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ABS'l.'RACT 

I n Part I of this study , t ho r el ati vo pot encies of SEiiCOR and 

its metabolit es have boon investigated . SENCOR hCt s been established 

as a potent Hill reaction inhibitor . 'l'ho observed action of SENCOR 

and its • etabolites a r o di s cussed in t er ~s of s tructure/activity 

relationship . 

The r:1echanism of' action of ,SEi:ICO:R and ono of its metabolites is 

compared YJith other kno,s.'11 Hill reaction inhibitors . A scheme is 

then proposed for the node of action of Hill r eaction inhibitors. 

In Part II tho observed variation in the field , in the response 

of Solanm1 nigrut1 and Solanum .sc.:::-achoides t o SENCOR has been 

establishecl as a phenomena of species selectivity . 

From studies on uptake , distribution and metabolisr.i of radio­

active -SENCOR it has been establi shed that a restriction to movement 

of tho herbicide from · th0 xylem to t!ie :.aesophyll occurs in Solanut:1 

sara choides (tolerant species) rrhile 'che 11.::i.teria l i s distributed 

throughou t the mesophyll in the susceptible Solanum nigrut:1 . . This 

restriction to movement into the 1;iesophyll in tho tolerant species 

has been confirmed by studios on the inhibition of rate of transpir-· 

ation and frow effects on sto• ata . SENCOR also appears to be 

met abo lised to a greater oxtont in the tolerant species . 

This study leads to the conclusion that the protection ~f the 

active centre, the chloroplasts, through ·restriction to movement of 

SENCOR into the mesophyll, combined with partial breakdovm .of the 

herbicide in the plant may be responsible for tho tole.ranee of 

Solanum sarachoides to SENCOR. 
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Chapter 1 

I NTRODlJC'l.'I•'JjI 

SEHCOR , a :pre - e~1err;enco aid pOE'.t - euorgence herbicide i .s bein{<; 

deve lo ped by Honry H. Ynrk ~Co . Lt ~ under lic ence from Farbenfabriken 

Bayer fl. . C. Its cher,i j_ca.1 naue i r.:: l+ - 2.,_,ii1o - 3- • ethylthio - 6- t - butyl -1, 

2 1 4-triazine - 5- one . Its clwuic nl structure i s : 

SENCO:E? ( 1:;otri buzin) 

Thi.s cot:ipound has shoi·r,.1 , eff\1cti-;e cont rol of r,1any annua l broad 

l ea f a nd gr ass r:eeds when applied to corn , tomatoes , potatoes and 

legumes . (1) . 

Vari at ion in control of t~o so l a~u~ species , i . e . Solanum nigrum 

and Sol anuu sar~choides have been o~sarved (141) . There fore thi s 

project i s an cl.ttempt to i nvest i ga.te r11lethcr this variation is due 

to species sel ectivity rather t~an an observci differ ential effect 

due to Gtage of r;r owth difference . 

In orcler to establish bases for so l ecti vity , knoVJledge of i11o de 

of action and pro portios of tho chouical is essential . As regards 

activity of SENCOR , only passing roferenco to it as havinG si• ilar 

mode of action as uracil herbicides havo been wade in a t echnical 

paper (?6) . The rio tabolite 11 dcauinatod di kcto 11 (Fi e-; . 1) of SENCOR 

has been a lleged to possess the herbicidal ac tivity (inhibition of 

photoche• ic~l reaction) . Thi s o.ssuupt i on ic based on the observed 

structural sL-,1ilarity of this me tabolite with tllCLt o f ura cil , a Hill 
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reaction inhibitor (83) . Howevor 1 structure activity relationship 

studies on inhibitors of photosy• tews provides theoretical support 

for SENCOR (a triazinon) itself to possess the herbicidal property. 

Draber et . al . (50) have related tho structure of triazinones 

r1ith inhibitors of the Hill reo.ction . The cher.:ical structure of 

triazinones fits into the scheue developed for herbicides with such 

a mode of action , 

In such a case of uncertainity , it it necessary to establish the 

mode of action o f SENCOI,: and a l so evCLluate the relative potency of 

the priri1ary produc t an r1 t!ie neto.bo li tos . 

The tolerance of .Solanun, oarac;_1oicles to the l:orbicide may be due 

to the protection of activo site (Hill reaction centre of photosystem 

II) by relative imperr.10ability of chl oropl ast uembranes . 

In comparing the degree of inhibition of isola ted chloroplasts 

of the two species 7 if difference in susceptibility occurs , then the 

selectivity r.mst be a function of tl1e chloroplast ueabrane itself . 

If , however , the degree of inhibitio11 of tirn photosystems of the two 

species are .si milar then perhaps 7 tolerance is a function of sot1e 

physiological or biocheuical phenomena \'lhich may involve differential 

rate of uptal;:e , distribution er ue taboli.sr.1 of SENCOR . While , i f 

differential rate of ce tabolisu of SEN"COR io evj_dent , then it is a l so 

possible for these product o to for• conjugates and thus , preventi on 

of translocation r:!ay be a basis for selectivity . Autoradiographic 

otudies may ostablish evidenco f or ouch a selectivity . 

Full study of all facto rs Vlill entail a detailed project of 

research which is aluost iupo.ssible to bo carri ed ou t single handed 

and within tho duration of mastorate studies; but as will be seen 

fron this pr esentation , an att empt has been uade to investigate so • e 

pertinent and i Llportant aspects . 
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Fig .1 

SENCOR and its me_tabolites 

Diketo metabolite 
(DK) 

Deaminated metabolite 
(DA) 

SENCOR active ingredient 
(S) 

Deaminated Diketo metaboli t e 
(DA DK) 
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PART I 

PROPERTIES OF SENCOR 



Cl1~1ptor 2 

REVIF.W OF LIIERA'I"JRE 

c: • 1 I EI'RODUC'l'ION 

In t h o p.J.s t tl10 b,r ,J 1n::iue ::if act i on I and 1ueclmnim:1s of act i on 1 

have beon used int erchan~eably . I n this study , horrevor , they will 

be use cl as do fined by Anon ( 9 ) .::m cl J'i..shton a nd Crn ft c ( 15 ) • 

' Mode of a ction ' i nvolves tho tJtal processes of physica l , 

bioche::1ical cmcl lJhysio l ogi c.::i.l nature , nhich contributes to the 

phyto t oxic a ctions of nn intro duced cho• ica l . Mode of action thus 

covers , nl l processes fro':~ t l10 ti,iO t"10 c hor.ii ca l i s introduced into 

tlrn p l o.11t 1s onviron:.10nt , t o tllc t:ixo it c::i.uses tho tlenth o f the plant . 

Tho ter1J ' r:1 eclla nisr.1 of c..ctio:1 1 , h o vrovor , is r estricted to the 

pri mary biochouica l of biophysical lesions leadinr, to tho denth of 

the plant . Asht on nnd Crofts (15) dofin0 tho 1 priDary biochewica l 

si ta of acti on (lesions) 1 ,::cs 11 the siagl e enzy:.10 or ue tabolic reacti on , 

or thG first roacti cn aff0ctocl nt ct c;ivon low conc ontrationn . 

Mo.n:y herbi cides increase ~ .Y,2;.Y.Q. i n conc ent r a tion ci.t the sv.b-

cellular l evel r.d.th tine ( 123) . Thj_G increasi np; concentrfl.tion could 

result i n one or Dore l oss sonsitivo site • of a ction being involved . 

ExperitJentally it is difficult to separate the vnrious physio logical 

processe8 without induci.n['; other funclm.!ent a l changes . Ther efore , 

for the purpo se of thi:J ctud:i , it is uore usoful to consi der u1ode of 

ac t ion of horbicidec rather thcrn tllo ro r:,tr icted uechanisu of ac tion . 

2 . 2 MECHJ\.NI.Sl1 OF ACTION OF HILL REACTIOIT INHIBI TORS 

2 . 2 .1 I ntroduction 

In order to understnnd tho uc clwni m1 of nction o f Hi11 react i on 

inhi bitors , which helong to such herbicid•:J gr oups ,-;. s trici.zi n e , ureas , 

anilides a~d ben~nitrilc , an un de r c t andin ~ of the photosynthetic 

electron transport syatcG i s oscont i a l . ThiG system traps and 

convert s light energy to choni cctl oner c;:1, thro ugh a seri es of redox 



PIIOTOCIIF.MICAL 8YRTF.M8 OF PIIOTOSYNTHESIR (21) 

Photosystem 1 I I Photosystem 2 

r· A1 I\ I I 
-0.4 

-0.2 

I I 
CMU 

0,1 ~~(I) I 'I° Ko' 
Cyt-559 

(2) PlastoqulnoM 

~ .,. . r l ,., j - • 0.2 

P11~:~y1nin 
Pigment (I) 

- • 0.4 system P-700 Az 
1 IH 

(200 chi) 

1-1 • 06 T I I I b ¾02 
l.. 

_I 
OH_ I -l • 08 

_/: 
Pigment 
system IT r 

2 rao I -' +1.0 
(200 chi) r 

h~ 

Fig. 2 l'hotoinduccd electron flow in cliloroplaAIH. 1 lircct.ion of flow is 
indicated by the small nrrows. The pathway from 011 - to NAl>l" is indi,·ntccl 
in hen vier outline. The text. should he conRtillc<l for <lctnilc<l cxplnrmtion. Tho 
fii;urcs in parcnthcflCe iri<lirntc the moles of the electron cnrrieni per photosynllu•tic 
unit of 400 chlorophylls. Artificial ncrcplors (Ilill oxi<lnnt11) (A,. A2) receive 
electrons ofter photoHyittem 2 or after photosyHtcm I. Artificial donors (D,) frc<l 
electrons into photosyslcm I. A scale of n ,dox polcntiuls is shown on the ri~ht. 
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r cnctions . Thi e r:;ubjoct has been rcviclrud cxt cnsiv oly by Boctr dr:1c1.n 

( 27 ) and Bi shop (24) . 

'l' ho gc11 uro.l ly accoptvd path\iD.Y ,::c pr opo,scd b:r Bo:crdi::an ancl 

co - wo r korc a r e: s hown in fj_g . 2 . 'l'hi .'.J ac llc.1,) consist a of two 

physicctlJ. y .:i.n d chcr.iico.l ly scpm· .-,.blc p~10tosystous d usignatcd 

1 Pho to s y sto;,1 1 1 ( PSI ) arnl ' P!10tosyst,:i:, II 1 ( PSII) (27) . Tho 

systcn proposocl by l\. r non I G r-; r ouv, lto\:cvcr , diffors frou tho above , 

i n that , thoy 11aintai :r.. PSII i.~~ furtlwr ;:::upar :1.bl o i nto PSIICl o.nd 

PSII b ( 11 , 1 2 , 97 ) • Al tho .. ,r:;ll tho ccl10;.,o 1,rcscntoC::. by Bcn.rdL12.n ( 27 ) 

i s ~cn or a lly o cc cpt cd , tl1c acqucnco Dntl nature of nc~rly ovary s i t e 

o.nd t he r eacti on soquonc o bctrrocn the photoly t ic docoaposition of 

rw. t or ancl PSII i c not ncll unc.l.o r oto,Jtl . 

Pllo to s ynthoti c in]1i bi tin;,; horbic:Ldu; ap:ric,J.r to di s rupt tho 

ol octron trnnsport i,::i. thvm:{ . Al so plloto chc: 1ico.l r oc'.1.ct i ons havo bo on 

roln t cd to tllo lo.uoll ::i.o strnctur0 so on i n o l cctron r.:icrogr n1Jhs of 

cll l oro pl:rntG . 

nnd Gi bbs ( 72) . 

Thi ;:; subject llct~; boon 1- ,.: v:i. ouocl by Par k and Sano ( 135) 

The nature :1.nd structur o of thylnkoi c.ls nn d othe r 

u<.mbr a n oB p l -,:r a vital rolo ii1 olo c t:!'.'on tr~rnsport . 

:Jay act by chcruptinr; thOG e, ::1or.,brnncc . 

Souc h e r bicide s 

Si nc e t ho biocllouistry of 0.., ovo l u.tio:r: during pho t o chouic a l 
C. 

roaction is unkno,m , tho cx ~tct ' l esi on I or the priu.:i.ry s ite of 

.::t ction of Hill reaction inhi bitors i :::; n.l so unlu,orm . Vo.riouc 

ox porii'.wntal t oclmiquos hav e 1x,on nclvnncotl i n o rder to o l u ci d::i. t o thio 

sit e of Ctct i on . 

2 . 2 . 2 I n::!.ibi tion of co_
2 

aosL1i l nt io11 

.Scvornl norkcrs ( 122 ,1 79 ) lK,vc cnrri cd out .::..sc.J.ys of co
2 

assi i;lilc,tion after troat:.10nt o:.'.' p l n.u'cs Hith herbici de s . Honovor , 

results obtained fro:J thos e studi oB nrc onl y gr oos i ndicati ons of t ho 

o ff oct of tho.so coupouncls on t ho plwtosyntl,ctic nppar Ctt us . Focus 

o f nttack cannot bo dofino tl , as CO.., fix~tion tnkas p l ::i. c o o.t tho end 
c.. 

of tho lino i n tho photosynthetic apparatus . Hi r:h concentration of 

h or bic i dc i s ctl oo r equired to i ni1ibit CO
2 

acsi u i .l n tion , a nd t hose 

ox pori nontc never i n chc.::i.t o t11c t r ue potent i al of the llorbicidos . 
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2 . 2 . 3 
11.i. . 

Di stributi on pattern of C ' l aboll od pno tosynthates 

If a llerbici,i.o inhi "Li:i..t.s }_/1oto~__;:y::,tci:;s then c;:,rbon reduction 

products requiring red:.tco.:J. p:rrinic.~i:-::.c nucleo tiueo cl10 ul cJ. be totctlly 

blocked , i . e . sucrose vci.lue should be l oVI , but the dar k co
2 

f ixu tion , 

i . o . phos1Jhoenol p:vnrvat o c:-1.rbox:yln.so reaction is not blocked , thus 

asparti c o.nc.l. g lu t.::u:1ic :icicl •,vill be re lo.ti vel:y hi ch01' than suc r ose . 

B,:,.sod on this , ,orkii,t; hypot:icwis ;:;\ioi g .-:mc1. Ashton (1 97 ) utte• pted to 

demonstrat e tho di stri but i on pattern of photosyntbutes i n excised 

boc1.n l oci. f from p l ctnts previ ously tro,1to,l H:i.th at r nzinc . Atr£<2.ine 

treated l oaves nnrl corresponding dari~ control l oaves both exposed to 
14co

2 
gave u si• i l ur pattorn of low sucrose and high aspartic and 

glutauic ncids . Since tl10 pr oducts r equiring pyrir:i dino nucleotides 

nr o totally bl ocko:l it i s ovidont tl:nt only tho photosyst e1;1s a rc 

involved . 

2 . 2 . 4 Inhi bi tieia of o
2 

evo lut i on 

Several te c hni ques have boon uGotl to dononstrate that only part 

of tho photosystous , i . e . only PSII or the liiJ.l reacti on is inhibit ed . 

Among tho se nro studios on oxygon evo lution . Tho popula r uc thod is 

• easurement of OXYGOD evo lution using • nno • c tri c techniques . Hill 

r eac ti on bei ng catalysed by forricyan:J_do or i;1dophanol dyes enc or.:ipasm 

only PSII .::md i s thought to torr.:inntc befo r e PSI ( 19 , 75 , 122) . Tho 

h erbicide : chJ.orophylJ. noJocu1il.r ratio i s cal culntcd for 5(1}~ 

r eduction in o
2 

ovolutio~ Miklo (122) do~onotratod thil.t o
2 

evo lution 

i s r odu c od to 50% b~,' p:yridL1o l chl orophyll ratio oi 1. R.:::.tios .::i.s 

1 011 2,s this i ndicate tllat tl"o s:~ t o cf o.ction r csi :los in tho e l ec tron 

transport systc• , involving only tho 0~ ovo l vi nr: • yste• through to ,_ 

pig• ont systou II . 

2 . 2 . 5 Changes in fluorosconc c 

Zwei r: and other ;·ro rkors have xttcnptod to douonst r nto Hill 

r eaction i nhil.iit ion usi ng fluorosconco t.,tudios . 
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horbicj_dcc; , c.tr~\Zi,10 , sii.,.:czi110 , ,10 , .0.ron , diuron ·t11d clicry l , at a. 

tho flnorcsce11ce i,'3 h:lI'vt:1osi zo:l .-,:_: bu:i_:1 (; t:w.t tlw oxc osG photo -

Z,iroic: 

ot • .:11 . ( 1 ~;8) c'..lco o ::; t .. 1bli~;;wc1. -:-~n cxcol1ont corrolab.on bo 1~wocn 

oxygen evolution r~d fluorcscunco i nc r acso thus ost~blishing t~e site 

of Gct:Lon to bo close , :i.f ;.wt at , tllo.t uf the o
2

- ov0::i..'1ing systow 

itcolf . 

2 . 2 . G Effect on ~iy<2roc;cm .'.':L~o pt od i:,icro - orcjcmis:.iS 

of tiro2..s r'..iHl trio.zino;_; c.•1.11 be J.ocated rr.Lt'.:t reci.sonc.ble co~1fidonco in 

the Hill reaction controe I·Iishop (22 , 23) Jo11onc:tr.1.ted th::-,t 

substi tutcc.l uro.:i.::o and tricizino.s kHl ,10 c,f::.'oct on pllotoroduction 

rc~ctiono of tho l1ydrocon adopted Sc c notlesuus . 

Twc overlapping electron cpin rosona11co (ESR) signals aro 

obsorvod nhcn a lgal :;ells .---.ro :i.ll1F,,L1ci.to cl r;itl1 lir;::t . B.SR sign.:11 II 

o.ppo .:i.r:-J to bo rolc.,ted to tl:c o
2 

ovolvinr,: r,iocll.,nisus of green p1nnts 

and ESl:.: ho.G toon cor:rol.:1tod ~-:itt, Hill r o::-.ction acti vi t~J nncl 

fluorosco~cc (4 , a ,1 04 ,1 88) . 

signal I to sio1c1.l. II is L,oro i1,.11ortant tlln.n the ;:ionm1x·c1,ont of 

eithe r signal alone . 

tondi:.; to c ompo:1cnto for tho cmcortainity in t 110 nu;1bor of cells in 

tho 1:mmplo tu bo clur:i.n [:; 0:10.:1 ox:pori;-10;1 t . Trcl1Grno ot . al . ( 177 ) using 

this 1;1othod were able to do11on.str2..to an incro.:i.so in tho ro.tio of 

signnl I t o s i ~nal II in t~o prosonco of uroo. an~ triazino herbicides . 

'.r 1ms they ust.:11.JJ.ishod t:w pr:i_no.ry sj_ to of 2-ction or lesion to i:wol ve 
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2 . 2 . 8 l~GVi0\7 

Evou thouch thoro aro sovor~,. l rwtl10cls t o oluciJnto tho pri r.iary 

sito of ctction (lesion) or IIilJ. ro;:ctioc1 inhibitors , tho exact 

uo chnnisn of ::i.ction of t;wno hcrbicido::-_; ic sti l l in doubt . Unlesc 

tl10 bi octoniotr:, uf o
2 

ovo1L,tio21 ic 1,0:c·kcd. out one rri l l not be able 

to cstablisl1 th0 uo c lm1:is;.1 of n c tion of Hill rea ction inhibitors . 

As i .:; oviclont fro;:1 ti,o :::i.bovo 0xporiuontc 1:10.:i:r of tho techni ques 

employed invol vo studios with a l r;no 01· isol.'.7. t od cl1loropl aGts . 

Good (77) found no relat i onship botlroon nctivity of cocpounds as Hill 

reaction inilib:Ltors and their ofi'oct:i_v o horbicid.al o.ctivity . 'i'his 

l a ck of corrolc,tioi-: i s probabl:r .,_ ,:,,u,.:Lfostat ion o f tho difficulty of 

got ting tho c~10:.1ical s to tho ec~Ypro pri 2..t0 si tos . By studying tho 

offoct on isolntod chloroplasts nnd a l gae , however , one ovcr coaos 

difficultioa such as root uptak0 nnd trnncl ocntion . Al so tho 

aquat i c onvironuont pr ovi des n constant concentration for tho t0st 

c0t1pouml in r,h::.ch no photodoc o, 1position c ccur::; . 

2 .3 'i'HEOilIES OH THE ;,rn.rnrESTi\.S:'IOF Q:_7 PEYTOTOXIC SYMP'i'Ot'.S 

2 . 3 .1 Introduction 

Throe theories have boon proposed to account for tho 

rJanifo.stntion of pllytot'.'Xicity throni~!1 -cl10 inhibitiulc of IIill 

reac t i on o r PSII . 

2 . 3 . 2 . Tioc.luction of stare:: content or starvation theory 

'i':fpi co.l .s:r; .1p t our, produco ,l ::):{ l1orbicidos rrhich inhibit ph0to ­

synthosj_c 2-ro , chlor'."JGic ctnd nocrosj_ :.:: o f tho l c.::.voc . Tho ro.tic.mnl o 

for propo • ing tho nbova theory 1ms t!~t , photosynthetic inhibitors 

bl ock tl10 active sites •.:m tho chl oropl::yll 1,1oloculo . Conso()_uontly 1 

the nss ocin t ocl electron trcmsf0r .systc;;:1 iG in:1i bi tad and the 

production of ATP ancl rc~c1cccl HADP rrhic ll arG utilizocl in the r;ietn-

bolim.i of c:J.rbohyd.rate nr o halted . Thus \':lien tho susccpt j_bl c plant 

has oxhaustoc1
. its carbo llydrntc r cso:..~·rn , lack of pllotosynt lmtos l oads 

to d.onth by starvntion . 
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Aston ot . o.l . ( 17) r o)_;ortod. t'. ., ::ct :,i: ;i.-lZino ar,d sirwtono inhiM.t ed 

CO
2 

fixc..ti oi1 in light :);"{ Phnsoo lu:~ Yul;.,arJ _4, ( bonn plants )• 

co 1.1pJ.otoJ.y bl ocLod ,c:; ucro.so :::ynth0i;L., :i.:i lir;ht ( 197) . 

Atrnzine 

l1o r olan.-.l ot . 2-1 . ( 127 j 0~10· .. oc: J.; :·,.,.._t toxic act ion of siE10.zi ne on 

barley plo.nt:_: ( Hordou;.1 vulrp,ro L. ; ,ro.c thr c cigh inhibitio11 of a ctivity 

of tho ch~oroplasts . T~cy vcr o ~.tlo to protect inta ct barley pl ants 

fror.1 l o tho. l af f ect:::; by s uppJ.yi11l~ c·xo ,::onous sucro.so t hrcugh opo11 

vnscrular b undles on l ouf tips . ·IJ10cc r esu lt::: :i.ndicato tllat t ~1e 

systc;:1r: ,·rhich utili .::;o t hn r,huto cy:,, thc, to.::; arc not dircctl~r ,::.f fccto d 

by th ose horbiciJos . 

Ashton ( 14) troatod bean plnnto with atrazino and kept those 

for 72 hours oi thor i L tho dar1.: or exposed to lig l1t . Only pJ.e.nts 

exposoc1. to li[~llt \!Or-o llet!1ar;ed . Tllo -.roigllt of pl ci.n t c tr c.:1.ted rrith 

ei thor ::i.trnzino or i 1onuron antl r;1°o ;m unJor di ff e r e:nt 1.mvo l cmc;tlls of 

light ,. produco<l by using c oloured filters , indic .'.1.ted tl10. t t ho a ction 

spoctruu of those herbicides cc;rrospondcd to tho absorption s p octrus 

of cl1lo r oyihyl l . It uns concluded , t ha t t~o chlorophyll is tho 

pri ,_1..,1.ry nbsorbinG pi c;ncnt involve d. i n tho r>r oduction o f toxi c 

sy1.1pto1 ;s . Thus Ashtm1 ( 14) (tnd o·;hor '.'lorkors , nho fo und lack of 

toxic .sy1.1rto1:1s nl:on troo.tod plnntc \/er e not subjocto<l t o l i ght bego.n 

to quuction tho o..ssuuption tha t Hi:Ll r o-~ction inhibitors ki l l ed by 

starvo.ti on . 

