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In Part I of this study, the relative potencies of SENCOR and
its metabolites have been investigated. SENNCOR has been established
as a potent Hill reaction inhibitor. The observed action of SENCOR
and its metabolites are discussed in terus of structure/activity
relaticnshipe

The mechanism of action of SEIICOR and cone of its metabolites is
couwpared with other knovm Hill rcaction inhibitors. A scheme is
then proposed for the mode of action of Hill reaction inhibitors,

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

of Solanum nigrum and Solanum saraclhoides to SENCOR has been

established as a phenomena of species selectivity.

From studies on uptake, distribution and metabolisu of radio-
active SENCOR it has heen establislicd that a restriction to movement
of the herbicide from the xylem to the uesophyll occurs in Solanun
sarachoides (tolerant species) while the naterial is distributed
throughout the mesophyll in the susceptible Solanum nigrum, . This
restriction to movement into the mesophyll in the tolerant species
has been confirmed by studies on the inhibition of rate of transpire
ation and from effects on stomata.  SENCOR also appears to be
metabolised to a greater cxtent in the tolerant species.

This study leads to the conclusion that the protection of the
active centfo, 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 the tclerance of

Solanum sarachoides to SENCOR.
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Chapter 1

INTRODUCTTION

-

SENCOR, a pre-emergence anz pnat-encrgence herbicide is being
developed by Henry H. York 2 Coe. Ltd under licence from Farbenfabriken

Bayer A.C., TIts chemical nawme is heziiino=3=nethylthio=6-t=butyl=-1,

2,h=triazine=5=0ne, Its cliendlcal structurc is:

This compound has showa, effcctive control of nany annual broad
leaf anc grass weeds when applied te corn, tomatoes, potatoes and
legumes.(1).

Variation in contrel of two solanun species, l.e¢. Sclanum nigrum

and Solanun sarachoides have been cbserved (141). Therefore this
project is an attempt to investigate wliether this variation is due
to species sa2lectivity rather than an observed differential effect
due to stage of growth differencec.

In order to establish bascs for selectivity, knowledge of mode
of action and propertics of the chowmical is essential. As regards
activity of SENCOR, only passing reference to it as having similar
mode of action as uracil herbicides have been uade in a technical
paper (76)es The metabolite "deaminated diketo" (Figel) of SENCOR
has been alleged to possess the herbicidal activity (inhibition of
photochenical reaction). This assuuption is based on the observed

structural similarity of this metabolite with that of uracil, a Hill



reaction inhibitor (83). However, structure activity relationship
studics on inhibitors of photosystens provides theoretical support
for SEICOR (a triazinon) itself to possess the herbicidal property.

Draber etesals (50) have related the structure of triazinones
with inhibitors of the IIill reaction. The chenical structure of
triazinones fits into the schene developed for herbicides with such
a mode of action.

In such a case of uncertainity, it it necessary to establish the
mode of action of SENCOR and also evaluate the relative potency of
the primary product and the nmetabelites.

The tolerance of Sclanun sarachoides to the lerbicide may be due

te the protection of active site (Hill reaction centre of photosystem
II) by relative imperneability of chloroplast nembranes.,

In comparing the degree oif inhibition of isolated chloroplasts
of the two species, if difference in susceptibility occurs, then the
selectivity must be a function of tle chloroplast membrane itselfs
If, however, the degree of inhibiticn of the photosystems of the two
species are similar then perhaps, tolerance is a function of sone
physiological or biochemical phenomena which may involve differential
rate of uptalie, distribution or netabolism of SENCOR. While, if
differential rate of netabolisn of SENCOR is evident, then it is also
possible for these products to formn conjugates and thus, prevention
of translocation ray be a basis for selectivitye Autoradiographic
studies may establish evidence for cuch a sclectivitye

Full study of all factors will entail a detailed project of
research which is almost inpossible to be carried out single handed
and within the duration of masterate studies; but as will be seen
from this presentation, an attempt has been nade to investigate some

pertinent and important aspects.
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Ciaapter 2

REVIEW O LITERATYRE

¢el  INTRODUCTION

In the past tlhe term 'uode of action! and fuechanisus of action!

Q

have been used interclianzeably. Irn this study, however, they will
be used as defined by Anon (9) and Ashton and Crafts (15).

Niode of actiont involves the tuotal processes of physical,
biochemical and physioclogical nature, which contributes to the
phytotoxic actions of an introduced chomicale. Mode of action thus
covers, all processes frowr the tine the chendcal is introduced into
the plant's environuent, to the tire it causes the death of the plant.

The tern 'mechanisn of action'; however, is restricted to the
primary biocheiical of biophysical lesions leading to the death of
the plant. Ashton and Crafts (15) definc the 'prinary biochemical
site of action (lesions)! as “the single enzyune or metabolic reaction,
or the first reacticn affected at a given low concentration',

Many herbicides increase in vive in concentration at the sub-
cellular level with tine (123). This increasing concentration could
result in one or nore less sensitive sites of action being involved,.
Experinentally it is difficult to secparate the various physiological
processes without inducing other fundanental changes. Therefore,
for the purpose of this study, it is wore uscful to consider mode of

action of herbicides rather than the restricted mechonisnu of actione.

2.2 MECHANISH OF ACTION OF HILL REACTION INHIBITORS

2s2+1 Introduction

In order to understand the nechanisn of action of Hill recaction

inhibitors, whiclh belong to such herbicids groups as triazine, ureas,
anilides aad benznitrilc, an understanding of the photosynthetic
electron transport systeu is essential. This system traps and

converts lipght enerpgy to chenical energy, through a series of redox



PHOTOCHEMICAL BYSTEMS OF PHOTOSYNTHESIA (1)
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Fig. 2 Photoinduced electron flow in chloroplasts.  Direction of flow is
indicated by the small arrows.  The pathway from OH = to NADP* is indieated
in heavier outline.  The text should be consnlted for detailed explanation.  The
figures in parentheses indicate the moles of the electron earriers per photosynthetic
unit of 400 chlorophylls.  Artificial acceptors (Hill oxidanta) (A,, A,) receive
electrone alter photosystem 2 or after photosystem 1. Artificinl donors (1)) feed
electrons into photosystem 1. A seale of redox potentinls is shown on the right.



roactionss This subject haz been rovicuwed cxtensively by Boardman
(27) and Bichop (24).

The gencrally accepted pathuay 2z proposcd by Bonrduoan and
co=workers arc shovn in Tig.2. This schoetic consists of two
physically and chemically scparablc photosystemns designated
tPhotosysten I' (PSI) and 'Photosystan IL' (PSII) (27). The
syston proposced by Arnon's group, hovever, differs frou the above,
in that, they uaintain PSII is furtlhicr suvparable into PSIIa and
PSIIb (11,12,97). Although the schoue presented by Bearduan (27)
is generally accepted, the scquence ond nature of ncarly every sitc
and the reaction scquence botween the photoliytice deconposition of
water and PSII iz not well understond.

Photosynthetic inbibiting herbicides appear to disrupt the
clectron transport pathwnys  Also photochuirical renctions have been
related to the lamellae structurce scen in clcetron ndcrographs of
ciiloroplasts. Thiz subject has been roviewed by Park and Sanc (135)
and Gibbs (72), The naturce and structurec of thylakoids and other
nenbranes play a vital rolc in eclectran trunsport. Sonc herbicides
may act by dicrupting these uenbrancse

Since the biochemistry of 02 cevolution during photocheoiical
reaction is unknowvm, the exact flesion! or the prinary site of
action of Hill rcaction inhibitors is alse unkniovm. Various
experinental techniques have beeon advanced in order to clucidate this

sitc of actione.

2e2e2 Inhibition of CO. assiuilation
[ =9

Several workors (122,179) have carricd out assays of CO2
assinilation after treatucent ol plants with horbicides.  However,
results obtained fron these studics are only gross indications of the
effecct of these compounds on the photosyntlictic apparatus. Focus

of attack cannot be defined, as 002 fixation takes place at the end
of the l1inec in the photosynthotic apparatuse. Hirh concentration of
herbicide is also required to inhibit co? assinilation, and thesc

experincents never indicate thc true potential of the herbicides.
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Ze2e3 Distribution pattern of ¢ ° labelled photosynthates

If a herbicidc inhibits plotoaystems then carbon reduction
products regquiring reduced pyrinidince nucleotides should be totally
blocked, de.ce sucrosec value should ke low, but the dark 002 fixation,
ile2s phosphoenol pyruvate carboxylnsc reaction is not blocked, thus
aspartic and glutandic acid will be rclotively higher than sucrosc.
Based on this worldug hypothesis Sweip and Ashton (197) atteuapted to
domonstratc the distribution pattern of photosynthates in excised
bean ieaf from plants previously treated with atrazine. Atrazine
treated leaves and corresponding dark contrel leaves both exposcd to
1400? gave a sinilar pattocrn of low sucrosc and high aspartic and
glutamic acids, Since the products requiring pyrirmidine nucleotides
arce totally blocked it is covident that only the photosystems are

involved,

2e2e4 Inhibitivn of 0. cvolution
iy

Several techniques have boer used to denenstrate that only part
of the photosystens, ils.c¢s only PSIT or the Hill recaction is inhibited.
Among these are studics on oxyeen cvolutione The popular nethod is
measurement orf oXygen cvolution using manometric techniques, ML
rcaction being catalysed by ferricyanide or indophencl dycs enconpases
only PSII and is thought to terminate before PSI (19,75,122). The
herbicide: chlorophyll molecular ratio is calculated for 50%
reduction in O2 evolution, Mikle (122) domonstrated that 02 evolution
is reduced to 50% by pyridinol chlorophyll ratio of 7. Ratios as
lovwr as this indicatc that tle site ¢f action resides in the electron
transport systen, involving only the O? evolving systen through to

pignent systen II.

2e2¢5 Changes in fluoresconce

Zweip and other workers have attenpted to dewmonstrate Hill

reoaction inhibition using fluorcscence studiesa



Zweis cteale (190) observed thnt photosynthwcsis inhibiting

herbicides, atrazine, sivazine, nonuron, diurcn -nd dicryl, at a

concentration at whiech thoy totully it oxyszon evolution by
illumdinoted Chlorells ceaused o cerrospanding incraazse in fluoresceincec.
A possible cxplanaticn for the stiuulation effect of herbicides on
the fluorescence is hypotlhesized oe being that the oxcoss photo=
chomical energy noriaally channcliled into the carbon reduction cycle

iz now dissipated as radisnt (fluorescont) eunergy (196). VAVIoh R
eteale (198) nlso establisiied an cxcollent correlation between

oxygen ovolution zmnd fluorescence incroase tihue establishing the gite
of action to bhe closec, if not at, that of the OZ-*volving systeu

ditself,

24246 Bffcct on hydrogen adopted sicro-organisns

Baged on the worlk of Bishop (22,23%) tie primary site of action
of ureas and triazinoc can be located with reasonoble confidence in
the Hill recaction centru., Hishop (22,23) deunonstrated that
substituted urecas and triazincs lad ne cffcct on photorecduction

reoactions of the nydrogen adepted Sconcdesuus,.

2ele’? Changes in clezcirecinn Swin resonauca

Twe overlapping electron zpin resonance (ESR) signals arc
observed wheon algal cells are illuminated with light. ISR signal II

appears to be related to the 0O, covolving nechanisns of green plants

2
and ESE has beon correlated with IIill recction activity and
fluorescence (4,6,104,188). Whon usiug algae celis the ratio of
pignal I to sipgnal II is more iupertant than the ucasurenent of
gither signal alone, Ratio caleulation iz more reliablc because it
tends to compeasate for the uncortainity in the nunber of cells in

the sanmple tube during caca oxperinent. Treharne cteales (177) using
this niethod werc able to deuonstrate an iancrease in the ratio of
gignal I to signal ITI in tho presence of uren and triazince herbicidess
Thus they oestablished the primary site of action or lesion to involve

the oxymen photolytic syuctcite
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24248 Review

Eveou though there are several teitlhiods to vlucidate the prinary

e

sitc of action (lesion) of Hill reaction dunhibitors, the exact
nmechanisn of action of these herbicides is still in doubt, Unless
the biochordiotry of 02 evolution ic worked out onc will not be able
to cstablish the uwochanisn of action of Hill reaction inhibitorse

As is ovident frowm tuc above oxperinments nany of the tochniques
eiployed involve studics with alpgae or isolated clhiloroplasts.

Good (77) found nc relationchip betueceon activity of compounds as Hill
caction inhibitors and their offective herbicidal activity. This
lack of correlation is probably o nanifeostation of the difficulty of
getting the cheuicals to the appropriate sites. By studying the
effect on isolated chloroplasts and algac, liowever, one overcoucs

difficulties such as root uptake and translocation, Also the
aquatic environnent provides a constant concentration for the test

conpound in wvhich no photodeconncsition cccurc.

245 ZIHEORIES ON THE HANITESTATION O PHYTOTOXIC SYMPTOMNS

2e%«1 Introduction

Three theorics have been proposed to account for the
nanifestation of phytotoxicity through the inhibition of Hill

reaction or PSII.

2e3e2e Reduction of starcli content or starvation theory

Typical syaptons producced by herbicides which inhibit photo=-
synthesis are, chlornsis and ncerosic of the leaves. The rationale
for proposing the above theory was that, photosynthetic inhibitors
block the active sites on the chloropliyll moleculc. Consequently,
the associated c¢lectron trraisfer systen is inhibited and the
production of ATP and rcdu ITADP vhich are utilized in the meta=-
bolisn of carbohydrate arc haltede,  Thus when thie suscceptible plant
has exhausted its carbohydrate rescrve, lack of plhotosynthates leads

to death by starvatione.
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Aston cteale (17) reported that siuazine and sinetone inhibited

CO2 fixation in light by Phascoius vulzaris (bean plants)es  Atrazine

colpletely bloclked sucrose gynthesis in 1light (197).

Horcland cte.zle (127) showod thet toxic action of simazine on

barley plants (Hordeouw vulgarc L,.. was through inhibition of activity

of the chioroplastse Thoy wera ohle to protect intact barley plants
froum lethal offccts by supplying cxozecnous sucrosc throusgh open
vascular bundles on leal ting, Tihose resulte indicate that tle
systens which utilise the photosysthates are not directly affected
bty thesc herbicidese

Ashton (14) troated bean plants with atrazine and kept these
for 72 hours either in the darl: or cxposcd to light. Only plents
cxposed te light were danagcde. The wveight of plants treated with
either atrazine or iwnurcn and grovm under differcnt wavelengths of
light, produced by using colourcd filters, indicated that the action
spectrun of these herbicides ceorresponded to the abscrption spectrun
of calorophylle It wae concluded, that the chlorophyll is the
privary absorbing pignent involved in the production of toxic
syuptonse  Thus Ashton (14) and ocher workers, whe found lack of
toxic syuptous when treated plants were nolt subjected to light began
to question the assunption that Hill ronction inhibitors killed by
starvation.

