rn t  lea f  in l i rs ion  and i r rh ib r t io r r  o l ' I i i l l  r cae l ion  r r r t l r

2 . t r -d ic l r lo rophcno l  bv  the l r r .  In :  l - ' r : t c t logc t - Ihokhr rn tche. tk re  (  ) .snor ' ) "  l ' : , ru ) to t ! t : r l t \ : t . \ ' u  l?u . \ ten t t  \

l ' r to tseno:akr .  (1 .d . .  A . \1 .  Grodz iuskr i ) .  { :  l0 -15 .  K ie r '  :  N i r r rkovr r  l ) r r rnka

25( ) .  Ros l rc l r ina .  \ - . \ .  i tn i l  Roshch ina .  \ : l ) .  ( l< )93) . ' the  E. rc re tc t t ' . t ' [ ' l rnc t rou  o f  l t rgh t : r  l ' i t r r t t r .  l ] c r l  in :  Spr inqc ' r

|er. laq.

I l t rss .  \1 .  (199( t ) .  \ \a lnu ts :  a  n r i red  [ r l css ine , .  I : lo t re r  unc l  ( i t t rc ien  { l } ( { t rg  Scp l )  5 . ] - l -1 .

I { rp rna .  R. l } .  (1989) .  . \ ' c  l r lack  rvahru t  t rces  po isonous to  ho l l r ' . '  Ho l l y  Soc te t t  , Jor t t  n t r lT (3)  :  - l - l - l

Sarz -J i rnenez .  C. .  Ha ider .  K .  i r r rd  \ la r t in .  J .P  (197,5) .  Ar th roc l r r inonc-  r l l l d  ph . 'no ls  as  iu t r ' l ' n lcd i r r tcs  iu  l l r c

ttrnnati t .r l t  of dark-colrtr ' , , 'd l turrr ic acicl- l ike pignrents l ' t r , ' [ i t tr t t t tr t tn echrntt lutt t trr .  Sr.t t lSctt, l ( 's Sr.,c. ' relt '

o i  ̂  i  r r rc r  tca , i  o t  t t ' na  I  39 :  6 .19-653.

25'1. Schlesrnger. I l .C. ancl \ \ ' i l l ianrs. R.l) .  (198.1). Nrrrse crops inrprove black ualnrrt  groul lr  i -r tre.\ l  I- . ' t 'ol t ig.t
( rnL l  . \ ld l t lpernent  9  235-243.

2rS.Sc l r r r r id t .SK. (19 f (8 ) .  l )egrad : r t ro r to l ' j r rg lonebvso i l  bac terur . . lu t t 'nu l  t> /  ( 'her t r tcu l  [ : . ' t : , ; , log . t  t J  l5 t i l - l - i7 l

2 5 r ,  S c h r r r i d l  s . K  t  1 9 9 0 )  [ : c , r l o r l i c r r i  i r r r p l i c l t i o r r s  o l '  t h c  c l e  s l r r r c t r o u  o l ' . j  u c , l o r r c  ( 5 - l r r  r l r o r r  -  l . - 1 -

t tap l r lhoqutnone )  bv  so i l  bac tc r ia .  . i cn t rnu l  o l  ( . 'her r t rc t r i  F .co log , . l ' 16  :  35-17-35-19

257 Schnt ic l t .  S .K .  anc l  R  I ' . .  l .e r  (  1999, ; .  \ l i c robra l  co l l tpc t i t io l i  a r rd  so i l  s t ruc tu rc  l in r i r  1hc  c \p rcssror r  o l

i t l l . ' l t r c l t c t t t i c r r l s  iu  r ta tu r , - ' .  In .  [ t r tnc t1 t le . . \  Lu lL l  i ' t ' c rc l tce : .y  tn  1 ) lon t  l : . ' ce log . \ ' . . i l l t ' l , t r 'h , ' rn i r ' , . t i

l n re roc l ron ;  ( l ' .d . .  I r t t le r j i t .  K . \1 . \1 .  I )aksh iu l  a t r t l  C .1 , .  |o r  ) .  I k rca  I la ton  :  C I {C '  l ) rcss  ( i r r  p rcss) .