Sasaki o.nd Koz l ouski ( 153 ) tro;:d;0<l ~ Goe:dlinr.;s rri th o..trazine 

and r:;onuron and n ssos,sod tho CO
2 

cun.suDption usin6 infret r od ,o;as 

a na l ysi s . l\.t r o..zino Ccl.usod chlorot:is :.1,1d noc r osi:;, .:7.t 3 nookG but 

JJhotos:n1thesis stopp ed only 0.ftor L. ,100Iu:; . Ho,rovor conuron halted 

photosynthocic :in 11 d-'.l.y c but n o s _yu:)to:.!c o.pponr od Hi thin tho 4 weeks . 

Thi s di fforo,ico in devolopi.lc:nt of c'ar.:nr~o sut:;r;octs nonur on to bo 

priuari l y ::t photosynthet ic inh:Luitcr rrLi l o a tro.zine s:i.y c. ff oct o t her 

r.1o cho.n:LsL1s t oo . Fo r oxc.upl o J o:c d,:111 et . al . (9 1 ) noted tho inhibi t i on 

o f tobacc o cal l us ti::;suo in uo.r L by o. tro.zino at 1 o- '?n o.n cl r.ionu:con at 
- 5 10 rl . Tho t r:i. ,-:t :'~ino i nhi bit oC: crovrt h at concunt r::i.ti on s tlmt ,:iOr o 

required to block Hi ll r oac t :Lon but hit•;llor cnncentrntiono of uonuron 

was roquirod . 



12 

Furt l10r uvillonc c tho..t c'lcvcloJ_':,ent of lo.:i.i' i n jury is not o. 

di r e ct recm:i_t of lacL of c nr b .:; !l.y cl:r•·:.t -:: i c provided t y Davis (48 ) who 

treat ed cocdlings of .shn,b live o.-: .1~ (Quorcur.:; tur:1i;1c l la Groen) ~-rlth 

fonuron . I..0;1f i !1 jury bog.1.11 iJrior t'.) oxh.:i.uztion of t lio f oo d r oserv oG 

ns tho a cc,r.is c;::i.v o ,, positi v o st·,rc: L ·;;o,::t , ,111d c o.r bo hydr.:1 t c woro still 

being trnnslocnt od fron tho a c ci:rn ,. ;_ls root gr onth continued . 

Sov c r et l fluchcc of loo.veG noro fon·:ccl a,1d subsequently died . 

Applico.tion of sucr ose do l tl:yed tl.: ) ch:vc l o JJr.,_ont o f s ynpt ons but di d 

not :prov,mt cve11"cu2.. l clllorDcic a n <l 11ocr osi ~~. 

Bnnji nnd I~rinsky (2 1) 1.:horrod un. lo.t e con ctct :-:.s :1 roduct aat for 

oxidised caroto11oidn . .Stro.nGor ,,nd A1)pl ob;y ( 163 ) has r r opo sod n 

rcdox ro.J.ction ba.sod pr otective role pl,wccl b:1 cc,r oteno j_ds , and they 

hypot~10si:ccod , t ho.t sucrose :::;orvc cl as ,'J. reducing ::;ourcc for 

ca rotenoir.lo , thcrob:/ c,lloHing thou to fuuct:.i.on i n prote c t ing chlor o­

pliyll frou photoxid.ation rather t:1.:-,;1 nct i nr; ::i.c n c.:1r bohydro to sourc e 

and thus provonting starvo.tion . 

2.3. 3. Froo fatty nci d thco ~ r 

I ncroasod f a tty .:.i. cirJ. conccnt :t:>nt:i_ons hc,vo boon shorm to i nhi bi t 

t he Hill r eaction (41,11 9 ,1 3B) . Thoy ~csocinto the s it e of a ction 

,-rl th the :,o11oto c ho1:1ic ~~1 r onc tion r .1. the ::-- than the d::tr k r eact i on . The 

inhibition is irrovor aiblo nud avt1enc oc prosentod by Constnntopoulus 

and Konycn (/+1) .:1nd Su1ch o.nd Wil.d11Gon ( 159 ) chow tlmt fo.tty acids 

o.ro fir uly bound to tho c hloro pl n at st r u c tur e . 

Di .s or 0 ,::mizfl tion nn,: c10stn!ct:i.un ,, f chloroplc:,ct lnr,io llao , i;ior:1brane 

liavo been shown to a ctivnte 0;1dogonous li riasc enzy,.ie .systor.is 

( 1 51 , 1 52 ) • Spinnch chl oroplo.sts selective l y r ol oaso either 

satur~tod or unsaturated fatty acid• dopendinG on pH (41) . 

Co11::; t o..nt opoulus ,'.:'..nd :cony on ( 41) r nport0d ?Cf~ docroo.se in Hill 

r eaction n.cti voly in ro.spo;130 t o 1~2% incroaso in fr eo fatty a cids . 

Snith and \hl ld nson 1s ( 1959) d(:. t.:i 1 )10,,ovor , ahon thnt tho l 0 - 4H 

a trazino induced increase i n free fc,tty ,'.tci c:r:; nevor exceeded 18%. 

'I'hic is l 0ss th,m he .. lf the, conc entration :r- or;uirod to inhj_]Ji t ?C'fi; of 

Hill roa ct i,Jn , bu·~ h orol :.'..nd ot . o.. ::.. . ( 12 5 ) o.nrl Hor ol:-m d a nd Hill ( 126) 
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found atr::1.zino ::st 10 - 4M concm1t:::- ,:-.tio:1 to inhibit Hill reaction 

conpl e toly . 

Inhibition of Ilill ro:i.ction ic direct l y correlcttocl witll 

c onc entr.0 ttion o f h0rbicides ( 126) w:1cr oc..s n o :,·c l a tionshi}) coul d be 

established betveon incr0nao~ fQtty a ci da nnd concentration of 

herbicid03 (159) . 

1\.trazi1FJ ci.nd siimzin() incrc(,,: od :?ro e fatty etc ids only 30 Liinutos 

a fter tre::tt mcnt ( 159) llo,rnvor it '.1-::ts bcGE sho vm t!1n.t inhibition of 

Hill r cnct i on by .sin.:1.zine t o be i ·:u ocli:,tc (125 ,1 26) . 

Leo o.ncl Fnnz,; ( 102) h~\VO sho,v:·i tl1ci.t nonuron could bo rer:1ovod fror.i 

cl1loroplnst s by washing with c :-i11 c ):.1itant rcstor~1.ti l1n of activity, but 

fr ee fatty aci d inhibition is irrJvcrGible (41 ,1 59) . 

All tho n bovc nrp.;unonts pr o c.Lt,dc t:12 po ssibility of incre::i.seG in 

free fatty a ci d conc entration producinG the initinl Hill reaction 

inhiuition . Hor10v or , it proviclo ,3 evidence that tho uode o f nction 

of the h erbicides LlC1.Y involve clus·; ruction of chloro pla st lanelln 

syston which uay thou lo:-:,d to rol,; ,t s c of f a tty a cid.s through tho 

action oi' endogenous li i-xi.se onzy:~1,) Llys-cc1.1s . 

2 . 3 . L, . Production of toxic snbst~,nccs o :c froD radical theory 

The tri3.zino , urea , and ure.c:_l cou:pounds , tlnuch not 

considered to bo erowth r agul nto r:1 , h~vo profound effect on chloro ­

pl ast structure o.s \c:Gll ,:,.,s cxhibiti!1g o tllor growth e ffects . 

(7,15,L,2) . 

In tHo of their pnpors , ,\s:1 ton c t . o.l . (16 ,1 7) found a tra zii10 

to a ffec t the chloroplast s tructu.ro . Atrnzino vo.s observed to 

c.1.usc gross 1:1o q1J10 l o(:;ic o. l ch._m ,-;02 enc!, t'.G pr ecocious vacuolation of 

chloroplasts leading to evontuo.]_ destruction in beil.n ( 16). I n the 

l a tter study , ( 17) rritli the ol octnm uicroscope, they observe cl tho 

fine structure of chloroplnsts . Chloropl~sts of o.trazine treated 

p l ants i ::i tl!o light assur.10cl .:-i. sphc,ricnl f orr.i , frets were destroyed 

which locl to disorg:i.nizci.tion of 1;r n.1v1 . The gr~na srrelled and 

eventually tho ;rcn.nnl 121011br'.'ln o cli:::intograt cd . Sta rch di • nppoarod 

fron tho lai..10lle. systou . Tho.so l.'i'fo ct:::-: did not take placG in the 
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dark , t hus , t lwy a r c no t r esul ts ,.: f di L:ini s hod pho t osyntlw. t os 

followin g inhi bi t i on o f phot:rnynt boci s . As h ton ct. al. ( 16) .-~lso 

observed a tra zino t o hnvo o t her gruwth e ff e cts . r;' h ey o bsorvod 

treat ed p l <tn t c t o have r edu ced. ,stc, ·nto.1 e porturo a nd c e llula r a ir 

spa ce , ca • bia l a ctivity c eaood , ui ovo tubes and tr~choal o l ouont s 

wero observad t o hnv o r oduc ~d coll ~all thicknosc . The s o effe cts 

only t ook p l a c o i n t ho light and t hi s le d tho~ t J postuln t e a 

possible pr oduction of t oxins . l~oy pr oposed that t he dacuge by 

a tra zine in pl a nt s m~y be duo t o tho r eaction of at r a zino 2nd light 

in the pros onc o of chlor ophyll t~ f oru a fr oo r adic~l . 

Hill e t . al . ( 84) observed s i Li l a r c ha nges i n barnyard gr a ss 

(Echino c l1l oa crus- ga lli) chlor o1Jl rls t r:; c,G t hose o f Asht cm e t . o.l. ( 17) . 

Hovwv er, tho chnn go s o bscrved by Bill nn d co - wo rkers t ook fro.:, 2 t o 8 

h ours a n d wor·o \·1cll a dva nc ed. i n tlJe; f ir s t 12 hour s , Hhil o thc,so 

observ e d by Asht on e t . a l . (17) tooh: 30 I1o urs or r;1or o • 

.Sii.1il:1r off oct o f Hill r e.:i.ct i o11 i nhi bitors on chlor opl a sts bas 

boen re po rt e d . Ger omino a n d Horr C'!l) r eport ed e ff Gct o f pyridor 

on tobacc o a n d An der so n a n d Sc :10lli11G ( 6) r epcl.r t e d sit1iln r effe ct by 

pyrazon on bea n pla nts . 

Sweetse r and Todd (1G9 ) pr opused ;:,o nuron t oxicity t o Scene dosmus 

speci e s in light a n d s u p:-,; l ornent od ·;1i th cC\.r bo hy dr a t G was duo t o 

a ccuLlul a tion o f t oxic int e r raodi a t os o f pho t o synthosis . D:wis (48 ) 

howev er, suggest s pr oduction of t oxic co~po n e nts in tho blo cked 

photosynthetic unit 

Miti di e ri a s ci t e d in St r anger ,nd Appl eby (1 G3) hypo thesised o. 

cecha nis• bas e d on a bove pr oposnl s and on s tu di es r eport e d by 

Krinsky ( 100). Kransky a n d c o - wc r kor s have dor.;o n .s tro. t e d how two 

f o rr.1s o f c,ro t on oid pi 0 ::;cnt s v1hic h u nder ,•.ront r e dox r 0<1.ction in 

prosenc o of lig ht an d oxyge n i n ~ i-Fl ena gro.cili s . Bas e d on this h e 

propo s e d :c, scl1Guo thro ugh which c ri.r o t en oi ds functi on t o in,:,cti va te 

exci tod chlor opl~yll oxygen c o!.1p l 0:x nhich woul d otherwise ca t a lys e 

lathal pho t o s en s itised oxida tiJns . 

The ca r o t en oid pair , nnt ho r o.;, rm t hin cm d zea xa nthin a r e thought 

t o act as "chur.1ic -:1.l buff0rs 11 t o r r o t e c t cells fr o1:1 pho t oxido.tions. 
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Krinsky pr oduc ed n scl10r:1e , call(,d tho orJoxido cycl e , which functions 

to protect groan pl ants a nd a l G: • ag~i nst photoxi dations. Chlor ophyll 

excit ed by light i s deact i vated in thG pro cess of ph~tosynthesi s . 

However , so· .w axci t od chl orophy} 1 Lo l oculos cor.1bine with oxygen Stnd 

this l eads to pho t oxida tions . 7ho opcxido cycle coul d nor • a lly 

function to pr otec t agninst this lethal pr ocess . In the cycle 

zoo.xanthin wi ll bo oxidised t o i ts epoxide deriv-':1t ive , ant heraxanthin. 

An enzyr:1atic pr ocess involving NADPH -'.'lnd anthe r nxan thin de - epoxidase 

r egenerates the protoctivv substrate ZOrlXrlnthin. 

Mi t i di ori (1 63) hypothesized that Hill r eact i on inhibitors 

inhibit NADPH f or • ation ~hich is necessary for • aintai ning t ho 

prot ec tive uochanis• and t~us induce i ts phytotoxicity through 

photos ensiti sed oxi dnt i on~ . Stranger nnd Appl eby (163) t est ed this 

hypothesi s and t heir data support the above pr oposal . 

2 . 4 STRUCTURE ACT IVI TY RELATION~ 

The e ff ectiveness of a herbicide depends upon , its inherent 

toxicity and upon its nbility t o r oach its s i t e of a ction. 

I t ho.s beon spoculatod that til e inhi bito r s a ct in n very 

lipophilic coopart • ont or a very lipophilic vnzyoo or bot h 

(29,30,69 , 81, 82). 

Gene r a l pr operti us thct will bl~ of i r:1portanco a r e thus: 

( 1) Partitioning char :ictoristic s oxpro.ssed in t er us 

o f hydrophilic/li}JC.Jphili c b,~l cm co, which will .:i.llow pene ­

tra tion to a ctive s it es . 

(2) Steric confi p,ur:1t :_on , i. e . the ul tir:nt G at t ain­

a ble configur a tion wh:Lch sho uld co;:i trol the fit o f the 

inhibi tors t o tl10 -:tbov0 sito as well ns the o:1so with 

which t hey oi ght r o::1.ch tl10 :tctive si to . 

(3) Elec tronic distrihut i on vrllich contribut es t o 

c~ieni cn.l roo.ctivity ::i.nd tc, 1>inding onc 0 tho inhibitor 

r oaches tho act lvo contras j n the chloroplasts . 
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Based 0n these an appr oach ;owards quantnt ive structure a ctivity 

correL:ct i ons has boon dovoloped ;:r fhncct . 

by Gubbo tt (69 ) and H~nsch (81) . 

This oode l is discussed 

For Hill r uaction i nhibitor11 tho degree of nega tive charge on 

the cnr bony l oxyi;on nto:.: i s ,-:c llo1;0J. i:;c po.r a llol its e ff ect i veness 

( 81 ) • Tho s i de chai n is rclntccl to tho pr onot i on of e l ectron 

r el ease to tho cnrbonyl gr oup . I~~ contri but i on t o t he lipophili city 

o f tho uo l eculo i s not considoro(. t a bo i • portant in th0 oxprossion 

o f inhibit i on ( 50 , 69 , 81, 82, 124) . li,:;st Hill ronction inhibitor s 

consider od by 1-hnsch (81) possosE j_n addi ti on a H- E gr oup a tta ched to 

an e l ect ron defici ent sp
2 

cnrbon nto Q. Trinzinones di ffe r fro • the 

above , on l y in the f a ct that n nitrogen a to• ca rrying a positive 

charge t akes tho r ol e of el ect ron d,:.,fici ent sp2 carbon in t his class 

o f hor bicicle . 

Triazinonos !"lave boon r:hvvm. by Derbor et . a l . (50 ) ns exnopl es 

o f a not her group c f Hill reaction inhibitors vhich f i t the 

quantitative struct ure a ctivity cJrrol at i on of Hansc h . 

Thoy obtai ned a good qu~nt i tnt i vo corr cl nti on be tween a ctivi ty 

i n tho i:Iill reaction tE,st and the pnrtition co - e ffic i en t when only 

t he substituto in position 6 i s vnri od . Ac t ivity o f tho gr oup 

depends on tho st eri c effec t s exerted by substit ut es in position 3 • 

Tho r esult s t hus indicate that posi t i on 3 is tho act ive sit e and 

po eition 6 uay contribut e t o fixat i on of the oo l ocu l e a t the a ctive 

centre through a hydrophobi c bondi ng . Position 6 soo~s not to 
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oxert any ::;tori c hi ndranc o and e l ectronic factors pL:.1. y n • i nc r r o l o . 

Tho assu• ption tha t tho NH~ gr uup is tho t oxophorc in the triazinono 
C. 

s ori os seo,.1s t ,J be consist ent i:1itl thoir data and assu1:1ptions . 



Cha.ytor 3 

I-'UI.TERIALS AND METHODS 

3 . 1 INHIBI TIOt.i OF PHOTOSYNTHE{~IS BY SENCOR AHD ITS NETABOLITES 

3 .1 .1 Introducti on 

A me thod of chlor opl rwt iso l r.tion ,:aE, dovised 1 based on those 

described by Avron ( 19) Cockburn ct . c l . (31 ) and on discussions of 

Kalbcrber et . a l ( 93) and r!c1llcor (184) . 

Moasurn.:,ent of the reduction of indo phenol dyo was '.:lc1.sed on tho 

study of tho rolo (J f indophcnol d:/uG in photoroGctions by Grorne t ­

Elhanan and Avron (75) Keister (94) . 

Preli • inary exporiLl8l1ts vero carriud out to find the optiraura 

pH f or tho extracti on and r e.:i.ction nodiuo 1 the pH tested ranged fro m 

pH 6-8. Optiuuu i:-iac erator spoocl and duration of i1acer ation was 

establ ished . Also opt i • isod were centrifuge speed nnd reaction 

time . Oi' the two wavol engtlls t o,sted for spectrophotoL1etric readi ngs 

620 nrn was s elected in preference t o 600 nu . It was a l so establish-

ed that centrifuging before talcin r-; spectrophotouetric readings 

produced n raore consistent result . 

described below. 

3 .1 . 2 . Materials 

The ue thod finally adopted is 

0 .1 M phosphate buffer o f pH 7. 6, extraction ~ixturo containing 

0 .1 :M sucrose , and 0 .1 M KC l in 0 .1 M phosphci.t e buffer o f pH 7.6. 

MSE llomogonisor 1 • irah cloth , bench ccntrifugo 1 Philips 400 W l aop . 

0 . 001 M di chlorophonol indophono l iyo (DPIP) Hitachi 10 1 spectro ­

photor.10ter . 

3 . 1 . 3 . Isolation c; f Chloropl.~ 

Loaves frorn §olanu1:1 nigruu plants colloctod fror.i the field wer e 

washed in ic e col d distill od wci.t or , dri ed und er blott i ng paper and 

wei ghed ::i.pproxi[latoly t o 5 gr: . T:1oso wor e cut i n to 1 i::n:i strips and 

added to a cooled i;1accra t or bulb containinr, 10 L; l extraction r.1ixtur e 
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Tho r.10.co r at:ir VJQG svri. tcho d on f or 50 seconds L--..t full s pe ed . The 

extract was thon filt oro c~ thr(1 u;-;h .~ J_ ..: ty1.:rs o f uir::i.h clo th into cooled 

pl ast ic centrifuge tubes and centr:Li'Uf;Od fro 1.1 r e st t o 104g . t o r est . 

Tho supon1."1. to.nt w2.s thon disc 0-r dod ,--..ml thu pellets rcsuspondod gently 

in 10 ml cold extra ction uixturc . 

3 .1 . 4 Pr81:<1.ration o f bulk reaction uixturo 

Tho bulk r on cti on .:1ixturo w,'lG ;·mdo ur i uuodintely beforo use as 

fo llows : 

Phosphnto buffer pH 7. 6 37 Dl 

DPI P 5 r.:l 

Chlor opla st suspension 8 IJl 

This taixtur,) kopt in tll':, dc1.rk by ,·,rapping tho tube in a luiainiu• 

f o i l and sealing tho t o1J r:i th blncl: po1:ythcmo . 

3 .1 . 5 . Exporil:10nt 

Four 1:11 o f t:10 reaction uixtu1·0 ·J,J.s drC1.wn froi:: tho bulk 

soluti on C1.nd C1.ddad t o tho tubes cortaining oithor 1 o l blank 

( uo thano l and Welter) SFJ'JCOR OT uctcoolito (disso lved in EJOthnno l and 

then diluted with distilled rrater) c, t vnrious concontrCLtions . ('l'he 

f i nal concentrations in tho tu~os ~o r e either o, 10- 9, 10 - 8, 10 - 7, 
- 6 - 5 - 4 -3 10 , 10 , 10 , 10 1; , uet hanol conc ontro.tion nevor oxc oodod 1 in 

hundred) . Tho tu bes vroro shakon c:nd pl.:ccod in tho dark f or uinuto , 

then 4 ninutcs in tho light ; th o tl! bes ue r o holcl. 20 c r:1 frou "' 

Philips 400 W l aup . A tank of rm.tor w::i.s int e: rposod between tho 

l a • p and the tube t o a ct as a heat filt or . The tubas removed fro • 
-4 tho light uoro iumediately contrifuced n t 10 G t o roraove tho chl oro-

pl ast particles and r oad in tho s~octrophotoraoter . 

3 .1. 6 Mo&surement of inhibiti on 

Tho r a te of reduction o f DPIF w~s wensuro d using the spectra -

photouetor sot at 620 n m. Dl ank c:rntaininr; chloropl o.st in Cl buffer 

solution bu t l n ckinr; DPIP vm.s r_ l s o c entrifu:;;od and then used t o se -;; 

tho zero roforenc o on tho s poctropho t 0uo tor . A tube containing the 
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r eaction uixtur o bu t no .SErfCOR or !i 1-t.::i.boli tos vro.G c entrifuged o.nd 

l~ c:pt in c oupl oto dnrkncGs cmcl r oo.d a.s c. rofor onc o t o 100% inhibition . 

It is possibl e to c o• pl ot o each r aplicnt o o f t ho oxpori• ont s 

within 30 r,1inutos . 

3.2 USE o:_c:· TIIE G,'\.S - CE:RO!:ATOGR'\.PI:IQ_(G):,c) '.rECHIHQUE TO ,STUDY., 

PROPERTIES OF SEiJCOD AJJD I 'i.'S '.1E'l'ABOLITE8-

3.2.1 Introduction 

An attoupt w:t.s nado t o pr oduc e standard curve;:; f or· SEITC0II cmd 

its r.10tnbolitos DA , DK , anJ. DADL It vm.B hoped tlla t the partition-

ing behaviour of tho horbicidos o.nd its ue t nbo lit os co uld b e studied 

using GLC tochnie;_uo.s to uoasuro t110 r ol :1 tivo quantit i e s in va rious 

solvents . 

3 . 2 . 2 . Natori n l s 

Pyo Sorios 104 Chrouat obr 8.ph , oq_ui1,pcd with a flo.r:ie i oni sation 

detector . Colurnn : 4 ft 1/8 i nch o . d . standar d wo.11 g l ass column 

packed with oithor OV l soluti '.) n c oo.tocJ. on 80-1 00 r-1es h gas chrou Q or 

OV17 c oated on 80-1 00 Dosh gas chr om Q. These co lu r.ms wer e 

conditioned a::.; in tho S(.Jr i o::.; l 0Lf Chrouo.tograp:-;. Technical Manual 

(Modo l 64) • Dou bl e clistillod r:ie tll.:11101, ch0uic 2-lly l)Ur o standard 

SENCOR and ,,1etabolit e s DJ,, DK o.n d DADK WCl.S suppli ed by B:wcr, 

Gorua ny . Pyridine r,n d Ti'!CS (Trii:;othylc hlorosilo.no ), Ti-!S 

ns N, O- bi s - ( 'rMS)-o.cotnL1i dc wo r e obtained 

f r or.1 Piorc o Cho!:1ical Co. ancl B.ST J<'A ( N, N- bis (trino thylsilyl) 

trifluroacotami do ) obto.in od fror.: !:i;;1.w .. Cllo;.iical Co . 

