
TM UNITERSITY OT' I,IAI{TTOBA

$'FECT 0F BII{ZIMIDAZoLE, IÍNEII¡I AITD TTIEIR REIATED CoIæoI]NDS

OV CHTOROPHYIT METABOJ,ISI{ AbID RÜ'Sf DE\':ÐLOPTM]T IN

DETACBED LI!A'\MS OF I{HAPI,I I.ITTEAT

A ÍIIESIS

SUB}trTTED TO

TTD F}JUI,TY OF GR,ADUATE STIIDIES AND RESEåTCH

IN PARTT¿Í., FTüFII,MNVT OT'

tsE REQUIRHmVT FoR

THE DEGREE CF' !iASTER. OF SCIMTCE

by

Ilad.eline Shu-hsien Hao Sluih

October, L960

({fílur'osu



ACIffOI,¡I,EDGEI'MITS

ftre author is greati.y indebted. to Ðr" E,Ro Waygood. and. Ðro

D' I.Iang for their contj¡rued. grrid.ance and- encouragement throughout

the course of this study and in the preparation of this nanuscript"

rhaTlks are a]so due to Dr" PoK. rsaac and Dr. D. Narrdi for
their herpfuJ. suggestions for the irnprovement of the manuscriptn

The present r+ork Ì,rå.s supported. by a grant-in-aid ( nm.-14)

fron The Canada Departnent of furicultr.¡re.



ÁSSTEACT

Leaves of Khapli r.rheatu r¡h:ich are normal-ly resistant to race L5B-L

of Pucci¿i-e graroiruis triticÍ" becorne susceptable and. chl-orotic when f1oa-

ted' on iraiero fh:is breakd.or¡n of resj-stance and developnent of chlorosis

can be reversed by floating the d.etached. leaves on a solution of benzÍni-

d.azoLe or kinetj.:o,

A study r"ras mad.e on the structural specíficity of 18 beaziur:id.azole

reLated. eompound.s, 9 kinetin related compouncls a¡d a fet¡ other compowrd.s,

i:c relation to theír activ:ity to sten ::ust development and. chlorophyll

¡netabolisn i-n ord.er to have some i-r¡forrnation rqirich nay contribute to our

rurd-erstandÍng of tire nature of rust resistance as r¡eLl as the ptrysiolory

of d.etached leaves of Ktrapli vrheat.

Results obtained show that aay change of the nolecular structure

of benzimidazoLe and. kinetirl makes then lose their activity" Further-

morer conpounds with methyl, nitro or other groups introduced. j.:ato ben-

zinidazole ring are either phytotoxic or antagonistically active to their
parent conpound.. Kinetjl related. compounds are, however, more active

as antagonists sf þsnzinìdazole than benzinidazole related conopounds par-

ticularly in the ma:intenance of rust resistance,

.An investigation i¡to the effect of benzimidazole on the incorpora_

tion of carbon-l4 labelIed. conpounds into chlorophyll of detached. leaves

of ËÏrapli l+heat shows that benzimid.azole enh¿nces greatly the rate of in-
corporation of labelled. glycine a:rd. succinateu but lcithout any effect on

the íncorporation of labelled glut¡ma_te a¡ld. uïeaa
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ÏNIR'ODUCTÏCI{'

She nature of resistance and susceptibility of wheat plant to stem

rust is the resul-t of the interaction of the physiologSr of the host and the

parasite, Recent stud:ies (tt, t5u L6r z4e 52r 73r 75r 461 4'lr 4Br 49) have

shown that certain chemical agencies may nodify or change the rust reaction

by interfering with the no:mal rnetabolísm of the host and disturbi:rg the

balance of physiolog:lcal- j¡rteraction. Iviany of these studies sere conducted.

by floatÍng detached. wheat leaves on water or aqueous ned:ir¡m (t6r 3Zr 33¡ 35¡

47, ß, 49) " A d.isadvantage of this nethod is that detached l¡heat leaves

when floated. on rvater usualJ-y become chl,orotic and. fail to give their charae-

terÍstic reaction to rust infectiono Ïlowever, a supply of benzinid¿zoLe i.n

the medir:m can overcome this difficulty to a large extent (Z5r 3Zr 47r 5O).

DespÍte the fact that benzin:idazole has not yet been proved. to be a

naturally occurri-ng factor, its inportance in the nraìntenairce of the norraL

physiolory and. of the rust resÍstance of the d.etached. wheat leaves has been

enphasized (32, 47, 5O). ft has been reported. that the effect of benzimida-

zole on the rlst reaction of detached. Ktrapli wheat lear¡es can be overcome

by 5, 6-d.inethylbenzimidazofe (4?), .A.ccordingly it appeared essentiaL to

study the structural, specificity ef þsv¡2irn'id.azole j-n relation to chlorosis

d.eveLopment and. the nrst reaction and. also the effeet of benziuidazole on the

biosynthesis of ehloroplryll in d.etached. leaves of Ifrrapli wheatn Such infor-

mation nay help to elucidate the site of action of benzimid.azoLe i¡ chlorophyll

metabolisn and. perhaps provide some clues as to the nature of rust resistance.

lhe present study v¡as conducted. to investigate:



(f) tire structural specíficity of benzinid.azoleu kinsljn and.

their related conpounds in theÍr activity in chlorophyll

netabolisn and sten nrst @s¡+Þ eraminis tritici Eriks.

and. Een¡r. race L5B - 1) reaction, and.

(e) tne effect of benz'imi dazole on the Íncorporation of carbon

Labelled. conpounds into chrorophyll i:r d.etached. leaves of

wheat (Tr:![[ggg d.icoccum SchrrtiJ-er var. Ieraplj.),



ÏJTEAATURE BEV:TEI,T

Pbysiolog'icaJ. changes i:r plants follor,ring the invasion of obligate

parasites have been widely stuùied, Most of these stud.ies have d.ealt

trith changes in photosynthesis, respirationu and the metabolisrn of carbo-

hydrates and. nitrogen.

Senpio (37) reported. a shârp i¡rcrease in photosynthesis in r-¡heat

leaves infected. with Err¡siphe gami¡ris ÐC. during the first ti.ro or three

days fol]-owing j¡.ocuLation, During the expansion of the qrssliun, there

was a d.efj¡ite d.ecrease in photos¡mthesis, wh:ich has been attributed. to

the d.estructÍon of chloropþLl in the mild.err¡ed. leaves during the period

of d.isease development (¡)"

An increase in the rate of respiration of rust-infected leaves has

been observed by nany i¡vesti-gators. i,lIen (3) consi¿ered. the increased.

respiration to be a result of accumulation of carboþd.rateso pyatt (27)

reported that the respiratory Í.:etensity of wheat increased. rapidly and rea-

ched. a naxinun ni:re d.ays after infection of powd.erXr- uiId.ew, ',,rith values

almost triple the norual-. Allen and Goddard (6) foi,md that the respira-

tory intensity uas at a rnaxim.¡m sj:r days after irioculatÍon, with va-Lues

three to four tines that of no:mal-. They noted. aLso a small increase in

anaerobic respLration. Samborski and. Shaiu (54) reported that the increase

in the respiration rate of rtst-infected iuheat was consid-erably reduced.

with j¡creasing distance fro¡r the center of the infection site. Shar'¡ and.