Sasald and Kozlowski (153) treated Pinus scedlings with atrazine

and monuron and asscssced the CO2 consunrtion using infra rod gas

x

3

analysise Atrazine causecd chlorosis and necrosis at 3 weeks but
photosynthesis stopped only after !. wecks, However nmonuron halted
photosynthescis in 11 days but no synptous appenred within the 4 weeks.
This differecnce in developuent of canage suggests nonuron to be
prinarily o photosynthetic inhibiter vhile atrazine nay affcct other
mechanisus touve. For ecxauple Jordan et.als (91) noted the inhibition
of tobacco callus tissuc in dark by atrazinc at O_?H and nonuron at
10“5ﬂ. The triazine inhibited prowth at concentrations that were
requircd to block Hill recaction bhut higlier cuncentrations of nonuron

was recauircda
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Further ovidence that doveloprniont of leaf injury is not a

direct rooult of lacl: of carbohydratc is provided by Davis (48) who

treated ceedlings of shrub live ocls (Suercus turiinella Green) with
: suer

fenuron,. Leaf injury bhegan prior to exhaustion of tie food reserves
as the acous gave a positive starch test, and carbohydrate were still
being translocated from the acorn, a2s root growth continued.

Several flushes of leaves were formed and subsequently dicd.
Application of sucrose delayed tl:e developrent of synptons but did
not prevent eventual chiloroscis and nccrosis.

Banji and Irinsky (21) showed nalate can act as a reductant for
oxidised caroteuncids, Stranger and Appleby (163) has proposed a
redoX rcaction basced protective role played by carotenoids, and they
hypothesiszcd, that sucrose served as a reducing source for
carotenoids, thereby alloving theu to function in protecting chloroe-
phyll fronm photoxidation rather than acting as a carbohydrate source

and thus preventing starvation,

2e3eJe Ixee fatty acid theory

Increased fatty acid concenteations have been shown to inhibit
the Hill rcaction (41,119,138)s They associate the site of action
with the photochemiczl reaction rather than the dark reaction. The
inhibition is irrcversible nud evidencez prescuted by Coanstantopoulus
and Kenyen (41) and Suith and Wilzinson (159) show that fatty acids
arc firmly bound to the chloroplast structurc.

Disorganization and destruction of chloroplast lamellae uenbrane
have heen shown to activate ondogenous lipasc engyize systons
(151,152). Spinach chloroplasts sclectively releaso either
saturated or unsaturated fatty acids depending on pil (41).

Constantopoulus and Henycn (41) recported 707 deccrease in Hill
reaction actively in respoiasce to 42% incrcease in free fatty acidse.
Spith and Willdnson's (1959) data, however, show that the 10—4M
atrazine induced increasc in free fatty acids never excceded 18%.
Thic is luss than half the concentration rafuired to inhibit 7065 of

Hill rcaction, but Horcland cteals (125) and Moreland and Hill (126)
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found atrazine at 10—4N concentrationa to inhibit Hill reaction
conpletely.

Inhibition of 1iill roaction iz directly correlated with
concentration of herbieides (126) wicrceas no relationship could be
established between increased fatty acids and concentration of
herbicides (159)e

Atrazine and sinazine increazed frec fatty acids only 30 minutes
after treatuecnt (159) hovever it lios been sheown that inhibition of
Hill reaction by simazine to be imediate (125,126).

Lec and Fang (102) have show: that ronuron could be removed fron
chloroplasts by washing with conconitant restoration of activity, but
free fatty acid inhibition is irravercible (41,159).

All thc above arguncnits proclude the possibility of increases in
free fatty acid concentration preoducing the initial Hill reaction
inhibition. However, it provides evidence that the node of action
of the herbicides wmay involve destruction of chloroplast lanella
systen which may then lend ton relecase of fatty acids through the

action of endogenous lipase cnzyne sysleons.

2e3elte Production of toxic substances or freo radical theory

The triazine, urea, and urac:.l conpounds, though not
considered to he growth regulators, have profound effect on chloro-
plast structure as well as exhibiting other growth effects
(7515,42)

In two of their papers, Asliton cteals (16,17) found atrazine
to affect the chloroplast structurc. Atrazinc was obscrved to
causce gross norphological chunges such ag precocious vacuclation of
chloroplasts leading to cventual destructien in bean (16). In the
latter study, (17) with the clectron iicroscope, they observed the
fine structure of chloroplasts. Chloroplasts of atrazine treatoed
plants in the light assumed a spherical forn, frets were destroyed
which led to disorganization of grana. The grana swelled and
eventually the granal menbrane disintegrated. Starch disappeared

fron the lanella systen. These offeccts did not take place in the
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dark, thus, thoy arc not results of dirdinished photosynthates
following inhibition of photosynthesis. Ashton et.ale. (16) also
obscrved atrazine to have ether growth cffects. They observed
treated plants to have rcduced stciatal sperture and cellular air
gpace, canbial activity ceaced, sicve tubes and tracheal eleucenis
werc observed tc have reducsd cell wall thickness. These effects
only toolk place in the light and this led theo tz postulate a
possible production of toxins. ihoy prouposcd that the dawage by
atrazine in plants nay be duc to the reaction of atrazine ond light
in the prescnce of chlorophyll tu forim a frec radical.

Hill et.al. (84) observed sirilar changes in barnyard grass
(Echinochloa crus-—-galli) chloronlasts zs those of Ashton et.al. (17).
However, the changes observed by Hill and co=-workers took from 2 to 8
hours and werc well advanced in the first 12 hours, while those
observed by Ashton et.al. (17) took 30 lhours or more.

Sivilar effect of Hill reaction inhibitors on chloroplasts has
been reportod. Geromine and Herr (71) reportcd effect of pyridor
on tobacco and Anderson and Schelling (6) reported similar effect by
pyrazen on bean plants.

Sweetser and Todd (169) propused ionuron toxicity to Scensdesmus
species in light and supplemented with carbohydrate was due to
accunulation of toxic intermediates of photosynthesis. Davis (48)
however, suggests production of toxic couponents in the blocked
photosynthetic unit

Mitidieri as cited in Stranger and Appleby (163) hypothesised a
nechanisn based on above proposals and on studies reported by
Krinsky (100). Krensky and co=-workers have denonstrated how two
forms of carotenoid piguents which underwent redox reaction in

presence of light and oxygen in Buglena gracilis. Based on this he

proposed s schene through which carotenoids function to inactivate
excited chlorophyll oxygen couplex which would otherwise catalyse
lethal photosensitised oxidations.

The carotenoid pair, antherazanthin and zeaxanthin are thought

to act as "chenical buffers" to protect cells from photoxidations.
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Krinsky produced a schene, called the enoxide cycle, which functions
to protect green plants and alg:¢ against photoxidations. Chlorophyll
excited by light is deactivated in the process of photosynthesis.
However, sonic excited chlorophyll iolecules combine with oxygen and
this leads to photoxidations. The epcxide cycle could nornmally
function to protect agninst this lethal process. In the cycle
zeaxanthin will be oxidised tc its epoxide derivative, antheraxanthin.
An enzynmatic process involving NADPHE and antheraxanthin de-epoxidase
regenerates the protective substrate zeaxanthin.

Mitidieri (163) hypothesized that Hill reaction inhibitors
inhibit NADPH forimation which is nccuessary for uaintaining the
protective uechanisii and thus induce its phytotoxicity through
photosensitised oxidations. Stranger and Appleby (163) tested this

hypothesis and their data support the above proposal.

2.4  STRUCTURE ACTIVITY RELATIONSHIP

The effectiveness of a herbicide depends upon, its inherent
toxicity and upon its ability to reach its site of action.

It has been spoculatcd that tlhie inhibitors act in a very
lipophilic coumpartnent or a very lipophilic onzyne or beth
(29,30,69 ,81,82).

General propertics thet will be of iuportance are thus:

(1) Partitioning characteristics expressed in terus
of hydrophilic/lipophilic bnlance, which will allow pene=

traticn to active sites.

(2) Steric configurntion, i.c. the ultinate attain-
able configuration which should coatrol the fit of the
inhibitors to thc above site as well as thce ease with
which they might reach the active site.

(3) Electronic distribution which contributes to
chemnical reactivity and to binding once the inhibitor

reaches the active centres in the chloroplasts,.
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Based nn thesc an approach owards quantative structure activity
correlations has been developed 3y Hanszch. This model is discussed
by Gabbott (69) and Hansch (81).

For Hill reaction inhibitors the degree of negative charge on
the carbeonyl oxygen atonr is alleged to parallcl its effectiveness
(81)¢ The side chain is relatod to the pronotion of electren
release to the carbonyl group. Itz contribution to the lipophilicity
of the umolecule is not considerecc te be inportant in the expression
of inhibition (50,69,81,82,124). licst Hill reaction inhibitors
considered by Hansch (81) possess in addition a H-E group attached to
an clectron deficient spa carbon atoil. Triazinones differ fron the
above, only in the fact that a nitrogen atowm carrying a positive
charge takes the role of clectron doficient 5p2 carbon in this class
of herbicide,

Triazinones have becn shown by Derber et.al. (50) as exanples
of another group cof Hill rceaction inhibitors which fit the

quantitative structure activity correlation of Hansch.

oy N NH-NH
(CHB) C YN,

W C=SCH,

S P & 3

They obtained a good guantitative correclation between activity
in the Hill reaction test and the partition co-officient when only
the substitute in position 6 is varicd. Activity of the group
depends on the steric effects exerted by substitutes in position 3.
The results thus indicate that position 3 is the active site and
pegition 6 uay contribute to fixation of the molecule at the active

centre through a hydrophobic bondinge. Position 6 scems not to
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cxert any steoric hindrance and c¢lectronic factors play a mincr role.
The assuunption that the UH, group is the toxophorc in the triazinone
4

serics seeus to be censistent witl their data and assunptions.



Chapter 3

HMATERIALS AND METHODS

3.1 INHIBITION OF PHOTOSYNTHESIS BY SENCOR AND ITS METABOLITES

3elel Introduction

A method of chloroplast isolction was dovised, based on those
described by Avron (19) Cockburn ctenls (37) and on discussions of
Kalberber et.al (93) and Walker (184).

Measurcient of the reduction of indophenol dye was based on the
study of the role of indophenol dyes in photoreactions by Gronete-
Elhanan and Avron (75) Keister (94).

Preliminary experinents vere carricd out to find the optinun
pl for the cxtraction and reaction nedium, the pH tested ranged from
pH 6-8. Optinun nacerator speed and duration of naceration was
cstablished, Also optimised were centrifuge speed and reaction
times Of the two wavelensgths tested for spectrophotouetric readings
620 nm was selected in preforence te 600 an. It was also establishe
ed that centrifuging before taking spectrophotonetric rcadings
produced a more consistent result. The wethod finally adopted is

described below,
3.1 alw Materials

0.1 M phosphatc buffer of pH 7.6, cxtraction mixture containing
Os1 M sucrosc, and O.1 M KC1 in O.!1 ¥ phosphate buffor of pH 7.6
MSE Illomogeniscr, mirah cloth, btench centrifuge, Philips 400 W lanmpe.
0.001 M dichlorophenol indophencl iye (DPIP) Hitachi 101 spectro-

photoneter.

3ele3s Isolation of Chloroplasts

Leaves from Solanum nigrun plonts cellected from the field were

washed in icc ccld distilled water, dried under blotting paper and
weighed approxiumatcly to 5 gne These were cut inte 1 mnm strips and

added to a cooled macerator bulb containing 10 1l extraction nixture



The nacerator was switched on for 30 seconds at full speed.
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The

extract was theon filtered through 2 layers of uirah cloth into cooled

plastic centrifuge tubes
The supernatant was then discarded

in 10 nl cold extractici uixture,

5-] olf

and centrifuged fromn rest to 1043. to

rest.

and the pellets resuspended gently

Preparation of bulk re:action uixture

The bulk reaction nixturc was

follovws:
Fhosphate buffer pl 7.6
DPIP
Chloroplast suspension
This mixturc kept in the dark

foil and sealing the top vith blacl:

3elebe IExperinment

nade up innediately before use as

37 nl
5 sl

8 nl

by vwrapping the tube in aluminiun

pelythenc.

Four ml of the recaction wixture ms drawn fron the bulk

solution and added to the tubes cor

(nethanol and water) SENCOR oxr netrs

then diluted with distilled water)
final concentrations in the tules
10'6, 10'5, 10"”, 1072 i, uethanol
hundred) .
then 4 ninutes in the light;
Philips 40O W lanpe

lamp and the tube to act as a heat

the light were imumediately centrifuged at 107 a

ere cither 0, 10°

the tubes were held 20 cn

taining either 1 nl blank
polite (dissolved in methanol and
('The

o
- -7
, 100, 3107,

at various concentrations.
9

concentration never exceeded 1 in

Thoe tubes werc shaken and placed in the dark for 1 ninute,

fron a

A tank of water was intorposed between the

filtor. The

L

tubes removed from

to remove the chloro-

plast particles and rcad in the spectrophotoneter.

3-1-6

Measurenent of inhibiticn

The rate of recduction of DPIP
photonetor set at 620 nm.
solution but lacking DPIF was alse

the zerc reference on the

spectrophotoneter.

v
pats]

ucasurcid using the spectro-

Blank containing chloroplast in a buffer

centrifuged and then used to set

A tuve containing the
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reaction mixturc but no SENCOR or uctabnlites was centrifuged and
kept in conmplete darkness and rcad as a refercnce to 100% inhibition.
It is possible to complote coach roplicate of the experiuents

wvithin 30 ninutes.

3.2 USE OF TIE GAS=-CHROHATOGRAPLIIC (GI.0) TECHNIQUE TO STUD
PROPERTIES OF SENCOR AWD IS AETABOLTTES

paeeey

3e241 Introduction

An attonpt was nmade to produce standard curves for SENCOR and
its metabolites DA, DE, and DADK. It was hoped that the partition-
ing behaviour of the herbicides and its uetabolites could be studicd
using GLC technidquecs to ncasure the relative quantitics in various

solventise
3ele2e Materials

Pyc Series 104 Chrouatograph, equipped with a flame ionisation
detector. Column : 4 £t 1/8 inch o.d. standard wall glass column
packed with cither QV1 solution coated on 80-100 nesh gas chron § or
OV17 coated on 80-100 nesh gas chrom Q. These colutms were
conditioned as in the Scrices 104 Chrouatograph Technical Manual
(Model G4). Double distilled nethanol, chemically purc standard
SENCOR and metabolites DA, DK and DADX was supplicd by Bayer,
Geruany. Pyridine and THCS (Triwethylchlorgsilane), THS

trimethyl (—-Si(CII3 ) as N,0-bis=-(TMS)=-acctamide were cobtained

)3

from Picrcc Chomical Co. and BSTFA (W,N-bis (trimethylsilyl)

triflurcacctamide) obtaincd froi Signa Cheadical Co.
5e2¢5 lothod

Tnitially the method described by Robinson et.al. (145) and
Gronbers oteals (76) for detection of SENCOR was modificd to suit
the equipiients However, SENCOR was not solubkle in hexane as

1

stated in the above two papers, also substantial changes had to be
made to tenperature and gas flov rate before a suitable peak of

SENCOR was recorded. For detection of SENCOR QV1 in gas chron @
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was suiltablo, Other conditions nire presented with the resultse. For
the dotection of nctabslites ceversl tochniques were applioed in an
attenpt to alter the retention tine wnd elindnate the tailing (2,137).
The two types of column described nhovo and silylation methods wore
attonpted. The following combinnticnsg wore tricd out as an attoupt

to silylatce tlhe netabolitou,

Te Motabolite 100 vl )
Pyridine 4o ul ) aixed and left overnight
TLCS 20 ul ) in refrigerator
BSTFA 4O ul )
25 Metabolite 100 vl )
o )
e hO ul zixed and conditioned at
DBSTHA 50 ul ) 50°C fer 3 hours
THTS 20 ul )
3. lletaholite 200 ul
Pyridinc 100 ul
BSTFA vtk 1% T8 100 ul
L Metabolito 200 ul
DETIL 200 vl
Se liztebolite 100 ul
Pyridinc 40 ul
BSTIA A0 ul

Gas flow wag regulated between ten to 80 ul/min.