5 l

l5 r

252

253



5 2 I I ' i l l i , s

2-58 Sc l r r re ic le rhan.  F .J .  (1926) .  App le  d isease s tud ics  iu  nor thcn t  V i rg r r r ia .  I i r ,q t r t t c t .1 , ! r tu t l f rn ' t r l  I : . tp t  t ' i t t t t  n r

S t q t r c t u  R u l l e n n  2 { 5 :  I - 3 , 5 "

259.  Se l l r " i c lc . r 'han .  F . .T .  (1921a) . ' Ihc  b lack  u , i r l l ru t  ( l r tg lans  n tg t ' t t  1 , . )  as  a  car rsc  o l ' lhc  c lca lh  o1 'app lc  l rccs

Phr to l tu tho l  ogy  t7  :  529-540.

2( r0 .  Sc l r r r . ' i dc ' r l rau .  F . .1 .  ( l927 t r ) .  Rec t - r r t  deve lopr r tcn ts  ru  t l te  cor t ro l  o l ' l r t r r l  ( l i s ! 'ascs .  l ' r i , , t t ' t l t t t , ! , t  , t t  t l t t

l i rgtntu Sfute l lctrt ictt l t t trul S<tctetv 3l :  l - l - i - l  -57.

2{ r  l  .  Sc l rop lc r .  \ \ ' .11 .  a t rc l  K . ' l l c r .  \ i  (  1951) .  . \ c t io t r  o l  v i t i r r r r in  K3 anc l  n rc ( ) l i l r i c  i l c i ( l  o l r  lhc  ! ' , r ' cc t t  i t r rc l  e  o lour lcs :

l i r r r r rs  o l - [ r r ,g lenu gracr l i s . l Ju l le t rn  c le  la  Soc i t i l i  c le  ( - l t i tn ta  B to lo ,g i  r l t t r :  J3 :  l25 l -12( r0 .

262.  Se l r r . ' i ner .  1 , . .1 .  (1949)  C iur  b l tck  u ' i rh ru t  po isor r  p iues ' l  t r lo r r r .s . ' l rho t 'e t t t t t t  I J t t i i t ' t t i t  - l  :  ( ) . J -9 ( ,

2 ( r . l  Sc l r re r r rc ' r .  l ' , . .1 .  (  l9 - i0 ) .  Car r  t r lack  u 'a lnu t  po is t tn  p rnes '?  - \hqde ' l i ' ee '23( l  |  2

2( r4 .  Sc l r re r r tc r .  ( ) .  :u rd  Rced.  I I .S .  (1907a) . ' l ' hc 'p roc luc l iou  o1 'dc l , . ' t c r ious  c \e rc l l r ) l rs  l ) \ ' f ( ) ( ) l s .  i Jn l le t t t l  ( ) t  r i t l
'forret' 

lJc,tt u n t cu I (' ln h 3l . 2'79-303.

2( .5  5 .1 t r . , t rc r .0 .  i rnc l  I teed"  I l .S .  t  1907b) .  Sonrc  l i r c to rs  in t )u . .nc tng  so i  l l i r t i l i t r .  l  , \  I ) ( l )a t ' tn t t 'n l  . . le t ' t t rL l t t t t ' , .

Bttrc;crtt  ql Sorl,s f l tr l lenn -10 : l --{0.

2 ( r t i .  S c h t r l t z .  I t . C .  a r r d  K o n n a n i k .  P . P  ( 1 9 8 2 ) .  \ ' e s i c u l a r - a r b r r s c u l a r  u l ' c o r r l r i z a  a r r d  s r r i l  l i r r r l i t r  i r r l l r r c n e c

l n i r t e l a l  c o n c L ' r ) t r a t i o n s  i n  s e c d l i n g s  o f  c i g h t  h a r d r v o r t d  s p c ' c i c ' s ,  ( ' t r n u t . l i t t n  . l r t t t t t i u i  n l  l ' v t ' q ' t l

| l e . :c t t  rc  h  I  2  :  829-834.

2 t r 7 .  S c ' g u r : r - . { g u i l a r .  - 1 . .  I { a k r r r a u .  I .  a n c l  R v d s t r o t n .  J .  ( 1 9 9 2 ) .  l ' h c  e l l i c t  o f ' 5 O I I - 1 . - l - r r a p l r t l r o t l r n n ( ) l r c  ( ) n

Norrvitv spruce secds t lur iug gL'nnination. Planl Phystolog1' 100 : I9-i ,5- l96 I

268.  S l rc l r t t iu r .  R .R.  (1971) .  .1 t t  l l t :o logrcu l  Evu l t t t t t ron  o / ' th t :  ,4 l le lo l tu t l t r< -  ln f l t t t :nc ' t :  o i  , / t t ,q l t t r t  t ' t t (< t ' ( !  / / t l