Samborski (+O) tf"o d.emonstrated. that the i¡rcrease i¡r respiration iìras coÍre-

Iated rith an j-ncreased participation of the pentose phosphate pathr+ay in



the respiration of the host-pathogen complex.

The accumulatíon of carbohydrates and. fed. chemicals at infection

sites is one of the strilring consequences of infection rcith obligate para-

sites. fl:e first denonstration of this was by Gottlieb and. Carner (fe)

for sheat i-nfected with sten rlst and. supplied with radioactive phosphorus,

Results of sinilar stuùies have been reported. for the infection of rust

(rr 21 22r 35s 3gr 5r), of powd.ery m:ildev (2, zA), of uirus and other patho-

gens (58, 3gr 5Lu 52)" lhe accr:mr,¡lation of fed cirenicals was regard.ed. by

Shar+ and. Samborski (Sù 
"* an tactiver process of the host si-nce they could.

inhibit it by treati-ng the plant with certain rnetabolic inhibitors, such as

azide and 2r4-dinitrophenol, ûe the other hand, Staples and l¡edbetter (++)

shotued that nuch more raùloactivity fron glycine tritiated at the 2-positi-

on rras found in the yoìlng urediospores, their sporophores, and the d.istal

portions of the fungal mycelia than in the host" Recent evidence by i:lang

(æ) :.n¿i-cated that the apparent accumulation of radioactivity at the infee-

tion sites of rusted. leaves shom on the radioauto$raphs nay not represent

the actuaL distribution of the labelled conpounds throughout the infected.

leaf, In the case of powd.ery nildew, the jncrease in phosphorus, glucose,

sucrose, a.:rd starch r,¡as considered. by .A.l}en (+, ¡) to be due to netaboLic

cha.nges in the host,

I{umerous studies of nitrogen metaboLisn i:r heaLthy and diseased. plants

have been conducted. i-n an atternpt to correlate the change of nitrogen neta-

bolisn wj-th d:isease developnent. Sanborski (¡f) foun¿ neiUrer qualitative

nor quaatitative d.ifferences j:r free amino acid.s between leaves of susceSr

tible and resistant barley varieties. However, he found. that rust i¡fection

i:e wheat rras accoaparried. by a d.ecrease in bowrd. amino acids. t¡ane (41)



found. that rust j:rfection induced. systenic alterations in the nitrogen

¡netabolism of wheat pl-ants, .4. decrease :-n tl15 concentration tEas fowrd. j-n

the nrst resistant (mapfi) variety, r+irile the reverse was true for the

susceptibte (tittte CIub) varietyu The semi-resistant (Cof¿en) variety

resenbled resistant plants j.¡r their response to iafection in th¿t there was

no change in the concentration of alcohol soluble nitrogen and. little or no

charrge in thet of alcohol insoluble n:itrogen, but resembled susceptible

plarrts fu that there was arl j¡rcrease in N15 concentration in both soLuble

and. insolubLe nitrogen, i¡rd.icati-ng an increase in the rate of both soluble

nitrogen and. protein metabolisn.

Íhe rust reaction of j¡tact plants of nheat varieties is sufficiently

stable und.er a wide rarìge of environmental cond.itions (fO)" Nevertheless

it is well haoi,rn that the rust reaction nay be influenced. by a chaage of

environmentaL factors, particularly tenperature (tl, zt), Most studies on

the effects of tenperahrre have been carried. out with consid.erable variation

of tenperature, but j¡r certain cases, a rise of only a few degrees l¡iII cha-

nge the host reaction fron resista¡rt to suscepti¡fe (f4). Rust reaction

can also be nodified. by a supply of certaín chen:LcaLs. Johnson (2+) for¡n¿

that seedling leaves of Khapli wheat becane susceptible to stem nrst (race

17) a few d.ays after beÍng sprayed. w:ith DDT (ùichloroai-phenyltrichloroethane)o

Siruilar resuLts r,¡ere obta:ined. by Hotson (e3) fo" tace 56. DDT, according

to Forsyth (tù, alters the ¡retabolisn in such a way that free amino aeids

a.:rd. sugars accum¡late iu the leafo ftre supply of Zn+, Co#, a¡rd. irÎn#

j-n excess in culture solutions (f¡) and the treahnent ¡,¡"ith maLeic Ïrydrazide

(r5) were reported. to have the same effect in breakj-ng d.own the resistanee

of wheat to rust. Samborski et gL. (3e) stressed the possible imFortance of



substrate concentration to the d.evelopnent of rusto Stud.ies of tiris kind.

can be conveniently nad-e with d.etached. leaves" However, thexe are a nust-

ber of d.isadvantages in the u-se of detached. leaf cultures.

fhe early death of detached. leaves Ís the greatest obstacle to their

use for experimental pur¡roses. lJl:en leaves are d.etached. fron a plant they

usually die lrithin 24 hours if deprived of noisture, Detached. leaves sutrr-

plied. with water d.ecline i-:n vigor and. d.evel-op chlorosis over several days

and. firrally *ie. Beginning of chlorosis nay be associated. with exiraustion

of availabS.e carbohyd¡ates and. rsith protei-o þdrolysÍs (f , Sü¡ æd d.eath

uay be associated r"¡ith an acsumulation cf aurnonia (+5, 5+) .

.4. second. disadvantage of d.etached leaf cultures in the stud.y of rust

developnent is the fact that the rust reactions obtained- a¡e often not cha-

racteristic for the va:iety of plant in question ß2), Browrxing (fo) re-

ported. that detached. leaves from oat varieties nonnally resistant to a g;iven

race of crown or sten rust frequentJ.y became suscepti-ble when they were sutrr

plied rcith glucose or sucrose solutionso

In wheat, detached leaves retaÍ¡ their green colour for a few days

only when floated on r+ater end were usr.rally chlorotic withiJr a week (Zt).

l,eaves of lftrapli wheat, norrally resistant to race 158-L of sten rust" lose

their resistance rtrhen they were d-etached. and. fl-oated on water (32, 4A)"

The d.estruction of chJ-orophyll and. the breakd.own of the resistance

of Krapli l¡heat to sten nrst can be prevented by floatirlg the d.etached. leaves

on benzim:idazole solution' Person -g! g¿. Q¡) t working witb th.e rust-susce-

ptible wheat variety liittLe Club, noticed that leaves floated on 100 pop.mr

benzi¡ridazoLe retained. their green colour and. their capacity to support groi+th

of the leaf and. stem nrst for a period. up to at least one montho Il:. their



investigations on leaves floated. on 50 pop"mo benziruid.azole, a stable res-

piration rate as ¡¡ell as rrltrogen netabolism were obse¡ryed.. [he respira-

tory increase cha¡acteristic for d.etached. leaves ilid not occur j-n benziroida-

zole treated. leaveso f'here l¡as also little change Í-n the levels of soluble

a¡d. insoluble citrogen j-n treated. leaves, l¡hi1e narked. changes were observed.

in those floated on r'¡ater. A¡nino acids, and. partícularly amìdes¡ ivere

present jn nnrcb snaller amounts j-n treated. than in t¡ater control leavesn

Recently lIang and Ïiaygood. (lO) tr".t" stuùied. the effect of benzimidazole on the

chlorophylL netabolisrn jn d.etached. etiolated and. green leaves of Khalli wheat.

