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ABSTRACT 

Tw phyr*ox~c anivl ly 01 th.  compmndr irolad ~ v l r  rnrm a s w w  r a w  
w craluald am I I l i n p  p ~ h  4 cmpr md rwcdr t h m m  a,nmp*rr"~. fnmm 
wrrlw. A~rmr~~efhnv q~#rrr>n#,. Bllrr~r ~ r l m l v r m ~ n  Wd E d  d~~~~lhlfi~flal .Ihlm 
c r m p m h  %nc~drnl,Rd Irnrl~c [FA). ~ynnslc (Sh)rnrl vmillic (VAl wad* VA 
l m r r ~ l l y  nnh~hilnl ~hc cm cl~~gaum. Iolhwd by FA and SA l l c r  7h)lamrnr 
~ n c r r a d  lhr mn mmlmnr pcmrrh l i~~ and * I rprmd cllt krrrm mrlaM~c arrwhty hn 
L M~JW VA and FA lnhib~inl br milollc ~ndrr, mi~llr. <A rnr.rxd rhc cell 
d~ra.bnn vamillb &I lnbn~ld ~ h c  rmt bnnch~ng. rb~ l r .  PA 3md Sh ~ l lm~ l i l l d  I k  
prol~lcnt~m of m & r y  mr As lh: phcnnl~r a k l r  w m  o(7m Imwi rmcm~nM 
In urn an11 k!rn undcr rlrpmru %ma, morc ~tudlcr am n& 10 <~Llhllrh lhclr 
pniripau~on unda 6cld cml~l~mr 

K l y u m l :  I l lw~pidcrl  Iwwrn. m o l r  mldr, phplnlqk11 rlTmr. 
W p R - d R E  I IRS'ICX~~~IF 

INTRODUCTION 

Arpnl ln* sugamne (Srrcclror~m oficmnan#m) rtmw 1s left tn lhc fieEd a k r  
harues1 to prcvcnl soil cmslnn nnd cnvlmnmce~el pnllullnn fmm It< burnlnp: (15) S b w  
rclentlon on sorl surlxc also suppresses ~ h c  p w t h  ot w d q .  reduc~ng the use 01 
hcrb~rtdm {121 In  g m n h o n ~  crwrtrncnls. \u#nrcanc straw lcachaltr unhlhtlc the uvedr 
grnwlh ( l  I )  Althwph a?m compnunds w~ th  blnloprcxt x im l l c s  havc bcfn rrolslcd Tmm 
sugarranc srnw (8.13) but phytntox~ns w r e  rarcly ~dcn! i l id  Rccmly. 2Pdqhydmay- 
1.4 hcnr*lxaz#n3-nm .(W1@.0A) and 2-ben7axaml1nonc (BOA) wrc isolatd irnm 
qugrcanc l c r w { l I h  II 1s p s ~ b l e  !hat somc unknown phytolox~nsrerna~ns ro bc ~solnral 
[rum sugarcum star The purpo~e of lhrs ~ tudy  was Ir) lo r~olale and rdcnt~fy the 
phpmon~c cornpoklnds ol suparcam srraw Icachnlc. (11) to dercrmrne lk rclalve 
phyloloxtc acuv~t) ol isolalod mrnpmm's on wmd\ nnd ne phyrlr>tqrral pnrmrt- o i  
l n r t r ~ n  rmvrr and (III) to dcferm~m thc cunccn[muon of rso1.11cd complunds i n  
suparcanc slnw I t i ~ha t c  



MATERIALS A N D  METHODS 

Plant material: SnccIrar~~rn aflclourum L. var Tuc (CP) 77-42 straw was colltclcd fmm 
L s  Talitas (Tucurnan, Argenltnn). Then, stmw was dricd at 60 T lor 48 h in oucn. Seedr 
ol Brassim coarprsrris I.. Lacrrfrn snribn L, cv Grand Rapids. A~r~nmnllrrrr quircrrsis I... 
Riderrs ri~rrbnlren~ans l. and S i L  rlmrrrbifoia L w e  sterilized with 1% sodium 
hyphlor i te for 30 min, ris-d w i~h  slerilc d~stillod warcr, dried with srcrite filter paper 
and germinated in walcr. The grminald weds wilh mot Itngth of 1 mm were used in 
bioaswys. 