IEPERTHENTAL EESULTDS AL ODSERVATIONS

ON TIF FROTERTILS O SEHOOR

Lel INNIBITIOHN OF PHOTCSYITIESIS 'Y SEICOR AND ITS METABOLITES

Photoreduction of DPIP activitics in an igoloted chloroplast
syoton werc measurcda o dota were expressed as percent
inhibition. The percentage valuos were transforued to aresiince and
analyscd as wholc plotz in a randenised conplete block designe The

sults arc prescated in Fig. 4 ard Tables I, IT & III from which

the following observations are clunare

(a) Only SENCOR and motabolitc DA are biologically active at

tlic concontrations touotids

(b) Of the four cheowicals tested STHCOR inhibits DPIP
reduction at the leowest conceutration DA reguires an
higher threshold councentratioils

(c) DADK seeuas to have o hisher activity than DK.

(@) For an increasc in porcentage of inhibition, proportionally
porce SENCOR scens to be required ot the higher inhibitory
lovels (greater than 80% dnliihition). In the case of DA
lowever, tic lincnr rclationghip scers to be uaintained

throushout, once the threshoid conceuntration is reached.

CHEMICAL MEAT

SEHCOR 50699

DADIK Le5Y i
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Concesitntion  ETNCOR DA Darle Uk
‘[C.“-’z 90,00 90400 17«72 13,06
1074 90,00 | 53482 11490 2435
10"5 204k 27«55 Feli9 2e35
1076

66426 1046 | 3449 0
36439 16412

25487 1#.50{ 0 0
10 20.92 1#.50’ o) 0
C 0 0 | 9] 0

—
O
AN I o]

Tablo ITI

Relative potencics of chemicals at ounc level

cf concentrntion

-3 =l -5 -0 -7 =3

Chemical 10 107 10 10 10 10 1077

TNCOR 90400 | 90400 O00u4h 55420 36439 23427 20492
DA 90400 ! 53482 27455 13446 16412 144301 14430
DADK 17472 {1190 | 3463 | i._,} o [0 l s
DK 18051 2,351 2,351y 5 4 0 G 0

Bar ( |) indicates iLwwans are not =ignificantly different at
5 per cent lovel ag measured by Duncants nultiple range test
(51,58,173)4
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Fig.3 GLC of SENCOR and its metabolites

SENCOR

co P~ 0 s

12

11

LS008 W sdiiyg ]



26

Le2 USE OF GAS=CHROMATOGRAPHIC TLCINIOUE TO STUDY PROPERTIES OF

SENCOR ALD ITS MEPABOLITES

The chiromnntographs ant conditions sf operation of the GLC are
presented in Fige 3.

Atteupts to produce suitable standard curves failed aftor 8
wocks of trial and thus %the experipent to establish the partitioning
behaviour of SENCOR and its uetabolites was not attenpted.

Though attenpts were unde to cliuninate the tailing effect of
the netabelites, especially at lower concentrations, none of the
methods atteupted produced iuproved results. It appears that GLC
with control of injection port teupiraturc uay have iuproved the
results and also o different column should be usecd. Recently
Church and Flint (36) have been successful in producing suitable
results using glass coluuns packed with 5% Reopiex 400 on 80/100 pesh
Gas Chron Q (Applicd Science Laboratories) or glass coluimns packed
with 3% )V=25 on 100/120 ncsh Super port (Supcerlco Laboratorics,
Incorporated). This report was received after the experiuent was
terninated.

Frou .Figuro 3 in page 25, it is cvident, hewever, that all
cheuicals, except DADK are chenically purc. DADE scens to contain
an inmpurity with retoentioun time very clesc to that of methonal, the

solvente.

4e3 DISCUSSION

Little has been reported on the preoperty of SENCOR. Of the
reports published (76,50) there is an clenent of uncortainity as
regards the mode of action uf this herbicide.

In the present report, the relastive potencies of SENCOR and its
netabolites DA, DK and DADK is establishedes  The observed action of
SENCOR and its nmotabolites are then discussed in terus of structure

activity relationshipe



27

The wmechaniocu of action of SFWNCOR and its wmetabolitc DA are
comparod with thosme ¢f wonuron, icocil and sinazine which belong to
groups ci lierbicides, the phenyl ureazs, the substituted uracils and
the s~triagines rospectively. A schoue is then proposed for the
ode of action of Hill reaction inhilidtors,

Figure 4 indicates that in the prosont study, SENCOR and DA to
be biolougically active at the concentrations tested, Statistical
cvidence fro:r Table I supports that Dii and DADK arc not significantly
difforcent in their activitye "The less of the thiosulphate (-SCH3)
group attached to the carbon at positicn 3, the only connmon
alteration to tlie SENCOR molecculc to yield DK and DADE uetabolites,
renders the horbicide bislopically inactive. It is thus evident
that the thiesulphate group is the toxophorc.

Fron Tigurce 4 the nonlincarity cf the dosage probobility curve

e i
whd 2l

is eliminatoed by oxprcssing the o logarithoically (192). When

Fora)

the data of graded roesponses nre plotted aganinst log-dosapge it
yiclds a symuetrical curve (26). The long contral section of the
curves can then bo uscd ag the lincor cxpression of the data.
Percentage of inhilbdition is thon dircctly plotted on log=probability
groph paper to comparc the wechaniun of action of SINCOR and Dil, It
is also then possible to establish the pISG valves (negative log of
the inhibitor concentration giving 509 inhibition of DPIP reduction).
Thus from Figure 5 it is evident that the dosage-respoase curves of
SENCOR and DA arc parallel, It hns boen established that for
toxicants, equal slopes describe a siudilar nechanism of action,
provided the counpounds are structurally rclated (110). SINCOR and
DA are structurally related and sirce the ceonditions of the
experiuncents were the sanc, onc could coanclude that both SEINCOR and
DA have siniler mechanisn of action.

The cxperimentally cstablished 3150 value of SENCCR iz 647 and
that of DA is 4.1, Thus SEICOR ic o relatively nore potent
herbicide than DA, Also SENCOR hos a lover threshold concentration
than DA (Figelt)e Fron thesc chsc;vatinnﬁ and results in Table II

and IIT it is clenr that ~ higher concentratiosr of DA is required to
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produce levels of inlibition siuilar to that of SENCOR. The loss of
the NHZ group fronm SENCOR thus scous £o alter the lipophilic/
hydrophilic balance or the partitioning

rroperty of the nmolccule such

that n higher concentration is reouuired before DA begins to inhibit
the reduciion of DPIP, However, omcc the lindt belew which DA
ceases to bo perceptible is pasecd, ite ncchandsn of action znd
potency in siidlar to that of STHCOR oo indicated by the parallel
lines in Figurc 9.

Fron Migure 4 visunl cvidence dindicates that DADK to be nore
active thuan DI, Mis contraidicts the logical doduction 23 well as
experinental evidonces (76,36), that of the uctabolites tested DADK
is positioned last in thoe =etabolic degradation sequeonca. It is

hus cxpectod that DADK sbould be less active if net, at least
gimilar in its relative potéacivs to thosu of DK, Statistical
evidence indicates no significant Jdififercnces betweon the two ucta-
bolites at 5% level. Also the slightly higher activity covident in
(Fige4) for DADX can be attributed o the innarity in the sample
uscde (FMioure 3) as evident fron tiw 0L study (Figed ). Since
the dinpurity has a retention tino close te the solvent uothanel, one
could expuet the diupurit; to posscos sont properties siuilar to that

of nethrnol, Methanol has the effect of danaging chloroplasts and

is used as an uxtractant of chloraphyll (12). It ie possible that

)

the inpurity nay cause gimdlar daviage to the chloroplasts. Thus

the slightly bigher activily o8 MWDK comnared to DK as evident in

(Figel) is not A property of the c¢hemical itsely but may be

atfributed to the inpurdity in
SENCOR secenis to be loss officient at higher concentrations
(Figel) e Proportionally more SENCON is required Tor an equal
increase in inhibition, cefe, at levels groater thon 80% inhibition.
DA, however, maintains almosst o direct proportional relationship
throughout. The obscrved property riay be duc to the amide side
chain blocking the site of action throush cither steric, structural
or ¢lectronic influencc and thus preoventing further SENCOR molecules

reachling the sitc of inhibition. It wust be emphasized, however
T ] ?
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that this inplication is bascd on obscrvations (Fig.4) alone, it is
not possible te provide any sitatisticnl support from the data
rocordede

The rosults presentec in this report dispute the assunption
based on the structure activity relaticnshiy studices of Derber et.ale
(50) that the HHZ groun iz the toxophore, Derber ct.ale (50) bascd
their arguncnts on substitution studice vhercby various groups were
subastituted to the carbon at positica 3 of the triazine olccules
They tested neithzr the triazinones lacking the NHa substituent nor a
diketo forn of the tinleculos

It.is also evident fron this study that SENCOR is the active
forn of the hoerbicided The allegotion tliat DK is the active form
(76) is not in accordance with tho rosults presented herce It
uust be pointed out, however, tha: Gronberg and his associates (76)
suggestion was baged only on the observed structural sindlarity of
the DK molecule and that of uracil which is a Hill reaction
inhibitor (83).

Derber cteal (50) deteruinecd the partition co=-cfficicnt, in an
octancl/buffer system, of soveral triazinones with carrying
substitucnts attached to the carbvon at position 6. They then
correlate the partitioning propersics of thesc molecules with their
PI5O values determined frowm M1l reaction inhivition studicse They
claim that if through substitution o more lipophilic uolecule is
producted, the casier it will pen2trate the chloroplast ncubranc.
Howevery; fron studies on the strusture and functions of the
chloroplast lamellac (135,72) the indications arc that a hydrophilic/
lipophilic balance is nore inpeortant in facilitating penetration of
the herbicide molecules to the active centre. The chloroplast
launollac, like unany functional meabrane systens in anature, are
conposed of high density linoprotsin ~ half lipid and half protein
(106), The lipids are, however association with the interior of the
protein molecules rather than exprsed to the external water phase

(190)s It has also been establizhed that the Hill reaction centre
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and the photochenical systons arc sited not on the nmembrane surface
itself but along hydrophcbic repicns within the chloropast lamellaes
There arce several pieces of eviderce that these lipophilic regions

are sited moinly within the clhilorcplast lancllacs

Anong these evidences arc:s

4o

(a) Deep ctehing experinents which showed that the chloroplast
lamellae fracture plane differs greatly in norpholeogy fron

the adjacent membrane surface (134).

(b) Ixperinents in which the lipid when oxtracted or fixed
vith K}-[:;Oq the fracturc plane was lost (28).

14

(c) A nodel coxperiment using C labelled stearic acid bilayers,
vhere, the splitting of such layers after freezing occurred

along the hydrophobic region of the bilayers (49).

(d) Theoretical arguncnts o Brandon and Park (28), where it
was predicted that less of the restoring forces of liquid
water by freezing would render the hydrophobic rogion of
the membrane as the wmost weally bonded region during freeze

fracture experiucnts.

It is clear fron above that for a herbicide, to reach its site
of action it wmust penctrate firstly a mainly protein portion of the
chloroplast lamellae and thon act at a site that is embedded in a
region that is lipophilic. Thus it seems logical that for a Hill
reaction inhibitor a balance in hydrophilic/lipophilic property is
more important in determining its ability to reach its site of
actione From this study it has becen predicted that the loss of NHE
group upsets this balance and thus provides basis for the property
of DA, Thc cmphasis Derber and 1is associates (50) base on the
lipophilic property alone determiaing the facility with which the
herbicide molecule penetrates the lauwellac systen scems illogicale

From the studies of Husisige and Yamamoto (86) it is evident

that DPIP accepts electrons close to the water splitting systens
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Hugisige and Yamamoto (86) however, pronrose PSII to include two
different photoreactions similar to those proposed by Arnon's group
(97) his proposal differs frou the generally accepted scheme of
Roardmnan and co-workers (Fig.2). It is important to note however,
that Husisige and Yamamotol!s propcsed system differs from that of
Arnon's in that WADF reduction docs nobt occur through co-operation of
the two PSII (IIa and IIb). Arncu's proposal that NADP reduction is
carried out by PSII besides 2SI los been the vnoint of controversy
that led to their scheuwe being less acceptable than that of Boardman's
£roupe. If Husisige and Yamawmoto's proposals are accepted then DPIP
reduction is a close and convenient measure of Hill reaction activity
of isolated chloroplasts,

In (Fige6) data obtained frou studies of Lee and Fangz (102) on
monuron, Hoffuann et.al. (85) on isocil and lioreland et.al. (125) on
simazine are plotted directly as a log-inlibition, probability curve
(Fige6)e The phenylureas, substituted urncils and triazines have
been established as Hill reaction inhibitors (191,125,123,77,126,78,
834140)¢ It is evident that the aechanisms of action of these
herbicides are similar since the plotted curves are parallel (Figa6)e.
It is stressed here, that it is inzorrect to make any cowparicon of
relative potencies of these compouads from figure 6.

Conditions of experiments in the 3 papors frow which these data
were drawn differ! Tigure 6 is excluaively used here to establish
the similarity in the mechanism of action of these coupounds.

Figure 6 when superinposed on (Fig.5) provides further support that
SEIICOR is a Hill reaction inhibitoir, since all the curves are
parallel.

The 50% inhibition concentrations (expressed as pl,..) determined

50
with isolated chloreplasts and artificial electron acceptors for the

?

best of Hill reaction inhibitors are in the range of 10~ ' moles/l

(lLe.c. 9150 is greater than 6) (124 . The pI5O value of SENCOR is
6.7, this is within the above range. Thue even though the

experinental conditions in this stidy differs from that of
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Moreland (124) it is evident from the PI5O valuc that SENCOR is a

Hill rcaction inhibitore.
The above discussion:

(a) on the site at which DPIP nccepts electrons in the
photosysten,.
(b) the graphical analysis ¢of riechanisnm of action of SENCOR

and known Hill rcaction inhibitors (Fig.5 & 6), and

(c) pI50 value of SENCOR being in the range of other known

Hill reaction inhibitors,

provides substantial support for nechanisw of action of SENCOR to

involve inhibitior of the Hill reacztione.