3.2.3 llothod 

Ini t iall:r tho uethod 1::locci·i bed by rlobinson ct . a J.. ( 145) a n d 

Gronbere; ot . a l. (76) f o r dotoction of SENCOil w;__, s uodifiod to suit 

tho oquipuent. I:!or;ov or , SEHCOlx wcw n o t solu bl o in hexane as 

stated in the above two papors , n l so substant i a l changes had to be 

made to t eupornture and c;ns fl o \/ r ::i.to boforc, a sui t c1bl o peak of 

SENCOR vras r ecorded . For detecti on of SENC0R OV l in gas chrou Q 



2 1 

Otllo r con di tio;ir; :-: r :; pr (rnonted ui th tho r esult s o Fo:;.~ 

tho dotocti0:1 o f uotabcli tus covcrc.l t ochEiquos \'!Oro c.ppliod in .::i.n 

o.ttoi;1pt t o ,,.ltor tho r otcntio i1 ti,::o ;_: :1c1. oli;1in2 t o the tail i ng (2 ,1 37) , 

o..tto ,11)t od . 'I'ho f o llowin:-; c cu1Jii,., ti c:1,_; ·.:cr o tri od o ut :-,s an o.tto,.1pt 

1 • :tv,ctetbo li t o 100 t: l_ ) 

Pyri c',il1 c Lf0 ul 
) 

overnight ) ~.1ixod and l o ft 

TI:CS 20 nl ) in ro::.'rig orator 

p r, ,1·•i1/\ 
..:.....i 0..!..t ..:.:\. l+ O nl 

) 

2 . r10t ~--.. 1Joli t c 100 :.,1 ) 

P;yriclino lf0 L,J. 
) 

) :~~j_x: od ctnd comh t i onod .::i.t 
DS11l11L. !;O ul ) 50°C for 3 hours 

TtlCB 2 0 '1 :'.. 
) 

3. Lctabo Ht o 200 ul 

Pyri. ::lino 100 uJ. 

B.S'I'F A nit~: 1;~ T:•t S 100 lU. 

4 . l lcta1n lit o 200 ul 

:cs 'J.1 .~ ... 7'_[',._ 200 u.l 

5. 1,;. 2t~.bc)lito 100 ul 

Pyri di ne 40 u1 

BSTFA Lf0 ul 

T:tiCS 20 ul 

Gets fl ow wae rogulo..tod b otwoor,_ -ton to 80 r.il/min . 



4 . 1 INHI BI TION o:::•' PHOTCSYJTr:n;-;srs J',Y SEiTCOR AHD ITS I1ETABOUT:8S 

Pho t or ,:cluction of DPIF Clct ivj_t:i.o::, in an icol c:t ocl chlor opl ;:::.st 

s yGtoc ~ore wonsurotl . 

i ni1ibition • 

.::malyscd .:w v1ho l c p l ot::.:; i n :1 r .~:i1i.lc•r;:i .. :J0i couploto b l ocl;: desi ;~n . The 

r esult s .'.J.r o prOG<mtod i n F:L:; • . I+ ar.(l T·o.bJ.0:c:: I , 11 & III fror,1 which 

tho fo l l o\'ling obsorvctb.ocrn ctro clca· . 

(ct) Only sm;coR ecnd i;icit t,1xib t:; DA :1r c bi o l or;ically a cti vo a t 

tho concontr.:itionc tc:Jtld o 

( b) Of tho :four cl1ouic :1l .s tc stoc1 sc::~·rcoR i nhibits DPI P 

r eduction ;_, t tho l onost conccntrnt i on D,1.. requires ,:m 

hii;~wr throsl1o l c1 co ;1c 01,tr··d;icJ,1 . 

( c) DADK 00G1:ic t o hnvo c-.. :1i ch0r 3.c·t ivit;y ·ch.:in DK . 

( d ) For an i ucro2• 0 i~ porcuntugo of inhi~ition , pr oportionally 

uc, r c SENCOR coo;:w L , ho roquirU'.l C'..t t~o l1ichor inhi bitory 

lovol,s ( 1;ront,:;r -th.'.J.n 80? :i.. Hlti :):!..tion) . In tho c::i.so o f Di\. 

llor!ov01· , ti10 lino.::i.r rcl~t i unrJhiJ·.- soct:!.3 to bo r,1[li;1to.i11ocl 

tl1rou:_;l10ut , onco t:1c tl:rcsholr;, cone 211tr ... , tion is roo.chod . 

'J:: _:: J. c I 

:Ro l rtt i vc 1}:1·C c..nci r.:E; of SEI:JCOI-: 
nnJ it• Dotabolitcs 

Cifo11ICAL 

SEi:JCOI: 

DADK 

DK 

1:EAH 

50 . 99 

29 . 32 

2 . 31,. 



'i'abl :.: I I 

Re l ative di ffo r cmces bvt,_·;:.;:.:n ,~oncc11t1'.:t-Cion.s ,-,_t JD(.) 
level of clK 1.,icctl 

( ~) . Concern r::,tion n:'"',,. ' 1(' D 0.-'.,H l., ,J,.\ ;).I\ Darlc 

_,, 
10 .,,. 90 . 00 90 . 00 17 . '(,~ I 
10- 4 90 . 00 53 . 82 11 . 90 

1 o-5 /30 . 41+ 27 . 5_:,i 3 . L;.') 

10- G GG . 26 1 G. i+G I 3 -~~9 
10- ? 36 . 39 1 G. 12 : 0 

0 " 10-o 23 . 87 11+ . )0 i 0 

10- 9 20 . 92 1~,301 0 

0 0 0 

Ho l ativo pctoncios of ~h oaicnls at one level 
of concontr,~.tion 

10- 3 -4 - 5 - 6 _ '7 
10 - 8 Chc1:tic ctl 10 10 10 10 I 

SI'JJCOI~ 90 . 00 ' 90 . 00 ,~O . L;./;. ,~ :i . 2G 36 .39 23 . :) 7 I Di, 90 . 00 53 . 82 27 . ]] 1 :> . L,.G 16 .1 ?. 11+ . 30 

DADK 17 . 72 11 • 90 j . L;.9 I ; .:+<j l ", 0 -~ 
DK 1G . o.~ 2 . 35 .-) 7.r. 

') I 0 0 .:... . __; ;) 

Dk 

18 . 06 

2.35 
I 

2 . 35 

0 

0 

0 

0 

0 

10 -9 

I 20 . 92 

11+ . 30 

0 

() 

Bar ( I) inclicc::,tes L.0t1.:1.G :-t:c o ,10 c s:'.Dnii'icctntly different at 
5 per c ci1 t l ovol c..o :;e,.--..sur cG. '.:-y DL,nccu! 1 s nu l tipJ.c r ,".nge test 

( 51 , :;8 , 1 7 3) • 

23 

\ 
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Fig. 3 GLC of SENCOR and its metabolites · ._, 
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4 . 2 USE OF Gi\.S - Cfil-tOf!A'I:JGRAPHIC '11BC:Hl'1I0UE TO S'I'UDY PROPERTIES OF 

The chro ,:1.'.l.togrcq,'.1s etl'l ''· condit i ons of opor ,-:t tion of the GLC arc 

pruscnted in FiCT • 3 . 

Att0upts to produce .suitnbl c- st cmL:..:-,r :1 curves failed after :3 

vo oks of tri~l and thus the oxpori~unt tJ oato.blist tl1c partitioning 

boh.::-..viour of S~JCOH and itG uotabo litos vns not ~ttooptod . 

Though nt t oE,]YCG wore 1xHlc to oliuinatu the t nilinr, effect of 

tho no t abo l itos , oapocially at l o~o~ concuntrnt i anG 7 none of the 

L1cthods ntto;:i11tod proc~l.!cod ii.iprovod rocults . It npponrs th.::-..t GLC 

wi th contro l of in,jcction port t e:-1p:: r c:.tur 0 i.!ClY h.:tve i 1.:pr ovcd tho 

results o.nd o.lso '°' different colmm G~iould bo used . Recent l y 

Church Cln d Flint (3G) l1n.vo boon GL,ccossful in proc.lucin[:'. suito.bl c 

r esults usL1g glcws c 0lur.m~ pnskocl rr.t th 5% :'.<ooplox 11.00 on 80/1 00 nesh 

Gas Clrr oi:1 Q (Appliod ScioncG Lnborat:)rios) or ;; l a ss colm.:ns pnckod 

with 3% )V- 25 on 100/1 20 nosh Super port (.Suporlco k.boro.to:ri os , 

I ncorpor o.tod ). 

tGruino.tod . 

This report wo.s rucoivccl ,:1.ftcr the cxp0riuont wets 

FroL; .Figur o 3 i n po.go 25 , it is cvidont , hcrrcvor, thc..t o.11 

cho;~1icnls , except DADK n ro che._iicc.11:r pure . DADK sooDB to contain 

o.n ir1purity wit!1 r otcmti o11 tii::c very close to t;1c1.t of r::o thono.l , tho 

solvent . 

4 . 3 DISCUSSIOH 

Li ttlo has been r cp0rt e ,l cm tho j,r oporty of .SENCOR . Of tho 

reports l)'Uulishod ('?6 , 50 ) there i s en olcuont o-!: L~n cortni::ity .:i.n 

r og.::.i.rdG the no de o f action uf this h •}rbicidc . 

I n tho present roport , t:10 r ol,,,.-;ivo J:iotonciea of SENCOR and i ts 

nctubolitos DA , DK mid Dl\.DK is GGt.::tb1ishod . The obs e rved a stion of 

SEHCOl~ and its noto.boli t os c..rc t;10n cliccussod il1 tu!' :Js o f st r uc t ur e 

nctivi ty rela tionshi p . 
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The iJcch2ni cu o f ~,ction of 8}:1,rcon [\nJ it s ;:1etc..bolit e DA a r c 

co t1parocl rrlth t lwso o f :.10nuron 1 i.::.Jcil :.rncl. s i 1 10.zino 1.'fhich boloni; to 

g r oups cf ~orbic i dcs , tho phonyl uro~s , tho s ubstituted ura cil ::; nnd 

the s - tri~zine8 rospoct ivoly . ,1. .sc:.1ouo i s t hen lJroposocl for t ]1e 

Li::ido o f o.c tion of IIL:.l r o:.lct i on :i.nhil:itorc . 

Fi gure: l+ indic :ttoG tl1.:ct :i. ~1 tllo F ·osont ::; t ucly , SF.lJCOR :md DA t o 

bo biologico.lly a ctive nt the conccntr~tions t ostod . ,Stc'ltistical 

evidenc e fro,.1 'i.':.,bl o I 1:.mpport::; t]y;_ t Di" "nd DADK ci.rc not significc.nt l y 

differ en t in t heir [\Ctivity . 'i:l10 l oss of tho thiosulphc..te (-SCH7 ) 

:J 

gr o up nt t nchod t o tho car bon at pooit i on 3, tho only coa• on 

ctltornt i on t o tl10 SENCGil ::1o l oculc; t n y:i.2l cl DIC ancl Di,DK ::io t nbolite.s , 

r enders ti1O ho r biciclo bi o l or;i c~,11:y ino.cti vo •. 

that tho thi o s L1. l i;1ho.-co r; r oup is tho t ox oph0ro . 

I t is thus evident 

Frou Figur a 4 tlw no~lin~C',.r:i.ty cf the 1oGngo pr obo.bility curve 

is eli• i nntod by ox prossinc tto do3n~o l ocnrithcicnlly (1 92) . 

tho dntn of c rndoc-:. rusponses ::,ro p .Lotto d o.0 :_,inst l og - closngo it 

1.'Jhen 

yio l cls a syuuotrica l curve (26) o '.I'ho 1011;; contrnl section of the 

curvc c cnn thon !Jo u,30Ll ::cc tho lin, )~i.:r.- ox pr ossion of tlw dnt n . 

Pcr contngo of inhi bition i s tl·wn d:~roc tly pl ott ed on l og - pr obo.bili ty 

gr c,ph }Xt:i,1or t ,) coi:1p~1 rc· the ;.1echa:1i ::,:; of action of SEI'rCOR and Dlt . It 

is a l so then possible -co ostcbli •~ the pI ~
0 

valves (nogntivo l og of 

tho inhibit or concentration giv::i.nc '.50~~ inhibit i on o f DPI P r eduction) . 

Thus frou Figure 5 it is ovi clont tltxt tho dosage-response curves of 

SENCO:R and Di, ~ir e parallel . It lns ooon ostnblishoJ tho..t fo r 

t oxicnnts , oqun l slo1JoG describe a r3i;.1il:-i. r i:,o ch.:1.ni su of :1.ct i on , 

provided tho cou1)oundc nro ;:;truch,1·:i.ll y rolatoJ ( 11 0 ) . .SZHCOR and 

Dil. -7.r o structuro.lly r ol atocJ. nnLl s i r.co tlto con~h tions uf tho 

e xperirae nt • wore tho sruJo , one could conc lu~o thn t both S~TCOH an d 

Dil. h,7.v o siuilar uo c hcmisu of nc t:L o;: . 

'l'ho ox peri uont-'.'.lly ost:-tbli shcc'. r r
50 

v,luc o f SEHCOR L ;; G. 7 a n d 

tho.t of Dil. is Lt • 1. 

llorbi ctdc than Dl\. . 

thnn Di'. ( Fi g . 4 ). 

Thue:; SEHCOn L:: .'.'. ro l at i voly r.1orc potent 

Al so ,S El:COr lws c. l o~1or throG.ho l c1 concentration 
I 

Fr ou t. '.10s0 o 1JGorvo.tionrs nnd rosul ts in 'l'nbl e II 

o.n cl III it is cle:tr tlwt ,,_ lliglwr conccntro.t1-::iE of DA is required to 



Fig . 5 

Log - dosage probability curves of SENCOR and~A. 
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pr oduce l evolL, o f inl1ibitiun GiLil,~.r t o th::i.t of SE!ICOR . Tho l ocs of 

t he m-r
2 

1.:;r oup fro;.1 .SF.IJCOR thus G,,.,u:; tn ,--_1tc,r tho lipophilic/ 

hydrophilic 1-:::-,lan c e or tho }J,:rtit:~onL,[; pr oper ty o:.' th0 r.1o l oculc such 

t h-'.'t ·"- h i ,:;hcr conc cmtrc1.t i on i '.:~ r e:11c1irc <.l before D.'\. 1.Jo 0 j_ns t o inhi bit 

the :;_~act1-1.ction cif DPI P . 

c eases t o bo I.Jo rc o:itibl c L :: 1x,:;cc·,~ , it c: uoch(rnis:, uf ::cctio:1 c.nd 

linos in Fi Guro 9 . 

C1. c tiv o tlwn DK . 

oxporj_uontn1 cvid•.mcoG ( ?6 , 3G ) , th,Yc 0:f tlrn uotc'..JGlites t o ,st0d DADK 

i s po :.;:i..t i oncd l nnt in tho · c:t:,bo l:_c c1.or:_;1•,_1C1i..,t i on r.,cqucn c 0 . It i s 

t h u.s oxi:octod tlw.t Dl\.Dl( e,j,._:)Uld J;u 1G:JB ,cti vo if n.ot , 2-.t l east 

sii;1ilc1.r in j_to roL.l tivo r,,·,L,n.c .1- e:s t,, tll0s•~ :-,f DK . St .:1tic'dcrtl 

ovi donco i nclic ::1.te3 110 Gi[,'.nif:i_ cr,:·,t d:L:Uor oDcos 1Joti.1r;._:m the two no t n •• 

bolitos nt 5¾ leve l . f,:U,r: tho .s :_igllt ly ili,~hor :_\cti v i ty ovid0nt i :r.. 

(Fig . L;.) f or D/\.DIC cm;_ 1Jo ,,ttribut,)l'. (; ·, tl:c i;--1:r,uri ty ill tho GC.up2.o 

UG Cd o Sinc e 

tho j_npurity Jt.7.c: ~ r u ~on tion t:L !C:) c]_c.::; () to t h e s,) l v0nt uot hnn o l , one 

of no th.~_Jlf) 1 . 

It j_s posci blo tlwt 

t lle i;1purity lJnY C,7.UGO ~:i;:~i l:11° cln;-1·v;::; t') t ho chloro:i;,l.1.sts , '.I'hUG 

n ~;tribatod to tho i r.1i:1 uri t:Y i ,1 tho C(:..nj,:l.o . 

SEHCOR ,se0[1s t ,, be 1 ·.::sc of:c':;_c i cmt t,t llir-;l1or c oncont rr,tions 

:er opQrtion'1l l y :Jo:..0 0 .SEJ- COii i G r Qquirod for -::m equal 

incrons0 i n inhi bition , o • R• , ~t J.cvo l s g r anter th7.n BC% inhibition . 

DA , howover , ;:nint,7.inG a l :•1)Gt ,, J.i:..·uct }_Jl"::>J)Orti onnl ro l ::i.·cionship 

thro ut;hout . Tllo observed property nay bo du o t o'.' tllo m1i do siclo 

che i n b l ocking tho s it e of uc tion throu~h either storic , s tructur~l 

or ol octronic influe nc e, ,~,n d tluG prcvontinr; further .SEHCOR ao lecule G 

r onchin~ tho sit e of i nhibition . It. uu::;t he 01:rph::-.sizod , hom,ver , 
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tlw.t tlli s i nplicc.tion :'..s bn,scd on o iJs 0rv.:-, tions ( Fii;:; . 1+ ) nlono 1 it i s 

not pocci ,Jlc t c 1)r ovicl0 nn:y stC1.til;tica l s u p}Jort frou tho dntn 

rocord.cu . 

Tho rosul ts proscmt oc: in t'.tir : r o1x~rt disrmt e tho ctGsumpti on 

h7.sod on t;10 s tructnro ~\ctivity rclrl cionshi-,_j studios of Dorbor et . nl . 

(50) tl!C1.t t~10 rrn
2 

P ' OL' Y' :L ::; t he t 0x o1Jh0ro . Derbor ot . nl. (50) bo..sod 

thoir nrr;ur.10nts on su.1Jst:i_tuti rrn st,~clicu nl10r oby vctrious groupn were 

substitut oc1 to tl10 c:.\rbon nt rositiu:1 3 of the trictzine ;::ol.ocule . 

They test ed noit!l'.:?r tho trinzinonn.s l ncking tho m-r
2 

cubstituont nor a 

dikoto for• of tho ;m locul o . 

It. is ctlso ovidont frou t:1is Gtu :ly that SEI·fC0R i.s tl10 nctive 

for• of tho herbi cide . '11110 n:!_ l cg,:,.tion tllnt DK i s tho ncti vc for?:i 

(7 6) is not in ncc ordnnco nitl1 the) r esults prosontocl i1oro . It 

::mst be pointed out 1 horJOvor , t hn-; Gronboi·r: and his nssocintos ( 76) 

sugr;ostion nns bnsod only on tho rJbsc rvoll structurctl cioil<'.rity of 

the DK uo loculo ctnll th.'.'.. t of urt1.ci:~ nhich is c.. Eill ronction 

inhibit or ( 83 ) • 

Derbor ot . n l ( 50) dotoruin or.: tlle pnrti tion co - e fficient , in cm 

octanc: 1/buffcr systeu , of Govor2.l triazinones r:it l1 cctrrying 

substituonts .'."lttachol1 t o tho carb,)11 ctt 1iosition 6. 'I'hoy then 

corre lat e tho pctrtitioninr, propor;ios of thc G<) i:1o leculos rr.Lth their 

pI 
50 

vnluos dcternii1od frou Hill :roo.ction inhibition studios . Thoy 

clctii:1 thctt if throuc;h substitutio:1 ,,_ 1:10:ro lipophilic uo l ocule is 

productecl , tho onsi or it will pon,)tr.1.to the chloropl n st ,-101.1bra.no . 

H0ucver ~ fro • studios on tho stru~tur0 nn d functions of tho 

chloropl~st lauollno (135, 72) tho indicntion c nr o tha.t n hydro~hilic/ 

lipophilic bGl ctnco :Ls norc i npo1·t.rnt in fncili t ,7.ting penetrati on of 

the herbicide 1:1oloculos tc t :10 :-i.ctive centre . Tho chloropl ast 

lnuollno , like Dnny func tionct l 1:.0 .1bro.no sycto?:1s in 11,1.turo , nre 

cor.1posod of hic;h density li:;:iop:c~ot:,L1 - ~:c..lf lipi d nnr.1- half protein 

( 1 06) • 1rl10 lipiclc o.rc), hoHovor a:rno cintion \;r.i_ th tho interior of the 

protein uo loculos rE\tl1or t ho.n ox1n so c, t o tho oxtornn l V![lter phase 

(190) . It has n lso boon ostablL~;1od th.~, t the Hill reaction centre 
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and the photo checicc..l systo• s arc sited not on the combrnne surface 

itself but a l ong hydrophobic ror,icns r.rithin tho chloropast l.::u::iollae . 

Thero aro several pieces o f ovideLco t~1t those lipophilic regions 

are sited r.w.inly rrithin the clllorc·pl::rnt l o.Dollao . 

Among those ovidenc os a r a : 

( a ) Doop etching cx porinonb: which showed tho.t the chl oropl ast 

la~ollao fracture pluno differs grea tly in corphol ogy fro m 

tho adjac ent DOLl brano scrfaco (1 34) . 

( b ) Exporiuonts in which tlw lipid nhen oxtretctod or fixed 

with KH::OL~ t:ie fracture p l nno was l ost (28 ). 

( c) A Dod.el oxperhwHt usinc 1 L~c lnbolled stcmri c a cid bilayers, 

where , the splittinc of such l ayers after freezing o ccurred 

along tho hydrophobic r ogi on of tho bilayers (49). 

(d) Theoretical c..rgun onts o:: Brandon nnd Park (28), where it 

wo.s predicted that l oss of the r estoring forc es o f liquid 

water by froo~ing rrould r ender tho hydrophobic r egion of 

tho notabro.ne ns th0 ;:10s :; weakl y bonded region during freeze 

fracture experiocnts . 

It is clear f:t· on o.bov o that :for a herbicide , to reach its site 

of a ction it uust ponetro.to fir ctly a main l y protein portion o f the 

chloropl ast lnoellao nnd thon a ct at o. site tha t is e1:1boddod in a 

region tha t is lipo1}hilic. Thus it seens logicc.l that f or a Hill 

reaction inhibitor a balance i n h:rdrophilic/lipophilic pr operty i s 

• ore i uportant in detoroining its ability to r each its site of 

a ction . From this study it kts ·Jeon predicted that the loss of NH2 
gr oup upsets this h:1.lanc e .:md thu.::; yir ovides basis for the property 

o f DA . The or.1phasis Derbor and 1i s associ ates (50) base on tho 

lipophilic property nlono detenri.1inr, tho facility vri th which the 

herbicide wolecule ~onetrates tho l a~ellae systoo sooos illogica l. 

Fro• tho studios of llusisige nnd Yamaaoto (86 ) it is evi dent 

that DPIP accepts electrons close t o tho water splitting syster.1 . 
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Hugisig e .:i.nd YP..nw.rnoto ( 86) ho,7ever , pro ;}ose PSII to include trro 

different pho tor-eo.ctions siraili-1.r to those propose cl by Arnon I s group 

(97) . Thi s proposo.1 d:l.f fo r s fr o;,1 t}ie r;oae r n. lly a ccepte d scheme of 

Boc.1rdn!C1.n und co - workers (Fi i,; . 2) . It i a importunt t o note however , 

tho. t liusisic e [m cl Yaiii:1i;1oto 1 s pr opc sccl system di ffers f ro w that of 

Arnon I s i n tho.t NADP reduc t i on doc•::; not occur through co - operation of 

the two PSII (II a a n d IIb) . Arne n I s ·l,ro pon,, l tho. t NADr reducti on is 

carri ed out by PSII besides ~SI lw s been the ~oint of controversy 

tho.t l ed to their ochei1te being l e:::s a cceptable than thnt of Boardman ' s 

group . If Euoisir,e o.nd. Y:1m,·mo to 1 s pro pos.:i. l s nre n ccepted then DPIP 

reductio~ is a close Clnd convenient ineusure of Hill reaction a ctivity 

of isola ted chloro pl asts . 

I n ( Fi g . 6) da ta obtaine d fro • st udies of Lee a n d Fang (1 02 ) on 

monuron , IIoffi,1ann et . al . ( 85) on i so cj_l o.nd l iorelCtnd et . a l . (1 25 ) on 

simc,zine 2-re plotted directly a s a lo :~ - inlli bi tion , probabi l i t y curve 

(Fig . 6) . The pi1enylure .:i. s , substituteu uracils o.nd triazines have 

been established as Hi ll rea ction inhi1itors ( 19 1 , 125 ,1 23 , 77 ,1 26 , 7 8 , 

83 , 140) . It is avident thnt the i1Cc lmnisms o:f action of these 

herbj_cide,s are sim:Llo.r since t he ]J l otted curves a re pnr a llel ( Fi g . 6) . 