Straw leathalt pmpamtlon: D r y  5traw (70 g) *as soaked in 1.01 stenlc dislilled vatcr 
rind shakcn for 4 h a! 25 'C dark. Thc leachalc was vacuum filtercd lhrough a frlrcr paper 
(Whelman # I) and ccntnfuged at 23428 g for I5 mln at 4 "C The rupornatanrs wcrc ctorcd 
at -20 T until use haghate diluuuns were prepared with btcrrlc d~sl~lled walcr and 
lilrcrcd through 0 22 pm nylnn l i l ttr membranes (Mtllipote). 

Chromatography: Column chrnmatography (CC) was performed on Scphadex LH 20 
(800 x 27 mm. Amemham Pharrnacla Biotech) and Silica gl 60 (0.245 mm, 240 x 16 
mrn.Mcrck). HPLC o,xratmns ulllreed IB-Sl t  RP I 8  15 pm. 250x 10 mm and d 6 mm. 
Phennmcncx) columns a d  a Gllson 118 UV deiecior GC-MS analysis w m  carried nut 
on a GC-HP 6890 w~lh  s qumlrupolc mass selcctrre dcttctor ITP 5933, sourcc 70 eV. Atlcd 
wrrh a HP-5 MS column (5% phtnylmethyls~loxaw. 30 m, 0.25 mm id. 0.25 pm film 
thtckncss) usm: hellurn as carracr g a  (1.0 mL mln") UV-VIS absorpuon spfclra wcrt 
recordcd (200.400 nm) using a spctmphotemclcr Bockman DO-650. Known cumpunda 
were idcnt~fiad by comparrwn o l  HPLC rclcnlion times. MS and UV-VIS absorpl~on 
spcara with l~tcrature data nnd umaly~~cal grdc at~ndardr Thc idcntlficd campnunds wre 
quanlified by HPLC ustng cxternal rrandards. 

lsdatlan and IdentntiAcatlon of phylotoxic cornpmds: The leachate (70 g of dry srraiv 
I 'I was lyophillved to dry- Thc m ~ d u c  1776 8 mp) was drmolvcd In 50 mL wR1cr and 
~uwcsslvely extmcled with dtclhyl cthcr lollowcd by ethyl acnate Thc organic fra~tlorrr 
wcrc drlcd In Rotar) tvapnrator at 50 "C, drswlvcd tn 3 mL methanol (MeOH) and 
clarified by cenlnlugntion 

Thc dlethyl clhm f m t ~ o n  (8 74 mg) was lrnctiona~cd by gel filtration CC uslnp 
McOH ns clucnt h c ~ ~ o n o  wen: montnrod ur 280. 310 and 350 nm. Fi%c rraclronr wcrt 
scpanted (LI - L5) Frxtuon L3 (4.85 mg) was loadcd on a S111ca gcl 60 column and 
clutcd wtth rhlomfonn - ncc l~c  acrd (100 mL 9Il 10. 1W mL 8020. 50 ml. 70 30 and 50 
mL 30.50, vlv) Six fnct~uns (SI-S6) ucre obhined and concenlratcd under rcducd 
pressure. 