From the above discussions it is not apparent how the phytotoxic
symptoms arc manifested. Fror. thz litcrature revicwed in this
study (2.3) the scheme proposed by Mitidieri and cited by Stranger
and Appleby (163) is the wost logi:zal. However, this schernic does
not account for all the synptous aad the eventual scnescence of the
plant treated with Hill reaction inhibitors.

Here, the proposed schemc of Mitidieri is extended in order to
develop an explanation to account for the observed synptows, i.c.
chlorosis and sencscences

Butler and Simon (31) have published a detailed review of
senescence and Anderson and Thouson (7) have established, through
neaningful couparisons, sinilaritics between herbicide induced and
natural senescence.

Butler and Siwmon (31) and Phillips (139) have cited several
papers to suggest that senescence -n plants nay be regulated by
changes in the plant hornonal level, It is apparent fron these
revicws (31,139) that no one horuonc nay have overall control of
sencscence, the balance in horuonal. levels seen umore inmportant.
However, it is evident (185) that iwuch of the scnescence synmptons
can be induced by an increcased level of the plant inhibitor abscissic

acid (ABA). Perhaps ABA is the trigger uechanism involved in
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effecting senescencc.

There is conclusive evidence :hat ABA is synthesized from the
plant carctenoidse. Certain ie¢nf xanthophylls can be oxidatively
degraded to yield xanthexin which —hen, acts as a precursor in the
biosynthesis of ABA (171,170,172). Xanthoxin has also heen
established as naturally occurring in piants (61).

Based on the forecgoing repert:, the schewe presented by
Stranger and Aprleby (163) can be extonded to include the synthesis
of ABA through xanthoxin production which seccurs duc to photo=-
oxidation of xanthophyils. ABA then acts as a trigper for
semescence. This schewe is presented diagrannatically (Fige7)e.

If this schene is acceptable, then the cbscervaticns that plant
treated with Hill recaction inhibitors and placed in the dark failed
to produce phytotoxic symptous (2.3) is readily explained. In the
dark chlorophyll is not phote-oxidised. The xanthophylls are not
involved in the cepoxide cycle and fthus they are not oxidised to
xanthoxin and further degraded toc ABA. Since the level of this
senescence triggering hornonce is not raised, senescence is not
effected. Also in the dark tht accuwsulation of betaxanthin has been
shown to be slow (73). Thus the Level of xanthoxin and ABA could be
assumed to be similarly lower. Thus ABA level uay not be high
enough to trigger off sconescence.

The delay in phytotoxic syuptons when sugars nre supplenented
after treatnent with herbicides (2.3%.2.) can also be explained
through this scherice. Several of the ABA induced physiclogical
changes, C.ge., the closure of stounta are reversible or the removal
of ABA (47)« The reversal cannot be attributed to the catabelic
degradaticn of the hormone (46) bubt wmay involve ronoval cf the
hormone through conjugation to sugnrs and sther plant constituents or
to sitcs where it cannot nanifest its actionse. It is possible that,
the supplied sugars apart fron functioning as a reductant of oxidised
carotenoids (163) nay bc involved in the inactivation of ABA through
the formation of conjugates. In fact the first products of ABA
catabolism has been estatlished as the glucose ester of ARA (abscisyl-

B-glucopyranoside) (99).
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Lichtenthler (105) has shown that the breakdowm of chloroplast
thylakoids in a nunber cof spuecles i1s accoupanied by an increase in
the leaves of carotennids, Lut, xXaathophyll levels remain constant.
This inplies that no further ABA production occurs! This obser=
vation of Lichtenther however,; dogss not dispute the proposcd scheme
for the nanifestation of phytotoxic syaptows through production of
ABA, It is arguod hore, that cnco the senescence is triggered and
the structural and functional degradation reaches the irreversible
phase further production of ABA is not necessary for the continuation
of the degradation processcs. At this stage chloroplasts nmay be
ruptured 2nd this will activate th: lysosonmal c¢nzymes (114,180,115),
Also latent acid phosphatase (28) and lipasc enzyen (151,152)
present in the chloroplasts aay e invelved in the further breakdown

once initial degradation processes had boen induced.
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PHYSIOLOGICAL AND BIOCHDMICAL BASES FOR

HERPICIDAL SELLCTIVITY

\rni
.

THTRODUCTIUN

Selectivity is a pheanomenon, where, a cherdcal affects one type

another when beth types are in

of organiew without unduly L=
contact or in closze uvroxiviiy. It ic o reolutive rather than an
absolute phencrnenoiie Tie living ratter whiclh is to be injured or
destroyed is usually an 'unecornonilc species’ and that which is to
renain unalterec¢ is usually an ‘econoixic specics',

Mechanisn of selectivity involving either physiclogical or
biochemical aspects may be classified iutc groups based on three main
princinles. Thus the fundawmental bases for chemical selectivity nay
involve;

(1) accuwmulation of the texicant, principally by the uneconouic

species at the site of influenca

(ii) utilisation of corparativa blechewistry whereby the
chemical may injure a physiolecsical or biocheitical systen

important to the unecononle, but not to the econowic swpecies.

(iii) 4t =ny roact .- exelusivaly with a cytological feature

that exists only in the unecnncuic species

Selectivity throuzgh accunmulatiovn is sometimes conly a matter of
form and gress norpholosy. Thus, wiie comparative hairiness, of
weeds in a crop of grain, or & comparative largze surface area brings
about greater retention of snrayed ualterial Ty the uneconomic species.
In other coses selective accunulation iz achieved in a positive way.

Thougl there are remarkable physiclogical and biochenical
similarities between organisms, striking differences have been found
in many of the processes. Suech diferences are found not only in

the degradative process, but in tho choice and biosynthesis of enzyues
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and smaller substances used in grovih and divisione. Since the
smallest changes in chemicanl siruciure of a selectively teoxic agent
often leads te an enormous change in its bioleogical activity, these
biochemical differences offer bhasez for seclectivitye.

Selective action of & toxicanit can also be based on cytological
differences within specics,. It hes long been knovm that plants and
animals have outstanding cytologiczl differences. With the help of
glectron wicroscopes, it lhas been found that a cell itself is full of
component parts, the organclles. It ig also knovm that each kind
of these components display strong species differcnces; also there
are differences between cells from ditfferent tissuec in the same
specicsa

Often these principles function together and are not separable.
In other cases one mechanisn uay predominate.

From the above it is apparent, tiat in contrast with ecological
selectivity, such as physical separation, the chemical and biochemical
selectivity involves activation or inactivation of herbicides or
biochemical variation in the nature of the active site itself.

Most activation or inactivation reactions are enzymic reactions,
however, examples of non-enzymic or chemical inactivation also occurs.
As an example the replacement of chlorine with a hydroxyl group in
ciillorotriazines may proceed via o primey reaction involving an
enzyme or it may involve reactive plant constituents such as the
oxazinones (109).

HCPB and 2,4=-DB are typical exawmples of selective herbicides
designed to talke advantage of the difference in the activation
mechaniswms of wecds and crop plants (181)..

Several worlis on metabolisu of s=~triazines could be cited to
provide evidence, that chemical transformations clter the hydrophilic/
lipophilic balance of a chemical. Such transformation provides a
basis for tolerance since transformations nay prevent the toxicant

reacting at its site of action..
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The inactivation mechaniscs both, degradation of herbicide and
conjugation with some kind of metabholites could be considered as
mechanisms attributing to selectivity of amiben. The formation of
= glucosylamiben has been connected with the inactivation of
amiben (164).

A wmore typical exauple will be the selectivity of propanil in
rice plant (Oryza sativa Le.)e The tolerance of rice plants to this
herbicide has been explained by the existence of a special enzyme
which can hydrolyse propanil into %,4=dichloroaniline (66).

Physiological differences which cause lack of movewment of
herbicides, resulting frow such factors as, conditions detrimental to
photosynthesis or assimilate translocation, anatomical or physio=
logical barriers, fixation to cellular or metabolic coriponcnts umay
all contribute to the selective action of herbicides.

With the aim of illustrating = pnrticular mechanism of
selectivity, where possible, only onc cxauple of herbicide/plant
relationship ic considered in detail, An attenmpt is then made to
cover all factors that contribute to such a mechanism.  However, it
nust be emphasized that other herbicides may follow similar mechanisns
of selectivity,

It is hoped that frow this review of literature, the three
principles involved in physiological and tiochemical aspects of
selectivity will be apparent. It vwill be obvious also that it is
difficult to separate the various proccsses that contribute to

sclectivity.

S5e2 ENZYIIES IN RELATION TO SELECTIVITY

The tolerance of rice plants t> propanil through enzymic actions
is the best illustration of the existence of degrading (hydrolysing)
enzymes in plants. The difference in the level of this enzywmec in
various plants has been illustrated ag a basis for selectivity.

Propanil shows high selectivity between rice plants and weeds,

especially barnyard grass (Echinochloa crus-galli L.) (116). The
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node of action of thic herbicide has been cstablished as inhibition of
photosynthesis. (Hill reacticn) (178).

Adachi et.aly (3) studied the doztribution of the inactivating
activity in the higher plante (see ablse IV). It is evident from
their studies that both rice plants and crab grass (Digitaria
sanguinalis (L). Beauv) have high degradative activity while barnyard
grass has a very low activitye. They =lso established that hydro-
lysis of propanil (N- (3,4~dichlorcilienyl)-propionauide) into 3,4~
dichloroaniline and proponic acid had an optimum pH of 8.4 and the
boiled homogenate was inactive. This provided indirect support

from the existence of a desrading enzynec.

Table IV

Inactivation of propanil by howmogenates of
various plantse. (Adzchi ete.als 3)

Source % Hydrolysed in 24 hours
wonochoria (Monochoria vaginslis) 0.0
smartweed (Polygonuu 5Sp.) 55
(willow wecd)
barnyard grass (Bchinochloa crus-gnlli L.) 740
crab grass (Digitaria sanguinalis I,. Deauv) 58el
rice plant (Oryzs sativa L.) 6946

Ishizuka and Mitsui (87) had the opinion that even barnyard
grass had a high hydrolysing activity. Their opinion was based on
the hydrolytic activity on other anilids in barnyard grass. Thus,
thcy alleged that the differcnce of activity in the case of propanil
is not bascd on the existence or aboence of an hydrolysing enzyne but
rather on the difference in the specificity of the enzyues for

substratec.



Between the rice plant and barnyard grass one could expect many
histological, physiological and biocheiwicnl differences, and if
comparisons of tolerance due to special histological differences or
to localization of enzyme are made, the mechanisns of tolerance will
be mixed and confused with each other.

Matsunaka (117) feortunately found 2 rice plant mutant
susceptible to propanil. An artiZicial mutant of rice plant was
induced by chemical and isotopic radiation. To elucidate the cause
of selectivity, the susceptible nmuitant was coupared with the original
variety of rice plant (Norin No. 8) and susceptible barnyard grass.

Matsunaka (117) found the mutant to be highly susceptible to
propanil. For example at the treatuent of 0.05% of propanil therec
were almost no symptoms in the original variety Norine No. 8, while
the mutant No. 408 and barnvard grass were killed, Coumparisons of
the effect of treatuent of G.1% propanil emulsion bn the photo-
synthetic activity of the mutant and the original, showed that the
COZ fixation process of the original rice plant variety was at first
inhibited by the treoatment but it recovered perfectly after 3 dayse
On the other hand in the case of propanil treatcd mutants there was
no recoverye.

A study of the activity of easywic hydrolysis of propanil in
the mutant and tolerant variety was then carried out (117). The
amount of metabolite (3,4~-dichlorosniline) produced was compared
after incubation of the enzyme solution (rice leaf homogenate) and
substrate (propanil) for just onc lour. The original variety
showed high activity of tlic enzyme, on the other hand the homogenate
from the nutant produced a trace aiwount of 3,4=dichloroaniline. The
mixture (131) of both homogenates showed just half of the original
activitye. These results may indicate a lack of propanil hydro-
lysing enzyne in the susceptible putant.

Yih et.ale (195) showed two steps tb be involved in the
hydrolysis of propanil to 3,4-dichloraniline.- It is however not
clear from Matsunaka's (117) investigations whiclh of these steps is

blocked in the mutant varicty.
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Frear and Still (66) succeeded in partially purifying an enzyme,
arylacylamidase (arylacylamine anidohydrolase) from rice plants.

This enzyne hydrolysed 3,4-dichlorcproananilide to 3,4-dichloro-
aniline. This enabled couparative studies on rice and barnyard grass
tissues on the relative amounts of the acylacylanidase enzyue to be
carried out. The enzyme was present in all the tissue studied
although rice leaves werce found to contain 50 times wmore enzyme units
than barnyard grasc,.

The above studics provide conclusive evidence that the
differential effect of propanil on rice and barnyard grass is due to
the striking difference in the enzymc distribution in the tolerant
and susceptible plants.

There are significant differences among various species with
regards to their ratc of urea herbicide dealkylation. Cotton

(Gossypium birsutum L.) secms to be particularly efficient in break-

ing dovm these compounds, whercas corn (2Zea mays L.) seems to be the
most inefficient of the plants investigated (161,147,132). This
selective action can be attributed to the differential levels of
degradative enzyme in the susceptible and tolerant plants.

Based on the structure of the dialkyl and alkylalkoxphenyl ureas
one might be tenpted to suggest that the classical urease type of
reaction to cleave these compounds directly may occur but it is now
evident that although ureasec is widely distributed in plants, the
enzyme has an absolute specificity for urea (165). Frear (64) has
partially characterized a cotton leaf wicrosoual oxidase systeu that
N- demethylated monuron 3= (4=dichlorophenyl) -I,I- dimethylurea to
3= (4=dichlorophenyl) =I-umethy=-urca. The difference in the level of
this enzyme in tolerant and susceptible plants however has not been
investigated.