It is s t r essed he r e , thu t ~t ~s in: orrect to make a ny co mpari • on of 

relative potenc ie s of these compou 1ds fro m fiF,;ure 6 . 

Conditions of experiments in the 3 pnpors fro1;1 which these dat a 

were drmm differ 1 Fi g ure 6 i.s e:-cclu3i vely used her e t o establ ish 

the s i1ailarity in the rne ch.:mism of action of these co mpounds . 

Fi£;ure 6 nhen superimposed on ( Fi g , 5 ) pr ovi des f urther s upport that 

SEHC0R i s rt Hill renction inhibitor , sinc e .:111 the c :.irves a re 

pnrallel . 

The 50Jh inhibition cone en trat:_ons ( expressed as pI 
50

) determined 

with isola ted chloro p l a sts ancl ctrtificinl electron n cceptors for the 

best of Hill r eaction inhibitor s cu·e in the r n ngc of 10 - 7 mole.s/ 1 

(i . e . lJI
50 

is greater than 6) ( 12L:.: . 

6 . 7 , this i s within the ctbove r ::rnge· . 

'i:'hc pI
50 

valu e of SENC0TI is 

T~us even though the 

experimental conditions i n th:LG st, __ cly dif fe rs from th.:i.t of 
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Moreland ( 124) it is ovi don t fr )'.''i t:1 0 111
50 

valuo tha t SENCOR i s n. 

Hill r Gaction inhibitor . 

The abo vo discussi Jn : 

( a ) on the sit o a t whi ch DPI P ~ccopts electrons in the 
phot o&:),stem . 

(b) the gr aphic a l ana lysis o f r..cchanis1:i o f a ction of SENCOR 

c;tnd known Hill r oaction inhi bi t or,s (Fig . 5 & 6) , a nd 

( c) pI
50 

value of SEHCOR boi nt; i n t ho r a nge o f other known 

Hill r eaction inhibitor s , 

pr ovi des subst antia l s upport f or 11 Jchanist1 o f a ction o f SENCOR t o 

invo l ve inhibition o f the Hill r cn: tion . 

Froc the above discussions it i s not appar ent how the phyt ot oxic 

syCTptons aro raanifeste d . Fro G th J lit or nture r evi ewed i n this 

study ( 2 . 3) the schone pr oposod by Mitidi ori and cit ed by Stra nger 

and Appleby (163) is the Dost l ogi:a l . Ho,,~ver I this scher,o does 

not account f or all the syupt ous a::id the eventunl senescence o f the 

plant treat ed with Hi l l rea ction :Lnhi bitor s . 

Hore , the propo sed scherno o f Mitidi eri is ex tended i n o r de r t o 

develop an expl a na tion t o a cc ount for tho observed sycptoos , i . e. 

chlor os i s and s enescenc e . 

Butler and SirJon (31) have pu :ilishcd a detailed r eview of 

senesc enc e and Anderson a nd Thoason (7) ha ve established , through 

noani ngful coi.,parisons , sLJilnriti ,1 s between her bicide induced and 

natural sen~scence . 

Butler and Siuo n (31) and Phil lips (139) hnvo cit od several 

papers t o suggest thnt s enescenc e :_n pl ant s nay be r e{jula t ed by 

changes in tho pl ant hor • 0nal l evel . It is appar ent froc these 

revimrn (31,1 39) tha t no ,me hor :..1O 11 0 rn1y ha ve overall control of 

s enosc onco, tho bnlanc e in hor uona:_ l evel s seou r:io r e i oportant . 

However , it is evident ( 185) thtlt I iuch of tho senescence symptoTJs 

can be induced by an i ncrGasod l ovol o f the pl o.nt i nhi bitor abscissic 

a cid (ilBA) . Perhaps ABA is the trigger ue chn.nis r.i involved in 
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Schematic representation of the mode of action of Hill 
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e ff e cting sanusconco . 

Thero i s conclusive evidonc o ·;h~t ABA is syn t hesized fr om the 

pl a nt cnroton oi ds . Certa in lo·1f :c.:i.ntho:r,;hyll s c :i.n be oxidative ly 

degr aded t o yi ol J xantho:xin which ·;hon , A. ct s as a pr ecursor in t he 

biosynthosis o f ABJ\. (171 , 170 , 172 ) . Xanthoxin h::::.s n lso boon 

ostablisllecl as nat urally o ccurrin r: in pJ.::1.11ts ( 61). 

Based on tho f o r egoing ropc rt:~ , thu schoco pr e s ented by 

Stra nger a n d Ap})l oby ( 163) C.'."'.n bo Dx -con de d t o i nc lude th0 synthesis 

o f ABA through xanthoxin JJr oducti cm which •J ccurs duo t o pho t o -

oxidation o f xantho1Jhylls . ABA them ne ts c1. s a tri ;:;ger f or 

soi::esc ence . This scl10,Je is pr usontod di a 6r acnatica lly (Fig . 7) . 

If this achene is accoptabl 0 , then tho obsorvati cns that pl :i.nt 

tre.:1.t ed with Hill r eaction inhibi to rs a nd p l aced i n tho dnrk f.:tiled 

t o pro duc e phy t o t oxi c synpt ous (2.3) i s r oaJily ex pl a i ned . In the 

da.rk chlor ophyll is n ot pho t o- oxi c:. :.;ed . Th o xnnt h0phyll s a r c n ot 

involved in the opoxido cycl e nnd thus they a r e no t oxidised t D 

xanthoxin a n d furth e r dGgradod t o ABA. Sinc e the l ov ol o f thi s 

senescenc e trigi;oring hor uono i s not raisci , s0nescence is not 

effected . Also in the dark tho ac: cui:;;.ilat i on o f betax a nthin has been 

sho vm to be slow (73). Thus tho :.ovel o f xanthoxin and ABA c ould be 

a ssu t1od t o be si milnrly l ower . 

eno ugh t o tri gger of f sonc cc enc G. 

Thus ABJ\. 1 .-cvel uny n o t be high 

Tho de l a y in phyto t oxi c syr.1pt ous when sugars :, r e s uppl eDonted 

after trea t r.10nt with herbi c i des ( 2 .. 3 . 2 . ) can also be ex pl a in0d 

through this s chenc . Sc:: v c r a l of thu ABA induc ed physio l ogica l 

changes , o . g ., tho clo s ure of stoucita 0 r c reversibl e o r. thu r euova l 

o f ASA (47) . The revers1.1.l c cmno t bo ~ttribut ed t o t ho c <.1.tabo l ic 

degr adation o f the horcono (46 ) b ut: nay invo l vo r oco va l c f the 

ho r r1one thro ugh conjug.::_ tion t o s ug,trs an•:i J tl ie r pl an t c onstituents or 

t o sit es where i t c,1.nnot 1.,nnifest j_ts 2..ct i ons . It i s pos si bl e that , 

the suppli ed sui;<'trs apart fr o1 1 funct i oning as a r 0ctuctant o f oxidised 

cnrotenoicls ( 163) r.1ay bC; invol ved j_ n the j_n-1.ctivn. tion o f ABA thro ugh 

the f o r nation o f conju0ato s . I n fact tho f i rst pr oducts o f ABA 

cntabolisi:, has b oon ost atli s h cd a s tl12 glucose c st 0r o f ABA ( abscisyl­

B- glucopyr a nosicle ) (99) . 
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Licht enth l e r ( 105 ) hnG sho ·;m th1.t t ho br oak dovm o f chlor opl a st 

thylako i ds i n n n ur,b0r o f spvci os i.s 2. cc o).:pani o,l 1)y cm incroaGe in 

tho l eo.v os c: f co r o t oin i ds , 1.,,J t , XClC!. t h,:phyll l cve l G r enain c onsta nt . 

This i nplios tha t no furth or ABA p r oduction ,) cc urs! 'I'hi s obs e r -

va tion o f Li ch tontho r J1 ,.nrnvor , ,}:,cs nDt di sput EJ tho pr oposed scheDe 

f o r tho r:ani fus t a tion c f ph~rt otyx:i c sycpt oi:c.c tl1r ough pr oduction o f 

ii.BA . It i s ,1. r guocl horc , U 1, t onc.} ti1e sonosc enc i:; i s triGger e d a nd 

t ho struc t ura l nnd functi onal doir~Juti0n r oaches t he irr e v ersi bl e 

phn s o furthe r J1r oduc t i un o f J\. .BA iiJ nDt n oc osoa ry f or the continuati on 

of t ho d ogr u~ation ~r oc e s sas . At thi s stogo chlor opl a at s ~ay bo 

ru ptured 2n d this will .'.J.ctivnto t lu l yso s ot~o.l onzyrnrn ( 11 4 ,1 80 ,115). 

Also l a t ent ac i d pho s vhntas o ( 28) ~1~ lipase enzy oc ( 15 1,1 52) 

pre s ent in tho chl ,Jr :) p l a st s :-.my Le i nvo lved in tho furth e r bronkclown 

onc e initinl d0Gr ad0tion pr o c o• aeo hnd b~c n induc ed . 
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·BASES FOR SELECTIVITY 



PHYSIOLOGIC!,L A:rn l3IOCHI:l:IICAL f:.u\ SB.S FOR 

:rr;nDI CI D_,'\.L .SE:r.,E:CTIVI'i'Y 

Ei e l ect i v:i.ty is ~i phcno:,1e1wn , r:hero , a chGt7,j_co.l affects one type 

o f or [;anisu wit l10ut un duJ.~,- ;.,r.""' ,.::l.r1c Cci1other ·,Jhon botli ty:pes a r e in 

conta c t or in close frox:2..1::i ty . It ic ~, :?:'CJ.:;.t:L v e r a ther than an 

abs olute phoncGenon . Tllo J.i v i n:; ; c:t'cor r,l1ich is to be injured or 

destroyed i s UGun lJ.y an i;unec0,1oui c s:'ec j_es 11 anc t lmt whi ch is to 

r e1.1ai j1 unultcrc ,-~ is us u~1.1: ~,- a.:.: :;a.::0 1101:!tc species t i . 

He c l1m1i s;,: of so:;_e c tj_vj_ty involv:i.ne; eiti1er p'.1Ys:Lolot.:;i ca l o r 

biocll er,ii cal aspec·cr; m,.;.:y br;; c1a,ssif:i.ed i11t,_:, e:roi.,ps bar:; ed on tllree mai n 

princ:i. r, les . 

involve ; 

(i) ~tccurnulat:i..on of' -:;"-o tcxicsmt , princip,,lJ_y ':>y tllo unoconoi.ric 

specie s ut tho site c1 inf l uonca 

( ii) utiJ.iso.t ion of COI T'-'r .. ~t iV '.) lJJ. ocJ,euictry ,01hereb:y the 

che rni cc.l r, ii:W ir,j ur c a })hysj_olo : 'ical or bj_ochetlical system 

irnportcmt to the nnecononl.c , l.mt no t t o tho econoui c speci es . 

(iii) i t ;:·:,y _ L )<'. ct . exclu siv3J.y 1r.Lt\ a c~r to l ogicc1.l f eature 

that exists onl:/ ·1..1: tl1e u:1cc0ncr.tic s1.1eci e s 

Selectivity throu,sh accurnc~J.at:Loi, i s .sor-:e timeo 0111:i ,:\ matt e r o f 

fo r m aacl r;r oas r.io r pho1o r:;y . Tl!'.::.G , -~;10 c or,:par ative hairiness , uf 

weeds :Ln a er-op o f grai n , or i.., co ;:;;1,~i·.:.:t i vo l,:,r i; e :sur f :::.cc a r eo. brings 

about greater r etention of sy.ms1.yc) J :,:ater :ia l ;;y t~rn une conomic s pecies . 

In other cc.Des se l ective acci..1,:1ulo.U.:J1t is ac'.1ieve cl i t. _--1_ positive way . 

TJ:10ur;:1 the:;.•e a r e r e1;1ark:tbl e pli;i,Si c logica.l and bi ochor.1ical 

sir,1i l aritie s b0tvreo11 or gnnis1;1S 1 st r: .1-:inr differences have been foun d 

in many of the processes . Su ch Ji::' :fer encos are four.cl not only in 

the degr adativo process , but j_ n tlw choi c e an.d biosynthesis o f enzymes 
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and SLlall or Gubsta nc es used i n Rr o~~h au d division . Since the 

s mallest changec i n ch on1icc,l .st r uctu r e of a se l ectively toxic agent 

often leads t o a n enormous chan~o i n it s biologica l activity , these 

biochemica l differ ence s offer ba ses f er selectivity . 

Selecti vo a ction of a toxic e.nt can o.lso be based on cytolop,ical 

differences rli. thin spoci os . It hes long boen kno vrn that plant s and 

animals have outstandii16 cyto l op,:L ca l di f f er ences . \Vi th the help of 

electron li,icroscopeG1 it lw.s been foun d tha t o. cell itself is full of 

component parts , the organelles . It i .s cJ. l s o lrnoHn tha t eac:1 kind 

of these components di s pla y c tron~ species differences ; a l so there 

a r e differences between cells fro o different tissu&s in the same 

species .. 

Often those principles function to F,e thor and arc not separable ~ 

In other cases one mechanisi,; 1,1ay pr edo mina t e . 

Fro m tho abovo it is apparent,. ti1::i. t in contra st u:i.th ecolo gical 

selectivity , such as physic a l s eparation , the che1r.ical and biochemical 

s electivity involves a ctiva tion or ina ctiva tion of her bicides or 

biochemical vnriation in tho natur e of tho a ctive site itself . 

Most activation or ina ctiva tion r eactions are enzymic reactions, 

however, examples of non-enzymic or chemic a l ina ctivation a l so occur . 

As .::m examplo tho repla ceu1ent of chlorine v1ith a hydroxyl group in 

chlorotri1:, zines ma y pro ceed via c. pri llli. l:!'.'Y rea ction involving an 

enzyme or it may involve r eactive plant constit uentc such as tho 

OXqZinonoe (109) . 

MCPD and 2 , 4 - DE are typica l exampl es of s el ective herbicides 

designed to talco a dvant ar; o of the rliffor enc o in the n.ctivation 

mechanis~s of wecJs a nd cro p plant G (1 81) • . 

Sever.::i. l worl~s on met abolim,1 o f s - tria zinos coul d be cited to 

provide evidence , that chemica l transformations ~lter the hydrophilic/ 

lipcphilic ha lo.nee of n che1~ic ~l . Such transforma tion provides a 

basis for tol eranc e since transformations cay pr event the toxicant 

r eacting at its site of action •. 
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The i nactivation r,1e che .. nis:·.·s bot:1 , clog::.•c,.d.ation of herbicide a11d 

conjuga tion with some ldnd of iaotabo lit es could bo considered as 

mechanisms attributing to seloctiv:.ty of amioen . Th3 formation of 

N- glucosyla1;ct.ben has been connected uith t ho inactivation of 

amiben ( 164) . 

A more typical exar.1plo will "tw the selectivity of propanil in 

ric e plant (Oryza ~~ L .). ThE, tolerance of rice plants to this 

herbicide has been expl ained by tlw existence of a special enzyme 

which can hydrolyse prorxmil i11to ~; , 4 - d:Lchloroaniline (66). 

Physj_olor;icn.l differences Hhic h c,rnse l a ck of movemen t of 

herbic i des , resultin~ from such factors as , conditions detrimental to 

photosynthesis or assimiL,to tr.:i.ns]oc.:i.tion , a natomical or physio­

logical barriers , fixation to cellular or metabo lic cor1pononts may 

all contribut e to tho selective a ction of herbicides . 

With the a i m of illustrating ,., Jx,:i:-ti cular ri1echanisu1 of 

selectivity, Yrhore possible , only one exnmpl o of llerbi cide/ plctnt 

relationship io considered i n detail , An at t em1)t is then mado to 

cover o.11 f a ctors that contribute to such a mechanism . However , it 

must be emphasized that other herbicides may follo~ similar rne chanisms 

of selectivity . 

It is hoped th~t fro m thia rovi3~ of literature , the three 

principles involved in physiological und bio chemical aspects of 

selectivity ,r.i..11 bo appar ent . It 1-rill be obvious a lso that it is 

difficult to separate the various processes that contribute to 

selectivity. 

5.2 ENZYMES I N RELATION TO SELECTimx_ 

The tolerance of rice pl ants t) propnni l through enzyme a ctions 

is tho best illustration of the exiTccnce of degrading ( hydrolysing ) 

onzy1aes in plants. Tho differenc e in the level of this enzyme in 

various plants has been illustrated uG a basis for selectivity . 

Propanil shovm high selectivit;r bet;IGen rice plants and Y/€Jeds , 

espe cially barny'.:l.rd grass ( Echinoch:~ ~-galli L.) ( 116). The 
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mode of ac tion of thiG hor biciJo h n13 been established as inhi bition of 

photosynthesis . (Hill roactio~ ) ( 1 ' 8) . 

Ada chi ct •. 1.J.., (3) studi ed tho d:_;c;tributi on of tho ina ctivat ing 

a ctivity i n tho hj_r;her plirnts ( soo 1.\1bl :J I V) . It i s evident from 

their studies tha t both rice pl m1ts nnd cr cJ.b gr a so (Dir;ita ria 

sanguinali s ( L ) . Bo,rnv ) have high d() [jretd.::tt i ve a ctivit:r whi l e bar nyard 

gr ass has a very l ov a ctivity . 'rlrny :: lso est ablished tha t hydr o-

l ys:Ls of pr opani l ( N - 0 , 4- dic!1loro p11011yl) - pr opionnwide ) into 3 , 4 -

dichloroani l i ne o.nd proponic :J.cid had ·:i.n optimun pH of 8 . 4 and the 

boiled ho mogonat o was i nactive . Tlds pr ovi ded i ndirect support 

fro m the existence of a degr ading enzyno . 

T'1bl o IV 

Inact ivat i on o f pr opanil l,y homogenates of 
various pl antc . (A Li.c '. Chi e t. o.l . 3) 

Source % Hydro l ysed in 24 hours 

monochoria 0-:onochoria vagincc.l i s) 0 . 0 

sma rtweed (Polygonurn E_E . ) 5 . 5 
( willOV/ weed ) 

barnyar d gr ass (Echinochloa ~-&}} . .li L . ) 7 . 0 

crab gr ass ( Digitaria s a nguinc".li s L . Iloauv ) 

ric e pl ant (Oryz~ sativa L. ) 

Ishi zukn and Mitsui ( 87) hnd tbG opinion th:1.t even ba rnyard 

grass had a high hydr olysj_ng n.ctivity , Their opinion wa s based on 

the hydrolytic a ctivity on othor ani lids in barnyi!rd gr ass . Thus , 

they alleged thGt the di f ference of activity in the case of pro panil 

i s not bas e d on th e exist ence or ab6enc o of a n hydrolysing enzyme but 

r a ther on the diffGrenc e in the s peci f icity of t he enzyme s f or 

substra t e . 
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Between tho ric o pl an t a n d ba~nya rd gr a ss one could oxpect many 

histological, physiolo gic 0cl and bioch ern:Lc ~, l diff e r enc e s , and if 

cot1parisons of toleranc e due to ,5p,"cia l histological diffe roncos or 

to loca lization of onzywc ::c .::- e 1:1e1dc , t ho me cha ni sms of tole r a nce will 

be mixed and confused with each other . 

Matsunaka ( 117) fortuniltoly found a ri:::e pl a nt mutant 

susc eptible to propani~ . An a rti::icia l mutant of rice pla nt was 

induced by chemico.l and isotopic r ,uli:1tion . To e lucidat e the co.use 

of selectivity , the susc eptible mu~;ant ,-ro.,s compared with the original 

variety of rice plant ( Norin No . 8) a nd suscept i ble barnya rd grass . 

Matsunaka (117) found thu rn utant to be highly susceptible to 

propanil. For example at the trea twen t of 0.05% of propanil thero 

were a lmost no symptoms in the origj_nnl variety Norine No . 8, while 

the mutant No . 408 and bc.rnyard grass were killed . Comparisons of 

the effGct of treo.L10nt o f G. 1% pro panil emulsion on the photo­

syntht1tic activity of tho r:mt cmt a nd tho origina l, showed that the 

co
2 

fixE<tion proc ess of the origina l ric o pl ant va riety wa s n. t first 

inhibit ed by the troa t mont but it recovere d perfect ly after 3 days . · 

On the oth er hand in tho case of lJJ'Opanil treat od mutants the re was 

no recovery. 

Ji. study of the !'l.ctivity of em;yrnic hydrolysis of propanil in 

the mutant and toler ant variety v12.:; then carried out ( 117). The 

amount of metabolit e (3 , 1+-dichloro ;c1.niline) produc e d was co mpa red 

a fter incubation of tho onzy• e solt1tion (ric e l ea f ho mogenate) and 

substra te (propanil) for just 011 0 hour . The original variety 

showed high activity of tho enzyme 1 on the othe r ha nd the homogenate 

from the mutant produced a trnc o ai wunt of 3 ,4-dichloroa nilino. The 

mixture ( 1 ~ 1) of both ho mogenates r;howed just ha lf of the original 

activity. These r esults :,m.y indic: ett e a l a ck of propanil hydro -

lysing enzyr:ie in tho susceptibl e • utant . 

Yih e t. a l. (195) shoned t vro stops to be involved in the 

hydrolysi s of prop::mil to 3,4-dich:_oraniline. - It is however not 

clear from Matsunaka I s ( 117) inv8sl:igcttions which of these stops is 

blocked in the rnutCtnt variety . 
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Frear and Still ( 66 ) succootlocl in pctrtially purifying an enzyme , 

aryla cyl.:-u:1idase (aryla cylamino :J.ni clohydrolnso ) fro m ric e plants . 

This enzyrao hydrolysed 3 , 4- dic hl orc,1Jroanani lide to 3 , 4 - dichloro-

aniline . This on:1blod comrar ati v (; studi os on ric e and barnyard gr ass 

tissues on the r el o.t i ve a@ounts of tho o.cy l a cylamidase enzyme to be 

carried out . Tho enzyLiO was pr esE·nt i n all tho tissue studied 

a lthough ric e l eaves wer e found. to co11ta in 50 timus more enzyme units 

than ba rnyo.r d gras.s . 

The above studi os provide conclusive evidence that the 

differ ential e ffect of propanil on ri ce and bar nyar d grass is due to 

the striking differenc e in the enzy me distribution in tho tolerant 

and susceptible plants . 

Ther e a r o significant differences among variou s species \1r.i.th 

regards to their r a t e of urea herbicide deal kyl ntion . Cot ton 

(Gossypiun hirsutum L . ) s eo1:is to be par ticularly effi ci ent in break­

ing down these ccllapounds , whereas corn (~ mays L . ) seer.is to be the 

most inefficient of the pl cm ts investigated (161,147 , 132) . This 

s el ective a ction can be attri buted t o the differentia l l evels of 

degradative enzyme i n the susc eptible and toler ant pl ants . 

Based on tho structure of the di ctl kyl and a lkylalkoxphenyl ureas 

one might be t oraptod t o suggest t hat tho cla s sica l ur ease type of 

roaction to cleave these co rapounds direct l y raay occur but it is now 

evident tha t a lthough urea.so is wi doly distributed i n pla.nts , the 

enzyme hRs an a bso l ute specificity f or ur ea (165) . Fr ear (64) has 

partial l y cha r act eriz ed a cotton l e~, f 1.1icroso i,1a.l oxidns e syst ei:1 tha t 

N- derae thyla ted monuron 3- (4- dichl ::irophenyl) - I , I- di r.10 thylurea to 

3- (4- dichl orophenyl) - I-rne thy- urea . The differ ence in the l eve l of 

this enzyme i n toler an t and s usc eptible pl an t s however has not been 

investigat ed . 