Fracuon St (0 (34 mp) was ~njccred vla a Rhendym valve w11h a .TOO pl loop inlo 
a rnlcmprepamt~ve HPLC column The elution was perlmmd at a Row rate of 2 mL mln ' 
with solvcnt A (2% aceuc acld in water) and B (2% acctic ac~d In McOH) In rhe ruho nf 37 
9 I3 fnr 5 min, rncrcncing In IH) * B fn 15 mln, after5 mln at 90% B. Ihe mlumn wax 



cleaned-updccrtasing to 35% B In 5 mln. Re-equtlibration was done at 35% B for 20 rnin 
Compnunds wtm dtlcctei nt s wavelength of 266 nm Thc rctcnrlon rlmes (man) wcrc 
24 77 (11. 2S 38 (11. 31.28 (3) and 32.27 (4). The dclcctod p k s  were collected and 
onaly7ed by TLC end analytical IIPLC. Tht UV-VIR abwrplion spectm of each isvlatad 
mmpnund were recorded. Tht compounds and swodardq werc permcihylaml wilh 
dtalomethane before lnlcclion to GC- MS accordtng lo Flestr and P~eaer (7) GC-MS 
cordilions wtrc as tollriws: 2 p l  of the sample wcrc ~njcclcd to the caprllary column and 
thc tcmptmturc prdrcnr w w  fmm W W 270°C. 90 "C (2 mln). 93 m 150nC (3 mln). 150 
"C ( I  min). 150 lo 27O"C (9 mln) nnd 270°C (I min). 

hachatc mntml of Isolated phj The isolated m quantrfied 
In thc lcncharc using extcrnal slar iy HPLC. Call w r t  built 
ailh authcnric vonrlllc (YA) .  feru rrlnplc (SA) a1 ildnch). A 
~radienl elution uas perfmmed to r IC acids in  he I w mre nF I 
ml. min wrth solvent A (2% a o c , , ~  ,,,, ,,, ~ ~ t e r )  and I3 (2% ~ ~ L C F L I L  ~ C I U  III MeOtI) as 
bllow: W B to 30% B In 30 mln; 30% R ro 41% D m 12 mln: 42% B to IM)% H In 4 
mln Compounds wcrc dcrcctad at 266 nm 

'tochemiwb: ' 
dard method t 
IIC (FA) and s: 
cpmrc phcnnl ..̂  "^.-I ." ...-.. 

mpounds were 
bralion curves 
:~ds (> 59%. t 
eachnte at s no 

.. 2 - 

Phylochemical Screening: The componenls of the straw leachate and column lracl~ons 
were qepantd an srl~ca pcl 60 FI,, plates (0 25 rnm layer. McrcR). Ethyl acetarc - Fmmic 
ac~d - accuc oc~d - wafer (1001 1.1 1,261 vlv) and btnzcnc - dloxanc- accltc acid (90.54. 
vlvl were u d  w development solvents. T k  xparatcd componenls were visuallzcd under 
UV hghr I254 and 366 nm. UV Lamp Model UV 5L-58 Mrncnl~ght Lamp) and swayed 
with 1% fmrc chlorldc In MeOH 

Determination at total phml l rs:  Tolal phcmlic compounds were eslimotd uslng the 
rnclhod nf Singleton el R I  117) wrlh Fohn-Ciocalfeau mgcnl. R r u l ~ c  ocld was ured as 
rlandard. 

pH: Aqumus solutions and water contmls assayed were buffered wifh 5 mM 2-IN- 
rnnrphnl~no] ethanosulfonicacrd (MB)  odjuatad to pH 5 7 with 1 N d ~ u m  hydmx~dc 