Induced abberations in the nucleic acid metabolism has been
proposed as a mode of action of auxin herbicides.(15). Malhotra and
Hanson (113) found that picloram prouotes nucleic acid synthesis both
in susceptible (soybean and cucumber) and resistant (barley, wheat

and maize) plantse. From their stuily they allege that the presence
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of higher levels of bound nuclease are responsible for prevention of
accumulation of nuclcic acids in resistant species,. They propose
that although picloram reduces nuclease in beth tlie resistant and
susceptible species, the higher n2t concentration of nuclease in the
resistant plant, however, maintaias the high rate of degradation of
nucleic acid that is synthesized. In this case again, differential
levels of an enzyme in a resistan: and susceptible species have been
proposed as the basis of the mechanism responsible for selectivity.
This proposal was based on studies on the changes of nucleic acid
levels in the picloram treated susceptible and resistant varieties.
Thus the proposed nmechanisms is beased on indirect evidence. The
role of nuclease in the wetabolisn of the cell is still unkno™m and
the relative concentration of thic enzyme in resistant and suscept-
ible species has not been establicshed,

Jordan and Jollife (30) beliceve that the metabolism of simazine
in association with cifrus roots wmay be at least partially respons-
ible for the tolerauce of citrus tc simazine when it is used as a
herbicide in orchards.,

The selective action of pyrazone between Chenopodium album and

sugar beet (Beta vulgaris var sacciarifera) (63). DNOC between

Orobanche spe. and beans (Vicia fab:) (174) soybean (Glycine max L.)
tolerance to fluorodifen (146,53) can 2ll be attributed to the

difference in metabolic rate. Wheat (Triticum aestivum L.), barley

(Hordeun. vulgare L.), wild mustard (Sinapis arvensis L.) and tartery

buck wheat (Fagopyruwm tataricum (IL.) Gaertn) tolerate dicamba in

that order (%3). This ranking corresponds with the ability of the
plants to metabolise dicamba,.

Although, one can list several cases of seleoctivity due to
differential rate of metabolism of herbicides, the identity and
relative abundance of the enzymes in tolerant and susceptible species

has seldom been established,
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503 SELECTIVITY DUE TO ACTIVATION TiIROUGH SIDE CHAIN DEGRADATION

Wain (181) showed that 2,4-DB and iiCPB themselves to have no
herbicidal activity, however when tronsformed to 2,4=D or MOCPA by the
§ oxidation wechanism in plant tissues, thiey converted to active
herbicidec. Based on this it was proposed that weeds having high

rate of P oxidation activity such as annual nettle, (Urtica urens L.)

charlock (Sinapis arvensis L.) and californian thistle (Cirsium

arvense (L). Sceps.) would be killed by 2,4~DB or MCPB but clover

plants, other leguues and celery plants (Apium graveolens var dulce)

having low p oxidation activity would be relatively unaffecteds The
selective action of 2,4-DE between @oybean and cocklebur

(Xanthiun 5pe) is yet another example where such a mechanism is
involved (186). Thus 2,4=DB can be regarded as an herbicide
designed to toke advantage of lethal. synthesis within the plant by
weans of p oxidation, By this reaction specific 3 oxidation cenzymes
in plant tissue attacks the E carbor or the organic acid and
oxidises it, removing two carbon atoms from the chain. Thus as
showvn in (Fig.8) the innctive butyric form is oxidised to the
herbicidally active acetic acid forre

Selectivity exhibitcd by HCPB (4= (4=chloro=2-methylphenoxy)
butyric acid) and 2,4,5-T8 (4 (Z,4,5-trichlorophenoxy) butyric acid)
follows a similar mechanisu (183).

Wain (182) has shown that cereals and legumes arc able to
oxidise the butyric acid side chain of 2,4-DD only at a slow rate
and thus are able to escape the herbicidnl effects. Most weeds on
the other hand carry out ? oxidation rapidly and arc thus killed duec
to the lethal rate of production of the active acetic acid
derivative 2,4-D, The apparent sclective action of 2,4-DB was thus
attributed to the differential guantity of oxidasc enzyme in the
plantse.

The most direcct evidence that B oxidation is the primary
mechanism of conversion of 2,4~DB to the toxic forw was provided by

Webley, Duff and Farmer (189) who found E hydroxy acids after
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exposure of chlorophenoxybutyric acids to Noucardia. Using a homo-
logous serics of w phenoxy acids Fawcett, Ingram and Wain (55)
obtained chemical evidence of Q oxidation by treating flax scedlings

(Linum usitatissinmun) through the roots. Harmless phenols were

produced only where the acids pessesscd an even number of side chain
methylene groups. Whereas tlie lethal active acid derivative was
formed if the side chain containcd an odd nuuber.

Findings tmrt‘ﬁ-(a,q,ﬁ trichlorophenoxy) butyric acid and
corresponding caprionic and octanic acids arc highly active in one
test and not in others indicated that specific Q oxidase enzyme
systems may be present in different plant specics. Evidence for
this was obtained by exposing solutiong of the 2,4,5-trichlorophenoxy
homologues first to wheat coleoptile tissuec and then examining then
in the pea test, They showed typical alternations in activity
indicating that the enzyme system present in the wheat tissue had
degraded alternative homologues to the acetic derivative, active in
the pea tost. Further evidence thaat the enzyme in the wheat tissue
were affecting @ oxidation of the 3ide chain was obtained by treat-
ing wheat coleoptile tissue with solution of ¥ - (2,4,5 trichloro-
phenoxy) butyric acid and domonstrating by chrouotography that
conversion to the corresponding acotic acid had taken place (183).

2yh=dichlorophenoxy acids were netabolised in wheat coleoptile
and pea sten tissues and the products subjected to chromotographic
analysis have shovn that the howogluc with an odd number of
methylene groups are the only mewmbers of the series which can yield
the highly active acetic derivatives (56).  Studies of Fawcet et.ale.
(57) showed that ring substitution played an important part in
influencing the degree to which Q cxidation occurred at the butyric
acid step, hindrance being associated with electronic and steric
factors. [Tdinscott (108) pointed out that plants nay have a
tolerance potential if they lack tke capacity for ¢] oxidation if the
reaction procceds too slowly or the plant rapidly detoxifies the

herbicide.
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There is evidence that the umitochondrion is a major site of E
oxidation (103). Consequently mcristaunatic regions, such as root
and shoot apices which contain many mitochondria pay be important
regions of conversion. It has also beeon rceported that many wmito=-
chondria occur in phlcem companion cells (120).

The location of @ oxidation enzymes is a controversial issuee
It is still uncertain whether penctrnotion of outer or both mito-
chondrial wenbranes is necessary (143). Alluann ete.al. (5) carried
out enzymic analysis of ncubrane fractions of beef heart mitochondria.
They suggest that enzymes activatiag Iatty acids (Carnitine-long
chain acyl transferase) occur in tac interior part of the outer
nembrane enabling their products thic acyl-CoA esters, to penetrate
the mnembrane as acyl carnitine csters and so interact with the
enzymes for @ oxidation situated in the interior face. It has
previously hbeen reported by these workecrs that the outer components
necessary for P oxidation and citric cycle cnzynes except for
succinic dehydrogenase were also located in the outer meubranes
while the electron transfer chain was localized in the inner
nembranc. It was envisaged that MADP was the pobile link between
the dehydrogenases of the outer uenbrane and the electron transfer
chain, the inner membrane is thouglt to be endowed with the
property of linited permeability, vhile the outer menbrane is
considered to be a porous siove ingosing no restraint on the move-
ment of the solute nolecule, There 15 =2lso cvidence to suggest
that extraccllular enzyues nay be responsible for @ oxidation of
phenoxybutyric compoundse. Garravay and Wain (70) found evidence
of extracellular oxidation in beans (Vicia faba) and extra mito-
chondrial enzyne system has beea discovered in germinating peanuts

(Arachis hypogaez) cotyledons which catalysed the p oxidation of

palmatic (long chain) and butyric (short chain) fatty acids without
the operation of TCA cyclees It is belioved such a mechanisn takes
place in the microsoncs.

Since the oxact site of Q oxidation is still not definite, it

is not possible to speculate or infor localization of enzyne as
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contributing to selectivity. It is alsc not possible to measure
levels of cinzyme at the active sise and correlatce selectivity to a
differcntial level of P oxidation onzyuce Thus, the exact mechanisii,
lecs Whetlier a difforential level of enzyme itself or a selective
exclusion of the butyric acid derivatives from the sites of lethal
oxidation within the uitochondrial moubranc attributes to the

selectivity is still to be elucidated.

ey INACTIVATION DUZ TO PLANT ENDOGENOUS CHEMICAL SUBSTANCE AS
BASIS FFOR SELECTIVITY

The triazines, 28 a grouy have gained nmuch attention as
selective herbicides. Among the =sransformation mechanism the
inactivation of S~ triazincs due to endogenous chemical substance
present in plants like corn, provides an excellent example of a
selective mechanism that involves ¢ non-enzynic chenical reactione

The classical example of this mechanisn of sclectivity is the
transformation of simazine and sinilar halogenated triazines, with a
chlorine or other halogen atom in position 2. Triazines with
nethyoxy or methylthic radicals in position 2 are however not
involved in such a cheumical transformation rcaction and are active
against corn plants (121),

The tolerance of corn plants to such herbicides as simazine,
propazine and atrazine has been at lLeast partly attributed to such
an inactivation mecchanism involving o chemical reaction. The trans=-
formation reaction has becen shownm tc involve the chenical cowmpound
2, 4=-dihyroxy~7=-nethoxy-1,4=benzoxazine-3 one found in corn plants
(175)« This coupoudn, reforred to as benzoxazinone is shown to
transforn the chlorine or other haloren atoms to the hydroxyl radical
through a non-enzyisic reaction. The hydroxy derivative for example,
hydroxysinmazine has no herbicidal activity. It has becen shown by
comparative studies that plants with a very low content of

benzoxazinone arc very scnsitive to siuaziuc (32,80,79).
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The replacement reaction where the halogen aton ie replaced by
an hydroxy radical was originally thought to be an cnzyuic one.

This assunption was based on the cbservation that the reaction only
proceeded with fresh but not with beiled pressed juice of the naize
plant. It was later shown that = non-enzymic rcaction of sinazine
with benzoxazinone (148) or its glucoside present in naize is
regponsible for the fornation of hydroxysinazinc. This benzoxa-
zinone is not stable to heat (33) and is transforned by boiling in
water into benzoxazalone, a stable compound and does not react with
simazinc. (Fig.l10).

Simazine degrades wore quickly in corn plants or in corn juice,
than in corresponding preparations of wheat plants. Thus the corn
plants are tolerant while the wheat plants respoud to sinazine, In
corn, netabolisii is more rapid in the roots than in the shoots.
Sinazine degrades on incubation with various tissucs or parts of the
corn plant and wvith particle free oxtracts of corn. The sinazine
is transformed to 2 hydroxysinazine by a dechloroination reaction (80).
Since o non-particulate extract is able to transform the chemical
from a halogenated form to a hydroxy forn, then one could conclude
no enzyuic reaction is involved. This reaction has been shown to
involve 2,4=dihydroxy=7~ucthoxy=~1,l~benzoxazine~3 one, normal
constitudent of ethiolated corn mecedlings (79,175). A corn mutant
low in this activc constitucnt exhibits less tolcrance to atrazine
than one with norual henzoxnzinonc contoent, This relationship,
however, does not scenm to be a general phenomcnon, for example,
excised roots of =ix grass species studied by Hamilton (79) converted
simazine to hydroxysinazine in relation to their content but not in
relation to the degree of resistance to the herbicide. A low yield
of hydroxysimazine was obssrved to be acconpanicd by a higher yield
of other water soluble mectabolites (79).

The presence of benzoxazinone compounds in corn is not unique,
they also occur in plants whicl do not readily destroy simazine,

suggesting that the selective herbicidal action involves other
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are) which is resistant to

s

factors as well. Sorghun (§Q§5§p;’gg !
sinmazine does not appear to cuntain an active resistant factor (62)
however it is possible that tho recistant factor was preseat in a
conjugated form which was not cxtrociabloe. Pyridine, hydroxylaninc
and other coupnunds az well as benroxezinono nentioned above catalyse
the nucleopiiilic attack on carbon & o7 sinazine, probably producing
an unstable interuediate thot reacts +th water to produce hydro-

xysinazine (156), however it aprears that their potency is much less

tiaan that of benzoxazinonoc. lydreiysinazine undergoes further
deconposition possibly by oxidntior to the keto fornm and cleaveage
to 002, boagic amines and other ecoupounds, some of which are incorpor-

ated into plant products (155). here is ovidence of other neta-

bolites of the 2 chlorinated triasincs but in rnost cases dechlorin-
ation appears to be the first step. Peas, however, definitely
retabelize ntrrzine by an alternative pothway that does not invelve
dechlorination. In peas aa ¥ de=ctihyylation at the 4 position is
involved ond this yields a peorelstout product (155).

Prometone is laoss sensitive «e n horbicide hecause the methomxy
carbon bond is nore stable thau the chlorinc carbon aton (98). The
prometryne ring appears to be stalkle In plants.

The siwazincy benzoxaszinone roaction can he suumarized as in
TMpegure 11

Chloroalliylacetanides such »5 CDAA (2-chloro-iiN=dially-~laceta~
mide) may be degraded in cora by o sirdlar uechanism (Fig.l12) (92)

with subsequent hydrolyscs to glycc - o neid and diallylamnine,

5.5 SELECTIVITY DUE TO FORMATION CF CONJUGATES

S o an . —

The working hypothesis of suck a bhasis for selectivity is that
the conjugzates formed are either ncn-phytotoxic, prevented from
penctration to active centre, or zre held at an inactive sites

Generally glucose seens to he the sugar involved in the form=-
ation of conjugates. Glucosides o soveral herbicides have been
investigated. Towers ctenls (176) proved naleldc hydrazides forn

glucosides of the enol forii. Hydroxylated metabolitcs of 2,4-D the,
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h=hydroxy-2-3-dichlorophenoxy acctic acid and L4-hydroxy-2,5-
dichlorophencxy acetic acid have been found as glutawic and aspartic
conjugates in soybcan (60) and aw glucosides in bean. Awmiben (38,
164) and amitrole (68) forw N-gluceosides. Lanourex ct.al. (101)
consider the probable inactivation of s-triazine herbicides is
through formation of highly polar conjugates.

Formation of conjugates, it npust be emphasized does not
necessarily lead to inactivation of n herbicide. In cotton there
is evidence that conjugates of 2,4-D are not responsible for
induction of resistance to this herbicide (43). The conjugate of
2,4=D referred to as Unknown I when injected into cotton secdlings
produced synptoms similar to 2,4-D injury.

In this review, amiben is selected as a typical example to
illustrate complex formation as 2 reans of inactivation and that the
rate differences in plants is attributable to selectivity.

Natural plant products in soyteans, barley and tomatoes

(Lycopersicon esculentun) and possibly in cucumber and squash

(Cucurbita waxima Duchesner) have teen shewn to be involved in the

formation of conjugates. The ratc of metabolism of amiben in

tomato plants was studied by (Baker and Warren 20,38), suggested that
the forwation of W~ glucoside as a2 detoXication mechanisia is
responsible for the tolerance of scybean to the herbicide. He based
his suggestion on observations unade on the metabolic rate of amiben
in the both species produced IN- glucosyl amiben it was evident that
soybean forued relatively more of the derivative than did barley.
Generally it is evident that there is no net loss of amiben through
degradation in plants (38,39). Ariben scens to be coumplexed

rapidly by wost plants with very little subscquent transformations.