îhey for:nd that benzínidazoLe stimulated. the fo:mation of chlorophylL and

preventing its d.estr,rction in light a¡d in d.arhresso

In a stud.y of the chenges of r¿st reaction in detached. Iftapli leaves

Samborski et g!, (12) for:n¿ that detached leaves were susceptible on riater,

resistant on 40 pnp.n. benzimidazole, susceptible on 40 p.p,m. benzimid.azole

Ìrj.th 1 per cent glucose, and resistant on 60 p.p.mo benzi:níðazole with 1 per

cent glucose. Little Club leaves were susceptÍb1e in all treatnents, \'trang

(+Z) 
"f=o 

reported, that the effect of benziur:idazole on rust reaction eou1d.

be nulllfied by a supply of exogenous glucose or 506-ùinetiqrbenzinid.azole.

He also showed that the antagonistic effect of glucose anô 5r6-dj^nethylbenøi-

¡ridazole on benzirridazole could be elirninated by the ad.dition of an approp-

rj-ate concentration of cobalt or irickel ion solutiono

In adùition to benz'imidazole, other chenicals have been reported. to

possess sinilar effects on chlorosis and. rust d.evelopnent in detached. wheat

l-eaveso Nickel ion solution of 0"5 to !.O p.p.móras reported by't'Iang g!.9&..

(+g), effectiveLy Í-rùribited the developnent of rust i¡ detached. Iftapli J-eaves.

Furthermore, n:ickel r{as very effective in the prevention of rust development



B

in the detached leaves of two susceptible varieties (littte Club and. Ifarquis)u

although a slightly li:igher coneentration of nickel was recluired. in order to

obtain the same d.egree of j¡lhibition as that found. in lfrrapli leaves. I'trang

and. idaygood (50) have demonstrated. that niekel ions rsere effective irr preve-

nting ch1orophyll d.estrtctS.on, but decreased considerably the foruative pro-

cess of chJ.orophyll netabolismo

Richnond. (e9) reported. that kinetin (e-fur-fury1-arino-purine) reduced

protein loss j.:r detached leaves of Xanthir:nn Person et g!. (25) ffoatea

d.etached wheat leaves on I p.p.m. kinetin and. for:nd- that the effect of kinetjn

in preventi-ng chlorophyll d.estruction is sindlar to that of benzinid.azole.

A recent report by Semborski and Forsyth (55) shorved. that in the presenee of

benzimid.azole, a ni.¡mber of compound.s fuúribited the d.evelopnient of leaf and

steu rusts in d.etached. Little Club leaves. these conpounds includ.ed. thyrrine

and. its analogue oxyühia^nine, natural ernino acids (tristi¿ine, isoleucine,

neth:iorrine and. serì.:re), amÍ-no acid. analogues (canavarrine, ethion:ine, and trr

fLuorophenylalanine), md carbohydïates (lyxose, rylose, sorbose, ad.onitol,

arabitol, dulcitol, erythritol, nanrritoL and sorbitol),

Studies on the biosynthesis of porphyr:ins in red. blood. cells have

given evj.d.ence of the fo:mation of porphyrin w:ith glycine and. succi¡rate as

the earlier precursorsr ÀLtnan g!. gL. (2, g) fed. rats with glycine labelled

at the ø-positÍon with C14 uoa shotred. tbat ttris carbon vras incorporated into

heme. Raùin et g!. (eg), using duck red cells in vitro, for¡r¡d. that the ø-

carboa of glycine and. carbon atons of acetate were incorporated. i¡to hene.

Shanin et g!. (4t, 42r 45) reported that glycine and succinate were the early

precursors of porptryrin.

A þirothesis that the formation of chlorophyll foIlor,¡s the sa:ne path-



rray as the synthesis of he¡ne has been postuLated by Granick (eO). Salomon,

$ gÅ. (50) foun¿ that, q-casbons of acetic acid and glycine were used in

the bios¡nrthesis of chlorophyll in Chlorell-a cells, I'ater, Della Rosa gf

af. (fZ) shor¡ed that the carbo:ryl carbon of glyci:ee was also incorporated.

into chlorophyll. Recently Buzecki and. Rllcherl (9) also reported that gly-

cine r¿as utilized by ChloreLLa vuLearis for the bÍosynthesís of chIoroplryIl.

In the cells of a @]þ, mutant, Granick (fg) foun¿ an accumulation of pro-

toporphyr¡1 9r r+ìr:ich was Ísomerícally id.entical r,ri-i;h the protoporphyrin of

bLood hemen Granick (eO) speculated. that protoporphyr:tn 9 j¡r ChLorella cells

was synthesized. fron glycí¡e and. acetate and. that th-is porphyrin was the

connon precursor of both the red. blood. pigment arrd the green plant pigment,



TTIATERT¿I.S Æ[D IqETHODS

The proced.ures used. to stud.y:

(1) effect of benziniùazole on the biosynthesis of chlorophyll, and.

(2) effect of benzinid.azole, I¡ineti-n and. their related. compound.s on

sten rust and. chlorosis developnent Ín d.etached. leaves of lftap1i

r+heat are deseribed. seperately. The plant materiaL used in

these studies was the prinary leaves of KtrapJ.i rvheatn

Ï" IFg'ECT OF BETTZil,trDAZOI,E ON TIÐ BIOST}ITffiSTS OF CHI,OROPiTTLL

This stud.y j-nvolved the i:ecorloration of radíoactive conpound.s into

the leaf tissue and the subsequent separation of the chlorophyll (chlorofo:m

fraction), Radioactive compounds used r¡ere glycine-2-cI4 (r.5e ng,/10 n]..

stock solution), succÍ.:nic -24-CL4 aciA (O,86 ¡rc.hO ml. stock solutj-on),

glutamic acÍ¿ -c14 (t,a4 ng./10 rn-l. stock solution) and urea-Cll (o.gj 
^r,/

10 nl. stock solution), The feedi.:ng solution consisted. of 0.2 ml. of ca-

rbon- 14 lrb"lL"d conpound. havjng a raùioactiuity of 2 ¡Le and nade up to a

final vol¡.¡me of 0,6 ml. l¡'ith either water or solution of benzinriaazole (2@

p.p.m. ).

Prinary leaves of greenhouse grow¡r tftapli wheat seed.lings wêrê ex-

cised nine d.ays after seedi.:ego Ttre d.etached leaves r.rere floated. on r,iater

or benzimidazole solution in Petri d.ishes, shich ryere then placed. in a growth

chamber at 21oC und.er eíght-hour daily illuni¡ration for tnuo or foi.lr days.