Bioassay In 24-welE plates: The biologrcal achvity or cnfumn fmcrinns was asayod ns 
prcv~wu<ly repaned For L srrlfw In 24-well platcs (14) The amounts of  fractions asrayed 
were 0 02. 0 10. 0 20. 0.30, 040  and 0 50 pmal of total phenolic compounds per well In 
In0 111 o f  S mM MLS (pH 5 7 )  Mannttol snlul~nns prepared In MES (pH 5 7 )  W I I ~  rhe 
wrnc osmutlc porcnllal .I\ Ihe a w y d  ~amplcs wcrc ~ l w  asaayd Flve L, mrrm weds 
ncrc p t d  on filler paper {Whatman # T I  SCI at Ihc bortam of each well. Thc plate w r e  
scaled w~th parafilm and placcd m [he pmwlh chamber at 25 + 1 T w~th a I2 h 
phnroperid nt 40l pmol m' s" phorosyn~hetically ncllvc rad~atlon. ROD! length of L 
rnrnn was rnm.wr.4 In 5 d-old-sedlin~s Each lrcalment mnsr~tad o f 4  replrcatlons and 
was repwed tw~cc HPLC annlysla cnnfirmcd the r?omcrrzallun or FA In thc a~ssycd 
growrh cond~tlons In Ihc e l lo  1 I (rrdrc~ crr) 

Bioamny in PcM d l s h  Aqueous solul~ons of vanillic, ferulic and syringlc acids with 
conccnrrarlons bftwetn 0 1 and 40 m M  and lachalc dlluiions w ~ t h  mnccntntrons of total 



phenolic mmpounds hrwecn 0.1 and 4.0 mM wnc asse)td in b cm Pctn disks Mannib1 
mlulrona with thc samc obmnric pressure as thc dilulions nf straw leachate (25-35 mmol 
kg '. ScmiMikm osrnomrm. Knauer) and disr~lled wler w e e  also assaycd. In wch Petri 
dish, 17 permlmttd sacds of a tmt plonl wcre p l a d  on a layer olfiltcr paper and mtercd 
umlrh 3 ml. of a rest aolut~on The dlqhcs wcre bealad with panfilm and p1rr.d In a gmwth 
chamber ourlincd prtv~ously. Ahcr5 d mh and shuot lcnflh w m  mea~urcd. 

Changes le rmr mqahologv: h set of L surrle seodl~ngs wen wwn In solur~onr of 
phenol~c acids w~th canccntral#oas of 0 I lo I 0 mM le the Pctn divh bioassay pmnously 
md~cillcd After 5 d the seedlings wrc 1ranspl;leird to unslcr~lt ?or[ and gruwn lo rhc 
growth chamher for 30 d Then, thc clongdt~on oT rhc prrmary me1 wcdlhnp and the 
number of secnndary mots wcrc detcrmlncd The cxperrrncm was performed in Inplrate 
and tnuce-waled. 

Lfakage I M :  Chnngcs in memhrane pcrmcahihly due w rhc identified phemlic ?ads 
were a,?ayed by mcasvnng leakage of snlutes and ultnv~olet absnrbing msunalr Samplc~ 
of enc~ud rndiclcs (0 3 g fre.qh wclghl) fmm 5 d.ty.old L sorrtn xcdlbngs werc susvdcd 
In 20 mL aqucouc snlurlons (pH 5.7) of Th. SA and VA a: concenlwtuons between0 I a d  
1 mU ancr 48 h at 25 "C. ATter rhmc xashsngr, rn dinhllcd wrttr, mots were suqptndcd rn 
15 mL delonrzed mler lor 4 h at thc samc tcmFmturc Then, elecrrlc conducl~v~ty was 
an~lyzfd (DDS - I IA )  T k  UV-ahrb~ng malerral% k g  ammo acrds, euclent~des. 
polvpcpc~der ctc) wcre dt:ermrncd by mcwunng Ihc ahrbznoe at 2MI nm The 
c x p r n e n r  wac pcrfncmed rn mpl~catc and zwrcerepcnlcd. 