Induced abber at i ons in the nucl Gic a cid me t a bo lism has been 

proposed as a mode of a ction o f auxin herbicides . (15) . Mal hot r a and 

Hanson (113) found that piclorno pr Jraot es nucleic nc i d synthesis both 

in susceptible (soybean and cucumber) and r esi stant ( barley , wheat 

and maize ) pl an ts . Fro • t heir st u ly they nllogo that the presence 



44 

of higher levels of bound nuclease a re responsible for prevention of 

accumulation of nucleic acids i n resistant Gpecies . They propose 

that although piclorc1.n! r i;:;du ces nuclease in bo th t ho r esistant and 

susceptible s pecies , tho higher net concent r ation o f nuc l ease in the 

resistant pl::mt , honever , 1i1aintai:1s the high r a t e of de gr adation of 

nucleic ac i d that is synthesized . In this case again , differential 

l eve ls of an enzyme i n a r esis tnn; and SLlsceptible species have been 

proposed as the basis of tho mechanis,n r esponsi ble for se l ectivity . 

This . proposal was based on studi ei, on tl:e changes of nucleic acid 

l evels in the piclornm treat&d su11ceptibl o and r esistant varieties . 

Thus the pro po sed me chanisms is bi.sod on indirec t evidence . The 

role of nucleo.se in the r,10 t abo li si:. of tho cell i s still unknorm and 

the rela tive concentration of thi L enzyme i n resistant and susc ept ­

ible species has not been eotabli ehed . 

Jordan and Jollif e (90) beli eve that the metRbolism o f simazine 

in association uith ci t rus root s may be at l east partially respons ­

ible for tho tolerance o f citrus t::; simazine when j _ t is used as a 

herbicide in orchards . 

The selective a ctio r, of pyraz,)no 1Jetvrnen Chenopodium ~ and 

sugar beet (~ vulgaris var ~ 1arifcra) (63) . DNOC between 

Orobanche .§.£• and beans (~~J (171+) soybean ( Glycine -™ L . ) 

tol er ance to f'luorodifen (lL1-6 , 53) can a ll be attributeu to the 

difference in metabo lic r ate . Wlloat ( Triticum aostivum L. ) , barley 

(Hordeur,, vulgars L • ) , wild mustard ( Sine.pis ctrvensis L . ) and t a rtery 

buck vth eat ( Fago pyrum t atm~ ( L ,) Gaertn) tolerate dicamba in 

that order 05) . Thi s r nnking car-responds with the a bility of the 

plants to metabolise dicamba . 

Although , one can list several cases of selectivity due to 

differential rate of metabo lism of herbicides , the identity and 

r el a tive abundance of the enzymes in tolerant a nd susceptible species 

has seldom been established . 



5. 3 SELECTIVI'l'Y DUE 'rO ACTIVA'l'ION TiIROUGH SIDE CHAIH DEGRADATION 

Wain (1 8 1 ) showed that 2 , 1+- DB .:u1d iiCPB thenisolves t o h ~we no 

h e r bicidal o.cti vity , hov1Cv0r vrhcn tr:uwformod to 2 , ~- - D or MCPA by the 

f oxidation mechani rni1 in plant ti;:3sucr; , tLey converted to a c tive 

h erbici d.ec . Based on this it ,-liJ.G pl'oposed th&t \rncds havin g high 

r a te of~ oxidation ,,ctivity such as anrrnal nettle , (Urtica ~ L . ) 

cha r lock (Sina.pis arvC::1csis L . ) c,nd cr.i.liforni nn thistl e (,9irsi um 

a rvense (L) . Scop . ) would bo ki lled by 2 1 4 - DB or MCPB but c l o ver 

plnnts , other l egm10s .:md c elery pl.mts ( Api um graveolens var dulce) 

having lO 'il ~ oxidation act ivity woul.d be rolntive l y unaffected . The 

sel ective action o f 2 , 4 - DB between :,oybec1n c1.nd cocklebur 

(Xanthium !?.E• ) i s yet another example where such .J. mechanism is 

involved ( l 86) • Thus 2 , ~-- DB can b<; regarded c\S an herbic i de 

designed to t.:iJrn ndvantage of l ethn:. synthesis rrithin the plant by 

mean s o f~ oxidntion . By this r c ::i.c:tion specific~ oxidation enzymes 

in plant tissue ntt.:::i.cks tho ~ c u::.·bon or tho orgEmic acid and 

oxidises it , removing trro carbon c..tc,ms from the chain . Thus as 

shovm i:1 ( Fig . 8) tho in;:,_ctiv o but,yric fo r m io oxidised to the 

herbicidally active acetic acid forrr . 

Selectivity exhibit ed. by !ICPB (4- ( 4 - chloro - 2 - methylphenoxy) 

butyric acid) a n d 2 1 4, 5-TB ( 4 (2 , 4 , 5 - trichlorophenoxy ) butyric a cid ) 

follons ct similo.r mechanisr.1 ( 183) . 

Wain (1 82) has shorm that cereals and leguJ:-ies o.r o a ble to 

oxidise the butyric acid sidG chain :)f 2 , 4 - DD only at a s l ow rate 

o.nd thus .::1re nbl e to escape the herbicid:1.l effects . r!ost needs on 

the other h.::md carry out ~ oxicbtion rapidly and nre thus killed due 

to the l ethal r a t e of production of the active acetic acid 

derivative 2 , 4 - D. Tho .1.pparent sc l ,) ctivo c.ction of 2 , 4 - DB was thus 

attri b1.1tod to the di fferential quant:Lt:y of oxidnse enzyme in t he 

plants . 

The most direc t evidence that~ oxidation is thG pri mar y 

mec hanism of conversion of 2 , 11. - DB to tho toxic for rn n.::w provided by 

Webley , Duff ;::nC::. Far mer ( 189) nho found~ hydroxy .::i.cids nft er 
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exposure of chlorophenoxybutyric ,;i_cids to l'frJcu.rdia . Usi nr; .:i. homo ­

l ogous series of w phenox:r 2- .::ids Fav1cett , I ngram and Wain (55) 

obta i ned chcrnic.:i.l evi dence of ~ o:ci dation by treating flax seedlings 

(~ usita tissil:mi;1 ) through tho r oots . Harml ess phenols were 

pro duc ed only 1:,hcre tho acids pom;e:sscd an evcm number of s ide chain 

m0thyl ene r, r oups . Whe r eas tl:o l <ithnl ?.ctive a ci d deriva tive rm.s 

for r,ied if the s i de c hain contained an odd nu1.1be r . 

Findings that ~ - ( 2 , Lf, 5 trichlorophenoxy) butyric a cid and 

corresponding caprionic and octani c ncids nrc hj_ghly a ctive in one 

t est and not in others indic n ted t lw.t specific ~ oxidase enzyme 

syst ems uw.;f be present i n dj_ fferent pl an t species . Evidence for 

this w::.s obtained by exposin f; so lu tions of the 2 , 4 , 5-trichlorophenox.y 

homolo gu e s first to wheat coloo1)tilo tissue r.:cnd the n ex .:i.rnining the m 

in the poa test . '.rhcy sho<10d typi c:.i. l n l t e rnc1.tions in a ctivity 

indicating tk, t tho enzyme systcn, pr e s ent i n the vrheat tissue had 

degr aded a lt e r native homologues to tho acet i c derivative , a ctive in 

the p0a test . Furthe r e videnc e t'.10.t the enzyme in the whent tissue 

were affecting~ oxi dation of tho 3:!,do chain was obtained by treat­

ing whent co l eoptile t i ssue with s,Jlution of ~ - ( 2 , 4 , 5 trichloro ­

phenoxy) butyric a ci d and domonst r ,1ting by chromotogrD.phy t hat 

conversion to the corresponding a cetic a cid hetd taken p l o.ce (1 83) . 

2 1 4 - dichloro phonoxy ctc i ds wer 1) E1eto.bo liGed i n vrheat coleoptile 

o..nd pea stem tissues and the pro ducto sulljocted to chromotographic 

a na lysi s hav e s hovm tlw.t tho ho1ilog:_uo \6 th an odd nuuber of 

mothyl en o groups are the onl~i r,10rnbors of the series \-✓hich can yi e l d 

the highly ac tive a c etic derivat ives ( 56 ). Studios of Fawc et et . al . 

(57) s howed th::i. t ring s u bstit ution p l ayed a n i.mportant part in 

influencing the degree t o which Q cxidation occurrod at t he butyric 

aci d stop , hindranc e being a scociat eLl ,'Ii th o l 0c tronic and storic 

fa c tors . Linscott ( l 08) ;::iointed out that pl cmts 1.1ay have n 

toler ance po t ent i a l i f they l a ck tb o c:1pac i ty for ~ oxidation if tho 

r eaction pr o c eeds too s lowly or tho plant r npidly detoxifies tho 

herbicide . 
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There is evidenc o tha t the mitachondrion is a ma jor site of~ 

oxida tion (1 03) . Consequent ly i~,cr i stau2..tic r egi ons , such as root 

and shoot api ces v1hich contain nnn:r L:d..tocho:ndricc r.:ny be i r,.rportant 

regions of conversion . It has a lso bean r oportod that Eany raito-

chondria occur i n phloem coopanion c ollG (120 ) . 

Tho locat ion of@ oxid&tio n enzymes ic a cont roversial issue . 

It is still uncertain whether penetr~tion o f outer or both Qito-

chondrial r,1et:ibr nnes is necoGse-ry ( l Lf3) . AllQann ot . n l . (5) carried 

out enzyDic analysis of r,1o r,:brnno frsi.ctions of beef heart mitochondria . 

They sugGe s t that enzynes nctivati~g intty acids (Ca rnitine -long 

chain acyl transfe r a se) oc c·1r in t ::io int erior part of tho outer 

me1;ibrane eno.bling their pr oducts t :10 acyl- Coi\ ester s , to penotro.te 

the lilOmbrane a c o.cyl co.rni t ine ost ,,rs a n d so inter::,ct with the 

e nzymes for ~ oxidation situ_nted in the int erior face . It hc1s 

pr eviously been report ed by thes0 workorc thnt the outer co mponents 

necesso.ry for ~ oxida tion cmd citr~.c cycle onzynes except for 

succinic dehydrogennse ·,rnr e a l so loc2. ted i n the outer me1:1branes 

v1hi l e tho e lectron transfer chain Has l ocalize d in tho inner 

membrane . It uas onvisagocl tlw.t Yi\DP was the i:1obil e link between 

the d.ehydrogonasos of the out e r uer,,br c1.no and t:.10 e lectron trnnsfer 

chai n , the inner membrane i s thougrt to be endorrod with the 

property of liuit ed peri;.10a bili t y , , .. hile t he out or meubrane is 

considered to be a po rous siove i nr osin~ no rest r a int on the move -

ment of the so lut o nolocul o . Thero ic ~l so evidenc e to suggest 

thnt extracollular enzymes uay be respons ible for~ oxida tion of 

phcnoxybutyric co mpounds . Garro.rmy .::md 1.'/n.in (70 ) found e vi d ence 

of extra c e llula r oxidat ion in beans (~(l ..£~.£~) nnd oxtrn. mito ­

chondria l enzyr1e syste~ hGa bee~ discover ed in Ge r nina ting ponnuts 

(Arachis hypogaoc'. ) cotyledon s rrhich cato.lysed tho {3 oxid2..tion of 

pal matic (long cha in) .:i.n d lm tyr:.i..c ( short c hctin) fat ty ctcids without 

the operation of TCA cycle . 

place in the rnicrosones . 

It is boliov od such c1. r,:, e ch.J.nisr,1 takes 

Sinc e the oxact s it o of~ oxid1tion i s still not de finit e , i~ 

is not possible to spec ulate or inf0r locnlizntion of enzyme as 
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contri buting to selectivity . It is also not possibl e to • easure 

levels of enzyme at tho act ive Gi:o nnd correlate sGlccti vity to a 

differcntinl l evel of@ oxid~tion onzywe . Thus , tho exact mechanisn , 

i . e . whot~er a differential lovcl of onzyDe itself or a se l ective 

exc l usion of the butyric acid dor:i.ve .. tivos fror:1 the siteu of lethal 

oxi do.tion within t:10 uitochondria J ncwbranc .::-..tt ributes to the 

selectivity is sti l l to be e lucidat ed~ 

5. L~ INACTIVliTION DUE TO PLANT ENDJGEHOUS CHEMICAL SUBSTANCE AS 

BASIS FOR SELECTIVITY 

Tho trin.zincs , .::,_s a group hci.v,, gci.i1rnd. r:mch a tt ent ion as 

sel ective herbicides . Auong the ·;ransfori:1ati on riecha11isr,1 the 

i nactivation of S- triazinos due to endogenous chemical substance 

present in pl ants like corn , provi des an exc el l ent exampl e of a 

sel ective wo chanisLl that involves r non - on~ymic che• ica l rea ct i on . 

Tho classicn.l oxar,1plo of this 1:1eclmnisn of selectivity is the 

transforr,1ntioI1. of sir-~azino and siuilar halogenated triazi nes , with a 

chl orine or other halogen atom i n posit ion 2 . Triazinos 'Ni th 

methyoxy or ;:iethyl thio r ci.dica lG in ::,osi tion 2 aro however not 

involved in such n che~ical transfor• .:i.tion r eaction a nd are active 

ago.inst corn plants (12 1) . 

The tolerance of corn r l ants to such lwrbicidos as sirnazine , 

propnzino and o.trClzino hns been n.t :.east partly att ribut ed t.o such 

an inactivation aochanisn invo lving n chemical reaction . Tho trans-

fon:10.tion r oo.ction has boon shown tc involve the cbonical compound 

2 , i+ - dihyroxy- 7- r,10 thoxy -l , 4 - bonzoxo.zino- .3 one found ir, corn pl ants 

(1 75 ). This co1:;poudn , roforred to ::u::; boYizoxnzinone is shovm to 

transforu tho chlorine or other hnlor;en C1.tous to tho hydroxyl r a dicnl 

thr ough a non- enzyGic reaction . Tho hydroxy derivative for exampl e , 

hydroxys ir:iazine has no herbicidal C1.ctivity . It h:,s boon shown by 

cori1par ati ve studios thc,t plo.nts with a vory lOY! content of 

benzoxn.zinono a rc very sonsiti vo to ;~icazi11 0 ( 32 , 80 , 79) . 
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The ropletCG i:l0nt roctction nhoru tho h,,.l o,i;cm cl.ton i G ropl acod by 

nn h.Ydrox:y r adic~,l -..:as originally t:10ucht to bo a :1 onzyni c on,) . 

This ,'.lssui:1ption ,:Cts ba,,;eci oi1 thE:: cbso1°vcttiLm -;;lk, t tho reaction onl y 

proceeded witl1 fresh but r1oc v,i.th boiled prossod jL,icc of ths uaize 

p l m,.t . It was ln.tor Ghown tl1ci.t ::. noa - enzymic rcnction of siw::.zin8 

with bonzoxc,zinono (1Lt8) or its glucosi do l)roGectt i n uaize is 

rosponsi blo for t he for;:o.tion of llydr,)xysinazinc . '!.'his bonzoxa-

zinone is not stabl e to heat (33) :rnll is tre1nsforrn=)d by boili ng in 

water into benzoxctzc,lono , ct stable cor,1pou11J and does not r eact with 

siuazino . ( Fig .1 0 ). 

Simazino ctegrados wore quickl y i n corn pl nnts or in corn juice , 

than in corrospondinr; preparations of who.:ct plants . Thus the corn 

p l an t s arc tolerant v;hilo tho nhoCtt l)lo.nts respond to sioazine . In 

cor n , ,Jetnbolisu is i:1o ro r ctpid in tlw roots than in the s hoot s. 

Si nazi ne degrnde.s on i1tcuh,.tion ,ritb various tissues or parts of tho 

corn plcmt and r;ith p0-rticlo free ,,xtrCtcts of corn . The si::mzine 

is trnnsforrnotl to 2 hydroxysiuazin,1 by a dochl oroination r eaction ( 80 ). 

Si nce n non - particulate extract is ublo to transforv the cheLlical 

f r o1a a hal ogenated forr,1 to n hydroxy foru , then one could conclude 

no onzyoic reaction is involved . This reaction has boon shown to 

involve 2 1 4 - dihydroxy - 7- nothox,y -l , L•.- bonzoxazi ne - 3 one , no r i:-1nl 

constitudont of othiolatocl cor,1 n::wcl l :Lngs (79,175). A co r n mutant 

l ow i n this o.ctiva constituent oxhjbits loss tolerance to nt r a zine 

than one wi th norri:o.l henzoxn zj_nono content . This relationship 1 

however, does not soom to boa general phenomenon , for exampl e , 

excised roots of six gro..ss r.3poc i os s tudi od by Hamilton (79) converted 

s i mnzine to hydroxy,sicw.zino in rolotion tc their content but not i n 

r elation t o tho dogroe of resistance to tho herbicide . A. l ow yield 

of hy dr o::h7siunzino VIcts observoc1 t0 be acconpo.n:i.o d by o. hi gher yie l d 

of other water solubl e 1Y1e: t abolitos ( 79; . 

Tho presence of benzoxazinonc compounds in corn is not unique , 

they also occur in plants wllicL do not J'C).'.'tclily destroy sir;1azin0 1 

suggeGting that tho soloctive herbic i dal ctction invoJ.vos otl1er 
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factors ns woll . .So r g '.iui:i ( So_r.P;J:..U! . vulp,r o ) w;1ich i s r o.s i stnnt to 

sirnazi n C; doe s not .". ppoar t o c u 11 c,1.i u :.:,1 -~ ctivo ror-ist .::mt f etc tor (62) 

hovre·.ro1° it l G pos ,si bl c t hn t t liu r or::.,,tan t f ~t ctor \ 'iclG pr oscmt i n a 

conjugci. t o<l f or n r:~:.ic h ,n.s no t ox t1°~c t:~b l 0 . Pyridi uo , hyclroxyle,,r.iiao 

and otllcr coupnunds t1. 1s \.:e ll tJ.G IJt)n 2o xc ~z:i.non o UG)~1:j_on ecl abovG catalys e 

ti10 nuc l ooiillilic ntt c-, c.k on c .1.rl iol! ;'. Jf ::,iunzino , prob::i.bly pl'o clucing 

a n unst c,blo ir. t ori.toc_j_r.~ t c t hc: t r· o~1 ct ~: · ,;_t:1 \.':, t c r t o 11ro duco hydr0 -

xysi 1;nzj_n u ( 1 '.)6) , h,:rnov cJ' it arro~1.:r-c th::'.i; t heir po Lmcy i s r.mch l oBd 

t:1an tllnt o f bcnzox.:.1. zj_non o . 

decoupo,sition possi 'bl:i' by oxi d.~.tior co t ho lrnto forn cmd cloavoago 

to co
2

, 1;::u:,ic ~u,,inoc rmd o t l1G r c 01.,y,o u,1e~:::: , Dor.HJ o f which c1.r o incorpor -

utod into plnnt productc (1 56) . r; ;1Cir o iG ovi cloncc of other uet n -

bo l j_tes of t ho 2 c hl orint .. t od tl•j_ ,L'.-~ino.s but in c ost cnses de chlorin -

nti on o.ppo~rs to bo tho fi rs t • top . rac.. s , hovov or , de finit e ly 

r:iotabo li z a ,,trc.zino by c..1:. , lc or ;.--1·:c ti vc ~n t hw~,y t'.1 :1.t do os not i11vclve 

dGchlori:1n tion . I n rioas :rn :n c'!.o - c-ti:f:!. c.. b .on n t the, I+ posi tion i s 

c.'.l.rbon bond is ncr o c; t e,bl o tl1n.:; tl1L clllorj_ne carbon ::i.tcm ( 98 ) . Th o 

pro• etryno ring ~ppoar ~ t o bo Gt~~J.a i c p l a ~ts . 

be nzo}:ti. zi noac r c·r:.ction c .:.--...n bo GU ULJ,"lrizod in 

:P.i g L,r e 11 • 

Chloroa l l~yl nc o t Jr:i.. d0s e ncl .\ rs CDiL~. ( ? -- c :1J.0ro - ITH - di2..lly-lo.c0ta­

mid0) may b ,:: dogrndod i;,, c orn b y ,,.,_ s:L ~:iJ.n ".' ;Joc!" .::i.nj_s r.1 ( Fig . 12) ( 92) 

with subse qu ent hydro l y se s to g lycc·~~-~ ':.Ci d a n d dic..llylfl ~ino . 

5 . 5 SELECTI 'l[I2Y DUE_TJLFOrn,lATIOl~ C:[ .... CONJ.UGATES 

The norking hypot hosis of sucl: a bn c,is for Ro l octivit::1 is that 

tho conjur,:at os forDod ~, r 0 oi tl.rn r ncn ••jJiiy tot oxic , provontcd fro 1:; 

penetration to active contra, or ~ro hold a t nn in~ctivo site . 

Genera lly glucose s ooas t o bo tho sugar involve d in tho form-

nt i on of c onjuga tes . Glucoaidos c f ~av o".'al h orbicide 8 have been 

invostigatod . Towors o t eGl. (176) proved ra~l oic hydrazidoa fo r u 

glucosi de.s o:f the onol f or; 1. Eycl:r oxyln t oc.l r.io 'rnbo l it os of 2 , 4 - D t ho , 
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4- hydr oxy - 2 - 3 - dichlorophenoxy D.co tic ncid 2..nd Lf - hydroxy- 2 , 5-

dichloro phonoxy acetic aci d have boen foun d as glutaoic and aspartic 

conjugates in soybean (6 0 ) nnd a~ glucosi dos in bean . Amiben (38, 

164) nnd nmitro le (68) forn; N- gl ucosides . LaLlourcx ot . nl . ( 10 1) 

consider tho probabl e inQctiv~t i on of s - tria zino herbicides i s 

through formation of hi ghl y po l ur conjugnt os . 

Forr:.ation of conjugates , it i:,ust be er.1ph3.sized does not 

necessarily l ead to i na ctivation of a herbicide . In cotton the r e 

is evidence that conjugates of 2 , 4- D ar e not r esponsib l e for 

induct i on of r esi stanc e to this herbicide (43) . 'rho conjuga t e of 

2 , 4- D r eferred to as Unknovm I when inject ed into cotton seedlings 

pr oduced sy• ptoms si Llilar to 2 , 4- D injury . 

I n this r evi ew, ~ciben i s sel ec t ed us n typica l exampl e to 

illustrate co mp l ex for Llnt i on a s a ~eans of inactiva tion and tha t t he 

r a te diff er enc es in plants is attri butabl e to selectivity . 

Natural pl ant product • in s oyteans , barley a nd tomatoes 

( Ly cope r sicon esculentum) and possibly in cucumber and squa~h 

(Cucurb1 t a raaxi1,w Duchesner) have: teen shcvm to be i nvolved in the 

fo r mation of conjuga t es . Tho r a t e of netabolism of aoiben in 

to mato plants was studi ed by (Baker :md Warr en 20 , 38 ) , suggostod that 

the for mation of N- glucosido as a dotoxicntion mochanis~ is 

r esponsible for tho tol er nnc o of scybean to th e herbi cide . He ba s ed 

hi s su ggest ion on observntions cadG on the ce t abo lic r nt e of amiben 

i n the both speci es produced N- gl ucosy l a~iben it wa s evident tha t 

soybean f or ~cd r e l a tively more of the de riva tive than di d ba r l ey . 

Gener a l ly it is evident that the r e is no not loss of amiben thr ough 

degradat i on in pl nnt s (38 , 39) . At~bon seems to bo co mpl exed 

rapidl y by rnost plants with very h tt l e subs equent transforli1ati ons . 

Johnson gr ass ( Sorghuu ha l e pen s o L . ) seens t o be the only speci es 

a mong those evaluated that contai nE·d nwi bon in fr oe for rn ( 166 ). 

SwQnson et . a l . (167) confiroect the pr esence of N- gl ucosyl 

deriva t i ves in soybean . They est a bl ished the conjugat e as N­

(3 - carboxy - 2 , 5- dichl orophenyl) - gluc:osylnmino . 
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Srmnson (166) hns cited Gvv cr ,-i.l p::i.porG to show thnt H- glucosyl 

ci.nibc n vm::, foruGd i:n r ootG ;) f .soybo:1.:1s , toi:ntoos , sn.:i.pbonns , cor n , 

pea s , hurloy and SUGar boots . Fro1 u~rny of tb::: stu<..liec it i s 

[,ppo..ront tint :.1;:1i bcn. is :nonrly tran :. l oc11t:)d in soybu~1.1w , tow:i.t oes .:1.i1d 

sur;:1r boot . Distribiticin s tc:dics :Jhoncd Unt absorbed i:llliben rcDain-

od in t he r oots ns H- :;lL:coc;yl clori vativoc . 

