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ACTloiJ 0F Tt-;F tfi:rJylFyRIDAZIr.,loi,iE HiFrF ICIlttS BAlr-F 51,650 AilD

FASF 44-121 Ott THE GREEr,l nfltr 0RANGE CELLC 0: ChJoreJJa

fusi r .

0.11. Sayed anci 14.i'|. Tarrtawy

Dep,rrtinenl- of Botany, Faculty o{ Sr:ienre, and Departnent

Plarrt F'rotection, Facr-rlty o{ Arlrrcultr.rrer tJnrversity

l'1inia, Mirri :,, El."pt.

Abstr.rct:

Autotr-ophictlly grLrHn Ch!oreIJa fu-rcl cell.! rrere

treated with di{{erent concr:ntrat.tons o{ the

pl-'enylp;r:d;r:inene herbrcider lAlF SI6SI-J Il_phenyl_

/r-oetho;iy-5-lbronro-pyrida::inonel, and FfiSi: 44i:L [4_chlorc_

5-,n.tho;ry-?-{o(rc(rxr-tr:,{lu:rro-tr.r-tolyi)-3{?H)_;,;,ridazinoncJ

{or 96 holirs.'l'he treatmr:ntE induced rctardation of cel:

divisrcn, redtrrtion oi both total chioroph),ll .:nci carotenoiC

contentsr redurtion e* the Ehl a ! Chl b ratio, and

inhifritron o{ oxygerr ervolutror. compared to untreatnrl

control. BASF 4451! rlas orore effective as a,t rnhibrtor o{

cel I di vrsj crn than FASF 3l65il. 0n the crlher hand.

incorporatior o{ there hr-:'rbicides in the nltrite-rich &edium

durrn! rpgr€lenlng o+ Gra.ge nrtrogr-,n_dr:iicrent cellr
slightl;, inhribited grorrtir, prgnr3rl syntheEili:r and ilre

deve.lopnrent o{ .rn o:lyqen-i:vLrl ving c;:,;.rability r.r|i{.n co,np;rr€,c1

to contrcl. Fusp!te this slight inh:i b jtron, ;uit.u_ee tre.1+.ed

at al I coicantr,:t:o:ri a;p,l ir:.d cou)d, ;rt lra... part:.-111.,

regreen r.ri thin il3 h.
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nntrcldrrct i on

iianv phen v I ir ri i Jai: i nr,ne he;-i, i c., ,i..; ai-€ irE i, l Joiiiaeiitei

bleaching agents rn plants. The brleaching rnd!1Eed by these

herbicides rlAE reported to btr accomp.::iied by many

prh;,siologrcal and lrrochemical responses. These responses

rnclude inhitlition o{ oxygen ervolution t?01, f"11r__.rO
polyunsaturatron in t.he chloroplaEt gal.ar:tolipid {ract!on

tl4lr inhibit.ron o+ carotenojd bresynthersis fl rill,
degrarJation o{ 7(}s.ibosones rlrgrt sevpre drsr.uption o{ tne

plaetid ultrilstructrrre f:1, and inhibjt:on o{ phyto!

trrosynthesir: rl r5l' ri*wever, the primary mecharlrEa of action

of these he'bicides is stlrr der,atable. contr.c,versy exists

on wheither the mpch;rr s.'-1 o{ actiori rnvorve: rnhrbition o.f

photoEiynt.hetir: ele:lrcn transport [20Jr rn,rjbition of the

trir,:yr:the:::' r.,i phoiop-or:::t.ive c:.. ci.e-:::J. :l:r or

inter{erence r*ith the reguilated {o-,nartior; s{ phr,tosynthe.:ic

nembr;rnesiltrl. Thess frndrngs haver mostry been out;,ined by

usrng pheny!p7-!rJa:: i rone herbicid€: contnlnrn! l.,i-nrethylateC

Fnd l{-.di&ethyiated arrlne groL,p rn the srdl charn, In this

test tr.ro phen y1;:yr r _i:.: r none herb: r:i dr"s w.l th a :;relho:ly gr()Lrl)