Root reduction activity lest: L ratiw, rmls ItM1 mg of fresh weight) grown in ~ h c  
phenolic mds solurlons (pH 5.7) wert washed. blokdrrod, weiehed and xmkcd in 5 mL aT 
2 f L" of 2.3.5-tnphenyl tctrazolium chlortdc (TK) disolvcd In a 50 mM PO, buffer 
(pIl 71 ot 37 T for 4 h rn the dark. Thcn, 0.5 mLof 1 M sulfuric acid was nddcd lo stop 
~hc  rcacllon. Rmn wrc rcmovcd, mshcd W I I ~  dlstillod waler, blot-dried and @uml with 
IW p~nrbns of 3 In 4 mL cihyl aoetavl m a mortar nnd peatlc The txlract was filtered 
thmugh filter papr The mlumc was made up lo 7 mL and rht  optical dens~ty of lhe 
rmmasm pmductrnn was rtad at 485 mn Thc cxptnmenl was performed In mplrate and 
rwicc.rcpcavd 

Miiotolic index tcst: lnh~b~t~on of L satnn mot cell dlvlston (m~mrc mdcx) was measured 
according to Armbrustcr eta/  (2) u11h some mdifical~ons A fiZur paper (Whatman # I )  
and  17 wrfm ~ t c n l t d  L sarhrr weds were placed rn 6-cm Fctrr dishes. Three mi. of 
aqtteous wlut~ons ul  rcrulic. vanill~c and s)nnglc rclda wen: added tn cach Petr~ d~sh Thc 
phenolic acids \\ere asaaycd ai the mnccntraunns 01 0 1. 0 5 3rd I mM (pH 5 7) Dirhcs 
wcr seilld wrth Panfilm and placcd tn thc growth chamhr wtl~ned prev~ously Atter 6 
dst.5, rrmt t i p  wwt Oxcd In glacial asetic scbU I ubsolue ethanol ( I  1) for 24 hand storad 
In 70% nhanol at 5 "C unrrl ux Rwt tip? werc then hydrolned In 2 N chlondc ac~d Tor 
15 min a1 (a"C a d  thee repearedly washed %nth drstlllcd warcr Rwt I ~p r  wrc stahned tn 
the dark for I5 mln uslnp SchrfTs rvagent ( 8 )  and thcn sqwshcd In 15 g I' cmrnme 
dissolved In 4% glacral ~cetlL ac~d M~tntlc stages werc observed rn at Iwst 1030 cclls per 
s l~dc at a map~ficatlue of d h  wtrh a Olympu? CH mrcmscope 



Slatlstiral analysts: Deta in tables and figures wcrc presenltd as mcans t standard crror. 
Data of mcasurcd physmlogirul pmccsses previously indjcaled wcrc subjcctcd lo analy~ir 
of  variance [ANOVA) with sienificant diffcrcnces klwcen Ihc means idenlified by GLM 
proccdurcs. The rcwlls wcrc glvcn in ~ h c  1 ~ x 1  ax pmbab~lily wlucs. wirh P c 005 adoplcd 
as thc crttcrrun of significawe. Differences between trcalmcnt means wcrc cs~abliahcd 
with Dunncl T3. Nnn.linc;rr rcgresrinn prtxcdurer were necdcd lo a n ~ l y z c  mot elonga!ion 
response against phenollc actd ~vncenlrnlions. Complete stalrstical annlysjs was pcrtlrmcd 
with SPSS 7.5 Inr Wtnd(>ws. 

RFSULTS AND DISCUSSION 

Tk cornpomn~s cxtracicd in dicthyl ether fraction inhibilwl [he mt elongarion of 
L snt!w more than lhosc extracted by ethyl acetate. Separation of d~erhyl eiher 
components hy e Sephadcx LH 20 yicldcd five peaks ( L I  ro 15, F i ~ u r c  I). L3 peak was 
most acrlvc on  he plant plrorxrh. The cnnalllucnls or L3 wcre londcd on il s~licil pel column 
and separated in six f he mnrt phytoi ~n~rituenrq 
wcre scparalcd In Ic micmprepilrs Iach p w k  
comprised a pure con I spectra o f  tht indicetcd 
r he~  lhey were hydrt nd bynnglc ;l ncrs r i l  a 
hydrorycinnamic rnld rrrtrrm-rr lu~lc OIIU C I S - ~ c ~ u l ~ c  ncids) (Table b IILX ~~3111punds  are 
commonly prescnt In dnpjosperrns 119). Funhermme, ptml residues locali7ed on so11 
surface are rilrcn [hc main Mjurcc uf Lhcsc pbylu[oxlnc In manag4 ccuaystcms ( 10) 

ractions (SI to 
bur pwks (1.2 
)pound. The U 
~ryhcnzoic ac 

.---.I:^ 

56). S I  was 2' 
.3 and 4). by 
V-Vis and MS 
ids (vanllllc a 
..--I ... *.mr..r:.. 