L t ' cope, r .s rcon e .sc t t len l t tn t .  F ,as t  I -a r rs rnq  :  N I .Sc .  thcsrs^  \ [ i c l r ig r r r  S ta tc  ( ' r r i r  c r ' . i t r

2 ( ) 9 .  S h i l l i r ) g .  l )  G .  a n c l  \ b s h i k a n , a .  F .  ( l 9 t i 7 ) .  . \  r a p i c l  s c . e c l l i r r g  h i o u s s a v  l i r l  t h c  s t r r r l v  o l ' ; r l l c l o p l t h r  l n

i l ie lochent r< :a ls :  Ro le  tn  ^ - lgnc tL l t t t ra  u t tc l  F rs re .s t ry  ( l ' ;d . .  ( ;  I l .  \ \ r r l l c r ) .  pp  . j1 - l -1 -12  \ \ 'as l t i t t s l t rn .

I ) . C ' .  \ C ' S

27( )  S ic lh t r .  ( i  S . .  I ' }a rdh i ts i t radh i .  i \1 .  i rnd  Bahu.  \ t . l l  ( l9Z- i .1  Jso le t ion  o f ' t r rs - .1ug, io r rc  l io r r r  , l t t t l i t i t . \  r 'e ' , ! r i r  l ' r r r l k

iu< . l r t tn  , io t t rnu l  o . f  ( - l ten t t .s t r t '  13 :  7 -19

l 7 l . *  S i l r i r .  } l . \ 1 .  ( 1 9 9 7 \ .  I ) l l r r l  a q u i r r s l p l a r r t . ' l  h e  [ ' u . g t n t u ( ; ( t t ' L l e n r t  \ e r u . r ' l e r i c l l J r  - l ) .

2 7 2 ' S r r l i t l r . . I ' I t ' ( l 9 4 1 ) . ( ) r t c p l i l t t 1 " s l t t e a 1 i s i t t t t r t | t c - r p l a r l t ' . s p o i s t l r t . ' \ ' o l . | h t l t . l t

i l t : l t t tr i  32 : 2l l- .1 I  . .

273  Sr r r i th .  i { . \1 .  (19-12) .  Sor t rc  e l l ' ec ts  o l 'b lack  Ioc t rs ts  and b l r tck  r ru l r r t t t s  o l l  s ( ) r . l l l l c i t s tc r r r  ( ) l r io  Dus lu r r . ' s  . \ lo l , '

Sc ' rence 53  :  385-398.

27 ' i  Sr ic lc r t t t r i s t .  C . .1 .  (  1973) .  . lug lo r tc  , , r ' t ,1  n l lg lc rp i r th r .  , lo t r t  nu l  r>1  ( -h t : t t t t c t t l  [ : , ' d r tc ' t r t r ; t t1  5 t l  7 l i2 -7 | i . ] .

2 7 - s .  S o k o l o r ' .  I . N . -  C l t . ' k h o v a . . . \ . F . . .  F l l s e c i .  \ ' . 1 ' . "  N i l o r "  ( i . 1 .  a r r c l  S h c h c r b u r r r > r ' s k i r .  I  I t  l 1 ' ) 7 2 )  S l L r r l r  o l

a t t t i r t r i c r t t b i a l  a c t i l i t r  o l '  c e r t i r i t r  l l a p h l h o ( l  u i n ( ) n e s  l l t u s s i a r r  l .  l ' r ' r k l t t < l r r t r r  r r  l J t o k l t u t i i \  ( t  . !

\ l tkrobrolog,r ' tr  t l  :  261-263.

27( r .  Spcnccr .  ( i .1 " . .  ' l ' 1arks .  
1 . . \ \ ' . "  l rng l r r r rd .  I t . l t .  a r rc l  Sccs t .  [ , .  l ' } .  (11 . )8 t r ) .  

' l  
i te  c l l cc l  o l  n i r tu l i l l l \  oecur r ' tn ! ]

r r i r p l r t l r t l t 1 t t i r l ( ) I l e s ( ) l l r ' c l r . c - 1 l g ' a l . ( . . ' i b t t t t | c l t l t h e o p h t . u . : ' | t ) g c l . l ] 1 l l l 1 l ( ) l ]

r l . lo ) 'd ra  )  {9  :  530-533

277.  Spregf .  I ' .  a r tc l  Ch i r i kc l j ian .  J .J .  (1g72) .  F lavor to id  d is r r ibu t rou  in , . l t t .g lun .s  regr t i  i ' l t t r t ' n lL t : t (21 .7 t i ( ) -7 , \ l