Johnson grass (Sorghuiu halepense 1,) seems to be the only species

among those evaluated that contained nwiben in free form (166).
Swanson et.ale (167) confirnec the presence of - glucosyl
derivatives in soybean. They established the conjugate as N=-

(3~carboxy-2,5-dichlorophenyl)=glucosylamine.
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Pathway of amiben conjugation
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Swanson (166) has cited soveral papors to shew that - glucosyl
aniben was forued in roots of soybeans, tomntocs, snapbeans, corn,
peag, harley and sugar boetis, Fro: many of the studies it is
apparent that amiben is ponrly transleocatad in soybeans, tomatoes and
sugar beet. Distribition studics shewed that absorbed aniben renmain-
c¢d in the roots as H- glucooyl derivatives.

Distinct tissue differcnces as well ns specics differences in
the ability to Torm conjugates of H- glucoside of amiben have been
conclusively doponstrated (67). There iz o relative rate difference
in the fornation of thesc counjupates. Tholir stability in the tissue
where they are produced is note=worthy.

Partical purification and characterization of an amiben-
rctabolizing enzyme from soybean hav: been achieved Ly Frear and cited
by Swanson (166). The enzyne M- acylianine=-glucosyl traneferasc is
specific for uridinc diphrosphate S-ilucose (UDP-zluccse). Tho
tentative pathway is presented in Mgurc 13.

Yet another mechanien of conjugetion could confer resistance, iec.
conjugation with cellular constituents. Efficicncy of herbicides
depend on the conceatrations of the chendcol reaccting the site of
action. Any factor whiclhi reduccs the rate of arrival of the nole-
cules at tho site must reduce the overall offcctiveness of th
herbicide, Thus it is possible that cesistance to an herbicide nay
be conferred through an interacticn, ~dsorption or absorption of the
herbicide molecule at a non-nctive site en route to the site of
actione Such o basis for selectivit; has boen demonstrated by
Blacknan (25) and Sargent and Blackrar (150,195). Blacknan (25)
denonstrated that 2,4~D was absorbed Ly Pisun stens and Avena sections,
however, it was readily releansed froiz the susceptible Pisum stem
tissue but not frowm the resistant itonocotyledonous Avena sections.

Robertson and Kirkuood (143) have cited several papers to suggest
that protein or lipid compléxing vas iavolved in initiating such a
rnode of seclectivitys. Also other possible sites of inactivation such

ag cell vacuoles aud cytoplass are discussed by them.
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Yih etenls (195) have provided evidence that najor portions of

propanil netcbolite 3,4-dichloranuiline to

be inactivated dues to

conjugations with voliucric cell constituents, ucinly lignin.

Conjugation provents a toixdceant reaching its prinary site of

action and thus account for their lack of

action in sone plantse.

5.6 SELECEIVIIY DUE 70 LIMIUED ACCESS 10 SLTE OF ACTION

v —— -

Atrazine and simazinoe scon to offoct higher plonts in a similar

WANNEY » The principle uwody of action of

inhibition of the Hill renckion (124).

~trazine scens to be the

Shiuzabukuro (156) has reportcd that detoxication of atrazine

gccurs in two possible ways in higlior plantse. Non-—enzynatic

dechlorination of atrazine and siwnazine in corn by the conversion of

the S- chlorotriazines to their 2-Lydroxy

derivatives is an important

detoxiration rechnnisn as described previously, Ii- dealkylation of

atrazine which forns partially detoxified
amino-s~triazine (Compound II) is nuothor
present in higher nlants (Fig.14).

A1l higher plants seen to mebtrbolise
deallylation to sone extent (98). Whilo

wieat whiech contain benzoxazinone uwtilize

2=-chiloro-/4 amino-6-ethyl.

detoxication niechanisn

atrazine by N-
species such as corn and

hydroxylation as well (79).

The ability to metaboliize atrazine may not nocessarily render a

plant resistant to atrazine, since reslst:

wmt. interuediately

suscoptible and susceptible spocios all seeu capable of detoxifying

atrazine at different rates (79,142.133).

Moreland and Hill (126) showed that the Hill reaction in

isolated chloroplasts fro: resistant and susceptible plants were

cgually inhibited by simazine. Thus there seens to be no difference

to the chlorotriazine seusitive site in the susceptible and tolerent

species,



If netabolism of atrazine dg the basis for seloctivity then:

1« Phytotoxicity differcence Hotwoen netabolite and parcent

rast be evident.

2+ Metabolisn must alter physical nroperiies of the herbicide,
sucii &g solubility which proveats penctration of the active

molecule to the =mensitive gite ix the chloroplast,

If recovery of photosynthesis with the conconitent metabolisn of
atrazine in Sorghwa (163), cliarly iuplicotes wetabolism as an
inactivatory process, Metabolic inactivation of atrazine regtored
the vhotochemical activity in illurinated leaf discs of resistaat
sorghuin plants,

The abovz observations suggest n probability of selective
exclusicn of the herbicide netavolites fron the active centre brought
by transfornation of the structure »f the herbicide.

hinmabukure and Swanson {(157) iuplicd that an interaction between
three factors vxist in the cells of leaf tissue in influence atrazine
activitya

The factors arc:

1o Rate of atraszino metabolisi and the nature of the

derivatives formed,

4

2. Concontration of atrazine in the chloroplnsts.

A
.

Rate of recovery of piuoctoeliciizal activity in the chloro=
chloroplasts

Atrazine mast first pouetrato tle chleoroplast and the active
gite involved in the photo-oxidaticn of water to produce the
inhibitoxy effect., Once it rencts ot the active site it uust then
reet the steric requircuvent fo:r active inhkibition. Thus partitioning
behaviour, electron distribusieon and steric fuctors all seon to come
into play in order for the herbicide tu perforn as a toxicant.

Thus changes in any of the above yropertics nny reduce the

activity of a herbicido.
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Good (77) reported the reduction of activity of substituted
phenyl urea herhicides when polar groups were added to the herbicide
nolecules, It wns then postulated that n reason for the reduction
in activity could be that an alteration of the partitioning and pene=
trating property nust have ccecurred. It was pointed out that the
more polar derivative may fail t~ ponetrate the lipid rdich
chloreplasts in any sigiificant anounts. Although the s-triazines
arc chendcally very diffcerent fron the substitute phenyl urcas, onc
could infer that the solubility ol atrazinc and its metabolites nay
also be an imporitant factor in the penetration cof lipephilic
chloronlasts,

Working with isolated chloroylasts, Izawa and Good (89) consider

that two factors influence the absorption process into the chloroplast.

They are:

1« Partitioning behaviour of atrozine between bielogical and

aqueous solvent phases.

2. The concentration of the -nhibitor in the nediwn which is
influenced by the absorbed atrazine in the chloroplaste.

This abscrbed atrazine is in two forus:

(a) A low concentraticn cf strongly bound inactive

akrazinc.

(b) An active reversibly bound concentration which
is in equilibriur with the extornsl solution.
The inhibitory conconbtration could be rewnoved by
washing the chloropinsts. Recovery of photo-
chemicnl activity by =he washing ol chloroplasts
has been denonstrated witii sinazine (126) and

nonuron (102),.

Shinabukuro and Swanson (157) Fave proposed a ucdel system bascd
on the information cobtained fron isolated chloroplast system to

explain the selective action of atrazine in living plant cells. Tor



Fig.14

Dealliylation and hydroxylation pathways for atrazine detoxication

in higher plants. Broken lines signify unknown portiuns of path-

ways. Several unknown intermediates are present before formation
of insciuie ras’ due §56)
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this mechanisu of selcctivity it is assumed that ecells in the leaf of
a plant will abgorb atrazine frow eitlior the vascular systen or the
leaf surface if atrazine is applied on the foliage. Atrazine in the
cell will then pencetrate and accunulatate in the chloroplasts until
the equilibrium concentration iz ~ttained betuween the chloroplasts
and cytoplasiia. It is assuned that the cytoplasn is equivalent to
the mediun in an isolated systeire Bascd on the assumption that
reversibly bound atrazinc is the active forn, it is then assuned

that the degree of photosynthesis nhibition iz proportional to the
equiliﬁrium concentration of reversibly bound atrazine in the chloro=-
plast. Then the cquilibriun concoentration will be directly
proportional to the rate of notabolisii outside the chloroplastse
Metabolisn has a "woshing® effect cn the chloroplasts and thus the
atrazine concentration is roduced. It is evident frou these
proposals of Shiuabukuro and Swanson (157) that the dynamic changes
affecting such an equilibriun in a living ceoll will over a period of
tine result in a recovery of photosynthesis from its inhibited rate.
Reduction of atrazine concentration is chiefly = result of netabolisu
of atrazinoe to fornm the water soluble derivative and its incor-
poration into insoluble residucs.

According te the cellular wnodel of Shinabukure and Swanson (157)
an equilibriun exists between atrazine concentration in chloroplasts
and the rest of the ccll. Metabolisu then reduces the concentration
of atrazine in the cell but the equilibrium relationship however, is
maintainede Results from the intact leaf (157) indicate that
concentration of a chloroform soluble compound, in other words,
lipophilic compounds (atrazine and Compound I) in the chloroplasts
and supernatent of Sorghum and pea appear to have a definite
equilibrium relationship. This equilibrium seems to be maintained
while atrazine concentration in the :hloroplasté is progressively
reduced; owing to the metabolism of atrazine. Absence of water
soluble compounds in the chloroplasts except for a small amount in

Sorghum chloroplasts at the 168 hour period was noted by Shimabukuro
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and Swanson (157) This suggests that metabolisn may occur outside
the chlorovlasts and the polar compounds formed do not readily
penetrate chloroplast wembranc. This wmetabolism of atrazine to a
more hydrophilic g¢empound and to irscluble residues is a highly
effective process fow reducing atrezine concentration in the chloro-
plasts, IHowever, work of Shimabulkuro and Swanson (157) has shown the
lipophilic N~ dealltylated derivative, Compound I, readily penetrates
pea chloroplasts and is in apparent equilibrium with the supernatent
concentration. Thougl: Compound I is less active than atrazine its
action seems to be similare. Steric changes or other factors are
thought to have caused the decrease in activity as compared to parent
atrazine since penetration is not affected,

If total inhibitory activity oy unchanged atrazine anq Compound
I occurs in the chloroplasts, then :-he reason that pea is inter-—
mediately susceptible to atrazine, as reported by Shaimabukuro (154)
is conceivable,

In a highly susceptible species such as soybean where very
little N=- dealkylation of atrazine cccurs (156) the inhibibitor
present in chloroplast can be expecied to he predominately unchanged
atrazine.

The basis for resistance in ccrn may be the same as for
Sorghun hydroxyatrazine is predominately water soluble metabolite,
The partitioning of these compounds betweeon the chloroplast and
supernatent of corn has not been shown, but the changes in activity
due to transformation sugpest a similar process occuring in corne.

Atrazine solubility in chloroform is 0.24 moles per litre,
while the hydroxymetabolites are inssluble in chloroform (155).

The atrazine sensitive site sezms to be the same for resistant
as for the susceptible plant,. Thus the selective mechanism involved
here seems to be an exclusion of atrazine from the site through
transformation reaction which rendersi the chemical less lipophilic

than parent atrazine,
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27 ANATOMICAL AND PHYSIOLOGICAL HECHANISHS INVOLVED zﬁ_SELECT;VITY

Phenoxyacetic herbicides hLave hoen reported by several workers
(187,52,95,10) to cause growth effests including cell proliferations.
Several instances, for examplo the 2vidence of Srivastava and Sharna
(162) alsc suggest that differential tissue proliferation and result-
ing vascular disorganization partic’ly determine selectivity to
phenoxyacetic compounds.

2,4=D greatly increased cell division in the cambial and phloem

regions nf sten in Sonchus arvensis and Convolvulus arvensis (178)e.
m—‘w

Watson (1867) reported 2,4-D treated bean leaves exhibited extensive
division of spongy mesophyll which leads to obliteration of inter-
cellular spaces. Distribution of prklocm strands due to prolifers.
ation of parenchyma cells in Cyprus and beans was noted by Eawes (52)
and Kizrueyer (95) has sho'm that this distribution is due to crushing
of the companion cells and gieve tubes by tie extensive division of
vhloem parenciiyna cells.

Muni (130) attributed the diffecential effect of 2,4=D on
dicotyledonous and monocotyledonous species to "the lack of
protection to the phloenm resulting ficem an carly killing of the
cortex!, In wmonocotyledons the phloem in ecach bundle is protected
by sclerconchyma and is coascqueantly Less susceptible to direct
exposure to herbicide.

This is a classical cnsc of selcctivity due to comparative
differencc in anatomical features in susceptible and tolerant specics,

Other physiological features nay alsc contribute to selective

c«

action of herbicides. King (96) has supgested a mechanism where
g block" to translocation aprears at the peint of insertion of leaf
into Bode in 2,4~D resistant variety of corn while such a block is
not apparent in the susceptible variety.

Crafts (44) wmaintains that in addition to anatomical barriers,
some physiological barriors do absorbh and bind phenoXy compounds.
e maintains that such a mechanism partly explains the selective

action of some herbicidesa Linder et.al. (107) and Crafts alleged
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that high conceanbration rapldly killed phenoxyacid treated leaf
rogions and damages the energy requiring trongport systen so that

translocation to thz susceviible rogions is preventud. Robertson

and Kirlorood (144) have cited scveral papers to provide cvidenco tie

phenoxyacid compounds reduce their own wovenent by inhibiting the
energy requiring process associated writh translocaticon.

Thus although there are botl direel and indiroct evidence for
physiological basiz for selectivity, none of the suggested asnects
has been lnvestigated conclusivelys It iz difficull to separate
the variocus phyoiclogical and bhiochunicol systems without causing

sonme other cffcets,.

s
av
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LATERTALS LD 1 TTHOD

6s1 PLANT LIATRERIAL

Solanum nigrum and Solanun serachoides plants grovm for these

Investigations were raised frow seeds collected by lir B, Wallace at
the Henry & York trial grounds, Iostings.

Seede were germinated in petridisihes in the dark and on gerwin-
ation transplanted in X inch ACE pots. Four seeds to each pot were
raised in a glassuouse and later thinned to 2 plants,

The potting mediun was river sand washed 4 tinmes vith tap water.
Plants were fed with the IC5U nhytotron nutrient mixture at the rate

of 20 ml three tines per pot ver day.

6+2 RELATIVE INNIBITION OF ISOLAYED CHLOROPLASTS IRON THE TWO
SPECILES

Chloroplasts were isolated fronm both Solanum nigrum and

Solanun sarnchoides as described previously (3e1+3). The plants
. . N -8 =5
were 10 weeds old. Concentrations of SHICOR were Oy, 10 7, 10 7 and
'1
10 M.

6.3 STUDIES ON UPTAKE, DISTRIBUTION AND HMETABOLISI:

6e5e1 Radiochemical nurity

SENCOR~5-1”C vias supplied by Cheuagro. The specific activity
vas 1«43 nc/uiie Thin layer chrowatography on silica pgel developed
in chloroform : dioxane (9:1,V) established the radiochemical purity
at 99.3%e The band under ultr:s violet light was superimposed on

that of standard SENCOR.