nxic and its cr 
~ t i w  HPLC. t 
:ra compounds 
clds) and isui 
8 %  TLamm 

Figurc I. Elution prnfilr on Scfiadcl LH 20 e l  Ihc Nhcr rml~un c%lrrrcW lrnm suparcllnc 
lSacchn~lm oflcincinnmnr L.1 slmm'. 



EWect o0LSblntPd m p w n d s  on s#dllng growth 
Only ront tlnngaltnn was shown hecnuse ltochate dilutions and their ~sololcd 

constituents did not sfrmt $hart gmwh of leal plants (Table 2). Mannltol solurionr wblh 
the wmc mmic potentla1 and pH as rhc leachatc dllurions had no cffccl on seedlln~ 
gmw~h of test plants Inor shown) sugpateg lhal lei\choie organic conslilucnla wcrc 
res~nsiblc for the otrscrvcd growth inhlhuun 

(UV-YIP spectra) ( m ~ m p ~ p m ~ v c  HPLC) 
Vmdhc ac~d (1) 3118,255 y 288 nm 24.71 m ~ n  
Synnpc acid [It) 212y?h2nm 78.38 mun 
~.~. l%-nI>~ nr~d 411h 2t7.233 321 v 3ZAnm 5 1.28 min 

Tmblc Z BKccra sugarcam araw Ie&nte d~lultons and !kkr uk~~dolllfiod $?ylochemcdr on radicle 
dongarron of wed< and lminrw wfu%v L Data m shrwrt a6 mcm + SE 

S)nnplc acld 3 00t0 02 2 753705 3 F W  OI  2 90& 02 1 50- 
KCso - Concenlmtlon accdcd to rellucc 50% mot cldng~r~on of Ihc lerl planls. b Lrrrhdlt 
mmcntm~nnr w r c n p r x d  ~%loral ph~nol l~ cornpurd~, tn equrvd~nls nf rcntllc XIJ 

The effect of  tsolakd pphmol~c compnunds was m e n u a h o n  dependent and also 
vaned w~th the wt plant. In gcner~I. VA inhlb~trnn on mM clongarbn of the tcsl planls 
was %monger then FA and qA (Table 2) Low comcntratrons o f  FA and SA (0 1 a d  0 S 
mM) s~gn~ficaelly sllrnulaled thc rwr ctongar~on o f  B s~ibsliemnns and it. salnn (rmf 
shown). SA war the lesr phytuloxtc lwlrted compound. Prev~ou sludtes ind~caled that 
w t  length could dechnc wrth lhc tnnmc m phemlrc acid concenrrallon In a Ilncar or a 
curv~l~ncar Fashlnn 9) In thrs s~udy, n w ~  lnhlbltion o l  L sfilnw and the a~sayed w e d s  was 
best &scribed ax a curvlltnear response over thc range of phenullc aclds and slraw lcachate 
cuncentmtlons a~sayed mahle 7) 

Physto!x@cd eRpccr of kolntcd compounds on L smiw 
Mcmhranc i \  u,uallv suneested as ~ h c  i n i t 1 4  nctian site of ~hemlc rnmmunds. , - 

mpgenng subsequeRchangcs In plant physiology (6)  As shown in ~rpure 2A ond.28. Ihc 
  so la red compounds increased ~ h c  mnt cell Icnkagc of tlec~rolytes a i d  non-elcclrolytcr 
Yanbll~c acrd rndurud rhc maximum lms or clcclrolytc~, lollowcd by I:A nnd SA On the 
olher hand, the rnaxrmum loss of non clcctrulyle% wsq abwrkcd in lettucc rwls tnca!ed 
~ 7 t h  FA, r a l l o d  by VA and $A. The eftlux o l  areanic and Inorgankc cell conslitucnrs 
ind~csted that phcnollc acidr damage3 ~hc mot rnembratn lnlegnly 13). 