The light source lras a ba¡k of 18 fLuorescent lamps (nade by General Electric

Co,) of i'¡h:ich nine'¡+ere ¡¡a¡m nh-ite (¡'?etfel'¡fX) 
"td 

ni:le daylig.ht (5'?2T12/D),

givins a light intensity of 650 ft-canùLes at a ùistance of 27 in. fron the



1L

lampsu .A.t the end. of culture period fi¡elve leaves ¡¡ere selected. fron eaeh

culture solutiono Ore-centineter section Has cut off the base of each sel-

ected. leaf and. discarded.. The leaves were aIlorqed. to stand. i¡ a vial con-

tairuing the feedÍng solution for ! hourso i.:r the gror'rth cha¡nber, trtrhenever

necessarJr, an equal nr:mber of water drops i+as added" to each via^L to prevent

the Leaves from wilting" At the end. of the feeùirrg perÍod. the sampLe from

each treatment was placed. in weigh-ing bottler, and. the fresh weigbt of the

leaves was cleterni¡eed, I¡eaves r+ere cut into snaLl sections (about 1 cmo

Í-n length) and imreùiately ki]-led by innersion for 5 ui-nutes io 4O rnLo boi-

f&g 95% ethyl alcohol in a beaker. The leaf sections were then transfered.

t¡ith forceps into a boil-ing flask and. refluxed. for 5O rn:inutes twice r,¡ith

20 nl. each of Búrt efuyL alcohol pnd once with 20 n]'. of 4Øo etinyl. alcohol"

Each of the three aLcoholic extracts was removed. fron the flask r¡:ith a

dropper end. then combined. irith the original 95/o alcohol extract" [he con-

bined. extract wa.s evaporated, at room tenperature und-er a süeam of sirn

The residue was dissolved. in LO ml, of r,ratero Sbis solution ¡uas then parti-

tioned. l¡:ith 10 mI, of chlorofom, The chl-orofo:m layer which contained.

essentially chlorophyll and carotenes i,sas carefully transferred. with a pipe-

tte into a beaker, The aqueous solution rcas vashed. three more times with

chl-orofor"m (5 rl. each tíne). These chlorofo:na uashings r,¡ere combi.:red.

with the original- chlorofonn extract. The conbined. chloroforn fraction was

then washed three tines r.¡itb r.¡ater (5 nt. each tine) and. each washi.:eg r,ras

transferred. to orig:inal beaker senf,n'in'ing aqueous extract. The aqueous

extract was used. in other studies rrrhich r+'i11 not be described. here, lhe

chloroforn fraction, lÞving a total voltune of 25 ml o, lùas evaporated to dry-

ness at roon temperature under a stream of air, The residue r+as talcen up
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with chlorofosu. and. uad.e up to 1 n.l" i¡r a voh¡metríc f1ask, 10 Uf" a1i-

quot of the pignent extract t¡as transferred. l¡ith a nT-icropipette onto a

circular coverglass (18 r.r. d.iam.). Duplicates were mad.e for each tyea-

tment. After d.r¡.-ing the raùioactiv:ity of each se.mFle r+as d.ete:mined with

a thin nica end-l'¡ind.or,r Geiger-Miìller cor¡nter connected. to PhilÍ¡r5ì: scaler,

niodel P\rf 4035, [he background. ¡r¡as d.ete:mined. in a similar'Íta]tner except

that a clean glass planchet l¡as used.o The net corrnt of each d.eternination

r,ras obtained. by subtracting the back groi:nd. fron the snnrple counto Total
/eací

rad.ioactivìity fu Gnp,rr. for treatnent was calculated. on fresh weíght basiso

II" NTTECT OF BWZN/üD¿,ZOT,E, ICIJETIN AT.iD TIruIR REIAIED COI'IPOLN!-ÐS

Ï1[ ÐETACMÐ I(HAPI,I LEAVES.

Senzi¡ridazole ¡ kinetin ; eighteen benzinid.azole related. compound s ;

nine kinetin reLated compounds and. three unrelated. compounds were used Ín

this studyn The names and. structures of these compounds ere presented. j¡r

the Appenclix.

The culture of &gj¡:ia. gra:nirris tritici (race 158-1) was naintained

on Lj-tt1e Club wheat seed.lings" Urediospores used in this stud.y r,¡ere col-

lected. and. stored. in a stoppered. uial in a cold. room at about I - 4oC.

l{ine d.ays after ssgding in greenhouse, the prÍmary leaves of KhapS.i

wheat seedli:rgs r¡ere jnoculated by rubbing.with fi:rgers a suspension of

urediospores on both upper and. loi'¡er leaf surfaceso The i¡.oculated. leaves

r,¡ere i-ncubated. in a moj.st chamber fay 24 hours. Five inoculated leaves

were excised- and. floated. on 20 nl, of aqueous mediurn in a pef,rí d.Ísh. [he

aqueous meùium. consisted. of 20 ml. of conpound. to be tested. or when tiqo

conpowrds r,¡ere used, 10 mI. of each compor:nd. of the m:ixtr.:¡e, Duplicates



t7

Tiere üEd.e for each treatment" The d.etached. leaf cultures lrere placed. in

a growth cha¡nber at Zl-oC und.er an eight-hour d.aiIy illwrinatj-on, Obser-

vations on the development of rust a:rd. chLorosis of leaves i¡ere nade perio-

dically up to the :::i¡tth or tenth day, The d.egree of chLorosÍs or mst

d.evelopnent was expressed mrmerically. Tkre extent of chlorosis and. rust

developtnent r'ras arbitrariLy set as 5 for nater and. 0 for benzinidazole

(50 p.p.*.) treated. leaves"



EXPER]}MITAT RESUITS

To IFFECT CF' BE'IZIi,IDAZOLE 0N TTtr BIOSTN-ÏHESIS 0F CHI0ROPHYL!

lhe effect of benz'imirìnzo1e on the Í-ncorporation of carbon-L4

labelled conpounds i:rto the chlorophyll (chlorofo:m fraction) of d.etached

Ïerapli leaves ís sholrn in lable I" Results obtained- from leaves fed r"ith
1¿_glycine-2-C-' shov¡ed that, after a culture period. of two daysu the amor¡nt

of radioactiti:ity íncorporated. Ínto the chlorophyll fraction of benziuid.a-

zole treated" leaves l{as approximatej-y double that of the rtrater control, e,g.

the average of five experiments was 1316@ cop.ro for rrater control and.

7Ot70O c.p.Itro for the treated, g:iïdng a ratio of benzi¡r.idazole treated. to

water control 2,2Oo In experiment 3, the radioactiuity in both control

and treated. leaves lvas relatively 1or,¡ in conparison i,fith that in other

experinents. I'his low rate of incorporation of glycine-2-Ct4 rry be due

to unexpected. changes of envj-ronmental factors, o? errors in manipulation

which n-i€ht have occurred. during the course of the experinent. The data

fron this experiment rvere therefore not jnclud.ed. for the calcu.lation of

the average' Despite the relatively lol'¡er values, the ratio rema:ined. nore

or less the sa.mer at least a positive effect of benzinidazole on the j::cor-

poration of glycinu-e-C14 i:rto the chlorophyll of detached. leaves is apparento

Results obtained. from two experiments with succinic-2rJ-C14 acid.

shol+ed €r even bigher ratio of benzínid.azole treated. to water control. lhe

ratio is 2.56 for one experÌment a¡d 5.04 for the other. ûn the other hând.,

benzin'idazole showed no effect on the i-ncorporation of label-led. glut¡¡nis ¿s1¿

ârrd- urea.
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3.ABLE I" Effect of benzinidazole on the i:ccorporation of 
"r"boo- 

14

labelIed. compounds into chlorophyll (chlorofo:m fraction)
in d.etached. leaves of lftrap3.i wheatu

Ilxperiment Conpound.
Noo fed.

Benzimidar
zote/\IaterBenzin:idazole

1

2

3

4

5

6

7

I

9

l-0

ctycine-2-C14

Glycine-2-C14

Gtyci-ne-2-.C14

Glycine-2-C14

Glycine-2-c14

Gtycine-2-C14

Succin:ic-2rJ-
ç14 ¿cid

Succinic-2rJ-
C14 acid.