6.3+2 Dose preparation

e =i : 5
1eD mg of BENCOR=5=C 4 was weighed into a 5 ml flask, 5 ml of

nethanol was added and the flask agiteted until the material
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dissolved, his tias transferred into a 200 nl flask. The 5 ml
flask waec rinsed several tises wvith werm water, The 200 ml was then
made un with varwm waters The flazi: was gently agitated for several

minvtes,

6+3%¢3 Dosc administration

Plants which had been remnved frowm the glasshouse a week
earlier and grovm outdoors were treated with the radioactive materials.
. 14 : ;
20 al/pot of the SENCOR-5-C ' sclution was applied to the soil. Each

pet contained two plants and five pots cach of Solanum nigrum and

Solanunm sarachoides were treated, Tiie SENCOR solution was dispersed

using a pipette, no solution beinyg allowed directly on the plant.
The pots were then watered three tines a day with 20 ml of nutrient

solution, starting 6 hours after application of labelled SENCOR.

GeSeltel Autoradiographic studies

Plants which had been exposed to the labelled material for
periods of 1 day and 7 days werc collected.

They were cut into root and shoot portions. The roots were
teased on a glass plate and rinsod several times with water and
finally placed on blotting paper (8 x 10 inches) and teased out. The
shoot portions were spread on ¢ % 10 incheus blotting papers. Several
cuts had to be made in order to fit the plant on the paper. It was
also expected that sectioning would revent any continued trans-
location. Crafts and Yamaguchi (45) had suggested that translocation
of material could occur while pressing the plant. The berries were
pressed several times betweesn layers of hlotting papers, care was
taken not to allow the sap to spread sipgnificantly. The barriers
were then mounted close to their original point of attachwment.

The mounted plant materials werc then pressed between several
layers of blotting paper, intermnoscd between two chipboards
(12 x 12 inches). The boards were damped together with bolts and
winged nuts, The papers were changed frequently during the first

two days, as the sap dried off less changes were necessarys The
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plants were pressed for seven days and were sufficiently dry within
this period. L.oss of some radicactivity in the sap which was
squeezed out of plant sections prokably did occur, however, contamine-
ation was prevented by frequent changes of paper and the loss of
activity is of no consequence here since guantitative measurement of
radioactivity was not intended.

The pressed plant portions wer: wmoanted on a card (8 x 10 inches)
with plastic glueas The x=ray f{ilms (Kodirex) were placed in direct
contact with the mounted plant material. Tnese were then placed in
the envelopes provided with the £iin nnd kept in the dark. The 1
day treated plants were exposed for 9 days and the 7 day treated
plants for ond 4 dayse

Films were processcd in recommended solutions after the exposure
pericd being processed for 4 wminutes at 20% (680F). Usual dark

room precautions for handling x-ray filn were observed.

Ge3alte2 Phase distributioc: ctudies

A wmodified processing and extracting procedure based on that of
Robinson c¢teale (140) was devised and is summarized in the flovw

diagram beloi.
Plaut Processing and Extraction Procedure

Plant waterial 20 gu Fresh Weight
&
Ground in 50 ml J0% EtOH
Heated 60°/20 min

Milliphore filtercd with No. 5 filter paper
,—(Wash 2 x 25 ul 805 EtOK)

Sorids Tty Filtrate
'l
Wash 3 x 20 f 2 x 50 ml CHC]3 CHClj/EtOH;Filtrate
Solid %raction pry 30°C” Vacuum/Dry Ice Trap
Residual Angous Phase
. artitioned against
H.0 Fract par -
2 Srachool N - 5 x 20 CHCI
Evaporated to dryness 3
Add ?O'ml 0 Pass through
and partitioned against Anhydrous NaZSO
5 x 20 ml EtON v .
Y ‘\ﬁg CHC1, Fraction
EtOll Fraction H,0 Fraction evaporated to dryness

2
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The activity in cach froction gas counted using Fackard Tri-Card
Liquid Sciatillation Specirometer and external standards.

Ethyl zcecate, chlorofori: and “ater samplos were counted in an
emulsion cocltbadil (13%5).

The solid samples vere countved using digestion~solubilization
procedure (112), modified to perwit counting of acid labile carbon—1
constituents (76). The emulsion ccekiail used, however, differs
from that used Ly Gornbers ond co-werkers (76). The adopted

procedure is presonted helov.

Procedure for solid fraction counting

T &0 diaeed in seinbillation vial
ta =
W
Vial partinlly imwersed in dry ice-acctones
- i . R o .
0.5 1l 70% pu?ch¢or1c acid added

0065 wml 30% anr‘hﬁn varexide added
and vial iaswedicohely secaled

Heated at ;OOC for 30 min
Vial cooled and plaged ii. liquid air
0e5 ml Ammouiun “ydrozide added
2 phenethylanine trapuins soiution added
Rewseal vial and atanﬁ at roecu: temp 30 win
5 wl cclloeglve (ethvlenﬁ glyeol nonomethyl ether)

add 10 il scintillation fl 1id and count for 10 min

GeBeire? Study on rate of umatabolisn

The cthyl acetate fraction was sootted on silca gel (F._ ) plates

254
together with standard SEHNCOR and its metabolites, The platos were
then developed in chlorofori; dixane (9:1), The reteantion factor

for SENCOR was 0455, DA Q.40 and DI/TNDK C.l8. The areas of chroma-
togram corresponding to the designated spots were narked under ultra-
violet light and then placed in scintillation vials. These were then
eluted with 2 ml of wethanol for 24 liourse. Seintillation fluid was
added after this 24 hour clution vericd and radioactivity was counted.

The amount oI silica=-goel powder in the vials was approxinately equal
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and since it did not ¢xceed 4 sq.cay the estimation of activity should
have a high efficiency (34, 194)..

An etteupt wms nade to releass the triazinone netabolites from
its water soluble conjuzgatess In this oxperirent only samples from
the 5 day and & day treated plants were uscd. The mzethod most
successful was a wmodiiied forn of that report by Morgan (128). This
is present as a flow diagrai.

The chloroforn cxtract was then applied in a single band 2 en
frou the bise of TLC plates and developed 15 cu. The chronatogran

~ 1

was mariked and treated as abovoe

Study on Rate of Metabolism

Extraction Proacodurc
!
Remaining H_ O fraction —..»2 ml aliquote (from expt distribution in
fractions after Cﬁclj partitionin;y procedurc taken),
|
Acidificd to pHY1 using 500 HCI
-
1 ml + 1,5 wl IC1 Sola pH 1,

dartitioned against 3 x 5
1 il $obal count Partitioned again 3 } 2.5 ml CHC1

3

e v
kf// {(Anlhydrous Nazsou)
L0 Fraction UHC,, " Eractlion
2
ir Evaporated to dryncss
1 ml Count v

+ 2 ml CHC1
. e e

, b g

= 1 ml dry
s

#+ Del dvy

HeOll
W

TLne

P

Scrape & add 2 m MeOH and

after overnight add

seintillation fluid and
count
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Plants wers growm in Lreshouse, the treatments including:
le 3 replicatns of Solunui nigrum ) siaved ¥a outiatis
2e I replicates cof Solanun sorachoides g conditions

2e Solont:) nigrun ont Solcpun savochoides plants were

placed in the darl: but »oi replicated.

Ihe Bolonum nigrus and Jolonw. sarachoides plants werc

allowed to JlLf before btreatient and then exposed to
outdoor conditions. There wns no replication.

The pots woere placed in plactic hags and after treating the soil
with 2C wml SELCCLH solution (or 1 wng/poit) the bage were sealed with
plastic glue and welghed inmmcediatcly. The weighing was ropeated
every foul hours For tho next thirty Liours. At the 12Tth hour,
after the weight was recordsd, the pots wor immediatoly watcred,
usinug a hypodermic syriage witii 10 wl of watcer and the increased
weight recorded imupediately. The experiment was continued without
further watering.

In tlhie exporinent the differcacs in weight is assuned as the
approximate auount of water logt du: Lo transpiration.

Ge5 QUALTIDATIVE OBSERVANTION O STOIACAL APERTURE
Having rerforred to Williaws (1973) paver on the method for

preparing plastic epiderizal lapriu

materiaic wvers tried out (£8). PL

Auckland) gave oxcellent irprintc.

During the above expord

ipprints from loaves of the

EaLC

tiy sounc locally available

artisc pluc (Salleys Product,

oi the rate of transpiration,
itantw were taken from abaxil

surfaces.

An imprint was prepared ucsin: drop of plastic glue, spread
with the finger, so as to form a thia filn. After drying, this was
stripped off without damnging the leaf tissuc and mounted on a slidc.
Photographs of representative plastic strips were taken.  Studies
of the conditions of the stowntsl aperature were made both directly
under the nicroscope and from photographs,
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RESULTS AMND OBSERVATIONS ON THE VARIATION OF

EFFECT OF SENCOR ON THE TVW0 SOLANUM SPECIES

71 RELATIVE INHIBITION OF ISOLALZD CHLCROPLASTS

In Table V the percentage of inhibition measured as rate of
DPIP reduction is c¢xpressed in arcsiug¢ values. The transformed
values were thon statistically analysed in a completely randonized

block dosigi.

b 1
TCu{)Lz) '.l'r

Inhibition of isolated caloroplasts fromn
Solanun nigruw and Solanuum sarachoides by SEHNCOR

Species 1074 1 0'6,'«-. 1 0'8:-'
Solanum nigrun 90 56479 41455
Solanum sarachoides 20 56417 40.98

It is obvious from the above results that both the susceptible

(Solanur nigrum) and tolernnt (Solcnun sarachoides) rospond to SENCOR

to the same extent and ecach ¢f the levels of concentrations tested.
No significant differcnce (at 1% level)could be established between

the two specics.

7.2 STUDIES ON UPTAKE, DISTRIBUTION AND MER'ABOLISH

7+241 Autoradiographic studies

The x=ray filwms denonstrate thnt the radioactivity was trans-

located to various parts of the plant via the xyleum. The extent of

distribution as well ns the inteusity of the radioactivity varied



Plate 1

Autoradiographs

Solanum nigrum treated for 1 day,

Solanum nigrum treated for 7 days,

Solanum sarachoides treated for 1 day.

Solanum sarachoides treated for 7 days.
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between the two species at the two different saupling perlods,.
(Plate 1).

Control plants were alsc sampled for autoradiography, but no
radioactivity could be observed, showing that untreated plants do not
contain any substance which may affect the x-ray film during the
adopted procedure.

On the one day sample the intensity of the image on the auto=-
radiograph films did not vary between tlie species. In both the
plants intense activity collects predoninantly in the vascular tissue,

On the seventh day samples, botl the intensity of the image as
well as the distribution of the radioactivity differs between the two
species, While most of the activity isc confined to the vascular

systems in the tolerant Solanum sarachoides plants, in the susceptible

Solanum nigrun the material is diffused throughout the leaf lamellae
and the image of the whole plant appears on the films.

No difference is evident in the intensity of the root images,
both between the species and the sampling times.

Though the images of the fruit stalks appeared on the X-ray
films, images of the berries did not develope. This observation was

consistent between the two species and the two sanpling times.

7e¢2e2 Phase distribution studics

Quantities of the redissolved fractions were counted in the
liquid scintillation spectrometer with external standards, The
counts per minute (cpm) were corrccted for efficiency and quenching,
The cpm were then transformed logarithmically for statistical and
graphical analysise These studies were conducted as factorial
arrangements of a split-split plot designa

Frou the table of analysis of variance the applied F test
indicates that tliere is a highly sisnificant difference between the
two species iu their response to SEICOR, Figure 16 which expresscs
the cpm in eaclh fraction as percentage of the total count of the
varicus fractions indicates that there is an interaction between the

various fractions extracted frow Solanum nigrum plant. Such
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interactions are not covident for Solanum sarachoides.

Table VI coupares the tutal counts of both sprmecies at the three

different sanmrling periods.

Yable VI

Total counts in each species at the threc sampling
stages transforned to 100 Tog cmm

Specics 1 day 3 day & day
Solanun nigrumn 30141 4140} 4670
I
1
Solanun sarachoides 30187 qsy.jg L6EGWT

I
Bar (! ) indicates means are significantly different
1 = . s
at 5% confideince level

=
r

It is evident, that tlere is no siynificant differonce between
the two species in the level of total uptalke at the 1 day and 6 day
stages at which the plants were analyced. Iloweveor, from the 3 day
sample differcnce between the specics, at the 5% counfidence level is

evident. Solanun sarachoides hina a higher total zount.

From Figure 15 it is apparent that the concentrations of
labelled material partitioning inlo eacli frocticn varics. The
SENCOR equivalents arc distributed wmainly in the water soluble and
noa=cxtracvable fractions. Very 1ittlc of the activity is 4in
organosoluble form. There is 2 much reduced increase in concéene
trations of labelled material in any of the fractions between the
3rd and Gth day. This is supported by Table VII. In fact no

significant increase occurs in the Solanum siracheides species. It

is also evident that very little additional absorbed SENCOR
equivalents are fixed in the noun-extractable fractien of Solanun

nigrum after the first day period.
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Toble VII
Distribution of SLIICOR equivalents
in the warions fractions

Sclanuwia nizrun Solanun

sarachoides

vater Etic Hon= Chloro= water Btic llon= Chloro=-
day phase phaso extract- forn pliase plhiase sextract- form
able phase able phase
residue residuc
1 389.? 1}65.0 "+61 o0 20'“.? 72'}.,’ 5]2.3 1;22.? 20?")
3 L8140 5373 46743 500.01553.0] 485.0]  293.0}

6 51440 55547 h74a7 2055 i01.6Y L3807 29843
(Bar ( ] are not at

5% level

From Pable VIII it is evident that Solanun sarachoides has
higher levels of counts in the water soluble fractions. Hore radio
active waterial appears in the aop=-extractable residus of Solanunm
nigrum at the 1 day period, hovewsr, this highly significant

s D Lo ~cducod thyroanel +10 werind cael tlia S ) PO 1:

fifc 5 roduced thy B Wil period Such Thiaxr on ohe v £
differonce is roduced through poeriol ! on the 6th day
samaplce no differcnce is evideut botireen tlie spoelis.
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distribuiion

fractions

Conparison
of SENCOR equivalen

Jrrnctions
non-
Day Specics 7.0 TtAe gxtract- CHC1

ahlo

aipran 2077

—
| £}
-

S. garachoides r2lie% 51243 h22 47 2073
2 8 ndprum 18160 537e3 4673 1 27843
1 1
S. zarachoides 5006 S 5e0 L35.0 i 293%.0 i
3  S. adgru 51440 555.67 L7347 | 283.7
S. sarachoides 50640 56315 13047 29343

Bar ( ]) indicates

means arce not sipgnificantly difrferent

significantly

at 5% lovel and (] ) irdicates meanc are not
ddifforent =t 1% levcl.