Lctlucc roots p r o m  In rhc mtml IMES buffer cnlul~on) pmduccd more 
formarran than t h m  crow rn solutions of phcrml ic  acids. When compsred rvi lh  VA and 

FA. mots rrealed w l h  SA slgnl f icant ly  produccd more iormaun Iflpufe I C )  Formnran 
pmduclron indtcnres the mt!txhundrtal dehydrogenare activity (IS).  The dacreaqe I n  

~Iehydrn~enasc I L C I D V I ~ ~  may awmrate w l r h  d m a s e  In ATP prnduclinn. Low ATP 
pmducunn may ~nducc thc lnhlh~llonof r n l  growth. 

Tabk 3 h n w l  y c ~ ~ ~ r i o .  coFfi~irnrr and R' vllucr Tor m a  rloogalion (rk. of -1) o i  1-1 phnu ~n 
prcsmoe nfphxnol~c arid, lIrml!r. Mnitlrc IM *jm)nngcr a e n w  I c ~ ~ h u i x  

Trrt plant Wcnrrllc .cad Lint mcmcpt Linnr ~ u a d m r r c  R! [Qu"dn'' 
mmr iun#  

Aewrnrrrlr~,r qnirrwir Vrnrllic Achd lYA1 Z IS .1.61 D51 11 V? 

~ c t u l ~ c  ~ c t d  IFAT 2.24 .1 31 0 35 n , w  
Fynnpic Acid ISA) ? 15 -U xx 0.30 nlR 
Srmtu~i~zclwa [SLI L.0? -1s O J I  D R I  

l ~ ~ d r m ~ ~ ~ h I l ~ m # l , ~  Y ~ m ~ l l ~ c  4cad 1 5 3  -11 X I  0.24 wl? 
r ~ m l , ~  A C , ~  1 (,4 1-21 .o ss o HJ 
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Figurc 2. ENccts d c o r n p u o d r  izaliltd Irnnr wgrrcxnc (.Tm-e b r r r l m  0f ir i~Hm Ll sumw kacblc m rn 
MIm1~ve vrriln L lrzhagr ul I,\> elcclr8hyucr and i l l 1  rim c1rrlmljzcr, (C) Itmawn pmducllrm. 
Iran m-prcltal lhc rlanrbrtl rmlr otrorh mma anrl srrtri+ks ~ndlcatc ~ l p i l i c a n l  diffvn%ca al Icwl 
n n r  n q m p v d  wlrh rmimlr .  n~tTcrml I~?rcm ~n r l ~ ra r r  <bpnlhcmt d~Ncrcnccr hr lurco  mmnl 31 
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PhmoIic acids nffeckd thc cell d~v i r ion in L mrrm font rncrislems (Figure 3). 
Vanillic ac~d signrfic~nfly reduced ~ h c  mitotic ln&x with respccl ro MES buffer solution. 
Conctnlrafion o f  I and 0.5 mM FA rducbd lhc cell diu~sion. whrlc. 0 1 mM FA 
sipnlficantly st imulatd Ihc mirorlc nrtivily. Orherwlse. 0.1 and 0.5 mM SA pmmolcd ccll 
dlv~sinn. whlle. 1 mM SA had no cKccl on rnklorir. SA roduccd Ihc mol  elongation at 
comcnrrations % 1 mM rmplgrng rhal SA may inhihir MI a l l  division a! high 
concentrarmes. Blum ct al. (51 sugjcsltd ~ h m  the curv~ltnenr dcclrne of plent ml 
elonfliion lvirh Ihe inertace in phenolic acids cnnccnrralion cu~rld be duc lo inhibillon i n  
nmi cell divislon and expansion. Ar p r  our rerulrs the identified phtnnlic acids affcctd 
the root clongalion pariially, rhmugh inhib~fion tncell divizron of mtrjslernafic rool nonc. 