rnstead o{ tne strbstitrrled anrrne in the sid: chain, and

with sr nitheul e tri'fluorc$Eth'/! r;rrb:titrrtirr o{ the pherryl

ring, naaely 8,15= 44:j:31 and Fl3i:::68i, rpr:*:.tivelyr w+re

used. Inve=ti g:iti ons :Lnvo1\,r:a te::ti ng thp . nter{erence o{

these tr+o hert- i ci de:; $i .Ll. growth tcei 1 ncrrntre- ) pi gnent

trorttentr and o:,ygen e,vo!r-rtr::n of green alticlroptii:a)ly grown

And orEnge' nitrogen-cle{rciplt CtrJ,,reJ,la fgs,::a ce}. ls, a

systr.m that prr-,vid tt, be ritr-:i for sltrtt invesLii;r,.tonc tIl.
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l''!:tc,rr al = ar,d Yi'.hlC=

Chlc'reI)6 fu_r.--a l1l-15 {rcm the Coll.r.ctiori o{ Algal

Cr-rlture:, UniversiIy ,ti Gottinge:r (6ermany), was grorrn in a

nitrate-!-ich nediLrn cr3ntaining El mt.1 I.Iln fel *or- ?4 h.

Organg: ni tr-oge'n-Cef I t:i ent cel I s r+rr.e c,btar neC by su:;:enCr ng

I g {re::h weight in:()fr nrl o{ a r-inilar, br-rt nitrate-spar=_e

nadiun containing on11,, 0.0€ rnfl l'fl0-, r.rith l Cl {? mH) adtjEd

to naintain potas:runr ion anC osror.lc aonceftr;tior,s {or sl.,

r+eel s. E::th norn.rl greerr t:iid Orangr! ni.irogen-def r Ci ent

Chli,re .!la cells we.re harvestE,j, uar.hti.i vrjth stpr rl i:eC

distrllr,C x;ir-er1 i.rr1 ;s911r,p,erd:,1 (10. Cell: r!-') tr, ir

nt.trat.r-ricir rn:Cjr, r ccrntain:ng t.e herhrcrde:;, The cr-rlturres

{?cc' m1 ) .i liol r n'r'nal. Eree' anii orarnrje rri t t.ogL,n-dr,{icier;-.

cellE ri{:re ::ont:nucrrr-=l y ipsrqEd r.li-l'r a;r ar_ llil-i priC brEi.e

t ll Iumrrralr,rj l) ,r brnl o: f l,_rr:re:ce;,,t i i,;hl. t;iyrrrg c1:r

irracj:,e'n:e fr{ o.i tJJr-2. Illli.,r:tnet..:,ir lja: lrc;.idr,d tn 1: h

6zyin:gF,t cl,cie: {crqreen cr)ll;-,C contini,orrsiy ior tire

rlrEr€rr::{irq Cf orengF njt.o,,: r-deitcji-?nl :F1l:j.

The sr'!l: t : t.riIi.d pi,-:riyl py:: da.: ] i)oic hei.!i c:. {lii.:: FftS!- l:g5,)

arid BilF 44lil1 yrer i. .r l:i nd g: i: e{ BASF nr: {Gr,-r-n;,11 } | ancJ

$r€.re recrrs|;llj:rd t,^rice !n he):atL, prtor tc Lt:;€. The

hnrbrc:Cps r:'re q{i:goi'tcd in ar:alone .frro ttlt r ildded to the

c'.Lli-Lrrps tc Ai vr. conce:rtrett.jn$ c{ (,. 1r i,0, lor ;rnd lalo

ugnrl -r r;icet::i-,e ccnceni:r.tl-:i rJa: ie;t b,.:1,:r.: !.1,i),

Cel I nLr*rber; !.'are dete.n:nej by Lrstng ,r firigh!-_lins

h,'rpmnii,r-;fi,.tt-i:- {Flir:fror{.-.,lyr;, LrSA). Tr,.t,.rl Cl}loro,,.,)l I anc{

a!,:riti,noi(i cCjntcnt:; !,€'re Ce+.er.mlnc.d ir{{.6,1- H:t:n,.. et

;"',tl^,r. Flr:lr..r'rlh;-,,:if i;i./;,rr ,:.,.r,1 Lr lirrr r H,t: it!_,.r,rir1 ii.l

en o::\'Er'1 el;.,itro/e (1,,-,rrl l-O|-re-.a, Lri.) jn 4 rrl (,t cril. lLf.,t

A?. :* 'l ;f L' ,tr: irr;rg!j :,;1g i: r.{ l:,:r r.' ,.-- 
"