Distinct tissue dif fol'oncc,s a.s well nr:: srioci o,s differences in 

t he .:i.b:i.J ity t G foru con;ju;",atGG of N-• g1ucosicle of n ;Jj_'ue:n hnvo boon 

conclusively douonst r ntod (67 ) . Ttor c iG ~ r clntivo r nte differenc e 

in the for ,10.t ion of those con:iuz.:~,tos . 

wh c r o they a r c pr oduce d iu noto - worthy . 

1hoir stability in the tissue 

Pnrtic nl puri ficnt i on nnc:1. clinr,'.\Ctcriz.-i.tion o f o.n nui bcn ­

cctnbolizing cnzyce fro • soybonn hnv 1 boon .'.'lChioved by Fr ear and citod 

by Swci.nson ( 1 G6) . 'I·ho on;~yno H- ::,.c:(i.auine - g l ucocy l t r .'.'lns f oras o is 

specific for u ridino di phros,hato 5 4 ;lucose (UDP- clucose ) . Tho 

tent,:,_tivo pathw~,y :Ls pr osento(1
, in fii;u:cc 13 . 

Yot .::i.no t h:.;r uccllc:~niau o f conj L\f;c.t i or: could con f 0r re s i stance , i . e . 

conjugation with collul.::i.r c on,J ti tuent B . Efficiency of h e rbicides 

dop0nd on t ho c onc ontrnt i 0ns of the cheu ic:1.l rec.ct i ng the si te of 

nc tj_ on . I\.uy f.'.1ctor vrhic l1 r educes tllo rn-ce c.,f c:.rriv,:,.l of the no l c -

culos o.. t tho site mis t r educe tho overall offcctivoncss of the 

herbicide . Thus it is pOE;,siblo tl1at cos~_GtE1.nce to an herbici de uay 

b e con fe rred throur,h lcn inter~:.ction , .-tcl.eo rption or ,1.bsorption of tho 

herbicide uo l o cu l o at a non - o..ctivc si·;o on route t o the site of 

nction . Such a basis f or scloctivit~ has boon dooons tr.::i.tod by 

Blo.ckuo.n (25) nncl Da.r p;e;1t cmd Black, ·:;:u: (1 50 ,1 95) . Bl ackuo.n (25 ) 

dcnonstrn t ed t h·:i. t 2 , L+ - D wns c.. bsorbcC::. 1:,y 1~2 st ens and ~ sections, 

however , it \'r.-::i.s ro~.ldily r o l o,,sed fro ;.1 the susceptible Zi,~ sten~ 

tissue but not fron the r cs:Lst.'.'lnt ,.lonocotylodonous ~ sections . 

Robertson o.nd Ki r k 1:i0od (1 1..~3) hnvc cit ed saver o.l po.por s t o suggest 

tha t 11rotein or li1)i d co1(1:l ox:i_ng was i !Wolvod ire initiating such n 

node of soJ.ec tivity . Also other possi~l e sites o f inu ctivntion such 

as c e ll vo.cuo l eG nnd cyto pJ.:rn,:: i:1.l'C cl:i.s,~ucsocl by thou . 
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Yih ot . nl . (1 95) have pr ovi f oJ ovidonc o that c~ j or portions of 

propnnil rPt~bolito 3 , 4 - dichloraLilino to bo ina ctivated duo to 

conjugat i or:s with :vuliuoric c oll consticuox:ts , uc.inly l i gni n , 

Conjug.'.1.tio11 prc,vo~1.tf; :., to:~ic::-,nt roachiut.; its pricary si t o of 

("lcti on nnJ thus :·: ccount for tl1oil· l .::.cl;: 'J f o.ction in sooo plants . 

5 , 6 SpL].C'.£.IVI'fiDl!:'.!; TO Lil-Il 'l'EJ2 i\.t~CE.S,S 'i'O SI'I'E _OF' ACT.ION 

i\.tr,?.zino o.nd .si 1:,nzin o soou t o of'foct hir;~1or Jll.::mts i n a s:i. nilar 

mnnne:r , Tho princ i ple uoc:.e: oi' ac:tion of ::ctr'lzino sool'.ls to be tho 

i nhi bi tion of tho Hill ronc t i o n ( 124) n 

Shi • 2bukuro ( 156) has reported t~at dotoxication of ntrazi no 

o c curs i n two r>ossi ble vr:ws in >i g:1,.)r• rlcu:to . Non--onzyi:,at i c 

dechlorination of atrnzino a nd si• azino in corn by the conversi on of 

t he S- chl orotrinzines t o tlle;ir- 2 -- l1y.:lroxy der~_v.:cti ves i s an i:.;1portnnt 

deto:v:i~n.tion 1•1 r' ch:cni s -1 as closcri bo 1 previously , N- doal kyl atj_on of 

o..trc,zi no wl1ich forus pnrti.:-,lly dotu:(ified 2-cliloro-•I+ ::tuino --6 - ethyl -• 

mlino - s~-trici.zine ( Co :-;pound. II) i s :moth,;, r dotoxic::,t i o n riochani sc 

p r oson t in hj_r;hor }.)J . .1.nts (Fi [> 14.) o 

All lli,~~l10r })lni1tG soe,:1 to mot ,· .bo1iso ntrci.zi ne by N-

doal kylnt i on to souo oxtont (98) o W~ilo sp0cies such as co r n and 

w~out which conta i n benzoxnz~nono utiliz e J1ydroxylnt i on ns woll (79) . 

The ability to uoto.bolizc ,:,. t:;,~~,zine ,_:qy not noce.s1::;2_rily render :1 

p l ant resistan t to atl0 0.zj.1io , ,sinco rosi.:.:t (\,1t . interuodi2tol y 

susceptiblo nnd suGCGptiblo spocios all see;1 c ~pnblo of dotoxi f yini 

ut r azino at difforont r ates (79 , 142 ,1 33) . 

Moreland n.nd Hill ( 126) s}10\·1cd tha t the Hi l l reac tion in 

i so l ated chloroplasts fro ; .. resistant (tnd suscopt i blr:: plcmts wer o 

equall y i nhibited by sh1azir.e . 'l'hv.~; there s 0on::; to bo no di fferenc e 

to tho chlorotriazine so~sitivo site in tho susceptible and t o l erPnt 

spocic?S o 
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If uo tabolj_su of ,"ctr2.zi110 :i .:J t l ic lxrnis fo r so l oct:i.vit;y them : 

1 . P~1ytotoxici ty difforonc e -io tr'C)On noto.bo li t e ci.nd p.:1.ront 

1 :ust 1Je GVL:.ont . 

2 . r.;o t .::tbo li .sr1 L'.USt a l t02' pll~': ,:i_ c-•.:i. ;-:·ropurt:i.oG o f the lrnrbici do , 

·,:,c, J_ ocul o t o tho :.:cm.si.t:Lvc c :i.t,, i :: th ,J c!'l.lo ro pl [>.st . 

If rocovor ;y of photo2yntl10s:i.;:.: ':;it!1 tll o conc o,.:itont no t .:1bolisu o f 

ina ctivn t ory procosG . rlot:,bol j_ c i n,,ctivn. tion of --:.trctzino :coct o r ocl 

tho photocl1e :-.I:i.~:7.J_ ctctivj_t:r in i lJ. u1. i r2~:tcd l or: f di s cs of rosis tet,1t 

sorghuu pl ~mt.s . 

The nbovJ observutions sucgo3t n pr obability of soloctivo 

exclusion of tlw J10r;Jj_ci do 1 ,Gtt,i.lo lj_t os fro:.1 tho a cti v o cont r e brou,~ht 

by trans for• .::t tio n o f the struct~~ o ~f tho herbicide . 

Shinab ulrnr o aT11 Srr,:i.n.son ( 1 '.Y?) i. L,J:liud tlmt m1 internction between 

tllr oo fact or fJ exist in tl10 c o ll..:; o f l 0:1f t j_ .suuo in in f l uence at rnzinc 

nctivi ty . 

Tho f o.ctor c aro : 

1. H,'.'..to of o.trn.z.ino Go t ctbolis!, .:.rnd tl!o nnturo of the 

derivatives for raod 0 

2 . Cone ontrntion of ,,:cr ,7. Y-:i,,o in t:10 chlo:copL'.sts . 

3 . fie. t o 01 r e covery o f l-'~1oto gl ·.01.::Lo··tl 'l.Ctivity :Ln the cl1loro ­
chloropl11.st11 . 

il.trazi1rn uast first 1,011otr: tt o t:1 ,: ci',J.o.ro p l ns t -ind tho nctivo 

sito i nvolved in tho :choto - o:::icbtioJ. of \'j,1. t or t o pr orl uc o the 

i nhi bitozy o ff oct . Onc e i t r o.,ct u ::.t tho c.cti vo si t o it i;mst the n 

noet tho storic r equiro,.:.ont fo"' ' ::i.ct:Lvo :i.nh:i_biti,:m . Thus pnrtiti oninc 

bohc..vi our , ol oc tron ctL::tribuc:LN1 ,'.'..nc~ storic f:tcto rs all soo1.1 to cone 

into pl ~y in order for tho hor ~ici dc t rJ porfor n as ,1. toxicnnt . 

Thus chnng&G in n.ny o;~ tll ,1 c;~ovo r:r oporti os n;i.y r educe tho 

n c tivity o f n horbicido . 
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Goo d (77) r eporte d the r odu c: ti on o f a ctivity o f s ubstituted 

phenyl urea hor ½icidos wh e n po l ~r gr o up s uc r o nddod t o tho h erbici de 

r:1ole cules . It vm. s t hen pos t u l ::i. t ud t ll~Lt .-, r eas o n f or the rednction 

i n activity could be t hnt nn ~lt or n tio n o f tho partitioning a nd pene ­

tra tine; pr operty u ust httv o o ccurred . It ·:r,:1.. s po i n t e d out th:it tho 

r.10 r e po l a r deriva tiv e t.li:.Y f-,:;__ 1 t ,· ponotr.'1t,) t ho l i pid rich 

cl:llor0 1Jl n sto in a ny s i g;: ifican t ,L,onnt s . Alt hough t ho s - triazines 

2.re che::;j_c nlly v ery difforont f :>:'O1; tlte subs titut e phenyl uroa.s , one 

c o uld infe r th~ t tho s o lubility o:' n trnzino a n d i ts rnota boli tos uay 

a l so be nn iJ:;port ,mt f n ct o r i n tlw i;on utr.1.t i on o:f lipo philic 

chloro pl<'. s t s . 

Wor k inr; rd.t h iso l a t ed chlo r orLtDts , I zci.wet ·:end Good ( 89) conside r 

t ha t tno factors infJ.n enc o t ho :tb.sorption process into t he chloroplast . 

The y n r e : 

1. Pa rtitioning be ha vio ur of nt r azino betvoon biological and 

a qu eo us s olvent phn ~os . 

2 . The c onc entra tion o f tho :.nhi bitor in t ho ,·10diu1.1 which is 

i n flu.o n c od by tho nbGo rbed ntr.:lzino i n t ho chloropl a st . 

This a bsorbe d ::.t r c>. zino i s i n tno f ori.1s : 

( a ) fl. l oH conc entra tion cf s t r onr, l y boun d in0-ctive 

c.ttro.zino . 

( b) i\.n ::i.ctive r ov or r;ibl;y bou nd concentra tion whi ch 

io in e quilibriu r::. wit h t he cx t c: r nc' l solution . 

The inhibitory c c nc ontrntion co uld bo r or~ v od by 

Ro covory o f pho t o ­

cho• ic :, l ,'.l.ctivi -l;;y by ·;ho ,mshinc of chloro pl a cts 

h.:l s boon deno n s tr;, t c::J. v:i t:1 siun zino (126) -1.nd 

DOllUron ( 1 02) • 

Shi r,inb ukuro a ncl. S1:r.:i.1wo n ( 1 57) Lnc pr oposed 2. uode l systo1:1 based 

on tho info r ::1ation o bt etinod fr o:.1 iso l a t ed chlo r opl a st syste r.! to 

e xplain tl10 selective a ction o f c1. trC1zi no ir. living p l a nt cells . For 
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thi s uo chnnisu o f Go l oc tivity it iG uas uraod thnt c a lls i n tho l onf of 

a plo.nt w:.i..11 nbco r b a tr1'.,~inc fro u oit lwr tho vnscul nr cystcu or tho 

l onf sur L1c o if nt r ,~ Zi !10 :Ls npplicd on tho foli -::i.go . Il. tr ~1 zino in tho 

cell Hill then penotr:1to ,:md n ccur:rnl:1.cato in the chloro1Jl as ts until 

tho equilibriu,.1 concont r ::,t ion i1J :.ctt:1.i110 d hoti.roon tho chloroplc..stc 

,,nd cytopl ::1.su . It is t\ ssur.1o d th::,t the cytoplasu i s eq_uivnl ont to 

tho t1ocliur , in ,:rn isol ated systei.1 . 13:.1.secl 011 tho nssu mption thnt 

reversibly bound a trn zino is tho nctivo f or e , it is then a ssu• od 

tha t tho dogroo o f photos:ynthosis :_1:.hibiti on iG pr oportional to tho 

equili briun concon trntion o f rovori;i bly bound o.t:razino in tho chloro -

plast . '.rl1on tho oquilibrim., c onc un t:rnt i on will be directly 

proportional t o tho rate of notc1boli s;, outside tl10 chl or opl n sts . 

Me t abo lise hc\S n. nv1nching 1; of foct en tho chloropl nsts cmd thus tho 

a trnzino c onc ontrntion is r oduc ed . It is oviclon t fro • tho se 

proposnls o f Shi unbulrnro cu;d Dwcmson ( 1.57) tha t tho dynnnic cha nges 

.:i.ffecting suc h nn oquili bri ur.1 in n living c oJJ. will ov e r n period o f 

time r esult in a roc ovo r y of photosfn t hesi s fro • it s inhibited r a te . 

Reduction of at r nzi n o c onc entrntion is chie fly ~ r esult o f • etabolisw 

of ,"ctrazino to for u tho no.tor Go l ubl c dorivntivo a nd it s incor­

porntion int o inso lubl e rcsidu oo . 

Ac cor ding to tile c ol l ul ci.r uoc1e :_ of Shin.::tliukur o a nd .Swanson ( 157) 

nn equili briun exists bot~oon a trn zj.no concent r ati on in chloroplasts 

and tho rest of tho c e ll . J1otalioli .s·., than re duces the concentration 

of atrazino in the cell but t he equilibrium relationship however, is 

maintained . Results fro m t he int:::..ct lea f ( 157) i ndicate that 

concentration of a chloroform solubl e compound , i n other words , 

lipo philic compounds (atrazino and Co mpo und I) in the chloroplasts 

and supernatant of Sorghum a n d pea a ppe~r to have a definite 

equilibrium relationship . This equllibrium seems to be maintained 

while atrazine concentrat ion in the ~hloropla sts is progressively 

reduced ; ow·lng to the rne taooli s:n of a trazine . Absence of water 

soluble compounds in t:rn chloro pl ast:, except for a small amount in 

Sorghum chloroplasts at ti1e 168 hour perio d was note d by Shimabukuro 



62 

and Swanson ( 157) .. Thi s suggests that 1'.ietabo l isn may occur outside 

the c h l oroplasts and tlle poJ.nr compound.s fori;1ed do not readily 

penetrate chloropl ast wombrano . ~'l:L_; ,:ietnbo lism of atrazine to a 

more hydrophilic co mpound and to ir.st'luble residues i s a highly 

effective proc esn fo l' reducing atrazine concentra tion in t~1e chloro ­

p l asts . Ho wever , work of Shi:·.1abukuro and Swanson (157) has shorm the 

lipophilic N- dealicy;J.ated der ivative , Coupound I , readily penetrates 

pea chloroplast s and i s in appar ent equilibri um wi th the supernatant 

concentrat i on . Tho ugl~ Compound I is less act ive than a trazine its 

ac tion s eems to be si111i lar . Steric chances or other factors a re 

thought to have caucod the decrease in ac tivity as compa re d to parent 

atrazine sinoe penetra t ion is not affected . 

I f total inhibitory activity JY uncha.nged at r azi ne and Compound 

I occurs in the chloro plastc , then ;he reason that pea i s i nter ­

medio. t ely susceptible to atrazine , as r e ported by Sha i 1:iabukuro ( 154 ) 

is conceivab l e . 

I n a highly susceptible spec i es su c h as soybean where very 

little N- dealkyl a tion of nt r azin e occurs ( 156) the inhib:l. bitor 

present in chloropla st can be expected to be pr edominately unchanged 

a tr .:i.zine . 

The basis for resi s tanc e in ccrn may be the same as for 

Sorghum; hydroxya trazine is predominotely ,.'mter solubl e me t abolite • 

The partitionin~ of those compounds bet weon t he chloroplast and 

supernaten t of corn has not been shown , but the changes in ac tivity 

due to transformat ion suc:::;est a similar process oc curing in corn . 

Atrazine s o l ubility i n chloroform is 0 . 24 mo l es per litre , 

while the hyclroxymetabo l i tes a:i:'e ins'.) l ublo in c~1loro fo r m ( l 5j ) . 

The atrazine sensi t i ve site s e2c1s to be the same fo r r e sistant 

a s f or the susceptible p l ant . Thus the selective me chanism involved 

h e r e seems to be an exc lu :cd_o"l of ci.tr,:tZine from the s i te thr ough 

transformat ion reaction \lhi ch r ender;, the chemica l l e.ss lipophilic 

tha n parent at r a zine . 
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ANATOllICAL AND PHYSIOLOGICAL l·lECH.1\.HISl-lS I NVOLVED IN S]lltmCT~VITY 
I I I wt 

Phenoxyac0tic herbicides have boon r eported 'Jy sev e r a l wo r kers 

(1 87, 52 , 9~ ,1 0 ) to cauo e gro~th offo~ts including coll prolifera tions ~ 

Several instnncGs , fo r example tho JVi denco of Srivas t a va a n d Shar ma 

( 162 ) a l so suggoo·~ that differentiaL tisstie pro l iferc.t ion :1nd r e sult ­

i n g vascular disorgani zati0n part1~·L1y deter mine selectivity to 

phenoxynceti c compounds . 

2 , 4 - D ,:-,:r oatl:: incruased ce l l division j_n tho c o.mbial c.nd phl oem 

r egions r)f st ei,l in Soncl-ru.s arvensis nn d Convo l vu l us arvonsi s (1 7 8 ). 
•. I IC 4 Q 

Wa tson (1 87 ) re ported 2 , 4 - D t r oat oc.l bean leaves ox hibitod ex tensive 

di vision of spon~y mosophyll nhich leads to obl itera tion of i n t er -

c ellular SJxotces . Distribution o f 1r.loom strands due to pr olife I?~ -

ation of rxu·enc,w'.na cells in Cy pr ur:; :.md uoans rms notod by E.:i.rnes ( 52 ) 

and Kiorraeyer ( 95 ) lrno shown tha t ti1i.s distd.bution i s due to crushi ng 

o f t ho c owp::mion cells and s i evr0 tube~.; b:; tl:e oxtensiva di visi on o f 

phlo em purcnc lcrmn c e l ls ~ 

Muni ( 130) att r ibuted t ho dif fu rential effe c t of 2 , 4 ~D on 

cJicotyl odonous a n d monocotyl edonrJus 3pecies to 11 tl10 lack of 

pro tect i on to the phloem resulting f:'.'cm nn ear ly killing of the 

I n monoco t yl edons tho Jlhlo ern in oach bundle is prote c ted 

by s clor onc hyr:m and is consoqu u:-1 t l y :_es::, susc eptible to di re c t 

e x posure to herbic ide • . 

'.l.1 l1i s is a c l assical cnso of s0l,,ctivi ty duo to compar ativ e 

di ffe r ence in anatomical features in susceptible and to l erant s p eci e s ~ 

Ot her physi o logical fe,::.tures 1:&y also contr ibute to se l ecti ve 

a c tion of her bi ci des . Ki Hg ( 96) lw.:::: sup,,;_;o st od n moch.:rnism wher o 

"a bl ockn to transloc2t i on O.Vi:cars at t llo point of inserti on of l e&f 

into .Dodo in 2 , L1- - D r osi stEmt variet~f of corn while such a bl ock i s 

not apparent in tho susceptibl e v~riety . 

Craft2 (L~l ; ) i;1:'ci ntains tl1c, t in ,-,d,li ti or: to ana totnical barriers , 

so me physiological barriers do c',bsor b c:tnd bind :i:,l10nox:y c ompounds _. 

He maint a ins thnt such .::-, ,,,e c hil.,-,:i_ m:, pat'tly ex pl a ins the se l ectiv e 

a c t i on of some he r bicides - Lin~er o t • .:i. l . ( 107) and Crafts a ll eGod 
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tha t hi gl1 c oac011tration J: apidl;,' k.L. lo d phenoxync i d troat8d l eaf 

-;;r.::.nsl o cnt io11 to ti,·J .scscoy ,;:i.bl o rc-giu11G j_o i)r evcmtod . Robcrt,so11 

:,nd ICir:mo o(1 ( 111-\) :::wo c:L tod sovor ,:'..:1- pa11ori:: to i ,rovi dc ovidcmc o -cl1i:t 

pho11oxyacic1_ cor-;y,om:.d::; r ,,riuc o tho:i.r O'-'!ll movement by i nl1:l. 1)iting the 

energy r errL:iriw; proc 0~J s :.1sso cintOLl ;-::Lt}1 tr,:uwloc2..tirn . 

Thus altho~~ h th0ro a r e ba t ½ ~i r e ct and indire ct ov~denco for 

p~1;yoiolo6ical b.:tsi o for colocti Yi ty , 110110 of the.: sur,gosted o.s:riects 

lms been invor:tigc. te cl conclusi vol:f . It i::; d:.ffic•.1lt to separa te 

the vo.ricus ph:r,;:Lo:1_e>gic~,l cmd ]ji ociwnic~, 1 .sy;-:;tem.s Hithout causing 

some other effe cts . 



Ch,· .. pte r 6 

6 . 1 PLAH'l' ; :A'l'ERIAL 

So l an um ,ni.,G.rmn a.ncl So l anui:1 c2.ro_s;l1oides plant.s grorm for these 

i nvaeti{-;ations Here raise ci. fro ,,1 ::oeeds collected by r;r r: , Vfallace at 

the Henr y 8( Yor!: trial grouncls , II03tj_,·1.n;s . 

Seeds rrere ger·1ainat0c.l in pet ric1is;1es i,1 the dark and on ti;er1i.1i11 -

ntion transnlantec.1 in 4 inch ACE pots , Four seeds to eac h pot uere 

rai sed in a r;las1J:1ouse anJ l:1.ter t 11i:m<Hl to 2 plan ts . 

The pottin/~ me-linn rw..s river san--1 ,mshed I+ tir:10.s rn.tll tap rrater 0 

Plants Here fed with the ]CS~T yihytotron :iutrient 111ixture o.t the rate 

of 20 ml L1ree tines por Jiot por da~f " 

6 . 2 RELA'l'IVE INHIBITION OF ISOLA'~'ED CHLOrlOPLASTS 1TI/Jh THE r.rwo 

SPECI ES 

Chloroplasts Here isol::-,t ec, fro; :1 both Solanur-, ni_l£'L~ and 

So l anurn carnchoidos as described prev i ously (3 . 1 . 3) . The plan t s 

rre r e 10 ueeds old . Concentrations of S~lCOil were O, 1• -8, ,o-6 
and 

6 . 3 S'I'UDIES ON UP'I'AK_E , DIST:RIDUTIOH AHD ;mT.AEOLISi ; 

6 . 3 .1 Rad:Lochemica l purity 

1 11-
SENCOR- ,5 - C vms Sl~pplied b:_r Che ;,iagro , The specific acti vity 

rras 1 , L~3 mc / rnli . 'I'hin layer chroi.\ato;;raphy on sil:i.ca ge l developed 

in chl or ofo r m : dioxane ( 9 : 1 . V) established the r adioclierr:ical pur ity 

at 99 . 3%. The ban ,.l under ul trc·, viol()t light uas superi1:1poset.l on 

that of standar d SENCOR . 