2 7 f i .  S t c l l i t t .  K .  a r t c l  l ) r - - s c l t e l .  l l .  ( 1 9 7 5 ) .  C h c n r i s r - h e  K o l t s i t u t r o u  r r r r d  a n t i l i r n e , r r l c  \ \ ' r r k r r n q  r o r r  l . - l -

I t l tp l t t l t t t ch i t to t tcn .  dcrer t  b iosvn lh r ' l i sch . ' r  Zu is t ' ' l r c l )p ro(h lk tc  t rnd  chcr r r i seh  rc l r i c r rc l t . ' r ' s to l l c  l ' l u i t t , r

\ le t l rca  27  :  201-212.

2 7 ' ) .  S t c i r r b c l s , .  . 1 .  (  I 9 5 9 4 ) .  l t a s . t r c h e  L e h r -  t t n d  I : - o r . y c h r r n g . s c u t , t t t t l t  i t ' i r  I I t ' t t t - .  (  ) i > : t -  u n t l  ( - i t t n t ' t r h t r r r

( ie tse 'nhe in t  t l l heu tgc tu) . l Je t ' t ch te  / i ' i r  c la , r  Rec 'hnr tng : ;1uhr  l9 - : -  5 , \ .



Juglans spp., juglone ontl allelopotlt.r'

280 .  S te inberg .J . (1959b) ,  Hass iche  Lehr -  und  For , ych r tngan ,s ta l t . f i i r  I I ' ' e in - .  Ob ,s t -  t t nd  ( i q r tenbur t

Gei,senheim (Rhinegau). Rerichte.fi ir Rechnrtngs.Tahr I 958, 5 9.

281.  St ic-kner ' .  J .S.  and t loy,  P.R. (1881).  Discussion.  Transact ions o. f  the I [ i .scon.srn Srate f ]or t ic t t l t t ra l
Society l1 :  166-167.

282. Sti. 'r le. a..q.. trpadhlall R.. I{ershenhorn. J.. Slrotrel. G.A. and lrlolin. A.G. (1991).'I 'he phltoloxins of
A[l,cosphaerella.fi-tt"en.v.r. the causative agent of Black Sigatoka disease.of t 'ranirtrrrs and pliuttains.

Experienticr (Basel) {7: 853-859.

28-1. Stipanovic.R.D. and Bell. A.A. (1977). Phenakctide metabolites of Ibrtrcil l irtnr clahlioe. 2. "\cc'tutttt lalion
of naphthol derivatives b\ at'rerrant-rnelanin nrutant bnrr-2. Al1'cologra 69: 161-172.

284. Slrong. IU.C. (19,14). \\/alnut \vilt of tomato. Alichrgan Quarterly Bttl letin 26 l()1-1t)5.

285.  Srrblct t .  K.L.  (1977).  . luglotre -  conrpar ison of  natural  and sr ,nthc ' t ic  prodt tcts.  ,Jot t rnal  o/ ' ( -hentrcal
Edrrcatron 5{ : 156.

286. Suuuners. D.A. :rncl l-uss"'nhop. J. (1976). The response ot'soil artlrropocls ltr canopi!-s o1'black rtalttttt.

[ 'edohiologr t r  16:  389-395.

287 Tl lapatru.  S.K. .  Kannachana. B. .  l ) . . .  S.C. ancl ' fa lapatra. .  i i .  t1988).  ( - ) - rc 'g io lone" an rr , - tatrakr t tc  f i , r t t t
. lrtglan.s / 'egrir: struclure. stereor-hc'mistrt ' aud conlbnn itl i<>tt. Ph1'lochentt,stry 27: 3929-3232.

288. Taller: S.lrl.. Lawton. R.O. ancl Setzer. \\r.N. (1996). Host preftrences ol'Rftrr.,; radtcun.s ( \uacarcliaccrte)
in a soutltern decicluotrs hardrvoocl lbresl. Ecolo9,77 : l27 l-127(t.

289. ' fa lcnta.  G. (19(r4) .  The act iv i tv  of  -5-ox\ , - l taplr thoqtr inone in the nretabol isrn t l t ' thc . l t rg lanclaceae. I I .
.)nnali clellq Facolta di Scien:e.lgrarie {,:niver.grtcr clegli Strtcli clt .\ 'upoli Porttct 29 : 379-3811.