Glutamic acid-
c14

Glutanic acid-
c14

u="a-c14

ür"a-c14

11r20O

14r5oo

5r0oo

Llr80o

16,500

14r600

Br20O

7 t@o

212æ

11000

7r5OA

2'7oo

26 r@0

29160A

8r000

23r3oo

43r3OO

29r3OO

21rO00

77,700

2,5oo

rrSoo

2r5OO

5'2@

2"32

2,O4

1"60

r"g'l

2.62

2.Ol_

2.56

5"o4

L,14

r.30

0.71

1.40

11

t2

i¡jtren a comparison rrras made on the incorporation of cr"¡oo-f+/åî33*3u

between the inned.iately d.etached. Leaves and. those floated. on r¡ater or on ben-

zj.:níd.azole solution, it trras formd. that benzim:idazole mai¡rtained. the normal

rate of íncor"trroration even after a fotrr day period. of detachnent (falte 1I).

In contrasto the amor¡nt of radioactir¡:ity fron glycine in the tlro-d.ay ¡¡ater

control was only half the value of innediately d.etached" leaves, After four
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d.ays on water, the rate of i-ncorporatíon of glyci:ae i-n the d.etached leaves

decreased fi:rther to a value of approximately one qr:arter of that of the

i-runed.íately d.etached. leaves, r¡hereas those treated- wíth benzinnid.azole sho-

wed only a slight d.ecrease.

TABLE ïI" Effect of benzinridazoLe on the incorporation of glycine-
2-CI4 i-nto chloropþ1l (chtoroforn fiaction) in ãeiache¿
leaves of Khapli wheat.

Pretreatnent
(¿"y)

Radioaetiuitv (c.n"ur" )
idater Control Senzinid.azole

Bey¡zini flavç.!ç/
lfater controL

0

0

2

4

Sorooo

341600

14r600

Br40O

SOrt}Ox

Sooooox

291700

2r14@

1,01

0.88

2.OI

2.5+

'É -An average of five experiments r'¡:ith detached wheat leaves which were
pretreated with benzinid.azole for two dayso

II. fft'ECT 0F Bm{ZIi!trDAZ0l,E, IG}I-ETIN, ÁI{D REIATED C0I\æ0UNDS 0}T TEE DEIE-

MPIM{Î OF RUST AI{D CHTOROS]S N'l_ DEîÁCTDD I,F.{ÏES OF KITAFLT -!,]TEAT.

Benzirnidazole and eighteen related. compound.s were tested. for the

effect of their stmctirral specificity on the d.eveloprnent of sten rust (race

158-1) and chl-orosis in detached leaves of Khap1i r.rheato Results are pre-
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sented j:r Table ÏÏI" Ðetached. leaves were susceptible to sten mst on

5, 10, 20, or 10 p.p"n. of benziroid.azole soJ-ution, but resistant on 50 p.

p.mo or on higher concentrations, samborski .g!. gL. (5e) reported. that

I0lapli wheat leaves majntained. their resÍstance to stem rust on {O p.p.m.

of benzimìdazoIe. Ïu the present stud.y, experiments with this concentra-

tion of benzinridazole rvere conducted repeated.ly j-n ord.er to explore its

effectiveness j:r preventi.ng n-rst d.evelopment in detached. leaves. Eor,rever,

resurts consistently showed. the d.evelopment of rust, though to a lesser

extent than in leaves on lor+er concentrations. This d.iserepau.cy night

be due to the fact that experimental conùitions and. the physiological age

of the leaves adapted. by the tno groups rr¡ere not identical, lhe effect

of various concentrations of benzinid.azole on chlorosis d.evelopnent in d.e-

tached. leaves t'¡as sirúlar to that on rust development except that the cri-

tical concentration for ì_:dribiting chlorosis was 4O p,p,o.

Among the benzinid.azole related. compound.s, only six r+ere effective

j¡ preventing rust d.evelopnent, They are 2-nmi¿e-þenzi¡aidazole, 6-nitro-

benziraid.a z oJ.e, Z-benzoxaz oIe-thÍoI, henzoxazolone, 5-chloro-2-methyl-henzo-

thiazole and. quiloxaline. The effective concentration for each conpound.

varied considerably. For example, a concentration of L0 p.p.m. of 2-

benzoxazolethiol or benzoxazolone has the same degree of effectiveness as

benzinidazoLe ot the prevention of rust developnent, r+hereas it required

a concentration of 20 p.p.û. of l-chloro-2-nethyl-benzothiazole, JO p.pnmo

of 6-nitro-benzim:idazoIe, Bo p.p.mo of 2-anrino-benzirnid.azole, or 10o p.pn

mn of quinoxalS-:re. .4, number of cornpor:nds tested. i¡'ere found. to be phyto-

toxic at varj-oug concentrations. îhey are 2-benzoxazolethiol, benzoxazo-

lone o 5-cbloxo-2-methyl-b enzothíazole , 6-nitro-benzinirr4,zole r 2-sm'i ¡¡6-



flì3LE ïIï, Effect of benzimidazo1.e and. related compound.s on the development of sten
rust (race 158-1) and chlorosis in deta,ched leaves of Khapli nheat" V

Conpound

Benzimid.azole

2-qrni no-benzinÉdazole

5 -a¡nino-b en zi:ni.ð.az o]..e

5-an:j¡ro-2-þgn7'i mi dazolethioL

Benzinidazoleth-io1

6-ni tro-benz iruid.az ole

5, 6-ciimethyl-benzirridazole

Senzoxazole

SenzoxazolethioL

Senzoxaøolone

2-nethyl-benzoxazole

2- o-hydroxy-phenylb en z oxaz o]-.e

Benzothiazole

2-chLoro-benz oth:iaz o1e

5-chl oro-2-methyl-benz otriaz oIe

Ðevelopnent of rust and chlorosÍs

- Concentration of test cornpowrd (p"nnm.) -
L0

RO

55
54

44

;;
54

04
07
Toxic

Toxic

20

RC

42
54

::

24
34
55
05

30

RCRC
2

7

40

1 1-O0
4

;;
25
55
Toxi-c

03
Toxic

Toxie

55

55

50

RC

55

55
Toxic

54
44
5'

00
25
44
44

05

;;
Toxic

03
[oxic
Toxic

;"-;
foxic
55
++
55

60

RC
00
15

BO

RC
00
05
++
44

loxic

Toxic

loxic
îoxic

[oxic

100

RC

00
#5
+4
44

lorie

Toxic

Toxic

Toric

Toxic

contd.,

Toxic

03
Toxic

Toxic;;
55

H
c0



Conpound.

TÁ3LE III. contÍnued.

Benzotriazole

Indole

4r5-ùica¡boxylic acid
inid.azole

Quinoxaline

J/. R, stands for rust developnent and. C for chlorosis development,

The arabic numerals are used to erpress the extensiveness of rust and chlorosis d.evelopment;
I is equivalent to that of lvater control and 0 to that of benzim:idazole (50 p.p.*,) treated
leaves"

aÊ Necrosis occasionally appeared at rust j-rfection sites.