1 V a n r r E  Ferullcacld Syrinqlc add -- - 
Fjpurc 3. Milrvlc Indcn of lc~lucc lrpr t x p c d  10 phcnollc gcldr ~ r n l e d  Imm su~arcm ISnwhants 

ofi'lfi~inorrrrn L) $ m w  I c ~ h m c .  Bnn rrprcml Ihc nandnnl trror or c d l  man. A%lcrlsks 
~ r d ~ c a ~ c  signuficmt dlffcrcncc% at IcvcI 0 05 as compcd wilh die mrml.  Dlrrcrcnl Icltrrr 
~ndrcnlc 9isoific;mt d~fferenccr hctwcco mans a1 lcvcl 0.05, 

n.0 0 1  o s  1.0 LO 01  os I n  OLI 0.1 03 r a 
( nrrrnlrplbr lmW 

Flgurc 4 Sccdl~ng pmwth of locrr#cu urf~lrvo L aRcr 30 d q s  pwmsud lnlh (A) vand!ic ac~d. (8) 
I t n l l ~c  xtcl and (CI <yfm@c wld ot under unstcntc mil. 



Prrmary rmts prcueatad with VA and FA w e  a-er than rho= prctrental with 
MES buffer (F~gure 4) Roots were Icss clonwcd and had less moradary m s  as VA 
commrarion ~ n r r e a d ,  Sndlings prttrcald wjlh FA and S h  Increased the branchleg of 
pnmary roots (Figure 5A and B). Many natural monophenols can stbmulan the uuxrn 
decarboxilat~on (6 )  Inhibilton OF aunln actlv~iy could be. rcsponsiblc far [hc observed 
bncrcasc in secondary roots. The observed reapon* suegeas r h t  exposure lo rhc ~solated 
phcmlic acds war able to modiry Ihc normal roo1 gmwth paltcm of L sarhmn and that 
~ h c x  modificarlons furlher pcrs~stcd In rhc subxquent scadlleg p w h .  

+ Famlle acid +Vsdlnc acid -+ Syringic acld 

Apre 5. Elongatton of (minary roots IA) md numhtr ol XEOE&)  MI (8) of Imtum mrrw L 
aftcr 10 days prelrcacclr m!k Ihe pkcnolv an& isnlated from rugarcanc (Sscrhonam 
oficinorntm L) $mw leacharc undn unslmlt w~l.  D ~ f f c r r n t  Icrtcn ~nd~calc s~gn~ficanl 
d ~ l f m n c c ~  ~ I Y C C O  mansat IFVCI 0 03 

CONCLUSIONS 

The concenbalions of VA. FA and SA in sugarcsnc slraw lmchates werc 
1 O l d 0 5  mmoll '  166 % twnx 341 ccs), 0 81+0 02 mmol L' and 0 [ O M  01 mmol I?. 
respc~tlvtly Thc mr elongallon of tmt plants and the evslualed physiologrcal processs 
In L sarlvrr ind~caud that V A  was Ihc stmngesl ~nh~biroryphylntox~n, followed by FA and 
SA. The relrllvc phytotoxic polcncy of rhest c o m p u d s  was d r f f m n t ,  buc lherr effccls on 
the phys~ologcal p m c e s ?  suggcst that the more nf xtlon was -me. As phcnnlic ac~ds 
arc often found spal~ally concentrated In the top so11 Iaprs under plant strew (1.4). more 
sltdies arc d o d  to cslablish the panielpatlon of thcsc compunds In ficld cond~t~ons 
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