290. l 'avenra. G. (1968). The activitv of -5-oxr'-naplrthoquitrone in the rrretat'rolisnr of lhe .luglarrclaceac.ll l. .. lnnult
clella F-acolto tli Scten:e.1gr,trre Linrvet':;ita degli Studi cli \:apolt Pot'ttct. Ser. J3 :2\)2-298

291. Tekintas.  F, . -  Tanr isevc' r .  A.  and Gtun-er.  Ci .  (1988).  Xr, lenr sap and i ts  jugl . r r r" 'eol) tc l r t  i r r  r ra lnt t l  ( . . l rLglun:

rega L.) saplings [Turkish]. Ege [jnrversitesr Ziraat Fahtlte,sr Dergt.sr 25(-] ) : I - I I

292 Tekintas.  E. .  Taur isever. ,A.  and l \ . lendi lc ioglu.  K.  (1988).  Isolat ion and annual  lar i r r t iorr  of juglonc i r r
rvalnuts (Jrtglans regial,.) [Turkish]. Ege Iiniversite.\i Ztrectt Fakttlte.sr L)ersr,st 25(2) : 215-22,\

293. l 'ckintas. E,.. Tiitrisevs'r. A.. lt lendilcioglu. K. iurd hral. A. (1988). Eflcct ofjuglorre orr sec'rl genrtittatiort

[1 urkrsh]. Ege Llniversitt:st Zrraat Fakulte.si Dergisi 25(2) : 203-21 .1.

291. Thaktrr. \-.C. and Bhalchval. S.D. (1992). Allelopathic eflect ol-trc-r-' lc'af e\tracls oll gL'r' l lr ination ol,i,uheat
and nraize.  Seet l  Researcl t  2O' .  153-154

295.] 'h iholdeaus.  R.1, . .  L indroth. I l . l , .  ancl  Trar . , r ' .  J . \ \ ' .  (1994).  Di l i 'ercut ia l tosic i t r  o l ' j t rgkrrre ( - - i -hr ,drosr-1.4-
rtaplttltoquinorte) artd relarecl naplrthoquinones to sirtunriicl nroths. ,lcttrnttl ol (lhetntccrl f ',colog1 20.
1 6 3 1 - 1 6 - r l

296. 1'lt i is. H.. Sharut. J.R. and \\ 'eidertltanrer. J.D. (199.1). The eU-ect ol'phrtotosins on c(xlrpetil ivc orrlcorrrc rrr
a nrodel  svstcnt .  Ecolog; '75:  1959-196'1.

297. Thorrrson. R.H. ( l97l ). \:antally ()ccrrnng Ortrnone.s. Second lrdition. Nes' \.ork: :\caclenric Press

298. Tnr.'. R.G. and Lou'c'. .1.E,. (1978). lJlack rl ' ir luut shavings irs a cause ol' itcr.tt!- lauriurtis. I 'roceecltng:; oi
the .-lnerrccut.4..s.socrctlt<nt o.f L.clttrne Praclrtioner'.1 2J: 5l I -51 5.

299 
'l\ 'zh. 

R.ltl.. -\rikina. S.A. aud \lel 'nik. O.F. (1983). Nlelopathic cllect of sevr-'ral tr. 'pcs of lrr-'es urr tlrr-
grorvt l t  and bioc- l ter t r ical  features of  Persian u 'a lnut  sec 'd l iugs [ lussianl .  In:  /?o1 

'  ' l  ok.snlct '
Ra.trttel 

'nogo 
t ,\ ltkrobral 

'nogo 
Proi.skho:hdenryct t, . ' l l leloparrr (Lds.. ..\.\1. Groclzilskii. G.l).

Bogclau E,.A. Golovko. N.N. Dzvutreuko" \iP. Ivirnor'. N..\. Kokluro" I '..\. \ft iroz. \.1. Prulenskrrra.
I .N Rrkl r teenko and K. \1.  Khai lo\ ' ) .pp.  

. l33-137. 
Kier ' :  Nrrukova I )untk l

300. trSDA (1948). Test clears rvalnut's reputation. Clip Sheet 237,s-48 :.

5 : l



5, t Ili lli,s

301.  Uvgur .  F .N.  and Iskenderog lu .  S .N.  (1997) . .4 . l le lopath ic  and b ioherb ic ide  e f lec ts  o f  p la r r t  e \ l rac ts  on

genrrinalion of sonre ucecl specres ITtrrkish]. Turkish Journal of.4grtcultru'e ancl /-'ore.stty 2l : 177-18(1.

302. \ 'ance. I- .J. (190(J). \Valnul lore. Lippincott.s AIonthl l  , \ [aga:ine 59 : 142-l. l . l .