130

l\".!] t.
Action nn ilnrnrt 6reer.r f!!!r,rpJje Ce! Is:
Treatoent rvith IASF 31,650 up to a tested concentratron o+

t0 ugcrt-r resrrlted in 402 inhibition o.f growth (expressed
as cet number) o{ normal green crr,rorp.rja cells after 96
hr compar€,d to control 

'iig. 
t.a). Tre;rtnent with BASF 44521

for 96 hr, on the other hand, appearerd to be nuch more
ef{ect,jve, restrlting in r}SZ and 602 rnhibition of gr.orth at
testedl concentrations o{ t.0 and t0 ugol_r, respectively
{Fig. l.{). Treatnrerrt riil"r the higher concentration o{ loO
ug.nl-r o{ theEe herbicides severely inhibited grorvth.

Tstal chlorophytr I content showed l5OZ reduction upon
treatmpnt r.rith both herbicides up to a r:oncentration of tO
ugr)l -'! , whereas t reatoent at a h1 gher I evel o{ IOO
ugml - I resul.-sd :.,r a ,oore narked _i, j.tcti _n r:r :!+-f !
chlorophyll at the end s{ the experiment compared to control
(Fi9.I.b and g,). It i:i *orthnoting that the observed
reduction rof total, chlorophyll was accompanted by a
conco,Drtant reduction of the Cht a r Chl b ralio (Fig.l.c
and h). In additionr the total carotenaid contFnt o{ the
cel I e was r*duced and thei r oxygen evol vrng capabi I i ty was
inhibited up'sn treatment *ith theEe herbicides at arr revels
applted. tFi9.t.ct and i),

Action on nrange Nitrogen_starved ChJoreJla Cells During
Regreeni ng:r

Regreening o{ the 6_week_otd control orange nitrogen-
de{icient cellE was kompletie xithin 3? hours efter being
transferred to a nitrate_rich rnedium. The end o{ regreening
ras nanifested by the attainoent of totel chlorophylt
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contentt chl a : chr b ratro, totar :arotenoid content, and

the r:t+ l{ c:.,yr;en evo!.,_r+_rcn eJ le,,als cc,nF::rb!e to thcse

of control normal green cells (Fiq.1 ).

Cell dlivision started 24 h a{ter trans{erring orange cells
to the ni trate-r r ch nrr:di r_rm fti th cel I nLlmbpr o{ control
cultureE increasing .from 0.?xl0? to 1.7:.r107 r:ells
nrl--". Cell nrrmber incrr:"rged {rorn rl.ll;llO- to l.6r: jlOT

ce1 I s ml -' upon treatrnr:nt pi th 1r.r0 ugrnl - r FA3F :_:65i) or
l0 ugnl-' FASF 445:l iFig.2.a ard + | respectively)

suggesting that BA9F 4rl!?1 ei;erted a more pronounced effect
on Ee11 rJi vi si on

Total chlorophy,ll content {Fiq.2.b and g), Ehl a : Chl b

r,rtio (F:ig.?.c arid h), and tot.rl carotenoid content (Fig.2.d

and i ) o{ the regreening cel I s L.rer.e relatively reducect,

compareC ir c::trr!. ,.rnnn tr::tmrnt rith l.:th herbicidee in
e trend that appeared to be soncentration_rJependent.

Flrrtheracre, the development o{ an oxygen_evolving

capability during regreening was inhibited in rells treateo

with both herbicides at concentrat ions higher than O. t

ugnl-r when compared to .the lrntreatad control (Fig"i,e and

j ) . Hor^rever, non of the measrrred pararneters was cornpletel y

i nh i b i ted as a resul t o{ the treatments and p,rrti al I y

recovered dlrring regreen:ing o{ oranqe cells.