6.3. 2 Dose preparation 

1 . :; mp; of 3EHCOn- 5 - C 
14 

rr:,_s 0:reighE·d into a 5 ml flask , 3 ml of 

Llethanol rras a ddec.1 and t h e flask agitated until the materi al 
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dissoJ.vod . Thi s ,m..s transferred j_nto R 200 ml flasl-;: . The 5 ml 

flaslc wac rinsed sovoral t i ,-.i oo 1 .'i th ':l<'-r !i, Hater . 'rl10 200 ml was then 

ma de Ul' \'fi t'.1 ',i::tr:;1 rrater . 

rni 1rntos . 

The fla~: ,: \ IaG z~ent l y c:..p; i tated for several 

6 . 3 .3 Dose ,,ctminiotro.t i on 

Plant s which had buen removed fro:a the slnsshouse a woek 

earlier and g r orm. outu.oors vroro tro3.ted with the radioac tive materials . 

2 0 ;nl / pot of the .SEHC0R- 5 - C
1

~ soJ.ut.Lon rras applied t o the soil . Each 

i)Ot conta i ned tr;o pl ants and five p,)ts eac h of Solanum nigrum and 

Solanum sarachoides were treate d . Tllo ,SEHC0P. solution vras dispersed 

using a pi pette , no solution bein1; a l l owed directly on the plant . 

The pots were then ,,mtered three tines a dety Hi th 20 ml o f nut rient 

solution , star t in (~ 6 hours after 3.p}ilication of l abe lled SENCOR . 

Pl ants 1rhich had boon e x posed to tho labell ed material for 

peri ods of 1 day and 7 dars were col l ected . 

They we r e cut into r oot an d shoot port ions . Tho roots vrere 

teased on a g lc:..ss plate and rinsod soveral t i me s vrith \HJ.ter and 

finally pl acecJ. on bl otting paper (8 ~ 10 i nches ) and teased out . The 

shoot portions wer e spread on C x 10 inches blotting paper . 

cuts had to be aade i n orJor to fit tho p l ant on tho paper . 

.S everal 

It \'laS 

a lso e x pe ct ecJ. that sectioning rroul<.l :Jrevont allY continued trans -

l oca tion . Cr.:::. fts and Yamap; uchi ( 45 l :w.d s uu;osted that tra.n s locati on 

of i;1aterial could occur while i)ressiHr; tho pl ant . The berries wer-e 

pressed sever a l times betuoen l ayers of blotting papers , ca r e was 

taken no t t o allorr t ho s ap to s1)r eatl. s i ,r;nificcmtly . The barrier s 

were then mounted close to their oricinal poi,1t of attac h1:ien t . 

'rh e mounted pl ant materi a::;_s were then pressed betrreen sever al 

layers of bl o t ting pape r , i ntor1iosed between bro chi pboa r ds 

(1 2 x 12 inches ) . 'rl1e boards ,-ro r e damped together vii th bolts a n d 

wi n g ed nu ts· . Th e papers wer0 cha~,_gecl. frequent l y during tho first 

two days , as tlrn sap dried o ff loss chan6 es rrnre necessary . The 
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plants rrer o 1n·esood fo r .seven daya and Hero suff:i.cicmtly dry nithin 

this period . Loss oi' some r o.di oac t i vi ty in tlle s ap v,hich rras 

squee zed out of ~lant sections pr oto.bl y did occur , ho we ver , contamin­

ati on wa;:; pr event ed by frequent ch.:mgos of paper and the l oss of 

activi ty is of no consequenc e hero s i nce quuntita tive measurement of 

radi oa ctivity was not int ondod . 

The pressed plant portions ~ra r 0 Llounted on a ca rd (8 x 10 inches ) 

wi th plastic [; li.. o . Tho x- r a,y filrn:3 (Kodirox) wer e placed in direct 

contast with the moun ted pl ant r,10.te ria l . These were then pl aced i n 

tho enve l opes provided ni th tho fi l r.i m1d kept in tho dark . The 

day t reat ed plants nere oxpoaod for 9 days and the 7 day trea ted 

plants for 7 and 4 day s . 

Films uere processed i n recoramondod ao lutions a ft er the exposur e 

peri od beinf pr ocessed f or 4 minutes at 20° c (6 8°F ) . 

room precautions for handlinG x - r ny filn rre r e observed . 

6. 3 . L~ . 2 Phase distributio 1 s tu di os 

Usua l dark 

A modifi ed processinr: and extra.;ting proc edure ba sed on that of 

Robinson ct . a l . ( l i{.0) vms devicocl a rnl is suramarizod in tho f l oH 

di agram bolor: . 
Pl ant Processing and Ex.tro.ction Procedur e 

Pl an t li1aterial 20 ,; ·,1 Fr esh Weight 
' '' j ,, 

Ground in 50 ml 80% Et0H 

Heated Go 0 ;20 mi n 
1/ 

Millipho re filt ered nit11 Ho . 5 filt er paper 
---- ( Flash 2 x 25 ml ll0% F.tOI-!) 

.so1.lf-. 
Wnsh 3 

,J, 
x 20 t 3 x 50 ml CHC 1

3 w 

So l ic1. Fraction 

F-L,0 Fracti on 
Evapor~ted to dryness f-­

Add 20 ml n
2

o 
and partitionod &gainst 

5 x 20 ml EtoE 
,i 

Et0II Fr action 

Dry 

··--;. Filtrate 
.J,, 

CIIC l 
3

/EtOH Fi lt r a te 
0 'V 

30 C Vacuum/ Dr y I ce Tr ap 
1, 

Resi dua l Aque ous Phase 
partitioned agai nst 
-- 5 x 20 c:HC l 3 

J/ 
Pass through 

Anhydr ous Na
2

so
4 \V 

CHC l Fraction 
evaporateJ to dryness 
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Tho a c tivi t y i n Gac:c frr'-ct io ;1 .Kl/3 cou:1tod u. s i np: 1>:.cl-~ar d '11ri - Ca r";) 

Li quid S cinti ll-:,ti on .Spoctroi,tei.:,:i r end uxtor n:.t l Gtnnd.<'.1.r cl.s . 

Et h:yJ_ :;,_ c ocatc , chl orofor,,1 .'.'..nc1. ·rater Gn.1111,los rior c co unt ed i n an 

orn .. :lGion c o ckt:.,.il ( 136 ) . 

'i']10 soli c", .sc1rrrpJ_os \Je r e c o1.m t oc: trninp: cl i ~8s tio!'l - so l ut,ili zo.tion 
. ' . - . 1 ~-pr ocedure ( 1 i 2) , r,iodi 1i ed to pcr,,iit cot.:.11t i :-::~ 01 a c.. d l .::thile ca r bon -

cons tituents ( 76 ) . '?h e Gil!lllsion c cckt::Li_l Ltsed , '.1ov!cvor , di f fe r s 

fro ;J t hnt L1-socl J ~/ Gornbor~ ,'.ll1'.1 co - 1°1crker r.; ( 7G ) . 

pr ocedure :i. s pr esoHtod be; l o\! . 

'J.'lle: ndo pt cd 

Pr o c od:.:ro f or s oJJ..s._frc., c tion countil1t: 

1 ,;, ; ~) l a c oJ. l:-1, sci u ci l l ·:a. t ion via l 
\:/ 

Viu l ~)nrtinl1:y i 1n:or soci. :L12 dr :f ic o- n c oton os 
. •Ji 

0 . 5 ml ?O; ·, po r c h:j_o:~j_c :1 c:i_ J £1.ddcd 

00 . '.; ,nl 30% II;yc:i· t~gcm !_;•::J r exidu i.,ddod 
o..nd v:Let l i~w1;l:.odi r\~:c l y r:ca l ccl 

il t - ..,t ~;o0 c· ·'or· -:a:. r) ·n·' n nOc1 • . C 0. u '-' , -· ./' r J_,_ 
,,,4 

Vial coo l ed ~n d placed i l. l iqui d a ir 
\ i• 

0 . 5 id /.\.1m,10!1i u;:1 ll:,'clr o1-·id0 ::uldcd 
-J, 

2 p~on ot hy l auina t r ap~in: s olut i on ~ddad 
• ✓, - ' 

R0 :.;eaJ. v :La l a n d rJto.n cl ·o1. t ro o 1.1 te,;Jr 30 u i n 
,L-

5 ml c ollo s o lYo ( ethy l ene ::-J.yc ::> l r:10110,:ioth:yl other) 
d1 

a d d 10 "':;_ scin ti l J.cd.: ion f l u i d ·mc1. co un t for 10 min 

6. 3 . 1+ •3 .S tud:i on r a t e of uJtabol i sr,1 

Th e e t hyl c1. c o t atc i'r t,ctio:1. rn:u.:; s:iottod on s ilca [•;e l ( F 
254

) plat e s 

to r~ether wi th stan dar d SEHCOl, cmd i ts illctnbo l i t os . The p l a t es v,oro 

then dov c lo po(L in c l1lor o f or ;:i : dixano (<) : 1 ) . 

for SEHCOII \/.:::1.S 0 . 55 , ))ii, O. Lf0 ~me rn:/ 1Ji.DI; 0 . 1.s . 

Tho r etention f a c t or 

'l'h o a r e::i.,'"' o f chro ma -

to gr a1,1 co r ro.sponcling to tl10 dcsi p;natec'. spots ,rc r e 1:18.r lrnr~ under ul t r a ­

v i olet light EU1cl the n p l ac e d i n s cint i J.lation v i a l s . •r~10so wer e t he n 

eluted 1:,i.t h ,"2 ml o f i,1e thc."'.:10l for 2L:. 'wurs . Scinti:i_l a tion flui d was 

a d ded a ft e r tl1i s 21~ ho ur elLd; j_Qi•. 1_,o r .i od :_,_nd r adioac tiv:Lty wa s count e d . 

The a moun t c, Z r.-: ilica - go l po:7d01' i 11 the vi::i. l s rras appr oxiuately equa l 
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and since it did noc oxcood 4 sq . c;1 , ti10 estlrM~tioi,. oi' o.ctivit ;y should 

huv u a higt offi ciency (34 ,1 94) . 

An o.tt oupt \A'.S u:tlo to roloo..s,, t ho trictzil,.orw c.1G taboli tos fro n1 

its vater solu~lo conj ugutos . In this oxperi~:;ent only samples fro m 

tho j day c:md 6 c.ky tror-,to cl plni1to rror o used . ·rho :·.!o thod most 

successful Hae a wodifj_o(l for;.1 of tiw,t ro riort by i,'.organ ( 128) . Thi s 

Tho chloro i'or:'l oxtrc,ct r!c'..G t'.1c·n nppliod i n a sing le band 2 c r;1 

fro r:1 tho b::se o:i' 'L'LC :,,12..tos ci.ncl dovo l o1;od 15 cm . 

Has r.mr lrntl cu"ld troato c~ ct s a bovo . 

Tho chro matogr ar,1 

St udy on Rate of Mo~nbo l ism 

Extraction PrJccdurc 

Ji 
Rot.mining E O fra c tio;,1 - . • 2 •·.11 a li•:pots ( fro ;,; oxpt 

fracfior,r:; ::-.. fter CHC l 
3 

:;n rti t:~onin,"'. procedure 
I 

di stri b utio;.1 in 

taken ). 

ltcidif'icd to plI .;, 1 us:. n,; 507~ !ICl 

1 ml t o tal count 

1 mJ. 

--~ 
1 rn J. + 1 . _::; i,ll a c1 So l l1 pH 1. 

Part icioi! Od 

,/"/ 
I( 

Co u:1t 

a~ui nnt 3 ~ 2. 5 ml CHC1
3 

'ii 

y 

(i\.11'.1ydrous Na
2

so
4

) 

CHC l 
3 

'{I Fraction 

Evaporat ed to dryne ss 

" ml , c HC l 
3 

y 
-:- 2 

/// 

1 u count 
ml dry 

J1 
+ 0 .1 dry 

::oOE 
\J; 
'i'~,c 

'"" Sc r a pe & add 2 M HoOH and 
after ovGrni~ht add 
scintillation fluid and 

count 
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P l ::-,il t G \W l' ·J gro\m i n ·i;'.•,::. _ :::_ ::: s~10u:;c , tho tro c1 tucm t s i nc ludine : 

1 • 

j . :So l .:: . .11 c.~ 1 ni p~r t::~~ i:-:~-:. -~~ 

plac ud in th o c2::u0
; ~ 

Sol(·nu -
but ~10~ 

pl a ced i n outside 
conditions 

s e>. :..· . 1.c:10 i dos p l a.i,ts n e r o 
ro plic n. ted . 

11. . 801:1-nuu ni i,;ruu am~ Dulc:'.n~L. G.J.r :,choidos plant s Horo 
etllo·.·rcd to r✓iit bcfo r ,:; c·c ,::o. h ·.o :1 t a nd t hen ex posed to 
outdoor conCiit i unc . '~1_:) :~ o ·,rr,s ,10 r o:rilicction . 

'i:' h c,, pot:.1 1:ior o p l i.: CG •J iil ~)2.::-,cL.c ';:af:s a.n u c1.ft e r tro , ting tlie so i l 

At tho 12th hour , 

aftor tho w·Ji,;l1 t wac r ocorJ,:,cl , tl10 pot:::; rro r i r,rnwdi nto ly rratored , 

usinc: et hypo c1. ori;;j_c s~1rinr;o ,_,.it:~ 1 C ul o-: rm tor nnd tho increasod 

weigh t r ocordGr.l i r:liJO(li a t oly . 

further ~~tering . 

'CLG 0:(porimont was continued ,srithout 

I n tLic oxpori1.10n.t tho di ffor0t1c.) in \·rci t; '.1t is o.ss unod as tl10 

.:-,pproxiun.to i.7.ilo unt of 1:rat c:.:· lost tlu.:,, -so trru,s11ir::-. tion . 

6 • 5 OUAJ,I'.~f\.TI_V:C OBSERV/,'.i' T·::JIT o:? STC)l tA'.c'l'.L APE:RTUI<E 

I-Ia.vine; r o i'orrcd t o ;. rillia, 1s ( l '.J'?.3) p:i.po r on tho me tho d for 

preparing r, l c•.Gti.c op:LdQ r i.:c:, l :i__ ,:,pr:L:1cc; , sow, locally availabl e 

matori ;:;. lc r:o r o tri od out ( ['.;:', ) . Pl i.1-ct :i_ ,; ,,;7_i;,c (Salloyr:; Procic1ct 1 

Auckl &nd) p;o.vc,, oxcollcnt i: ,1,rintc . 

surfacoo . 

An i m1Jrint n,w prepo. r od uci n ''. a dro:r of pl nst i c glue , spread 

with tho fin r;e r , so as t o for n .1. thi.:i f ilL1. After drying , this vras 

Gtrip1)ed off rrithout dar1:-tf~i 11g tho l o,1f tissue .:ii1d mount ed on a sli de . 

Photogr.J.1-,h i:., of r opr oscmt :1.t ivo 11J.a.stii; st ri ps wer e takon . St udi es 

of tho condi tion,s of tho cto.:nt: ,l ap:) r ::, turo v1orc mu.do both di rectly 

under tho i:iicro.scope o.n d fr or,1 J)ho to(;;r aplrn . 



Chapt or 7 

RESULTS AND OBSERVATIOI1D Of! T!-!E VARIATIOl-i OF 

EFFEC·r OF SENCO R ON THE rio SOLANUM SPECIES 

7 . 1 RELA'l' IVE INHIBITION OF T SOLA'I:8D CHLOROPLASTS 

In Ta ble V the porc ontugu o f inhibition measured as rat e of 

DPIP r0duction is expressed in arc siuo values . The transfor,:ied 

val ues woro then statistica lly ano.lysed in a completely ran(lonized 

block dosig11 . 

Tnblo V 

Inhibition of isola ted c 1loroplasts fro • 
Solanuni nigru1.1 o.nd Solanurn .:10.ro.choidos by SENCOR 

Species l 0 - 4h 10 - GM 1 o-8:-( 

Solanur.i nigrum 90 56 . 79 41 . 55 

Sol2rrn1.:, sara choideo 90 56 .1 7 40 . 98 

It is obvious fror.1 the above re sults t ha t both the susceptible 

(Solanur.1 nigrur:: ) and to l er .:m t (~~ s a rachoidos) r e spond to SENCOR 

to the saIBe ext ent and each c f tho lovels of concentra tions tested . 

No significant difference ( a t 1% l tvel)could be established between 

the tvm species . 

7 . 2 STUDIES ON UPTAKE , DISTRIBUTION AND ME'..1ill_Q1l§.!i 

7 . 2 . 1 Autoradiographic studie~ 

The x - r ay fi l ms dcrnonstr.:tt c th::.t tho radio:1.cti vi ty was trans-

located to various parts of tl10 plant via tho xyle1;1 . The extent of 

distri bution as well ns tho intensity of the r a dioactivity varied 



Plate 1 

Autoradiographs 

A. Solanum nigrum treated for 1 day. 

B. Solanum nigrum treated for 7 days. 

C . Solanum sarachoides treated for 1 day. 

D. Solanum sarachoides treated for 7 days. 
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betv,een the two species at tho hro di ffe r ent s q_r.1pling periods . 

(Plate 1) . 

Control pl ants rrere also sa1apled for autoradior-;raphy 1 but no 

radior.tctivity could bo observed , s:10w-lnc; thc..t untreated pl ants do not 

contain any substance nl1icl1 may a .::· feet the x - ray film during the 

adopted procedure . 

On the one day sample the intensity of the i mage on the auto -

radio graph films did not va ry bG tneen t.'.1e spe cies . In both the 

plants intense .1.ctivi ty collec ts pr ecloni nantly in the vascular tissue . 

On the seventh day samples , botl: the intensity of the image as 

well as tt~ distribution of the r adioactivity differs between the two 

species . While e1o st of the a ct ivi ty is con f ined to the vascular 

syster.is in the toleran t Solanum sarachoides plants , in the susc9ptible 

Solanum nigru1i1 the ma t eria l is dif f used throughout the leaf lamellae 

and the i mage of the who le plant appears on the films . 

No difference is evident in the i ntensity of the root i mages , 

both betneen the species and the sampling times . 

Though the images of the fruit st a lks appeare d on the x-ray 

films , i ma~es of tho berries did not develop . This observa tion was 

consistent between the trto species a nd the two sampling times . 

7. 2. 2 Phase distribution s t udi es 

Quantities of the r edissolved fra ctions were counte d in the 

liquid scintillation spectrometer ~.th externa l standards . The 

counts :per minute (cpm) nere correct ed for efficiency a:r-d quenching , 

The cpm were then transformed 102:ari thr:1i ca ll~/ fo1· statistical and 

gr aphica l analysis . These studies ~o r e conduct ed as factorial 

arrangements of a s pli t - split pl ot desi gn L 

Fro 1i1 t11e tabl e of anal ysiG of vari ance, the applied F test 

indicates tha t tlterc is "- hi r; hly si r;nificant difference betvlE)en the 

two species i ii tlloir r esponse t o SB?COlt . Figure 16 vrh i.ch expresses 

the cpm in each fr a ction a s porc cnt ago of the tota~ count of the 

various fra ctions indicates t hat ther e is an int er action between the 

various fract i ons extracted fro ~ Sol an ~m nigrum pl ant . Such 
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Fig . 16 

Comparison of levels of radioQctivity distributed among 
various fractions in the two species. 
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interacti on.s i:l.re not e vident for .§.o l amrn: s nr a choi clos . 

Tabl e VI CO L,par crn t~lG tutal counts of both sp'.' ci en at tho thr ee 

diff erent sa~pli ng periods . 

~-'a],lo VI 

Total counts in each species at tho three s amp l ing 
ata~os trunsfo r ned to 100 ~o g c pu 

Species 1 day 3 chy G day 

So l a m n.i ni gr um 3D 1. 1 l~L1.l .0: ~.67 .o 
I 
I 

So l anut1 ~choide.s 39 1 . 7 l+G:.i . 3 j 466 . 7 

I 
BcT ( I ) inclica tc.s w,rtns :.cro si011ificant l y different 

a t .'.l; confide:lce l eve l 

It is evident , that t:iere is 110 .si :;ni f iccm t difference betneen 

tho t\;o speci e s in tho l e v e l of to t al uptnJcc at tho 1 day o..;1d 6 day 

stages at nllich t he pl.:i.ntn r.roro ::m:clysoc1 . IIor;e,•or , fro; ,1 the 3 da~,r 

saopl e differ ence betnoon tho spocios , a t t~o 5% confidence leve l is 

e vident . So l anuia ,saracho i dos :n,J a lli ,: 110 r total s oi.m t . 

Fr om Fir,uro 15 i•c is n.:i:1}:l, r off::; t:1:-1t tl!o co11c o,1t rations of 

l abe l l ed nate.ri al parti tio i:i n:: :l.i: co 0:,c:1 f:i.' c,c ticn vai'i cs . The 

SENco ,~ equivnlents a r o ,~i s tri lmto d ,,10. i 11ly i n tho rrator so l uble and 

non - extractabl e fra ctions . Very lit t l e of tho uctivity is i n 

orga noso l ubl e form . Thero i c ~ ~u ch r uducod i n crco.so in conc en -

trat i ons of labelled material in any of the fra ctions bet ween t he 

3rd and 6th day . This ic supported by ~able VI I . I n fact no 

significant i n crease occurs in t!10 So l a num s~rachoi des spec i es . It 

i s a l so evi dent tlnt very li t tlo ad.di tiona1 2..llsorbed SENCOR 

equival ents a r e fixe d in tho no ,~ - oxtrCLctabl o frnction of So l anur.1 

niGr u~ a fte r tho first day perio d . 
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PeI OOM~et/!l! distribution of SENCOR equivalentr; ln fractions 
at 1, 3, 6 day sampling per iods . 
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riator 
day phase 

389 . 7 

3 L1. 8 l .o 

6 51 Lf , 0 

Distr:i_:mtio:1 of s.::,;;rcor; oqu:iv:-tlontc 
i n the: vario:u: fr:-,ctioi,.:; 
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Scl&nuw n i r~ So l o.n1tn :J~L1'ci.choi.d0c - - ... --
EtJ\c Hon - C,ilOJ.'0 - -.,a tor EL\c Non - Cl1lol'o -
rh::cs,) oxti,nct - for1.1 JJi.1atJ c: ~)l.!..:."'..SC :JXtract - for r.1 

o.:)la phctGC able phe,se 
1·esidtco rosi d.uo 

Ir65 . o LrG 1 .o 207 , 7 .'>21r . 3 :"i l 2 . 3 !;.22 . 7 207 . 3 

537 .3 '.1.67 . 3 27fJ . j 500 . 0 533 . 0 435 . 0 293 .ol 

293,31 55) . ? ':.'//+ . 7 2'23 . '7 .';06 . ,J _>L~ 1 . 6 L~So . 7 

( DE~r ( f) indicGto:J 1~1G c:l l1 .S ci.ro not .st,;!1t:~·ict.:ntly clifforont at 
5% l 0vol c~.1:3 1:: CLLf:..iL~r;J:.l h;r :)Lu1cr:1.2-~ r ;3 LLuJtir<Lc rLl:1ru to Gt . 

Fr()lii I':.lblo VI II i t iG ovj_dent tiL1.t Solmrnn 1;:,:n".,:c:10i dos ha.s .. ___ _ 
higher lovols of coun~s in tho ~1t u~ soluble fr Rctionc . rloro radio 

etctive iiateri nJ. o.ppoc:,ra :~n tlic nun - ex~r-:1ct2,blc rasi clu•:o of So l a nurn 

nigrurn t1t tho dc.,y }:JOriod , ho. e 1n r , thic; hi ,~llly Gic;nificant 

dif f,::-ronco is reduced throuc;ll t:,c ll01.'ioc1 CL1cll tlic.1.t on -cllo 6th day 

StUJplu ilO di fforonco io ovi :J.01.:.t bot•, .roon tllG spcci.:..:c . 



Day 

s . 

s. 

2 s . 

s . 

3 s . 

c• 
.::, . 