303 .  \ l rn  S i r r r rbeek-  J  (1995) .  \ \ ra lnu t  l ro t l i t te  -  p ine  e tnd  rva ln t r t  rn i rec l  p lau t ings .  I l7 t i t t t t t  ( 'o t tnc t l  ' \ l t i t t l t tn t l

Chupter  ] t tevs l | t te r  2 ( l  l .  2 .

30 .1 .  \ : rn  Santbeek . .T . \ \1 . .  Kobe. .T . \1 .  and Fra l i sh .  J .S .  (1997) .  In te r le renc-e  u , i th  shoot  q r r>u lh  and l lo rver ing  o1

d i t t a r t r ' ( C r t n i l c t o r r g a n o i d e . s ( l - . ) B r i t t o n ) b y h a r d u ' o o d s p c c i e s .  l n  [ ' r o c e e d r n . ! \ ( ) t ' l h ( ' l l ( h ( ' t ' n t t t t l

Hut 'clvoc,tcl  f iorest (-onlerence. pp. 29-l-303. I- ISDA Frl 'est Servicc ( icn. 'rel ' l  
cchrrrcal I{cport \( ' -

I  8 8 .

-105.  \ Ian  Sat r tb r - -c -k .  .1 . \ \ ' .  and  I t ie tve ' ld .  W.J .  (1981) .  Seed ing fbrage legunres  i r r  b lack  uahr t r t  p l ln ta t ions .  I I l lmLr

Counc i l  B t t l lenn  8(  I  ) :  6 -8"

306. \ Ian Sautbeek. J.\ \ t .  and Rietvcld. W.J. (1982). [ ,egunrirrotrs cover crops ciur suppress \\eL'( ls and accelerate

groslh of blac'k u,aluut seecl l ings in irr tc 'nsivelv ctr l turcd pl iurtat ir tns. In' .  PrrtceeLlin.g.: ol the l t l t

Central [ ' lorclv'ood [;ore:.st (- onlbrence (I i ,d. R.N. i t lul ler).  pp. 229-2.t-1. Lcrington.

307. \ ian Satntreek. J.\ \ ' . .  Schlesinger. R.C.. Pondc-r. F. aud Rietvelt l"  \ \r .J. (198-5). .{ct inolhrzal spccl!"s as n\rrsc

crops 1br black rvalrrul.  ln: Proceecltng:; o./ ' the 5th (-entrql I larcltood [:-ore.s( (, 'onlettnt; t :  ( l r( t  .r  ()

Darvson ar r rJ  K . . . \ .  N la . ie rus) .  pp .257-263.  SAF Pub l ica l ion  85-05.

308.  \a rga .2 . .  I l c - t t c ' .  L . .  l )an t jauov ic .  S .  a t td  Gaspar .  R .  (199( r ) . ' l ' he  c f1 ic l  o l ' . iug lo r rc  ou  t l rc  r t rcnrb l r t r rc

po len t ia l  a t td  rvho le -ce l l  K+ cur reu ts  o f  hurn i rn  l v l r rphoc l tes .  I l tochent rc i r l  nn t l  Rrop)y , ;1a ' r ,  1

Re.s e a rc h (- o n nr r t n ic ct I r on.s 2l8'. tl2 8- 83 2.

309. \hn'o (1912). Ihrro on Fanning [De Rerunt Rusticanrrn]. Loudon : C. Rell  and Scxrs.

310.  \ re ro t ta .  O.  a r tc l  l :ag io l i .  N( .  (1952) .  Su l la  p resLrn la  i l z rone t i rug ic ic la  dg l lg  jug lo r lu ' .  , \ r ro r : r r  ( i to rnu l , '

Botctt trco Jtoltqno n.s. 59: . l3t l-44()

3 l l .  \ ioge l .  C .S.  and [ )au ,sor t .  J .O.  (198-5) .  E l lec t  o f j t rg lonc  c )n  g ro \ \ ,1h  in  v t t ro  o t ' l : r 'unk t t t  i so la t ' cs  lnd

nodulat iorr ol '  .4. lrurs glt t t inosa in soi l .  Plant and.Sor/ 87 : 78-f i9.

312. \ogel. C.S. and Dau'sotr.  J.O. (1986). In r, /rr? gl 'o\\ i lh o1' l ivc'  [ .- t 'anl; ict isolates irr thc prr.scncc ot ' lbur '

phenolic acids irnd"itrgloue. Sbi i  Brolo,q; '  ( tnd Biochenrr.r ' i r '_r '  l8 :  227-232.