Di scr,:li on

Treatment of green (;.h!ore!Ia cel !s with the tosted

herbicides up to a concelrrtration of lrlr ugml-t resulted in
retardation o{ cell division, whereas treatrnent at a higher

I evel of 1o0 ugml -t appe.rred to reEul t in conrplete

cesr'atr on of thj s proceEs (tri g. 1. a ancj f ) . Favrever, this
obgerved ret.rrd:rrion of cr'r! division vras less p-onounced
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oL'rlng regrFi::nlng o+ orJ.rge ni tri,gerr_st,rr_,r'ed ct_.1l: in the
presence oi i:ne tlro tps,teo ne!-brcloes rFrg.j.a ano +).
Towerds the end o{ tLe regreening prprlod, ce]I division o{
control cell:; coacer,ced and resulter, tn a !7_fold irrcrease
rn cell numb:r (Fio.-.a and {}. Treatment uith IitiSF 3i1650 at
a ccnccntratron o{ 1(O ugrnl_r {or .lil hr regultecl in a 602
reducti on in cel I nuinlJer €o,npclrecl to contrcrl (Fi g.!.a)
,{'lerr:,rB !-resinent *rth 8,1!iF 445"1 prccr-rced the :ame effect
at a Iower conrentrati,:xr o{ l0 Lrga}l-r {Fig.?.{}. This
reEttlt indicales that p.A?F 4a5i! polsessee a more potent
e{1ect on cel! divjs.iafi. Inhibitjon o+ cell rJivision by
ph rnyl pyr i cla: r none hprbi c r des hes prr:vi 6r-19l y been reported
rn ChJrrreJia t9, ill,

Trertrl=nt o{ EnE6'1 chl;trpI}a cells with $ASF 31350 or
FASF 441:r rblui Lpa rn r.*rtirrc ti on o{ r_he tot;1 c.hiorophyl I
cc'ni-ent (Fig.t.b end q) ther chr ;. : chr b ratio (F.ig.1.c and
hi, total :aro.lenpid rcflterrt tFig. l.d and i ) , and oxygen
evol*tion Lar!1. l.,e €nd j) o{ the5e cells c:npared to
control,. 'l'hese e{-f ects, parti;l1y crc,_rrre6 Ltpon rEEreening of
oi-rrr-rge cel ] E tre:rtpd r.r.i|r tllese testeij herbir:iCe:,, with FASF

44511 berng,nore €,{+.-cti.re,lhin FASF :::6:0, iiarticlrlnrly at
high testeel :cnEentrat:sr:s tFig.?), The observe,cl ef{ects
cone In agreeoent r*ith previous report.= that
phenylpyridaiinpne: inhibit 1;,igment synilreris !9,lSr14r!Elr
and phrrt.asynthetic elect:-on transport ff, ,7r?01.

0r ange ni tr:rgen-eterveci cel I s ,rrp known to be

-')oto:ynthrrttr.rlly' inactive €nd cr:ntain non.-appressed

t amel l.:e' and prc,! a,neJ t .:r l,od /-i i I e o:1r|,;.6ne aggreg.rt i ong and
H6:rr: rap+rtcd t* gs frbla tE:-sg7c,gn.1nsg dpvel.lp an active
Plrol.n:r;.11.' tir s;.p 1.r**.r* s!.-r:i1 :ri h uprl t,eing tr;rnsf nr"rc,cl
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tc, a ntlrgtr:-rrch r'i:djr-rnr Ll!,111. Cr-rr re::lrlte tFig.l) =how

al -| r'..-^i . ^ |La ,.J l!- l^.-1.', L^'\i _i J^_ i r: f hr

nit-ratr-rjc5 rnrdiunr and the p;rt:al irrhibition c{ both

pt gmc,nt :y'ntheli r arrd the r3evciopment cf an orygen-e'volving

- -,..ki I ; l. i.,, i.,- -..\ r ,., u!,, ,,,r , .)green:. rrg, the orarlg{? cel I s co,-rl cJ rcgreen

agairr r',itlr jn ll trr.