Development of mst ar¡d. chlorosis

555555
535454

54
44

30 40 50 60

cRc RC

55
Toxic

54
24]-505

Toxic

H\o
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benzinuid.azoLe, qrrinoxaline, 2-nethyl-henzoxazole and 2-o-hyd.roxy-phenyl-

benzoxazole. 2-nethyl-benzoxazole and. 2-o-hyd.roxy-phenyl-benzoxazole were

toxic to leaves even at a concentration as low as 10 pop.In. (which i,¡as the

lowest concentration tested), Ind.ble and2-chLoro-benzoth:iazole had.

no j.:ahibítory effect on rust development withi:e the range of their nonp\y-

totoxic concentratíons. For the remaini¡1g eight compowrd.s, !-amino-benzí-

nidazole , 5-a¡rino-2-benzinidazolethiol , benzinidazolethiol, 5 r 6-ùinethyl-

benzisLidazole, benzoxazole, benzothiazole, benzotriazole a¡ld 4¡5-dicarborylic

acid imidazole, it v¡as found that they were neither effective i¡ preventing

nrst developnent noy toxic to d.etached. leaves" Â.11 the conpounds tested

shor+ed no apparent effect on the chlorophyll metabolism as compared with water

controlo

"

Kinetin and nine related. conpor:nds were tested. for their activity on

nrst and. chlorosÍs development jn detached leaves of Khap1i wheat. fhe

results are shor+n i¡. Table IV. At lower concentrations (0,2 to 0.5 p.p.ro")

kinetin slightly inhibited chlorosis, but d.id not prevent rlst developnent,

i{hen the concentration was, however, increased. from 0"5 to 2"0 p.p.mo it

prevented both rust a¡rd chLorosis developnento These inhibitory effects

l¡ere not evident when leaves llere treated. rtrith certain kineti¡ " related.

conpounds, r,rith the exception of 2-fi-rroic acid. and. 2-fura¡rid.e. 2-furainide

shor+ed a pronounced. effect in preserrring green pigments. 2-fi:roÍc acid.

uras pÌqrtotoxic at all concentrations tested., but the d.evelopment of n¡.st was

more or less r:naffected. All the other compowtds. reduced slightly the

chlorosis of d.etached. leaves.
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T¿3LE IV. Effect of ki-netin and related. coropound,s on the develotrr
ment of stem rust (race 158-1) anä chlorosis in d.etached.
leaves of Khapli ¡,¡hea.t. !/.

Development of rus-t and chlorosis

100BO5020

Conpound RC
Kinetin *x

Adezri¡e

H¡roxanthine

6-nercaptopurine

Xanthine

B-ÀzaxantÏ¡ine

B-chloroxantiri¡e

B-*zaguarrine

2-Furoic acid.

2-Furanid.e

0-L 011

+4
4+
74
57
53
53
53
25x

51

00

34
43
34
54
53
53
54
35x
5r

4J
24
54
54
44
54

00
24
47
24
44
44
44
44
35x
5t

T See note under lable IïI.

phyto toxic it¡r appeared..

the concentrations of kinetin in jncreasing order are 1.0, 2.O¡ 3.O, and
5.O p.p.mo, respectively, Other concentrations of kineti¡ have also
been tested.. The results of nrst and. chlorosis develo¡unent i-n d.etached.
leaves on 0.2r 0.5, and 0.8 p.p.m. of bnetj-n r,rere 5 and. I-5r 5 and. 1-4r
arLd 5 a¡td. 1-5r respectively"

Since kineti¡r consists of two components, a purine base a:rd a furan

d.erivative, experiments ruere then earried. out to test the activity of conbina-

tÍons of certai¡ purine a¡d furan derivatives in an attenpt to replace kj:retj-n,
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It was found. that 2-fura¡i de r,¡hen used. together with hypoxanthine or aden:ine

gave a reading of 5 for rust d-evelopment a¡d. a reading of 1 for chlorosis

(fa¡te V). Evidentlye 2-fi.r¡mid.e is responsible for the action of these

mixtures in reducing chlorosis as 2-furami de al-one gavè the same read.5.ng

(ta¡fe lV), 2-furoic acid. a¡d. hypoxanthíne j-n combi¡rations t^iere ineffec-

tive j¡. red.ucing rust and. chlorosis.

TJIJI'E V' Effect of combination of purine and. furen d.erivatives on the d.eve-
lopnent of sten rust and. chlorosis in d.etached. leaves of ltrapli
whteat. !.

Furan
d.erivative

Pu-ri¡e
coropound

Concentra-
tion of
purine com-
porxrd.
p"p"mc

Ðevelopnent. of rust and chl-olcrsis _

Concentration of test conpound. (p.p.¡n.)

20 50 Lqo_

2-Furami d.e

2-Fur¡rni de

2_Furarnid.e

2-tr'urami de

2-Furoic acid

2-Suroic acid.

Hypoxanthine

I{ypoxanthi:le

4.d.enine

.Ad.enine

H¡lpoxanth:ine

Hypoxanthine

51 5

1 5r
1 5r

5T
ql
t¿

5 55
5 55

20

50

20

50

20

50

5L

6l

51
55
55

5

5

! See note ¡¡rder labIe III.

rt is evid.ent fron the results of proceedirg experirents that only
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benzinid.azole or kinetin, l¡hen used alone, coul-d. effectively nainta.i-n the

rust resistance as well as the nonnel chJ.orophyll roetabolism of the d.eta-

ched leaves. lhese results suggest that there is a specific molecular

structural requ-iremento Hor+ever, the relation of ru-st resistarrce to chlo-

rophyll netabolisn j-a the leaves is unlcrowno In ord.er to elucid.ate thís

i¡rtricate and coroplex problem studies were mad.e on the action of benzinid.a-

zole and kinetin related. conpomds on benzinidazole in respect to rust

resista¡ce and chlorophyll metabolism of detached- leaves and. t]:e results

are shor^¡n j.:a Tables 1II and. llJI.

¿ total of 20 comporurd.s, 12 related. to benzinid.azole and B to kineti:r,

in combi.:aation with benzi¡ridazole (50 p.p.m.) were used. for th:is purpose,

Anong the benzimidazole releted compounds tested (gaUle VI), z-chloro-

benzothÍazoIe was most active j¡r reversing the actíon of benzini4azole on

rust d.evelopnento It was also h-ighly antagonistic to benzimid.azole i¡r

preventing chlorosisu

Some of these conporurds rrrith certain range of concentrations ùid- not

e.ffect the activity of benzim:idazole ist d-etached. leaves. The activ:ity of

benzÍmidazole ín preventìig rust ôevelopnent was not at all affected- by qruin-

oxali.:ae, !¡"ith all concentrations tested. But, the activ:Í.ty of benzi¡dda.zole

in i¡hibiting chlorosis d.ecreased. with the increasing concentratÍon of qrrino-

xalÍne. For leaves floated. on 1o to 60 p.pemo of 6-nitro-benzinrid.azore

lrith benzim:idazole, neither rust nor chlorosis d.eveloped. at lo-v¡er concentra-

tions. Phytotoxicity was, however, observed. with h-igh concentrations (80

and. 1O0 p.porrlo) of 6-nitro-benzj¡aidazole. S,t 10 and 20 poporrror benøoxázole

and. benzoxazolsthiol failed to overcome the effect of benzinidazole. ì',hen



ÍABLE \Eo Effect of benzinidazole related. conpound-s on the action of benzirn:idazole
on stem rust and. chlorosis developiaent in d.etached leaves of Iilrapli r.rheat.f/.