313. \ \ 'alker ' .  t ,  C, ( 199()).  l -- t tre.sts: t t  nultu'ul i .yI ' .s .grttcle to tree.\ t t t t t l  l i t re.st et: t t log.t.  \cu York : .Ll lru \ \ ' i lcr &

Sot rs .

31 .1 .  \ \ang.  K  -L  (191 l ) .  I )hy 's ro lc tg rca l  I ' . / /ec t .s  r , t i  J t tg lone c t i t  I I rgh<: r  P lc tn r . : .  Ph . l ) .  th "s is .  Kur rsas  St i r l c

[-rr iversi1l, .

3 1 5 .  \ V e i d e t r h a t t r e r .  J . D . .  I l a r t n e l t .  D . C .  a n d  R o m e o .  J . T ' .  ( 1 9 8 9 ) .  D e r r s i t v  d r - p e n c l e u l  p h r ' t o t o s i c i t ' . :

c l i s t ingr r i s l t i l )g  l ' L ' sourc r '  con tpe t i t io r t  aud a l le lop i r th ic  i r r t c r i c rc r rcc  in  p la r r ts .  . Jor t rnu l  o l '  . lp l t l t t ' t l

L c o l o g l ' 2 6  :  r c l 3 - 6 2 1 .

316.  \ \ ' e idc ' r i l ta t t te r "  . I .D . .  l \ lac - ias .  F . i \ . .  I r i sc -hc . r .  N . l l .  and  \ \ ' i l l i an tsuu.  G I ) .  (1993)  .T t rs l  hou nrso lub iL .  i r rc

nlen()tE'ry)cl les. .  I  ort rn a I t t l  ( . '  h e rn t  c o I  E co l , tg; '  1 9 :  I  799- I  80 7

317.  \ \ ' e ic l t ' r t l ta t t re r .  J .D. .  \ lo r ton . ' l ' .C .  aud Ronr r 'o .  J .1 ' .  (1987) .  So lL r l io r r  vo l r rn r . .  a r r r l  sc ' - r l  r r r r r r rher :  o l i c r r
o r -e r lo t tkec l lac lo rs in t l l c lopa lh ic t r ioass i rvs .  Jor i rnq i  t . ; i  L 'hent tc t r i  1 . , to log1 73  l - tS l - l+ , )1 .

3 l l { .  \ \ t i ssenberg .  \1 .  i t ' l e isncr ' . .1 . .  K lc in .  l r '1 . .  Scha. ' t l -e r .  I .  L , l i r ,ahr r .  l t l . "  Schrnu l t ! ' r c r .  l l .  and .Lschcr .  K  I t .S
(1997). El l-ect of strbst i tLtett t  ancl r iug chirrtges in nir lur ir l lv r)ccun' i l tg naphlhorprin()nL.s on thc fb..cl irrq
responscs ol ' lan'a,.- of thc N{exical l  bcrrn bc', . ' t le F. 'pr lrrcJlne rctt ' t t ,e.\ t t . \ .  .J(nu nel oi (-hettt ical J:,c 'ol<ttt '
23:  3-  I  t t .

319 \ \ .es t la l l .  t ) .A . .  R t rsse l l .  R .L .  anc l  Auvoug.  T .K.  t l96 l ) .  I ) t -p l r ' ssa l l l  i l ge l t t  t io rn  uah i r r t  h r r l l s .  Sc ' ie r rce '  13J
1 6 1 7 .

32 f ) .  \ \ ' l ree lc - r -  A .S.  a l td  Scot t .  J . \ \ r .  (1919) .  t la logena l io l l  o f . i r rg lon . - :  i l  r re \ \  t vpe  o l ' r rap l r th i r leuc  c l rcs .  .Jo t t t r l t r l  r> l

the . ' ln te r rc t tn  ( 'he tn tca l  Soc te t t '  { l :  t {3 .1 - i i .1  l .



Juglan.s spp., luglone and allelopolh.r, ) )

3 2 1 . W i a r r t . H . \ i a n d R a r r r i r e z . \ { . A . ( 1 9 7 . 1 ) . D o l r ' t p l a n t r v h i t e p l l e n e a r r v a l i r r r t i .  f r c e I ' l t t n l e r . r " . V o l s , r 2 5 ( - l ) : 3 ( )

.122. \ \r ic-ditz. C. and Hc'ss€. 1\1. (1990). Al lelopathie - u' ie Ptlanzen cinanclcr chernisch lreeiut lussur. ["r i t . \r .s cler '

, \-  a tu ni l , \ , t  en.s c h cl i  l i  c h B i  o I  o g e 39(4 ) :  27 -3 l .