Al t.hc,.r!r' tl,r. plinary rrr{:.chanism o+ ection, rle{i;rtd by

f'1crelarC f111, i:; q'.rrlr:+.ionable +r:rr the ble,rching

ph,''nyl;7r ic"r:irri:n,- lrr;'hic:,des, it h"rs r'::an!-ly heen rnported

t\ri tf,e l',lc..rt:ir.1 l]rocec3 ir': ChJ,rrgJJa f,isca ce]1s is-"'"t ts

CepcnCi,nt on .ir, ai:ti vL: cL-:l I n'etabol: sm ,:,nd r eslrl ts {rorn the

re;r-tl at.ed rnetabol ic destruction o{ the phnto:;ynttetic

appalat.us llA). Tlrers, the blpached ChIt,tteJJa cellg recFver

+n n.FFn- rthr'tr'."-er-rr--rr ' --!:\/e and hgrbicide-LU B' Etr't tr"L!L>/rrLrrLi4Lcally sLlI

i n:e1r5i 11 ,,.' pl-rr.riaiyp?' 117'-191. In tfre,;e r.:p;;''-- i t lras be,en

concl uiled that thr., bl eachi nE proceEs i E a con'ieqLlenc'e and

answer o{ the cEll 'rptaboiism to Phenylpyridazinone-ittduced

disrcAulation and eneblee Cl,JoreJ.la cr-11,e to survive. Our

observations perhnps conv:y a eimilar mc:ssage. Despit,a the

deg-adation s+ the photo:ynthetic apparltrrs in orange :ell->

they could sirrpri=i rg!;- rr?grE,en clnC dilvelop .1 f unct!onal

photc:1.nthcti c ipFiratus even in the presence o{ sr.tch

bteach jnq;s hertriclCes (Fi 1.!). lt i,-;, l.herlf oret sllg,gested

thar. tl:p: c,, ob:r'rvncl r i:: pciltea .re pr,:L..rb! y retl erti. ons o{

strrrctrr:"1! and/cr Jr.rnction".,l cn.rracteri :;tics o{ Cltlt.,r'e ! I a

ceI I E t.hi't enal',1 e. them lo gurvi ve i n thc presence o{ these

te:tr:d harbicide:r.
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eeneral crerahol,., ,n b;;;;; ;";,;t;.?;t,.tl;:":::_ "y
;'3f,Irl:,r 
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7 Herl::eg T., E. Lebe::l:r and L. S::l;e{{pct- o+' 1:r;..ic:.:.rnone herbiclno='t 
ttttt, The proopt

processe.i ci,i !,.r,otosynt.hei;re. FEgS L.t:: ,::: ,!::H:B Lunmel H.14. *nd L.li. 6rrr,a,:: i tsi,lI The rnhibrt:on ofcErotenotd b:losynthpsrn ,n 9ro.. ":g_" by Sando:: t{ 67OA:Acurrrrul;tl on o{ phroene ana 
- 
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t1 t10rer anir D'E' t9.c'rr l'rechi.";urt-;;'actron s{ herbicide3.Ann,r. Fuv, pl,irni Fhysioi., 3i ircsoi':g:_e:e.1i F'ylrotiF, f.J"A. o D.J. GogdcirrtA anC-i.H. erra,ne f tS::l Theregrei,,nrnn o{ nltro3en-.de{rcie,nt ChJoreJla {u!.ca. !1,

;;!:.li;:irchi:insi::, 
durrnq !-esreenrne. Arch. rlrcrabio!.

lJ Sandrnrr,n G. , t:.,1 . l.unert anC F. Fooeractivrty and'cher1 g_qi-g6:=tlj,,tl." .; in.,liliil,rll,lii*lllFesti.-" Fr orh;,rrr. F.h,ysiol - t:: ::S-:::::.14 St.,lohrr J.F, lni: J.L. Hiit""-- (tgi,j, Strrrcture, verEu_:actr'rty o{ s,.rE:j.tt,tod proi,lo=rn,_*= .:r re}atL_d tor,:pchan, sn oi actr.i,. ljeb=d tic:. , 14; i;r"_Se:.t5 Tant;.w.., t!. t1. ::nil L, .1, Grl n*;: { l9g! } ll
].n rt. ,;-^^n nl 3;, ch)ort! 1,, iuoro'"r.,"ir,1""1,i?:.i* ::r*"ttfre pr,:rj.r:tnnrr: herbicrcll Sitl] Hhr c:ynti .. ., ,, f ,. G. Al oytr:*,rt or-r {Ed. , , il:;"=r:in".?lt,ilfrr !'l'-irl,'.i I\*=11,13;,ri, 1!, I .ld:n in:ern..ironel Scrpncp:...r r!(i ', Ffttl.idr"ipt;1,1t p. gg"_!,1r1?.
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