'J_1L)_b1~; 1iII2: 

Cornp-'."lrison bot\70011 c 1,cc oi.os of t\o di stri 1m '.: ion 
of S~fC0R oquivQl ont c i ~ v2riauG fruct i ons 

:;,'J:·-~_ctionc 

11011 -

Spocior; 'T () Et.l\c o:;ctro.ct - CHC l
2 .. . -, 

L. ,,tb lo :J 

ni p~ 389 . '7 L,GG .o L,6 1 .o 207 . 7 

cc-r ,:~cll~ l,24 . j 512. ) ,\2?.. . 7 207 .3 

11i 1:r~1J~ 1:.81 • o r: . ,, r~ .. 
.)~>( e j 46'r' . 3 278. 3 

3ttr o.ci1o i do G jOO . C 5L~] . n 485 . 0 293 . 0 

:1i ,•;ru.,,: --- 51L, .o 53'3 . ? L:-7) o 7 283 . 7 

GCtr :?~ C l1oi cle S 50G .o ~) .~ 1 • t~ ,,oo . '7 29G. 3 

Dar ( j ) indiccttos r:100.n c D.l' C n ot Gi c;nii'i c a.o tl:r di ffc:cont 
a t 5% l evel ::rnd ( : ) :Lndicatos U()an::: ,:,_ro not s i Gnifico..nt l y 

di fferent ~t 1% l o~c l . 

7. 2. 3 Study on r nte of mot~boli s • 
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Result s obtained froi.; v c::]_'j_o ii.·, ntto:.,ptu t o rcl oano tllo SI~NCO;:{ 

equivalo!1t c fro u I conj uc,".tes 1c: l' :!10cl. 1 ir. Jic :::. t ocl t'.1c, t it rrns r,1oro 

Ev on in t ho fi :ially o.ttom11tod pr ocolluro , tho result s r e corded 

(Table IX) i ndicat e that a hi t;h nmabor of countc v:ror o r e t a ined n ear 

tho origin . I-Ionever , t ho r.iotato li tos a n d ,'3EH C0R t hat mo ved off tho 

origin , separa ted ~e l l on tho chro matograms . 
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Tctblo IX 

Distribution of totc,_l r:,diocarbon (in cpm) bGtuoon 
SE~COR ~n~ its ~otabolitos 

3 day sam.plcs 6 day SctmplGS 

Solanurr: Sole.mu:; Solanum Solanum 
nigru_i:1 sarachoicil'.ls r.igrum sarachoides 

* X 955 51,% Lf!+31+ 411+ 1 

SE!JCOR 11 078 35B5_3 29459 249 12 

DA 2283 8969 Lf/37 1 10059 

DARK/DK 11318 22958 1921+4 38075 
Or igin 13938 61433 26992 82977 

* 
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x is the total value of strips of tho remaining chromatogram 
aftGr the strips rGprosenting SEITCOn , DA , DADE:/DK and origi n 

had boon s crappGd off . 

With tho so l vent system L;sod in tr1ic study it was not possi ble 

t o se pnr a t o the DADK a nd DK met.:1.boliton . Trw standard DADK and DK 

spotted on the same plate as the samples also failed to separate , 

their bands under u.v. were superimpo3ed . 

I t i;mst be noted he1· 0 that duo to l :,ck of uaterial , the 

exporin1Gnt was ne t r wplicatod . In other TLC separations of SENCOR 

equivalents a ttempte d , the r adiocarbon sG ljo ra mo ved more than 2 cm 

from the oriiin . Further a t tempts ,,ore not possible duo to 

exhaustion of s ampl e s . 

However from tho best chro uat o~rarn obtained there a re 

indications tllt:lt a higher r ate of mota;Jolism of SENCOR may occur in 

Solanum sar cchoidos . 'rhis i ,s illustrated in Figure 17 and Tab l e X. 

It ic again ompll.:1sizod that one can on l y indicate that there 

is any di fferenc e: in the rato of motaoolism of SENCOR by the two 

species-. Thero iG no statistical proof attempt ed in this study • . 



.§_ . 

§. . 

'I'ahlo X 

Porcentago distribution of radi oc::i. r bon botv!Oon the 
.SEHCOR Gqui vnlontr.~ : SEIJCon, DA and DADK/DIC 

SENCOR DA DADK/DK 

3 dn~r 6 day 3 day 6 day .5 day 6 dny 

ni grum 45% 55% 9% 9v1 /<J 1+6% 36% 

sarC1.cl10it1os 53% 34% 13~:, 13% 34% 52% 

7 . 3 R.1\.TE OF TP.ANSPI RATIOIT 
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Tho reduction in the voi ght of trea t ed pl ants compar ed to those 

of control is expr essed as percent inhi bition of transpira t i on . 

Those fi gur es wer e then transforced to nrc sino and wor e then analysed 

in a split plot design basis . 

Rcsultn in Tabl e XI indico.t o thc:ct thor o is e. hi ghly s i gnificant 

differ ence ( at tho 1% confidenc e level) between the two species i n 

their r esponse to SENCOR 1 tro.n spi rat ion in So l anur.i ni grum being 

inhibit ed more mo.r kedl y than in Sola num sarac hoides . 

Tabl a XI 

Por cont inhi bition of transDira tion by SENCO R 
fo r tota l period of 16 ho ur o 

Specie s Moan 

Solanui.1 nigrum 54 . 7? 

Solanure sarachoidos 37 . 85 
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Inhibi t ion of rate of transpiration . Response of the 
two species . 

• Solanum sarachoides 

6 Solanum nigrum 
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• d1t~eronco betwoen 1:10an. values b1ghly significant . 
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Co@p~ricon of tho lovo!a of trnnspir~t i on of tho two species at 

the snme perio•J of ti:.. J ( .2.::c.b:'.o XII -:n(l Fir; . 13) indj_cntes t:1.~t trans ­

piro.tion in .Solanum r,.:!. :;ru :··, ic mol'•'.) dra:.;t ic:·tlly r oduc od than in 

light period , however , nt night no ~t2tistic ~l difforonco is evident 

in the ro.spons o of tt.o two ,C:j1i3C i os to SEi iCOR - and thoro i s ne, 

differ onco in the a:•:ount ul' ;;:1t 0r l ,).s;:; botuoo:1 tro ~tte d nnd contro l 

pl .-:-..nts Gt titis st.:.,,gu . 

Co 1:1pctrison of' J.evc l of ini1i hi. tj_on of tro.nspj.ra tion 
of tho two speciec at tho same period of time 

Speci es 10 ct!".1 2 ))hl 6 pi.; 10 p r.i 

Solnnu1,1 :air;rui,i 53 . 4 66 .9 63 . 1 30 . 3 

SoL:tnun s a r ac~10~~ 3~- -7 20 . G 19 . 5 21 . 7 

Bar ( !) indicates no significant difference botveen mean 
'ial~.l8 3 , 

7 . 4 QUALI'l'ATIVE O:CSERVA'.l.1IONS OF ,'.:?"20l'1l\. 'L\L APEfUURES 

Th o Gto:L1.tal i'.•prj_nts ob.served ~,ndor t lw microGco po and fror.1 

photographo indicate tha t tho t r ontod pl ~ntc of Solanu• nigrum 

r oduces it::::; c.pe:r·turo 'v.fithi n 2 ~1.occrG of :,ppJ.ic ,,tion of SENCOR to the 

roots . Tho stowat ~ do not recover oven nftor 30 hours . In t he 

Solanum nigrum , houeve r , no difference in tl1e uporturo s of treated 

and control pl ants could ba observed . 

Saopl e photogr.::tphs of Gtor:,ato. l i :.,prints ~tre :riresented here 

( Pl a te 2) to illustrate tho observe~ phonouono. and the difference in 

the r esponse of the two species to SENCOR . 



Plate 2 

Imprints of the stomata 

A. Solanum sarachoidea, control plant at 10 am. 

B. Solanum sarachoides, treated plant at 10 am. 

c. Solanum sarachoides, control plant at 10 pm. 

D. Solanum sarachoides, treated pl ant a t 10 pm. 

E. Solanum nifirum, control plant at 8 am. 

:" . Solanum nigrum, trelited plant at 8 am. 

G. Solanum nigrum, control plant at 10 pm. 

H. Solanum nigrum, treated plant at 10 pm. 



G 
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7 . 5 DISCUSSION 

Fi.' Ot;l tile rocu l ts i.:.nr."i ob::::.:.'rvc1_tlor1s reported :J ·1 thic ,;tudy ; :_;_t :i.8 

oyidont t~11t tho vari ,.ction. i 11 ti1r. ·: u:,r,on.<:,J of _:So_~.:::-.nu_i( l_l-1_g_3.}~)'! and 

:S,o l a.n.!:!.H~ .sarc..choij.8s to S~IICOR cl.8 ob::,ervod ii: the; fiold ~ is in i.'o.ct 

duo to G1,ocio::; coloctivity i':."cctor1:1 .. 

Mechnnirn,1 of ros:L .. : tarlcc, ir; rwt due to a chfforonti al offo c t 

ui r oc t l y on tho I-liJ.J. J.-0.:tct j_o,1 lJ:1t ::·r, t!1v1· :'.nvo lv <'.,s th-.: ph~r-=;:_;_010(.;;icnl 

!rahio "J i1}_uD trntou tiFlt .:;l1lox'op1P~st.s o~· § .. ~-~l--}}}.½,t~ ~1:9..9_~J.Q.idos 

(ro .sist::mt pl.:111ts) :.,l'.'L ~-,::; so,rnitivc.. c>.s those of .~C?..l_~_1_1:~r.~ _Ai.6.f.1}!-~ 

'..",for\ bJ oth-:n°r:- nn knovm photo•­

syn~hetic j_nhi1it i ng iarhici des : s~mazinc (126). pyra~o~ (53): 

sir;d.,iron ( ·, ) 1 J: pe:1ta11ochlo:;. .:11-0 ;, a :.so j_ lJ ;_1s 'c:,_, ,,_tes t.1at influence 

of he:.' bic:·.u.os on the chlorcplast ,H .. tiv:i_ty ,Jea:;:-s no re:i.r.. tionship to 

the phenom0na of salectivity. Bas~tl on ~he reviews a nd evidenc e of 

se1.'era:'_ ~mrk0.·.·s (13 ~28 , 7? : 1·.;5 : 1!+:;,. it L; sviden··; t!1at chlJ2:·opla.st8 

are ,31_1_ri:o:.mdeci ½y ?t ;ioro· -l3GS C:\0·1b~.e :,0 ;n ·,ran-, a:-icl contain ,s Cl. coDple:~ 

01 :::nburd.ts bearing J.ipoprote:i.ll i,ivi,:br anu .·-;y[,tRr:1 e1i1heJd,H1 L :1 e. h~'dr-o~-

phi.lie proteina..ceo~iS uatr-i:-: ox· r:5i.:::..·c:r:1:,l... :i,un~tiona1 diffe~_---e!lC9: :i., Gr 

t:ie abiJ.:i.t:r to perfo:,:::: (PSII) "'.nd ( !"'Sl; .::, ::: ·;iv2.-:::~es thou~h evident 2.n 

dif~·e:,:-ent ch~.oropJ.asts: it r,rnmc t b'" ~ct·.tr:i.1:i1toc'. :o dn p; e;1 t-;,:nl 

unit s tho !th:ylako:Lds:. 

expect selective actio~ of sydt·3ic her0~c~des ~n plants t~ b) ~ure l y 

s. result of one ftmclc., ,w,d;.:-"'~- scj_.,,nt~.r~c ::' .. , ci. ·-::yr,·L:'"mat:i.c des".p;n . 

the Hill reaction contro. 

sucll as ur,talrn : distJ.'ibut:i on o.lilt t1e·cal,ciJj_r-1p1 ',:-l l J_ dctenaine the 

ultimate concentra~ion of SE,rco;i .n-oL,acl ·::::ic chle>:rn:,..1la,sts, The 

p l1ytoci:laJ. ·,:f:'i'ect cai1 OilJ_y '.,J<'c-:ct.l.y l:JG ,l::,r-:i.-;c c~ Irn:11 the of f ect .:1.t the 

c~loroplast level. 
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signi fi Ca!1 t ly . Hore fundament a l pl nnt phys iology a n d experiments 

wit h various j_ntact pl ant siJecies Gre necesoary . 

Accordi np; l y experi:nents 1.rnro carri ed out using SENCOR l abelled 

in the ring to determi ne whether there ner e differences sucl1 as 

r estriction s to the ur)t ako of the lle r b:i..cide by the r oots and its 

trans lo c:1.t i on to the xyle r,, sap a.1:d J. eo.ve s , and rrhether extensive 

br eakdown of SENCOl( in the to l erant So l anum sar a choi de s co mpare d to 

the susceptible Sola num nierum oc curred . 

From t he a.uto r acl.io gr aphi c studi es it is evi dent that SENCOR 

behaves simi l ar to other herbicides t hat a r e absorbed through the 

roots . Anto r adi ographs of l o.::ves and plants treated with root 

appl ie d herbj_c i des shorr a sii;1ilar patter n o f distribu t ion ofactivity 

(1 5, 45 ,1 58) . The differenc e in the distri bution of r adioactivi ty 

i n tho leave s betwo:"n the trm sp0c i es may r eflect the observed 

differenc e in susceptibili ty of So l an um nigrum and Solanum , 

sarachoitlos in the fi elJ . Whi l e the act i vity is concentrated in the 

v eins throufihout the sampling periods in the toleran t Sola num 

sarachoi des , tho r adi oactivity had spread throughout the l eaf 

tissue i n the suocept i bl e SolcurnE, ni t]: r ur~ ns o bscrved in Plat e 1 b . 

From this study j_t is evident tho.t soue physi ol ogical a n d biochemi cal 

barri er ,1ec!1anis1,, operates in rirovcmting SElifCOR reaching it s site of 

action , the chloroplasts of the to l erant So l a num sarachoides . There 

is no ex p l anation for such a barrier ~e chani sm in t he lit er atur e . 

Perhaps tho :.\Ost pL::i.usib l e l1Y1)C•tho.sis nould be that the susceptible 

spa cies forms ::t weakly bound rntor so l uble SENCOR con jugate r1hich 

i s di stributed via the xyl em . ~he toxi cant i s t~en released fro m 

the water so lubl e conj1, r;a te and p:mot r ettes the ce llular membr a nes 

a n d a cc ur:.ml::i.tes a.t i ts site of o.ction . There a ro seve r a l r 0ports 

that SEliCOR forms conjugates (36 ,128 ,1 29 ,1 45 ), however , the a bove 

pr oposal must r emain a hypothesis since no pr oof of a reversibl e 

conj ugation w:u:: obtained i n this shlcly or f ro m the lit er atur e . 
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,.10t highl:y sisnificr .. i1t . 

on t~1,; thirJ. day fo!'.' t .;'J .su :-;c o1Jci:)7_ ·_. r:ir,.,c ics coc1lcl b e! e:xp:1..ainecl a,,~ 

n rsfl oct:Lon of :Lnhib:i_··~:Loll o.:: L;;_, t;.1.l:c . L ns~o~ l~vols of reducing 

sugars ~·s-nc hiti[.~ t:1e ~co ots du-; i;(, inh5-1Jition. of i_:hotosynthosis !nay be 

It is 

~'\lso j)OS.sib~Lo thc .. t tile ,·,c, t; Dr soJ.u,i_,_c co 11 ,j :1c:::1.tos formed involve sugars 

r.'t.~1c~ t;1us s~tur;_1ti on :J f' th'; 2.v·1j_l -:i.LJ.c SU C( 1 rfl cou~~d have occurred. 

'l'h:LG ,·mulJ 10.:,. d to ,::, l'educod J. cve l .)f SFJ{CCm nithin the plants . 

However it ic difficult to cre dit th~t such r ~duction in tho su~ar 

l e vols coul i occur , si~c 0 store~ c~rbo~ydr ~to s arc not exhausted 

It ts ;nc,r d ::,. cc.c 1·/cr;.Ll e t ;1:i.t inhib:i_t j_o n cf photo --

s~rn.'c~1osis 1ettds to r ccl~c tton :i.n t~--n1J.Sl)i2~lt:.on r ate tlluD r esultinG in 

~ r od~ction of upt ~ r a . 

Frou the phuso dis~ribution ~t udiec it iG evident that SEHCOll 

oquivaJ.cntG =-.J.rc dlstribut0 c~ :J.~t~1J.y in t~1n \T1tc ~'."' soluble phase . 

Conjugatio11 o:Z SEi'JCOR \Ti..t!i. s,1r;nr s 1 :1:.,clo :1.c r,cj_ds or ,solubl e proteinu 

transi'orms tho orr,nn0Go lubl 1) SEHCO T/ -:~0 .J. '·.'.'J_Vi,~ so::..ublc equivalent . 

It is ovjd.ont tll:.:t treat ~:1 ont of pl:x,1 ts witll r,1otribuzin ( .SBNCOR) 

leads t o ~ranaformntion of proteins to aolubl :: :arms and an incraaao 

in love 113 o :i' c,uino ac i ds i u susc 011t:,. ble 1~1ar. t s ( 59) • This provides 

support for tho assumption t!mt tho l ovols of radiocctivity i n tha 

nor1 - o~rtro.ctablo plias0 do not j_ncr n.1.,s0 in tho susceptible spoic ef-, with 

time due to solubilizati on of tho non - oxtrnctnblc components in tho 

affected plants . Th:~c a l so :~ccount.s fo,:- tho incroD.SO Jn levels o/ 

counts in tho \Jetter solu bl e fr::tctions . 

Pro;a the st11dy on rc1.te of uutabo:!.isL1 tllo indj_c::i.t:Lons a re that 

the tolerant species metabo lj_zo s tho toxicont to tho non - a ctive 
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forws at rntos rolo.tiv 0l y hi :~hor t han i n t ho snocept i bl e Sola num 

nig;rum . Howover , · Gubstnnti.:1.l pr opo r t ion of the labelled material 

i n tho pl ant was present ,:u:; tho parent compound . 

Studi es on uptclto , distri Luti on ~~d me t nboli sm , indicate tha t 

t her e is a restriction to movoi::on t of SENCOR fro1a tho xy l e m to the 

mesophyll c e lls i ~ tho toleran t So l nn u• sarachoi des . It is 

suggested that thi s re8tl'ict:i_on combi ned Hi th pnr t i al br oakdovm of 

tho he rbici J e may b o re sponsible for tio to l or anco o f So l a num 

s a r a choiclos to SEITCO:R . 

Herbici des a r e known to dec r oecse tho transpi r a t i on rate . I t 

.ha s been sugr;ost ed t'.1at inl:i bition of photo s ynthesi s by the :1erbicido 

bri ngs o.bot.~ t stomat~tl closaro thr ou1~ll production of excess co
2

, but 

t his i s somewhat cont1·ovo r ci-:1.l (7Lf 1 16O , 179 ) . Fro m tho scheme 

pro posed and disc ur;sed for the i:1odo of ac tion of Hill r eaction 

i nhibitors ( Fi r . 7 ) in this s tudy , it i s nl so possible , tha t 

product i on of A.Bl, ua:r lead to closure of stomata .: .. n d thus r esult 

in reduction i n transpirati on rnto . Hovrev or , r,hat over the 

mec ha ni sm of inhibi t ion of transpiration , it sooms r easonable to 

infe r that the herbici de mus t ponot r a t o tho mosophyl l a nd r each the 

nei ghbourho od of tho stomata for a ny effect t o oc cur . 

Accordingly i n thia study tho offo c t of sm;coJ on tro.nspirat ion 

by both tho susceptible Sola num Hi grurn ctnd tho to l or :1.nt So l a num 

sara choi des ~o r e exa~inc d . 

Tables XI , XII o.nc~ Figure 18 pro vi do evidence that tm trans­

pir ation r a te i s i nhibi ted to a gr an t e r ex tent in the s usc eptible 

species . Also Pl :lto 2 i)l'Ovides ovidcmce for tho effect o f SEHCOR 

on t l'lo s to mat a . Thus theae r esult s and obser vat i ons on t he effect 

o f SENCOII 0!'1 transpi.. r ::ttion o.nd on tho stor.mta support the evidence 

from other oxpori cont s in thid study th::tt , ther e i s a r estricti on 

to the n,ovomon t of herbic i d,) fro m tte xyl em into the mosophyll in 

the to l erant So l anum sar o.c hoidos . 
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CONCLUSION 

FrOii! :Tt ucl:i. G8 on i ::;oJ.~;-~ccl chlcn:opl,.stc , it ho.G bon1::. est o.b l i shod 

thi.l.t SE1.' COT1 i c '.1 Hi ll re~tction inhibitor -. T~o to xopho r e iH the 

thiosulpho.to gro up . 

l ro ra th~ r esults o.nd obaorv~t i ons in Po.rt II study it is 

evident t Lat v2.::·iatj_on i n tho r ccponse of Solmrn1 1 ai;,rur.1 and 

~~ sar2.choiJcc tu SET ~r~o11 :1.::; ob.survod in the f j_ ol ,1 , is in fa c t 

du o t o s pecies se l ec tivity . 

SENCOR appears to bo rue taboli zod to n g r ont or ext ent i n tho 

tole r ant S0L1nu1,;1 s a.r a choiclos . ;ro•:.-o7er ,'l subst.:1ntinJ. proport i on o f 

the lo.;·rn l l od r,1,,teri~ll i;1 th:J pl ant was 11r esont as tho par en t co m-

pouncl . Autorc,dior,ro..phic; .,: tudies on :J.i :.:;t ribu t ion of .SENCOR i n the 

tolero.nt §.21~ nig1·u 1:1 indicato.s tlnt the re is 2c re s t riction t o 

move r-10n t of tho ho1°bicido f'roi:: tho xylem to th'.J 1:,osophyl l . This 

wc>.G confi r !llod \)y t ho studios on t 11G inllibj_ t ion of rat e of tra nspir-

rtt i on nn1.l fro t1 offoctc en sto1i1n.t .:7·. It i s s u ggostetl that this 

restri cti on coubii-1ou r;i th po.rt:L::.,J. :n· ea.blo ':m of tho he r bic i de in tho 

plant ~ay be responsibl e for t he tolcr~nco of Sola nuD snr ~choidos ·· 

to SEHCO II . 

SUGGES'.I'IOt! S Fon FTJR"i'HEI-/ IVORX 

I n addi tion to studyL1g sy,3to1:1s i l1 iso l ation , s tudios on effec t 

of SEHCOR on ti10 photosynthet ic ·0 cti••rit:r of int 2- ct plrrnts i s 

nec oss o_r y . A,s so:.i..::;ct i vi ty can 0112.y bo ,st ~,die cl o.dori.u a t eJ.y with 

s t at i stica l dusj_gn , it is n ecessary to obta in i n f or aation on t he 

pe r forraance of SEHCOE uncior field condi t i ons . I !l addi tion r api d 

t urnover of chl orophyll molo cul o::; in tho r esi stant pl ant r:,.ay pr ovi de 

a bc:i. si s for r osi .s tn.nc 0 to SJ;;I'.COR . Further ,·!ork ni tl1 int.'.l.c t p l an t s 

;::-iay bo nec ossnr y for furtl1or ol ucidc.t ion of sucl1 1nechani sr.: . 

Further studios on r.:tt o of rnc tabolisi·,1 oi' SEHCOR and on pos sibl e 

subsequ ent recovery of t!,e p l a~ t s i s biGhlig~ted . tntact p l ants , 

1e.:i.f discs 0,lld l e::cf ho r.:o(:;en.::i.te::; should ~,o used to deteri,1i nc if ono 
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p l ant degr:,.clos ,SEHCOR n.t r ~~tos hit~hoi~ than oth8rc . It iG n l so 

ne cesnci.r y t o :Ldcntify tho r o l n tive ,,iilOtrn t s of DK ~md DADK 1;wto.bclitos 

at s everal sarnplinc periods since it is possi bl e t ha t tho tolerant 

spoci eG may fir s t r oi;iovc tllo to x opl'10rc ( tlw - SCH_ gr o up) befo r e 
) 

deaminati ng the SEIJCOR :101 ocu1os i 11 i b3 ;,iet,.,bo l ic sequenc e . 

Tho j ,'.8ntity of tlrn c on ju::atc<3 .:end tho e,we vrith v:hich t hey 

ci.re r eversi ble needs to bo ost[lblished . Enzymic uro,,kdovm or mild 

r ol oa.sc of tllo components 1·cquiroG f,irthcr no r k to ont::i.blish or 

confirm tho components sugars , protoinc and lipidn , e tc . 

Tlw rolo.tive rat e of translo ca-cion of r adionctive SENCOR to the 

mo so phyll tissue may be exardnod by r owoving l eaf discs between the 

v eins at sui t abl e s auplinc poriod• • The rate of a rrivn.l of r adi o -

ac tive SEi,fCOR equivalents at the site of «ction i;1ay then be measured 

by eoploying e ither the dir;est:i.on/,solubi lizati on or cobustion 

techniques . 
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