323.  \ \ ' i l k insor r .  J .F .  (1918) .  The los ic  c ' f f c ' c t  o f  rva lnu t  l rees  on  i rpp le  l r r ' r -s .  and o t l re r  p la r r ts .  lo t l i r  S / r r l t '

Hort iat l t tr t t l  Socte4' Proceedings 82 : 134-137.

324. \ \ ' i l l ianrs. R.D" and l{oagland. l t .E. (1982). The el l-ects of uatural lv occun' irrg pheuolic courpctuucls on seecl

genrrinntion. I l 'eed Scrence 30 : 206-212.

32 ,5 .  \ \ ' i l l i anrson.  G.R.  anc i  Weidcnharncr .  J .D.  (1990) .  F lac te r r i r l  c legrac la l ion  o t ' . j r rg lune:  e \ id l ' r l ce  aga ins t

al lelopathr '? Journal o.f '  Cltenncal Ecology 16 : 1739-1712.

126.  \ \ ' i l l i s .  R .J .  (198-5) .  fhe  h is to r ica l  bases  o f  the  c 'oncept  o f  a l le lop l th \ ' .  Jor . / ' /?u l  o l  the  I { t . s to t '1 'o l  Rro lc ,g . t

1 8 : 7 1 - 1 0 2 .

327.  \ \ I i l l i s .  R .J .  (1996) .  A l l c lopr r thv  in  L ' t t cc t / l ' p tu .s :  . \us t ra l ian  s tud ics .  ln : . ' l l l e lopcr th t ' :  / ' re lc l  o l ) . \e t ' \ : ( t t t ( )n . \

unc l  ' \ le thc tdo lo .q - t ' .  ( l ,ds . .  S .S.  Narn ,a l  and P.  I 'auro) .  pp .4 l -6 -1 .  . lodhpur :  Scrc r r t i l i e  I )u [ . r l i s l t c rs

328.  \ \ ' i l l i s .  R . .1 .  (1999) .  . \us t ra l ia r t  s l r rd ies  on  Et tca lyp t l r . r - :  a  rev ieu .  ln :  Pr rnc tp le : .s  and l> t  c rc : t t ces  rn  l ' l , tn t

Ecologl ' :  Al lelochemicql [ntertct ion.s (Ed.: Inclerl i l .  K.NI.N{. Dakshirr i  urcl C.L,. l -or ') .  Bocu Ralou:

CRC Press ( in press).

329.  \ \bod.  B . \ \ r . .  Got tu 'a ld .  T .R.  and Re i l l r ' .  C .L .  (1988) .  Pecan p l r r l lospherc  c l rcnr ica ls  i r r l l r rcncc 'genn i r r i r t io r r

o f  pecan scab con ic l ia .  Jo t t rno !  o f ' the . , lmencLtn  Soc te t ) ' lo r ' [ [o r t i c rL l l t t rq l  Sc tencr  t l3 .  616- ( l  19 .

330.  \ \ ro r l idge .  I .  (1677) .  Sys tena I Io r t t -c t t l t t t ree .  o r  the . , l r t  c t l  ( iu rdentns .  L t - rnc lo r r  :  
' i ' .  

l l u r rc l  lnd  \ \ ' .

Hertsrtt i r t t .

3 l l .  Za tvko .  . f .  (196- l ) .  Inves t iga t ions  un  roo t  lb rn ra t ion  in  ua ln t r t  l l l u r r i l l l ' i r r i f  i , ' r t t , r ' l t ' t i i c . r ' i  k - i ) : l t  tn t : r r t 'o l .

S e c u o n  C 5 7 ( 2 ) : 3 5 - 4 2 .

332.  I . t t zer .  S  l .  and Dau 'so l t , . l .O.  (1989)  Sc i tsonu l  c l t i rngcs  in  uoc l t r l . ' n i t lo r l c r t i rsc  ac t iv i t r  t i l ' .1 / i r i r . s  g l r t t i t l , , . r t t

i tnr l  Eleagnu.t ctngrt.st i fbl ia, Tree i 'h1 :: tolagv 5 : I  8-s- 19.1.

* Enlr ies folLrned rvith an asterisk lrave l ' r . .crr sorlrL-ed f i 'onr the Irr lcrrrct.