Benzinridazole related.
compound

2-Amino-benzimid.az ole

5-å.¡nino-benzim:id¡ z ole

þ-nrni ¡¡s-l-benzinrid az olethiol
6-ni tro-benvi rni fl¿761s

5 ¡ 6-dinethyl-benzinid az o1e

Benzoxazole

Z-benzoxazolethiol

2-chloro-benz o tir:iaz o le
BenzotriazoLe

ïndole

{r!-d.ecarboq¡1ic acid. iuridazole

Quinoxaline

!

;;
00
20
o1
04
51
11

See note und.er Table III. Concentration of benzim:idazole used in these experiments iuas !0 p.pom. except
that 40 p.p.IIIo r,¡as used. i:r experl-ments rrith i-nd.oleo

Necrosis appeared at rust infection sites.

10
z2

;;
22
01
o5
52
21
2T
22
01

2t
00

L1
Toxic

1#. 0

00

2+'L 1

27
2)"
o2

15
Toxic

52
22
37
t5
07

2T

;;
Toxi-c

52
22
22

1tt I

11
02

34r I
11
11
Toxic

23
Toxic

Toxic

47

;;
Toxic

54
72

4x1
11
11
Toxic

22
Toxic

Toxic

54

2-2))
0+04

N)+
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Ïr-igher concentrations of benzoxazole l¡ere used, rust d.eveloped considerabl¡r

in the d.etached. Leaves, Phybotoricity was observed. in all conceirtrations

higher than 30 pop,ros of 2-benzoxazoleth-io1. In the presence of benzjmid-

azoLe 2-anino-benzinidazole caused necrotic areas at the rust infection

sÍtes. The rnost interestÍng fact is the ùifferentiaJ. sensiti\rif of the

leaf tissue towa¡d.s these compound.s. Relatively 1or+ antagonistic effect

r,¡as obse¡¡¡ed. with the renai n:ing benai mi d.azole related. corapound.s lil<e 5-

ami n 6ef-þ enzítr:lidazole-thioI , 5 ,6-dinetþ1-benzímid.azole , benøotriazole , ind.ole ,

5-ani¡o-benzilridazole and. 4 ç5-ðicarboxylic acid. iurid.azole o

All the ki¡etin related. conpounds investigated. r^rere antagon-istically

active to benzim:iclazole in preventing rust development in d.etached. leaves

(ta¡te WI)" Ad.enine, B-chlorexanthi¡ce and B-azaguani-ne overcâme entirely

TASLE 1trI. Effect of kinetin related. conpowrds on the action
of benzirnidazole on rust a¡d chlorosis d.evelooment
i:r detached leaves of ktapli wheat. !1/.

Kinetin related

cornpou:nd.

Development of rust e¡:d. ehlorosis
Concentration of test conpound.

20 50 BO Im
RCRCRCRC

Ad.enine

Ey¡roxanthine

6-nercaptopurine

xarithine

B-azaxanthi¡.e

B-chloroxanthi¡re

B-azaguanine

2-furoic acid.

52
42
22
3L
42
52
52
20

525
424
222
424
424
525
525

24
24
22
2+
24
24
24

7

2

2

2

2

2

2

¿

i_

!" See note rmder lable IIï" The concentration used. in these experi-
nents was 50 p,p.ul¡
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the affect of benzimidazoLe in preventing rust d.evelopment. 6-nercapto-

purine a¡d. 2-fr.lroic acid ¡vere less active i.n this respect, On the other

hafld., aLl ki.:aetj¡r related. compor:nds showed. only slight actiuity in respect

to chf.orophyll metabolisn of the d.etached. leaves.

Effect of Senzimi dazole" 2-chloro-
2-furoic acid. on the Activity of Ki¡etin.

It has been shown j.¡r the preceeùilg erperiments that neither ben-

zimidazole at a concontration Io¡rer than 40 p,p.rno nor kinetÍ¡. at a con-

centration lower than 1"0 poporriou rvhen used. alone, r¡ras effective in pre-

venting rust and chlorosis development jl detached leaveso I{owever,

i'¡hen 0,5 pop.Ino kinetin was conbined, ¡'¡ith. benzin:id.azole of varying con-

centrati.ons satisfactory results rqere obtained (la¡le iÆlr). Rust and.

chlorosis r+ere entirely controlled. by the complementary activity of

these two conpounds even r+hen the concentration of benzimidazole used.

!¡as as Iow as 5 p.p.m.

fhe activity of adeni:aeu 2-chlorobeñ$fr,iazofe or 2-furoic acid.

on ki¡retin was investigated., Kjnetin at 1.0 pop.rnc gave reaùi¡gs of

O-1 and O-1 for rust and chJ-orosis developnent (la¡le tV). Same rea-

dings of 4Å l¡as obtained. for ad.enine r,cithout benzìrrìdazole (lable

IV) and 5r2 fot ad.errine w:ith benzinÉdazole (ta¡te VJI). Table 1/1II

shows that when 1.O p.p,m" kjrretin rvas combj:red. with I to 20 prpcrnr

adenine, rust and. chl-orosis rvere effectively controlled.n Sinilar results

were obtaj-ned. for 2-chloro-benzothiazoleo 2-furoic acid r¡as active in

d.ecreasing t'he effect of kj¡etin in preventing rust d.evelopmentn but it

did. not affect the latterrs activity of chlorosis i:rh-ibition, Since
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ki.:eetin and benzimidazole showed sinilaríty jn their activitÍes i¡ d.eta-

ched l,¡heat leaves, sìmil¿r results might be expected. r¡hen ki¡etj.:a is

substituted. for benzirnid.czole in the above experiments. However, on

the basis of the above ev:idence this assrmption nay not be coffect,

TABLE iÆII. Effect of lctnetjn in conbination with benzirai-dazoler?-
chloro-benzothiazoleradenÍ.ne and 2-furoic acid- on zust
and. chlorosis developrnent in detached. l-eaves of Klrapli
wheat. Li|.

Ðevelopment of rust and chLorosis

Concentration of test coronourd

Kinetin 9*5 1^O 5-O l_O 20 40 50 100

Compor:nd (p.p"r.) R c RC RC RC RC RC RA RC

Benzinid.azol-e

2-chloro-benzoth:ia-
zole

2-chloro-benzoth-ia-
zole

Ad.en:ine

Ad.eni¡e

2-furoic acid.

2-furoic acid.

0"5

0.5

1.O

0"5

1"0

o"5

1.O

oo 00 00 00

o0

30 50 50

00

50

0

10 I

0

0

1

0

0

o

001

7r 3

o0 0

2

4

30 4 0

L1-

10
70
40

50
40

! " See note und.er Table III.

(5) Effect of Choli:re. Phenr¡I-urea or Diphenr'1-urea. i,¡j-th and. ¡,rithout
Benzirnid.azole,

The results of tiris stud.y sJe presented in [able I]l. Choline and

phenyl-urea at lol¡er concentrations (10 p.p.r, to 40 pop.rno) were not effe-

ctive i-n red.ueing rust development. The latter, houever, consid.erably
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red.uced. chlorosisu Cholj:ee at higher coneentrations (50 p,p.n, to

10o p.p"n.) and d-iphenyl-urea at all concentrations (l-O p.p.m.to 1O0p.p"

n. ) investigated were plgrtotoxic and prevented. rust d.evelopnent i-n d.eta-

ched. leaves of Krapli l'fheat. I'Jhen used with benzim'idazole Oholine ,

at loiEer concentrations, prevented. chlorosis. On the other ha"d phyto-

toxicity of diphenyl-urea rsas not affected. at aLI, Phenyl-urea could

not overcone the action of benzimìdazole i-:n preventing rust and. ehlorosis

developnent, a fact wÌ:-ich might suggest that the fonner is not an antago-

nist of the latter"

TABï,8 ïX, Effect of cholinerd,iphenyl-urea and phonyl-urea, with
and without benzinidazole on rust and chl-orosis d.evelo-
pment j¡. detached. leaves of Ifrrapli wheat" !11.