723 Study on rate of metabolisn

Results obtained frou various atteupts to release the SENCOR

equivalente from teonjugates foprmed! indicated more

difficult to break tho econjusates Tormed in Solanum sarachoides,

Even in the finally attempted procedure, the results recorded
(Table IX) indicate that a high number of counts were retained near
and SENCOR that moved off the

the origine However, the metabolites

origin, separated well on the chromatograns.



Fig.l7
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Comparison of rate of metabolism of SENCOR.
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Table IX
stal radiocarbon (din cpm) betwecen

Distribution o o
SEHCOR cnd its metaboliteos

3 day samples 6 day samples
Solanun Solenanm Solanunm Solanunm
nigrun sarachoiaes nigrun sarachoides
* = 3

® 955 51 36 -{}!'.1.3;.;. LI,ILI.]
SENCOR 11078 358573 29459 24912
DA 2285 5965 L4371 10059
DARK/DK 11318 22958 19244 38075
Origin 13938 61433 26992 82977

" ;
X ie the total value cf strips of the remaining chromotogram
after the strips representing SENCOR, DA, DADK/DK and origin

had becn scrapped ofi.

With the solvent systcom usad in this study it was not possible
to separate the DADK and DK metabolites. The standard DADK and DK
spottcd on the same plate as the samples also failed to separate,
their bands under U,V. were superimposecd.

1 .

1

It wmust be noted herc that due to lack of material, the
experiment was nct replicateds. In other TLC separations of SENCOR
equivalents attempted, the radiocarbon seldor moved more than 2 ¢m
from the origine Further attempts vere not possible due to
exhaustion of samples.,

However from the best chronatogram obtained there are
indications that a higher rate of metabolism of SENCOR may occur in

Solanum sarcchoides. This is illustrated in Figure 17 and Table X,

It is again emphasized that onc can only indicate that there
is any differcnce in the rate of metabvolism of SENCOR by the twe

specics. There is no statistical proof attempted in this study. -



Tabhle X

Percentage distribution of radiccarbon between the
SEMCOR equivalents: SENCOR, DA and DADK /DK

SENCOR DA DADK/DK

3 day 6 day 3 day 6 day 3 day 6 day

[ad 2 T -t -

8. nlgrus 45% 55 % 9% k6% 36%
f=¥a eclinddons i A i [

S. saraciuoides 53% 5‘_!_{_"5 1.).’5 3% 34% Ja%

73 RATE OF TRANSPIRATIOIN

The reduction in the weight of treated plants coupared to those
of control is exprcssed as percent inhibition of transpiration.
These figures were then transformed to arcsine and were then analysed
in a split plot design basis,.

Results in Table XTI indicate that there is a highly significant
difference (at the 1% confidence level) between the two species in

their response to SENCOR, transpiration in Solanum nigrum being

inhibited more markedly than in Solanum sarachoides.

Table XI

Per cent inhibition of transpiration by SENCOR
for total pericd of 16 hours

Species Mean

Solanun nipgrun 54477

W
G|
-

&

Solanuir saracholides




Fig.18

Inhibition of rate of transpiration. Response of the
two species.

A Solanum sarachoides

4 Solanum nigrum

b >
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a4 A ..

0 2 & 6 8 10 12 14 16 hr
* difference between moan values highly significant,
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Cowparison of thoe levels of transpiration of the two species at
the same period of tius (zble XII and Mige.18) indicates that trans~-

piration in Solanum nizrus is more draustically rgduced than in

Solanum sarachoidess Phis phenoniena ig cvident throughout the day

L

ight poeriod oV e at night no statistical difference is el
light period, howover, night n tistical difference is evident
in the response of the two species to SEUCOR - and there is no
differcnce in tic amount of water losz bhetweoa treated and control

plants at this stagce.

Table XII

Comparison of level of inhibition of transpiration
of the two species at the same period of time

Species 1

o

w2 6 pu 10 pum

Solanun nigrun 53 el 66.9 63.1 30.8

Solanun saraclhioides 3h.7 2006 19.5 21.7

Bar ( |) indicates no significant difference belween mean

vallicss

Tely QUALITATIVE ODSERVATIONS OF CSTOMATAL APERTURES

The stowatal iuprints observed under the wmicroscope and from

photographs indicate that the treated plants of Solanum nigrum

reduces its cperturc within 2 hours of application of SENCOR to the
roots. The stomata do not recover even after 30 hours. In the

Solanum nigrum, however, no difference in the aperturcs of treated

and control plants could be obscrveds.
Sample photographs of stomatal iuprints are nresented here
(Plate 2) to illustrate the observed phenonona and the difference in

the response of the two species to SEICOR.



Plate 2

Imprints of the stomata

Solanum sarachoides, control plant at 10 am.

Solanum sarachoides, treated plant at 10 am.

Sclanum sarachoides, control plant at 10 pm.

Solanum sarachoides, treated plant at 10 pm,

Solanum nigrum,

Solanum nigrum,

Solanum nigrum,

Solanum nigrum,

control plant at 8 am.
treated plant at & am.
control plant at 10 pm.

treated plant at 10 pm.
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vom the results and observatlious reportesd in this study, it is
evident that the variation iu tic »esponss of Solanuwii nigium and

Solanum sarachoides to SEHCOR as observed in the field, ic in fact
due to spocien selectivity factors.

Mechanism of resistance is not duc to o differontial effect
directliy on the Hill wcaction but zather “nvolives the phyaiological

and bicchoewnical wnechanisas.

Table V dllustrates tint chloreplasts of Solanum sarachoides
(resistant plants) arc as scusitive as those of Solanum nigrun
(susceptible mpecics) to SEECOR. FWork by othors on knovar photo-

synthetic inhiliting herbicides. simazine (126;. pyrascn (53).

sinduron {131, peatanochior (hU). also illusirates taat influence

L]
W

of herbicldes on the chlorcplast activiiy ovea no relationship to
the phenomena of salectivity- Bagod on che reviews and evidence of
several workers (13.28, PR V851G . it is eviden that chloroplasts
are surrounded »y a pore--lass doable memprane and contains a cowplex
o1 subunits bearing lipopreotein membrane =ysten euwbedded in a hydro-
philic proteinzaceous uatriz or strema- Puactional difference. i,2.
the ability to perfown (PSIL) =nd(T8I, achivities though evident in
diflerent chloroplasts. it zanuct be atirilaited o the gencrsal
structure and conpeonenties 2% th: clilor splagt nembreae- e

ifference is soley denendent on the arvraugsment »f the basic sub-
units the ‘'thylakoids®a Frem lopginnl dedvctions Jtself one cannot
expect selective action of syst-umic herbicides ip plants to b2 murely
2 result of one fundanenta’ sciantific zud sysitsmatic desipgna
Several fectors within the rlants mavironmant will influence Tthe
final concentration of SENCOR reaciing 738 wrinary site of action.

the Hill reaction zentre, Pz

terogleu™ and biochemical activities

such as upvake, distribution and wetalbalism will determine the
citimate concentration of SEICCR avgund the chloroplasts. The
paytocidal 2ffect can only vartly e dezrived Ifroa the offect at the

chloroplast level, Thus the worlt witlh chlo—oplaste do=s rot help
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significantly. Hore fundamental piant physiology and experiments
with various intact plant species are necessary.

Accordingly experiments were carried out using SENCOR labelled
in the ring to determine wiiether there were differences such as
restrictions to the uptake of the herbicide by the roots and its
translocation to the xylem sap and leaves, and whether extensive

breakdown of SENCOR in the tolerant Solanum sarachoides compared to

the susceptible Solanum nigrum occurreds

From the autoradiographic studies it is evident that SENCOR
behaves similar to other herbicides tiat are absorbed through the
roots. Autoradiographs of leaves and plants treated with root
applied herbicides show a siuilar pattern of distribution cfactivity
(15,45,158) . The difference in the distribution of radioactivity
in the leaves betwern the two species may reflect the observed

difference in susceptibility of Solanum nigrum and Solanum .

sarachoides in the field,. While the activity is concentrated in the
veins throughout the sampling veriods in the tolerant Solanum
sarachoides, the radiocactivity had spread throughout the leaf

tissue in the susceptible Solanur nigrum as observed in Plate 1b.

From this study it is eovident thot some physiological and biochemical
barrier mechaniswn operates in rreventing SENCOR reaching its site of

action, the chloroplasts of the tolerant Solanum sarachoides. There

is no explanation for such a barrier mechanism in the literature.
Perhaps the wost plausible hypetiiesis would be that the susceptible
spacies forms o weakly bound wnter soluble SEHNCOR conjugate which
is distributed via the xylcme The toxicant is then released from
the water soluble conjusate and pencetrates the cellular membrancs
and accumulates at its site of action. There are several reports
that SENCOR forms conjugates (36,128,129,145), however, the above
proposal must remain a hypothesis since no proof of a reversible

conjugation was obtained in this study or from the literature.
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It is neted here that barris; So translocation of activity fronm
the plant tissue to the fruit seeus o 2xist in both the species.
This implies that for adeguats coatrol of the twe species from scason
to season, timirg of opreay spulication will be an important factor.

Fron totald uphbalsr aand phags Gistrihition studies it is evident
that, differences Lebween the two spogios in th=iz Lotal vptaks is
ot highly significants The eliszhitly lower radisactivity recordaed

on the third day for t.as susceptidic spocies could be explained as

a reflection of inhihiiion ol upiake. Logaer lovels of roducing
sugars ieaciiag tie voote dus it Inhibition of nhotosynthesis may be
¢sponsible for the reduced active upbtzk? in the root systen, It is
also possible that the wter soluble coajusates formed involve sugars
and thus saturation of the avllallie suzvre could have occurred.
This would load to a reduced levsd of SENCOR within the plants.
However it is difficult to credit that such raduaction in the sugar
levels could occur, siace stored sarbohydrates are not exhausted
within this peried. It is more accepballe that inhibition cf photo-
syathesis leads Lo reduchion in transpiration rate thus resuliing in
a2 reduction ef uptaka.

Frou the phase distribubtion studies it is ovident that SEHCOR
cguivalents arc distributed wsadinly in the water scluble phase.
Conjugation of SENCOR with sugars, aucleic ncids or soluble preteins
transforms the organosslubls SENCOM Lo a valer soluble equivalent.

It is evident that treatment of plants with metribuzin (SZNCOR)
leads to transformntion of preoteians to soluble Zorms and an increasc
in levels of amine aclds in susceptible plants (59). This provides
support for the assumption that the levels of radicactivity in the
non-extractable phase do not incroass in the susceptible speices with
time due to solubilization of the nou-cxtractable components in the
affected plants. This also accounts for the increase in levels ol
counts in the water soluble fractions,

Trom the study on rate of meltabolism the indicatlons are that

the tolerant specics metabolizes the toxicant to the non-active
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forms at rates relatively higher than in the susceptible Solanum
nigrume Howover, a substantial proportion of the labelled material
in the plant was present as the parent compound,.

Studies on upntalc, distritution and metabolisnm, indicate that
there is a restriction to wmovement of SENCOR frowm the xylem to the

mesophyll cells in the tolerant Solanum sarachoides. It is

suzgested that this restriction combincd with partial brealkdowvm of
the herbici.le may.be responsible for the tolerance of Solanunm
sarachoides to SENCOR,

Herbicides are knovmn to decrease the transpiration rate. It
has been suggested that inhibition of photosynthesis by the herbicide
brings about stomatal closure Lhrough production of cxcess CO,, but
this is somewhat controvercial (74,160,179). From the scheme
proposed and discussed for the mode of action of Jiill reaction
inhibitors (Fig.?7) in this study, it is alsc possible, that
production of ABA may lecad to closure of stomata and thus result
in reduction in transpiration rate. However, whatever the
mechanisu of inhibition of transpiration, it scems reasonable to
infer that the herbicide must ponetrate the mesophyll and reach the
neighbourhcod of the stomata for any effect to occurs

Accordingly in this study the effect of SELNCOR on transpiration

by both the susceptible Solanum nigrum and the tolerant Solanum

sarachoides were examined,

Tables XI, XII and Figure 18 provide evidence that the transe-
piration ratc is inhibited to a greater extent in the susceptible
gpeciess Also Plate 2 provides evidence for the effect of SENCOR
on the stomata. Thus these results and obscrvations on the effect
of SENCOR on transpiration and on the stomnta support the evidence
from other experiments in this study that, therc is a restriction
to the movcuent of herbicide from tlie xylem into the mesophyll in

the tolerant Solanum sarachoidese.
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CONCLUSION

H

Fron studies on isvlated chlowoplasts, it has been established
that SEICCN is a Hill reacition inhibitors ° The toxophore is the
thiosulphate groun.

from the resulles and ogbservations in Part II study 1t is

evident that variation in the reoponse of Solanun aizrum and

Solanum sarachoides bto SHICOR ac obscerved in the field, is in fact

due to specics selectivity.
SENCOR appears to be metabolized to o greater extent in the

tolerant Sclanum sarachoidese ° However a substantial proportion of

the labelled material in. the plant was yresent as the parent cotiw
pound, Autoradiographic studies on distribution of 3ENCOR in the

tolerant Solanuri nigrun indicatcs that there is a restriction to

moverient of the herbiecide frou the xylew to the nmesophylil,. This
wag confirmed by the studics on the inhibition of rate of transpire-
ation and frou offeccts on stomata, It is suggested that this
restriction conbined vith partial brealrdown of the herbicide in the

plant nmay be responsible for the tolersnce of Solanum sarachoides”

to SENCOIL,

SUGGESTIONS FOR FURTHER WORK

In addition to studying systems in isolation, studics on effect
of SEFNCOR on the photosynthotic nctivity of intact plants is
NeCesS8arY e As seizctivity can only be studied adequately with
statistical design, it is nccessary to obtain infornatior on the
perfornance of SENCOR under field conditions. In addition rapid
turnover of chlorophyll molocules in the rosistant plant nmay provide
a basis for resistancce to SHICOR. Purther work with intact plants
may be necessary for further elucidation of such mechanisne

Further studiocs on rate of metabolism of SENCOR and on possible

subsequent reccevery of the plants is highlighteds Intact plants,

leaf discs and leaf howmogeuates should e used to deteruine if one



plant degrndec SEFCOR at rates highor than others. It is also
necessary to identify the relative nmounts of DK and DADK metabelites
at several sampling periods since it is possible that the tolerant
species way first rewove the toxophore (the -SCH% group) before
deaminating the SHICOR nolecules in its i.ulet.“.bolizt sequence.

The jdontity of the conjugates and the ease with which they
are reversible nceds to be established. Enzyuic breakdown or mild
release of the components regquires further work to establish or
confirm the components as sugars, proteinc and lipids, etce

The relative ratc of translocation of radioactive SENCOR to the
mesophyll tissue may be exandinced by reowmoving lecaf discs between the
veins at suitable saupling periodsa. The rate of arrival of radio-
active SENCOR cquivalents at the site of action nay then be measured
by employing eithor the digestion/solubilization or cobustion

techniques,
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