Developnent of rlst and. chlorosis

Concentration of test conpound

5 10 20 50 40 50 60 B0 100

RC RC R

Choline

CholÍne-b enzini daz ole
(50 p.p.*.)

Diphenyl-urea

Diphenyl-urea-b enz irui-
d.azole (50 p.p,m. )

PhenyJ.-urea

Phenyl-urea-benz indd.a-
zote (4o Þ.p.rn. )

53 53tr7

40
05x05rr0

4 0 5 0

05xO5x

5L 51

o 5* 0 5* 0 5*o 5x

5rÊ 0 5x

2 5x 2 5* 2 5)+2 5+t

00 00 10

¡/. See note und.er lable III.
tç Phytotoxicity appeared.,
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Allen (5) reported that in raildewed. Leaves of r,rheat, chlorotj-c spots

appear beneath each colony and. enlarge r:ntil they fuse. Before the conrple-

tion of the fusion, at about the tjrae of the naxj-mr.¡m respiration of the

leaves, chlorophyll is re-fo::ned. r¡nd-er the center of each mild.er'i colony and.

spread.s outi,rard. to foru green island, of aboui the size of a mild.ew colonyo

Unpublished. observations made on bean leaves j¡r this laboratory shoi,¡ed. that '

the chlorophyll in the circular zones surrounùi¡rg the rust colon:les is not

d.estroyed- l¡hÍIe the leaves beco¡ne chLorotic. An accunulation of starch is

also observed. ín these areas. Evid.ence has 'oeen shor,¡n that benzimid.azole is

effective in mnìnf,¿i¡ing norrnal chlorophyll netabolÍsn and rust reaction i¡r

d.etached. r¡¡heat leaves (z5r 3zr 47r 5o). It is therefore reasonable to asstuûe

that chJ.orophyll netabolism plays ¿¡1 important role jn the host-parasite re-

lation in rust-infected. leaves of r'rheato

A total of 32 conpounds r+ere irrvestigated. ín the present stu.dy for

their activities in detached. l0rapli leaves. It is evident fron the results

that only benzinid.azole ov k:ineti¡r could effectively naintain the rust resis-

tarrce as t'¡e1I as the nomal chlorophyll metabolisn of the d.etached. leaveso

The results also reveal a complementar¡r effect of these two compor:::d.s in their

activities in d.etached. leaves. These suggest that there is a specific nolecu-

lar structural- reqirirement for the maintenarce of nor¡nal physiolog,- in d.etached.

leaves.

Besid.es benzinidazole and, lcinetj-n only trrio cornpound.so 2-firranrid.e and.

phenyl-urea reduced, chlorosis consid.erably. Sir benzimid.azole related- conpourrds

(nalte III) u'ithin certain range of concentrations prevented rust d.evelopnent
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entirely" f'he fact ihat these six compound.s prevented. effectively rr-rst

development but failed. to j:rhibit chlorosis implies that both benzene ri:rg

and imìdazole ri-ng of benzimidazole are essential for the 'nain¿snance of

the no:roal physiolory and the nrst resista¡:ee of d.etached. &rapLi leaves, and.

that an introduction of a netÏqrI, aminou or other groups into the nolecule

of benzínid.azole will alter its activitÍes in d.etached. leaves"

The effect of benzinid.azole and. ki:retin related. compounds, cholÍ:ae,

phenyl-urea anddiphenyl-urea on the activities of benzinid.azole in d.etached.

leaves 'r.rere al-so studied. At eertai:r concentrati ons for¡r benzinid.azole rela-

ted conpounds, 6-nitro-benzirníd.azo\e, benzoxaøole, 2-benzoxazoLethiol and. qrri-

noxaline, had no adverse effect on the activity of benzimidazole in preven-

ting rust d.evelopment. (Table \E). Howeveru only 6-nitro-benzi¡nid.azole at

40 p.p,n. or lor¡¡er concentrations d-id. not alter the effect of benzin:idazole

in chlorosis inhibition, 2-benzoxazolethiol at 10 and. 20 pop.mr was highly

antagonistic to the actiuity of benzimidazole in inhibiting chlorosis. 10

p.p.rllo quiaoxaline l¡ith benzinidazole eonsid.erably reduced. chlorosis. I'/ith

i¡creased concentration of quinoxaline, hor,lever, severe chlorosis d.evelop-

ment was observed. Or the basis of these results, it m:i.ght be assuned. that

the antagonistic effect of an aritagonist on the activities of benzimid.azole in

preventi-ng rust development is different from the antagonistic effect on the

latterrs actívity i-n inlr:ibiti-ng chlorosis. Fu:ther evid.ence supportÍng ti::is

assumption can be fourd. i:e the er¡reriments with 2-furoic acid with benzimid.a-

zole (Ta¡le \lII) and choli.:ae ruith benzinidazote (fabte If).

In general, ki-netil rel-ated. compounds are more active as antagon:ists of

benzinidazole (table l¡JI), particularly i-n reversjng the latterts activity in
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the maintenanee of rust resistance, lhân benz'imidazole related conpowrds,

except 2-chloro-benzothiazote (taUte Vt)"

Since ki:aetin and. benzim:idazole showed si¡cila-rity in their activities

in detached wheat leaves, one v¡ould expect similar results for experinents

t+ith conpor:nds conbined. r,rith eithsy þ6n2in'idazole or ki¡retin" Hoi+ever,

results obtaj-ned. i-n the present study failed. to support this assumption.

Although structural specifieity Ís required. for the naj.:rtenance of

norta-l- cbloropþlI metabolisn and rust resistanceo it is apparent fron the

discussions above that the structuraL specificity required for Ínhibiting

chlorosis and that required for preventiag rust d.evelopment are d.ifferent

fro¡n each other. Further stud-ies on th:is problern ruould. be very helpful i-n

the und.erstand.i-ng of the physiolog¡r of host-parasite relation.

/r hypothesis has been proposed by êra:tick (ZO) ttrat a common pathway

exists in the biosynthesis of heme and chJ.orophyll" Del1a Rosa g[ af,(fe)

have denonstrated the utilization of glycine by Chlorellg. j-n the biosynthesis

of chlorophy1l. However, no evidence of the Íncorporation of succinate into

ehlorophyll has yet been noted.

In the present siridy it is noted. that benzinidazole has a positive

effect on the incorporation of glyc5le and succinate into the chlorophyll of

d.etached. IftapJ-i leaveso This enid.ence furn:ishes further proof of the stirn¡-

3-ating effect of benzinidazole on chlorophyll formation proposed. by tiang and.

Il'aygood (¡O), an¿ is i¡ agreement r-rith the findings of Del1a Rosa et- al.(fe)

and- Grarrickts Hypothesis (eO)"
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